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PERSPECTIVES OF ELECTRONUCLEAR METHOD 
OF ENERGY GENERATION AND NUCLEAR WASTE 
TRANSMUTATION 

IK.D.Tolstov I 
The studies of feasibility of electronuclear method of energy generation are 

overvlewed as well as a current research program In this direction at the y n­
chrophasotron- Nuclotron accelerator complex. The results may be applied for 
development of new technique of nuclear waste transmutation. 

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

OepcneKTHBbl 3JleKTpo~epHoro MeTOAa reHepa~HH 3HepmH 
H TpaHCMyTa~HH paAHoaKTHBHbiX OTXOAOB 

K.!l. TOJICTOB 

.ll.aH OOaop HCCJie)lOB8HHA OCyuteCT8HNOCTH 3nexTpo11JlepHOI'O NeTO)l8 I'CHe­
paUHH 3HeprHH, a TaKlKe nepcneKTH8110A nporpaNMbl 8 3TON HanpaaneHHI1 11a 
yCKOpHTMbHON KONMeKCe CHHXpo4la30TpoH - HyxnOTpoH. PeaynbTaTbl NO­
ryT 6b1Tb HCOMb30118Hbl A/Ill p83p800TKH H08biX MeTOA08 nepepaOOTKH pa)lHO­
axTH8HbiX OTXO)l08. 

Pa6oT8 8blnOnHeHa 8 Jla6oparopHH BbiCOKHX 3HepmA OH.JIH. 

The problem of energy source is one of the most important problems to 
be solved by the mankind. According to the International Energy Congress, 
during the next century electric power production is expected to increase up 
to about SO· 1012 Watt. As one can see in Fig. I, coal, oil and gas will play the 
most important role in energy production, but this role will decrease rapidly 
after the turn of the century: about 60% of the electric power is an ticipated 
to be produced in nuclear plants. Even in 2100, the contribution of all solar 
energy sources will be still relatively small (20%). Figure 2 illustrates the 
harmful effects of the current trend in energy production upon people and 
environment. In the book «Nuclear Energy, Mankind and Nature» [1] the 
authors have shown that the total harm to people from coal stations is 400 
times greater than it is from atomic stations, including all operations from 
mining to the final storage of reactor waste. Analogous conclusion are pre­
sented in other papers. 
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Indeed, coal ashes contain on the average 400 g of uranium per ton. In 
other words, in 1990 in the former USSR alone, the amount of uranium in 
coal ashes was 90·103 tones, i.e., four times greater than the annual extrac­
tion of uranium in the entire world. 

The radon discharged into atmosphere is causing more than half dose of 
natural radioactivity. It should be noted that population is directly exposed 

6 



to radon only if it leaks into the houses. The radon from ashe does not 
necessarily mean any further radon exposure of population. 

Unfortunately, the public has too little information about all this stuff. 
The Chernobyl disaster artd the incomplete and distorted information pro­
vided by the less competent authors and media led to a strong opposition to 
the use of nuclear energy. At the 1992 Russian Energy Congress some 
examples were given when people had laid on rails to prevent the construc­
tion of atomic power plants. 

Thus, to change public opinion, the safety of atomic stations must be 
guaranteed, especially with respect to the protection of reactors from an un­
limited power ramp. If the probability for accidents to the running reactors 

is estimated to be about 10-4 reactor years, and even the intent to improve 
this by a factor of 10-100 is pushed, then ordinary citizens do not want to 
consider in probability categories, preferring a binary system («yes>> or 
«nO») and no game of probability calculation will satisfy them. 

An unlimited increase of reactor power will be prevented by a ubcritical 
reactor with the coefficient of neutron multiplication:. C eff < I. In .such a 

reactor, a chain reaction cannot proceed independently and a external 
source of neutrons is requested. For this purpose, the accelerator-breeding 
method <ABM) was proposed in the USA and Canada more than 30 years 
ago. The method is based on using of accelerated protons for generation of 
neutrons in nuclear interactions. Thus the chain reactor is supported at 
cerr < 1. 

To realize the ABM it is necessary to combine an accelerator with a 
reactor and also to obtain nuclear data which permit to optimiz the effi­
ciency of the chain reaction. In the first projects (2 I and their further modi­
fications, high-current accelerator and «depkted» uranium, i.e., natural 

uranium from which most of 235U has been extracted, were mostly used. 

One of impacts to develop high current accelerators is due to the prog­
rams of the generation of tritium for neutron weapon and the transmuta­
tion of reactor wastes. For this purpose a conceptual study of the transmu­
tation of actinium series members has been made (3 1. The proposed plants 
consist of a sodium cooled subcritical reactor core with actinide fuel and 
tungsten target. This system would transmute about 250 kg actinides 
annually to produce 246 MW of electric power using a 1.5 Ge V proton beam 
with current of 39 rnA. The proposed plant based on the Phoenix concept is 
intended for the construction of a linear accelerator with a proton energy of 
1.6 GeV and a current of 104 rnA (4 1. Figure 3 from (5 I gives the data on 
operating and designed accelerators. 
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Another ADM possibility is decreasing the beam power by increasing 

Cerr of the subcritical reactor by a prior enrichment of the fuel with 235U or 
239Pu. This advantage can be also achieved by accelerating light nuclei 
instead of protons. • 

A firs t conclusion of how this idea might work could be drawn from our 
investigation of prot9n and nuclear collisions with silver and bromide nuclei 
as shown in table 1. As one can see, with an increase of a projectile atomic 
mass the spectrum of the target produced nucleons becomes harder, and the 
probability of a complete breakdown of nuclei mainly into nucleons rises . 
Consequently, a larger number of neutrons will be generated in secondary 
collisions in the reactions (n, 2n) and the consumption of energy for the ge­
neration of one neutron by light nuclei will be smaller than it is for protons. 

Table I 

Projectile p d 4He uc 11Ne 

Probability of complete destrlbution 
of Aa and Br nuclei 3% 6 17 

Mean number of fast neutrons 13 21 25 28 30 

Mean energy of neutron (MeV) 120±12 110±3 138±3 148±5 156±4 

Probabili ty or complete distribution 
of Pb nuclei 6% 10 22 

Mean number of nucleons 30 45 43 52 
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It is necessary to take into account the relative ionization losses of 
energy according to the formula: 

X 
I IMll dE 

~ =--- f - exp(-x/..t)dx, 
E0 0 dx 

where E0 and Xmax are the kinetic energy and the maximum path of the 

projectile,,\ is the mean free path. 
Figure 4 presents the results of the calculations according to (6 ). From 

this figure it follows that for 4He nuclei the losses are smaller than for pro­
tons. Thus, it is more efficient to use lighter and faster nuclei for the ABM 
implementation. An experimental test of this conclusion has been performed 
in cooperation with our colleagues from the Kharkov Physical-Technical 
Institute (Ukraine) at the Dubna synchrophasotron. This test consisted in 
an investigation of the interactions of protons and light nuclei with a 
SOxSOx80 cm3 1ead target. Beam particles were injected into the lead target 
through a 10xl0x20 cm3 channel. The fission chambers (KNT-8) were 
7 em in diameter with an effective uranium mass of 1.5 mg (7 ). The uranium 
detectors were 8 mm in diameter and I mm thick. They were installed inside 
the target. The chambers recorded the number of fission while the detectors 
registered the reaction (n, y) using y-spectroscopy method. 
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Table 2 

p d 4He 12c 

Energy (GeV) Energy per nucleon (GeV) 

3.65 8. 1 3.65 

Relative energy deposition for generation 
of one neutron I 0. 92 0.89 0.72 0,81 

The Ionization energy losses<%> 

The decrease of energy in comparison 
with proton of 3.65 GeV <%> 

Projectile 

d 
4He 

7Li 

12c 

Energy per nucleon (GeV) 

1.5 

2.2 

2.2 

1.87 

8 4 4 6 II 

8 II 28 19 

Table3 

Energy for generation of one neutron (MeV) 

n,y n,F Mean 

34.7±3 30.0±4 32.4±3 

30.6±10 27 .5±6 29.0±8 

31.0±8 34.7±5 32.1±6 

31.5±5 32.7±4 32.1±4 

Mean value 32±5 MeV 

The projectile pa~;ticles were monitored by the aluminium detectors. A 
method combining KNT -8 chambers and movable nuclear emulsions was 
developed. The experimental results are published in [9-12 ]. The data on 
relative efficiencies of neutron generation are given in table 2. According to 
this table the amount of energy spent by the 4He nuclei for the generation of 
one neutron is -30% less than for protons. The absolute value of energy of 
one neutron has been determined by the detection of neutrons flying out of 
the target. They were slowed down in a water bath mounted on the upper 
side of the target. Neutrons were registered by KNT -8 and the uranium 
detectors. The experiments were carried out with d, 4He, 7Li, and 12C nuclei 
in an energy interval of 1.5-2.2 GeV per nucleon. The results from [13 ]are 
given in table 3. Both methods gave close results, and the mean value of 
energy necessary to generate one neutron is E

11 
= 32±5 MeV. This value is 

smaller than that from [2 ], where E
11 

5!! 50 MeV was found. Later [14] and 

the references in [ 14, 15,16] described corrections which have to be applied 
to the reactions (n, 2n) by the Monte-Carlo method which finally gave 
E

11 
5!! 30 MeV. 
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Our data on En are important for the ABM as well as for the neutron 

protection of accelerators and satellites, the construction of neutron genera­
tors and the transmutation of reactor waste. For further investigation the 
project «Investigation of Physical Aspects of the Electronuclear Method for 
Atomic Energy Production» called «Energiya» is included in the program of 
the Laboratory of High Energies, JINR, Dubna. Positive conclusions of the 
project were given by the Ministry of Atomic Energy of Russian Federation, 
Scientific Center of Kurchatov's Institute, Physics and Energetics Institute 
and the Institute of Nuclear Energy. 

Accoding to the project, the 2 year program is proposed: 
• to determine the energy consumption to generate one neutron in 

massive targets of different nuclear composition and to obtain an 
increase of energy yield in the target with fissionable nuclei with beam 
energy; 

• to determine energy and mass of the projectile for the optimization of 
the efficiency of a chain reaction and the construction of an 
appropriate accelerator; 

• to specify the composition of a perspective fuel in both homogeneous 
and heterogeneous versions; · 

• to estimate the running time without fuel change or when 238U, Pb 
and Bi are added to the fuel cycle; 

• to determine the spectrum of neutrons inside the target and the 
spectrum of neutrons flying out of the target. 

These data will allow one to start the construction of a subcritical reactor. 
A linear dependence of reactor power on beam intensity and C eff < 1 will 

provide the reactor safety. The beam-off reactor power will be limited by 
delayed neutrons. The yield of these neutrons is -0.6% and their decay 
times are shorter than one minute. Averaging over the groups of delayed 
neutrons we obtain the following formula for the time dependence of reactor 
power: 

W(t) - w 0.0064 pt/0.08 
- o 0.0064 - p e ' 

wherep is reac~ivity p = ceff- 1. If ceff = 0.98, 

W(t) = w00.242 e0
·
251

, 

att = 1 sec W(1) = 0.19W0; W(lO) = 0.02W(O). 

The second goal of nuclear enerfetics lies in the improvement of its 
economic efficiency by using more 23 U and allowing a prolonged reactor 
operation without refueling. At present 239U is mainly used by the reactors 
and, hence it has to be extracted from natural uranium to produce energy. In 
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the ABM the neutron spectrum will be harder leading to increase of fission 
of 239U while the absorbtion of neutrons by fission products will decrease. 
As a result, the reactor operation becomes more efficient. 

Let us now consider the use of the ABM for the reactor waste transmu­
tation. As is shown in 1171 the transmutation by protons or y-quanta isn't 
promising, because it requires an amount of energy ten times greater than 
that received from the reactor. 

The transmutation by neutrons requires the use of high intensity 
neutron fluxes or since the required time would be too long. But the intensity 

of neutron fl ux in the running reactor is 1015 em - 2 s -I, and a stream of 

- 1016 cm- 2 s- 1 in the project 1411 demands an accelerator with a very 
high beam current density. 

Our experiment has determined the neutron density inside the lead tar­
get. According to Fig.S, neutron density decreases by a factor of 10 at a 
distance of SO em along the beam and by a factor of 5 at 25 em across the 
beam (Fig.6) . It follows therefore that about half the neutrons and 
consequently half the energy is released in central zone of the target within 
a volume of - 100. In the fast neutron reactor BN-600 1181 the neutron den-

sity was 1016 em- 2 s - I. So, if the power of the ABM reactor is equal to that 
of BN-600, the power in its central zone would be 10 times higher and the 

12 



J 
1.2 

1.0 

0.8 

0.6 

0 .4 

0.2 

0.0 
-30 -20 -10 0 10 

Fla.6 

e Carbon 
A Protons 

20 30 
· R,cm 

neutron density would be- 1017 cm- 2 s- 1
• Consequently, if neutrons are 

extracted from the reactor core, then the realization of a faster transmuta­
tion becomes possible. 

The possibilities for the ABM development at the JINR are really 
unique. The Institute has the beams of protons and light nuclei with enough 
energy and intensity to allow the determination of the necessary for ABM 
parameters. Also, the JINR laboratories have the groups of specialists 
needed for the construction and operation of accelerators. For example the 
project «Mingen• (19) devoted to the acceleration of deuteron with ener­
gies up to 2 GeV and a current of 10 rnA is carried on by the Laboratory for 
Nuclear Problems <JINR>. The work on the nuclei accelera tion project 
«Nuclotron•, with a superconducting magnet system is under comissioning 
in the LHE. It will give an opportunity to accelerate light nuclei up to 
6 GeV /c per nucleon and heavy nuclei up to uranium of appropriate ener­
gies. As it was mentioned above, the methods for the measurement of the 
parameters necessary for the ABM have already been developed and tested. 
The reactor IBR-2 available in the Laboratory of Neutron Physics would 
enable us to perform all the necessary studies. The V.S.Barashenkov group 
has a solid experience in Monte-Carlo calculations of the processes that 
occur in reactor systems. Thus, the Institute researchers participating in the 
project «Energiya• have everything to fulfil this program. 
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We would like to emphasize that our program is aimed at building a 
reactor with a long term use without changing the fuel and extracting pluto­
nium, i.e., only for a peaceful utilization of atomic energy. 

Following are the estimated operating parameters of an accelerator­
breeding reactor for the production of the 10 MW electrical power, i.e., two 
times larger than that of the first world atomic station built in Obninsk in 
1956. 

Current, charge units 

Number of 4He nuclei per second 

Energy per nucleon 

Beam energy 

Energy for generating one neutron 

Number of neutrons 

If Cerr = 0.98 than the number 
of neutrons is 

Number of neutrons per fission 

N urn her of fissions 

Energy per fission 

Power 

I 

I/2 

e = 1.5 GeV 

E = 3·IGeV 

32MeV 

3·10
9
I = 94I 

n = 32·106 

N _ 94·0.98 _ 
4600 - 1-0.98-

2.44 

m = 4600/2.44 = 1885 

- 200MeV 

W = Im · 200= 37700I MeV 

W = 6·10-8 IW(t) 

If the electric power of the reactor W = 10 MW 10 and the coefficient of 

heat transformation K = 0.35, then the heat power is W = 2.84 ·107 Watt. 

Hence, W = 6·10-8, I= 2.8·6·107 Watt I= 4.8·1014 charge units. The 

number of 4He nuclei: N He = I /2 = 2.42 · I 014 s - 1
• The beam power: 

W8 = 2.42· 1014 ·6GeV = 230kWt' The beam intensity: I8 = 4.8·1014 x 

x l.6·10- 19charge units, I
8 

= 0.08 rnA. 

In conclusion I would like to quote the words by Academician 
V.I. Veksler, the founder of the Laboratory, USSR State Prize laureate and 
the USA <<Atom for Peace» Prize laureate: «Show that it is possible and 
necessary and technology will find the means for its realization». 
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CBEPXnPOBOASimHA UHKJIOTPOH 
C PA3AEJIEHHbiMH OPiiHTAMH 
AJJSI 3JIEKTPOSIAEPHOfO PEAKTOPA 

We.naes H.A. 

npHBC,I\eHbl OCHOBHble nBpaMeTpbl Cn-1\HKJIOTp<liiiiOI'O KOMnJJeKCa, rette­
pHpylOutero npoTOHbl C 3HeprneH I r38 H HHTettCHBIIOCTblO I 00 MA B He­
npepbiBHOM pelKHMe. KoMnneKc co,l\eplKHT 180 K38 I 0 MA <jx>pHttlKeKTOp H 
28 M:JB HJOxpottttbrA 1\HKJJoTpott c pa:menettttbiMH ceKTopaMH, en 240 M:JB 
6ycTepHbiH H I r3B OCIIOBHOH IIHKJIOTpoHbl c pa3,1\CJICIIIIbiMH op6HTaMH. Pa3-
,l\eJJCIIIIe op6HT B CeKTOpiiOM liHKJIOTpolle ,1\0CTHI'IICTCII npHMettettHCM 6 eyaH­
TOB C 8 4-ttanplllKettHeM aMnJJHyY,I\OH 75 K8. noaopoT H <J>oKyCHp<JBKa ny•rKa B 
Cn-1\IIKJIOTpotta BblllOJittlleTCII CHCTCMOH MHttHaTIOpttbiX 0,1\IIOTHIIHbiX 
,1\HilOJibllhiX H K&a.l\pynOJibllbiX MantHTOB, o6pa3ylOUIHX I 0 CIIHpaJibllbiX Kaua­
JIOB, paJMentellttbrx O.I\Htt tta.l\ .1\PYI'MM a o6tl\CM renHeBOM KpHOCTaTe. HttlKeK­
THp<J&allllhrc B 3TH Katt8Jibl ny•tKH OT 10 CeKTOpllbiX liHKJIOTpottOB YCKOplllOTCII 
12 o6beMttbiMH TellJibiMH pe30ttaTOpaMH C aMnJJHyY,I\OH 500 K38 B 6ycTepttOM 
1\HKJIOTpottC II 44- B OCIIOBIIOM. J.btta•I8Jibttoe pa3,1\eJJettHe IIY'!Ka Tpe6yeMOH 
HHTettCHBHOCTH Ha 10 OT,I\eJJbHbiX KattaJJOB o6ecne'IHB8CT YCTOH'IHBYIO paOOyY 
IICCI'O KOMnJJeKCa H l'loi6KOCTb 8 ero ynpaBJiettHH. CT&tt,l\apTH38UHII 84-rettepa­
TOpoB H peJOttaTOpoB, Cn-MantHTOB yCTattOBKH H .1\PYI'MX ee 3JieMCHTOB 110380-

JIIIeT Opr8HHJOB8Tb HX MaCCOBOe npoHJBO,I\CTBO It TeM CHH3HTb CTOHMOCTb KOM­
nneKca . 

