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Summary. — The production of electron and muon pairs is studied in
high-energy e~e* collisions. Total and differential cross-sections are
discussed with special regard to experimental implications. Hadron
production via photon-photon scattering is also studied, and suggestions
are made for present and near future experiments.

1. — Introduction.

Very recently some theoretical work has been done (**) to study the elec-
tromagunetic processes produced in both ete- and e-e~ colliding beams, via
photon-photon scattering. These processes include reactions in which hadrons
are involved, or more simply pure electrodynamical reactions in which
one or more pairs of electrons and muons are produced. The total cross-
sections relative to both groups of processes increase at least as the third power
of the logarithm of the energy. Hadron production via the yy scattering is
expected therefore to dominate one-photon brocesses at sufficiently high
cnergies, in spite of the higher order in 0. The experimental study of this kind

() F. E. Low: Phys. Rev., 120, 582 (1960).

(*) 8. J. Bropsky, T. KivosHIiTA and H. TERAZAWA : Phys. Rev. Leit., 25, 972 (1970).
(®) V. N. Bup~ev and 1. F. GIiNzBURG: XV International Conference on High-Energy
Physics (Kiev, 1970); Novosibirsk preprint TP-55 (1970).

(") Al JaccariNi, N. Arrteaca-RoMERO, J. Parist and P. KussLer: Lett. Nuovo
Cimento, 4, 933 (1970).
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of processes should provide information on vy total cross-sections, C =1
meson resonances and, more generally, on the electromagnetic properties of
hadrons.

On the other hand, the production of electron or muon pairs according to
pure QED, in reactions like ete~—»eTe"d-eTe™ ete., of much less interest from
a general point of view, has large total cross-sections, increasing at any con-
siderably high energy as (In s)*%, for # pairs produced. For that reason this
kind of processes can provide large.backgrounds and an appreciable degree
of contamination with regard to pure hadronic events, unless special kinema-
tical constraints are imposed on the particles produced. The QED production
cross-sections, in fact, attain large values corresponding to very-low-energy
pairs emitted in the forward-backward direction. At large angles and for
quite large effective masses produced the crogs-sections decrease considerably
and are reduced by some orders of magnitude.

In the present paper a careful study is made of the main electrodynamical
processes in order to make easier the interpretation of the experimental results
obtained from colliding electron-positron beams. Total and differential cross-
sections are discussed with special regard to the experimental implications,
s0 as to estimate the order of magnitude of the effects in actual experiments.
In Sect. 2 we study the energy behaviour of the total cross-sections with produc-
tion of electron and muon pairs, according to pure QED. The cross-sections
are evaluated in different ways, in order to show the degree of confidence of
the methods of approximation currently used. In Sect. 3 we discuss the produc-
tion of any hadronic or pure leptonic state via the photon-photon scattering.
We derive the differential cross-sections with respect the angles and the ener-
gies of the final particles. The relevance of the motion of the centre of mass
of the two photons on the detection of the particles produced is also discussed.
In Sect. 4 we study the production of e.m. pairs of high masses at large angles.
Particularly we discuss the production of electrons and muons which might be
confused with hadrons, for experiments which do not single out unequivocally
the particles detected. Some typical examples are given. In Sect. 5, finally,
hadron production via yy scattering is discussed in the assumption of pure
QED particles, and of meson resonances which can be produced by the two
photons and in turn can decay into a multipion state. Suggestions are also
made for present and near future experiments.

2. — QED pair production: total cross-sections.

The total cross-sections for production of electron and muon pairs are derived
by using different techniques. The results, which differ in the approximation
used, agree within a factor 2--3 and give the order of magnitude of the effect.
Numerical values for the cross-sections are given in Table I.
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TABLE 1. — Total cross-sections for e.m. pair production. The numerical values are com-
puted form eqgs. (7), (9), (17) and (19) respectively.

