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Great developmenb of high energy 
physics has resulted in a number of 
discoveries of significant value, 
However the most funeamental regulari- 
ties of elementary particle world and 
of the structure of the matter will be 
established and understood only after 
putting into life accelerators with 
the beam energy of hundreds and thou- 
sands billions of electronvolts. 

As it was shown in a number of the 
designs in different countries, the 
accelerators for such energies would 
represent a system of a giant size. 
The weight of the elec-tromagnets,sizes 
and the cost of such constructions 
will go beyond any reasonable measu- 
res and become comparable with the 
budget of intire states. The increase 
of particle energy causing such a 
growth of the size and the cost of 
accelerators is easily explained main- 
ly by the following reasons: 

In linear accelerntors the intensi- 
ty of the field affecting the particles 
is rather small so this fact requires 
a tremendous length of a system for an 
energy of about 10 GeV and higher. 

Nowadays in cyclic accelerators 
producing presently the highest ener- 
gies (Accelerators with Al-ternating 
Gradient - AGS) it is possible to reach 
higher and ever higher energies due 
to increasing radius of the particle 
trajectory,because the maximum inten- 
sity of the magnetic field used to 
hold a particle cn an orbit is not higher 
than 12-ISkG.Consequently the sizes of 
the electromagnet power and the coat of 
the whole system inorease too,,Hence it 
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is evident that the construction of the 
accelerators for superhigh energies of- 
1000 GeV requires principally new me- 
thods of acceleration to be worked out, 
According to these new methods the 
effective fields affecting the partic- 
les (accelerating or trapping) must be 
much larger than the affecting fields 
used in the modern autophasing accele- 
rators. 

In 1956 Veksler V.J./'l/ suggested 
new methods of acceleration, based on 
collective interactions and coherent 
effects. Following it the field accele- 
rating the particles is created not by 
external sources but due to interac- 
tions between a number of accelerated 
particles with some other group of 
charged particles, an electron beam, 
plasma stream or electromagnetic ra- 
diation. 

Coherent methods of acceleration 
(at first all new ideas of Veksler V.J. 
were combined under this term) are 
based on proportionallity of the field. 
intensity affecting a separate particle 
under certain conditions to the number 
of accelerated particles. 

In the collective methods the acce- 
lerating field is created by another 
group of charges(bunch) and it is 
proportional to their number. Therefore 
the number of accelerated particles 
can be arbitrary in some ranges. 

Collective acceleration method and 
the assumed structure of acceleration 

are given in the report at the Sixth 

international Conference on Accelera- 
tors in the USA in 1967. 
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Nevertheless we had better refresh the 
idea of this method in short. I& us 
imagine a compact electron bunch in 
which there is a certain rather small 
amount of ions,let it be protons. We 
shall make this bunch move in an ex- 
ternal electric field accelerating ele- 
ctrons. Then, under certain conditions 
ions Will stay in the bunch captured 
by a Coulomb field, and will be accele- 
rated together with the electrons.If 
the effective mass of an electron ta- 
king into account finite transverse 
motion in the bunch is ml and ion mass 
M , then the energy of the ion with 
the same velocity as that of the elect- 
ron bunch appears to be in JL 

ml times 
more, than the energy of the electron 
in the bunch. However the fact that 
the external field cannot be arbitrari- 
ly large must be considered otherwise 
ions will be lost from the bunch.It is 
evident that the larger are the Coulomb 
forces holding ions, the larger exter- 
nal fields can be used and the larger 
iOn energy will be obtained at the gi- 
ven length. 

While being accelerated the bunch 
is polarized,the center of the ion 
bunch is placed a little behind the 
center Of the electron bunch, and the 
average accelerating force affecting 
the ions coincides with the Coulomb 
force affecting the central ion direc- 
ted from the electron bunch. 

so the bunch must possess the fO- 
llowing prOperties:the number of elect- 
rons must be essentially larger than 
the number of ions,electron.densitY 
must be as high as possible. 

2. Electron-Ion Bunch, 
its Extraction and Focussing. 

An electron bunch is formed in a 
system called "ADGEZATOR"(adiabatic 
generator of charged toroids).It is 
based on the adiabatic changes of para- 
meters of the electron ring in a rising 
magnetic field /2/. Considering this 
method of electron bunch creation in 
a form of a ring, one can prove that 
the Coulomb field at its boundary for 
given dimensions will be of an order of 

eN 
c =o Coul 277Ra 

where NB is the total number of elect- 
rons in a ring. Hence,with the reaso- 
nable values of NB ,injection currents 
and phase space accentance of the 
adgezator the field intensity IO'+ lo7v/cm 
can be obtained. 

