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ELEMENTAL COMPOSITION OF BOTTOM SEDIMENTS AND ADJACENT SOILS ON
THE MAJOR TRIBUTARIES OF AMYDARIYA
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Tlpusedenvt pezyromamul 06pabomxu u unmepnpemayuu
OQHHBIX NO 2€0XUMUU OOHHBIX OMIOJNCEHUN U NPUNe2AIOUUX
NOY6 6 YCMbAX OCHOGHBIX NPUMokos Amyoapwvu: pex Ilanoorc,
Baxw u Kaguprnuean. Jlauwnvie no snemeHmHOMY cocmagy
06pasyos buLIu noayuensl 8 mpex paswix aabopamopusx Huc-
mumymoe sioepHoti pusuku Yzbexucmana u Kazaxcmana.
Hcnonvsosanuce memoovt  HeUmMpoHHO-aKMUBAYUOHHO2O U
penmeeno-gryopecyenmnoeo anaiuzos. Bceeo 6 obpaszyax
OvLu onpedenenvt kKonyenmpayuu 38 anemenmos. Cpedu sne-
Menmos Ovinu onpedenenvl 6 MAKPOINEMEHMO8 U MUKDO-
27eMeHmbl, 8KII0YAs pedKo3eMenbhble. Buisignenvl paouoxumu-
yeckue 3aKOHOMEPHOCMU pacnpedeieus 2NeMeHM08 6 PeKax.
IIposedeno cpasnenue KonyeHmpayuy 21eMeHmMo8 ¢ ux Kiap-
KOBbIMU 3HAYEHUAMU.

Kniouesvle cnosa: ceoxumus, 0onHvle 0MN0AICEHUS, NOU-
64, HelMmpoOHHO-AKMUBAYUOHHBIT AHATU3, PeHM2eHOo-ayopec-
YEHMHbILL AHAU3.

Results of processing and interpretation of geochemistry
data of bottom sediments and surrounding soils in the mouths
of the main tributaries of the Amu Darya River: Panj, Vakhsh
and Kafirnigan. Data on the elemental composition of the
samples were obtained in three different laboratories of the
Institute of Nuclear Physics of Uzbekistan and Kazakhstan.
Methods were used neutron activation and X-ray fluorescence
analysis. In all samples were determined concentrations of 38
elements including six macro-elements, trace elements and
rare earth’s. Radiochemical revealed patterns of distribution of
elements in rivers described. A comparison of the
concentration of elements with their abundance values was
calculated.

Keywords: geochemistry, bottom sediments, soil, neutron
activation analysis, X-ray fluorescence analysis.

Beenenue

B mnpomomxenne 00pabOTKM W HHTEPIPETAITIN
paHee TOJyYEHHBIX J@HHBIX 00 3JIEMEHTHOM COCTaBe
00pa3IoB TOHHBIX OCAIKOB PEK M MPHIETAIONIINX IT0YB B
ycThe pek OacceiiHa Apanbckoro mops [1], nannHas
pabora mocesimieHa 00pabOTKe pe3ybTAaTOB, MOJYYEH-
HBIX MO 00pa3maMm, OTOOPaHHBIM TPU CIUSHUH TPEX
OCHOBHBIX NPHUTOKOB AMymapsH - pek [Isamxk, Baxm u
Kagupuuran.

MeToauka 3KCIepUMEHTA

B xoxe mpoBeneHHs MONeBBIX pabOT ObUT Mpows3-
BeleH oTOOp 00pasloB JOHHBIX OCAIKOB M IpPHUIIETalo-
OMX T0YB B TpeX TOYKax: Ha peke IIaHmx (mocemox
Hwxuawuit Tlsamk, koopmuHatel 37,1975; 68,6097); Ha
peke Baxu B 1 kM Bbitie cnusnus ¢ [lsamkem (koopau-
Hatel 37,1342;68,2927); u Ha peke KapupHuran BbImIe
custHUS ¢ AMyaapbed (kooparHaTel 36,9463; 68,0413).