• Pa6<rra BbtnOJitt~Ha aJia6opaTOpHH BbiCOKHx :JtteprnA OHSIH. 

Superconducting Separated Orbit Cyclotron 
for Eh.."Ctronuclear Reactor 

I.A.Shelaev 

Main parameters or a cyclotron facility for acncration or I GeV 100 mA pro­
ton beam in de mode are &iven. It includes 180 keY 10 mA injector, 28 MeV 
isochronous separated sector cyclotron, SC 240 MeV booster separated orbit 
cyclotron and I GeV main one. Orbit separation in the sector cyclotron is achie­
ved by application or 6 dees with 75 kV on each. Beam bendln& and rocusln&in 
the SOCs Is fullfilled by a system of miniature dipoles and quadrupoles of the 
same type that form I 0 spiral channels. The channels are placed one on another 
In coMmon LHe cryostat. The beams Injected in the channels by the 10 sector 
cyclotrons are accelerated by 12 warm 500 kV rl cavity in the booster cyclotron 
and by 44 ones in the main SOC. Division of the required intensity beam at the 
start or acceleration Into I 0 separated channels provides stable operation or the 
facili ty and Its control flexibility . Standardization or hf aenerators, cavities, SC 
magnt ts and other elements of the facility permits one to oraanize mass-produc­
tion of the elements and to decrease their costs. 

The lnvesll&allon has been performed at the Laboratory of H i&h Energies, 
JINR 
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BseAeHHe 

noA 3JICKTposmepHbiM nOHHM3eTCSI peaKTOp, B KOTOpoM pea KU.HSI AeJJC­

HHSI smep TSI.)KeJJbiX 3JICMCHTOB no.z:mep.)KHB3eTCSI HC3aTyxatO~CH nOTOKOM 

HCHTJX>HOB OT BHCWHCT'O HCTO'IHHKa. noroK HCHTJX>HOB B pa OO'ICH 30HC 

pcaKropa soJ6y.)I(AaeTcH 6blcTpb1MH lfaCTHU.aMH OT ycKopHTeJJH: npoTOH c 

3HeprHCH l r38 B AOCT3TOlfHO npoTSI.)KCHHOM 6JJOKC 
238 U, o6ora~CHHOM 

2% 235u' C03A3CT AO 50 HCHTJX>HOB H npHMepHo 4 r3B Ten.na (1 ). E~e 
OOJJbwe ueifTpoHOB H TenJJa o6pa3ytOT TSI.)KeJJhle HApa (2). P aJyMeeTcH , 

peaKU.HSI npeACT3BHT npoMbiWJICHHbiH HHTCpec, CCJIH HHTCHCHBHOCTb naAa­

IO~ero ny'IKa AOCTaTOlfHO BeJJHKa. B CJJylfae npoTOHOB c 3Hepmeif 1 r3B 

pa3JIHlfHble OU.CHKH A310T BeJJHlfHHY 100-300 MA. nOJJylfCHHe TaKOH HH­

TCHCHBHOCTH Ha JIHHCHHbiX yCKOpHTCJISIX 33CT3BJISICT MHOrHX HCCJICAOBaTe­

JICH ClfHT3Tb 3TOT THn yCKOpHTCJISI HaH60JJee nepcneKTHBHbiM AJISI 3JICKTpo­

SIACpHOT'O peaKTOpa. Ho 3T3 HHTCHCHBHOCTb nOJJylfeHa B HMnyJJbCHOM 

pC.)KHMC, CPCAHSISI .)KC ee BeJJHlfHHa OK33biB3CTCSI Ha 2 nopsmKa MCHbWC, 

n03TOMY Hapsmy C JIHHCHHbiMH yCKOpHTCJISIMH paCCMaTpHB310TCSI B03MO.)K­

HOCTH ycKopHTeJJeif Apyroro Tuna, B lfaCTHOCTH, u.uK.IloTpoHbl (3 ). · 

B AaHHOH pa6oTe npHBCACHbl ou.eHKH napaMCTpoB csepxnpoBOAH~ero 
(Cn> U.HKJIOTpoHa C pa3AeJJCHHbiMH op6HT3MH <UPO) (4,5), npHT'OAHOT'O 

AJISI nOJJylfCHHSI nylfKa npoTOHOB C 3HeprHCH J r3B H HHTCHCHBHOCTbiO 

100 MA. B U.HKJIOTpoHe csepxnpoBOAHMOCTb HcnOJJb3YCTCSI AJJSI C03AaHHSI 

MHHHaTIOpHOH M3rHHTHOH CHCTCMbl, OOeCt!ClfHBaiO~CH npH AOCT3TOlfHOM 

npHpocTe 3HCprHH lf3CTHU. 3a oOOpoT BbiBOA ycKOpCHHOT'O nylfKa C 3<M>eK­

THBHOCTbiO 100% . .li.JJH MarHHTHoif CHCTCMbl UPO HaH6oJJee nOAXOASI~HMH 
OK33b1B310TCSI pa3paOOT3HHbiC B Jl83 CBepxnpoBOASI~He M31'HHTbl C .)KCJIC-

30M (6 ), H pauee H3YlfaJJ3Cb B03M0.)KH0CTb HX npHMCHCHHSI B CHJibHOTOlfHOM 

U.HKJIOTPoHC (7 ). 

B TaKoif ycrauosKe onpeAeJJSIIO~HMH SIBJJSIJOTCSI CTOHMOCTb , KnA H ua­

AC.)KHOCTb BlJ-npeo6pa3oBaTeJJSI. UHKJJOTpoH, SIBJJSISICb Han60JJee KOMnaKT­

HOH MawnHoif, noJBOJJSICT nOJJylfHTb KnD. nepeAalfH Bll-Mo~HOCTH ny'IKY 

Ha yposHe 90% H Bblwe. B HeM BlJ-npeo6pa3oBaTeJJb pa6oTaeT B AHanaJoHe 

25-50 Mru., s KOTOpoM npoMhiWJJeHHOCTbtOocsoeHhl reHepaTophl c eAHHH'I­

Hoif MO~HOCTbiO 1-2 MBT, H AJISI YCKOpeHHSI npoTOHOB AO 3HepmH 1 r3B H 

HHTCHCHBHOCTbiO 100 MA AOCT3TOlfHO HMCTb 50 T3KHX reuepaTOpoB • 

.li,JJSI AOCTH.)KCHHSI Tpe6yeMOH HHTCHCHBHOCTH AOCT3TO'IHO pa3AeJJHTb 

nylfOK Ha 10 napa.TIJieJJbHbiX K3HaJJOB C HC33BHCHMOH <l>oKYCHJX>BKOH, 'ITO 

Cy~eCTBCHHO OCJJa6HT 3<M>eKTbl, CBSI33HHbiC C npocTpaHCTBCHHbiM 33pS1-

AOM, ynpocTHT nOCJICAYIO~ee HCnOJib30B3HHC ny'IKa B peaKTOpe H n03BOJIHT 

colfeTaTb ycroif'IHBYIO pa6oTy ycKopHTeJJSI c rn6KOCTbiO s ero y pasJJeHHH. 
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8 paCCMa TpHB3CMOM ~HKJIOTpoHe yCKOpeHHC DpoTOHOB OCy~ecTBJUieT­

CSI B TpH 3Tana: 10 TCDJibiX H30XpoHHbiX ~HKJIOTpoHOB DOCT3BJISIIOT 

10 X 10 MA ny\IKH c 3HeprH~H 28 M38 B 10-KaHaJibHbiH cn-6ycrepHb1H 

~HKJIOTpoH , DOBbiW310~HH HX 3HeprHIO AO 240 M38; KOHC'IHYIO 3HCprHIO B 

1 f38 nyliKH DOJiyllaiOT B OCHOBHOM Cn ll.PO, T3K.lKC CO.!J.Cp.lKa~eM 10 pa3-

AeJibHbiX Ma rHHTHbiX KaHaJIOB. Ha Ka.lK.IJ.OM :rrane ycKopenHe ocy~eCTBJJSI­

eTCSI 8ll-nOJieM OAHOH H rou .lKe llaCTOTbl, liTO HCKJIJOllaeT nOTepu HHTeH­

CHBHOCTH. C paBHHTeJibHO HH3KaSI llaCTOTa 84-noJJSI (31,5 Mf~) o6ecneliH­

BaeT BbiCOKHH KnJI., H3HMCHbWYIO CTOHMOCTb H H3.1J.C.lKHYIO peaJJH3YCMOCTb 

81..{-renepaTopa- HaHOOJJee .ll.Op<>I'OH H 3HeproeMKOH CHCTCMbl ycKOpHTeJISI. 

1. 3He p reTHK3 3JICKTpOSI.ll.CPHOro peaKTOpa 

Ynpo~enna11 6JJoK-cxeMa 3JJCKTpoSI.IJ.epuoro peaKTopa H ocnoBHble 

DOTOKH 3He prHH DpHBC.!J.CHbl Ha pHC.1. nOCTynaiO~HH B paOOliYIO 30HY 

peaKTopa n y 'IOK 6b1CTpblx nporoHOB MO~HOCTbiO P b Bbi.IJ.eJISieT B k pa3 OOJJb-

we TCDJIOBOH 3HCprHH Ph 33 C\leT .!J.eJICHHSI TSI.lKeJibiX Sl.ll.Cp: 

Ph= kPb. (1.1) 

8 3JJCKTpocTaH~HH 3TO TCDJIO npeo6pa3yeTCSI B 3JJCKTpo3neprn10 P c KHLI. e 

7J e' D03TOMY 

P=knPb. e "'e (1.2) 

8blpa00T3HH3SI 3JICKTpo3HCprHS1 't3CTH'tHO B03Bpa~aeTCSI B yCKOpHTeJib p , a 
OCTaJibHa!l HanpaBJJSICTCSI DOTpe6HTeJIIO p ; 

u 

P=P+P. e a u ( 1.3) 

8 CBOIO Ootep C.!J.b, \13CTb nOTpe6miCMOH ycKOpHTeJICM 3HCprHH paCXO.!J.YeTCSI 

na ero c o6CTBeHnble HY.lK.ll.bl P
5 

(oXJia.lK.IJ.eHHe MarnHTOB, no.zmep.lKaHHe 

pa6ootero Aa BJieHHSI B KaMepe, cncreMa ynpaBJieHHSI H np.), a OOJJbWaSI ee 

't3CTb (Pg) DOTpe6JJSieTCSI 84-reuepaTOpoM. 3ACCb 3JICKTpo3HeprHSI npo-

MbiWJICHHOJi llaCTOTbl npeo6pa3yeTcSI B BbiCOKootacroTnyJO P1c KnJI. '1g 

HX3KOT8HnepaTypH08 Tenno 
PHC. l 
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(1.4) 

84-MOUJ,HOCTb nOCTynaeT B yCKOp!IIOUJ,HH pe30H3TOp HenocpeACTBeHHO HJIH 

~tepe3 <f>~ep CBSI3H, rAe paCXOAyeTCSI Ha B036y.li(AeHHe pe30H3TOpa H YCKO­

peHHe ny~tKa Pb. TaKHM o6pa30M, cnpaBeAJIHBO COOTHoweHne 

PI= P/YJb' ( 1.5) 

rAe YJ b- Knll. nepeAa~tn MOW.HOCTH reHepaTopa ny~tKy npoTOHOB. 

KoM6nnnpy11 Bblpa)KeHH!I ( 1.1-1.5), noJiy'laeM 

P +P= (kYJ --
1
-)Pb. 

u s e YJ gYJ b 
(1.6) 

OOCJieAHee COOTHoweHne nMeeT CMbiCJI, eCJin B HeM Bblpa)KeHn e B cKo6Ke 

HeOTPHU.3TeJibHO, T.e. eCJIH 

( 1.7) 

B Bblpa)KeHnn ( 1. 7) ABa Ko3Q><Pnu.neHTa - YJ e n YJ g- nMeiOT xopowo yCTa­

HOBJieHHble BeJIH>tHHbl. Knll. npeo6pa3oBaHH!I TenJIOBOH 3Heprn n ·u 3JieKT­

pn~tecKyiO Jie)KHT B npeACJI3X 0,3-0,4, H AJI!I OU,eHOK YJe MO)K 0 npHHSITb 

paBHbiM 0,35. Knll. 84-reHepaTopa, BblnOJIHeHHoro Ha MOW.Hblx TeTpoAax, 

B npnH!ITOM 3AeCb ~taCTOTHOM Anana3oHe, paueH 0,6. TaKHM o6pa30M, B pac­

nop!I)KeHHH 3KCnepHMeHT3TOpa OCT310TCSI AB3 K03Q><PHU,HeHT3 - k H YJ b • 

8CJIH'IHHOH Ko3Q><Pnu,neHTa k MO)KHO ynpaBJI!ITb, uapbnpy !l IIAepHbiH 

COCTaB MHWeHH HJIH Macey 6biCTpb1X SJAep, T.e. Bb16Hp3!1 nOAKPHTH'IHOCTb 

peaKTopa. TorAa TnnoM ycKopnTCJI!I onpeACJI!IeTC!I TOJibKO OAHH napaMeTp 

COOTHOWeHHSI ( 1. 7) - YJ b' KOTOpbiH MO)KHO OU,eHHTb K3K 

0.8) 

rAe P,- 84-MOW.HOCTb, pacxoAyeMa!l B pe3oHaropax ycKopnTCJISI Ha B03-

6y.li<Aenne YCKOp!IIOUJ,ero nOJISI npH HyJieBOH HHTeHCHBHOCTH ny~tKa, BKJII0-

"43!1 noTepn MOW.HOCTH npn nepeAa'le OT reneparopa K pe3oHaTopy. 

8 JIHHeHHOM ycKopnTCJie, nMetOw,eM npoT!I)KeHHbiH (nopSJAKa 1000 M) 

pe3onarop, BeJIH'IHHa P r npn6JIH)KaeTC!I K 100 M 8T, n03TOMY YJ b pHHHMaeT 

33MeTHYIO BeJIH'tHHY (0,6-0, 7), KOrAa MOUJ,HOCTb ny~tKa OK33biBaeTCSI 

nOpSIAKa 200-300 MBT. reHepaTOpbl JIHHeHHOro ycKOPHTCJISI pa6oTaiOT B 

AHana3oHe 400-600 Mru., rAe CTOHMOCTb 1 8T MOW.HOCTH ropa3AO Bblwe. 

B U.HKJIOTpoHe ycKop!IIOW.ee noJie npoxOAHTC!I ny~tKOM MHoroKpaTHO, B 

cnJiy 3Toro 3Ha~tHTCJibHO MeHbwe BeJIH>tHHa P,. B pe3yJibTaTe YJ b oKa3biBaeT-

C!I nopSJAKa 0,9~-0,92 npn 3Ha'IHTCJibHO MeHbWeH MOW.HOCTH ny~tKa. KaK 
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OOK33aHO HH)KC, B3pH3HT Cn-~HKJIOTpoHa C pa3~eJICHHbiMH op6HT3MH 

~eltcTBHTCJibHO 003BOJISICT YCKOpHTb HHTCHCHBHbiH ny'IOK npoTOHOB C Bbi ­

COKHM Knll,. 

2 . 06 m a 11 cxe M a ycK o pu TeJIH 

J.iCXO~SI H3 H3Jl0)KCHHOro BbiWC, MO)KHO cQ>opMyJJHpoB3Tb CJIC~YIOU\HC 

OCHOBHbiC Tp COOB3HHSI K YCKOpHTeJIIO ~Jill 3JICKTpo~epHOro peaKTOpa: 

- ycKo pHTeJib nocTaBJIHCT nocTOHHHbiH oo speMeHH H ynpaBJJHCMbiH 

ny'IOK npoTOHOB (HJIH SI~Cp) C 3HCprHCH 100() M38 H HHTCHCHBHOCTbiO 

100 MA H 6oJice; 

- ycKop uTeJib HMeeT MaKcHMaJibHO so3MO)I{Hoe 3Ha'ICHHe KnD.TJ g npe-

o6pa3osaTeJIH 3JICKTpH'ICCKOH 3HeprHH CCTb- 84; 

- peaJIH3yeMOCTb, ua~e)KHOCTb H peMOHTocnoco6uocTb 84-npeo6pa3o-

8aTeJI!I; 

- MaKCHMaJibHoe 3Ha'leuue KnD.TJb nepe~a'IH 84-3Hcpruu K ny'IKy; 

- MHHHMaJibHbiC OOTCpH ny'IKa npH yCKOpCHHH, Bbi80~C H np. ; 

- MHHHMaJibHaH CTOHMOCTb YCKOi}HTeJISI, ero KOM03KTHOCTb, Ha~C)K-

HOCTb H peMOHTOCnOCOOHOCTb. 

Pa6oTocnoco6HOCTb 3JICKTpo~epHoro peaKropa 8 nepsy10 O'lepe~b 
onpe~eJISICTCII 84-npeo6pa308aTeJieM. Hau6oJiee npuro~HbiM ~~~ paOOTbl 8 

Henpepbi-BHOM pC)KHMi! npe~CT3BJISICTCSI npeOOpa3083TeJib Ha )KCCTKHX JiaM­

nax 8 ~uana3oHe 25-50 Mr~ c MOU\HOCTbtO OKOHC'IHOro KaCKMa 2 M8T. 

Hau6oJibWHM Knn. o6Jia~aeT cxet.ea, 8 KOTopou 84-reHcpaTop pacnoJIO)KCH 

p~OM C pe30HaTOpoM, T.K. B HCH OTCyTCT8YCT nepe~a'la 84-MOU\HOCTH Ha 

paCCTOSIHHC HJIH CJIO)KCHHC MOU\HOCTCH OT~eJibHbiX reHCpaTOpoB, conpo-

80~31011\CCCSI noTepHMH. 3ro yCJio8He onpe~eJISICT o6mee 'IHCJIO pe3oHaro­

po8 8 yCTa Ho8Ke: ~sr ycKopeHHII ny'IKa o6meu MOIUHOCTbtO 100 M8T ueo6-

xo~HMO HC MCHCC 5() pe30HaTOpo8, B036y~aCMbiX TaKHM )KC 'IHCJIOM reHe­

paTOpo8 MOU\HOCTbtO 2 M8T Ka~biH. 

