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BMNOAOTUSAABIK FBIABIMAAP
. BIOSCIENCE/BMMIOAOI'MYECKIUE HAYKN

MPHTI 34.39.19
A.b. Kapab6aaaesa'®, C.)K. Mioaayaaaesa?, Il1.b. A6naosa?,
A.b. berenosa?, M.T. Cyaerimenosa®, K.A. XKymaryaosa*
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PacnpocTpaHenHbie mp00aeMbl 340pOBbs 3pUTEAbHOM
CHCTeMBbI CTYAeHTOB YHuUBepcuTeTa B I. Knisbraopaa

AnnoTarust. Cocmosiue SpumeAbHoil CUCTEMbL S6ASMCS HACHILIO 300p06bs AUUHOCHIU.
O0HuM U3 6AXKHLIX MOMEHINOE 00paA306amMeAbH020 Npouecca 6 6yse, HApsdy ¢ NOAYUeHUeM
KavecmeernHozo 00pasosanusl, sAéAsemcs coxpanerue 300posvbs o0yuarouyuxcs. IToxasameru
APPexmusHocmu  COCHOAHUSL SPUMEADHOI CUCTEMbL CIYOeHM06 XapaKmepusytom cienemo
adanmueHOCMY CUCEMbl K GbINOAHEHUT0 NOCABACHHBIX 3A0a4 U A6Aomcs 0000waouumu
NOKA3AMEAIMU ONMUMAALHOZ0 GYHKIUOHUPOSAHUS SPUMEADHOI cucembl. B terom nayumvie
UCCACOOGAHUS 3PUMEALHOT CUCTEMDL KAk pecypca obpabomky UHGOpMAyuu paseucaroncs
AHANOZUNHO  UCCACOOBAHUAM — 3PUMeAbHoz0 anaiusamopa. Ilod «3doposvem — cmyderma»
NOHUMAIONCS 00EKMUGHBIe NOKASAMEAU U CYOLEKMUGHOe YYECHIE0 KOMNAEKCHOZ0 COCTNOAHUS
U 2APMOHUL, XAPAKMEPUSYIOU|UECs XOPOULUM CAMOUYECTNEUEM, COLUAALHBIM OAAZONOAY UEM U
svicoxoti pabomocnocodHocmbvro. Ilposedero uccaedosariie MemodoM AHKeMUPOSaHLs, KOmopoe
0bIA0 HANPABAEHO HA OUEHKY 0C6e00MAEHHOCTIU CHTYdeHuecko20 HaceAerus 6 2opode Kotsviaopda
00 00uux 2aazHvix Oorestax. ITpusedervl pesyrvmamovl AHKeMUposaHus no uzuexe 2Ads u
OCHOGHDIM  2AA3HLIM  3a00Ae6aHUAM. Boulssrenvt npouenm 0c6edoMAeHHOCHIY CIYOeH08 U
cocmositue 300pogbs 2aas. IIpedocmagaenol 6bl6000l U peKOMeHOAUUU N0 pelueHuto npodAembl
HedocmamouHoi 0céedoMAeHHOCHU 6 JaHHoM acnekme. Ha cezodnsunuii deHo 00HUM U3
€noco00s nogvlleHUs YpPosHA SHAMULL 0 PYHUUOHUPOSAHUU 3PUMEADHO20 AHAAUSAMOPA,
3000A€6A6MOCHIU 2AA3 U NPOPUAAKTNULECKUX MEPONPULINUTL A6ATIOMCS NPOOSUXKeHUE NPOZPAMM
UHPOpMUPOSAHUS. 0 300p06be, PASPAOOMKA IAKMUBH020 KYpca 10 (PUSUOAOUU CeHCOPHBIX
cucmem Herosexa 6 pamrax npedmema «Dusnor02usl Hero6eKa».

Kalouesble ca0Ba: 2Aa3, 2AasHble 3000Ae6aH1USl, 0C6e00MACHHOCIID, CYXOTl 2AA3, NOmeps. 3peHUSL.

DOI: 10.32523/2616-7034-2021-135-2-6-17

BBeaenue

B mepsble TOABR 00pa3oBaTeABLHOTO IIpollecca CTYAeHT II0AydaeT IIPMMEPHO II0AOBUHY
nHpopManmy, CBA3aHHOI C ero OyayIren ImpogeccroHaAbHON AesATeAbHOCThIO. IIpn ®ToM Goabimmas
JacTh ee IPOITyCKaeTCs Yepe3 3pUTeAbHbIN aHaAM3aTop. YBeandeHne oobeMa Harpy3Ky Ha 3pUTeAbHBII
aHaAM3aTOpP, IO MHEHMIO Bpadell, SIBASeTCsI OAHOM 13 OCHOBHBIX IIPMYMH HapyIIeHnii pyHKIIUM OpTaHa
spenus. [1]. Co ckopocTbio pas3suTus MHPOPMAIMOHHO-KOMMYHIKATUBHBIX TEXHOAOTUI, yBeANIeHIIs
MalllMH, YXYAIIEeHUs 9KOAOTMYECKOTO COCTOSHMS Omocdeprl, HapyIleHMs peXXumMa IUTaHN
YBeANYMBAETCS U CKOPOCTh YXYAIIIEHIUs OCTPOTHI 3PEHIsI, U 4eA0BedeCcTBO Bce 0OAbIIe CTaAKMBAeTCA C
TaKUMU IA1a3HBIMU 3a001€BaHMAMM, KaK CMHAPOM «CyXOTO Ila3a», MUONN, OANU30PYKOCTD, CIIa3M
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A.B. Kapabanaesa, C.2K. Moadyaraesa, I11.b. Abunrosa, A.b. bezeriosa, M. T. Cyaetimeriosa, K.A. 2Kymazyrosa

aKKOMOZALlMM, KaTapakTa M IJaykoMa. DB CBSA3M C 4Ype3BBIYAIHO MHTEHCUBHBIMM, 3a4acTyio -
DKCTPEMaAbHBIMU Harpy3kaMM Ha 3PUTEABHYIO CUCTEMY M3-3a IIOBCEMECTHOIO PacIpOCTPaHEHIs
COBPEMEHHBIX IaJ’KeTOB, MOOVABHBIX TeAe(OHOB VM KOMIIBIOTEPHBIX TE€XHOAOIUI, DKOAOTUS 3PEHI
CTAHOBUTCSI Bce Doaee 310004HeBHOI ITpob.aeMoit [2].

ITporpeccpoBaHme TAa3HBIX 3a00A€BaHNI, yBeAUYEHUE KOAMYeCTBa AKAEl, B OCOOEHHOCTU
CTYAE€HTOB C pa3AMYHBIMU AMarHozaMy 3aboJeBaHNII Iaa3, CHV KEHMe OCTPOTBI 3peHNs, AyMaeTcs
AeAaloT aKTyaAbHBIMU IIPO0/AEeMy COXpaHeHM: 3peHus U NpoPpuAaKTUKY I1a3HBIX 3aD0aeBaHuil yXKe C
POXAeHus u IIKOABHOTO BO3pacTa, M  B®Ta Hpo0JeMa CTaHOBUTCA BABOJHe aKTyadbHa B BeK
MH(POPMAIIVIOHHO-KOMMYHUKATUBHBIX ~ TEXHOAOTUI U YXYAIIeHMS 9DKOAOTMYECKOTO COCTOSHIA
6uocdepsr B 11eaoM [2].

Marepmnaabl 1 METOABI MICCAe AOBAHWSI

B xoae mnccaegoBanms OplaM MCII0AB30BAHBI TeOpeTUYECKUe M DMIIMpPUUYECKIie MeTOAbl. AHaAU3
¢praocodpckoii, ICUXOA0TMYECKOM, 11e4aroruyeckoil ¥ MeTOANYeCKO AUTepaTyphl ITIOCAY>KIA OCHOBOM
AAsl TEOPETUYECKOTO ITOCTPOeHMs MccAeJ0BaHMA. DMIIMpPUYecKrie MeTOAbl MCCAeA0BaHNs IT03B0ANAN
000OIINUTL OTEYeCTBeHHBIN 1 3apyOe>KHbIN ONIBIT 110 IpoOaeMe POPMUPOBAHNS Y CTYA€HTOB Hay4HBIX
3HaHUIT O PYHKIIMOHAABHBIX ITOKa3aTeAs X 3PUTEAbHON CUCTEMEL.

B wuccaeposbanum Markosa A.JO. «OmpocHple MeTOAbl cOOpa AaHHBIX: ITpeAIIOYTeHMNs
PecCIIOHAEHTOB» OBLAO YCTaHOBAEHO, 4YTO OKO40 60 IIPOLIEHTOB PECIIOHAEHTOB OTHOCAT aHKeTUPOBaHMe U
VMHTepBbIOMpOBaHNe (HamboAee pacIpocTpaHeHHble MeTOABI OIpoca) K MeTogaM, oOecrieduBalOIM
BBICOKYIO Hae>XKHOCTh pe3yAbTaToOB I 0e30I1acCHOCTh 4451 y4aCcTHUKOB. ITpuMepHO Takoe ke KOAM4ecTBO
PeCIIOHAEHTOB C AOBepUMeM OTHOCUTCSI K MCCAeAOBaHUAM, MHPOBOAMMBIM JaHHBIMU MeTOAaMU, U
1104araioT, 4TO OHM CO34al0T OOCTAaHOBKY 4451 00.4ee OTKPOBEeHHBIX OTBETOB Ha BOIIPOCHI MCCAeA0BaTeAen
[3-4]. TlosToMy B HalmleMm mccaeAoBaHUM OblA BBHIOpaH MeTO/A IIPAMOIO aHKeTMposaHus. Takke y
aHKeTUPOBaHU: eCTh psIA IIPeUMYIIeCTB Ilepel APYTMMI Pa3HOBUAHOCTSMU OIIPOCOB:

1. Orpakaer MaccoBble ITpeAcTaBAeHUs 00 MccAeayeMOM IpeameTe.

2. CobOcTBeHHBIe yCTaHOBKM U B3TAsAbI aHKeTepa He OKa3blBalOT CYIeCTBEHHOTO BAMAHMSA Ha
OTBETBI PeCIIOHACHTA.

3. VIcKpeHHOCTb OTBeTOB HOOIIPsETCSI aHOHUMHOCTBIO aHKEeTHI.

4. TlocaeaoBaTeabHOCTL ¥ TeMII OTBETOB Ha BOIIPOCH BBIOMPAIOTCSA II0 YCMOTPEHMIO
pecroHjeHTa.

5. K pecriongenty He rpeAbsABAseTCs TpeOoBaHNe UMeTh 0COOYIO KBaArpUKaIUIO 1 Ap.

Metog aHKeTrpoBaHUsI - IICUXOAOTMYECKIII Bep0aabHO-KOMMYHUKATUBHEIN METOA, B KOTOPOM B
KavecTBe CpeacTBa Aa4s cOOpa CBeAeHMII OT PecIIOHAeHTa MCII0Ab3yeTCs CIelnalbHO O(pOpPMAeHHBIN
CIIICOK BOIIPOCOB - aHKeTa.

ABTOp COBMECTHO C Hay4HbIM PYKOBOAUTEAEM CaMOCTOSTeABHO pa3paboTaau aHKeTy, KOTopas
Obl1a MCTI0Ab30BaHa 445 MHTEPBBIOMPOBaHNS CTYAEHTOB B YHUBepcuTeTe ropoja Keissraopaa.

AHKeTa - 9TO OIPOCHBIN AUCT AAs BHECeHN: KaKUX-A10O CBeJeHIII, TaKXKe 9TO cOOp CBeAeHmIt
IyTeM ITOAYYeHIsI OTBETOB Ha ONpeAeAE€HHbIe BOIIPOCHI [5].

B Hameit ankere (OrpocHoM amcre) coOpaHa mHpopmanusa 06 OCBeAOMAEHHOCTU B 3HaHUU
o0mMx 3ab0aepaHNMit raa3 u Ap. (PUCYHOK 1).

YyactHUKM OblAM TTPOMH(POPMUPOBAHBI O IIeASX U 3aJadax HaIllero JMCCAeAOBaHMS IIpexKae
OBL10 IIOAyYeHO coraaciue Ha aHKeTnposaHme. IlpeaBapuTeabHO MHOATOTOBAEHHBIE AHKETHI ObLAU
PpO34aHBbl cCAeAyeMBIM I'PyIIIaM M cOOpaHBI Cpasdy I1ocAe 3all0AHeHMs X cTyAeHTaMu [5].

OmnmcaTeapHas cTaTUCTUKa, Tpadirdeckoe IIpejcTaBAeHne U pa3AndHble A/arpaMMBl, Takie Kak
CTOAOIIBI, KPYTOBbIEe AMarpaMMBbl, ObLAV IPUMEeHeHB! K COOpaHHBIM AaHHBIM C IIOMOIILIO IIPOrPaMMHOTO
obecrieuenns Microsoft Excel 2007.
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AHKera
JUIS1 OLleHKH OCBe/I0M/ICHHOCTH M0J10jj0ro HaceneHus B r. Keizsuiopge o6 obuyux
riaasHbIx Dosie3Hnax
(Ecii Bel He 3HaeTe, KaK OTBeTHTH Ha BCe BONP ockl, Bbl Moxkere 3anoHUTE hopmy
YACTHUHO).
1. Bauwe ums:

2. Baw Bo3pacr:

3. Baw nos:
Myx. Ken.

1 2 3 4

5. 3HaeTe 1 Bel obujue 3abonesanus rnas? (ecid 3Haere)
Ha Her

6. [Mons3yetecs 1 Bul oukamu?
Ha Her

7. Kakue obume 3aboneBaHusx rinas Bol 3Haete?
" nokpacuenue rna

HeUeTKOCTb 3peHHsA

Tpaxoma

riaykoma

i I B

noTeps 3peHus

8. INpoBoguTe 1 Bel MeponpuaTHA Mo yX0/4y 3a riaasamu?
Ha Het

9. 3Haete 1 Bbl NPHUMHY NOTEPH 3peHHSA, MOXHO JIH MPEJOTBPATHTL NOTEPH 3peHHs?
3Haio Hert, He 3nai0

10. Koraa Bel B nocnegHuii pa3 ObliH Ha NpHéMe y riasHoro Bpaua? Mmeere /4 Bbl
npobiemMsl € 171a3aMH B AaHHBII MOMEHT?

2 O6paryarock K Bpauy NoCTOAHHO.
2 Jleuycb CaMOCTOATENLHO JJOMa.

" He umeror npobnem c rnasamm.

11. Crpagaere 1 Bei 1t06bim 3a60neBaHueM raas?
Ha Het

12 IMoceuiaere i Bel exerogHo ofTaibMoJI0ra C Lebio AHarHoCTHKH?
Ha Het

Pucynoxk 1. AHKeTa A4s1 OIIeHKM OCBeA0OMAEHHOCTI MOA0OAOIO HaceaeH st
B I. KbI3bL20pA€e 00 0Omyx raasHbIX 00Ae3HsIX

NccaeaoBanne mpoBognaock osTanHo B nepuog ¢ 2018 o 2020 roa.

Ha mepsom sTame (2018 - 2019 rr.) ocymiecTsAs140Ch n3ydeHne, 0O0OIIeHNe U CUCTeMaTU3alis
Hay4yHOI MHQpOpMaIuu 1o Inpodieme MccaeloBaHUS B (PUAOCOPCKOMN, IICHXO0AO0TO-IIe4arornmdeckors,
MeTOAMYEeCKOI AuTeparype 1o O10A0TUA 1 OIlpeAeAeH HaydHBIil armapaT 1CCAeAOBaHM, a TaKKe Obla
paspaboTaH 1 IpoBeAeH MOHUTOPUHT (PYHKIIMOHAABHBIX IIapaMeTPOB 3pUTEABHON CUCTEMEL.

Ha sropom srarne (2019 - 2020 rr.) 6514 TPOBEASH KOHCTaTUPYIOIINIA DKCIIEPUMEHT, OLleHeHbI I
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IIpOaHaAM3MPOBAHbl €0 pe3yAbTaThl, YTOYH:AAAach M KOPPeKTMpoOBalach IMIIOTe3a MCCAeAOBaHUS;
paspabaTbiBadach SKCIIepMMeHTaAbHas MeTOAMKa ¥ OCYyIIeCTBAEHO DKCIlepUMeHTalbHOe OOydeHue
CTYAEHTOB.

PesyabTaThl 1 00CyXaeHue

CocrosiHne 3pUTEABHON CUCTeMBI ABASETCS YacThlO 340pOBbs AMYHOCTH. OAHMM M3 Ba>KHBIX
MOMEHTOB 0Opa3oBaTeAbHOTO Ipoliecca B By3e, HapsAAy C IIOAydeHMeM KadyeCTBeHHOIO oOpa3oBaHIs,
SBASIETCA  COXpaHeHue 340poBbsl  oOydatomuxcsa. Ilog «3aopoBbeM  cTyaeHTa»  ITOHMMAIOTCA
OObLeKTUBHbIE TIOKasaTeAu M CyOBeKTMBHOE WYYBCTBO KOMILA@KCHOTO COCTOSIHUS M TapMOHMH,
XapakTepusyiolleecs XOpPOIIMM CaMOYyBCTBMEM, COIMAaAbHBIM  0JaromoaydmeM U BBICOKOI
paboTOCIOCOOHOCTEIO [6].

OcHoBHOI MHTepec nccaejoBaTeell IPUKOBaH K IIpo0AeMe pocTa IAa3HbIX 3a004eBaHuil cpean
CTYA€HTOB. BOABIIMHCTBO aBTOpPOB cOrJamaioTcssl C MHEHMEM O TOM, 4TO B HacToOsIlee BpeMs
KOMIIBIOTephl, MOOUAbHbIEe TeAeOHBI M ApYyIUe TaskeThl CTaall HeOThbeMJeMBIM KOMIIOHEHTOM
IIOBCeAHEBHOM CTyAE€HYeCKOl >KU3HM, Oaarojapsl KOTOPBIM OHM II0Ay4alOT BCIO HeOOXOAMMYIO
nHdopManuio. UpesmepHoe yBAedeHNe TaKIIMI BBICOKOTeXHOAOTMYHBIMI CpeACTBaMI KOMMYHUKAIIN
IIPUBOAUT, C OAHOV CTOPOHBI, K YBeAMYeHNIO HaIPy3K/ Ha 3pUTeAbHBIN aHaAU3aTOp, KOTOPLIN OTBeyaeT
3a moaydenne 70-90 % mudpopManmm 13 OKpy>KaloIllero Mmupa, a ¢ Apyroi - K paclipoCTpaHeHUIO TaKMX
IOBeAeHJIeCKIX PaKTOPOB PUCKa, KaK IMIIOAVHAMIS, HapyIIleHne peXkuMa IUTaHusA, yaeObl U OTAbIXa,
CHa U.T.A. CPeAU CTYACHTOB [7].

Kax ormeydaroT aBTOpbI, IIOCTOSIHHOE yCAOXKHEeHNe COoAep KaHMsl y4eOHBIX IIpOrpaMM B BBICIIIE
IIIKOJe, yBeAundyeHNe oObeMa y4eOHBIX AMCIMIIAMH C IIepexogoM OT Kypca K Kypcy, yBeAndeHue
IIPOAOAKUTEABHOCTY CAaMOCTOsTeAbHOM pabOTHI CTYA€HTOB IPUBOAAT K TOMY, YTO CTYAEHTLI IIPOBOAST
004bIII0e KOAMYECTBO BpeMeH! 3a MOHMTOpaMI KOMIIBIOTEPOB, a 9TO B CBOIO ouepeAb COKpallaeT
00beM ABUTaTeAbHON aKTMBHOCTU U B KOHEYHOM UTOTe BeJeT K AyucOalaHCy B AeATeAbHOCTU OCHOBHBIX
(yHKITMOHAABHBIX CUICTeM opTaHu3Mma [8].

B mepsrie roapr oOpasoBaTeabHOrO mpoliecca CTyAeHT IOAydaeT IIPUMEPHO IOAOBUHY
nH$popmanuy, CBsA3aHHON € ero OyAyieil nmpodeccuoHaAbHOM AesTeAbHOCThIO. IIpu 9TOM Oo0abIIas
JacTh ee IIPOIIyCKaeTcs yepes3 3pUTeAbHBIN aHaAU3aToOp. YBeandeHne o0beMa Harpy3Ky Ha 3pUTeAbHBI
aHaAM3aTop, 10 MHEHMIO Bpauell, SBAsSeTCs OAHO 13 OCHOBHBIX IIPUYMH HapyllleHn1 (PyHKIIMI OpTaHa
spennsi. CBUAETeABLCTBOM TOMY SBAsIeTCA TPyAbl psda ydeHblx, K npumepy, A.C.I'paues B cBoem
AVICCEPTAlIMOHHOM MCCAeAOBaHMM, cchblaasich Ha Tpyabl E.B. ®@azaeesont [9], E.H. Konenkunon [10] n
M.A. Boroesoii [11] yka3biBaeT Ha TO, YTO KOAMYECTBO II€PBOKYPCHUKOB C Pa3sAMYHBIMU I1aTOAOIVSIMU
3pUTeABHOTO aHaAM3aTOpPa eXXerogHo yseandnpaercs Ha 3-5 % [12].

OcHoBpIBasich Ha pesyabTaTaX MCCA€4OBaHMII, IPOBeACHHBIX ydyeHbIMM 13 Hayuno-
00pa3oBaTeAbHOTO IIeHTpa (PU3KYALTYPHO-0340poBUTeAbHBIX TexHoaornii (HOL ®OT) HMNY beal'y
cpean crygentos 1-3-ro kypca, A.C.I'paueB KoHCTaTupyeT, YTO HapylleHue (PyHKI[UII 3pUTEABHOTO
aHaam3aTopa HaOaiogaerca mnpumepHo y 13,4% [13]. VIm mpoBesdeH CpaBHUTEABHBINI aHAAN3
ITOAYYEeHHBIX AAQHHBIX C gaHHBIMMU 3a 2008-2009 yueGHBIIT TO4, B KOTOPOM 0B110 3aduKcupoBaHO 8,9%
CTYA€HTOB C 0CAa0A€HHBIM 3peHIEeM.

ITo aanaBIM nTpeactaBaeHHbIM E.A. KazaGyrunoit, B pesyabsraTe mpopuaakTIIecKX OCMOTPOB
3a mepmnog, 2007-2012 rr. y 36% CTyAeHTOB TeXHIYECKOTIO By3a BBIABAEHBI pa3ANyHbIe 3a001€BaHI raa3
[14].

Cpean mpuumH, NpUBOAAIINX K HAPYIIEHMIO (PYHKINM 3PUTEABHOTO aHaAM3aTopa, MOKHO
OTMeTUTh paboTy C DAEKTPOHHBIMM YCTPOMCTBaMMU (KOMIIBIOTEpP, COTOBBINI TeaAe(OH, IIAaHIIeT),
BCAeACTBME KOTOpPOIl BO3pacTaeT BepOATHOCThL BO3HUMKHOBEHMs psja I1aTOAOIUI  3PUTEABHOIO
aHaAM3aTopa, OIIOPHO-ABUTAaTe/ABHOIO allllapaTta, >KeAyAodHo-KumleyHoro Tpakra [15]. I'.V. IlIseaos,
aHaAM3UPYs BAMSHUE KOMIIBIOTEpa Ha 340pOBbe 4YeAoBeKa, KOHcTatupyer, uto ©Ooaee 90%
KOMIIBIOTEPHBIX I10Ab30BaTeAell JKaayIoTcs Ha JK>KeHue 1 604a1 B 004acTy r1a3, 9yBCTBO I1ecKa 1104,
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BeKaMM, 3aTyMaHeHHOe 3peHne u Ap. [16]. B cBsa3m ¢ BBINIEM3A0KE€HHBIM OYEBMAHO, YTO OAHUM W3
aKTyaAbHBIX HaIlpaBAeHNI DKOJOTUIU 3PeHNs YeAoBeKa SIBASIeTCsI MOHUTOPVHI 3PpUTeABHBIX (PYHKITHIL.
[IpoBeas MOHMTOPMHT 3peHus CpeAr CTyAeHTOB 011040roB B Kbi3blaopauHckoMm yHusepcutere Kopkert
ArTa, BBIABIAY, YTO MUOIINS OCTaeTCsl OAHOM U3 HanboAee aKTyaAbHBIX ITpo0AeM OoPTaAbMOAOTUNA. DTO
00yCAOBAEHO €e IIMMPOKUM PpacHpoCTpaHeHMeM, CKAOHHOCTBIO K IIPOTPecCMpOBaHMIO ¥ YaCThIM
IlepexoAoM ee B OCJAOXKHEHHYIO (opMy, KOTOpas IIPOYHO 3aHMMaeT IlepBoe ¥ BTOpOe MecTa II0
IIpUYMHAM TEePBUYHON MHBAAMAHOCTM IO 3PEHUIO CpeAu AUIl MOAOA0ro Bospacrta. Ilpmxoaurcs
IIPU3HATD, 4YTO OAMBOPYKOCTh - Beaylllas IpUYMHa I1IA0XOTO 3peHUs BO BCeM MUpe, U BTa TeHAeHIINs
AUIITH YCUAMBAETCs, HECMOTPsI Ha 001AMe MeTOA0B KOppeKIum 1 AedeHus [17].

Taxoke Obla BBIIBAEH BaKHBIN HeAYT CpeAM CTYAEHTOB- CMHAPOM «CyXOTIO Iraa3a».

DTO IMPOKO pacHpocTpaHeHHas IIaTOAOIMsA B COBPEeMEHHOM MMpe, COCTOsIHMe,
XapakTepuaylolieecs HeAOCTaTOYHON BBIPaOOTKOM CAe3HOM >Xuakoctu. CHHAPOM «CyXOro raasa»
MOXeT OBITb CaMOCTOATEeABHOV IaTOAOTMeNl MAUM OJAHUM M3 IIPOsBAEHMIT  KaKoro-ambo
3aboaepaHus. Ilpy gaHHOM CHMHApPOMe IOpa’kalOTCs >KeAe3bl OpraHm3Ma, B JaHHOM cAydae CAe3HBIe.
[Tpoaykiius cAe3HOM XXUAKOCTY Pe3KO CHIKeHa, XMMMUeCKII COCTaB ee M3MeHeH: cAe3a IycTasl, Bsa3Kasl,
CHVDKEHO cogep>KaHMe OaKTepUIIMAHBIX BeIecTB, MallMeHThl CTPalaloT OT XPOHMYEeCKMX BOCHaJeHMIt
(6aedapuTOB, KOHBIOHKTUBUTOB, KepaTtutos). CMHAPOM «CyXOro raasa» HaOAIOAAeTCs IIPU MHOTHUX
CHCTeMHBIX 3a00/AeBaHMAX (PeBMaTOMAHBIN apTPUT, CUCTeMHas KpacHas BOoAdaHKa U T.4.). Pexe
BCTpeyaeTcst Kak adCOAIOTHO caMOCTosATeAbHOe 3ab0oaepanue [18]. Vsydyenne sToro cmHipoma 1okasaao,
9TO Ha4aA0M Pa3BUTI MHOTHX I1a3HBIX 32001€BaHUI ABASETCS CUHAPOM «CyXOTO IAa3a».

