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URANIUM AND OTHER TOXIC ELEMENTS IN TRANSBOUNDARY
WATERS NEAR KAMYSHANOVSKY DEPOSIT

Abstract. The paper is devoted to revealing the signs of negative impact from the territory of the
Kamyshanovskoye deposit (Kyrgyzstan) on the level of contamination with uranium and other hazardous elements in
transboundary water bodies, in the first place in the Shu River. For this, six control points along the irrigation canal
at this territory were chosen together with 9 control points along the Shu river within the area. The elemental
composition of water samples was studied employing MS-ICP and OES-ICP; concentration values of 22 clements
were determined. The calculations were performed based on the obtained contents of toxic elements of the 1st and
2nd classes. Corresponding sanitary standards exceed the corresponding values by 1.5 — 6.7 times. At that, uranium
makes the main contribution to the toxicity level of the studied water in the Shu River (46%) and in the canal (61%).
The toxicity of the water canal is for ~3 times higher than that of the Shu River. The highest toxicity indicator was
found in the water delivered to the agricultural irrigation at the territory of the Kamyshanovskoye deposit. This
peculiarity and the obtained data may be of interest to the Ministry of Agriculture of the Kyrgyz Republic.

The distribution of chemical elements in water along the irrigation canal and along the Shu River bed was
studied. It is established that the canal water do not become contaminated with toxic elements while passing through
the deposit lands. It was established in the 3 control points of the Shu River that an increase (by 28 — 130%) in the
concentration of Ca, Ni, Li, Sr, U, Mg, Cr, Ba over their concentrations at the control points is higher upstream of
this river. The results obtained convincingly indicate the presence of a serious influence of the Kamyshanovskoye
deposit territory on the Shu River contamination with these elements. It is unlikely that such significant
contamination is caused by the irrigation system discharge waters. One of the possible mechanisms of water
contamination in the Shu River in its segment may be the entry of groundwater in contact with the ore body of this
deposit.

Key words: uranium deposit, transboundary waters, toxic elements.

Introduction. The uranium deposit Kamyshanovskoye is located on the territory of Kyrgyzstan
45 km from Bishkek and in the immediate vicinity of the border with Kazakhstan. It has been revealed
exploring this deposit that uranium is concentrated (up to 0.1%) mainly in peat and silt-peat deposits.
Uranium-bearing peat also contains the following chemical elements (including the toxic ones): Mo, Cu,
Zn, V, As —n-(0.1-0.01)%; Pb, Co, Ni, Sc, Ga—n-0.001% [1].

In the southern part of this field, the village of Kamyshanovka with a population of about
2.5 thousand people is located. The local population is mainly engaged in cattle breeding and cultivation
of vegetables and grain crops. These agricultural works are carried out practically on the entire territory of
the field. A complex densely interwoven irrigation system has been created for watering the cultivated
products. Water, which is a mixture of many water sources, enters this system through a special hydro-
canal. Ultimately, the waters of this system, including all return water from the irrigation fields, are
discharged into the riverbed of the Shu River flowing in the northern part of the field along the
Kyrgyzstan-Kazakhstan border.
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Part 2: determination of 62 elements.” Prior to each measurement series, the sensitivity and stability of the
spectrometer system (instrument tuning) was checked using specially prepared (based on standard
samples) solutions. Upon obtaining the calibration curves, blank solutions and natural water samples were
measured, both initial and (if necessary) diluted 1/10, 1/100, etc. The isotopes for measurement (in the
case of IC-ICP) and the emission lines (in the case of OES-ICP) were selected based on a compromising
criterion assuring acceptable detection sensitivity, minimal spectral noise and low background. The
techniquelallows to determine concentrations of many elements with the detection thresholds from 0.1 to
10 pg-kg ™.

The presented technique was tested on various standard samples and has been successfully used in
monitoring the transboundary rivers of Kazakhstan and studying the environmental situation in the basins
of the most contaminate water objects [6-8].

Results and their discussion. The methods of MS-ICP and OES-ICP were used to study the
clemental composition of water samples taken at all 15 CPs. The concentration values (or their threshold
values) were determined for the following 27 elements: Ag, Al, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Fe,
Hg, K, La, Li, Mg, Mn, Mo, Ni, Pb, Sb, Sr, Th, U, V. Preliminary analysis of the obtained data showed
that the contents of Ag, Be, Cd, Hg and Th in all the studied water samples were below the detection
thresholds of the employed analysis methods and the corresponding clark values (world average) for
drinking water [9].

