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Interference Measurements of the Real Part 
of the rr-p Forward Elastic Scattering 
Amplitude at 2.44 and 1.91 GeV/c 

The results of measurements of the real part of the 
rr p forward elastic scattering hadron amplitude at 2.44 
and 1.91 GeV/c are presented. The measurements have been 
made by detecting the scattered particle usin~ wire spark 
chambers in the range 0. 5 ·lo-3 .s: t ::; 5 ·l0-3 GeV /c 2 • The 
present data, that are insignificantly- different from the pre­
liminary ones reported earlier , are compared with theo­
retical predictions. The experimental procedure and the 
analysis of the experimental data are described in detail. 
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l. Introduction 

This paper as well as a number of other paper/I-S/ is 
. devoted to an investigation of 11-p elastic scattering in the 

Coulomb. interference region(0.5·10-3.;:s:t ~ 5·10Gev2;c2) 

~t e~erg1es of ~everal GeV. As is known, an analysis of the 
mterference ptcture. in the differential cross section makes 
it possible to determine the value arid sign of the ratio 

· a (E, t) ,~ Rc A n /Im An between the real and imaginary 
l-> 0 . 

parts of the hadron amplitude. 
A measurement of the real part of the "P for.ward 

elastic scattering amplitude at 3-6 GeV (Dubna/
1

-
4

-' and 
8-26 GeV (Brookhaven/6 / proves the validity of the dis­
persion relations at· energies of the order of several GeV. 
The· results'of our measurements at 1.91 and· 2.44 GeV 
are interesting .because at energies of 1-3 GeV the beha­
viour of the total cross section a 17 P(E) is determined 
to .a large extent by resonancesin the 11p system.Jncon­
sistency of the experimental da~ on Re An· with the 
dispersion-relation calculations 17' could indicate the 
existence of unknown resonances in this energy range · 
since the structure of the dispersion integral is such that 
the value of ReA n (E 0) is sensitive to the behaviour of 
1m An (E)= k a t~t .(E)/ 4" in the whole region of E values 
close to E

0 
• For example, paper 1 81 indicates that new 

resonances may exist at energies of 1-3 GeV. The results 
of our measurements contradict these assumptions. 

In this paper ·much attention is focused on the methods 
of experimental data' an'alysis because it is necessary to 
throw light on a number of specific problems (for example, . 
inadditivity of measurements in target-full and target-
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empty runs) arising when the measured angles ·are not 
sufficiently large in comparison with the average angle 
of multiple scattering. . . 

. The experimental setup described in this paper is 
somewhat different from that used earlier in experiments 
at E > 3 Gevl 1 ~ The. necessity to increase the aperture 
of the device with decreasing the primary beam energy 
causes main modifications {base decrease and trigger 
change). 

2. Apparatus 

The experimental setup used on-line with the BESM-:-4 
comp~ter . consists of a beam transport system, liquid 
hydrogen target, magnetic spark chamber spectrometer, 
system of scintillation· counters and fast electronics 

. operating as a monitor and trigger. The experimental 
layout is ·shown in fig. 1. · · 

The monitor S 1 S 2S 3 w~s used for determining a flux 
of pions at the target. Scattering_ events were selected 
by the trigger S

1 
S 2 S3 S5 ,-The s'ize of the counter S 5 and 

the. hole diameter in its centre were chosen so that the 
spark ·chambers might be triggered at scatte~ing angles 
of 10~35 nirad. At P ::: 2-2.5. GeV /c this corresponded to 
the range -t::: p2 02-0.5-5·10-3(GeV jc) 2• At these ener­
gies such a simple selection system was rather effective, 
the · trigger suppression· factor of the unscattered ·beam 
was equal to - 10. . 

The magnetic spectrometer· involves spark chambers 
with magnetostrictive readout and an analyzing magnet. 
The . spark chambers SC1-SC7 {200 x 200 mm 2). were . 