CoOpaHHble MPOOBI BHICYHIMBAINCH, pa3MajblBa-
JUCh M OTHPABISUTUCH B TPH HE3aBHCHMBIC aHAINTH-
geckue Jaboparopud Ha HEUTPOHHO-aKTHBAIIMOHHBIH
(NAA) u pentreno-¢unyopecuentnsiii (XRF) ananns [1].
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O06a MeTona JOMOJHSIOT JPYr Jpyra W BMECTE
MO3BOJIAIOT aHAIM3UPOBATH 38 3JIEMEHTOB: MaKpodJie-
MeHTHI (B andasutHoM mopsjke): Ca, Fe, K, Mn, Na, Ti
U MHUKpOdJIeMeHThI: As, Au, Ba, Br, Ce, Co, Cr, Cs, Cu,
Eu, Ga, Hf, La, Lu, Mo, Nb, Nd, Ni, Rb, Sb, Se, Sr, Sc,
Sm, Ta, Th, U, V, Y, Yb, Zn, Zr. VI3 uux 14 351€MeHTOB:
K, Ti, Br, Cu, Ga, Mo, Nb, Nd, Ni, Se, Sr, V, Y, Zr,
omnpenensaoTcess Tojabko npu nomomu XRF-KZ, ocrans-
HBIE 3JIEMEHTBI ONpeaeisitoTcss MeTooM NAA, Ui aBy-
MsI METOJAaMHU OJHOBPEMEHHO. DJIEMEHTHI C KOHIICHTpA-
e <1 MKr/r (ppm) MOTYT OBITH OTIPENENEHB TOJIBKO
mpu oMot NAA.

B xadecTBe npumMepa Ha puc. | IpHUBEJCHBI TaHHBIC
M0 COJIEP’KaHNI0 6 MaKpOAJIEeMEHTOB B 00pa3iie TOHHOTO
OTIIO’KEHUs, 0TOOpaHHOTO Ha p. Baxmr.
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Puc. 1. MakpoaneMeHThI B JOHHBIX Ocajikax p. Baxmr o
pe3yibpTaTaM H3MEpEHUil B TpeX JIabopaTOpHsX.

W3 puc.l BUAHO, YTO KaNbIHA, 5KEI€30 U MapraHel]
XOpOIIIO OMpEeAeNAIoTcsT 000MMH METOJaMH aHaJIN3a.
Harpwuii onpenensieTcst Tonbko MeToioM NAA, a kanuid
H TUTaH - MeTo1oM XRF.

BruisBieHo HEOOJBIIOE 3aBBINIICHUE MMOKA3aHUHA IO
KOHIIGHTpallMM Kanblusi omnpeneireHHoe B NAA-UZ.
I[TomoOHOE  3aBBINICHHE  HOCHT  CHCTEMATHYCCKHUN
XapakTep U Mmpucyile BceM oOpasinamM. B oOpasiie mouBs
(Baxm) oHo coctaBisier +12% OT cpenHero 3HaueHUs
KOHIICHTPAIUHA. YUYHUTHIBAs, 9TO OMIMOKA U3MEPEHHS JIIs
NAA =£10%, mnomoOHOe 3aBbIICHUE HE SBISETCS
KPUTUYHBIM. BBUIH TPOBENCHBI pacueThl OMIMOOK s
BceX 6 00pa3IoB, KOTOPHIE B NATBHEHUIIIEM YIUTHIBAIUCH
MIPU pacueTe KOHIIEHTPALIU.

Ha puc. 2 moka3zaHo pacnpenernenne KOHIICHTpaIui
MHKPODJIEMEHTOB B 00pa3le MJOHHBIX OTIOXCHUH,
0TOOpaHHBIX Ha p. [ITHIK.