Cy1ecTByIOT MHOTO IIPUYMH, BBI3BIBAIOIINX BOSHMKHOBEHNE «CyXOro raasa». Ho raasupiMu u3
HIIX CYUTAIOTCS CAeAyIOIiye:

- HOIIeHNMe KOHTaKTHBIX AVH3 AAs KPacOThbl, 4acTO CUHAPOM «CyXOIO TIJa3a» pas3BMBAETC Y
II0Ab30BaTeAell KOHTAaKTHBIX AuH3. Ecam amH3a mogckIXxaeT, OHa IIOTAOIIaeT BAary M3 CAE3HON
SKMAKOCTH.

- BeTep, CyXOll KAMMAT, COA€Has IIblAb Apasa, TOPOACKONM TabauHbII ABIM, KOHAMIIVIOHEPHI
MOTYT TaK>Ke BBI3bIBATh UAU YCYTYOUTh CUHAPOM «CYXOTO IAa3a».

- A0ATO€e CUJeHNUe 3a KOMIIBIOTEPOM; CMHAPOM «CYXOIO IJa3a» IIOPOM Ha3BIBAIOT «O(]VICHBIM»
VAU «MOHUTOPHBIM». KOrga MbI cMOTpUM Ha 9KpaH KOMIIBIOTEpa MAM YMTaeM, 4acTOTa MUTaTeAbHBIX
ABVDKEHMII CHIKeHa, CJAe3Has IIAeHKa BOBpeMs He OOHOBAsSeTCs, M pOIOBMIla HeAOCTaTOYHO
yBAaXHseTcA. Ecam »TO NPOMCXOAMUT KaXKAbll A€Hb B TedeHNe MHOTMX 4YacOB, TO IOABASIOTCS
CUIMIITOMBI «CyXOTO I1a3a».

- HeA0CTaTOK BUTaMIHa A TakKe MPUBOANUT K CHeln(pIIecKIM M3MeHeHISIM POTOBMITHI I1a3a, B
Hava/AbHBIX CTaAVSIX MPOSBASIOIIVMCA B BUAE «CyXOIO raAasza». IIpm TsKea0il CcTelleHNM IOSBASIOTCS
M3MEeHeHNsI pOTOBUIIBI M KOHBIOHKTUBEL. Habar04a10TCs yacThle BocaanTeAbHbIe sIBAeHU: OaedapuTsl,
KOHBIOHKTUBUTHI, TaK KaK Ha (POHe HeJOCTaTOYHONM YBAa’KHEHHOCTM TIJa3a CHVDKAeTCsl MeCTHBIN
MMMYHHUTeT I AeTKO npucoeauHsaercs nHeks. Ha porosuiie MoryT o6pasoBeIBaThCSI MUKPODPO3NA,
pa3BUBaTHC HUTYATHIN KepaTuT, s138a poropuiisl [19].

Hamu Oplao mpoBegeHO aHKeTHMpOBaHME, KOTOpoe ObLAO HalpaBAeHO Ha  OIIeHKY
OCBeJOM/AEHHOCTM MOAO0AOTO HacedeHmUs: B ropoge Kroisblaopae o0 obmmx raasHeix Ooaesnsax. B
coJep>KaHle aHKeTbl ObLAM BKAIOYEHB! pa3AMdyHble BOIIPOCH], KacaloIecs IUMIVeHbl 3peHNs M IAa3HBIX
OoaesHerr.

JanHble aHKeTMPOBAHMS IIOKa3aAM COCTOSIHUE MPO0AeMBbl CpeaAM CTyAeHTOB OMOAOTMYEeCKUX
cnenmaapHocren B I. Keisplaopaa.

AHKeTHpOBaHIE IIPOBOAUAOCH B TPeXMECSIUHBIN Ilepuog C CeHTsI0ps 1o AekaOpb 2019 roaa.
PecrionaenTsl IpMHMMaAM aKTUBHOE ydacTue, TaK KaK gaHHOe MCCAeAOBaHUE SIBASETCS OAHUM U3
aKTya/AbHBIX BOIIPOCOB CETOAHSIITHETO AHsL.

B ankeruposanuu npuanmaan ygactue 120 cryaeHTOB crienmaabHOCTH «bBroaorus» My>Kckoro
U >KEeHCKOTO I104a B Bo3dpacTe oT 17 40 22 aer.
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BoapmmHcTBO yyacTHMKOB MMeAN IIpeJcTaBAeHye O IA1a3HbIX 3a004eBaHNsX - [IOKpacHeHNe a3
- 61%, mnedeTkocTh 3peHuUsA - 81%, Tpaxoma - 40%, raaykoma - 71%, moreps 3penus - 74%, dro
CBIAETeABCTBYeT O XOpOIlell MHPOPMUPOBAHHOCTY PECIIOHAEHTOB B OTHOIIEHUU AAHHBIX OOJAe3Her
(amarpamma 2). 36% CTyAeHTOB 3HaeT NPWYMHBI ITOTepu 3peHms, 64% CTyJeHTOB He 3HAIOT. 48%
CTYAEHTOB 3HAIOT, YTO 3a00.4eBaHIs MOXKHO IIpeAOTBpaTuTh, 52% He MMEeIOT 00 DTOM IpeACcTaBAeHNs
(Auarpamma 1).

70

40

20

10

SHAKT NPUUMHBI NO-  He 3HaKT MPMUKMHEl  3HAKOT Kak NPegoT-  He 3HalT Kak
TEPU 3pEHIA NOTEPU 3PEHIRA BpaTUTL NOTEPH npenoTEpaTMTL NoTe-

3pEHUA pHD 3pEHMA

Amnarpamma 1. 3HaHISI PeCIOHAEHTOB O MPUYMHAX IIOTEPY 3PEHNST ¥ BO3MOXKHOCTSIX
npoPpNAaKTUKN

B xoae nccaeaosanns 40% pecrioHAEHTOB OTBETIAH, YTO CABIIIIaAu O Tpaxome, 60% He BAaAeIOT
ungopmanmeir o Tpaxome. Takxe B Xode aHKeTuposaHM: 71% pecrioHAEHTOB OTBETHAM, YTO MMEIOT
IpejcraBaeHne o raaykome, 29% - He umeroT. 41% CTyAeHTOB 3HAIOT IPUYMHEI ITOTepu 3peHus, 59%
CTYA€HTOB He 3HAIOT, 60% CTy4eHTOB 3HAIOT, 4TO 0OAe3HM MOXKHO IIpejoTBpaTuTh, 40% CTYAE€HTOB He
3HaloT (Auarpamma 2).

B nokpacHeHwe rna3

B HEYETKDC T 3PEHHA
Tpaxoma

B rnaykova

B noTepA 3peHun

Amarpamma 2. 3HaHMe CTyAeHTaMM OCHOBHBIX 3a004eBaHNIii raa3
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ITo Bonpocy «CTpagaete Amu Bbl KaKMM-AnOO 3a004eBaHMeM raas3?» CAOXKMAACh CAeAyIolas
KapTuHa: 47% CTyAeHTOB CTpajaloT KaKUMM-A100 3aboaeBanHmsMu raas, 53% CTyAeHTOB - HeT.

ITo Texymum mmpobaemam c raazamu: 33% pecrioHAeHTOB 0OpaIaoTcs K Bpady, 12% - aedarcs
caMocCTosITeAbHO, 55% - He MMeIoT MpoO.4eM ¢ raazamu (auarpamma 3).

60

40
30
20

10

Ofpalamck K Bpady no- Neuyck CaMOCTORTENEHD He umeoT npofnem c
CTOAHHOD ooma rnazamua

Auarpamma 3. Tekyine npo0aeMbl € Taa3aMu

Ha ocHoBaHMM ITOAy4YeHHBIX JaHHBIX MOXKHO CAeAaTh BBIBOA O TOM, YTO MOAOJ0€ IIOKOJeHue
He/0CTaTOYHO OCBeJOMAEHO O 3PUTeABHBIX 3a004eBaHNsX, XOTS B IOCAeAHee BpeMs HabAI0AaeTcs MX
pocrt. CTyAeHTHI He BAaAeIOT II0AHO nHpOopMaliuell O IMTMeHe opraHa 3peHns, HeJ0CTaTOuyeH YPOBeHb
OCBeJOM/EeHHOCTI PeCIIOHAEHTOB O POCTe U IMOCAeACTBIAX 3pUTeABHBIX 3a00AeBaHuit. BoaMoxHO, 9TO
CBA3aHO C HEAOCTAaTOYHBIM  pacHpocTpaHeHMeM UuHpOpMauuyu O QU3MOAOTMYECKOM 3HAYeHUN
3pUTeABHOTO aHaAM3aTopa, a TaKXe MMHMMAaAbHBIM cOJeprKaHueM WHQPOpMaIUM B KOHTEHTe
9AEKTUBHBIX Kypcos. Ha cerogusmHmii geHb OAMH U3 CIIOCOOOB ITOBBIIIEHMSI YPOBHs 3HaHMII O
(pyHIIMOHMpPOBaHN  3PUTEABHOTO aHaAM3aToOpa, 3a00JAeBaeMOCTM TJAa3 ¥ IMPOPUAAKTIYIECKUX
MepONpUATUIL -IIPOABUKEeHNe IIporpaMM MHQOPMUPOBAHU O 3A0pPOBbe, paspaboTKa DAEKTMBHOTIO
Kypca 110 pu3MoAO0TUM CeHCOPHBIX CMCTeM YeaoBeKa B paMKax Ipeamera «DU3moa0Tus yeA0BeKa».

3akao4deHue

MoOHUTOPMHT 3pUTEABHOTO aHaAM3aTOpa CTYAEHTOB, COCTOSIMI W3 aHKeTUPOBAHUA U
MeAMIIMHCKOTO 00CAe40BaHlsl, BBIBMA OTHOIIEHMe CTyJeHTOB K CBOeMY 340pOBbIO M OCHOBHBIE
naroaoruyu opraHa spenus. CpeAM BBISBAEHHBIX IATOAOIMII IpeoOAagaay Takue 3aboaeBaHMs, Kak
CMHAPOM «CyXOIO I1a3a» ¥ MO

CryaeHTaM peKOMeHAyIOTCsl —oOlepasBuBaiolime 1 creumduyeckue yIpakeHus AA4s
YyAY4IIeHMs] 3peHus B 1eAsX NPOPUAAKTUKM ¥ KOpPpeKIMM TIaasHbIX 3aboaepanuit. HeoOxoaumer
I poOKOMacIITaOHble UccAe]0BaHUs B AaHHOM HallpaBAeHUMN.
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KeI3bL10paa KaaacbIHAAFBI )KOFapbl OKY OPBIHAAPHI CTY A€HTTepiHiH Kopy XyiieciHaeri
OpTakK AeHcayabIK Maceaeaepi

Anpaatma. Kepy >XyiieciHiH >Kargaiibl ajaM AeHCAyABIFBIHBIH Oip 0eairi GOAbIIT TaObLAaAbl
JKorape! oKy opHBIHAAFEI OidiM Oepy IpolleciHiH MaHBI3ABI TYCTApbIHBIH Oipi - camaasl OiaiM OepymeH
Karap OiaiM aaymIiblaapAblH JEHCAyABIFBIH cakTay 0oabin TaOblaaabl. CTyaeHTTepAiH Kepy Kyiieci
JKaFAaiibIHBIH TUIMAiAIK KepceTKimTepi Oya >Kyllere KONMBIAFaH MiHAeTTepAi OpbIHAAY AdpeXkeciH
cuIiaTTanabl JKoHe 04 Kepy >KYMeciHiH OHTallAbl JKYMBIC iCTeyiHiH >KaAllbliaMa KepceTKilTepi 60AbII
TaOblaaAbl. JKaambl, BU3yaaAbl >KyJeHiH akKIlapaTThl ©HAey pecypchl peTiHAeri FBIABIMU 3epTTeyaep
BU3YyaaAbl aHaAM3aTOPABI 3epTTey iciHe yKcac gaMuAbl. "CTyAeHTTiK geHcayAbIK'" AereHiMi3 - OObeKTUBTI
KOPCeTKIIlITep >KoHe 94-ayKaT, oJAeyMeTTiK >KaFjail >KoHe >KOraphl >KYMBIC KaOiserTiairimen
cuIlaTTaJaThlH Kypaeadi Macede MeH YiiAeciMAiaiKTiH cyObeKTMBTI Kyii. 3eprTrey cayaaHama ogici
apKbLABL XKYPpriziaai, oa Kpispraopaa KaaacelHAAFbl CTYAEHTTEp apachlHAA KaAIbl KO3 aypyAapbIHbIH
TapaAybl )KoHe aAblHFaH 0iaiMAi Oarasayra OarpiTTaaraH. Makadasa Ke3 rurieHachl sKoHe KO34iH Herisri
aypyAapbl OOBIHIIIA cayaldHaMaHBIH HoTIUKeaepi keatipiareH. CTyseHTTepAiH XabapAapABIFbI MeH KO3
A€HCayABIFBIHBIH, MalbI3bl aHBIKTAaAAbl. AJKBIH KOpPCeTKiIlTep OOVbIHIIA CTyJAeHTTep apachblHAAFbI
Halllap Kepy MaceleJepiH Ielly OONbIHINA KOPBITHIHAbLAAP MeH YChIHbICTap Oepiaai. byrinri Tanaa
KOPY aHaAM3aTOPBIH, KO34iH aypybIH >KoHe aaAblH-aAy IlapaJapblH KOAJaHy Typaabl 0iaiM AeHreltiH
apTTBIPYABIH Oip o4ici - geHcayABIK Typaabl akllapaTTaHABIPY OaFdapAaMasdapblH adfa >KBLAXKBITY,
aZaMHBIH CEHCOPABIK, >KyllelepiHiH (puanoaorusacel OObIHINA adaM (PU3MOAOTUACH II9HiHe DAeKTUBTI
Kypc a3ipaey.

TyitiH cesaep: ko3, Ko3 aypyaaphl, Kyprak Ke3, Kepy KadileTiHiH TeMeHAeyi.
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Common health problems of the visual system of university students in Kyzylorda

Abstract. The state of the visual system is part of the health of an individual. One of the most
important aspects of the educational process at the university, along with obtaining a quality education,
is the preservation of the health of students. Indicators of the effectiveness of the state of the visual
system of students characterize the degree of adaptability of the system to the performance of the
assigned tasks and are generalizing indicators of the optimal functioning of the visual system. In
general, scientific studies of the visual system as a resource for information processing are developing
similarly to studies of the visual analyzer. “Student health” refers to objective indicators and a
subjective feeling of a complex state and harmony, characterized by good health, social well-being, and
high working capacity. A survey was conducted to assess the awareness of the prevalence and
knowledge of common eye diseases among the student population in the city of Kyzylorda. The results
of a questionnaire survey on eye hygiene and major eye diseases are presented. Revealed the percentage
of students' awareness and the state of eye health. Conclusions and recommendations are provided for
solving awareness problems among students in terms of visual indicators. Today, one of the ways to
increase the level of knowledge about the functioning of the visual analyzer, eye diseases and
preventive measures is to promote health information programs, develop an elective course in the
physiology of human sensory systems in the subject of Human Physiology.

Keywords: eye, eye diseases, awareness, dry eye, loss of vision.
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Bo3moskHbIe iyt popmMupoBaHust pAOPLI M MAKPOMNIIETOB IIOVIMEHHBIX 1€COB
p-Ypaa B npeaeaax 3anagaoro Kasaxcrana

Ambporormust. B cmamve paccmompena  ucmopuveckas —pexoHcmpyxkuus — propvt  u
MAKPOMULEMOE NOUMEHHVIX Aecoé p.Ypar. Aauna eceil pexu cocmasrsiem 2428 wm, no
3anadnomy Kasaxcmany - ceviure 1000 xm.

Iotimerirvle Aeca passumol 10 Mpeém 2eHeMUMECKUM YACHIAM: NPUPYCAO601L, UeHMPANLHOU U
npumeppactoti. Ilo cmpyxkmype Aeca 6vldeAsitomes. KopeHHvle U npoussodHvie Aeca. Bedyujum
paxmopom 6 Gopmuposaruu JOAUHLL p.Ypar AeAsemcs 2e0A02usd U perved, 6 CeA3U C Uem
soisieAervl 4 npupoonvix  pezuona no  Paopucmudeckomy (630 6udos pacmeruii) u
MukoPropucmueckomy pasroodpasuio (77 611006 MAKPOMULLENIOE).

Xo00 asortouun U mpancPopmayuy  GAOPOMUKOAOZUUECKO20 COCMABA ACCHBIX CO0014eCme
NPOAHAAUSUPOSAHVL 110 COCMABY UCMOpUYecKux céum. B uccaedyemom pezuore sviderero 13
ceum ¢ nonumanuu I.M.303yruna, cpedu Hux 6oaee nodpodHO paccmompervl 6 c6um, Xopouio
6L10eASTOULUXCS 6 COBPeMEHHVIX NOUMeHHbLX Aecax. [Ipu ycmanosAeHuy c6umm npuHUMAAUCH 60
SHUMANUE — XAPAKIMEP — COPeMeHH020 — pACHpocHmpaHenus. — 6udos, UX  yeHomuueckas
NPUYPOUEHHOCTD, 2eHemu1ecKue c6A3U 0moeAbHLIX 61006, PUMM PASSUTIUS U KUSHEHHOCTD
6ud06 6 coobuiecmae.

Ipouecc Gopmuposarus PAOPOMUKONOZUMECK020 KOMNACKCA NOUMEHHBIX Aecax Oasupyemcs
HA PeAUKTNOBLLX U MUZPAUUOHHBLX 2AeMeHmax, obozawaemcs u pacceasiemcs ¢ IOxtozo Ypaaa,
a maxxe u3 0oAuHvl Aegblx npumoxos Borzu u Obuiezo Coipma. Ha dopmuposarue ezo
10mMpedo6ar0Cy OAUTHEADHOE 6peMsl 011 MUOLEHA 00 20A01,eHA.

Kaiouesble caoBa: peka Ypaa, noiimertvie Aeca, $AOpa, MAKPOMULUEMDL, UCHOpuieckue
C6UMIbI, PEAUKTNOGIIL KOMNAEKC.

DOI: 10.32523/2616-7034-2021-135-2-18-27

BBeaenue

Cpean pactuTeAbHBIX TpUpPOAHBIX OoraTcTs Kasaxcrana 604bI10e 3HaYeHMe MIMEIOT ITOJIMEeHHBIe
aeca p.Ypaa. OHU BBIIOAHSIOT BOAOXPAHHYIO, OeperoyKpenmTeAbHyIO, ITOYBO3aIlUTHYIO (PYHKIIUN U
COXpaHAIOT OMopasHoOOpasue B IIpejedax CTEMHOV, ITOAYIYCTBIHHOM M IIYCTBIHHON 30H 3araiHOTO
Kaszaxcrana (3K) [1].

IToiimenHbIe aeca - Aeca, Ipou3pacTalolyie BO BpeMeHHO 3aTONASeMBIX, PeUHBIX 40AMHaX. DTU
4eca MoAy4aloT AONOAHUTeAbHOE yBAa>KHeHMe 3a cyeT BeCeHHMX ITaBOAKOBBLIX BOJ. B zaBumcumoctn or
CIIOCOOHOCTU ~ JepeBbeB  BBIAEpPKMBaTh AAUTeAbHOE 3aTondeHue, QopMupylorcsa ¢Gopmannun
BETAOBHIKOB, OCOKOPHMKOB, 6€10TOII01€BHIKOB, BI30BHIKOB, OCMHHIKOB I AyOHSIKOB [2].

Ileaplo mccAeAOBaHMS sBASETCA BOCCTAaHOBAEHMe UCTOpuM (AOPHI UM MaKpPOMMIIETOB B
IOVIMEHHBIX Aecax p.Ypaa B nipegeaax 3K.

3agagamu MccaeAOBaHNs ObLANL:

- pasjeaeHne ceKTopaAbHOTO palloHMpoBaHMs OacceiiHa p.Ypaa Ha Tepputopun 3K;

- BBIA€AeHME MCTOpMYecKux cBUT 1o Meroauke I['M.3osyamna c pacnpegeseHuemM
MMKOPU3000pasyIoNIuX U AepeBopa3pyIIaioIiX MaKpOMUIIETOB;

- BBIABAEHME UCTOPMYECKMX IIyTeil (OpMMPOBaHMS pPacTUTeAbHBIX QopManuu u
MaKpOMMUIIETOB.
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Pexka Ypaa mporekaer no teppuropun 3K Ha nporsoxeHun 1084 xm. B agmmnmcrpatusHOM
OTHOIIIEHIN peKa ItepecekaeT 3aragHo-KasaxcraHckyio, AKTIOOMHCKYIO 1 AThIpaycKyIo obaacTu [3].

IloiiMmeHHble Jeca B OCHOBHOM pa3BUTBl B IIPUPYCAOBOM, ILIeHTPaAbHONI I HpUTeppacHO
IIoJiMax, a TakKe I10 MaAblM peKaM MAM IPUTOKaM, BIajaiolyuM B p.Ypaa. /ecucrocts TeppUTOpUN
cocrasaseT 0,6% oT Bceit Teppuropun odaactu [4].

daopa 1 MaKpOMUIIETHI ITOVIMEHHBIX AecoB OaccerHa p. Ypaa IpeACTaBASIOT cOOOM CAOXKHBIN
MUKO(PAOPUCTIYECKNTT KOMILAEKC BIAOB, OOpPa30BaBIINIICA B pe3yAbTaTe HaAOXKeHNs B pasHble (pashl
VICTOPUM Pa3ANIHBIX 10 IPOVCXOKACHNIO PaCTUTEABHBIX TPYIIIMPOBOK. DTO HaA0XKeHe IIPOMCX0AUA0
IyTeM AAUTeABHON OOpPLOBI U B3aMIMOIIPUCIIOCOOAEHMSI MeXAY BUAaMM KOPEHHBIX I'PyHIINMPOBOK. B
pesyabTaTe BO3HMKAM KayeCTBEHHO HOBBIe JOIejlllie 4O Halllero BpeMeHU pacTUTeAbHbIe
TPYHIIMPOBKY, Ppa3dAMdHBIM 00pa3oM cBs3aHHble Apyr c ApyroMm. CoBpeMeHHbIe pacTUTeAbHbIe
coobmiectsa 1o I'M. 303yamHy coOCTOSAT 13 (PUTOLIEHOTEHETNYECKOIO sjpa BMAOB OCHOBHOII
MICTOPMYECKOI IPYIIIIBI ¥ CeAeKTOIIeHOTeHeTMIeCKIX BKAIOYeHm [5].

MaxpoMuIIeTs UTPAIOT CYIIECTBEHHYIO pOAb B (PYHKIMOHMPOBAHMUM B ITOMIMEHHBIX Jecax [6].
basmanaapnsie makpomuniets (Basidiomycota, Agaricomycetes) - 0o4Ha 13 KpyIHeNIINX Pyl rpuOoB,
00beAuHAIONIasl TaKue BaKHble B  9KOJAOTMYECKOM IldaHe TIPYIIB, KaK arapukouAHbIe,
ajpuaaodpoponHblie 1 racTepouAHble rpyuosI [7].

Arapukongneile u aduaaodpoponiHele OasUAMOMUIIETEI IIO YNMCAY BUAOB COCTABASIOT
3HAUUTEABHYIO JOAI0 MaKpOMMIIETOB BO MHOTUX (PUTOIIEHO3aX M BBIIIOAHSIOT Ba’kKHeNIne
9KoAormdyeckre PyHKIIUU B AeCHBIX dKocucreMax 3anagHoro Kasaxcrana. VIM mpuHaaAeXuT raaBHast
POAb B pa3dA0>KeHUM OIlaja, OCTaTKOB BBICIINX PacTeHMII, pa3A0>KeHNN U TyMuQpuKauum ApeBecuHBl I,
KpOMe TOro, B 00pa3doBaHII DKTOTPOPHBIX MUKOPU3 [7].

CoBpemennsle  MUKO(AOpPUCTUYECKMe KOMILAEKCHl cojep>KaT B cebe  MCTOPUYECKYIO
nHpopManmio, KOTopas IIOMOraeT pacKpbhIThb OCOODEHHOCTHM, XO/J 9BOAIOLINMMU, TpaHcOpMaLUIO U
coBpeMeHHOe cocTosHMe. ITopToMy BBISCHEHUe UCTOPUM ITPOHMKHOBEHMS UM CTaHOBAEHMS OCHOBHBIX
APpeBeCcHBIX II0POJ, 1 0a3UAMOMUIIETOB B IIOMIMEHHBIX AecaX p. Ypaa sABASeTCs aKTyaAbHBIM.

C 1eapio M3y4eHMsI COBPEMEHHOIO COCTOSIHI: IOVIMEHHBIX AecOoB DacceliHa p. Ypaa aBTopaMmu
ObLAM ITpOBeAeHBl MHOTOAeTHMe (aopucTryeckue, reoboranmyeckne (2005-2020 rr), MUKOAOTYECKIIe
uccieloBaHusl (COOp IIA0AOBBIX TeA IIPOBOAMACS B Ilepuno4 Ioaesoro cesoHa 2019-2020 rr. B goamHe
p-Ypaa) B ipegeaax 3K, naunnas c cesepa ot n.Ilpuypaasubni (N 51°28.879 E 053°07.049) ao n.Muaep
(N 48°35.520 E 051°47.754) na 1ore.

Martepuaabl 1 MeTOABI MICCAeAOBAHMIA

baccemn p.Ypaa HaxoauTcsa B TIpededax ABYyX OOTaHUKO-TeorpadpuyecKux oOJacTeil: B
Espasmuarckoit crenHon u Caxapo-I'oOmiickoil ITycTBIHHOM 30Hax. Peka Ypaa mepecekaeT Bce Tpu
IIOA30HBI CeBepPHBIX, CPeJHUX U IOXKHBIX crerell EBpasmarckoii crenHolt 30HbL. Ha kparineMm 1ore (480
C.IIL.) peKa IPOXOAUT CeBepHYIO 110430Hy CeBepOTypaHCKON My CTHIHHOM 30HBI [1].

