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Abstract. The reliability of micrometeoroid fluxes determined
by in situ measurements is statistically examined. Using all
available data collected since 1958 by artificial satellites and
space probes, mean fluxes of microparticles are determined for
the circumterrestrial space, the cislunar and circumlunar space,
and the interplanetary space. The resulting differences among
these three regions are too small to substantiate the assumption
of a denser circumterrestrial dust cloud, or enhancement near
the Moon, against the general interplanetary medium at
r =1 AU. The dispersion of individual values, the effects of
different sensitivity threshold, and the inherent random fluctua-
tions, measuring errors and calibration uncertainties appear to
mask any real differences entirely.

1. Introduction

After two decades of in situ measurements of
micrometeoroids many of the results are still con-
troversial. The discrepancies are due to a broad
variety of the methods applied, as well as to differ-
ent, and sometimes rather uncritical, approaches to
the processing and interpretation of the data. Noise
and calibration are still major problems. A signific-
ant contribution to understanding this situation was
the review paper by McDonnell (1970), treating
the subject of micrometeoroid detection in full,
and the papers by Nazarova (1965), Wlochowicz
(1966), Nazarova and Rybakov (1970), Mazets
(1970) and others elucidating individual aspects
involved.

The aim of the present paper is to check statisti-
cally the reliability of individual experiments using
all data now available. The analysis is restricted to
the fundamental characteristics of the measure-
ments — the values of the mean flux and detection
threshold. Essentially all results published since
1958 are included, and the analysis is made sepa-
rately for three regions: circumterrestrial, lunar,
and interplanetary space. As far as possible, the
estimated degree of reliability of each experiment
is also taken into account.
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2. The Experimental Data

As a basis of our analysis we use all experiments
on artificial satellites, lunar and deep-space probes
which carried special detectors for measuring the
impacts of dust particles in different regions of the
solar system, beginning with the first measurement
on Explorer 1 in 1958. The experiments on sound-
ing rockets and stratospheric baloons have not
been included. Their results are much less
homogeneous, a broader range of particle sizes and
much shorter exposure periods of the detectors are
involved, and a number of additional factors (ter-
restrial contamination, exhaust contamination by
the carrier of the experiment, deceleration and
fragmentation of the particles in the upper atmos-
phere) make the interpretation of the data difficult.
It was also decided to leave out all the evidence on
micrometeorite flux that had not been obtained
with equipment specially designed for this purpose
— such as the analysis of the impact cratering on
the windows of the Gemini and Apollo spacecraft
— even when sophisticated calibration was per-
formed.

The last four or five years are rather poorly
represented in our statistics, because there was
some decline in the number of missions equipped
with micrometeorite detectors after the culmina-
tion in 1964—1965, and because it did not appear
reasonable to include partial and preliminary re-
sults available from the latest missions.

The results of all experiments were converted
into the same units. The mean flux was expressed in
the number of particles per square meter and
second, from a space angle of 2 steradiants. The
threshold sensitivities were expressed in the limit-
ing particle mass in grams using, in particular, the
conversion rates published by Jennison (1965).
This threshold refers to an impact velocity of
20kms™', assuming energy-sensitive response,
I=m? (McDonnell, 1970).
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The number of separate experiments considered
was 82, and the number of missions during which
these took place was 48. Here a “separate’ exper-
"iment denotes not only the use of another, func-
tionally different detector onboard of the same
spacecraft but also the use of the same detector
with a significant modification (e.g. measurements
after applying a control system, or after a major
change in the threshold sensitivity).

3. The Region of Measurement

Each of the 82 experiments mentioned was
classified according to the region where the detec-
tion took place, and according to the reliability of
-the results.

Since micrometeoroid detection was not always
a permanent task for all the duration of a mission,
the region of measurement does not necessarily
coincide with its target. Furthermore, the orbital
eccentricity of some satellites, and the relative
paucity of the data, makes it unreasonable to
attempt a detailed division according to the
geocentric distance. Hence only three characteris-
tic groups were formed..

