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DopMupoBaHNe aHTMMMKPOOHBIX HaHOYaCTHUIL cepeOpa
Ha KpeMHe3eMe

Annotanusa. Cunmesuposar HoGblll AHMUMUKPOOHVIL MAMepuar Ha 0CHOGe KpeMmieema
C UMMOOUAUSOBAHHDIMU HA NosepXHOoCmU Hanouacmuamu cepedpa SiO, /A’ pasauutozo
pasmepa. Hanecerue xamuoros Ag' us pacmeopa ta nosepxtocmv Hocumers SiO, u
écmpausare 60CCHAHOGAEHHVIX HaHouacmuy, cepebpa A 6 cmpykmypy kpemmesema
Curoxpom C-80 npueodum K pasHOMepHOMY pacnpedeAeHuto HAHOUACMUL, 60KPY2 Me3010p,
a maxxe cnocodcmeyem NOAGACHUIO AHMUOAKMEPUAAOHVIX  c6oiicms.  Mopgorozus,
CMpyKmypa u KUCAOMHO-0CHOGHDIE C60UCIIEA NOGEPXHOCHIY HAHOKOMNOSUMA 0NPedeAston
AKMUEHOCH COPOUUOHHO-AHMUMUKPOOHVIX Mmamepuaros. TToroxumervroii 3apsd Ag' 6
cocmage NoAYUeHH020 HAHOKOMNOSUMA CnocoOcmeyem 63AUMOo0eticmeuto ¢ ompuLameAbHo
3ApSKeHHOU 000A0UKOU OAKMEPUTL, UIMO A6AALMC QONOAHUMEADHBIM 2PPHEKIOM NOSLIULEH L
akmueHocmu Hawocmpyxkmyp. Yemanoerena npeodAadarouyas porb KUCAOMHO-OCHOGHBIX
uenmpos Si0O, 6 anmubaxmepuarvoil akmusrocmu Hanocmpyxmyp SiO,/Ag’ u onpedererivt
YCAOBUSL ee nymem UsMeHeHUs. pasmepa u AoKaiusauuu nanowacmuy Ag’ 6 pesyrvmarne
mepmuyeckoil odbpabomxu npu 500 °C, xomopas npueooum K CHUXeHU0 MUHUMAADHOL
unzubupyroueti Konuenmpayuu 6 6-7 pas. Iloayueritvie pesyromanmvl n0360A1101m 0UeHUMb
xapaxmep 6AUAHUA KAK HAHOUACMUL, cepedpa, max U MNOGEPXHOCHU KpemHeseMa Ha
anmubdakmepuarvHylo cnocodnocmov Hanocmpykmyp. Beauuuna anmubaxmepuarohoi
axmuenocmu no omuouiernuto x E.coli u S.aureus sagucum om pasmepa HaHO4ACHIUL,
Komopasi onpedesemcs mepmudeckoti 00padbomxoil nocae Hawecerus Ha 106epXHOCIU.
Karouesble caoBa: Hanouacmuubl cepedpa, KpemHesem, CUAOXPOM, AHMUMUKPOOHDL
mamepuar,  copduus, 300pogve, Kumemuka copouuu, mepmoouHaMuxa  copoyuu,
HAHOKOMNOUI.

DOIL: https://doi.org/10.32523/2616-6771-2023-145-4-10-24

BBeaenue

Pacrpocrpanenue 1 0eCKOHTPOABHOE JICII0Ab30BaHNe aHTHOMOTUKOB IIPIUBeA0 K IIpodaeMe
oOpasoBaHIs Pe3NCTeHTHBIX IITaMMOB Oaktepuii [1, 2]. Hamboaee mnepcrieKTMBHBIMMI
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Dopmuposarue aHMUMUKpoOHIX HAHOUACHUL, Cepedpa HA KpemHeseMe

aHTUMMUKPOOHBIMM areHTaMM, CIIOCOOHBIMU YacTMYHO 3aMEHUTh aHTUOMOTUKM, CYUTAIOTC
Ipenaparel Ha OCHOBe HaHouacTul, cepeOpa [3-5]. Ognako comyTCTByIOIIMe UM HeAOCTaTKH,
HaIllpuMep, TOKCUMYHOCTh, HeCTaOMABHBIN 3apsJ IOBEPXHOCTM, CKAOHHOCTh K ardoMepariun,
OTpaHMYMBAIOT UX HpuMeHeHme [6]. OAHMM U3 IEepPCIEKTUBHBIX HapaBACHUI yAy4IIeHNs
aHTUMUKPOOHBIX cepeOpocoJep KallX MaTepualoB SBASETCA pa3dpaboTKa COpPOIMOHHOIM
OCHOBBI, IPeACTaBAAIONIell cOOOM IOPUCTBI HOCUTEAb C 3aKpeIlAeHHBIM aHTUMUKPOOHBIM
areHToM. Iloa0XXUTeABHBINI 3apsi4 IIOBEPXHOCTM TaKMX HAHOKOMIIO3UTOB CIIOCOOCTBYeT
9} PeKTUBHOMY B3aIMOAEIVICTBUIO C OTPUIJaTeABHO 3aps>KeHHBIMIU OaKTepusaMu, odecriednBast
KaK MX COpOLMIO, TaK M KOHTAKT ¢ yactuuamu Ag' [7].

AXTUBHOCTD aHTVIMUKPOOHBIX HAHOKOMITIO3UTOB OTIpeAeAsSI0TCsI MOP(OAOTHel, CTPYKTY PO
U KMCAOTHO-OCHOBHBIMM CBOVCTBAaMI IIOBEPXHOCTU agcopOeHTa. B kadecTse HocuTeaeir
HaHOYacTuIl cepebpa MOTyT OBITh MCIIOAB30BAaHBI Pa3HOOOpPasHBIe MOAMQUKAINU OKCHAa
kpemuust SiO,, KoTopble 004a4aI0T HU3KOM TOKCMYHOCTBIO U CBOMICTBOM COpOMpPOBaTh OaKTepum
u Bupychl [8, 9]. [Tockoabky rmosepxHocts SiO, 061a4aeT peryAnpyeMon CTPyKTy PO KMCAOTHBIX
11 OCHOBHBIX 1]@eHTPOB, TO CIIOCOOHa aAcopOMpoBaTh MOAUPUUMPYIOLIME YaCTULIBI C ITMPOKUM
Habopom mopdoaoruii u ¢pasosoro coctasa [10]. B HacTos11I€€ BpemsT akTUBHO BeAyTcs pabOTHI,
IIOCBAIIIEHHBIEe pa3pabOTKe TEeXHOAOIUM IIOAYYeHIUs HOBOTO IIOKOAeHUs aHTUMUKPOOHBIX
matepuaaos SiO,/Ag’ YTO CBUAETEABCTBYeT O IEpPCIeKTUBHOCTU AAHHOTO HaIlpaBAeHMs
uccaeaosannii  [11-15]. Bsaumogericteue OakTepmaapHoit kaetku c SiO, oOycaosaeHo
KOMIL1€KCOM €rO CBOVICTB, TaKMX, KaK I'MApPOPUABHOCTH, CIIOCOOHOCTL aAcopOMpoBaTh OeAKM
U XMMMYECKM CTaOMAM3MPOBaTh aHTUMUKPOOHbBIE CTPYKTYpPBI 4Yepe3 CUAaHOAbHBIE TIPYIIIIbI
MOBepXHOCTM KpeMHeseMa [16, 17].

B ocHoBe TpaauIIMOHHBIX TI0AX0A0B MOoAUdUKauuu pasandHbix Gopm SiO, (cumankareamn,
KpeMHe3eMbl, aMOp(QHbIe OKCHAB ¥ T0J00HOe) AeXUT IIOBePXHOCTHAs MMIIpeTHaIus
IpeABapUTEeAbHO IOAYYEHHBIMM YacTULIaMIU KOAAOMAHOTO cepeOpa. Tunmynepiii cuHTe3
xommnosutos SiO,/Ag’ BkaiouaeT noaydenue Marpuiibl SiO, pu MOMOIIMU 304b-Teab MeTOAa
C MCII0AB30BaHMEM B KayecTBe IIPEeKypCOpPOB TeTPadTOKCUCUAAaHa UAM TeTpaMeTOKCUCUAaHa C
rocAeAymomen mMmMoonAn3aner Hanodactur] Ag’ Ha IIOBEPXHOCTY IIOPUCTOrO KapKaca SiO,,
BOCCTaHOB/JEHHBIX 13 COJell, B OCHOBHOM 13 HuUTparta cepedpa [13, 16, 18]. Ognako ob6paboTka
aACOpPOEHTOB KOAAOUAHBIM cepeOpOM IIPUBOAUT K IOSABACHUIO 40TI0AHUTEABHBIX OPTaHIMYeCKIX
IpuMeceii B €ro cOCTaBe M CHM>KaeT COpOIIMOHHbIE XapaKTepUCTUKM MaTepuada BCAeACTBUe
caaboil  BOCIPOM3BOAMMOCTY CTPYKTYPBI MOAMQPUITMPOBAHHON IIOBEPXHOCTH, pasdpoca
pa3MepoB KaK HaHOYaCTHI, TaK U UX Kaactepos. [ToayuyeHnHble TakuMy crioco0aMmy KOMITO3UThI
He Haxo4sT INMPOKOIO MNPMMEHeHMs, IOYTOMY CyIecTByeT IMOTpeOHOCThL B pa3paboTke
cepeOpocogepKallixX aHTUMUKPOOHBIX aTeHTOB, He MCII0Ab3YIOIINX KOAA0UAHOe cepedpo.

[lepcrieKTMBHBIM METOAOM MOAyYeHUs MaTepualoB C aHTUMMUKPOOHBIMM CBOVICTBAMU
ABASETCS XMMUYeCKoe BOCCTaHOBJAeHIe KaTMOHOB cepebpa Ag' 40 HaHowacTui] cepebpa Ag’
HeriocpeAcTBeHHO Ha tosepxHocTu SiO, [19, 20]. [Tpu BocctanoBaeHUM GOPMUPYETCst TOPUCTBIN
Marepuaa, MOAMPUIMPOBAHHBI KOHrAomMepaTamyu HaHodacTul, cepedpa. C umsMmeHeHueMm
yCAOBUII OKMCAEHMS ¥ TepMMUYecKoil oOpabOTKM IIPOTHO3UPYIOT MOP(POAOINIO, TEKCTYpPHBIE
XapakTepUCTUKU ¥, KaK CAeACTBUEe, aHTUMUKPOOHBIe cBoiicTBa. OCHOBHBIM (paKTOpOM,
onpeeasiomuM 3PpPeKTUBHOCTD UCII0Ab30BaHNs KPeMHe3eMOB B KadeCTBe HOCUTeAs, ABASeTCs
UX CIIOCOOHOCTH cTabmamsuposath HaHodactuusl (HY) Ag’ Ha coOCTBEHHOV ITOBEPXHOCTI.
Hanecenne xaTmonos Ag* u3 MCTMHHOTO pacTBOpa Ha moBepxHOCTh SiO, M BOCCTaHOBAEHUE
HY Ag’ npmBoanuT K mx paBHOMepHOMY pacnpedeaennio HY Ha mosepxHocTM MaTepmada u
CIIOCOOCTBYeT yBeANIeHIIO ero aHTOaKTepaAbHBIX CBOICTSB [21].

[Tocmatioska npodrembvl. 3HaUMTEABHOE BAMsAHMe paszMepa HY Ag na nx antnOakTepraapHyIo
aKTMBHOCTB 40Ka3aHO 4151 pa3HOOOpa3HBIX HocuTeaell [22-24], oAHaKo A5 SiOZ/Ag0 IIOAy4eHHbIe
Aannsle mpotusopeunssle. CHipkenne pasmepa HY Ag’ na mosepxuoctu SiO, BappupoBaHueM
KOHIIeHTpalluy HUTpaTa cepeOpa 1 BpeMeHM IIpOKaAMBaHUs HaHOCTPYKTYp € 27 HM 40 6 HM
IIpeAII0A0KUTeAbHO MUHIMAABHO BAUsAET Ha aHTUOaKTepuaAbHyIO akKTUBHOCTD [23]. ABTOpamn
[24] ycTaHOBAEHO, UTO yBeAUdeHue TeMIlepaTyphl TepMudeckor oopadorku SiO,/Ag’ ot 300 °C
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40 800 °C B TeueHne 75 MMH. CIOCOOCTBYeT yBeandeHuIo pasMmepa HY cepeOpa m cHMKeHUIO
KOAMYEeCTBa BBIAEAAIOINXCA KaTMOHOB cepeOpa. O4HaKO yMeHbIIIeHNe pasMepa HaHOJaCTHUIL U
Kaactepos Ag’ cBA3aHO C yBeANYeHeM MUHUMAaABHON MHIMOupyomei konnertpanun (MVK)
¢ 25 20 50 MKI/M4, TO €CTh aHTM6aKTepmaAbHa;1 aKTUBHOCTH CHU>KaeTcs [25].

Lleavio HacTOAIIeN paOOTHI ABASETCS UCCAeJOBaHME 3aBUCUMOCTY COPOLIMOHHBIX I
AHTMMUKPOOHBIX CBOWCTB HaHOCTPYKTYp SiO,/Ag’ OT yca0BMIT IOAyYeHMsS U AOKaAM3aluu
HaHOYaCTuUlL cepedpa.

2. MeToabI McCaeAOBaHMSI

2.1 CuHTe3 aHTMMMKPOOHOIO MaTepuasia
B xauectse ocHOBEI 1cnI0AB30BaAu KpeMHeseM Mapku Cuaoxpom C-80, KOTOPBINI OTHOCUTCS K
KAacCy CMHTeTUYECKUX MaKpPOIIOPUCTBIX KPEMHe3eMOB I IIpeAcTaBAseT co00i Oeaple 4acTUIIbI
HeIIpaBUABHOIN (POPMBI C TeoOMeTpUdYeck OAHOPOAHON IIOBEPXHOCTBIO, 004ajaeT BBLICOKOM
MeXaHIYeCKOM IPOYHOCTBIO, TepMOCTOMKOCThIO 40 600 °C um XapakTepmusyeTcs HUZKUM
cogeprKaHMeM KaTaAUTUYeCKU aKTMBHBIX OKCUAOB JKeae3a 1 APyTux npumeceit. J4s mogroToBkmu
nosepxHoctu mcxognoro Cuaoxpoma C-80, cogep>kamiero rugpokcuAbHble TPy, B 150 ma
pa36aBAeHHOI7I asoTHOM K1caoTel, BHOCKAN 50 T Cnaoxpoma C-80 u KUIIATHAN B TedeHMe 2 4.
[Tocae ®TOTO MOPOIIOK OTPUABTPOBLIBAAN U BLICYIIIMBAAN B TeueHMe 6 4 mpu TeMnepatype 200 °

a
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Pucynox 1. Mukpodororpadpus un pacnpeaeaenne HY B odpasnax SiO,/Ag’, moayueHHBIX
XMMMUYECKM BOCCTaHOBAeHNeM TeTpabopaToM HaTpus (a), acCKOpOMHOBOI KICAOTOM 40 (0) 1 1tocae
(B) TepMmyeckoit 06pabOTKN.

ITosepxnocts SiO,/Ag’B pesyabTaTe TepMudeckor 00pabOTKH IpeTepIieBaeT CTPYKTYPHbIe
U3MEHEeHIs, YTO BAMAET Ha MX TeKCTypHBIe XapaKTePUCTUKM, KUCAOTHO-OCHOBHBIE U
copO1monHsle cBoiicTsa mosepxHoctu. Ha xpusoit Tepmogectpykumm SiO,/Ag’ (pucyHok 2,
Kkpusas 1) Haba0gaan 2 crynenn ¢ oomeit motepeit 3,0 % maccer. [lepsas moreps maccet Ha 1 %
npu remnepartype 150 °C cooTseTcTByeT yjadeHNIO alcopOMpOBaHHOI BOAbL. Bropas crymens,
IpeJcTaBAeHHas IMPOKUM MakcuMyMoM pu TeMnepatypax 150-500 °C cpsa3ana ¢ yaaseHuem
KPUCTaAAU3ALMOHHOM BOABI 1 (pOPMUPOBAHMEM HOBOI TEKCTYPhl IOBEPXHOCTH, CBA3AHHOI C
nsmeHeHneM pasmepa HU Ag’.
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Pucynok 2 — Pesyasrarsr TI'(1)/ACK(2) anaansa SiO,/Ag’

Coraacno pesyapratam [1OM, repmudeckas oopadotka SiO,/Ag’ ipu 500 °C He mpUBOAUT K
CyIIIeCTBeHHOMY M3MeHeHMIO TeKCTypsl mopepxHocty Cnaoxpoma C-80 (pucyHok 18). OcHOBHBIM
9 PexkTom ABAgEeTCS yMeHBIIeHMe pa3Mepa M MUTpalls HaHOJacTuI] cepeOpa M3 IleHTpa
KOHrA0MepaTa Ha nepudepuio. Takas 3akoHOMepHOCThL OTMedeHa paHee B YacTUIlaX OKCHAa
KpeMHIs C HaHeCeHHbIMMI KoAaouaueiMu HY Ag? B anaaormaseix ycaosnsx [26]. Murpamus HY
Ag’B CMAMKATHBIX CTPYKTypax Ipu HpoKaauBaHUM 00yCAOBAeHa JeTuAparaljueil B IIporiecce
Harpesa, I BCAeACTBMe 4OCTaTOYHO BLICOKOI TeMIlepaTyphl BO3HIKaeT IOABIM>KHOCTEL cepeOpa OT
YCTheB IOp 1 AeeKTOB ITIOBePXHOCTH K 004ee paBHOMEPHOMY pacIlpeaeleHIIO 10 ITOBePXHOCTI
Cnaoxpoma C-80 ¢ 0AHOBpeMeHHBIM yMeHBbIIEHUEM pas3Mepa KaAacTepos A0 36-42 HM U
nHauBuAyaabHex HY g0 12+2 am. B pabGore [27] Opl10 110KasaHO, 4TO IIpU HarpeBaHUM TOHKIX
II1€HOK cepeOpa MX ITIOBePXHOCTh CTAaHOBUTCS KMAKOM M pacllagaeTcs Ha KaacTephbl cepeOpa.
Ymensmenne pasmepos HU Ag’ oOycaosaeHo paspylneHmeM KpPyHHBIX KOHIAOMEpaTOB U
1ocAeAyIolel MUrpalui MHAMBUAYaAbHBIX HaHOYaCTUI] 110 TTosepxHocTu Cnaoxpoma C-80.

Nsorepma agcopbruu-aecopouun asora aas SiO,/Ag’ ornocurcs x IV tuny (IUPAC), Ha
KPUBBIX Ha0AIOAaeTcs cAaOblll TMCTepe3uc B 004acTy KaluAASIPHON KOHAeHCaluu (PpUCyHOK
3a). Beanmunna yaeapHON IoBepxHOCTU cocrasuaa 82 m?/r, oobeM mop 0,23 cm?/r. Obpaser
XapakTepu3yeTcs IIMPOKUM pacipejeleHreM Me30Mop 110 pa3MepaM C MaKCuMyMoM nipu 15-
25 um (pucyHoK 30).
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Pucynok 3 — Msorepma agcopbriun-gecopOrium a3oTa (a) U pacpeseleHne Iop o pazMepam
(6) aas SiO,/Ag’

Aas nccaeaoBaHmsl COpOIMOHHBIX XapaKTepUCTUK MCII0AB30BaAM MOJAeAbHbIe KpacUTeAn
¢ykcun (kmcaoTHbI KpacuTeas) 1 OCHOBHBIN CHHUIT (OCHOBHBINI Kpacuteas). Ha pucynke 4
IpeACTaBAeHbl DKCIIepMMeHTaAbHble M30TepMbl ajcopOium gpykcrmHa 1 OCHOBHOTO CHHerO.
PesyapTaTsl IOKa3bIBAIOT, UYTO Ha IIOBEPXHOCTU IIPEVMYIIIeCTBEHHO aAcopOMpyeTcst KIMCAOTHBIN
Kpacuteab (PyKcMH (PUCYHOK 4a), B TO BpeMs KaK OCHOBHBIN KpacuTeab OCHOBHBIN CHHUIA
agcopOupyetcs caabo (prucyHOK 40). DTo cB14eTeAbCTBYeT O IpeobasaHNUy OCHOBHBIX LIEHTPOB
Ha IToBepXHOCTH (pUCYHOK 5). KoHIleHTpaliOHHbIe M30TePMBbI ITOKa3bIBaIOT, YTO IIPY HadyaAbHO
KOHIleHTpanuy ¢QykcnHa a0 50 MI/A BeAMdmMHa aAcopOnuUM AMHENHO BO3pacTaeT 3a CYeT
CIABHOTO B3aIMOAEVICTBIS MeXKAY KpacuTeaeM U IIOBepXHOCTBIO copbenTa. IIpn gaapHeiinem
yBeAdeHUN KOHIIEHTpanuM M30TepMa BBIXOAUT Ha I14aTO C BeANYMHON MaKCUMaAbHOI
aacopOuyn ¢pykcruna 17 mr/r.
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Pucynox 4 — VMzorepmsr agcopbunm ¢pykcuna (a) u OcnosHoro cunero (0) Aas ucxoanoro (1) SiO, u
SiO,/Ag’ (2) mocae TepmoobpaboTku (3).
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Pucynoxk 5 — KoHIleHTpaIms K1cA0THO-OCHOBHBIX LIEHTPOB Ha rosepxHoctu SiO2/Ag0 a0 (1) n
riocae (2) mpoxaansanans mpu 500 °C.

Ha mnosepxnoctu SiO,/Ag’ mpenMyInecTBeHHO HaXOAATCS OpeHCTeA0BCKUe OCHOBHbIE
c pKa=8,8 nu pKa=10,5, a taxxe caabokmcaorHsle 1eHTprl ¢ pKa=5,5. OcHOBHBIE IIEHTpPEHI
Pa3sAMYHON CUABI 3aBUCAT OT Tuna u okpyxkenus OH™ rpynm. CaaOble KMCAOTHBIE LIEHTPBI
OpeHCcTea0BCKOTO THIIa MOTYT OBITH OOpa3oBaHbl MOAEKYAaMM BOABI, KOTOpPhIe ajcopOMpyIOTCs
Ha KaTMOHaX cepeOpa 1AM Ke Ha KMCAOPOAHBIX BaKaHCHX Ha ITOBEPXHOCTU OKCMAA KPeMHMS.
[Iypoxuit CHeKTp KMUCAOTHBIX M OCHOBHBIX IIEHTPOB TOBOPUT 0O aMOTEpPHOM COCTOSHUMU
nosepxHocty ncxogHoro Cnaoxpoma C-80. Haamume Ha moBepXHOCTM MOAMUIIMPOBAHHBIX
SiO,/Ag’ copbeHTOB KICAOTHO-OCHOBHBIX IleHTpoB ¢ pKa 55 u 8,8 Oyaer crocoGcTBoBaTh
UX aATe3MIOHHOMY B3aIMOJENCTBUIO C KapOOKCMABHBIMM TpyIIaMM M aMMHOTPYIIIaMM Ha
IIOBEPXHOCTY OaKTepMaAbHBIX KAETOK.

Ha mosepxHoctn TepmooOpaboTannoro SiO2/Ag’ coxpaHseTcst MCXOAHBIN HaOOP
KI1CA0THO-OCHOBHBIX IIeHTPOB, IAe IpeodaasaioT OpeHcTe0BCKIe OCHOBHBIE 1IeHTphI ¢ pKa=8,8
n caabokucaotHele 1eHTprl ¢ pKa=5,5. Bcaeactsue ygasenus oAbl m murpauyn HY Ag’
IIPOMCXOAUT IepepaciipejeleHye KOAMdecTsa IIeHTPOB IO cude U HabAI0AaeTcs yBeAudeHue
KoHIIeHTpauuu 1eHTpos pKa 5,5 ¢ 98-10° 20 152-10° moas/r n aas1 rienTpos ¢ pKa 8,8 ¢ 48-10° g0
85-10° Moan/r. KoHIleHTpanusa ocTaAbHBIX 1IEHTPOB M3MeHsAeTcsa HesHaunTeabHo. CoxpaHeHne
IIOBEPXHOCTHBIX KICAOTHO-OCHOBHBIX HeHTpoB ¢ pKa =5,5 n =8,8, Ha KOTOpBIX cOpOMPYIOTC:
OakTepuu ¢ KapOOKCMABHBIMM U aMUHOTPyIIamMu B 0DOAOYKe, CIIOCOOCTBYeT COXpPaHEeHMIO
aHTUMUKPOOHOI akTuBHOCTU SiO,/Ag’.

3.2 AuTnGaKkTepmaabHas akTUBHOCTb SiO2/Ag’

Coraacno snauennsam MVK (tabanma 1), Tepmuueckas obpaborka SiO,/Ag’ npuseaa k
yBeAUYeHUIO aHTUOaKTepraAbHON aKTUBHOCTU B 6-7 pas, 4TO 00yCA0BAE€HO CHIKEeHIeM pasMepa
HY Ag® a0 1242 M, IpuBOAAIIEMY K YBeANMYEHNIO BePOATHOCTI HeIIOCpeCTBeHHOIO KOHTaKTa
Ag’ c MeMOpaHoOI1 OaKTepraAbHBIX KAETOK.
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TaGauma 1 — AnTubaxTepuaabHas akTUBHOCTh HEKOTOPBIX MaTepuaaos SiO,/Ag’

Hanocrpykrypnl Metoa noaydyenus | Pasmep, HM AKTHUBHOCTb Mcrounmk
Mesonopucthiii SiO, VMmmnpernuposanne | kaactep 120, |MIK agas 6akrepnii E. [28]
cpepuueckne HY As0 |koaaomnausix HU Ag®| HY Ag’5-15 | coli 1,0 mr/ma
na SiO,
HaHOBO/AOKHA COBMECTHOE BoAOKHa 120£38 |30Ha 3a4ep>XKu pocTa [29]
Ag/SiO, XUMIYECKOe S. Mutans 3,0 mMm+0,3
ocakJeHne MM
MmesonopucThii SiO, 304b-TeAb METO/, cpeprr 200 |30HHI 3a4ep>KKM PoOCTa [30]
cpepuyeckie E. coli n S.aureus oxoao
KOHTZ0MepaThl Ag’ 5 MM
Mmesonopucthiii SiO, XUMMIecKoe kaacrep 100, HY | IC, aas kaetok HaCaT|  [31]
cpepuueckne HY Ag’ BoccraHoBAeHne | Ag’10-15 n HDF 12,41 mxr/ma n
27,53 MKr/mMa
Ag/SiO, co Meroga lItobepa |HY Ag’20+1,6 |30Ha 3agepxkm pocra| [32]
CTPYKTYpPOIi SIAPO- Ecoli 12 wMM aas
000404Ka KOHIIeHTpaIun HY
250 MKr/MA2

mesoropuctslit SiO, XMMMYeCKoe konraomepat|MMK  E.coli  1,30;
cepmueckne HU Ag? BoccraHoBaerne | 80-100, HU Ag’|S.aureus 0,64

15-16 Ora

XUMIYECKOe KoHraoMmepart|MIMK E.coli 0,18; paGora
BoccraHoBaenne ¢ |40-60, HY Ag°|S.aureus 0,33
TepmooOpaboTkont | 12+2

Hesoicokmne suauenus MUK aas mcxoaHoro SiOZ/Ag0 MOXHO OOBSCHUTL HEOOABIIUM
KOAMYECTBOM KOHTaKTHUPyIOIUX ¢ Oakrepusamu cepeOpocodep>kamux dvactui. Kpome
He0O0BIIION I110111aA) HEITIOCPeACTBEHHOTO KOHTAaKTa ¢ OakTepusaMuy, KpynHsiil pasmep HU Ag’
obecrieunBaeT caaboe BplgeAeHNe KaTHuOHOB Ag* B cpeay (pucyHOK 6). Tepmuueckas odpaboTka
MPUBOAUT K YBeAMIEHNIO KOANIeCTBa BIAEASIONINXC KaTMOHOB cepebpa, 4TO AOMOAHUTEABHO
CTUMYyAMpPYeT aHTHOaKTepraAbHLIN SPPeKT.
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Pucynok 6 — 3aBucMMOCTh MUTpalM KaTMOHOB cepebpa (a) B OakTepraAbHYIO Cpeay U pocTa
OakTepnii (0) ot Bpemenu ot us ucxoanoro SiO, (1), SiO,/Ag’(2) nocae repmoodpadboTKu (3).

Takxum obpasom, anTuOaxkTepuaabHas akTuBHOCTh SiO,/Ag’ ocHOBaHa KakK Ha MeXaHM3Me
IIOBpeXXAaTh KAETOYHYIO MeMOpaHy IpU HeIOCPeACTBeHHOM KOHTaKTe, TaK M Ha CIIOCOOHOCTU
KaTMOHOB cepeOpa pacTBOPATLCA ¢ oBepXxHocTy HaHouactul [33]. TepmoobpaboTannsiii SiO,/
Ag 27eMOHCTpUpPYeT CHIDKeHe KOAndecTsa OaKTepuii 40 MX IIOAHOTO OTCYTCTBIU yepes 60 MUH.
/JornoaHnTeAbpHO, yMeHbIIeHne pasmepa HY Ag® mpuBoANUT He TOABKO K YBeAMIEHUIO T1A0IIIaAu
KOHTaKTa HaHOJaCTUI] C OaKTepuAMHI, HO U K 004ee MHTeHCUBHOMY BbIAeAeHMIO KaTUOHOB Ag" B
DakTepuraabHYIO cpeay.

4. 3akaroueHIIe

ITp XxumudeckoMm BoccTaHOBAeHMM KaTmoHa Ag" Ha mosepxHoctu SiO, oOpasyiorcs
cepuueckne Hanouactunsl Ag’ co cpeannm pasmepom 15 M. KoHneHTpanms KucaoTHO-
ocHOBHBIX IIeHTpoB Cnaoxpoma C-80 mpu pKa 5,5 1 8,8, crmocobcTByIOMIIX aAre3MOHHO cOpOIUMI
OakTepuii, II03BOAsIET PeIINTh 3a4ady KOHTAKTa IPaMIIOAOXKUTEABHBIX I TPaMOTPpUIIaTe AbHBIX
Haxrepuit c Hanodactunamu Ag’. Tepmoobpabotka SiO,/Ag’ mpu 500 °C mpuBoAUT K MUTpaLum
HY Ag’ na mosepXHOCTM, TaKXXe IIPOMCXOAWUT yMeHBIIIeHIe UX pa3Mepos A0 12+2 HM, 4TO
IIPUBOAUT K yBeAMYEHUIO aHTMOaKTepuaAbHON akTuBHOCTU B 6-7 pas 1o MUK E.coli 0.18 n
S.aureus 0.33.

Wccaedosariue noddepxkario Murucmepemeom odpasosanus u nayxu Poccuiickotr Dedepavuu,
epanm 0721-2020-0037.
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KpeMuesemge aHTMMUKPOOTHI KyMic HaHOO®©AIIEKTEePiHiH Ty3iayi

Angaatma. beringe aprypai eamemai SiO,/Ag’ xymic nanoGearmexrepi Oap KpeMHMII AMOKCHAL
HerisiHgeri >kaHa MMKpoOOKa Kapcel Marepuaa cunTesgeazi. Epitingigen Ag® karmongapsin SiO,
TachIMaAAayIIbICEIHEIH OeTiHe OTBIPEBI3Y JKoHe TOTBIKChI3daHFaH Ag’ KyMic HAaHODeAIIeKTepiH CIA0XPOM
C-80 xpemMHMII AMOKCMAI KYPBIABIMBIHA €HTi3y HaHOOeAIleKTepAiH Me3oIlopajapAblH aliHaJachblHAA
Oipkeaki TapaayblHa 9KeAJi, COHBIMEH KaTap aHTMOaKTepUAABIK KacueTTepAiH Iaiija 00AybIHa BIKITaA
erti. SiO,/Ag’ HaHOKYPHIABIMAAPHIHBIH aHTHMOAKTepPUAABIK Oeacenaisiringe SiO, KBIIIKBLAABI-HETi3Al
OpTaAbIKTapPBLIHBIH IIEITYIIT poi aHbIKTaAbII, oHbIH 500°C TeMItepaTypaja TepMIUABIK OHAEY HOTVKeCiHAe
Ag’HanoOe1IeKTepiHiH MOAIIepi MeH A0KaAM3alVISICBIH ©3TepTy apKbLAbI ©3I€PTY LIapTTaphl aHbIKTaAABL,
Oy4 MUHMMAaAABl MHIMOMPAEYITi KOHIIeHTPaIUsHbIH 6-7 ece TOMeHAeYiHe akeaeTiHi KepceTiaai.

