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JdKenpeccus U ouucTKa pekomOunanTHoi JTHK
snaoHyKIea3pl CRISPR/Cas cucrembl

B Hacrosimiee BpeMms BeIETCs aKTHBHAS MCCIENOBATEIbCKas paboTa MO M3YYCHHMIO M IPUMEHEHHIO CalT-
crnienuduuecknx PHK-HanpaBisionmx SHAOHYKIEa3 B Ka4eCTBE HHCTPYMEHTOB JUISL HCIIOJIb30BaHUS B 00Ia-
CTH TEHOMHOTO PEIaKTUPOBAHHS U THATHOCTHKH B OMOMEIMIMHCKOI 1 GnoTexHomornueckoii cepe. Ha ce-
TOOHAIIHUN JeHb Hanbosee 3pdeKkTHBHBIM MeTOIOM B 3TOH obnactu siBisercss merox CRISPR. Brnaronaps
CBOEH MPOCTOTE HALleIMBAHMUS 3Ta CHCTeMa OblIa OBICTPO MPUHATA B KAYECTBE METO/a BHIOOPA IUISl peIaKTH-
pOBaHUs TEHOMOB MHOXeCTBa oprann3mMoB. CoBceM HeZaBHO B OaKTepHaJIbHBIX F€HOMax ObLIa OOHapyKeHa
eme oxHa HoBas SHIoHyKIea3a CRISPR-Cas kiacca 2 ¢ xapaktepHbiMEu ocoOeHHOCTsIMU: Casl2a. depmeHT
Casl2a — a10 caiiT-cnenuduueckas PHK-Hanmpasistonias sHI0HyKIea3a, KOTOpas MOKET OBITh HCIOJB30-
BaHa I TOYHOTO PEJAKTHPOBAHUS I'€HOMA B PA3IMYHBIX THIAX KJIETOK Pa3HBIX BUJIOB, a TAK)KE IPHUMEHSATh-
csl B qUarHocTuke. I1oucK, HICHTH(GUKAMA 1 XapaKTePUCTHKA HOBBIX HEH3YYCHHBIX TOMOJIOTOB PACIIMPUT
HOTEHIMAT HCIIOIb30BaHus (epMEHTOB. B naHHO# paboTe mpoBe/eHa SKCIPECCHs M IBYXdTalHAs XPOMAaTO-
rpaduveckas o4ncTKa pekoMOuHaHTHOTO (epmenta Casl2a BBICOKOW YHCTOTHL. BbutM mOMydeHsl iNVitro
cunaresupoBanHble ctPHK, puboHyKI€OonmpoTenHOBEI KOMITIEKC, W ObUIa TOATBEPXKAEHA SHIOHYKIea3Has
aKTHBHOCTH ()epMEHTa B OTHOLICHUH CyOCTpaTa, COAEPIKAIIEro LEeJIeBYIO TOCIEA0BATENBHOCTD IS pacllen-
JIGHUsS B COOTBETCTBYIOIIeM caiite. [TomydeHHBIH (epMeHT MOXKeT OBITh MCHOJIB30BaH Ui JallbHEHIIero
OIMUCaHMS €r0 KHHETHYECKHX MapaMeTpOB, KOTOPBIE MOTYT OBITH NPUMEHEHBI B Pa3pabOTKe HOBBIX JUArHO-
CTHK CJICAYIOLIErO MOKOJICHUS.

Kniouesvie crosa: CRISPR, pexoMOuHaHTHBII Oenok, HIOHYKIea3a, apduHHas xpomarorpadus, crPHK,
JMarHOCTHKA, HYKICHHOBBIE KUCIIOTHI.

Beeoenue

bnaronapst ObICTpOMY Pa3BUTHIO TEXHOJOTHH BBICOKONPOHM3BOAMTEIEHOTO CEKBEHHUPOBAHUS M OMOWH-
(opMaTUKN ydeHbIE 3a KOPOTKOE BpeMs JOOMJIMCH OOJIBIINX yCIIEXOB B 00JaCTH F€HOMHOTO PeJaKTHPOBa-
Hus. HoBBIM MOIX0/, Ha3BaHHBIN «peJaKTUPOBAHHE T'€HOMa», LIMPOKO HCIOJIB3YEeTCS B HCCIETOBAHHIX
(YHKIIMOHANBHOW T€HOMHKH, TPAHCTEHHBIX OPTaHU3MOB U T€HHOW TEpaniy B TE€UCHUE TIOCIICHUX HECKOIIb-
KHX JeT. PenakTupoBaHne reHoMa OCHOBAaHO Ha CKOHCTPYHWPOBAHHBIX, IPOTPAMMHUPYEMBIX U BBICOKOCIIEIIH-
(UUHBIX HyKJI€a3ax, KOTOPbIE MOTYT MHIYLMPOBATh CalT-cnenu(uieckue W3MEHEHUs] B TEHOMax KJIEeTOY-
HbIX opranu3MoB. [locnenyromuii nponecc penapauuu kiaetounoil JIHK co3maer BcTaBkH, Aeenuy WK 3a-
MEHBI B MHTEPECYIOIUX JoKycax [1].

Ha nansblii MOMeHT Bce Ooubimyto momyssipHocTs Habupaetr meron CRISPR (Clustered Regularly
Interspaced Short Palindromic Repeats), wiu crpymnmiupoBaHHbIe, PETYIISIPHO PacloioKeHHbIE KOPOTKHE MO~
JUHAPOMHBIE TTOBTOPBI. DTOT METO/ SBISETCS OTIIMYHON aJbTEPHATHBON YK€ CYIIECTBYIOIINX MEXaHU3MOB
TEHOMHOTO pefakThupoBanusd, Takux kak ZFN u TALEN. B otinune ot nannsix metonoB, CRISPR 3aBucut
ot maneix PHK ms cnenuduunoro k nocnenoBatensHocTy paciieruienus [2]. KiroueBbiM hepMEHTOM aaH-
HOTO METOJ[a M3HAYaabHO BhICTynana 3ddexkropHas Hykieasa Cas9 [3]. OgHako B X0j1€ MOUCKA U paciiupe-
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HUS CIICKTPA UCTIOIB3YEMBIX TOMOJIOTOB OBUTH OOHAPYXKEHBI U 0XapaKTePU30BAHKI IPYTHE THITHI SHJOHYKIIC-
a3, omaHuM 13 KoTophix sBisieTcs Casl2a.CRISPR-Cas12a kmacca Il tima V — 310 HOBast PHK-ympasmsiemas
SHJIOHYKJIEa3a, KOTOpasi HelaBHO ObIIa MCIOJIb30BaHA B KAUECTBE allbTEPHATUBHOTO HHCTPYMEHTA PEIaKTH-
poBanus reHoma. [IpenmymiecTBOM JaHHOTO THIA (DEpMEHTa SIBIISIETCSA MCIIOIb30BaHUE OJHOTO BUAA Majloi
PHK — crPHK [4]. B nociaennee Bpems Texnonorun CRISPR/Cas cuctrem ¢ ucrons3zoBanneM Casl2a 3H10-
HYKJIea3bl IIUPOKO MCIIONB3YIOTCS B JMATHOCTHICCKUX M aHATUTHUYECKUX UCCIIEIOBAHUSIX Ollaronaps ux Bbl-
COKOH 4yBCTBHUTENBHOCTH, CIIEUM(PUYHOCTH U HAAKHOCTH. B HacTosmeil paboTe onuchBaeTCs MOIy4YeHUE
pekomMOuHaHTHOM HI0oHYKIea3bl Casl2a (Moraxellaequi).

Mamepuanvt u memoosvt

Ouucmra pexombunanmuoeo oeaxa Casl2a.

Jns nomyyenus: pekomOuHanTHoro Oenka Casl2a xierku E. coliRosetta 2 (DE3) ucnone3oBanu mias-
munyp ET28c(+)/Casl2a (cunresupoBana B GenScript). EmuHnuHyo TpaHC()OPMHUPOBAHHYIO KOJOHHUIO
KyJIbTHBHpOBaIH B OynboHe LB ¢ kaHamummaoMm (50 MKI/mi1) 1o cepeluHbl SKCIOHEHIHAIBHON (Jorapud-
muueckoit) ¢azer (OD600=0,6). Knetkn nnaynuposamu 0,2MM n3zonponun-B-D-1-TroranakronupaHo3nioMm
(IPTG). MaKyOanmo WHIyIIMPOBAHHBIX KIETOK MPOJOIHKAIN IpH KOMHATHOH Temmeparype mpu 100 o6/MuH
B Teuenne 16 4. Kierku cobupamu npu + 4 °C, 6000 % g B Teuenne 7 muH. OcaioKk pecycleHIupOBaIN B
oydepe 20 MMTrispHS,0, 50 MMNaCl ¢ nobaBneHreM KokTeiis nHruouTOpoB mpotea3 (RocheDiagnostics).
KieTkn wHKYOHpOBaK C IM30IIMMOM B KOHIIEHTpanuu 3 mr/mi B TedeHre 20 MUH IpYW KOMHATHOW TeMIIe-
paType U JOIOIHUTENEHO 00padareBany yasTpa3BykoM (50 kI'1) B IMITYJIIbCHOM peXuMe Ha Jbay. Jlnsar
ueHtpudyrupoBanu npu + 4 °C, 40 000 x g B Teuenue 1 4. B ocBernennom nm3are konueHTpanuio NaCl
nosenu o 500 MM. OcBetnenHslii mu3at 3arpyxainu B kononky HisTrapHP (GEHealthcare), aktuBupoBan-
ny1o nonamu Ni?*.C nomompio xpomatorpapa FPLCAKTAPurifier 10 (GEHealthcare) ¢ppakunoruposaiu B
JTUHEHHOM Trpaauere umuaasoina ot 20 MM o 500 MM. INonydeHHble (pakuy ¢ EIeBbIM OSIKOM 00bean-
Hsun | 3arpyxaiu B konoHKy HiTrapHeparinHP (GEHealthcare), mocne yero ¢gpakunoHUpOBaid B JIWHEMH-
Homrpanuete ot 50 MM g0 1000 MMNaCl. I'oMOreHHOCTh TIOMYYeHHBIX (PaKIUi MPOBEPSUTH pa3IeICHIEM
B 12 % ITAAT-JICH. [nst ouncTky 1 ppakIHOHUPOBaHUs droaTa B uHeitHoM rpaauente NaClot 50 MM 1o
1 M ucnons3osanu xpomarorpadudeckyro cucreMy FPLCAKTAPurifier 10 (GEHealthcare). @pakiuu, co-
Jeprkaiye peKoMOMHaHTHbIN 0enok, xpanunu npu —20 °C B 50 % rnuuepune.

Cunumes crPHK

crPHK g ananmsa paciueruieHust inVitro cuHTe3upoBaiM ¢ HCmojibp3oBanueM Habopa HiScribeT7
High-YieldRNASynthesisKit (NewEnglandBiolabs). Ha6op mis cunresa PHK T7 HighYield pa3paboran
nust tpanckpunun PHK invitro ¢ ucnons3oBannem T7 PHK-nonumMepassl. OMUroHyKICOTHAHBIE TYTLICKCHI
JHK, cootBercTtByromme mocneaoBarensHoct PHK-mumenu, cuntesupoanmu B PITI «HarmonanbHbBIH
ueHTp OnorexHonorun» (JlabopaTropust OpraHUu4ecKOro CUHTE3a) M OTXKUTaNIu Apyr ¢ aApyrom. CHHTE3HpO-
BanHble JIHK onuMroHykieoTH b1 ObUIM MCHOJIB30BaHbl B KAYECTBE MATPHUIL JUIs INVIrO TPaHCKPHITIMY C T10-
Moo Habopa st cunaTte3a PHK nipu ycnoBum, 4to oHU cojiepKaii ABYXILENOYEYHYIO TPOMOTOPHYIO 00-
nacte T7 mepen TpaHckpuOHpyeMol mociieaoBaredbHOCThI0. [Ipu nu3aitne ruaoBeix PHK Obuta yurena ee
JuInHa, odToMy a7t pepmenTta Casl2a OblT IPOBEJEH CHHTE3 LENEBBIX MOCIEI0BATEILHOCTEH MPOTKEH-
HOCTBIO He MeHee 16 HyKJICOTHIOB [UIs TOCTIKEeHHUS paciueruienus tapretaoit JJHK invitro. B kadectse Tap-
TeTHOMW TMOCJIeJ0BATEILHOCTH BBICTYIIANA MTOCIIEI0BATEILHOCTh TeHa HYKJICOKAIICHIHOTO Oelika BO30yIuTeIs
COVID-19 — SARS-CoV2. Tpauckpunuuio npooauiu B Teuenne 4 1 npu 37°C. IIpoTokon peakiuu Obia
CJIEAYIOIIMM: BoJa, cBOOoaHAasA OT Hykiea3, 10X peakuunonusiii Oydep — 2 mxia; ATO/T'TO/YTD/LUTD 100
MM — 2 Mk (10 MM koneunas xonuentpauus); marpudnas [IHK; cmeces T7 PHK nonmmepassr; oGmmit
o0beM peaknun — 20 M. Ounctky cuHTe3upoBanHoi PHK mpoBoannm ¢ momomisio Habopa Monarch®
RNA CleanupKit (NewEnglandBiolabs).

Onuzonyxneomuobvi

Juis monyueHus AYIJIEKCOB C LENbl0 JallbHEHWIIeH TPaHCKPHUILMHK ObUIM MCIOJIBb30BaHBI CIIEIyOIINE
OJIMTOHYKJICOTUBIL:

crPHK-T7 GAACGCTGAAGCGCTGGGGGATCTACACTTAGTAGAAATTACCCTATAGTGAGTCGTA
TTAGAATT

crPHK-T7-compl |AATTCTAATACGACTCACTATAGGGTAATTTCTACTAAGTGTAGATCCCCCAGCGCTTC
AGCGTTC
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Jus momyuenust [P nmpoaykra JIHK-cyGcTpara ObUM HCIIOTIB30BaHBI CIEAYIOIINE OJUTOHYKICOTHUIBL:
substrate-FWD | AATTCTAATACGACTCACTATAGGGACTCCAGGCAGCAGTAGGGGAACTTCTC
substrate-REV CTGTTTCTTCTGTCTCTGCGGTAAGGCTTG

Casl2ainvitro peaxyus

Jns ananusa pacuerienus invitro komruiexke crPHK-Casl2a ¢popmupoBanu myrem nHKyOanuu 1 MKr
crPHK u 2 mkr Casl2a B teuenue 10 mun npu 25 °C. Jlanee nodasnsuu JJHK-cyoctpat (300 Hr) 1 coBMeCT-
HO nHKyOHpoBanyu npu 37°C B Teuenne 30 MuH.

Onexmpoghopes

DnexTpodopeTndeckoe paseeHne HyKJIeHHOBBIX KUCIOT mpoBoanin B 1 % arapo3HoM rene B Oydepe
TAE. Paznenenne npoBoanmu mipu HarnpspkeHuu 110 B, Bpems 30 muH. JleTeKius ocyniecTBIsIach MpH yiib-
TpauOJIETOBOM M3ITyUYCHUH Ha JJIUWHE BOJIHBI 312 HM.

OnekTpodopeTHIecKoe paseiieHue 0eIKoB MpoBoawd mo meroay Jlammim [S] B 12 % nmonumakpuia-
MUIHOM Telle B JCHATYPUPYIOIIUX YCIOBHSX. DnekTpodopes ocymecTBistin npu 150 B Teuenme 1 [
OkxpaivBanue rejeid mpoBowIn ¢ ucroiibzoBanueM CoomassieBrilliantBlueR-250 (Sigma) B 10 % ykcyc-
HoM kucnore u 50 % sTanone.

Onpeodenenue KoHyeHmpayuu Oeixa

KonuyecTBeHHOE ornpe/iesieHre KOHICHTpaluu oeska onpeaensuiu no bpendopay [6].

Peszynomamaor u ux obcyscoenue

Buibop sxcnpeccuonnoeo wmamma ona Hapabomku pexombunanmuozo benxa Casl2a

Jns HapaOoTKkM peKOMOMHAHTHOro Oenka ObUTa TpoBeleHa padboTa MO MOAOOPY SKCIPECCHOHHOTO
mramMMa. beiiM ucnonb3oBaHbl cienyromue mramMmbl E.coli: ArcticExpress (DE3) RP, BL21 (DE3) u
Rosetta2 (DE3). Hakomnenune pekomOuaanTHOTO O6enka Casl2a Bo gpaknusx TOTATBHOTO SKCTPAKTa U pac-
TBOpUMOI (pakuuu KynsTyp E.coli mpoucxomur yxe uepe3 3 4 unkybauuu ¢ UIITT u npomomkaercs Ha
MPOTSDKEHUH Bcero nepuofa wHKybanuu. s sxcnpeccun pekomOuHaHTHOro Oenka Casl?a Obu1 BeIOpaH
mramm Rosetta2 (DE3). DnexTpodoperpamma mo WHAYKIIUN peKOMOMHAHTHOTO Oellka B TeueHune 16 4 mpen-
CTaBJICHA Ha pUCYHKE 1.

ToTanbHBIN KCTPAKT M Pacteopumas (ppaxums
0 9. 3y, 1649, x/la 0 u. 3y, 16 4.

<€ 144 k/la

Casl2a

116

66.2

Pucynok 1. [Ipo6Hast uHayKIMs pekomObuHanTHOTO Oenka Casl2 B kyneTypeE.coliRosetta2 (DE3)

Ouucmra pekoMOUHAHMHO20 OelKka Memooom agp@GuHHOU Xpomamozpapuu
B cuHTesupoBaHHO# TeHeTmueckoil koHcTpykimu pET-28c(+)/Casl2a pesynbrupyrommii  6ei1ok
Casl2aconep)kuT JTONOJHUTEIbHBIN TOMEeH U3 20 aMUHOKHUCIIOT Ha N-KOHIIE, COAEPIKAIIMMA IIIeCTUTUCTUIH-
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HOBYIO MeTKy. TakuMm oOpazom, pekomOuHaHTHEIH Casl2a 6enok coctout u3 1250 aMUHOKHCIOTHBIX OCTaT-
KOB, 00IIIell pacueTHOl MoneKysipHOi Maccolt 144 k/la.

Ounctky pekomOuHanTHoro 6enka Casl2a mpoBogumm 3 600 M KyJIbTYpHI C TOMOIIBIO METaJIOXe-
naTHOlM xpomatorpaguu Ha uoHax Ni?*C ucnonws3oBanuem kononku HisTrapHP 1 ml. ITocne napaGoTku
KyIbTypsl B 00beMe 600 Mt ocBeTiieHHBIN au3at Hanecau Ha HisTrapHP xonoHky n mposenn xpomaTorpa-
¢uueckyro ounctky Casl2a na nonax Ni?*. Ha pucyHkax 2 u 3 mpeICTaBIeHbl XpOMATOrPaMMa U PE3YIIbTAT
0eKOBOTrO AMEKTpodope3a PpakIIMOHUPOBAHHBIX AJIHOATOB.

2500~ - 500
L 450
2000+ L 400
L 350
1500 F300 5
s
% L 250 &
a
=
1000 L 200 =
L 150
500 L 100
L 50
- = [2]3]a]s]e] i
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ppaxunn

Pucynok 2. Pe3ynbTaT XpoMaTorpahuIecKkoil 0O4nCTKH peKOMOHMHAHTHON SHIOHYKIea3bl Casl2a u3 BomopacTBOPUMOi
tdpaximu Ha HisTrapHP kosonke

< 14l

Casl2a

Pucynok 3.2nexrpodoperpamma oToOpaHHbIX Gpakimii: 3 — dpakuus 3arpy3ku odpasua; /7 — dpakuus npockoka
obpasua; 4 — ¢paxius IpOMbIBKH KOJIOHKU Oydepom A; 1-6 — ¢paxumnu, oToOpaHHbIE IPHU UCTIOIH30BAHUU
JIMHEHHOTO TPaJUeHTa 110 IMHUAA30ITy

CoracHo pe3ysbTaTraM, IPUBEJCHHBIM Ha pHCyHKe 3, 1ienieBoi Oenok Casl2a HelmocTaTOYHO YUCTHIN, 1
BO (ppaKIMsAX COACPIKATUCH KOHTAMHHHUPYIOIIUE TIPHUMeCH Ipyrux OenkoB. CornacHo pe3ysbTaTaM pHCyHKa
2 6enok smrouposan mpu 160-240 MM koHIeHTpanuu nmuaasona. Opaxiuu moa HomepoM 3—5 OblH 00b-
€/IMHEeHBI, ¥ OblIa MPOBEJIeHa JIOTOJIHUTEIbHAsT XpoMaTorpaduueckas ounctka Casl2a Ha renapuHOBOW KO-
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JIOHKE, Tak Kak Oenok sBisiercs JJHK-cBs3pIBatomum gepMeHTOM, 2 UMMOOMIIM30BaHHBIA B KOJIOHKE rema-
puH umeeT Mumukpupuyoomue JJHK cBotictBa. XpomaTorpamma u sjiekrpodoperpamma GppakiimoOHUPOBaH-
HBIX JJTI0ATOB MPEICTaBICHBI Ha PUCYHKaX 4 1 5.
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- 900
- 800
=700
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- 300
=200
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Pucynox 4. PezynbraT Xpomarorpaduueckoil 0UMCTKH peKOMOWHAHTHOM HJ0HYKI1ea3p1Casl2a
Ha remapuHoBoii kononke (HiTrapHeparinHP)

1 “l»h..- <“— 144 /la

Casl2a

PucyHnok 5.9nekrpodoperpamma otoOpaHHbIX (pakmui(mudpamu 1-5 0603HaUEHBI TOTYYeHHBIE (PpaKIU OeIIKa)

Takum 00pa3om, B pe3ynbraTe XpoMartorpapuueckoid ourcTku ¢ 600 M MHAYIMPOBaHHON KYyJBTYPHI
ObLI0 TIOTy4YeHo 5 Mr pekoMOuHaHTHOTO Oenka Casl2a. Ounmennusiii Casl2a obnamaet 6onee 99 % 4ucToTHI
Y HE COJICPKUT 3HAYUTEIBHOTO KOJIMYECTBa MpuMecel OeKOB.

Onpeodenenue snoonykaeasnou axmustocmu Casl2a

i monTBepKICHUS aKTUBHOCTH TOJIYYE€HHOTO BBICOKOOUHILEHHOTo Oenka Casl2a Obl mpoBesieH co-
OTBETCTBYIOIIUI aHanu3. AKTHBHOCTh Oemnka Obina mpoBepeHa Ha JIHK-cyOctpare, copepkamuii reH HyK-
JIeoKarcuaa KoponaBsupyca. s 3Toro B 25 MK peakIMOHHOW CMECH OBUIHA HCIIOJIB30BAaHBI TAKHE KOMIIO-
HEHTBHI, KaK OUMILEeHHas1 BoJa 0e3 coaepkaHus Hykieas, peakunonuslil Oydep 10x, 1mxrcrPHK, 2mkrCas12a
n JIHK-cyOctpar B Buge npoaykra [11[P. Peakiuto ocranaBnmuBanu myrem nooasienus ProteinaseK.

IMoaroroska JIHK-matpuiis! (myruiekca) st noiayuernst crPHK: mist invitro TpaHckpumiuy B KauecTse
MaTpulbl BelcTynanu cuaternueckue JJHK-onuronykneotunsl, conepxaiiye AByxuenodeunyo oonacts T7
MIPOMOTOpa Iepes MOCIeI0BATEIbHOCTHIO, HEOOXOIUMOM JUIsl TPaHCKPHUIIIMH. MHUHUMabHAsS MOCIeN0Ba-
TenbHOCTh poMoTtopa T7 mpencrasisier coboit: 5-TAATACGACTCACTATAGGG. Ha pucynke 6 npea-
CTaBJICH aHAJIM3 aKTHBHOCTHU TOJyYEHHOT0 Oesika B arapo3HoMm anektpodopese (puc. 6).
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Pucynok 6. Busyanmsanns ak THBHOCTH TOIy9eHHOU 3HI0HYyKIea3sr Casl2a

st o6pazoBaHus cOOPKH PUOOHYKIIEOTIPOTENHOBOTO KOMIDIEKCA JOCTATOYHO aKTHUBHOTO KOMILIEKCA C
Casl2a u omocpenoBanusi PHK-nampasmsemoro pacmeruienns JJHK, Opuiw mocTaBiIeHs! peakuy TOJBKO C
JHK-cy6ctpatom (1), ¢ JIHK-cyocTpatom u pepmentom (2), u ¢ JJHK-cyocTpaTom, hepmentom u ¢ crRNA
s pacmeruierns tenesoit JIHK invitro (3). ®epment Casl2a Bmecte ¢ crRNA, HareleHHONW Ha MUIICHB,
0BT crioco0eH APPEKTUBHO PaACIHISIUISTh PACUETHYIO IENIEBYIO MOCIEIOBATEIFHOCTE. JTH PE3yibTaThl Jie-
MOHCTPHUPYIOT A0CTaTOYHOCTh (hepmenTa Casl2a u crRNA ans PHK-nanparnsemoro pacmeruienus [JHK.B
pe3ysibTaTe OBUIO ONpPENesICHO, YTO MpU MHKyOanuu puboHyKiIeonponHoBoro komiuiekca crPHK-Casl2a ¢
[IEJIEBON TTOCIIEZIOBATEBHOCTRIO CcyOcTpara, comepxkamero PAM-ydactok 5°-TTTA-3°, mpoucxoausio pac-
merienne ai/IHK B 3agaHHOM MOJIOKEHHH.

Raxnrouenue

Bemprimika SARS-CoOV-2 3HaunTeNnbHO TMOBNHANA HAa TPAAWIMOHHBIE TUATHOCTHKH, WHHUIIMAPOBAB
HavaJo K pa3paboTKe HOBBIX AMarHOCTHYecKHuX TexHonorud. Texnomorus CRISPR, nznagansHO mcnonb3o-
BaBlIasACs B 00JaCTH TEHOMHOT'O PEIaKTUPOBAHUS, HAIIUIA CBOE MPUMEHEHHUE B 00JIACTH CUCTEM OBICTPO U
noctynHoi auarHoctuku. Otkpeitie CRISPR ObICTpO 3a510KUII0 OCHOBY Kak HaAEKHOrO WHCTPYMEHTA st
reHoMHOro penaktuposanus. CRISPR/Cas comepxur nsa xomnonenra: Hampasisiomyio PHK (rPHK) u
CRISPR-acconuupoBannyo sHA0HYKIIeasy (0enok Cas), KOTopas MOXKET BBIMOJHATH JCJICIIUN UIIH BCTABKU
B nocneaosatenbHoctr JJTHK. rPHK HeobOxoauma juis cBszbiBanus addexropHoro Cas 6enka. rTPHK oGec-
MeYnBaeT criericep AuHON okono 20 HykineoTnnoB. OcHoBHas QyHKnus Cas OSIKOB 3aKIIFOYAETCS B COJEH-
CTBHHM AJaNTUBHOMY MMMYHHUTETY OakTepuil mocpencrsoM mHTepdepenuun. Ha cerogusumHuii qeHb ObLn
oOHapyxeHbl opTosioru ¢pepmenta Casl2a, KOTOpbIE TPOSBISAIOT pa3IHMYHbBIN Iuamna3oH akTuBHOCTH. Casl2a
HCTOJIb3YeT MHOTOCTYNEHYATHIH MEXaHU3M KOHTPOJIS KadecTBa JUIsl 00ECIIeYeHUs MPaBUILHOIO M TOYHOTO
pacro3HaBaHus LENEBBIX MocieaoBarenbHocTeil. M3BecTHo, uto Casl2a 3hekTHBHO BO3IEHCTBYET Ha Tap-
TeTHBIC TIOCJIEA0BATEILHOCTH, clieyronue 3a 5° T-0oraroii nmocienoarenbHOCTEIO PAM, moatoMy B Hccite-
JIOBaHUU OBUI TIPOBEJICH JIM3aliH MHIIICHH C Y4eTOM cuHTe3a Hampasiistonmx PHK ¢ T-OorarteiMu nocieno-
BaTeNbHOCTSIMU. B nanHo# paboTe Obla moayueHa HOBas SHAOHYKIea3a Casl2a u npoBepeHa ee aKTHBHOCTh
B OTHOILLEHHWM TapreTHOW MOCIeNoBaTeNbHOCTH. biarogapsi BEICOKONH CHOCOOHOCTH K HAKOIJICHHIO PEKOM-
OounantHoro Oenka Casl2a B BOgopacTBOpUMO# (paKkiMy B TEYEHHE BCETO MEPHUOIa HHIAYKIIUH, C UCTIONB30-
BaHHEM [IByXCTYNEHYaTOH XpomaTorpaduu, ynajoch MPOBECTH OYUCTKY 5 MI' PEeKOMOMHAHTHOro Oei-
kaCasl2a, obnanatomiero 6onee 99 % crenenpro 4ncToTHl. PaboTa mpencTaBiseT HHTEPEC MM PacIIupeHUs
CIEKTpa UCMojb3yeMbix 3HaoHYKIea3 CRISPR/Cas cucreM mjisl JabHEHIIEr0 UCIOJIb30BaHHUS B 00JIacTH
T€HOMHOTO PeIaKTUPOBAHUS M TUATHOCTHK CIIEAYIOIIETO MOKOJIEHHS.

Hannoe uccieoosanue Ovino npogunancuposano Munucmepcmeom cenbckoeo xozsiicmea Pecnyonuxu
Kasaxcman (BR10764944).
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PexomounanTTel JIHK 3n10nykieaza CRISPR/Cas
JKyleciHIH IKCIPeCcCHsiChI JKIHE Ta3aPThLIYbI

Kasipri yakeiTTa OMOMEANIIHAIBIK KoHE OMOTEXHOIOTHSUIBIK, cajlajapAa TeHOMIBIK PeJaKIusIay XKOHE JH-
arHOCTHKA CaJlaChIHAA KOJIaHY Kypalapsl peTiHae apHaifpl caiitta PHK-OarpITTaymsl sHIOHYKIea3amapabl
3epTTey JKOHE MaiinanaHy OOHBIHIIA OeJICeHl 3epTTEy JKYMBICTaphl KYpriziayae. byrinri Tagma Oy camama-
rol eH tuimai oxic CRISPR onici 6onpim Tabputansl. bareITTay ey KapanaibIMIbUIBIFEIHA OalIaHBICTBI Oy
JKylie KenTereH opraHu3MAepAiH FTeHOMAAPhIH peakIusuIay IbIH TaHIay dici peTiHae Te3 Kabbunansl. XKa-
KbIH/Ia OaKTepUsUIBIK TeHOMIapaa epekure oenrinepi 6ap tarsl 0ip xana CRISPR-Cas knacc 2 sHmoHyKIIea3a
Casl2a tabbuinbel. Casl2a dhepMeHTI opTYypili TYpIEpIiH TYPJIi JKacyllalapblHaa TCHOMIBI 1)1 OHICY YIIiH,
COHJIal-aK MarHOCTUKAJIBIK KOJJaHOanap YIIiH IaifanaHbuTybl MyMKiH apHaifbel caiitta PHK-np1 GarprTTaii-
TBIH 3HIOHYKJIea3a OoJibIll TaOblIaabl. JKaHa 3epTTeMereH roMoJIOrTapAbl i3/1ey, aHBIKTAY JKOHE CHIIATTay
(dhepMeHTTEpAl KOAaHy MYMKIHIIKTEpiH KeHeiTeni. by skympicTa xorapsl Tazansikrarel Casl2a pexomOu-
HaHTTHI (PEPMEHTIH SKCIPECCHUSIIAY JKIHE €Ki CAThUIBI XpOMATOrpadHsUIIBIK Ta3apTy Kyprizinai. In vitro cun-
te3aenreH ctRNA, pruOOHYKICONPOTENHIIK KEIIeH albIHABI JKOHE THICTi ydackene OelliHy YIIiH MaKCaTTh
perTiniri 6ap cybcTpaTKa KaThICTEI (DEPMEHTTIH SHIOHYKJICa3alblK OeJCEHALTIr MeH pacTanubl. AJBIHFaH
(epMeHT OHBIH KMHETHKAJBIK NTapaMeTpJIepiH api Kapail curarTay YIIiH maiaalaHblIysl MyMKiH, OHBI Kelleci
YPHAaKTHIH )KaHa TUarHOCTHKACHIH a3ipJieyie KoJianyFa Ooaisl.

Kinm cosdep: CRISPR, pexoMOMHAHTTHI aKybI3, SHAOHYKJIea3a, adpdunaik xpomarorpadus, crRNA, nuar-
HOCTHKA, HyKJICHH KbILIKbUIAAPHI.

M.Zh. Amanzholova, A.M. Shaizadinova, S.K. Abeldenov

Expression and purification of recombinant DNA
endonuclease of CRISPR/Cas system

Currently, active research work is underway to study and use site-specific RNA-guided endonucleases as
tools for use in the field of genome editing and diagnostics in the biomedical and biotechnological fields. To
date, the most effective method in this area is the CRISPR method. Due to its ease of targeting, this system
was quickly adopted as the method of choice for editing the genomes of numerous organisms. More recently,
another novel CRISPR-Cas class 2 endonuclease with characteristic features has been discovered in bacterial
genomes: Casl2a. The Casl2a enzyme is a site-specific RNA-guided endonuclease that can be used for pre-
cise genome editing in various cell types of different species, as well as for diagnostic applications. The
search, identification and characterization of new unexplored homologues will expand the potential of en-
zyme applications. In this work, the expression and two-stage chromatographic purification of the recombi-
nant enzyme Casl12a of high purity were carried out. In vitro synthesized crRNA, ribonucleoprotein complex
were obtained and by the endonuclease activity of the enzyme in relation to the substrate containing the target
sequence for cleavage in the appropriate site was confirmed. The resulting enzyme can be used to further de-
scribe its kinetic parameters, which can be applied in the development of new next-generation diagnostics.

Keywords: CRISPR, recombinant protein, endonuclease, affinity chromatography, crRNA, diagnostics, nucle-
ic acids.
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00 onpeneneHuN MUPUHBI YYETHOH MOJIOCHI PU CYI0BOM MAPILIPYTHOM y4YeTe
Kacnuiickoro TiJiens (Pusa caspica) Ha MeJIKOBOAbE

B cratbe Obin anpoOupoBaH 3KCHEPUMEHTATIBHBIN METO] OIIEHKH YUCIEHHOCTH KAaCTIUICKOTO TIONEHS B MOPE.
Brum moctaBneHBI €M — OIPESNIUTh PACcCTOSIHUE BU3YAIbHOTO OOHApY)KEHNS KAaCIHICKOTO TIOJICHS B MO-
pe ¢ MaJOMEepHOTO CyAHA M COBEPIICHCTBOBATh METOJMKY CyJOBOTO ydeTa TiojeHed B Kacmmiickom Mope.
CynoBoi#t y4eT UCIONb3yeTcsl Ul ydeTa OTHOCHTEIBHON YHCICHHOCTH, BCTPEYAeMOCTH M PacIpeleNIeHHUIO
MOPCKHUX MJIEKOIUTAIOIINX, TAK)Ke ITOJIyYeHHBIE JTaHHbIE MOJKHO HCIIONIb30BaTh B Ka9eCTBE MHANKATOPA CKOII-
JIeHHH PHIOHBIX OOBEKTOB, ¥, B IIEJIOM, 3TO MOXKET yKa3bIBaTh Ha COCTOSIHUE OKpy)Karomel cpexnsl. B mepmon
JBIDKEHHS CyIHA ONpeernsieTcs MPOTSHKEHHOCTh (KM) KaXKIOTo JHEBHOTO MapLIpyTa, KOJNHYECTBO BCTPEU
TIOJICHEH Ha JAaHHOM OTpE3Ke, BU3YalIbHO ONPEIEIACTCSI PACCTOSHUE OT TIONEHS 0 JINHUH JBIDKCHUS CyIHA.
PaccunTbiBaeTcs 5QQEKTHBHAS LIMPUHA YYETHON IIOJIOCH M IVIOTHOCTh (3K3./KM%) HA JAHHOM yYacTKE aKBa-
Topuu Mops. Ho Ha mpakTuke ONpeAeNuTh PacCTOSIHUE A0 HAOII0AAaeMOro TIONEHsS 3aTPYAHHTEIBHO HPH
IBIDKEHUN Ha MaJIOMEpHOM CyaHe. PexoMmeHmyeTcst MpOBOAWTH MapUIPYTHBIN CyIOBOI ydeT TIOJeHeH Ha
MEJIKOBOJIbE HA INIOCKOJIOHHBIX JoJKax-Oynapax. B pesynprare mpoBeneHus Ha MenkoBoabe Kacmmiickoro
MOPSI KCIIEPHMEHTa 110 BUAUMOCTH OOBEKTOB, HIMHTHPYIOIINX TYJIOBHIIE U TOJOBY KaCIUHCKOTO TIOJEHS,
BBIICHEHO, YTO OINTHMAJBHBIM IEPIEHANKYISIPHBIM PAacCTOSHHEM OT OCH YYETHOTO MapUIpyTa, WM OINTH-
MaJbHOU HIMPUHO# ydaeTa ¢ oqHoTo 60pTa, sBisercst 300 M, aHATOrUYHO MPeAebHOH mupuHOl yuera — 550
M. [IpuMeHeHne NOHATHI ONTUMANIbHOM U MPeeNbHON yUETHOM MOJIOCH! CIIY)KUT METOAY ONpeAeTIeHUs pac-
CTOSHUS MPU TPOBEACHUH y4eTa TIOJICHEH B MOpe H, B JajJbHeHmeM, a1 pacdera 3()(EeKTHBHOW y4ETHOM
MOJIOCHL

Kniouesvie cnosa: TioneHs, goaka-Oyaapa, CylnoBOH MapLIPYTHBIH y4eT, IIMPHHA YYETHOI IOJOCHI, AUCTaH-
uusi, MeJIKoBoake, Kacnuiickoe Mope, SKCIIEpUMEHT.

Beeoenue

Habmronenus ¢ cymoB MHPOKO UCTIONB3YIOTCS ISl TIPEAYIPEHKACHUS CTOIKHOBEHHH C MOPCKUMH MITe-
KOITUTAIOIIUMH, Ul yYeTa X BUAOBOTO Pa3HOOOpa3usi, OTHOCUTEIbHON YMCIIEHHOCTH, MOBEACHUS U OCO-
OeHHOCTel pacnpeneneHns. MOXXHO COCTaBHUThH JOCTaTOYHO OOJNBIION TIEpeYeHb MyOIMKalui 1o pe3ylibTa-
TaM 3TUX pabOT, HO OTPAHUYHMMCS CCBUIKAMH TOJIEKO Ha HECKOJIBKO CTaTel, KOTOPBhIE OTBEYAIOT MPEIMETY
HACTOSIIETO COOOIIECHHS.

OpHMM U3 Ba)XXHBIX TMOKa3aresel, BIUAIOIIUX HA aHaJU3 JaHHBIX, HECOMHEHHO, SBISIETCA y4eTHas Io-
moca. MeTtozpl pacyeTra ee MIMPUHBI PAa3IUYHBL, K TIPUMEPY, OMpeelieHue MOJI0KEeHUs KUBOTHOTO OTHOCH-
TEJIbHO JIMHUK TOPU30HTA U yIIa OT HaOmroAarens [1], onpezencHue AUCTAHIIUH JI0 KUBOTHOTO IJ1a30MEPHO,
C HCIIOJIb30BAHUEM CIICIIUAJILHOTO 11a0jioHa — OyKcupyemoro (ajia, Ha KOTOPOM OTMEYEHBI JnHbI [2]. Hc-
CJIEJIOBATEINSIMHU TIPEIaTaloTCs Pa3Hble METOABI OIIEHKH 3()(PEKTHBHON MMPUHBI YIETHOU ITOJOCHI C UCTIONb-
30BaHUEM IIEPIICHIUKYISPHBIX PACCTOSHHMA JI0 KHBOTHBIX U PA3IIMYHBIX MAaTEeMaTHUECKUX Mozenei [3].

CymoBoit MapIIpyTHBEIN yJ4eT IpUMEHSIETCS U TS yueTa Kacrmuiickoro Trojens (Pusa caspica), mpu sTom
YYET TIOJICHEW OCYILECTBIIECTCS HA MOPCKUX HAayYHO-UCCIIENOBATENbCKUX cylax [4, 5]. TroneHn yuuThIBatoT-
Csl TIPH IBWKSHHUH CyIHA IITYypMaHAMH U3 KalTMTaHCKOHM pyOkw, U 3 (deKTHBHAS MHPUHA YIeTa pACCUNTHIBA-
€TCS KaK CpeIHsIs JAIBbHOCTh OOHApYKEHUS TIONIeHEH [5].

YKa3aHHbIE Cy/IOBbI€ MapIIPYTHBIE YYEThl OpPraHU3YIOTCS BECHOM, JIETOM M OCEHBIO, HO CTOMT OTMe-
TUTh, 9TO 0CAJIKa MOPCKHUX HAyYHO-HCCIIEIOBATEILCKUX CY/IOB HE MO3BOJSET MPOBOAUTH YIETHI HA MEITKOBO-
Iibe, TrIe TiyOrHa MeHee 2 M. [Ipu mpoBeieHnH uccie[0BaH i, HalPaBICHHBIX Ha TTOUCK U YYeT KaCIHICKOTO
TIOJICHS B TICPHUOMBI BECEHHETO M OCEHHETO 3ajeTaHus [6—8], IpUMEHsIETCS METOX yUeTa ¢ TTOMOIIBI0 MYJIb-
tukontepoB [9]. [lepensikenne No akBaTOPHK MOPsI OCYIIECTBISIETCS HA MAJIOMEPHBIX CylaX, COCOOHBIX
MepEeABUIaThCS Ha MEJIKOBOJIBE, ITyOHHOM 110 0,5 M 1 MeHee, M BCTpeUH TIOJICHEH Ha MapipyTax HeoOXonu-
MO TaK)Ke perucTpupoBarb. HecoMHEHHO, YTO TOTY4YEeHHbIE MaTepHAIIbl B COBOKYITHOCTH C JTAHHBIMU CYJIO-
BOTO MapHIPYyTHOTO y4eTa Ha MOPCKUX Cy[ax M ydeTa Ha 3aJIe)KKaX C TOMOIIBIO IPOHOB, OYIyT CIIOCOOCTBO-
BaTh MOBBIIICHUIO OOBEKTUBHOCTH OLIEHKH paclpeeneHus TiojneHel B Kacnuiickom mMope.
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U umeHHo onpeneneHne MMPUHBL YYETHOH MOIOCH! IPH JaHHOM BUZE yueTa — LeJb HacToAlen pabo-
THI.

Memodwr u mamepuansl UCCILEO08aHUS

7 centsiOps 2021 r. 11 onpeseieHus] MIPUHBI YYeTHON MOJIOCH Ha MaJIOMEPHBIX cylax ObLIN MpOou3-
BEZICHBI 3KCIIEpUMEHTaNbHbIE PaboThl y ocTpoBa Kymaisl, oTHOCsmerocs k octpoBaM TroneHsuM. B neHb
MpOBEeHIs dKcIiepuMenTa 0b1to 06mavno (9 u3 10 6amioB), Boxaenne 1 6amn — ierkuit Opus.

B oany nunuto napaniensHo OeperoBoi TMHUM Yepe3 3 M ObLIHM pacronokeHsl 4 o0bekTa: 1 — yemno-
BEK; 2 — MOIUIaBOK YepHOTro 1Bera pasmepoM 60x30 cMm; 3 — moruiaBoK 4epHoro mnpera pasmepom 30x20
cM; 4 — mnactukoBas OyThiIKa o0beMoM 1,5 11 (puc. 1). YkazanHble 00bEKThI ObLIH MTOAOOPAHBI IS TOTO,
4T00OBI HAOJIFOAATENIN OLICHUBAJIN M CPABHUBAJIN BUAUMOCTD Pa3IMYHBIX OOBEKTOB OTHOCUTENIBHO APYT Apyra
U MOTJIM UX PaHXHPOBaTh Mo OanaM. OOBeKT Ne 2 HIMUTHPOBA OJOBY U TYJIOBHUIIE BCILUIBIBAIOLIETO TIOJIE-
Hs, 00beKT Ne 3 — TOJIOBBI BCIIBIBAIOLIETO TIOJIEHS.

Pucynox 1. Pacnionnoxxenne 00bexToB (1—4) 1pH SKCTIEpUMEHTaIbHON OLICHKE MX BUIMMOCTH HaOIIOIATENSIMH C JTOAKH-
oymapst (5) (boro A.A. Uckakona)

[InockononHas noaka-Oyzapa ¢ 5 HaOmomaTeIsIMU NOCTENIEHHO YAAJsUIach, NEPHOAMYECKH depe3 25—
50 M OCTaHaBIWBAsCH, JUIS OIICHKH BHIMMOCTH YKa3aHHBIX BEIIIE 0OBEKTOB CO CTOPOHBI OHOTO O0pTa, TO
€CTb JIJIs OTIpeJieNIeHHsI TIEPIICHANKYIIIPHOTO PACCTOSHUSI OT OCH yYETHOTO Mapuipyta. PaccrosiHue 10 00b-
€KTOB OIICHUBAJIOCH Na3epHbIM AambHoMepoM Bushnell u mo GPS. Bricota, ¢ KoTOpoi Bennch HaOMOCHNS,
npuHuMaeTcs npuMepHo 100-120 cM — ypoBeHB IU1a3 CHISAIIETO B3pPOCJIOrO YeIOBEKa OTHOCHTEIBHO IMO-
BEPXHOCTH MOPS, B 3aBUCHIMOCTH OT POCTa YeJIOBEKa U TITyOHHBI OCaJIKH CyTHA.

Bce 5 naOnromareneil BU3yaabHO OLEHHMBAJIM BHAMMOCTH Ka)JIOT0 OOBbEKTa IO OajuiaM, rie BBICIICH
OIICHKOW CITY)KWJIa eIMHUIIA: €CII 00BEKT XOPOIIO BUANM, B CHEIUAIBHYIO0 TaONuIly cTaBWiIachk 1; eciu BU-
JMMOCTh 00BEKTa CHIKANACh, M HAOMIOATENh HAMpPSTal 3peHHe IS TOrO, YTOOBl YBHIETh TOT WM WHOHN
00BekT — 0,5; ecnu 00beKT ObLT yxe HeBuauM, To 0. Jlojka ynansnack oT 0ObEKTOB JIO PACCTOSHHS, ITOKA
Bce 00BeKTHI, KpoMe Ne 1, mepecTaBalii pa3in4aThCsl BCEMU HAOIIOIATEeIIIMHU.

P€3y.7lbmal’}’lbl uccie0oB8anus

OnbIT HaydHO-UCCIIEIOBATEILCKUX padoT, mpoBeneHHbIX B TedeHue 2015-2021 rr. Ha MeInKoBOAbE B
Ka3aXxCTaHCKOW YacTH MOps, TOKa3al, 4To MpPHU JIBWKEHWH Ha MOpPE Ha MaJlOMEPHOM CYJHE HEBO3MOXHO
BOCIHOJIb30BaThCS JAITEHOMEPaMH, B OCOOCHHOCTH, €CJIA €CTh BOJTHEHUE Mopsl. [[BHKeHHe Cy/THA U IBUKCHHE
TIOJICHSI TIPOMCXOJ/IUT C PAa3HOM CKOPOCTHIO, BOJIHBI M Kauka HE Jal0T OBICTPO HABECTH MPHOOP M MOIYYUTh
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u3MepeHue JansHoCTH. Kpome Toro, TIONEHH BCIUIBIBAIOT HEOKUAAHHO, IEPHOANIECKH HBIPSIOT U HE MOCTO-
SIHHO CONIPOBOXKIAIOT CYIHO, ABIKYIIEECS CO CKOPOCThIO 0Kkoio 7—10 y3moB. lllym nBuraresns, mpuoimke-
HHE Cy/lHa U BpeMs HaOJIOJICHNH, TPEUMYIIIECTBEHHO — aIlpelb MM OKTAOPb, TIO3BOJISIOT ¢ OOJBIION Joeit
YBEPEHHOCTH YTBEPXkJAaTh, YTO TIOJEHHW HE MPEOBIBAIOT B CIIOKOWCTBHM — JISKAUIUMU B BOZAE, U OyayT
BCTPEUaThCS B MO3ULIMH IUIBIBYIINX WIIA HAOIIOAAIOMINX — BBICYHYBIIUX U3 BOJBI TONOBY (puc. 2). [loaro-
My # pa3mepbl 005eKTOB No 2 11 No 3 HMUTHPOBAIA UMEHHO 3TH TOJIOKEHHSI TIOJICHEH.

Pucynok 2. XapakTepHble MOJ0KEHHUS TIONEHS PSIOM C ABHXKYIIEHCS MOTOPHO# J0AKOM (PeayCThEBOE MPOCTPAHCTBO
pexu Ypan, 18.11.2015 r., ¢oro: T.T. BaiimykaHosa)

Br16op m1ockogoHHOH TOAKU-OyAaphl B Ka4eCTBE CPENCTBA MEPEABIKEHHST HAa MEJIKOBOJABE M MpOBe-
JICHHUs y4yeTa TakKe He CIydaeH, IOCKOJbKY APyTrHMe BO3MOKHBIC CPEICTBA MEPEABMKEHHUS HAa MEIKOBOABE
— cyaHo Ha Bo3aymHo# noxymke (CBII) win aspornuccep (Al'), BBUILYy BO3IYLIHOHM TSATH, CO3MAIOT OOMIb-
MK 1ITyM, HEXEH MOJIBECHBIC JIBUTaTelHn Ha Joake-Oyaape. LllyMm oT BO3AyHIHOW TSATH yBennunBaeT (ak-
TOp OECIOKOWCTBA /ISl TIOJIEHEH M BHOCUT CBOM KOPPEKTHBHI B MOBe/IcHUE TroJieHel. Kpome Toro, BbIcOTa
pacroioKeHus ri1a3 HaOIroaaTes sl OTHOCUTENBHO IJIOCKOCTH BOABI B 3aBUCHMMOCTH OT Moaudukanuii CBII
u AT, Mmoxer paznuuathbes. Ckopocth nepeasmkennss CBIT n AT Taxke MokeT tocturaTh 32 y3ma u Ooee,
YTO HEXKEJNATEeNIbHO JIJIsl TpoBeAeHnd yueTa. [loaToMy pekoMeHayeTcsl MaplIpyTHBIM CyJIOBOM ydeT Ha Mell-
KOBOJbE HPOBOAMTH HA INIOCKOJOHHBIX JIOJKaX-Oynapax.

[lepexoast HEMOCPEACTBEHHO K pe3yibTaTaM MPOBEACHHOIO SKCIEPUMEHTa, OTMETHM, 4TO Oaiibl BU-
JIMMOCTH KaXKI0r0 00BhEKTa OT BCEX HAOJI0IaTeIel 3aHOCHINCH B TaONHILYy, TIe W CyMMHPOBAIUCH (Ta0. 1,
2) ISl OLIEHKU COBOKYITHOM BHIMMOCTH, TO €CTh BUIMMOCTH OOBEKTOB BceMu HaOironatensiMu. [lockonbky
ObUTO BOBJIEUEHO 5 HaONIOHaTeNel, To MakCUMallbHas CyMMa 0aJuIOB, XapaKTEPHU3YIOIIUX COBOKYIHYIO BHU-
JIUMOCTB Ka)XJIOTO 00BbEKTa Ha OIIPeIeICHHOM PAacCTOSIHIH, COCTABIIsIIA 5.

Tab6anuma 1
Onenka BHAUMOCTH 00BEKTOB NPH yaaueHnu 30 m

Ha6monarenun OOBEKTHI
P 1 1 1 1
3 1 1 1 1
T 1 1 1 1
A 1 1 1 1
M 1 1 1 1
CymMma 6ayutoB (COBOKYITHAS! BUIUMOCTE ) 5 5 5 5
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Tabnuma 2

Ounenka BUANMOCTH 00beKTOB NIpH yaajJeHnun B 500 M B 0ajiax

Ha6mronarenu OOBeKTHI
P 1 1 1 0
3 1 1 0
T 1 1 0
A 1 05 0 0
M 1 0 0 0
CymMma 6auioB (COBOKYITHASI BUAMMOCTB ) 5 3,5 3 0

CBoJl COBOKYITHOHM BHJAMMOCTH 0OBEKTOB B 3aBUCHMOCTH OT JIAJBHOCTH PACTIONIOKEHUS HaOIromaTene
oT HuX (Tabi. 3) moKa3bIBaeT, YTO BCE HAOIIOAATENN XOPOIIO BHJIEIH Bce OOBEKTHI Ha yaaneHuu a0 50 M
BKJIFOUUTEIILHO. Y BEIMUCHHUE PACCTOSHUS MPUBEIIO K TOMY, YTO TE WJIU MHBIE OOBEKTHI MIEPECTABAIH XOPOIIO
pa3auyYaThCS BCe OOJBIIMM KOJIMYSCTBOM HAOJFOAATENCH, YTO HAXOUT OTPAKCHHUE B CHIDKEHUN COBOKYITHOM
BUJIMIMOCTH.

Tabnuma 3

CBoJHble JaHHbIE COBOKYIIHON BUAUMOCTH 00bEKTOB B 0ajiax

Paccrostue, M ObnexTbl Cymma 6anos
(coBOKyITHasI BHTUMOCTD )
30 5 5 5 20
50 5 5 5 20
[ 5 5 5 4,5 19,5
110 5 5 5 2,5 17,5
130 5 5 5 0,5 15,5
150 5 5 5 0,5 15,5
200 5 5 5 0 15
250 5 5 5 0 15
300 5 5 5 0 15
350 5 5 4,5 0 14,5
400 5 4 4 0 13
450 5 3 0 171
500 5 3,5 0 11,5
550 5 2 1,5 0 85
600 4 0 0 0 4

I'padukn BuauMocTi 00beKTOB Tabmuipl Ne 2 u Ne 3 mokaspiBaroT (puc. 3), 4To yKa3zaHHbIE OOBEKTHI
XOPOIIO pa3jIMYyUMbl BCEMU HAOJIOATEIIMU Ha paccTossHuu 10 300 M. 3aTeM y yacTu HaOII0IaTeN el BUIH-
MOCTh 00BEKTOB yxynamaercs. Kak u cienoBano oxuaarh, yXyAIIaeTcs, B IEPBYIO O4epeslb, COBOKYIHAs
BUAMMOCTh 00BbeKTa No 3, HMUTHPYIOIIETO TOJI0BY BCIIBIBAIOIIETO TIOJIEHS. Tpoe HabmoaaTeneii mpu 3ToM
xopoio pasnuyanu 00bekThl Ne 2 1 Ne 3 Ha paccrosHun 500 M, Tora Kak a1Boe HaOroaareneld 00bekT Ne 2
y’Ke U HE BUJENH, U OJUH U3 HUX IUI0X0 pasziauyan Ne 3, Torna kak apyroit ero u He Buzen. Ha paccrosaun
550 M Tpoe HabmoAaTenel, Hampsras 3peHue, ee MOTJM pa3nuuuTh 00beKThl Ne 2 u Ne 3; Ha paccTosiHUM
600 M — 1151 Bcex HaOJrOAaTEN e O0BEKTHI MIEPeCTaId ObITh BUAUMBIMH, KpoMe Ne 1.
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Pucynox 3. I'padukn Bunumocti 00bekToB Ne 2 m Ne 3

HabGnronaTenu B onMMCaHHOM BBILIE SKCIIEPUMEHTE pacCMaTpUBAIU 00BEKTHI, PACIIONOKEHHBIE CTAIHO-
HapHo. [locie gero »tr ke 00BEKTHI OBITH pacCMaTpUBAEMBbl Ha ABIKYIIEHCS JIOAKE TI0 Kypcy HapajlielbHO
JUHUH PACTIONIOKEHUSI 00BEKTOB — OIICHHBAJIOCH MEPIEHANKYISIPHOE PACCTOSIHAE OT OCH YYE€THOTO Mapill-
pyTa. DTOT PKCIIEPUMEHT ITOKa3aJl TAK)Ke, YTO BCE HAOJIOIATeNIN XOPOIIIO pazanudanu 00bekThl Ne 2 u Ne 3 Ha
paccrostauu 10 300 M, npu ynaigernn 10 550 M BUIUMOCTh OOBEKTOB YXYANIATAch, M HAOIOIATENsIM TIPH-
XOJWJIOCH HAmpsTraTh 3peHHE, 9TOOBI OIEHUTh WX BHAUMOCTH. CIlleZIOBaTENbHO, IMIMPHUHA YUETHOW ITOIOCHI
pu HaOJIFOIEHUH € KaXJ0ro 60pTa MajoMEpHOTO CyHA MOXKET COCTAaBIATh 10 550 M, HO ONTUMAILHOH, TO
ecTb 0e30MMO0YHOH, TuCTaHIel, Koraa 0e3 HampsuKEHHs 3peHUs] MOXKHO Pas3iMYUTh M YYECTh TIOJICHEH,
TUIBIBYIINX WIIA HAOMIOMAIONINX, MOKHO cunuTaTh 300 M. DTy AMCTAaHINIO MpeniaraeM Ha3bIBaTh ONITHMAITb-
HOH IIMPUHOM YYETHOMN ITOJIOCHI IIPU YUETE KACIUKCKOIO TIOJIEHS HA MEIKOBOJIBE.

b.U. Bapamims [10] ykasbiBai, 4To npezes BUIMMOCTH HAOJI0IaTelIs, pacioararoiierocs «Haa pyo-
KOH, Ha BBICOTE 4 M HaJ| YpOBHEM BOJBI» ObLT ompesneneH B 350 M. K coxxanenuro, kak ObUTa ompeziesieHa 3Ta
TUCTAHIINS HE OMHCHIBACTCSA. YUHUTHIBAs, YTO HaOdromarens, o maaHHeiM b.W. bamammmnba, pacmonarancs
3HAYHUTENILHO BHIIIE, HEXENIM HAOII0JaTeN N Ha JIOJKe-0yJape, MOKHO MPEATONIOKHUTh, YTO «IIPeJe]l BUAUMO-
CTH» MOT OBITh Jaiblie ykazaHHoro B 350 M. K npumepy, 10 JaHHBIM HAIIUX dKCIIEPUMEHTAIBHBIX PadoT, C
BbicoThl 100—120 cM mpesien BUAMMOCTH MOXKET ObITh 05m30K K 550 M. [luctannmio go 550 M npemnaraem
Ha3bIBATh NPEJEIIBHON MIMPUHON YYETHON MTOJIOCHI KACIIMMCKOTO THOJIEHS HA MEJIKOBOJBE.

Obcysicoenue pe3yromamos

HecoMHeHHO, 4TO omnpeaeneHrue pa3auuyuii ONTUMAIbHOW U MPEAEIbHON BUIUMOCTH B IIPOLECCE MPO-
BEJICHUs ydeTa, IMeeT Hen30eKHYI0 CYObeKTUBHOCTD, 3aBUCSIIYIO0 OT OCTPOTHI 3PEHHUS, ITOTOAHBIX YCIOBUI
U omnbITa HaOmopatened. Ho npu pacuere 3(h(heKTHBHOM MIMPUHBI YYETHOM MOJIOCHI, HMEIOIIEH 3aBUCUMOCTh
OT YMCJIa BCTPEY TIOJEHEH, OTHOCUMBIX K JBYM IMpPEAJaraéMbIM KaTErOPHUsIM YUETHBIX IOJIOC, BO3MOXKHO IO-
Ty4uTh OoJiee OOBEKTHUBHBIC NAaHHBIE JUISA JallbHEHINEro pacdyera IUIOTHOCTH PACIIpelleieHHs TIOJICHEH Ha
mapmipyte. CienoBaTenbHO, IPUMEHEHHUE TMOHATHNA ONTHMAIBLHON M MPEASIbHON YUETHOW IOJIOC CITYXKHUT
METOJly ONPEIENICHUs PACCTOSIHUS J0 TIOJIEHEN MTPU MIPOBEJAEHUHN YUETa B MOPE.

Baxnouenue

Takum 06pa3oM, MOKHO PE3IOMHPOBATH CIIETYOIIEe:

- PEKOMEHAYETCSI MapIIPYTHBIM CyJIOBOM ydeT THOJIEHEW Ha MEJIKOBOABE ITPOBOJUTH HA TUIOCKOJAOHHBIX
JoNIKax-0ymapax;

- ONpeAeNeHNE TOYHOTO PACCTOSIHUA 10 TIOJIEHEH C JBMXKYILEHCS MOTOPHOM JIOAKH BECbMa 3aTPyIHU-
TEJIBHO U, 3a4aCTyH0, HEBO3MOXHO;
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- ONTUMAJIBHBIM TEPIEHINKYISIPHBIM PACCTOSHUEM OT OCH YYETHOTO MapIipyTa J0 TIOJICHS WU ONTH-
MaJIbHOH MIUPUHON ydeTa ¢ omHOro O0opTa sABisercs 300 Mm;

- TIPEJEeNbHBIM TIEPIeHANKYISIPHBIM PACCTOSIHIEM OT OCH YYE€THOTO MapIipyTa JO TIOJNEHS W TIpe-
JICIEHOM IIMPUHOM ydeTa ¢ 0JTHOro OopTa sBisieTcs 550 Mm;

-IPUMEHEHHUE TOHATHUA ONTHMAJIbHON W MPEAECIbHONM YYETHON MOJOCHI CIYKUT METOLY ONPEACICHHUS
paccTosHUS 10 TIOJIEHEeW P MPOBEACHUH Y9eTa B MOpE U B JallbHEeHeM [Tt pacuera 3(h(GeKTHBHOHN ydeT-
HOM II0JIOCHI.

Pabomu gvinonnenvl no 3axazam Munucmepcmea sxonocuu, 2eonoz2uu U npupooHsix pecypcos Pecnyo-
auxu Kazaxcman (Ipanm BR10264205) u TOO «Teneuzwespoiiny (npoexm « CoxpaneHue nonyaiayuu Kac-
NULICKO20 MIONEHAY).
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M.T. baiimykanoB, A.A. Uckakos, K.A. CeigsikoBa, T.T. baiimykanoB, A.M. baiitmykanoBa

Tas3 cyna kacnuii nT0AABIFbIH (Pusa caspica) keMe MapuIPyThIHAA
CaHAYy YLIIH ecell KOJIAFbIHbIH €HiH AHBIKTAay TypPaJjibl

Makanana TeHi3[eri Kacnuili HTOANBIFBIHBIH CaHBIH OaFanayblH dKCIEPUMEHTTIK djici OepinreH. Makcatsl
— IIaFbIH KeJeMJi KeMeMEH TeHi3ZeH TaObUIFaH Kaclui HWTOANbIKTapblH KO30CH IIONYIbIH KalIbIKTHIFBIH
aHbBIKTay jkoHe Kacmuii TeHi3iHmeri nTOaNbIKTapIpl KEMEMEH ecelke aly dicTeMeciH skeTinaipy. Keme eceoi
TEHI3 CYTKOPEKTLIePiHiH CAIBICTRIPMAITBI CAHBIH, KE3/IECYiH )KOHEe TapaIyblH €CEIKe aly YIIiH nai1alaHblia-
IIbl, COHJIAM-aK aJbIHFaH AepeKTep i OabIK 00bEKTIIEePiHiH )KUHATY HHIUKATOPHI PETiHIE KOIJaHyFa 00a bl
JKOHE TyTacTaill anraHma Oyl KOpIIaraH OpTaHbIH Xah-KyiiH kepceTyi MyMKiH. Keme KO3FallbIChl Ke3eHiH e
opOip KYHII3T MapIpyTTHIH Y3BIHIBIFEI (KM), OCBI Oip 06 miKTeri HTOANBIKTapAbIH Ke3/IeCy CaHBI KOHE UTOa-
JIBIKTaH KEMEHIH KO3FaJIbIC CBHI3BIFBIHA JISHIHI KalIBIKTHIK KO30CH IIOJBIN aHbIKTanazbl. Ecenke amy »xoma-
FBIHBIH THIMJI €Hi )KOHE TEHi3 aKBATOPHUSICHIHBIH OCBI YYaCKECIH/ETI THIFBI3/IBIFbI (nana/xm?) ecenreneni. bi-
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pak ic )Ky3iHJe [IaFbIH KeMe/e KO3Faly Ke3inae OailkanaThiH UTOANIBIKKA JACHIHTT KAIIBIKTBIKTEI aHBIKTAY KH-
biH. Tas3 cygarsl HTOANBIKTAP/ABIH MapUIPYTTHIK KeMe eceOiH Oyaapa KailbIFbIHIA KYpri3y ycbiHburan. Kac-
U TeHi31HIH TasA3 CyIapbIHIA Kacluil HTOANBIFBIHBIH J€HEeCI MEH 0AaChlH MMUTALMUIANTEIH OOBEKTIIEPIiH
KopiHyi OOWBIHINIA SKCHEPUMEHT XKYPIi3y HOTIKECIHJEe €CeNTIK OarbITTHIH OCIHEH OHTAMIIBI IepIEeHAUKYIIIP
KaIIBIKTHIK HeMece 0ip 0opTTaH OHTaiuIbl ecenke amy eHi 300 M, ecenke aryablH IIeKTi eHiHe ykcac — 500 M
60JIBIT TaOBUTATHIHBI AHBIKTANABL. OHTAMIIB XKOHE IIEKTi €CENTIiK JKOJIaK YFRIMAAPIH KOJIIaHy TeHi3Je eCelKe
QITYZIBI XKYPri3y Ke3iHJIe XKaHe 0JJaH opi eCelke ary IbIH THIM/II €CEIITiK JKOJIAFbIH €CeNTey YIIiH KalIbIKTHIKTEI
aliKpIHIAY 9Jlici peTiHze KaOblUIIaHyFa THIC.

Kinm ce3dep: ntbansik, Oynapa KailbIFbl, KEMEHIH MapIIPYTTHIK ecebi, eCenTiK jKOJAKTBIH €Hi, KaIllbIKTHIK,
Tas3 cy, Kacnuii TeHi3i, SKCepruMeHT.

M.T Baymukanov, A.A. Iskakov, Zh.A. Sydykova, T.T. Baymukanov, A.M. Baymukanova

On determining the width of the accounting strip during ship route
accounting of the Caspian seal (Pusa caspica) in shallow water

In this work, an experimental method for estimating the number of Caspian seals in the sea was tested. The
goals were set to determine the distance of visual detection of the Caspian seal in the sea from a small vessel,
and to improve the methodology of ship accounting of seals in the Caspian Sea. Ship accounting is used to
account for the relative abundance, occurrence and distribution of marine mammals, and the data obtained
can also be used as an indicator of accumulations of fish objects, and in general it can indicate the state of the
environment. During the period of the vessel’s movement, the length (km) of each daily route is determined,
the number of seal encounters on this segment, the distance from the seal to the ship’s line of movement is
visually determined. The effective width of the accounting strip and the density (individuals/km?) in this sec-
tion of the sea area are calculated. However, in practice, it is difficult to determine the distance to the ob-
served seal when traveling on a small vessel. It is recommended to conduct a route ship registration of seals
in shallow water on flat-bottomed boats-budaras. As a result of conducting an experiment in the shallow wa-
ters of the Caspian Sea on the visibility of objects imitating the trunk and head of a Caspian seal, it was found
that the optimal perpendicular distance from the axis of the accounting route or the optimal width of account-
ing from one side is 300 m, similarly, the maximum width of accounting is 550 m. The use of the concepts of
optimal and marginal accounting band serves as a method for determining the distance when accounting for
seals in the sea and, in the future, for calculating the effective accounting band.

Keywords: seal, boat-budara, ship route accounting, width of the accounting lane, distance, shallow water,
Caspian Sea, experiment.
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Study of parameters of lipid peroxidation and antioxidant protection in rats treated
with cadmium nitrate with biocorrection by infusion of Beta vulgaris seeds

Recently, interest in natural antioxidants and their use in the food industry has increased. In addition to ensur-
ing maximum safety of the produced product, they also serve as an antioxidant shield for the entire living or-
ganism. Plant extracts contain flavonoid compounds that have an antioxidant effect. In this regard, the pur-
pose of the article is to study the antioxidant properties of infusion of Beta vulgaris’s seeds, to establish the
relationship between acute and subacute inoculation of rats with cadmium nitrate and oxidative stress. For
this experimental study, we used 50 male rats. The animals were exposed to Cd nitrate, with an initial weight
of 180 + 30 g. The first groups of rats were injected with cadmium nitrate at a dose of 0.1 g/L inter peritone-
al, the second groups received a 0.01% solution of cadmium nitrate 1 ml 5 days a week, orally for 10 and 24
days. The state of oxidative metabolism in the blood was investigated. To assess the state of oxidative metab-
olism in the blood, the primary, secondary and end products of lipid peroxidation were determined, such as
diene conjugates (DC), cetodiene (CD), malondialdehyde (MDA), Schiff bases (SHB), and the activity of
glutathione peroxidase (GP), catalase (CAT), and adenosine deaminase (ADA) enzymes were evaluated by
the parameters of antioxidant protection. The mean + SEM values were calculated for each group to deter-
mine the significance of the intergroup difference. Each parameter was analyzed separately using the one-way
analysis of variance (ANOVA) test. To determine the difference between groups, Student’s “t”-test was used.
Studies have shown that with the use of cadmium in the blood of experimental animals, there is a violation of
catabolits of lipoperoxidation, depending on the length of the days of poisoning, but a significant decrease in
the biocorrection of Beta vulgaris’s seeds. Because of in this study, we found that the activity levels of anti-
oxidant defense enzymes were significantly increased in the blood of experimental animals, which biocor-
rected with beetroot seed infusion. In conclusion, our study allows us to state that the use infusion of Beta
vulgaris’s seeds in subacute and acute experiments with poisoning of experimental rats with cadmium nitrate
has an antioxidant protective effect.

Keywords: cadmium nitrate, infusion of Beta vulgaris’s seeds, lipid peroxidation, antioxidant protection, bio-
correction.

Introduction

Cadmium (Cd), like other heavy metals such as arsenic, lead, and chromium, is a persistent inorganic
toxic pollutant that comes mainly from various anthropogenic influences such as industrialization and mining
[1]. It is easily absorbed by plant roots due to its relatively high mobility in the soil-plant system and can
pose a serious threat to animal and human health when entering the food chain [2]. Its presence in the envi-
ronment creates a number of problems both for animals at various functional levels and for humans.

Cadmium can cause oxidative damage in various tissues by enhancing membrane lipid peroxidation and
altering the antioxidant system of cells. Peroxidative damage to the cell membrane can lead to damage to
cellular components due to the interaction of metal ions with cell organelles. Cd increases the production of
reactive oxygen species (ROS) and causes oxidative stress. Excessive cellular levels of ROS cause damage
to proteins, nucleic acids, lipids, membranes, and organelles.

Oxidative stress is the cause of lipid peroxidation (LPO), in which a whole cascade of sequential free
radical reactions occurs with the formation of various chemical compounds (alcohols, aldehydes, ketones)
with high biological activity and toxicity [3]. As a result of lipid peroxidation, the structure of cell mem-
branes is disrupted, their plasticity decreases, and their permeability changes [4].

It has been suggested that LPO is involved in most of the toxicity of heavy metal ions, and oxidative
damage may be responsible for their toxic effects [5, 6]. Cd induces oxidative damage in various tissues by
increasing membrane lipid peroxidation and altering antioxidant enzymes involved in the removal of activat-
ed oxygen species [7, 8].

Natural antioxidants are popular drugs that are used by most people and have few side effects. Natural
antioxidants play an important role in reducing free radical damage caused by Cd toxicity.
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Bioactive compounds commonly observable in fruits, vegetables, herbs, and other plants have possible
health benefits such as antioxidant, anti-carcinogenic, atherosclerotic, anti-mutagenic, and angiogenesis in-
hibitor activities [9, 10].

Beta vulgaris L. is one of the most commonly produced vegetables worldwide, plant extracts containing
phenolic compounds have recently been researched to find new natural food ingredients. The antioxidant
activity of phenolic compounds is mainly due to their redox properties, which may play an important role in
their ability to chelate and neutralize free radicals, quenching singlet and triplet oxygen, and degrade perox-
ides [11]. In view of the above, we have studied the antioxidant properties of B. vulgaris’s seeds infusion
during acute and sub-acute inoculation of rats with cadmium nitrate.

Experimental

Preparation of infusion of Beta vulgaris L. seeds

Seeds for research were obtained from the collection of the Michurin agricultural settlement and were
identified by the experts of the Department of Botany of the Faculty of Biology and Geography of Karagan-
da University of the name of academician E.A. Buketov. 3.5 g of dried seeds were taken; they were infused
in 200 mL of water at a temperature of 80-90 °C for 1 hour and filtered. Then the freshly prepared filtrate
was used in the study for five hours.

Animals and hemolysate preparation

This research complied with the ethical principles outlined in the European Community Directive
(86/609EC) and the requirements of the World Animal Protection (WSPA). In the experiment, a total of 50
male non-linear rats were used. The rats were housed in five per cage and had free access to food and water.
They were exposed to a 14-10-h light-dark cycle; the room temperature was controlled at 22+3 °C. Rats
were poisoned with Cd nitrate, which was administered in some animals at a dose of 0.1 g/L single intraperi-
toneally, other animals obtained 0.01 % 1 mL cadmium nitrate solution 5 days a week orally for 24 days —
daily to each animal per orally. Animals were exposed to Cd nitrate when they weighed 180 + 30 g. Experi-
ments were performed for 10 and 24 days. The 50 non-linear rats were divided into five groups according to:

G1: Rats exposed to Cd (in the form of Cd nitrate), 1 mL per rat single intraperitoneal dose of 0.1 g/L.

G2: This group received Cd nitrate 1 mL per rat single intraperitoneal dose of 0.1 g/L + seeds infusion
(3.6 mL per rat during the first 5 hours of the light part of the day) for 10 days.

G3: Rats exposed to Cd (in the form of Cd nitrate), 1 mL per rat for 24 days.

G4: This group received Cd nitrate (1 mL per rat) + seeds infusion (3.6 mL per rat during the first 5
hours of the light part of the day) for 24 days.

G5: Rats (n = 10) received water for 24 days.

Animals were sacrificed by decapitation under ether anesthesia.

Assessment of the state of oxidative stress processes in the blood of laboratory animals is carried out by
determining the amount of primary, secondary and end products of lipid peroxidation and antioxidant de-
fenses enzymes.

Diene conjugates (DC) and cetodiene (CD) in erythrocytes were determined according to the unified
method of V.N. Ushkalova and G.D. Kadochnikova [12]. Optical radiation of diene conjugates and
cetodienes were carried out on a spectrophotometer relative to hexane at wavelengths of 232 and 268 nm.

Malondialdehyde (MDA) in blood plasma was carried out according to the modified method of Y.N.
Korobeynikova [13]. The determination of Malondialdehyde was carried out on a spectrophotometer against
distilled water at wavelengths of 535 nm and 580 nm.

Determination of the activity of adenosine deaminase (ADA) in the erythrocyte was carried out accord-
ing to the method of Nemechek I.B. et al. [14]. Activity of ADA was assessed by the rate of decrease of so-
dium adenosine monophosphate in phosphate buffer. Determination of adenosine deaminase was carried out
on a spectrophotometer relative to potassium phosphate buffer at a wavelength of 265 nm.

Determination of the activity of glutathione peroxidase (GPO) in the erythrocyte was carried out ac-
cording to the method of S.N. Vlasov et al. in the reaction with reduced glutathione [15]. Determination of
glutathione peroxidase was carried out on a spectrophotometer at a wavelength of 260 nm relative to water.

Activity catalase (CAT) was carried out according to the method of Korolyuk M.A. et al. [16]. The
method is based on the ability of hydrogen peroxide to form a stable colored complex with molybdenum
salts. The intensity of the developed color was measured on a spectrophotometer at a wavelength of 410 nm.
Optical density is measured at A 410 nm against control. CAT activity in erythrocytes was expressed in nmol
H,0, /mL/min.
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Statistics processing

Means + SEM were calculated for each group to determine the significance of between-group differ-
ences. Each parameter was analyzed separately using the one-way analysis of variance (ANOVA) test. Stu-
dent’s “t”-test was used to determine the difference between groups. P <0.05 were considered to be signifi-
cant.

Results and Discussion

The parameters of lipid peroxidation in the blood of rats poisoned with cadmium nitrate and biocorrec-
tion of B.vulgaris’s seeds are presented in Table 1.

Table 1

The content of lipid peroxidation products in the blood of rats poisoned with cadmium nitrate and biocorrection
of Beta vulgaris’s seeds

Parameters Acute poisoning 1 | Acute poisoning 24 days of 24 days of poison- | The control
day, autopsy by followed by 10 poisoning ing with bio cor- (group 5)
day 10 (group 1) days of bio correc- | (group 3) rection with infu-
tion with infusion sion of Beta vul-
of Beta vulgaris garis seeds (group
seeds (group 2) 4)
DC 0.022 £ 0.006 0.018 £0.005* 0.016 +0.009* | 0.011 +0.007 0.014 + 0.001
CD 0.023 + 0.005 0.021 + 0.003 0.022 +£0.001* | 0.019+0.001 * 0.021 + 0.001
MDA 0.268 = 0.02 0.205+0.16 0.262 +0.02 0 0.254 +0.007 * 0.265 + 0.002 *
SHB 0.077 £0.017 0.070 £ 0.0 04* 0.044 +£0.001* | 0.029 +0.007 * 0.061 + 0.02

* — significance compared to control P < 0.05

It is seen from Table 1 that in the first group, the content of lipid peroxidation products increases in the
blood plasma of rats in 24 days of cadmium priming compared with the control group. It is worth noting that
in group 2, with subsequent refueling with biocorrection of B.vulgaris’s seed infusion, the content of lipid
peroxidation products decreased compared to the first group. The indicator of diene conjugates and Schiff
bases in the second group showed a significantly reduced result compared to the first group by 1.2 and 1.1
times, respectively.

In groups of animals with acute seeding with cadmium nitrate (group 3) and seeding with sub-acute bi-
ocorrection (group 4), it was found that the content of cetodienes after biocorrection with infusion of com-
mon beet seeds significantly decreased compared with the results of the control and experimental groups.

In the analysis of the secondary LPO products MDA, significant differences in the second group from
the values of the first, second and third groups were identified. However, the indicators of the second group
by 1.3 times and the fourth group by 1.04 times were lower than the values in comparison with the control
group.

In our opinion, changes in the values of the MDA index can be explained by their ability to form inter-
molecular crosslinks with proteins, turning into a bound shape. As well as changes in MDA during activation
of LPO can be explained by the redistribution of secondary metabolites towards other aldehydes.

The above assumption is supported by the increases in the Schiff base indices detected by us when ex-
posed to cadmium nitrate in the blood of rats within 24 days of poisoning cadmium nitrate. At the same time,
a significant decrease in the content of Schiff bases in the blood of rats in groups with biocorrection with an
infusion of Beta vulgaris L. seeds was established.

Adenosine deaminase is not an AOD enzyme; however, metabolic disorders of adenyl nucleotides are
accompanied by increased generation of superoxide anions. In our study, the dynamics of changes in the en-
zyme of adenosine deaminase (ADA) in the blood of rats is presented in Figure 1. The decreases in ADA
compared to the control group are shown in the first group. The maximum increase in ADA values was rec-
orded already on the 10th day of the experiment with biocorrection with an infusion of Beta vulgaris’s seeds.
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Figure 1. The activity of the enzyme adenosine deaminase (ADA) in the blood of rats poisoned with cadmium nitrate
and biocorrection of Beta vulgaris‘s seeds

A comparison of the parameters of changes in the activity of antioxidant defense enzymes in rat eryth-
rocytes during subacute and acute poisoning with cadmium nitrate compared with the control group showed
a unidirectional tendency to decrease the activity of glutathione peroxidase and catalase. However, a more
pronounced increase was observed in the group of acute poisoning with cadmium nitrate, with biocorrection
of infusion of B. vulgaris’s seeds (group 4), compared with the control group (Tab. 2).

Table 2

The activity of antioxidant defenses enzymes in the blood of rats poisoned with cadmium nitrate and
biocorrection of Beta vulgaris’s seeds

Parameters | Acute poisoning | Acute poisoning 24 days of 24 days of poi- The control
1 day, autopsy | followed by 10 poisoning soning with bio (group 5)
by day 10 days of bio cor- (group 3) correction with
(group 1) rection with in- infusion of Beta
fusion of Beta vulgaris seeds
vulgaris seeds (group 4)
(group 2)
GPO 1.198+0.14 1.246 +0.29 1.388+0.01* | 1.405+0.005* | 1.353+0.09 *
CAT 0.708 £ 0.20 0.826 £ 0.14 0.880 + 0.45 1.014+0.19 0.982 +0.31
* — significance compared to control P < 0.05

From the data presented in Table 2, it follows that the activity of GPO in rat blood erythrocytes showed
a tendency to increase, with biocorrection of infusion of B. vulgaris’s seeds with reliable results in group 4.
Similar reliable results were shown in group 3 and in the control group.

The results of the experimental study showed that when poisoning cadmium in the blood of experi-
mental animals, a violation of lipoperoxidation catabolits is observed. This observation is consistent with the
findings of our study, in which cadmium nitrate increased the products of lipid peroxidation (LPO) in the
blood of experimental animals, compared with the control group, but a significant decrease in the biocorrec-
tion with infusion of Beta vulgaris L. seeds. We assume that when using Beta vulgaris L. seeds infusion, the
antioxidant molecules interact with active radicals to form low-active radicals. Oxidation slows down, the
rate of formation of free radicals decreases, which leads to the obstruction of the chain reactions that are
dangerous for the body, which are triggered by free radicals. Since, in this study, we found that the activity
levels of antioxidant enzymes such as catalase, glutathione peroxidase, and adenosine deaminase were signif-
icantly increased in the blood of experimental animals with biocorrection of the infusion of Beta vulgaris’s
seeds.
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Conclusions

In conclusion, our research allowed asserting that the use of infusion of Beta vulgaris L. seeds in sub-
acute and acute experiments with the poisoning of experimental rats with cadmium nitrate has an antioxidant
protective effect.
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Kaamuii HUTpaThl MEH yJIaHABIPBLIFaH ereyKYHPbIKTAPAbIH
Beta vulgaris TYKbIMBIHBIH TYHOACHIMEH OMOKOPPEKIHAIAYAAFbI JUIHIATEPAIH
ACKBIHTOTBIFYbI KOHE AHTHOKCHAAHTTBIK KOPFaHbIC IapaMeTpJiepiH 3epTrey

CoHFBI yakKpITTa TaOWFM AHTHOKCHIAHTTApPFa JKOHE OJIap[bl TaMaK ©HEpKOCiOiHae KOJIaHyFa ercH
KBI3BIFYIIBUTBIK apTHIN Keeai. OHIIpiAreH oHIMHIH KayilCi3AiriH KamMTaMachl3 €TYMEH Katap, onap OyKin
Tipi aF3aHbIH AHTHOKCHIAHTHI KAJIKAHBI PETiHAC KbI3MET eTe/li. OCIMIIIK CHIFBIHABUIAPBIHBIH KYPAMbIHIA aH-
THOKCHIAHTTBHIK ocepi 0ap (aBOHOMATHI KOChUIbICTap Oap. MakanauslH Makcatbl Beta vulgaris Tykbimbr
TYHOACHIHBIH aHTHOKCHIAHTTHIK KACHETTEPiH 3epTTey, ereyKyHphIKTapAbl OTKIp jKoHE XKeael cyOcTpar Kaj-
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MU HUTPATBIMEH €Ty JKOHE TOTBIFY CTpECi apachIHIaFrbl OaiIaHbICThI aHBIKTAY. DKCIIEPUMEHTTIK 3epTTEyTe
50 ak ereykyipsIK (ataubirbl) aabiHAbl. Cd HUTpPAThIHA YIIBIPaFraH ereyKyMpBIKTapIblH OacTalKbl cajiMarbl
180430 r 60nap1. Ereykyiiprikrapasie 6ip ToObHa Kaamuii HUTpate! 0,1 1/ mo3ana im actap imiHe eHri3iial,
ekinnn to6sHa 0,01 % KagMuil HUTPATHIHBIH epITiHAICIH | MII-IeH anTaHbIH 5 KYHIHJE aybl3 apKbuisl 10
JKoHE 24 KYHHIH apanbFbIHAA imTi. KaHnars! TOTBIFY METa0OJM3MiHIH KYHIH Oaranay YIIiH JWeH KOHBIOra-
THI, KeTOAWEH, ManoH ananbiaerun, [udd Herizmepi cHSAKTH MUMUATEPAIH aCKBIH TOTHIFYBIHBIH 0acTamKHl,
KaifTaamMa jXKoHE COHFBI OHIMJEPIH aHBIKTAy JKYPTi3UIAi )KoHE aHTHOKCHIAHTTHIK KOPFAHBIC IapaMerpiepi
ootipiHma rytatnon nepkocuaaza (I'T10), karanaza (KAT), anenosunaeamunaza (AZJA) dbepMeHTTEepiHiH
Oencenainiri 6arananapl. TonTap apachHIAFbl aibIPMAIIBUIBIKTAPIBIH MAHBI3IbLUIBIFBIH QHBIKTAY J1a 9p TOII
yurin = SEM oprama MoHi ecenTenai. Op mapamerp Oipxkakrhl aucnepcusuiblk Tangay (ANOVA) Tectin
KOJIIaHa OTBIpBIN Oeiex Tanganasl. Tonrap apachlHAarbl albIPMAIIBUIBIKTHI AHBIKTAY YIIIH t-KpUTEpHH
CTBIOJICHTI KOJIIAHBUIIBL. 3epTTey HOTIDKeIepi KopceTKeHeH, TaxipuOelik kaHyapiapIslH KaHbIHIA Kaj-
MHH HHUTpaThIMEH YJIaHIBIPBUIFAH KYHJEPIHIH Y3aKTHIFbIHA OAaiJIaHBICTHI JIUIHMATEPAIH aCKBIH TOTHIFY KaTa-
Ganutiniy Oy3bUTybI Gaiikanzel, Gipak Beta vulgaris TykpiMbl TyHOACBIMEH OHOKOPpEKUHMsIIayaa alTapIibIK-
tail TemeHneni. Ochl 3epTTeyae TOKIpUOEIiK KaHyapiapIsH KaHbHIa Beta vulgaris TykeiMbl TyHOACBIMEH
OHMOKOppeKIMsUIaFaHa aHTHOKCHUIAHTTHIK KOPFaHEIC (pepMEeHTTepiHiH OelceHIuIiK AeHreiil enayip Koraphl-
JIaFaHbl aHBIKTaNFaH. KOpBITBIHIBLIAM KeJie, JKYPri3ireH 3epTTeysiep KaaMHUH HUTPATBIMEH TXKIpHOENIK
ereyKyHpBIKTapabl OTKIp JKoHE Keaen yiIaHaspsin, Beta vulgaris TyKeIMBIHBIH TYHOACHIH KOJIAaHFAHAA aH-
THOKCUAAHTTHIK KOPFaHBIC 9cepi Oap eKeHiH aiiTyra Oomasbl.

Kinm ce3dep: xanmuii HUTpaThl, Beta vulgaris TyKbIMBIHBIH TYHOACHI, TMIHATEPIiH ACKBIH TOTHIFYBI, AHTHOK-
CHJIAHTTBIK KOPFAHBIC, OMOKOPPEKITHS.

A.C. Epyo0aii, A.E. Konkabaesa, I'. [IpeBoct, U.C. Kansimanos, /I.b. Okacos

M3ydeHune mapaMeTpoOB NMePEeKUCHOr0 OKHCJIEHHS JHITHIOB U
AHTHOKCHIAHTHOM 3alIMTHI Y KPBIC MPH 3aTPaBKe HUTPATOM KaIMUs
¢ Ouokoppeknueil HacToem cemsiH Beta vulgaris

B mocnenHee Bpemst BO3poC MHTEpeC K NMPHUPOTHBIM aHTHOKCHAAHTAM U MX NPUMEHEHHUIO B MHUIEBOH MpO-
MbIIUIeHHOCTH. [loMIMO oGecriedeHnss MAaKCHMaIbHOW COXPAaHHOCTH MPOU3BOJMMOIO MPOAYKTa OHH TaKKe
CIIy’KaT aHTHOKCHIAHTHBIM IIUTOM BCETO >XKMBOTO OPraHM3Ma. B PacTHUTENBHBIX 3KCTPAKTaX COIECPIKATCs
(h1aBOHOMIHEIE COEIMHEHHMs, 00JaJaloIie aHTHOKCUIAHTHEIM 3¢ dekToM. B cBS3M ¢ 3TuM 1enblo cTaThu
SIBIJIOCh M3yYCHHC AaHTHOKCHAHTHBIX CBOWMCTB HacTosi ceMsiH Beta vulgaris, ycranoBieHue B3aMMOCBSI3b
MEXAY OCTpOH U MOJOCTpO 3aTpaBKe KPbIC HUTPUTOM KaJMUS U OKUCIHUTENBHBIM cTpeccoM. s skcnepu-
MEHTAJILHOTO MCCIICIOBaHUS OBUTH MCIONB30BaHbl 50 GecrmopoqHbIX OenbiX KpbIic (camiibl). JKHUBOTHBIC MO~
Bepranuck Bo3zaeiicteuio Hutpara Cd, korna onu Becuu 180 + 30 r. OHMM rpynnam KpbIc BBOAWIN HUTPAT
kaamus B 1o3e 0,1 /1 BHyTpuOpIomiHHO, BTopsle rpynmsl noxydanu 0,01 % pactBop HuTparta KagMus 1mo 1
MII 5 THEH B Henewro yepe3 poT B TedeHne 10 u 24 mHell. Bruto nccnenoBaHo cOCTOSHUE OKHCIUTENHHOTO Me-
Tabonm3Ma B KpoBH. I OIIEHKH COCTOSHHS OKHCIHTEILHOTO METaboIM3Ma B KPOBH IPOBOAMINCE OTIpee-
JICHHEe TIePBUYHBIX, BTOPUYHBIX U KOHEYHBIX NPOIYKTOB MEPEKUCHOTO OKUCIEHHS JINMUAOB, TAKUX KaK JIbe-
HOBBIl KOHBIOTAT, KETOJMEH, MaJOHOBBIN Auanbaeru], ocHoBbl [lIndda, 1 no mapamerpaM aHTHOKCHIAHT-
HOH 3aIlNThl OLICHUBAJIM aKTUBHOCTH (hepMeHTOB riyratnoHnepkocuaassl (I'TIO), karanaser (KAT), aneHo-
3uHe3aMuHa3bl (AJIA). i1 xakaol TpyIbl pacCYUTHIBAINCH cpeiHue 3HaueHuss =+ SEM, uToOsl onpene-
JIUTh 3HAUUMOCTb MEXIPYIIOBBIX pasnuuuil. Kax sl mapaMeTp aHaIn3upoBail OTAEIbHO C UCIIOIb30BaHuU-
€M TecTa OJHOCTOPOHHETO AucrepcroHHoro aHanmmuiza (ANOVA). [lnst onpeneneHus pa3sHUIBI MEXIy TPpyI-
MaMH UCTIONB30Bajcs t-kputepuii CThIofeHTa. MccaenoBaHus MOKas3aid, YTO MPU YIOTpeOIeHUN KagMus B
KPOBH y IKCIIEPUMEHTANBHBIX )KUBOTHBIX HAONIOMAeTCsl HapylIeHHe KaTabaluTOB JIUIONEPEKHCHOTO OKHC-
JIEHHS B 3aBHCHMOCTH OT TIPOOJDKUTENIBHOCTH JHEH 3aTPaBKU, HO 3HAUYUTEIILHOE CHIDKCHUE IPU OHOKOPpEK-
MU HactoeM cemsiH Beta vulgaris. Tak kak B 3TOM HCClIeJOBAHHH MbI OOHAPY)KHJIH, YTO YPOBHU aKTHBHOCTH
(epMEeHTOB aHTHOKCHIAaHTHOM 3alUTHI ObUIN 3HAYMTENILHO YBEITHYECHBI B KPOBH Y SKCIIEPUMEHTAIIBHBIX JKH-
BOTHBIX, ¢ GHOKOppekueil HacToeMm cemsiH Beta vulgaris. Pe3ynbrarsl MpoBeeHHOTO HAMH HCCIICIOBAHUS
MO3BOJISIFOT YTBEPXK/aTh, YTO IPUMEHEHHE HACTOs ceMsiH Beta vulgaris B mogocTpbIx U OCTPBIX 3KCIIEPHMEH-
Tax C 3aTPaBKOH SKCIEPUMEHTATBHBIX KPBIC HUTPHTOM KaJMHs MMeEeT aHTHOKCHAAHTHOE 3aIlUTHOE Heii-
CTBHE.

Kniouesvie cnosa: HUTpAT KaagMus, HacToii cemsH Beta VUlgariS, TNEPEKUCHOC OKUCJIICHUC JIUITUA0B, aHTUOK-
CHUJaHTHasA 3aliuTa, 6HOKOppeKHI/I$I.
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Oco0eHHOCTH BBeIEHHSI B KYJBTYPY iN Vitro
oapoapuca maumiickoro (Berberis iliensis M. Pop.)

TpuBe/ieHBI Pe3yabTaThl BBEACHHUS B KyJIbTYpY iN Vitro 6apbapuca unmiickoro (Berberis iliensis M. Pop.) —
PEIKOTo HAEMHYHOTO pacTeHus. B HacTosmiee BpeMs pelKuil BHJ HaXOAUTCS MOZ Yrpo30H MCUE3HOBEHHSI.
OtpaboTaHbl CrIOCOOBI BBEICHUS B KYJIbTYpY iN Vitro, momoOpaHbl CTEPHITM3YIOIIHE areHThl U PEKHMBI CTe-
pumzanmu (5%-Hell pacTBop otOenmBaTens «bemnsHay, Bpems o6paboTku 5 muH, 10%-HBII pacTBOp mepe-
KHCH BOJIOPOJIa, BpeMst 9KCHo3uLuu 7 MuH). OmpesesieHa OnTHMAaIbHas Ul YCIIEUIHOTO Pa3BUTHs PACTCHHI
Berberis iliensis B kynpType in vitro nutatensnas cpena WPM, ¢ yposaem pH 5,6-5.8. K crangaptHoMy Mu-
HEpaJIbHOMY COCTaBY cpelibl ObUTH JOOaBIE€HbI BUTAMUHBL. MaJUKCHTBI ¢ KCIUIAHTAMH KYJIBTUBHPOBAIM B
KOMHate 6e3 jocTyma cBeTa mpu Temmneparype 22—25 °C u sraxsoct 70 % B Teuenune 3—4 Henens. [lanb-
Heliee KyJIbTHBUPOBaHUE IPOBOAMIN TIpH 26 °C, cBeTOBOM mepuoje 16 4 1 0CBEIIEHHOCTH 4—5 THIC. JTFOKC.
Tonydens! acenTuyeckre KyabpTypsl Berberis iliensis, koropeie 061aa0T pereHepaTHBHOM CIOCOOHOCTHIO.
IMoGeru o6pa3oBbiBaMCch 63 KamIyca, TO €CTh HaOIOJAeTCs MpsAMasi pereHeparys, 4To ABiseTcs Haubonee
6IaronpHUATHEIM JUISI MUKPOKJIOHAIBHOTO Pa3MHOKEHUS.

Knioueswvie cnosa: Berberis iliensis, cemeHa, in vitro KynbTypa, CTCpUITU3AINS YKCIUIAHTOB, ITUTATEIBHAS Cpe-
na, WPM, KynbTHBHUpOBaHHE.

Beeoenue

Coxpanenue reHO()OHA PACTUTEIBLHOTO MUPA M BBEACHUS B KYJIBTYPY PEIKHX BHUIOB, B TOM YUCIIE U
PENMKTOBBIX BHJIOB, SIBIISIETCS aKTyaJlbHOHM 3aaucii COBpeMEHHOCTH. JTa 3a/1a4a OCYIIECTBISETCS, C OJTHON
CTOPOHBI, TIPH MTOMOIIY Pa3pabOTKA METOAOB Y4eTa M OXPaHbl PEIKUX M MCUE3AIONINX BHJOB PACTCHHH, C
JPYroi — 3a cueT OTpabOTKH MPUEMOB BBIPAIIMBAaHKS 3TUX pacTeHui in Situ u in vitro [1].

CoxpaneHre OMOJIOTMYECKOTO Pa3HOOOpa3us — OAHA M3 BAKHEHIINX 3a/ad B A€ OXpaHbl IPUPOABI,
KOTOPOH YAETNSIOT O0JbIIOe BHUMAaHHE BO BCeM MHpE. BaKHOCTH coxpaHeHUs! Onopa3Hoo0pasusi BOCTIPHHS-
Ta JIFOJIbMH, KaK Ha MUPOBOM, TaK U Ha HAIMOHAILHOM ypoBHE. O0 3TOM CBHIETENbCTBYET NpUHsITas Ha [e-
HepanbHOH accamOiee MexxayHapoJHOro coro3a ononornueckux Hayk npu nogaepxkke KOHECKO Mexny-
HaponHas nporpamma «DIVERSITAS», Mexnynapoanas KoHBeHIHsSI 0 COXpaHEHUH OMOJIOTHYECKOTO pas-
HooOpasust u [Tocranoenenue [IpaBurenscTBa Pecnyonuku Kazaxcran [2, 3].

IlepeuncnenHble BbILIE MPOrPaMMHBIE TOKYMEHTHI PEAJIaraloT B Ka4eCTBE MEp 110 COXpaHEHHI0 OHO-
pa3HOO0pa3usi, B YaCTHOCTH, pa3HO0Opa3us (IIOpbl, UCIIOIb30BaHHE METOIOB €X Situ (co3aaHue KOJUICKIUiA
KHMBBIX PACTEHHH B OOTAHUYECKHX CaJax, XPaHHWJIMII 3apPO/IbIIICBOH MIa3Mbl, CEMEHHBIX OAHKOB U Jp.) | iN
Situ (co3manue B IPUPOIHBIX YCIOBHAX 0CO00 OXpaHIEMbIX PUPOIHBIX TeppuTopuii). Ho, Hapsiay ¢ Tpaau-
[IMOHHBIMHU CIIOCOOAMM COXpaHEHHsl pacTeHuit eX Situ m in Situ, Bce Gousbliee 3Ha4YeHHE NPHOOpETaeT MC-
MOJIb30BaHUE METOJIOB OMOTEXHOJIOTHH, B YACTHOCTH, METOJIMK KYJIbTUBUPOBAHUS H30JIMPOBAHHBIX TKaHEH
opraHos [4].

bap6apuc unumiickuii (Berberis iliensis M. Pop.) — BeTBHUCTBIN KOJIIOUKiT KycTapHUK BBICOTO# 10 3—4
M, C OJeTHO-KpacHBIMH, IIPOAOJITOBATO-IHLEBUIHBIMU IUIOaMH. PacpocTpaHeH B yIIENbiX B BOCTOYHOMH
yactu 3amnuiickoro Anaray u KermeHnckoro xpe0ta, Ha 10XKHBIX CKIOHax J[KyHrapckoro Anaray, BOITU3N
ycTbeB pek Unmnuk, Yapeid, Bnagatoniux B pexy Mmun. C 1978 r. Bun 3anecen B Kpacuyio kaury Kasaxcrana,
TaK Kak 4acTh apeajia Obljla yHHUYTOXKEHa Npu cTpoutenbcTBe Kamyaraiickoro u boproraiickoro BogoxpaHu-
i Ha pekax Mnm m Yunuk, K ToMy ke HeOOoJblINe MO pa3Mepy U (parMeHTUPOBAaHHBIE CYO-TIOMYJISILIUN
MCIIBITBIBAIOT AaHTPOTIOTCHHBII CTpecC u3-3a 0TOOpa BOJIbI, pyOKH U 1moxapos [5, 6].

B. iliensis mpezcrapisier HayYHbBIH ¥ MPAKTUYECKHI WHTEPEC, TaK KaK, HMes MMHUIIEBOE, JICKAPCTBCHHOE
U KOCMETOJIOTHYECKOEe 3HaYeHUe, H3y4YeH Hel0CTaTO4HO |7, 8]. YunTeIBas moje3Hble CBOHCTBA JAHHOTO HC-
Ye3aromero Buaa 6apdapuca, BaKHO U3YUUTh U COXPAHUThH 3TO YHHKAJIBHOE PACTEHUE B MPUPOIHBIX MOMY-
JSIUsX. B omoHeHue K TpaaMIHOHHBIM METOIaM HEO0OXO0MMO COXpaHeHHEe PACTEHHUH B KyJIbType in Vitro
C 0TPabOTKOM METOJIOB JIIUTENBLHOT0 XpaHeHus [9-12].
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Hcxo/st U3 CKa3aHHOTO BBIIIE, [EJIbI0 HAIICH pabOThl SBJISJIOCH H3yYEHHE OCOOCHHOCTEH BBEICHHS B
KyJIBTYpY in Vitro 6apbaprca uimiickoro.

MarepuaJibl H METOABI

PaboThl ¢ KyibTYpoii iN VItro mpoBOAMIM B CTEPUIIBHBIX YCIOBHSX J1abopaTopun OuotexHomorun PITI
«MaHTBIIIIaKCKUH dKCIIepUMEHTANBHBIN OoTaHnuecknii cam» KH MOH PK. B kadecTtBe mcXomHOTO Marte-
puana Ui BBEICHUS B KyJbTypY iN Vitro ucrmons3oBaiu ceMena bapdaprca HIHHCKOTO.

Jns crumynupoBaHusi Tpopactanus cemena B. iliensis mocie romoBoit xomomoBoi crpatudukaiuu
(mpu  Temmeparype 0—2 °C) mpenBaputenbHO 3amaunBanu B Teuenune 22-24 4 B 0,5 %-HoM pacTBOpe
KMnQ,, 3atem nepenocunu Ha cpexy WPM.

PactutenbHbIi MaTepHall MPOMBIBAIM B MBUIBHOM PacTBOpPE M IIPOTOYHOU Boje, oOpadaTeiBaau 70 %-
HBIM 3TaHOJIOM, 3aT€M CTEPUIIM30BAIK B pacTBope oToenuBaTens «bemmsaay (1:1) ¢ mocnexyronmm IpomsbI-
BaHUEM B CTEpPHUIBHOI Boje, a 3areM B 10 %-HoM pactBOpe mepekucu Bogopona (H20-.). Konrenrpanuio
CTEPHIIU3YIOLIETO PAacCTBOPa M BPEeMs SKCIIO3HULIMHU MOJOUPAH KCIepUMeHTaIbH0. CXeMa ombITa o CTepu-
JU3aIUN TpeicTaBieHa B Tabmwme 1.

Tab6auma 1

Cxema cTepHJIn3alMy pacTUTeIbHOro MaTepuaia B. iliensis

Crepunuzyromuit Bpewmst sxcno3unuu, MuH*
pacTBop Bapuanrt 1 Bapuant 2 Bapuant 3 Bapuant 4 Bapuant 5

70 % sraHoun 2 2 2 2 2
10 % «benuzHay 5 10 - - 15
5 % «benusHay - - 5 10 -
10 % mepekuch Bo- - - 7 10 7
Jiopoaa
Ipumeuanue. *IIpoMbIBKa CEMsIH TIOCIe 00Pa0OTKU TPEXKPATHO B CTEPUIIBHON TUCTUILTHPOBAHHOM BOJIE.

Mertoz kynbTypsl in Vitro npoBoamiu Ha cpeae Woody Plant Medium (WPM), ¢ yposuaem pH 5,6-5,8.
K crangapTHOMY MHUHEpaNTbHOMY COCTaBy cpelbl ObUTH 100aBIEHBl BUTAMUHBI. Ma/XKEHTBI C SKCIUIAHTAMHU
KyJIFTUBHPOBAJIM B KOMHare 0e3 moctyna cera npu temmeparype 22—25 °C u snaxkHoctd 70 % B TeueHue
3-4 nenenp. [lanpHelIee KyIbTUBUPOBAaHNE TPOBOAMIH Tipu 26 °C, cBeTOBOM Tiepuose 16 4 1 oCBeImeHHO-
ctr 4-5 Thic. mokc. s mopaepkanus mpoaudepupyIOInX KyIbTyp Kax/ble 2—3 Hellen YKCIUIaHTHI Iepe-
CaKMBAJIM Ha CBEXYIO NMUTATENbHYIO cpeny. IIpoBoannu 1o 3-x maccakei IUIsi yKOPEHUBIINXCSA YEPEHKOB.
Mukporoberu rnpu rnepecajake eI Ha 2—3 9acTH.

VY4eT KoIn4ecTBa MPOPOCIINX CEMSH MPOBOAMIN depe3 Kaxapie 7—10 qHel B TeUeHHE YEThIPEX Mecs-
1IeB KyJbTHBHPOBAHMS HA CTEJIaKaX CBETOBOW. [IpoBOIMIN yUeT 3apakeHHBIX U HEKPOTH3UPOBAHHBIX JKC-
1aHToB. OIeHKa MOIYYEeHHBIX YUCTBIX KYJIbTYP (CTEPHIIBHBIX) HIPOBOAMIM 110 KOJIMYECTBY BBDKUBIIMX 3KC-
IUTaHTOB.

