BecrHni H5id PK BbIMyck 3, ceHTs6pb 2022

https://doi.org/10.52676/1729-7885-2022-3-31-38
YOK 502.05; 502.2

VERTICAL DISTRIBUTION OF RADIONUCLIDES IN SOILS OF SEMIPALATINSK TEST SITE
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The article addresses the pattern of vertical distribution of the major long-lived man-made radionuclides *¥'Cs, 2*!Am, %Sy
and 23°*20py in soils of the Semipalatinsk Test Site. Areas of different contamination with radionuclides are discussed —
places of aboveground nuclear and fusion tests conducted at the ‘Experimental Field’ site, the fallout in the form of plumes
within the Semipalatinsk Test Site, areas of radiological warfare agent tests at the ‘4A’ site, areas of meadow ecosystems
associated with radioactively contaminated water streams from test adits of the ‘Degelen’ testing site, conventionally
‘background’ areas of the test site, in which no nuclear or fusion tests were conducted. In the course of research, differences
were revealed in the vertical distribution of radionuclides of interest in soils of the above areas. Differences are attributed
to the pattern of how contamination with radionuclides is formed and to abiotic and biotic factors such as physical and
chemical soil properties, moistening conditions, human activity and others. Based upon findings, recommendations were
developed, aimed at the optimization of research into the vertical distribution of radionuclides in the soil cover of the former
Semipalatinsk test Site. In particular, it was found that when undertaking such research, it was sufficient to confine oneself
to dividing a territory by the soil type and restrict the research depth to 30 cm.
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INTRODUCTION

As we know, during nuclear tests, soil is the major
ecosystem component exposed to contamination. It
retains all substances that entered the ecosystem
including man-made radionuclides for a long time due to
contamination. Therefore, research into the content and
distribution of radionuclides in the soil cover of the
Semipalatinsk Test Site (STS) allows the obtainment of
predictive values to characterize migration features of
radionuclides in soils. The pattern of the vertical
distribution of radionuclides at the test site has to be taken
into account in developing rehabilitation techniques for
radioactively contaminated areas.

Over years of research undertaken in the STS territory
(between 1949 and 1989), 456 nuclear weapons tests
were conducted. Of these, 116 tests were conducted in
the atmosphere at the ‘Experimental Field’ site. 86 tests
were conducted in the air, and 30 — above the ground
(aboveground tests) [1, 2, 3]. Tests resulted in the conta-
mination of soil cover with man-made radionuclides.
Both test places within the Experimental Field’ site and
areas of passing radioactive plumes became contamina-
ted. At the same time, fallout plumes went beyond the
testing site, and, in certain cases, beyond STS [4, 5, 6]. In
areas themselves, in which no nuclear tests were
conducted and through which no fallout plumes were
passing, the fallout background was formed, which
differs from that of the global fallout in the northern
hemisphere [7]. The next type of tests conducted at STS
are underground nuclear tests. These tests were conduc-
ted in two ways. In boreholes at the ‘Balapan’ and ‘Sary-
Uzen’ sites and in horizontal mine workings — adits at the
‘Degelen’ site. In the first case, the soil cover in the test
place was not radioactively contaminated, except for

individual abnormal situations. In the latter case, soil
contamination with radionuclides currently continues
due to the carry-away of radionuclides from adit cavities
via ground waters [8].

The soil cover in the STS territory became
contaminated not only due to nuclear weapon tests but
also due to damage effects of radiological warfare agents
tested (RWA). Such tests in the STS territory were con-
ducted within the ‘4’ and ‘4A’ sites [9]. The pattern of
radioactive contamination at these sites is ‘spotty’ with
the spot size from hundreds of meters to several kilo-
meters.

The global scientific literature has available many
materials that characterize features of the vertical
migration of radionuclides. In particular, the migration of
radionuclides in soils contaminated due to radiological
accidents at nucelar fuel cycle enterprises (the radio-
logical accidents in the Southern Urals in 1957, and in
Pripyat town in 1986 (the Chernobyl NPP) has benn
sufficiently studied [10, 11]. Most of the data on the
recent fallout were obtained within the short period of
time following the accidents. Whereas after testing in
individual STS areas, more than 70 years have now
passed. Some authors provide research findings on the
relationship between features of the vertical migration of
radionuclides in soil and its physical and chemical
properties or source species of radionuclides in soils [12—
15], as well as depending on landscape conditions [16—
18] and the existing external natural factors [19]. Certain
researchers cite data on the distribution of radionuclides
in soils of forest ecosystems located within the territory
adjacent to STS [20] and in the soil of STS areas that are
beyond test site areas [21].
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The objective of this article was to address the pattern
of the wvertical distirbution of radionuclides in the
undisturbed soil of various STS areas long after nuclear
weapons and nuclear effects of radiological warfare
agents were tested to shape the concept of the migration
of radionuclides in vertical profiles of STS soils.

