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3acojieHHne, TMIICOHOCHOCTD U 3arpsi3HeHue MoYBHKesKa3raHCKOro 00TAHMYECKOr o
caga: 80 jieT ¢ MOMeHTa OpPraHU3aNNu MBA4aNa OPOLIEHHUS

Ienbo uccnenoBanus ObUIO BBIBICHUE U3MCHEHUS C BIX APRAHBIX [I0YB B YCIOBHUAX OPOLICHUS U
BO3/ICHCTBUS: BHIOPOCOB 0OOraTUTENBHOTO M MEICIIIAB MOHHATOB. B cTaThe mpoaHaIu3upoBaHO
IX METAJUIOB B rmoysax JKe3kasraHcKoro
0GOTaHMYECKOro cajia, HaXOJILIErocs B 30HE UH XHOTCHHBIX BBIOpOCOB. V3MeHeHHe CBOICTB
I K IPUPOIHBIM M aHTPOIIOTEHHBIM CTpeccam,
€CKOM caJly of00paHbl pacTeHHs, CIIOCOOHBIC aK-
THUBHO PACTH IIPU OPOIICHHH B PE3KO KOHTHHEHTAIBHBIX ycIoBUAX. 3a 80 JeT pyHKIHOHUPOBAHUS OTMEYEHO
YaCTUYHOE PACTBOPEHHE THUIICA, IIepe CHHUE COJICH, yBeMYCHUE coAepKaHus rymyca. Vcronbs3oBa-
HHE B KQ4eCTBE UCTOYHHKA OPOLIICHIS]

i ToBIKHBIX (opM Cu u Pb. TlomydeHHBIE pe3yapTaThl TO3BOJISIOT
epacrpeze/ieHus THIIca, PeKOMEH/I0BATh Iepexo K Bogochepera-
Vsl C OZTHOBPEMEHHBIM OTCTaMBAaHUEM U yIAIEHHEM M3 OPOCHTEIb-

OIIEHUTH CKOPOCThH W HAIl e
FOII[UM TEXHOJIOTHSM Kare o
HOM BOJIBI B3BECH.

Knrouesvie crosa: 3 0YB, 3arpsi3HCHKE, MOHHTOPHHT, BOJOCOEPETatoIie TEXHOIOTHH, KallelIbHOe
OpOIICHUE
)51

Beeoenue

W3menenuto ApUIHBIX TI0YB B YCJIOBHSAX OPOIIEHHS, TaK U Pe3yJbTaTaM TEXHOI'€HHOI'O 3arps3-
HEHUS H@ 3HAMMTENBHBIH 00beM suTepatypbl [1-5]. B To e BpeMst aHamu3 COBMECTHOTO BO3JICH-
BbI

(aKTOpPOB paccMaTPUBACTCS PEXKE, YTO ONPEAENIACT aKTYaJbHOCTD BBIIIOJIHEHHOH pa-

B crartbe aHanu3upyercs 3acojeHue, COAepKaHue r'yMyca U TsKEbIX METalIoB B ouBax JKe3ka3raHckoro
6oTtannueckoro cajaa (Yibirayckas o0nacts, Kazaxcran), Haxoasmerocst B 30He WHTEHCUBHBIX TEXHOT€HHBIX
BBIOPOCOB OT 00OOTAaTHTENFHOTO W MEJEIUIABIIBHOIO KOMOWHATOB WM WX XBOCTOXpaHWwml. V3meHeHue
CBONCTB IIOYB IIPENOIPEAEIAET YCTOMUNBOCTD BBIPAIMBAEMBIX PACTEHUI K MPUPOJHBIM U aHTPOIIOT€HHBIM
cTpeccaM, a TaKkKe KaueCTBO BBIPAIIMBAEMOM MPOTYKIHH.