06masr cxet.ea ycKopHTeJIII npe~CTaBJieHa ua puc.2. CQ>opMHpo8aHHbiH 8 

Q>opHH)KCKTOpe (HOHHbiH HCTO'IHHK, 3JICKTpoCT3TH'ICCKHH ycKOpHTeJib H 

6aH'Iep) ny'IOK c 3Heprueu 0,255 M38 HH)KCKTHpyeTCSI 8 ~eHTP MHoro~y­
aHTHoro H30 XpoHHOro ceKTOpHoro ~HKJIOTpoHa. MHoro~yaHTHbiH 8apuaHT 

no3BOJIIIeT n OJiy'IHTb nput.eepHo 1 M38 npHpoCT 3Hepruu ny'IKa 3a o6opoT 

npH npHCMJICMOM HanpSI)KCHHH Ha ~yaHTaX, 'ITO npH HH3KOM 3H3'1CHHH 

Cpe~Hero M3 rHHTHOro OOJISI ~aCT HeOOXO~HMOC ~SI 3<1$eKTH8HOro 8bi80~a 
pa3~CJICHHC Op6HT Ha KOHC'IHOM pa~HyCe H OOCCOC'IH8aCT ~OCT3TO'IHO C80-

00~HOro MCCTa 8 ~CHTpe ~HKJIOTpoHa ~SI pa3MCIUCHHSI TaM HH<fmeKTopa. 
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PHc.2 

<l>opHH)KCKTOp H CCKTOpHbiH U.HKJIOTpoH OOBTOpSIIOTCSI 10 pa3, l1 BCC 10 ny'I­

KOB HH)KCKTHPYIOTCSI 3aTeM sl0-3Ta)KHbiH en-6ycTepHbiH UPO . 

8 6ycrepuoM UPO nosopoT H <J>oKycuposKa ny'IKa ocyl.lJ.eCTBJUICTCSI 

MHHHaTIOpHOH en-MarHHTHOH CHCTCMOH, npe~CTaBJJSIIOllJ.CH co6oit MarHHT­

HYIO CHCTeMy npoTOHHOro CHHXpoTpoHa C pa3~MeHHbiMH <I>YHKU.HSIMH 

nosopoTa H <l>oKycnpoBKH. PaJMel.lJ.eHHNe no pa3BePTNBaJOI.lJ.el1cR cnupanu 

<I>O.UO nepuo~N MarnHTHOH CHCTeMN UPO o6ecne'IHBaJOT )KeCTKYJO <l>oKy­

cnpoBKY ny'IKa, He~OCTH)KHMYIO B CeKTOpHbiX U.HKJIOTpoHaX. 8 6ycTepHOM 

U.HKJIOTpoHe ny'IOK YCKOpSieTCSI 84-nOJJeM 12 TenJJNX OObeMHbiX pe30HaTO­

poB, HMeiOI.lJ.HX <J>opMy napaJllleJJenHne~a. 8 TaKOM pe30HaTOpe aMnJJHTy~a 

ycKopSIJOI.lJ.ero uanpR)KeHHSI ~OCTHraeT 0,5 M B npH MOlll.HOCTH B036y~eHHSI 
0,15-0,20 MDT. 

AHaJJOrH'IHO nOCTpoeH H OCHOBHOH en UPO. B oOOHX U.HKJIOTpoHax 

HCOOJ1b3YIOTCSI en-MarHHTbl H J1HH3bl , HMeiOI.lJ.He O~HHaKOBble nonepe'IHNe 

pa3MepN H OTJJH'IaJOmnecR TOJJbKO MHHOH. 3ro noJBOJJReT opraunJosaTb 

MaCCOBoe npoH3BO~CTBO TaKHX M3rHHTHbiX 3JleMeHTOB, 'ITO CHH)KaeT HX 

CTOHMOCTb. YcKopeuue ny'IKOB B OCHOBHOM UPO T3K)Ke ocy l.lJ.eCTBJJJ~eTcSI 

84-nOJJeM OObeMHbiX pe30HaTOpoB, 'IHCJJO KOTOpbiX 3~eCb Bb16paHO paBHblM 

44. 8cero )Ke B ycrauosKe HMeeTCR 56 pe3oHaTopos, 'ITO npu yCJJOBHH ux 

pasuouarpy)KeHHOCTH (1, 73 M8T/pe30HaTop) onpe~enReT KOHe'IHYJO 3Hep­

rHIO 6ycrepuoro U.HKJIOTpoua. 

MuoroKaHaJJbHOCTb 6ycrepuoro H OCHOBHOro en UPO cyl.lJ.eCTBeHHO 

CHH)KaeT 3<Jxl>eKTbl npoCTpaHCTBeHHOro 3ap~a 8 Ka~OM KaHane, ooecne­

'IHBall Tpe6yeMyJO OOI.lJ.YIO HHTeHCHBHOCTb ycrauosKH, a MHOroKpaTHOCTb 

<J>opHH)KeKTOpa OOecne'IHBaeT npaKTH'IeCKH HenpepNBHYIO pa6<>Ty BCero 

KOMnJJeKca, HeCMOTpSI Ha orpaHH'IeHHOe BpeMSI )KH3HH HOHHOro HCTO'IHHKa. 

HH)Ke npuse~eHN 6onee no~po6uo napaMeTpN nepe'IHCJJeHHNX ycKo­
pnTeneit . 
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3. Cl>op H H;>KeKTOp 

Cl>opHH;>KeKTOp BKJIJO'IaeT HOHHbiH HCTO'IHHK, 3JieKTpocTaTH'IecKyJO YCKO­

pHTeJihHYJO Tpy6Ky c uanpSI;>KeHHeM 110 KB, rpynnHpoBaTeJib H npeAyCKO­

pHTeJih Ha OAHHO'IHOM pe3oHaTope c 'laCTOTOH 31 ,5 M ru.. KaHaJI Tpaucnop­

THpoBKH DY'IKa B U,eHTp CeKTOpHOro U,HKJIOTpoHa, DOBOpoTHbiH KOHAeHCaTOp 

H CHCTeMy KOHTpoJISI ny'IKa. TaKaSI cpaBHHTeJibHO CJIO;>KHaSI cxeMa <lx>PHH­

;>KeKTopa Bb16 paua C TeM, 'ITOOhl DOJIY'IHTb HHTeHCHBHhiH ny'IOK C MaJibiM 

3MHTTaHCOM H MHHHMH3HpoBaTb DOTepH DY'IKa Ha MaJihiX paAHyCaX B CeK­

TOpHOM U.HKJioTpoue, rAe npoHCXOAHT <lx>PMHpooauue BpeMeuuon CTPYKTy­

phl ny'IKa. 

HouHblH HCTO'IHHK THna AYOnJia3MOTpoHa ['8J, napaMeTphl Koroporo 

npHBeAeHhl B Ta6JI.1, ycTaHOBJieH Ha BhiCOKOBOJibTHOH DJia$pMe 3JieKTpo­

CTaTH'IeCKOH Tpy6KH. OOCJie ycKopeHHSI B uen AO 3HeprHH 110 K3B H nOCJie­

AYJOlll,ero BbiAeJieHHSI B MarHHTHOM CenapaTOpe aTOMapHOH KOMDOHeHTbl 

noJiy'IHM 40 MA ny'IOK c uopMaJIH30BaHHhiM 3MHTTaucoM 0,33 .UMPaA. 

BpeMSI ;>KH3HH OKCUAHOro KaTOAa HOHHOro HCTO'IHHKa COCTaBJISieT 60 'la­

COB uenpephiBHon pa6oThl, nOCJie 'lero KaTOA nOAJie;>KHT aaMeue. CMeHa Ka­

TOAa HCTO'IHHKa 03Ha'laeT BbiKJIJO'IeHHe AaHHOro KaHaJia Ha 20 MHH, npH 

3TOM AJISI COX paHeHHSI HeH3MeHHbiM DOTOKa 'laCTHU, Ha MHllleHb AOCTaTO'IHO 

'roK B OCTaJih HhiX KauaJiax yBeJIH'IHTh ua 10%. 

OOCJie MarHHTHOro cenapaTopa ny'IOK npoxOAHT llepea HH3KOBOJihTHhiH 

rpynnHpoBaTeJih, nHTaeMhlH uanpSI;>KeHHeM ocuoBuon (31,5 Mru.> H YABoeu­

uon 'laCTOTbl , H YCKOpSieTCSI B OAHHO'IHOM pe30HaTOpe C 2 yCKOpSIIOlll.HMH 

npoMe;>Ky'fKa MH AO 3HeprHH 180 K3B. Cl>OKYCHpoBKa ny'IKa B HeM OCylll.eCTB­

JISieTCSI KBaA pynOJibHbiMH JIHH3aMH Ha DOCTOSIHHhiX MarHHTaX. Ha BbiXOAe 

Ta6JIH~8 I 

napaMeTp PaaMepHOCTb BCJIH'IHHO ! 

8biTIIrHBaiOill.CC Hanpii>KCHHC KB 45 

TOK ny'IKa (OAHO OTBCpcTHC) MA 65 

HopMam1aouaHHbtA 3MHTTattc :n.14 Mpan 

AJIII I()()% HHTCHCHBHOCTH 1,30 

AJIII92% 0,33 

Conep>KaHHe aToMapHoro uonopona % 70 

TOK nyrn HCTO'IHHKa A 8-15 

Hanpii>KCHHC nyrn B 130-150 

TOK HaKaJia IUITH A 45-52 

lJHCJIO 8MnCp- BHTKOB COJICHOH):Ia 
. 

KA 2,4 

_f_acxon BQllQI><•na ________________ __ _.11_-IQP/c 0,3 
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pC30H3TOpa flOJJY'IHM ny'IOK B B~C 6aH'ICH <J>a30BOH npoTSDKCHHOCTbiO 30-

3S", aMil.IIHTy~ou I30 H cpe~HHM TOKOM I0-12 MA. O~HHO'IH&rn pe3onaTop 

s&mOJJueu B s~e 'ICTBCPTbBOJJHosou xoaxcHa.n&uou JIHHHH, csepuyTon s 

cnHpa.n& [9 1 H uacrpoeuuou ua ocuosuy10 'lacToTy 3I,S Mru.; uanp.snxeuue 

ua ycxopHIOW.CM :meKTpo~e 3S xB. 

Taxa11 npe~sapHTeJI&HaH 6aH'1Hposxa MHHHMH3HpyeT noTepu ny'lxa B 

CCKTOpHOM U,HKJIOTpoHC. TipH 3TOM HCCKOJibKO YBeJIH'IHTC!I 3MHTTaHC ny'I­

Ka, H Mil ~aJibHCHUIHX OU,CHOK npHMCM, 'ITO HOpMaJIH30BaHHbiH 3MHTTaHC 

ue npesocxo~HT I ,UMpa~. 

li.HJIH~pH'ICCKHH KO~CHcaTOp C 3a3opoM lO MM flOBOpa'lliBaCT npoTO­
Hbl ua 90" npu pa3HOCTH noTCHU.HaJIOB ua o6KJiaAKax ± IS xB OTH()(;HTeJihHO 

«3CMJIH» H BBOAHT HX B MCAHaHHYIO flJIOCKOCTb U,HKJIOTpoHa. <J>oKyCHpoBKa 

nyqxa B o6eux nonepe'IHhiX Il.IIOCKOCT!IX ocyw,eCTBJI!IeTC!I 3a C'ICT runep6o­

JIH'Iecxoro npo<PHJI!I Il.llaCTHH xou~eucaropa. Bee o6opy~osauue <J>opuu­

.lKCKTOpa pa3Mew,aeTCH so suyTpeuueu noJIOCTH u.euTpan&uoro wToxa BlJ­

pe3onaropa HH.lKCKTOpHOro U,HKJIOTpoHa, fl03TOMY HH.lKCKU,H!I n y'IKa COnpo­

BO.)I(AaCTC!I ero ycxopeHHCM Ha 1S K38. Tipo~!l 3a3CMJICHHbiH n poMC.lKYTOK 

saxyyMnou xaMephl ~JIHHOH II CM, ny'IOK nocTynnT B nepBbiH ~yauT c 

3Heprneu HH.lKCKU.HH 0,2SS K38. 3TOT yqacrox o6opy~osau napou KBMPY­

noJI&HbiX JIHH3 ua nOCTOHHHbiX MarHHTax H xou~eucaTopoM K ppexu.nn yr­

na BXOAa 8 ~yaHT. 

4. MuoroAyaHTHbiH cexTopublu U.HKJIOTpou 

HecMoTp!l ua npe~sapHTeJI&uoe <J>opMHpo8anne ny'lxa, MO.lKHO O.lKH­

~aT& noTep& nop11~xa S-IS% (HJIH O,S-I ,SMA) ua nepsblx 2 - 3 o6opoTax 

8 cexropnoM U.HKJIOTpoue. ECJIH cpe~HH!I 3HeprHH3Toro ny'lxa pa8Ha 2 M38, 

TO 8biAeJI!ICMa!l MOW,HOCTb COCTa8HT I-3 KBT, 'ITO HCKJIIO'IaCT npHMCHCHHC 

C8epxnpo80~!1W,CH MarHHTHOH CHCTCMbl B nepBOM U,HKJIOTpoHC, fl03TOMY 

Bb16paH TCIIJibiH BapHaHT CCKTOpHOro U,HKJIOTpoHa, OCH08HbiC napaMeTpbl 

KOTOporo npHBC~CHbl 8 Ta6JI.2. 

8 H30XpoHHOM U,HKJIOTpoHC 'laCTOTa OOpaW,CHH!I HOHa W . OCTaCTC!I noe­
l 

TO!IHHOH Ha JII06oM pa~Hyce r: 

w. =vir= const. 
I (4.1) 

l1J 3TOro yCJI08H!I CJie~yeT 3a8HCHMOCTb pa~Hyca Op6HTbl OT 3HCprHH W, 

CCJIH flOCJIC~H!I!I Bblpa.lKCHa B C~HHHU,aX 3HCprHH flOKO!I npoTOHa, 

NA. Vw(2 + w) 
r = 2.7r(I + w) ' 
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Ta6JJHt'a 2 

8eJJI1411H3 

nap aMCTp PaJMCpHOCTb 
113 BXOI\C 113 BbiXOI\C 

3ueprHII npo roHOB M:~B 0,255 28 

J.1HTCIICI1BHOCTb MA 12 10 

MamHTHall lKCCTKOCTb K3 M 0,730 7,703 

CpeAHCC M3MII1Tit0C llOJIC K3 3,447 3,546 

MaMIHTIIOC IIOJIC 8 CCKTOpe K3 9,066 

CpcnuHi1 pan 11yc op6HTbl CM 21,1 217,2 

npHpocT pan11yca 38 o6opoT CM 26,7 3,5 

4HCJJO CCKTOpoB M81'11HT8 6 

4HCJIO I\Y8HTOB 6 

4HCJIO OOopoTOB nyttK8 27 

llanplllKCHHC Ha nyauTax KB 75 

4aCTOT3 84- 1811p11lKCHHII Milt 31,5 

4aCTOT3 00p3 UICIII111 npoTOIIOB Mrtt 5,25 

r.I{C ). - .I{JlHHa BOJlHbl yCKOpSitoUJ,ero 84-nOJlSI, N - HOMCp rapMOHHKH. 

ECJJH npHpocT :mcprHH Ja o6opoT paBCH dw, TO paAHYC yseJJHlfHTCH Ha dr: 

rdw 
dr = w( 1 + w)(2 + w) · (4.3) 

ltf3 nOCJJC.I{HCro COOTHOWCHHSI BH.I{HO, 'ITO npHpocT pa.I{Hyca Ja o6opoT 

nponOpll,HOHaJICH ero BCJlHlfHHC H npHJ>OCTY :JHCprHH. 8b1COKHH HaOOp 3HCp­

rHH Ja o6opoT (0, 9 M38) npH yMepeHHOM HanpR:lKCHHH Ha AYaHTax AOCTH­

raeTCH HCnOJlb30BaHHCM 6 AYaHTOB, nHTaCMbiX HanpH:lKCHHCM 6-if rapMo­

HHKH lfaCTOT bl OOpaUJ,CHH!I, Ha KOTOp<>H <t>aJa np<>JlCTa AyaHTa paBHa 180°. 
<l>a3a nponeTa pa3MCUJ,CHHbiX MC)K.I{y .l{yaHTaMH MarHHTHbiX CCKTOp<>B TaK­

:lKC paBHa 180° /CCKTOp, n03TOMY yCKOp!ltoUJ,CC Hanp!l:lKCHHC Ha BCCX AyaH­

TaX CHH<i>a3HO H OHH npHCOC,I{HHCHbl K O.I{HOMY WTOKy, npC.I{CTaBJl!IIOUJ,CMY 

co6oif ll,CHTp a.rtbHbiH 3JlCKTp<>.l{ lfCTBCpTbBOJlHOBOH KOaKCHaJlbHOH JlHHHH, 

'ITO cyw.ecTBeHHO ynpow.aeT KOHCTPYKU.Hto 84-cHcTeMbl U.HKJJOTpoHa. Ocb 

IJ,CHTpa.rtbHOro WTOKa npoXO.I{HT 4Cpe3 ll,CHTp yCKOpHTCJl!l H OpTOroHa.rtbHa 

ero MC.I{HaHHOH nJJOCKOCTH. lJ.HaMCTp WTOKa, nOMCp:lKHBatow.ero 6-AyaHT­

Hyto CHCTeMy c OOUJ.HM AHaMeTpoM 4,34 M , npu TaKOM :lKC AHaMeTpe sHew­

Hero 6aKa peJ oHaTopa MO:lKHO Bb16paTb nop!I,I{Ka 2M, 4TO o6ecne4HT AOOp<>T­

HOCTb pe30Ha TOpa CBbiWC 10000. Ha B036y)K.I{CHHC B TaKOM pe30Harope Ha-
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npSDKeHHSI aMIIJIHTYAOH 75 KB noTpe6yeTCSI OKOJIO 20 KBT. npu TOKe ycKO­

peHHOro ny'IKa 10 MA noTpe6.nsteMast MOIUHOCTb soapaCTeT AO 300 KBT, T.e. 

s IS paa; KnLl nepe.z.aqu MOIUHOCTH ny'IKY 1J b cocTaBHT 93%. 

Hanpst.>Keuue Ha AyaHTax Bb16pauo npuMepuo B 2-2,5 paaa Bblwe, 'I eM 

a npoMbiWJJeHHbiX U.HKJJOTpouax c uenpepbiBHbiM pe.>KHMOM. T aKoif Bb16op 

ocuosau ua CJJeAytOIUeM. Bo-nepsblx, aua'IHTeJJbHO yseJJH'IeH aaaop .z.yauT -

KaMepa- C 14-20 MM AO 350. 3TOT 3330p 3JJeKTpH'IeCKH HaHOOJJee u·enpo­

'leH, T.K. a.z.ecb pa3pSJA a OObi'IHblx U.HKJJOTpouax npoucxo.z.uT no MarHHTHO­

MY non10; a HH.>KeKTOpHoM U.HKJJOTpoHe AyaHTbl uaxOASITCSI su e nonst. Bo­

BTOpblx, YBeJIH'IeHbl pa.z.uyCbl CKpyrJJeHHSI KpoMOK AyaHTOB, n 03TOMY XOTSI 

B U.eHTpe U.HKJIOTpoHa paCCTOSIHHe Me.>KAY KpoMK3MH .z.yaHTa H KaMepoif BCe­

ro 20 MM, HO B 3TOM 3a30pe paccestHHOe MarHHTHOe nOJJC HanpaBJJeHO none­

pet< aaaopa, 'ITO yseJJH'IHsaeT ero 3JJeKTpH'IecKytO npo4HOCTb. C yse.nuqe­

HHeM 3a30poB yMeHbWaeTCSI CMKOCTb .z.yaHTOB, COCT3BJISIIO[U3 SI , no OU.eH­

KaM, 200-250 n<l>. HaKoueu., HH.>KeKTOpHbiC U.HKJJOTpoHbl MoryT pa6oTaTb 

B HMnyJJbCHOM pe.>KHMe, npH KOTOpoM H3 10 U.HKJIOTpoHOB 9 BCCrAa nOCTaB­

JISIIOT ny'IKH B peaKTOp H JIHWb OAHH BbiKJIIO'IeH. 

