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ON THE COLE - HOPF SUBSTITUTION 

V.K.Fedyanin 

By making use of an arbitrariness in the known Cole-Hopf nonlinear replacement for the 
Burgers equation, $

1 
+ $ · $.., = v$ ..... the replacement is generalized in such a way that it makes 

possible to solve any boundary problems exactly both for x ~ 0 and for 0 s; x s; I. Concrete 
formulae are obtained with a wide choice of $(0,t), $x(O,t); $(0,t). 

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

0 no)lcrauosKe KoyJia - Xom}la 

B.K tiJeO.Jl.HUH 

HcnOJIL30BaB npoH3BOJI B H3BeCTHOM HeJIHHeHHOM npeo6paJOBaHHH Koyna - Xompa .!11IJI 

ypasHeHHll E10prepca, $1 + $ · $ .. = v$..... y.aanocb o6o6IUHTL npeo6paJosaHne TalC, 'ITO 

nOJIBHnaCb B03MOlKHOCTb TO'IHO pernaTL nJ06ble KpaeBble 3a.!la'IH KaK .!11IJI X~ 0, TalC H .!11IJI 

0 S: X S: I. nOJIY'IeHbl KOHKpeTHble $opMYnb1 npH liiHpoKOM BbiOOpe ${0,1), $x(0,t); $(0,1). 

Pa6oTa BblnOJIHeHa B Jla6opaTopuu TeopeTH'IecKoii <IJn3HKH HM.H.H.EorOJIJ06osa OH.SIH. 

1. We will proceed from the transport equation in its general form: 

~~-0 ot + ax - . (1) 

where p(x,t) is the density per unit length; q(x,t) is the expense of a substance (that depends 
on a problem under consideration) per unit time; both p(x,t) and q(x,t) are assumed to be 
differentiable functions, though eq.(l) can be generalized to discontinuous functions, as 
well [1]. 

Further :Study of eq. (1) is essentially based on the assumption for q(x,t) being a d~nsity 
functional: · 

q = Q(p) (2) 

that results in the known, generally, nonlinear equation 

a/ p + C(p)px = 0, C(p) = Qp. (3) 

That admits general investigation of the behavior of solutions on (x,t)-plane and provides a 
complete picture of the diagrams of characteristics for nonlinear waves. It can be shown 
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It is natural to take q(x,t) in the form 

q(x,t) = Q(p)- Re-1px- Oxx- ... (4) 

where added terms of the diffusion-dispersion type will smear out the front of vertical 
characteristics where the overturning starts and will lead to the equation 

a
1

p+C{p)p =Re-1p +Op , (Re,O)>O. 
X XX XXX 

(5) 

(In principle, higher-order derivatives can be taken, however, for our purposes, the 

expansion (4) suffices.) The coefficient of p , Re-1 = v/~L. is the inverse Reynolds number 
XX 

and the term with it describes the process of dissipation caused by diffusion (v is the 
kinematic viscosity; ~ is the characteristic velocity and L is the characteristic size). The 
term Opxxx describes dispersion. So, it remains to solve the problem with Q{p). It can be 

taken, for example, in the most general form 
n k 

Q{p)= L ak f· (6) 
0 

However, since even the case n = 2 leads to rather a complicated and, generally, unsolvable 
problem, we take it in the form 

which gives, for eq.(5), 

n . k 
Q{p) = L a Q::_ 

k k 
0 

a p+{Ep+b)p +Re-1p +Op . 
I X XX XXX . . 

(7) 

(8) 

The transformation p' = p + b/ E reduces eq .(8) into the «standard» form [2] (the prime will 
be omitted): 

a p+Epp +Re-1p +Op . 
I X XX XXX 

(9) 

The nonlinear equation (9) describes both the dissipation and the dispersion. Note that until 

now, no assumptions were made about the quantities E, Re-1, o the amplitude of 
nonlinearity, viscosity and the dispersion coefficient. 

A detailed investigation of the behaviour of nonlinear waves of a small amplitude E that 
allows us to start with solving the linear problem and to trace the behavior of nonlinear 
waves on the interval t£ - II E has been carried out in ref. [2]. If in this case we neglect the 

dissipation, Re - 1 << o, we . arrive at the KdV equation having played a leading part in 

formulating the inverse-problem method [4]. If the dispersion can be neglected, Re-1 >> o, 
we obtain the Burgers equation [5] 

a p + Epp = Re-1p {10) 
I X XX 

that will be further of our detailed investigation. 
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2. We can apply the scale transformation 

t=a't, x=bz; a=(Re-1)112£-1, b=~Re- l 

to eliminate the parameters E and Re-l from equation (10), as a r suit of which equation 
(10) reduces to the equation 

(11) 

where for convenience of comparing with earlier results [1] we omit the parameter E, I.e., 
the scale of the amplitude will be p'(x,t). Passing from t to 't by the formula a't, we arrive 
at the· following form of the Burgers equation 

a p+ pp =vp , 
"t X XX 

Re- I 
v=--E , 

1 
a=- . 

E 
(12) 

For this equation, Cole [6] and Hopf [7] have indepellJ:lently pro os.ed the nonlinear re­
placement of variables that reduces (12) to the linear equation of thermal conductivity, 
namely, 

a 
p = -2v ax [In <p(x,t)] . 

It is convenient to make this substitution in two steps 

Note that 

a 
P = ax \jl(x,t) . 

X 

\jl(x,t) = J p(x,t) + p
0
(t) 

0 

(13) 

(14) 

(15) 

obeys equation (14), which was nowhere mentioned. Substitution of (14) into (12) gives 

(16) 

or 

(17) 

The latter equation is integrated trivially and, as a result, we obtain 

(18) 

where j{'t) is a function of 't. Note that in the standard consideration [1,2] it is assumed to 
be zero. Below, we shall explain for which problems it is possible. Further, putting 

(19) 
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and computing the derivatives in (18), we have 

l 
cp = vcp --j{'t)cp. 

t xx 2v 
(20) 

The nonlinear Burgers equation (12) is reduced to the linear equation of thermal 
conductivity (diffusion) and there appears an extra term with the function j{'t) given on the 
characteristic of an equation of the parabolic type.lf we consider this substitution as a 
method of reduction of the nonlinear equation to the equation of thermal conductivity, then 
in particular problems [1] at j{'t) =0 we can solve only the initial problem, defining 
p(x,O) = F(x) (a physical quantity is just p(x,t) entering into (12)) and using the source 
function for (20), we can obtain a rather complicated expression for p(x,t), which is just 
made in [1,2] . 

However, we think that the extra term with j{'t) in (20) will allow us to solve realistic 
boundary value problem for (8) and (9). We can, of course, formulate the boundary value 
problems for (20) at j{'t) = 0 of the first kind cp(O,t) = cp

0
(t) and of the second kind 

cp (O,t) = cp (t), and to employ the tested methods [8,9,10]. Since the function 'lf(x,t) in (14) 
X q 

and the function cp(x,t) in (19) are auxiliary functions, we should start with the conditions 
on the real density obeying ( 11 ), i.e., formulate both the initial and boundary value 
conditions, defining p(O,t) = p

0
(t), p(x,O) = p

0
(x), Px(O,t) = p

1
(t) with various combinations of 

boundary value conditions [8,9] and making there the Cole - Hopf substitution, solve (20) 
with the functions thus defined rather than with an arbitrary function j{'t). 

This program will be realized below. When (12) and (20) are used in concrete 
problems, we should take into account that we removed the constant in (8), passing from 
the density p in (1) to p' = p + b/ £, events evolved in time 't = E.t, and the diffusion 

coefficient in ( 12) W!l5 equal to v :;= Re - 1
£. The Reynolds coefficient Re and the amplitude 

of nonlinearity are both nonzero, but they can, in principle, possess any values. 

3. Now we shall take advantage of those possibilities that arise owing to the functional 
arbitrariness (18) for solving eq .(l2) in the region r;;::0,0:5x<oo . Using (15) we obtain 

j{'t) = lim r 'l't(x,t) + t ~(x;t)- 't('lf)x] = p' o('t) + t p~('t)- VP/'t), (21) 
X--+ d. . 

where 

p0('t) = p(x = 0, 't), p ('t) = p (0, 't) 
X X 

(22) 

are known functions given as boundary conditions of the Burgers equation (12). In addition, 
to find solutions of eq.(l2} in the region 0 :5 x < oo, t;;:: 0, one should define 
p0(x) = ~(x, 't = 0). The spatial coordinates and time coordinates in the integrals written 

below will be denoted by (x, ~. z) and ('t, jl, A.), respectively. Using the substitution 

cp = X('t)R(x, 't) (23) 

it can be shown that the function R(x, 't) obeys the equation 
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R (x, 't) = vR (x, 't) 't XX 
(24) 

provided that 

[ 
1 J't l ! p (0) - 't 

X= exp - 2v o ft~J.)diJ. = Xoe2 o e 

'" ;, [Po(')+ W Pi(~)- vpl(~) H (25) 

and Xo· p
0
(0) are taken from physical considerations. In view of . relation (19) we obtain 

R(x, 't) = R01 
exp ( r- ;v \jl(x, 't) )= 

E ROI exp 2q! ( & Pi(~)- vpl (~) r~·-! p(p)d ~ l 
1 

R - zPo(O) 
o-Xoe 

using (15) and (19) . From expression (19) it follows that 

R 1 (x) E R(x,O) "R~1 
exp [ - 2~ ! p(i';, O)d I; l 

R,(x) E R(O. ') " R~1 
exp 2q ! a Pi()!) - vp I(~) H 

(26) 

So, we completely define the first boundary value problem [3,9] for an auxiliary 
equation of the · diffusion type (24 ). It is not difficult to formulate the second and third 
boundary value problems for eq.(24) (along with R1(x), either R3('t) = axR(O, 't) or 

a R(O, 't) = A.[R(O, 't)- 9('t)] is given), as well as the problem without initial conditions 
X 

((R
1 
(x) = 0)) and various combinations of boundary value problems. One can also solve 

problems : in the interval 0 ~ x ~ 1 [3]. These problems require the definition of R(l, 't), 
R (l, 't), or p (l, 't), (the latter will result in more complicated form lae but difficulties are 

X X 

of pure computational nature) . 
The first term in (21) can be expreseed through p0(x), (p

0
)x, (p0)xx by using eq.(12) 

(27) 

but keeping in mind (23) with further representation (25) for X('t) we have not made that. 
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The first boundary value problem for (24) is solved by the conventional method [3,9]. 
Its solution is given by the formulae 

R(x, t) = R 1 (x, t) + Rz(x. t); 

R(x, t) = f [ G _(x, ~. t) - G + (x, ~. t) ]R 1 (~)d~ + 
0 

t 

+ 2v f aG(x, ~ t- A) Rz(A)dA 

0 

R,(i;) ~ R~' ex+ 2~! Po@dJ; l 
• A 

R,().) ~ R~' ex+ 2~ ! (vp, (~) -t p;(~)H 
I h± 

[ 2] 
G±(x, ~. t) = 'J21td exp - 2d , h± = x±~' d = 2vt 

aG(x, 0, 't- A) =- 21tX exp [- LJ. dl = V('t- A). 
~ (21td//2 2dl 

(28) 

The solution p(~. t ) for the B!Jrgers equation can be derived on the basis of formulae 
( 14 ), (19), (23) and is given by the formula 

where 

R 
p(x, 't) = 'l'x = -2v ; , 

_ ooJ [ aG _(x, ~. t) aG +(x, ~. t) ] 
Rx- ax - ax Rl(~)tfS + 

0 

t aG + 2v J -{)(x, 0, 't- A) 
o axa~ R2(A)aA 

21th [ h
2

] a G_(x, ~. t) = ± ~12 exp - ....£. 
X + (21td) 2d 

0 .rl; G(x, 0, t - l.) ~- [ 2n - (;:~}xp [- ~I }2nd!) - 31
2 

(29) 

(30) 
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Naturally, the final formulae for p(x, 't) obtained by (29) are rather complicated. How­
ever, defining the initial density distribution p

0
(x) = p(x, 't = 0) obeying the burgers equation 

and the values of density and its first derivative p0('t) = p(x = 0, 't), p1 ('t) = p /X= 0, 't), we 

obtain the evolution of p(x, 't) law for 't::::: 0 and 0 ~ x ~ oo with the help of (29) and (30). 
The functions p

0
(x), p0('t), p1 ('t) should satisfy the conditions 

that ensure the obtained solution being unique. 
Now, we can formulate the following problems: 
1. the first boundary value problem for the Burgers equation defining 

p0(x) = p(x, 't = 0); p(x = 0, 't) = p0('t), p /0, 't) = 0; 

2. the second boundary value problem for the same equation giving p
0
(x), 

p x(O, 't) = p0('t) and [3,9]; 

3. the third boundary value problem defining p1('t) = A.[p0('t)- 9('t)] . 

Formulae (29) and (30) give their solution . 
Thus, for describing a specific process, it is necessary to replace p, v, by , 

p-h!£, v = Re-11£, t= 'tiE., d=V't ~Re-I in R 1 (~), R
1
(A.) and R(x, 't). 

In conclusion, we stress once more that when (12) and (20) are used in concrete 
problems, it is necessary to take into account that we omitted the c nstant from (8) passing 
from the density p to p' = p + b/ f. in eq.( 1 ), processes evolved with time 't = f.t, and the 

diffusion coefficient was v =Re-I; f. in eq.(l2). The Reynolds number and the nonlinearity 
coefficient are both different from ·zero but can assume any values. 

I am grateful to B.M.Barbashov, V.A.Osipov, I.V.Puzynin and V.P.Silin for 
discussions of the results and constructive remarks. I sincerely thank D.V.Shirkov for a 
careful reading of the preliminary version of this note as just his constructive criticism 
promoted writing of the third section that seems to open possibilities of using the Burgers 
equation for solving concrete problems. 
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ON THE DECAY OF ANTIPROTONIC HELIUM ATOMS 

S.I.Fedotov, 0./.Kartavtsev, D.E.Monakhov 
The lifetime of long-lived antiprotonic helium atoms is mainly determined by the Auger 

decay. Rate of this process for a number of states of the 3Hepe and 4Hepe systems is cal­
culated. 

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

Pacna,ll aHTnnpoTOHHJ.IX aTOMOB reJIHJI 

C.H.liJeiJomos, O.H.Kapmasqes, J(.E.Monaxos 

BpeMJI JKHJHH .O.OJifOJKHB}'lllHX aHTHnpoTOHHbJX aTOMOB reJJHJI onpe.o.eJUJeTCll rnaBHbJM o6pa-
30M npOUecCOM OJKe-pacna.o.a. PaCC'IHTaHa CKOpoCTb TaKHX npouecCOB )11JJI pll.lla COCTOliHHH 
3Hepe H 4Hepe. 

Pa6oTa BblllOJIHeHa B Jla6opaTOpHH TeopeTH'IeCKOH tPH3HKH HM.H.H.Eoromo6osa QJ.UIJi. 

1. Introduction 

Metastabie antiprotonic helium atoms 3.4Hepe have been discovered in experiments on 
the delayed annihilation of antiprotons in helium media [1,2]. The observation of the reso­
nant laser-induced annihilation [3,4] has initiated thorough investigations of these unusual 
systems. The discussion of modem theoretical studies of antiprotonic helium atoms and 
related topics can be found in [5]. 

The most important for clear understanding of an antiproton fate in the helium medium 
is the description of decay processes of antiprotonic helium atoms. In addition to the radia­
tive transitions, the important decay channel in this system is th Auger decay, i.e., the 

emission of the electron with 3.4Hep formation. 
The main feature of the Auger decay rates of antiprotonic helium atoms is their es­

sential dependence on the multipolarity, i.e., the angular momentum of the outgoing elec­
tron Ill. This feature was supposed already in [6] and justified in the early calculations of 
Russell [7]. Calculation of eigenenergies [8-10] unambiguously etermines the smallest 
multi polarities of the Auger decay . 

Up to now the only progress in the calculation of the Auger decay rates is due to the 
paper [11] . About three orders of magnitude decreasing of the Auger decay rates was found 
in these calculations with increasing the angular momentum of the outgoing electron from 
Ill = 3 to Ill ; 4. Also the substantial decreasing of the Auger decay rates was found in 
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some cases due to the interference of different parts of the initial and final state wave 
functions . 

In this note, much attention is paid to the calculation of the Auger decay rates in the 

important cases til = 3, 4 for a number of experimentally observed states of 3•
4Hepe sys­

tems. It is worthwhile to mention that up to now there are no other calculations of the decay 

rate for the 3Hefje system. 

2. Method 

The Hamiltonian of the antiprotonic helium atom is 

1 1 1 2 2 
H=--fip ---fir+ - --

2J.L3 2J.L12 lp - P1rl lp + P2rl r 
(1) 

where p1 = m/(m1 + m2), p2 = m2/(m1 + m2); 1 /J.L12 = 1 /m1 + 1 /m2, 1 /J..L3 = 1 /(m1 + 

mtrt- m2r2 . . 
+ m2) + 1/m3, r = r2 - r 1, p = r3 - are the Jacob1 coordmates and m1, r 1, ml +m2 

m2, r 2, m3, r 3 are masses and coordinates of the helium nucleus, antiproton and electron, 

respectively. 

The notation I will be used for partial angular momentum of the pair of particles 1 and 
2 and A. for the partia,l angular momentum of the third particle relative to the pair of 
particles 1 and 2. 

The wave functions 'I' LN and energy levels ELN of the antiprotonic helium atom were 

obtained according to [10] as eigenfunctions and eigenvalues of the approximate hamil­
tonian H LN = P uvRP LN , which explicitly i~ the projection of the hamiltonian H onto the 

closed channels subspace of the two-body 3
•
4Hep system. In terms of the (1, A.) components 

of the wave functions P LN is constructed as a projector onto the subspace defined by the 

condition I > 10; 10 is the largest pair angular momentum satisfying the condition 

E/ < ELN, where E/ is the energy of the two-body 3.4Hep system of angular momentum 
0 0 

10. Here and below the L, N notation of states, where L is the total angular momentum and 

N enumC(rates the states of the same L value, will be used. 

The variational method was applied to solve the eigenvalue problem 

(HLN- ELN) 'I' L = 0 (2) 
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The variational trial functions <p~ (r, p) were chosen as pr duct of the bispherical 
ln<ll. 

harmonics Y~(~. p) of angular variables ~. p and simple radial f nctions <pip/r), <pnA.(p) 

(3) 

The continuous spectrum wave function 'I' will be orthogonal to the closed channels 
c 

subspace and, therefore, orthogonal to 'I' LN" The projector on the open channels subspace 

is denoted as QLN = I - P LN and A.0 is denoted as the smallest possible angular momentum 

of the outgoing electron. Since the contribution to the Auger decay matrix element coming 
from the {l, A.~ "¢ (10, A.o> components of the continuous spectrum wave function 'I' c is neg-

ligibly small, only the {10, A.0) component will be taken ~nto account. 

Since the continuum wave function describes the electron scattering of large angular 

momentum, it can be taken as a product of the normalized hydrogen-like 3•4Hep wave 

function and function describing relative electron and 3·~ep motion. For definite values of 
the total angular momentum and its projection this function is of t e form 

A 
'I' (r, p) = <l>(r, p) .f(p ), c (4) 

A _ L,M A A 1
0 

- ar 
<l>(r, p) - A(a, 10) ~ A. (r, p) r e , 

0' 0 
(5) 

where A(a, 1
0

) is a normalization constant. In the framework of this approach the interaction 

of the outgoing electron and the remaining.3·~ep hydrogen-like ion was described by the 
folding potential. The radial function .f(p) is the solution of the equation 

, satisfying the following boundary and asymptotic conditions 

p ~ O 

(7) 
p ~ oo. 
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Here k = ...J 211
3
(£ - E

1 
c) and phase shift o is of no interest for this calculation. The 
0 

folding potential V
0
{p) is defined by 

Vo(P) = < «l> I QulfQLN I «l> ). (8) 

Due to the large centrifugal barrier for the outgoing electron, the transition matrix element 
is mainly determined by the wave function in the large p range. In this range with good 

accuracy the interaction of the electron and 3•
4Hep system is a sum of the Coulomb and 

centrifugal potential. Indeed, in our calculations the replacement of the folding potential by 
the Coulomb one gives rise to a minor change in the matrix element. This fact supports the 
applicability of the approximation used. 

According to the Feshbach orthogonal projection method and having used the wave 
functions defined in (3), (4), (6), the decay rate A. is 

1 m e
4 

A.= IMI2 _3_ s-1 
"'-J21liE- Etc) Ti3 • 

0 

(9) 

where the transition matrix element is 

M = ( '¥ cl QulfPLNI '¥ LN ). (10) 

3. Numerical Resu lts 

Up. to 600 trial functions were used in the calculation of eigenfunctions and eigenvalues 

for a number of the experimentally observed states of the 3·~epe systems. Using these 
eigenfunctions in eq.(9), ( 10) the Auger decay rates A. have been calculated. These results 

Table 1. Multipolarlties t:J, energies E (a.u.) and Auger decay rates A.(s -l) of 4Hejje 

• 
(L, N) !JJ E E [10) A A [II) 

(35,4) 4 - 2.758086 -2.759695 - 5·104 6.7·102 

(35,4) 3 - 2.833794 - 2.835752 7·107 8.5-107 

(34,3) 4 - 2.909770 - 2.910666 - 1·105 2.7·104 
. 

(33,3) 3 - 3.005968 -3.007280 1.2·108 1.5·108 
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Table 2. Multipolarities t:J, energies E (a.u.) and Auger decay rates A.(s -t) of ~ejie 

(L, N) A./ E E [10) 1.. 

(34,4) 4 - 2.741186 - .2.744500 - 105 

(33,4) 3 - 2.817797 - 2.821174 2·108 

(33,3) 4 -2.894737 -2.896675 - 105 

(32,3) 3 -2.993033 -2.994695 3.4·108 

Table 3. Normalized contributions to the transition matrix element M(l, A.) 

from the components of the wave function of partial angular momenta (l, A.) of.the 4Hejie system 

(L, N) = (34,3) Lll = 4 (L, lj) = (34,4) Lll = 3 

(l, I..) M(l, /..) (l, /..) M(l, I..) 

(34.0) -0.28 . (34.0) 0~24 

(33.1) 0.51 (33.1) -0.46 

(32,2) -0.38 (32.2) 1.22 

(31.3) 1.14 

0.4 
4 -Hepe (L,N)=(34,4) a1=3 

-0.0 - - - - -- -
.... ,.. ,.. 

"' "' 1=34 1..=0 
"' -0.4 ..... "" - - - - 1=33 t..=l 

- - - 1=32 1..=2 

p(a.u) 

0 2 4 6 8 10 
Fig.l. Contribution to the matrix elements Mo..(P) (arbitrary units) from the (1, A.) components 

of the wave function as a function of the coordinate p 
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1.0 ---, l'.A {n\ 
3 -Hepe (L,N)=(32,3) L\1=3 

- - -0.0--+(- - - - ------""' ,.,.. ,.,.. ,.,.. 
,.,.. 1=32 A.=O ,.,.. 

"" ,.,.. 
1=31 A.=l -J.o 1 -- - ---

--- 1=30 A.=2 

p(a.u) 
I 

-2.0 
I I I I 

0 2 4 6 8 10 

Fig.2. Contribution to the matrix elements Mll.(P) (arbitrary units) from the (1, A.) components 

of the wave function as a function of the coordinate p 

are presented and compared with [ 10,11] in Tables 1 and 2. It is easily seen, that the usage 
of Jacobi coordinates in the present calculation instead of triangle coordinates in [10] pro­
vide the accurate enough energy vallies. 

To understand the role of the wave function structure in this calculation, the largest 
contributions of the (I, A.) components to the transition matrix element are presented in Table 3. 
It is worthwile to mention that the behaviour of wave function at sufficiently large p values 
is important in evaluating the integral (lO). By this reason, the p dependence of the largest 
(1, A.) component in the transition matrix element (10) is presented in Figs.1,2. 

4. Discussion 

As it follows from the numerical results, the essential point in the calculation of the 
Auger decay rates is to determine very fine features of the wave function . This is a rather 
complicat~d problem in the framework of the variational method. Really, the largest contri­
bution to the matrix element comes from the smallest component (corresponding to the 
largest possible A. value) and those regions of the configuration space (large p), where these 
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components decrease exponentially. Apart from these difficulties, contributions of the 
(l, A.) components compensate each other due to the opposite sign . 

As a consequence, uncertainty in the calculated decay rates for the multipolarity 
Ill = 3 is of an order of 10 per cent. As is indicated in Table 1, the decay rates for the 
4Hepe system in this case are in agreement with the results of [ 11 ]. The calculated decay 
rate of the (34,4) state of this system is in fairly good agreement with experimental lifetime 
15 ns [3] . At the same time, for the (33,3) state the calculated decay rate twice exceeds the 
experimental value ('t = 16.6 ns) [4] . 

On the contrary, the case of the transition multipolarity Ill= 4 is rather complicated for 
calculation and only an estimate of the decay rate can be obtained. These values exceed 
significantly the results obtained in [11] . 

The first calculation of the Auger decay rates of the 3Hepe system shows the substantial 

isotopic dependence. In fact, decay rates of the (33,4) and (32,3) states of 3Hepe are about 

three times larger in comparison with the corresponding (34,4) and (33,3) states of 4Hepe. 

At the same time, as it follows from the comparison of Fig.1 and Fig.2, the coordinate 

dependence in the transition matrix element (10) is q~ite similar for the 4Hepe and 4Hepe 
systems. It is. worthwhile to mention, that other characteristics of the (L- 1, N) state of 
3Hepe are close enough in comparison with (L, N) state of 4Hepe. As for Ill= 4 transitions 

of 3Hepe, in this case the calculated decay rates can be estimated only up to an order of 
magnitude. 

In conclusion, the calculation of the Auger decay rates is f great importance for 
understanding the antiprotonic helium. These values are defined y the small components 
of the wave function, and special methods will be developed to treat this problem with more 
accuracy. 
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TOWARDS A NEW STRATEGY 
OF SEARCHING FOR QCD PHASE TRANSITION 
IN HEAVY ION COLLISIONS 

A.A.Shanenko, V.D.Toneev 

The Hung-Shuryak arguments in favour of searching for deconfinement phase transtion in 
heavy ion collisions downward from the nominal SPS energy at about E1ab = ,30 GeV/A are 

reconsidered. Using the recent lattice QCD data and the mixed phase model, It is shown that 
the deconfinement transition might occur at the energies as low as Elab = 3---5 GeV/A. Atten-

tion is drawn to the study of the mixed phase of nuclear matter formed in heavy ion collisions 
in the energy range 2-10 Ge VI A. 