. used for determining the scattering angle of .particles. 
The information from the chambers SC4-SC9 was used 
for a momentum analysis. The c~ambers sea, SC9 
( 480 x 480 mm ) were ·located behind the analyzing magnet. 
The· detailed character1stics of the spark chambers and 
data link are presented in ref./1/.Jn order to reduce 
multiple scattering, the space between th~ chambers was 

4_ 

~ 

filled with gasiform helium. The scattering angle was -~ 
determined with · an· accuracy·. of . 8 0 =0 .6 mrad for. 
2.44 GeV ;cando o =0.8 mrad for 1.91 GeV jc, the momen­
tum width with a relative accuracy of 8 p/p :: 0.35% . 

The 50 em hydrogen target used in the experimentis 
described in detail in ref. /9/. The isolation of the target 
walls from the ·.surroundings by the·. vacuum sleeves 
( ·L -=. 60 em) enabled us to identify scattering events on 
hydrogen and background ones by the z -coordinate of the· 
interaction point (see fig. 2). · 

The average momentum Po and the beam composition· 
were determined in special runs. The value of Po was 
measured with an accuracy of better than 0.5%. Figure 3 
shows the identification of different particles by means 
of a threshold ~herenkov spectrometer. The contamination 
of muons and electrons in the beams fraction satisfying 
the condition IP -p 0 1/p 0 S. 0.025 was equal to 9% at 
2.44 GeV jc and 10% at 1.91 GeV jc (see fig. 4). · 

3. Exposure 

All the operation time was divided into sequential runs.· 
On~ tape of the computer corresponded to each of them. 
Apart from the procedure of data taking, each run in­
cluded all additional measurements necessary for· data 
processing. As a result of this.£ each tape was.an inde­
pendent source of information for determining the differen­
tial cross sections. Experimental conditions and apparatus 

. operation were continuously controlled by means of the 
computer. The measurements were carried out as follows. 

1. Target-empty exposure 
a) without selective trigger (trigger of the spark 

chambers from the monitor); . 
b) in the operating mode (trigger of the spark 

·chambers from S I S 2 S 3 S 5 · coincidences). 
2. · Exposure of a 3 em thick lead plate located near 

_the target (trigger of the spark chambers from the 
monitor, the transferred event is marked if 
S I S 2 S 3 S 5 coincidence takes place). 
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3. Target-full expOsure ; 
a) without selective trigger; 
b) in the operating mode.' 

The information obtained in exposures 1a and 3a was used 
to determine the angular resolution of the spectrometer 
and the average deviation -angle of unscattered pions in · 
the analyzing magnet~ The data from exposure 2 together 
with those from exposures 1a and 3a were used to define 
the geometrical efficiency of the device. In exposure 1b 
the. events were accumula.ted to measure the background, 
the main source of which were the target walls. 

4. Data Processing 

The data analysis has been carried out in three steps. 
Using the program of the first stage the geometrical 
reconstruction of the events was performed. At the second 
stage the rrp elastic scattering distribution was obtained 
as a function of the square of the four-momentum trans­
fer. The real part of the nuclear forward elastic scatter­
ing amplitude was determined at the third stage. 

4.1. ·The program of the first stage . contains the 
.following selection criteria. ' 

a) A set of effectively operating chambers. makes it 
possible ·to dete~mine the trajectories of the particle 
before" and after the target and to measure its deflection 
angle in the magnet. The chamber is considered to be 
effective if there is one and only one spark in the chamber. 
· b) The particle trajectories before and after the target 
are matched, i.e., the distance between the corresponding 
straight lines in space is less than the particulal," value 
(0.5 em). 

c) The y -coordinates of the sparks in the chambers 
SC4-SC9 lie well on the straight line. 

The data ·on the events satisfying the above selection 
criteria (scattering and deviation angles in the magnet, 
coordinates of the . interaction point) were put on the 
secondary tape. 