Pac'leT aaMKHyroif op6uTbl s MaruuTe U.HKJJOTpoHa MaTpH'IHbiM MCTo­

AOM .z.aeT AJISI Ha6era <j>a3bl paAHaJJbHbiX 6eTaTpoHHbiX KOJJOOaHHH a, Ha 

nepHOA BeJIH'IHHY 

(4.4) 

H BePTHKaJJbHbiX az 

(4.5) 

3.z.ecb p - pa.z.uyc KpHBH3Hbl TpaeKTopuu B MaruuTe, t> - y ro.TI nosopoTa B 

CCKTOpe, t I H t 2 - yrJJbl BXOAa H BbiXOAa TpaeKTOpHH, /- AJJHHa CBo6oAHO-

ro OT MarHHTHOro nonst npoMe.>KyTKa. AuanorH'IHO Bbi'IHCJJSIIOTCSI u .z.pyrue 

napaMeTpbl aaMKHyToif op6uTbl; peayJJbTaTbl npuseAeHbl a Ta6n .3. Cuu.>Ke­

uue yrJJOBOH npoTSI.>KeHHOCTH MarHHTa nOBbiWaeT 'laCTOTY 6eTaTpoHHbiX 

KOJJe6auuif u ynporuaeT paaMerueuue Maruuros a u.euTpe U.HKJJOTpoua. POCT 

yrJJOBOH npoTSI.>KeHHOCTH CCKTOpHbiX MarHHTOB C pa.z.uycoM KOMneHCHpyeT 
pe.TISITHBHCTCKHH poCT MaCChi OpOTOHa C 3Heprueif. 

B U.HKJJOTpoHe P-<l>yKHU.HH nponopu.uoHaJJbHbl pa.z.uycy KPHBH3Hbl; 

3MHTTaHC ny'IKa , HanpOTHB, oopaTHO nponOpU.HOHaJJeH pa.z.uycy (npH Ma-
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TaMHL\8 3 

Benw·IHHa 

n apaMeTp Pa3MepHOCTb 
Ha BXOAe H8 BbiXOAe 

Yrnoaa11 npoTil>KeHHOCTb M8rHHTa rpaA 21,40 22,13 

Yrnoaa11 npoTil>KeHHOCTb 

CBOOoAHOro n poMe>KyTK8 rpaA 38,60 37,87 

PaAHYC KpHBH3Hbl, p CM 8,05 85,0 

Ha6er !j>a3bl Ha nepHOA 

p8AH8JibHbiX KOJie6aHHH rpaA 64,6 63,8 

BepTHKaJJbHbiX KOJie6aHHH rpaA 82,9 80,5 

P,-IIJYHKllHII MHHHM8JibH81l 2,20p 2,13p 

M8KCHM8JibH81l 3,30p 3,18p 

P: -4JyHKI..lHil MHHI1M8JibH81l 1,74p 1,76p 

M8KCHM8JibH81l 2,19p 2,16p 

llacToTa paAHaJJbllall 1,066 1,064 

llaCTOT8 aepTHK8JibH81l 1,381 1,342 

AMnJJHTYA8 P8A118JibH811 MM 1,5 1,7 

AMnnHryAa aepTHK8JibH811 MM 1,3 1,4 

JlhiX 3HeprHRX), D03TOMY aMDJIHTYAhl 6eTaTpoHHhiX KOJie6aHHH OCTaiOTeR 

DOCTOSIHHhiMH Ha Beex p3AHYC3X, eCJIH eoxpaHSieTeSI DOCTOSIHHhiM HOpMaJIH-

30BaHHhiA 3 M HTTaHe n)''IKa. KaK BHAHO H3 Ta6JI.3, pa3Mephl ny'IKa 3a e'leT 

6eTaTpoHHbi X KOJie6aHHH He npeBhiWaiOT 3,5 MM B Jllo6oM HanpaBJieHHH. 

HH3KHH ypoBeHb epeAHero MarHHTHoro nOJist, onpeAeJisteMhiH 'laCToTon 

yeKopsr10w.ero Hanpst)KeHHSI, npHBOAHT K HeOOhi'IHO OOJihWOMY pa3Mepy 

MarHHTa, OAHaKO ero Bee H 3HepronOTpe6JieHHe OK33hiB310TCSI BDOJIHe 

npHeMJICMhiMH, 'ITO BHAHO H3 Ta6JI.4. 3HepronOTpe6JieHHe M3rHHT3 B HH­

)KeKTOpHOM U,HKJIOTpoHe HeBeJIHKO B elf.l1y HH3KOro ypoBHSI DOJISI H HeOOJlb­

WOH BeJIH'IHHhl 3a3opa Me)I(Ay DOJIIOC3MH- 12 MM, HJIH 3,5 BePTHKaJibHhiX 

pa3Mepa DY'IKa. Bee M3rHHTODpoBOAa eHH)KaeTeSI DO'ITH BABOe 6JiaroAapS1 

BBeAeHHIO paAHaJibHOH BapnaU,HH MarHHTHOro DOJISI: DOJie Ha KOJihU,eBOH AO­

po)KKe wnpHHOH 32 MM paBHO noJIIO eeKropa, n 3a3op Me)I(Ay noJIJOCaMn 

3Aeeb paBeH 12 MM, a MC)I(Ay eOCeAHHMH AOpo)KKaMH DOJie B 4 pa3a MeHbWe 

3a e'leT yBeJIH'IeHHoro 3a3opa. B pe3yJihTaTe yMeHhmaeTCsr HHAYKU.HR B 

o6paTHOM Ma rnnronpoBoAe, a e Hen yMeHhmaeTesr ero Bee. MarnnTonpoBOA, 

DOKphiThiH BMeeTe e KaTyWKaMH B036y)I(AeHHSI TOHKOJIHeTOBOH MeAhiO, pa3-

Mew.aeTCSl B 83KYYMHOH KaMepe yeKOpHTeJISI. 

26 



Ta6.nHu.a 4 

napaMeTp PaaMepHOCTb B eJJH'IHHa 

HanpiiJKeHilOCTb M8n-tHTHoro non11 K3 9,066 

3aaop MeJKJzy OOJJIOC8MH MM 2 

AMnep- BHTKH KRTYWKH aoa6yJK)IeuHII A 8657 

qHCJIO BHTKOB 2 

ToK MaruHTR A 721,4 

PaaMep npoBOAHHKa MMl 3,8xl3,8 

ConpoTHBJJeHHe KRyYWKH MOM 45,8 . 

noTpe6JJIIeM811 MOU\HOCTb KBT 23,8 

Bee Me1111 KaTywKH T 0,50 

8biCOT8 CeKTOpHOI'O M811-1HT8 M 0,82 

Bee M&n-tHTonpoB0/18 T 5,7 

0611\811 OOTpe6JJIIeM811 MOU\IlOCTb KBT 23,05 

0611\HH BCC M811-1HT8 T 34,4 

8biBOA ny'IK3 H3 MHOfOAY3HTHOfO U,HKJIOTpoHa npoHCXOAHT 3BTOMa­

TH'IeCKH 33 C'leT TOro, 'ITO KOHe\fHbiH paAHYC MarHHTa B weCTOM CeKTOpe Ha 

35 MM MeHbWe, 'leM B nepBOM. Tio KaHaJiy TpaucnopTHpoBKH ny'IOK HanpaB­

JISJeTCSJ B OAHH H3 CTI-nosopoTHO-<l>oKYCHPYJOIQHX KaHaJIOB 6ycTepuoro 

U,HKJIOTpoHa. 

5. oyCTepHbiH CTI-u,HKJIOTPOH 

TipHMeHeHHe Ten.JibiX pe30H3TOpoB AJISJ YCKOpeHHSJ B 6ycTepHOM lJ,PQ 

Bb1383HO TeM, 'ITO, BO-nepBbiX, npeACT3BJISJeTCSJ AOBOJibHO CJIO.:lKHOH paapa­

OOTKa neTJIH CBSJ3H, nepeAaJOIQeH 2 MBT oq-MOIQHOCTH B C TI-pe30H3TOP 

OpH TeMnepaType .:lKHAKOfO re.TIHSJ. 80-BTOpbiX, 00Tpe0083JICJI6bl yCHJIHTeJib 

c ueo6bi'IHO OOJibWHM AHanaaouoM no MOIQHOCTH AJIB soa6y.:li<AeHHSJ CTI­

peaouaropa c ny'IKOM H 6ea uero. 

HcXOAB H3 YCJIOBHJI paBHOHarpy.:lKeHHOCTH oq-pe30H3TOpoB B 6ycTep­

HOM CTI-u,HKJIOTpoHe c pa3AeJieHHbiMH op6uTaMH ycKopeuue ocyiQecTBJIB­

eTCSJ B 12 OObeMHbiX pe30HaTOpax, pa60TaJOIQHX Ha 8-H rapMOHHKe \f3CT0Tbl 

OOpaiQeHHSJ npoTOHOB. TIOBOpoTHO-<t>oKYCHpyJOIQ3SI MarHHTH3SI CHCTeMa 

npeACTaBJIBeT co6ou paasepuyTyJO s cnupaJib <l>O.LI.O crpyKTypy .:lKeCTKoQxJ­

KycupyJOIQero CHHXpoTpoHa C paJAeJieHHbiMH <j>yHKLI,HJIMH nOBOpOTa H <l>oKy­

CHpoBKH, coAep.:lKaiQyJO 16 FODO nepHOAOB ua o6opoT. PaaoMKHYTOCTb 

MarHHTHOU CHCTeMbl OOecne'IHBaeT 3BTOM3TH\feCKOe BblnOJIHeHHe One-
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TaMHll8 5 

Pa3Mep- BCJJH'IHH8 
flapaMCTp HOCTb 

Hll BXOAC HB BblXOAC 

311CprH11 npoTOHOB M38 28,0 241,3 

HHTCHCHBHOCTb MA 100,0 100,0 

MamHTHBil >KCCTKOCTb K3 7,703 23,85 

CpeAtlHH paA~•yc TpaeKTOpHH M 2,896 7,344 

CpeAnee MBntHnloe none M 2,660 3,248 

PBAHYC KpHBH3Hbl, p M 0,550 1,704 

npHpocT 311CprHH 38 OOopoT M38 2,32 5,96 

npHpocT p8AHYCB 38 OOopoT CM 11,2 6,47 

'18CTOT8 00p8~CI!Hil npoTOIIOB Mru 3,938 

Hanpll>KCHHe Ha pe30H&Tope KB 500 

'fHcnO pe30H8TOpoB 12 

'IHcnO OOopoTOB _lll)<>TOIIO_II____ '- 43 

paU.HH BBOAa H BbiBOAa ny'IKa CO 100% 3<P<t>CKTHBHOCTbiO. napaMCTpbl 6yc­

TCpHOro UPO AaHbl B Ta6.n.S. 

CTpyKTy pa nepHOAa Mai'HHTHOH CHCTCMbl noKa3aHa Ha pHC.3 H BHCWHC 

6ycrep OP.CACTaCT KaK COOpaHHbiC B KOJlbU.O 16 reJIHCBbiX KpHOCTaTOB, MCJK­

AY KOTOpbiMH paaMe~eHbl 12 Ten.nblx o6beMHbiX 81.J-peaoHaropoa. 8 KaJK­

AOM KPHOCTa Te COACPJKHTCII cn-<PoKYCHpyJO~all JIHH3a (/), 2 nOBOpoTHbiX 

MarnHTa M H Ae<l>oKYCHPYJO~all JJHHaa ,4. 3ro o6opyAoBaHHe aaHHMaeT 

npHMCpHO OOJIOBHHY <1>0110-nepHOAa. 8 OCTaBWCMCII 60JJbWOM npoMCJKyT­

KC 0' pa3MC~CH 81.J-pe30Harop; B Ka)I(AOM 'ICTBCpTOM nepHOAC BMCCTO Hero 

B 3TOM CBOOoAHOM npoMCJKyTKC pa3MC~CHbl yCTpoHCTBa KOHTpoJJII H KOp­

pCKU.HH Op6HTbl, OOAXOAIIT BBOAHbiC H BbiBOAHbiC KaHaJJbl TpaHCOOpTHpoBKH 

ny'IKa H np. 

renueswO xpuocmam 
neps o<ro nepuoda 

::0: 

PHC.3 
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10-3TaXHaSI MarHHTHaSI CHCTC­

Ma 6ycTepuoro U,PO co6paua H3 

MHHHaTIOpHbiX CBCpXnpoBOASI~HX 

MarHHTOB H KBaApynOJib biX JIHH3. 

none HanpHXCHHOCTbiO 14 K3 B Ta­

KHX MarHHTaX <f>opMHpyCTCSI Cn-

O KaTyWKOH H 6JJH3KO pac nOJIOXCH­

HbiM SlpMOM H3 MarHHTHOMSirKOI'O XC­

JIC3a. nonepelfHOC CC'ICHHC MarHHTa 

noKa3aHo Ha puc.4. HH3 KHH ypo­

BCHb MarHHTHOI'O OOJISI 0 03BOJISICT 

npHMCHHTb Cn-KaTyWKY C MaJJbiM 

OOOCpe'IHbiM CC'ICHHCM (ropH30H­

TaJJbHbiH pa3MCp BHTKa 2 ,5 MM) H 

OOJJbWHM 3anacoM no KPHTH'ICCKO­

MY TOKy. E~e MCtlbWC nonepC'IHbiC pa3MCpb1 SIBHOOOJitOCHOH KBa ApynoJJb­

HOH JIHH3bl npH TOH xe aneJ)Type. npocTaSI <f>opMa SlpMa MarHHTa ynpo~aeT 

ero BbiCOKOTO'IHOe H3I'OTOBJieHHe, a HCOOJib30BaHHC SlpMa B Ka'leCTBe wa6-

JJOHa npH HaMOTKe cn-KaTyWKH 3a)laCT BbiCOKYIO OOBTOpHeMOCTb napa­

MeTpoB cepuu Marnuros. Bee MarHHTbl H JJHH3bl s 6ycrepuoM U.HKJJOTpoHe 

HMCIOT CTaHAapTHbiC nonepe'IHble pa3MCpb1 H OTJJH'IaiOTCSI JJHWb AJJHHOH. 

JlJJHHa AHnOJISI pasHa 10,7 CM npH HHXCKU.HH H 33,3 CM Ha nOCJJeAHeM oOO­

poTC. Co6paHHble B 1 0-KaHaJJbHYIO cronKy BbiCOTOH 40 eM MarHHTbl H JJHH3bl 

scex oOOpoTOB OAHoro nepHOAa o6~HM sccoM 3,4 T noMe~aiOTCSJ B o6mulf 

reJJHeBbiH KpHOCTaT. 

AHaJJH3 6eTaTpoHuoro ABHXCHHH noKa3blsacT, 'ITO <f>oKycupo Ka ny1.1Ka 

HaCTOJibKO :1KCCTKaH ('laCTOTa 6eTaTpoHHbiX KOJJC6aHHH 3,25), 'ITO ero none­

pe'IHble pa3MCpb1 BCIOAY OKa3biBaiOTCSI MCHCe 15 MM, a HaH6oJJbW YIO BCJIH­

'IHHy B ropH30HTaJJbHOH aneJ)Type 3aHHMaeT carrHTa - AO 8 M M . Jlpyrue 

TpeOOBaHHSI K anCJ)Type, CBSI3aHHble, HanpHMep, C HeC08epw eHCT80M 

MarHHTHOH CHCTeMbl, M0:1KHO He Y'IHTb18aTb, T.K. 8 U,PQ HeOOJibW OC l.fHCJIO 

oOOpoT08 H Ha Ka)I(AOM peaJJH3YCMa AOCTaTOI.fHO pa3BHTaSI CHCTeMa KOppeK­

U.HSI Op6HTbl. 

nyl.fKH yCKOpSIIOTCSI 8 npSIMOYI'OJJbHOM pe30HaTope, 8 KOTOpoM 8036y:1K­

AaiOTCSI KOJJe6aHH!I npocTeHWCH MOAbl THna TMIIO' eCJJH 8biOOJJHSieTCSI yc-

JJ08He 

(5.1) 

rAe A - AJJHHa 80JJHbl, a, b - HaHOOJJbWHe c+opoubl napaJJJJCJJenuneAa. 

npu 3TOM pacnpeACJJeHHe 3JieKTpH4eCKOI'O OOJJSI B pe30HaTOpe H eCT 8HA 

E = E = 0. 
X y (5.2) 
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TaMHI.\a 6 

napaMeTp Pa3MepHOCTb 8eJII1qi-IH3 

Co6cTBCHH3 1l qacTOTa Mf't.l 31,5 

AMnJJHyYAa Hanp!I>KCHH!I KB 500 

PaJMepbt pe3oHaTopa: paAHaJJbHbtH M 10,73 

oepT11K3JibHbiH M 5,31 

3311MYT3JibHblH M 0,54 

Y CKOplli-Olli11H 3330p CM 15 

$a33 npoJJe Ta ycKOp!II-Oll.lero 333opa rp3A 23 

CpeAH11H n p 11pocT :mepm11 nyqKa M3B 0,401 

1-htCJIO pe30 H3TOpOB 12 

Pa3HOCTb $13 MCJKAY 

COCCAHI1MI1 pe30H3TOp3MI1 rpaA 180 

MOll.IHOCTb no36y>KACHI11l 

HCH3rpy>KCIIHOI"O pe30H3TOpa KBT 150 

B Ta6JJ.6 npe~cTaBJJeHhl napaMeTphl pe3onaropa s rJJa~KOM npu6JJH­

JKeuuu, Kor~a ue YliHThiBaJJOCb BJJHRHHe BhiCTynos s o6JJacTH ycKopenuR 

ny'IKa, ueo6xo~HMhiX ~JJR yMenhwenuR speMeHH npoJJeTa npoTona qepe3 

peJonaTop. 