Tyitin cesaep: Kymic HaHOOeAIleKTepi, KpeMHUII AMOKCHUAI, CHAOXPOM, aHTUMMUKPOOTHI
MaTepuaa, COpOINs, 4eHCayABIK, COpPOIIs KMHETUKAChI, COPOIIN TepMOAMHAMIKaChl, MUKPOCKOIIIS,
HAHOKOMIIO3UT

A.V. Khachkovsky’, Yu.G. Slizhov?, A.S. Gaga', R.S. Kazachek’, T.N. Volgina’,
M.A. Gavrilenko?
'National Research Tomsk Polytechnic University, Tomsk, Russian Federation
“National Research Tomsk State University, Tomsk, Russian Federation

Formation of antimicrobial silver nanoparticles on silica

Abstract. A new antimicrobial material based on silica with SiO,/Ag? silver nanoparticles of various
sizes immobilized on the surface has been synthesized. The application of Ag* cations from the solution to
the surface of the SiO, carrier and the embedding of reduced Ag? silver nanoparticles into the Silochrome
C-80silica structure leads to a uniform distribution of nanoparticles around mesopores, and also contributes
to the appearance of antibacterial properties. The decisive role of acid-base SiO, centers in the antibacterial
activity of 5iO,/Ag’ nanostructures has been established and its conditions have been determined by
changing the size and localization of Ag’ nanoparticles as a result of heat treatment at 500 °C, which leads
to a decrease in the minimum inhibitory concentration by 6-7 times.

Keywords: silver nanoparticles, silica, silochrome, antimicrobial material, sorption, health, sorption
kinetics, sorption thermodynamics, microscopy, nanocomposite
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Purification of wastewater using domestic carbon adsorbents and
conducting physico-chemical analysis of water composition

Abstract. In the face of population growth around the world and increased demand for the
depletion of fresh water sources, various strategies are being implemented to improve the
efficiency of water use. Wastewater treatment and reuse are among the most effective strategies,
especially if the treated water can be reused. In countries that are heavily dependent on fresh
water sources, it is always important to ensure that water quality does not deteriorate due to
natural organic matter, which is formed by the decomposition of plant and animal substances.
Water scarcity is a growing global problem caused by a combination of factors such as population
growth, climate change, and unstable water management practices.

In this article, an accredited analytical laboratory of sewage treatment plants of the state
enterprise «Astana Su Arnasy» carried out wastewater treatment with domestic carbon-
containing adsorbents (Shubarkol, Shoptykol, humic acid, carbon molecular sieves, technical
carbon) and carried out a chemical analysis of the water content. The results of the study
revealed that samples obtained on the basis of carbon materials, in particular, can be used as
adsorbents for cleaning liquid media (from suspended solids, heavy metal salts, surfactants,
petroleum products, etc.).

Keywords: waste water, adsorbent, carbonization, humic acid, activated carbon, carbon.

DOI: https://doi.org/10.32523/2616-6771-2023-145-4-25-35

Introduction. Water is the fundamental principle of life, the basis of ecological systems, a
necessary condition for any social and economic processes. Issues of water as an environmental,
social and economic factor are identified as a priority in the “Concept of the transition of the
Republic of Kazakhstan to sustainable development for 2007-2024”, approved by Decree of the
President of the country No. 216 of November 14, 2006. Providing the population with drinking
water that meets the physiological needs of the human body is named in the Concept as the
most important tool for increasing the average life expectancy of the country’s population.
The conservation of the planet’s water resources is considered one of the main tasks in the
development of modern science, and the purification and efficient use of water resources is an
important stage in its solution.

According to the UN, over the past 50 years, the provision of water resources to the population
of Central Asian countries has decreased by almost 3.5 times and, according to calculations, by
2025 it may reach a critical level - 1.7 cubic meters per person per year. This situation makes us
think about being careful with water [1]. Currently, the availability of drinking water and, in
general, the characteristics of water supply systems in Kazakhstan remain unsatisfactory. The
value of drinking water in Kazakhstan is increasing due to limited water resources, the high
degree of their pollution, and the uneven distribution of their reserves throughout the country.
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In each hydrographic region of the country, enterprises of various types of industry
predominate, with significant water consumption and, accordingly, significant costs of
discharged wastewater. Such enterprises include primarily oil refining, metallurgical, pulp and
paper, chemical, coal (CHP, state district power plants, boiler houses), metalworking, machine-
building, ore mining, food enterprises (meat, milk, wool, leather processing), as well as light
industry enterprises, energy, agriculture (poultry farms, livestock complex).

There have been several new developments in water purification in recent years. Alternatives
have presented themselves for classical and conventional water purification systems [2]. Improved
wastewater treatment has become an area of global attention as individuals, communities,
industries and countries strive to ensure that essential resources are accessible and recyclable.
Advanced wastewater treatment technologies, coupled with a reduction in water recycling
initiatives, offer hope for slowing and possibly stopping the inevitable loss of useful water [3, 4].

Deep cleaning of industrial and domestic wastewater of various facilities is one of the
main environmental problems of modern society. Every year, the requirements for standards
for the maximum concentration of purified substances from wastewater are tightened, and the
anthropogenic and man-made pressure on the hydrosphere is steadily increasing. Industrial
wastewater is characterized by a different chemical composition of components that directly
depend on the production process. The most dangerous is tap water with high toxic organic
matter. Such a composition of wastewater is characteristic of the oil refining, petrochemical
and textile industries, where the surface of the waters is dominated by active substances,
phenols, aldehydes, petroleum products, etc. In turn, the maximum concentration of water
in these substances is about 100 mg and milligrams, and these indicators require purification
methods [5].

Around the world, water objects are suffering from toxic wastewater and are steadily
deteriorating in quality, as industrialization, along with urbanization, has caused excessive
wastewater discharge and led to serious environmental pollution. These toxic effluents damage
the water biota. Industrial wastewater pollutes surface water, but also pollutes underground
aquifers. Due to the bad smell, color, and turbidity of wastewater, most industrial processes use
fresh water instead of waste water. Increasing pressure on demand for fresh water has led to
severe pollution. Thus, wastewater treatment is recognized as an important problem worldwide,
and with the help of wastewater treatment, the problem of water scarcity can be solved [6].

In the past few years, various physical, chemical, biological and combined wastewater
treatment processes have been studied and developed. Various studies have shown that the
traditional and non-traditional treatment processes adopted for the intake of wastewater cannot
sufficiently reduce the level of pollutants to the point that they can be reused and the pathogen
reduced. However, due in part to degradation and the destruction of pollutants, wastewater still
poses a serious threat to underground and surface water, from where it can enter the food chain
and affect humans as well as the river ecosystem [7,8].

The main methods of wastewater treatment are divided into three stages: primary treatment,
including sand removal, screening, grinding and settling; secondary treatment, which involves
the oxidation of dissolved organic matter using biologically active sludge, which is then filtered;
and tertiary treatment, which uses advanced biological methods for nitrogen removal and
chemical and physical methods such as granular filtration and activated carbon absorption, etc.
[9,10].

Physical-chemical methods of wastewater treatment include the processes of flocculation,
coagulation, deposition, filtration, ultrafiltration, reverse osmosis, etc. These methods are based
on the use of chemical reagents to change the physicochemical properties of wastewater, such
as pH, temperature, salt concentration. This allows the removal of various pollutants from
wastewater, such as heavy metals, petroleum products, organic and inorganic compounds [6].
Physicochemical methods for treating urban wastewater, taking into account technical and
economic indicators, are used very rarely. These methods are mainly used for the treatment of
industrial wastewater [9].
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Deep treatment of wastewater by the physical-chemical method, including the adsorption
method, is an effective and energy-saving method for removing pollution. The adsorption
method differs from other methods and has many advantages, today it is widely used when
reusing treated wastewater, as well as for the preparation of domestic and drinking water. There
are known works [11,12] of scientists from the USA, Japan, Great Britain, Germany and other
countries on the purification of industrial and wastewater.

At the same time, the complex use of natural mineral resources is an urgent problem of our
time. Kazakhstan is rich in coal deposits, which are an environmentally safe material for creating
a sorbent for cleaning water and air. But the sorbic properties of these materials are not very
high, so they must be chemically modified, processed. As a result of processing, much better
properties are obtained compared to the original sorbent.

Most traditional synthesis methods use expensive carbon precursors, which results in high
production costs and limits its industrial expansion and application. Replacing existing carbon
feedstocks with abundant, low-cost coal will bring significant benefits. Large-scale production
of carbon sorbents from coal is cost-effective compared to processes that use polymeric materials
and precursors and can make a significant contribution to wastewater treatment and enable the
commercialization of low-cost environmentally friendly products for global benefit.

The huge demand for high-quality brands of activated carbon that meet the requirements of
specific technological regulations is leading engineers and scientists to develop new methods for
producing sorbents, as well as finding the optimal raw material base [6].

Currently, the raw materials for the production of sorbents are wood and cellulose [13, 14],
peat [15], brown and hard coal [16], liquid and gaseous hydrocarbons [17], synthetic polymers
[18], plant waste [19] other raw materials.

Practical part. Sorbents from ores with rich natural reserves were used as primary
raw materials in Kazakhstan. These sorbents were obtained in the  «Laboratory of carbon
nanocomposite materials» of «Institute of coal chemistry and Technology» LLP (Astana).

Activated adsorbents were obtained by carbonization and activation in argon and water
vapor at 973 K, and the physicochemical characteristics and surface morphology of the samples
under study were studied.

Humic substances were obtained from oxidized brown coal, purified, and determined in
accordance with the recommendations of the International Humic Substances Society (IHSS).
Humic acids were prepared based on potassium humates by acidifying them with a 5% acid
solution to pH 2-2,5; as a result of the reaction, humic acids precipitated in the form of amorphous
brown sediments.

The moisture content, ash content and volatility of the samples were determined using a
Thermoster Eltra thermogravimetric analyzer (according to ASTM D7582-12). The total pore
volume, bulk density, pH of the aqueous extract, and adsorption activity for methyl orange
were determined in accordance with the methods of [6]. The adsorption characteristics of
sorbents (specific surface area) were studied by the Brunauer-Emmett-Teller (BET) method,
measurements were carried out on a KATAKON Sorbtometer M device. Determination of the
pH value of adsorbents in water. To do this, 5 gr of each sorbent was weighed and placed in a 50
ml flask, and distilled water was poured on top. Then it was boiled on the stove for 3 minutes,
then filtered with filter paper, and its value was checked on the pH meter.

BOD5 measures the mass of molecular oxygen consumed by microorganisms for five days
in a liter of water at 20°C in the dark. There are several ways to measure BOD5. The most widely
used physical-chemical method uses a dissolved oxygen probe to measure the concentration of O,
in a representative sample, the operation is repeated after an incubation period of 5 days. BOD5
is the difference between the two dimensions. The results are expressed in mg/l. Sometimes it is
necessary to dilute the sample before measuring BODS5. In cases where the BOD is particularly
high, all dissolved O, can be used practically until the end of the 5-day period. The performance
of a wastewater treatment plant is measured using PE (population equivalents) based on BODS5.
COD or «chemical oxygen demand» measures the amount of oxygen needed to decompose by
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oxidizing all organic and inorganic substances. But let me remind you that BOD5 only measures
the oxygen consumption of microorganisms, that is, biodegradable pollution. Thus, KOK 5
which measures biodegradable and non-biodegradable pollution, is higher than BOD5. COD/
BOD?5 ratio measures wastewater biodegradability:

1) < 2: wastewater is easily biodegradable

2) 2 to 4: the wastewater is biodegradable on average

3) 4: wastewater is not biodegradable

4) the COD test can be done in two to three hours using chemical reagents such as potassium
dichromate. Then a clear picture of the performance of the water treatment plant can be obtained
relatively quickly. KOKS5 which is used by local authorities as a benchmark for water treatment, is
also used to calculate payments and set limits for dumping waste into the natural environment.

The obtained results and their discussion. At the same time, 9 different samples were taken
as adsorbents. Further research was carried out, studying the physical and chemical properties
of each of them.

A total of nine (9) adsorbents were selected: 1 — «Shubarkol, activated», granule; 2 —
«Shoptykol, corbonized», powder; 3 — «Shoptykol, activated» powder; 4 — «Shoptykol, activated»
granule; 5 — «Humic acid», washed; 6 — «Humic acid, carbonized; 7 — «Humic acid», unwashed;
8 — Carbon molecular sieve sorbents; 9 — Technical carbon.

The obtained sorbents were tested as adsorbents for the treatment of wastewater received
by «Astana Su Arnasy» (Astana). Sampling location: distribution chamber after preliminary
mechanical cleaning. In the accredited analytical laboratory of sewage treatment plants of the
state enterprise «Astana Su Arnasy», a chemical analysis was carried out before (control) and after
wastewater treatment with adsorbents under dynamic conditions, where the main indicators of
wastewater treatment were determined.

Samples were taken for physico-chemical analysis in sterilized plastic vials with a capacity
of 1000 ml. The collected samples were properly labeled, stored in the refrigerator to maintain
a constant temperature of 4°C, and immediately taken to the laboratory for further analysis.
Samples of adsorbents were analyzed by methods of quality control by standard methods with
compliance with the appropriate parameters.

Hydrochemical indicators of samples were determined by conventional methods and
carried out according to the following indicators (mg/dm?®: BOR, (CT RK ISO 5815-2- 2010),
COD (PND F 14.1:2:4.190-2003), suspended solids (CT RK 2015-2010), chlorides (GOST 26449.1-
85), sulfates (GOST 26449.1-85), phosphates (GOST 18309-2014), synthetic surfactants (CT RK
1983-2010), nitrates (GOST 33045-2014), nitrites (GOST 33045-2014), nitrogen ammonium (GOST
33045-2014), iron (CT RK ISO 6332-2008), 0il products (PND F 14.1:2:4.128-98).

Physicochemical characteristics of the samples are presented in Table 1.

Table 1 - Physical-chemical characteristics of samples

V. pH
No Sample W, % | A% | Vi, % | (water), r
oM/t

A A S

m iodine’ BET
aqueous mg/g mg/g mz/g

extract

1 «Shubarkol,
activated», 1.10 | 10.18 | 8.59 0.81 0.66 10,1 59.0 | 27.94 | 442.81
granule
2 «Shoptykol,
corbonized», | 3.88 | 23.00 | 10.86 0.50 0.57 6.60 19.0 | 35.72 | 100.58
powder
3 «Shoptykol,
activated» 0.56 | 25.00 | 17.96 0.53 0.45 9.51 575 | 36.51 | 348.99
powder
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4 «Shoptykol,
activated» 1.40 | 20.69 | 19.34 0.63 0.70 9.35 19.0 | 45.72 | 589.53

granule

5 |«Humicacid, | 453 | 2573 | 6225 - 095 | 4.09 | 280 | 0.42
washed

6 | «Humicacid, | 57 | 4gao | 3430 | 145 | 055 | 990 | 300 | ~ | 169
carbonized

7. |«Humicacidy | 4555 | 3570 | 52.20 - 098 | 201 | 250 | 0.62
unwashed

8 Carbon 753.89

molecular 231 | 61.55 | 7.66 0.69 0.86 7.56 28.0 -
sieve sorbents
9 Technical
carbon

17.24 | 8.97 | 39.30 1.96 0.33 8.0 37.50 | 27.62 | 207.15

The results of the physicochemical, adsorption properties of the samples showed that the
best performance corresponds to samples Ne 1, 3, 4, 8, 9, where the specific surface area are
(m?/g) 442.81, 348.99, 589.53, 753.89, and 207.15 accordingly.

Different adsorbents had different cleaning capacities of other components. The good
sorption capacity of these obtained sorbents has been studied and proven in the «Astana Su
arnasy» (Astana).

The results of the pH values of adsorbent samples are presented in Table 2.

Table 2 - pH values of samples

a SYolem o — o~ (<o) <t To) Ne) D~ [c'e) CQ
Nameof |5 <2 |2 = = 2 = 2 2 2 2 =
indicators, | = & § | = Z i 2 2 2 2 < 2
’ "1 E =& Q, <% Q, Q, <% Q, o [=% [y o
units EZ8E |E g g g g g g g £ £
s =} © © © © © o] © < ] (})ﬁ
Z S a |n wn wn n wn n n n N
pH
S 5O 69 722+ | 7.58 7.66 | 738 | 7.21 2.82 7.43 2.61 |7.76+|7.55+
1(?512{5 21013 0.02 | +0.02 | +0.02 |+0.02| +0.02 | +0.02 [ +0.02 | +0.02 | 0.02 | 0.02

Note: NoO- raw waste water

pH aqueous extract showed the neutral or slightly alkaline pH level (between 7.21 and 7.76)
of all wastewater samples. This indicates that the process of cleaning the samples was completed
without significant changes in the acidity and alkalinity of the tap water. Only adsorbents
based on «humic acid» (Samples No5, No7) have an acidic environment. This is explained by the
exchange of acid groups in the composition of the sorbent into water.

The samples were also examined for biochemical oxygen requirements, as we know,
biochemical oxygen demand (BOD) is the amount of oxygen consumed for aerobic biochemical
oxidation under the influence of microorganisms and the decomposition of unstable organic
compounds contained in the water under study. BOD is one of the most important criteria for
the level of pollution of a reservoir with organic substances; it determines the amount of easily
oxidized organic pollutants in water. The results of the study are shown in Table 3.
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Table 3 — Indicators of biochemical oxygen requirements of adsorbents

05

Name of
indicators,
units

(after biolog.
purification)
Sample Ne 0
Sample No 1
Sample Ne 2
Sample Ne 3
Sample No 4
Sample No 6
Sample No 7

Norms for RD
Sample

Sample No 8
Sample No 9

BORS, mg/ 15.23 55.0 22.0 | 42.0 70.0 8.0 50.0 | 42.0 188.0 6.0 5.0
dm? +25 | £1.0 | £19 | +32 | £03 | £23 | £1.9 +8.7 +03 | +£0.2

As the results showed, BOD decreased in Samples Ne 4, 8, 9, which indicates the effectiveness
of these samples in purifying steadfast organic pollutants by 85.45-90.91%. In Sample Nol the
indicator decreased by almost 2 times.

Table 4 presents the results of the analysis, where for comparison the degrees of purification
and norms according to RD (regulatory documents) corresponding to wastewater after biological
treatment are given.

Table 4 — Adsorbent’s ability to purify waste water from chemical toxic elements

Norms
for RD |5 o S o S o = S = 2
Name of f = Z Z Z Z Z Z Z Z “
o s after ) ) ) ) ) ) ) ) 9] ]
No | indicators, b(iolo <, <, =, =, - - <, - <, a.
units %8 | g g g g g g g g g é
purifi- |3 B B B B B B B B )
cation)
1 2 3 4 5 6 7 8 9 10 11 12 13
1 COD, mg/ 118.67 251.0 | 114.0 | 152.0 | 220.0 | 73.2 |1125.0| 159.0 | 3300.0 | 87.2 86.0
dm?® ’ +35.0 | £16.0 | £+21.0 | £31.0 | £10.2 [+157.0| £22.0 | £462.0 | +12.2 | £12.0
Suspen-
5 ded 9 65 247.0 | 76.0 48.0 70.0 44.0 33.0 66.0 337.0 48.5 36.5
solids, ’ +56.0 | +17.0 | +11.0 | +16.0 | £10.0| £7.0 | £15.0 +77.0 | £11.2 | 8.4
mg/dm3
1 2 3 4 5 6 7 8 9 10 11 12 13
Chlori- 203 | 293 | 293 | 203 | 288 | 532 | 297 | 5072 | 273 | 302
3 des, mg/ 350.0
dm? £9 £9 9 £9 +8 £17 £9 £152 +8 £9
Sulfates,
4 mg/ dm? 500.0 | 207+6 | 243+7 | 234+7 | 23747 | 28648 | 242+7 | 23847 | 365+11 | 272+8 | 30249
Phosp- 1323 | 826 | 11.85 | 1024 | 11.13 | 2.99 | 1227 | 329 | 12.15 | 9.40
5 |hates, mg/ 3.5
dm? +1.67 | £1.27 | £1.56 | +1.43 | +1.50 | +0.85 | +1.59 +0.87 | £1.58 | +1.36
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Synthetic
6 surfac- 0.83 1.71 0.60 | 0.62 0.81 0.14 | 1.93 1.36 3.28 0.12 0.12
tan(tis, ISHg/ ’ +0.41 | #0.14 | #0.15 | #0.19 | #0.03 | +0.46 | *0.33 | +0.79 | #0.03 | +0.03
m
- | Nitrates, 45.0 070 | 066 | 092 | 0.82 | 053 | 1.47 | 0.65 13.00 | 0.80 | 1.00
mg/dm? ' +0.35 | +0.33 | +0.46 | +0.41 | £0.27 | +0.74 | 2033 | +6.50 | +0.40 | +0.50
8 Nitrites, 33 0.01 0.03 | 0.01 0.02 0.02 | 0.04 0.02 0.23 0.03 0.02
mg/dm® ' +0.01 | #0.01 | #0.01 | #0.01 | +0.01 | +0.02 | #0.01 | #0.11 | =0.01 | +0.01
Nitrogen
9 ammo- 16.93 7744 | 5795 | 65.13 | 69.23 | 66.67 |272.84 | 64.11 | 255.40 | 62.57 | 66.67
nium, ' +10.84 | #8.11 | £9.12 | +9.69 | £9.33 | +38.19 | +8.97 | +35.76 | +8.76 | +9.33
n’]g/ClIIl3
0.44
10 Iron, 03 1.81 1.78 1.28 1.28 0.62 7.81 0.95 59.71 0.53 +0.06
mg/dm® ' +0.25 | 0.25 | +0.18 | +0.18 | +0.09 | +1.09 | #0.13 | +8.36 | +0.07 | ~
Oil 0.87 016 | 0.63 0.93 0.13 | 0.13 0.41 0.32 0.07 0.27
11 | products, 0.35
mg/dm’ +0.22 | #0.04 | #0.16 | £0.23 | £0.03 | +0.03 | #0.10 | +0.08 | +0.02 | +0.07

Chemical oxygen demand (COD) is used to assess the level of organic pollution in natural
and waste waters. Currently, COD is considered one of the most informative indicators of
anthropogenic water pollution, and data obtained in laboratories provide the necessary
information about the concentrations of pollutants and their nature. The results of the COD
study showed that Samples Ne 1, 4, 8, 9 also showed the best performance in purifying organic
substances in water.

NO

The concentration of nitrates ( 2 ) in Samples Nel, 4, 6, 8, 9 are within the normal range

for drinking water. The concentration of nitrites (NO3) is also low and amounts to only 0.014 -
0.026 mg/dm?, which is also within the permissible values for drinking water, except for Sample

+
Ne7 in which the nitrite content increased several times. The concentration of ammonium (jIIIIF H 4
) and iron in samples except No 5 and 7 also does not exceed the maximum permissible values.
Thus, we can conclude that the quality of water Sample Ne 1, 4, 8, 9 are suitable for domestic
needs. In Sample No9, low concentrations of nitrites and ammonium are also observed, but
it should be noted that the concentration of nitrates in this sample is slightly higher than the
original sample and is 1.0 mg/dm?.

The chloride content increases significantly for Sample 7 (humic acid-unwashed) from 293
to 5072 mg/1 (about 15 times). This can be explained by the fact that hydrochloric acid was used
to obtain humic acid from potassium humate, which explains the leaching of chloride ions from
sorbents when interacting with wastewater. If we compare humic acid after washing (Sample 5),
the content of chloride ions is almost 10 times lower than in sample 7.

Sample No6 carbonized humic acid also showed good results for iron and petroleum
products, where the content decreased almost 2 times. Although the specific surface area of the
sample is low, humic acids form complex compounds with metals. Oxygen-containing functional
groups (-COOH, phenolic and alcohol -OH, as well as >C=0) included in the composition of HS
can form stable complexes with metal ions. Amine (-NH,), amide (CO-NH,) and imine (>C=NH)
groups also participate in the formation of organometallic complexes [20].

The content of synthetic surfactants increases after purification for sample No7 (humic acid-
unwashed), this can be explained by the fact that humic acids, as colloidal systems, have all the
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basic properties of surfactants (surfactants), this is due to hydrophilic and hydrophobic regions
in their molecules. The amphiphilicity (or diphilicity) of HA molecules promotes the formation
of structured (colloidal) micelles. Colloidal HS micelles are capable of solubilizing hydrophobic
compounds, including oil and petroleum products, within themselves. Solubilization is colloidal
dissolution, 20 more precisely, the spontaneous and reversible penetration of a solubilizate
(any hydrophobic substance) into colloidal micelles [21]. According to Yu.G. Frolova (1988),
the properties and surface area of disperse systems depend on the nature of the molecules
of surfactants, their concentration, as well as the shape and size of the micelles. The surface-
active properties of humic acids are explained by the fact that some sections of HA molecules
can be hydrophobic, while others can be hydrophilic. Organic substances of amphiphilic
(otherwise amphiphilic) nature are capable of adsorbing at the interface between two phases,
and a monomolecular layer is formed (Frolov, 1988). Because of this feature of GV N.L
Laktionov (1978) classified HA as a surfactant. An important property of colloidal surfactants
is the hydrophilic-lipophilic balance. The hydrophilic-lipophilic balance (HLB) depends on the
structure of surfactants, as well as on their composition. Each structural unit takes part in the
GLB. Hydrophilic groups include, for example, - COOH, -COONa and —-COOK, and lipophilic
(otherwise hydrophobic) are: =CH-, -CH,-, -CH, and =C= (Frolov, 1988) [22].

The content of iron cations increases significantly after water purification for Sample
No7 (humic acid-unwashed), analyzes showed the iron content in HA from 1.5% to 5%; when
interacting with chloride ions, etc., they form soluble salts that can go into wastewater. We used
this sample for comparison with Sample No5 where humic acid was partially washed. These
studies have shown the importance of washing humic acid to a neutral state before using it to
purify aqueous media.

It has been shown that after wastewater treatment, the values of almost all chemical indicators
for all adsorbents decrease significantly, especially such indicators as suspended solids, BOR,
COR, phosphates, ammonium nitrogen, iron, surfactants and petroleum products. However,
sulfate, nitrite amounts for all sorbent, and nitrate amounts for some sorbents (N22,3,5,7,8,9)
there is a slight increase in the number of samples used compared to the original Sample N0,
which is explained by the presence of these ions in the composition of the sorbent used. The
sulfate content after purification increases for all samples, this can be explained by the fact that
sulfates can be washed out of it, which can be formed during carbonization and activation of
coal with water vapor where sulfur is present, analyzes showed that the sulfur content in the
resulting adsorbents after carbonization and activation ranged from 0.09% to 0.45%. Water-
soluble sulfate ions easily go into solution, and therefore, for further research, we will pre-wash
carbon-containing sorbents before using them for cleaning, so as not to additionally contaminate
them with these ions.

Conclusion. Summing up, we can say that the study of deep wastewater treatment by the
physical-chemical method is of great relevance, since the optimal composition of adsorbents
and the operating modes of treatment systems play a decisive role in achieving the
maximum efficiency of the treatment process, as well as the development of recommendations
for optimizing the process of wastewater treatment using sorbents and black soot carbon through
a carbon molecular sieve.

Studying the influence of various factors such as temperature, pH (ST RK ISO 10523-2013),
contact time, pollutant concentration (ST RK 2015-2010) on the treatment process, as well as
evaluating the effectiveness of the treatment process and comparing it with other wastewater
treatment methods, allows you to accurately determine the level of wastewater treatment by
comparing it with other wastewater treatment methods. An analysis of the table of indicators of
wastewater treatment in Kazakhstan shows the need for such research and development in this
area in order to improve the ecological situation of the country and ensure the preservation of
natural resources for future generations.

In general, based on the study, we can conclude that the quality of Samples Nel «Shubarkol,
activated» granule, Ne3 «Shoptykol, activated» powder, No4 «Shoptykol, activated» granule, No8
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«Carbon molecular sieve sorbents», No9 “Carbon molecular sieve sorbents” meets the standards
and is suitable for household and commercial use. However, there is a significant excess of the
norm for some indicators such as sulfates, nitrites and nitrates after the use of sorbents, but the
data does not exceed the norm after biological treatment. If necessary, additional purification
measures can be taken to ensure water quality in this area, since samples were taken for the
study after the first stage of purification, that is, mechanical purification. As is known, in the
Astana Su-Arnasy municipal wastewater treatment plant, after mechanical treatment, water is
supplied for biological treatment, chemical treatment and ultraviolet disinfection. It should be
noted that the physicochemical and adsorption properties (specific surface area) of the above
samples also showed the best results.

The results of this study indicate that samples obtained on the basis of carbon materials can
be considered promising, in particular, in the use of liquid media (from suspended solids, heavy
metal salts, surfactants, petroleum products, etc.) as adsorbents for purification.
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A. Koanex’, M.K. Kazankanosa? A. Ilepaexanosa’
! Espasuiickuii HAUUOHAAbHYIIL YHusepcumem umenu A.H. [ymuresa,
Acmana, Kasaxcman
TOO «Mucmumym xumuu yeAs u mexrorozuu», Acmana, Kasaxcman

OuncTKka CTOYHBIX BOJ OT€4IeCTBEeHHbIMI yIri1epOAHbIMI aacopﬁeHTaMm n imposegeHne
(l)I/ISI/IKO-XI/IMI/I‘{eCKOI‘O aHaAV3a COCTaBa BOJbI

AnHOTanms. B ycaoBusAx pocra HaceaeHNUs BO BCeM MUpe M yBeAMdeHUs CIIpoca Ha JCTOIeHIe
JICTOUHVKOB IIPECHOJ BOABl peaAu3yIOTCs pa3ANdHble CTpaTeruy IO IIOBBIIEHUIO D(PPEKTUBHOCTU
JICITOAB30BaHMs1 BOABI. O4MCTKa 1 IIOBTOPHOE MCII0Ab30BaHIe CTOUYHBIX BO/, ABASIOTCS OAHIUMM 13 Hanbo.aee
9(PeKTUBHBIX CTpaTernii, 0COOEHHO ecAU OUNUIEHHYIO BOAY MOYKHO MCII0AB30BaTh IIOBTOPHO. B cTpaHax,
KOTOpPBI€ CUABHO 3aBMCAT OT MCTOYHMKOB IIPECHOI BOABI, BCerda Ba’KHO CAeAUTDb 3a TeM, YTOOBI KauyecTBO
BOABI HE yXYyAIlaa0Ch 13-3a €CTeCTBEHHOTO OPraHMYecKoIO BelllecTBa, KOTOpoe 00pas3yeTcs B pe3yabTaTe
Pa3A0>KeHNs pacTUTEeABHBIX M SKIUBOTHBIX BelecTs. JedumuT BOABI - 9TO pacTyiias raobaabHast Ipodaema,
BBI3BAHHAsl COYeTaHMeM TaKMX (paKTOpOB, KaK pOCT HaceAeHN:s], M3MeHeHIe KAuMara U HecTaOMAbHas
IIpaKTHKa yIIpaBAeHs BOAHBIMI PecypcaMI.

B aannoI1 cTraThe npeaocTaBAeHbI Pe3yAbTaThl MCCA€AOBaHNU B aKKpeAUTOBaHHON aHaAUTUYEeCKON
AabopaTtopun ounctHbIX coopy>xennii ITIK «Acrana Cy ApHacel», r4e IpoBejeHa OUMCTKa CTOUYHBIX BOJ,
OTeUeCTBEHHBIMU yTraepogocogepkammmu agcopberramn («Ilybapkoa», «IIIonTekoA», IyMMHOBas
KIC/AOTa, YIAepOAHbIe MOAEKYAsSIpHbIEe CITa, TEXHMYECKII yraepod) 1 ObLa IIPOBeAeH XMMIIEeCKIIT aHaAU3
BOABI. PeayabTaThl 4aHHOTO MCCAeJ0BaHNS ITOKa3aAl, YTO 0Opaslibl, II0/ydYeHHbIe Ha OCHOBE YIAepOAHBIX
MarepnaloB, MOIYT OBITh MCIIOAB30BaHBI B KauecTBe aACOPOEHTOB AAs OUYMCTKM SKMAKUX cpes (OT
B3BEIIIEHHBIX BEIIIeCTB, COAell TsKeAbIX MeTaaA0B, ITAB, HedrennpoaykTos u Ap.).