The investigation has been performed at the Bogoliubiiv Laboratory f Theoretical Physics, 
JINR. 

0 HOBOH CTpaTemH DOHCKa 

KB3pK-fJIIOOHHOH DJI33MLI B CTOJIKHOBCHHJIX TJIJKeJII>IX HOHOB 

A.A.mauemco, B.J(.ToneeB 

06c)'JKllruoTCll apl)'Me!ITbi XaHr H lllypliKa B nonhJY noHciCa !j:laJosoro nepexoJta JteKoH!j:laHH­
MeHTa B 3KCnepHMeHTaX no CTOJIICHOBeHHJIM TliJICeJJbiX HOHOB npH 3HeprnliX HHJICe HOMHHaJJb­
HOH SPS-sHeprnH, OKOJIO Elab = 30 fsB/A . C nOMOII.lbiO HOBbiX JtaHHbiX pemeTO'IHOil K::X,U: H 

MO)leJJH CO CMell.laHHOH ICBapK-a)lpOHHOH !j:laJOH nOKaJbiBaeTCll, 'ITO HCICaTb )leKOH!j:laifHMeHT 
HYJICHO npH eme 6onee HHJKHX sHeprnllx E1ab = 3-5 fsB/ A. n oJt'lepKHBaeTCll nepc-

neKTHBHOCTh HCCJie)lOBaHHH CMeUJaHHOH !j:laJbl ll)lepHOfO Bell.leCTBa B CTOJIICHOBeHHliX TliJICeJJbiX 
HOHOB npH 3HeprHJIX Elab = 2-JO fsB/A. 

Pa6oTa BbinOJIHeHa B na6opaTOpHH TeopeTH'IeCKOil !j:IHJHICH HM.H.H.6oroni06osa OHSIH. 

Over the last ten years, a fundamental QCD prediction of phase transition of hadrons 
into a state of free quarks and gluons, quark-gluon plasma, has een attacked actively by 
both theorists: and experimentators. Extensive lattice QCD calculations allowed one to spe­
cify more acc.urately the deconfinement temperature, the order of phase transition and their 
flavor dependence for pure gluon matter and for plasma with dynamical quarks. By now, 
there is a rather long list of various signatures which can signal us about the quark-gluon 
plasma formation. Many of these signatures were testified experimentally at CERN SPS 

with the 160 and 32S 200 GeV/A beams where crucial condition for deconfinement tran­
sition are expected to be reached. Indeed, some predicted effects (for example, strangeness 
enhancement, J j \f suppression, <1> / {p + ro) enhancement) have been observed but their 
hadronic interpretation cannot be excluded. General belief is that for more definite con-
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elusions heavier ions and higher beam energy should be used. This is why the experiments 
with the Pb beam became available at CERN in the fall of 1994 and future experiments at 
RHIC and LHC are of great interest. 

Recently, a new strategy of experimental search for the QCD phase transition in heavy 
ion collisions has been proposed [1]. As has been noticed long ago [2], the equation of state 
(EOS) is very «soft» in a narrow range around the critical temperature leading to a signi­
ficant reduction in transverse expansion of the fireball formed in heavy ion collisions. The 
authors of Ref.[l] have demonstrated that this «softness» of the EOS affects not only the 
transverse, but also the longitudinal expansion, resulting in a longer lifetime of the excited 
system. Thus, certain observables should exhibit a sharp and specific dependence on the 
heavy-ion beam energy around this «softest» point having been estimated as located at the 

energy density E "' 1.5 Ge VI fm3 that corresponds to the beam energy Elab = 30 Ge VI A 

[1] . Therefore, to see the QCD phase transition it is quite promising to go downward from 
the nominal SPS energy. 

Estimates cited above were made in a rather simplified model but the authors [1] are 
confident that even in more sophisticated models the total lifetime should have a maximum 
(with multiple observable consequences) near the indicated energy region. From our point 
of view, the implementation of the brilliant idea of the longest-lived fireball has a crucial 
point: some formal approximation of the crossover deconfinement behaviour for baryon­
free nuclear matter has been used. It is not very clear how well this description corresponds 
to lattice QCD results. In addition, due to considerable stopping in nucleus-nucleus col­
lisions up. to Elab = 200 GeV/A (especially for heavy systems) there is little hope to create 

a baryon-free region. In this paper, we shall consider how this longest-lived fireball is 
sensitive to the details of the EOS used and how it survives in baryon-reached matter 
inherent in excited nuclear systems formed at energies E1ab s; 200 GeV/A. Our analysis is 

based on the statistical model taking consequently into account the mixed phase in which 
unbound quarks and gluons coexist with hadrons [3,4,5]. 

Here, the EOS is the key quantity, and thermodynamic properties of excited matter near 
QCD phase transtion should be calculated from the first principles and in a non-perturbative 
manner. At present, such calculations are possible only in terms of lattice QCD. This 
approach shows that gluonic matter in pure gauge SU(2) and SU(3) theories exhibits a phase 
transition of the second and first order; respectively (see, for example the review article 

•[6]). For the more realistic case of the SU(3) theory with dynamical quarks recent lattice 
studies, in contrast with previous results, show that there is a smooth crossover for the 
quark masses close to the physical ones rather than a distinct phase transition. And nothing 
is really known for the most important case of the lattice QCD at finite baryon number 
density [6]. So, statistical models should be invoked to describe thermodynamic properties 
of the excited nuclear matter. There are many versions of the statistical model (see [7] and 
references therein) but all of them predict the deconfinement phase transition of the first 
order and, therefore, do not reproduce the lattice QCD results noted above. The only ex­
ception is the statistical mixed phase model of deconfinement having advanced in [3,4,5] 
which will be used in our consideration. 

The main particularity of the approach considered [3,4,5] is taking account of the 
coexistence of the spatially non-separated hadron phase and quark-gluon plasma. The last 
is treated as a phase made of unbound «elementary» generic particles (quarks and gluons) 
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while hadrons are considered as quark-gluon clusters. The mixed phase model is based on 
a general approach [4] to the description of the clustering matter w ich assumes beforehand 
the separation of cluster degrees of freedom. Clusters are separated by passing from an 
exact Hamiltonian to an effective cluster one, 

(1) 

Here, 'If is a set of field operators of the generic particles and 'If = {'If : 1, 2, . . . } stands 
c . n 

for quasiparticle operators (n = 1 corresponds to unbound generic particles, n > 1 is for 
clusters). A large variety of possible clusters creates an enormous number of possible states 
but realized one will be that corresponding to extremum of the thermodynamic potential 
calculated with H . This results in equations to be somewhat different from the Gibbs 

. e 
conditions for a phase coexistence. . 

The following very important point should be emphasized. In sepa,rating out cluster 
degrees of freedom and changing H ~ H , the effective cluster Hamiltonian may acquire 

c • • 
extra dependence on thermodynamic parameters like temperature T and cluster densities p : 

c 

p = { 11 : 1, 2, ... } . c .n (2) 

The appearan9e of a density-dependent interaction in (2) is not a surprise for nuclear 
physics but it is a distinctive feature of this approach as compared to other statistical models 
[7]*. This fact, however, needs an extreme caution in dealing with the cluster Hamiltonian: 
both Hamiltonians must be thermodynamically equivalent, i.e., in the thermodynamic limit 
their thermodynamic characteristics must coincide [8]. These demands of the 
thermodynamic equivalence and thermodynamic self-consistency impose the following 
additional conditions on the cluster Hamiltonian: 

aH 
< a;>= o, 

aH 
(~)=0 

Pn 

which essentially define the form of the cluster Hamiltonian. 
ximation for the cluster Hamiltonian one has [3,4] : 

(3) 

the mean-field appro-

H = "" "" J dr 'l'+(r, s) (K + U ) 'I' (r, s) - CV. c ~~ n n n n (4) 
n s 

The presence of non-operator term CV is necessary to satisfy th conditions (3). Here, n 

enumerates the clusters, s stands for their internal degrees of freedom, K = ...J_ V2 + M 2 
n n 

is the kinetic energy and U = U (T, p ) is a mean-field acting on an n-particle cluster. n n c 

Unbound particles are treated as trivial clusters with n = 1. In the mean-field approxi­
mation, the conditions of thermodynamic equivalence (3) are reduced to 

aun 
ar = o, (5) 

*Similar situation is met in the case when interaction is taken into account by the excluded-volume method. 
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i.e., the mean-field U = U (p ) can depend on temperature only through densities. If free 
n n c 

cluster masses M are known experimentally or from other calculations, to use approach n 

based on (3), only U and C are the quantities which have to be defined, C being able to 
n 

be found from (2) with known U [8] . 
n 

As has been shown in [3,4,5] in the case of the quark-gluon clustering matter, the mean 
field acting on unbound gluons or quarks, Ul' can be approximated as follows [11]: 

UI=A. 
1' p 

0<y<1 (6) 

with the total quark-gluon density p = L npn. The presence of p in (6) corresponds to the 
n 

inclusion of the interaction between all components of the mixed phase under discussion. 
Note that in the situation when hadrons are absent, p = 0 (n > 1), expression (6) is the 

n 

same as was in use in papers [ 11] to describe the thermodynamic properties of the quark­
gluon plasma. Alongside with the mean-field term (6) depending on the constants A andy, 
there is also a cluster interaction potential <I> (r) characterizing the interaction strength 

nm 

between clusters having n and m generic particles. In a fusion-decay mechanism of cluster 
long-ranged interactions it is possible to get [8] a recurrent relation like 

<I> (r) - nm <I> . (r) 
nm mm (7) 

and to reduce all unknown interactions to the single interaction potential <I> . (r) of the mm 
simplest non-trivial clusters (two-gluon glueballs in the ground state or lightest mesons or 
lightest baryons). In the Hartree approximation to (4), for describing the cluster interactions 
the only constant 

<I> . = J dr <I> . (r) mm rmn (8) 

is needed to know. Thus, the Hamiltonian (4) is completely defined and thereby any ther­
mod~amic characteristics of the mixed phase system can be found if three constants A, y 
and <I> . have been fixed (see [3,4,5] for a detail). This 3-parameter set was found by rmn · · 

fitting the temperature dependence of energy density and pressure calculated within the 
lattice QCD for the pure gluonic matter in the gauge SU(2) [9] and SU(3) [10] theories 
where a fairly good description was achieved for the mentioned thermodynamic quantities 
[3,4]. It is worth emphasizing that the parameter A depends only on the colour group and 
y is constant for all the gauge systems. So, fitting the SU(3) pure gluonic lattice data allows 
one to fix A and y parameters and to use them for the SU(3) system with quarks. As to 
<I> min in this case, it can be found from a nucleon-nucleon potential by referring to the 

relation (7). Therefore, there are no free parameters when we proceed to study decon­
finement for nuclear matter within the mixed phase model [3,4,5] . Indeed, we have y = 

=0.62,A 1/(Jy+l)=225 MeV and <I> . =4.1·10-5 Mev-2. With these values of para-
mm 



Shanenko A.A., Toneev V.D. Towards a New Strategy 25 

1.2 

1.0 

CD 
VJ(f) 0.8 

"' VJ 
0.6 

0.4 

0 .2 
n 8 = 0 

0.0 

1.0 

CD 0.6 
0: 
~ 0.6 
0-t 

0.4 

0.2 

0.00 2 3 4 5 

T/ Tdec 

Fig.1. Temperature dependence of energy density and pressure 
(relative to corresponding values in the Stephan-Boltzmann limit) for 
SU(3) gauge theory of baryon-free matter with massive dynamical 
quarks. Curves were calculated within the mixed phase model [3,4]. 
Triangles and squares are l.attice data for the Wilson [12] and Kogut­
Susskind [13] scheme of accounting for dynamical quarks, respec­
tively · 

meters, the mixed phase model predictions for SU(3) symmetry with two light flavours are 
shown in Fig.l for the n

8 
= 0 case. 

When confronted with the lattice QCD data for the SU(3) system with two light fer­
mions, the mixed phase model [3,4] gives a very similar temperature behaviour of the 
energy density E and pressure p. As follows from these results, the mixed phase model 
estimates the deconfinement temperature as high as 150 MeV and predicts the crossover­
type phase transition (see [3,4,5]) in full agreement with the lattice data. Some overshooting 
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of the model at T > Td is related to neglecting the negative Coulomb-like term of the ec 
quark-gluon interactions. Two different sets of the best available lattice QCD results plotted 
in Fig.1 correspond to two different schemes to take quarks into account. A peak-like 
structure of£ near the deconfinement temperature Tdec for the Kogut-Susskind scheme [13] 

seems to be unphysical and related to the problem in the calculations of the pressure that 
turns out to be vanishing in this case for temperatures below about 0.9 Td . Indeed, at zero ec 

baryon density we have 

£=T!!P_ . 
dT-p. 

So, the abnormal rapid increase of the pressure in the vicinity of the deconfinement 
point has to result in the peak-like behaviour of the energy density in the same region. The 
quark mass in the Kogut-Susskind calculations amounts tom == 0.1Td . On the other hand, q ec 

in the Wilson scheme we do not really know the quark mass used. In this case, the value 
m - Td given in [12] seems to be enormously large because there is good agreement of q ec 
the Wilson scheme results with the ideal meson gas below Tdec [12] : 
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Fig.2. Pressure to energy density ratio versus E. Notation is the same as in 
Fig. I. The dashed curve corresponds to the approximation used in paper [1] . 

Data are given forE> 0.005 GeV /fm-3 
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The EOS in the form advocated by Hung and Shuryak [1] is represented in Fig.2. Here, 
all data of Fig.1 are replotted alongside with the curve used in [1] to simulate the crossover 
transition . As is seen, the pI E. function for lattice data themselves haws a minimum which 
is just associated with the «softest» point of the EOS where a fireball of the excited nuclear 
matter lives for the longest time. In the pI E. representation, the lattice QCD data for two 
schemes of accounting for dynamical quarks differ very noticeably but result in the same 

minimum position at E. ""0.5-0.6 GeV/fm3 which can be reached at the Au beam energies 
~ . 

about 3-5 GeV/A. It is noteworthy that this E. corresponds to the energy density inside a 
sp 

nucleon, therefore, the system near the «softest» point may be considered as a «big had­
ron>). This value of E. is essentially smaller as compared to what is followed from the 

sp . 

approximating curve of Hung-Shuryak, E. "" 1.5 GeV lfm3," corresponding' to the beam 
sp 

energy Elab"" 30 GeV/A [1] while the mixed phase model predicts the p9sition of a mini-

mum near E. "" 0.3 Ge VI fm3 which is essentially closer to the I ttice . results under dis-
~ . . 

cussion. Looking at these differences one should keep in mind that the Kogut-Susskind and 
Wilson schemes predict the deconfinement temperatures as large as 157 [13] and 150 MeV 
[6]. The mixed phase model gives Td = 150 MeV. Strictly speaking, the Hung-Shuryak 

ec 

approximation- does not come from a fit to the lattice QCD data but is a simulation of 
crossover transition by smoothing out the two-phase bag-model res Its (for the details on the 
two-phase bag model see [7]) with the bag constant corresponding to Tdec = 160 MeV [1]. 

Note also that the minimum in the approximating Hung-Shuryak curve is seen more 
distinctly than in the lattice data. 

The mixed phase model can naturally be generalized to the cas of the non-zero baryon 
number n

8 
[5] . As exemplified by the results in Fig.3, the mixed phase model prediction 

for n8-dependent pressure coincides with that of the typical nuclear Walecka-like model up 
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Fig.3. Pressure as a function of the compression ratio for the mixed 
phase model [5] . The dashed line is calculated within the advanced 
a- ro model [14] 
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Fig.4. pI£ representation of EOS for baryonic matter predicted by the mixed 
phase model [5]. Numbers near the curves show the baryon density in units 
of normal nuclear density. The case of ideal pion gas is given by the dashed 
line 

to n
8 

= 3n
0

. At higher baryon densities, the mixed phase model gives lower values of 

pressure due to a quark admixture. As to the predicted energy density, the difference bet­
ween these models is even smaller. 

As is seen in Fig.4, the pI £-function .changes drastically with increasing the baryon 
density of a system: the «softest» point minimum is washed out at n

8 
= n0 though its 

position £sp stays really at the same place. So, we arrive at somewhat controversial con­

ditions: to reach the «softest» point for observing the longest-Jived fireball in heavy ion 
collisions one should go downward as far as moderate energies Elab = 3-5 GeV/A but high 

baryon density of a fireball formed at these energies will suppress the «softest» point effect. 
To see how the lifetime of a fireball will change with the beam energy, one needs detailed 
dynamical calculations with EOS of the mixed phase model. It is of interest to note that this 
EOS is quite different from EOS for pure hadronic phase as illustrated in Fig.4 by the case 
of ideal pion gas. 

Concluding one should note that the lattice QCD data do really predict a minimum in 
the pI£ representation of EOS whose position £ according to [ 1] defines the beam energy sp 
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at which the fireball formed has the longest lifetime. This represen tation is essentially more 
sensitive to a detail of the lattice calculations and to their approx imations as compared to 
standard thermodynamic quantities e(T) and p(1). The formal simulation of the EOS with a 

crossover in [1] results in the «softesb point location e ,., 1.5 GeV /fm3 which is notice-
ps 

ably higher than the lattice value e ,., 0.5 GeV /fm3
. The mixed phase model [3,4,5] des­

ps 

cribing the order and temperature of the deconfinement QCD tran ition for n
8 

= 0 predicts 

e ""0.3 GeV /fm3 which is close to lattice data and, generally speaking, the agreement 
ps 

may be improved by a more accurate treatment of cluster interactions. All this implies that 
the proposed beam-energy tuning [1] for identification of deconfinement transition should 
be done at rather moderate energies 3-5 GeV/A, if ever, rather than around 
Elab ,., 30 Ge VI A. The mixed phase model predicts also a strong dependence of EOS on the 

baryon density of the system: a minimum of the p / e function is washed out for n8 > n0. 

Since the state with e · is a transitional one, we expect that the change in the fireball 
sp 

lifetime with Elab will not be as large as in [1]. More definite conclusions can be done only 

after detailed dynamical calculations*. Nevertheless, we would like to draw attention to 
heavy ion collisions at moderate 2-10 GeV/A energies for studying the mixed phase of 
hadronic matter. As has been shown above, a pure hadronic EOS i quite different from the 
EOS predicted by the mixed phase model near the «softest» point. It is of interest that a 
possibility of forming the mixed quark-hadron phase at energies Elab > 2-10 GeV/A has 

been noted earlier in [15] but from a completely different point of view. On the other hand, 
some enhancement of A-hyperon production as a specific plasma formation signature has 
been observed at as low energy as 3.5 GeV/A at Dubna [16]. 

We are indebted to W.Bauer, J.Cleymans, M.Gorenstein, E.Okonov, F.Webber, and 
G.Zinoviev for stimulating discussions and comments. The work of V.D.T. was supported 
by Grant No.3405 from INT AS (International Association for promotion of cooperation 
with scientists from the independent states of the former Soviet Union). 
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H3MEPEHHE TEH30PHOH AHAJIH3HPYIOI.IJ;EH 
CIIOCOBHOCTH PEAKQHH «DPAI'MEHTA:QHH 
TEH30PHO-IIOJUIPH30BAHHLIX )J;EHTPOHOB 
C HMIIYJILCOM OT 6,2 ,11;0 9,0 r3B/c 
B KYMYJIRTHBHLIE IIHOH:bl 
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YH.uBepcumem Hazou, Hazo.R, JinoH.UJl 

K.Ko6a, T.Mamcyoa, T.XacezaBa 
YH.uBepcumem MUJt3aKu, MUJt3aKu, JlnoH.UJl 

A.A.H3omoB 
CaH.Km-Ilemep6ypZCKUU UH.cmumym JIOepH.OU ¢u3UKU, ram'IUH.a, PoCCUJl 

HJMepeHa TeH30pHaJI aHanHJHPYIOIIIaJI cnoco6HocTb T20 peaKI.lHH i + 12C ~ 7t(0°) + X 

npH H3MeHeHHH HMUYJibCa AeHTpOHOB OT 6,2 AO 9,0 f3B/c H cjJHKCHpOBaHHOM HMUYJibCe UHO­

HOB 3,0 f3B/c. 3TO COOTBeTCTByeT H3MeHeHHIO KYMYJiliTHBHOH HHBapHaHTHOH nepeMeHHOH X 

B AaHHOH peaKI.lHH oT 0,9 no 1,6. Mbi Ha6JIIOAanH T20, 6JIH3Koe K HYJIIO so seeM YKaJaHHOM 

HHTepBane X, 3TO npoTHBOpe'IHT npeACKaJaHHJIM TeopeTH'IeCKHX MOAeJieH, OCHOBaHHbiX Ha 

ABYXHyKJIOHHOM OUHCaHHH AeifTpOHa H npeACKaJbiBaiOIIIHX OCI.lHJIJIHpy iOIIIee UOBeAeHHe T20 
npH X > i B COOTBeTCTBHH C H3MeHeHHeM BKJiaAa D-COCTOJIHHJI B BOJIHO YIO cjlyHKI.lHIO AeHTpo­

Ha npH H3MeHeHHH MelKHYKJIOHHbiX paCCTOJIHHH B AeHTpOHe. no-BHAHMOMy, AJill OUHCaHHJI 

CTpYKTYPbi neuTpOHHOro Kopa H o6bllcHeHHll MexaHHJMa KYMYJiliTHBHo ro poJKAeHHll 'laCTHI.l 

He06XOAHMO HCUOJib30BaTb Apyrne llOAXOAbi, yqHTbiBaiOIIIHe KBapK-rJIIOOHHbie CTeneHH CBOOO­

Abl B l!Apax. 

Pa6oTa BbmOJIHeHa B Jia6opaTOpHH BbiCOKHX 3Heprnu OH51H. 
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Measurement of the Tensor Analysing Power 
for the Reaction of Fragmentation of Tensor Polarized Deuterons 
with Momenta from 6.2 to 9.0 GeV/c into Cumulative Mesons 

Yu.S.Anisimov et al. 

The tensor analysing power T20 for i + 12C ~ 7t(0°) +X has been measured changing 

deuteron momenta from 6.2 to 9.0 GeV/c at fixed pion momentum of 3.0 GeV/c. It corres­
ponds to the change of the cumulative invariant variable x in this reaction from 0.9 to 1.6. We 
observed the T20 close to zero over all this interval of x. This contradicts the predictions of 

theoretical models based on two-nucleon description of the deuteron and predicting an oscil­
lating behaviour . of the value of T20 at x > I in accordance with a change of the D-state 

contribution to the deuteron wave function with decreasing the internucleon distance in the · 
deuteron. It seems that other approaches taking into consideration quark-gluon degrees of 
freedom in nuclei should be used to describe the deuteron core structure and to explain the 
cumulative particle production mechanism. 

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

1. Bse.neuHe 

B nocne,nHHe ro,nbi ,no CTHrnyr JHa'IHTenbHbiH nporpecc B HJyqeHHH csoikTB Mep ua 

ManbiX paccTORHHRX, T.e. c soiicTB csepxnnoTHOH Mepuoii MaTepHH. B 'laCTHOCTH, ycTauos­

neH PM JaKoHoMepuocTeii B a.npou(nenToH)-MepHbiX peaKuHRx, Hccne.nosaHHbiX B ycno­
BHRX, KHHeMaTH'IeCKH JanpeJ.UeHHbiX ,nJIR BJaHMO,neHCTBHR CO CB060,nHbiM HYKJIOHOM. ,I:(aH­

Hbie no peaKUHRM 3TOfO THna, T.H. KYMYllRTHBHbiM peaKUHRM [1], 6biDH nonyqeHbl B OCHOB­

HOM ua ycKopHTenRx PoccHH (0115111, ,I:(y6ua; HT3<1>, MocKsa; H<I>B3, ITpoTBHHO) [2]-[7] 
H ClllA (FNAL, SLAC, L B L) [8]-[14]. 0HH CTHMynHposanH npHMeHeHHe TeopeTH'IecKHX 

MeTo.nos cpHJHKH BbiCOK~x 3HeprHH MR onHcaHHR cTpyKrypbi R,nep ua ManbiX paccTORHHRX 

(HepenRTHBHCTCKOH KBaHTOBOH MeXaHHKH, KBaHTOBOH MeXaHHKH Ha CBeTOBOM KOHyCe, 

KBaHTOBOH XpOMO.l{HHaMHKH, KBapKOBbiX MO,neneH, napTOHHbiX MO,neneH H T.n.). HeKOTOpbie 

HJ npHMeHeHHbiX no,nXO.l{OB OKaJanHCb ycneWHbiMH B HHTepnpeTauHH WHpOKOfO Ha6opa 

3KcnepHMeHTanbHbiX .l{aHHbi X. HanpHMep, B [15] 6bmo npo,neMoHcTpHposauo, 'ITO Hcnonb­

JOBaHHe npe.ncTaBJieHHR o KopoTKo,neiictsyromHx uyKJioHHbiX KOppenRUHRX B R,npax .naeT 

BOJMO)I(HOCTb OnHCaTb HJBeCTHble ,naHHble 00 3JleKTpOMarHHTHbiM cpopMcpaKTOpaM ,neHTpO­

Ha, no rny60KOHeynpyroMy pacceRHHIO 3JleKTpOHOB H HeHTpHHO Ha JierKHX 5I,npax, a TaK)I(e 

cneKTpbl 6biCTpblX a,npOHOB B Ja,I:{HeH nonyccpepe npH BJaHMO,neHCTBHH BbiCOK03HepreTH­

'IeCKHX nyqKOB c R,npaMH (p, 1t, y, nerKHe Mpa +A ~ p, 1t, K +X). 

OnHcaHHe nose.neuHR KopoTKO)I(HByJ.UeH Koppen5IUHH HYKJIOHHOH napbi s .neiiTpoue CB51-

JaHo c rnnoTeJoii R,nepuo ro Kopa s NN-sJaHMo,neiicTBHH. PeanHCTH'IeCKHe BOJIHOBbie 

cpyHKUHH ,neHTpOHa co,nep)l(aT JHa'IHTenbHYIQ BbiCOKOHMnyllbCHYIO 'laCTb <f ~(k) 8(k -

- 0,3 f3~/ c) ;k = 4 + 5%). HanH'IHe S- H D-KoMnoHeHT s sonuosoii cpyHKUHH .neiiTpoua 

npHBO.l{HT K CHJlbHOH JaBHCHMOCTH HHKJIIOJHBHbiX Ce'leHHH OT CnHHOBOfO COCT05IHH51 ,neHT'­

pOHa B o6naCTH, r.ne BKJia,n D-KoMnoHeHTbl cymecTBeH, T.e. s o6nacTH Kopa .neiiTpoua. 

