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MPHTI 34.39.17

BNOAOIUSABIK FBIABIM AP
BIOSCIENCE/ BMOAOTMYECKNE HAYKI

I'.3. 3artHeaosa, I'.E. CagpikanoBa’, A.A. Kycrmanosa

Bocmouno-Kasaxcmarcxuii yrusepcumem umeru C. Amarxorosa,
Yemv-Kamerozopcek, Kasaxcman
*Asmop A5 koppecnonderyuu: gulnaz.sadykanova@mail.ru

CocTrosiaMe cuxoPpn3noa0rniecKmx rokasareaen y padbounmx
Ijexa KOHTPOAbHO-M3MepPpUTeAbHbBIX IPUOOPOB

Annoraums. B wayunoi cmamve onucvléaemcs 6AUAHUE NPOU3E00CTNEEHHBLX
Paxmopos HA NCUXOPUSUOAOZUHECKUT Ccramyc padouux uexa KOHMPOALHO-
USMEPUMEALHVIX NpUbOpos 6 3A6UCUMOCIY Om 603paACma, Cmaxa padomol u Yy
AUL, UMETOULUX KOC6eHHDLIL KOHMAKNL C YPAHOEHIM NPOU3E00CHIEOM NP peMoHe
obopydosarius dannozo uexa. IToiyuerrvie pesyrbmamvl NOKASAAU 0CO0eHHOCTU
popmuposanus  SAULUMHO-NPUCNIOCOOUMEADHBIX — MeXAHUSMOE — om  Jeticmeus
paxkmopos npouseodcmeerHo cpedol 6 pynnax padouux pasHozo 603pacma npu
QOMUHUPYIOULeM SHAYEHUY NCUXOIMOUUOHANLHOU HANPAKEHHOCTI.

Pesyrvmamut  uccaedosanus noxazamereti ymcmeenou pabomocnocodrHocmu y
pabouux KNIT nokazaro nesnawumevroe cHuxXeHue UHMEHCUEHOCHIU U CKOPOCHIU
pabomul ¢ 603pactom, MoUHOCHb pabOnIbl Y6eAUUEALNICS. C 603PACTIIOM, SHAYUMEADHO
6ospacmaen KOHUEHMPAUU GHUMAHUSL 6 CMAPUWLUX B03PACIHLIX Zpynnax,
He3HAYUMEADHO CHuXaemcs pabdomocnoco0HoCHb U npodyKmusHocHb padomul,
yMerouLaemcs 00vem u cKkopocib nepepadomKu SpumeAbHoil uHPopmayuu, maxxie
CHuXXaemcs APPeKmueHocmb GbINOAHIEMOT padomul.

AHAAU3  pe3yAbmamos peaxmueHoll MpesoxXHOCMU 6 2pynnax 00CAed06aHHbIX
padouux noKasar, 4mo YposHu YMepeHHou U HU3KOU peakmusHot mpesoxHoCcmu
OMAUMAIOMCA HESHAYUMEALHO. B n0KA3ameAsx AUHOCTHOLL MPe6oK HOCU HAULOOAee
6OIPAXEHDL YMepeHHble SHAUeH UL AUMHOCHTHOU MPeoKHOCU, U HAUMEHbULee YUCAO
cocmasasien HU3Kas AULHOCTHASL MPesoxKHOCHLD.

Msyuenue ncuxodusuorozuveckux noxasamereti padouux — uexa KOHMPOAbHO-
USMEPUMEALHVIX NPUOOPOS NO360AUAD BLLABUNL AULA C 6bICOKOLL HEYCMOUYUEOCHTbIO
U UCKATOUUTD UX U3 NPOU3E00CNEEHH020 UUKAL. BKAIOUeHUe NCUX0PUSUOA0ZUeCcK020
mMecmuposanus npu nposedeHuu npoPeccuoHarbHoz0 0moopa CHUSUAO PUCK
603HUKHOBEHUS NOZPAHULHBIX COCIMOSAHULL 6 NPOUSE00CTIEEHHVIX YCAOBUSX.
KaroueBbie caoBa: ymcmeennas pabomocnocodHocmo, adanmauus opzanusma,
00bemM 6HUMAHUS, AUYHOCHIHAS MPeEOKHOCIb, PeAKMUGHASL MPe6okHOCHIDb.

DOI: 10.32523/2616-7034-2023-144-3-7-15
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I'.3. Baiitnerosa, I'.E. Cadvikarnosa, A.A. Kycnanosa

BBeaenmne

C kaxgpIM rogoM ImpuoOperaeT Bce OoOJblllee 3HaueHUE B HAydHOM U OCODEHHO
IIPpaKTUYeCKOM acleKkTe IIpodAeMa yCTOMYMBOCTY YeA0BeKa K HeDAaronpuATHBIM BO34elICTBISM
B YCAOBUAX BAMSHIUS crieliupuiecknx pakTOpoB IIpou3BOACTBeHHOM cpeabl [1]. ITpu Tom ocoboe
3HayeHNe IproOpeTaeT UcCAeAOBaHNe Pa3BUTU 3alIUTHO-TIPUCIIOCOOUTEABHBIX MeXaHI3MOB
U TOBBIIIEHNEe HPOQeCcCHOHAaAbHON AATeABHOCTM IIPUM CHVOKeHMM (PYHKIIMOHAABHO
HanpsokeHHoctn [2-3]. Ao mocaeaHero BpemeHM cAabO M3y4eHBI BOIIPOCHL, KacalOLIMecs
0COOEHHOCTe BAMSHUSA IICUXO®MOLMOHAABHOM HAIPsXKeHHOCTU B IIpollecce TPYAO0BOM
AESITeAbHOCTU Y ANI], TpOdeCCHOHAABHO CBA3aHHBIX C YCAOBUAMU AeMCTBIA 0COO0 OTIaCHOM A5
3/0pOBbs IPOU3BOACTBEHHOI cpeabl [4- 5].

Bocrouno-Kasaxcranckas 004acTh sABASETCS aHTPOIIOT@HHBIM T€OXMMMYECKUM PerriOHOM
C XapaKTepHBIM aHOMa/AbHBIM HaOOpPOM OMOTeOXMMMYECKMX IIPOIIeCCOB, BBHI3HIBAIOIINX
I1aTOAOTMYeCK/e M3MEeHEeHMsI B COCTOSHUU (PYHKIMOHMPOBaHUA (PU3MOAOTMIECKMX CUCTeM
opraHusMa 4eaoBeka. Ilpomspimiaennsie paronsl Bocrounoro Kasaxcrana coaepxkat
KOHIIEHTPAM MHOTMX TOKCUYECKMX BeIeCTB, IMPeBBIIIaIOMuX MpeJeAbHO AOIyCTUMBIe [6-
9]. MoxHO mpeAnoAOXUTh, YTO OPTAaHMU3M 4YeA0BeKa HaXOAUTCS B COCTOSHUM ITOCTOSHHOIO
DKOAOTMYECKOTO JaBAeHMs HeOaaronpuaATHBEIX (QaxTopos. Haamume 3aBoga sgepHOro
TOILAMBA M XBOCTOXPAHMUAMIL, C PaAMOAKTUBHBIMU OTXOAaMU B pailOHe >XKUABIX MacCCUBOB
r.Ycrpe-KameHoropcka, KOTOpbIe ABASIOTCA ITOCTOSIHHBIMM — MCTOYHMKAMM  HOBBIIIEHHOTO
paauoaxkTuBHOro 3arpsisHenus B ropode [10]. Ckomaenme Ha HeOOABIIOM IPOCTPAHCTBE
UHAYCTPUAABHBIX KOMIIAEKCOB CO34aeT BLICOKYIO B®KOAOTMYECKYI0 HaOpPs>KeHHOCTh A4S
HaceAeHMs pernona. boaplnoe KoAnm4ecTBo HayYHBIX MCCAAOBAHNM, ITOCBAIEHHBIX U3YYEHIIO
BAVSIHIUS MOHUBUPYIOIIEN pasualMyi ¥ TOKCUYECKMX BeIecTB Ha OpPTaHM3M 4eA0BeKa,
He 3aTparMpaiOT POAM SMOLMOHAABHOIO HAIIPsKEHMS B IIpOllecce pPasBUTUSA 3allUMTHO-
npucriocobuTeaprHsx Mexanusmos [11]. Tlcmxodpusmoaormueckme ocoO@HHOCTM AMYHOCTHBIX
XapaKTepUCTUK YeAOBeKa BBICTYNAIOT Ha IIepBhIM I1daH Jaxke Hpu OTcyTcTun 3¢pQPeKToB
paAMalOHHOTO IOpakeHUs M TOKcmdeckoro sddekra. CaejoBaTeabHO, A0 HACTOAIIETO
BpeMeHM MaAo0 M3ydeHbl MHOTOYpPOBHEeBble (PYHKI[MOHAAbHbIE M3MEHEeHMs KM3HEHHO BasKHBIX
CIICTeM OpraHM3Ma, pe3epBHBIe BO3MOXKHOCTY OpPraHM3Ma UHAUBMAYYMA B YCAOBUAX BAVAHUSA
He0AaronpuATHONM IIPOU3BOACTBEHHOI Cpeabl.

MaTepI/IaZlbI L MeTOABbI NCCAeAO0OBaHMsI

VccaepoBanmst mpoBeAeHbl B TpeX BO3PACTHBIX IpynIax paboumx Ijexa KOHTPOABHO-
nsmeputeapHsix npudopos (KUII) m y ami, mMeommx KOCBEHHBINI KOHTaKT C YPaHOBBIM
IIPOU3BOACTBOM IIPM peMOHTe 000PYyAOBaHIsA 4QHHOTO I1exa ¥ AbOMHCKOTO MeTaAAypriudeckoro
3aBoJa, KOTOphle ObLAM cPOPMMPOBAHBI COTAAcHO pekoMeHjanusM BO3. B mepsyio rpymiry
BolAu paboune B Bozpacte oT 18-tu 40 30-Tu aeT, ctaxk 40 5-Tu AeT, BO BTOPYIO - B BO3pacTe
ot 31-ro 40 44-x aeT, ctaxx 40 10 2eT, B TpeThIO - B BO3pacTe OT 45-tn 40 60-T1 A€T, cTa>K CBBIIIIe
10 aet. Becero obcaeaoBaHo 77 mpakTU4ecKy 3A0POBBIX MY>K4lH. ['pynIioit cpaBHeHMs CcAy>KnAa
nepsas Bo3pacTHas rpynma. Obcaes0BaHue IPOBOANAOCEH B IIePBOIi IOAOBUHE AHS B OAHU U Te
K€ Yachl B OCEHHUI IIePUOA.

YunTeiBasi, uTo paboune Y AbOMHCKOIO MeTaAAyprudeckoro 3asoda (YM3) noasepraiorcs
BO3JEICTBUIO pPsiga HeOAaronpuATHBIX (PaKTOPOB IIPOM3BOACTBA, TaKMX, KaK BpeAHOCTDb
IIPOMU3BOACTBA, CMEHHBI XapakTep pabOThl, BRICOKME TpeOOBaHMs K BBIIIOAHEHNIO PaboT, ObLAM
uccael0BaHbl Da3oBble ICMXOPU3NOAOTMIeCKMe (PYHKIIUN.

Aas uccaeA0BaHMS yMCTBEHHON paOOTOCIIOCOOHOCTM UCIIOAB30BaAN METO/J KOPPEeKTYPHBIX
11po06 c ucnoan3obanyeM tTadau B.SI. Andumosa. Dta Tabaniia mo3soAasieT U3y4YnTh OCOOEHHOCTU
BHIUMaHUsA TPU AVICTBUM MOHOTOHHBIX pasapaxkmuTedeil. bbiam paccumransl caeayiomme
IIOKa3aTeAy: MHTEHCUBHOCTb M CKOPOCTh PabOThI, NPOAYKTUMBHOCTH, PabOTOCIIOCOOHOCTD,
TOYHOCTb PaboThl, SPPeKTUMBHOCTL pabOTH, 00LEM 3pUTeAbHON MHQpOPMAINN, CKOPOCTh
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nepepabOTK 3puTeAbHON MHPOopManun. Jas Bcex 00caeA0BaHHBIX IPYIII COCTaBAEHbI KPUBbIe
YCTOMYMBOCTU pabOTOCIIOCOOHOCTH. JaHHble pacCUMTaHBI B yCAOBHBIX @ AVHUIIAX.

[loxazateam  MHAMBUAYaABHO-TUIIOAOTMYECKMX  OCODEHHOCTell  ®MOIIMOHAALHOI
cepsl AMIHOCTHM, ITOKazaTeAu (PYHKIIMOHAABHOTO COCTOSHMS U CyOBEeKTVMBHBEIE IIOKa3aTeamu
CaMOYyBCTBUs OIlpeAeAsAn C IIOMOIIBIO cTaHAapTHBIX MeToauk Crmabeprepa u Jomepa. C
roMoupio Mmetoga Cnnadeprepa oleHMBaAN YPOBeHb AMYHOCTHON ¥ PeaKTUBHON TPEeBOXKHOCTU
KaK ITOKa3aTeael 0a30BbIX XapaKTepPUCTUK AMYHOCTI.

[IBeToBoit Tect Jiomepa MCIOAB3YIOT AAs U3YYeHUS! MHAUBUAYAAbHO TUIIOAOTMYECKUX
0COOEHHOCTell OpraHM3Ma 4YelOBeKa, BbISABAEHU: (PYHKIMOHAAbHOIO COCTOSIHUA, CTeIeHU
aJalTUBHOCTY K Pa3AMYHBIM CUTyalMsIM. DBplam paccMOTpeHBI COOTHOIIEHMS IIBeTOBBIX
AuarpaMM AAs U3ydeHMs] HaCTPOeHUs B MOMEHT 00CAeA0BaHMs M AMYHOCTHBIX XapaKTepUCTUK
IICUXODMOIMOHAaABHON ceprl. [lo cooTHOIIEHNMIO IIBETOB OIleHMBAaAM TpPpHU IapameTpa
- ypoBeHb cTpecca, OeCIIOKOMCTBa I BereTaTMBHOTO OaJaHca. DTOT MeTOJ OTHOCUTCA K
HepepOaAbHBIM U IIO3BOASET IIPOBOAUTL MHAMBMAyaAbHOE U TPYIIIOBOe OOCAegOBaHNe B
TedeHle HeIpoAOAXUTeAbHOro speMenn [12-13]. demoHncTpupyeT cBsA3b KOHCTUTYIIMOHAABHO
3a/0>KEeHHBIX CBOVICTB C TUIIOM pearnpoBaHIs Ha CpeAOBble BO3AIICTBISL.

Cunaa HepBHBIX IIPOIIECCOB ABASETCs ITOKa3aTedeM pabOTOCIIOCOOHOCTM HEPBHBIX KAETOK
U HepBHON cucreMbl B IleaoM. CuapHas HepBHas cCHUCTeMa BbIAepKMBaeT OOABIIYIO IIO
BeANYNHe U AAUTeAbHOCTU HarpysKy, dyem caabas [14-15]. MeTtoauka TenmnmHr-tecTa OCHOBaHa
Ha OIlpeJedeHUN AVHAMUKM MaKCMMaAbHOIO TeMIla ABVKeHMs pyK. OIBIT IPOBOAUTCS
rocaej0BaTeAbHO CHauaJa IIpaBoil, a 3aTeM AeBOI PyKOIi.

Pe3yabTaThl MccaeA0BaHMIL M MX O0CyXaeHue
Vsydyenne cocTosiHMsl peakTMBHOM M AMYHOCTHOM TPEBOXKHOCTM y paboumx I10Kas3aao,

4TO NIpeo0AajaloT YPOBHU HU3KONM U YMEPEHHOI TPeBOXKHOCT! B 0OCAeAOBAaHHBIX TIPYIIIIax
(Tabawmrtia 1).

TabOamia 1
Iloka3aTeayu peakKTMBHON ¥ AMIHOCTHOM TPEBOXKHOCTH y pabo4mx
ITokazaTean BospacrHas rpynna
I I I

PeaxTuBHas TPEBOKHOCTB:
HIM3Kas 23,7+4,7 24,3+4,8 23,1+4,6
yMepeHHast 36,3+5,9 37,3+7,4 34,1+6,8
BBICOKASI 46,3+9,1 46,5+9,1 47,9+9,7
/IMYHOCTHAs TPEBOXKHOCTD:
HM3Kas 27,3+5,4 18,1+3,6 28,1+5,7
yMepeHHast 35,2+7,3 36,4+7,2 38,3+7,6
BBICOKAsI 46,849,3 47,549,5 48,149,9

ITpumeuganne: * - p <0,05

Huskue 3HavyeHus peakTUBHOM TPEBOXKHOCTM XapaKTepU3YIOTCs He3HauUTeAbHBIMI
U3MEHEHAMM BO BCeX BO3PACTHBIX I'PyIIIIaX. YMepeHHas TPEeBOXKHOCTh CHMIKAeTCsl B TPeTheil
rpymre. Bricokas TpeBOKHOCTD yBeANMYNMBARTCS B TPEThell IPyIIIIe.

/AMYHOCTHAS TPEBOXKHOCTDh OTANYATCs yBeAMYEHVeM HU3KIX 3Ha4eHUII B IIePBOI U TPeThel
rpynIax. YMepeHHas TPeBOKHOCTb TaKKe HapacTaeT B TpeThell Ipymiie. AHaA0TM4YHasl KapTUHa
HabA104aeTcs IpU U3YYeHUM U3MEeHEeHMIT BbICOKOM TPeBOKHOCTI.

Bo Bcex oOcaesoBaHHBIX TIpymIax Hopeo0aasaloT padoume ¢ HMU3KON pPeaKTUBHON
TPEeBOKHOCTBIO M TOABKO B TpeThell IpyIlle 4nuca0 paboumx yMepeHHOI TPeBOXKHOCTY Pe3Ko
BO3pacTaeT. Bo BTOpoIi rpy1ie oTcyTCTBYIOT pabodne ¢ BRICOKOI peaKTUBHO TPeBOXKHOCTBIO.
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B rpynmne pabounx nmpeob4agaiorT pabodme ¢ yMepeHHON TPeBOXKHOCTBIO C HapacTaHMeM
BBICOKOJI TPEBOXKHOCTY BO BTOPOJ I'PYIIIIE.

M3 tabanipl BUAHO, YTO ypPOBEHb BBICOKON pPeaKTMBHON TPeBOXKHOCTM YBeANYMBAETCS
¢ BospactoMm Ha 3,7% BO BTOpOIl Trpymme u B 54% pas B TpeTbell IpyIIle II0 CPaBHEHUIO C
IIepBOIl TPYHIION. YPpOBEeHb BLICOKOM AMYHOCTHOM TPEeBOXKHOCTU YBeANYEH B TPeThell IpyIIe
II0 CpaBHEHMIO C IepBoii rpynmnoit Ha 7,0%. B 1meaoM >xe MOXKHO OTMETUTH, YTO IpeobAalaroT
IIOKa3aTeAy HU3KOI U yMepPeHHOI TPeBOXKHOCTI.

IToxasaTeAn HU3KOI peaKTUBHOM TPeBOKHOCTI COCTaBAAIOT 36,16 % oTumcaa 00cae J0BaHHBIX
pabounx, yposeHb YMePeHHOI peaKTUBHOM TpeBOXKHOCTU paseH 37,90% 1 BBICOKMII YPOBEHb
peakTUBHO TPeBOXKHOCTU paseH 25,94%. B mepsoii rpyniie Hu3Kas peakTuBHasl TPeBOKHOCTD
pasHa 42,05%, ymMepeHHas peaKTUBHasl TPEBOXKHOCTD - 46,8%, BbicoKas cocrasaseT 11,15%. Bo
BTOPOIJI TPyIIIle HI3Kasl peaKTUBHasl TPeBOXKHOCTDL pasHa 38,2%, ymepenHas - 40,5% 1 BbicoKasd
- 22,3%. B TpeTbell rpymIie HU3Kas peaKTUBHAs TPeBOXKHOCTh paBHa 28,6 ymepenHas - 28,0%,
BBICOKasI - 48,4%.

/IMYHOCTHAsI TPEBOKHOCTh B IIepBON IpyIIe cocTasaser: Huskas 22,15%, ymepeHHas -
28,17%, BpIcOKas - 21,70%, BO BTOPOII IrpyIIIIe HI3Kasl AMIHOCTHAS TPEBOSKHOCTD COCTaBASIEeT 5,5%,
yMepeHHas paBHa 76%, Bbicokast - 17,70%. B TpeTseit rpyIiiie H3Kas TPEBOXKHOCTh COCTaBAsSET
15,5%, ymepennas - 38,6% u Bpicokasd - 45,9%. Ot ob111ero uncaa o6cae 40BaHHLIX pabOUMX HU3Kas
AVYHOCTHAas TpeBOXKHOCTh cocTasasieT 10,48%, ymepennas pasHa 53,39% u Bbicokast - 23,80%.

IToayuenHsle pe3yAbTaThl YKa3blBalOT Ha ITpeo0.4ajanie HU3KOM U yMePeHHO TPeBOKHOCTU
B 00CAeAO0BaHHBIX TPyIIIIax paOoOumMX, 3a MCKAIOUEHUEeM BBICOKON pPeaKTUBHOM TPeBOXKHOCTU
B Tperpell rpynme. Hmskas peakTmpHas TpeBOXHOCTh IpeoDJajaeT BO BTOPON TIpyIIie
00caes0BaHHBIX pabOUMX, Tak >Ke, KaK M ITOKa3aTeAl YMepPeHHOV peaKTUBHON TPeBOXKHOCTIH.
Bricokas peakTuBHas TpeBOXKHOCTD IpeoOAajaeT B TpeThell IpyIiie pabodnx.

/lM9HOCTHAsl TPEeBOXKHOCTh OTAMYAeTCS CAeAYIONIMM paclpejeleHUeM IoKaszaTeaeil B
Pa3HOBO3PACTHBIX TI'PyNIIaX: HU3Kas AMYHOCTHAs TPEBOXKHOCTh XapaKTepU3yeTcsl BhICOKUMMU
II0OKa3aTeAsMI B IIePBOIi IpyIIIie pabouMx, yMepeHHas AMYHOCTHAs TPeBOKHOCTDL IIpeodaasaeT
B IIOKa3aTeAsX BTOPON TPYIIBI 00CAeAOBaHHBIX pabOYMX, U BBICOKMII ypPOBeHb AMYHOCTHON
TPeBO>KHOCTYU OTMeueH y paboumx TpeThell IPYIIIIb.

AHaau3 IMOAyYeHHBIX pe3yAbTaTOB IIOKa3al, YTO C BO3PacTOM OTMeYeHO yBeAndYeHMe
IICHXODMOIIMIOHAAbHOTO HallPsIXKeHNs y pabounX 11eXa KOHTPOABbHO-M3MepUTeAbHBIX ITPUOOPOB.
OanoTunHas KapTuHa paclpejedeHus IIOKasaTelell BBICOKOI PpeaKTUBHOM U AMYHOCTHO
TPEeBOKHOCTH y pabOuNX TpeThell IPyIIIbl YKasblBaeT Ha HapacTaHue IIPOIeccoB Je3ajallTalum
C BO3PacTOM, YTO ¥ IIPUBOANT K BO3paCTaHMIO ITOKa3aTe el BLICOKOTO YPOBH:I B CTapIlleli IpyIiie
pabounx.

Vsyyenme mokasaTeaeil cTpecca u OadaHca Ha OCHOBe TecTa /liollepa II0Ka3aalo, 4TO
13 yncaa oOcAel0BaHHBIX paboO4YMX CcTpecc OOHapy>KeH B TpeThell TpyIIle, TO eCTh Yy paboumx
CTapIIIero Bo3pacTa I COCTaBASIOT 6,25% ot ob111ero uncaa oocaejosaHHbIX padbounx. [TokasaTteas,
0003HavaIomMiI 6eCcIIOKOCTBO, BCTpeYaeTcsl BO BceX 00CAeA0BaHHBIX TPYIIIIaX U pacipejeleH
cAeayiomuM oOpa3oM: epsas rpynima - 22,4%; sropas - 18,7%; tperss - 41,4% (Tabania 2).

Tabamiia 2
IMokasaream crpecca u GaaaHca 1o tecty JAomepa y padbounx
Bospacrnasn Crpecc becnoxoricteo baaanc
rpyrma

I - 4 15

II - 7 27

111 2 10 12
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[Toayuennsle pe3yabTaThl CBUAETEALCTBYIOT O ITOBBIIIEHNI OECIIOKONCTBA C BO3PacTOM.
ITokxasarean baaaHca pacpeeaeHbl HEOAHO3HAYHO B Pa3HbIX BO3PACTHBIX IPYIIIIaX I C BO3PacTOM
orMedeHO cHIpKeHne. Hamboapimas Bapma®eabHOCTh IpM3HaKa OOHapy>keHa B IOKa3aTeasaX
Dasanca u cocrasaser 58,44+7,64. BapuabeabHOCTh IOKa3aTeaell cTpecca MeHee BhIpa’keHa
u pasHa 27,86+5,27. OrcyrcrBue crpecca B I u Il rpynmnax pabounx ykasbiBaeT Ha yBeANYeHMe
B MAaAIlIMX BO3PacTHBIX IpyIlIax IOKaszaTeleil OaaaHca, YTO MOXeT CBUAETeAbCTBOBATb O
pe3epBHBIX BO3MOKHOCTSX Y AULL MAaalero sospacra. [Tockoabky pabora B 1jeXe KOHTPOAbHO-
U3MEpPUTEeABHBIX IIPUOOPOB CBA3aHAa C PEMOHTOM OOOPyJOBaHMSA U IHpUOOPOB, TO, IIO-
BUAMMOMY, C BO3PaCcTOM CHIKaeTCsl padOTOCIIOCOOHOCTE, UTO, B CBOIO O4epeab, OTpaskaeTcs! U
Ha (QYHKIIMOHA/ABHOM COCTOSIHUN YeAoBeKa. DTO BAedeT 3a cODOIT HecTabMABHOCTh COCTOSHIASL
ITHC u yseanymsaeT INCUMXO9MOLMOHAABHYIO HaIPy3Ky Ha OpTaHM3M 4YedoBeKa. DTUM MOXKHO
OOBJACHUTL yBeAUdeHNe cTpecca B cCTapllleil BO3pacTHONM TIpyIllle, YTO cocTaBaseT 6,25%.
[IpeobGaagaror mokasaream OadaHca BO Bcex 0OcCAelOBaHHBIX Ipymmax. B mepsoit rpyme -
61,76%, Bo BTOpPOI1 - 57,35%, B TpeThei - 62,5%.

Vsyyenme TUIOAOIMYECKMX CBOVICTB HEPBHOM CUCTeMBl, XapaKTepusyloleil ee
PaboTOCIIOCODHOCTD, pacpejeaseTcs cAedyiomuM odpas3oM (Tabauria 3).

TabGawnria 3
Pacripegeaenne nokasarteaert TennuHr-tecta y padounx KUII (cex)
Bospacrhas rpynna Huskui Cpeannii Bricokmit
I 8 4 8
II 10 9 15
11 11 4 9

B nepsoii rpyre npeot4aajaioT paboure C HU3KIM ¥ BBICOKMM TeMmItamu -44,42% u 35,16%
COOTBETCTBEHHO. AHaJAOTMYHO pacHpejeleHbl pe3yAbTaThl BO BTOPON M TpeTbeil TpyIIlax.
Hamnboarpmeit BapuabeabHOCTBIO B 00CA€A0BaHHBIX Ipylnax oOJajaeT IOKazaTeAb BBHICOKOTO
TeMra - 45,02+6,71.

[ToayuenHsle pe3yAbTaThl CBUAETEALCTBYIOT O TOM, YTO BO BCeX 00CAeJ0BaHHBIX IPYIIIIax
B paBHBIX KOAMYECTBaX IIpeAcTaBAeHBl ITOKa3aTeAM BBICOKOM UM HU3KOIM pabOTOCIIOCOOHOCTH.
Paborta B 11€X€ KOHTPOABHO- U3MEPUTEABHBIX TPUOOPOB OTAMYAIOTCA ITOBLIIIIEHHBIM BHUMaHNeM,
COCPeAOTOYEHHOCTBIO UM TOYHOCTBIO II0 CpaBHEHMIO C pabOTOll Ha APYTOM IIPOM3BOACTBE.
Bosmo:xHO, ®TO M cKa3biBaeTCsd Ha YpOBHe pabOTOCIIOCOOHOCTM BO BCeX 00CAeA0BaHHBIX
BO3paCTHBIX IpymIax. B meaom ke mokasaTeaym HM3KOTO TeMIIa yBeAMYMBAIOTCA C BO3PACTOM,
YTO yKas3bplBaeT Ha CHIDKeHMe paboTocriocooHocTu. IlokasaTean, oTpaskaloniuii BLICOKUIL TeMII,
HanOoaee BpIpakeH y pabodux Iepsoil u BTopoii rpynm. Ilo-BuanmmMomy, B IepBoil rpyrimne
PabOTOCIIOCOOHOCTL HIKe B CuAy OoJee HU3KONM KBaAMpUKAIUM paboOuMX U yBeAUYMBaAeTCs
C BO3pacTOM, AOCTMUTasi MaKCUMyMa BO BTOpoil rpymite. Tak KaK TeNIIMHI-TeCT sBASETCs
BeAMYIHOMN, OTpa’kalolleil BeAndnHy (pu3nieckoro yCcuaus, To, cAe4oBaTeAbHO, OH OTpakaeT
U ypoBeHb (PYHKIIMOHMPOBAaHNS HePBHO-MBIIIIEYHOIO allllapaTta U IIPOLIecchl, IIPOMCXOAIIE B
»1oit cucreMe. CHU>KEHMe C BO3PacTOM IOKa3aTeAs TeIIUHI-TeCTa yKa3blBaeT Ha ITOBBIIIEeHHYIO
YTOMASI€MOCTD, cHIpKeHne Aaduapnocty LIHC 1 HeypaBHOBeIIeHHOCTh HePBHBIX IIPOII@CCOB.

[Ipn anaanse rokasaTeaeit yMCTBEHHON pabOTOCIIOCOOHOCTY OTMEYaIOTCs HEOAHO3HAaYHbIe
BO3pacTHbIE M3MeHeHIsI, YTO MOKHO OOBbACHUTH TeM, 4TO IIPY BBIIIOAHEHIM PabOTHI C BO3PacTOM
IIOBBIIIAETCSI TOYHOCTh pabOThI M KOHILIEHTpalMsl BHMMaHIsI, 9YTO €CTeCTBEHHO BAeueT 3a CO0Ooii
CHIKeHMe TaKMX IToKazaTeAell, Kak IPOAYKTUBHOCTb paboThI, 00beM epepabOTKM U CKOPOCTh
nepepabOTKM 3puTeAbHO MHPOpManym (Tabaniia 4).
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Tabawua 4
Pacripeaeaenue nokasareaeyi yMCTBeHHOM pabOTOCIIOCOOHOCTI y pabounx KUII

ITokazaTtean Bospacrhast rpymnmna
I 1I III

VIHTEHCUBHOCTH V1 CKOPOCTh PabOTHI 752,1+15,1* 587,2+11,7 637,6+£12,7
TouHOCTh pabOTHI 25,5+3,1 40,4+7,1 49,9+9,1
Koamyecrso onmubok Ha AuddepeHInPOBKY 3,5+0,7 9,4+0,58* 5,5+0,3
PaboTocriocobHOCTh 1,9+0,3 1,7+0,3 1,5+0,2
ITpoaykTuBHOCTD 47,1+0,71 32,3+2,4 42,0+0,24
O0ObeM 3puTEeALHOI 446,4+8,9* 348,5+6,9 224,6+7,4
nadbopMaru

CxopocTb repepabOTKI 3pUTEABHO 2,8+0,56 3,5+0,71 2,76x0,55
nadbopMaluu

DdPexTuBHOCTH 4,3+0,8* 2,8+0,56 1,6+0,41

ITpumeuvanne: * - p <0,05

PaboTa B 11exe KOHTPOABHO-M3MepPUTEABHBIX IPUOOPOB CBsA3aHa C BBICOKOM TOYHOCTBLIO
BBITTOAHEHM: TPOM3BOACTBEHHBIX OIlepallMii 1M KOHIIeHTpaljueil BHUMAaHMU:, IIODTOMY 9TU
IIOKasaTeAl BO3pacTaloT C MOBbIIIeHneM mnpodeccroHaabHol kpaandukanun. Kpusas
YCTOMYMBOCTY PabOTOCIIOCOOHOCTY HE3HAUNTEABHO YMEHBIIIAeTC s C BO3PACTOM.

3akao4deHme

Ha ocHoBaHum rpose eHHbIX McCAeA0BaHNIT ObLAM CAeAaHbI CAeAYIOIe BHIBOADL:

1) V paboumx 11exa KOHTPOABHO-M3MEPUTEABHBIX IIpUOOPOB, AAUTEABHOE BpeMs
paboTalonux B yCAOBMAX HEPBHO-DMOIIMOHAABHOTIO HANpPsIKeHM:, POPMUPYETCs] KOMILIEKC
Jusnosornyeckux IepecTpoek, KOTOPBII MOXKeT OBITh OXapaKTepM30BaH KaK peaKIVs,
obOecrieunsaiomias IogJep>KaHue IlapaMeTpoB TIyMapaaAbHO-KAETOYHOTO I  MMMYHHOIO
romeocrasa Ha (pOHe YMepeHHOI aKTUBall/l MeXaHIU3MOB IICUXO(PU3M0A0TUIECKON PeTYyASLIN.

2) JAauteapbHOe BO3JENCTBME MaABIX J03 MOHUBHPYIOIIel paguanyuy CIoCOOCTBYeT
passutmio y padounx exa KIMIT cocTosHMS «KpUTUIECKOTO HAIIPSIKEHU», ITPOSBASIOIIETOCs
B 3HAUNMTEABHOM yBeANIEeHN PeaKTMBHO TPEBOSKHOCTY, CHIUKEHNUN TI0Ka3aTeAeil YMCTBeHHO
paboTOCIIOCOOHOCTI.
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I'.3. 3anueaosa, I'.E. Cagbikanosa, A.A. Kycnanosa
C. Amanxoros amvindazvt Hlvizvic Kasaxeman yrusepcumemi, Ockemen, Kasaxcman

bakplaay-eaniey acraniTapbl IfeXbIHBIH JXYMBICIIBIAaPBIHAAFBI IICUXO(U3MI0A0TUSIABIK,
KepceTKimTepain Ky

Anparna. ToiapivMu Makasdaga Oakblaay-o4llley acllalTapbiH KOHAEY LeXbl SKYMBICIIbLAaPbIHbIH
>KacplHa, eHOeK oTiJiHe >XoHe OCBHI IlexTarbl Kypaad->KaOABIKTapabl KOHJAEY Ke3iHje ypaH eHaipiciMen
>KaHaMa OaltaaHbICTa 60AFaH TyAFaaapAbIH ICXOPU3MOAOTHAAIK XKaFJalibiHa OHAipicTiK paKTOpAapABIH
acepi TOABIK CHUIIaTTaAfaH. AABIHFaH HOTVDKeAep IICMXODMOIIMOHAAABl IIMedeHicTiH OackiM MaHi Oap
9PTYpAi >KacTarbl >KYMBICIIBLAAp TOHNTapblHAA OHAIpicTiK opTa ¢aKTOpAapbIHBIH dCepiHEeH KOPFAHBIII
>KoHe OelliMAeAy MexaHU3MAepiHiH KaAbIIITacy epeKIeaikTepiH KopceTTi.

KOKK >xyMBICIIBIAaPBIHBIH aKblA-0i1 KaOiAeTTiAiriHiH KepCeTKIIITepiH 3epTTey HoTyDKeAepi >KachlHa
Kapail >JKYMBIC KaPKBIHABLABIFBI MeH >KblA4aMABIFBIHBIH TOMEHAETeHiH KOPCeTTi, JKYMBIC 434Airi >KacklHa
Kapall apTaabl, erge >KacTarbl TOITapAa 3eMiHHiH IOFbIpAaHybl e49yip JKOFaphlaaiabl, JKYMBIC OHIMA1AiTi
>KoHe BU3yaaAbl aKIlapaTThl ©HAEY KeAeMi MeH >KblAJaMABIFbl, OPbIHAAAAThIH KYMBICTBIH TUIMALAiri ge
TOMEHAENIA.

CayaanaMa >KypriziareH >KYMBICIIBIAAap TONTapBIHAAFl peaKTUBTI Ma3achI3ABIKTBIH HOTUKeaAepiH
Tasjay OprTallla >KoHe TOMeH peaKTMBTI Ma3achI3AbIK JAeHTellAepiHiH asjall epeKIleaeHeTiHiH KOpceTTi.
JKeke mazacrI3gany Ty prbICbIHaH Ma3achbI3ABIKTHIH OpTallla MoHAePi eH JKOFaphl, a4 €H a3 MeAllepi — ToMeH
JKeKe alaHAayIIBLABIKKA TOH 00AABL.

AjaMHBIH ICUXOPU3MOAOTMAABIK KAacUeTTepiH 3epTTey TYpPaKCBI3ABIFBL >KOFaphl ajaMaapAbl
aHBIKTay¥a >KoHe OJapabl OHAIPICTIK INMKAJeH IIbIFapyfa MYMKiHAIK Oepai. Kocibu ipikrey kesinge
11cuxoU3NOAOTHUAABIK TeCTiAeyAl eHTi3y KYMBIC OPHBIHAAFHI IIEKTiK JKaFjaiidapAbIH KayIliH TOMeHAETTi.

Tyitin cesaep: Oakplaay-ealiey acmalTaphblH JKOHAEY IIeXbl >KYMBICIIBIAAPHI, aKblA-OM >KYMBIC
KaOiaerTiairi, arsanbly OeltiMaeayi, 3eifin KeaeMi, >Keke Ma3achI3AbIK, PeaKTUBTi Ma3achI3AbIK,.
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Sarsen Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan

The state of psychophysiological indicators of the workers of the instrumentation workshop

Abstract. The scientific article describes the influence of production factors on the psychophysiological
status of the workers of the instrumentation workshop, depending on the age, length of service, and
in persons who have indirect contact with uranium production during the repair of equipment in this
workshop. The results obtained showed the features of the formation of protective and adaptive mechanisms
from the action of factors of the production environment in groups of workers of different ages with the
dominant value of psycho-emotional tension.

The results of the study of mental performance indicators in instrumentation workers showed a
slight decrease in the intensity and speed of work with age, the accuracy of work increases with age, the
concentration of attention in older age groups increases significantly, the working capacity and productivity
of work slightly decrease, the volume and speed of processing visual information also decreases. the
efficiency of the work performed.

An analysis of the results of reactive anxiety in the groups of surveyed workers showed that the
levels of moderate and low reactive anxiety differ slightly. In terms of personal anxiety, moderate values of
personal anxiety are most pronounced, and the smallest number is low personal anxiety.

The study of the psycho-physiological indicators of the workers of the workshop of control and
measuring instruments made it possible to identify persons with high instability and exclude them from
the production cycle. The inclusion of psychophysiological testing during professional selection reduced
the risk of borderline conditions in the workplace.

Keywords: mental performance, adaptation of the organism, amount of attention, personal anxiety,
reactive anxiety.
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Probiotics and their application in aquaculture for improving the
growth and immunity of fish

Abstract. To increase the digestibility and digestibility of feed, stimulate the growth and
development of animals, and increase nonspecific immunity, enzyme, probiotic, prebiotic and
combined enzyme-probiotic preparations, as well as complex probiotic preparations enriched
with phytocomponents are used.

Probiotics for artificially grown fish are beneficial bacteria and live microbiological additives
that are traditionally added to agricultural aquaculture systems to maintain health,
productivity and growth. Therefore, a promising direction in aquaculture is the use of feed with
probiotic cultures. The use of probiotics is associated with solving various health problems, in
particular, with increasing the efficiency of digestion and stimulating growth and development.
Probiotics, having a positive effect on the host’s body, contribute to the restoration of digestion,
biological status, and immune response and increase the effectiveness of vaccination. The use of
probiotics significantly reduces the cost of treating diseases in animals, increases productivity
and improves product quality. In recent years, many studies have been conducted on the use
of various probiotics in fishing. This review is aimed at generalizing the topic of the possible
use of gram-positive bacteria as probiotics in a comprehensive study of the existing literature.
With the expansion of ideas about the biological effectiveness of probiotics and the proof that
the structural elements of cells and their metabolites are at least effective in some cases. As a
result, various types of bacteria, including bacilli, lactic acid bacteria, and microbes, were used
to improve the growth and immunity of various fish. However, this study conducted a review
of the scientific literature showing that probiotics in aquaculture have a positive effect on the
overall productivity of fish.

Keywords: probiotics, aquaculture, fish, bacterial strain, review, lactic acid bacteria, feed.

DOI: 10.32523/2616-7034-2023-144-3-16-25

Introduction

Fishing is one of the main sources of food for humanity. Aquaculture has undergone
significant changes in the last decades under the influence of scientific and technological
advances. This sector is growing at an unprecedented rate and supplies more than half of the
world’s fish for human consumption [1].

Recently, the role of probiotics in fish farming is growing. This is primarily due to
diseases, which represent a major challenge for fish farming and a huge problem for further
growth and expansion. Probiotics for artificially farmed fish are beneficial bacteria that are
traditionally added to aquaculture farming systems to support their health, productivity
and growth [2]. The widespread use of antibiotics for the prevention and control of bacterial
diseases in fish farms has led to problems such as drug resistance, accumulation of antibiotics
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in tissue and immunosuppression. Thus, probiotics as a prophylactic agent are progressively
used in aquaculture [3]. In this regard, currently, various probiotics are widely used as means
of maintaining and restoring the normal physiological state of animals, and the interest of
scientists and practitioners in the use of microorganisms in agricultural production is increasing
significantly. [4].

It is crucial to raise fish using environmentally friendly feed and competitive in price and
taste. Fish require natural living conditions more than any other agricultural animals because
they are sensitive even to significant fluctuations in the parameters of the aquatic environment
(availability of oxygen, pH, nutrient and microflora). Therefore, the biological role of nutrient-
balanced diets is now being supplemented by the functional importance of friendly microflora,
whose deficiency must be compensated artificially [5].

In recent years, scholars have conducted a series of studies on the use of probiotics in fish
farming. Thus, it is important to analyze these papers to provide useful information on scientific
progress. This review will thus focus on summarizing published articles until 2020 that report
gram-positive microorganisms applied as probiotics and their effect on productive performance
in different fish.

The role of probiotics in aquaculture

Recently, more importance is given to industrial methods of fish breeding with the use
of various types of feed. However, natural food contains a wider range of biologically active
components that are regulators of many metabolic processes. Consequently, in addition to the
balance of essential nutrients in the food for the rearing of physiologically full-fledged young
fish, biologically active substances are important, which include feed probiotics [6].