Peszynomamer u 0bcyscoenue

JXuznecniocoOHblii acentuueckuit Matepuain B. Iliensis ynanoce momy4uTs mocie mocienoBaTenbHON
crepunuzaumu B 70 % stanone (2-3 mun), 5 % «benusne» (5 mun) u 10 % pactBope nepekucu Bogopona (7
MmuH). [IpumeHeHne 3TaHona U pactBopa «belar3HBD 0Ka3aloch HEJOCTATOYHBIM, MOCIE KYJIbTHUBHPOBAHHUS
Ha cleyromue 3—5 CyTKH 3KCIUIaHThI O4€Hb OBICTPO MOPaXKalINuCh MAaTOreHHOH MuKpodiopoil. B xone sxc-
MepUMEHTa JOTIOJHHUTENBLHO MPUMEHSIIH PacTBOpP MEPEKHCH BOJOPOJA. YBEIHMUCHUE BPEMEHH SKCIO3UIINH
CTEPIIIU3YIOLIETO areHTa BBI3BIBAIU OXKOT AKCIUIAHTOB. [IpH3HAKH MPOpPACTaHUS Y CEMSH MOSBUIMCH Yepes3
3—4 Hejenu KyJIbTHBUPOBAHHMS, BCXOXKECTh CeMsiH cocTaBmia ot 23,5 no 62,7 % (puc. 1). B kaxmaom u3 Ba-
puaroB 06paboTku ObLI0 TOTydeHo oT 60 10 85 MUKpOmoOeros.

Pesynprarsl onbiToB nokazanu, 4ro 90 % CTepMIIBHOCTD SKCIUIAHTOB OblIA JIOCTUTHYTA B BapUaHTE C
UCTIONIb30BAaHHUEM CJICYIOUIETo pexnMa crepuianszaimn: 70 % STHIIOBBIM CIIMPT, BpeMs SKCIIO3UIUH 3 MHH,
5%-ub1it pacTBOop oTOenuBarens «benusHa», Bpems oOpabotku 5 muH, 10 %-HbIi pacTBOp MepeKrcH BOAO-
pona, Bpems skcno3uiuu 7 MuH. [Ipu 3TOM oTMeueHa coxpaHHOCTb 1o0eroB. Tak, HanOobIIee KOJINIECTBO
KHU3HECTTOCOOHBIX IKCIIaHTOB (60,5 %) ObUTO MOTyYeHO UMEHHO B JaHHOM BapuaHnTe 00paboTku (Tadi. 2).
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Pucynoxk 1. [Ipopacranne cemsH 6apOaprica WIMIICKOTO Ha TUTATEILHON cpesie
Tabnunma 2

KoJn4ecTBO MOTy4eHHBIX KH3HECHOCOGHBIX IKCILIAHTOB B 3aBUCHMOCTH OT YCJIOBHI CTePHIM3AMH
pacruTeanHoro marepuaia B.iliensis

Kon-Bo xu3necmo-
COOHBIX AKCITJIAHTOB,
%

. Bpewms skcnosu-
Bapuant Crepunusyromuii pacTsop
LU, MUH

70 % sTanon 3

1 5 % «benuzna» 5 60,5
7
3

10 % mepekucs Bogopoaa

70 % sTanon

2 5 % «beausHa 10 24,7
10 % mepekuch BoAopoaa 10
70 % sTaHox 3

3 5 % «benuzna» 10 23,5
10 % mepekucs BoAOpoaa 15

OO0pazoBaBiyecs Npyu CTEPHIILHOM TPOPANTMBAHIHA MHUKPOINIOOerd ObUIM TOAENeHbl Ha IKCIUIAHTHI, a
3aTeM CHOBa MOMEIeHbI Ha nmuTarenbHyro cpeny WPM. TlomyyeHHbIe MUKPONIOOETH YCIIEITHO YKOPEHSUIHCH
Ha 0e3ropMOHANIBHON NMUTaTEIbHOMN cpee. KonmyecTBo MUKPOIIOOETOB YBEIMUMBAIOCh IIPH KaXI0M Iacca-

K€ Ha CBEXKYIO IUTATeNbHYIO cpeay (puc. 2).

PucyHok 2. MukpokiioHanbHoe pasmMHoxenue B. iliensis

Tak, nocne 1-ro maccaxxa — B 2,5 pasa, nociue 2-ro — B 2,2 pasa, nociue 3-ro — B 1,8 pa3za.
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Pe3ynbraThl ucciae0BaHUl MMOKa3aln, YTO BBEJACHUE B KyJIbTypy in Vitro B. iliensis — mmurenbHbil n
CIIOXKHBIH TIpoIIece, TPeOYIONHMI JeTaJIbHOTO MOAX0/a K KaXXIOMY 3TaIly KyJIbTHBUPOBAHUSI.

Baxnouenue

Takum 00pa3om, MoMyuYeHkI acenTHyeckue KynbTyphl B. iliensis u onn obnaganu pereHepaTuBHOI cIio-
COOHOCTBIO. BBISBIIEHO, YTO ONTUMATBHON MHUTATEIBLHON CPEMOH /Ui BBEACHUS B KyJIbTYpy iN Vitro sBiis-
mack cpena WPM. Ilo6ern oO6pa3oBBIBaUCh 0€3 KaTyca, TO €CTh HAaOIIOMaeTCs MpsMasi pereHepamnus, 9To
sBIIsieTcs. HanOoJee ONMarONpUSATHBIM JUII MUKPOKJIOHAJIBHOTO pa3MHOXeHHs. ONTUMH3HPOBAaHBI yCIOBUS
CTEPHIU3AIMY CEMSH JUTS IOTY4YCHUS )KUZHECTTOCOOHBIX MUKPOTIOOETOB.

Cmampsi n0020MOGIEHA 6 PAMKAX HAYYHO-MEXHUYEeCKoU npozpammbsl  «Paspabomxa nayumo-
NPAKMUYECKUX OCHO8 U UHHOBAYUOHHBIX NOOX0008 UHMPOOYKYUU PACMEHUI 8 NPUPOOHBIX 30HAX 3anaonoeo
u Bocmounozo Kazaxcmana 018 payuoHanbHo2o u 3¢pghexmusnoco ucnorw3zosanusy Munucmepemsa HayKu
u svicuiezo oopazosanus Pecnyonuku Kazaxcman (2021-2022 2e.).
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Lne 6epikapakarbinbiH (Berberis iliensis M. Pop.)
ecinmicin in vitro enrizyain epekmesikrepi

Makanazna cupek Ke3JeceTiH HAEeMHKaIBIK ociMik [ite Gepikapakareiasiy (Berberis iliensis M. Pop.) eciu-
JiciH In Vitro eHrisy/iH HoTIXKenepi kentipinreH. Kasipri Tanaa cupek Ke3[IeceTiH eCiMIiK Typi JKOFabII Ke-
Ty KaymiHae Typ. OciHfiHi in Vitro eHri3y »oJaapsl *KacaKTalblll, 3aJ1aJIChI3IaHABIPATBIH areHTTep XKOHE 3a-
JackB3IAHABIPY pexumMaepi TaHmanasl (5%-npik «benn3Hay aFapTKBII epITIHIICI, OHIeY YaKBITHI 5 MHUH,
10%-1pIK CYTEKTiH acKbIH TOTBIFBI EpITIHIICI, IKCIO3UIKUs YakpIThl 7 MuH). Berberis iliensis ecimairinin
eciuzmici in Vitro oxraiinel gamysiaa pH memmepi 5,6-5,8 Gonateia Kopektik opra WPM rtanmangsr. Cras-
JapTThl MUHEPAIbl KOPEKTiH OPTaHBIH KypaMbIHA JOPYMEH/Iep KOCBULABL DKCIUTAaHThI 6ap MapKeHTanap Ka-
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panFb 6estmene 22-25 °C Temmepatypana sxoHe 70% bUIFaIIbUIbIKTA 3-4 anTa apajbiFbIH/IA KacaH bl ecipil-
ni. Opi Kapail xacaH/bl ecipy *kapblk Mep3iMi 16 carar xoHe KapblK Jopexeci 4-5 MbIH JIOKC OonaTeiH 26
°C temneparypaja *Kyprisinmi. Berberis iliensis-Tin acentukanbk ocKiHIEpi albIH/IBI JKOHE OJap pereHepa-
THUBTI KabineTke ne. OCKiH cabaKTapbl MIOPIaHyChI3 TY3UIAI, SIFHH TiKeJed pereHepanys OaKplIaHIIbI, al Oy
03 Ke3eriHae MUKPOKIIOHBIK KOOCHTY e oTe bIHFAIIbL.

Kinm co30ep: Berberis iliensis, TyKpiMaap, in Vitro eckiHi, SKCIDIAHTTap bl 3aTANICHI3IAHIBIPY, KOPEKTIK Op-
ta, WPM, *xacaHsl sxaraiiia ecipy.

D.N. Zharasova, N.A. Tolep
Features of the introduction of Berberis iliensis M. Pop. into in vitro culture

The results of the introduction of Berberis iliensis M. Pop., a rare endemic plant, into in vitro culture are
presented. The rare species is currently endangered. Methods of introduction into in vitro culture have been
worked out, sterilizing agents and sterilization modes have been selected (5% bleach solution “Belizna”,
treatment time 5 min, 10% hydrogen peroxide solution, exposure time 7 min). The WPM nutrient medium,
with a pH level of 5.6-5.8, was selected as optimal for the successful development of Berberis iliensis plants
in in vitro culture. Vitamins were added to the standard mineral composition of the medium. Magentas with
explants were cultivated in a room without access to light at a temperature of 22-25°C and a humidity of 70%
for 3-4 weeks. Further cultivation was carried out at 26°C, a light period of 16 h, and illumination of 4000—
5000 lux. Aseptic cultures of B. iliensis were obtained and they had a regenerative capacity. Shoots were
formed without callus, that is, direct regeneration is observed, which is the most favorable for
micropropagation.

Keywords: Berberis iliensis, seeds, in vitro culture, sterilization of explants, nutrition medium, WPM,
cultivation.
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Water quality of aquatic ecosystems of Akmola region

Currently, the issue of protecting natural resources from polluting and preventing pollution requires
worldwide attention. In general, water resources are becoming an invaluable resource that explains the
sustainable development of any state. Rational use and protection of water sources is becoming one of the
most pressing issues in our country. Pollution of water sources, in turn, affects the deterioration of water
quality, living organisms that live in water sources (algae, fish, etc.), and the health of consumers. Since water
is the most important resource in the world, it is a task to protect and prevent environmental risk. Therefore,
to monitor the aquatic ecosystems of Akmola region, the research team conducted research in laboratory
conditions, taking water samples from water bodies (Nura, Ishim Riversand Taldykol, Maybalyk, and
Zhaltyrkol Lakes) from a practical trip organized by the research group. Research studies on water samples
taken from water bodies showed that the water was polluted, and in some indicators the maximum rural
concentration was exceeded. It is clear that pollutants affect water biota, although in most cases they are not
the cause. According to water samples, the level of pollution of water sources was assessed. Protection of
Water Resources in general from pollutants is one of the strategic tasks of the country.

Keywords: water resources, environment, polluting sources, maximum concentration, physical and chemical
indicators, level of pollution, water quality, ecopolutants.

Introduction

The global demand for Water Resources is steadily growing from year to year. Increased demand
inadequate infrastructure and lack of management potential lead to water shortages in many regions. The
state of Water Resources is constantly changing depending on external factors. The water cycle is directly
influenced by population growth, human activity, that is, an anthropogenic factor. The initial quality of water
depends on the source of its origin. Surface waters (lakes, reservoirs, streams, and rivers), which are the
source of drinking water for the population, are usually of low quality and require extensive treatment. It can
still be contaminated by agricultural runoff or by burying liquid waste in surface and underground soil, as
well as filters from solid waste landfills. Depending on the time, other water sources such as rainwater have
different levels of water quality [1, 2].

Pollution of water sources, as well as its impact on the environment, is one of the most common
environmental problems. Despite the fact that Kazakhstan occupies a large territory, the quality of water in
all surface water bodies of the Republic remains unsatisfactory. Along with wastewater, pollutants enter
reservoirs and affect the aquatic ecosystem, primarily aquatic organisms [3—-6].

As a result of anthropogenic impact, significant changes occur in the morphometric, hydrological,
chemical and other characteristics of water bodies, which, in turn, lead to changes in the structure,
productivity and condition of aquatic ecosystems. Pollution of water bodies is the result of anthropogenic
activity, which leads to negative consequences — deterioration of water quality, threat to water bodies,
deterioration of life and health of people [7]. Pollution contributes to an increase in the content of micro- and
macroelements in fresh and sea waters, bottom sediments, living organisms above the natural background of
a particular area [8].

Experimental

To control the quality of surface water in Akmola region, all the requirements for collecting water
samples from 5 water bodies (i.e., the Nura and Ishim Rivers, as well as lakes Maybalyk, Zharlykol,
Taldykol) were met, and water samples were taken from 26 points. During the study of surface water
samples, physical and chemical indicators of water quality (water temperature, transparency, hydrogen
indicator, total water hardness, heavy metal concentration) were determined. The research group determined
hydrochemical indicators of water to assess the quality of surface waters of Akmola region (Nura, Ishim
Riversand lakes Maybalyk, Zharlykol, Taldykol). It took 1.5 L of water sample to carry out the research.
Water samples taken from water bodies were analyzed according to 13 physical and chemical parameters,
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including the concentration of ions (Ca2+, Mg2+, Na+, K+, Fe total, Cl-, SO42-, HCO3-, No3-, CO32 -).
Water samples were carried out using the atomic-emission spectroscopy (inductively coupled plasma)
method in the Azimuth-Geology chemical-analytical laboratory. The research work on water samples was
analyzed according to the regulatory standards for managing the use of water resources of the committee on
water resources of the Ministry of Agriculture of the Republic of Kazakhstan “unified system for classifying
water quality in water bodies” [9]. During the study statistical data on the state of surface waters of the Ak-
mola region was used.

Results and Discussion

We consider sulfate ions in water samples from River Lakes, which are our objects of study, as
indicators of anthropogenic pollution. Figure 1 presents water quality assessment based on the results ob-
tained by the unified classification.
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Figure 1. Information on the quality of surface water in Akmola region in 2021

The chemical composition of samples taken from surface waters of the Akmola Region, i.e., the
indicators of the main ions, is shown in Figure 1. The indicators of calcium and magnesium ions are 8 times
higher in Lake Taldykol than in Lake Zharlykol. Compared to samples from the Nura river, the indicators of
calcium and magnesium ions in samples from the Ishim River exceed Shrek. The high level of these
indicators can be explained by the discharge of wastewater into rivers and lakes.

There is an insignificant difference in the indicators of the main ions of water samples taken in 2021
and 2022. The indicators of calcium and magnesium ions in the Ishim River decreased by half, and the
indicators of ions in Lake Taldykol, on the contrary, increased (Fig. 2).
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Figure 2. Information on the quality of surface water in Akmola region in 2022
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According to the results of monitoring, the state of surface water is directly affected by the inflow of
industrial complexes, domestic and wastewater located in the region (Fig. 3). It can also be seen that
chlorides and sulfates in the water content of lake Taldykol exceeded Shrek by 2 times.
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Figure 3. Concentration of ecopolyants on lake Taldykol

Figure 4 demonstrates the level of pollution of large rivers and lakes of Akmola region. It is clear that
any ecopoluter that falls into the biosphere as a whole accumulates one of the components of the ecosystem.
The deterioration of the water quality of lake Taldykol up to 70.5% can be explained as the result of an
external anthropogenic factor.
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Figure 4. Complex coefficient of water pollution

The chemical parameters of groundwater play an important role in the classification and assessment of
water quality. It is noted that the best results can be obtained only when studying the complex of ions in
water, and not the concentration of individual ions [10]. The chemical classification also reflects the
concentrations of various dominant cations, anions, and their interactions.
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The current anthropogenic load and growing man-made processes change the hydrochemical
parameters of water to the deterioration of their quality.

Field studies conducted to analyze surface monitoring data and assess surface waters have shown the
presence of chemical pollutants in river lakes in the Akmola region.

Conclusions

According to the study results and the unified classification system, the water quality of water sources
of Akmola region is assessed as follows: the Ishim and Nura rivers, Taldykol, Maybalyk and Zhaltyrkol
lakes belong to the 4th class, and the Ishim River (Arnasai) — (5th class). In conclusion, the indicators of
water samples taken from water bodies exceed the norm. It can be seen that in most water samples,
concentrations of chlorides and sulfates are found in large quantities. Sulfates, in turn, are considered as
indicators of pollution levels.

The data obtained from the annual calculation of the results of samples taken from common water
sources prove that in the future it is necessary to organize measures to protect water sources from external
pollutants. If the necessary measures are not taken, it can lead to a decrease in the diversity of aquatic biota
and irreversible pollution of water sources. The results of the research prove that the water ecosystems of
Akmola region are polluted.
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M.T". XKapteibaeBa, C.E. Tynerenosa, H. MynTaes, X.O. OpanGekoBa

AKMO0J12 00J1BICBIHBIH €Yy 3KOKYHeJepineri cy canacobl

Kazipri yakeITTa TaOUFH pecypcrapbl JIaCTaylIbl KO3IepeH KOpFay jKOHE JIaCTaHyAbIH aJbIH ally Moceleci
OYKiN onmemze Ha3ap aymapynsl KakeT eteni. JKammel, cy pecypcTapbl Ke3 KelreH MEMJICKETTIH TYPaKThl Jla-
MYBIH TYCIHAIpETiH Oara xeTrec pecypcka aiHamyna. Cy Ke3aepiH YTHIMIBI MalilaNany jkoHe Kopray Oi3iH
eliMi3aeri eH e3eKTi macenenepaid Oipi. HeriziHeH cy kKe3aepiHiH JlacTaHybl €3 Ke3€TiHIe Cy CamachbHBIH
HalapiaysiHa, cy ke3aepinze (6anapipiap, GanbIKTap koHe T.0.) eMip CYpeTiH Tipi opraHu3Maepre xoHe Ty-
THIHYIIBUIAPABIH JeHCayabIFbIHA ocep ereni. Cy anemzeri eH MaHbI3bl Pecypc OONFaHIBIKTAaH, MiHIET KO-
JIOTHSUTBIK TOYEKeNJep/ii Kopray oHe anabiH any. COHABIKTaH, AKMOJIa OOJIBICHIHBIH Cy SKOXKYHETIepiH Mo-
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HUTOPHMHITEY MaKCaTbIH/A 3ePTTeY TOOBI YHbIMAACTBIPFAH NPAKTHKAIBIK carap OapbIChIHIA Cy aiiIbIHAApHI-
HaH (Hypa, Ecin e3ennepi men Tanabikes, Maiibanbik sxoHe YKanTeIpkes KeiepiHeH) Cy chiHaManaphbl ajbl-
HBII, 3epTXaHAIBIK XKaFaaiina seprreyinep xyprizingi. Cy oObeKTiIepiHeH alblHFaH Cy ChIHaMaJIapbIH 3ePTTCY
JKYMBICTaphl Cy/IbIH JIaCTaHFaHBIH JKoHE KeHOip KepceTKimTep OOWBIHIIA MAKCUMAIIB! TOYITIKTIK KOHIIEHTPa-
IIUSIIaH achlll KeTKeHIH kepceTTi. JlacTaymsl 3aTTap cy OHOTAcHIHA acep eTeTiHi aHBIK, OipaK Kell >Karmaiaa
onap cebern emec. Cy ceiHaManiapsl OOMBIHIIA CYy KO3AEPiHIH JlacTaHy IeHrei 6aramansl. JXKammsl cy pecypce-
TapBIH JIACTAYIIBI 3aTTaplaH KOPFay eJIiH CTPaTeTHsIIbIK MIHACTTEepiHIH Oipi OOJIBII TaObUIa bL.

Kinm cesdep: cy pecypcTapbl, KOpIIaFraH OpTa, JIACTaHy Ke3Jepi, MaKkCHUMalAbl KOHLEHTpauus, (usuka-
XUMUSIIBIK KOPCETKILITEp, IacTaHy AEHTeili, Cy camackl, SKOMOIIOTAHTTAp.

M.I'. XKapteibaeBa, C.E. Tynerenosa, H. Mynraes, XK.O. Opan6ekoBa

KadecTBO BOABI BOAHBIX YKOCHCTEM AKMOJIHHCKOH 00J1aCTH

B Hacrosmee BpeMsi BONPOCHI 3alUTHI MPUPOJHBIX PECYPCOB OT UCTOYHUKOB 3aTrps3HEHUS U MpeJoTBpallle-
HUS 3arps3HEHUs TpeOYIOT BHUMAHHS BO BceM MHpe. B 1ieioM, BogHBIE pecypCchl CTaHOBSITCS HEOIEHHMBIM
pecypcoM, 0OBSICHSIOMNM YCTOHYMBOE Pa3BUTHE JTI000TO rocyapcTa. PannoHansHOe HCTIOIb30BaHUE U OX-
paHa BOJHBIX MCTOYHUKOB CTAHOBSITCS OJHOM M3 aKTyaJbHBIX NPOOIEM B cTpaHe. 3arpsisHEHHE BOJHBIX HC-
TOYHUKOB, B CBOIO OYepe/ib, BIHMIET Ha yXy/AIICHNE KauyecTBa BOJBI, Ha KUBbIE OPTaHU3MBI (BOJOPOCIH, PHI-
OBl U T.J1.), HA 370pOBbe MoAeH-TIoTpeduTeneld. [1ocKoNbKy BOAa ABISAETCS BaKHEUIIMM PECypcoM B MHpE,
3a7a4a 3alUThl ¥ IPEIOTBPALICHHUS 3KOJIOTMIECKOTO PUCKa CTAHOBUTCS OUEHb akTyanbHOU. IlosTomy B me-
JSIX MOHUTOPHHIA BOJHBIX 3KOCHCTEM AKMOJIMHCKOH OOJACTH, B XOJ€ NMPAaKTHIECKOH MOE3JKH, OPTraHU30-
BaHHOH MCCIIeIOBAaTEIBCKOM IPYyMIION, ObIIH 0TOOPaHBI MPOOBI BOAKI C BOAHBIX 00bekTOB (pek Hypa, Ecunb
o3ep Tanppikonb, Maiibanbik 1 XKanTeIpKoJIb) M MPOBEIEHBI UCCIENO0BaHMs B JJAOOPATOPHBIX YCIOBHSX. Pe-
3yJIBTAThl UCCIIENOBAaHMS IPOO BOJIBI U3 BOAHBIX OOBEKTOB IOKAa3ald, YTO BOJA 3arps3HEHa, 0 HEKOTOPHIM
MOKa3aTelsIM MPEBBIIICHA IPEeeNIbHO TOIyCTUMas KOHIeHTparus. OUeBHAHO, YTO 3arpsI3HAIONINE BEIeCTBa
BIIMSIIOT Ha HUX, XOTS U HE SBIIFOTCSI B OONBIIMHCTBE CIIy4aeB IMPUYNHON CHIDKEHHSI OMOTOKCHYHOCTH BOIBIL.
Tlo mpoGam BOZIBI OLIEHHUBAJICS YPOBEHB 3arpsS3HEHUS BOAHBIX HCTOYHHKOB. B miermom, oxpaHa BOJHEIX pecyp-
COB OT 3aTPS3HSIONINX BEUIECTB OTHOCUTCS K OJTHOM M3 CTPATeTHYECKHX 331a4 CTPAHBIL.

Kniouesvie ciosa: BOGHBIE PECYPCHI; OKPY’KAOIIasl Cpela; ICTOUYHHUKH 3arpsA3HEHUS; PEIeIbHO JOIMYCTUMBbIE
KOHIIEHTPALUH; (PU3NKO-XHMHUUECKUE TOKA3aTeIH; yPOBEHb 3arPSI3HEHMUS; KAU€CTBO BOBI, IKOIIOTIOTAHTHI.
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Biotesting of Chlorella sp algae for certain medicinal drugs

In recent years, the study of drugs as pollutants in the country is gaining momentum. This is because the
country does not use special wastewater treatment devices for pharmaceuticals. They enter the environment in
different ways. Therefore, research on biotesting drugs in living organisms is underway. The article presents
the results of experiments conducted to assess the effect of paracetamol, azithromycin, suprastin on the num-
ber and biomass of Chlorella sp algae. Chlorella sp algae are a widely used organism for biotesting. Among
the above drugs in the study, paracetamol had a negative effect on the number and biomass of algae. The
minimum harmful concentration of paracetamol for chlorella was 5 mg/L, the minimum harmful concentra-
tion of azithromycin for chlorella was 200 mg/L, the minimum harmful concentration of chlorella suprastin
was 8 mg/L. When comparing the effect of paracetamol, azithromycin, suprastin on the number of green al-
gae Chlorella sp, it was observed that paracetamol had the highest effect. Concentration of paracetamol 10
mg/L brought the number of chlorella close to 0. High concentrations of paracetamol and suprastinin the bio-
mass of chlorella showed contamination of the environment.

Keywords: Chlorella sp, medicinal drug, biotesting, biomass.

Introduction

Recently, there is a growing scientific interest in pharmaceuticals as chemical agent that pollutes theen-
vironment [1]. After the use of pharmaceuticals, it is absorbed into the body and undergoes metabolic pro-
cesses such as hydroxylation, glucuronidation, and decomposition. Drugs and their metabolites enter the en-
vironment in different ways. Expired or incompletely used drugs are found in landfills, as people dispose of
them with chemical waste. However, most drugs are excreted in human feces and feces as a result of physio-
logical processes and then released into treatment facilities. Cleansers remove organic components, proteins,
carbohydrates, and lipids. Despite this, cleansers do not have the power to eliminate drug metabolites; they
are biologically active elements in the human body. Pharmaceuticals can be stable in the environment and are
not completely broken down or absorbed by the body. In recent years, the release of pharmaceutical ingredi-
ents into the aquatic environment has become relevant for research.

The relationship between pharmaceuticals and the natural environment and living organisms is poorly
understood. In many cases, drugs are widely used as dangerous pollutants, so they can penetrate the mem-
brane and resist. In some cases, the environmental impact of pharmaceuticals may be greater than that of ag-
ricultural pollutants [2, 3].

Currently, the pharmaceutical industry in Kazakhstan is developing rapidly. More than 7,000 medicines
are registered in the State Register of the Republic of Kazakhstan. However, in our country, drugs are not con-
sidered harmful to the environment and are not controlled by environmental authorities. For them,the waste of
the pharmaceutical industry is toxic, and it is necessary to look for ways to treat this wastewater [4]. There-
fore, the harmful effects of pharmaceuticals in Kazakhstan on the environment may be higher thanin other
countries.

Chlorella is a division of Chlorophyta, single-celled green algae belonging to the class of protococci.
They are often found in sewage, lakes, seas, and soils. Chlorella is used to obtain oxygen in closed ecosystems.
In terms of productivity, it is equal to meat and exceeds the productivity of wheat. If wheat contains 12%
protein, chlorella contains more than 50% protein. It contains 15 different vitamins. However,all the products
of chlorella are coated with a special coating, which cannot be broken down by digestive enzymes of taste.
Nonetheless, modern scientists have found a solution to this problem. Now chlorella cells break down at high
pressure, compacted the resulting mass in the form of tablets or leaving it in powder form. Another method of
disintegrating chlorella cells is to dry them at 50° C for 4 hours by actively stirring.In both cases, the addition
of water is sufficient, as chlorella cells can decompose in the human body [4].
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Experimental

The object of study was a culture of single-celled green microalgae Chlorella sp. Paracetamol, azithro-
mycin, and suprastin were obtained as toxic substances. Concentrations of drugs are based on the maximum
allowable concentration of each drug in an aqueous medium.

The number of chlorella microalgae initially calculated in the study was 52.95 million/ml. The algae
were divided into 5 groups and poured into a 50 ml flask. 75 studies were performed in each experiment
when counting cells; and 75 studies were performed when measuring biomass. A total of 450 studies were
conducted, including all experimental studies. Table 1 describes the concentration of algae and the concen-
tration of toxicants.

Table 1
Concentrations of experimental groups and doses included in them

Group number Administered drug Dose concentrations mg/I Frequency c(;;)c/)sbservatlons,
1 (control group) Distilled water -
2 Paracetamol 2,5 1,5,7,14,21
Azithromycin 100
Suprastin 2
Paracetamol 5
3 Azithromycin 200
Suprastin 4
Paracetamol 7,5 1,5,7,14,21
4 Azithromycin 300
Suprastin 6
Paracetamol 10
5 Azithromycin 400
Suprastin 8

Paracetamol is a drug with analgesic and antipyretic effects belonging to the group of anilides. Aceta-
minophen (APAP) is widely used in Western countries. Chemical formula is CsHsNO,. Molecular Mass:
151.165. MAC in an aqueous medium — 2.5 mg/L. Paracetamol is a common non-narcotic analgesic in use
and has a slight anti-inflammatory effect. It can also cause liver, circulatory, and renal failure if used in large
doses [5]. Diseases of these organs increase when the drug is taken with alcohol.

The mechanism of action and safety profile of paracetamol are well studied, as well as its effectiveness
has been approved, and it is one of the most important pharmaceutical drugs of the World Health Organiza-
tion.

In addition, paracetamol is a chemically similar metabolite. When phenacetin is ingested, an analgesic
effect occurs immediately. In terms of pain relief, paracetamol is no less than phenacetin and also has a slight
anti-inflammatory effect. When paracetamol enters the body, it does not cause the formation of methemo-
globin. In addition, this drug has side effects, especially nephrotoxic and hepatotoxic, when used for a long
time or in overdose. At the same time, paracetamol is classified as a safe, economical drug andibuprofen.

Paracetamol blocks both forms of the cyclooxygenase enzyme, thereby slowing down the synthesis of
prostaglandins. The drug acts through the central nervous system, thereby affecting the center of pain and
participating in thermoregulation. Cellular peroxidases in peripheral tissues reduce the effect of paracetamol
on cyclooxygenase, so it can be seen that it has no anti-inflammatory effect. In the absence of a factor that
stops the synthesis of prostaglandins, it shows that the drug does not adversely affect the gastrointestinal tract
and water and salt metabolism.

Scientists predict that paracetamol blocks the third form of cyclooxygenase, which is located only in the
two central nervous systems and does not affect the second and third types of enzymes located in other tis-
sues. This explains the ability of the drug to relieve heat and the lack of anti-inflammatory effect [6].

As for the pharmacokinetics of paracetamol, its absorption capacity is high, the maximum concentration
(Cmax) is 5-20 pg/ml; the time to reach the maximum concentration (TCmax) is 0.5-2 hours. The level of
binding to plasma proteins is 15%. It enters the body through the blood-brain barrier. That is, itenters
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through the barrier between the central nervous system and the cardiovascular system. 1% of the drug is ex-
creted in breast milk. The effective plasma concentration of paracetamol reaches 10-15 mg/kg at the time of
administration.

97% of the drug is metabolized in the liver: 80% are conjugated with glucuronic acid and sulfates to
form inactive metabolites (glucuronide and paracetamol sulfate), 17% are exposed to methylation and
hydroxylated to the process of hydroxylation. In case of insufficient glutathione, these metabolites can de-
stroy the enzyme systems of hepatocytes and cause necrosis.

Withdrawal of the drug from the body by half is 1-4 hours. Excreted by the kidneys in the form of me-
tabolites, and 3% of paracetamol is excreted unchanged. In older people, the time of excretion increases [7].

Toxicity of paracetamol is caused by a decrease in glutathione reserves in the body, so its active metab-
olites begin to accumulate in the body. Their hepatotoxic effect is high. Excessive accumulation of parace-
tamol metabolites in the body leads to the development of hepatic necrosis through the binding of liver pro-
teins [8].

Azithromycin is a semi-synthetic antibiotic, the first member of the class of azalides, which differs
slightly in structure from the classic macrolides. Chemical name 9-Deoxo-9a-aza-9a-methyl-9a- homoeryth-
romycin A. Chemical formula — CssH72N2012.

MAC in the aquatic environment — 100 mg/L. 14-part macrolides are obtained in a lactone ring by
modifying the mixing of nitrogen atoms between 9 and 10 carbon atoms, thus turning the ring into a 15-part
macrolide. By taking azithromycin in this way, it is possible to increase the acid resistance by 300 times
compared to erythromycin.

Azithromycin is a widely used antibacterial drug, which has a bacteriostatic effect due to its class of az-
alides. Together with the 50S-subunit of ribose, it breaks down peptide translocase during translation, stops
protein synthesis, inhibits bacterial growth and proliferation, and produces high concentrations of bacteri-
cides. It affects against external and intracellular pathogens.

Azithromycin gram is active against many microorganisms: Streptococcus spp., Streptococcus pneu-
moniae, Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus viridans, Staphylococcus epider-
midis, Staphylococcus aureus; affects gram-negative bacteria: Moraxella catarrhalis, Bordetella pertussis,
Bordetella parapertussis, Legionella pneumophila, Haemophilus ducreyi, Campylobacter jejuni, Neisseria
gonorrhoeae and Gardnerella vaginalis; also has an effect on some anaerobic microorganisms: Bacteroides
bivius, Clostridium perfringens, Peptostreptococcus spp; and chlamydia trachomatis, Chlamydia pneumoni-
ae, Mycoplasma pneumoniae, Mycobacterium avium complex, Ureaplasma urealyticum, Treponema pal-
lidum, Borrelia burgdorferi.

Azithromycin has no effect on erythromycin-resistant gram-negative bacteria.

Antacids (containing Als + and Mg, + ions), ethanol and food slow down the absorption of
azithromycin. No prothrombotic time deviations were found with concomitant use of warfarin and
azithromycin, however, given the interaction of macrolides and warfarin, which enhances the anticoagulant
effect, patients are contraindicated. It has the potential to increase the concentration of digoxin, as it slows
down the inactivation of intestinal flora. Toxicity of erythromycin increases when taken in combination with
ergotamine and dihydroergotamine. When used in combination with triazolam, the excretion of azithromycin
slows down and the pharmacological action of triazolam increases. In addition, azithromycin increases the
plasma concentrations of cycloserine, indirect anticoagulants, methylprednisolone, felodipine, microsomal
oxidizing drugs and increases their toxicity. Lincosamides slow down the action of azithromycin, and
increase the effectiveness of tetracycline and chloramphenicol. Pharmaceutically incompatible with heparin.

Azithromycin is rapidly absorbed and dispersed in plasma and tissues when taken orally. With a single
dose of 500 mg of azithromycin, 37% of the drug is absorbed in plasma at a dose of 0.41 pg/ml within 2-3
hours. Food inhibits the effect of azithromycin, so it should be taken after meals or within 1-2 hours before
meals. The drug is distributed throughout the body in a short time; high concentrations of azithromycin in
plasma exceeded 50 times and are found in tissues. Depending on the body and tissues, the concentration of
the drug is between 7-9 ug/ml.

The volume of distribution in the body is 31 L/kg. The therapeutic dose of azithromycin can be found in
the tissues within 5-7 days after oral administration.

It enters the phagocytes, which accumulate at the site of inflammation, thereby forming a therapeutic
concentration of the drug. It increases the maximum use of oxygen by pathogens. Concentrations of azithro-
mycin are more common in infected tissues than in non-infected tissues. It has the property of not being ex-
creted from the body for a long time, on average 2-4 days. Excretion from the body through the bileduct is the
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main route of excretion. On average, 50% is excreted unchanged in the bile. The remaining 50% is excreted
in the form of 10 different metabolites. Metabolites are formed by the process of demethylation of nitrogen
and oxygen, by the decomposition of the cladinose conjugate during the process of hydroxylationof desosa-
mine and aglycone rings. Metabolites have no antibacterial activity.

An average of 6% of the administered dose of the drug is excreted in the urine. The time of excretion
from the body is slower for the elderly. Chloropyramine (“Suprastin”) is an antihistamine drug that is a blocker
of the histamine receptor H1. Chemical formula: CisH20CINs. Molecular mass: 289.81. It is also a chemical
aromatic waste and organochlorine compounds. The maximum concentration of chemical compounds in this
group in the aqueous medium is 2 mg/L.

Chloropyramine is one of the essential drugs for Russian life. However, chloropyramine does not have
such a list in Kazakhstan. It is not used by the US FDA. It competitively eliminates the pharmacological ac-
tion of histamine, which occurs with the help of histamine receptor H1. The drug also has a central effect
(stimulating and sedative, i.e., prevents the transmission of allergic reactions and shocks) and peripheral ef-
fects such as atropine. Chloropyramine is a chlorinated analogue of tripelenamine (pyribenzamine) — a clas-
sic antihistamine drug; ethylenediamine belongs to the group of antihistamines. It has antihistamine and m-
cholinoblocking, antiemetic effect, and antispasmodic and peripheral cholinoblocking activity.

In the case of oral administration, the ornament is completely removed from the gastrointestinal tract.
The therapeutic effect of chloropyramine develops between 15-30 minutes after application, the maximum
concentration in the body occurs in 3-6 hours. Distributed well in the body and central nervous system.

The liver is actively metabolized. Most often excreted by the kidneys. Excretion in children is faster
than in adults.

90-95% of it is excreted by the kidneys. The remaining 5-10% is mixed with bile and excreted in the fe-
ces. Accumulation of the drug in the body due to hepatic or renal insufficiency due to metabolism by the liv-
er, as well as excessive accumulation of the dose may be accompanied by side effects [9].

Concentrations of drugs were obtained based on the maximum allowable concentration of each drug in
the aqueous medium.

The microalgae culture was grown for 7 days in a 250 ml flask under 2000-2500 lux light bulbs at a
temperature of 25-28° C and continuous aeration.

In the laboratory, chlorella is grown in liquid and agar media. After sterilization, the liquid medium is
cooled and poured into flasks under sterile conditions. Cultivation of microalgae is prepared in 250-300 ml
flasks or special cultivators. The inoculators are administered at a dose of 106 chlorella cells per 1 ml. After
inoculation, the flasks are closed with tight cotton and gauze stoppers and covered with sterile paper covers.
When growing algae, luminescent or special racks were constantly aerated with daylight bulbs with an inten-
sity of 200-2500 lux.

For storage of algae in the laboratory, bleached tami or 04 nutrient media are used. They should be col-
lected in test tubes or smeared on Petri dishes. Standard microbiological methods are used to grow algae in
agar medium: inoculation with bacteriological loops as a stroke or applying the suspension to the agar medium
with a spatula. 04 nutrient media were used in the experimental work. The culture medium is prepared in
distilled water. Ingredients: K;HPO, — 0.1; KH,PO4 — 0.1; CaCl, — 0.04; NH4sNO3 — 0.3.

Methods based on the control of algae viability, quantity, test reactions to the amount of chlorophyll in
the algae during cultivation in the nutrient medium are used to bio test the quality of the aquatic environment
by chlorella.

In determining the quality of the aquatic environment monitors changes in the number of unicellular al-
gae, the number of living and dead cells, their morphological characteristics, the composition of photosyn-
thetic pigments. These parameters allow estimating the reduction of the quantitative spas of wastewater and
the factors that affect them. Identification of living and dead cells is based on morphological changes caused
by the contaminant in the water. Characteristics of dead cells include albinization, ugly forms,and more. Cell
count is calculated by magnifying 320 times under a microscope in Goryaev’s chamber [10].

The principle of operation of the Goryaev chamber. Horizontal and vertical lines in the camera create
15 rows and 15 columns, that is, 225 cells are displayed in the camera. The size of the cells is determined by
the following formula:

N — 2r4000+b
L
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where n — the number of cells in the medium of 1 ul; a — the number of cells counted in the chamber;
b — the large number of cells in the cell; ¢ — the size of the growing cell.

A solution of the drug in distilled water was introduced into medium 04 at different concentrations. The
drugs were administered to each group within the maximum concentration, in concentrations 2, 3, 4 times
higher. The obtained concentrations were used to determine the limit of resistance of microalgae to the drug.
No drug was used in the control group (group I). In the experimental variants, 3 repetitions were used.

The study of the experimental groups was conducted for 21 days. Cell counting was performed on days
5,7, 14, 21. Micromed-3 microscope and Goryaev’s camera were used to count living cells.

As a result of the development and growth of organisms in the aquatic environment, continuous biomass
growth develops. This process is called biological productivity, and recycled biomass is called biological
product. Biological productivity is formed by the appearance of primary and secondary products, i.e., due to
the growth of biomass of autotrophs and heterotrophs. Biological productivity is the biomass produced by a
population or community per unit of area per unit of time, which is divided into total or gross primary product,
and productivity also includes energy and volatile substances.

The phenomenon of biological productivity itself is considered in two aspects: the nature of the popula-
tion and the population in the aquatic environment, which considers the biological productivity of reservoirs.
Biological productivity of a population is determined by its species characteristics and habitat conditions.
The biological productivity of reservoirs determines their ability to provide a certain species in theaquatic en-
vironment. Therefore, the productivity of grain in the cultivation of certain species in agriculture depends not
only on soil fertility, but also on the biological productivity of water. Thus, population and aquatic productivity
are different aspects of the same phenomenon.

Photocolorimetry was used to measure biomass. Transfer the suspension from the control group flasks
into a 1 cm thick photocolorimeter cuvette. To determine the concentration of chlorophyll is carried out by
determining the optical density in the region of the red maximum absorption (663-665 nm). To determine the
concentration of chlorophyll, take three dimensions in a photocolorimeter and use the arithmetic mean as the
final result [11].

To determine the chlorophyll a pigment in the suspension, the relationship between its concentration in
ug / ml and the optical density D665, measured in a 1 cm thick cuvette at 665 nm, is used:

Chly =1/1.9%Dess

where Chla— concentration of chlorophyll a pigment corresponding to the wavelength of 665 nm, ug /
ml; 11.9 — calculation coefficient; Dess — optical density.

The photocolorimetry of the extract should also be measured at a wavelength of 750 nm. It is necessary
to record non-specific absorption caused by the encounter of other parts in the extract. The amount of non-
specific absorption must be measured before measuring at 665 nm.

We calculate the concentration of chlorophyll by the following formula:

Chl= 11.9*(D555-D750)

where Chla— concentration of chlorophyll a pigment corresponding to the wavelength of 665 nm, pg /
ml; 11.9 — calculation coefficient; Dess, D7s0— optical density.

Based on the above chlorophyll a concentrations, it is possible to calculate the estimated amount of
phytoplankton biomass (Tab. 2).

Table 2
A scale that determines the level of pollution of a natural reservoir by the amount
of phytoplankton biomass
Water purity classes
Indicator __ Extremely
Clean in size Clean Less polluted Polluted
polluted
Phytoplankton biomass mg/L <0,1 0,1-1,0 1,5-5,0 5,1-50,0 <50
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The concentration of chlorophyll takes up 2.5% of the dry biomass, or 6.75% of the organic carbon
fraction. Thus, for the transition from the concentration of chlorophyll a to biomass, we can take the number
15 as a calculation factor. Thus, the following formula is used to measure the biomass of phytoplankton:

BC = 15 * Chla

where Bc— phytoplankton biomass; 15 — calculation coefficient; Chla— the concentration of chlorophyll
a pigment.

The amount of biomass can be used to determine water pollution by looking at the following 2 tables.

Determination of phytoplankton biomass is carried out by the method of aggregation of populations of
individual species. To do this, it is necessary to determine the average mass of algae cells that make up the
population of the sample. To determine the biomass, at least 30 specimens of each alga are taken from each
sample, with an average value for the population of each species. Multiply the volume found in each volume
(um?3) by its quantity (thousand cells per liter) to obtain the value of water biomass in mg/L or g/m? [12].

Results and Discussion

The effect of paracetamol on the abundance and biomass of Chlorella sp algae

Paracetamol was administered in a culture medium inoculated with chlorella culture 04 dissolved in dis-
tilled water at the following concentrations: Group Il — 2.5 mg/L; Group Il — 5.0 mg/L; Group IV — 7.5
mg/L and group V — 10.0 mg/L (maximum MPC in the aquatic environment is 2.5 mg/L). The selected
concentrations were used to determine the limit of resistance of microalgae to the active substance paraceta-
mol. Paracetamol-free culture medium was used in the control group. On day 1 of the experiment, the num-
ber of chlorella cells in all groups was pre-measured and the number of cells was around 1 million/ml (Fig.
1).

On the fifth day the number of cells in the control group (group 1) increased by about 2.14 million/L.
The number of group I cells increased from 1 million/L on the first day of the study to 1.32 million/L on the
fifth day. However, it is 39% less than the control group (p <0.01). The number of chlorella cells in the flasks
of group Il was 1.1 million/mL (p <0.01), while the number of cells in group IV was 1.02 million/ml (p
<0.001). Group V chlorella cells contained 1.14 million/ml (p <0.001). That is, on the fifth day of the study,
there was a significant change in the number of algae cells. In addition, the color of the culture medium in the
paracetamol-containing flasks began to change to brown.
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Figure 1. Effect of different concentrations of paracetamol on the number of cultures of microalgae Chlorella sp

On the seventh day of the study, the number of chlorella cells in the control group and the group with
the maximum allowable concentration (group I1) began to increase. In group I, the number of cells increased
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from 2.15 million/ml, in group Il — to 1.96 million/ml. In group Ill, the number of cells remained un-
changed (1.1 million/ml). In group IV, the number of cells decreased sharply by 0.23 million/ml. In group V,
the number of cells decreased by 0.38 million/ml (p <0.001). On the 14th dayof the study, the number of cells
in the control group increased by an average of 5.04 million/ml, and the number of cells in group Il reached
1.9 million/ml. Although the MPC volume remained in group Il, it can be seen that the number of cells re-
mained unchanged. The number of cells in group Il decreased by 0.67 million/ml (p <0.01). The number of
group 1V cells decreased to 0.18 million/ml. The number of cells in group V decreased to 0.1 million/ml (p
<0.01). Due to the high concentration of paracetamol in the groups, it can be seen that the number of chlorel-
la cells in these groups is much lower than in the control group.

During the last 21 days of the experiment, the number of chlorella cells in the control group increased by 6
million/ml. Group Il cells were 63 less than in the control group (p <0.001). In group Il a concentration of 2
times higher than the maximum allowable concentration decreased by 0.34 million/ml (p <0.001). In group 1V,
the number of cells was 99% lower, in group V it was 100% destroyed (p <0.001). In addition, as mentioned
above, in groups other than paracetamol concentrations, the color of the culture medium changed to dark
brown. From the discoloration of the medium, it can be seen that paracetamol is harmful to chlorella cells.

Thus, it can be seen that the concentration of paracetamol 5.0, 7.5, 10 mg/L is significantly more harm-
ful than the concentration of the maximum allowable concentration. However, it can be observed that the
concentration of paracetamol 2.5 mg/L slows down the growth of chlorella cells.

In addition, the effect of different concentrations of paracetamol on the growth of chlorella biomass was
studied during the above scientific experiment (Fig. 2). On the first day of the experiment, the biomass of
chlorella was calculated in all experimental groups before the introduction of paracetamol. First, the concen-
tration of chlorophyll a pigment in the suspension was determined, and the amount of biomass was calculated
using a special formula. That is, on the first day of the study, thebiomass content of all groups was approxi-
mately 0.5355 mg/L. This indicates that the water is unpolluted.

On the fifth day of the study, the biomass of chlorella in the control group was 2.6375 mg/L, and the bi-
omass of groups Il and 111 was slightly lower than in the control group. That is, the biomass of group 1l chlorel-
la was 1.785 mg/L, while the biomass of group Il was 1.334 mg/L. In group IV, the amount of biomass in-
creased slightly (4.1595 mg/L). No significant changes were observed in group V compared to the control
group, the biomass was 2.365 mg/L (p <0.05).
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Figure 2. Effect of different concentrations of paracetamol on the biomass of Chlorella sp microalgae culture

Significant changes were observed on day 7 of the study of the effect of paracetamol on the biomass of
chlorella algae. The biomass of chlorella in the control group (group 1) is 1.0265 mg/L. However, no signifi-
cant changes were observed in the group with the maximum allowable concentration, the biomass was
1.4875 mg/L. However, in group Ill, the amount of biomass is significantly increased, 4.5815 mg/L (p
<0.001), thus, the medium is less polluted on the scale of determining the purity of water by biomass. There-
fore, even in the study of the seventh day, group 1l is moderately polluted. That is, in group 1V the biomass is
6.1285 mg/L, in group V — 6.9615 mg/L (p <0.001).

On the 14th day of the experiment, the control group showed a biomass content of 2.261 mg/L, and in
group 11— 4.7005 mg/L. In group I, the figure is higher than before. That is, the amount of biomass is 8.6275
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mg/L. In the group, it was slightly lower, 5.7715 mg/L and 6.8425 mg/L (p <0.001). However, in these
groups, the biomass index indicates that the water is polluted.

On the last 21 days of the study, the biomass of chlorella in the control group was 1.0225 mg/L. In group
I1, the amount of biomass increased by 5.6525 mg/L, in group Il the environment is dirty (p <0.001), alt-
hough the indicator is slightly lower (6.3665 mg / ). High concentrations of paracetamol were used at 6.1285
mg/L in group 1V and 6.9615 mg/L in group V (p <0.001).

Thus, as can be seen from Figure 2, paracetamol 2.5; 5; 7.5; at concentrations of 10 mg/L on the last day
of the study, the amount of biomass increased and the environment became polluted.

The effect of azithromycin on the number and biomass of Chlorella sp algae

Azithromycin is a semi-synthetic antibiotic, the first member of the class of azalides, which differs slight-
lyin structure from the classic macrolides.

Azithromycin was administered in a culture medium inoculated with chlorella culture 04 in a solution
dissolved in distilled water at the following concentrations: Group Il — 100 mg/L; Group 1l — 200 mg/L;
GrouplV — 300 mg/L and group V — 400 mg/L (EC in the aquatic environment — 100 mg/L). The selected
concentrationswere used to determine the limit of resistance of microalgae to the active substance azithromy-
cin. Azithromycin was not used in the control group. On day 1 of the experiment, the number of chlorella
cells in all groups was pre-measured and the number of cells was around 1.0-1.3 million/ml (Fig. 3).
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Figure 3. The effect of different concentrations of azithromycin on the number of cultures of microalgae Chlorella sp

On the fifth day of the experiment, the number of chlorella in all groups did not change significantly. In
the control group it was 1.2 million/ml, in the second group — 1.3 million/ml, in the third group — 1.27 mil-
lion/ml. In group IV, the number of chlorella cells was slightly reduced (0.8 million/ml). In group V, the
numberof cells was 1.02 million/ml (p <0.05). In addition, the study revealed that parts of azithromycin in
the culturemedium began to develop in the medium, which developed in the form of its own bacterial colo-
nies, displacing chlorella cells.

On the seventh day of the study, the number of cells in the control group began to increase gradually,
reaching 1.9 million/ml. In group Il, the number of cells decreased by 1.18 million/ml (p <0.01). In group I,
the number of algae cells was about 0.9 million / ml (p <0.001).

When determining the effect of azithromycin on the number of chlorella algae, on the 14th day of the
study, the number of cells in group | increased to 2.61 million/ml. In the remaining groups, a significant de-
crease in the number of chlorella cells can be observed. The number of cells in group Il was 1.2 million/ml,
in group 1 — 1.05 million/ml, in group IV — 0.8 million/ml, in group V — 0.9 million/ml (p <0.001).

On the last day of the study, the number of group I cells increased to 4.02 million/ml. In other groups,
the number of chlorella cells is significantly reduced, which reduces the chances of future development. In
groups Il and 111 the number of cells was 0.9 million/ml, in group IV — 1 million/ml, in group V the number
of cells decreased by 0.7 million/ml (p <0.001).

Thus, the effect of azithromycin on the number of chlorella cells was found to slow down cell growth in
all groups except the control group. On day 21 of the study, the number of cells in group V decreased by
84% compared to the control group.
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When assessing the effect of different concentrations of azithromycin on the biomass of Chlorella sp
microalgae cultures, no high levels of water pollution were observed, but low levels of environmental pollu-
tionwere recorded in all groups (Fig. 4). On the first day of control, the baseline biomass in all groups was
0.5355mg/L.
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Figure 4. Effect of different concentrations of azithromycin on the biomass of Chlorella sp microalgae culture

On the fifth day of the study, the biomass level in group | was 1,309 mg/L, in group Il — 1,785 mg/L; in
group Il — 1.547 mg/L, and in group IV — 1.7255 mg/L (p <0.01). In group V, the change was significant,
the biomass increased by 2.0825 mg/L (p <0.01). This change indicates that the environment has a low level of
pollution. On the seventh day of the experiment, the biomass of chlorella in the control group was 1.547 mg/L;
in group Il was 2.5585 mg/L; in group Il was 2.4395 mg/L, in group IV was 2.499 mg/L, in group V was
2.7375 mg/L (p <0.05). On the 14th day of the study, the biomass of the control group was 2.261 mg/L. There
were no significant differences in groups using different concentrations of azithromycin. However, the amount
of biomass indicates that the water is less polluted. The level of biomass in group Il was 2.91 mg/L, in group IlI
— 2.08 mg/L, in group IV — 2.43 mg/L, in group V 2.023 mg/L (p <0.05). On the last 21 days of the experi-
ment, the biomass level in the control group was 1.96 mg/L. The biomass of algae in group Il was 2.32 mg/L,
in group 111 — 1.785 mg/L, in group 1V — 2.142 mg/L, in group V — 1.368 mg/L (p <0.05).

Thus, the antibiotic azithromycin did not cause a sharp increase in the biomass of chlorella algae. How-
ever, the latest research shows a low level of pollution.

The effect of suprastin on the number and biomass of Chlorella sp algae

Chloropyramine (“Suprastin ) is an antihistamine drug that is a blocker of the histamine receptor H1. It
is also a chemical aromatic compound and organochlorine compound. The maximum concentration of chem-
ical compounds in this group in the aqueous medium is 2 mg/L. Suprastin was introduced into the culture
medium inoculated with chlorella culture 04 dissolved in distilled water at the following concentrations:
Group Il — 2 mg/L; Group Il — 2 mg/L; Group IV — 2 mg/L and group V — 2 mg/L. On the first day of
the experiment, the number of chlorella cells in all groups was pre-measured and the number of cells was
around 1.0-1.2 million/ml (Fig. 5).
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Figure 5. Effect of different concentrations of suprastin on the number of cultures of microalgae Chlorella sp
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On the fifth day of the study, there were changes in the number of chlorella cells. The number of cells
in the control group was 1.2 million / ml, while in group 1l the number of cells decreased to 0.87 million/ml
(p <0.01). The number of chlorella cells in group 11 was 0.8 million/ml, in group IV — 0.87million/ml, in
group V — 0.77 million/ml (p <0.001). That is, any concentration of suprastin on the fifthday has a detri-
mental effect and inhibits the growth of chlorella cells.

On the seventh day of the study, the number of cells in the control group reached 1.47 ml/ml. In group
11, the number of cells increased till 1.28 million/ml. There was no change in group Il and group IV; and in
group V there was an increase in the number of cells by 1 million/ml (p <0.05).

On day 14 of the study, the number of chlorella cells in the control group increased by 1.79 million/ml.
In group 11, as in the control group, there is an increase in the number of cells — 1.28 million/ml. In groups
11, 1V, V, the number of cells increased by the same amount to 1 million/ml.

On the last day of the study, the growth groups in the study environment began to recover. The number
of cells of clorella algae in the control group was 2.53 million/ml, in group 1l — 2.2 million/ml,in group Il
— 1.97 million/ml, in group IV — 1.86 million/ml, in group V — 2 million/ml arrived.

In the study of the effect of the antihistamine suprastin on the growth of biomass of chlorella culture, a
detrimental effect was observed on the last day in group V (Fig. 6). In the study, the initial amount of bio-
mass in all groups was about 0.0238 mg/L.

On the fifth day of the study, there were no significant differences between all groups. That is, there is no
evidence of environmental pollution. Biomass in all groups was approximately 1.01 mg/L (p <0.05).0n the
seventh day of the census, the pollution was not observed. The amount of biomass in group | reached 1.039

mg/L, in group Il — 0.85 mg/L, in group Il — 1.3 mg/L, in group IV — 1.54 mg/L, in groupV — 1.7 mg/L
(p <0,05).
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Figure 6. Effect of different concentrations of suprastin on the biomass of Chlorella sp microalgae culture

On the 14th day of the experiment, the biomass of chlorella in the control group was 0.71 mg/L, in group
Il — 1.01 mg/L, in group Il — 1.3 mg/L. In group IV, the biomass content reached 1.6 mg/L, in group V —
2 mg/L (p <0.01). The amount of biomass in group 1V and group V indicates a low level of pollution.

On the last day of the study, except for group V, the biomass level was close to hormal. In group V, the
biomass level reached 6.0 mg/L (p <0.001), so it can be seen that there is a level of water pollution.

Different concentrations of paracetamol, azithromycin, suprastin have been studied to determine the limits
of resistance of algae to the active substances of these drugs. The study found that the minimum concentra-
tionof paracetamol harmful to chlorella was 5 mg/L, the minimum concentration of azithromycin harmful to
chlorella was 200 mg/L, and the minimum concentration of suprastin harmful to chlorella was 8 mg/L.

Conclusions

Doses of paracetamol above 5.0 mg/L significantly reduced the number of Chlorella sp microalgae. Al-
gae with a maximum concentration of 2.5 mg/L decreased growth compared to the control group. At a con-
centration of 10 mg/L, the number of algae approached 0. At concentrations of paracetamol 2.5 mg/L; 5
mg/L, 7.5 mg/L, 10 mg/L, chlorella biomass exceeds 5 mg/L and is considered moderately contaminated.
Azithromycin is an antibiotic Chlorella sp had a high effect on the number of microalgae. At concentrations
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of 100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, there is no increase in the number of algae compared to the
control group. The effect of azithromycin on algae biomass was considered moderately polluted because the
concentrations other than the control group were higher than the biomass above 1.5 mg/L. Suprastin, an anti-
histamine, did not significantly affect the number of Chlorella sp microalgae. Concentrations other than the
control group fell below 1 million/ml on the fifth day of the experiment. The concentration of suprastin 8
mg/L brought the biomass of chlorella to 6.0095 mg/L. It means that the environment is polluted. When
comparing the effects of paracetamol, azithromycin, suprastin on the number of green algae Chlorella sp, it
was observed that paracetamol had the highest effect. Concentration of paracetamol 10 mg/L brought the
number of chlorella close to 0. High concentrations of paracetamol and suprastin in the biomass of chlorella
showed contamination of the environment. The minimum concentration of paracetamol harmful to chlorella
was 5 mg / |, the minimum concentration of azithromycin harmful to chlorella was 200 mg/L, the minimum
concentration of suprastin harmful to chlorella was 8 mg/L.
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A.M. 3anaramu, A.K. XKamanrapa

Chlorella sp 6anapipbin Keii6ip 19pijiik npenapaTrapra ouorecriiey

Enimizie COHFBI XKBULIAPB! IOPIUIIK MpenapaTTapasl KOpIiaraH OpPTaHbI JACTAyIIbl PETiHIE 3epTTey JKYMBI-
cTapbl KapKbIH anbin keieni. Ce6ebi emimize papManeBTHKAIBIK MpernaparTapbl apHaiibl akaba cynapaaH
Ta3apTaThH KYPBUIFBIIAp KOJaHbUIMaiiapl. Onap KopluaraH opTara apTypiii jkoiMeH eHeni. COHJABIKTaH
JIOPLTIK MpenapaTTapsl Tipi opraHu3Maepre OHOTeCTiIey 3epTTeyNepi KYpil kaTelp. Makananga mapaneTa-
MOJI, a3UTPOMUIIMH, cynpactuH aopinepiniy Chlorella sp 6amapipaapbiHblH caHbl MEH OHOMAaccachiHa dcepiH
Garanay YIIiH XYPri3iUIren sKCriepuMeHTTepiH Hotmwkenepi 6epinren. Chlorella sp 6amabipbl KeH KOJTaHbI-
JIaTBIH OMOTECT ar3a OOJIBIN TaObLIaAbl. 3epTTey Ke3iHAe JKOFaphlIa aTajFaH IpenapaTTap by iiH/e mapane-
TamoJ OanABIpIapabIH CaHbl MEH OHoMaccachiHa Kepi acep eTTi. Xiopesuiara napaeTaMoiblH 3HSHABl MH-
HUMAaJT/Ibl KOHIICHTPALHUACH 5 MI/JI, a3UTPOMHUIIMHHIH XJIOpeIara 3UsH/IbI €H TOMEHT1 KoHIeHTparusicel 200
MI/J1, XJIOpeJulaFra CyMpacTHHHIH 3USH/BI €H TOMEHIT KOHIEHTpanuschl 8§ Mr/i 6omnapl. [Tapaneramon, asut-
poMHIIMH, cynpacTiH npernapartapsl Chlorella sp skaceur GanapIpiapbIHBIH CaHbIHA OCEPiH CANBICTBIPY Oa-
PBICBIH/IA MapaleTaMoll Ipenaparsl eH JKOFapbl dcep erkeHi Oaiikanapl. IMapaueramonasie 10 Mr/n KOHIEH-
TpauMsChl XJopeiia caHblH 0-re jkakbIHAATTHL. AJ XJopeiuia GuoMaccachlHa IapaneTamMoil MeH CyNpacTHH
HpernapaThIHbIH KOFapbl KOHLEHTPALMACH OPTAaHbIH JIACTAHFAH/IBIFBIH KOPCETTI.

Kinm ce30ep: Chlorella sp, nopinik npemnaparrap, 6buorectiney, 6Guomacca.
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AM. 3aparanu, A.K. )Kamanrapa

BuorecrupoBanue BogopocJeii Chlorella sp na Hexoropnie
JIEKApPCTBEHHbIE MpenapaTbl

B nocnenHue Toapl H3yYeHHUE JIEKapCTBEHHBIX MPEHapaToB Kak 3arps3HUTENCH B cTpaHe HabupaeT 000pOTHI.
DTO CBSI3aHO C TEM, YTO B CTPAaHE HE HCIONB3YIOTCS CIELUATBHBIC YCTPOMCTBA JUIsl OYMCTKH CTOYHBIX BOJ
U1 papMarieBTHIeCKUX npenaparoB. OHU MOMAJaoT B OKPY)KAIOLIYIO CPeay pasHbIMU myTsamu. [loaTomy Be-
IyTCSI ACCICAOBAHMS 110 GHOTECTHPOBAHHIO JEKapCTB Ha JKMBBIX OpraHu3Max. B cTaThe mpencTaBiieHbl pe-
3yNbTaThl YKCIEPHUMEHTOB, MPOBEICHHBIX 10 OLEHKE BIMSHUS MapaleraMmolia, a3UHTPOMHULIMHA, CypacTHHA
Ha YHCIIEHHOCTBh M Ouomaccy Bogopocieit Chlorella sp. Bogopociu Chlorella sp siBistroTest IIHpOKO HCIONb-
3yeMbIMH OpraHU3MaMu Jutsi GnoTectupoBaHus. Cpean NepeyrCIICHHBIX BBILIC MPENapaToB B HCCICIOBAHUH
HEraTUBHOE BIIMSHHE HA YHCICHHOCTh M OHOMAacCy BOJOPOCICi OKa3blBal Mapaneramoi. MHUHHUMAaIbHas
BpEJIHAsT KOHIIEHTPAIUs MapareramMolia Uil XJIOPEJUIsl COCTaBWIIa 5 MI/l, MUHUMAJbHAS BPEIHAsS KOHIICH-
Tpalus asUTPOMHIMHA U Xyiopesuisl — 200 Mr/i, MUHEMATbHas BPEIHAs KOHIIEHTPAIHS XJIOPEIUIbl Cy-
npactuHa — 8 Mr/i1. [Ipu cpaBHEHHH IEHCTBHS MapalneTamModa, a3uTPOMHIINHA, CYIIPACTHHA HA YHCICHHOCTh
senenbix Bogopocieit Chlorella sp ormeuero, uto Hanbosee BricOKUiT 3 deKT okaspiBai mapaneramolt. Kou-
HeHTpalus mapauneramoia 10 Mr/in npubIu3iiIa YUCICHHOCTD XJIOPE/UIbl K HyITI0. BBICOKIE KOHIIEHTpAIUH
HapareTamMosa i CypacTiHHa B OHOMAacce XJIOPeII OKA3alH 3arpsi3HEHNE OKPYKAIOIIEeH CPEbI.

Knioueswie crosa: Chlorella sp, nexapcrBenHble npenapaThbl, OMOTECTHPOBaHUE, GrnoMacca, BpeaHasi KOHIIEH-
Tparms.
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K ¢ayne n s3xonorun myx-:xkypuajok (Diptera, Syrphidae)
xpeo0Ta Tapo6araraii (Bocrounblii Kazaxcran)

IIpencraBneHsl pe3yabTaThl UCCIENOBaHUM, MpoBeAeHHBIX B 2021 I'. Ha HEKOTOPHIX YYacTKax IOKHOTO Mak-
pockiioHa xpebTa Tapbararaif, Bxogsaumx B TapOararaiickuii rocyaapCcTBEHHBIN HAITHOHAIBHBIA MPUPOIHBIN
napk. L{ens paGoThI cOCTOUT B BBIIBICHUH BHIOBOTO COCTaBa MyX-Kypuasnok Hammapka u u3ydeHnu ux 9Ko-
norngecknx ocobeHHocTel. VceienoBaHus MPOBOMMINCH MO OOUIETIPUHATHIM B 3HTOMOJIOTHH METOIUKAM.
Pabora Benach Ha 2 ygacTKax, HAXOJIIUXCS B CPEIHETOPHOM BBICOTHO-JIaHAIIA(THOM Hosice U 1| — B Me-
KOCOITOYHUKE (FOXHBIN OTPOT OCHOBHOTO XpeOTa). BrrasieHo 37 BHIOB MyX-)KypUalloK, OTHOCSIIMXCS K 20
ponam 10 Tpub 3 noacemeiicTs. JlokanpHast ayHa sKxypUanok O4eHb HEOJAHOPOIHA KaK BHYTPH OJHOTO Iosca
(cpenHeropbe), Tak M MEXIy HosicaMu (CpeJHEropbe/METKOCOOYHNK). CXOICTBO (ayH B EPBOM CIIydae Co-
crasiser 21,4 %, Bo Bropom — 10,8. XKypuanky oTMedeHbI Ha IIBETKAX PACTEHHI 7 CeMEHCTB: KaIllyCTHBIX,
MINTIOBHUKOBBIX, CENbICPEHHBIX, CIOKHOLBETHBIX, MAPEHOBBIX, HOPHYHUKOBBIX H SICHOTKOBBIX. Hanbous-
IIee YUCIIO BUJIOB MYX BCTpPEUYEHO Ha cenbiaepeiHbix —/3,1 %. [TomrMo LBeTymuX pacTeHHH 3HAUNTENBHOE
yucnno BUA0B MyX (39,3 %) oTME4eHO B JPYIUX CTAlUsAX, TAKAX KaK HELBETYIIHE PACTCHHUS M BEreTaTHBHBIC
YacTH IBETYIINX, Ha TPYHTE, HA Bogoroe U 1p. [IpociexeHo pacipeeieHue 1 COOTHOLIEHHE BUIOB CUPhUIT
B 3aBHCHMOCTH OT ITUIIEBOH CIIeNUaIN3alUy JIHINHOYHOI (a3sl. Ha Bcex ygacTkax JOMHHHPYIOT SHTOMO(a-
TH, TIPEICTaBICHHBIC B OCHOBHOM BHAaMH TpuObl Syrphini. HoBu3Ha HacTosmeil paboTsl 00ycloBIIeHa TEM,
4To Ha XxpedTte TapOararail 10 HACTOSIIETO BPEMEHH U3y4eHHE MyX-KyPUalIOK HE IPOBOAMIOCH. Pe3ynbTaTsl
UCCIIEI0BAaHNH 3HAYUTEIHHO OTINYAIOTCS OT AAHHBIX, IOJMy9eHHBIX aBTOpoM paHee B CeBepHoM Tsanb-1llane
uB JlKyHrapckoMm AJjaray, TaKk 9TO MOKHO TOBOPHTH O OOJBIIOM CBOEOOPA3UH 3KOJOTHUECKHX OCOOCHHO-
cTeil JTokaiapHON (ayHbI cupdua pernoHa.

Kniouesvie crosa: Myxu-xxypuayik, ¢payHa, sxonorusi, Bocrounsrit Kasaxcran, Tap6araraii, pacTUTEIEHOCTD,
CPEAHEropbe, MEIIKOCOIIOYHHUK.

Beeoenue

Myxu-Kyp4ajaku — OZHO K3 HanOoJiee OOMIMPHBIX M 3aMETHBIX CEMEWCTB IBYKpBUIbIX. MMaro mura-
IOTCSI HEKTapOM U TBUIBIION Ha IIBETKAX, HAPSLy C MUYEIWHBIMU, UMEIOT OOJIBIIOE 3HAYCHUE KaK OIMBUIHTEIN
pacteHuid. JINUMHKY JKypUaloK Ha3eMHbIe B BoJIHbIE. [InTaHue TMYMHOK OYeHb Pa3HOOOPa3HO: MHOTHE BHJIBI
XMIIHbIE, YHUYTOXKAIOIIUE MEJIKMX BPEIHBIX HACEKOMBIX; UMEIOTCA (GHUTO(Aard, BpeIsmue TyKOBHYHBIM
KynbTypaM. Jlpyrue BUIBI pa3BUBAIOTCA B HABO3€, B THUIOIIEH JAPEBECUHE U TPyXe AYIIEN AEPEBBEB, B MACO-
Ke; B THE3/1aX OC M MM4ell, B MypaBeHHUKax U T.[.

CeMmeiicTBO MMEET IaBHIOK MCTOPHIO M3YyUYEHHMS IO BCEMY MHUPY W MCCIIEJOBAaHO JOCTaTOYHO XOPOILIIO,
OJTHAKO HOBBIE BHJbI BBIBISIIOTCSA MOCTOSHHO. Ilpm stoM dayHa xypuanok Kaszaxcrana m3yueHa KpaiiHe
cnabo, B OTJIIMYKE OT COMpenebHbIxX ctpaH[1-3].

OpHOoM 13 HauMeHee U3YUYEHHBIX TeppuTopuil saBisercs Boctounsiit Kazaxcran. K HacTosimemy Bpeme-
HU M3BECTHA JIMIIb OJHA MyOJHMKalMs, MOCBSIEHHas cupduaodayHe 3TOro peruoHa, npeacTaBisiomas co-
0oii cBOzIKY Bu10B Mapkakosbckoro 3amnoBeanuka (FOxubiii Antait) [4].

Jannas paboTa mocBsillieHa HEKOTOPBIM actekTaM ¢ayHbl 1 dkonorun cupdun Kazaxcranckoi yactu
xpebta Tap6bararait (Boctounsrit Kazaxcran). MccnenoBanus 31ech MpoBeieHB! BIIEPBEIE, IO3TOMY CIHCOK
BUJIOB, IPUBEJIEHHBIN B JAHHON CTaTbe, HE MPETEHIYET Ha MOJTHOTY.

Mamepuan u memoosi

Pabora nposenena B mae u utone 2021 r. Ha Teppuropun TapbaraTalicKoro rocy1apCTBEHHOTO HaIHO-
HAJIBHOTO MPHUPOJHOTO HapKa, PacHOIOKEHHON Ha I0)KHOM MaKpOCKJIOHe XpeOTa, B Tpex Toukax: l. ymiense
p. Amer, 47°15'07.9»N 81°40'36.8»E, 989 ™M mn.y.m.; Il. ymense p. Kempmemmypat, 47°06'10.7»N
82°12'42.3»E, 737 m n.y.m.; H1. roxHbIi oTpor xpedta — ropsr Kapabac, 46°49'36.6»N 82°42720.2»E, 749
M H.y.M. (puc. 1).
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Pucynox 1. Touku npoBeneHus oocinenoBanuii B Xxp. TapOarataii: | — ymense p. Aner; || — ymense p. Kenpaeimypart;
Il — ropsr Kapabac. 2021 r.

Toukwu | u Il pacrionoxkeHbl Ha KPyTOM U U3PE3aHHOM YILENbSAMHU CKJIOHE OCHOBHOTrO XpebTa. Pexu Ge-
PYT Ha4ajo B BepXHEH 4acTH XpeOTa, HIMEIOT CHETOBOE M JOXKJIEBOE MHTaHUE, COOMpasi MacCy MPUTOKOB CO
CKJIOHOB B BHJIE PyubeB. B Temoe Bpems roga, 0coO€HHO BO BTOPOM IOJIOBUHE JI€Ta, CUIBHO MENEIOT U B
AJaKoIbCKOH BIIaJIMHE UCCAKAIOT, pa300paHHbIe Ha MOJMB. J{peBecHBIN pacTUTEIbHBIN OKPOB 31eCh B OC-
HOBHOM HPEACTaBJIECH 3apOCIIIMU KYCTAPHUKOB C TOIOJIEBBIMA M OCHUHOBBIMHU POLIAMH, B YHIETBSIX TOIOJIE-
Bble U HWBOBBIE Jeca. Touka i HaxXoauTCd B ITYCTBIHHO-CTCIIHOM MCJIKOCOIMOYHUKE C KYCTAapHHUKOBO-
Pa3HOTPAaBHO-KOBBUIbHON PACTUTENBHOCTBIO [5], B MOWiME MOCTOSHHOTO Py4bsi, B HUWKHEM TCUCHUH YXOJIs-
LIETO B IPYHT.

COop Mmarepuana NMpOBOIWICS BHIKAIIMBAHUEM MyX B TPaBOCTOE CTaHIAPTHBIM 3HTOMOJIOTHYECKUM
CauyKOM, a TaKXXC HHAWBUAYAJIbHBIM OTJIOBOM C IBCTKOB MW BEIC€TAaTUBHBLIX OpPraHOB paCTeHI/II‘/'I CauyKoOM
YMEHBIIIEHHOT0 AuaMeTpa (20 cM) ¢ KOPOTKOi pyKosTKOif [6].

Peszynomamor u 0bcyscoenue

B pesynbrare obcnemoBanuii B 2021 1. Ha F0)KHOM MakpockioHe xpedta TapOararaii BoisiBieHb! 37 BU-
J0B MyX-Kypuayiok u3 20 ponos 10 Tpud 3 mojceMeicTB:

IMoacemeiicTro Eristalinae
Tpuba Cerioidini
Pon Ceriana Rafinesque, 1815
C. conopsoides (Linnaeus, 1758) — 24.05-09.07.2021, 7 9 ; yuenbs Aset, KenbapiMypar; Ha JTyIid-
e ooerkHOBeHHO# (Origanumvulgare L.)*, rynasauke JI€sens (Sisymbriumloeselii L.), ceepoure BocTouHO
(Buniasorientalis L.); Ha ce6e.

TpuoaEristalini
Pon Eristalis Latreille, 1804
E. (Eoseristalis)arbustorum (Linnaeus, 1758) — 07-11.07.2021, 6 3, 3 9 Q; ymense Aner, rops! Ka-
pabac; Ha ThicsiuenucTHHKE oObikHOBeHHOM (Achilleamillefolium L.), Gosmuronose mnsrauctom (Coni-
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ummaculatum L.), uxotauk cepo-3enenom (Berteroaincana (L.) DC.), kopossike mxyHnrapckom (Verbascum-
songaricum Schrenk).

E. (Eoseristalis) interrupta (Poda, 1761) — 24.05-11.07.2021, 2 33, 1 Q; ymenss Anet, Kenbapimy-
part; mapuT, B «TpaBen**.

Pox Myathropa Réndani, 1845

M. florea(Linnaeus, 1758) — 09-11.07.2021, 2 Q9; ymenbst Aset, KenpasiMypaT; Ha xabpuiie Oyx-
tapmuHckol (Seselibuchtormense (Fisch. exHornem.) W.D.J. Koch).

Tpu6a Eumerini
Pox Eumerus Meigen, 1822
E.tadzhicorum Stackelberg, 1949 — 22.05.2021, 1 &;rops! Kapa6ac; Ha rpymnre.
E.sp. — 22.05.2021, 1 &; ropsl Kapabac; B mayubeii ceTn.
Poa Merodon Meigen, 1803
M. (Merodon)serrulatus (Wiedemannin Meigen, 1822) — 23.05.2021, 1 J'; rops Kapabac; B Tpase.

Tpu6a Milesiini
Pon Spilomyia Meigen, 1803
S. diophthalma (Linnaeus, 1758) — 11.07.2021,1 &; yimenbe AneT; Ha CellbIepPEHHbIX.

Tpu6a Rhingini

Pon Cheilosia Meigen, 1822

Ch. (Cheilosia)gigantea (Zetterstedt, 1838) — 22-27.05.2021, 2 9 Q; ymense Aner, ropsl Kapabac; Ha
CHBITH 00BIKHOBeHHOM (Aegopodiumpodagraria L.); B Tpase.

Ch.(Cheilosia) sp. aff. pagana (Meigen, 1822) — 11.07.2021, 1 Q; yuienbe AJeT; Ha pernenike a3uat-
ckom (Agrimoniaasiatica Juz.).

Ch. (Cheilosia)proxima (Zetterstedt, 1843) — 27, 28.05.2021, 1 &, 1 Q; ymense Aner; Ha cBepOure
BOCTOYHOM.

Ch.(Cheilosia) schnabli Becker, 1894 — 07.07.2021, 1 &, 1 Q; ropst Kapabac; Ha 60IUronose MnsaTHHU-
CTOM.

Ch. (Eucartosyrphus) scutellata (Fallén, 1817) — 11.07.2021,1 &; ymienbe AneT; Ha CelbAEPEHHBIX.

Ch.(Cheilosia) velutina Loew, 1840 — 11.07.2021, 1 Q; yiense AJET; Ha CeIbICPEHHBIX.

Tpu6a Volucellini
Pon Volucella Geoffroy, 1762
V. bombylans (Linnaeus, 1758) — 27.05.2021, 1 &; ymense AseT; B Tpase.
V. pellucens (Linnaeus, 1758) — 09.07.2021, 1 &'; ymense Kenbasimypar; napur.

IMoxcemeiicTro Pipizinae
Tpuba Pipizini
Pon Pipiza Fallén, 1810
P.sp. —24.05.2021, 1 Q; ymense KenbapiMypar; BOIOIIOH.
Pon Pipizella Rondani, 1856
P.mongolorum Stackelberg, 1952 — 27.05-10.07.2021, 2 &, 1 Q; ymensa Aner, KenpasiMypar; Ha
x)abpuie OyXTapMUHCKOM, CHBITH OOBIKHOBEHHOM; B TPaBe.
P.virensFabricius, 1805 — 11.07.2021, 1 &; ymense AJeT; Ha CelbAEPEHHBIX.

IMoncemeiicTBo Syrphinae
Tpu6a Paragini

Pon Paragus Latreille, 1804

P.(Paragus) bicolor (Fabricius, 1794) — 07.07.2021, 2 3 J; ropsi Kapabac; Ha noaMapeHHUKe pacipo-
creprom (GaliumhumifusumM. Bieb.); B Tpase.

P.(Pandasyophthalmus) sp. aff.expressus Sorokinaet Cheng, 2007 — 07.07.2021, 1 &; ropst Kapa6ac;
Ha 0O0JINT0JIOBE MATHUCTOM.

P. (Pandasyophthalmus) haemorrhous Meigen, 1822 — 24.05-09.07.2021, 5 4J,1 Q; ymenbe Kenb-
JIBIMypaT; Ha MOJMapeHHUKE PacIpOCTepPTOM, BooayIke 3o1otuctoii (Bupleurumaureum Fisch. exHoffm.),
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nabasnuke BszonuctHoM (Filipendula ulmaria (L.) Maxim.), gymmne oObIKHOBeHHOH, amyatke (Potentilla

sp.).
P.(Paragus) oltenicus Stanescu, 1977 — 09.07.2021, 1 Q; ymenbe KenbasiMypart; B Tpase.

Tpu6a Bacchini
Pon Platycheirus Lepeletier et Serville, 1828
P.sp. — 24.05.2021, 1 @; ymense KenpapiMypaT; Ha omgyBanurke (Taraxacum sp.).

Tpu6a Syrphini

Poa Chrysotoxum Meigen, 1803

Ch. festivum (Linnaeus, 1758) — 22.05-11.07.2021, 2 Q9; ymenbst Aner, Kapabac; Ha cepaeuHuiie
kpynkosunHoi (Cardaria draba (L.) Desv.), dpepyse (Ferula sp.); B Tpase.

Ch. sp. aff. rubzovi Violovitsh, 1973 — 11.07.2021, 1 &; ymenbe AJET; Ha CENbAEPEHHBIX.

Ch. vernale Loew, 1841 — 24.05.2021, 2 9 Q; yuenbe Kenbasimypar; B Tpase.

Pon DasysyrphusEnderlein, 1938

D. albostriatus (Fallén, 1817) — 10.07.2021, 1 &'; KenbapIMypar; Ha CeJbIepEHHBIX.

PonEpisyrphus Matsumura et Adachi, 1917

E. balteatus (De Geer, 1776) — 10, 11.07.2021, 3 ?9Q; ymensst Aner, KenpasiMypaT; Ha KOPOBSKE
JDKYHTApCKOM, Ha BOJIOYIIKE 30JIOTUCTOM; B TPaBe.

Pox Eupeodes Osten Sacken, 1877

E. corollae (Fabricius, 1794) — 07.07.2021, 1 Q; ropsl Kapabac; Ha KOpOBSIKE HKYHIaPCKOM.

E.latifasciatus (Macquart, 1829) — 11.07.2021,1 ; ymenbe AJeT; Ha CEnbAEPEHHBIX.

Pon Scaeva Fabricius, 1805

S. albomaculata (Macquart, 1842) — 23.05.2021, 1 &'; ropst Kapa6ac; Ha cepaeuHuUIIE KPYITKOBHIHOI.

S.pyrastri (Linnaeus, 1758)— 22.05.2021, 1 &, 3 99; ropsl Kapabac; na depysne; B TpaBe, Ha TPYHTE,
Mapwr.

Pon Sphaerophoria Lepeletier et Serville, 1828

Sph.(Sphaerophoria)scripta(Linnaeus, 1758) — 24.05-11.07.2021, 5 &J; ymenbs Aner, Kenbapi-
mypaT, Kapabac; Ha moaMapeHHHUKE pacpOCTEPTOM, CElIbJACPEHHBIX; B TPaBe.

Pon SyrphusFabricius, 1775

S. ribesii (Linnaeus, 1758) — 11.07.2021, 1 Q; ymense AJieT; Ha BOJOIYIIKE 30J0THCTOM.

S.vitripennisMeigen, 1822 — 28.05-11.07.2021, 2 Q9; ymense AJeT, Ha BOJOJIYIIKE 30JIOTUCTOM,
cBepOUre BOCTOYHOI.

Pon Xanthogramma Schiner, 1860

X.pedissequum (Harris, 1776) — 27.05.2021, 1 &; ymense Aset; B Tpase.

* npu nocnedyrouem YnoOMUHAHUYU 8 CNUCKe 8UO0bl pACMeHUl npueedersl 6e3 TaMUHCKUX HA36AHUL.
**¢ mpage — BHUJl OTMEUEH Ha BETeTATHBHBIX OpraHax IBETYIIMX PAcTEHHH WM Ha HEIBETYIIHX pac-
TCHUSIX.

Buposoii cocta cuphua o0ciieIoBaHHBIX TEPPUTOPUI KpaiiHe HeomaHOpoieH. CpaBHEHHE JIOKATBHBIX
¢dayn ymenuii Aner u KenpapIMypaT mOKaszano, 4YTO, HECMOTpSl Ha HaXOXKIACHWE BOJHOM BBICOTHO-
naHamapTHOM Tosice (CpeAHETOPhEe) U OTHOCUTEIHHO HEOOJBIOe PacCTOSIHUE MEXITy HUMHU (= 45 kM), ux
cxoJIcTBO cocraBisier Bcero 21,4 %, T.e. onn obnamaroT Bcero 6 obmumu Bumamu (Cerianaconopsoides,
Episyrphus balteatus, Eristalisinterrupta, Myathropaflorea, Pipizellamongolorum u Sphaerophoria scripta).
EcrectBeHHO emie Oombliee pa3inuue MeXIy 3TUMU TOYKamMu u ropaMu Kapabac (MeIKOCOMOYHHK): CXO/I-
ctBo (ayHn cocrasmsier 10,8 %, 1.e. 4 oomux Buga (Cheilosiagigantea, Chrysotoxum festivum, Eristalisar-
bustorum u Sph. scripta). IIpuyem >Tv BHABI pa3HbIE I CPAaBHUBAEMBIX PailOHOB, 3a MCKIOYeHHeM Sph.
scripta, mpucyTCTBYIOIIEr0 BO BCeX ToYKax. Ha ypoBHe pomoB pa3nmume paccMaTpHBacMbIX PalilOHOB Hec-
KOJIBKO MEHbIIEe, HO BCE paBHO3HauUMTENbHOE: cxoacTBo (ayn Aner/Kempapimypar — 41,2 %,
Aner+Kenpasimypat/Kapabac — 30,0 %. Poasr Spilomyia, Syrphus u Xanthogramma ormedens! TOiIBKO B
yimenbe Arnet; Pipiza, Platycheirus u Dasysyrphus — B ymmesnse Kenpasimypar; Eumerus, Merodon u Scaeva
— B ropax Kapabac.

KonudecTBO BUJIOB MyX-)KypUaJIOK [0 CEMEHCTBaM PACTEHHH PACIPEeNIeHO CIICAYIOIUM 00pa3oM: Ha
1BeTKax KanyctHbiX (Brassicaceae) ormeueHo 6, Ha mapeHoBbIX (Rubiaceae) u HopuunukoBbIX (Scrophulari-
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aceae) — mo 3, Ha mUnoBHUKOBEIX (RoSaceae), cnoxxHouBeTHBIX (Asteraceae) u sicnotkoBbix (Lamiaceae)
— 1o 2 BHaa. MakcUMalIbHOE YMCIIO BHIOB MyX OTMEUEHO Ha ceibaepeiiHbix (Apiaceae) — 19 (73,1 %)
(puc. 2). Takas mucripoIiopuus CBsI3aHa, BEPOSTHO, C (IOPHUCTHICCKUMH OCOOCHHOCTSAMH Tapbaratas BO
BpeMs cOopa MaTepHasa — KaueCTBEHHBIM M KOJHYCCTBEHHBIM JOMHHUPOBAHUEM I[BETYIIUX CEIbICPEHHBIX
HaJT TPOYMMH CeMecTBaMH TPaBSIHUCTHIX pacTeHuil. Kpome Toro, oOpamiaer Ha ceOsi BHUMaHUE pe3Koe pas-
JIUYUE B YUCIIC BUJIOB MYyX, IIOCETUBIIINX CENbJCPEiHbIC, KAIyCTHBIC U CIIOKHOIBETHRIC. B cocennem xpedTe
JOKyHrapckuii Anatay KapTWHA JIpyras, MOCJIEIHUE Ba CEMEHCTBA PACTCHUI JIMIIbL HEMHOTUM YCTYIAIOT
CeJIbICPEHHBIM 0 3TOMY TTOKa3aTelto [7], Mo ApyruM AaHHBIM CIIOKHOLBETHBIC MPpeBANUpYOT [8].
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CewmeiicTBa pacTeHuit

Pucynoxk 2. CooTHolIeHHE KOJTMUECTBA BUJOB MyX-Kypuaiok (%) Ha cemeiicTBax pacteHuil. Xp. TapOararaii, 10:KHbIH
MakpockioH. 2021 r.

3HaYNTENFHOE YHCIIO BUAOB CUPQUI B pacCMaTpUBAaEMbIX TOUKaX OTMEUEHO He Ha mnBeTkax — 37,8 %,
B OCHOBHOM Ha BEre€TATHBHBIX YaCTsAX PAaCTCHWH WM Ha He LBeTyIuX pacteHusx (B Tpase) (Eristalis
interrupta, Merodon serrulatus, Paragus oltenicus, Chrysotoxum vernale, Volucella bombylans u
Xanthogramma pedissequum), a Taxke wa rpynte (Eumerus tadzhicorum u Sphaerophoria scripta), maps-
mumu B Bo3ayxe (E. interrupta,Scaeva pyrastri u Volucella pellucens), na Bomomoe (Pipiza sp.) (puc. 3).
Oco6u Cerianaconopsoides otiosieHsl Ha cebe, Eumerus sp. oOHapy»keH B nayubeii cet. Ha rucrorpamme
JIBE MTOCTIeTHIE CTAIUK (TIay4dbsi CETh OTHECEHA K «CTAIlMW» YCIOBHO) OOBEANHEHBI B «IIPOYEE).

Ha nperymux pacrenusix ormeuensl 70,3 % BumoB cupdui, U3 KOTOPHIX MOABISIONICE KOJIUIECTBO,
wm 59,5 % ot o0Iero yncna BUIOB, OTJIOBJICHBI TOJIBKO Ha IBETKaX. [ Ha IBETKax, U B TpPaBe OTMEYEHBI
10,8 %.

B To Bpemst kKak ©Maro Myx MUTAIOTCS HEKTAPOM U TBUIBIION, UX JIMYMHKH, B 3aBUCUMOCTH OT POJIOBOI
NPUHAJISKHOCTH, UMEIOT HIMPOKHUH CIIEKTP MHUILEBOH CIeUaTH3aIiH:

- canpodaru — Eristalis u Myathropa o6utaroT B 3arps3HEHHBIX pa3iararomieiicss OpraHuKoi BogOe-
Max, MUTAITCS, BEPOSITHO, canpoOroTrdeckumMu Oakrepusimu, Chrysotoxum pasBuBaroTcs mpeuMyIeCTBeH-
HO B THHIOIIEH JIpeBECHHE, a Takke B MPEJbIX JIMCThIX, Kommocte; Spilomyia — BO BiaxHOW Tpyxe B
JyTIax JTUCTBEHHBIX JIEPEBbEB;

- purodparn — Eumerus u Merodon pa3BuBaroTcsi B KOpHEBHUIAX U Jykosuiax pacrenuii; Cheilosia —
B CTEOJISIX TPABSHUCTHIX PACTEHUIA, BO B3IYTHIX KOPHEW, B MUHAX Ha JINCTHSX;

- sutomoaru — Dasysyrphus, Episyrphus, Eupeodes, Paragus, Pipiza, Pipizella, Platycheirus, Scaeva,
Sphaerophoria, Syrphus, Xanthogramma nuTarorcst TI€i U IpYTMMH MEIKMMH HACEKOMBIMU Ha PACTEHHUSX;

- puroskckperodar — Cerianaoburaer B macoke;

- numieBas cnenuanusanus Volucella ve scHa, muurHKN pa3BUBaIOTCS B THE3/axX HIMEIIEH U oc.

3ameTHa OoJbIIasl AUCHPONOPLHS B COOTHOLICHWH BHIOB C Pa3IMYHON MUILEBOM CHEeNUAIN3ALNeH B
M3y4aeMbIX BBICOTHO-JIAHIIAPTHBIX MOsACAX, KaK B KOJMYECTBCHHAs, TaKk M KadecTBeHHas (puc. 4). Ha ru-
crorpamme popl Ceriana u Volucella otHecens! B «tipoumney).
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Pucynox 3. PacmipeneneHre konnaecTBa BUIOB MyX-Kypualiok (%) IO CTalysAM B pacCMaTPHBAaEMBIX TOUKAX:
1 — uBeTkH; 2 — BETKH + TpaBa; 3 — TpaBa; 4 — IpyHT; 5 — BoIOMOii; 6 — mapeHue;
7 — npouee. Xp. TapOarartaii, 10)HBII MakpockIoH. 2021 T.

% 40
35

30

25

20 3

0 +— - 4 —

Cpenneropne MenkoconouyHuK
BricoTHO-n1anamadTHEIE Hosica

PucyHok 4. COOTHOIIIEHUE KOJMYECTBA BHJIOB MYX-Kypuaiok (%) ¢ pa3nUuHON MUIIEBOW CIIeIUaIN3aIiel TUINHOK B
Pa3HbIX BBICOTHO-NaHAMAPTHHIX mosicax: 1 — canpodaru; 2 — durtodaru; 3 — snTomodaru; 4 — npouue.
Xp. Tapbarataif, 105)HBIH MaKpocKIoH. 2021 T.

KonmngecTBeHHAs TUCIIPOTIOPIIHSI €CTECTBEHHA NJIsi PAalfOHOB C Pa3jUYHBIM THIIOM PACTUTEIHHOCTU: B
MEJIKOCOTIOYHHKE C MPeodiialanieM Kcepo(puToB BUI0BOE pa3HOOOpasznue aHTOPHUIBHBIX ABYKPBUIBIX 3HAYH-
TEIHHO HUXKE, YEM B CPEIHEropbe ¢ Me30(WIBHON pacTUTEeNhbHOCTRI0. Hapsimy ¢ atum, oOpamaer Ha ceds
OJIMHAKOBAsl YMCIACHHOCTh (uTO(aroB B 00OMX IMOsICaX, HECMOTPS Ha IIOJIHOE MX OTCYTCTBHE B YIIEJbE
Kenmpapimypat (puc. 5). X 10715 B MEITKOCOIIOYHUKE OTHOCHTEIBHO BEJIMKA, MPUOIIKASTCS K SJHTOMO(aram,
JOMUHHUPYIOLIUM BO BCEX PACCMATPUBAEMBIX TOUKAX.

56 BecTHuk KaparaHgmMHCKOro yHusepcureTa



K cayHe u akonoruu myx-xypyanok (Diptera, Syrphidae)...

% 25

20

N

15

ym. Aner ym. Kenpapimypar
Touku B 1osice CpeTHETOPhS

Pucynox 5. CooTHOmIEHNE KOJIMYECTBA BUOB MyX-KypUuaslok (%) ¢ pa3IiMyHON MHUIIEBOH CeHaIH3aIieil TNIMHOK B
TOYKaxX cpeqHeropHoro mnosica: 1 — canpodaru; 2 — ¢urodaru; 3 — 3rTOoMOaru; 4 — mpoune.
Xp. Tapbararaii, roxHBII MakpockioH. 2021 T.

Raxnrouenue

Ilo mamaeM 2021 T., mokambHas (ayHa MyX-KypyaJlOK FO)KHOTO MakpockiioHa xpeOrta TapOaratait
HACUUTHIBACT KaKk MUHUMYM 37 BHIOB. J{J1s1 Hee XapakTepHa KpalHss pa3HOPOJHOCTD: CXO/ICTBO CYOJIOKaIIb-
HBIX (hayH coctaBinsieT Bcero 21,4 % B cpeaneropnom mosice u 10,8 % Mexay cpeTHErOpbsIMA M MEJIKOCO-
MTOYHHUKOM.

[lonmaBnstoriee OOIBPITMHCTBO BUAOB OTMEUYEHO HA I[BETKAX PACTEHUI CeMENCTBa cenblIeperHbIX. bpo-
caercs B IJIa3a 3HAUYUTEIbHOE NIPEBATUPOBAHUE T10 ATOMY I10KA3aTEII0 CEJIbIEPENHBIX HaJl KallyCTHBIMHU (B 3
pa3a) U CIIOKHOIIBETHHIMH pacTeHUsMH (B 9 pa3). Takoil pa3pblB HEe XapaKTepeH I 3TUX CEMEICTB pacTe-
HUH, 00JIaJa0IINX CONIOCTAaBUMOM MPHUBICKATEILHOCTHIO A cupdu.

Ha Bcex y4aCTKax JOMHUHHUPYIOT BUABI, IUIYUHKU KOTOPBIX ABJISAIOTCA 3HTOMO(1)3F3MI/I.

Hcenedosanus nposedenvt 6 pamxax npoexma AP0O9259987 «Oyenxa pasnoobpasus gayner nacexo-
muix I'ocyoapecmeenno2o HayuonanbHo2o npupooHoeo napka « Tapbazamaiiy, ee MOHUMOpUH2, COXpaneHue u
YCMOU4UB0Ee UCNONbIOBAHUE ).
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Tapo6araraii :kotaceinaarel (Ibirpic Kazakceran)
BbI3BIHIAYBIK-IIBIObIHAAPALIH (Diptera, Syrphidae)
(payHACBHI MEH IKOJIOTHSCHI TYPaJIbI

Makanana Tapbarataii MEMJIEKETTIK YITTHIK TaOWFM MapKiHIH KypaMbIHa KipeTiH TapOarartail KOTacCBIHBIH
OHTYCTIK MakpoOeTKelIepiniH keidip O6emikrepinae 2021 x. )Kypri3iireH 3epTTeyiIepaiH HOTHKENepl KeTi-
pinren. KyMbICTBIH MaKcaThl, YITTHIK MapKTeri bI3bIHAAYbIK-IIbIObIHAapAbH (Diptera, Syrphidae) Typ kypa-
MBIH (payHachI) JKoHe oJIapIbIH SKOJOTHSUIBIK epPEKIIeNiKTepiH 3epTTey. 3epTTeyaep YJHTOMOIOTHSIA Kb~
Fa Oipzeif KaObUIIaHFaH dicTepMeH Kypriziinai. XKyMmeIc exi ydackene KYpreH, sSsFHA OpPTaHFbI TayJIbl OMIKTIK
naHAmaQTTHK Oenjeyne KoHe MIaFblH MIOKbUIapAa (Herisri >KOTaHBIH OHTYCTIK cinemi). bI3pIHmaybIk-
IIBIOBIHAAPABIH 3 TybIcTac TapMarbIHBIH 20 TyKbIMaacel MeH 10 TpuOachIHa >KaTaThlH 37 TYpi aHBIKTAJIIBL.
bI3pinmaybIK-mBIOBIHAApABIH Oip OenmpeymikTeri (oprama TaynapIarbl) skoHe Oenpeylnikrep (opTamia Tay-
Jap/ycaK IIOKbLIAp) apachlHIAFbl XKEPritikTi dayHacsl Oipaeil emectiri aikpiHaanabl. bipinmi xarnaina yk-
cactbIK 21,4%, ekinmrici — 10,8 %. bI3piHmaysIkTap Tyaai eciMIikTepAiH 7 TybICTachlHAH Oenrismi OOJIbI.
Onap: Brassicaceae, Rosaceae, Apiaceae, Asteraceae, Rubiaceae, Scrophulariaceae sxone Lamiaceae. I11bI1-
OBIHIApIBIH eH Kol Ke3JecKeHi oanapipkextepae — 73,1 %. I'ynpen Typran ecimuikTepeH 6acka, IIBIOBIH-
nap Oacka cranusuiapaa, TyJai eCiMIIKTEep/IiH BEreTaTuBTI OeMiKTepiHeH, jxep OeTiHeH, cyaTrTap/JaH Oackana
JKepiieplieH aHbIKTanasl. CUpQUITEpIiH JAEpHACUT CaTHICHIHBIH KOPEKKEe MaMaH/aHybIHa OaiIaHBICTHI, TY-
JepIiH apa KaThIHACHI MeH OeliHyi 6akpu1aHabl. bapibik yuackinepnae Syrphini TpuOachIHa yKaTaThIH SHTO-
Modar typrepi GacbiM Gomnmbl. Bys »KYMBICTBIH aHAJIBIFBI, OCHl Ke3re neiiH TapOarartail >KOTaCHIHIAFBI
BI3BIHJIAYBIK [IBIOBIHAAPABIH 3€PTTEIMETSHIITT OOJBIN TaObUIaAbl. 3epTTEy HOTWKENEPl aBTOPIBIH OYPHIH
Conryctik Tsap-1llans Men JXKoHFap AnarayblHOa anFaH ACpPEKTEpiHEH alTapibIKTail epeKiesleHeIi, COH-
IBIKTaH aliMaKTaFbl KEPriTiKTi cHpOUATEPAIH TYp KYPaMbIHBIH KOHE ©T€ YIKEH O31HIIK SKOJOTHSIIBIK epeK-
nreniri Oap gen aiTyra GoJasl.

Kinm ce30ep. pI3BIHIAYBIK-IIBIOBIHAAD, TYP Kypamsbl, 3konorus, lIsreic Kaszakcran, TapOararaii, eciMaikrep,
opTa Taynap, ycax OIOKbUIap.

B.V. Zlatanov

On the fauna and ecology of hoverflies (Diptera, Syrphidae) of the Tarbagatai Ridge
(Eastern Kazakhstan)

The results of studies conducted in 2021 in some areas of the southern macroslope of the Tarbagatai Ridge,
which are part of the Tarbagatai State National Natural Park, are presented. The purpose of the work is to
identify the species composition of hoverflies in the national park and study their ecological characteristics.
The studies were carried out according to generally accepted methods in entomology. The work was carried
out on 2 sites located in the mid-mountain altitudinal landscape zone and 1 — in the small hills (the southern
spur of the main ridge). 37 species of hoverflies belonging to 20 genera of 10 tribes of 3 subfamilies were
identified. The local hoverfly fauna is heterogeneous both within one belt (middle mountains) and between
belts (middle mountains/small hills). The similarity of faunas in the first case is 21.4%, in the second —
10.8%. Hoverflies were found on flowers of plants of 7 families: Brassicaceae, Rosaceae, Apiaceae, Aster-
aceae, Rubiaceae, Scrophulariaceae, and Lamiaceae. The largest number of fly species was found on the
family Apiaceae — 73.1%. In addition to flowering plants, a significant number of fly species (39.3%) were
noted in other habitats, such as non-flowering plants and vegetative parts of flowering plants, on the ground,
at a watering place, etc. The distribution and ratio of syrphid species depending on the food specialization of
the larval phase were traced. Entomophagous dominate in all areas, represented mainly by species of the tribe
Syrphini. The novelty of this work is due to the fact that hoverflies have not been studied in the Tarbagatai
Ridge so far. The research results are significantly different from the data obtained by the author earlier in the
Northern Tien Shan and the Dzungarian Alatau. Thus, it points out the great peculiarity of the ecological fea-
tures of the local fauna of the syrphidflies of the region.

Keywords: hover-flies, fauna, ecology, Eastern Kazakhstan, Tarbagatai, vegetation, middle mountains, small
hills.
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Studying the physiological and biochemical properties of lactic bacteria cultures
in the creation of sourdough for bread

The article presents the results of screening lactic acid bacteria cultures of the genus Lactobacillus and Pedio-
coccus from the collection of Kazakh Scientific Research Institute of Processing and Food Industry, previous-
ly isolated from wheat grain, flour, rye starter cultures, as well as kumis and shubat. For a comprehensive as-
sessment of probiotic properties of the selected 7 strains of lactic acid bacteria, their physiological and bio-
chemical properties were studied: acid-forming, antagonistic activity, saccharolytic profile, resistance to vari-
ous concentrations of bile, sodium chloride, growth at different pH values, antibiotic resistance. As a result of
strains screening 5 most active cultures of lactic acid bacteria were selected for inclusion in the sourdough for
bread: Limosilactobacillus pontis 9K3, Limosilactobacillus fermentum 3III1, Lb. paracasei 82, Lb. paracasei
114, Lacticaseibacillus paracasei 126.The selection criteria were high enzymatic, acid-forming, proteolytic
and antagonistic activity of the strains against opportunistic and pathogenic microflora (B. subtilis ATCC
6633, Escherichia coli-1257, Staphylococcus sp.209-P, Salmonella Typhimurium). We show that this result
of the analysis indicates the prospects of using a consortium of these cultures to obtain a probiotic starter
culture for bakery products. This, in turn, will increase production efficiency, ensure the quality and safety of
food products in the baking industry.

Keywords: starter culture, lactic acid bacteria, bread, pure culture, Limosilactobacillus, Pediococcus, probi-
otic properties, antibiotic resistance.

Introduction

In modern conditions, bakery products in human life have a special place in nutrition. According to the
Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakh-
stan, Kazakhstan annually produces about 640 thousand tons of bread and bakery products. However, the
microbiological quality of grain and flour is deteriorating more and more every year [1-6]. To prevent the
spoilage of bread, physical, chemical, and biological methods of suppression of alien microflora are used.
Biological methods are more attractive and widespread, in particular, the use of starter cultures with antimi-
crobial properties [7-9]. Sourdough is a semi-finished product made from water and flour, which contains
lactic acid bacteria and yeast. Mankind has been using sourdough to make bread for over 4,000 years. Starter
cultures containing pure cultures of yeast and lactic acid bacteria introduced in sufficient quantities provide
fast, reliable stabilization of the dominant microflora, good fermentation, and guarantee production against
accidents. With the help of pure cultures, it is possible to intelligently control the work of microbes and use
their activity in a given direction [10-13]. The use of starter cultures for bread can reduce the risk of contam-
ination of not only spoilage microorganisms, but also pathogenic microorganisms, and also reduce the risk of
the formation of mycotoxins, which is important for obtaining microbiologically safe products [14-21].

However, for bread starters to bring significant benefits, it is necessary to correctly select species for
one or another technological scheme, constant control over the purity and activity of the culture, strict adher-
ence to technology, and, finally, proper microbiological control, which allows monitoring the development
of introduced microorganisms. Bakeries are constantly in need of effective starter cultures that can fight the
ever-changing spontaneous microflora of flour, as well as ensure the full quality of bread and bakery prod-
ucts.

The purpose of the work is to isolate new active domestic cultures of yeasts and lactic acid bacteria that
have probiotic properties to create on their basis new consortia and starter cultures of domestic origin for the
production of bakery products.

Experimental

The object of research was cultures of lactic acid bacteria of the genus Lactobacillus and Pediococcus
from the collection of Kazakh Research Institute of Processing and Food Industry (KazRIPFI), previously
isolated from a grain of wheat, flour, rye sourdoughs, as well as kumis and shubat. LAB cultures were main-
tained on an MRS medium (cultivation was carried out at a temperature (of 37 = 1 °C) for 48 hours.
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The maintenance and study of industrially valuable cultures of microorganisms were carried out accord-
ing to the standard research protocol [21] and generally accepted methods [23-25].