4.2. At the second stage the events were identified 

6 

according to the· z -coordinate criterion of the interaction · 
point :1 z-:zol ~ 55 ·em (z 0 is the target centre) and 
the "elasticity" criterion I P-lb lfp 0 $ .0:025. Thelimiting 
constants were based on the. distributions presented in 
figs. 2 and 5. The identified events were grouped accord-· 
ing to t 1_ 1::; It I < t 1 intervals. The t -disti~ibution of 
scattermg events in the target-empty exposure was modi­
fied by imitating the influence. of the multipl~ scattering 
on hydrogen since this effect takes place in the target-full 
exposure. In the region of minimal I tl the modified 
distribution exceeded the real one by = 12%. 

The elastic cross section for each t 1_ 1 ~t< t 1 in-
terval has been determined from the formula 

1 N N 
a = -( __!! ei ) 

t n M-M. 
r e 

(1) 

Here Nr; ,N ei are th~ numbers of elastic scattering evellts 
in the . t 1_ 1 ~t < t 1 . tnterval for the full and empty target~, 
respectively; n is the number of nuClei per .cm2 in the 
target; M r• Me are the effective monitor numbers for the 
full and empty targets determined as 

M= m•P"l"P· (2) 

Here m .is the monitor number;. e is .the detection effici­
ency of the elastic scattering events; 71 is the coefficient 
of the beam attenuation in the target matter being equal 
to exp(-atot ·n) where a tot ·is the rr-p total cross 
section (for the empty target 71 = 1 ). The coefficient . . 
p was .· introduced to take into account the losses of 
everits due to . pion decays and interactions along the 
particle trajectory inside the installation and also the 
losses due to the applicationof the "elasticity" criterion. 
Its value was measured with an error of less than 1% 
using the experimentaLdata (exposure 1a). . · 

The efficiency ·e =n}ln 2 was calculated on the s.et of 
test. events corresponding to the propagation of a single 
par_ticle through all the chambers of the . spectrometer;· 

7 



n 1 is. the number of events satisfying the· criteria of the 
first stage program; ~2 is the total number of test events .. 
The test events were selected by S1 S S3 S 

4 
coinciden..: 

ces with sufficient confidence (the counlerS4 was located 
behind the magnet, its size insignificantly exceeded the 
hole diameter in the counter Ss ). Under .all operation 
conditions the events transferred to the computer were 
marked if s1s2 

S
3
S 

4 
c·oincidence took place. A large fraction 

of these events in the accepted information ( - 25% - ope­
rating mode and - 90% - trigger from the monitor) made 
it possible to calculate the E value ( - 65%) with a good . 
statistical accuracy ( ~(I(. = 0.5%).Simultaneous sto­
rage of the operating and control data enabled us to avoid 
the shift in the estoimated value of ai that could appear 
due to efficiency drift in the exposur.e. · 

The geometrical efficiency of the device was d_ependent 
on the dimensions of the spark chambers and counter 
S 5 *. The effici~ncy as a function of the scattering 
angle of the particle and its deviation angle in the magnet 
was calculated by.the Monte-Carlo method. The inputdata 
(coordinate-angular distribution of the input beam, boun­
daries· .of the spark chambers, hole coordinated of the 
counterS5 in the system of spark chambers) were ob~ 
tained in exposures la, 2; 3a. The inverse geometrical 
efficiency determined the weight of the events when plotting 
the t -distribution. The averaged value of the geometrical 
efficiency for each t 1 ..;. 1~t<t1 interval are presented in 
Table I. 