1. Measurement. in the circumterrestrial space
(T), with the range of heights between about 200
and 2500 km. This group includes 55 experiments
onboard of 29 satellites. In a few cases (e.g. Ex-
plorer 6 and Electron 2) the actual height was
outside the range indicated during some periods of
the experiment. Since this group represents detec-
tion within the closest earth environment, at
geocentric distances of 1.03 to 1.4 earth radii, the
effects of gravitational focussing, shielding and
particle fragmentation are presented. A significant
enhancement of impact rates was indicated by the
earliest measurements in this zone.

2. Measurements in cislunar and circumlunar
space (L) are characterized by geocentric distances
of the order of 10° km, or tens of earth radii. This
group comprises 19 experiments on board of 12
long-period satellites, lunar probes, and lunar orbi-
ters: Pioneer 1, Luna 1, Luna 2, Luna 3, OGO 1,
Luna 10, OGO 3, Lunar Orbiter 1, Lunar Ex-
plorer 35, Zond 5, Zond 6, and Luna 19. The in-
clusion of Pioneer 1, OGO 1 and OGO 3 is a little
problematical in view of their low perigee. It was
taken for decisive that the law of areas makes them
spend most of the time at larger geocentric dis-
tances characteristic for group L. -

3. The deep-space measurements (D) refer to
detection of micrometeorites in interplanetary
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space, far from the Earth—Moon system but gener-
ally at about the earth’s distance from the Sun. This
group includes 8 experiments carried out during 7
missions: Mariner 2, Mars 1, Mariner 4, Zond 3,
Venera 2, Pioneer 8, and Pioneer 9.

4. The Reliability of the Data

Any classification of the data according to their
quality may be admittedly only tentative.
A thorough inspection of the existing accounts of
individual missions (propulsion, orbit, stabiliza-
tion, telemetry), measuring techniques involved
(type, control and protection of the sensor, possi-
bility of false responses, outer sources of interfer-
ence, intermittance in registration or transmission)
and other relevant factors allowed to adopt a rough
scheme of four quality classes.

The best experiments, perfectly prepared, con-
trolled and functioneering were included into class
I (= most reliable). Class II (= reliable) is essen-
tially the same as class I except for transient
interference impairing a perfect quality of the
results. Class III (= less reliable) includes either
measurements lacking on control systems or mea-
surements during which serious disturbances oc-
curred (e.g., frequent failure in telemetry or
stabilization, flaws in the electronics of the detec-
tors), or any effects substantiating serious doubts
about the reality of some responses. Class IV
(= unreliable) includes experiments with major
disturbances which reduced the degree of confi-
dence quite substantially (e.g., a full breakdown of
registration or transmission, obvious registration of
false responses) ; the results from such experiments.
were not taken into account for calculating the
mean values of the flux.

A summary of the classification of individual
experiments is given in Table 1. The numbers in
brackets indicate the number of missions involved.
It may be noted that the classification of experi-
ments needs not coincide with that of the respective
mission. For instance, the mission of Explorer 16

Table 1
N I I A v Total
Group
T 25(8) 14(10) 9(7)  7(4)  55(29)
L 170000 22)  — —  19(12)
D 87)  — — = 8D
Total ©82(48)
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was classified as most reliable (I) due to 7 successful
experiments, in spite of the classification of the
eighth experiment with CdS detectors as unreliable
(Iv).

5. The Results and Their Discussion

Cummulative fluxes corresponding to the parti-

cle masses for each of the 82 micrometeoroid

experiments ‘are shown in Fig. 1 in logarithmic
scale. In accordance with the chosen classification
introduced above, the following designation was
used in Fig. 1 for different groups of experiments:
group T — full circles, group L — full squares,
group D — full triangles. The four classes of
reliability are distinguished by different sizes of the
corresponding group marks, the largest ones being
used for the most reliable experiments (class I), etc.

For each sample of experiments the mean value
of the flux with its corresponding mass value was
‘calculated. The results are given in Table 2, and
shown in Fig. 1 by blank marks, corresponding to
the particular group (T — circles, L — squares,
D — triangles). Since any statistical weighting of
the experiments is artificial, the mean values were
calculated for samples of experiments including
different classes of reliability, as is shown in Table
2. For group T the mean values are given for three
samples: whole set of data considered (classes
I + II + III), sample of the most reliable and
reliable experiments (classes I + II), and sample
including the most reliable experiments only (class
I). For group L two samples were used: of the
classes I + IL, and of the most reliable class I. Group
D consisted of the most reliable experiments only
(class I). We can see that the less reliable experi-
ments are those of higher fluxes of particles with
smaller corresponding masses. For further discus-
sions we will use only the data of the classes I + II
for group T, and of the class I both for the group
L and D.