BhlliHCJJenue npupocTa 3nepruu u pa~uyca ny'IKa 3a o6opoT BhiDOJJHR­

JJOCb C ytteTOM pacnpe~eJJeHHR 3JJeKTpH'IeCKOro DOJIR (5.2). J1J nero MOJKHO 

HaUTH, 'ITO BepTHKaJJbHOe pacnpe~eJJeHHe 3JJeKTpH'IeCKOro DOJIR DO 10 Ka-

HaJJaM OTJIH'IHO OT DOCTORHHOro Ha ± 3 • 10-3. Pa~HaJJbHaSI JKe 3aBHCHMOCTb 

yCKOpRIOJ..Qero DOJIR B036y~aeT B ny'IKe CHHXpoTpoHHhle KOJJe6aHHR ( 10 ). 

Cl>a3HpoBaHHe COCe~HHX pe30HaTOpoB H BXO~HOro pe30Haropa C HHJKeK­

TOpHhiMH U,HKJJOTpoHaMH BhiDOJJHSieTCSI BhiOOpoM <j>a3hl B036y~eHHR 84-
reuepaTOpoB, npe~CTaBJJRIOUJ.HX COOoH OKOHe'IHhle KaCKa~hl MHOroKaCKa~­
HhiX yc~HTeJJeH MOW.HOCTH. 

6. Ocu osuou Cfl-u,uKJJOTpou 

8 OCHOBHOM Cfl l.I,PO ny'IOK BO BCeX 10 KaHaJJax yCKOpSieTCR 44 TeDJJO­

BhiMH peJonaTopaMu, pa6oTaiOUJ.HMH ua Ton JKe qacToTe 31,5 Mru., KoTopaR 

3~eCb OKa3b1BaeTCSI 12-H rapMOHHKOH 'IaCTOThl OOpaw.eHHR npoTOHOB . .lJ.JJR 

pa3Mew.euuSI TaKoro 'IHCJJa pe3oHaTopos Bb16paua MarHHTHaR CTPYKTypa, 

HMeiOW.aR 2 4 Cl>0J1.0-nepuo~a Ha OOopoT, H, KaK BH~HO H3 puc.5, B Ka~OM 
Cl>0J1.0-noJJynepuo~e pa3MeW.eH reJJHeBhiH KpHOCTaT C C/J (HJJH /r) JJHH30H H 
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nosopoTHhiM MarHHTOM M u Ten.nblit pe3oHaTop. KaK u B 6yCTepuoM U,PO, 
3~eCb B Ka~OM 6-0M nepHO~e ony~eHO no O~HOMY pe30H3TOpy ~ OCBOOo­

~HBWeeCSI MeCTO 33HSITO CHCTeMOH KOHTpoJJSI H KOppeKIJ.HH Op6HThl H ~pyrHM 

o6opy~OB3HHeM. 

MarnHTHaSI cuCTeMa co6paua H3 TaKux .x<e 3JJeMeHTOB, liTO H B 6ycTep­

HOM U.HKJJOTpoue, uo yseJJH4eHHOH ~JJHHbl. MaruHThl npoJJynepuo~os co6u­

paJOTCSI B 48 KpHOCTaTOB, HMeiO~HX B nJJaHe <J>opMy TpaneU.HH C OCHO­

B3HHSIMH 0,8 u I ,5 M u BhiCOTOH 6 M. Hau6oJJbWHH TenJJonpHTOK K KpHOCTa­

TY CBSI33H C BbiXO~aMH XOJJO~HhiX B3KYYMHhiX KaMep B TenJJbiH pe30HaTop. 

no 3TOH npH4HHe TenJJonpHTOK K O~HOMY reJJHeBOMy KpHOCTaTy COCTaBHT 

I 0-12 BT, a KO seeM KpHOCTaTaM 6ycTepuoro H ocuosuoro U,PO B 

640-780 BT, T.e. npuMepuo MO~HOCTb o~uoit renuesoit ycTaHOBKH Tuna 

KfY -1600/4,5 (II ). 11HhiMH CJJOBaMH, ua noMep.x<auue pa6o4eit TeMnepa-

TaMHI.la 7 

Pa3Mep- BenH•mHa 

OapaMeTp HOCTb HS BXOJie ua BbJXOJie 

3HeprH11 npoTOHOB MsB 241,3 I 000,5 

HHTeHCHBHOCTb MA I 00,0 I 00,0 

MarnHTH&II ll<eCTKOCTb K3 23,85 56,59 

CpeJIHHH pa.l\HYC TpaeKTopHH M 11,02 15,91 

CpeJIHee MarnHTHoe none M 2,164 3,551 

PaJIHYC K pHBH3HbJ, p M 1,704 4,042 

OpHpocT 3HeprnH 3a o6opoT M3B 12,5 19,8 

OpHpocT PSJIHyca 3a o6opoT CM 19,64 5,05 

lfaCTOTbl oopa~eHHII npoTOHOB MIU. 2,625 

Hanpllll<eHHe Ha pe3oHaTope KB 500 

lfHCJIO pe30H8TOpoB 44 

lfHCJIO OOopoTOB npoTOHOB 38 
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TYPbl 8CCH cn-MarHHTHOH CHCTCMbl noTpe6yeTCSI OKOJIO 1 MBT :meKTpo-

3HeprHH H3 CCTH, T.C. 1% MO~HOCTH YCKOpCHHOro ny'IK3. 

Ocuo8HOH UPO o6opyAo8aH TaKHMH >Ke peaouaropaMH, 'ITO u 6ycTep, 

AJISI 8036y>KACHHSI KOTOpbiX 6e3 ny'IK3 nOTpe6yeTCSI T3K>KC 150-200 KBT H3 

peaouaTop, n o 3TOMY Knn nepeAa'IH Bll-3uepruu oT p eaouaTopa K ny'IKY 

80 8CCH YCT3 H08KC COCT38HT 90%. 

3aKJIIO\fCHHC 

UeJib A3HHOH pa6oTbl COCTOSIJia 8 TOM, 'ITOObl noKa33Tb 803MO>KHOCTb 

3Qxt>eKTH8HO YCKOpHTb Ha H30XpoHHOM U.HKJIOTpoHC HHTCHCH8Hb1H ny'IOK 

npoTOH08 AO :meprHH 1 r3B c 8biCOKHM Knn H 6e3 noTepb, H 3T3 U.eJib, no­

MOCMY' AOCTHrHyTa. Ha H3JI0)KCHHOro 8HAHO, \ITO pa3ACJICHHC 8 en UPO 

HHTCHCH8HOro ny'IK3 H3 PSIA ny'IK08 MCHbWCH HHTCHCH8HOCTH 8CACT K TO­

My, 'ITO pa3ACJI SIIOTCSI <PYHKU.HH ycKopeHHSI ny'IKa u ero <PoKycupo8KH. Opu 

3TOM pa3ACJibHbiC ny'IKH 6JiaroA3p!1 MHHH3TIOpHOCTH C0-MarHHTHOH CHC­

TCMbl <t>oKycu pytOTCSI p33JIH'IHbiMH HC C8SI33HHbiMH MC>KAY Co6oH M3rHHT­

HbiMH KaHaJia MH, npe6bl83!1 B uux 3H3'1HTCJibHO OOJibWYIO 'laCTb 8pCMCHH 

ycKopeuuSI, u TOJibKO 8 TC'ICHHe MaJIOH ero qacTH ycKop!ltOTCSI 8 o6mux AJIII 

8Cex ny'IK08 Bll-peaouaropax. TeM caMbiM :xtxl>eKTbl npocrpaucrseuuoro 

33PSIA3 C80ASITC SI K MHHHMYMY. 

TaKoe pa3AeJieuue <PYHKU.HH A3CTCII Aoporo c TO'IKH apeuu11 ua'laJibHblx 

33TpaT: Tpe6y eTCSI 56 pe30H3TOpo8, nOAOOHbiX KOTOpbiM 8 MHpe nOCTpoCHO 

8CCro 4 (Ha U.HKJIOTpoHe SIN>' H HCCKOJibKO TbiCSI\1 C0-MarHHT08. Ho peao­

H3TOpbl nonyTHO 8b100JIHSIIOT 83>KHCHWYIO poJib: OOCCnC'IH83!1 CJIO>KCHHC 

MOIUHOCTCH OTACJibHbiX reueparopo8 Ha ny'IKC, HCKJII0\1310T CJIO>KHbiC npo6-

JICMbl CJIO>KCHH SI H 880Aa J'.?OIUHocTeu ua nop!IAOK OOJihweu 8eJIH'IHHbl, eCJIH 

80 CTOJibKO >KC pa3 COKp3THTb 'IHCJIO pC30H3TOpo8. C0-MarHHTbl 00CCnC'IH-

8310T ru6KocTb 8 ynpa8JICHHH ycKopHTCJICM H onpeACJICHHble yAo6cTBa npu 

nOCJICAYIO~CM ucnOJib3083HHH ny'IKa c MO~HOCTbtO 100 MBT. 

B 3rou CJIO>KHOH ycTaH08KC no 803MO>KHOCTH CTaHA3PTH3Hpo8aJIHCb 

pa3MCpb1 H <t>opMa OTACJibHbiX 3JICMCHTOB H y3JI08 C TCM, 'I'J'06bl CHH3HTb 

CTOHMOCTb ux H3roT08JICHH!I. PaayMeeTc!l, HaUAeHHble peweHHSI uy>KAatOT­

CSI 8 AaJibueuweu onTHMH33U.HH. XoT!I noAo6uoro ycKopHTCJI!I e~e ueT, 

8XOAS11UHC B Hero Y3Jib1 H CHCTCMbl ycneWHO pa00T310T 80 MHOrHX Jl300p3-

TOpHSIX, 'ITO A3 CT OCH083HHC npeAnOJI3r3Tb peaJIH3YCMOCTb 8CCH yCT3H08KH 

11 ee pa6oTocnoco6HocTb. 

A8rop 8blp a>KaeT rJiy6oKytO 6JiaroAapHOCTb aKaACMHKY A.M.IiaJIAHHY, 

'lbSI 3Hepr11'1H3SI nOAACP>KK3 H BHHMaHHC onpeACJIHJIH nOSI8JICHHC 3TOH 

pa6oTb1. 
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TEST OF SCINTILLATION COUNTERS FOR 
MULTICHANNEL TIME-OF-FLIGHT SYSTEM 

S.V.Manasiev, Yu.S.Anisimov, A.I.Malakhov, 
G.L.Melkumov, S.G.Reznikov, A.Yu.Semenov, P.I.Zarubin 

The average time resolution (a) of about 70 ps is obtained for each of 
four scintillation counters at a long duration test on the CERN SPS par­
ticle beam. The counters were assembled of2.4 x 2.4 x 6.0 cm3 scintillator 
bars and FEU-87 (CsSb) type photomultipliers, both made in Russia. We 
observed the nonstability of mean time-of-flight (TOF) value during the 
runs. The maximum TOF drift. contribution into the time resolution is 
estimated as (10-15)%. 

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

J1CDhiT3HH.II CIJ.HHTHJL/l.IIIJ.HOHHhiX C'leT'IHKOB, 

npeAH33Ha'leHHhiX AJI.II C03A3HH.II 

MHOfOK3Ha.JlbHhiX BpeM.IIDpoJieTHhiX CHCTeM 

C.B.A<t>auaches u AP· 

8 npot~ecce ):IOJU-ci8peMeHHbiX HCnbiT8HHH H800pa H3 'leTbtpeX CLIHHTHJIJIII­
LIHOHHblX C'leT'lHK08 Ha ny'lKe ycKopHTeJIII SPS 8 UEPHe nony'leHo cpe):IHee 
8peMeuHoe paapeweHHe (a) nop11.11Ka 70 nc .IIJIII OTJieJibHOro C'leT'lHKa. C'!eT­
'lHKH COCTOIIJIH H3 CLIHHTHJIJIIIT0po8 pa3MepaMH 2,4 X 2,4 X 6,0 CM3 H 4>oTO­
YMHOJKHTeJiet1 THna «J>3Y -87 (CsSb), npoH38e):leHHbiX 8 POCCHH. Mbt Ha6JIIO­
JiaJIH HeCTa6HJibHOCTb Cpe):IHero 3H8'leHHA BpeMeHH nponeTa (TQF) Ha npoTII­
JKeHHH H3MepeHHi1. MaKCHMaJihHbtt1 8KJI8.11 .11pet1$3 TOF so 8peMeHHoe 
paapeweHHe ot~eHeH Ha ypoaHe 10-15%. 

Pa&n a 8btnOJIHeHa 8 Jia6opaTopHH 8btCOKHX :mepmt1 OHlUt. 

1. In traduction 

This work was motivated by the planning of the NA49 experiment 
at CERN to research the new phenomena of Ph-Ph collisions at 
200 GeV/amu [1]. Upon this Proposal the time-of-flight (TOF) counter 
system with about 70 ps time resolution is required to improve a sepa­
ration of the pions, kaons and protons in momentum range 4+7 GeV/c 
to strengthen additionally the identification power provided by the 
time projection chambers. 
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The purpose of the test is to study the timing resolution of scintil­
lation counters as a prototype for 1000-channel TOF detector wall on 
the negative particle wing. This is a continuation of our previous work 
[2,3], but the present TOF counters are manufactured of the batch of 
scintilla tors and photomultipliers procured for a mass prod ction of the 
detectors. 

2. Counter Design 

We tested four TOF counters consisting of the plastic scintillator 
and the FEU-87 (CsSb) photomultiplier (PMT), both mad in Russia. 
The scintillator was polystyrene doped with 3.5% PBD (phenyl­
biphenyl-oxadiasol). Details of properties of this scintillation material 
are given in ref. [ 4]. Dimensions of the scintillation block were 6 em 
(length) x 2.4 em (width) x 2.4 em (thickness in beam direction). In 
order to obtain the best value of the time resolution, we did not use the 
light guide. The PMT was coupled directly to the scintillator bar with an 
optical grease. The scintillator was wrapped in a olack paper. The PMT 
has a 2 em diameter CsSb photocathode and 11-stage dynode chain. We 
used special non-linear voltage divider [2] in this experiment. A voltage 
between the anode and the cathode of 2200 V provides electron gain of 
about 107 and output anode pulse of about 2V amplitude and 4 ns rise 
time for minimum ionizing particle. 

3. Experimental Setup 

The counters were tested in the H2 beam line of the CERN SPS 
north area with the following beams: protons of200 and 30 GeV/c mo­
menta and electrons of 20 GeV/c momentum. A schematic diagram of 
the measurements is shown in Fig. I. The counters under the test are 
81, 82, 83 and 84. Triggering was performed by three-fold fast coinci-

dence of the start counter 8Start (quartz plate with Valvo XP2020 photo­

multiplier) and M 1 and M 2 counter signals. All electronics were placed 

in the NA49 counting room, and signals from the counters passed 
through 33 m long Suhner S03272 coaxial cables and then were splitted 
into two equal portions: one for timing and the other one for charge 
measurements. Constant-fraction discriminators D8 (4F-163, Dubna 

designed) and DM (Philips Scientific PS715) are attac ed to the 
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Fig.l. Schematic diagram of the measurements 

counters S 1' S 4 and Sstart' M 1, M 2, respectively. Time between a 

signal of the start counter and signals of the counters under the test 
('Tstart- s , i = 1' 4) as well as integrated charge ( ~) of all signals were 

I I 

measured by FASTBUS TDC (Philips Scientific 10C6) and QDC 
(LeCroy 1882F). Data from TDC and QDC were read out by intelligent 
FASTBUS master AEB (Aleph Event Builder) and then transferred to 
SUN SPARCstation. 

4. An a lysis and Results 

Processing the data we eliminated a background by rejecting the 
events with the integrated charge being smaller than the lower bound 
for minimum ionizing particles (see Fig.2). When the elimination was 
applied, about 5 10% of the events were excluded from the data. 

Some uncertainties in the beam contents and its momentum spread 
lead to the additional dispersion of the TOF value 'TStart- s measured at 

i 

a long distance between the start counter and the counters under the 
test. By this reason as well as in order to exclude the influence of the 
start counter resolution we deal with the time differences for each two 
test counters: 

'Ts - S = 'Tstart- S- '18tart- S · (1) 
I } I } 
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Fig.2. Integrated charge spectrum measured with S2 
counter. The arrow shows the bound for elimination of back­
ground 

Figure 3a shows typical scatter plot 'Ivs the integrated charge Q 
(the average value of 'I is adjusted to be zero). We observed that the 
'I value depends on Q even for timing with the consta t fraction 
method. This is the well-known time-walk effect and its magnitude is up 
to 200 ps in our case. As an attempt to correct the TOF measurements 
for this effect, fits to the data in the scatter plots were performed for 
each counter. The following function was used: 

IJ(Q.s) =pOi+ PliQ.s+ p2iCJi+ PaioJ+ p4ia.: D, (2) . ' ' ' . 
where POi ' P 4i are the parameters for each counter. 

Figure 3b shows a scatter plot between the corrected 'I and Q, From 
this scatter plot we see that the time-walk effect has disappeared. 

1b obtain time resolutions 0
8

_ 8 ,(i,j=1' 4,i'I:J) the iJS_ 8 
I J I J 

spectra were fitted with a Gaussian distribution (see for example Fig.4). 
Finally, we evaluated optimum values of the time resolutions ai for each 

individual counter using an asymptotic method. Table 1 shows the time 
resolutions for six runs distributed uniformly in time during 10-days 
test (about 60 runs). The errors presented are statistical ones. 
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Fig.3. Scatter plot between the time-of-flight 'JS
3

_ 84 and the integrated charge ~3 before 

(a) and after (b) the time-walk correction 
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ig.4. Time-of-flight 'JS
3

_ 84 spectrum after the time-walk 

correction. The solid curve is a Gaussian fit with G = 91 ps. 
Corresponding time resolutions of S3 and S4 counters are 

cr3 = 74 ± 9 ps and cr4 =58± 10 ps 

We note that the measured time resolutions are rather different for 
the same counters in various runs. One possible explanation ofthis fact 
could be connected with a conspicuous time drift of the counters. Fig-
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Table 1. The time resolution (a) of individual counters (CERN test) 

Run # 1 # 2 # 3 # 4 # 5 # 6 

Beam 20 GeV/c 200 GeV/c protons 30 GeV/c 
electrons protons 

al' ps 73 ± 12 70±8 73 ± 9 89± 5 89±4 60±5 

a2, ps 72 ± 13 82±7 82 ± 10 79± 5 78± 5 80±3 

a3, ps 100 ± 9 67±8 74 ± 9 83± 5 89±4 

a4, ps 51± 10 58± 10 68± 5 70± 5 70±4 
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Fig.5. Typical drift of the mean %1- s 4 value during the run. 

ure 5 shows a fluctuation of a mean value of 'T8 _ s between pulses from 
I 4 

s1 and s2 counters during 10 minutes run# 3. The typical time drift is 

estimated of 10 30 ps per run. However we observed a few runs with 
more unstable behaviour of some counters. For example, the time drift 
of 'Is_ s (determined mainly by the contribution of the counter S 3) in 

2 3 

run # 3 was about 80 ps. The time resoltuion cr3 extracted from initial 

40% of the run events (with relatively low time drift) is equal to 
66 ± 7 ps (cr

3
= 74 ± 9 ps for whole run). 
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Table 2. The time resolution (CJ) of individual counters (Dubna test) 

Run # 1 # 2 

Beam 6 GeV/c protons 

cr2, ps 68 ± 10 73 ± 10 

CSa, ps 57± 12 61 ± 12 

cr., ps 76 ± 9 74 ± 10 

Three months later we had a chance to repeat the TOF measure­
ments with the same S2, S 3 S 4 counters at the JINR Synchrophasotron 

beam. The beam was 6 GeV/c protons. Each test run duration was 
approximately 4 hours. The detector time resolutions obtained by the 
described before procedure are presented in Table 2. We note that the 
time resolutions are similar to the measured before. 