B mccaegyeMpix DOMIMEHHBIX Jecax B 3aBUCUMOCTM OT TIe€HeTHYeCKON O4HOPOAHOCTU
Teppuropun AuddepeHunposaancy Ha ¢usnuko-reorpapuyeckne pavonsl (Moagaryaos, 1967,
Areaeyos, 1982). [Ipu 9TOM yunTeIBadach OKpy>Kalolas I11aKOpHas TePPUTOPHU:, KOTOpas OKa3bIBaeT
3HauNMTeAbHOE BAUAHMe Ha (pOpMUpOBaHNE U pa3BUTME PaCTUTEABHOCTM ITOMMEHHBIX Aecos. Hamm
OB110 TIPOBEAEHO CeKTOpaabHOe palioHMpoBaHue OacceitHa p.Ypaa Ha Teppuropunu 3K, rae spiaeanan
JeThIpe NPUPOAHBIX paiioHa C II0ApalloHaMI U UX TpaHuIlaMu (pUCYHOK 1):

I. [TaaTtdpopmennsiii crerHo Ypaa: 1. Viaek - Ypaabck

II. ITpukacnmiickuii cTertHomn Ypaa: 2. Ypaabck - SIHalikKiMHO

III. ITpukacnmiicKuit Iy CTBIHHO- CTeNHOM Ypaa: 3. flHaiikuHO - ATaMeKeH

IV. Ilpukacnmiickuii IIyCTBIHHBIN Ypaa: 4. AramekeH - VHaep
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BosmoxHvie nymu GopMuposanus HAOpbl t MAKPOMULEINOs HOLMEHHDLX Aeco6 p.Ypar 6 npederax 3anadnozo Kasaxcmana
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Pucynoxk 1. leo60oTaHnyeckme parioHbI OacceriHa p.Ypaa B ripedeaax 3anajgHOTO
Kasaxcrana

B pesyabraTe mccaesosaHmMil BbIsABAEH (PAOPUCTUYECKUII M MMKOAOTMYECKMII cOCTaB (PAOPHI
IOVIMBI p.Ypaa, a TaKKe BbIAeAeHbl ICTOpuJecKre cBUTH B nonnmanum I'M.303yauna.

B macrosmeir pabore Mcroab30BaHbl MaTepuadbl, IIOAydeHHble B pe3yabTaTe OllpeaeAeHNs
COOCTBeHHBIX COOpOB aBTOpOB. Ilpm ompegeseHun repOGapusi OBLAM MCIIOAB30OBAHBI CAeAyIOIIUe
MHoOrotroMHble cBogku: «Paopa CCCP», «DPaopa Kasaxcrana», «VlaaocTpupoBaHHBI OIlpeseAnTeab
pacrenmit Kasaxcrana», onpejeanream pacTeHuii B cOopHmke «Martepmuaasr 1o ¢aope nu
pactuteasHoctu Cesepnoro Ilpukacrmsa» B.B. Vsanosa (1964-1989) [8], «Kataaor pacrennit 3anaaHo-
Kasaxcranckoit obaactu» [9]. Homenkaarypa npusoaurcs ¢ yyerom csoaku C.K.Yepemnanosa (1995)
[10] n mo «Crmcky cocyaucteix pacrennit Kasaxcrana» C.A. A6ayaannorn (1999) [11]. Hassanms BuA0B
rpu0OB 1 aBTOPHI IpNBeAeHBI B COOTBETCTBUM ¢ Oa30i 4aHHBIX Mycobank [12] u o 6ase ganHbIX Index
Fungorum [13].

PeSyileaTbI nccaea0OBaHM

daopa mOMMEHHBIX AecoB OacceliHa p. Ypaa XapaKTepusyeTcs BBICOKMM YpPOBHEM BUAOBOTO
OorarcrBa. B paitone mccaeaoBaHMsI, COTAacHO HAIllMM AaHHBIM, OTMedeHO 630 AMKOpacTyIIUX BUAOB
COCYAMCTBIX pacTeHuit, 77 BUAOB MaKpOMUIIIETOB, KOTOpble OTHOCATCS K 14 cemelicTBy, O4HOTO KAacca
Agaricomycetes.

IIpn cpaBHeHUM CHMCKOB IO BBIAEAEHHBIM TeODOTaHMYECKMM palioHaM B IIOMIMEHHBIX Aecax
p-Ypaa okaszaaock, uyTo Hanboaee Horata ¢paopa noimel [Laarpopmennoro crernnoro Ypaaa (337 Bugos
pacrenmii, 68 BuA0B MakpoMmuileTos). Ha GorarcTtso sTOro pernona, no-suaumMomy, IoBAnAA0 0AMU3Koe
pacroao>keHne IMPOKOAMCTBEHHBIX A€CHBIX pedyrnyMoB, Takux Kak Obmmit cerpt u ITpusoaxkckas
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BO3BBIIIIEHHOCTD (/aBpenko, 1970; T'opuakosckuit, 1963, 1968). Aas sToit TeppuTOopun XapaKTepHBI
Ayopasnl (Quercus robur), Basosuuxu (Ulmus laevis), oapmanuku (Alnus glutinosa ), aunmsaxu (Tilia
cordata), tonnoaesHuxu (Populus), usasaxu (Salix).

B nenrpaasnoil morimsl Ilpukacromiickoro crernHoro Ypaaa (257 BUAOB pacTeHmii, 26 BUAOB
MaKpOMUIIETOB) TUIIMYHBIMM KOPEHHBIMIU Jecoo0pasyiommmu rnopodamu sasasiotcss Populus alba,
P.nigra, Salix alba, Ulmus laevis. Bropuunsle mpon3soaHsle Aeca mpeAcrasaeHsl: Acer negundo, Fraxinus
exilsior. B KycTapHIMKOBOM sApyce OTMeUYeHbI KPYIIMHA, JKUMOAOCTD, TePH, IINITOBHUK.

Ha obOeanenne (AOpUCTUYECKOTO COCTaBa, BUAMMO, IIOBAUSIAO OAM3KOe IL1aKOPHOE
PAacCII0A0XeHHBIX TpeX M0A30H EBpasnaTcKoil CTeITHOM 30HE5I.

Aas oliMeHHBIX AecoB IIpuKacnmiickoro mycThIHHO-cTentHoro Ypaaa (189 suaos pacrenmii, 20
BIAOB MapOMUIIETOB) XxapakTepHo oOeaHeHme ¢aopsl Ha 40%. Mbl oTmMeTmam, 4TOo 34ech eIre
coxpansercs: AecHoe sApo u3 Populus alba, P.nigra, Salix alba, a KycTapHIKOBBIN IIOKPOB IIpeACTaBAeH
Prunus spinosa, Rhamnus cathartica, Rosa majalis. BropyaHpIMI A€caMy sIBASIIOTCS KA€HOBBIE U sICEHeBbIe,
BOBHUKIIIE Ha MeCTax rapeii 1 Io>KapuIIL.

beanocrs ¢aopwr Ilpukacnmiickoro mycrteiHHOro Ypaaa (107 Buaos pacrenmii, 5 BUAOB
MaKpOMHIIETOB) OOyCAaBAMBAETCs, ¢ OAHON CTOPOHBI, I€0A0TMYeCcKOil MOAOAOCTBIO TEPPUTOPUN, C
Apyroill - HOpPUPOAHO-KAMMATUYECKMMM YCAOBUAMM IIYCTBIHHOM 30HBI. B IleHTpaabHOI mHOJIMe
BCTpEYalOTCs M3peKeHHBle OCOKOpeBble Jeca C eJVHMYHBIMHU DK3eMILAspaMm UBBL Oeaoil. Mecro
IIpOIaBIINX AepeBbeB 3aHATO TaMapukcamu (Tamarix laxa, T. ramosissima).

Xog, sBoatonuy, TpaHcpopmanumu ¢paoporeHesa PpuaolieHOTeHe3lca PacTUTEABHOTO ITOKPOBa
ITOJIMEHHBIX 1€COB MOKHO ITpOaHaAM3MPOBaTh, OCHOBLIBASICH HA COCTaBe MCTOPMUIECKNX CBUT [14].

IIpu BBIAEA€HMM CBUT IPMHMMAANCH BO BHIMAaHIe XapaKTep COBPeMeHHOIO pacIpOCTpaHeHNs
BIAOB; X IIeHOTIYecKasl 1 TpodudecKas IPUYpPOIeHHOCTh K KOPEHHBIM COBPEMEHHBIM COOOIIeCTBaM;
reHeTIJecKye CBsI3Y OTAEeAbHBIX BIAOB, PUTM Pa3BUTIL U XKU3HEHHOCTD B cooOIiecTse [4, 15].

B moiimeHHBIX Aecax BblAeA€HEI CAeAyIOIye CBUTHL: HeMopaabHast (33 BA0B, 5,2 %), 6oposast (31
BUAOB, 4,9 %), Oeryaspnas (32 Buaos, 5,1 %), oapmanukosas (16 108, 2,5 %), O0opeaabHO-UBHIKOBas
(31 Buaos, 4,9 % ), mapodurHoO-TpaBsiHasa (43 BuA0B, 6,8 %), ayrosas (118 Buaos, 18,7 %),
KOBBLABHIKOBas (52 BuA0B, 8,3 %), Ayroso-crenHas (85 1408, 13,5 %), raa0pUTHO-ITyCTEIHHO-CTEITHAS
(23 Bugos, 3,7 %), ncammodurHo-crentHas (50 BuAOB, 7,9 %), ceBepOTYypaHCKO-IOAYKYCTapHIYKOBO-
rycteiHHasA (33 B1140B, 5,2 %), anTponiorersast (83 108, 13,2 %).

Passutne §aopsl M MaKpOMHIIETOB IIPOXOAMAO IO ABYM IYTSAM: PeAUKTOBOMY U
MUTpaluyoHHOMY. K peanKToBBIM gpeBecHBIM BigaM OTHOCSTCS AyO, AMIIa, BsI3, 0AbXa, AemfuHa 1 ap. K
MUTPAIIMOHHBIM ApeBeCHBIM BUJaM IIpMHaAAeXUT Oepesa, OCMHA, TOIIOAD, Ba, KAeH, siceHb u Ap. Ha
uccAelyeMOll TEPPUTOPUIM COXPAHSIETCSI OCHOBHOe JecHOe AP0, XOTs HabAI0AaeTcs COKpallleHue
APeBecHBIX I KyCTapHMKOBBIX IIOPO,.

B pesyabprare aHaamsa (puaoreHeTMYeCKMX OCOOEHHOCTEN ITpeACTaBUTEAe)l KOPEHHBIX IIOPOJ,
AepeBbeB B KOMILAeKce C BBICIIMMMU OasuamoMmiieTamMu p.Ypaa HaMy OBLAO BBISIBAEHO 6 OCHOBHBIX
MCTOPUYECKIX CBUT.

1. HemopaabHas cuta

dopmupoBaHme 40AMHBI p.Ypaa cesAzaHo ¢ nogHATreM HOxHoro Ypasa u KoaebaHUAMU YPOBH:
apestHero Kacrmiickoro mopsi. IlaseoboTaHnueckue gaHHBIE CBUAETEABCTBYIOT, YTO KAMMAaTUIECKUI
CABUI, TIOBAEKIINII 3a CODOIl ApeBHee O/ejeHeHMe YeTBepPTUYHOIO IepluoAa, HavaaAcs C cepeAVHBI
«MmoreHa». lo aToro spemenn 604pinas yactb EBpornisl 40 Ypaaa Oblaa sansTa «IToarasckoir ¢paopoii»
U3 TPOIMYECKUX U CyOTpONMIecKux suaos, a sech Jaapunit Bocrok n Cubups - «Typraiickoit ¢paopori»
n3 aucronaaHeix s1eMeHToB (Kpumrodposuy, 1957, Byand, 1944). OagHako KO BpeMeHU OJAeAeHeHMs
TypraiicKue BUABI BRITECHIAN IT0ATaBCKYIO (pAOPY Ha 3alla 1 Ioro-3arad u 1o sceit CesepHoir Espasum
YCTaHOBIACS OAHOOOPa3HBIN IINPOKOAMCTBEHHBIN TeHeBLIHOCAMBHIN TuIl (paopsl [16]. B Hemopaabhyio
CBUTY BXOAAT BUABI IV POKOANCTBEHHBIX AecoB CepepHoii EBpasun, cocrosiue 3 cAeAyIOmmuX IOPOA:
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avma (Tilia cordata), aemuna (Coryllus avellana), B3 (Ulmus laevis), Ay0 (Quercus robur). B HacTosIIee
BpeMsI B IIOVMIMEHHBIX Jecax pasBuTel AyOHsaAku (Quercus robur), ssasosuuku (Ulmus laevis), a AUITHAKN
(Tilia cordata)  opemnuku (Corylus avellana) BcTpedaioTCsl B €AMHIMYHBIX MecTax.

B AyOHsAkax MaxkpoMmuIeThl IIpeAcTaBAeHB TaKUMI BUJaMM: Ha CTBOJAax JepeBbeB
npouspacraior ryoka ayoosas (Daedalea quercina (L.) Pers.), TpyroBuk cepHo-xeatbiii (Laetiporus
sulphureus (Bull.) Murrill), neaenounniia oosikHoBenHas (Fistulina hepatica (Schaeff.) With). Ilog, ay6amu B
I'YMyCOBOM cyOcTpaTe BCTpedaioTcsi AyOOBMK 0AMBKOBO-Oypwiit (Suillellus luridus (Schaeff.) Murrill,),
Baaym (Russula foetens Pers.), aoxwubiit Baayn (Hebeloma crustuliniforme (Bull.) Quél.), 6aeaHas moraHka
(Amanita phalloides (Vaill. ex Fr.) Link) n ap.

Ha cTBO/aX BSI30BHIKOB OOMTaeT MMUAOAUCTHUK OoKaaoBuAHbI (Neolentinus schaefferi (Weinm.)
Redhead & Ginns). B aecHoit moacTiake pacipocTpaHeHbI Ipy3Ab ocuHOBBIN (Lactarius controversus
Pers), saayit (Russula foetens Pers), Aoxxublit Baayii (Hebeloma crustuliniforme (Bull.) Quél.) n ap.

2. bopoBas cBuTa

ITo aannubmv VI.B.Ilaan6una (1935) n E.H.Ananosoit (1954) B HeoreHe Bcsi ceBepHasl 4acTh
Ceseproro Ilpukacnimsa Oblaa mpeacTaBieHa Typranckoir ¢Aaopoil, a U3 ApPeBeCcHBIX II0pOJ
AOMMHIPOBAAM COCHBI ¥ HEKOTOpBIe IIMMPOKOAUCTBEHHBIE ¥ MEAKOAVICTBEHHBIE BNABL, TO €CThb
TOCIIOACTBOBAAl CBETAOXBOVIHBIe COCHOBLIe aeca (Oopnl) [16]. Tepmun «Cepepnriii [Tpukacrinii» B 1964
rogy ssea B.B.JIBaHOB, KOTOpBINl BBIA€AsA DTy TEPPUTOPUIO OT IPUTOKOB Boarm Ha samage, A0
Myroa>kapckmx rop Ha BOCTOKe, C ceBepa IpaHMIla HaumHasdach o Obmero Ceipra 4o Kacrmiickoro
Mopst Ha 1ore [17].

B Hammx yca0BusX BUABI OOpeaAbHOI CBUTHI IIPUYPOUYEHBI K OITYIIIKaM ITOMIMEHHBIX A€COB U K
OaripauHBIM JecKaM, IIO ITeCdaHBIM M CyIleCYaHBIM CKJAOHaM BIIaJaloIieil B p.Ypad. MaaAbIX pek, B
yactHOocTU p.EMOyaaTOBKM.

baitpayHble A€CKM 3aHATHI OCMHOBBIMIM COOOIIIECTBaMM, TA€ MBI 3aperMCTpUPOBAAN: MYyXOMOP
KpacHblil (Amanita muscaria (L.) Lam), myxomop mnantepusit (Amanita pantherina (DC.) Krombh),
Hapo3HUK Mepuaomuit (Coprinellus micaceus (Bull.) Vilgalys), naBosumxk cepsiit (Coprinopsis atramentaria
(Bull.) Redhead), Baayi1 (Russula foetens Pers) u Ap.

3. bepesnsakosas cBuTa

dopmupoBaHne Oepe3HIKOBOI CBUTHI IIPOVCXOANAO B KAMMATIYECKIX YCAOBUSX, IIPYU KOTOPBIX
He MOTAM pa3BUBaThCS TEHEBbIe I POKOAVICTBEHHEIE Aeca.

Ha ocnose naaeoboranmyecknx ganueix A.A.Uurypsesoit u Xsaaunoi (1961) MoxxHO cyauts o
TOM, YTO BO BpeMms IaeiicTolleHa OaccertH p.Cakmapnl (HbiHe OpeHOyprckast 004acTh) IpeAcTaBAsd
cobor1 aecocrerns. B coBpemMeHHOM mepuoge BUABI OepPe3HAKOBOI CBUTEI COCTABASIOT OCHOBHOE SAPO
¢ aopsr ocnHOBO-Oepe3oBbIX AecoB 3arnagHo-Crbupckoit aecocrernu [16]. Dra cButa 6AmM3Ka K IpymIe
pactureabHbIX coobmects, Ha3BaHHBIX VI.M.KpamenunkossiMm (1937) «I114€11CTOII€HOBOI A€COCTEIIbIO».
Slapo Oepe3HSIKOBOII CBUTHI COCTaBASIOT Oepessl (Betula pendula, B. pubescens), 6osapsinuk (Crataegus
sanquinea) v Apyruie, KOTOpble ObLAV Pa3BUTHI B ceBepo-BocTouHoIT yacTu CepepHoro Ilpukacmmst.

bepesst Cesepnoro Ilpukacnmst mnpearoumrTaror OalipadHble AeCKM U KOTAOBMHBI CpeAu
ITeCYaHbIX MaCCHBOB.

ApesecnHa Oepe3 OueHb I1AaCTUIHAs ¥ MOPakaeTcs pasHBIMU KCUAOTpOopHEIMU Tpubamm. Ha
cTBOAax Oepe3 MBI OOHAPYKMAN IOpa’keHNe TaKUMU BUJAaMU APeBOPa3PYLIAOINIIX MaKpOMUIIETOB:
TpyTOBUK Oepesosriit (Piptoporus betulinus (Bull) P. Karst), TpyTroBux (Tpamerec) pa3HOIIBETHBIN
(Trametes wversicolor (L.) Lloyd), Tpyrosuk nHacrosmmit (Fomes fomentarius (L. ex Fr.) Kickx), TpyToBux
okarimaeHHsI1 (Fomitopsis pinicola (Sw.) P. Karst.), genryriuatka oosikHoseHHast (Pholiota squarrosa (Vahl)
P. Kumm) u ap. Ha nasax Hamn orMeueH HaBosHUK Mepuaoommit (Coprinellus micaceus (Bull.) Vilgalys).
B nnouBenHOM nOKpoBe OaripauHbIX Oepes3 HanbOAee TUIIMYHEL IT0A0epe30BUK OOLIKHOBeHHbI (Leccinum
scabrum (Bull.) Gray), Geasnit rpu6 (Boletus edulis Bull.), myxomop nanTepusiit (Amanita pantherina (DC.)
Krombh), myxomop kpacusiir (Amanita muscaria (L.) Lam) n ap.
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4. Oap11aHMKOBAsSI CBUTA

A.ATapacos (1971) ormewaa, 4YrOo caMbpIMM ApeBHMMM TunamMyu pacreHuii CeBepHOTO
[Ipukacnius sABASIOTCSL Aeca UM Ayra, KOTOpble OBIAM pacIpOCTpaHeHBl II0 AoAMHaM pek. IaasHoit
IIOPOAOI TEeHEeBBIX AecoB Oblaa 0abXa. B HacrosIee Bpems OABIIAHMKU PacTyT MIPeMMYIeCTBeHHO
BA0Ab peK u pyudbeB bepikoBkm m EmOyaaToBky, Bragaromme B p.Ypaa. OapxoBble cooOIrecTsa
IIPeAIIOUNTAIOT TY4YHbIE, CUABHO yBAa’KHEHHBIE VI XOPOIIIO adpyUpyeMble ITOYBHI.

Ha aepeBbsax 0apX1 BCTpeyaroTcs TPyTOBUK cepHO-keAaTbit (Laetiporus sulphureus (Bull.) Murrill),
TpyTOBUK HacTosAmmii (Fomes fomentarius (L. ex Fr.) Kickx) n ap.

IToa oabpIIaHMKOM B TYMyCOBOM TOPM3OHTE MBI OTMETUAM CBUHYIIKY ToAcTyiO (Tapinella
atrotomentosa (Batsch) Sutara), CBUHYIIKY TOHKYIO (Paxillus involutus (Batsch) Pers.), a05xHy10 Ancmuxy
(Hygrophoropsis aurantiaca (Wulfen) Maire), rpysap >xeatsit (Lactarius scrobiculatus (Scop.) Fr.), 6eabiin
rpub (Boletus edulis Bull.), mamnuubon ayrosoit (Agaricus campestris L.) u Ap.

5. bopeaabHO-UBHAKOBAsI CBUTA

Haunboaee OaaronmpusTHble ycAOBUSI A4Sl A€COB IIOCA€ OKOHYAHIS A€AHUKOBOTO Ilepuoja B
Ceseprom Ilpukacimm cosgaBaamch TOABKO B IOKHOYPAaAbCKOM TPEeTUYHOM JeCHOM pedyruyme
(AaBpenko, 1930, I'opuakosckuii, 1963, 1968) u na Oo6mem Cripre (Kpamennunnkos, 1939). Ha ocHose
naseoboraHmyeckux AaHHbix A.A.Uwnrypsesoin n Xsaamnon (1963), E.H.Ananosoit (1954) Bo Bpem:
BEpXHETO I11eJICTOIleHa U ToAolleHa B OacceriHe p.CakMapbl TOCIIOACTBYIOT Me/AKOAVICTBEHHbIE TTIOPOABL,
MIPUICIIOCOOMBINIECS K JKU3HU B A0AMHAX PeK.

CaegoBateabHO, OAM3OCTh IIEHTPOB KOHCepBanuy JecHoit (aopsl  IIpeAolipejeanaa
eBpOIIeIICKIII XapakTep (PpAOPHI M TOCIOACTBO MEAKOAUCTBEHHBIX IIOPOJ U3 poaos Populus, Salix Tak
IIMPOKO paclpocTpaHeHHBIX BO Beeil CepepHoit EBpasun. B coBpemeHHOM mepuoge suabl 60peaabHO-
MBHSKOBOI CBUTBI pacTyT IO Oeperam Ypada, IO €O IPUTOKaM, IIO CTapopedbsM M B OalipauyHBIX
AecKax, rAe IIpUypOYeHsl K AHNUIIIaM U CKAOHaM.

B rymycoBoi1 moAcTiAKe BeTA0BHUKOB MBI OOHaPY>KIUAU IPY34b OCMHOBEIN (Lactarius controversus
Pers), moarpysaok 6eaniit (Russula delica Fr.), aayit (Russula foetens Pers), ceunyiky Toacryio (Tapinella
atrotomentosa (Batsch) éutara). Ha apesecune mBpl Oea0il HaMM OTMeYeHBbI YelllyifdyaTKa 30A0THCTas
(Pholiota aurivella (Batsch) P. Kumm.), TpyroBuk cepno->xeatsiit (Laetiporus sulphureus (Bull.) Murrill) n
Ap-

6. /lyroBas cBuTa

M. Kyxos (1945) ykasaa, uTo pasaoM Kpucraaamdeckoro Oaprepa ['ybDepamHckux rop B
cepeAlHe YeTBEPTUYHOIO Ieproja COeAVHIIA BepXHUIT Ypaa CO CpejHNM, UTO IPUBeAO K 00pa3OBaHMIO
eAVHOI YpaabCKoil pedHoil apTepun. Bce 9TO co3gaso ycaoBus AA4sl HOCTeIeHHOTO (pOPMMPOBaHU
¢gaopsl MONMEI, a M3ydyeHUe IlaleoKapIMUecKUX MaTepuasloB JaeT OCHOBaHMe, YTO B PacTUTEeAbHOM
nokpose CesepHoro IIpukacrms rocriogcTsoBaau AyroBble I AyTOBO-00A0THBIE TPYIIIIMPOBKI.

/lyrosasi ~ cBUTa  IIpeAcTaBAeHa  AAMHHOKOPHEBUIIHBIMU  Me30(QUTHBIMU  BUAAMU,
IIPOM3PaCTAIOIMIMMM IO ITOMIMEeHHBIM AyTaM, a TakXKe IO MEeXIPUBHBIM ITOHVKEHUSIM B ITOVMMEeHHBIX
Aecax, TI0 AHUIIIaM U HUKHMM 4YacTsIM CKAOHOB OalipauyHbIX A€COB.

Ha moiiMeHHBIX Ayrax p. Ypaa BCTpedaloTcsi MyXoMOp cepo-po3oBblit (Amanita rubescens Pers.),
IIIaMIIMHBOH AyroBot (Agaricus campestris L.), a05xaeBux ayrosoii (Lycoperdon pratense Pers.), HaBOZHNMK
cepoit (Coprinopsis atramentaria (Bull.) Redhead), maBosuux mepuarommit (Coprinellus micaceus (Bull.
(Bull.) Vilgalys), roaosau mpoaoarosareii (Lycoperdon excipuliforme (Scop.) Pers.), 6a1eanas moranka
(Amanita phalloides (Vaill. ex Fr.) Link), ortenok ayrosoit (Marasmius oreades (Bolton) Fr.), omenox aeTHmiz
(Kuehneromyces mutabilis (Schaeff.) Singer & A.H. Sm.), psrxux Hacrosmmir (Lactarius deliciosus (L.)
Gray), rpysapb uepnniii (Lactarius turpis (Weinm.) Fr.), moarpysaok 6eastit (Russula delica Fr.)) n ap.
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BuiBoabl

Ha ocHoBanum mccaegoBanmii ¥ aHaam3a IIOAYYEHHBIX AAHHBIX MOXKHO CAeAaTh CAeAyIoIye
BBIBOABI.

1. B pernone nccaesoBaHnii HaMH BblAeAeHBbl YeTblpe IPUPOAHBIX paiioHa c nogparonamu (L.
ITaardpopmennsiit crenHon Ypaa: Vaek - Ypaanck; II. Ilpukacnimiickmit crernsoi Ypaa: Ypaabck -
Auarikuno; III.  Ilpukacrimifickmii IIyCTBIHHO- cTelHOM Ypaa: JSlHaiikuHo - Arameken; IV.
ITpukacniniicKmit IyCTBIHHBIN Ypaa: ATamekeH - Vnaep).