E=1GeV E=3GeV E=5GeV E=10GeV
o(eFe~ —eFe~ere™) (7) 7 -107%7cem? 1 -10~%6¢em? 1.24-10-%e¢m?  1.6.10-26 o2
o(eFe™ —eFe~ptu) (9) 4.8-10%2em?  0.9-10-81em? 1.1 -10-81 cm?  1.7-10-31¢m?

o(eFe” —»eFe~ete"ete ) (17) 1.3-10-%*°ecm? 1.9.10-30 o2 2.3 -107%¢m?  8.5-10-% ¢m?

oe¥e” —>eFeeTe~ut ) (19) 2.2.10-%¢ ¢ ? 3.2:1073¢¢em? 5.8 -10-3¢em? 5.8:10"3¢cm?
5

eTe”—>e"e"eTe™, — The first derivation of the total cross-section is due to
LANDAU and Lirsuirz (®):

_ 28 2 921 3 s
(1) o= 57 (2129)%r5 log Smym,)

Equation (1) refers to ete- pair production in a collision of two fast charged
particles, of charges z,¢ and 226, magses m; and m,, and total energy s. Equa-
tion (1) is caleulated by replacing the effect of the colliding particles by an
external field. Exchange terms must be taken into account when the colliding
particles are electrons or positrons, so that eq. (1) holds only as an order of
magnitude.

A perhaps better estimate for is obtained by regarding the above processes
as pair production in the collision of one electron with the equivalent distribu-
tion of photons of the other electron, ‘

@) do — f o(k)n(k) dk ,
where
_ 20 [2B(E—1)]B* - (E— k) di
) (k) Ak = - log [_WJ Y
and
28 . 92k
(4) G(IC)—?“TOIOgE .

All the energies are expressed in the rest frame of one electron. By approxi-
mating log (2B(E — k)/mk) ~ log (Blm) one gets

28 o2 s\
(5a) 7= e ()

(®) L. D. Lanpav and E. M. Lirsnrrz: Phys. Zeits. Sowjet., 6, 244 (1934).



692 M. GRECO

while in the case of a «classical» spectrum of photons

2a E\ dk
n(k)dk =~ -;Alog (7{/-) =

2
(bb) g 28 o r2log?® (i) .

T a 2m?

The method of impact diagrams by CHENG and WU (¢) gives a further and simple
way to compute the total cross-section for any production process. The ete~
pair production cross-section in particular is related to the forward-scattering
amplitude for ete~ elastic scattering, via one electron pair, by the optical

1 1 ¥

1 1 1 .
l/ \\\l
1
\\ //
7 " 22 2 2

Py >—

2!
Fig. 1.

theorem. With the notation of ref. (¢) the forward-scattering amplitude cor-
responding to the diagrams of Fig. 1, in the lowest order of e, is given by

. 41 dq, dq'
(6) M (ry :.O):Mslogy;—smémélrgrf*q—l q..

1 1
1— —y) — Bl — — s
'Udmjd?/m( ) + y(1 —y) — 5ol —x)y( y)}:ﬁisﬁélogswmam,,
T m
0 0

w(1—a)g’ +yA—y) g} -+ m? 9

where 7, is the total momentum transfer, y = H/m, E being the energy of the
initial electrons in their centre-of-mass system, and dy,, 0, are the Kronecker
&’s in spin. By the optical theorem one gets

4 X28 o
~ 2 3
o= nrolog Y.

(M)

The eqs. (1), (5a), (5b) and (7) arein a quite good agreement within afactor 2 =3.
As one can see from Table I, the cross-sections are of order (10-26--10-27) cm?
for c.m. energies ranging within (1--10) GeV. Such large cross-sections re-
duce, however, by many orders of magnitude in the region of large angles and
high masses of final electrons, as will be shown in the Sect. 4.

(®) H. Cmeng and T. T. Wu: Phys. Rev. D, 1, 1069, 2775 (1970), and previous articles
quoted there.
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e"e”—e e utp". — The total cross-section for this process can be computed
by the method of impact diagrams together with the optical theorem, as above,
by ecalculating the forward-scattering amplitude for ete— elastic scattering, via
one muon pair.

One gets
28 ., ot E E
(8) M(ry = 0) ~ 98— mm’imgﬁlogzﬁ 015 Opgr
and
28 a* 1 B B
9 ~4 X— — —log— log? =
(9) o 4><975,u20gy0gm’

where m and u are the electron and muon magses respectively.

A different approach can also be used, which is related to the high-energy
photon-photon scattering. This approach will be discussed in the next Sec-
tion, where we derive the following formula for the total cross-section:

w!
o\? E [ ds
(10) o~ (;z) logz,”—% f - Cyyoptu-(8) "

4u?
s \2 4B s )
{(“m) log =~ —2 (1—m)(3 +1E)}
where
4ot 4u?  8ut 1 1—4yu2/s
(11 Oy (s) = (1+i——“2—)> log Lt VI 4ls
s s s 1—v1—4u¥s

o 2 I3 2
~V1 -f% (1 + %‘—)J ~ 4—’21\/1~4M2/s .