5. Con clusions 

We tested the set of four scintillation TOF counters 6.0 em long, 2.4 
em wide and 2.4 em thick during a long-term run on the particle beam. 
The average time resolution (o) of about 70 psis estimated for the whole 
test. This value includes the contribution of the TOF drift and, being 
corrected on the last one, the time resolution could be improved for up 
to (10 15)%. 

The r~producibility of the timing results was tested and it appeared 
to be rather satisfactory. 

Finally, in this work we have achieved the timing accuracy required 
by the planned experiment to have a good separation of pions, kaons 
and protons. 
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DATA REDUCTION AND MULTIPLE 
COULOMB SCATTERING ERROR ANALYSIS 
WITHIN SILICON TRACKING DETECTOR SYSTEM 

M.Pentia•, Gh.lorgovan•, ~.Vulpescu• 

Particle track reconstruction capabilities of the silicon tracking detector sys­
tem have been studied. As the multiple Coulomb scattering (MCS) induces un­
avoidable uncertainties on the coordinate measurement, the corresponding error 
estimates and the associated correlations have been used to find the best track fit 
parameters and their errors. Finally it permits one to find the proper particle 
characteristics, as vertex position and resolution, momentum value, flight 
direction and the corresponding errors. 

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

PeAYKU.HR ,1:\aHHhiX u aHa.JIH3 owu6oK 
npH MHOroKpaTHOM paCCeSIHHH 
B KpeMHHeBhiX TpeKOBhiX ,1:\eTeKTOpaX 

M.lleHTHa, r.J.ioproBaH, B.By;mecKy 

l.f3y 'leHa 800MOlKHOCTb peKOHCTpyKU.HH TpeK08 8 CHCTeMe KpeMHHe8biX ,lle­
TeKTOpoB. 8bt6op napaMeTpo8 TpeKa H ou.eHKa HX omHOOK npoBOAHJIHCb c y'le­
TOM HeyCTpaHHMblX Heonpe,lleJieHHOCTei! 8 KOOp,IIHHaTaX, K KOTOpbtM npH80,11HT 
MHOr<>KpaTHoe KynOHOBCKoe paCCe!IHHe. 8 HTOre 3TO nOOBOnHJIO Hai!TH 
npa8HJibHbte napaMeTpbl polK,IIeHHOi! 'IBCTHlJ.bl, TaKHe KaK nonOJKeHHe H TO'I­
HOCTb HaXOlK,IIeHH!I BepWHHbl, BeJIH'IHHY HMnynbCa, Hanpasnem~e BbiJieTa H 
COOTBeTCTBYIOUJ.He OWH6KH. 

Pa6oTa BbtnonueHa s Jla6opampHH BbtCOKHX 3Hepmi! OIUIH. 

I. Introduction 

Design and preparation of any components of a detector system must 
take care of characteristics and detection performances (efficiency, accep­
tance, position or energy resolution) necessary for a specific process study. 
The silicon tracking detector system, in our case, must furnish the best 
information about the coordinate track intercept of the incident particle on 

•Institute of Atomic Physics, P .O .Box MG-6 R0-76900, Bucharest, ROMANIA 
e-mail : pentia@rolfa.bitnet 
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Fig. I . The track particle position uncertainties due to multiple Coulomb scattering. The u.ncer­
tainty is defined as the coordinate distribution width on every detector layer i and results in the 
squares sum of all preceding layer scattering contributions projected onto the i-th layer 

aT= 83 [(z;- zt)2+ (z;- zz)1+ ... + (z;- %;-t)
2

) 

every detector layer. Otherwise, for a good track reconstruction, it is neces­
sary to find the best estimate of the track parameters in a specific particle 
measurement. This is the reason we studied the particle tran port in a sili­
con tracking system and estimated the multiple Coulomb scattering (MCS) 
perturbation in particle track measurements. · · 

This study furnishes information on the position resolution we could get 
from every detector layer, and also its dependence on some physical and 
geometrical parameters. In the detector system design these parameters 
could be chosen in an optimal manner, aiming the best track reconstruction 
possibilities or the best estimate of the track parameters (vertex position, 
curve radius) directly connected to physical quantities. 

The simplified tracking system we used, consists of a 4 layer silicon mic­
ros trip detector, 300 p thick, interspaced by 1.5 em, and the first detector 
layer located at 130 em from the interaction point (see Fig.l). 

2. The Track Particle Position Uncertainties 
Due to Multiple Coulomb Scattering 

When a charged particle is traversing the detector elements of a tracking 
system, it undergoes small deviations of the track, due to MCS. The effect is 
usually described by the theory of Moliere (see for example 11 ]) . It shows 
that, by traversing detector's material, thickness s, the particle undergoes 
successive small-angle deflections, symmetrically distributed about the in­
cident direction. Applying the central limit theorem of statistics to a large 
number of independent scattering events, the Moliere distribution of the 
scattering angle can be approximated by a Gaussian one [2 ). It is sufficient 
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for many applications to use Gaussian approximation for the central 98% of 
the plan projected angular distribution. The width of this distribution is the 
root mean square of the scattering angle (31 

_ 13.6 MeV z ../ s [' + 0.038ln (; )] ' 
(JO - p {3c c XL L 

(I) 

where p, {3c and zc are the momentum, velocity and charge number of the 

incident particle, and XL is the radiation length of the scattering medium. 

That is, the plane projected angle (Jplane, x or (Jplane, Y of the deflection angle 

8, onto the xOz and ,}()z planes, where the x andy axes are orthogonal to the 
Oz direction of motion, shows an approximately Gaussian angular distri­
bution 

I [ o2 l ..n;, () exp _ pla~e d() 
0 28 plane' 

0 

(2) 

Deflections in to() 1 and() 1 are independent and identically distri-P ane, x p anc; y 

buted and o2 = o2 + o2 . ' space plane, x plane, y 

The angular distribution is translated to a coordinate distribution by 
particles fly onto every detector layer. The more intersected layers are the 
larger distribution width is. The coordinate distribution is defined by statis­
tical spread due to MC£, and depends on the number and position of the 
intersected detector layer elements. It has the same form as angular distri­
bution 

I [ X~ l r.:;-- exp - _I dx . 
Vma . uJ I 

XI Xi 

(3) 

with the mean square deviation (distribution width) as the squares sum of 
the (i-1) preceding distribution widths projected onto i-th detector layer 

2 - ( 2) 2 2 2 2 a xi= X; = 80 l(z;- z1) + (z;- z2) + ... + (z;- z;_ 1) J. (4) 

For an oblique incidence (8 ~ 0) the effective path length in the silicon 
detector is larger, and the same is the position distribution width on the next 
detector layers. Nevertheless, in this work we will consider only the minimal 
width (4), as to emphasize the precision limit in particle position measure­
ment with a given silicon tracking system. 

44 



3. The Monte-Carlo Particle Scattering Descriptio n 

The change of tra~k parameters is usually described by the ae plane, x 

and (j(]plane, Y (or (j(]space and r5tp) angles and a corresponding displacement 

r5xplane and r5yplane in the position. 

Following the stochastic nature of the MCS, we use the Monte-Carlo 
study by generating the joint (r!>x 1 , ae 1 ) distribution with indepen-

P ane pane, x 
dent Gaussian random variables ( w 1, x2) (4 I 

l 
w1se0 w2se0 

r!>x =-=-+--
plane vl2 2 

(j(] = w (] 
plane, x 2 0 

(5) 

The same has been used for the joint (r5yplane' deplane, Y) dist ribution in 

.}()z plane. Finally we constructed the incidence points distribution (coordi­
nate distribution) on the detector layer No.2, 3 and 4 (see Fig.2 and Table 
1), for an incident 500 MeV /c muon. 

J0000 I"T"1-r-r-rr-rrrnrM-rT-rr-rrrr-r-rrrrrn""1-rTT1rrT-rrM 

25000 

I 
20000 ' - -· 

U) =t0 +J 
15000 c -- -- --

a> 0 > 
Q) 

10000 

5000 

o~~~~~~~wu~~~~~~~~~~ 

-200 - 150 -100 -50 0 50 100 150 200 

Fig.2. The plan projected x-coord~ati ~/nt distributions of the scattered 
500 MeV /c muons, Incident on detector layer No.2, 3 and 4 obtained by Monte­
~ rio particle transport simulation 
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Table I. Muon x-distribution width on detector layers 
or the silicon tracking system due to multiple Coulomb scattering 

MONTE-CARLO SIMULATION DATA 

P (MeV / c) a xl <;urn) ax3 (}4rn) ax4 (}lrn) 

500 18.57394 41 .28271 68 .6337 

1000 9.13934 20.25132 33.85192 

1500 6.152002 13.61125 22.69169 

2000 4.535603 10.09581 16.89462 

2500 3.667112 8.081978 13.47147 

3000 3.062511 6.778929 11.27552 

3500 2.604058 5.776673 9.611728 

4000 2.277256 5 .074125 8.466508 

4500 2.019666 4.489617 7.534582 

5000 1.838633 4.082824 6.820512 

5500 11.669245 3.721596 6.214138 

6000 1.515782 3.377297 5.620477 

6500 1.419424 3.130757 5.20202 

7000 1.299295 2.884509 4.815011 

7500 1.208961 2.677731 4.481739 
'--

ANALYTICAL CALCULATION DATA 

P (MeV/c) axl (urn) a.t3 (urn) a x4 (urn) 

500 18.45638 41.27002 68.05807 

1000 9.079048 20.30138 33.9707 

1500 6.034108 13.49268 22.57757 

2000 4.520692 10.10857 16.91488 

2500 ' 3.61474 8.082806 13.52512 

3000 3.011463 6.733836 11 .26786 

3500 2.58083 5.770912 9.656585 

4000 2.257985 5 .049009 8.448607 

4500 2.006951 4.487679 7.509323 

5000 1.806161 4.0387 6.758038 

5500 1.641901 3.671403 6.143432 

6000 1.505032 3.365353 5.631313 

6500 1.389228 3.106409 5 .198016 

7000 1.289974 2.88447 4.826642 

7500 1.203958 2.692132 4.504799 
- ----
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In Monte-Carlo simulated particle transport the particle position uncer­
tainty on every detector layer has been measured as the va riance or the 
mean square deviation of the scattered track incidence points x

111 
about the 

unscattered one x0 

N (x -X )
2 

a2=~ Ill 0 
X LJ N 

m= I 
(6) 

and similar for a~ variance, for every detector layer. The x
111 

(a d y
111

) are the 

coordinates of the scattered track incidence points on detector layer, and N 
is the total number of generated events. 

The distribution widths a . of the muon track x-coordinate points on de-xt 
tector layer i = 2, 3, 4 and for momentum values from 500 to 7500 MeV /c, 
are presented in Table 1. There is also the analytical estimation of the 
same widths of the MCS incidence points distribution on each of the i-detec­
tor layer, according to (4} 

2 _ i( i - I) (2i - 1) (/ 8 )2. 
a xi- 6 0 ' (7) 

where l is the distance between detector layers (l = 1.5 em) and 80 is the 

plane r.m.s. scattering angle ( l). 

4. Position Error Correlations 

MCS produces errors correlated from one layer to the next. Clearly the 
scattering in layer 1 produces correlated position errors in layer 2, 3 and so 
on (see Fig.3). The proper error matrix is non-diagonal, and it must be find 
out. 

Let's denote ax; the track deviation x-coordinate point on the i-th layer, 

with respect to the initial incident direction on the detector system, then 

l

ax1 = o 
ax2= al 
ax3= <531 +<52 (S) 

ax4= <541 + <542+ <53, 

where the individual contributions due to preceding scatterings are 

(9) 
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Fig.3. Multiple Coulomb scancring error correlations 

Because they are statistical variables it is necessary to find their mean value, 
and to express it by the independent scattering deviations~ k' unaffected by 

earlier scatterings 

~ k = /(if> = Oo(zk-1- zk). (10) 

Now let's try to express the ~xi deviations by the independent~ k ones 

(10), for which (~lc} = 0, . . 
i-1 . ~ 

chi= L (z .+1- z.) ± -( ~ " 
i=l 1 1 k=l zlc-1 zlc 

<II) 

Now the position error (covariance) matrix ( V .. ), defined as the statis­
IJ 

tical mean of the pair deviation products (~x.£5x.} for all possible detection 
I J 

layers is 

vii = (~xl.dx) = 
2 = 00 l(z;- z1) (zi- z1) + (z;- z2) (zi- z2) + ... + (z;- zi_ 1) (zi- Z;_ 1) I 

for i s j = I, 2, ... , n. (12) 

The (Vii) matrix is symmetric. The error correlation matrix is immediately 

(~x.£5x . } 
- I J p .. - . 

I} V(~x~) (~X~) ( 13) 
I J 
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Having in view also the uncorrelated position measurement intrinsic er­
rors a0, along with the MCS correlated ones, in the position error matrix V, 

they will be added in squares (a~) into the diagonal terms. 

For example, for a 500 MeV /c muon track detection by our system 
configuration (z1 = 130 em, z2= 131.5 em, z

3
= 133 em, z

4
= 134.5 em and 

a0= 10 ,u) the matrix ( V .. ) and (p .. ) are 
IJ IJ 

0.0000£+0 0.0000£.+0 
0.4406£-5 0.6813£-5 0.1022£-4 v- 0.0000£+0 

[0.1000£-5 
- 0.0000£+0 0.6813£-5 0.1803£-4 

0.0000£ +Ol 
0.2125£-4 ' 

0.0000£+0 0.1022£-4 0.2125£-4 0.4869£-4 

(1.0000 
0.0000 0.0000 0. 0000 l 0.0000 1.0000 0.7643 0.6977 (14) p = 0.0000 0.7643 1.0000 0.9197 . 

0.0000 0.6977 0.9197 1.0000 

As long as the V .. matrix elements depend both on kinematical charac­

'' teristics of the detected particles and on the tracking detector syst6m confi-
guration, thep .. matrix elements are independent of particle characteristics, 

IJ 

and are defined just by system configuration. 
In the following we will use these matrices in the track reconstruction by 

a least squares fit procedure. 

5. Track Reconstruction Parameters 
and Their Errors 

In the absence of the magnetic field, the unscattered track is a straight 
line. The independent description of x and y MCS data permits a separate 
least squares fit to these data by a linear relationship (6) 

j

x = xo+ voi 
Y =Yo+ voi 
z = zo+ vol· 

(15) 

With the coordinate and error data (x. ±a .), (y. ±a .), z . along with 
I XI I Jl I 

the corresponding correlation matrix p .. (V .. = p .a a .) as input data, it is 
IJ IJ IJ XI XJ 

possible to express the i in matrix form, for every coordinate data set. For 
x-data set it will be 
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l= (X- HA)TV- 1(X- HAX), 

where 

XI I t I 
x2 1 t: L 

X = I : H= 

. I 
xn J I I t, 

the Vmatrix is given by relation (12) and (14). 
Least squares criterion imposes 

Ax= ( ~:) 

ifl.2 I 
aA = 0 or HT v- (X- HAx) = o. 

X 

(16) 

By solving the linear system relative to Ax we can get the fit parameters 

Ax= (HTV- 1H)- 1(HTV- 1X) 

and the errors of these parameters 

EAx:: (dAiA~) = (HTV- 1H)- 1
• 

(17) 

(18) 

The same procedure we applied toy and z coordinate, as to find the fit 
parameters and errors, even for z. which has no uncertainty, (they are de-

. • I 

tector position coordinates). 
Ones find ing the fit parameters (x0, v0x; y0, v0Y; z0, v0z) and their errors 

(a xO' a).()x; a yO , a).()y; a zO' a).()z) it is possible to express the particle kinemati­

cal parameters: p-momentum and 0-direction, along with the corresponding 
errors. In Table 2 and Table 3 there are results on the reconstructed p-mo­
mentum and 0-direction values in comparison with the generated ones. 

The vertex position error, due to MCS in the detector material, has been 
also calculated and depends, of course, on particle momentum. If we want to 
reduce this error it is necessary to bring closer the detector tracking system 
relative to interaction point. The vertex position error (resolution) depen­
dence on particle (muon) momentum and z1 distance to first detector layer 

.is shown in Fig.4. The result is useful in detector system design to find an 
optimal configuration in preparing the experimental work and also to have a 
choice for vertex resolution as a compromise between the best possible 
values in the proximity of the interaction point and the worse ones at the 
radiation harmless distance. 
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Table 2. Kinematical parameters determination and their associated errors 
by track reconstruction in the silicon tracking system. 

Data are based on the muon Monte-Carlo generated events under theta= IS degree, 
for a lot of discrete moments 

Generated moment Reconstructed 
(MeV/c) 

moment (MeV/c) theta (deg) 

soo SOO.S3 ± 0.44 14.98 ± 0.19 

1000 1001.67 ± 1.98 IS.02 ± 0.42 

ISOO 1497.13 ± 7.10 IS.OI ± 1.01 

2000 1997.32 ± 8.39 14.99 ± 0.90 

2500 2501.33 ± IS.71 14.99 ± 1.34 

3000 3002.76 ± 22.23 14.99 ± l.S8 

3SOO 3497.S6 ± 18.74 IS.OO ± l.lS 

4000 3998.92 ± 23.02 IS.OO ± 1.23 

4SOO 4S02.71 ± 6S.78 14.99 ± 3.13 

sooo S003.13 ± 48.06 IS.OO ± 2.0S 

ssoo ssoo.oo ± 117.62 IS.02 ± 4.S7 

6000 6002.02 ± 81 .6S IS.OO ± 2.91 

6SOO 6498.90 ± 112.23 14.99 ± 3.69 

7000 7002.47 ± 141.03 IS.OO ± 4.31 

7SOO 7S00.07 ± 136.04 IS.OO ± 3.88 

Table 3. Kinematical parameters determination and their associated errors 
by track reconstruction in the silicon tracking system. 