Obwvexmol u Memoowvl

JKeskasranckuit 60TaHUYECKUH caa oprann3oBad mo maumatuee E.M. JlaBpenko, 1.K. ®opTtyHarosa
npu yyactud 1modBoBenoB Y.Y. YcmanoBa u M.A. I'masoBckoit [8]. M3ydaemasi TeppUTOpHS OTHOCUTCS K
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I0ro-3amagHoi okpanHe Ka3axckoro MejaKoCOmouHMKa, PacloioKEHHOW B 00IACTH MOYMYCTHIHU C PE3KUM
npeob1ajaHreM OTEHIMATBFHOTO UCTIPEHUS HaJl KOJIMYECTBOM 0CaJKOB. boTaHuecKuit caj| ObLT 3aJI0KEH C
JBYMs TIETSIMH: OOecCIieYeHHe MPOMBIIUIEHHOTO TOpoa CBEKUMH OBOIAMH W 0aX4eBBIMH KyIbTypaMH U
Mo00p JAPEBECHO-KYCTAPHUKOBOW PACTUTEIBHOCTH JUISl O3CJICHCHHS MPOMBIIIICHHOTO TOPOJa B YCIOBHSIX
TIOJTYITYCTBIHU C HCTIONIb30BaHneM opoteHus [9]. 'opon XKeskasran mocTpoeH Ha MeCTe YHUKAIBFHOTO MeJ-
HOPYJHOTO MECTOPOXKICHHUS JIJISl TOOBIYH U 1epepaboTKu Meld, pa3paboTka KOTOpOoi Havanachk B Hayajge XX
Beka [10].

Knumar JKe3ka3zraHckoro peruoHa OTIM4YaeTcsl pe3Ko KOHTUHEHTaIbHOCThIO [11]. AMmunTyaa Temme-
patypsl Bo3ayxa gocturaet 80°C. 3uMHUI Meproj] OrpaHMYUBACTCS MIEPUOAOM OT JIEKaOps J0 CEpEIAMHBI
MapTa, HauOOJNbITNEe OTKJIOHEHHUS TeMIIepaTyp HaOIJFOIAal0TCs OCEHBI0 W BecHOW. Hadamom Teruroro ce3ona
MOXXHO CUHTaTh | ampens, ero KoHIoM — 1 HosiOps. CpenHss MpoaOHKUTEIBHOCTh TEIUIOro ce8oHa 214

Moro xonogHoro saBaps —14,5 °C mopo3a. B oTnenpHbIE TOABI OTMEYEHO IMOHIDKEHUE Te
°C mopo3a u ee nossimerne 10 +47 °C rema. B r. CatnaeBe cpeqHue TeMIepaTypsl 0

3
Ha ypoBHe +21,3 °C, a stuBapst —17,0 °C mMopo3a. YCTONUMBHIN CHEXHBIH MTOKPOB 00p
psi, €ro TMOJHOE pa3pylICHHe MPOUCXOAUT BO 2-0i Jekaje ampens. [ myOuHa CHeXFOrQgmOKPOBA HE3HAUH-
%0,

TenpHa — 5-15 cM.
OTtHOcHTeNbHAs BIAXHOCTh BO3ayXxa B I. JKe3kasrane kosebsercs ot 80 1040
NPUXOJATCS HA CEpeIUHY JIeTa.
PekornocumpoBouHoe obcienoBanue mous boranndeckoro cana m,e
aBTopamu B okTs0pe 2021 rona (puc. 1).

NIEM MUHUMYMBI

HOCTE# OBLIIO TPOBEICHO
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Boranmueckuii caj pacmosniokeH B 2 KM K I0T0-BOCTOKY OT ropoaa JKeskaszrana. OpoliiieHue ocymecTB-
JsieTcs TONMMBOM MO 00po3/1aM M J0KICBAHWEM W3 IUIaHTa. MICTOYHMKOM OpOLIEHHS CIYXaT BOIBI PEKU
Kenrup Hmke BoJOXpaHWIMIIA U MPOMBIIIIEHHON 30HKL. K ceBepo-BocToKy oT boraHmueckoro caga Haxo-
JIATCS IIIJIAMOOTBAJIbI 000TaTUTEIbHON (haOpHKH.