The last approximate equality holds because the integral in the r.h.s. of (10)
is dominated by the region s~ 4u®. One finds

2 ot E E
~= " log2|= log— —6]} .
(12) o~ 3 log (m) (8 og P 6)
Equations (9) and (12) at high energies differ of about a factor of 2. Numerical
values for ¢ are given in Table I.

efe”—>eTe"2(ete). — The total cross-section for this process has been
computes by SERBO ("*), using the method of equivalent photons,

(13) o(ete™ —> exe™ - 2(e*em)) = % (g)z o(yy — 2676 log* (%) ,

()

(") V. G. 8ErBO: JETP Lett., 12, 39 (1970).
(®) J. J. SaxvRral: invited paper presented at Balaton Symposium on Hadron Spec-
troscopy (1970).
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‘where

4
(14) o(yy - 2ete) = — (175 19

——~ 0" ~~30 2
Srom? T (3 2)_610 em?.

Equation (13), however, should be taken only as an order of magnitude, because
of the identity of the target with the particles produced. We give therefore
a second derivation for the total cross-section, using again the method of impact

1 1 1 1r
@
“ , + g +
S< )23 \ /
Ni§-
2! 2 21

Fig. 2. 2

diagrams. From ref. (¢), the amplitude relative to the diagrams of Fig. 2 is
given by

(15) M (ry = 0) = 2 is log? p( 27‘6)”‘6[ dQuf dQuf giq_u

i) ) %o
1
K0, ¢1, 5 G2,) K (0, @5, s,1) i o4 *0yy Oa
where
4et ,
(16) K(0, ¢11, ¢21) = (2m)? 911 a1
1
»(1—ux) + y(l—y)—ﬁw(l—m)(l—?/)
. dmj d
f / YTl = w) g, +y@—y)gs, +m
0
We have approximately
Goctr2 s

(17) o~ __7;‘70 log* (W) ,

which is a factor 2.8 higher than (13). In the Sect. 4 we shall discuss the
factor 1/m?, which fixes the scale of the cross-section for this process.

eFe~—>eTe +ete . — An estimate of the cross-section for this process
can be obtained using the method of equivalent photons, from the knowledge
of o(yy—ete-uty~). This cross-section has been obtained by MASUJIMA (®),

(®) M. MasusiMa: Nucl. Phys., 24 B, 182 (1970).
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using the Cheng and Wu techniques:

~

20t 1 m? 2
18 To—u Yy = 2 2 f ™ - L it
(18) olyy—>e’e wo) 57 ma{’YlOg (mz) -+ 3 log p - 9

~2.82-107% cm?,

103 m, 985}

In analogy with (13) one gets

2.82 o
(19) o(ete” —>ee” Lete ) ~ 5 %2 log* (%) 10732 ¢m?,

which is more than a thousand times smaller than o(ete”™ —ete--2(ete)).

All the cross-sections for the processes studied increase with the energy with
some power of Ins. More generally, the cross-section for # pair production
In eMe” collisions goes as (In §)"+2 in the lowest order of perturbation theory.
If further diagrams with fermion loops are included, the Froissart bound has
been shown (*°) to be saturated at infinite energy. More explicitly, the perturba-
tion series loses its meaning when o? In (s/m?) ~1, which is however far enough
from any conceivable high-energy future experiment.

3. — Production of any state f via vy scattering.
Let’s discuss the production of any state £ via the photon-photon scatter-

ing, according to the diagram of Fig. 3. For the validity of the formulae below,
if the state f contains one or more pairs of electrons, they should be kinema-

Fig. 3. A

tically separable from the particles 1/ and 2', which are strongly peaked in the
forward-backward direction. The cross-sections of processes of the type shown
in Fig. 3 in fact, are large only where the virtual photons %, and k, have small
masses; this means that the initial electrons tend to proceed in the beam
direction.

(* H. Cueng and T. T. Wu: Phys. Rev. Leti., 24, 1456 (1970).
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We have checked out the validity of the double Weizsécker-Williams ap-
proximation by studying the photon-photon scattering in the representation
of the helicity amplitudes. The main contribution to the cross-sections come
from transverse photons, and in the case in which the final electrons are
detected within small angles 6,... and 0O,  (03,.,; ~m/B) with respect to
the initial beam direction the result is

200\2 dJ %
(20) do(e® e — eWef) = (_OC) ky Ak,

a) ky ks,
2EE 1 1~ €08 O1pax EE'
{log mh, 2108 ( 2 ) TRt E’Z}
2EE" 1 1 — 08 Oyax EE’
{IOg —m'z— - '2‘ IOg ( 9 ) "“Ez T sz}

-Ez L E:E 4B
2E> 212

dotyy 1),

where B, E'= (E—¥k,) and E"=(E—k,) are the energies of the initial and
final electrons respectively in the c.m. system.