The question of pumping the ions 
captured in the ring to accelerate them 
by the given field has to be considered. 

At the end of'the electron ring 
compression with the help of the pul- 

sed gas valve the portion of neutral 
gas (H2) is brought into the adgesator. 
Collisions of relativistic electrons 
with hydrogen molecules result in the 
production of the molecular ions mainly. 
(Ionisation cross-section is of 
(I = 7b19,ra2).At the subsequent COlli- 
sions with electrons they dissociate 
into a hydrogen and a proton. 

The oharaoteristio ionlsation time 
is 2nRa 

i1=- = k%-5) psec , 
N-c D 

where Ne = 1013, 1014 

Fox the given number of protons 
(in our case this value is'chosen to 
be 10v2) the gas pressure in the re- 

gion of a ring can be determlned. 

16 



Instead of hydrogen other gasses can 
be used and hence different kinds of 
ions in a ring can be obtained, 

The probability of obtaining multi- 
ply charged ions of heavy elements 
/3,4/ has been studied. 

The multiply oharged ion accumulation 
occurs while passing electrons at the 
end of the ring compression through a 
stream of neutral atoms of the matter. 

While colliding with electrons atoms 
are lonised and main17 trapped by 

an eleotron ring. Sucoessive colli- 
sions of Ions with electrons lead 
to the accumulation of ions with va- 
rious Ionization degrees. This process 
of successive Ionization (without ta- 
king into account the shell re- 
arrangements)oan be dlsorlbed appro- 
ximately by a well-known equation 
for density changing of K-fold loni- 
5ed atoms nk in the time unit ,(k- z,,, ) 

dnk nk--l “k 
-=___-- 

dt 'k- 1 ‘k 

where rk(nec gk )--I time ionlaatlon, 

0, ,ok -density and Ionization 
cross-section. 
If the density of neutral atoms na 
Is the same outside and Inside the 

rlng,then for the time Interval larger 
than the ioniaatlor time the ioa densi- 
ty In the ring is 

*0 Ok =Ila -. 
Ok 

The Ionization oross-section may 
be approximately ooynted 

2 mo= E 0 =nr 0 -In--, 
Jk Jk 

where Jk Ionization potential K- 
fold of an ionized atoms and r,, = 6. 

Here 1s an example of acoumulatlon 
of ions F?? in a ring. 

We shall get that lonlbation time 

of a 5 fold ionieed atom Hg is equal 
to 30 psec.So we see that even in the 

adgesator , working in our Institute 
it Is possible to get IO-fold loninsed 
atoms. The time of the ring staying in 
a final state In faot oan be grown in 
IO times. 

The exepted method of bunch making 
Is not unique. However, the analysis 
made for some other variants, showed 
th.at compression on the radius gives 
probability to obtain the largest den- 
sities of partloles In a rin.g.Two me- 

thods of bunch making similar In the 
physics process seem to be worth exami- 
ning. One of these methods uee6 tubular 
beam of eleotrons passing with relatl- 

vistio velocities. At the hitting of 
suoh a beam on a “magnetic field hill” 
the beam Is bunched and turns into a 
ring. 

By varlating electron energy and 
the length of c;ylindrical formation toge- 
ther with the gradient8 of the magnetic 
field jou can obtain very high ooeffi- 
clents of oompression. The mentioned 
method of obtaining A bunoh seems to 
be perspective for making bunches with 
large numbers of particles(I0 %na 

higher), if not to ask very high re- 
quirements on the dimension of the 
oross-scotlon In the formation. 
Suoh a bunch can b8 used for 80 oalled 
“impact aoo8leratlon~. 