To find out the nature of the flux-mass distribu-
tion, the following procedure was used: With re-
spect to uncertainties in estimation of sensitivity
threshold the mean flux values were calculated for
three chosen regions of the threshold sensitivity
mo:

a) my< 107%g,
b) 107 g=<my<107g,
c) m=10"g,
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which was done separately for each group, i.e. T,
L and D. The results for each group and region are
shown in Table 3 and Fig. 1. Practically the same
results were derived by the least squares method.
For comparison there are shown in Fig. 1 flux-mass
distribution derived from some of the most success-
ful missions as e.g. Explorer 8 (group T, class 1,
acoustic detection),

Explorer 16 (group T, class I, penetratlon mea-
surements),

Pegasus 1, 2 and 3 (group I, class I, capacitor
sensors) and

Luna 1 (group L, class I, acoustic detection).

The calculated mean values for different groups
of experiments and their classes of reliability to-
gether with extremely broad dispersion of the
results for individual experiments in the flux-mass
diagram allow to make following conclusions:

a) The great dispersion of data of the experi-
ments (in some cases as much as five orders at the
same level of the sensitivity threshold) is most
remarkable in T group which includes much more
experiments of the lower reliability classes (see
Tab. 1) in comparison with groups L or D. It seems
likely that the great dispersion and uncertainties in
determining the flux-mass distribution are caused
mainly by the experiments of the low reliability, but
on the other hand there are significant differences
(about three orders) also among the data for high
reliable samples of experiments in group T as well
as in groups L and D. :

b) Generally speaking the experiments with
lower class of reliability tend to have a higher flux
for the corresponding level of sensitivity threshold
which is evident especially at group T, but can also
be found at group L.

¢) The mean cumulative fluxes calculated for
the whole groups T, L and D (represented by values
marked in Fig. 1 as O, O and A) indicate that the
resulting differences among the fluxes of the three
groups are too small with respect to changes of their
respective mean sensitivity threshold and allow no
definitive conclusions about such astronomical
questions as for instance the assumption of a more
dense circumterrestrial dust cloud, or a stronger
enhancement of dust concentration in the cislunar
and selenocentric space, as compared with the
micrometeoric background represented by the flux
in interplanetary space.

d) The differentslopes of the flux-mass distribu-
tion for groups T, L and D indicate that in the
vicinity of the Earth the population index is higher
than the one in selenocentric and interplanetary
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Table 2

Number Number Mean threshold Mean particle flux
Group Class . .. i 2 - -1
‘ of experiments of missions sensitivity [g] - [m™2s7' 2n ster™']
T I+II+10I+IV 55 29 5% 107 6 X 1073
T I+11 39 18 107® 3x107°
T I 25 8 1077 2 X IOT"
L I+11 19 12 3x 1071 5x107*
L I 17 10 5x 10710 4 x107*
D I 8 7 107 9x107°
) Table 3
Region a) b) c)
Group moy Flux mg Flux mo Flux
T 4 x 10712 3x107? 3x107° 5x107° 4 x 107 6 x 1077
L 4 x 10712 6x 1073 4 x107° 4x107* 2 x 1077 1,5 x 107*
D 2 x 10712 2 x 10710 1077 4x107° 1077 4x10°°

space. This fact can support the assumption about
a higher concentration of dust particles around the
Earth, but mainly in range of the picogram masses.

There are two possible interpretations, conclusion
a) about the great dispersion of the fluxes 1. it is
caused by real variation in flux rate which may be
brought about by grouping effect of micro-
meteorids or by micrometeoroid streams, 2. it is
caused by total effect of great uncertainties of the
devaluable factors in determining both the flux rate
and the marginal mass sensitivity.