An approximate formula which gives the order of magnitude of the cross-
sections is obtained by taking only the leading term log (E/m) from the full
logarithmic dependence. In these approximations we get for the total cross-
section

E wzd
o\? 8
21 e~ Fefy~ = 2 7 gt .
(21) o(eMe™ —eMeT) (ﬂ) log (m) f A Oy+(8)

Sth
s \2, 4AE? s s
A+ i) 106 2 (1= g) (¢ + i)}

where G’W(s) is the cross-section for production of £ by the two photons of ¢.m.
energy squared s. Equation (21) is valid if the experimental apparatus does
not impose cuts on the velocity of the centre of mass of the two photons.
If this is the case eq. (21) becomes

(22) o(ePe™ — e@e L) ~ (:—:)Zlogﬁ* (g) f %—S oL (8)"
Sth
@+ 0 o vBvF 2B FE + a0 +
1 Ymax
+ @y + 20(2 + @) - 5—00\/?7—' ?}9}

’
Ymin
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where {F(p)}m* = {F(y0) — F(ypn)yy %= s/4E> and y =1+ p)/1—p) =
= 4kifs, with f = (k,—¥k,)/(k, + k,). In the absence of cuts, the range of
variability of y is given by y... = 1/y,. = 4E?/s.

4. — Large-angle and high-mass pair production.

In Sect. 2 we have studied the total cross-sections for the main processes
of electron and muon pair production and we have shown that they attain-
values comparable to and in some cases much larger than the production of
single pairs via the one-photon channel. Thece large cross-sections, however,
correspond to very-low-energy pairs emitted mainly in the forward-backward
direction. In this Section we estimate the order of magnitude of the effect of
these processes on experiments which observe hadron production at large
angles as those performed by the Frascati groups (1112). Let us consider first
the production at large angles of two particles coplanar with the beam direc-
tion. We shall use the results of the preceding Section.

For the reaction ee™—+e™Me"+eTe”, which has the largest total cross-
section, the angular distribution of the pair produced in the c¢.m. by the two
virtual photons is given by

_ 2ma® , 1 —f*cost 0 - 8(m?[s)B2sin2 0 o

(23) do s (L —p2cos20)?

nfdf,

where f* =1—4m?/s. By integrating (23) over the range of interest, for
example 60°<0<120°, and combining with (21), the result is

etem O N1 452
(24) Oexp ~~ — log? (Tn) . (4 log — — 6) .

3 th

An additional factor 1, due to the identity of the final particles, has been
included in (21). At E =1 GeV, and s, = 4-10-% (GeV)> one has o°.% =~

exp

(YY) G. BARBIELLINI, B. BorG1a, M. CoNvERsI, M. GRrirLI, A. MuLacHI®, G. NICOLETTI,
L. Paorvzi, W. S8caNDALE, P. SPrrraNTiNt and R. VISENTIN: paper submitted to the
XV International Conference on High-Energy Physics (Kiev, 1970), and Frascati report
LNF-70/38 (1970), p. 3; G. BARBIELLINI, B. Borcia, F. CERADINI, F. GRIANTI,
M. Grirui, L. Paoruzi, R. Santonico and R. VISENTIN: paper submitted to the
XV International Conference on High-Energy Physics (Kiev, 1970) and Frascati report
LNF-70/38 (1970), p. 21; G. BawBrerrinNi, M. CoNversi, M. GriLLi, A. MULACHIE,
M. N1ero, L. Paorvuzi, S. SPILLANTINI, R. VISENTIN and G. T. ZoRN: paper submitted
to the XV Infernational Conference on High-Energy Physics (Kiev, 1970) and Frascati
report LNF-70/38 (1970), p. 31.

(**) B. Barroi1, B. Corvzzi, F. FELICETTI, G. GoGGI, G MaRINI, F. Massa, D. Scan-
N1ccHIO, V. SILvESTRINI and F. Vawori: paper submitted to the XV International
Oonference on High-Energy Physics (Kiev, 1970); Nuovo Cimento, 70 A, 615 (1970).
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~0.6-10-32 cm?. In the case of an experimental cut on the velocity of the
c.m. of the two photons, eq. (24) has to be replaced by

< s L0 o (BN L,
(25) Torp = log w) 5o 108 Vinax +

For example, for |8]<0.5, at B =1 GeV and s, =4-10"2 (GeV)* one gets
0% ~0.2-10-%2 cm?.