B utone 2022 r. npoBeaeHO MOBTOPHOE oOcienoBanue mous JKe3ka3raHcKoro 0OTaHUYeCKOro cajia ¢
ONMCaHWEM MOYBEHHBIX Npoduiei u quarHocTukoil nmous no Knaccudukanuu u auarnoctuke nous CCCP
(1977) [7] u Poccun [8, 12]. BeImonHeHO AeTaIBHOE OMKMCaHke OmopHoro paspesa (OK—14).
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3aconeHune, rMncoOHOCHOCTL U 3arpsasHeHue no4s YKeskasraHckoro 6oTaHM4eckoro caga...

U3 pexu Kenrup orobpaHb! IpoObI BOJIBI, HCIIONB3YEMOH Ha OpOIIeHNEe. AHATN3 COCTaBa BOJI IPOBEACH
HAa JKUAKOCTHOM Xpomarorpade B DKOJIOro-reOXMMHIECKOM IIeHTpe Teorpadudeckoro pakynbrera MocKoB-
CKOI'0 FOCyAapCcTBEHHOI0 yHUBepcuTeTa nMeHu M.B. JIoMmoHOCOBA.

B nouBax Mopdonornyecku u aHATMTHYECKH AUArHOCTUPOBAH THIIC, TPOBEJEH dKCIPeCcC-aHaIn3 OYB
Ha 3acoyieHue ¢ ucnois3oBanueMm PH u TDS-metpor dupmer Hanna Instruments. Cepa, npeanoaoXuTeasHO
B ¢opme cynppaToB B MOYBaX M CYIH(PUAOB B HE3ACOJCHHBIX MMOPOAAX, OMpenesuiack MetogoM PDA-
aHaJM3a. DTHM K€ METOJIOM ObLIM TOJYYCHBI PE3yJbTaThl 110 CONEPIKAHUIO TSKEIIBIX METALUIOB U METaJLIO-
unoB. Kaprorpaduueckast o0paboTka pe3ynbraToB BeinoiaHeHa B iporpamme SAGAGIS. [l uaTeprionsun
OBLIT HCITOTF30BaH METOJI «OOPATHO B3BEIIEHHOTO PACCTOSTHUSY.

Peszynomamot u ux obcyscoenue

IIo pe3yiabTaTaM ACTAJIBHOI'O MOp(I)OJ'IOI‘I/I‘-IeCKOI‘O OrurcCaHud IMOoYBa pa3pe3a JK—-14 Ob1na om CJICHa

Kak Oypas (apumHas) IOCTarporeHHAas CerperaroHHasi COJIOHIIEBATasl THIIC-COIEpIKaIlla: WHU-
CTast Ha MEOHUCTHIX CYTIIMHUCTHIX OTIOXKCHUSX.

Bazupysice Ha cxemaTHUecKoW KapTe ITyOMHBI 3aJieraHusi MOP(OIOTHIECKUX MPOst neg@) co-
CTaBJICHHOW MO pe3ynbTaTaM OypeHUs MO CeTKe C Y4eTOM (YHKUHMOHAIBHOTO 30 TEPPUTOPUH
BoTcana, MOXKHO KOHCTAaTHPOBATh, YTO HA €r0 OPOIIAEMOW YaCTH BEpXHSS MMOBE TTPOSIBIICHISI TUTICA
noHusunack Ha 20—-50 cM 10 CpaBHEHUIO C UCXOTHOH rTyOuHOH 0K0I0 40 cM.

Boapl pekn KapakeHrup uMeroT MUHEpaau3aiui oosee 1 1/i1 u HeO 0€ COOTHOIIICHUE KaTH-

OHOB JJa)K€ B paHHEJIETHEE BPEMs, KOIrJa IPOBOIMINCH UCCIICIOBAHU:
®opmyna Kyprnoa nis cocraBa BOA:

Bojbl KanbIeBO-HaTPUEBbIC XJIOPUIHO-CYIbMaTHbIC 45AR=21,7 [13] — Boxbl HEOIATONIPUATHOTO Ka-
yecTBa [14], ctocOOCTBYIOT OCOIOHIICBAHHIO [TOYB. B OPOIIIA€MBIX [T0YBaX, 10 CPABHEHUIO C HCXO/I-
HBIM COCTOSTHHEM U (DOHOBBIMHU y4acTKaMH, HECKOJIBKO YBEIWYMIOCH CO/lepKaHue Tymyca. [IpenBapurens-
HBII BBIBOJI BIIOJIHE COTJIACYETCS C PaHe SIRICHHBIMU TECHICHIIMSMHU B OPOIIAEMBIX TIOYBaX apUIHOM 30-
HBl. B 1MOBEPXHOCTHBIX TOpPHU30HTAaxX 0 1x mo4yB boranmdeckoro cama coxepxanue Cu, Pb u Zn
O1m3Ko K KIapky (taom. 1, K

Tab6anuma 1

Copep:x 3JEMEeHTOB (MI/KI) B IOBEPXHOCTHLIX 00pa3uax nous u TIIO
no JaHHbIM P®A-anaausa (pparmMenT)

Cl V| Cr| Mn | Ni Cu Zn As Sr Pb
276 | 62| 39 | 726 | 31 | 1016 | 319 | ND | 170 | 243
1023 ND 65| 49 | 744 | 30 | 1546 | 385 | ND | 142 | 305
1536 686 | 55| 19 | 672 | 21 | 1877 | 134 | 10 | 114 | 196
4140 532 | 71| 18 | 604 | 32 | 1331 | 92 | ND | 138 | 214
K5 | 2459 586 |66 | 43 | 897 | 37 | 470 | 199 | 18 | 295 | 140
K6 | 7032 | 19431 | 98 | 29 | 292 | 19 | 302 | 83 20 | 501 | 138
K7 | 1191 217 | 76 | 47 | 768 | 45 174 | 87 10 | 224 | 80
JK8 | 1200 ND 39| 26 | 448 | 34 30 55 | 12,6 | 952 | 15

B moBepXHOCTHBIX TOPHU30HTAX OPOILIAEMBIX IOYB M TEXHOI€HHBIX MOBEPXHOCTHBIX OOPa30BaHUAX
(TTIO) coneprkaHue MEIM U CBUHIIA TIPEBBIIACT KJIAPKH B IeCITKHU pa3 (Tadu. 2, XK 7)

Cepus «buonorua. MeguunHa. MNeorpadumsi». Ne 4(108)/2022 197



O.1. FonosaHos, E.WN. Kpasuehko, C. Kywepbaes 1 gp.

Tabnuma 2

Kaapk xonuentpauun (KK) anemenToB B moBepxHocTHbIX o0pa3uax noys u TIIO
1o JaHHbIM PP A-ananuza (pparmenr)

HpeBLIIHeHI/Ie COACPpKAHUA 3JICMCHTOB B OpOIIAaCMbIX MMOYBAX I10 CpaB

3aHO Ha rpaduke (puc. 2). Tak, Hakoruienue Cu u Pb cocrasisier 5-6 pa3
Cl, Se, Sr, Ca — BBIHOCSITCS U3 OpOIIAEMBbIX 1MOYB. JIJIst ceprl COOTIO1agEC

IIOYBC.

6

OTHOweHue codeprdHA 2nNemMeHToB B

OK 2. 3arp$[3HeHI/I€ OpOoIIa€MbIX IOYB JKe3kasranckoro 0OTaHHYECKOTO caaa

r

Ti Mn Zn

Y o Ni

Fe

S

51

a

S Cl \% Cr | Mn | Ni | Cu| Zn | As | Sr | Pb
X1| 08| 04 06 | 04 | 09 |06 ]| 38 4,2 - 0,6 | 14
K2 | 11 - 06 | 05| 10 |06 | 57 51 - 05 | 18
K3 | 16 | 1,1 0510209 04| 70 18 | 18 | 04 | 12
K4 | 43 | 08 0,702 108 |06 49 1,2 - 05 | 13
XKS | 26 | 09 06 | 05| 12 |07 | 17 26 | 32 | 11 8
X6 | 74 130409 )03|04(04| 11 1,1 ] 36 | 19 8
X7 1| 12| 03 0,705 1| 10|09 6 1,2 | 1,8 | 0,8 5
K8 | 1,3 - 0410306 (07| 11]07]| 22| 35 0,9%
K* | 953 | 640 | 106 | 92 | 770 | 50 27 75 56 | 270

*Ipumeuanue. K — xapk (Mr/kr), coriiacHo pekomerpamnusm [15].