The term “probiotics” is used to describe a broad class of microorganisms with antagonistic
activity against pathogenic microflora. Probiotics are usually referred to as preparations based
on live microbial cultures used for the correction of microbial cenosis during the treatment and
prevention of a wide range of diseases associated with dysbiotic conditions [7]. Probiotics also
help in the post-stress adaptation by increasing the resistance of the microorganism to pathogens;
they improve the digestive system through the additional production of enzymes in the digestive
tract. Also, probiotics reduce the accumulation of organic contaminants and effectively maintain
water quality [8]. Modern probiotics can easily satisfy the desire for sustainable aquaculture
as they can enhance two key factors: growth efficiency and disease resistance. Benefits of such
supplements include improved feed value, enzymatic contribution to digestion, inhibition of
pathogens, antimutagenic and anticarcinogenic activity, and enhanced immune response [9].

The efficiency of aquaculture is largely determined by the quality and quantity of used feed.
Reducing feed costs is one of the main economic factors that increase the profitability of fish
farming [10]. Probiotics that are added to the feed have a significant impact on feed consumption
per unit of fish growth because they contribute to their fuller assimilation, neutralization of
mycotoxins coming with feed, displace pathogenic microflora, strengthen the general resistance
of the fish organism [4].

In previous studies, the beneficial effects of the use of probiotics in fish feed have been
reported. According to published papers, the majority of commercial probiotics contain mostly
Lactobacillus and Bacillus sp. [11,12].

General mechanism of probiotic action

An effective probiotic for fish farming, able to populate the intestines, and has a dual
beneficial effect. Probiotics realize their positive effect on the macroorganism through a whole
arsenal of mechanisms, not all of which have yet been fully deciphered. Among the well-studied
ones are antagonistic activity against pathogenic and conditionally pathogenic microorganisms
[13]. Secondly, probiotics have an adhesive activity to intestinal epithelial cells and can
successfully compete with pathogenic and conditionally pathogenic microbes for adhesion sites
on the intestinal wall and, as a consequence, for limiting nutrients, which eventually also leads to
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inhibition of undesirable microflora growth [14]. The effects of probiotics on nutrient utilization,
digestion and growth have been studied extensively [2].

The gram-positive microorganisms applied as probiotics affect the growth performance
and immunity of fish.

Bacillus species. The search for microorganisms that can be used as probiotics represents
the basis for the development of probiotic preparations. The microbial organisms used as
probiotics or tested as potential probiotics are given in Table 1. As a result of years of targeted
screening, strains like Bacillus subtilis and B. licheniformis, B. coagulans, B. firmicutes (Paenibacillus
polymyxa), B. pumilus have been selected for the development of corrective probiotics [12,15].
Some experimental strains of these bacteria can possess distinctly expressed antagonistic activity
to a wide range of pathogenic and conditionally pathogenic microorganisms [16]. Bacilli are
saprophytes and are major participants in the decomposition of protein substrates. Owing to
their high activity, they are often antagonistic to other microorganisms. One of the important
advantages of these bacteria is their spore-forming ability, which allows them to remain viable
under unfavourable environmental conditions (including the moisture-heat treatment of raw
materials and feed in the process of pelleting and extrusion) [17]. Spore resistance can be
explained by various factors, such as the presence of thick protein layers of spores, reduced
permeability of the spore core, or reduced water content in the spore core (Mingmongkolchai
and Panbangred 2018).

Bacillus spp. are well known for their ability to produce extracellular enzymes. When used in
aquaculture feed, these enzymes can improve digestibility and reduce the feed conversion ratio.
Ultimately, improving the feed conversion ratio in aquaculture feeds is economically beneficial
because the feed can be a major cost to the producer and, also helps improve water quality by
reducing waste [19]. Studies show that they secrete biologically active substances in the intestine
and produce various digestive enzymes. As a result, digestion improves, feed assimilation
increases, average daily weight gain increases, and the growth of fish are stimulated. For instance,
Bacillus spp. isolated from the pond of common carp stimulated productive performance [20].

Bacillus subtilis bacteria, which are present and proliferate in the intestinal lumen, produce
metabolites that inhibit the growth of pathogenic and opportunistic microflora, such as
staphylococci, protozoa, shigella, escherichia, pseudomonads, Candida fungi and other organisms [21].
Bacillus subtilis bacteria are not capable of forming colonies in the intestines of fish - once the
preparation is discontinued, they are gradually eliminated from the organism, but maintenance
of their high concentration in the digestive tract increases the survival rate and productivity of
fish [22].

Numerous publications have shown that probiotics with Bacillus subtilis improve growth
and stimulate the immune system [12,15,23]. For instance, Opiyo et al. (2009) revealed that B.
subtilis led to significantly higher protein at 5 g kg—1 (P <0.05).

Inaddition, ithasbeen reported that B. coagulans, B. licheniformis and B. firmicutes (Paenibacillus
polymyxa) (P <0.05) enhanced the resistance of fish fry against bacterial challenge [24].

Lactic acid bacteria (LAB). LAB in probiotic supplements normalize the intestinal microflora
not only by suppressing pathogens, but also by increasing immunity; their activity products -
immunoglobulins and lactoglobulins have antimicrobial, antiviral, and anticancer effects [25].

Lactobacilli produce large amounts of acetic, formic, lactic acids and hydrogen peroxide,
which have high antiseptic, bactericidal and antioxidant properties (Teame et al. 2020).
One mechanism for preventing colonization by pathogens in the intestine is competition for
adhesion sites on the surface of the intestinal epithelium. Bacteria that grow slowly but attach
to the intestinal wall can colonize the intestine, while non-adherent species are compensated
by increasing their growth rate. Attachment provides the microorganism with resistance to the
leaching of intestinal contents. It follows that if a probiotic strain can occupy adhesion sites on
the intestinal wall, it takes root in the digestive tract, and vice versa [27].

The beneficial effects of Lactobacilli of normal gut microflora have led to their widespread
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use in probiotics. The following Lactobacillus species are most commonly used as probiotics
in aquaculture: L. acidophilus [28], L. helvetica [11], L. rhamnosu [29,30], L. plantarum [31 - 33], L.
delbrueckii subsp. Lactis [34, 35], L. delbrueckii subsp. Bulgaricus [36].

Abhire et al. (2019) reported that Lactobacillus helveticus showed antimicrobial activity against
fish Aeromonas spp. In addition, it increased antioxidant levels and enhanced the selective
absorption of essential trace elements in goldfish [11].

Furthermore, Soltani et al. (2019) evaluated the effects of probiotic supplementation on
immune and growth performance in fish. The authors demonstrated that supplementation with
Lactobacillus plantarum 426951 could improve the growth and some immune status of Rainbow
trout vaccinated against yersiniosis [33]. Similar results have been investigated in other studies
[31,32].

Enterococci faecium are part of the normal microflora of the gastrointestinal tract of humans
and many vertebrates and play a crucial role in providing mucosal colonization resistance. Wang
et al. (2008) isolated an E. faecium ZJ4 from the intestinal tract of a healthy piglet and investigated
its significant effect on the body weight of tilapias [37].

Micrococcus. Micrococcus is a genus of gram-positive bacteria. The role of Micrococcus luteus
in human and animal disease is minimal, subsequently, it can be used as a probiotic. In a study
with tilapia, M. luteus enhanced fish growth and health in vivo [38].

Further perspectives. Modern fish farming is based on intensive technologies, including
closed water supply plants, which feature high planting density in limited areas, which greatly
increases the risk of infection of fish with pathogens of dangerous infections. Feeding probiotic
preparations are widely used in animal breeding practice, which allows for improving the
existing systems of breeding and feeding of farm animals, and becomes an important component
of the modern rational feeding of animals.

The review of available literature revealed the promising effects of probiotics on the growth
performance of various fish. This helps to reduce feed costs and improve the economic efficiency
of horseshoe fish farming. The analysis of potential probiotics has shown that their further study
and implantation into aquaculture can contribute to the increase of fish yield. However, research
on the potential effect of probiotics lacks in fish; therefore, it still needs further exploration in
various fish species.

Table 1
Different species of microorganisms and their beneficial effects on growth performance and
immunity of fish

Ne Probiotic candidates Aquatic species Effects References
Gram-Positive Bacteria

1 Lactobacillus helveticus Carassius auratus antimicrobial activity, [11]
improved health,
reduced mortalities
2 Lactobacillus plantarum Oncorhynchus mykiss improved growth [33]
426951 performance and
immune status
3 Lactobacillus plantarum Tilapia Enhances growth [31]
CCFM639 performance, feed

utilization, and
antioxidant ability

4 Lactobacillus plantarum Siberian sturgeon improve growth [32]
(PTCC no. 1058) Acipenser baerii performance and
feed utilization,
immunological
parameters
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5 Bacillus coagulans (IMTCC | Cyprinus carpio fry improve growth, feed [24]
9872) utilization, non-specific
Bacillus immune responses and
licheniformis (MTCC 6824) disease resistance
Paenibacillus polymyxa
(MTCC 122)
6 Enteroccus faecium ZJ4 Tilapia Improved growth [37]
Oreochromis performances and the
niloticus immune responses
7 | Micrococcus luteus Nile tilapia enhanced the fish growth [38]
and health
8 Bacillus sp. Cyprinus carpio increased the growth [20]
performances and
digestive enzyme
activities
9 B. coagulans B16 Tilapia enhance immune and [39]
Oreochromis health status, growth
niloticus performance
10 Bacillus subtilis O. niloticus significant improvement [12]
in growth parameters
11 B. pumilus Tilapia enhanced growth [40]
Oreochromis niloticus
12 Lactobacillus rhamnosus clownfish larvae the higher body weight, [29]
IMC 501 earlier metamorphosis,
and lower deformity
incidence
13 Lactobacillus acidophilus Cyprinus carpio Improved growth [41]
performance and total
heterotrophic microbial
load
14 Lactobacillus spp. gilthead sea bream increase growth [42]
Sparus aurata, L. parameters and digestive
enzyme activities
15 B. subtilis Nile tilapia Improved growth, [23]
(Oreochromis survival and body
niloticus) composition
16 L. rhamnosus red sea bream improvements in growth [30]
performance, feed
utilization, immune
response and oxidative
status
17 | L. lactis ssp. lactic ST G45 | Siberian sturgeon promote growth [43]
(Acipenser baerii) performance and boost
some immune response
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18 | Lactobacillus plantarum | olive flounder enhanced the growth, [44]
Lactobacillus brevis Paralichthys olivaceus | blood biochemical
- - - constituents,
Lactobacillus acidophilus and nonspecific
Bacillus subtilis immunity
19 Lactobacillus delbrukei rainbow trout growth performance [36]
subsp. Bulgaricus Oncorhynchus mykiss | by improving digestive
- - enzyme activity, gut
L. acidophilus microflora and growth
gene expression
20 Lactobacillus acidophilus Snakehead Improved growth [28]
(Channa striata) and the expression of
immune regulatory
genes
21 L. lactis Rohu Better growth, protein [45]
B. subtilis efficiency ratio,
L. rohita nutrient retention and
digestibility
22 L. lactic L19 snakehead fish promoted growth [34]
E. faecalis W24 (Channa argus) performance, humoral
immunity, regulated
immune-related genes
expression and disease
resistance
23 | Bacillus subtilis starry flounder, growth performance, [15]
Platichthys stellatus non-specific immune
Bacillus licheniformis responses and disease
resistance
24 Le. lactis WFLU12 olive flounder, [35]
Paralichthys
olivaceus
Conclusion

Antimicrobial activities of probiotic applications reduce the mortality rate by improving
their health by supporting the immune responses and oxidative status of fish. However, it
increases the growth of fish by improving the feed conversion ratio. In conclusion, it is thought
that probiotics and their derivatives in aquaculture can be used reliably instead of antibiotics in
healthy fish rearing and organic fishers, and this situation can be supported by future studies.
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LAamamur mexnorozusAvk yHusepcumemi, Aamamui, Kasaxcman
2Kasax yammork azpapAvix sepmmey ynusepcumemi, Aamamui, Kasaxcman
3C. Ceiipyarun amundazvt Kasax azpomexuurxarvix ynusepcumeni, Acmana, Kasaxcman

IIpoGuoTHKTEp K9HE 0AapAbl OaabIKTapABIH ©6CYyi MEH MMMYHMTETIH XKaKcapTy YIIiH
aKBaKyaAbTypada KOAJaHy

ABpaatna. ABBIKTBIH KOPBITBIAYBI MEH CiHIMAiAiriH apTThIpy, >KaHyapAapAblH ©Cyi MeH AaMybIH
BIHTaZaHABIPY, crennuKalbK eMeC MMMYHWUTETTI apTThIpy YHIiH (epMeHTTIK, HpoOMOTHUKAABIK,
peOMOTHUKAABIK, SKoHe apaaac JepMeHTTIK-TTPOOMOTUKAABIK npemnaparrap, COHpal-aK,
¢uTOoKOMIIOHEHTTepMeH OallbITHLAFAH KellleHAl IPOOMOTIKaABIK IIperiaparrap KOA4aHbLAaAbL

JKacanap! ecipiaren 6aabIKka apHaAFaH IIPOOMOTUKTEP-0YA A€HCayABIKTHI, OHIMAIAIKTI >KoHe ecyai
caKTay YIIIH 49CTypai Typde akBaKyAbTypa ayblAlIapyallbLAbIK >KyliedepiHe KOCBIAAThIH IT1aliAaabl
OakTepusidap >koHe Tipi MukpoOmaagpl Kocrnadap. COHABIKTAH aKBaKyAbTypaJdarbl ITepCIeKTHBaABI
OafFbIT MPOOMOTUKAABIK JaKbladapMeH >KeMdi naitgadaHy 00abi Tabblaaabl. IIpobuoTukrepai KoasaHy
AeHCayABIKTBIH 9pTypAi MoaceaeaepiH IIellyMeH, HaKThIpakK, aiTaTblH 0oAcak ac KOPBITY TUiMAiAirin
apTTBIPYMEH, ©Cy MeH JaMyAbl BIHTadaHABIpyMeH OaliaaHbICThl. IIpoOmoTmkrep meciHiH ar3acbiHa OH
acep eTe OTBIPHIIL, ac KOPHITYAbl, OMOAOIMAABIK MapTeOeHi, MMMYHABIK, peaKIMsHbEI KaAllblHa KeATipyre
BIKITaA eTeAl >KoHe BaKIIMHALVIAHBIH THiMAiAiriH apTTeIpaasl. ITpobnoTukrepai Koa4aHy kaHyapaapAaFbl
aypyaapa4pl eMAeyTe KeTeTiH IIbIFbIHAaPAbI e49Yip asaliTagbl, O©HIMALAIKTi apTTEIpa/bl JKoHe OHIM carlachlH
>KakcapTaabl. COHFBI XXblA4apbl OaAbIK IIapyallblABIFRIHAA 9PTYPAi IPOOMOTUKTEPAL KOAJaHy OONBIHIIIA
Gipxarap seprTeyaep XKypriziagi. bya moay xoagansicrars ageOneTTepai >KaH->KaKThl 3ePTTell OTHIPHII,
IpOOMOTUKTEpP peTiHAe IpaM-TIO3UTHUBTI OakTepusaiapAbl BIKTUMaA KOAJ4aHY TaKbIPBIOBIH >KaAlbllayFa
OarpiTTaarad. IIpobuoTukrepais OMOAOTMAABIK TUIMAiAiri Typaabl TycCiHIKTepAiH KeHeloiMeH >KaHe
JKacyIaldapAblH KYPBIABIMABIK, DJAeMeHTTepi MeH 0JapAblH MeTaboANTTepi Kenbip >Kargaiidapda KeM
JAereHje THiMAi ekeHiH gaaeagey Ooawinn TaOblaaabl.Hariokecinge ap Typai OaablKTapAblH ocyi MeH
MMMYHUTETIH >KaKcapTy VIIiH OaKTepusdapAblH 9pTypAi Typaepi, COHBIH imiHge Oammaaaaap, CyT
KBIIIIKBIABL OaKkTepusaiapbl, MUKPOKOKTap KOAJaHBIAABL Aaaiiga, Oya 3epTrey aKBaKyaAbTypa/arbl
IPOOMOTUKTEPAIH KaAIbl OaAbIK ©HIMAiAiriHe OH 9cep eTeTiHiH KOpCeTeTiH FRIABIMU d4e0neTTepre 101y
>Kacaaapl.

Tyiia ces3aep: mpoOMOTUKTEep, aKBaKyAbTypa, 0aablk, OaKkTepusaAapAblH INTaMBI, IIOAY, CYT
KBIIIIKBIAABI OaKTepUsAap, a3bIK.
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Probiotics and their application in aquaculture for improving the growth and immunity of fish

@.F. Carpimbex’, A./. Cepukbaesa?, T.b. AGauraanesa’, P. EanaszapKoiser®
TAamamumncicuii mexrorozudeckuil ynusepcumem, Aamamot, Kasaxcman
2Kasaxcruii HAUUOHAADHYIIL AZpAPHBLL UCCAC)06aMeAbCKUTl YHusepcumen, Aamamut, Kasaxcman
SKasaxcwuii azpomexrueckuil ynusepcumem um. C. Ceiipyaruna, Acmana, Kasaxcman

ITpoOMOTHMKY M X IIPUMeHEeHNe B aKBaKyabType AAsl yAy4llIeHIsI pOCTa i MMMyHITeTa

pHIO

AnnoTtanus. /As TOBBILIEHNUS YCBOJAEMOCTH KOPMOB, CTUMYAMPOBAaHMs POCTa U PasBUTU:
SKIMBOTHBIX, TTOBBLIITIEHVLS HECITeITM(PUIeCKOTO UMMYHITETa UCTIOAB3YIOTCS (pepMeHTHEIE, IPOOMOTIIeCcKIe,
IpedMoTIYecKre 1 KOMOMHMPOBaHHbIE (pePMEHTHO-ITPOOUOTIYECKIIe ITpeTlapaThl, a TAKKe KOMILAeKCHbIe
poOMoTIdIecKue IpernapaThl, oboraleHHbIe (PUTOKOMIIOHEHTaMU.

[TpoOMOTUKM A4 MCKYCCTBEHHO BBIPAIIEHHOI PBIOBI - HTO IIOAe3HBIe OaKTepuu U >KUBBIE
MUKpOOMoAorndeckue 400aBKy, KOTOpPBIE TPAAUIIMOHHO 400aBASIOTCSA B CeABCKOXO3MCTBeHHBIE CCTeMBI
aKBaKyAbTYPBl AAsl TOAJAEpP>KaHUsA 3A0POBbs, MPOAYKTUBHOCTM M pocTa. I[losToMy mepcreKTUBHBIM
HaIlpaBJAeHIeM B aKBaKyAbType sBASETCs JCIOAb30BaHUE KOPMOB C IPOOMOTHYECKMMY KyABTYpaMIu.
Vcnoap3oBanue MpoOMOTUKOB CBA3aHO C pellleHneM pa3AMdHBIX ITpo04eM cO 3J0pOBbeM, B YacTHOCTH,
¢ mosbiieHneM »(PpQeKTUBHOCTY THUINeBapeHNs, CTUMYyAAIuell pocta u passutusa. IIpobmotmkwm,
IIOA0XKUTEABHO BO3JEICTBYSI Ha OpPraHM3M XO35MHA, CIIOCOOCTBYIOT BOCCTAHOBAEHMUIO IIMITIEBapeHMs,
611010TMIECKOTO CTaTyCa, MMMYHHOTO OTBeTa ¥ IIOBBIIIAIOT 9(PpPeKTUBHOCTD BaKIIMHAINN. Vcrmoas3osaHne
IpoOMOTUKOB 3HAUMTEABHO CHIDKaeT 3aTpaThl Ha JeueHNe 3a00AeBaHmil y >KMBOTHBIX, IIOBBIIIAeT
MIPOAYKTUBHOCTH U yAy4ITlaeT KauecTBO MpoAyKIuu. B mocaeaHme roast 6611 MpoBeAeH psij Mccae0BaHmIi
10 MCIIOAb30BaHMIO Pa3AUUHBIX TPOOMOTUKOB B PeI00AOBCTBE. DTOT 0030p HallpaBAeH Ha 0DOOIeHMe
TeMBI BO3MOKHOTO MCIIOAB30BaHUA TPAMIIOAOXKWUTEABHBIX OaKkTepuili B KauecTBe ITPOOMOTUKOB
IIpM BCECTOPOHHEM W3YYeHMM CyIIecTBylomneir autepaTypbl. C pacimimpeHueM IpeACTaBACHUI O
6moaormyeckoit 5QpPeKTUBHOCTU MPOOMOTUKOB U J0Ka3aTeAbCTBOM TOTO, YTO CTPYKTYPHBIE 51e€MeHTEI
KAETOK M X MeTabOAUTHI B HEKOTOPBIX CAyJasx 0 KpariHeit Mepe s peKTusHbI. B pesyabTarte pasanmynsle
BUABI OaKTepuii, B TOM 4rcAe OaruAAabl, MOAOYHOKUCABIe DaKTepuu, MUKPOKKY, VMCIIOAb30BAAUCH A
yAy4IIeHUs: pocTa U UMMYHHUTeTa pa3ANdHbIX pp0. OgHaKo B 9TOM UccAeA0BaHUM ObLA IIpOBeAeH 0030p
Hay4JHOI AWTepaTyphl, MTOKa3BIBAIOIINI, ITO MPOOMOTUKN B aKBaKyAbType ITOAOXKUTEABRHO BAVIIOT Ha
0OIITyIO IPOAYKTUBHOCTD PHIO.

Karouesble caoBa: npoOMOTUKY, aKBaKyAbTypa, pbiOa, mTaMmM DaxTepuii, 0030p, MOAOYHOKUCABIE
GaxTepuu, KOpM.
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Analysis of Group-Thicket Communities on Iron Ore Industry
Dumps in Kostanay Region

Abstract. Environmental anthropogenic transformation leads to technogenic landscapes
emergence, characterized by complete or partial destruction of ecosystem components. Partial
restoration of biodiversity is possible through reclamation and self-overgrowing. Formation
of vegetation cover on technogenic landscapes — a process that takes place in three syngenesis
stages. This article presents the results of studying the degree of self-overgrowing on iron ore
industry dumps in the Kostanay region (SSGPO ]SC and Kachary Ruda JSC) at the stage
of a group-thicket community — the second stage of syngenesis. Sixty-three geobotanical
descriptions were compiled, and group-thicket communities were found in twenty-six.

A group-thicket community is usually formed by patients; certain relationships and mutual
influence appear between plants, but they remain fragmentary, individuals are slightly
interconnected trophically. The predominance of species with a wide ecological amplitude
characterizes this stage.

It was found that the rate and patterns of vegetation cover formation at the second stage of
syngenesis differ on saline and non-saline soils: the former are dominated by halophytes and
long-rhizomatous plants, the latter are characterized by long-rhizomatous plants; moreover,
the activity of species on the first soils is much higher than on the second ones, the number of
species is approximately the same on both soil types.

Keywords: group-thicket community, iron ore industry dumps, biodiversity,
technogenic landscape, succession, syngenesis, dump flora, dump overgrowth.
Abbreviations: CC — classes of constancy, CP — cenopopulation, GTC — a group-thicket
community, LF — life form, PP - projective cover, TPC — total projective cover.

DOI: 10.32523/2616-7034-2023-144-3-26-39

Introduction

Active development of human society is accompanied by the transformation of the natural
environment. For the sake of own comfort, mankind extracts and processes colossal volumes of
natural resources. And, naturally, in the course of these processes, partial or, more often, complete
destruction of ecosystems occurs with the formation of technogenic landscapes. Complete
restoration of disturbed soil and vegetation cover; lithological basis, hydrological regime to the
original natural state is impossible [1-4].

Industrialization on a global scale has led to the replacement of some key landscape types
by others: forests have been replaced by forest field and forest meadows; steppe and forest-
steppe landscapes were replaced by field and agricultural landscapes [1, 2].
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For (partial) restoration of the biodiversity of technogenic landscapes, reclamation is used,
but when this is impossible for economic or other reasons, a wait-and-see policy is used, that is,
conditions are created for self-restoration of vegetation and soil cover [4-7].

This article is a continuation of the description of the results of the study of the degree of
natural overgrowing of dumps of the iron ore industry in the Kostanay region, the pioneer stage
was previously described, in which the difference in the speed of syngenesis processes on saline
and non-saline soils was noted.

The process of self-overgrowing of technogenic landscapes, which undoubtedly include
dumps, takes place in three stages: pioneer grouping (low projective cover (PP) 10-15%, 13-25
species), group-thicket community (PP —more than 15%, 20-50 species) and complex phytocenosis
(PP more than 30%, 20-50 species) [8].

The rate of syngenesis stages change depends on various factors. The ecological conditions
of the dumps and the biological characteristics of the species determine the selectivity, which
directly depends on the probability of introducing ovules from neighboring phytocenoses [9-11].

In this article, we analyze the GTC as a stage of syngenesis on the dumps of iron ore
enterprises in the Kostanay region.

Materials and Methods

There are two large enterprises engaged in the extraction and processing of iron ore in
the Kostanay region: SSGPO JSC (Sokolovsky, Sarbaisky deposits) and Kachary Ruda JSC
(Kacharsky deposit). These deposits of magnetite ores are located in the northwestern part of
Kazakhstan in the Turgai belt, which also extends into Russia. The Turgai deposits are associated
with volcanic-sedimentary rocks of the Trans-Ural zone. These deposits, together with other
satellite deposits and manifestations, form an extended magnetite-bearing belt extending in the
NNE-SSW directions — the Turgai belt, which extends from the Sarbaisky deposit in the south to
the Glubochensky deposit in the north [12, 13].

In the course of this study, the waste dumps of SSGPO JSC were studied: the South-East one
of the Sokolovsky open pit, South-West - of the Sarbaisky and South-West - of the South-Sarbi
area; as well as Ne 7 railway dump of Kachary Ruda JSC. These dumps are a place of accumulation
of technogenic mineral formations, which are loose sandy-argillaceous overburden rocks of the
platform cover; their initial raw materials are flasks, sands and clays [14-17].

The objects of study are located in the northwestern part of Kazakhstan — Kostanay region.
Study period: spring-summer of 2022.

The territory of the facilities is under the influence of a sharply continental climate, which is
characterized by a significant difference between day and night, as well as seasonal temperatures.
The highest average temperature in the vicinity of the objects of study is +21°C in July, the lowest
average annual temperature is -15.4°C in January [18].

The following types of soils are typical for the studied territories: ordinary and southern
chernozems; dark and medium chestnut soils, complexes with solonetzes. According to the
mechanical composition, these soils are classified as heavy loamy, clayey, or sandy loamy [18].

The route-expeditionary reconnaissance research method was used to study the flora of
technogenic ecotopes. A total of 63 geobotanical descriptions were compiled. Floristic data were
processed using the IBIS7.2 program developed by A.A. Zverev [19]. Qualitative and quantitative
accounting of plants was carried out in accordance with accepted methods: occurrence (%), total
and partial projective cover (TPC, %) were noted [2, 11, 20].

Calculation of numerical data: herbage density (pcs/m2), number of species (pcs), occurrence
(%), total and partial projective cover (%) — was carried out according to the previously indicated
indicators. The occurrence rate made it possible to determine the classes of constancy (CC): a
total of five CCs were determined, with a step of 20%: I — 20%; II — 40%; III — 60%; IV — 80%; V —
100% [11].
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Results

Settlement of species from the composition of higher vascular plants on the surface of dumps
begins in the first year after backfilling. The drift of ovules to dumps occurs mainly by wind from
the surrounding territories, a much smaller role in this process belongs to animals and humans.

The distribution of ovules on the surface of dumps occurs randomly, while the germination
and development of plants in certain ecotopes is a natural process that depends solely on their
ecological stability of the plants themselves. In the course of succession, the development of plant
communities is additionally influenced by interspecific competition, the role of which increases
as the evolving cenosis develops its internal phytocenotic environment.

In this work, we studied cenopopulations at the stage of a group-thicket community (GTC)
on dumps aged from 6 to 10 years (See Figure 1.). 26 geobotanical descriptions were made: 16 on
saline soils (CP-27-42) and 10 on non-saline soils (CP 6-15) (see Table 1).

Figure 1. Location of the studied ecotopes of plants of the group-overgrown stage:
A - Soklovsky quarry; B, C — Sarbaisky quarry; D - Kacharsky quarry

In total, 65 species of plants were identified on the waste dumps of SSGPO JSC and Kachary
Ruda JSC at the GTC stage: 41 species settled on saline soils, and 43 species settled on non-saline
soils (See Tables 2, 3). Table 1 lists the dominants for each cenopopulation, the total projective
cover, and the number of species.
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It is also worth noting that, on average, the activity of species and the class of constancy are
higher on soils with a lower salt content (CO,*, HCO,, Cl -, SO,?).

Table 1
Characteristics of cenopopulations of the GTC, May 18-19, 2022
CP No. Dominants TPC % Spec1fes
quantity
CP-6 Artemisia austriaca, Artemisia dracunculus, 20 1
Tanacetum vulgare

CP-7 | Calamagrostis epigeios, Festuca valesiaca, Medicago sativa 70 21

CP-8 | Artemisia austriaca, Medicago sativa, Calamagrostis epigeios 30 11

CP-9 | Calamagrostis epigeios, Medicago sativa, Festuca valesiaca 40 10
CP-10 | Calamagrostis epigeios, Artemisia dracunculus, Festuca valesiaca 30 20
CP-11 | Calamagrostis epigeios, Artemisia dracunculus, Artemisia marschalliana 40 11
CP-12 | Calamagrostis epigeios, Artemisia dracunculus, Medicago sativa 30 11
CP-13 | Calamagrostis epigeios, Artemisia dracunculus, Achillea nobilis 25 10
CP-14 | Achillea nobilis, Polygonum salsugineum 20 5
CP-15 | Calamagrostis epigeios, Tanacetum vulgare 20 5
CP-27 | Polygonum salsugineum, Calamagrostis epigeios 20 5
CP-28 | Phragmites australis, Polygonum salsugineum 70 3
CP-29 | Polygonum salsugineum 3 1
CP-30 | Phleum phleoides, Agrostis gigantea 40 5
CP-31 | Elaeagnus oxycarpa, Polygonum salsugineum 30 7
CP-32 | Artemisia dracunculus, Cirsium setosum 50 12
CP-33 | Artemisia dracunculus, Cirsium setosum, Polygonum salsugineum 40 6
CP-34 | Artemisia dracunculus, Polygonum salsugineum, Taraxacum officinale 70 11
CP-35 | Artemisia dracunculus, Polygonum salsugineum, Phragmites australis 40 8
CP-36 | Artemisia dracunculus, Isatis costata, Polygonum salsugineum 60 6
CP-37 | Artemisia dracunculus, Chenopodium album, Cirsium setosum 70 10
CP-38 | Artemisia dracunculus, Calamagrostis epigeios, Polygonum salsugineum 50 6
CP-39 | Artemisia dracunculus, Calamagrostis epigeios, Artemisia nitrosa 70 13
CP-40 | Artemisia dracunculus, Calamagrostis epigeios, Gypsophila perfoliata 70 12
CP-41 Artemigia . dracunculus, ~ Calamagrostis  epigeios, ~Chamaenerion 80 5

angustifolium
CP-42 | Artemisia dracunculus, Calamagrostis epigeios, Gypsophila perfoliata 70 7

As can be seen from Table 2, on saline soils, Polygonum salsugineum and Artemisia dracunculus
are common and have a high persistence class (IV) — the highest for GTC on the saline soils.
Gypsophila perfoliata and Calamagrostis epigeios are found in constancy class III. The vast majority
of species are rare and have class I constancy (See Figure 2 A).

Polygonum salsugineum (“salsus” lat. — salty) was found in 75% of the studied CPs on saline
soils, Artemisia dracunculus in 68.8%, other species did not even reach 50% occurance (Table 2).

Table 2
Characteristics of communities of the group-thicket stage on saline soils
Plant species V* P A CC
Polygonum salsugineum (Ledeb.) Klok. 75 5.7 20.7 v
Artemisia dracunculus L. 68.8 9.25 25.22 v
Gypsophila perfoliata L. 43.8 0.5 4.68 11
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Calamagrostis epigeios (L.) Roth 43.8 15.34 2591 I
Chamaenerion angustifolium (L.) Scop. 37.5 0.19 2.67 I
Artemisia nitrosa Weber 31.3 0.31 3.13 I
Artemisia sieversiana Willd. 31.3 0.16 2.24 I
Lactuca tatarica (L.) C.A.Mey. 25 0.69 4.15 I
Carduus nutans L. 25 0.125 1.77 I
Isatis costata C.A.Mey. 25 0.125 1.77 I
Phragmites australis (Cav.) Trin. ex Steud. 25 4.44 10.54 I
Cirsium setosum (Willd.) Besser 18.8 0.84 3.97 I
Tragopogon orientalis L. 18.8 0.09 1.3 I
Taraxacum officinale F. H.Wigg. 18.8 0.09 1.3 I
Artemisia vulgaris L. 18.8 0.09 1.3 I
Gypsophila paniculata L. 18.8 0.09 1.3 I
Achillea millefolium L. 12.5 0.06 0.87 I
Convolvulus arvensis L. 12.5 0.22 1.66 I
Elaeagnus oxycarpa Schltdl. 12.5 0.06 0.87 I
Melilotus albus Medikus 12.5 0.06 0.87 I
Dracocephalum thymiflorum L. 12.5 0.06 0.87 I
Bromopsis inermis (Leyss.) Holub. 12.5 0.06 0.87 I
Acer negundo L. 6.3 0.03 0.43 I
Eryngium planum L. 6.3 0.03 0.43 I
Artemisia commutata Besser 6.3 0.03 0.43 I
Artemisia schrenkiana Ledeb. 6.3 0.03 0.43 I
Artemisia proceriformis Krasch. 6.3 0.03 0.43 I
Conyza canadensis (L.) Crongist 6.3 0.03 0.43 I
Achillea nobilis L. 6.3 0.03 0.43 I
Artemisia marschalliana Spreng. 6.3 0.03 0.43 I
Senecio jacobaea L. 6.3 0.03 0.43 I
Chenopodium album L. 6.3 0.19 1.09 I
Limonium gmelinii (Willd.) Kuntze 6.3 0.03 0.43 I
Agrostis gigantea Roth 6.3 0.31 1.39 I
Phleum phleoides (L.) H.Karst. 6.3 0.19 1.09 I
Stipa lessingiana Trin. & Rupr. 6.3 0.03 0.43 I
Elytrigia repens (L.) Nevski 6.3 0.03 0.43 I
Festuca valesiaca Gaudin 6.3 0.03 0.43 I
Populus x sibirica G. Kryl. et Grig. ex A. Skvortsov 6.3 0.03 0.43 I
Populus tremula L. 6.3 0.03 0.43 I
Solanum kitagawae Schonb.-Tem. 6.3 0.03 0.43 I

Note: V — occurrence, %; P — partial projective cover, %; A — activity, score; CC - class of constancy

Table 3 illustrates interesting patterns of plant growth on non-saline soils: Calamagrostis
epigeios and Artemisia austriaca have the highest V constancy class. Constancy class IV was noted
in Artemisia dracunculus, Achillea nobilis, and Medicago sativa (see Figure 2 B).

Calamagrostis epigeios was found in 90% of the CP on non-saline soils. Interestingly, Polygonum
salsugineum, which is common on highly saline soils, was not found in any of the CPs. While
Artemisia dracunculus was also found in 70% of these CPs.
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A B

Figure 2. GTC stage on iron ore industry dumps:
A —on saline soils
B — on non-saline soils

Table 3
Characteristics of communities of the group-thicket stage on non-saline soils

Plant species V* p A CC
Calamagrostis epigeios (L.) Roth 90 11.55 32.24 \4
Artemisia austriaca Jacq. 80 2.95 15.36 \4
Artemisia dracunculus L. 70 3.6 15.87 v
Achillea nobilis L. 70 1.75 11.07 v
Medicago sativa L. 70 2.25 12.55 v
Artemisia marschalliana Spreng. 60 1.25 8.66 111
Hieracium virosum Pall. 50 0.25 3.54 11
Tanacetum vulgare L. 50 1.2 7.75 11
Achillea millefolium L. 50 0.25 3.54 111
Festuca valesiaca Gaudin 50 6.5 18.03 111
Poa angustifolia L. 50 1.9 9.75 11
Bromopsis inermis (Leyss.) Holub. 50 0.95 6.89 11
Centaurea scabiosa L. 40 0.2 2.83 II
Hieracium umbellatum L. 30 0.15 2.12 II
Artemisia commutata Besser 30 0.15 2.12 II
Taraxacum officinale F. H.Wigg. 30 0.15 2.12 II
Elaeagnus oxycarpa Schltdl. 30 0.15 2.12 11
Dracocephalum thymiflorum L. 30 0.15 2.12 11
Chamaenerion angustifolium (L.) Scop. 30 0.65 4.42 11
Stipa pennata L. 30 1.55 6.82 II
Malus domestica Borkh. 30 0.15 2.12 II
Linaria genistifolia (L.) Mill. 30 0.15 2.12 II
Artemisia proceriformis Krasch. 20 0.1 1.41 I
Lonicera tatarica L. 20 0.1 1.41 I
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Gypsophila paniculata L. 20 0.35 2.65 |
Acer negundo L. 10 0.05 0.71 |
Lactuca serriola L. 10 0.05 0.71 |
Trommsdorffia maculata (L.) Bernh. 10 0.05 0.71 I
Cirsium setosum (Willd.) Besser 10 0.05 0.71 I
Artemisia vulgaris L. 10 0.1 1 I
Betula pendula Roth 10 0.05 0.71 I
Lappula stricta (Ledeb.) Guerke 10 0.05 0.71 I
Nonea pulla DC. 10 0.05 0.71 I
Medicago falcata L. 10 0.05 0.71 I
Trigonella arcuate C.A.Mey. 10 0.05 0.71 I
Trifolium pratense L. 10 0.05 0.71 I
Poa palustris L. 10 0.1 1 I
Poa urssulensis Trin. 10 0.05 0.71 I
Polygonum bordzilowskii Klokov 10 0.05 0.71 I
Potentilla argentea L. 10 0.05 0.71 I
Populus x sibirica G. Kryl. et Grig. ex A. Skvortsov 10 0.05 0.71 |
Populus tremula L. 10 0.05 0.71 |
Ulmus pumila L. 10 0.05 0.71 I

Note: V — occurrence, %; P — partial projective cover, %; A — activity, score; CC - class of constancy

Discussion

Table 4 shows the taxonomic structure of the general floristic list of communities of the
GTC stage on the dumps of SSGPO JSC and Kachary Ruda JSC. The total number of families
represented in these communities on saline and non-saline dumps is 22. The most numerous in
terms of the number of species and genera are Asteraceae (13 genera, 25 species), then Poaceae (9
genera, 12 species), Fabaceae (4 genera, 5 species). The top ten most representative families of the

dump flora include 54 species, or 82%.

The most multi-species genus is Artemisia: 19% of all species on saline soils, 14% — on non-
saline soils. In total, there were 20 species found both on saline and non-saline soils.

Table 4

Taxonomic structure of communities of the group-thicket stage of dumps

Taxonomic indicators Values
Total number of species 65
Total number of genera 48
Total number of families 22
Number of single-species genera 39
Number of single-species families 14
Number of homogeneous families 16
Share of species in 5 leading families, % 69
Share of species in 10 leading families, % 82

The dominance of the families Asteraceae, Poaceae, and Fabaceae, noted by us in the
communities of the group-thicket stage of dumps, is characteristic of the taxonomic structure of

the region as a whole [21-24].
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The degree and rate of overgrowth of the dumps of the iron ore industry in the Kostanay
region has been of interest since the 1970s. So, Terekhova E.B. et al. in 1974 note that in the
seventh year after dumping, the syngenesis stage changes from the pioneer stage to the GTC,
with a significant increase in the number of species up to 31. Polygonum aviculare L., Artemisia
marschalliana Spreng., Berteroa incana (L.) DC., Axyris amaranthoides L. were dominant. The
authors noted the increased importance of the Fabaceae family compared to the pioneer stage
(Genista tinctoria L., Medicago cancellata M. Bieb., M. Falcata L., Vicia cracca L., Melilotus albius
Medik., M. officinalis (L.) Lam.). Artemisia and legumes acted as dominants and co-dominants
in those communities. There were also cereals Agropyron sibiricum (Agropyron fragile (Roth) P.
Candargy), A. pruiniferum (Elytrigia pruinifera Nevski), Poa angustifolia L., Festuca sulcate (Festuca
valesiaca Gaudin) [25].

In a later study by Konysbayeva D.T. 2003, 65 species are described at the GTC stage. The
projective cover was 30-50%. Dominant families: Asteraceae (13 species), Poaceae (10), Fabaceae (8
species). There was also a large distribution of Polygonum aviculare, Artemisia marschalliana, A.
dracunculus, Berteroa incana, Melilotus albius, M. officinalis [9].

We also conducted an analysis on the representation of geographical groups in the ecological
and coenotic spectrum of the flora of dumps at the GTC stage. In the flora of the dumps, we
identified 5 ecological-coenotic groups: meadow, forest, steppe, coastal-aquatic, and weedy [11].

Differences in the distribution of plant groups on saline and non-saline soils were found,
which is not surprising and has already been repeatedly confirmed for other indicators in our
study. The first soils at the GTC stage are mostly populated by weedy and steppe species, while
the second soils are inhabited by meadow and steppe species. Coastal-aquatic and forest plants
are the least numerous (see Figure 3).

The pan-Eurasian fraction of geographic elements plays a leading role in the composition
of all ecological-coenotic groups on dumps (13, 18). Further on saline soils, in order, are
Mediterranean-Asian (6), Cosmopolitan (6), East European-Asian (5); on non-saline soils,
Holarctic (7) and Cosmopolitan (5).

Saline soils Non-saline soils
16
mA3
14
mA2
12 Al
10 mEAS
8 mEA4
6 mEAS
EA2
3 mEA]
: N .
0 - ul
Meadow Forest Steppe Weedy Meadow Forest CA Weedy

Figure 3. Characteristics of the flora on different soils
Note: geographical groups: C — Cosmopolitan, H — Holarctic, EA1 - Pan-Eurasian, EA2 —
Mediterranean-Asian, EA3 — East European-Asian, EA4 — European-North Asian, EA5 — Eurosiberian,
Al - Asiatic, A2 — Central Asian, A3 — Siberian. CA — coastal aquatic plants
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An analysis of life forms makes it possible to assess the characteristics of the flora from an
ecological standpoint, to find correlative relationships between LF and confinement to a certain
type of communities (habitats). At the second stage of syngenesis on the dumps we studied, the
predominant life forms are: for saline soils — taproot (10), long-rhizomatous (9), annuals (5), and
biennials (5); non-saline — taproot (11), short-rhizomatous (10), and long-rhizomatous (6).

As can be seen from Figure 4, plants with a tap root system or long rhizomes are the most
common for this stage of GTC in terms of the number of species. However, it was previously
noted that the highest class of constancy is characteristic of long-rhizomatous plants under these
conditions.