Determination of acid formation activity. The energy of acid formation was determined by the quantity
of lactic acid which is accumulated by lactic acid bacteria with minimal contamination of skimmed milk (or
whey) for 17 hours [21]. To determine the energy of acid formation in the studied cultures, they were sown
in the amount of 0.1 ml in 10 ml of milk. The culture tubes were placed in a thermostat at a temperature of
37 + 1°. After 17 hours, the energy of acid formation was determined according to the Turner method. To do
this, 10 ml of the sample was diluted with 20 ml of distilled water, followed by the addition of 1-2 drops of
the phenolphthalein indicator. Titration was carried out with 0.1 N NaOH until a stable pink color was ob-
tained. The results were expressed in Turner degrees according to the formula: K = X x 10 (where K is the
energy of acid formation, X is the amount of NaOH used for titration in ml, 10 is the conversion factor of ml
to Turner degrees).

Determination of resistance to antibiotics. Resistance to antibacterial drugs was determined by the dis-
co-diffusion method in accordance with the method specified in MUC 4.2.1890-04 “Determination of the
sensitivity of microorganisms to antibacterial drugs”. MRS-agar was used as a nutrient medium, which was
poured into sterile Petri dishes so that the layer thickness was 4 = 0.5 mm. 1 cm 3 inoculates of the studied
strain were applied to the surface of MRS- agar and evenly distributed over the surface of the nutrient medi-
um, then discs impregnated with standard solutions of rifampicin, kanamycin, oleandomycin, pefloxacin,
lincomycin, furazolidone, ampicillin, benzylpenicillin, erythromycin, vancomycin, gentamicin, tetracycline
were applied using sterile tweezers. After, the Petri dish was thermostated at 37 + 1 °C for 18-24 hours. Re-
sistance to antibacterial drugs was assessed by growth retardation zones around the discs. All studies were
carried out in 3-5-fold repetition.

Determination of lactic acid cultures’ proteolytic activity was carried out on milk agar, which was in-
oculated with a culture of lactic acid bacteria to obtain isolated colonies. 1 ml of culture or appropriate dilu-
tion was pipetted into Petri dishes and poured into 10-15 ml of molten and cooled to 4045 °C milk agar.
The inoculum was thoroughly mixed with milk agar. After the agar solidified, the Petri dishes were turned
upside down and kept in a thermostat at a temperature of 30 °C for 48 h. After incubation, colonies were
counted, around which clearing zones formed by proteolytic microorganisms were observed, and the diame-
ter of clearing zones was measured.

Determination of antagonistic activity. The use of cultures of lactic acid bacteria-antagonists to B. sub-
tilis and mold fungi in the form of wheat sourdoughs in various methods of preparing wheat bread guarantees
its microbiological safety and prevents potato disease. The primary study of antagonism in lactic acid bacte-
ria was carried out using the method of perpendicular strokes, as well as the method of diffusion in agar con-
cerning indicator cultures B. subtilis ATCC 6633 (test culture for determining antibiotic activity), Escherich-
ia coli-1257, Staphylococcus sp.209-P, Salmonella typhimurium with slight modification. Nutrient Agar me-
dium (Hi Media Laboratories Pvt. Ltd. Mumbai — 400086, India) was used for this. Test cultures in the
form of a cell suspension in an amount of 1 billion/ml (according to the bacterial turbidity standard) were
applied to the surface of a dense medium in Petri dishes, after which 5 mm wells were cut out in the medium
with a sterile spout, 3 wells for each studied strain of lactic acid bacteria. 40 pul of supernatant was added to
each well. LAB supernatants were obtained as follows: 1 mL of LAB culture was added to 20 ml of MRS
liquid medium, incubated for 24 hours at 37 °C. The cells were then removed by centrifugation at 8000xg
rpm for 5 min. The supernatant was added to the first well. To eliminate the inhibitory activity due to organic
acids, the pH of the supernatant was adjusted to pH 6.0 by adding 1 MNaOH and then added in a volume of
35 ul to the second well. The supernatant with pH 6.0 was added to the third well, and, in addition, catalase
at a final concentration of 1 mg per 1 ml was added to it to eliminate hydrogen peroxide. The cups were
placed in a thermostat for a day. A positive result for the presence of bacteriocin in the supernatant was the
presence of a zone of growth inhibition of test cultures around the third well.

Determination of bile resistance was carried out as follows: in the MRS medium containing bile at a
concentration of 20, 30, 40 % (pH 6.8-7.0), the test culture was inoculated (one loop per 8-10 ml of the me-
dium) and thermostated for 48 hours at a temperature of 37°C. Culture growth or its absence was noted after
shaking the tube by the presence or absence of turbidity and by microscopy.

Definition of resistance to NaCl was carried out in an MRS medium containing various concentrations
of NaCl (2, 4, 6 %). The studied culture was inoculated in the amount of 1 loop per 8-10 ml of hydrolyzed
milk (pH 6.8-7.0). The inoculations were kept in a thermostat for 48 hours at a temperature 37°C. Culture
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growth or its absence was noted visually by the presence or absence of turbidity after shaking. The tubes
were also controlled by a microscopic preparation.

Determination of resistance to the alkaline reaction of the environment (pH 8.3; 9.2; 9.6) was carried
out by seeding one loop of the studied culture per 10 ml of medium (meat-peptone broth with 2 % yeast au-
tolysate) with different pH values. The crops were kept at 37°C for 48 hours. Growth was determined simi-
larly to culture growth in a medium with bile [21].

Results and Discussion

For a comprehensive assessment of the probiotic properties of lactic acid bacteria cultures that are
promising for inclusion in the composition of starter cultures for bread, we studied their physiological and
biochemical properties: resistance to various concentrations of bile, sodium chloride, growth at various pH
values, acid-forming, antagonistic activity, and antibiotic resistance.

Active growth at a bile concentration in the medium of 20 and 30 % was shown by all the studied
strains. At a content of 40 % bile in the medium, strains grow Limosilactobacillus pontis 9K3, Lb. fermentum
3Shl, Lb. paracasei 82, Lb. paracasei 114. These strains are considered to be highly resistant to bile and can
be used for the production of probiotic preparations.

All 7 strains that were studied grew well in a nutrient medium containing 2 and 4 % NaCl. However, in
the nutrient medium that had a concentration of 6 % NacCl, only two of the strains showed growth: Limosi-
lactobacillus pontis 9K3 and Lb. paracasei 82, these strains grew well along the entire length of the culture
liquid column.

Table 1 presents the results of determining the activity of acid formation, primary antagonistic, and pro-
teolytic activity in 7 strains of lactic acid bacteria.

Table 1

Characterization of physiological and biochemical parameters of lactic acid bacteria cultures from the
KazRIPFI collection of microorganisms

Antagonistic activity (to
Strain oH Energy of acid Bacillus subtili_s ATCC- Proteol_ytic activity,
formation 6633), zone diameter, zone diameter, mm
mm
Lactobacillus plantarum Smg-1 4.3 164+5.1 10+0.2 8+0.3
Lb. paracasei 82 4.0 360.4+0.6 23+1.2 5+0.2
Lacticaseibacillus paracasei 126 | 4.1 310.2+2.7 26+2.0 9+0.3
Lb. paracaseill4 4.1 280.4+2.0 23+0.6 9+0.2
Pediococcus acidilactici P2-6 4.2 165+3.2 2142.2 10+0.5
Limosilactobacillus pontis 9K3 4.1 103£1.2 16.0£1.5 9+0.2
Lb. fermentum 3SH1 4.0 120+2.1 13.1+0.2 10+0.5

As can be seen from Table 1, the energy of acid formation in the studied cultures had limits from 93°T
to 360°T.

Table 2 demonstrates the results of determining the sensitivity of lactic acid bacteria to antibiotics.

Table 2
Sensitivity of lactic acid bacteria to antibiotics
Zone of stunting (mm)
c

= ® = c
. [S] c hx
S | .2 > S = = & = > = o 5
> | =2 g S 5 = X S S Q > =
3 S I S ‘S 8 kS 3] S N < <
| |§ |2 | |8 |% |&8 |2 |5 |8 |2
IS} = X o @ <) =% > = =] o o
Lactobacillus plantarum Smg-1 | 14 | 29 11 16 30 7 29 0 36 8 31 29
Lb. paracasei 82 20 | 15 12 11 35 0 23 19 24 27 34 26
Il_ggtlcaselbaullus paracasei 22 | 19 17 0 19 21 17 21 18 18 8 20
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IIpomomkeHue TabJIUIILI 2
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Lb. paracasei 114 19 31 0 0 15 10 19 14 0 0 15 0
Pediococcus acidilactici P2-6 17 24 0 21 17 17 0 0 23 0 14 21
Limosilactobacillus pontis9K3 | 28 | 32 14 33 31 26 20 19 37 28 33 30
Lb. fermentum 3SH1 24 26 10 20 35 19 15 7 39 20 15 28

Further, in all cultures, antagonistic activity against opportunistic and pathogenic microorganisms was
more widely studied: B. subtilis, Escherichiacoli, Staphylococcus sp., Salmonellatyphimurium. Antagonism
data are presented in Table 3.

Table 3
Evaluation of the antagonistic activity of lactic acid bacteria (at pH 6.0 and in the presence of catalase in LAB
supernatants)
Zones of inhibition of growth of indicator crops (mm)
Strain Escherichia Staphylococcus B. subtilis Salmonella
coli-1257 sp.209-P ATCC 6633 typhimurium
Lactobacillus plantarum Smg-1 11+0.4 10+0.1 10+0.2 0
Lb. paracasei 82 11+0.5 14+0.6 24+1.2 10+0.1
Il_ggtlcaselbacnlus paracasei 11405 1020.1 26£2.0 2140.7
Lb. paracasei 114 13+0.5 12+0.4 23+0.6 18+0.6
Pediococcus acidilactici P2-6 18+0.6 14+0.5 21£2.2 12+0.6
Limosilactobacillus pontis 9K3 14+ 0.6 12+ 0.3 16.0+1.5 12+0.5
Lb. fermentum 3SH1 19+0.5 22+0.7 13.1+0.2 15+0.7

When comparing the acid formation energy of the studied cultures with their antagonistic activity
against Bacillus subtilis ATCC 6633 (reference strain for determining antibiotic activity), shown in Table 1,
we can establish that the antagonism of lactobacilli cultures, in this case, may be related not only with the
formation of acids, but also with the synthesis of bacteriocins. Thus, the Pediococcus acidilactici P2-6 cul-
ture, accumulating less acid (up to 103°T), exhibits a rather high antagonistic activity comparable to the ac-
tivity of Lactobacillus paracasei 114 and Lactobacillus paracasei 82 cultures, which are strong acid formers
(respectively 280.4 + 2.0 and 360, 4+0.6°T). In the resistance study of 7 of our lactic acid bacteria cultures to
12 antibiotics, we dedicated the presence among them of both strains, generally not possessing antibiotic re-
sistance genes, and strains resistant to certain antibiotics (cultures of the genera Lactobacillus and Pediococ-
cus) (Tab. 2).

Antagonistic relationships are widespread in the world of microorganisms and are one of the factors in
the formation of microbial communities. They are characterized by the fact that one type of microorganisms
somehow inhibits or delays the growth of others. Lactic acid bacteria can form antibiotic substances and
thereby have a bacteriostatic and bactericidal effect on adverse microflora. This ability has found wide appli-
cation in medicine, veterinary medicine, agriculture, and the food industry. The use of cultures of lactic acid
bacteria-antagonists to B. subtilis and mold fungi in the form of wheat sourdough in various ways of making
wheat bread guarantees its microbiological safety and prevents potato disease and mold.

Evaluation of the antagonistic activity of 7 mono-cultures of lactic acid bacteria by the method of de-
layed antagonism showed that most of our strains have a strong antimicrobial effect.

Almost all isolated strains, except for one, showed antagonistic activity against all indicator cultures. In
strains Lb. paracasei 82, Lacticaseibacillus paracasei 126 and Lb. paracasei 114 and Lb. pediococcus an-
tagonistic activity against all test cultures was the highest. The manifestation of antagonism by lactic acid
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bacteria in the presence of catalase and the neutralization of acid exclude the action of hydrogen peroxide
and organic acids but indicate the possible synthesis of bacteriocinogens by these cultures.

Conclusions

As a result of lactic acid bacteria strains screening included in the Kazakh Research Institute of Pro-
cessing and Food Industry cultures collection, we selected the 5 most active lactic acid bacteria cultures with
probiotic properties for inclusion in the consortium: Limosilactobacillus pontis 9K3, Lb. fermentum 3Shi,
Lb. paracasei 82, Lb. paracasei 114, Lacticaseibacillus paracasei 126. The selection criteria were resistance
to high concentrations of salt, bile, high enzymatic, acid-forming, proteolytic, and antagonistic activity of
strains against opportunistic and pathogenic microflora (B. subtilis ATCC 6633, Escherichia coli-1257,
Staphylococcus sp. 209-P, Salmonella typhimurium). Antagonistic activity to the test culture Bacillus subtilis
ATCC 6633 was stable in all strains, was not inhibited at pH 6.0, and in the presence of catalase, i.e., was
due to the production and secretion of bacteriocins by the studied strains. This study was to create and char-
acterize a new consortium of domestic strains of lactic acid bacteria for starter cultures and probiotics. The
new consortium of microorganisms will serve as the basis for the creation of new competitive domestic bio-
logical products to protect the bread from microbiological spoilage. In the future, the biocompatibility of se-
lected strains of lactobacilli in the consortium will be determined to be included in the sourdough for bread.
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M.C. HUcabekona, JI.b. Ymupanuena

Hanra ambITKBI 7kacay Ke3iHae CYT KbIIIKbLIbI 0aKTePUSIAPbI JaKbLIAPbIHBIH
(pU3NOIOrMSJIBIK KOHE OMOXUMHUSIBIK KacueTTepiH 3epTrey

Maxkanana OypsiH Oupaii, yH, kKapa Oumail alIbITKBICBIHAH, COHA-aK KbIMBI3 KOHE IIy0ar AoHAepiHeH OeiH-
red Kasak kaiiTa eHzey oHE TaMaK ©HEPKOCiOi FBUIBIMU-3€PTTEY HMHCTHTYTBIHBIH KOJUICKIMSICHIHAH
Lactobacillus »one Pediococcus TyksiMmac CyT KBIIKBUIBI OAKTEPUsIIAPBI TAKbUIIAPBIHBIH CKPUHHHT HOTH-
Kenepi YebIHbUIFaH. CYT KBIIKBUTBI OaKTEePUSIIAPBIHBIH 1pIKTENTeH 7 MTaMBIHBIH MPOOHOTHKAIBIK KaCHETTe-
piH KemieHai O6aranay YIIiH oap/biH (U3HOJOTHUSIBIK JKOHE OHOXMMUSIIBIK KACHETTEepl 3epTTENIi: KBIIIKbLIT
TY3YIIli, QaHTATOHUCTIK OCJICEHIUTITI, caXapOJUTHKANBIK OeifiHi, opTYpJii 6T KOHIECHTPALUICHIHA, aC TY3bIHA,
Typai pH kepcerkimrepinne ecyi, aHTHOMOTHKKe Te3imaimiri. llItaMaapasl CKpUHUHT HOTMDKECIHIE HaHFa
apHaJFaH YHBITKBI KYpaMbIHA €HTI3Y YIUIIH CYT KBIIKBUIABI OakTepusuiapablH Oelcenai 5 TaKpuLaapsl ipikre-
min taHnangel: Limosilactobacillus pontis 9K3, Limosilactobacillus fermentum 311, Lb. paracasei 82, Lb.
paracasei 114, Lacticaseibacillus paracasei 126. Ipikrey kputepuiinepine Heri3 OojfaH, OJ IIApPTTHI-
naroreHi yoHe marorenai mukpodiopara (B. subtilis ATCC 6633, Escherichia coli-1257, Staphylococcus
sp.209-P, Salmonella typhimurum) kaTeicTsl mTamMaapAbIH KOFapsl HEPMEHTATHBTIK, KBIIIKBUT TY3YILI, [IPO-
TEONMTUKAIIBIK )KOHE aHTArOHUCTIK OENCeHATIK KopceTyi. AJIBIHFaH TajaayIblH HOTHKECIHEe Kaparl, ipiKTel-
TeH JaKblIIap/blH KOHCOPLUMYMBIH MaiilajlaHy ajilaFbl yaKbITTa HaH-TOKALI OHIMJIEepiHe apHAIFaH OTaHIbIK
NpOOHOTHKAJIBIK alIbITKEI alyna kKentereH cebedi 6ap. By e3 keserinie oHAIPICTIH THIMALIITIH apTTHIpYyFa,
HaH MiCipy @HEepKaCiOiHge TaMaK OHIMIEPIHIH camackl MEH KayilcCi3airiH KaMTaMachl3 eTyre MYMKIHIIK Oe-
pexni.

Kinm ce30ep: amibITKbI, CYT KBIIIKBLUIBI OakTepusLIaphl, HaH, Ta3a aakeul, Limosilactobacillus, Pediococcus,
MPOOUNOTUKAIBIK KACHETTEP1, aHTHOMOTHUKKE TOIIMILIITI.
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N3y4denue pr3uo10ro-0MOXUMMYECKUX CBOMCTB KYJIbTYP MOJOYHOKHUCIBIX OaKTepHid
MPHU CO3aAHNH 3aKBACOK IS XJie0a

B crarbe mpejcTaBiIeHbl Pe3yNbTaThl CKPUHHUHTA KYJIBTYP MOJOYHOKHUCIBIX Oakrepuii poxa Lactobacillus u
Pediococcus u3 kostekimu Ka3axcKoro HaydHO-HCCIEHAOBATEILCKOIO HHCTHUTYTa MepepabarhiBaolei u
HMIIEBOH MPOMBIIUICHHOCTH, BBIACICHHBIX PaHee U3 3epHa MIICHUIIbI, MYKH, PJKaHbIX 3aKBACOK, a TAKKE Ky-
MBbIca U mrybara. [y BCeCTOpPOHHEH OLIEHKH MPOOMOTHYECKHX CBOMCTB OTOOPAHHBIX 7 IITaMMOB MOJIOYHO-
KUCJIBIX OakTepuil ObLIM M3y4YeHBI UX (PU3UO0IOr0-OMOXUMUYECKUE CBOMCTBA: KUCIOTOOOpa3yromas, aHTaro-
HHUCTHYECKass aKTUBHOCTb, CaXapOJIUTHIECKHH MPO(MIb, YCTOWINBOCTS K PA3NNIHBIM KOHIICHTPAIHIM JKell-
YH, TIOBapEHHOU COJIM, POCT TIPH Pa3JIMYHBIX MoKa3aressix pH, aHTHOMOTHKOPE3NCTEHTHOCTh. B pesyibrare
CKPMHHUHTA IITaMMOB JUISl BKIIIOYEHHS B COCTAB 3aKBacKU I Xy1eba oToOpaHs! 5 Hanbosee akTUBHBIX KYIIb-
TYp MOJIOYHOKHUCIBIX Oaktepuit: Limosilactobacillus pontis 9K3, Limosilactobacillus fermentum 3L11, Lb.
paracasei 82, Lb. paracasei 114, Limosilactobacillus paracasei 126. KpurepusiMmi 0TOOpa CityKuiia BEICOKas
(epMeHTaTHBHAs, KMCIOTOOOpasyoIas, NPOTEOIUTHICCKas U aHTArOHUCTHYECKAask aKTUBHOCTh LITAMMOB B
OTHOLICHUH YCIIOBHO-NIATOTEHHOM M maroreHHoi mukpodiopsl (B. subtilis ATCC 6633, Escherichia coli-
1257, Staphylococcus sp.209-P, Salmonella typhimurum). Hamu mokasaHo 9ToO 3TOT pe3yJbTar IMOJydYEHHs
AHAJIM3a CBUJICTEIBCTBYET O MEPCIEKTHBHOCTH UCIIONB30BaHMs KOHCOPIUYMA 3THX KYJBTYD IS TOTy4EHUS
NPOOHOTHYECKON 3aKBACKHU JUIsl XJIe000YIIOUHBIX M3JeIuid. DTO, B CBOIO OUYepe.lb, MO3BOJIUT ITOBBICUTH (-
(heKTUBHOCTH NPOM3BOICTBA, OOECIICUNTh KayeCTBO M 0€30MaCHOCTh MUIIEBBIX MPOIYKTOB B XJIeOOMeKapHOH
HPOMBIIUICHHOCTH.

Knioueswie crosa: 3akBacka, MOJIOYHOKHCITBIE GakTepuu, Xied, uncras Kyiabrypa, Limosilactobacillus, Pedio-
COCCUS, MPOOHOTHYECKHE CBOWCTBA, YCTONYMBOCTE K AHTHOHOTHKAM.
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Fatal outbreak among camels in Kazakhstan associated with
Paeniclostridium sordellii

An outbreak of a bacterial disease with lethal cases was registered in camels in Kazakhstan in 2018. The dis-
ease was characterised by dry, harsh hacking cough and nasal discharge with froathy and bloody liquid. Cam-
els died in a state of hyperexcitement and asphyxia. Investigation of the case has identified the pathogenic
form of Paeniclostridium sordellii as the main cause of mortality in camels. The purpose of the study is to
identify the cause of mortality among camels, bacteriological and molecular genetic characteristics of the
pathogen. The methodological basis of the work is collection of biological samples from camels, isolating
the pathogen on media, extracting nucleic acids, obtaining libraries for next generation sequencing,
bioinformatic analysis of the obtained data, pathogenicity test on mice. This article describes the cultural, ge-
netic and phenotypic characteristics of the isolated Shetpe PS18-01 strain. It was shown that the pathogenesis
was mainly characterised by respiratory signs, in contrast to the most common gastrointestinal ones.

Keywords: camel, Kazakhstan, mortality, Paenilostridium sordellii, next generation sequencing.
Introduction

Camel breeding plays a significant role in the life of nomadic peoples. Historically, camels in Kazakh-
stan served as an important source of food, clothing, and transport. The camel livestock size in Kazakhstan is
216,358 heads [1], being an important branch of animal husbandry in the west of Kazakhstan, characterised
by semi-desert landscapes. Until now, the health status of the local camel population has been relatively well,
but in recent years, due to drought and associated lack of feed and its poor quality, there has been an increase
in the morbidity with necrobacteriosis [2] and camelpox [3].

In February 2018, an outbreak of the disease with a high death rate occurred among dromedary camels
in the Mangystau region of Kazakhstan. Animals died on the second or third day and mortality among af-
fected herds reached 90 %. Intensive antibiotic therapy has reduced mortality to some extent. Such cases
have never been registered before in this region. The primary pathogen Paeniclostridium sordellii was identi-
fied by applying massive parallel sequencing. The pathogenicity of clostridial infections is based on the re-
lease of exotoxins that penetrate the bloodstream, affect the vascular endothelium, mucous and serous mem-
branes, internal organs, cause multiple hemorrhages, destroy the parenchyma of the kidneys, liver, and other
organs. Exacerbation of the disease and mortality were recorded primarily in autumn, winter and especially
early spring, then enzootic subsides in summer [4].

Experimental

Ethical approval

All research components involving live animals were conducted according to regulations under the leg-
islation “Rules for conducting biomedical experiments, preclinical (non-clinical) and clinical studies (No.
697, 12 November 2007, Republic of Kazakhstan)” and were approved by the SPC of Microbiology and Vi-
rology Local Ethics Committee (Approval number: 02-12-109).

A post-mortem examination and sample collection

The post-mortem examinations were carried out on three dead juvenile camels for 3-6 hours. Tissues
for further analyses were taken from the liver, lungs, intestines, kidney, spleen, brain and lymph node and
delivered to the laboratory.

Cultivation of bacteria in media

The swabs from organs were cultured anaerobically at 38 °C for 18 hr in Kitt-Tarozzi medium (BTN,
Russia). The crude cultures were sub-cultured onto blood glucose agar containing 5 % sheep blood and 1 %
glucose. After 18-20 hr at 38-40 °C the formation of large colonies with a “fern-leaf”” edge and convex dark
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centre was observed. The formation of a transparent hemolysis zone was registered. Gas formation was mod-
erate. Colonies with typical growth characteristics were sub-cultured and proceeded with DNA extraction.

Nucleic acid extraction and library preparation for Next Generation Sequencing

Three kinds of libraries were prepared: for sequencing of cultured bacteria, virome analysis, and 16S
rRNA analysis. Library preparation for sequencing of bacterial genome started with DNA extraction from
bacterial media using the Purelink Microbiome DNA Extraction Kit (Invitrogen, USA) according to the
manufacturer’s manual. The extracted DNA was fragmented to a size of 400-500 bp using the DNA Frag-
mentation Kit (New England Biolabs (NEB), USA). Libraries were prepared using the NEBNext Ultra DNA
Library Preparation Kit (NEB, USA) according to the manufacturer’s protocol.

For virome analysis, pieces of organs were homogenised using Tissuelyser device (Qiagen, Germany)
and centrifuged, the supernatants were filtered through a 0.45 um filter (Membrane Solutions, USA) and
treated with a mix of nucleases: Benzonase (Sigma-Aldrich, USA), Turbo DNAse, DNAse |, RNAse A, an-
dRNAse T1 (ThermoFisher, Lithuania) and further proceeded with Purelink Viral RNA/DNA Mini Kit (Invi-
trogen, USA) for nucleic acids extraction. Libraries were prepared using the NEBNext Ultra RNA Library
Preparation Kit (NEB, USA) according to the manufacturer’s protocol. Library size selection was performed
using Ampure XP beads (Beckman Coulter, USA).

16S rRNA libraries were prepared from DNA extracted directly from organs, then proceeded with li-
brary preparation using Nextera XT Library Preparation Kit (Illumina, USA) with primers targeting the 16S
rRNA gene fragment and containing specific lllumina adapters. The size of all prepared libraries was
checked on a Bioanalyzer 2100 instrument (Agilent, Germany). The obtained libraries were subjected to
paired-end sequencing on a MiSeqdevice using the reagent kit v3 (Illumina, USA).

Fermentation properties

Carbohydrates fermentation properties were determined using liquid media supplemented with galac-
tose, glucose, arabinose, xylose, lactose, maltose, sucrose, raffinose, mannitol, dulcite, sorbitol, and glycerin.
The enzymatic activity was observed for ten days.

Injection of Guinea pigs

The Guinea pigs were intraperitoneally injected with 0.3 ml of diluted bacterial culture. The experi-
mental animals were observed for ten days. The virulence of the isolated cultures was determined by calcu-
lating the 50 % lethal dose (LD50). The control group of Guinea pigs was injected with PBS.

Bioinformatic analyses

Quality analysis of obtained NGS output files was performed using FastQC [5] and the reads were bio-
informatically analysed using Geneious Prime 2021 software (Biomatters, New Zealand) [6]. Default param-
eters were used for all software operations unless otherwise specified. Reads from bacterial sequencing li-
braries were assembled de Novo using Geneious Prime software applying the installed SPAdes 3.15.2 algo-
rithm with default parameters.

Virome sequences were subjected to BLASTn and BLASTX search in the local viral reference database
as described in Metavisitor pipeline [7]. Local BLAST hits with lengths >100 nucleotides (nt) were consid-
ered as significant at E value <10e-5, and the potential viral sequences were subjected to aligning with re-
spective viral sequences downloaded from Genbank. The Clustal W algorithm was used for the alignment of
obtained sequences in MEGA X software [8].

Reads obtained from 16S rRNA sequencing were analysed on Geneious server (Biomatters, New Zea-
land), applying the installed algorithm with default parameters.

Results

Clinical signs

Signs of respiratory disease were observed: dry cough, frothy bleeding from the nostrils, and sometimes
nosebleeds. Camels were breathing hard, and they stretched their necks to draw in air. Lesions from the gas-
trointestinal tract in the form of diarrhoea, colic and others were not observed. Faeces were of normal con-
sistency and typical colour. The animals were emaciated, severely depressed.

Postmortem examination

Three animals were necropsied, in which a similar pattern of the lesions was observed: lungs of dark
brown colour, crepitus was audible when squeezed. At the site of the incision, an abundant foamy liquid
mixed with blood flew down. The mucous membrane of the trachea was strongly hyperemic, filled with a
frothy liquid. The liver retained sharp edges, flabby consistency, and crumbled when cut. The spleen was
dark red, filled with blood, increased in volume.
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Palpation of the kidneys revealed a flabby cortical layer, and the kidney capsule was easily released.
When cut, the kidney crumbled. The intestines were swollen, the serous membrane was yellowish. In one
case, the blood vessels in the intestine were filled with blood. The dura mater of the brain was hyperemic and
swollen. The mediastinal lymph node was red and enlarged.

Next Generation Sequencing

The sequence data obtained were trimmed at the 3’ and 5” ends with an error probability limit of 0.05.
Firstly, the results of 16S rRNA sequencing were analysed (Figure 1). The study of the bacterial diversity in
lungs, liver and spleen revealed a clear predominance of 61-91 % of bacteria of the Clostridiaceae family,
which includes various species of the Clostridiagenus. Identification of the bacterial species in the intestine
showed the predominance of Enterobacteriaceae (64 %), a large family of Gram-negative bacteria, most of
which are normal members of the gut microbiota, and 25 % constituted Streptophytathat include all land
plants.

Archaea 0.5%

A. Intestine; B. Lung; C. Liver; D. Spleen
Figure 1. Results of 16S rRNA sequencing of various organs

For the bacterial genome, 1,338,952 sequencing reads were de Novo assembled using Geneious Prime
software applying the installed SPAdes3.15.2 algorithm to produce 2,771 contigs. 2,130 of obtained contigs
were >500 nucleotidesin size and were taken for further analyses. A BLAST search of the contigs using the
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cutoff E value of <10e-5 in the non-redundant Genbank database has shown that 92.8 % of them represented
Paeniclostridium sordellii species (Tab. 1).

Table 1
Characteristics of contigs obtained after de Novo assembling
Organism Number of Contigs Percent from all contigs

Paeniclostridiumsordellii 1978 92.8
Entrococcus sp. (E. lactis, E. durans, E. fae- 69 32
calis, E. faecium) '

Clostridium perfringens 39 1.8
Clostridium botulinum 19 0.8
TRA asm: Siphoviridae sp. 7 0.3
TRA asm: Myoviridae sp. 5 0.2
Streptococcus sp. 3 0.14
Clostridium chauvoei 2 0.09
Clostridium novyi 2 0.09
Paraclostridiumbifermentans 2 0.09
Clostridium isatidis 1 0.04
Clostridium pasteurianum 1 0.04
Ramboutsia sp. 1 0.04
Sphingorhabdus sp. 1 0.04

The bioinformatics data for virome analysis have shown the absence of any viral reads responsible for
the fatal disease (data not shown).

Molecular findings

To differentiate the representatives of the genus Clostridium in comparative genomic analyses, three
conserved indels in three highly conserved proteins (a four aa insert in DNA gyrase A, a one aa deletion in
ATP synthase beta subunit, and a one aa insert in ribosomal protein S2) were identified that are unique to
this genus [9]. We comparatively analysed the amino acid sequences of the Paeniclostridium sordellii isolate
with other representatives of the genus Clostridium for three above-mentioned highly conserved proteins
(Tab. 2).

Table 2

Comparative genetic characteristics of Clostridium isolates for DNA gyrase A, ATP synthase beta
subunit, and ribosomal protein S2 genes

Organism Gyrase A ATP Synthase beta subunit Ribosomal Protein S2

Clostridium perfringegns DMTGDKRHAKALDGI VDI|IMAEYFRDQ- GQDV|IKELDASNI GAMFVVDPRKEKN
Clostridium botulinum . . . . . R. . . . . .. L.S. ... ... ... - . . ... .. .CD. Lo
Clostridium chauvoei E. . . . ... S. . .EA. I . .00 - RN. . . . . . . 0000
Clostridium beijerinckii . . . . . . . . A. . . .S T. | ... K- . .. ] . ... V. s
Clostridium kluyveri Lo A 0. oo PSSl H LD E- L L AMN. E. V. . L. ... ... ...
Clostridioides difficile .LVKE..----1EG. L. L|]...H...EQ....|. DMPE. P- . . . . . . . . ... NI
Shetpe PS18-01 .LVK. . K----..G. S. L|.. ... ... E....|. DMPELP-A. | . . . .. ... NI
Clostridium sordelli .LVK. . K- - - - G. S . Lf. .. ... .. E....|. DMPELP-A. | . . . .. ... NI
Moorella humiferrea DLVRE. K=----1DG. V. L|. ... ... AE. . . .|. EMRQLP-D. LY. . . . . .. R

We can see four amino acids deletion in DNA gyrase A protein, an insertion of one amino acid (aa) in
ATP synthase beta subunit and deletion of one aa in ribosomal protein S2 homologues in C. sordellii, C. dif-
ficile and Moorellahumiferrea species that differentiate them from the true representatives of the genus Clos-
tridium (Clostridium sensustricto). These findings confirm the previous observations about the genetic simi-
larity of Paeniclostridium sordellii with Clostridium defficile [10].

As mentioned earlier, C. perfringens contigs were present in the analysed sample together with Paeni-
clostridium sordellii contigs. Two PCRs with primers to 16S rRNA [11] and the homolog of the alphatoxin
of C. Perfringens [12] specific only to this species were carried out to rule out the possible presence of C.
perfringens in the sample. Both PCRs revealed negative results (data not shown).

It is known that the large clostridial cytotoxins (LCC) tcsL and tcs Hgenes of C. sordellii are major vir-
ulence factors localised on plasmids. Many strains do not contain those genes as they probably lost plasmids
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during laboratory subculture [13]. Genome analysis of our P. sordellii strain detected only a 475 nucleotide
fragment of the plasmid, encoding LCC genes but, possibly, that was a fragment of the phage sequence lo-
cated on the bacterial genome.

Four other exotoxins were previously suggested as a probable additional virulence factor in this species:
a secreted collagenase colA, the cholesterol-dependent cytolysin (CDC) sordelliilysin (sdl), the neuramini-
dase nanS and phospholipase C [Ommu6ka! 3akiaagka ne ompeneiena.]. We identified all four genes in our
P. sordellii strain: sequence of sdl was 97 % identical to sordelliilysine isolated from the closest ATCC9714
strain (Genbank accession No LN679998), 98 % similar to this isolate by colA, 99.8 % similar by nanS and
100 % similar by phospholipase C. Products of these genes are considered as possibly responsible for the
lesions observed during the disease.

Fermentation properties

Studying the enzymatic activity of the isolated Shetpe PS18-01 strain has shown the ability to ferment
glucose, fructose and maltose. The ability to produce lecithinase differentiates the Kazakh Paeniclostridium
sordellii strain from similar C. bifermentans and C. difficile species.

Biological assay on mice for toxicity

The toxicity of the isolated Shetpe PS18-01 strain was assessed by observation of the clinical signs, the
intensity of damage to internal organs and the timing of the death of infected animals after inoculation into
guinea pigs. The isolate was highly toxic for them. The death of animals was registered 18-20 hours after
infection while the control group survived.

Discussion

Clostridia can be found in the soil and the digestive tract of healthy animals without causing any signs
of disease. Fatal outbreaks of clostridioses in animals appear to be caused by predisposing factors such as
high protein or carbohydrate diets, abrupt change of weather, handling of animals (e.g., transportation,
weighing) and physiological condition (fattening). However, the actual reasons that trigger the severe bacte-
rial infestations remain poorly understood [14]. In our investigation of the cause of the outbreak of clostridi-
osis in camels, no obvious predisposing factors were identified either. We can only assume a possible abrupt
change in the diet in the autumn-winter period, which may serve as one of the reasons [15].

Paeniclostridium sordellii was isolated during this outbreak and this strain was recognised as responsi-
ble for mass mortality in this region. Major virulence factors tcsL and tcsH genes of C. Sordellii located in
plasmids were not found during molecular analyses. Possibly they were lost during laboratory subculture.
The other four genes colA, sdl, nanS and phospholipase C recognised as potential exotoxins responsible for
additional lesions, were detected in our isolate. Biological assay on mice confirmed high toxicity to suscepti-
ble animals.

Molecular analyses to compare the Shetpe PS18-01 strain with representatives of other Clostridium
species were used. Analyses of three conserved genes encoding DNA gyrase A protein, ATP synthase beta
subunit and ribosomal protein S2 showed 100 % identity of the Kazakh isolate with the Paeniclostridium
sordellii species. Together they turned out to be genetically closer to C. difficile and Moorellahumiferrea
species distant from the true representatives of the genus Clostridium (Clostridium sensustricto). Recent
classification suggested a new Cluster XI distinct from the current Clostridiaceae family involving P. sor-
dellii, C. difficile, Filifactoralocis, and Peptostreptococcus anaerobius[Ommuoka! 3akiaaaka He onpeneie-
Ha.].

Historically, Paeniclostridium sordellii has been frequently associated with gas gangrene in humans
[16] and gastrointestinal disease in animal species [17]. Literature on Paeniclostridium sordellii infection in
camels is scarce and only one case of camel clostridiosis associated with this species has been described
[18]. Paeniclostridium sordellii was often associated with pathology in the gastrointestinal tract of affected
animals, but mostly respiratory signs were observed in our case. A study of the microbiome of various or-
gans of camels was carried out to find out the reasons for this phenomenon. 16S rRNA sequencing data
showed a very insignificant quantity of Paeniclostridium sordellii in the intestine of a camel, while this spe-
cies was overwhelming in the lungs and other examined organs. This observation is consistent with earlier
assumptions that while most Clostridia affects the host intestine, C. sordellii primarily causes soft tissue in-
fection [Omm6ka! 3akiaanka He onpeesena.].

Postmortem examination revealed destruction of the liver and kidney parenchymae, apparently caused
by bacterial exotoxins. At the same time, there were no necrotic changes in the intestines, which can be
found, for example, in horses affected by Paeniclostridium sordellii [19].Now it is difficult to say whether
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such a non-gastrointestinal course of the disease is typical only for camels or if this was a single case. Never-
theless, in any case, this fact should be taken into account in diagnostic studies in the future.

The results of this article show the great value of mass parallel sequencing technology, which is useful
in such cases with investigating the causes of mass mortality in domestic animals. It is possible to simultane-
ously identify the genetic characteristics of the pathogen with the determination of its degree of pathogenici-
ty and the involved exotoxins.16S sequencing of different organs allows to obtain information about the ap-
proximate localisation of pathogens in the organism and also to determine the composition of the responsible
bacteria in case of mixed infections.

Paeniclostridium sordellii poses a sufficient threat to camel farming worldwide and the study of new
strains will make a significant contribution to understanding the mechanisms of disease outbreaks.
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K. Kapamenaun, A. Keineipmanos, O. Ceinanuna, XK. Kipkim6aesa, C. O3ran, C. ®epeiigynn

Paeniclostridium sordellii-men 6ait1anbicTel Kazakcranaarbl
Tyiiesep apachbIHAAFbI 6J1iM

2018 »xbutbl Kazakcranna Tyiienepe eJ1iMMEH asKTalaThlH OaKTepHSUIBIK aypy Tipkenai. byn aypy Kyprak,
KaTTHI )KOTEJIMEH 0ipre MyphIHHaH KOOIKIEH KaHapanac CYHBIKTHIK OesliHyMeH cunartanipl. Tyienep KaTThl
KO3y JKoHE TYHIIBIFY KYHiH/e eNreH. 3epTTeyIiH MaKcaThl — TyHelep/iiH exry ce0e0iH, KO3AbIPFBIITHIH Oak-
TEPUOJIOTHSIIBIK KOHE MOJICKYJIANbIK-TeHETHKAIBIK CPEKIIEIIKTepiH aHbIKTay. OIICTepi: TylenepaeH Onoo-
THSUIBIK ChIHAMA ally, KO3ZBIPFBILITH KOPEKTIK OpTanapia 0edIil ay, HyKJIeHH KbIIIKbUIIAPbIH LIBIFapy, KaHa
YPIIAKTHl CEKBEH/IEY YINiH OMOIMOTEKAaHBI ally, ajlbIHFAaH MONIMETTepi OHOMH(OPMATUKAIBIK TalAay, THIII-
KaH/Japra OWOCBIHAMA JKYPridy. 3epTTeylep HOTIDKECIHAE TYHenepaiH eJiMiHiH Herisri cebebi periHzme
Paeniclostridium sordellii marorenzi Typi aupikranasl. Makanana 6eninred [lerne PS18-01 mramMbiHbIH ocy,
TeHETHKAJIBIK JKoHe (PEHOTUNTIK CHIaTTaMaaphl OepiireH. Acka3aH-ilIeK JKOJIapBIHbIH JKHi Ke31eceTiH Oen-
rilepiHeH afbIPMAIIBUIBIFEL, TATOTCHE3/1e THIHBIC Ay Oenrinepi 6ackM eKeHIIr1 KOpCeTUIreH.

Kinm ce30ep: tyiie, Kasakcran, eim, Paenilostridium sordellii, sxana ypriakTsr cekBeHey.

K. Kapamennun, A. Keinsipmanos, A. Ceiinanuna, JK. Kupkumbaesa, C. Osran, C. @epelingynu

Bcenbimka uHGEKIUN € JIETAIbHBIMU UCX0IaMH CpeIu Bep0Jiio10B
B Kazaxcrane, ceszannas ¢ Paeniclostridium sordellii

Bcemnbliika GakTepuanbHOR HHOEKIMH ¢ JIeTalbHBIM HCXOJI0OM 3aperncTpUpoBaHa y BepOutooB B Kasaxcrane
B 2018 rony. 3aboneBaHue XapaKTeprU30BaIOCh CyXHM PE3KHM OTPHIBUCTBIM KallllIeM ¥ BBIJEICHUSIMH U3 HO-
ca MEeHUCTON M KPOBSIHUCTOM JXKMAKOCTH. BepOirobl MOruban B COCTOSIHUU THIEPBO30YKACHUS M yIYIIbSL.
Llenp nccnenoBaHys 3aKII0YANach B BBISIBICHUH MPUYNHBI CMEPTHOCTH CPeH BepOiIro0B, GakTepHOIorHye-
CKOHM M MOJIEKYJIIPHO-TEHETHYECKON XapaKTepUCTHKe BO30yanuTens. MeTosbl: B3siTHE OHOIIOTMYECKHX 00pa3-
IIOB OT BepOJIIOJIOB, BbLIEICHHE BO3OYAHUTENsS Ha CpPeAax, SKCTPAKIMSA HYKICHHOBBIX KHCIOT, MOJydeHHE
OuONHOTEK ISl CEKBEHUPOBAHMS HOBOTO MOKOJICHHUS, OHOMH(OPMAIIMOHHBIN aHAIN3 MONTYyYEHHBIX JaHHBIX,
Ouompoba Ha MbImIaXx. Pe3ynpTaTel:  paccleOBaHHWE Ciydas BBIIBWIO IIATOrCHHYIO  (opmy
Paeniclostridiumsordellii xak ocHOBHYIO mpuYMHY CMepTHOCTH BepOIIIOA0B. B maHHOW cTarhbe OMHMCAHBI
KyJbTypalbHble, TeHeTHUeCKHe U (peHOTHIHYECKHe XapaKTepUCTHKH BblIeneHHoro mramma [llerne PS 18—
01. [Toka3zaHo, 4TO B MaTOTE€HE3€ MPEOOIATAIOT PECIIUPATOPHBIC IPU3HAKH, B OTJIHYHE OT HaHOOJIee YaCThIX
XKEeITyJOYHO-KHIICYHBIX.

Kniouesvle cnosa: sBepbmon, Kazaxcran, cmeptaocts, Paenilostridium sordellii, cexkBenuposanwue cienyromie-
T'O TIOKOJIEHUS.
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JonpizTay uiopaceinaarel Amaranthaceae TykbiMaacol

Makanana Akrebe o6ubicel JloHbI3TAY KeMepinaeri Amaranthaceae TYKbIMIACBIHBIH Tapaaybl KApacThIPhLI-
raH. JIoHpI3Tay (uopaceiHaa 25 TybICTBI KypailTeiH 67 Typ TipkenreH. Amaranthaceae tykpiMaace! JIoHbI3TaY
kemepi (ropackiHIa TYp JKarblHaH OipiHmm opbiH amaxsl. On JJons3tay ¢uopacsHbH 20 % aibIn KaTsIp.
TakCOHOMMSUIBIK ~Tajjlay TYKbIMIAac ImIiHae JOMHHAHTTBI TybicTapra Salsola, Anabasis, Suaeda,
Climacoptera, Atriplex sxaraTslHIBIFBIH KopceTTi. Amaranthaceae TyKpIMAACBIHBIH TYPJIK KypambIHa, Cy0-
cTpaTKa OaifJIaHBICTBI, 3KOOHOMOP(ONOTHIBIK Tainay kacangsl. Tipmimik ¢opmamaper U.I'. Cepebpsikos
Ootiprama, skonormsuiblk Tanaay A.IL IllenHukoB kmaccudukanusceiHa cail xacangpl. Tipmritik ¢gopmana-
PBIHBIH Tangaybl TYPJEpAiH OipKbUIABIK TYpJEpiHiH OAaCBIMABIFBIH OalKaTThL. TyKbIMIac iImmiHAE OapIibiK
TYpaiH 70 % amagsl. DKOIOTUSIIBIK Tanay TYpJepAiH 6acklM KOMIIUIri Kcepoduuaepre THECUTI eKeHAIriH
nmonenaeni. Onapasiy yieci 80 % Kypaiiabl. OCIMIIKTepIiH TIpIIUIiK (GOpMaTapbIHbIH apaKaThIHACKHI aiiMaK-
TeIH Ka3akcTaHHBIH [Iei aiMarbIHAA cail IIYFBUT KOHTHHEHTAJIB! XKHE KYPFaK KIMMATThl eKeHIITIH Kop-
cereni. Makanana TYKbIMJIac TYPJIEp/iH KoHCHeKTici Oepinni. KoHCIeKkTize Typiiep/IiH JaThIH-Ka3aKiia aTay-
JIaphl, TIpUIUIK (opManapbl, SKOJIOTHSUIBIK TONTAaphl, CyOCTpaTKa OaiIaHBICTHI, NIapyallblUIBIKTaFbl MAHbBI3EI
JKOHE apeabl KopceTuli. OCIMAIKTEpIiH MapyalbUIbIK KYHAbI TONTAPhl aHBIKTAIIBL: KEMIIK, TEXHUKAJIBIK,
JIOPLTIK, yJIbl, HHCEKTUIUATIK, TOMBIPAK, OPMaH jkoHe (PUTOMETHOPATUBTI ©CIMIIK Typiepi. bipa3 Typ snudu-
KaTop PEeTiHJe MaHBI3/Ibl POJIb ATKAPa/Ibl.

Kinm ce30ep: TyKpIMOac, TybIC, JOMUHAHTTAP, TIPUIUTIK ()OPMACHI, TYKBIMIAC KOHCIIEKTICI.

Kipicne

buoanyanTypmnimikTi caktay — oneMAeri MaHbI3Abl MacemenepIiH Oipi, ain OHBI 3epTTey OUOIIOTHS FhI-
JBIMBIHBIH Heri3ri MiHzaeTi. JKeke TeppuTopusiapasiH (GIOPUCTHKAIBIK 3€PTTETyl OCBIHIANH )KYMBICTapIbIH
aXbIpaMac 0eJIiri xoHe OMoaTyaHTYPIIUIIKTI OaFajay, ojap/sl KOpray mapaiapbiH YHbIMIACThIpYAa, Gaopo-
TFCHETUKAJIBIK YPICTEPiH 3aHIbUIBIKTAPBIH TAHBII O1Ty1€ MaHbI3IbI.

Conpzail MaHBI3/Ibl TEPPUTOPUSIIAPABIH Oipi — YCTIpTTiH conTycTik Oediri, ey 30HachIHIA, IIYFBLT
KOHTHHEHTTI KYPFaK KIUMATThl allMaKTa opHanackaH JJoHpI3Tay Kemepi.

Jlonpi3Tay kemepi AkTeOe OOJIBICBIHBIH OHTYCTiK-OaThic Oemiringe 46°08' ¢. e. — 46°68' c.e. xoHE
56°13' m.6. — 57°60' 11.6. apaibIFpIHAA KATHIP, 01 AKTO0€ OOJIBICHIHBIH IIAIFail OpHAIACKaH, KeM JIeTeH/Ie
900 kM2 ayMaKThl ajlbll aTKaH Y CTIPTTIH COATYCTIK Ooiri 6osbim tabbutagst. ereick! larsipaii Taymna-
pPBIMEH OHTYCTITi YCTipTTiH OHMiK KepTIeJepiMeH, CONTYCTIK OaThIChIHAa 3bIMBICTAH TayJIAPBIMEH IIEKTECII
XKaThlp. AyMak Kyprak Jajla MEeH jKapThUIal 1Mol TaOUFW aiiMarblHAAFEl Y CTIPT YCTIPTiHIH MIETiHACTI aKKy-
MYJISITUBTI-ICHYIalHSUIIBIK JKa3bIK aiiMarblHIa OpHaiacKaH [1].

TakCOHOMUSUTBIK Talay HOTH)KECI TEPPUTOPHUSIHBIH Heri3ri Oexirin Amaranthaceae TykpiMmachl Ky-
palThIHBIH KepceTin oTbip [2]. Amaranthaceae TyKpiMaachl CHCTEMATHKAIBIK KaFbIHAH KYpPJEJi e3repicke
YIIIBIpaFaH TYKbIMIACTap IbIH Oipi, oJapabiH HEeTi3ri Oetiri el aiiMakrap/aa Tapairas [3].

JHonpi3tay ¢uopacsiabiy 6ackimv 6eirin (20 % acram) kypaiael. bipas Typi saudukarop periHiae Tep-
PHUTOPUSHBIH OCIMJIIK KAMBUIFBICBIHBIH TY3UTYiH/Ie HETi3ri poiib aTkapajpl. KeiOip Typiepi 3HIEMUK XKoHE
PENUKT TypJiep OOJbIN caHaIa bl

Amaranthaceae TyKpIMIachl TYpIIiK OailJIbIFbIH MHBEHTApH3ALHMsIIAY, OHBIH apUITI aiiMaKTapabIH (Jio-
pachIHJIaFbl POJIH aHBIKTAY, TEPPUTOPUSHBI OOTaHUKA-TeorpausUIbIK ayJaHIacThIpyaa MaHbI3bl 30p. CoH-
JIBIKTaH 3epTTey JKYMbIChl Amaranthaceae TyKbpIMIachIHBIH TYPJIIK KYpaMbIH aHBIKTAIl, KaH-)KaKThl TaJIay
Kacay MaKcaTblH KOHMBII OTHIP.
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3epmmey nvicanwvt men adicmepi

3eprrey mepsiminme (2017-2021 »xok.) Housistay dutopacsinaarsl Amaranthaceae TyKbiMaachiHa )KaTa-
TBIH TYpJEp 3epTTeni. 3epTTey )KYMBICEIHA aBTOPJIApABIH JKeKe Tepbapuil :uHaKTapel, cCOHBIMEH Oipre KP
OI'TPM OLDX/K «boranuka xone ¢puronntpoaykus HHCTuTyTeD» LLDKK PMK repbapuii ¢ponabsi, Man-
FRICTAy TaXipuOenik OoTaHWKambIK OarsIHBIH Tepbapuii Gouapl, PEFA B.JI. KomapoB artemnarer borannka-
JIBIK, MHCTUTYTHIHBIH repOapuii GOHI KOJUIEKIHATIAPBIHBIH TANIay HOTHXKeNepl Heri3 6omapl. OciMaik Typ-
nepin anbikTayna Kazakcran uiopachl xoHe alMaKThIK aHBIKTAFbIITAp KOJMaHbULAbl [4—8]. Marepuannap
yan¢ukanusicel Plant List (2013) 6a3zaceiMen sxacanabl. ['yami ecimaikTep TykpiMaac aykeiMel APG IV
(Angiosperm Phylogeny Group) (2016) xyiiecine colikec KaObLITaHIbL.

Homuoice

JHonpi3tay TepputopusicbiHaa Amaranthaceae TyKeIMaachIiHbIH 25 TYbICHIHA JKATATBHIH 67 TYP TipKEIIi.
Byn 6apmsik ecimaikxTig 20 % xypaiinel. Tepputopusinars! TyKbIMaac Kypambiaa ['yiraxi, byiibiprerH, Ky-
MapiblkK, Keknek, Cekceyine, bo3useH, bunepuus, Kapamaray, Kapokcunon, Eoenek, Anadyra, Kiuma-
kontepa, bankanbak, Jluchanus, ['mprenconus, JJomanarna, Capcazan, Cekceyin, Copkanbak, U3en, Kpa-
meHnHHnKoBus, Harnoputon, Copanma, Copas, AKcopa TybICTaphl Ke3/IeCe/I.

TakCOHOMUSITBIK Tanmay TYKBIMAACTRIH OaceiM Oesirin  Suaeda, Salsola, Atriplex, Anabasis,
Climacoptera TybicTapbl TOJIBIKTBIPATHIHBIH KOpceTTi (kecTe 1).

Kecte 1

JloHpI3Tay TeppuTopHusicbinaa Amaranthaceae TyKbIMIAaChIHBIH KeTEKIi TYBICTaAPbI

Typ canbl
Ne TysicTap CaHbl % KepceTkimi
1 Salsola 10 15
2 Suaeda 7 11
3 Anabasis 7 11
4 Climacoptera 6 9
5 Atriplex 5 !
bapabirst 35 54

ATtanFaH 5 TybIC TYKBIMAACTBIH KypaMbIHbIH 50 % anareiHbIH Kepyre Ooiansl. Tepputopusiga MOHO-
THNTI TybIcTap KatapeiH 12 tyeic: Amaranthus, Agriophyllum, Arthrophytum, Bienertia, Camphorosma,
Ceratocarpus, Corispermum, Dysphania, Girgensohnia, Halocnemum, Krascheninnikovia, Nanophyton to-
aeikTeipansl.  Caroxylon, Chenopodium, Haloxylon, Kalidium, Kochia Ttysictapsr 2 Typaen, Bassia,
Petrosimonia tysicTapbiaa 3 Typ THeciti. 4 TypaaH TypaTbin Oip faHa Tysic Halimocnemis tybichr.

N.T". CepebpsixoB OoiipiHIna TipIIijik (hopmaiapsina caii Amaranthaceae TyKbIMIachIHBIH 6ackiM 0oITi-
rif GipxkeUTIBIK ocimaiktepre tuecimi — 70 % [9, 10]. Onmapaeiy katapsinan Amaranthus retroflexus L.
(Ke3pumia rysraski), Atriplex aucheri Mogq. (Oms kexmeri), Atriplex sphaeromorpha lljin. (Kanbak kex-
nek), Bassia eriophora (Schrad.) Asch. (Kirilowia eriantha Bunge.) (Tykriryn kupmiosus), Bienertia
kossinskyi (lljin) Tzvelev (Kocumuckuii 6uenepumsicer), Ceratocarpus arenarius L. (Kym ebGenek),
Chenopodium strictum Roth. (Ksurruran anabyra), Climacoptera brachiata (Pall.) Botsch. (Tap6ak kiuma-
komrepa), Climacoptera crassa (M. Bieb.) Botsch. (Topraiior knmumakomntepa), Halimocnemis karelinii Mog.
(Kapenun nomanarnacel) eciMIikTepiH kepyre Oonanel. byranapra xanmbel TYKeIMAAcTbIH 6 %-b1, 4 TYD Ki-
peni, onap: Anabasis gypsicola lljin. (I'unc Oyiisiprein), Haloxylon ammodendron (C.A. Mey.) Bunge ex
Fenzl. (Kapa cekceyin) (aram-6yra), Haloxylon persicum Bunge (Ak cekceyin) (aram-6yra), Salsola
arbuscula Pall. (Basutbim Topisai copan). ByrambikrapasiH 1a MailbI3ablK KepceTkinn 6 % kepceTTi, onap-
neiH Kypameiaa Salsola arbusculiformis Drobow. (Bastmsrn topisai copan), Kalidium foliatum (Pall.) Mog.
(Kameipaktel copkan6ak), Nanophyton erinaceum (Pall.) Bunge (Kipmi nanogwuron), Suaeda physophora
Pall. (Ypmexemic akcopa) eneni. XKaprbuiait Oyra canbl — 11, sxaymbl Typre maKKaH/a NaibI3bIK MeJIIepi
16 %, »xapThutail OyTalIbIKTap KaTapbl 7 TYpMEH TOJNBIKTHIPbULILL. XKapThutait Oyramapra: Anabasis aphylla
L. (Mrcurek Oyiipipreia), Anabasis turkestanica Korovin ex Iljin. (Typkicran Oyiisipreiabt), Anabasis salsa
(C.A. Mey.) Benth. ex Volkens. (Copran Oyitbiprbin), Atriplex cana Ledeb. (Bo3 kexmex), Caroxylon
orientalis (S.G. Gmel.) Tzvel. (LLIsirbic Kapokcuitonst), Halocnemum strobilaceum (Pall.) M. Bieb. (Temnek
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capcazan), Kalidium caspicum (L.) Ung.-Sternb. (Kacnmii copkanbarsr), Krascheninnikovia ceratoides (L.)
Gueldenst. (Tepicken xkparmenunnukoBus), Salsola orientalis S.G. Gmel. (Illereic copamsr), Suaeda
dendroides (C.A. Mey.) Mog. (Karter akcopa), Suaeda microphylla Pall. (¥cak sxamsipakTsl akcopa), sxap-
ThuTal Oyrambikka Salsola laricina Pall. (Kapamaray copan), Salsola gemmascens Pall. (byprikti copan),
Camphorosma monspeliaca ssp. lessingii (Litv.) Aellen (Camphorosma lessingii Litw.) (JIeccunr xapamara-
yb1), Bassia prostrata (L.) Beck. (Kararan 6accus), Arthrophytum lehmannianum Bunge (Jleman cekceyis-
mreci), Anabasis truncata (Schrenk) Bunge (Keipksuima Oyiibiprein), Anabasis eriopoda (Schrenk) Benth.ex
Volkens. (Keipeik0Oybin Oyiibiprbin), Anabasis cretaceae Pall.ex Bunge (JKepresek OyibIpFbIH) ociMIiKTepi
KaTaJbl.

A.Il. [lleHHUKOB KIacCU(UKAMIACHIHA Call SKOJOTHSIIBIK TONTHIH O0achIM Oeriri kcepoduiamepMeH To-
nbikkad [11]. Onapneiy yneci tykeimaacteiy 84 %: Anabasis aphylla L. (Urcurex Oyiibiprein), Anabasis
salsa (C.A.Mey.) Benth. ex Volkens. (Copran Oyitsiprein), Atriplex cana Ledeb. (bo3 xekmek),
Arthrophytum lehmannianum Bunge (Jleman cekceyinmieci), Bassia hyssopifolia (Pall.) Kuntze. (Mccorm xa-
nbipakThl 003u3eH), Chenopodium glaucum L. (Kekwin anadyra), Climacoptera brachiata (Pall.) Botsch.
(Tapbak kmuMMakonTepa), Me3okcepodurrep yiecine 9 %, 6y Tomka Climacoptera aralensis (lljin) Botsch.
(Apan kmumakonrepacsr), Kalidium caspicum (L.) Ung.-Sternb. (Kacmmii copkanbarsr), Atriplex tatarica L.
(Anabyranel kekmiek), Atriplex aucheri Mog.(Om» kexkmeri), kcepoMe30hUTTEp KaTapblHAH ©CIMAIKTEPIiH
7 % — 5 Typi: Amaranthus retroflexus L. (Ke3sutira ryaraxi), Atriplex sphaeromorpha lljin (Kanbax xex-
nek), Halocnemum strobilaceum (Pall.) M. Bieb. (Temnex capcasan), Salsola arbusculiformis Drobow.
(bastmpImn Topi3mi copaH) TypiepiH Kkepyre Ooabl.

Hownpi3ray hopackiaarsl Amaranthaceae TyKbIMIachl TYPJICPiHiH €H KOl CaHbl TAIOQUTTI (IOPHCTH-
KaJIbIK KEIICHTe TOH.

Amaranthaceae TykbIMIachl — OYJI KYpFaK, IIOJJIi aiiMakTapra TOH TYKbIMIAC OKULIEPIHIH TipIIiTiK
(dbopmanapsiH Tangail oTHIpbIN, Oenrisi Oip gopexene JJoHBI3Tay ayMarblH/a 1161 OCIMIIKTepiHiH O6ackiM 60-
JIybIHa Oara Oepe ajambi3.

Paynkuepiy xikteyi OoiibiHima, Amaranthaceae TyKbIMIACBIHBIH TIPIIUIIK CIIEKTPI IO OCIMIIK TY-
pi GaceiM apuari aiiMak Qropackina xakeiH. Tepodutrep 39 TypaeH, xamedurrep 24 TypueH, panepopur-
Tep 4 TypaeH Typanst [12].

TyKpIMIACTBIH KOITETeH TYPJEPiHiH IapyallbUIBIKTEIH MaHBI3bI ©T€ )KOFapHhl, OJIap >KeM-IIeI, TopiIikK,
a3bIKTHIK, MHCEKTHIIU]I, COH/IIK OCIMIIKTEp peTiHae Komaanbiiaapl [13-16].

Temenne Amaranthaceae TyKbIMIAaChIHBIH TYPJICPiHIH KOHCIEKTICI Oepitin OThIp.

Amaranthus retroflexus L. — Kpi3butmia ryiaraxki. AIBeHTHBTI. BipKbuiabik, Tepodut, Kcepomezodu,
TITUKOTAIO(HUT, Maj a3bIKTHIK, TAFAMJIBIK, TOPYMEH, JOPIITiK.

Anabasis aphylla L. — Wtcurek Oyiibiprbid. MpaH-Typanabik. Xameodpur, kcepodu, ranoduT, mcam-
MO(QHT, IOPiTiK, TEXHUKIIBIK, YIIbI, TOPYMEH.

Anabasis cretaceae Pall.ex Bunge — JXKepresek OyiibiprbiH. Bosira MaHbI-Ka3aKCTaH-TYPaH/IBIK.
Xameodur, kcepodui, kanpiedur, nerpodur.

Anabasis eriopoda (Schrenk) Benth.ex Volkens. — KpipbikOybiH OyiibiprbiH. CONTYCTIK-TYpaH/IBIK.
Xameodur, Kcepoduit, Mall a3bIKTHIK, JOPLITIK.

Anabasis gypsicola Iljin — I'unic Oyitbipreia. Typauasik, Gpanepodur, kcepodu, rarodur.

Anabasis truncata (Schrenk) Bunge — Kpipkbiima OyiibiprbiH. KazakcraH-TypaHabik. Xameo(ur,
Kcepodu, KaybleduT, Majl a3bIKThIK.

Anabasis turkestanica Korovin ex lijin — Typkictan Oyiibipreinbl. KapareHi3 MaHbI-Ka3aKCTaH-
TYpaHIbIK. XaMeo(UT, KCePOPHIL.

Anabasis salsa (C.A. Mey.) Benth. ex VVolkens. — Copran Oyiibiprbit. Ka3akcTan-typanabik. Bipskbui-
IIBIK, XaMeouT, Kcepodu, raoQuT, Ma a3bIKTHIK, JOPLTIK.

Agriophyllum lateriflorum (Lam.) Mog. in DC. — Byitipryn kymapuibik. KazakcTaH-TypaH/BIK.
Kcepodun, rimkranodur, Taram, Maiibl, MaJ a3bIKTHIK.

Atriplex cana Ledeb. — Bbo3 kexnek. Kazakcran Typanabik. Bipbuinsik, xameopur, kcepodu, ra-
10GUT, IcaMMO(UT, MaT a3bIKTHIK, TEXHHKAJBIK.

Atriplex aucheri Mog. — Omm kexmeri. COnTYCTiK-TypaHAbIK. BipKbIIIBIK, TepOHHUT, ME30KCEPOGDHI,
ranodwur.

Atriplex tatarica L. — AnaOyraibl keknek. Eypomna-IibIFpic exenrikepopTa TeHi3AIK. BipKbUIIbIK, Te-
poduT, Mezokcepod i, ratouT, IcaMMOPUT, MaJl a3bIKTHIK, TOPLIIK.

Atriplex sibirica L. — Ci6ip xexmek. OpTa-asusutsiK. BipskelUIabiK, Tepodut, kcepodui, ramodur.
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Atriplex sphaeromorpha Iljin — Kanbak kekmnek. Exxenri jxepoprareHi3nmik. BipXbuiablk, tepodur,
Kcepome30(uI, TIUKTaIopuT.

Arthrophytum lehmannianum Bunge — Jleman cekceyinmeci. Typanasik. Xamedur, kcepodu, ra-
n0(uT, NeTpoUT, Mall a3bIKTHIK.

Bassia eriophora (Schrad.) Asch. (Kirilowii eriantha Bunge) — Tykri 6accust (TYKTIrysI KHpHIOBHS).
bipxeuinsik. Tepodut, kcepodmui.

Bassia hyssopifolia (Pall.) Kuntze — Hccom »xamnsipakTsl 60313eH. Eypona-1biFbic-exenri xepopTare-
Hizaik. bipxkeuasik. Tepodurt, kceodu, raaodut, ncaMmMouT, ASPITIK.

Bassia prostrata (L.) Beck. (Kochia prostrata (L.) Schrad.) — YKararan 6accust (XKararan usen). Ey-
poma-exXenTi )KepopTaTeHi3miK. XaMmedur, kcepodu, TaropuT, merpodur, mcaMmmoduT, Mall a3bIKTHIK, TOPi-
JK.

Bienertia kossinskyi (lljin) Tzvelev — Kocunckuii buenepuusicel. Eyporma-exenri »epopTaTeHi3IiK.
bipxeuinsik. Tepodut, kcepodmui.

Camphorosma monspeliacassp. lessingii (Litv) Aellen (Camphorosma lessingii Litw.) — Jleccunr xa-
pamaraysl. LIbIFbic-e3xenri JkepopTa TeHi3 MK, XaMmepuT, kcepodul, ranodut, Mas a3bIKTHIK, ASPLTIK.

Caroxylon incanescens (C.A. Mey) Akhani & E.H. Roalson — Cyp xapokcumon. MpaH-TypaHIBIK.
Bipxbuasik. Tepodur, kcepodu, mcaMMour.

Caroxylon orientalis (S.G. Gmel.) Tzvel — Illbirpic kapokcuinoHbl. HpaH-Typannsik. Xamedur,
Kcepodmi.

Ceratocarpus arenarius L. — Kym e6enek. KapareHi3 MaHbI-Ka3aKCTaH-TYpPaHAbIK. Tepodur, kcepo-
¢, mcaMMOQUT, Mall a3bIKTHIK, TOPLTIK.

Chenopodium glaucum L. — Kexkrin anabyra. TlmroperuoHaaasik. Bipkeiiasik, Tepodut, Kcepodu,
rasouT, apamIIer.

Chenopodium strictum Roth. — Keuituran anadyra. Ilbirbic eypomna-a3usuibiK. BipKbuiabik, Tepodur,
Kcepoduil, Mal a3bIKTHIK, JOPLITIK.

Climacoptera affinis (C.A. Mey.ex Schrenk.) Botsch. — KpIi3bi1 KostEOKYH KiuMakomnTepa. TypaHIbIK.
BipXbIabIK, TepoduT, Kcepouil, ranoQur.

Climacoptera aralensis (lljin) Botsch. — Apan knumakonrtepachl. Typanapik. BipbUinbik, Tepodur,
Me30Kkcepod i, Tanodur.

Climacoptera brachiata (Pall.) Botsch. — Tap6ak kimumakonTtepa. Kazakcran-TypaHabik. BipKbUibIK,
TepoduT, KCepoUIL, TATOPHUT, MaJ a3bIKTHIK.

Climacoptera crassa (M. Bieb.) Botsch. — Topraii ot kiumakonrepa. Kaszakcran-typaniapik. bipxbui-
IBIK, TepOUT, Kcepodmit, ranoduT, Mai a3bIKTHIK, TEXHHKAIBIK.

Climacoptera lanata (Pall.) Botsch. — Tykri kinmakonrtepa. Eypona-TypaH-upasabik. BipKbUIIbIK,
TepoduT, Kcepoduit, TaNOPUT, ICaMMOPUT.

Climacoptera turcomanica (Litv.) Botsch. — Typikmen knumakonrepachl. Eypona-exenri sxepopra Te-
Hi3IIK. BipKbUIIBIK, TepoduT, Kcepodu, ranopuT, rmcaMmmodur.

Corispermum aralocaspicum lljin — Apan-Kacnuit 6ankanoarsl. Opra-a3usibiK. BipKbUIIBIK, TEPO-
¢uT, kcepodu, raoduT, Maa a3bIKTHIK.

Dysphania botrys (L.) Mosyakin & Clemants (Chenopodium botrys sp.pl) — Komr wicti aucdanwus
(Ko micti anabyra). AIBEHTUBTI. BipKbUIIBIK, TEpOPUT, Kcepoduil, icaMMoPuT, NeTpoduT, ASPiTiK, TeX-
HHUKAJIBIK, HHCEKTHIIUI.

Girgensohnia oppositiflora (Pall.) Fenzl. — Kapcsiryn rupresconunsi. Mpan-typasapik. BipKbUiibIK,
TepoduT, KCepodUIL, TATOPUT, TICAMMODUT, Mall a3bIKTHIK.

Halimocnemis karelinii Mog. — Kapenun gomanarnacel. Typasasik. BipKeuiasik, Tepodut, kKcepodu,
rajJoQuT, MaJl a3bIKTHIK.

Halimocnemis sclerosperma (Pall.) C.A. Mey. — Karts! xemic nomanarnacel. TypanabIK. BipKbpuiabIk,
Tepodur, Kcepodut, raodur.

Halimocnemis smirnovii Bunge — CmupHoB nomanarnacsl. Typasasik. BipKbuiisik, Tepodut, kcepo-
¢w, ranodur.

Halimocnemis villosa Kar. et Kir. — Ypruren nomanarma. TypaHasik. BipKbUIIBIK, TEPOGHUT, KCEPO-
¢wur, ranoput, Ma a3bIKTHIK.

Halocnemum strobilaceum (Pall.) M. Bieb. — Temmnexk capca3an. Exenri sxepopta TeHi3aik. Xamedur,
Kcepod w1, ranopuT, TEXHUKAJIBIK CaObIH, MaJT a3bIKTHIK, HHCEKTUIIH/IL.
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Haloxylon ammodendron (C.A. Mey.) Bunge ex Fenzl. — Kapa cekceyin. Hpan-typanasik, hanepo-
¢dur, xcepodw, TamoPuUT, METPOPUT, OTHIH.

Haloxylon persicum Bunge — Ak cekceyin. Mpan-typanasik. ®anepodur, kcepodui, ncaMmodur,
OTBIH, TEXHUKAJIBIK, MaJI a3bIKTHIK.

Kalidium caspicum (L.) Ung.-Sternb. — Kacmuit copkan6arsl, mbeITEIp. IIBIFbIC-€5KENTI JKepOpTaTEHI3-
nik. Xamedur, Mme3okcepou, raouT, YIIbl, HTHCEKTUIIH/I, TEXHUKAIBIK.

Kalidium foliatum (Pall.) Mog. — JKanbipaktsl copkanOak. Kapateniz manpl. Kazakctan TypaHABIK.
xameduT, Kcepoui, raToQuT, Masl a3bIKTHIK, TEXHUKAIIBIK.

Kochia iranica Bornm. — Hpan uzeni. Upan-Typanabik. BipKBUIIBIK, TEPOPUT, KCEPODUIL, TATO(HT.

Kochia odontoptera Schrenk — Ticmiekanat nzen. Typauasik. BipKbuiabik, Tepodut, Kcepodui, mca-
MouT.

Krascheninnikovia ceratoides (L.) Gueldenstt — Tepicken KpameHMHHUKOBUS. OHTYCTIK-
TaJeapKTUKAIBIK. XaMepuT, Kcepodml, TaTo(PUT, MaJl a3bIKTHIK, MEIIHOPATHRTI.

Nanophyton erinaceum (Pall.) Bunge — Kipni HanoduToH, TacOyiibipreiH. Ka3zakcTaH-TypaHMBIK.
Xamedur, kcepodui, ranodut, NETPoUT, Mall a3bIKTHIK, AIPIITIK.

Petrosimonia brachiata (Pall.) Bunge — Ilamsipanksl copaHma. Boira MaHbBI-Ka3aKCTaH-HpaH—
TYpaHIBIK. BipKeUIIBIK, TepodUT, Kcepodu, ranodur.

Petrosimonia brachyphylla (Bunge) Iljin — Keicka »xambipak copanmia. Bonra MaHbI-Ka3aKCTaH-
TYpPaHABIK. BipKBUIIABIK, TEPOPUT, KCepohu, TaToQuT.

Petrosimonia hirsutissima (Bunge) Iljin ex Pavlov. — Karteityk copaniia. TypaHabik. BipKbUIIbIK,
Tepodur, kcepodut, ranodur.

Salsola arbuscula Pall. — Basueiin copan. pan-typanasik. @anepodurt, kcepodui, neprodur, mcam-
MOQUT, OTBIH, METHOPATHUBTI, MaJl a3bIKTHIK.

Salsola arbusculiformis Drobow. — Basutein tapisai copan. ConTyCTiK-TypaHabIK, XameduT, Kcepo-
Me3o¢ui, raodur, neTpodur.

Salsola foliosa (L.) Schrad. ex Schult.(Neocaspia foliosa (L.) Tzvel.) — Haiizakapa copan. KaBkas-
Boura MaHpI-Ka3akcTaH—TYpaHabIK. Tepodur, kcepodui, ranopur, ncaMModuT, yibl, TEXHUKABIK.

Salsola gemmascens Pall. — Byprikti copan. Typauasik. Xamehur, kcepohuil, raTohuT, Mal a3bIK-
TBIK.

Salsola laricina Pall. — Kapamaray copan. Ka3akcTtan—coarycrik —Typanabik. Xamehur, kcepodu,
rajyiopuT, KajableGuT, Mal a3bIKTHIK.

Salsola nitraria Pall.(Caroxylon nitrarium (Pall) Akhani & E.H. Roalson.) — Hatponsr copan (Hat-
pouzel copaHma). Typauasik. Tepodur, kcepodu, ranodut, Man a3bIKTHIK.

Salsola nodulosa (Mog.) Iljin. (Caroxylon nodulosum Moqg.) — Tyiiinai copan (TyiiiHai KApOKCHIOH).
Typannpik. BipkbuTIbIK, XameuT, Kcepoul, IcaMMOpuT.

Salsola orientalis S.G. Gmel. — IIsirbic copanpl. MpaH-TypanabiK. BipKbUIIsK, XaMeToHUT, KCepo-
¢u, ramoduT, MEIMOPATHBTI, MaJl a3bIKTHIK.

Salsola paulsenii Litv. — IMaynbcon copansl. Typanasik. Tepodurt, kcepodu, ragopur, ncaMMopur.

Salsola tamariscina Pall. — Xsiarsuityc copan. KapareHis MaHbI-Ka3aKCTaH-TYPaH/IBIK. BipKbUIIBIK,
TepoduT, Kcepodmu, ranodpur.

Suaeda acuminata (C.A. Mey) Mog. — Yuikip akcopa. Typauasik. BipsKelaasik, Tepodut, Kcepodu,
rajoQpur.

Suaeda altissima (L.) Pall. — Kapa copa, y3sia akcopa. Exxenri sxepopra TeHi3iK. BipKbLIIbIK, Tepo-
¢ut, xcepodu, ragouUT, TEXHUKAIBIK, MaJl a3bIKTHIK.

Suadea aralocaspica (Bunge) Freitag&Schutze. (Borszczowia aralocaspica Bunge) — Apan-Kacrmuit
akcopacsl. TypaHnsik. BipXKbUIIBIK, TepoduT, Kcepodu, ranopur.

Suaeda dendroides (C.A. Mey.) Mogq. — Kartel akcopa. Wpan-Typannpik. BipKbUiiblk, xameQwr,
kcepodu, raiodur.

Suaeda linifolia Pall. — Kex >xanbipaktsl akcopa. Typanablk. BipKbUiibk, TepoduT, Me3okcepodui,

ranour.

Suaeda microphylla Pall. — ¥cax »amnsipakts! akcopa. Typauapik. Xamehur, Me3okcepodu, raaodur,
MaJl a3bIKThIK, TEXHUKAIIBIK.

Suaeda physophora Pall. — Ypwmexewmic akcopa. Kazakcran-typannasik. Xamepur, kcepome3zodu, ra-

0T, MaJT a3BIKTHIK, TEXHUKAIBIK,
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Kopuvimobinosi

Amaranthaceae tykpimmackl JloHbI3Tay (DIOpACHIHBIH OachiM OOIriH ajbll HKaThIp. TaKCOHOMUSUIBIK
Tayaay TYKBIMIACTBIH Heri3iH Kypaittein Salsola, Anabasis, Suaeda, Climacoptera, Atriplex duopansix Ty-
picTapel 52 % Kypam oTeip. Amaranthaceae TykbpiMaachiHbIH J[OHBI3Tay (BIOPACKIHBIH KO OOJIriH amybl
3epTTeNy alMarbIHbIH TONBIPAFBIHBIH TY3IBLUIBIFBI JKOFAPBI EKSHIITIH KopceTe/i
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K.UN. Kyan6aii, I'.b. AnmanoBa, C.A. A6ues, JI.C. KoxamxapoBa

CemeiictBo Amaranthaceae Bo ¢uope Joubi3Tay

B crartee paccMoTpeHO pacmpoctpaneHue cemeiictBa Amaranthaceae umnka J[oHbp3Tay AKTIOOHHCKOH 00-
mactu. Bo ¢uope [oHBI3Tay 3aperucTpupoBaHo 25 ponoB, oObeauHSAOmuX 67 BHIAOB. CeMeicTBO
Amaranthaceae 3aHuMaeT nepBoe MecTo B BHJI0BOH diope Jonsiztay, cocrasisier 20 % Beelt ¢uopsl. Tax-
COHOMHYECKHI aHAIIM3 TI0Ka3al, K JOMUHAHTHBIM poaaM B cemeiicTBe otHocsates Salsola, Anabasis, Suaeda,
Climacoptera, Atriplex. IlpoBemen 3Kk06nMOMOpP(HOJIOTHYSCKUI aHAIN3 BHIOBOIO COCTaBa CeMeicTBa
Amaranthaceae, B 3aBUCHMOCTH OT cyOcTparta. ABTOpaMH JaH KOHCIEKT BHIOB ceMeiicTa. [IpoBeneH sko-
6uomopdosornyeckuii aHanu3 BHIOBOro coctaBa cemeiicta Amaranthaceae, B 3aBucumocTd oT cybcrpara.
Ananu3 )Ku3HeHHOU (HOPMBI GOPMBI KH3HH pa3paboTanbl 1o Kiaccudukaiwu U.I'. CepebpskoBa, a 9KOJIOTH-
yeckuil aHanu3 — 1o knaccudukannu A.I1. IlleHHuKoBa. AHanNn3 )U3HEHHBIX (OPM BBIIBHI NMpeobliaaHue
O/IHOJICTHHX BHAOB. Pe3ylbTaThl 3KOJOTHYECKOTO aHAIN3a ITOKa3aiM, YTO IOJaBISIoIee OOJBIIHHCTBO BHU-
JIOB TIpuHAUIekaT keepodmnam. Ux nons coctasisier 80 %. B crathe 1aH KOHCIIEKT BUIOB poaa. B HeM oT-
paXkeHBI JJATHHO-Ka3aXCKUe Ha3BaHMUs BUJIOB, )KM3HEHHAs (OpMa, SKOJOTHYECKUE IPYIIIbI, CBI3aHHbIE C Cy0-
CTpaToOM, XO35CTBEHHOE 3HaYeHHE U apeai. HeKoTopblie BHbI HIPAIOT BaXHYIO POJIb B Ka4ecTBe 3Au(uKa-
Topa.

Kniouesvie cnosa: BunoBas ¢uiopa, poj, IOMUHAHTHI, )KU3HEHHBIC (HOPMBI, KOHCIIEKT BH/IOB, JOMHHAHTHBIMI
poux, apeai.
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Zh.l. Kuanbay, B.A. Gulnur, S.A. Abiyev, L.S. Kozhamzharova
The Amaranthaceae family in the flora of Donyztau

The article discusses the distribution of the Amaranthaceae family of the Donyztau chunk in the Aktobe
region. In the Donyztau flora, 25 genera have been registered, which combine 67 species. The
Amaranthaceae family occupies the first place in the species of the Donyztau flora, making up 20 % of the
entire flora. Taxonomic analysis showed that Salsola, Anabasis, Suaeda, Climacoptera, and Atriplex belong
to the dominant genera in the family. The article provides a summary of the species of the family. An
ecobiomorphological analysis of the species composition of the Amaranthaceae family depending on the
substrate, was carried out. Analysis of the life forms is developed according to the classification of
I.G. Serebryakov, ecological analysis — according to the classification of A.P. Shennikov. The analysis of
life forms displayed the predominance of annual species. Ecological analysis has proved that the vast
majority of species belong to xerophiles. Their share is 80 %. The article provides a synopsis of the species of
the genus. The summary reflected the Latin-Kazakh names of species, life forms, ecological groups
associated with the substrate, economic significance and area. Some species play an important role as an
edifier.

Keywords: species, genus, dominants, life forms, species conspectus.
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Ganoderma skane Trametes TybIChIHA JKATATHIH CAHBIPAYKYJIAKTAPBIH
TepeH OcCipy KarJailbIHAAaFbl OMOMacca CUHTe3I IeHreii 00 bIHIIA CKPUHUHT |

Makanaga opTypii KypaMmIarbl KOPEKTiK opTaga OHOMAacCaHBIH ©Cy >XOHE >KHMHAKTaly KbIIJaMIbIFbI
OoiipiHIna Genceri 6osbin TabbitaThin Ganoderma skoHe Trametes TybIChl AOpiTiK CaHbIPayKYJIaKTaAPbIHBIH
KOJUIEKIMSUTBIK JaKbIIIAphl apachblHIa MTaMAApAbl i3/ieyre OarbITTaIFaH 3epTTeyep KenTipireH. YKpanHa
¥YFA H.I. Xonoguslii ateiHAarsl boTaHMKa MHCTUTYTBIHBIH KAJIMAKThl CAHBIPAYKYJIAKTAp KOJJICKIHA-
CBIHaH aJbIHFaH op TYpJi reorpadusuiblk weiry Teri G. lucidum tysichiabig 27 mramsl xoHe Trametes (Fr)
TYBICBIHBIH 29 INTaMbl 3epTTenfi. 3epTTeNreH INTaMAapAblH BEreTaTHBTI MHULENUHIHIH pajuaiisl ecy
KapKBIHBI XKSHE OJIAPIBIH 3P TYPJi KOPEKTiK OpTajarbl JaKbUIIBI-MOP(OIOTHSUIBIK OCy epeKIIeTiKTepi 3epT-
tenni. 3eprrenren G. lucidum »xone T. versicolor mrramaapsl apacsiHIa KOMipTEKTi MEH a30TThl KOPEKTCH-
IipyoiH opTypai kesnepi Oap opTajnapaa OWOMaccaHBIH S>KMHAKTANy [IeHreii OoibplHIA Oenrimi Oip
afbIPMAIIBUIBIKTAPBI aHBIKTAIABL. BapiibIK 3epTTedreH JaKpUIAap sKYMBICTa KOJIAHBUIFaH KOMIPTETi MEeH a30T
Ke3IepiHae OpTYpJi KapKBIHABUIBIKICH oce amambl. Exi (akTopisl TOXipHOCHIH NUCTIEPCHSIIBIK TallayblH
KOJIZIaHy IITaMIapAblH OMOJIOTHSIIBIK €peKIIeNiKTepiHe HeMece OJapablH e3apa dpeKeTTecyi bnomacca Ouo-
CHHTE3IHE KOHE KOPEKTCHIPY KO3IIEPiHIH 9CEepiH TOJBIK HAKThLUIAyFa MYMKIHIIK Oepai. Murneanianabl Ko-
JIOHMSUTAPABIH  TAKBIIIBIK-MOP(OJIOTHSIIBIK  €pPEKIIeNIIKTepiH, BEreTaTUBTI MULEIUHIIH pagualgbl ecy
KapKbIHBIH, OHOMacCaHbIH KHHaKTaly AeHreitin Trametes (Fr) sxxone G. lucidum Tybichl caHbIpayKyJlaKTapbIH
SPTYPIi KypaMaarbl CYHBIK KOPEKTiK 3aTTapAbIH alThl TYpiHE 3epTTey Heri3iHIe OMoMacCaHBIH XHHAKTATY
neHreii GoitpiHmIa e eHiMai T. versicolor 353 skone G. lucidum1621 mrammapsr Gonsl. Onap api Kapaii 3e-
pTTEyIep KYPrizy YIIiH TaHIaIAbL.

Kinm ce3dep: Gazumuanbpl canpipaykyiiakrap, G. lucidum, T. versicolor, mramm, Guomacca, CKpHHHHT, MH-
LENHi, a30T, KOMipTeTi.

Kipicne

Kazipri yakpiTTa OMOTEXHOIOTHS MEH SKCIIEPUMEHTTIK MUKOJIOTHSIHBIH 0aChIM OaFrbITTapBIHBIH Oipi eM-
Jey-CaybIKTBIPY OHIMACPIH ally/IbIH JKaHA 09CEKereKadIeTT] )KoHe UMITOPTTHI AJIMACTBIPATHIH MEPCIIEKTHBA-
JBI KO3/IEPIH i3/ey JKoHe 3epTTey 00JbIn Tadbuiaabl. OchiFaH O0alIaHBICTBI KYpaMbIHIa OUOJIOTHSIIBIK Oe-
CeHJIl 3aTTapliblH Oipereil kemieHi OapOa3uaMaIbIbl CAaHBIPAYKYIAKTAP YJIKEH KBI3BIFYIIBUIBIK TYABIPAIbL.
Conrbl Ke3/iepi HeTi31HeH oap/Ibl a/1aM aF3achbIHAarbl (PU3NOJIOTHSUIBIK (QyHKIMSIIApIBl PETTey YIIiH KoJIa-
HyFa MYMKiH O0NybIHa OalIaHBICTHI, )KEMICTi JICHEJIEpiHEH KOHE JIOPUTIK CaHBIPAyKYJIaKTap IbIH MHUICITUi-
HEH TaraMJbIK KOCIaJlap MEeH eMJiK-CayBbIKThIPY IperaparTap/ibl xacayra keOipek KeHia OeliHil. Atam aiT-
KaHJ1a, oJlap ICIKKe Kapchl )KoHE MMMYHOMOIYIIALIMSUIIBIK KACHeTTepl Oap »aHa MojrcaxapuaTepAid Ke3i 6o-
neI TabbuTaas! [1-3].

XKorapsl 6asuauanbapl caHpipaykyiakrap Ganoderma lucidum (peitm), Trametes versicolor (kem Tyc-
Ti TpyTOBHK), Lentinus edodes (muurake), Inonotus obliquus (uara) sxoHe Gackaiapsl Ky3/1ereH *Kbuiaap 60-
il Kopesina, Kerraiina, JXKamonusina sxone [eireic Peceiine xuHambim, koianansuiasl [4]. Kennorpod s ca-
HbIpayKYJIaKTap/IbIH €H MepcreKTrBaibl Typiepiniy 6ipi Ganoderma lucidum (G. lucidum) xone Trametes
versicolor (T. versicolor). Kasipri yakeirra OuTycTiK—IIIBIFEIC A3HS XadBIKTAphl €Ki MBIH JKBUITAH acTaM
YaKbIT OOWBI ASPUTIK MaKcaTTa NaiJanaHbIl KelIreH 0a3uauaibibl CaHblpayKylaKTapAblH €H TaHbIMall Typ-
nepinin Oipi G. lucidum (JlakTanfaH TPYTOBUK HeMece pelInn) Oa3uauaibibl CaHbIpayKyJIaFrbIHBIH OHOJIO-
THSUTBIK OCJICEH/II KOCBUIBICTAPBIH O€JICeH II 13aecTipy yprizinyne. COHFbl OHXBUIIBIKTApAaFrbl KapKbIHIbI
3epTTeynep OakTepusra, 3eHIre )KoHE BUPYCKa Kapchl OeceHIuiri 6ap, coHnai-aK ruIOIUIHIEMUSIIBIK, TH-
MOTJIMKEMUSIIBIK, IMMYHOCTUMYJIJIEYIII iCIKKEe Kapchl XoHe 0acka 1a acepi Oap Omonorusisik Oencenai G.
lucidum meTaGonuTTepiH aHbIKTayFa anbin ke [5—9]. HoTmkeciHne caHppayKy/IaKThIH KEMICTI IeHeepi-
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HE HEeTi3AeNreH TUeTalblK Kocnauap, mai >koHe TOHUK CYCBIHAAPBIHBIH KOIITETeH MAaTeHTTENTeH Typiiepi Ka-
caJIbl.

G. lucidum canpipaykynarbiHan 6acka, OHOJOTHSIIBIK O€JICEHIi 3aTTap/bIH TaFbl Oip MEPCIIEKTHBAIBI
OH/IIpyIIici 6a3uauanbabpl MakpoMuIeT Trametes versicolor (kem TycTi TpYyTOBHK) — KONTEreH aypynapra
KapcChlI JI9pi peTiH/e KOoJmaHyJa MBIHKBUIIBIK TapUXbl 0ap caHpIpayKyJak. |rametes TypIChIHA JKaTaThH Oa-
3UINANB/IBI CAaHBIPAYKYJIAKTaphl TaburaTtTa KeH TapairaH jxoHe llIpiFpic MemumuHachiHna OypbIHHAH Oepi
KOJIJAHBUTIBIN KeJle JKaTKaH JKeyre jkapaMaiThiH aguinodopanbipl caHbIpayKyJIaKTapra >kaTaigsl. |rametes
TYBICBIHBIH OKUIAEpi ASPUIIK KaCHETTEePHiH KEeH CIEKTpiHe We, OJapAblH apachlHIa: BHPYCKa, OaKTepusra
Kapchl, TeMaToNPOTEKTOPIIBIK, TMMYHOMOTYJISIMSUIBIK JKOHE OHKOCTATHKAJIBIK, COHBIMEH KaTap ojlap yKOFa-
PBI 6CY KapKbIHBIMEH KOHE YBITTHUIBIKTBIH 00JIMaybiMeH cumnartanans [ 10-15].

Anaiifa, MyHJaii IpenapaTTapAblH OHEPKICINTIK MIBIFapbUILIMBIHA HIeKTeyJep 0ap. Onapaply imiHAeri
€H MaHBI3JbUIAPHI MIUKI3aTTHIH TAOUFU KO3IEPIHIH IMIEKTEYIi OOIYBI KoHE KaKETTi OMOJOTHUIIBIK OeiceH i
KOCBUIBICTAp KYpPaMBIHAAFEl KeH e3reprimTik. JKacanapl IIaHTAUsIapasl KYPY apKbUIBI OCBI Macelenep/i
LIeIIyTe THIPBICY YJIKeH LIBIFBIHAAPAbI Tajlal eTe/i jKOHe oJap TYNKUTIKTI eHIMIII CTaHaapTTay MacenenepiH
MICTITEH/TI, HOTIKECIHAC MANIMJICITEH OUOJIOTHSUIIBIK OCJICCHIUTIKKE KemuIik Oepmeiini. byn sxarnatinap
OCHI CaHBIPAYKYJIaKTapAbl OHEPKACIIITIK JKaFaiaa ecipy HeTi3iHIe 3aMaHayd OMOTEXHOJIOTHSIIBIK TOCLIaep-
Il JKacay KaKETTUIITIH KepceTe.

BHOTEXHOMOTHSIIBIK SMICTEPIIH KOMETIMEH KOFaphl CaHbIpaYKYJIaKTapAblH OMOMacCachlH alyblH Ma-
HBI3/IbI aPTHIKIIBUTBIFEI AOPi-IopPMEKTep i OHIIPYAiH MIeKCi3 MyMKIHAITT MEH KalABIKCHI3IBIFEI, IHKI3aT pe-
CYPCTapBIHBIH TAINIIBUIBIFB 00BN TaObTaAbl. Jopislik caHBIpayKyJIaKTapasl OCipydiH 3aMaHayl TEXHOJO-
TUSJIAPBI OJIAPABIH OMOJIOTHSUIBIK KaCUETTEpl Typajbl ipreii OitiMre HerizfenreH. by canpipaykyiak jAcHe-
CiHIH MaHBI3ABI (PYHKIUSUTAPBIH OaKpUIayFa, MHUIEIHAIIH ONOMAacCaChIH JKoHE KaKeTTI camajarbl MeTabo-
JU3M OHIMIEPIH KaXKETTI MeJIIIep/Ie anyFa MYMKIiHIIK Oepeni. OcbiFaH 0aillaHBICTHI OJTapAbIH OUOIIOT USITBIK
KAaCHEeTTEPiH OJ[aH opi 3epTTey MaKCaTBIHAA TepPeH ocipy karmaibiHaa Ganoderma lucidum sxone Trametes
Versicolor caHpIpayKyJIaKTapblHBIH OMOMAaccachlH ajyra OaFbITTaJIFaH 3EPTTEYyJep JKYPridy ©3eKTi OOJbII
TaOBLUIAIEL.

3epmmey mamepuandapvimer a0icmepi

3eprrey HbicaHmapbl petinne YkpamHa ¥YFA H.I'. Xonoaseiéi ateiHmarbl BoTaHMKa MHCTHTYTHIHBIH
KaJIMaKThl CaHbIPAyKYJIaKTap KOJUIEKIMSCHIHAH aJbIHFaH dpTYpJii reorpadusuislk meiry Teri G. lucidum 27
HITAaMbIHBIH skoHe Trametes (Fr) TybICBIHBIH 5 TypiHiH 29 MITaMBIHBIH Ta3a JaKbLIIapbl OOJIIBI.

JlakpuiaapaplH paguaiiibl 6Cy TUHAMHKACBIH 3ePTTEY XoHE TrameteS TybICHIHBIH JaKbLIIAP KOJOHUS-
JIAPBIHBIH MOP(OIIOTHSACHIH CUNIATTay cycio-arap oprackiHaa (CA), kapTtomn-riroko3a arapsiaia (CGA) xoHe
Hopxkpanc cunrerukansik opraceiiaa (CN) xyprizinai. byn opranap xebinece 6azumnanbapl CaHbIPAyKY-
JIAKTap/ibl ©CIpy YILIiH KOJJIaHbLIaIbl. AJl KONTEreH oTaHAbIK MUKojortap CA-1bl AaKbLIIapaAbiH- MOpdosio-
THSUTBIK KACHETTEPiH 3epTTEYAIH CTAaHAAPTThl OPTAChl PETIHIAC KOJaHbuUIaabl. KojoHUsIap/pIH cumarrama-
CBI XKAaJITTBI KAOBIIAaHFAH TaJlalTapFa COUKeC JKYPri3iiii.

Trametes TybIChIHA KaTaThIH CaHBIPAYKYJIAK KOJOHMSIIAPBIHBIH 6CYy AMHAMUKACHI €Ki arapu3allusiiaH-
raH oprazaa 3eprrenti: bammunr GoiipiHma (CA) 8° cycno-arapaa sxene 28+1 °C TemmepaTypajga KaprTor-
rioko3a opraceiaia (KI'A). Opranap xairmbsl KaObUIIAaHFaH 9/1iCTEpre COUKEC AaibIHIAIIbI.

JKakchl caHIBIK JIepeKTepal any yiuiH ceOini MaTepuaibl petinae CA-ma ecipiiren 5—8 KyHaik Oel-
CEeHJIi oCiN KeJe KaTKaH AaKpUIIap Naigananbuiael. JuameTpi 7 MM MUILenuil Auckiniepi OenceH i ecirr kerne
JKaTKaH KOJIOHMSIHBIH IeTiHeH 8—10 MM KalllbIKTBIKTa CTEpUibai OoyiaT TyTikmeH kecungi. ComaH KeliH
oyiapieiH Munienuiii [TeTpu TabakiachiHBIH OpTackiHa quameTpi 90 MM 0OJIaTBIH SPTYPIIl arapu3alusaHFaH
opTajiapra OpHaIaCTBIPbULABL. OCyaAiH O6acTany yakbIThIH A9J1 OeNrijiei OTHIPbIN (TYBIC IUCKICIHEH ThIC MU-
LeNuiiIiH naina 6omysl), nakeuigap tepmocrarta 28+1 °C remmeparypana uHKyOanusmanabl. CaHpIpayKy-
JaK gaKeiiaapsl 20 KyH OOHBI ©cCipiil.

Bip ToynikTeH COH opTaja TONBIFPIMEH ©CKCHHEH KEHiH KOJIIOHHSUIAPBIH PaJnyChl €Ki e3apa IMepIicH-
IUKYJsIp OarbITTa enmenai. Paguanael ecynin oprama >keuinamabiFsiH (VR, MM / Toynik) ecentey yuIiH
MUIEIUHAANIBI KOJOHUSHBIH PadyChIHBIH ©CIPY YaKbIThIHA TOYEI UK KHUCBIKTAPhl CaIbIHIbI JKOHE PaIHyC
©CYIHIH yaKbITKa CBI3BIKTHIK TAyeAUIIK (azaceiHaa 8—12 mapasuiensb ejiieyiep HerisiHae opTaiia ecy Kap-
KBIHBI (popMysa OOHbIHIIA aHBIKTAIIE:: VR= (a-b) / n, MyH/Iarbel a — CBI3BIKTHIK 6CY ()a3achIHBIH COHBIH/A-
FbI KOJIOHUSIHBIH PauyChl, MM; B — CBI3BIKTBIK ©cy (a3achlHBIH OaChIHIAFbl KOJIOHUSIHBIH PaJUyChl, MM; N
— CBI3BIKTHIK ©6CY (pa3aChIHBIH Y3aKThIFbI, TOYIIIK.
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Ganoderma xaHe Trametes TYbICblHA XaTaTblH CaHblpayKyNaKTapblH...

Tepen ocipy xarnaiibinga OromMaccaHbIH MaKCHUMAIBI MOJIIIIEPiH THIMI uHayma T. versicolor campl-
payKyJIaFblHa CKPUHHHT JKacay YiliH, Taduru opranap (bammmnr Ooiierama 8° ceipa cyciockl (CC)), kemeHai
(rmroxo3a-nienton optackl (['11)) xoHe Troko3a-nentoH-ambITKel opTackl (I'TIA)), MoueBMHA KOCBIIMaraH
rimoko3a-amMmonuit (I'A), kapron-roko3a (KI'), Hopkparc (CH) cHHTETHKANBIK OpTaChl KOJIIAHBUIIEI.

Cranuonapislk ecinmi. Toxipubenep konbamarsl KOPeKTik opra memmiepi — 50 M O0JIaThIH KeJemi
100 mMn xoHyCTHIK Konbamapna xyprizingi. Maokynym perinne 28°C temneparypaga CA-ga (arapusanusi-
JIaHFaH ChIpa CyCIIOCHI) aJJIbIH-aJIa ©cipiireH apOip MTaMHBIH 7 TOYNIKTIK JaKbUIIBIHBIH MUIENUHIMEH Tra-
MeTpi 7 MM YIII AWCK KOJAaHBUIABI. CTallMOHAPIBIK 6Cipy TOMEHIET] KypaMIarkl CYHBIK OpTaaa XKYPri3iiii:

1) cunretukansik opta (A), r/m: rmokoza — 25,0; (NH4)2:HPO4 — 4.0; KH,PO, — 1,0; KoHPO4 — 1,0;
MgSO4 - 7 H,O — 0,5; CaCl, — 0,1; MnSO4 - 4 H,O — 0,02; FeSO4 — 0.02; CuSO, - 5 H.O — 0,001,
ZnS04-7 H,O0 —0,02; cy — 1 1.

2) rimoko3o0-acmaparud optacel (I'A), (r/m): rmoko3za — 10,0; acnaparun — 0,4; KH:PO4 — 1,0; MgSOs -
7TH0—0,5cy—1m

Tepen ecipy. Toxipubenep 3eprxananslk maikarsimrapra (80 sxone 150 aita/mun) 50 M CYHABIK OpTa-
cel 0ap 250 M Dprnenmeriep kobanapbiHa KoWbuUiAbl. OpTanap Oenriai Oip MTaMHBIH TOMOTCHIIENTEH OHO-
MaccacbiMeH eriai (kememi OodibiaIa 10 %) xone 28+2°C temnepatypana unkyOanusutanasl [16]. Teper
ecipy KeJeci Kypamaarsl CYHBIK OpTaja XYpri3iiii:

1) rmtoko30-nenToH-ambITKbl oprackl (I'TIA), r/m: rmoko3a — 25,0; nernroH — 3,0; alibITKbI 3KCTPAKThI —
2,0; KH,PO4 — 1,0; K2HPOs— 1,0; MgSOQOg4 - 7 H,O — 0,25; cy — 1.

2) «SrotuHck Mait 3aysITey AAK eHIipreH oTaHABIK CYT CapbICybl, MaccalblK 0eiri (%): JakTo3a —
60; akyb13 — 10; maiinap — 2; ¢yT KbIIKbUIBI — 7,85; Butamuuaep — 0,15; kyn — 7.

3) xeprimikTi kpaxman xxapmacs! («Kpemunit kpaxman 3aysiTel» AAK enmipicinig Kanaerer) — 20,0 5
cy — 1n. Kypawmsl, Maccanbik Oeiiri (%): kpaxman — 76,3; akybi3 — 15,6; maiinap — 1,3; aHg0monucaxapui-
Tep — 5,2; xyn— 1,6.

Crepunuzanusigad 0ypsiH Oapiblk optadblH KeIIKBUIIBFE [N KOH sxone 1N HCI epitinginepinin
keMeriMeH Oenrimi 6ip pH mMoHmepine xeTkizinmi. AnsiHFaH OroMacca KarmpoH Cy3riiepi apKpUTBI CY3iiim,
€Ki peT AMCTEIICHTeH CyMeH KybUIIbL. 105°C-1a TypaKThl caJiIMakKa KETKCHIIEC KENTipy apKbLIbl MULICTHINA-
IIiH KypFaK callMarbl aHBIKTAJIBIT, OMOMacCaHBIH MaccachlHA €CENTey KYPri3inai. OcipymiH COHbIHIA TaKbLI-
JaFbl CYUBIKTHIKTHIH pH MoHI emeHmi.

Hotmxenepai craTUCTHKAIBIK oHACY. HakThl jkoHE CEHIMII HOTIDKENEp ally YIIiH Taxipubenep 3-5
Kaiitapa xypriziagi. lltamaapapl canbICTRIPMalibl 3€PTTEY KE3iHAC albIHFAaH HOTHIXKENICP CTATUCTHUKAJBIK
tannay saicrepiMen exaenai, Microsoft office Excell komnbproTepik makerrepi skoHe StatSoft Statistika 6.0
KOMETIMEeH opTallia KBaJIpaTThIK ayBITKYJIap/IblH, Bapuanus KodQdUIEeHTTepiHiH, CeHIMIUTIK WHTepBaIa-
PBIHBIH MoHjIepi ecenteneni. Kecrenep men cyperrep 95 % BIKTUMAaNABIFBI Oap OpTalia CTaTHCTHKAIBIK Ce-
HIMJI TepeKTepi YChIHAIBI.

3epmmey namuoicenepi stcone 01apovl MAIOAy

Trametes texrec caHpIpayKy1akTap OipiHII Ke3€HIE SpTYpii KOPEKTiK OpTaJaFrbl MUIETHANIbI KOJIO-
HUSITAP/IBIH JAKBUIIBI-MOP(OIOTHSIIBIK €PeKIIeIIKTEePiH 3epTTey KaxeT 00abl. by Tocin namyabiH BereTa-
THBTI KE3€HIH/E CaHBIPAyKYJIaK JaKbUIIAPbIH aHBIKTAYFa, INTaMAAp/ bl THICTI (GU3HOIOTHSIIBIK KYiae ycTay-
Fa JKoHEe MITaMIap/IbIH 0erae MUKPOQIIOpaMeH BIFBICYBIH OOJIbIpMayFa MYMKIHJIIK Oepelli, MbICalibl, OHipic
MpoIiecinie, OcipyAiH KOJalibl KaFJailapblH KepceTedi. OpTypii KypaMIarbl KOPEKTIK OpTaiaplarsl
Trametes TybICHI caHBIpAYKYJIaFbl KOJOHHUSUIAPBIHBIH CAIBICTHIPMAIIBI JAKBUIIBI-MOP(OIOTHSIIBIK Oenrinepi
TypaJbl MaJIiMETTEp 1-KecTe/e KeNTipiireH.