The statistical errors ~ ai in a i were determined 
mainly by the statistics collected : in the operating mode 
of the exposure. The statistical error of the background 
made practically no contribution to the total error since· 
its value in comparison with the measured effect did not 

*The homogeneity of the spark chamber effiCiency 
was ·measured with an error of 1% /I/. The efficiency 
of the counter s5 was also homogeneous and equal to 
99.7%. 
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exceed 5 -~(see fig~ 5) .. The· background was strongly 
depressed ·due to a . good selection of interactions on 
hydrogen by the . z .:.coordinate of the interaction point and 
a good momentum resolution of the.device permitting the. 
separation of .. the elastic scattering effect from that .of 
rr.- p. decays (see the enhancement in the momentum. 
distribution on the left of the elastic peak in fig. 5a). As 

. -is seen from fig. 5b which presents the momentum distrf-
. bution for one of the scattering angle intervals larger than 
the limiting one in the rr-. p. decay, inelastic processes 
did not contribute to the elastic peak. A small asymmetry 
of the. elastic peak is r_elated to .the asymmetry of the 
beam momentum. distribution (see fig.· 4). 

4.3 When determining the real part of the rr-p elastic 
scattering amplitude the differential cross section in the 
region of small t was described by the Bethe formu­
la /10,11,12/ 

f(t,a)={k)=[A (t)exp(io)+A (t ,a)]; (3) 
dt c . n 

where 

A (t ,a) = ~ (a+i)-./ F 
n '4-./-;-

is the strong interaction amplitude, 

A (t) = 2 .;;;- . -if" ~ 
c 137 :1 t:l v 

is the Coulomb interaction amplitude 
and 

. t 
0= _l_[fu..:..Q_- 0,577 ... ] 

137. :1 tl 

(4) 

(5) 

(6) :.· 

is the phase shift between the amplitudes A c .and An . 
The form factor was taken in the form 

F = exp(Bt). (7) 

The spin-flip ampli~de in eq. (4) was neglected because 
it was · very small 131• The fitted parameter was a = . 

10 

= ReA n /ImA . The value of . t 0 · (O.f1 GeV2 jc 2) was taken 
from ref. 112

'- ·; the values of a tot (34.1mb at 2.A4GeV jc 
and 35.9 mb at L91· GeV /c) from ref. 114/ ; the slope 
parameter B (8 .Gev-2 • c2 ) from ref/15/. · ·. · . 

The t -distributions of the scattering events obtained 
from· the ·experiment are not quite adequate the differen­
tial cross · section. ·In the region of the least transfers 
they are determined to a great extent by the multiple 
scattering effects on hydrogen and apparatus 'errors in 
measuring the scattering angle (the error in determining 
the. momentum was · negligible so its influence can be 
neglected). In view of this, to approximate the experimental 
data, instead of function (3) we used the function 

t+r 
g ( t , a ) = f f ( t ', a ) W ( t ', t) dt ' 

t-r 
(8) 

describing the interaction taking into account the above­
mentioned effects. The kernel of transformation (8) takes 
the form • 

1 
W(t ',t)= --2 2 

2po a f 

..:.... ·-2· - _._ 

[ (..jt-..jt'} ]. ( -./tt'"}l.( -./tt' ·) (9) exp - exp - -- 0 -- , 
2 2 2 2 2 2 

2poa f Po a C Po~ c 

where lo is the Bessel function of the imaginary argu­
_ment, p 0 is the beam momentum. The value of a c · in 
eq. (9) was deteJ"mined as a parameter ·of the' ~eleigh 
distribution · · · 

. .· 2 
'V(O,ar)=JLexp(- J!_} 
. 2 2 2 ac . ac (10). 

approxim3:ting the experimental angular _·distribution near 
zero. scattering angle obtained in the target-full exposure 
(see ftgs. 6, 7) *. · At. the )ower boundary of the region 

--~-; Slm-ul~ri;o~;-t;;;t;;nt of the multiple SC~tttering 
and apparatus resolution ·by means of eq~ (8) is correct 
if the' lower limit of the.region of the studied·angles is 
large enough in comparison with the value of. ac . In our 
case this condition was fulfilled - the scattering angles 
· () >_ 8 ac were considered. · · · · · •- · · 
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0.00069~ 0.005 (GeVjc) 2 the function g(t;a) exceeds 
the function f(t , a ) by ... 15%. At th~ upper boundary 
they practically coinCide .. These functions are shown in 
fig. 8 at: the same values of the parameter a. Taking into· 

· account . the multiple ·scattering effects· and apparatus 
error in the angle measurements it is po·ssible to avoid 
a significant. shift in estimating the parameter a (in our 
case this difference w~s lla :: 0.0.6). . 