VYunuteiBasg, 49TO pa3dpoc MaHHBIX TPeX HE3aBU-
CUMBIX aHAJM30B HE TPEBBINIACT OMMOOK HM3MEPCHUM, B
JaTbHEHIIEeM UCTIOIb30BANINUCH YCPEAHEHHBIE TaHHBIE.
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Puc. 2. MaKpO3HCMCHTBI B JTOHHBIX OCaJKax p. HS{H,H)K 110 pe3yJibTaTaM 1/13MepeH1/1171 B TpEeX na60pa’ropnﬂx.

PeSy.]'leaTbI aHaJ/JIM3a MaKpPO03JIEeMEHTOB

JleneHue 31eMEHTOB Ha Makpo- M MHUKPO3JIEMEH-
THI SIBJISIETCS] IOCTATOYHO YCJIIOBHBIM M Pa3HbIE aBTOPHI
[0 pa3sHOMY TpPakKTYIOT 3TH ompenelieHus. B cBomx
UCCIICAOBAHUSIX MBI IPUAEPKUBAEMCS ONpEAEICHHUS,
YTO K MaKpOdIJIEMEHTaM OTHOCSTCS JIEMEHTHI, KJIapK
KOTOPBIX B 3eMHOH kope mpesbrmaet 0,1%.

Ha pucynkax 3-5 mpuBeneHBI yCpeTHEHHBIE IO
TPEM HE3aBHCHUMBIM aHAIN3aM 3HAU€HMs KOHIIEHTpa-
LU 6 MaKpOIIEMEHTOB B TPEX peKax.

Ilsnmx, neBas cocraBisiiomas p. AMyAapbu.
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Imunea 921 kM, mmomans Oacceiftma 114 000 xm2.
[IpoTekaeT TPEUMYIICCTBEHHO B y3KOW JOJHHE.
[Tutanue negHUKOBO-cHEroBOe. CpeTHUN Pacxoa BOJBI
1000 m3/cex [2]. Boga B pexe conoHOBaras (KOHIEH-
Tparus coneit 520 mr/m) [3]. KoHnentpamus pactBo-
PEHHBIX B Bozie MakpoaieMeHnToB: Ca - 40+4 mr/n; Fe -
0,19+0,02 mr/a; Mn - 0,0050+ 0,0005 mr/m; Na -
52,3+0,5 mr/n [3].
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Puc. 3. MakposneMeHTHI B TOYBE U IOHHBIX OCAIKAX P.
TIaamx.
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Puc. 4. MakpodsieMeHThI B TOYBE U IOHHBIX OCajKax p.
Baxm.

Baxm - mpaBas cocraBmstoumias Amyzpapeu. [nuna
peku 524 kM, twiomans Oaccedina 39,1 THIC. KM
Cpennmii pacxonm Boasl 660 m3/c [4]. Boma B peke
coyioHOBaTass (KOHIeHTpamus cojieli 650 wmr/m) [3].
KoHmeHTpanus pacTBOPEHHBIX B BOJE MaKpOdJIEMEH-

ToB: Ca 13515 wmr/a; Fe 0,27+0,03 wmr/m; Mn
0,009+0,001 mr/m; Na 71£7 mr/a [3].
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Puc. 5. MakpoaieMeHThI B I0YBE U JJOHHBIX OCa/IKaX P.
Kagupuuran.
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Kadupauran — mnpaBeiii nputok Amynapeu. [JnuHa mr/m; Fe - 0,17+0,02mr/m; Mn - 0,009+0,001 mr/m; Na
pexu 387 km, miomans dacceitna 11,6 teic. kM2 Cpen- 6,8 £0,7 mr/a [3].
Huil pacxon Bouel 156 m3/c [5]. Boma B peke mpecHas KoHuenTpauun MUKpPOIJIEMEHTOB B TE€X K€ TOUKaX U
(xonmnenTpanus coneit 130 mr/m) [3]. Konmentparus MIpUBECHEI Ha puc. 6-8.

