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The cmpact isochronous WC-i!! cyclotron is noe under 
construction at l!l!C PI. It has been especially designed to 
operate as part of positron-emission tomography centre. The 
rain cyclotron parameters are giren, the opportunity to use 
it for solving some applied problems uot related nith PBI is 
considered in the reportm 

At present the l?RC KI is being nounted the l!PC-ld 
cyclotron, designed for negative hpdrogea ions acceleration. 
The tests and adjustment of its rarious systems are being 
carried out* This cyclotron was especially designed as a 
part of positron-emission tmographp centre. Thus the rain 
cyclotron parameters were determined by the requirements fop 
production of ultrashort-lised radionuclides C-11, 1-13, 
O-15 and P-18, in the amounts measured in Curies !Table 11. 

Tnble 1. The main parameters of RPC-10 cgclotrwa 

Bower, 

llccelerated particles B- 
ktracted particles 
Beam energg (ma:! 10 Es 
Beam current !mau! 
Cperatiag frequency ii E 
Barnonic mode 
Pole diameter a!! tl 
llagnetic field 1.5 t 
Extraction radios 31 CB 
llethod of extraction 
Extraction efficiency 

chargelF;hange 

Number at e:tracted beans i’” 
F ion source PIG, internal 

it seems to be erpedient to consider sane other 
applications for the accelerator of this tspe, installed at 
the scientific physical centre and operating at PPT onlr 
part time, thus increasing the accelerator efficiency 
f3ctorg 

The study of near and corrosion resistances for the 
metallic detailes of rarious machines by the thin-lager 
activation nethod is one of the promising field of BPC-10 
cyclotron application. The BEsense of this rethad, as tnom 
is as follows* The detail region under its wear resistance 
study is irradi3ted by the beam of accelerated particles 
penetrating into the detail surface lager and react with the 
netal nuclei, FrOdUciBg rarious Pradioactire isotopes. Thus 
for the ironmongery under irradiation by protons nith the 
energy higher than 6 Her! the nest preferable reaction is 
sePe!p,n!s6Co with production of STo radioactive isotope, 
which has a half-life period of 77.S dass, conrenient for 
studying the wear resistance and a lot of intensive lines of 
short-ware ;r/radiation. Then the operation of the mechanism 
in on-line resiue is investigated at the test bench or 
directly during the exploitation process, Lither the 
decrease in operating detail activity due to the attrition 
of the surface layer, or the increase in the activity of 

lubricant, ahere the wear products accmulate is registered 
with. as a rule, lla1 v&ma-detectors. 

The rain advantages of the thin lager actiratim method 
are: 
1) an opportunity to investigate the wear process dgnuics 

without disassenbliag the rachine; 
2) n opportunity to deternine the near resistance of 

surface having cmplicated geometrg; 
51 high sensitivity; 
4! econnic efficiency: in the rear studies by the 

thin-lager activation nethod, me can saue up to ililt of 
expenses and up to So% of tine in conparism with other 
rethods of wear studies Ill. 

The IIPC-K! cyclotron is designed for acceleration one 
type of particles, therefore, irradiation node of netal, 
which the surf3ce lager is actirized by protons, is 
proposed. First of all, it is an iron uhich rmaines to be 
the rain raterial the machine detail manufacture. 

The actir3ted layer thickness, which determines the 
poscibilitg of mr studping by thin lager activation 
nethod, depends on the proton energy and m the angle of 
beam incidence upon the detail surface. l&over, with the 
increase of the proton energy the Co isotope yield rises 
that allows me to reduce the detail irradiation tine and 
hence to reduce the expenses on artiratim. Bmever, at the 
energies exceeding 12 IW! reactions with prodrctims of 
other isotopes has begun, which considerably reduces the 
nethod efficiency or even excluded the possibility of its 
application. Thus, the best proton beam energy for 
activating steel and iron is nbout 12 ReVa The activated 
layer thickness can be varied in a wide range (SO-SNbk:rl 
due to the choice of bean incidence angle upm the detail 
surface. Ranging the activation depth rag also be effected 
bp varying the proton energg frm 9 to 12 Ilegs 

Such proton bean energies nil1 rake it possible to 
activate the details made of copper1 titanium, chrmiun and 
others with the raxiral actiration depth of 2%306 rkrt 
that turns out to be quite sufficient for the majority of 
problems in the near study in mechanical engineering. 