TaKHM o6paJoM, 3KcnepHMeHTbl c nOJIRpHJOBaHHbiMH .neiiTpoHaMH npH BbiCOKHX 3HeprHRx 

RBJIRIOTC51 3q,¢eKTHBHbiM ,nonOJIHHTeJlbHbiM TeCTOM cyJ.UecTByiOJ.UHX MO,neneH 5I,nepHOH 
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eTp)'KTYPbi Ha f<opoTKHX paeeTOliHHliX [16], [17] . TaK, aHanHJ JlaHHbiX no HHKJIJOJHBHOMY 

po)I(JleHHJO 6bieTpbiX npOTOHOB H nHOHOB Ha33,U Ha HenOJillpH30BaHHbiX ll)lpax nOKaJaJI (15], 
'ITO HMnyJibeHOe npH6JIH)I(eHHe npHMeHHMO npH OnHeaHHH HX en eKTpOB Ha OeHOBaHHH MO­

JJ;eJIH fpH6osa - fnay6epa. B enyqae po)I(JleHHll HYKJIOHOB en KTP 6bJeTpbiX HYKJIOHOB­

eneKTaTopos, BbJJieTaJOll{HX HaJa,u, nponOpl.IHOHaJieH HyKJIOHHOH MaTpHQe nJIOTHOeTH li)J;pa, 

H eJie)lOBaTeJibHO, BbJeOKOHMnyJibeHall qaeTb li)J;epHOH BOJIHOBOH ¢ YHKLIHH MO)I(eT 6bJTb H3-

BJie'IeHa HJ JJ;aHHbiX no KYMYJiliTHBHOMY po)I(JleHHJO HyKJIOHOB. B o JMO)I(HOeTb KOJIH'IeeTBeH­

Horo OnHeaHHll JJ;aHHbiX B paMKaX 3TOH MOJJ;eJIH )J;aBaJia OeHOBaHH .li.Jill JaKJIJO'IeHHll 0 )J;OMH­

HHpOBaHHH ABYXHyKJIOHHbiX KOppeJilll.IHH B ll)lepHOH BOJIHOBOH ¢ YHKLIHH B 06JiaeTH ll)lepHO­

ro Kopa. 0JJ;HaKo onbiTbi no ¢parMeHTaQHH JJ;eiiTpoHa, BbinOJIHeHHbie B noeneJJ;Hee speMll Ha 

nyqKaX nOJillpH30BaHHbiX )leHTpOHOB e HMnyJibeOM 3 + 9 fsB/e (18]-(20], nOKa3aJIH, 'ITO 

TeHJopHall aHanHJHPYJOll{all enoeo6HoeTb T
20 

H nepeJlatia nonllpin aQHH npH paJsane )leHT-

poHa He MOryT 6bJTb OnHeaHbl B paMKaX HMnyJibeHOfO npH6JIH)I(e Hll B o6mieTH BHYTpeHHHX 

HMnyJibeOB K > 0,3 fsB/e . MoJJ;eJib, OeHOBaHHall Ha yqeTe KBapKOBbiX eTeneHeH eso60)lbl B 

)leHTpOHe (21], OKaJbJBaeTell 6onee yeneliiHOH B HHTefmpeTaQHH no"Be)leHHll T
20 

npH K:::; 1 

fsB/e. TaKHM o6pa30M, SKenepHMeHTbi e nonllpHJOBaHHbiMH JJ;e iiTpOHaMH noMoraJOT Bbi­

liBHTb TOT MaewTa6 paeeTOliHHH B liJJ;pe, rJJ;e l.IBeTOBbie (!feneHH eB 60Jlbl B Mpax CTiuJOBliTell 

eymeeTBeHHbiMH. 

XapaKTepHOH oeo6eHHOeTbJO eneKTpos KYMYJiliTHBHbiX qaeTHLI liBJilleTell HX eKeHJIHHro­

soe nOBe)leHHe, B 06JiaeTH 3HeprHH nyqKOB BbiWe HeeKOJibKHX fsB HaKJIOHbl eneKTPOB eJia-

60 JaBHeliT oT SHeprHH nyqKa (pe)I(HM npeJJ;eJibHOH ¢parMeHTaQHH Mep). Cna6o Bblpa)l(eHa 

TaK)I(e JaBHeHMOeTb OT THna qaeTHLibJ-eHapli)J;a, MaeebJ ¢parMeJITHpyiOll{ero Mpa H THna 

KYMYJiliTHBHOH qaeTHLibJ. 3TH oeo6eHHOeTH eneKTpos tieTKO Bbipa)l(eHbi npH npe)leTaBJieHHH 

HHBapHaHTHbiX eetieHHH B WKaJie HHBapHaHTHOH nepeMeHHOH X, onpeJJ;eJilleMOH KaK MHHH­

MaJibHall Maeea nOKOllll{eHell MHWeHH, Ha KOTOpOH MO)I(eT 6b1Tb p O)I(JleH ¢parMeHT MHWeHH 

e Ja,uaHHbiM HMnyJibeOM [2] , [3]. B KYMYJiliTHBHOH o6naeTH x HJMeHlleTell OT 1 JlO A -
aTOMHOro HOMepa ¢parMeHTHpYJOmero liJJ;pa (npH BbJeOKHX 3Hepm liX X 6JIH3KO K nepeMeH­

HOH eseTosoro ¢poHTa a.). B enyqae po)I(JleHHll KYMYJiliTHBHbiX n HOHOB HenOJibJOBaHHe HM­

nynbeHoro npH6JIH)I(eHHll B paMKaX MO)J;eJIH MeXaHHJMa npliMOro pO)I(JleHHll (BO BJaHMO­

JJ;eHeTBHH qaeTHLibi-eHapliJJ;a e BbieOKOHMnynbeHbiM HYKJIOHOM JJ;eih poHa) noJBOJilleT yenew­

HO onHeaTb eneKTpbi KYMYJiliTHBHbiX nHOHOB (eM., HanpHMep, 122]). llpH ¢parMeHTaQHH 

)leHTpOHa B npOTOHbl H nHOHbl MeXaHH3M npliMOrO pO)I(JleHHll npHBO)J;HT npH X > 1 K eHJib­

HOH JaBHeHMOeTH eetieHHH OT enHHOBOfO eOeTOliHHll JJ;eHTpOHa. ,llJill eTpHnnHHfOBbiX npOTO­

HOB 3TO npeJJ;eKaJaHHe KatieeTBeHHO nOJJ;TBep)I(JlaeTell , XOTll Hen OJibJOBaHHe HMnyJibeHOro 

npH6JIH)I(eHHll : He )laeT YAOBJieTBOpHTeJibHoro KOJIHtieeTBeHHoro onHeaHHll JJ;aHHbiX npH 6oJib­

WHX BHYTpeHHHX HMnyJibeax (20] . 3TO roBOpHT 0 Hes¢¢eKTHB OeTH HyKJIOHHOH MO)leJIH 

JJ;eihpoHa npH onHeaHHH eTpyKTypbi Kopa )leihpoHa. HJMepeH e pa3HOeTH ee'IeHHH npH 

¢parMeHTaQHH TeH30pHO-nOJillpH30BaHHbiX JJ;ei.fTpOHOB (TeH30pHOH aHaJIH3HpYJOll{eH enoeo6-

HOeTH) B KYMYJiliTHBHbie nHOHbi liBJilleTell HeJaBHeHMbiM TeeTOM n pHMeHHMOeTH nOJlXOJlOB, 

OrpaHH'IeHHbJX yqeTOM HyKJIOHHbiX eTeneHeH, )lJill OnHeaHHll npOQeeeOB my60KOHeynpyroro 

paeeeliHHll Ha HApax. Ha6JIJO)leHHe JHa'IHTeJibHOro OTKJIOHeHHll OT pe)leKaJaHHH npliMOrO Me­

xaHHJMa MO)I(HO paeeMaTpHBaTb KaK BeeOMbiH apfYMeHT B nOJib3Y He0 6XO)J;HMOeTH npHBJie'IeHHll 

KBapK-rJIJOOHHbiX eTeneHeii eso6oJJ;bi .li.Jill onHeaHHll MexaHHJMa KYMYJiliTHBHbiX npo1.1eceos. 
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2 . 3KcnepnMeHT 

TeH30pHrur aHanH3npyJOmrur cnoco6HOCTb T20 HHIOJJOJHBHOH peaKUHH c BbiJieTOM pe­

rncrpupyeMoH tJaCTHUbl DOA HyJieBbiM yrnOM ODpeAeJI.IIeTC.II COOTHOWeHHeM 

crt= o I - M Pzz 20 ' o( I ±T ) (I) 

+ - ~ ~ 
rAe 0 H 0 - Ce'leHHll DpH DOJIOXHTeJibHOH H OYpHUaTeJibHOH BbiCYpOeHHOCTH DYtJKa, 

0° - CetJeHHe Jl)l.ll HeDOJillp H30BaHHOro DYtJKa H p± - TeH30pHrul DOJillpH3auiDI DYtJKa. 
lZ 

HJMepeHue TeH30pHOH aHanH3HpYJOmeif cnoco6HOCTH T20 peaKUHH 

di + t2c --+ ~<oo) + x (2) 

6bUIO BbiDOJIHeHO Ha DYtJKe TeH30pHO-DOJI.IIpH30BaHHbiX AeHYpOHOB C HCDOJlb30BaHHeM KaHa­

na 48 B CHCTeMe MeJl)leHHOro BbiBOAa CHHXpOclJa30TpOHa Jla6opaTOpHH BbiCOKHX 3HeprHH 

OH.siH [23]. KaHan 48 pacn onoxeH B ocHOBHOM HJMepHTeJibHOM Jane ycKopHTeJIB u npeA­

HaJHatJeH JVl.ll TpaHcnopYnp oBKH 'laCTHU K MarHHTHOMY cneKTpoMeTpy Cll>EPA (puc. I) . 

YrnepoAHrul MuweHb TOJIIUHHOH 40 r/cM
2 

6bUia ycTaHOBJieHa B clJoKyce F3. MoHHTopupo­

saHue HHTeHCHBHOCTH DYtJKa AeHYpOHa, DaAaJOIUero Ha MHWeHb, ocymecTBJI.IIJIOCb C 00-

MOlUbiO HOHH3aUHOHHOH KaMepbl, pacnOJIOXeHHOH nepeA MHWeHbiO Ha paCCTOBHHH 1 M OT 

Hee. ,UonOJIHHTeJibHO HCDOJlb30BanHCb ABa MOHHTOpa, COCTO.IIlUHe H3 CUHHTHJIJI.IIUHOHHbiX 

TeJieCKODOB H perHCYpHpyJOIUHe DOTOKH BTOpH'IHbiX tJaCTHU OT MeM6paHbl HOHODpOBOAa, 

'rpaHcnopTupyJOmero AeHTpOHHbiH nyqoK OT KaMepbi ycKopnTen.ll K clJoKycy F3 . OTHoweHne 

DOKa3aHHH YpeX MOHHTOpOB COXpaH.IIJlt>Cb CTa6HJibHbiM npH 3a)laHHOM HMDYJibCe nepBH'IHO;:/' 

ro nyqKa AeHYpOHOB. npoTliXeHHOCTb YpaCCbl YpaHcnopTHpOBKH nyqKa OT clJoKyca F3 J;{o 
clJuHanbHOro clJoKyca F6 COCTaBJIBeT OKOJIO 100 M, 'ITO D03BOJIBeT HCDOJlb30BaTb 60JlbwYIO 

BpeMBDpOJieTHYJO 6aJy Jl11ll p aJAeneHIDI tJaCTHU B HMDYJibCHOM AHanaJOHe KaHana AO 9 f38/c. 

TexHHKa speMeHH nponeTa (TOF) o6ecnetJusana HaAeXHYJO HAeHTHclJHKauHJO oTpuuaTeJib­

HbiX DHOHOB 6e3 npHBJietJeHHll Apyrnx c'peACTB ceneKUHH. HaMH 6bUIH HCDOJlb30BaHbl ABe 

BpeM.IInponeTHbie 6aJbi JVlHHOH 74 H 42 M c. pa3MemeHneM «CTapn>-ctJeTtJHKa T6 s clJoKyce 

F6 H «CTOn»-C'IeT'IHKOB T4
1
, T42, T5 B npoMeXyYO'IHbiX clJoKycax F4 (T4

1
, T42) H F5 (T5). 

Koppen.11un» ABYX speMeH n poneTa noJBOJI.IIJla cymecTBeHHO noAaBHTb clJoHOBbie co6biTHB 

npH pa6oTe C DYtJKaMH BbiCOKOH HHTeHCHBHOCTH. 

Opu H3MepeHHBX C OTpHUaTeJibHbiMH DHOHaMH 6biJIO HCDOJlb30BaHO npOCTeHwee 

ycnosue JVlB YpHrrepa- c o snaAeHue curnanos ctJeT'IHKOB S I, S2, u T6, pacnonoxeHHbiX 

B clJoKyce F6: Tr (-) = SI x SI x T6. CeneKTHBHbie csoifcTBa KaHana 48 TaKOBbi, 'ITO B 

TOF-cneKTpe OYpHUaTeJibHbiX tJacTHU npu HMnynbce 3 + 4 ,5 f3B/c npncyYCTBYJOT npaKTH-

tJeCKH TOnbKO 7t- -Me30Hbl ( pHc.2). 0pH HaCTpOHKe KaHana Ha DOJIOXHTeJibHbie tJaCTHUbl 

OCHOBHOH KOMDOHeHTOH B clJoKyCe F6 BBJIBIOTCB CYpHDDHHroBbie npOTOHbl, OTHOWeHHe KO-

TOpbiX 'K DHOHaM pe3KO B03pacTaeT, AOCTHrrul 10
5 

C npH6JIHXeHHeM HMDYJibCa KaHana K 

DOJIOBHHHOMy HMDYJibCY nep BH'IHbiX AeHYpOHOB. llJI» DOAaBJieHHB npOTOHOB B YpHrrepe Jl)lB 
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'C'I'EPA' 

PHc. l. KaHan 4B a ,3KcrrepHMeHTanbHOM Jane CHHxpo<j_:JaJoTp Ha llB3 0115111 
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PHc.2. a) BpeM.smponeTHbiH crreKTp oTpHUaTeJibHbiX qacrH c HMTIYJibCOM 

3,0 f::1B/c. U:eHa ,lleJieHHJI KaHana pasHa 120 TIC/KaH., IIIHpHHa Ha TIOJIYBbiCOTe 

TIHKa TIHOHOB - 500 TIC; 6) apeMJITipo!IeTHbiH crreKTp TIOJIOJKHTeJibHbiX 

qaCTHU TlpH 100-KpaTHOM TIO,IlaBJieHHH rrpOTOHOB (JieBbiH TIHK) qepeHKOBCKHM 

cqeTqHKOM 

35 
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OOJJO:lKHTeJJbHbiX lJaCTHU HaMH 6bUI npHMeHeH lJepeHKOBCKHH ClJeTlJHK C asporeJJeBbiM 

pa,nHaTOpOM aJMepOM 15 8 X 158 X 100 MMJ H K03<P¢HUHe~ITOM pe<PpaKUHH n = 1,033. 

BKJJIOlJeHHe l-clJeTlJHKa B TPHITep Tr ( +) = S 1 x S2 x T6 x C o6ecnelJHBano 1 00-KpaTuoe 

noJlaBJJeHHe npOTOHHbiX co6biTHH • .ll.m• onpeJleneHHSJ npHMecH MIOOHOB B <PoKyce F6 6biJJO 

HJMepeHO YMeHbWeHHe lJHCJJa OTClJeTOB npH ysenHlJeHHH TOJJI.UHHbl CBHHUOBOro nor­

JJOTHTeJJSJ nepeJl clJeTlJHKOM S2 JlO 60 eM. no nose}leHHIO KpHBOH oCJJa6neHHSJ sepxHSJSJ 

rpaHHUa JlOJIH MIOOHOB no OTHOWeHHIO K OHOHaM OUeHeHa HaMH 8 8%. 

3HalJeHHe KYMYJJSITHBHOH nepeMeHHOH JlJISJ perncTPHpyeMbiX nHOHOB MO:lKHO sapbHpo­

BaTb B npouecce HJMepeHHH JlBYMSJ cnoco6aMH: a) npH <PHKCHposauuoM HMnynbce JleHTpo­

HOB p d HJMeHSJeTCSJ HMOYJJbC HacTpOHKH KaHana p b (B 3TOM CJJyqae npH p d = 9 fsB/c JHa-

'leHHSIM KYMYJJSJTHBHOH nep eMeHHOH x = 1 H 2 cooTBeTCTBYIOT HMnynhCbi nHOHOB P 1t = 3,21 

H 6,06 fsB/c), 6) npH <PHKCHpOBaHHOM HMOYJJbCe OHOHOB p 1t = p b HJMeHSJeTCSJ HMOYJJbC 

nepBHlJHbiX }leHTPOHOB (Han pHMep, npH p b = 3,0 fsB/c JHalJeHHSIM X = 1 H 2 COOTBeTCTByeT 

HMnyJJbC }leHTPOHOB pd = 8,6 H 5,83 rsB/c). Mbl HCnOJJbJOBanH BTOpOH cnoco6, lJT06bJ 

HJ6e:lKaTb MHOroKpaTHOH HaCTPOHKH KaHana. 0nTHMH3auHSI KaHana OC06eHHO CJJO:lKHa Ha 

OTPHUaTenbHbiX 'laCTHUaX, nOCKOJlbKY HCnOJJbJOBaHHe 06bJlJHbiX cpeJlCTB }lHarHOCTHKH nyq­

Ka CTaHOBHTCSJ JaTpyJlHHTeJJbHbiM HJ-Ja HHJKOH HHTeHCHBHOCTH nOTOKa OTpHUaTeJJbHbiX 

lJaCTHU. KaHan 4B 6bUI HaCTPoeH Ha HMnyJJbC 3,0 rsB/c, KOTOpbiH 6bUI <PHKCHpOBaH Ha see 

speMSJ HJMepeHHH. HMnyJJbCHbiH aKcemaHc KaHana cocTaBJJSJJJ 8P / P b = 1 ,3%, 'ITO 6hlno 

onpeJleneuo Ha ocHoBaHHH HJMepeHHSJ wHpHHbi pacnpeJleJJeHHSJ TOF-cneKTpa JlJISI npoTo­

HOB H noJlTBep)KJleHo paclJeTaMH HMnynhCHoro aKcenTauca KaHana no nporpaMMe GEANT. 

HJMepeHHSJ 6biJJH BbinOJJHeHbi npH wecTH JHalJeHHSJX HMnynbcos }leHTpOHOB P d = 9,0; 8,6; 

7 ,4; 7 ,0; 6,6 H 6,2 fsB/c, COOTBeTCTBYJOI.UHX HHTepsany KYMYJJSJTHBHOH nepeMeHHOH X OT 

0,91 JlO 1 ,66. 

Ce'leHHSI o6paJOBaHHSJ KYMYJJSJTH~HbiX nHOHOB B a.npoHHbiX nyqKax no}lpo6uo HJyqeHbi 

B onhiTax no <PparMeHTaUHH Sl}lep c BbUieToM nHOHOB HaJa,n [2-7]. B wKane KYMYJJSJTHBHOH 

neJJC?MeHHOH X CelJeHHe o 6pa30BaHHSJ nHOHOB annpOKCHMHpyeTCSJ 3KCnOHeHTOH crinv = 

= c exp(- x/ xo), r}le Xo = 0, 12. B o6JJaCTH 3HeprnH nyqKa BbiWe 3 rsB/c Xo H c CJJa6o 

JaBHCSJT OT 3HeprnH. B HCCJJe}lOBaHHOM HaMH HHTepsane X OT 0,91 JlO 1,65 CelJeHHe BbiXO}la 

nHOHOB yMeHbWaeTCSJ 8 3 0 0 pa3. 0pH X = ·1 ,65 CKOpOCTb Ha6opa CTaTHCTHKH COCTaBJJSJJJa 

- 0,01 C06./c npH HHTeHCHBHOCTH nyqKa nOJJSipH30BaHHbiX }leHTpOHOB 1· 10
9 

}leHTp./c6poc. 

B cooTBeTCTBHH c ( 1) TeHJOpHaSJ aHanHJHPYJOI.UaSJ cnoco6HOCTb T
20 

CBSJJaHa c BbiXO-

JlaMH OHOHOB N ± (HOpMHp OBaHHbiMH Ha OTClJeTbl MOHHTOpa) npH JlByx JHalJeHHSIX TeH30p­

HOH nOJJSipH3auHH }leHTpOHHOro nyqKa p± COOTHOWeHHeM zz 

T = 2...ff (N + - N J 
20 N +- N- + pl.1.- pl.1. 

(3) 

CocTOSJHHSJ nonSipHJauHSJ «+ » H «-» TeHJopHo-nonSipHJOBaHHoro nyqKa JleHTpOHOB, nocTaB­

JJSJeMoro HOHHbiM HCTOlJHHKOM 00JUIPHC [24], 'lepeJlOBanHCb OT UHKJJa K UHKJJy. BenH­

lJHHbi KOMnOHeHT nOJJSipH3auHH }leHTpOHHOro nyqKa 6bUIH HJMepeHbl nocpeJlCTBOM HJMe-
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peHJUI ynpyroro dp-pacce~HJUI c noMOIUhJO .nsyxnneqesoro non~puMeTpa AJib<I>A [25], 
HCUOJihJYIOJUero :lKH.l{KOBO.l{OpO,nHyJO MHWeHb B <lJoKyce f5 KaHana Me,nJieHHOfO BbiBO.l{a. J1J-

MepeHHe p± 6bmo BhmonHeHo .nBa:lK.nhl : .no " nocne Ha6opa CTaTHCTHKH .nn~ onpe.neneHu~ zz 

T20. liJMepeHHhJe JHa'leHu~ p;z cocTaBHJIH cooTBeTCTBeHHO 

p~ = 0,66 ± 0,03; p~ =- 0,77 ± 0,03 . 

" p~ = 0,59 ± 0,05; p~ =- 0,66 ± 0,04 . 

ITpu Bhi'IHCJieHHH T
20 

Mhi HcnoJihJOBaJIH ycpe,nHeHHhle JHa'leHu~ p;. CHcTeMaTH'IeCKM 

owu6Ka T20 JaBHCHT OT TO'IHOCTH JHaHH~ p;z B nepHo.n HJMepeHHH (5 CYTOK). Heonpe­

.neneHHOCTh p± B Te'leHHe 3TOfO nepHO.l{a OUeHeHa HaMH B 10%. ·.il.JI~ .l{OUOJIHHTeJibHOfO zz 

0.1 
~ 

0.3 

-0. 5 

-1 .0 

DY5HA 

0.2 0.4 

q, 136/ c 
0.5 

0- CAKnE - 87 

+- Anb¢A - 88.90 
0- AHOMAn OH- 94 *-C¢EPA 

0.6 0.8 1.0 
kT3B/c 

PH:c.3. 3KcrrepHMemarrhHhJe .uaHHbJe HJMepeHIDI T20 .ll1IJl peaKUHH di + 12C ~ 
~ p(0°) + X. 3ae3,!loH OTMe'leH peJyiibTaT HJMepeHHll T20, BbiiiOJIHeHHoro Ha 

crreKTpoMeTpe C<I>EPA B .uaHHOM ucrrepHMeHTe, oCTaJJbHbi TO'IKH - .uaH­

HbJe H3 [18], [19] H [20] 
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6 ± -KOHTpOnB CTa HnbHOCTH p H npoBepKH npaBHnbHOCTH npouecca H3MepeHHB TeH30pHOH 
l.Z 

aHanH3Hp)'IOmeif cnoco6HOCTH B po.lK.lleHHH nHOHOB Mbl nposenH B cepe,nHHe nepHo.na Ha6o-

pa .naHHbJX H3MepeHHe T
20 

)l.TIB peaKUHH CTPHnnHHra .neifTpoHoB di + 12C ~ ~ p(0°) +X, 

KOTOpaB C XOpOWeH TO'IHOCTbJO H3MepeHa B HecKOnbKHX 3KCnepHMeHTaX B o6naCTH, COOT­

BeTCTB)'IOIUeH BHyrpeHHHM HMnynbCaM k :: 0,3 f::~B/c. flpH HMnynbce ,neifTpOHOB 4,5 f::~B/c 
p 

H HMnynbce npOTOHOB 3,0 r::~B/c (kp = 0,27) Mbl nony'IHnH 3Ha'leHHe T20 = = 0,88 ± 0,10, 

.KOTOpoe HaXO.l{HTCB B XOpoweM COmaCHH C H3BeCTHbiMH ,naHHbJMH (18)-(20) (pHC.3). 

