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IF'EOXUMHNYECKUE OCOBEHHOCTHU KOMIIOHEHTOB

AKBAJIBHBIX 9KOCUCTEM I'OPHO-CTEIIHBIX JIAHJIITA®TOB

I'OPHOI'O AJITASA

1O.B. Po6eptyc, P.B. JIrobumos, A.B. Kusarkas

HUnemumym 600nwix u sxonocuueckux npoorem CO PAH, I'opno-Anmaiickuii ¢hunuan
Kuizvin-O3zéx (Pecnybauxa Anmair), E-mail: riecol@mail.gorny.ru

Ha ocnose mamepuanos, nonyuennwix 6 pamkax peanrusayuu npoexkma Ne 134.1.2. pac-
CMOMpeEHbl 2e0XUMUYECKUe 0COOEHHOCNU OCHOBHBIX KOMNOHEHMO8 IKocucmem pex Yysa u
Ypeyn 6 yenmpanvnoii u 102o-6ocmounou wacmsx I'opnoco Anmas. Iloxazanvl 3nauumens-
Hble PA3IUYUSL 8 XUMUYECKOM COCmage 800bl, OOHHBIX OMIONCEHUL U NPUOPEIHCHBIX NOYE
IMUX 8000MOKO8, 00BACHIEMbLE NPUPOOHBIMU YCIOBUIMU UX B000COOPHBIX DACCEUHO8.

Knroueswvie cnosa: T'opubiit Antaii, Uys, Ypcyn, BoJa, TOHHbIE OTIOXKEHUS, IPUOPEK-
HBIC TTOYBHI, JICMCHTHBIN COCTaB, FCOXUMUICCKIE OCOOCHHOCTH.

B 2018 r. I'opHo-AnTalickum ¢uima-
aom VUB3II B pamkax peanus3anuu NpoeKTa
Ne 134.1.2. «buoreoxuMuyeckue 0ocoOeH-
HOCTH HAa3eMHBIX JKOCHCTEM B OacceifHax
pek Cubupu M MX BIMSHHE Ha KauecTBO
NPUPOHBIX BOM» OBUIO MPOBEICHO H3y4Ye-
HUE aHTPONOIeHHOr0 BO3JAEHCTBHS Ha
BOJIHBIC W Ha3€MHBIE PKOCHUCTEMBI B YCIIO-
BUSIX TOPHO-CTENMHBIX JaHAmadToB (Ha
npumepe pex Yys u Ypcyn B ['opHom Aj-
tae). OnpoOoBaHuE aKBaJbHBIX U CYyOaK-
BAJIBHBIX KOMIIOHEHTOB 3THX JIaHAIIA(QTOB
NPOBEJICHO BO BpeMs JieTHeW Mexenu [1].
Bcero ¢ TpaaWIMOHHBIMH TOIXOJaMH B
BEPXHEM, CPETHEM U HIDKHEM TEUEHHH PEeK
Yyst u Ypcyn 6bu10 B3siTOo 18 mpob BoEI,
JIOHHBIX OTJIOKEHUH M MPUOPEKHBIX MOYB.
Paccrossare Mexay myHKTamMu OTOOpa
po6 BapsupoBaio oT 35 no 60 kM. B uro-
re OBUI TIONyYeH OpPWEHTHPOBAHHBIA Ha
ceBepo-3amnaj ruIPOXUMUYECKUNA TPOPHITH
muHOU okoio 240 kM (puc. 1).

Boanble mnpoObl MpoaHaTM3UPOBAHBI
Ha OOIMH XUMHYECKUW COCTaB M PsI 3a-
rpssHsaonmx Bemects (TA® MBOIT CO
PAH), a Takke Ha 68 MHKPOIJIEMEHTOB
meronoM  MS-ISP  (HVIIL[ «Boma»
HUTITY, Tomck). [IpoObl TOYB ¥ TOHHBIX
OTJIO’)KEHUH M3Yy4EHbI Ha 28 JIIEMEHTOB UH-
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CTPYMEHTAJIBHBIM ~ HEUTPOHHO-aKTUBALU-
OHHBIM aHAJIM30M B JIAOOPATOPUH SITCPHO-
reoxumudeckux meronoB HUTITY (Tomck).
Oco0eHHOCTH COJIEBOTO COCTaBa BOJBI PEK
Uya u Ypcyn 3ameTrHO ominyarorcs. s
HUX XapaKTEepHbl OTUETIMBO BBIPAKEHHBIE
IIPOTUBOIOJIOXKHBIE TPEHIbl H3MEHEHHUS
XUMHUYECKOI0 COCTaBa BOJbI OT UCTOKOB K
yCcThIO peK. B uvactHOocTH, mig p. Uys xa-
pakTepeH pocT cojaep KaHMs OONbIIMHCTBA
KOMIIOHEHTOB U IIOKa3aTeleil K yCThIo, a
U1 p. YpPCyJl, HAPOTUB, UX MOCTEIIEHHOE
yMeHblienue (tabim. 1).