pacTBOpeHHBIX B Bojae Makpoanementos: Ca - 27+£3
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Puc. 6. MuKpossieMeHTHI B [TOYBE U IOHHBIX ocajkax p. [IsaHmk.
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Puc. 7. MukposneMeHThI B IOYBE U JOHHBIX Ocaakax p. Baxumi.
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Puc. 8. MukpoaieMeHTHI B TO4YBe U JOHHBIX ocankax p. Kadupauran.
OO0cy:k1eHne MOJy4eHHbIX pe3yJabTaToB

PesynbTaThl onpeneneHus KOHIEHTpAUUi MakpodneMeHTOB B (%), MOTPEeNIHOCTEH M3MEPEeHH U UX KIapKOBbIC
coJiepKaHue NMpHUBEIEHBI B Ta0I. 1.
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Tabruya 1
MaKp03J'leMeHTbI NMPUTOKAX AMy}lapr

Pexu OO0BeKT Ca (%) Fe (%) K (%) Mn (%) Na (%) Ti (%)

Tousa 9,16£5.43 2,7120,5 1,84+0,16 0,0630,009 4210,01 0,3120,02
Tsteox Ocanxn 8,1342,47 2,96£0,27 1,46=0,1 0,099+0,007 1,85+0,15 0,4+0,03

Tousa 8,43=1,16 2.84+027 2+0,16 0,056+0,01 1,860,223 | 0,29+0,02
Baxu Ocaaxn 8,7+0,17 2,41%0,13 1,57+0,15 0,08+0,06 1,67+0,37 0,3+0,02
Kadup- Tousa 7,75%1,89 2,66+0,16 1,79+0,15 0,06£0,01 1,6240,02 | 0,29+0,02
Hran Ocanku 6,09+1,59 2,120,21 1,76£0,15 0,084=0,008 1656022 | 0,27+0,02

Tousa 137 38 1,36 0,085 0,63 0,46
Kaapx Ocaaxn 415 5,63 2,09 0,09 2,36 0,57

Krnapk 251eMEeHTOB B MOYBaX MPHUBEACH MO JTaHHBIM
A.Il.BunorpamoBa [6], a B JOHHBIX OCagKax B
COOTBETCTBUH C KJIAPKAMH B 36MHOW KOpE - 10 JTaHHBIM
C.P.Teitnopa [7].

Bo Bcex oOpasiax oOHapyKEHO IOYTH JABYKPATHOE
MPEBEINICHUE COACPKAHUS KalblUsA HAJ KJIAPKOM, YTO
XapakTepHO Ui Bcex pek TalKuWkucraHa, TaK Kak
OCHOBHYIO MAacCy TOPHBIX MOPOJI COCTABISIOT H3BECT-
uaku.  ConeprkaHue MapraHia B o0pasmax MpHMEpHO
COOTBETCTBYET KIapKy. OCTaNBbHBIX IEMEHTOB MEHBIIE
KJIapKa.

ITo pacnpocTpaHEHHOCTH MaKpO3JIEMEHTHI pacrpe-
JeMIIACEH cheaytommM obpazom Ca> Fe> Na> K> Ti>
Mn. 3a WCKIIOYCHHEM KaJbIMg M Kejie3a paclpe-
JIEJICHHEe COOTBETCTBYET TE€OXUMHUYECKOW CIeuBUKI
JJIEMEHTOB.

Oo6pa3ser mouBkl, 0TOOpaHHEIH B [I9HIKE, TOKa3and
YeThIPEXKPATHOEC MPEBBINICHHE HATPHUS HAll CPEIHUM
ypoBHeM. Ckopee Bcero IOYBBI B TOYKE OTOOpa
MPEJCTABIUIA COO0M COMIOHYAKHY.

Bonee cmoxHO B 0Opasmax pacnpeicTuINCh
MHUKpodJieMeHThl. [lo cTemeHu pacnpocTpaHEHHOCTH
AJIEMEHTHI PACTIPEIETHIUCE CISAYIOMNUM 00pa3oMm:
Ba>Sr>Zr>V>Rb>Zn>Cr>Ni>Cu>Co>Th>
Nb>Ga>As>Cs>U>Br>Mo > Sb>Ta> Au.