Bipinmn kecreae KENTIPIreH MUICTUHANIB KOJOHUSJIAP/BIH JKOFaphlIa aTalfaH CUIaTTaMajlapbiH
Tanjay, ecipy OapbIChIHAA 3ePTTENreH OpTajlapAa KOJOHHSIIAPIBIH OCBIHIAAN HEri3ri MOp(OIOTHSIIBIK TYP-
JepiHiH naiiga OonFaHIbIFbIHA KOPBITHIHIIBI JKacayFa MyMKiHIIK Oeperi: 1 — yHTaKTBI-KHi3 Topi3[i, aiiMak-
TBIK; 2 — xibektedt ynminaek (1 cyper), yakpIT oTe Kelie Kui3 Topi3/i; 3 — YJIIeK Topi3/i, ailkbIH CeKTOpMEH
arapjiaH Hemece aya MUILCIMHIHEH KOTEPUIreH KillkeHTai rudainbapl OaitnaMmaapeiMeH; 4 —ymniiaek, oap-
KBIT TOPi3/i, YaKbIT ©Te KeJie KUi3 Topi3ai; 5 — ObUFaphl Topizai. ©neTTe, 3epTTeNreH TYPIepIiH KOJIOHHUS-
JIapbl aK TYCTI, IET€HMEH yaKbIT ©T¢ KeJie OJIapblH KOIIIiIiri 0acka TyCKe HeMece PeHKKe ue OOoJibl. Op
TYPJi IITaMIapJIbIH KOJOHUSIIAPBIHBIH TYCIHET1 e3repicTep Keieci Typre ue OOIibl: HHOKYJIYMHBIH aifHa-
JachIHIA KijereaiH naiaa 0oybl, KOHIEHTPIIIK capbl HEMece allbIK KiJiereii meHnoepiep, OipKenki capsl,
allbIK KiJIerel, Kijgerei Hemece JUMOH capbl peHkTepi. Tek cunreTukansik Hopkpanc opraceina T. zonatus
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.I'. MyctadpmH, H.A. Buceko, A.K. Kanuesa T.6.

2 mramser, T. versicolor 1 mramsr, T. hirsutus 4 mramsr, T. villosa 1 mTaMbBIHBIH KOJOHUSANAPHI aK OOJIBIT

KaJIIbl.

Kecte 1

OPTYPJIi KypaMAarbl arapu3alUsAIAHFAH KOPEKTiK OpPTafAaFbl 3epTTeIreH CaHbIPayKYyJIaK TYpJaepiHiH
KOJIOHMSITIAPBIHBIH MOP(OJIOTHSIIBIK CHIATTAMACHI

Typ

Kopexkrik opta

CA

KTA

CH

Trametes
zonatus

KOJIOHHSITIAP YHTAKTBI—KHi3 TOPi3i,
aliMaKTHIK, THIFbI3 HEMECE OpTallia
TBIFBI3/IBIKTA, XKac Ke31HIE akK,
YaKBIT ©T€ KeJle alllbIK KiJlerel,
JKHETI Teric, cyOcTpaTka OachlIFaH,
e3repMeiTiH, 14 KyH iminge
OeTiHAeri KOJOHUSIIAP arapiaH
OHali OeIiHEeTIH OBUTFapBI TOPI3Ii
KyYKa KaOBIKTBI Kypanibl

KOJIOHUSIIAp YHTAKThI—KHI3 To-
pi3ai, THIFBI3, OPTAChIHAA MHLIE-
Tl Ke0ipeK KyKa, allMaKThIK,
aK, yakpIT ©Te KeJle allbIK Kije-
Teii, Kijerei capsl HEMece JINMOH
caphl, IIeTi Teric, cyocTpaTka
OacpuTraH, e3repiccis, 14 xyH
immiHAe OeTiHAeTi KOJOHUSIIAp
OBUTFapHI TOPI3/i KaOBIK Ty3exi,
0JI arapJiad oHail OeiHe i

KOJIOHUsSIIAp YHTaKThI—
KHUi3 Topi3i, MeJIip,
aliMakThIK, akK, Kijgerei
TYCiHIH ecKipyiMeH,
YaKbIT 6T€ KeJIe e3rep-
MEHTIH OBUTFapBI TOPi3Ii
KYKa KaOBIKTHI KaJIbl-
MITaCTBIPA/IBL,

T.versicolor

KOJIOHUsIIIAp JKIOEKTeH YIIijiex,
COJIaH KeWiH KHi3 Topi3ai, opraima
TBIFBI3JBIKTA, XKac Ke3iHIe akK,
YaKbIT ©Te KeJle allbIK Kierei Tyc-
Tec, 1eTi cyocTparka Teric Oa-
CBUIFaH, ©3repPMENTIH peBep3yM

KOJIOHHSITIAP KHi3 TOPI3Ii, THIFBI3,
aK, YaKpIT ©TC KeJie Kijereu
HeMece capbl-Kinereii, OeTinze
KOITEereH CKIepoTHsuiap 6ap,
reTi Teric, cyocrparka 6a-
CBUIFaH, ©3repMEHTIH peBep3yM

KOJIOHUsSLIIAP YIIIICK,
allMaKTbIK, OPTAIlla Thl-
FBI3[IBIKTAFbI, 8K, YAKbIT
oTe KeJie Kijerei Topis-
I, et Teric, cyocTpat-
Ka Oacburrad. KonoHus
OeTiHOE eKcynaT
TaMIIbUIAPGI, KOHBIP
TYCTi peBep3yM

T. hirsuta

KOJIOHHSIIap KaOBIPIIaK Topi3ii,
arapJiaH HeMece aya MHILEIUTiHeH
KOTEPUITeH KilTKeHTal TH(HaThIBI
OaiimamMaapsl 0ap, alKeIH CEKTOPEI,

opTala ThIFBI3IBIFEL 0ap. JKac
Ke3iHJIe aK, eCKipy Ke3iHJe capbl-
KiIereii, sxuekrepi OipKenki emec,
cyOcTpaTka OachUIFaH, ©3repMeiTiH
peBep3yM, 7 KYH ilIiHae KOJOHHUS
OeTiHme KymTi OBUTFapHI )KYKa Ka-
OBIK TY3emi

KOJIOHHsIIAp KaObIpIIaK Topi3ui,
OpTaChIH/IA YIMIICK, aiMaKTHIK,
Op TYPIi THIFBI3IBIKTAFBI CET-
MEHTTepi Oap, paanrangsl TH(
OaiiamMaapeIMeH (CoyJenep
CHUSIKTBI), aK, YaKbIT ©T€ KeJie
Kijiereit Hemece capbi-Kijiereit
TOpi3i, eTi Teric emec, cyo-
CTpaTKa OachlUIFaH, ©3repMEHTIH,
7 KYH ilIiHIe KOJIOHUsI OeTiHe
KYIITi OBUTFapHI )KyKa KaObIK
Ty3eni

KOJIOHUSIIIAP KHi3

TOpi31i, MOJIIp, YaKBIT
oTe KeJie ObUTFaphl XKYKa
KaObIK TY3€/Ii, aK-caphl-
KijJierei Tycri, eTi Teric

emec, cyocrparka Oa-

CBUIFaH, PEBEP3YyM 03-

repMeni

T.pubescens

KOJIOHHSIIAp YIITUIIAEK, OapKBIT To-
pi3mi, coaH KeiiH KOHIIEHTPIIIK
nreHoepIiepi 6ap Kui3 Topi3/i, YakbIT
oTe KeJie ObUTIFapbl KaObIK Ty3eIi.
Berinze kenrereH CKICpOTHsLIAP
6ap. Oprarma THIFBI3JBIKTAFbl KOJIO-
nusap. JKac kesinje ak, KapTaro
OapbIChIH/A CapFbIlI HEMeCe Kije-
rei TycTec, meTi Teric, cyocTpaTka
OachUTFaH, ©3rE€PMEHUTIH pEeBEP3YM,
YaKpIT ©Te KeJle aK TYCKe aiiHasa bl

KOJIOHHSIIAp YIITUIIAEK, OapKBIT
TOpi3i, COMaH KeHiH KOH-
LEHTPIIIK HieHoepepi 6ap kui3
TOPI3/li, YaKbIT OTE KeJie ObLIFaphI
KaObIK Ty3exi. Kononusinap xac
KE31H/IC TBIFbI3, aK TYCTI, YaKbIT
OTe KeJjle KiJereiini, meri Teric,
cyOcTpaTKa OacbUFaH, e3rep-
MEHTiH peBep3yM

KOJIOHUsSLIIAP YIIIIIIICK,
COJIaH KeWHiH Kui3 Topi3-
Jli, yaKpIT ©Te KeJie ObLI-
rapsl KaObIK Ty3el, ax,
Kijierei Topi3/i, ThIFbI3-
JIBIFBI OPTAIlIa, IIETI Te-
ric, cydcTpartka Oachul-

FaH, ©3repMeiTiH pe-
BEP3yM

T.villosa

KOJIOHHSITIAP YHTAKTHI—KHi3 TOPi3i,
opTama TBIFBI3JIBIKTA, 2KAaC KeSiHlle
aK, yaKkpIT ©Te KeJle Kijerei Topisi,
mIeTi Teric, cyocTpaTka 6achuFaH,
©3TepPMENTIH peBep3yM

KOJIOHHSTAP YHTaKTHI—KHI3 To-
pi3ni, Menip, )kac Ke3iHae ax,
YaKBIT ©Te KeJie Kierei Topi3i,
meTi Teric, cyocTpaTka 6achui-
FaH, 63repMEeNTIH peBEeP3yM

KOJIOHUSIIap YHTaKThI—
KHUi3 Tapi3ai, Memuip,
JKac Ke31HJE aK, YaKbIT
oTe Kele Kijerei Topiz-
Iii, meTi Teric, cyocTpar-
Ka OachUIFaH, e3repMeii-
TiH peBep3yM
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Ganoderma xaHe Trametes TYbICblHA XaTaTblH CaHblpayKyNaKTapblH...

Cyper 1. Trametes versicolor 353 urrameiasie CA (1) sxxone KT'A (2) arapusanusiianrad
opTanapja JaKbUIBIK-MOP(OIIOrHsIBIK KacHeTTepl

CA xone KT'A opramapsr T. zonatus, T. pubescens skame T. versicolor-mga skakchl JaMbIFaH aya MHIIE-
nuidi 6ap eH THIFBI3 KOJOHHMSIIAPIBIH Maiaa OoMybIlHa BIKIAT eTTi. HOpKpaHCTBIH CHHTETHKAJIBIK OPTACHIHIA
T. versicolor-gan Gacka GapJbIK 3epTTENITeH TYpJiepe CUPEK KOJOHHsIIap maiaa 6osapl. Ochuiaiiiia, Gap-
JIBIK 3epPTTENITeH TYPJCPAiH KOJOHUSCHI THIFBI3IBIFBIHBIH ©3repyi, T. Versicolor KoloHusuapbiHbIH peBep3y-
MBIHBIH KOHBIP TYCKe OOSUTYHI KOHE KOJNOHWSIAPIBIH apayiac TYpiepiHiH maiaa Ooiysl, TypiHAE op TYypii
KYpaMmIarbl OpTafarbl KOIOHHSIIAPIBIH MOPQOJIOTHIBIK CHMATTAMATapbIHBIH ©3TepTilliTiri HeTi3iHeH
HopxkpaHc opraceiia KepiHmi.

JKorapel caTeigarsl 0a3uAMOMUIIETTEPIH AAKBULAAPBIH 3€PTTEY CaNachbIHAAFbl KONTEIeH 3epTTEYIILIep
Oip THTITETI M30IATTAp KOJOHVSUIAPIBIH TYCI MEH KYPBUIBIMBIHAA aWTapibIKTail epeKIIeNieHyl MyYMKIH Jien
CaHalIbl )kKoHE OYJI KaCHETTEp dpJAalbiM IITaMAAP/bIH KEKe CHUIIaTTaMaChIHBIH eJlieMi 0oia oepmeiini, Oy
QJIBIHFaH MOJIMETTEPMEH pacTanazpl. bi3aiH oWbIMBI3IIA, TYpaKThl Oenrijiep Oy 6Cy KapKbIHbI, TEMIIepaTy-
para KaTbIHACKI, TU(aIbIBI KYHEHIH MUKPOCKOHSAIIBIK, epeKIienikrepi. BeretatnBTi Munienuiiyg ecy Kap-
KBIHBI OMOMacca OMOCHHTE31HE KOHE OpTYPIIi OMONOTHSIBIK OerceHai Metabomutrepre Kaoinerti. COHIBIK-
TaH 013 eH jkaHa OMOTEXHOJOTHSIIAPABI 93ipiiey YIIiH IITamIapbl ipiKTeyIiH MaHbBI3AbBl KPUTEPUIEPiHIH
0ipi periaae Tanuaabik. (T1-t0) ke3eHIHAET] KOJIOHUSUIAP PAaIUyChIHBIH (V) 6CY KbIIIaM/IbIFbI, MULICTUHA-
IbI TUQTEPIIH Y3bIHIBIFBIHBIH OCYl TYPaKThl MOHTE M€ OOJIFaH Ke3/ie, SIFHU oCipy YaKbIThIHA CHI3BIKTBIK Oaii-
JIaHBICTBI Oosanbl. On Oenrim Oip ecipy JkarmaiiblHIa ar3aHbIH ©CYy KapKbIHBIH OOBEKTHUBTI CHITATTAMIbI.
OcpiraH 0alaHbICTBI 013 Trametes TybICHIHBIH SPTYPIIi IITaMIAPbIHBIH MULICIMHIHIH PaJUajlibl 6Cy KapKbl-
HBIHA CaJIBICTBIPMAIIBI 3€PTTEY )KYMBICTAPBIH XKYPIi3/IiK.

XKacaHzpl HaKpLT JKaFAaibIHIa MULEIHHAAIIBl CaHBIPAYKYJIaKTap/AblH PaJnalibl OCyiH 3€pTTey THIFBI3
arapusallysulaHFaH OpTaja JYPBIC XKYPri3iieal, OUTKeH1 ecipyaiH Oy 9/1ici TaOUFaTTa OChl CaHBIpAyKYJIaK-
TapAbIH OCy JKarJaiapblHa ©Te jKaKblH OOJMFaHIbIKTaH. KOpeKTiK opTaHbIH KypaMbl MULEIUIIIIH 6CY KbLI-
JTaMIbIFBIHA alTapibIKTail ocep eTyl MyMkiH. COHIBIKTaH 3epTTeylep KOPEKTIK OpPTaHbIH €Ki TypiHJe:
cycno-arap (CA) >xoHe Kapror-rioko3a arapeiiiaa (KI['A) skyprizuigi. 3epTTeymiH HOTHKENepl 2-KecTene
KenTipiireH (2-kecre).

Kecte 2

Trametes TybIChI IITAMAAPbLI MULEIUIIHIH arapu3anusyIaHFaH KOPEeKTIiK opTajapaa
paguaabl 0Cy KbUIIAMIBIFbI, 28°C, MM/Tay.a

Typ, mramm Ocy KbpUIaMabIFsl VR, MM/Taya
KopekTik opTa
CA KI'A
T. zonatus
301 6,340,2 7,2+0,3
1525 6,3+0,4 8,3+0,3
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1561 7,3+£0,2 8,0+0,3
1570 7,5+£0,2 9,540,4
5021 4,3+0,2 8,0+0,1
5022 8,0+£0,4 6,0+0,1
5133 6,6+0,2 7,8+0,1
5134 7,0+0,2 7,3+0.4
5135 5,8+0,3 6,4+0,2
5300 3,9+0,2 8,0+0,3
5301 4,7+0,2 7,8+0,3
5302 7,1+0,2 8,0+0,3
5303 4,7+0,4 7,7+0,1
T.versicolor
353 15,0 £0,1 11,54+0,2
1689 9,0+0,3 9,8+0
5094 10,6+0,2 10,34+0,3
5095 11,0+0,2 10,540,2
5129 8,5+0,2 9,60
5131 11,5402 11,0+0,2
5299 8,0+0,1 10+0,3
T.hirsuta
338 6,4+0,3 6,00
358 6,5+0,3 5,8+0
359 3,3+0,2 7,2+0
1569 4,0+0,3 6,8+0,3
5018 5,8+0,4 6,1+0,2
5019 7,0+£0.4 6,8+0,2
5137 8,0+0.4 5,2+0,3
T.pubescens
322 2,7+0.3 3,9+0,2
T.villosa
1009 5,4+0,2 6,7+0,3

Opi Kapaii 3eprrey ymriH 6i3 KI'A KopeKkTik opTachlH TaHIAIbIK, OWTKEHI OJI, OipiHIIIACH, JKOFaAPHI 6Cy
KApPKBIHBIH KAMTAMAChI3 €TTi, EKiHIIIJIeH, eH 6acThichl, KI'A-1arbl 6Cy KapKbIHbI HEFYPIIBIM TYPAKThI OOJIIbI.
Ocplnaiiiia, erep 3epTTeNIreH 0a3uIUOMHULIETTEPAIH TYpJIepl 6CY KapKbIHBIHBIH 6CY PETIMEH Oasy eceTiHaep-
JIeH Te3 eceTiHIepiHe Kapail opHaIacThIpblIca, OH/a 013 Keneci Katapasl kepemis: T. pubescens(Vr = 3,9-5,5
mm/Taym)<T. hirsuta(Vr = 5,2-7,4 mm/toyn) <T. zonatus(Vr = 6,0-9,5 mwm/toyn)<T. versicolor(Vr = 9,6—
11,5 mm/Taya). Byt 6izre Trametes TybICBIHBIH SpTYPIIi TYPIIEPiHiH JaKbULAAPHI YIIiH ©3TePrillTiKTiH KaJIlbl
TEHJICHIIMACHI Typajbl TYCiHIK Oepesi. KaTThl KOPEKTIK OpTajia BEreTaTUBTI MUIICIUIIIH 6CY KapKbIHbI TY-
paJibl aJIbIHFaH MAJIMETTEP/Ii TalIail OTHIPBII, 013 0J1aH opi sKYMBIC icTey yuriH T. versicolor Typrepinin 353,
1689, 5094, 5095,5129, 5131, 5299 mrammapbiH TaHIAIBIK,

TokiprbeHiH Keeci Ke3eHiHae TaHaaaFad 1. Versicolor mrammaapsr apTyp:ti KOPEKTIK opTagapabl KO-
JlaHa OTBIPHIT, TEPEH ecipy *araaiiblHAa OMoMaccaHbl CHHTE3Nley KalijeTiHe chiHANbl. Kenmeci KOpekTik
opTanap navgananeuel: Taduru (bamnuar Ooiibiana 8° ceipa cycnocel (CC)), kemeri (TIIOK03a-MeNToH
optacsl (I'TI)) >koHe rmtoko3a-nienToH-ambITKEl opTackl (I'TIA)), MoueBMHa KOChUTMaraH TIHOKO3a-aMMOHUH
optacsl (I'A), kapromn-ritoko3a (KI'), Hopkpanc (CH) cuHTeTHKANBIK OpTachl. 3epTTEIreH 0aKpliay 3epTTeyi
IITaMJIAP/IbIH JTaKbULIBI-MOP(OJIOTUSIIBIK KaCHETTEPIiH, OJIap/blH 0a3MIMOMMIICTTEpre TOH Oeinriyiepi Oap
€KEHIH KOpCEeTTi.

buomaccanbly KuHaKTaITy KaOijgeTi OOWBIHINA IPIKTENTeH IITaMIap/IbIH CHIIATTAMachl OJapiAbl TEPEeH
XKaraaiaa ecipy apKbUIbl KOPEKTiK OPTaHBIH alIThl TYPIH KOJIAaHa OTBIPKII KYPri3iaai. TYNKUTKTI THIMIITIK
MUIEIHUNIH KYPFAaK MacCachlH CAJIBICTBIPY apKbUIbI aHBIKTAJIIbI. AJIBIHFAH HOTWXKENep 3-KecTeae KeTipii-
TeH.
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Kecrte 3
T. versicolor mramaapbin 9pTYPJIi KOPEKTIK OPTaja TepeH KaFaailbIHAa ecipy Kesinae
OMOMAacCCAHBIH KHHAKTAJIYBI
Opra Bruomaccanbia Memiepi, T/ 1
353 1689 5094 5095 5129 5131 5299
I1C 8,21+0,21 1,12+0,11 3,81+0,01 5,05+0,02 2,12+0,01 6,91+0,02 3,21+0,02
I'm 4,71+0,01 3,53+0,02 3,82+0,03 3,01+0,02 3,61+0,02 3,92+0,01 3,08+0,03
r'A 0,86+0,01 0,82+0 0,88+0,01 0,66+0,01 0,05+0,01 0,23+0 0,4+0,01
KI' 3,27+0,01 2,2140,01 2,6240,02 2,74+0,01 1,71£0,01 2,81+0,01 2,4210,01
I'mj 9,27+0,21 5,240,02 6,5140,01 7,31+0,03 4,61+0,01 8,21+0,12 7,11+0,21
CH 0,08+0 - - 0,02+0 - - 0,030

Kectene kentipisareH MoniMeTTepJeH KOPiHiNl TYpFaHIal, TanganFad mraMaap OMOCHHTETUKANBIK Oel-
CCHJIUTIMIMEH alTapibIKTall epekmenenai. Anaiaa, T. versicolor 353, 5095, 5131 mTamMaapsl ChIHATIFAH Op-
TaHBIH OapIIBIK TYPJEPIHACTI €H YJIKeH OelceHAUTiKTI KepceTTi. TepeH ecipy karmaiblHAa ojlap KOPEKTIK
KOMITOHEHTTEpi YHeMJi KONJaHyMeH >XoHe Omomacca CHHTE3IHIH XOfapbl JCHTeHiMeH epeKIIeIeHeTiHi
Oenrini 6OIbI.

Ganoderma TysIChIHBIH caHbIpayKyiakTapbl YkpanHa ¥FA H.I'. Xonoauslii ateingarbl boraHuka wH-
CTUTYTBIHBIH KaJIMaKThl CAHBIPAYKYJIAKTAPBIHBIH KOJUICKIIMAChIHAH anbiaFad G. lucidum makeuimapsina 6uo-
MaccCaHbIH €/I9yip MOJIIIePiH CUHTE3CHTIH ITaMIap/bl aHbIKTAy YIIH CKPUHHMHT JKYpri3iiai. bi3giH Toxi-
pubenepimizae G. lucidum 27 mraMbIHBIH OMOCHHTETHKANBIK, TOTEHIMANBI 3epTTeai. Taxkipubeik yuriaep
KOMIPTEK TIeH a30TTHIH SPTYPIi Ke3zaepi 6ap KOPEKTIK OpTaja ChIHAIABI, OYJI ChIHAIFAH IITaMJapFa JKeTKi-
JIIKTI OOBEKTUBTI Oara Oepyre MyMKIiHIIK Oepai. Op Typii mraMaapablH OMOCHHTETHKAIBIK OCICeHIIIrHS
KOMIPTEKTIH 9pPTYPJIi KO3AEPiHIH ocepiH 3epTTey OOWBIHINIA TOHKIPUOCTEPIIH HOTHKeNepl 4-KecTene KemTi-
puIreH.

Kecte 4

Kemiprerinin apTypJii ke3aepi 6ap opranapaa G. lucidum mramaapbiHbIH
AAKbUIABIK CYHBIKTBIFBbIHBIH pH MoHI :oHe 6momacca (r/o1)

g Kemipreri ke3/epi koHe JaKbLIIBIK CYHBIKTHIKTBIH pPH-HBIH COHFBI MOHI1

z g |CzE

b= =) Z2e

E e |E52

= 3 a = % I'moko3a pH JlakTo3a pH | Caxapoza | pH | Kpaxman pH

o
921 0,1+0,1 55 0,4+0,0 5,2 0,7+0,2 5,0 0,5+0,1 54 0,5+0,1 5,4
1670 | 0,2+0,1 55 33+0,3 | 3,4 | 2,620,1* | 33 | 2,120,7* | 42 | 2,9+0,1 3,6
1887 0,3+0,0 55 1,2+0,1 55 2,3+0,1* 4,3 1,7+£0,3 47 1,7+0,1* 4,4
1888 | 0,2+0,1 55 1,9+0,2 | 3,8 | 3,3+0,1* | 356 1,803 | 6,0 | 3,3+03% 3,4
1889 0,2+0,0 55 1,2+0,2 3,3 0,8+0,0* 3,3 0,9+0,1* 3,2 2,4+0,3* 3,4
1607 0,1+0,0 55 1,2+0,2 3,2 1,1£0,1 4,0 1,6+0,1* 3,6 1,7+0,1* 3,6
1608 | 0,1+0,2 55 0,6£0,1 | 43 | 2,1202* | 39 | 25+0,1* | 41 | 1,8+03* 3,6
1787 0,2+0,1 55 1,6+0,4 3,2 1,0+£0,0* 3,1 0,7+0,1* 3,2 2,1+0,0 3,2
1788 | 0,4+02 55 3,060,5 | 40 | 1,4+0,1* | 40 | 0,6+00* | 58 | 1,8+0,1* 4,0
1621 | 0,30,1 55 29404 | 40 | 3,7404 | 34 | 28404 | 44 | 3,2+0,1 3,4
1900 0,2+0,1 55 2,1+0,4 3,6 2,2+0,2 3,4 1,7£0,3 3,2 2,3+0,2 3,4
1901 0,2+0,1 55 0,8+0,1 4,0 0,7+0,1 4,1 0,7+0,1 4,1 1,0+0,1 4,4
1902 | 0,3+0,1 55 22+0,1 | 3,6 | 2,5+0,5 | 3,6 | 1,8+0.1* | 3,6 | 2303 3,6
1903 | 0,3+0,2 5,5 1,4+0,1 3,6 0,9+0,1°%* 3,9 0,6+0,2* 5,6 1,0+0,1* 3,8
331 | 0,1£0,0 55 23403 | 3,4 | 1,5%03* | 34 | 1,5%03* | 42 | 22+05 3.4
1683 | 0,1+0,0 5,5 1,1+0,2* 4,2 0,9+0,1 4,7 1,1+0,2 4,7 | 2,3+0,2* 3,4
1904 | 0,2+0,1 5,5 2,0+0,0 4,8 0,9+0,1°%* 3,9 0,6+0,2* 5,6 1,0+0,1* 3,8
1905 | 0,1+0,0 5,5 0,7+0,1 4,4 0,5+0,2 34 0,4+0,2* 3,5 1,3+0,2* 4,7
1906 | 0,2+0,0 55 1,5¢03 | 3,6 | 2,140, | 3,8 | 009+02* | 3.8 | 24+03* 3,8
1907 | 0,2+0,1 5,5 1,2+0,2 4,1 1,0+0,0 4,2 2,6£0,2* 4,2 1,5+0,3 4,1
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1908 | 0,4+0,2 55 1,7+0,3 4,2 1,6£0,6 3,7 1,8+0,1 3,6 1,6+0,2 3,7
1909 | 0,2£0,1 55 1,1£0,1 4,5 1,8+0,6 46 | 0,7+0,1* | 4,6 1,5+0,3 4,6
1910 | 0,1£0,0 55 0,6+0,0 4,0 1,004 3,7 0,6+0,2 3,7 0,740,1 3,7
1911 | 0,2+0,0 55 1,3+0,1 4,4 1,5+0,1 4,4 1,4+0,0 4,6 1,4+0,1 4,6
1912 | 0,3£0,1 55 1,3+0,1 4,2 1,540,5 4,4 1,240,0 6,3 1,1£0,3 4,6
1913 | 0,4+0,0 55 1,9+0,1 3,2 2,1£0,1 3,6 1,8+0,1 3,8 2,240,2 3,6
922 0,240,1 55 1,6+0,2 31 1,3+£0,0 3,3 1,3+£0,0 48 | 2,7+0,4* 2,9

G. lucidum 27 mrraMbIHBIH 9-BI )KYMBICTA KOJNIAHBIIATHIH OapIbIK KOMipTeri ke3zepi 6ap oprama Omo-
MaccaHblH OipJeil MenmepiH >KnHayra KaOimeTTi exeHairi aHbIKTanabl. CoHpaii-ak, 3epTrenreH OipkaTtap
mramaap Tek oenrini 6ip kemipTeri Ko3iH TaHmaranbl aHbIKTATAbI. CoHbIMEH, Kpaxman G. lucidum mramma-
puinbiH 14,8 % ecyiHiH eH kakKchl ko3i 6omasl. KopekrTik opTaga rimoko3anbi 6omysl G. lucidum yir mta-
MBIHBIH OHOMacCachIHBIH MaKCHMAJIIbl MOJIIIEpiH cuHTe3aeyre bikman erri. G. lucidum 1608 sxone 1907
LITaMAAPBIHBIH ©CYi YIIIH eH KOoJaijbl caxapo3a 6onasl. benrini Oip nakeiaap naiinanaHbiUIFal TOPT KeMip-
Teri Ke3iHiH yueyi 6ap opraza xakcel ecti. Ocbuiaiima, G. lucidum mramnapeiabie 14,8 %—b1 riToKo3a,
JIaKTO3a KOHE caxapo3aHbl Oipaeh mopekene Komere skaparThl. KelOip mrammap KOpEeKTiK opTana MOHO He-
Mece Toycaxapuarep OoiFaH Kesne Oipaei OmomaccaHbl CHHTE3Iemi. by rimroko3ama ma, Kpaxmanga 1a
xaKrcel eceTin G. lucidum yir mrramsina ToH 6oabl. I — HeMece monucaxapuarepi 6ap KOpeKTik opraja-
FBI OipKaTap mraMmaap yIIiH ©CyIiH YKCac CUTIaThl aHBIKTAJIIbI.

G. lucidum 1607 mrramMbIHBIH KapKbIH/IbI 6CYiHE caxapo3a MeH kpaxmai, ai G. lucidum 1888 »xone 1906
mTaMaapbHa JIAKT03a MEH Kpaxmall bIKnai eTTi. JKyMmbicTa KONJaHblUIFaH Aucaxapuarep (JIaKTo3a yKoHe ca-
xapo3a) 6enrim 6ip makeuaap yurid 6ip-6ipin anmacteipael. ConbiMeH, 55,5 % G. lucidum mrtamaapsr yimia
JIAKTO3a MEH caxapo3ajarbl CHHTE3/IeNreH Ornomacca Memiepi epekieneHoeni. I mroko3a-acmapr (I'A) opra-
CBhIHJIA JTaKBULIAP/IBIH JKAKChl ©CYyi aclapardHHiH KypaMmblHIa KOMIpTeri MEH a30T aTOMJIApBIHBIH OOJybIHA
0ailyIaHBICTBI OOJTYBI MYMKIH JieT OoJbKayFa 00Jabl.

Acmaparuni 6ap KOpekTik optana (riaroko3aHbl enrizoecren) tek G. lucidum 1788 sxone 1904 mramma-
PBI JKaKCHI OCETiHI aHBIKTAIBI (ColiKeciHie cuaTe3nenred onomaccacsr 0,6 /1 sxxone 0,7 /1 Kypaasr). MyH-
nai oprama 6acka mrammap owomaccansl Tek 0,2—0,4 r/n sxunanel. Ocelnaiiina, 6i3 3eprreren G. lucidum
mTaMIapbIiHbIH Kemmiirinae ['A opraga ecy mporecine acnaparud (OHbIH eHrizuryi 0,4 /1 Kypajabl) Ke-
MIpTeri Ke3i peTiHAe ic )KY3iHe KOMTaHbLTMATbI.

Kemnrreren G. lucidum makpuimapasiH oCcyiHe KOMaiibl 1opexeci OOHBIHIIA KOMIPTEKTIH 9pTYpIi Ke3/e-
piH KeJeci KaTapFa OpHalIacThIpyFa Ooyajbl: Kpaxmal > III0K03a > JlakTo3a > caxapo3a. G. lucidum mram-
JAPBIHBIH OPTYPJi KOMIpTeK Ke3AepiH THiMII maiifanaHy KaOileTi opTypii WIBIFY Teri NaKbUIIapbIHIIAFbI
aaanTuBTi (EPMEHTTIK JKYHelepIiH WHIYKIUS epeKIIelNirine OaillaHbICThl. A30TTBIH SPTYPIIi KO37epiH op-
TYPJIi IITaMAAPAbIH OMOCUHTETHKAIIBIK OCJICEHIUIITIHE 9CePiH 3ePTTeY HOTHXKENIEP] S-KecTeie KeNTipiireH.

Kecte 5

A30TTBIH IPTYPJIi Ke31epi 6ap oprajapaa G. lucidum mramMmaapbIHbIH
NAaKbUIABIK CYHBIKTBIFBIHBIH pH MaHi :xoHe Guomacca (1/m)

Opranbin A30T Ke3Jepi )KoHE TaKbUABIK CYHBIKTHIKTEIH pH-HBIH COHFBI MOHI

Tamm baxpiay 6aCTaHKI.’I AMMoOHUIt o
pH maril HENTOH pH CyNb(aThI pH Harpuii pH

HUTPATHI
921 0,1+0,0 5,5 0,4+0,0 52 0,4+0,1 47 0,4+0,0 54
1670 0,2+0,1 5,5 3,3+0,3* 3,4 2,040,0 3,2 1,5+0,5 3,8
1887 0,3+0,0 5,5 1,2+0,1 55 1,3+0,1 3,9 1,6+0,0* 3,7
1888 0,2+0,1 55 1,9+0,2 3,8 1,7+0,1 3,2 1,8+0,1 472
1889 0,2+0,0 55 1,2+0,2 3,3 1,4+0,1 3,3 1,6+0,2 3,5
1607 0,1+0,0 55 1,2+0,2* 3,2 0,6+0,1 3,2 0,5+0,1 50
1608 0,1+0,2 55 0,6+0,1 4,3 0,6+0,2 3,5 0,6+0,1 4,8
1787 0,2+0,1 55 1,6+0,4* 3,2 0,7+0,1 2,9 1,3+0,3* 5,2
1788 0,4+0,2 55 3,0+0,5* 4,0 1,0+0,2 3,4 1,0+0,4 50
1621 0,3+0,1 55 2,9+0,4 4,0 2,3+0,4 3,3 1,1+0,5* 45
1900 0,2+0,1 55 2,1+0,4* 3,6 1,1+£0,2 3,4 1,0+0,6 4,0
1901 0,2+0,1 55 0,8+0,1 4,0 1,0+0,1 3,7 1,140,3 52
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1902 0,3+0,1 55 2,2+0,1 3,6 2,3+0,3 3,3 1,3+£0,1* 4,0
1903 0,3+0,2 55 1,4+0,1%* 3,6 2,1£0,3 3,2 1,240,1* 4,0
331 0,1£0,0 55 2,3+0,3%* 3,4 1,3£0,1 3,1 0,6+0,0* 4,2
1683 0,1£0,0 55 1,1+£0,2* 4,2 0,6+0,0 3,4 1,0£0,1* 4,3
1904 0,2+0,1 55 2,0+0,0%* 4,8 1,0+£0,2 3,6 1,2+0,2 5,2
1905 0,1£0,0 55 0,7+0,1 4,4 0,5+0,1 3,4 0,4+0,0 5,2
1906 0,2+0,0 55 1,5+0,3 3,6 1,1£0,1 3,6 0,7+0,3 3,8
1907 0,2+0,1 55 1,2+0,2 4,1 1,2+0,0 3,4 0,7+0,1* 41
1908 0,4+0,2 55 1,7+0,3 4,2 1,8+0,0 3,5 1,3£0,1* 4,2
1909 0,2+0,1 55 1,1£0,1 4,5 1,1£0,1 3,8 0,5+0,1* 55
1910 0,1£0,0 55 0,6+0,0 4,0 0,440,0 3,7 0,5+0,1 5,2
1911 0,2+0,0 55 1,3+0,1 4,4 1,3£0,1 3,8 0,8+0,1* 5,2
1912 0,3+0,1 55 1,3+0,1 4,2 2,1+0,9 3,2 0,9+0,1* 4,9
1913 0,4+0,0 55 1,9+0,1 3,2 2,040,0 2,8 1,4+0,2%* 4,4
922 0,2+0,1 55 1,6+0,2* 3,1 1,1£0,1 3,1 1,6+0,3* 3,3

Onebn MoIIIMETTEPACH a30T Ke3IepiHiH OmomMacca OMOCHHTE3iHE Oip TYpPIiH INTaMIapbIMEH OPTYpPIi
acepi Typansl 6enrimi [17]. Bi3 anran momimerTep coHbIMeH Kartap 3eprrenred G. lucidum mrrammapsiHbIH
OPTYpJIi CHITATTaFbl a30T KO3JIEPiHe TEH €MeC KaThIHACKI TypaJibl €KCHIITTH KOpCceTe/Ii.

G. lucidum 6 mrambl OpraHuKabIK (TIENTOH) KOHE MUHEPAJIbl (AMMOHUIA JKOHE HUTpPAT) a30T Ke3/aepi
6ap oprana 6ipaeit ecti. G. lucidum mrrammapsiabie 70,4 %-bI OpraHUKAIBIK KOHE MHHEPAJIIBI a30T KO3/1e-
PiH KoJJaHa OTBIPHIT Kakchl ocTi. G. lucidum mrammapeiabie 29,6 %51 opTaga MENTOH HEMECE aMMOHHMIA
cynbdatel OonFaH Ke3ae OMOMacCaHblH MaKCHMAIABI MOJIIIEPiH KUHAAbI. KOpeKTik opTaga NenTOHHBIH He-
Mece HaTpHil HUTpaThIHBIH 0051ybl G. luCidum »eTi mITaMbIHBIH JKaKChl 6CYiH KAMTaMachl3 €TTi.

AliTa KeTy Kepek, NeNTOH/Ibl aMMOHHUI TY3bIMEH aJMacThIpy OMOMacCaHbIH KapKbIHIbI OMOCHHTE3iHEe
Tek 6ip rana G. lucidum—1903 mrameina bpiknan erti. COHBIMEH KaTap, *KOFaphl OasuaHabIbl CAHBIPAYKY-
JIaKTap a30TThl HUTPAT TYPiH/E Hamap CiHipeTiHAirine kapamactad G. lucidum—1887 mtaMbl HUTPATTHI a30T
Oap opTazma OoMaccaHbl KaKChI KIUHABI.

G. lucidum mrramMaapeIHBIH KOMIIITITIHIH ©CyiHe KONaiibl 00y Jopeskeci OOMBIHINA Hali aTaHbUTFaH
a30T KO3JIEpiH KeJleci KaTapra OpHaJlacThIpyFa OONajpl: MEeNTOH > aMMOHUH CyJIb(aThl > HATPUH HUTPATHI.
A30T Ke3zepiH maiinanany kputepuiii 6oibiHma G. lucidum mrrammapel eKiHII Topeskelti KaTtapra *KaTasl,
OJ1 OpPraHUKaJbIK, aMMHAKTHI )KOHE HUTPATTHI a30TTHI CIHIpY MyMKIiHJIiriMeH cunarranazs! [18].

Ocpunaiinira, 3eprrenred G. lucidum »xone T. versicolor mrampapsl apacbiHIa KOMipTeri MEH a30TIeH
KOPEeKTeHYIIH opTypii ke3aepi Oap oprama OnomaccaHBIH >KWHAKTATy KpUTepHili OolbiHma Oenrimi Oip
alBIPMAIIBIIBIKTAD aHBIKTAIIBL. Bapiiblk 3epTTedreH AakplUiiap KyMbICTa KOJIaHBUIATBIH KOMIpTEri MeH
a30T KO3/IePIHJIC oPTYPJIl KapKbIHIBUIBIKICH oce anaabl. Exi GakTopiibl ToKIpUOSHIH TUCIICPCUSIIBIK Tajlia-
YBIH TaiJlalaHy KOPEKTeHJIPY KO3/AepiHiH, mTaMIapAblH OHOJOTHSUIBIK epeKIIeNiKTepiHiH oCepiH Hemece
onapAplH Onomacca OHOCHMHTE3IHE e3apa 9peKeTTecyiH HakThliayFa MyMKiHmik Oepai. Coneimen, G.
lucidum yrris mramaapapH OHOTOTHSIIBIK EPEKIIETIKTEPIHIH 6achiM acepi aHBIKTaNBL, Oyi1 61 %—1b1 Kypa-
JTBL.

3epTTenred AaKbULAAPABIH 9PTYPJIi a30TThIH Ke3AEpiHIe ecyiHe KaTBICTBI XKYPri3iireH Toxipuoenepae
G. lucidum 6romaccachIHbIH KHHATYBIHA 52,4 % meHreifine mraMaapabliH OMOIOTHSITBIK, €PEKIETIKTEPIiHIH
THUICIHIIIE SCEPiHIH 0aCBHIMIBUIBIFBI AHBIKTAJIIBI.

Kopuvimuinosi

Vkpaunna ¥FA H.I'. XononHelii aTeiHnarbl BoTaHMKa WHCTUTYTHIHBIH KallakKThl CaHbIpAyKYJIAKTap
KOJUICKIMSCBIHAH AJIBIHFAH dpTypiii reorpadusuibik mbiry teri G. lucidum 27 mramsr sxone Trametes (Fr)
TYBICBIHBIH 29 IITaMbl 3epTTeNl. 3epTTENreH MTaMaap IbiH BEreTaTUBTI MHULIEIUHIHIH paualijibl ocy Kap-
KBIHBI KOHE OJIapAbIH 9p TYPJIi KOPEKTIK OpPTamarbl JaKbUIABIK-MOP(OIOTUSIIBIK 6Cy epeKIIeTIKTepi 3epT-
tenmi. 3eprrey 6apeickiama G. lucidum sxone T. versicolor mramaaps! apacsiHaa KOMIpTEri MEH a30TIIEH KO-
PEKTEeHYIIH 9pTYpIi Ke3Jepi O6ap opraga OnoMaccaHblH XKHUHAKTAITY JAeHreli OoWbIHIIA Oenrini Oip albipma-
LIBUTBIKTAp Oap eKeHiri aHbIKTangbl. by Toxipubenep OapiblK 3epTTENreH JaKblIAapIbIH KYMbBICTa KOJI-
JaHBUIATBIH KOMIpTeri MEeH a30T Ke3JepiHzAe opTYpJii KapKbIHABUIBIKIIEH ecyre KaOileTTi eKeHiH KepCeTTi.
Exi dakTopisl ToKIpHOSHIH AUCTIEPCUSIIBIK TalIayblH MaiaalaHy KOPEKTeHIIPY KO3IEPiHiH, MITaMIAapAblH
OMOJIOTHSUIBIK, EPEKILENTIKTEPiHiH oCepiH HeMece oylapblH OroMacca OMOCHHTE3IHE ©3apa 9pEeKeTTeCyiH HaK-
ThUTAyFa MYMKIHZIK Oepzi.
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Munenuiianibl KOJIOHUSIAPIBIH JaKbUIBIK-MOP(OIOTHSIIBIK ePEKIICTIKTEPiH, BEreTaTUBTI MUIICIIAN-
IiH paguaimsl ecy KapKbHbH, Trametes (Fr) sxone G. lucidum TysIcEl caHBIpayKyJIaKTapBIHBIH dPTYPI K-
PaMBIHIAFBI CYHBIK KOPEKTIK 3aTTAp/IbIH aJITHl TYpiHE OMOMacCaHBIH )KHHAKTANY JeHIeHiH 3epTTey Heri3iHe
OromaccaHbIH KHHAKTATy JeHreii OoWbIHIIa eH oHiMal mramaap 1. versicolor 353 sxone G. lucidum 1621
eKeHIr aHbIKTaIapl. Ochuiaiima, KeMipTeri MeH a30TTHIH SPTYPIIi Ke3mepi 6ap oprama eH yiIkeH Onomacca-
HBI CHHTE3IENTIH, TaHIaIbII ajgsiarad 1. versicolor 353 sxome G. lucidum 1621 mraMaapsIHBIH TEPCIEKTH-
BaChl TypaJibl KOPBITHIH]IBI XKacayFa albIHFaH HOTHXKEIIEP TOJIBIK MYMKIHJIIK OepeIi.

Kapocvinanowipy

3epmmey Kaszaxcmarn Pecnybnuxacel foiibim sicone scogapsl 6inim munucmpiiciniy Folnvim komume-
MIHIH KapHCLLIbIK KONOayvimeH scypeizindi (Ne AP09258296 epanmat).
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Ganoderma xaHe Trametes TYbICblHA XaTaTblH CaHblpayKyNaKTapblH...

K.I'. Mycradun, H.A. bucwko, A K. Kanuesa,
K.b. Hapmyparosa, A.C. XKakunbekona, JK.K. CanyeBa

Cxpununr rpu6os poaa Ganoderma u Trametes mo ypoBHIO CHHTe3a OMOMaCChI B
YCJI0BHUSIX ITYOMHHOTO KYJIbTHBHPOBAHUA

B crartbe MpHBEACHBI HCCICIOBAHHsI, HANPABICHHbIE HA MMOMCK CPEAN KOJUICKUHOHHBIX KYyJBTYp JIeUeOHBIX
rpuboB poxa Ganoderma u Trametes mTaMMoB, SBISIONMXCA HAUOOIEee aKTHBHBIME T10 CKOPOCTH POCTa H
HAKOIUICHHs] OMOMAcChl Ha MUTATENBHBIX Cpeax pa3inyHOro cocraBa. bputi HccienoBanbl 27 MITAMMOB PO-
na G. lucidum pasHoro reorpaduyeckoro nmpoucxoxaeHus u 29 mramMMoB poxa Trametes (Fr.) u3 xosiek-
IIUH IUUTSIIOYHEIX rpn6oB MHcTHTyTa O0TaHnkn M. H.I'. Xomoxnoro HAH Ykpaunsl. U3ydena panuans-
Hasl CKOPOCTb pOCTa BETeTATHBHOTO MHMIENMS HCCICOYeMbIX IITAMMOB M HX KYJBTYypalbHO-
MopGoornIecKine 0COOEHHOCTH POCTa Ha Pa3HBIX MUTATEABHBIX Cpelax. YCTaHOBJICHBI ONPEIe/ICHHBIC
OTJIHYHS MKy MccieayeMbiMu turammamu G. lucidum u Trametes versicolor mo ypoBHIO HakoIUieHHst OHO-
MacChl Ha cpelax ¢ Pa3HBIMH HCTOYHHKAMH YTJISPOIHOTO M a30THOTO MUTaHMs. Bee ncciaenoBaHHbIC KYIbTY-
PBI CIIOCOOHBI PACTH C Pa3HOI HHTEHCHBHOCTBHIO Ha HCIOJIB30BaHHBIX B pab0Te HCTOYHHUKAX YIIIepoaa U a3o-
Ta. VIcrnosp30BaHie AUCIIEPCHOHHOTO aHAIN3a ABYX(aKTOPHOTO OIbITa MO3BOJIHJIO JETATH3UPOBATh BIUSHUC
HCTOYHUKOB TUTaHUsI, OHONOTMYECKHX OCOOCHHOCTEHl IITAMMOB WIIM MX B3aHMOJCHCTBHE Ha OGHOCHHTE3
6uomaccel. Ha oCHOBaHHHM H3y4eHHs KyJIbTYypalbHO-MOP(OIOTHYECKHX OCOOCHHOCTEH MHIENHATIBHBIX KO-
JIOHHH, paJuaIbHON CKOPOCTH POCTA BETrETATHBHOIO MHUIICIHSI, YPOBHS HAKOIUICHHs OMOMACCHI Ha IIECTH TH-
nax >KMAKAX MUTATeSbHBIX Cpelax pasiuvHoOro coctaBa rpubos poma Trametes (Fr) m G. Lucidum Gswio
YCTAQHOBJIEHO, YTO HamOoiee MPOAYKTHBHBIMH [0 YPOBHIO HAKOIUICHHsS OMOMAacChl mTaMMaMd Oputd T.
versicolor 353 u G. lucidum 1621, koTopsie 66U OTOOPAHBI [Tk IPOBEACHHUS AATBHEHIIMX HCCIIETOBAHHIA.

Knrouesvie cnosa: Gasupnansusie rpubsl, G. lucidum, T. versicolor, mramm, 6HoMacca, CKpUHHHT, MULICITHH,
a30T, yIIepo.

K.G. Mustafin, N.A. Bisko, A.K. Kalieva,
Zh.B. Narmuratova, A.S. Zhakipbekova, J.K. Sadueva

Screening of fungi of the genus Ganoderma and Trametes by the level of biomass
synthesis under conditions of deep cultivation

This article presents studies aimed at searching among the collection cultures of medicinal Ganoderma and
Trametes fungal strains that are the most active in terms of growth rate and accumulation of biomass on nu-
trient media of various compositions. 27 strains of the genus G. lucidum of different geographical origins and
29 strains of the genus Trametes (Fr.) from the collection of mushrooms of the N.G. Kholodny Institute of
Botany of the National Academy of Sciences of Ukraine were studied. The radial growth rate of vegetative
mycelium of the studied strains and their cultural and morphological features of growth on different nutrient
media were examined. Certain differences were established between G. lucidum and T. versicolor fungal
strains in terms of the level of biomass accumulation on media with different carbon and nitrogen sources. All
the studied strains are able to grow at different carbon and nitrogen sources. The use of variance analysis of
two-factor experience made it possible to detail the influence of nutrient sources, biological characteristics of
strains, or their interaction on biomass biosynthesis. Based on the study of the cultural and morphological fea-
tures of mycelial colonies, the radial growth rate of vegetative mycelium, the level of biomass accumulation
on six types of liquid nutrient media it was found that the most productive strains in terms of biomass accu-
mulation were T. versicolor 353 and G. lucidum 1621, which were selected for further research.

Keywords: basidial fungi, G. lucidum, T. versicolor, strain, biomass, screening, mycelium, nitrogen, carbon.
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TexHOreHaiK 3USTHABI KAJABIKTAPbIHBIH TONBIPAKKA
JcepiH peHTreHO(IyopeceHTTIK JdicIeH Tajnaay

TexHoreHi )XYKTEMEHiH >KOFapbUIayblHa Kapai >KbUINaH-KBUIFA TONBIPAK ©CIMIIKTEpIl SpTYpiIi KOPEKTi 3at1-
TapMeH, ayaMeH, CyMeH, JKbITyMeH, OHOJOTHSIIBIK XKoHe (DU3HKAIBIK-XUMHSIIBIK OPTaMeH KaMTaMachl3 eTeTiH
KaOlneTTinirineH aifpIpputy1a. MyYHBIH ce6e0i TOIBIpaK KypaMBIHIAFb! ayblp METAILUT KOCHUIBICTAPBIHEIH IeH-
Teiii apTHII, TONBIPAKTHIH TO3YbIHA aJbII Kelai. Jkoxyitene Pb, Cr, As CHSKTHI ayblp MeTallapAbIH OOITyHI,
TINTI ©T€ TOMEH TYTHIHY ACHTEHiHIe e agaMaap MeH OuoKyhenep yIIiH yasl 0oJbin Tadbutanbl. Kopiaran
OpTaHBIH aybIp METAIAAPMEH aHTPOIOTCHIIK JIACTaHYBI (6HEPKAICIM, KCH OPBIHAAPBIH UTepy MCH KeH OalIKbI-
Ty, KeJIiK, ayblJT MIApyaIlbUIBIFBI KAIIBIFBI) yaKbIT ©T€ KeJe apThil >kaThlp. Ka3ipri ke3/e TonmbIpaK *KaMbUIFbI-
CBIHBIH ayBIp METAJIapMEH JIacTaHYBIHBIH Onocdepara ocepi kui 3epTrenyae. byt raburarTa bIIbIpaMailThIH
JKOHE Y3aK CaKTalaThIH KayilTi KAIABIKTapAbIH KOl )KUHAIYBI acipece ipi @HepKaciNTiK-ypOaHH3alisIaHFaH
aiiMaxrapaa OGalikamyna. Ayslp MeTalaapra sKaTaThblH XUMHSUIBIK 3J€MeTTepl YII ToIKa 06l KapacThIpyra
Gonanel. Kopriaran opTaHbIH ayblp MeTajqiapMeH aHTPOIIOT€H/IIK JIaCTaHybIH aHBIKTay MakKcaThiHa JKe3kas-
FaH KaJIachl )KOHE OFaH ipreJiec aiiMakTap/bIH TONBIPAFbIHBIH dP-TYPJIi TOPH30HTTAPEIHAH TOIBIPAK ChIHAMA-
CBI aNBIHABL. AJIBIHFAH ChIHAMATAPBbIH XUMHUSIIBIK KYpPaMblH aHBIKTAY YIIiH PEHTTCHO(IYOPECHEHTTIK d/ic-
ned (XRF) seprrey kacanran. Tangay xyMmbictapbl JIOMOHOCOB aThIHAAFbl MOCKEy MEMJIEKETTIK YHHBEPCHU-
TETiHIH JaHAWA(PT TEOXHUMUICH! KOHE TOMBIPAaK reorpadusachl KadeapacklHBIH 3epTXaHACBIHIA JKYPIi3iiii.
JKeskasraH Kalachl KoHE OFaH ipresiec afiMakTapbIH TONbIpaK Kypambinaarel I (As, Zn, Cd, Pb, Hg, Se), Il
(Co, Ni, Mo, Cu, Cr), Il (Ba, V, W, Mn, Sr), kayinriik JeHredinaeri XUMHsIIBIK JIEMEHTTEP.IIH CaHIbIK
KypaMbl, MT/KT OOUBIHIIIA Talay JKACAIJIbL.

Kinm ce30ep: Tombipak, peHTreHodayopeceHTTik Tanaay (PDT), aysip Metanaap, 3po3usi, KayinTiliK qope-
JKecl, KYHapIIBUIBIK,

Kipicne

KazakcTaHHbBIH Ka3ipri TaHJarbl TOMBIPAK JKYHECIHIH *KOFapbl KapKbIHABUIBIKIIEH TO3YbI TOTBIPAKTAFbI
OHMONIOTHUSITBIK, (PU3MKATIBIK-XUMHSIIBIK JKOHE OCIMIIKTEp/Ie KYpPeTiH OMOXMMUSIIBIK yIepicTepai Oackapyra
00JIaThIH OUOJIOTHUSIIBIK JKaFbIHAH KAYIIICi3 TEXHOIOTHSIAPbI JKacay bl Tajar eTeIi.

BuocdepanbiH 6acka HbICAaHIAPBIMEH CAJBICTBIPFAH/Ia TONBIPAK KA0AThl OHIIPICTIK, aybLIIIAPyallbUTbIK
KaJIZIBIKTapbl MEH 9PTYPJIi JIACTAFBIII 3aTTap/AbIH aFbIHbIH ©31HE KaObUIAAWTHIH OpTa. TEeXHOTEH/IIK KhICHIM-
HBIH KapKbIH/bI 6CyiHE 0alIaHBICTBI, TOMBIPAK XKYHeci 031HIH 0alIaHBICTHIPYIILI )KOHE 3ATANICHI3IAH BIPY-
IIBI CHIHJIBI €H MaHBI3/IbI KACUETTEPiH jkoFanTa O0actaapl. bymail alTyneiH Herisri cedebi — TombIpak, xyiie-
CiHzIeri OMOJIOTHSIIBIK OHIMIIIIIKKE KapaFaH/a, JJacTayIlbl yAepicTepaiH 0achiM 0OJTybI.

OCBIHBIH 9CEpIHEH TONBIPAK 3PO3MUsSFA YINbIPAI, JKbLJI OTKCH CalblH TYPII JAKbUIIAPJbIH ©HIMIIIIT
QJIEMJIIK JICHTelIe KYPT TOMEH/IEY/Ie, OCBhIFaH Opail KOPEKTIK JIEMEHTTEP/IiH 0acThl K631 OOJBIN CaHAIAThIH
TYMYCTBI KOCBUIBICTap/IbIH KOpbI KeMyne. Tyrac anranjia, Kasipri Ke3Jie TaOuraTThl KOpray IiapajiapblHbIH
ICKe acraybIlHaH JKEPJiH TO3Ybl MEH TOIBIPAKTHIH TAOUFU KYHAPJIBLIBIFBIHBIH TOMECHJICY KAPKBIHBI JKOFaPhI
Oomyna [1].

TomnbIpakThIH €H 0acThl KACHETI MEH KYHJIbI KbI3METi — OHBIH KYHapJIbUIbIFbl. ColiKeCiHIIe, aHTPOIO-
TeHJII 9cep €Ty JKaraalaphlHaa TONBIPAKTHIH 63 KYHAPJIbLIBIFBIH KAMTaMachl3 €TETiH (PU3UKAJIBIK, XMMHSI-
JIBIK, OMOJIOTHSUIBIK KACUETTEPIHIH CaKTaaybIH O0aKblLIay — TOMBIPAKTHIH KOOI HSUTBIK MOHUTOPHHTICIHIH €H
MaHBI3/IbI O31HIIK epeKIlle MiHIeTTepiHiH Oipi.

TONBIPaKThIH arpOXUMHUSUILIK KACHETTEPiHE OHBIH KYpPaMbBIHJAFbl Kapa MIpiK, KOPEKTIK 3aTTapiblH
xainmsl (N, P20s, K2O) xoHe ®KbUDKbIMAIBI TYPIHIH MOJIIIEpi, TOBIPaK epiTiHaiciHiH peaknusicel (pH), ciHi-
PY CHIMBIMIBUIBIFBL, HET130€H KaHBIFY JOpEeXkKeci, MEXaHUKAIBIK KypaMbl xKaTa bl [2].

Kaszipri ke3eHne aHTponoreHAiK (hakTopiapiblH oCepiHEH KOpIIaraH OpTara ayblpMETaAapAbIH TYCYi
epekiie Kayin TeHjipyae. TonblpakTeiH OENTili KAaTHOHABIK CIHIpY KaOilleTiHe OaillaHbICThI ayblp MeTaj-
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JapAbIH Y3aK yaKbIT OOWBI a3 MeJIILEpe TYPaKThl TYCYi OJapAblH alTapibIKTall JacTaHybIHa 9KeTyi MYMKiH.
TonsIpakThIH ayslp METaIAAPMEH JIACTAHY >KOJAAPhl opTYpIIi, Oipak oJapabIH iMIiHACTI €H 0acThICHI — TeX-
HOTEH/IIK KIABIKTapIbIH aTMoc(epa apKbUIBl TapaTybl.

ATMOcdepa MeH KopIIaraH OpTaHbIH TEXHOTCH/IK JIACTaHYbIHA HETi31HEH JKbUTY SJIEKTP CTaHIUSIIApHI
(27 %), xapa sxoHe TycTi Metawtyprus kacinmopsingapsr (24,3-10,5 % apanbirbiHga), MyHali-ra3 cajaacel
(15,5 % enmipy mMeH Kaiita eHaey keseHinae), keuik (13,1 %), KypbUIbIC MaTepHaiapbl MEH OHIIPICTIK Ko-
cimopsiaap (8,1 %), coHbIMEH Katap XMMHSUIBIK OHIipic kacimopsiHaapsl (1,3 %) Kypaiasl. Ayblp Meral-
JapAbIH KeIl 0eiri TeXHOreHAIK KaIbIK 3aTTapAaH CalbICTBIpMaibl TYPAE a3 paauycTa IaH TYPiHIe TOMbI-
paK >KaMbUIFBICBIHA TYCEi, KYpPFaK ImaH-To3aH petinae 75-95 %; 15-20 % atmocdepanibiK KaybIH-IIAIIbIH
ApKBUTBI TYCEi.

Tombipakka aTMocepasan TYCETiH ayblp METaIap/AblH aHTPOIOTEH/IIK Ke3/iepiHeH Oacka, ypOaHu3a-
IUSUTaHFaH ayJdaHAaparsl aFbIHAB CyJapAaH, OHIIPICTIK KaIABIKTap MEH TYPMBICTHIK KaJABIKTapAaH Kelyi
MYMKiH [3].

TombIpak >KaMBUIFBICHl TaOUFATTHl KAJIBINTACTHIPYAA HEri3ri penii artkapaiasl. TONBIPaKTBIH SpTYpIi
JacTayuibl 3aTTaplbl CIHIPY JKOHE YCTall TYpYBl, OJapAbl XUMISUIBIK JKoHE (DU3MKaIBIK KOJJapMeH Oaiina-
HBICTBIpY KabOineTi OyJI KOCBUIBICTapAbIH TaOWFH cylapiaa, eCIMIAIKTEp/e >KOHE OJIaH opi KaHyapilap MeH
a/laM OpraHu3MiH/Ie KOPEKTIK Ti30eKTepe MIOFbIpIIaHybIHA KO OepMeiIi.

Kopiiaran opTaHbIH ayblp MeTalJapMEH aHTPOTOTEHIIK JacTaHybl (OHEPKACIIl, KEH OPBIHAAPBIH HIepy
MeH KeH OaJIKBITy, KOJIiK, aybUl IIapyaIllbUIBIFEI OHIMIIEPi) YaKbIT oTe KeJe apThin kaTeip [4]. Kazipri ke3me
TOTBIPAK KAMBUIFBICHIHBIH KayiNTi JIaCTaHYhI )KOHE COHBIH CANJapbIHAH a/laM JIEHCAYIIBIFBIHA dcepl JKHi Tip-
kenyzae. byn TaburarTa Oy3pUIMalTBIH JKOHE Y3aK CAaKTalaThIH KayilTi KalABIKTapAbIH dcipece ipi eHepKo-
cinTik-ypOaHU3allMsUTaHFaH ayMaKTapJa Kell KHHalIyhl Oaiikamyma. Jkoxyiene Pb, Cr, As cHAKTBI aysip
MeTalIap/IsIH OOIyHl, TINITI ©6T€ TOMEH TYTHIHY JAeHreHiHAe /Ie agamaap MeH OMOoXKYHenep YIIiH yibl OOJbIIT
TabbLIaabl. Tonbipak JaHmadTKa TEXHOTEH/IIK KYKTEMEHIH JopeKeci MCH CUIIaThIH Oarajiay YIIiH eH Oac-
ThI aKMAPATTHIK HBICAH OO0JIBIN TaObLIabl, OYJI OJIApIbl 3ePTTEYTre OACKIMIBLIBIK Oepei. JlanamapTThiH TeX-
HOTEH/IK KYKTEMECIHIH JIopeXeci MEeH CHUTIAThIH Oaranayaa TOMBIPAKTHIH MaHBI3BI 30p, COHIBIKTAH TOIIbI-
PaKTBIH KYpaMBbIH 3epTTey KOl MyMKiHIIKTepre o amanasl (1 kecte).

l-kecTe

KayinTinik geHreiiine 0ailJIaHbICTBI aybIP MeTAJAAPAbIH KiKTeTyi

Kayinrinik geHreii XUAMUSUIBIK 3aT

| KoprachiH, MBIIIBSK, KaAMUAN, CHIHAT, CETIEH, MBIPHIIII

| Meic, K00albT, HUKENb, MOJIHOACH, XPOM

1] Bapuwii, Banaawii, BoIb(ppam, Maprasel, CTpOHIIHN

AybIp MeTanzap apKbUIbl aHTPOIOT€HAIK JIACTaHY KOJJIAphl KOl jKoHe apTypiii. OnapablH XKepriikTi
JacTaHybl alMaKTap/IblH TOKCUKAHTTAP/IBIH KOFapbl KOHIIEHTPANUSACH KaIbINTACYbIMEH aHBIKTaNalbl. AYbIp
MeTaJap/IbIH KOpIIaFaH OpTara Tycyl OipkemnKi OonMaiiiel, KeOiHece xKarrmai KaJabpIKTap TypiHe Ke3aecei
’KOHE THICTI aHTPOTIOTE€H/IIK HBICAHHBIH )KYMBIC iCTEYl asKTalFaHHaH KeiliH TOKTaThUIa 6. AyBIp MeTaiap-
JIBIH HEFYPJIBIM 1pi ke31epi aBTokeik, XKO0, Ka3aHIbIKTap ®OHE OThIH KaFyMEH JKYMBIC ICTECHTIH Oacka Ja
SHEPTETHKAIBIK 00BbeKTiNIep OombIn Tabbu1as! (1-kecte). Kemip, Ma3yT, Anu3enb OTHIHBI, OCH3WH KypambIHIa
aybIp MeTaIIap/IbIH (KOPFachiH, OeprILTni, BaHA U, HUKEIh, CHIHAII, MBIIITBSK XoHE T.0.) Kom Meepi 6ap,
oJiap OTBIHBI JKaFyJIbIH KOFaphl TEMIIEPaTyPaIbIK JKaFJaiibIHIa Ta3 TOPi3/i KOCBUIBICTA all a3 JopeKee Kar-
ThI a3p0o30JibJep Ty3edi. OChIHBIH ocepiHeH aTMocdepaia, CojlaH KeiiH xep OeTiHJIe JJaCTaHyAbIH KeH epic-
Tepi maiiaa 6onanme [S].

AybIp MeTanIapAblH Kbl aHTPOIIOTCHIIK AMUCCHICHIHIAFBl YHEPTUSHBIH YJieCi eTe MaHbI3Ibl. Me-
TAJUTYPTUSUIBIK 3aYBITTAPBIHBIH alfHATIACKIH/IA OPTYPIi TAOUFU OpTaja ayblp METalAap/IblH Kol MeJepi 6ap
KEeH aHOMaJJIpl aiiMakTap maiaa Oomangsl. ATMOc(epaHbIH KOFapbl KadaTTapblHa ayblp METaNAapAbIH Kell
MOJIILIEPiH IIbIFapFaHia TpaHCLIeKapallbIK ayblcyllapra OaiIaHbICThl KOpILi aiiMakTap YLIiH Kayiln TeHAiper.

Mamepuanoap men adicmep

Kopiaran opTaHbIH ayblp METajAapMeH aHTPOIOICHIIK JIaCTaHYbIH aHBIKTay MakcaThiHIa JKe3ka3raH
KaJlachl JKOHE OFaH ipreiiec aiMaKTapIblH TONBIPAFBIHBIH OPTYPJIl TapU30OHTHIHAH TONBIPAK ChIHAMATAPHI
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QNBIH/IBI. AJIBIHFaH ChIHAMAJIAP/bIH XUMHSUTBIK KYPaMbIH aHBIKTAY YIIiH PEHTTeHO(IYOPEeCIEHTTIK 9/IiCTICH
Tanjay kacaiaslk. Tangay skymbeictapbl JIOMOHOCOB aThIHIaFbl Mockey MEMIICKETTIK YHHBEPCUTETIHIH JIaH-
mmadTTap TEOXUMUSACH JKOHE TONBIpaK reorpadusacel KadeapachIHBIH 3epTXaHACBIHIA JKYPTi3iami. TomsI-
PaKTHIH 3JEMEHTTIK KYpaMblH aHBIKTAy YIIIH KONTETeH aHaJIUTHUKAIBIK 9/icTep, COHbIH immHme AAS, ISP-
MS, XxuMUSIIBIK Tajaay icTepi Konnansmanbl. bipak XRF CHAKTB CIIEKTPOCKOMHSITBIK 91icTep Oacka ojic-
TEpMEH CaNBICTRIPFaH A YIIKEH apTHIKIIBUIBIKTApFa ue [6].

TombIpak chiHAMANAPBI apHANBI TEPMETHKAIIBIK TMOJTHATHIICH KalTalapbhlHA CAJIBIHIBL OpOip ChiHAMara
apHalibl KaWJaH aJbIHFAHABIFBI, KYHI MEH YaKbIThl JKa3bUIFaH OCMTiJIEp JKaIChIPHUIABI. AJIBIHFAH TOTBIPAK
ChIHaMaJaphl 3epTXaHaa TOJBIK KenTipinai. KenTipy yIIiH yikeH Kara3ra jKyKa eTill JKasMbI3, apachIHIaFbl
TaMbIpJIap MEH ©CIMIIK KaJABIKTAPBIH, YCaK TacTap MEH KOKBICTap/bl albll TacTaimbl3. KyH coymeci Tike-
JIeH TYCHEHTiH, KypFaK KBIIKbUIIAP MEH Ta3Iap/AblH Hici )KOK O0esIMe/e YIII KYH KalapipaMbl3. HeriziHeH Chi-
HaMaJap/bl apHaibl KenTipy kamepaiapsl MeH TepmocTarta t = 40-45 °C temnepartypana kenripyre 6oma-
nel. KenTipinreH TOMBIpaKTHI peHTTeHO(ITyOPECIEHTT] Talfay JKacay YIIiH apHaibl XpOM BIIBICTa Maiiia-
nan, 1MM elekTeH oTKi3eMi3. EnekTeH eTnereH ipi TOMBIpaKTHl KaiiTa Malanan etkizyre Oonazsl [7]. [a-
iibH Oostran chiHamanapbl apHaiibl AKII-Ta msirapsuiran Olympus Innov-X Delta Professional — penrre-
HO(IYOPECIIEHTTI aHATM3aTOP KYPBUIFBICH apKBIIbI T AHMBbI3.

Homuoicenep

P®DA onici apkpuibl JKe3kazraH Kajlachl )KOHE OFaH iprejec aiMaKTap/IbIH TOIIPAK KypaMbIHIAFbl XU-
MUSIIBIK DJIEMEHTTEP/IIH KayilTUTIK JeHreliH aHBIKTaIbIK. AJIBIHFAH HOTIDKEIepAl 2, 3 koHe 4 KecTelepAcH
Kepyre 0oJabl.

2 -kKecrTe

7Ke3Kka3raH Kaj1achl koHe OFaH ipresiec aiMaKTapAbIH TONBIPAK KYPAMbIHAAFbI
I i KayinTijik geHreifingeri XMMMAIBIK 3J1eMEeHTTEePAiH CAHABIK KYpaMbl, MI/KI

. XUMUSIIBIK DJIEMEHTTED

CpIHama anbpIHFaH aiiMaKTap As Zn | cd| Pb | Hg Se
TexHOTeHIK KaJIIBIKTapIbIH YiiHzici, 0-2 cM 18,6 170 - 243 - 167
TexHOTeH TIK KaJIbIKTApAbIH YHiHaiCi, 2—8 cM 21,7 142 - 305 - 210
TexHOTeHIIK KAIIBIKTapAbIH YHiHmici, 10—40 cM 15,9 114 - 196 - 182
TexHOTeH K KaJIIBIKTapabIH YiHiHgici, S0—80 cm 19,1 138 - 214 - 146
[TupuTTi KOCBUIBICTAPIBIH KaJibIKTapbl, 0—10 cM 35,6 | 501 - 138 - 286
[upUTTI KOCBIIBICTAPABIH KAJIIBIKTaphl, 1020 cM 19,4 | 295 - 140 - 240
Boranukansik 6ak (CyapsuiraH aifMaK) 21,7 | 224 - 80 - 288
Bboranukaibik 6ax (CyapbuiMaraH aiMak) 16,2 | 952 - 15 - 166

3-kecTe

7Ke3ka3raH KaJjiachl ’KJ9He OFaH iprejec aliMaKTapAbIH TONBIPAK KYPAMBbIHAAFbI
II kayinTijik AeHreifinaeri XMMHUSJIBIK 3JIeMeHTTEepPAIH CAaHABIK KYPaMbl, MI/KI

XUMUSIIBIK 3JIEMEHTTE
ColHamaliap ajiblHFaH aiiMakTap ]

Co Ni Mo Cu Cr
TexHOTeHTIK KaJIIBIKTapAbIH YHiHgici, 0-2 cM - 31 - 1016 31
TexHOTeH TIK KaJIbIKTAPAbIH YHiHaici, 2—8 cM - 30 - 1546 30
TexHOTeH K KaJIIBIKTapAbIH YHiHzgici, 10—40 cm 10 21 - 1877 21
TexHOTeHIIK KaJIIBIKTapAbIH YHiHgici, S0—80 cm — 32 - 1331 32
[TupuTTi KOChUIBICTAP/IbIH KasabIKTapbl, 0—10cm 20 19 - 302 19
[TupUTTI KOCBUIBICTAPABIH KAJIIBIKTaphl, 1020 cM 18 37 - 470 37
Boranukansik 6ak (Cyapbuirad aiMak) 10 45 - 174 45
Boranukaibik 6ak (CyapbuiMaraH aiMak) 12,6 34 - 30 34
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4-xecTe
7Ke3kaszraH Kajachl JKoHe OFaH ipreJiec aiiMaKkTapAbIH TONBIPAK KYPaMbIHIAFbI
III kayinTinik neHreiinaeri XUMHAIBIK 3J1eMEHTTEPAIH CAHIBIK KYpPaMbl, MT/KT
XUMUSITBIK 2JIEMEHTTEP
ChiHaMa anbIHFaH afiMakTap

Ba V W Mn Sr
TexHOTeHTIK KaJIBIKTAPbIH YHiHmici, 0—2 cM - 62 15 1016 170
TexHOTeHTIK KaJIBIKTAPIbIH YHiHAICI, 2—8 cM - 65 14 1546 142
TexHOreH K KaJIIbIKTapablH YiiHzgici, 10—40 cm - 55 11 1877 114
TexHOTeH IIK KAIIBIKTapAbIH YHiHmIici, S0—80 cM - 71 8 1331 138
[TupuTTI KOCBUTBICTAPABIH KaIAbIKTaphl, 0—10 cM - 98 - 302 501
[TupuTTi KOCBUIBICTAPABIH KaJAbIKTapel, 10-20 cm - 66 12 470 295
Boranukansik 6ak (Cyapbutrad aiiMak) - 76 16 174 224
Boranukansik 6ak (CyapbuiMaraH aiiMaKk) - 39 17 30 952

ExiHmmi kectesie ajbplHFaH MAIIIMETTEpACH KOPIHIN Typranaai [-mmi gopeskeni KayinTifik JeHreii xora-
PBI XUMHSITBIK, deMeTTep (As, Zn, Pb, Se) cpiHama anraH aiiMakThIH OapibIFeIHAA Oaiikanael. MBIPBIITHIH
KaJIBIITaH THIC KOFAPbl KOPCETKill O0O0TaHMKAIBIK OaKThIH cyapMaibl TomblparbiHaa 952 mr/kr (100 mr/xr
HIPK) ke3necti. OchlHAal KalbINTaH THIC KOFaphl 001y ce0edi OHEPKICIN OPBIHAAPBIHBIH KAIIBIK CYJIapbl-
MEH CyFapraH/a Cy apKbUIbI Ja Kelyi MyMKiH. TeXHOTeH/IiK KaIABIKTapAblH YHiHiciHae KoprackiHHBIH (Ph)
Meuep imeKTi pykcaTThlK KaHbiKnanaH 10 ecexen aptwik xorapsl (LLIPK 20 mr/kr). As kepceTkimTepi ae
MeJIIIepl MeKTi pYKCaTThIK KaHbiKnaaan 10 ecenen apthik sxorapbl (IIIPK 2 mr / xr). ChiHama anbiHFaH aii-
MaKTapAbIH OapbIFBIHIA OCBI KOpCETKimTep sxorapsl [8—9].

YuriHmi kectee KayinTuTiK IeHreiiHiH KOFapbUTBIFBI OOMBIHINA SKiHIII Jopekelli XUMUSIIBIK dJIEMEHT-
TepaiH immHae Mo-HeH Oackajapbl ChIHAMaap ajblHFaH OapiiblK aiiMakTa Ke3necTi. Cr-HBIH €H JKOFapFhbI
KOPCETKillli O0TaHMKAJIBIK 0aKTHIH CyFapbUIMaraH TonbipareiHaa 45 mr/kr ke3aecti (IIIPK 6 mr/kr). MbIcThIH
€H KOFapbl KOPCETKIMITEepl TEXHOTeHIK KAIIBIKTap YHIHIICIHIH OapiblK KabaTTapblHAa ©Te KOFaphl JCH-
reiine 6onmel (IHPK72mr/kr). Ni (IHPK 7-14 Mr/kr) KamsInTel Kargaiiiarsl KepceTkimTepaeH 1,52 ece xo-
Fapbl.

AJ TepTiHIII KecTe/le TEXHOTeH IIK KAIIBIKTap YHIHAICIHIH TOMBIPaK KYpaMbIH/Ia MapraHelTiH Ke3/1ecyi
KanenThl xkargaiinan acmansl (I1IJIK-1500 mr/kr). Bipak Mn-TiH Ke3/ecyiHiH €H TOMEHI1 KepceTkinri 0ora-
HUKAJIBIK OaKThIH CyapMaJjlbl TOIBIPAFbIHIA Ke37ecTi. bapibik 3epTrenreH aiiMakrap OoWbIHIIA V 3JIEMEHTI-
HiH (BaHanuii) ke3aecyi MEKTIK PYKCATTHIK KaHBIKIIAAaH acllaraHIbIFbl OaliKaiaibl.

OchI aHBIKTATIFAHAP HETi31H/Ie OHIIPIC OPBIHAAPBIHBIH KAIABIKTAPBIHBIH CAIAPbIHAH CyFa, TONBIPAKKa
TEXHOTEHJIIK KbICHIMHBIH apTKAH/IBIFBIH aTal KETKEH KOH.

Kopvimuinowi

PenTreHodyopecieHTTiK Tanay ofici apKbUIbl TOMBIPAaKTa Ke3eCeTiH 3UsH bl 3aTTapbIH, MBICAITBI —
MBIIIBSK, KaIMUHA, ChIHAI, KOPFachlH, CEJICH, MBIPHIII, KOOAIIbT, HUKEJh, MOJIUOJIEH, MBIC, XpOM, Oapuii, Ba-
HaJWi, BOJb(ppaM, MapraHel] CUAKThI KayilTUIIK JCHIeHi opTYpJi XUMHUSIIBIK 3JIEMEHTTEPIIH KaHBIKIIACKI-
HBIH MOJIIIEePiH Te3 apaja aHbIKTayFa MYMKIHJIIK Oeperi.

JKeska3raH Kallackl )KoHE OHBIH ipreiiec alMakTapblHAH ajbIHFaH TONBIPAK ChIHAMAIAPBIHBIH KYPaMbIH-
JIaFbl 3USH/IBI 3aTTapblH KAYINTITIK AopexeciHe OaiiaHbICThl XUMHSIIBIK IIMEHTTEP/IH Oipa3 Typiepi ai-
TapJIbIKTal JKOFapel JeHrenai kepcerri. Onap: | kayinTijgik JeHreWiHIAeTI XUMUSUIBIK 3JIEMEHTTED MBIPBIIII
TIeH KOPFaChIHHBIH KAJIBINTHI )KaFAaiibIMeH canbicThiprania 10 ecere apTein keTkeH. [l kayinTinik neHreiin-
JIETT XUMUSUTBIK 3JIEMEHTTED MBIC TIEH XPOM KaJIbINTHI JKaFraaiarel KOPCETKIIITSH ajjie Kaiaa skorapsl. 111
KayINTTK JeHrediHIeri XUMHSIIBIK JIEMEHTTEp MapraHel] IeH BaHaIUHUIIIH PEeHTIeHO(DIyOPECIICHTTIK Ta-
Jlay 9J1ici apKbUIbl AJIFFaH KOPCETKIMITEPI KAJBINIThI )KaFaai/a.
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A.b. Mrip3abaes, [I.JI. T'onoBanos, . Ypoansk, C.A. Kymep6aes, M.T. bonees

AHaJIN3 BJIMSIHUS TEXHOT€HHbIX BPEIHBIX 0TX0J0B HA MOYBY
peHTreHod1yopecieHTHBIM MeTOA0M

Tlo mepe yBenueHUs] TEXHOTCHHOM HArpy3KH M3 ToJa B TOJl [I0YBa yTPaunBaeT CIIOCOOHOCTh 00eCIeunBaTh
pacTeHHs pa3IHYHBIMH MUTATEIbHBIMU BEIECTBAMH, BO3AYXOM, BOJOH, TEIUIOM, OHOIIOTHYIECKOI 1 (HU3MKO-
XUMHUECKOH cpenoit. [IpHunHON Cy)XMT yBEIMUYEHHE B [TIOUYBE COENMHEHUN TSKENbIX METAJIOB, UTO NMPUBO-
JWT K ee aerpamammu. Hanmnane B skocucTeMe TSDKEIBIX METa/lIoB, Takux Kak Pb, Cr, As, sBisieTcst TOKCHY-
HBIM JJI 4elI0oBeKa M OMOCHCTEM Jaxke IPH HU3KOH KOHIIEHTpALUu. AHTPOIIOTEHHOE 3arpsA3HEHHE OKpYyXKa-
IOIIeH Cpeibl TSDKENBIMH MeTajulaMHi (IIPOMBIIUIEHHOCTh, Pa3paboTKa MECTOPOXKISHUH M BBIILIABKa Y,
TPaHCIOPT, CEIBCKOE XO3SHCTBO) CO BpEeMEHEM yBEIMYMBaeTcs. B HacTosee BpeMsi Bce dalle H3ydaer-
Csl 3arpsI3HEHHE TTOYBEHHOTO MOKPOBA TSDKEJIBIMHM METaJUIlaMH M €To BiIWsHue Ha Oouocdepy. OcoGeHHO 3TO
HaOJIfo1aeTcsk B KPYNHBIX IPOMBINUICHHO-YPOAHU3UPOBAHHBIX PETHOHAX, TN €CTh OOJBIIOE CKOIUICHUE
OTIACHBIX OTXOMO0B, KOTOpPBIE B MIPHUPOJE HE pa3nararoTcst ¥ Joaro xpaHsrcs. C Lenbio BBISBICHUS aHTPOIO-
TEHHOTO 3arpsS3HEHUS] OKPY)KAIOMmIEeH CPeAbl TSKEIBIMI METaJUIaMH OBLIH B3SITHI IIPOOBI C PA3NIUYHBIX TOPHU-
30HTOB IMOYB ropoja JKe3kasraHa W MPUJIETAIONIUX K HEMY PETHOHOB. MeTOIOM peHTTeHO(ITyOpeCeHINT
OBUTH OTIpe/ieNieHbl XUMUYeCKHe cocTaBbl B3ATHIX Mpob (XRF). AHamutndyeckue paboThl MPOBOAMINCH B Jia-
Ooparopun kadenpsr taHamadTHOH reoxumun u reorpadun nous MI'Y um.M.B. JlomonocoBa. Hamu Opin
MPOBEJ/ICH aHAIN3 KOJIMYECTBEHHOTO COAEPKAHHUS XUMUYECKHUX JJIEMEHTOB B IouBax I. JKe3kasrana u npuie-
raromux k Hemy 30H I (As, Zn, Cd, Pb, Hg, Se), II (Co, Ni, Mo, Cu, Cr), Il (Ba, V, W, Mn, Sr) yposueit
OIIACHOCTH.

Kniouesvle cnosa: mousbl, peHTreHODIyopecieHTHbIH aHanu3 (PDA), Tskenble METaIbl, 3pO3Usi, CTEIICHb
OITaCHOCTH, TJIOIOPOIHE.

A.B. Myrzabaev, D.L. Golovanov, Ya. Urbanyak, S.A. Kusherbayev, M.T. Bodeev

Analysis of the impact of man-made harmful waste on the soil by X-ray fluorescence
method

As the technogenic load increases from year to year, the soil loses its ability to provide plants with various
nutrients, air, water, heat, biological and physico-chemical environment. The reason is an increase in heavy
metal compounds in the soil, which leads to its degradation. The presence of heavy metals in the ecosystem,
such as Pb, Cr, As, is toxic to humans and biosystems even at low concentrations. Anthropogenic pollution of
the environment by heavy metals (industry, mining and smelting of ores, transport, agriculture) increases over
time. Currently, soil contamination with heavy metals and its impact on the biosphere are increasingly being
studied. This is especially observed in large industrially urbanized regions, where there is a large
accumulation of hazardous waste that does not decompose in nature and is stored for a long time. To identify
anthropogenic pollution of the environment with heavy metals, samples were taken from various soil horizons
of the city of Zhezkazgan and adjacent regions. The chemical compositions of the taken samples were
determined by X-ray fluorescence. Analytical work was carried out in the laboratory of the Department of
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.I'. MyctadpmH, H.A. Buceko, A.K. Kanuesa T.6.

Landscape Geochemistry and Soil Geography of Lomonosov Moscow State University. We analyzed the
quantitative content of chemical elements in the soils of Zhezkazgan and adjacent zones I (As, Zn, Cd, Ph,
Hg, Se), Il (Co, Ni, Mo, Cu, Cr), Il (Ba, V, W, Mn, Sr) hazard levels.

Keywords: soils, X-ray fluorescence analysis (XFA), heavy metals, erosion, degree of danger, fertility.
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Bankam KanaceIHbIH aTMOC(hepanbIK ayachIHbIH aybIp MeTAJIaPMeH JIACTAHYbI

Maxkanana Bankamr KanacklHbIH aTMOC(EpalbK ayachIHbIH XMUMHSUIBIK 3JIEMEHTTEPMEH JIaCTaHy JKarJaibl
tankpuianrad. Kankeiva Oemmexrepain Memmepi PM-10 cTanuoHapiislk 6aKpuiay HOTHKeIepi OOMbBIHIIA ChI-
Hamanap 99,6% 1aH OeeKTepiHiH MIOFbIPIaHybl (KypaMbl OOMBIHIIA capanaHOaFaH IIaH/a’po30Jib) Ke3iH-
ne — 0,8 PIIK o.t1 xypansl, PIIIK o.1. Hopmackl 0,05 mMr/m®, Baikai KanacklHbIH aTMOCHEPAIBIK ayachlHaa
KaTThl OeJIeKTepIiH Oip PeTTIK KOHICHTPAIMACHIHBIH cH koFrapbl Memmepi 0,2 PIIK 6omnsr. Kankeiva
OeJIeKTepaiH KOHIEHTPAMsCHIHBIH Meumepi PM-2.5. Hopmanap Goiipaima PM 2.5 oprama ToymiKTiK JeH-
reiti 0,25 mMr/M® acnaywr kepek. ManiMeTTep Goitbama PM 2.5 oprama ToymikTik AeHrelfinin acy eceniri 0,7
Mr/M® KATTBI GOIIEKTEP/IiH 6ip PETTIK NIOFBIPIAHYBIHEH eH korapsl PM-2,5-0,2 PIIIK Gommsr. XKanms! kana
OOMBIHIIA 030HHBIH OopTama KoHneHTpammscsl 1,5 PHIK o.T. xypansl; KykipT auokcumi-5,4 PIIK m.0p.u.;
kemipTeri okcuni-2,2 PIIK m.0p.mr; azor auokenai — 2,0 PIIK m.0p.m1.; kykipreyreri-20,1 PIIK m.0p.m.
PYKCAT €TUIreH eH *OoFaphl Oip peTTik morbipiany 0,5 Mr/mM® ke3iHae Koaalichls METEOPOIOTHSIBIK JKaFaii-
Jap Ke3eHiHIe KYKIPTTI aHTHAPUATIH HaKThl KoHIeHTparusacel TuicTi PIIIK-man 23,7 ece achlm TYCKeHIIri
QHBIKTAJI/IBL.

Kinm ce3zdep: atmocdepa, aya, PIIIK, a3oT quokcuai, kemipTeri AMOKCHII, KYKipTCYTeri, KYKipTTI aHTUIPUJ,
KaJIKbIMa OeJIIeKTep, maH, peHol, aMMHaK, 030H, (hOpMaJIbJIeTH]I, JTaCTayIIbl OOIIIEKTEep.

Kipicne

ATMOchepaHbIH JacTaHy J9peKeci 3USAHABI 3aTTapAblH IIbIFAPbIHABUIAPEIHBIH MOJIIEpi MEH KeJeMiHe
KOHE XMMUSUIBIK KypamMbIHa, IIBIFAPbIHBLIAD KOTEPIJICTIH OMIKTIKKE JKOHE IIBIFAPBUIATHIH 3aTTAP/AbIH TACHI-
MaJlIaHybIH, MIAIIBIPAYBIH JKOHE AHAIBIMBIH aHBIKTAWTHIH METEOPOJIOTHSIIBIK JKaFjaiapra OailaHBICTHI
exeni gonenaennai [1, 2]. IerapblHabUIapbIH TYPAKThl KOPCETKIMTEPi Ke3iHae atMocdepaHbIH JacTaHy
JICHTeii KITMMATTBIK JKaFIainapra: aTMocdepanarsl KocnanapAblH OarbIThIHA, aTMOC(hEpaaarsl KocnalapbH
TachIMaJJIaHybIHA JKOHE TapaTyblHa, (POTOXUMHISIIBIK TYPIICHIIpYJIep MEH ayaHbIH KalTalaMa JIaCTaHy eHiM-
JepiHiH maina OOTybIH aHBIKTAWTHIH KYH PaIHalMsACHIHBIH KapKbIHABUIBIFbIHA OaimanbICThI [3, 4]. KamsmTer
OMIp CYPY OPTachlH SKOJOTHSIIBIK-TUTHEHAIIBIK TYPFBIZIAH KAMTaMachl3 €Ty YHBIMAACTHIPYIIBIIBIK, FHUTBIMUA
’KOHE MH)KEHEpJIK IIapaiapibl YHEMi KeTULHIpil OTHIPY.Ibl, COHIal-aK OJIapAbl JKY3ere achIpyAblH UKeMII
Oackapy xyiiecin Kaxer ereji [5].

JlacTarblTapIbIH SPKAWCHICBIHBIH XaJbIK JCHCAYJIBIFBIHA dCepi TYPFBICBIHAH O31HAIK epeKuIeniri oap
eKeHiH aTar eTkeH xoH. [llaH ThIHBIC amy KyiieciHe ocep eTeli, oKIle TiHIHIH MporpeccuBTi GUOPO3BIH TY-
IBIpasibl, OaybIpFa ocep eTelli, KaH KOPCeTKIITepiHe acep €Tyl MYMKiH (3pUTPOLUTTEP TYHY JKbUIAAMIIBIFbI-
HBIH KOFapbUIAYHl, JIEHKOLUTO3), QU3NKAIBIK SJICi3/IK, mapiiay Jamybsl MyMKiH [6]. YKoFapel KoHIEHTpa-
LUSIaFB] KOMIPTET1 TOTBIFBI JKYHKE KYHECIHIH OY3bUTYBIH TYIBIpaJibl, Oy Oac aypysl, ecTe cakray Kabijeri-
HIH TOMEH/EYI, apiayIblH *KOFapbllaybl, YHKbIHBIH Oy3buTyHl [7]. KyKipTCyTeri KOFaprbl THIHBIC KOJ1a-
PBIHBIH KaTapayibabl aypyblH, OPOHXUTTI, 0ac aypybIH, K63 aypyiapblH, ac KOPBITY Oy3bUIBICTApBIH, TAMBIP-
JIBI-BETETATUBTI OY3BUTYNIap/Abl, TEPiHIH HHPEKIHUATapFa TO3IMIUTITIH TOMEHIETY1 MYMKiH.

XKapusimansimaapra coiikec [8, 9], 6eH3 (a)mUpeH, MOTHAPOMATHKAIIBIK KOMIPCYTEKTEp KOHE OacKka Xu-
MUSUIIBIK, KOCBUIBICTap HeriziHeH auametpi 0,5—1,2 MxMm OemnmiekTepiH (pakusachiHA MOFBIPJIAHFAH, COHBI-
MEH KaTap KbICTa OYJ1 XUMHSUIBIK KOChUIbIcTap 98% -Ke neitin agacopOrusutanaabl, ai xasaa 80-90% neitin.
Omnap/pl TackIMaIIAy KbUIIAMJIBIFBl MEH JTUANIa30HBI METEOPOJIOTHSIIBIK KOPCETKIIITepre OalIaHbICThI: aya
TEMIIepaTypachl, JKeNIiH >KbULIaMABIFEI MEH OaFbIThl, aTMOC()epaHbIH MHBEPCHSUIBIK CHUIIATTamMalapsl T.C.C.
Ocnl kepceTkimTepain 6apnbirsl Kaparanabl 0OJBICHIHBIH KIMMATTHIK-TeOTpadusIIbIK JKaFJaibIHIa epeKIe
MaHpI3Fa ue. Atanrad (akTopiappl eckepe OTBIPHIN, 91e0u AepekTepi TannaranHan keiin [10, 11] xone
OYTiHri KyHi ypOaHM3aUuMsUIaHFAaH ayMaKTapAbIH JKep YCT1 aTMOc(epachlHbIH XaJBIKTBIH OMip cypy >Karaaii-
JIapbIHA JIACTAHYbI CHUSKTBHI SKOJOTHSUIBIK (DaKTOPABIH OCEpiHIH MYMKiIH OONaThIH e3repicTepiH Oaramayra
OarpITTa]IFaH 3ePTTEYJIep O3€KTi OOIBII Kaya Oepei.
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74 000-ra xybIK xankbl Oap bamkamn kamacel Ka3akThIH ycak IMOKBICBIHBIH OHTYCTIK, JKa3bIK IICTIHAC,
bankanr xemiHIH CONTYCTIK JKaFanayblHaa opHanackaH. Kama aymarbl »ocmapiaHFaH, Kaia imiHaeri peabed
— OyJ1 Kenre Kapait can KenOey O0laThIH Coll TONKBIHAB OeT. bankamr kem — sxep OeTiHzeri eH ipi aFbIH-
CBI3 KeJiepiy 0ipi, amaMaapIblH eMip cypyiHe KOJalibl KIMMAaTThl KaJbIITacThIpabl. JKenaiH CONTyCTiK-
IIBIFBIC OAFBITHI Oap, opTaria KbUIABIK KEUIIAMABIFEL 4,7 M/C Kypaiasl. JKenaiH KeUTqaMIbpIFel 4-T€H 5 M/c-
Ka peiiin 31,5%; xenmiH >KbUIIaMABIFEl 2-1eH 3 M/c-Ka neitin (25,9%). 6...7 M/c xennepiHiH eTe KOFaphl
Kaiitananysl 19,8%. Xemmig MakcuManabl KeupaaMaeirsl 14...15 m/c ete cupek — 0,2%. XKbut immiHge 1ibi-
FoIC (23%) xoHe coaTycTik-biFbic (17%) skennmep OacwbiM, Oyl OarbITTHIH OachkIM OeIiri KBICKBI Ke3eHIE
Oaitkanaapl. CONTYCTIK-IIBIFBIC OAFBITTAFbI JKEIIEP Kajda YIIiH €H KoJaliel. by ailMakTarbl KIUMaT KYpT
KOHTHHEHTAJJIBI, KbICTa KilkeHTai assnap (8-110 c) kebinece epyre Oeitim. Cybik Kbicta — 30 C getiin asi3
Kap >KaMBUIFBICHI a371ay, XKEJIITOKCAHHAH HaypbI3Fa JICHiH co3blIaabl. JKa3sl aliblK aya-padbIMEH BICTBIK, 0a-
ceiM TeMmreparypacsl +350C, xekenereH kyHuepi + 45 C xereni. MyHaald KIMMATTHIK JKaFJaiiap IIbFa-
PHIHABLIAPBIH TaparyblHa Konainsl [12]. YKenmaiH karbIMChI3 OarbITTaphl Ke3iHae banmkain Mbic OanKpITy
3aybiThiHa (BM3), XKOO-Fa %oHE KanablK KOMMAChIHBIH KyaTThl IIBIFAPBIHABUIAD KO3MEPIHE KAKbIH ayMaK-
Tapnaa ayanarbl SO2 MEH IIIaHHBIH alTapiIbIKTal ecyl Oalikaaabl.

Mamepuanoap men 3epmmey adicmepi

ATMOcdepanblK ayachblHBIH JacTaHy JEHTeHiH Tangay HoTwxkenepi Kaparanabl oOJbICHIHBIH aTtMoc(e-
PaNBIK ayachIHBIH JIACTAHYBIH TaJiJlay 3epTXaHAJIbIK-aHATUTHKAILIK Oakputiay OeniMmimMeH (3ABB) Gipnecim
YKYMBIC icTey OapbIChIH/Ia ATBIH/IEI.

Kopiaran opTta HeICaHOapbIHAA XaIbIK JIE€HCAYJBIFbIHA XKAaFBIMCBI3 9CEp €Tyre KaOuIeTTi bIKTUMal 3u-
SIHIIBI 3aTTapIIbIH Ti30€ci aHBIKTANABI, OYJI OJap/bIH CaHbl KOPCETUIreH aTMOoc(epara MIbIFapblIaThiH 3USHIBI
3aTTaplblH TiziMi. bankamn kagachkiHBIH aTMOc(hepalblK ayachIHBIH JKaFIaiblH Oaranay Oi3fiH 3epTTeyiepi-
Mi3/liH 0achIM OaFbITTApBIHBIH Oipi OONBINT TaOBLTANBI, OUTKEHI Kajla KYPBUIBICH Ke3iH/e al/bIH aia CaHH-
TapibIK KaJarajgay Mocelenepi Ha3ap/aH ThIC KallFaH JKOK, COHABIKTaH KOHBICTaHy aiiMarbl bankam meran-
JIyprusi KOMOMHATBIHBIH «ballkalTyCcTiMeTa» OHEPKICINTIK aiiMarbIHBIH MaHbIH/IA OpHaJacKaH. by «iacy
aiimakTa OipKaTtap IIarblH aynaHAapAblH OpHAJacybl Typalbl aiTyra MyMKiHZAIK Oepeni [13]. bamkamTsix
aTMocQepalblK ayachblHbIH JIacTaylIbl OeNIIeKTep IIOFBIPIaHybl OKIMIIUIIK [IeKapachklHa KapamacTaH Kaja
LIETiH/Ie OpHANACKaH 4 CTaIlMOHAPIIBIK OCKETTE aHBIKTAIIJIBI.

OpOip MHrpeIueHT eKki Hemece yiI kepceTkimmen cumattanasl: LIIPK acem keTyiHiH opraria, eH kofa-
PBI €celiri oHe JacTaHy WHACKCIHIH ImaMachl (MHIEKCI achIll KeTY/iH OpTallla eCelliriHeH epeKIIeIeHEeTiH
KayinTutikTiH 1, 2, 4-Ki1accelHaFsl 3aTTap yiriH) [14].

3arTapAbIH 3USHABUIBIK ASPEKECIHIH 6CY KbUIAaMABIFBIHAAFE abIPMAIIBUIBIKTEl €CKEPETiH aTMoche-
PaHBIH JIaCTaHy JeHTeHiHIH CaHJIBIK CHIaTTamMachl arMocdepaHnslH nactany uuaekci (AJIN) Gombim TabbIa-
Ibl. AyaHBIH calachblH CHIIATTay YIIiH OipHelle Kocmanap/abl €CKepEeTiH JKoHE OpTallia JKbUIBIK KOHIICHTpa-
IUsl MoH/Iepi OOWBIHIIIA eCeTTeNeTiH (ayaHbIH CO3BUIMAIIBI JIaCTaHy JICHIeHiH CHIIATTANTHIH) KeIeH I MHIEKC
petinne AJIW maiinanansiaet [15-16], KOHIIEHTAMSHEI FaHA €MeC, COHBIMEH KaTap JIACTaFbIIITapIbIH JIeH-
cayJbIKKa 9Cep €Ty IopexkeciH Jie eckepeli. ATMocdepaHbIH TacTaHy WHAEKCIH ecentey GopMyiIachl:

In=3% =% (XVT14Ki) Ci,

MYHZAaFbl X1 — 3aTThIH OPTalla )KbULABIK KOHLIEHTPALHUSICHI 1;

Ci — KYKipT THOKCH/IIMEH CaJbICTBIPFaH/a 1 — 3aTThIH KAYINTLTIK JOPEKECIH KOpceTeTiH KoIPPHIH-
eHT;

Homuoicenep scane onapovt manoay

bankam kamacwelHBIH aTMoc(epallblK ayachIHBIH JlacTaHy cumaTTamachl 1 kecteme kenripinreH. Emmi
MEKEH/JICP/IIH ayachIHJIaFbl JacTayIllbl O6JIIEKTEPiH PYKCAT TIINeH MaKCUMAJbl Oip PETTIK KOHIICHTpPA-
nuscel, 0yi1 20-30 MUHYT ilIHIE AEMMEH XXYTY KE31HJET KOHIEHTPAIUsA ajaM ar3achiHia PedIeKTOPIIBIK
peaknusiiap TyasipMaybl kepek. Kanksima Oemmiekrepaid (mman) PIIK m.0p.ur. 2,4 kypansl. byn e3 keserin-
ne 4 ecere maHHBIH acy ecenirid kepcetTti. Kankpimansr PM 10 Gemmextepinin PM 2.5-teH Herisri aiibip-
MAIIBUTBIFBI OJIAPJIbIH KIKTeTyiHeH mbiFansl. PM 10 Oemniekrepi HEFYpIIbIM ipi skoHe aybip. TuiciHmie onap-
IbIH ayajabl Tapaily kacuerrepi PM 2.5 paspsinTsl Oenmmexrepre Kaparanaa a3nay. bynan 6acka, 6i31iH ar3a-
MBI3JIBIH HIBIPBIIITHI KAOBIFBI, COHJIAii-aK THIHBIC ally MYILIeNIepiHAe KOpFaHblll TyKTepi 6onaabl, onap PM 10
OeJiekTepin yeraitapl. HerypibiM ycak sxoHe sxeHin PM 2.5 OenmekTepi y3aK yakbIT OOHbI KaJIKbIFaH KYH-
ne 0oJazipl JKaHE ic XKy3iHae ToMeH Tycrneiai. Onap agaMm JeHcayJbIiFbiHa YIKeH Kayin Tenaipesi (1 kecre).
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Bankall kanacbiHbIH aTMocdeparnblk ayachlHbiH aybip. ..

Kecrte 1

baakam KajgacbIHbIH aTMocq)epa.m,m AayaCbIHbIH JaCTaHy CHIIAaTTaMacChbl

HOpM:?TI/IB Opraima ToyiKTiK Makcumanbsl Oip peTTik
(mr/m°) HIOFBIPJIaHY
PHIK mak-
Kocna
PIIK cuMart
1wl Gip pet mr/m® A.e. PUIK mr/m® A.e. PIIK
OpT.TY. HHOFBI
JIaHy
[ay 0,05 0,2 0,3 0,9 0,5 2,4
Ko6. PM-2,5 0,35 0,16 0,025 0,7 2,5 0,2
Ko6. PM-10 0,06 0,3 0,04 0,8 0,3 0,2
Kyxkipt auokcumi 0,05 0,5 0,055 0,06 0,246 5,4
Cynbdartap - - 0,012 0,080 0,02 -
KemipTek okcuai 3 5 1,2 - 73 2,2
O30H 0,03 0,16 0,033 1,5 0,165 0,532
Kyxkipr cyreri - 0,008 0,004 1,8 0,5 20,1
denon 0,006 0,01 0,007 - 0,017 -
AMMHAK 0,04 0,02 0,061 0,25 0,08 0,23
KykipTTi aHTHIpHT - - 0,158 3,2 0,024 23,7
dopMmapaerua 0,01 0,05 - - 0,43 -
A30T guokcumi 0,04 0,2 0,03 0,4 0,33 2,0
A30T oKkcHIL 0,06 0,4 0,004 0,49 0,5 0,44
Eckepmy: opmawa maynikmix (0.m.); Maxcumanowvl 6ip pemmix wiogvlpiany (m.op.ut.);
A.e. — acvin kemy ecenici

Kankpima Gemmexrepain menmepi PM-10 crammoHapislK 0akpuiay HOTIDKENEpi OOWBIHINA ChIHAMATIap
99,6% maH OeMIIeKTepiHIH MOFLIPIaHybl (KypaMbl OOMBIHIIA capajlaHOaraH 1IaH/a3po30iib) Ke3iHae opTalia
ToynikTik kepcerkimi — 0,8 PILK kypansi, PILIK oprama toymiktik Hopmacs! 0,05 mr/m®, bankam Kamackl-
HBIH aTMOC(epaiblK ayachlHIa KaTThl OONMMeKTepAiH O0ip peTTiK KOHIICHTPAIMSCHIHBIH €H KOFapbl MeJIepi
0,2 PUIK xypanpl.

Meuiepi PM-2.5 kankpiMa OeJIIIEKTEPiH KOHIICHTpAIUAChl HopMmayiap OodbiHiia PM 2.5 opraiia
ToymikTik aeHreit 0,25 mr/m® acmaysl kepek. biznin manimerTepiMis Goiibimma PM 2.5 oprama ToyslikTik
nerredii acy eceniri 0,7 mr/m® KaTThl GenmmekTepain 6ip PETTIK MIOFBIPIAHYBIHBIH €H jkoFapsl PM-2,5- 0,2
PIIIK xypans!.

JKanmer Kama OOWBIHINIA O30HHBIH OpTallla KOHIEHTPAIMACH opTamia ToyiikTik kepcerkimi 1,5 PIIK
KYpaJbl, KYKipT AHOKCHIIHIH MakCHUMalabl O0ip perTik morbipnanysl — 5,4 PIIK; kemipreri okcuiHiH Mak-
cuMaibl Oip peTTik morbipiaanysl — 2,2 PIIK; a30T quokcuainig MakcuMaiibl Oip peTTiK MOFBIPIaHybl —
2,0 PIIK; xykiprcyrerinig makcuMmainsl Oip pertik morsipianysl — 20,1 PIIK pykcaT eTinreH eH Korapbl
oip perTik morsipnany 0,5 Mr/M® Ke3iHe KOJaiChl3 METEOPOJIOTUSIIBIK, HKaFIaiaap Ke3eHinae KyKipTTi aH-
TUAPUATIH HaKThl KoHIeHTparusachl Thicti PIIIK-man 23,7 ece achin TycTi. Ayanarbl KyKipT aHTHAPHIIHIH
HAKThl KOHIIEHTPALIUSCHI THHAMUKAJIBIK )KOHE METEOPOJIOTHSIIBIK (haKkTopiiapra OaliIaHbICThl EKEHIHE epeKIle
Haszap ayaapy kepek. Kamaplkrap perinae Kem Meummepie maiiia 0oiryblHa OailaHBICTBI KYKIPT THOKCHII
Basnkarn kanacblHBIH aTMOC(EPAChIH JIACTANTBIH HET13r1 ra3aapabiy 0ipi 0ok TaObuTa el EH yikeH Kayin
— OyJ1 MeTanaapabl OANKBITY JKOHE KYKIPT KbIIIKBUIBIH OHJIPY Ke3iHae aTMocdepara MbIFapbuUIaThlH KYKIPT
KOCBUIBICTApBl. PeakIMsHBIH COHFBI OHIMI ayagarbl KYKIPT KbIIIKBUIBIHBIH a3P030JIbl OOJBIN TaOBLIAIbI, O
KayblH-LIIAIIBIHMEH Oipre TOMBIPaKThl KhIIIKBUIIAHIBIPAAbl, THIHBIC aly KOJJApBIHBIH aypyJapblH KyLIen-
T/, ajaM JIeHCaybIFbIHA JKACBIPhIH TYp/e dcep eTeli. «baakamTycTiMeTamn KaCinopbIHIAPbIHBIH TYTiH
ajyayJiapblHaH KYKIPT KBIIIKBLIBI a3PO30JIiHIH TYCYl )KaKbIH MaHaarbl bajkain kesiHiH ece0iHeH ToMeH OyIIT-
TBUIBIK, TIEH ayaHbIH bUIFaJIBUTBIFBI KE31HIE KU1 OaiiKaaibl.