KaiouesBble caoBa: cCcTO4YHBIE BOABI, aACOpPOeHT, KapOOHM3aLNs, TyMMHOBas KICAOTA,
aKTUBMPOBaHHEIN yTOAb, YTOADb

A. Koanexk!, M.K. Kazankamnosa? A. Ilepaexanosa’
»A.H. I'ymunres amuvirdazvt Eypasus yammuix yrnusepcumemi» KeAK,
Acmana, Kasaxcman
2» Kemip xumuscor xare mexrorozuscors 2KIIC, Acmana, Kasaxcman

AFBIHABI CyAapAbl OTAaHABIK KOMipTeK KypaMabl agcOpOeHTTepMeH Ta3apTy XaHe Cy
KypaMbIHa PpU3MKa-XMMUSIABIK TalAay XYprisy

Anpaatna. Bykia saemgae XaAbIK CaHBIHBIH ©CYi JKoHe TYIIIBI Cy KO34ePiHiH TayCchlaybIHa CYy PaHBICTBIH
apTybl >KarJaliblHAA CyAbl THalijadaHy THUIMAIAITiH apTTRIPy VINIH SpTYp4i cTparermsaap >Kysere
achIpblayAa. AFBIHABL CyAapAbl Ta3apTy >KoHe KaiiTa MalijadaHy eH TMiMAL cTparerusaapabiy Oipi 604bI
TabBl1aAbl, dcipece TazapTBhIAFaH CyAbl KaliTa IalidadaHyra 0oaaTeiH Ooaca. Tyl cy Kes3AepiHe KaTTh
ToyeAAl eajepae Cy callachIHBIH ©CIMAIKTep MeH >KaHyapAapAblH bIABIPaybl HOTVDKeCiHAe T1arAa 00AaThH
TaOMFY OpPraHMKAABIK 3aTTapAblH 9CepiHEH HalllapJall KeTIeyiH KaMTaMachl3 eTy dpKalllaH MaHBI3ABI.
Cy TanmbelAbIFel — OyA XaABIK CAaHBIHBIH ©Cyi, KAMMATTBIH ©3Tepyi >KoHe CyAbl OacKapyAblH TYpPaKChl3
ToKipubeci cHAKTHI (paKTOpAapAbIH KMBIHTBIFBIHAH TYBIHAAFaH OCIII Kee JKaTKaH >kahaHABIK mpobaeMa.
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Purification of wastewater using domestic carbon adsorbents and conducting physico-chemical analysis of water composition

byamakaaaga «Acrana Cy Apnacer» MKKK-HBIHKopizaik TazapTy KYphLABICTapBIHBIH aKKpeAUTTeATeH
aHaAUTUKAABIK 3epTXaHachblHAA aFBIHABI CyJdapAbl OTaHABIK KOMipTeK KypaMAbl alcopOeHTTepMeH
(ITybapkea, MlenTikea, ryMIUH KBIIITKBLABL, KOMipTeKTi MOAeKyAaAbIK — eAeyillTep, TeXHMKaAbIK KOMipTeK)
arbIHABI CyABI Ta3apTy >KYMBICTAapPBIH JKYPTi3ill, CyAbIH KypaMblHa XMMUAABIK Taajay XKy prisiaai. 3eprrey
HoTIKeAepi KoMipTeKTi MaTepHraajap HeTi3iHAe aAbIHFaH YATidepai, atan aliTkaHAa, CYMBIK OpTaslapAbl
(cycrieHsusiaaHFaH KaTTHI 3aTTapaaH, ayblp MeTaAad Ty3japblHaH, OeTTik OeaceHAi 3aTTapAaH, MyHaii
eHiMJepiHeH >XoHe T.0.) Ta3apTy¥a apHaAFraH aJCOpOeHTTep peTiHjAe KOAdaHyFa 0OAaTBIHBI aHBIKTaAALI.

Tyitis ce3aep: AFBIHABI CY, )Kep, TYMUH KBIIIKBIABI KOMipTeKTi MaTepuaajap.
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OcobeHHOCTHI agcopOUM OpraHNMYecKX coeAVIHEHUI
Ha IIOBEepPXHOCTHBIX CA05IX aAM3apMHOBBIX KOMIIA€KCOB
IepexoAHbIX MeTaAA0B

AnaHOTanms. Vcnoavsosarue HeoOpabomartozo Curoxpoma C-80 6 xpomamozpaduu
0ZpaHUYeH0 6 C6A3U C GLICOKUMU NApamempamy YoepKusanus NOAAPHOLX COCOUHEHUIL,
pasmoleanuem U - acummempueil  xpomamozpaguueckux nuxos. Ilpedroxern  cnocod
Mmoduduyuposanus nosepxrocmu  Curoxpoma C-80 u cunmesuposarovr mepmuvecku
cmaburvivle  2a30xpomamozpaguueckue  copéeHmvl ¢ NO6EPXHOCTIHO  HAHECeHHBIM
croem  arusapunamos memairos Ni, Co(1l), Cu(ll), Al. Buwasrenvr saxoHomepHocmu
XpoMAamozpadu1eckozo YoepxKusarnus u npoéedeHa CpaGHUMeAbHAs OueHKa NOAIPHOCTU
U CeACKMUGHOCMU HOGVIX COPOUUOHHDIX MAMEPUAAOE 1O OMHOUEHUIO K PASAUMHBIM
KAGCcam opzanuueckux coedurenuil. Vicnoavsosanue KoMNAEKCO6 AAUSAPUHA YAYHULALTH
CUMMEMPULHOCHIL XPOMAMOZPAPUUECKUX NUKOE, MO TO360AAem Nposodumb ycneuiHoe
pasderetiue eewecme. Jocmuznymoe nogviuierue IKCHPecCHOC AHAAUSA NPOUCXO0Um 3a
cuem 0CAAOACHUS CHeUUGUUECKUX MEKMOAEKYAAPHBIX 63AUMOJelCEutl 6 pesyrvmame
Moduduuposanus. ITokasana 603M0okKHOCHTb UCTIOAL306AHUS COPOEHINOE € ADCOPOUUOHHBIMU
CAOSAMU AAUSAPUHANIOE MEMAAANOG 6 24306011 XPOMAMOZPAPUL OASL COBMECTTHOZ0 ONpedereHUs
ANKUASAMEUEHHBIX U NOAUAPOMATNUMECKUX Y2Ae6000P0006.

Karoudesble caoBa: 24306as xpomamozpaguis, copdeni, KpemHesem, CUAOXPOM, KOMHNAEKC
MEMAAAI, ANUSAPUHAMN, XEAAT, HUKEAD, KOOAALIN, Medb, AAOMUHUT, IKOAOZUSL.

DOI: https://doi.org/10.32523/2616-6771-2023-145-4-36-49

BBeaenue

Bricokast tepmocToiikocts Cnaoxpoma C-80 1mo3BoaseT MCIoAb30BaTh AaHHBIN ajCcOpOeHT
AAsl Ta30XpomaTorpapuyeckoro pasledeHus BBHICOKOKMIIAIIMX OpraHMYecKUX COeAVHeHMI
IpeAeAbHOTO I apoMaTudeckoro psi4os [1,2], ogHako »AeKTPOHOAOHOpPHBIE ClAaHOAbHbIE
U CUAOKCAHOBbIe TPYIIIIBI Ha €ro IIOBePXHOCTM OOecreumBaiOT BBICOKYIO ITOAAPHOCTD
xpoMmatorpadnaeckoro Marepuada [3]. ITosTomy ncrioarzosanne Heoopadoransoro Cuaoxpoma
C-80 B razo-aAcopOIMOHHON XpoMaTorpaduyl OTrpaHNIEHO B CBSI3Y C BBICOKMMM ITapaMeTpaMm
yAep>KUBaHUs IMOASPHBIX COeAMHEHNII, pa3MbIBaHEeM U acMMeTpueli XpoMaTorpapuaecKux
IIIKOB.

Aast KoppeKIun XpoMaTorpapuueckx CBOMCTB ITOBEPXHOCTY KPeMHe3eMOB MCII0Ab3YIOT
CHIeKTp pa3HOOOpa3HBIX MeTOAOB OPraHMYeCcKOl, HeOpraHM4YecKo! U DAeMeHTOpPTaHUMYeCcKO
xumun [4-7]. B Bacroammii MOMEHT Ha IIOBEpPXHOCTM MAaTPHUIBI BO3MOXKHO 3aKpeIuTh
IpaKTUYeCcKy AI000M KAacC XMMMUYECKUX COeAMHeHMII, AI00y10 (PYHKIIMOHAABHYIO TIPYIILy
nan ux couderanue [8]. Kpome Toro, xmmmyecku MoAMpUINPOBAaHHbIE KpeMHe3eMBbl MOTYT
pasAndaThcsl He TOABKO IO IPUPOJe IPUBUTON I'PYHIIMPOBKYM, HO M CTPYKTYpPOI HPUBUTOIO
CA0s1, IIOYTOMY aACOPOLIMOHHEIE U1 XpOMaTOorpaduueckue cBOMCTBa KpeMHe3eMOB CyIIeCTBEeHHO
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3aBUCAT OT KOAMYECTBa ¥ KOHIIEHTpallMM Ha MX IIOBePXHOCTU TMAPOKCUABHBIX rpymi [9, 10].
OCHOBHBIM METOAOM TIOAYYEHMS XUMUYECKV MOoAUPUIIMpoBaHHEIX CIAOXpPOMOB U APYTHUX
KpeMHe3eMOB sBAs1eTcss 00pabOTKa ero ITI0BepXHOCTY KpeMHUITOpraHNMIecKIMI CoeAHeHNIMI,
KOTOpble OOpasyIOT Ha IIOBEPXHOCTU TePMMYECKU ¥ TMAPOAUTUYECKN YCTONYMBBIE CHCTeMBI
cpaseit [11]. Cnaansl ¢ pasanyHbIMM QYHKIIMOHAABHBIMYU IPYIIIIaMM MOTYT pacCMaTpUBaThCs
B UIX 9lCAe KaK areHThl, peryAnpylomiue crerneHs ruagpodpodbHoctu maTepnaia [12], mockoabKy
JacTO MeIIaloNIUM CBOMCTBOM SIBASETCSI M3AUIIHAA TIuApoduabHOCTE. Hampumep, aas
YMEHBIIIEHUsI TUAPOPUABHOCTY TIOBEPXHOCTU IIPOBOAVAN «DHA-KEMIIMHI» CUAAHOABHBIX
IPyIII IOBEPXHOCTU rekcaMernaaucuaasaHom [13, 14]. Takoit moaxo4 H03B0AsI€T OAHOCTBIO
Ae3aKTUBUPOBaTh Hambo/Aee aKTMBHBIE BUIMHAAbHBIE IMAPOKCUABHBIE TPYIIIBI IIOBEPXHOCTHU
copOeHTa M B 3HAYUTEABHON Mepe Ae3aKTUBMPOBATh ero M30AMPOBAHHBIE TIMAPOKCHABHbIE
TPYIIIIBI M B pe3yAbTaTe CUAMAMPOBaHI: COPOeHT mpuoOpeTaeT rnApo¢dobHbie csoricTBa. CTereHsb
ITOKPBITUSA ITOBEPXHOCTU MOAMQPUKATOPOM 3aBUCUT He TOABKO OT CBOJCTB ITPMBMBAEMOIO
COeAVHEeHNs, HO 11 OT XapaKTepUCTUK HOCUTeAs, HalpuMep, oT ero nopucroctu [15]. B oOmem
cly4yae CMAMAVPOBaHMe IpeAcTaBAseT coOoil Hamboaee yAOOHBIN BapMaHT Au3aliHa OpTraHoO-
HeOPTraHMYIEeCKUX TMOPUAHBIX COPOEHTOB 1 CIIOcO0 BBeAeHIsT (PYHKIIVOHAABHBIX OPTaHIMIEeCKIIX
Ipymm B KpeMHeseM [16].

V3 HOBBIX IIE€pPCIEKTMBHBIX IIOAXO40B K MOAMMPUINMPOBAHUIO KpPEeMHE3eMOB MOKHO
BBIAEANTH MICII0Ab30BaHNe HeJaBHO pa3dpaOOTaHHBIX peareHTOB pa3AM4HO Ipupoasl. VsydyeHna
azcopOnsl OpraHMYecKUX COeAVHEeHMII Pa3AMIHBIX KAacCOB Ha KpeMHe3eMHOM ajcopOeHTe
Cnaoxpom C-120 [17], moamduIMpoOBaHHOM MOHOCJAOEM >XMAKOTO KpUCTaslla Ha OCHOBe
H-TIEHTUAOKCUOEH30IHOI KUCAOTEL Takoe MoaudumiuposaHue IIPUBEAO K YMEHBIIEHNIO
KOHCTaHT I'enpu m Temaor agcopObium. JApyrnM akTHUBHO pas3BUBAIOIIMMCS HallpaBAeHUeM
CHIVDKEHIS ITIOASPHOCTY KpeMHe3eMa CTal0 MoAupUIINpOBaHe CTabMABHBIMY HaHOYACTUIIAM I
Metaaaos [18]. Hampumep, npm wmoaudunmposaHum mnosepxHoctu cuaoxpoma C-120
HaHouactunamu Pd koHcTtanTe [eHpU MOASAPHBIX COE AMHEHNII 3aBUCAT OT pa3Mepa U CTPYKTYPBI
KOHI/ZIOMepaToB HaHOYaCTUI Ha ITOBepXHOCTU. /A1 9TO Xe Ieau Ipesao>KeHO UCII0Ab30BaTh
HaHodyacTunbpl cepebpa [19], HaHeceHme MMHMMAaJABHOIO KOAMYECTBA KOTOPOIO Pe3KO
yBeAnunBaeT Hecrnelnprueckyio ajcopOLMIO, XeMOCOPOIIMIO U KaTaAuTUdecKasi aKTMBHOCTD
B peakI M MeXMOAEKYAsIPHON germaparanun no otHomenuio K compram [20]. ITokasaHo,
4YTO B pesyabTaTe MOAU(UIIMPOBaHUs OBEPXHOCTh KpeMHe3eMa CTaHOBUTCS IMApo¢dpOOHOIL,
IIOASIPHOCTD COpOeHTa CyIeCTBEHHO YMEHBIIAeTCs.

Oanako 6OABIINHCTBO METOAOB MOAM(PUITMPOBAaHUS IIPUBOAUT K HapyIIeHNIO TeOMeTpuUn
11 O4HOPOAHOCTH IIOBEPXHOCTH 11 TpedyeT 40II0AHNTEeABHOTO n3ydeHns. Kpome Toro, mocrossHHO
pacimpseTcs Kpyr MoAUQUITUPYIOINX peareHTOB B CTOPOHY PYHKIIMOHAAM3AIIUY [TOBEPXHOCTI
KPeMHUIIOPTaHNYECKIMI BeIecTBaMIl C aMHIHO-, MepKanTo- U CyAbPOPYHKINOHAABHBIMII
rpyImamu 1o AByM cxeMaM: IIpsiMoe IIpHcOoeiHeHe FOTOBOTO peareHTa MAM CMHTe3 peareHTa
HeIoCpeACTBeHHO Ha IMOBepXHOCTH copOeHTa [21-23].

Ilocranoska mnpoOGaembl. C 1eaplo  ontuMmusanum noaspHoctu  Cuaoxpoma
C-80 m moayueHmMs HOBBIX COPOLIMOHHBIX MaTepualoB, CeAeKTMBHBIX IIO OTHOIIEHMIO K
peraaMeHTHpPYeMBbIM B IIPOM3BOACTBEHHOM I HKOAOTMYECKOM KOHTpOJAe OpraHMYecKUM
COeAVIHEHUSM, IIPeAJ0XKEeHO JCIIOAb30BaTh B KadecTBe MOAUQPUKATOPOB ITOBEPXHOCTH
XeJlaTHble KOMILAEKCHI IIepexoAHbIX MeTaaaos [24, 25]. Takoil 1104x0/ II0Ka3aa BO3MOXKHOCTD
CHIDKEHI:I OASPHOCTU COPOLIVIOHHON IIOBEPXHOCTU AASl CHVKEHNs BPeMeHN DAIOMPOBaHILA
BBICOKOKMITAIIIMX U IIOASPHBIX BeIecTB C OJHOBPEMEHHBIM IIOBBIIIEHMEeM CeAeKTUBHOCTU
pasjedeHus 3a c4eT YBeANYEHMS AOANM AOHOPHO-aKLIEIITOPHBIX B3aIMOAENICTBUIL MeXAY
KaTIOHOM MeTal4a B COCTaBe KOMILAeKca 1 91eKTPOHOAOHOPHBIMI (pparMeHTaMy OpTaHIMIeCKIX
MOAeKya [26].

IHeapro Hamreln paboOTHl CTad0 KOMIIA@KCHOe JcCAejOBaHNe TepMOAVHaMMIYeCcKIX
XapakTepucTuk copOentos Ha ocHoBe Cmaoxpoma C-80 ¢ agcOpOUMOHHBIMM CAOSIMU
aansapunaros Ni, Co (II), Cu (II), AL
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2. MeToabl cCcaeAOBaHMSI

2.1 CunTe3 copOeHTOB

451 co3aaHms HOBBIX XpOMaTOorpadpuiecKnx MaTepraloB B KadecTBe OCHOBBI ICTI0Ab30BaAN
cuaukareab Mapku  Cumaoxpom  C-80, KOTOpPBII OTHOCUTCA K KAAcCy CUHTETUYECKMX
MaKpOIIOPUCTBIX KPEeMHe3eMOB U IIpeAcTaBAseT co0oil Oeable YacTUIIBI HeIlpaBUABHON
¢opmsI ¢ reomeTpuYecKr 0OAHOPOAHOI ITOBEPXHOCTHIO [27], 004a4aeT BHICOKON MeXaHI4ecKo
IIPOYHOCTBIO, TepPMOCTOMKOCTRIO A0 600 °C m XapakTepusyeTcs HU3KUM COAep>KaHUeM
KaTaAUTUYECKM aKTUBHBIX OKCUAOB XKeae3a, Al m apyrux npumecein. /Jas IIOATOTOBKU
nosepxHoctu ncxognoro Cnaoxpoma C-80, cogepskamero rmagpoKcuapHble rpynmsl, B 150 ma
pasbaBaeHHOI a3oTHON KucAoTH BHOcuAM 50 1 Cnaoxpom C-80 m KMIIATHMAM B TedyeHMe 2 4.
ITocae ®TOrO MOPOIIOK OTPUABTPOBBIBAAN ¥ BBICYIINBAAW B TedeHMe 6 4 IIpU TeMmIlepaType
200 °C B cymmnabHOM HIKady.

Cunres aamszapmunaatos Ni, Cu(ll) m Co(Ill) ocymiectsasam COBMECTHBIM pacTBOpPeHNeEM
XA0puja MeTaala U aAu3apyuHa B 9TUAOBOM CIIUPTe, TAe II0CAe MX B3aMOAeNCTBIsA B OydpepHOM
pacTBope oOpasyeTcst KOMILAEKC CTeXOMeTpIdeckoro cocrasa. bydepnsiit pactsop nmpeacrasasna
coborr cmecy 30 ma 0.2 M NaOH un 0.2 M KH2PO4 B 200 ma stnaosoro crmpra. Pactsop
TOTOBOTO KOMIIA€KCa aAu3apuHaTa MeTalla CMeIlNBaAu C TBePABIM HOCUTeAeM, CoJep KalluM
IIOBEPXHOCTHBIE TMAPOKCUAbHbIE I'PYIIIbI, U A00MBAANCH IIOAHOIO MCIapeHUs PacTBOPUTEAS.
Koanuectso Mogndukatopa sapsrnposaan B Ananaszose 5-30 % oT Macchl HOCUTeAs.

2.2 PeakTuBbBI

Aas cunTesa copOenToB ncroas3osaan cuaoxpom C-80 (Ksant, Poccnst); aanszapun (Bexrow,
Poccnst), cnupt stmaossiin (96%, 0=0,8014 r/ma, Mapumack, Poccist); xa0puasl MeAN, HUKeAS,
KobaabTa, aatomuHus (Sigma-Aldrich, CIITA). PeakTuspl cOOTBeTCTBOBaAM KBaAM(pUKaIIN
9.4.a. ¥ ICIIOAB30BaHbI 0€3 AOTIOAHUTEABHON OUMCTKI.

2.3 O6opyaoBaHMe

VccaepoBanmst  BbIIIOAHeHB Ha rasosoM xpomarorpage Chrom-5 (/Jaboparopnbie
npudopsl, Yexns) ¢ niaaMeHHO-MOHU3ALMOHHBIM AeTeKTOPOM. DAIOMpOBaHNe MPOBOAUAN CO
ckopoctsio reans 30 ma/mun, T° repmocrara 150 - 210°C, o6bem BBOAUMOII ITpoOH! 0.1 — 1.0
MKAa. VIK-criextpnr peructpuposaan Ha cnekrpoMerpe Agilent 660 FTIR (Agilent Technologies
Deutschland GmbH, I'epmanist) ¢ 92eKTpOHHBIM KOHTpOAeM TeMIlepaTypsl B AnariazoHe 27000
— 15 cm™ 6Ge3 A40IIOAHUTEABHOIO OXAAXKACHISL.

Onenky rnapameTpos y/AeAbHON IOBEPXHOCTU IPOBOAUAU C TIOMOIIBIO aBTOMaTUYECKOTO
raso-agcopobumonHoro anaamsatopa TriStar II 3020 (Micrometrics, CIIA). VYaeabHyio
IIOBEPXHOCTh PacCUMThIBaAM 110 MeToay bOT B aBTOMaTyeckom pesxmme ocae BaKyyMUpOBaHIs
npu 170 °C B TeyeHue 2 4 110 M30TepMe HU3KOTeMIIepaTypHOI copOunu azora. Tepmmuuecknii
aHaAm3 IT0Ay4eHHBIX 00pa31oB IposoAnan Ha mpubdope STA 449 C Jupiter (Netzsch, 'epmann)
C KBagpYIIOABHBIM Macc-CIIEKTPOMEeTPOM B aTMocdepe Bo3ayXa B MHTepBaae Temmepatyp 25-800
°C co ckopocteio Harpesa 10 °C/MuH.

3 PesyabTaThl 1 X 00CyXaeHUe

3.1 CTpoeHNe NOBepXHOCTHBIX CA0€B aAM3apMHATOB METaA10B

Aas MoagupUUMPOBaHHBIX aaAu3apuHaTaMyu MeTaaaos copOentos B VIK-crmexrpax (puc.
1) mosBAsIOTCS TTOAOCH TIOTAOIIEeHNs], CBSA3aHHbIE ¢ KOAeDaHMAMU CBA3el XeAaTHOIO KOAblla
B o0aactu 1660-1450 cm™”, koaebanmsamu conpsokeHHex cpsaseit C=C nu C=0O B moaoce 1587
cm”. XapakrepHoi 0coOeHHOCTBIO VIK-CIIeKTpoB XxeAaTHOTO KOAbIla SBASETCA CUABHOE
B3aIMOAENICTBIE MeXAY KOAeOaHUMIU KOMIIOHEHTOB, IIO9TOMY He ITpeACTaBAseTCsI BO3MOKHBIM
pas3aeanTts KoaebaHus KapOOHMABHON IpyIIbl U ABOVIHOM cBsa3u [28]. [Toaocs B o6aactu 2000-
2165 cm™! XapakTepu3yIoT BadeHTHBIe Koae0aHNs KapOOHIABHO IPYIIIIEI, KOOPAVHIPOBAHHOM
C KaTMOHOM MeTaaAa. B okHo npospaunoctn 1450-3000 cM™ He 1101124a10T 1TOAOCH CMAAHOABHBIX
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I'pyni mnam aACOpGI/IpOBaHHbIX MOA€KyA BOAbBI, IIODTOMY €TI0 YAO6HO UCITIOAB30BAaTh AAsd

Ha0AIOAEeHNS 3a aACOpOLVelt OpTaHNYECKIX BeIecTs [29].
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Pucynox 1 — Cpasaenne VMK-ciektpos ncxognoro copoenta Cuaoxpom C-80 (1) u mocae
Moaudunposanus 5 % Cu(Alz), (2), 5 % Al(Alz), (3).
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Pucynok 2 - ITpumep tepmorpammsl (1) n kaaopumerpuyeckoii kpusoii (2) Cu(Alz),.
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IIpn narpesanuu B armocdepe Bodgyxa MOAUDUIIMPOBAHHOIO cOpOeHTa B MHTepBaje OT
50 a0 100 °C (pmuc. 2) Haba10AaeTcsi HeDOAbIIIOe YMeHbIIIeH)e MacCchl 0Opasiia, YTO CBsA3aHO C
yAadeHneM aacopOupoBaHHOM BoAbl (9HA0D(PPekT). Tepmudeckoe paszaoskeHNe KOMIIAEKCOB
MeTaal0B Ha Ilpumepe aausapmsatra Meau Cu(Alz)2 naumnaercsa npu 260 °C, mpu 9TOM
MaKCUMyM Teraosbigesenns (9k309pPexT) gocturaercs npu 301 °C u xapakrepusyercs 2.8 %
yMeHbIIIeHIeM MacChl COpOeHTa.

Onenka mapamMeTpoB IIOBEpXHOCTU IpejcraBieHa (Taba. 1) aas mcxogHoro copdbeHTa
Cnaoxpom C-80 n moaudunuposansoro aanzapunatamu Cu(Il) Co(Il), Ni n Al B koandectse
5-15 % ot maccel ncxogHoro Hocuteas. O0beM HOp OCTaeTCsl MOCTOSHHBIM, UYTO yKa3blBaeT Ha
A0KaAU3aluio MoAuduKaTopa BOKPYT IIOP € Cy>KeHIeM AMaMeTpOB X YCTheB.

Tabauma 1. Mopdoaormueckne xapaxrepuctuku Cuaoxpoma C-80 ¢ TOBepXHOCTHBIM CA0e€M
aAM3apUHATOB KAaTMOHOB IIePexXOAHBIX MeTaAA0B.

Cutaoxpont C-80 % MoanduKaTopa Viop, ecm*/r S, M?/T T..°C
0 0.80 84 500
5 0.82 78 280
Cu(Alz2 10 0.79 73 260
15 0.77 68 260
5 0.89 80 280
Co(Alz), 10 0.88 76 280
15 0.84 72 260
5 0.80 81 300
Ni(Alz), 10 0.80 76 280
15 0.76 70 270
5 0.86 84 270
Al(Alz), 10 0.86 78 250
15 0.88 76 250

Hanecenne xomiiaekcos B KoamdecTse 5 % IpPUBOAUT K HE3HAYUTEABHOMY U3MEHEHUIO
YyA@ABHON IIOBEPXHOCTU cOpOeHTa, 4TO I103BOAsdeT IlpeHeOpeub BO3MOXKHOI pasHUIEN B
BeArurHe GU3NIECcKON alcopOuMM IIpU OlleHKe BKAaja CrelnpUIeckrX MeXXKMOAeKYASPHBIX
B3aIMOAENICTBIUII B IIPOIIeCCHl yAeP>KMBaHUA U padjeleHns. Y eabHas I1A01jaab ITOBePXHOCTI
He3HauMTeAbHO YMEHbIIIaeTCs 3a CYeT Craa’kuBaHus HeOAHOPOAHOCTEN U 3alI0OAHeHMsT MeAKIX
nop. Takoit croco® 3anoAHeHNUs ITOKa3blBaeT 3HAYMMOCTh DHEPreTMYecKuX (®AeKTPOHHBIX)
AedeKxToB 11p1 GpOPMUPOBAHUI ITOBEPXHOCTHOTO CA0s1 aAM3apuHaToB MeTaaA0s. [Ipuyseanyennn
KO/AMYeCTBa aAu3apuHaTOB MeTaA10B Ha IIOBePXHOCTU MICXOAHOTO copbenTa 40 15 % nHabarosaeTcs
yMeHbIIIeHIe €0 YAeAbHOM ITOBepXHOCTU BCAeACTBME AOKaAM3allMM KOMILAeKCOB Ha Kpasx
KPYIHBIX TIOp U 3aKpbiTueM Me3orop. C IOMOIIBI0 pacTpOBON AeKTPOHHON MUKPOCKOIUN
I10Ay4eHbl MUKPOQPOTOrpadpum NCXOAHOTO U MOAU(PUIIMPOBAHHEIX alM3apUHaTaMU MeTaAA0B
copbenTos (puc. 3). [ToaTBepkAeH0, 4TO TIpU MOANPUIIVPOBAHNI HOCUTEAs aAu3apyHaTaMU
MeTaAA0B M3 pacTBOpa IlepBOHAaYaAbHO KOMILAEKChl OCejaloT II0 KpasM MHop. DTO JaeT
BO3MOXKHOCTbh MO/€KyJaM KOMILAeKca PacIiOA0XUThCA B HanboAee DHepreTUdecky BHITOAHOM
noaoxenun [30]. [TockoabKy «I1ocagodHasl IA0IajKa» MccAelyeMbIX KOMILAeKCOB COCTaBAsieT
okoao 0.5 HM?, a guameTp OOABIINMHCTBA ITOP B HECKOABKO pa3 IPEBOCXOAUT 9Ty BEAUUMHY,
IIOBEPXHOCTHBII CA011 pOPMUPYeTCs Ha Beell JOCTYITHO ITOBepXHOCTY HocuTeAs. B gaabpneiiiem
IIpY yBeAMIEeHNM KOANYeCTBa IIOBEPXHOCTHOTO CA0s1 KoMILAeKca 40 5-10 %, Ha IpUBUTOM ca0e
00pasyIoTCsl OCTPOBKOBbIE CTPYKTYPHI B Bl acCOLUMATOB C YIA€BOAOPOAHBIMU I'PaHsAMM, 4TO
CHIVKaeT CeAeKTUBHOCTD pa3AeAeHsl.
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Pucynok 3 - Ipumep IIDM nzobpaxenns nosepxnoctu moguduumposanaoro Cuaoxpoma C-80 u
paBHOMEpPHOCTH pactipeseaenus moandukatopa Cu(Alz),.

CriocoOHOCTD copOeHTa K yAep>KMBaHUIO COeAVHEHNIT OOyCAOB/A€Ha HaAndleM LIeHTPOB
aAcopO1IMy, aKTUBHBIX B IPOsIBAEHUN CIIeNMPUIecKX MeXKMOAEKYASPHBIX B3aMOAEICTBUIA.
B kauecTsBe TecTOBBIX BelllecTB AAs BBIABAEHNS Ipeo0AalalOIINX B3aMOAEVICTBMII Ha
IIOBEPXHOCTU COPOEHTOB MCII0Ab30BaAY OpraHMJYecKye COeAVHeHNs], CKAOHHBIe K ITPOsBAEHUIO
oIpeJe/eHHBIX TUIIOB MeXXMOAEKYASPHBIX B3aMOAEVICTBMIL: 0eH304 (T-Tt-B3aIMOAEIICTBIE),
OyTaHOH-2 (4OHOPHO-aKIIeIITOPHBIE B3aMMOAENICTBISA C AOHOpaMIU DAeKTPOHOB), HUTPOMeTaH
(40HOPHO-aKLIeIITOPHLIE B3aIMOAEIICTBILI C aKI[eIITOpaMI 51eKTPOHOB) 11 TaHO (OOpa3oBaHme
BOAOpOAHEIX cBszelt) [31]. IIpu BrIOOpe copOaTOB y4MTHIBAAM, YTO IPU TePMOCTaOMAN3AIINN
IIOBEPXHOCTHU TMAPOKCHUABHBIN IIOKPOB KpeMHe3eMa 4aCTIUIHO YAaAseTCsl, Y IIOBePXHOCTDb TAKOTO
oOpaslla COCTOUT U3 TUAPOPOOHBIX YIaCTKOB ¥ OCTaTOYHBIX TMAPOKCUABHBIX TPYIII.

Bappuposanne katmoHa MeTadla B COCTaBe aAM3apMHOBOTO KOMILAEKCa IIPUBOAUT K
UM3MEHeHUIO XapaKTepPUCTUK YyAepKMBaHUsA IepeulCAeHHBIX OpTaHMYecKMX COeAMHeHMI],
HarmpuMep, moanbuunposanne Cuaoxpoma C-80 aamsapmHaTtaMu IepeXOAHBIX MeTaAl0B
IPUBOAUT K YMEHBIIEHNIO MOASAPHOCTU (TabA. 2) AAs CHMUPTOB M KeTOHOB B PsAAY KaTMOHOB
Cu(II) > Co(II) > Ni. Takas >ke 3aKOHOMePHOCTD XapaKTepHa A1 HUTPOMeTaHa 11 apOMaTIIeCKIX
yI1eBOAOPOAOB, TaKXKe OTMEeUeHO yMeHbIIIeHIe CIIOCOOHOCTU K T-KOMIL1eKCOOOpa3oBaHMIO C
0eH3010M 1 OyTaHOHOM, UTO IIO3BOASET CYAUTb O CHIUDKEHUN BKAaja AOHOPHO-aKLeIITOPHOIO
B3alIMOAENICTBIUS B YA P KMBAHUU DA€KTPOHOAOHOPHBIX COeAVHEeHMIA.

Tabauma 2. Koadppunuentsr noaspuoctu (Kp) TecTosbix coeannenuii Ha ncxognom Cruaoxpome
C-80 — 1 m mogudunuposanaom aansapunatamu Ni—2, Co (II) - 3, Cu (II) - 4, Al -5 mpnm 150 °C
(n=3-4, P=0.95).

Bemnrectso 1 2 3 4 5
Hurpomeran 4.8+0.2 4.1+£0.2 3.8+0.2 3.5+0.2 5.3+0.2
byranon-2 11.8+0.4 3.0£0.2 5.1+0.2 7.70.3 4.4+0.2
benzoa 2.0+0.1 1.840.1 1.7+0.1 0.9+0.2 2.1+0.1
DTtaHoa 6.0£0.2 4.5+0.2 4.5+0.2 4.6+0.2 4.2+0.2
lerrren-1 3.840.2 3.840.2 3.7+0.2 3.7+0.2 2.7+0.1

CoraacHO yCAOBHBIM CyMMapHBIM  KOO(QUIIMEHTaM IOAAPHOCTYM, CyMMapHas
MOASPHOCTh MOAM(UIIMPOBAHHBIX COpPOeHTOB cHIKaeTrcss B 1.5-2.1 pasa 10 cpaBHEHHUIO
¢ wucxoauelM  Cmaoxpomom  C-80. VIHAMBMAYaABHBIMM — OCOOEHHOCTSIMUM — M3MEHEHUs
MEXMOAEKYAAPHBIX B3alIMOAENICTBUII Ha IOBEPXHOCTU SBASIOTCA yBeANYeHMe CIIOCOOHOCTH
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K TI-KOMIIA€KCOOOpa3oBaHMIO AAs TOBEPXHOCTHOTO CAOSI aAM3apMHOBOTO KoMIldekca Al, k
AOHOPHO-aKLIEIITOPHBIM B3aIMOAEINCTBIAM AAs caost aamnsapuHata Cu(ll) u xk obpasosanmnio
BOAOPOAHBIX CBs3ell Aas1 aansapuHaTa Ni. TepMoauHaMuyeckne XxapakTepUCTUKU aAcopOInm
TECTOBBIX coeauHenmit (Taba. 3) onpegeaensl Ha ocHOBe KoHCTaHT I'enpu (K|) aacopbumm [32],
XapakKTepusyomux crienuduyeckne B3auMoecTBIs copbaT — copbaT, OTHECeHHbIe K eAMHIIIe
IIOBePXHOCTH aAcopOeHTa.