2. B uccaeayemMoM pervoHe COBpeMEHHBIN pacTUTEALHBIN ITOKPOB ITOVMEHHBIX A€COB CAOXKEeH
Pa3HOBO3pPAaCTHBIMM 6 MCTOPUMYECKMMI cBUTaMM. IIpoBegeHHBINI HKOAOTO-MCTOPUYECKMIT aHaAN3
CBIAETeABCTBYeT, 4TO (POPMUPOBAaHME MaKPOMMUIIETOB Ha TEPPUTOPUM MCCAAOBAHMS CBA3AHO C
UCTOpMeN IPOHMKHOBEHNUs W CTaHOBAEHNUs JApPeBeCHBIX IIOpoJ4 C JepeBOpaspyllalolyMU U
MUKOPU3000pasyIOIMy rpubOaMI.

3. Passutme ¢aopsl M MaKpOMMIIETOB IIPOXOAUAO IO ABYM IYTAM: PeAUKTOBOMY MU
MUTPAIIOHHOMY. PeAVKTOBBINI KOMILAEKC ITOVIMEHHBIX AeCOB C MakpoMmiieTamyu (GOpMUPOBAACI B
TeyeHne AAUTeABHOTO BpeMeH! OT MUIOIleHa 40 IOJAOlleHa, 4TO OTPa3dliAOoCh B BUAOOOpa3oBaTeAbHBIX
IIpo1jeccax.
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1 ] -
/1. H.I'ymures amuirdazvl Eypasus yammuvrx ynusepcumemi, Hyp-Cyaman, Kasaxcman
2Maxambem Omemicos amuvirdazvt bamoic Kasaxcman yrusepcumemi, Opar, Kasaxcman

bartpic Kasakcran meringeri JKanbIk ©3eHi XaliblaMaabl OpMaHAapbIHBIH (aA0packl MEH
MaKpOMMTTEePi KaabIIITaCybIHBIH BIKTVIMaAa XX0a14aphbl

Anpaarmia. Makasaga JKaifblk e3eHiHiH aaaOBIHAAFBI >KalblAMaAbl OpMaHAAPBIHBIH (PA0pachl
MeH MaKpOMULeTTepiHiH TapMuX! KaAbllTacy >KOAAapbl KapacTbIpbliaAbl. JKalbIK ©3eHiHiH >KaAIlbl
Y3BIHABIFBI 2428 KM Kypaiiabl, a1 bareic Kasakcran aymarbiHaa 1000 km-aeH acaabl.

JKariblamaasl opMaHAap KaAblIITacy opTachblHa OallAaHBICTHI YII >Kardaliga dambirad. Oaap:
©3€H apHachl, OpTaAbIK >KoHe Teppaca MaHbl. OpMaHJap KYPbLABIMBI OONBIHINIA OalfbIPFhI JKoHe TYBIHABI
opMaHgap 6oabin OeaiHeai. JKaiibIk ©3eHi aaKaObIHBIH ©CIMAIKTep TOOBIHBIH KaABIIITaCybIHBIH JKeTeKIITi
¢akTops! — reoaornss MeH peabed OOAFaHABIKTAH, 3epTTeAeTiH ayMak Ierinae (paopaaslk (630 ecimMaix
Typi) >XKoHe MUKO(AOpaAbIK adyaHTypAaidirine (77 makpomwuiieT Typi) OaliaaHbICThl 4 TaOUFyM aiiMak
epeKIIeaeHe].

OpMaH KaybIMAACTBIFBIHBIH (PAOPOMUKOAOTUAABIK, KYPaMBIHBIH 9BOAIOLMACEL MeH ©3repy
OappIChl TapuUXM CBUTaAapAblH KypaMbIHa CalikeC TaljaHaAbl. 3epTTeareH arMakra I"M.3o03yamnHiy
TyciHiringeri 13 cBuTa aHBIKTaAAbl, OHBIH iIIiHAe Kasipri >KaliblAMaaAbl OpMaHJapra ToH 6 cBuUTa
TOABIFBIPAK, KapacTeIpblaabl. CBUTaAapAbl aHBIKTaraHAa TypAepAiH Kasipri Tapaady CHUIIaThl, 0AapAbIH
IIEHO3ABIK Ke3aecyi, JKeKelereH TypAepAaiH reHeTUKaAbIK OalldaHBICH], 4aMy pUTMi >kKoHe OipaecTikreri
TYpA€pAiH TiplIidik cuIiaTTapsl ecKkepiaai.

JKaitpramaasl opMaHAapABbIH MUKO(DAOPaAbIK KellleHiHiH KaAbIlTacy yJAepici peAmuKTi >KoHe
KOHBIC ayJapyIIbsl DAeMeHTTepAiH HerisiHAe OnrycTik Opaagan, Eaia men XKaaner ChIPTTHIH cOA KaK
TapMakKTapbl aHFapAapbl apKblAbl OalBITBIABIN, Tapadadbl. bya Kaaemracy ypdici MuolieHHeH
roA0IleHrIe AeMiHIi Y3aK yaKbITThl KaJKeT eTedi.

Tyitin cesaep: JKaitblk e3eHi, XaliblaiMaAbl opMaHAap, ¢$pAopa, MaKpOMMUIIETTep, TapuXu
Ty3idiMaep, peANKTi KellleH.

S.A.Abiev!, T.E.Darbayeva?, A.N.Sarsenova'

IL.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
?Makhambet Utemisov West Kazakhstan University, Uralsk, Kazakhstan

Possible pathways for the formation of flora and macromycetes of floodplain forests of the
Ural River within Western Kazakhstan

Abstract. The article deals with the historical reconstruction of flora and macromycetes of the
floodplain forests of the Ural River. The length of the entire river is 2428 km, over 1000 km in Western
Kazakhstan.
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Floodplain forests are developed in three genetic parts: riverbed, central and near-terrace.
Primary and derivative forests are distinguished according to the forest structure. The leading factor in
the formation of the Ural River valley is geology and relief, in connection with which 4 natural regions
have been identified for their floristic (630 plant species) and mycological diversity (77 macromycetes
species).

The course of evolution and transformation of the floromycological composition of forest
communities is analyzed according to the composition of historical formations. In the studied region, 13
suites were identified in the understanding of G.M. Zozulin, among them, 6 suites that stand out well in
modern floodplain forests are considered in more detail. When establishing the formations, the
character of the modern distribution of species, there was considered their cenotic confinement, genetic
relationships of individual species, the rhythm of development, and the vitality of species in the
community.

The process of the formation of the floromycological complex of floodplain forests is based on
relict and migratory elements, enriched, and settled from the Southern Urals, as well as from the valley
of the left tributaries of the Volga and Common Syrt. The formation of which took a long time from the
Miocene to the Holocene.

Keywords: Ural River, floodplain forests, flora, macromycetes, historical formations, relict
complex.
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CpaBHI/ITeAbHaSI XapaKTepucTmnkKa paspmuTms 1 IIPpOAYKTMBHOCTV COPTOB
Ka3aXCTaHCKOM CeAeKIIN B ycaoBmsIX C€BepO-BOCTOKA Ka3zaxcrana

Annoramusi. B cmamve npedcmasienvi uccAedosanus paseumus U npooyKmueHOCHuU
nepeneKmusHvX Copmos Kapmopers omeuecnmseHHot CeAKUUU 6 YCAOBUILX Cesepo-60CoKa
Kasaxcmana. Hecmomps Ha 6bICOKUTL YposeHb CeAeKUUOHHOW pabomovl 1o Kapmoderro 6
Kasaxcmate  svicokoypoxaiitvie copma Omeuecneenol CeAeKuu Maro UCnoAb3YIomcsl
KaApmoPheAenpoussooumersmu. Imo moxem 0oimb CEA3AHO C meM, Umo He 6ce copma npu
BOIPAUUBANUY 6 KOHKPeMHbIX KAumamuveckux sonax Kasaxcmana nposersiom kauecmea,
3A56AeHHbIe OPUZUHAMOPAMU IMUX copmos. [IpupooHo-Kaumamuveckue YCAOGUS S6ASIONCS
00HUM U3 OnpedeAstouux Gaxmopos, 100 delicmeuem KomopvlX Pearusyromes. 603SMoKHOCHU
YPOKATHOCHIU COPIIOE KApmoPers.

Ha ocnosanuu pesyAbmamos onvima 6ol6AeHbl HepailoHuposarvle copma, Komopole Mozym
0vimo pexomerdosarvl 0A GLIPAUUEAHUSL 6 YCAOSUAX 0antozo pezuona. Kapmogerv copma
Hapau no ypoxaiinvim xapakmepucmuiam 0biA npubAUXen K pawoHuposaniomy 6 0arHoi
3ome copmy Axcop, no Koruvecmsy kAyOHeil 6 kycme copm Axcop onepexar copm Hapau na 11
%, 1o no xoAuvecmsy cmardapmuoi Ppaxyuu Hapau npesocxodur paioHuposarivlii copm
Axcop na 13,6 %. Copm xapmogers Hapau moxem 0vimo pekomerdosar 0AS 6oipaujusaris
ycaosusx cesepo-éocmorxa Kasaxcmara.

Karouaesble caosa: kapmoderv, KAyOHU, copm, passumiie, npooyKmueHoCHb, Gpaxius.

DOI: 10.32523/2616-7034-2021-135-2-28-37

BBeaenue

Kaprodear sBasercs 04HOVM M3 OCHOBHBIX ITPOAOBOABCTBEHHBIX M TeXHMYECKMX KYABTYP,
BO3/eAbIBaeMbIX B Mupe. Ero yacTo HasplBalOT «BTOPBIM XAe00M», M 9TO BIOAHe cripaselanso. [lo
ornienkam ®AQO, B 2019 roay Bo BceM Mupe ObLA0 IpousseseHo 6oaee 370 MIAAMOHOB MeTPUYECKIUX
TOHH KapTodeas, 4YTO 3HAYMTEAbHO OOAbIle IO CpaBHEeHMIO C OOBeMOM mpomsBoicTsa B 333,6
muaanoHa TosH B 2010 roay [1].

Kaprodear He OTHOCMTCS K BBICOKOKAJAOPUIHBIM IHPOAYKTaM ¥ COAEPKUT IIUTaTeAbHbIe
BeIllecTBa B AerKOyCBOseMON AAs opraHmsma ¢opme, GoraT OMOAOTMYECKM IJeHHBIMU BellleCcTBaMIL:
BUTaAMIUHaMl, MMHEpPaAbHBIMHU COASIMIY, KapTOQeAbHBII OeA0K COAep>XXUT Bce 8 He3aMeHNMMBIX
aMIHOKICAOT, KpOMe TOTO B KMPBI KapTodeas BXOAAT OJAeMHOBas, IaAbMUTHHOBAs, ANHOAeBas U
AVHOAEHOBasl KMCAOTHI, ITIOCAeAHNe He CUHTe3MPYIOTCS B SKMBOTHOM U 4eA0BeYeCKOM OpraHmaMe [2].

C yweroMm BO3pacraiollell YMCAGHHOCTM HacedeHUs IIpoDaeMa ero  obecrieyeHus
IIPOAOBOABCTBIIEM, B TOM 4MCAe U KapTodeaeM, sBASETCs IepBOCTeIIeHHON ToCyAapCTBeHHON 3aJader.
B Pecnnybamke Kazaxcran kaprodeanr BoszdeabiBaeTcs Ha maomaaum 189,8 Teic. ra, co cpeaHenn
ypoxxaitHocTpio 15 1/ra [3]. E>XerogHo yseamumBaeTcs: KOAMYIECTBO COPTOB KapTodeasl, AOMyIIeHHBIX K
ucrioap3oBannio B Peciy0amke Kaszaxcran, B 2020 roagy Owrao 133 copra, B ToMm umcae 45 — copra
ceaexnyu KasHMVKO. HecmoTpsi Ha BBICOKMIT ypOBeHb CeAeKIIMOHHOI paboTel IO KapTodeaio B
Kaszaxcrane BBICOKOypOXKaiiHble COpTa OTEUeCTBeHHON CeACKIIUMM IIPaKTUYeCKU He M3BeCTHBI
kapTodesenpouspoiuteasm. OTAMYUTEABHON YePTOI OTedeCTBeHHBIX COPTOB KapTodeAas ABASeTCs TO,
4TO OHM OBLAM CO3AaHbI 1MO4 ycaosusa KasaxcraHa, IO CBOMM XapaKTepHUCTHMKaM M YPOXKaifHOCTU U
YCTOMYMBOCTU K 3a001€BaHMsAM OHM COOTBETCTBYIOT CaMBIM BBICOKMM TpeOOBaHUAM IIPOU3BOAUTeALN U
riorpedureaein [4].
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Bmecre ¢ TeM IpOLIEHT UCIIOAB3yeMBIX B IIPOU3BOACTBE OT€YECTBEHHBIX COPTOB OCTAeTCsI HU3KMIM.
DTO MOXeT OBITh CBA3aHO C TeM, 4TO He Bce cOpTa MPY BRIpAlMBaHUI B KOHKPETHBIX KAMMAaTUIEeCKIX
3oHax Kasaxcrana nmposBAsIOT yposKaliHble KauecTBa, 3asBAeHHble OPUIMHATOPaMM 9TUX COPTOB.

YpoxKaiftHOCTh KOMILAEKCHBIN ITOKa3aTeAb 3aBVCAT He TOABKO OT IIOTeHIMada IIPOAYKTUBHOCTH,
HO M CBs3aH KaK C BHEIIHMMMU (YCAOBUsA BO3AEABIBaHMA), TaK M BHYTPEHHUMM (KayecTBO CEeMEeHHOIO
Marepuasa U ero aJalTUBHBIN ITOoTeHuaa) pakropamu [5].

Pacrenns kaprodeas B3aIMOJENCTBYIOT KaK C a0MOTMYeCKMMM, TaK M C OMOTHYeCKUMU
¢axTopamn. B pesyabrare BansAHMA KOMOMHaIM (PaKTOPOB MeTabOANM3M U3MEHIETCs Have, 9eM TP
peakuym Ha KaXKablii aKTop IO OTAEABHOCTM (4TO AOIIOAHMUTEABHO 3aBUCUT KaK OT XapakTepa
BO3AENCTBUsA, TaK M OT OMOAOTMYECKMX OCOOeHHOCTell TIeHOTHUIIa), IIOCKOABKY MOAEeKYyAsSpHBIe
CUTHaAbHbIe IyTHU, KOHTPOAMPYIOIINe aOuoThdeckre 1 OMOTUIeCcKNe HallpsKeHs, MOTYT IPOSBAATH
KaK CMHepIuU3M, TaK M aHTaroHmsM. AOMOTHYeCKMe HaIpsIKeHUs YCyTyOASIOT CTpecc y pacTeHuil U
MOTYT BBI3BIBATh IIOBPEXAeHNE KAETOK, YTO HeTaTUBHO BAUAET Ha YPOXKaITHOCTh KapTo(easi, KadeCTBO I
PBIHOYHYIO CTOMMOCTD KAyOHei1 [6, 7].

CoraacHo pesyapratam, mnoaydeHHeM Hosukopoir A.10. Kupy C.A. Porosmnoin E.B.
XO3SJICTBEHHO IIeHHble MNPU3HaKM COPTOB B 3aBUCUMOCTM OT M3MEHEeHMUs KAMMAaTUYeCKUX YCAOBUIA
AOCTOBEPHO M3MEHSIOTCs, OOOOIIMB pe3yAbTaThl M3ydeHWUs JaHHBIX TeHAEHIIMI U OIIeHUB BKAaJ
KAUMaTu4eckKux (akTOpoB B M3MEHYNMBOCTb, aBTOPHI YCTAHOBMAM, YTO B HaMOOABIIEN CTeIIeHN
XO3AVICTBEHHO IIeHHBIe IPNU3HaK! KapTodeas 3aBUCAT OT TeMIlepaTyphl B yCAOBUAX AMOO HeAOCTaTKa,
Anbo m3OpITKa Teraa. K BakHeMIIMM arpokAmMaTudeckuM ¢paKkTopaM, OIpeAeAsIOmNM pa3BUTHe
pacrenuit Kaprodeas, aBTOPbI OTHOCAT POCT CyMMEI TemriepaTyp Boiie 15 °C u 604ee paHHMII IIepexos,
TeMIlepaTypHbIX 3HaueHni1 Bpire 15 °C, 4To yckopsieT IIpOXoXKJAeHle Hanboaee MeTeo3aBUCUMBIX a3
(Bcxoanl u 1BereHne) [8]. CepOckume yuyeHble HPUIIAM K 3aKAIOUEHMIO, YTO OCHOBHOM IIPUYMHOIN
CHVDKEHUs YpOXKallHOCTU COPTOB Kaprodeas sABAseTCA IOHVDKeHHasl BAaXXHOCTb BO3AyXa U
HeA0CTaTOYHbIe ITOAUBBI, 9TO HPUBOAUT He TOABKO K CHUIKEHUIO YPO>KalfHOCTH, HO M KauyecTBa KAyOHelt
Kaprodeas, BHI3BAHHOMY ITaJeHueM (POTOCHMHTETUYeCcKOi aKTMBHOCTM Ha €AVHUITY IIAOIaAM AMCTa.
Aas ycaosuit 1oro-socroka Kaszaxcrana Oplaa oTMedeHa 3aKOHOMEPHOCTh, UYTO B 3acCyIIAMBBIE TI'OABI
copra CpeAHeCIeA0M U CpeJHemo3JHel TIPYIIl Pe3KO CHUXKAIOT yPOXKaMHOCTb II0 OTHOLUIEHMIO K
pannecnieaniM copraM. [lo muennio Kpacasuna B.®., 5T0 cBsA3aHO ¢ TeM, 4TO paHHecIleAble copTa 3a
CyeT MHTEHCHMBHOIO pOCTa B IIepBOil IIOAOBMHE BereTalMy YCIeBaloT cPOpMUpPOBaTh YpOKaii
KapTodeas 40 HacTyILAeHNs HeOAaTOIPUATHBIX YCAOBHIL, KOTOPHIe B DTOI 30He HaCTYHAalOT C CepeAVHbI
mioas [11].

Kasaxcran o61asaer oOIIMpPHON TeppuUTOpHUeN ¢ pasHOOOpasueM MPUPOAHO-KAUMATIIECKNX I
IIOYBEHHBIX YCAOBUI M A4Sl Ka’KA0J 30HBI TpeOyeTcs CBOs CrlelM(uKa COPTOB, KOTOpPbIe B Pa3HBIX
KAMMAaTUYeCKNX YCAOBUAX BRIPAIIMBAHI ITIOKAa3bIBAIOT XOPOIINIL ITOKa3areAb ypoxannocru [11].

Aas mpoussoauTeas HamboJee IIEHHBI BBICOKOIIPOAYKTMBHBIE aJallTUBHBIE COpPTa KapTodeas,
ob6aaaromye KOMIIAEKCOM IIPU3HAKOB (B TOM 4lCJe YCTOMYMBOCTBIO K OOA€3HAM U BpejuTeasMm) C
OTHOCUTEABHO CTaOMABHOCTBIO ypoXKas B BapbUPYIOIINMX YCAOBMAX BRIpAIIMBaHUs, OCOOEHHO BasKeH
II0A0Op COPTOB C BBICOKOIN BHKOAOTMYECKON IAaCTUYHOCTBIO U CTaOMABHOCTBIO AAsl PerMOHOB C
JKeCTKMMM arpOKAMMAaTUYeCKUMMMI yCAOBUAMM, K KOTOpeIM oTHOCuTCs 1 [1aBaosapckast 064acTs.

Kammar  cesepo-Boctoka Kazaxcrama pe3ko KOHTMHEHTAAbHBIN, OH  XapaKTepuU3yeTcs
3HAUUTEABHBIMU KOAOAaHUAMIU MHOTMX MeTeOPOAOTMYeCKMX IlapaMeTpoB, HO 34eCh MMeIOTCs
3eMeabHble, BOAHBIe I 4el0BedecKue pecypchl Aas KapTodeaempomssoactsa [12]. B ceasu ¢ stum
MeeTcs HeoOXOAMMOCTL M3Y4eHMsl OMOAOTMYECKMX OCOOEHHOCTel, YCTOMYMBOCTM K CTPEeCCOBBIM
¢axTOopam BHeIIHell cpeAbl M MPOAYKTMBHOCTY IT€PCHEKTMBHBLIX COPTOB KapTo(deas OTedeCTBeHHOI
CeAeKILIMN C 11eAbIO BHIA@AUTD COPTa C AYYIIMMM ITOKa3aTeASIMIA.

Aas cesepo-poctoka Kasaxcrana (IlaBaogapckas 004acTh) AOMyIIEHO K MCIOAb30BaHMIO 18
copToB KapTodeas, n3 Hux 1 oredectseHHbIN copT Akcop [13]. BoabmmHCTBO paltoHMPOBaHHLIX B
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[TaBaogapckort obaacTy copToB KapTodeas 3apyOeskHble, HO OCHOBHas Macca MX, KakK IIOKaszaa
IIPOU3BOACTBEHHBIN OIIBIT, B YCAOBUAX 004acTy He IPOSBASET 3asBA€HHBII KOMILAEKC XO3AICTBeHHO-
II0A€3HBIX CBOVICTB, B peayabTaTe u3 18 pailoHMpOBaHHBIX 3apyOe’KHBIX COPTOB KapTodeast
IIPOU3BOAUTEASIMY IIMPOKO Mcroawp3yiores 2 (I'aaa, /arona). Bmecre ¢ TeM akTMBHO MCIIOAB3YIOTCS
HepallOHMpOBaHHbIE COpPTa, KOTOpBle IPU CO34aHUM MM OAarONpPUATHBIX YCAOBMS BbIpaIBaHI
IIOKa3bIBAIOT BBICOKYIO YPOXKalHOCThL Ha HIPOM3BOACTBeHHBIX yudacTKax (Koaomba, VImmaaa, Posapa,
Poapura).

Ileapro mccaejoBaHMsI — SABASAOCH M3ydeHMe IIOKasaTedell pocTa M IPOAYKTUBHOCTU
IIepPCIIeKTUBHBIX A151 001aCTV COPTOB KapTOodeAsl OTeueCTBEHHON CeAeKITUIA.

A5 BLITIOAHEHMSI 9TOM 11eAr OBLAY ITOCTaBAEHbI CAeAyIolye 3aladi:

- IpoBecTy (peHOA0TIIecKre HabAI0AeHs COPTOB KapTodeas: OTedeCTBeHHON CeAeKITUI;

- IPOBEeCTU y4eT IIPOAYKTUBHOCTY;

- ICCAeA0BaTh CTPYKTYPY ypoOKasi;

- AaTh CPaBHUTEABHYIO OILIeHKY M3y4aeMbIM COpTaM.

Marepuaabl 1 METOABI

Nccaeaopanns soinoanensl B [TaBaoaapckoir CXOC B 2019-2020 rr. myTeM mpoBeAeHNs I10A€BOTO
OITbITA.

ObObektoM  mccaeqoBaHMii  ObLAM — OTeUeCTBeHHBle copTa  KapTodeas, I0Ab3YIOIIecs
IIOBBLIIIIEHHBIM MHTEpecoM y KapTodeaenpoussoaureaein: Akcop, Hopan, Hlarasaasr, Tsaubpimanckmii,
babaes, TamspIp.

Copr kaprodeas TAHBIIAHCKMII — CpejHepaHHMUI, BBICOKOYPOXKaNHBIN, >KapOCTOMKMUIA,
3aCyXOyCTOIIMBEIN, 001ajaeT I101eBOi yCTOMIMBOCTLIO K paclpocTpaHeHHBIM B KazaxcraHe 00Ae3HsIM.
BrigepxuBaer 7 penpoayKnuii BhIpalllMBaHMS B 30He CHABHOIO BBIPOXKAEHM:, HPUTOAEH K
IIPOMBIIIIAEHHOM IepepaboTKe Ha YMIICH M KpaxMada. ¥ poKaiHocTh — 40 60-65 T/ra. PekomengoBaH K
VICII0AB30BaHMIO B AaMaTUHCKO obaacty PK.

Copr kxaprodeas  Axcop —  cpeaHeCHeaAbllf,  BBHICOKOYPOXKAIHBIN,  >KapOCTOMKMNIA,
3aCyXOyCTOIYMBBIN, PaKOyCTOMYMBEIN, 00AajaeT I104eBOM YCTOMYMBOCTBIO K PacIpOCTpaHEHHBIM B
Kasaxcrane 604esHsaM. BolgepskmBaeT 7 penpoAyKIINii BRIpaIliuBaHNs B 30HE CUALHOTO BBIPOKAEHMNS,
IIPUTOAEH K IIPOMBIIILAEHHON IlepepaboTKe. YpoxkainHOCTh — 40 55 T/ra. PexomeHgoBaH K
UCII0Ab30BaHMIO B 6 00aactsx PK, B Tom uncae B [1aBaoaapckoit o6aactu.

Copr kaprodeas Hopam -  cpeaHecreabll,  BBICOKOYPOKAIHBIN,  >KapOCTOMKIIA,
3aCyXOYCTOIIMBEIN, PaKOYCTOVUYMBEIN, 00AajaeT II0AEBON YCTONYMBOCTBIO K PacIpOCTpaHEHHBIM B
Kasaxcrane 604e3HsaM. BrigepkuBaeT 8 penpoAyKIuii BRIpaIliuBaHNsd B 30HE CUABHOTO BBIPOXKAEHUS,
IIPUTOAEH K IIPOMBIIILAEHHON IepepaboTke. YposKkaitHocTh — 50 T/ra. PekoMeHA0BaH K MCII0AB30BaHNIO B
Aamarunckoir ooaactu PK. PekomeHna0BaH K UCIIO0Ab30BaHUIO B AaMaTnHcKoi1 ooaactu PK.

Copr kaprodeas Illarasaapl — cpeaHepaHHMII, BBICOKOYPOKAllHBIN,  >KapOCTOMKMIA,
3aCyXOyCTOIUMBEIN, 001ajaeT I10AeBOli yCTOMYMBOCTRIO K pacripocTpaHeHHBIM B Kazaxcrane 004e3HsM.
BoigepxuBaer 7 penpoayKuuii BhIpallMBaHMSA B 30HE CUABHOIO BBIPOXKAEHU:, IIPUTOAEH K
IIPOMBIIIIAEHHO IlepepaboTke. YpoxkaltHOCTh — 55 T/ra. PekoMeHAOBaH K MCIIOAB30BaHUIO B
AxmoanHckoit ooaactu PK.