The question of accelerating the 
tubular b8aSI la not still sUfflOl8nt- 
1~ olear. Flnall~ there lo one more 
probabllltr of obtaining ring bunches, 
I.e. bj using the pulsed magnet10 
mirror field. We mention this method 
here because of two reasons. Firstly, 
suoh a probability has been already 
examined by us as the very first variant 
of the adgeeator, and then because at 
pr898I.d the 8xperiUl8ntS h.aV8 been made 
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to carry this variant intO practice/~/. 
Thla method haa got some weak Points, 
namely while injecting many turns of the 
electron current Into the magnetic mlr- 
ror field there appeared dIffiCUltitS to 
obtain small dlmtnSlOzS Of the cross 
section at the final statt,but Injection 
of only one turn makes it difficult to 
get a large number of partloles Into a 

rixg.It 1s necessary to solve separately 

the problem of ring txtractior,not trl- 
vial In this system.Apart from that here 
are some words about obtaining a rela- 
tlvlstically stable beam of th8 Budk8r 
type /6/. It Is estimated that obtaining 
such a ring In the system of the adgeea- 
tar type la Impossible due to high re- 
qulrement of vacuum (IO-12mm zg ) ana 
the difficulties ooncerning compen- 
SatiOn of the loss88 of electron ener- 
gies on radiation. It follows that sb- 
talnlng the stationary state of a ring 
requires large time ( = I 980 ). 
Diffloultl8s oan possibly be avoided 
If to extract the ring from the adge- 
zator Into a special trap, Formation of 
a stable ring In such a system oocurs 
at Its contlnious motion between the 
mirrors, so the mentioned abov8 dlf- 
floulties can be simply and totally 
overcome in such a system and vaouum 
demand will be reduoed up to IOa7mm~g. 
Questions of stability in such a sys- 
tem must be 8Xamined speolally. 

Some words about the place of the 
stable ring In the perepectlvts of 
the Ion aoceleratlor b;r colleo,lve me- 
thods Should be sald.As it was shown 
above the limiting value of the field 
due to the small alzea of the cross 
seotlon(10-3 -ICW4cm) grows in a thou- 
sand times.Thls effect makea it pos- 
sible to use such a bunch 

In an Impact aocel8ratlca. 
Combined with the possibility of ob- 

taining a heavy bunch from the tubular 
b8afZI this effect inCreaSeS the accele- 
ration efficiency and reduces the oost 
of the accelerator Compared wlth the 
usual collective aocelerators by one 
or two orders. 

The magnetlo field of the adgtza- 
tor Is formed by the turn system, looa- 
ted SymmetrlOally t0 the plane, in which 
compressjon of the eleotron ring occure. 
The soeme of the turn looatlon and the 
character of the magnetic field dlst- 
ributlon produced by those turns are 
shown in Flg.1. As Is seen la Fig.1 
for the 8XtraCtiOn Of the 818OtrOn ring 
from the adgezator along its axis it is 
necessary to overoome the barrlar made 
by the rising magnetic field. 

As It is known from the examination 
Of the particle motion In the space 
alternating fields, the .rlng formation 
like ours b8glnS to move towards the 
deoreaslng field, nevertheless Its ve- 
locity will grow respectively with the 
d8oreaS8 Of th8 azimuthal V8lOClty. 
It is evident that for the extraction 
of the electron ring It Is necessary 
to make the magnetic field d8Oreasing 
along the axls.But the fact that the 
gradients of this field must not be high- 
er than accepted due to which the loas of 
the ions starts, must be considered. 
This limitation oan be written In th8 
followlng way: 

ds 2y,,0ml 2= 
a2 4 

RY M 
(lt+L. 

II e mL 

For taking off the potential barrlar 
and extracting the eleotron ring we add 
3 aisoonneoted turns ,short-oirouited 
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at a certain period of time, This mo- 
ment is chosen so that the field In 
the main turns is still rising, this 
growth in the plaoe of the maximum bar- 
riar due to the induoed field of the 
added turns is reduced and the barriar 
dissappears.Calculat1on.s for the whole 
system of the turns have been carried 
and the results of the figure inte- 
grating of the particle motion equa- 
tions show that the particles remove 
from the potential well at the dls- 
tanoe of IO am from the axis with the 
low speed( B,=IO~). 

InFIg.. the distribution of the mag- 
netic fle.ld In different period8 of 
time at the extraction Is shown. Cross- 
es show velocity and COOrdiXLateS Of the 
particles in the different momenta of 
time. 

Experimental dimen8iOnS have shown 
certain disorapenoes with the caloula- 
tlons mainly on the question of the 
choice of the moment when to Switch on 
the additional turns. The distribution 
of the magnetic field agrees with the 
calculation. Disorapances can be explai- 
ned by the fact that the reelstanoe of 
the oommutatatlre element of the turns 
has not been oOn8ldered but It appears to 
be substantial.Further motion of the 
ring ocours In the falling field with 
the given aooeleration. Caloulations 
show that the velocity of the extrac- 
ted ring can be oonsiderablf high and 
approach 0,X. 