Muxkpoanementsl Ce, Eu, La, Lu, Sc, Sm, Tb, Yu
Yb oTHOCATCS K TpYyHIE PEAKO3EMETBHBIX AJIEMCHTOB.
Penxo3eMenbHBIC AJIEMEHTHI MMEIOT OJU3KHE XUMHUYE-
CKHE CBOWCTBA; BCTPEYAIOTCS B IMPUPOJAE PEIKO, B
PACCESTHHOM COCTOSTHHH. DJICMEHTBI C YETHBIM aTOMHBIM
HOMEPOM PaCIpPOCTPAHCHBI 3aMETHO Yallle, YeM C HeUeT-
HBIM HOMEpPOM. B mpupoje 4acTto BCTpeUaroTcs B OJHUX
1 TeX ke MUHepaax [8].

ITo pacnpocrpanénnoctn P332  pacnpenenuiuch
caenytomuM obpazom: Ce>Y>Sc>Sm>Hf>Yb>Eu>Lu.
Takoe pacmpeneneHne HAXOOUTCSI B COOTBETCTBHH C
KJIAPKOBBIM pacIpeiesieHUEM.

B oToOpaHHBIX o0Opasmax mmodYB HabmIOmaeTCs
MPEBEIIICHIE KOHIICHTPAIMU HaJl KJIAPKOM B TIOYBAX JIJIS
cnenyronux anmeMeHToB: As, Br, Co, Cu, Rb, Sb u Zn.
Habmromaercs nedurur ciaenyronmx smeMeHToB: Cr, Ga,
Mo, Ta, V u Zr. Knapku B mnoyBax [Uisi MHOTHX
JJIEMEHTOB HEONpeACNcHbl. Takue 3JeMEHTH Kak: Br,
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Co, Cu, Cr, Sr, V, Zn u Zr sSBISIOTCS OMOr€HHBIMH
JJIEeMEHTaMH, KpaiHe HEOOXOIUMBIMH IS KU3HEICS-
TEJIEHOCTH PaCTeHUH U APYTUX KUBBIX OPTaHH3MOB.

B HOHHEIX OTIIOKEHHSX 00JIEe YEM C TPEXKPATHBIM
NPEBBINICHHEM HAJl KJIAPKOM BCTPCYAIOTCS  TaKUe
TOKCHYHBIC DJIEMEHTHI Kak As u Sb. B pexax [IsHmk u
Baxm oTMeuaeTcst TakKe TPEXKPAaTHOE 3aBBIIICHUE HaJl
KiIapkoMm s Au, xots B KapupHurane KOHIIEHTpaIus
COOTBETCTBYET KJIapKy. Takke C MPEBBIICHUEM HaJ
kimapkoM Berpeuatores: Ba, Cs, Hf, ThZr. Habnronaercs
nNedUIUT Takux dJIeMeHToB kak: Br, Co, Cr, Cu, Ga, Lu,
Nb, Ni, Sr, Sc, Ta, V, Y, YbZn. ConepxaHue 3eMeH-
ToB: Rb, La, Sm, Mo u U npuMepHO COOTBETCTBYIOT
CBOMM KJIAPKOBBIM 3HAUYCHHEM.

B oOpasnax mouB HakarumBaeTcs Oosbiie As, Br,
Mo, Ni, Sb, Sr, U u Zn. B gouHbIX ocaakax pek [IsHmK
n Baxm HakamnuBaeTcss Au mpakTUYeckd B 5 pas
Oonbme yeM B oOpasnax mouB. CoeauneHus Br nerko
PACTBOPHMBI, BCTPEUYAIOTCS B OCHOBHOM B IIOYBax, B
JIOHHBIX ~ OTJIOXKCHHSAX OHH pACTBOPSSICH B BOJE,
YHOCSITCS BHU3 TI0 TCUCHHIO.