Data are based on the muon Monte-Carlo generated events with Momenta = SOO MeV, for 
a lot of discrete polar angles 

Generated theta Reconstructed 
(deg) 

theta (deg) moment (MeV /c) 

s S.04 ± 0.28 S00.42 ± 0.22 

10 10.00 ± 0.09 499.88 ± 0.14 

IS 14.99 ± 0.22 SOI.OO ± O.S2 

20 19.9S ± o.ss S03.S7 ± 1.74 

25 24.89 ± 0.16 SOI.l7 ± 0.63 

30 30.10 ± 0.49 494.92 ± 2.43 

3S 3S.03 ± 0.28 496.6S ± 1.69 

40 40.07 ± 0.31 49S.SS ± 2.26 

4S 4S. IO ± 0.12 SOI.S4 ± 1.07 
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Fia.4. The x-vertex position error (reconstructed vertex resolution deterioration) 
due to multiple Coulomb scatterlna as a function or muon momentum and distance 
from the Interaction point to nrst detector layer (.r1) 

Table 4. Multiple Coulomb Scallering limitation 
of the muon track reconstructed vertex resolution (microns). 

Table shows its dipendence on z1-position of the first detector layer (em) 

and on the muon momentum (MeV /c) 

.r
1 

(em) 
10 30 so 70 90 110 130 ISO 

p (MeV) 

soo 2.070 18.041 49.831 97.272 160.847 239.639 334.67 1 446.144 

1000 0.681 S.701 IS.617 30.420 SO. l22 74.732 104.258 138.614 

ISOO 0.390 3.14S 8.SSS 16.620 27.333 40.706 S6.719 7S.436 

2000 0.282 2.200 S.942 ll.S06 18.897 28.114 39.174 S2.011 

2500 0.230 1.7SO 4.699 9.080 14.890 22.124 30.79S 40.901 

3000 0.202 l.S02 4.014 7.742 12.680 18.834 26.19S 34.773 

3SOO O.l 8S l.3Sl 3.S97 6.926 11 .33S 16.828 23.403 3l.OSS 

4000 0.173 1.252 3.326 6.396 10.460 lS.S20 21.574 28.628 

4SOO 0.165 1.184 3.139 6.031 9.8S6 14.620 20.319 26.9SS 

sooo 0.160 1.136 3.00S S.767 9.423 13.973 19.416 25.7S3 
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z1 (em) 

10 30 50 70 90 110 130 150 
p(MeV) 

5500 0 .156 1.099 2.905 5.573 9.102 13.494 18.747 24.861 

6000 0.153 1.072 2.829 5.425 8.859 13.129 18.240 24.184 

6500 0.150 1.051 2.771 5.310 8.668 12.845 17.841 23 .658 

7000 0.148 1.034 2.723 5.218 8.516 12.619 17.527 23 .239 

7500 0.147 1.020 2.686 5.144 8.394 12.436 17.273 22.899 

The vertex position resolution along x-coordinate (or y-coordinate), 
due to MCS errors combined with the intrinsic detector coordinate uncer­
tainties, could not be better than the values shown in Table 4. Nevertheless, 
from Table 4 and Fig.4 we see also that it is possible to have a better vertex 
position resolution if the detector tracking system is placed to a smaller dis­
tance from the interaction point. 
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ON THE REACTION pp -+ ppy AS A MEANS OF TEST FOR 
NARROW DIBARYON STRUCTURES 

S.N.Ershov, S.B.Gerasimov, A.S.Khrykin 

The location of possible narrow dibaryon resonances in ppy reaction is 
discussed. Contributions from the charge (convection) and magnetic (spin) 
currents of colliding protons are taken into account. It is shown that measurement 
of the photon energy spectrum is more suitable for observation of possible narrow 
dibaryon resonances than the widely used detection of all final particles with 
coplanar momenta. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR 

0 pea KU.HH pp -+ ppy KaK cpeACTBe OOHapy:lKeHH11 AH6apHOH­
H.biX pe30HaHCOB 

C.H.Epwos, C.B.repacuMoB, A.C.XpHKHH 

0 6cy>KAaeTCII npoiiBJJeHHe B03MO>KHbiX y3KHX AH6apHOHHbiX pe30HaHCOB B 
peaKI.IHH pp .... ppy. Y'IHTbiBaiOTCII BKJiaAbl OT 38PIIAOBbiX (KOHBeKI.IHOHHbiX) H 
MarnHTHbiX (CIIHHOBbiX) TOKOB CT8JIKHB810UI,HXCII npoTOHOB. noKa38HO, 'ITO 
H3"tCpeHHC 3HepreT~'ICCKOI'O ClleKTpa lj>oTOHOB IIBJIIICTCII OOJICC 3QxjleKTHBHbiM 
AJIII o6uapy>KeHHII yaKHX AH6apHOHHbiX pe30HaHcoa, 'ICM OObi'IHQ Hcnonb3ye­
Mall perHCTpal\HII BCCX TpeX KOHC'lllbiX 'laCTHI.I C KOMIIJiaHapHbiMH HMIIYJibCa­
MH. 

Pa6oTa BbmOnHeHa a Jla6opaTopHH TeopeTH'ICCKOA ci!H3HKH OHSUf. 

1. Introduction 

In ref. [ 1 ] the expedience was stressed of the search for dibaryon 
resonances [2-7 ] in ppy reaction. Two bremsstrahlung mechanisms 
discussed in [ 1 ] were there referred to as the «external» and «internal» 
photon radia tion. In the second case, when the elastic decay mode of the 
dibaryon B,B-+ pp, is either strongly suppressed (e.g., by the isospin 
selection rule , if I( B) <:!:: 2) or strictly forbidden by the Pauli principle, when 

J P(B) = l + ,3+ , ... and I( B) = 1, the resonance increase of the two-photon 
yield in pp -+ yB-+ yypp is an unambiguous indication of the dibaryon 
resonance excitation with the mass M(B) < 2mp + m:rr. In a less exotic case 
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of the <<external>> radiation, when the decay B - pp is allowed, the usual 
mechanism of photon radiation from the external nucleon lines of the 
corresponding Feynman diagrams will dominate. 

In I 1) the convection currents of charged particles were only taken into 
account in a simple explicit formula for the bremsstrahlung cross-section 
near a resonance. Tbis approximation is justified only for the soft photon 
emission. However, in this case, according to the Low theorem [8), the 
bremsstrahlung cross-section is fully defined by the «physical» nucleon­
nucleon scattering cross-section. So, to obtain qualitatively new 
information, one should concentrate on measurements and calculations of 
the hard photon production. This, in turn, requires to take accou.nt of the 
photon radiation by magnetic moments of interacting protons which is 
becoming to dominate over the non-spin-dependent convection current 
already at comparatively low photon energies (e.g., around 40 MeV for 
Tlab 5!! 300 MeV). Taking into account the spin-dependent (magnetic) 

contributions we are able to investigate the influence of different spin­
parities of the assumed dibaryon resonance on the observable cross­
sections. We hope also to obtain more pronounced effects of those 
resonances which are seen most clearly in the spin .. dependent observables 
of the polarized proton-proton scattering. 

At last, to estimate sensitivity of bremsstrahlung cross-sections 
expressed via different sets of kinematical variables to dibaryon resonances, 
the calculations will be done with the use of the so-called «Harvard set)> of 
variables, the angles of all final particles in the coplanar geometry, almost 
exclusively used in all experiments on the ppy reaction we have known. 

2. The Outline of Calculations and Results 

In addition to usual assumptions underlying the potential model 
calculations of the NN-bremsstrahlung [9-15) we consider a hypothetical 
possibility of the presence in the nucleon-nucleon total T-matrix of such 
resonance contributions which are not described by standard NN-potentials 
induced by the meson exchanges. The excitation mechanism of these 
dibaryon resonances may be related with the rearrangement (or 
reclusterization) of the nucleon constituents (mesons, quarks, etc.) during 
their interaction in a given reaction. In that case the apparently small widths 
f(B)- NN of all known candidates for dibaryon resonances with the mass 
M(B) < 2mP + mJC [2-5) may result from the bad overlap of the wave 

functions of two final nucleons (i.e., two 3q-clusters) and the dibaryon B 
composed of quite different quark clusters, e.g., composed of the coloured 
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4-quarks and/or diquarks: B -+l + q2 or B-+ 3q2
• Then the effective 

interaction-range responsible for the B-+ NN transition might be of an 
order of the quark wave function extension inside the nucleon, that is 
definitely smaller than the meson potential originating from meson 
exchanges at the periphery of nucleons. 

With this conceivable picture in mind, we adopt the following scheme of 
an estimation of the influence of dibaryon resonances on the observed char­
acteristics of bremsstrahlung: a nonresonance (background) photon 
spectrum is calculated in the framework of the traditional scheme based on 
realistic meson potentials well-describing the observed «nonresonance~ NN 
scattering phase shifts, while the excitation of the dibaryon resonances is 
taken into account by introducing a phenomenological resonance term in the 
amplitudes of NN interaction. Thus, we represent a partial amplitude T1 of 

the nucleon-nucleon scattering with a total angular momentum J as a sum of 
two terms 

T1 = A1 + B1 , (I) 

where AiB1) corresponds to a nonresonance (resonance) scattering. For 

the resonance amplitude BJ' presumably related with the short-range part 

of the NN interaction, we keep its parametrization formally coinciding with 
the usual on-shell scattering amplitude 

2 rJ C(s), 2i 6J -ei'P . 1 
s,=e [ Vs-M.+o2r,., I l (2) 

where M 8 is a mass of the dibaryon resonance, r1 (f
101

) is a partial (total) 

width, 4> is a relative phase shift between resonance and nonresonance 
amplitudes , 

l Vs- MB! 
C(s) = exp - rJ . (3) 

We keep the notation and the .parametrization of the cut-off factor C(Vs) 
suggested in the work (7 ). The off-shell nonrescitance amplitude A 1 is 

determined by the solution of the Uppmann-Schwinger-type equation 
( 11-15) with the use of the one-boson exchange Bonn potential (OBEPQ) 
( 16). Calculations were carried out in the momentum space and the partial 
waves with the total momentum J < 6 were considered. Diagrammatically, 
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Fig. I. The Inclusive ppy cross sections as a runctlon or w, the 
c.m.photon energy, at a rixed 8Y, the c.m. photon angle, and at the 

incident nucleon kinetic energy T lab = 280 MeV. The solid line 

denotes the background bremsstrahlung spectrum. The dashed , 
dash-dotted and dotted lines denote they-spectra roi- the dibaryon 
resonance excitation with quantum numbers J P = o•, 1-and 2+ , 

respectively 

the strong pp-interaction enters the ppy-amplitude in the form of a single­
scattering and double-scattering (or <<rescattering») blocks. Since in our 
calculation non-resonance PITY amplitudes play the role of the background 
amplitudes we neglect the rescattering corrections fo r the first 
approximation. 

For illustrative estimations of the influence of the dibaryon resonances 
on the observed characteristics of the PITY-reaction we have chosen as an 
example the isovector dibaryon resonance with mass M 8 = 1969 MeV, 

width f
101 

5!! f(B -+ pp) = 9 MeV shown up in the experiment dealing with 

the 3He(p,d)X reaction (5 J. The resonance was observed as the narrow peak 
in a missing mass spectrum at the level of ±Ja, with the relative accuracy of 
the reaction cross-section measurement of /1 ala= ±3.5 %. T he inclusive 
spectrum of the photons produced in the pp interaction at the kinetic energy 
of the incident protons T13b = 280 MeV is shown in Fig. I. The solid curve 

corresponds to the nonresonant background cross section and the dashed, 
dash-dotted and dotted curves correspond to formation of the dibaryon 

resonances with the spin-parities o+, 1- and 2+, respectively . In this case 
the relative phase ¢ was put equal to zero. From this figure it is seen that 
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Fig.2. The inclusive ppy cross-sections at Tlall = 280 MeV for the 

dibaryon excitation with J P = 1- versus the relative phase tP be­
tween the background and resonance amplitudes. The solid line is a 
background spectrum. The dashed, dash-dotted and dotted lines are 
spectra with ¢ = o·, 90" and 180", respectively 

with the chosen parameters of the resonance, the exceeding of the resonance 

peak above the background is ranging from 40% at Jp = o+ to 100% at 

JP = 1-, 2 +. The influence of the relative phase shift tjJ on the shape of the 

resonance spectrum at J P = 1- is shown on Fig.2. The dashed, dash­
dotted and dotted curves correspond to the values of tjJ = o·, 90• and 180., 

respectively . For the same resonance (i.e., at J P = 1-) in Fig.J the 
contributions from the convection (dashed curve) and the magnetization 
(dotted curve) currents to the total cross section of the resonance excitation 
(dashed-dotted curve) are shown. 

Thus, it is seen that narrow dibaryon resonances should exhibit 
themselves as the conspicuous resonance-like structures over smooth 
background in the photon energy spectrum of the ppy-reaction. Moreover, 
the positions of these resonance peaks depend on the energy of incident 
protons and their calculable and noticeable shifts with the controlled 
changing of the initial proton energy may serve as the decisive argument in 
favour of those much-disputed dibaryons. Unfortunately, there are no data 
on the photon energy spectra at present. 

As to the popular geometry of the ppy-experiments with the coplanar 
detection of all final particles (the so-called Harvard geometry), one can see 
that the specially chosen proton angles should be used to face the dibaryon 
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9y 
Fig.4. The coplanar geometry ppy cross-section as a functio of 
8y,tab' the photon laboratory angle, at T1ab = 280 MeV and for the 

final proton angles Ol(l),lab = 40" (35"). The solid line denotes the 

background bremsstrahlung spectrum. The dashed, dash-d tted 
and dotted lines denote the y-spectra for the dibaryon excitation 
with J P = o+, 1- and 2+, respectively 

resonance effect at a given photon angle. As an example, in Fig.4 the ppy­

cross-section is shown as a function of OY for TP = 280 MeV and the final 

proton angles equal to 40• and 35•. Under chosen kinematics one can trace 
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precise experiments at 
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optimized.on a search for 
the off-shell effects in 
the NN-interactions. 
Nevertheless they do put 
some restrictions on the 

Fi,.S. The c.m. inclusive cross sections at Tlab = 800 MeV . 

The dashed line is a back&round spectrum. The solid line 
denotes spectrum for the dibaryon resonance excitation in the 
3F3 (a) and 3 H.s (b) partial waves 

parameters of possible dibaryons. In the region investigated the resonances 
with mass M(B) < 1940 MeV could only be seen. With the use of available 
data one can obtain a rough upper bound on r 101 < 2 MeV. 

Above the pion threshold there are also the candidates in the dibaryon 
resonances. So, the relatively narrow structure with the mass 
M(B) = 2160 MeV (6, 71 was discovered in a measurement of the analysing 
power Ay in pp-scattering. From a phase shift analysis the resonance 

parameters were obtained (71: r 101 S! 10 MeV and rP/rtot = 0.15 (0.06> if 

the resonance is observed in 3F3eH5) partial wave. Fig.S shows the spectra 

of the bremsstrahlung photons in the pp-interaction at Tlab = 800 MeV. 
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Though the use in the calculations of the Bonn potential is ot justified 
at such a high energy, we present the results to demonstrate at least the 
qualitative picture of the resonance signal to nonresonance background 
relation in that case. In accomplished calculations all partial waves with 
J < 9 were taken into account. In Fig.Sa(b) the theoretical calcula tions of the 
photon spectra with excitation of dibaryon resonance in partial wave 
3F 3eH5) are presented. It is seen that the small elastic widths lead to strong 

decrease of the resonance-to-background ratio (this ratio reaches only 2% 

in the case of the resonance in 3F3 wave and less than I% for 3H5 wave). 

Furthermore, to get rid of photons from the n° -decays, one should d·etect all 
final particles of the ppy reaction to draw the needed photon energy 
distribution curve. 

3. Concluding Remarks 

The calculations performed in this work are appr()ximate. In particular, 
the rescattering and relativistic spin corrections discussed, respectively, in 
refs. (14, IS J are not considered. Like all other theoretical works in this field 
we don't consider the exchange current contributions, which for the ppy­
reaction are connected with the multimeson exchanges and which remain 
basically unexplored till now. We believe, however, that all aforementioned 
factors cannot qualitatively change the picture of the dibaryon resonance 
appearance if they do exist in the considered range of masses. 

It appears worthwhile to note also that our scheme of introduction of the 
resonance effects into consideration has a general basis with some of the 
considered earlier attempts to go beyond the soft photon approximation 
based of the Low theorem (8 ). Indeed, in (17 J, it was shown on the base of 
an exactly solvable potential model that one can reach a more accurate 
description of bremsstrahlung reaction, in comparison with a model-inde­
pendent soft photon approximation, if the contributions from a peripheral, 
long- range part of potential arc described exactly, while contributions from 
the short- range part of strong potential are taken into account according to 
the Low theorem, that is, by parametrization of the corresponding 
amplitudes through the on-mass-shell scattering phase shifts. 

In our case, we identify the peripheral part of potential with a realistic 
meson NN potential and treat it as accurately as possible. We 
phenomenologically parametrize the action of an unknown short-range 
interaction, which is, presumably, originated from the quark rearrangement 
in the NN system, via the resonance NN amplitudes on mass-shell. To 
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conclude, the more realistic calculations of this work give more reliable 
estimation of the possible dibaryon resonance signal over a non-resonant 
background , thus confirming the main conclusions of [ l ) and stressing the 
urgency of measuring the energy spectra of final photons. The moving 
<<}' line», i.e., the dependence of the «resonance» photon energy on the 
energy of incident protons is also one of the most salient features of the ex­
istence of the narrow dibaryon resonance. Of course, for further detailed 
investigation (determination of the quantum numbers, etc.) different 
exclusive experiments (see, e.g. ( 18)) and measurements of the spin char­
acteristics of the particles in the considered reaction will be needed as well. 
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THE NEWTONIAN ITERATIVE SCHEME 
WITH SIMULTANEOUS CALCULATING 
THE INVERSE OPERA TOR 
FOR THE DERIVATIVE OF NONLINEAR FUNCTION 

I.V.Puzynin, I.V.Amirkhanov, T.P.Puzynina, E.V.Zemlyanaya 

The modified iterative Newtonian procedure for solving nonlinear fu ctional 
equation Is proposed. The Inversion for the derivative of nonlinear function on 
each Iterative step Is replaced by multiplication of some linear operators On the 
basis of the proposed procedure an algorithm and a program for solving the 
eigenvalue problem for integral equation are developed. The calculations 
demonstrating a convergence of the algorithm and its efficiency for vector com­
puter are perfonned. 