Since it is very probable that, generally speaking,
both interpretations mentioned above are pre-
sented in any available measurements, it is highly
desirable to minimize the effects of the devaluable
factors as much as possible, to be able to come to
definite conclusions about the astronomical in-
terpretation of the measured data. Without fulfil-
ling this demand the recording of particle impacts
on surfaces of upper-air rockets and of artificial
satellites and spacecraft will remain probably one
of the most contraversial areas in the study of
interplanetary matter for a long time.

Conclusions ¢) and d) can be confronted with
some new measurements, the ones which have not
been taken into account in our statistics (except of
the Prospero satellite experiment) because of their
preliminary and incomplete character. The results
from the S-149 experiment on SKYLAB reported
by Nagel et al. (1974) and from the experiment on
Prospero satellite (Bedford, 1975) indicate in ac-
cordance only a small enhancement of the flux from
the direction of the Earth’s apex and the latter
appeared to be a grouping effect of micro-
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meteoroid, too. Hoffmann et al. (1975) reported
enhancement of the flux to about two orders from
the direction of the apex as compared with the
other directions, based on the results of mi-
crometeoroid experiments S-215 on HEOS 2.
Grouping effect was also indicated by Prospero
experiment. Even results from satellites KOS-
MOS 470, 502 and 541 indicate higher concentra-
tion of dust particles in the near-Earth environ-
ment. Some of the preliminary reports (e.g. Humes
et al., 1974) of Pioneer 10 mission confirmed local
enhancement of the flux rate but other authors (see
e.g. Auer etal., 1974) have expressed doubts about
the particle concentration measured on Pioneer 10
in asteroidal belt. It seems that the value of con-
centration should be shifted about two orders
lower. Neither preliminary results from Pioneer 11
show any enhancement in asteroidal belt, but on
the other hand measurements hitherto show at
least increase of the flux rate in distance 1.0—1.15
AU from the Sun and near the Jupiter (Humes et
al., 1975).

Apart from the discrepancies in measurements
made up to now it is very difficult to solve even the
basic issues in micrometeoroid problems because
of the fact that up to the present there is no
guaranteed model of the mass distribution for dust
particles. To avoid misinterpretation in mutual
comparison of different experiments it is necessary
to take into account the reliability of detection,
measuring errors, calibration uncertainties, etc.
and to include into further analysis only the most
reliable data with respect to the mass sensitivity and
the region of measurement. As far as the slope of
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the log. cumulative flux vs. log. mass threshold
concerns, one of the most suitable ways requires an
unambiguous counting of impacts down to at least
two different mass thresholds for the same highly
reliable experiment, as was used e.g. at calculating
the mass index S for meteoric complex by Millman
(1973).
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O NIEKTORYCH PROBLEMOCH DETEKCIE
MIKROMETEORITOV