Thus, because of a variety of existing areas that differ
in soil contamination, the STS territory is of interest to
research into the vertical migration of radionuclides in
the soil. The soil of steppe landscapes at the ‘Experi-
mental Field’, ‘4A’ sites and areas of the passing fallout
in the form of plumes are of the greatest interest because,
when undertaking research, most of contaminated areas
were not destructed. Thus, it is possible to observe the
natural vertical distribution of radionuclides in the soil.
Of special interest are radioactively contaminated
meadow soils of the ‘Degelen’ site because of many farm
enterprises surrounding it, engaged in farm animal
grazing and procurement of vegetative forage around this
testing site.

The paper was prepared under the Grant Funding
Project AP08856225 ‘Development of a technology to
remediate radioactively contaminated areas of the
Semipalatinsk Test Site’.

1 MATERIALS AND TECHNIQUES

1.1 Sampling

In terms of soil and geography, the test site territory
is included in the steppe zone and is mostly represented
by the chestnut soil type.

To research into the vertical distribution of man-made
radionuclides, soil was sampled layerwsie to be analyzed
for radionuclides. The sampling area of each layer was
200 cm?. A trowel (preset geometry) was used for samp-
ling (5x10x10 cm). Samples were collected layerwise
from the following areas:

— inthe soil cover of steppe ecosystems from places
of aboveground and air nuclear tests at the ‘Experimental
Field’ site (8 sampling points). The sampling interval — 3
cm as deep as 60 cm. Soil was sampled layerwsie next to
ground zeroes of aboveground explosions with maxima
of y- and B — indicators, from areas with no visible man-
made disturbance of the soil cover.

— in the fallout plumes that resulted from passing
radioactive clouds of explosions conducted on August
12, 1953, May 20, 1960 and July 1, 1961 (8 sampling
points).

— in RWA test places at the ‘4A’ testing site (5
sampling points). Soil was sampled layerwise in places
of maxima of B—indicators determined as a result of the
previous radiometric survey.

— in meadow ecosystems of the ‘Degelen’ testing
site associated with radioactively contaminated water
streams from adits No. 176 and 177 (2 sampling points).

— in conventionally background STS areas (47
sampling points). The sampling interval — 3 cm as deep
as 30 cm and further at 5 cm intervals from 30 to 50 cm

deep. Stratified soil sampling points were selected on
chestnut soils including the main types, subtypes and
geni. This is attributed to the fact that the STS territory is
represented by chestnut soils. Individual stratified
sampling points were selected on saline soils.

1.2 Radionuclide analysis

Activity concentrations of man-made isotopes
studied were determined as per guidelines [22, 23, 24]
with a calibrated equipment that was entered in the State
Register of Measuring Instruments of the Republic of
Kazakhstan. Activity concentrations of ¥’Cs and 2:Am
were determined using a Canberra GX-2020 y-spectro-
meter. The activity concentration of *°Sr was determined
following the radiochemical separation with a B-spectro-
meter, model TRI-CARB 2900 TR. The content of
239+240py was determined following the radiochemical
separation with an o-spectrometer by Canberra. The
detection limits were as follows: for *¥’Cs — 4 Bg/kg,
21Am — 1 Bg/kg, °°Sr -5 Bg/kg, 23%+240py —1 Bg/kg. The
measurement uncertainty did not exceed the following
precentage values: for *¥Cs and ?!Am — 20%, *°Sr —
25%, 239+240py — 30 %.

1.3 Expression of results

Activity concentrations of radionuclides in the soil
are not provided. The paper presents processed figures as
a percentage of the total activity of radionuclides in the
soil profile. This presentation makes it possible to
address the vertical distribution of radionuclides in the
soil as aimed by this paper.