Puc. 1. Cxema onmpo6oBaHusT KOMITOHEHTOB

akocucreM pek Uys u Ypceyir:
1- ucmok; 2 — cpeonee meuenue, 3 — ycmoe.
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BrimeorMeueHHble 0COOEHHOCTH TMOJI-
HOCTBIO TIPOSIBJICHBI U B €€ MHUKpO3Je-
MEHTHOM COCTaBE BOJbI 3THX peK. Tak, co-
JepKaHue OONBIIMHCTBA TPYII MHKPO-
snemerToB (MD) mo B.B. MBanoBy [2] B
Boze p. Uys Bblie, ueM B p. Ypcyn. OHu
3aKOHOMEPHO U3MEHSAETCS OT HCTOKa K
YCTBIO 3TUX PEK U MMEET MPOTHUBOIOIOXK-
HBIE TPEHIbI pacrpeaeeHus (Tad. 2).

Knapku KOHIEHTparuu W3y4EeHHBIX
MD u ux cnektp B Boje pek Uys u Ypcyn
3aMETHO Pa3UYalOTCs, OCOOCHHO IS
TPYHOIBl AJIEMEHTOB, MPUCYTCTBYIOIIUX Ha
ypoBHe 1-10 xiapkoB. B To xe Bpems ac-
commaruss MO ¢ comepkanuem Oosiee 10
KJIAPKOB TIIOYTH HWICHTHYHA — CKaHIHUH,
xKeneso, ypaH (Tabi. 3).

BoNBIIMHCTBO MHUKPOIJIEMEHTOB TIPH-
CYTCTBYET B pEYHOU BOJIC Ha YPOBHE BHIIIIE
perunoHanbHOrOo (ona. bonee wem 10-

KpaTHOE IpeBbllIeHHe (PoHa MpHCYILe I
BOJBI 00EUX PEK M XapaKTEpPHO IS MOPO-
000pa3yIonX 3JIEMEHTOB (HATpUi, mar-
HUH, JKee30, TUTaH, MapraHel U JIp.), 4TO
yKa3bIBaeT HA UX MOCTYIUICHHE B BOAY U3
TOPHBIX TIOPOJI PETHUOHA, CICIHUATHU3UPO-
BaHHBIX Ha A3TH 3JeMeHThl. HeoOxomumo
OTMETUTh, YTO OCHOBHOE BIHUSHUE HA CO-
cTaB BOJbI p. Uys OKa3bIBalOT €€ JICBbIC
nputoku (Yaran-Y3yn, Tapxara, Aktypy u
Ip.), pa3MbIBAIOIINE CYTJIMHUCTHIE MOPEH-
Hbele oTiiokeHusa lOxno- u Ceepo-Yyii-
ckoro xpebtoB [3-4]. YcraHOBj€HO, YTO
coJiep>kanue OonpimMHCTBA MD B BOjE
p. Uys B cpenHeM Ha MOPSIOK Ooublile,
yeMm p. Ypcya (puc. 2), 4To MpeanoyioKu-
TENbHO OOBSCHSETCS OoJee Omarompusit-
HBIMH YCJIIOBHSIMH MX TIEpEXO0Ja U3 TOPHBIX
MOpOJI B PACTBOPEHHOE COCTOSIHHE.

Ta6auna 1
XHMMHMYECKUH COCTaB BOABI pek Uys u Ypcey, mr/mm°
Uys Ypcyn
[Tokazarenu
HUCTOK cepearHa YCTBE CpeaHEC HUCTOK cepearHa YCThE cpeaHee