The nariral intensitr of the beau which activates the 
experirental detail, is a rule, is deternined bg the 
cmditims of cooling the irradiated detail regim. The 
local heating in the irradiated area should not result in an 
essential change in the necharical properties in this 
region. She typical bean intensity values for activation are 
notny than 1 rkA- 

sl the Ill%-15 cpclotron cmpletelp satisfies the 
requirerents for proton bean intensitr frm the point of 
rieu of its usage for the actiratioa of the thin layer, but 
the ra:iral bear energy1 taking into consideration energy 
losses at the output foil uindon turns out to be 
insufficient- 

The second promising implementation the llPC-lb cyclotron 
can find in the nertrm radiographs nethod : for the 
non-destructive control of various products and raterials in 
the atmic power production, in propalsim and rocket 
technologies, in the fields related nith the creation of new 
raterials and cmposjtims. 

The neutron rad;;yaphy techniqae is based on the 
dependence of substance-neutron lnteractlon 
crass-sections m neutron energy and on the characteristics 
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of a elnhctanrr. The l ain peculiarity is the clearly 
pronouuced leap-character of the general behariour of the 
effectice cross-sections of thermal neutrons: interaction 
with noclei unlike in the interactions of gana and X-rap 
radiation with matter. The total cross-sections of some 
icotaFes reach rers high values and it often turns out that 
the aeighboaring nuclei hare a Bans-tines sraller 
cross-sectionn As 3 result, one can control the content of a 
number of elements in the FFOduCts of complicated chemical 
structure by a degree of neutron flux attenuation. The 
esence of the neutron radiograFh,hp technique is as follows : 
an object under studs is erarined with the penetratirg 
collimated be3B of thermal neutrons and, at the same time, 
the neutron flu: distribution besond the object ii 
registered bT the detector. The nuclear reactors are mainly 
used for lil! as a powerful sources of thermal neutrons. 
can provide high fluxesth;f thermal neutrons : nej; n+lC 
neutrons jcB’s beyond calllratorm Rccelerators 
Icyclotrons! can also be used for production of neutrons for 
NI!. In this case the Best preferable reaction is Be?p,nlB9. 
As a result of this reaction, the neutron yield is maximal, 
and since the neutrons of a lam energy are produced, the 
process or their further thermalisation is me effective. 

The adrantages of using the cyclotron as compared to the 
reactor are evident : 

- neatron generation stops with switching off the 
cyclotron bear, i.e. the neutron source is controlled; 

- the system is coBpact and easel7 to operate; 
- there is considerable gain in electric power* 
In particular, the ill! studies with baby-csclotrons, as 

neutron sources1 hare already been done in Japan for a long 
tire [?Is 

If one turns to the ?iPC-10 cyclotron with the increase of 
the raxinal energy of the e:tracted proton beam up to 12 iIeS 
the neutron flux from the point source !Be-target! will be 
equal about 2+l!!~rneutron~BkA+s I23. With the increase of 
the bear current up to 2K! JA, the therBa1 neutron flu: 
density after the collirator can be equal about 1C6 
neutronc/cr sr i.e. is aFFroaching in its value the similar 
ralue for the reactors. 

Prom the above-said one can conclude that it is necessary 
to increase the maxiral wergs of the extracted beam up to 
I2 Her! in the wear studies and in the Ml?-technique, as well 
as to increase the bear current UF to 201! BRA !for Hi!! for 
an effective the llPC-l!! crcloton ociag. 

1a Mzl!CY INCREBSIllE. 

The increasing of the maximal energy of II- ions, 
accelerated at the HPC-I!! cyclotron, frar lr! to 12 HeS 
requires increasing the Bagnetic rigidity from cl.456 to OS 
Tin that is erpected to be attain both due to the average 
magnetic field raising and due to e:traction radius raising. 
The magnetic field will be increased up to - 1.55 T; its 
further increase turns out to be unezpedient because of the 
abrupt growth of the required magnet lain coil 3BFeFtUFIE 
!due to the saturation of the magnetic circuit iron) that 
reduces the accelerator efficiency. lorearer, an essential 
increase of the magnetic field will lead to the necessity of 
the Bagnetic structure georetrp considerable changing due to 
the changing of the radial field shape and the decrease of 
the flutter, determining the rertical focussing of ions. 

The icochronous magnetic field profile is being formed up 
to the radius of about Y! CB- Thus the acceleration of lI’ 
ions at the last rerolotions takes place in the region of 
Bagnetic field edge, in radii CroB 3C to SSca, where the 
stripping foil to obtain the energy of 12 HeB Bust be 
located. Cesrite the phase shift of about ‘Xol which the 
Farticlec will get, thes will not leave the accelerating 
phase. 

The extraction of ll’ions with the energy of 12 IeS is 
e:Fected to be Ferformed into the same channels as the 10 

lIeS particles. This will be attained due to suitable 
selection of the stripping foil position by the asiroth. 
Besides, Boring the stripping foil by the radius and ariruth 
one can vary the energy of extracted protons fror ? to 12 
&S. 