2 RESULTS AND DISCUSSION

2.1 Vertical distribution of radionuclides

in the soil of the ‘Experimental Field’ testing site

The figure (Figure 1) shows the vertical distribution
of radionuclides typical of the ‘Experimental Field’ site,
at which aboveground tests of nuclear weapons were
conducted. One can see that the highest content of
radionuclides is noted as deep as 5 cm followed by a
sharp decrease. (Figure 1, a). The content of radionucli-
des in soil layers deeper than 15 cm is observed to jump.
For instance, in one area, the maximum content of all
radionuclides is at about 20 cm (Figure 1, b). The assum-
ption was made that, at this point, the soil cover was
disturbed due to anthropogenic activities. Analyses of
physical and chemical soil properties showed that the
humus content in lower layers is higher than in the first
from the surface. The content of carbonates and soil
density for all soil layers were also at the same level.
These facts prove that the soil cover integrity has been
disturbed.

Thus, in areas of aboveground nuclear tests at the
‘Experimental Field’ site, if there are no signs of
disturbed soil cover, the vertical distribution of
radionuclides in the soil is classical when maxima are
noted for topsoil followed by a decrease. The low
migration ability of radionuclides is explained by the fact
that they are mainly in a tightly bound form [25].
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Figure 1. Distribution of radionuclides at the ‘Experimental Field’ testing site: a) average distribution
based upon data from 8 areas, b) an area of disturbed soil cover
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Figure 2. Vertical distribution of radionuclides in the soil of fallout plumes: a) average distribution of radionuclides
based upon data from 8 stratified sampling points; b) distribution of radionuclides characteristic of light-chestnut
crushed stony soils in bald peak slopes; c) distribution of radionuclides in solonetzic-saline soils

2.2 Vertical distribution of radionuclides

in the soil of fallout plumes

The vertical distribution of radionuclides in the soil
cover of fallout plumes is depicted in the figure (Figure
2). Similarly to previous types of radioactive contamina-
tion, maximum activity concentrations of radionuclides
are registered as deep as 10 cm. (Figure 2, a). At the same
time, the maximum content of radioactive isotopes is

noted as deep as 5 cm in bald peak slopes, represented by
light-chestnut crushed stony soils (Figure 2, b). And in
depressions between bald peaks, represented by friable
solonetzic-saline soils, radionuclides are observed to
transfer more to lower soil layers (Figure 2, c).
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2.3 Vertical distribution of radionuclides

in soils of the ‘4A’ site

The vertical distribution of radionuclides in soils of
the ‘4 A’ site is depicted in the figure (Figure 3). One can
see that the distribution of radionuclides is different from
the previous contamination types under discussion. *°Sr
is observed to be more mobile in the vertical soil profile,
which is attributed to the mobility of this isotope as a
whole and to soils with a light particle-size composition
at the ‘4A’ site [26]. The vertical distribution of *¥’Cs and
21Am in soils of the ‘“4A’ site differs greatly from their
distribution in previous areas. For example, in area No. 2,
maxima of activity concentrations of man-made
radionuclides **Cs, 2**Am and *Sr are observed 22 cm
deep (Figure 3, b), and in area No. 24 —in the 17 cm layer
(Figure 3, ¢). In either case, a classical decrease in acti-
vity concentrations of radionuclides with depth is noted
after activity concentration peaks. Thus, with this type of
tests, one can assume two migration mechanisms of
radionuclides. The first mechanism is traced from the
topsoil to the layer with maxima of activity con-
centrations of radionuclides. At the same time, this soil
layer acts as a geochemical barrier to the radioactive
solution that is spilled at the time of testing and pene-
trating as far as the barrier layer by gravity and precipi-
tation. The example is depicted in area 2 (Figure 3, b, c).

The second mechanism can be observed from the
layer acting as a geochemical barrier, from which a cla-
ssical distribution of radionuclides is noted (Figure 3, b).
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2.4 Vertical distribution of radionuclides in soils

of the ‘Degelen’ site

The figure (Figure 4) illustrates the distribution of
radionuclides in the vertical soil profile of areas linked to
water streams from adits. These areas are additionally
moistened by water streams from test adits. A high
mobility of radionuclides is attributed to the existing
additional moistening. For example, maxima of the
activity concentration of 2*!Am are noted at a depth of
100 cm. A sufficiently high fate of °°Sr and 23%+%40py is
also noted at this depth. With no additional moistening,
the vertical distribution of isotopes in the soil can be
defined as classical.