On saline soils, steppe floras are dominated by taproot (50%) and turf (25%) species; in
weedy — herbaceous annuals (31%) and long-rhizomatous plants (23%); in meadows — long-
rhizomatous (38%); in the forest — trees (67%); coastal water — long-rhizomatous (100%).

On non-saline soils, steppe floras are more populated by taproot (40%) and turf (30%)
species; in weedy — taproot (50%); in meadow — short-rhizomatous (57%) and long-rhizomatous
(29%); in the forest — trees (50%).
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Figure 4. Characteristics of life forms of plants growing at the stage of GTC
Note: life form according to the classification of I.G. Serebryakov (1962): T - trees, Sh - shrubs,
SSh - semishrubs, DSSh — dwarfs semishrubs, TR - taproot, ShR — short-rhizomatous, LR - long-
rhizomatous, Tf — turf, A - annuals, B - biennials

The study of syngenesis on anthropogenically disturbed lands will make it possible to
determine the directions of effective and economically beneficial reclamation for enterprises
and society. In the studied territories, species with the most successful survival strategies in the
conditions of technogenic landscapes of the former steppe and forest-steppe were identified,
which can be used in the future to recreate ecosystems close to natural ones.

We strongly believe that restoration of biodiversity, even partial, will not only preserve
the remaining bits of the former diversity of ecosystems, but will also allow the use of these
lands for socially significant purposes in the future. We also consider it important to note that
a Red Book species, Stipa pennata, was found on the dumps, which only confirms our point of
view [26].

34 Ne3(144)/2023 A.H. Tymunres amvindazot EYY Xabapuivicot. BuoAozusAvik ebiAblm0ap cepusicol
ISSN(Print) 2616-7034 eISSN 2663-130X



Analysis of Group-Thicket Communities on Iron Ore Industry Dumps in Kostanay Region

Conclusion

As a result of studying the patterns of natural overgrowing of dumps of mining enterprises
in Kostanay region — SSGPO JSC and Kachary Ruda JSC, on the second stage of syngenesis
established:

1) Halophytes (eg. Polygonum salsugineum, Gypsophila perfoliata) and long-rhizomatous
plants (e.g. Calamagrostis epigeios, Artemisia dracunculus) dominate on saline soils at the stage
of group-thicket communities. Long-rhizomatous plants (e.g. Calamagrostis epigeios, Artemisia
austriaca, Artemisia dracunculus) have the highest class of constancy on non-saline soils.

2) Total projective cover on saline and non-saline soils of dumps is approximately the same
and amounts to 33-37%.

3) Number of species is approximately the same on both types of soil — 12.5-14.0 pcs/100m?.
Compared to the pioneer group studied earlier, the number of species on saline soils significantly
has increased both on saline — 41 and on non-saline soils — 43. Most species have CC L.

4) The activity of species in GTC on non-saline soils is much higher than those on saline
soils.

5) The representation of geographical groups in the ecological-coenotic spectrum of the flora
and life forms distribution of dumps differs depending on the degree of soil salinity.

In the future, it is planned to describe the results of studying the stage of a complex
phytocenosis at the previously mentioned objects, as well as to continue work on the territory of
the dumps in 2023 and beyond: compiling geobotanical descriptions in the same coordinates to
compare the results, herbarization of previously unidentified species.
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E.A. Cuimaguyk’, I'. K. Cyaranrasuna', A.H. Kynpusaos®
'A. Baumypcuvinos amotndazer Kocmanaii enipaix yuusepcumemi, Kocmanaii, Kasaxcman
?Kysbac bomarurarvk 6azo, PFA Cb xomip xane xomip xumusicor Dedeparvdi sepmimey opmarviavi,
Kemeposo, Peceti

KocTaHait 00abICBIHBIH TeMip pyaachl K3CiIIOpbIHAapPBIHBIH TOIITACHIII 6CKeH ociMaikTep
SKUBIHTBIKTapAbI TaaAay

Anparna. KopmiaraH OpTaHBIH aHTPOIOTreHAIK TpaHCPOPMaNWACH 9KOXyliedepaiH Oapabk
KOMITOHEHTTePiHiH TOABIK HeMece illliHapa >KOMBIAYbIMEH CUIIaTTaAaThiH TeXHOTeHAiK AaHAImadTTapAbIH
maiiga OoaybiHa okeaegi. bya aymakTapabH OMoopTypAiairin imiHapa KaiTa Kypy KaAIlbIHa KeATipy
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JKoHe 034iriHeH ocy apKbLAbl MyMKiH Ooaagpl. TexHorenaik aaHamadrrapia ©CiMAiK >KaMBLAFBICBIHBIH,
e3JirineH maiiga 00Aybl — CHMHIeHe3JiH YII caTBICBIHAA >KYpeTiH mpouecc. bya maxaaaga Kocranaii
00ABICBIHBIH TeMip pyJachl KacinopuiHgapsinbiH («CCKOB» AK sxene «Kamapsr pyaa» AK) Tomracs
OCKeH OCIMAIKTep >KMBIHTBLIFBI CaTBIChIHAAQ — CHMHICHE3AiH eKiHIIi caThIChIHAA ©3JiriHeH ocy JapeskeciH
3epTTey HaTIKeAepi KeaTipiareH. bizain seprreyimizge GapAbIFbI aaIIbIC I re0OOTaHMKAABIK, CUIIaTTaMa
>Kacaaapl, 0i34i KBI3BIKTBIPATBIH TOITACKHIIT ©CKEH 6CiMAIKTep KUBIHTBIKTap SKMUbIPMa aAThlAa KOPCeTiATeH.

Tonrtacell ©CKeH ©ciMIIiAep >KULIHTBIFBI, 94eTTe, IaTMEeHTTepMeH KaAblllTacadbl, ©cCiMAiKTep
apacbiHga Oeariai 6ip KaTbIHacTap, e3apa acep mnaiiga 6oaaarl, 6ipak curaTel pparMeHTTi OOABII KalaApl,
Aapazap 6ip-6ipimeH TpoduKaAbIK OaiiAaHBICTApMeEH ITaMaAbl OallAaHBICTHL. by Ke3eH KeH DKOA0IVIIABIK
aMIIAUTyAacel Oap Typaepain 6acsiM OOAybIMeH CUITaTTalaabl.

Crumnatraaran 3eprrey OapbIChIHAA ©CIMAIK >KaMBIAFBICHIHBIH IIaiiga 004y >KBLAAAMABIFLI MeH
3aHABLABIKTApBl, COHBIH IiIliHAE CHMHTEHe3AiH eKiHIIi caTbIChIHAA, Ty3JaHFaH >KoHe Ty3JaHOaraH
TOIIBIpaKTapAa epeKIleleHeTiHi aHbIKTaAAbL: OipiHIiciHAze Taa0pUTTep MEH Y3bIH TaMBIPABI ©CiMAiKTEP
OacbIM, eKiHIITiCiHe Y3BIH TaMBIPABI ©CIMAIKTEp ToH; >KoHe aAFalllKbl TONBIpaKTapAarbl ©CiMAIKTep
KayBIMAACTBIFBIHAATHI Ty pAepAin OeaceHaiairi egayip sKoraphl, eKiHIIliciHe KaparaHAa, aa TypAepAiH caHbl
TOIIBIPAKTHIH €Ki TypiHAe Ae Im1amMaMeH Oipaeri.

Tyiin cesgep: TONTACBIII OCKEH ©CIMAIKTep >KMBIHTBIFBI, TeMip pyJAachiHBIH YVifiHaizepi,
6100pTYpAiaiK, TeXHOTeHAIK AaHAIMA]T, CyKLecCus, CUHIeHe3, yiliHAladepaiH ¢aopacsl, yiiiHAizepain
e34irineH ecyi.

E.A. Cumanuyk’, I' K. Cyaranrasuna', A.H. Kynpusmos?
'Kocmanaiickuii pezuonarvrutil yrueepcumem umenu A. baiimypcuirosa, Kocmanaii, Kasaxcman
2 Kysbaccxuii bomaruyeckuii cad, Qedeparviiviii uccaedosamervckuti uenmp yeas u yeaexumuu CO PAH,
Kemeposo, Poccust

Anaans rpynmnoBo-3apOCAeBbIX COOOMIeCTB Ha OTBaAaXx XeAe30PyAHBIX IIpe AP T
Kocranarckoi odoaacTtu

AnnoTanms. AHTpPOIIOTeHHas TpaHcPOpMaIMs OKPY>KaloIleil cpeabl TPUBOANUT K IOABAEHNIO
TeXHOTeHHBIX AaHAIAQTOB, XapaKTepPU3YIONUIMUXCSl IIOAHBIM MAM YaCTUYHBIM YHUYTOXKEHUEM Bcex
KOMIIOHEHTOB 9KocucreM. HacTnaHoe BoccTaHOBAeHMe O10pa3Ho00pasisl AaHHLIX TePPUTOPUIL BO3ZMOXKHO
IlyTeM peKyAbTUBalMM U camoszapacranus. CaMonponussoapHoe (OpMUpOBaHUe PacTUTeAbHOIO
IIOKpOBa Ha TEeXHOTEHHBIX JaHAmadTax — 9TO MPOIlecc, IMPOXOAAIIMIT B TPU CTaAMM CUHTeHe3a. B
AAHHOI CTaThe MPeACTaBAEHBI Pe3yAbTaThl M3YUeHNs CTEIIeHN caMO3apacTaHNs OTBAAOB JKeAe30PyAHOI]
npomeinraenHocty Kocranaiickoit obaactu (AO «CCITIO» n AO «Kauapsl pyaa») Ha CTagun IpyIoBo-
3apoc4eBoro coodIecTsa — BTOPOI CTaauM CUHTeHe3a. Bcero B xoJe Hamero mccaesosaHusl ObLAO
COCTaBAEHO MIECTbAECAT TPU TeoDOTAaHMYECKUX OIMCaHNUs, IpuUdeM MHTepecylollie Hac TIPyIIIOBO-
3apoceBble COOOIIeCTBa OTPakeHkbl B ABaAIlaTH IIeCTH U3 HUX.

I'pynmoso-zapocaeBoe cooDIIeCTBO OOBIMHO (QOPMUPYETCs MaTMEeHTaMM, MeXAY PacTeHVAMMU
IIOSIBASIOTCS OIlpeAeAeHHbIe B3aMOOTHOIIIeHNS ¥ B3alIMOBAMHIE, HO OHI OCTaIOTCsl parMeHTapHBIMI,
pasHble 0cOOM B MaJAO¥l CTEIIeHN CBA3aHBI MeXAy co0o¥ Tpopuieckumu cBa3amu. /Aas AaHHOTO STara
XapakTepHO IIpeoOaajaHiie BUAOB C IIMPOKON DKOAOTMIECKON aMIIAUTYAOI.

B x04e onucriBaeMoro nccaeAoBaHms ObLA0 YCTaHOBAEHO, UTO CKOPOCTh U TAaTTePHBI (POPMIPOBAHIAS
pacTUTeABHOTO IIOKPOBa, B TOM 4YMCAe M Ha BTOPOM CTaAul CUHIeHe3a, OTAMYAIOTCs Ha 3aCOAeHHBIX U
He3acO/AeHHBIX TPYHTaX: Ha IepPBBIX AOMMHMPYIOT Tal0(pUTH U AAMHHO-KOPHEBUIIHEIE PaCTeHUS, AAs
BTOPBIX XapaKTepHBI AAMHHO-KOPHEBUIIJHBIE pacTeHMs; IIpUdeM aKTUBHOCTh BUAOB B PacTUTEABHBIX
COODITIeCTBaX Ha MepPBBIX TPYHTaX 3HAUYMTEABHO BHIIIE, YeM Ha BTOPHIX, a KOANIECTBO BUAOB IIPUMEPHO
OAMHAKOBO Ha 0DOMX THUIIaX TPYHTOB.

Karodgesble caoBa: rpyInoso-3apocaesoe cooOIIecTBO, OTBAaAbl XKeAe30PYAHOI ITPOMBIILAEHHOCTH,
fuopasHooOpasue, TeXHOTeHHBII AaHAIA]T, CyKIecCus], CMHIeHe3, OTBaAbHas (pAopa, caMo3apacTaHue
OTBaOB.
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Anaaus npeacraBaeHHOCTH BUAOB poga Allium L. paopwr
Apaao-baaxamickoro pernona B I'epoapun (AA)

Annoranus. Poa Allium L. numeer 00AbIII0e KOAUYIECTBO IIpeacTaBuTeaeli o ¢paope
Kasaxcrana. Dkoaornmueckuii guariasoH IIpou3pacTaHus BUAOB poja IIPOCTUpPAaeTCs
OT aABIIMIICKOTO M Cy0aABIMIICKOTO IIOACOB 4O IIyCTBIHB. Buapl ®»Toro poaa
XapaKTepusyIoTcsa pasHooOpasueM MOpQOAOTMUECKUX XapaKTePUCTUK, YTO CO34aeT
TPYAHOCTM AAsl UX olpededeHus. B Apaao-baaxarickoM permosHe BcTpedaercs,
COrJacHO COBpPeMeHHBIM JaHHbBIM, 25 (18%) m3 140 aykos, mpomspacTaioniux B
Kasaxcrane. Ileab10 nccae0BaHmi ABASA0Ch KpUTUYECKOE M3ydeHIe KOAAKITMOHHBIX
Martepuaaos 15 Bugos poga Allium us 3 cexunit (Haplostemon Boiss. — 7; Porrum
Don - 3, Molium Don - 5), Hau6o.1ee muMpoko npescraBAeHHEIX BO ¢paope Apaso—
baaxarckoro permona, Xpassiuxcst B repboapHoMm ¢gonge VHctutyTa 60TaHUMKM U
duronnTposykium (AA). B pesyaprare aHaausa repdapHbIX 00pas3IioB ObLAO BBIABAEHO
MeCTOHaXOXJeHre ToAbKO 12 BuAoB poga Allium, NpUBOAMMBIX AAsl MCCAeAYeMOI
TeppUTOPUH, OAMH U3 KOTOPBIX (Allium suworowii Regel) Bkaiouen 5 Kpachyio xHury
Kasaxcrana. B pesyabraTte mccaegopanuii cpopMupoBaH aHHOTHMPOBAHHBIN CIIMCOK
npeacraBaeHHEIX B I'epbapun (AA) (r. Aamatsl, Kasaxcran) suaos Allium Apazao-
bazaxamickoro permona. IlokazaHo, 4TO HamMOOAbIIee KOAMIECTBO COXPaHSIEMBIX B
KOAAeKIuU o0pasrios mpuxoaurcs Ha bernaxkaaannckuii, MoitbiHKyMcKuit, baaxam—
Aaaxoabckuit paopucTiyeckne paitons! Kazaxcrana.

Karouesnie caosa: poga Allium L., Apaao-baaxamickuii pernos, I'epbapmit (AA),
IIpeACTaBAE€HHOCTD, pacIIpoOCTpaHeHe BIAOB, (PAOPUCTIIECKIIT palioH.

DOI: 10.32523/2616-7034-2023-144-3-40-53

BBeaenue

Poa Allium L. (Alliaceae Borkh.), sBAsMOmmitcs CAO0XKHON CUCTEMaTUYEeCKOI TIPYIIIION,
HaCuyMThIBaeT B cBoeM cocTase Ooaee 920 Buaos [1]. B pogosom crektpe ¢gaopsr Kaszaxcrana
OH BXOAMT B YMCAO IILATU BeAyIINX POAOB. DKOAOTUMYECKUII AMara3oH IPOU3pacTaHNs BUAOB
poJda MmpocTUpaeTcs: OT aAbIMUIICKOTO M CyOaAbIIMIICKOTO IIOSICOB A0 IyCTBIHB. Buanr sToro

poaa BASAIOTCSI

A€KapCTBEHHbIMI, A€KOPpaTMBHBIMNM, KOPMOBBIMI, SIAOBUTBIMII BUAAMIL.

ITeapro MccaeaoBaHMIl SBUACS CKPUHMHT repOapHBIX MaTepuaaos BUAOB poaa Allium Apaao—
baaxamickoro permona, IpeacTaBAeHHBIX B repbapHoM ¢Qonge VHcTuTyTa OOTaHUKM 1
¢uronnTpoaykumu (AA) Kak OAVH U3 HTAIIOB PeBU3UN POJa.
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Anarus npedcmasaetiocmu 61dos poda Allium L. paropvt Aparo-barxauickozo pezuona 6 Iepbapuu (AA)

Han6oaee o6mmpHoit oo6padboTtkoit poga Allium aas repputopun opisirero CCCP siBasercs
aHaAm3 AyKOB, IposedeHHblil A V1. BBegeHckmM, pe3yapTaThl KOTOPOIO IIpeAcTasaeHsbl Bo «Paope
CCCP» [2]. B aT011 PpyHAameHTaabHO Ppaopuctudeckoir ceoake A.Vl. Beeaenckmit pasgeana
poa Ha 10 cexnuiz. Bo «®aope Lenrpaasnoro Kasaxcrana» I1asaoseim H.B. g45 sTOTO pernona
ykasbiBaeTcs 21 Bug poga [3], a Bo «®aope Kasaxcrana» [4] ITapaossim H.B. 1 IToasaxoseim IT.IT.
AAsI TEPPUTOPUN PecItyOANKN B LieAoM HpusoauTcs 108 BA0B AyKos, 29 13 KOTOPLIX ABASIOTCS
sHAeMMyHbIMU. B Apaso-baaxanickom permone nHacumthiBaeTcs 25 BUAOB M3 5 cexumii. B
nonnManun barirenosa M.C. [5] poa Allium o ¢paope Kasaxcrana HacunteisaeT 140 B1AOB.

B macrosmenr crathe 0OCYKAaIOTCsA pe3yAbTaThl u3ydeHus 15 Hamboaee IIMPOKO
IIpeAcTaBAeHHBIX B Apaao-baaxamickom pernone BUAOB [6], pacpejeAeHHBIX IO 3 CeKUVIAM
(HaplostemonBoiss., Porrum Don, Molium Don). On pacnioaosxen B mycreiHHo yacTi Kasaxcrana
[6,7] n mpuHNMaeTcs Hamu B 0ObeMe, ToHnMaeMoM /laspenko E.M. [7] kak Apazao-baaxamickas
noanposuHnus. Teppuropus BkarodaeT B ceds1 5 ¢paopuctuuecknx paionos (ITpmnapaabsckmii,
Kuispraopannacknii, bernakaaanucknir, Moiisiakymcknit, baaxam—Aaaxyascknin) [4]. Buaosoit
COCTaB AYKOB B DTOJ YaCT! PecyO0AMKI 40 HACTOSIIET0 BpeMeH! 13y4eH He40CTaTOYHO.

MeToa0a0r1sI IcCA€AOBAHMSI

Aas n3yyenus pacipocTpaHeHMs U COCTaBAeHMs KOHCIIeKTa BUA0B poaa Allium, nandoaee
XapakTepHbIX 445 Ppaopsl Apaao-baaxamickoro pernona, 65141 IIpoaHaAN3MPOBaHbI TepOapHbIe
Koaaekuyu VHctutyra 6otanuku u putonHTpoAykunm (AA) (r. Aamatsl, Kaszaxcran).

B mpomecce wmsydenus OblAM MCIIOAL30BaHBl JaHHBIE CAAYIOIIUX AUTepPaTypPHBIX
ncrouHnkos: «@Paopa Kaszaxcrana» [4], «VaaocTpupoBaHHBIN OIpeleAnTeAb pacTeHUil
Kaszaxcrana» [8], «Onpeaeantear pacrenuit Cpeaneit Asum» [9], ['ocysapcTBeHHBIN KajacTp
pacrennit XKamoOnrackoit [10] n Keissriaopaunckoit odaacrein [11], Kpacnas xaura Kasaxcrana
[12]. Kpome TOTO, 6141 MCITOAB30BaHbI AAaHHBIE HEKOTOPBIX CTaTel, MOHOTpaduit 1 AMccepTarimii
1o paope paccMaTpuBaeMoro pernona. B wacrnoctu a4 nycrsins Capoi-Mmuk-Otpay (FOxnoe
ITpubaaxamve) /A.I1. I'sozaesa [13] mpusoaur 4 suaga: A. sabulosum, A. decipiens, A. schubertii, A.
iliense. /lAs1 mecyaHbIX IycThIHb Bcero Kasaxcrana /1.51. Kypouknnoit [14] nmpusoantcsa 9 suaos,
5 us xoroprix: A. sabulosum, A. tukestanicum, A. schubertii, A. caspium, A. iliense mpuHagaexar
M3ydaeMbIM ceKIMsIM poda. baitdyaos A.b. [15] B crincke ¢pAOpBI AOAMHBI U A€ABTH PeKU
Corpaapsn npusoaut 2 suga poga Allium: A. tukestanicum, A. schubertii. P.B. Kameaun [16]
IIPUBOAUT paciipejeleHne celupUIHbIX AyKOB IIecTpoBeTHhIX OOHaKenuit Cpegnent A3um AAs
teppuropuit: bernakaaaa—Ilpukaparay — A. inops; [Ilpubaaxamve-IIpuxaparay — A. margaritae;
ITpuapaave-Tlpukaparay-Kuispiakym — A. turkestanicum, A. lehmannianum. B xoHcriexte (pa0pnI
Kaszaxckoro meaxkoconounnka A.H. Kynpusanos [17] gasa bernakaaast ykaseisaercs 15 B1A40B,
8 mu3 koropsix: A. pallasii, A. inops, A. sabulosum, A. tukestanicum, A. schubertii, A. caspium, A.
delicatulum, A. lehmannianum OTHOCATCA K YMCAY U3ydaeMBIX BIAOB PoJa.

Haspanus BuAOB pacTeHmMii NpUBOAMANCH B cooTBercTBumn caiita Plants of the World
online (URL: https://powo.science.kew.org/) [18], a Taxxe MCII0AB30BaAUCh AaHHBIE CaiiTa
«ITaanTrapuym» (URL: https://www.plantarium.ru/) [19] u paGoTsI aBTOpOB, M3yJalOIINX poja
Allium L. [20, 21, 22].

OO6cyxaenne

B pesyabraTe KpUTHYECKOIrO aHaAM3a repOapHBIX MaTepuaAOB yCTaHOBAEHLI HOBLIE (paHee
He IIPUBOAVBIIINECS) MeCTOHOXOXKAeHus 12 Bua0B aykos ¢paopsl Apaao—baaxanickoro pernona,
oTHOCAmMXCA K 3 ceknuaMm. Hiske npusoantcsa nepedens 95 IpoCMOTpeHHBIX repOapHBIX
oOpasnos 12 mn3 15 mccaeayeMsbIx BUAOB, XpaHAIMXCs B repdbapHoM ¢onge (AA) (tabauna
1). VIs mux oOpasusr 2 BugoB (A. sabulosum wn A. borszczowii) oOHapy>KeHBI aBTOpaMM CTaTbU
B 113y4aeMOM peIryuoOHe B paMKaxX BBIIOAHEHMS IPeAbIAYIIMX IIPOEKTOB, TeCHO CBS3aHHBIX C
HacCTOAIMM rpaHToM. VIHopMaIus 1o MecTOHaxXOXAeHMIO 0OCy>KJaeMBIX BUAOB B Apaao-
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baaxamickom pernone onybankosana pasee [23, 24, 25]. Buasr: Allium margaritae B. Fedtsch., A.
scrobiculatum Vved., A. filidens Regel), k cocxxaaennio, B 'epbapun (AA) He HaiigeHbI. OTCYTCTBYIOT
00pasIipl TUX BUAOB U B TaKUX TepOapHBIX POoHAAX, Kak: VIHcTUTYT OOTaHMKM AKageMun HayK
Pecriybamxu Ysbexucran, genosutapuii «Hoes Kosuer» (MW) (https://plant.depo.msu.ru),
TF'ocHIIIzem (I'ocysapcTBeHHBI Hay4HO-IIPOM3BOACTBEHHBIN IIEHTP 3eMeAbHBIX PecypcoB U
semaeycrpoiictsa), KasHY numenn aan-®Oapabu xadpeapa 6uopazHoodbpass 1 O1opecypcos.

Tabama 1
IlepedyeHb IPOCMOTpPEHHBIX TepOapHLIX 00Pa3IOB
DaopucTryeckunii paioH | A aHHble DPTUKETOK | Koaaexropnr | Aara coopa
1. Cexnus Haplostemon Boiss.
1. Allium inops Vved.
baaxamm—Aaakyabckuii WMamniickast xotaosuHa, Tay-Umank, | [Tomos M.T. 02.V1.1937
Bamaniickuit  Aaaray. Iloaropnas
paBHMHa OKOAO TIIOC. YUmamk.
lazeunast mycreias ¢ Nanophyton.
bernakaaannckuin LlentpaanHas bernak-Jaaa, ypou. | Py6rios H.J. 20.V.1940
Kox-Amuk. Cyxoe pycao BeceHHero
IIOTOKa U Cpeau  ITOABIHHO—
OMIOPTYHOBOTO KOMILAEKCa.
2. A. delicatulum Siev. ex Schult. & Schult. f.
bermnakaaanmuckmin Kaparanauuck. 064., Kapcaxmarick. | I[Toasxos IT.IT. 13.V1.1949
p-H, ceB.—3am. IIpubGaaxamse (B 39
KM K IOTy OT cT. MowmHThI), cpean
II0ABIHHO—00511b19eB0M (popMaIu.
MoTbIHKYMCKIIA Ha ayrosom yuactke B g0aune pexku | ITasaos H.B. 05.VL.1951
Uy, okoao nnoceaxa Hosorponiikoro.
3. A. pallasii Murray
bermakaaamuckuit Cesepuriii 6eper baaxarma y saausa | [Tomos ML.I. 10.V1.1934
bBeprsIic, KaMeHNCThIE CKAOHBI COITOK.
Cesepnoe [Tpubaaxampe. | Py6rjos H.I. 20.V.1935
IToGepesxne 3aamBa bepreic.
IToapiHHO-OOsLABIYEBAsT ITYCTBIHSL.
Kaparang. 064., B mycrsinHoit crernu | I1asaos H.B. 28.V.1951
50 kM 10>kHee cT. MOMHTEI.
baaxar, r. MOUHTSHI y peukn. Barirenos M.C. | 28.V.1951
baaxam—-Aaakyasckuii | Ilaato Kapoit. Yieare p. Man, ITormos ML.T. 07.V.1935
Karryarait, KaMeHICTbIe CKAOHBL.
/lesslit Oeper p. Vau BHUS3 IO Kybanckas 3.B. | 22.V.1938
Teuennio, B 30 kM ot ct. Van.
MOMBIHKYMCKIII Pexa Yy, y crannuu Yy. Ha ayry. bartrenos M.C. | 06.VL.1951
4. A. sabulosum Steven ex Bunge
ITpuapaabckuii AxTioOunckas ry6. Yeakapckmii y. | CimpugoHos 14.V1.1927
ITeckn boapmme bapcyxu, B 10-12 | M.A.
kM K C or ypou. Taxweip-Kyayk;
I110CKasl A0AVHA, YeBble 3aPOCANL.
Cesepnoe Ilpuapaane. ITeckn ®uaarosa H.C. | 27.VIL.1967
Maante bapcyku, B 45 KM 10KHee
Apaabckoro mops. bapxaHsl.
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rioc. Cysak.

baaxam-Aaaxyabckuii | Paiton mexay p. Kaparaanmosepamn | lununmucknin | 15.VI.1928
Yu—Kyap. VYmeare Typanrank. | H.B.
IlecyaHBbII1 I05K. CK/AOH.
Aeavra p. Van. Paiton bakanac. | ABnaaec 1937
Bcrpeuaercs equamgno.
IOro-samaansie orporu | loaockokos | 13.VL.1956
Axynarapckoro  Aaaray.  l'oper | B.IL
Keicrei-Kaakan. Ilo meckam BOAM3M
«I TOrOIIIMIX TIECKOB».
A.—-Atnuckas 064, Kypennckmii | baitrozosa I'A. | 12.VL.1966
p—H, necku TayKyMBlL.
Aama-ATunckas 064, Ynankcknit | Aymrma O.Y 29.VIL.1969
p-H, IO>KHee Asix-KaakaHa,
YYpPOTHBIE TTeCKIA.
IIpaBoGepesxbe cpeanero TeueHus | foaockokos | 04.VIL1971
p- lan. Ilecku Myton-Kymsr mexxay | B.IT.
ITanduaoseiv u  Xoprocom. Ilo
TIecKaM.
MoOTBIHKYMCKIIA Coip-Aapsunckuii  okpyr. Myton— | Hukntun C.A. | 27.VI.1929
Kymckuit  parnon. Koc-Kyayxkckas
cakcayaoBas gada, 50-150 km ot cT.
Yy. Typkcnb. x.4. Coa0HIaKOBOTO
cakcayaa B paiione ypouuy Opra—
Kyayx—Kapman—Kyayxk.
BeTtmakgaamHCcKmI Cesepo-soctounoe Ilpnbaaxamme. | Cegos C. 13.07.1937
Byxta bypaio-Tiobe, mecyanas xoca
Ha 3aItaje OT OyXTHL.
Kbispraopanuckmi Kazaannckuit opijecosxos, Kapa- Kupnuenko 26.VI1.1954
Kympr, 6413 xoaoana Kyas-Kyayk HIT.
Ha OYIpUCTBIX IIECKaX.
Kazaannackmii parioH. ITeckn | Kasrumposem 31.V.1986
3aKperJeHHBbIe.
Kospaopanuackas ~ obaacts, Ha | Kyaabaesa 01.VI1.2019
Ieckax B404b 4opory, no tpacce ot | I'M,,
Kazaanncka k Keizpraopae. Beceaosa I1.B,,
IMopmanosa
AA,
brnanbaesa
b.K.,, Ocmonaan
b.b.
2. Porrum Don
1. A. tukestanicum Regel
MobIHKYMCKIIA Hixne-Taaacckuin paiion | Kopunaosa 105.VII.1933
Maitankyabckuii  cosxos Osnesog | B.C.
No 15/2. K IO3 or moc. VYiok. | I[laBaos H. B.
I'psaoBast 11aockoBepIIMHHAS CTeIlb
Ha cepo3eMax.
Axamb. 004., B mycThIHHOM cTeniu 3a | [lasaos H. B. 09.VI.1940
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bernakgaanHcknit Hentpaasnas bernak-Aaaa, ypou. | Pyoros H.IL 01.VIL.1940
Koxk-Ammnk. Cyxoe pycao BeceHHero
IIOTOKA.
Cesepo-socrounast ~ bernak-ZJaaa. | Kybanckas 14.VIL.1940
Caprni—Apka. B okpecrnocrsix pekn | 3.B.
Acabaitnpin-Kapartaa, B OABIHHO
accoIMarm.
KCCP. Kaparanagunckas o64acts, | MaMoHOBa 06.VIIL.1949
Kana—-Apxunckuit p-H, cepepHas b.
Aaaa.
2. A. borszczowii Regel
bermakaaamuckuit ITpubaaxaribe, B mecqyaHO CTeIIN ITaBaos H.B. 02.VI1.1951
30 xMm 10>xHee bypo —bariraaa.
ITpuapaanckmit Ces. Ilpmapaave.  Tpermunnii | beikos B.A. 12.V.1967
ocranen; AaTeiH Yokycy.
baaxar-AaakyabCcKuit /esobepexxbe p. VMan. Ileckn Tay- | Llaroaosa 11.VI.1968
Kymsl. Mexrpsigossle moHvokenus. | B. T
[Tpubaaxarmise. Ilecku Tay-Kymor Ha | Ay1mma O. V. 09.VIL.1969
Oepery p. Vlau cr. bypasi-baritaa.
Ke1spra0panHcKmin Krb13p120pAMHCKII ¢a.p. | BeceaosaIL.B.,, | 10.05.2021 .
Ksizpraopansckast obaacts, | Kyaabaesa
BO3/1e Tpacchl C AeBoil croponsnl, | I'M.,,
TypaHroBHUK IIMopmanosa
AA,
Ocmonaan B.B.,
Ycen C.
AbanaaaHoB
A1,
3. A. lehmannianum Merckl.
bermaxkaaamnckmit Cesepnsiii 6eper baaxamra y saausa | Ilommos M.I. 11.V1.1934
bBeprspic, KaMeHNUCTasI ITyCTHIHA.
Cesepnoe Ilpubaaxammne. beprric. | 3eridpepr O.A. | 30.V.1935
[llebnucrass cremns ©06am3 Hosoin
IL10ITaAKI.
Cesepnoe [Tpubaaxampe. | Pyorjos H.I. 30.V.1935
[ToGepesxne 3aamBa beprsic.
IToapiHHas 1TI€0HMCTAsST TYCTBIHA.
Cepepnoe IlpubGaaxamme. Okp. | AMutpuesa | 26.V.1937
roceaka bypy-bariraa. Illebuucreie | AA.
COIIKI.
Bocrounas bernakpasa. | ToaockoxkoB | 07.VI.1949
OxpectHOCTHU I10C. Mpmn- | BIL
Apaa. Kamenmncro-rannmncras
COA0HYAKOBasI Me>KCOTIOUHas
paBHIHA.
[Tpubaaxarbe, KaMeHncTeie cKA0HB! | [TaBaos H.B. 18.V.1951
COIIOK M0 Oepery 3aamsa baaxama
Ha 225 BhIeMKe.
3. Cexmmst Molium Don
1. A. decipiens Fisch. ex Schult. & Schult. {.
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ITpuapaabcknii AxTiobuHckas 004., mecku boasmme | Angpocos H.B. | 14.V.1908
bapcykn, BOamsu Yeakap, 110
IIecKaM.
B 75 xm na CB ot craniun Yeakap. | Knoppunr O.0., | 01.VL.1927
ITeckm  Kwmsakrer.  3akperaennsie | beaos H.IT.
IIeCKIL.
Cesepnoe IIpnapaare, | Aymma O.Y. 10.V.1957
AxTioOnHckas obaacte. CepepHas
OKOHEYHOCTb  IeckoB  boasmne
Bapcyku.
Cesepnoe [Ipnapaare, | Aymma O.Y. V.57
AxTIOOMHCKAs 004acTb. Ha
COJOHIIEBATBIX KpaCHO3eMax.
Cesepnoe Ilpuapaave. B 60 xkm | ®uaatosa H.C. | 25.V.1966
sanagHee cr. Cakcayanckoii. Ha
CKZOHaX YMHKOB.
Cesepnoe IIpnapaave. M. bapcyku. | beikos b.A. 11.V.1967

baaxam—-Aaakyabckuii |baaxam-Aaakyabcka s | AMHIEBCKUT 21.V1.1934
HU3MeHHOCTb.  Paiton  cpeanero | VLA,
TedeHus p. erncel u 03. backankyas. | AyH4eBcKuit
3akpernaenHsle neckn B 1 kM k C3 ot | O.A.
cea. backan.
Bocrounoe Ilpubaaxarse, okp. cr. | 3eridpepr O.A. 24.V.1935
bypao-Tob6e Typkcuba. Ha reckax.
Oxkpectnoctu Mamitcka B 35 xm; | Kybanckas 3.B. | 22.V.1936
0K040 J>KYHIapCKIX BOPOT.
Ipassni Geper p. Man B 1 xm Boimte | I'oa0ckokos 19.V.1944
no TtedeHuio or 1oc. Vawmiickoro. | B.IL
Cpeant OYTpUCTHIX IIECKOB.
IIpasoGepexxve p. Mam, B 170 kM | I'Bo3aesa /A.I1 31.V.1946
cepepo—3aliagHee 1oc. bakanac,
ITeCKIL.
Ilpaseiit Geper p. VMamn, y crannun | Pucion B.B. 26.V.1947
Mawu, Beimre mocra. Ha mecuansix
Oyrpax.

bernakgaauuckmin IOro-samagnoe Ilpubaaxamve. Oxp. | AMurpuesa 26.V.1937
noceaka bypy—baiiraa. Ha conkax. | A.A.
IlentpaarHas bernak-Aaaa, ypou. | Pyonos H.I. 19.V.1940
Kox-Ammuk. B noHmkeHmsax Mexay
XOAMaMIH.
Bocrounass bermaxkgasa. Mexay | I'oaockokos 06.VI1.1949
Ocnie 1 MounTsL. 5-11 ket (Mpia— | B.IT.
Kaszan).

2. A. suworowii Regel
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MOoTbIHKYMCKIIA ITerpeiinas CTeIlb. IOxH0- | AMuTpuesa 04.VIIL.1933
Kaszaxcranck.  obOaacts  Ayame— | AA.
AtnHcKMit  p.,  Ayane—ATHHCKNUI
CBEKAOCOBXO3.
Ayane-Atunckun p-H. Ha Kopunaosa 14.VIIL.1933
ITOABIHHO—31aKOBBIX AyTax K cepepy | B.C.
ot cr. Ak-Yyaak 9 — 8 km.
IOxnbII1 Kaszaxcran. Aoanna | Kamenerikas 27.V.1986
pexkn Yy. Ilo oboumnam gopor, B | VL.V
AecoI00ce.

baaxam—Aaakyabckuii IIpubaaxarmrse, moaysakperaennasie | Ayrma O.Y. 04.VIIL.1969
IIeCKH, Ha IIpaBoM Oepery p. Man.

3. A. schubertii Zucc.

baaxam—-Aaakyabsckuii | Ilaato Kapoii, okoao yieans: pekn | Ilormos M.I. 27.V.1935
Van. Karruaarazii, IIOBEPXHOCTh
I11aTo.
IIpassiit  Oeper p. MWam, yp. | I'sosaesa A.IL 23.V.1944
Ur-Axon, cpeau  3demepoBo—
ITOABIHHOI ITyCTBIHIA.
IToapiHHO-TIECUaHAs nycroins | Kasrunposem 15.v.1947
Mexxay Yy-Manmitickummn ropamm un
Taykymamu.
ITeckn IOxnoro Ilpmubaaxamins. | I'sosgesa /.11 24.V.1948
Man-KapaTtaabsckuit Bogopasaea.
/lesobepesxbe Hm3osbes p. Vam, | [laroaosa B.IL. 12.V1.1968
rrecku TayKyMbl, aeiibI IpsA0BBIX
OYTPUCTHIX IECKOB.
IOxnoe Ilpmbaaxamwe. Ileckm | Aymmma O.Y. 18.V.1969
Cappi—Mmux—Orpay.
IIpubaaxarmse. Iloaysakpernaennsie | Ayrma O.Y. 04.V1.1969
IIeCKM Ha IIpaBoM Oepery p. VMan.
Obaacty:  Aamatunckas. Parion: | Pamasanosa 05.V.2017
Kapataapckuit. B 2 xm or | M.C.
noc. Hanmancyit. 29 ksapraa
Kapartaabckoro aecHudyecrsa. Bwic.
379 M.
N 45 © 40" 04.9 E 077° 18’ 36.4

bernakgaamnHcknit CesepHoe ITpubaaxamre. | Py61ios H.J. 03.VIL.1935
IToGepesxbe 3aamsa TypaHraabk.
[Tecuanslit GeperoBoit Ba.
Ilycroiasa bernak-Aaaa, mecku 6an3 | Py6rios H.J. 15.V.1940
KOJ0Aa1la YBaHac.

MOoOVIBIHKYMCKUT Ayrosas-Tapas. IOxnHas okxpanna | [010cKOKOB 16.V.1963
neckop  Mywon-Kymos  mexay | B.IL
Ayrosont  u  Axam0Oyaom. Ilo
3aKpeI1eHHBIM ITecKaM.
Axambyabckas 004,  Yyiickuii | Kasenac O.A. 30.V1.1984
p-H.  MeakoOyrpucreie  Ieckmu,
ITOHIKeHNe.

ITpuapaabckmit ITpuapaabckui cranuonap. | Bunreproaep 27.V.1965
TToapinHoe coobiectBo, crannus | B.A.
Yoxkycy.

4. A. caspium (Pall.) M. Bieb.
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ITpnapaabckmi

Octpos Bbapca-Keasmec Ha
ApaabpckoM Mope.

Hasapos M.B.

1935

K3pra—
ypouuniie

Cesepnoe  Ilpmapaane,
Opaunckas  06aacTs,
Maiimak, Ha I1ecke.

Aymma O.Y.

24.V.1957

10. yacts M. bapcykos. OxpanHa.

brikos B.A.

16.V.1967

MOTbIHKYMCKIIA

Ilecku B HU30BBsIX p. YUy.

Py6uios H.J.

14.V.1940

Axam0. 004., TIIecKm 1O  03.
Kamkaarpi—kyas 1o p. Yy.

TTasaos H.B.

13.V1.1940

Kr13praopannackmit

Kspa-Opannck. 064, aes. Oeper
p. Coip-Jdapsu, Tep. KOaAX. UM.
Kuposa, na 1oro-samnagH. rmecuyaHbIxX
DapxaHax.

ITasaos H.B.

13.V.1945

baaxam—Aaaxkyabcknii

Aama—ATturckas 00a. baaxarmckmin
p-H. Huoxnuas geavta p. Vian, 12 km
K 101y ot rnoceaka Kapoii. Byrpucrsie
I1eCK!, IIPOTOK APBICTAaABL

ITancaxk P.I1.

1990

5. A. iliense Regel

bazaxam—Aaaxkyabckuii

Aesrit Geper p. Mam BHU3 1O
Teuyennio B 30 kM ot cr. VMan.

Ky6Ganckas 3.B.

22.V.1936

Ilpaseiit  Oeper Vlam  BOAM3U
JKe/e3HOJOPOKXHOIO ~ MOCTa  IIO
IAMHICTO-TIeCYaHON paBHMHE.

T'oaockokoB
B.IL

21.V.1944

IIpaBoGepesxbe p. Man Brimre moc.
bakanac, meckn.

I'Bo3geBa /.

24.V.1944

laenndp rop B yp. Kamuarair 1o
aesomy Gepery p. Man. Ddemeposast
ITYCTBIHSL.

®ucion B.B.

29.V.1947

ITpuxackeaeHcKe  BLIPOBHEHHbBIE
IIecK Ha ¢—3 oT 5-ro /lar. ota., Ha
CyIleC4aHOU IAMHICTON ITOYBe.

bupiokosa O.IL

15.V.1948

[Tpubazaxamibe. [ToapHO-
TAMHICTasl PaBHMHA IOXKHee I1eCKOB
Tay-Kymsr.

Aymma O.Y.

04.V1.1949

IOro-sanagnasyacrs J>KyHrapckoro
Aaaray, UmHIMABABI, IOATOpHAas
paBHUHA.

T'oaockokoB
B.IL

27.V.1955

IOro—3amaausie OTpOTU
JxyHrapckoro  Aaatay.  Ypou.
Kyaas-Tiobe B 12 XM 3amagHee
Unnrnasasl. Ha cynecsx.

T'oaockokoB
B.IL

03.V1.1956

IOxnoe Ilpubaaxamve. I'anHMCTO-
cyIiecyaHble y4acTKu MeXAY
oyrpamu Caps—Mimuk—Otpay.

Aymma O.Y.

23.V.1969

Aama-AtuHckas 00a. KypruHcknii
paiion; pasHMHA. I1ouBEI ceposeMBr
cymecyaHble.