The increase of the accelerating stracture resonance 
frequency up to 23.11 lb corresponding to the magnetic 
field will be attained due to some structural peculiarities 
of the resonance systeB* 

The lIPC-10 resonance sTsteB design provides the 
FOSsibilitp of tuning its freqawcs from 23 to 25 IUix bp 
changing the dees different in area; the FOSSibilitS of fine 
tuning the resonator, frequencp by changing the gap between 
the dee and the cover is also provided. finally, the 
capacitive triners - remotely drirea - will allow one to 
adjust and to stabilize the resonator frequency under 
operating conditions. All this exclodes the necessity in the 
insertion of a CoBPlicated crsteB of rorable short-circuited 
plates. 

In order to increase the resonance system operation 
stability, the artificial capacitive link between the 
reconance lines is rrorided. The connection is sucrlies with 
an additional capacity between the rods of resonanie lines. 

The llPC-I!! resonance ssster has been numerically 
simulated and studied with a full scale Bock-up at the 
freqoenc i es of 25 and 25 fl3e. The leasarements have 
demonstrated full agreement between the calculation and 
sinulation. The resonator quality factor has been measured, 
‘1 -22x!. 

The industrial broadcasting transmitter PKK-20 Froriding 
up to 25 kH in the operating frequencg range is expected to 
be used for the resonator excitation. In accordance with the 
calculations and measureBents, this power is a priori 
sufficient for providing the cyclotron operating conditions. 

II?H SOln!cB. 

An internal radial ion source has been chosen for the 
WC-19 cgclotrw . Initially, the ion source9 PI6 type, 
with self-heated cathodes, was manufactured and one was 
tested at the special test bench. At this ion source was 
obtained a bU3B B”ions with energy 15 l!eS, at the current 1 
nA, at the gas flow 9,5 cm3/min !B I b,6 TI. Unfortunatelp, 
the dicigaed ion source had two rain drawbacks: al hard 
discharge ignition and frequent breakdowns along the 
insulator surfaces in the process of ignition; bl short life 
time of a cathode under operating conditions, wreocerl for 
application of the W-l!! in the Bethod of neutron 
radiographs, one should increase ion current, extracted fror 
the e,ourcer without increasing !better reducing!, the gas 
3drissioa to the cources In connection with the above-said, 
we hare started the investigation of an ion source with 
directly-heated cathode i51. In order to increase the 
cathode and the reflector life-time they hare been made of 
low-sputtered, electrically-condacting ceraries ! iai tial Ip, 
the the cathodes were Bade of tantalum! This allowed us to 
increase a few-times life-time of the im source and 
provided the reliable operation of the insulator. Hareover, 
the B--ion be3B current was increased up to 1,s mA, at gas 
flou Q z 8 cm?min, that was related with a finer discharge 
adjustrent to the oFtima1 operating Bode. The insertion of 
molybdenum non-cooled convertor in the extraction slit zone 
allowed to increase the ion bear current up to 2 d in 
constant arc regire iIl;& 2SOS, $$-- $5 A, B - 0,85 Tl, 
at the energy 14 keS and ‘I ‘- 8 cr ,Bln* The deeendences of 
B-- ion yield on the gas flow to the ion soarce and on the 
extraction roltage under operating conditions are given in 
Fig.1 and Fig.2. At present, some studies are done in order 
to find out the mechanism of the conrerter effect upon the 
ion sield frm the sources It seems to be important to 
deternine whether the lI’-ions are rain17 produced UFW the 
converter surface or in the volume discharge zoner meanwhile 
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the coaserter a%iEtE in their drift to the extraction elit. f!BFEl!BiCES. 
If the accmption that raia roll in this procecs is played 
the solaretric ion prOdUCtiOn and the drift of charged 1. S.Bechtold, P.Fehsenfeld, LSchweickert, Proc. 11th Iat. 
particles are corroborated, this will allow us to increase conf* on Csclotronc and their Applications, Tokyo, 1981, 
ion current ! OF to 1-6 d ? or without reduction ia the F-F* 59%596. 
bear current, to Fedace the gaseous loading on the cyclotron 2. B.Siraoka, Proc. 11th lat. conf. w Cyclotron5 and their 
and to increace ion source life-tire by the georetrp Applicatios, Tokyo, 1987, p.p.W-592. 
optirization of the ctnwerter, and a discharge chamber with 3. X.Prelec, Proc. Int. Ion ICIlgiaeeriag Congress, Kyoto, 
extraction slit. 1993, F.F.47~58. 
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