The deep penetration of radionuclides is attributed not
only to the presence of additional moistening in the form
of creeks but also to the ongoing carry-away of
radionuclides via adit waters [27]. Water monitoring
carried out in adits of the ‘Degelen’ testing site in 2003
showed that the annual average concentration of **Cs in
the water exceeded the intervention level (11 Bg/kg) by
7 to 47 times. Research undertaken by authors earlier
demonstrated that in the water stream from adit 176, the
activity concentration of 3’Cs reached 68 Bg/kg and that
of %Sr — 155 Bg/kg. Maxima of the activity concentration
of 239+240py were registered in the water stream from adit
No. 503, where the concentration exceeded level of
intervention equal to 0.56 Bg/kg by 12 times [28].
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Figure 3. Vertical distribution of radionuclides in soils of the ‘44’ site: a) average vertical distribution of radionuclides based upon
data from 5 sampling points; b) vertical distribution of radionuclides in area 2; c¢) vertical distribution of radionuclides in area 24
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Figure 4. Vertical distribution of radionuclides
in water-saturated meadow soils
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Figure 5. Vertical distribution of radionuclides in the soil
of conventionally ‘background’ areas

Table. Functions describing vertical distribution curves of radionuclides in the soil

Subtype, type of soil 137Cs WAm 29+240Py
Light-chestnut subtype y=(102+11)e-(0.5£0.03) y=(47+10)e-(0:2:0.05)x y=(76+16)g-(0320.04)x y=(90+16)e (04005}
Chestnut subtype y=(85+22)e (04008 y=(51£16)e-(0-2:0.08x y=(10614)g-(0.420.04 y=(128+28)e-(04:007)
Meadow-chestnut subtype y= (85+12) -(0.3£0.03)x y=(49+11)e-(02:009x y=108e03x y=34g70.x
Chestnut subtype y=(125+13)e-(04£004) y=(79+7)e(03£0.04 y=(85+12)g-(0320.03)x y=(126:£17)e-(0420.04x
Saline type y=(107+19)g04£005x y=(24:+5)g-(0.07006)x nla y=(8716)g-(04z0008)

2.5 Vertical distribution of radionuclides

in the soil of the conventionally ‘background’

STS territory

The vertical distribution of radionuclides in the soil
of the conventionally ‘background’ STS territory is
depicted in the figure (Figure 5). Our paper [21]
illustrates that in the conventionally ‘background’
territory, that is the one in which no nuclear tests were
conducted, radioactive isotopes are concentrated in the
topsoil as deep as 5 cm in various subtypes and variants
of chestnut soils under arid conditions with no additional
moistening.

Being formed under conditions of intense hydro-
thermal regime and high shortage of moisture that is only
received by precipitation, zonal chestnut and light-
chestnut soils largely differ in shallow wetting from the
surface. Therefore, the vertical distribution of radionucli-
des in different soil variants and subtypes does not differ
much. Functions that describe the pattern of the vertical
distribution of radionuclides in subtypes of chestnut soils
are very similar to one another (see Table) [13].

Exceptions can be meadow-chestnut soils. Differen-
ces between functions derived for the chestnut soil type
and the ones derived for saline soils can be noted. These
are the same for radioactive isotopes 13'Cs and 239+240py,
whereas for °°Sr these functions are greatly different.

Thus, taking into account the poor differentiation of
the distribution pattern of radionuclides, possibly related
to the measurement uncertainty, methodological uncer-
tainties in the field work and factors ignored that cannot
be identified at the time of sampling (mixing of layers by
burrowers or farm animals etc.), one can state that it is
sufficient to classify the soil cover by the soil type for
assessing the distribution of radionuclides in the vertical
soil profile of the STS territory.

Besides, radionuclides in soils of ‘background’ areas
not referring to testing sites, are concentrated in the
topsoil and are mostly detectable as deep as 15-20 cm.
Thus, this fact allows the optimization of the survey of
STS areas by restricting the research depth to 30 cm
(provided there is no additional moistening by water
streams or signs of disturbed soil cover).

CONCLUSION

Under arid conditions, without additional moistening
of soils, the maximum concentration of artificial
radionuclides is only in the 0-5, 5-10 c¢cm topsoil.

In places of radiological warfare agent tests at ‘4A’
site, two zones with different mechanisms of the vertical
distribution of ¥7Cs, 2*1Am, %°Sr and 2%%*240py artificial
radionuclides were identified. The first zone spreads to
the depth at which radionuclides were initially distributed
with the one-time spill of a radioactive liquid at local
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points, immediately at the moment of tests and further
penetration of the recent fallout with precipitation deep
down the soil to some definite soil (buffer) layer. The
second zone is the zone of classically distributed
radionuclides from a soil (buffer) layer to its lower layers.