pH, en 7,48* 7,70* 7,76* 7,65 8,22** 7,98** 7,73** 7,73

Cazr+ 16,5* 22,0* 22,6* 20,4 54,6** 37,1** 22,0** 37,9

Mg** 4,6* 4,6* 4,8* 4,7 6,2** 5,0%* 4,3** 5,2

Na'+K* 4,1*%* 2,5%* 1,9%* 2,8 4,9%* 3,6%* 2,7%* 3,7

NO;z~ 0,57* 0,87* 0,97* 0,80 0,29** 0,15** 0,02** 0,15

HCO5~ 74,8* 88,5* 90,0* 84,4 199,8** | 143,4** | 88,5** 143,9

SO~ 24, 5* 25,1* 25,2* 249 15,7** 14,5** 13,2** 14,4

Cclr ) 3,1** 2,4%* 2,2%* 2,6 2,1%* 2,0** 1,8** 19

XIIK, mrO/mm® 0,83* 1,04* 1,26* 1,04 2,57* 2,70* 2,78* 2,68

Munepam3zarus | 105,8* 122,9* 124 4* 117,7 269,0** | 1953** [1222** | 1955

Hys HCO0,6750.28CI5 HCO. 7150.26CI3 HCO.7050.25CI3
Cab0Mg27(Na + K)13 Cab9Mg24(Na+K)7 | Ca70Mg25(Na+ K)5
Ypeyn HC0.90s0.9CI1 HCO0.8750.11CI2 HC0.8250.15CI3
Ca80Mg15(Na + K)5 Ca75Mgl7(Na+K)8 | Ca70Mg23(Na+K)7
IIpumeuanue: * — ygeruuenue cooepaicanus K ycmoio, ** — mpenowvt ymenvuienus.
Tabmuma 2
ConaeprxaHre MUKpPO3JIEMEHTOB B BoJie pek Uys u Ypceyi, M/’
I'pynmer M3 dys Ypeyn
HCTOK cepeinHa YCThE yCTBG/I/ICTOK HCTOK cepeiHa YCThE YCTLG/I/ICTOK

x! 16,46 18,68 18,78* 1,14** 19,50 19,14 10,54 0,54
¥? 36,37 37,02 37,23* 1,02** 74,34 56,54 36,62 0,49
S-3JIEMEHTBI 31,29 33,02 33,54* 1,07** 69,58 50,22 31,40 0,45
p-TiaBHBIE 20,60 22,07 22,32* 1,08** 25,36 24,14 15,17 0,60
p-penkue 0,0095 0,0080 | 0,0076* 0,80** 0,0178 0,0137 | 0,0125* 0,70
d-rnaBHeIC 0,929 0,454 0,300* 0,32 0,094 0,083 0,050* 0,53**
d-penkue 0,0021 0,0020 | 0,0014* 0,67 0,0012 0,0020 | 0,0020* 1,67**
f-onemenTer | 0,0018 0,0014 | 0,0012* 0,67** 0,0014 0,0010 0,0007 0,50

Tpumeuanue: X — muxposnemenmsi, kpome Ca, Na, Mg, Si, K, Cl; 2* — cymma Ca, Na, Mg, Si, K, CI;
* — nogvlulennvie cooepacanus 8 ycmoe, ** — omuowenus ycmoe/ucmox.
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Tabnumna 3

ConeprkaHue MEKpPOAJIEMEHTOB B Bosie pek Uys 1 Ypcyl OTHOCHTENIBHO KiIapka U oHa

Hons, en | Yys | Ypcyn
Honst om knapra™
0,1-1 Li, B, Na, Si, P, Cl, K, Cu, Zn, As, Se, | Li, Na, Al ,Si, P, CI, K, Ti, Cr, Mn, Co, Ni,
Y, Ag, Cd, Sn, I, Ce, Nd, Tm, Lu, W, | Cu, Zn, Ga, Ge, As, Se, Br, Rb, Y, Cd, Sn, I.
Au, Hg, Pb, Th Cs, Ba, La, Ce, Pr, Nd, Sn, Eu, Gd, Th, Ho,
Er, Tm, Yb, Lu, W, Au, Hg, Pb, Th
1-10 Be, Mg, Al, S, Ca, Ti, V, Cr, Mn, Co, | B, Mg, S, Ca, V, Fe, Sr, Mo, Ag, Sh
Ni, Ga, Ge, Br, Rb, Sr, Mo, Sh, Cs, Ba,
La, Pr, Sm, Eu, Gd, Th, Dy, Ho, Er, Yb
> 10 Sc, Fe*, U* Sc*, U*
Lonst om gona*
0,1-1 Cr, Cu, Zn, Br, Cd, Sn, Pb Al, K, Ti, Cr, Co, Ni, Cu, Zn, Ga, Br, Rb, Y,
Zr, Nb, Cd, Sn, Ba, La, Tl, Pb, Th
1-10 Li, Be, B, Al, Si, P, K, Ca, V, Co, Ni, | Li, Si, P, Ca, V, As, Sn, Mo, Ag, Sb, I, U
Ga, As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Sb,
I,Ba, La, TI, Th, U
> 10 Na*, Mg*, Sc*, Ti*, Mn*, Fe* B*, Na*, Mg*, Sc*, Mn*, Fe*

IHpumeuanue: * — Knapru XumMuueckux snemenmos 6 cuopocgepe [2].