Table 1 shows the intervals of the concentration values for the remaining 22 elements and the average
values of their concentrations in water at the studied sections of the Shu River and the canal. The table
also presents the clark values for all elements, as well as the maximum allowable concentrations values set
by WHO (MACwmuo) [10] and (additionally) by Kyrgyz Republic (MACxkgr) [11] for drinking water. It
should be noted that the values of the MACxy for Al, Co and Li coincide with the relevant standards set by
the Republic of Kazakhstan (MACgy) [12].

Table 1 — The concentrations of chemical elements in water samples taken along the Shu river and the canal, ug-kg!

Object
Element The canal Shu River c%gﬁk M]\nggo[[llﬁ]’
Range Average Range Average
Al 103 -179 146+32 35.9-88.0 754424 .0 50.0 500
As 245-4.50 3.35+0.79 1.70-2.13 1.93+0.11 0.20 10.0
B 232-452 312495 60.9 - 149 91.6+30.5 50.0 2,400
Ba 30.2-58.1 40.4+12.1 29.3-823 62.6+15.7 60.0 700
Ca, % 62.3-90.1 73.6x11.5 37.1-77.0 57.5+£104 134 -
Ce 0.37-0.55 0.46+0.09 0.17-0.30 0.26+0.07 0.06 -
Co 0.41-0.58 0.47+0.07 0.23-0.30 0.25+0.02 0.20 100
Cr 245-8.64 4.84+2.42 1.62-4.09 2.29+0.67 1.00 50.0
Cu 1.15-249 1.82+0.59 1.31-3.03 2.59+1.87 1.50 2,000
Fe 82.0-163 11643 43.6-614 58.8+9.6 40.0 2,000
K, % 2.58-433 3.53+0.74 1.52-2.97 2.56+0.44 1.30 -
La 0.19-0.28 0.24+0.05 0.14-0.19 0.17+0.05 0.04 -
Li 18.3-42.8 26.6+£11.2 493-114 8.03+1.87 2.50 30.0
Mg, % 31.1-595 40.4+11.4 122-248 17.8+4.4 3.35 -
Mn 522-16.6 10.6+6.1 3.99-10.6 9.13+3.39 8.20 400
Mo 9.09-14.7 10.5+£2.2 4.92-576 5.30+0.24 0.50 70.0
Ni 6.16 - 8.60 6.92+0.98 4.15-6.58 5.19+0.58 0.50 70.0
Pb 0.40-0.62 0.51+0.08 0.30-0.60 0.49+0.11 0.10 10.0
Sb 1.06-1.84 1.34+0.35 <0.30-0.75 0.69+0.21 1.00 20.0
Sr 1107 - 2025 13924358 529 -905 650+124 60.0 -
U 82.6-114 99.0+14 174-31.1 24.3+4.7 0.24 30.0
v 7.83-14.2 10.4+3.1 2.08-243 2.19+0.11 1.00 -
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The data presented in table 1 indicate that the average concentration of the vast majority of the
studied elements (with the exception of Ba and Sb) in the waters taken in the Shu River and in the canal
are higher (for many, are substantially higher) than their corresponding clark values. Also, for many of
these elements (with the exception of Ba and Cu), the concentrations in the canal are noticeably (for 1.5 —
4 times) higher than those in the river. As it has been mentioned above, the water of the irrigation system
on the territory of the Kamyshanovskoye deposit flows into the Shu riverbed. This imposes the risk of the
Shu water contamination with chemical clements contained in significant concentrations in these
wastewaters. The highest contamination danger exists due to the significant contents of uranium (U is a
chemical element of the 1% hazard class), certain elements of the 2™ hazard class (Al, As, B, Li, Mo, and
Sr), and salts of calcium, potassium, magnesium.

Table 2 show the calculated values of the total chemical toxicity (the limiting indicator of the harmful
effects, Kyyi, the limiting hazard indicator) of water at all CPs along the canal and the Shu River. The
calculations are performed in accordance with the following expression

K = ZCZ. * MAC!
=1
where C; — 1s the concentration of the elements of the Hazard class 1 or 2. At that, we considered a limited
list of elements (those with significant concentrations at all 15 CPs) of the 1* and 2™ hazard classes: Al,
As, B, Ba, Li, Mo, Pb, Sr, U. This indicator for drinking water, following the Sanitary Rules of the
Republic of Kazakhstan, should not exceed 1.0 [12].