This estimation shows the possibility 
of obtaining the multloharged ions in the 

electron ring. In most cases with 
the multloharged ion acceleratorr 

the required energies are 5-10 MeV/nucl. 
The pO8slbllity Of obtaining these 

energlelr at the extraotion from the 
adgeaator ha8 been estlmated.The spe- 
clflcatlon of electron ring motion 
with the multicharged heavy ions is 
the following: the ring ma88 Is placed 
mainly Into the Ion component and the 
allowed acceleration8 and effeotlve 
oooeleratlng field for such a ring 
will differ from the given above - 

_ “1 z&f 
1++2?L 

f e m 
ex MA . z.,, m f CO”1 . 

‘+AM 
If the total IOn mass I.8 large a8 

compared with the eleotron mass then 
approximately 

N, 
tex=h 7. *,l c COUl * 

B 

For the approximate estimation It Is 
possible to consider that cCou, Is still 
changing in the process of aootleration 
and Is equal to 

c co”1 = 2,4 d-$ ii!- n cm 

The formula is obtained for the de- 
finite dimensions of the ring. 

Let us look at an example,Let the 
atoms aooelerate with A=200. 
As it has been shown above for the ad- 
geaator ZeI, can be addmitted equal to IO. 
Growth of kinetlo energy of IOMeV/nucl. 
Is required. Choose +=IOe3 and e 

At the Chosen parameter8 the allowed 
field intensity of 40kr/om can be taken, 
that approximately fits 50G/ cm for the 
acotleration In the decreasing magnatio 
field. The total length of the accelera- 
tion will be equal to 50cm. 
The multicharged Intensity of Ions will 

depend on a number of cycles of the 
systems, neoessarr for getting the eltc- 
tron rings. 

Relying on the working electron ao- 
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and x<_IOcm foouaeing is possible up 
to Y, =4.0n the other hand focusslng 
on the meeting wave8 is effective on- 
ly at large Y, .Hg-focussing has also 
limits from largey,.Besides these me- 
thods require oreatlom of highly po- 
werful sources In the short wave range 
or creation of complioated slowing 
structures.For foouasing the possibili- 
tg of using the forces of Image in the 
soreen has been dISCOVered by us.To 
explain this we shall examine the cy- 
lindrical charged beam passing near 
the non-magnet 

i 
c screen. 

j\\\\\\'\ W'\i -. \\\\ \, 
A 

celerators we can say that a number Of 
cycle8 at the modern level of the tech- 
nical development can contain IO3 sen- 
dings per see.Then the ion intensity 
will be of IO 14 -1 set . 

Thla very system of preliminary ac- 
celeration oan be used for creating pro- 
ton accelerators. There proton energy 
will be of ZOO-400 MeV, obtained in- 
tensity will be one order higher than 
the intensity of multicharged lons,i.e. 
for protons the relation 

-2. 
$ought to be 

chosen IO By using known betatron 
conditions (2:1) for the aooeleration 
the energy range of protons In such 
a system can be expanded up to I-2GeY. 

All the given estimation has been 
made supposing that a Coulomb field 
of the ring effeoting the ion remains 
constant. It can be done only In the 
oase when cross-section dimensions of 
the electron rings are hold oonatant. 
The large radius of the ring and its 
radial dimensions ae hold by the mag- 
netic field in whioh the motion of the 
ring occurs. Later, where we shall 
diSCU88 holding of the ring cross 
section dimensions, we shall mean al- 
ways the dimension along the motion 
(2 dimension). 

Several ways of holding the dimension 
have been examined by us, - autophasing 
on the runni.ng wave, H+ fooussing and 
focussing on the meeting waves. 