Tabauna 3. Tepmoaunammudeckue XapakrepucTuku koucranT I'enpn (K|) Ha mcxoanom Cnaoxpome
C-80 — 1 u mogudunuposanaom aansaputaramu Ni—2, Co (II) - 3, Cu (II) — 4, Al - 5 (n=3-5,

P=0.95).
Bemnrecrso 1 2 3 4 5
Hurpomeran 41+3 44+4 43+3 26+2 64+5
byraHoH-2 61+4 61+4 59+5 57+3 665
leniten-1 44+3 48+3 47+4 46+3 47+3
DTaHoA 26+2 27+2 25+2 23+3 57+4
bensoa 132+10 169+13 148+12 135+10 19115

Paccunrannple Beanmdunsl K. ykas3plBalOT Ha MOBBIIIEHNEe aACOPOLMOHHOTO IIOTEeHIIMaAa
MoaudunuposanHoro Cmaoxpoma, oOTpakaloleecs B BO3pacTaHUM TeIAOT aAcopOnun
IIpe4eAbHbIX, apOMaTUYeCKUX YIAeBOAOPOAOB, KETOHOB I CIMPTOB, C MaKCHMMaAbHBIM
yseanuenuem aas C-80 + Al(Alz)S, YTO AOKa3bIBAeT 3HAYUTEABHYIO AOCTYIIHOCTb OCHOBHBIX
IIEHTPOB TIOBEPXHOCTM, CIIOCOOHBIX K CHenupUIecKuM B3alMOJAENCTBUSAM C MOJeKyJdaMMu
aacopbaros. Heckoabko mHaue egeT ce0s1 KOMITAeKC c Tpex3apsaaHbiM Al(Alz),, KOTOpPBI IBAsIeTCS
K1CAOTO /lprouca 1 criocobeH pearnpoBaTh C HeMITPpaabHBIMI AOHOPHBIMM MOAeKyaaMmu [33].

B meaom c mcroap3oBaHMeM KOMIIAEKCOB aAM3apMHa yAydlllaeTcsl CUMMETPUYHOCTD
XpomaTtorpapuyeckx IMMKOB, YTO II03BOAsAET IIPOBOAUTHL YCIIEIIHOe pasjeleHle BeIecTs.
JoCTUTHYTOe TIOBBIIIIEHME DKCIIPECCHOCTM aHaAmu3a IPOMCXOAUT 3a c4yeT ocaabAeHms
crienTuPUIecKuX MeXKMOAeKYASPHBIX B3aIMOAENCTBIUIL B pe3yabTaTte MoAuduuposanns. Ha
pucyHKe 4 mpeacTaBaeHa XpoMaTorpaMma CMecH aAKMA3aMeIlleHHBIX U I10AMapOMaTUdecKIX
yIA1€BOJ0POAOB, COAep KaHye KOTOPBIX Hanbo.1ee JacTO PeraaMeHTUPYIOT B TeXHOAOTMIECKOM
U HKOA0TMYeCKOM KOHTpoae [34, 35].
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Pucynox 4 — XpoMaTorpaMMbl cMecH aAKUA3aMeIlleHHBIX U I10AMapoMaTU4eCcKIX yraeBo40po40B
Ha Hacaao4uHOI KoaoHKe ¢ Cuaoxpomom C-80 (1) nu moanduumposanusiM 5 % Cu(Alz), (2) B
pexxuMe rporpaMmMuposanus Temieparypst ot 70 g0 150 °C (ckopocts Harpesa 10 °C/mun): 1 -
6eHs04, 2 - TOAy04, 3 — 9TNAOEH304, 4 — KC1A04, 5 — AeKaanH, 6 — Me3UTHAeH, 7 — IICeBA0KyMOo4, 8 —
uumo4, 9 — Hadpraans, 10 — aypoa, 11 — audenna, 12 — anenadren, 13 — payopesn, 14 — penanrpen,
15 — anTpaneH, 16 — cruanrden, 17 — payopaHTeH.

ITpumenenne Cuaoxpoma C-80, mogudunuposannoro 5% Cu(Alz),, nmossoaser pazaeantnb
KOMITOHEHThl aHaAU3UPYEeMOI CMeCH: M-KCMAOA U O-, M-KCUAOABI, AudeHna u aneHadre,
MEe3UTHNAEH U IICeBAOKYyMOA, HapTaauH u Aypoa. IIpm sTOM yBeaAmumBaeTcs CceAeKTMBHOCTD
pasjeaeHus 110 OTHOIIEHNIO K BHICOKOKUILAIIUM BellecTsaM ((peHaHTpeH, aHTpallieH, (pAyopeH).
Xpomatorpaduueckue gaHHbIe TTOKa3hIBAIOT yBeANIeHIe YAeP>KIBaHIA B Ay apOMaTIIecKIX
YIA€BOAOPOJOB, aAKeHOB ¢ ypeawdenyem Koandectsa Cu(Alz) ma mosepxxocti 5% < 10%
< 15%, moasipHble coeAVHeHMs (®TaHOA, OyTaHOH-2, HI/ITpOMeTaH) ®AIOUPYIOTCs OBICTpee ¢
yBeAMdeHMeM COAep>KaHMs aAM3apMHOBOIO KOMILAeKCa KaTuoHa MeTaada. Ilosbimennas
IIpeApacIIoA0KeHHOCTh K JOHOPHO-aKI[eIITOPHBIM B3alIMOJENICTBIAM OTMedeHa A5 COpOeHTa
¢ Cu(Alz), B koandectse 5%, Ipu TOM HaOAIOAAETCS HAMOOABIIIAS CIOCOOHOCTH K 0OPa3OBAHIIO
BO,ZI,OpO,ZI,HI)IX CBsA3€I ¥ IPOTOH-aKIIeITOPHOMY KOMILAeKCOOOpa3oBaHNIO, BO3MOXKHO, BCA€ACTBYe
KOHTaKTa copOaTa C He®KpaHMPOBAHHBIMU IMAPOKCUABHBIMHU rpymmamu Cnaoxpoma C-80.
Tem ne menee, Cnaoxpom C-80 ¢ 10% Cu(Alz) SABASETCA MeHee MOASPHBIM U3 MCCAeA0BaHHbBIX
COpOEHTOB, UTO C y4eTOM BO3POCIIIe] CeAEKTUBHOCTH A€1a€T ero UCTI0AB30BAHIE 9P PeKTUBHBIM
AAst  XpoMmarorpapuyeckoro pasdedeHus ¥ IpeaBapUTEAbHOTO  KOHIIEHTPUPOBAHILA
peraaMeHTUpPyeMBIX OpraHMIeCKIX MUKPOIIPUMeceis.

3akaouyeHme

CunresuposaHbl Tepmudecku crabmapHbple 40 280 °C copOeHTBI Ha OCHOBe KpeMHe3eMa
Cnaoxpoma C-80, mogudunumposansHoro aanszapuaaramn Meraaaos Ni, Co (II), Cu (II) n Al
Hanecenvie KOMIIA€KCOB Ha TOBEPXHOCTh IIPUBOAUT K CHVKEHUIO BeAMYMHBI IIAOIIAAM YAEABHOT
rosepxHoCTU OT 84 20 68 M?/T (19 %) 1 K0P PunUenToB noasipHocTU B psagax: Cuaoxpom-C-80 >
Ni(Alz), > Co(Alz), > Cu(Alz),> Al(Alz),,

OrpeseeHsl 3aKOHOMEPHOCTY aACOPOIINY OpTaHNYECKIIX COeAMTHEHNI Pa3ANYHbIX KAaCCOB
Ha XeJaTcogep>KaIllyX copOeHTax. YCTaHOBAEHO, YTO IIpM BapbUpPOBaHUM KaTHMOHa MeTaala
B psagy Ni>Co(II)>Cu(ll) n Al> Cu(ll) nHabGamogaercs poct koHcTaHT ['eHpu aacopbrium 1o

BECTHMK EHY umenu /A.H. I'ymuresa. Cepust Xumus. eozpagusi. Dcorozus Ne 4(145)/2023
BULLETIN of L.N. Gumilyov ENU. Chemistry. Geography. Ecology Series 43



IO.T'. Cauxos, E.A. Ilaxnymosa, 2XK.B. @aycmosa, A.W. byzaesa, M.A. I'aspurenio

OTHOIIIEHMIO K copOaTaM, CKAOHHBIM K OpMEeHTaIIMIOHHBIM, AVICIIEPCMOHHBIM B3alIMOAENICTBISAM
U T-KOMILAeKcooOpaszosaHuio. I1pu 40HOpHO-aKIIeITOPHOM B3alMOAENICTBUH CeAeKTUBHOCTD 1
copbumonHas eMKOcTh usmensoTcsa B psaay Ni<Co(II)<Cu(Il) m AI>Cu(II).

Vccaedosariue noddepkaro Mumnucmepcmeom oOpasosanus u nayxu Poccuiickoir @Dedepaiuu,
zpanm 0721-2020-0037.
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Otneai MeTaagapablH aan3apyH KellleHAepiHiH OeTKi KaOaTTapblHAAFbl OPraHNKAaABIK,
KOCBIABICTapABIH aACOPOOVSICEIHBIH epeKIIeaikrepi

AngaTtna. Xpomatorpadusga egaeamere CruaoxpomsiH C-80 Koa4aHy ITOASPABIK KOCBIABICTaPAbIH
JKOFapHI YCTay ITapaMeTp.epiHe, XpoMaTorpaUsAbIK IMIBIHAAPABIH 9PO3UACHHA KoHe acIMMeTPIACHIHA
HariaaneicTel mekTeyai. Cnaoxpom c-80 Oetin esrepty ogici ycnubiAgn XoHe Ni, Co(Il), Cu(Il), Al
MeTaAad aAu3apWHATTapHIHEIH OeTKi KabaTel Oap TepMMAABIK TypaKThl Ta3-XpoOMaTOTrpadpUsABIK
copbeHTTep crMHTe3AeaAi. XpoMaTorpapusAABIK yCTay 3aHABLABIKTaphl aHBIKTAAABl JKoHe OpraHMKaAbIK
KOCBLABICTaPABLIH 9pPTYypAi KaAacTapblHa KaTBICTHI >KaHa COPOLMAABIK MaTepuallapAblH I1OASPABIFBI
MeH CeAeKTUBTIAiTiH caaplcTBipMaabpl Oarasday OKypridiagi. AamsapmH KellleHAepiH KOAJaHY
XpoMaTorpapUAABIK IIHHAAPABH CUMMETPUACHH >KaKcapTaasl, Oya 3aTTapAbIH C9TTi OeaiHyiHe
MYMKiHAIK Oepeai. TaagayaslH ®SKCIpeccuBTiAiriHiH >KOFapblaaysl MoAMQUKAIUsA HITUKecCiHAe
HaKThl MOJeKyJlaapaablK ©3apa opeKkeTTecyaepaiH aacipeyine OaltaaHbICThl. AAKMA aAMacCThIPbLAFAH
JKoHe II0AMapoMaTThl KeMipcyTekrepai Oipaecint aHBIKTay VINiH ras xpomarorpauscblHAa MeTaala
aAM3apUHATTaPBIHBIH aAcOpOLMAABIK KabaTTaphl Oap copOeHTTepAl K0A4aHy MYMKIiHAIri KepceTiareH.

Tyiia cesaep: ras xpomaTorpausCh, COpOEHT, KpeMHUI AMOKCHAL, CMAOXPOM, MeTaAA KellleHi,
aAmu3apuHaT, XeAaT, HuKeAb, K0OaAbT, MBIC, aAIOMUHUI, 9KOA0TIS

Yu.G. Slizhov, E.A. Pakhnutova, Zh.V. Faustova, A.l. Bugaeva, M.A. Gavrilenko
National Research Tomsk State University, Tomsk, Russian Federation

Features of adsorption of organic compounds on the surface layers of alizarin transition
metal complexes

Abstract. The use of untreated Silochrome C-80 in chromatography is limited due to the high retention
parameters of polar compounds, blurring and asymmetry of chromatographic peaks. A method for
modifying the surface of Silochrome C-80 is proposed and thermally stable gas chromatographic sorbents
with a surface-deposited layer of metal alizarinates Ni, Co(II), Cu(II), Al are synthesized. The regularities
of chromatographic retention were revealed and a comparative assessment of the polarity and selectivity
of new sorption materials with respect to various classes of organic compounds was carried out. The use
of alizarin complexes improves the symmetry of chromatographic peaks, which allows for successful
separation of substances. The achieved increase in the expressiveness of the analysis occurs due to the
weakening of specific intermolecular interactions as a result of modification. The possibility of using
sorbents with adsorption layers of metal alizarinates in gas chromatography for the joint determination
of alkyl-substituted and polyaromatic hydrocarbons is shown.

Keywords: gas chromatography, sorbent, silica, silochrome, metal complex, alizarinate, chelate,
nickel, cobalt, copper, aluminum, ecology
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MeTtoabl cuHTe3a PpOCcPOpNANPOBAHHBIX TAMKOAbYPIAOB

Annoranus. Qocdopcodepxaujue coedureHus HAWAU WUPOKOE NpUMeHEHUe 6 PasHbIX
obracmax. B ceavckoxossiicmeenon 0esimeAbHOCY amuy CoeOUHEeHUs NPUMEHIOm Kax
necmuuudbl;, U36eCHO MAKxKe UX UCNOAL306AHUEe 6 Kadecmee anmunuperos. B meduume
oarnvie coeOUHEHUS. MOYm HPUMEHAMbCS KAK  NPOMUGOONYXOAe6ble Npenapamot U
awmubuomuxu. B ceoto ouepedv 6 opzanusme uerosexa pocpopcodepicaujue coedurerus
6X005M 6 COCMAE PASAUNHBIX Pepmermos. Beutecmea, codepxauiue pocdop, coedunérivie
C AmMoMoM A3oma uepes yzaepod, Gul3viearom 00AbuLou unmepec y uccaedosamereti. C ux
NOMOULHIO 603MOXKHO TOAYUEeHUE AHAAO206 AMUHOKUCAOM, codepxkaujux ¢ocpop. Taxue
COeOUHEeHUS MOZYm GLICMYNAMs 6 Kauecmee AHMUNUPEHO60tl 000A6KU UAU NPOSEASIMD
0u0AOZUYNECKY10 AKTNUEHOCHTD.

B c6ot0 ouepedv Xumusl UUKAULECKUX MOUESUH, npexde 6cezo, 0Aaz200aps doCmynHocmu u
NOAUPYHUUOHAADHOCTHY NOCACOHUX, NpemepneAd OypHoe paséumue 6 pasruuHblx cpepax
YeA06eUecKoil 0esmeAbHOCTIL.

O0HUM U3 npozpeccupyroujux HANPAGAHUTE PASSUTNUSL XUMUU ZAUKOADYPUAOE ABASEHICS
curmes u uccAedosanue Ha ux ocHose @ocgopcodepxaujux coedureruii. OoHospemerHoe
covemanie PpazmenInos MoesuHvl U HocHoOPUALHLIX 2PYNI 6 MOACKYAL H0360A5lem npudamb
UeAe6oMY 6eujecmey cneyuduueckue MNoAeSHble C60UCMEa, YUMo SA6ASemcs npeomermom
ULUPoK020 00CYXKIeHUSL Memoo6 NOAYUeHUS POCHOPUAUPOSAHHDLY MOUEEUH.

B dannoii cmamove paccmompervl 0CHOGHVIE 00AACIU NPUMEHEHUS 2AUKOADYPUAOE U UX
npoussodrvix. ITomumo amozo, codparvl u paccmompervl pasauvmvie memodvl nOAyUeHUs
pocPopuruposantbix  Npousc0OHvIX  AukoAvypurd. Taxxke Ovia  nposeder  AHAAUS
UMEIOULUXCS AUMEPATYPHBIX OAHHBIX N0 CUHMESY U C60LCeaM pada Pocdopopeanuyeckux
ZAUKOADYPUAOE.

KaioueBble caoBa: zaukorvbypua, Mmouesuna, $ocPopopearuveckue  npoussoovle,
Pochopuruposantivie ZAUKOADYPUADL.

DOIL: https://doi.org/10.32523/2616-6771-2023-145-4-50-60

Xumns — OUKAMYECKUX MOYeBMH, IIpeXJe Bcero, 0Oaarogapsi  AOCTYIIHOCTM U
I0AMPYHIIMOHAABHOCTY II0CA€AHMX, IIpeTeplieda OypHOe pasBUTHE B Pa3AMIHBIX cepax
Jye/10Be4eCcKou AesTe AbHOCTI.

Pa3paboTKy M cOBepIeHCTBOBaHMe U3BeCTHBIX METOAOB CUHTe3a M (PYHKIIMOHAAU3AIUN
MOHOUMKAMYECKUX a30TCOAep>KallliX IeTepOLUKAOB BO MHOTOM CTUMYAUPYET UX U3BECTHOE
yJacTue B AesTeAbHOCTH deaoseka. Hampumep, cpeayn IMKAMYECKMX COeAVHEHMI Ha OCHOBE
¢ochopnanpoBaHHEIX MOUEBUH BCTPEYAIOTCSI IMOAMMepHbIe coeArHeHus [1] m mpemapaTsl ¢
BBICOKOJI IIeCTUIIMIAHOM, aHTUXOAMHDCTePa3HON, NPOTUBOBUPYCHON M IPOTUBOMUKPOOHOI
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Memodvr curtmesa GocPopurUpoSarHvIX 2AUKOADYPUAOS

aKTMBHOCTBIO [2]. B xmmum OunmMKAMdeckux OMCMOYEBMH TIAMKOABYPUA 3aHUMaeT ocodoe
MeCTO CpeAM a30TCOAep>KallMIX IeTepOLNKANIECKIX COeAVHEHNII, IpeXXAe Bcero O1arogaps
KapKaCHOMY CTPOEHMIO ¥ HaAM4IMIO MHOTO(MYHKIIMOHAABHBIX PeaKIIMOHHBIX IIeHTpoB. Cpean
dochopuanpoBaHHEIX ~ OMIIMKAOB  M3BeCTHa  2,6-AMaleTUA-TAMKOABYpUAAUPOCcPOHOBas
KIICAOTa, KOTOPYIO MCIIOAL3YIOT B KauecTBe MoauduKaTopa 91eKTpoda AAs KOANYeCTBEeHHOTO
oIpejeaeHns XoAecTeprHa MeTOA0M BoAbTaMIlepoMeTpun [3].

Taxoe mupokoe npuMeHeHMe 1 aKTyaabHOCTh CCA€A0BaHUI CO34aeT HOBble BO3MOXKHOCTI
IIPUMEHEHNsI Pa3ANYHBIX IIPOM3BOAHBIX TAMKOAbypuAa. OAHMM U3 IIPOTPeCCUPYIOINX
HaIlpaBAeHNII Pa3BUTIS XUMUY TAMKOABYPUAOB ABASETCs CUHTe3 U 1cCAeJOBaHIe Ha IIX OCHOBe
dochopcosepxamux coeannennit. OJHOBpeMeHHOe coueTaHMe (PpParMeHTOB MOYEBMHBI I
¢ochopnapHBIX TPYIIT B MOAeKyAe IT03BOAseT IPpUAATh 11e1eBOMY BeIleCTBy crelyduieckne
II0Ae3Hble CBOMCTBA, YTO SBASETCSI IPEAMETOM IINPOKOTO OOCY>KAEHUS MEeTOAOB ITOAYIEHUs
PpochopuanposaHHbIx MOUeBMH [4, 5].

[TockoABKY Ha CeroAHSIIHUI A€Hb B AOCTYIIHOM AWTepaType OTCYTCTBYIOT CBeAeHN:,
o0ob1Ialoe MeToAbl CMHTe3a U MCCAeA0BaHMsA XMMMUIeCKUX CBOCTE $GocdOoAnPUPOBAaHHBIX
IAMKOABYPHUAOB, B JAHHOJ padoTe IIpoBeJeHa cuUcTeMaTu3alyisl 3HaHUI B ®TOM 004acTy, 4TO
ITOCAY>KILA0 OCHOBaHMEM AAs HallMCaHUsI AaHHON PabOTEI.

O0cyxaenmne

CoBOKYIIHBIN aHAAM3 UMEIOIIXCS AUTePaTyPHBIX AaHHBIX II0Ka3a, 4TO B II0CAeAHee BpeMs
pacmmpsieTcs KpyT cBeJeHnii o peakuysax pocpopuanposanns 2,4,6,8-rerpaazadbunmkao(3.3.0.]
OKTaH-3,7-ANOHa-(rankoarypuaa) 1.

['aukoapypua 1 — 5TO IPOAYKT OMIMKAM3ALMU MOYEBUHEI, HO, B OTANYME OT MOYEBMHEI,
rankoapypua 1 noandynkumnonasen. 'aukoarypua 1 umeer yetsipe g4oHOpHBIe rpyrmsl (-NH)
n ase akuenrtopusle (C=0) rpynmsl. I[lo xumMmuuecknm cpoiictBaM ramkoabypua 1 spasercs
TunuHeIM N-HyKaeopuaoMm 1 aerko criocoOeH BerynaTh B peakunu N - pocopuanposanms.

Aptopamnu [7] Oblaa mccaejoBaHa peakLNs IlepeaMUAMPOBAHUA C MCIIOAb30BaHUEM
ramkoabypuda 1 u terpastuainamMuao-Tper-oyruadocdura 2, npusogsias K 00Opa3oBaHUIO
IAMKOYpPUA3aMeIleHHOTO AuSTUAaMUA0-TpeT-OyTnadocduTa 3 (cxema 1). Peaxinio mposoanan
HarpeBaHyeM B COOTHOLIeHMM 1 : 2 Macchl rAMkKoabypuaa 1 u TeTpasTUAANMAMUAOTPET-
oytnadocdura 2 COOTBETCTBEHHO B Cpeje ®TuJalieTara. Takoe COOTHOIIEHNE II03BOASET
CKOOPAMHMPOBATbCA ABYM MoAeKyadaM Tper-Oytuadochpura 2 K AByM aMMHOIpyHIIaM
(moaoxenns 2, 6). Ilpum ®TOoM coxpaHseTcs BadeHTHOCTh aToMa (ocdopa, YTO BHI3BIBAET
3HAYUTEABHBIV MHTEPEC K AaHHOMY IIPOAYKTY 445 AAABHEMIINX CCAAOBAHUIA.
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Cxema 1 Peaxiiun pocopuanposanust rAnKoapypuaa 1.

9 (89%)

B cepum kwuranickmx 1marenros [8-10] ommcaHsl OrHesammTHBIE  A00aBKM  —
N-dochopnanposannble Tpou3BOAHBIE TAUKOABYpPHUAaA 5 U MX CIIOCOOBI MOAy4YeHNsI Ha OCHOBe
N-aaxnanponsBoaHbIX rauKoabypuaa 4 (cxema 1). JaHHble coegMHEHNS SIBAAIOTCS OTANYHBIMU
azoTr-$pocdop CMHePTeTMYHBIMIU aHTUIIMPeHaAMI.

Bricokast HykaeopnapHOCTh aToMa ocdopa obecrieqnBaeTcsl HaANINEM HeEIIOAeAeHHOI
DAEKTPOHHOI Tapbl artoMa d¢ocdopa, a TakxkKe JOHOPHBIM HSPPeKTOM aAKUABHBIX
TPy, CIOCOOCTBYIOIIMX A€rKOCTM IIPOTeKaHUsI BTOPOI cragum peakumu ApOysosa —
Ae3aAKMAVNPOBaAHM.

Apropamnu [11] Ob12 IHOAy4YeH 2,6-au(1-austnadocdonoanerna)?,4,6,8-
TeTpaazoounukao[3.3.0Jokran-3,7-amon 9  peaxkumenn  Ppocpopuanposanus  2,6-amu(1-
opomanerna)-2,4,6,8-rerpaaszodbunukao-[3.3.0]Jokran-3,7-41o0Ha 7 C BKBUMOASAPHBIM
KoAmdectsoM Tpustuadocdura 8.

docdoHOBBIE KCAOTH 001a4aI0T 3HAUNTEABHON O11010TY€CKON aKTUBHOCTHIO B CpaBHEHIIEe
¢ nx adpupamy, 4YTO BHI3bIBaeT OIlpejeJeHHbIl MHTepec K TaKUM CTpyKTypaMm. Apropamnu [11]
OBlA ITPOBeAEeH KMCAOTHBIN ruapoans audocpoHaTta 9 ¢ TpOPOMCUAAHOM B alleTOHUTPIUIE,
IIPUBOAAIINIL K COOTBETCTBYIOIIel AnudocdoHosoir kucaore 10 (cxema 2).
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o7 e
EtO— HO

bEt 10 H

Cxema 2 Kucaornsiii rugpoans audpocdonara 9 ¢ rpubpoMcraaHOM.

AudocdoHOBLINT KOMILAEKC TepaaleTUArANKoAbypuaa — gurekcaxaopodocdopar 2,6-Am-
(4,8-ananetna-2,4,6,8-rerpaasadbuiukao[3.3.0]Jokran-3,7-410H)-2,6-A1-(XA0Pp-DT€HUATPU-
xaopdocponns) 12 Opia moayuen B pabore [12]. Tlocaeanmit 12 mpeacrtaBaser coOOM
Oeaoe KpucTaaamyeckoe, HEyCTOMYMBOE Ha BO3AyXe cOoejUHeHNe, IOAydeHHOe II0 peaKIuu
dochopnanposanus 2,4,6,8-rerpaanerna-2,4,6,8-rerpaasadbunukaol3,3,0Jokran-3,7-anona 11
reHtaxaopugaom gocdopa (cxema 3).

0 0 cl

I ! A
R__ )k ([/1 RN N— . 80-90°C, 3h R\N N/
N N— \CH3 6 PC]5 \\CHPC13 2PC16- PhCOH POCI, \CH
H,C -2 POCl, C13PHC\ -POCI, ({ CIZO
Ne— ~R -4 HCl N ~R -PhCHCI, N
4 \( b c/
(6]

R=~—" Nen, 12 (56%) 13 (48%)

Cxema 3 Peaxnmst pocpopuanposanns 2,4,6,8-rerpaanerna-2,4,6,8-rerpaasaburnkaol3,3,0]
okraH-3,7-auoHa 11 nenraxaopusom ¢pocdopa.

briao 3ameueHo, 4TO peakijus IIpoTeKaeT IIpM HarpeBaHMu B aTMmocdepe aproHa B
TpUXAOpMeTaHe, B COOTHOIIeHNN: Ha 1 Moab 2,4,6,8-TeTpaanetna-2,4,6,8-rerpaasabunuxao|3,3,0]
okTaH-3,7-agunoHa 11 — 6 Moab neHTaxaopua pocdopa.

OueBnAHO, peakums IpoOTeKaeT depe3 CTaANIO NPUCOeAVHEeHNUs IeHTaxaopuda ¢pocdopa
10 aTOMy KICAOPOJa alleTMABHON TPYIIIB], ¢ oOpa3oBaHMeM KoMILleKkca 12, KOTOpHII gadee
pasaaraercs OeH3aabAeTAOM A0 Hpoaykra 13 (cxema 3).

Peaxmiuio ¢ocdopuanposanus Tterpa-N-MeTnaoarankoabypuaa 14 TerpastmaimaMao-
TpeT-OyTnadochurom 2 aBrophl [13] mposoamAm B cpege »TuAalerara C OJHOBPEMEHHOI
OTTOHKOI A®TuMAaMuHa. B pesyapTate OBla BbldedeH MacCASHUCTBINT IPOAYKT 2,6-am-(N-
anstunaamngomernioadocdaro)-2,4,6,8-rerpaazodbunukao[3.3.0.Joxkran-3,7-auon 16  gepes
oOpa3zoBaHIe IIPOMEKYyTOUHOTO coeauHeHns 15 (cxema 4).
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Cxema 4 Peaxniun ¢pocopnanposanns terpa-N-MeTnaoaraukoavrypuaa 14.

B saapHeiimeM n3ydeHnn peakMOHHON CIIOCOOHOCTH TeTpa-N-MeTUA0ArANKoAbypuaa 14
B peakumsx ¢gocdopuanposanus 06110 mnposegeHo [10] ero BzammMogenicTiie ¢ TPeXAOPUCTBIM
Pocdopom (cxema 4). PocpopnanposaHue IPUBOANAOCH B AOCTATOYHO MSTKNMX YCAOBUAX B
CpeJe TekcaHa IIpU HarpeBaHUM pacTBopa. BrlgeaeHHOe KpucTaaamdeckoe BeIecTBO JKeATOTO
nsera 2,6—an-(N-mernaxaopdocdaro)-4,8-xaopmerna-2,4,6,8- rerpaazodninkao3.3.0.Jokran-
3,7-a10H 18 — IpOAYKT, ITOAy4eHHBII TTocAe OKmcAeHus pocpopHbIX pparMeHTOB B COeAMHEHUN
17 A0 IATUBA/AEHTHOTO COCTOSHUA (cxema 4).

Mssectno [12], uTO B PpsAgy coeAuHeHUIT TpexBaldeHTHOro ¢ocdopa dPupoamMuAbl
¢ochopucThIX KMCAOT A0CTaTOYHO A€TKO OOMEeHMBAIOT aMIAOTPYIIILY 110/, AeICTBIIeM CIIUPTOB,
amMnHOB 1 PpeHoaoB. [Togo0HbII crtocod odyeHb YA00eH AAs MOAY4eHUs TPYAHOAOCTYIIHBIX B
HPsIMOM CUHTe3e aMIA0(POCcPUTOB.

[Iposesenne peaknum 14 B cpege abcoal0THOro OeH3oAa C AByMs DKBUBaJdeHTaMU
auMertokcnxaoppocpara 19 m nupmauHa B KadecTBe akIleITopa XAOPHUCTOTO BOAOPOJa
IpuBeA0 K o0pasoBaHMIO cMmecu MpoAykTos 20 u 21 (cxema 4). Peakiins mpoTekaeT ¢ CMABHBIM
pasorpesaHmueM, TpeOylOIeM 3HAYUTEABLHOTO oOXxAaXdeHus. CTPyKTypbl CHUHTe3MpPOBaHHBIX
coeauHennit 20 u 21 6141 A0KasaHBI ¢ TpuBaedeHneM gaHHbIx VIK-, SIMP-cniektpos [13].

CpaBHMUTEAbHO He4aBHO KOAAEKTMBOM MPaHCKUX MccAejoBaTeaeli onyOAnKoBaHa pabora
[14], B xoTOpOI1 aBTOpaMu COODITaeTCs O CUHTe3e IAMKOAbYypuAa 23 ImyTeM TPeXKOMIIOHeHTHOI
peakunu ramkoasypmaa 1, mapadpopmaapgernia n $ocPopucroit KucAoTel (22) B dTaHOAE
B IIPUCYTCTBUU COASHOM KUCAOTHI (cxeMa 5). JaHHBIN TAMKOABYpUA (23) OBlA MCIIOAB30BaH
B Ja/AbHeNIeM B KauecTBe KaTaaAu3aTropa B MYAbTMKOMIIOHEHTHOM CUHTe3e IPOM3BOAHBIX
3-meTtna-1,4-andpenna-1,4aurnapodenso[6,7]xpomeno|2,3-clnupaszoa-5,10-amoHa.

54 Ne 4(145)/2023 A.H. Tymures amvindazor EYY Xabapuvicor. Xumus. eozpadus. Dorozus cepusico
ISSN: 2616-6771, eISSN: 2617-9962



Memodvr curtmesa GocPopurUpoSarHvIX 2AUKOADYPUAOS
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Cxema 5 CuHrTe3 rankoaypuaa 23.

JaabHeiinne nccae0BaHNIs aBTOPOB ObLAM HaIlpaBAe€Hbl Ha IT0AyYeHI sl HAaHO-KaTaA3aTOPOB
Ha ocHose 23. Tak, B paGore [15] aBTOpHI ONMCBHIBAIOT CIIOCOO IOAYyYeHMSI KOMILAeKca
raukoapypuaa 23 c Fe,O, n ero npuMeHeHnne B KauecTse KaTaAu3aTopa B MHOTOKOMIIOHEHTHOIA
peaxInm C I1eAbl0 I0AyJeHNs IIPOU3BOAHBIX AM(PEHNAHNKOTUHUTPIAA.