Table 2 — The values of the limiting hazard indicator K j; for the water samples taken at the control points
in the canal and in the Shu River

Ci - MAC;"
Sample code -
Al [ aAs | B | Ba [ Li [ Mo | P | sr | U [ Ku
Canal
CH-1 0.36 0.39 0.19 0.08 1.43 0.21 0.04 0.29 3.66 6.65
CH-2 0.34 0.32 0.17 0.07 1.25 0.15 0.05 0.22 3.80 6.37
CH-3 0.32 0.25 0.12 0.04 0.68 0.14 0.05 0.18 3.55 5.33
CH-4 0.31 0.28 0.11 0.04 0.67 0.14 0.06 0.18 3.24 5.02
CH-3 0.21 0.32 0.10 0.05 0.61 0.14 0.06 0.16 2.81 445
CH-6 0.22 0.45 0.10 0.06 0.69 0.13 0.05 0.17 2.75 4.62
Shu River
SH-1 0.18 0.21 0.03 0.11 0.23 0.07 0.08 0.08 0.58 1.57
SH-2 0.17 0.20 0.03 0.11 0.24 0.07 0.04 0.08 0.59 1.53
SH-3 0.18 0.20 0.03 0.12 0.24 0.07 0.06 0.08 0.61 1.59
SH-4 0.17 0.20 0.03 0.11 0.25 0.07 0.05 0.08 0.60 1.56
SH-5 0.16 0.21 0.06 0.09 0.38 0.08 0.05 0.13 0.91 2.07
SH-6 0.09 0.18 0.06 0.09 0.37 0.08 0.06 0.12 1.03 2.08
SH-7 0.08 0.18 0.06 0.08 0.35 0.08 0.05 0.12 1.04 2.04
SH-8 0.07 0.17 0.03 0.04 0.16 0.08 0.03 0.08 0.94 1.60
SH-9 0.08 0.18 0.03 0.05 0.19 0.08 0.03 0.08 0.99 1.71
MACyno, MAC kg, ng-1" 500 10 2,400 700 30 70 10 7,000 30

The data presented in table 2 indicate that all the studied waters are characterized by the K; i values
exceeding the sanitary standard of 1.0. At that, the main contribution to the toxicity of the studied waters
is made by uranium (an element of the 1** class of chemical hazard): in the Shu River — for 46%, in the
canal — 61%. It should also be noted that the toxicity of the cannel waters is significantly (~3 times) higher
than that of the river waters (the average value of the Ky indicator for the canal waters is 5.41 = 0.91, for
the waters of the Shu River — 1.75 + 0.24). The highest value of this indicator (K;y; = 6.65) was found for
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its segment (SH-5 to SH-7) may be the entry of groundwater in contact with the ore body of this deposit. It
should also be added that the revealed contamination with TE, Ca and Mg of the Shu River water is
limited to the river section from the CP SH-5 to the CP SH-7. At SH-8, a sharp decrease (with the
exception of U) of the concentration of these elements in water is observed. A more detailed study is
needed in this place, on a segment of the river from SH-7 to SH-8, to clarify the essence of this
phenomenon and its profoundness.

Conclusions. As a result of the present study, the factors of serious environmental concern were
identified on the territory of the Kamyshanovskoye uranium deposit. Specific measures are required to
clarify their nature and degree of danger to the environment and the health of the local population.

It has been established that the water used for irrigation of agricultural fields in this territory is
significantly contaminated with uranium in concentrations of more than 3 times higher than the maximal
permissible level for drinking water (MPAwmno = 30 pg-kg™) and with other toxic elements. It is necessary
to carry out specific studies to reveal the degree of these elements transition to the farmed agricultural
products.

It was also established that the concentration of uranium and other TEs in the water of the Shu River
in its section located near the ore bodies of this deposit significantly exceed their levels in the upstream
waters of this river. The discussed here possible mechanisms of the identified contamination is
hypothetical. In order to identify a real source and reveal the mechanism of this contamination, it is
necessary to carry out a more detailed study on this section of the deposit territory and the adjacent section
of the Shu River.
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'KP M Snponsik pusmka mHCTHTYTHL, AnMatel, Kazakcraw,
*KP YT A BHOTOTHA-TOIBIPAK HHCTHTYTHI, Bimkek, KsIprercTan