100 4

0,01 4

0,001 A

0,0001 4

0,00001 T T T

—— p.Yysa

—&— p. Ypeyn

Ca Si K Al Fe

Mn

Ti

T T T T T T

Rb Cr \ Ni Cu Zr

Puc. 2. MukpoaneMeHTHBbIH cocTaB BoJbl pek Uys u Ypcy, M/’

Cpennue KOHIIEHTpaIuu OOJBITHHCTBA
M3 ne npessimaer ux [1JIK mist Boa Bo-
JIOEMOB  PBIOOXO03SHMCTBEHHOTO Ha3HaYe-
HUS, KpOME MOPOJ000Pa3yIOIIUX dIIEMEH-
TOB (QUTFOMUHUH, KeJIe30, MapraHell, BaHa-
i), a TakKe PTYTHU, MEIU W JIUTHUsA, T.C.
OCHOBHBIX  MPOQWIMPYIOIUX  PYAHBIX
aneMeHToB LlenTpanbHoro u KOro-Boctou-
HOro Auras. 3HAuYMTENbHbIE pa3INUUs
MIPOSIBJICHBI U B DJIEMEHTHOM COCTaBe Tec-
YaHO-TJIMHUCTBIX  JIOHHBIX  OTJIOJKEHHH
ATUX PEK U COMPSDKCHHBIX C HUMHU TIPH-
OpexHBIX TTOYB. B 4acTHOCTH, copepxkaHue
OOJIBITMHCTBA HW3YYEHHBIX XUMHUYECKHX
AJIEMEHTOB B MPUOPEKHBIX MouBax p. Uys
B IICJIOM BBIIIE, YeM ISl TIOYB P. YPCYII,
O/IHAKO OTHOILIEHHWE MX KOHIICHTpALHil B
YCThE ¥ HCTOKE BBINIE I P. YpCyI
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(tabm. 4). C yueToM ee MEHbIICH TUHBI,
IpaJueHThl M3MEHEHUus conepkaHus MO
[0 TEYEHUI0 AN p. Ypeyl OyayT 3Hauu-
TEJIbHO BbIIIE, 4eM uid p. Uysa. Ota reo-
XUMHAYECKass OCOOEHHOCTh MPEIIOI0KH-
TEIIbHO OOBSICHACTCSI TOBBIINIEHHONW TYy-
MUJHOCTBIO Oacceitna p. Ypcyn [1], crmo-
coOcTByIOIIEH O0JIee OBICTPOMY TEPEXOIY
MD B nouBy.

[ns noHHBIX OoTnoxeHWd pexk Uyda u
VYpeyn kxaptuHa pacnpeaeneHus MO mo
TEUYEHUIO HECKOJBKO OTIMYAETCS, XOTS MX
CpedHee Ccojep)KaHHEe U HaKOIUICHHE B
yCThe Takke BbIe s p. Uys (tadim. 4).
brnu3kuii Mexay coOOd AIEMEHTHBIA Co-
CTaB MPUOPEKHBIX MOYB U JTOHHBIX OTJIO-
KEHUN ITHX PEeK OOBACHAETCA UX TECHBIMU
9KOCUCTEMHBIMU CBSI3SIMH.
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Tabnuua 4