Peaknums 1,3,4-TpuMeTNATAMKOABYpHAa, aAUpaTUIECKUX aabaeTuA0B 1 Tpudennadochura
B IIPUCYTCTBUM METaHCYAb(POHOBOM KICAOTH JaeT HOBbIe pocpopcogepsKaliiye MpOon3BoAHbIe
ramkoaprypuaa. Asropammu [16] Oblaa mposedeHa peakuusa 1,3,4-TpUMeTUATAMKOABYpPUAA
24, tpudennadpochdura 26 u aandarmgecknx aabaernios 25a-d (cxema 6), 4TO HIMPUBOAUT
K 00pa3oBaHMIO palleMHYecKnx cMecell amactepeoMepos 1-[1-(audpenoxkcndocdopna)
aaxnal-3,4,6-rpuMernarankoarypuaos 27a-d. Beitbop tpudennadpocpura obycaosaen 6oaee
BBICOKOJ peaKIIMOHHOI CITOCOOHOCTBIO apnAdochpuToB Mo cpaBHeHMIO ¢ aakuadochuTamu u
aAKnaxa0podpocPpuTaMIL.

(0]
Me R
\ NN
N
/ MeCN, MsOH OPh
' P(OPh)3 room temperature /
Me——N Me—— o~ \
N
Me \Me
o o
24 25a-d 26 27a-d
a R=Me, dr46:54, 56%
b R=Et, dr 53:47, 51%
R=Pr,
C " dr57:43,63%
R=n-C
d 5H1 1s dr 6040, 33%

CxeMma 6 Peaxus 1,3,4-TpUMeTNATANKOABY pUAa, aAuaTUIECKIX aabAeTUA0B U
Tpudennadocura B IPUCYTCTBUN METAHCYAb(POHOBOI KUCAOTEL.

C 1meabi0 AaABHENIIETO PasBUTUSL CIoco0a BBeAeHIsT (POCPOHATHON IPYIIIIHI B MOAEKYAY
rAMKOAbypHuAa aBTOPBl pabGoTel [17] pacmmpuam Kpyr UCIOAB3YeMBIX aAbAeTMAOB B
TPeXKOMIIOHEHTHON peakiun 1,3,4-TpuMeTUATANKOABYpHUA], aabAernia u Tpudennadocdura
Oenzaabaernaom u ero mpouspoAnbiMu ¢ samectuteasmu (NO,, OH) B pa3andHBIX TT0A0KEHUSIX.
ApTOopammy OblaM BbIA€A€HBI U OXapaKTepM3OBaHBI OOpasylolmuecs B XOAe peakIumu
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UHAMBUAYyaAbHBIe AMacTepeoMepbl (ocPoHaTIIPOU3BOAHBIX 1,3,4-TPUMETUATAMKOAbYPUAA
28e’-j’ u 28e”-j”. IlpumevareanHo, 4to peaxkuus 1,3,4-TpUMeTMATANKOAbYpHAA C ONMCAHHBIMU
B pabote [15] Oensaabaermaamu u TpudennadpocPuroM mIpoTeKaeT C AMacTepeoOMepHBIM
130BITKOM (cxema 7).

(0]
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28e'' 286" "
-R= = 20:80: - R=4-NO —

28e"e" RR= 33@65’ BbIX0A = 82 %, dre"e” . 20;825_67, 28h"h 2CgHy, BbIXOA = 40 %, drh™h
28" "o o SpleHa Boxon =60 %, or o0 3070 g oy opc = 35:65;
28ghqn NS —a7o vow o 19:00; 2gihit Hy, Bbixog = 36 %, drii" _ . ..

g"g sHa, BoIXOA = 67 %, drg'g . -R=2-NO 64 = 2:98;

28j"j" 2CgH4, BbIXOA = 64 %, dr j*-j"
Cxema 7 AnacrepeoMepHbie U30BITKIAL.
3akaroueHue

Takum oGpa3oM, HaMI ITPpOBeJeH aHaAU3 UMEIOLIMXCS AUTePaTyPHBIX AAHHBIX 110 CUHTe3Y U
cBoricTBaM psda pocPopraHNIecKnX IANKOABYPUAOB, T.K. K HACTOAIIEMY BpeMeHM OTCYTCTBYIOT
0030pHBIe MaTepuaAbl, IIOCBAIIeHHbIe JaHHOMY BOIIPOCY.
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®ocdopnageHreH raukoAypmuajepai cMHTesAey agicrepi

Angarna. Kypamsiaga ¢ocdop Oap KOCBLABICTAp 9pTYpai cadadapia KeHiHeH KOAJaHBLAAaABL
AyblAIIapyalllblAbIK, KbI3MeTiHAe OyA KOCBIABICTap HecTULMATEP peTiHAe KOAdaHblAaAbl; 0AapAbl OTKa
TO3iMAi 3aTTap peTiHAe K0AAaHy aa Oeariai. Meauinnnaja Oya KOCBLABICTapAbI iCiKKe Kapchl IIperapaTTap
MeH aHTUOMOTUKTep peTiHAe KoaAaHyFa 6oaaabl. O3 KeserinAe agaM ar3achlHAa KypaMbiHAa ¢pocdop Hap
KOCBLABICTap 9pTypAi PpepMeHTTEpAIH KypaMbIHa Kipedi. KypaMbiHAa KeMipTeri apKbLABI @30T aTOMBIMEH
Hartaanbickan Qpocdop Oap 3aTTap 3epTTeyIIidepAiH yAKeH KBISHIFYIIBIABIFBIH TyAbIpaabl. OaapAbiH
KeMeriMeH KypaMbiHAa (pocdop Oap aMMHKBIIIKBLAJAPBIHBIE aHAaAOTTaphlH aayfa ©oaaasl. MyHaait
KOCBLABICTap >KaAbIHFa Kapchl KOCIIa peTiHAe opeKeT eTyi HeMece OMOAOTMAABIK OeAceHAiiKTi kepceTyi
MYMKiH.

O3 KeseriHge IIMKAAIK MOYEBMHA XUMUSCHI, €H aAABIMEeH, COHFBICBIHBIH KOA >KeTIMAIAITi MeH
NOANQYHIINOHAAABIABIFBIHBIH apKachlHAA adaM KBI3METiHIH apTypai casaszaphiHaa KapKBIHABI JaMyJaH
OTTI.

['AMKOABYpPMA XVMMUACBIHBIH AaMYBIHBIH IIPOIpeccHBTi OarbITTapbIHBIH Oipi - oaapAblH HeriziHge
docdop Oap KOCBLABICTapABI CHUHTe3Jey KoHe 3epTTey. Moaekyaajarsl ModeBMHa (pparMeHTTepi MeH
¢ocdopna TonraprHbIH O6ip Mesriage yiiaecyi MaKcaTTh 3aTKa Oeariai 6ip maiigaasl Kacuertep Oepyre
MYMKiHAiK Oepeai, Oya ¢ocdopaanraH MoUeBMHAAAPABI ady d4icTepi Typaabl KeHiHeH TaAKblLlaHaTBIH
TaKbIPBIIL.

bya makazaga ramxoapypuagep MeH 0OAapAblH TYbIHABLAAPBIH KOAAAHYABIH Heri3ri OarbITTapbl
KapacTeippiafaH. COHBIMEH KaTap, TAMKOABYPMAAIH ¢ocdopaaHFaH TYBIHABIAAPBIH aAyABIH opTypAai
aAicTepi >XMHaAabII, KapacTeipblaaabl. CoHgali-ak Oipkartap (pocopopraHMKaAbIK IANKOABYPUAAEPAIH
CHHTe31 MeH KacmerTepi Typaasl Koa4a Oap 94e01 gepeKrepre TaaAay >Kyprisiaai.

Tyitin cesaep: ramkoaypmua, MouesmHa, ¢ocdOpOpraHMKaAbK TybIHABIAAp, ¢ocdopaaHraH
TAUKOAYypUAAEP.
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A.A. Gubankov
National Research Tomsk State University, Tomsk, Russia

Methods for synthesis of phosphorylated glycolurils

Abstract. Phosphorus-containing compounds have found widespread use across diverse fields.
In agriculture, these compounds serve as pesticides, and their application as flame retardants is well-
documented. In the realm of medicine, they exhibit potential as antitumor drugs and antibiotics, while
within the human body, phosphorus-containing compounds play integral roles in various enzymes.
Compounds with phosphorus linked to the nitrogen atom through carbon have garnered significant
attention from researchers, offering the possibility of generating phosphorus-containing analogs of amino
acids. These compounds can function as flame retardants or showcase biological activity.

Concurrently, the chemistry of cyclic urea has experienced rapid development in various domains,
primarily attributed to its accessibility and multifunctionality. A progressive avenue in glycoluryl
chemistry involves the synthesis and exploration of phosphorus-containing compounds derived from: it.
The combination of urea fragments and phosphoryl groups in the molecule imparts specific and beneficial
properties to the resulting substance. This integration is extensively discussed in methods for obtaining
phosphorylated urea.

This article delves into the principal applications of glycolurils and their derivatives. Additionally, it
compiles and examines various methodologies for synthesizing phosphorylated glycoluryl derivatives. The
analysis extends to existing literature data on the synthesis and properties of numerous organophosphorus
glycolurils.

Keywords: glycoluril, urea, organophosphorus derivatives, phosphorylated glycolurils.
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Cseaenns 00 asTOpax:

Baxubaes A60uzaru A6dumananoeuy — aBToOp AAs KOPPeCIIOHAEHIINY, AOKTOP XMMUYECKUX Hayk,
rpodeccop, BeAyIINI HayIHbII COTPYAHNK AabopaTopun opraHmdeckoro cuntesa X TI'Y, np. /lennna,
36, Tomck, Poccust.

TI'op6un Cepzeii Mizopesuu — activpaHT, 3aBeAyIOIINIT 1a00paTOpuell IIOAMMEPOB I KOMIIO3UITVIOHHBIX
Matepuaaos XP TI'Y, nip. Aenuna, 36, Tomck, Poccns.

I'ycasaxos Arexceii HukoAaesuy — acnupaHT, MAaAIINIT HAyYHBI COTPYAHMK B IIeHTPe CCAeA0BaHNII
B 002acty MaTepuaaos u texHoaoruit XP TI'Y, np. Aennna, 36, Tomck, Poccus.

Maavkoe Buxmop Cepzeesuy — KaHAMAAT XMMHUYECKUX HayK, 3aeayloliuii aaboparopueii
opranmyeckoro cuntesa X® TI'Y, np. Aennna, 36, Tomck, Poccus.

Yxo06 Apmyp Doyapdosuu — acnupaHT, Aa0OpaHT IjeHTpa UCCAeAO0BaHMII B 001acTy MaTepuaAoB I
texHoaoruit X® TI'Y, np. Aennna, 36, Tomck, Poccus.

Kymanos Kaiipam Bepuxboramyavt — conckateab AadbopaTopun opraamdeckoro cunresa X@ TI'Y,
np. Jlennna, 36, Tomck.

I'yoanxos Arexcandp Arexcandposéuy — MarUCTpaHT, Aa0OpaHT LIeHTpa MccAeAO0BaHUII B 001acTu
MaTepuaaos u texnoaornt X® TI'Y, ip. Aennna, 36, Tomck, Poccus.
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THAO «Kocmanaiickuii pezuonarvnviii yHueepcumem umeru Axmema baiimypcoinyao»,
Kocmanaii, Kazaxcman

2Yayoaz Yuusepcumem, bypca, Typuus

(E-mail:"baubekoval973@mail.ru, *eatasoy@uludag.edu.tr, 'kuanyschbayev65@bk.ru)

Anaan3 u Kaaccupukanysa onkoHNMoB KocraHnaiickon
ob6aactu (Ha mpuMepe Y3yHKoabckoro u Kocranarickoro
parioHOB)

AuBoranus. B cmamve npedcmasiena Xapaxmepucmuxa $usuveckoli, couuUarbHoi,
aKkoHoMuveckoi zeozpaduu  Ysyrkorvckozo u  Kocmanaiickozo paiionos. Ilo  darnuvim
AOMUHUCHPAMUEHIX KAPT PACCMAMPUCAEMBLX PATIOHOS, CNPACOUHIKA ADMUNHUCIPATUGHO-
meppumopuarvrozo dererus Kocmanaiickoil o0aacmu, cocmasier CNucoK HACEACHHIX
nynxmos Ysynxoavckozo u Kocmanaiickozo pationos (84 obvexma), npoanarusuposatvl
IMUMOAOZUA U 2e0zpadureckoe noroxKerHue, nposedera Kaaccuuxayus ouxoHumos no 12-
MU NPUSHAKAM U UX COOTEEHICHIEUE THONOHUMULECKUM KAACCAM.

Anarus zeozpagduveckux 00veKmos NOKA3AA, U0 MHOZUUCACHHYIO ZPYNnY COCIMAGASION
AHMPONOMONOHUMYl, HA Komopvie npuxodumcs 23%, daree caedytom zudporumol - 14%,
MONOHUMBI-Muzpanmol, Pumomononumut, s00mononumvt — 12% u 8% coomeemcmeento,
6 HaumeHbliel cmeneHu NpeocmAsAeHbl OUKOHUMDBL, CEA3AHHDIE €  HPOMUIULACHHOT
JesmeAbHOCbI0  peeuona. B Haseanuu HACEACHHLIX MNYHKMOE onpederervl O0CHOGHbIE
S3LIKOGDIE CeMbU, € KOTHOPLIMU COOMHEceHbl paccmampuseaemole 00veKmol, — amo aAmaickas
u undoesponeiickas, 20e 27% OUKOHUMOE OMHOCAMCA K MIOPKCKOU A3bIK060U 2pynne,
NpeuMyuecmeeto Kk Kasaxckomy sA3oKy.

Ipu nomouyu npozpavmor QGIS 6viau cosdanvl kapmuvl Ysyrkorvckozo u Kocmanaiickozo
paiionos, HA KOMOpulX 0003HAUEHDl NepeuMeHosaHivie 34 nocaedHue 200b1 HACeAeHHble
NYHKMbL, @ MAKKE HPEOAOKeHDl K NepeuMeHosanio omaerviivie monoHumul. Tononumor —
HAWA NAMAMD 0 S3bIKe, UCTMOPUL U 2e02paduul, boree nodpodHoe Ux usyuenue Kpaite 6axHo
u HeobxoduMo.

Kaiouesble caosa: Ysynxoav, Kocmanaii, otixoHum, @umomonoHum, 3001MONOHUM,
2UOPOHUM, AHINPONOTNONOHUM, MONOHUM-MUZPAHII.

DOI: https://doi.org/10.32523/2616-6771-2023-145-4-61-70

BBeaenmne

Tormonnmuka wnmeer OoablIOe 3HaueHMe AAs reorpaduyeckoit Hayku. Visyuennme
reorpadpuyeckmx Ha3BaHMUII aKTyaAbHO AAs oOIlecTsa. VsmeHeHms reorpadpuyecknx Ha3BaHUIA
AEMOHCTPUPYIOT IIPOIIeCChl, IPOUCXOAAIIe BO BpeMeH!, OTpaXkaloT reorpaduio, MCTOPHUIO.
Vccaeposanme reorpadpuueckux Ha3BaHUIL - 9TO BePHBIN IIyTh K PaCKPBITUIO HOBBIX CTPaHMI]
0 HaceAeHUM, Teorpadpuy U UCTOPUM POAHOTO Kpas, KOTOPBIN ITO3BOAMUT He IOTePsATh CBA3b
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IIOKOAEHUI ¥ IIPeAOCTaBUT AONOAHUTEAbHYIO MH(pOPMAIUIO A4S u3ydeHus. TOmOHMMEI
IIpeACTaBAAIOT COOO0 XPOHOAOTMYECKOe CBUAETeALCTBO 3aceAeHIs TePPUTOPUIL, HallpaBAeHNs
MUTpalliM  HapOAOB, IIPOMCXOAMBIINMX Ha HeMl UCTOPMYECKUX COOBITUII, HalpaBAeHuI
XO3AVICTBEHHOM AeATeAbHOCTU DTUX AI0Ael u Ap. [1].

Xanmaromeaos X./l. IUILIET, YTO TOIIOHUM — Pe3yAbTaT BHIPa’KEeHIS TePPUTOPUAALHOCTI
¢usnko-reorpaduuecknx, cormaabHO-S9KOHOMIYECKNX VM MOAUTUIECKMX (PAKTOPOB, KOTOPBIE
OTMEYalOT CBA3b «4eA0BEeK — TePPUTOPUsd», «deA0BeK — OKpyKaloias cpega» [2]. Hanpumep,
loxkaparait, PeiOHOe n T.4. B ganHOi nmyOAuKanum npeacrabAaeH aHaAU3 TOIOHMMIYECKOTO
KAacca—OMKOHMMOB. TOIIOHMMBI OITpe e A€HHO TePPUTOPUM CKAAABIBAIOTCS M3 KAMMATUIECKIX
U TUApOrpapuuecKnx 0COOeHHOCTelI MeCTHOCTH, COCTaBa 1 KauyecTsa BOABI B BOAOVCTOYHMKAX,
IIPOIIAOIO U COBPEMEHHOTO COCTOAHMS (PAOPHI U payHbl, (PaKTOB IMPEKHMUX UCTOPUIECKUX DITOX
U IPOXKMBABIINX HapoAHOCTel [3;4].

dyngamenTaabHas Oaza B M3y4eHUM MMeH COOCTBEHHBIX C IO3MUIIMM aHTPOIIOIeHTpU3Ma
HanboJee II0AHO IIpeAcTaBAeHa B Tpydax ydeHbIx AOapaxmanosa A., /Jxanysakosa T.,
Kepumbaesa E u ap. [4]. VMccaeaoBanns no pernmoHaapHOM ToroHnmum Kasaxcrana msydaior
takne yudeHrle, kak ['opOynos A.Il., Kainmyagunosa K.J., Camapos K.T. Ermnbaesa A.E.,
Abayanmna A apyrue [5;6]. 3a mocaeanne 25 aer B Kazaxcrane IpomcxoAsT 3HaYMTeAbHBIE
TOIIOHMMUYECKe IpeoOpa3oBaHus reorpapuuecknx o0beKTos. VIsMeHeHBI TpaHCAWTepanuy,
IIpOM3BeAEHbl IIepeMMEeHOBaHMs, BO3BPAIlleHbl MCTOPUYECKME TOIOHUMBL HDTO €034a40
IIOAOKUTEABHYIO SI3BIKOBYIO KapTUHY Ka3aXCKOJ TOIIOHMMUH U MeeT 0.AaronpusATHBIN acIIekT B
BOCIIMTaHUM ITOAPACTalOIIero okoaenns. B pamkax ganHoit my0aukanum npeAcrasaeH aHaAu3
IepeMeHOBaHMI M aKTyaAU3alys BOIIPOCOB IT0 TOOHMMMYeCKIM M3MeHeHIU M UCTOPUYECKIX
HazBaHmIL. ViccaeaoBanme TOOHMMOB permoHa sBAsIeTCs 3HaYMMOI U aKTyaAbHOM 3a4adern.

Memodor u mamepuarv. T'eorpadpuueckme ycaA0BUsI pailOHOB MMEIOT He3HaulTe/bHbIe
pasamuus B KauMmare, reomopgoaorun, ruagporpadpuu, mouyseHHOM IoKpose. Kocranarickast
obaacTh pacroaoxeHa Ha cepepo-3anade Kasaxcrana. Bxaiowaer 16 agMuHUCTpaTHMBHBIX
paiioHoB, 4 Topoga 001aCcTHOTO 3HaueHus 1 2 ropoga paitoHHoro 3HadeHus [7]. Kocranarnckmii
1 Y3YHKOABCKIII pallOHBI 3aHMMAIOT I1101I11agb 0K0A0 7,1% ot nmaomagau obaactu. Ilo ganHBIM
AenapramenTa cratuctuky Kocranarickoit 061acTy, 4ncA€HHOCTD HaceaeHs Ha 1 okTsa0ps1 2023
roza B Kocranarickom paitone cocrapaseT 73461 Xnt., a B Y3yHKOABCKOM parioHe —14964 >xur.,
nau 8,9% 1 1,8 % coorBeTcTBEHHO OT 001aCTHOTO ITOKa3arteas [8].

Y3yHKOABCKMII pallOH PacIiOAO0XKeH Ha CeBepO-BOCTOKe 004acTy, IpaHUMYMUT Ha Iore C
CappIKoabCKMM, Ha 3amade - ¢ MeHabIkapMHCKUM, Ha BOCTOKe - ¢ JKamOblLACKMM palioHamu,
Ha I0ro-Boctoke - ¢ Tumupasesckum parionom Cepepo-Kasaxcranckoi o0aactu, Ha cesepe - ¢
Kypranckoit o6aactpio Poccun. Teppurtopust paiioHa HaXoAuTCA B IpejeAax TPaHMIIBI I0To-
3amagHol yactu 3anaaHo-Cubupckoit HuaMeHHOCTH. Peared mpeacTasaeH ¢1abOBOAHIICTON,
c1ab0ApeHMpPOBaHHO TMOBEePXHOCThIO. Passuras rmugporpadpuyeckas ceTb, MHOTO 03ep,
KOTAOBMHBI IIO IPOMCXOXKAEHUIO B OCHOBHOM IIpocajouHo-cydosmonnsre. Cpeanm osep
umMmeetrcs psjA KpymnHslx, Hanpumep Capoioba, Peunoe, baapiktei, Orizdaarpik (Orysdaabik),
Urcapwr, boasmoir Tepckoas, IIpecnoe u apyrue.

Kocranaiickuit paitoH pacloAo>XKeH B CeBepHOI 4YacTu 0041acTy, TPaHUYUT Ha CeBepo-
3anage ¢ Peg0pOBCKUM, CeBepO-BOCTOKe — ¢ MeHAbIKapMHCKIM, BOCTOKe — C AATBIHCAaPUHCKIM,
Ha 10Te ¢ AyAMeKOAbCKMM U paiioHoMm beumbOera Maiiauna. Pearedp paBHMHHBINA, ceBepHasdt
JacTh paiioHa HaXOAMTCA B IIpejeaax IOXKHOM oKpamHbl 3anagHo-CrOupcKoil HM3MeHHOCTHU
1 ceBepHON paBHMHHOM 4yactu Topraiickoro nporuda. Beicota Hag yposHeM Mops cocTaBAasieT
200-220 m. C oro-samaga Ha cepep TedeT IJaBHas BOAHas apTepust o0aactu — peka ToGoa,
TaK>Ke MHOTO He0OoAbIIuX 03ep. Kaumar pe3ko KOHTMHEeHTaAbHbIN C CypOBOi CHEXKHOM 3MMOIA
U JKapKUM CyXuM AeToM. OCHOBHbBIE OTpPacAM DKOHOMMKIU — CeAbCKOe XO35VICTBO, NNIIeBas U
Aerkas IpoMbliiaeHHocTs [9;10].

B aanHoOI1 cTaThe mpeAcTaBaeHa reorpadus 84 OIKOHMMOB, aHaAU3 1 Kaaccudukanus. bacnk
C.H. B yueOHOM 1tocooum «OO111as1 TOIMOHMMMKa» IINIIeT, YTO OMKOHMM — HTO Ha3BaHMs AI0OBIX
HaceAeHHBIX ITyHKTOB [11]. T'eorpaduyeckne mncropmdeckne, TeopeTideckre ¥ SMINPUIECKUe
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METOABI MCCAeAOBaHMs MCIIOAb30BaHbI IIPYU aHaAu3e OMKOHMMOB. ['eorpaduueckne HazBaHUs
HarAsAHO OTpPaXkalOT JAaHAITaTHRIE YCAOBUA, TIe0AO0TMYeCKOoe CTpPOeHMe MeCTHOCTH,
ruaporpaduyeckue ocodeHHocTu. Vicxoas u3 pazHooOpasus IPUPOAHOI CpeAbl, pasANdus
pacTUTeABHOTO M >KMBOTHOTO MUpa, OWMKOHMMBI pallOHOB OBIAM KAacCMPUIIMPOBaHHI.
Onpegeaena gAMHaAMMKa UX pasBUTIS BO BPEMEHH, CBA3U MEXKAY COLMAAbHBIMU, UICTOPUYECKIMU
U OpUPOAHBIMM IIpoueccamy 1 sBaeHusAMu. CoIlOCTaBAeHBl, IPOaHAAU3MPOBAHEI
aAMMHICTpaTUBHEBIe KapThl paitoHoB Kocranarickoir o6aactu (2004, 2023rr.). CTaThs BHIIIOAHEHa
Ha OCHOBe MaTepualoB MCCAAOBAaHMS YYEHBIX B 004acT TOIIOHMMUM, HAy4HOIO IIpOeKTa
«Vcropuueckne tormonnMmsl Kocranaiickoir o64actu», Hay4HO-MCCA€AO0BaTEABCKMX ITPOEKTOB,
AUTLAOMHBIX PabOT CTyAeHTOB 00pa3oBaTeAbHOI IporpaMmel «l'eorpadus» [12;13].

OO6cyxaeHNe pe3yabTaTOB

C 2009 roga B pamkax Hay4dHOro mpoekra «VIcropmueckass tomonmMmuka Kocranaiickoit
obOaactu» akmumara Kocranaiickoit oOaactu ydeHbnIMM KocraHaiickoro rocygapcTBEHHOTIO
negarormdyeckoro nHerutyta (ceiraac KPY mm. A. BanTypceiHyABI) cocTaBAeHBI Oa3bl AaHHBIX
II0 TOIIOHMMaM paliOHOB, IPOaHaAM3MPOBAHbl U Pe3yAbTaThl OIyOAMKOBAHBI KHVKHBIMMU
usaanusamu B 5-tu yactsax. [lo gannbiv akumara ¥Y3ynkoabsckoro n Kocranaiickoro paitoHoB, Ha
2022 rog HacunTeiBaeTcs 32 1 52 HaceAeHHBIX ITyHKTa cooTBeTcTBeHHO. C 2004 roga 1o HacTosIee
BpeMs Ha TepPUTOPUN MCCAeayeMBbIX PaliOHOB ynpa3aHeHbl 30 HaceAeHHbIX ITyHKTOB, 13
KOTOPBIX 24 IpUXOAUTCS Ha Y3yHKOABCKII paiioH (DHreabc, Kapa Mapkc, bopku, bepesoso u
T.A.) 1 6 HaceAeHHBIX IyHKTOB Ha Kocranarickuit paron [14]. Ogna 3 npmunH ynpasaHeHUs
cea - yMeHbIIIeHMe HaceAeHUs, TaK, HallpUMep, MO JaHHBIM /JernapramMeHTa CTaTUCTUKU
Kocranarickoit odaacty, ¢ 2018 roaa mo 2022 roa HaceaeHMe paiioHa yMeHbIIAOCh Ha 11% [8].

Toronnmelr KpaiiHe TeCHO CBA3aHBI C €AVHMYHBIMU TeorpaduyuecKUMM HOHATUAMU U
YKa3plBalOT Ha eAMHUYHbIe IIpegMeThl, He Ha3blBas KAacchl OJAHOPOAHBIX IIpegMeToB. Bce
TOIIOHMMBI MOKHO pa3AeAnTb Ha KAACChl B 3aBUCUMOCTH OT crienin@uky o0beKTa HOMUHaIIN.
Kaxxap1it Kaacc geAnTcs Ha ITIOAKAACChI TOIIOHUMOB. Ecau B Ha3BaHUM TOIIOHMMOB IIpeJcTaBAeHa
(¢aopa MecTHOCTHU, ITOPOABI AepeBbeB, BUABI TPaBAHBIX PacTeHUI, 3AaKOBBIX PacTeHMII, OHU
00pasyIoT Kaacc PpUTOTOIIOHMMOB, Harpumep, ceao Kaparek (ympasgHeHHOe), CA0BO «Tepek»
B IlepeBo/e C Ka3axCKOTO s3bIKa O3HayaeT TOIO0Ab; reorpaduyeckye Ha3BaHIs, B CBOEM COCTaBe
uMeloIe AekceMbl (payHbI, 0Opas3ylOT KaAacC 300TOIOHMMOB, Hampumep, ceao Oriz0aabk
ynpasaneno 2014 roay, B mepeBoge ¢ Ka3aXCKOTO sA3bIKa CAOBO «DaAbIK» O3HadaeT pbiOa, «oeris»
6p1k. B 500 M. OT ceaa pacrioa0KeHO 03epo C OJAHOMMEHHBIM HasBaHMeM 1 OoraToe phIOOI;
AeKceMbl, XapaKTepu3yIoIye KadecTBo, 11BeT BOAbI, Ha3BaHMs BOAHBIX OOBEKTOB, (pOpMUPYIOT
KJacc Ir’mApoHUMoB [6;11].

OJIKOHMMBI CTPYIMPOBaHBI 110 OOIINMM IIpU3HaKaM U KAaccuPUIIMPOBaHbl B TOIIOHNYECKIe
KAacChl, TaKue, KaK OPOHUMBI, TUAPOHUMBI, (PUTOTOIOHMUMEI, 300TOIOHMMBI, AMMHOHUMBEI,
IIOTOIOHUMEI U aApyrue (puc.1).
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Puc.1. Kaaccudukanms OfKOHIUMOB.

OanuM 13 0OABIINX MO YMCAEHHOCTU OVIKOHMMOB SBASIETCS KAAacC aHTPOIIOTOIOHMMOB,
X IIPOMCXOKAEHME CBA3aHO B 00AbIIIeil CTeIIeH) C MUTpalyel STHUIeCKUX IPYIII, CO34aBIINIX
HOBBIe IoceaeHust (ceaa Kceneska, VisanoposHoe, JaBblgeHOBKa U T.4.). B ocHOBe HassaHMI1
OJIKOHMMOB - COOCTBEHHBIE IMEHa AI04el, Hanipumep, ceaa JKamOnia, Abair, Kuposckoe. Takmx
orikoHnMOB B Kocranaiickom parione 25% 1 B Y3yHKOABCKOM parione 19% [12;13].

Caeayromyio rpynmy OMKOHMMOB IIPeACTaBAAIOT TOIOHUMMBI-MUTIPAHTLI, KOTOpbIe
coctapasgioT 17% B Kocranaiikom paitone u 13% VYsyHkoabckoM paitoHe. Kak oTmeuaer
bacux C.H., pazanyarorcst ABa IyTM MUTIpalluM TOIIOHMMOB: 1) Korga Murpanus HaceAeHMNs
Ha HOBOE MECTO KUTeAbCTBAa CIIOCOOCTBYeT IepeHOCY TOIIOHMMOB OCTaBAeHHOV Poaunsl, 2)
KOTJa TOIIOHMMBI-OAM3HEIbl IOABAAIOTCS KaK pe3yaAbTaT IOApa’kaHWUs M3BECTHBIM, APKUM
n 0aaro3pyyHbpIM HaspaHuAM [11]. B xadecTse mpumepa MOXKHO HPUBECTU TaKue TOIOHMMBI—
MUTPaHTHI, KaK, HanmpumMep, ceaa Mockosckoe, Kazanka. MHOrme oMKOHMMBI HOCAT Ha3BaHIAS,
IIPONCXOASIINE OT MMeH COOCTBEHHBIX, Jallle BCero OT MMeH IepBOIIoCceAeHIIeB, HallpuMep, cea0
Bbopunc-Pomanoska u T.4.). B kaure Uepnspima I1.M. «Ouepkn ncropun Kycranarckoir o6aactm»
IpejcTaBAeHbl AOKyMeHTaAbHble, MCTOpuJeckue (akThl O MUTpalNAX B pailoHe ypodmIria
Ypaabaiir Ha pexe To6oa (HbiHe ob6aactHOI eHTp Kocranait) B koHiie XIX Beka 1 40 cepeAVHEI
XX Beka. Kocranarnickmii permoH craa IeHTpOM MUTpalnnoHHOro Apvokenns [15]. Kak ormeuaer
Ypaszaesa K., BakHbIM (PaKTOpOM HIMPOKOTO PacHpOCTPaHEeHUs MCKYCCTBEHHBIX TOIIOHMMOB
ObLA BTOPOII DTaIl MUTPAIIUM PYCCKOA3BIYHOIO HaceAeHNs B IIepMOJ, OCBOeHMs IeAuHbl B XX
Beke [16].

lmapoHuMBl HpeACTaBASIOT COOOM caMBbIil apXauM4HBIN I14aCT TOIIOHMMOB, ITOCKOABLKY
OHM peAKO IIOABepPraloTCs IeperMeHOBAaHMIO, SIBASIOTCS HOCUTeASIMM IIeHHON MH(pOpManum
0 HapoaxX, paHee HacCeAsBIINX TePPUTOPUMU COBpeMeHHEIX cTpaH [11]. B rmaponmmudaeckux
TONOHMMAaX PacKPBIBAIOTCS OCOOEHHOCTM TedeHMUs BOAHBIX IIOTOKOB, IIBeTa, BKyca, 3allaxa,
XapakTepa pycaa U mo¥iMbl. OJKOHMMBI, BKAIOYaIl}ie CAOBa «03€pO», «KOA», «Cy» U T.4.,
OTHOCSATCSL KAAacCy TUAPOHMMOB. B pesyaprare anaamsa Ha3BaHMII HaCeA€HHBIX ITYHKTOB
OJIKOHMMBI-TUAPOHNMBI B KocTaHaickom parioHe cocTaBAsIoOT 16% n Y3yHKoAbCKOM paitoHe 13%.
Hanpumep, stTumoaorus ceaa «Maiikoab» B caosape Koituybaesa E. o6o3HauaeT «cBsileHHOe
03epo» 1 ABAseTCsl mepBUIHBIM TOIOHUMOM [17]. Ceao «Cserasiit JKapKoab», STUMOAOIVLL
CA0Ba O3HayaeT «CBeTA0e OOPLIBUCTOE 03epo», UCTopuyeckoe HazBaHme «Kaatoipkea» [13]. B
AAHHOM TOIIOHMMeE MICII0Ab30BaH IIpUeM KaAbKIpOBaHUe.