KAMBIIMAHOBCKOE KEH OPHbI MAHBIHAATBI TPAHCINEKAPAJIBIK CYJIATBI
YPAH 7K9HE BACKA JA YBITTbI 2JIEMEHTTEP

Annoranmsi. KaMbpIIaHOBCKOE ypaH KeH OpHbI KpIpFeI3cTan ayMarbiHaa binmkek KanacsHaH 45 MIAKBIPHIM KaIIbIK-
Ta >koHe KazakcTaH mekapachlHa TiKeTeH >KaKbIH OPHATACKAH. by KeH OpHBIH Oapiay HOTIKECIHAC YPaH HETI3iHEH
IOBIMTC3CKTC JKOHC JIAHTBI-IIBIMTC3CKTI THeriHaiae morbipiaanFassl (0.1% netiin) ansikraamel. COHAAW-aK ypaHIBI
IIBIMTE3CK KYPAMBIHAA KEJICCI XUMUAIBIK JICMCHTTEP (OFaH Koca YHITTHI) 0ap: Mo, Cu, Zn, V, As - n-(0.1-0.01)%;
Pb, Co, Ni, Sc, Ga - n-0.001%.

ATanMpIn KeH OpHBI ayMarbIHBIH OHTYCTIK Oemirimae 2.5~ MBIHFA KYBIK Xankbl 0ap KaMplmanoBKa KEHTI
OpHanmackaH. byt KeHT TypFBIHIAPHI HETI3IHEH MaJl MIapyallbIIbIFBIMCH, COHIAM-AaK KOTOHIC, TOH/II JAKBLT 6CIPYMEH
afHabICampl. Byl aypUImapyambUIbIK SKYMBICTAPhI IC XKY3iHAC KCH OPHBIHBIH OApIbIK ayMaFbIHIA JKY3ETC acCBIPhI-
nagel. OCIPUITCH OHIMIL CyFapy YImiH Oip-OipiMCH THIFBI3 OAHIAHBICTBI Cyapy >Kyleci KypsUmraH. Byn xyiere cy
apHAHBI CY apHACH APKBLIBI KSJICAl. ATAFaH KYHCHIH CYBI, OFaH KOCA CyapMalThl aTKAMTAPAAH KCPi KeICTIH OapIIbIK
Cy, aKbIp coHbIHAA, KpIprer3cran-KaszakcTan mekapachl OOHBIHIAFEI KEH OPHBIHBIH COJNTYCTIK O6Tiri apKbLIbI aFbIIl
skatkaH Ly e3cHI apHAChIHA KiOepiaeai.

On-Dapadu aTerHaarsr Kaz¥ Y-na KaMelmanoBckoe KEH OPHBIHAH AJIBIHFAH IIBIMTE3EK YITIICPIHACT] Y PAHHbBIH
PATHOHYKIMATIK KYPAMBIH JKOHC OPHAJACY MIINiHIH, COHIAH-AK aTTac KCHTTIH >KAHBIHAH IPIKTCIIIN ABIHFAH TOIIBI-
PaKThI 3epAcacy OOMBIHINIA JKYMBICTAP OPHIHAANIbL 3CPTTCITCH TOMBIPAKTAFH U MCHINIKTI AKTHBTINIIi OHBIH
ATaJIMBII AHMAKTAFBI AKTHBTLMTIHIH A4IbIK MOHIHCH ¢aoyip (mamameH 10 ece) acaTeiHBI aHBIKTANAbL. byn ypan
KCHIIIIHIH TEXHOTCHIIK BIKMAX eTeTiHiH kepceredi. CoOHmal-aK, 3epTTEreH TOMBIPAK ICH MIBIMTE3EK YITLIepiHaeT]
ypaHHBIH Herisri Oemiri (90%-TeH acTaMbl) TCOXHMUAIBIK-MOOMIBAI MIMIHAC CKCHAITI KepcerinreH. OChHAAH
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MIOiHAEpACTI ypaH opTypil Taduru (akroprapAbiH (GKAHOBIP, JKEN) SCEPIHEH KEPTiTKTI CY KO31HE KOIyi KOHE
€A0yip KAIIBIKTHIKKA Tapajaysl MyMkiH. Ocpuiaiima tpancmekapanslk Ly e3¢HIHC >KAKBIH JKCPAC OpPHANACKAH
KaMBImaHoBCKOS KCH OPHBI AyMAFBIHIAFHI KAFAAH OCHI ©3CHHIH YPAaHMCH (MYMKIH 0aCKa 1a YBITTHI 3ICMCHTTCPMCH)
BIKTHMAJT JTACTAHY KAYIIiH TOHTIPCIL.