Artificial disturbances of the soil cover that took
place during the nuclear tests and preparatory activities,
can disturb the common pattern of radionuclides
distribution in the soil profile.

In case soils receive additional moistening, due to
either surface flow or ground water, an intensive migra-
tion of artificial radionuclides, first of all, that of *°Sr, as
the best soluble and the most mobile radionuclide, is
noticed.

Research findings show that to assess the distribution
of radionuclides in vertical profiles of STS soils, it is
sufficient to classify the soil cover by the soil type.
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CEMEM CBIHAK ITOJIUTOHBI TOIIBIPAKTAPBIH/IA
PAJJMOHYKIMATEPJAIH TI'THEH TAPAJIYBI

A.B. lanunxkuii, A.E. KynabizoaeBa, C.A. Baiira3bl

KP Y10 PMK «Paouayuansix Kayincizoik scane Ikonozusa uncmumymo» gunuanst, Kypuamos, Kazaxcman

Makanana CeMeil ChIHAK MONMIOHBI TOMBIPAFBIHAAFBI HETi3ri y3ak emip cyperin *¥7Cs, 2!Am, %0Sr xone 23°+240Py

TEXHOTEHIK paNOHYKIMATEPiHIH BEPTHKAJIBI TapaJly CHIIAThl KapacThIPbUIFaH. PaqMoHyKINATIK JTacTaHy IbIH op TYPIIi
cunaTel Oap ydackenep Kapanasl — «Toxipube namacel» ChIHAK alaHBIHIA SAPOJIBIK XKOHE TEPMOSIPOIIBIK KapyFa skep
YCTi CBIHAKTaphIH KYpri3y opbiHIapbl, CeMell ChIHAK MOJUTOHBI ayMaFbIHBIH MICTiHAE 13Aep TYPIHIETi pagdoaKTUBTI
Tycynep, «4a» CbIHAK ajlaHbIHJA OpPHAJIACKAH SCKEPH PaJMOAKTHUBTI 3aTTEKTEp/li ChIHAY yuackeiepi, «Jlereaen» chblHaK
aNaHbIHBIH ChIHAK IITOJbHSIAPBIHAH PaJHOAKTHUBTI-JIACTAHFAH CY aFbIHJApbIMEH JKaHACKaH LIAJFBIHABI KOXYiienep
ydackesepi, TiKeJel SIPOJIBIK JKOHE TEPMOSIPOJIBIK KapylapFa ChIHAKTap JKYPri3iIMEreH MNOJMIOHHBIH IIApTThI
«bOHABIK» ayMakTapbl. 3epTTey OapbIChIHAA 3€PTTEJIETIH PaJAUOHYKIMATEPIiH KOPCETUIreH Yy4dacKelepAiH
TOIBIPAKTAPBIHAAFbl TEPEHJIr OOWBIHIIA Tapany CUMAThIHAAFbl albIpMalIbUIBIKTAP aHBIKTAIABL. AWBIPMALIBUIBIKTAP
PaIMOHYKIIMATIK JIACTAHY IbIH Iaiia 0071y CHIIAThIHA )KOHE TOTBIPAKTHIH (PU3HKa-XUMHUSIIBIK KACHETTEPI, BUIFAIAAHABIPY
peXuMi, amaM iC-opeKeTi kKoHe T.0. CHSIKThI aOMOTHKAJIBIK JKOHE OHOTHKAIBIK (haKTOPJIAPAbIH 0OIybIHA OAaWIaHBICTHI.
AnbiHFaH gepekTep HerisiHge OypboiHFbl CeMell ChIHAK IMOJIMTOHBIHBIH TOTBIPAK >KaMBUIFBICBIHAA PAAMOHYKIUITEPAIH
BEPTHUKAJ/IBl TapallyblH 3€pTTEYAl OHTalIaHABIpYFa OarbITTaJFaH YCHIHBICTap d3ipyieHIi. ATan aWTKaHIa, MYHJIaH
3epTTeyIiep KYPri3y Ke3iHae TONBIPAKTHI TOMBIPAK TYPiHE JKiKTell, 3epTTeyai 30 cM TepeH IIKKe NeiiH MIeKTey )KEeTKITIKTI
€KEH/IIT1 aHBIKTaJIIbL.

Tyitin co30ep: Cemeii coinax nonueonst (CCII), s0poavik Kapyovl CblHay, MexHO2eHOIK pAOUOHYKIUOMED, PAOUOHYKIUO-
MePOIH HCHIILICMAYbL, IKOJUCYUeNepOiH JIACMAHYbL.