3. PeJynbTaTbJ H HX o6cyJK.neHHe 

TeH30pHaB aHanH3HPYJOIUaB cnoco6HOCTb T20 )l.TIB peaKUHH (2) H3MepeHa HaMH npH 

WeCTH 3Ha'leHHBX HMnynbca ,neHTpOHOB p d )l.TIB 1t--Me30HOB H npH .l{BYX 3Ha'leHHBX p d B 

cnyqae 1t+-Me30HOB. PeJynbTaTbJ H3MepeHHH npe.ncTasneHbJ B Ta6nuue. BMecTe c cooTBeT­

CTBYJOIUHMH 3Ha'leHHBMH KYMYnBTHBHOH nepeMeHHOH x npuse.neHbJ 3Ha'leHHB HMnynbCOB 

llHOHOB B CHCTeMe llOKOB ,neifTpOHa (q ); YKa3aHHbJe Heonpe,neneHHOCTH Ox H 8q COOTBeT-n n 
CTBYJOT HMnynbcHoMy aKcem aHcy KaHana 48 OP/ Pb = 1,3%. 

flonyqeHHble BenH'IHHbl T20 nOKa3aHbl Ha pHC.4 B 3aBHCHMOCTH OT HHBapHaHTHOH nepe­

MeHHOH x. lho6bJ cpaBHHTb nose.neHHe T20 c npe.ncKaJaHHeM [26], nonyqemibJM )l.TIB 

peaKUHH c}lparMeHTaUHH n oKoBmerocB .neifTpoHa p + di ~ 1t(180°) +X, Mbl noKa3bJBaeM Ha 

pHC.5 3Ha'leHHB T20(1tl !3 3aBHCHMOCT!f OT HMnynbCa llHOHa B CHCTeMe nOKOB ,neifTpOHa, KaK 

::ITO 6bJnO c.nenaHo npH npe.ncTasneHHH pe3ynbTa~oB pac'leTOB B [26] (3HaK pac'leTHbJX 3Ha­

'leHHH T20 H3MeHeH HaMH )l.TIB npuse.neHHB B cooTBeTCTBHe c Me.nucoHOBCKOH KOHBeHuueif 

.Ta6Jiuua 

Pd. q" ± Oq". T20(x-) ± CTaT. ± CHCT. T 
20

(n+) 

f3B/c X± Ox f3B/c 

9,0 0,908 ± 0,011 0,294 ± 0,036 - 0,005 ± O,Q45 ± 0,005 - 0,002 ± 0,039 ± 0,001 

8,6 0,970 ± 0,012 0,309 ± 0,037 - 0,008 ± 0,030 ± 0,003 

7,4 1,220 ± 0,016 0,362 ± 0,043 0,051 ± 0,066 ± 0,007 0,131 ± 0,085 ± 0,013 

7,0 1,337 ± 0,017 0,383 ± 0,045 - 0,042 ± 0,080 ± 0,008 

6,6 1,479 ± 0,020 0,407 ± 0,046 0,205 ± 0,113 ± 0,021 

6,2 1,658 ± 0,023 0,433 ± 0,052 0,017 ± 0,137 ± 0,002 
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PHc.5 . ConoCTaaneHHe pe3ynhTaTOB .u.aHHoro 3KC­

nepHMeHTa C paC'IeT MH H3 [26]. llYHK!HPHaJI H 

cnnolliHliii KpHBbie - npe.u.cKa3aHHoe noae.u.eHHe 

T20 B 3aBHCHMOCTH HMflYJibCa flHOHa B CHCTeMe 

noKOll .u.eiiTpoHa .will cnyqaJI aonHoaoii !IJYHKUHH 

AeHTpOHa C KOpOM ( YHKTHp) H 6e3 Kopa 

o JHaKe nonllpHJaUHOHHbtX ua6niO,naeMbiX). Pac'leTbi [26] BbtnOJIHeHbi B HMnynbCHOM 

npH6JIIDKeHHH B npe,nnOJIO)J(eHHH, 'ITO nHOHbl pO)J()];aiOTCJI Ja C'leT npliMOrO MeXaHHJMa, T.e. 

so BJaHMo,neiicTBHH c BbiCOKOHMnynhCHbiM HYKJ10HOM .neHTpoua (N + N ~ 1t + X). TipHMe­

ueuue TaKoro no.nxo.na Momo 6bt 6biTb onpas,nauo TeM, 'ITO cymecTBOBaBWHH pauee ua6op 

3KCnepHMeHTaJibHbiX ,naHHbiX fi03BOJIJIJI 3aKJ110'1HTb, 'ITO B KHHeMaTH'IeCKOH 06JiaCTH, COOT­

BeTCTBYJOll{eH X ~ 1 ,5, OfiHCaHHe ,neHTPOHa KaK .D.BYXHYKJ10HHOH CHCTeMbl JIBJIJieTCJI o60CHO­

BaHHbiM (15) . 0'1eBH,D;HOe paCXO)J()];eHHe npe,nCKaJaHHH npliMOrO MeXaHHJMa H peJyJibTaTOB 

uawux HJMepeHHH T20 noKaJbiBaeT, 'ITO npliMOH MexamnM no Kp aHHeH Mepe ue liBJilleTcll 

.D.OMHHHpyiOll{HM B npouecce po)J()];eHHll KYMYJiliTHBHbiX nuouos. 3 To ,nOJI)J(HO npHBJie'lb BHH­

Mauue K pa3pa6oTKe aJibTepuaTHBHbiX Mo.u.eneH, CBJIJbiBaiOll{HX p o)J()];eHHe KYMYJiliTHBHbiX 

MeJOHOB C HaJIH'IHeM KBapK-rJIIOOHHbiX CTeneHeH CB060.D.bl B li,D;pax . 

3KcnepH~HT 6bm BbmonHeH npH no.n.u.ep)J(Ke PoccuiicKoro <Pou.na <Pyu.naMeHTaJibHbiX 

uccne.nosaHHH. (rpaHT Pct>ct>Ji 95-02-05070), ct>ou.na ~noucKor o6mecTBa co.neiicTBHll 

uayKe (JSPS) H Me)J()];yuapo.u.uoro uayquoro <Pou.na (rpaHT N~ NK7000). 

ABTOpbl BbipaxaiOT 6naro.napHOCTb .D.HpeKUHH nB3 0~11 Ja npe.u.ocTaBJieHHYIO 803-

MO)J(HOCTb fiOCTaHOBKH 3KCnepHMeHTa Ha yCKOpHTeJibHOM t<;OM nJieKCe llB3, nepCOHaJIY 

ycKopuTenll, COTPY.U.HHKaM Kpuoreuuoro OT.D.ena llB3 H rpynmt A llbct>A Ja o6ecne'leuue 

pa6oTbi HCTO'IHHKa TIO~PHC H KOHTponb noJtllpHJauHH nyqKa ,neiiTpouos. Oco6y10 npHJ­

HaTeJibHOCTb aBTOpbi BbtpaxaiOT IO.K.TiununeHKO ·H B.Ji.Waposy. 
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YAK 539.17 + 539.14 

H3MEPEHHE ACHMMETPHH PO)I{)l;EHIDI IIHOHOB, KAOHOB 
H IIPOTOHOB BEKTOPHO IIOJUIPH30BAHHhiMH 
)l;EHTPOHAMH HA .H,I.J;PAX YI'JIEPO,Il;A 

A.A.Ea.noun, JI.F.EtjJuMoB, B.C.IlanmyeB*, C.H.lfJuJtunnoB*, B.B.EopucoB, 
T.A.FoJty6eBa*, B.C.KopolleB, K.B.MuxaiiJloB, C.B.Ce.MaruKo 

npe,D.CTaBJieHbl HOBbie 3KCnepHMeHTallbHbie )J.aHHbie no aCHMMeTpH pOJK.lleHHJI '!aCTHI.I B 

peaiCI.IHH di + 12C ~ (7t, K, p) +X Ha JIY'!Kax seKTOpHo nOJIJipH30BaHHbiX .neii-rlx>HoB c 3Hep­
rnliMH 1,23 H 2,5 f3B/H)'KJIOH. BTOpH'IHbie '!aCTHI.Ibl perncrpHpOBaJIHCb nO)J. yrnOM 24° C HM­
nymcaMH 0,8 H I f3B/c. 

Pa6oTa BbinOJIHeHa B Jla6opaTOpHH BbiCOKHX 3Heprnii 0!-UIH. 

Measurement of the Asymmetry of Pions, Kaons and Protons 
Production by Vector Polarized Deuterons on Carbon Nuclei 

A.A.Baldin et al. 

The new experimental data on the asymmetry of particles production via the reaction 

di + 12C ~ (7t, K, p) +X in beams of vector polarized deuterons wi th energies 1.23 and 
2.5 GeV/nucleon are presented. Secondary particles were detected at an angle of 24° with 0.8 
and I GeV/c momentum. 

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

1. Bse.ueHI1e 

Cpe.u11 cpyH.uaMeHTaJibHbiX npo6neM cospeMeHHOH ~.uepHOH cp11311KI1 oco6oe 3Ha'leHI1e 

11MeiOT npo6JieMbl KOHcpaHHMeHTa B CI1JibHbiX B3ai1MO.UeHCTBI1~X, np011CXQ)IC,UeHI1~ Cni1Ha 

HYKIIOHa, cTpyKTYPbi saKyyMa B KBaHTOBOH xpoMO.ll11HaMI1Ke (KX)l). PerneHI1e 3TI1X npo6-

neM 11MeeT OTHOllleHI1e He TOJibKO K ~.UepHOH cp11311Ke, HO TaK)Ke K cp11311Ke 3JieMeHTapHbiX 

'laCT11.U 11 acTpOcp11311Ke (1]. 0.UH11M 113 nYTeH 11CCJie.UOBaHH~ .UaHHO - np06JieMaTI1KI1 ~BJI~eT­

C~ 3KCnep11MeHTaJibHOe H3)"leHI1e Cni1HOBbiX 3cpcpeKTOB B nepex .UHOH 06JiaCTI1 3HeprHH. 

CornacHo 11CCJie.uosaHI1~M KYMYII~TI1BHoro 11 rny6oKo no.unoporo oro po)I(JleHI1~ a.upoHOB, 

nepeXO.UHM 06JiaCTb OT HYKJIOHHbiX K KBapK-rJIIOOHHbiM CTeneH~ CB060.Ubl ~.uepHOH Ma­

Tep1111 COOTBeTCTByeT 3Heprn~MI1 peii~TI1BI1CTCKI1X ~.uep OT COTeH M3B .UO - 10 f3B (2] . 
B o63ope [3] .llJI~ on11caH11~ cni1HOBbiX ~BJieHHH B CI1JibHbiX B3ai1MO.UeHCTBI1~x o6ocHo­

BbiBaeTc~ sse.ueHI1e 11HCTaHTOHHoro MexaHI13Ma. B paMKax Mo.uenl1 saKYYMa KX)l KaK )KH.ll-

*HHCTHTYT li.UepHbiX HCCJie.uosaHHii PoccHiiciCoii AKa.ueMHH HaYK, MocKBa 
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KOCTH HHCTaHTOHOB yAaeTCSI Ka'leCTBeHHO 06-MICHHTb npOliBileHHe CnHHOBbiX H apOMaTHbiX 

3qxpeKTOB B aApOHHbiX n poueccax. fipH 3TOM AaHHbie 3qxpeKTbl AOJDICHbl npOliBHTb ce6ll 

HaH6onee llpKO HMeHHO B nepeXOAHOH o6naCTH 3HeprnH. 

B HacTOliiUee speMll He CYIUeCTsyeT 3aKOH'IeHHOH TeopHH nonllpH3aUHOHHbiX liBileHHH 

B aApOH-liAepHbiX B3aHMOAeHCTBHliX, n03TOMY He06XOAHMbl KOnH'IeCTBeHHbie H3MepeHHll 

BenH'IHH nOnllpH3auHOHHbiX 3<txl>eKTOB B 3aBHCHMOCTH OT 3HeprnH, nepeAa'IH HMnynbca H 

THna H3YlJaeMbiX 'laCTHU. 

J.byqeHHe CnHHOBbiX liBileHHH B o6naCTH nepeXOAHOI'O peJKHMa TOnbKO Ha'IHHaeTCll [4). 

Oco6eHHO 6naronpHliTHble ycnoBHll Mll TaKHX nccneAOBaHHH C03AaHbi Ha ycKopHTenbHOM 

KOMnneKce nB3 OIDII1 [5]. 
l.(enb HaCTOlllUeH pa6 0Tbl COCTOllna B 3KCnepHMeHTanbHOM H3YlJeHHH OAHOCnHHOBbiX 

- - cti 12c aCHMMerpHH Ha nyqKaX BeKTOpHO nonllpH30BaHHbiX AeHrpOHOB B peaKUHH + ~ 

~ (1t, K, p) +X B JaBHCHMOCTH OT 3Heprnn HaneTaiOIUHX AeifrpoHOB H HMnynbca BTOpH'I­

HbiX lJaCTHU. 

2. MeTOAHKa H3Me peHHH 

I13MepeHHll npoBOAHnHCb Ha BbiBeAeHHOM nyqKe BeKTOpHo nonllpH30BaHHbiX AeifrpoHoB 

CHHXpO<i>a30TpOHa nB3 0 11}111. B Ka'lecTBe cneKrpOMeTpa BTOpH'IHbiX 'lacTHU HCnOnb30-

BanCll MallfHTHbiH KaHan y cranoBKH KACni1A IDII1 PAH. 

CxeMa 3KcnepnMeHTa npeAcTaBileHa Ha pnc.1. MamHTHbie 3neMeHTbi cneKrpOMerpa 

(KBaApynonbHble nHH3bl 1 + 4 ML-17 H MallfH'rbi 1 SP-94, 1 SP40) pa6oTanH B CTaTH'IecKOM 

peJKHMe 3neKTpOnHTaHHll. 3aAaHHe H KOppeKUHll Tpe6yeMbiX peJKHMOB pa60Tbl MarHHTHbiX 

3neMeHTOB OCyiUecTBilllnHCb Ha OCHOBe nepHOAH'IeCKOI'O onpoca KanH6pOBaHHbiX AaT'IHKOB 

Xo.ana, pacnonoJKeHHbiX HenocpeACTBeHHO Ha non10cax. Jlnll KOHrpOnll peJKHMa TpaHcnop­

THpOBKH nyqKa no KaHany Bn1 Ha nccne.nyeMyiO MHWeHb AaT'IHKaMH Xonna 6hmH ocHame­

Hbl TaKJKe noniOCa ABYX n HH3 (1K2{)0, 2K200) H MallfHTa (2SP94). fiOKa3aHHll BCeX AaT­

'IHKOB Xonna JanHCbiBanHCb c noMOIUbiO cneunanbHOH aBTOMaTH3HposaHHOH cncTeMbi no 

KaJKAOMY c6pocy ycKOpHTenll. 

Kanan Bbi,!J.enlln BTOp H'IHbie 3apliJKeHHbie '!aCTHUbi, poAHBWHecll noA yrnoM 24°, npH 

HMnynbCHOM 3aXBaTe ± 5%. fiOCKOnbKY 3KCnepHMeHT npOBOAHnCll napannenbHO C HCCneAO­

BaHHliMH Ha Apyrnx ycTaHOBKaX H H3MeH~Cll peJKHM BbiBOAa nyqKa, aKcenTaHC KaHana CO­

CTaBJilln 7 H 9,8 MCp· % B 3aBHCHMOCTH 01: MeCTa pacnonOJKeHHll MHWeHH B cpoKyce f4 

BbiBeAeHHOI'O nYlJKa. 

Jlnll perncrpauHH H H,neHTH<i>HKauHH 'laCTHU npHMeHllnaCb MeTOAHKa H3MepeHHll Bpe­

MeHH nponeTa 'laCTHU '1epe3 BTopyiO 'laCTb cneKTpoMerpa Ha 6a3e 7 M. B Ka'leCTBe AeTeK­

TopoB lJaCTHU HCnOnbJOBanHCb TPH CUHHTHnnliUHOHHbiX C'leT'IHKa C pa3MepaMH 

18 X 20 CM
2

. fiocneAHHH CUHHTHnnliTOp cnYJKHn Anll Bbipa60TKH BpeMeHHOH OTMeTKH 

«CTapT>> H npocMaTpHBanCll C OAHOH CTOpOHbl. .IJ.Ba APYilfX CUHHTHnnliTOpa npOCMaTpHBa­

nHCb <1>3Y XP2020 c o6enx cTopoH H Bblpa6aTbiBanH 'ieTbipe cnrnana «CTOn>>. 

OueHKa speMeHH nponeTa npoBOAHnaCb B peJKHMe off-line no cpopMyne KOMneHcaunn 

BpeMeHHOH 3aAepJKKH B An HHHbiX CUHHTHnnliTOpax: 

t = (t! + t2)/2- (t3 + t4)/2, 

fAe t1 H t2 - BpeMeHa n p oneTa, H3MepeHHbie nepBbiM C'leT'IHKOM, a t
3 

H t4 - BTOpbiM. 
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Co scex <1>3Y .nono JIHHTeribHO CHHMaTiacb HH!flopMaum~ o BeJIH'IHHe aMnJIHry.nHoro 

CHrHaTia M. nocKOJibKY .nJISI nonyqeHIDI BpeMeHHOH OTMeTKH HCnOJib30BaTIHCb !flopMHpOBa­

TeJIH C nOCTOSIHHbiM nopo roM, aHaTIOfOBaSI HH!fJOpMaUHSI CHrHaTia C <J>3Y nOJBOJISIJia npo­

BeCTH KOppeKUHJO Ha 3aBHCHMOCTb Bblpa6aTbJBaeMOH BpeMeHHOH OTMeTKH OT aMnnHry_nbl 

CHrnaTia. KoppeKUHSI npo so.nHJiacb no !flopMyne 
a. 

cor 1 • 14 t = t + ~M- b. • I = + • 
I 

r.ne napaMeTPbl a H b no.n6HpaTIHCb !flHTHpOBaHHeM. 

nonyqeHHaH noCJie sse.neHHSI nonpasoK BeJIH'IHHa speMeHHoro pa3peweHHSI <r = 
= ± 300 nc onpe_nenSieTCSI , B OCHOBHOM, pa36pOCOM .nJIHH TpaeKTOpHH tiaCTHU B MarHHTHOM 

cneKTPOMeTPe. Ha pHc.2 noKaJaH speMHnponeTHbJH cneKTP perncTpHpyeMbJX qacTHU c HM­

nynbcoM 800 M3B/c n ocne sse.neHHSI YKaJaHHbJX nonpasoK. npoTOHHbJH nHK no.naBJieH 

nornKoH Bblpa6oTKH TPHrrepa. 

npH HJMepeHHH' BbiXO.noB K+-MeJOHOB c HMnyJibCOM 800 M3B/c .nJISI pexeKUHH nHOHOB 

HCnOJib30BaTICSI .neTeKTOp qepeHKOBCKOro HJJI)"'eHIDI C pa.nuaTOpOM H3 nJieKCHmaca, pa6oTa­

JOIUHH B pe:lKHMe nonHoro BHYTPeHHero OTPa:JKeHHSI. 

HJMepeHHe cTeneHH nonHpHJauHH nyqKa TPa.nHUHOHHO nposo.nHJiocb Ha 6aJe ycTa­

HOBKH AJlb<J>A [6]. Bo BpeMSI HaiUHX HJMepeHHH CTeneHb nOJIS1pH3auHH na.naJOIUHX Ha 

MHWeHb .neifTpoHoB cocTaBJISIJia 0,53 ± 0,03 . .IlonoJIHHTeJibHO ocymecTBJISIJICSI KOHTPOJib cTe­

neHH nOJIS1pH3auHH 80 Bp eMSI Ha6opa CTaTHCTHKH C nOMOIUbJO HeJaBHCHMOro nOJISipHMeTpa 

(P), pacnOJIO:lKeHHOro nepe.n MHWeHbJO [7]. 
B Ka'lecTBe Hccne.ny eMoH MHWeHH HcnoJibJOBaTICSI peaKTOpHbiH rpa!f!HT. ToJIIUHHa 

MHWeHH B 6oJibWHHCTBe HJMepeHHH COCTaBJISIJia 0,5 r I CM
2

. npH HJMepeHHH BbiXo.na KaOHOB 

"t!Hcno .. 
C06LITD 

10 2 

10 

1 
250 300 350 400 450 

Bpe~a npOIIeTa (B Ia.Hana.x BD;ll) 

PHc.2. Cnenp no BpeMeHH nponeTa nOCJie BBe-
neHHll nonpasoK. HMnynbC l.faCTHU 
800 M3B/c. 3HeprHll nyqKa - 2,5 f3BIHYK­
noH. UeHa KaHana BUn- oKono 100 nc 

TOJIIUHHa MHWeHH 6bUia yseJIH'IeHa .no 

8 r I cM
2. HHTeHCHBHOCTb na.naJOmero nyqKa 

COCTaBJISIJia B cpe.nHeM 5 ·1 0 8 
S!_nep .neHTepHSI Ja 

UHKJI ycKOpHTeJISI. 

0co6oe BHHMaHHe 6bUIO y.neneHO MOHHTO­

pHpOBaHHJO .neHTPOHHoro nyqKa, na.naJOmero Ha 

MHWeHb. qT06bi H36e:JKaTb B03MO:lKHbiX CHCTe­

MaTH'IecKHX OWH60K HJMepeHHH, 6bUia ycTa-

. HOBJieHa CHCTeMa MOHHTOpOB. ,llBa MOHHTOpa 

M I H M2, Ka:lK_nblH H3 KOTOpbiX BbinOJIHSIJICSI B 

BH.ne TpeX CUHHTHJIJISIUHOHHbiX C'leT'IHKOB, pac­

nOJiaraTIHCb CHMMeTpH'IHO CJieBa H cnpaBa OT 

MHWeHH no.n yrnaMH, 6JIH3KHMH K 90°. 3TH 

MOHHTOpbl JaxBaTbiBaTIH npHMepHO paBHble Te­

JieCHbJe yrJibi H npocMaTpHBaTIH BCJO MHWeHb. B 

KatiecTBe TpeTbero MOHHTOpa M3 HCnOJib30Ba­

JiaCb raJOBaSI HOHHJauHOHHaSI KaMepa (JC), pac­

nOJIO:lKeHHaSI B npSIMOM nyqKe B 2 MeTpax nepe.n 

MHWeHbJO. HoHHJaUHOHHaH KaMepa .naBaTia 

HH!fJOpMaUHJO 06 HHTeHCHBHOCTH BbJBe.neHHOfO 

nyqKa. 
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3. OpraHH3atuu c6opa .o;aHHbiX 

EJIOK-CXCMa CHCTCMbl c6opa .o;aHHbiX noKa3aHa Ha pHC.3. npwHHMaCMblH CHrHaJI OT 

K!lli<,UOrO H3 CQHHTHJIJ!jiQHOHHbiX S 1-S5 H 'IepeHKOBCKOrO C ACTCKTOpOB pa3BCTBJIMCg nac­

CHBHbiMH .O:CJIHTeJijjMH Ha .O:Ba paBHbiX CHfHaJia. 0.o;Ha rpynna CHrHaJIOB nOCTynana Ha nopo­

fOBbie <l:JopMHposaTeJIH ct> AJISI Bbipa6oTKH TPHrrepos, speMeHHbiX H C'ICTHbiX HJMepeHHH. 

,Upyrag rpynna no.o:asanacb Ha aHanoroBbie BXO.O:bi 10-pa3pS!AHbiX 3ap MOl.IH¢lpoBbiX npeo6-

pa3osaTeJieii 3U:n c .o;HanaJoHoM .o:o 200 HK, 'ITO o6ecne'IHBaJIO aMn JIHTY.O:HbiH aHaJIH3 cHr­

HaJIOB B ct>3Y. 

TpHrrepbi, eooTBeTCTBYJOl.l.IHe Bbi6HpaeMbiM KOM6HHaQHj!M cosn a.o:eHHH c<l:JopMHpOBaH­

HbiX CHfHaJIOB OT BCCX yKa3aHHbiX .O:CTCKTOpOB, Bblpa6aTb!BaJIHCb B n porpaMMHO-ynpaBJISIC­

MbiX MO.O:YJISIX 6blcTporo J!OrH'ICCKOro OT6opa no. TpHrrepHaS! J!OrHKa no3BOJIMa HaCTpaH­

BaTb CHCTCMY Ha pemcTpaQHIO onpe.o;eJICHHOfO THna 'JaCTHQ: OT.O:eJibHO npOTOHOB H nHOHOB 

HJIH nHOHOB, KaOHOB H npOTOHOB O.O:HOBpCMCHHO. 

Bb!XO.O:HOH CHrHaJI no «C06b!THC» npe.o;cTaBJIM co6oii TpHrrep, npHriy.O:HTCJibHO JanH­

paeMbiH Ha speMSI C'IHTbiBaHJ{g .o;aHHbiX B 3BM. KaJKAaS! . aKTHBH3aQHj!. Bblxo.o:a «co6biTHe», 

noMHMO Bbipa6oTKH JanpemaJOmero cHrnana «veto», Bbl3biBana cTpo 6HposaHHe 3U:n, pa3-

pewana cTapT speMS!l.IH¢lpoBbiX npeo6paJosaTeneii BU:n no cHrnany c S5, a TaK?Ke HHH­

l.IHHposana npepbiBaHHe 3BM AJISI 'ITCHHSI o6pa3a JapemcTpHposaHHOro co6b!TJ{g. B Ka'Ie­

CTBe BIJ:n npHMCHMHCb MO.O:YJIH C .O:Hana30HOM H3MCpS!CMblX HHTep aJIOB .0:0 100 HC H pa3-

peweHHCM 100 nc/KaHaJI. 

CHrHaJibi cosna.o;eHHH B MOHHTopax Ml, M2 H CHrnaJI OT HOHH3aQHOHHOH KaMepbi M3 

no.o:asanHCb Ha .o:se rpynnbi 6biCTpbiX C'ICT'IHKOB (150 Mfu). B o.o;Hoii rpynne ¢lHKCHposancSI 

nOJIHblH C'ICT MOHHTOpOB. Jlpyrag rpynna C'ICT'IHKOB JanHpaJiaCb n o CHrHaJIY «VetO» H CJiy­

)I(HJia AJISI OQCHKH HHTCHCHBHOCTH nyqKa B pe)I(HMC «)I(HBOfO» BpCMCHH. ,IlaHHbiC CO BCCX 

C'ICT'IHKOB, a TaK)I(C MCTKa 3HaKa nOJIS!pH3aQHH BbiBC.O:CHHOfO nyqKa C'IHTbiBaJIHCb no KOHI.IY 

K!lli<,UOfO l.IHKJ!a ycKOpHTCJISI. 

AnnapaTypa CHCTeMbi BbmonHeHa B BH.o;e cTaH.o;apTHOH MHOroKpenTHOH seTBH KAMAK, 

noAKJIJO'IaeMoii K nepcoHaJibHOH 3BM THna IBM PC/AT qepe3 ycTaHaBJIHBaeMbiH B 3BM 

a.o:amep WHHbi UNIBUS H cneQHaJIH3HposaHHbiH Mo.o:ynb 11C - HHTep<l:Jenc UNIBUS s 

CHCTCMHOM KpCHTC. npHMCHCHHC STHX Cpe.O:CTB COnpg)I(CHJ{g o6eCn C'IHBaJIO B03MO)I(HOCTb 

pYI.JHOro TCCTHpOBaHHSI SJICKTpOHHOH annapaTypb!, a TaK)I(C CHHXp011H3aQHIO CHCTCMbl B pe­

)I(HMC peaJibHOro BpCMCHH C nOMOl.l.lbiO BCTpOCHHOfO B J1C pemcTpa BHCWHHX 3anpOCOB 

npepb!BaHHSI. 

4. 06pa60TKa .o;aHHbiX 

B nepByJO O'Iepe.O:b npOBO.O:HIIaCb CCJICKQHSI C06biTHH no c6pocaM Ha OCHOBaHHH HH<l:Jop­

MaQHH C MOHHTOpOB. no pe3yiibTaTaM Ka)I(AOrO H3MepeHHSI npOCMaTpHBaJiaCb 3aBHCHMOCTb 

HHTCHCHBHOCTH nyqKa M
3 

OT HOMepa c6poca. 06JiaCTH pe3KOfO H3MCHCHHSI HHTCHCHBHOCTH 

3a6paKOBb!BaJIHCb, nOCKOJibKY CBSI3aHbl C H3MCHCHHCM pC)I(HMOB p a60Tbl ycKOpHTeJibHOrO 

TpaKTa HJIH KaHaJia MCAJICHHOfO Bb!BO.O:a. Co6b!THSI H3 TaKHX c6poc B He yqHTb!BaJIHCb. 