Maxkana TpaHcHIeKapaibIK Cy OOBEKTLNEPi CybIHBIH, OipiHm ke3ekre Iy e3cHiHIH ypaHMEH >koHE 0acka Ja
VBITTHI 3JIEMCHTTCPMEH JIACTAHY JeHreriHe KaMbIMaHOBCKOE YpaH KEH OPHBI AyMAarbIHBIH TEpic acep eTy Oenrinepin
aHbIKTayFa apHa;Fad. O YOIiH OCBI ayMaKTHl CyapMajay >KyHeci apHACHIHBIH OOWBIHIAFH 6 OAKBITAY ITyHKTiHCH,
COHMali-ak ocbl McKeHAE arbmn oTeTiH Illy e3¢HI apHACHIHBIH OOHBIHAAFEI 9 OAKbUIAY IMYHKTIHEH CY ChIHAMAJIAPHI
IPIKTENIMN ambHABL. [piKTENn aNbIHFAH CY CHIHAMANAPBIHBIH IEeMEHTTIK KypaMbl MS-ICP xone OES-ICP amictepi-
MCH 3CpACTCHI. 22 3ICMCHTTIH KOHIICHTPALNSA MOHI aHBIKTAIABL. KayinTimiri 1-mii >koHe 2-TONMTAFBl YBITTH 3JICMCHT-
TCPIOiH MONINCPi Typajabl ANBIHFAH ACPCKTCPAIH HCETI3IiHAC OapNbIK 3CPACICHICH CYIBIH KOCHIHIBI XHMHSJIBIK
VBITTBUIBIFBIHBIH, MOHIHE ecenTey Kyprizinal. Ecenrey HoTmKenepi ochl mapaMeTpaiH OapIiblK albIHFAH MOHI THICTI
CAaHMTAPJIBIK HOPMATHBTEH 1.5-6.7 ece acaThIHBIH KOpCeTTi. Byl perre, 3epAeieHIeH CyAbIH YBITTBUIBIK JCHICHIHE
VpaHHBIH KocaTbiH yieci 3op: Ly e3eHiHze - 46%, apHaga — 61%. ApHa cybHbIH yHITTEUIbEH L1y e3eHiHE Kapa-
FAHIA eIoVip (~ 3 ece) sxorapel. KaMBIIIaHOBCKOE KCH OPHBI AYMAFBIHIAFHI AYBLT IAPY AINBLIBFBI AKANTAPBIH CYapy
JKYHCCIHC TYCETiH CYABIH YBITTHUTBIK KOPCCTKIIII CH >KOFapbl MOHTC HC O0mabl. OCBHI CPCKIICHTIK KOHC ANTBIHFAH
ngepexrep KP AybLt mrapyanibuibFbl MUHHCTPIITIHIH KbI3BIFY IIBUTBIFBIH TY ABIPY b MYMKIH.

XUMHSIBIK 37EMEHTTEPAIH CyIaHabIpy KaHams! MeH L1y e3eHi apHAchHIA Tapay »Karaauel sepacacHmi. Kanan
CYBIHBIH K€H OPHBI ayMarbl apPKbUIBI aFybl OJAPMBIH YBITTHI JIEMCHTTCPMEH JACTAMANTHIHBI AHBIKTANABL. Kewmi
IMOFRIp JKaHBIHAA OpHamackan [y e3eHi cywsmHBIH ym Oakputay myHkTiHAe Ca, Ni, Li, Sr, U, Mg, Cr, Ba
KOHICHTPALMSCHIHBIH, OChI ©3CH AFBICHIHBIH >KOFAPFBI OOMIriHAC OPHANACKAH OAKbLIAY MyHKTTEPIHACTI OJapIbIH
KOHIICHTPAUUACHIHAH ¢0yip skorapeutaraHbl (28-130%-ra) aHbIKTaaael. AnpmaraH HoTIOReHACp LIy e3cHiHiH OCHI
3MEMCHTTEPMEH JIacTaHy JAcHreHiHe KaMpImaHOBCKOE KEH OPHBI AyMAaFBIHBIH €OOVIp 9Cep ETETIHAITIH HAKTHI
monenneni. MyHaall aTapiasIkTall JTacTaHy IbIH Cy TAHABIPY JKYHCCIHIH aFBIHABI CYBIHAH TYBIHAAY BIKTHMAJIIBIFBI a3.
By sxkepae Ly e3eHIH TaCTaHTBIH BIKTUMAT MEXaHU3MICPAIH Oipi OHBIH apHACHI APKBLTbI aTAJIMBIII KEH OPHBIHbBIH
KEH/II IOFBIPBIMEH TYHICETIH KEPACTHI CYBIHBIH 6TKCHIHCH OO0y bl MYMIH.