BEPTUKAJIBHOE PACHPEJIEJIEHUE PAJITMOHYKJ/IMAOB B TIOYBAX
CEMHUITAJIATHHCKOI'O HCIIBITATEJIBHOT' O ITOJIUT"OHA

A.B. INannuknii, A.E. Kynnysoaesa, C.A. Baiirazst
Dunuan «Mncmumym paduayuonnoit 6ezonacnocmu u sxonozuuy PI'TI HAI] PK, Kypuamoe, Kazaxcman

B craThe paccMOTpEH XapakTep BEPTUKAILHOTO pAcCIpeNeNeHHs OCHOBHBIX JOJTOXKHBYIIUX TEXHOTEHHBIX
pamuonykaunos *¥7Cs, 2LAm, OSr u 2°*240Py g noupax CeMHUMaIaTHHCKOTO MCIIBITATEILHOTO HOJIUTOHA. PaccMOTpeHs!
YYaCTKH C Pa3IMYHBIM XapaKTEPOM DPaJHOHYKIHIHOTO 3arpsA3HEHHsS — MecTa IIPOBEIEHHS HA3eMHBIX MCIIBITAHHIA
SJIEPHOTO U TEPMOAIEPHOTO OPYXKHA HA HCIBITATENbHON uiomanke «OIMBITHOE MOJeY, PaJHOAKTUBHBIE BHINAJEHHS B
BHUJE CJIEJ0B B Ipejenax Teppuropun CeMHUNaIaTHHCKOTO HCIBITATENLHOTO MOJMIOHA, YYacTKM HCIIBITAHUS OOEBBIX
paJMOAKTHBHBEIX BEIIECTB, PACIOJIOKEHHbIE HA HCIIBITATENbHON Iomanke «4Ay», y4acTKH IyTOBHIX JKOCHCTEM,
COINPSKEHHBIX C PaJHOAKTHBHO-3aI PA3HEHHBIMU BOJOTOKAMH M3 HCIBITATENbHBIX LITOIEH MCIBLITATENBHON IUIOMAIKU
«Jlerenen», yCIOBHO «(OHOBBIE» TEPPUTOPUH MOIMIOHA, HEMOCPEICTBEHHO HA KOTOPHIX MCIBITAHMI SIEPHOIO U
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TEPMOSZEPHOTO OPYKHs HE MPOBOAWIOCH. B Xozme mccienoBaHui BBISABICHBI PA3IHUMsl B XapaKTepe paclpeieleHUs
UCCIeNyeMbIX PaJUOHYKIMAOB 10 TIyOWHE B NMOYBAX YKa3aHHBIX y4YacTKOB. Pazimuuus oOyCIOBJIEHBI XapaKTepoM
00pa3zoBaHusl PaAMOHYKIMIHOTO 3arpsA3HEHUS W HaJMYMEeM aOMOTHYECKMX M OMOTHYECKHMX (AaKTOpPOB, TaKHX, Kak,
(M3UKO-XMMHUYECKHE CBOMCTBA IT0YB, PEKUM YBIIaKHEHUsI, AEATEIHHOCTh YellOBeKa, U Ap.. Ha 0CHOBaHMU MOTy4eHHBIX
JIAaHHBIX Pa3pabOTaHbl PEKOMEH IAIMH, HAlIPaBJIEHHbIC Ha ONTHMU3ALMIO UCCIIE0BaHUI BEPTUKAILHOTO PaCcIIpeIe/ICHUS
PanMoOHYKINAOB B TOYBEHHOM IOKpOBe ObiBIIero CeMHIAIaTHHCKOTO HCIBITATENBHOTO MHONWTOoHa. B wactHOCTH,
YCTaHOBJICHO, YTO NPHU MPOBEICHUHN TAKUX HCCIIEAOBAHUI JOCTATOYHO KiacCH(PHUIMPOBATh IOYBY O THUIA IOYBBHI U
OTpaHUYMTh UCCIIeIoBaHus 10 rTyOuHb! 30 cM.

Knrouesvie cnosa: Cemunanamunckuii ucneimamenviuuiii nonueon (CHII), ucnvimanus 10epH020 OpY*CUs, MEeXHOSEHHbLE
PAOUOHYKAUOBL, MUSpayus paoUOHYKIUO08, 3a2PA3HeHUe IKOCUCTEMDbL.

38