Kazenac O.A.

25.V.1987

MobIHKYMCKIIA

3akaparaBcKasl IIyCTBIHSI, [IOABIHHO—
OosiAbIueBasl paBHMHA MEXAY P.
Y3enp u Ak—cymoOe.

ITIaBaos H.B.

12.V.1939

HpI/IMe‘-IaHI/IEI HpI/IBe,ZLEHHbIIZ B Ta6/11/1ue TEKCT JBASIETCS ayTEeHTNYHBIM YKa3aHHOMY B STHKETKax.
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Pe3yabpTaTni

AHaAmn3 JaHHBIX DTUKETOK IIPOCMOTPEHHBIX OOpasIioB CBUAETEABCTBYeT O TOM, 4YTO
pacnpegeaenne suAos poga Allium B Apaao-baaxaiickom pernone HepaBHOMepHOe.

Boapme Bcero BugoB aykos mpeacraBaeHO B baaxam—AsaakyabckoM, MOJMBIHKYMCKOM,
bernakaaannckom paitonax — o 9 u3 12 suaos (75%), B Ilpuapaasckom parione — 5 (42%), B
Ksizsraopannckom - 2 (17%).

B pesyapraTe cpaBHeHMs JaHHBIX O paclpOCTpaHeHMU IpeacTasuTeaeit poga Allium,
IIPUBOAVIMEIX B AUTEPaTYPHBIX MCTOYHMKAX ¢ repbapHbMy oOpasnamu VIHcTuTyTa G0TAaHMKI
1 QUTOMHTPOAYKIIUM, A4Sl HEKOTOPBIX BUAOB BBIABAEHBI HOBBIE MECTOHAXOXAEHMS B Apaao—
BazxamckoM pernone (tabamnma 2, Bblge/1€HO KpacCHBIM IIBETOM). B TO >xe BpeM:s1 0OHapy>KeHO,
4TO 110 psIAY U3yd4aeMbIX BUAOB repOapHble MaTepuaAbl U3 HEKOTOPBIX (PAOPUCTUIECKUX PallOHOB
(yxaspisaemeIx 110 «Paope Kazaxcrana») oTcyTcTBYIOT (TabAmIia 2, BBIA€A€HO CUHIM ITBETOM).

CaeayeT OTMETUTDH, YTO CaMble 3HauMTeAbHble KOAAEKI[MOHHBIE COOpPBI NPUXOAATCA Ha
COBETCKOe BpeM:I, a IMEHHO Ha A0- I ITOCAeBOeHHbIe TOAHl nccaeosannii paopsl Kaszaxcrana.

Tabamniia 2
CooTBeTcTBME HAAN4NsI TepOapHBIX MaTepaloB M3y9aeMbIX BIAOB JaHHBIM
AUTEPaTypPHBIX MICTOYHUKOB

N
Cexkius
Buagsr posa
Allium
14. TTpnaapa.
15. Ke1zp12-Opaa

16. betmak
17. MOIBIHKY M.
18. baaxamm—Aaax

. margaritae
inops
. delicatulum
pallasi
. scrobiculatum
sabulosum +*
turkestanicum
lehmannianum
borszczowii +*
filidens
decipiens +*
. SUTOTOWIL
. schubertii +*
. caspium +*
. iliense

O[O |1 |WIN|—

Porrum Don

NN NN PN RS NP RN S

+ — yKasaHIe Ha HaAundue BUJa B JaHHOM (PAOPUCTIYECKOM paliOHe, COrdacHO CBOAKe
«Paopa Kasaxcrana» (1958), «Onpegeanteanr Cpeaneir Asum» (1971).

* — Haamume repOapHBIX 0OPa3IlOB M3 AAHHOTO (PAOPUCTIYECKOTO paiioHa B repOapHBIX
KoAAeKITUAX (AA).
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BoeiBoabr

B pesyabrare ckpmHuHra repOapHbIX 00pasiios Buaos poga Allium L., Hauboaee mmpoxo
npejcTraBAeHHBIX BO (paope Apaao-baaxamickoro permona, B I'epbapum (AA) BorsiBaeHo 95
ANUCTOB XpaHeHus (mepmod coopos 1908-2019), otHOCAmuxcsa k 12 sugam us 3 cexumir. V3
o011ero KoAmgecTsa IMPOCMOTPEHHBIX AMCTOB 3 repOapHBIX oOpaslia IIpMHajlexkaT peaKoMy,
BHeceHHOMY B Kpachny1o kunry Kasaxcrana, suay — Allium suworowii Regel. Kpnrtuaecknit anaans
AAHHBIX, TPUBOAUMBIX B repOapHBIX DTUKETKaX, II03BOAMA BHIABUTH B Apaso-baaxamickom
pernoHe HOBBIE MECTOHAXOXKAEHIS 6 BUAOB poja AAs CAeAYIOMMX (PAOPUCTIIECKIX PallOHOB:
15. Kuispraopansckmit — A. borszczowii, 17. MombiHKyMckuit — A. suworowii, A. delicatulum, A.
pallasi, 18. Baaxam—Aaakyabcknit — A. borszczowii, A. inops, A. caspium.

Kpowme Toro, He O6b1au HaligeHbl TepOapHBIe 00pasIibl 6 BUAOB pojda B TepbapHOM QoHAe
(AA), KoTOpBIE YKa3bIBaAMCh IO AUTEPaTYpHBIM JAaHHBIM Aas 15. Keidbraopgaunckoro — A.
turkestanicum, A. schubertii, A. lehmannianum, A. filidens, 16. bernakgaaunckoro — A. margaritae,
A. scrobiculatum, 17. Moiitbinkymckoro — A. turkestanicum, 18. Baaxam—Aaakyabckoro — A.
turkestanicum pAOPUCTUILCKUX PaliOHOB.

Taxoke oOHapy>keHo, 4TO HanbOoAbIIIas IIPeACTaBAeHHOCTL TepOapHBIX 00pa3IloB U3ydaeMBbIX
BUAOB NPUXOAUTCSA Ha (paopucTumdeckue paitons: bernmakgaamnckmit — 23 u baaxam—
Asaakyabcknit — 40 aucros, a Haumenbmas — Keispraopanackuii (scero 3 odpasina). [Ipu sTom
0Ka3a410Ch, YTO CaMble 3Ha4MTeAbHbIe KOAAeKI[MIOHHbIe COOPBI IPUXOASATCS Ha COBETCKUI ITepuos,
nccaeaosannii paopsr Kasaxcrana.

®unancuposanme. JanHas pabora Oblaa BRIIIOAHEHAa B paMKaX I'PaHTOBOTO IIpOeKTa
AP09258929 «IlepcrieKTUBEI MCIIOAB30BaHMS KOPPeAsSIINN MeXAY COCTaBOM aHTPONO(pIABHOIO
9aeMeHTa (PAOPHI ITyCTHIHHOM YacTu 40AMHBI p. CeIpgapby U TUIIOM HapYIIEHHOCTH 3eMeAb B
IIPOTHO3HBIX 1easx» (2021-2023) (pykosoaureas: K.0.H., Beceaosa I1.B.).
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"Bomanuka xame umounmpodyxuus uncmumymol, Aamamol, Kasaxcman
29A-Dapabu amwundazvt Kasax yammuix ynusepcumemi, AAmamot, Kasaxcman
%1.H. l'ymuaes amwvindazol Eypasus yammork yrusepcumemi, Acmana, Kasaxcman
*C. Cetipyarun amuvindazol Kasax Azpomexmnuxarvix yrueepcumemi, Acmana, Kasaxcman

Sbomanuxa xane pumourmpodyxyus uncmumymul LLIDKK PMK ¢uruarvt «Acmana bomanuxarvii 6azot»,
Acmiana, Kasaxcman

Allium L. Tybic TypaepiHiH repOapuiigeri (AA) ycoiHBIAYBIH Apaa-baakam ¢paopaabik
ariMarbl OOVIbIHINIA aHAAU3AEY

Angarna. Allium L. Tysicer Kasakcran ¢paopacsiHaa Typaepi KeHiHeH TapaaraH. DKOAOTUAABIK
ayKbIMBI OOJBIHIIIA TYBIC Ty pAepi aablliaik, cybaapmiaik 6easeyseH GacTaablll I0Are AeiiiH KaMTHALL bya
TYBIC TypAepi MOP(OAOTUAABIK aldyaHTYpAidiriMeH epekieseHesi, COHBIH HeTiziHAe oaapAbl aHBIKTay
KubIHFa coraabl. Kasipri maaiMmerrtep OGoiibiHmna, Apaa-baaxam aymarsiHda, Kasaxcran Oovpiama 140
TypAeH 25 (18%) Typi ke3aeceai. 3eprreyaiy makcatsl Allium L. Tysicoiabig 3 cexnusra (Haplostemon
Boiss. — 7; Porrum Don - 3, Molium Don — 5) >xaTtaTsiz 15 TypAiH K0A4eKIMAABIK KOpbIH, Apaa-baaxarm
(paopaask aymarsiHAa KeHiHeH KepceTiareH TypaepiH, boTaHnka skoHe PUTOMHTPOAYKIIN MHCTUTYTHIHAA
(AA) seprrey. AHaam3 HOTVDKeCiHAe TrepOapuii KopbiHAa cakTaaraH Allium L. TyBICBIHBIH 3epTTeail
JKaTKaH Teppuropusigan 12 Typain Tapaay >Kepi aHbIKTaaabl, oHbiH Oip Typi Kasaxcrannery Keispra
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kitabbiHa eHreH. ConpIMeH Kartap, repOapuge (AA) (Aamarsl k. Kasakcran) yceiHpiaran Apaa-baaxamm
ayMarblHJa TapaAfaH TypAepAiH Tisimi >kacaaasl. Apaa-baakamn aymarsl 6orbsiHIna I'epOapuit KOpbiHAQ,
KOAJeKUMsAapAblH Kell TypAepi berrakgaaa, MoiisiHKyM, bazaxam-Aakoa Kasakcran ¢paoprcruxkaasik
ayJaHJapblHAa KopceTiaeai.

Tyiin cesaep: Allium L. tyvicel, Apaa-baakam ayaansl, 'epOapuit (AA), YCBIHBIAYEI, TypAaep
TapaAaysl, pAOPUCTUKAABIK ayaHAAp.

D.Sh. Abdildanov'? P.V. Vesselova', G.M. Kudabayeva’, M.S. Kurmanbayeva? A.S. Abash?,
K.S. Izbastina*®
nstitute of Botany and Phytointroduction, Almaty, Kazakhstan
?Al-Farabi Kazakh National University, Almaty, Kazakhstan
3L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
*S. Seifullin Kazakh Agro Technical University, Astana, Kazakhstan
*Astana Botanical Garden — Branch of Institute of Botany and Phytointroduction, Astana, Kazakhstan

Analysis of the representation of species of the genus Allium L. flora of Aral-Balkhash
region in the Herbarium (AA)

Abstract. The genus Allium L. has a large number of representatives in the flora of Kazakhstan. The
ecological range of species of the genus extends from the alpine and subalpine belts to deserts. Species of
this genus are characterized by a variety of morphological characteristics, which creates difficulties in their
identification. according to modern data, 25% (18%) of the 140 onions growing in Kazakhstan have been
found in Aral-Balkhash region. The purpose of the research was to critically study the collection materials
of 15 species of the genus Allium from 3 sections (Haplostemon Boiss. — 7; Porrum Don - 3, Molium Don -
5), that were the most widely represented in the flora of the Aral-Balkhash region, stored in the Herbarium
Fund of the Institute of Botany and Phytointroduction (AA). As a result of the herbarium specimens
analysis, the locations of only 12 species of the genus Allium, given for the territory of the country, were
revealed, one of which is included in the Red Book of Kazakhstan. As a result of the research, an annotated
list of Allium species of Aral-Balkhash region presented in the Herbarium (AA) (Almaty, Kazakhstan) has
been formed. It has been shown that the largest number of samples preserved in the collection falls on
Betpakdaly, Moyinkum, Balkhash-Alakol floristic regions of Kazakhstan.

Keywords: genus Allium L., Aral-Balkhash region, Herbarium (AA), representation, distribution of
species, floristic region.
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Potato viruses in Kazakhstan and methods for obtaining virus-
free seed material

Abstract. Potato (Solanum tuberosum L.) is a staple food worldwide, including
in Kazakhstan. The potato yield in 2021 in the country was only 20 tonnes per ha,
which is a rather low indicator. One of the main reasons for the insufficient yield of
potatoes in Kazakhstan is the low quality of seed material, and the main requirement
for high-quality seed material is the absence of viral diseases. Viral diseases in crops
are a major impediment to sustainable potato production, as they cause large losses
in crop quantity and quality. To date, 40 viral potato diseases have been discovered
worldwide. Depending on the infection of viral diseases, the yield can be reduced by
up to 90% in crop production. In this review, we discuss in detail the current state of
potato viral diseases in Kazakhstan and characterise the most common potato viruses
in the country, including potato virus M (PVM), potato virus (PVS), potato virus X
(PVX), potato virus Y (PVY) and potato leafroll virus (PLRV). To ensure food security
of the country and prevent the spread of infection with viral diseases, popular methods
(ELISA, RT-PCR and detection of specific types of targets using microarrays) for the
early detection of potato plant viruses in seed and field material are considered. For the
mass production of virus-free potato plant material, the use of temporary immersion
bioreactors is discussed, as well as the use of modern genetic engineering methods to
obtain plant varieties resistant to the most common viral diseases.
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Introduction

With the growth of world trade, the possibility of migrating viruses, especially potato viruses,
increases every day. To successfully combat potato viral diseases, constant monitoring of seed
and plant materials is necessary. These activities are necessary to understand the current situation
and assess the degree of development and spread of pathogens in the country. Additionally, such
a procedure will allow assessment of the degree of viral infection in cultivation areas.

Viral diseases of potatoes in Kazakhstan pose a significant danger to the preservation of
sowing quality and yield. Viruses cause a number of general symptoms in the aboveground
parts of affected plants. This, as a rule, is a general suppression of the plant, twisting, wrinkling
or spotting (mosaic) of the leaves. Symptoms may be typical of a particular virus, but to a
greater extent, different viruses can cause similar symptoms. Moreover, different varieties of
potatoes may react differently to infection with the same virus. In some cases, viral infections are
asymptomatic. The production and certification of seed potatoes requires the complete absence
of viruses in the source material and, if possible, the maintenance of the virus-free status of the
plants when they are propagated. New molecular technologies are likely to benefit resistance
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breeding in the future, as they promise to shorten the selection process by introducing desired
traits, including virus resistance, more quickly and cost effectively.

Viral diseases of potatoes in Kazakhstan

Potato growing is one of the most important branches of agriculture in Kazakhstan. Due
to its natural and climatic conditions, the republic has great potential to produce potatoes and
a great export potential. Potato production in the country is growing every year. In 2021, 20.7
thousand ha were occupied by potatoes, while the gross harvest amounted to 4031.6 thousand
tonnes [1]. However, low productivity remains the main problem. Thus, the yield in 2021 in the
republic was only 20 tonnes per ha [1], which is a rather low figure. One of the main reasons for
the insufficient yield of potatoes in Kazakhstan is the low quality of seed material, and the main
requirement for high-quality seed material is the absence of viral diseases.

There are about 40 types of viral diseases to which potatoes are susceptible [2; 3; 4]. The main
viral diseases of potato in Kazakhstan are potato virus Y (PVY), potato virus X (PVX), potato
virus M (PVM), potato virus S (PVS) and potato leafroll virus (PLRV). The spread and control
of viral diseases in potatoes is one of the most important and acute problems in potato seed
production worldwide [5; 6; 7; 8]. Depending on infection by viral diseases, the yield drops to 90%
in industrial crops [9]. In north Kazakhstan, infection with various combinations of PVX, PVM
and PVS ranged from 95-99%, leaf curl from 30%, necrosis virus PSTVd (potato spindle tuber
viroid) from 27%, and wrinkled mosaic from 16%. Kokshetau region is characterised by weak
lesions from solanaceous viral diseases (0.2-12%), among them predominantly speckled mosaic
[10]. In the southern region of the republic, potatoes are affected by the following viral diseases:
wrinkled, striped, mottled mosaic, leafroll and necrosis [10; 11]. Most seed farms purchase
seeds of dubious quality without examining them for the presence of virus contamination. This
further leads to the accumulation of infection both in the soil and in the tubers of the new crop,
so special attention should be given to the dynamics of the accumulation and spread of viral
pathogens. At the same time, if potatoes are heavily infected with complex viruses, losses during
long-term storage increase sharply. As a rule, it is impossible to visually determine whether the
seed material is infected; therefore, it is necessary to check potatoes for viruses in specialised
laboratories before planting and after harvesting.

Information on the current situation of infection with viral diseases in potatoes in Kazakhstan
is very limited. Studies have mainly been carried out in local areas and have characterised the
situation in individual regions. The cultivation area of potatoes in the Republic of Kazakhstan for
2021 amounted to 195.8 thousand / ha, while the gross harvest: 4031.6 tons / ha, and potato yield
was 207.4 cents / ha [1]. Recently conducted research on monitoring large seed and commodity
farms in the republic revealed that the most common viruses in almost all regions were PVM and
PVS. Moreover, most of the viruses came from commercial farms. As a result of the analysis of
plants selected in the fields, the most common viruses in the regions were PVM (46%) and PVS
(35.3%) [12]. In the northern regions of Kazakhstan, infection with PVS varies from 11 to 30%.
Pavlodar and Zhambyl regions were the cleanest ones, and infection with PVS was not detected.
PVM was detected in Akmola and Almaty regions within 19 and 27%, respectively. In Aktobe
and Pavlodar regions, infection with PVM was not detected. The only region for infection with
PVX was Pavlodar region (3%). When analysing samples in Karaganda region, as well as in the
seed material, infection with PLRV was 3%, which is rare within the country.

In another study on the spread of PVY in various regions of Kazakhstan, the highest infection
was found in southern Kazakhstan (55%), followed by eastern Kazakhstan (42%), northern
Kazakhstan (39%) and central Kazakhstan (28%). The lowest infestation of viral diseases was
established in western Kazakhstan (17%) [13]. The most common virus is PVM, as studies
conducted on the territory of Almaty and Kostanay regions showed. The presence of PVM (84.03
and 80.84%), PVS (46.11 and 36.97%), PVY (24.37 and 5.99%) and PVX (2.52 and 2.99%) has
been evaluated in Almaty and Kostanay regions, respectively. PLRV has not been detected in
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these regions [14]. The presented studies were carried out only in the local territories of the
Experimental and production farms of research institutes of the Ministry of Agriculture.

Characteristics of the main viruses prevalent in Kazakhstan

Potato virus X. PVX belongs to the Potexvirus group and is present worldwide in potato-
growing areas [15]. PVX is one of the viruses causing mosaic in almost all potato varieties. A
plant infected with PVX alone is often asymptomatic. Infection symptoms appear if the plant is
also infected with other viruses, particularly PVY or PVA. PVX has a simple filamentous flexible
structure about 500 nm long and 15 nm wide. The virion has a helical assembly and a deeply
furrowed, highly hydrated surface [16]. It consists of a single-stranded RNA genome with a
positive sense strand of approximately 6.4 tbp, wrapped with approximately 1300 single-coated
protein (CP) units and 8.9 CP units per helix turn [18]. PVX causes yield losses of about 10-40%
in single infections and is especially dangerous when combined with PVY or PVA. This is due to
its synergism with both potyviruses, resulting in a loss of tuber yield of up to 80% [19].

PVX is transmitted by infected potato plants mainly through contact. Predominantly
mechanically, in contact with plants subjected to friction (wind, technology, people, animals,
etc.). In practice, most infections are transmitted by agricultural machinery, such as sprayers or
tractors passing through crops. In fact, PVX is highly contagious upon contact, as it is highly
concentrated in plant tissues and its stability in sap is quite long [20]. Often, there are no
symptoms of plants infected with this virus. Symptoms range from mild yellow—green mottling
to severe plant mottling with leaf roughness. Spotting is more noticeable after a few days of
cloudy weather and may almost disappear after a few days of sunshine. Plants may be stunted
and have small leaves. In some cases, the tops of plants may die.

Potato virus Y. PVY is the type species of the genus Potyvirus, family Potyviridae, the second
largest family of plant viruses. PVY is the most economically important and one of the oldest
viruses infecting potatoes worldwide, affecting both yield and tuber quality [21; 22]. PVY has a
filamentous and tortuous shape with a single-stranded RNA genome with a size of approximately
9.7 kb [23]. Like all potyviruses, the PVY genome has a poly(A) tail at the 3" end and a covalently
linked VPg protein at the 5" end; both terminal structures are involved in genome protection and
genome replication, as well as in the regulation of genome expression [24; 25]. The PVY virion
is about 730 nm long and 11 nm wide [26]. Several strains of PVY exist and are one of the most
economically important potato pathogens [27]. The first strains recognised were O (ordinary), N
(necrotic) and C (common). These strains are characterised by biological properties and symptoms
in potato hosts carrying strain-specific resistance genes (hypersensitive (HR) or N genes) [28].
Symptoms range from mild to severe mottling on most hosts to banding resulting from long
necrotic lesions along the veins on the underside of the leaflets of some potato varieties. Various
varieties have hypersensitive reactions to PVY. This results in the rapid death of the infected
area and a small dead area around the infection. Due to hypersensitivity, the leaves of the plant
can become deformed and brittle, often taking on a wrinkled and rough appearance. Coexisting
with PVX, PVY causes a ‘wrinkled mosaic’ in which plants become dwarfed and tubers shrink.
Symptoms on plants are expressed depending on the strains of the virus and the potato variety;
sometimes, they differ greatly from each other.

PVY accumulates in all studied tissues of leaves and stems, in shoot tips, roots and tubers;
however, the level of virus accumulation is specific to each organ or tissue. The highest amount
of viral RNA and viral particles has been found in symptomatic leaves and stems [29]. PVY is
transmitted mainly by aphids. It is also mechanically transmitted, and in potatoes, PVY can be
vegetatively transmitted through potato tubers. In the case of a single infection with PVY, the
yield can be reduced by up to 40%, and in combination with PVX or PLRV viruses, losses can
reach up to 80%. The virus can accumulate in tubers and, from year to year, further reduce the
yield of the plant.

Potato virus M. PVMis a well-characterised virus of the Carlavirus genus of the Betaflexiviridae
family [30]. The virus has a single-stranded polyadenylated genomic RNA of 8.5 kb [31]. PVM is
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not known to be transmitted by pollen or seeds. It is transmitted vegetatively (through tubers)
and can be transmitted mechanically, for example, by contaminated tools and wounds [30]. PVM
is relatively uncommon in most countries and, similar to PVS, generally causes only minor yield
losses in tubers, with the exception of mixed infection caused by PVX or other viruses [32].

PVM can cause a 10-40% reduction in potato yields, and in some regions, potato varieties
can be 100% infected. The virus is transmitted non-persistently by aphids and by mechanical
inoculation with the juice of young leaves. PVM causes mottling, mosaic, wrinkling and curling
of leaves and stunting of shoots. The symptoms of infection in potato plants caused by PVM
infection are similar to those caused by several other common potato viruses, including PVS,
PVX and the common strain of PVY. The severity of symptoms varies greatly depending on the
combination of potato cultivars and PVM isolates [31].

Potato virus S. About 57 viruses infect potato varieties, and PVS of the Betaflexiviridae
family, genus Carlavirus, is one of the most widespread viruses in the world. It often causes mild
symptoms or infects potato plants without causing symptoms; however, more severe symptoms
develop after infection with virulent strains, which are less common. When present alone, PVS
reduces the size of tubers, and although the yield losses it causes are usually minor, they can
be as high as 20% [33]. PVS is rarely transmitted by pollen or seeds. It is mainly transmitted
vegetatively (through tubers) and can be transmitted mechanically, such as by contaminated
tools and wounds. There are two different strains of the virus, PVSo and PVSa, which have
about 81% similarity to each other, and they do not have significant differences in the methods
of distribution [34; 35]. PVS is filamentous and has a single-stranded genomic RNA of 8.5 kb.

In many potato varieties grown around the world, PVS is asymptomatic or causes mild
symptoms; therefore, it is called a latent virus [36]. However, its incidence can reach 100% in
a crop or region due to efficient mechanical transmission or through seed tubers and aphids.
Despite the latency of this virus, it has been estimated that it can cause potato yield losses ranging
from 10 to 20%.

Potato leafroll virus. PLRV, belonging to the genus Polerovirus and the family Luteoviridae, is
a widespread potato virus worldwide and is responsible for up to 90% crop loss worldwide [37].
The virus is found on all continents except Antarctica. With a single infection with the leafroll
virus, potato yield is reduced by 20 to 60%. However, the virus is more common in synergy
with other viruses, including PVY and/or PVX. PLRV has a single-stranded genomic RNA of
approximately 5.8 kb. Being the most harmful potato pathogen, strain similarity can be 97-98%.
The only carrier of the virus is the aphid Myzus persicae. It multiplies widely in phloem tissues,
and disease symptoms reflect this [38]. Since the potato is a vegetatively propagated crop, once
infected with viruses, it can easily spread in tubers (planting material). These viruses are found
singly or in most cases as mixed infections in potato crops. Tubers used for planting in the next
season may contain latent viruses, which subsequently reduce plant germination and yield [39].

The initial symptoms, which appear within a year after infection, are often mild and may go
unnoticed. Upper leaves may develop a slight curl and a red-orange tint. Secondary symptoms
vary; the lower leaves may curl, and the leaves themselves are dry and brittle and feel like paper.
The plant shows slight yellowing and upturning of the upper leaves. Depending on the variety
and conditions, plant growth may be slightly reduced or severely halted.

Methods for the detection of potato viral diseases

There are technologies that allow detection and identification of viral diseases at an early
stage in seed and field material. Recently, serological methods have been widely used to detect
and identify various potato viral diseases. In particular, the enzyme-linked immunosorbent assay
(ELISA) is widely used for this purpose. However, the use of the enzyme-linked immunosorbent
assay has sensitivity and specificity limitations. For more effective detection of viral diseases,
polymerase chain reaction and reverse transcription (RT-PCR) assays are used, which have the
advantage of being more sensitive, specific and accurate [40; 41]. Simplex RT-PCR can detect
only one virus at a time; for the detection of a complex viral disease, multiplex RT-PCR is used,
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which is more efficient and takes a minimum amount of time compared to simplex RT-PCR [42].
One reaction uses several pairs of primers to detect potato viral diseases. In addition to PCR and
ELISA, technologies are currently focused on the detection of specific types of targets. Thus, the
use of microchips makes it possible to simultaneously detect several of the most common potato
viruses (PVY, PVX, PVA, PVS) with up to 80-90% identity [11; 43]. The advantage of this method
is its detection at the level of internal variability found in the genomes of RNA viruses.

Temporary immersion bioreactors for mass production of virus-free seed

Currently, to obtain virus-free potato plant material, a bioreactor system is used that allows
mass production of pathogen-free plant material. In bioreactors, agar is not used, and the liquid
medium is used as a very thin layer instead of immersing the plant material. At the same time,
many relatively small vessels are used that are manually assembled from various inexpensive
parts. Mass production of plant material in bioreactors is usually carried out in liquid cultures
using various systems [44; 45]. The use of liquid cultures in comparison with solid and semi-solid
cultures leads to an increase in the length of shoots, an increase in the number of internodes, and
the ability to obtain microtubers from all plant nodes [46; 47].

Cultivation in liquid culture results in better growth since a larger area of the explants is in
contact with the medium. However, there are disadvantages to using liquid cultures, such as the
high cost of traditional bioreactor equipment and hyperhydricity because of poor gas exchange,
as the explants are continuously immersed in the medium [48; 49]. Several methods have been
tested for the production of microtubers in bioreactors: flat liquid cultures [50], temporary
immersion in liquid cultures [45], including the tidal flow method in glass fermenters [51], the
Rita® system [52] and the dual glass vessels [46].

Potato microtubers have been produced in large vessel bioreactors connected to a temporary
immersion system (TIS), which is often used in a two-stream system [46; 49]. The idea is that
the liquid medium is only in contact with the plant material for a short period of time to avoid
hyperhydricity, lack of oxygen and other problems that are usually associated with liquid
cultures. TISs consist of two vessels, one of which contains plant material connected to the other,
which contains a growth medium. Typically, a pump transfers the liquid to a vessel containing
plant material. The dive time and duration can be controlled. In addition, a two-vessel system
is designed so that the vessels can be large. However, as the size of the vessels increases, the
culture material becomes vulnerable to contamination. At present, several prototypes of simple
and efficient TIS bioreactors have been developed [45; 46; 53]. Thus, in one of the bioreactors,
2.6 microtubers per explant were obtained, with a total number of 390 microtubers per 10-L
bioreactor [45]. In another case, 229 tubers were obtained from 80 explants per 600 mL of medium
in a 5-L bioreactor [54], while Piao et al. reported 80 microtubers from 50 explants per 1.5 L of
MS medium in a 10-L TIS bioreactor [45]. Another factor to consider in a bioreactor microtuber
culture study is the size of the tubers. There are different opinions regarding the optimal size of
microtubers for storage; their range varies from 0.1-0.2 g [55; 56]. Microtubers larger than 1.1 g
are optimal for direct planting in the field [45].

In addition tolarge glass vessels, TIS can also be made in small, inexpensive plastic containers.
Commercial TIS, such as the product Rita®, uses transparent polysulfone vessels. Theisson and
Alvard tested the Rita® system and obtained 48-90 microtubers per vessel within 10 weeks [52].
They received a maximum of three microtubers per node, depending on the potato variety. Most
of the microtubers were larger than 0.5 g, but they were not tested in the field [56]. Another TIS,
a system using small plastic containers called Plantima®, is affordable and has also been tested
for tuber formation of Dioscorea sp. [57]. Core fermenters resemble TIS because they use two
vessels where the plant material is stored in one and the nutrient solution remains mostly in
another separate vessel. Akita and Ohta previously used air-fed fermentation jars [51]. In such
fermenters, the aeration of cultures was obtained by aerosol spraying from the bottom of the jar.
In these bioreactors using this semi-continuous surface control technique, 500 to 960 tubers were
obtained from 100 explants in 10-L fermenters containing 6 L of nutrient solution [51].
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Yu et al. developed an inexpensive bioreactor that used rotating plastic vessels with closed
lids. In these bioreactors, microtubers larger than 1 g were obtained in 40% of explants, while 100
microtubers were obtained after 10 weeks of cultivation in tuber-forming media [58].

Akita and Ohta previously reported on a similar rotating system in which 100 microtubers
were obtained in a vessel with 200 mL of tuber-forming medium [59]. Another new system
using the thin-layer culture method is Liquid Lab™ [60]. In Liquid Lab™, the tilt mechanism
is machine generated, causing the liquid inside the culture vessels to move from side to side. It
has easy-to-control lighting and tilt time. In the LiquidLab™ system, the vessels have porous
patches attached to each side to aerate the cultures. The machines can simultaneously operate up
to 200 vessels. The system was tested for microtuber production, in which 75 microtubers were
produced from 50 explants with 200 mL culture medium per vessel [58].

Using modern methods to obtain potato resistance to viral diseases

Genetic engineering is an effective way to obtain plants with the desired properties. Genetic
engineering is an alternative to traditional plant breeding because it can lead to the development
of disease-resistant material while retaining all other desirable traits. Several research groups
have developed genetically modified potatoes resistant to PVM, PVS, PVX, PVY and PLRV using
various foreign gene constructs. One resistance line expressing the PVY coat protein gene in
combination with a Bt insecticidal protein was commercialised by a subsidiary of Monsanto.
This ‘Newleaf Y’ cultivar was planted commercially in the late 1990s and early 2000s [59; 60].
Recessive potyvirus resistance genes have been identified and used for many decades in many
crops, and these genes have recently been characterised at the molecular level [61]. The highly
conserved eukaryotic translation initiation factor 4E (elF4E) plays an important role in host
protein translation, as well as in viral infection. The eIF4E protein binds to the mRNA 5’ cap and
facilitates its recruitment into the host ribosomal complex [62]. A number of plant viruses, such
as potyviruses, with single-stranded RNA genomes, also interact with elF4E, often through a
viral genome-associated protein (VPg) covalently linked to the 5 end of the viral genome [63; 64].
This interaction is essential for successful viral infection and is believed to facilitate translation,
replication, and/or intercellular movement of the viral genome [65; 66; 67].

Ry genes in potatoes (Ry,, Ry, and Ry, ag) confer resistance to certain strains of PVX and
PVY. The Rysto gene, which provides resistance to a wide range of strains of PVY and PVA
in potato and tobacco, is the only gene controlling high resistance isolated from the Ry locus
[68]. World potato production depends on pathogen-free seed tubers, which are vulnerable to
the accumulation and spread of viral diseases. Various strains of PVY (including PVYNTN and
PVYN-Wi) are the most economically harmful viral pathogens involved in potato production,
and genetic resistance to PVY is the main focus of breeding programmes [69]. Wild potato
varieties and landraces are sources of NLR-specific PVY resistance genes that can be introgressed
into commercial potato varieties. Loci conferring extreme resistance to PVY have been mapped
in Solanum chacoense (Rychc), S. tuberosum Andigena (Ryadg), and S. stoloniferum (Rysto). Grech-
Baran et al. used resistance enrichment sequencing (RenSeq) to isolate the gene conferring Rysto-
mediated extreme resistance from the commercial potato cultivar ‘Alicja” [70]. Rysto, introgressed
from S. stoloniferum, is a Toll-interleukin receptor (TIR) NLR protein similar to other potato virus
resistance genes (N, Pvr4, Y-1, etc.). The broad spectrum resistance provided by Rysto makes it
an attractive trait for nightshade plant breeders. The Rysto gene is present in various commercial
potato cultivars, including the American cultivars ‘Payette Russet” and ‘Castle Russet” and the
European cultivars Alicja, “White Lady” and ‘Pirola’. The Rysto protein directly or indirectly
recognises or binds the envelope proteins of PVY and PVA, causing an extreme resistance
reaction [72].

In addition, genome editing technology has recently been used to breed crops for resistance
to abiotic and biotic stress factors.

Genome editing of vegetatively propagated heterozygous potato (Solanum tuberosum)
represents a promising avenue for the direct improvement of traits in elite varieties. With the
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recent and successful development of the Regularly Spaced Short Palindromic Repeat (CRISPR)-
Cas9 system in eukaryotic cells, plants have gained access to a powerful, inexpensive and easy-
to-use set of tools to target and inactivate/modify specific genes [73].

Genome editing using the CRISPR/Cas9 system enhances the ability to build viral resistance
by targeting host genes that are directly involved in host-virus interactions.

The CRISPR/Cas9 system has been used to create potyvirus resistance: Turnip mosaic virus
(TuMV) in Arabidopsis thaliana by genomic deletion of elF(iso)4E.62

TALEN technology has already been used to suppress the VInv gene in potatoes to
minimise the accumulation of reducing sugars during storage. These studies clearly indicate
the effectiveness of genome editing to improve traits, such as virus resistance, and safely store
potato seed [74].

Conclusion

Potato growing is one of the most important branches of agriculture in Kazakhstan, and
viral diseases cause significant damage to the safety of sowing quality and potato yield.

To solve this problem, it is necessary to use highly efficient methods for the mass production
of virus-free plants. In particular, temporary immersion bioreactors can significantly accelerate
the process of mass reproduction of virus-free potatoes on an industrial scale. It is necessary to
use modern, highly sensitive and effective methods for timely analysis of the quality of potato
seed material and control over the emergence and spread of viruses.

The use of genetic engineering in the future may prove particularly useful for the
introgression of resistance genes from wild species to improve the agronomic performance of
crops. The genome editing method can be used to increase the resistance of varieties to viruses.

Modern methods and technologies should be actively used to obtain virus-free potato
varieties, which will make a significant contribution to the country’s food security.
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KasakcTraHaarbl KapTOII BUPYCTaphl )XaHe BUPYCChI3 TYKBIMABIK MaTepuaa aay agicTepi

Angarna. Kaprom (Solanum tuberosum L.) ayHue >XysiHgeri, onbly iminge Kasakcranaa aa Herisri
a3BIK-TyAikTepAiH Oipi 604bI TaOblaaabl. 2021 Kb1aBI pecityOamKa OOiibIHIIIa KapTOII O©HIMAiiri reKTapbIHa
HeOopi 20 ToHHaHBI Kypaabl, Oya eTe TeMmeH Kepcerkimr. Kaszakcranga kapron eHiMiHiH >KeTKiaikciz
0oaybIHBIH OacTel cebenTepiniy Oipi — TYKBIMABIK MaTepuaa CcalachlHBIH TOMEHAIr, aa >KOraphl caraabl
TYKBIMABIK MaTepuaadra KOMblAaThIH OacThl Tadall — BUPYCTHIK, aypyAapAblH Ooamaysl. Jakblajapaarbt
BUPYCTBIK aypyAapbl KapTOIl ©HAIpiciHiH TypakThl ecyiHe yAKeH Keaepri 00AbII TaObldaAbl, ©MTKeHi
04ap AakblA4apAbIH CaHbl MEH callachblHa YAKeH IIBIFbIHAAp dKeaAeai. ByriHri KyHi aaemae KapTOIITHIH
BUPYCTBIK aypyaapbiHbiH 40 Typi aHbIKTaaraH. BupycTeik aypyaap kapron eniMaiairin 90%-ra aeitin
ToMeHJeTyli MyMkiH. Bya moayaa 6i3 Kaszakcrangarbl KapTOITBIH BUPYCTHIK aypyAapbIHBIH Kasipri
>KarjalbIH ersKeii-Terskeliai TaaKblaadblK, COHbIMeH KaTtap eaimisgeri PVM, PVS, PVX, PVY, PLRV cuskTor
€H KeIl TapaAraH KapTOIl BUPYCTapblH cumarTaablkK. EaaiH a3bIK-Tyaik Kayircisairin kamTamachld eTy
JK9He BUPYCTBIK aypyaAap MHPEKIMACBIHBIH TapaAybiH 00AAbIpMay MaKcaThIHAA TYKBIMABIK JKOHe ericTik
Marepuaajarbl KapTOIl ©CiMAIriHiH BUpyCTapblH epTe aHBIKTayAblH TaHbiMaad ogicrepi (MDA, KT-ITTP
JKoHE MUKPOYMITEPAl KOAJaHy apKblAbl HAKThl HbICAaHAAapAblH TypAepiH aHbIKTay) KapacThIPBLAABL.
Bupyccriz kapTon eciMAirin >kamraii eHAipy YIIiH yaKbITIIa UMMEPCHUAABIK OD1OopeakTopAapAbl KOAAaHY,
COHBIMEH KaTap KeH TapaAfaH BUPYCTHIK aypyJapra Te3iMai ©ciMAiK cOpPTTapblH ady YIIiH 3aMaHayu
TeHAIK MH>XeHepus d94iCTepiH KOAAaHy TaaKblAaHaADL.

Tyiiiu cesaep: kapron, supycrap, PVM, PVS, PVX, PVY, PLRV.

AM. Apreiab6aesa'?, A4./. Aaypos', 3.b. Canmaxosa’, K.2K. JKam6akun', M.X. [llamekosa’
'PITI na IIXB «Mucmumym 6uorozuu u 6uomextorozuu pacmeruti», Aamamot, Kasaxcman
2Kasaxciuti HAUUOHANDHUIIL AZpapHblLL UccAe)06ameAbekutl yrusepcumem, Aavamut, Kasaxcman

Bupycor kapTodeast B KasaxcraHe 11 MeTOABI ITIOAydeHNsI 0€3BMPYCHOTO CEMEHHOIO
MaTepmaaa

Annoranus. Kaprodeas (Solanum tuberosum L.) iBAsieTCs 0O4HUM 13 OCHOBHBIX IIPOAYKTOB IIMTaHIs
BO BceM Mmpe, B ToM umcae u B Kasaxcrane. YposkaitHocTs KapTodeas B 2021 rogy B pecrmybanke
coctaBuaa Bcero Aumb 20 TOHH € rekTapa, 4To SIBASeTCs JOBOABHO HM3KUM IoKasaTteaeM. OaHuM u3
OCHOBHBIX ITPMINH HEJOCTaTOYHOI ypoXKaltHOCTH KapTodeas B KasaxcraHe sBAsSeTCS HM3KOe KaueCTBO
CeMEHHOTO MaTepuala, a IAaBHBIM TpeOoBaHMeM K KadeCTBeHHOMY CeMEeHHOMY MaTepuady SBAAeTCs
OTCYTCTBUE BUPYCHEIX 3a004eBanuit. Bupychbie saboaeBanis pacTUTEALHBIX KYABTYP SIBASIOTCS OCHOBHBIM
IPersATCTBYIOIUM (PaKTOPOM AAs  YCTOMYMBOIO IPOU3BOACTBA KapTOQeas, IOCKOABKY BBI3BIBAIOT
OoapIye NoTepu KOANYecTsa i KadecTsa ypoxkas. Ha cerognsamnmit gens B Mupe ooHapy>kensl 40 BuA0B
BUPYCHBIX 3a001eBaHnit KapTodeas. B 3aBucuMocT OT HopaskeHns BUPYCHBIMY O0Ae3HAMU YPOKaiiHOCTh
MOKeT cHU3UThCA 40 90% Ha IIPOU3BOACTBEHHBIX IIOCeBax. B gaHHOM 0030pe MBI IOAPOOHO 00CyAMAN
TeKyIllee COCTOsIHMe BUPYCHBIX OoaesHeii xaprtodeas B Kaszaxcrane, a TakKe 4aaM XapaKTePUCTUKY
BUpycaM KapTodeas, HanboJee YacTO BCTpedyaloIIMMCsA B pecmybamke, TakuM, kKak PVM, PVS, PVX,
PVY, PLRV. B 1ieasx mpo40B0oAbCTBEHHO 0€3011aCHOCTY CTPaHBl U MPeAO0TBpallleH s paclpoCTpaHe s
3apakeHus BUPYCHBIMIU 00Ae3HAMU paccMoTpean ronyaspusie MeToasl (VIPA, OT-TILIP u obnapyskenne
crnenupUIecKUX BUAOB MUIIEHeN C IIOMOIIbI0 MUKPOYUIIOB) PaHHEN AeTeKI[UU PpacTUTeAbHBIX BUPYCOB
KapTodeas B CeMEHHOM I I101eBOM MaTepuase. /A5 MacCOBOTO MOAydeHNsI Oe3BUPYCHOTO PacTUTEABHOTO
MaTepuada Kaprodeas oOCyKaaeTcsa UCIOAb30BaHME OMOPeakTOpPOB BPEMEHHOIO IIOTPY>KeHUs, a
TakKe IIpPMMeHeHIe COBPEeMEHHBIX MeTOAOB IeHHOM MHXKeHePUU AAsl MOAYYEeHUs yCTOMYMBBLIX COPTOB
pacTUTeABHBIX KYABTYpP K Hanbo.ee pacIpOCTPaHeHHBIM BUPYCHBIM 00A€3HAM.