The parameter a was_ estimated from the minimum . 
of the full.ctiomil 

M(a)= :I, [ 'Gi (a)- a 1 

i 

2 
], (11). 

lla 
1 

where 
ti 

G (a) = f g (t, a) dt (12) 
i . . 

ti-l 
and a

1 
: lla

1 
, t

1
. was determined in §4.2 . 

5. ResultS and Discussion 

Table I presents the results of measurements of the 
~lastic cross sections·· a i for t 1_ 1 $1 t I < t 1 intervals 
at 2,44 and 1.91 GeV jc. Corrections for multiple scatter­
ing. and apparatus resolution are absent in the value of 
a 1 ·because when calculating the value of a it was more 
correct to modify the theoretical curve approximating the 
experimental data. (see '§ 4.3). . · ·.. . · · 

Figures 8 and 9 show the differential cross sections 
da l dt = ~~ l ( t i .:..t 1_ 1 ) 3:nd the . theoreticai ·curves (S) 
with the parameters a found by-· the least-square fit. 

The influence of different experimental errors on the 
eror in a is shown in Table II. A possible inaccuracy 
in a related to the' calculation uncertairi~y of the ¥flare 
shift .. a from· eq~ .(3) is estimated as .!llal-<0.015 · 2 

• 
. To measure differential cross sections, a narrow t -in­
terval· close to 0 is.chosen, therefore the estimate ci is 

12 

~r 
it 

I 
I 
!\. 

\ 

Table II 

Influence of various errors on the error in a : 

k Error source ,- 'k 

1 Statistical error 0.023 

2 
·. . . . + 

Normali~ation ~rror 4q/q == - 1% 0.014 . 
3 Uncertainty in the beam ~ 

composition n( e+ .f")/n(f"+~+ ~)etZ1%, 0.005 

4. Error in determining the average 

momentum of the_ beam 4p
0
/p

0
':i! o.~ 0.005 

5 Correction inacc~cy for.~ultiple 

scattering 0.003 

6 Error i~ the total cross section 

4 6' tot ::! ;1: o. 5. mb 0.012 

7 Error in the .slope parameter 

B -~ :!: 1 Gev""2 • o2 ' 0.002 

Summary error Act. =li (Ad.)! 0.03' .. 

weakly sensitive to assumptions ~bout the t -dependence 
of .An in eq. (4)/16/ and to the form'factor in Ac · 

The values of a obtained at 2;.:6 GeV jc in this paper 
and. in refs. 11- 4 •16/ are . presented in Table Ill· and 
fig~ 10 . whicli.' also .. present. the : ·resuits obtained at 
8-26 GeV jc in. Brookhaven 161. The solid -curve in fig.10 
has been calCulated by HohlerandStraussusingdispersion 
relations 17 I. The Se~pukhov data ori the total cross sec­
tions used in ref. 17 do not change practically the pre­
dictions for .ReA n(E) . inour energy range obtained in the 
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previous calculation /I 7/ despite the fact that they{the 
Serpukhov data) have changed earlier assumptions about 
the asymptotic behaviour-·of the total cross sections~ This 
fact points out that at energies of several GeV ReA n(E) is 
weakly sensitive to the total cross ~section behaviour at 
energies higher 30 GeV. The dashed lin~1in fig. 10 has 
been calculated by Minami and Sasaki . To describe 
rr p interactions, in this calculation the modified interfe­
rence model was used successfully. explaining the peak 
structure in the energy dependence of the rr p backward 
elastic scattering differential cross sections and .. the 
behaviour. of rr+p · total c~oss section. For satisfactory 
description of the data on the rr -p total cross sections . 
the authors assumed that there existed a new parity 
doublet of isobars ( M = 2.3 GeV, .. r= 0.2 GeV, T=l/2 ). 
As is ·seen from fig. 10, the predictions for Re An (E) re­
sulting from here- contradict the data of our experiment. 
These data are in good agreement with the dispersion­
relation calculation /7 I. This makes it possible to conclu-- · 
de that -in· the region of the · rr p resonance behaviour 
the set of total· cross section· data is suffic~?t in order 
that the interpolation procedure used in ref. 7 may be 
correct to describe the energy dependence a tot (E). 