I. KAPISINSKY

Astronomicky tistav Slovenskej akadémie vied,
Bratislava, Ceskoslovensko

Sdhrn

V prici sa vySetruje spolahlivost detekcie mikrometeoritov
na umelych kozmickych telesach in situ v rozli¢nych oblastiach
kozmického priestoru. Vietky dostupné experimenty so Specidl-
nou detekénou aparatirou (82) uskuto¢nené od r.1958 (s vynim-
kou experimentov na vySkovych raketach) boli rozdelené do
troch skupin jednak podla oblasti, kde sa merania skuto¢ne ro-
bili, jednak v ramci tychto skupin do $tyroch tried spolahlivosti
podra individuédlneho zhodnotenia kazdého experimentu. Z tak-
to roztriedeného materidlu sa pocitali stredné hodnoty fluxu
mikrocastic v okoli Zeme (skupina T), Mesiaca (skupina L)
a v medziplanetirnom priestore (skupina D) vzhladom na
prislu§né zmeny priemernych citlivosti detekcie. Dalej sa zisto-
vali priemerné toky pre rozliéné siibory experimentov v ramci
kazdej skupiny podTa ich tried spolahlivosti. Uvedena schéma
delenia experimentov podla oblasti merania a spolahlivosti
umoznila zistit, Ze najviciia disperzia hodnét fluxu sa prejavuje
v skupine T, kde je aj najviac experimentov so zniZenou
spolahlivostou. Ukazuje sa, Ze rozdiely medzi strednymi fluxa-
mi mikrometeoroidov v troch skimanych oblastiach sd prili§
malé na to, aby sa dala na ich zaklade urobit definitivna
interpretacia takych astronomickych otdzok, ako je napr. pred-
poklad o hustom prachovom oblaku okolo Zeme alebo o silnom
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zvySeni koncentracie prachovych Castic v okoli Mesiaca, v po-
rovnani s koncentraciou mikrocastic v medziplanetirnom prie-
store. Analyza indexu populacie funkcie hmotnosti mikrocastic
pre jednotlivé oblasti ukazuje, Ze do Gvahy prichddza iba mierne
zvySenie koncentracie pikogramovych prachovych ¢astic v okoli
Zeme a Mesiaca, oproti jej urovni v medziplanetdrnom priesto-
re. Ukazuje sa, Ze priama detekcia mikrometeoroidov je zatial
najproblematickejSou oblastou §tiudia medziplanetarnej hmoty
vobec. Problémy sivisiace priamo s kozmickym letom (stabili-
zécia a orientdcia detek¢ného systému, kontaminac¢né problé-
my, telemetria idajov a pod.), ako aj s detekénou technikou
(kalibrécia, kontrola a ochrana detektorov, chyby v uréeni fluxu
samého a hrani¢nej citlivosti, moZnosti ruSenia a registracie
faloSnych impaktov a pod.), znemoziiuji spolahlivo odlisit
skuto¢né priestorové a ¢asové fluktudcie vo vyskyte mikrocas-
tic. Vzhladom na to, Ze dodnes nie je potlaceny na minimum
vplyv znehodnocujucich faktorov z technickej stranky, nemoz-
no povazovat ani astronomicku interpretaciu vysledkov rozli¢-
nych merani za definitivnu. Rie$enie treba hladat okrem iného
v pouzivani iba velmi spolahlivych experimentov tych istych
detektorov na rozli¢nych drovniach citlivosti.
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OB HEKOTOPBIX INPOBJIIEMAX PETMICTPUPOBAHUSI
MHUKPOMETEOPUTOB '

N. KATIMIINMHCKU

AcrtpoHomudeckui HHCTHTYT CIIOBalKOH aKafléMHH HayK,
Bpatucnasa, Yexoca0BakHs

PesroMe

B pa6oTe aHanH3UPyETC Hale)KHOCTb HH-CHTY PETUCTPaLIMH
MHKPOMETEOPOUNOB MPH NOMOLIM KOCMHYECKMX annaparTos
B pa3Hbix 06J1aCTAX KOCMUYECKOTO NpocTpaHcTBa. Bee goctyn-
Hble 9KCMIEPUMEHTBI CO CNeLUaNbHOM anmnapaTypoi /s peruc-
Tpauuu KOTOpbIe ocywiecTBasnMuch ¢ 1958 roga (kpome 3kcne-
PUMEHTOB Ha [laleKux pakeTax) B obuweM uucie 82, Gbuin
pa3OUTBI KaK B TPU TPYNNbl MO AEHCTBUTENLHOH o6GnacTu
M3MEPEHHUS TaK U B YEThIPE KJACChl HAIEXXHOCTH B PAMKaX 3THX
rpynn st HHAMBHAYANbHOM OLEHKH KaXIOTO 3KCIEPUMEHTA.
M3 Tak paccOPTHPOBAHHOTO MaTepHala BLIYUCIISIIUCH CPENHHIE
[AHHBIE TIOTOKA MbLIEBBIX YACTUL B OKPECTHOCTH 3eMiu (Tpyn-
na T), Jlyns! (rpynna L), # B MEXIUIaHETHOM NPOCTPAHCTBE
(rpynna D) ¢ OTHOIIEHMEM HA COOTBETCTBYIOIIUE N3MEHEHHS
CPENHMX YyBCTBUTENBHOCTEH AeTeKTOPOB. [Janblie onpenens-
JIKCh CPEJHUE TOTOKHU Pa3HbIX BBIOOPOK 9KCIIEPUMEHTOB B PaM-
Kax KaX[o¥ rpymnbl A MX KJIACChI HAfIEXKHOCTH.