All these methods have limited re- 
gions of application/7/. So, autophasing 
can be used only at small energies of the 
ring due to falling of the focussing 
field gradiepta In the ring coordinate 
system, a8 7 

So, at the field amplitude of IOOlcv/cm 

Forces affecting the electron travel- 
ling inside the charged beam with so- 
me degree of accuracy can be written 
in the following way: 

*FE 
2. 2 2vz c 1 a 

-s-c- - -). m a Y 4e 2 I 
where fp' YL 
The stability condition of the par- 
ticle deflecting from the equilibrium 
position toward8e>koan be obtained, 
Honever the examined case doe8 not 
agree with the reallty.To make auoh a 
correapoadeace it is necessary to OOP- 
sider the beam motion a8 a whole along 
the axls.But in this case the eleotrl- 
cal field of the beam In the laboratoc 
ry sy8tem of coordinatea beoomer de- 
pendent on the time and then because 
of it there appear8 the screened mag- 
netic field reducing image forces in 
y,' times.The examination of the ring 
motion 8Oretned by the oyllnder shows 
that the curve appears to be sufficient 
aa it eaters the self-fields and indu- 
ced field8 differeatly. 
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Consequently in direction Z there is 
a focussing force. However for practical 
application this effect must be increased. 
Calculations for the cut screen have 
shown that this method provides the ef- 
ficient focussing force. Necessary tole- 
rances kept while the ring is moving 
along the cylinder axis, have been exa- 
mined. The cylinder possesses centric 
behaviors and this makes it possible to 
simplify these tolerances. 

Thus, the application of this cut 
soreen gives the ability to keep constant 
dimensions required for the effective 
acceleration of the ions In a bunch. 

3,Bunch Acceleration 
As It has already been mentioned above 

the system of preliminary acceleration 
does not allow to obtain very high ener- 
gies of ions. 

Let us examine the system using the 
peouliarlties of falling and rising 
magnetic field together with the system 
of accelerating cavities. In the region 
between the oavlties the longitudinal 
field falls aooording to the linear 
law and the ring Inside It is accelerated 
using the energy of the rotating motion. 
Inside the cavity the rising longitudinal 
magnetic field is created in suoh a way 
that the energy is mainly transfered into 
the rotating motion. Only a part of it 
adequate to the addmltted acceleration, 
turns imto the axial motion. 

The longitudinal magnetic field la the 
same at tbe ejection of the ring from 
all the cavities. Hence the azimuthal 
Impulse remains the same too /8,9/. 

The motion of the partioles In such a 
system has been studied and the motion 
inside the cavity and outside it has been 
examined separately. Then the results ob- 
tained have been joined. 

The solution desoribing the orbit and 
oonditlons for the gradients of the 
magnetic field have been received. 

The requirements are substantially 
different for various parts of the ac- 
celerating system. At the initial part 
of acoeleratioa when the time of flight 
of the cavity Is compared with the pe- 
riod of Ion oscillations In their sys- 
tem,lt Is necessary to provide the fol- 
lowlng conditions: 

a*, + 6 =-$ ‘0 &lo Yj(o y\I a, + ‘A fcosn 9 ex 

f- funotlon showing configuration, 
~lr - component of the electrical field, 
n - frequenoy of the cavity, 
'A - amplitude of the eleotrioal field 
intensity, 
At Y/I =%I0 period of Ion oscillation 
is of the order of the structure period 
and the conditions on the gradienta oaa 
be fulfilled at hverage on the period. 
At Yll = 50+100 there is no need to mo- 
dulate the magnetic field as the oscll- 
latlon period of Ions is rather longer 
than the time of the structure period 
and the averaging occurs automatloally 
in many periods. Noise swinging due to 

disoretence will be very small. 

At the final state of acoeleratlon the 
energy stored in the rotating motion 
can be used and transfered In the falling 
field Into z motion. 

As estimated this period of accele- 
ration can give an increase in 2-3 
tlmes.In this period it Is useful (on 
purpose of better usage of rotating 
energy and supplying the normal focu- 
sslng ) to accelerate the bunch In the 
falling field with the constant ring 
radius. It becomes possible when pro- 
viding conditions 2+1 (betatrone oondl- 
tlon) In the field. For the collective 



accelerator it can be done as It was 
suggested in /3/. 

Besides the system of coils creating 
the holding field, Inside the ring along 
the total length of the section a sole- 
noid supplying the necessary require- 
ments on the field Is placed. Falling 
of the field Is made simultaneously 
in the both systems forming the field 
of current variations or the number of 
turns on the length. 

Wblle creating the accelerator at 
high energies the following must be 
considered: the main part of its cost 
will consist In the cost of the aooelera- 
tlng system, therefore the choioe of the 
system must be very careful and thorough. 
To illustrate this I shall give you 
some notes made for the cavity system. 
In the table the data for two extreme 
cases of cooling are given,l.e.llquld 
nitrogen and liquid helium. 