13% mnaceaennpix nyHkToB B Kocranaiickom n 6% B Y3yHKOABCKOM paifoHaX OTHOCATCS
K Kaaccy ¢uroronoHnMos. HassaHmsAM OMKOHMMOB MpUCYIIN (PAOPUCTUIECKNIE OCHOBBHI,
CBsA3aHHbIE C IIpOM3pacTaHMeM I paclpoCTpaHeHMeM pacTuTeAbHBIX popMmanuit. Hanmpumep,
onkoHnM «OcMHOBKa» 0Os3aH CBOeMYy Ha3BaHMIO AMCTBEHHOMY JepeBy mu3 poda Tomoan —
Ocuna. Pacrioaoxenme JaHHOTO IOceAKa B II@HTPaAbHOM 4YacTu MexXAypedbs Toboaa u
Ybarana 04aronpusATHO CKa3aA0Ch Ha €ro Mpou3pacTaHNM, 34eCh OCMHOBbIE KOAKM 3aHUMAaIOT
yBAaKHeHHbIe 3allaAHbl [18].
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300TOIIOHMMBI IIPEeACTaBACHBI AByM: OMIKOHMMAaMM B KaXXA0M parione (baabikTer, YkaTkan
n 1.4.). Hanmpumep, Yxiatkan (YkatkaH) — moceaok, HaxoauTcs B 20 KM K ceBepo-BOCTOKY OT ceaa
¥Y3ynkoan B aecoctenHoit 3oHe. bparnna T. B monorpagun «Ocobo oxpaHseMble IpUpPOAHbIE
Teppuropumn Kazaxcrana u IepcreKTUBBI OpraHM3aluy SKOAOTMYeCKON CeTu» IMHIIeT, 4TO
B Depe30BBIX M OCMHOBO-OEpPe30BhIX AecaXx oOMTaeT 0OAOTHas COBa, a B «KOAOYHON CTeu» -
ymacras cosa [18]. DTo moaTBep>KAeHO 1 STUMOAOTHEN OMIKOHMMAa, KOTOPBIN XapaKTepu3yeTcs
TeM, 4TO B AaHHBIX MeCTaxX U3ApeBae BOANAOCh MHOTO COB, KOTOphIe B BedepHee BpeMs He AaBaau
MECTHBIM AI0AAM IOKO:. MecTHbIe XXuTeAu Hadaau oXoTy Ha Hux. ITocae 9Tmx coObITmit moceaox
CTa/ Ha3bIBaThCs KaK YKiaTKaH, 4TO B IIEpeBOAE C Ka3axCKOTO O3HavaeT (YKi — «coBa», aTKaH —
«CTPeAATb») - «CTPeAsTh coB» [12].

OJKOHMMBI, OTpakalolye AyXOBHYIO JKU3Hb AI0A€e, CBsI3aHHbIe C PeAUTMO3HO-KY AbTOBBIMU
Ha3BaHUAMH, COCTABASAIOT 5% OT OOIIero KoAmdecTsa TOIOHMMOB. TOIMOHMMEI, OTpa’kalomiie,
IIOYBEHHO-TPYHTOBbIE YCAOBMS paiioHa, cocTaBAsIOT 1%. Takum oOpa3oM, coOCTBeHHbIe MeHa
a104e11, reorpadpuueckne TePMMHBI, Ha3BaHNSA €CTeCTBeHHO-TIPUPOAHBIX OOBEKTOB, KOTOPBIe
IepemAyn B HalMEHOBaHMe HaCeAeHHBIX IIYHKTOB, (PYHKIMOHUPYIOT U XapaKTepu3yIoT
COBpEeMEeHHbI€ OVIKOHVMBI PaliOHOB.

B Kocranaiickoi1 ob4actu mporecc rneperMeHOBaHNs HaceAeHHBIX ITyHKTOB, BO3BpallieHue
UCTOPUYECKMX TOIOHMMOB BeJeTCs II0CAeA0BaTeAbHO, M HTO MOXHO HPOCAeAUTh Ha
reorpadpuyecknx Kaprax. Mypsaes D. mmcaa, 4To «...KapTa TpeOyeT COIOCTaBMMOCTI BCETO
IIOKa3pIBaeMoro Marepuada. Ilostomy kapta Bcerga 60aee 0ObeKTUBHA U HarAsAHa, 4eM TeKCT»
[19]. ITpu momomu niporpammel QGIS cocraBaeHbl KapThl pailOHOB, TAe YCAOBHBIMM 3HaKaMI
IIOKa3aHbI IIepeMeHOBaHIS U ITPeAA05KeHbI IPUMePHI 4451 OTAeAbHBIX HaCeAeHHbIX ITyHKTOB I10
BO3BpallleHNIO McTOpuYeckKnX Hazpanmi [12] (puc. 2, 3).
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Takum obpaszom, c 2004 roaa B Kocranaiickom paitoHe yrpasaHensl 6 cea (Kockoas,
/loOMOHOCOBKa U T.4.), IepeMeHOBaHbl 7 HaceAeHHBIX IyHKTOB (ceao Kpacnriit OkTadps — ceao
Aatein Jaaa), uyto coctaBaseT 13% ot ob11ero uncaa oiikoHUMOB paiioHa (52). B V3yHkoabckom
palioHe cOKpallleHbl, yIpa3aHeHbl 4 ceabcknx okpyra (Poccuiickuii, Ilerponasaosckmii, Kapa
Mapxcckuir, Yanaescknit), 24 Haceaennnpix nynkra (Kopoaeska, Bepmikosoe, I'penagepka u
T.4.), HepeuMeHoBaH 1 orikonnm (ceao Cysoposo — ceao Carair) [12;13;20]

B ocnose orikonnmMos Kocranaitckoro u Y 3yHKOAbCKOTO paiOHOB BHIAEASIIOTCS ABAa OCHOBHBIX
THUIIa SI3BIKOB: TIOPKCKMIT (Ka3aXCKMI) M CAABSIHCKUII (PYCCKMIT), KOTOpble (GOPMUPYIOT ABe
napaa4eAbHO (PYHKIMOHUPYIOIINE TOIIOCUCTeMBI — Ka3aXCKylo 1 pycckyio. Tak, nmpu anaaunse
STUMOAOTVY TOIIOHMMOB BBIABAEHO, UTO 27 % OMKOHMMOB OTHOCATCS K TPYIIIe Ka3aXCKMX
aexceM (Otrpinarai, Ecmpipsa, Maiikea u ap.) u 73% K rpyrmne caaBsHCKUX s13b1K0OB (Caa0BbIii

Hosonokposka un 1.4.) [12;13].
3a paccMaTpMBaeMBblil IIePUOA M3MEHeHbl HadBaH!: BOCbMIJ HaCeAeHHBIX ITYHKTOB, U3 HIX
B Kocranarickom paitone cems (Aricapsl, ApmaH 1 T.4.) 1 Y3yHKoabckoM oanH (Caraii). 73%
Ha3BaHII1 HaceAeHHBIX ITYHKTOB OOpa3oBaHbI B IIPOILIAOM CTOAETUM, KOTOPbIe XapaKTepU3yIoT
ncTopudeckue mporeccel Toro nepuoga (Croasnmackas pegopma, yCTaHOBAEHNE U pa3BUTHe
COBETCKOI BAACTH, OCBOEHME LIeAMHHBIX U 3aA€KHBIX 3eMeAb U T.A.).
Boi600v1. HasBaH1m:1 OMIKOHMMOB Y 3yHKOABCKOTO 11 KocTaHaickoro paiioHOB cpopMIpPOBaANCH
B pesyAbTaTe MCTOPMYECKMX, DTHUUECKUX, reorpaduyeckyx IPOLeCcCOB Pa3BUTUS pPerroHa.
AaMUHNUCTpaTUBHO-TeppuTOpuaapHoe Jeaenne Kocranaiickonr obaactu na 06 mas 2022
ro/ BKAIO4aeT 526 HaceAeHHBIX IYHKTOB (CIIpaBOYHMK), X HUX B Y3YHKOABCKOM paiioHe 32 1
KocranarickoMm 52, nan 6% u 9,9% cOOTBETCTBEHHO OT 001aCTHOTIO IoKa3areAas. 73% ONKoHuMa
COXpaHMAM Ha3BaHMs, KOTOpble Oblan cpopmuposansl B KoHIle XIX-Hauase XX Beka. C 2004
roga 10% HaszpaHMiT HaceAeHHBIX IIYHKTOB M3MeHeHbl, I OHM IIpeACTaBAeHBl Ha KapTax 2 u 3.
BhLsiBAEHBI 4Be TOIIOHMMMYECK/E CUCTeMBI — Ka3axcKast U pycckas. TOIOHMMBI - Hallla I1aMsTh
0 sA3BIKe, ICTOpUY U reorpadpuu u 001ee TogpoOHOe u3ydeHne KpaliHe BaXKHO 11 HEOOXOAMIMO
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KocTaHnari 00abICBIHBIH OMIKOHMMAEPiH Taaaay JKoHe XKiKTey
(¥3nikea xoHe KocTaHaii ayaaHAapbIHBIH MbICaabIHAA)

Angarna. Maxkasaga YspiHKea skoHe KocraHail aysaHAapBbIHBIH —(U3MKAABIK, 9/A€yMETTIK,
DKOHOMUKAABIK TeorpapUsCHIHBIH CHUIIaTTaMachkl KeATipiareH. KapacTBIpBLABIII OTBHIpFaH ayJaHAapAbIH
9KIMIITiAiK KapTalapbIHBIH AepeKTepiHe calikec, KocraHail 00ABICBIHBIH 9KiMIITiAiK-ayMaKThIK OeAiHiciHIH
aHBIKTaMaABIFbI Y3bIHKO KoHe KocraHall aysaHaapBIHBIH €141 MeKeHAepiHiH TizimiH >kacaas (84 0ObexT),
DTUMOAOIVACH MeH reorpapusAbIK >KarAaiibl Tal4aHABL, OVIKOHMMAepAin 12 Oeari OoiibIHIIa >KiKTeayi
>K9HE 04apAbIH TOITOHMMMKAABIK CRIHBIIITapFa COMKECTIri XXy prisiaai.

leorpadusiaplk oOBexTiZepal Taaday KepceTKeHJell, KOITereH TOI aHTPOIIOTOIIOHUMAepAeH
Typaasl, oaap 23% Kypaiabl, cojaH KeliH rugponumaep - 14%, Murpast TOImoHUMAep, PUTOTOIIOHUMAEP,
300TOIIOHUMAep-calikeciHIte 12% >xoHe 8%, allMaKTBIH OHAIpicTIK KbI3MeTiHe OallaaHBICTHl OMKOHUMAEP
a3 Jopexeje YChIHBIAFaH. Eagi MekeHAepaiH arayblHAa KapacTBIPBIABIII OTBIpFaH OOBeKTidep e3apa
OallaaHBICTBI HeTi3ri TiaAiK oTOachliap alKblHAAaAFaH — Oya AaTall >KoHe YHJAieypoIlaablK, MyHAa
OMKOHUMAEPAiH 27% - BI TYPKi Tiagep TOObIHA, HeTi3iHeH Ka3ak TidiHe >KaTaAbl.

QGIS baraapaamacsiHBIH KeMeriMeH Y3bIHKeA XKaHe KocTaHaii ayaHaapbIHBIH KapTadaphl >Kacal4bl,
oJapaa COHFHI JKblAJaphl KaiiTa aTaAFaH eall MeKeHJep OeariaeHAl, COHAall-aK KaliTa aTayFa >KeKeJlereH
TOIIOHMMAEP YCBIHBIAABL TormoHnMAep-6i3aiH Tia, Tapux >KoHe reorpadus Typaasl >KaAbIMbI3 TOABIFbIPaK,
OKYy ©Te MaHBI3AbI JKoHe Ka’KeT.

Tyiin ce3gep: Ysoiakea, KocraHail, OMKOHMM, (PUTOTONOHMM, 300TOIIOHUM, IMAPOHUM,
QHTPOIIOTOIIOHMM, TOIIOHMM-MUTPAHT.

S.B.Kuanyshbayev’, E. Atasoy?, G.K.Baubekova’
! Akhmet Baitursynuly Kostanay Regional University, Kostanay, Kazakhstan
?Uludag University, Bursa, Turkey

Analysis and classification of oikonyms of Kostanay region
(on the example of Uzunkol and Kostanay districts)

Abstract. The article presents the characteristics of the physical, social, and economic geography of
Uzunkol and Kostanay districts. According to the data of the administrative maps of the considered areas,
the directory of administrative-territorial division of Kostanay region, a list of settlements of Uzunkol and
Kostanay districts (84 objects) was compiled, etymology and geographical location were analyzed, the
classification of oikonyms according to 12 signs and their correspondence to toponymic classes was carried
out.

Analysis of geographical objects has showed that a large group consists of anthroponyms, which
account for 23%, followed by hydronyms - 14%, migrant toponyms, phytotoponyms, zootonyms - 12% and
8%, respectively, the least represented are oikonyms associated with the industrial activity of the region.
The names of settlements identify the main language families to which the objects under consideration are
related — these are Altai and Indo-European, where 27% of the oikonyms belong to the Turkic language
group, mainly to the Kazakh language.

With the help of the QGIS program, maps of Uzunkol and Kostanay districts were created, which
indicate renamed settlements in recent years, as well as individual toponyms proposed for renaming.
Toponyms are our memory of language, history and geography. A more detailed study is extremely
important and necessary.

Keywords: Uzunkol, Kostanay, oikonym, phytotoponym, zootoponym, hydronym, anthropotoponym,
migrant toponym.
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Possibilities for reconstructing the paleoclimate of the paleogene
and neogene based on the study of fossil flora (using the example
of the paleoflora of the Uly-zhilanshik river)

Abstract. The article provides an analysis of Cenozoic floras collected and studied at different
times in the valley of the Uly-Zhilanshik River (South Torgai Depression, Kazakhstan), and
also discusses the prospects for reconstructing the Cenozoic paleoclimate based on the study of
fossil floras. The Uly-Zhilanshchik River valley is a key area for understanding the processes of
environmental change in the Paleogene and Neogene. These studies of these paleofloras make
it possible to reconstruct paleogeographical conditions: paleolandscapes and climate change.
It was shown that floras of the same age were not of the same type and had their own regional
characteristics. Floristic composition represented in floras from sediments of different ages
along the river. Uly-Zhilanshik, allows us to trace the stages of retreat of the Chegan Sea and
further aridization of the territory.

The article was prepared during the implementation of the grant project AP19677563 “Study
of paleoflora and climate of Central Kazakhstan at the boundary of the Oligocene and Miocene
and the initial stage of desertification of the region” (2023 —2025)
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Introduction

Southern Torgai is a necessary area for the transformation of the processes of formation
and development of the steppe and desert zones of Eurasia [1]. It is located in the central part of
the Kazakh shield, separating the West Siberian and Turanian plates. In this territory, from the
beginning of the Cenozoic, a continental regime was established with landscapes of denudation
conditions and low highlands, which served as a kind of buffer between the marine regime in the
western part of Kazakhstan and the purely continental regime in the eastern part. On the territory
of Central Kazakhstan, Cenozoic deposits are well exposed and contain rich paleontological
material, on the basis of which it is possible to determine both the relative age of the deposits and
its paleogeographic characteristics and climate.

Studying and identifying the direction of development of paleofloras of Central Kazakhstan
is fundamentally important for understanding the general direction of change in the composition
of ancient and modern floras of Eurasia, since they reflect the characteristics of the vegetation
of Western Kazakhstan, Central Asia and Western Siberia, being a connecting link and one of
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the main sources of flora migration. Within the framework of the grant project AP19677563
“Research of the paleoflora and climate of Central Kazakhstan at the boundary of the Oligocene
and Miocene and the initial stage of desertification of the region” (2023-2025), extensive geological
and paleontological material was collected, allowing for a review of previously completed studies
of the fossil floras of Central Kazakhstan and Turgai and highlighting the most interesting areas
in paleogeographical terms.

An unique object for studying the diversity of Paleogene and Neogene paleoflora is the
Turgai trough, where thick Cenozoic continental deposits with a high saturation of these strata
with organic, and in particular plant remains are developed and exposed in many places [2].

The Uly-Zhilanchik River (Kazakh: Uly Zhylanshyk) is located in the eastern part of the
South Turgai Plain, in the Kostanay region, Amangeldinsky and Dzhangeldinsky districts,
formed at the confluence of the Dulygaly and Ulken-Zhilanchik rivers, which in turn originate
in the Ulytau Mountains. In Russian-language (Soviet) sources it may also be called Zhylanshy
and Zhilanchik.

Uly-Zhylanshyk flows to the northwest, then turns to the southwest. It flows into the
drainless salt lake Akkol. The territory of the Uly-Zhilanchik arc (cliffs of the bank of the Uly-
Zhilanchik River and adjacent territories) is interesting because continental Paleogene-Neogene
deposits with unpredictably rich plant remains are exposed here in many places. These include
such well-known locations of fossil plants as Nausha, Bolattam, Tortmola, Myneskesuek, Sarysay;,
Altyn-zhar, Erzhilansai, Kushuk.

In the composition of these paleofloras, a large number of fossil species new to science and
endemic to the Turgai trough have been identified. Myrica turgaica Kornilova was first known
from Tortmola, and Lindera ovata Kolakovski was first established on the territory of Kazakhstan
from here. In Myne skesuek, along with the flora, M. D. Biryukov collected the remains of the
skeleton of pristinotherium. The flora includes, along with the usual cosmopolitan species of
Turgai floras, Cassia phaseolites Ung., Weinmannia microphylla Heer. The composition and
paleoflora of the Akmola (Bolattam) location is interesting. From there the following were
identified for the first time: Cedrus kazachstabica Bud., Acer monoides Kirich., Schap., Tilia
multinervis Kornilova, Cercis turgaica Usn. Imprints of flowers of Carpenteriantus turgaicus
Bors were collected from the Naush locality. The Lower Miocene Burdigalian flora of Kushuk
is represented by small-leaved mesoxerophytic species, among which there are also many new
to science - Peryploca kryshofovichii Kornilova, Sorbaria callicomaefolia Kornilova, Vaccinium
paiaeoretusum Kornilova, Trapa vassiljevii Kornilova and many others.

Floristic complexes studied from these places make it possible to reconstruct the history
of the development of the Kazakh flora from the early Oligocene to the Miocene, as well as to
establish the stages of gradual climate aridization, which subsequently led to the desertification
of this region [3].
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Figure 1. Map of the Torgai region

Objects and methods of research

Plant remains “imprints” are cavities formed as a result of plant parts getting into the rock
and its further hardening. Moreover, in the hardened rock the process of smoldering of organic
residues continues, as a result only a cavity remains, which in its shape corresponds to the original
part of the plant. One such print then consists of two parts - a print and a counterprint, as they
are not entirely correctly called, which correspond to the top and bottom sides of the sheet. In
rare cases, under special conditions of fossilization, remains of phytoleims are preserved.

Fossil plant sites are rock outcrops or outcrops where imprints of leaves, fruits, stems, falling
shoots, cones, and inflorescences of higher plants are preserved.

Comparison of the size of the leaf blade, its shape, the shape of the apex and base of the leaf,
the type of serration and venation with previously studied fossils, as well as modern species,
allows us to establish the systematic affiliation of the specimen. To determine the ecological
appearance, paleoecological methods are used:

the method of Bailey and Sinnott, based on the study of the ratio of leaves of simple and
complex, with smooth and serrated edges, with pinnate and palmate venation, since all these
characteristics are associated with climatic conditions [4];

the method of Axelrod and Bailey, supplementing the above with an analysis of the size of
the leaf blade, since a reduction in leaf size usually indicates a water deficit [5].

To the history of studying the issue. The study of fossil plants on the territory of the
Turgai trough has a history of almost a century and a half and, despite the seemingly sufficient
knowledge, at the present stage remains very promising for paleobotanical research, clarification
of the conditions of climate change and the environment. The first collections of plant remains
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in the Turgai trough were made by A.I. Antipov in 1856-57, when he discovered signs of coal
content in the form of deposits of brown coal and lignite in the Zhar-Kue (Yar-Kue) tract [6].
The selected plant imprints were identified by the Swiss paleobotanist O. Geer and identified 11
species of woody plants: Taxodium dubium Heer, Sequoia langsdorfii Heer, Carpinus grandis
Heer, Corylus insignis Heer, Fagus antipovii Heer, Quercus nimrodii Ung., Q. drymeja Heer,
Ficus populina Heer, Dryandra Ungeru Ett., Ziziphus tiliaefolius Heer, Liquidambar sp. [7, 8]. O.
Geer compared the Turgai collection with the tertiary plants of Switzerland, which had been well
studied by that time, and concluded that the fossil flora of the “Kyrgyz steppe” was preserved
in freshwater deposits of the Oligocene, which correspond to the lower freshwater mollas of
Switzerland.

By the end of the 40s of the 20th century, more than 60 species of fossil plants were known
in the fossil floras of the Turgai trough.

From 1946 to 1958 On the territory of the Turgai trough, in connection with widespread
geological exploration work, a complex geological and paleontological expedition of the Academy
of Sciences of Kazakhstan carried out work. Research was carried out on various paleobotanical
objects: L.Yu. studied plant macroremains. Budantsev, A.I. Kirichkova, V.S. Kornilov, spores and
pollen were analyzed by R.Ya. Abuzyarova, E.P. Boytsova, Z.K. Zhuchenko, T.V. Pogodaeva, .M.
Pokrovskoy, L.N. Rzhannikova, fruits and seeds were determined by P.I. Dorofeev. During this
time, many new localities of fossil flora and fauna were discovered [9-12].

In the work of S.G. Zhilin, a new approach to dating the floras of Western Kazakhstan
and Turgai was proposed [13]. Thus, he attributed the paleofloras of Shintuzsay, Murunchik,
Zhaman-Kaindy to the Middle Oligocene (Ruppel), the floras of Bolattam, Zharkuye Zhilin S.G.
dates back to the Upper Oligocene (Hattian), and Erzhilansai and Nausha to the Early Miocene
(Aquitanian). This dating by S.G. Zhilin proposed based on the results of comparison with
paleofloras of Northern Ustyurt, dated paleofaunistically.

Comparison of the paleoflora of the river Uly-Zhilanshchik and paleogeography of the time
of their existence. The territory of the Turgai trough and adjacent regions of Western and Eastern
Kazakhstan is very interesting and favorable for learning the history of the development and
evolution of flora and climate of the Cenozoic era.

P.V.Shilin [14] believed that during the Paleocene and Eocene there was aradical restructuring
of floras. The beginning of this stage corresponds to the time of development and formation of
thermophilic subtropical flora, which is characterized by the almost complete absence of ferns,
weak participation in plant groups of conifers, single occurrence of monocots, tree and shrub
species of various families of angiosperms, mainly with tropical and subtropical habitats, are
predominant. The entire plant complex is characterized by quite distinct thermophilicity [15].

In Eastern Kazakhstan [15, 16] it corresponds to the Kiin-Kerish stage. Its beginning
corresponds to the time of development of thermophilic flora, in which, as I. A. Ilyinskaya
emphasized [17], various species of extinct genera are noted, conditionally attributed to
the family Platanaceae-Protophyllim, Protoacerophyllum, Zaissania. At the same time, “a
significant increase in the subtropical Gelinden element is observed” [16], in particular, the
genus Dryophyllum appears and achieves great diversity. At the end of the Romankol-Karasor
and Kiin-Kerish stages, natural taxa develop predominantly; they account for 70% of all genera
and 76% of species known in the flora.

Since the Oligocene, which marks the beginning of the Late Cenophyte, a radical
restructuring of the flora took place in the territory under consideration. The subtropical Eocene
flora is replaced by a fundamentally different mesophilic flora of the Turgai evolutionary-time
stage. Its composition involves mainly natural taxa, modern analogues of which now live within
two continents - America and Eurasia.

The floras of the beginning and end of the Turgai stage have some peculiarities. The first of
them (the beginning of the Middle Oligocene) covered the time of development of taphofloras,
well known from the Shintuzsay, Tortmola, Zhaman-Kaindy and Myneske-Suek localities. The
beginning of the stage is characterized by a mixed flora of subtropical and a small number of
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temperate broad-leaved elements. As noted by V.S. Kornilova [3], on the territory of the Turgai
trough in the early-middle Oligocene, the participation of evergreen elements in floras was
constantly decreasing, and the diversity of broad-leaved trees was increasing. As a result, the
floras of the early Middle Oligocene were already dominated by deciduous forms of temperate
and warm-temperate climates, although individual elements of subtropical floras were still
preserved: Cinnomomum, Palibinia, Lomatia, etc. The most ancient taphocenoses of this time
were forest: coniferous-deciduous, with the participation of evergreens and mesoxerophilous.
Myrica species are found everywhere; apparently, they were part of plant groups on the sea
coast, and then on other bodies of water.

The flora of the beginning of the Turgai stage from the Shintuzsay locality has been the most
studied [18-21]. The following species are noted in its composition: Salvinia natanella Schap.,
Taxodium dubium Heer, Populus grandifera Heer, Populus sp., Pterocarya paradisiaca Iljinskaja,
Lautus primigenium Ung., Laurophyllum sp., Cinnamomum scheuchzeri Heer, Cinnamomum
sp., Sassaftas turgaicum Kornilova, Cercidiphyllum crenatum (Ung.) Brown., Liquidambar
europeaum A. Br., Cercis cf. turgaica Uan., Aser angustilobum Heer, Ziziphus tiliaefolius Heer,
Pistacea oligocenica Mar., Andromeda protogea Ung., A. vacciniaefolia Heer, Dryandra sp. [20].
It consists of 22 species, one species of ferns (Salvinia natanella Schap.), one of gymnosperms
(Taxodium dubium Heer.) and 20 species of angiosperms. Ferns and gymnosperms have not
yet been established in the Tortmoly flora. Ferns, of which there are 23 species, are represented
by both warm-temperate species (Cercidiphillum crenatum, Zelkova zelkovifollia, Pterocarya
paradisiaca, Magnolia inglefieldii), and evergreen and xerophilous elements, possible relicts of
the Eocene time - Cinnamomum schuchzerii Heer, Laurus primigenia Ung., Phus turcomanica
(Krysht ) Kornilova, Partenocissus duligalensis Tokar, Leoconthoe protogea Ung.

In the adjacent territory of the Northern Aral Sea region, the stratigraphically most ancient
flora of the Turgai evolutionary-time stage is the Kumbulak flora on the coast of Butakova Bay,
the remains of which are preserved in clayey silts and clays of the Kutanbulak formation [22].
Judging by the systematic composition, the same picture of the development of the flora of the
beginning of the Turgai evolutionary-time stage is observed. Eocene relics are also preserved
here, among which, according to G.S. Rayushkina [23], some can be considered as edificators
of coasts (Myrica) and coastal areas (Sequoia, Cinnamomum). Characteristic forest formations
were redwood, broadleaf slope and valley forests of zelkova, maples, elms, sassafras, oak, with
brown laurel in the understory.

A completely similar flora developed in other regions of Kazakhstan, in particular in the
Zaisan depression, where in general it is more diverse.

Already in the second half of the Middle Oligocene, the flora of the Shintuzsay type, which
characterized the beginning of the stage, was replaced by a purely mesophilic forest, in which
Eocene relicts were practically absent. This time marks the beginning of the second half of the
Turgai evolutionary-temporal stage, covering the development of Early Miocene floras known
in the territory of the Turgai trough. Their main feature was the almost complete disappearance
of evergreen and subtropical elements. Ferns are rare. Among them are Osmunda doroschiana
Goepp., O. heeri Gaud et Strozzi, Woodwardia sp., Asplenim tenerum Lesq., Lygodium sp.,
Dryopteris sp. [20]. At that time, aquatic ferns of the genus Salvinia reached a significant
flourishing on the territory of Kazakhstan; 5 species grew here: Salvinia natanella Shap., Salvinia
paleopilosae Shap., Salvinia cerebrata Nikit (megaspores), Salvinia sp. (megaspores) [15, 24]. All
species diversity was concentrated in the Turgai trough region. According to V.S. Kornilova, the
reservoirs of the Turgai Plain after the retreat of the Chegan Sea became one of the centers of
species diversity of aquatic ferns, especially salvinia in Northern Asia [18]. Conifers are also rich,
among which the most typical are species of the Taxodiaceae family from the genera Taxodium,
Metasequoia, Glyptostrobus, and some genera of other families: Cedrus, Pseudolarix, Pinus and
others [21].

Noteworthy is the generic and species diversity of flowering plants: Cercidiphillum
crenatum, Lequidambar europea, Fagua antipofii, Quercus alexeevii, Quercus antipofii, Carpinus
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subcordata, Carpinus grandis, Corylus jarmolencoi, Pterocarya paradisiaca, Phellodenrdon
grandifollium, Carpenteriantus turgaicus, Sassafras ferretianum, Cerci s turgaica, Aser monoides
, Aser tricuspidatum, Ulmus carpinoides, Ulmus drepanodonta, Fraxinus nigrifolia, Populus
latior, Populus balsamoides. Apparently, in the late Oligocene and early Miocene times, swampy
forests with swamp cypress (Taxodium), rich coniferous-deciduous forests with metasequoia,
cedar, beech, oaks, maples and many other woody plants existed everywhere in Kazakhstan
around numerous flowing and still water bodies. watersheds.

The floras of Kazakhstan, uniform in type, were not completely identical and had regional
characteristics in the western and eastern parts. Only in Western Kazakhstan plant complexes
were the species Fraxinus dubia Budans., Sorbus praetorminalis Krysht. et Baik., Aser kinjakense
Zhilin, Cotinus lavrovii Budans. According to G.S. Rayushkina [25], these differences are
explained by paleogeographical features, but we believe that along with the geographical factor
of the time of development of Oligocene floras, there was also a paleogeographical factor of
the previous evolutionary stages (Romankol-Karasor in the west and Kiinkerish in the east of
the country). And, probably, the differences in the floras of the Turgai stage are inherited from
previous floras.

Outside of Kazakhstan, these floras are close to the Sarmatian flora of the Ambrosievka
locality [26], located on the territory of Ukraine, in the river basin. Krynki. The number of common
species reaches 8, and the number of common genera of these floras is 15. There are absolutely
no gymnosperms in the floristic complex of Ambrosievka. Monocots are numerous, mainly
representatives of the family Cyperaceae; evergreen forms are included in the composition of
angiosperms. The paleoflora of Erzhilansai is somewhat older than that of Ambrosievo, which
explains these differences [27].

The floristic complex of Erzhilansai shows a noticeable similarity with the flora of the
Ciscarpathian region [28]. Along with the general species, of which there are 11, the flora of
the Ciscarpathian region also includes representatives of genera not found in Erzhilansai, such
as Salix, Myrica, Carya, Fagus, Celtis, Aristolochia, Parrotia, Podogonium, Rhus, Rhamnus,
Berchemia, Cornus. In the composition of the flora of the Ciscarpathian region, the participation
of subtropical elements characteristic of the floras of the Poltava ecological appearance is quite
significant. The absence of such in the Erzhilansai paleoflora is its main difference from the
typical European floras of the Turgai ecological type of the Ciscarpathian region.

A noticeable similarity between the types of floras appears with the paleofloras of the Far
East and Primorsky Krai. The Aquitanian flora of Erzhilansai has 8 common species with the
Paleogene flora of Sakhalin [28]. All of them are typical representatives of the Turgai ecological
floras. Along with them, this flora includes species of the genera Myrica, Castanea, Celtis, Fecus,
Ribes, Corylopsis, Platanus, Vaccinium, etc.

By the end of the Turgai evolutionary-time stage, the composition of forests becomes
significantly depleted due to the loss of coniferous and many broad-leaved species. The flora is
becoming increasingly xerophytic, depleted of elements of forest tree species of warm-temperate
and humid climates, being replaced by mesoxerophilic species, and shrub and herbaceous
communities are widespread. With the expansion of mesoxerophilic formations, a radical
restructuring of the entire flora occurs and a new Kushuk stage of its historical development
begins. The remains of plants from this stage are preserved in the Kushuk locality. The Kushuk
stage is characterized by xerophytic, ancient Mediterranean (according to V.S. Kornilova) flora
with a predominance of mesoxerophytic species - especially oaks. Some species included in
its composition indicate continuity from more ancient floras of Western Kazakhstan: Salvinia
mildeana Goepp., Populus latior A. Br., Pterocarya paradisiaca Iljinskaja, Betula subpubescens
Goepp., Ulmus carpinoides Goepp., Zelkova zelkovifollia Buzek et Kotlaba, Peryploca
kryshtofovichii Kornilova. Another group includes plants known in Kazakhstan so far only from
the Kushuk locality. These are Salvinia kryshtofovichiana Shap., Salix integra Goepp., Sorbatia
callicomifollia Kornilova, Gleditsia allemanica Heer, Mirtus minor Ung., Trapa vassiljevi
Kornilova, Vaccinium palaeoretusum Kornilova, Fraxinus praedicta (Goepp.) Heer. As noted by
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V.S. Kornilov, flowering plants, with few exceptions, are represented by deciduous small-leaved
forms. The place of mesophiliclarge-leaved plants of the Turgai stage was taken by mesoxerophilic
forms, modern analogues of which now live in Western Asia and the Mediterranean [19].