HECOpOImaeMbIMHU I1OKaA-

bIC® BOAHLIC MUT'PAHTBI —
BbIHOCA U 3aKPEILUICHUS B

S NoYBdX K HEOPOLWdEMbIM

K Th

Mbh  As

Bb Az Ca Sr Se (I

s OporeHust oepercst u3 pexu KeHrup Hroke mioTHHb KeHrupeKkoro BoJoXpaHmwiniia, Ha oepe-
acronoxeH ropof JKeskasraH, a HEMMOCPEACTBEHHO Yy IUIOTHHBI HAXOAWTCS MPOMBIIIIIEHHAS

0
30Ha (puc. 1). B Bozme npucyTcTByeT oboraiieHHas 3arpsisHUTEIIMHU B3Bech. LlmamMooTBanbl Takke Hakia-
IBIBAIOT CBOM OTIIEYATOK: B MX «ITyCTOM» TOpOoje mpeBbimeHue kiapka Cu cocrasmser 50-70 pas, Pb 1o 20
pa3 (tabn. 1, 2). Ceifuac muiaMOOTBaIbl U30JMPOBAHBI ISl MPEAOTBPAILEHHS «IbUICHUs». Panee 30510BbII
MEPEeHOC TMBUTM BHOCWI CYLIECTBEHHBIH BKIJIa[ B IOCTYIUIEHHE B MOYBHI 31eMeHTOB. B mousax u TIIO
HaoOmonaetcs npepbinienue [1JIK BanoBbix GopM Meau 1 CBHHIIA B ACCSITKH pa3 (puc. 3).
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3aconeHue, rMNCOHOCHOCTb U 3arpsA3HeHne noys XKeskasraHcKoro 6oTaHu4eckoro caga...
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Pucynoxk 3. IIpessrmenus [11K (pa3) B mouax u TIIO okpecTHOCTEH )Ke3Ka3rch% YECKOT'0 cazia
1

I[J'ISI YTOYHCHHUA 3KO0JIOI0-T€OXUMHYECKON OLICHKHU 3arpA3HCHHA I1JI MNPpCaACIICHUEC TTOABUXK-
HBIX ()OPM ATUX DIEMEHTOB. J{JIs1 ONTHMHU3ANH OPOLICHHS U PEILICHUS SKOHOMHU BOJBI B HACTOSIIEE
BpEMsl HAYaJICs TIEPEX0] K 0osee MPOrpecCUBHOMY METOLY OpQUIe arenpHOMY Kak B boranmdaeckom
cagy, Tak U B 3eieHoi uHppacTpykType roposa. Ilpu stom 1y mp pateHus 3a0UBaHUS OTBEPCTHH
TpyOOK KaleIbHUIl HEOOXOANMO OTCTanBaHUE B3BECH IS OC e Bozabl. COOp B3BECH U €€ aHAIlN3 103-
PUYECKOTr0 COCTaBa 10 CPABHEHHIO C

€My YPOBHS 00JIACTHOTO IIEHTPA, PACIIMPEHHEMQETO 3eIT (bpacTpyKTypBl, BO3pACTET NOTPEOHOCTH B
csl T0OABUTH y4acTOK BBIIIE TOPOAA IO Tede-

HUIO peku KeHrup u BHE 30HBI BUIEBOTO BO3JIEHCTB OOTBAJIOB.