As to the intensity of the ions in such 
an accelerator it is naturally defined 
by two factors, i.e. intensity of one 
oycle and frequency of cycle repetl- 
tlon. Intensity of a cycle is defined 
by ability of the accelerating sys- 
tem and It contains 5.10” protons. 
Frequency of repetition ?:n the super- 
conductivity variant of the system, 
as It follows from the table, can be 
increased up to 500 without substantial 
increase of the cost. The same estima- 
tion can be obtained due to the teoh- 
nical capacity of the adgezater. 
Such a frequenoy of repetition allows 
to get 2-3.1014 protons per 860, 
It is important to consider the fact 
that the cavity system of acceleration 
Is not unique. 

The usage of radial lines for accc- 
leration system Is undoubtedly of a 
great interest. 

‘gen. 

P 
Q gen, p heat NE 

am- l 

cost oryog , 
cost 

105 5900 19000W/m 16000 3.IOI’ 50000 100000 
kW/m W/m roub/m roub/m 

IO1o3OOO 3000 32W/m 3.10= 6500 30000 
W/m W/m roub/a roub/m 

As it is shown in the table theme systems 
differ In cost about 4 tlmes.The system 
of creating the magnetic field for the 
both variants Is the same and its cost is 
about 8-10 thousand roubles per meter. 

Choosing the value &U, aoocrding 
to the formula given In 2, we oan come 
to the prellmlnary aosts of acceleration 
system for the whole aocelerator of the 
chosen energy. 

In such a system the cdndensator 
represents the main accumulator 
of energy, but as it is known 
the cost of one joule of energy 
aocumulated In the condensator 
and in the oavlty differs in 
about 100 times. 
However complioatlons In the 
structure and espeoially in the 
system of electrical switching 
lead to keeping order only in the 
questions oonoerning oosts, the 
ooefficient of accumulated 
energy remains high. To use this 
effect In the system of radial 
lines it Is necessary to oreate 
the ocmutatetive elements of the 
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aocuracy of 10-loseo. This disadvantage 
reduoes the advantages of this system to 
zero , but the requirements on the accu- 
racy oan be substantially decreased, If 
to deal with this system in the combi- 
nation of the variation of the magnetic 
field, the same as it was done In the 
oavlty system. Researches in this di- 
reotion will be continued. 

I have not observed yet the problem 

The first - influence of so called 
"radiation instability" on the ring motion. 
This problem must be considered together 
with the cut screen and the changing mag- 
netic field. 
Ths second question, i.e. radiation of the 
charged beam at the interval of the ca- 
vity system. 

of the stability of the ring bunch. 
The basic results of this study have 
been reported at the All-Union Congress 
on Accelerators/IO/ and I shall restrict 
m,y report here to the most general notes+ 
The problem of stability can ba appa- 
rently devided into two parts; 
1)stabllity In the adgezator in the pro- 
cess of compression and 2)stablllty of 
the ring with the ions In the process of 
its extraction and the motion in the ac- 
celerating eystem. 

While examining radiation in such a 
system it Is necessary to distinguish 
exactly the tasks about the bunch radia- 
tion at the input membrane flight of the 
first cavity and the radiation at the 
flight of the cavity system ( perlo- 
dical structure). 

Radiation at the input membrane 
must be examined at small energies of 
the bunch and the dependence on energies 

Is negligible. 

As to the Z?irst part,, at present this 
question Is considered to be sufficiently 
clear. Definite oriterla on the density 
of the particles, their number, spread 
on the energy eto. at which some instabi- 
litieo appear, have been obtained. 
Confidence of the truth of these criteria 
is oonflrmed by the facts which oannot be 
negleoted, by the experimental teat. 

Radiation In the periodical struoture 
as it is expected on the base of the pa- 
pers/1,4/ at least does not inorease from 
Y, . 

I am not going to touch here the 
engeneering problems of creating the 
collective accelerator, as they genera- 
lly go out of the construction of the 
basic elements of the device, whioh I 
have mentioned earlier. 

For better understanding of all these 
questions oocuring at compression it 
seems necessary to sorutlnize the lnflu- 
ewe of resonances in the process of 
o0mpresslon. 

At present works on the collectire 
accelerator are of a great importanoe. 
Now all these works are oarrled out In 
the lJSA,Italy, England,FGR. 

In the seoond group of questions 
two are of the greatest importanoe, 

Efforts of all the physioists will 
lead to my mind even In 1969 to the 
invention of the first accelerator 
working on the collective method of 
acoelerationo 
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