The Early Miocene flora of Aktau is dominated by black poplars, numerous legumes, tree-
trees, elms, and xerophytic oaks and pistachios are known [30].

How the flora developed later can be judged from the plant remains preserved in the
Middle Miocene deposits of Kazakhstan outside the Turgai trough. For example, (data from V.S.
Kornilova [18]) in the younger, mid-late Miocene floras of the Kochkor and Tekessoy depressions
of the Tien Shan, more than 50 species have been established. Among them, the willow family
stands out for the number of prints and the largest number of representatives. The zonal type of
vegetation of this time was probably forests and xerophilous woodlands, consisting of juniper,
Caracas, barberry, almond, legumes, etc. Tugai forests were dominated by turanga poplars
and coastal communities with reeds, which is also characteristic of the features of the modern
landscape.

The locations of leaf imprints from the end of the Neogene and Quaternary periods of the
Cenozoic era in Kazakhstan and in particular in the Turgai trough were practically unknown
until recently. Therefore, information about the formation of modern flora of lowland areas is
very scarce. They are based on data from studying the remains of spores and pollen, from which
it is possible to establish only the genus, and not the species.

Conclusion

In conclusion, we note that the development of the flora of the Turgai evolutionary-temporal
stage was characterized by the development of the indricotherium (Turgai fauna). It was studied
for the first time from the territory of the Turgai trough by A. A. Borisyak, who described the
hornless rhinoceros Indricotherium from this area, typical of the Turgai fauna. The indricotherium
(Turgai) vertebrate fauna is represented by a complex of predominantly mammalian animals that
inhabited mainly the vast expanses of Central Asia. One of the main elements of the Turgai fauna
were odd-toed ungulates, chalicotherium, some rodents, and predators; of artiodactyls, the pig-
like Entelodon, Anthrocoterium, etc. In the early Miocene, a radical restructuring of the mammal
fauna occurred. Within the Turgai trough, the so-called gomphotherian fauna developed, its
remains were first collected in the Kushuk locality.

Thus, the analysis of paleofloras allows us to establish that during the Oligocene - Miocene
there was a gradual drying of the climate, especially along the watershed, where open spaces
began to form already at the beginning of the Miocene.
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Possibilities for reconstructing the paleoclimate of the paleogene and neogene based on the study of fossil flora
(using the example of the paleoflora of the Uly-zhilanshik river)

C.A. Hurmarosa', A K. J)Kamanrapa®, II1.b. AkmaramoeT?,
N.T. Maabsiposa‘, H.b. AGyb6akuposa’, K.K. Kamaranos ¢,
A.Cemnagaan’, A.M. 3aagaraan®
1235 68bomanuka xame umounmpodyxyus uncmumymol, Aamamol, Kasaxcman
2358 /.H. T'ymures amoindazvl Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
L47K. 1. Combaes amwuirdazvl Ieorozusiavik eviavimdap urncmumymot, Aamamot, Kasaxcman

Kas0a ¢paopachin 3epTTey HerisiHje I1aaeoreH MeH HeOT€HHIH I1aa1€eOKAVMAaTbIH
KayTa Kypy MyMKiHgikTepi (¥abI-’KblAaHIIBIK ©3€HiHiH ITaaeoda0pacbiH MbpIcaa¥a ala
OTBIPDIII)

Angatna. Makaaaga Y as-’KelaaHIIbIK e3eHiHiH aakaObHAa (OHTyCcTik Toprait ovmater, Kazakcran)
9P yakbITTa >KMHAKTaAFaH >KoHe 3epTTeAreH KaliHO30ii (paopachlHa TaadJay >KacaAfaH, COHBIMEH KaTap
Kasbaabl paopasapabl 3epTTey HeridiHge KallHO3011 ITaA1€0KAVMAaThIH KaAIIbIHA KeATipy IepCcIeKTIBaAaphl
KapacTeIpblaraH. YAabl-’KblaaHIMK ©3€HiHiH aHFaphl I1adeOTeH MeH HeOTeHJeri KopIlaraH OpTaHBIH
e3repy MpoIjecTepiH TyCiHyAiH Herisri aiiMarnl 604bIn TadbLAaabl. bya maseodaopasapanl seprrey
nazeoreorpausAAbIK KaFjaiidapabl: MadeodaHamadprapAbl KoHe KAMMATTBIH ©3repyiH KaiiTa KypyFa
MYMKiHAIK Oepeai. Bip xacrarsr (paopasapasiy Gip TUIKe >KaTIAWTHIHBI JKoHe ©3iHe ToH aiiMaKThIK
epexieaikrepi O6ap ekeHi kepceTiaai. ©zeH OOMBIHAAFBI 9PTYpAi >KacTarbl INOTiHAiAepAeH aAbIHFaH
{paopaaa yceHBLAFaH PAOPUCTUKAABIK KypaM. Y Apr-)Keraarmsik [leren TeHisiniy merinyi >koHe ayMaKThI
0JaH api apuausanuslay KeseHaepiH Oailkayra MyMKiHAiK Oepeai.

Maxkaaa AP19677563 «Oauronen MeH MuolLeH InekapacbiHAarsl Opraaslk  Kaszaxcranasig
raaeodA0packl MeH KAMMAaTBIH 3epTTey JKoHe aliiMaKTbIH IIeAeiTTeHyiHiH OacTanKkbl KeseHi» (2023-2025)
TPaHTTHIK >KOOACBIH icKe acklpy OapbIChIHAA AAMIBIHAAAFaH.

Tyiin cesaep: ¥anl-Xolaanmeik, Toprait Tunti naseodaopa, kazdbaanl ¢paopa, 1maseoreH, HeoTeH,
ea4i MekeHaep

C.A. Hurmarosa', A K. J)Kamanrapa®, II1.b. AkmaramoeT?,
.T. Maabsiposa?, H.b. AGy6akuposa’, K.K. Kamaranos ¢,
A.Cerigaan’, A.M. 3agaraam®
123568 [Inemumym Gomanuxu u pumounmpodyxuyuu, Aavmamol, Kasaxcman
%358 Egpasutickuti Hayuonarvnwiil ynusepcumem umenu A.H. ['ymuresa, Acmana, Kasaxcman
V47 Pnemumym zeorozuveckux nayx um. K. M. Camnaesa, Aamamui, Kasaxcman

B03MOXHOCTI peKOHCTPYKLIMM IIaae0KAMMaTa IaaeoreHa 1 HeoreHa 1o 4aHHbIM
n3ydeHns McKoraeMo ¢paopsl (Ha mpuMepe naaeodaopsl p. Yabl-)KnaaHmmk)

AnnoTanus. B cTaTthe mpuBejeH aHaAU3 KalTHO30MCKMX (PpAOp, COOpaHHBIX U M3YJeHHEBIX B pasHOe
Bpems B JoanHe peku Yabsl-’Knaanmuk (IOxno-Toprarickas sriaguna, Kasaxcran), a Takke pacCMOTpPeHBI
IIePCITeKTUBE PeKOHCTPYKIIMY TlaJeOKAMMaTa KalfHO30s IO JaHHBIM M3YYeHMs VCKOIIaeMBIX (paop.
Aoauna pexu Yabl-)XK1UAaHIINK SBASETCA KAIOYEBBIM PallOHOM AAsl TIOHMMaHUs ITPOIIeCCOB M3MEHEeHMs]
OKpYy>KaIOIllell Cpeabl B I1aleoreHe W HeoreHe. /aHHbIe W3y4eHUs STUX IaaeodAOp TIO3BOATIOT
BOCCTaHOBUTH ITaleoreorpadpuueckue ycAOBUs: INadeolaHAmadTel M M3MeHeHHUs KaumaTta. Iloxasano,
9TO OAHOBO3pacTHEIE (PAOPH He OBIAM OJAHOTUIIHBEIMM M UMeAW CBOM perMOHaAbHBIE OCOOEHHOCTIH.
DA0pUCTHYECKUI COCTaB, IpeACTaBAEHHBIN BO (pAOpaX M3 Pa3sHOBO3PACTHBIX OTAOXKEHUII IO p. YABI-
Kmaanmuk, 1o3soasieT IpocAeAuTh HTaIlbl OTCTYILAeHUs YeraHcKOTo MOPsI U AaAbHeIel apuAnsanum
TEepPUTOPUIL.

CraTpsl TIOATOTOBA€HA IIpU peaau3alluy IpaHTOBOTO Ipoekta AP19677563 «JVIccaegosanus
naaeodpaopsl u KanMara Lenrpaarnoro Kasaxcrana na pyOeske oaAuroneHa ¥ MUOIIEHA U HayaAbHBIN
9Tall ONyCTHIHMBAaHUS pernoHa» (2023-2025 rr.)

Karouesble caosa: Yabl-Kuaanmmk, mnasdeodaopa TOPTraicKOro THMIIA, MCKOMaeMble (AOpHI,
I1a1e0TeH, HeOTeH, MeCTOHAXOXK AeHIsI.
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Analysis of the ecological state of urban green spaces in the Medeu district of
Almaty

Abstract. This article examines the environmental problems of cities in Kazakhstan using
the example of the Almaty metropolis. The importance of green spaces in urbanized areas is
very difficult to overestimate. In the city of Almaty, more than 70 species of trees and shrubs
recommended by the botanical garden have been introduced into production. Among trees are
Phellodendron amurense, Faidherbia albida, Crataequs sanguinea, Crataegus maximowiczii,
Crataegus submollis, Crataegus punctata, Ulmus glabra, Aesculus hippocastanum, Acer
ginnala, Acer saccharum, Juniperus Virginiana, among shrubs — Syringa josikaea, Spiraea
vanhouttei, Spiraea thunbergii, Spiraea japonica and others. A detailed floristic analysis of
the tree and shrub flora of the city of Almaty showed that green spaces are represented by
208 species belonging to 58 genera and 34 families. Among tree and shrub species, 54 species
(20%) represent the natural flora of Kazakhstan (9 coniferous and 45 deciduous species) from
13 genera and 9 families, and 154 species (80%) are introduced species, i.e. plants grown in
soil outside their natural ranged 154 species (80%) are introduced chronologically, i.e. plants
grown in soil due to their distribution.

Key words: Green spaces, urban environment, Almaty city.
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Introduction

Currently, the influence of various factors of human activity on the environment has led to
major changes in the urban flora and vegetation of large cities of the Republic of Kazakhstan.
Today, environmental protection, which is regulated by regulations, is of current importance
at the state level in the country. The intensification of environmental problems in the cities of
Kazakhstan associated with air and soil pollution by road transport, the accumulation of industrial
and household waste, the acute problem of drinking water and energy resources have led to a
violation of the environmental sustainability, balance and safety of cities and its population.
Increasing environmental problems associated with urbanization of territories are becoming key
factors in achieving the Sustainable Development Goals. As is known, the urbanized urban system
directly has a great impact on the natural environment and adjacent territories, which leads to
changes in climate, topography, soil cover, flora, and fauna. Changes in natural environmental
conditions through various anthropogenic factors lead to changes in the species composition of
urban flora and its ratio. Over the past 20 years, in large and small cities of the republic, there has
been an active development of territories with high-rise buildings of entire blocks and large public
buildings, which leads to the question of the sustainability of already transformed ecosystems
and their functioning in new transformed conditions. Therefore, there is a need to study various
aspects of the functioning of urban landscapes in order to prevent the complete destruction
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of already changed ecosystems. Today, high air pollution in large metropolitan cities, large
migration of the rural population to the city, increasing overpopulation in certain urban areas
affect the normal functioning of a person, his health and life expectancy, which in turn affects the
environmental sustainability of the functioning of the urban ecosystem. The expansion of urban
areas transforms natural landscapes, thereby affecting ecosystems and biodiversity. A city is a
socio-economic geotechnogenic system with the local inclusion of ecosystems (biogeocenoses),
which include parks, forest parks, preserved areas of meadow vegetation, as well as swamps
and reservoirs [1]. Urbanized areas, as part of a broader ecological system, influence other
landscapes with which they interact, and in doing so, different choices, and ways of assessing
and understanding the impacts of urbanization on human health and the environment can lead
to better environmental outcomes. Vegetation is a fundamental component of urban ecosystems
and plays a huge role in creating a favorable living environment for the population. It should
be noted that living plants perform vital functions. Among them, it should be noted sanitary
and hygienic. Just as in natural landscapes, the green plants of cities perform such important
work as supplying oxygen, while plants play an important role in clearing the city of dust,
gases and smoke that are released into the atmosphere every day. Various substances contained
in the soil are also absorbed by plants. Therefore, in a number of countries, especially active
absorbent grasses are planted to cleanse soils of heavy metal contamination. It is no coincidence
that environmentalists recommend increasing not only the area of green spaces in cities, but also
using any other possibilities - organizing lawns (“green carpets”), planting greenery on walls,
roofs, and interiors.

In the last decade, scientific interest in the study of green spaces in cities has noticeably
increased [2,3,4,5,6,7,8, 9]. Megacities have a great influence on the state of the environment and
are the driving force of social, economic, environmental changes and ensure the well-being of
the urban population. In Kazakhstan, large cities with a population of over 1 million residents
include cities such as Almaty, Astana, Shymkent. The city of Almaty is located in the southeast
of the Republic of Kazakhstan and is unique in its physical-geographical and natural-climatic
characteristics that shape the ecological features of its territory. The total area of the city of
Almaty is more than 683.5 square kilometers. The metropolis is located in the valley of the
Bolshaya Almatinka and Malaya Almatinka rivers and their tributaries. Currently, the city of
Almaty is characterized by a difficult environmental situation not only because of its location in
the foothill basin, but also by problems typical of large cities. To meet the oxygen demand of the
population of the city of Almaty, more than 30 thousand hectares of green space are needed [10].
However, I would like to note that today, for the current ecological state of Almaty, this figure
must be safely doubled, due to the large emissions of pollutants into the atmosphere associated
especially with road transport, which accounts for more than 70% of all emissions. This situation
is aggravated by the blocking of a number of streets and avenues in the city of Almaty with high-
rise buildings, creating additional obstacles to the movement of air flows. In the last decade, the
growth of new buildings in the city of Almaty has intensified the processes of anthropogenic
impact on urban flora. The existing experience of green construction of the city of Almaty does
not fully take into account the specificity of the environmental conditions of various areas of
the city and the level of their technogenic pollution, and the issues of the condition of plantings
in residential areas and the resistance of vegetation to the effects of the urban environment
remain insufficiently studied. In this regard, monitoring of green spaces in the city, including an
inventory and assessment of the current state of the flora, seems very relevant. In conditions of
weak natural ventilation and a large number of mobile and stationary sources, air pollution is
the most pressing environmental problem of the city of Almaty.

The object of our research was the urban flora of the Medeu district of Almaty. Medeu
district is the largest administrative, industrial and cultural center of Almaty. The area of Medeu
district is 253.4 km? (Table 1). The total area of boulevards, squares and green areas of the Medeu
district of Almaty is 32.35 hectares.
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Table 1

General characteristics of the studied Medeu district of Almaty

District Date of Area km? Population Natural area
foundation (thousand people)
Medeu 1936 253.4 209,836 forest-steppe

Table 2 below shows the total number of parks, squares, boulevards, and green areas in the

Medeu district of Almaty (Table 2).

Total number of parks, squares, boulevards, green areas
of Medeu district of Almaty

Table 2

District Name
Parks Groves Alleys Boulevards Squares Green areas
Medeu 3 1 2 30 7
Materials and Methods

To study the urban flora of the Medeu district of Almaty, generally accepted classical and
traditional methods of botanical and floristic research were used: in the field conditions, the
traditional route reconnaissance method was used. At various times during the spring, summer
and autumn growing seasons (from April to September), walking routes were combined with
automobile routes. Places of intensive introduction of adventive plants and pockets of local flora
preserved within the city limits were subjected to a detailed examination. The collection and
processing of herbarium material was carried out according to the generally accepted method of
A K. Skvortsov [11]. In the process of identifying the herbarium, multi-volume reports were used
as sources: “Flora of Kazakhstan” [12], “Trees and shrubs of Kazakhstan” [13], “Plants of Central
Asia” [14], “Identifier of plants of Central Asia” [15], “Illustrated guide to plants of Kazakhstan”
[16] and others. To clarify species and generic names, the latest reports by S.K. Cherepanov [17],
S.A. Abdulina [18]. The types of life forms were carried out according to the classification of
I.G. Serebryakov, K. Raunkier [19]. Our route studies covered various ecotopes of the Medeu
district of Almaty (streets, cars, residential areas of multi-storey buildings and the private
sector, city lawns, playgrounds, sports complexes, etc.). To conduct floristic research, generally
accepted traditional methods were used. The urban flora of Almaty includes plant species that
spontaneously grow within the administrative boundaries of the city, as well as cultivated trees
and shrubs. Herbarium material was collected throughout the growing season; the same places
were visited repeatedly to collect herbarium specimens as completely as possible. To conduct
a systematic, ecological, geographical analysis, the morphological-geographical method was
used. We carried out an inventory of the urban flora of the Medeu district of Almaty within the
administrative boundaries of the cities.

Results and Discussion

As a result of the research, a comprehensive inventory was carried out and characteristics
of the floras of boulevards, squares and green areas of the urbanized areas of the Medeu district
of Almaty were given. Analysis of the urban flora of squares, boulevards and green areas of
the Medeu district of Almaty revealed 217 species belonging to 129 genera and 52 families. The
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largest number of species falls on 11 families: 110 species out of 217 plant species, which is 34%.
The spectrum of the leading families of the flora of the Medeu region showed that the largest
families are: Poaceae (15; 13.7%), Asteraceae (15; 13.7%), Rosaceae (8; 7.3%), Brassicaceae (6; 5.5%),
Fabaceae (5; 4.5%), Pinaceae (5; 4.5%), Oleaceae (4; 3.6%), Aceraceae (4; 3.6%), Salicaceae (3; 2.7%),
Chenopodiaceae (3; 2.7%), Ulmaceae (3; 2.7%). These 11 families account for 34.0% (74 species)
of the entire flora of the Medeu region. An analysis of the largest genera of urban flora in the
Medeu district of Almaty showed that the largest genera of the park are: Acer (5; 3.6%), Picea (5;
3.6%), Ulmus (3; 3.3%), Artemisia (3; 3.3%), Poa (3; 3.3%). The following 10 genera each contain 2
species: Tilia, Fraxinus, Trifolium, Festuca, Plantago, Pinus, Populus, Arctium, Urtica, Chenopodium.
These fifteen genera (26 species) account for 39.3% of the total urban flora of the Medeu region.
The remaining 73 genera contain one species each. An analysis of the life forms of the flora of the
Medeu district of Almaty showed that herbaceous plants are in first place, of which there are 97
species or 44.7% (See Figure 1).

18.4%

44.7%

60.8%

m Herbaceous plants  mTrees  mBushes

Figure 1. Correlation of life forms of the flora of the Medeu region

In second place are trees. There are 90 species of tree species in the Medeu district of Almaty
(41.4%), and the third place is occupied by shrubs - 30 species or 13.8% of the total species
composition of the studied flora. Trees in the Medeu district of Almaty are widely represented
in the families Rosaceae (12 species), Salicaceae (6 species), Pinaceae (11 species), Cupressaceae
(3 species), Aceraceae (7 species), Moraceae (2 species), Fagaceae (2 species). Among tree and
shrub species, 24 species (11.0%) represent the natural flora of Kazakhstan (9 coniferous and
15 deciduous species) from 13 genera and 19 families, and 66 species (30.4%) are introduced
species, i.e. plants grown in soil outside their natural distribution range (See Figure 2). Of the
introduced species, 12 are coniferous, and 54 deciduous species from 11 genera and 24 families.

B

30.4%
= Introduced = Aborigines

Figure 2. Distribution of introduced and native species among tree
and shrub species in Medeu district of Almaty

86 Ne 4(145)/2023 A.H. I'ymunres amuindazvt EYY Xabapuivicor. Xumus. Teozpagus. Dxorozus cepuscul
ISSN: 2616-6771, eISSN: 2617-9962



Analysis of the ecological state of urban green spaces in the Medeu district of Almaty

In the flora of the Medeu district of Almaty, among the introduced species, tree and shrub
plant species are represented by 66 species belonging to 37 genera and 18 families. The ratio
of introduced species (66; 24.8%) between the occurring tree and shrub life forms is presented
in Figure 3, and is 54 species (trees) (24.8%) and 12 species (shrubs) or 5.50%, respectively (See
Figure 3).

5.50%

24.8%

® Trees = Bushes

Figure 3. The ratio of introduced tree and shrub forms in the Medeu district of Almaty

As our research has shown, introduced species found in tree and shrub plantations of the
Medeu district of Almaty have different centers of origin. Among the tree and shrub introduced
species that stand out sharply in terms of species richness are species from Asia (27.0%) (Ailanthus
altissima, Phellodendron amurense, Salix matsudana, Acer ginnala, Kerria japonica, Cotoneaster lucidus,
Cerasus tomentosa, Chaenomeles speciosa, Salix babylonica, Juglans mandshurica, Forsythia intermedia),
North America (17.0%) (Acacia albida, Acer saccharinum, Acer negundo, Crataegus horrida, Populus
deltoides, Populus balsamifera, Juglans nigra, Juglans cinerea, Mahonia aquifolium, Picea glauca, Picea
pungens, Picea engelmannii, Pseudotsuga menziesii, Pinus sponderosa, Tsuga Canadensis, Fraxinus
lanceolata), Europe (13.8%) (Euonymus europaea, Acer pseudoplatanus, Sorbus aucuparia, Crataegus
monogina, Tilia platyphyllos, Tilia cordata, Picea abies, Pinus mugo) and Palearctic (6.2%) (Viburnum
opulus, Spiraea vanhouttei, Padus avium, Salix alba, Populus alba, Populus nigra, Buxus sempervirens,
Sambucus nigra, Cotinus coggygria and others). A small percentage of species belong to Eurasia
(3.7%) (Cornus alba, Frangula alnus, Acer mono, Acer platanoides, Populus italica), the Caucasus
and Crimea (1.2%) (Pinus pallasiana, Amelanchier spicata), the Mediterranean (3.1%) (Pinus nigra,
Fraxinus excelsior, Fraxinus rotundifolia, Ligqustrum vulgare, Syringa vulgaris) and the Holarctic
(2.5%) (Swida alba, Aesculus hippocastanum, Grossularia uva-crispa).

The study of urban flora and its biomorphological structure reflects the nature of plant
adaptation to a set of environmental conditions prevailing in certain ecotopes. Therefore, its
analysis is the main tool in understanding the ecology of plant habitats. The basis for the analysis
of life forms in our research was the system of life forms by K. Raunkier [19]. An analysis of the
life forms of K Raunkier showed that among the tree and shrub flora of the Medeu district of
Almaty, phanerophytes and chamephytes dominate — 53.7%. The group of phanerophytes is
well represented in the families Oleaceae (5 species), Rosaceae (12 species), Ulmaceae (5 species),
Pinaceae (11 species), Salicaceae (6 species), Aceraceae (7 species), Betulaceae (3 species), Fabaceae (4
species), Elaeagnaceae (4 species), Juglandaceae (3 species), Anacardiaceae (3 species). Among them,
about 20 species are cultivated - this Berberis vulgaris, Grossularia uva-crispa, Malus domestica,
Fraxinus pensylvanica and others. The group of chamephytes in the urban flora of the Medeu
district of Almaty is widely found in the families Rosaceae (5 species), Berberidaceae (3 species),
Cupressaceae (8 species), Oleaceae (5 species), Grossulariaceae (4 species), Caprifoliaceae (4 species),
Fabaceae (4 types). Among gymnosperms Picea schrenkiana, P. obovate, Abies sibirica Pinus sylvestris,
Larix sibirica, Juniperus sabina, |. communis, |. turkestanica and J. sibirica are native i.e. local, and
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the remaining 26 (6.5%) species are represented by cultivated plants: Pinus pallasiana, Pinus
nigra, Pinus mugo, Picea glauca, Picea punpens, Thuja occidentalis, Juniperus scopulorum, Juniperus
virginiana, Pseudotsuga menziesii, Larix gmelinii and others.

Below are photographs of the squares and boulevards of the Medeu district of Almaty (See

Figure 4).

4.1 Square near the monument to Sh.
Ualikhanov

4.5 Square near the Monument to Zhambyl
Zhabayev

4.6 Boulevard on Tolebaev street

Figure 4. Boulevards and squares of Medeu district of Almaty

Conclusion

As a result of the study, it was revealed that only 20% of the species diversity of local tree
and shrub plants is used in landscaping among the green spaces of the tree and shrub flora of the
Medeu district of Almaty, 80% are represented by introduced species. The natural and climatic
conditions of the city of Almaty make it possible to significantly expand the range of landscaping
for the city, both due to local and introduced tree and shrub plants. It should be noted that today
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the weak points of landscaping in Almaty are its monotony, i.e. landscaping is dominated mainly
by northern species of mass assortment and there is no assortment of plants with local southern
flavor, which should become the main goal of landscapers in the future when creating new and
reconstructing old plantings; lack of special landscape solutions for landscaping highways at
the entrance to the city, as well as new areas where local ornamental grasses, flowering shrubs
(for example, species, varieties and forms Spiraea hypericifolia, Berberis iliensis, Berberis heteropoda,
Lonicera altmanni, Lonicera alberti, Caragana turkestanica) and trees (Armeniaca vulgaris, Cerasus
tianschanica, Cerasus erythrocarpa, Prunus sogdiana) will give a special color scheme and emphasize
the southern flavor of the landscape complex of the city of Almaty.
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I''A. CaapipoBa, A K. Tanni0aesa, T.A. Basap6aesa, I'A. Mykanosa, C.M. J:xamnaosa’,
A.C. Hypmaxanosa
OA-Dapabdbu amvindazor Kasax ¥Yammulk yrnusepcumemi, Aamamul, Kasaxcman
'Abaii amwuindazor Kasax yammoik nedazozukarvi yuusepcumemi, Aamamot, Kasaxcman

AamaTtel Kaaacel Megey ayaaHbIHAAFbI KaaaAbIK JKachla XeAeKTepAiH
9KOAOTUAABIK JKaraalbIH TalAay

Angarna. bya makasaja AaMaTsl MeTalloAUCiH MbIcaaFa ada OTHIpHIT, Kasakcran KazaaaphIHBIH
DKOJAOTUAABIK, IpoOAeMajapbl TaaAKbldaHadbl. YpOaHM3alusa IIPOLIeCiHiH JaMybIMeH KadadapAblH
TaOMFM OPTacH aliTapabIKTall esrepei. Oaap Tabury KaybIMJacTBIKTapFa TOH eMec 3aTTap MeH DHepTus
alfHaABIMBIHBIH epeKIle Typi Oap HaKThl 9KOAOTMAABIK OpTaMeH cumattadasbl. Kasaablk >xepaepae
>KachlA KeHiCTiKTep MaHbI3ABL JKacbla eciMAiKTep YAKeH KaJdalapAblH TYPFLIHAAPBIH IIaHHAH, TyTiHHEH
JKaHe 3UAHADBI TadgapAaH KOprayJa YAKeH pea aTKapaAbl. AAMaThl KalachlHAa OOTaHMKAABIK OaK yChIHFaH
aramrap MeH OyTadapasiH 70-TeH acTaMm Typi eHAipicke ewrisiagi. Aramrapaan Oya - Phellodendron
amurense, Faidherbia albida, Crataegus sanguinea, Crataegus maximowiczii, Crataegus submollis,
Crataegus punctata, Crataegus chrysocarpa, Ulmus laevis, Ulmus glabra, Gleditsia triacanthos, Catalpa
bignonioides, Aesculus hippocastanum, Acer ginnala, Acer platanoides, Acer saccharum, Juniperus
virginiana, Juglans mandshurica, Padusmaackii, n3kycrapaukos-Amorpha fruticosa, Swidaalba, Syringa
josikaea, Spiraea vanhouttei, Spiraea thunbergii, Spiraea japonica >kone 6ackaaap. AaMaThl KaAacChIHbIH
aranr-OyTa (paopackiHa GpAOPUCTUKAABIK TalAdy JKacay >Kachla aaKanTap 58 Tysictap MeH 34 TYKbIMAacKa
>karaTeiH 208 TypMeH YCBHIHBIAFAHBIH KepceTTi. Aramn >keHe Oyra Typaepiniy iminge KaszaxcraHHBIH
Taburn (paopacsH 13 TybicTap 1meH 9 TYKBIMAACTHIH 54 Typi (20%) KypaiiAsr (9 KbIAKaHKaIIBIPaKTHl JKoHe
45 >xanpipakTel TYP). 154 Typi (80%) uHTpOAyKIMsAaHFaH, Oy TaOUFy TapaAy aliMarbIHaH THIC TOIIBIPAKTa
OCeTIiH eciMaiKTep.

Tyiiin cesaep: JKacoia xeaexrep, Kadaablk ypOaHM3alusAaHFaH OpTa, AAMaThbl KaAachl.