Kananbi aya 6acceiiHinne KyKipTCyTeri, KYKipT KOMIPTETi, KYKipT *oHE KYKIPT aHTHIPUATEDI, KYKIpT
IIaHbI CHSIKTBHI 3USHIBI 3aTTap Oip yakpITTa KON HeMece a3 KOHIeHTpanusga Oonansl. OnmapiblH Kana
TYPFBIHJIAPBIHBIH aF3aChbIH/Ia KUHAKTAIYBI XKYHeINi CO3bUIMaTbl MHTOKCHKALMAFA aJiblll KeJleli, OyJl aF3aHbIH
KacylailliliK JAeHrelae CHPTKbl Kosaichl3 (akroprnapra Oeimuenyine okeneni. JKacymanarel Oyn e3-
repicTep ChIPTKBI OPTaJIaH CHETIH 3aTTap/bIH MYIIEIep MEeH JKykenepre Kepi 9cepiH TUTI3eTiHAIrH KydJaH-
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neipansl. bip caraTTa skacymmainninik geHreineri esrepictep MylleHiH (GyHKIMOHAIIBIK ©3repicTepiHe aybl-
cajpl.
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K.A. Hypnsi6aesa, I'.JK. Myxkamesa, A.ILl. CapcembaeBa, P.T. boneesa

3arpsizHeHue aTMocdepHoro Bo3ayxa ropoaa bajaxama TskeJIbIMH MeTaLJIaM#U

B crarse obcyxmanace cuTyarus 3arps3HEHHsT aTMOC(EpHOTo Bo3ayxa roposa bamxama xummdecknmn sie-
MeHTaMH. Pa3mep B3BEIICHHBIX YaCTHII, MO pe3yibTaTaM CTal[oHapHOro HabmoxeHus PM-10 mpoOsl, co-
crasmm 0,8 ITJIK c.c. mpu KOHIEHTpAIMN 9acTUII MBLIH (TIBIIN/a3po30Its, He U (epeHIIMPOBAHHBIX 110 CO-
craBy) 99,6 %, nopma ot 0,05 mMr/m®. MakcuMaibHas pa3oBas KOHLEHTPALHs TBEPABIX YacTUL] B aTMocdep-
HOM Bo3ayxe ropona banxama cocrasuna 0,2 ITJIK. Pasmep PM—2,5 xoHIeHTpalys B3BeLICHHBIX YacTull. [1o
HOPMAaM CpeTHECYTOUHBIH ypoBeHbh PM—2,5 He nomxken npesbiuath 0,25 mr/m3. [To HAIMM JIaHHBIM, CpEJTHE-
CyTOuHBIH ypoBeHb PM-2,5 coctaBun makcumanbueiii PM—-2,5 — 0,2 TIJIK onHOKpaTHO# KOHLEHTpanuu
TBEpPBIX YACTHUII, KPATHOCTHIO MpeBbimerus 0,7 Mr/me. Cpe/Hss KOHIEHTPAIMs 030Ha, B IIEJIOM, 10 TOPOLY
1,5 TIJIK c.c., nuokcun cepsl — 5,4 PHIK m.p. k.; okena yrirepona — 2,2 TTJIK m. p.k; muokcun azora — 2,0
IIJIK m.p.x.; cepoBogopoa — 20,1 ITIJIK M.p.x. YcraHoBieHO, 4TO IPU MaKCUMAaJIbHO AOMYCTUMON pa30BOM
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Bankall kanacbiHbIH aTMocdeparnblk ayachlHbiH aybip. ..

kouuenTpaimu 0,5 mr/m® dhakTuueckass KOHIEHTPAIHS CEPHUCTOTO AaHTHAPHAA B MEPUOJ HEGIATONPHUATHBIX
METEOpOJIOTHYECKUX YCIOBHH IpeBblimana coorercTBytomyro [IJIK B 23,7 paza.

Knioueswie cnosa: atmocdepa, Bozayx, PLIK, nuokcun a3ota, AMOKCHA YTIE€pOa, CEPOBOAOPO, CEPHUCTHIN
AQHTHIPH], B3BEIICHHbIE YaCTHIBI, ITBUIb, (DEHOJI, aMMHAK, 030H, ()OpMAIBAET U, 3arPSI3HSAIONINE JaCTHIIBI.

K.A. Nurlybayeva, G.Zh. Mukasheva, A.Sh. Sarsembayeva, R.T. Bodeeva
Pollution of the atmospheric air of the city of Balkhash with heavy metals

The article discussed the situation of atmospheric air pollution in the city of Balkhash with chemical ele-
ments. The size of suspended particles according to the results of stationary observation of the RM-10 sample
was 0.8 MPC with a concentration of dust particles (dust/aerosol, not differentiated by composition) of
99.6%. The norm is 0.05 mg/m?, the maximum single concentration of solid particles in the atmospheric air
of the city of Balkhash was 0.2 MPC. The size of RM is 2.5 concentration of suspended particles. According
to the norms, the average daily level of RM 2.5 should not exceed 0.25 mg/m?2. Based on our data, the average
daily level of RM 2.5 was the maximum RM-2.5 - 0.2 MPC of a single concentration of solid particles with a
multiplicity exceeding 0.7 mg/m?3. The average concentration of ozone in the whole city is 1.5 MPC s.s. sulfur
dioxide -5.4 MPC m.r.k.; carbon monoxide-2.2 MPC m.r.k; nitrogen dioxide -2.0 MPC m.r.k.; hydrogen sul-
fide - 20.1 mpc.R.K. It was found that at the maximum permissible single concentration of 0.5 mg/m?, the ac-
tual concentration of sulfur dioxide during adverse meteorological conditions exceeded the corresponding
MPC by 23.7 times.

Keywords: atmosphere, air, RSC, nitrogen dioxide, carbon dioxide, hydrogen sulfide, sulfur dioxide, sus-
pended particles, dust, phenol, ammonia, ozone, formaldehyde, polluting particles.
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Haxonuenne Cs—137 u Sr-90 kyJabTypoii cajiaTa Ha IOYBaX OCHOBHBIX
PAIMOAKTHBHO-3arPSA3HEHHBIX YYaCTKOB ObIBIIero CeMUNnaJaTHHCKOIO
HCNBITATEIBLHOI0 MOJTUIOHA

B ycnoBusX MOIEIHHOIO BEreTAallMOHHOTO JKCIIEPUMEHTa yCTaHOBIEHBI Kod(duiments HakomwieHus (Ku)
pamnonykuaoB Cs—137 u Sr-90 mms kynerypsl camara (Lactuca sativa) mist ModB paaHOaKTHBHO-
3arps3HEHHBIX MIoNanok CeMHIIaNaTHHCKOro ucmbItarenbHoro nonurona (CUII). Jnamna3oH BapbHpOBaHUs
HOJTy4YeHHbIX 3HaueHni KH Ha mouBeHHBIX oOpa3nax ¢ pasnnyHbix ydactkoB CHUII mms Cs—137 cocrasmn 2
nopszka, st Sr—90 — 1 nopsinok. MetoiaMul HemapaMeTpHYECKOro CTaTHCTUYECKOTO aHain3a UICHTU(H-
IUPOBaHBl (DAKTOPHI, OMpeneNsaroIue Murpanuo paaunonykmuaoB Cs—137u Sr-90 B cucteme «movBa—
pactenus» 1t mouB CUIT ¢ pa3nuvHbIM XapaKTepoM PaIHOaKTHBHOTO 3arpsi3HEHHs. Y CTAHOBIICHO, YTO 3Ha-
yenuss Ku Cs—137 u Sr—90 HampsiMyio 3aBHCST OT COAep)KaHHs OMOJOCTYIHBIX ()OPM H30TOIOB, KOTOPOE
00YCIIOBIICHO XapaKTepOM MPOBEACHHBIX HUCIbITaHHU. [TonydeHHbIe 3HaYeHHsT KOA()DUINCHTOB KOPPEISLHI
Kenganna moxasanu monmHyo (QYHKIMOHAJIBHYIO 3aBUCHMOCTh (=1, n=4, p<0,05) mexny mapamerpamu
HAKOIUICHHSI M COJCp)KaHHEM OHMOJIOTHYECKH JIOCTYMHBIX (opM paguonykiuaos Cs—137 u Sr—90 B mouse ¢
PaanOaKTHBHO-3arPsA3HEHHBIX TEPPUTOPHH MONHTOHA. [[pUMEHEHHE METO/]a YaCTHOI KOPPEIISAINH TO3BOJIHIO
YCTaHOBUTH (DaKTOPHI, ONPEICISAIONINE B TIOYBE coJiepkanue NocTynHbIX ¢popm Cs—137 u Sr—90: msa Cs—137
BanoBoe coaepkanue K (rxyz = —0,81); ams Sr—90 — BanoBoe coaepxkanue Ca (r xyz = —0,64). [Tomy4ueHHbIe
pEe3yNbTaThl PACKPHIBAIOT OCHOBHBIC MEXaHHM3Mbl MHTpanuu paanoHykimunoB Cs—137 u Sr-90 B cucreme
«0YBa—PaCTEHHE», YTO UMEET OPOMHOE MPAKTHYECKOE 3HAYEHHE MPU MPOBEACHUH PaAHOIKOIOTHIECKOTO
MOHHUTOPUHTA U TUITAHUPOBAHUH PEaOUIMTAIMOHHBIX MEPOIPHUATHH HA PaANOAKTHBHO-3arPSI3HEHHBIX TEPPH-
topusix CHUII, a Tarxke Ha HIMOAKTHBIX TEPPUTOPHUSIX MPEATNPUATHH SIICPHO-TOILIMBHOTO LIHKIIA, PACIIONOKEH-
HBIX B QHATOTHYHBIX TOYBEHHO-KIIMMATHIECKHUX YCIOBHUSIX.

Knrouesvie cnosa: CeMHUNaIaTHHCKHN HCTIBITATENBHBIN MONKIOH, CTPOHIMH, 1e3uid, canat (Lactuca sativa),
K02 GHIIEHT HAKOILUICHNs!, GOPMBI HAXOXKICHUS PaJHOHYKINAOB, ONOJIOTHYeCcKast JOCTYIHOCTb, IIOUBCHHBIC
(axTopsl.

Beeoenue

B pesynbrare mpoBeneHus snepHbIX UCTHBITaHMA Ha CeMHIANTaTHHCKOM HCIBITATEIbHOM IOJUTOHE
(CHUII) 3Ha4nTenbHas 9acTh caMoro nonurona (18,5 Teic. KM?) U IIpUIIEraromux K HeMy TeppHTOpHil (Oosee
300 ThIC. KM?) TOABEPIVIACH PaJMOAKTHBHOMY 3arpsisHenuto. 3a 40 ner ¢ynkumonuposanus CUIl 6bu10
npoBeaeHo 456 snepHbIX ucnbeiTanwiil [1]. PagumoakTuBHOE 3arps3HeHue mouBeHHOTO mokpoBa CUII nmeer
HEOJTHOPOJIHBIN XapaKTep B CBSI3M C Pa3IMYHBIMU BUIaMH MPOBEJCHHBIX UCIIBITAaHUH (aTMOC(hepHbIe, Ha3eM-
HbIE, TOA3EMHBIE, IKCKaBAllMOHHBIC, PAAMOJIOTHUECKOe opyxwue). Tak, mouBa HMCHBITATEIBHON IJIOMIAIKH
«OnBITHOE T0JI€» COJACPKHUT NMPEUMYLIECTBEHHO NCKYCCTBEHHBIE PaJIMOHYKIIUABI B TPYAHOIOCTYIHBIX (op-
Max BCJIEJICTBUE IIJIABJIEHUS CHIMKATHBIX KOMIIOHEHTOB IpyHTa BO BpEMsI Ha3eMHBIX B3pbIBOB [2]. McmbiTa-
TEJIbHBIC IUTOMIAAKU «4» U «4a», Ha KOTOPBIX UCIBITBIBAIN OOeBbIe paanoakTuBHbie Beuiectsa (BPB), otiu-
YalOTCS BBICOKOM yIENbHOM aKTMBHOCTBIO OmomoctynHoro Sr—90 (n*10°Bkkr?) B mouBeHHOM MOKpOBE,
yAenbHasi aKTUBHOCTh KOTOPOTO JOCTHTAaeT HECKONBKUX MHILTHOHOB [3]. OcoOblii XapakTep pagnoOHyKIUI-
HOTO 3arpsi3sHeHHsI CHOPMHUPOBAIICA Ha TEPPUTOPUN 00BEKTa «ATOMHOE) 03€pO B PE3yNIbTaTe IKCKaBAIIMOH-
HOTO B3phIBa. Ha 1aHHOM ydacTKe MCKYCCTBEHHBIE PaJHOHYKIHMIBl XapaKTEPU3YIOTCs HU3KOH OHOJIorHye-
CKOW JOCTYMHOCTHIO [4], 00ycnoBneHHOM crennpukold 0Opa3oBaHus paluOAKTUBHBIX YaCTHIl IPH MOI3EM-
HBIX UcTbITaHusX [2]. OcoOblit MHTEpeC Mpe/CTaBIsIeT ObIBIIAs UCIIBITATENIbHAS TUTOMIA KA «JlereneHy, pac-
MI0JIO’)KEHHAs! B OJHOMMEHHOM T'OpPHOM MaccuBe JlereneH, rie NoA3eMHbIE SAEpHbIE UCTIBITAaHUS B TOPU30H-
TaJNbHBIX TOPHBIX BBIPA0OTKaX (IITOJBHSX) MPUBEIH K 3HAUUTEILHOMY PaJUOAKTHBHOMY 3arpsi3HEHUIO M0Y-
BEHHOTO MOKpOBa BOJNM3H MOPTaNoB mToieH [5]. HecMoTps Ha mpoBeneHue paboT Mo 3aKPBITHIO IMTOJIEH
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OCTOHHBIMU MTPOOKAMHU, BBIHOC PaJMOHYKIIUIOB ¢ BOJIOTOKAMU U3 MOJIOCTEH MITOJCH MPOIoiKaeTcs [6], 94To
OKa3bIBaeT CYIIECTBEHHOE BIMSHUE Ha MUTPAINIO PAAHOHYKIUIOB B CHCTEME IT0YBA—PACTEHUS.

K nHacrosimeMy BpeMeHH paano3KOJIOraMH HAaKOIUIEH 3HAYMTENBHBIN MaTepuaia O MeXaHU3MaX MHUTpa-
MU PaTUOHYKIIHJIOB B CHCTEME «IIOYBa—PaCTCHUs», KOTOPAs SBISETCS BaXKHBIM KaHAJIOM, MO KOTOPOMY
TEXHOTCHHbIE PaJUOHYKIHIBI BKITIOUatoTCs B Tpodudeckue menu [7—11]. Oxnako B ciryaae CUII B mporec-
cax MUTpalWH PaJUOHYKIHI0B HEOOXOANMO YUHTHIBATh HE TOIBKO CTEU(UKY PaJHOaKTHBHOTO 3arps3He-
Hud. Tak, ucnonb3oBanue JaHHEIX MAT'ATD 0 HaKOIUIEHUH PaIUOHYKIHAOB pacTeHusMu [12] mpu ouenke
PaJAMOIOrMYECKOM CUTYalluu Ha onpeaeieHHbIX yyactkax CUIT MokeT mpuBEeCTH K 3aBBINICHHBIM PE3YJIbTa-
TaM, Tak Kak Qu3uKo-XxuMmudeckrue GOpMbI PaTHOHYKIHI0B B KOHJACHCAIIMOHHBIX BBHIMTAACHUAX (TI00aTbHBIC
BBITIA/ICHUS) 3HAUUTEIBHO OTINYAIOTCS OT (POPM pamrOHYKIIHIOB, 00Opa30BaHHBIX IIPH SIEPHBIX UCIBITAHUIX
(moxanbhbie BeimanaeHust) [13]. YcmoBust 00pa3oBaHus paJliOaKTUBHBIX BBIMAJICHUNA B Pe3ybTaTe aBapuil Ha
I1O «Masik» B 1957 r. [14], B UepHoObute [11, 15-17] u na ®ykycume B 2011 1. [18] Tarxke CyIiecTBEHHO
OTIMYAIOTCS OT YCIOBHU oOpa3oBaHus paguoakTuBHEIX actul] Ha CUIL. ITomumo xapakTepa paguoakTHUB-
HOTO 3arps3HEHUs IMOYBCHHOTO ITOKPOBA, HA MUTPAIMIO PAJMOHYKIUIOB B CHCTEME «IIOYBa—PaCTCHUS
OTPEICTICHHOE BIMSHUE MOTYT OKa3bIBaTh IOYBESHHO-KIMMaTndeckue ycmosus CUIL.

Hns reppuropun CUII nomydenst KH MCKyCCTBEHHBIX PaIMOHYKIMIOB UII HAOOJIEe PacIpoCTpaHeH-
HBIX MpecTaBuTene crenHoit ¢iopst [19]. Kpome Toro, B ycIoBUsIX HATYpHOTO BEreTAIMOHHOTO IKCIIEPH-
MEHTa, MIPOBEJEHHOr0 HenocpeacTBeHHO Ha Tepputopun CUII, momydenst Ku 11 cenbckoX03sSHCTBEHHBIX
pactenuit maccoBoro mpousBozactBa [20]. OmHako BO Bcex mpeaplayinnx padorax KH 3aMeTeH BBICOKHIA
pa3Max BapbHPOBaHWS, YTO 3aTPYAHAET WX HCIIOIB30BAaHUE ISl MTPOTHO3WPOBAHUS MUTPAIHA HCKYCCTBEH-
HBIX U30TOIIOB B CHUCTEME «II0YBa—PACTCHUE» U BBIABICHUS (aKTOPOB JaHHOTO mpoliecca. Llens nanHo# pa-
60TsI 3akimoyanacek B nmomydeHun Ka Cs—137 u Sr-90 u naentndukanum GaxTopoB MUTpAIVH JaHHBIX pa-
JTUOHYKJIHIOB B CHCTEME «II0YBa—PaCTEHUE)» C MCIIONB30BaHUEM PaTUOaKTHBHO-3aTPSI3HEHHBIX TTOYBEHHBIX
obpasos CHII na mpumepe KynbTypbl camara (Lactuca sativa) B yCIoBHSX MOICTBHOTO 3KCIIEPUMEHTA,
MPUMCHCHHUE KOTOPOI'0 IMO3BOJIACT UCKIIOYNUTL BJIMAHUEC HEPABHOMCEPHOT'O 3arpA3HCHUSA IIOYBBI B 30HC KOP-
HEH, a TaKkXkKe BIUSHIE a0HOTHIECKHUX (PaKTOPOB, OTPEAETSIONINX POCT U Pa3BUTHE PACTEHUI.

Mamepuanst u memoosi

[TouBenHbie 00pa3Lbl IS IPOBEACHUS MOJCIHLHOTO YKCIIEPUMEHTa OTOUPAM Ha TEPPUTOPUHN OBIBIINX
ucneitatenbHbix Twiomanok CUIL (cMm. puc.). BeiOpaHHBIE 1711 SKCTIEPUMEHTA TUTOMIAIKH XapaKTepU3YIOTCS
pa3mUHON OMOJIOTHYECKON AOCTYMHOCTEIO panuoHykimaoB Cs—137 u Sr—90 B mouBe BcleAcTBHE pa3imd-
HBIX BHJIOB HcIbITaHuHA. OTOOpa MOYBBI MMPOU3BOJUIN HA TIIyOMHY 25 CM OT MOBEPXHOCTH (KOpHEOOUTae-
MBIi1 ci10i). Macca Kakoro mouBeHHOro oOpasia cocrasmia B cpeaaeM 250-300 kr.

B kauecTBe 00BbEKTa HCCIIEIOBAHUS HCIIONIB30BaIM KyIbTypy canara (Lactuca sativa), Tak kak gaHHBII
BHJ XapaKTepHu3yeTcsi KOPOTKUM BETETAI[MOHHBIM NMEPHOJOM M BO3MOKHOCTHIO MOJIYYEHHS ypo)kas Ha He-
00JIbIIIOM 00BEME TIOYBBI, YTO HEMAJIOBAYKHO B TAOOPATOPHBIX YCIOBHSIX.

ITouBy ¢ Ka)I0ro y4acTKa TUIATEIbHO TOMOTCHH3UPOBAIN U MPOCEUBAIN YE€PE3 CUTO IS UCKIFOUEHUS
HEPaBHOMEPHOCTH PaclpeieeHus] paguoHyKiInaoB. Jlajgee moAroTOBIEHHYIO MOYBY MOMEIIAIN B IJIACTHU-
KOBBIE COCYBI 00beMOM 12 JT M MPOM3BOIMIIN TIOCEB CaJlaTa CyXUMH CEMEHAMH.

Ilepen HaOMBKOM BEreTallMOHHBIX COCYAOB M3 MOIATrOTOBJIEHHON T'OMOT€HHU3MPOBAHHON MOYBBI MPOM3-
BOAWJIN OTOOP Npo0 ISl pagUOHYKIIMIHOTO aHAIN3a U ONpeeIeHus] PU3NKO-XUMHYECKUX CBOMCTB.

Jnst monvBa pacTeHHi HUCTOIb30BaIN AUCTWIITUPOBAHHYIO BOAY. BiIaXKHOCTH TOYBHI B XOZI€ BCETO IKC-
MEpUMEHTa ToIepkuBaau Ha ypoBHe 60 % (or monHo# BmaroemkocTtn). OntumaabHOe KoaudecTBO DAP
HOPMAaJIbHOTO BEreTallMOHHOTO Pa3BUTHS M (HOPMHPOBaHUS OMOMAcCCH cajara B JIAOOPATOPHBIX YCIOBHAX
obecreyrBaiy ¢ TOMOIIBIO (PUTOCBETHILHUKOB MOIIHOCTHIO 10 000 moke. TemneparypHblii pesxxuM obecrie-
YHBAJIM 32 CYET CUCTEMbI TEPMOpPETyaupoBaHus. KOHTpoIb OCBemIeHNs], BIaXKHOCTH TIOYBBI M TEMIIEPaTyphl
BO3/lyXa OCYILECTBIISUIN €XKENHEBHO. B X0/e aKCnIeprMeHTa TONOIHUTEIBHYIO MAKPO- 1 MUKPOAJIEMEHTHYIO
MOJIKOPMKY pacTEeHH HE UCIIOJIb30BAIM, TaK KaK BHECEHHE YIOOPEHUI MOXKET OKa3aTh 3HAUNTENILHOE BIIHS-
HUE Ha MUTPAIHIO PaAHOHYKINAOB. J[MUTEIHHOCTh SKCIIEPIMEHTa COOTBETCTBOBAJIA BETETAIIHOHHOMY K-
Ty canara u coctaBuia 60 qHeEi.

OT10op npod pacTeHuit A1 paAMOHYKIMIHOTO aHAJIN3a MPOU3BOAMIN PaHAOMH3HPOBAHHO B KOHIIE Be-
TeTallMOHHOTO MHKJA. [ peoTBpalnenns 3arpsA3HeHus Cpe3any HaA3eMHYIO 9acTh PACTeHHH Ha BBICOTE
710 3 ¢M HaJ| MOBEPXHOCTHIO TIOYBEI. Macca KaXJJ0ro CHIPOro PacTUTEIBHOTO 00pasiia COCTaBIIsUIa B CPEIHEM
600-700 r.
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CTpenku yKa3blBalOT Ha UCTIBITATENbHBIE IJIOIIAJIKH, I/I€ OTOOPaHBI IIOUYBEHHBIE 00pas3LIbl
Pucynoxk. O630pHas kapra CeMUIaaaTHHCKOTO TIOJIMTOHA

PacturenbHbpie 00pa3ubl THIATENBHO NPOMBIBAIM MPOTOYHOM BOIOH, 3aT€M OIOJIACKMBAIN AWCTHIUIN-
poBaHHOH. CyIIKy pacTUTEJIbHBIX P00 npou3Boamwin B cymminbHoM 1mkady (BINDERED-53) npu 80-100
°C (mo mocTOsSHHO#M Macchl). BrIcylieHHbIe TIPOOE M3METBYANTH C WCIIOIb30BAaHIEM JTa00PATOPHOM MeTbHHU-
sl (GRINDOMIXGM 200). M3menbuénnyro npody obyrmuBamu B Mydenbaoir neun (NABERTHERM
30/3000) npu HavanbHOM TemiiepaType 200-250 °C, ¢ mocTeneHHbIM MOBBILIEHUEM TeMIepaTypbl 10 350—
400 °C, mociie 4ero B3BEUIMBAIN U MEPeJaBalld Ha Y-CIIEKTPOMETPUUECKOE U3MEPEHHE YAEeIbHON aKTHBHO-
ct (YA). 13 o0yrieHHoro oopasiia, mpoIe/Iero y-CreKTpOMETPUIECKOE H3MEPEHUE, OTOMPAIH HABECKY,
KOTOPYIO JIOIOJIHUTENBHO 03051 Ipu TeMnepatype 550 °C B MydenbHOH neun u moABepraiy paguoxu-
MHYECKOMY Pa3JIOKEHHIO IJIsl MpoBeAeHuUs B-criekTpomerprudeckoro n3mepenus YA Sr—90.

ITouBennbie 00Opa3ubl BeicymuBanmu npu 60—70°C 10 MOCTOSHHOM MacChl B CYIIWJIBHBIX IIKagax
(BINDERED-53), 3arem uCTHpald W MPOCEHBAIU C HMCIOJIb30BAHUEM CHUTA C JHAMETPOM SUYEHKH | MM.
HaBecku ans mpoBenenust ciekrpomerpuuecknx n3mepenunii YA Cs—137 u Sr—90 u3 moaroToBieHHOro 00-
pasiia oTOMpa METO/IOM KBapTOBAHMSI.

Omnpenenenne YA pagwonyknuaa Cs—137 mpoBomwan Ha Tamma-criekrpomerpe CanberraGX-2020
[21].

Onpenenenne YA paguonykiuga Sr—90 nmpou3BoAWIM ¢ TPEIBAPUTENBHBIM PAJIMOXUMHISCKAM pas-
JIO)KEHHEM TIOYBCHHOTO 00pasiia ¢ MOCIenyonuM u3MepeHneM Ha Oera-criekrpomerpe TRI-CARB [22].
UyBCTBUTENBHOCTH CIIEKTPOMETPUUECKOTO M3MepeHust 11l paguonykimuga Cs—137 coctaBuia s oOpa3nos
pactutensHOro npoucxoxaenus 1 Bkkr? (cyxoro Bemectsa), st nouseHHbIX pod — 4 brkr?, Sr-90 — 1-
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20 Brkrl. TlorpemHocTs raMMa-CIEKTPOMETPMYECKOrO aHamu3a He mpesbimana 10-20%, Gera-
crekTpomeTpuieckoro — 15-25 %.

C 1enbi0 KOHTPOJIS Ka4eCTBa aHATMTUYCCKUX paboT B aHAU3UPYEMbIe BHIOOPKH BKIIIOUYAIH XOJOCTHIC
npoObl U AyOIHUPYIOMIKE aTMKBOTHI IPOO.

KonndecTBo opraHM4YecKOro BEIIECTBA OMPECIsUI C MCIOIb30BaHUEM MeTosa TropuHa B Moau(puKa-
muu [IUHAO [23]. Onpenenenre pH moYBeHHOT0 pacTBOpa MPOU3BOAIIN MTOTCHIIMOMETPHICCKAM METOIOM
[24]. KonudecTBO MOTIONMICHHBIX OCHOBAHUN OMPENEIISUIM TPHUIOHOMETPUYECKHM METOJIOM, a BOJOPACTBO-
PHUMBIX coJieil 1 KapOOHATOB — 00BEMHBIM MeToAoM [25]. Jlist onpeaeneHus: rpaHyIOMETPUIECKOTO COCTa-
Ba IMOYBEHHBIX 00pa3IIOB UCIIOIB30BAIN MTUATIET-METO [26].

®dopmbl HaxoxIeHU paaruoHyKIHIoB CS—137 u Sr—90 mpou3BOMIN METOIOM TIOCIIEA0BATEIbHO JKC-
Tpakuuu. [ u3BIE€UeHUS] BOJAOPACTBOPUMON (POPMBI MCTIONB30BAIN TUCTUTUPOBAHHYIO BOLY, OOMEHHON
—IM CH3COOHNHy; pactop, mis moasmkHoi — pactBop 1u HCI. PagnonsoTons! B cocTaBe MPOYHOCBSI-
3aHHOW (DOPMBI OTIPEIEISIIA B TIOYBE TIOCIIE SKCTParupoBaHus. BpeMs KOHTaKkTa BO3JACHCTBYS BhIIIEIaYHBa-
IOIUX PEareHTOB COCTaBIIsUI0 12 4, COOTHOIIICHHE TOYBKI U peareHra — 1:5.

KonmnuectBennyto onenky murpanuu CS—137 u Sr—90 B pacTeHHsi OCYIIECTBISUT C MCIOJIb30BaHUEM
ko3 purmenTa makorutenus (Ku) [8]:

Ko =— (D)

rae Cp — koHLeHTpamus u3orona B pactenuu (Brkr); Cs — koHueHTpanus uzortona B mouse (brkr?).

Pemnpe3eHTatuBHOCTD MoJTydeHHBIX KH oOecrieunBaiy ¢ MOMOIILIO0 BEIOPAKOBKH HEJIOCTOBEPHBIX JIaH-
HBIX MYyTEM HCKIIIOYCHHUS 3HAYCHWH, TOTPEITHOCTh KOTOPBIX cocTasisieT 50 % u Gonee, M BHIXOIAIIUX 32
rpanuibl =1,5 cranmapTHBIX oTKI0OHEeHuH (SD) Bokpyr BeIOOpouHOTO cpemHero (AM).

Wnentudukanmo (GpakTopoB, BIUSIONIMX HAa WHTCHCHBHOCTh MHIPALUM PAJAUOHYKIHIOB B CHCTEME
«I0YBa—PACTEHUE», MPOBOAMWIN METOAOM HENapaMeTPUUECKOro KOPPEIALHOHHOIO aHaIn3a C UCIOJIb30Ba-
HHEM rakeTa nmporpamm Statistica 12 (Statsoft, CIIIA).

Pezynvmamut u 0b6cyscoenue

DusuKo-xumMuyecKue NOKA3amenu ucciedyemulx HOYGEHHbIX 00pPa3yos

B nienom, na Tepputopun CUII pactpocTpaHeHb! KAIITAHOBHIEC U CBETJIO-KAIITAHOBBIC MOYBBI CTEITHBIX
DKOCHUCTEM, a TAKKE BCTPEHAKOTCS JIyTOBO-KAIUTAHOBBIE H JIYTOBBIE MIOYBBI B COYETAHUM C COJOHLIAMH U CO-
JIOHYAKaMU.

DU3NKO-XUMHUUECKUE TI0KA3aTEIIHU IM0YB, HA KOTOPBIX BRIPAIIMBAJIM cajlaT, IPeJACTaBlIcHbI B Ta0uie 1.

Tadobnuma 1

XumMuyeckuii 1 MeXaHUYECKHUI COCTAB MOYBEHHBIX 00pa3L0B

Mecto oTO0pa mouBHI (McnbITaTebHas romanka CUIT)

IToxazarenu ITonbHU

I1-2 «ATOMHOE» 03epO 176 177 «4 a»
I'ymyc, % 8,8 9,6 23 39 3,2
pHeox 6,8 7,7 6,9 6,7 6,9
2 coxeit (MMOITB/100 T) 0,7 0,7 0,8 32 2,7
Ca?*o6men (MMOITB/100 T) 4,5 11,2 6,7 17,5 3,0
MgZ+06MeH (MMOH]}/] 00 F) 1,3 1,5 1,0 3,0 1,0
®dus. rmHa (<0,01 Mm), % 16,3 20,6 20,1 27,2 25,2
Un (<0,001 mm), % 2,4 5,0 39 6,6 6,3
CSBZUH

A 0,7+0,1 0,5+0,1 1,1+0,1 1,6 £0,2 0,4+0,1

MIKT
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MecTto otbopa nouBsl (ucnbiTarenabHas mwioniaaka CUIT)
[loxazarenu -2 A [ TospHN 4
«ATOMHOE» 03ep0 176 177 «4 a»
3;“;;’_1 30+ 4 648 1542 2743 25+3
E;Erl (2,940,04)*10-3 (2,5£0,03)*10-2 | (2,1£0,05)*10-2 | (2,740,02)*10-3 (1,840,2)*10-2
ﬁ:;?l (2,4+£0,09)*10-3 (4,7£0,6)*10-2 (2,3£0,08)*10-2 | (3,8+0,05)*10-2 | (2,0+0,03)*10-3
m%{‘;i’i' (2,1£0,05)*10-3 (4,6+0,05)*10-2 (1,6+0,2)*10-3 (1,9+0,03)*10-2 | (1,440,07)*10-3

Kax BumHO M3 Tabmuipl 1, Mo MexaHHIeCKOMY COCTaBy (cofepkaHue (PH3MUECKON TIWHBI B Tpeenax
20-27 %) Bce MOYBBI, UCIIONB30BAHHBIC B AKCIIEPUMEHTE, OTHOCATCS K JIETKOCYTTTHHUCTBIM, 32 UCKITIOYCHH-
em nouBkI ¢ [1-2, koTopas siBisieTcs cynecyanou (coaeprkanue riunsl 16 %).

[To peakunu MOYBEHHOTO PacTBOPa BCE SKCIEPUMEHTAIBHBIEC TTOUBBI ABJISIOTCS CIA0OKUCIBIMHU, TaK KaK
pHzox BapsupyeT oT 6,7 10 6,9. MckimroueHne cocTaBuia 1Mo4sa ¢ HaBajla « ATOMHOTO» 03epa, BOOHBIN pac-
TBOP KOTOPOT'O UMEET cIaborenounyro peakiuio (pHeox 7,7).

MakcuManbHOe KOTMYECTBO r'yMyca oTMeueHO B mouse mroiiernl76 u 177 (23 u 39 % coorBeTcTBEeH-
HO), B IOYBE OCTAIBHBIX UCITBITATEIBHBIX IUIOLIAT0K COACPKaHNE IyMyca 3HaYUTEIbHO HIbke (MeHee 10 %).

Bce mMozenpHbIe TOYBEHHBIE 00pa3Ibl OTHOCSATCS K HE3aCOJICHHBIM, TaK KaK YCTaHOBJIEHO a0COIIOTHOE IIpe-
obnananue Ca?" nax Mg?*cpeiy NOTIOIEHHBIX OCHOBAHMIA, 8 CyMMa JIETKOPacTBOPUMBIX coneii — menee 0,1 %.

@opmwt Haxoxcoenusi CS—37 u Sr-90 g sxcnepumenmanbHbvIX NOYBEHHBIX 0OPA3YAX

®opMBl HAXOXKACHUS PaIUOHYKIUIOB B ITOYBE ONPEACISAIOT WX MOJBIKHOCTh M OHOJIOTHYECKYIO J0-
CTYNHOCTb Ui pacTeHHil. OTHOCHTENBHOE COllepKaHue OCHOBHBIX (hopMm HaxoxnaeHuss Cs—137 u Sr-90
MPEJICTaBJICHbI B TA0IUIE 2.

Tabnuma 2
OtHocuTeabHOE cofep:kanue popm Haxoxaenusi Cs—137 u Sr—90 B mouBe

DopMbl Hax0xaeHus, Y% (OT BaJOBOIO COIEPIKAHMS) Banosoe comepika-
Texamaeckas
IUTOIIAJIKA BOJIOpACTBOPUMAs | OOMEHHAS | TIOIBIKHAS TPOIHO= HHe’_l

CBSI3aHHAs Bbxkr

Cs-137
pP-2 <0,1 <0,1 0,2 99,6 2600 + 500
«Atomroe» <0,01 0,2 1,9 98,0 15000 + 3000
03epo
IItonbusa 176 <0,02 5,8 51 89,1 8100 + 1600
IItonsusa 177 0,8 0,4 0,3 98,5 3000 + 600
«4a» 1,1 2,2 2,7 94,0 16000 + 3000
Sr-90
pP-2 0,1 15 0,4 98,0 3600 + 600
«Atomroe» 1,9 29,6 5,8 62,6 12000 2000
03epo
IItonbusa 176 11,9 36,5 48,4 3,1 7800+ 1100
IItonsusa 177 <0,2 43,1 48,5 8,3 75000 + 8000
«4a» 2,7 60 26,7 10,7 550000 £+ 60000
IIpumeuanue. «<» — OLICHOYHBIC JAHHBIC, TaK KaK Y A pafIMOHYKJIHA HIDKE Mpe/iena OOHAPYKEHHUS HCIIOJb3ye-
MOro 000pyJIOBaHHUS.

DopMupoBaHHE Pa3IHYHBIX (QU3NKO-XMMHUUECKUX (OPM PaZuOU30TONOB CBSI3aHO C ONpENeICHHBIMU
yCIOBUSIMH 00pa30BaHMs PaJUOAKTUBHBIX YACTHL] IIPH IPOBEACHUH PA3IUUHBIX BUAOB HUCIIBITAHHUMA.

CoriacHo TOTYYEeHHBIM pe3yJbTaTaM IOCIeI0BATENbHON IKCTPaKIK (Tabi. 2), TOYBEHHbIE 00pa3Iibl
XapaKTepU3YIOTCs pa3uyHbIM cojepxkanueM (popm HaxoxneHus Cs—137 u Sr—90. Tak, HaumeHnbias Ouo-
JIOTHYECKast IOCTYIHOCTh PaIMOHYKIUIOB OTMEUEHA B ITOYBE ¢ MUIOMmaAky [1-2, mockoiabKy OCHOBHAs OIS
PaaMOHYKIIMIOB IIPOYHO CBs3aHa ¢ TBepaou (aszoit. Comeprkanue J0cTyHbIX hopm Sr—90 31ech MUHUMATb-
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HO, a g CS—137 moay4eHsl JUIb OICHOYHBIE 3HaueHHs. Takoe cooTHomeHue ¢popMm Haxoxaenus Cs—137
u Sr-90 B mouBe, COTrNIACHO JIMTEPATYPHBIM MaHHBIM [2, 13], 00yciaoBiaeHo OBICTPO#l KOHIAEHCAIMEH U 3a-
TBEPJICBAaHUEM PACIUIABICHHBIX YACTHIl I'PYHTA, MOJBEPTIINXCS BBICOKOH TEMIIEpaType W JaBICHUIO MPH
MPOBEIECHNH HA3EMHBIX B3PHIBOB.

B mouBe ¢ HaBana «ATOMHOTO» 03epa COJepKaHUE MPOYHOCBSI3AHHOW (OPMBI PaJUOHYKIUIOB, B IIe-
JIOM, Hmke, yeM Ha ruromaake I[1-2. IIpu arom ocHoBHas dacts CS—137 mpouHO cBsA3aHa ¢ TBEpAOH (a3oit
nouBsl (98 %), a pagnonyknug Sr—90 sBisercs Hanbonee OMOTOTUYECKU AOCTYITHBIM AJIs1 pACTEHUH, TaK Kak
coJiep>)kaHUE €ro BOAOPACTBOPUMON M OOMEHHOW ()OPM COCTaBIISIET TPEThIO YacTh OT BajoBOro. JlaHHBIE
pasndms, BEPOSITHO, 00YCIOBICHBI OCOOCHHOCTSIMH O0Opa30BaHMS PaTUOAKTUBHBIX YAaCTHUI[ B pe3ylbTare
OTHOCHUTEIHHO JITUTENEHOTO BO3JICHCTBHS BBICOKUX TEMIIEPATYp M JABJICHUS HA TOYBEHHYIO CpPely B 30HE
MOJ36MHOTO B3phiBa [2].

B mouBeHHBIX 0Opasuax mrosieH 176 u 177 6oibmas yacte CS—137 Taxke MPOYHO CBA3aHA TBEPIOM
(hazoii, HO ee coaepaHMe HEe3HAYUTENHHO ycTymaeT oOpasmam ¢ [1-2 n HaBama «ATtomHOTO» 03epa (98 u
89 % cootBercTBeHHO). OTHAKO [10JIs POYHO-CBs3aHHOTO Sr-90 He mocturaet gaxe 10 %.

Bonee Huskoe conepxanne npouHocBazanHor Gopmer Cs—37 u Sr—90 B HUX MOKET OOBACHATHCS MPO-
TEKAIOIIUMH TPOIECCAMH COPOITUH PATNOHYKIHIOB BEICOKOAUCIIEPCHBIME YaCTHUIIAMH TTOYBHI [7, 8] B ycio-
BHUSIX TIPOJIOJIKAIOLIETOCS BHIHOCA PAIHOHYKIIUIOB U3 MOJIOCTH IITOJICH.

Copnepxanue MOABWXHON 1 0OMeHHOH Gopmbl Cs—137 B mouBeHHBIX 00pa3nax mToidsHu 176 BhIIIE B
cpenHeM B 14 pa3, o cpaBHEHHIO co mToNbHEH 177. bonee mpoyuHas copOIus paJHoOHYKIMIO0B B TOYBEHHBIX
obpasnax mroabHu 177 MOXKET OBITH 00YCIOBJICHA OTHOCHTENBHO BBICOKHM COJCPIKAHHEM TIIMHUCTBIX H
WIKCTBIX YaCTHIl, TyMyca U OOMEHHBIX KaTHOHOB. [Tpu 3TOM coneprxkanue BogopactsopumMoit popmer Cs—137
B [TOYBE MITONBHA 176 HIDKE TpefesloB 00HAPYKEHUS HCIIOB3YyeMOro 000pyA0BaHus, B To4Be 177 MITONBHA
— HE3HAYUTENBHOE.

Pannonykmua Sr—90 B mouBeHHBIX 00pa3iax o0eux MToJIeH o cpaBHeHUIO ¢ Cs—137 xapakTepusyeTcs
3HAYHUTENLHON MMOJBMKHOCTBIO U OHOJOTMYECKO# HOCTYMHOCTEIO (0T 36 10 48 %). CyInecTBeHHAs pasHUIA
mexay Cs—137 u Sr—90 mo conepkaHuiO JOCTYIHBIX (OPM B TOYBEHHOM TOPU3OHTE, B OCHOBHOM, 00YCIIOB-
JIeHa MEXaHM3MaMH 3aKpeIUICHHUS PaJrou30TONOB B mouse: s CS—137 — HeoOMeHHOE MOTJIOIIEHHUE; IS
Sr—90 — nonHsIiH 00MeH [8].

B mouBe ¢ momanku «4a» ocHOBHOE coaepikanue paanonykmuna Cs—137 (94 %) taxke HaXOIUTCS B
podHocBA3aHHON (opme, Torna kak st SI—90 ono coctasnser Bcero okosno 10 %. B nemnom, Gosnbieit
OMOJIOTUYECKON TOCTYITHOCTBIO ISl PACTEHHH B MouBe ¢ «4a» xapakrepuzyercs: Sr—90.

Yoenvnasn akmuenocmo Cs—137 u Sr-90 6 caname u napamempwi naxonnenus (Kn) paouonyxnuoos
Pesynbratel m3mepenuss YA paauonykinugoB Cs—137 u Sr—90 B Haj3eMHOI yacTh canaTta IpecTaBlie-
HEI B Ta0auIe 3.

Tabnuma 3
YneabHas akTuBHocTh CS-137 u Sr-90Bcanare u KH pagunonykianios

TexHuyeckas n YA paguonykimnos, Bk/kr Ku

ILIOIIAIKA Mean+Er | Range Mean-+Er | Range
Cs-137

P-2 1 2,4* 2,4 0,0008* -
gf;‘i)MHoe” 4 40+6 (15£2)-(70+14) 0,0019+0,0007 | 0,001-0,0026
I romeusa 176 1 73* — 0,024* —
ltospas 177 5 480+65 (110+20)-(700£70) 0,037+0,009 0,021-0,047
«4ay 1 100* — 0,006* —
Sr—=90

pP-2 1 750* — 0,2* -
ggAeL(z)MHoe» 4 25004290 (1700£110)-(3600+320) 0.2140,09 01403
IItonsusa 176 1 15000* — 1,9* -
HItosnprs 177 4 49000+4200 (40000+3600)-(71000+5200) 0,65+0,17 0,53-0,95
«4a» 1 1700000* — 3,1* -
HpuMeltaHue. «*y — NOJIY4YCHO €AUHCTBEHHOC 3HAUCHHE.
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Kak Buano 13 Tabnuiel 3, Ha HEKOTOPBIX MOYBEHHBIX 00pa3lax yaaloch MOIXYYUTh JHLIb [0 OJHOMY
3HaYCHHUIO YA paJloHYKIMIOB B cajaTe. MakcuMajbHble 3HaUeHus Y A pagunonykiuna Cs-137 3aduxcupo-
BaHbI B PACTEHHSX, BBIPAIICHHBIX HA TIOYBE CO MTOJNBHU 177, MUHUMAaIIbHBIE — Ha TIOYBE C IUIOmaaky [1-2.
MaxkcuManbHasi KOHIeHTpauus panguonykinuaa Sr—90 B bnomacce oTMeueHa JUIsl pacTeHHUH, MOyYeHHBIX Ha
MOYBE C TUIOMAJIKH «4a», MUHUMAJbHAs — Ha MoYBe ¢ Turomanky [1-2.

s koauuecTBeHHOMN oreHkd murpamuu CS—137 u Sr—90 B cucTeMe «10YBa—pacTECHHUS» PACCUMTAHBI
KH pagnonyknunoB ans canara. MunuMansHoe 3HaueHne Ku Cs—137 ycTaHOBIIEHO Ha MOYBEHHBIX 00pas-
nax mromanku [1-2 (0,0008), MmakcumanbHOe — Ha TOYBEHHBIX 0Opasmax mmronbau 177 (0,047), To ecth
BhIIIIe B cpeaHeM B 59 pa3. Ha mouBeHHBIX 00Opasiax ¢ HaBajga «AToMHOro» ozepa Ku Cs—137 Bbiiie MUHH-
MaJIbHOTO B CpedHEM B 2 pas3a, Ha Iuiomaake «4a» — B 7 pa3, Ha MOYBEHHBIX o0pa3iax mToiasHu 176 — B
30 pa3. YcraHoBieHHble pa3nuyus B HakomieHnn Cs—137 KynbpTypoii canaTta, BO3MOXHO, 00yCIOBJICHBI pa3-
TUIAIMA (QU3AKO-XUMHUYECKHX (OPM TAHHBIX PAAUOHYKIHIOB B PAAHOAKTUBHBIX BBIMAJCHHUAX IPH IPOBE-
JIEHUH Pa3HbIX BHIOB SACPHBIX HCIBITAHWN, a TakXkKe, 0€3yCIIOBHO, BIMSHUEM CBOMCTB MouB. Tak, HHU3KHE
sraueHust K Cs—137 Ha nouyBeHHBIX 0Opasuax miomanku [1-2 u HaBana « ATOMHOTO» 03epa, MPEKIE BCETO,
00yCIIOBIEeHBI (PMKCUPOBAHHBIM COCTOSHHEM PaJHOHYKIHIA B PAJIHOAKTUBHBIX YACTHIAX MPH MPOBEACHUH
HA3eMHBIX U MOJ3EMHBIX HCTbITaHni. HesnauntenbHas pasanna mexnay Ku Cs—137 Ha mouBax mitolnieH (B
cpeaneM B 1,5 pasza) oObsACHSIETCS TeM, YTO OCTYIHBIA KOPHAM PaAHOHYKIHJ B TIOYBE MITOIBHH 176 mipe-
HWMYIIECTBEHHO HaXOJUTCS B OOMEHHOM opMe, a B IOUBE ITONBHU 177 — Kak B OOMEHHOM, TaK U B BOJIO-
pacTBopuMOH hopme.

Heckomnpko mHaue B cucteMe «mouBa—pacterne» Benet ceds Sr—90. Hanvensiiee HaKkoIIeHHE paavio-
HYKJIU/Ia OTMEYEHO Ha ToYBe uiomaaky [1-2 u HaBana « ATOMHOTO» 03epa. AHAJIOTUYHBIN MOKa3aTelNb Mmpe-
BBIIIACT MUHUMANIbHOE 3HaueHue B cpeaneM B 3 u 10 pa3 Ha mouse wtosnbHU 177 u 176 COOTBETCTBEHHO.
MaxkcuManbHbBIX 3Ha4eHn KH JoCTHraeT Ha oYBe TUTOMAAKH «4ay (BBIIIe MUHUMAIBLHOTO B 15 pas).

Takxe HEOOXOIUMO OTMETUTh, uTO 3HaYeHHUs Ku Sr—90 Ha mouBe mtonbHu 176 U miomanku «4a mpe-
BBHIIIAIOT €UHMILY, YTO OOYCIOBJICHO BBHICOKHM COJIEpKaHHEM OOMEHHOW (DOpMBI B MEPBOM Ciydae U 00-
MEHHOH U BOJIOPACTBOPUMOM — BO BTOPOM CIIyYae.

B nenom, 3nauenus Ka Sr—90 3HaunTeNnbHO BBINIE aHATOTHMYHBIX MMoKasaTenei mis Cs—137, ciemosa-
TENBHO, B OOJBILEH CTETIEH! B paCTeHUSIX HakaruuBaercsi uMeHHO Sr—90.

@akmopewl, onpedensrowue muepayuro Cs—137 u Sr-90 6 cucmeme «nousa—pacmenue»

Jnst BeIsiBIIeHUsT (PaKTOPOB MUTPANMM PAAMOHYKIHUIOB B CHCTEME «II0YBA-PACTCHHE)» PaTUOAKTHBHO-
3arpsisHeHHBIX Tepputpuii CUII BeimonHeHa craTHcTHUYecKas 00pa0OTKa SKCHEPUMEHTAIBHO MOTYyYEHHBIX
JMAHHBIX METOJIaMU HellapaMeTPUIEeCKON CTATUCTHKHU C MCIIONIb30BaHWEM Ko3ddunuenTa xoppensiun Ken-
JlaJjia ¥ YaCTHOTO KO3 (HUITHEHTa KOPPEIAIINH.

Tak Kak B cHCTEME «II0YBa—PACTEHHSD J0JIS PAAUOHYKIH/A, HAXOAMIAsCS B BOAOPACTBOPUMON U 00-
MEHHOI QopMme, SBISETCS OCHOBHBIM HCTOYHUKOM TMOCTYIUICHHS B PACTEHHS, KOPPEISIIIMOHHBINA aHaIu3 MPo-
Boauny, ucnonb3ysd Ku Cs—137 u Sr—90 u copepkanue nx 61onocTynHbx GopM. YcTaHOBIIEHHbBIE 3HAYCHUS
ko3¢ duIMeHToB Koppersiiuu KeHpamna mokaszanu MonHyl (YHKIIMOHAIBHYIO 3aBHCHMOCTH (=1, n=4,
p<0,05) Mexay mapameTpamMH HaKOIUIEHHS U COJIEPKAHUEM OMOJIOTUYECKH JOCTYIHBIX (GOPM pagrHoHYKIH-
noB Cs—137 u Sr—90 B mouBe ¢ paJ0aKTUBHO-3arPSI3HEHHBIX TEPPUTPHUIL ITOJIUTOHA.

OpnHako HEOOXOAMMO OTMETHTh, YTO, Ha OMOJOTHYECKYIO TOCTYIMHOCTh PaIHOHYKIIAIOB, B CBOIO OYe-
penb, OKa3bIBacT BIMSHUE OJHOBPEMEHHO MHOMKECTBO Pa3IMYHBIX MOYBEHHBIX (akTopoB. s ycraHoBie-
HUS HauOOJIee 3HAYMMOIO MMOYBEHHOrO (hakTopa, onpeaestonero ounogocrynHocts Cs—137 u Sr—90, pac-
CUMTAIH 3HAUYEHUS YACTHBIX KOppemsaiwid. JlaHHbII MEeTO/T MO3BOIISIET OIIPEIeNTh Hanboiee 3HaYNMbIH (ak-
TOp, BIMSIONIMN HA PEe3yJIbTATHBHBIN MPHU3HAK (B TAHHOM Cllyyae — 3TO COfep:KaHue OMOJOCTYIHBIX (HopM
PaIMOHYKIIMIOB) U3 MHOXKECTBA OJJHOBPEMEHHO BO3ACHCTBYIOMINX (aKTOPOB (B JAHHOM cllydae — 3TO (u-
3UKO-XMMHUYECKHEe MMOKa3zaTeny mouBkl). [lonydeHHbIe 3HaYeHHs YaCTHBIX KO3(DQHUIIMEHTOB KOPPEISIIUA T10-
Ka3aJii, 9YTo Hanbosee BaXKHBIM (PaKTOPOM, ONPEACIISIONINM coJiepxkaHue 1ocTynHbx ¢popm Cs—137 u Sr—90
B ouBax CUII, a, cOOTBETCTBEHHO, M HAKOILJICHUE JIAHHBIX PAIMOHYKIUIOB PACTCHHUSMH SIBISIOTCS UX He-
n3otornHbie aHanoru: ais Cs—137 — a3to BanoBoe conepxkanue K (ryy-; = —0,81; n=4, p<0,2); ansa Sr—90 —
BanioBoe cozieprkanue Ca (r xy-» = —0,64; n=4, p<0,2).

B nenom, ycraHoBIIeHHBIE KOPPEISIIMOHHBIC 3aBUCUMOCTH TIOATBEPKIAI0T UMEIOIIHECs] B JIUTEPAType
nauueie [7, 8, 27-29].
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Baxnouenue

Jlana xomudectBeHHas orienka akkymyusiipn CS—137 u Sr—90 pacTeHHsIMU M3 TOYBBI PaIMOAKTUBHO-
3arpsisHeHHbIX yuactkoB CUIT Ha mpumepe canara (Lactuca sativa). CpaBuurenbhbiii ananu3 Ku Cs—137 u
Sr—90 s KynbTYpHI caliaTa, BHIPAIIEHHOTO Ha MOYBEHHBIX oOpa3siax CUII, BBISBII HEKOTOpPBIE 0COOCHHO-
CTH. Y CTaHOBIICHO, YTO HAMMEHbBINEH OHONIOTHYECKON TOCTYMHOCThIO paguoHykianaoB Cs—137 u Sr—90 mnst
pacTeHHi XapakTepusyeTcs mo4Ba ¢ rmromaaku [1-2 n HaBana «ATOMHOTO» 03epa, 9TO O0YCIOBIEHO OCO-
OBIMHU YCIIOBUSIMU M COITYTCTBYIOIIMMH MEXaHU3MaM 00pa30BaHUs PaJOaKTUBHBIX YaCTHIL IPU MPOBEICHUH
SZICPHBIX UCTIBITAHUH.

Pasnuia B HAKOIDICHUH PalMOHYKJIIMIOB CAIATOM Ha 1o4Be mTojeH 176 u 177 odeBumHO 00yciIoBIeHA
MIPOIOJDKAIOIIMMHCS Mporieccamu Tpanchopmaiiuu opm Haxoxaenus Cs—137 u Sr—90 B mouse.

Pannounzoron Sr—90 xapakrepu3yeTcsi 3HAYUTEIBHBIM COJICP)KaHHEM OMOJIOIMYECKH AOCTYIHBIX (opM
BO BCEX IOYBCHHBIX 00pasmax, 3a uckmodenueM [1-2. [Ipu 3Tom HanbombpmIas OMacHOCTb C TOYKH 3PEHUS
MOCTYIICHUSI B PACTEHHS TAHHOTO PaJIMOHYKINAA TPECTABIISCT M0YBA IUTOMIAIKHI «4ay.

Ha ocHoBaHMU MOJTy4eHHBIX SKCIIEPUMEHTAIBHBIM MyTeM napameTpoB HakorieHus Cs—137 u Sr—90 u
COZIep)KaHUEM JaHHBIX PAAMOHYKIHMIOB B MOYBEHHBIX 00pa3lax ¢ pa3InuHbIM PaJIdOaKTHBHBIM XapaKTepoOM
3arpsi3sHEHUS M (QU3HKO-XHUMHYECKUMH XapaKTePUCTHKAaMH YCTAHOBJIEHO BIIHMSHHE JBYX OCHOBHBIX (paKTo-
pOB, ONPENENSIOIINX MEePEXO] PATHUOHYKIUIOB B CHUCTEME «IIOYBA—PACTEHHE» Ha PaJHOAKTHBHO-
3arpsi3HEHHBIX yuacTtkax Tepputopun CUIL: coneprkanue Onoaorndecku JOCTYIMHBIX (popM HaXOKAEHUS pa-
JTMOHYKITHJIOB M COJEPYKAHNE UX HEU30TOIMHBIX aHAJIOTOB.

[TomyyeHHBIE pe3yNbTaThl UMEIOT OOJBIIOE MPAKTHYECKOE 3HAUCHUE JUIS MPOBEACHHS PaIHOIKOIOTH-
YECKOr0 MOHHUTOPHHIA M OIICHKU pagraliMOHHO-onacHbIx 00bekToB CHUII, a Takke MOTyT OBITh 3KCTPAIIOjx-
pOBaHbl Ha HMIIAKTHBIE TeppuTopuu npeanpustuil SATL[, pacnosokeHHbIE B aHAaJOTUYHBIX IMOYBEHHO-
KIMMaTHYECKHX YCIOBHSIX.

Paboma evinonnena npu gunancoeoli noodepiicke Munucmepcmea HayKu u Gvicuieco 06pazo8anus
Pecnyonruxu Kazaxcman 6 paumxax Hayunoeo epanma AP08856481 «Oyenka paduayuoHHo20 coOCMOAHUL
PACMUMENbHO20 HOKPO8A C MOUKU 3PEHUS €20 CebCKOXO3AUCMBEHHO20 HAZHAYECHUS ).
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T.C. [lonomapesa, E.H. [TonuBkuna, P.A. Kenxebaes, JI.A. HembiTOBa,
E.C. CricoeBa, A.P. lIBanoBa

Bypbinrbl CeMeli ChIHAK NMOJIUTOHBIHBIH HErI3ri paguoaKTHBTI-J1aCTAHFaH
yuyackeJiepiHiH TONbIPpaFbIHAAFBI cajaaT JaKkblIbIHAAa Cs-137 men Sr-90 kmHAKTATYBI

Monenpik BereTalisuIbIK SKCIepUMEHT karaaibiHaa Cemeit ceiHak noiuroHbHBH (CCII) paanoakTuBTi-
JIaCTaHFaH ajlaHJapbIHBIH TONBIPAFbIHAA canaT qakeuisl yinin (Lactuca sativa) Cs-137 xone Sr-90 paguoHyk-
JIUATEpiHiH XuHakTany kodpduimentrepi (Kn) ansikranran. Optypuni CCII ydackenepinaeri TonbIpak yiri-
nepinen anbiaFaH Kn MoHzaepiHiH TypieHy nuamaszonsl Cs-137 ymin 2 katapasi, Sr-90 ymin — 1 xarapzs
Kypazbl. [TapaMeTpiiik eMec CTaTUCTHKAJIBIK Tanaay oicTepi apTyp:i paguoaktupTi tactanybl 6ap CCII to-
IBIpaKTapbl YIIiH «TombIpak-ecimMuiky xyhecinme Cs-137 xaHe Sr-90 paJnOHYKIMATEPiHIH HKBLIBICTAYBIH
alKpIHAANTEIH (akTopiapabl aHbIKTaabl. CS-137 xone Sr-90 Kn moHmepi m3otonTapabH OnoxketiMai ¢op-
MaJapbIHBIH KYPaMbIHA TiKeNlei Toyenai eKeHi aHbIKTalAbl, OYJI CEIHAKTapIbIH CHIIaThIHA GalnaHbIcTl. Ken-
JaIT Koppemsus KodpUIneHTTepiHiH aJbIHFaH MOH/EP] MOJIUTOHHBIH PAaANOAKTHUBTI JJACTAaHFAH ayMakTa-
peiHaH TombIpakTarsl CS-137 xoHe Sr-90 paguoHyKIHATEPiHIH )KUHAKTATY ITapaMeTpliepi MeH OHOJIOTHSUIBIK
KOJDKETIMITI (hOpMaapbIHbIH KYPaMbl apachlHAAFbl TONBIK QYHKIIMOHAIIBIK Toyenaitikti (r=1, n=4, p<0,05)
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kepceTTi. JKeke KoppensusIIbIK 9AiCTi Kosiany tomsipakTarbl Cs-137 xaHe S-90r komkerimMai Gopmanapsi-
HBIH KYpaMbIH aHBIKTAHTBIH (akTopiaapiasl aHblkTayra MyMkinaik Gepai: Cs-137 yuin sxanmnsr Memmepi K
(rxy-z=-0,81); Sr-90 yin — sxammsr memepi Ca (I xyz = — 0,64) Gomabl. ANBIHFaH HOTHKENIEP «TOMBIPAK-
ecimuik» xyiecinne Cs-137 xxone Sr-90 pagnoHYKIMATEP] KBUIBICTAYBIHBIH HETI3T1 MEXaHH3MIEPiH amassl,
6y CCII paanoakTHBTI-NacTaHFaH ayMaKTapblHIa, COH/IAl-aK YKCAC TOIBIPAaK-KIMMATTHIK JKafqaiiapaa op-
HaJlaCKaH sIPOJIBIK-0ThIH UK (SIOL) KocinOpBIHIaPBIHBIH UMIIAKT ayMaKTapbIHAA PaH03KOIOTHSIIBIK MO-
HHUTOPHHT JXYPri3y jKoHE peabHIHTALMsIAY iC-1IapaapblH )KOCIapiay Ke3iHae YIKCH MPaKTHKAIBIK MaHBI3bI
Oap.

Kinm ce30ep: Cemeii cbiHak nonuronsl (CCII), paguoakTUBTI jJacTaHy, CTpOHLMH, 1e3ul, canat (Lactuca
sativa), »xunakrany kosddumuenti (Kn), paquonyknuarepai aHslKTay (GopMaiapsl, OHONOTHSIBIK KOJIKE-
TIMJILTIK, TONBIPaK (hakTopiaphl.

T.S. Ponomaryova, Ye.N. Polivkina, R.A. Kenzhebaev, L.A. Nemytova, Ye.S. Sysoeva,
A.R. lvanova

Accumulation of Cs-137 and Sr-90 by lettuce culture from radioactively contaminated
soils of the former Semipalatinsk test site

Under conditions of a simulated pot experiment in the case of salad (Lactuca sativa), quantitative parameters
of Cs-137 and Sr-90 (Tf) accumulation by plants on soils from the former Semipalatinsk Test Site territory
were obtained. The variation range of Tf values derived for soil samples from different STS areas was 2 or-
ders of magnitude for Cs-137 and 1 order of magnitude for Sr-90. Using nonparametric statistical analytical
techniques, determinants of the transfer of Cs-137 and Sr-90from soil to plants for STS soils with various na-
tures of radioactive contamination were identified. The content of biologically available species of radionu-
clides has a significant effect on the accumulation of Cs-137 and Sr-90by salad. Values derived for Kendall
correlation coefficients showed a complete functional dependence (r=1, n=4, p<0,05) between accumulation
parameters and the content of biologically available species of Cs-137 and Sr-90in soil from radioactively
contaminated test site areas. The use of partial correlation coefficients allowed identification of key soil con-
tributors to the content of available speciation and, respectively, the accumulation of Cs-137 and Sr-90by the
experimental crop: for 37Cs, the common content of K (rxy-z = -0,81); for Sr-90 — the common content of Ca
(r xyz =— 0,64). Findings reveal the main mechanisms of Cs-137 and Sr-90transfer from soil to plants, which
are of great practical importance in the radio ecological monitoring and planning of rehabilitation measures
taken in radioactively contaminated STS areas as well as in areas impacted by nuclear fuel cycle facilities
(NFC) located under similar soil and climatic conditions.

Keywords: Semipalatinsk Test Site (STS), radioactive contamination, strontium, cesium, salad
(Lactuca sativa), transfer factor (Tf), species of radionuclides, biological availability, soil factors.
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K u3y4eHuio pecypcoB JieKapCTBEHHBIX PACTEHU ATHIPayCKO# 001acTH

VI3yueHue pecypcoB JICKApCTBEHHBIX PacTEHHIl MMEeT BaXXHOE NPUKIIAHOE 3HAYECHHE JUI OPTraHU3alluK CH-
CTEMBI PallMOHAIBHOTO TPUPOAOIIONB30BaHMUA 1 MOHHTOPHHIA OKpyXaromieit cpeapl. st onpeneneHus no-
TEHIMAJIa 3arOTOBKH JICKAPCTBEHHOTO CHIPbsI OBUIM MPOBEICHBI PeCypcHbIe 00CIe0BaHUS PUPOIHBIX Tep-
putopuii ATeIpayckoil o6acTi. BeUTH BBISIBIEHBI 3apOCIH, IPUTOAHBIC IS 3aTrOTOBKH, U1 10 BUIOB Jiekap-
CTBEHHBIX pacTeHHH. OmpeseneHsl MecTa JOKaIH3alluu 3apociiel, ypoXKaHHOCTh PacTHTEIBHOTO CHIPBS (Ha
BO3JIYIIHO-CYXOH Bec), 00MINe 1 SKCINTyaTallMOHHBIE 3aackl. Y CTAHOBIICHBI CIIEYIOIIIE IIOMaH 3apocieit
U 00beMBbI IIOTEHIMATBHOTO cOopa ceipbsi: Peganum harmala — 22,5 ra u 116,95 T; Alhagi pseudoalhagi —
228,0 ra u 196,05 T; Alhagi persarum — 12,3 ra u 13,21 T; Scabiosa isetensis — 12,3 ra u 4,2 T; Artemisia
terrae-albae — 40,2 ra u 13,43 1; Tanacetum santolina — 2,3 ra u 0,9 T; Helichrysum arenarium — 15,4 ra
u 2,1 T; Anabasis aphylla — 126,0 ra u 24,89 T; Glycyrrhiza glabra — 36,2 ra u 20,48 1; Althaea officinalis
— 88,0 ra u 14,24 1. [lomydeHHbIe CBEACHUS 110 PACTUTEIBHBIM PECYpcaM MOXHO HCIIOJIb30BaTh MPH ILTaHH-
POBAaHMH M OpPraHM3ALUK 3arOTOBOK CBIPBS JUIS HY KA (hapMarieBTHUecKoil npombliieHHocTH KazaxcraHa.

Kniouegvie crosa: Atbipayckas 001acTh, JIGKapCTBEHHbIC PACTEHMS, IIOMIAb 3apOCiiei, ypokalHHOCTb, JKC-
IUTyaTaI[MOHHBIH 3ar1ac, 00beM BO3MOIKHOTO cOOpa CHIPHSL.

Beeoenue

Pa3BuTHe COBPEMEHHBIX OTpACNCH MPOMBIIIJICHHOCTH M CTPEMUTEIILHBIA POCT HACEICHHS B OJMKaii-
mue 50 JeT CTaBUT Iepe]] yYeHBIMU 33/I1a4H MOVICKa HOBBIX BO30OHOBIIIEMBIX PECYPCOB: HCTOYHHUKOB THTa-
HUs1, OMOTOIUIMBA, MEIUIIMHCKHAX TPENapaToB, KOCMETHIECKUX CPEICTB M CPEICTB THTUEHBI, YTO, HECOMHEH-
HO, MPHUBEJET K YCHUJICHHIO HHTepeca K pacTUTEIbHBIM pecypcaM. BecemupHas opranuszanus 31paBooxpaHe-
HUS OTMEYaeT B MOCJIEHUE JIECATHIIETUS] POCT MCIIOJIb30BAaHUS IIPENapaToB PACTUTENBHOTO MPOUCXOXKACHUS
Y YBEJIMYCHHUE J0JTH JICKAPCTBEHHBIX pACTEHHUI HaceaeHneM 3emn [1].

Pasputne coOCTBeHHOH (hapMaleBTUUECKON, MEAUIIMHCKON ¥ MHUIIEBON HpOMbIIUIeHHOCTH B Kazax-
CTaHe JIOJDKHO 0a3MpoBaThCs Ha YCTOHYMBOMW CHIPHEBOH 0asze, TO €CTh HE 3aBUCETh OT UMIIOPTHPYEMOTO HC-
XOJIHOT'O CBIPBSL.

N3yyeHune pecypcoB JE€KapCTBEHHBIX PACTEHUNA UMEET BaXKHYIO 33/1a4y Uil IOJHOM OIIEHKU MOTEHIUa-
Jla TIPaKTUYECKOTO MCIIOJIb30BaHMs CHIPbs MPU MPOU3BOJCTBEe (uronpenaparos [2]. B Kazaxcrane mpowus-
pacraetr 6osiee 1000 BHIOB JeKapCTBEHHBIX pacTeHuii [3], U3 KOTOPhIX OKOIIO 160 TaKCOHOB BHEIPEHHI B
opurmansHoe npuMeHenue [4]. OqHaKo CTOUT OTMETHTH, YTO HE BCE perroHbl Kasaxcrana g0CTaTOuHO XO-
pomo u3ydeHsl. Tak, HamOojee HCClie0oBaHa JUKOpACTylias jekapcTBeHHas ¢uiopa B FOro-Boctounowm,
OxnOM, BocTounom u llentpansnom Kaszaxcrane [5, 6], Torna kak tepputopun CeBepHOro U 3amaHoro
Kazaxcrana octarorcs Mano UCCIEA0BAHHBIMU.

Llens HACTOSIIErO MCCIIEOBAHUS — M3YYHTh CHIPHEBBIE 3aIlachl HauboJiee pacpoCTPaHEHHBIX JieKap-
CTBEHHBIX pacTeHH Ha TeppuTopun AThIpayckoii oonactu (3anaguerii Kazaxcran).

Mamepuanvt u memoobi

UccnenoBanns Obutu mipoBenieHbl B TedeHne 2021-2022 rr. Ha TeppuTOpuH ATHIpayCKOW OOJIACTH.
ATtbipayckas 06JIaCTh PacroyioKeHa B KpaiiHe 3anajaHoi yactu Kazaxcrana B npenenax koopaunat 47°05°—
56°45” B.1. u 41°20°-49°15’ c.u1., npocTUpasch ¢ 3amajia Ha BOCTOK Ha 720 KM U ¢ rora Ha ceep Ha 880 kM
[7]. Kimumat obnactu popmupyercst oz npeolIiagaroliuM BIUSIHUEM apKTUUECKHX, HPAHCKHX M TyPaHCKHX
BO3AYIIHBIX Macc. B XoyioHbIi IIepuos rojga 37ech OCIOACTBYIOT Macchl BO3[yXa, MOCTYIAIOIINE U3 3a-
MaJIHOTO OTpora cuOupckoro aHTHIMKIOHA («Och BoeiikoBay), B TEIUIBIH NEpUOJ T0Jla OHU CMEHSIFOTCS KOH-
THHEHTAJIBHBIMHA TYPAaHCKHMH U HPAaHCKUMHM BO3AYIIHBIMHM MaccaMu. [los BIUsSHMEM 3THX BO3AYIIHBIX Macc
(hopmMupyeTcsi pe3Ko KOHTHHEHTAJIbHBIM, 3aCyNUIMBBIN ITyCTBIHHO-CTEITHON W IyCTHIHHBIA THIT KIUMaTa,
MIPOSBIISIOUINIICS BO BCEM KOMIUIEKCE METEPOIOTHIECKIX TTOKa3aTeNeH.
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OO0BEeKTaMU HCCICIOBAHUS SBISIFOTCS AUKOPACTYIIUE MPUPOIHBIC TOIMYJISAIUN JIEKapCTBEHHBIX pacTe-
Hui aopsl ATeipayckoi obmactu. KoopauHaThl MeCT IPOBEACHUS PECYPCHBIX 00CIIEIOBAaHUN MPEACTaBIIC-
HEI B Ta0umIe 1.

Tab6anuma 1

KoopanHaTbl ToUek MpoBeAeHHs 00C/1e0BAHII HA TEPPUTOPUH ATHIPAYCKOI 00/1aCTH MPHU IKCHeTMITTOHHBIX
Bble3gax B 2021-2022 rr.

Ne Mecro o6cenoBanus GPS-koopanHaTsl
CEBEPHOM MIUPOTHI BOCTOYHOM JIOJITOTHI | BBICOTA HAJl YPOBHEM
MOpSI, M
1 PaBanHa Mexy ropamu Konenkwmu u | 46,13513 55,27517 132,0
Kenpray
2 Hauano unnka XKenpray 46,17539 55,24045 156,0
3 Ckiion uynHKa JKenpTay 46,20236 55,24016 153,0
4 Topwl XKenpTay, poTHUK 46,22514 55,44040 156,0
5 Topsr XKenpray, miaTo 46,28352 55,32235 201,0
6 T'opsr XKenbTay, CKIOHBI COTIOK 46,28550 55,30424 210,0
7 Topwl XKenpray, ymense Capol-bynak | 46,31950 55,29415 2140
8 Topsr XKenpray 46,32063 55,30483 210,0
9 Topsl XKenpTay, TPEIIMHBI CKaJ 46,32021 55,35007 209,0
10 Pomnnk B ymienbe [leprerynara 46,30301 55,42318 181,0
11 PaBHmHa Mexy ropamu JKenpray u 46,32094 55,53540 56,0
JoHrs3Tay
12 Uwnek J[oHTBI3TAY 46,19477 56,19092 174,0
13 Uwnek J[oHTBI3TAY 46,16077 56,13461 155,0
14 ITecku HapriH, cenuTpsHKOBBIC 3a- 46,53179 50,19287 130,0
pocau
15 ITotima p. XKanreip 46,40052 49,23501 -28,1
16 ITotima p. Koney 46,38681 49,21374 -24,5
17 | Ioiima peku B okp.c. [IpuMopbe 46,33226 49,12512 -29,3
18 TTotima p. KpacHslii SIpuk 46,33081 49,06334 -30,1
19 ITotima p. AKTOJIKBIH 46,32189 49,04089 -27,8

BrLsiBiieHNEe BUIOBOrO COCTaBa JICKAPCTBEHHBIX PACTEHUH MPOBOAMIIM IO JUTEPATYPHBIM JaHHBIM [8—
10], Ha ocHOBe aHasM3a repbapHOro MaTepUala i MaTepHAaIOB PaHee MPOBEICHHBIX MOJIEBBIX 00CIeI0BaHMiT
M0 Pa3IMYHBIM reorpaguyeckuM TodkaM u (QIIopucTHIecKuM paiionam obnactu (IIpukacnuiickuii, OMOWH-
ckuil, bykeeBckuit). HanmenoBanue pacreHuid mpuBoauin B cooTBeTcTBUM co cBoakoi C.K. Uepenanosa
[11].

PamxupoBanue JeKapCTBEHHBIX pacTeHHH (QIopbl ATBIpayCKOW 0OJACTH MPOBOJIWIN 1O CTEIIEHU WX
pacnpocTpaHeHHOCTH. Ha BBIJIENICHHBIX 3apOCiIIX JIEKAPCTBEHHBIX PACTEHUIN OTMEYalH IUIOLAAb 3apociei,
OLICHHBAIIK YPOXKAHHOCTh, IKCILUTyaTAllMOHHBIN 3amac [12], HA OCHOBaHMH KOTOPOTO BBICUUTHIBAIIH 00BEM
BO3MOJKHOTO cOOpa ChIpbs B IIepecueTe Ha BO3LYLIHO-CyXoi Bec. Ha kaxaom coolmmecTse 3akiaapBanu 10—
15 y4yeTHBIX IJIOIIAIOK, Ha KOTOPBIX OLEHUBAJIN MPOEKTHUBHOE MOKPHITHE, TAOUTYC BUOB, IJIOTHOCTH 3araca
cipbs. Ha3zBanue cooOuiecTB ¢ ydacTHEM JIEKAPCTBEHHBIX PACTEHUH NMPHUBOAWIA B COOTBETCTBUH C JJOMH-
HAHTaMH M COJOMHHAHTAMH pacTHTeNbHOTrO mokposa [13]. TlonydeHHble AaHHBIC CBOAWIN B MHBEHTapU3a-
LIMOHHBIE BEJIOMOCTH.

Peszynomamot u ux obcyscoenue

[lo uroram ananuza repOapHBIX MaTEpPUANIOB, TUTEPATYPHBIX JAHHBIX M COOCTBEHHBIX HOJEBBIX COOPOB
OBIJIO YCTAaHOBJIICHO, YTO HAa TEPPUTOPHH ATHIpAyCKOH oOnacTw mpowmspactaeT 177 BHIOB JIEKQpCTBEHHBIX
pacTennii, oTHeceHHbIX K 118 pomam u 46 cemeiictam [14].

[lo creneHn pacmpoOCTPaHEHHOCTH JIEKAPCTBEHHBIX PACTEHUH Ha TEPPUTOPUU ATHIpaycKoW 00macTu
BbIJIEJICHBI 4 TPYIIIbL:

1) mWHPOKO pacHpocCTpaHEHHbIC, HO PACTYIIME CIOPaJU4HO, HE oOpasyromiue 3apocied (128 BHUIOB).
Cpenn Hux Takue Buabl, kak Alisma plantago-aquatica, Asparagus officinalis, Populus tremula, Polygonum
aviculare, Gypsophila paniculata, Thalictrum collinum, Thlaspi arvensis u apyrue;
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2) peaxue W MCYe3aloINe BUIBI, KOTOPhIE HE MOAJICKAT 3aroToBKe Ha chipbe (11 BUAOB), BKIIOYatOLIHE
Juniperus sabina, Acorus calamnus, Nuphar luteum, Pulsatilla patens, Fritillaria meleagroides, F.ruthenica,
Adonis vernalis, Amygdalus nana u npyrue;

3) Buabl, odpasyrorre Hebombue 3apociu (23 Buaa): Sanguisorba officinalis, Ephedra distachya, Iris
tenuifolia, Syrenia sessiliflora, Helichrysum arenarium, Rubus caesius, Melilotus officinalis, Peganum
harmala, Polygala comosa u npyrue;

4) BuIbl, 0Opa3ylolue 3HAYUTENbHBIC 3apOCIIH, MPUTOAHBIC ISl IPOMBIIUIEHHON 3aroToBku (15 Bu-
noB). Oro Limonium gmelinii, Rheum tataricum, Althaea officinalis, Anabasis salsa, Artemisia terrae-albae,
Salvia stepposa, Scabiosa isetensis, Achillea nobilis u apyrue.

Bunbl u3 mocneqHuX ABYX KaTerOpwil ObUTH MCIONB30BAaHBI JUJIS OIEHKH CHIPHEBBIX 3aIIacoB JIeKap-
CTBEHHBIX PacTECHHH.

Tapmana ooviknoeennaa (Peganum harmala L., cem. Peganaceae) — mepcrekTHBHOE JIEKapCTBEHHOE
pacTeHne, UCTIOIb3yeMOoe B HApPOJAHON MeIUIINHE KaK yCIIOKOUTENbHOE, aHTHKOATYJISTHTHOE, THITOTEH3UBHOE,
aHTUANAa0ETHYeCKOe, aHTHOAKTepHalbHOe, MPOTUBOBOCHIAIMTENFHOE W TMPOTHBOMApa3UTapHOE CPEICTBO;
MPUMEHSETCS ISl JICYCHHsI aCTMBbI, OJIBIIIKH, peBMaTH3Ma, CHIXKCHUsI KpOBEHOCHOTO jaBneHus [15]. Ha tep-
puTopuu ATBIpayCKO# 00acTH rapMaia MIMPOKO IMPOU3PACTAET BIOJb JOPOT, B OKPECTHOCTSAX HACENEHHBIX
MYHKTOB, 110 BHITOHAM, MeCTaxX BbINIaca JIOMalIHero ckora. O6pa3yeT 4nucThie rapMainoBbie 3apociu. Ooiee
MPOEKTHBHOE IOKPHITHE COOOLIECTB C ydacTHEM TapMaibl OOBIKHOBEHHOW cocTaBisieT oT 35 mo 40 %, Ha
JOJII0 UcclieayeMoro Buaa npuxonutces 10 25—30 %. AcnekT pacTUTEILHOTO TOKPOBA — CEPO-3€ICHBII.

[Tnowane 3apocnell Ha paBHUHE Mexay nocenkamu Mykyp u Kynbscapsl coctaBuna 22,5 ra, ypoxai-
HOCTB CBIPbsI OlleHeHa B 8663 Kr/ra, SKCIUTyaTallMOHHBII cocTaB onpenaeieH B 194,92 T, 00beM BO3MOKHOTO
coopa ceipest — 116,95 1 (Tabm. 2).

Tabnuma 2

Ilnomanm 3apocJieil, ypo:kaiiHOCTb U ChIPbeBble 3a11aChl HEKOTOPBIX J1eKAPCTBEHHbIX PACTeHHl AThIpaycKoi
o0JiacTH (B mepecyere Ha BO3AYILIHO-CYXOil Bec)

No 3aroTaBiu- MecTto mpouspac- VYpoxaii- | Dkcmiyata- | O0beM BO3-
. IInomans, N o
Bun BaeMBbIit op- TaHUsI HOCTb, [IMOHHBIH MOYKHOI
raH ra Kr/ra 3amnac, T 3arOTOBKH, T
1 | Peganum Tpasa PaBHuHa Mexny 8663 +
harmala noc. Mykyp u 22,5 73 194,92 116,95
Kynbcapsr
2 | Alhagi pseu- Hanmzemuble | OKpeCTHOCTH TOpBI 96,0 2847 + 273.30 136,65
doalhagi OpraHbl Hmankapa 180
[oiima p. JKaHTEIp 52,0 976 £ 42 50,76 25,38
[oiima p. Korey 80,0 850 £ 94 68,04 34,02
Hroro 228,0 392,1 196,05
3 | Alhagi per- Hamzemusie | Ilecku Taiicoiiran 12.3 2148 + 26,42 13.21
sarum OpraHBbI 122
4 _Scablo_sa TpaBa I'opa Mmankapa 6.4 1100 = 7.04 4.2
isetensis 98
5 | Artemisia ter- | Tpasa PaBHuHa B OKp. 40,2 5567 22.38 13.43
raealbae ropel Mimankapa 240
6 Tanac_etum TpaBa T'oper XKenbray 23 797 + 26 18 0.9
santolina
7 Hellchrysum LBerounsie | Ilecku Taiicoiiran B 154 189 + 16 2.9 21
arenarium KOP3WHKHU okp.moc. Kapabay
8 | Anabasis Hamzemunsie | Topsl XKenbray,
aphylla OpraHsbI ypouutie Capbi- 126,0 395+ 32 49,77 24,89
Bynak
9 | Glycyrrhiza Kophu u IMecku Taiicoiiran 36,2 5657 + 204.8 2048
glabra KOpHEBHIIA 230
10 Althaea offici- | Kopuu kop- | Tloiima 28,0 1400 + 392 7.84
nalis HEBHIIIA p- AKTOJIKbIH 210
IMoiima p. Kuram 60,0 532 £ 89 31,9 6,4
Hroro 88,0 71,1 14,24
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B nonune p. Kuram onpeneneHsl ChIpbeBbIC 3aMackl antes JiekapcTBeHHOro. [Tnomanp 3apocineii cocra-
BriIa 600 Ta IpH IIIOTHOCTH MPOU3PACTaHUS 3,5 IT/M%, yposKalHOCTh Ha CyXOi Bec cocTaBuia 53,2 1/ M2,
win 532 Kr/ra. DKCIUTyaTallnoOHHEIHN 3amac omneHeH B 3192 .

CoobmiecTBa ¢ ydacTHeM eepbriodcwell komouku obwiknosennoti (Alhagi pseudoalhagi (M. Bieb.)
Desv.ex Wangerin, cem. Fabaceae) o6uapyxenbl B moiimax pek JKaursip u KoHey, M0 MOHWXEHHSAM B
OKpECTHOCTSX Tophl MiMaHkapa. /lanHoe pacTeHre 00JIalaeT MPOTHBOBOCIATUTEIIEHOMN, TPOTUBOS3BEHHOM,
AQHTUOKCHJAHTHOW, aHTUOAKTEPUANBbHOW aKTUBHOCTBIO, MCIIOJB3YETCsl AJsl M3TOTOBJICHHSI MPEMapaToB Clia-
OUTEIBHOTO, TUYPETUUECKOTO U OTXapKUBaroLIero neicreus [16].

Bepbniooices konouka 0ObikHOGeHHAA BEICTYIIAET B KAYeCTBE JOMHHAHTA, 00pa3yeT BepOIIOKbEKOII0Y-
KOBO-Pa3HOTpaBHbIC coobiecTBa. OOIee MPOeKTHBHOE MOKpbITHE cocTaBisieT 60—70 %, U3 HUX Ha JOIIO
Alhagi pseudoalhagi npuxoautcs 35-40 %. AcneKT pacTUTENBHOCTH — 3eJICHBIH, MecTpo-3eneHbli. CoBo-
KyITHas TUTOMIAAb BBIIBICHHBIX 3apociei coctaBmia 80,0 ra, yposkaitHOCTh m3MeHsutack oT 850 mo 2847
Kr/Ta. DKCIUTyaTallMOHHBIA 3aMac paccunTaH Ha ypoBHE 273 T, 00beM eKEerogHoro BO3MOXHOTO cOopa ChI-
pest — 136,65 T.

B neckax Taiicoiiran BBISBICHBI IPOMBIILICHHO-IICHHBIC 3aPOCIIH 8€POII0IHCbENl KOIOUKU NEPCUOCKOT
(Alhagi persarum (Boiss. & Buhse) Takht., cem. Fabaceae). Tpasa ganHoro Buaa o0lamaeT aHTHOKCHIAHT-
HOW M aHTHTHIIOTOKCHYECKON akTHBHOCTBIO [17]. Bua obpasyer pasHOTpaBHO-BEPOIIIOKBEKOTIOUKOBBIE CO-
06HICCTB3 Ha NMECYaHbIX MaCCHUBaX, BAOJb BPEMCHHBIX BOJOTOKOB U PCK, B IOHMKXCHHUAX MCKIY 6apX3HaMI/I.
OOmiee npoeKTUBHOE MOKpbITHE B cooduiecTBax coctapisier 30—40 %, u3 HUX BepOMIOKbel KOMOUKH Iep-
cunckoi — 15-18 %. AcnekT — cepblil WM Cepo-3€JICHBIN.

[Mnomane 3apocieit cocraBuiaa 12,3 ra mpu ypokaliHoctu 2148 Kr/ra, 3KCIUTyaTallMOHHBIM 3amac u
00BEM BO3MOXXHOTO cOOpa ChIphs OlleHeHbI B 26,42 11 13,21 T COOTBETCTBEHHO.

Crabuosa ucemckas (Scabiosa isetensis L., cem. Dipsacaceae) — meHHOe JIEKapCTBEHHOE pacTCHUE,
obnajaroniee MpOTUBOBOCHAIMTENILHON, aHTUMUKPOOHOH M aHTHOKCHIAHTHOH akTuBHOCTHIO [18]. Tpama
MPOM3pPACTaET N0 KAMEHHUCTBIM OCHINSM U CKJIOHaM ropbl MiMankapa. Ckabuo3a npouspacrtaer B cocTaBe Mo-
JIBIHHO-CKa0M030BO-pa3HOTPaBHOro cooduiecta. Obmiee mpoekTuBHOE MokpeitHe — 40 %, B TOM uucie
ckabno3bl ucerckord — 12-15 %. AceKT pacTUTENbHOCTH — TECTPBIH.

[Tnomanp 3apocineii ckabro3bl CETCKOM Mo ckJoHaMm rop MMaHkapa oneneHa B 6,4 Ta, ypokaifHOCTb
Hag3eMHbIX opraHoB — 1100 kr/ra. DkcIuTyaTallMOHHBIN 3arac paccuuTad Ha ypoBHE 7,04 T, 00beM BO3-
MOXKHOTO cOopa cbipbst — 4,2 T.

Tonwviny Henoszemenvuas (Artemisia terrae-albae Krasch., cem. Asteraceae) — 1eHHoOe JiekapCTBEHHOE
1 3(upHOMACIMYHOE pacTeHHE, HCIIOIb3YyEMOE B HapOAHOM MEAUIMHE ATl JICUCHHUST MaJlsipuu, JTUXOPaIKH,
KaK MMPOTHBONAPA3UTAPHOE U KPOBOOCTaHaBuBaroIee cpeactso [19]. O6pasyer Geno3emenbHO-MOTbIHHbBIC
Y TIOJIBIHHO-3JIAaKOBO-Pa3HOTPaBHbIE COOOIIECTBA HA TIIMHUCTHIX PABHUHAX B OKPECTHOCTSIX Tropbl MiMaHKapa.
BricTymaeT B xauecTBe JOMHHAHTa M CyOJOMHHaHTa. ACIEKT pacTUTEIHLHOTO MOKPOBa — CepbId, olliee
npoexTuBHOE NOKphITHE 3540 %, N3 HUX Ha IOJII0 MOJIBIHK Oeno3emMenbHOl npuxoaurcs 20-22 %.

[Tnowane 3apocneit ¢ yyactueM nojibiHU onieHeHa B 40,2 ra, ypokallHOCTh HaA3E€MHBIX YacTe cocTa-
BrIa 5567 kr/ra. DKCIUTyaTallMOHHBIN 3anac 1 00beM BO3MOKHOTO cOOpa ChIpbsi olieHeHsl B 22,38 u 13,43 T
COOTBETCTBEHHO.

THuoema canmonunosuonas (Tanacetum santolina C. Winkl., cem. Asteraceae) siBisieTcst iekapCTBEH-
HBIM U apOMaTHYECKHM PacTeHHEM, 00JaJaeT MPOTHBOMHKPOOHOH, MPOTHBONAPA3UTAPHON U MPOTUBOBOC-
NaauTeNIbHON akTUBHOCTHIO [3, 8]. IlIupoko BCTpeyaeTcs mo TeppUTOpUr AThIpAyCKON 00JIaCTH 110 KaMEHH-
CTBIM U HIEOHMCTBIM OCBIISAM, HA [NIMHUCTBIX HOHIKEHHAX, BIOJIb PEUEK M BPEMEHHBIX BOJIOTOKOB, HA II€C-
kax. OnucaHbl pa3HOTPABHO-TIOIBIHHO-ITMKMOBEIE COOOIIECTBa 1O CKioHaM rop JKenpray. Obmiee npoek-
TuBHOE MOKphITHE 5060 %, U3 HUX Ha OO MMKMBI IpUXoaAuTcst okoso 18—25 %. BeictymaeT B kauecTse
COJJOMHHAHTA. ACIIEKT PaCTUTEIILHOI'O IIOKPOBA — CEPO-3€JICHBIN C XKEITHIMH IISITHAMH.

B ropax Xenpray miomanae 3apocieil IkKMel olleHeHa B 2,3 ra, ypoKallHOCTh HaJI3€MHBIX OPraHOB —
797 xr/ra. O0BEM BO3MOXKHOTO cOOpa ChIpbs cocTaBmia 0,9 TOHH NP IKCIUTyaTA[IOHHOM 3arace B 1,8 T.

beccmepmuuk necuanwiii (Helichrysum arenarium (L.) Moench, cem. Asteraceae) — niennoe dapmaxo-
neifHoe JIeKapCTBEHHOE PACTEHHE, COLBETHS KOTOPOTO HCIOJNB3YIOTCS KaK JKETUYEroHHOE, XOJNEKWHEeTHYe-
CKOE, MPOTHBOBOCTIAUTENILHOE U CrIa3MoNuTHYecKoe cpecTBo [3-5]. Bum pacter Ha meckax u 1o meOeHu-
CTBIM CKJIOHaM rop, 00pa3ys HeOoJblIHne 0eCCMEPTHUKOBO-Pa3HOTPaBHbBIE coodiiecTBa. OOIIee MPOSKTHUB-
HOe MOKpbITHE orieHeHOo B 40—45 %, u3 Hux nmmuHa — 10-15 %. AcnekT pacTUTENTLHOTO MOKPOBAa — MECT-
phrit. O6mIast miomaas 3apociie beccMepTHHKA MTecyaHoro B ropax JKembray coctaBuia 126,0 ra, ypokaii-
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HOCTB B cpefHeM — 395 kr cyxux coneTuil Ha 1 ra. DKcIulyaTalMOHHBIH 3anac coctaBui 49,77 T, o0beM
MIOTeHITHATBHOTO cOopa — 24,89 T.

Conooka 2onas (Glycyrrhiza glabra L., cem. Fabaceae) — nennoe ¢apmakoreifHoe jgekapcTBEHHOE
pacTeHue ¢ MHUPOKUM CIIEKTPOM OHONOTHYECKOH aKTHBHOCTH: aJalTOTCHHOE, aHTUMHUKPOOHOE, aHTHOAKTe-
puanbHOE, OPOHXOIUTHIECKOE, OTXapKUBAIOIIEe, IPOTHBOBUPYCHOE, IPOTHBOBOCTIAIUTENIEHOE, TTPOTHBOS3-
BerHoe u apyrue [20]. Bua oOpa3yeT CIIIOIIHBIC COJIOKOBBIE 3apOCIH Ha Teckax TaicoiraH, sIBISSICh 10~
MuHanToM. OOI1ee MPOEKTUBHOE MOKPBITHE CONONKU Tonoi coctaBisieT 30—-38 %. AcHeKkT pacTUTENBHOTrO
MOKPOBa — CBETJIO-3€JICHBIN.

[Inomanp y4acTKOB 3apociiei COIOAKH TONOH cocTaBisieT 36,2 ra mpu yposKaifHOCTH KOpHEW W KOpHe-
BHII 5657 Kr/ra. DKCIUTyaTallMoOHHBIH 3armac coctaBmi 204,8 T, 00beM Bo3MokHOTO cObopa — 20,48 T.

Anmeit nexapemeennwvii (Althaea officinalis L., cem. Malvaceae) — nennoe dapmaxkorneiiHoe pacteHue,
KOPHH W KOPHEBHII]A KOTOPOTO MPUMEHSIOTCS IPH M3TOTOBJICHUH IIPETapaToB, O0IaJaroInX OTXapKHUBAKO-
UM, MATYUTEIILHBIM, 0OBOIAKHBAIONIMM U POTHBOBOCIIAUTEIbHBIM JeicTBHEM [21]. AuTell jekapCcTBEH-
HBIA 00pasyeT CIUIONIHBIC alTeHHBbIE M alTeHHO-ITypHUIIHUKOBBIE 3apOCiH Mo MoiMaM pek bykeeBckoro
¢opucTryeckoro paiiona. BeictynaeT B kauecTBe gomMuHaHTa. OO0Iee MPOSKTUBHOE TOKPBITHE B COOOIIIe-
crBax cocraBisier 100 %, npudem Ha jgomo antes npuxoautcss He menee 90-95 %. Acmekr — cepo-
3€JICHBIN.

OO01mas TwIomas 3apociieli anTes JEKapCcTBEHHOrO B MoiiMe pek AkToikbiH U Kuram cocraBmwim 88,0
ra, yposkalHOCTb TOJI3EMHBIX OpraHoB KoJliebanach oT 532 mo 1400 kr/ra. DKCIUTyaTallMOHHBIN 3a1ac OIeHEH
B 71,1 T, 00beM Bo3MOXKHOTO cOopa — 14,24 .

Eorcosnux 6esnucmuniti (Anabasis aphylla L., cem. Chenopodiaceae) — nenHoe ekapcTBEHHOE pacTe-
HHe, 00JaIaroIIee aHTHMUKPOOHOH, aHTHOKCHIAHTHONW M aHECTE3MPYIOIeH akTUBHOCTHIO [22]. O6pasyer
€KOBHUKOBBIC, €5KOBHUKOBO-COJISTHKOBBIE U €KOBHHUKOBO-TIOJIBIHHBIE COOOIIECTBA, B KOTOPBHIX BBICTYITAET B
KauecTBe AoMuHaHTa. O0Iee nmpoekTuBHOE NOKphiTUe OT 20 10 50 %, Mo exxoBHHMKA Oe3McTHOrO — 15—
20 %. AcrmiekT — 3eJICHBIH.

BrisiBneHsB! 3apociy €KOBHUKA 10 TIMHUCTHIM CKIIOHAM H 10 PaBHUHHBIM MOHIKEHUsM Top JKembray
Ha mromaau 126,0 ra. YpoxallHOCTh HaJI3eMHBIX OPraHOB cocTaBmWia 395 Kr/ra, SKCIUTyaTallMOHHBIN 3armac
otieHeH B 49,77 T, 00beM BO3MOKHOTO cOopa chIpbst — 24,89 T.

Baxnouenue

Takum 006pazoM, oOcie[0BaHNE TIPUPOIHBIX TEPPUTOPHI ATHIpaycKoi 00JacT MO3BOIWIO TMPOBECTH
paHKUPOBAHUE JIEKAPCTBEHHBIX PACTEeHWH Ha 4 TPYIBI [0 CTENCHU pacnpocTpaHeHHOCTH. J{is Hanbomee
LIMPOKO pacnpocTpaHeHHBIX 10 BUIOB J€KapCTBEHHBIX PACTEHUI ONpeIesieHb] IIOMIaIy 3apociei U Chlpbe-
BbI€ 3aI1achl HAJA3EMHBIX U MOJ3EMHBIX OpraHoB. J{Jsl Bcex BUAOB yCTAHOBJIEHBI SKCIUTyaTallMOHHbIE 3aIachl
1 00BEMBI BO3MOXHOTO €KETOHOT0 cOOpa ChIPHSL.

PesynpraTel UCCIIEI0BAaHUN MOTYT CTaTh OCHOBOM JUIsl OpraHU3alliy IPOMBIIUIEHHBIX U ITOJIYIPOMBILI-
JICHHBIX 3arOTOBOK MECTHOT'O JIEKAPCTBEHHOT'O PACTUTEIBHOTO CHIPbSL.

Hccenedosanus 6binonnenst 8 pamkax epanmogozo npoekma Komumema nayku Munucmepcemea Hayku u
svicuieco oopazosanus (MPH AP08856698).
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M.C. CarsiaasikoBa, A.A. Uman0Oaesa, I'.I'. 'acanoBa

ATbIpay 00JIbICBIHBIH JIPIJiK 6CIMAIKTEP pecypcTapbiH 3epTTey

Japiik eciMAIKTepIiH PecypcTapblH 3epTTey TaOWFATTHI YTHIMIBI MaiijanaHy jkoHe KopIlaraH OpTaHbl Oa-
KbIIay XKYHECiH YHBIMIACTBIPY YIUiH MaHbI3IbI KOJIJaHOAIEl MOHTE He. J[opilik IHKi3aTThl JallbIHIay dieye-
TiH aHBIKTAy YIIIH AThIpay OOJIBICHIHBIH TaOWUFU ayMaKTapblHa PECypCTHIK 3epTTeyliep >kyprisinai. Jopinik
eciMaikrepaiy 10 Typi yIIiH )KuHayFa )apamIsl Komajgap aHbIKTabl. KomanapaslH eCKkeH OpTachl, 6CIMIIK
IIMKi3aTBIHBIH OHIM/LMIT (ayana-Kyprak cajlMaKKa), MOJIBUIBIFEl MEH IaiiiaaHy Kopiapsl aHBIKTanabel. Ko-
nagapIbpH Keleci ayJaHaaphl )KOHEe IIMKi3aTThl )KUHAYIBIH BIKTUMAaN Kejemi Oenrinenai: Peganum harmala
— 22,5 ra xonel 16,95 touna; Alhagi pseudoalhagi — 228,0 ra sxone 196,05 touna; Alhagi persarum —
12,3 ra xone 13,21 Tonna; Scabiosa isetensis — 12,3 ra xone 4,2 Tonna; Artemisia terrae-albae — 40,2 ra
sxone 13,43 tonna; Tanacetum santolina — 2,3 ra xone 0,9 tonna; Helichrysum arenarium — 15,4 ra sxone
2,1 touna; Anabasis aphylla — 126,0 ra xone 24,89 touna; Glycyrrhiza glabra — 36,2 ra sxone 20,48 ToH-
Ha; Althaea officinalis — 88,0 ra xone 14,24 tonHa. OciMaik pecypcrapsl GOMBIHIIA ANBIHFAH MOTIMETTEPAI
Ka3zakcraHHBIH (hapMaleBTHKa OHEpKACiOiHIH KaKETTUIIKTEepl YIUNIH IIMKI3aTThl JAWbIHAAYABI jKOocHapiay
’KoHE YHBIMIACTBIPY Ke3iHAe naiinananyra 0oaubl.

Kinm ce30ep: ATbipay OONBICHL, OOPUTIK ©CIMAIKTEp, KOMAIAPIBIH aylaHbl, OHIMIUIr, MaiaanaHy KOpBI,
IIUKI3aTThI )KUHAY/IBIH BIKTUMAJ KOJIEMI.
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M.S. Sagyndykova, A.A. Imanbayeva, G.G. Gassanova
To the study of resources of the medicinal plants of the Atyrau region

The study of medicinal plant resources is important for the organization of a system of rational environmental
management and environmental monitoring. Resource surveys of the natural territories of the Atyrau region
were carried out to determine the potential for procurement of medicinal raw materials. Thickets suitable for
harvesting were identified for 10 species of medicinal plants. The localization sites of thickets, the yield of
plant raw materials (for air-dry weight), abundance and operational reserves were determined. The following
areas of thickets and volumes of potential collection of raw materials were established: Peganum harmala —
22.5 hectares and 116.95 tons; Alhagi pseudoalhagi — 228.0 hectares and 196.05 tons; Alhagi persarum —
12.3 hectares and 13.21 tons; Scabiosa isetensis — 12.3 hectares and 4.2 tons; Artemisia terrae-albae — 40.2
hectares and 13.43 tons; Tanacetum santolina — 2.3 hectares and 0.9 tons; Helichrysum arenarium — 15.4
hectares and 2.1 tons; Anabasis aphylla — 126.0 hectares and 24.89 tons; Glycyrrhiza glabra — 36.2 hec-
tares and 20.48 tons; Althaea officinalis — 88.0 hectares and 14.24 tons. The obtained information on plant
resources can be used in planning and organizing raw materials for the needs of the pharmaceutical industry
of Kazakhstan.

Keywords: Atyrau region, medicinal plants, area of thickets, yield, operating reserve, volume of possible
collection of raw materials.
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MOHHMTOPHHI €CTECTBEHHOT0 BOCIIPOM3BOACTBA MOMYJIsinuii ppid 03epa Exuibcop

B crarbe npeacTaBiIeHbl pe3yIbTaThl MOHUTOPHUHIA IIPOMBICIIOBBIX MOMYJIALMit pbi6 03epa Exuiabcop. Enuns-
cop sBISIeTCS OAHUM U3 KPYNHBIX o3ep 3amanHo-Kaszaxcranckoi obmactu (3KO), nmeromuii ppi00oxo3siii-
CTBEHHOE 3Ha4YCHHE, I0ITOMY MOHHUTOPHUHI' €CTECTBEHHON YMCIEHHOCTH IOMYJISAINHA a0OPUIeHHBIX IPOMBIC-
JIOBBIX BHJIOB PBHIO B HEM SIBIISICTCS aKTYalbHBIM. J[J1s aHaIH3a COCTOSIHUS €CTECTBCHHBIX MOMYIISIHUIT PIO ¥c-
MOJTB30BAI KOHTPOJIBHBIE YIIOBEL. B KkauecTBe opynauii jloBa OHOJOTHUECKHX OOBEKTOB — IIPOMBICIIOBBIX
PBIO HCTIONB30BAIM O3€pHBIE BCTaBHBIE ceTH ¢ pa3Mepamu staeit 30—70 Mm. KoHTponbHBIE yioBBI abopHreH-
HBIX NPOMBICJIOBEIX PBIO MPOBOIMINCH B IEPHOA IOJIEBBIX HccienoBaHUH. OTIOBICHHBIE OHMONOTHYECKUE
0OBEKTHI MOABEPrauCh aHAIM3Y TAKUX OMOJOTMYECKUX IOKa3areseil, Kak BUIOBas NPHHAIJICKHOCTb, BO3-
pAcTHO#i cOCTaB, COOTHOLICHHE CAMOK M CaMIIOB B YJIOBE, Macca, JUIMHA BCETO TeJla PbIO, COTNIACHO TMOIyYeH-
HBIM pe3ysbTaTaM, ONpPEAS/SUINCh CPEAHHUE 3HAUYCHHUS. B pesynbraTte KOHTPOJIBHBIX YJIOBOB BHUJIOBOI COCTaB
UXTHO(ayHbl o3epa Enuubcop BKIIOYAN CIEAYIOIME BHIBI a0OPUICHHBIX NPOMBICIOBBIX PbIO: caszaH —
7,1 %, neur — 16,7, cunenr — 7,1, kapace — 4,8, okynb — 64,3 %. HauGonpmielr momymnsiuueii obmamgan
okyHb (27 ocobeii), pexxe Bcrpeuaics jeur (7), cazaH W CHHEN MO 3 0COOHM, HaMMEHbBLIAS YHCICHHOCTD
Ha0JTro1asIack y MOMyJIALIK Kapacs, KOTopas cocTaBmia, — 2 ocobOu. I1o BeCOBOMY COOTHOIICHHIO BUABI PHIO
PacCIIONOXKHIINCH CleytonmM oopazom: okyHb — 40 %, cazan — 32,5, nenr — 15,8, kapacs — 8,5, cunery —
3,2 %. Hauboublrast Guomacca NpUXOANTCS Ha MpeacTaBuTesneil okyHs — 6,94 kr, 3ateM clieayeT ca3aH —
5,6, mem — 2,73, xapace — 1,47, cunenr — 0,56 kr.