Copr xaprodeas babaes — cpeaHecmeanlli, ¢ KpacUBLIMM KAYOHSAMM M >KeATONM MAKOTBIO,
BBICOKOYPO>KallHBIN, >KapOCTOMKUIL, 3aCyXOYyCTOMYNUBBIN, 001ajaeT TII0AeBOM YCTOMYMBOCTBIO K
pacnpocrpanennsiM B Kasaxcrane 0oaesHsMm. Brigep:xmpaeT 8 penpoAyKiuii BeIpalllBaHUs B 30HE
CMABHOTO BBIPOXKAEHNS, IPUIOJeH K IIPOMBIIILAEHHON IlepepaOoTke. YpoxKkatHOCTh — 45 T/ra.
PexoMeHa0BaH K MCII0Ab30BaHUIO B AaMatuHckoy ooaactn PK.
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Copr kaprodeass Tamblp —  CcpeAHeCHeAbllI,  BBICOKOYPOXKAlHBIN,  >KapOCTOMKIIA,
PaKOyCTOMUMBEIN, 3aCyXOyCTONUMBLIN, 00AadaeT I10AeBOJ YCTOMYMBOCTBIO K PacIpOCTpaHEeHHBIM B
Kazaxcrane 6oae3nam. Brigep>kusaer 8 penpoAyKunii BeIpalllMBaHNs B 30He CUABHOTO BBIPOXKAEHUS,
IIPUTOAEH K IIPOMBIIILAEHHON IlepepaboTKe. YposKaitHOCcTh — 50 T/ra. PeKkoMeHA0BaH K MCITI0AB30BaHNIO B
3anagHo-Kasaxcranckor, JKamoOsrackoii, Keizsraopaunckont obaacrsix PK.

IToseBble OmBITHI OBLAM 3a40KEHBI Ha OPOIIEHNM COTAACHO MeTOAMKe II0AeBOro ombITa [14].
ITaomaap mocaaku 1 ra. IToussl OIBITHOTO ydacTKa KaIlITaHOBEIE, CyIleCyaHble, C COAep KaHMeM rymyca
1,0-1,3 %, P20s — 135-150 mr/xt, pH - 6,6-6,8.

Bce wmspickaHmsa u HaOaAlOgeHMsT OblAM IIPOBEAEHBI COIAACHO OOIIEIPUHATBIM MeTOAMKaM.
VccaeaoBanmsa mpoBedeHbl HO MeTOoAMYeCKMM IIOAOXKEHMSAM IO IIPOBEAeHMIO OLIEHKU COPTOB U
rnopuA0oB Kaprodeas Ha UCIIbITaTeAbHBIX ydacTKax (2017) [15].

B Teuenme Beretanumu HpPOBOAATCA HaOAIOAEHUS M y4eThl B COOTBETCTBUM C METOAMYECKUMU
ykaszaHusiMu. [Iposesensl 2 mHceKTUIIAHBIE 00pabOTKM ITOcaloK IIpernapaTtom «Kapars».

ArpoTexHmuka B OIIBITAX B I11€A0M COOTBETCTBYeT TeXHOAOIUM BO3JeAblBaHUA Kaprodeas,
IIPUHATON B AaHHON 30He. ITpeaniecTBeHHUK — 1aacT MHOrodeTHux Tpas. Cxema mocagkm 25 x 75. B
XO4e BBbIIIOAHEHUsI MepOIIPUATUI IO BBHIpalllMBaHMIO IIpOBeAeHbl Kalle/lbHble IOAVBBI IIMTOMHUKOB
KapTodeas — 25 noansos ¢ Hopmoii 130 m%/ra.

ITpoBegeHpl 2-x KpaTHBle MeXAYpsAHble KyAbTMBaLMM Ha Y4eTHBIX JedsHKax. Ilocaaka
IIpoBeJeHa B OTKPBITBIN TPYHT B IIePBBIX 4NCAaX MIOHA BpyuHyIO. [Ipomoaka n yoopka IIpoBoAnAach
Bpy4HYIO.

CyMmMa TeMIepaTyp B Ieplog IIpoBeeHNs OIIBITOB HaXoAMAach B IIpedelax Cpe4HeMHOTOAeTHIX
AaHHBIX. YpO>KaliHble gaHHBIe I10Ay4aaAl, BBICUUTBIBAs cpeaHue I1okazarean 20 KycToB Ka’KAOIO copTa
coraacHo MeToauke. Janasle oOpabateiBaan 1o metoauke Jocmexosa b.A. [14].

PesyabTarnl

Vcexoas m3 gaHHBIX (PeHOAOTMYeCcKUX HaOAIOAEHMIT, MOXKHO CAeAaTh BBIBOABI, YTO B YCAOBUIX
[TaBaogapckori oOaacTu M3 M3ydaeMBIX COPTOB IIEPBBIM BCTYNNA B IjBeTeHNMe COPT KapTodeas
[laraaaasr, yepes 45 aAHeil 1ocae IOcagky, yepes 5 gHell Ha4aA0Ch MaccoBoe IBeTeHue copra Hopan,
gyepes 7 aHeit copTos Axcop n Tamelp ogHOBpeMeHHO, yepes 12 aueir copra babaes, kapTodean copra
Tanpmanckmit 3anpea nocaegHmuM, yepes 15 gHeir, XOTh M OTHOCUTCS K IPyIIIIe CpegHepaHHMX COPTOB,
TO eCTh KAMMAaTH4YecKye yCAOBUs 004acTy CIOCOOCTBOBAAM TOPMOXKEHMIO Pa3BUTHUs PacTeHMII DTOTO
copra.

ITo cpokam orMmpaHmst OOTBBI Tak >Ke Oblaa BBISIBA€HA COPTOBas CIIEIM(IIHOCTD, CBA3aHHAS C
KAUMaTUYeCKUMU YCAOBUAMU IIPOU3pacTaHmsL.
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pucyHok 1 (a)

pucysOK 1 () pucysok 1 (a)
Pucynox 1. Passutne pacteHnii Kaprtogeass OTedeCTBeHHBIX COPTOB

IlepBple mpM3HaKy OTMHUpaHM:A OOTBHI OTMeUeHHI y copTa KapTodeas Hopam, yepes 80 aueit
rocae 1moca/Aku, y Kaprogeas copra Tambip uepes 85 gueir, y copra Akcop, llarazaasr u babaes uepes
100 aneit, y copra TsanbIIancKMiz, Tak 1 He ObLAO IIPU3HAKOB OTMIUPaHUS A0 caMOil yOOpKu.

Mcxoas M3 TOAyYeHHBIX JaHHBIX ITIpM  BRIpAIIMBaHUU KapTodeas OOABIION ITPOLIEHT
HecTaHAapTHOM (ppaKIuy CBUAETEALCTBYeT O TOM, YTO BBUAY He0AaronpuATHBIX YCAOBUIA, CBSI3aHHBIX C
HI3KOM BAAXKHOCTBIO BO3J4yXa U IIOBBIIIEHHBIMM AHEBHBIMM TeMIlepaTypaMi, Bce M3ydaeMble copTa
KapTodeas He CMOIAM peaau3oBaTh CBOI IIOTeHIIMaA YpOXKallHOCTM B IIOAHONM Mepe, OblA OTMeYeH
BBICOKMII ITPOIIEHT HecTaHAapTHOM (ppakiun. Hanboaee BricoKit pe3yabTaT yposKaifHOCTU IOAYYEeH Y
copra Illaraaaasl, kKapTodeab DTOTO copTa Pa3BUBAACA B COOTBETCTBUU C 3asBA€HHON OpPUTMHATOPaMM
TPYIIOi CHeAoCcTu (CpeJdHepaHHMII) M CMOT B 0O4bllleil CTelleHM peaAn30BaTh CBOJM IIOTeHIIMaA
IIPOAYKTUBHOCTH. JlaHHbIe ypO>KallHOCTU IIpeAcTaBAeHbl B Tabantie 1.
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Tabauma 1
ITokazaTeay MPOAYKTMBHOCTU COPTOB KapTodeas
Oo01asn
Koamnuectso
Mmacca N Cpeanssa macca
. KAyOHel1 B Koanuectso
Coprt KAyOHel1 O/AHOTO KAyOHs C o
KyCTe, HecTaHAapTHBIX KAyOHeit, %
KyCTa, B KyCTa, T
cpeaHee, IIIT
cpeAHeM, T
Axkcop 733 15 48,9 48,7
Hopan 773 13,4 57,7 35,1
Tampip 558 94 59,4 31,9
babGaes 561 7,8 71,9 30,8
ITarasaas: 713 92 77,5 17,5
TsHBIIIaHCKUI 205 6,3 32,5 58,7
HCPos 22,7

Vs aaHHBIX TaOAMIBI BMAHO, 4TO OOJee BBHICOKME IIOKa3aTeAy IO Macce CPOpMIPOBaHHBIX
KAyOHel1 cTaHAapTHON ¢pakiuy IoAydeHbl Ha copTe Hopam (cpeansas macca kayOHeil B KycTe
cocrasuaa 58 r), lllaraaaast (78 r), 910 B 2, 4 pasa 0oablile, ueM Ha copTe TsHbIIAaHCKMIT (CpeAHsIsI Macca
KayOHei1 B Kycre cocrasmuaa 32 1), xors u Illarasaasr, n TsAHBIIAHCKMIT OTHOCATCSA K CpeAHepaHHUM
copTam.

Aas pasMHOXeHMsI KapTrodeas 0oabllloe 3Ha4YeHMe MMeeT KOAMYeCcTBO CPOPMUPOBAHHBIX
KAyOHell, TaK KaK }MEHHO STOT IIOKaszaTeAb oIpeJeaseT KOS(QPUIIMEHT pa3sMHOXeHUs B
cemeHoBo/cTBe. Hanbo1ee BrICOKIE TTOKa3aTeAn IO KOANYeCTBy cpOpMIUPOBAHHBIX KAyOHell Ha O4HOM
KyCTe 1IoAyJeHsl Ha copTe Akcop (15 mr), 60aee Huskue Ha copre TaHbIanckmit (6 mT).

Taxkum 0Opa3oM, MCXOAs U3 AAHHBIX MCCA€AOBaHNII, MOXKHO CAeAaTh BBIBOJA, YTO B YCAOBMSX
cepepo-socTOoKa Kaszaxcrana, He Bce wu3yyaemble copTa KapTodeas OTeUecTBEeHHON CeAeKIUM
COOTBETCTBOBAAM 3asBAsSEeMOll TPYyIIIe CIeAOCTU. DTO HOATBEP>KAAIOT M Pe3yAbTaThl MCCAeAOBaHUI
APYTUX aBTOPOB: B 3aBUCMMOCTM OT YCAOBHUs BBIpAIMBaHMU:A, COpTa KapTodeas He BCerda MOTYT
peaansosars csou Kadecrsa [10, 16, 17]. Ecan aaa ycaosuii 1oro-socroka Kasaxcrana HebaaronpusrHbie
yCcAOBUs AAsl KAyOHeoOpa3oBaHMsA HACTYHalOT C CepeAMHBI MIOAS, TO B YCAOBUAX CeBepO-BOCTOKa
Kasaxcrana sacymausbliil nepuog HabAIOAaeTcs yXKe B cepeguHe uioHs. IlosToMy naactuaHoCTh copTa
kapTodeas B AaHHOM PeruoHe SBAAeTCs OllpeAeAsioniell XapaKTepUCTUKON. AKTUBHBIM pa3BUTHEM
pacrenmii kaprodeas 1 GopMUPOBaHUEM ITOAHOLIEHHOIO ypOsKas OTANMYAANCh COPTa C IOBBIIIeHHbIMM
a/anTalMOHHBIMU CBOMCTBAMU, BHE 3aBMCYMOCTY OT IPYIIIIBI CIIeAOCTH.

BuiBoabI

B xoae mccaeaoBanmii BBISABAEHBI Pa3dAMyMs B CIOCOOHOCTM COPTOB JAake OAHONM TPYIIIIBI
crieaocTy cpOPMUPOBAThH ITOAHOIIEHHBIN ypOsKail B CTPECCOBBIX YCAOBUAX ceBepo-BocToKa Kasaxcrana.
Copra kaprodeas Tambip m Hopam, oTHOCAIIMECHs K CpeAHeCIeAON TpyIIle, B AAaHHBIX YCAOBMSX
nposisuAan ceds Kak cpegHepanHue copra. Kaprogpears copra Hopan 1o yposkaitHbIM XapaKTepucTUKaM
Ob121 MPUOAVIKEH K pallOoHMPOBaHHOMY B JaHHOI 30He COPTYy AKCOp, IO KOAMYECTBY KAyOHell B KycTe
copt Axcop omepexaa copt Hspanm va 11 %, HO 1Mo KoamdectBy craHgapTHOM (pakuym Hepan
IIPeBOCXOAMA pailoHMpOBaHHbIl copT Akcop Ha 13,6 %. Takum obOpasom, copt Heopam oramuaercs
I1AaCTUYHOCTBIO U MOKeT OBITh PeKOMEeHJOBaH A4 BBIpAIlMBaHMUSA B YCAOBUAX CEBEPO-BOCTOKA
Kaszaxcrana.

Kaprodpear copra TanbmiaHckmuil, OTHOCAIIMIICA K TpyIllle CpedHepaHHMX COPTOB, IIO
(penoaormyeckumM HabAIOACHUAM OTCTaBaA IO Pa3BUTUIO AaKe OT CpeJHecIIeAbIX COPTOB, TaK M 110
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ypO>KaifHBIM JaHHBIM cpopMmpoBaa HamboJee HUBKUIT YpOXKall, TO €CTh KAMMAaTHJecKue yCAOBUS
064acTy crIocoOCTBOBAAN TOPMOXKEHNIO PA3BUTIS PacTeHNIT HTOTO COpTa.

CraTpsl BBIIIOAHEHa B paMKaX IpOBeAeHMs MCCAeJOBaHMI IIO I1eAeBOM Hay4HO-TeXHIYeCKO
nporpamme O.0865 «O3g0poBaeHne MocajouHOro Mareprada Kaprodeas OT BUPYCHOI MH(EKIINN Ha
OCHOBe MHHOBAIIVIOHHBIX ME€TO/A0B U a4allTUpOBaHe K BHeAPeHNIO D0Aee BLICOKOIIPOAYKTUBHBIX COPTOB
(rmbpuAoB) KapTodeas, OBOIIHBIX M OaxdeBBIX KyABTYP 3apyOe>KHON CeAeKIUU AAd Pa3ANMIHBIX
ITIOYBEHHO-KAMMaTnJecknx ycaosuit Kaszaxcrana».
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Kasakcranubiy CoATYCTiK-IIBIFBICHI JKaF4aiibIHAA Ka3aKCTaHABIK CeAeKIsIAbI KapTOII
COpPTTapbIHBIH AaMybl MeH OHIMAiAiTiHiH caabICThIPMAaAabl CMIIaTTaMachl

Anparnia. Makaaaga Coarycrik-IIpirbic Kasakcran >karaaliblHAa OTaHABIK — CeAEKITUSAABI
KapTONTBHIH TNEePCIeKTUBTI COPTTapbIHBIH AaMybl MeH ©HIMAiairiH seprrey ycbiHbLAFaH. KapTtom
OOIBIHINIA CeAEKIMAABIK >KYMBICTBIH JKOFaphl JeHrelliHe KapamacraH, Kasakcranga oOTaHABIK
CeAeKIIVAHBIH >KOFaphl OHIMAl cOpTTapbhlH KapTOIl eHAipylIidep a3 naiijadaHaasl. bya KasakcranHbig
HaKThl KAMMATTBIK aliMaKTapblHAa ©CipiAreH Ke3ge, OChl CYphIIITapAblH OpUIMHATOpAaphl MadiMAereH
carnadapAbl KepceTe aaMayblHa OallaaHBICTBI DOAYBI MyMKiH. TaOUFu-KAMMATTHIK >KaFjaiidap KapToIml
COpPTTapBIHBIH ©HIMAiAiK MYMKIHAITIH aHBIKTaiThIH (paKTOpAapAbIH Oipi 60AbII TaObLAAADL.

Toxipube HaTMKeaepi HeridiHAe aygaHAacThIpbLAMaraH COpPTTap aHBIKTaAAbl, OAapAbl OCHI
aliMakTa ecipyre ycblHyFa 0Ooaaabl. Hepam cOpTBIHBIH KapTONTapbl ©HIMAIAIK cUIIaTTaMadapsbl
OOI1BIHIIIA OCBI aiiMaKTa ayJaHAacThIpbLAFaH AKCOp COpPTBhIHA >KaKbIH 0OAABI, TYITeri TyITHeKTep caHbI
OoiteraIIa Axcop coptel Hepam copreian 11% - fa acwin tycri, 6ipak craHAapTTHl (PpaKIys CaHBI
Ooitpinma Hepan ayaanaacreipsraran Akcop copteiHad 13,6% - ra acwin tycti. Hopau xapToObiHbIH
copThiH KaszakcTaHHBIH COATYCTiK-IIBIFBICBIHAA ©CIPY YIIIiH YChIHY¥a D0AaAbl.

TyiiiH ce3aep: KapToI, TYIIHEK, CYPBIII, 4aMy, OHIMAi4iK, ppaKims.

I.N. Anikina?, N.N. Kaynidenov?!, M.V. Krasij?, A.N. Kamarova!

I Toraigyrov University, Pavlodar, Kazakhstan
2 Limited liability partnership «Pavlodar agricultural experimental station», Pavlodar, Kazakhstan

Comparative characteristics of the development and productivity of potato varieties of
Kazakhstan selection in the conditions of the North-East of Kazakhstan

Abstract. The article presents a study on the development and productivity of promising potato
varieties of domestic selection in the conditions of the North-East of Kazakhstan. This may be since not
all varieties when grown in specific climatic zones of Kazakhstan show the qualities declared by the
originators of these varieties.
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CPHBHMmCJ\bHIZ}l Xapakmepucmuxa passumusl u npoaykmusﬂocmu copmos Ka3axcmarcKou ceAexkuyui. ..

Natural and climatic conditions are one of the determining factors, under the influence of which
the yield potential of potato varieties is realized.

On the basis of the results of the experience, there were identified non-raised varieties, which can
be recommended for cultivation in the conditions of the region. Potato Nerli varieties yield
characteristics were close to zoned in the area Axor, by the number of tubers in the bush variety ahead
of Nerli on 11%, but the number of standard fraction Nerli exceeded zoned variety Axor by 13.6%. The
Nerli potato variety can be recommended for cultivation in the conditions of the North-East of
Kazakhstan.

Keywords: potatoes, tubers, variety, development, productivity, fraction.
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BBSV Bupycsl xyrbeimaaay 0apuicbiHaarsr HSP17.6
aKybI3bIHBIH MeXaHI3MiHe aHaau3 JKacay

Annortamus. BBSV (Beet black scorch virus-BBSV) supycor dyue xysite ker maparzan
KAHM KUISUIAUACOIHLIH, 6UPYCOL 00ALIN, KLISVIALAHVIE, KaAHM oHOIpiCiHe ayblp IKOHOMUKAALIK
3usH myodvpoin, KAMovICHIbl CAAA0Azbl sepmmeyutirepdit, Hasapbin aydapovl. Moderv ocimdix
Nicotiana Benthamiana-0an naildaranvin GUpYCMuvly, Ky2oiMOaAy 0apvicbl MeH ociMOTKmit,
aypyza kapcol Mypy MexXanusMmin epmmey ome 30p uAVIMU Manvisea ue. bydan Oypoirzol
sepmmeyarep BBSV supycvimer xyzoimoarydar Oypoizvl KaHe XyevimoareawHar Keuinzi
Nicotiana Benthamiana-:a mpanckpunmom cekéeHupAey MmexHoA0ZUICbIMeH marday xacay
apxoiavl HSP17.6  axyvisvinoiy, meAuiepi BBSV  eupycvimern xyevimdarear  ecimdikme
KOPHEeKMI apmamotHolH 0aiiKazan.

HSP17.6 axyvl3viiolly GUpYycHvll, XKyeulmMOaAyvl MeH ecimOikmil, aypyaa kapcvl mypy
bapoicvirdazol perin myciny yuiin, HSP17.6 axyvisoimen HSP70, HSPI0 xarie BBSV supycuin
Kypaumoint axyo3apovir; (BBSV encoded proteins) apacoindazor esapa acep emy xazdaiivin
sepmmedix. 3epmmey wamusxeci HSP17.6 axywsviniry HSP70, HSP90 axyvisviver e3apa
apexemmeceminin (interactions), 6Gipax BBSV eupycuivir; KypoiAbiMOvik akyvisdapuimen
(BBSV encoded proteins) apexemmecneiiminin kepcemmni.

Taxipube Homuxecine XaHe OypuviHzol sepmmeyaepze Hezisderzende, HSP70 xane HSPI0
akyvizdapoina  KemexkuliAik per amxapamvin HSP17.6  axyvisvl MOAEKYAAAVIK UiANEPOH
(molecular chaperone) wvismemin amxapy apxoviavt BBSV supycuvinvir; xyevimoaryor men
Kebetoite Kaxemmi KypulAbMObK akyoisdapoiiott gordunzite (fold) kemekmecedi.

Tyiiin cesaep: HSP17.6 axyuvisvl, BBSV, pordutiz, kyzoim0ary Mexanusmi, AOKAAUSALUSL.

DOI: 10.32523/2616-7034-2021-135-2-38-47

Kipicmie

BBSV (Beet black scorch virus) supycsl anmamerpi 30 nm map Tapisai Bupyc. BBSV Bupycs
JKYFBIMJaAFaH KBI3BIAIIIAHBIH >KaIlbIparblHAa Kapa Jakrap Haiiga O0AbII, OapABIK >KaIbIparbl Kyparl,
TaMbIpbI ©1e4i. Coa ceGerti BBSV Bupyce! aen atasaapt.! BBSV BupychIHBIH reHOMBI SKaAIIbl Y3bIHABIFBI
3644 nt, xxaarw13 Tiz0exTi MarpiHaAbl PHK (single strand positive sense RNA), 5'-ymeinga VPg ok, 3'-
ymbsiHga Poly(A) sxok. BBSV Bupyceinga sxaamner 6 ORF (Open reading frame) 6ap 604bim, oaap >keke-
JKeKe pelauKalusdaHyMeH KaToicTel P23 (BBSV snaonaasmaga penamkanmsdaHaabl), OKYIIBl aKybl3
P82 (read through protein), kosraasicka KateicTsl P7a, P7b, P5' akysI3aaphl >KoHe BUPYCTBIH KaOBIKIIIa
akysI3bl (Coat protein, CP).2

HSP (Heat shock proteins) eciMaik >xoHe >kaHyapaap >KacyIIacblHAa KOIITell Ke3eceTiH O0AbIII,
OpraHmu3M JeHecCiHe BHPYC >KYFbIMJAaly OapbICBIHAA KeIl MeAallepae cuHTeddededi. KaapimrTer
>KacyIllaHbIH ©Cill->KeTiAy OapbIChIHAQ, JKacylllajarel JallepoH KbI3MeTiH atkapateiH HSP akysissr 6acka
aKybI3AapAbIH (POAAVIHTI, TPAHCAOKAIVIACH JKoHe AeTpalalysachl KaTapAbl PYHKIMsIAapbIHA KaTbICaabl.?
ConplMeH KaTap THiMCi3 opTa XaraalibiHaa, HSP aKybI3bl )kacyIaHbIH KaABIITHI TipIIiAiK KMMBbLABIHBIH,
caKTalyblHa KeMeKkrecei. MoeKyaaHblH MaccachbiHa OaitaanbicTel HSP Gec Tomka 6eaineai: HSP100,
HSP90, HSP70, HSP60 >xone sHSP (small heat shock protein).* JKaksiursr xb1gapaan Oepi, HSP70
aKyBI3LIHBIH BUPYCTBIH JKYFBIMAAAy OaphICEIHAA SFHM BUPYCTBIH >Kacylara Kipyi (viral entry), Tysiayi
(virion assembly and disassembly), perankarnusie: >koHe BUPYC TeHiHiH SKCITPeCcCusCh OapBIChIHAA
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MaHbI3ABI KbI3MeT aTKapaThIHbl Oalikaaasl. ConpiMeH Katap, HSP70 akybI3bIHBIH BUPYC KbI3MeTiHe
KaJail acep eTeTiHi TepeH 3epTTeairt 60a4b1.5

A sHSP ToOBbI (I1aFpIH XMTYOK aKybl3Japbl) OaKTepis, ©CiMAIK JKoHe JKaHyapaap AeHeciHAe Kol
MeallepAe CUHTe3AeAeTiH 00AbII, MoAeKyaaablK caamarel 15-30 kJa mamaceiHga 6oaaapl. bya sHSP
TOOBIHAAFBI aKybI3JapbIHBIH OopiHge opTak Oip koHIepBaTubTi, ImaMameH 100 aMMH KBIIIKBLABIHAH
KypaafaH, A KpUCTaAAVMH AMH3AChl TOpi3Ai AoMeHi Oap,® OHBIH eKi YIIBI ©Te TYpakchl3 0O0Aaabl.
Opranmsm JeHecineH CcBIpT >Kargaiga, sHSP ToObr 12-40 MoHOMepAeH KypaaraH OAUTOMep
¢opmacsinga cakTasaasl. Aa a3 canabsl SHSP ToObIHAAFBI aKyBI3Aap MOHOMEP, AMep HeMece TeTpaMep
¢opmacsinga cakrasaarpl.” sHSP akybI3bIHIH CyOCTpaTTBI TaHYHI JKoHe OHBIMEH Oipiryi ere MaHBI3ABI.
sHSP axysisbiHig Oacka HSP TOOBIHAAFBI aKybl3dapaaH aiibipMaiiblabirbl, sHSP akybiser Oacka
aKybI3JapbIHBIH TONTaAyblHA KeAepridik >Kacay OapbichiHga AT® sHeprmsachiH Kepek ermeiigi. /Jene
ceIpThiHAa, SHSP akywI3bl Te3 apaga cyOcTpaThIMeH 9peKeTTecill, OHBIH TOIITadyblHa KeAepridik >Kacarl,
dyeAri KaamnblHAa cakran Typaabl. bipak sHSP akypiser 6acka akybI3AapbIHBIH KailiTadai (PpOAAVIHIBIH
Aepbec opwiHAan aamarias, HSP70, HSP90 kartapaslaapra KeMekIniaik KwismeT aTkapaaer® sHSP
aKybI3AapbIHBIH ©OCIMAIK BUPYCBIHBIH >KYFBIMAAAYBIH peTTey YAepiciH 94l Ae TepeH 3epTreyre Typa
KeJaeAl.