3akiouenne

IIpoBenena oOpabOTKa W WHTEPIpPETAIUs JaHHBIX
00 2JIEMEHTHOM COCTaBe MOHHBIX OTIIOKEHUH W TIpuJIe-
TaloONIMX MOYB HA MECTE CIUSHHUS OCHOBHBIX NPHUTOKOB
Awmynapeu pek: [Lanmk, Baxm n Kadupauran.

ITo pacnpocTpaHEHHOCTH MaKpO3JIEMEHTBI pacipe-
JemmInch cienyromuM odpazom Ca>Fe>Na>K>Ti>Mn.
3a UCKIIIOYCHHEM KaJbLUs M JKeJe3a paclpeleiicHUe
COOTBETCTBYET TCOXUMHUYCCKOHN CIECIU(PUKU DIICMCHTOB.
Bo Bcex o0Opasmax oOHapy»XeHO HOYTH JBYKpaTHOE
MPEBHINICHUE COJACPKAHMS KANBIUSA HAJ KJIAPKOM, 4TO
XapaKTepHO TS BceX pek TaKUKUCTaHA.

Bbonee cnoxxHO B 00pasmax CKOHIICHTPUPOBAHBI
MUKPOSJIEMEHTBl W TI0 CTETICHH PacIpOCTPaHEHHOCTH
3JIEMEHTBI  PACIPEeNeTWINCh  CIEAYIONUM  00pa3oM:
Ba>Sr>Zr>V>Rb>Zn>Cr>Ni>Cu>Co>Th>Nb>Ga>As>
Cs>U>Br>Mo>Sb>Ta>Au.

IIpoBeneHO cpaBHCHHWE KOHICHTPAIUU MHKPO-
JJIEMEHTOB C WX KJIAPKOBBIMH 3Ha4YeHUsAMH. B 00Opasiax
MOYB HAOJIONACTCS TPCBBIINICHUE KOHIICHTPAIMH HaT
KJIAPKOM B TIOYBAX JUIsl CICAYIONIMX AJIeMeHTOB: As, Br,
Co, Cu, Rb, Sb u Zn. Habnronmaetrcss qeUIUT CIEAYIO-
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mux aemeHToB: Cr, Ga, Mo, Ta, V u Zr. B noHHbIX
OTJIOKCHHAX OOJIee YeM C TPEXKPATHBIM IPEBBIICHUEM
HaJ KJIapKOM BCTPEYAIOTCS TAKUE TOKCHYHBIC JIEMEHTHI
kak As m Sb. B pekax [lsamx m Baxm ormedaercs
TaK)Ke TPEXKpPaTHOE 3aBBHINICHHWE Haa KIapKoM sl Au,
xots B KadupHurane KOHIIEHTpamusi COOTBETCTBYET
Kiapky. Takxke ¢ TpEBBIIIICHWEM Haa KIAPKOM BCTpe-
qatorcs: Ba, Cs, Hf, ThZr. HaGmromaercs nedummr
Takux 3semenToB Kak: Br, Co, Cr, Cu, Ga, Lu, Nb, Ni,
Sr, Sc, Ta, V, Y, YbZn. Conepxanue 31eMeHTOB: Rb,
La, Sm, Mo u U npuMepHO COOTBETCTBYIOT CBOUM
KJIAQPKOBBIM 3HAYCHUSIM.

B obOpasnax mouB HakammBaercs Oonbiie As, Br,
Mo, Ni, Sb, Sr, U u Zn. B gonHbIx ocaakax pek [Tsumk
u Baxm HakamnuBaeTrcs Au mpakTUYecKd B 5 pas
0oJbIIIe YeM B 00pasiax Mmoys.

B 3akmodeHn# aBTOPHI BBIpaXKAIOT OJIaroJapHOCTh
coTpymaukam  WHctuTyTa  saepHoir  ¢usmkum  AH
V3b6ekucrana u Mucturyta saepHor ¢usukm  AH
Kazaxcrana 3a mpoBeZIcHHBIH aHATN3 00pa3IoB.
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