I'.A. CaageipoBa, A. K. Tanwi0aesa, T.A. Basap6aesa, I'A. Mykanosa, C.M. J:xammnaosa’,
A.C. Hypmaxanosa
Kasaxcxuil nayuonarvhuiil ynusepcumen um. arvb-Qapadu, Axmamor, Kasaxcman
'Kasaxckuii HALUOHANbHOLI nedazozuieckuii yrusepcumem umenu Abas, Aavmamol, Kasaxcman

AHaan3 9K0A10TMIECKOTO COCTOSIHNS TOPOACKIX 3e1eHbIX HacaXaeHnin Megeyckoro
pailioHa ropoga AaMaTbl

Annoranus. B gannoii crathe Ha mpuMepe Meraroanca AAMaThl pacCMaTpUBAIOTCs DKOAOTMIECKHe
npo6aemMsl ropoos KazaxcraHa, rae ¢ passuTtueM Ipoijecca ypOaHM3aI iy ecTeCTBeHHas IpUpoAHast cpeja
B TOpOAax O4eHb CUABHO M3MEHAETCA, A4 KOTOPOII XapaKTepHa crienyduaecKas KoA0rndeckas cpeja ¢
0CODOBIM TUIIOM KPYTOBOPOTa BeIIleCTB M DHePTUM, He CBOVICTBEHHO IIPUPOAHBIM COODIIecTBaM. S3HauYeHue
3eJeHbIX HaCaKAeHUI Ha YpOaHU3MPOBaHHBIX TEPPUTOPIIX OU€Hb TPYAHO IIepeoLieHUTh. boAbIyIo poab
3eJeHble pacTeHIs OKa3bIBaIOT B 3all[UTe HaceAeHMs KPYITHBIX TOPOAOB OT IIBIAM, ABIMa U BPeAHBIX Ia3os. B
ropoe Aamarsl 60aee 70 BA0B 4epeBbeB I KyCTapHIUKOB, PeKOMEHA0BaHHBIX OOTaHIMIECKIM Cag0M, ObLAN
BHe/peHbI B Ipon3soAcTso. V3 gepesbes 10 - Phellodendron amurense, Faidherbia albida, Crataegus
sanguinea, Crataegus maximowiczii, Crataegus submollis, Crataegus punctata, Crataegus chrysocarpa,
Ulmus laevis, Ulmus glabra, Gleditsia triacanthos, Catalpa bignonioides, Aesculus hippocastanum, Acer
ginnala, Acer platanoides, Acer saccharum, Juniperus virginiana, Juglans mandshurica, Padus maackii,
n3 KycrapHukos - Amorpha fruticosa, Swida alba, Syringa josikaea, Spiraea vanhouttei, Spiraea
thunbergii, Spiraea japonica u apyrme. IToapoGHsIit paAOpUCTHYECKNTI aHAAUS APeBeCHO-KyCTapHUKOBOI
daopsr ropoga AamaTsl TIOKa3ad, 4TO 3eAeHble HacaXKAeHMs IpeAcTaBaeHsl 208 BuaaMu, OTHOCIITUIXCS
K 58 posam u 34 cemeiictsam. Cpeam ApeBecHO-KyCTapHUKOBHIX BUAOB - 54 Buja (20%) mpeAcTaBAsIIOT
npupognyio ¢paopy Kaszaxcrana (9 xpoiiHbIX 1 45 AMCTBEHHBIX 1TOpoA) 13 13 pogos 1 9 cemericts, u 154
B1140B (80%) ABASAIOTCSI MHTPOAYLIEHTaMI, T.€. pacCTeHIs, BLIpallleHHbIe B IPYHTe 3a IIpeJeAaMU apeasa 1xX
IPUPOAHOIO pacIpoCTpaHe sl

Karouesrble caoBa: 3eaeHble HacaKAeHNs, ypOaHU3UPOBAaHHAA Cpeda, TOpo4 AAMaThl.
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Analysis of the ecological state of urban green spaces in the Medeu district of Almaty
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MPHTU 39.01.94

XK.A. Tycyn6ekos”, B.A. Kaszakos?, A.A. [llapannos®

Onmcxuii zocydapemeentotii azpaprviii ynusepcumem umenu I1.A. Cmorvinuna, Omcxk,
Poccuiickas @edepavjus

(E-mail: V' gggkiovr@mail.ru, > va.kazakov35.06.01@omgau.org,
Saa.sharapov1518@omgau.org)

MaHryTcKmii BOAOTOK KaK pelieHye IIp0o0aeMbl 3aTOILAeHNSI,
noaronaenns: Ha3piBaeBCKOro MyHMIIMIIaabHOro pamnona OMckon o6aacTm

AnHoTanms. Bodnvle pecypcol meppumopuu OMHOCAMCSL K CAMBIM  60Cmpe0o6arHHbIM
NPUPOOHbIM pecypcam O Kusnu werosexa. Aepuiium 600bl 6cezda cozdaem 00AvuLUe HeydodCcmea
He MOADKO OASl HOPMAALHOZ0 PASSUMUS XO3AUCHEEHHOU 0eSMeAbHOCMY HACeAeHUS, HO U
A6Aslemcs Yzpo3ot 0As cyuecmeosarus. B céasu ¢ amum uerosex 6cezda 6 nepsyio ouepedv
oceéausaen meppumopuu ¢ JoCmamouHbMu 600HbIMU pecypcamu. B mo xe epems, usdoimouroe
KOoAUuecmeo 600vl makxke co30aém onpederertvie npodremvl 0As derosexa. K nauboree
pacnpocmpaneHHbM He2amueHbIM HOCACOCMEUILM 60001 OMHOCANCS NPoOAeMbL SAMONACHUS. U
NOMONAeHUS.  HACEAEHHDIX ~MYHKNMOS, CEADCKOXO3AUCMEEHHVIX —Y200Ull, NPOMBIUUAEHHDLX
00vexmos u m.0. Hauboree nodsepxerHvim K 10000HLIM NOCALICIEUAM 6006l S6ASIOMC
pasHuHHble Meppumopui, ¢ samkHymvim cmoxkom. HesnauumervHuvie yiAoHbl 6000c00pHOL
no6epXHOCMIU  CHUXAIOM  eCecmeeH Y0  OpeHuposaHHOCHIb  Meppumopuy.  HAKANAUGAS
ammocdeprivie 0cadku 6 MEAKUX NOHUKEHUAX, OONOAHUMEADHO C€030A6asl YCAOUSL OAlL
noomoniexus meppumopuu. Ilpobrema ycuAusaemcs 6 pesyrbmame AHMPONOZEHHOU
desmeavrocmu. Cmpoumeabcmeo 30aHUil U COOpYxKeHutl, 0c00eHHO AUHENHBIX, Hapyuiaem
2UOPOAOZUMECKUTE  peXUM  6000COOPHOTE  106ePXHOCHIU  JONOAHUMEALHO C030a6as  YCAOGUS
nepeyeraxtenus. Teppumopus toea 3anadnon Cubupu umes nA0CK0-3anadHvlil pasHUHHbLL
peaved exezodHo nodéepzaemcs 3amonieruto u nodmonieruto. Ilosmopsemocmov 600HbLX
npodAeM 3asucum om 600HOCHU 2004 U 6 NOCAeOHee decmuiemue HAOA00aemcsl meHoeHus Ux
yeeauvenus. Hasvieaesckuil pation Omckoil 00Aacmu, pacnoroKeHHblid 6 0eccmouHoll 4acmu
Mpmuiu-VMuumckozo 6000pasdera S6A59emcs. MUnuiHolM nPUMepom HezamusHozo 6030eticmeusl
600. B cmamve paccmompervl 0CHOGHbIe NPpudUHbL 3amonenus u noomonienus Hasvieaesciozo
pavoHa u Meponpusmus no ux YMeHbuleHuto ¢ noMouypto 60000meodrozo Marzymcikozo
sodomoxa. Buinoinena ouerxa cocmosanus Marnzymcikozo 6000moka u npeorokeHvl 0CHOGHbIE
MEPOnpUAMuUSL N0 YAYHULEHUIO 60001PONYCKHOL CHOCOOHOCTIL.
KaroueBbie caoBa: 3amonaenue, nodmonierue, 60000Mmeodsusuil 6000MoK, nNOEEPXHOCHIHUIL
CMOoK, 3aureHue, 3apacmarue.

DOI: https://doi.org/10.32523/2616-6771-2023-145-4-93-104

BBeaenne
HeraTtuBHoe BO3aeiicTBME BOA, B YaCTHOCTU 3aTOILA€HNME U IIOATOIIAEHUE, AAS
paBHMHHBIX TeppuTopuii Poccuiickoir ®egepariny OTHOCUTCS K UMCAY Hanboaee
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KA. Tycynbexos, B.A. Kasaxos, A.A. Illapanos

aKTyaAbHBIX HIpoOJeM. SIpKMM HOpUMepoM OTPUIIaTeAbHOTO BAMSIHUA BOJ SBASIOTCS
cocrosinne Teppuropumu HasbiBaeBckOro MyHUIMIIAABHOIO parioHa Omckoil obaacty,
pacIioA0XKeHHO! B yCAOBUAX IIA0CKO-3allagMHHOrO peabveda 3JanaaHo-Cubupckoit
HI3MEHHOCTI.

E>xerogHo B nepmog BeceHHero I0A0BOAbsA, 3HauMTeAbHast yacTh OMcKoit obaacTu
II0ABepraeTcs 3aTOIACHNIO U OATOILAeHIO. I1ocaeacTBIs HeTraTMBHOTO BO3AEVICTBISL BOJ,
OTpUIIAaTeAbHO BAUAIOT Ha  XO3AMCTBEHHYIO AesATeAbHOCTb HaceAeHMs, HaHOCs
3HaYMTeABbHBINI MaTepMaAbHbIN yIlepO, MPUBOAUT K COKpaIlleHNIO CPOKOB DKCIIAyaTalluu
34aHUI 1 COOPY>KEeHUI, OKa3blBaeT BAMAHNIE Ha 340pOBbe AI0AeM U T.I1.

K oanuM m3 mpoOaeMHBIX y4YacTKOB, 4acTO IIOABepraeMbIX K 3aTOIAEHMIO U
IIOATOILA€HIIO, OTHOCUTCs Tepputopus Haspisaesckoro paitona Omckoi od6aacTu.

Teppurtopus HaspiBaeBckoro MyHUITUIIaABHOTO paliOHa pacrioJaraeTcs B 3ariagHoi
gactu Omckoit ooaactu (puc.1) u rpannmaut CaaakoBckuM partoHoMm TroMeHcKolt 00aacTu.
OO61mas naomaab paifoHa coctaBasieT 5,9 THIC. KB. KM.
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YcaoBHbIe 0O0O3HaUeHUS: —— TpaccCa KaHa4a.
Pucynok 2 — Cxema pacrioaoxennst MaHIyTCKOTO BOJAOTOKa.
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MIZHZymCKMIZ 6000MOK KAK peuterue TZPO@}\E.Mbl samonaenus, noomoniernus Hazvieaesckozo MYHUUUNAADHOZ0 pﬂflOHﬂ ............

PaccmaTpuBaemMas TeppuUTOpus IIpeacTaBAseT CO0OM OeccTOUYHyIO paBHUHY C
orMeTKamMy nosepxHoctu 3eMan 125-130 m BC ¢ mmpoxum passurnem 03¢ pHO-0010THOTO
AaHamadra. PaBHmHHBIN XapakTep peabeda € OOABIINM KOAMYECTBOM HErayOOKMX
0410411€00pa3HBIX ITOHVDKeHUI IIpesonpeieana0 Haaudye MHOXeCTBa MeAKMX O3ep I’
3a004049eHHBIX yyacTKoB. Ha Teppuropun paitona koamdectso osep mpesbimaer 140, a
3a0041049€HHOCTHh A0XOAUT A0 25%.

TasiHye cHera B BeCeHHII ITePUOA XOTh U HEITPOAOAKUTE AbHBIN, HO OYeHb APy KHBII,
aKTUBHBIM CXOJ, CHeTa U OCaAKU IIPUBOASAT PE3KOMY IIOBBIIIEHMIO YPOBHS BOABI B
MHOTOYVICAEHHBIX O3epaX, 4YTO Hepe4Ko NPUBOAUT K MOATOILAEHUIO HaceA€HHBIX ITyHKTOB
Hassisaesckoro, Kpyruuckoro n TiokaamHckoro paioHoB OMcKoil 00aacTy, a Takxke
Caagkosckoro partoHa TiomeHcKolT 004acTu.

Ha Bcenn tepputopmm pajioHa OCTPO CTOUT BOIPOC ITOATOIAEHMS WM 3aTOILACH,
KOTOPBIN C KaXXABIM TOAOM ycuampaercsa. HecMoTps Ha mMMeOmmiics Maablil YKAOH
TePPUTOPUM K ceBepy aTMocdepHble 0calKl A€THero Iepuoja ¥ BeceHHIe Taable BOABI B
OoapIIelt 9acTy aKKyMyAUPYIOTCs B IIOBEPXHOCTHBIX ITOHVDKeHMAX. TakoMy IT0A0KeHUIO
Ael B IIepBYIO ouepeab CIIOCOOCTBOBAJAO HapyllleHMe yCAOBMII ITOBEPXHOCTHOTO CTOKa B
pe3yabTaTe OCBOEHMs CeAbCKOXO3SAVICTBEHHBIX TePPUTOPUII U CTPOUTEABCTBA AOPOT
pasHoro 3HaueHus. Takum oOpasom, pasBUTHeE IPOIECCOB 3aTOIIAEHNUs U ITOATOILAEHIS
CBsI3aHO KaK C IPUPOAHO-KAMMATUYECKIMM, TaK U C TEXHOTeHHBIMU (paKTOpaMI.

B HacTosIIEe BpeMsl MOBBHIIIEHNE YPOBHS ITIOBEPXHOCTHBIX BOJ, Ha TepPUTOPUN
OTpa’kaeTCs TIOYTM BO BCeX HacCeJ€HHBIX IIyHKTaX palioHa. 3aranamBaioTCcsa U
IIOATAIlAMBAIOTCS  AOMa, IIpuycajeOHble ydJacTKM, AOpPOIM, colMaabHble OOBLeKTH. B
3HAYMTEABHOM CTeIIeHN CTpajaeT M caM paliOHHBIN LeHTp ropoa HaswiBaesck.

Ycnaennio mporecca NoATONAeHNs CIIOCOOCTBOBAaAO PaclOA0KeHe TePPUTOPUM B
IIeHTpaAbHOM — OeccTouHoM — yactu VipTeim-Mimmmckoro Mexxaypeuns. Bogopasaea pexu
Mmnm, ¢ otmerkamu 138...140 m BC, pacroaoxeHHslil 3allagHee, IpuAaeT YKAOH Bcell
IIpaBOOepesKHO YacTy B CTOPOHY MccAeAyeMoit Tepputopun. B caeactsum yero, B nepuog,
CHETOTasIHMS ITOBePXHOCTHBIN CTOK paccMaTpMBaeMOV TepPpUTOPUN YCUAMBAETCS 3a CYeT
IIOCTYIIA€HIsI BOABI C 3allaja, CO CTOPOHBI TIOMeHCKOI1 00aacT.

OOcyxaeHnne

Aas penteHns AaHHol npo06aemsl Ha Tepputopun HaspiBaesckoro n Kpyrmuckoro
palioHOB, BO BTOPOI IIOAOBMHE IIPOIIAOTO CTOAeTUsI OblA IOCTpOoeH MaHryTcKui
BOAOOTBOAHOM KaHaa (puc.l), B AaapHeNeM IoAy4uBIINii CTaTyC BOAOTOKa [1-2].

ManryTckmuit BOAOTOK pacrioAokeH B ripegeaax Vimmmo-Vpreimickon paBHuHbL. 1o
CXeMe 30HaAbHO - AaHAIIA(PTHOTO PalOHMPOBAHMS TEPPUTOPUsS JCCAEAYeMOIO yJacTKa
pacrioAo>kKeHa B AecocTeInHo 30He. O0AacTh MUTaHMS PaclIoA0XKeHa C I0XKHOM CTOPOHBI
Tpanccubupckoit Marucrpaan, npeumyinectseHHO B CaagkoBckoM partoHe TromeHcKoI
ob0aactu. Bogotok 6epét Hauaao cesepHee TpaHccMOMPCKOIN MarucTpaAan, 3arajHee ceao
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ManryT u nepexoaut Ha Tepputopuio KpyTtnHckoro MmyHmnimmaapHoro paiiona Omckon
obaactu. Pasrpyska crToka BOAOCOOPHO-COPOCHOTO KaHala IIPOMCXOAUT B CUABHO
3a004049eHHbIN UCTOK peku fImaH B 3 KM ceBepo-BocTouHee ceaa Prokkoso Kpyrtmuckoro
paiiona. OOmas IPOTSKEHHOCTh BOAOTOKAa C IOra Ha cesep, A0 HUCTOKa peku Sman
cocrasasiet 37,6 km [3].

Takum 00pasoM BOAOTOK, KpOMe ITIOBEPXHOCTHBIX CTOKOB HasniBaeBckoro parioHa
Owmckoir obaactt n Caaakosckoro paitoHa TromeHckoit 004acTy, TakXke CAYXUT U AAS
APeHMpOBaHus CTOKa, GpopMupyIoIerocs Ha Teppuropun TiokaanHckoro n KpyTuHckoro
paiionos OMckoi1 o0aacTu [4].

EcrectBeHHas ruaporpaduyeckas ceTh B IIpededax MCCAeAyeMOTO ydyacTKa
IpeJcTaBdeHa 3a00404eHHBIMM o3epamMmu 1 Ooaoramu. CylecTBoBaBiive 40
BO3HMKHOBEHIs HaceAeHHBIX ITyHKTOB M >KeAe3HOM JOporu, AOXKOMHBI CTOKa AaBHO
JICKa>KeHbI ¥ MeCTaMI IIeperoposKeHbl B IIpoliecce OCBOeHusA Tepputopuu. B Hacrosmee
Bpems Iugporpadudeckas ceTbh ydacTKa MMeeT B 3HAUMTEAbHOI Mepe MCKYCCTBEeHHBI,
TeXHOTEHHBI, XapaKTep U IpeAcTaBAeHa CyIeCTBYIOIIel CICTeMO AMBHeCOPOCHBIX KaHaB
(KIOBETOB) aBTOMOOMABHBIX JOPOTI U KIOBETOB BJA0Ab Haceimu TpaHccuOMpcKoin
’Keae3HoAOpokHON Marucrpaan (Tpanccn®). Tak ke, B mIpegeaax paccMaTpuBaeMoll
TePPUTOPUM B PasAMUHBIX ydacTKaX MMeEIOT MecTO OeccTOuyHble NOHVKeHUs peabeda,
3aIl0/HEeHHbIe BOAON U IOPOCIINe PaCTUTEeABHOCTEIO [5-7].

Adoarne r1oapl MaHIYTCKIII BOAOTOK ABASACA OECXO3HBIM COOpPY>KeHUEeM, a,
cAesoBaTeAbHO, He II0Aydaad AOAXKHOTO OOCAY>KMBaHWUsS UM B MHOIOBOAHBIE TOABI, He
CIIPaBASACS C HPOILYCKOM ITOBEPXHOCTHBIX BOA. DTO IIPUBOAMAO, BpeMs OT BpeMeHM, K
3aTOIIA€HUIO HaceAeHHBIX ITyHKTOB, IIOBBIIIIEHNIO YPOBH: TPYHTOBLIX BOJ, 3a004auMBaHMIIO
CeAbCKOXO3SVICTBEHHBIX YIOAWMI, HapyLIeHMIO KOMMYHMKALMII, Pa3MBIBY AOPO>KHOTO
I10AOTHA U APYTUM He0AarOIpUATHBIM I10CAEACTBUSIM.

Hapsay ¢ moBepXHOCTHBIMM BOAAMM KaHaA APeHUpPYeT i II0OA3eMHBIEe BOADBI, IIODTOMY
KaHaa HaXOAUTCs B paboyeM COCTOSIHUI B TeYeHU! BCETro T0oAa, 3a MCKAIOYeHNeM AeTHUX 1
3MIMHIIX CE30HOB MaAOBOAHBIX A€T.

IsBectHO, 4YTO A1000€ TIMAPOTEXHUMYECKOE COOPYKeHMe, HaXOAAIasCsd II0A
BO34€ICTBIEM BOABI, TeM 0o4ee IOTOKa, IOCTelleHHO paspyiaerca. OTCyTCTBIe OpTaHoB,
OCYIIIECTBASAIOIIVIX DKCILAyaTaliIO KaHaaa, IIPUBeAo K ee 3alAeHIIO U 3apacTaHuIo (puc.2).
Haufoapiyio Harpysky MCHBITBIBAIOT BOAOIIPOITYCKHBIE COOPY>KeHMsl, PacloA0KeHHbIe
1104 aBTOMOOMABHBIMU U >KeAEe3HBIMU JOpPOTaMM, IIO®TOMY OHM TpeDYIOT eXXerogHOTO
pemonTa. CylllecTBeHHBle paspylleHns HaOAI0AAIOTCs IOCAe ITOXOXKAEHUs BeCeHHMX
I1aBOAKOB (p1c.3), UTO B 4aAbHeNIIIeM IIPUBOANAO K CHVY>KEeHIIO IIPOITYyCKHOV CIIOCOOHOCTH
COOPY>KeHMsI U BBIXOAY MX M3 cTpos. Hapymenme mpoekTHOro pekmuma TpyOdyaThIX
BOJOIIPOITYCKHBIX COOPY>KeHIII COITPOBOXKAaA10Ch OOpa3oBaHyeM 3HaYUTeAbHBIX y4aCTKOB
3aTONAEeHUs M MHOATOIAeHMA [6-7]. 3amaeHuIO BOAOTOKA B 3HAYMTEALHON Mepe BAUIOT
«DO00OpoBbIe MAOTUHBI» (puc.4) HosABASIONIMecs B pa3HbIX dacTsax. [logoOHbIe coopyskeHns
3a4ep>KMBasl CTOK yCMAMBAIOT IIPOIlecC ITOATOIAeHMS TPUOPEeKHO TeppUTOpUH,
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CHVDKeHIe CKOpOCTM IIOTOKa COIIPOBOXKJAaeTCsl IIpeXX/JeBpeMeHHBIM 3alleHNeM U
3apacTaHueM BOAOTOKa (puc.2).

Fals i ik _ /

Pucynok 3 - TpyGuatsiil nepeesa, oaaexamuii peKOHCTPYKLIVIN.
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Pucynox 4 — BoOpoBasi na0TuHa B pycae BOAOTOKa.

Hamnpasaenue kaHaa OT I0ro-3araga K ceBepo-BOCTOKY COBITaZaeT C HallpaBAeHIeM
pexkn VimmmMm. YunTeiBasi BO3BBHIIIIEHHBIE YYacTKM ITpaBOOepeXHOIO BOJopasjeda peKu
VM (Caagxosckuit paiton TromeHckol 064acTu), paciioA0KeHHBIN IpuMepHO B 40 KM K
ceBepo-3amajy OT KaHada UM YKAOH TeppPUTOPUM, UMEIOIINI HaKAOH B IOTO-BOCTOYHOM
HalpaBAeHUM OIlpejeleH I1A0Ialb Bo40ocOopa, KoTopas cocrtaByuaa okoao 1500 km?2 Bes
®Ta «O3€pHO-O00A0THasl pPaBHMHA» SIBASIETCSI MCTOYHMKOM KaK ITOBEpPXHOCTHOIO, TaK I
I1043€MHOTO IINTaHN: BOAOTOKA B TeUeHIH BCETO roja, OCOOEHHO ITOBEPXHOCTHOTO B IIEPIOJ,
cHeroTtasiaus [8-10].

ITo cpaBHEHUIO € ITIOA3eMHBIM CTOKOM I140I11aab IIOBEPXHOCTHOTO MUTaHMs 3aBUCUT
OT BOAHOCT!U I'OAa YBeANIMBASICh B MHOTOBOAHBI TOABL.

B 0cobo BoaHBIE TOABI MAM B CAydae pe3KOIO TasHIS CHera 3a cyeT IlepelloAHeHN s
HeDOABIINX yraAyOAeHMIl, 3aHATBIX O3epaMl, IIOBEPXHOCTHBIMI CTOK MOXeT MMeTb
«I10CKOCTHOI» XapaKTep, KOT4a Bo4a MOKeT UATHU IIIUPOKUM IIOTOKOM IIPUHOCS OOAbIIIe
00BbEeMBI BOABL.

IIpn »TOM mOCA€ACTBMSI CTOKAa MOTIYT MMeThb KaTacTpo(pUUecKuil XapakTep
3aTallAyBasl He TOAbKO Hace/eHHbIe IyHKTBI, HO U CeAbCKOXO35/ICTBEeHHbIE YTOAbSI.
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HaaexxHpiM criocoOOM 3aIliUThl B TaKMX CAydasX sIBAsSeTCs HOpMaadbHas paboTa Bcex
BOAOIIPOITYCKHBIX ¥ BOAOOTBOAHBIX ITMAPOTeXHNYECKIX coopy>kenuii [11-13].

3akao4dyeHue

Taxum obOpasom, «03€pHO-0010THasI paBHMHa» B TIOMeHCcKoI 004acTyt paKTUIeCcKN
SBASITCsI 004aCThIO MUTAHUS A4S BCeX HIMKePacIl0A0KeHHbIX Y9acTKOB, B TOM 4lCAe U ceaa
Mamnryt. IIpu BhIllageHuM AOCTaTOYHOTO KOAMYECTBA OCagKOB O3€pa IeperoAHSIOTCI U
M3AMIIKY BOABI ITIOCTYIIAIOT 11O peabedy MeCTHOCTM BHI3, Yepe3 BOAOIPOITyCKHbIe TPYObI
Tpanccnbupckoit MarucTpaanu 1 aBTOMOOMABHBIX AOPOT.

EAMHCTBEHHO IIpaBMABHBIM M HaAE€XKHBIM METOAOM 3allUThl OT 3aTOIlAeHUs U
IIOATOIIACHMST ~ MeXAypeudbs:  Vlpremmn-MimmMm — ABasercs  KOHIeHTpanus — CTOKa,
IIOCTYTIAIOIIero 13 BOAOCOOPHON  IIAOIAAM, OPTaHM3OBAaHHBIM IIPOIYCK dYepe3
BOJOIIPOITYCKHbIE COOPY>KeHI:l TPaHCIIOPTHBIX ITyTell ¥ HallpaBAeHNe ero B BO40OTBOAHOM
Manryrckuit xaHaa B pycao peku SIman. C 9Toil 11eAbl0 HEOOXOAMMO BOCCTAHOBUTD
IIPOITYCKHYIO  CIIOCOOHOCTL BOAOOTBOAHOIO KaHaJa, OTpPeryAupoBaTh IIPOITyCKHYIO
CIIOCOOHOCTb OTAEAbHBIX DAE€MEHTOB Ha BCeM ee NPOTSKeHMM M BeCTU ITOCTOSHHBIN
KOHTPOAD 3a COCTOSIHMEM KaHaJa.

Pemenns 1npoOaeMbl 3aTONAEHMS U IOATONAEHMS HACeAHHBIX ITyHKTOB,
PacroA0KeHHbIX Ha AaHHOM TeppUTOpun, TpedyeT KOMIIAeKCHOTO II0AX0Aa U yJacTusI Beex
3alfHTepeCcOBaHHbBIX CTOPOH. PaboThl HEOOXOAMMO HayMHATL C BOCCTAHOBAEHMS IITaTHOM
paboThI BOAOOTBOAHOIO COOPY KEHNs.

Boccranopaenne MaHIyTCKOTO BO4OTOKa, 9TO HeEOOXOAMMOe MepoIpusaTHe AAs
pemleHus U3 roda B IO/ IOBTOPSIONIENCS IpoOAeMBbl 3aTONAeHUs U TOATOILAeHUs.
BoccranoBaenne mIpOEKTHONM HPOITYCKHOM CIIOCOOHOCTM BOAOTOKA M CBOEBPeMEeHHOe
BBIIIO/HEHE€ PEeMOHTHBIX pabOT MaKCMMaAbHO CHM3UT HpoOAeMBbl 3aTOIAeHUs U
IIOATOIIACHMSI HaCeACHHBIX ITyHKTOB, 3a00Ja4uMBaHMs CeAbCKOXO3SVICTBEHHBIX YTOAUIA,
HapyIlleHuss KOMMYHUKaIUii, pa3MblBa JOPOKHBIX IIOAOTEH, a TakXXe YMEeHBIINT
eXxerogHsle (pUHaAHCOBBIE 3aTpaTrhl, HallpaBAeHHble Ha AUKBUAAIIMIO HeTaTUBHBIX
I1OCAeACTBUI BOA.

Aast yaydllleHMs: IPOITYCKHOM CIIOCOOHOCTM BOAOTOKa HEOOXOAMMO IIPOBeCTU
caeAyIoIyie MepOIPUATIASL:

1. PacumcTuth pycao Bo4OTOKa OT DOOPOBBIX ILAOTHH, IIOBaA€HHLIX JAepeBbeB U
00BaAMBIIIErOCs TPYHTA;

2. Ha cymectBytomux TpyO4aThix Ilepee3Jax, IIOCTPOEHHBIX uyepe3 BOAOTOK,
caeayeT OUYMCTUTH BOAOTIPOITYCKHbIE COOPY>KeHMs OT HAaHOCOB M MyCOpa;

3. OraeapHple TpyOuaThle Iepee3abl, IPOITYCKHAsl CIIOCOOHOCTh KOTOPBIX SIBHO
HeA0CTaTOYHa, PeKOHCTPYMPOBATh 1AM yOpaTh U3 pycaa BOAOTOKa;

BECTHUK EHY umeHu /1.H. T'ymunesa. Cepua Xumus. [eoepagpus. Ikonoausa
BULLETIN of L.N. Gumilyov ENU. Chemistry. Geography. Ecology Series No 4(145)/2023 99



XK.A. Tycynbexos, B.A. Kasaxos, A.A. Illapanos

4. B cBaA3u c Tem, 4TO IPOEKTHBIe OTMETKM JAHa HIVDKE, 4eM CYIIeCTBYIOIIe
OTMETKM TpyOuaThIX Iepee3A0B, HEOOXOAVMO Ha IIepBOe BpeMs IIPOU3BECTI X PaCIUCTKY,
a B INOCAeAYIOIIMM BBIIIOAHUTb UX PEKOHCTPYKIIMIO uAM AuKBuAanmio. Hamnboaee
9P PeKTUBHBIM BapMaHTOM sBASETCS 3aMeHa X Ha MOCTOBBIE Ilepee3Abl, YTO 0OeCIednT
HOPMaAbHBIV IPOITYCK BOALI IIO pycAy Oe3 oOpa3oBaHIs IOAIIOPa;

5. Heobxoaumo 1mpegycMoOTpeTh AHO YrAyOuUTeAbHble MEPONpPUATUS A0
IIPOEKTHO} OTMEeTKU BOAOTOKa. BRIHMMaeMBblil TPyHT paciaaHupoBaTh IO 00e CTOPOHBI
BOJOTOKa.
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I1.A.Cmoavinun amuirdazol Om0bl MeMAekemmix azpapAvik yrueepcumemi, Omobl,
Pecent @edeparusicol

ManznIT cy arbiHbI OMOBI 00abIcHIHBIH Ha3biBaeBck MyHMIIMIIAAAbI ay AQHBIH
cy Oacy, cy TaCKbIHBIH MaCeA€eCiH Ienty

AnHoTanms. AyMaKTBIH Cy pecypcTaphl ajaM eMipiHe KaXkeTTi Taburu pecypcrapabiH Oipi
Ooabint TaOblaagpl. Cy TaIIIBIABIFBI OpKalllaH XaAbIKTBIH IIapyalllbIABIK KbI3METiHiH
KaABIIITHI AaMybl YIIIiH YAKeH KOAalChI3AbIKTap TYFBI3BII KaHa KOMIMall, OMip cypyre KayiIl
TeHAipeai. OcblraH OaliAaHBICTEI adaMAap 9pKalllaH Cy pecypcTaphl JKeTKiAiKTi ayMaKTapAbl
urepeai. CoHbBIMEH KaTap, apThK Cy J4a ajdamgap yuIiH Oeariai Oip mpoOaeMasapAas
Tyapipaabl. CyAblH  >Kmui  Ke3geceTiH  JKarbIMCBI3 — caadapbhl  eaAdi  MeKeHAepai,
ayBIAIIIAPYaIIBIABIK >KepAepAai, ©HEepKoCiNTiK HblcaHAapAbl Ccy Oacy >KoHe cyfa OaTy
npodaeMaaapsl 004abi TabblaAbl. CyAbIH MYHAAl 3apJalTapblHa eH ce3iMTaa aiiMakTap -
>KaOBIK ApeHa’kbl Oap >KasbIK aymakTap. JpeHakAbIK OeTKellAiH IITaMaAbl eHicTepi Tallbl3
olnaTrapja >KayblH-IIAIIBIHHBIH JKMHAAybl apKblAbl ayMaKTBlH TaOUFM ApeHa’kKblH
azalitagpl, OgaH 9pi ayMakThl cy Oacyra >Kafgall >kacaligbl. Moceae aHTpPOIIOTe€HAIK
9peKeTTepMeH  Kyluelesi. Immaparrap MeH KypblABICTapAbl, ocipece  Xeaiaik
KYPBIABICTAapAbI Caly ApPeHaXKABIK OeTiHiH I'MAPOAOIMAABIK peXXUMiH Oy3aabl, 0o4aH opi
OaTrnakTaHy >KargaliaapblH >Kacaiiabl. bateic CibipaiH oHTYyCTiriHAeri >xep Oeaepi >Ka3bIK-
OaThIC >Ka3bIK OOAFaHABIKTAH >KbIA CalbIH Cy TaCKbIHBI MeH Cy Oacyra ybrpaiabl. Cy
npoOleMaJapblHBIH KalTaAaHybl >KBIAABIH CyABLABIFbIHA OallAaHBICTBI >KoHe COHFBI
OHXKBIAABIKTa OJAapAblH KeOelo ypdici 0aiikaaapl. OMObl 00abichiHbIH Hasbiaes ayaaHsl,
Epric-Ecia cy aaabbl aFbICBIHBIH ApeHaKABIK Oeiringe opHaJlackaH, CyAblH Tepic acepiHiH
TUNTIK MbIcaAbl Ooaplll TaOblaaabl. Makaaaga HasbiBaeB ayaaHbIHA@FBI cy Oacy MeH
OaTrakTaHyAbIH Herisri ceOemnTepi >koHe MoHIYT ApeHaXXAbl Cy aFrbIHBIHBIH KeMeriMeH
oAapAbl asalTy IlapaJapbl KapacThlpblafaH. MaHFyT cy arbICBIHBIH >KafdaliblHa Oara
Oepiair, cy eTKi3y KabileTiH >KaKcapTy OOMBIHIIIA HeTi3ri 1apadap YChIHBLAABL.

Tyitin ce3aep: cy Oacy, cy Oacy, ApeHa>kAbl Cy arbIHbI, JKep YCTi aFbIHBL, AalidaHy, OcCy.
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Mangut watercourse as a solution to the problem of flooding, flooding of the
Nazyvaevsky municipal district of the Omsk region

Annoranus. The water resources of the territory are among the most in demand
natural resources for human life. Water shortage always creates great inconvenience not
only for the normal development of economic activity of the population, but is also a threat
to existence. In this regard, people always first develop territories with sufficient water
resources. At the same time, excess water also creates certain problems for humans. The
most common negative consequences of water are problems of flooding and drowning of
populated areas, agricultural land, industrial facilities, etc. The areas most susceptible to
such water consequences are flat areas with closed drainage. Slight slopes of the drainage
surface reduce the natural drainage of the territory by accumulating precipitation in shallow
depressions, further creating conditions for flooding of the territory. The problem is
intensified by anthropogenic activities. The construction of buildings and structures,
especially linear ones, disrupts the hydrological regime of the drainage surface, further
creating conditions of waterlogging. The territory of the south of Western Siberia, having a
flat-western plain topography, is annually subject to flooding and flooding. The recurrence
of water problems depends on the water content of the year and in the last decade there has
been a tendency to increase them. The Nazyvaevsky district of the Omsk region, located in
the drainage part of the Irtysh-Ishim watershed, is a typical example of the negative impact
of water. The article discusses the main causes of flooding and waterlogging in the
Nazyvaevsky district and measures to reduce them with the help of the Mangut drainage
watercourse. An assessment of the state of the Mangut watercourse was carried out and
basic measures were proposed to improve water throughput.

Key words: Flooding, underflooding, drainage watercourse, surface runoff, siltation,
overgrowth.
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