Marepmnaa xaHe aaici

Matepuaa: 2xSYBR Green Master PCR >xone npaiimepaep (QIAGEN komMnanusAcCbIHaH caThIIl
aabslHABL, Tabanna 1 ae xepcetiaai); BBSV-CP apnaitsr antngeneaepi, KAHK, TRV-VIGS vector, TRV-
HSP17.6, sxene GST-PULL DOWN-ra ceiikec OapablK akybl3Japhl MeH aHTUJeHeJep 3epTXaHaMbI3ja
caKTaJAfaH.

Oaici: Peaa-taiim I1TP-aix (Real-time PCR) peaknusiceia Kaxker marepuaagap: 2xSYBR Green
PCR master mix-8 ul; 10Mm primer-0.4 ul; cDNA-1ul; keaemin 16 ul-re geiiiH cy KYMBIIT TOATBIPaMBI3,
TOABIK apaJacThIpFaHHaH KeitiH 14 ul azampis. Peaknusaacy mapr-karaaitel: 95°C pre-degeneration-
3min; 95°C degeneration-10s; 60°C-ta 10s peaxiusaacteipy; 39 per Kaittaaay (cycle).

Kecre 1
[Ipaimepaep

Araybl nparliMepaep Tizoeri Tycinikreme

HSP17.6 akybI3bIHIH >KacyIlagarbl
pGDG-HSP17.6-F 5'-GAAGATCTATGTCACTGATTCCAAG-3' 0KaAM3aIACH YIH KOAAQHBLAAAD,

Typa GarbITTarsl parimep

HSP17.6 akybI3bIHIH XacyIajarbl
pGDG-HSP17.6-R | 5-CGCGTCGACCTAACCGGTGATCTCAATG-3' 0KaAM3aIsIChl YIIH KOAAQHBLAAABL,

Kepi OarbITTaFbl IIpaliMep

BiFC-ra >xyMcaaaThIH Typa OaFbITTarsl
PSPY-HSPIZ6-F | 5 GGACTAGTATGTCACTGATTCCAAGAGTIGTTCGGC-3' npaitwep
SPY-HSP17.6-R BiFC-ra >xyMcaaaThIH Kepi OaFbITTaFs!
P ’ 5'-GGGGTACCACCGGTGATCTCAATGGACTTGACATC-3' npaitvep
HSP17.6-real-F Realtime PCR-ra >xymMcaaaTsIH Typa

5-CAATGGACTTGACATCAGGCTTC-3' GarLTTaR TIpaliMep

Realtime PCR-ra >xyMcaaaThIH Kepi
HSP17.6-real R 5-ATAAGAATGATACTTGGCACCGT-3' Garsrrrars: mpaiivep

PR1-real-F PR1 mMeamepiH aHpIKTay¥a icTeTideTiH

5-TTAGCAGCCGTCATGAAATCGT-3' Typa GarFsTTaFS TpaiiMep

PR1-real-R PR1 mMeamepiH aHpIKTay¥a icTeTideTiH

5-GGCGTAGAACCTTTAACCTGGGA-3' xepi BarsTTaFH TIpaTIMED
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BBSV supycot sxkyzuimdary bapuvicviidaeor HSP17.6 akyolsvinblt MeXaHusMite aHAAUS XKacay

GST pull-down: keaemi 15ul 6oaaterH GST beads-ai 1ml G6ydepmen 5 per Gipkeaki TOABIK
apaaacThIpbLAAbL 9p K0abl 3 MuHyTTaH. OzaH Kertin caamarbl 100ug 6oaarein GST-nenuai 6ap akynis
KOCBIAABL, 3 caFaT INalkan uHKyOanmsAaaraHHaH KeliH, 800xg >kplagamapirpiMeH 10 cexyHg
neHTpuQyrajar, CyllepHaTaHTBHl aAbIll TacTaaAbl, COChIH 50ug GoaaThIH OallABIHBICYIIBI aKyBI3ABI
KYWBII, Tarel 3 caraT peakiusaaacteipbiagbl. Ogan xentin 800xg >kblagamapirbiMeH 10 cexyHa
neHTpudyrasay apkbiasl beads-ai >xmHam aasim, keaemi 1ml 60aateiH 1maiireim OygepMeH oap >K0OABI 3
MMHYTTaH 5 peT XXyblaabl. EH cOHbIHAA BecTepH-040T 94iCiH IaligaaaHy apKblAbl HOTVKeCI TeKcepiaai.

BiFC: Walter katapaslaap icreTkeH oagicri maitaasansi, (Walter ar., 2004), OaxrepusiHbl 3 MAa
KaTBICTBl aHTMOMOTUK KaMTblAraH LB ecipy cyiipikThIFbIHA apaaacTeipbin, 28°C, 210rpm mnHKyOaTOpaa
14-16 carar ecipemisz. 4000rpm, 8 MuHYT mneHTpudyrasam, yKcac KeaeMJeri arpobakrepus
CyCIIeH3UsAChIHBIH OydepiMeH apaJacThlpraHHaH KeifiH, Oakrepuaaanl epitiHainig OD600 meamepin
yapTpaduoser crekrpodoroMmerpimen eamreiiMis. P19 >koHe e3apa opeKkeTTeceTiH aKybI3JapbIMeH
cyibpiaTy apkblasl OD600 meamepin 0.3 ke TeHmeinmis, 28°C nukyOaTtopaa 3 caraT KOJFaHHaH KelliH,
Nicotiana benthamiana-HbIH >KamnblpafblHa >KYFbIMJaTaMbl3. 3 KYHHEH KelliH JAazepaAi KOH(OKaAbAbl
MUKPOCKOII apKbIAbl aKybI3AapbIHbIH 9peKeTTecy JKaFAalibl Kapaaabl.

Hoaticxe

NbHSP17.6-niH xacymragarer 20kaansanusacel (Subcellular localization of NbHSP17.6):

NbHSP17.6 akybI3bIHiH KAeTKa illiHAeri Tapaay >KarAailbiH aHbIKTay yimiH, NbHSP17.6 akybispia
oKcrpeccusi  BeKTophiHAarbl GFP-aiH  kapOokcma yIbIHAa JKaadfarl, arpoOakTepusi MHQEKIUACH
(Agrobacterium injection) Tociai apKbplaBl ©CiMAIK AeHeciHAe TpaH3MeHTTi DKcIpeccusaalblk (transient
expression). YII KyHHeH KeifiH, aasep KOH(poKaaasl Mukpockon (laser confocal microscope) apKbrant
NbHSP17.6 axybIspiHiH Tapaay >KarjaliblH aHBIKTaABIK. ToxxipmuOe norykeci NbHSP17.6 akybI3bIHiH
sHAOI1a3Maja (co-localization with endoplasma) tapaaareiaein kepcerri (Cyper 1). bipax NbHSP17.6
aKyBI3Bl KJAeTKa KaOwIKImaceiHAa (cell membrane), mukpo xinmrege (microfilament), xaeTka apaasik

xinmege (plasmodesmata) >xoHe golgi body-4a TapaamaiTeIHABIFEI OaiIKaAABL.
HSP17.6-GFP ER-RFP Merged

Cypet 1. NbHSP17.6-n1iH xacymagarbl 20Kaans3anusicel (Subcellular localization of NbHSP17.6).

NbHSP17.6-HiH M04eKyaAaablK IIarlepoH KbI3MeTiHe aHaaAm3 >Kacay (Analysis for molecular
chaperones function of NbHSP17.6):

NbHSP17.6 akybI3biHAa MOAeKyAaAblK I1anepoH (molecular chaperone) peiHiH 6ap->KOKTBIFBIH
anpikTay ymriH, pET30a-HSP17.6 mnpokapMOTTBIK ®KCIpeccusi BeKTOpBIH >Kacamnl, E.coli-abpig
9Kcrpeccnsaablk, mrambl BL21 (DE3)-aen nmanaaaansin NbHSP17.6-His-ai cunTtesgen aaapik. JKorapbl
TeMIlepaTypaJa ©HJeTeHHeH KeliiH, epiriin akybi3 (soluble protein) esrepimn, JeHaTypanmsce
(denaturation) kaabimTacagpl. TyHOaHBIH caABICTHIPMachlHa HeTi3AeAill, MOAeKyJaAblK —IaIllepoH
(chaperone) peaiHiH Oap-’KOKTBIFBIHA Taaday >KacagblK. Toxipube wnoatikeci, 50°C >xene 60°C
Temneparypada, NbHSP17.6-His kamTeiaraH epirimn akybis (soluble protein) KypaMbIHAAFBI >KaAIIbl
aKyBI3AbIH MeAIlepi Oakblaay TOObIHAaFH aKybi3 His-CP-ra kaparanaa ke 6044b1. byaan
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MoOJeKyAaAablK marepoH (molecular chaperone) peai sxox CP-men caasicteipranaa, NbHSP17.6 akybianr
JKOFaphl TemIlepaTypada ©Oacka akybl3gadbl odyeAri KaaAlblHAa —cakTall, JAeHaTypalsChIHbIH
(denaturation ) aaabiH aaaTeiHbIH Oalikaablk (Cyper 2).

A B

80 - Marker His-CP Hsp17.6-His

70 - u His-CP

60 - ® Hsp17.6-His

50 -

QI o

40 -
30 -

20 A
10

soluble protein relative tounheated (%)

0 4

50C 60°C

Cypert 2(A). JKorapsl TeMIlepaTypaHbIH YKCcaMaFaH aKybI3 KaMTblaraH E.coli >xaaribr epirim
akybi3aapbiHa bikniaanl. (Effect of heat treatment on the stability of soluble total protein of E.coli
containning different exogenous proteins). Koroabrrnl ;xeke-xeke 0.2, 0.3, 0.5, 0.6, 0.75 xane 0.9
mr/Ma 6oaateH BSA epringicia Dye Reagent Concentrate-rier 40 MyHYT peaKIsiaacTBIPBIIL,
OD595-Teri abcopOaHCBIH ©a1IeTeHHEH KelliH, aKybI3AbIH KOIOABIFBIH a0ciicca oci, OD595-Ti
OopAHaTa eci gen Gearizern, CTaHAAPTTHI KUCBIK CBI3BIK XKacaAbIK. JKaamsl epirint akybisgapAbt
JKeKe-JKeKe KaAbIIITHI TeMreparypadaa, 50°C xore 60°C Ta 15 MUHYT ©HAeTeHHEH KeliiH,
HeHTpudraaay apKblibl CyliepHaTaHTBIHBIH OD595-iH eanrerr, cTaHAAPTTHI KMCHIK CBI3BIKKA
Heri3AeaAin aKybI3AbIH KOIOABIFBIH ecenTedik. (B). DkcTporeHai akybi3gapAbIH 9KCIIPeCCUSCHL.

NbHSP17.6  aKybI3bIHBIH  ODKCIPeCcCVSsICHI  Te>XKeAreHHeH — Keitinri BBSV  BupyceiabIg
nHpeknuAckHAarE o3repici (detection of BBSV infection after silence of NbHSP17.6):

NbHSP17.6 axysssiabig BBSV Bupycel >KyFeiMaaay OapBICBIHAAFBl POAiH iIlIKepiseil sepTrey
yuin, TRV-VIGS cucremacoinan naingaaansin, NbHSP17.6 akybIsblH eciMAiK JeHeciHeH apBIATTBIK
(silencing NbHSP17.6 gene by TRV-VIGS system). BBSV Bupycs! >xyfbiMAaaraHHaH KelliH, eciMaikreri
NbHSP17.6 akybI3bl MeH BUPYC MOAIIepiH aHBIKTagblK. ToXipuOe HoTyKeci eciMAiK aeHeciHAeri
NbHSP17.6 akybI3pIHIH Melllepi KOPHEKTi gapexkese azaitFaHAbIFbIH KopceTTi (Cyper 3A).

TRV-VIGS cucremacsr apkbiasl NbHSP17.6 akybI3bIHIH ©ciMAiK AeHeciHAeri MeAlllepiHiH Kol
MealllepAe asallfaHABIFBIHA KO3 >KeTKisreHHeH KeltiH, BBSV Bupyceimen >xyreimMgarn, BBSV CP-ra
TeAiMAl aHTHAeHedeH maiigaaanbil, ELISA ogici apkpiapl BBSV BupycelHBIH MealepiHe Taajay
>KacaabIK. 3epTTey HOTIKeCiHe HerizgeareHAe, KaablTel eciMaikneH (Healthy controls) caapicTipranga,
NbHSP17.6 akysiser >xoraarsiaran (NbHSP17.6 was silenced) ecimaikre BBSV BupyceiHbiH Mearmepi
kopHekTi asaiifan (Cyper 3B). Byasan Oypoiarbl seprreyaepae, BBSV Bupycol aywip aspexese
KyFbhIMAaaraH eciMaikre NbHSP17.6 akybI3bIHBIH MeaAlllepi KOpPHeKTi KeOelreHAiri JsaeajeHTeH.
Korapaarsl seprreyaepmen Oipaecripe otbipeir, NbHSP17.6 akybisel eciMAiKTiH aypyfa KapCBIABIK,
KepceTy KaOizeTiH TemeHJerinn (negatively regulate the resistant of plant), BBSV Bupycoiabiyg
JKYFBhIMAaAyblHa KemekTecyi (upregulate the infection of BBSV) MyMKkiH gereH TY>KBIPBIM >KacaAbIK.
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Cypert 3(A). TRV-VIGS BexTopbisbiH nHeknmsicbiHaH Keviin NbHSP17.6-HiH caabIcTBIpMaabl
9KCIIPEeCCUsICHIH aHBIKTay YIIiH )XacaaraH peaa-taviMm IITP. EFla imki mapameTp peTtiHge
aabIHABL, bars craHAapATHI KaTeAiKTi, )KyaabI3lia KOpHeKi alibipMallbIABIKTEI KOpceTeai

(student’s t-test, **p<0.01). (B). Eriaren ap eciMaikTiH XanbipakTapbiHaarsl BBSV supycein ELISA
daici apkblabl aHbIKTay. KoHTpOab TOOBI pTRV1 XxaHe 60c pTRV2:00 BeKTOpPHI eriareH
ecimgikTep.

HSP17.6-nin HSP70 >xene HSP90 akynI3gapriMeH ©3apa sapeKeTTecyi:

HSP17.6 axywiser BBSV Bupycel mupekxmusAceiHa KeM ©0oaca 0OAMaMTBIH MaHBI3ABI pea
atkapaapl. Onga HSP17.6 akybi3el Oya MaHBI3ABI peain BBSV BupyceiH KypailThiH aKybl3japbIMeH
e3apa apeKeTTecy apKblAbl aTKaphlll OoThipMa? ByraH Ke3 >keTkisy yiIiH Oi3 opraHmusM JeHeci imringe
>koHe coIpThiHAa HSP17.6 akywiseiHiy BBSV Bupyceinbig akynsisgapsiMen (BBSV encoded proteins),
HSP70 axysiabimen sxoHe HSP90 akynispiMeH e3apa apekeTTecy (interactions) >KargaiibIH 3epTTeiK.

BiFC Texamkaceinbiy (Oprannam geneci inringeri) Hatmokecige rek HSP70-HSP17.6 sxene HSP90-
HSP17.6 xocnacbinaa rana YFP curnaasl Gaiikaarad. Aa HSP17.6 men BBSV KypblapiMABIK aKybI3gapbl
P23, P82, CP xane P7b xocnaaapeiiga YFP curnaanr OGaitkaamaaer (Cyper 4). BiFC TexHmkachlHBIH
HOTIKeCiH Tarpl Oip KBIPBIHAH aHBIKTay VIIiH, JeHe chIpThiHAa GST-mpenmmuranus TaxkipuOecin
>KacaablK.

GST-npeunnuranusa Toxipubeci Oapwicbinga, pGEX-GST BexroppiHan mnaiigaaansin, GST-
HSP70 >xene GST-HSP90-ai cunTesaen aaablK. BecTepH-Oa0T HaTmKeci HSP17.6-His aene coipThiHAA
GST-HSP70 >xene GST-HSP90-men apekerrecetingirin kepcerti. Aa GST-GFP >xene GFP-His xarapast
KOHTPOAb TpyIlllaja e3apa apekerrecy Oarikaamaanl (Cyper 5).

Koraprigarer HoTmkeaep HSP17.6 akywisbiHig Tek HSP70 >xene HSP90 akybizgapbsiMeH
opeKeTTeceTiHiH, aa BBSV BupycpIHbIH aKybI3dapbIMeH oapeKeTTeCIeTiHiH KOPCeTTi.
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Cyper 4. BiFC TexaukaceiaaH nargaaassii, HSP17.6 akybI3spiMeH O0acka KaTBICTBI
aKybI3JapbIHBIH ©3apa dpeKeTTecy KardalblH 3epTTey.
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Cypet 5. GST-tipernmmmranms Taciai apkerasr, HSP17.6 akynsiseimern HSP70, HSP90
aKybI3JapbIHBIH ©3apa dpeKeTTecy KarjalblH 3epTTey.
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Taaxkblaay >KoHe KOPBITBIHABI

Kanyapaapaa sHSP akybI3agapbIHBIH BUPYC KYFhIMJaAyblHa acepi KeH >KoHe TepeH 3epTTeAreH,
Oipak eciMgikTepae KaTBICTBI 3epTTeylep oTe cuUpeK. Opi yKcaMaraH BUPYCTTapAblH >KYFBIMAAAY
OappiceiHAarel sHSP akybI3bIHIH aTKapaThIH KbI3MeTi yKcaMaliabl. MbIcaabl, aK AakK CHMHAPOMBIHBIH
supycol (white spot syndrome virus) HSP21 axybspiHiH MeallepiH asaiTagbl; Kbl3aHaK JaKTapbl
Bupycol (tomato spotted wilt virus) HSP20 akywseiHiH Meamepin keOeiiteai.’ 3eprreyaepre
Herizgearenge, sHSP akybI3pl yKcamMaraH BUPYCTBIH OpPTYpPAi KOMIIOHEHTTepiMeH opeKeTTeceAi.
Mpicaan, HCV Bupycoinbiy KypambiHaarel NS5A men HSP27 ezapa epekerreceai. TYLCSV-ain
KaOBIKIIIa aKybI3bl (coat protein) MeH TackiMaagaymisl bemisia tabaci-aig BtHSP16 akysisbiHiH e3apa
opekerTeceai.l’ ConniMen Karap, op Typai sHSP akybI3biHIH BUPYCTBIH >KYFBIMJAAAy OapbICBIHAAFBI
KBbI3MeTi Jge yKcaMaliabl. Keibipi BUpPYCTBIH OKYFBRIMAAAYBIH —Te3jeTeai, KelOipi BUPYCTHIH
JKYFBIMAAAyBIH Tisrinaeiiai.!! bipax sHSP akybI3bIHiH BUPYCTBIH KYFbIMAaAy OapbIChIHa HaKThLABI Kaaall
acep eTeTiHi a4i ge Oearici3 KyifiHAe KaABII OTHIP.

HSP17.6 akywiseinig BBSV BupychIHBIH >KyFhIMAaAy OapbICBIHAAQFBI MaHBI3Abl POAIH 3epTTey
yurin, TRV-VIGS cucremaceinan naitgasanein HSP17.6 akybI3bIHIH CMHTe34eAyiH Te’KeTeHHeH KeifiH,
BBSV BupyceiH eciMgikke >KYFBIMAATTBHIK. ToXKipuOe HOTVKeci BUPYCTBIH MOAIIepi caAbICTBIPMaAbI
TypAe TeMeH 0oaaThiHbIH KopceTTi. SIrnn HSP17.6 akybIspl BUPYCTBIH ©CiMAIK AeHeciHe XKYFbhIMAaAybIHa
KOMeKTeceAl.

ConbiMen karap, BiFC >xeHe mnpeummnmraums TeXHUKaJapblHaH Haligaaansin, HSP17.6
akybI3biHiH BBSV Bupycreik axysisgapeiven, HSP70 axysbispimen sxene HSP90 akywnisbiMeH eo3apa
dpeKeTTecy >KardaiibiH 3epTTedik. 3eprrey Hormkeci HSP17.6 akywspniy HSP70 >xeme HSP90
aKybI3gapbIMeH apekeTTeceTiHiH, Oipax BBSV BupycrhK akybizgapbiMeH opeKeTTecIelTiHiH KOpCeTTi.
byaan Oypomrnr seprreyaepae, BBSV BupychiHbIH ®HAOIAa3Mada KeOeiieTiHiH (replication), BBSV
BUPYCBIHBIH pernamkasachl (replicase) P23-tin HSP70 xeme HSP90 axynisgapbiMeH e3apa
opekerrecerinin, HSP70 akynisn OoamaraH >kxargaiiga BBSV BupyceiHblH KeOelie aaAMaiThIHABIFBIH
AdaeaaereH. 2

Byaan OypoiHFEI 3epTTeyaep MeH ©3 ToxXipmOe HoaTiKeMisai Oipaecripe otwipwirn, HSP17.6
aKybI3bl DHAOIAa3Mada TapaaareiHbiH, HSP17.6 akywiser HSP70 sxene HSP90 axynizaapeinbiy P23-Tig
AYPBIC KYPBIABIM Ty3yiHe KeMeKTecy OapbIChIHAQ MOJAEKyJaAblK IIallepOH pPOAiH aTKapaThIHBIH
aHbIKTaAbIK. Ocbl apKpiapl HSP17.6 akybI3bl BUPYCTBIH KYFbIMAAAy OapbIChIHA 9CepiH TUTi3yi MYMKiH
A€TeH KOPBITBIHABI IIbIFAPABIK.
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Analysis of the HSP17.6 protein mechanism in BBSV infection

Abstract. Beet black scorch virus (BBSV) has been reported as a natural pathogen of sugar beet
and distributed all over the world, causing great economic losses to the sugar industry. Research on
interactions between BBSV and its host by using model plant Nicotiana benthamiana is significantly
important and nessesary for understanding virus infection process and exploring plant resistance
mechanism. The results of sequencing the transcriptome of N. benthamiana infected with BBSV as well
as gene screening in response to viral infection revealed upregulation of the small heat shock protein
17.6 gene (NbHSP17.6) and the effect of the protein on resistance to the virus. To further examine the
involvement of HSP17.6 in defense responses in N. benthamiana, we tested interaction between
HSP17.6 and other heat shock proteins such as HSP70 and HSP90 as well as BBSV encoded proteins.
The results showed that HSP17.6 interacted with HSP70 and HSP90 but not with BBSV encoded
proteins. When combined with other available results, it is possible that HSP17.6 acted as a small
molecular chaperone to facilitate proper refolding of the specific proteins HSP70 and HSP90 required
for BBSV infection and/or replication.

Key words: HSP17.6, BBSV, fold, infection mechanism, localization.
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Anaans 6eakosoro mexaumnsma HSP17.6 mpu nadunuposanuu supycom BBSV
Annortamms.  Bupyc gepnoit csekanl (Beet black scorch virus-BBSV) sBasercs mmpoko

pacnpocCTpaHE€HHbIM IIaTOI€HOM, INPUYNHIIOINNM 3HAYUTEABHBINT DKOHOMUYECKUI yr_uep6 CBE€KOABbHO-
caXapHOMY ITIPOM3BOACTBY. YauTeiBasl 3HAYMMOCTH BUIpYyCa, MMOCAEAHUI SIBASIETCS 00BEKTOM
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IIPUCTaAbHOTO BHMMaHU: MccaejoBaTedell. boapioe HayuyHoe 3HaueHUe MMEIOT M3ydeHHUe IIpoliecca
3apa’keHus BUPYCOM, a TakKKe JCCAeA0BaHle MeXaHM3Ma yCTOMYMBOCTU pacTeHMI K BO30OyAUTeAI0 Ha
ocHOBe pactuTeapHOI Mogean Nicotiana benthamiana. PesyabTaTel cekBeHMpPOBaHUA TPaHCKPUIITOMA
N. benthamiana, napuruposanHoro BBSV, a Tak>ke CKpMHIHT T€HOB B OTBET Ha BUPYCHYIO MH(}EKINIO
BBIABIAN TIOBBIIIIEHHOE peryAnpoBaHue reHa HebOoabIoro 6eaka teraosoro moka 17.6 (NbHSP17.6) u
BAUAHME OelKa Ha yCTOMYMBOCTD K BUpycy. Zas Toro utoObl NoHATHL poab HSP17.6 Geaka B 6opnde ¢
BIUPYCOM M IIPOTMBOBMPYCHOM WMH(QEKIMil, MBI MccaeloBaau Bzammoderictsme HSP17.6 Geaka c
Apyrumu Oeakamm Teriaosoro moka HSP70 m HSP90, a takxke apyrmmm OeaxaMy, KOAMPYIOIIUMU
BUPYC YepHOI CBeKAbl. PesyabTaTnl mccaejosanmusa noxasaan, uyro HSP17.6 Geaok BzammogericTByeT ¢
O6eakammn HSP70 m HSP90, Ho He B3ammogeiictByer c Oeaxamm, Koaupyiommmu supyc BBSV. B
coyeTaHMM MOAY4YeHHBIX HaMM pe3yAbTaTOB C APYTMMU AOCTYIIHBIMU pe3yabTaTaMy, BO3MOXKHO, UTO
HSP17.6 aeiicTBoBaA B KadecTse HEOOABIIIOTO MOAEKYASIPHOTO IIaliepoHa 445 00AerdeHns IpaBUAbHOIO
pedoaannra cneruduaecknx 6eakos HSP70 u HSP90, reobxoanmsix a4 nHpexknyu BBSV n/man ero
perAnKanum.
Karouesnie caosa: HSP17.6, BBSV, ¢poaa, Mmexannsm 3apa’keHns1, A0KaAn3aIsl.
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Cytogenetic abnormalities in sheep kept in the territory of Almaty region contaminated
with non-utilized and banned pesticides

Abstract. On the territory of the Almaty region, there are warehouses with banned and non-
utilized pesticides, the active substances, and metabolites of which pollute the pastures of farm
animals located nearby. Blood samples of 27 sheep from three monitoring points of the Almaty
region were analyzed for the presence of genomic mutations and chromosomal aberrations. Cell
cultivation and preparation of slides were carried out by standard cytogenetic techniques.

The frequency of occurrence of genomic mutations in the blood system of experimental groups of
animals exceeded the same indicator in the control group by an average of 1.98 times, and
chromosomal aberrations - by 4.1 times. The proportion of hypodiploid cells accounted for 70% of
the total number of gemomic mutations. Polyploidy accounted for up to 27.9%, and
hyperdiploidy was found in single cells. The calculation of indicators of general cytogenetic
instability showed that hyperdiploidy and chromosomal aberrations are the main components of
this indicator, which, on average in the three monitoring sites, exceeded the control data by 4.14
times. Statistical data processing allows us to conclude about the genotoxic effect of prohibited
and non-utilized pesticides on the body of sheep, which have a clastogenic, aneugenic, and
mutagenic effect.