IIpuBeneHa cxeMa pa3GUThI 17151 061aCTH U3MEPEHHUS U HAIE XK~
HOCTH TMO3BOJIAIA OMPEJENHTh YTO caMmas Gonbluast AuCIEp-
3usi JaHHBIX MOTOKA NposBnsiercd B rpynne T rae Toxe Haxo-
AMTCS M caMoe GOJIBLIOE YUCIIO IKCTIEPUMEHTOB C MOHHXKEHON
HapexHocTbio. OKa3bIBAaETCA TOXE, YTO Pa3HULIbI MEX]TY Cpel-
HHUMH OTOKAMH MUKPOMETEOPOHIOB B TPEX M3y4aeMbix obaac-
TAX OYEHb MAJIEHbKM, YTOOBI HA HX OCHOBE MO3BOJISIIO IENATh
OKOHYATEJIbHBIX OObACHEHUI TAKUX ACTPOHOMHMYECKHUX BOTPO-
COB KdK Harp. NPeANONI0XKEHHE O I'YCTOM OKOJIO3€MHOM O01aKe
NbUIM WK O GOMbLIOM MOBLILIEHUH KOHIUEHTPAUUH MbUIEBbIX
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YacTul B OKpecTHOCTH JIYHBI O CPOBHEHHIO C KOHLEHTPaLUen
B MEXIUIAaHETHOM MPOCTPAHCTBE. AHaJIU3 MIOKA3aTeNs NoMyJa-
unn pYHKLUMA MacChl MbINEBbIX YaCTHI] JJIs1 OTAEAbHbIX 001ac-
Tei MOKA3bIBAET YTO B PACCYKAECHHE IPUXOHUT TOJIBKO YMEPEH-
HOEC MOBBbILWIEHHME KOHUEHTPAUUM MHKOTPAaMMOBBIX YACTHL
B OKpecHOCTH 3eMiu U JIyHbl HaNPOTHB €if YPOBHS B MeXILIa-
HeTHOM npocTrpancTse. [IpaMas perucTpanys nblaeBbiX YaCTHI]
ABNSIETCS 10 CUX NOP caMoil mpo6ieMaTHYeckoi 06aacTbio
M3yueHns MEeXIIaHETHON MaTepUM BOOGILE.

ITpo6aeMbl KOTOpBIE KAacatOTCs NPAMO KOCMHUUYECKOTO noJie-
Ta (cTaGUIM3ALMS ¥ OPHEHTAIMA aNMapaTa, NPOBIEMbI KOHTa-
MMHALMK, TEJEMETPHUS AAHHBIX W T. M.) KAK TOXE TEXHMKH
peructpauun (Kanubpauus, MPOBEPKa ¥ OXpaHa CHCTEMbI fe-
TEKTOPOB, OLUMOKH B ONPEENECHNH IOTOKA U MOPOra YyBCTBU-
TENBbHOCTH, BO3MOXHOCTb BO3MYLICHHS U PETHCTPUPOBAHUSA
JIOXHBIX CUTHAJIOB U T. I.) IEJIalOT HEBO3MOXKHbBIM B HalleXKHOM
Mepe OTJIMYMTb JEHCTBUTENIbHbIE MPOCTPAHCTBEHHBIE M Bpe-
MeHHbie (PIYKTyaluu B HAJIMY MK IbLIEBBIX YacTUll. Beuay Toro,
4TO O CHUX MOP He GbUIO NMOJABEHO BIMSHUE 3arpA3HAOLIMX
(pakTOpPOB Ha MMHUMYM U3 TEXHUYECKOM TOYKM 3PEHHUS, HEBO3-
MOXHO CYMTATh aCTPOHOMHMYECKYIO MHTEPIPETALMIO Pa3HbIX
M3MEPEHUI OKOHYaTeNbHON. Pelienne Hago UCKaTh B M0J1b30-
BAaHWM CaMbIMU Ha[IeXXHBIMU 3KCTIEPUMEHTAMH U TaK-XKe JIeTeK-
TOpaMu paboTalOLMMHM HA Pa3HbIX YPOBHAX YYBCTBUTENb-
HOCTH.
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