In conclusion the authors· would like to express their 
gratitude to the operational divisions and to the syn~hro:..· 
phasotron division of the Laboratory of High Energies of 
JINR for good operation of the accelerator and electro­
physical equipment. We thank V.A.Voblikov, S.A:Dolgij, 
A.V.Karpunin, Yu.V.Kulikov, A.G.Muryzin, Yu.I.Saloma­
tin for their help in preparing the measuring equipment 
and also to L.N. Barabash; R.N.Kaplina, · Z.P:.Motina, 
L.A.Rachkova for their technical assistance in data 
processing. · · · · · · · -~ 
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responding Member of the Academy. of Sciences of USSR 
and to the Directorate of the Laboratory of High Energies 
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Table III 

The values of a= ReA~/ImAn 
scattering amplitude obtained 
papers of our group. 

. 'for the TT- p elaStiC . 
in · this and previous 

~~~-- -, 

P (GeV/c) tJL ±Act 

I,9I · -0 ,o7±0;ro 

2,44 
. +' 
~.17~,03 

3,o6 .;oO I7±o · 05 
... ' ' 

. 3,48 -0,17±0,07 

4,17 
. . + 

-0,15%0,95 

4,56 
+' .. 

-0116-0,04 

4,95 -o ·rLJ±o· 04 
. ' . ' . . 

5,65 - + -O,I2-Q,04 

6,13 -0,22±0,09 

L 

J 

5;5 

5,9 

4,8 

2,6 

I,I 

7,6 

4'~5 

7,I 

3,5 

Number. . 
of expe~ Refs~ 

rimental· 
dots 

9 this paper 

9 this paper 

7' /I/ 

7 li.6/ 

5 /314/ 

7 /I/ 

6 /3~~4/ 

5 ··. /3,4/ 

7 /16/ 
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Fig. 1. Experimental layout in the 1T- -meson beam at 
·the Dubna synchrophasotron. S 1 7S s. scintillation coun­
ters; SCI-SC9. wire spark chambers; H2 .liquid hydrogen 
target with vacuum sleeves; 1\f. analyzing magnet; He . 
ionguide filled with helium. 
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Fig. 2. z - c~rdinate distribution of elastic scattering 
events for two mtervals of the momentum transfer squa­
red. The vertical-arrows show the limits within which the 
events were ·considered as scattered on hydrogen. 
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Fig. 3. Identification. of electrons, muons and pions by 
means of the threshold ~herenkov counter (counting-rate 
dependence on the propane pressure)." 
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Fig. 4. Momentum distribution of pions, muons and elect­
rons in the unscattered beam. 
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Fig. 5. Momentum distribution of the scattering events 
satisfying the z -criterion for two intervals of the mo­
mentum transfer squared. Solid line - full target, dashed 
line - reduced background of the empty target. The verti­
cal arrows indicate the limits within which the events 
were considered to be elastic. The kinematic region of 