Quite similar arguments hold for the reaction ePe” —e@e utu~. For
example, at B =1 GeV for 60°<0<120° and 200 MeV<H,A <700 MeV, one
has o** ~ 0.3-10-*2 ¢m?. Furthermore, for || <0.5 and £<0.05 one gets oPh =
=0.2-10-32 ¢cm? and 0.2:10-**cm? respectively. The latter situation corre-
sponds to almost collinear muons in the colliding-beam frame.

We have only studied up to now the production of e.m. pairs coplanar
with the beam direction. In order to estimate the effect of noncoplanar pairs

we consider the process shown in Fig. 4, where the incoming photon belongs

9 a

Fig. 4. 1 \
to the bremsstrahlung spectrum of the other electron. By integrating over the
whole of the solid angle of the pair and the field electron, one has

oafds 1 4w2—s 4K’

(26)  do= tog 1 o, + 5 — )+

12 82 w? 4w?
p p : (7 2 do?
+s(%-—2—ﬁ—)—_s ( +ﬂq+ﬂ)+f — }

2 8w2 \2 2 dw?—s

where B'= (40?—s)/4w, B, = (4w?—s)/(4w? +5) and o is the energy of the
photon in the electron-photon c.m. system. For fixed w, the cross-section will
be maximimized at small s, and therefore, by neglecting s with respect to w?
we have

d 4 2 3
27) da:(x—jo w? dsl 4 Bk,

3
2 s 2 s 8 e
where now E and k, are the energies of the electron and the photon in the
electron-positron c.m. system. By integrating over the photon spectrum one
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gets
. 20 BN o
28 6> et (et ~—log(~) 5+
( ) 0‘(6 e —>e=e (Q © )n.cop.) e ].Og (1%) 9
4E2d EE
[as (B H (B—kpPdk, 4Bk 200 (E\ 1 4B" s
fszf o % e T ot n) e ) =8
Smin S/AR

where the last equality is obtained at E =1 GeV and s, = 4-10-2 (GeV)2.
Equation (28) gives an upper limit to the large-angle noncoplanar pair produe-
tion, because of the integration over all the solid angle of the pair.

As far as the double electron pair production is concerned (this process
is represented by Fig. 5) one can note the following. From eq. (17) it follows

+ (crossed terms)

Fig. 5.

~D

that large values of the cross-section, in spite of sixth powers of «, come from
a factor m_* together with a fourth power of log (B/m). The factor m;? comes
from the internal photon propagator. Now it is easily seen that k* can attain
values comparable with m? only if the pairs are produced with small mass
squared and along the beam direction. Both these conditions cannot be satisfied
if one is interested at quite large masses produced at large angles. For the
same reason it is very reasonable to lose a factor log?(s/m?), infavour of log(s/s;) -
-log (s/s;) in the best case, where s, and s, are the quadratic masses of the two
pairs. We expect, therefore, in the kinematical conditions of actual experiments,
a contribution of the type

af 1 ¥ s $
29 ~ Iogz{ =) lozl=}1 bl
(29) o~ B ok doge (1) 0 () s ()

which gives values 10-%+10-¢ smaller than (17).
From all the above considerations it follows that the main contribution
to large-angle events comes from an electron or mueon pair with a rate

£ 1 e
(30) T~ log (_n_@)’
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which is quite neglegible for the Frascati experiments. The threshold depen-
dence of (30), together with the analysis of radiative corrections to Bhabha
scattering can be useful to recognize and reduce this kind of effects.

5. — Hadron production in vy collisions.

Hadron production in e™e~ collision does occur via the yy interaction as
discussed previously by several authors (**), with a rate given by (21) or (22),
once c3x™**(s) is given. In the simplest case of wrm— production, assuming
pointlike pions one gets

. : 4 B B
(31) O(€Te™ = ete ™) =~ E * log? (_) (8 log (—) — 6) ,
m Mg

3 m?

which is 3-10-33 em? at B =1 GeV. This value becomes ~2-10-%*cm? when
E.>250 MeV, 60<#0,, <120 and |f] <0.5.