Kniouesvie crosa: 3amagno-Kazaxcranckas o6macts, 03epo Exmnbcop, MOHUTOpHHT, uxtHOodayHa, abopu-
TCHHBIEC IIPOMBICIIOBBIC PHIOBI, €CTECTBEHHAS IIOMYIISLNMS, KOHTPOJIBHBII YJIOB, BO3PACTHOW COCTaB.

Beeoenue

MOHUTOPUHT COCTOSIHUSL UXTHO(AYHBI SIBISETCS OAHUM M3 IOKa3aTesied, MO3BOJISIOLIMM ONPENEINUTh
o0I1ee COCTOSIHUE €CTECTBEHHOM BOCIPOHM3BOAMMOCTH BogoeMa. UMCIEHHOCTh HOMYJISIUMH pBIO B ecTe-
CTBEHHOM BOJIOEME SIBJISICTCSI HE MOCTOSIHHON BETMYMHOW M MOJBEpKeHa KoeOaHusM. M3MeHeHus YncieH-
HOCTH €CTECTBEHHBIX TOMYJISIIMN BOJI0OEMa BO MHOTOM 3aBUCHT OT Pa3IMYHBIX (PaKTOPOB, B YHCIIO KOTOPBIX
BXOZST KaK CE30HHBIC U3MEHEHHS, HAJIMUUEe KOpPMa, TUIPOXMMHUYECKHE MTOKA3aTeNt, TaK U BIUSHUE aHTPO-
MOTEHHOT0 (PaKTOpa — IMPOMBICIIOBBIN YJIOB U OpakoHbepcTBO. VIMEHHO JJIsi COXpaHEHUS U BOCIIOIHEHUS
YHUCIIEHHOCTH a0OPHUTEHHBIX PBIO CYIIIECTBYET HEOOXOIUMOCTE MOHUTOPHHTA BOI0eMOB [ 1-3].

B 3ananno-Kazaxcranckoil o0iacTH HacuMTHIBAaeTCs MOpsAKa 25 KPYHHBIX 03€p, WMEIOIUX phIOo-
XO034HCTBEHHOE 3Ha4YeHue. B o3epax, B oTiH4Me OT peK, THAPOXUMUYECKUIN pexXuM Oosiee ycTOWYUBBIA. OTO
00YCIIOBJIGHO T€M, YTO MTPOTOYHOCTH 03€p HE BBICOKAS, & B HEKOTOPHIX BOJOEMaxX U BOBce OTCyTCTBYeT. [lo-
CTOSTHCTBO BHYTPEHHHUX PEKUMOB 03€p OKa3bIBaeT BIMSHHUE U Ha CTAOMIBHOCTH BUJIOBOTO COCTaBa UXTHO(a-
VHBI, II03TOMY [10JIs1 aDOpUTe€HHBIX BUIOB SIBJISIETCS JOMUHHUpYOLIEeH. B 3aBucumMocTr oT BogHOrO OasnaHca u
THUTIA MUHEPAIN3AIHA 03€p KOJMYECTBO BUJIOB PhIO MOXKET MeHAThCS. OCHOBHBIMHU BHJAMH PbIO, 00UTaIO-
IIMMHU B BojloeMax 3amagHo-Kazaxcranckol o0nacTy, sIBISIOTCS ca3aH, IIyKa, COM, JKepeX, Kapach, OKYHb,
KpacHomepKa u JuHb [4—6].

Ozepo Eqmnibcop siBasieTCss OTHUM U3 KPYITHBIX 03ep 3anaaHo-KazaxcTaHckoi 001acTH, pacmoiaracTcst
B JKanranmuHckoM paiioHe B 6 KM BocTOYHee OT cena Ymkemnup. [Imomans o3epa cocrasmser 915 ra [6].
I'unpoxumuueckue nmokasaTenu o3epa Eaunbcop HaxoasTcsd B Hpefenax NpeaeabHO-A0MYyCTUMBIX KOHIIEH-
Tpauui, 4To ABJSAETCS ONTHUMAIBHBIM YCIOBHEM JJIsl BECHUS U Pa3BUTHUSI TOBAPHOTO prIOOBOACTBA [7].

Memoovr u mamepuans

J1Isl OIICHKH COCTOSIHHUS TIPOMBICIIOBBIX BHJIOB phIO 03epa Exaunbcop nmpoBoauim c60p OMOI0rnIeckoro
MaTepuajga Ha WCCIECJOBAHHOM BOJOEME B IIEPHOJA TMOJIEBBIX BHIE3JIOB HA TEPPUTOPHM 3amajHo-
Kazaxcranckoit obnactu. [Ipu cbope Ouonorndeckoro Marepuaia yuyuThiBajiach HHOOPMATUBHOCTh B TUIAHE
3HaAYUMOCTHU UX POJIM B IPOAYKTHUBHOCTHU BOAOCMA.
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B kagectBe opynuii 10Ba OMOIOTHYECKUX OOBEKTOB — MPOMBICIOBBIX PBIO HUCIIOIB30BAUCH O3EPHBIE
BCTaBHBIE ceTH ¢ pazmepamu staeit ot 30 7o 70 MM 1 cooTBeTcTBYIOMIEH AnmuHe 25 u Bbicote 2 M. KoHTpoub-
HbIE€ 00JIOBBI IIPOMBICIIOBBIX PHIO MPOBOIMWINCH B IEPHO MOJEBBIX HcciaeqoBaHUH. OTIOBIEHHBIE OOBEKTHI
HCCIIeIOBAaHNH MOABEPTaiCh aHAIN3Y TaKUX OMOJIOTHYECKUX MOKa3aTesiel, Kak BUA0Bask MPUHAJICKHOCTD,
BO3PACTHOI cOCTaB, COOTHOLIEHHE CAMOK M CaMIIOB B yJIOBE, Macca, [UIMHA BCEro Teja phl0, COrIacHo MOy-
YEHHBIM PEe3yJIbTaTaM, ONPEACISUIHCh cpeanne 3HaueHus [8—11].

AHanu3 BUIOBOTO COCTaBa UXTHO(]ayHbI HCCIEAYEMBIX BOJIOEMOB, cO0p U 00paboTKa MaTepHalioB MPo-
BOJMJTUCH COTJIACHO OOIICTPUHATON METOMKE IO W3ydeHuto poi0 [12]. OnpeneneHrue YUCICHHOCTH BUIOBO-
ro pa3Hoo0pa3us peId MPOBOAMIOCH METOAOM MPSIMOTO Y4eTa MaCCHBHBIMH OPYAMSMH JIOBA C HCIIOJIB30Ba-
HUEM OMOCTaTHYECKHX METOIOB.

Pesynomamut u ux obcyscoenue

B pesynpTare mpoBeneHHBIX UCCIIEOBaHU BHIOBOM COCTaB MXTHO(ayHBI o3epa Exnnscop ObLT ompe-
JeTIeH KaKk pa3HoOOpa3HbI. B KOHTpONIBHBIX yloBaX, MPOBEAEHHBIX Ha o3epe Eanmbcop, oOHapyxeHs! cie-
AyIOIUe MPeACTaBUTEIN MPOMBICIOBOM MXTHO(hAyHBI BOJOEMa: Ca3aH, Kapach, JIell, OKyHb, CHHEL (CM.

puc.).

')
“W(‘\'x‘s‘t A

PI/ICYHOK. HpOMLICJIOBaS[ HacCTb KOHTPOJIbHOTO YJIOBa pLI6 03€pa EZ[I/IJ'IBCOP

B KOHTPOJIBHBIX YJIOBaX BHIOBOW COCTaB MXTHO(AYHBI PACIIONOKMIICS CIEIYIOIUM 00pa3oM: ca3aH —
7,1 %, nem — 16,7, cuneny — 7,1, xapace — 4,8, okyHb — 64,3 %. Hanbonped nomynsueid xapakrepu-
30BajIcsl OKyHb — 27 ocobeit (64,3 %), pexe BcTpedancs jemr — 7 ocobeit (16,7 %), cazan u cuner| 1o 3
ocobu (7,1 %), HanMeHbIIIasi YUCICHHOCTD HAOJIOIAIACh y MOMYJISIIIUKE Kapacs, KOTopasi COCTaBuia 2 0coOu
(4,8 %) (Tabm. 1).

Tab6anuma 1

Bunosoii cocraB nxruodaynsl o3epa Exnnbscop

No Hassanwue Bunia Craryc Buza
- (TIPOMBICTIOBEIH, HETIPOMBICIIO- | AOOPUTEHHBIN, HHTPOIY-
JaTHHCKOE Ka3axcKoe pycckoe . . . .
BBIH, PEJIKUI, HCUE3AIOIIHH) LIUPOBAHHBIH

1 | Cyprinys carpio Caszan Caszan [TpoMBICTIOBBII AGOpHUreHHBIN
2 | Abramis brama Taban Jlem [TpompbicnoBsIit AGopureHHbINH
3 Ballerus ballerus Kexe Cunen [TpompbicnoBsIit AGopureHHbIH
4 Carasius auratus MeHke Kapacs IIpomsicnoBBIH AGopureHHbIH
5 Perca fluviatillis Auabyra OxyHB IIpoMbICTIOBBII AGOpHUreHHBIN
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HawnGombiiee KOTUYECTBO 3K3EMILIIPOB PHIO MPHUIILIOCH HA ceTU ¢ pasmepoM siuen 60 mm. Tak, oOmee
KOJIMUYECTBO phIO cocTaBmiio 19 ocobeit (okyHb — 15, nemr — 3, kapack — 1). B ceTsx ¢ pasmepom siaen 50
MM oOHapyxeHo 12 ocobeit (okynb — 8, memy — 2, kapack — 1, cuHerr — 1), B ceTsix ¢ pazmepoM staen 40
MM — 6 (oxkyHb — 3, cuner — 2, et — 1). HauMeHbIlee KOJIMYECTBO OTIOBICHHBIX PHIO MPHUIIIOCH Ha
cetu ¢ pazmepoM staen 70 MM — 5 ocobeit (cazan — 3, ienr — 1, okyHb — 1). B ceTsax pasmepom staeit 30
MM yJIOB HE 0OHapy»xeH (Tabr. 2).

Tabnuma 2
KoJsinuecTBeHHOE cooTHOIIEHUE PbI® 03epa Enmiibcop B pa3iMyHbIX OPYIUsIX J0Ba

XapaKkTepUCTUKa OpPYyAUH J10Ba, MM
Bus Hroro
30 40 50 60 70
PBIOBI
JK3. % 9K3. % JK3. % JK3. % JK3. % JK3. %

Cazan - - - - - - - - 3 60 3 7,1
Jlem - - 1 16,7 2 16,7 3 15,8 1 20 7 16,7
CuHen - - 2 33,3 1 8,3 - - - - 3 7,1
Kapacp - - - - 1 8,3 1 53 - - 2 4.8
OxyHb - - 3 50,0 8 66,7 15 78,9 1 20 27 64,3
Hroro 6 100 12 100 19 100 5 100 42 100

OO01mas Macca KOHTPOJIBHOTO yioBa coctaBmia 17,33 kr. [1o BeCOBOMY COOTHOIIICHHUIO BUJBI PHIO pac-
MOJIOKMIINCH CIIeayomuM oopazom: okyHb — 40 %, cazan — 32,5 %, nem — 15,8 %, kapace — 8,5 %, cu-
Her, — 3,2 %. HauOoubIast Macca IpUXOAMTCS Ha MpeacTaBuTeNel okyHns — 6,94 kr (40 %), 3aTem cienyer
cazan — 5,63 (32,5 %), memr — 2,73 kr (15,8 %), kapace — 1,47 kr (8,5 %), cunery — 0,56 xr (3,2 %)
(tabum. 3).

Tabnuma 3
BecoBoe cooTHomenne poi0d 03epa Equibcop B pa3jiM4HbIX OPyJMAX JIOBa

XapakrepucTruKa Opyauil J0Ba, MM
Bus Hroro
30 40 50 60 70
PBIOBI
KT % KT % KT % KT % KT % KT %
Cazan - - - - - - - 5,63 79,5 5,63 32,5
Jlem - - 0,18 17,7 |04 15 1,35 20,6 08 | 11,3 2,73 15,8
Cunen - - 0,35 343 |021 79 - - - - 0,56 3,2
Kapace - - - - 0,55 20,7 0,92 14 - - 1,47 8,5
OxyHb - - 0,49 48 1,5 56,4 | 4,3 65,4 | 0,65 9,2 6,94 40
Hroro 1,02 100 2,66 100 6,57 100 7,08 100 17,33 100

B pesynpTare aHanmm3za BECOBOTO COOTHOIIEHHUS YJIOBAa M pa3Mepa sdeil ceTeil ompeneneHo, uTo
HanOO0JIbIIAs Macca MPUXOAUTCS Ha ceTH ¢ pazmepom staeit 70 mm — 7,08 xr (cazan — 5,63 xr, et — 0,8,
okyHb — 0,65 Kr), f1ajee CIeAyIoT ceTu ¢ pa3mepoM sueit 60 mm — 6,57 kr (okyHb — 4,3 kr, e — 1,35,
kapach — 0,92 kr), ceTu ¢ pasmepom siuert 50 mm — 2,66 kr (okynb — 1,5 kr, kapacs — 0,55, nerr — 0,4,
cunerr — 0,21 xr), cetn ¢ pazmepom stueit 40 mm — 1,02 (oxynbp — 0,49 xr, cunery — 0,35, neuy — 0,18 kr).

CazaH B KOHTPOJBHOM yJioBe cocTtaBui 3 ocobu (7,1 %). Cpennsisi Mmacca coctaBuna 1,87 kr, cpeqHsis
npomeicioBast JHa — 403 mM. [lomymnsius npeacrasiena ocodsimu B Bozpacte 5 u 4 net. [lonoBoii cocras
MOMYJISIIIAY Ca3aHa B KOHTPOJIBHOM YJIOBE COCTAaBMII 2 caMKH, | camerl.

Jlem B ynoBe coctaBun 7 ocobeit (16,7 %). Cpennss macca no cetsim coctasmia: 70 mm — 0,8 kr, 60
MM — 0,45, 50 mm — 0,2, 40 mm — 0,18 kr. Cpeauss 1yiHa 0co0ei Jielia mo ceTsM cocraBuia: 70 MM —
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330 MM, 60 MM — 243 MM, 50 MM — 215 MM, 40 mm — 180 mM. B monysmsiimm ocobu npeacTaBIeHbI BO3-
pacrom 2 u 3 rona. I1oroBo# cocTaB MOMYJIAIINY Jiema: 3 caMKH, 4 caMIia.

Curern B ynose coctasmi 3 ocobu (7,1 %). Cpennsist macca o cetssim coctaBmna: 50 mm — 0,21 r, 40
MM — 0,175 kr. Cpennsist nimuHa ocoOeli ema cocraBmwia: 50 mm — 230 mm, 40 mm — 170 mm. Ocobu
MpeCTaBIeHbI BO3PAcTOM 2 roja. I10 MoIoBOMY COOTHONICHHIO JOMUHUPYIOT camilbl 2:1.

Kapace B koHTpOIIEHOM yi10Be cocTtaBmi 2 ocobu (4,8 %). Cpemusisi Mmacca ocoOelt Kapacs 1Mo CeTsIM Co-
crasmia: 60 mm — 0,92 kr, 50 mm — 0,55 kr. Cpensss ninuHa ocobeii o cersim coctaBmia: 60 mm — 240
MM, 50 MM — 180 MmM. Ocobu npeacTasieHsl Bo3pactoM 2 u 3 roaa. [lonosoe cooTHomenue ocodeit 1:1.

OxyHb B KOHTPOJIFHOM yJI0BE cocTaBmi 27 ocobeit (64,3 %). Cpennsist Macca 0cobOeii o CeTsM cocTa-
Bmiaa: 70 mm — 0,65 kr, 60 Mmm — 0,286 k1, 50 MM — 0,187 xr, 40 MM — 0,163 kr. CpenHsst amuHa ocoOe
o ceTsiM coctasmina: 70 mm — 270 mm, 60 MM — 215 mm, 50 MM — 193 MM, 40 MM — 153 mm. Ocobu oKy-
HS TIPEJICTaBICHBI Bo3pacToM 2 u 3 roza. [1o moaoBoMy COOTHOIIEHHIO TOMHUHHUPYIOT caMku 19 ocobeit mpo-
THB 8 CaMIIOB.

Baxnouenue

Takum 06pa3oM, MOHUTOPHHT COCTOSHUSI UXTHO(]ayHbI TIO3BOJISIET ONPEACTUTE HE TOJIBKO BUIOBOH CO-
CTaB pbIO, HO U O0IIEe IKONOTUIECKOE COCTOSHHUE MCCIIEAYEMOTo BooeMa. Pe3yapTaThl KOHTPOJIBHBIX YIIO-
BOB B X0J€ IMPOBCACHUA MOHHUTOPUHIA MPECAOCTABIAIOT BOSMOKHOCTE OIIPCACIIUTD NCPCIICKTUBLI pI)I6OHpO-
AYKTUBHOCTU BOAOCMA, BBIABUTH COOTHOIICHHUE BUIAOBOIO, IIOJOBOIO M BO3PACTHOI'O COCTaBa HOHyJ’Iﬂ]_[I/Iﬁ
pHIO.

B uccnenyeMslil nepron B pe3yapTaTe IPOBEACHHBIX KOHTPOJIBHBIX YIOBOB OIPENENIEH COCTaB UXTHO-
¢daynsl o3epa Equnbcop, BKIIIOYAIOMIMKA 5 BUIOB a0OPUTEHHBIX MTPOMBICIIOBBIX PBIO: ca3aH, Jielll, OKYHb, Ka-
pach u cuHell. B KOHTPOJIEHOM YJIOBE BHUIBI PHIO PaCHONIOKWINCEH CIELYIOMUM 00pa3oM, HauOOoIbIICH Io-
MyJSIMUEH XapaKTepU30BAICS OKyHb, PEKE BCTPEYANHCH JIEI, Ca3aH U CHHEL, HAUMEHbIIAsl YHUCIEHHOCTD
Ha0JII0IaIach y TOMYJISIK Kapacs. Bo3pacTHOM cocTaB pblO HaxoAwics B mpenee oT 2 1o 5 ner. [lomoBoit
cocTaB pbI0 BechbMa cOanmaHCHpOBaH. Y TaKHX BUJOB, KaK ca3aH U OKYHB, JOMHUHUDPYIOT caMKu. JlJist jema u
CHUHIIa 3aMETHO TOMUHUpOBaHUe caMIloB. [lomoBoe cooTHOMIeHne 1:1 BBIABIIEHO y 0c00ei Kapacs.

Hccneoosanus npogoounucy 6 pamkax npozpammel epanmoso2o guuancuposanus Komumema nayxu
Munucmepcmea Hayku u gvicuieco oopasosanusi Pecnyonuxu Kazaxcman no meme AP08856374 «Oyenka
COCMOANUA 2UOPOOUOHMO8 U MUKPODUOMA 6000emo6 3anadnozo Kazaxcmana u npo2no3 ux u3smeHeHuLy.
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Enisicop keJii 0aabIKTAPbIHBIH TAOMFU 6CIMIH MOJIAWTY MOHMTOPHUHT |

Makanana Enincop KeusiHIH KocimTiK OajbIK MOMYJSAIMACHIHBIH MOHHTOPUHTIHIH HOTHIXKeNepi OepiireH.
Enincop — bateic KazakcTan oOIBICHIHEIH OAIBIK MIapyaIIbUIBIFEI MaHBI3B! 0ap ipi KexaepiHiy Oipi, OChIFaH
0aiIaHBICTEI 3EPTTENETIH Cy KOWMAcHIHBIH abOpHUTEHIIK KACINTIK OalbIK TYPJIEpIiHIH MOIMYISIHsIApbIHBIH
TaOWFH CaHbIHA MOHHTOPHHT JKYPTi3y ©3eKTi 60k Ta0bu1anbl. TaOuFy OarbIK MOy ISIIUSICBIHBIH KaFJalbIH
Tajziay YIIiH OakplIay ayiayiaapbl HaliAanaHbubsl. BHOTOTHSIIBIK 00BeKTiIep/Ii — KaCINTIK GabIKTap s ay-
JayFa apHalFaH Kypajagap peTiHae TopiapbiHbIH enmemaepi 30—70 MM GonaTelH KeJIiK Topiap maiigana-
HBUIABL. Jlananbik 3epTTeynep Ke3eHiHae abOpUreHaiK KCINTik OanbIKTapap! Oakbuiay *Kypri3ingl. AyiaaHFaH
OHMOJIOTHSIIBIK OOBEKTIIEp TYP, JKac Kypambl, OajbIK ayilayAarbl aHAJBIK KOHE aTalblK apaKaTbIHACHI, call-
Marbl, OYKiJ AEHECIHIH Y3bIHABIFBl CUAKTHl OHMOJIOTHSUIBIK KOPCETKILITEpre Tajay >Kacajbl, alblHFaH HOTH-
JKenep OOWBIHINIA OpTalia MOHIEP aHBIKTANABL. bakeiiay aynay HoTmwkeciHne Expincop kemiHiH uxtuodayHa-
CBIHBIH TYPJIK KYpaMbIHa aDOPHI€H/IK KSCINTIK OanbIKTap/bIH Keieci Typuepi Kipai: cazan — 7,1 %, Taban
— 16,7 %, xexme — 7,1 %, merke — 4,8 %, anadbyra — 64,3 %. Ex ken momymnsius anaOyra MOMyJISIH-
SICBIMEH CHIATTaJbI, o1 27 Gac Gouizpl, TabaH a3pipak — 7 0ac, ca3aH MEH kekme — 3 0ac, eH a3bl 2 6ac
MOHKe momyJsusiaa Oaikamael. CalMak KaThIHACHI OOWBIHINA OaJbIK TypJepi Kelecifiel opHamacaasl: ana-
oyra — 40 %, cazan — 32,5 %, taban — 15,8 %, menke — 8,5 %, kexumie — 3,2 %. EH yikeH macca ana-
Oyra exinaepine keneni — 6,94 kr, omaH keidin cazaH — 5,63 kr, Taban — 2,73 kr, MeHKe — 1,47 KT, KoKiIe
— 0,56 kr.

Kinm cesoep: batpic Kazakcran o0mbichl, Exincop ke, MOHUTOpHHT, nXTHO(dayHa, aDOpUTEHIIK KOCIITIK
OanbIKTap, TAOWUFU MOMYJIAIMS, OaKbLIAY aynay, )Kac KypaMsbl.

N.H. Sergaliyev, M.G. Kakishev, E.S. Sultanov, A.E. Sarmanov, S.S. Bakiyev
Monitoring of natural reproduction of fish populations of Edilsor Lake

The article presents the results of monitoring the commercial fish populations of Edilsor Lake. Edilsor is one
of the large lakes of the West Kazakhstan region of fishery importance, in connection with which the moni-
toring of the natural numbers of populations of aboriginal commercial fish species of the studied reservoir is
relevant. Control catches were used to analyze the state of natural fish populations. As tools for catching bio-
logical objects, commercial fish, lake plug-in nets with mesh sizes of 30—70 mm were used. Control catches
of aboriginal commercial fish were carried out during the period of field studies. The captured biological ob-
jects were subjected to the analysis of such biological indicators as species, age composition, ratio of females
and males in the catch, weight, length of the whole body of fish, according to the results obtained, the average
values were determined. As a result of control catches, the species composition of the ichthyofauna of Lake
Edilsor included the following species of aboriginal commercial fish: carp — 7.1 %, bream — 16.7 %, blue
bream — 7.1 %, crucian carp — 4.8 %, perch — 64.3 %. The largest population was characterized by the
perch population, which amounted to 27 individuals, the bream was less common — 7 individuals, the carp
and blue bream — 3 individuals, the smallest number was observed in the population of crucian carp, which
amounted to 2 individuals. According to the weight ratio, fish species are located as follows: perch — 40 %,
carp — 32.5 %, bream — 15.8 %, crucian carp — 8.5 %, blue bream — 3.2 %. The largest mass falls on rep-
resentatives of perch — 6.94 kg, followed by carp — 5.63 kg, bream — 2.73 kg, crucian carp — 1.47 kg,
blue bream — 0.56 kg.

Keywords: West Kazakhstan region, Lake Edilsor, monitoring, ichthyofauna, aboriginal commercial fish,
natural population, control catch, age composition.
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HccaenoBanue Boaoyaep:kuBaomieii cnocoonocru Catalpa speciosa
B ycioBusx ropoaos Kaparanael u 7Ke3kasrana

M3ydenne oBOXHEHHOCTH U BOJOY/EPKHBAIONIEH CIIOCOOHOCTH JIMCTBHEB PACTEHHH MMEET BaXXHOE 3HAUCHHE
JUIL OLIEHKH BO3MOXKHOCTU UX KyJIbTUBHUPOBAHUS M MAacCOBOI'O IPUMEHEHHUS B 3€JIEHOM CTPOMTEIbCTBE B
apunHblx ycinoBusax Kazaxcrana. B cratee mcciienoBaHbl BOIPOCH! OBOJHEHHOCTH U BOAOYACPIKUBAIOLICH
CIIOCOOHOCTH JINCTHEB 1ICHHOI AeKOpaTHBHOI KynbTypsl Catalpa speciosa B ycnosusix ropozos Kaparanas! u
Kezkazrana. I13ydeHsl IokazaTeay OBOJHEHHOCTH U IIOTEPU MAcChl IIPH BHICYIIMBAHUM B TedeHue 1,3 n 6 u
JIMCTBSIMH PacTeHHUH 1-, 2- 1 3-T0 TOZOB BEreTaluy ¢ Mast O aBr'YCT. Y CTAaHOBIICHO, uTo JucThs Catalpa spe-
ciosa B ycnoBusx r. Kaparaumpsr nmenu Goliee BRICOKHE MOKA3aTeNH OBOJHEHHOCTH M BOJOYICPKUBAIOIICH
crnocoOHOCTH, 4eM B T. JXKe3kaszrane. MakcuMmaibHbIe 3HaYEHHS TOTEPH BIArH MPHU BBICYIIMBAHUU OTMEYCHEBI
IUTSL pacTeHHH 1-To Toma BereTalyy, MUHIMaNbHbIe — A 3-ux ocoOeif. [To Mecsam BereTamoHHOTO TIe-
pHOJIa JMCThSI MAKCUMAJIBHO TEPSIOT CBOOOAHYIO BOY B yCIoBHsX T. Kaparanns! B nione, 1 r. XKe3kasrana
— B HIOHE U HIOJIe; MUHUMAJIbHBIC TIOTEPH BJIATM OTMEYEHBI I 000UX TopoJoB — B aBrycre. Takum obpa-
30M, KPUTHYECKHE TOYKH HAIPSDKEHHOCTH BOJHOTO OOMEHa OIpe/esieHbl B HIOHE U HIOJIe, YTO TPeOyIOT MH-
TeHCU(UKaUK TIOJIMBA B JaHHBIE MecsIbl. boee akTUBHBIH 1OJIMB HEOOXOAMMO OPraHH30BHIBATH IS pac-
TeHui 1-To roza pa3BuTHs. B memnom, ycTaHOBICHBI XOPOIIUE MTOKa3aTeI BOAOYASP KUBAIOIIEH CITOCOOHOCTH
smctbeB Catalpa speciosa, 4To cBHAETeNbCTBYET O BO3MOKHOCTH aKTHBHOTO IPUMEHEHHUSI TaHHON KYJIBTYpPBI
B 3€JIEHOM CTPOUTENBCTBE apuAHBIX Tepputopuii Llentpansnoro Kaszaxcrana.

Knroueswie crosa: Catalpa speciosa, 0BOJHEHHOCTb, BOAOYIEPKUBAIONIAS CIIOCOOHOCTD, JIUCT, HHTPOLYKIIHSI
JipeBecHbIX pactenuid, Kaparanna, JKe3kasra.

Beeoenue

WuTpomykins HOBBIX BBICOKOJEKOPATHBHBIX TAKCOHOB PAaCTeHWH B apuaHbIe ycioBus LleHTpampHOTO
KazaxcTtana urpaer BakHOE MPHUKIATHOE 3HAUYCHUE. DTOT ACTIEKT HEOOXOIUM IS peain3aIlii HaIlHOHATb-
Horo npoekTa «3enenbiii Kazaxcran» [1], B paMkax KOTOPOTo IUIAHUPYETCS YBETUYEHHE TUIOMIAIN 3SICHBIX
HacaxneHuit Ha 50 % mo 2025 roma. Konnenmus coBpeMeHHO TOPOJICKO# Cpebl pe/roaaraeT 00s3aTenb-
HOE pa3MelleHre 3eIeHbIX HacaxIeHnH [2] B opMarTe CKBEpOB, MAPKOB, JTMHEHHBIX U TPYITIOBBIX MOCAIOK.
B ropojckoit cpene npeBeCHO-KYCTAPHUKOBBIC HACAXKICHUS BBITOJIHSAIOT PSJl BAXKHBIX (YHKIIMMA: 3CTCTUYEC-
CKYI0, 3all[UTHYIO, CAHUTAPHO-THTUEHNYECKYIO H PeKpeallioHHyr0. To ecTh OHU MO3BOJISIOT CO3/1aBaTh Oa-
TOTPUATHBIN MUKPOKIUMAT, CHU3UTh KOHIIEHTPAIIMIO BPEAHBIX Ta30B U MBUIH [3], 3aUAIIAIOT OT IIyMa, IbI-
JIA, YMEHBIIIAIOT KOHIIEHTPAITUIO MaTOT€HHBIX MUKPOOPTaHU3MOB [4, 5].

EctecTBeHHBIE TOYBEHHO-KIMMaTH4eckue ycioBus LlenrpansHoro Kazaxcrana HeONIarompusaTHBI IS
pocTa IpeBECHBIX M KyCTAPHHUKOBBIX MOPOA [6]; UX CO3/IaHUE CTAHOBUTCS BO3MOXKHBIM TOJIBKO TIPH YCIIOBH-
SIX METTUOPAIIMY TTOYBBI U UICKYCCTBEHHOTO OPOIIEHUSI.

CymiecTByOIUNA acCCOPTUMEHT JPEeBECHO-KYCTapHUKOBBIX pacteHuil ans LlentpanpHoro Kazaxcrana
[7-9] siBusiercst ycrapeBimum, TpeOyeT OOHOBICHHS, B TOM YHCIE€ C BKIIOYEHHEM HOBBIX, BBICOKO-
JIEKOPATUBHBIX U YCTOMYMBBIX K MECTHBIM YCJIOBHSIM M MIPOMBIIIICHOMY 3arpS3HEHUIO PACTCHHIA.

OHUM U3 TIEPCTIEKTUBHBIX OOBEKTOB ISl BHEAPCHUS B MPAKTUKY 3€JICHOTO CTPOUTEIHLCTBA SIBISICTCS
kataiba npekpacHas (Catalpa speciosa (Warder ex Batney) Warder ex Engelm., cem. Bignoniaceae). /lan-
HBIA BHJ HaIleJ IIUPOKOE NMPUMEHEHHWE B O3€JIEHEHWH MHOTHX HACeJeHHBIX MyHKTOB Mmupa [10-14], sB-
JIIETCS BEICOKOJIEKOPATUBHOM KYyJIBTYypOH, YCTOMYHNBON K HEOJArONMPHUATHBIM YCIIOBHSIM, BBEIICPKUBACT HU3-
KHe TeMIepaTypbl, 3acyxy [15] u 3arps3HeHue Bo3ayxa, ObICTPO Pa3MHOXKAETCS U BOCCTAHABIIMBACTCS TPH
MOBPEXACHUU KpoHbL. OmpeeneHbl NEPCIeKTUBLI IPUMEHEHUS KaTalbIlbl B 03€JICHEHUN HACEICHHBIX MYyH-
KTOB CTEIHOM 30HBI [16], a Takyke MpH BOCCTAHOBJIEHUH MPOMBINIIEHHBIX Teppuropuit [17]. [upokas m-

CTOBasi Macca MO3BOJISIET 00ECeYnBaTh HE TOJIBKO JEKOPATUBHBIN 3((PEKT W 3aIUTy OT COJHIA, HO U OT
mryma [15, 18].
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B IlenTpansaom Ka3axcrane karanblia OIpeKpacHas UCIOJb3YyeTCs B 3€1€HOM cTpouTenbeTBe JKes3kas-
TaHCKOTO TpoMbIiuieHHOro peruona ¢ 2010 roxa [19], B ropone Kaparanie HauaTsl HCTIBITAHUS B KYJIbTYpe
¢ 2018 rona.

OnHuM U3 HakTOPOB YCTOHUMBOCTH APEBECHBIX PACTEHUM K KIIMMATHYECKUM YCIOBHUSM SIBIISETCS CIIO-
COOHOCTH MEPEHOCUTH JNEQHIUT BIIATH, YTO CBsA3aHO ¢ (u3nojorueil BogHoro ooMeHa. OreHka BOAOyAep-
KHUBAIOLIEH CIOCOOHOCTU JIMCTHEB PACTEHHH IO3BOJIET ONPENENUTh YCTOMYMBOCTh K 3aCyX€ M BBICOKUM
netHuM Temneparypam [20, 21].

Ilenp HacTOSIIEr0 MCCIEIOBAaHUS — IPOBECTU CPABHUTENIBHBII aHAIU3 BOJOYECPKUBAIOIIEH CIOCO0-
HOCTH JINCTHEB MOJIOJIBIX 0COOEH KaTalbITBI MTPEKpacHO! B ycinoBusx rr. Kaparanae! u JKeskasrana.

Obvexmvl U Memoobl UCCAe008AHUS

OOBeKTaMy HCCIICAOBaHMS SIBIISUIMCH KHUBBIE PACTCHHUS KaTallbIbl MPEKPacHO B Bo3pacTe oT 1 g0 3
ser. B JXKe3kaszrane aHanu3 ONpoBOAWIM U1l PACTEHUM, IPOU3PACTAIOIINX HAa MUTOMHUKE JKe3KazraHcKoro
Ooranmueckoro cama, B Kaparanme 1-meTHWEe pacTeHHS WCIONB30BaJM C MUTOMHUKA OHOJIOTO-
reorpaduyeckoro ¢axynprera KaparanauHckoro yHuBepcurera uM. akagemuka E.A. BykeroBa; 2—3-netHue
— ¢ nuToMHKKa CTaHIIMU IOHBIX HATYpaIUCTOB (pHC. 1).

Pucynok 1. BHenHwuii Bua KaTaubIibl IpekpacHoit: 4 — 3-neTHue ocobu B XKe3kasraHckoM 00TaHHYECKOM caay; b —
[Muromuuk OGuonoro-reorpadguyeckoro paxynprera; B — 2-neTHue pactenuss CTaHIMU IOHBIX HATYPaIMCTOB

Karanpma npexpacnass — auctomnagHoe aepeBo 10 10—12 M BBEICOTOH, UMEET MPsIMOM CEpOBATHIN CTBOI
C IUTACTUHYATOM KOpOW; KPOHA PACKUAMCTAS; JIMCThI KPYIHbIE, CEpALEBUIHON (HOPMBI, TEMHO-3€JICHbIE, Ha
JUIMHHBIX depemikax. L[BeTeT oOMIbHO B Mae—Hayasie MIOHSA, LBETH Oen0-roiayOble nin cuperessie. [1moanbt
y3KHE BHCSYME CTPYYKH; ceMeHa KpbuiaTble W omylueHHble. Co3peBaHHe ceMsH NMPUXOAUTCS Ha OKTIOpS,
XOTs cOOp JIyUIlle OCYIIECTBIIATh B 3MMHUI MEPHOJ MOCIIEe ECTECTBEHHON cTpaTUQHUKauu. Mopo30oycToidn-
Bas KyJIbTypa, reTMO(UT, Ha HA4YaJIbHBIX 3Talax pa3BUTUSA TpeOyeT 3alUTy OT BETpa.

W3yueHue cojpepkaHus BOIBI B JIUCThSIX M BOJOYICPKHUBAIOIICH CIIOCOOHOCTH mpoBoamwiu B 2022 T.
Mae ¥ B MEPHOJbI HAHOOJBIIEH HAMPSHKEHHOCTH CTPECCOBBIX (haKTOPOB (MIOHB, UIOJb, aBIYCT), COTIACHO
«IIporpamMme ¥ METOAMKE COPTOM3YUCHHsI IUIOJOBBIX, STOJHBIX W OPEXOIUIOAHBIX KynbTyp» [22]. Bomo-
YAEP>KUBAIOIIAs CIIOCOOHOCTH JIMCTHhEB omnpenessiiack uepe3 1, 3 u 6 4, B % OT Ha4aIbHOH CHIPOW MAacChl.
g ananuza ucnoab3oBaiy 10 10 IMCTREB, B3ATHIX ¢ HIDKHEN YaCTH KPOHBI C F0KHOM CTOPOHBI.

[Mony4eHHbIe AaHHBIE 00pabaTHIBAIN CTATUCTHYECKH MIPU TIOMOIIX nporpamms Statistica 7.0, cpennue
3HAYEHUSI OTBITOB, OTKJIOHEHHS, JOCTOBEPHOCTD MEKIY BApHAHTAMHU OIBITOB OLIEHUBAIM MPU NMOMOIIN KpH-
tepus Crrronenta mpu p < 0,05.

Peszynomamor u ux obcyscoenue

W3yveHre NUHAMUKYA OBOJHEHHOCTH PACTEHHH W BOAOYJEPKUBAIOIICH CIIOCOOHOCTH B TEUCHHE Bere-
TaI[IOHHOTO CEe30Ha IO3BOJIMIIO OTPENIEIUTh, YTO MAKCHMAIbHbIC 3HAYEHUS] OBOJIHEHHOCTH JINCThEB OTMEYe-
HbI JUIsl paCTeHUH TIEPBOro rojia BereTalui, MUHUMaIbHbIe — JJIs 3-T10 roja (tadi. 1).
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Taobnuma 1

OBOHEHHOCTH U BOJAOY/AEP/KABAIOIIAs CIOCOGHOCTD JUCTHEB Pa3HOBO3pacTHBIX pacTenmii Catalpa speciosa B rr.
Kaparange u Ke3kasrane

Hacenennsrit Bo3pacr, Mecsn OBOAHEHHOCTb, [ToTeps BiIaru npu BeICYIIUBaHUH, %
ITyHKT JeT HaOIIOAeHUH % Yepes 1 uac | Yepes 3 uaca | Uepes 6 uacoB
Kaparanna 1 Mait 82,4442 18,6+0,4 31,2+0,9 41,2411
HroHb 75,443,6 20,3+0,5* 26,8+0,6* 44,5+1,0*
Uronb 52,442,2* 19,6+0,5 25,4+0,2* 40,8+0,9
ABrycr 56,4+2,2* 17,0+0,6* 24,0+0,9* 28,6+1,0*
2 Mait 72,443,3 17,0+£0,5 19,3+0,7 28,9+0,5
HroHb 60,8+2,8* 14,6+0,3* 18,4+0,8 26,5+0,7*
Wronp 58,6+2,6* 15,6+0,2* 20,8+0,6 28,4+1,3
ABryct 55,0+2,0* 14,2+0,5* 22,8+1,6 27,1+0,8
3 Mait 70,445,6 18,3+£0,5 18,6+0,3 24,6+0,8
HroHb 68,3+4,6 22,3+0,4* 20,3+0,4* 26,4+0,7
Wronp 60,4+3,0 19,4+0,5 22,4+0,5* 25,5+0,9
ABryct 66,8+3,2 15,8+0,2* 16,0+0,2* 18,9+0,4*
Keskaszrau 1 Maii 79,4+5,0 19,3+0,2 24,2+0,2 35,0+0,6
HioHb 60,243,1* 25,0+0,2* 29,1+0,4* 38,0£1,1*
Wronp 52,0+2,2* 20,0+0,6* 30,4+1,3* 36,5+0,8*
ABrycr 51,0+1,4* 12,8+0,6* 25,4+0,7 31,8+1,0%
2 Maii 75,443,2 18,5+0,3 24,6+0,8 35,5+1,0
WioHp 55,3+£2,1* 16,5+0,5* 22,6+0,8 32,5+1,2
Wronp 50,8+1,6* 19,6+0,8 29,4+0,6* 33,514
ABrycr 52,4+1,5* 16,5+0,4* 26,7+0,8 30,0+1,1*
3 Maii 68,7+2,9 16,5+0,5 20,1+0,2 28,6+0,4
WioHp 60,2+3,0 18,9+0,2* 21,2+0,9 29,0+1,0
Wronp 57,242 5* 21,3+£0,5* 28,6+0,4* 30,4+0,8
ABryct 60,0+2,2* 15,0+0,2* 19,440,6 25,0+0,4*

*IIpumeuanue. JloCTOBEPHOCTD pa3u4uii MeXy BapuaHntamu Habmoaenuit mpu p<0,05.

CrnoxwuBILIasicss CUTyalus] MOXKET OBbITh OOBSICHEHA TE€M, YTO B MOJIOABIX PACTEHUSAX COAECPKaHUE BOJBI
BbIlIIE, YeM y Oosee crapbix [23]. [ToaTOMy pacTeHus KaTalibIibl, IPOU3PACTAIONINE B 000UX rOpOIax, UMEIH
OBOJHEHHOCTH 0T 52,4 1o 82,4 %. PacteHus 2-ro u 3-ro roJIoB pa3BUTH UMEIIU JIOCTOBEPHO 00JIee HU3KUH
YPOBEHBb OBOJAHEHHOCTH. OTMEUEHO pa3indue MEXAy HAceIeHHbIMH IMyHKTaMH. Tak, B T. Kaparanne oBoa-
HEHHOCTb PacTEHHH 10 BO3PACTHBIM IpymiiaMm Oblia BhIlIe, YeM Yy pacTeHuid u3 r. JKe3kasrana (puc. 2). 91o
CBS3aHO C Pa3sHUIIEH B KIIMMAaTUYECKUX YCIOBMSIX MEXAY CTEIHOM U ITyCTBIHHOM 30HaMM. Tak Kak cpeaHui
JMana3oH Temmeparyp B r. JKe3kasrane Bbiie [6], uem B r. Kaparanje, COOTBETCTBEHHO, BBIIIE HCIAPCHUE
pacTeHui, KaK cieIcTBHe, 0oJiee HU3KOE HAKOIIGHUE BOJIBI B JIUCTHSIX.

B lIrem

B 2rom

3roma

naait HIOHD HEOIE

Kaparama

aBryer

Hesxaran

Pucynok 2. OogeHeHHocTs ucthe Catalpa speciosa B 3aBHCHMOCTH OT MeCTa MPOU3PACTAHMUS M BO3PACTA PACTEHUS
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MaxkcuManabHOEe HaKOIUIEHHE BOABI B JIMCTBSIX CBA3aHO C HU3KUMH TeMIepaTypaMH U BECEHHUMHU OCal-
Kamu. B mocnenyromme netHre mMecsmbl HaOmogaoTes 0oee BBICOKHE TEMIEPaTyphl U Je(UIIUT 0CaKOB,
YTO NPUBOIUT K CHIDKEHHIO oBOoAHEHHOCTH Ha 10-15 %. Ilpoucxomsr n3MeHeHHE BOAOYAEP)KUBArOIIEH
CHOCOOHOCTH U TIOTEPSl BIIATH NPY BHICYLIMBAHUH 110 MecsAlaM HAOJIIOACHUI U Yy pacCTeHUH B pa3HBIX BO3pac-
Tax (puc. 3, 4).

Mlron M2ropa M3roga

50

Y

WA HHHB FIEQITE ABTYCT

Pucynok 3. Iloteps Biaru mpu BeICyInuBanuu aucTheB Catalpa speciosa mocie 6 4 3aBsimanus B r. Kaparanse B 3aBH-
CHMOCTH OT BO3pacTa U Mecslia HaOo1eHHS
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Pucynox 4. Tloteps Biaru npu BeicyiinBanuu JuctheB Catalpa speciosa mocie 6 4 3aBsimanus B r. JKe3kasrane B 3aBu-
CHUMOCTH OT BO3pPacTa U MeCsIa HaOIIIOJCHUS

Tak, 1ucThst MONTOIBIX pacTeHui (1 ro BereTanuu), kak B r. JKeskasrane, Tak u B r. Kaparaune, tepsiu
BOJIY JIOCTOBEPHO 00Jice MHTEHCHUBHO, 4eM 2- U 3-leTHUe ocodu. Hampumep, JTUCThs OHOJICTHUX paCTECHUI
Katajblbl 1ociae 6 4 Tepsiau ot 28,6 1o 44,5 % cBoOOmHOM BOibI; 2-r0 roja BereTamuu — OT 26,5 10
35,5 %, a 3-ro roga — ot 18,9 no 30,4 %. CpaBHEHUE NaHHBIX W3 Pa3HBIX HACEIECHHBIX IMYHKTOB MTOKA3aJo,
410 pacteHus B T. JKe3kasraHe 60jiee HHTEHCHBHO TEPsUTH BOJY, 4yeM B T. Kaparanse.
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CamMpble BRICOKHE 3HAUCHUS TIOTEPU BIIATH JIUCThIMU HaOmroAaroTes B . Kaparanmae B UtoHe, CaMbIe HU3-
KHE B aBrycTe, Toraa kKak B I. JKe3ka3raHe MaKCUMAaJIBHBIC IIOTEPH — B HUIOHE U HMIOJIC, MUHUMAaJIbHBIC — B
asrycrte. [lo Mepe crapeHHs1 TUCThSI CTAHOBATCS 0OJlee YCTOWYMBBIMU K JACWCTBUIO BBHICOKHX TEMIIEPATyp U
TTOHIKEHUIO BIAYKHOCTH BO3/yXa, YTO MPUBOAMT K CHUKCHHIO TIOTESPH BJAaru K KOHILY JISTHETO TIEPUO/Ia 110
CpPaBHEHHIO C CEPEIUHOM JIeTa.

Hns . Kaparanapl He HaOIr0gaeTCsl TOCTOBEPHBIX OTIMYWH 1O BOJOYAEP KUBAOIIEH CIIOCOOHOCTH IO
MecsIaM MEXIy PacTeHUsIMU 2- U 3-To TOoja BereTaluu, Toraa kak uis r. JKe3kasraHa Takue pasnuyusi 00-
Jiee BBIPAIKEHBI.

JnHaMmuKa OTepH BIIATH MPH BHICYIINBAHWW TAaKXKE 3aBUCUT OT MECTa IIPOU3pACTaHUs, BO3pacTa U Me-
csmeB HaOmoneHmit. B r. Kaparanme B mepBoil moJOBHHE BETETAIMOHHOTO MEPHOAA JIUCTHS TEPSIOT BOIY
WHTCHCHBHEE, YeM BO 2-0 mojoBuHE. Tak, s 1-JIeTHUX pacTeHMI B Mae IMOTEps BJard COCTaBWIIA 4Yepe3
qac 18,6 %, yepe3 3 u— 31,2 %, uepe3 5 u — 41,2 %; B urone — 20,3 %, 26,8 u 44,5 % coorBercTBeHHO. B
WI0JIe HHTCHCUBHOCTH cHIkaetcst — 19,6 %, 25,4 u 40,8 %. B aBrycre HaOIOAal0TCS MUHAMAITLHBIE TIOKA-
3arenu — 17,0 %, 24,0 u 28,6 % cooTBeTCTBEHHO. JIMCThs pacTeHmii 2-TO rojia BereTaluy 1Mo Mecsiam 4e-
pe3 1 wac BeicymmBanus TepsaroT ot 14,2 no 15,6 %, uepe3 3 u — ot 18,4 10 22,8 %, uepe3 6 4 — oT 26,5 10
28,4 %. JIns TpeThero rojia BereTaluy moTeps B Macce TPU BBICYIIMBAHUH cOcTaBmia mocie 1 4 — 18,3—
22,3 %, nocne 3 u — 18,6-22,4 %, nocie 6 u — 24,6-26,47 %.

B r. XKe3ka3rane cutyanus oTiiM4aeTcs, HaOMroAaeTcss 0ojiee MHTCHCUBHAS MOTEPS BJard MPH BBICY-
muBaHUM. Tak, JUCThS OJHOJIETHHX pacTeHui TepsoT 12,8—25,0 % Bmaru mocne 1-ro 4 BeICyLIMBaHUS,
24,2-30,4 % nocne 3-x 14 u 35,0-38,0 % nocne 6 4. JIuctes pacTeHnii 2-To TOa BETETAIlMH TEPSIOT mocie 1-
ro 4y — ot 16,5 no 19,6 %, nmocne 3-x ¥ — ot 22,6 10 29,4 %, a mocie 6 4 — ot 32,5 10 35,5 %. Y pacrenuit
3-TO TOAa BereTaluy MOTEPsl BIATH IMPH BBICYIIMBAHWH JIMCTHEB COCTAaBHJA TOCKe 1-TO 9 ompeserneHa B
15,0-21,3 %, mocae 3-x u — 19,4-28,6 %, mocae 6 1 — 25,0-30,4 %.

TakuMm 00pa3om, Karajiblia MpeKpacHas Mokasajia XOpOIIYI0 BOJOYACPKHUBAIOINIYIO CIIOCOOHOCTh IMPH
BbIpalllUBAHUH B IT. KaparaHz[e 158 }KC?)Ka?)FaHC, YTO CBUACTCILCTBYET O MEPCIICKTUBE UX AKTHUBHOI'O IMIPUMCEC-
HEHUS B 03€JICHEHHH 000X HACEJICHHBIX ITYHKTOB.

Raxnrouenue

[To uToram ONEHKH OBOJHEHHOCTH, MTOTEPU BIIATH TPH BHICYIIUBAHUHN JIUCTHEB KAaTaJbIIbl MPEKPACHON
OoIpezieNieHa X0opolIas BOJOYAEPKUBAIOIIasi CIIOCOOHOCTh JaHHOW KyJIbTYpHl B ycioBusX IT. Kaparanael n
XKeskaszrana. Kpurndyeckne TOYKH HapsHKEHHOCTH BOJHOTO OOMEHa OTMedeHB! Juisi T. Kaparanmas! B uione,
st T. XKe3kaszraHa — B MIOHE M MIOJIe, MUHUMAaJIBbHBIC JJIs 000X TOPOIOB — B aBrycre. JlaHHbIl (akT cBH-
JETENLCTBYET O HEOOXOIMMOCTH aKTHBHU3ALUH MTOJIMBA PACTEHUI KaTaJbIbl B yKa3aHHbIEC IEPUOBI C MOCIIe-
JYIOIIMM COKpAIIeHHEM B KOHIIE JIETHETO MepHo/a.

Pactenus 1-ro rona Beretanuu B 00eMX TOYKAX MPOM3PACTAHUS OTIMYAIMCH OoJee BHICOKMMH 3Haye-
HUSIMH TIOTEPU BJIard W HU3KUMH 3HAYCHUSIMH BOJIOYACPKUBAOIIEH criocoOHOCTH, 4eM ocobu 2-To u 3-ro
rOZIOB Pa3BUTHsL. DTO CBUIETEILCTBYET B M0JIb3Y O0OJIee HHTEHCUBHOTO MOJIMBA 0co0€il B 1-bIii roX1 pa3BUTHSL.

[To uroram ucciIeg0BaHUI MOXKHO PEKOMEH/I0BATh IPUMEHEHNE KaTaJIbIIbI IPEKPACHOI B MaCCOBOM 3€-
neHoM ctpoutenscTBe LlenrpansHoro Kaszaxcrana.

Hcenedosanus 6binoanensl 6 pamrax Hympenne2o epanmosoco npoexkma HAO «Kapazanounckuii yHu-
sepcumem umenu akaoemura E.A. Bykemoseay: «Pazpabomka 060crhosanus u MemoOouKu OYeHKu cOCMosHuUs.
U asapuiiHocmu 3enensix Hacaxcoenuli 2opooa Kapazanowvl u 20po0os cnymnukosy.
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C.Y. Tneykenona, E.A. I'aBpmiibkoBa, A.H. ManueBa, A.H. Marsees, A.K. AliTumMoB

Kaparaunab! :;koHe 7Ke3ka3raH Kajajapbl sKargaiblHAa
Catalpa speciosa cy ycray KaodijieTin 3epTrey

OciMJIiK JKaTbIpaKTapbIHBIH CYJAHybl MEH CyAbl YCTal Typy KaOulTeTiH 3epTTey oNapAbl ocipy MYMKIHIITIH
xoHe Ka3akcTaHHBIH KypFaK jkaraaifbIHAa jKachll KYPBUIBICTA XKAIlail KOJaHy MYMKIHZIriH OaFanay yuiiH
MaHbI3/16I MoHTe He. Makanana Kaparanmst xone XKeskasran kamanapsl xkargaiisiaaars: Catalpa speciosa 6a-
FaITbl COHJIIK JaKbUIIAPHI KAMBIPAKTAPBIHBIH CYJaHYBl MEH Cy yCTay KaOlleTi Mocelenepi KapacThIPBUIFaH.
MawmbIpaaH TaMbI3Fa JeiiH BereTalusHbIH 1-1m1, 2-11i %oHe 3-1I11 KBUIIAPBIHBIH 6CIMJIIK KarbIpakTapbIMeH 1,
3 »oHe 6 carar OOWMBI KENTipy Ke3iHje CyJIaHy jKoHe MacCaHbIH JKOFaly kepcetkimrepi 3eprresnmi. Catalpa
speciosa JKanbIpaKkTapbl JKes3kaszran KajlachlHa KaparaHja, KapaFaHJlbl K. JKaraaiblgaa CyNaHABIPY KOHE CY
ycray KaOileTiHiH )oFapbl KOpCETKIlITepi OONFaHABIFbl aHBIKTAIAbl. KenTipy Ke3iH/e bUIFaJIABIH XKOFaIybl-
HBIH MAaKCHMAJIIbI MOHI BET€TAIUSIIBIK Ke3eHHIH 1-1111 BUIBIHAAFBI OCIMIIKTEp YIIIiH, €H a3bl — OJIapbIH 3-i
KBUIBIHIAFBl JapakrapbiHa Oenrinenai. Ocbulaiiina, cy anMacybIHBIH LIMENICHICYIHIH MaHbBI3/Ibl HYKTeIepi
MayChIM MeH MIiJIe/ie aHbIKTanabl, Oy OChI aiinap/a cyapyasl Kyueiity i tanamn ereni. Jamyabiy 1-1i Kbl-
JIBIHJIAFBI OCIMIIKTEp YIIiH OeNceHai cyapyasl yidbiMaacTeipy Kaxer. XKammsr, Catalpa speciosa skambipakra-
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PBIHBIH Cy YCTay KaOiJeTiHiH jKaKChl KepceTkimrepi Oenrinenai, 0yia Opransik KaszakctaHHBIH Kyprak ay-
MaKTapbIHbIH JKachlI KYPBUIBICHIH/A OCHI JAKbUIIbI OSJICeH/1i KOIAaHy MYMKIHIITH KOpCETe/Ii.

Kinm ce3dep: Catalpa speciosa, cynany, cyasl ycray KaOijeTi, *Kamblpak, arail eciMaikrepin erisy, Kapa-
raHbl, XKe3kasraH.

S.U. Tleukenova, H.A. Gavrilkova, A.N. Madieva, A.N. Matveev, A.K. Aitymov
Catalpa speciosa water-holding capacity study in Karaganda and Zhezkazgan

The study of the hydration and water-retaining capacity of plant leaves is important for assessing the possibil-
ity of their cultivation and mass use in green construction in the arid conditions of Kazakhstan. This article
examines the issues of hydration and water-retaining capacity of the leaves of the valuable ornamental culture
Catalpa speciosa in the conditions of the cities of Karaganda and Zhezkazgan. The indicators of hydration
and weight loss during drying for 1, 3 and 6 hours were studied by leaves of plants of the 1st, 2nd and 3rd
years of vegetation from May to August. It was found that the leaves of Catalpa speciosa in the conditions of
the city of Karaganda had higher indicators of hydration and water-holding capacity than in the city of
Zhezkazgan. The maximum values of moisture loss during drying were noted for plants of the 1% year of veg-
etation, the minimum values for individuals of the 3™ year. By the months of the vegetative season, the leaves
lose free water as much as possible in the conditions of Karaganda in June, for Zhezkazgan in June and July;
minimal moisture losses were noted for both cities — in August. Thus, critical points of water exchange in-
tensity were identified in June and July, which require intensification of irrigation in these months. More ac-
tive watering must be organized for plants in the 1% year of development. In general, good indicators of the
water-holding capacity of Catalpa speciosa leaves have been established, which indicates the possibility of
active use of this crop in the green construction of arid territories of Central Kazakhstan.

Keywords: Catalpa speciosa, hydration, water holding capacity, leaf, introduction of woody plants, Karagan-
da, Zhezkazgan.
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Peculiarity of currant and perpetual repair cell culture

Perpetual raspberry is a group of raspberry varieties distinguished by their ability to bear fruit on two-year
and one-year stem shoots. Black currant (Ribes nigrum) is a deciduous shrub, family Gooseberry (Grossulari-
aceae), related to currants (Ribes). The article presents methods of cell selection of perpetual raspberries and
currants. Crop varieties resistant to extreme natural factors, obtaining high harvest, and two harvests per year
were considered. The chemical composition of the used nutrient medium, the content of micro- and macro-
elements, and organic substances were taken into account. The qualitative composition of callus shoots ex-
tracted from plant cells was determined. A strong relationship between the frequency of callusogenesis in
black currant and the balance of phytohormones in the nutrient medium has been shown. Progress in the field
of gene and cell biotechnology is directly related to the development of the basics of the cultivation of plant
cells and tissues under in vitro conditions. In addition, it is of particular interest to choose a suitable nutrient
medium, to establish the mode of cultivation in order to determine the species and volume of explants, the to-
tipotency of representatives of different taxonomic groups of plants. At present, this unique ability of somatic
cells is found in various cultures, most of which are annual and practically vegetative propagating plants.
These are vegetable crops and ornamental plants, the list of which grows annually. The scientific novelty of
the work is the possibility of obtaining somatic hybrids and transgenic plants of repair raspberry and black
currant using biotechnology methods. Therefore, the study of theoretical foundations and development of ap-
plied aspects of cells and tissues of perennial plants, in particular fruit and berry and agricultural crops, their
accelerated reproduction, obtaining somatic hybrids and transgenic plants are considered relevant.

Keywords: currant, raspberry, biotechnology, in vitro, perpetual, totipotency, breeding, cells, callus, phyto-
hormones.

Introduction

There are more than 150 species of currants worldwide and in Kazakhstan — 11 species of currants.
Currants are an excellent source of flavonoids, vitamin C, proanthocyanidins, and anthocyanins. It consists
of 15-195 fatty acids such as alpha- and gamma-linolenic acid, anthocyanidins, stearidonic acid, and
flavonoids. It also has an antioxidant effect [1].

Perpetual raspberries are popular among amateur gardeners in Kazakhstan. Such varieties effectively
use favorable environmental factors due to the annual cycle of crop formation and peculiarities of growing
technology. Its peculiarity is that in a season it is possible to harvest two crops [2].

It is of theoretical interest to determine the degree of totipotency of somatic cells of black currant and
raspberry. In addition, it is interesting to study the fundamentals of callus formation, somatic cell
morphogenesis, and morphogenesis of black currant and raspberry somatic cells by selecting culture media
to develop applied aspects of micropropagation of these cultures.

Due to the popularity of these crops, scientific programs to produce new varieties exist in many
breeding centers, where scientists are working on resistance to diseases and high-quality fruits, in particular
the high content of biologically active substances — antioxidants. In the last 5 years, about 30 new varieties
of strawberries and 20 raspberries were included in the state register of breeding achievements.
Unfortunately, classical breeding, in which the evaluation of new objects is carried out by external features
(phenotype), is time-consuming and expensive. For example, it takes up to 15 years to produce a new
raspberry variety [3].

Biotechnological methods are widely used primarily in breeding for resistance of fruit crops to
pathogens, where genetically distant species must be used to attract their resistant genes, as well as to study
their biology and conduct artificial infestation to collect a collection of pathogens in the culture of in vitro.

In domestic breeding, there is no purposeful work on the creation of raspberry perpetual varieties.
I.V. Michurin’s perpetual raspberry is known for reason that it gives at least some har vest in the fall if there
are optimal conditions. A number of perpetual varieties have been created abroad that bear fruit mainly on
annual shoots. The best-known of them are September, Heritage, Lulin, Redwing, Zeva, and Ottom. These
varieties require a frost-free period of 150-160 days and an active temperature above 3000 °C for full
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ripening of harvest on one-year shoots. These foreign varieties manage to give only 15-30 % of their
potential harvest before the autumn frosts come. In terms of one bush, it is not more than 300 g of berries.
For this reason, foreign perpetual raspberry varieties for many regions of our country are not of interest [4].

However, new biotechnological methods do not stand still. The development of molecular biology
methods made it possible to introduce into the practice of breeders such a method as the evaluation of plant
material using chains of molecular DNA markers associated with genes encoding valuable traits. They are
able to use for quick test hundreds or thousands of plants and identify whether their genome contains the
genes for the desired traits. With this approach, the breeding process is able to be significantly accelerated
and made cheaper because of molecular markers: conducting an assessment of breeding material at an early
stage (e.g., on shoots), thereby significantly reducing the interval between generations in breeding selection;
complex, costly and phenotypic (e.g., sensitivity to environmental conditions: pests, diseases, drought, etc.)
long testing and assessment of traits; viral diseases of fruit crops are chronic and systemic: once damaged, a
crop remains incurable for life. As a rule, all its organs become infected. The use of such plants as pestles
during vegetative reproduction contributes to the mass spreading of diseases [5].

Experimental

The object of research is black currant (Ribes nigrum L.) and perpetual raspberries (Rubus idaeus L.).
Representatives of the Ribes species usually have 2p = 16 chromosomes, and their cultivated varieties are
diploids [6].

The main method of black currant propagation is cuttings, but this method does not allow obtaining a
large amount of planting material. To solve this problem, the in vitro microtonal method is promising, which
allows to significantly increase the reproduction coefficient using the method of cell and shoot cultivation.

The perpetual variety of the perpetual raspberry Hercules and the variety of the American black currant
Lia were selected as the studied samples.

These explants from the samples underwent stepwise sterilization-in soapy water washing with a
magnetic mixer for 10 minutes, rinsing 3 times with distilled water, rinsing with potassium permanganate for
5 minutes, rinsing again with distilled water, keeping whiteness 70/30 for 20 minutes, treating with 70 %
ethanol for 1 minute and rinsing with distilled water for 5 minutes. Then, under aseptic conditions, explants
3-5 mm in size were removed from them in a laminar box, cleaned from the surface film and cut crusts, and
grown in test tubes of 15 mm in diameter for the induction of callusogenesis. The callus tissue was divided
into 10-15 segments and transplanted into 6-cm diameter jars for induction of morphogenesis after triplicate
transplantation into a new culture medium. Up to 300-400 explants were planted in each series of
experiments. A modified nutrient medium was used to cultivate explants for the purpose of inducing callus
formation and morphogenesis of callus tissues based on the composition proposed by T. Murasi and
F. Skoog. Phytohormones 2,4-D and kinetin were used as hormonal additives. The pH of the whole nutrient
medium was 5.6-5.8.

Calluses were obtained in MS induction media (Tab. 1). At the end of the passage (30 £ 5 days), the
morphological characteristics of the callus were produced and measured by color, consistency, and degree of
tissue necrotization.

Table 1
The composition of the Murashige and Skoog nutrient medium (MS)

Composition | Doze
Micronutrients, mg/ L
NH,NO; 1650
KNOs 1900
MgS047H-0 370
KH,P04 170
CaCLz. 2H20 440
FeS04. 7H20 27.85
Na;EDTA. 2H,0 37.25
Micronutrients, mg/ L
NazMOO4. 2H20 0.25
H3BO3 6.20
MnS04.4H20 22.30
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ZnS04. 4H,0 8.30
CuS0,. 5H,0 0.025
CoClz. 6H20 0.025

KI 0.83

Organic compounds

Pyridoxine, mg/L 0.50
Ascorbic acid, mg /L 1.00
Nicotinic acid, mg/ L 0.50

Thiamine HCI, mg/L 0.1
Sucrose, g/L 30.00
Agar, g/L 7.00

The calluses were then placed in an appropriate, fresh nutrient medium and incubated in a 16-hour
photoperiod and in diffuse light (1-2 thousand lux) at 22-24/14-16 °C (day/night). Part of the callus from
each passage was transferred to morphogenic media MS6 and MS7 (Tab. 2).

Table 2
Composition of the modified MS nutrient medium used for the induction of callusogenesis and morphogenesis,
mg/L
Composition MS 1 MS 2 MS 3 MS 4 MS 5 MS 6 MS 7
2,4-D 1.00 2.00" 4.00 8.00 10.00 - -
Kinetin 0.05 0.10 0.20 0.40 0.50 - -
Folicacid 0.50 0.50 0.50 0.50 0.50 - -
Glycine 1.00 1.00 1.00 1.00 1.00 - -
Adenine 1.00 1.00 1.00 1.00 1.00 - -
IMA - - - - - - -
ICA - - - - - 0.05 0.10
Article-6 - - - - - 0.20 0.20
Zeatin - - - - - 0.40 0.40
Mesoinosite 100.0 100.0 100.0 100.0 100.0 - -
Casein hydrolysate 100.0 100.0 100.0 100.0 100.0 - -
Note: MS I, MS2, MS3, MS4, MS5 — nutrient media used in the induction of callusogenesis;, MS6, MST — nutrient media used in
the induction of morphogenesis; 2,4-D — 2,4-dichlorophenoxyacetic acid; IMA- indolemic acid; ICA- indoleacetic acid; 6-BAP —
6-benzoaminopurine

The formation of morphogenic structures was observed, and the number of obtained regenerants was
counted, they were characterized and developmental abnormalities were noted. The release of regenerants
was observed as the number of plants consisting of 10 or 100 callus and planted in a reducing medium.

Results and Discussion

The medium used in in vitro plant shoot culture work as a medium for culturing T. Murasi plant cells
and shoots. In this environment, the process of morphogenesis in vitro can often be successfully regulated by
adjusting the concentration and changing the types of phytohormones. The productivity of callusogenesis
and morphogenesis depends on the ratio of phytohormones and their input into the nutrient medium.

In vitro, 2,4-D and kinetin are the most common stimulants for obtaining and maintaining callus
culture. Therefore, to create optimal conditions, maximum output of callus and morphogenic structures, we
set up a series of experiments to study various concentrations and effects of two main ratios of
phytohormone-2,4-D and kinetin.

Explants from fragments, apical and meristems of leaves of perpetual raspberry and black currant were
grown in a modified MS medium with different concentrations of 2,4-D and kinetin. These nutrient media
are MS1, MS2, MS3, MS4, and MS5 (Tab. 1).

The callus usually grows in the dark because light causes morphogenesis and greenishness of the callus.
In this regard, callus cultivation was carried out in a bright room with weak diffuse light.

The study of the features of callus formation of different somatic cells of black currant is characterized
by indirect and apical bud explants with high activity of callus genesis induction and callus growth, which
are permanent holders of genetic information of growth and development. The newly formed callus had a
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yellowish color and relatively loose consistency. On day 30 of in vitro cultivation, the implants contained 2
and 4 mg/L of 2,4-D and 0.1 and 0.2 mg/L of kinetin.

The process of formation of calluses and bones of currant leaves from the explants obtained from the
leaves has its own peculiarities. They are characterized by the induction of callusogenesis and the intensity of
growth of callus tissue when grown in a relatively high nutrient medium containing phytohormone — 8
mg/L 2,4-D and 0.4 mg/L kinetin (nutrient medium MS 4). Explants taken from the stem were observed with
slow callusogenesis of the leaf compared to its own explants (Tab. 3).

Table 3
Effect of phytohormone concentration on the intensity of callusogenesis inside
black currant explant type
Nutrient medium Fruitful variety of currant Lia
Explant type
L | S | IB | B

Size of calluses on the 30th day, mm

MS1 0.8+0.2 0.9+0.3 1.4+0.2 2.1+0.3

MS2 1.4+0.3 1.3+0.2 2.3+0.3 4,1+0.2

MS3 2.0+0.4 1.6+0.3 3.8+0.2 3.3+£0.4

MS4 2.5+0.3 2.2+0.3 2.9+0.3 2.5+0.3

MS5 1.5+0.2 1.3+0.2 1.2+0.4 0.9+0.2
L-leaf; S-stem; IB-indirect bud; TB-top bud

During observations of black currants, it was shown that the frequency of callusogenesis strongly
depends on the balance of phytohormones in the nutrient medium (Fig. 1).

At high rates of callusogenesis frequency, explants of indirect and top buds differed when they were
grown in MS3 medium, which was 52.8 % in the cultivar Lia fertile. MS4 proved to be the most suitable
nutrient medium for leaf explants and stem frequency. At lower concentrations of phytohormones (MS1 and
MS2 medium), the frequency of callusogenesis of leaves and stems is within 9.9 and 13.5 %, and that of
indirect and apical buds is 20.3 and 34.8 %. Increasing the concentration of phytohormone did not increase
the rate of callusogenesis in all explants studied. At the same time, the frequency of callusogenesis decreased
to 20.4-21.6 % depending on the black currant variety and explant species (Tab. 4).

60
50
40
30
20
10
. I ] [ ]
M1 M2 M3 M4

mX EHC mXb6 mTb
XK — leaves, C — stem, )Kb — lateral buds, Tb — top buds

Figure 1. Influence of phytohormone concentration and explant type on the callusogenesis of the currant Lia variety, %
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Table 4
Effect of phytohormone concentration and explant type on callusogenesis
duration in black currant varieties (days)
Nutrient medium Harvest variety of currant Lia
Explant type

MS1 L S IB TB

MS2 11942 13443 103+2 100+2

MS3 11343 10943 95+3 89+3

MS4 10043 106+3 103+2 99+2

MS5 96+2 107+2 89+3 8243

Callus cultures with different morphogenesis abilities also differ in morphology, allowing the
morphogenic parts of the callus to be visually identified for further subculture.

It is known that the differentiation of a plant cell can be observed not only in the light microscope but
also in the fine structure of the cell and changes in its organelles. In the in vitro culture, this is associated
with the processes of organogenesis, histogenesis, and somatic embryogenesis.

As a result of numerous experiments on the study of callus genesis and callus shoot growth, a large
variety of calluses with different morphological characteristics (consistency, color, morphogenetic potential)
was obtained. The study of morphological features of calluses induced from black currant and perpetual
raspberry organs revealed that there is no clear difference between the selected cultures in the type of formed
calluses. However, the calluses were morphologically heterogeneous: loose, hard, easily decomposed, and
granularly dense. Therefore, the calluses formed by explants of perpetual raspberry and black currant can be
grouped according to their morphology, coloring, and morphogenetic ability (Tab. 5).

Table 5
Description of currant and perpetual raspberry callus
Types of Morphological Type of
Color .
callus structure morphogenesis

1 loose callus colorless no morphogenetics
2 large bumps light yellow homogeneous
3 there are fine-grained sprouts on | dark yellow to brown embryogenic

the callus
4 the surface of the callus has a white rhizogenic

thin filament

The 1st type of callus is a solid oval, transparent, colorless glandular mass, with no visible external
tumors. This species, capable of continuous growth when transplanted, has accumulated considerable
biomass. However, this species has no morphogenetic potential.

The 2nd type of callus has a dense consistency, consisting of large roll-shaped bulges, bright yellow.
When grown in the light, the callus tissue is green. Growing in a morphogenic medium is accompanied by
the formation of buds and the growth of primary leaves. According to the type of morphogenesis, these
calluses are homogeneous.

The 3rd type of callus consists of small structures, which approach each other with their bases and
resemble a lightning bolt. When slowed down in the nutrient medium, they easily decompose, giving rise to
globules and further somatic embryoids. This embryogenic callus tissue is an ideal model system to study the
process of somatic embryogenesis in the culture of perpetual raspberry and black currant. The 4th type of
callus is characterized by the appearance of many thin filamentous structures on the tissue surface. During
further cultivation, some of these structures form roots.

Summarizing the results of this series of experiments, the obtained callus tissues of perpetual raspberry
and black currant have different types of morphogenesis: homogenesis, rhizogenesis, and embryogenesis.
These experimentally obtained types of callus tissues are valuable as a model to study the physiological
mechanisms of cell differentiation in vitro.

To study the possibility of preserving their morphological characteristics and morphogenetic potential
by callus type, fragments of different callus types were transferred to a new medium containing the same
components of the nutrient medium that contributed to the formation of these calluses.
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Experiments on the origin of somatic cells of black currant and perpetual raspberry have established
that the studied objects can induce callusogenesis in vitro with proper selection of phytohormones, especially
their ratio, as well as cultivation regimes. The intensity of callus formation and growth of callus structures is
influenced by the origin of the explant and the concentration of phytohormones in the nutrient medium.

In the process of callusogenesis, somatic cells are dedifferentiated. As a result, different cell types are
formed, which causes heterogeneity of callus tissue. The degree of heterogeneity depends on the genetic
characteristics of the plants from which the explants are obtained. When different phytohormones and
cultivation conditions are changed, an increase in cell diversity in the callus mass is possible. However, in
our experiment, we obtained calluses from different explants only in media with relatively low
concentrations of 2,4-D phytohormones and kinetins. Calluses and regenerants were cultured under the same
conditions. Therefore, the difference between black currant and perpetual raspberry in the influence of other
factors, the rate and duration of callus formation, is purely genetic in nature. Our studies have once again
confirmed that high concentrations of 2,4-D and kinetin are necessary for cell and tissue growth.

According to the results of the experiments, it can be concluded that the intensity of callusogenesis
depends on plant genotype, but often depends on the type of selected explant. Callusogenesis can be induced
in all organs of black currant and perpetual raspberry.

Conclusions

The results of obtaining growth from currant culture varieties and micropropagation were as follows:
57.8 % of pure growth was obtained from currant culture varieties, and bud proliferation was performed
from all varieties of pure currant culture.

The development of shortened roots of currant varieties was stimulated by 28.6 %. The development of
shoots on shoots of Russian currant culture varieties was 23.4 %.

About 80 % of shoots were obtained from local currant crops. Thus, it has been proved that the stage of
obtaining pure shoots by microclonal propagation of plants is the most difficult process. As a result of our
research, the method of obtaining pure growth and its propagation has been improved. It is the end of month
and the weekend.
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M.K. ToIHBIKYI0B

Kapakar :xoHe peMOHTAHTTHI TAHKYPAii sKacymajapbl
AAKbLIIaPBbIHBIH epeKIIeTiKTepi

PeMoHTaHTTBI TaHKypall — EKDKBUIIBIK KOHE OIpXKBUIIBIK ca0aK epKeHAepiHIe keMic Oepy KabileTiMeH
epeKIIeNIeHEeTiH TaHKypail copTTapsiHblH ToObI. Kapa kapakar (Ribes nigrum) — TyCHeXanbIpaKTsl OyTaIbI,
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KapJibIiFanap TykeiMaaceiHa (Grossulariaceae), kapakar (Ribes) tysicraceina xarajibl. AybUl MIAPYAIIBUTBI-
FbI JAKbUIIAPBIHBIH YKCTPEMAaIbl TaOHFH (akTopiapra Te3iMIi, JKOFapbl OHIM XKOHE JKbUIbIHA €Ki OHIM ala-
TBIH COPTTapbl KapacThIpbUIraH. KoJaHbUIaThIH KOPEKTIK OPTAaHbIH XUMHSIIBIK KYpaMbl, MUKPO- JKOHE Mak-
PODJIEMEHTTEPIH, OPTaHUKAJIBIK 3aTTapAblH MeJIepl ecelKe AIBIHIBL. OCIMAIKTepAiH JKacyIlalapblHaH
IBIHFAH KaJUTyC OCIHIUIepIHIH camaibl Kypambl aHBIKTadraH. Kapa KapakaT KaJurycoreHe3iHiH >KHUIITi
KOPEKTIK OPTaHBIH (PUTOrOPMOHIAPHIHBIH OajlaHCBIHA KATTHI OalaHbICEl KepceTinmi. ['eHik xKaHe jkacymia-
JIBIK GMOTEXHOJIOTHS CaJlaCBIHIAFhI Iporpecc in Vitro xarmaifbiHga eciMIiK jKacylajgapbl MEH YIIIanapbiH
ecipy Heri3ZiepiHiH JaMybIMeH Tikenell OaiimanpicThl. COHBIMEH KaTap, KOJIAHIBl KOPEKTIK OpTaHBl TaHIAY,
SKCIUIAHTTHIH TYP1 MEH KOJIeMiH, 6CIMAIKTEPIiH opTYpPiIl TAKCOHOMUSIIBIK TONTAPBIHBIH OKUIACPiHIH TOTUIIO-
TEHTTUIIrH aHBIKTay MaKCaThIHIA 6CY PEeXKUMIH OelNrisiey epeKine KbI3bIFyIIBUIBIK TyAbIpanasl. Kasipri yakbiT-
Ta COMATHKAJBIK XKacyllalapAblH Oy epekiie KabijaeTi spTyp:i AakpUiiapia Ke3gecei, oNapAblH KeIIiir
OIpKBUTIBIK JKOHE IC JKY3iHJIC BETCTATUBTI KoOekeTiH eciMaikTep. byl kekeHIC TakpuIIapsl MEH COHJIIK 6CiM-
JIKTEp, OJapABIH Ti3iMi XKbLT CAlbIH TOJNBIKTBIPBUIBII OTHIPaIbl. JKYMBICTBIH FBUIBIMH JKaHAIBIFI — OHOTEX-
HOJIOTHUsI SMIICTepiHIH KOMETiIMEH PEMOHTAHTTBHI TaHKYpail MEH Kapa KapaKaTThlH COMATHKAIbIK OymaHIapbl
MEH TPAHCTEHJI OCIMIIKTepiH aimy MyMKiHairi. COHABIKTaH KOIDKBUIIBIK ©CIMIIKTEPiH JKacyllaiapbl MCH
YINanapbiHbIH, atan aiTKaH/a KEMiC-KUJICK JKOHE aybUIIapyallbUIbIK AaKbUIIAPBIHBIH TCOPHSIIBIK Herisze-
PiH 3epTTey KoHE KOJJaHOalbl acHeKTIJIEPiH AaMBITY, OJaplblH Te3 KoOeroi, COMaTUKAIBIK OynaHmap MeH
TPaHCTEH/Ii ©CIMIIKTEPAl Iy 6Te ©3eKTi OOJBII CaHaTa bl

Kinm ce3dep: xapakar, TaHKypail, OHOTEXHOJIOTHs, iN VItr0, peMOHTAHTTBUIBIK, TOTUIIOTCHTTIIK, CEMEeKIHs,
Kacayla, Kauryc, GUTOropMoHIap.

M.K. TeIHBIKYI0B

Oco0ennocTu KYJbTYPbI KIIETOK CMOPOJAMHBLI U peMOHTaHTHOﬁ MaJIMHBbI

PeMoHTaHTHas1 MaJliHA — TPYIIIAa COPTOB MAJIMHBI, OTIMYAIOIINXCS CIIOCOOHOCTBIO IUIOZOHOCUTH HA JIBYX-
JICTHUX U OJJHOJICTHHX CTeOeBbIX oberax. YepHas cmopoauHa (Ribes nigrum) — JIUCTONAHBIH KyCTapHUK,
ceMeiicTBO KpbbKoBHHKOBBIE (Grossulariaceae), otaocures k poactBy cmopoaunsl (Ribes). B crarse npen-
CTaBJICHBI METO/IBI KJICTOYHOH CENEKIH PEMOHTAaHTHON MaJWHBI M CMOPOIHMHBL. PaccMOTpeHBI copTa celb-
CKOXO3SHCTBEHHBIX KYJIBTYD, YCTOWYHBBIE K OKCTPEMAIEHBIM MPUPOJHBIM (HaKTOpaM, MOIy4arolIie BEICOKHE
ypo’kau U JBa yposkasi B roJl. YUHUTHIBAJIUCh XUMUYECKHI COCTaB MCIIOJIb30BAaHHON MUTATENLHON Cpelbl, CO-
JiepKaHUe MHUKpPO- ¥ MaKpO3JIEMEHTOB, OPraHWYecKUX BemiecTB. OnpeseneH KadeCTBCHHBI COCTaB MOOEroB
KaJlIyca, U3BJICUCHHBIX U3 KJIETOK pacTeHud. IlokazaHa cuibHas cBA3b YacTOThl KaJULyCOI€He3a 4epHOU
CMOPOJIMHBI ¢ (aaHcoM (GUTOrOPMOHOB NMHUTATEIBHON cpensl. IIporpecc B 001acTH TeHHOW M KIICTOYHOM
OMOTEXHOJIOTHH HAIPSIMYIO CBSI3aH C Pa3pabOTKOH OCHOB KyJIbTHBHPOBAHUS KJIETOK M TKaHEH pacTeHWH B
ycnoBusx in vitro. Kpome Toro, 0oco0blit HHTEpeC MpEeACTaBiIseT BHIOOP MOAXOSIICH MUTATEIBLHON CPEe/bl,
YCTaHOBJIGHHE PEXHMMa BBIPAIIUBAHUS C LENBIO ONpeIeIeHII BiuIa 1 00beMa SKCIUIaHTa, TOTHIIOTEHTHOCTH
MpEeACTaBUTENEH Pa3NUYHBIX TAKCOHOMHYECKHX TPYNI pacTeHHWi. B Hacrosmee BpeMs 3Ta yHUKalbHas
CIOCOOHOCTh COMATHYECKUX KIETOK OOHAPY>KHBAETCS B PAa3NUYHBIX KYJIbTypax, OONBIIYIO YacTh KOTOPBIX
COCTABIISIOT OHOJICTHUE W MPAKTUUECKH BETCTATHBHBIE PACTCHUS Pa3MHOXKEHHUS. DTO OBOLIHBIEC KYJIBTYPHI H
JIEKOpaTUBHBIE PACTEHHsI, CIIMCOK KOTOPBIX €XEroaHo mnomonHsercsa. HayuHoil HOBH3HOW pabOTHI SBISETS
BO3MOXXHOCTb MOJyY€HHs COMATUYECKHX IMOPUI0B U TPAHCI'CHHBIX PACTEHUN PEMOHAHTHOW MalMHBI U 4ep-
HOUM CMOPOJAMHEI C TIOMOIIBIO METOJI0B OMOTEXHOJIOTHH. [109TOMYy M3ydeHHE TEOpPETHYECKHX OCHOB M pa3pa-
00TKa MPUKIAJHBIX aCIEeKTOB KJIETOK U TKaHEl MHOTOJIETHUX pacTeHUi, B YaCTHOCTH, MJIOAOBO-SATOJHBIX U
CENTbCKOXO3HCTBEHHBIX KYNBTYp, X YCKOPEHHOE DPa3MHOXEHHE, IMONydeHHEe COMATHYEeCKHUX THOPHIOB H
TPAaHCTEHHBIX PACTEHUH CUMTAIOTCS BECbMa aKTyaJ bHBIMH.

Kniouesvie cnosa: cMOpomvHa, ManuHa, OMOTEXHOJOTHsL, iN VItr0, peMOHTaHTHOCTh, TOTHIIOTEHTHOCTb, Ce-
JIEKUHs, KIETKH, KaJUTyC, (PUTOTOPMOHBI.
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Ecological characteristics of the area and evaluation of bio indicator species
condition in Altyn-Emel State National Natural Park

To assess the degree of contamination and to preserve the natural state of the Altyn-Emel State National Park
(Kazakhstan), the monitoring studies were conducted. The total amount of persistent organic pollutants and
heavy metals in water and soil samples was determined. Radiodosimetric research, ecological and genetic
monitoring of indicator groups of animals were carried out. Chemical analysis revealed the presence of some
pollutants exceeding the maximum permissible concentrations in water and soil samples. No area radioactive
contamination was detected within the boundaries of the park zone, and the EDR values in general do not ex-
ceed the normative values. The exception is the local area of the “Suluchekinskoye” uranium deposit, for
which EDR values above the normative values were determined. A comparative analysis of indicator animals
showed that their cytogenetic homeostasis, morpho-functional indicators, habitus, and ecological characteris-
tics are matched to the normal indexes of animals living in Kazakhstan. Thus, monitoring studies show that
the ecological situation in the “Altyn-Emel” National Park is satisfactory, with some tense circumstances that
require constant monitoring.

Keywords: cytogenetic analysis, genetic monitoring, genotoxicity, heavy metals, micronucleus test, morpho-
functional indicators, persistent organic pollutants, species diversity.

Introduction

The problem of pollution with POPs, heavy metals and radionuclides has recently become particularly
acute among global environmental threats. These compounds are difficult to degrade and may be transported
over long distances through air and water. Insects, birds, migrating warm-blooded animals can accumulate
such toxicants. Moreover, they may be not only a place of accumulation but also a means of transporting
these substances. As a result, conditions are formed that contribute to the destruction of biocenoses not only
in areas of contamination with genotoxicants, but also in areas where they were not used. In this regard, re-
mote or protected areas that are not directly affected by anthropogenic factors may also be contaminated [1].
Even in low doses, this contamination poses a threat to nature and humans [2].

The diversity of potential genotoxicants and their mechanisms of action on the genome, as well as inter-
species differences in sensitivity to genotoxic agents, complicate the development of adequate approaches to
their monitoring and testing system, as no single genetic test can detect all genotoxic effects.

Modern ecology is increasingly focusing on the use of bio indicator species for diagnosing the state of
environment. The advantage of using bio indicators for the integral evaluation of biosystems of different lev-
els of complexity is that they respond not only to individual pollutants, but to the whole complex of influenc-
ing substances by certain reactions of the organism as a whole [3]. Bio indication makes it possible to assess
the degree and intensity of the impact of pollutants and reflects the dynamics of ecosystem degradation in an
integral form. At the same time, cytogenetic homeostasis [4] is one of the indicators of anthropogenic factors
that generate significant changes in genotype, organism condition and ecosystem as a whole. It makes it pos-
sible to detect early changes in functional systems of an organism, when there are no visible (phenotypic)
manifestations of these changes yet, and to predict further state of the system under changing conditions. It
can be characterized by the micronucleus test, which consists in counting the frequency of cells with micro-
nuclei [5, 6] and other cytological disorders of blood cells.

In the Republic of Kazakhstan territories with different types and sources of environmental pollution
(radiation — natural and anthropogenic, chemical-heavy metals, and persistent organic pollutants) are widely
represented. It should also be noted that these territories may differ from each other by natural landscape
characteristics. For monitoring studies, the problem of choosing a control area or a comparison area is acute.
Considering that the assessment of the status of a monitoring area may vary depending on the selected area
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of comparison and not only on anthropogenic impacts, defining baseline levels of relevant criteria for specif-
ic sites is important [7]. Therefore, a natural undisturbed area with a combination of various relatively close
physical-geographical and climatic features with similar flora and fauna and indicator groups is required as a
reference region. Such an area combining different natural zones is the State National Nature Park (SNNP)
“Altyn-Emel” (Kerbulak district, Almaty region).

The peculiarity of Altyn-Emel is that on its modern territory in the Ili intermountain hollow within the
Ili uranium ore province in 1969-1980 years of the 20th century, a large strata-infiltration uranium deposit,
Suluchekinskoye, was explored. Here, an area-wide exploration of uranium reserves in the Ili ore province
was carried out based on the Geological Exploration Camp (GEC). At the end of the 1980s, pilot uranium
production by the in-situ borehole leaching (ISL) method was carried out at the Suluchekinskoye deposit. By
the end of the 1980s, this production and the activity of GEC had been stopped completely. Reclamation was
carried out at the geotechnological polygon, and the wells were liquidated [8]. No negative impact on the
environment, according to specialists from “Volkovgeology” opinion, was established [9]. Suluchekinskoye
and all other uranium deposits of the Ili uranium province were transferred to the long-term reserve of the
mining industry of Kazakhstan [8]. However, a number of studies showed that local radioactive contamina-
tion may develop over time in areas where exploration and short-term exploitation of uranium deposits and
ore occurrences have been carried out. This may occur for various reasons of natural and anthropogenic
origin [10]. A lot of time has passed since the conservation and liquidation of the pilot mine (PSV) at the
Suluchekinsky deposit. In addition, the economic purpose of these lands and territories has changed. The
previously mothballed deposit turned out to be within the boundaries of the specially protected natural area
of the SNNP “Altyn-Emel”, which has now changed its boundaries (park expansion, 2019) and status into a
new form of existence — the Biosphere Reserve.

In this regard, studies of the degree of water and soil pollution with persistent organic pollutants (POPs)
and heavy metals, as well as a radiodosimetric study of the territory were carried out in the Altyn-Emel State
National Natural Park. To assess ecological well-being, cytogenetic, and ecological-faunistic studies of indi-
cator groups of animals (fish, amphibians, birds, mouse-like rodents) were carried out. Such an approach
makes it possible to determine the degree of the impact of negative environmental factors in general and the
uranium deposit in particular, on the environmental situation and animals of the territory.

Experimental

Subjects of study

Water and soil samples from “Altyn-Emel” SNNP were the material for the studies. The most common
natural populations of animals found in other territories of the Almaty region were used as indicator objects
from the habitat of “Altyn-Emel” SNNP. They included fish (Triplophysa strauchii, Pseudorashora parva,
Triplophysa dorsalis, Triplophysa stoliczkai), amphibians (Pelophylax ridibundus, Bufotes viridis), reptiles
(Eremias velox), birds (Columba livia) and rodents (Microtus arvalis, Mus musculus, Apodemus sylvaticus,
Cricetulus migratorius).

Separate territories of the Almaty region Talgar (Belbulak, Enbekshi), Enbekshi Kazakh (Taukaraturyk)
districts, Alakol Lake with similar natural and climatic conditions without special anthropogenic stress were
used as comparison regions.

Water, soil sampling and chemical analysis

Water sampling was conducted in accordance with State Standard 17.1.5.05-85 “General Requirements
for Surface and Marine Water Sampling” in spring. Soil sampling was conducted according to State Standard
14.4.4.0284, State Standard 29269-91 using envelope method from soil horizons 1 and 2 (0-5 and 5-25 cm
deep).

Quantitative analysis of water and soil samples for the content of POPs and their decay products (24
names: Hexachlorobenzene; a,B,y,6 — isomers of hexachlorocyclohexane; heptachlor; aldrin; heptachloro-
poxide; chlordane; endosulfan 1, 2; 2,4'-DDE; deldrin; DDT; 4,4'-DDE; DDD; chlorobenzylate; endrin; en-
drin aldehyde; endosulfanesulfate; dibutylendan; methoxychlor; hexabromobenzene) was carried out. Also
the content of 8 heavy metals: Zn, As, Cd, Pb, Cu, Co, Ni, Cr was determined in all samples. The chemical
reagents used for assessing the content of the substances under investigation had a purity grade of “pure for
analysis”. The methods, measuring and testing equipment were certified. To determine POPs in soil and wa-
ter samples, gas chromatography method (Agilent 6890N chromatograph with MSD 5975C (USA), Fluorate
— 02 liquid analyser) and mass spectrometry (ACME 9000 HPLC with UV/VIS Detector) were used. De-
termination of heavy metals was carried out by atomic absorption method [11-14].
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Radiodosimetry of the area

Radiometric survey of the surveyed areas was carried out in accordance with the recommendations set
out in the regulatory documents and guidelines for the use of SRP-88H and RKS-01-SOLO instruments. A
pedestrian search and detailed y- survey and local - and a-indicative survey of the monitoring territories
were carried out using radiometers. y-radiation measurements were carried out at a height of 1m to 0.1m
from the surface, while a- and p-radiation were measured contractually.

Collection of fauna survey objects

Expeditions to collect materials in “Altyn-Emel” SNNP and comparable separate territories of the Al-
maty region (Taukaraturyk, Enbekshy, Amangeldy, Belbulak) were conducted from April to September
2019-2020. During the expeditions, traditional methods of field ecological-zoological research were used.
Diagnostics of the main vertebrate groups (fish, amphibians, reptiles, birds, mammals) are based on the study
of a set of ecological, morphobiological, and genetic indicators. The desktop study of indicator mammal spe-
cies combines various methodological techniques, which include the determination of morpho-functional
characteristics for comparative ecological characterization of the surveyed areas. Determination of morpho-
functional characteristics was carried out according to the scheme of metric (exterior) indicators of animals:
p — weight (g), 1 — length of body, ¢ — tail, a — height of ear, pl — length of foot, (all in mm).

Physiological features were determined by (interior) indices of internal organs: il — liver, ih — heart, ik —
kidneys, is — spleen. All indices were expressed in ppm — %o. Comparative analysis of field and faunistic
characteristics was performed according to the summary “Mammals of Kazakhstan” [15-17].

Micronucleus test of indicator animals

Blood sampling and preparation of smears were performed in the field according to suggested recom-
mendations [18]. Dried peripheral blood smears were fixed in 96 % ethyl alcohol for 30 minutes. They were
dried and stained with 10 % Romanowsky-Giemsa solution for 5 minutes [18]. Micronuclei frequencies were
counted on a Zeiss Axioscop 40 microscope under oil immersion and magnification of 10x100. Photodocu-
mentation was made for the most characteristic abnormalities of erythrocytes. Depending on the subject,
10,000 to 20,000 erythrocytes from each examined individual were examined.

Results and Discussion

Determination of POPs in water and soil samples at “Altyn-Emel” SNNP

Fig. 1 demonstrates the total content of 24 POPs and 8 HMs in natural water and soil samples taken in
the territory of “Altyn-Emel” SNNP and compared territories. When examining the soil samples, it was
found that the soil has poly-component contamination.

The main POPs pollutants in soil and water are pesticides. Soil samples from “Altyn-Emel” SNNP re-
vealed presence of trace amounts of DDT and its metabolites DDE and 4,4-DDE,  HCCH, as well as aldrin
and deldrin, exceeding MPC. The spectrum of detected POPs in the comparison territories was much wider.
In addition, in each of the comparison territories, from 3 to 9 types of POPs, exceeding the MPC, were iden-
tified. In the natural water of “Altyn-Emel” SNNP, dibutylendan and 3-HCG were detected in trace amounts,
in contrast to Belbulak and Taukaraturuk territories, which have a significant spectrum and amount of POPs.
Thus, to the level of soil pollution by persistent organic pollutants the territory of the National Park is much
more environmentally favorable.
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Figure 1. Total POP and PM amounts in water (A) and soil (B) samples in “Altyn-Emel” SNNP

A different picture is observed for the detection of metals in water and soil: their total amount in the
“Altyn-Emel” SNNP is approximately the same as in the regions of comparison. The presence of heavy met-
als such as Ni, Cd and Zn was detected in the soil of the National Park “Altyn-Emel”, with the nickel content
in different samples being almost equal to or slightly exceeding the MPC. In addition to nickel, zinc, cadmi-
um and copper exceed the MPC in the territories under comparison. The natural water contains zinc, nickel,
copper and chromium in insignificant concentrations.

Radiodosimetry of the area

At present monitoring of surface layer radioactive contamination of the atmosphere on the territory of
the Almaty region, which includes the territory of SNNP “Altyn-Emel”, is carried out by specialized subdivi-
sions, “Kazgidromet” at 5 meteorological stations (Almaty, Narynkol, Zharkent, Lepsy, Taldykorgan). Ac-
cording to the results of the works, the average values of radiation y-background layer of the atmosphere in
the Almaty region for the settlements of the region are within 0.12-0.23 uSv/h. On average in the region, the
radiation gamma background is 0.17 uSv/h, which does not exceed the natural background. Average daily
density of radioactive fallout in the surface layer of the atmosphere on the territory of the region ranges from
0.7-1.8 Bg/m?. The average deposition density in the region is 1.2 Bg/m?, which does not exceed the maxi-
mum permissible level [19]. Measurement of beta activity, which is mainly associated with radioisotopes of
man-made origin, showed permissible values of daily radioactive fallout, in accordance with approved hy-
gienic standards [20] and does not exceed 110 Bg/m? a day. Analysis of available materials on the radio-
ecological situation in the Almaty region and, specifically, in Talgar and Kerbulak districts, is safe and the
accepted characteristics of equivalent dose rate (EDR) and radioactive contamination of the land surface are
within normal limits. However, the radio-ecological monitoring carried out in this way cannot always char-
acterize such large areas in detail and unambiguously. Therefore, a detailed assessment of the radio-
dosimetric situation in the territory of SNNP “Altyn-Emel” was carried out (Tab. 1).

Table 1
Selected EDR and flux densities — a particles on the territory of ""Altyn-Emel" SNNP
Min (uSv/h), Max (uSv/h),
Radiodosimetry areas (parts/min per cm?) | (parts/min per cm?)
EDR a EDR o
SNNP “Altyn-Emel”, former Geological Exploration Village 0.095 <0.2 0.156 1.23
SNNP “Altyn-Emel”, “Kalkan” Seismic Station 0.110 0.61 0.200 1.28
SNNP “Altyn-Emel”, “Kalkan” Seismic Station well 0.462 0.61 4.158 1.21
SNNP “Altyn-Emel”, Barkhan, former Geological Explorationv. | 0.098 0.61 0.112 1.21
SNNP “Altyn-Emel”, water reservoir 0.120 <0.2 0.180 1.28
SNNP “Altyn-Emel”, Bashy village 0.094 <0.2 0.105 2.42
Belbulak 0.100 0.61 0.120 2.42
Taukaraturyk 0.12 <0.2 0.27 1.16

The results indicate that all areas surveyed are characterized by low EDR values. The range of mini-
mum values is about 0.09 — 0.12 uSv/h, and rarely occurring maximum values are 0.15 — 0.27 uSv/h. The
detected values of alpha particle flux density are also not high — in the range of minimum 0.11-0.61
parts/min per cm?, and in the maximum 1.16 — 2.86 parts/min per cm?. In general, the detected values of
radiodosimetric indicators comply with the accepted sanitary standards of the Republic of Kazakhstan [20,
21]. The results of the measurements indicate that there are no natural radioactive anomalies in the Enbek-
shikazakh, Talgar, and Kerbulak districts. The relatively safe radio-ecological condition in the Almaty region
as a whole does not exclude the probability of local radioactive impact of the former mine on environmental
objects, such as soils, flora and fauna, natural waters, the surface layer of the atmosphere of SNNP “Altyn-
Emel”. This determines the relevance of studying the current radiation situation in the territory of the Na-
tional Park and carrying out research on morpho-functional characteristics, development features and genetic
status of living indicator animals.

The surveyed territories are not located in the influence zones of uranium deposits of the Almaty region.
The exception is the local area of “Altyn-Emel” SNNP within the boundaries of “Kalkan” seismic station,
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where the Suluchekinskoye uranium deposit of formation-infiltration type is located. Here, in a limited area
of 7-9 m?, in the contour of a self-discharging well, EDR values in the range of 0.46-4.16 uSv/h — (2019)
and 0.26-2.99 uSv/h (2020) are set, which noticeably exceeds permissible values (calculated dose for popu-
lation is not more than 0.57 uSv/h) [20, 21]. The small area of the anomalous zone in terms of the EDR level
may not have a significant impact on the environmental objects on the territory of SNNP “Altyn-Emel”.

Analysis of the indicator animals of “Altyn-Emel” SNNP

About 400 species of fish, amphibians, reptiles, birds, and mammals, including 42 Red Data Book spe-
cies currently inhabit the national park [22]. In addition, there are dozens of invertebrate species that are also
classed as “Red Data Book”. However, their number is still unknown and needs to be studied.

To indicate the status of vertebrate fauna inhabiting the territory of “Altyn-Emel” SNNP and the com-
parison territories, the most typical for the survey sites species, as a rule, belonging to synanthropic group,
were selected. The following species and groups of animals were identified according to ecological and
faunistic features: fish (Diptychus dybowskii, Triplophysa strauchi, Triplophysa dorsalis, Pseudorasbora
parva); amphibians (Pelophylax ridibundus, Bufotes viridis); reptiles (Eremias velox); birds (Columba livia);
mammals, rodent group (Cricetulus migratorius, Mus musculus, Apodemus sylvaticus, Microtus arvalis sp).
Thus, a total of 11 indicator species of vertebrates inhabiting the territory of “Altyn-Emel” SNNP were used
in the study. Morpho-functional indices of animals of each indicator species were determined, which repre-
sent a set of characteristics of individuals caught in the summer season, and which lived in places relatively
distant from each other.

Fish fauna

The aquatic environment is one of the main living environments, and water itself is the main component
of biosystems. Fish are considered the most appropriate subject for screening for mutagenic and carcinogenic
chemical compounds in water, since they metabolize, accumulate in the body the chemicals contained in the
water and react to toxic compounds in a similar way to higher vertebrates [23, 24]. The use of fish in labora-
tory and natural habitats allows the genotoxicity of a wide range of pollutants to be assessed, including the
effects of individual chemical compounds as well as cumulative effects [25-27].The fish fauna study was
conducted for individuals from two locations in “Altyn-Emel” National Park. These are the Aktobe River
watercourse from a reservoir located between the settlements of Nurum and Aktobe and a water body (of
spring origin) of Kosbastau cordon within the boundaries of a former geological prospecting settlement,
where an elevated radiation background has been identified. As the potential indicator species, 4 native
(Triplophysa strauchii, Triplophysa dorsalis, Triplophysa stoliczkai, and Diptychus dybowski) and 1 non-
native (Pseudorasbora parva) fish species were found. During the morpho-biological study of the species of
this indicator group, it was found that the parameters of Pseudorasbora parva are within the limits of varia-
bility known for the Balkhash basin. The maximum sizes of fish in the studied 2019 sample were smaller
than those known for this species. This may indicate unfavorable conditions for prolonged life span. This is
also indicated by the significant within-sample variability in the fatness coefficients.

A sample of Triplophysa strauchii from the watercourse of the Aktobe River is represented by individ-
uals of different sizes — both adults with developed gonads and fingerlings, which indicate favorable repro-
ductive conditions for this species. In April, gonads were at different stages of maturity: mature and ready-
to-hatch sex products, as well as spawned specimens were found. Biological and morphological parameters
were within the normal range of this species, with only one individual having noticeably shorter front anten-
nae. This abnormality may be caused by trauma or abnormalities in the ontogenetic trajectory. Phenodeviates
were not detected in the sample studied.

In the water of “Kosbastau” cordon, where elevated radiation background was detected, the sample of
Pseudorasbora parva is small and represented mainly by small specimens. Comparison of data on the com-
position of fish fauna and the status of indicators of individual species suggests insignificant anthropogenic
transformation of the ecosystem of this water body. Habitat conditions in general do not impede reproduction
of this species, but longevity and maximum size of fish are far from species limits, as representatives of na-
tive fish fauna dominate in number, represented by different-sized individuals, which morphologically do not
deviate from the species norm.

As shown by the analysis of materials (Fig. 2), in general, the fish in these areas have normal indicators
of condition and development [28, 29]. In plain shallow water reservoirs near Enbekshi settlement (compari-
son region) Pseudorasbora parva indicators were analyzed among indicator fish. Their relatively low abun-
dance is shown. The morpho-biological analysis revealed small size of these fish, which is noticeably smaller
than known for these species, low fatness factor and color defect in some specimens.
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Figure 2. Morpho-biological indicators of the development of indicator fish species from the “Altyn-Emel” SNNP: 1 —
average indicators of normal development; 2 — development indicators of fish from Aktobe river; 3 — development
indicators of fish from “Kalkan” seismic station reservoirs

Amphibians

Amphibians meet all the requirements for the species used for bio indication, and as their main repre-
sentative, the marsh frog (Rana ridibunda) is a widespread amphibian species that has clear and easy-to-
study characteristics, is highly sensitive to pollutants and mutagens. The morpho-physiological parameters of
the amphibian organism reflect the state of the local habitat since they do not have a pronounced tendency to
migrate. The marsh frogs are characterized by a high level of polymorphism — they have a number of non-
specific and specific responses of the population to anthropogenic impact (variability of morpho-
physiological parameters, an increase in the frequency of aberrant cells and structural mutations of chromo-
somes) — all these factors make it possible to successfully use R. ridibunda as a bio indicator species for
monitoring environmental pollution by mutagens [30-34].

The morphometric parameters of the mouth apparatus structure in tadpoles of Bufotes viridis complex
caught in two reservoirs in the territory of the hydraulic fracturing, near the mothballed uranium deposit were
studied (Tab. 2). The analysis of the obtained material showed the absence of any deviations in the morphol-
ogy of tadpoles, except for variations in the structure of the mouth apparatus. 27.6 % of tadpoles had anoma-
lies of the oral apparatus, which were expressed in ruptures, partial reduction, fusion, curvature and defor-
mation of the tooth rows. In a number of cases the oral apparatus had not one type of abnormality, but a
combination of two or more. For comparison, tadpoles collected in 2013 from the Akeshke reservoir (Almaty
region, Yeskeldy district) showed 6.7 % anomalies in the morphology of the oral apparatus. It is likely that
these abnormalities are associated with elevated radiation levels within the boundaries of the “Kalkan” seis-
mic station.