the rr p inelastic interaction is on the left of the vertical 
dash-dotted curve. The· enhaiJ.cement on the left of the 
elastic peak is due to rr- p. decays. 
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Figs. 6,7. Angular distribution obtained in exposures la 
and 3a (without selective trigger) from which the para­
meters ae and a 1 were determined characterizing the 
angular resolution of the apparatus and multiple scatter­
ing in the target. 
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Fig. 8, 9. Differential cross sections d a I dt ( ti ) at 
2.44 and1.91 GeVjc; da/dt=ai/(ti-t 1.,.1), [.~ ti+ti-1 

. . 1 

The ~olid curves are drawn through the points 
dG - · . 1 ti 
-d. <rn-= · .. _· I g(t,a)dt, 

t . . tr-ti-1 ti-l 
where g{t, a ) is the transformed Bethe function. In 
fig. 8 the dashed line is the Bethe curve without unfolding 

· the multiple scattering and final apparatus resolution 
effects. · · · 
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Y CJIOBJ1.H 06MeHa 
IlperrpHHThl H C006Il.ICHHH 01111]1 paCChinaJOTCH 6eCIIJiaTHO, Ha OCHOBC 

B3aHMHOrO 06MeHa, YHHBCpCHTeTeM, HHCTHTyTaM, JiaGopaTOpHHM, 

6H6JIHOTCKaM, Hay'!Hh!M rpyrrrraM H OT.UCJihHh!M Y'ICHhiM 6onee 50 CTpaH. 

Mhi m1m.uaeM, 'ITO rronyqarenn II3.UaHHR OH.JUI 6y.uyr ca~m rrpol!B­

miTh HHHI.(HaTHBY B 6ccrrna THOR IIOChinKC rry6JIHKal.(Hft B )J;y6Hy. B IIOPH.UKC 

06MeHa IIpHHHMaJOTCH Hay'!HbiC KHHrH, :>KypHaJihl, IIpCIIpHHThl H HHOrO 

BH.Ua ny6JIHKal.(HH ITO TCMa THKC OlUIH.. 
E.UHHCTBCHHhiR BH.U ny6JIHKal.(HR,KOTOphiR HaM IIpHChiJia Th HC CJie.uy­

CT,- 3TO perrpnHThi / oTTHCKH era rei!:, y:>Ke orry6JIHKOBaHHhiX s Hay'!HhiX 

:>Kypuanax/. 

B p».ue cnyqaes Mhi ca~m o6pamaeMc» K rronyqa ren»M uaumx H3.Ua­

uuii · c rrpoch6oii 6ecrrnaTHO rrpncnaTh HaM KaKne-nn6o KHHrH nnn 

BhiiiHCaTh .UJIH HarneR 6n6JI~OTCKH Hay'!Hhle :>KypHaJihl, li3.Ua!Oll.IHCCH B HX 

crpaHax. 

OT,IJ;eJibHbie 3arrpocbi 

J13.UaTCJihCKHH OT.UCJI e:>KerO.UHO Bh!ITOJIHHCT OKOJIO 3 000 OT.UCJihHhiX 

Jarrpocos Ha BhichmKy rrperrpHHTOB n coo6II!CHHH OHJUI. B TaKnx Ja­

rrpocax crre.uyer o6»3aTenhHO yKa3J>IBaTh mr.ueKc 3arrparnui3aeMoro 

H3.UaHlll!. 

A,IJ;peca 

IlHChMa ITO BCCM BOilpOCaM 06MeHa rry6JIHKal.(l!l!MH, a TaK:>KC 3a'rrpo-

Chl na or.uenhHhie H3.UaHHl! crre.uyeT Hanpasn»Th no a.upecy: 

101000 MocKea, 
TAa6Hblii nottma;wm, n/Jt 79. 
H36ameAbCKuii OPIOe/1 
06oe6uHeHHozo uHcmumyma 
J!OepHbiX UCC/IeOOGQHUU. 

A.upec .UJIH IIOChinKH BCCX ny6JIHKal.(HH B IIOpl!.UKC o6MeHa, a TaKlKe 

.UJIH 6ecrrrraTHOH IIO.UTIHCKH Ha Hay'!Hh!C :>KypHaJihl: 

101000 MocKea, 
TAaeH&Iii nottmaMPI, n/Jt 79. 
HayttHo- mexHuttecKaJI 6u6AuomeKa 
06oeOUHeHH020 UHCnUPiyna . 
J!OepHb!X UCC/IeOOGQHUU. 