Ha CIICAY!Ol.l.ICM STane npOBO.O:HIIOCb HCCJIC.O:OBaHHe nose.o;eHHSI C'ICTOB MOHHTOpOB M
1 

H 

M2 OT 3HaKa nonS!pH3aQHH. 11HTepecHo OTMeTHTb, 'ITO OTHOWeHHe M
1 
I M

3 
npw noJIO)I(H­

TeJibHOM 3HaKe nOIIS!pH3aQHH CHCTeMaTH'IeCKH 6oJibwe SToro )I(C JHa'IeHJ{g M 
1 
I M 

3 
npH 
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PHc.3. 6JIOIC:-CXeMa CHCTeMLI c6opa .113HHbiX. J13 - JIHHHH 33.1lep)I(J(H, p - p33BeTBHTeJIL CHrHaJIOB, 

OB - O.llHOBH6paTop, C - C'leT'IHKH, BP - BXO.IlHOH pernCTp, PY - Mo.aynL pY'fHOro ynp3BJieHIDI, 

.nB - .apaitoep BeTBH, KA - KpeHT-KOHTJ>OMepbi A-THna, T - TaiiMep, HUY - BHeUIHHH CHH­

xpocHman «H3'13JIO UHKJia ycKOpeHIUI» 

OTJ>HUaTeJibHOM JHaKe. 0 6paTHoe noseJJ.eHHe Ha6moJJ,aeTCSI ,IJJlSI M
2

: M
2
- I M3 > M

2
+ I M

3
+ 

(sepxHHii HHJJ.eKc OJHa'laeT 3HaK nOJJ;RPHJaUHH). BerrH'IHHa 3<1><PeKTa cocTaRTISieT 2-3% npH 
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cTaTHCTHtiecKOH o6ecnetieHHOCTH 0,7%. TaKHM o6pa3oM, MOHHTO bi M
1 

H M
2 

OKaJaTIHCb 

qyscTBHTeJibHbi K JHaKy non~pHJaUHH HaneTaiOIJ..(HX .ueiiTpOHOB. DpH STOM 

8 . XO.Ue HJMepeHHH npOBO.llHJIC~ BH3YaJlbHbiH KOHTpOIIb cpopM bl H nOJIO)I(eHH~ nyqKa 

B.lJ.OJlb TpaKTa Me.llJleHHOI'O BbiBO.lla H Henocpe.U.CTBeHHO nepe.U. MHllieHbiO no npOcpHIIOMeT­

paM. KaKHX-JIH6o cymecTBeHHbiX OTJIH'IHH no cpopMe H noJIO)I(eHHIO nyqKa npH pa3HbiX 

JHaKax noii~pH3aUHH He Ha6JIIO.llaJ10Cb. 

}lanee, 6biJIH nposepeHbl COOTHOllieHH~ 

H aHaTIOrH'IHbie Bblpa)l(eH~ .llJI~ M
2

. JiccJie.UOBaHH~ nOKaJaTIH, 'ITO JHatieHH~ MOHHTOpOB 

M 
1 

H M
2

, ycpe.u.HeHHbie no noJIO)I(HTeJibHOMY H oTpHUaTeJibHOMY JHaKaM n0n~pH3aUHH, cos­

na,naiOT B npe.u.enax cTaTHCTHtieCKHX omH6oK c aHanomtiifbiMH JHatieHH~MH s cnyqae OTCYT­

CTBH~ noii~pH3auHH. 3-fo YKaJbiBaeT Ha o6my10 CaMOCOrJiaCOBaHHOCTb H Ha,ne)I(HOCTb CHCTe­

Mbl MOHHTOpHpOBaH~. 

BenHtiHHa acHMMeTPHH pacctiHTbiBaTiacb no cpopMy.iie 

r.u.e N ± - tiHCJIO JapemcTpHposaHHbiX tiaCTHU npH cooTBeTCTBYIOIJ..(HX JHaKax non~pH­
JaUHH, a M ± - HOpMHpOBKa Ha tiHCJIO na.uaiOmHx .u.eiiTpOHOB. 

B KatiecTBe M ± MO)I(HO HcnonbJOBaTb noKaJaHH~ HOHHJauHOHHOH KaMepbi (M
3
), o.uHa-

KO Tll.(aTeJibHOe paccMOTpeHHe OTHOmeHHH ctieTOB N ±I M
3
± H N ±I M1~2) noKaJano, 'ITO B 

HeKOTOpbiX CIIYtJMX Ha6JIIO.UaeTC~ HapymeHHe JIHHeHHOH JaBHCHMOCTH 'IHCJia pacce~HHbiX 

tiaCTHU OT nOKaJaHHH HOHHJaUHOHHOH KaMepbl, B TO Bpe~ KaK .llJI~ JaBHCHMOCTH M
1 

OT 

M
2 

OTKJIOHeHHH He Ha6niO.uanocb. Ha pHc.4a noKaJaHa JaBHCHMOCTb CtieTa MOHHTopa OT 

noKaJaHHH HOHHJaUHOHHOH KaMepbl H Ha pHc.46 - JaBHCHMOCTb n OKaJaHHH HOHHJauHOH­

HOH KaMepbl OT HOMepa c6poca. 8bl.lleJieHHOH 06JiaCTH Ha pHc.4a OOTBeTCTBYIOT OTMetieH­

Hbie CTpenKaMH rpynnbi c6pocos Ha pHc.46. 

3-fOT scpcpeKT MO)I(HO ofu~CHHTb BJI~HHeM KOHetiHbiX H CpaBH MbiX pa3MepOB nyqKa H 

MHllieHH, paccpOKYCHpOBKOH HJIH OTKJIOHeHHeM nyqKa, a TaK)I(e TeM cpaKTOM, 'ITO HOHH­

JaUHOHHM KaMepa pacnOJiaraJiaCb CpaBHHTeJibHO .UaJieKO - Ha pa CTO~HHH 2 M - OT MH­

meHH. }laHHbie . H3 nOKaJaHHbiX Ha pHc.46 c6pOCOB He YtJHTbiBaJIHCb, O.UHaKO BO H36e)l(aHHe 

BOJMO)I(HbiX OuiH60K Mbl npe.unO'IJIH HCnOJibJOBaTb HOpMHpOBKy Ha MOHHTOpbi: 

M + = ~ (Mt + k·M2~. M- = ~ (M1- + k·M2l, (1) 

(2) 

• Bblpa)l(eH~ (1) noJBOJIHJIH HCKJIIOtiHTb JaBHCHMOCTb HOpMHpoBK OT JHaKa nompHJauHH, 

a KOscpcpHUHeHT k BBe.U.eH .llJI~ yqeTa pa3HHUbl reoMeTpHtieCKHX H annapaTypHbiX cpaKTOpOB 
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5. PeJynLTaTbl HJMepeHHH 

Nc6poa. 

3000 

PHc.4. a). 3aBHCHMOCTb cqera MOHHTopa Ml 
OT DOICa3aHHH HOHH3ailHOHHOH KaMepbl. 

Bbme.neHHaJI o6.naCTb HcKJfJO'IeHa H3 o6pa-

60TKH . 6). 3aBHCHMOCTb DOK333HHH HOHH­

JaUHOHHOH KaMepbl OT HOMepa c6poca. 

0rMe'leHHbJe )"13CTKH COOTBeTCTByJOT Bbl­

.lleJleHHOH 06JJaCTH Ha pHc.4a 

o6oux MOHHTopoB. B Ka'leeTBe (2) 

HenOJJb30BaJ10Cb TaiOKe HeJaBHeHMOe 

OTHoweuue M 1° I M2°, o.n.uaKo ue see 

Ha60pbl eTaTHeTHKH npOBO.II.HJIHeb e 

HenonSipH30BaHHbiM n)"'KOM. 

llJJSI Bbl'IHCJJeHHbiX TaKHM o6pa-

30M JHa'leHHH M ± oTuoweuue 

M +I M -, yepe.n.ueuuoe no see ua6o­

paM .D.aHHbiX, paBHO 1,003 ± 0,023 (.IJ.O 

BBe.D.eHHSI nonpaBKH :na BeJIH'IHHa eO­

eTaBJJSIJJa 0,979 ± 0,025). KpoMe To­

ro, paeeMaTPHBaJlOeb OTHOWeHHe 

M ±I M 
3
± .D.JJSI Tex HJMepeHHH, KOTO­

pbie y.n.oBJJeTBopMH eTporHM 

KpHTepHSIM oT6opa no eTa6HJJbHOeTH 

H HHTeHeHBHOCTH nyqKa. llJJSI TaKHX 

Ha6opOB .D.aHHbiX 3TO OTHOWeHHe 

OeTaBanOeb noeTOSIHHbiM B npe.n.enax 

O.D.HOH eTaTHeTH'l,eeKOH OWH6KH. 

Ha pHe.5 nOKaJaHa JaBHeHMOCTb acHMMeTPHH pO)I(JI;eHHSI nHOHOB, KaOHOB H npOTOHOB 

OT KHHeTH'IeeKOH 3HeprHH HaneTaiOlllHX .D.eHTPOHOB. 

B npHBO.D.HMOH HH:lKe Ta6nuue .n.aHbi 'IHeneHHbie JHa'leHHSI nonyqeHHbiX peJynLTaTOB 

HJMepeHHH. 

llJJSI HeKOTOpbiX 3KenepHMeHTaJlbHbiX TO'IeK 6biJJO npOBe.D.eHO DO HeeKOJibKY HJMepe­

HHH.' B 3TOM cnyqae B Ta6nuue YKaJaHo epe.n.uesJseweuuoe JHa'leuue senH'IHHbi aeHMMeT­

pHH e Y'feTOM eTaTHeTH'IeeKHX OWH60K HJMepeHHH . 

Ha6niO.n.aeTCSI YMeHbw euue BeJJH'IHHbl acHMMeTPHH KaK e ysenuqeuneM 3Hepmu uane­

TaiOlllHX .D.eHTPOHOB, TaK H e ysenH'IeHHeM HMnynbea BTOpH'IHbiX qaeTHU. 
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A A 
0.1 0.1 

11+ 11 -
0.08 • - 0.8 GeV/c 

0.08 ~ t • - 0.8 GeV/c 

0.06 0 - 1.0 GeV/c 0.06 
!:::. - 1.0 GeV/c 

0.04 0.04 

~ t 0.02 • 0.02 

~ \ 0 0 

-0.02 -0.02 -

-0.04 -0.04 I I I 

1.5 2 2.5 3 1.5 2 2.5 3 

E (reB /HyxnoH) E (raB/HyxnoH) 
A A 

0.1 0.1 -
K+ p 

0.08 - 0.8 GeV/c 
0.08 -'Y - 0.8 GeV/c 

0.06 - 1.0 GeV/c 0.06 -

0.04 0.04 -

t 0.02 0.02 -
0 0 

-0.02 -0.02 -
¢ 

I I I -0.04 -0.04 
1.5 2 2.5 3 1.5 2 2.5 3 

E (raB/HyxnoH) E (raB/HyxnoH) 

PHC.5 . 3aBHCHMOCTb aCHMMeTpHH polK,lleHIDI 'laCTHU OT KHHeTH'IeCKOH 3H pnm HaJieTaiOUlHX ,lleHT­

pOHOB 

Ta6JiuQa 

E, p, AcHM MeTpHll 
f3B/H)'KJIOH ThB/c 

1t+ 1t- p K+ 

1,23 0,8 om± o.o1 O,D7 ± O,Q2 - 0,006 ± 0,008 -
1,23 1,0 0,05 ± O,Q3 O,Q3 ± O,Q2 - 0,030 ± 0,005 -

2,5 0,8 0,016 ± 0,005 0,012 ± 0,05 - O,Q3 ± O,Q3 

2,5 1,0 - O,Q2 ± O,Q2 0,003 ± 0,003 -
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Mbi ua,neeMCjl, 'ITO nonyqeHHbie naHHbie 6ynyr noneJHbi ,UJljl KpHTHtJecKoro aHaJIHJa H 
pa3pa60TKH paJJIH'IHblX TeOpeTH'IeCKHX OO!{XO!{OB. 

6. EnaronapuocTH 

Mbi 6naronapHM PoccHHCKHH <t>oun <t>yunaMeHTaJibHbiX HccnenosaHHH (rpaHT N~94-02-
03515) H <l>oun Copoca (rpaHT N~N6K300) Ja nonnep)I(KY :noli pa6oTbi. 

Mbi npHHOCHM my6oKyiO 6naronapHocTb A.M.EannHHy, A.C.BononMmosy, A.Jl..Kosa­
neuKo H A.H.CHCaKj!HY Ja nocTOjjHHOe BHHMaHHe H aKTHBHOe CO!{eHCTBHe HaiiiHM HCCJieao­
BaHHjjM. 

ABTopbl HCKpeuue npHJHaTenbHbi IO.A.Tiaue6paTuesy, H.M.TIHcKyuosy, A.H.Tipo­
Ko<Pbesy, E.A.CTPOKOBCKoMy, M.B.ToKapesy H B.A.lllaposy Ja noneJHbie coseTbi H o6c~­
neHHjl. 

Mbi TaK)I(e npHJHaTeJibHbi A.E.KypenHHY Ja npenocTaBJieHHYIO BOJMO)I(HOCTb BbinOJI­
HeHHjl HJMepeHHH ua ycTaHOBKe KACTII1A 115111 PAH. 

CtJHTaeM CBOHM npHliTHbiM nonroM BbipaJHTb HCKpeHHIOIO 6naronapuocTb coTpyaHHKaM 
fla6opaTOpHH BbiCOKHX 3HeprnH 0115111, OKaJaBWHM nOMOIUb B nposeaeHHH 3KCnepHMeHTa, 
a TaK)I(e o6ecne'IHBWHM pa60TOCnOC06HOCTb BCeX CHCTeM CHHXPOlPaJOTpOHa H OOllllpH30-
BaHHOro HCTO'IHHKa. 
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SPACE CORRELATIONS AND FINAL STATE INTERACTION 
IN THE DEUTERON AND HELIUM NUCLEI 
BREAK-UP REACTIONS 

V. V.Glagolev, ].Hlavdcova1, A.K.Kacharava1
, K.U.Khairetdinov3

, 

N.B.Ladygina
2 
R.M.Lebede~ A. G.Mamulashvili2, G.Martinska 4, 

M.S.Nioradze , B.Pastircdk , G.D.Pestova, L.Sdndor5
, 

S.S.Shimanskiy, T.Siemiarczuk6, ].Stepaniak6, ].Vrbdn4 

The work in beams of accelerated nuclei opens new possibilities for studying the final state 
interaction (FSI). In particular, we can see the most sensiQie way of FSl observation through 

correlation effects in reactions of the lightest nuclei disintegration, as 2 , 3He and 4He. The 
experimental data are presented on the angular correlations in the reactions dp --t ppn, 
3He --t dpp and 3Hep --t 3Hepn in the region of 1-4 GeV per nucleon for different intervals 
of the momentum transfer. The strong asymmetry is connected with FSI. We discuss also FSI 
with virtual isobaric excitation. 

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

IIpocrpaucrueuubie KoppeJIJIU:HH u B33HMOJJ:eifcruue B KOHC'IHOM co­

CTOJIHHH B peaKU:HJIX )J;C3HHTerp3U:HH JI)J;pa )J;eifTepHJI H reJIHJI 

B.B.FltaZOJte6 u op. 
HcCJJeJlOBaHHJI 8 Il)"'Kax YCKOpeHHbiX ll)l.ep OTKpbiBaiOT HOBbie 803MOJKHOCTH H3}"leHHJI 

B3aHMO)leHCTBHll B KOHe'!HOM COCTOliHHH (BKC). B '!aCTHOCTH, MOJKHO YBHJleTb HaH60Jiee 
'JYBCTBHTeJibHbiii nyrh Ha6.moneHHll BKC '1epe3 Koppenlll.IHOHHbie 3<lJ!fleKTbi B peaKLIHJIX ne3-

HHTerpal.IHH nerKHX liJlep, TaKHX KaK 2H, 3He H 4He. npe)lCTaBneHbl 3KC epHMeHTanbHbie )laH­

Hbie no yrnoBbiM KoppenliL(HliM Jlnll peaKL(Hii dp --t ppn, 3He --t dpp H 3Hep --t 3Hepn B o6-
naCTH 3Heprnii 1-4 f3B Ha HYKflOH Jlnll pa3nH'IHbiX JlHalla30HOB nepenaHHbiX HMnynbCOB. 
C»nbHall acHMMeTpHll CBll3aHa c BKC. 06cylKJlaeTcll TaKJKe BKC c B036YJKJleHHeM BHpryanb­
HbiX H306.ap. 

Pa6oTa BbmonHeHa s Jla6opaTOpHH BbiCOKHX 3Heprnii OHSIH. 

1Technical University, Kosice, Slovak Republic 
2High Energy Physics Institute, Tbilisi State University, Tbilisi, Georgia 
3Lebedev Institute of Academy of Sciences, Moscow, Russia 
4University of P.J .Safarik, Kosice, Slovak Republic 
5Institute of Experimental Physics, Slovak Academy of Sc.iences, Kosice, Slovak Republic 
6Institute for Nuclear Research, Warsaw, Poland 
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1. Introduction 

The final state interaction (FSI) has been predicted many years ago [1]. There are a lot 
of results of the intermediate energy region, for example [2] . The acceleration of light 
nuclei opens new possibilities for space correlation studies on the 41t-detectors. In this 
work we, discuss the experimental results on pionless light nuclei disintegration at dp, 
3Hep and 4Hep reactions in 1-4 A GeV region. The experiment was made in the 100 em 
hydrogen bubble chamber at proton synchrotron of High Energy Physics Laboratory of the 
Joint Institute for Nuclear Research (Dubna). The fragmentation processes investigations in 
accelerated nuclei beams have an advantage because most of secondary particles are fast 
and good measurable. 

The systematical errors are practically absent. 

2. Experiment 

The interactions of accelerated 2H, 3He and 4He nuclei have been investigated on the 
pictures of 100 em HBCh. All pionless channels except full disintegration have not more 
than one neutron and are kinematically defined. The cross sections of the reactions are 
listed in Table 1. The most of events (near 75000) were obtained for dp ~ ppn reaction and 
subdivided by direct and charge exchange (the neutron is the most fast nucleon in the rest 
deuteron system) channels. 

All quantities in· the following are to be understood with respect to the nuclei rest 
frame. 

No. I Reaction 

I 

I 
dp -+ppn 

2 JHep-+ dpp 

3 I 3Hep-+ pppn 

4 I 4Hep -+ 3Hepn 

5 I 4Hep-+ 3Hpp 

6 I 4Hep-+ ddp 

7 I 4Hep-+ dppn 

Table 1. Cross ~tions of the pionless reactions 

I Momentum per I 
nucleon [GeV/c] 

I 
1.67 

I 4.5 

I 4.5 I 

I 2.15 I 

I 2.15 I 

I 2.15 I 

I 2.15 I 

a [mb] 

37.2 ± 1.4 

7.29 ± 0.14 

6.90 ± 0.14 

12.6 ± 0.2 

12.28 ± 0.22 

1.53 ± 0.08 

9.91 ±0.21 

Momentum per 
nucleon [GeV/c] 

3.37 

3.37 

3.37 

3.37 

a[mb] 

7.62 ± 0.13 

7.46 ± 0.18 

0.86 ± 0.06 

4.37 ± 0.14 
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3. Results and Discussion 

3.1. Rescattering and Coalescence. In the frame of 
simple impulse approximation (lA) we wait factorization 
for two vertices of quasielastic scattering diagram and 
isotropic Treiman - Yang angular distribution. But it is 
working only up to 50-70 MeV/c Fermi motion 
momentum [3,4]. More full systematical investigations 
have led to observation of strong angular dependence on 
spectator momentum. Kinematics of the break-up 
reaction is presented in Fig. I. Here k is the momentum 
of the projectile proton, p

3 
is the momentum of the fast 

proton. The slowest nucleon we shall call a spectator 
nucleon. It is nucleon with p1 or p2 momentum. Further, 

we consider the angle between the spectator momentum 
q. Ps 

ps and transfer momentum q: cos a= lql . lp 
1 

[5]. 
s 

53 

Fig.! . Kinematics of deuteron­
proton brea~-up reaction 

To summarize the information on the angular distribution, we use an asymmetry 
parameter expressed in the following form 

A 

dp ~ ppn dlr. ch. 

0.0 < IU < 0.1 

dp ...., ppn dir. cb. 

N(a < 90°)- N(a > 90°) 
N(a < 90°) + N(a > 90°) · 

dp -+ ppn dir. ch. 

0. 1 < IU < O.Z 

dp ...., ppn dir. ch. 

• •••• 

dp ...., ppn dir. ch. 

O.Z < IU < 0.3 

- 1.~ . 0 o.z 0.4 0 .6 0 .0 o.z 0.4 0.6 0 .0 o.z 0 .4 0.6 
foiOMENTUlol OF SPECTATOR (GeV /C) MOMENTUM OF SPECTATOR (GeV /C) MOMENTUM OF SPECTATOR (GeV /C) 

Fig.2. Momentum distributions of asymmetry parameter: the dashed and full lines correspond 
to contributions of lA diagrams and lA + FSI ( S + D wave DWF) 
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The A-parameler distribution for direct channel 
of dp --+ ppn reaction and theoretical curves are 
presented in Fig.2 over a wide region of the spec­
tator momentum at different transfer momentum. 

We see strong FSI correlations in the region 
0.1--0.4 GeV/c. 

Number of events in the 3He and 4Hep 
reactions is smaller than in dp ones. For this reason 
we may compare a behaviour of symmetry para­
meter only up to 350 MeV/c spectator momentum. 
This behavior is presented in Fig.3 for three dif­
ferent pionless reactions. 

It is possible to make the conclusion that break­
up mechanism of all light nuclei is the same. 

Let us say some words about coalescence. For 
example, in the frame of close approximation the 

channels 3Hep --+ 3Hep, 3Hep --+ dpp and 3Hep --+ 

--+ pppn have some correlation. The 3Hep --+ dpp 
reaction has two groups of deuterons: slow (spec-

tators) and fast (Fig.4). Just as for 3ijep--+ pppn 
reaction there is significant asymmetry in cos <X for 
neutron spectator (A= 0.34 ± 0.04) and asymmetry 
is absent for proton spectator (A = 0.04 ± 0.03) [6]. 

¢ b The deuteron spectra and correlations in 4Hep reac-
+~cp ## tions have the similar behavior [7]. We connect this 

t.!l 200 

"' ~ + 
c.. 
"'CI 
....... 100 
z 

¢ correlations with a group of fast deuterons formed 
4> • 0 4> 4>4> • 

a> a> • a>"' t1> through coalescence. 
•... a>ooa>a>a> 3.2. Isobaric Excitation. Isobaric state -. 

0 .6 excitation and interaction kind of NN--+ 7tNN--+ 

"'CI 

0~ 
0 .0 0.4 0.2 

P• ( GeV/c ) 

Fig.4. Momentum spectra of the deuterons 

for the 3Hep -+ dpp reaction: 

--+ AN --+ NN inside of nuclei are another type of 
f"SI. This influence we saw in dp --+ ppn reaction as 
strong magnification of high-energy tail of spec­
tator momentum spectrum [5,8,9] . In Fig.5 are pre­
sented proton and neutron spectator spectra in the 
different angular intervals of backward hemisphere 
for this reaction. · 

a) deuteron is the slowest particle 
b) proton is the slowest particle 

The ratio of proton to neutron yields is 5 due to the two-step process with ~-isobar in 

intermediate state for dp--+ ppn reaction [10]. Similar effects also take place in 4He--+ pX 

reaction [ 11] and are weakened with energy increase. In Fig.6 we demonstrate the 

experimental ratio of slow proton to neutron for the dp --+ ppn and 4Hep --+ dppn reactions 

in different regions x = T T versus emission angle. 
max 
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10' •• dp -> ppn 10' •• dp -> ppn 10 . •• dp-+ppn 
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Fig.5. Spectra of p-spectator ( «0») and n-spectator ( «~») momenta 

• dp -+ ppn • 

I 
4Hep->dppn z z_ 

-...... -....... 
"' J 

.. 
z • 

+ 
z • 

+ f 
<!> 

¢ 

~ 0 <D <D <D 
0 0 0 0 <D 

f 
il1.o 0.0 1.0 ili.O - 0.0 1.0 

cose cose 

Fig.6. The proton-to-neutron ratio versus cos e for dp ~ ppn and 4Hep ~ dppn reac­
tions. Black circles relate to x > 0.5; open circles, to x < 0.5 

Conclusions 

Experimental investigations in the beams of accelerated nuclei in 41t geometry give the 
possibilities of studying different kinds of FSI. It is needed to take into account strong 
correlation and coalescence FSI effects in wide energy region and isobaric influence near 
thresholds of the corresponding isobars. 