Karouessie caosa: kaprodeas, supycsr, PVM, PVS, PVX, PVY, PLRV.
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Mukpo0Omoa0THUsIABIK T9CiAMeH TOIbIPaK KoHe KYMADBI
HBIFalTy¥a Sporosarcina pasteurii 0aKTepUsICBIH KOAJaHy

Aggartna. bya makaaaga TOIBIpaKThl HBIFAMTY/AbIH YHEeM/L JKeHe KOpIllaraH OpTara
3USAH KeATipMeNTiH OMOAOIMAABIK djicTep, MHUKpoar3alapabl KOAAaHY apKblAbl
OuoIIeMeHT aayAbl 3epTTey Typaabl MaAiMeTTep OepiareH. 3epTrey OapachiHaa exi a4ic
KOAAaHBLAABI: MUKpOar3alapMeH MHDbeKINsAay JKoHe apaaacTeIpy aJici. Op aaicTiy
eKi Typi K044aHbBLAABI, MHbEKIIMAAAY 94iCiHiH (pUKcauAAbl JKoHe PUKCAIIMACH3 TYPi,
aa apaJacThIpy 94icCiHiH CTUpPHUAJeHTeH XKoHe cTupuajenderen Typi. buonemenr aay
GapaceiHaa Sporosarcina pasteurii MMKpOaFr3achl KOAAaHBLABIII, KYM/BI HBIFaiTyFa JKoHe
Ae KYMHBIH 9pTYpAi MeXaHUKaAblK KacleTTepiH >KaKcapTyra OarbpITTaAfaH 3epTTey
SKYMBICTaphl KYPrisiain, HOTU>Ke aAbIHABL.

Mukpob1OoAOTUAABIK, d4iCIIeH KYMABI HBIFaliTyFa KaAbLMII KapOOHATBIH (KaABIJUT)
TYHABIPYABI KOAJaHy MYMKIiHAIr apThII, OHBIH KeH TapalyblHa >KoHe 3epTreayiHe
aapinn keaai. Kasipri yakpITra KyMAbl HbIFaliTyAda Oya o4icTiH OMOTEXHOAOIMAABIK
MaHBI3Bl 30p, 0acka TeXHOAOTUsAAapMeEH CaAbICTBIPFAaHAA DKOHOMUKAABIK >KaFbIHAH
TUiMAi >KaHe 0oAamarsl 0ap a4ic 604bIII TabbLAaAbl. 3epTTey JKYMBICIHAA Sporosarcing
pasteurii MUKpoar3alapAbl KOAAAHBII, KaAbLMII KapOOHATLIH — TYHABIPY apKbLABI,
KYMHBIH KOAAOHAChI HBIFAl TBIAABI.

HprraiiTeiA¥aH KyMABI peHTreHOrpadusiablk >koHe SEM-BSE MUKpPOCKOITBI apKbLABI
3eprTey OapbIChIHAa KyMAArbl KaAbllMii KapOOHaTTapBIHBIH OMOIleMeHTTeATeHiH
aiikpIH Kopyre 004aabl. COHBIMEH, JKYMBICTBI KOPBITBIHABIAAI KeATeHAe Sporosarcing
pasteurii. MUKpOAr3achlH KYMABI HBIFAITY YIIH KoaAgaHyFa 0OAaTBIHBI Jd4eAAeHA.
3epTTey HOTIKeCiHAe MMKpoar3aMeH (QUKCaIUAAbl MHDBEKIUA, (QUKCAIMACH3
MHBEKIMSAAH KYMABI HBIFATHIII CyFa OepikTiriH apTTeIpabl. A4, apaaacThIpy o4ici
OolibIHINIa CTepUAJEHTeH OpTaja OakTepusaapabl ecipy, leHTpudyraaay mpocecicis
MUKpOar3alapablH Kebelo OeaceHAisiri MeH KaabIIUT KpUCTalJapbIHBIH Iaiiga
6oaybIHa Tepic acep KopceTIenAi.

Tyitin cesaep: KaabuT TyHOACHI, Sporosarcina pasteurii, GaxTepusiaap, KyM, HRIFAlITY.

DOI: 10.32523/2616-7034-2023-144-3-69-81

Kipicmie

bykia eaemaik mpobGaeMaaapAbiy Oipi TO3FaH TONBIPAKTHIH KOOeIOi >KoHe IeJelTTeHy,
JKeAaiH acepiHeH KyM TeOeaepi KOIIilN, ayblAlllapyallblAbIK SKepaep IIeAre aliHaaAbl KoHe
DapAbIFbI KyMMeH >KaOblaaabl. MyHaait xargaitaap Kasakcranga kesgeceai mpicaant: AKTay,
Kriapiaopaa, Ateipay oOapictappiiga. OHaaill ©Hipaepe KAMMATTBIK >Kargaiibl ITaHABI
AayblagapAblH maitga 00aybiHa eTe Koaaitael. OraH ceOen 004aThiH (paKTOpAapFa KaTaTblHAAP,
>KaHOBIPCHI3 y3aK Ke3eHJep, KYMABI JKoHe ca3abl IIeaJepdiH Keaemal aysaHAapAbl aaAybl,
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eciMAiK A0pachIHBIH ©CyiHe KoAalichl3 60Aybl. ATaaraH pakTopaap eAiMisAiH SKOHMMMKAABIK,
KargaliaapblHa aliTapABIKTall 3UsH KeATipai.

TonplpakThl HBIFANTY YIIiH reOTeXHMKAABIK JKODalayda KOAAaHBLAATLIH ASCTYpAi aaicTep
oTe yHeMCi3, >KoHe KoOiHece KOpIIaraH OPTaHBI 3MSAHABI KOMIpTeKTi XUMUAABIK 3aTTapMeH
JacTalnApl.

TomplpakTel HBIFATYABIH OMOAOTMAABIK, dJiciHiH Oipi MMKpoar3asapablH KoMeriMeH
Oouoniemenrey. bi3aiH >KyMBICBIMBI3Aa Sporosarcina pasteurii  OaKTepUsCBIHBIH KeMeTriMeH
OmoreMeHTaI s >KacaAblHABI, KYMABI HBIFaliTyFa >KoHe Je OHBIH 9pTYypAi MeXaHMKaAbIK
KacueTTepiH )KaKcapTyFa OarbITTaAraH Y1 94iC apKbLABI (PUKCAIMAABIK MHBEKIU I, (PUKCALTACHI3
VHDBEKIIN JKoHe apajacThIPy 94ici KOA4aHBIAABL. bya agicTep TOmBIpakTel KyHapAaHABIPY
npo04eMajapblH JKeHyAiH eH YHeMAi NHXXeHepAiK IertiMAepiniy Oipi [1].

Kasipri ranga nmkenepaik MakcaTTapAbIH 0ipi TaOury KyMra 3MAHBIH TUTi30€11 XUMUAABIK,
(usukaabk, OMOAOTUAABIK XoHe apajac adicTepai naiijadaHa OTHIPBIIT KYMHBIH KyHapABIFBIH
aprTeIpy [2.3].

ler eaaepae wmbicaan, Vpan, AKII, Oipikken Apab OwipaikTepi, coMeH Kartap
KaszakcranHbplH Kell ayjaHgapblHAa KOIIKeH KYMMeH KYPecTiH KeH TapaaraH Taciainin Oipi,
TachiMaagay ogici. bya Taciaai Koaganysa MarepmaaAblK IIBIFBIHAAP ©Te KOI JKyMcaAaabl.
CongpikTaH, Oya MaceaeHi PKOHOMUKAABIK TYPFbIAaH IIelly MaKcaTblHAA, 9pTypAai AacTypai
eMec 3epTrey aaicTepi izgecripiaai [4].

bis kapacteipran agebuerTepaeri MaaiMeTTep OOMBIHINIA KYMABI HBIFAlITyFa KOAAaHBLAFaH
AdCTYpPAi XoHe KeH TapaAraH a/icTepre IieMeHT-II11aM KyAi CUAKTBI eHiMAep [5], eMeHT Kyai
304a-yHOC, 9K Ky4i- 304a-yHOC [6], )Kep>KaHFaK KaOBbIFBIHBIH KYAi >KoHe TaAIIbIK, KaAAbIKTaphl
[7], mement maHp [1], maak, 304a-yHOC >XoHe TeMip TIMAPOKCUAIHIH KaaAbIKTapbl [8],
[NopraananeMeHT I1eH OMTYM SMYyABCHUSCBIHBIH KOCTACH [9], 9K KpImKbiAbl [10], reoTekcTuAbAl
KaaablkTap [11] kaapumit HeriziHAeri TypaKTraHAbIprbI [12], Mmaramit xaopuai [13], ciariaix
NaOH >xone NA,SO, komOMHanmsCbIHaH TYPaThIH aKTMBATOpAap nanjaaanblaran [14].

buonemenranma >kana OarblT 0OOAfaHABIKTAaH KYMABI HBIFaliTyFa, KYMAbl ©4KeHi
II6AeTTeHyAeH KOpFayfa  >KoHe KOIITereH IeOTeXHMKAaAblK MHXKeHepaAiK KOoChIMIajapa
KOoA4aHyFa 004aTBIH ITpaKTUKAaAbIK d4iC peTiHAe KapacTeipyFa 00aaanl [15].

brnoniemenTrearen KyM KOA/AOHHACBIHBIH MaHBI3ABI CHUIIaTTaMaAapbIHBIH Oipi OHBIH
OepikTiriHiH >KOFapblaaybl >KoHe Cy OTKisrimririnig temengeyi [16,17]. Kym koaaoHachIHBIH
OuoneMeHTey IpoIieciHe aMMOHII XAOPUAiHIH KOHIIEHTPaIMACHIH KeH ayKbIMBbIHAA KOAJaHy¥Fa
60aaapr [18]. MoueBrHaHB aMMOHMIT KapOaHOTBIHA A€iiH bIAbIpaTa aAaThIH OaKTepuslap KyMFa
OTBIPFBI3BIAAADI, COAAH KeJliH MOYeBIHa MeH KaAbLNil XA0puAi Oap epitinai koceraaast [19,20].

bakrepus mMo4yeBuHaHbBI DHeprus Ko3i peTiHAe IalijadaHadbl >KoHe KOpIIaraH OPTaHBIH
pH aenreitin >xorapblaateir, aMmMmoHuit nonaapein (NH,') misrrapagsr aa Ca* xone COSZ‘
nongapsin CaCO, petinge TyHabipaabl. JKepriaikti pH-ThIH >xorapblaaybl KebiHece MUKpOar3a
’KacylllaJapblHBIH KPUCTal4aHybl VIIIH HyKJealMsl OpTaAbIKTapblHa allHAABIN, KaAbIIUiA
TYHOACBIHBIH Ty3idyiHe ceOeOrrici 60aaapl. KaapiinrriH TyHOACH Keaeci peakijus TeHAeyiMeH
cuIaTTajaaabl:

Ca*+CO,*—CaCO,|

CO(NH,), + 2N, O — 2NHj + CO3~

Sporosarcina pasteurii OakTepmschiHa Oya cadajga YAKeH KbISBIFYIIBIABIK Tybinn, AKII,
Upan, Tloasma, Huaepaanarsr, Eruner Mmemaexerrepinge KeniHeH seprreareH [21,23]. bipak,
Kasakcranga Oya casaga 3epTreyaep TOABIK >KYypridiaMereH, coraH ©OallAaHBICTBI OCBIHAAIA
3epTTey XKYPri3yai aaAbIMBI3Fa MaKcaT eTill KOMABIK,.
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3epTTey aaicTepi

3epTTey SKYMBICBIMBI3Aa TOPT TYypaAi Marepmaa KOAAAHBIAABL: KYM, ypeas3a aKTUBTI
Oakrepusiaap xoHe Kaapuuit xaopuapl (CaCl,) xone mouesmna. Kym koaaomnacer Akray
KasZacelHa 4 KM >KeTIIell OpHaJlacKaH >XepJeH >KMHAABIIl aAblHABL 3epTreyre maiigalaHraH
TabuFyM KyM KypaMBbIHJa ycaK KMBIPIIBIK TacTap Oap, o4 opramia ycak (ppakImsaabl KyMFa
karagpl (1-kecre). KoaganbiaaTeiH KYMHBIH (PU3MKAABIK KacHeTTepi MeH XUMUAABIK, KypaMbl
1-xecrese xepceriaren. Kym opramia ciaTigik Turke xataabl, Kypambiiaa kpemunii (SIO,:
96,12%) bap, cyabdar Herisingeri MmaTepuaa KoK,

Kecre 1
KoaaaHnbiaraH KyMHBIH (pU3MKaABIK-XVMUSIABIK KYPaMbI

DyBMKa-XMMUAABIK KacueTTepi ©amem Oipairi KyHapLabIKTaphI
Yaec caamarsr 2.88 BS
Kaaccuduxanmscer KYM
pH 8.18
TDS ppm 449.5
Cl ppm 39.5
S0, ppm 0.0
. % 96.12
Sio, % 0.44
% 1.05
Fe, 0, % 1.33
Al 2 [}3 % 2.39
CaO
CaCo,

TDS- Epiren 3aTTapAbIH >KaAIlbl MOAIIEpi.
Ppm- KonnenTtpanus 6ipaikrepi apacblHAaFbl KaTbIHAC.

bakTepusaabIK CycreH3UsIHBI AalibIHAAY

CycniensysHbl garibiHAay yimiH 1 4 cyra 20 1/4 amibITKBI 9KCTpakThicbiMeH 10 1/24 aMMOHMIT
Xa0puai >xoHe 5 r/a iHXip KOCBIAFaH KBIIIKBIAABIK OPTa AAMBIHAAABIN, CTUPUAAL OOy YIIIiH
aBTOKAaBKa KoIblaabl. CycrieH3usi CyblFaH COH, OFaH Sporosarcina pasteurii MUKpOar3adapblH
OTBHIPFHI3LII, adPOOTHI XKaraaiija ecipiagi (cypert -1). Ocer opTansig pH 4-ten ecipy ymrin, NaOH
ciaticin xocy apkblabl pH 9-ra geitin >KeTkisiain, OaKTepMAABIK CyCIIEH3MSIHBIH OITUKAABIK
THIFBI3ABIFHI 2,3 (OD600) aertin sxeTKi3iaAl.
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Cypert 1. JaibIHaaaFaH CyCIIEH3VSIABIK OPTa, (a) marikaraH Ke3aeri, (b) aya KbICBIMBI

XuMusabIK epiTiHgiaepai garbiHAay

LlemeHTTeNTiH epiTiHAIHIH eKi Typi daribiHdaa4bL: 1. Auctnasenren 2 antp cyra 1 moas (60,06
I/A) KypFaK aIlIBITKbI DKCTPAaKT MeH 1 Moab ModeBnHa (147,02 r/a) apaaacThIpbLABII, epiTiaai. 2.
HrrraiiToiaaTein KyMra OipTe-0ipTe KOcaThIH epiTiHAiHI XKacay yIIiH, 1 AUTp agucTnAaAeHreH cyra
0,05 moas (7,35 r/2) KypFaK KaabInit XA0pUAIH KOCY apKbIABI AalIBIHAAAABI (2-KecTe).

Kecte 2
INaripgasanpiarafd epiTiHAIHIH QU3MKA-XMMUAABIK KacueTTepi
ArTaysl Auctna- Kaasprumi MouesuHa AMMOHIII Hatpuii
aenren cyra | xaopuai CaCl, | (rpamm) XA0pUAi TUAPOK-

rpaM AUTP cuai
DKOAOTUSIABIK, 100% 98% 99.5% 99.5% 98%
Ta3aABIFb
IlemenrreniTin 2 autp | - 294,04 u - -
epiTiHaiHig 1 Typi
LlemenrrenTin 1 autp 7,35 1/2) R— e
epitinginiyg 2 Typi
DOU3NKaABIK, ToirpI3 TeireI3 TrIrpI3 ToirpI3 TerreI3
KaTThIABIFBI 20°C
Wici Ton mici 6ap | Miccis WUiccis Wiccis Uiccis
pH - 5-8 7.5-9.5 4.5-5.5 13 -14
Epirimriri 20% cy ToaprreiMen ToasireiMen ToaviFpIMeH
(Maccacnr epuai epuai epuai 111 r /100
OoiibIHIITa %) I cy
Moaekyaaabix - 147.02 60.06 53.49 40.0
Maccachl
Mosexysans | - CaCl, 2H,0| NH,CONH, | NH,CI | NeOH
dopmyaa
Tyci ANIBIK KO- AK yHTaK Ax xpucraaasl | Ax Ax

HBIp YHTaK KPUCTAAABl | TYVipHIiKTi

TorFbi3ab1FnI (T / - 1.85 1.35 1.53 2.13
cM3)
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BbuoniemenrTanysi aaici

buonemenTannsAHBIH VI 94icCi KOA4aHBIAABL:

1. Vinbekus agicrepi (a. 1A sxane 6. 1C yariaepi)

ByaaaicexiTypre0eaineai, aTamn aniTkanaa, pUKcalMACH3 UHbEKIMIAap KoHe PUKCAIVIIABL
UHDBeKIsAAP.

a. Pukcanusicel3 MHbEKUUS — CTepUAbJeHITeH OopTaja OaKTepHMsABIK IITaMM ecipideai
>koHe 200 aiti/MuH maiikay >kardaiteiHga 30°C temneparypaga 24 caraT MHKyOalysAaHaABbl.
bakrepusaaapasr kopektik opragan 4000 aitHaabIM/MUH HeHTpUQyTasay apKblAbl 00AiIT aAbII,
KyM OaraHacbIHa eHri3iaai.

0. Owukcaumsapl WMHBEKIUS - CTepuAbjeHreH opTaga Oakrepusaaslk 1mraMm 30°C
TeMIlepaTypada 24 carat ecipiaai. bya agaicre nientpudyrans Koazanbai 0akTepusAiap TaOUFU
©CKeH TypiHAe KyM OaraHacbIHa eHrizizeal.

2. ApaaacTeIpy a4ici, 2 TypaeH Typaasl (a. 2B sxane 6. 2D yariaepi)

a. bya Typae 6akTepusaablK mTaMMaap cTepuabaeHOereH KOpeKTiK OpTara eHrisiaeai skoHe
anpo0OThI XKarganga 30°C Temnepatypaga 12 caraTTka mHKyOalusaanaabl. CyclieH3UsAABIK OpTa
IeHTpuUPyTaaaychl3 Tikeael KOAJaHbLAABL.

0. bya Typae OakTepuaAbIK IITaMMAap CTepUAbAEHIeH KOPEKTiK OpTara eHrizideJi >KoHe
anpo0OTH XKargaiiga 30°C Temneparypaga 12 caraTtTka nHKyOanmsaanapl. CycrieH3UsAbIK OpTa
LeHTpUyTalaychl3 Tikeael KOA4aHbLAABL.

Oa OmonemeHT epiTiHAiCIMeH apaAacTBIPBIABII, KyM OaFaHaChIHBIH iIlliHe KyJblAaAbl
(2-cypette). bapanlk chiHaK yariaepi 0eame TemrieparypacbiHga (25-2)°C xyprisiaai.

ConpIMeH KaTap, ap 3epTTey TOObIHA KaAbLIMiI XAOpPMeH ModeBMHa 12 KyH 0oiibl, KyHiHe 1
peTTeH KOCBIABIII OTBIPABI (CypeT -2).

Cypert 2. Typai KocmaaapabIH >Kacaaybl (a) OMOIleMeHT epiTiHAiciH cycrieH3MsIMeH
apaaacteIpraHaa, (b) apasacTeipraHHaH KeviiH mayiaa 6oaraH TyHOa, (¢) aabIHFaH epiTiHAiIHI
KyM OaraHacbIHa KOCKaHJa

KyMmapr HBIFAITY

AKTay KaACBIHBIH MAaHBIHABIFBI aIlIblK >KA3BIKTLIKTAH aAbIHFAH ycCaK TYMIpIIIKTI KyM,
aabopotopusga (25-28 C°) kenripiaai. 3epTreyre KoAAaHbLA¥aH KYMHBIH caamarbel 550 1, 0a
anametpi 50 mm, Omikriri 15 cm IIBX maactukaceiHaH skacaaraH (paabKOHFa OpHAAaCTBIPBIAABI
(cypet - 3), $aabKOHHBIH YCTiHI OeTki KabaThl aIlblK, aA acTLIHFBI OeairiHJeri caHblaay
TBIFBIHMEH >KaOblAFaH. PaabKOHFa caAblHFaH KYMHBIH OmikTiri 12 cm >xeTTi. PaabKOHHBIH YCTIiHTI
De4iri apKbplABI MOYEBIHA, KaAbIINII XA0P, S. pasterii MUKpoar3alapbl Oap CyCreH3Ms KYIBIAABL.
20 MMHYT ©TKeHHeH KelliH KyMJaa 0oc KeHicTikTep mnaiga 604451 boc keHicTikTepai >KOIO yIIIiH,
KYMABI apHaiibl OaAFaMeH MeXaHMKaAbIK COKKbIAay apKbIABI THIFbI3AaAbIK, COHBIH HOTIUKeCiHAe
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KYMHBIH Ko1eMi OacTanKpIcbiHaH 3 cM KeMedi. TeIFbI3gaaraH KYM MUPOOpTaHU3iMAepAil CiHipy
yiuiH 24 caraTka OeaMe TemrnepaTypacbeiHaa ycraaabl. KyMHubiH O0aikTepiH HBIFANTy YIIiH OFaH
10 ma CaCl, men 10 ma MoveBuHa Toyairine 1 perren 12 KyH 00VibI KYM KOA10HAChIHA KOCBLAADI
>KoHe DoaMe TepIiepaTypachlHAa KeTipiaai.

Cyper 3. CycrneH3sussHbI KyMFa KOCKaHHaH KeliHri KepiHici

Hatmxeaep

Cy¥a TYpaKThLABIFbI

BbroriemenTTeATeH KYMHBIH YATiAepiHiH CyFa TYpaKTBIABIFBIH TeKCepy VIIiH (paabKOHHAH
mbirapbLabil, 0,90 - AUTp ¢y KyiiblaraH KeAeMi 3 — AUTPAIK ~ TeMip BIABICKA OPHAAaCThIPBLAABI
KoHe 24 caraT GeaMe TeMITepaTypachiHAa ycTaaasl (4-cyperre). CypeTTe KepceTiareHaeit, OapAbIK
yAriaep cy¥a TypaKThl eKeHiH KepceTTi, Oipak ocnl sepTreyde 1C yariaepin Oacka yariaepmeH
CaABICTBIPFaHAA, OHBIH CyFa TYPaKTBLABIFBI OachIM 0014bI. AABIHFAH HOTVDKeAep OYPHIH IIIeT eaje
>kacaaraH (Erumnet) taxipubeaepre caiikec keaeai [33]. bizaiy sepTreyimizge cyra OaTbipblaraH
KYMHBIH 3aKbIMAaAyhI IlTaMaAbl HeMece MyaA4eM OalikaaMaraHbI KepiHic 6epeai (cypet 4).

Cypert 4. Cy 9posuscbiHa OMOIIeMeHTTiH 24 caraTTaH KeliH aabIfaH KYMHBIH TYPaKTBIABIFbI
S. pasterii OakTepusaapAbl KOA4aHYy KYMHBIH HBIFAIOLIH JKOFapAaTKaH.
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buoniemenTTeAreH KYMHBIH peHTTeHHOTpaMMaAbIK KOpceTKimTepi

KyMmHBIH penTreHHOrpamMMadanl Kepcerkimrepin seprrey 1C sxenme 1A yariaepinge
Kyprisiaai. Temenge ¢ukcanusaapl MHBEKINSA >KoHe CTUpealeHOereH apaaacThIpy odiciMeH
OuoreMeHTaIs KYPTi3diareH yAriaepAis peHTreHorpaMMachl KopceTiareH. PeHTrenorpamMmMagan
KaparaHga TaOblAraH Herisri (pasasap Typi KBapll IeH KaabLuT. HaTiokeaep KaaplutTig
>KapTbhlAall CaHABIK IIalbI3bl apTKaHbBIH KepceTTi. Kaapumrriy >xakcpr gamyrpr 1C yaricinae
Kesgecei >KoHe IallbI3AbIK KopceTKimti 6,2 Kkypaitabl. Kaapunurriyg ToMmen  gamysnl 1A yaricinge
KopiHic Oepai >koHe KopceTKimi 3,6 nmaibi3 Kypaiiabl. 1C yaricinge KaabIIUTTiH JKOFaphl Ty3idyiHe
CyCIIeH3MSIHBI JaliblHAQY epeKIleairi acep kepceTyi MyMKiH. bya ajicte Oaxkrepus S. pasteuri
ecipiaren cycmeHsus neHTpudyrajaH oTKidiaMereH, OakrepusaapAblH KeOeloiHe KO0AaiiAbl
JKarjall TyFaH, COHAaKTaH KaAbLIMTTIiH KOFaprbl Aopekese Tysiayine aanin keareH (Cyper -5).
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Cypert 5. KyMHBIH peHTTeHAiK A paKimsacbiHbIH Kopinici, 1C xoHe 1A yariaepi

SEM MUKpPOCKOIIBI apKblAbl HBIFAITBIAFaH KYM YATidepiH 3epTTey

Axray KymbI 1C rten 1A yariciH 4eKTpPOHABI MUKPOCKOII apKbLAbI 3epTTereHe (6- cyperre),
naiiga 0oaraH KaAbIIUT KPUCTaAJapBIHBIH MOPQOAOIVACH, KOAJAAHBLAFAaH OMOIleMeHTaIlus
9/iciHe OallAaHBICTHI ©3repeTiHi OaiKaaapl. YArizep >KykKa KeMipTeri kabaThIMeH >KaObLAFaH
(mamamen 20 um). Yarizepaen SEM-BSE (kepi ®aeKTpoHAap) MUKPOCKOIIBI apKbLAbI aAbIHFaH
KeckiHzep Bapmasa KaaaceiHAarsl yHuBepcurteTiH reoaorms ¢akyasTetinge NANOFUN
dynxnonaaap Zeiss SIGMA VP HaHoMaTepmaadapAblH YATTHIK KOII calaAbl aHaAUTUKAABIK
3eprxaHaceiHga (20 kB yaetkim xepney, 120 Mxm amadparma >Xyprisiay apKblabl) 3epTTeali.
MukpockornmeHn Tek Cy ®pO3usAChIHA TYpaKThl O0ABII, KaKChl HOTVKe KOPCeTKeH yATidepaeH
FaHa MaaiMeTTep aablll, CypeTke Tycipiaai.
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1C yarici 1A yarici

Cypert 6. Yari 1C MuKpo cypeT, a: KaabIIUT, 0: KYM TylipmrikTepi, B: 0eTKeraik KabaTbl
1A - 2 yaricinge KyMHBIH Oip - OipiHe MUKPOOPTaHM3M apKblAbl OipikKeHiH Kopyre 001aabl

1Cyaricinae (Cyper-6) kKepceTiareHaen KaAbIUT (pa3acbIHBIH MOP(POAOITCH OO AIIeKTePAiH
OeTkellairinge, coHjali-aK OeaAllleKTep apacblHAa Halllap KpucradgaHraH ¢asaHblH (reab
TypiHAe) KaacTepaepi peTiHAe KopiHeAl >KoHe OyA TEXHUKAABIK KacHeTTepre OH acep ereai Aen
KyTiayae. CypeTTe KYMHBIH KaAbIIUT KpUCTalapbl apKbLABI JKaKChI OipiriI, kaacTepaep Hemece
e3eK Topizai popmasap TypiHAe O0AaTHIHBI KOpiHic Oepeai.

Taakplaay

Sporosarcina pasteurii OGaKTepUAAAPBIHBIH KOAAEKIUAABIK IITaMMAApPbl KOAAAHBIAABL, OyA
Matepnaa AcrtaHa KaaacelHaHAarel HazapOaes yHuBepcurteTiMeH OipaeckeH DKocraHAapT.kz
Aa00paTOPUsACHIHAH aAbIHABL.

Sporosarcina pasteurii OaKTepMACHIHBIH KypaMbl ypeasara aKTMBTi, aMOHM MeAIlepi
>KOFfappl 00AFaHAA Ja ©3 KapKbIHABLABIFBIH caKTaiAbl [24]. buolleMeHTaumsra K0A4aHbLAaTBIH
OakTepusdap ypeasara aKTHUBTi, IIaTOTeHAI eMec >KoHe Oacka Ja KOpIIaraH OpTaAaFbl
MlpoOar3alapAblH IaTOTeHAIK KacMeTiH Ko3apIpMaiiasl [15].

bakrepusisapabiH TachIMadgaHyblHa ocep eTeTiH (U3MKAABIK, XUMUAABIK >KoHe
OonoaorusAask pakropaap seprrearer. COHBIH illliHAe, XMMUABIK KYPaMbl MEH TeMIIepaTypa,
KBIIIKBIAABIK, BIAFAAABIABIK, pH CycneH3MsHBIH >KaAnbl KeJeMi >KoHe 94eKTpodopesaik
oicrieH MOHABIK KyIli aHbIKTaaraH [25,27], [29,30]. Co HpIMeH KaTap OakTepusadapAblH CaHBL,
MeTabOAMKaAbIK OeaceHAiAiri, >KacyIlaHBIH IIiIiHI, MeaAllepi, opHaJacybl, I'MAPO(OOTHIFLI
[13], xoHe THIFBI3ABIFEI [28], KeyeKTiK OpTaHBIH KacueTTepi, OeTKellAiK KyphLABIMBI aHbIKTaAFaH
[30,31].

MopreHceH >xoHe Oacka Aa FaabpiMaap [18] 6moriemenTarus OoibIHITIA Sporosarcina pasteurii
OakTepusapblH MTaligadaHa OTBIPHIIT JaldaAblK CBIHaKTap KYprisreH. ABTopAap OnorieMeHTTey
IporeciH KyMm OeAaIlekTepiHiH MeallepiHe, aMMOHMII XAOPUAiHIH KOHIIEHTpaLUACH HeMece
Ty34aHy MeAlllepi apTKaH Ke3/e JKYpridyre 601aTbIHABIFBIH KOPCETTI.

/1. Ban ITaacceH xone Oackazaap (2010) 6GuorieMeHTanusI CUIIATTATHIH €H YAKeH 00AXKaMAbI
¢akrop F-mortenimaasl 604aTBIHBIH aTal KepceTkeH. F-morenimaa - Oya >KacylladapAblH
OeTKei1AiK D1eKTp KaOaThIHAAFHI IIOTEHIINAAABIH eAlleMi. SIrau, Oya ¢pakTop OakTepusiapaAbIH
aATe3MsIChl MeH KOJAOHM3AIMACH YIINiH MaHBI3ABI 004bIT TaOblaaabl [28]. Exinimi MaHBI3ABI
¢akTOp MOUEBMHAHBIH BIABIPAY KBLAAAMABIFBIH KaTKbI3raH. COHBIMEH, aBTOpAap Sporosarcing
pasteurii OakTepusidapbl aKTUBTI TypAe MOYeBMHaHBI JKOFapbhl KAPKBIHABLABIKTA bIAbIPaTaTHIHBIH
aHbBIKTaABbL. [32].
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KopsITBIHABI

3epTTey >KYMBICBIMBI3 KYMABI OmolleMeHTTeyre OarbITTaAfaH. 3epTXaHaAbIK >Karjaiija
OuonemMeHTanys XYprisiareH AKTay KYMBIHBIH OepiKTiriH Tekcepy YIIiH (pU3MKa-XUMUAABIK
JKoHe MeXaHMKaAbIK DKCIIepUMEeHTTep JKYprisiadi. 3epTrey HoTKeciHAe OakTepus S. pasteuri
DeaceHAiAiriH  KOpCeTTi, KaAbLUil KOMipTeriMeH opeKTTecyi apKblAbl OuOIleMeHTTeATeH
yAariaepain OepikTiriH apTTeIpyda MaHBI3ABI pea aTKapAbl. KymHbIH OepikTirine ¢pukcarmsab
UHbeKIusAay, (PUKCAACH3 MHBEKIIS 94iciHe KaparaHAa TUiIMAL 6044B1. 3epTTey HoTIDKeAepi
DaxkTepusaapAblH  aATe3UAABIK, OeAceHAidiriHe KaAbIIUTIIEH opeKeTTecyi bIKIaad eTim,
TylipiikTep 0ip-0ipiMeH HBIFbI34aAbII, 00AIKTep KYpAbl, Oy KYMHBIH OePiKTiriH >KoHe ChIPTKBI
opTa pakTOpAapbIHa TO3iMAIAIriH apTTHIPAaTBIHBIH KOpCeTeai.

bruonemennanusaner Kyprisy OapbIChIHAArbl aablHFaH HoTyokeaep  Erumerreri Kaup
YHUBEPCUTETiHIH FaabIMAapbl >KY PrisreH 3epTTey >KYMBICBIHBIH HOTIKeciMeH calikec Keaeai [35].

1C yaricimeH 6uoLIeMeHTTeAreH KYMHBIH OeTKellaik Oeairinae KaAbLIUT KplCTaddapblHaH
KaAblH KabaT manga Ooaranel SEM-BSE Mukpockombl apkblabl aHBIKTaAAbl. byHaan kabaT
HBIFBI34aAfaH OmoneMeHTKe Oacka Aa CYMBIKTBIKTBIH eHyiHe koA Oepmeiigi. Coa ceGernreH
yariaepre 12 - Toyaik OOJibl KOCAaThIH MOYEBMHA MEH KaAbI[MII XAOPABI CYMBIKTBHIFBIH OipTe -
OipTe a3 MeAlllepMeH KOCy YCBIHBIAABL. 3epTTey HoTyKeaepi OOMBIHIIIA KOPeKTiK opTaja
OakTepusaapabl 24 caraT OOIibl MHKyOalusiaarl, LeHTpudyraablk IHpoliecrepai oTKizOeit
KOAJaHFaH ThiMAi. Bi3 KoagaHFaH o4ic KeIl KYII, yaKbIT IeH KypaadapAbl YHeMAelAl SKoHe
DKOHOMMKAABIK, >KaFbIHAH apTBHIKIIBIABIKTapFa Me, COHBIMEH KaTap Y/AKeH ayMaKTarbl KyMFa
OmoneMeHTaIV JKYPTi3y SKYMBICLIH JKeHiaaeTeal.

Crepnagenren opraga 0OakTepusaapAbl ecipir, neHTpudyrasay IIpoceciHeH OTKiz0ey
oaapA4blH Kedelo OeaAceHAiAiri MeH KaAbLIUT KpUCTaAJapbIHBIH Iailda OoAyblHa Tepic acep
Kepcerneniai. S. Pasteurii OaxTepusAChblH OmolleMeHTalusAa KOA4aHy KYMHBIH OepiKTirin
apTTBIpajbl, COHABIKTAH ayblAIllapyalllbIABIFBIHAA KYMABI HBIFAMITY MaKcaTblHAa KOAJaHy¥a
00aa4bl.
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IIpuMmenenne 0akTepuu Sporosarcina pasteurii Aas yKpeILaeHusl IIOYBbI U I1ecKa
MMKPOOMOAOIMIeCKIIM CIOCOO0OM

AnHoTanusa. B aaHHON craTbe HOpeAcCTaBAeHBI SKOAOTMYECKM M Omoaormdeckn Oe3BpeaHbIN
METO/ yKpeIlAeHMs IOYB C UCIO0Ab30BaHMeM MUKPOOPTaHM3MOB AAs IOoAydeHMs: OuonemeHTta. B xoaze
mccaeA0BaHMs ObLAM UCIIOAB30BAHbI 4Ba METOAA: MHBEKIU MUKPOOPTaHU3MOB U METO/ CMeIIMBaHMs.
bBrram mcrioap3oBaHe! ABa TUIIA KaXKAOTO MeToda: (pUKCHpPOBaHHAA 1 HepUKCcalMOHHasA pOpMa MHBEKIUN
U CTepuAMpOBaHHas U HecTepuAMpoOBaHHas (PopMa MeToda CMeImBaHUA. B mpormecce moaydeHus
OuoniemMenTa OBLA MCIIOAB30BaH MMKPOOPTraHU3M Sporosarcing pasteurii, IPOBeAEHBI UCCAAOBAHMS,
HallpaBAeHHbIe Ha yKpeIlieHle [Tecka 1 yAyJIleHne pa3ANdHbIX MeXaHYeCKIX CBOCTB ITecKa, U IT0Ay4eHbl
pesyAbTaTh.

BoaMoKHOCTL HpUMeHeHUs1 OcaXKAeHMsl KapOoHaTa KaAbUMs (KaAbl[UTa) A4S yKpeILAeHMs IlecKa
MUKPOOMOAOTMIECKIM MEeTOA0M BO3POCAa, UTO IIPUBEAO K €TI0 HINPOKOMY PaCIIPOCTPaHEHMIO U U3YUeHUIO.
B nacrosiiee spemMsi MeTOZ yKperiaeHus Iecka mMeeT 604bII1oe O1O0TeXHOAOTMYeCKOe 3HaYeHIe, SBASIeTCs
9KOHOMIMYECKM 9P(PEeKTUBHBIM U TIePCIeKTUBHEIM METOAOM II0 CPaBHEHUIO C APYTUMU TexHoAoTUsIMu. B
nccae 0BaTeAbCKON paboTe ¢ MCI0Ab30BaHMeM MUKPOOPIaHU3MOB Sporosarcina pasteurii Oblaa yKperiieHa
KO/OHHa IIecKa ITyTeM OCa’KAeH!s KapOoHaTa KaAbIIus.

IIpn mccaeaosanmm OmoIrieMeHTa ¢ TIOMOITBIO MuKpockorna SEM-BSE n pertrenorpadum, Mo>KHO
JeTKO YBUAETb KapOOHATOB Kaablus. VITak, 1oAB0As UTOTM PabOTh, OBIA0 40Ka3aHO, UTO A4S YKPeIlAeHMsI
Ilecka MOKHO MCII0Ab30BaTh MUKPOOPraHu3m Sporosarcina pasteurii. B uccaesosanmum necka Ha IpOYHOCTD
B BOASIHOM 9PO3UM 40Ka3aHO, UTO PUKCUPYIOIIas MHbeKIUA 9PpPeKTUBHee, YeM UHbeKIIY Oe3 (puKcarmim.

ITo MeTOAy cMeruBaHM:A KyABTUBMPOBaHNe OaKTepuUil B CTEPIABHOI cpeje 6e3 IeHTpupyTIpOBaHIs
He OKa3bIBaeT HeraTUBHOTO BAMSHIS Ha PeIIPOAYKTUBHYIO aKTUBHOCTh MIUKPOOPTaHU3MOB 11 00pa3oBaHme
KPUCTaAA0B KaAbIIATA.

Karouesble caoBa: KaablINUT, Sporosarcing pasteurii, 0akTepum, IecokK, yKpereHue.

B.T. Zhanatayev', Z.B. Tungyshbayeva’, A.S. Sarsenova®
'Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
!International Academy of Ecology, Astana, Kazakhstan

Application of the bacterium Sporosarcina pasteurii for strengthening soil and sand by
microbiological means

Abstract. This article presents an ecological and biological harmless method, soil strengthening
using microorganisms, to produce biocement. Two methods were used in the study: microbial injection
and mixing method. Two types of each method were used: a fixed and non-fixed form of injection and a
styrylated and untyrylated form of mixing method. The microorganism Sporosarcina pasteurii was used in
the process of biocement production, studies were carried out to strengthen the sand and improve various
mechanical properties of the sand, and the results were obtained.

The possibility of using calcium carbonate (calcite) precipitation to strengthen sand by microbiological
method has increased, leading to its widespread dissemination and study. At present, the method of
strengthening sand has a great biotechnological significance, is a cost-effective and promising method
compared with other technologies. In the research work using Sporosarcina pasteurii microorganisms, a
collumn of sand was strengthened by calcium carbonate precipitation.

When examining the biocement with the SEM-BSE microscope and X-rays, the calcium carbonates
can be clearly seen. So, summarizing up the work, it was proved that the microorganism Sporosarcina
pasteurii can be used to strengthen the sand. The study of sand strength in water erosion proved that the
fixing injection is more effective than non-fixing injection.

According to the mixing method, culturing bacteria in sterile medium without centrifugation has no
negative effect on reproductive activity of microorganisms and formation of calcite crystals.

Keywords: calcite precipitate, Sporosarcina pasteurii, bacteria, sand, strengthening.

BECTHVK EHY umenu A.H. I'ymuaesa. Cepus buorozuveckue Hayxu Ne 3(144)/2023 79
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



B.T. >Kanamaes, 3.5. Tynzviubdaesa, A.C. Capcerosa

References

1. El Mashad M., Hassan A. Increasing the strength of sandy-silty soils by mixing with cement dust, J.
Eng. Sci., Assiut University, Department of Eng., 41(4), 1-10 (2013).

2. Winterkorn H.F., Pamukchu S. Soil Stabilization and Grouting of Joints, in: Si Fang (ed.), Handbook
of Foundation Design, Second Edition, Wannostrand Reinhold (New York: NY, 1991, 317 p.).

3. Sirivitmaitri C., Puppala A., Saride S., Hoyos L. Combined lime-cement stabilization for increasing
the service life of small roads, trans. J. Transp. Res. Board., 2204(1), 140-147 (2011).

4. Fauzi A., Nazmi W.M., Fauzi W.J. Stabilization of Kuantan clay bed using fly ash and bottom ash,
in: 8th International Conference on Geotechnology and Transportation Engineering Geotropika (Kinabalu,
Sabah, Malaysia, 2010).

5. Ingunza M.P.D., Pereira C.L., Junior O.E.S. Use of sludge ash as a stabilizing additive in soil-cement
mixtures for use in road pavements, J. Mater. Civil Engl., -27(7), 3-5 (2015).

6. Trivedi J.S., Nair S., Iyyunni C. Optimal use of fly ash to stabilize low quality soil using genetic
algorithm, Proc. Eng., 51, 250-258 (2013).

7. Krishna T.M. Soil stabilization by peanut shell ash and waste fiber material, Int. J. Innov. Eng.
Technol., 5(3), 52-57 (2015).

8. Elmashad M.M.A. Comprehensive research on soil improvement in arid areas using industrial by-
products such as slag, fly ash, waste iron hydroxide mixed with desert dune sand, Bentonite, cement and/
or lime, Doctoral dissertation, Okayama University, Okayama, Japan, 76-82 (2006).

9. Baginia M.S., Ismaila A., Heradmand B., Hafezi M.H., Almanso R.A. Possibilities of Portland
cement-bitumen emulsion mixture for soil stabilization in road base construction, Journal Technology,
65(2), 67-72 (2013).

10. James J., Pandian P.K. Effect of microceramic dust on plasticity and swelling index of lime stabilized
expansive soil, Int. J. Appl. Eng. Res., 10(42), 30647-30650 (2015).

11.Bina C.S. Case studies on the application of coco coir geotextile for soil stabilization, in: International
Conference on Case Histories in Geotechnics. Seventh International Conference on Case Histories in
Geotechnics, 5(2), 67-72 (2013).