Table 2

Deviations in the structure of the mouth apparatus of Bufotes viridis tadpoles from the reservoir of SNNP
“Altyn-Emel”

Criterion Water reservoir wells Reservoir Akeshke
seismic station "Kalkan"

Tadpoles examined 108 30

Frequency of tadpoles with mouth apparatus anomalies 24.1% 6.67 %

Total anomalies 44.4 % 10 %

Ornithofauna
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Birds are a sensitive indicator of the impact of various factors. Pesticides may be part of the reason for
the decline in bird numbers [35]. There were no anomalies in the development and coloration of synanthrop-
ic avifauna species from the “Altyn-Emel” SNNP during the period of observation. Visual inspection of
these birds from the Talgar district in the process of ringing revealed defects of beak, paws and eyes in more
than 30 specimens of Corvus frugilegus, Coloeus monedula, and Corvus cornix. There are also abnormalities
of the characteristic coloration. Most likely the abnormalities appeared as a result of anthropogenic influ-
ences, both physical and chemical.

Mammals

Mouse rodents are sensitive bio indicators of pesticide soil contamination, and their ubiquity makes
them irreplaceable objects in environmental monitoring [36]. During the 2019-2020 field season, mammal
surveys from the “Altyn-Emel” SNNP and the comparison area were carried out. The indicator species
(mouse-like rodents) Cricetulus migratorius, Mus musculus, Apodemus sylvaticus were studied.

Exterior indices were determined, the average values of which were within the limits of variation for
these species of rodents in Kazakhstan. Indices of liver, heart and kidneys, spleen of animals caught on dif-
ferent monitoring sites were determined. The variability of indices of internal organs of rodents was re-
vealed. This variability is an indicator of their physiological state, reflecting mainly the nature of nutrition
and the level of basic metabolism for each species.

Comparative analysis of morpho-functional indices of mouse-like rodents from “Altyn-Emel” SNNP
showed that their values are close to those of animals from other sites of Talgar district (comparison area)
(Fig. 3). In general, the habitus, metrical, functional and ecological characteristics of the animals of all stud-
ied areas were within the norm for animals inhabiting Kazakhstan [37]. No anomalies were found in the
studied animals.
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Figure 3. Comparative morpho-functional indices of mouse-like rodents (Mus musculus) of surveyed sites; exterior in-
dices (a), interior indices (b); 1 column — mice from Altyn-Emel, 2 column — mice from Almaty region, 3 column —
mice from East Kazakhstan region

Thus, the studied rodent individuals inhabiting the compared monitoring sites generally correspond to
ecological and field characteristics given in the summary “Mammals of Kazakhstan” and in the “Book of
Genetic Fund of Kazakhstan” [15-17, 38]. The identified ecological indices and values of the main metric
and functional parameters of the studied animals indicate that no deviations from the norm were established
and they generally correspond to similar characteristics of these animal species inhabiting Kazakhstan.

Micronucleus test of indicator animals

Bio testing and bio indication methods provide an opportunity to obtain a rapid response to a complex
biological reaction of an ecosystem or population, as a result of the impact of various anthropogenic factors
on it. The cytogenetic characteristics of peripheral blood were used as a biomarker to assess the genetic sta-
tus of indicator animals living in “Altyn-Emel” National Park and comparison territories. Micronuclei were
analyzed in peripheral blood erythrocytes. Micronuclei in a microscope can be seen as round, oval in differ-
ent sizes, densely stained corpuscles with a clear outline. Additional information about the processes occur-
ring in response to environmental stressors can be obtained by analyzing the structure of red blood cells that
differ from the normal morphology characteristic of the species. Thus, amitosis indicates the development of
degenerative processes in the body due to various reasons, including environmental ones. Nucleus division
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can also occur without cytoplasm rearrangement, in which case erythrocytes become binuclear [39]. Cytoge-
netic analysis of nuclear erythrocytes from peripheral blood of fish, amphibians and birds recorded the fol-
lowing disorders — erythrocytes with micronuclei; binuclear erythrocytes; amitosis; erythrocytes with cyto-
plasmic “tail” disorders, vacuolization and invagination of cytoplasm; erythrocytes with budding micronu-
clei; invagination of the nuclear membrane. The presence of cytological abnormalities in erythrocytes of pe-
ripheral blood of the studied animals indicates the presence of degenerative processes in the body due to var-
ious reasons, including environmental [40].

Micronucleus test in Pelophylax ridibundus

Amphibians meet all the requirements for species used for bio indication. Their main representative P.
ridibundus is a widespread amphibian species, which has clear and easy to study traits, is highly sensitive to
pollutants and mutagens. The morpho-physiological parameters of the amphibian organism reflect the local
habitat condition, as they lack a pronounced tendency to migrate. The results of micronucleus analysis in
blood erythrocytes of P.ridibundus are presented in Table 3. In P.ridibundus caught in SNNP “Altyn-Emel”
and regions of comparison (Belbulak, Taukaraturyk) frequency of erythrocytes with micronuclei is practical-
ly at one level — 0.31-0.34 %. That is, there is no reliable difference in the frequency of micronuclei in frogs
inhabiting “Altyn-Emel” National Park, and other areas. At the same time, it is reliably increased in compari-
son with the Alakol region (0.20+0.007 %).

Table 3
Results of Pelophylax ridibundus micronucleus test caught in and comparison regions
Viewed Micronuclei —_— . .NUCI?US Binuclei, %
Place of capture ' Amitosis, % Tail, % invagina- '
cells % .
tion, %
SNNP Altyn-Emel | 200000 | 0.31+0.012* 0.005+0.0016 | 0.05+0.005 | 0.075+0.006 | 0.005+0.0016
Belbulak 50 000 0.34+0.026* 0.058+0.01 0.002+0.002 | 0 0.06+0.01
Taukaraturyk 300 000 | 0.32+0.014* 0.005+0.002 0.073+0.007 | 0.017+0.007 | O
Alakol-region 340 000 | 0.20+0.070 0 0 0 0
*<0.01

A high level of heterogeneity of cytogenetic indices in the studied groups of frogs should be noted. The
difference in control values in different literature sources sometimes differs several times. Some show con-
trol values of 0.78+0.03 % [41], others 0.23+0.01 %. Probably, it depends on a level of purity of researched
areas and, accordingly, control groups matched to them.

Micronucleus test in fish fauna

Blood samples from four fish species — T.strauchii (10 individuals), P.parva (8 individuals),
D.dybowskii (5 individuals), T.dorsalis (4 individuals) were obtained in SNNP “Altyn-Emel”. Comparative
analysis was made with fish fauna caught in Taukaraturak and Alakol Lake areas (Tab. 4).

Table 4
Results of cytogenetic analysis of erythrocytes of fish caught in water bodies in the “Altyn-Emel”
Animals | Viewed Nucleus
Place of capture - Micronuclei, % | Amitosis, % Tail, % invagination,
studied cells %
SNNP “Altyn-Emel” 13 190 000 0.065+0.009* 0.01+0.003 0.05+0.007 0.024+0.011
Taukaraturyk 137 364 000 | 0.13+0.006* 0.001+£0.001 | 0.006+0.001 | 0.01+0.002
Enbekshi 13 130000 0.083+0.008* 0.023+0.002 | 0.006+0.001 | 0.069+0.007
Lake Alakol 16 160 000 0.027+0.007 0.003+0.002 | 0.001+0.001 | 0.003+0.002
*p<0.01

Fish caught in “Altyn-Emel” National Park (Aktobe River watercourse) have a significantly higher fre-
guency of erythrocytes with micronuclei compared to fish caught in Lake Alakol, but half as many as fish
caught in Taukaraturyk. At the same time, almost the whole spectrum of cytological disturbances described
above was revealed in this group. In many cases, these changes accompany compensatory processes occur-
ring in tissues, e.g., during functional overloading, starvation, after poisoning, or denervation [42]. In addi-
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tion, there is literature evidence that nuclear and cytoplasmic abnormalities of this nature can be the result of
chemical exposure inducing gene and cytotoxicity [43].

Different fish species of the carp family have been studied by many researchers. The frequency of mi-
cronuclei in different literature sources sometimes differs by time. Proportion of cells containing micronuclei
in a sample of Carassius gibelio (Bloch, 1782) inhabiting the Tom river was on average 0.057+0.030 %. Al-
so, many researchers showed that the background level of micronuclei in fish is 0.5-1%o [44]. These data cor-
respond to the results of fish from Alakol Lake (0.015+0.005 %). At the same time, other authors demon-
strate micronucleus frequency values at the level of 0.25+0.03 % in Cyprinus carpio (Linnaeus, 1758) [45]
or even — 2.91+0.15 % in Abramis brama (Linnaeus, 1758) from the VVolga-Caspian channel [42]. It is possi-
ble that such discrepancies are due to differences in methods of counting abnormal cells or statistical pro-
cessing of results.

As shown above, within the boundaries of the mothballed “Suluchekinskoye” uranium deposit, an in-
creased radiation background has been identified within the boundaries of the former fracking site. In this
regard, a comparative analysis of the micro-nuclear test of fish inhabiting three points in the vicinity of the
former GEC (Kosbastau cordon) and Aktobe River with a normal radiation background was carried out. The
main sample of fish fauna of these reservoirs consisted of 2 fish species — Triplophysa strauchii and Pseu-
dorashora parva. In this connection, cytogenetic analysis was carried out in individuals of these species. For
more objective analysis and absence of influence of species differences the results of micronucleus test of
these fish species, from two reservoirs were taken into account separately (Tab. 5).

Table 5
Results of cytogenetic analysis of erythrocytes of fish living in water bodies of SNNP “Altyn-Emel”

. Animals | Viewed | Micronuclei, % | Amitosis, % Binuclei, %

Place of capture Species .
studied cells
Kosbastau cordon T. strauchii 10 200000 | 0.076+0.006* 0.034+0.006 0.019+0.003
Aktobe river T.strauchii 6 60000 0.042+0.008 0.008+0.003 0.003+0.002
Kosbastau cordon P.parva 8 160000 | 0.053+0.006* 0.03+0.004 0.023+0.004
Aktobe river P.parva 3 60000 0.027+0.006 0.006+0.003 0.002+0.002
Lake Alakol Cyprinidae 16 160000 | 0.027+0.007 0.003+0.002 0.002+0.002
*0<0.01

Analysis of the presented data shows reliable excess of frequency of cytogenetic and cytological disor-
ders in fish (both species) caught at Kosbastau Kordon with increased radiation background. At the same
time, there is a slight interspecific difference in the frequency of cytogenetic disorders in T.strauchii and
P.parva. In P.parva (Cyprinidae) caught in the Aktobe River, the level of cytogenetic abnormalities is simi-
lar to that of Cyprinidae fish (different species) from ecologically clean Lake Alakol. This indicates that
there is a relatively favorable environmental situation in the Aktobe River. The local increase of radiation
background in the area of Koybastau cordon does not have a significant impact on the environmental objects
in the territory of SNNP “Altyn-Emel”.

Micronucleus test in Columba livia

Birds are sensitive indicators of the impact of various factors. Columba livia was used as an indicator
species, belonging to the ornithofauna, to assess habitat quality in the territories of SNNP “Altyn-Emel” and
Amangeldy (comparison region). Columba livia is a widespread polytypical species, the natural range of
which occupies a considerable part of Eurasia and North Africa [45, 46]. The attachment of Columba livia
Gmelin to its nesting sites creates conditions for the long-term effects of environmental factors on these ani-
mals. Micronucleus analysis revealed a significant (p<0.05) difference in the frequency of micronuclei in
Columba livia from the “Altyn-Emel” (0.027+0.005 %) and Amangeldy (0.05+0.07 %) regions. However,
analysis of cytological abnormalities revealed no fundamental difference in the results of Columba livia of
these territories.

The micronucleus test in rodents

One of the main animal model species in population biology studies is mouse-like rodents due to their
ubiquitous distribution, abundance, habitat in a relatively limited area and close association with the soil. The
micronucleus test in rodents can be carried out in cells of any proliferating tissue. The easiest way to perform
a micronucleus test is using erythrocytes because blood is the most accessible tissue for examination and
does not usually require killing the animal. The average life span of red blood cells is 3-4 months, which
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allows estimating completely the effects of the factors under investigation. Since mammalian peripheral
blood erythrocytes are nucleus-free, the main type of cytogenetic disorders is micronuclei. Microscopically
they are visible as rounded or oval, densely stained cells of different sizes with a clear contour. In the process
of erythropoiesis, after the last mitosis, the main nucleus is pushed out, and micronuclei resulting from
chromosomal abnormalities in erythrocyte cells remain in the cytoplasm. Abnormalities in erythrocyte shape
and size — poikilocytosis are also found.

Species such as Microtus sarvalis, Musmus culus, Apodemus sylvaticus, Cricetulus migratorius were
investigated to assess the ecological condition of “Altyn-Emel” SNNP.

A number of cytological abnormalities have been recorded, such as abnormally sized erythrocytes, usu-
ally small (microcytes) or large (macrocytes) erythrocytes, sometimes, poikilocytosis — changes in normal
cell shape, thickness and volume. The results of the cytogenetic analysis of erythrocytes of rodents are pre-
sented in Table 6.

Table 6

Results of cytogenetic analysis of erythrocytes of mouse-like rodents from Altyn-Emel SNNP

Place of capture Viewed cells | Micronuclei, % Poikilocytosis, %

SNNP Altyn-Emel 60000 0.03+0.007 0.095+0.012

Belbulak 70000 0.41+0.024* 0.006+0.003

Enbekshi 50000 0.38+0.022* 0.1+0.012

Taukaraturyk 80000 0.054+0.008

* p<0.01

The frequency of micronuclei in erythrocytes of peripheral blood of rodents from SNNP “Altyn-Emel”
was significantly (p<0.01) lower than frequency of micronuclei of rodents from the comparison regions —
Belbulak and Enbekshi. This indicates considerably more favorable ecological conditions for rodents in
Altyn-Emel than outside of this area. Some works show that approximately 0.025+0.011 % of micronuclei
are detected in erythrocytes of white non-pedigreed mice [47, 48], which corresponds to the data obtained
from the national park.

Conclusions

The assessment of the environmental status of the “Altyn-Emel” SNNP area showed the presence of
some POPs and HM pollutants in water and soil. Pesticides are the main pollutants of soil among POPs.
Presence of trace amounts of DDT and its metabolites, as well as aldrin, deldrin, exceeding MPC were de-
tected. In the comparison territories, the spectrum of detected POPs was much wider, and the number of
POPs items exceeding MPC was from 3 to 9. The presence of such heavy metals as Ni, Cd and Zn in addi-
tion to nickel, zinc, cadmium, and copper exceed the MPCs in the comparison territories. Thus, by the level
of soil pollution, the territory of the National Park is much more favorable in environmental terms. In the
natural water of “Altyn-Emel” SNNP, dibutylendan and 8-HCG in concentrations below the MPC were de-
tected. Also Zn, Ni, Cu and chromium in concentrations below the MPC were detected. The territory of
“Altyn-Emel” SNNP practically does not differ from the compared territories by the level of pollution of
natural water with heavy metals.

Analysis of the radio-ecological situation in “Altyn-Emel” National Park showed that it is safe and the
accepted characteristics of EDR and radioactive contamination of the land surface are within normal limits.
The exception is a local area within the boundaries of seismic station “Kalkan” where the “Suluchekinskoye”
uranium deposit of formation-infiltration type is located. Here, on the limited area of 7-9 m?, in the contour
of a self-discharging well, EDR values in a range of 0.26-2.99 uSv/h were detected, which noticeably ex-
ceeds permissible values (the calculated dose for the population is no more than 0.57 uSv/h). The small area
of the anomalous zone in terms of EDR level probably does not have a significant impact on the environ-
mental objects on the territory of SNNP “Altyn-Emel”.

Characterization of biodiversity of terrestrial and aquatic fauna of endemic species and indicator groups
of vertebrates habiting the “Altyn-Emel” SNNP showed their significantly higher species diversity than out-
side the territory of the National Park. To objectively determine the levels of ecological load in terrestrial and
aquatic cenoses, a detailed study of selected key and indicator vertebrate species using modern methods of
morpho-functional indication, cytogenetic and toxicological analysis was conducted. The comparative analy-
sis showed that morpho-functional indicators, habits in general, metrical, functional and ecological character-
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istics of animals of the surveyed area are within the norm for animals living in Kazakhstan. No anomalies
that could be associated with anthropogenic pollution were found in these groups of vertebrate animals stud-
ied. Assessment of cytogenetic homeostasis using a micronucleus test did not reveal any significant disturb-
ances of the genetic apparatus in indicator animals.

Thus, according to the data of chemical analysis, assessment of species diversity and state of indicator
species of plants and vertebrates, we can conclude that the ecological situation in the territory of SNNP
“Altyn-Emel” is satisfactory. Manifestation of morpho-functional changes in P.parva and tadpoles of toad
complex B.viridis and cytogenetic disorders in fish P.parva and T.strauchii inhabiting near the well of seis-
mic station “Kalkan” with increased radiation background is probably connected with manifestation of local
radioactive pollution, which has no negative influence on the whole territory of the National Park.
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«AatbiH EMen» MeMJleKeTTIK YITTHIK NapKiHaeri
OMOMHIMKATOPJBIK TYPJIEPIiH Kal-KYyiiH OaFajiay sKoHe
ayMarbIHbIH KOJOTHAJIBIK CHIIATTAMACHI

«AnteiH-EMen» (Kazakctan) MeMIIeKeTTIK YITTHIK MapKi ayMarbIHBIH JIACTaHY JIOPEKECIH Oaranay KoHE Ta-
OuFy >KkarJaiiblH caKTay MaKcaThIHJA Cy MCH TOIBIPAK YJTUIepiHAEri TYPAaKThl OPraHUKANIBIK JIACTAYIIbI 3aT-
Tap MEH ayblp MeTajgapblH MeJlepi aHbIKTaiapl. JKaHyapaapIbiH HHANKATOPIBIK TONTAPbIHA PaIHOa03HU-
METPHSUIBIK 3€PTTEYIIEP, SKOJOTHSIBIK-TeHETHKAIBIK MOHUTOPHHT JKYPri3ini. XUMHSIIBIK Taliay Cy MEH TO-
MBIPAK YITUIEpiHIe MEKTeYi pyKcaT eTLIreH KOHIEHTPaNUsSAaH acaThlH KeWOip JacTaymusl 3aTTapablH Oap
eKeHAIriH kepcerTi. [lapk aiiMarbIHBIH HIeKapalapblHIa ayMaKTBIH PaJHOaKTHBTI JIaCTAaHYbl aHBIKTaJFaH
kKoK, ant DJIK (3KBHBaJICHTTI 1032 KyaThl) MOHIEP] oIETTerl CTaHAapTTH MOHAEPACH acIalTHIHIBIFBI JoJIei-
nenni. Cyirynieke ypaH eHIIpeTiH KeH OpPHBIHBIH epeKIle eKeHJITiH aTal KeTKeH jeH, cebedi Oynma DK
MoHZIepi HOPMATHBTIK MOHJEP/CH JKOFapbl KeHAIr aHbIKTaiuraH. JKekelereH MHIMKATOPIBIK TONTAaparbl
JKaHyapJIap/blH Kail-KyiliH cabICTRIPMalbl Tajjay OJapAblH LUTOrCHETUKAIBIK IOMEOCTasbl, MOphodyH-
KIIMOHAJIBI KOPCETKIIITEPi, TaOMTYChl MEH 3KOJOTHUIBIK cunaTTaManapbl Kazakcranaa MEeKEHACHTIH yKaHy-
apJapJblH KaJbIIThl JaMyblHa COWKEC KEJICTIHIITiH KepceTTi. MOHUTOPHHITIK 3E€PTTEYJICpIiH HOTHKEIepi
«AnteiH-EMen» MeMIeKeTTiK YITTBIK HapKi ayMarbIHAAFbl SKOJIOTHSJIBIK JKaFIaii/IblH KaHaFaTTaHAPIIBIK
SKEeH/IT1H jKoHe KeHOip IIHeIeHiCTI XKaFqainap TypaKkTsl OaKpUIayIbl KaXKeT eTeTiHIH KOPCETTi.

Kinm ce30ep: IMTOTCHETUKAJBIK Taljay, F'€HETHKAJIbIK MOHHUTOPHMHT, KaHFa YBITTBUIBIK, aybIp MeTanaap,
MHKPOSIPOIIBIK TeCT, MOPGHOGYHKINOHAIIB KOPCETKIIITEP, TYPAKTH OPraHUKANBIK JACTAFbIIITAp, TypJiep-
JIH OpTYPJILIITI.

O.I'. Yepenunuenko, H.B. Muts, U.H. Marna, A.JI. [Tumroruna, b.O. bekmanos,
H.III. Mamunos, M.A. Yupukosa, H.JI. Huraii

JKOJIOrHYecKasi XapaKTePUCTHKA TEPPUTOPUM U OLIEHKA COCTOSIHUSA
OMOMHIUKATOPHBIX BHA0B B I'0Cy1apcTBEHHOM HALIMOHAJIBLHOM
napke «AJTbIH-JMeJb)

C 1enblo OLIEHKU CTENEHH 3arpsA3HEHUs U COXPaHEHHs IPUPOJHOIO COCTOSHUs Tepputopuu I'ocynapcTBeH-
HOTO HAaIlMOHAJBHOTO Mapka «ANTeH-OMenb» (Kasaxcran) onpeneneHo coiepkaHne CTOHKHX OPTaHWIECKHX
3arpsisHATENEH U TSHKENBIX METAJIOB B IpoOax BOABI M MOYBHL. [IpoBeneHs! paano 03nMeTpHIecKie Hecie-
JIOBaHMsl, DKOJIOTO-F€HETUYECKUI MOHUTOPHHT UHIUKATOPHBIX IPYII JKUBOTHBIX. XUMHUYECKUI aHAIN3 OKa-
3aJ] HaIMIUe B IPoOax BOJBI M MOYBEI HEKOTOPHIX 3arpsA3HSIONINX BEIIECTB, MPEBBIIAIONINX TIPEIEeTbHO 0~
IIyCTHMBbIE KOHILIEHTpAalK. B rpaHuiiax napkoBoil 30HbI paJlOaKTUBHOTO 3arps3HEHUs TEPPUTOPUN HEe 0OHa-
pyXxeHo, 3HaueHuss MO/, B 1ienoM, He NPEBBINAIOT HOPMATUBHBIX 3HaueHUH. VIcKiIroueHne cocTaBiseT Jio-
KaJlbHasl TEPPUTOPHS YPAHOBOTO MecTOpoxaeHUsT «CylIydeKHHCKOe», Ul KOTOpOW OBUIM ONpe/erieHbl 3Ha-
yeHus: MO/ Bbilie HOpMaTHBHBIX. CpaBHUTENIBHBIN aHAIN3 COCTOSHUS JKUBOTHBIX OTIEIbHBIX MHIUKATOP-
HBIX TPYIII ITOKa3aJl, YTO MX MUTOTEHETHIECKUil roMeocTas, Mop(hodyHKINOHATBHBIE TOKA3aTeNN, TadUTyC 1
HKOJIOTHIECKHE XapaKTEPUCTUKH COOTBETCTBYIOT HOPMAIGHOMY Pa3BUTHIO XKHBOTHBIX, oOuTaromux B Kazax-
craHe. Pe3ynpTaTel MOHUTOPUHIOBBIX UCCIECJOBAaHUM MOKA3ald, YTO HKOJIOIMYECKasi CUTyalus Ha TeppUTO-
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puu HarmmonansHoro nmapka «ANTBIH-DMEb» YAOBJETBOPUTEIIbHAA, C HEKOTOPHIMU HAIIPSXKEHHBIMU 00cTOs-
TCJIBCTBAMH, Tpe6y}OH_[I/IMI/l IMOCTOSTHHOI'O MOHUTOPHHIA.

Kniouegbie c106a: INTOICHETHYECKUH aHAIIN3, TEHETHISCKHH MOHUTOPUHT, TEHOTOKCHYHOCTB, TSDKEIIbIE Me-
TaJUIbl, MUKPOSACPHBIN TecT, MOP(YODYHKIHOHATEHBIC MOKAa3aTeNH, CTOMKHE OpPraHMYECKUE 3arps3HHUTEINH,
BHJIOBOE pa3HOOOpasue.
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The study of microbial contamination of water and sanitary facilities in the Karaganda
regional clinical hospital during different seasons

In modern conditions, the quality of water supply and the state of water management facilities play a key role
in maintaining the health of people and animals, as well as the life quality of the population. In this regard, we
set the goal of our research to assess the level of microbial contamination of water and sanitary facilities in
the Regional Clinical Hospital of Karaganda district as the central and most powerful medical institution in
the region in different seasons of the year. Based on the results of our study, the following conclusions can be
drawn: during the research period, seasonal variability of indicators in the studied samples of tap water can be
traced. The water of the central water supply is characterized by systematic excesses of both total coliform
and thermotolerant coliform bacteria. In the city of Karaganda, there is a great stability in the quality of water
supply, regardless of the seasons, despite the excess of standard indicators. It can talk about either the low
quality of water treatment, or about quality problems in the water supply network at the sampling points (Re-
gional Clinical Hospital of Karaganda). At the same time, it is worth noting the high percentage (almost
98 %) of positive samples in the spring. In winter, there is a lower percentage of positive samples and a sig-
nificantly lower microbial quantity. The quality of drinking water decreases in the spring, we believe that the
most likely reason for the deterioration in the quality of drinking water is the ingress of melt water and rain-
water into the source. Violations of the technological conditions for the operation of water treatment facilities,
secondary water pollution in worn-out water distribution networks could also be the cause of unsatisfactory
results. In the Regional Clinical Hospital of Karaganda, a higher percentage of positive swabs is noted, which
is associated with a higher load on the regional hospital, as well as a better supply of antimicrobial disinfect-
ants, which leads to selective selection of more resistant strains.

Keywords: tap water, microbiology, general coliform bacteria, thermotolerant coliform bacteria, swabbing.

Introduction

Drinking water is one of the main environmental factors that can have both a positive and a negative
impact on the health of the population, and providing the population with high-quality drinking water is one
of the most important factors in protecting health.

Water is one of the main factors in the spread of infectious diseases. The water way of transmission is
typical for cholera, typhoid fever, dysentery, leptospirosis, tularemia, infectious hepatitis, adenovirus infec-
tions and helminthiases. The cause of morbidity in about 40 % of the population is microbiological contami-
nation of water [1-3].

Drinking water transported through distribution networks will be subject to both chemical and microbi-
ological quality changes. Contamination of drinking water, especially fecal contamination, is a major public
health problem.

Exposure to unsafe drinking water can occur in domestic (home) and non-domestic settings, such as
healthcare facilities (HCF) [4].
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Sanitary and bacteriological control in medical facilities is the creation and maintenance of safe condi-
tions for the treatment and diagnostic process for both patients and medical personnel. Safety is also im-
portant, especially in settings with vulnerable populations such as immunocompromised patients in
healthcare settings [5].

According to the WHO, drinking water is water that does not pose a risk to health during the entire time
it is consumed. The safety criterion is compliance with the requirements of state regulations [6].

The quality of water in water bodies, drinking water in centralized water supply systems is regulated by
the requirements set forth in the sanitary rules: “Sanitary and epidemiological requirements for water
sources, places of water intake for domestic and drinking purposes, domestic and drinking water supply and
places of cultural and domestic water use and safety of water bodies” Order of the Minister of National
Economy of the Republic of Kazakhstan dated March 16, 2015 No. 209. Registered with the Ministry of Jus-
tice of the Republic of Kazakhstan on April 22, 2015 No. 10774 [7].

Sanitary and bacteriological monitoring is an important criterion for surveillance in addressing water is-
sues. Drinking water must comply with the regulated indicators for microbiological characteristics at all
stages of water supply to the consumer [8—13]. Therefore, the actual task of water treatment in providing the
population with drinking water is to guarantee its safety in terms of epidemics.

The purpose of our study is to assess the level of microbial contamination of water and sanitary facili-
ties in the Regional Clinical Hospital of Karaganda district in different seasons of the year.

Experimental

In the regional clinical hospital of Karaganda in the spring-summer and autumn-winter periods, samples
of tap water and swabs from environmental objects were taken in the following objects (Tab. 1).

Table 1
Number of water sampling and washings from environmental objects
Regional Clinical Hospital of Karaganda (therapeutic and surgical building).
Autumn-winter period Spring-summer period
22 water samples and 50 swabs from environmental | 25 water samples and 38 swabs from environ-
objects. mental objects.

Water sampling was carried out in accordance with the requirements of “Sanitary and epidemiological
requirements for water sources, places of water intake for domestic and drinking purposes, domestic and
drinking water supply and places of cultural and domestic water use and safety of water bodies”, Order of the
Minister of National Economy of the Republic of Kazakhstan dated March 16, 2015 Year No. 209. Regis-
tered with the Ministry of Justice of the Republic of Kazakhstan on April 22, 2015 No. 10774 [14, 15].

When taking samples of water from taps, they were first burned with a flame of a burning cotton swab
moistened with alcohol, then they were completely opened and the water was drained for 10 minutes. Water
was poured into sterile glass bottles (500 ml) in a sterile manner, without wetting the neck to prevent soaking
of the cork.

All water samples and washings taken for the study were numbered, and the accompanying document
was filled out. A cooler bag (Thermo-Kont MK, Russia) was used to transport the test samples. The studies
were carried out on the day of selection [16, 17].

The selected water samples were examined for microbiological parameters: total microbial number, to-
tal coliform bacteria, thermotolerant coliform bacteria [18-22].

The membrane filtration method [23, 24] was used to study water; the method is modern, accurate, and
provides quantitative and reproducible detection of contamination traces. The principle of the method is
based on filtering a certain volume of water through a membrane that traps bacteria. The membrane is then
incubated on an appropriate selective medium, which allows it to multiply and form colonies.

A single-funnel microbiological control system for membrane filtration manufactured by Sartorius was
used in the work, using a filtration system for cellulose nitrate filters with a pore size of 0.45 nm and sub-
strates with nutrient agar and Endo medium.

Sampling of swabs: sterile cotton swabs were moistened with 10 ml of sterile saline broth using a tem-
plate to wipe the surface of the objects in the horizontal and vertical directions. After taking samples from
the surface, swabs were immediately placed into test tubes with KODA transport medium [25-29].

Cepus «buonorua. MeguunHa. MNeorpadumsi». Ne 4(108)/2022 165



S.B. Akhmetova, |.A. Belyayev, A.O. Omarova et al.

Washouts from environmental objects and hands of personnel after a day of incubation in broth culture
at a temperature of 36+1°C for 18-24 hours, subculture was carried out on solid nutrient media: Hi Media
Salmonella — Shigellachrom Agar, yolk-salt agar, Endo medium.

Results and Discussion

As a result of microbiological inoculation of tap water samples, fluctuations in CFU/mI are observed
according to the seasons of the year, which is associated with weather conditions. In the spring period, an
increase in CFU/mI is observed, and in winter, a decrease in CFU/ml, the study results are shown in Tables
2,3.

Table 2

The results of microbiological indicators of the quality of tap water in the regional clinical hospital of Karaganda
(therapeutic and surgical building) in the autumn-winter period

MAFAM / GCB TCB
(CFU per 1ml) (CFU per 1ml) (CFU per 1ml)
e . ) Norm for ND: no | Norm according to Norm according
Water sampling points more than 50 ND: absence in 100 | to ND: absence in
CFU / ml ml 100 ml
Surgical building
1 General surgery Small procedural 3 11 0
2 Gynecology 1,6 52 8
3 Gynecology inventory 15 83 1
4 Proctology sanitary room 3 21 7
5 Purulent surgery, small procedural 2,3 4 2
6 Urology Small procedural Ne 1 3 7 6
7 Urology Small procedural Ne 2 3 7 6
8 Reception area shower 3 5 5
Therapeutic building
9 Endocrinology treatment room 3 12 12
10 | endocrinology service toilet 3 12 5
11 | Endocrinology room 3 7 7
12 | Nephrology treatment room 3 0 0
13 | Nephrology toilet 2,5 50 4
14 | Rheumatology toilet 1,6 20 54
15 | Neurology inventory 2,4 10 30
16 | Neurology procedural 2 5 40
17 | Pulmonology inventory 2,5 25 25
18 | Pulmonology procedural 2,6 26 24
19 | Inventory room X-ray diagnostics 3 12 16
20 | X-ray diagnostics treatment room 2,5 30 16
21 Ward Ne 1 2 3 4
22 | Ward Ne 2 3 10 4
Table 3

Results of microbiological indicators of the quality of tap water in the regional clinical hospital of Karaganda
(therapeutic and surgical building) in the spring and summer

Ne MAFAM / GCB TCB
(CFU per 1ml) (CFU per 1ml) (CFU per 1ml)
. ) Norm for ND: no Norm according to | Norm according to
Water sampling points more than 50 CFU / | ND: absence in 100 | ND: absence in 100
ml ml ml
Surgical Corps
1 Ward Ne 2 1 10 0
2 Dynamic Observation Chamber 2 4 2
3 endoscopy toilet 1 20 2
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4 Gynecology emergency room 1 22 3
5 Urology 1 28 1
6 Proctology 2 1 0
7 Thoracic department purulent 1 12 0
8 ICU service toilet 1 7 0
9 General surgery sanitary block 1 30 1
10 | Food preparation room gynecology 1 9 0
11 | Small procedural gynecology 0 0 2
Therapeutic building
12 | Inventory reception room 1 15 3
13 | Toilet for visitors to the polyclinic 1 1 3
14 | Rheumatology razdatka 1 1 2
15 | Resident Endocrinology 4 12 0
16 | Wc endocrinology 2 5 1
17 | Inventory rheumatology 4 30 13
18 | Rheumatology dispensing 1 6 4
19 | Nephrology treatment room 1 1 0
20 | Sanitary room left wing 1 15 0
21 | Endocrinology inventory 1 0 0
22 | Pulmonology razdatka 3 48 1
23 | Inventory neurology 1 3 0
24 | Food preparation room gastroenterology 1 14 2
25 | Electrotherapy cabinet 1 1 0

In the spring-summer and autumn-winter periods in the studied water samples of the regional clinical
hospital in Karaganda, the MAFAM indicators do not exceed the standard (Tables 2, 3).

The autumn-winter period, according to the results of GCB, TCB, indicates a significant level of micro-
bial contamination in objects. According to the study, 21 samples did not meet the hygienic standards in
terms of the presence of intestinal bacteria (GCB), in this table (Table 2) only one water sample (Neprology
— treatment room) corresponds to ND.

Total coliform bacteria (CFU per 100 ml) in 20 samples exceeded, in the sample (Inventory Gynecolo-
gy) regional clinical hospital in Karaganda reached 83 CFU per 100 ml.

The autumn-winter period was positive in 95.4 % of samples for common coliform bacteria and the av-
erage titer was 19.6 CFU per 100 ml, for thermotolerant bacteria 90.9 % of samples, the average titer was
12.5 CFU per 100 ml.

Analysis of the microbial landscape of tap water at the points of sampling of the regional clinical hospi-
tal in Karaganda in the spring-summer period of observation showed an excess in terms of total coliform
bacteria and TCB, which indicates an indicator of microbial contamination (Table 3).

In terms of total coliform bacteria, the amount less than >10 CFU/100 ml was found in samples No. 2
(Dynamic Observation Ward), No. 6 (Proctology), No. 8 (ICU service toilet), No. for visitors to the polyclin-
ic), No. 14 (Rheumatology food preparation room), No. 16 (San. node endocrinology), No. 18 (Distributing
rheumatology), No. 19 (Nephrology treatment room), No. 23 (Inventory neurology). The highest number of
total coliform bacteria ranged from 10 to 48 cfu/100 ml.

When evaluating the results, TCB was found in samples No. 2, No. 3, No. 4, No. 5, No. 9, No. 11, No.
12, No. 13, No. 14, No. 16, No. 18, No. 22, No. 24, and their number was from 1 to 3 CFU/100 ml in the
water sample.

Thus, the percentage of positive samples according to GCB was 92 %, and the average titer was 11.8
CFU per 100 ml. Thermotolerant coliform bacteria were positive in 56 % of samples, mean titer 2.8. The
leading position in terms of the high indicator for the GCB of the test water sample was shown by a sample
(distributed pulmonology) 48 CFU/mI, a sample (inventory rheumatology) by TCB 13 CFU/ml.

Thus, unsatisfactory sanitary and bacteriological indicators for GCB and TCB indicate unsanitary con-
ditions and require measures to be taken to eliminate the unfavorable situation in the Regional Clinical Hos-
pital of Karaganda, especially in the spring.

Results of swabs from environmental objects: In winter, conditionally pathogenic microorganisms were
detected from the following washings of the Karaganda Regional Clinical Hospital: strains of Pseudomonas
aeruginosa in the gynecological department from the tap and toilet bowl, Acinetobacter baumanii from the
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toilet bowl in purulent surgery. The detection of typical nosocomial pathogens Pseudomonas aeruginosa and
Acinetobacter baumanii in swabs is epidemiologically alarming and requires an objective assessment of the
situation.

Results of washings from environmental objects: In winter, conditionally pathogenic microorganisms
were detected from the following washings of the Karaganda Regional Clinical Hospital: strains of Pseudo-
monas aeruginosa in the gynecological department from the tap and toilet bowl, Acinetobacter baumanii
from the toilet bowl in purulent surgery. The detection of typical nosocomial pathogens Pseudomonas aeru-
ginosa and Acinetobacter baumanii in swabs is epidemiologically alarming and requires an objective as-
sessment of the situation.

Thus, in the Regional Clinical Hospital of Karaganda, the presence of microorganisms characteristic of
pathogens of nosocomial infections such as S. aureus, Ps. aeruginosa, K. variicola and A. baumanii. In large
multidisciplinary hospitals, such as the regional clinical hospital, the formation of its own microbiocenosis of
a multidisciplinary hospital is natural, but these pathogens are characterized by high risks of the formation of
multi- and pan-resistant strains.

Conclusions

During the study period, seasonal variability of indicators in the studied samples of tap water is traced.
The water of the central water supply is characterized by systematic excesses of both total coliform and
thermotolerant coliform bacteria.

In the city of Karaganda, there is a great stability in the quality of water supply, regardless of the sea-
sons, despite the excess of standard indicators. It can talk about either the low quality of water treatment or
about quality problems in the water supply network at the sampling points (Regional Clinical Hospital of
Karaganda). At the same time, it is worth noting the high percentage (almost 98 %) of positive samples in the
spring. In winter, there are a lower percentage of positive samples and a significantly lower microbial load.

The quality of drinking water decreases in the spring, we believe that the most likely reason for the de-
terioration in the quality of drinking water is the ingress of melt water and rainwater into the source. Viola-
tions of the technological conditions for the operation of water treatment facilities, secondary water pollution
in worn-out water distribution networks could also be the cause of unsatisfactory results.

In the Regional Clinical Hospital of Karaganda, a higher percentage of positive swabs is noted, which is
associated with a higher load on the regional hospital, as well as a better supply of antimicrobial disinfect-
ants, which leads to selective selection of more resistant strains.
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C.b. AxmeroBa, 1.A. benses, A.O. Omaposa, XX.T. AMupxaHosa

KbuuabiH opTYypJi Mesrisiinge Kaparanabl KajJacbIHbIH
OO0JBbICTBIK KINHUKAJIBIK AyPYXaHACBIHA CY/AbIH KIHE
CAHUTAPJIBIK NAaHJa1aHy OPbIHAAPbIHBIH MUKPOOTBIK JIACTAHYBIH 3€pTTEY

Kasipri yakpITTa cyMeH »aOApIKTay camachl )koHe Cy MaiiianaHy 0OBeKTIICPiHiH XKaFaaibl afaMaap MEH jka-
Hyaplap/blH J€HCayJbIFbIH, COHAM-aK XaJIBIKTBIH eMip CYpPy camachlH Kojjayaa 6acTel pell aTkapaasl. Ma-
KaJIJaHbIH MaKcaThl — OOJIBICTBIH OPTAJIbIK JKOHE €H ayKbIMJbl MEIUIMHAIBIK MekeMeci peTinae Kaparanmp
KastachIHAarbl OONBICTHIK KIMHUKAIBIK aypyXaHaHBIH KYOBIp Cybl MEH CaHUTapJIbIK MaimanaHy OpbIHIapHI-
HBIH MUKPOOTBIK JIACTaHy JICHI'eHiH KBULIBIH SPTYpPiIi Me3ritinae 6aranay. 3epTTey il HoTIKenepi OoibIHIIa
KeJeciziell KOPBITBIH/BI JKacayFa OoJambl: 3epTTey Ke3eHIHEe aFblH CYBIHBIH 3epTTENITeH YITLIepiHeri Kop-
CETKIITepIiH MayChIMABIK ©3TrepMeNiIirin Oaikayra 6osansl. OpTaiblK ¢y KYOBIPBIHBIH CYBI JKQIIBI KO-
(bOopMIIBI JKOHE TEPMOTOJIEPAHTTHI TASKIIA OAKTEPHUSIAPBIHBIH XKYHEN Typlie achlll KeTYiMEH CHIIaTTalajbl.
Kaparanapl KanacblHIa HOPMAaTHUBTI KOPCETKIIITEPiH aCKaHbIHA, JKbII ME3TUIAepiHe KapaMacTaH CyMeH KaM-
TaMachl3 €Ty canachblHJa YIKEH TYPaKTBUIBIK Oaiikamambl. By cyabl TazapTy camachIHBIH TOMEHITIH HEMece
ceiHaMa any nmyHkrTepinzeri (Kaparanae! K. OOJIbICTHIK KIMHUKAIBIK aypyXaHachl) ¢y KYOBIPHI KeJiCiHiH ca-
HackIHa KaTBICTHI Macenenepai kepceTyl MyMKiH. COHBIMEH KaTap, KOKTeM Ke3iHJe HOTIIKeci OH ChIHaMallap-
JIBIH JKOFaphl Malb3bIH (mamaMeH 98 %) atam eTkeH *eH. KpicTa HOTHXKeCi OH ChIHaMaap/blH MalbI3bl a3
JKOHE MUKPOOTEHIK JKYKTeMeci aitapiblkTaii ToMeH. KyOBIp CYBIHBIH carachl KOKTEM Me3TiliHAe TOMeHIeH i,
carachIHBIH HallapJaybIHBIH BIKTUMAN ce0e0l — epireH jkoHe jKaHOBIP CYBIHBIH KYOBIp CyBI KO3iHe TYCYi Jel
canaliMb13. Cy Ta3apTy KypBUIBICTaphIH MalialaHy Ke31HAEr TeXHOJIOTHSIIBIK IIapTTAPBIHBIH OY3bUIYHI, TO3-
FaH Cy KYOBIPHI JKeNiJIepiHeTi CyIbIH €KiHII PeTTi JacTaHybl Ja KaHAFaTTaHAPIIBIKCHI3 HOTIKEIepre cedemn
60ysr MyMkiH. Kaparannbr K. OOIBICTBIK KIMHUKANBIK aypyXaHAChIHAA albIHFAH MAHBIHABIIAPIBIH OH HO-
THO)KECIHIH JKOFaphl TalbI3bI Oalikanaabl, Oyl OOJBICTHIK MaHBI3HI 0ap aypyxaHa/ia >KYKTEMEHIH YKOFapIIbIFbI,
COHZali-aKk MUKpOOKa Kapchl Ae3MHPEKIHUAIBIK KypalgapMeH JKaKChl jKaOJpIKTayMeH OalinaHBICTHI, Oy He-
FYPJIBIM TO3IMII IITaMAAPABI iPIKTEIl aTyFa oKeJeIi.

Kinm ce30ep: KyOBIp Cybl, MUKPOOHOJIOTHS, *KaJIbl KOIUGOPMIBI OaKTepHsiap, TePMOTOIEPAHTTHI KOJHU-
(dhopmabl GakTepHsIap, MIaHbIHIbL.

C.b. AxmeroBa, U.A. bensieB, A.O. Omapona, XK. T. AMupxaHosa

N3yuyenune MUKPOOHOT0 3arpsi3HEHUS BOJAbI U MEeCT CAHUTAPHOTI'0 MOJIb30BAHMS
B O0s1acTHOI KIMHUYecKoil 0oJbHuIE I'. Kaparanabl B pa3Hble ce30HbI roJa

B coBpeMEHHBIX YCIOBHAX KadeCTBO BOJOCHAOXKECHHS W COCTOSHHE OOBEKTOB BOJOIIOJB30BAHUS HUTPAIOT
KJIFOUEBYIO POJIb B MOAJIEPIKaHUHU 370POBbs JIIOJICH U )KUBOTHBIX, a TAKKE KauecTBa JKU3HU HacesleHus. B cBs-
3H C 3TUM MBI IOCTABUJIM LIEJIBIO HAIIEr0 UCCIIE0BaHUS — OLEHUTh YPOBEHb MUKPOOHOI'O 3arpsi3HEHUs BO-
JIOTIPOBOJTHOM BOJIBI M MECT CAaHUTAPHOTO MOJb30BaHus B O6nactHOU kmuHndeckoi OompHuIle (OKB) r. Ka-
paran/ipl, Kak HEHTPAJILHOTO M HanOoJiee MOLHOTO MEITUIMHCKOTO YUPEKACHNST 00NacTH, B Pa3HbIE CE30HBI
roga. [1o pe3ynpraTaM HaIIEro HCCIEAOBAHUS MOKHO C/IENATh CIEAYIOIINE BEIBOABI: B IEPHO UCCIIEIOBAHMS
MPOCTIeKUBACTCS CE30HHAsS W3MEHUYMBOCTH TIOKa3aTeJeld B MCCIENyeMBIX 00pa3lax BOJOIPOBOIHON BOIBL.
Boma nenTpanpHOro BomOCHAOKEHHS XapaKTEPH3YeTCs CHCTEMAaTHUYSCKHMH TPEBHIICHUSMH ITTOKa3aTeneH,
Kak 00muX KONMM(pOPMHEIX, TaK U TEPMOTOJIEPAHTHBIX Koau(opMHBIX Oakrepuii. B r. Kaparanne ormeuaercs
Gosnblras cTaOMIBHOCTh KayecTBa BOJOCHA0XKEHHS BHE 3aBUCHMOCTH OT CE30HOB, HECMOTPSI Ha IIPEBBIICHHUE
HOPMaTHBHBIX TOKa3areneld. MOXHO TOBOPHTH O JIMOO HH3KOM KadecTBE BOJOIMOATOTOBKH, JMOO O Kade-
CTBEHHBIX MPOOJIeMax Ha BOAOMPOBOAHOU ceTr B Toukax otoopa (OKbB r. Kaparaumsr). [Ipu 3ToM cTouT 0T-
METHUTB BBICOKHI MPOLEHT (04T 98 %) MONoKHUTEeNbHBIX MPo0 B BeceHHHUIT nepuoi. B 3umHuii nepron ot-
MeYaeTcsi MEHBLINH MTPOLIEHT IOJI0KUTEIBHBIX IPO0 M 3HAUUTENILHO Ooiee HU3Kas MUKpoOHast Harpyska. Ka-
YeCTBO BOAOTPOBOIHON BOJBI CHIDKAETCS] BECHOM, MBI CUATAaEM, YTO HanboJiee BepOsTHAS MPUUYMHA YXY/LIe-
HUSI Ka4ecTBa BOJBI — IIOTAJ]aHNe B UCTOYHHK TaJbIX BOJ M CTOKOB JOKAEBOH BoAbl. Hapymenuns TexHoo-
THYECKHUX YCIIOBHU DKCILTyaTallil COOPYKEHHH BOJOMOATOTOBKH, BTOPHYHOE 3arps3HEHHE BOIBI B M3HO-
HIEHHBIX BOJOPA3BOMIAIIAX CETAX TAKKE MOTYT SBUThCS MPUYNHON HEYIOBICTBOPHTEIBHBIX pe3yabTaToB. B
Ob6nactHo#t knMHUYECKON OonbHUIe T. Kaparaumsl oTMedaeTcss 0oJjiee BHICOKHIN MPOIEHT MOJOKHUTEIbHBIX
CMBIBOB, YTO CBSI3bIBACTCS C 00JIee BHICOKOI Harpy3Koi Ha ctalMoHap 00JacTHOTO 3HAYeHMs, a TaKkxKe Oolee
JydIireM o0ecrieyeHnH aHTUMUKPOOHBIMU NpenapaTamMy Ae3uH(eKTaHTaMH, 4TO MPUBOAUT K M30MPaTeIbHOM
ceneKIuu 0osee yCTOWYMBBIX IITaAMMOB.

Kniouesvie crosa: BOJONPOBOAHAS BOJIA, MHKPOOHONIOTHS, 00MmHe KOMH(OpPMHBIE OaKTepHH, TEPMOTOJICPAHT-
HbIe KOTM(OPMHBIE OAaKTEPHH, CMBIBBI.
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OueHka pyHKUMOHAJIBHOIO COCTOSIHUS PA0OTHUKOB CeJIbCKOXO03511iCTBEHHOM
0TPac/M B Mpouecce TPYA0BOM AeITEJIbHOCTH

ObecneyeHue 6€30MacHBIX YCIOBUHM Tpyada M COXPaHEHHS TPYAOCIOCOOHOCTH paOOTHUKOB NMPEANPHUATHIL SB-
JsleTcss Ba)KHOM 3amadeidl B 1000 SKOHOMHYECKOW oOTpacid. B 3HauMTeNnbHONW CTEHNEHH CONMaIbHO-
HKOHOMHYECKHE NpeoOpa3oBaHUs HETaTHBHO CKAa3alINCh Ha arpapHOM CEeKTope Hpou3BozacTea. IIpoBeneHa
OlleHKa (PM3MOJIOTHYECKHX ITOKa3arenel (QyHKIMOHAIBLHOTO COCTOSHHSI Pa0OTHHKOB B ITpoLecce TPYHOBOM
JEeATeNbHOCTH 43 pa3nuuHbIX mpodeccuii 6 MpeanpusaTHi CebCKOX03sMICTBEHHON oTpaciu cTpassl. Mccie-
JoBaHUE (QYHKIIMOHAIBFHOTO COCTOSHUS paOOTHUKOB BKIIOYAIO H3YUCHHE COCTOSHHS OCHOBHBIX (DH3HOJIOTH-
YECKUX TII0Ka3aTeJled CHUCTEeM OpraHu3Ma: LEHTPAJIbHOW HEPBHOM, CEpAEYHO-COCYAUCTOM, HEPBHO-
MBIIIEYHOM, IBIXaTeNbHOI CHCTEM M CIIyXOBOTO aHAIM3aToOpa B 2 3Tala «J0» U «II0CIe» OKOHYAaHHs pabouei
CMeHBI. BBISIBIICHO, UTO aJanTaIl[IOHHBIE IPOIECCHl PAOOTHUKOB B YCIOBHSAX TPYAOBOTO IpOIEcca MpOsBII-
I0TCS B BUZIE CHIDKEHHS (pr3mueckoi paboTOCIIOCOOHOCTH M pe3epBHBIX BOZMOXHOCTEH opranusma. Pesyins-
TaThl MCCIICIOBAHNI CBHIETENBCTBYIOT 00 aKTyaJbHOCTH pa3pabOTKH M peai3alii KOMIUIEKCa MEpOIpHs-
THI, HANlPaBJICHHBIX Ha YJIy4IICHHE YCIOBUH TpyJa M BOCCTaHOBJIEHHE (DYHKIMOHAJBHBIX PE3EpPBOB Opra-
HHU3Ma PabOTHUKOB HCCIEAYEMBIX IPEIIPHATHH.

Knrouegvie cnosa: cenbCkOX03siCTBEHHAs OTPaAciib, pabouue npodeccuu, BpeAHbIe YCIOBUS TPyAa, HU3HOIIO-
THYECKHe MMoKa3aTeny, GyHKIHOHATIbHOE COCTOSIHUE OpraHU3Ma, TPYAOBas AEsATEeIbHOCTh, )KUBOTHOBOJICTBO,
pacTeHHEBOACTBO.

Beeoenue

[Ipobnema obecrieueHus: O€30IIACHBIX YCIOBUN TPYyJla M COXPAHECHHSI TPYAOCIOCOOHOCTH PabOTHUKOB
MPEANPUATUHN SBISICTCS BAKHOHN 3aa4yeil B TIF0O0H SKOHOMHYECKOW OTpaciau. B CBs3u ¢ 4YeM BbI3bIBACT MH-
Tepec M3ydeHUs (PU3UONOTUUYECKUX TMOKa3aTenel (HYHKIMOHAIBHOTO COCTOSHHUS OpraHu3Ma pabOTHHKOB
CENBbCKOT0 XO034HCTBA B IPOLIECCE TPYAOBOW MAESITEIBHOCTH. B 3HAUUTENBHONW CTENEHUM COLMAIBHO-
SKOHOMHYECKHE MpeoOpa3oBaHus, Kak B CTpaHax He3aBUCUMBIX FOCYAapCTB, Tak U B KazaxcraHe, B 11eJI0M,
HETaTUBHO CKAa3aJIUCh HA arpapHOM CEKTOpe Mpou3BojacTBa. [IpoBeeHHbIE UCCIEA0OBAHUS KOHCTATUPYIOT,
YTO TPHUPOCT CEIHCKOTO TPYIOCHOCOOHOTO HACENIEHUS C KaXIbIM TOJOM CHHXXAETCS W TPUBOIAUT K
YMEHBIIICHUIO TPYJIOBEIX pecypcoB. M3BeCTHO, YTO HAYaIO TTPOU3BOJCTBCHHOU NEATEILHOCTH paboTHUKA
CBSI3aHO C TEPEXO0JIOM OpraHM3Ma Ha HOBBIM, pa0ouuii ypoBeHb (PYHKIIMOHAIBHOTO COCTOSHHUS CUCTEM U
OpraHoB, 00eCIeUnBaIONMUN BO3MOKHOCTh BBIIIOJIHEHUS Tpyda. IIpu 3TOoM OCHOBHBIE (DH3HOJIOTHYECKUE
CABHUTH Yy paOOTHHUKOB CEJILCKOTO X03HCTBA HAOIOAIOTCS CO CTOPOHBI HEPBHOM, CEPJIEUHO-COCYINCTOMN H
neixarensHoi cuctem [1-3]. Ha coBpeMeHHOM dTare JUist COXpaHEHHS 3J0POBbs U MPOGECCHOHATEHOTO
JIOJITOJIETUSI PA0OOTHUKOB CEBCKOTO XO03SHCTBAa HEOOXOAMMO AallbHEHIee COBEPIICHCTBOBAHUE MOHHUTO-
pUHTa YCJIOBHH Tpyna WU pa3paboTKa MEpONPUSTUN 10 MpOoHIaKTHKE MpodeccCHoHANBHON 3a00JIeBaeMo-
ctu. VIcXo/1s U3 U3JI0)KEHHOTO BBIIIIE, IIEJIbI0 Pa0OTHI SBHJIACH OLIEHKA (PU3MOIOTMUECKUX IMOKa3aTeliel op-
TaHU3MOB PaOOTHUKOB Pa3IUYHBIX MPEANPUIATHHA CEThCKOXO3SMHCTBEHHOW OTPAciId B MPOIECCE TPYIOBOM
JEATEeIbHOCTH.

Mamepuanvt u memoowvi

OrneHka (U3NOIOTUYECKUX TOKazaTelell (hyHKIIMOHAIBHOTO COCTOSHHS Pa0OTHHKOB CEIbCKOXO03sHi-
CTBEHHOU oTpaciu OblIa mpoBeneHa Ha 6 npennpusTusax. MccnenoBanue ycnoBuil TpyAa NpOBOAMIH C TIO-
MOIIBI0 HHCTPYMEHTAIBHBIX 3aMEPOB BPEAHBIX (PaKTOPOB MPOU3BOJICTBEHHON CPEbl, TSHKECTU U HAIIPSKEH-
HOCTH TPYJOBOTO IPOIECCa B COOTBETCTBHUH C JICUCTBYIOIINMHU TMTHEHUYECKUMH HOpMaTHBaMu. B cBs3u ¢
OOJIBIIMM KOJMYECTBOM Pa3JIMUHBIX HAlpaBJICHUH JESITEIbHOCTH, XapaKTEPHBIX AJISI CEJILCKOTO XO3sICTBa
(ITMEBOACTBO, KUBOTHOBOJCTBO, PACTEHUEBOACTBO, NEPEPadOTKa U BBIITYCK C/X MPOLYKIMHU U Ap.), UCCIIe-
JOBaHUSIM TIOJIEXKAaI0 43 pa3NuaHbIX Mpodeccuit.
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Briu o6cnenoBanb! 88 paOOTHUKOB CEITLCKOTO X035HCTBa B Bo3pacte ot 21 10 59 net, pasjaeeHHbIe Ha
6 rpynm: xxuBotHOBOACTBO (IDK) — 1,2, n=34; pactenueBoactso (IIP) — 1-4, n=54. B coorBeTcTBHH C
TpeOOBaHUAMH OMOMEIMIIMHCKOMN STHKU OBLIO MOMYy4YeHO HH(POPMHUPOBAHHOE COTIacHe O0OCIIeZIOBaHHBIX pa-
OOTHUKOB.

Ornenka (PYHKIMOHATBHOTO COCTOSIHUS PaOOTHHKOB CEIbCKOTO XO3SHCTBA BKIIIOYANa W3YYCHHE CO-
CTOSIHHISI OCHOBHBIX (DPM3HOJIOTHYECKUX MOKA3aTeNell CHCTeM OpraHu3Ma: IEeHTPabHON HEPBHOM CHCTEMBI
(IHC), cepneyno-cocyIucToi, HEpBHO-MBIIIEYHON U ABIXAaTENbHOI CHCTEM, a TaKXKe CIyXOBOT'O aHAIH3a-
Topa B 2 3Tana (1 aTam — «Jo» U 2 — «I0Cie» OKOHYaHUs paboyeil CMeHBI).

IIpu uccnenoBanuu moxasareneit [IHC yunteiBanuce: A — x03(pQHUIIEHT TOYHOCTH BBITIOTHEHUS 3a-
nauvsi; P — koappuImeHT yMcTBeHHONW MPOAYKTUBHOCTH; Q — 00BbeM 3puTenbHON WHpopManuu; S —
CKOpOCTh mepepadoTku nHpopmanuu; YBH — noka3aTeslb yCTOWYMBOCTH BHUMAaHUS U3Yy4aJUCh 10 METO-
ny bypmona-AndumoBa [4]; mcciegoBaHHUS CEPIEYHO-COCYIUCTON CHUCTEMBI, a TaKXKe CHCTOINYECKOTO
aprepuansioro (CAJXl) m mmactommueckoro (JAJ]) maBiaeHwMs KpOBH, YacTOTa CEPAEYHBIX COKpPAICHIMIMA
(YCC), pacuer nynbcoBoro aasienus (I1/1) mpoBoammuck nmo meroxy H. KopoTkosa [5]; neixarenbHas cu-
crema — MetogoM crmpomerpun (PKEJD) [6]; HepBHO-MBIIIEUHAs CHCTEMa — METOAO0M JMHAMOMETPHH
[7]; nccinemoBaHrEe CIyXOBOTO aHAJIM3aTopa (MpoBepKa ocTpoTHl ciyxa Ha wactote 1000 I'm — ycpennen-
HBII CTAaHJAPTHBIA MOPOr cABUMOCTH — I1 = 1:10—12 B1/M?) — cOBpeMeHHBIM IIPUOOPOM ayIHOMET-
pom AA-22 [8]. CratucTrueckas 00paboTKa pe3yabTaToOB MUCCICIOBaHMs MPOBEICHA C MPUMCHEHHEM I1a-
KeTa mporpaMMHbIX npunoxkeHnit Microsoft Excel XP (Microsoft Corp., USA) u mHTETprpOBaHHOTO Ta-
keta cratuctuueckux nporpamm STATISTICA 10.0 (StatSoft Inc., USA) [9]. [Tonyyentsie ganubie 0Opa-
OaTpIBasIM OOMICTIPUHATHIMA METOJIAMHU C OINpPEeIEHUEM MAaTEMaTHUYECKOTO OXHIAHUS, CPEAHECKBAIPaTH-
YECKOTO OTKJIOHCHHUs, OMMOKH cpeaHedl u mocToBepHOCTH paznuuus (mo CrerogeHty). JlocToBepHBIME
cuntanuck casuru mpu (p < 0,05).

Pesynomamul u ux obcyscoerue.

Ilo pesynpraram uccienoBaHUs (U3MOJIOIMUCCKHUX IMOKa3aTelied HepBHOW cuctembl, y 20 u3 78-tu
pabotHuKOB TipeanpusTus xxkuBotHoBocTBa (IDK—1) (Mexanm3artop, orepaTop, MOTPY34HK, dIEKTPOCBAp-
LMK U Jp.) OTMEUYEHO MOBBIIICHHE KOA((UIIMEHTa YMCTBEHHON MPOAYKTUBHOCTH U CKOPOCTH TIepepadoT-
Ku nHpopManuu B KoHe padoyero nus (p<0,05) (tabn. 1). I[To muenuro 1.B. bepauesoii [10], moBbiie-
uHue nokazareneit [[HC B xoHIe paGodell CMEHBI yKa3bIBaeT Ha YCIIEITHOCTH MpoIlecca cpadaThIBaHUA, B
pe3ylbTaTe 4ero, y pabOTHUKOB HOPMAIU3YIOTCS IMOKA3aTeNH YMCTBEHHON paboTocnocoOHOCTH. DyHKIH-
OHAaJIbHOE COCTOSIHUE HEPBHO-MBIIIEYHON CHCTEMBI Y PAOOTHUKOB MCCIIEAYEMBIX MIPEANPHUITAN B MPOIecce
TpyZAa OTpaXKaJId MOKa3aTesid JUHAMOMETPHUH, B YACTHOCTH, MAKCUMAaJIbHOE MBIILICYHOE YCHUIINE KUCTU PYK
(J1eBo¥i W IpaBOii) U CHIIOBOM MHIEKC (TadI. 2).

VY 74 % paOOTHUKOB TIOKa3aTell HEPBHO-MBIIIEYHOW CHCTEMBI IO OKOHYAHUH CMEHBI OCTaBaJNCh 0€3
U3MeHEeHuit, TosbKo y 13 pabotHuko (I1K—1) Habmromanucy qOCTOBEPHbIC H3MEHEHHUSI B CTOPOHY YBEIH-
4yeHHus MblmedHor cuibl (p<0,05), 4To, BO3MOXKHO, YKa3bIBaeT HA BOZHUKHOBEHHE MBIIIEYHOI'O HampsiKe-
HUSl BCJICACTBHE (PU3MYECKHX HArpy30K, YTO IMOJATBEPKAAETCS XapakTepoM TpyAa paOOTHUKOB JAHHOTO
BHJIa CeJIbCKOTro x03siicTBa [10]. AHanu3 QyHKIIMOHAIBLHOTO COCTOSHHUS CEPACUHO-COCYIUCTON CHUCTEMBI
(Tabn. 3) mokazai, uro y 73 % paboTHUKOB He HaOMrOAan0Cch 3HaunTeNbHbIX m3MeHeHnit CAJl, JAJ] u [1]]
70 u mociie paboueit cmeHbl. Bmecte ¢ Tem y 21 pabGoTHHKA KHBOTHOBOIYeCcKOro komruiekca (ITDK-2)
CA/l u IAJl B MM pT. CcT. ocie paboueii cMmensl (p<0,05), HA000POT, MOBBIIIATKCH, YTO, COIIACHO UCCIIe-
noBaHusM aBTopoB [10, 11], cBsi3aHO ¢ peakiuel opraHM3Ma Ha BO3ACHCTBHE (HU3MUECKUX HArpy30K, a
TaKXe C 3MOLMOHAIBHBIM HanpspkeHneM. OLeHKa (U3M0JIOTHYeCKUX MoKa3aTeNeil AbIXaTeIbHOH CHCTEMBI
BCceX 00CJIeJOBaHHBIX PaOOTHWKOB HE BBISBUJIA 3HAYMTENLHBIX W3MeHeHMi, mokaszarenu JKEJI Obutn B
npeaenaax HopMeI (Tabi. 4).

WzyveHne npu3HAKOB BO3AEHCTBUS IIyMa Ha opraH ciyxa 39 paGOTHUKOB 5 MpenNpHUITUN CEIbCKOTr0
xo3stiicTBa (pabotHuku IDK—2 He yuacTBOBanM B MCCIEI0BaHMM) NTOKA3aJI0, YTO BEIPAXKEHHBIE OTKIOHEHHUS
OT HOPMBI HAOIIOAANCh y PaOOTHUKOB BCeX OOCIENOBAHHBIX MPEANPUATHH (CM. pHC.). Pazmuumst Mexnay
MOKa3aTeJIIMU JIEBOTO M MPaBOro yxa HabOJII0Aanuch, B OCHOBHOM, y ONEPaTOPOB, TOKaped M CBApIIMKOB
BCIIOMOTaTeIbHBIX MOAPA3IeICHUN NPEANPHUITHIA KaK )KUBOTHOBOJCTBA, TAaK U PACTCHHEBO/ICTBA.
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Taobnuma 1

Iloka3zaTean yMCTBeHHOﬁ paﬁOTOCHOCOﬁHOCTl/I paﬁOTHl/IKOB CeJIbCKOXO0351iiCTBEHHOM 0Tpac/ii 10 4 1ocCJjie CMEHbI

KonnuectBo A P Q S YBH
oOcnemnye- (ycn. en.) (yen. en.). (ouT) (B but/c) (B ycm.en.)
Hpen- MBIX
|
JI0 mo- J0 | mocne 10 nocre JI0 mnocJe q0 | mocie JI0 nocie
cie
IK-1 20 20 0,9+ | 1,0+ | 2939+ | 3362+ | 191,0+ | 2044+ | 13+ | 1,7+ | 89,2+ | 1524+
0,01 | 0,01 12,9 6,5* 7,5 4,2 0,1 |0,03* | 253 31,6
IK-2 10 10 0,9+ | 0,9+ | 340,6+ | 308,5+ | 226,3+ | 200,4+ | 1,6+ | 1,5 | 96,0+ | 77,2+
0,03 | 0,03 26,0 24,3 20,9 16,9 0,1 0,1 42,3 19,7
I1P-1 12 12 0,9+ | 0,9+ | 3393+ | 347,6+ | 229,6+ | 2284+ | 1,6+ | 1,7+ | 70,6= | 1052+
0,03 | 0,03 31,2 22,1 19,5 12,1 0,1 0,1 20,9 38,1
I1P-2 14 14 0,9+ | 0,9+ | 330,8+ | 3332+ | 203,9+ | 209,7< | 1,6+ | 1,6+ | 114,2+ | 158,9+
0,02 | 0,23 18,7 25,4 11,1 17,0 0,09 0,1 32,8 41,9
I1P-3 8 8 0,9+ | 1,0+ | 279,5+ | 351,9+ | 203,8+ | 2144+ | 1,3+ | 1,7+ | 103,8+ | 260,5+
0,06 | 0,01 15,3 39,7 25,9 24,2 0,08 0,2 38,2 68,3
I1P-4 14 14 0,9+ | 1,0+ | 3182+ | 3522+ | 198,0= | 2149+ | 1,5+ | 1,7+ | 140,1+ | 176,9+
0,01 | 0,01 20,5 16,3 12,3 9,7 0,1 0,08 34,6 28,9

BHUJIOM JICATECIIBHOCTU — PACTCHUCBOICTBO,

YBH — nokasaTenb ycTOHYMBOCTU BHUMAHUS.

Ipumeuanue. IDK — npeanpusitie ¢ OCHOBHBIM BUJIOM JESTEILHOCTH — KUBOTHOBOJCTBO; [IP — mpeanpusTie ¢ 0CHOBHBIM

* — p <0,05 B cpaBHEHUH MEKAY TPYNIIAMH A0 H TOCJIE CMCHBI; A — KO3 (HUIUECHT TOYHOCTH BBINOJIHEHHS 3a1aHus; P — ko-
3¢ GHUIHEHT YMCTBEHHOH NIPOAYKTUBHOCTH; Q — 00BeM 3pHTeIbHON HHPOPMAINH; S — CKOPOCTH NepepadoTK HHPOPMALUH;

TaGnuma 2

Ioxka3aTenu u3MepeHusi CUIIbI KHCTH HEPBHO-MbILLIEYHOH cCTeMbl Y pA00THMKOB HCCIeAyeMbIX NpeANpUATHI
A0 U mocje cMeHbI

Konuue- Cuna xuct (M+m) CunoBoii uaaekc (M+m)

IIpennpusitus CTBO 00- JIeBas pyka Ipasasi pyka JIeBas pyKa Ipasasl pyka
ciaenye- o nocJje o rocJje o nociJie 1o rnocJie
MBIX
(n=88)

IDK-1 n=13 48,1+3, | 49,3+3, | 44,1+£3 | 47,73, | 68,444, | 74,1+4,3 | 74,8+5,1 | 76,9+£5,2
(Myx)) 5 5 N 2* 9 *
n=8 22,73, | 25,442, | 26,1£3 | 27,51, | 39,06, | 44,0+5,5 | 44,5+6,4 | 47,3+3,4
(>xeH) 3 6 9 4 4

IK-2 n=17 39,62, | 40,1+1, | 39,72 | 40,92, | 51,844, | 53,3+3,3 | 51,0+£3,9 | 52,4422
(Myx) 9 9 8 7 1

I1P-1 n=6 29,00, | 29,040, | 44,444 | 44,444, | 67,1£7, | 67,1£7,8 | 43,7£2,5 | 43,6+2,5
(Myx) 9 9 2 2 8
n=7 28,21, | 28,241, | 29,344 | 29,3+4, | 48,148, | 48,1+8,6 | 46,2+4,3 | 46,2+4,3
(okeH) 1 1 8 8 6

I1P-2 n=15 53,942, | 54,142, | 53,043 | 53,343, | 69,244, | 69,1+4,1 | 70,1£3,9 | 70,5+4,0
(Myx) 4 3 1 0 9

I1P-3 n=8 50,6+3, | 48,5£3, | 53,62 | 52,4+2, | 70,14, | 68,243,1 | 66,6+6,0 | 64,2+6,0
(Myx) 9 5 8 8 0

T1P-4 n=14 55,544, | 55,944, | 57,3£3 | 57,63, | 71,3£3, | 74,443,1 68,6+4,1

68,5+4,2

(Myx) 3 3 4 4 3

Ipumeuanue. TDK — npeanpusitue ¢ OCHOBHBIM BUJIOM JESTEIBHOCTH — XUBOTHOBOACTBO; [IP — mpeanpusiTue ¢ OCHOBHBIM
BUJIOM JICATCIBHOCTH — PACTEHHEBOACTBO; * p <0,05 B cpaBHEHHMH MEXKIY TPYIIIAMH JI0 M MMOCTIC CMEHBI.
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Tabnuma 3

Ilokazarenu cepaeqﬂo—cocyzmaoﬁ CHCTEMBbI paﬁOTl-ll/lKOB CceJIbCKOXO03s1iiCTBEHH O
0Tpac/id 10 U MocCJjie CMEHbI

Komnaectro 00-
. CAJI JIAZL 1
ITYEMBIX
[peamnpus- (n)=78 (MM.pT.CT.) (MM.pT.CT.) (MM.pT.cT.)

e 10 nocie 10 nocie JI0 nocie 10 nocie

IDK-1 21 |21 124,3+4,5 117,6+3,9* 76,2424 | 42,4425 | 41,4£2,0
81,9129 | .

IDK-2 17 |21 129,8+4,8 140,9+4,1* | 77,6+£3,8 | 89,142,5* | 52,2433 | 51,80+3,3
np-1 13 13 116,943,3 116,9+3,3 75,443,7 | 75,443,7 | 41,5£1,5 | 41,541,5
I1pP-2 15 15 135,3+5,1 128,0+3,4 88,743,6 | 77,0£2,4* | 46,7£2,1 | 51,0£2,5
1pP-3 8 8 127,5+6,7 128,8+8,8 83,846,5 | 77,546,2 | 43,842,6 | 51,3+4,8
P-4 14 |14 124,344 .4 128,7+5,3 75,042,7 | 81,4442 | 49,3434 | 47,1422
Ipumeuanue. TIDK — npeanpuatie ¢ OCHOBHBIM BUIOM AEATEIBHOCTH — >KUBOTHOBOACTBO; [IP — mpeamnpusaTie ¢ OCHOBHBIM
BHJIOM ACATEIBHOCTH — PACcTeHHEeBOACTBO; *p <0,05 B cpaBHECHHH MKy TPYIIIAMH JIO M MTOCIE CMEHBI.

Tabnuuma 4

Iloka3zare/ib KU3HEHHOH EMKOCTH JIeTKMX PA0OTHHUKOB HCC/IeAyeMbIX NPeANPUATHI celbCKOX0351iCTBEHH O
OTPAacJIM 10 U TOcJIe CMeHbI

Konunuectso JKusHeHHbI 00beM JICTKUX, JT
HaumenoBanue npen-
obcnenyemMbIx

NPUATUSA n=88 J10 CMEHBI IOCJI€ CMEHEI
IDK-1 n=21 2,9+0,2 3,2+0,1
IDK-2 n=17 3,8+0,2 4,2+0,2
nP-1 n=13 3,1+0,3 3,1+£0,3
1P-2 n=15 3,2+0,2 3,2+0,2
1P-3 n=8 3,2+0,2 3,2+0,2
P-4 n=14 3,7+0,2 3,7£0,2
Ipumeuanue. TIDK — mpeanpusTie ¢ OCHOBHBIM BHIOM AEATEITFHOCTH — XKHBOTHOBOACTBO; [P —
MIPEANPHUITHE C OCHOBHBIM BHIOM JICSITEILHOCTH — PAacTEHHEBOACTBO; * — p <0,05 B cpaBHEHHHU MEXTY
IpyIIaMH JI0 U 0CJIe CMEHBL.

30

28,1
27,7 )
’ 2so 273 26,7

9

21,5
20,4

19
20 \3 18,6

15

II’K-1 IIP-1 IIP-2 IIP-3 1IP-4

B Octpata ciIyXa, JIeBoe yxo M OcTpaTa CiIyXa, IpaBoe yXo ===(cTparta clIyxa, HOpMa

PucyHnok. AyauomeTpryuecKkre oKa3aTeln CIIyX0BOTr0O aHaJIu3aTopa pabOTHUKOB CEIIbCKOT0 X03sicTBa
(mopma 1o 15 nb npu cranmapTHOM nopore ciaslmumocty Ha yacrore 1000 I'r)
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AHanM3upyeMblid TOKa3aTelb HMEN JOCTOBEPHBIE pa3Inyius Mpu cTaxke padoTsl Menee 10 met, nanee, ¢
YBEIMYEHHEM CTa)ka, OHM CTAHOBWIIMCH BCce O0Jiee yCTOMUMBBIME Y OTIEpaTOpOB (TOJIBKO MPaBOE yXO0), TOKa-
peit u ciecapeii (eBoe yxo). CieoBareabHO, B COOTBETCTBUH ¢ MexTyHapoaHOH Kiaccudukarmei [12], y
pabOTHUKOB CENBCKOrO XO35HCTBa yCTaHOBJICHa HEHPOCEHCOpHAs OJHOCTOPOHHSS ciabas moTeps ciyxa C
HOPMAJTBHBIM CITyXOM Ha IIPOTHBOIIOJIOKEHHOM yXe. [lomydeHnbie pe3ynbTaTsl CBUAETEIBCTBYIOT O TOM, YTO
BO3JIEMICTBHE MPOU3BOJCTBEHHOTO IIIyMa MOXKET B JalbHEHIIIEM CIocOOCTBOBATh PUCKY Pa3BUTHA mpodec-
CUOHAJIBHBIX 3a00JICBaHUI OpraHoB ciryxa [13].

OneHka (pyHKIIMOHATIBHOTO COCTOSIHUSL Opranu3ma 88 paboTHUKOB 43 pa3nu4HbIX TpodeccHii cenbeKo-
XO35IICTBEHHOM OTpaciyd B IpoLEecce TPYAOBOM NEATEIbHOCTH IOKa3aja, YTO CO CTOPOHBI LIEHTPAaJbHOU
HEPBHOW CHCTEMBI YCTaHOBIJICH IMPOIECC BpaOaThIBaHWS, HOPMATH3UPYIOMNN MMOKA3aTeNd YMCTBEHHOH pa-
60oTocnocoOHOCTH TocIe paboyueii cMEHBI.

KommrekcHoe Bo3aeiicTBHE (haKTOPOB IMPOU3BOICTBEHHON CpPEIbI CENbCKOXO3SMCTBEHHOW OTpaciu, B
YaCTHOCTH, 3arpsi3HEHHE BO3ayXa padodell 30HBI pazIMYHBIMH Ta3aMH, TBUIBI0 U MUKPOOPTAaHU3MAMH, XH-
MHUYECKHE CPEACTBA 3alIUTHI M yIOOpeHus, IoXoH MUKpOKIMMaT [14] u Oonbiuas ¢usnyeckas Harpyska
pabOTHUKOB >KUBOTHOBOJICTBA U PACTEHHEBOJCTBA OOYCIOBIMBAET HEPBHOE HANPSIKEHHE CO CTOPOHBI MBI-
medHoi cucteMsl. [loBrIIeHre moKa3aresnei cepledHO-COCYANCTON CHUCTEMBI B KOHIlE paboueil CMEHBI y
pabOTHUKOB SBISIETCS PE3yBTATOM PEAKLIMU OpraHn3Ma Ha (U3NYECKUE HATPY3KH, a TAKXKE SMOIMOHATIBHOE
HanpspkeHue y pabOTHUKOB >KUBOTHOBOJCTBA. [Ipy 3TOM wHallle BCero B 30HE pHCKAa HEraTUBHOTO BO3JCH-
CTBUS BPEIHBIX IMPOU3BOACTBEHHBIX (DAKTOPOB, MPHUBOMSIIIETO K HEHPOCEHCOPHOH MOTEepe CIIyXa, MOXKHO OT-
METUTh PaOOTHHUKOB TaKUX MPO(ECcCHi, KaKk OmepaTop, TOKaph U ciecaphb (BCIOMOTATEIbHOE MOapa3ieie-
HUe). YKazaHHbIC BbIIIE PaOOTHUKM HAXOMATCS TOJ BO3JIEHCTBHEM KOMILIEKCa (PAKTOPOB: MPEBBILICHUE
YPOBHHU IITyMa U BUOpaIuu B pabodeii 30He, TSHKECTh U HANPSHKEHHOCTH TPYAOBOTO MPOIIecca, MUKPOKINMAT,
a TaKKe MPUMEHEHHEe YCTapeBIIero 000PyAOBaHUS U TEXHOJIOTUN B MPOIIECCE PEMOHTA CEIhCKOXO3SIIICTBEH-
HOM TeXHUKHU. B 3TO# CBs3M HEOOXOIUMBI IIeJICHAPABICHHBIC 03I0POBUTEIILHBIC H MPOPHIAKTUICCKUE Me-
ponpudaTyUa AJid MOBBINICHUA 3alUTHBIX CBOICTB Oopranusma pa6OTHI/IKOB U YCWJICHHA KOMIICHCATOPHBIX
BO3MO>KHOCTEIA.

C uenpio nNpoUIaKTUKH HEOOXOJAUMBI €KErOHbIC MEPUOAUYCCKUE MEIUIIUHCKUE OCMOTPBI, TOBTOP-
HBI MHCTPYKTaX 1O 0€30MacHOCTH TPY[Aa, BHEIUIAHOBBIM W 1IETICBON MHCTPYKTaX MO O€30MaCHOCTU TpyJa
10 Mepe HEOOXOANMOCTH, yIyUIIeHHEe YCIIOBUI TPy/la ¥ BOCCTAHOBIIEHUE (DYHKIIMOHAIBLHBIX PE3EPBOB Opra-
HU3Ma PaOOTHHKOB.

Raxnrouenue

Takum o0pa3om, olleHKa (PYHKIIHOHATEHOTO COCTOSIHHSI OpTaHU3Ma TOJITBEPIKIAET, YTO BO3JEHCTBUE
BpPEJHBIX MPOU3BOJCTBEHHBIX (PAaKTOPOB, MPHUCYIINX TPYIOBOU NEATEIHHOCTH PAOOTHUKOB CEIIBCKOTO XO-
3HﬁCTBa, B OCO6€HHOCTI/I OTpaciu XUBOTHOBOJACTBA, MOXET NPUBCCTU K CHMIXCHHIO aJallTallMOHHBLIX, B
TOM YHCJI€ PE3EepPBHBIX BO3MOXKHOCTEH OpraHM3Ma B YCIOBMSIX TPYIOBOTO Ipoliecca. Y CTaHOBJICHHAS
HEHWPOCEHCOpPHAsl IBY- M OJTHOCTOPOHHSSI TTOTEPs ciryxa [-0if cTeneHn CBUIETENhCTBYET O HECOOTBETCTBUHU
ycioBHid Tpyna pabodeil 30HBI PaOOTHHUKOB BCIIOMOTATENBHBIX MOJPA3JEICHUN CEeThCKOX03SHCTBEHHBIX
npennpustuii. CieloBaTeNbHO, BBISBICHHBIC PE3YJIbTaThl MCCIEIOBAHUI CBUICTEIBCTBYIOT 00 aKTyab-
HOCTH Pa3pabOTKU U peau3aini KOMIUIEKCa MEPOIIPUATHI, HANIPABIICHHBIX Ha YIydYlIeHUE YCIOBUU TPY-
Jla TIPEIIPUATHIT U BOCCTaHOBIIEHNE (DYHKIIMOHAIBHBIX PE3epPBOB OpPraHW3Ma paOOTHHUKOB CEIIbCKOXO3SH-
CTBEHHOW OTpaCIIy.

Hayunoe uccnedosanue npogoounocs Pecnybiukanckum HayyHO-Ucc1e008amenbCKuM UHCIMUmMymom no
oxpane mpyoa Munucmepcmea mpyoa u coyuansvhou 3auwumaul nacenenus PK, 6 xooe peanusayuu 2-20 sma-
na Hayyno-mexuudeckou npozpammul (2020 2.) no meme: «Paspabomka nayurno-memoouseckux ocHos obec-
neuenus 6e30nacHO20 Mpyoa 8 NPUOPUMEMHbIX ceKmopax dxkoHomuxu Pecnyonuxu Kazaxcmany (nomep
eocyoapcmeennoti pecucmpayuu Ne 0118PK00583).

Buipaoicaro uckpennioro 6nazooapuocms pykogooumenam u ecem compyonuxam Pecnybauxanckoeo
HAYYHO UCCe008ameNbCK020 UHCMUMyma oxpanvl mpyoa Munucmepcmea mpyoa u coyuanbHou 3aujumol
nacenenusi PK, oupexmopam ¢hunuanog u pykogooumensim npeOnpusmuil ceibCko2o Xo358Ucmea 3a OKa3aH-
HYI0 02POMHYIO NOMOUWb 6 NPOGEOeHUU HAYYHO-UCCAe008AMENbCKOL padomul.
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C.A. bekeena

En0ex KpI3MeTi mpouecinae aybll HIAPYAIIbUIBIFBI CAJIACHI
KbI3MeTKepJIepiHiH (PYHKINOHAIBIK KAaF1aiibIH 0arajay

Kayirciz eHOek >xarmaiiapblH KaMTaMachI3 €Ty JKOHE KOCIMOPBIH KbI3METKEpJIePiHiH eHOeKKe KaOineTTuTirin
CaKTay Ke3 KEJIICH OSKOHOMHKAJBIK Cajagarbl MaHBI3Abl MiHZET OOJbIN TalObUIagbl. OJEYMETTIK-
SKOHOMHUKAJBIK KaliTa KypyJiap OHIIPICTIH arpapiblK CEKTOPBIHA eIoyip JAdpexene Kepi ocepin turizmi. Emi-
MI3JiH aybUl IapyallbUIBIFBI Cajachl 6 KOCIMOPHBIHBIH 43 TYpJi KOCIiNTiH €HOCK KbI3METi MPOLECIHIE KbI3-
METKepJIepAiH (YHKIMOHAIIBIK JKaFJalbIHBIH (H3HOJIOTHSIIBIK KOpCETKIlTepine Oaranay xyprisinmi. Keis-
MeTKepIiepAiH (QyHKIMOHAIABIK JKaFIaibIH 3epTTeyre NeHe KyHeNepiHiH Herisri (M3HOJOTHSIIBIK KOpCeT-
KIIITEpiHiH >Xaf-KyiiH 3epTTey Kipai. ATam alTcak: OpTalbIK KYiHKe JXyHeci, KYpeK-TaMblp, KyHKe-
OYIIIIBIKET, THIHBIC ATy XKYHenepi JoHe eCTy aHAIN3aTOPBI )KYMBIC aybICBIMBI sIKTAJIFAHFa JIEHiH )KOHE OJIaH
Keitin 2 kezeHue. EHOek mporieci skarmaifbiHIa KYMBICIIBUIAPABIH OeiiMaeny mpomuectepi (pH3HKaNbIK Kep-
CETKIMTEp/iH TOMEH/ICY] JKoHe JEeHEeHIH pe3epBTiK MYMKIHJIKTepi TYpiHIe KOpiHeTiHI aHBIKTAIIBL. 3epTTey
HOTIDKeJIepi eHOeK JKaF/aiapblH JKaKcapTyFa )KoHE 3epTTENreH KoCIHOPhIHAAPABIH KYMBICIIBIIAPhI ACHECI-
HiH (QyHKIHOHAIABI pe3epBTEPiH KajlblHA KEITipyre OarbITTAIFaH ic-LIapanap KeIleHiH a3ipiey MeH icke
aChIPY/IbIH ©3CKTLIIrH KepceTe .

Kinm ce30ep: aypll mapyambUIbIFbl KOCIHOPHBI, )KYMBICIIBI KaCINTepi, 3UsHABI eHOCK jKaFaaiaapsl, Gpusno-
JIOTHSUTBIK KOPCETKIIITED, aF3aHbIH (YHKIMOHAIIBIK JKaFaiibl, eHOEK KbI3METI, MaJl IapyalllbUIbIFbI.
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OueHka d)yHKLI,I/IOHaJ'IbHOFO COCTOAHUA pa6OTHVIKOB CENbCKOXO035IMCTBEHHON oTpacnu...

S.A. Bekeyeva
Assessment of the functional state of agricultural workers in the course of work

Ensuring safe working conditions and preserving the working capacity of employees of enterprises is an im-
portant task in any economic sector. To a large extent, socio-economic transformations have had a negative
impact on the agricultural sector of production. The assessment of the physiological indicators of the func-
tional state of workers in the course of labor activity of 43 different professions of 6 enterprises of the agricul-
tural sector of the country was carried out. The study of the functional state of employees included the study
of the state of the main physiological indicators of the body systems: the central nervous system, cardiovascu-
lar, neuromuscular, respiratory systems and the auditory analyzer in 2 stages “before” and “after” the end of
the work shift. It is revealed that the adaptation processes of workers in the conditions of the labor process
manifest themselves in the form of a decrease in physical performance and reserve capabilities of the body.
The research results indicate the relevance of the development and implementation of a set of measures aimed
at improving working conditions and restoring the functional reserves of the body of employees of the studied
enterprises.

Keywords: agricultural enterprise, working professions, harmful working conditions, physiological indicators,
functional state of the body, labor activity, animal husbandry.
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General and specific toxicity determination of an extract from the plant
Rhodiola semenovii Boriss

The study of chronic and acute toxicity pharmacological phenomena with occupational symptoms of intoxica-
tion provides essential information on therapeutic activity of the drug. An extract of the Rhodiola semenovii
Boriss plant was taken to determine toxicity. Phytochemical studies were carried out on the composition of
biologically active compounds for medicinal purposes. Based on the statistical data on the chemical composi-
tion, substances, such as flavonoids, coumarins, phenolic acids, and polysaccharides, were identified in the
root extract of the Rh. semenovii plant. To study the chronic and acute toxicity of the extract, preclinical tests
were on outbred laboratory rats. After completion of the experiment of acute and chronic toxicity, animals
were slaughtered and peripheral blood samples were obtained for hematological and biochemical blood anal-
ysis. In addition, macroscopic studies of laboratory animals were performed. There were morphological-
structural changes heart, kidneys, liver, heart, and pancreas. An external examination at the autopsy revealed
no changes in the vital organs, as well as the digestive, respiratory, excretory systems. According to the stud-
ies carried out, Rh. semenovii does not have general toxic extracts.

Keywords: toxicity, pharmacology, Rhodiola semenovii, extract, phytochemistry, acute toxicity, chronic tox-
icity, hematology.

Introduction

Currently, researchers, developing priority issues of modern pharmacological science in terms of re-
searching new medicines of natural compounds of various chemical structures and biological action pay
great attention to the problem of drug toxicology and the safety of drug use in clinical practice [1]. In ac-
cordance with modern concepts, the assessment of the safety of a medicinal herbal preparation (MHP)
should take into account all potential risk factors specific to this group of medicinal products. Modern MHP
is fundamentally different in terms of the safety of its composition [2]. For successful introduction of new
drugs into clinical practice for treatment it is necessary to conduct a preclinical evaluation of the drug based
on international standards to implement and accelerate ongoing research [3-5]. Preclinical studies are carried
out to eliminate the adverse effects of the drug in the process of clinical trials on target animal species. In the
course of preclinical studies, preliminary information is obtained on the toxicity, efficacy, and
pharmacological properties of the study drug [6].

The task of preclinical safety studies is description of the toxic effect of the drug depending on the dose
and the relationship that occurs when the pharmacological substance interacts with the body of laboratory
animals. The obtained data was used to determine the initial non-toxic dose used for clinical studies [7]. All
experimental work on laboratory animals must be carried out in accordance with the current rules of
laboratory practice and ethical standards for the treatment of animals, based on the standard operating
procedures adopted by the research organization, which must comply with international rules for the conduct
of research and the protection of experimental animals used in experiments and other scientific purposes [8].
Preclinical evaluation of the safety of natural medicines usually includes pharmacologicol studies, studies on
the general toxic effects of the drug, preclinical studies, studies of toXic reactions to reproduction and geno
toxicity. For drugs that pose a potential hazard or are intended for long-term use, studies of carcinogenic
properties are also necessary [9]. The study of general toxic properties is mandatory for all groups of drugs,
and is divided into two stages: the study of acute toxicity (the toxic effect of a substance administered in a
single dose or in multiple doses for not more than 24 hours, which can be expressed in a disorder of
physiological functions or in a violation of the morphology of the organs of experimental animals, as well as
the death of an animal); study of chronic toxicity with repeated administration (a set of functional and/or
morphological disorders of the organs and systems of the experimental animal after repeated prolonged ad-
ministration of the substance [10].
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The study of acute and chronic toxicity of pharmacological substances in the professional assessment of
the symptoms of intoxication allows one to obtain significant information about the biological activity of the
future drug [11].

The purpose of the study is to determine the acute and chronic toxicity of the extract of the plant
Rhodiola semenovii Boriss.

Experimental

To determine the toxicity of the extract of the plant Rh. semenovii Boriss, phytochemical studies were
conducted to determine the composition of the BAA in the extract, for therapeutic use. The material was an
aqueous extract of the plant Rh. semenovii Boriss.

Analysis of organic compounds was carried out by gas chromatography with mass spectrometric
detection (Agilent 6890N/5973N). Analysis conditions: sample volume 1.0 ul, sample input temperature
260 °C without flow division. Separation was carried out using a chromatographic capillary column DB-
35MS 30 m long, 0.25 mm internal diameter and 0.25 um film thickness at a constant carrier gas (helium)
speed of 1 ml/min. Chromatography temperature is programmed from 40 °C (shutter speed 0 min) to 150 °C
at a heating rate of 10 °C/min (shutter speed 0 min) and up to 300 °C at a heating rate of 5 °C/min (shutter
speed 10 min). Detection is carried out in scan m/z mode 34-850. Agilent MSD ChemStation software
(version 1701EA) was used to control the gas chromatography system, record and process the results and
data obtained. Data processing included determination of retention times, peak areas, as well as processing of
spectral information obtained using a mass spectrometric detector. To decipher the obtained mass spectra,
the Wiley 7th edition and NIST 02 libraries were used (the total number of spectra in the libraries is more
than 550 thousand).

According to the available data on the chemical composition in the extract of the root of the plant Rh.
semenovii B., such substances as flavonoids — 74.8 %, coumarins — 11 were identified. 7 %, pheno-
locyslots — 6.1 %, polysaccharides — 7.4 %, the main biologically active component of flavonoids was
rhodioflafonoside.

The study of acute, chronic toxicity of the extract was conducted on white mongrel laboratory rats. An-
imals (males) were kept in cages in groups of 10 individuals of group 3. Sawdust was used as a litter. The air
temperature in the vivarium premises was maintained in the range of 18-20 °C at a relative humidity of 60—
70 %. Animals were kept under standard conditions on the vivarium diet. To assess the chronic toxicity of
the extract Rh. semenovii, the animals were administered the extract orally for 21 days.

To analyze the different significance between samples, Student’s T-criterium at p<O was used. 05 (Sta-
tistica 12, StatSoft Inc., Tulsa, USA). The fluorimeter data was processed and graphed using MS Excel capa-
bilities. Atypical values based on the T-criterion were excluded from the data, a standard sample average
error was calculated. Plus/minus signs in the tables show a standard average error. The graphs show average
values with standard error bars. Signs * and ** indicate the reliability of the results with significance levels
of 0.05 and 0.01, respectively (unless otherwise indicated). When determining the reliability of the difference
between the indicators of the compared groups, the t-confidence criterion was calculated, the p value was
determined from the Student's table of values, the changes were considered reliable at p<0.05. All data were
calculated in the MS Offis Excel 2010 software package.

Results and Discussion

Table 1 represents the results of the Acute Toxicity experiment. Data presents the survival of animals in
acute toxicity experiences, depending on the dosage of the extract. Rh. semenovii in the acute toxicity groups
0.5 g and 1.0 g, in both groups there was a 100 % survival rate, only 10 % of the animals dropped out of the
experiment due to fighting and injuries on the body, from which it follows that the extract of Rh. semenovii
in a dosage of 0.5—1.0 g does not cause death of animals and is not toxic.

Table 1
Survival of animals in acute toxicity experiments, depending on the dosage of Rhodiola semenovii extract
Extract Dosage 059 1049
Survived 90 % 90 %
Eliminated from experience” 10 %" 10 %"
* — out of the experience due to fighting and body injuries
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An external inspection of animals, weighing and fixing the IRR on the “open field” test were held. The
test is designed to assess the dynamics of behavioral elements, the psycho-emotional state of animals
participating in experiments with a stressful condition. The animal was placed in a structure 100 x 100 cm in
diameter with a wall height of 40 cm. The floor was made of white plastic, on which a grid was applied with
black paint, dividing the field into 25 (5x5) equal squares. Illumination with a 50 W lamp, which is located at
a height of 150 cm above the center of the field. The test was to measure the amount of behavioral
components of an animal placed in an open enclosed space enclosed by a wall. When testing, the animal was
placed in the center of the facility and the following indicators were visually assessed for 5 minutes:
horizontal motor activity — mileage (number of sectors passed), vertical motor activity — stances (number
of lifts on the hind legs). Waste from the wall of the arena (number of crossings of the outer concentric
circle), exits to the center of the arena (number of crossings of the inner circle), grooming (number of
touches of the muzzle with paws, scratching), in the study of pharmacological preparations, a non-stressed
open field test was used. The main method for recording test results was continuous or selective recording
with time-based recording of animal activity. After 5 minutes of the study, the animal was returned to the
cage. The number of spools of manure was counted and the floor was thoroughly washed after each experi-
ment. Testing was repeated for the next four days. Before the start of the drug administration, as well as the
dynamics of observation of each experimental group for 3 days, tests were carried out using the “Open field”
method to determine the individual typological characteristics of higher nervous activity (HNA) and after
tests within 3 days to determine the effect of the drug.

After the completion of the experiment of acute and chronic toxicity, animals were slaughtered and pe-
ripheral blood samples were obtained for hematological and biochemical blood analysis (assessment of the
function of the liver, kidneys, pancreas in terms of protein, carbohydrate, lipid and pigment types of metabo-
lism, the presence of intoxication). In addition, an autopsy of laboratory animals was performed and the
presence of macromorphological changes in the structure of the heart, kidneys, liver, and pancreas. The or-
gans were weighed, the mass coefficients of the organs were calculated, then the material was fixed and
placed in a 10 % solution of formaldehyde. Hematological studies were carried out on an automatic hematol-
ogy analyzer Sysmex XS 550-i (Japan). The blood was centrifuged for 20 min at 1000 rpm to produce
plasma. The main biochemical parameters were studied: total protein, g/l, albumin g/l, urea, mmol/l, creati-
nine, umol/l, uric acid, pumol/l, alkaline phosphatase, mmol/l, alanine aminotransferase, pkat/l, aspartate ami-
notransferase, glucose, mmol/l, cholesterol, HDL, LDL, mmol/l, triglycerides, mmol/l. The results of the
studies were recorded on the automatic biochemical analyzer BioChem-200.

It can be seen from Table 2 that the total number of leukocytes did not have statistically significant
changes in both the control group and the acute toxicity group. Statistically significant changes in the abso-
lute content of monocytes, eosinophils, basophils and neutrophils and in the level of hemoglobin were also
not detected. In terms of absolute content, statistically significant changes were also not revealed. It should
also be noted that in terms of relative content, no statistically significant changes in the control and
experimental groups for acute toxicity were revealed.

However, there were statistically significant changes in the total number of red blood cells in the exper-
imental groups in relation to the control group, and amounted to 6.32 + 0,7 in the control group 52 *10*%/1, in
the group of acute toxicity (0.5) — 8.53+0.94 * 10/ |, and in the group of acute toxicity (1.0) — 8.66 + 1.01
* 10%/I. Also, there were statistically significant changes in the total number of platelets in the acute toxicity
group (0.5) — 698.41 + 80.10 * 10%I1 and in the group of acute toxicity (1.0) — 721.01 + 54.76 * 10%I in
relation to the control group (413.41 + 43.03 *10%1/1).

The absolute lymphocyte count varied between 2.51 & 0.14 * 10%1 in the control group, 3.83 = 0.76 *
10%1 in the acute toxicity group (0.5), and statistically significant changes in the acute toxicity group were
noted (1.0) in relation to the control group and was 4.19 = 0.67*10%1.

Table 2
Hematological parameters of rats in the experiment on acute toxicity

. . International Acute toxicity Acute toxicity
Indicator name, unit of measurement e Control group
abbreviation 05¢ 109
Total number of Leukocytes, 10%/L WBC 63+05 84+1.2 7.8+0.8
Total Red Blood Cell Count, 10*?/L RBC 6.4+0.6 8.5+0.8" 8.7x1.1"
Hemoglobin level, g/L HGB 146.0+ 4.1 155.0+ 6.4 153.0+ 7.9
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Total platelet count, 10%/L PLT 4135+431 | 6985+80.2" | 721.1+54.7"
Absolute neutrophil count 10°/L Neut 3.2+£05 3.7+£0.7 2.8+0.6
Absolute lymphocyte count 10%/L Lymph 2.5+0.1 3.8+0.8 42406
Absolute content of monocytes 10%/L Mono 06=+0.2 06=+0.2 0.5£0.1
Absolute eosinophil content 10%/L Eos 0.3+0.14 0.2+0.1 0.2+0.1
The absolute content of basophils 10%/L Baso 0.03+0.1 0.05 + 0.04 0.06 + 0.04
The relative content of neutrophils % Neut 49.1+3.7 453+ 73 37.7+74
The relative content of lymphocytes % Lymph 404+23 46.2+6.5 542 +6.6
The relative content of monocytes % Mono 7.6£1.7 6.6+1.8 62+1.3
The relative content of eosinophils % Eos 2.6+0.9 1.6+1.1 1.6 £0.9
The relative content of basophils % Baso 0.5+0.15 0.5+0.5 0.5+0.5

Note: * — statistically significant changes in the group “Acute toxicity — 0.5 9" relative to the control group, at p< 0. 001; ** —
tatistically significant changes in the group “Acute toxicity — 1.0 g relative to the control group, at p <0.001

According to Table 3, no statistically significant changes were detected (p< 0. 001) in the indicators of
hepatic and renal functions in the control and test groups.

Table 3
Indicators of hepatic and renal functions in experimental groups of animals in the experience of acute toxicity
Group - Total AIT, IU/L | AsT, IU/L | ALP, IU/L Urea, Uric acid, Creatinin,
animals bilirubin, mmol/L mmol/L pumol/L
umol/L

Intact 59+09 |23.0+3.6 |11.5+19 | 3164+120.5 |3.9+03 340.8+£36.9 | 54.0+3.7
Acute toxicity | 5.6+0.2 | 18.1+54 | 10.8+59 | 332.44+81.21 | 3.8+0.5 3169+34.9 | 529+4.5
059

Acute toxicity | 5.5+1.8 | 14.6+79 | 10.9+5.7 | 289.2+147.3 | 3.9+0.9 301.7+51.5 | 52.0+4.9
1.0g

Note: * — statistically significant changes in the group “Acute toxicity — 0.5 g relative to the control group, at p< 0.001; ** —
statistically significant changes in the group “Acute toxicity — 1.0 g relative to the control group, at p <0.001

Thus, considering the results of the “Acute Toxicity Experience”, it was revealed that the extract based
on Rh. semenovii is not toxic and appropriate dosages of the extract were recommended for the formulation
of the chronic toxicity experiment.

To study the chronic toxicity extract of Rh. semenovii was tested by the IRT — “Open Field”. Chronic
toxicity was observed for 30 days by oral administration of the extract at a dose of 2.5 mg/ kg. In the
dynamics of observation in the experiment on chronic toxicity, changes in the behavior of experimental ani-
mals were not revealed. A satisfactory state was noted in all animals based on horizontal and vertical motor
activity, waste from the arena wall, exits to the center of the arena, grooming.

During an external examination at the autopsy, no changes were detected from the vital organs, as well
as the digestive, respiratory, excretory systems. Table 4 demonstrates the assessment results of body weight
of animals.

Table 4
Animal mass values and mass coefficients of organs in chronic toxicity experience
Animal .
Thyroid gland
OGrrgoaun; of T(\J/f/aeligr?td y Heart Kidneys Liver (together with Spleen Stomach
. the trachea)
animals
Control 238.5+8.2 3.5+0.6 23+0.2 93+0.6 1.1£0.1 4.6+0.4 39.1+£3.5
Chronic 274.0£11.7* 3.7+0.7 23+0.2 10.4+0.7 1.1+£0.2 4.7+0.4 43.1+0.8
toxicity
Note: * — statistically significant changes in the group “chronic toxicity” in relation to the control group, at p<0.001
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According to the presented data on the masses of internal organs of experimental animals, in
comparison with the control group, the group of experience of chronic toxicity did not show statistically sig-
nificant changes (p < 0.001). There was a statistically significant (p < 0.001) increase in the mass of animals
from 238.5 + 8.2 g, to 274.0 + 11.7 g without changing the mass of organs. In our opinion, the increase in
mass is associated with the maturation of experimental animals and the development of musculoskeletal sys-
tems.

Table 5 presents the results of studies on comparative assessments of hematological indicators of the
observed groups.

Table 5
Hematological parameters of rats of the control group and the group “Experience of chronic toxicity”

Name of the indicator, unit of measurement MC Control group Chronic toxicity
Total Number of Leukocytes 10%/L WBC 6.2+04 6.7+0.5
Total number of Erythrocytes 10 /L RBC 6.3+0.5 6.6+0.5
Hemoglobin level, g/L HGB 146.0 £+ 4.1 141.6+3.9
Total platelet count, 10%/L PLT 413.4+43.0 496.1 +51.6
Absolute content of neutrophils, 10%L Neut 3.1+04 22+04
Absolute content of lymphocytes, 10%/L Lymph 2.5+0.1 3.84+0.2
Absolute content of monocytes, 10%/L Mono 0.5+0.1 0.5+0.1
Absolute content of eosinophils, 10°/L Eos 0.2+0.1 0.2+0.15
Absolute content of basophils, 10%/L Baso 0.03 £0.05 0.03 £0.05
Relative neutrophil content,% Neut 49.0£3.6 33.0+£3.7*
Relative lymphocyte count % Lymph 404+23 56.6 +3.2*
Relative content of monocytes,% Mono 7.6+1.8 69+1.9
Relative content of eosinophils % Eos 26+09 29+09
Relative content of basophils,% Baso 0.5+£0.9 0.5+£0.9
Note: " — statistically significant changes in the group “chronic toxicity” in relation to the control group, at p< 0. 001

According to Table 6, with chronic use of extract of R. semenovii no change was observed in the indica-
tors of hematopoiesis, there are no pronounced shifts in the leukocyte formula, there is no inhibition of
hematopoiesis and allergic reactions according to the level of basophils, eosinophils. There are statistically
significant changes in the relative content of neutrophils, which in the control group was 49.0 + 3.6, in the
experimental group — 33.0 + 3.7. Also, in the relative content of lymphocytes, which in the control group
was 40.4 + 2.3, while in the experimental group — 56.6 + 3.2.

Table 6
Indicators of the level of bilirubin and its fractions, transaminases in experimental groups of animals

. Total bilirubin, Direct bilirubin, Indirect
Group of animals umol / L umol/L bilirubin,umol/L AnT, ME/L AcT, ME/L
Intact 59409 1.5+0.2 7.2+64 23.0+3.6 11.5£1.9
Chronic toxicity 5.8+0.9 1.4+0.2 43+0.7* 21.4+34* | 10.7+1.9*
Note: * — statistically significant changes in the group "chronic toxicity" in relation to the control group, at p< 0.001

To assess the hepato-, nephrotoxicity, the state of lipid metabolism and the function of the pancreas, bi-
ochemical studies of the blood of experimental animals were conducted. The data is presented in (Tab. 6-8).