This work is supported in part by the Russian Fund of the Fundamental Investigation 
(grant No.93-02-3961). 
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CTATHCTINECKA.H MO,UE.Jih II CE~HH.H OliPA30BAHH.H 

HCllAPHTEJihHhiX llPO,UYKTOB B PEAK~HH 22Ne + 1900s 
llPH ~HEPffi.HX liOMiiAP,UHPYIOID;HX HOHOB 
6,0 + 10,0 M3B/H}'KJIOH 

A.H.AHopeeB, p.p.HozoaHoB, M.BeceJlbCKu*, A.B.Epe.MuH, 
A.II.Ka6arteHKo, O.H.Ma.n,wmeB, IO.a.o-zaHec.RH, A.F.I101zeKo, 
H.Poxa'l, P.H.CazauoaK, r.M.Tep-AKOnb.RH, B.H.qenuzuH, m.mapo* 

B pea.KUHH 22Ne+ 1900s H3MepeHLI ceqeHHJI o6pll3ooaHHJI HcnapHTeJJLHLIX npo.!lyKToo ·o 

xn-, pxn- H axn-KaHaJiax .!leB036yJKJleHHJI KOMnayH.!l-JI.!lpa 2 i2Rn o .!lHanaJoHe ::meprnii B036yJK­
.!leHHJI oT.80 .!lO 160 M::~B . CpaoHeHHe 3KCnepHMeHTaJILHLIX ,!laHHLIX c pacqeTaMH no CTaTHC­
THqecKoii MO,!le.JIH ,!leB036y)I(JleHHJI KOMnayH,!l-ll,!lpa nOKll3aJIO, qTO He06XO,!lHMbiM YCJIOBHeM CO­
maCHll 3KCnepHMeHTaJ!bHbiX H pacqeTHbiX ,!laHHbiX liBIIJieTCJI yMeHbUieHHe Be.JIHqJ.IH JKH.!lKOKa­
neJibHbiX 6apbepoo ,!leJieHHll )l.Jill HeiiTpOHO.!le<jJHUHTHblx H30Tonoo Rn, At H Po Ha 30 + 40% 
no cpaoHeHHIO c 6apLepaMH, ·nonyqaeMLIMH o pacqeTax no MOJieJIJIM KoeHa - ll.naJHJia -
ColiTeUKOro HJIH CHpKa. npooe)leHiiblii JIOnOJIHHTe.JibHO aHaJIH3 60JibUIOro MaCCHBa 3KCnepH­
MeHTaJ!bHbiX )laHHbiX (OKOJIO 15 KOM6HHaUHii MHUieHb- qacTHUa H 50 JIJiep-npOJIYKTOB) noKa-
3aJI, qTQ YMeHLUieHHe lKH.!lKOKaneJJLHLIX 6apbepoo JleJieHHll Ha 30 + 40% no cpaoHeHHIO c 
TeopeTJ.tqeCKHMH npeJICKa3aHHliMH HOCHT YHHBepCaribHbiH xapaKTep H a6JIIO,!laeTCll )l.JIJI BCeX 
HeiiTpOHOJie<jJHUHTHLIX HYKJIHJIOB B o6nacm OT Bi .!lOU. · 

Pa6oTa BLmOJIHeHa B Jla6opaTOpHH liJiepHLIX peaKUHii HM.f .H.<llnepooa OIUII1. 

Statistical Model and Production Cross Sections 

for Evaporation Residues in the Reaction 22Ne + 19 Os 
at the Ion Bombarding Energies 6.0 + 10.0 MeV/n cleon 

A.N.Andreyev et al. 

Production cross sections were measured for evaporation residues obtained in xn-, pxn-, and 

axn-deexcitation channels of the 212Rn compound nucleus created in the excitation energy 

range of 80--160 MeV in the reaction 22Ne + 1900s. The comparison of the experimental cross 
sections and the values, calculated using the statistical model f compound nucleus 
deexcitation (HIV AP code) showed that an inevitable condition for the agreement of expe­
rimental and calculated values is the lowering of the liquid drop fission barrier height for 
neutron deficient nuclei of Rn, At, and Po by 30 + 40% in compari son with the barriers, 
obtained from calculations using the Cohen - Plasil - Swiatecki or Sierk models . An ad-

•YHHoepcHTeT HMeHH 51Ha KoMeHcKoro, EpaTHCJiaoa, CnooaKHll 
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ditional analysis of a large number of experimental data on the evaporation residue cross 
sections have showed that the decrease of the liquid drop fission barrier values by 30 + 40%, 
in comparison with the theoretical ones, has ~ universal character and is observed for all 
neutron deficient nuclei from Bi to U. 

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR. 

Bse,lleHHe 

J1JBecTHO, 'HO ,ll.ll.ll KOMnayH,Il-.ll,llep e Z ~ 82, o6paJyJOll{HXe.ll B peaKUH.IIX e T.ll)l(e.TibiMH 

HOHaMH, ee'leHHe ,lleJieHH.II eoBna,llaeT HJIH 6JIH3KO K ee'leHHJO eJIH.IIHH.II ,lla)l(e B OKOJI06apb­

epHOH o6naeTH :mepntH 6 oM6ap.II.HpyJ0ll{HX HOHOB. Tio 3TOH npH'IHHe B 3TOH o6naeTH .ll,llep 

peJKO yMeHbWaeTe.ll 'lyBeTBHTe.TibHOeTb MeTO,Ila Onpe,lleJieHH.II 6apbepOB ,lleJieHH.II no <!JopMe H 

nOJIO)I(eHHJO <!JyHKUHH B036~eHH.II ,lle.riHTe.ribHOH MO,Ilbl paena,lla, yeneniHO HenOJibJyJOll{e­

roc.ll .llJl.ll 6onee nerKHX .11.11.ep (eM., HanpHMep, o6Jop [1]). KaK ene,lleTBHe, Tpe6osaHH.II K 

TO'IHOCTH HJMepeHH.II ee'le HHH ,lle.rieHH.II, HeOOXO,IlHMOH ,ll.ll.ll onpe,lle.rieHH.II Be.TIH'IHH 6apbepOB, 

pe3KO BOJpaeTaJOT H npaKTH'IeeKH BbiXO,Il.IIT Ja npe,lleJibl peaJibHbiX BOJMO)I(HOeTeH 3Kene­

pHMeHTa. 

B TO )l(e BpeM.II HeO,IlHOKpaTHO OTMe'laJIOeb (eM., HanpHMep, (2]), 'ITO B 3TOM enyqae 

qyseTBHTe.ribHbiM H npaKTH'IecKH YHHBepeanbHbiM MeTO.IlOM onpe.lle.rreHH.II 6apbepos ,lleneHHll 

H ,llpyntX xapaKTepHeTHK BOJ6~eHHbiX ll,llep, HenOJibJYJOll{HXell npH OnHeaHHH npoueeea 

,lleBOJ6~eHH.II KOMnayH,Il-.ll,llpa B paMKaX eTaTHeTH'IeeKOH MO,Ile.TIH HenapeHH.II, MO)I(eT eTaTb 

aHanHJ ee'leHHH o6paJOBaHH.II HenapHTe.ribHbiX npO.IlYKTOB. PeanhHO .II.OeTH)I(HMal! 

'IYBCTBHTeJibHOCTb TaKOrO nO,IlXO,Ila 6biJia, B 'laeTHOeTH, npO,IleMOHeTpHpOBaHa B pa6oTaX 

[3,4] Ha npHMepe aHanHJa ee'leHHH o6paJosimH.II HeHTpOHO.Ile<!JHUHTHbiX HJOTonos Bi e 

MaeeoBbJMH 'IHenaMH 187 ~A ~ 192, o6paJyJOll{HXell B peaKUHliX nonHoro eJIHliHH.II e 

HOHaMH 
4
°Ca H

40 
Ar . Ebmo noKaJaHo, 'ITO .llJlll 3THX HYKJIH.II.OB yse.rrH'IeHHe 6apbepa ,lleneHHll 

Ha -20% npHBO,IlHT K p o eTy pae'leTHbiX ee'leHHH HenapHTeJibHbiX peaKUHH Ha nOJITOpa 

nop.ll,llKa BeJIH'IHHbl, B TO BpeMll KaK epaBHHTeJibHO JierKO ,llOeTJ.f)I(J.fMal! TO'IHOeTb HJMepeHHll 

a6eonJOTHbiX seJIH'IHH ·ee•IeHHH eoeTaBJil!eT <!JaKTOp 1,5 + 2,0. TaKHM o6paJOM, npH epas­

HeHHH peJyJJbTaTOB pae'leTa e 3KenepHMeHTOM MO)I(eT 6biTb nonyqeHa BbieOKal! TO'IHOeTb 

onpe,lleJieHH.II Be.TIH'IHH 6ap bepOB ,lleJJeHHll, KaK napaMeTpOB B paMKaX HenOJibJyeMOH B pae­

'leTaX MO,IleJIH HenapHTeJibHOro ,lleB036y)l(.lleHH.II KOMnaYH,Il-ll,llpa. Bonpoe 0 eTeneHH eOOT­

BeTeTBHll BeJIH'IHH 6apbepOB ,lleJieHH.II, H:jBJieKaeMbiX npH TaKOM aHaJIHJe, HX peanbHbiM 3Ha­

'leHH.IIM, B ,llaHHOM cnyqae , B 60JibWeH eTeneHH eTaHOBHTell BOnpoeOM 0 ,llOeTOBepHOeTH H 

o6oeHOBaHHOeTH HenOJib30 BaHHbiX B pae'leTHOH MO,IleJIH nO,IlXO,IlOB H e,lleJiaHHbiX npe,llnOJJO­

)I(eHHH. 0TBeT Ha 3TOT BOn poc He npe,lleTaBJI.IIeTell npoeTbiM H Tpe6yeT, KQK MUHUMyM, npO­

Be,lleHHll eHeTeMaTH'IecKH X 3KenepHMeHTaJibHbiX ,llaHHbiX H ero noene,llyJOll{erO aHaJIH3a. 

B npe.llbi.II.YmHx pa6oTax HaMH 6biJIH HJMepeHbi ee'leHH.II H npose,lleHo epasHeHHe 3Ke­

nepHMeHTaJibHbJX ,llaHHbiX e pae'leTHbiMH Be.riH'IHHaMH ee'leHHH o6pa30BaHH.II HenapHTeJib-

HbiX npO.IlYKTOB, o6pa3yJOll{HXell npH ,lleB036~eHHH KOMnayH,Il-.ll,llep 
191

' 
193

• 
19

9si ( 4,5], 
200.202Po [ 6,71, 199,205,207A t [ 8,91, 216,218,22~a [ 10,111, 217,219Ae [ 121 "228,23ctJ. HaeTo.ll-

ll{al! pa6oTa liBJilleTe.ll npO.IlOJI)I(eHHeM 3THX HeeJie,llOBaHHH ,ll.ll.ll KOMnayH,Il-.ll,llpa 
212

Ra. HeKO­

TOpOH ,llOnOJIHHTeJibHOH o eo6eHHOCTbJO ,llaHHOH pa60Tbl .IIBJI.IIeTe.ll TO, 'ITO 60JibWal! 'laeTb 

3KenepHMeHTaJibHbiX ,llaHHbiX OTHOeHTe.ll K 06JiaCTH 3HeprHH BOJ6y)l(,lleHH.II KOMnayH,Il-.ll,llpa 

BbJWe 100 MaB, a TaK)I(e TO, 'ITO ,ll.ll.ll pae'leTOB ee'leHHH HenOJibJOBaJie.ll xopowo HJBeeTHbiH 

KO,Il HIVAP. 
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3tccnepHMeHTanbHaH MeTOJJ:HKa H peJynhTaTbi HJMepe Hii 

3KcnepHMeHTbi npoBOJJ:HnHCb ua Bb!Be.o;eunoM nyqtce -QHKnOTpoua Y-400 JUIP OlUil1. 

l1cnonb30BanHCb nyqKH HOHOB 
22

Ne C uaqanbHbiMH :mepmHMH 160, 192 H 217 M3B . liH-

6 - 2 1011 -1 TeHCHBHOCTb nyqKa Ha MHWeHH OrpanHqHBanaCb H B Cpe.o;HeM billa paBHOH · C . 

YMeHbWeHHe 3HepmH 6oM6ap.o;HpyiOII..IHX HOHOB c waroM 3-6 M 3B npoBOJJ:HnOCb c no­

MOII..IbiO aniOMHHHeBbiX H THTaHOBbiX nornOTHTeneii. 3uepmH 60M6 ap.o;Hpy1011..1HX qaCTHI..I H3-

MepHnaCb nonynpOBO)J;HHKOBbiM )J;eTeKTOpOM, pacnonmtceHHbiM nocne MHWeHH, no 3HeprHH 

HOHOB, pacceHHHbiX Ha yron 30° Ha BemecTBe MHWeHH. KanH6pOBKa .o;eTeKTOpa ocymeCTB­

nHnaCb C nOMOII..IbiO CTaH.o;apTHbiX <X-HCTOqHHKOB H KanH6pOBaHHbiX OMHqeCKHX .o;enHTeneii . 

llonpaBKH Ha HeHOHHJaQHOHHbie noTepH H noTepH 3HepmH B «MepTBOM» cnoe )J;eTeKTOpa 

He yqliTbiBanHcb. TaKaH MeTOJJ:HKa HJMepeuHii noJBOnHeT onpe.o;enHTb a6coniOTHbie JnaqenHH 

3Hepmii 6oM6ap.o;HpyiOII..IHX HOHOB cAs; 40 c ToquocTbiO ± (1,0 + 1,5)% HnH '± 2,0 M3B .o;nH 
OnHCbiBaeMbiX 3KCnepHMeHTOB. ToqHOCTb onpe.o;eneHHH OTHOCHTen bHbiX B'enHqHH 3HeprHH 

HOHOB B 2-3 paJa nyqwe H cocTasnHeT ± (0,7 + 1,0) M3B. 

B 3KcnepHMeHTax HcnonbJOBanacb ueno.o;BH)ICHaH MHweHh HJ paJ.o;eneuuoro HJOTona 
1900s TOflii..IHHOH 280 MKr/cM

2
. Co.o;ep)ICaHHe B MHWeHH ):lpymx H3 TOnOB OCMHH COCTaBnHnO 

1,02%, 0,64% H 0 ,47% )J;nH H30TOnOB C MaCCOBbiMH qHC.iiaMH 192, 189 H 188 COOTBeTCTBeH-

HO. MHWeHb 6bma H3rQTOBneHa MeTO)J;OM HanhmeHHH Ha TOHKYIO (36 MKrfcM2) rpa!f>HTOBYIO 

nO)J;no:lKKY . H C nHQeBOH CTOpOHbl 6hma TaK)ICe Janblneua CnOeM rpa!f>HTa C TOflii..IHHOH 

= 5 MKr/cM
2

. 

llpOJJ:YKTbl peaKUHH nonHOrO CflHHHHH OT.o;enHnHCb OT npOJJ:ytcTOB peaKQHH rny60KOHe­

ynpymx nepe.o;aq H 6oM6ap.o;HpyiOII..IHX HOHOB c noMOII..IbiO KHHeMaTHqecKoro cenapaTopa 

BACI1ITI1 CA [ 15,16] . 3To TpexcryneuqaTbiii 3neKTpocTaTHqecKHii cenapaTOp c TeneCHbiM 

yrnoM JaxBaTa 15 MCp H nonocoii nponycKaHHH ± 10% no 3neKTpHqecKoii )ICeCTKOCTH. llpH 

6biCTpo.o;eiiCTBHH, 6nH3KOM K OJ];HOH MHKpoceKyH.o;e, OH o6ecneqH aeT 3!f>!f>eKTHBHOe paJ.o;e­

neHHe npo.o;ytcTOB peaKuHii nonuoro cnHHHHH, npOJJ:YKTOB peatcQHii nepe.o;aq H 6oM-

6ap.o;HpyiOmero nyqtca. 3!f>!f>eKTHBHOCTb cenapauHH .o;ng npOJJ:YKTOB peatcuHii nonuoro 

CflHHHHH JaBHCHT OT MaCChi 6oM6ap.o;Hpy1011..1ero HOHa H )J;nH KOMnayH)J;-g.o;ep C A > 200 MeHH­

eTCH OT 2 + 3% )J;nH peaKUHH C HOHaMH KHCnopo.o;a )];0 25 + 30% )J;nH peaKQHH C HOHaMH 

aproua H KanbQHH. B onHCbiBaeMbiX 3KcnepHMeHTaX 3!f>!f>eKTHBHOCTb cenapauHH HJMeps-

nach B Ka)ICJJ:OM o6nyqeHHH. C HCnOnbJOBaHHeM KanH6pOBOqHOH peaKQHH 22Ne (135 

M3B) + ecT.W (340 MKr/cM2
); OHa COCTaBnHna B paJnHqHbiX o6nyq HHHX OT 3,7% )];0 5,3% B 

JaBHCHMOCTH OT pe)ICHMa HaCTpOHKH cenapaTopa H xapaKTepHCTHK BbiBe.o;eHHOro nyqKa. 

llpH HJMepeHHHX 3!f>!f>eKTHBHOCTH cenapaQHH npHMeHHnCH MeTO)J; HJMepeHHH OTHOWeHHH 
a-aKTHBHOCTeii : B !f>oKanbHOH nnOCKOCTH CenapaTopa H Ha c6opHHKe, pacnOflO)ICeHHOM 

nocne MHWeHH · [12], a TaK)ICe npHMOe cpaBHeHHe Bb!XOJ];OB <X-aKTHBHOCTeH B peaKQHHX Ha 

KanH6pOBOqHOH HnH pa6oqe}i MHWeHHX B pa3nHqHbiX o6nyqeHHHX. l13MepeHHbie JHaqeHHH 

3!f>!f>eKTHBHOCTH HCnOflb30BanHCb npH BblqHcneHHH ceqeHHH X11- H pxn-peatcQHH. llpH 

BbiqHcneHHH ceqeHHH <XXn-peatcQHH HJMepeHHaH BenHqHua 3!f>!f>eKTHBHOCTH cenapaQHH 

YMeHbwanacb B wecTb pa3 HJ-Ja 6onee WHpotcoro yrnoBoro pacnpe.o;eneHHH npOJJ:YKTOB .o;ng 
3THX peatcuHii. Ko3!f>!f>HUHeHT yMeHbWeHHH 3!f>!f>eKTHBHOCTH ce apauHH .o;ng axn-Kauana 

)J;eB036~eHHH 6hm onpe.o;eneH HaMH 3KCnepHMeHTanbHO B 6nH3KOH K HCCneeyeMOH peatc-

QHH 
22

Ne+ 
197

Au [12] . 
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PerncYpauH" smep OT.Il8'1H H HJMepeHHe :meprnu Hx a-pacna.nos ocymecTammocb B 

<tx>KanbHOH nnOCKOCTH cenapaTopa .lleTeKTHPYJOilleH CHCTeMOH [ 17), COCTO"IlleH H3 .llBYX 

WHpOKOanePTypHbiX BpeMsmpOJieTHbiX .o;eTeKTOpOB C BpeMeHHbiM pa3pellleHHeM 0,5 HC H 

BOCbMHCYpHnOBOro nonynp OBO.IlHHKOBOro .lleTeKTopa pa3MepOM 50 X 70 MM H pa3peweHHeM 

== 15 K38 .llJI" a-<JacTHU c aHepfHj!MH B .nHanaJoHe aHeprnii OT 6 .no 9 MaB. Jln" «rpy6oii» 

KaJIH6pOBKH nonynpOBO.IlHHKOBOro .o;eTeKTopa HCnOnb30BaJ1Cji BHeWHHH <l-HCTO'IHHK -
22~a 0KOH'f8TenbH3jl KaJIH6pOBK8 .o;eTeKTOpa npOBO.IlHn8Cb C nOMOillbiO HMnnaHTHpOBaH­

HbiX B .neTeKTop <X-HJnyqaTeneu - npo.nyKToB peaKUHH 
22

Ne + W,Os,Pt. 

H.neHTHci>HKauH" H~H.IlOB nposo.o;Hnacb no aHepm"M Hx a-pacna.nos H ci>YHKUH"M B03-

6yx.neHHjl. BenH<JHHbi <X-BHnOK, Heo6xo.o;HMbie .llJI" Bbi'IHCJieHH" ce<JeHHH o6paJosaHHjl H30-

Tonos H H30Mepos Po, At H Ra B HcnapHTenbHbiX KaHanax peaKUHH 
22

Ne + 190
0s, 6panHCb 

H3 pa60T [18,19]. Jln" HJOMepa 
202At c aHepmeu a-pacna.na, paaHoii 6,228 MaB, senH<JHHa 

<X·BHnKH C'IHTaJ18Cb paBHOH 15% Ha OCHOBe CHCTeMaTHK. H3 3KCnepHMeHTaJ1bHO H3MepeH­

HbiX BbiXO.IlOB Bbi'IHTaJICji BKn3.1l, CBji38HHbiH C pacna.noM MaTepHHCKHX H~H.IlOB. Ce<JeHHji 

TafimllUl l. Ce'leHH.8 xn-peaiUlllii npH )leaol6YQeiDDI KOMDB)'Im·IIJlpa 
212Rn 

22Ne + 1900s 

.ENe• E'. Ce'ICHHe, MK6 

M3B M38 
7n° 8n 9n IOn lin 12n 13n 

129,5 78,0 27700 1700 

134,0 82,0 20400 4600 

138,0 85,5 12800 6300 130 

142,5 89,5 7000 7700 650 10 

148,5 95,0 3000 6000 2050 20 

151,0 97,5 2000 5100 2670 30 

155,5 101,5 1000 2700 3000 135 

161,0 106,0 1150 1900 370 3 

167,5 112,5 510 1400 520 10 

173,0 117,0 250 690 450 33 

176,0 119,5 180 470 340 39 

181,5 124,5 220 210 57 

187,0 129,5 130 140 58 2,0 

192,5 134,5 90 110 42 2,5 

199,5 141,0 100 29 3,6 

208,0 148,5 18 2,9 0,25 

217,0 156,5 - 10 1,8 0,75 

a)BICJiall OT peaKUHH 6n HC Bbi 'ITCH. 
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Tafilluua 2. Ce'leHHJI WIJI pxn- u axn-peaKuuii npu ):{eBo36YJKJ(eHHH 212Rn 

ENe• . E* Ceqeuue, M6 
' 

"tvhB M3B p8n p9n piOn plln <X9n a !On a11n 

151,0 97,5 1,7 

155,5 101,5 2,2 1' 1 

161,0 106,0 2,2 2,9 0,12 

167,5 112,5 1,8 4,0 0,22 5,7 

173,0 117,0 1,0 4,0 0,44 6,3 0,8 

176,0 119,5 1,1 4,0 0,53 8,4 1,4 

181,5 124,5 0,7 3,0 0,88 9,9 2,5 

187,0 129,5 0,3 2,1 1,06 0,32 7) 3,3 

192,5 134,5 0,2 1,6 1,18 0,90 6,0 3,8 1,3 

199,5 141,0 1,2 1,07 : 0,95 4,2 3,2 1,5 

208,0 1_48,5 0,6 0159 1,10 3,6 2,2 2,2 

217,0 156,5 0,3 0,36 1,17 2,1 2,3 

o6pa30BaHH}l HYKJIH.nOB B OCHOBHOM H H30MepHbiX COCTO}IHH}IX C)'MMHpOBaiiHCb. Tipu Bbi'IHC­
neHHH 3Hepruu B036)')J(,[(eHH}l KOMnaytm-smpa HaMH HCDOnhJOBaiiHCb 3KCnepuMeHTaiibHbie 

JHa'leHH}l Mace HYKJIH.!I;OB H3 Ta6nuu (20). TionyqeHHhie B peJyn hTaTe TaKOU o6pa60TKH 
.o;aHHbiX Benn'IHHbl Ce'leHHH .o;ng peaKI.{HH C Ja.D;aHHbiM 'IHcnOM H THDOM ucnapHBlliHXC}l qac­
THQ npune.o;eHbi B Ta6n. 1 u 2, a TaKxe noKaJaHbi ua puc.1 BMecTe c peJynhTaTaMu pac'leToB 

no nporpaMMe HIVAP. 

CTaTucTu'lecKag TO'IHOCTh uJMepeuuii Bhixo.o;on OT.o;enhHhiX uyKnu,non cocTanngna B 
.o;aHHhiX 3KcnepuMeHTax ± 5% .o;ng uJoTonoB u uJoMepon Rn u ± (1 0 + 15)% .o;ng uJOTonon 

u HJOMepon At u Po. B ocHOBHOM, oua onpe.o;engnach TO'IHOCThiO yqeTa <}>oua no.o; Bbi.o;eneu­

HhiM 0.-DHKOM H He06XO.!I;HMOCTbiO yqeTa BKna.o;a OT pacna.o;a MaTepuHCKHX HYKJIH.nOB (.o;ng 

Bhixo.o;on At u Po). HcKniO'leHue cocTaBn}lJOT .o;aHHhie .o;ng Bhixo.o;on HYKJ!n.o;a 199Po (peaKQug 
a.9n) B o6nacTu 3Hepmii noJ6yx.o;eHH}l OT 106 .o;o 118 M3B. B 3TOH o6nacTu 3Heprnw B03-

6yx.o;eHH}l .o;ong 199po, o6paJyiO~erocg B peJynhTaTe a.-pacna.o;a 20~n, nJMeugeTcg oT 100% 

.0:0 30% OT nonuoro BbiXO.D;a. Tio3TOMY TO'IHOCTb HJMepeHHH BbiXO.D;OB 199Po B 3TOH o6naCTH 
3HepruH B036yXneHH}l MeugeTC}l OT ±50% .o;o± 25%. 

To'IHOCTh uJMepeuuii nenuquu ceqeuuii o6paJonauug ucnapuTenbHhiX npO.o;yKTOB onpe­

.o;engeTcg TaK:lKe TO'IHOCTbiO H3MepeHHH 3<}><}>eKTHBHOCTH cenapauuu (± 20% ), TOn~HHbl 
MHllleHH (± 5%) H DOTOKa HOHOB, npome.D;lliHX qepe3 MHllleHb. C yqeTOM BOJMOMO:lKHbiX 
CHCTeMaTu'leCKHX Olllu60K B HJMepeHH}lX, npe:lK.D;e BCero DOTOKa HOHOB, Mbl C'IHTaeM, 'ITO 

peaiibH8}1 TO'IHOCTb HJMepeHHH a6coniOTHbiX BenH'IHH Ce'leHHH COCTasngeT B HalliHX 3KC­

nepuMeHTaX ± 40%. TO'IHOCTb HJMepeHH}l OTHOCHTenhHbiX BenH'IHH Ce'leHHH B .D;Ba-TpH pa3a 
nyqwe. 
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HIVAP 
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CpaBHeHHe 3KcnepHMeHTaJJbHbiX AaHHbiX 

c pactJeToM no nporpaMMe HIV AP H o6cyxAeHHe pe J ynbTaToB 

3ToT pamen cTaTbH Moxuo paJAeJJHTb ua ABe tJaCTH. B nep BOH tJaCTH Mbi KpaTKO 

OXapaKTepHJyeM CnOC06bl onpe)l.eJJeHHSI OCHOBHbiX MO)l.eJJbHbiX n apaMeTpOB B nporpaMMe 

HIV AP H o6cyAHM 3KcnepHMeHTaJJbHbie AaHHbie AJJSI cetJeHHH xn-, pxn- H axn-KauanoB 

)l.eBOJ6YJK)!.eHHSI KOMnayuA-Mpa 
212Rn. Bo BTOpOH - npoBe)l.eM cpaBHeJlHe peJyJJbTaTOB pac­

tJeTOB no nporpaMMe HIV AP co Been coBoKynHOCTbiO paHee nonyqeHHbiX uaMH AaHHbiX no 

CetJeHHSIM o6paJOBaHHSI HCnapHTeJJbHbiX npOAYKTOB B o6JJaCTH KOMnayHA-Mep OT Bi )1.0 U 
[4-14] . 