The possibility that a strong resonance with J =0 or 2 and 0= 41 can
be produced by the two almost-real photons and which could subsequently
decay, gives a source of multipion final states and offers a simple way to meas-
ure partial and total decay rates (*). This can be seen from gimple considera-
tions based on a Breit-Wigner description in the vieinity of the resonance:

Iyl

(32) Oy (8) = 87(2J + 1) O T Ty oy

where I, is the decay rate of the resonance of mass M and width I" into 2vy.
Combining (21) and (32), one sees that at least in principle the width can be
meagured by detecting in coincidence the outgoing electrons scattered at very
small angles, by measuring the energy loss and plotting the events against s.
In any actual experiment, however, the measured quantity will be the integral
of the cross-section in a region determined by the experimental resolution and
if the resonance is very narrow, with a width much smaller than the experi-
mental energy resolution one gets from (21) and (32)

33 o= —» oo~ R 8o 2 - 1) I log? B\ .
(33) o(e®e” —e*eR) = —p (2J + 1) [y log® | —
M2 4E? M2 M
. 9 - M — .- —_
{( + 4E2) log 3pe —2 (1 4E2)(3 1 4E2)}'

At B =1 GeV, for example, for the v-meson, one has ¢~3.2-10-3* ¢m?, and,
for the X°(958) or v/, ¢ ~2.70-10-% cm? (keV)~L Fw. For the v’ a direct meas-
urement of the »'—>vyy branching ratio has been made and turns out to be
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~0.1 (33), It follows, therefore, that an observation of the above effect will
lead to a direct measure of the total width, or at least to reduce the present
upper limit of 4 MeV. Similar arguments hold for all mesoniec resonances with
the 2y quantum numbers.

The vy total cross-section into hadrons can be obtained from (21) and (22)
by detecting in coincidence the final electrons. Due to the form of the mass
spectrum d.M?/M?, the direction of the photon momenta, and the small trans-
verse-momentum distribution, which is a characteristic of all high-energy
hadronic reactions, the hadrons produced will more usually be along the beam
direction. A theoretical estimate of o7y* is highly model dependent. A pure
Q.E. analogy will give asymptotically constant cross-sections, in agreement
with a crude factorization hypothesis of strong cross-sections at high energies.
A logarithmic dependence of the total cross-sections o(e¥e™—eTe™ hadrons)
from the threshold energy s, is the experimental observable consequence of
the constancy of o(yy—hadrons). For production of high hadron masses at
large angles however, it is quite conceivable to expect a rate of the order of
(30), as in pure e.m. pair production. It follows that at sufficiently high ener-
gies one expects in electron-positron collisions a large contamination between
hadrons produced via the one-photon channel and the vy mechanism. It would
therefore be highly desirable to have both electron-electron and electron-positron
experiments running in the next future rings in order to separate the contri-
bution of the vy interaction and subtract it out in studying the deep ete-
annihilation into hadrons.

% ok sk

We wish to thank Prof. C. BERNARDINI for comments and for a critical
reading of the manuscript. We are grateful also to the experimental groups
of the Frascati Storage Ring ADONE for discussions on the status of the experi-
mental situation.
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® RIASSUNTO

Si studia la produzione di coppie di elettroni e muoni nelle collisioni di e~e* ad alta
energia. $i discutono le sezioni d'urto totali e differenziali con particolare riguardo alle
implicazioni sperimentali. Si studia anche la produzione di adroni tramite lo scatter-
ing fotone-fotone, e si danno alcuni suggerimenti riguardanti esperimenti presenti
e del prossimo futuro.
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MHBOKECTBEHHBIE YIeKTPOMATBHTHLIC NPONECChl B e~et CoysapeHusX Opu BBICOKHX IHEPrusX.

Pestome (*). — Hccnienyeres poxaenne dJieKTPOHHBIX ¥ MIOOHHEIX Iap B €76+ COyIapeHusx
IIPH BEICOKEX dHeprusax. OOCyKAaroTcst MONIHOoe B M HepeHIIATBHOE MOMEPEUHBIE CEUSHUS
C TOYKM 3PCHHA IKCTIEPUMEHTAIBHBIX Ipurioxkenuii. Takxe ncclenyeTcs poXacHIe aAPOHOB
uyepe3 (POTOH-DOTOHHOE paccesHue. BBHICKA3BIBAIOTCS MPEHIIONIOKEHAS OTHOCHTEILHO
SKCIEPUMEHTOB B HACTOALIEM ¥ OmpkaiilieM Oynymiem.

(*) Ilepesedeno pedaryueil.
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