3axnouenue

ITouBs! JKe3ka3raHcKoro 0OTaHUYECK a HAXOOATCA 10O I(BOﬁHI)IM BO3,I[€ﬁCTBPIeM OpOLICHHUA U 3a-
TpA3HCHUA. OpomeHHe OPpOBOAUTCA O31aM U JOXICBAHHECM. 3a 80 ner prHKI_II/IOHI/IpOBaHPISI OTMEUYCHO

YaCTUYHOE PACTBOPEHUE TUIIC P €JICHUE COJIEH, YBEIMUEHHUE COAepKaHus rymyca. lcmonb3oBa-
HHE B KaUeCTBE UCTOYHUKA Op MSABOABI pekr KeHrup npuBeno K yBEIHUEHHUIO COAEepKaHHUS B TOBEPX-
HOCTHBIX TOPU30HTaX MeEJl BIIbsAKA. [oTyueHHBIE pe3ynbTaThl MO3BOJIAIOT OLIEHUTH CKOPOCTh H
HaIIPaBJIEHHOCTD IIepepac ¢k cojel U rurica, peKOMEH/10BaTh IEpexo]l K BoAocOeperaonyM Tex-
HOJIOTUSIM KaIleIsHOrofopo C OJTHOBPEMEHHBIM OTCTAUBAHUEM U YJAJIECHUEM M3 OPOCHUTEIBHON BOJBI
B3BECH, 3arPA3HCHHOM IMY METaJUIAMHU.
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JKOHE CYJAHABIPYIbI

7KOHE€ TONIBIPAKTBIH JaCTaHYbI: ¥ﬁLIMHa% anbIHa 80 KbL1
bl

K TOTIBIPAKTAP/IbIH KaCHETTEPIHIH e3repic-
IFApBIHBIIAPHI HeT13iHAe. Makanana uH-
H XKe3kaszraH BoTaHUKaNBIK OarbIHBIH TOIBI-
apIbIH Ka3ipri skarnaifel Tanganrad. Tombipak

3epTTeyiH MaKcaThl cyapy *aHe acep eTy Ke3iHIeri Ko
TEpiH aHBIKTAY, IFHU MBIC OaJIKBITY JKOHE OHJIC

Jlaii-aK ecipiireH eHIMHIH CamachlH aHBIKTa
py Ke3iHze OenceHai ecyre KabieTTi @Eimi
IIBIH KaiiTa OeiHyi, KapalripikTiH

p Tapmanapl. 80 KU iNIiHAE THICTIH iiHapa epyi, Ty3aap-
nb1. Cyapy kesi perinne KeHrip e3eHiHiH JlacTaHFaH cyna-

Cyapy TEXHOJOTHSCHIHA KOIIT ChIHyFa MYMKIHAIK Oepeti.

Kinm ce30ep: TomsIp @ OPTAaHIaHYEHI, Cyapy, JJacTaHy, OaKbLIay.

D.L. Golovano vchenko, S. Kusherbayev, A. Amanzholov, A.B. Myrzabayev, M.Yu.
atova, A.N. Matveev, N.A. Mushnikova, L.V. Dobrydneva

ization, gypsum content and pollution of soils in the Zhezkazgan Botanical
den 80 years since its organization and start of irrigation

study aims to identify changes in the properties of brown arid soils under irrigation conditions and the
effects of emissions from enrichment and copper smelting plants. The article analyzes the current state of sal-
inization, humus content, heavy metals in the soils of the Zhezkazgan Botanical Garden, located in the zone
of intensive anthropogenic emissions. The change in soil properties determines the resistance of cultivated
plants to natural and anthropogenic stresses, as well as the quality of grown products. The botanical garden
has selected plants that can actively grow under irrigation in sharply continental conditions. For 80 years of
operation, partial dissolution of gypsum, redistribution of salts, and an increase in humus content have been
noted. The use of polluted waters of the Kengir River as an irrigation source has led to an increase in the con-
tent of gross and mobile forms of Cu and Pb in the surface horizons. The results obtained allow us to assess
the speed and direction of gypsum redistribution, recommend the transition to water-saving drip irrigation
technologies with simultaneous sedimentation and removal of suspended matter from irrigation water.

Keywords: soil salinity and gypsum content of soils, irrigation, man-made pollution.
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