B AaHHOH pa6oTe AJJSI aHanHJa 3KcnepHMeHTaJJbHbiX AaHHbiX Mbi HcnoJJLJOBaJJH anpo-

6wpoBaHHbiH BO MHOrHX pa6oTax KOA HIVAP [21], B KOTopoM cetJeHHSI o6pa30BaHHSI Hcna­

pHTeJJbHbiX npOAYKTOB B peaKUHSIX nOJJHOro CJJHSIHHSI BbltJHCJJSIIOTCSI B ·PaMKax CTaTHCTH­

tJeCKOH MO)!.eJJH )l.eB036YJK)!.eHHSI KOMnayHA-Mpa. 11Cn<}Jlb30BaHHe CTaTHCTHtJeCKOH MO)l.eJJH 

npeACTaBJJReTCSI PaJYMHbiM H Heo6xOAHMbiM waroM Ha nepBOM 3Tane auanwJa 3KcnepHMeH­

TaJJbHbiX )l.aHHbiX, TaK KaK B 3TOM CJJyqae Mbl BHatJane HCXO)l.HM H3 MHHHMaJJbHOrQ Ha6opa 

TPe6oBaHHH H npeAnOJJO:lKeHHH - a HMeHHO, MrHOBeHHO o6pa30 aBweeCSI KOMnayHA-MPO 

nOJJHOCTbiO TepMaJJHJOBaHO H COOTHOWeHHSI MeJKAY paJJJHtJHbiMH MO)l.aMH pacna,na Onpe)l.e­

JlSIIOTCSI TOJlbKO HX CTaTHCTHtJecKHMH BeCaMH B '¢a30BOM npOCTpaHCTBe. 

Hau6onee Ba:lKHOH BenHtJHHOH B pactJeTaX no CTaTHCTHtJeCKOH MO)l.eJJH SIBJJSieTCSI nJJOT­

HOCTb ypOBHeH. B HaWHX npeAbJAymHX pa6oTax AJJSI pactJeTOB BeJJHtJHH CetJeHHH HCnOJlb30-

BaJJaCb nporpaMMa ALICE-MP [22], B KOTopou AJJSI BbltJHCJJeHHSI nnoTHOCTH ypoBueu HC­

nonbJYIOTCSI XOpOWO HJBecTHbie COOTHOWeHHSI MO)!.eJJH <}:lepMH-raJa C <}:leHOMeHOJlOrHtJeCKHM 

yqeTOM o60JJOtJetJHbiX 3<}:l<}:leKTOB B napaMeTPe nJJOTHOCTH ypOBHeH no 11rHaTIOKY (23). Tipo­

rpaMMa HIV AP noJBOJJSieT npoBeCTH pactJeTbi c HcnonbJOBaHHeM ABYX BapHaHTOB onHcaHHSI 

nJJOTHOCTH ypOBHeH. 3-fo- yxe ynOMHHaBweeCSI BbiWe COOTHOW eHHe MO)l.eJJH <}:lepMH-raJa 

H npeAJJO:lKeHHbiH B .PaHCAOp<}:loM [21) MOAH<}:IHUHpOBaHHbiH BapH aHT, YtJHTbiBaiOIUHH JaBH­

CHMOCTb nJJOTHOCTH ypOBHeH OT nJJOJUa)I.H H KpHBHJHbl noBepXH CTH Mpa. HaM npeACTaB­

JlSI.JJOCb HHTepeCHbiM H noJJeJHbiM npoBeCTH npS!MOe CpaBHeHHe H o npe)l.eJJHTb CTeneHb BJJHSI­

HHSI 3THX )l.Byx nO)l.XO)!.OB K OnHCaHHIO nJJOTHOCTH ypOBHeH Ha BeJJHtJHHbl 6apbepOB )l.eJJeHHSI, 

HJBJleKaeMbie npH aHaJJHJe 3KCnepHMeHTaJJbHbiX )l.aHHbiX. }lrJSI 60JlbWeH KOppeKTHOCTH CpaB­

HeHHSI OCTaJJbHbie MO)l.eJJbHbie napaMeTpbl B pactJeTaX 6bmH <}:IHKCHpOBaHHbiMH. 3HatJeHHSI 

yrnoBbiX MOMeHTOB, YHOCHMbie HCnapS!IOIUHMHCSI tJaCTHUaMH, CtJHTaJJHCb paBHbiMH 1h, 1h H 

3h AJJSI HeHTPOHOB, npoTOHOB H <X-tJaCTHU cooTBeTCTBeHHO. OrH weuHe acHMnTOTHtJeCKHX 

JHatJeHHH napaMeTpOB nJJOTHOCTH ypOBHeH B )!.eJJHTeJJbHOM H HCn apHTeJlbHOM KaHaJJaX -

af jav - npu paCtJeTax C HCnOJJbJOBaHHeM MO)l.eJJH <}:lepMH-raJa npHHHMaJJOCb paBHbiM 

e)l.HHHUe. 3KcnepHMeHTaJJbHbie apfYMeHTbl B nOJlbJY BbJ6opa TaKOro JHatJeHHSI AJJSI a! I av 

no)l.p06HO 06CYJK)l.eHbl HaMH B pa6oTe (11). 060JJOtJetJHbie 3<}:l<}:leKTbl B nJJOTHOCTH ypOBHeH 

YtJHTbiBanHcb no 11ruaTIOKY [23] . TionHbiH 6apbep AeJJeHHSI ctJHTaJJCSI paBHbiM CYMMe JKHAKO­

KanenbHOro H o6onotJetJHOro KOMnoHeHTOB 6apbepa AeJJeHHSI : 
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BenH'IHHa XH.IlKOKanenbuoro KOMnoueuTa 6apbepa .nenenHll (Bf~ pacc'IHTbiBaJiacb no 

MO.IleJJH 3apsrxeuuoif X H.IlKOH ICaWIH Koeua - Ilna3HJia - CssrTeUKOro [24]. BenH'IHHa 

o6onO'Ie'IHOro ICOMnOHeHTa ,neneHHSI (tJJ Shell) npHHHMaJ13Cb paBHOH pa3HOCTH Mex,ny Ka­

neJJbHOH [25] H 3KCnepHMeHTaJibHO H3Mepeuuoif [20] MaccaMH uyx:nH,na. E,nHHCTBeHHbiM 

CBOOO.IlHbiM napaMe-rpoM B paclfeTax srsnsrncsr K03<P<i>HUHeHT C npH XH.nKOKanenbHOM KOM­

noueuTe 6apbepa .nenen Hll. 

• CpasueuHe pe3ynbTaToB paclfeTOB c 3KcnepHMeHTaJibHbiMH .nauHbiMH .nnsr celfeHHH xn-, 

pxn- H axn-x:auaJIOB .ne so36yx.nenHll KOMnayHJl-sr.npa 
212Rn npHse.neuo ua pHc.2 . To'IKaM 

nOKa3aHbl 3KCnepMeHTaJibHble 3HalfeHHSI BeJIH'IHH CelfeHHH B MaKCHMYM3X BbiXO.IlOB; nyuK­

THpOM - pe3ynbT3Tbl, nonyqeHHble C HCnOnbJOBaHHeM B paC'IeTaX ypaBHeHHH MSI WIOT­

HOCTH ypOBHeH, B3SITbi X H3 MO.IleJIH cpepMH-raJa; nHHHSIMH - pe3ynbT3Tbl paC'IeTOB C yqeTOM 

WIOTHOCTH ypOBHeH n o Paifc,nop$y. 113 pHCYHKa BH,nHO, 'ITO o6a cnoco6a paC'IeTa WIOT­

HOCTH ypoBHeH n03BMBJOT nonyqHTb XOpowee COrnacHe C 3KCnepHMeHTOM KaK MB Xn- , TaK 
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Puc.2 . CpasueuHe pe3ynbTaToB pac'leTa H ::nc:cnepHMeHTanbHblx .llaHHbiX MJI BenH'IHH ce'leHHH B 

MaKCHM)'M3X <flYHJCUHH Bo 36YJIUleHHJI. To'IJCH - 31CcnepHMeHTanbHble .naHHbie, nynJCTHpH3ll H cnnolll­

H3JI flHHHH - pe3ynLT3Tbl paC'IeTOB C HCDOflb30BaHHeM MJI Bbi'IHcneHHJI llnOTHOCTH ypoBHeH H 

MO.IlenH <flepMH-ra3a H sap HaHTa Paiicnop<Jla 
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1:1 .IJ.TISI pxn-peaKUHH, HeCMOTpSI Ha 6oJJblllOH JJ;HanaJOH HJMeHeHHSI Ce'JeHHH ('JeTbipe nopSIJ];Ka 

BeJJH'JHHbl) . )lnSI C:X.Xn-KaHaJJa paC'IeTHbie JHa'leHHSI Ce'leHHH B cpeJJ;HeM MeHbllle 3KCnepuMeH­

TaJJbHbiX Ha cpaKTOp 2,0. C yqeTOM TO'IHOCTU UJMepeHUSI Ce'JeHHH TaKOe cornacue MO)I(HO 

C'IUTaTb yJJ;oRTieTsopuTeJJbHbiM. OnTUMaJJbHbie JHa'leHUSI .IJ.ll.SI K03qxpuuueHTOB C nonyqu­

nucb paBHbiMU 0,65 U 0,75 .IJ.ll.SI nepsoro U BTOpOrO BapUaHTOB p aC'JeTOB COOTBeTCTBeHHO. 

TaKUM o6paJOM, MO)I(HO KOHCTaTUpOBaTb, 'ITO nepeXOJ]; OT MOJ];eJJU cpepMU-raJa K 6onee 

pacpuHuposaHHOMY BapuaHTY OnUCaHUSI nJJOTHOCTU ypOBHeH He npUBOJ];I:IT K cymecTBeHHOMY 

UJMeHeHUIO nonyqaeMbiX seJJU'IUH )I(UJJ;KOKaneJJLithix 6apbepos JJ;eJJeHu.SI. True )l(e, KaK u B 

Halllux 6onee paHHUX paclJeTax no nporpaMMe ALICE-MP, cJJ;ena HbiX .IJ.ll.SI KOMnayHJJ;-Mep 

OT Bi JJ;O U, seJJU'JUHbi )I(UJJ;KOKanenhHbiX 6apbepos JJ;eJJeHU.SI OKaJbi BaiOTC.SI npu6nuJuTeJJhHO 

Ha 30% MeHbllle, '!eM 3TO cneJJ;yeT UJ npeJJ;CKaJaHUH MOJJ;eneii KoeHa - Tina,JUJJa - Cs.SI­

TeuKoro UJJu CupKa [24,26]. 
)lnSI TOro, 'IT06bi y6eJJ;UTbCSI B YHUBepCaJJbHOCTU 3TOrO Bb!BOJJ;a, HaM~, C UCnOJJbJOBa­

HUeM nporpaMMbi HIV AP, 6bmu nposeJJ;eHbi paclJeTbi ~e'leHUH o6p~JosaHu.SI ucnapuTeJJb­

Hbi~ npoJJ;yKTOB .IJ.TISI scero Maccusa 3KcnepuMeHTaJJbHbiX JJ;aHHbiX, nonyqeHHbiX B pa6oTax 

[4-14]. TaK )l(e, KaK u s pacqeTax .IJ.TISI 
212Rn, eJJ;uHCTBeHHbiM cso6oJJ;HbiM napl!MeTPOM 

SIBJJ.SIJJC.SI K03qxpuuueHT C. TinoTHOCTb yposHeH pacc<iuTbiBanach no cpopMynaM MOJJ;enu 

' cpepMu-raJa. 

102 .. Bi 

101 * Po 

• At 

10° • Rn 

181 Ra 

10-1 • Ac 
~ 
~ • u ... 

10-2 
b 

~ 10-3 

10-4 
105 110 115 120 125 130 135 

N 
P~:~c . 3 . Pac'leTHbie 1:1 3KcnepHMeHTaJJbHbie senulJHHbi celJeHHH B MaKCUMYMax <PYHKUHH B036yx­

.lleHH.SI .llJJJI xn-peaKUHH B o6JiaCTH KOMOa}'H.Il-JI.llep OT Bi .llO U 
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PHc.4. BenH'IHHbl KaneJibHOro H OOOJJO'Ie'IHOI'O KOMOOHeHTOB 6apbep0B lleJleHHJI Mll 

lUlep, npHBelleHHbiX Ha pHC.3 , H OOTHManbHble 3Ha'!eHHJI OOlli'OHO'IHOI'O napaMerpa C 
(OOJICHeHHJI CM . B TeKCTe) 

PeJynLTaTbi npe.ncTa811eHbi Ha pHc.3 H 4. Ha pHc.3 .naHo cpaBHeHHe aKcnepHMeHTaJJb- · 

HbiX H pac'!eTHbiX BMH'IHH Ce'leHHH B MaKCHMYMaX <i>YHKQHH B036)')K.neHHll .IJ.}lll xn-peaKQHH. 
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113 pHCyHKa CJICJJ.YCT, 'ITO, HCCMOTpR Ha 60JibliiOH J].Hana30H H3MCHCHHR CC'ICHHH, paC'ICT no 

CTaTHCTH'ICCKOH MOJ].CJIH XOpoiiiO BOCnpOH3BOJ].HT (C TO'IHOCTbiO JJ.O cpaKTOpa 2-3) KaK OTHO­

CHTCJibHbiH XOJ]., TaK H a6COJIIOTHbiC BCJIH'IHHbl CC'ICHHH. PucyHOK 4, B CBOIO O'lepeJJ.b, )].aCT 

HarJIRJ].HOC npeJJ.CTaBJICHHC 0 60JibliiHX paJJIH'IHRX B BCJIH'IHHax H npHpOJJ.C 6apbepOB JJ.C­

JICHHR J].JIR HYKJIHJJ.OB, COCTaBJIRIOlllHX :ilTOT MaCCHB. 113 pHCYHKa BHJ].HO, 'ITO JKHJ].KOKanCJib­

HbiC 6apbepbi JJ.eJICHHR YMCHhiiiaiOTCR oT 7,0 MsB JJ.JIR HeiiTpOHOJJ.ecpuuuTHbiX HJOTonos 

Bi JJ.O 2,5 MsB JJ.JIR HeiiTpOHOJJ.ecpuuuTHbiX HJoTonos ypaHa. 0 6 onO'IC'IHbiH KOMnoHeHT 

6apbepos JJ.CJICHHR BHa'lane BOJpacTaeT oT HYJIR JJ.O 5,0 + 7,0 MsB npu "nepexoJJ.e OT HJOTO­

nos Bi K HeiiTpOHOJJ.ecpuunTHbiM HJOTonaM Ra- Ac c N= 126, a JaTeM cHoBa na,~J;aeT JJ.O 

HYJIR JJ.JIR HeiiTpOHOJJ.ecpuuuTHbiX HJOTonos ypaua. B TO xe speMR JHatieHHR BCJIH'IHH JJ.JIR 

CJ].HHCTBCHHOI"O nOJJ.fOHO'IHOI"O napaMCTpa - KO:ilcp<lJHI.(HCHTa C - npaKTH'ICCKH HC MCHR­

IOTCR. H J].JIR JII060ro H3 HYKJIHJJ.OB HaXOJ].RTCR B HHTCpBaJIC OT 0,68 JJ.O 0,55. AHaJIOrH'IHblH 

pac'leT, CJJ.eJiaHHhiii c ucnOJibJOBaHueM JJ.JIR onucaHHR nnoTHOCTH y posHeii ,BapuauTa Paiic­

JJ.opcpa, npHBOJJ.HT K TaKOMY xe peJyJibTary. TonbKO onTHM aJibHbW JHatieHHR KO­

s¢¢uuueHTOB C J].JIR BCCX HYJ(JJHJ].OB CTaHOBRTCR 60JibliiC Ha 0,1 TaK JKC, . KaK :ilTO Ha6JIIOJ].a-
211~. • . 

JIOCb JJ.JIR KOMnayHJJ.-RJJ.pa Rn. 
IlpOBCJ].CHHbiH aHaJIH3 nOKaJbiBaeT, 'ITO BCCb MaCCHB :ilKCne pHMCHTaJibHbiX J].aHHbiX 

XOpOIIIO OnHCbiBaCTCR B paMKax CTaTHCTH'ICCKOH MOJ].eJIH J].CB036yJKJJ.CHHR KOMnayHJJ.-RJJ.pa, 

HCnOJib3YIOlllCHCR B nporpaMMC HIV AP, npaKTH'ICCKH npu ¢uKCHp OBaHHOM Ha6ope OCHOB­

HbiX MOJ].CJibHbiX napaMeTpOB - af/av = 1,0 " c = 0,63 ± 0,05. E JJ.HHCTBCHHOC npeJJ.nOJIO-

JKCHHe, KOTOpoe npH :ilTOM npHXOJ].HTCR J].eJiaTb, COCTOHT B TOM, 'ITO BeJIH'IHHbl JKHJ].KOKa­

neJibHbiX 6apbepOB J].JIR BCCX o6pa3yiOUlHXCR B HCCJICJ].OBaHHbiX p aKI.(HRX HYKJIHJJ.OB HC06-

XOJ].HMO YMCHbiiiHTb Ha 30 + 40% no cpasHeHHIO c npeJJ.cKaJaHHRMH MOJJ.eneii KoeHa -

IlnaJHJia - CsRTCUKOro unu CupKa [24,26] . Mbi He HCKJIIO'IaeM, 'ITO 'laCTH'IHO TaKoii 

pe3yJihTaT MOJKCT 6biTb o6yCJIOBJICH ynpOUlCHHRMH, CJ].eJiaHHbiMH npH pactieTaX, B 'laCT­

HOCTH, C HCnOJib30BaHHCM TOJlbKO OJ].HOfO CB060JJ.HOI"O napaMeTp a - KO:il<lJ<lJHI.(HCHTa C. 
0J].HaKO TOT <lJaKT, 'ITO CJ].HHCTBCHHbiH CB060JJ.HbiH napaM~Tp «HC Ja XOTCJI 6bJTb CB060JJ.Hb1M» 

H OCTaJICR nOCTORHHbiM B IIIHpOKOM HHTepsane A H Z, CJ].Ba JIH MOJKHO paCCMaTpHBaTb KaK 

CBHJ].CTCJibCTBO H3JIHIIIHCH ynpOUlCHHOCTH MOJ].CJIH paC'ICTa. CKopee, CYlllCCTBCHHO MCHbliiHC, 

'ICM CJ].HHHI.(a, 3Ha'ICHHR KO:il<lJ<lJHI.(HCHTa C CBHJ].CTeJlbCTBYIOT 0 CYUlCCTBOBaHHH HCYtiTCHHbiX 

H J].OCTaTO'IHO 06UlHX cpH3H'ICCKHX npH'IHH, npHBOJ].RlllHX K 6onee biCOKOH, 'ICM :ilTO OJKHJ].a­

JIOCb, JJ.CJIHMOCTH HeiiTpOHOJJ.e¢uuuTHbiX HYKJIHJJ.OB. BoJMOJKHbiM aJibTepHaTHBHbiM ofuRc­

HefiueM Ha6JIIOJ].aCMOfO paCXOJKJ].CHHR :ilKCnepHMCHTaJibHbiX J].aHHbiX H pe3yJihTaTOB paC'ICTOB 

MOJKCT RBJIRTbCR npeJJ.nOJIOJKCHHC 0 CYlllCCTBOBaHHH npHHI.(HnHaJib HbiX MCTOJ].OJIOfH'ICCKHX 

OIIIH60K B cnoco6e Bbi'IHCJICHHR BCpORTHOCTH J].CJIHTCJibHOH MOJ].bl p acnll,ll;a, HCnOJib3YCMOM B 

CTaTHCTH'ICCKOH MOJ].CJIH J].CB036yJKJJ.CHHR KOMnayHJJ.-RJJ.pa. 

B KOHI.(C CTaTbH ClllC pa3 KpaTKO c<lJopMynupyeM OCHOBHbiC pe3yJihTaTbl H BbiBOJJ.bl, 

nOJiyqCHHbiC B J].aHHOH pa6oTe. 

B o6nacTH :ilHepmii B036yJKJJ.eHHR OT 80 JJ.O 160 MsB HJMepe hi cetieHHR JJ.JIR xn-, pxn-

" axn-peaKUHH npH o6nyqeHHH MHIIICHH H3 
190

0s HOHaMH 
22

Ne. CpaBHCHHC nonyqeHHbiX 

)J,aHHbiX C pe3yJibTaTaMH paC'ICTOB, BblnOJIHCHHbiX B paMKaX MOJ].CJIH CTaTHCTH'ICCKOI'O J].CB03-
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6YJK,UeHIDI KOMnayHJJ.-smp a, noKa.Jano, 'ITO 8nnOTb .no ::meprnH uaneTaJOmeif 'laCTHUbi 

I 0 M3BIHYJC1lOH cTaTHCTH'IeCKllll Mo.nenb noJIHOCTbJO onHCbi8aeT 3KcnepHMeHTaJJbHbie ,naH­

Hbie. O,nHaKO TaK )l(e, KaK H wu1 o6nacTH 3Heprnif 80J6y)I(.QeHHll 40 + I 00 M3B, o6ll3aTeJib­

HbiM yCJI08HeM npa8HJibHOro onHcaHHll 8eJIH'IHH ce'leHHH H clJYHKUHH 80J6y)I(.QeHHll liBJilleT­

Cll He06XO,UHMOCTb yMeHbUJeHHll )I(H,UKOKaneJibHOro 6apbepa .UeJieHHll Ha 30 + 40% no cpa8-

HeHHIO c npe,ncKa3aHHliMH Mo.u.eneif Koeua - Ilria3HJia - C8liTeuKoro HJIH CHpKa. TaiOKe 

noKa3aHO, 'ITO HCnOJib308aHHe 8 paC'IeTaX Jl]lll OnHCaHHll nJIOTHOCTH yp08HeH 6oJiee CJIO)I(­

HbiX COOTHOUJeHHH, 'leM n pOCTble COOTHOUJeHHll MO.U.eJIH c1JepMH-ra3a, He npH80.1lHT K cyme­

CT8eHHOMY y8eJIH'IeHHIO 8eJIH'IHH )I(H,nKOKaneJibHbiX 6apbepo8 .U.eJieHHll, H3BJieKaeMbiX H3 

aHaJJH3a 3KCnepHMeHTa/lb HbiX .U.aHHbiX. 

npo8e.U.eHHbiH c HCnOJib308aHHeM nporpaMMbl HIV AP aHaJIH3 60JibUJOro MaCCH8a 3KC­

nepHMeHTaJibHbiX .U.aHHbiX Jl]lll Ce'leHHH 06pa.J08aHHll HCnapHTeJibHbiX npo.u.yKT08 (OKOJIO I5 

KOM6HHaUHH MHUJeHb- 'laCTHUa H 50 smep-npo.U.yKT08) noKa3an, 'ITO yMeHbUJeHHe :lKH.U.KO­

KaneJibHbiX 6apbepo8 .u.eneHHll Ha 30 + 40% no cpasueHHk> c TeopeTH'IecKHMH npe.u.cKa-

3aHHliMH HOCHT YHH8epCaJi bHbiH xapaKTep H Ha6JIJO,UaeTCll Jl]lll 8Cex HeHTpOHO.U.eclJHUHTHbiX 

HYKJIH.U.08 8 o6naCTH OT Bi .u.o U. TaKoif 8bi80.Il noJIHOCTbJO co8na.u.aeT c pe3yJibTaTaMH 

aHaJJH3a 3TOro )l(e MaCCH8a .llaHHbiX, C.U.eJiaHHOro HaMH paHee C HCnOJib308aHHeM Jl]lll paC'Ie­

T08 KOMnbJOTepHOH nporpaMMbl ALICE-MP. Eonee TOro, Jlllll npa8HJibHOro (c TO'IHOCTbJO 

.11.0 clJaKTOpa 2-3) pac'leTa 8eJIH'IHH Ce'leHHH o6pa.J08aHHll HCnapHTeJibHbiX npO.U.yKT08 80 

8ceif o6nacTH smep OT Bi .u.o U 8 o6eHx KOMnbJOTepHbiX nporpaMMax HY:lKHO HCnOJib308aTb 

O.U.HH H TOT )l(e clJHKCHp08aHHbiH Ha6op OCH08HbiX napaMeTp08 CTaTHCTH'IeCKOH MO.U.eJIH -

a
1
; Qv = I,O H C = 0,65± 0 ,05. noKa3aHHllll 8 . pa60Te 803M0)1(H0CTb npa8HJibHOro paC'IeTa 

Ce'leHHH C O.U.HHM Ha6opo M MO.U.eJibHbiX napaMeTP08 KaK Jl]lll li.U.ep C HyJie80H o60JIO'Ie'IHOH 

nonpa8KOH, TaK H Jlllll smep, y KOTOpbiX o6oJIO'Ie'IHall nonpa8Ka COCTaBJilleT 5+ 7 M38 H 

npe8biUJaeT )I(H,UKOKaneJibHbiH 6apbep, C8H,UeTeJibCT8yeT 0 TOM, 'ITO HCnOJib3YJOlllHHCll 8 pac­

'leTaX MeTO.U }"'eTa 060JIO'Ie'IHbiX 3~eKT08 liBJilleTCll XOpOUJHM nep8biM npH6JIH)I(eHHeM 

8nJIOTb .UO :meprnH 80J6y)I(.QeHHll KOJ.tnayHJJ.-smep, pa8HbiX ~ I60 M38. C ,npyroif CTOpOHbl, 

O'le8H.UHOe cymecTBo8aHI-te TOHKOH CTPYKTYPbi 8 3a8HCHMOCTH K03clJclJHUHeHTa C oT 'IHCJia 

HeifTpOH08 8 li.U.pe-ocTaTKe npH N = I26 (eM. pHc.4) .u.enaeT Heo6xo,nHMbiM npo8e,neuHe .no­

noJIHHTeJibHbiX 3KCnepHMeHT08 8 3TOH 06JiaCTH li.U.ep H HX nOCJie,nyJOlllero ,UeTaJJbHOrO 

aHaJJH3a Jlllll 6onee TO'IHOfU yqeTa BJIHliHHll 060JIO'Ie'IHbiX 3clJclJeKT08 Ha Ce'leHHll o6pa.J0-

8aHI-tll HCnapHTeJibHbiX npO.U.YKT08 8 peaKUI:iliX «XOJIO,UHOrO» H «rOpll'lero» CJIHliHHll. 