Tyiiin ce3aep: ypaH KeH OPHBI, TPAHCIICKAPAIIBIK CY, YBITTHI JIICMCHTTEP.
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"UnctutyT smeproii Gusmkn M PK, Amvarer, Kazaxcram;
*BHOJIOTO-II0BCHHBII wHCTHTYT HAH KP, Brmikex, Kepreizcran

YPAH U JPYI'HE TOKCHYHBIE DJIEMEHTHBI B TPAHCTPAHUYHBIX BOJAX
BJIN3 MECTOPOXJIEHHUS KAMBIINIAHOBCKOE

AnnoTtamust. MecToposkaeHue ypaHa KaMsnmaHOBCKOE pacmosioskeHO Ha Tepputopun KeIpreiscrana B 45 kM
or . bumkek W B HEMOCPSACTBCHHOW Onm3ocTH OT TpaHmmbel ¢ Kaszaxcranom. B pesymsrare pasBeIKH 3TOTO
MCCTOPOXKICHHUA YCTAHOBJICHO, ITO YPaH CKOHICHTPHPOBaH (10 0.1%), B 0CHOBHOM, B TOp(ax H MIOBO-TOP(IHBIX
OTIIOKCHUSX. YPAHOHOCHBIC TOP(BHI COAEPKAT TAKKE CICAYIOUINE XHMHUYCCKHE HIIEMEHTHI (BKIFOYAs! TOKCHYHBIC):
Mo, Cu, Zn, V, As - n-(0.1-0.01)%; Pb, Co, Ni, Sc, Ga - n-0.001%.

B 10KHOM YacTH TEPPUTOPHUH 3TOTO MECTOPOMKICHHS PACHOI0KEH MOCEIOK KaMbINIaHOBKA C HACEICHHEM
~2.5 ThIC. YeOBEK. KHUTEIM 3TOr0 MOCEAKA, B OCHOBHOM, 3aHHMAIOTCS CKOTOBOJACTBOM, 4 TAKKE BBHIPAIUBAHHEM
OBOIICH M 3CPHOBBIX KYJIBTYP. 3TH CEIbCKOXO3SICTBCHHBIC PAOOTHI IPOBOAATCS MPAKTHUCCKH HA BCCH TEPPUTOPHHI
MecTOpoXkacHuA. JImsl TOIMBA BHIPAIMMBACMON IPOJYKIHH CO3JAHA CIOKHAS T'YCTONCPEIUICTEHHAS CHCTEMA
oponreHus. Boma mocTymaer B 3Ty CHCTEMy O CHENHAIBHOMY T'HAPOKAHANY. BOABI 3TOM CHCTEMBI, BKIIFOYAS BCE
oOpaTHbIC BOJBI C IOJICH OPOIICHNUS, B KOHEYHOM HTOTE, cOpachBaroTcs B pycio p. Iy, mporekaromei B ceBepHOH
YaCTH MECTOPOKACHUSA BAOJIb ITpaHubl Keiprercran — Kasaxcran.

B KasHY um. amp-®apabu BEIMOTHCHBI PA0OTHI IO H3YUICHUIO PAIHOHYKIHIHOTO COCTaBA H (POPM HAXOKACHHSA
ypana B o0pasuax Topda ¢ MecToposkacHI KaMBIIMAHOBCKOS M MOYBBL, OTOOPAHHOH BO3IIC OJHOHMMCHHOTO YKHIIOTO
TMOCETKA. YCTAHOBICHO, YTO YACTbHAS AKTHBHOCTh U B H3y4CHHOH TOYBE CYIICCTBEHHO (IPHMEPHO B 10 pas)
NIPEBBIIIACT (I)OHOBOG 3HAYCHUE €€ AKTUBHOCTH B JAHHOM PCTHOHC. 310 CBHACTCIIBCTBYCT O TCXHOTCHHOM BIIMAHUHA
CO CTOPOHBI YPaHOBOTO pyaHHKA. [Toka3aHO Tarke, YTO OCHOBHAA 4acTh (Oomee 90 %) ypaHa, COACpKAMCTOCA B
H3YUCHHBIX 00pa3max Mmo4Bbl M TOP(]a, HAXOAUTCI B TEOXUMHYCCKH-MOOMIBHBIX (popMmax. YpaH, HAXOISALIMHCS B

— 178 ——