Key words: sheep, pesticides, peripheral blood lymphocytes, chromosome aberrations, genomic
mutations, cytogenetics
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Introduction

Modern Kazakhstan has great potential for the development of agriculture, as one of the aspects
of the country's economic growth, being a major producer of agricultural products [1].

The development of this sector of the economy is impossible without the use of chemical plant
and animal protection products. To increase the economic effect of agriculture for many millennia,
mankind has used pesticides, the chemical composition of which varies in accordance with scientific
achievements. Initially, the role of pesticides was mainly played by compounds of mercury and arsenic,
with the help of which rice crops were protected [2], now they are mainly complex complexes of
chemical compounds.

Analyzing the indicators of crop production in the Almaty region, it can be argued that the
volume of pesticides applied in all categories [3], as well as the yield of crops such as potatoes, sugar
beets, vegetables, grains, and oilseeds, has a steady growth trend over the past 10 years in this area [4].

Given the history of the use of pesticides to increase crop yields and the multiplicity of existing
names of drugs, and there are currently more than 100,000 of them [5, p.248], it becomes difficult to
create a unified classification of them.

However, such widespread use of pesticides (annually more than 3 million tons of pesticides are
used in the world [6]) inevitably leads to environmental pollution, contributing to the ingress of not
only the active substances themselves, but also their metabolic products, both in the soil and in water,
having a direct negative impact not only on target organisms [7]. Many of them have a whole range of
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negative effects on the body, including the ability to cause mutations [8], cancer [9]. The first
publications on the study of the possible genotoxic effects of pesticides on animals and humans can be
found in the 30s of the 20th centuries, when the mutagenic effects of chemicals were first discovered.
And by the 70s, there have already been a lot of works studying the effects of a variety of chemicals that
were widely used by humans in various fields of the national economy, including agriculture. Under
the auspices of ICPEMC (International Commission for the Protection against Environmental Mutagens
and Carcinogens) at the end of the 20th century, several works were published on the genotoxic effect of
pesticides, for example, the effect of DDT on the appearance of chromosomal aberrations in bone
marrow cells [10], mouse spermatocytes [11], the effects of dichlorvos on humans [12].

Most studies relate to the negative effects of chemicals on the human body, especially
agricultural workers, farmers who are in direct contact with pesticides as a result of professional
activities. For example, an increase in the frequency of chromosomal aberrations has been shown [13-
17], which are often closely associated with an increased likelihood of malignant tumors.

In locations with a high level of chemical pollution, their effect on the human body is prevented
by several factors (restrictions on the availability of contaminated territories, the use of imported
products, countermeasures to reduce the pesticide content in agricultural products), but biota is
negatively affected without restrictions. There are few studies devoted to the study of the genotoxicity
of chemical plant protection products on mammals.

So, some scientists have demonstrated the ability of pesticides to cause damage to DNA
molecules in the cells of mice and rats. In the study of animal cells using DNA comets, a significant
excess of the DNA tail was obtained during cultivation under the conditions of treatment with
pesticides such as chlorpyrifos [18, 19], penconazole [20], dimethoate, lambda-cygalotrin [21], mancozeb
[22], pendimethalin [23]. The latter, in addition to introducing double breaks in DNA, showed the
ability to induce the formation of micronuclei in rat lymphocytes. Similar effects were found in
pesticides such as acetamipride [24], imidacloprid [25], tebuconazole [26], and in the metabolite of many
organophosphorus compounds - diethyldithiophosphate [27]. Some of these substances have a
clastogenic effect, contributing to the emergence of different types of chromosomal aberrations.

According to published data [24], acetamipride can be attributed to such pesticides, which
caused chromatid and isochromatid ruptures at high doses and prolonged exposure to mice, promoted
the appearance of ring chromosomes, centromere ruptures, and increased the number of chromosomes
in cells. Other authors [20] showed that chlorpyrifos and penconazole are also able to exert a genotoxic
effect on mouse cells, which is expressed in an increase in the frequency of occurrence of not only the
above-mentioned abnormalities, but also such as deletion and paired fragments. Collective studies by
scientists from Slovakia [28-30] indicate the occurrence of aberrations of both chromosome and
chromatid type in the case of treatment of cattle cell culture with thiacloprid.

All the above-mentioned effects of pesticides on mammalian cells have two common features
that fundamentally distinguish them from our studies. Firstly, all the works presented were carried out
using pesticides authorized for use in Kazakhstan; and secondly, by adding a certain dose of pesticides
to the cell culture.

Since even authorized pesticides harm a living organism of any level of development, there is a
need for state control over their introduction into agriculture. In this connection, by the Decree of the
Government of the Republic of Kazakhstan dated January 18, 2008 No. 29, to prevent environmental
pollution and agricultural products, as well as the harmful effects of pesticides on human health and
wildlife, it is forbidden to use highly toxic pesticides in the Republic of Kazakhstan that have
pronounced cumulative, carcinogenic mutagenic, teratogenic, embryo- and gonadotoxic properties and
the ability to accumulate in plants, soil and the aquatic environment.

According to the same regulatory document, “pesticides recognized as prohibited for use on the
territory of the Republic of Kazakhstan or rendered unusable are subject to obligatory disposal or
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destruction. In this case, the burial of prohibited drugs or their destruction is carried out at the expense
of their owner” [31].

However, to date, in Kazakhstan, there is a large number of unauthorized places of
accumulation of pesticides that are not utilized and banned for use, which permanently have a polluting
effect on the environment, and negatively affect the viability of organisms.

According to the data of the Ministry of Energy of the Republic of Kazakhstan, as of April 2014,
the total number of obsolete pesticides stored at various facilities in Kazakhstan reached 1,617,637.75 kg
and more than 169,660 containers under them. Compared to 2008 data, in 2014 the number of obsolete
pesticides increased significantly, which may be due to the discovery of new sites with obsolete
pesticides and containers from them [32].

There are data in the literature on the effects of pesticides such as fluopyram [26], ethion [33],
fenpropilmorph [34], tolylfluanide [35-36], methyl parathion [37], fipronil [38-39]. All of them are not on
the list of permitted for use on the territory of Kazakhstan, due to the fact that they significantly increase
the amount of damage. They not only disrupt the structure and functioning of the cell, which is
reflected in a decrease in the mitotic index and proliferation index, but also have a genotoxic effect,
causing damage to the genetic material at different levels of its organization. The authors of such works
showed the presence of double breaks in DNA, chromosomal aberrations, micronuclei in cells treated
under cultured conditions with similar forbidden pesticides.

In the Almaty region, according to the inventory, there are unauthorized warehouses of
pesticides, the use of which, at the moment, is legally prohibited in the republic. According to
monitoring in 2010, near the village Belbulak more than 500 kg, and near the village Amangelds - more
than 900 kg of a mixture of unused pesticides were found. Many of them are not labeled, and therefore
their composition is unknown.

Another part of the chemicals stored in such places was identified as pesticides belonging to
different groups [40]:

1. Organophosphorus - saifos (menazone), metaphos (methyl parathion)

2. Fluorine-containing - treflan (banned in 1996)

3. Derivatives of sym-triazine - atrazine, prot—razine, propazine, ziazine (banned in the world since 1994)
4. Organochlorine - nitrophene (banned in the world since 1996), illoxan

5. Thiocar bamatnye - subject

Most pesticides from the list above are banned for use in Europe, the United States or the world
since the mid-90s of the 20th century. That is, for about 20 years, these substances are not disposed of,
and their metabolites continue to pollute the environment, spreading to nearby territories, exerting their
detrimental effect on the biota that lives on such lands.

These warehouses are located in the areas adjacent to pasture lands, the total area of which in
the Almaty region exceeds 5500 thousand hectares. Over the past 15 years, in this territory the number
of sheep has increased to 3419.4 thousand animals, and the number of cattle has doubled.
Contamination of pasture lands with forbidden and non-utilized pesticides and their decay products
has a detrimental effect not only on the farm animal organisms, but also indirectly on the human body
whose products they use.

In this regard, the study of the genotoxic effect of obsolete and non-utilized pesticides on the
body of farm animals is very relevant. Moreover, to date there are publications on the study of the
genotoxic effect of pesticides on living organisms, but they have been performed in vitro and using
authorized and known pesticides. We worked with native blood of farm animals kept in close proximity
to abandoned warehouses with prohibited and non-utilized pesticides.
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Materials and research methods

Based on the chemical analysis of soil and water resources of the Almaty region, two
experimental sites were identified - the Belbulak settlement and Amangeldy settlement in the most
polluted Talgar region. The village Basshi in Kerbulak district was selected to be a control site. In each
indicated location, blood was collected from sheep in sterile heparin tubes, with the participation of
district veterinarians. Thus, biological material was obtained from 27 animals of both sexes and of
different ages, in compliance with all requirements and without causing harm to animals.

Cell cultivation was carried out in the laboratory of the Institute of General Genetics and
Cytology in Almaty by a standard method. Blood of test animals in a volume of 0.5 ml. was placed in a
nutrient medium (4 ml.), prepared based on medium 199 (OO NPP PanEco) with the addition of 1 ml.
calf serum (OO NPP "PanEco") and 0.2 ml. PHA (OO NPP "PanEco") and cultivated for 72 hours at a
temperature of 37°C. At the 70th hour of incubation, to block cell division at the metaphase stage, 0.4 ml
of colchicine solution was added. (OO NPP "PanEco").

After this time, the cells were centrifuged and hypotenized with a solution of 0.56% KCL for 20
minutes, and then fixed with Carnoy's solution (ethyl alcohol / glacial acetic acid 3: 1). Preparation of
metaphase chromosome slides was carried out according to the generally accepted cytogenetic
technique. The slides were encoded and stained according to Romanovsky-Giemsa (OO NPP PanEko).
In total, 407 sheep chromosome slides were made (121 - Amangeldy, 146 - Belbulak, 140 - Basshi).

The results obtained were processed by traditional methods of variation statistics. Differences
were regarded as significant at p <0.05. Significance level (P) was determined using Student's t-test.

Results

The karyotype of sheep is represented by 54 chromosomes, 3 pairs of which are metacentric, the
rest are acrocentric. Cytogenetic analysis of the obtained slides was carried out by counting the
frequency of occurrence of chromosomal aberrations and genomic mutations (hypodiploidy,
hyperploidy, polyploidy). In the course of the study, we found that the cells of sheep blood samples
from the control site (Basshi) have a similar level of genetic disorders from the experimental sites
(Amangeldy, Belbulak). In addition, the study of samples of soil, water, plants, showed a high level of
contamination with prohibited and unused pesticides and heavy metals. According to the results of the
chemical analysis of water, it was found that the samples of drinking and natural water from
Amangeldy settlement contain 4.4 DDD (DDT metabolite) in concentrations of 0.0002-0.0003 pg / dm3.

Chemical analysis of soils from monitoring points showed that in Amangeldy settlement there is
an excess of MPC for the content of such pesticides as aldrin - 4.9 times; chlorobenzylate - 13.9 times;
DDT - 12.4 times; DDE - 7.8 times; 4.4-DDD - 6.5 times; deldrin - 84.6 times; endrin - 859.5 times;
heptachlorepoxide - 2.5 times, for Cd - 1.7 times and for Cu - 1.6 times; in Belbulak settlement: exceeding
the MPC for DDT - by 1.75 times; 4.4-DDD - 5.2 times; for deldrin - 18.8 times, for Cd - 2 times, and for
Ni - 1.05 times [40].

In this regard, we decided to use as control data obtained in 2017 from animals living near the
city of Usharal (Almaty region).

The cytogenetic analysis of 2683 metaphases (Fig. 1) showed that the frequency of cells with
identified genomic mutations in the experimental sites reliably exceeds those from the control site on
average 1.98 times (Belbulak settlement - 1.8, Amangeldy settlement - 2,16, and Basshi - 2). The
frequency of occurrence of cells with hypodiploidy in a diploid set ranges from 68 to 70% at all
experimental points. Hyperdiploidy occurs in 4.27% of the cells of experimental animals. Cells with a
polyploid set of chromosomes were found in the range from 25.2% to 27.9% of the studied cells.
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The frequency of chromosomal aberrations in the blood samples of experimental animals
exceeds the corresponding indicator at the control point by 4.1 times on average (Belbulak settlement -
3.32, Amangeldy settlement - 4.75, and Basshi settlement - 4.23). Among cells with chromosomal
aberrations, cells with terminal deletions of chromatids, gaps in the centromere region of chromosomes,
various types of gaps in chromatids, pulverization of individual chromosomes in the metaphase plate
were identified.

Mutation Frequency
B genomic mutation m chromosomal aberration

Belbulak Amangeldy Basshi Usharal

Figure 1. The frequency of occurrence in sheep of cells with genomic and chromosomal mutations at
the experimental and control points of the Almaty region

An individual analysis of the cytogenetic parameters of experimental animals showed that cells
with hypodiploidy are found in all sheep from three monitoring points with a frequency, with a
variation from 6.6 to 15%. Cells with hyperdiploidy are found only in individual animals (for example,
in 3 out of 7 sheep from Belbulak).

All three experimental sites have differences in the frequency of detection of cells with a
polyploid set of chromosomes. So, polyploid cells were found in each animal from the site of Belbulak
settlement, where the total frequency of such disorders is in the range from 2.5 to 6.79%. In the
Amangeldy settlement, 50% of the animals had a similar deviation in more than 5% of the studied cells
(the largest number was 8.82% in a three-year-old ewe). From the third monitoring site (Basshi), only
30% of the sheep showed the presence of a genetic disorder in the form of polyploidy, although: its level
was also high (more than 5%).

Chromosomal aberrations (Fig. 2) were identified in all studied animals kept in the studied
territories, but their detection frequencies have individual variations. For example, in a sheep from
Amangeldy (No. 7), the level of deviations exceeds the control animal by 7 times.

Thus, it is possible to calculate the total level of cytogenetic instability (A) of blood cells for each
study area. This indicator includes the sum of the frequencies of cells with genomic mutations and
chromosomal aberrations (Table 1).

As can be seen from table 1 and figure 1, the highest level of genetic instability was shown by
sheep kept near Amangeldy. For a more complete analysis of the available data, we decided to split a
single indicator A into two subgroups B and C.

Indicator B is a subtraction from indicator A of the number of cells with hypodiploidy. This is
explained by the fact that the loss of one chromosome during the preparation of cytogenetic
preparations is possible as a result of processing the cells with a hypotonic solution and fixative,

52 Ne 2(135)/2021 /A.H. Tymuaes amvindaeot EYY Xabapuvicor. Buorozusavi otavimdap cepusicol
ISSN(Print) 2616-7034 eISSN 2663-130X



R.Zh. Zhapbasov, A.A. Kornilova, A.M. Zhomartov, K.Zh. Dosybaev, L.B. Dzhansugurova, B.O. Bekmanov

therefore its exclusion contributes to a more accurate determination of the genotoxic effect of the
chemical constituents of pesticides.

Figure 2. Metaphase cells of ewes from the point of Amangeldy (a - deletion in the
acrocentric chromosome in animal No. 1; b - deletion in two chromatids of the metacentric
chromosome (fragments are nearby) in animal No. 10)

Table 1
The level of cytogenetic instability of sheep blood cells from experimental and control points of
the Almaty region
Monitoring points Number of Metaphases | General level of cytogenetic instability, %
animals studied
A B C

Belbulak 7 626 18,85+1,47 8,88+1,03 5,07+0,62
Amangeldy 10 1017 23,90+1,94 12,16+1,18 7,25+0,74
Basshi 10 1040 21,85+0,83 10,58+0,91 6,57+0,65
Control (Usharal) 10 856 9,35+0,41 3,16+0,25 1,52+1,7

Notes

1- A - the general level of cytogenetic instability, taking into account cells with a hypodiploid,
hyperdiploid and polyploid sets of chromosomes, as well as cells with chromosomal aberrations;

2- B - the level of cytogenetic instability, taking into account cells only with hyperdiploid and
polyploid sets of chromosomes, as well as cells with chromosomal aberrations.

3- B - the level of cytogenetic instability, taking into account cells with only a hyperdiploid set
of chromosomes and cells with chromosomal aberrations.
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Hyperdiploidy cannot be explained by artifacts that occur during the preparation of slides, since
the chromosomes of each metaphase plate have individual characteristics of spiralization and color, so
the probability of erroneous accounting for an extra chromosome is impossible. Therefore, it becomes
necessary to form, from the indicator of general cytogenetic instability, A, another indicator, C, which is
the sum of the frequencies of cells with only a hyperdiploid set and cells with chromosomal aberrations.

Such a detailing of the indicator of total genomic stability allows us to trace, due to which
chromosomal abnormalities, an increase in the genotoxic effect on the organism of sheep, which are
contained in grazing areas, which are located near old, abandoned pesticide warehouses, occurs.

The study analyzed the frequency of occurrence of genetic disorders in animals of different ages
and sex. According to the results obtained, a high level of genomic mutations and chromosomal
aberrations were registered in sheep of different ages. So, for example, the highest level of cells with a
polyploid set of chromosomes was found both in the one-year-old bright (animal No. 4, Belbulak village
- 6.79%) and three-year-old ewes (animal No. 7, Amangeldy village - 8.82%). The same cytogenetic
picture is observed in the analysis of cells with chromosomal aberrations. In a one-year-old bright
(animal No. 6, Belbulak settlement) of the analyzed cells, 7.0% were with chromosome aberrations, and
in a three-year-old ewe (animal No. 7, Amangeldy settlement) - 9.8%. The lowest level of cells with
chromosomal aberrations was recorded in a three-year-old ewe (animal No. 10 - 2.80%) from the area of
Belbulak, and the highest in a three-year-old ewe (animal No. 3 - 9.8%) from the area of Amangeldy.

Discussion

It is known that studying the frequency of cells with genomic mutations and chromosomal
aberrations is a widely used method for determining the genotoxic effect of chemicals on a living
organism. We studied blood samples of 27 sheep contained in the territory of three monitoring sites of
the Almaty region, contaminated with the chemical components of banned and non-utilized pesticides,
which were stored in abandoned warehouses. A comprehensive analysis of metaphase plates was
carried out, the total number of which was 2683, in which such disorders as hypodiploidy,
hyperdiploidy, polyploidy, chromosomal aberrations were identified. Three indicators were calculated
that exhaustively characterize the contribution of each of the disturbances to the overall level of
cytogenetic instability of animal cells.

In our studies, polyploid sets of chromosomes were found in the cells of all experimental
animals. The appearance of such a deviation can be considered as a protective mechanism of the cell,
developed during evolution and aimed at eliminating from the population of those cells in which
unbalanced damage to the genome occurred. There is also evidence that such polyploid cells are
actively involved in the processes of restoration of the structure of organs during radiation damage to
the body. Therefore, the increased frequency of such cells in the population of mouse-like rodents living
under conditions of high levels of radiation exposure is defined as a pre-pathological state, in
connection with which, such territories are considered to be zones of high genotoxic hazard for animals
and humans [41-42].

Analysis of the data showed that cells with chromosomal aberrations were detected in the blood
system of all animals. This indicator varies from 2.8% (sheep No. 10 from the village of Belbulak) to
9.8% (sheep No. 3 from the village of Amangeldy).

Literature sources [43] indicate that the appearance of cytogenetic disorders is caused by the
blocking of the mitotic apparatus in the cell, which can be caused by some types of pesticides that have
a mitostatic effect and contribute to the specific arrangement of cell chromosomes on the periphery in
the form of a circle or widespread of chromosomes over the entire cell area. We have identified the same
phenomena in experimental animals. Pesticides inhibit the formation of the fission spindle and disrupt
the cytokinesis process, which leads to the formation of cells with chromosomal abnormalities.
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When studying the environment near old storages of the Almaty region, DDT metabolites in
doses exceeding the permissible limits were identified in soil and water. In the soil, an excess of the
MPC of copper was also found, and in water - cadmium by 2-3 times in different studied areas. Analysis
of vegetables and fruits grown near the studied territories was carried out, which showed an excess in
them of residues of pesticides such as endosulfan, DDT, aldrin, and deldrin.

As part of the study of the state of healthy living at these points, it was revealed that the
population of Belbulak and Amangeldy, exposed to acute pesticide exposure, has an excess of low
health indicators by 35.5%, this is expressed in more pronounced aging of the body, muscle deficiency.
(25-30% less than normal), water deficiency in the body in the range from 10 to 15% and bone tissue
(10% less than normal), a decrease in cognitive abilities (a significant decrease in working capacity, with
a characteristic predominance of inhibitory reactions in the central nervous system, the development of
fatigue and asthenization of the body).

The state of cytogenetic indicators of people living in these settlements was also studied. An
increased level of the frequency of chromosomal aberrations is characteristic of 43% of the Belbulak
cohort, 56% of the Amangeldy cohort, and 18% of the Basshi cohort. The highest level of chromosomal
aberrations was demonstrated by the surveyed residents of Belbulak settlement, the proportion of
people with a high level of aberrations was 38% [40].

Conclusion

Thus, the high level of abnormalities in the number and structure of chromosomes in the blood
cells of experimental animals that we have revealed indicates that unused and banned pesticides have a
genotoxic effect on the body of sheep contained in these three monitoring sites. Thus, in meat and milk
produced in the studied territories, multiple excesses of the MPC of pesticides, such as a-HCH,  HCH,
v-HCH, 6-HCH, endosulfan 1, DDT, DDE, DDD, 2,4-DDD, deldrin, chlordane, chlorobenzylate, endrin,
endosulfan 2, endosulfan sulfate, methoxychlor, hexabromobenzene was found. Exceeding the MPC for
heavy metals can also contribute to the formation of genetic disorders, in addition to the effect of
pesticides. It is difficult to separate the influence of these two factors [40]. Therefore, accumulating in
the tissues of farm animals, these substances, through products of animal origin, along the food chain,
enter the human body. People living in these settlements of the Almaty region are even more affected
by unused and banned pesticides.
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P.K. JKanbacos!, A.A. Kopanaosa?, A.M. JKomapros!, K.JK. Aocbibaes!,
A.b. Axancyryposal!, b.0.bekmanos!

1. 2Kaanvt zenemuxa xame yumorozus uncmumymuot, Aavamor, Kasaxkcman
2. 1. H. I'ymunres amuiridazvl Eypasus yammork yrnusepcumemi, Hyp-Cyaman, Kasaxcman

Aamatsl O6AI)ICI)IHI)IH JKOMBbILAMAaFaH >KoHe THIVILIM CaAbIHFaH nmecTuanuaTepMeHn daCTaHfaH
dayMarblHAa YCTaaaTbIH KOﬁAapAbIH,’ IONTOTr€eHEeTNKAaAbIK 6¥3b111y11apb1

Anaarma: Makasaga Aamarsl 00ABICBIHBIH ayMa¥FbIHAAFBI €441 MeKeHAepAe OpHadacKaH ThIBIM
ca/blHFaH >KoHe >KOiblAMaraH IeCTUIIUMATepAiH KoliMaadapel Oap >Kepaepae eocipiseTiH aybla
IIapyaliblAbIK ~ MaadapblHa OCBl IIeCTUIIMATEPAiH TeHOTOKCUKAABIK —oacepaepi 3seprreaai. YIn
MOHMTOPMHITIK HyKTeAepdeH 27 KOWUABIH KaH YAridepiHgeri >Keke >Kacylladapda TIe€HOMABIK
MyTalusAap MeH XpOMOCOMABIK abeppalnmsaiapablH 00AyblHa Taaday Kyprisiaai. Kacyiaaapasr ecipy
>KoHe IpelapaTrapabl AalibIHAay CTaHAAPTTHI IIMTOTEHEeTUKAABIK 9AiCTepMeH XY Prisiaai.

JKanyapaapablH 9KcIiepuMeHTaAAbl TONTaphIHBIH KaH >KylieciHAe TeHOMABIK MyTalusalapAblH
TybIHAAY >KMiAiriH Oakblaay TOObIHAA opTalila ecerrieH 1,98 ece, aa xpoMocomabIK abepparusaap - 4,1
ece apTTHL. [MIIOANIIAOMATHI JKacyIlaAapAblH yAeci TeHOMABIK MyTallUsAapAbIH JKaAIlbl CaHBIHBIH 70%
Kypaasl. Iloanmaouausa - 27,9% aeitiH, aa IMIepAUNIAONANS >KeKe Kacylladapda Kesgecti. JKaarrer
LIMTOTeHeTUKAABIK TYPaKChI3ABIK KOPCeTKIIITepiH ecenTey TUNepPAUIIAOUANA MeH XPOMOCOMABIK
abeppalinsi OCbl KOPCETKIIIITiH Herisri KOMIIOHeHTTepi OOABIII TaOBLAATBIHBIH KOPCeTTi, 04 OpTallla
ecerIieH YIII MOHMTOPMHITIK ydackeaep OolibIHINIAa Oakblaay JAepekrepiHeH 4,14 ece achill TYyCTi.
Jepexrepai CcTaTUCTHMKaABIK ©HAEY KON ar3achlHa THIIBIM Ca/AbIHFaH >KoHe >KOlblAMaraH
IeCTUIIUATEPAIH KAacTOreHAl, aHeoTeHAl JKoHe MyTareHAl >KarbIHaH acep eTeTiHiH KepceTTi.

Tyiin ce3aep: Komaap, mectunnArep, nepudeprsabK KaHHBH ANMQONUTTePi, XPOMOCOMABIK,
abepparsiaap, FeHOMABIK MyTanusAap, IUTOTeHeTIKa.
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P.K. XKanobacos!, A.A. Kopanaosa?, A.M. JKomapros!, K.JK. Jocbibaes?,
A.b. Axancyryposal!, b.0.bekmanos!

TMnemumym obuieii 2enemuxu u yumorozuu, Aamamut, Kasaxcmar
2Eepasutickuil nauuonarvroti ynusepcumern umenu A.H. T'ymunresa, Hyp-Cyaman, Kasaxcman

IInToreHeTnyecKkne HapymeHus1 y OBell, COAep KallinxXCsl Ha TeppUTOpmUn A aMaTUHCKON
004acTy, 3arpsI3HEHHOV HeYTHMAM3MPOBAHHBIMUI U 3aIIp eIeHHbIMI IIeCTULIIAAMI

AnnoTtammst. Ha tepputopun AaMaTmHCKOM 001aCcTM MMEIOTCST CKAaAbl C 3allpelleHHBIMI U
HEYTUAVU3UPOBAHHBIMM IIeCTULINMAAaMY, aKTUBHBIE BeIljecTBa UM MeTabOAUTBl KOTOPBIX 3arpsA3HSIOT
racTomIlia CeAbCKOXO3AMCTBEHHBIX >KMBOTHBIX, paclioaralommxcs psaaoM. beia mposesen anaams
00pa3110B KpoBU 27 OBel] C TpeX MOHUTOPUHIOBBIX TOUeK AAMAaTUHCKONM 004acTy Ha IpegMeT HaAndms
TeHOMHBIX MYyTallMii ¥ XPOMOCOMHBIX aOeppanuit. KyapTusupoBaHme KA€TOK U HPUTOTOBAEHNE
IperiapaToB IIPOM3BOANAOCH CTAaHAAPTHBIMU ITUTOTEHETUIECKMMI MeTOAMKaMI.