A8TOpbi C'IHTaJOT C80HM npHliTHbiM .nonroM 8bipa3HTb 6naro.napHOCTb ,noKTopy B.Paifc­

.nopc~Jy 3a npe.nocTaBJieHHYJO Jlllll pac'leTo8 nporpaMMY HIV AP, ,noKTopy C.XoclJclJMaHy 3a 

npe,nocTaBJieHHYJO Jlllll 3KCnepHMeHT08 MHWeHb H3 OCMHll, K .clJ .-M.H. E.Ji.nycTbiJibHHKY H 

IO.A.My3bi'IKe 3a none3Hbi e o6cy)I(.QeHHll H 3aMe'laHHll, a TaK)I(e A.B .TapaHeHKO 3a noMOlllb 

8 3KcnepHMeHTax. Pa6oTa 8binOJIHeHa npH clJHHaHC080H no,n.nep)I(Ke Me)I(.QyHapo,nHoro Ha­

Y'JHOro clJoH.na (rpaHT RFV -300). 
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INVESTIGATION OF ANGULAR DEPENDENCE 
OF THE CHARGE RESPONSE OF THE DELPHI 
HADRON CALORIMETER PLASTIC TUBES 

Z. V.Krumstein, A.B.Sadovsky, Yu. V.Sedykh 

Charge characteristics of the hadron calorimeter plastic tubes opera 'ng in streamer mode 
are presented. The angular dependence of the charge from anode wires is measured in a test 
setup using cosmic muons. • 

The investigation has been performed at the Laboratory of High En rgies and Laboratory 
of Nuclear Problems, JINR. 

HcCJie,llosauue yrJiosoii 33BHCHMOCTH OTKJIHKa 

' IIJI3CfHKOBI>IX ,lleTeKTOpOB a,llpOHHOro KaJIOpHMeTpa ,!lEJI~H 

3.B.KpyMwmeuH, A . .D. Cai>oBcKuu, IO.B. Cei>biX 

TipeACTaRIIeHbl JapliJIOBbie xapalc:TepHCTHKH IUiaCTHKOBbiX AeTeKTOpO MpDHHOfO Ka.riOpH­
MeTpa .UEJIIJ>H, pa6oTaiOIIlHX B CTpHMepHOM peJI(HMe. 3aBHCHMOCTb BeJIH'IHHbl Japl[Jia, CHHMae­
MOfO C aHOI{HOH npOBOJIO'IKH, OT yrna npoJieTaJOIIleii '1epe3 AeTeKTOp JapllliCeHHOH 'laCTHUbl 
6b1Jla HJMepeHa C HCnOJibJOBaHHeM KOCMH'IecKHX MIOOHOB. 

Pa6oTa BblnOJIHeHa B Jla6opaTOpHH BbiCOKHX 3Heprnii H Jla6opaTOpHH l[JiepHbiX npo6JieM 
OIDIH. 

1. Introduction 

In order to simulate the DELPHI Hadron Calorimeter (HCAL) data in a reliable way it 
is necessary to have precise information about the charge distributions of the HCAL plastic 
tubes. 

At present the simulation of the HCAL response [1-4] uses the reference spectrum 
from a test witb cosmic muons [5,6]. In order to take into account any of angular depend­
ences, the refer~nce spectrum is modified by an empirical formula [3]. In this formula the 

charge depends linearly on 1 1 cos2 e up to 60 degrees, where e is the angle between the 
track and normal direction to the plane of anode wires, and is saturated at larger angles. 
Previous experimental measurements of the reference spectra, however, were performed up 
to 45 degrees only and the test conditions were quite different from the experimental ope­
ration. 

In our test the angular dependence of the charge response of plastic tubes to cosmic 
particles was measured in a wide angular range. · 
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2. Experimental Setup 

The study was performed with a plastic tube 80 em long which was produced in 1987 
for the DELPHI HCAL Ecap modules [7] . In our test the tube was operated as in the HCAL 
running conditions [8] : at 4000 V voltage and with the gas mixture Ar : C0

2 
: Isobutane 

(1:6:3). 

To trigger on the cosmic particles we used two scintillating counters with a cross­

section 0.8 x 8.0 cm2 and 2.0 x 6.0 cm2
. The distance between counters was 18 em, see 

Fig.1 for the details of the layout. The tube was situated in between the counters and its 
orientation was varied to perform the measurements at different angles. 

The angle 9 was defined as an angle between the normal direction to the plane of anode 
wires and the direction chosen by counters. The measurements were performed at six dif­
ferent angles: 0, 30, 45, 50, 60 and 70 degrees. Our geometry allowed actual angles in the 
range of ~9 = 4.4 degrees around the nominal values. 

One can see from Fig.1,b that in the other projection (angle ~) a significant part of 
particles could cross two tube cells and therefore produce two hits. The contribution of this 
effect was estimated from the simple Monte Carlo simulation to be about 20%. 

The coincidence of the signals from two scintillating counters was used for the trigger. 
Trigger rate was about 20 per hour. The rate of accidental coincidence was less than 5%. 

Analog signal from the anode wires without amplification was sent to the LeCroy 
2249W ADCs, the gate was 450 ns. The ADC sensitivity was 0.25 pC/channel [9]. 
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. ' . 
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Fig. I. The structural layout of measurements 
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3. Results 

The distributions of the charge from anode wires measured at different e angles are 
shown in Fig.2(a-e). 

All the distributions have long tails, which could be explained as an effect of after­
pulses. 

At e = 0 degree (Fig.2,a) a large peak at 30 pC corresponding to a one-streamer mode 
is clearly seen. However, even at this angle a significant part of vents have larger ampli­
tudes and only half of them can be explained by the contribution from particles passing two 
tube cells. 

At larger angles the part of multi-streamer regime is significantly increased. The de­
pendence of the mean charge on the angle is shown in Fig.3. The behaviour is like 

1 I cos2 e up to 60 degrees with saturation at larger angles. From this point of view our 
result is in reasonable agreement with the one obtained from the HCAL data [3] . 

However, one should note a significant change of·the shape of-distributions with the 
angle. Starting from being very asymmetric the distribtuions become more gaussian with 

300 
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Fig.2(a-e). Charge from wires for various angles 
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the increase of angle. Therefore, the method which uses for simulation only the mean value 
and r.m.s. of distributions is only a rough approximation. 

To simulate the angular response in more detail one can ge erate charges completely 
according to the above measurements. Figures 4(a-e) show the probability distributions 
F(q) obtained by integrating our measured charged spectra and n rmalizing the full integral 
to unity. For the angular dependence an interpolation between the nearest measured angular 
points can be used. An example of such two-dimensional probability function F(9, q) with 
the linear interpolation of angular dependence is shown in Fig.S. 

4. Conclusion 

The depende ce of the anode response of the plastic tubes on the angle between particle 
direction and the anode wires was measured in the range from 0 to 70 degrees. 

The measurements presented are in reasonable agreement with the results obtained from 
HCAL data [3]. 

The measured charge spectra information presented here co ld be used for the HCAL 
simulation. · 
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H3MEPHTEJIL KPHT:HqECKOrO TOKA 
B CBEPXIIPOBO,IJ:HHKAX 

A.r.Jiuxa'leB, C.B.YwuKuH 

JINR Rapid Communications No.5[73]-95 

0nHCaH H3MepHTeJib KpHTH'leCKOI'O TOKa 8 C8epxnp080.1lHHKax. J13MepeHHJI npo80Jll[TCJI 
6ecKOHTaKTHbiM TPaHC<\>OpMaTOpHbiM cnoco6oM. J1JMepHTeJib 8hinOJIHeH 8 8H.Ile 6noKa craH­
.IlapTa KAMAK H ynpaBJIJieTCJI nepCOHanbHbiM KOMflbiOTepoM IBM PC/AT. npH8e)leHa Me­
TO)lHKa HCCJie)l08aHHii aMnep-80JibTHbiX xapaKTepHCTHK H KpHTH'leCKOI'O TOKa. 

Pa6oTa 8binOJIHeHa 8 Jla6opaTopHH c8epX8biCOKHX sHeprnii OI-UIH • 

Critical Current Meter for SuperconductoFs 

A.G.Likhachev, S. V.Uchaikin 

A gauge of critical currents of superconductors is presented. The contactless transformer 
method is used for measurements . The gauge is made as a CAMAC cell controlled by the 
personal computer IBM PC/AT. An experimental technique of investigations of the current­
voltage curves and critical currents is described. 

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

Bse.neHHe 

KpHTHl!eCKHH TOK CJIY)I(HT OCHOBHOH xapaKTepHCTHKOH Tpa CllOpTHbiX CBOHCTB CBepx­

npOBOJlHHKa. 06bll!HO ero onpe,neJil!IOT no aMnep-BOJlbTHOH xap aKTepHCTHKe (ABX) KaK 

TOK, npH KOTOpOM na,u.eHHe Hanpl!)l(eHHll Ha o6pa3Ue npeBbillJ aeT HeKOTOpy!O 33,ll.aHHYIO 

BeJIHl!HHy. 3-fo noporOBOe Hanpll)l(eHHe JaBHCHT OT liYBCTBH:TeJibHOCTH: KOHKpeTHOH ycTa­

HOBKH, HO CTaH,napTHOH Cl!H:TaeTCll BeJIHl!H:Ha, np11 KOTOpOH Hanp l!)l(eHHOCTb 3JieKTpH:l!eCKO­

fO nonl! B o6paJue E = 1 MKB/cM [ 1, c .852]. B 6oJibllJHHCTBe cnyqaes HJMepeHHll npoBO.lll!T­

Cll l!eTbipeXKOHTaKTHbiM MeTO.llOM Ha nOCTOliHHOM 11JIH H:MllYJibCHOM TeCTHpy!OIUeM TOKe /T' 

BeJIH:l!H:Ha KOTOporo .llOCTH:raeT 3Hal!eHH:ll ,neCl!TKOB aMnep. B03HH:Ka!OIUHH npH TaKOH BeJIH­

l!HHe TOKa pa30rpeB KOHTaKTOB H TOKOBBO.llOB, pa31IH:l!Hble TepM03¢¢eKTbl C03.lla!OT CyiUeCT­

BeHHbie orpaHHlleHHl! Ha liYBCTBH:TeJibHOCTb 113MepeHHH. ):{Jill HCKJI IOlleHHll BJIH:liHHll MellJaiO­

IUHX ¢aKTOpOB HeKOTOpbie aBTOpbl (2, C.798] peKOMeH.llYIQT y cTaHaBJIHBaTb nopor liYBCT­

BH:TeJibHOCTH npH lleTbipexKOHTaKTHbiX HJMepeHHliX KpHTHlleCKo r o TOKa He HH)I(e 2 MBIM. 

TpaHCcpOpMaTOpHblH MeTO.ll 113MepeHH:ll KpHTHlleCKH:X TOKOB (3] JIHllJeH He,nOCTaTKOB 

KOHTaKTHbiX MeTO.llOB. B 3TH:X 113MepeHH:liX KOJibUeBOH o6pa3eU llOMeiUaeTCll Me)I(Jly .llBYMll 

KaTyllJKaMH HJMepHTeJibHOro TpaHc¢opMaTopa (HT) . 3aMKHyTbi H cep.nel!HHK HT H3rOTaB­

JIHBaeTCll 113 MaTepHaJia C Bb!COKOH MafHHTHOH npC>HH:UaeMOCTb . floKa o6pa3eU HaxO,nH:TCll 
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PHc. l. JbtarpaMMbl HanpliJKeHHii Ha HJMepHTeJJbHOM TpaHcQ>opt.taTOpe. a) IF < 

< Ic/ N, , 6) IF> Ic/ Nl 
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8 C8epxnp080JUiliJ;eM COCTOliHHH, MarnHTHbiH nOTOK 8HyrpH Hero, cocpe.D:OTOqeHHbiH 8 

OCH08HOM 8 cep.n:eqHHKe, OCTaeTCli HeHJMeHHbiM, H nepeMeHHbiH TOK, TeKylUHH 8 KaTyWKe 

8036}')J(,[(eHHli, He Ha80.[(HT HanpJI)I{eHHli Ha 8bi80.[(aX HJMepHTeJibHOH o6MOTKH. ECJIH aMWIH­

TY.D:a TOKa, HaBO.D:HMorci 8 o6paJn;e: 

(1) 

r,[(e N
1 

- qJ.ICJIO 8HTK08 8 06MOTKe 8036}')J(,[(eHJili, [: - aMWIHTy.[(a TeCTHpyiOmero TOKa A, 

npe8biWaeT KpHTJ.IqecKHH TOK, TO 8 HJMepHTeJibHOH KaTyWKe Ha80,[(HTCJI HanpJI)I{eHHe aM­

nJIHTY.D:OH U2, KaK :;no 8H,[(HO Ha pHC.l. 3TO Hanpli)I{eHHe C8JIJaHO C na.[(eHHeM HanpJI)I{eHHli 

Ha o6paJue US npHMHJHTeJibHbiM COOTHOWeHHeM, He yqHTbi8aiOIUHM nOJie pacceJIHHli TpaHC­

cpOpMaTOpa: 

(2) 

r,[(e N
2 

- qJ.ICJIO 8HTK08 8TOpHqHOH' KaTyWKH. 

IlpH HCnOJibJOBaHHH TpaHccpopMaTOpHOro MeTO,[(a MO)I{HO ,[(OCTHrHyrb oqeHb HHJKOfO 

nopora qy8CT8HTeJibHOCTH no HanpJI)I{eHHOCTH 3JieKTpuqecKOl'O n OJili 8 o6pa3Ue, !0 eCTb 

MO)I{HO HaMHOl'O TOqHee, no cpa8HeHUIO C KOHTaKTHbiMJ{ MeTO,[(aMU, HJMepliTb KpHTUqecKHH 

TOK H HCCJie,[(OBaTb aMnep-80JibTHbie xapaKTepHCTHKH C8epxnp080,[(HHK08. IJpu 3TOM HeT 

He06XO.[(HMOCTH 8 HaHeCeHHH KOHTaKT08 H n0,[(8e,[(eHHH 8 XOJIO,[(Hb!H o6oeM MOlUHbiX TOK0-

880,[(08. 

EnoK-cxeMa 

H 3JieKTpHqecKaJI npHHUHnHaJibHaJI CXeMa ycTaH08KH 

,ILnJI HJMepeHHH aMnep-80JibTHbiX xapaKTepHCTHK H KpHTHqec KOfO TOKa TpaHCcpOpMa­

TOpHbiM cnoco6oM 6bma coJ,[(aHa ycTaH08Ka, 6noK-cxeMa H ynpomeHHM 3JieKTpHqecKM 

npnHUHnHaJibHM cxeMa KOTopoH: nJo6pa)l{eHhi Ha pHc .2 H 3. O nopHoe CHHycoH,[(anbHOe 

HanpJI)I{eHHe qacTOTOH 500 fu COJ,[(aeTCli reHepaTOpOM onopHoro HanpJI)I{eHHli fQH, BbinOJI­

HeHHbiM Ha onepaunoHHOM ycunnTeJie (OY) M 1. ,ILnJI cTa6HJ1HJauu H aMWIHTY.D:bi 8biXO.D:Horo 

CHrnana 8 uenb OTpHUaTeJibHOH o6paTHOH C8liJH 88e,[(eHbl 3JieMeHTbl M
2 

Kl98HT1 H ,[(
1 

KC133. OnopHoe HanpJI)I{eHue noCTynaeT Ha aHanoro8biH 8XO.D: .D: CliTHpaJpli.D:HOro UHcppo­

aHanoro8oro npeo6paJo8aTenJI UATI (6noK KAMAK KA-009* [4]). Coman c 8biXO.D:a UATI 

no.n:aeTCJI Ha 8XO.D: npeo6paJ08aTeJIJI HanpJI)I{eHuJI 8 TOK U I/, 8hm JIHeHHoro Ha MHKpocxe­

Me M6 u TpaHJi-lcTopax T1 + T4. TpaHJHCTopbi T3 H T4 JaKpenneHhi Ha pa.D:HaTope, K KOTO-

poMy npuKJieeHbl TepMOCTa6JoiJIU3HpyiOIUHe ,[(HO,[(bl ,[(2 H ,[(
3 

. .IJ.aTq KaMH TOKa npeo6pa30Ba­

TeJIJI CJl~aT ,[(8a np080JIOqHbiX peJHCTOpa, nO,[(KJIJOqaJI KOTOpbie MO)I{HO 8bi6paTb ,[(HanaJOH 

TecTupyiOmHx TOK08. C 8biXO.D:a npeo6paJ08aTeJIJI U I I TOK nocrynaeT Ha 80J6}')J(,[(aiOmyiO 

*B 6noKe KA-009 HCTO'IHHK nocTOliHHoro onopuoro uanpliJKeHHll JaMeueu reuepaTopoM onopuoro uanpliJKeHHll 
roH. . 
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PHc.2. EnoK-cxeMa HJMepHTem! 

o6MOTKY HJMepuTenbHoro TPaHc<t>opMaTopa. ,llm1 ycHJieHHSI HanpH:lKeHHSI curnanbHOH 
o6MOTKH HJMepnTenbHoro TPaHc<t>opMaTopa ucnonbJyeTCSI MaJIOWYMHillHH ycHJIHTenb MY 
(OY M

10 
u M

11
). YcHJieHHoe HanpH)I(eHue .ueTeKTHpyeTCSI CHHXpOHHbiM .UeTeKTopoM C,ll, 

co6paHHbiM Ha KJJIO'Iax MHKpocxeMbi M
13 

u OY M
12

, M
14

. OnopHoe HanpH)I(eHue CJI <t>op­

MHpyeTcSI ycHJJHTeneM-orpaHH'IHTeJJeM YO (MHKpocxeMbi M3 + M5). HanpH)I(eHue c .ueTeK­

Topa ouu<t>poobloaeTcSI .uoeHa.uuaTHpaJpSI.IlHbiM aHanoro-uu<PpoBbiM npeo6paJooaTeneM AUIT 
c nporpaMMHO KOMMyrupyeMbiMH BXO.IlaMH AUIT-12/16 [5]. 11HTerpupyiOillHH <t>uJJbTP CHH­
xpoHHoro·ycHJJHTenSI o6uynBeTCSI KJJIO'IOM T5 no curnany c 6noKa cuHxpoHuJauuu EC. 

J1JMepeHHe TeMneparypbl npOHJBO,IlHTCSI pe3HCTHBHbiM ,llaT'IHKOM - 06'beMHbiM yroJJb­
HbiM peJHCTopoM TBO [6]. ,llaT'IHK npuKJJeeH K cep.ue'IHHKY HJMepnTeJJbHoro TpaHc<t>opMa­
Topa. ,ll.nSI CMellleHHSI ,llaT'IHKa HCDOJJbJOBaH BbiCOKOCTa6HJibHbiH HCTO'IHHK DOCTOSIHHOfO TO­
Ka H~O MKA MITT. 11JMepS1eMoe HanpB)I(eHHe ycHJIHBaeTCSI ycHJIHTeJJeM nocTOSIHHOro TOKa 
YITT u ouu<t>poBbiBaeTCSI AUIT. 

YnpaB.JJeuue ycTaHOBKOH ocymecTBJJSieTCSI nepcoHaJibHbiM KOMDbiOTepoM IBM AT qepeJ 
KOHTPO]]]]ep KK-009 [7] no WHHe KAMAK. 
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KoHCTPYKUH~ ycTaHOBKH 

H no~rOTOBKa o6p a3UOB 

Jluxa'leB A.r., YllaUKUH C.B. JfJMepume.Jib Kpumu'lecKozo moKa 

11JMepHTeJibH~ fOJIOBKa ~~ HCCJie~OB3HHH 6eCKOHTaKTHbiM cnoco60M TeMneparypHbiX 

JaBHCHMOCTeii KpHTH'IecKux TOKOB H ABX HJo6pruKeHa ua puc.4. Cep~etiHHK Tpauc<!JopMa­

Topa COCTOHT HJ ~BYX qaweK HH3KO'I3CTOTHOro <fleppHTa l C~apTHOro THnOpaJMepa E9. 
HaMOTO'IHhre naHHhie KaryweK npuse~eHbi B Ta6n.l. 

06paJeU KOJlbUeBOH <flopMbl 4 noMeiUaiOT BHYTPb cep~etiHHKa HJMepHTeJibHOro TpaHC­

<flopMaTopa l Me~y TOKOBOH (2) H HJMepHTeJJbHOH (3) 06MOTKaMH. I13MepeHHe TeMnepa­

rypbl o6paJua nposonHJJocb 

06MOTK3 6 

f 

Ta6Jnma 1. H BMOTO'IIIIole Jllllllllole 

HlMepHte.II .. HOI'O 1p8HCcllopM8TOp8 

"'HCJJO BHTKOB 

41 

20 

npoaoll 

03JI 0,2 

03JI 0,08 

Puc.4. KoHCTPYJCUHll H3MepHTeJJbHOii ronoBKH 

npHKJJeeHHbiM K CepnetiHHKY 1 

TepMopeJHCTopoM TBO (6). 

Perynuposauue TeMnepaTypbi 

MOXeT npmBBO)lHTbC~ Harpe­

BaTeJieM, 06MOTKa KOTOpOro 

6H<flHJJ~pHO HaMOTaHa MaHra­

HHHOBOH npOBOJIOKOH Ha nep­

XaTenb 7. KoHCTPYKU~ JaiUH­

meHa OT KOJie6aHHH TeMnepa­

rypbl raJoo6paJHoro renu~ 

TenJJOBbiM 3KpaHOM 8 H npH­

KpenneHa c noMOIUbiO Hecy­

IUHX SJieMeHTOB 9 K WTaHre, 

norpyxaeMOH B CTaH)lapTHbiH 

renueBbiH )lhiOap CTf-40. Tipu 

HCCJie)lOBaHH~X BJJ~HH~ CJJa-

6oro MarHHTHOro non~ Ha 

o6pa3Ubi BTCTI npH TeMnepa­

Typax, 6JIH3KHX K KpHTHtieC­

KOH, Ha o6paJeu HaMaTbiBanacb 

TOpOH)laJJbHa~ KaTyWKa 5. 

JI,.rr~ HCCJie)lOBaHHH JaBH­

CHMOCTH J C(T) HCnOJibJOBa-

JlHCb o6pa3Ubl B BH~e KOJlbUa 

7 X 5 X 2 MM. 06pa3Ubl HJ 

BTCTI-KepaMHKH HJroTaBJJH-

sanHCb npeccosauHeM B cne­

UHaJJbHOH <flopMe. 
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11JMepeHHe ABX H JaBHCHMOCTH nJJOTHOCTH 

KpHTH'IeCKOfO TOKa OT TeMnepaTypbl J C(1) 

83 

llpH HJMepeHH5IX HCllOJibJyeTC51 OnHCaHHa51 HH:lKe MeTO,IlHKa H HanHCaHHa51 Ha ee OCHOBe 

nporpaMMa. BHa'lane npH onpe,lleJJeHHOH TeMnepaType CHHMaeTc51 ABX. Jln51 :noro B 

06MOTKY B036)')K,Il.eHH51 HJMepHTeJJbHOro TpaHCcpOpMaTopa no,llaeTC51 TeCTHpyiOI.UHH TOK /T B 

BH.Ile naKeTOB CHHYCOH.IlaJJbHbiX HMnyJJbCOB C HapacTaiOI.UeH aMnJJHTY,IlOij (pHC.l). bJJOK CHH­

xpOHHJal{HH YCTaHaBJJHBaeT Ha'laJJbHyiO cpaJy naKeTa CHHYCOH,IlaJJbHbiX HMllYJJbCOB H OOHy­

JJ5leT HHTerpHpyiOI.UHH cpHJJbTp CHHXpOHHOfO ,lleTeKTOpa nepe,ll H a'laJJOM HJMepeHHH. llpH 
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PHC.6. 3aBHCHMOCTb KpHTH'IeCKOfO TOIC3 OT TeMnepaTypbl o 6 p331.13 H3 ICe­

paMHICH BiPbSrCaCuO 
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npe8bJWeHHH 8bJXO.D,HbiM HanpsnKeHHeM CHHXpOHHOro .D,eTeKTOpa Ja.D,aHHOrO nopora JanOMH­
HaeTCSI COOT8eTCT8YIOIUee JHa'leHHe /T H, COrJiaCHO (l ), paCC'IHTbJBaeTCSI JHatJeHHe J C 3aTeM 

HJMepHTenLHaSI rono8Ka oxnll)l(.ll,aeTCSI HnH, c noMOlULJO Harpe8aTenSI 7, Harpe8aeTCSI .o.o Hy)!(­
HOH TeMnepaTypLI, H CHHMaeTCSI H08aSI ABX. 

flpHMepLI HJMepeHHbiX ABX H Ja8HCHMOCTH J c(n npH8e.o,eHLI Ha pHc.5 H 6. 

0CH08Hble xapaKTepHCTHKH ycTaH08KH 

TeMnepaTypHbiH .o,HanaJOH HJMepeHHH: 

A6comoTHaSI norpewHOCTb HJMepeHHSI TeMnepaTypLI, He x~e: 

8 .o,HanaJoHe 77 + 300 K 

8 .o,HanaJoHe 4,2 + 77 K 

AMnnHTy.o,a TeCTHpyJOIUer o TOKa: 

MHHHManbHaSI 

MaKCHManbHaSI 

war 

,LlHanaJOH H3MepeHHH KpHTH'IeCKHX TOK08: 

'ITO npH cet~eHHH o6paJua I MM
2 

COOTBeTCT8yeT nnOTHOCTH KpHTH'IeCKHX TOK08 

4y8CTBHTenbHOCTb no 3n eKTpH'!eCKOMY nonJO, He Xy)!(e: 

MaKCHManbHble pa3MepL1 o6pa3ua 

Bbi80Jlbl 

4,2 + 300 K 

0,1 K 
0,05 K 

0,06 MA 

0,6 A 
0,06 MA 

0,0025 + 25 A 

2,5 + 25000 A/cM2 

30 MKBIM 

7,5 X 4 X 2,5 MM 

COJ.D,aHa aBTOMaTH3Hp08aHHaSI ycTaH08Ka MSI HJMepeHHSI KpHTH'IeCKHX TOK08 8 C8epx­
np080JlHHKaX 6eCKOH,.aKTHbiM Tpai'ICcpOpMaTOpHbiM MeTO.D,OM. JlOCTHrHYTaSI 'IY8CT8HTenb­
HOCTb no nOCTOSIHHOMY nonJO COCTaBnSieT 30 MKB/M, 'ITO MHOrO MeHbWe CTaH)lapTHOH 
(l 00 MKBIM). 

AaTopbl 6naro.uapHLI E .B .BacHnLe8y H B.H.nonywKHHY Ja o6cy)!(.lleHHSI H noneJHbJe 
peKOMeH.O,auHH . 
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