12. Latifi N., Eisazadeh A., Marto A., Meehan K.L. Tropical residual soil stabilization: a powdered
material for soil strength improvement, Const. Build. Mater., 147, 827-836 (2017).

13. Jawad F., Zheng J. Improvement of fine sand by microbial-induced calcite deposition, Brit. ]. Appl.
Sci. Technol., 17(2), 1-9 (2016).

14. Muhammad N., Siddiqua S., Latifi N. Curing earth bed materials using magnesium leaching: a
sustainable construction additive, J. Mater. Civ. Engl., 30(10), 1-13 (2018).

15. Umar M., Kassim K.A., Chiet K.T.P. Biological process of soil improvement in civil engineering: a
review, J. Rock Mech. Geotechnical Engineering. Eng., 8, 767-774 (2016).

16. Cheng L., Cord-Ruvish R. In situ soil cementation by ureolytic bacteria through surface percolation,
Ecol. Eng., 42, 64-72 (2012).

17. Sun N.W.,, Lee L.M., Khun TK,, Ling H.S. Factors influencing the improvement of engineering
properties of residual soil by microbial-induced calcite deposition, ]J. Geotech. Geoenviron. Eng., 140(5),
0401-4006 (2014).

18. Mortensen B.M., Haber M.]., Dejong J.T., Kaslake L.F., Nelson D.C. Effect of environmental factors
on microbe-induced calcium carbonate deposition, J. Appl. Microbiol., 111(2), 338-349 (2011).

19. Harkes M.P., van Paassen L.A., Buster ]J.L., Whiffin W.S., van Lausdrecht M.C.M. Fixation and
distribution of bacterial activity in sand to induce carbonate deposition for soil stabilization, Ecol. Engl.,
36(2), 112-117 (2010).

20. Cardoso R., Pedreira R., Duarte S., Monteiro G., Borges ]., Flores-Colen I. Biocementation as a
method for rehabilitation of porous materials. New approaches to construction and durability, Build.
Pathol. Rehabilitation, 99-120, 99-120 (2016). DOI: https://doi.org/10.1007/978-981-10-0648-7_5.

21. Yang Z., Cheng H. A study on the effectiveness of a high-strength microbiological mortar obtained
by low-pressure grouting of joints to reinforce failing masonry structures, Const. Build. Mater., 41, 505-515
(2013).

22. Grabeca A.M.,, Starzikb ]J., Stefaniac K., Wierzbickic J., Zavala D. On the possibility of improving
compacted silt soils using the biodeposition method, Const. Build. Mater., 138, 134-140 (2017).

23. Li M., Wen C,, Li Y., Zhu L. Effect of oxygen availability on microbial-induced calcite deposition
(MICP) treatment, Geomicrobiol. J., 1-18 (2017).

80 Ne3(144)/2023 A.H. Tymunres amvindazot EYY Xabapuivicot. BuoAozusAvik ebiAblm0ap cepusicol
ISSN(Print) 2616-7034 eISSN 2663-130X



Muxpobuor0zusALIK MaCIAMEH Monvipax xane Kymovl Holaiimyeza Sporosarcing pasteurii 6axmepusicuii KoAaHy

24. Whiffin W.S. Microbial CaCO3 deposition for biocement production, Ph. D. thesis, Murdoch
University, 2004.

25. Jawad F., Zheng J. Improvement of fine sand by microbial induced calcite deposition, Brit. ]. Appl.
Sci. Technol., 17(2), 1-9 (2016).

26. Sharpe A., Latkar M.V.,, Chakrabarti T. Microbially assisted cementation-a biotechnological
approach to improve the mechanical properties of cement, Const. Build. Mater., 135, 472-476 (2017).

27. Umar M., Kassim K.A., Cheet K.T.P. Biological process of soil improvement in civil engineering: a
review, J. Rock Mech. Geotechnical Engineering. Eng., 8, 767-774 (2016).

28. Van Paassen L., Goz R., Vander Linden T., Vander Star W., Van Lausdrecht M. Quantification
of biomedical soil improvement by ureolysis: a large-scale biocontamination experiment, J. Geotech.
Geoenviron. Eng., 136, 1721-1728 (2010).

29. De Muynck Y., Verbeeken C., De Beli N., Verstraete W. Effect of urea and calcium dosage on the
efficiency of bacterially induced carbonate deposition on limestone, Ecol. Eng., 36, 99-111 (2010).

30. Foppen J.W.A., Schijven J.F. Transport of E. coli in columns of geochemically heterogeneous
sediments, Water Res., 39, 3082-3088 (2005).

31. Achal V., Li M., Zhang C. Biocement, a recent study in structural engineering: China’s status
compared to the rest of the world, Adv. Cem. Res., 26, 281-291 (2013).

32. Torkzaban S., Tazehkand S.S., Walker S.L., Bradford S.A. Transport and fate of bacteria in porous
media: coupled effects of chemical conditions and pore space geometry, Water Res. Res., 44, 1-12 (2008).

33. Valencia-Gonzalez Y., Carvalho-Camapum J., Lara-Valencia L.A. Influence of biomineralization on
a profile of a tropical soil affected by erosive processes, DYNA, 82(192), 221-229 (2015).

34. Foppen J.W.A., Schijven J.F. Transport of E. coli in columns of geochemically heterogeneous
sediment, Water Res., 39, 3082-3088 (2005).

35. ECP 2001, Egyptian code for soil mechanics and design and executing the foundations, Standard
test method for slake durability. Part 2/202, section 2-35, 291-293(2001).

ABTOpaap Typaasl MaaiMeT:

Kanamaes B.T. — goxTopanT, ADaii aTeiHAarbl Kazak yATTHIK ITearornkaabik, yausepcnreti, Kasoioex
ou 30, Aamarsr, KazakcraH.

Tynzoimbaesa 3.b. — OMOAOIV FBIABIMAAPBIHBIH AOKTOPHI, Ipodeccop, Abait aTeiHaarel Kaszax
YATTHIK Tlejarorukaasik, yausepcuteri, Kaspioex 6u 30, Aamarsl, Kazakcras.
Capcenoséa A.C. — OMOAOTHS FBIABIMAAPBIHBIH KaHAWAATBL, SKETEKIIi FBIABIMM KBI3METKEp,

XaabIKapaablK 9KOAOTMs akajdeMisicel Mekemeci, E-15 ke, 3, Acrana, KasakcraH.

Zhanatayev B.T. — PhD student, Abai Kazakh Kazakh National Pedagogical University, 30 Kazybek
Bi Street, Almaty, Kazakhstan.

Tungyshbayeva Z.B. — Doctor of Biological Sciences, Professor, Abai Kazakh National Pedagogical
University, 30 Kazybek Bi str., Almaty, Kazakhstan.

Sarsenova A.S. — Candidate of Biological Sciences, Leading Researcher, International Academy of
Ecology, 3 E-15 str., Astana, Kazakhstan.

BECTHVK EHY umenu A.H. I'ymuaesa. Cepus buorozuveckue Hayxu Ne 3(144)/2023 81
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



XITAP 34.35.17

b.C. Imamesa', K.A. Ackapos®*, E.T. TokGeprenos?

'bararapdvl oHarmy yammulx opmarvizet, Acmana, Kasaxcman

2Ko2amovik 0eHCAYAbIK cakmay Yyammulk opmaivizvl, Acmana, Kazaxcman
’

Baiiaanvic ywin asmop: kuandyk.askarov@hls.kz

KamOb1aab1H «MuHepaaabl THIHAVITKBIIITapP» 3aybITBIHBIH
©OHipAiK 9KOAOIMSIABIK JKaFAaiibl MEH XaAbIKTbIH
AeMorpadusabIK axyaablHa acepi

Angarna. Maxara «Kaspocpam» 2KIIC Puruaror — «Murepardvl muiraimoviuimap»
sayvimor oprarackan Tapas karaceindazol IKOAOZUAALIK Ka2daidvl sepmmeyze apHAAAH.
3epmmey  «Kasaxcman — Pecnybaukacoinda — depbecmendipirzer — xkate — npeseHmuemi
Meduuuranvl enzizydiy, yammuvlk Oazdapaamacvi» 2KMHW OR12165486 zvoiavivmu xo6acol
uier0epirde opuiHOAAJDL.

3epmmey nomuecirde Tapas KAAACOIHBIH AMMOCPEPAALIK AYACHIHOAZOL AYLIP MEMAAIAPOLIH,
mipieAemin KOHUeHMPAyUAChl pyKcan emiizet mayexer pezaamenminit, denzetiinde Hemece
odar xo0zapvl 00A0bL 04, XUMUSL OHEPKICIOI KICITNOPLIHOAPHL WLIRAPLIHOLIAAPLIHBLH, MiKeAel
acepi anvikmardvl. Tapas KAAACLINOIY AMMOCPeparbik ayacvii 0acmypAl AACHAYULLIAAD
KAYINMIAIZIHIH KUDIHIMbLK UHOEKCT MBIHVIC AAY KYiec YUiH Xozapul exerdizi 0eAziAl 60AJbL.
Tapas KkaracviHoly, AMMOCHeparvlk ayacbiHdazol KAAAH AACHAaybluimapvly, Opmaia X viAolk
KOHUEHMPAUAAAPLIHLIY, MaHdepl, oAapdvlr, pedepernmmi derzeiAepiter uamarsl xKoeapol
exerdiei AHLIKMAAbL.

Tapas KAAACOIHBIH, IKOAOUSALIK Kkazdativin sepmmey Hamuxecinde, «Kaspocpam» KIIC
«Munepardvl motHAUMKLLUMAp» 3AYOIMbiHbIY, OHePKICINMIK AUMAZLIHAN AHVIKIMAAAH
sammapdoly, acepinen KAALINMACKAH, sammapdvil, ke, cnekmpi (komipmex (Kyie, kapa
Komipmex), ammuax, wexmi C12-C19 xomipcymexmepi, 6ens(a)nuper, asom (IV) duoxcuds,
pmoprvt cymezi, KyKkipm OUokcudi, Kop2acoii XaHe KpemHutl Ouokcudiniy, 0eiopzanuKarvix
wanbl) ammocdeparvix ayarol racmayvl opvin ardvl. OAapdvil acepieH XAAbIKMIbIH
dercayAvlevina Kayni aHblKMAAAH OAM-XKIimiMOi, MbIHLIC AAY XYieci aypyrapvl MeH
KamepAi icikmep denzeitinit momerdemy yuin er; ardvimer Tapas Karacviioazvl IK0A0LUSALLK
Kaedaiidvl cayvblkmolpyea 6azblmmarzan X0cnapAbl maduzam kop2ay ic-uaparapoit asipreyoi
KoHe Kypeizydi maran emeoi.

Tyiiin ce3aep: 9K0A02ULABIK HKa20ati, KOpUuLazaH opma, AACHAry HblCAHIapol, AMMOCHEParbIK
Ayarvl AACMAYULbIAGP, INUICMUOAOZUSADLK 3epmmey.

DOI: 10.32523/2616-7034-2023-144-3-82-94

Kipicmie

Tapa3 KaaacbIHBIH DKOAOTUAABIK IIpoOAeMachl ©3eKTi 004pi TaOblaaAbl, ©MITKeHi Kaaa,
KOpIllaFaH OpTaHBIH KapKbIHABI AacTaHybIMeH cumaTradaTeid, Kasakcran Pecriy0amkachiHBIH
XMMMSI  ©HepKaciOiHiH ipi opTaabirbl  OoabIll  TaOblaaabl. OHgaraH Kbplagap  OO¥IBI
«Kaspochar» XKIIC enepkacint HbICAHAAPBIHBIH CTallIOHAPABIK KO3JepiHeH 3UAHABI 3aTTap
IIBIFaPBIHABLAAPBIHBIH YAKeH KoaeMi OeaiHe i >KoHe Kaaaaarbl aTMOC(epaablK ayaHbIH callachlH
TOMEHAEeTeAl.
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O/eMHiH JaMbIfaH eaJepiHje KopIllaFaH OpTaHBIH JAacTaHy Ipo0AeMaJapblH IIIeIry
KOFaMABIK JAeHCayABIK CaKTay caJachlHAAFbl 3aHHAMaHBI, OacKapyIIbIABIK —IIemrimaep
KaObla4ayAblH CeHiMAI CaHABIK eAllleMAepiH IaligadaHyFa MYMKiHAIK OepeTiH XaABIK
AeHcayABIFbIHA TUTI3eTiH Kayill-kaTepAi Taa4ay TY>KbIPBIMAaMachIH 93ipAeyMeH JKoHe OHBI icKe-
acpIpyMeH Tikeaeit OaiiaaHpicThl [1-3].

Kasakcran PecryOamKachIHBIH ayMarblH4a BDKOAOTUAABIK KaTepai Oarasay ogicrepin
KOJAJaHa OTBHIPBIII >KYPTidiareH seprreyaep, KopIllaraH OPTaHBIH opTYypAi HbICaHAAPLIHBIH
JacTtaHy JeHTIelli MeH XaAblK JAeHCayABIFBIHBIH >Kal-KyMi apacbhlHAarbl ceOeIl-caldapAblK
OaltaaHbICTapABI aHBIKTayFa OaFbITTaABII OTHIP [1,2].

Toeyeacizaik aaraapt Oepi Kasaxkcranga, KopiiaraH opTaHBIH caIlachlH Oackapy >Kyiieci
KaABIITaCThl, AeTeHMeH 04, XaAblK AeHCayAbIFbl YIIIH TOABIK KayiIlCi3AiKTi KamMTaMachl3 eTe
aaMaapl KoHe ea ayKbIMBIHAA Aa, HAKTLl ©Hipaepde Ae, DKOJAOITABIK axyaldAbl >KaKcapTyra
OarpITTaafaH ic-opekeTTepJeri OachIMABIKTapABl AYPBIC aliKbIHAA aamaapl [2,4]. OcpiraH
OartaanbicTel, Kazakcran PecriybamKacblHAa b KaPKBIHABL ypOaH4aAy IIpOLecTepiH >KoHe OHbIMeH
DaltaaHBICTBI KOpIIIaFaH OpTa MeH XaAbIKKa >KOFapbl TeXHOTeHAIK JKYKTeMeHi ecKepe OTBIPHIII,
OHEePKoCINTiH aAyaH TypAai cadasapblHAAFBl KoCIITOPBIHAAPMEH IIOFRIpAAHFaH KaJdalapblHAa
TYpaThIH XaABIKTBIH AeHcay/AbIFbIHAa TOHeTiH KaTepai Oaraaayaniy EO sxene AKIII eagepinge
KeHiHeH K0AAaHbIAaThIH 94iCHaMacChIH allpoOalsilay Typaabl IMIelliM KaObla4aHAb [4,5].

3epTTeyAiH MakcaThl aTMOCpepaablK ayaHbIH XUMUAABIK HIBIFapBIHABLAAaPMEH AacTaHybIH
anpikTay, «Kasdochar» XKIIC ¢Ppuanassr - «MuHepasasl TBIHAMTKBIITap» 3ayBITBIHBIH
OpHaJacKaH aliMaKTBIH 9KOAOTMAABIK KaFAalibl MeH Tapas Kaaackl XaAKbIHBIH geMOorpadpusAbIK
KopceTKimTepine Oara Oepy 00AbIIT TaObLAAADL.

3eptrey HpicaHbl Tapas KaaacsiHaarsl «Kasdpocdar» KIIC «MuHepaaAbl THIHANTKBIIIITap»
3aybIThl 0044b1. Kaza XaAKbIHBIH AeHCayABIFBIH Oaraday a4icTeMeciH KOA4aHa OTBIPBIIL, XaAbIK
AEHCayABIFbIHBIH, >Kali-KYMiH >KeHe TipIIidiK eTy OpTachlHBIH callacbhlH 3epTTey YIIiH aTaAfaH
©HEPKOCIITIK HhICAHFa eH >KaKbIH OpHaJlacKaH eA4i MeKeHJep TaHAaAAbl. 3epTTeyae ChlpKaTTaHy
KayilliH Taajay o4icTeMeciHiH HbICaHAapbl: aypyAapAblH Tapaay AeHIeli MeH AMHaMIKachl,
XaABIKTBIH A€HCAyABIK >KaFAalIBIHBIH KaAbIIITaCy OapbICBIHBIH Tapa3s KaaachIHBIH aTMOC(epalbIK
ayacbhIHJAAFbI XMMUABIK 3aTTap KeIlleHiHiH a®poreHAiK acepiMeH e3apa OaiiaaHbICEI D0AABI.

OaicTep MmeH MaTepuaaaap

Tapas kaaacel oaye OacceliHiHiH XUMUAABIK JAactaHybl Kasaxcran Pecrybankacsr
TAPOMETEeOPOAOTMIABIK KBI3METIHIH Oakpllay OekeTTepiHAe allKbIHAAAATBIH aTMocdepaablk
ayaHBIH HeTi3Ti 49CTypAi AacTaybIIITapbIMeH >KoHe acHallTHIK eAllleylep AepeKkTepi OOMBIHINIA
KaszaxcranPecniyOankacs! JeHcayablK cakTay MUHUCTPAiri CaHMTapUAABIK-STIINAMIOAOTUAABIK
Oakblaay KOMUTETiHIH «¥ATTHIK capantama oprtaabiFbl» [IDKK PMK JKam0Obpia 004BICTBIK
(uanasbHBIH 3epTXaHaCBIMEH OCHl 3epTTeyaepAi >KYprisy IneHOepiHAe aHBIKTaAfaH OacChIM
AacTayblIITapAbIH ajaM AeHcayAbIFbIHA KeATipeTiH KayIli OaraaaHaw! [6,7].

Aacrypai aacraysiurap «Kasrngpomer» PMK sxapusaaran Kasakcran Pecriy0amkacbIHBIH
KOpIllafaH OPTaChIHBIH >Kall-Kyifi TypaAasl akIlapaTThK 0l0A4eTeHAepAiH AepeKTepi OOMBIHIIA
Oarasanapl. Conrbl 3,5 Xplagarbl Adepekrep TaagaHapl (2018 >xbragan Oacram 2021 >KblaablH
OipiHIITi >KapTHIKBLAABIFBIHA A€IMiHTi Ke3eH) [8].

Kasakcran  PecniyOamkace  JeHcayaplk — cakTay — MuHUCTpAiri  CaHUTapUAABIK-
SIUAEMUOAOTUAABIK OaKblaay KOMMUTeTiHiH «¥ATTBIK capanTama opTaabFel» ITDKK PMK
3epTxaHadapbl ayaja ©Allley >KYPridy yuIiH Oakbliay HyKTedepi TaHAaAraH ©OHEPKOCIIITIK
HBICAaHAAPABIH OpHaJlackaH >KepiHe O0allAaHBICTBI, OJapAbIH eAAi MeKeHAepAiH TYPFBIH
aliMaKTapblHaH, COHJAl-aK Herisri CaHUTapUABIK-KOpIIaAfaH aliMaKTaphl IIeKapalapbIHbIH
KAIIIBIKTBHIFBI MeH >KeA OaFbITBIH eCKepe OTHIPBII TaHAAAFaH Kep aiiMaKTaphl alikbiHAaA4b1 [9,10].

3UAHABI AaCTayIIbl 3aTTap KellleHiMeH aTMoc(epaabIK ayaHbIH AacTaHy AeHTelliH curarray
yurin 1 >xeHe 2-KecTeaepae YChIHBLAFaH TUTMEHAAbIK KpUTepuiiiep KoAAaHblAAbI.
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Kecre 1
ATMmocdepaabiK ayaHbIH 3USHADBI 3aTTap KellleHiMeH AacTaHy AeHTeliHiH IMIeHaAbIK
cuIiaTTaMachl
ATtMocdepasbIK ayaHbIH AacTaHy AeHreiti Kerrenai KepceTKillTiy IM1amMachl
Pykcat eriareHn 2,0
oaci3 2,1-4,0
Oprara 4,1-8,0
Kymri 8,1-16,0
Ote xymITi 16,1 >xoHe 0gaH Aa >KOFapHI
Kecre 2
ATmocdepaHbIH AacTaHy MHAEKCIHIH gope:keciH Oaraaay
Aopexeci ATMocdepaHbIH AacTaHy JKp1a Goribr
I'paganus ATtMocdepaHbIH AacTaHYbI KopceTKilTepi Oaraaay
I Toemen 0-4
I KerepiHki ATMOcdepaHbIH AacTaHy 5-6
11 JKorapsr unHaekci (AAN) 7-13
v Ore >Xoraphl >14

Hatmxeaep

OHepKacinTik KocinmopsiHHbIH cunaTTamacsl. «Kaspocdar» JKIIC — KamOb14 00ABICHIHBIH
KeH opriHgapbiHga Gpocdop KeHiH eHAipy, KaliTa ©HAey SKoHe MIHePaAAbl THIHANTKBIIITAP, CAPbI
Pocdop xone Gacka 4a KypaMbiHAa pocdoprl Oap Maiigaasl 3aTTap OHAipeTiH Kommianns. Tapas
KaZacbIHAAFBI «MMHepaAAbl THIHANTKBIIIITAP» 3aybITH aybLA IIAPYaIIbLABIFEl YIIIiH MITHEPaAAbl
TBIHAMTKBIIITap, pTOpAaHOaFaH a3bIKTHIK (pocdarTap mbiFapaabl. CoHAall-aK KaJda ayMarbIiHAa,
kyarsl 1,2 I'Br «T.J1. barypos arsiHgarer JKamOpia IPOC» AK-HbIH 6 040rBI SKYMBIC icTeligl
ae, 04 Tapas KaaacbIH, 0OABICTBI JKoHe >KaKblH OpHaJackKaH ©HipAepai 94eKTp DHepruschIMeH
KaMTaMachi3 eteai [11].

«MmuHepaaAbl TBIHAMTKBIIITap» 3ayBITBIHBIH HbICaHAAphl Tapas KaaacCBhIHBIH COATYCTiK-
OaTbICEIHAAFBI OHEPKICIITIK aliMaKTa OpHaJlacKaH >KoHe 449,2 ra ayMaKTsl aAbIIl >XaTelp. OHBIH
KYpaMBblHa KeJeci Heri3Ii eHaipicrep Kipedi:

® $pocopABI-a30TTHI THIHANTKBIIITAP — aMMOpoc eHaipici;

® 19% P,0O,-1i kapamaiibim cyniepdocdar enaipici;

¢ 18% P,O,, 18% N-TbI cyappoammodoc eHaipici;

® 22% P,0,, 22% N-1b1 HUTPOaMMOQOC OHAipic;

® 27% P, O,-Ti a3bIKTHIK, TpuKaabuitdocdar eHaipici;

® 41% P,0O,-Ti a3bIKTHIK KaabluitHaTpuiipocdaT eHaipici;

o TexnnkaabK H,SO, KyKipT KBIIIKbLABI ©HAIPIC.

«Munnepaaapl TBIHAMTKBIIITap» 3aybITBIHBIH ©HAipic aymarblHAa 216 craijoHapAabIK,
AacraHy Ke3Jepi, OHBIH imliHae 65 OakblL1aHOa4bl AacTaHy Ko34epi aHbIKTaAFaH.

«MmuHepaaAbI THIHANTKBIIITaP» 3ayBITBIHBIH KYMBICHI Ke3iH/e AacTayIIbl 3aTTapAbIH JKaAIIbI
IIIBIFAPBIABIMBI KBIABIHA 638,249 TOHHaHBI Kypaiigbl. ATMocepaHBIH HeTi3ri AacTaymiblaap
KaTapblHa OHAiIpicTiH OapablK IjexTapbl (aMMo@oc IlexTaphl, a3bIKTHIK (PTOpCch3 docdarTap,
KYKIpT KBIIIKBIABIH ©HAIPY, DHepIUsIMeH >KaO4bIKTay) Kipeai. «MuHepaaAbl TEIHANTKBIIITap»
3ayBITBl KayilTiaikTiH OipiHINI caHaTBhIHA JKATKbI3bLAFaH, COHABIKTAH KOCIIIOPBIHHBLIH
aifHaaacbiHAa I1ekapacel — 1000 MeTp Mealllepinde, caHUTapABIK-KOPFay aliMarbl OeArileHIeH.

ATMocdepara IIBIFapblAaTBIH HeTi3ri 3aTTap — TeMip, MapraHel], KemipTek (Kylie, Kapa

KOMipTeK), aMMuaK, KoMipTek okcuai, mekti komipcyrekrep C,-C, , Gens(a)mmupen, asor (IV)
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AVOKCUAL, PTOPABI CyTeri, KYKipT AMOKCUAl, KOPFaChIH KaHe OelfopraHuKaAblK IaH (KpeMHMI
KOCTOTHIFBI, 20%-4aH TOMEH).

«Mmnnepaaabl TIHAMTKBIIIITap» 3aybITBIHBIH HhICAHAAPBI 1950 >KbLABI aIlIBIABII, OCI YaKbITKA
AeVIiH >KYMBIC >Kacall Typ >KoHe oAapablH Tapas KaaachlHBIH aTMocdepachbiHa IIBIFapaThIH
IIBIFapBIHABLAAPHI Kada AaCTaHYbIHBIH >KaAlbl (POHABIK KepceTKilliHe Oeariai geHreiige yaec
Kocaapl. Tapas KaaachIHBIH aTMOC(epaablK ayachIHBIH >Kal-KyiiH Oakplaay «Kasrmgpomer»
PMK-n51H 5 Oakblaay OekeTiHAe XKy priziaeai.

AVIMaKTBIH KAMMATTBIK cuIlarramackl. Tapas Kaaacsl JKamMObla OOABICBIHBIH OKIMIIIiAiK
opTaablfbl 004bIT TaOblaaabl KeHe KasakcranueiH oHTycTiringe, Keipreis Pecriybankacsiven
mekapac, Tasac e3eHiHiH XXaracblHAA OpHadackaH. OHBIH MaHallblHAA Tay cideMaepi, OaTbIChIHAA
Kaparay tayaapsi, onTycriringe 6arsic Tsanp-I1lans ciaemMaepi opHasackas. Tapas KaaaceiHa yII
9KiMIITiAiK-ayMaKThIK ayJaH Kipeai. COHbIMeH KaTap, Kadada OHHaH acTaM TYPFBIH Vi1 BIKIIaM
ayJaHaapsl Oap.

Tapa3 KasacelHBIH KAMMAThl KYpPFaK >KoHe KOHTMHEHTTIK, OyA KaJdaHBIH MyXMUTTapJAaH
KaIIIBIKTBIFBIMEH >KoHe aTMocdepajarbl ayaHBIH aiHaABIM epekIlleliKTepiMeH TyciHaipiaeai,
SFHI alllBIK HeMece a3 OYATTEI aya palibIHBIH KIi KaAbIIITacyblHa BIKIIAA eTedi, COHAal-aK aya
arbIMbIHa KYH >KBIAYBIHBIH YAKEeH BIKIIaAbIMEH KaMTaMachl3 eTideai. Aya TeMIepaTypachIHbIH
a0coAI0TTI MUHMMYMBI KaHTap arnbiHga —40,0 ¢, miageae +7,2 °C; aOCcOAIOTTIK MaKCUMYMBI —
KaHTap aibiHAa +22,1 ¢, miageae +43,7 °C, 1-cypert [12,13].

ATmocdepaablK ayaHBIH XMMMUAABIK AacTaHYBIH TMIVeHaABlK Oaraaay. Tapas kaaacelHAa
aTMocepaablK ayaFa SMUCCUSAHBI JKy3ere achbIlpaThiH 4264 KOCIIOPBIH >KYMBIC icTeiiai.
Cranmonapasl AacTaHy Ke3JAepiHeH IOAAIOTaHTTap >KMBIHTBIFBIHBIH HaKThI IILIFAPBIHABLAAPEI
28,3 MBIH TOHHaAHBI Kypanasl [14].

«Kasrmapomer» PMK-upiH JKam0Ob1a 00apichl OoitbiHIma ¢uanaasl Tapas KaaachIHBIH
aTMocdepaablK ayachlHBIH >Kali-KyiliH OaKblaayAbl Y3AIKCi3 peXmMAe >KYMBIC icTeUTiH 5
Dakplaay OekeTiHge: 4 cbIHaMaHBI KOAMeH JKaHe 1 Xyiieai ipikTey OekeTiHae Kypriseai.

«Kaspocpar» XKIIC HpicaHAapBIHA JKaKbIH OpHaJackaH Oakpiaay OekerrtepiHe IIIpimMkeHT
Ketreci, 22 >xoHe PpicOek OatsIp kemteci, 15 (Huertkaanes kemieciniyg Kublabicer) OoiibiHAa No 1
>koHe NO 2 chlHaMaHBI KOAMEH ipikTey OexeTTepi >KaTaapbl.

JKaarmsr kepceriaren OexerTep OoiibiHIIa 15 KopceTKin: KaaKpIMa 3aTTap (I1aH), KaaKbIMa
3aTTap (PMZ/5 >xoHe PM, ), KyKipT AMOKCHA], KOMipTeri OKCUAIL, a30T AMOKCUA]L, a30T OKCHAi, O30H,
KYKIpTTi cyTeK, ¢pTopanl cyTeri, aMmmuak, ¢popmaabierns, 6eHs(a)nmpes, MapraHer], KOprachlH
AHBIKTAAABL.
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CypeT 1. OpTama AN ABbIK, TeMIIepaTypa, )XKaybIH-IIIaIIbIHADBI JKoHe NTyaKTbl KyHAep CaHbI

Tapas kazaacer oye OacceliHiHiH AacTaHybIH OaFrasay yria 2018 sxeragan 6acrar 2021 >KbLAABIH
OipiHIIi >KapTBIKBLAABIFEI apaabiFbiHAaFsl «Kasruapomer» PMK-HBIH gepekTepi Taa4aHABL

Tapas kaaacelHBIH aTMoc(epaablK ayachlH JacTayIllbldap JeHreiliHe Taajay, 2 >KoHe
3-cyperTepae KeATipiareH, Oakplaay Ke3eHiHAeri eH >KOFaphl-Oip peTTiK KoHe opTallla ToyAiKTiK
HTKK-nan acy eceairinig MoHAepi OOMBIHINA JKYPTidiaai.
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Cyper 2. 2018 :xbragan 6acramn 2021 XXbI1aABIH OipiHII JKapTBIKBIAABIFEI apaabirbiHaa Tapas
KaaacoiHga atMocdepaanik ayanbig IIIDKK (es xxorapsr 6ip peTTik) apTy eceairi
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Cyper 3. 2018 xpragan 6actan 2021 >Xp1aAbIH OipiHIIi JKapTHIKBIAABIFEI apaabirbiHAa Tapas
KaaacerHaa atMocdepaanik ayansrq IIIDKK (opTaria nmorbipaaHysl) apTy eceairi

2 xxoHe 3-cyperrepaen IIDKK en >xorapsr 6ip peTTik OaKkblAaHATBIH ayaHBIH AaCTaFbIIITaPbI
oprTalla KOHIIeHTpauusaap OOMBIHIIA YKCac KOPCeTKIIITePAeH e4ayip Korapbl 00AAbI.

3eptrey xyprisren keseHae I[IIDKK en >xoraps (2 >xeHe 04aHga KOIT) KOPCeTKilll, KaAKbIMa
3aTTap MeH OellekTep e (I11aH; PMZS), KeMipTeri TOTBIFbIHAQ, a30T AVMOKCUAIHAC, a30T OKCHAIHAE
JKoHe KYKiprcyTeringe anbikTaaAbl. CaabicTeIpMaAabl Typae eH >Koraphl MaHaep IPK 4,14-5,4
eceairi Kykiprcyreringe Oaiikaaasl. IIIDKK en >xorapsr Oip peTTik AeHreifiHAe >KoHe >KOFapbl
kepceTKimTepre PM, KaaKpIMa 3aTTap, Kep YCTi 030HbI, CyTeri propuaine 604451

2-cypeTTeH KOpill OThIpFaHBIMbI3/Jali, ayaHBIH KYKipTCyTeKIleH AacTraHy aeHreii 2018
Kbla4aH Oacran ecy ypaicine me (4,14-ten 5,4-xke geniin). Tapas KaaacblHBIH aTMOC(epaabIK
ayacblHAArbl KYKipTCYTeKTiH KOHLIEHTPaLMsAChl 3epTTey Ke3eHiHae KOFaphl JAeHreiije TipKeaai.
MyHnbl Kasagarbl KOAaChI3 MeTeOPOAOIMAABIK >KardaiidapAblH (Kada aya MacCachIHBIH a3
>KeAJeHyl MeH >Ka3fbl MayCbhIMJAAarbl ayaHbIH KaTThl BICYBI) KMi Ke3JeceTiHgiriMeH TyciHAipyre
Doaaapl. Bya xaraaii, o3 xeseringe, Tapa3s Kaaacel ayachIHAAFbl KYKipTCYTeTiHiH eH >KOFapbl Oip
PeTTiK IIOFbIpAaHybI ceOert 00Aybl MYMKiH.

Tapas xaaaceHBIH aTMOC(epaablK ayachlHAa KelOip MHIpeAMeHTTepAiH opTallia ToyAiKTiK
IIIOFBIpAaHy HOpMaTUBTepiHiH ecyi Oaiikaaaapl. Herisinen opralma ToyAiKTiK ITOFBIpAaHyAbIH
ecyi a30T AMOKCUAL MeH JKep YCTi O30HBI OOMBIHINA TipKeAAi.

AyYBIp Me€TaaaapAbIH ayabIFbl OpTallla TOYAIKTIK IIIOFbIPAaHYbIHBIH JKOFapblAaysl TipKeAreH
JKOK.

3epTTey OapbIchiHAA 0i3, JKMBIHTHIK, KopceTkinti «K>k» MeH KelleHAi kepceTkin «P» ecebin
KYPri3aik, aa atMocdepaHblH AacTaHy nHAekciHig (AANV) mangepi «Kasrnmapomer» PMK-ab1H
pecmu aepekrepinen, Kopiaran opraHblH >Kaii-Kyifi TypaAbl akIlapaTThIK Ol0A4eTeHbAepiHeH
aABIHABIL.

Kemenai kepcerkimrepai ecentey HaTykeaepi 3-KecTede KeATipiareH.

Kecre 3
Tapas Kaaacbl ayacbIHBIH 2aCTaHYBIHBIH KellleHAi KopceTKimTepi (Mr/am’)
Kpia «Kok» «P>» AAN
2018 x. 4,46 7,40 6
2019 x. 4,44 7,36 6
2020 k. 3,27 4,78 4
2021 k. (OipiHIIi >XapTHIKBLAABIK) 3,96 7,10 -
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3-KecTedeH KOpill OTBIpFaHBIMBI3Aall, KMBIHTHIK KepceTkimriHiyg «Kok» aeHreiri OapAabik
Oakplaay KeseHiHAe «P» KepceTkiliTepiMeH caAbICTBIPFaHAA KOII JKaFdaliga TOMeH TipKeaai.

1-kecreae KeaTipiareH TIUIMeHAABIK KpuTepuiiaepre covikec Tapas KaaachIHBIH
aTMoc(epaabIK ayaChIHBIH AacTaHy AeHTeili JKUBIHTBIK KopceTKintiHiH «Kok» MaHaepi OoribiHIIA:
2018-2019 >xb1a4apbl — AaCTaHyABIH OpTallia gopeskecimen; aa 2020 >xpra4as 6acrart 2021 >KbLaABIH
OipiHII >KapTHDKBIAABIFBIHAA — AACTaHYABIH 91Ci3 49pekeciMeH OaradaHAbI.

3-kecTeHiH JepekTepiHeH «P» KepceTKilIiHiH MoHi >KUBIHTBIK KepceTKimriHeH «Kok»
d4/eKaliga >KOFaphl eKeHAIri kepineai. «P» maHaepi 4,78-7,40 (oprara aactany) Mr/am’ mmeringe
AHBIKTAAABL.

Tapas kaaacsr atMocdepachIHBIH AacTany AeHreiti A/1V meamepi OolibiHINa 4a OaraaaHABL.
AV ecenitepi OaKblLAaHATBIH MHIPeAMEHTTEPAIH OpTallla >KbLAABIK MaHi OONbIHIIA XY Prisiaai.
KblAABIK MOHUTOPUHITIH TOABIK OoaMaybiHa OaiiaanbicThl 2021 >Kblara ecenl alibIpbICcyaap
JKYPrisiareH >KoK.

3-kecregeH, coHAall-aK, 2018 >xpraaan Oacram 2020 >xbrara Aetiin A1V KepceTKiIITepi SKOFaphI
AeHreiije TypaKThl KOAJay TamlKaHbl Oalikaaaapl. ¥ceiHbplaran A/IVl Garazay xpurtepuiiaepi
6oripramTa Tapas KaaacelHBIH aTMOCpepaabIK ayaChIHBIH AaCTaHybl JKOFapbl 00AABI.

Kemenai kepceTkimmrepai ecenirey HaTU>XXKeAepi MeH 0Aap/blH MaHi, XaAbIKThIH AeHCayAbIFbI
YIIiH eTe KayinTi JAeHrelide ekeHiH KepceTTi, aa aya arMmocdepachHBIH >Xal-kyii, Tapas
Ka/aChIHAAFbI DKOAOTIMAABIK KarAalAblH KOAAJIChI3 €KeHAITIH KOpCceTTeAl.

XaaplK AeHCayABIFBIHBIH Herisri kKepcerkimrepi. Tapas KaaacelHAaFbl MeAUIIVHAABIK-
AeMorpausABIK axyal MeH XaAbIK CaHaFbIHBIH OpTallla >KbIAABIK, KepceTkimrepi 2018-2020
KblAJapAarbl pecMm CTaTUCTUKa JAepekTepi OolibiHIIa TaasaHAbl. OcCbl Ke3eHAe XaABIKTBIH
JKBIAABIK OpTallla CAHBIHBIH >KaAIlbl ©Cy KapKbIHBI 1,44%-Ab1 Kypaabl, Oy 00AbIC KOpCeTKilliHeH
1,28%-ra >xoFapsl, aa pecrry0AMKaABIK KOPCETKIII MoHiHeH ToMeH — 4,16% 0044BI.

Tapa3 Kaaacel XaAKBIHBIH TYY KOPCeTKIIIITepiHiH ©3repy cepIliHiH Taa4ay OapbICEIHAA, TYYABIH
ecy ypadici sepTrey keseHinge 13,27% GoaraHbIH XoHe TypakTh (r=0,96) Typae cumaTraaraHbIH
KepceTTi, aa pecry0auka OoribiHIIa 04 3,7%-Fa ecill >keHe Typakcei3 (r=0,47) curarra 604451,
4-kecre.

Tapas xaaacel xaaxbiHbH 2018-2020 Xbplagapaarbl ©4iM-KIiTiM KOpCceTKillITepiHiH e3repy
cepriHi 7,33%o-aeH 10,16%o-re aeitin, eaiM-XiTiMHiH TypakTer (r=0,92) ecy ypaiciH kepcerTi
JKoHe 04 KapacThIPBLABIIT OThIPFaH Ke3eHae 38,6%-ra apTThL.

Kaza xaaKbIHBIH ©4iM-XKIiTiMi KOpceTKillITepiHiH ocy TpeHAl 004bIc OOMbIHIIA 4a TYpPaKThI
arikpiHgaaraH (r=0,91) curniarra 604451 JKaams pecrry0arKa OOMBIHIIIA ©1iM-KiTiM KOpCeTKiITepi
TypakceI3 (r=0,35) Tpena kepcertin, 5,69%-fa ecTi, 4-Kkecre.

Kecte 4
2018-2020 xbragapaarel Kasakcran Pecrmy6ankacer skaHe 2JKaMOb1a 004bIChI OOVIBIHIIIA
AepeKkTepai caabicTbipraHaa Tapa3 Kaaacel XaaKbIHBIH TYY, ©4iM-XiTiM, HopecTeaep eaimi
MeH TaOuFn eciM KepceTKimrepiHig esrepy cepmini (1000 agamFa makkaHAaFbI KOPCETKIII,

%0)
2020 >XBIAFBI >KOHE r
Anmax, 2018 :x. | 2019 k. | 2020 x. 2018 >xplaFa KaTBICTBI
AVl PMAIIIBLABIFBI, Y%
Tyy
Kasakcran Pecrry0ankacer 22,16 21,22 22,98 3,70 0,47
JKamOb1a 004BICH 25,73 26.34 28,67 11,43 1
Tapas Kazaacsl 25,7 26,53 29,11 13,27 0,96
Oaim
Kasakcran Peciybankacet 747 6,72 7,89 5,62 0,36
JKamOb14 00ABICH 7,37 7,70 10,07 36,64 0,92
Tapas xaaacsl 7,33 7,73 10,16 38,61 0,92
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Taburu ocim
Kaszakcran Pecrrybamkacs 14,69 14,50 15,09 2,72 0,66
JKamOb1a 00ABICH 18,36 18,64 18,59 1,25 0,77
Tapas Kaaacsl 18,37 18,80 18,95 3,16 0,96
Hapecreaep eaimi
Kasakcran Peciybamkacsr 7,90 8,00 6,84 -13,42 -0,82
JKam0Ob11 004BICHI 7,13 10,38 9,64 35,20 -0,28
Tapas Kaaacel 7,59 11,21 9,96 31,23 0,34

2020 >xprasr Tapas Kaaachl XaAKBIHBIH ©AIM-XKITIM AeHTelli OOABICTBIK KOpCEeTKiITepAeH
0,08%o >xorapbl 00AABI Aa, aa pecilyDAMKaAbIK KopceTKimTepaeH 1,3 ece apThIK 00AABI.

3epTTeareH KezeHae Tapas Kaaachl XaAKBIHBIH TaOUEM ©CiMi, ©Cy yp4iciMeH cuIaTTaAbIII,
pecny0AMKaAbIK AeHrelijgeH Oipiama >korapbl 0044pl. Kasa >keHe 004bIc OOMBIHIIA TPeHATEP
amnKpIH curtatka ne 60441 (R=0,96 sxone R=0,77, Tuicinmre).

Taakpraay

«Kaspocpar» XKIIC «Munepaaabl THIHAMTKBIIIITap» 3aybITBIHBIH HbICAHAAPBl OpHadacKaH
OHip YIIiH, 3epTTeyAiH MakKcaTTapbl MeH MiHJAeTTepiHe ColiKec, aTaAraH HbICaHJAapFa >KaKbIH
opHaaackaH, Tapa3 Kaaacel XaAKbIHBIH JeHCayABbIFbIHa TUTi3eTiH Kayil-kaTepai Oaraaay.
OaicreMere carikec 6azaablK cxema OoribiHIna «Kasrngpomer» PMK JKamObia ¢puanaabHbg
Dakblaay OekeTTepiHiH gepeKkTepiOoiibiHIa Tapas KaaachIHBIH TY PFRIHAAPBI YIITIHaTMOC]epaablK
ayaHBIH AacTaHy KayIliH Oaraaay >Xyprisiaai [15].