As can be seen from Table 7, there were statistically significant differences (p < 0.001) in the content of
indirect bilirubin, which in the control group was 7.2 + 6.4 umol/L, in the experimental group — 4.3 = 0.7
umol / 1, and alanine aminotransferase in the control group — 23.0 + 3.6 IU / 1, in the experimental — 21.4 +
3.4 IUJ/L. Statistically significant changes were also identified in indicators of aspartate aminotransferase
constituting a control group of 11 veins. 5+ 1.9 IU / | while in the experimental group there is a decrease of
10.7 = 1.9 IU/L. In the remaining indicators, statistically significant differences (p < 0.001) were not detect-
ed.
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Table 7

Indicators of lipid metabolism in experimental groups of animals

Trielveeride Total HDL LDL Atherogenic
Group of animals gy ’ cholesterol, cholesterol, cholesterol, coefficient

mmol/ L
mmol/L mmol/L mmol / L

Intact 0.8+£0.2 1.6+0.3 1.0£0.2 1.0+0.2 0.7+0.2
Chronic toxicity | 0.8+£0.2 1.6+0.3 0.9+0.1 09+0.2 0.7+0.2
Note: * — are statistically significant changes in the "chronic toxicity" group relative to the control group, at p <0.001

There is no significant changes in the lipid metabolism (Table 7).

Table 8
Indicators of protein and carbohydrate metabolism in experimental groups of animals
Group of animals | Total Albumin Urea, Uric acid, Creatinine, Glucose,
protein, g/L | g/L mmol/L mmol/L umol/L mmol/L
Intact 66.0+2.4 29.8+£22 [139+03 340.8+36.9 |54.0+£3.7 6.7+04
Chronic toxicity | 64.7 +2.3* 283+£2.1 |35+£03 323.84+£35.0 [53.2+£29 6.2+04
Note: * — are statistically significant changes in the "chronic toxicity" group relative to the control group, at p<0.001

Statistically significant changes (p <0.001) were identified by the total protein index, which in the
control group was 66.0 + 2.4 g/l, whereas in experience 64.7 + 2.3 g/L (Table 8). However, all these data
were within the physiological norm. According to the remaining biochemical indicators of blood, statistically
significant changes were not detected.

There were no statistically significant changes (p < 0.001) in the thyroid hormone levels of the control
and experimental groups.

Conclusions

Thus, by using open field test, the results of a macromorphological study of experimental animals on
the masses of organs, and on the functional indicators of the organs of the digestive, excretory, detoxification
systems showed that an extract from the plant Rh. semenovii is not toxic.

According to the results of preclinical studies, acute and chronic toxicity experiments, pathomorpholog-
ical studies of organs, higher nervous activity tests, hematological and biochemical blood parameters, Rh.
semenovii extract does not have general toxic properties.
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H.K. Kop6o3oBa, H.B. Tepneukas, H.O. Kyapuna, T.H. KoGsuinHa,
K. Kenxebaena, A.K. Illokan

Rhodiola semenovi Boriss ecimairinin skaansl koHe
cnenu(PpUKAIBIK YHITTHUIBIFBIH AHBIKTAY

@DapMaKoNOTUSIIBIK 3aTTapblH WHTOKCHKALMSIBIK KYOBUIBICTAPBIH KOCINTIK JeHredae OoyablpMay Makca-
TBIHIA KOJJAaHBUIATBIH XKEAEN KOHE CO3BUIMAIIBI YBITTBUIBIKTHI 3€PTTEY IOPUTIK LIONTEPAiH KYPaMbIHIAFbI
OHMONIOTHSITBIK OeJICeHII 3aTTapAbIH KaJNBINTACYbl KaWbIHAA ayKbIMABI MaNiMeT Oepe amaibl. YBITTBUIBIFBIH
ansikTay yiiin Rhodiola semenovii Boriss eciMairidiz ChIFBIHABICH albIHIBL. JIOpilik MakcaTTarbl OHOJIOTH-
SITBIK OeNCeHli KOCBUIBICTApIbIH KypaMblHa (UTOXUMHUSUIBIK 3€PTTEYyJIep JKYPri3inmi. XHUMHSIIBIK Kypambl
GOMBIHINA CTATHCTUKAIBIK MAJIiMeTTepre caiikec, Rh. semenovii eciMairiHiH TaMbIp CHIFBIHIBICHIHAA (D1aBO-
HOUJTAp, KyMapHuH/ep, peHOI KBIIKBUIIApH!, TOJINCAXapuATep CUAKTHI 3aTTap aHbIKTaAbL. JKexen xaHe co-
3bUIMAJIbl YBITTBUIBIKTB aHBIKTayFa apHaiFaH Marepuan Rh. semenovii eciMaikTepiHiH CyJbI CHIFBIH/IBICHI
60np1. ChIFBIHABIHBIH JKEIEN JKOHE CO3BUIMAJbl YBITTBUIBIFBIH 3€PTTEY YIIiH aK TYKBIMCBHI3 3€PTXaHAJBIK
ereyKyiprIkTapZa KIMHUKara AEHiHri 3epTreynep Xyprisinai. XKanyapnapmen Oipkatap 3KCIEpUMEHTTED
JKYPTIi3U11 KOHE CHIFBIHIBIHBIH MeJIIepiHe OalIaHBICTBI TeMaTOJIOTHUSIIBIK KOPCETKIIITep aHBIKTaIabl. JKe-
JIeJT JKOHE CO3BUIMAJIbl YBITTBUIBIK SKCIIEPUMEHTI asKTalfaHHAH KeHiH KaHyapiapAbl COI0 XKYpri3iiim, reMa-
TOJIOTHSUIBIK JKOHE OMOXMMMSUIBIK KaH aHAJM3iH KYPTi3dy YIIH nepudeprsublK KaH yiriepi aasHapl. CoHbI-
MEH Karap, 3epTXaHaJIbIK KaHyapJapabl COUBIIN, XKYpeK, OyHpek, OaybIp, )KypeK, YHKbI 6e3i KypbUIBIMBIHAAFbI
MaKpoMOp(HOJOTHSIIBIK ©3repicTepIiH 00mysl 3epTreni. ColfFaHHAH KeiiH CBIPTKBI TEKCEPY KE3iHIEe eMIpIIiK
MaHBI3bl Opra”aap/blH, COHAAN-aK ac KOPBITY, THIHBIC ally, HIBIFapy >KYHeJIepiHiH e3repicTepi aHBIKTAIFaH
oK. KilMHMKara JeiiHri ChlHAK HoTIXKenepine coiikec, Rh. semenovii skenen koHe CO3BUIMANBI YBITTHUIBIK
taxipubenepine, GNI cpiHakTapsiHa, OpraHaapAbIH MaTOMOPQOIOTHSUIIBIK 3epTTeyIiepiHe, KAHHBIH IeMaToJ0-
THSUIBIK 'KOHE OMOXUMUSIIBIK, KOPCETKILITEPiHE COMKEC HKAIIIBI YBITTHI KACHETTEpre He eMec.

Kinm ce30ep: yurrThubIK, hapmakonorus, Rhodiola semenovii, ceirpaapl, puTOXUMuS, KeIed YBITTBUIBIK,
CO3BUIMAJTBI YBITTBUIBIK, T€MATOJIOTHS.

H.K. Kop6o30Ba, H.B. Tepneukas, H.O. Kyapuna, T.H. Ko6sumuna, XK. Kenxebaena, A K. [llokan

Omnpenesenne o0ue 1 cieuPUIEcCKO TOKCHYHOCTH IKCTPAKTA PACTCHUSA
Rhodiola semenovii Boriss.

N3ydyenne xpoHUYecKoW U OCTPOM TOKCHUYHOCTH TE€pareBTUYECKUX BEIIECTB IPU BHEIIHEH OIIEHKE MpHU3Ha-
KOB MHTOKCHKAIIHU TTO3BOJIMIIO TTOMYYUTh BaXHYI0 HH(OPMAIUIO O TEpaleBTUYECKUX CBOMCTBax Oymymiero
npenapara. J[ist onpezieneHns TOKCHIHOCTH OBUT B3T KCcTpakT pactenust Rhodiola semenovii Boriss. Boutu
MPOBEICHB! (PUTOXUMHUIECKHE FCCIICIOBAHUS TI0 ONPE/ICNICHHIO COCTaBa OMOJIOTUYECKN aKTHUBHBIX BEIIECTB,
JUISL JNbHEHIIero UCIIOIb30BaHusl B TePaNeBTHYECKUX 1elisiX. COornacHoO MMEIOINMCs JaHHBIM, 110 XUMHYe-
CKOMY COCTaBYy B 9KCTpakTe KOpHs pacrenus Rh.semenovii B. Obutd naeHTH(QUIMPOBAHBI TaKKHe BEIIECTBA,
Kak ()IaBOHOHMJIBI, KyMapHHBI, ()EHOIOKHUCIIOTHI, MMOJHCcaxapuasl. MaTtepraaoM Mo ONpEeAeNeHHuI0 OCTPOH U
XPOHUYECKOI TOKCHYHOCTH CITY>KHJI BOJHBII SKCTpaKT pacteHust R. semenovii. J{is u3ydeHus ocTpoii u Xpo-
HUYECKOH TOKCHYHOCTH 3KCTPAKTa MPEIKIMHIYECKIE HCIIBITaH!S TIPOBOAMINCE Ha OebIX O€cIIOpoIHbIX JIa-
6opaTopHEIX Kpbicax. [IpoBeaeH psi SKCIIEPUMEHTOB C KHBOTHBIMH H OTIPEAENICHBI T€éMaTOIOTHYECKUE TTOKa-
3aTeNH B 3aBUCHMOCTH OT JO3MPOBKH dKCTpakTa. [locie 3aBepIieHns SKCIIepIMEHTa OCTPOIl M XPOHHIECKOH
TOKCHYHOCTH MPOBOJMIN 32001 )KMBOTHBIX M MOJyJanu oOpasisl nepudeprnieckod KPOBH IJIsI TPOBEICHUS
reMaToJIOTM4eCKOro 1 OMOXHMMHYECKOro aHain3a KpoBH. KpoMe TOro, mpoBOoJMIIOCH BCKPBITHE J1a00OpaToOp-
HbIX XMBOTHBIX W OICHHMBAHHWEC HAIUYUA MaKpOMOpd)OJ'[OFH'—leCKHX U3MCHCHUI CTPYKTYpPBI Ce€pAala, IOYeK,
IIeYeHH, CepAaLa, MOPKETyJOYHOM xene3bl. IIpy BHEIIHEM OCMOTpe Ha BCKPHITUM HE OBUIO BBISBIEHO M3Me-
HEHHH CO CTOPOHBI JKU3HCHHO BaXXHBIX OPraHOB, a TAKXKE nnmeBapMTeanoﬁ, Jlle&TeHbHOP’I, Bbl}leﬂl/ITeﬂbHOﬁ
cucreM. CorllacHO pe3yJbTaTaM JOKIHHHYECKHX HCIbITaHuH, skcTpakT Rh. semenovii e obnagaer obuie-
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TOKCUYECKMMHU CBOMCTBAMU IO JAHHBIM OIBITOB OCTPOMl MU XpOHMYECKON TOKCMYHOCTH, TecToB BH/I, maro-
MOP(}OJIOTHUECKUX UCCIIEIOBAHUI OPTraHOB, FTEMATOJIOINUYECKUX M OMOXMMHUYIECKHX MOKa3aTeNel KPOBH.

Kntoueevie cnoea: TOKCHIHOCTH, (hapmakosiorus, Rhodiola semenovii, skcTpakT, GUTOXUMHES, OCTPask TOKCHY-
HOCTb, XPOHUUYECKAst TOKCHYHOCTD, TEMATOJIOTHSL.
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Antiradical activity of dry extracts of
Dracocephalum nutans and Dracocephalum ruyschiana
herb growing on the territory of the Central Kazakhstan

This article presents the results of our studies on the assessment of the antiradical activity of dry extracts of
Dracocephalum nutans L. and Dracocephalum ruyschiana L. herb in relation to the diphenylpicrylhydrazyl
radical (DPPH-radical, DPPH), obtained with the use of ultrasonic extraction. This antiradical activity re-
search method is widely used to model hyperproduction of reactive oxygen species (ROS) in vitro and is one
of the methods that most significantly correlated with the total antioxidant activity. To obtain dry extracts, the
method of ultrasonic extraction of D. nutans and D.ruyschiana aerial parts was used. The use of ultrasound
has significant advantages over traditional technologies for raw materials processing. In particular, it provided
the deeper penetration of the solvent into the material with a cellular structure, reduced the processing time,
provided a higher product yield and reproducibility, reduced solvent consumption, increased the speed of the
process, and allowed the extraction of thermolabile substances. The equipment does not require large mainte-
nance costs; less energy is consumed for processing; as a result, the processes become more environmentally
friendly and economically viable.

Keywords: Dracocephalum nutans, Dracocephalum ruyschiana, diphenylpicrylhydrazyl, DPPH, antiradical
activity, ultrasonic extraction, reactive oxygen species.

Introduction

Activation of free radical processes in living organisms leads to the formation of a number of patholog-
ical conditions, such as cancer, atherosclerosis, coronary heart disease, etc. Substances with antiradical activ-
ity are used to treat and prevent free radical pathologies [1]. It is a common fact that the leading molecular-
cellular mechanism of the pathogenesis of many diseases is the induction of free radical oxidation processes
induced by an excess of free radicals [2, 3]. In this regard, the search for new drugs with high antioxidant
potential is an urgent task.

A large number of plants, including medicinal ones, grow on the territory of the Republic of Kazakh-
stan. From the point of view of practical use in medicine species from genus (family Lamiaceae Lindl.) are
of a great interest [4]. The genus Dracocephalum L. belongs to the family Lamiaceae (Labiatae) [5], whose
plants are of interest as sources for drugs with potential biological activities. Several species from genus
Dracocephalum is used in folk medicine. For example, Dracocephalum moldavica L. is used for treatment
respiratory diseases, as an antipyretic, for asthenia, as apotency increasing agent. Studies showed that Dra-
cocephalum species have antibacterial, antiradical, antioxidant, anticancer, antitussive, antidiarrheal, anti-
inflammatory, antidiabetic, and soothing properties [6].

Dracocephalum nutans L. contains a complex of biologically active substances, and is used in the folk
medicine of Southeast Asia and Tibet for kidney inflammation treatment and gastrointestinal diseases, such
as hepatitis, gastritis, etc. D. nutans is a valuable medicinal and ornamental plant. D. nutans herb contains a
high content of various biologically active compounds: saponins, coumarins, essential oils, traces of flavo-
noids, and alkaloids [7, 8].

Dracocephalum ruyschiana L. is an essential oil plant, is also used in folk medicine. This plant contains
in aerial parts such active compounds, as cardenolides, tannins, coumarins, alkaloids and flavonoids. This
plant is used against diseases of the respiratory tract, as an antipyretic, for asthenia, as a potency increasing
agent. D. ruyschiana nectar has activity against gram-positive and gram-negative bacteria [9, 10].

The aim of this research is a comparative study of the antiradical activity of extracts from the aerial
parts of D. nutans and D. ruyschiana.
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Experimental

The objects of the study were aerial parts of D. ruyschiana and D. nutans, collected in the flowering
phase. Place of raw material collection was Karkaraly mountains (Karaganda region); 1-3 decades of May,
2021 (Fig. 1). Dried plants were identified by specialists of Botany Department of Karaganda University of
the name of academician E.A. Buketov. Herbarium samples are stored in herbarium fund of Karaganda Med-
ical University.

The raw materials were dried to an air-dry state, crushed to a particle size of 2 mm, packed in kraft-
paper bags and stored in a cold dry place [11].

Figure 1. Dracocephalum ruyschiana (A) and Dracocephalum nutans (B) in the flowering phase

To obtain dry extracts, the method of ultrasonic extraction of D. nutans and D.ruyschiana aerial parts
was used. Ultrasound destroyed the biological cellular structure, which caused the formation of cellular pores
and increased the surface area of the extraction. This extraction method can be used at various stages (for
raw materials and final products) and in various industries (food, biotechnology or agricultural technology).
The choice of the ultrasonic method was due to the fact that in a short time (15-30 minutes) biologically ac-
tive substances can be extracted from plant raw materials; by using classical methods of extraction it would
take 8-24 hours [12].

The Stegler 3DT ultrasonic bath (3 L, 20-80 °C, 120W, frequency 40 kHz) was used for analysis. The
raw material was extracted with a mixture of water and ethyl alcohol (in the ratio 1:1) and ethyl alcohol in
the ratio of raw material-extractant — 1:10.

Ultrasonic extraction was carried out using distilled water and ethyl alcohol (at the ratio 1:1) as an ex-
tractant. The raw material was pre-soaked for 10 minutes, and then subjected to ultrasonic treatment for 30
min at room temperature (22 °C). The extraction of raw material samples was repeated three times under the
same conditions; the filtrates were combined, cooled to room temperature, and distilled off on a rotary evap-
orator. As a result, 8.75 g of D. nutans dry extract and 9 g of D.ruyschiana dry extract were obtained. Ultra-
sonic extraction was carried out at a frequency of 40 kHz.

The antiradical activity of the obtained samples was studied in relation to the 2,2-diphenyl-1-
picrylhydrazyl (DPPH*) radical [13]. An ethanol solution of DPPH (100 uM) was used to assess the
antiradical activity of the studied samples in the test with DPPH radical.

To select samples with pronounced antiradical activity, 2 ml of a 100 uM ethanol solution of DPPH
were mixed with 20 pl of the test sample dissolved in ethanol at a concentration of 10 mg/ml. Thus, the final
concentration of the test sample in the reaction mixture was 100 mg/ml. 10 minutes after adding the test
sample solution to the DPPH-radical solution, the decrease in optical density was measured at 515 nm. For
the test samples, interaction with DPPH-radical at final concentrations of test extracts was from 5 to 100
mg/ml. After that, the concentration of the test extract was determined, which was capable for reducing the
optical density of a 100 uM DPPH-ICs, (DPPH) solution by 50 %.
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The value of DPPH radical inhibition (in %) was calculated by the formula:

Ao—Ax
] ="—""=
A

(0]

X 100

where Ag — reference optical density of a solution that contained all reagents except the test sample;
Ax — optical density of the sample.

Results and Discussion

Both extracts of studied plants showed antiradical activity. Extract of D. ruyschiana was more active
than extract of D. nutans. Table 1 presents the results of screening of potential extracts for the antiradical

activity.

Table 1

Optical density values for a solution of 100 pM DPPH radical after 10 minutes incubation with test extracts at a

final concentration of 100 mg/ml

Sample number Test extract Absorbance, OD
1 Extract of Dracocephalum nutans 0.062
2 Extract of Dracocephalum ruyschiana 0.603
3 Control (DPPH solution without test sample) 0.995

Results show that the D. nutans plant extract is promising for further studies, as it reduced the optical
density of the DPPH radical solution by more than 50 %. D. ruyschiana extract did not show pronounced

antiradical activity under the conditions of this test system.

In the second series of the experiment, we studied the ability of D. nutans extract to interact with the

DPPH radical at various concentrations (from 5 to 100 mg/ml).

Using the constructed calibration curves, the 1Cso (DPPH) was determined for the test extract of
Dracocephalum nutans L. (Fig. 2). ICso (DPPH) values for D. nutans extract are shown in Table 2.
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Figure 2. Calibration curve for extract of Dracocephalum nutans
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Table 2
1Cso (DPPH) values for test extract of Dracocephalum nutans
Test extract ICs0 (DPPH), mg/ml
Extract of Dracocephalum nutans 9.8
Conclusions

The antiradical effect of the presented samples was assessed in relation to the DPPH radical. Under the
conditions of this test system, the most pronounced antiradical activity was shown by the D. nutans extract,
for which the concentration was determined that can reduce the optical density of a 100 pM solution of the
DPPH radical by 50 %. For the extract of D. nutans I1Cso (DPPH) was found to be 9.8 mg/ml.

Under the conditions of this test system, D. ruyschiana L. extract did not show pronounced antiradical
activity. The data obtained indicated that the dry extract of D. nutans has the ability to restore biological
substrates and that it exhibits a pronounced antiradical effect.
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Opranbik KazakcTran aymMarbIiHIa 6CeTiH
Dracocephalum nutans xxone Dracocephalum ruyschiana menrtepinen
AJIBIHFAH KYPFaK dKCTPAKTUIEPAIH paauKajJFraKapchbl OejiceHaIiri

Maxkanana audenunnukpuiruapasun pagukansina (DPPH-pagukan, DPPH) kaThICThl ynbTpagblOBICTHIK K-
CTpaKIUSIHBI KOJNJaHy apKeuibl ansiHran Dracocephalum nutans L. »xeme Dracocephalum ruyschiana L.
HI6NTEPiHEH KYPFaK CHIFBIHIBUIAPIBIH aHTUPAJAUKAIIBIK OCNCeHIITITIH Oaramay OOMBIHINA 3epTTEyIepAiH
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HOTIKeNepi OepinareH. Paaukanra Kapchl OENCEHIUTIKTI 3epTTeyain Oy oaici in vitro orrerinix Gencenmi
typiepi (OBT) rumnepenzipiciH MoJenpaey YIIiH KEHIHEH KOJAAaHbUIAIbl JKOHE JKAJIbl aHTHOKCHUAAHTTHIK
OernceHAUTIKTI OaranayMeH €H MaHbI3Abl KOPPEIUUSIIBIK oicTepaiy 6ipi 6osbin Tabbuiansl. Kyprak ChIFBIH-
npuTapael any yurid D. nutans skome D. ruyschiana skepycti GesikTepiH ynbTpaAblOBICTBIK 3KCTPAKIHUSIIAY
dici KOIaHBUIABL. YIIbTPaIbIOBICThI KOJaHy IINKI3aTThl OHICYIiH JOCTYPIi TEXHOIOTHsIapblHa KapaFaHia
alTapJbIKTail apTHIKIIBUIBIKTApFa He. ATam aiiTKaH/a, 0J epiTKILITIH jKacylIablK KYPbUIBIMBEI 6ap MaTepuan-
Fa TEpPEHIPEK CHYiH KaMTaMachl3 €TTi, OHJICY YaKbITBIH KBICKAPTA/Ibl, OHIMHIH XKOFapbl OHIMIIUIITT MEH KaiiTa-
JIAHYBIH KaMTaMachl3 €Teli, epITKIIITIH IIBIFBIHBIH a3aliTalbl, IPOLECTIH XbUITAMIBIFEIH apTTHIPAAbI JKOHE
TepMOJaOMIIB1 3aTTapAbIH IKCTPAKIUACHIHA MYMKIHIIK Oepeni. JKaOIpIK Kol TEXHUKAIBIK KbI3MET KOpCeTy-
Il KaKeT eTIeii; KaliTa eHJIeyre a3 SHeprus >KyMcaabl; HOTH)KECIHAe Oy MpolecTep SKOJOTHAIBIK Ta3a
JKOHE 3KOHOMHKAJIBIK TYPFBIAAH THIMII O0a bl

Kinm ce30ep: Dracocephalum nutans, Dracocephalum ruyschiana, mudenmmmukpunrunpasui, DPPH, paxn-
KaJIFaKapchl OEJICeHIUTIK, YIbTPaIbIOBICTHIK IKCTPAKIMS, OTTETIHIH OeICeH Il Typiepi.

A. Cabuena, . A. Araxanosa, M.K. Cmarynos, ['.K. Kypmanraesa, b.b. Amup6ekosa

AHTI/Ipa)lI/IKaJILHaH AKTHBHOCTDb CYXHMX 3KCTPAKTOB U3 TpaB
Dracocephalum nutans u Dracocephalum ruyschiana,
npouspacraomux Ha repputopun enTpaabnoro Kazaxcrana

B craThe mpeacTaBieHbl PE3yJIbTaThl MCCIEOBAHUI 10 OLEHKEe aHTHPAIHKAIBHON aKTHBHOCTH CYXHX 3KC-
tpakToB u3 TpaB Dracocephalum nutans L. u Dracocephalum ruyschiana L., mony4eHHBIX ¢ IPHMEHEHHEM
YIBTPa3ByKOBOI AIKCTPAKIMHM, B OTHOWICHWH AU(GEHWIMUKPIITHApasuibHoro pamukaita (DPPH-panuxkan,
DPPH). DtoT MeTO HCCleTOBaHUS aHTUPAJIUKAILHON aKTHBHOCTH IIUPOKO UCIIONB3YETCS JUTS MOJICIIUPOBa-
HHS THIIEPIIPOJYKIMU aKTHBHBIX hopM kucinopoaa (ADK) in vitro u sBisiercs 0AHUM U3 METOJIOB, HaubOIEE
3HAYMMO KOPPETHPYIOMNX C OLEHKOW OOIeld aHTMOKCHIAHTHOW aKTHBHOCTH. [l TOMYYEHHS] CYyXHUX IKC-
TPaKTOB UCIIOJIB30BAIM CIIOCO0 YIBTPa3ByKOBOM SKCTPaKIMK Haa3eMHbIx dacteit D. nutans u D.ruyschiana.
Vcnonp30BaHKe yabTpa3ByKa MMeET 3HAUUTENbHbIC NPEUMYILIECTBA Mepe]] TPaJUIMOHHBIMU TEXHOJIOTHAMU
00paboTKH chIphs. B wacTHOCTH, OHO obOecmeunBano Oosee rry0OKOe IPOHUKHOBEHHE PACTBOPUTENS B MaTe-
pHal ¢ TYCUCTON CTPYKTYPOii, COKpamano Bpems 00paboTKH, obecreunBano 0oee BEICOKHIA BBIXO MPOIYK-
Ta ¥ BOCIIPOU3BOAMUMOCTB, CHIDKAJIO PACXOJ] PACTBOPUTENS, YBEINYHBAJIO CKOPOCTh Ipolecca H AOMYCKao
JKCTPAKIMIO TepMOIAOWIBHEIX BemecTB. OOopynoBaHue He TpeOyeT OONBIIMX 3aTpaT Ha OOCITy)KMBaHHE,
pacxoyeTcsl MeHbIIIe SHEPIHU Ha IepepaboTKy; B pe3yiabTaTe 3TH MPOLECCH CTAHOBATCS 0oJiee SKOJIOTrnd-
HBIMH M 5KOHOMHYECKH KU3HECTIOCOOHBIMH.

Kuioueswle cnosa: Dracocephalum nutans, Dracocephalum ruyschiana, nudenunnmmkpuaruapasun, DPPH,
AHTHpPAUKAIbHAS aKTUBHOCTD, YIIbTPA3BYKOBask SKCTPAKIKS, AKTUBHBIE (GOPMBI KMCIOPOA.

References

1 Tatarinova, N.K., Matkhanov, |.E., Muruev, B.A., Banzaraksheev, V.G., Nikolaev, S.M., & Shantanova, L.N. (2017). Anti-
radikalnye svoistva sukhogo ekstrakta Fornicium uniflorum L. [Antiradical peculiarities of dry extract of Fornicium uniflorum L.].
Novye i netraditsionnye rasteniia i perspektivy ikh ispolzovaniia — New and non-traditional plants and prospect of their using.
Pushchino, 75-77 [in Russian].

2 Kaminskii, I.P., Ermilova, E.V., Kadyrova, T.V., Larkina, M.S., Diakonov, A.A., & Belousov, M.V. (2019). Antiradikalnaia
aktivnost ekstraktov iz rastenii roda Centaurea flory Sibiri [Antiradical activity of extracts from plants of genus Centaurea of Siberia
flora]. Khimiia rastitelnogo syria — Chemistry of Natural raw material, 4; 173-179. https://10/14258/jcpm.2019045409 [in Rus-
sian].

3 Wang, T.-Y., Li, Q., & Bi, K.-S. (2018). Bioactive Flavonoids in Medicinal Plants: Structure, Activity and Biological Fate.
Asian Journal of Pharmaceutical Sciences, 13; 12—-23. https://doi.org/10.1016/j.ajps.2017.08.004

4 (2021). International scientific and practical remote conference dedicated to the 100th anniversary of the Department of An-
alytical Chemistry of National Pharmaceutical University. Tashkent: National Pharmaceutical University.

5 Abysheva, L.N., Belenovskaia, L.M., Bobyleva, N.S. et al. (2001). Dikorastushchie poleznye rasteniia Rossii [Wild useful
plants of Russia]. Saint Petersburg: Publ. Saint-Petersburg Chem-Pharm Academy, 497-298 [in Russian].

6 Egorova, P.S. (2016). K introduktsii Dracocephalum nutans L. (zmeegolovnika ponikshego) v Yakutskom botanicheskom
sadu [To the introduction of Dracocephalum nutans L. (snakehead drooping) in the Yakutsk Botanical Garden]. Vestnik Altaiskogo
gosudarstvennogo agrarnogo universiteta — Bulletin of Altai State Agrarian University, 1 (135); 82—-86 [in Russian].

7 (1958). Flora Kazakhstana. 7. 3 [Flora of Kazakhstan. Vol 3]. Alma-Ata: Nauka [in Russian].
8 The Plant List. http://www.theplantlist.org/

Cepus «buonorna.Meavuuna.leorpacusa». Ne 4(108)/2022 193



A. Sabiyeva, G.A. Atazhanova, M.K. Smagulov et al.

9 Khoshbakht, T., Tahmasebi, A., & Maggi, F. (2020). The Variability of Thymol and Carvacrol Contents Reveals the Level of
Antibacterial Activity of the Essential Oils from Different Accessions of Oliveria decumbens. Antibiotics, 9; 4009.
https://doi.org/10.3390/antibiotics9070409

10 Silva de Jesus, G., Micheletti, A.C., Gongalves Padilha, R., de Souza de Paula, J., Macedo Alves, F., Rejane Brito Leal, C.,
Garcez, F.R., Silva Garcez, W., & Yoshida, C.N. (2020). Antimicrobial Potential of Essential Oils from Cerrado Plants against Mul-
tidrug-Resistant Food borne Microorganisms. Molecules, 25; 3296. https://doi.org/10.3390/molecules25143296

11 (2008). Gosudarstvennaia farmakopeia Respubliki Kazakhstan. T. 1 [The state pharmacopeia of Republic of Kazakhstan.
Vol. 1]. Almaty: Zhibek Zholy [in Russian].

12 lIseppi, R., Tardugno, R., Brighenti, V., Benvenuti, S., Sabia, C., Pellati, F., & Messi, P. (2020). Phytochemical Composition
and In Vitro Antimicrobial Activity of Essential Oils from the Lamiaceae Family against Streptococcus agalactiae and Candida albi-
cans Biofilms. Antibiotics, 9; 592. https://doi.org/10.3390/antibiotics9090592

13 Brand-Williams, W., Cuvelier, S.E., & Berset, C. (1995). Use of a Free Radical Method to Evaluate Antioxidant Activity.
Lebensm-Wiss Technol., 28; 25-30. https://doi.org/10.1016/S0023-6438(95)80008-5

194 BecTHuk KaparaHgmMHCKOro yHusepcureTa



FrEOrPA®UA
GEOGRAPHY

DOI 10.31489/2022BMG4/195-201

V/IK 631.4

JI.J1. Tonosanos™*, E.1. KpaBuenko?, C. Kymep6aes®, A. Amamxonos®, A.B. Meip3a6aes®,
M.IO. Ummyparosa®, A.-H. Marsees*, H.A. Mymnuxkosal, JI.B. JIo6psiaeBat

L Mocxrosckuii 2ocyoapcmeennwiii ynusepcumem umenu M.B. Jlomonocosa, Mockea, Poccus;,
2PUI] «ITousennwiii uncmumym umenu B.B. Jloxyuaesa», Mockea, Poccus;
SKapazanounckuii ynusepcumem umenu axademuxa E.A. Bykemosa, Kapazanoa, Kasaxcmann;
YK esrazeanckuti bomanuueckuii cad — @uauan Hnemumyma omanuxu u gumounmpoodykyuu, Xesxasean, Kasaxcman
*Aemop onst koppecnondenyuu: dm_golovanov@mail.ru

3acoJieHue, THIICOHOCHOCTD U 3arpsi3HeHue Mo4B 7Ke3ka3raHckoro 60TaHU4eCcKoro
caga: 80 jieT ¢ MOMEHTA OPraHU3alMM U HAYAJIA OPOIIEeHUs

Lenpro nccnenoBanus ObIIO BEIIBICHHE U3MEHEHHUS CBOMCTB OypBIX apHIHBIX MTOYB B YCIOBUSIX OPOIICHUS U
BO3JICHCTBUSI: BEIOPOCOB 00OTaTUTENFHOTO U MEACTIABHILHOTO KOMOMHATOB. B cTaThe MpoaHAIM3MpPOBAHO
COBPEMEHHOE COCTOSIHHE 3aCOJICHUS, COIEpXKaHUs ryMyca, TsDKEJbIX METaJUIOB B IMouBax JKe3Kka3raHcKoro
06OTaHMYECKOT0 caja, HAaXOJSIIErocs B 30HE MHTEHCHUBHBIX TEXHOTCHHBIX BHIOPOCOB. l3MeHeHHe CBOWCTB
MOYB IpeonpeelsieT YCTOWIMBOCTh BRIPAIUBAEMBIX PACTEHHUII K IPUPOJHBIM H QaHTPOIIOTEHHBIM CTPEccaM,
a TaKe KayecTBO BhIpaluBaeMoil mpoaykuuu. B borannueckoM camy mogoOpaHsl pacTeHus, CIOCOOHBIE aK-
TUBHO PACTH IIPU OPOIICHHH B PE3KO KOHTHHEHTAJBHBIX YCIoBUAX. 3a 80 JeT pyHKIHOHUPOBAHUS OTMEYEHO
YaCTUYHOE PACTBOPEHHE THIICA, IIepepaclpeielieHne colell, yBeaudeHne coaepxanus rymyca. Mcemons3osa-
HHE B Ka4eCTBE NCTOYHHKA OPOIICHHS 3arpsA3HEHHBIX BOJ peKr KeHrup mpuBeso K yBEIUUSHHIO COIePIKaHUs
B TIOBEPXHOCTHBIX TOPU30HTAX BAJIOBBIX U MOABIKHBIX (hopM CU n Pb. [lomyduenHsle pe3yabTaTsl HO3BOIAIOT
OLICHUTH CKOPOCTh M HATPABIEHHOCTH IE€PepacIpeiesieHns THIIca, PEKOMEHA0BATh Iepexo]] K BogocOepera-
IOIUM TEXHOJIOTHSIM KaIleJIbHOT'O OPOIIEHHUS C OJHOBPEMEHHBIM OTCTAaMBAaHHWEM M yJaJeHUEM M3 OpPOCUTEINb-
HOM BOJIbI B3BECH.

Knrouesvle cnosa: 3aconenue O4B, 3arpsiSHEHUEC, MOHUTOPHUHT, Bo;[oc6epera}omne TEXHOJIOTUH, KalCJIbHOEC
OpOoLICHUE.

Beeoenue

V3MeHEeHUIO CBOWCTB apUIHBIX MOYB B YCIOBHSAX OPOILICHUS, TAK U PE3yJbTaTaM TEXHOT'€HHOTO 3arpss-
HEHUS TIOCBSIIEH 3HAYMTEIbHBIA 00beM surepaTypsl [1-5]. B TO ke Bpems aHaaM3 COBMECTHOTO BO3JIEH-
CTBHS Ha MOYBBI 3THX (PAKTOPOB PACCMATPUBAETCS PEXKE, UTO OMPEACIAET aKTyalIbHOCTh BBIMIOJIHEHHOW pa-
OOTEI.

Llenbto McciienoBaHust ObUTO BBISIBICHHE M3MEHEHHE CBOMCTB OYphIX apuIHbIX [6] miu OyphIX MyCThIH-
HO-CTEIHBIX MOYB [7], HAXOIAMINUXCS OJHOBPEMEHHO B YCIIOBHSIX OPOIIEHHS M TEXHOTEHHOTO BO3ICHCTBHS.
B crarbe aHanmu3upyeTcs 3acOJICHUE, COJIEpIKaHUe TYMYCa M TSDKEJIBIX METAJIOB B MouBax JKe3ka3raHCKOro
Oorannueckoro caja (Yasitayckas oomacTth, KaszaxcraH), HaXoAsIIerocs: B 30He MHTEHCHBHBIX TEXHOTEHHBIX
BBIOPOCOB OT OOOTaTHTENBHOTO W MEACIIABHIIBHOTO KOMOWHATOB M HX XBOCTOXpaHWIHUIL. M3MmeHeHue
CBOMCTB IOYB MPEAONPEALIIICT YCTOWYMBOCTh BHIPAIMBACMBIX PACTEHUH K MPUPOIHBIM U aHTPOIOTSHHBIM
CTpeccaMm, a TaKKe KaueCTBO BHIPAIIIMBAEMOM PO TyKIIHH.

Obwvexmol u Memoowvl

JKeskasranckuit 60TaHUYECKUH caa oprann3oBad mo maumatuee E.M. JlaBpenko, 1.K. ®opTtyHarosa
npu yyactud 1modBoBenoB Y.Y. YcmanoBa u M.A. I'masoBckoit [8]. M3ydaemasi TeppUTOpHS OTHOCUTCS K
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I0ro-3amagHoi okpanHe Ka3axckoro MejaKoCOMmOYHMKa, PAcIONOKEHHON B 00IACTH MOYMYCTHIHU C PE3KUM
npeobiajaHieM MOTCHINAIBHOTO UCTIPEHHS Ha/l KOJIMYECTBOM OCaaKoB. boTannueckuii cas ObII 3aJI0KEH C
IBYMsSI IeJSIMU: oOecTieueHre MPOMBIIIICHHOTO TOpo/Ja CBEXHMMH OBOIIAMHU U 0aX4eBBIMH KYJIBTYPaMH H
mo00p JPEeBECHO-KYCTaPHUKOBOW PACTUTEIBHOCTH AJISl O3€JICHEHHs MPOMBIIUICHHOTO TOPOJa B YCIOBHAX
MOJIYIIYCTBIHH C UCTIONb30BaHueM opomeHus [9]. ['opon JKeskasran mocTpoeH Ha MeCTe YHUKAJIbHOTO Mell-
HOPYJHOTO MECTOPOXKICHHUS JIJIsl TOOBIYH U 1epepaboTKu Mel, pa3paboTka KOTOpOoi Havanach B Hayajge XX
Beka [10].

Knumar JKe3ka3zraHckoro peruoHa OTIMYaeTcsl pe3Ko KOHTUHEHTaIbHOCThIO [11]. AMmunTyaa Temme-
parypsl Bo3nyxa gocturaer 80°C. 3UMHUIN MepuoJl OrpaHUYMBaeTCS NEPHOAOM OT JAeKaOps 10 cepeirHbI
MapTa, HauOOoJbIINE OTKIOHEHHUS TeMIepaTyp HaOII0Jal0TCsl OCEHbI0 U BecHOW. Hawamom Temsoro ce3oHa
MOXXHO CUHTAaTh | ampens, ero KoHIoM — | HosiOps. CpenHss MpoaoHKUTENBHOCTh TEIUIOro ce3oHa 214
nneit. CpeaHss TeMmeparypa caMoro Terioro Mecsina uwons B T. XKeskasrane cocrasnser +23 °C Temna, ca-
Moro xonoaHoro siaBaps —14,5 °C mopo3za. B oTnensHbIe TO/IbI OTMEUEHO MOHWKEHHE TeMmepatypsl 10 —50
°C mopo3a u ee noBeimenue a0 +47 °C terma. B r. CarnaeBe cpeliHue TeMreparypsl HIONs 3aQUKCHPOBaHbI
Ha ypoBHe +21,3 °C, a stuBapst —17,0 °C mMopo3a. YCTOWUYMBHIN CHEXHBIH MMOKPOB 00pa3yeTcsl K KOHILY HOsIO-
psl, €ro IoJHOE pa3pyIIeHHe MPOUCXOINT BO 2-0i aekazne ampens. [TyOnHa CHEXHOTO MOKpOBa HE3HAUYH-
TenpHa — 5-15 cM.

OTtHOcHTeNbHAs BIXHOCTh BO3ayxa B I. JKe3kasrane kozedsercst ot 80 1o 40 %, nmpuueM MUHUMYMBI
MPUXOASTCS Ha CepeluHy JIeTa.

PekornocimpoBouHoe obcienoBanue mouB botanndyeckoro cajga u ero OKpecTHOCTEH OBLIO MPOBEACHO
aBTopamu B okTs0pe 2021 rona (puc. 1).
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Pucynok 1. Ke3kasranckuii 6otannueckuii caj. Touku onpoOoBaHMs

Borannueckuii caj pacmoyiokeH B 2 KM K I0T0-BOCTOKY OT ropoaa JKeskaszrana. OpoliieHue ocymecTB-
JseTcs TONMBOM MO 00po3/1aM M J0KICBAHWEM W3 IUIaHTa. MICTOYHMKOM OpOIIEHHS CIYXaT BOIBI PEKU
Kenrup Hmke BoJOXpaHWIMIIA U NMPOMBIIIIEHHON 30HKEL. K ceBepo-BocToKy oT boraHmueckoro caga Haxo-
JIATCS IIIJJAMOOTBAJIbI 000TaTUTEIBLHON (haOpUKH.

B utone 2022 r. npoBeaeHO MOBTOPHOE oOcienoBanue mous JKe3ka3raHcKoro 0OTaHUYEeCKOro cajia ¢
ONMCaHWEM MOYBEHHBIX Npoduiei u quarHocTukoil nmous no Knaccudukanuu u auarnoctuke nous CCCP
(1977) [7] u Poccun [8, 12]. BeimonHeHO AeTaIbHOE OMMCaHke omopHoro paspesa (OK—14).
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U3 pexu Kenrup otobpaHb! IpoObI BOJIBI, HCIIONB3YEMOH Ha OpOIIeHNE. AHATN3 COCTaBa BOJI IPOBEACH
Ha JKUAKOCTHOM Xpomarorpade B DKOJIOro-reOXUMMHIECKOM IIeHTpe Teorpadudeckoro pakynbrera MocKoB-
CKOI'0 FOCyAapCTBEHHOI0 yHUBepcuTeTa nMeHu M.B. JIoMmoHOCOBA.

B nouBax Mopdonornyecku u aHaIMTHYECKH AUArHOCTUPOBAH THIIC, TPOBEJEH dKCIPECC-aHaIn3 TOYB
Ha 3acosieHue ¢ ucnois3oBanueMm PH u TDS-metpor dupmer Hanna Instruments. Cepa, npeanoaoXuTeasHO
B ¢dopme cynppaToB B MOYBaX M CYIH(PUAOB B HE3ACOJCHHBIX MOPOAAX, OMpenessuiack MetogoM PDA-
aHaJM3a. DTHM K€ METOJIOM ObLIM TOJYYCHBI PE3yJbTaThl 110 CONEPIKAHUIO TSXKEIIBIX METAIOB U METaJLIO-
unoB. Kaprorpaduueckast o0paboTka pe3ynbpraToB BeinoiaHeHa B iporpamme SAGAGIS. [l uaTeprionsun
OBLIT HCITOTF30BaH METOJI «O0OPATHO B3BEIIEHHOTO PACCTOSTHUSY.

Peszynomamot u ux obcyscoenue

ITo pe3ynbraTtam aeTanbHOr0 MOP(HOJOTHUECKOTO OMMCcaHMs mouBa paspesa JK—14 Obuta ompeneneHa
Kak Oypas (apuziHasi) OCTarporeHHasl CerperandoHHasi COJOHIEBATasl THIIC-COAEPIKaIlasi CPEeAHECYTTIUHU-
CTas Ha MIEOHHUCTHIX CYTJIMHUCTBIX OTIIOKEHUSX.

Basupysice Ha cxeMaTHYeCcKOW KapTe TIyOHMHBI 3ajieraHus MOp(GOIOrHYECKHX NPOSIBICHUN THIICA, CO-
CTaBJICHHOW MO pe3yibTaTaM OypeHHUs MO CeTKe C y4eToM (YHKIMOHAIBHOTO 30HHPOBAHHS TEPPUTOPUH
Bborcana, MOXXKHO KOHCTaTHPOBATh, YTO HA €r0 OPOLIAEMOM YacTH BEPXHSSA MOBEPXHOCTh MPOSBICHUS I'MIICA
noHusunack Ha 20—-50 cM 10 CpaBHEHUIO C UCXOTHOH rITyOuHOH 0K0I10 40 cM.

Boapl pekn KapakeHrup uMeroT MUHEpaau3aiuio 0osee 1 1/11 1 HeOIaronpusaTHOe COOTHOLICHUE KaTH-
OHOB JJa)K€ B PaHHEJETHEE BPeMs, KOTra IPOBOIMINCH UCCIICIOBAHUS:

®opmyna Kyprioa nis coctaBa BOA:

M 116Gz Mg 1

S04 53 Cl 46

Bojpbl kanbIeBo-HaTpUEBbIe XJIOpUAHO-CYIbdaTHbie. SAR=21,7 [13] — Boxbl HEOIATONIPUATHOTO Ka-
yecTBa [14], ciocoOCTBYIOT 0COIOHIIEBaHHIO T0YB. OTHAKO B OPOIIAEMBIX ITOYBAX, 10 CPABHEHHIO C UCXO/I-
HBIM COCTOSTHHEM U (DOHOBBIMHU y4acTKaMH, HECKOJIBKO YBEIMYMIOCH COo/iepKaHue rymyca. [IpenBapurens-
HBII BBIBOJI BIIOJIHE COTJIACYETCSI C PaHee BBISIBICHHBIMU TEHACHIMSIMHU B OPOLIAEMBIX MOYBAX apHIHOHN 30-
Hbl. B MOBEPXHOCTHBIX TOPU30HTaX HeopolaeMbix mouB boranmdeckoro cama comepskanue Cu, Pb u Zn
Omm3Ko K KIapky (taoum. 1, K 8).

Tadbnuma 1

Copep:xaHue 371eMeHTOB (MI/KI) B IOBEPXHOCTHBIX o0pa3uax nous u TIIO
no JaHHbIM P®A-anaausa (pparmMenT)

Ne S Cl V| Cr| Mn | Ni Cu Zn As Sr Pb
Kl | 769 276 | 62| 39 | 726 | 31 | 1016 | 319 | ND | 170 | 243
K2 | 1023 ND 65| 49 | 744 | 30 | 1546 | 385 | ND | 142 | 305
K3 | 1536 686 | 55| 19 | 672 | 21 | 1877 | 134 | 10 | 114 | 196
K4 | 4140 532 | 71| 18 | 604 | 32 | 1331 | 92 | ND | 138 | 214
K5 | 2459 586 |66 | 43 | 897 | 37 | 470 | 199 | 18 | 295 | 140
K6 | 7032 | 19431 | 98 | 29 | 292 | 19 | 302 | 83 20 | 501 | 138
K7 | 1191 217 | 76 | 47 | 768 | 45 174 | 87 10 | 224 | 80
JK8 | 1200 ND 39 | 26 | 448 | 34 30 55 | 12,6 | 952 | 15

B moBepXHOCTHBIX TOPHU30HTAX OPOIIAEMBIX IOYB M TEXHOI€HHBIX MOBEPXHOCTHBIX OOPa30BaHHUAX
(TTIO) coneprkaHue MEIM U CBUHIIA TIPEBBIIIACT KJIAPKH B IeCITKHU pa3 (Tadi. 2, XK 7)
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Tabnuma 2

Knapk konnentpanuu (KK) 31eMeHTOB B IOBepXHOCTHBIX 00pa3uax nous u TTIO
1o JaHHbIM PP A-ananuza (pparmenr)

S Cl \% Cr [ Mn | Ni | Cu| Zn | As | Sr | Pb
X108 | 04 |06 |04 ]09]|06| 38 4,2 - 0,6 | 14
K2 |11 - 06 | 05 10 |06 | 57 51 - 05 | 18
K3 |16 | 1,1 0510209 04| 70 18 | 1,8 | 04 | 12
X4 | 43 | 08 070208 |06| 49 1,2 - 05 | 13
xXs |26 | 09 06 | 05| 12 |07 | 17 26 | 32 | 11 8
X6 | 74 1304|0903 |04 (04| 11 1,1 | 36 | 19 8
X7 1| 12| 03 07051 10109 6 1,2 |1 1,8 | 0,8 5
K8 | 1,3 - 040306 (07| 11|07 1]22]|35]|09
K* | 953 | 640 | 106 | 92 | 770 | 50 | 27 75 56 | 270 | 17

*IIpumeuanue. K — knapk (Mr/kr), coriacHo pekomeHaauusm [15].

HpCBBI]_HCHI/IC CO[ICp)KaHI/ISI 3JICMCHTOB B OpOH_IaeMLIX I104YBax I10 CpaBHeHI/IIO C HCOpOH_[aCMI)IMI/I ITIOKa-
3aHo Ha rpaduke (puc. 2). Tak, nakormienne Cu u Pb coctaBisier 5—6 pa3. AKTHBHBIE BOJHBIE MUTPAHTHl —
Cl, Se, Sr, Ca — BBIHOCSITCS U3 OPOIIAEMBIX 1MOYB. J[JIs cephl COOMI0IaeTCst OaaHC BRIHOCA U 3aKPETUICHUS B

IIOYBC.

(W]

Cu Pb

OTHOWeHWE cofepHatna 3/1eMEHTOB B OPOWAEMbIX NOYBAX K HEOPOLWAEMbIM
(no gaHHbim POA-aHanu3za).

VooCr

r

Ti Mn Zn

Y o Ni

Fe

S

K Th

Nb

As Rb

Ag Ca Sr Se

PI/ICYHOK 2. 3al"p5[3HGHI/Ie OpOIIa€MbIX IIOYB JKe3kasranckoro 00TaHHYECKOTO caza

Bona nns opomenus 6epercst u3 pexn Kenrup Hrbke mioTHHb KeHrHpeKoro BoJoXpaHmiIniia, Ha oepe-
Iy KOTOpOro pacrnojoxeH ropoxa JKes3kasrad, a HETOCPEICTBEHHO Y IUIOTHMHBI HAXOOUTCS MPOMBIIIICHHAS
30Ha (puc. 1). B Bozme npucyrcTByeT oboraiieHHas 3arpsisHUTENIMHU B3Bech. LlmamMooTBanbl Takke Hakia-
IBIBAIOT CBOM OTITEYATOK: B MX «ITyCTOM» TMOpPOje mpeBbimeHue kiaapka Cu cocrasmser 50-70 pas, Pb 1o 20
pa3 (tabn. 1, 2). Ceifuac nuiaMOOTBaIbl M30JIMPOBAHBI ISl MPEAOTBPAILEHHs «IbUICHUs». Panee 30510BbII
MIEPEHOC TBUIM BHOCWJI CYLIECTBEHHBIM BKJIAJ B MOCTYIUIEHHME B IMOYBBHI yieMeHToB. B mousax u TIIO
Habmogaetcs npesbimenne [1JIK BaoBex popm menn u cBuHIA B iecATKH pas (puc. 3).
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Pucynok 3. TIpessrmrenus [11IK (pa3) B mouax u TIIO okpecTHOCTEH XKe3kasraHCKOTo O0TaHUIECKOTO caia

I[HSI YTOUHCHUSA 3KO0JIOT0-T€OXUMHYECKON OLICHKHU 3arpA3HCHHUA IJIAHUPYCTCA ONPCACICHUC IMOJABUXK-
HBIX (DOPM ITUX DIEMEHTOB. JJI1 ONITHMU3ALUK OPOIICHHS ¥ PEIICHUS 3aa4l SKOHOMHH BOJBI B HACTOSIIEE
BpeMs Hagajcs mepexoi K 0ojee MpOorpecCHBHOMY METOY OPOILICHHUS — KalleIbHOMY Kak B boraHnueckom
caly, Tak ¥ B 3elleHOH MH(pacTpykType ropoaa. [Ipu sToM 1t mpemoTBpaiieHus 3a0UBaHUS OTBEPCTHH
TpyOOK KalelbHUIl HEOOXOANMO OTCTaWBaHUE B3BECH IS OCBETIIEHHUS Bobl. COOp B3BECH M €€ aHaH3 103~
BOJIMT OIEHUTh XMMHU3M U CHEIU(HKY €€ XHMHYECKOTO M I'PaHyJIOMETPUIECKOTO COCTaBa IO CPABHEHHMIO C
IBUIBIO IIJIAMOOTBANIOB. Kpome Toro, B CBS3M ¢ U3MEHEHUEM cTaTyca ropoja JKeskasrana, Bo3BpallleHHEM
€My YpOBHS 00JAaCTHOIO ILIEHTpa, PACIIMPEHUEM €ro 3ele€HON MH(PAcTPyKTyphl, BO3pacTeT MOTPEOHOCTh B
Mmarepuane it nocagok. K boranmueckomy camy motpedyercst J0OaBUTh y4acTOK BBIIIE TOpPOja IO Tede-
HUIO peku KeHrup v BHE 30HBI MBUIEBOTO BO3/IEHCTBUS IIIAMOOTBAJIOB.

Raxnrouenue

[Touss! XKe3kazraHckoro 60TaHUYECKOTO Caaa HaXOIATCA MOl ABOMHBIM BO3AEHCTBUEM OPOILICHUS U 3a-
rpsizHenus. OpoleHne NpoBoaUTCs o 6opo3aam U foxaeBaHueM. 3a 80 j1eT GyHKIHOHUPOBAHUS OTMEUEHO
YaCcTUYHOE PACTBOPEHHUE THIICA, IIepepacipeie]ieHue Collel, yBeIMUeHue coiep:kanns rymyca. Mcmonbs3osa-
HHUE B KQU4eCTBE UCTOYHHKA OPOIICHHUS BOJBI pekn KeHrup mpUBeNo K YBEJIMYCHUIO COJIEPKAHUS B TOBEPX-
HOCTHBIX TOPU30HTAX MEIH, CBUHLA M MbILIbsKa. [lomydeHHbIe pe3ysIbTaThl O3BOJISIIOT OLICHUTh CKOPOCTh
HaTpPaBJICHHOCTh Mepepacipe/ielieHns] CoJied M THIca, PEKOMEHI0BAaTh Mepexo/ K BOAOCOEperatommmM Tex-
HOJIOTHSIM KaleJIbHOTO OPOIIEHHsI C OJTHOBPEMEHHBIM OTCTAUBAHMEM U YAAJICHUEM U3 OPOCUTEIHHOMN BOJBI
B3BECH, 3arPA3HEHHON TSKEIBIMU METAJIAMH.
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Ke3kaszran boTaHUKAJIBIK 0aFbIHBIH COPTAHJAAHYbI, THIICTENYI
’KOHE TONMBIPAKTHIH JIACTAHYbI: YHBIMIACTHIPbLIFAHBIHA 80 Kb
JK9HE CYJAHABIPYbIH 0acTaTybI

3epTTeyiH MaKcaThl Cyapy *KoHE ocep €Ty Ke3iHJer KOHbIP KYPFaK TOIBIPAKTap IbIH KaCHETTEPIiHIH e3repic-
TEpiH aHbIKTay, SIFHU MBIC OaJIKBITY JKOHE OHJICY 3ayBITTapbIHBIH LIBIFAPBIHABLUIAPHI Heri3inae. Makanana vH-
TEHCUBTI TEXHOTCH/IK LIbIFaPbIHIBUIAD afiMarblHAa opHaacKaH JKe3kasraH BoTaHHKAIBIK OAaFbIHBIH TOIIBI-
PaKTapbIHBIH COpPTAaHAAHYBI, Kapallipik KYpaMbl, ayblp METaJAapIblH Ka3ipri karnaibl TangaHrad. Tombipak
KacHETTEPiHIH e3repyi eciplIreH eciMIIKTepAiH TaOUFH jKOHE aHTPOIOTECHAIK dcepiepre TO3IMALIIriH, COH-
Jaii-aK ecipiireH eHiMHIH canachlH aHbIKTaiapl. boTaHnKanbIK 6akTa KYpT KOHTHHEHTAJIbIbI JKaraaiiaa cya-
py Ke3iHze OenceHai ecyre KaOueTTi eciMIikTep TaHmamabl. 80 *bUT iIIiHIE THIICTIH ilIiHapa epyi, Ty3aap-
IIBIH KaiiTa OemiHyi, KapanripikTiH keberoi Oaiikanabl. Cyapy ke3i petinae KeHrip e3eHiHIH JlacTaHFaH CyJa-
PBIH Nalaanany xepycri ropusoHTTapbinaa Cu jxoHe Pb jkanmbl skoHe KBUDKBIMAJIBI TYPIIEPiHiH MOIIIEPiHiH
apTybIHA OKeN[i. AJNBIHFaH HOTIKeNep THIICTIH KaiTa 0eiHy JKbUIIaMIBIFEI MEH OaFbITHIH Oaranayra, cyap-
Mabl CybIHaH CYCHEH3HSHBI Oip ME3riyie TYHJABIPY JKOHE KOO apKbUIbl CY[Obl YHEMJICHTIH TaMIIbUIATHII
cyapy TEXHOJIOTHSCHIHA KOyl YChIHYFa MYMKIHIIK Oepei.

Kinm ce30ep: TONBIPAaKTHIH COPTAHIAHYHI, Cyapy, IacTaHy, OaKpLIay.

D.L. Golovanov, E.I. Kravchenko, S. Kusherbayev, A. Amanzholov, A.B. Myrzabayev, M.Yu.
Ishmuratova, A.N. Matveev, N.A. Mushnikova, L.V. Dobrydneva

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

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

Keywords: soil salinity and gypsum content of soils, irrigation, man-made pollution.
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Knacrepubiii anaiau3 nemorpaguyeckux npoueccos B Kazaxcrane
Ha COBPEMEHHOM JTare

CTaTbsi NOCBAIICHA AHAIM3Y AEMOrPaMYECKHX IPOLECCOB C HCIOJIB30BAHMEM KIACTEPHOTO aHAIHU3a.
OmnncaHbl NMEIOIIIECs UCCIICOBAHMS, UCIIONB3YIOINE KIACTePHBIH aHAIN3 B Pa3IMYHBIX HAyYHBIX [EIIX B
pOCCHIICKOM M Ka3aXCTaHCKOM Hay4HOM HpocTpaHCTBe. [Ipe/ioxkeHo IprMeHeHne METOIUKH KIIacTepHOTO
aHanm3a JUIS BBLICICHUS TePPUTOPHANBHBIX IPYIII B PETHOHAIBHOM paspese. KiracTepHbIH aHanm3 Kiaccu-
(unmpoBaNCsT B 3aBHCHMOCTH OT JAEMOTPaQHIECKUX XapaKTEPUCTHUK: IUIOTHOCTh HAcCEJIEHHs, STHHYECKast
NPUHA/UISKHOCTh HAaCENICHUsI, YPOBEHb ypOaHW3allUH HACENEHHs, BO3PACTHBIE XapaKTEPHCTHKU HaCeNCHUS.
OO6OCHOBaHa aKTYaIbHOCTh MPHMEHEHHS METOIUKU TE€M, YTO CPEJHECTATUCTHYECKHE JaHHbIC HE MO3BOJIIOT
B TIOJJHOW KapTHHE PacCcMaTpUBATh XapaKTEPUCTHKH HaceieHus. O003HaueHa MOTPEeOHOCTh KIACCH(UIIHPO-
BaTh TEPPUTOPHH, HE IPHUHMMAsI BO BHUMAHUE PETHOHATIBHBIC LICHTPBI IPUTSKEHUS HACEICHUS. — 00JIacTHbIC
LEHTPBI, KPYIHBIC TOPOJia M CTONHIBL. [IpeUIoKeHHBIH B CTaThe MOAXO] AAET BO3MOXKHOCTH OTMETHUTH M
HPOCIEUTh MPOOIEeMbl Ype3MepHOH KOHIEHTpaly HaceneHHus KaszaxcraHa B ropojmax — perHOHAIBHBIX
LEHTpax HPUTSHKEHUS U OTOJICHHS ONM3JIEeKAINX U CeNbCKUX Tepputopuid. [IpoBeneH 0030p pe3yiabTaToB
NpUMEHEHHs KJIACTePHOT0 aHajn3a, B KOTOPOM OTPa3sHIMCh HEOJIAaroNpHATHBIE XapaKTePUCTUKH HAaCENCHUs,
OIMCaHbl BO3MOJKHBIE ITOCIEACTBHS KaK pe3yNIbTaT BO3ICHCTBHS 3THX HEOJIArONMpPHUSTHBIX XapaKTEPUCTHK.
TpennoxkeHo JanbpHelIIee NPUMEHEHHE METOJa TEPPUTOPUATBHON KIacCH(HKALUMK C MCIONB30BAaHUEM
KJIACTEPHOT'0 aHaju3a B HCCICIOBAHUM JIEMOTpaUuecKiX MPOIECCOB HACEICHHUs. Pe3ylbTaThl KIaCTEpPHOTO
aHaIM3a JIEMOHCTPUPYIOT Pa3HOOOpa3HbIC NaHHBIE XapaKTepPUCTHK 1o KazaxcraHy B 3aBHCHMOCTH OT METO-
JMKY BBIJCNICHUS TEPPUTOPHiL. Pe3ynbTaT MccienoBaHus AEMOHCTPUPYET Oojiee COOTBETCTBEHHYIO OLICHKY
XapaKTepPUCTHK HaCeJIeHHsI, pacKpbIBaeT MPo0IeMbl eMorpaduueckuX XapaKTepUCTUK HaCEICHNUSI.

Knioueswvie crosa: nemorpaduaeckue npoueccsl Kaszaxcrana, KiiacTepHBIN aHAH3, JeMorpaduueckue xapak-
TEPUCTHKU HACEJICHHSI.

Beeoenue

[Nocnennsist KoHIIENIHMS AeMorpaduaeckoil noautukn Kazaxcrana 6puta nmpuasara B 2000 r., MHOTHE 3a-
a4 KOTOpOM B HAacTosIee BpeMsi ObUIM yCIemHO perieHsl. OOmas 4ncieHHoCcTh HaceneHus 3a 10 ser
(2009-2019) yBenmuumacek Ha 23 % B pe3ysbTare BHICOKOTO €CTECTBEHHOTO MTPUPOCTA HACETCHNUS, B TIEPBYIO
oyepenb, Ka3axCKOro M 3THUUECKOW mmmurpanuu. Cpok IeHCcTBUS AaHHOW AeMOorpaduuecKoi KOHLENUH
uctek B 2011 1., HOBas koHUENIMs He Oblia npuHATa. CIOXKHUBILIASLCSI COBPEMEHHAs IeMorpadudecKasi CHTY-
alnus Tpe6yeT IMOCTOAHHOI'O, IMTPUCTAJIBHOTI'O BHUMAHUWA IT'OCYJAPCTBCHHBIX OPraHOB. B YHYaCTHOCTH, HpO6HeMbI
OTOJICHUSI TEPPUTOPHI, CTAPEHUSI HACeNeHUs, AucOaaHca BO3PaCTHON CTPYKTYPBl U KaueCTBEHHOH SMHIpa-
LU HACEJICHHSI OCTAIOTCS aKTYyaJIbHBIMH Ha CErOJIHS JUIS Halllel pecyOInKy.

Memoowt u mamepuaisi

CpenHecTaTUCTHUECKHE AaHHBIE, XapaKTepHU3YIOIINe OCHOBHBIE JeMorpaduueckue mpouecchl Kazax-
CTaHa, SIBJIAIOTCS] JOCTaTOYHO OJIAarONPHUATHBIMH, OJJHAKO, PACCMATPUBAs UX B PETHOHAJILHOM paspese, MOX-
HO HaOJOAaTh HEOIArONpPUSATHYIO CHTYyaluto. [103ToMy CTaHOBHTCS HEOOXOJMMBIM MPUMEHEHHE KilacTep-
HOI'0 aHaJIn3a AJid BBIABJIICHUA PECTUOHAIBHBIX oco0eHHOoCTEN neMorpa(i)quCKoro Pa3sBUTHUA.

MeTtoa KiacTepHOro aHajaM3a MO3BOJSIET KIACCH(PUUUPOBATH PETMOHBI CO CXOAHBIMU AeMorpaduye-
CKHMH XapaKTEepUCTHUKAMH B KPYITHbIE COBOKYITHOCTH-KIIACTEPHI.

MeTo/1 KJTaCTEpHOTO aHAN3a MCIIOJIb30BAJICS TAKUMHU POCCUIICKUMH yueHbIMH, Kak B.B. Kannmes [1],
T.H. l'ony6osa [2] u M.A. Kocsix [3].

Pezynvmamul u ux obcyscoenue

Henp3s yTBepKaaTh, 4TO MOAXOA, IPUMEHEHHBIN B IaHHBIX CTATHSIX, HIEHTUYECH CUCTEME KPUTEPUEB C
NIPUMEHEHUEM KJIACTEPHOI0 AHAJIN3d, TaK KakK, BO-IIEPBBIX, BCE-TAKU 3TO HCCIENOBAHMS, NPOBEACHHBIE B
MIPOCTPAHCTBE U PEAIHAX APYroil CTpaHbl, BO-BTOPBIX, KJIACTEPHBIN aHAIN3 MPUMEHSIICS K pPa3IUYHbBIM IIpO-
O7eMHbBIM Borpocam HaceseHus. Hanpumep, B cratbe M.A. Kocbix [3] kiactepHblit aHamu3 ObLT IPUMEHEH K
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CMEpPTHOCTU HAacCeNieHHs, a OCHOBHOW OOLIeH XapaKTepUCTUKON AJIs BBIIENEHHs KiacTepa ObUT YpOBEHb
CMEPTHOCTHU HACeJIEHHsI, KOTOPBIH HE KacaJlCsl TEPPUTOPUATIBHBIX Pa3/ICIICHHUH.

B Kazaxcrane jxe aHaJIOTHYHO MHOTHE aBTOPHI MCIIOJIB30BAJM METOA KJIACTEPHOI'0 aHalu3a OTHOCHU-
TENbHO AeMorpaduu B cBoMX HccnenoBanusx. Tak, Hanpumep, A.K. bekxoxxaesa B 2004 r. B ctathe «Peru-
OHAJIbHbIC TEHICHIIUH JeMorpaduyeckoro passutus Pecnyonuku Kasaxcran 3a 1990-2002 roms» [4] mpu-
MEHMJIa KJIACTEPHBIM aHaIu3, pa3feianB 00IacTH MO MpoleccaM CMEPTHOCTH M pOXKIaeMocTu. JlaHHbIe B cTa-
The ucnoasp3oBanu 3a 2000-2001 rr.

XK.C. AyGakuposa B crathe «Jlemorpaduueckoe paiionupoBanue KazaxcraHa: oT METOJUKH K Pe3yiib-
tatam» [5] mpuMeHsIa METO KITaCTEpHOr0 aHan3a C LEIbIO BBIJICICHHS TEPPUTOPUH CO CXOXKEH 1emMorpa-
(hnyeckoii KapTHHOH, TaKXKe HCITOB30BAIaCh KOMIIBIOTEpHAs mporpamma «Fuzzy class» (1aHHble B cTaThe
Hcnoab3oBaguch 3a 2005-2010 rr.).

MuHUCTEPCTBO HAIMOHAIBEHOW SKOHOMUKN Pecyonukn Kazaxcran Komurter mo craTuCTHKE B OTYETE
«Kitacteproe obcnenoparne mo MHOTUM 1okasarersiMm (MICS) B Peciyonnke Kazaxcran 3a 2016 rom» Tak-
K€ UCIOJIb30BaJIO KIacTepHbli ananu3. CoBMecTHO ¢ opranu3anumeii Unicef 6bu10 npoBeeHo obcienoBanue
KCHIIMH U AeTeil. Pe3ynbTarhl ccineqoBaHus OTpaXaluch OONbLIEC B COLUATIBHBIX BOIIPOCaxX, a HE JeMOorpa-
dhuueckux [6].

OpHaKo HEOCTAaTOYHO YAETSIEeTCS BHUMAaHWE COBPEMEHHBIMH YYCHBIMU PETHOHANBHBIM OCOOCHHOCTSIM
neMmorpaduyeckux mporeccoB. BrepBble METOA KIIACTEPHOTO aHaiu3a ObUI MCIOJB30BaH Ui M3Y4CHUS
IUIOTHOCTU HACEJICHUsI, STHUYECKON M BO3PACTHOM CTPYKTYphI HAaCEICHUS.

B Kasaxcrane, B o01meM, oTMedaeTcsi HeOJIaronpuaTHasl CUTyalnus, KOTOPYIO XapaKTepu3yeT HU3Kas
IJIOTHOCTh HaceneHusd, 6,92 den. Ha 1 kB. kM. B criucke cTpaH mo mioTHOCTH HaceseHud u3 195 ctpan mu-
pa Kazaxcran 3aHumaet nuib 184 no3unuro.

Maro Toro B peruoHax OTMEYaeTcs HEPABHOMEPHOE paclpeeeHue HaceaeHus oT 2,7 Ha 1 KB. KM 10
23 yen. Ha 1 KB. KM. AJJMHUHHUCTPAaTUBHO-TEPPUTOpHATIbHOE YCTpoiicTBo Ka3axcrana mpecTaBieHo Ha cero-
nHS 16-10 00beKTaMu — 00JIaCTAMH, KaKaas U3 HUX 00J1a1aeT pa3IuuHbIMK JAeMOTpadUIeCKUMU XapaKTe-
puctukamu. JlanHas knaccuuKanusi TEPPUTOPUN C PETHOHAIBHBIMHU LIEHTPAaMH MPUTSDKEHUS BBISIBUIIA de-
THIpE KJIacTepa MO TIOTHOCTH HACEJICHHUs, KOTOPbIe OTpaXKeHbI B Tabnuie 1.

Tab6numa 1

Knacrepnast k1accupukanys NJIOTHOCTH HACEJEHHUS C YYeTOM PerHOHAIBHBIX IIEHTPOB

Kia-
cTep
Ne 1 TypxecraHnckas 23 gen. Ha 1 KB. KM
AKMOJMHCKAs

Peruon/ o6macTs KonmaecTBo uenoBek

AnMaTHHCKas

Ne 2 JKambObuickas 5-9 genr. Ha 1 KB. KM

ITaBnongapckas

CeBepo-Kazaxcranckas

Bocrouno-Kazaxcranckas

ATpIpayckas

Kocranaiickas
Ne 3 Bamanno-Kazaxcranckas 3-5 uen. Ha 1 KB. KM
Manrucrayckas
KaparananHckas
KbI3bu10pIMHCKAS

Ne 4 AKTIOOMHCKAs 2,7 uen. Ha 1 XB. KM

Takas kmaccudukanys NO3BOJSET JIMIIb OIIEHUTH OOIIE ITOKAa3aTe INIOTHOCTH HACEJICHHS U HE pac-
KpBIBaeT BIMsHIE (PakTopa yCKOpeHHOH ypOanmzanuu Kazaxcrana. [103TOMy 04eBHIHOWM cTaHOBUTCS HEOO-
XOAMMOCTh KJIACCH()UIIUPOBATE TEPPUTOPUHU O€3 PErHOHANBHBIX LEHTPOB MPHUTSHKCHUS HAceleHus — 00-
JIACTHBIX LEHTPOB, FOPOIOB PECIYOIIMKAHCKOIO 3HAYEHUS M CTONIMIBI. JJaHHBIA MOAX0A MO3BOMIsAET 0003Ha-
YUTh M M3YYHUTH MPOOJIEMbI Ype3MEpHOI KOHIIEHTpaunu HaceneHus: Kazaxctana B ropojmax — perdoHab-
HBIX IEHTpaxX MNPUTSHKEHUS W OTOJIEHWS MPWIETaloUX M CEIbCKUX Tepputopuil. [lpyras derbipex-
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KJIACTepHAs KJIACCU(DHUKAIIS TSPPUTOPUN 0€3 pErHOHATBLHBIX IIEHTPOB MPUTSHKEHUS HACEIICHUS 0TOOpakeHa
B Tabimie 2.

Tabnuma 2

Knacrepnas kiaccugukanus IUIOTHOCTH HaceJeHHUs 0e3 yueTa pernoHAIbHBIX HeHTPoB (JanHbie 2019 1.)

§ Konuuectso
()
q Pernon/ 06acts YEJIOBEK Ha [Iputsxenue
3 1 XB. KM
Hckmrouenne HaceneHus IT. AnMartsl, [lIsiMkenTa,
Tangsikoprana u TypkecTaHa NPUBOAST K CHUXKCHHIO
AnMaTHHCKas
IUIOTHOCTH HACEJICHUS TaHHBIX PETHOHOB B 2,8 pa3sa,
Nel 83 YTO 03HAYaeT, YTo 3TH yeThipe ropoja FOxunoro Ka-
- ' 3axcTaHa «OepyT Ha ceOs» mouTH 2/3 Harpy3KH 1O 3a-
ceneHnto. HecMoTps Ha 3T0, 1aHHAS TEPPUTOPHS OCTaA-
Typxecranckas €TCsl caMO T'YCTOHACEJICHHON
AKMOJMHCKas O6nacTh, cpeJHss INIOTHOCTh HACENCHNS KOTOPBIX 0e3
YKam6srcKas. BoCToHO- PETHOHANBHBIX EHTPOB NpuTsDKeHus (rr. Hyp-
> o
KazaxcTaHckas Cynran, Tapa3, ¥Ycte-Kamenoropck, Cemeit, Ilerpo-
o naBnoBck [laBnogap, Kocranaii) cHmkaercs B 1,8 paza
Ne2 Ceepo-Ka3zaxcranckas or3fo5 ’ ’
Kocranaiickas
ITaBnonapckas
Masrucrayckas O6nacty, cpeaHss INIOTHOCTh HaceIeHHs KOTOPBIX 0e3
A PETHOHANBHBIX LIEHTPOB NMPUTKEHHUS (TT. AKTay,
TBI Kast
paycka Artripay, Ypansck, Kaparanna, Kerzsui-Opaa) cHmxa-
Tcs B 1
Ne3 | 3ananno-Kazaxcranckas ere » pasa
KaparananHckas
Ke3butopanHekas
Ned | AxTiobuHCKas 27 Bes r. AkTo0e, cHmkaercs B 2,1 pasa
- 1

Takue akTopsl, Kak JMHAMUYHAS ypOaHU3AIHsl, HEPABHOMEPHOE Pa3BUTHE TEPPUTOPHIA U yBEIIMUECHHE
COLMAThHO-3KOHOMHYECKOW HATrpy3KH Ha TOPOJa, MOTYT NMPHUBECTH K BOSHHUKHOBEHUIO Psi/ia PUCKOB: CTHU-
XUHHOTO (POPMHUPOBAHUS «IIOSCOB OCAHOCTH» BOKPYT TOPOOB, 0e3paboTuile HaceleHus (B MEPBYIO Oue-
pelb, MOJIOJIEKH ), BEPOSITHOCTH BOSHUKHOBEHUSI U 00OCTPEHHsI CONMAIBHBIX KOH(JINKTOB, HApAaCTaHHsI CO-
[MANTBHON HANpPSHKEHHOCTH W MPOTECTHOCTH, OTOJIEHUS CENIbCKUX M TPUTPAHUYHBIX TEPPHUTOPUH, MOTEpU
KOHTPOJI HaJ, MPUTPAaHUYHBIMA TEPPUTOPUAMHU. I'O0CyIapCTBEHHAsI NOJUTUKA JOJKHA YYUTHIBATH BEPOST-
HOCTb BOSHMKHOBCHUA U pa3BUTHUA HOIIO6HBIX HETaTUBHBIX CIICHAPHCB.

HcTopudecku crnoxuinock, 4to cerofus Pecrybnuka Kazaxcran mpeObiBaeT B cTaTyce MOIUITHUYHOTO
rocynapctBa. Ho MBI MOXKeM 3aMETHTB, YTO 3THOAEMOTpaduieckas CTpyKTypa rpaxaan Kazaxcrana 3a mo-
cinennne 30 €T moaBEPriachk M3MEHEHHUIO, MPUYEM HE B MAJION CTENEeHU. Y IEIbHBINA BeC Ka3aXCKOW dTHHYE-
CKOW TPYMIIBI CTaJl 3aMETHO BbIIIE. Takue U3MEHEHHUS! B COCTaBE STHHYECKOH CTOPOHBI TOCYAapCTBa MPOUC-
XOZST 1O IPUYNHE HECKOJBKHUX (PAKTOPOB:

- pas3iinivsa B CKOPOCTH UBMCHCHUA €CTECTBCHHOI'O ITPUPOCTA HACCIICHUSA Pa3HbIX OSTHUYCCKUX I'PYIIIL;

- 110J] BO3ACMCTBUEM MUTPALIMU ATHUYECKUX IPYIIL.

Ha cerogns B Kazaxcrane u3 18,5 mun uen. 68 % (12,5 MiH) SBJISIOTCS MPEACTaBUTEISIMUA Ka3aXCKOM
HanMoHaJIbHOCTH. [IpeanaraemM paccMOTpeTh KIacTEpHYIO KJIAaCCH(UKALMIO Ka3aXCTAaHCKOTO HACENICHHS I10
YIEIBPHOMY BECY Ka3aXxCKOT0 HACEJICHMsI, MPEACTaBICHHYIO B Tabymie 3 (manuabie 2019 1.).
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Tabnuma 3

Kaacrepnas kiiaccupukanus 3THHYECKOH XapaKTepUCTUKHU HaceJleHns (1aHHbie 2019 1.)

VY nenbHBIN BeC Ka3aXxCKoro

Kunacrep O6nactb 0
Hacenenus, %
ATsIpayckas
Ne 1 MaHreicTayckas 92,1
Ke3butopanHekas
AKTIOOMHCKAS

3anagno-Kasaxcranckas

Ne 2 JKamObIICKast 74,6

AnMaTHHCKas

TypkecraHckas

AKMoOJIMHCKAS

BocTouno-Kazaxcranckas
Ne 3 52,7
Kaparannunckas

[TaBnogapckas

Kocranaiickas
Ne 4 37,2
Ceepo-Ka3zaxcranckas

Wtak, n3 Tabmuupsl 3 Mbl BUIUM, YTO B NIEPBbIH KJacTep BOILUIM MOHO3THUYHBIC TEPPUTOPHH, CPEHEE
3HA4YEHHUE YAEIBHOIO Beca Ka3axoB II0 KJIACTEPY IpeBBILIAET YpOBeHb pecnyOnuku B 1,4 pasa. Bo BTopom
KJlacTepe MpeACTaBICHbl TEPPUTOPUH, TATOTEIOUINE K MOHOITHUYHOCTH, TYT CpeHEe 3HAYCHUE YAETHHOTO
Beca Ka3axoB — 74,6 % ot o0mieil YncineHHOCTH HaceneHus. B TpeTuii knactep BKIIOUEHBI MOJUITHUYHBIE
TEPPUTOPHH, B KOTOPBIX CPEIHEE 3HAUEHHE IO KJacTepy HMXKe PecIyOJMKaHCcKoro yposHs B 1,3 pasza. U
YEeTBEPTHIN KJIacTep XapaKTepU3yeTCsl KaK TEPPUTOPHS C HU3KUM YAETbHBIM BECOM Ka3aXCKOTO HACEJICHHSI.
Cpennee 3HadueHHe 1Mo KiacTepy B 3,1 paza meHbIe, 4eMm B cpeqHeM o Kazaxcrany.

IIpeacraBnennsle B Tabnuie 3 kiactepbl chOPMHUPOBAINCH IO BIMSIHUEM CIIOKHBIX MCTOPUYECKUX
po1eccoB U (HaKTOPOB, KOTOPHIE OKA3bIBAIM AJUTEIBHOE BO3JCHCTBHE HA ITHUYECKYIO CTPYKTYpy Hacene-
Hus Kazaxcrana. 3a rojpl CyBepeHUTETa MPOU30MIET Psifi U3MEHEHUH B IWHAMHUKE STHOTEPPUTOPHATBHBIX
MIPOLIECCOB:

- IIEPBBIM U BTOPOW KJIACTEPHI MIPHOOPEIH SIPKO BBIPAKEHHBIE XaPAKTEPUCTUKN MOHOITHUYHBIX TEPPH-
TOpUI BCIIEJCTBHE SMUTPALMOHHOTO OTTOKA MPEJICTABUTENEH NPYTruX 3THUUECKUX TPYII U BBICOKHX TMOKa-
3aTeiel eCTECTBEHHOTO NMPUPOCTA Ka3aXxCKOTO HACENICHHUS;

- TPETHUH KJ1acTep, Ui KOTOPOro TeHepb XapakTEPHO MOJMITHUYHOE HaceleHue, ChOPMHUPOBAIICS TOb-
KO B TIEPHOJI CYBEPEHHOTO Pa3BUTHS. B mpeapiaymunii mepros y/iebHbINA BEC Ka3axCKOro HACcEJICHUS Ha ITHX
TeppUTOpUsX He npeBbiman 40 %;

- YeTBEPTHIA KJIacTep OCTAeTCsl TEPPUTOPUEH C CaMbIM HU3KUM YIEIbHBIM BECOM Ka3aXxCKOTO Haceje-
HUSI, HECMOTPS Ha pOCT aOCONIOTHBIX U OTHOCUTEJBHBIX ITOKa3aTeJIel B 3TOM PETHOHE;

- U3MEHEHUS STHUYECKOTO COCTaBa HAaceJIeHHs HanboJiee SPKO MPOSIBISIETCS] B TOPOIAX.

Eme ogua He MeHee BaXKHBIH [MOKa3aTeNlb COLUAIbHO-3KOHOMHYECKOT0 ()OPMHUPOBAHMS TOCYIapCTBa
3TO CTENEeHb ypOaHU3aUKN ropoJoB. YpOaHU3alMsl CEroIHs BBICTYIIAeT OJHUM M3 OCHOBHBIX TPEHIOB pa3-
BUTHSI MUpA. Y3Ke ceifuac HacelleHHe rOpoIOB MPEBBICHIIO KOJHYECTBO YEIIOBEK, TPOKUBAIOIINX B CEITHLCKON
MECTHOCTH, U JIaHHasi TEHJICHIINsI Oy/IEeT TOJILKO ycHiauBaThes. Ha cerognsmnauii 1eHb B ropogax Kazaxcrana
npoxuBaeT 57,8 % HaceneHHs cTpaHbl, IpU 3TOM 64,3 % SBIAIOTCA NMPEACTABUTENIMHU TOPOACKOrO Ka3ax-
ckoro Hacesenus. ['opona mumnonuku B Kazaxcrane: Anmarsl (1 829 000 yen.), Actana (1 047 000 yen.) u
Ismvkent (1 005 000 gert.).

OCHOBBIBasICH Ha 3TOM TOKa3aTesie, MPEACTAaBICHbI YeThIpE KiIacTepa 10 YPOBHIO ypOaHHU3aLUH Hacele-
nus Kazaxcrana (tabm. 4).
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Tabnuma 4

KunacrepHas kiaccupukanus ypoBHsl ypoaHu3anuu HaceJienus (nannsie 2019 r.)

Knactep Oo6nactp YpoBeHb ypOaHU3upoBaHHOCTH, %
Kaparannunckas
Nel [MaBnomapckas 73,6
AxTIOOMHCKAs
Kocranaiickas
Ne 2 ATbIpayckast 52,9

3ananHo-Kaszaxcranckas
Bocrouyno-Kazaxcranckas
AxMonuHCKas
Cesepo-Kazaxcranckast
Kei3puiopaunckas
Masrucrayckas
JKamObuICcKast
AnmaruHckas

Ne 4 21,2
TypkecTaHcKast

43,8

Kak BUOHO U3 AaHHBIX TaOIULbI 4, B IEPBOM KJlacTepe MPEACTaBICHbl BEICOKOYPOaHN3UPOBAHHBIE TEP-
putopun Ka3zaxcrana. CpeiHul MmoKa3aTellb HX YPOBHS YPOAHU3UPOBAHHOCTH MPEBBIIIACT YPOBEHb PECITyO-
nuky B 1,3 paza. Bropoif knactep BKITto4aeT B ce0sl TEPPUTOPHH CO CPEIHUM YACTHHBIM BECOM TOPOICKOTO
HaceJeHHs. YpOaHM3UPOBaHHOCTH y 00JIacTell BTOPOTO KJAacTepa COOTBETCTBYET CpeIHEPECITyOIMKAHCKUM
nmokazareisiM. B TpeTbeM KiacTepe cocpeioTOUMINCH PETHOHBI C YPOBHEM YpOaHU3aIMH YyTh HUXKE CpeHe-
r'o, MEHBIIIC MTOJIOBUHBI HACEJICHUsI 3TUX 00JIacTel — roposkane. M mocieaHuii kiiacTep BKIIOYWI B ce0s Ma-
N0ypOaHN3UPOBaHHBIE TEPPUTOPHUH. TypKecTaHCKast 00acTh Oblla BKIIOYEHA B 3TOT KJIACTEp IOCIIE MpUaa-
Hus T. LsiMKeHTY — cTaryca ropofa pecmnybnukanckoro 3Hauenus. CpeqHee 3HaueHue B 2,7 paza MEHbIIE
CpeaHero ypoBHs ypbanuzupoBanHocTH 1o Kaszaxcrany.

[Ipornecc ypbann3anuy moka3sBaeT HEOOMBIIYIO0 TUHAMHKY. Tak, 3a 20 JeT yaenpHbBIH BeC TOPOJCKOTO
HaceJeHus BeIpoc ¢ 56,4 1o 57,8 %. Xots o01Ire moka3aTely He BRISBISTIOT 3HAYUMBIX N3MEHEHHH, KIIacTe-
pHu3anms yepes3 Mpu3My Ka3zaxCKOTo HaceJeHHS MO3BOJSET YBUICTh CYIIHOCTh YCKOPEHHOH ypOaHW3aluu B
Kazaxcrane. Tak, cpenHuil yaenpHbI Bec TOpOACKOro Kazaxckoro HaceneHust Kazaxcrana B 1999 r. cocras-
ns1 44,7 %, a B 2019 sTot mokazatens Beipoc A0 64,3 %.

Knaccudukanus no ypoBHIo ypOaHH3aIIMU Ka3aXCKOTO HACEIEHUS BBISIBUIIA YETHIpE KiIacTepa, KOTOphie
OTpakeHbI B TaOJIHUIE 5.

Tabnuma 5

Kaacrepnas kinaccupukanusi ypoBHs ypOaHU3alUM Ka3aXcKOro Hacejenus (nanusie 2019 r.)

Kiacrep VY nenbHbIi Bec TOPOJCKOT0 Ka3aXCKOTo

O6nacte/pernos/ropo
p PO Hacenenus, %

ActaHa
Mamnrucrayckas
No 1 AnmatuHCKas 81,0
AKTIOOMHCKAS
ATblpayckas
Ke13puopanHckas
Anmartel
[IemMKeHT

No 2 3amanno-KazaxcraHckas 66,2
JKamoObLICKast
TypkecraHckas
Kocranaiickas
Kaparanauackas
Ne 3 [TaBnogapckas 49,1
AxMonmHCKas
Bocrouno-Ka3zaxcranckas
Ne 4 Cesepo-Kazaxcranckas 29,3
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Tenepp MBI MOXKEM HaOJIIOJaTh WHYIO KapTHHY, TaK, HapUMep, B MEPBBIA KacTep BOLUIM PETHOHBI,
IZie CPEeIHUHN yIIeJIbHBIN BEC Ka3aXCKOI'0 T'OPOJICKOTO HACeJICHUs NIPEBBIIAEeT YPOBeHb pecnyOnuku B 1,3 pa-
3a. Bropoli kiacTep MoKa3pIBa€T HaM CPEJHUMN YAENbHBII BeC Ka3aXCKOro0 TOPOJCKOIro HaceleHus. B TpeTs-
€M KJlacTepe OTPa3HJIMCh PErHOHBI, TJe CpeJHee 3HaueHHe MOoKa3aTels YAEIbHOTO Beca Ka3axCKOro Topo/I-
CKOTO HAaCeJeHHUs COCTAaBIACT B 1,3 paza MeHbIIE CPEIHETO 3HAUEHUS 10 peciyOynke. A B 4YeTBEPTHIN Kiia-
CTEp BOILJIA BCETO OfHA 00JacTh, YAEIbHBIA BEC Ka3aXCKOI0 FOPOICKOr0 HacelleHHs B KOTOpOH B 2,2 pasa
MEHBIIE CpeTHepecTyONUKaHCKOTO 3HAUCHHS.

Xots, oOmias auHaMuKa ypOaHu3auu 3a aaauarh Jjet (1999—2019) nemoHCTpUpyeT poCT JIMIIL Ha
1,4 %, poct yneapHOTO Beca TOPOJCKUX Ka3aXxoB 3a 3TOT ke mepuoA yBenmunBaetTcs Ha 20 %. Takue Temibt
CBHUIETENLCTBYIOT 00 YCKOPEHHOM ypOaHM3allMM M MOATBEPXKIAIOT, YTO OCHOBHOE COAEp)KaHHe ypOaHu3a-
LIUOHHBIX MporeccoB B KazaxcTane obecreunBaeT TUTYJILHBINA 3THOC 33 CUET BHYTPEHHUX MHUIPALM U ecTe-
CTBEHHOTO IpupocTa. HeroroBHOCTh TOpOICKON colnanbHON HH(PPACTPYKTYphl U HEPA3BUTOCTh PHIHKA TPY-
Jla MOXKET NMPHUBECTH K HAPACTAHUIO TAKUX COLMAIBHBIX PHCKOB, KaK MaccoBas MOJOZEkKHas 6e3paboTuua,
«mosica OeTHOCTH», KPUMHHOTEHHBIH (pakTop, 001as conuanbHas AecTabmIn3anys U MPOTeCTHOCTh Hacele-
HUSL.

Eme onna BaskHas nemorpaduueckasl 1 COLMaIbHO-I)KOHOMUYECKash XapaKTepUCTHKa JII000ro rocyaap-
CTBa — 3TO BO3pacTHasi CTPYKTypa HaceneHus. Ee mokazaTenu BaXKHBI ISl U3YUEHUsI U TPOTHO3UPOBAHUS
3aKOHOMEPHOCTEH POCTa HaceNeHUs, MPUIHH 3200JIeBAEMOCTH H CMEPTHOCTH, LIS IEPCIIEKTUBHBIX PacyeTOB
YHCJICHHOCTH HACEJICHUs U ONPEAEICHUS COOTHOLICHUS PAa3HbIX €ro rpymil. Bo3pacTHast cTpyKTypa BBIIBIIA-
€T THUIl BOCIIPOM3BOJICTBA HACEJICHUS, JOJII0 3KOHOMHYECKH AaKTHBHOTO HACENEHHs, JaeT MPEACTABICHUE O
BOCHHOM IIOTEHIMAJIE CTPaHbl U MHOTHE IPYyrue AaHHbIE, HEOOXOANMbIe B (POPMHUPOBAHIH COLMATIBHOM TO-
JUTHKY, TUTAHUPOBAHUS PsANa BAKHEHIINX MOKa3aTeleld SKOHOMHYECKON M COIUAbHOW MH(PPACTPYKTYPHI
obmecta. .M. [Tro3ennbaeBa B cBoeil crathe [7] ykassiBaeT Ha TO, yTo Kasaxcran HaxoauTCs Ha MOpOTe
CTapOCTH AEMOTPa(UIECKOTO CTAPCHNUS HACEIICHHUSL.

Ha cerogns B Kazaxcrane MOXHO MPUMEHHUTh MEKAYHAPOJHYIO KIACCU(PHUKALNIO BO3PACTHOH CTPYK-
Typsl, npuHATY0 OOH, TeM caMbIM pa3genuTh HaceleHUe Ha 3 IpymIibl. DTO MO3BOJSIET BBIIBUTH CTENIECHB
YCTOWYMBOCTH BO3PACTHOM CTPYKTYPHI M PHCKH €€ qucOanaHca:

1. 0-14 ner. Y aenbHbIH Bec JaHHON BO3pacTHOW TPYIIBI B cOcTaBe HacesneHus Ka3axcraHa cocraBiseT
28,1 %.

2. 15-64 rona. Y nenpHBIN Bec MaHHOW BO3PACTHOM T'PYMITEI B COCTaBe HaceneHus Kasaxcrana cocras-
et 64,3 %.

3. Crapuie 65 ner. YaenbHbI Bec JaHHOW BO3pacTHOW rpymibl B cocTaBe HaceneHus Kazaxcrana co-
crasiser 7,6 %.

CpaBHHTENBHBIN aHATN3 BO3PACTHEIX Tpynn HaceneHus Kazaxcrana 0-14 yiet u ot 65-TH JeT 1o peru-
OHAJILHOMY IIPHU3HAKY IIpeJICTaBJIeH Ha pucyHke 1.
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Pucynok 1. CpaBHuTEIbHAS JUarpaMMa BO3pacTHBIX Ipymn Hacenenust Kazaxcrana (nanusie 2019 1.)
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JlanHble AUarpaMMbl YKa3bIBalOT Ha 3HAYUTENFHYIO Pa3HUILY B BO3PACTHBIX IPYIMIAaX B TAKUX 00IacCTIX,
Kak AxmonmHCKas, AxTioOnHckas, 3ananao-Kazaxcranckas, Kaparanguackas, CeBepo-Kazaxcranckas. Ta-
KYIO JK€ O'POMHYO Pa3HUIYYy MBI MOJKEM YBHIETh B ropoaax AnmMaTsl, AcTaHa.

Hcnonp3ys 3Ty ke Kiaccu(UKaluio, MpeACcTaBUM MO KaXIoW U3 rpymm knactepsl. Knaccudukamus
BO3pacTHOI cTpyKTyphl HaceneHnus: Kazaxcrana rpymmsr 0—14 net BeIsIBHIIa TpH KiacTepa.

IlepBriii xmactep BmrodaeT T. llIpIMKeHT, AnMaTtuHCKYI0, ATBIpayckyro, KessmopamHackyto, Kawm-
ObuICKyI0, MaHTHCcTayCKyI0 U TypKECTaHCKYI0 00JacTH, KOTOPbIe XapaKTepPH3YIOTCS MOJIOIOH BO3PacTHOM
cTpykrypoi. CpeaHee 3HaueHue ynenbHOro Beca aereit ot 0 go 14 ner cocrasnser 34,0 %. 3naueHus naH-
HOTO KJIacTepa BHIIIE CPEAHEPECITyOINKaHCKOTO YPoBHS Ha 5,9 %. Bo BTOpOM Kitactepe obmacTu co cpen-
HUMU TTOKazarenssmu Beca aeredd ot 0 go 14 mer: Hyp-Cynran, 3ananno-Kasaxcranckas n AKTIOOMHCKAs
obnacte. B Tperuit kinactep Bonun r. Anmartbl, AkMonuHcKas, Kaparanaunckas, [laBrogapckas, Cesepo-
Kazaxcranckas u Kocranaiickas oOnactu. 31ech cpeHee 3HaUeHUE IOKa3aTess KilacTepa yAEIbHOIo Beca
neteii ot 0 1o 14 et HaxoxuTCS HAa ypOBHE HMXKE YPOBHS 10 peciyonmke Ha 5,7 %.

Bropoii kpaiinel rpynmnoil B TaHHOH KiIacCU(HKALWKU SBISAETCS HAaCEIEHUE BO3PAcTOM OT 65-TH JeT.
Knaccudukanusa yposns ctapenus Hacenenus KazaxcraHa mo yaeabsHOMY BeCy BO3PAacTHOM TPyNIbI cTapiie
65 et BBIABIIIA TPH KiTacTepa o qaHHeM 2019 .

B miepBbIii kKactep BOLLIM TOpoJa M 00JacTH, cpelHee 3HAUCHHUE 110 JAHHOMY KJIacTepy KOTOPBIX HIDKE
cpeaHepecnyOIuKaHcKoro ypoBHs Ha 2,8: rr. AcraHa, lllsiMkeHnT, Manrucrayckas, Typkecranckas, ATbipa-
yckas u KenpuiopanHackas obiactu. Bropoii kimactep BKIIOYII B ceOsa T. AnMmarbl, AKTIOOMHCKYIO, AMa-
TUHCKYI0, JKaMOBIICKyT0, 3amanno-KasaxcTtaHcKyro u AKMOJIHHCKYIO 00JIacTH, CpeqHee 3HaueHHUe 10 JaH-
HOMY KJIacTepy KOTOPBIX COOTBETCTBYET CpelHEpECITyOINMKaHCKOMY YpOBHIO. U B TpeTHii KilacTep BKJIIOUe-
Hbl Kaparannuuckas, IlaBnogapckasi, Boctouno-Kazaxcranckas, Kocranaiickas u CeBepo-Kazaxcranckas
00JIaCTH ¢ BBICOKOW J0Jel cTapiux Bo3pacToB. CpeaHee 3HaUE€HHUE 10 JaHHOMY KJIacTepy BbIIIE PECIyOiIu-
KaHckoro nokazareis Ha 3,3 %. o kinaccudukannu OOH HaceneHne JaHHOTO KiacTepa CYUTACTCS CTaphIM,
TaK Kak MoKasaTelb npesbimaeT 7 %.

AHanu3 BO3PaCTHOM CTPYKTYPHI BBISBIISICT PETHOHANBHYIO OU(QepeHInanno: CTapeHne HaceleHue B
TpEeTheM KJIacTepe U MpeBbIIIEHHE JOJIM MOJIOJBIX BO3PACTOB B MEPBOM Kiactepe. MxX comocraBieHue mnoka-
3bIBaCT 3HAYMTEIBHBIN ArcOalaHc BO3PACTHOM CTPYKTYpHI HAaceNeHUs 1Mo peciyOnuke. OTOT AucOananc —
(akTOop HapacTaHHWs TAaKUX COLMANBHBIX PUCKOB, KaK yBEIMYEHHE AeMOrpad)uveckoil Harpy3Ku Ha TPyHAo-
CIOCOOHOE HAaCEJICHUE 3a CUET BBICOKOW JOJIM MOJIOJBIX BO3PACTOB B IIEPBOM KJIACTEPE U CTapLIMX BO3pac-
TOB B TPETHEM KJIacTepe.

Baxnouenue

HccnenoBanne mMeeT NMEPCHEKTUBY AallbHEHIIEro pa3BuThd. IIpeacraBnseTcss BO3MOXKHBIM B ITOCIIE-
JYIOIIeM [TPUMEHEHUE METO/Ia TEPPUTOPHANTBHON KiacCu(UKAIMK C UCTIONIF30BaHUEM KJIACTEPHOTO aHaIu3a
B HCCJICZIOBAHUH 1EMOTpahUECKUX MPOLIECCOB HACEIICHUSL.

Ha ocHOBaHMM BCero Cka3aHHOT'O BBIIIE MBI MOXEM KOHCTaTHPOBATh, YTO PE3YIbTATHI KJIACTEPHOIO
aHaJM3a MOKa3bIBAIOT PA3IMUHbIE JaHHBIE XapakTEepUCTHK 1o Ka3axcTaHy B 3aBUCHMOCTH OT CIIOCO0a BblJie-
JICHHUsI TEPPUTOPHI B TOT WM WHOH Kiactep. TeppuTopuanbHoe pasielieHne 1mo 001acTsIM U pernoHam 0e3
y4eTa perHOHANIBHBIX LEHTPOB JAEMOHCTPUPYET OoJiee aJeKBaTHYIO OLICHKY XapaKTepUCTUK HACEIEHUs, OT-
KpBIBAaET MPOOJIEMBbI BO3PACTHON CTPYKTYPBI, OTOJICHUS TeppUTOpuil 1 T.4. [losToMy mpennaraercst npu usy-
YeHWH XapaKTEePUCTUK HACEJICHUS MPHUMEHATh KJIacTEepHbIN aHamu3 0e3 ydeTra pernoHajJbHBIX IIeHTpoB. Ta-
KOH TI0JIXO0/]1 ITO3BOJIMT aJeKBATHO aHAIM3UPOBATh XapaKTEPUCTHKH HACEIECHHsI M COOTBETCTBEHHO Haubolee
3¢ GEeKTUBHO pearupoBaTh Ha MPOOJEMHBIE BOIIPOCHI, a TAKXKE NPOTHO3UPOBATh BO3MOXKHBIE HEOIaromnpusr-
HBIC CUTYyaluu.

Paboma evinonnena npu gunancosoti noodepoicke Munucmepemea HayKu u vlcuie20 00pA308aHUs
Pecnyonuxu Kazaxcman. (I panm Ne AP08856205 « Oyenxa yposus oemoepaghuueckoii 6esonactnocmu PKy).
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J.M. Ecumxanoga, XK.C. AybakupoBa

Kasipri kezenne Kazakcranaarel femorpagusibiK ypaicrepai
KJIACTEPJIIK TaJaay

Makaia KIacTepiliK Talgayabl KOJIIaHa OTHIPHII, AeMOrpadHsuIbIK HPOLeCTep Il Tanjayra apHainFaH. Peceii-
JIK K9HE Ka3aKCTaHIBIK FRUIBIMH KEHICTIKTE 9pTYPIIi FRUIBIMH MaKcaTTapla KIacTepIliK Tajaayasl KOIJaHa-
THIH KoJiia Oap 3epTTeyiep CUmarTajFaH. ARMAaKTHIK OeiMae ayMaKTHIK TONTapAsl Oelly YIIiH KIacTepiiK
Tajzay SAicTeMeciH KoJIaHy YCHIHBULABL. Kiactepiik Tangay aeMorpadusuibK cHIlaTTaManapra Kapait skik-
TEJIi: XaNbIKTBIH THIFBI3/BIFEI, XaJIbIKTEIH 3THHKAJIBIK KYPaMBbl, XalbIKTHIH YpOaHHU3aIHs JEHTeili, XaIbIKTHIH
JKac epeKIIeNikTepi. OMICTEMEHI KOJaHyIbIH ©3CKTLIIri OpTalia CTATUCTHKAIBIK MAJIIMETTEP XaIbIKTHIH CH-
naTTaMajapblH TOJIBIK KOPIHICTe KapacThIpyFa MYMKIHAIK OepMeHTiHIIriMeH Heri3nenreH. XaibIKThl TapTy-
JBIH OHIPIIK OPTaJBIKTapblH — OOJIBIC OPTAJBIKTapBIH, ipi Kajajxap MEH acTaHalIapbl ecelKe alMaraHia,
ayMakTap/bl XKiKTey KaXeTTUIri Oenrinenai. Makanazia yCeHBUIFaH Toc1 KazakcTaH XamKpIHBIH Kananapaa-
FBI [IIaMaJIaH THIC HIOFBIPJIaHy IpoOieManapbiH aTall ©Tyre JKoHe OaKpUIayFa MyMKIHIIK Oepeni, SFHU KaKbIH
JKOHE ayBUIIBIK ayMaKTap/aH Keily jKoHe OOJBIC OpTalbIKTapbiHa Kelry. Kiactepiik Tanmayasl KOJIaHy Ho-
THOKEJIEpiHe IOy JKYPTi3UIreH, OHJa XalbIKKa KONAHCHI3ABIK TYyABIPATHIH CHIATTAMAalap KOPCETUIreH XKoHEe
OCBI KOJIAWChI3 CUTIATTaMANIap IbIH dCEep ETYIHIH HOTHXKECIHIEe MYMKIH OOJaThIH caljiapiiap CUMaTTajiraH. Xa-
JBIKTBHIH IeMOTpa(HsUIBIK IPOIECTEPiH 3epTTey/ie KIACTepIiK TaJiayabl KOJIaHa OTHIPHII, ayMaKThIK XKIKTeY
OMiciH OJIaH opi KOJJIaHy YChIHBULABL Kiacteprik Tangay HOTHXKeNIepi ayMakTapabl 0eiy omicTeMeciHe Oaii-
nmaHbICTBl KazakcTaH VINIH opTypini cHUmaTramanap IepeKTepiH KOPCeTKeH. 3epTTey HOTIDKECI XaJIbIKTHIH
EPEKIICTIKTEPiH HEFYPIBIM OPBIHABI OarajayIsl KepceTelli, XalbIKThIH AeMOrpaHsIbIK epeKIIeTiKTepiHiH
MoceJeNepiH amaibl.

Kinm ce30ep: KazakcTaHHBIH IeMOTrpadUsIbIK MPOLECTEPi, KIACTEPIIK TaNAay, XalbIKTBIH THIFBI3ABIFBL, Xa-
JIBIKTBIH JKac KYPBUIBIMBI, XaJIbIKTBIH STHUKAIBIK KYPaMbl, XaJBIKTHIH YPOaHAaTybl.

E.D. Muratovna, Zh.S. Aubakirova
Cluster analysis of demographic processes in Kazakhstan at the modern stage

The article is devoted to the analysis of demographic processes using cluster analysis. The application of the
method of cluster analysis for the selection of territorial groups in the regional context is proposed. The rele-
vance of the application of the method is substantiated by the fact that today the average statistical data do not
allow considering the characteristics of the population in a complete picture. The review of the results of the
application of cluster analysis, which reflected the unfavorable characteristics of the population, describes the
possible consequences as a result of the impact of these unfavorable characteristics. The need to classify terri-
tories is indicated without considering the regional centers of attraction of the population — regional centers,
large cities and the capital. This approach makes it possible to note and trace the problems of excessive con-
centration of the population of Kazakhstan in cities — regional centers of attraction and exposure of nearby
and rural areas. Further application of the method of territorial classification with the use of cluster analysis in
the study of demographic processes of the population is proposed. The results of the cluster analysis demon-
strate a variety of characteristics data for Kazakhstan in connection with the methodology for allocating terri-
tories. The study results designates a more appropriate assessment of the characteristics of the population, re-
veals the problems of the demographic characteristics of the population.

Keywords: demographic processes, cluster analysis, population density, age structure of the population, eth-
nic composition of the population, urbanization of the population.
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