DeMEeHTHBIN coCTaB NPUOPEKHBIX IOYB M JOHHBIX OTJIOKEHHH pek Uys u Ypeyi, Mr/kr

Uys Ypcyn
MO yerse/ ycrbe/
UCTOK |CEepeliMHa |yCThEe  |CPEAHEE |WCTOK, HCTOK CepenrHa | yCThe cpenHee
o UCTOK, €1I.
TIpubpesicnvie nouswl
Cr 113,7 | 1287 141,7 128,0* 1,25 54,6 73,8 86,9 71,8 1,59**
Fe% | 49 52 5,6 5,2* 1,14 2,9 4,0 4,6 3,9 1,59**
Na,%| 1,80 1,74 1,37 1,64* 0,76** 1,49 1,42 0,78 1,23 0,52
Ca,%| 3,15 2,97 2,80 2,97* 0,89** 3,62 2,29 2,12 2,68 0,58
Zn 89,9 90,4 92,2 90,8* 1,02 61,8 86,0 114,7 87,5 1,86**
Co 15,9 18,0 21,3 18,4* 1,34 10,9 14,8 16,0 13,9 1,47%*
Ba 363 460 484 436* 1,33 289 346 470 368 1,63**
Rb 58,0 72,6 107,6 79,4* 1,86** 73,9 74,0 82,0 76,6 1,11
Sh 2,43 3,16 6,41 4,00* 2,64** 1,68 2,83 3,23 2,58 1,92
Sc 16,3 17,1 19,2 17,5* 1,18 10,3 16,1 17,9 14,8 1,74**
Yb 3,40 3,63 4,88 3,97* 1,44 2,20 3,60 3,87 3,22 1,76**
La 34,2 34,7 45,3 38,1* 1,32 22,0 32,8 34,8 29,9 1,58**
Ta 0,65 0,71 1,85 1,07* 2,85 0,35 0,72 1,04 0,70 2,97**
U 2,86 3,31 3,43 3,20* 1,20 2,34 2,41 3,60 2,78 1,54**
Th 10,4 10,5 11,0 10,6* 1,06 6,8 8,2 91 8,0 1,34**
Lonnvie omnooicenus
Cr 97,2 1115 1644 | 112,6* 1,16 75,8 82,3 89,2 82,5 1,18**
Fe% | 43 4,9 7,2 5,0* 1,67 3,8 4,1 4,7 4,2 1,24
Na,%| 1,61 1,66 1,68 1,65* 1,04 1,09 1,29 1,58 1,32 1,45**
Ca,%| 2,56 2,64 3,29 2,83* 1,28 2,46 2,52 2,57 2,35 1,04
Zn 60,2 100,7 153,8 107,3* | 2,55** 91,2 92,8 108,2 97,4 1,19
Co 17,4 17,6 18,5 17,9* 1,06 14,6 15,1 17,4 15,7 1,19%*
Rb 58,7 70,7 70,9 66,8 1,21 89,9 93,4 106,2 96,5* 1,18
Sc 16,1 17,5 18,4 16,1 1,14 13,9 16,0 18,9 16,2* 1,36**
Yb 3,53 3,59 8,17 4,73* 2,31%* 3,11 3,55 4,23 3,63 1,36
La 32,7 30,3 83,0 45,2* 2,54** 32,1 34,2 37,8 34,7 1,18
Ta 0,30 0,48 1,07 0,69 3,57** 0,77 0,98 1,02 0,93* 1,32
U 2,53 2,66 6,47 3,50* 2,56** 2,74 3,38 3,49 3,20 1,27
Th 8,4 9,4 19,4 12,2* 2,31** 9,1 91 9,3 9,2 1,02

Ipumeuanue: * — nosviuennvie cpednue cooepicanusi, ** — omuowtenus ycmoe/ucmox.

OcCHOBHBIE BBIBOJIbI IPOBEJEHHOTO MC-
CJIEIOBAHMS COCTOAT B CIEAYIOLIEM:
— XMMUYECKHN cOCTaB BOJBI pek Uys u
Ypcyn uMeeT 3aMeTHbIE OTIMYUs, O00Y-
MIPUPOTHBIX
ycIoBUHA HX (OPMHUPOBAHUS B YCIOBHUSX

CJIOBJICHHBIC

BBICOKOTOPBbSI M CPEIHEropbs,

CTBCHHO,

paziuunem

COOTBET-

— B XHMMHYECKOM COCTaB€ BOJbI pEK
Uys u Ypcyn He IpOosBIIEHBI CIEAbl aHTPO-
MIOT€HHOTO BO3/JECUCTBUS Ha HKOCHCTEMBI
9THX BOJHBIX OOBEKTOB, YTO YKa3bIBaeT Ha
HE3HAYUTENbHBIN BKJaJ 3TOro (haktopa B
(GOpMHUpPOBAaHUM HMX THAPOXMMHUYECKOTO
THUIA.

Paboma evinonnena 6 pamxax eocyoapcmeennoeo 3adanus HUBIII CO PAH (npoexm

Ne 0383-2019-0005).
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GEOCHEMICAL FEATURES OF COMPONENTS
OF AQUATIC ECOSYSTEMS OF MOUNTAIN-STEPPE LANDSCAPES
OF THE GORNY ALTAI

Yu.V. Robertus, R.V. Lyubimov, A.V. Kivatskaya

Institute for Water and Environmental Problems of the SB RAS, Gorno-Altaisk Branch of IWEP SB RAS
(Republic of Altai), E-mail: riecol@mail.gorny.ru

Geochemical features of the main components of the Chuya and Ursul river ecosys-
tems in the Central and South-Eastern parts of the Gorny Altai were considered on the ba-
sis of materials obtained under project 134.1.2. Significant differences in the chemical
composition of the water, sediments and coastal soils of these streams, due to the natural
conditions of their catchment areas were shown.

Keywords: Gorny Altai, Chuya, Ursul, water, bottom sediments, coastal soils, ele-
mental composition, geochemical features.
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