Kayinri coeiikecrenaipy keseHiHge Tapasd KaaacelHbIH aTMocdepaablK —ayachblHAa
OakblaaHATBIH 15 XMMUAABIK 3aTTap TaaAaHABL, ©TKeHi oaap ToyekeaAi Oarasay OapbICHIHAA
OachIM AacTayblITap TidiMiHeH TaOblaAbl. TaajaHFaH 3aTTapAbIH illliHeH 2 3aT (KOPFaChIH >KoHe
Oens(a)mpeH) KaHIEpPOTeHAIK KacmeTke me. TisiMre eHriziareH aacTarblTapAblH OacBIMBI,
HeTi3iHeH TBIHBIC aly aF3alapblHa XKarbIMCBI3 9cepAepiMeH epeKIeaeHAi.

DKCo3nUMAHBL Oarajay KesdiHae aliTapAbIKTal >KOFaphbl 403a4bIK KyKTeMe >KYpPeK-TaMBbIp
Xylieci aypyJapblH TyABIPYBl MYMKIiH KOMipTeri OKCHAIHIH €H >XOFapbl KOHII@HTpaIMsIChl
AQHBIKTAAABL.

«/lo3a/1moFpIpAaHy - 9cep» Toyeaaiairin Oaraaay kesinae Tapas KaaacbIHAAFB MeAVIIHAABIK-
AeMorpaQsIABIK JKaFAalibl TYYABIH JKOFapbl 00AYbIMEH JKoHe XaAbIKThIH a3 FaHa TaONUFN ecyiMeH
cumaTTaAfaHbl aHBIKTaAAbl. Aaanga, eaiM-kitiM aeHreni 2018 >xpragan Oacram 2020 >KbLara
AeViHTi Ke3eHJAe pecryOAMKaABIK AeHreiijeH >KOFapbl 00AbII, OHBIH 38,61%-Fa TypakKTHl ecy
ypaici 6arikaaapl. JKypek-KaHTaMBIp JKyiieci aypyAapblHaH, icCikTepaeH, XKapakaTTapAaH >KoHe
yAaHyaaH 00AaThIH ©4iM-XKiTiMHIH yaec-caamarbl apTThl. Cobu eaiMinig ocyi Oaitkaaabl, aa
OHBIH KOpCeTKilTepi pecry0AMKaAbIK KOPCeTKIllITepAeH JKOraphl 0044kl 3epTTeAreH KedeHje
Tapa3s KaaacelHAa TBHIHBIC aAy aypyAapblHaH, icikTepaeH 004aTBIH ©4iM-XIiTiM KepceTkKimrepi
apTKaH. XaAbIKTBIH TBHIHBIC ady aypyJAapblHaH 00AFaH ©4iM-XiTiM, pecy04nKa KepceTKimTepi
AeHreliiHeH 2 ece >KOrapbl O0A4BbI.

Tapas KazacbiHAa €H KOIl yAecC caAMaKThl TBIHBIC aAy >KoHe >KYpPeK-KaHTaMBbIp >KYIeCiHiH
aypyAapsl aaAbl, 0AapAbIH KOPCeTKIIITepi 3epTTeAy >Kbladapbl apTKaH. ThIHBIC a1y >KoHe XY peK-
KaHTaMBIp JKYIeCiHiH aypyAaphl, OHKOAOTUAABIK, XKYIIKe XKylieci MeH KaH aypyAapbIHbIH JeHreili
pecrty0AMKaAbIK AeHTell4eH YKOFapbl 00AABL.

Toeyexeaai cumnarray keseHiHAe KOpFachlH MeH OeH3(a)IMpeHHiH KaHIleporeHAl JKeKe Kayirl-
KaTepiHiH MoHIi MIapTThl TypAe KOAailabl AeHTellde eKeHAiri aHbiKTaaapl. KaHeporeHaik emec
ToyeKeAJepAi aHbIKTay OaphIChIHAA JKeJea JKoHe CO3bLAMabl 9cep eTy KediHJe Kelibip 3aTTapAblH
Kayinriaik kosppunnenrrepinig MoHi 1,0-Te TeH HeMece 04aH TOMeH OOABIII, TOyeKeAAiH pyKcaT
eTiareH (KOAaiiAbl) AeHIeiliHeH e4dyip achlll KeTKeHi aHBIKTaAAbl. VIHraasnuaaplK KayilnTiy eq
SKOFapBl K0AalChI3 AeHTeriaepi KaaKbIMa 3aTTap MeH KaaKbIMa Oealekrepae (PM, ) Gaiikaaapr.

BECTHVK EHY umenu A.H. I'ymuaesa. Cepus buorozuveckue Hayxu Ne 3(144)/2023 89
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



B.C. Mmawesa, K.A. Ackapos, E.T. Toxbepzetios

AyaHbI AacTayIbl 3aTTapAbIH XKaAIbl KayinTiaik mHaekci Tapa3s KaaacblHAa THIHBIC aay KYlieciHe
OarpITTaAFaHABIFBI OTE JKOFaphl AeHrelige 0045

Tapa3 kazacelHblH arMocdepasblK ayachiHbIH KaakpiMa 3arrapmeH (PM,.) aacrany
¢daxTOopaaprIHBIH dcepiHeH 00AaTBIH ©AIM-XKITiM KayIiH ecenTik Oaraaay HoTVDKeciHAe, acipece
2020 >KbLABI >KapaKaTChl3 ©4iM-XKITIM MeH >KypeK-oKIle aypylapblHaH 00AaThIH ©AiM-KiTiMHIH
JKOFapbl AeHTelli aHBIKTaAAbl JKoHe oJapjaH 00AaTblH ©AIM-XKITIMHIH JKeKe KayiITik-KaTepi
yurinmm ananasonga (1x107°-ten >xorapsl) 604461, Oya 0AapablH KociOu TonTap MeH >KaAIIbl
XaABbIK VIIIiH KOAalIChl3 eKeHiH allKbIHAAVIABL.

JKyprisiaren 3epTxaHaAblK-acIaITHIK 3epTTeydepAiH HaTVKeaepi OOMBIHIIA Keaea acep
eTy AeHreliiH Oarasay Ke3iHAe KOMipTeri TOTBHIFBIHBIH KayinTiaik KoopPuIineHTi KacilmopeIHHaH
OHTYCTIiK-IITBIFBIC JKOHE IIBIFBIC KaFbIHa Kapall KOHbICTaHy aliMarblHAa XK0A OepiaeTiH (KoAaiiabl)
ToyeKeA AeHrelliHeH eadyip — 17,6 >xoHe 14,7 ece >Korapbl 004A4BI.

KopsoITBIHABI

Tapas KaaacelHBIH TYpFBIHAApBI YIIiH aTMocdepaablK ayaHbIH JacTaHy KaylliH Oarasay
Heri3i MeH 3epTTey HoTU KeAepi OOJBIHIIA Keaeci KOPHIThIHAbLAAp Xacayra 00aaabl:

Tapas kaaaceiHBIH aTMOcdepaablK ayachiHla OaKblAaHATBIH TaddaHFaH XMMMAABIK 3aTTap
KayinTi Oarazay IapameTpJaepiHe colikec Keaai, OHBIH illiHAge 2 3aT (KOpFachlH >KoHe OeH3(a)
IJPeH) KaHIePOTeHAIK KacueTTepiH KOPCeTill, THIHBIC aly OpTaHAaphl TapallblHaH KarbIMChI3
acepaep TYFbI3y KabiseTiHe me 60a4bl. DKCIIO3UINAHEI Oaralay Ke3iHJAe aliTapABIKTall KOFaphl
A03a/ABIK XXYKTeMe KXY pPeK-TaMbIp JKYlieci aypyAapblH TYAbIPYbI MYMKIH KOMipTeri OKCUAiHIH eH
JKOFapbl KOHIIeHTPAIMACH aHBIKTaAABL.

«/lo3a/1moFpIpaaHy — acep» Tayeaiairin Oarasay kesiHAe Tapa3s KaaaChIHBIH TYPFBIHAAPEI
YIIiH, pecny0AMKaAbIK KOPCeTKIIITepMeH CaAbICThIPFaHAQ ©AiM-KiTiMHIH >KOFaphl 0O0AybI
asIChIHAA, TYYABIH JKOFaphl >KoHe TaOMFM OCIMHIH >KapThldall >KOFapbl AeHTelli ToH eKeHAIri
aHBIKTaAAbl. XaABIKTBIH TBIHBIC aady >Kylieci aypyaapbplHaH ©4iM-XiTiM, pecnyOanka
KepceTKimTepi geHreitinen 38,61%-ra TypakThl apTy ypAici Oalikaaapl.

Tapa3 KaaacbIHBIH TYpPFBIHAApPBIHAA TBIHBIC aAy >KoHe JKypeK-KaHTaMBIp >Kylieci
aypyAapbIHBIH YAeC caaMarbl 3epTTey KblaJapblHAa Pecily0AMKaAbIK KOPCeTKIlTep AeHreliineH
>Korapel 00aapl. KaHIleporeHaik >keke ToyeKkeaJiH MoHI OOJBIHIIIA KOpPFachlH MeH OeH3(a)
MM PEeHHIH KepceTKilTepi >Kedea >KoHe CO3blAMabl acep eTy Ke3iHAe pyKcaT eTiAreH (KOAaliabl)
ToyeKeA AeHreliHeH achlll TycTi. VIHraasmmsaAplK KayilTiH eH >KOrapbl KOAalChl3 AeHreliaepi
©1IIeHreH 3aTTap, eamenreH beamtexkrep (PM, ) 6oribinina 6aiikaaaast. Kasansig atmocdepaabik
ayachblH A9CTYPAi AacTayIIblaapAblH KayilTiAiTiHiH JKMBIHTBIK MHAEKCI THIHBIC ady OpraHjapbIHa
OarpITTaAybIHAA aliTapAbIKTall JKOFaphl 00A4bI.

JKyprisiaren 3epTxaHaAbIK-acHaITHIK 3epTTeydepAiH HoTVKeaepi OOMBIHINIA JKeaea acep
eTy JeHreitiH Oaraaay Ke3iHAe KOMipTeri TOTBIFBIHBIH KayinTiaik Koo PuimeHTTepiHiH MaHAepi
K9CIIIOPBIHHAH OHTYCTIiK-IIIBIFBIC JKOHe IIBIFBIC >KaFblHAa Kapall KOHBICTaHy aliMarblHAa >KOA
OepiaeTiH (K0Aallabl) ToyeKeA AeHrelliHeH eaayip — 17,6 sxoHe 14,7 ece achbIIl TYCTi.

Koprita xearenge, Tapas KaaacblHga XMMUAABIK 3aTTapAblH KeH CIeKTpi OoibIHIIA
aTMocepaablK ayaHbIH JacTaHybl aliTapAbIKTail >KOFaphl JeHreii Oalikaaapl. OaapAbiH
9CepiHeH XaABIKTBIH JeHCayAbIFbIHA aHbIKTaAfaH KayilTep ©a4iM-XiTiMAl, TBIHBIC aaAy
ar3aZapbIiHBIH aypyAapbIMeH, iCiKTepMeH, JKYpPeK-TaMbIp >KoHe JKYJKe Xylieci aypyJapbiMeH
CBHIPKATTaHYyIIBIABIKTEL TOMEHAETY VIIiH eH aAAbIMeH Kaadajarbl 9KOAOTMAABIK, >KaFAaii/bl
caybIKTBIpyFa OarbITTaAfaH >KOCIapAbl TaOUFATThl KOpFay ic-IllapaJapbiH a3ipaeyai >KoHe
KYPri3yai Taaarm ereai.
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PermonaabpHOe 9KOA0rM4IecKoe coctosiame JKaMObLACKOro 3aBoAa «MuHepaabHbie
yaAOoOpeHMs» U BAMsIHVE Ha AeMOorpadpmuuecKyio CUTyaruio HaceAeHUsI

AnnoTanust. CTaThs IOCBAIEHa U3YIeHNIO 9KOAOTMIEeCKol cuTtyaruu B I. Tapas, rae pacroaosxeH
Puanaa TOO «KaszdocdaT» - 3aBos «MuHepaabHble ya00peHus». VccaeaosaHne BEITOAHEHO B paMKax
HaAyYHOTO IpoekTa: «HammonaapHas mporpaMma BHeAPEHUs IePCOHAaAM3MPOBAHHON M ITPeBeHTUBHOI
MeaunuHb B Pecrybanke Kasaxcran» VMIPH OR12165486.

B pesyabTaTe nccaeqoBaHus perucTpupyeMble KOHIIEHTPaIlUK TKeABIX MeTaaA0B B aTMOC(pepHOM
Bo3Ayxe I. Tapas Ob1aM Ha ypOBHe MAU BEIIIE AOMYCTUMOTO perJdaMeHTa pUcKa U ONpeAeAsay IpsaMoe
BAMSAHME BBHIOPOCOB INMPeANPUATUII XUMMUIECKON IpoMbImdeHHOCTH. CyMMapHbI MHAEKC ONacHOCTHU
TPaAUIIMIOHHEIX 3aTpsA3HMTeAel aTMocdepHOro BosAyxa I. Tapas Obla BEICOKNMM I10 HaIllpaBAe€HHOCTU Ha
OpTaHBl AbIXaHNS. JHAUEHMS CPejHEroJOBBIX KOHIIEHTpaIIMil OCTaAbHBIX 3arpsA3HMUTeAe aTMOCPEPHOTO
BO3Ayxa I. Tapas He3HaUMTEABHO IIPEBHITIAAN X pepepeHTHEIe YPOBHI.

B pesyapraTe usydenms »Koaormueckoir curyanum r. Tapad oT BO3AeMCTBUA (PAKTUIECKUX
KOHITEeHTpaIuii aHaAU3MPyeMBIX BeIllecTB OT IIPOMBIIILIEHHO 30HHI 3aB0ja «MMHepaAbHbIe Y00 peHms»
TOO «Kasdocdar», Haba104aeTcsI A0BOABLHO BHICOKUII YPOBEHb 3arps3HeHms: aTMocdepHOro Bo3ayxa 1o
IMTIPOKOMY CITEKTPY BeITlecTB. BhIiBAeHHbIe PICKU 3]0pOBBIO HaceAeHUsA OT UX BO3JVICTBUII TpeOyIoT
pas3paboTKy 1 IMpPOBeAEHNs ILAaHOBBIX HPUPOAOOXPAHHBIX MEpPONPUATUIL, HaIPaBAEHHBIX B IEPBYIO
ouepeab Ha 03J0pPOBAEHIE HKOAOTMIECKOV CUTyanmy B I. Tapas A4s CHUKeHWUS YpOBHS CMepPTHOCTH,
3ab004eBaeMOCTU D0AE3HAMY OPTaHOB AbIXaHS, HOBOOOPa30BaHUAMMU.

KaroueBble caoBa: ®KoJAOTMYeCKas CUTyaIus, OKpyKalomas cpeja, OOBEKTH 3arpsA3HEHIL,
3arpsI3HUTEAN aTMOCPEPHOTO BO3AyXa, SIIUAEMIO0A0TYeCKOe 1CCAeA0BaHue.

B.S. Imasheva', K.A. Askarov?, E.T. Tokbergenov?

"National Children’s Rehabilitation Center, Astana, Kazakhstan
’National Center for Public Health, Astana, Kazakhstan

Regional ecological state of the Zhambyl plant «Mineral Fertilizers» and the impact on the
demographic situation of the population

Abstract. The article is devoted to the study of the ecological situation in Taraz, where the branch of
Kazphosphate LLP — Mineral Fertilizers plant is located. The study was carried out within the framework
of the scientific project: “National program for the introduction of personalized and preventive medicine
in the Republic of Kazakhstan” IRN OR12165486.

As a result of the study, the recorded concentrations of heavy metals in the atmospheric air of Taraz
were at or above the permissible risk regulation and determined the direct impact of emissions from
chemical industry enterprises. The total hazard index of traditional pollutants of atmospheric air in Taraz
was high in terms of targeting the respiratory organs. The values of the average annual concentrations of
other atmospheric pollutants in Taraz slightly exceeded their reference levels.

Asaresultof studying the environmental situation of Taraz from the impact of the actual concentrations
of the analyzed substances from the industrial zone of the plant “Mineral Fertilizers” LLP “Kazphosphate”,
there is a fairly high level of atmospheric air pollution for a wide range of substances. The identified risks to
public health from their impacts require the development and implementation of planned environmental
measures aimed primarily at improving the environmental situation in Taraz to reduce the mortality rate,
morbidity of respiratory diseases, neoplasms.

Keywords: ecological situation, environment, pollution objects, air pollutants, epidemiological study.
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Relationship between blood cholesterol and suicidal behaviour

Abstract. According to the World Health Organization report for 2021, the Republic of
Kazakhstan is among the countries with a high suicide rate in the world ranking, ranking 20th.
The nature and mechanisms of the development of suicidal behaviour in humans continue to
be insufficiently clear. Previously, a number of studies have revealed the relationship between
the level of lipids, in particular cholesterol, and the development of suicidal behaviour. Along
with this, there are studies that have not revealed any connection between suicidal behaviour
and cholesterol levels. Consequently, the role of cholesterol in the development of suicidal
behaviour in humans is an interesting research question. In this regard, we conducted a
literature review to determine the relationship between blood cholesterol levels and suicidal
behaviour. The literature was searched in the databases Web of Science, PubMed, Scopus, and
eLibrary. The search was carried out by the keywords: “cholesterol” or “total cholesterol” and
“suicide” or “suicidal behaviour”. Articles in English and Russian were included. Studies
involving only adult patients were included. As a result of the analysis of 79 articles, it was
revealed that the majority of authors (70%) came to the conclusion confirming the relationship
between cholesterol levels and suicidal behaviour. However, there are a number of studies
that do not confirm the existence of such a connection (17%). Despite the revealed contrast,
there is a small part of the works (13%) that are presented by reviews and meta-analyses and
cannot give an unambiguous answer to the research question we are interested in. Thus, the
revealed contradictions can be explained by the fact that suicidal behaviour is complex and
multifactorial. The use of cholesterol levels as a biomarker in the future would allow clinicians
to obtain a laboratory marker, which, in combination with clinical assessments and symptoms,
can make it possible to make a timelier diagnosis and assess the risks in patients with suicidal
behaviour. However, to date, the mechanisms of this relationship remain unclear, which is the
field for further scientific activity.

Keywords: cholesterol, suicide, self-harming behaviour.
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Introduction

In recent years, according to the Committee on Legal Statistics and Special Accounts of
the Prosecutor General’s Office of the Republic of Kazakhstan, there is a tendency to decrease
suicidal behaviour in Kazakhstan. Thus, in 2021, 4thousand people committed suicide in the
country. In 2022, this figure decreased to 3.7 thousand people. Despite this, according to the
World Health Organization report for 2021, our country is among the countries with a high
suicide rate in the world ranking, ranking 20™. According to the reports of the group of experts
for the United Nations Children’s Fund (UNICEF) over the past ten years, the number of suicides
in the Republic of Kazakhstan amounted to 52-53 per 100 thousand population, with a critical
suicide threshold of over 20 people per 100 thousand population. In fact, the figures are even
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higher, since a huge number of suicides are hidden behind other causes of death, such as road
accidents or accidental poisoning. The presented statistics of commited suicides reflect the scale
of the problem only partially. The ratio of completed suicides, suicide attempts and trends are on
average 1:10:100. In our country, 4.5 thousand people attempted suicide in 2021, and 3.7 thousand
people in 2022. The above statistics confirm the special relevance of this problem for our country.
Since the nature and mechanisms of the development of suicidal behaviour in humans continue
to be insufficiently clear, further research in this area is needed.

Previously, a number of studies have revealed the relationship between the level of lipids, in
particular cholesterol (hereinafter referred to as CH) and the development of suicidal behaviour
[1,2,3,4,5,6, 7]. The first mention of this relationship was noted in 1990 in a meta-analysis of
primary intervention studies in cardiovascular diseases, which showed that cholesterol-lowering
treatment leads to an increase in mortality from diseases, mainly from suicides and injuries
[8]. Along with this, there are studies that have not revealed any connection between suicidal
behaviour and cholesterol levels [9, 10, 11, 12, 13, 14]. Therefore, the role of cholesterol in the
development of suicidal behaviour in humans is an interesting research question and may be a
promising direction in the study of this problem.

In this regard, the purpose of this article is to review the literature on the role of cholesterol
levels in the development of suicidal behaviour.

Methodology

Literature search was conducted in the databases Web of Science, PubMed, Scopus. The
search was carried out by the keywords: “cholesterol” OR “total cholesterol” and “suicide”
OR “suicidal behaviour.” The literature search yielded 190 results, of which 156 articles. This
topic has been sanctified since 1990 [8]. The question has become more and more relevant over
time. And the largest number of articles falls on 2017 and 2018 (17 and 16 articles, respectively).
Articles in English and Russian were included. This review included studies involving only
adult patients. 79 articles were selected.

Results

As a result of the analysis of 79 articles, it was revealed that the majority of authors (70%)
came to the conclusion confirming the relationship between cholesterol levels and suicidal
behaviour. Along with this, there are a number of studies that do not confirm the existence of
such a connection (17%). Despite the revealed contrast, there is a small part of the works (13%)
that are presented by reviews and meta-analyses and do not have an unambiguous answer to
the research question we are interested in. Thus, the revealed contradictions can be explained
by the fact that suicidal behaviour is a complex and multifactorial phenomenon. We grouped
and divided the authors’ information into 3 groups: CH affects suicidal behaviour; CH does not
affect suicidal behaviour and a neutral position.

Authors | Vear, country | Sample | Comment
Cholesterol affects suicidal behaviour
Danbaev S.U. 2008, 3565 people | In young people, high suicidal activity
Kazakhstan is more often associated with low

levels of cholesterol, in older age,
increased cholesterol is a risk factor for
atherosclerosis, which is also associated
with increased suicidal activity.
Davidovsky S.V., 2019, Belarus | 160 people | The lowest values in the blood serum of

Ibragimova Zh.A.,, men were noted in individuals who used
etc. high-lethal methods of self-harm.
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Davidovsky S.V., 2021, Belarus | 224 people In persons who have committed a suicide

Ibragimova Zh.A., attempt, lower levels of TC and LDL in

etc. the blood serum were noted, regardless of
gender.

Ainiyet B., 2014, Poland | 148 people | In patients with depression, low levels

Rybakowski J.K. of TC and LDL cholesterol, TG, and total
lipids may be condition-dependent risk
factors for suicidal behaviour.

Ainiyet B, 2014, Poland | 223 people | A significant association was found

Rybakowski J.K. between suicidal attempts and low levels
of TC, LDL, and TG in patients with
schizophrenia.

Mensi R., Messaoud | 2016, Tunisia | 126 people | A decrease in CH was found in patients

A., Mhallah A., with schizophrenia with a recent suicide

Azizil. attempt, compared with patients with
schizophrenia with long-standing suicides
and a control group.

Messaoud A., Mensi | 2017, Tunisia 313 people For patients with depression, the level of

R., Mrad A., Mhalla cholesterol in blood plasma less than 3.47

A ... mmol/l may indicate a possible risk of
suicide.

Chen S., Mizoue T., | 2019, Japan 146619 In patients who committed suicide, the risk

Hu H., Kuwahara people of suicide increased with a decrease in the

K. .. level of CH for 3 years, before death.

Zhou S.Y., Zhao K., | 2021, Japan 580 people | In patients with severe depression, there

Shi X.,, Sun HK. ... was a decrease in TC, and higher levels of
TG, LDL.

Segoviano-Mendoza | 2018, Mexico | 261 people | There was a significant decrease in serum

M., Cardenas-de la levels of TC, LDL, VLDL and TG in patients

Cruz M.... with depression and suicide attempts.

Aguglia A., Solano | 2019, Italy 632 people | A decrease in the level of CH was

P. ... determined by 3-4 times in patients who
committed suicide.

Ayesa-Arriola R, 2017, Spain 383 people | In patients after the first episode of

Canal Rivero M., depressive psychosis, it was noted that

Delgado-Alvarado CH, LDL and depressive symptoms were

M. ... largely associated with suicidal behaviour.

Horsten M., Wamala | 1997, Sweden | 300 people Low CH levels in healthy middle-aged

S.P., Vingerhoets A., Swedish women were associated with a

Orth Gomer K. higher prevalence of depressive symptoms
and a lack of social support.

Asellus P., 2014, Sweden | 81 people We found a significant correlation between

Nordstrom P., the manifestation of violence in childhood

Nordstrom A.L., and the manifestation of violence,

Jokinen ]J. including towards oneself, in adulthood
(i.e., the cycle of violence) only in the group
with a CH level below the median.

Reddy A, 2020, India 98 people In patients with suicidal attempts,

Kalasapati L.K. nonviolent methods of suicidal attempts
prevailed with elevated CH

Papadopoulou A., 2013, Greece | 51 people There was a decrease in CH in patients

Markianos M. ... after committing suicide attempts.
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Emet M., Yucel 2015, Turkey | 284 people | In women after suicidal attempts, the levels

A., Ozcan H., Gur of CH, LDL and TG were significantly

STA. .. lower in the suicidal group, and the level of
HDL was significantly higher

Yagci L, Avci S. 2021, Turkey | 91 people The indicators of anxiety, depression

and suicidal thoughts were higher in the
experimental group. In addition, vitamin
D, CH and TG levels were significantly

lower.
Daray F.M., Mann 2018, 125 sources | We suggest an association between low
J.]., Sublette M..E. Argentina cholesterol, increased PUFA content from

n-6 to n-3, decreased neurotransmission of
5-HT, inflammation and suicide risk.

Muldoon M.E., 1990, USA 24847 The first mention of the relationship
Manuck S.B., people was when it was noted that cholesterol-
Matthews K.A. lowering treatment leads to an increase in
mortality mainly from suicides and injuries
Fiedorowicz J.G., 2007, USA 74 people Patients with high levels of CH were
Coryell W.H. associated with an increased risk of suicide

attempts in the analysis of survival in
people younger than middle age suffering
from mental illness

Coryell W., 2007, USA 75 people The decrease in CH reflects the risk of
Schlesser M. violence and suicidal thoughts in patients
Reuter C., Caldwell | 2017, USA 128 people | Suicidal veterans were younger, slimmer
B., Basehore H. and had more anxiety, sleep problems and
higher education, had a reduced level of
CH.
Garland M., 2000, Ireland | 200 people | The reported increased mortality in low-
Hickey D., Corvin CH populations may be due to an increase
A., Golden].,, in the number of suicides and accidents
Fitzpatrick P. ... caused by an increased propensity for

impulsivity in these populations.

MaY.]J., Wang D.F., | 2019, China 288 people | In patients with the first episode of severe
Yuan M., Zhang depressive disorder, high levels of CH may
XJ,Long]J. ... be a consequence of suicide attempts and
severe depression

Li H., Zhang X.Y., 2020, China 32 sources It was demonstrated that lower

Sun Q., Zou R, Li concentrations of TC and LDL cholesterol,

Z.J., LiuS.Y. but not HDL and TG, were associated
with suicide attempts in patients with
depression.

MaY.]. Zhou Y], 2020, China 1718 people | At an early stage, patients with depression

Wang D.F, LiY.,, have low CH and more serious symptoms

Wang D.M. ... of anxiety and depression correlate with
suicide attempts.

Shrivastava A., 2017, Canada | 60 people The study suggests lower CH in psychotic

Johnston M., patients with severe suicidal thoughts and

Campbell R., De depression in the early stages of psychosis.

Sousa A. ...

Zureik M., Courbon | 1996, France 6393 people | A study of completed suicides in a large

D., Ducimetiere P. sample of patients over 17 years confirms

the link with a decrease in the level of CH
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Dimeny E., Ban E.,, 2021, 200 people In patients with schizophrenia, a link was

Fekete L.G., Brassai | Romania found between suicidal thoughts and low

A. levels of TC, LDL, TG in patients of both
sexes.

Sankaranarayanan 2020, 28 sources It is noted that a decrease in CH can serve

A., Jenkins Z. ... Australia as a marker of the risk of violence and
suicidal tendencies in psychiatric patients
with schizophrenia

Cholesterol does NOT affect suicidal behaviour

D’Ambrosio V., 2012, Italy 220 people | Clinical parameters played an important

Salvi V., Bogetto F., role in the development of suicidal

Maina G. behaviour (gender, low level of education,
more mania and depression, taking more
medications).

Bartoli F., Crocamo | 2017, Italy 214 people | They do not confirm the hypothesis that

C., Dakanalis A. ... CH and suicide attempts are associated in
patients with severe depressive disorder.

Capuzzi E., Bartoli | 2018, Italy 593 people | The link between the lipid profile and

F., Crocamo C., suicide attempts in people with mental

Malerba M.R. ... disorders has not been fully confirmed.

Cantarelli M.D., 2014, Brazil 86 people In patients with affective disorders, there

Nardin P., Buffon was a decrease in BMI, OT, TG in patients

A, Eidt M.C. ... after suicidal attempts

Vartiainen E., 1994, Finland | 22432 The risk of accidents, suicides and other

Puska P., Pekkanen people violent deaths was not associated with the

J., Tuomilehto concentration of CH in the blood serum,

J., Lonnqvist J., whereas such deaths were more common

Ehnholm C. in smokers and alcohol users.

Zhao K., Zhou S.Y., | 2020, China 740 people | Having studied young patients with

Shi X., Chen].J. ... depression, they did not find a connection
with the level of CH, but they found a
relationship with the level of HDL and
glucose

Park S, Yi K.K.,, Na | 2013, South 596 people The level of TG is associated with suicidal

R., Lim A., Hong Korea behaviour when BMI, TC, LDL, HDL and

]J.P. VLDL did not matter.

Park Y.M., Lee B.H., | 2014, South 73 people Revealed the relationship between TG and

Lee S.H. Korea suicidal thoughts, which does not depend
on both BMI and body weight.

Lalovic A, Levy E.,, | 2007, Canada | 62 people No connection was found. However,

Luheshi G., Canetti depending on the method of death, it was

L., Grenier E., found that in violent suicides, the content

Sequeira A., Turecki of HC in the gray matter is generally lower,

G. especially in the frontal cortex

Neutral position
Razvedovsky Yu. E. | 2021, Belarus | 46 sources The gender aspect of the relationship

between dyslipidemia and suicidal
behaviour remains insufficiently
developed, since most studies on this
problem were carried out with the
participation of men.
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Sen P., Adewusi 2021 Great 23 sources In patients with schizophrenia, the authors

D., Blakemore A.L, Britain found a link between low cholesterol and

Kumari V. suicidal behaviour, only in half of the
studies.

Kulak-Bejda A, 2021, Poland | 66 sources Conflicting results have been reported.

Bejda G., Lech M.

Troisi A. 2009, Italy 76 sources It is obvious that there are some subgroups

of vulnerable people who, unlike most
people in the general population, are
subject to adverse psychological and
behavioural consequences associated with
low levels of cholesterol.

Conroy R.M. 1993, Ireland | 30 sources On a practical level, patients receiving
cholesterol-lowering therapy should be
warned about the need to control the mood
of such patients.

Muldoon M.E., 2001, USA 19 sources Currently available data do not indicate

Manuck S.B., that cholesterol-lowering treatment

Mendelsohn A.B., significantly increases suicidal mortality.

Kaplan J.R., Belle

S.H.

Gokcay H. Balcioglu | 2020, Turkey | 98 sources In patients treated with statins, the

Y.H. frequency of suicidal thoughts increased,
but no connection was found with dietary
characteristics

Abbreviations:

CH - cholesterol

TC - total cholesterol

HDL - high-density lipoproteins

LDL - low-density lipoproteins
VLDL - very low density lipoproteins
TG - triglycerides

PUFA - polyunsaturated fatty acids
BMI - body mass index

Discussion

Cholesterol affects suicidal behaviour:

Most of the authors have identified the presence of a relationship between the level of blood
cholesterol and suicidal behaviour of a person [2, 4, 5, 6]. A study of a large sample of patients
from 2013 to 2018 determined a 3-4—fold decrease in the level of CH in patients who committed
suicide compared to the control group [15]. A large study of completed suicides conducted on a
large sample of patients over 17 years confirms the association with a decrease in the level of CH
[16]. Japanese scientists, retrospectively examining a group of patients who committed suicide,
came to the conclusion that the risk of suicide increased with a decrease in the level of CH for 3
years, before death. In this study, a decrease in mean CH by 0.5 mmol/l was associated with an
18% increase in the risk of suicide [17].

Despite the available information about the presence of a link between low CH in the blood
serum and suicide, the mechanism of the link between lipids and suicidality itself still remains
unclear. It is well known that cholesterol, as a vital component of the cell membranes of higher
eukaryotes, plays a major role in the functioning and organization of membranes. Basically,
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CH is dispersed in a certain order in specialized regions (domains) in membranes [18]. Thus,
these areas are called “lipid rafts” [19], they are the foundation for preserving the structure and
function of the membrane. Earlier it became known that almost all cholesterol in the brain is
produced “insitu” by the synthesis of “denovo”, meanwhile, the selectivity of the blood-brain
barrier prevents its absorption from the bloodstream [20]. However, it is possible that a decrease
in peripheral cholesterol in humans occurs together with modifications of cholesterol in different
synaptic lipid rafts in neurons (using a common regulatory mechanism).

In the central nervous system, the neurotransmitter serotonin plays a key role in deterring
aggressive behaviour. At the moment, there is a theory that describes the effect of serum
cholesterol levels on decreased serotonergic activity of the brain. Thus, in the study, monkeys
with experimentally reduced CH levels had higher concentrations of serotonin metabolites
than monkeys who received a high-cholesterol diet. Consequently, a decrease in the activity of
serotonergic communication leads to instinctive reactions and violent suicidal behaviour [21, 22].

There is also a theory that in lipid rafts, signals from a neurotransmitter can be transmitted
through a certain group of receptors, such as the serotonin 1A (5-HT1A) receptor [23]. A number
of studies have proved the need for the participation of membrane cholesterol in the functioning
of the 5-HT1A receptor [24, 25, 26]. The results of another study showed that lipid fluidity
regulates the binding of serotonin (5-HT) to a greater extent in the brain membranes of mice.
Consequently, lowering cholesterol levels will increase the fluidity of the cell membrane [27].

There is also evidence that the disruption of rafts due to cholesterol reduction significantly
reduces the binding of agonists and the binding of G-protein to serotonin receptors of
5-hydroxytryptamine 1A (5-HT1A) in the membranes of the hippocampus of cattle [23]. Not
to mention the fact that serotonergic signaling is the most important in the organization and
regulation of many neurofunctions, such as behavioural, cognitive and developmental brain
function. Moreover, some studies have found a link between decreased 5-ht activity and
suicide [21].

In addition, we note that a number of researchers have described the crystal structures
of GPCR, including the serotonin 1A receptor, demonstrating evidence of cholesterol binding
sites [28, 29]. At the moment, two possible options have been proposed for how membrane
cholesterol affects the structure and function of GPCR. The first option: by specific interaction
with GPCR. The second way -by changing the physical qualities of the membrane in which the
receptor is embedded [30]. The aforementioned “cholesterol-serotonin” theory also takes place
due to the fact that total cholesterol (hereinafter referred to as TC) deficiency provokes central
neuroinflammation, thus affecting the serotonergic system, thereby increasing aggressiveness
and impulsivity.

Along with this, CH plays an important role in membrane stability and neurotransmission,
which include the transformation of the membrane lipid raft structure, due to the ratio of
cholesterol and n-3 polyunsaturated fatty acids (hereinafter referred to as PUFA), which affect
the activity of membrane-bound proteins such as serotonin receptors and transporters, as well
as toll-like receptors [25]. Thus, low CH levels cause an increased n-6:n-3 PUFA ratio, therefore
contributing to neuroinflammation, since n-3 PUFA exhibit anti-inflammatory properties, at the
same time as n-6 PUFA levels exhibit pro-inflammatory activity and disinhibit two inflammatory
processes [31]. According to some researchers, abnormal monoaminergic neurotransmission
along with neuroinflammation are the leading biological factors underlying suicidal behaviour
[32]. Some studies have associated hypercholesterolemia with depression in mice through
monoaminergic metabolism. They reported higher monoamine oxidase (MAO) activity A and B
in the hippocampus of mice [33].

Therefore, this is a possible reason that high cholesterol levels can cause depression in much
the same way as low levels. Also recently, researchers have put forward an interesting hypothesis
about the existence of a connection between the well-known process of cholesterol metabolism,
as well as the neurobiological basis of suicide risk, through the ability to remove cholesterol
specific to ABCA1 [34].
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Other researchers have suggested that cholesterol influences suicidal behaviour due to
the fact that it plays a leading role in the production of the myelin sheath, in transmembrane
metabolism, the functioning of enzymes, in the synthesis of steroid hormones and the expression
of neurotransmitter receptors [35].

Another researcher proposed a “diathesis-stress” model to explain the relationship
between lipoproteins and suicidal behaviour [36]. The diathesis model suggests considering low
lipid profile numbers as a sign associated with aggression and impulsivity, since they affect
serotonergic transmission in the brain. Along with this, another possible version of the effect of
lipids on suicidal behaviour is that leptin controls the dopamine response to characteristic stress
stimuli not directly related to food [37].

A theory has also been put forward that low concentrations of peripheral lipids, changing
the viscosity of membrane lipids in brain cells, thereby affecting synaptic plasticity, cause
general brain dysfunction [27]. Previous studies have shown that the relationship between lipids
and serotonin may have a basis at the genetic level, since in some patients with a connection
with a short allele of polymorphism of the serotonin transporter gene and lower low-density
lipoproteins (hereinafter referred to as LDL) concentrations [38]. Some researchers concluded
that the relationship between serum cholesterol concentrations and suicidal behaviour in
patients correlated with interleukin-2 and manifested itself at low CH concentrations and higher
triglyceride concentrations [39], while other researchers found that cholesterol-lowering drugs
can have an antidepressant effect through anti-inflammatory pathways [40]. There are studies in
which researchers have suggested that the concentration of PUFA or the balance of omega-3 and
omega-6 PUFA may play an important role in serotonergic function in suicidal behaviour [41].
There is also evidence that a lower total concentration of omega-3 fatty acids and an increased
ratio of omega-6 and omega-3 can disrupt the biophysical properties of the neuronal membrane,
therefore affect the uptake of serotonin, the binding of b2-adrenergic and serotonergic receptors
with their respective ligands, as well as the activity of monoamine oxidase. [42].

Most often, patients suffering from depression are subject to suicidal behaviour. There is
evidence that depressed patients after suicidal attempts have a lower level of CH than depressed
patients without suicidal behaviour and patients without depression at all. As for the severity
of depression, there were no significant changes in blood plasma lipid levels between mild,
moderate and severe degrees of depression. Thus, for patients with depression, the level of CH
in blood plasma less than 3.47 mmol/l may indicate a possible risk of suicide [4]. Other studies of
patients with depression have revealed that there is a high risk of suicide in those patients who
have lower levels of CH, LDL and more psychotic symptoms [1, 3]. In a study with a large sample
of patients after the first episode of depressive psychosis, it was also noted that cholesterol, LDL
and depressive symptoms were largely associated with suicidal behaviour. It was not possible
to find a significant relationship between low concentrations of lipoproteins and more violent
methods of suicide [43]. A study by Belarusian scientists emphasized that the lowest TC levels
in blood serum were observed in men who used “high-lethal” methods of self-harm [44]. In
a later study of the hormonal-metabolic status of individuals who have committed suicide,
the same group of scientists noted lower levels of TC and LDL in blood serum, regardless of
gender [45]. In addition, this study gives reason to believe that the mechanism of the relationship
between cholesterol and suicidal behaviour is based on the inability to fully meet the needs of
an organism under chronic stress, in particular, in the hormone cortisol, which is responsible
for maintaining the metabolic balance of the body under stress. Since cholesterol is the initial
substrate for the formation of cortisol in the cells of the adrenal cortex. The theory was put
forward that the body’s need for enhanced the formation of cortisol can affect an increase in the
utilization of low- and high-density lipoprotein cholesterol from the blood, which can to some
extent affect the content of total cholesterol in blood plasma and, consequently, in the structural
formations of cell membranes (including the brain). Due to the low values of lipoprotein
fractions and hypercortisolemia developed as a result of chronic stress, there is a violation of the
state of plastic and energy metabolism in the body, which leads to a violation in the system of
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neurohumoral regulation, represented by the diencephalic region of the brain, therefore affecting
the functioning of mental functions that control behaviour [45].Other researchers of patients with
severe depression have revealed a decrease in TC, high—density lipoproteins (hereinafter - HDL)
[46] and higher levels of triglycerides (hereinafter - TG), LDL [7]. However, Turkish scientists,
studying women after suicidal attempts, came to the conclusion that the levels of CH, LDL and
TG were significantly lower in the suicidal group, and the level of HDL was significantly higher
[47].In a Stockholm study of healthy women, it was noted that if the serum cholesterol was less
than 4.7 mmol/l, then depressive symptoms were noted. And in the absence of social support, a
low level of CH in the future leads to depression and then to suicide [48].

Patients diagnosed with schizophrenia also often have a high risk of developing suicidal
behaviour. With the help of the study, a decrease in cholesterol was found in patients with
schizophrenia with a recent suicide attempt, compared with patients with schizophrenia with
long-standing suicides and a control group. It is also noted that suicidal behaviour is more
characteristic of paranoid schizophrenia [49]. Examining patients with schizophrenia alone, a
significant association was found between suicidal thoughts, suicidal attempts and low levels of
TC, LDL, TG and total lipids in both male and female patients [50, 51]. It has been suggested that
ethnic differences may play a role in the presence or absence of this relationship [50]. A meta-
analysis [52], a literature review [53] and studies on patients with schizophrenia also note that a
decrease in CH can serve as a biological marker of the risk of violence and suicidal tendencies in
psychiatric patients [54].

There are articles in which the authors came to the conclusion that not only cholesterol
affects suicidal behaviour. For example, in patients after suicidal attempts, not only CH and
TG, but also vitamin D levels were significantly lower than in the control group [55]. The
authors of the literature review suggest a relationship between low cholesterol, high content of
polyunsaturated fatty acids, inflammation and suicide risk [56]. Scientists from Japan noted in
their study that people who committed suicide had higher blood glucose levels than in the control
group [17]. A significant increase in non-disease-related deaths (deaths from accidents, suicide
or violence) was found in the groups treated to reduce the concentration of HC compared to the
control group [8]. The authors of one study made an interesting assumption that people who
experienced violence in childhood with a reduced level of CH have a higher risk of developing
suicidal behaviour [57].Some authors suggest that the increased mortality of the population with
a low level of CH may be caused by an increased tendency to impulsivity in these population
groups and especially if they used violent methods to commit suicide [58, 59, 60]. The results of
other authors also show that a low level of CS is associated with aggression in people trying to
commit suicide [61, 62]. In a study of Vietnam War veterans, it is reported that patients who have
suicidal thoughts or attempts have a significant decrease in the level of CH. In addition, they
were younger, slimmer and had more worries, sleep problems [63].