The investigation has been perfonned at the Laboratory of Computi g Tech-
niques and Automation, JINR. • • 

H&IOTOHOBcKaSI HTepau.uoHHaSI cxeMa 
C OAHOBpeMeHHbiM Bbi'IHCJieHHeM OnepaTopa, 
o6paTHOro K npoH3BOAHOH HeJIHHeHHOH <J>yHKU.HH 

11.B.lly3biHHH HAP· 

llpe,lVIOlKeH MOJIH<j>H~HpoB8HHbiH HbiOTOHOBCKHH HTepa~HOHHbiH npo~ecc 
,lVIII peweHHII HCJIHHeHHOI'O <j>yHK~HOIIaJibHOI'O ypa8HeHHII, 8 KOTOpOM OOpa­
ll.leHHe onepaTOpa npoH3BOJIHOH HCJIHHeHHOH <j>yHK~HH 38MeHIIeTCII Ha KalK­
JIOM ware nepeMHOlKeHHeM BCIIOMOI"STeJibHbiX JIHHeHHbiX onepaTOpo11. Ha OC­
H08e npe,lVIar&eMOH MOJIH<j>HK8~HH pa3p800T8Hbl 8JII'OpHTM H 11p0rp8MM8 ,lVIll 
peweHHII 38JiaqH H8 COOcTBCHHble 3HaqeHHII JVIII HHTerp8JibHOI'O ypa8HeHHII. 
llpo8e)leHbl qHCJieHHble pacqeTbl, HJIJIIOCTPHPYIOII.lHe CXOJIHMOCTb OIIHCbi­
BSeMOI'O npo~eCC8 H ero 3<j><J>eKTH8HOCTb JVIII 8eKTOpHbiX 8blqHCJIHTeJibHbiX 
CHCTeM. 

Pa60T8 8biii0JIIleHa 8 Jla6opaTOpHH 8blqHCJIHTeJibHOH TeXHHKH H a8TOM8-
TH3a~HH OIUIH. 

Introduction 

In the context of the development of vector-parallel comp ters the prob­
lem of elaborating special algorithms and programs for the effective using 
possibilities of such computers is very actual. An algorithm u ing some pos­
sibilities of these computers is presented. This algorithm is developed on the 
basis of modified continuous analogue of the Newton's method [1 ). The 
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inversion of the derivative operator for nonlinear function on each iterative 
step is replaced by three multiplications of some linear operators. 

The idea of such an approach for the finding of inverse matrixes was 
proposed in Refs. (2,3) in application to the method of the parameter varia­
tion. Its advantage is in the absence of the division operations during all cal­
culations. Therefore, the division on a small number is excluded and the 
accuracy and stability of the calculations increase. 

Below the iterative procedure is described for the nonlinear equation in 
B-space, the developed on this basis scheme for solving the eigenvalue prob­
lem for the integral equation is presented. 

The efficiency of the algorithm proposed for system CONVEX C 120 has 
been confirmed by testing calculations for the Schroedinger integral equa­
tion with the Coulomb potential in the impulse space I 4/. 

I. The Modified Algorithm 

In accordance with the generalized continuous analogue of the Newton 
method for a nonlinear functional equation in B-space 

tj>(z) = 0 (I) 

we construct the evolutionary equation with respect to additional para­
meter t 

d 
dt f/>tt, z(t)) = - tj>(t, z(t)), 0 s t < oo (2) 

with the initial condition z(O) = z0. 

A parametrization tj> = tj>(t, z(t)) is performed so that fort= 0 we have a 
simple equation 

tj>(O, z(O)) • tj>0(zo) = 0, 

which can be solved easily and lim tj>(t, z(t)) = tj>(z). 
t-+oo 

One of variants of the parametrization can be performed by introducing 
the scalar function g(t) (S ), the so-called •Junction for including a pertur­
bation•: g(O) = 0, lim g(t) = 1, and representing the function tj>(t, z(t)) as a 

t-+oo 

sum 
tj>(t, z(t)) = tj>0(z(t)) + g(t) (tj>(z(t)) - tj>0(z(t)) ). 

From Eq.(2) designating A(t) = tj>:(t, z(t)) we obtain 

dz 1 ' 
dt =-A- (t) lf/>(t, z(t)) + tl>,(t, z(t)) ). (3) 
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Since the integral of Eq.(2) is q>(t, z(t)) = e-11/>(0, z0), then fort-+ oo, 

II 1/>(t, z(t)) II-+ 0, and z(t) converges to desired solution z•. 
The discrete approximation of Eq. (3) with respect to th e continuous 

parameter t: (10, t1 , ••• tk); t0 = 0, tk+ 1- tk = r k is performed in the frame-

work of the Euler method ( ) ( ) v (4) 
z tk+l = z lk + Tk k' 

where . 
Vk = - B(tk) 11/>(tk, z(tk)) + q>1(tk, z(tk)) I, 

Calculating an iterative correction Vk and step r k for each tic' we receive 

a new approximation z(tk+ 1) to s,olution z•. 

The iterative procedure should be continued until the next relation is 
fulfilled: 

II 1/>(t/c, z(t/c)) II :s e, 

where t > 0 is a given small number. 

(5) 

The convergence of this iterative procedure is jiJstified in efs. II ,5 ). 
Let us turn to the description of the proposed modified iterative proce­

dure. Let us consider the following system of functional-opera tor equations 

{
1/>(z) = 0, 
BA -I= 0, 

(6) 

where A = q>', B = A -I, I is the unit operator. 
' Introducing the continuous parameter t(O :s t < oo) and coming to the 

evolutionary equations system, we obtain: 

l
d 
dt 1/>(t, z(t)) = - 1/>(t, z(t)), 

;t IB(t)A(t) - I) = I- B(t)A(t). 
(7) 

After simple transforms we have finally: 

l
d . 
dt z(t) = - B(t) 11/>(t, z(t)) + q>1(t, z(t)) ), 

~~ B(t) = II- B(t)(A(t) + A'(t)) )B(t). 
(8) 

As a result of discrete approximating of Eqs. (8) by the Euler scheme, 
zk+ 1 = z(tlc+ 1) and Bk+ 1 = B(tk+ 1) can be calculated on each iterative step if 

zk and Bk are known: 
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where 
l
zk+l= zk+ rkVk, 

Bk+l= Bk+ rkWk' 

Vk=- Bk l¢(1k' zk) + ¢,(1k' zk) I, 

Wk = [I- Bk(Ak + Akt) I Bk. 

(9) 

00> 

Thus, having initial approximations z
0

, B0, all next approximations zk, 

B k can be found sequentially. 

The iterative procedure is continued until the relation 05) and the fol­
lowing relation will be satis-fied 

II BkAk- Ill< e. 0 l) 

The practical calculations show that B
0
= A- 1(z

0
) is the best initial ap­

proximation for B. 

2. Sol u tion of the Eigenvalue Problem 
for Integral Equation 

We consider a following equation: 
R 

¢ (z) = y(x) (Q(x) -A) + a I K(x, x') y(x')dx' = 0, 0 2) 
0 

where z = (y(x), A) and the normalization condition 

R 

I i(x)dx - N = 0. 
0 

(13) 

Let us in troduce parameter t, 0 s 1 < oo and the function g(t) =I - e -t. 

Then ¢(1, z) we represent as follows 

¢(1, z) = ¢ 0(z) + g(l) (¢(z) - ¢ 0(z)). (14) 

We suppose that ¢ 0(z) = 0 is some simple function equation with known 

solution z0 being used as on initial approximation. 

Taking into account z(l) = (y(x, t), A( I)) and turning our attention to 
evolutionary equation, we receive for Eq.04): 

, , , , 
l(¢0(z(I)))Y + g(l) l(¢(z(I)))Y- (¢0(z(l)))yl I Yr = 

' = (¢0(z(l)) + (g(t) + g,(t)) (¢(z(l)) - ¢0(z(l))) I-

- l(¢0(z(l)))~ + g(l) ((¢(z(l)))~- (¢0(z(t)))~) )A~(I). (15) 
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Using the method described in Sec. I and designating yk(x) = y(x, tk), gk = 
I I I I - l • • = g(tk),gk = g(tk), vk = Yr(x, tk),p.k =At<tk), Bk= Ak , takmg mto account 

Eqs. (12), (14), we obtain for each tk 

vk =- Bk(Gk + p.kFk ), 

Wk = (/- B/Ak +A~) )Bk, (16) 
I 

where 
Ak(vk(x)) = ¢~ (zk)vk(x) + gki(Q(x)- ).k)v/x) + 

R y 

+a f K(x, x ') vk(x,)dx' - ¢~ (zk)v/x) ], 
0 y 

(17) 

R 

A~ (vlx)) = (¢~ (zk))~ vk(x)+ g~I(Q(x)- Ak)vk(x) +a f K(x, x ')vk(x,)dx'-
I y 0 

- ¢~ (zk)vk(x) I- gkvk(x) lp.k + (¢~ (zk))~ ], (18) 
y y 

0 k = ¢o(zk) + (gk + g~) x 
R 

x I(Q(x) - ).k) yk(x) +a f K(x, x ') ylx')'dx'- ¢ 0(zk) ],' (19) 
0 

Fk = ¢~ (zk)- gk(l + ¢~ (zk)). (20) 
l l 

Iterative correction vk is calculated in the following way: 

v - / 1)+ ll /
2) (21) k- k ,..k k , 

where 
V(l)_- B G v(Z)_- B F 
k - k k' k - k k. (22) 

Formula for the calculation of p. k results ' from the normalization condi­

tion (13): 
R 

N- f yk(x) (yk(x)- 2v~1 )(x))dx 
0 

p.k=--~~R---------------

f 2y/x)v~2)(x)dx 
0 

(23) 

After the calculation of iterative correctionsp.k, vk' Wk one can find the 

new approximations by the Euler scheme: 

Yk+l = Yk + rkvk , 

).k+ I= ).k + T k#k' 

Bk+l= Bk+ rkwk. 
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The numerical approximation of Eq. (12) on the discrete mesh for x: 
(0 = x0< x 1< ... < x,= R) reduces to the system of n algebraic equations: 

II 

4>1 = Y;(Q1- A)+ a L K1iyi~i' (25) 
j=l 

where y1 = y(x1), Q1 = Q(x;), K1i = K(x1, 9• ~i are coefficients of the quad-

rature form ula of the numerical integrating. Operators A, A~, F,G in (16)­

(20) are approximated by matrices {a .. }, {a .. } and vectors (F.), (G.) corres-
IJ IJ I I 

pondingly. In particular, the matrix elements a1i and ~i on kth iterative 

step are determined as follows: 

aij = a~J>+ gk l(Q;- .l.k) ~ij+ aK;/,i- a~J> ), <26) 

- _ ;;(0) ' ;. ~ ~ ;;(0) ;;(0) I 
aij- ail + gkl(Qi- k) ij +a IK;f'J- ali I- gk(.uk + aij ), (27) 

where ~ii is the Kronecker symbol, a~J> and ti;J> are elements of matrices 

approximating the operators q>~ (zk) and 14>~ (zk) 1; correspondingly on the 
y y 

discrete mesh. 
We note that the additional normalization of function yk(x) for each ite-

ration essentially improves the convergence of the iterative procedure. 

3. The Program Realization 

In order to solve Eq. ( 12) numerically two program complexes on the 
FORTRAN-77 are developed: 

a) CAN MIM realizes the iterative procedure (3)-(4) with the calcu­

lation of matrix B k = Ak 1 by inverse of Ak on each iteration (with the help of 

a standard subprogram MATIN2 from the CERNLIB (6 )) . 

6) CAN MIT realizes the iterative procedure (6)-(10) where Bk is 

parallel calculated in iterations. 

Coefficien ts {~1} for the test presented below are selected in accordance 

with the Gregory formula (7 ). The step r k was calculated by alg_9,rithms 

described in ref. (8 ). Test calculations and comparison of time operation of 
the two programs are performed. 
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When comparing schemes (3)-(4) and (6)-(10), it can be seen that 
the scheme (3)- ( 4) contains one inverse of matrix A, and in scheme (6)- (l 0) 

it is replaced by three matrix multiplications: BA, BA~, (/- BA - BA~ )B. 

Should be noted we succeeded in finding the conditions in which the 
number of iterations for two processes is identical. Taking into account that 
in the scalar variant of the realization the time of the inversion of one matrix 
is approximately equal to the time of multiplication of two matrixes, the ex­
rected calculation time for the scheme (6)-(10) is thrice more than that for 
the scheme (3)-(4). However, the matrix multiplication is more preferable 
than the matrix inverse from the point of view of vector representation of 
operations. It can be expected that algorithm (6)-(10) will give an advan­
tage of time on the vector computer. Naturally, this advantage will be 
obtained at the expense of additional of the computer memory required for 
additional matrixes. 

4. Numerical Example 

In the present paper the proposed method is illustrated by the solving of 
the Schroedinger equation in impulse representation for the Coulomb po­
tential ( 4 ). 

This equation is as follows: 

;(z) !I! (p2
- ..t) y(p) - 2Z j dp' In I p + p: I y(p') = 0 (28) 

0 p-p 
with the normalization condition 

00 

I i(p)dp = I, 
0 

where z = (y(p), ..t}, ..tis eigenvalue, ..t = 2E, E is energy l,evel. One of analy­
tical solutions for Z = I is following 

To eliminate the singular point p = p' let us transform Eq.(28) in the 
following way 

... , 
{p

2
- ..t) y(p)- 2Z! dp' In 1: ~;.I (y(p')- y(p))- iZy(p)I1 = 0, 
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00 , 

where 11 = ! dp' In I:~:. I· In this case the integrand function in singular 

point has a fi nite limit equal to 0. 
Thus, this equation has the next form: 

R I + ,, 
(p2

- 2Z/1- ).)}(p)- 2Z! dp' In ~ _ ~, (}(p')- }(p)) = 0, R .... ~. (29) 

Choosing a finite interval 0 s p s R, R » I, introducing a discrete 
mesh on parameter p and approximating the Eq. (29) numerically, we obtain 

' . 2 n p.+ p. 
a system (25), where Qi = P; + a/1 i + a .L K;/'i' Kii = In p'- p~ 1, 

- j=l i j 

a = - 2Z. The solving of Eq. (29) is performed according to the scheme des­
cribed in Sec.2 and defined by formulas 0 5)-(27). As an initial approxi-

mation for y(p) the function y0(p) =pe-P, q>0(z) =(c-).) }(p) (c = const) 

was used. 
The numerical investigation of the convergence of the discrete solutions 

to the precise ones with respect to mesh parameters hand R was performed . 

. In Table I fod;=- I there is a dependence of the eigenvalues). 1h of 

the discrete problem on the mesh step h. Results are given for the scheme 
(6)-(10) on the sequence of three twice condensing meches with steps 
h, hl2, hi 4. The obtained value of 

a ='l).h- ).h/2 1 I l).h12- ).h14 1 - 8.1 

corresponds to theoretical accuracy of the Gregory formula O(h3). 

Table I. lnlerval }0, 30) 

II h ).h 

-
!51 0.2 - I. 00031 044 

301 0.1 - 1.00009837 

601 0.05 - 1.00007235 I 

i 

The comparison analysis of execution time for programs CANMIM and 
CANMIT on different computers has particular interest. It should be noted 
that the programs use only library programs of linear algebra without some 
special optimizations with respect to operation systems and special features 
of the computer. In Tables 2a-2c the dependence of the execution time T 
(sec) for each program on the number of mesh points n for problem under 
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Table 2a.lntervai(O, 10), n = 101 

SCHEME PROGRAM k ).l ~l T TziT1 

(3)-(4) CANMIM 5 -0.997 1.3E-5 92 3.01 

(6)-(10) CAN MIT 5 - 0.997 1.4E-5 274 

Table 2b. Intervai(O, 20), n = 201 

SCHEME PROGRAM k ).l ~l T TziT1 

(3)-(4) CANMIM 5 -0.998 l.IE- 5 623 3.19 

(6)-(10) CAN MIT 5 -0.998 l.IE-5 1989 

Table 2c. Interval (0, 30), n = 301 

SCHEME PROGRAM k ).l ~l T TziT1 

(3)-(4) CANMIM 5 -1.0001 1.06£-5 1903 2.94 

(6)-(10) CAN MIT 5 -1.000098 1.4E-5 5 97 

solution are presented for VAX 8350. Besides these Tables demonstrate a 
convergence of eigenvalues of the discrete problem when increasing para-

meter R. Everywhereh = 0.1, E = w-4,J.o=- 0.9, ~o= 0.1. 

As is obvious from the Tables, b9th algorithms for identical parameters 
Rand hand similar values of residual~ k have equal number k of iterations. 

It is also seen that the program CAN MIT spends thrice more execution 
time than the program CANMIM. 

In order to check up the possibilities of the vector representation of ope­
rations on the level of the operation system CONVEX Cl20, each program 
complex was executed twice: 

1) without all optimization parameters of translation <TC- time of cal­
culation); 

2) with the optimization parameter -02 <TC02- time of calculation 
with the vector representation of operations). 

In Table 3 the execution times TC and TC02 (sec) and relation 
TC/TC02 characterizing a property of «accelerating the calculations» are 
presented for both schemes. Besides, for comparison the execution times for 
the system VAX 8350 and for SUN Spark Station 2 are given. 
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Table 3. lnlervaiiO, 10), n = 101 

VAX SUN CONVEX 

SCHEME PROGRAM TC TC02 TC/TC02 

(3) - (4) CANMIM 92 IS 31 12 "'2.6 

(6)-(10) CAN MIT 274 48 91.9 7.8 "'11 .8 

From Table 3 it follows that the scheme (6)-(10) is more effective for 
the vector system using only one of the possibilities of the CONVEX ope­
ration system. 

In the considered case the vector representation gives a relative accele­
ration of working this scheme nearly 1.5 times if comparing with the scheme 
(3)-(4). 

Much greater advantage is observed if comparing the execution times of 
vector variant of the CAN MIT -program with the scalar variants of this pro­
gram and the CANMIM-program. 

Concl usion 

The. aim of the performed numerical experiences is to demonstrate 
advantages of the proposed iterative procedure for its realization on vector 
computers. Special methods of vector representation of operations for cal­
culations and special features of solved problems such as, for instance, the 
symmetry of integral operator kernel are not knowingly used in the calcu­
lations. Calculations were performed on comparatively sparse meshes in 
order to compare the work of the programs on different computers including 
computers with relatively small memory capacity. 

The Newton iterative scheme for solving the nonlinear equations with 
simultaneous iterations of the inversion operator to derivative of nonlinear 
function is perspective for using on the vector computing systems with suf­
ficiently large memory capacity or a system of external memory with fast 
access. The efficiency of the corresponding programs can be significantly 
increased by using special methods of vector and parallel calculations on 
multiprocessor computers. 

We thank the Commission of the European Communities for partial 
financial support in the frame of the EC-Russia collaboration Contract 
N2ECRU002. 
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