While most researchers tend to believe that low CH affects suicidal behaviour, on the
contrary, there are works that have noted the connection of suicidal behaviour with high levels
of cholesterol. In a Japanese study with a large number of participants, it was noted that women
with high TC and LDL had a high risk of suicide [64]. Also, the authors who studied patients
with the first episode of severe depressive disorder concluded that a high level of CH may be
a consequence of suicide attempts and severe depression [65]. Researchers have put forward
several possible mechanisms of association between hypercholesterolemia and the risk of
suicidal behaviour. It is described that people with high cholesterol are prone to maladaptive
eating behaviour (overeating), which may be one of the symptoms of depression, which is
a risk factor for suicide [65]. It is also assumed that this relationship is explained by the fact
that the atherogenic lipid profile increases the likelihood of stroke, which in turn increases the
risk of suicidal behaviour [64]. Abnormal lipid profile may also be a sign of other metabolic
disorders associated with an increased risk of suicidal behaviour. One of the mediators of the
relationship between lipids and suicidal activity are omega-3 polyunsaturated fatty acids, the
low level of which is associated with depression and suicidal behaviour [64]. It is also assumed
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that hypercholesterolemia increases the activity of monoamine oxidase (MAO) types A and B,
thus increasing the risk of depression, which in turn is a risk factor for suicidal behaviour [66].
Another group of scientists found that patients with high levels of CH were associated with an
increased risk of suicide attempts when analyzing survival in people younger than middle age
suffering from mental illness [66]. Examining patients with suicidal attempts, a link was found
with a decrease in CH, and nonviolent methods of parasuicide prevailed at elevated levels of
CH [67, 68]. Domestic researchers who observed 3,565 residents in the East Kazakhstan region
for 4 years determined that the risk of suicide in people under 30 years of age increases with
low levels of cholesterol in the blood. When, at the age of more than 50 years, the risk of suicide
increases at high concentrations of CH [69].

Cholesterol does NOT affect suicidal behaviour

However, there are a number of studies that have not confirmed the link between the level of
CH and suicidal behaviour. Many authors who studied patients with mental disorders, including
after suicidal attempts, did not find a relationship with the level of CH [9, 10, 11, 12, 14, 70]. In
patients with bipolar disorder, clinical characteristics such as gender, low level of education,
more manic and depressive episodes and taking more medications played an important role in
the development of suicidal behaviour [12].

In a study of patients with affective disorders, a decrease in body mass index (hereinafter
referred to as BMI), waist circumference and TG was noted in patients after suicidal attempts
[10]. Other authors also concluded that the level of TG is associated with suicidal behaviour,
while BMI, TC, LDL, HDL and very low density lipoproteins (hereinafter referred to as VLDL)
did not matter [70]. A study focused on young patients with depression did not show a link with
the level of cholesterol, but found a relationship with HDL and glucose levels [14].

The results of the study, which studied completed suicides in patients with severe mental
disorders, also found no relationship with the level of blood cholesterol [13]. A large cohort study
conducted from 1972 to 1977 in Finland examined completed suicides and other violent deaths.
The risk of accidents, suicides and other violent deaths was not associated with the concentration
of CH in the blood serum, but such deaths were more common in smokers and alcohol users [71].
When studying the content of CH in the frontal cortex, amygdala or hippocampus in individuals
who committed suicide, no differences were found compared with the control group. However,
when suicide participants were divided into violent or nonviolent groups depending on the
method of death, it was found that in violent suicides the content of CH in the gray matter was
generally lower than in nonviolent, especially in the frontal cortex [72].

Neutral position

Asmallnumber of papers presented by reviews and meta-analyses have come to contradictory
results [73, 74]. According to a systematic review involving patients with schizophrenia, the
authors found a link between low cholesterol and suicidal behaviour in about half of the
studies [75]. Similarly, a literature review conducted by Troisi A. it reflects contradictory data,
and therefore, it becomes obvious to the author that there are certain subgroups of vulnerable
people who, unlike most people in the general population, are subject to adverse psychological
and behavioural consequences associated with a low level of CH [76]. The authors of another
literature review, who have covered the literature for 40 years, found more evidence of the
existence of a connection, but still could not miss the contradictions [77]. There is conflicting
information about the role of statins in suicidal behaviour. Several authors note that in patients
treated with statins, the frequency of suicidal thoughts increased, but no connection was found
with dietary habits, diets [77, 78]. In a meta-analysis that studied methods of reducing cholesterol
and the relationship with suicide, it was noted that statins do not affect suicide in any way,
unlike nutrition [79].
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Conclusion

As a result of the literature review, we received contradictory information. However, more
than half of the analyzed studies (70%) confirm the existence of a relationship between cholesterol
levels and suicidal behaviour. The use of cholesterol levels as a biomarker in the future would
allow clinicians to obtain a laboratory result, which, in combination with clinical assessments
and symptoms, may allow for a more timely diagnosis and assessment of risks in patients with
suicidal behaviour. To date, the mechanisms of the studied relationship are still unclear, which
is the field for further scientific activity.

Funding. This work was supported by targeted financing program BR18574196.
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Kapazandvr meduvyuna yrusepcumemi, Kapazandv, Kasaxcman
“1.H. T'ymuaes amoindazul Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman

Kau xoaecrepuHiMeH cynmATiK MiHe3-KYABIK apacbIlHAAFbI OaridaHbIC

Anpatna. 4AY (dyHnexysiaik JeHcayablK cakTay yibiMer) 2021 >xbrarer eceOiHe calikec, 0izaiH
eaiMi3 2aeMAiK pelTUHITe CyMII/J AeHTIelii >KOraphl eldepAiH KaTapblHa Kipin, 20-11i OpBIHABI adaabl.
Agamaapaa¥rel CyMIIMATIK MiHe3—KYABIKTH 4aMBITYABIH TaOUFaThl MeH MeXaHU3MJAepi o1ige aHBIK eMec.
byran geitin Oip Karap >KYMBICTap AUNMATEPAIH JeHTeliMeH CYMIMATIK MiHe3-KYABIKTBIH JaMybl
apacplHAaFbl OallaaHBICTHI aHBIKTagpl. COHBIMEH KaTap, CYMIMATIK MiHe3-KYABIKTBIH XOJeCTepyH
AeHTelliMeH elTkaHjal OalidaHBICH JKOK Jepekrepae Oap. JeMek, XoaecTepuHHIH ajaMAarbl CyUIUATIK
MiHe3-KYABIKTHI 4aMBITyAaFbl POAi KBI3BIKTEI 3€pTTey Maceaeci 005l TaObLaabl. OcbIraH OaliaaHBICTHI Oi3
XOAeCTepyH AeHrelliMeH CyMIIMATIK MiHe3-KYABIK apachlHAarbl OaliAaHbICTEI aHBIKTaY YIIIiH aje0ueTrepre
IOy >KacaAblK. Oaebuerrepai isgey Web of Science, PubMed, Scopus, eLibrary aepex KopaapbiHAa
KYprisiagi. Isgey «xoaecrepun» HeMece «KaAIlbl XOAeCTepUH» JKoHe «CyMIINA» HeMece «CyUIIUATIK MiHe3-
KYABIK» KiAT co34epi OOIBIHIIA aHBIKTaAAbl. AFBIAIIBIH JKoHEe OPHIC TiaAdepiHAeri MaKadaAap eHri3iaim, Tek
epeceK MalMeHTTep KaTbICKaH 3epTreylep KaMThLAABL. 79 MaKaJaHbl Tadjay HOTVDKeCiHAe aBTOpAapAbIH
Kemiairi (70%) xoaecTepnH geHrelliMeH CyUIIMATIK MiHe3-KYABIK apachiHAAFbl 6aif1aHBICTHI PaCcTaTLIH
KOPBITBIHABIFA KeAreHi aHBIKTaaAbl. Aaaiija, MyHAall OaliaaHBICTHIH OOAYBIH pacTaMalTBIH Oip KaTap
seprreyaepae Oap (17%). AHbIKTaaraH KapaMa-KaliIIBLABIKKA KapaMacTaH, SKYMBICTEIH a3 Oeairi (13%)
III0AyAapMeH YCHIHBLAFAaH >KoHe 0i34i KBISBIKTBIPATLIH 3€pTTey CyparblHa HaKTHI >Kayall Oepe aaMaiiAbl.
Ocplaaiiina, aHBIKTaAFaH KapaMa-KalIIbIABIKTapAbl CYMIMATIK MiHe3-KYABIKTBIH Kypaeadi >KoHe
kendakTopAbl eKeHJirimeH Tycingipyre 604aabl. boaarakra XoaectepuH aeHreitin OuoMapxep peTiHge
naifijadaHy 3epTXaHaAblK MapKepai adyra MYMKiHAIK Oepeai, 04 KAMHMKaABIK OaradaydapMeH >KoHe
Heariaepmen OGipre cynnmATiK MiHe3-KyAKbI Oap HayKacTapaa yaKThLABI AMIaTHO3 KOIOFa JKaHe ToyeKealepai
Darasayra MyMKiHAiK Oepeai. Aaaliga, OyriHri KyHi Oy4 KaThIHACTBIH MeXaHU3MAepi TYCiHikci3 6oAbIIT
TYP, 6Y4 04aH opi FRLABIMU i34ecTipyAiH KaxKeTTiairx 0iaaipeai.

TyiiiH ce3aep: xoaecTepuH, CynIna, o3iHe 31IH KeATipeTiH MiHe3-KYABIK.

A.M. Maxanosa', O.A. ITomamapesa’, P.K. TaTaesa?
!Meduuunckuii ynusepcumem Kapazandv, Kapazarda, Kasaxcman
?Espasutickutl Hauyuonarvhuiil ynusepcumem um. A.H. ['ymuresa, Acmana, Kasaxcman

BsanmMocBsi3b YPOBHsI XO4eCTepyHa KpOBU I CYUITNAAaAbHOIO II0BeeHISsT

Annoranusa. CoraacHo otdety BO3 (Bcemupnasi opranmsanus sapasooxpaHenus) sa 2021 r,
PecriyOamka KasaxcraH BXOAUT B 4MCAO CTpaH C BBICOKMM YPOBHEM CYMIIMAOB B MUPOBOM PeNTHHIE,
sanmnmasi 20 mecto. IIpupoga n MexaHM3MBI pasBUTIS CYUITNAAABHOTO TIOBeAEHM Y AI0AeI IIPOA0AXKAIOT
OCTaBaThCsl HEAOCTATOUHO sICHBIMU. PaHee psi4 padOT BBIABNA B3aIMOCBA3b MeXKAY YPOBHEM ANIINAOB, B
YaCTHOCTH, XOJeCTepyHa U pa3BUTUEM CyMIIMAAABHOTO IosedeHus. Hapsay ¢ otum mmeiorcs paOoOTh,
KOTOPBIe He BBIABNAY HUKaKOI CBS3M CyNIINAAABHOIO II0BeeHIsI C ypoBHeM xoaecTeprHa. Cael0BaTeAbHO,
pOAb XoJAecTepuHa B PasBUTUM CYyMIIMAAABHOTO IIOBEeJeHNsl Y YeAoBeKa IIpeACTaBAseTCsl MHTEePeCHBIM
1CCAe40BaTeAbCKIM BOIIPOCOM. B CBsI3M ¢ ®TMM MBI IIPOBeAM 0030p AUTepaTypsl A4Sl OIpeeleHNsd
B3aMIMOCBSI3M MEXAY YPOBHEM XOJecTepuHa KPOBU U CYUIIMAAALHBIM IToBedeHreM. ITomck auTteparypsr
rposoauacs B 6asax AaHHeIX Web of Science, PubMed, Scopus, eLibrary. [Tonck mpoBoAmAcs 1O KAIOYEeBBIM
caoBaM: “Xxoaectrepun” mam “obmmit Xoaectepun” u “cynnua’ nam “cymimaaanrHoe mosegenne”. boian
BKAIOYEHBl CTaThbyl Ha aHTAMIICKOM M PYCCKOM s3BIKaX. BKaAIOuaamch mccaesoBaHNsA, Ide yIacTBOBAAN
TOABKO B3pOCAble IIallMeHTH. B pesyapraTe aHaamsa 79 crareil ObLAO BBHISBAEHO, YTO OOABIINHCTBO
aBTOpOB (70%) IpUIIAK K BBIBOAY, IIOATBEP>KAAIOIIEMY B3aIMOCBI3b MEXKAY YPOBHEM XOAeCTepUHa U
CyUIIMAaABHBIM T0BeeHneM. OgHaKo MMeeTCs pslj UCCAe0BaHNI, KOTOpBIe He TI0ATBeP>KAAI0T HaAndue
Takoii cBasu (17%). HecMoTp:s1 Ha BBLABAEHHBIN KOHTPACT, nMeeTcs HeboAbImast yacTs padboT (13%), koToprre
IpejcTaBAeHbl 0030paMl U MeTaaHaAM3aMU 1 He MOTYT AaTh OAHO3HAYHOIO OTBeTa Ha MHTepPeCyIOuii
Hac 1ccaeloBaTeAbCKMIT Bompoc. TakuMm o0pas3oM, BBIABAEHHBIE IIPOTUBOPEUNS MOXKHO OOBSCHUTDH

BECTHWK EHY umenu /.H. T'ymunresa. Cepus buorozuveckue nayxu Ne 3(144)/2023 109
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



A.M. Makhanova, O.A. Ponamareva, R.K. Tatayeva

TeM, YTO CyuUIIMAaAbHOe ITOBeJeHue SBASeTCs CAOXKHBIM M MHOTOQaKTOpHEIM. VIcrioab3oBaHue ypoBHs
XoJecTeprHa B KauecTse O1oMapKepa B OyAyIIeM M03B0A1A0 Obl KAMHNUIINICTAM IT0AYIUTDh 4a00paTOPHEIN
MapKep, KOTOPBIii B COYeTaHNM C KAMHUYECKUMY OIJeHKaMI ¥ CMMIITOMaMM MOXKeT IIO3BOAUTD ITOCTaBUTh
0oaee cBOeBpeMeHHbIN AMarHo3 U OL[@HUTh PUCKM Y IMallieHTOB C CyUIMAaAbHBIM nosejeHreM. OgHako Ha
CEeroAHAITHUI AeHb MeXaHM3MBbI JaHHOM B3aMMOCBSI3M OCTAIOTCsl HESICHBIMIU, YTO IIpeAcTaBAseT 1104e AAs
AaAbHeNIIel HaydYHO AesATeAbHOCT.

Karouesble caoBa: xoaecTepuH, caMOyOUIICTBO, CaMOIIOBpesKJalolee IToBeJeHue.
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Mechanism of resistance to beta-lactam antibiotics

Abstract. Acinetobacter baumannii is the most commonly associated human pathogen
withinfectionsin the genus. This opportunistic pathogen causes quite serious infections,
especially in fond patients, and has the ability to quickly develop resistance to new
antibiotics. In the recent past, carbapenems, a. It was the first option in the treatment
of Baumannii infections. But recently there have been many clinics Acinetobacter the
baumannii isolate has acquired resistance to all conventional antibiotics, including
carbapenems. This compilation is Acinetobacter it can refresh our knowledge about
the resistance mechanisms of baumannii; however, his revolution will continue in the
future.
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Introduction

Members of the Acinetobacter family were first identified in 1911, and in the early 1970s
they took their place among nosocomial pathogens in the first in-vitro studies, it was found that
many clinical isolates are sensitive to commonly used antimicrobial agents such as ampicillin,
gentamicin, chloramphenicol, and nalidixic acid, but over time, an increase in the resistance of
clinical isolates to the acinetobacter bauman complex was observed. Today, most of the isolates
are resistant to commonly used antibacterial agents, such as aminopenicillins, ureidopenicillins,
and cephalosporins of a wide spectrum of action, most of them are aminoglycosides,
quinolones, chloramphenicol, and tetracyclines. The multiple drug resistance (OID) occurring
in Acinetobacteria species in recent years has led to the intensive use of carbapenem (imipenem,
meropenem) in the treatment of Acinetobacteria infections. However, today, high resistance to
carbapenems in Acinetobacter clinical isolates is reported worldwide, and some of them are
resistant to all traditional antibiotic agents(20). Some studies have shown that colistin may be
useful for the treatment of infections caused by carbapenem-resistant isolates(18). In addition,
the successful use of sulbactam with activity against acinetobacteria species and various
combinations of antibiotics, such as ampicillin or polymyxin B, imipenem and rifampicin, has
been reported(31,70). Similarly, tigecycline has been stated to be active against carbapenem-
resistant isolates(5).

Recently, however, Acinetobacter resistance to colistin and polymyxin B has also begun to be
reported in baumannii strains (28). These observations have clearly demonstrated the importance
of understanding the resistance mechanisms of bacteria. In this review, the current situation for
the molecular mechanisms of antibiotic resistance of baumannii will be tried to establish.
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Mechanism of resistance to beta-lactam antibiotics

The main mechanism for resistance to beta-lactam antibiotics, including carbapenems, in
Acinetobacter species, is the production of beta-lactamase, encoded either by a chromosome or
a plasmid. In addition to beta-lactamases, resistance can also arise from porin replacement and
modification of penicillin-binding proteins (PBPs). Beta-lactamases can be divided into natural
and acquired.

Natural beta-lactamases

These enzymes are the main feature of the species and can be found in all strains of the
genus or species and can be transferred vertically. Of the natural beta-lactamases belonging
to the Acinetobacter baumannii complex- it is OXA 51-like beta-lactamases and ampC-type
cephaloporinases that have been identified in almost all of the isolates.

OXA-51 like beta-lactamases

This set of enzymes, which is produced by Acinetobacter baumannii species and is a natural
beta-lactamase, is one of the class D oxacylinases. This natural group forms a set of enzymes that,
unlike other known oxacylinases, show up to 63% amino acid homology. OXA-51 gene sequence
analyses show obvious differences from class D motifs when compared with other major OXA
enzyme clusters. At least 18 OXA-51 variants have been detected in various geographical regions
so far(7,60,62). These variants differ from each other by modification of 1-15 amino acids. But
all these enzymes exhibit weak carbapenemase activity, and none of the cephalosporins, except
cephaloride, a substrate weaker than ampicillin, is hydrolyzed by these enzymes. Apparently, the
expression level of these genes and related enzymes is low. A. Of the members of the baumania
OXA-51 enzyme cluster, only OXA-69 play an active role in resistance to all beta-lactams,
including carbapenems. The genomic source of a cluster of enzymes similar to OXA-51 is still
unknown. Perhaps as a mechanism of resistance to soil microorganisms producing antibiotics,
or caused by unknown organisms and integrated into the chromosome. Regardless of the source,
members of the OXA51 enzyme cluster are not found in other species of acinetobacteria, despite
the natural structure in almost all Acinetobacter-baumanni isolates[37]. It has been suggested that
these enzymes are often present in combination with acquired OXA-type enzymes belonging to
other clusters, and under certain conditions may play at least a synergistic role in resistance to
carbapenem][68].

AmpC-type cephalosporinases

The presence of the enzyme cephalosporinase in all species belonging to the Acinetobacter-
baumannii complex is observed. Some variations in the properties of this enzyme are observed
dec different types of bacteria. However, it is known that the Acinetobacter ampC gene originates
from a common lineage and is more closely related to each other than the ampC genes found
in other bacterial lineages. In addition, october to the similarity of the amino acid sequences
of Acinetobacter ampC beta-lactamases, it can be assumed that these enzymes come from
a single enzyme family. This condition, supported by phylogenetic analyzes, has been called
Acinetobacter-induced cephalosporinases (50).

The enzyme quite effectively hydrolyzes first-generation cephalosporins, ureidopenicillins
and aminopenicillins. It does not reduce the effects of broad-spectrum cephalosporins when
they are expressed at the basal level. However, the addition of an insertion sequence (IS) to the
upper part of the bla gene triggers the production of high levels of betalactamase. An increase in
the level of the enzyme causes a high level of resistance to broad-spectrum compounds such as
cefotaxime and ceftazidime(50).

According to IS terminology, ISAbal has a length of 1180 bases and carries reverse repeats
of the terminal 16 base series belonging to the IS4 family. Its placement has been shown to be 9
bases away from the starting codon of the ampC gene. ISAbal is replaced by the main supporting
sequence regulating the expression of ampC at low levels, and a new supporting sequence is
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formed. The splicing event also results in nucleotide exchange of the binding sites of the ampC
gene to the ribosome. However, it is known that nucleotide change in ribosome binding sites
does not change ampC gene expression and that high levels of expression are associated only
with the presence of ISAbel. Although it has been found as a few copies in ISAbal Acinetobacter
species, it has not been shown so far in other organisms such as Enterobacter or Pseudomonas
aeruginosa (24,34,51).

Acquired beta-lactamases

Broad-spectrum beta-lactamases (GSB)

Plasmid-mediated acquired betalactamases in Acinetobacter species were first raised by JUL,
and then by the demonstration of SHV enzymes. Resistance to ampicillin, carboxypenicillins and
ureidopenicillins has been attributed to the presence of these enzymes, but it has been emphasized
that they are not active against broad-spectrum cephalosporins and carbapenems(4). It is not
always easy to detect GSBLS in Acinetobacters. This can be shown if special efforts are made to
detect enzymes. Thus, in the first studies, PER-1 enzymes from Turkey, VEB-1 from France, SHV-
12 from China, and CTX-M enzymes from Japan were reported (26,39,40,63).

Although these genes are mostly acquired in relation to plasmids in other bacteria, it has not
yet been revealed by which mechanism exactly Acinetobacter species acquire these enzymes. It
has been shown that the blaVEB1 gene in Acinetobacter baumannii strains isolated from France is
associated with the class 1 integral structure in Paeruginosa isolates(45).

Similarly, the THU-1 gene is shown to be a chromosomally localized transposon fragment,
p.it is limited to ISPal2 and ISPal3 found in aeruginosa isolates and has been identified to have
a 63% similarity at the amino acid level with IS4(43). Therefore, it has been hypothesized that
the chromosomal location of the genes in question is caused by the transposition event following
the transfer and plasmid loss. But currently, these genes are known as regions that are integrated
into the chromosome and cannot be transferred.

Metallo-beta-lactamases (MBL)

Currently, there are six known groups of acquired ML (IMP, VIM, SIM, SIM, SIM, and GSM).
Of these, UTIs, VIM, SIM, and GSO were registered in clinical isolations of Acinetobacter species
(Chart). At least 19 variants are known in the UTI group, grouped into 7 phylogroups. Nowadays,
Acinetobacter Baumanni has identified six variants of IMP (IMP-1, IMP-2, IMP-4, IMP-5, IMP-6,
IMP-8, and IMP-11), of which three are different phylogenes (46,67).

While in Europe, especially in the Mediterranean countries, there is limited notification of
isolates of acinetobacteria carrying genes encoding these enzymes, some Asian countries seem
to be endemic to isolates carrying these genes.

So far, Acinetobacter in Baumanni, VIM enzymes are found quite rarely. Only VIM-2 came
from South Korea and VIM-1 from Greece (58.69). Acinetobacter rarity in SIM, like VIM, only in
Korea.It is reported in Bauman clinical isolations (29).
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Table A

The mechanisms of antibiotic resistance that baumannii have (3, 21, 33, 48, 57, 71)

Antibiotic/ Resistance | Group/ Gene Antibiotic/ Resistance Group/ Gene
mechanism mechanism
For beta-lactams ampC (ADC1-7) For aminoglycosides AAC-2,-3,-6 SAT-2
Beta-lactamase VEB-1,-2 Enzymatic degradation ANT-2,-3 APH(3)-],
Natural PER-1,-2 Acetyltransferase -IL,-1IL-IV APH(3")-
Class A/frequently seen | TEM-92,-116 Nucleotidyltransferase I adeABC
SHV-5,-12 Phosphotransferase
CTX-M-2-3 adeM
Efflux pump armA
SCO-1
Class A/ rare 16srDNA
metiltransferazyy
Carbapenemase OXA-51 similar For quinolones
OXA-23
OXA-24 DNA gyrase/ gyrA/parC adeABC
topoisomerase adeM
Class D oxacylinase OXA-27 Efflux pump abeS
OXA-37
OXA-40
Metallo-beta-lactamase | OXA-58 similari For chloramphenicol adeABC
VIM Efflux pump adelJK
For trimethoprim/ cmlA
Class A IMP SIM sulfamethoxazole Efflux craA
carbapenemase pump abeS
Outer membrane GES-11
proteins carO Dihydrofolate synthetase
Dihydrofolate reductase
Efflux pump HMP-AB
33-36 kDa protein | For macrolides
For tetracyclines 43 kDa
Efflux pum
Efflux pump protein prmp adeM
Ribosomal target For glycylcycline
exchange adeABC Efflux pump . adeABC pmrAB
For polymyxin arr-2
PBP2 change
tetA, tetB
adeABC tetM

In Acinetobacter isolates, IMP and VIM variants have strong hydrolytic activity against
carbapenem (>32 mg/L) and other betalactam antibiotics (except aztreonam) and are highly
resistant. Interestingly, the isolates producing SIM-1 have a low MIC level for carbapenems (8-
16 mg/L). Among beta-lactams, only cefepim and cefpir and a smaller amount of piperacillin-
tazobactam have activity against decomposition strains.
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Analysis of DNA sequences of MBL decoding genes showed that the Blamp blaVIM and
blaSIM genes are present in the form of gene cassettes attached between the preserved regions of
Class 1 integral structures. It can also be assumed that gene cassettes encoding MBL are usually
associated with other antibiotic resistance cassettes, especially those encoding enzymes that
modify aminoglycosides.

Oxacylinases

Class D oxacylinases are betalactamases that hydrolyze oxacylins,are not common, and
are called carbapenem-hydrolyzing oxacylinases (KHO). Currently, more than 120 D-group
betalactamases have been identified, of which about 45 show KHO activity(66). A.baumannii
species produce natural class D oxacillinase belonging to the OXA-51-like enzyme cluster with
weak carbapenemase activity. In addition, three october of acquired class D oxacylinases with
activity against carbapenems have also been identified, it has been emphasized that the hydrolytic
activity of these enzymes against carbapenems is quite low compared to the MBL class(68).

HO, acquired in Akinetobacter, was first shown in 1985 at the University of Edinburgh. After
a genetic and biochemical study of the enzyme, it was named OXA-23(42). OXA-23, A. It has a
56% amino acid similarity with enzymes like OXA-51 naturally occurring in baumannia, and is
the first representative of HO(7). Later, OCSA-27(1) was released from Singapore. It was shown
that OXA-27 is separated from OXA-23 by the displacement of Thr/Ala and Asn/Lys at positions
DBL95 and 247, respectively(46).

In studies, it has been shown that ISABEL belonging to the IS4 family is always located in a
region close to the blaOXA-23 gene(59).

This suggested that ISABEL plays a regulatory role and plays a key role in the expression
and possibly acquisition of blaOXA-23. Similarly, it has been reported that ISABA4 belonging to
the IS982 family is located in a region close to blaOXA 23, such as ISAbel, and its importance has
been emphasized while information about its role has not been provided(46).

The second cluster acquired includes HOXA-24, OXA-25, OXA-26 and OXA-40. These
enzymes showed a 60% similarity of amino acids with OXA-23 and 62% similarity with OXA51
enzymes(46). Many of the enzymes in this cluster appear to be close variants of each other. OXA-
26 was first shown in an isolation ward in Belgium(1). OXA-40 in Spain and Portugal is reported
to be common in Baumannia isolation wards(13). The third potential cluster of acquired CHO is
OXA-58, which was first detected in France(44). OXA-58 has a 59% similarity with the OXA-51
set of natural enzymes(46). OXA-58 type enzymes have been detected in different geographical
regions all over the world(12,35,46). A of OXA-58 it has been reported that it reduces sensitivity
to carbapenems when expressed in baumannii and leads to high carbapenem resistance in the
case of overexpression(23).

There is not much information about the origin or possible acquisition mechanisms of KHOS.
It has been shown that the genes encoding OXA-23 and OXA-58 in some species are also encoded
by the plasmid and spread polyclonally(36,44). However, until now, it has been observed that the
KHOS identified in Acinetobacter are chromosomally encoded. In OXA-40 sequence analyses
obtained from many strains, no evidence was found regarding the mobility or transmission of
the gene region. Although OXA-58 is not always surrounded by IS elements, which are usually
involved in its expression(44) .The IS elements in question were not considered to be effective in
acquiring the OXA-58 gene. However, in the OXA-58 gene analysis of a strain isolated in France,
it was shown to have a 27-bp long repetitive DNA fragment and it was stated that this fragment
may play a role in the recombination process(47).

Changes in outer membrane proteins (OMP)

Although the first reports on carbapenem resistance in Acinetobacter species reported that
the permeability disorder was associated with a change in porin proteins, the details of the issue
were provided through molecular information obtained in recent years(11). A 33-36 kDa OMP
associated with carbapenem resistance in A baumannii was cloned in 2005 and sequence analysis
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was performed. With this data, it has been shown that the amino acid sequence and content of
OMP are similar to those in other Gram-negative bacteria.

As aresult, as with other Gram-negative bacteria, Acinetobacter high glycine content of OMP
in baumannii, lack of cysteine residues, negatively charged, absence of moderate hydrophobic
residues, similarity of transmembrane, membrane and cell surface proteins shown by OMP
functional protein analyses of 33-36 kDa can be counted(14). Related studies have shown that
OMP loss of 20-kDa is associated with imipenem resistance in Acinetobacter clinical isolates that
do not show detectable carbapenemase activity(32).

Imipenem and meropenem resistance have also been associated with a heat-exchangeable
OMP loss of 25-29 kDa called CarO(54). It has been observed that carbapenem resistance occurs
after degradation of CARO by recombinant genes added to the CARO protein, and CARO A. The
hypothesis that it is related to the flow of carbapenem into the baumannii has been put forward.
Another interesting fact is that by studying the data obtained so far, it has been determined that
CARO homologues are found only in the genera Acinetobacter, Moraxella and Psychrobacter(38).

Finally, Acinetobacter at the same time, baumannii p.it has been shown to have a D2 porin
homolog (OprD) of 43-kDa, which is known to be associated with carbapenem resistance in
aeruginosa(15).

Penicillin-binding proteins (PBP)

In studies, it has been shown that Acinetobacter change in penicillin-binding proteins is
also associated with betalactam resistance in Acinetobacter-baumannii. In the studies where
carbapenem resistance was investigated; resistant mutant Acinetobacter it has been reported
that baumannii strains overproduce PBP of 24-kDa, but also that the other six PBPs possessed
by the bacterium, compared with susceptible strains, are expressed at lower levels by resistant
mutant strains(19).

In this study, the relationship of sulbactam, clavulanic acid and tazobactam of PBPs belonging
to imipenem-resistant and sensitive A baumannii isolates was investigated; it has been shown
that all betalactamase inhibitors bind to PBPs of imipenem-sensitive isolates(61).

This observation is Acinetobacter it has been interpreted that invitro of betalactamase
inhibitors against baumannii may help to explain its natural antimicrobial properties. However,
the current formulation, which is still formulated for clinical use and shows invivo efficacy,
appears to be only sulbactam.

The mechanism of resistance to aminoglycosides

Acinetobacteria species have higher resistance to aminoglycosides than many other groups
of pathogens(6). Resistance to aminoglycosides in Acinetobacteria species is mainly due to
the production of enzymes that modify aminoglycosides. The presence of all aminoglycoside-
modifying enzymes identified as acetyltransferase, adenyltransferase, and phosphotransferase in
Acinetobacteria species has been shown. It was also emphasized that Acinetobacter haemolyticus
and related genomic groups are naturally resistant to aminoglycosides due to the synthesis of
natural acetyltransferases.

It has been reported that other mechanisms of resistance to aminoglycosides are associated
with changesinthe targetribosomal protein and the transfer of aminoglycosidesinto the cell(21,53).
Aminoglycoside resistance genes are gene cassettes that are part of the Class 1 integral structure
found in Acinetobacteria species. It has been shown that the spread of aminoglycoside resistance
genes in Acinetobacteria species occurs through various genetic mechanisms, including plasmid
and transposon transfer. It has also been emphasized that the genes responsible for resistance
and enzymes modifying aminoglycosides are also present in other gram-negative bacterial
breeds, these genes and enzymes are nonspecific (41,52).

The mechanism of resistance to quinolones
Until 1990, quinolones showed fairly good activity against acinetobacteria species, but
subsequently clinical isolates rapidly developed resistance to these antibiotics. As with other
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gram-negative bacteria, resistance caused by a mutation in the region encoding enzymes
and encoding chromosome localized genes often involves a structural change in DNA gyrase
(topoisome-fold II) or topoisomerase IV. The DNA gyrase consists of two Acinetobacter subunits
and two B subunits encoded by the girA and Girba genes, respectively. Similarly, topoisomer IV
consists of two subunits encoded by the parC and parE genes, respectively. Acinetobacter the
most common resistance to quinolone in baumannia is the 83rd GEAR of the mutational type.

This is the replacement of Leu with Ser in its codon, which leads to the fact that the MIC of
ciprofloxacin is >4 mg/1. High resistance to ciprofloxacin (MIK >64 mg/L) usually requires double
mutations in the gyrA and parC genes. The most frequent mutation in the PARK is 80. In the
codon, thisis a change of Leu, not Ser. Minor changes in resistance between isolates may also be the
result of changes in the permeability of the drug and/or affecting its decomposition(30,33,64,65).
With a single mutation in the Ser-83 code of the gyroscopy gene in clinical isolates, the MIC value
for ciprofloxacin is up to 32 mg/l, while the MIC value for moxifloxacin remains at 1 mg/l, while
in the MIC gene for clinical isolates resistant to moxifloxacin (MIC >2 mg/l) is 80. It has been
shown that there is a second mutation in its codon(55).

The mechanism of resistance to tetracycline and other antibiotics

Tetracycline-resistant bacteria often express one of two different resistance mechanisms called
a bubble pump or ribosomal defense system. Various genes from THETA to THETA have been
identified for tetracycline resistance in gram-negative bacteria[27]. It has been stated that these
genes are usually associated with plasmids or transposons, and for species of acinetobacteria this
general rule is justified. Thus, Acinetobacter in clinical isolates of baumania, a transposon similar
to Tn-1721 carrying the THETA gene was shown.

Asis the case with other gram-negative bacteria, Acinetobacter the most common tetracycline
resistance genes in baumania clinical isolates are THETA and TETB. In addition, these genes
are usually present in combination with the nonspecific gene of the October pump adeB(27).
A.In Acinetobacter species located outside baumannii and isolated from environmental samples,
the situation seems to be different. It has been reported that these species have tetracycline
resistance markers that have not yet been fully disclosed(2). The glycylcycline group is a new
agent, tigecycline is broad-spectrum and has the same binding site on ribosomes as tetracyclines,
but is not affected by the aforementioned resistance mechanisms for tetracyclines. However,
recent publications have also begun to report resistance of up to 10% for tigecycline. There is no
information about the source of the resistance in question yet.

Rifampicin is sometimes used as a member of a combination therapy for multidrug-resistant
infections caused by Acinetobacter species. A high level of rifampicin resistance in Acinetobacter
species occurs due to a spontaneous mutation in the rpoB gene localized in the chromosomally
ribosomal polymerase subunit, similar to that observed in other Gram-negative bacteria. However,
the presence of the arr-2 gene (encoding the enzyme rifampicin ADP- ribosyltransferase) in the
integron-located gene cassette of Acinetobacter isolates has also been identified(25) .

The arr-2 gene cassette appears to be a major influencer of rifampicin resistance, a high MIC
value for rifampicin and a decreased inhibition zone with disc diffusion was detected in arr-2
positive isolates, while the opposite was observed in arr-2 negative isolates (<14 mm)(56).

Acinetobacteria species have a low level of resistance to trimethoprim. But a high level of
resistance is associated with the acquisition of a gene encoding dihydrofolate reductase. The
conducted studies have raised doubts about the presence on the chromosome of the dhfr gene
associated with the corresponding trans-poson or integral structure of Tn-7, providing a highly
active integral system[57]. Similarly, chloramphenicol resistance genes in Acinetobacteria
species are associated, in particular, with transposons of the Tn21 family integrated into the
host chromosome. Bacterial plasmids, most of which are unstable in Acinetobacteria species,
can be acquired by Acinetobacteria species that do not have plasmids under high pressure of
antibiotics in a hospital environment, and the transfer of resistance genes from cassettes to the
acinetobacteria genome can occur [9,16].

BECTHWK EHY umenu /.H. T'ymunresa. Cepus buorozuveckue nayxu Ne 3(144)/2023 121
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



R. Khalilov, M. Mammadova, Sh. Abdullayeva

Multidrug efflux systems

In addition to specific efux pumps for special antibiotic agents found in Acinetobacteria
species, a multiple efux October system was identified, chromosomally encoded in Gram-
negative bacteria. The main efux systems that cause a decrease or inactivation of the action of
antimicrobials are expressed in the form of a supercomputer supercomputer, a family of resistant,
a family of ATP-binding cassettes, a small family of resistant to multiple drugs and a family of
extrusion drugs and toxic substances[48].

When it comes to clinical resistance, a family of decompilation resistance divisions is
distinguished between these main affix systems. A. In Baumania, the adeABC-efux system
belonging to the family of resistant nodulation divisions was identified, and its role in
aminoglycoside resistance and its relationship with reduced sensitivity to chloramphenicol,
fluoroquinolones, trimethoprim and cefotaxime was clearly defined[33]. In addition, the
adeA, adeB, and adeK genes are often present; they also show an association with the adeA
and adeR genes (48.57). In Acinetobacter isolates, resistance nodulation division (RND) family
efflux system called adeDE has been detected. The activation in the adeE gene has been stated
to be associated with decreased susceptibility to amikacin, ceftazidime, chloramphenicol,
ciprofloxacin, erythromycin, ethidium bromide, meropenem, rifampicin, and tetracycline (8).

A secondary active efflux system called adeXYZ has also been detected in Acinetobacter
isolates. However, the potential role of this new system in antibiotic resistance has not been
fully revealed. This leads to the idea that the system in question has a role in other special cell
functions. A set of genes homologous to adeXYZ was also detected in Acinetobacter baylyi ADP1,
but A.it has not been shown in baumannii isolates.

The role of integrons

Integrons are DNA elements containing genetic markers as a component of the region-
specific recombination process that recognizes and captures mobile gene cassettes(22). Therefore,
integrons contain adjacent recombination sites to which genes and gene cassettes can be attached
for integrase. It has been shown that gene cassettes captured by integrons in most cases encode
resistance to antibiotics and disinfectants(17). It has been shown that class 1 and class 2 integrons
are also common in clinical isolates of Acinetobacter species(3). It has been stated that integrons
isolated from Acinetobacter may play a role in the resistance of beta-lactam, aminoglycoside,
chloramphenicol, trimethoprim and rifampicin(57).

Conclusion

In recent years, a limited number of new antibiotics have been developed and approved for
the treatment of infections. Although the effectiveness of these antibiotics is considered to be
different, they have fundamentally the same mechanisms of action. In addition, of these new
agents, only colistin, sulbactam, ertapenem, and tigecycline are effective for Gram-negative
bacteria. Acinetobacter given that baumannium has a natural resistance to ertapenem, colistin,
sulbactam, and tigecycline seems to be an alternative. Often found in intensive care units
of hospitals as an infectious disease specialist. In the fight against strains of baumania, new
antibiotics are needed, as well as the correct and rational use of existing antibiotics. In the first
hours after admission of patients to such units, it is necessary to determine whether the patient
hospitalized in the department was colonized by resistant strains, and colonized patients should
be isolated as much as possible from the safety of other patients.
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P. Xaamaos, M. Mamegosa, Ill. AGayaaaeBa
baxy memaexemmix yrnusepcumemi, baxy, ©sipoaiixan

bera-aakTamMabl aHTMOMOTHMKTepre TO3iMAiAiK MeXaHM3Mi

Anparna. Acinetobacter baumannii MHQEKIMACH OCBl aypy TYPiHiH eH >Xui ajaM KO3ABIPFBIIILI
Ooapin Tabblaaabl. Bya ImapTThI-IIaTOTeHAl KO3ABIPERIII ©Te ayblp MHQeKIsAapAbl, acipece epeKiie
KyTiMAl KakeT eTeTiH HayKacTapja TyAbIpaAbl KoHe >KaHa aHTUOMOTHUKTepre TO3IMAiAIKTI Te3 JaMBITy
myMKiHAiriHe ne. Conrpl yakbITTa A. baumannii vnpexnmsaaapeiHemaeyre 6ipintmi 60apm KapOaneHeMepre
TaHAay >Kacaaabl. bipak COHFBI yakpITTa KAMHUKadapaa A. baumannii uM3oasTTapbl OapAbIK AdCTypAai
aHTMOMOTHKTepTe, COHBIH illiHAe KapDalleHeMJepre Te3iMAiAiKTi KepceTeTiH >Kafjaiaap Kenl 0oayaa.
A. baumannii KapCBLABIK MeXaHU3MAepi Typaasl O0ya Makaaa 6iaiMiMisai >kaHapTysl MYMKiH, Oipak OHBIH
DBOAIOLIVSICHI OOAaIIaKTa >KaAFachlH TabaAbl.

Tyviina cesaep: Acinetobacter baumannii, KO3ABIPFBIIL, MUKPOOKa KapcChl IIpeltapaTTap, aHTUOMOTUKTEP,
IITaMM.

P. Xaamaos, M. Mamegosa, I11. AGayaaaeBa
baxunckuii zocydapcmeerinotii yrusepcumem, baxy, Asepoatioxar

MexaHn3M pe3sncCTEHTHOCTU K OeTa-aaKTaMHBIM aHTMOMOTHKAM

AnHOTanms. Acinetobacter baumannii siBAsieTcs HanOOAee YaCcTO aCCOLMMPOBAHHBIM Ye/10BeYeCKUM
IIaTOTeHOM ¢ MHQpEKUVAMI I0400HOTO poda. DTOT YCAOBHO-IIaTOI€HHBIN BO30YAUTEAD BHI3BIBAET 40BOABHO
cepbesHble MHPEKITUU, 0COOeHHO Y OOABHBIX, HYy>KAAIOIINXCsI B 0COOOM yXoge, 1 004ajaeT ClIoCOOHOCTBIO
OBICTPO BBIpaOaTHIBATh YCTOMUYMBOCTD K HOBBIM aHTUOMOTIKaM. B HegasHeM mmporaoM KapOarieHeMbI ObLAN
IIEpBBIM BBIOOPOM B AedeHn MHQPEKINI, BhI3BaHHEIX A. baumannii. Ho B mocaesHee Bpems B KAMHMKAX
HabAI04aeTcsi MHOXKECTBO CAydaeB, KOTAa M30AATHl A. baumannii IpnoOpeTaloT yCTONIMBOCTL KO BCeM
TpaAMIIMOHHBIM aHTUOMOTIKAM, BKAIOYas KapOarieHeMbl. DTa KOMIUASAIINS O MeXaHIU3MaX yCTOMIMBOCTI
A. baumannii Mo>XeT OOHOBUTD HAIllM 3HaHM:, O4HAKO ero DBOAIOIN OyAeT IIPOAO0AXKaThCA B OyAyIeMm.

Karouesnie caoBa: Acinetobacter baumannii, BO30yauTeAb, IIPOTMBOMMKPOOHBIE IIperaparsl,
AHTUOMOTUKY, IIITAMM.
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