YacroTa BOZHMKHOBEHMSI T€HOMHBIX MYTalluii B CUCTeMe KpPOBU BSKCIepUMEeHTaAbHBIX TI'PYIIIl
SKMBOTHBIX IIpeBBICIAA aHAJOTMYHBIN ITOKasaTeAb B KOHTPOJABHON IpyIie B cpeaHeMm B 1,98 pas, a
XpOMOCOMHBIX abeppanmii - B 4,1 pasa. 4oas TMIIOAUIIAOMAHBIX KAeTOK cocTaBuaa 70% or obimero
KOAMYeCcTBa TEHOMHBIX MyTaumii. Ha moammaomaumio mpumaocs 4o 27,9%, a IMUIepAUIIAOUAVS
BCTpedaJach B €AMHMYHBIX KAeTKaX. PacueT rmokasaTeseii oOIjeil IIMTOTeHeTNYEeCKOl HeCcTaOMUAbHOCTHU
II0Ka3ad, YTO IMIIePAUIIAOMANSA M XPOMOCOMHBbIe abeppaliuy SBASIOTCS OCHOBHBIMM KOMIIOHEHTaMM
AAHHOTO TIOKa3aTeas, KOTOPBIl, B CpeAHeM II0 TpeM MOHUTOPMHIOBBIM YydacTKaM, ITpeBBICUA
KOHTpOAbHBIE AaHHble B 4,14 pas. Crarmcruyeckas oOpaOOTKa AaHHBIX IO3BOAsAET CAeAaTh BBIBOJ O
TeHOTOKCMYECKOM AeMCTBUM 3aIlpellleHHBIX M HeyTUMAM3MPOBAHHBIX IeCTUIINAOB Ha OPraHU3M OBell,
KOTOpbIe OKa3bIBaIOT KAaCTOT€HHBI, aHeyTeHHBIN 1 MyTareHHbI 9PQeKT.

Karouesblie caoBa: OBIIbI, IeCTUIUABI, AUMQOIUTH Iepudepndeckoil KpoBM, XPOMOCOMHbIe
abeppaliny, reHOMHBIE MyTalllV, IMTOTeHeTHKa.
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Molybdenum and plant resistance to viral infection

Abstract. Molybdenum takes an active part in several physiological processes necessary for the
growth and development of plants and other domains of life. Molybdenum participates in
numerous biochemical reactions and lack of this metal may affect the total amount of proteins in
plants. More than fifty Mo-containing enzymes are currently known, although most of them
were found in bacteria. Plants contain Mo-containing enzymes such as nitrate reductase, sulfite
oxidase, aldehyde oxidase, xanthine dehydrogenase, and mitochondrial amidoxime reductase.
Tungsten is another heavy metal, which due to highly similar physico-chemical properties with
Molybdenum may be incorporated instead of the latest as enzyme cofactor, leading to its
inactivation.  In this article, preliminary results from a pilot experiment are shown,
demonstrating the effect of Molybdenum and Tungsten treatment on Nicotiana benthamiana
plants infected with Tomato Bushy Stunt Virus, which refers to viruses parasitizing
economically important crops. This virus infects more than 100 species of monocotyledonous and
dicotyledonous plants from more than 20 different families. Infection of plants with a viral
infection occurs through mechanical damage to the root system; virions in this case can be
transmitted through soil or water. It was found that Molybdenum treatment may lead to
mitigation of otherwise fatal for the host viral infection.

Key words: Molybdenum, TBSV, plant, virus, virus resistance, infection.

DOI: 10.32523/2616-7034-2021-135-2-63-70

Introduction

Molybdenum (Mo) is an essential trace mineral for animals, plants and most microorganisms [1].
The importance of molybdenum for living organisms was discovered in 1939 using tomato plants
grown in a specific nutrient solution [2]. Later, molybdenum was discovered as a pterin, a cofactor, in
the active center of more than fifty enzymes involved in the main redox reactions of nitrogen and sulfur,
phytohormone biosynthesis and detoxification of xenobiotics. This catalytic activity converts
molybdenum into an essential trace element for almost all living things [3].

Molybdenum belongs to the rare elements of group VI of the Periodic table of elements. In nature,
molybdenum occurs mainly in the form of an MoO4? anion. In addition, in soils, the molybdate anion is
also the only form of molybdenum available to plants, fungi and bacteria.

As noted above, molybdenum belongs to the group of trace elements, that is, the organism needs it
only in the smallest quantities. However, exceeding a certain amount can lead to toxicity of
molybdenum. About 100 molybdenum compounds are listed in the US Toxic Substances Control Act
[4].

Molybdenum takes an active part in several physiological processes necessary for the growth and
development of plants. Lack of molybdenum reduces the total amount of proteins in plants.
Molybdenum is located in the active center of aldehyde oxidase and plays an important role in plant
development and adaptation to environmental stresses [5]. In plant cells, the average concentration of
molybdenum is 0.2 mg/kg?! dry weight and depends on the presence of molybdate in soils [6].
Molybdenum is a part of metal-containing enzymes (molybdoenzymes), which perform an important
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function both in the metabolism of each organism and in the cycles of carbon, nitrogen and sulfur [7].
More than fifty Mo-containing enzymes are currently known. Most of them were found in bacteria,
while only seven have been identified in eukaryotes [8].

Plants contain Mo-containing enzymes such as nitrate reductase, sulfite oxidase, aldehyde
oxidase, xanthine dehydrogenase, and mitochondrial amidoxime reductase [9]. In addition to pterin,
there is another type of Mo-containing cofactor, which is found only in bacterial nitrogenase, forming
the so-called iron-molybdenum cofactor [10].

Tungsten (W) is another heavy metal that belongs to the VI Group of the Periodic table of
elements. Due to the highly similar physico-chemical properties of W and Mo, some enzymes, which
use the latest as a cofactor, may incorporate W instead, leading to enzyme inactivation [11].

Although numerous researches demonstrated an important role of molybdenum in plants, still
only a few of them are focused on the role of Mo in plants' resistance to viral infections. In this article,
preliminary results from a pilot experiment are shown, demonstrating the effect of Mo and W treatment
on Nicotiana benthamiana plants, infected with Tomato Bushy Stunt Virus (TBSV). TBSV is a member of
the Tombusviridae family, genus Tombusvirus, group IV. Refers to viruses parasitizing economically
important crops. This virus infects more than 100 species of monocotyledonous and dicotyledonous
plants from more than 20 different families [12]. Infection of plants with a viral infection occurs through
mechanical damage to the root system; virions, in this case, can be transmitted through soil or water.

Materials and methods

Plant material. N. benthamiana plants were grown in the growth room in conditions of long-day
photoperiod (16-h light/8-h dark) and 75-80% relative humidity. Temperatures fluctuated from 20 to 27
C and the average temperature during the day was 25 C and 22 C at night. For lighting of growth room
lamps with 2700 K and 6400 K spectrum were used.

Treatments. As treatments, 100 and 500 uM Na2MoO4-2H20 and Na2WO4-2H20O solutions, as
well as their mixture, were used.

Plant inoculation. For inoculation in vitro generated transcripts of full length TBSV cDNAs were
used [13]. For this, plasmids containing the inserts were linearized at the 30-end of the viral cDNA
sequence by restriction of the Smal enzyme digest. Transcripts were synthesized using T7 RNA
polymerase, and these transcripts were used for inoculation of plants as previously described [14].
Control plants were mock-inoculated by using a phosphate buffer without viral RNA. Healthy and
infected plants were grown separately in the same conditions.

TBSV detection. The leaves of N. benthamiana were analyzed for the
presence of TBSV virions. Plant tissues were homogenized in TRIS/EDTA (TE) buffer in ratio 1/2
(sample/buffer) on ice, then centrifuged at 10.000 rpm for 20 min. After 15 pl of each sample was mixed
with a 6X Loading buffer. Separation of macromolecules was performed in 1% agarose gel with
ethidium bromide for 45 min with Tris/Borate/EDTA (1xTBE) buffer. UV light used to detect viral
particles in agarose gel. Then capillary transfer was performed onto the nitrocellulose membrane with
TBSV virus-specific polyclonal antibodies.

Results and discussion
To investigate, if Mo and W application may affect the natural counterplay between plants and

plant viruses, one small pilot experiment was implemented in two biological repeats. In this experiment,

14 one-month-old N. benthamiana plants were selected for each repeat. Among selected plants, 7 were
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infected with TBSV transcripts. Then, all plants were divided in pairs, one healthy and one infected in
each. One pair was left untreated as a control, and to the rest the following treatments were applied:
Mo 100 and 500 pM, W 100 and 500 pM, and a mixture of Mo and W 100 and 500 puM solutions. Each
treated plant was daily poured with 25 ml of corresponding solution.

Usually, TBSV infection on N. benthamiana plants results in the appearance of first morphological
signs of infection on 3 day past infection (dpi), and leads to almost complete collapse of the plant by 7

dpi. On Figure 1, photos of plants that were taken at 9 dpi are depicted.

C Mol100 Mo500 W100 W500 Mo100+ Mo500+
W100 W500

Figure 1. Photos of plants at 9 dpi. Upper and lower rows represent plants that were not infected and
infected with TBSV accordingly. Treatments are indicated by columns under photos

As it shown on Figure 1, 500 uM Mo and Mo+W treatments resulted in retarded plant growth. But
most interestingly, N. benthamiana plants, infected with TBSV and treated with 500 pM Mo,
demonstrated no morphological signs of viral infection.

To test, if all inoculated with TBSV transcripts plants were successfully infected, an express method
of TBSV detection in plant tissues was implemented (Figure 2) as we described earlier [15]. TBSV
infection was found in all inoculated plants, although in plants, treated with 500 uM Mo the signal of

virus presence in tissues was weaker by comparison with other treatments and positive control.
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TBSV
virions

Mo100
Mo100+
Mo500
Mo500+
W100
W100+
W500
W500+
Mo,W100
Mo,W100+
Mo,W500
Mo,W500+

Figure 2. Express method of TBSV detection in plant tissues at 9 dpi. A) TBSV virions in agarose gel.
B) Northern blot assay with TBSV antibodies for detection of TBSV virions

Over 3 weeks after inoculation, still no morphological symptoms were developed in plants infected
by TBSV and treated with 500 uM Mo. Also, plants, treated with 100 and 500 uM Mo+W solutions,
despite severe symptoms of infection started to recover (Figure 3). In addition, healthy plants treated

with 500 Mo and 500 Mo+W solutions demonstrated some retardation in development.
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Figure 3. Photos of plants at 22 dpi
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As shown on Figure 4, plant, treated with 500 uM Mo, was not affected by TBSV infection at 45 dpi
(Fig. 4, B), and had no morphological differences compared to plant, treated with the same solution, but
not infected with TBSV transcripts (Fig. 4, C). Both infected and non-infected 500 uM Mo treated plants
flowered 3-4 days later than healthy control and healthy plants, treated with 100 uM Mo, 100 and 500
1M Mo and Mo+W solutions. Plants, treated with 100 uM Mo, and 100 and 500 uM Mo+W solutions
despite severe symptoms survived TBSV infection, although demonstrated significant retardation in

development. Positive control, or plant, infected with TBSV infection without any treatments, did not
recover with time.
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Figure 4. Photos of plants at 45 dpi. A) Healthy plants. B) Plants, inoculated with TBSV transcripts.
C) Plants, treated with 500 uM Mo solution, healthy on the left side and infected with TBSV on the
right

Conclusion

Molybdenum application may mitigate symptoms of otherwise fatal viral infections in plants.
Additional experiments should be implemented to investigate the interactions between molybdenum
applications, Mo-dependent enzymes and viral infections.
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MoanbaeH xoHe ©CiMaIKTepAiH BUPYCTBIK MH(pEKIMsIFa TO31MAiairi

Anaarma. Moanbaen eciMaikrepain >koHe Oacka cadadapbIHBIH ©Cyi MeH JaMyblHa Ka’KeTTi
OipHeme (puU3NOAOIMAABIK IIporiecTepre OeAceHAl Karbicagbl. MoamOaeH KeITereH OMOXMMUSABIK,
peakiusAapra KaTblcaAbl )KoHe Oy MeTaaAblH JKeTicreyi eciMaikTepaeri aKybI34apAblH JKaAIlbl CAHbIHA
acep etyi MyMmKiH. Kasipri yaksrrra Kypameiaaa Mo Oap eayaen actam gpepmeHTTep Oeariai, gereHMeH
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T. Yergaliev

0JapAabIH Kelmiairi 6akTepusasapgan TaOblaraH. OciMaikTepde HUTpaTpeayKTasa, CyabPUTOKCHAA3A,
aAbAerns, oKcuAasa, KCaHTUH AeTMApOreHas3a >KoHe MUTOXOHAPUAABIK aMUAOKCUMpeayKTasa CUAKTBI
Mo Gap ¢epmentrep Gap. Boardppam — aa ayelp Meraaa, oa mMoambAeHMeH ©3iHIH (PU3MKAABIK-
XMMISIABIK KacueTTepiHe OaliaaHBICTBI ©Te yKcac Keaedi. MyHaarbl (pepMeHTTIH >KaHama (PaKTOpPEI
peTiHAe COHFBICBLIHBIH OPHBIHA KOCBLAYBI MYMKiH, OY/A OHBIH MHaKTUBaLMACBIHA oKeledi. bya makaaasa
MIAOTTBHIK DKCIIePUMEHTTIH aA/bIH-ala HoTUKeepi KeATipiareH.

Tyiin cesaep: moandaen, TBSV, ecimaik, Bupyc, BUpycka Te3iMAiiK, JKYKIIaABIABIK,.

T. Epraanes
Tozenzetimexuii ynusepcumem, LImymeapm, Iepmarua

MoanbaeH 1 ycTOMIMBOCTD pacTeHNIA K BUPYCHOM MHQeKIIIN

AnnoTtammst. MoanbaeH HOpMHMMaeT akTMBHOe ydacTue B HECKOABKMX (PU3MOAOTMIECKIX
Ipolieccax, HeOOXOAMMBIX AAsl POCTa UM Pa3BUTMS pacTeHuilt u B Apyrnx cpepax >XusHu. MoandaeH
y4acTByeT BO MHOIMX OMOXMMMWYECKNX peaKIVsAX, X HeAOCTaTOK DTOTO MeTalla MOXKeT IOBAMATL Ha
o011ree KOAM4IeCTBO OeAKOB B pacTeHIsIX. B HacTos1Iee BpeMsI M3BeCTHO 0oee IATuAecAT PepMeHTOB,
cogep>kamiux Mo, XxoTs1 00ABIIMHCTBO 13 HIX ObL10 OOHapy>KeHO B OakTepsix. Pactenns cogep>xat Mo-
cogepkamue QepMeHTH, Takue KaK HHUTpaTpedyKrasza, CyAb(pUTOKCMAa3a, aAbAeIMAOKCHAA3a,
KCaHTMHAETVAPOTeHa3a I MUTOXOHApPHaAbHas aMIAOKCHUMpeyKTasa. BoabdpaM - erie 0AMH TsKeABIN
MeTaAa, KOTOPHBIN M3-3a OYeHb CXOXMX (PUBMKO-XMMUYECKUX CBOMCTB C MOAMOAEHOM MOJKET OBITh
BKAIOYEeH BMeCTO II0CAeJHero B KadecTBe KoakTopa (pepMeHTa, UTO NPUBOAUT K €0 MHaKTUBanum. B
DTOI CTaThe MOKa3aHbI IpeJBapUTeAbHble pe3yAbTaThl IIMAOTHOTIO HKCIIePUMeHTa, AeMOHCTPUPYIOIIEero
BAUSAHME 00pabOTKM MoAMOAeHOM U BoabdpamMoM Ha pacteHus Nicotiana benthamiana, 3apaskenHsie
BUPYCOM TOMAaTHOTO KyCTapHUKa, KOTOPBbIII OTHOCUTCA K BUpycaM, HapasUTUPYIOIINM Ha
DKOHOMMYECKM Ba’KHBIX KyAbTypax. OTOT BuUpyC mnopaxkaer ©Ooaee 100 BUAOB OAHOAOABHBIX W
ABYJAOABHBIX pacTeHmMii u3 0Ooaee yeM 20 pasAMYHBIX CeMeNCTB. 3apa’keHue pacTeHUIl BUPYCHON
nHQeKImeln IIPOUCXOAUT depe3 MexaHnJecKoe ITOBpeXKAeHle KOPHEeBOI CUCTeMBI; BUPUOHBI B 9TOM
cAydyae MOTYT IepejaBaThbCsl yepe3 IIOYBY MAM BOAy. Bplao ycraHOBAEHO, 4TO AedeHMe MOAMOAEHOM
MOKeT IIPUBECTM K CMATYEHUIO II0CAeACTBUIL, B IPOTMBHOM CAydae CMepPTeAbHBIX AAsl XO3sAMHa
BUPYCHOM MH(DEKIUI.

Karouesnie caoBa: Mmoanbaen, TBSV, pacrenue, Bupyc, BUpycoycTONUYMBOCTD, MH(PEKITUSL.

References

1. “Metals Ions in Biological System: Volume 39: Molybdenum and Tungsten: Their Roles in
Biological Processes”: Routledge & CRC Press. [Electronic resource]. Available at:
https://www.routledge.com/Metals-lons-in-Biological-System-Volume-39-Molybdenum-and-Tungsten-
Their/Sigel Sigel/p/book/9780367396299 (Accessed: 15.05.2021).

2. Arnon D.I,, Stout P.R. Molybdenum as an Essential Element For Higher Plants. Plant Physiol.
14(3), 599-602 (1939) doi: 10.1104/pp.14.3.599.

3. Tejada-Jiménez M. Chamizo-Ampudia A., Galvan A. Fernindez E., and Llamas A.
Molybdenum metabolism in plants. Metallomics. 5(9), 1191-1203 (2013) doi: 10.1039/C3MT00078H.

4. Jonmaire P. Molybdenum in Industrial Toxicology. John Wiley & Sons Inc. 1340 (2015) doi:
10.1002/9781118834015.ch24.

BECTHMK EHY umenu A.H. Tymuaesa. Cepus Buorozuueckue nayku Ne 2(135)/2021 69
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



Molybdenum and plant resistance to viral infection

5. Naqib S.A., Jahan M.S. The Function of Molybdenum and Boron on the Plants. Plants. ] Agri Res.
2(3), 1-8 (2017). doi: 10.23880/OAJAR-16000136.

6. Gupta U. C. Boron, molybdenum and selenium status in different plant parts in forage legumes
and vegetable crops. J. Plant Nutr. 14(6), 613-621 (1991) doi: 10.1080/01904169109364228.

7. Stiefel E.I. The biogeochemistry of molybdenum and tungsten. Met. Ions Biol. Syst. 39, 1-29
(2002).

8. Hille R., Nishino T., Bittner F. Molybdenum enzymes in higher organisms. Coord. Chem. Rev.
255(9-10), 1179-1205 (2011) doi: 10.1016/j.ccr.2010.11.034.

9. Omarov R.T.,Sagi M., Lips S.H. Regulation of aldehyde oxidase and nitrate reductase in roots of
barley (Hordeum vulgare L.) by nitrogen source and salinity. J. Exp. Bot. 49(322), 897-902 (1998) doi:
10.1093/jxb/49.322.897.

10. Mendel R.R. Cell biology of molybdenum in plants. Plant Cell Rep. 30(10), 1787-1797 (2011) doi:
10.1007/500299-011-1100-4.

11. Mendel R.R., Kruse T. Cell biology of molybdenum in plants and humans. Biochim. Biophys.
Acta. 1823(9), 1568-1579 (2012) doi: 10.1016/j.bbamcr.2012.02.007.

12. Martelli G. P., Gallitelli D., and Russo M., “Tombusviruses,” in The Plant Viruses: Polyhedral
Virions with Monopartite RNA Genomes, R. Koenig, Ed. Boston, MA: Springer US. 1988, pp. 13-72. doi:
10.1007/978-1-4613-0921-5_2.

13. Knorr D.A., Mullin R.H., Hearne P.Q., Morris T.]. De novo generation of defective interfering
RNAs of Tomato bushy stunt virus by high multiplicity passage. Virology. 181(1), 193-202 (1991) doi:
10.1016/0042-6822(91)90484-S.

14. Hearne P.Q., Knorr D.A., Hillman B.L., Morris T.]. The complete genome structure and synthesis
of infectious RNA from clones of Tomato bushy stunt virus. Virology. 177(1), 141-151 (1990) doi:
10.1016/0042-6822(90)90468-7.

15. Suleimenova Zh. Z., Kutzhanova A., Yergaliyev T.M., Batyrshina Zh.S.,, Omarov R.T. The
development of express method for detection viral diseases in plants. Bull. LN Gumilyov Eurasian Natl.
Univ. Biosci. Ser. 124, 65-69 (2018) doi: 10.32523/2616-7034-2018-124-3-65-69.

CseaeHns 00 asTope:

T. Yergaliev - PhD (Biology), postdoctoral researcher at the University of Hohenheim, Emil-Wolff-
Str. 6-10 70593, Stuttgart, Germany.

T. Epzarues - PhD (buoaorus), ['orenreiiM yHUBepcUTeTiHIH AOKTOpaHTypajaH KelliHTi 3epTTeyIIIici,
Omumap-Byasd-Crp. 6-10 70593, Hltytrapt, 'epmanms.

70 Ne 2(135)/2021 /A.H. Tymuaes amvindaeot EYY Xabapuvicor. Buorozusavi otavimdap cepusicol
ISSN(Print) 2616-7034 eISSN 2663-130X



MPHTMN 34.15.51

O.B. byarakosa*, I''A. TokcoOaeBa, A.A. Apumniosa, A.JK. Kaycb6exosa,
A.A. Kycannosa, P.J1. bepcumb6ari

Espasutickuii nayuonarvroui yrusepcumem umeru /1.H. I'ymuresa, Hyp-Cyaman, Kasaxcman
*Aemop 0rs Koppecnondenyuu: ya.summerl3@yandex.kz

Poab MUTOXOHAPWMIT B MOAEKY ASIPHBIX 1 KA€TOUHBIX 9(p¢eKTax pajoHa

AnnoTtatust.  Mumoxondpuu — A6ASAI0MCS  YHUKAADHOIMU — Op2AHOUOAMU  KACMKU,
ooradarouumu  cobcmeennoil  mumoxondpuarvioi AHK 1 6o6reueHHoIMU 6 pezyAsiliio
MHOKeCM6a Npoueccos, MaKux —Kak —6bKUGAHUe KAeMOK, anonmos U  KAemouHolll
MemaboAusM. JasHo U36eCIHO, UMO MUIMOXOHOPUU UZparom 6e0YULYy10 PoAL 6 MexaHusme
SAOKAUEC6EHHO — mpanHcPopmauuy  npu  pasumuu - MHozux — HeonAasuil.  Padom,
npedcmagAstoujuii co0otl paduoaKMuGHvIl UHEPMHbLLL 203, NPUSHAH KAHIEPOZeHOM U 1O
Jannom  Beemuprionr Opzanusayuu  30pasooxparenusl A6ASemcs 6mopotl Nnocae Kypeus
NPUMUHOLL PAS6UMUS paKa Aezko0z20. Padon codepxumcs 6 nouse, 60de u 6030yxe 6 PASAULHBLY
KoHuenmpayuax. Padon muzpupyem us nousvl u 20pHuIX 10po0 6 OKPYXKAOuLUil 6030Yx, 6
pesyAvmame ez HAKANAUGACHICS 6 MAOXO 6EHMUAUPYEMUIX UAU SAKPOINBIX HOMEU,CHUX.
Taxue obaacmu npedcmasasitom coboii nepsuutyto cpedy, 6 Komopoi A0du 1nodseparomcs
paduoaxmueHomMy usAyueruto padona. Padon nponukaem uepes mpeujutvl 6 seMHOl Kope u
HAKANAUGACTNCS, 6 HUXKHUX CAOSX ammocepol. Tosviuierue KoHyenmpayuu padona 6 6030yxe
HabAt0daemcs. 6 pezuonax, 002amvix YpaHosvIMu MecnopoXKOeHUsMU, a maKKe 60AUU
ypanosvix  pyoruxos. O0HaKO HA OAHHLILL MOMEHM  MEXAHUSMbL  SAOKAUECTEEHHOT
mpancPopmarui, uHOYUUposarnHvie padoHoM, 6ce eule 0OCmarmes He 6noAHe AcHuMU. B amom
0030pe Mul 6nepsble paccCMampueaem HauboAee cospemerHoe NOHUMAHUE POAU MUTMOXOHOPUTL 6
MOAEKYASAPHVIX U KACHOUHVIX 2PPeKmax UOHUSUPYIOULe20 USAYUEHUS, 6 MOM YUCAe PadoHd.
ITodoOrozo  poda  sHawus — mozym — umemv  00AbULOE — 3HAYEHUE  OAS  NOGLIUEHUS
Npomue00NnyXore60tl aPpPeKmusHocHy  Ayue6otl mepanuu, a maxxke OASL YMeHoUleHI
nospexoenus 300p0o6olX KAMOK, N006ePzULUXCS 6030e1iCHIEU0 UOHUSUPYIOULe20 USAYUeHUS U
SAUUMbL  HACEACHUS, NPOKUGAOUL20 HA  MEPPUMOPUL, NOMEHUUANDHO ONACHOU 10
PAdOHONPOABAEHUTO.

Karouesnle caosa: padon, mumoxondpuarvras AHK, morexyasproie apdexmor padona,
KAemoutvle apdexmut padona.

DOI: 10.32523/2616-7034-2021-135-2-71-85

BBeaenne

Kak mnpasnao, mog moaexyaspHeiMM 9dPeKTaMy pasualliOHHOIO BO3AENCTBUS Ha KAETKU
MAEKOIUTAIOIMX B IIepBYIO ouepeab IOApasyMeBaercs mospexgenne sigepnon AHK. Ognako Bce
0o4bIlle JaHHBIX Ha CETOAHAIIHMUI AeHb CBUAETeAbCTBYIOT O TOM, YTO IOBpeXaeHueM renomuoin JAHK
HEBO3MO>KHO OOBACHUTbH OYeHb MHOIUE IIPOILIeCChl, IPOMCXOASIMEe B KAeTKax IIPM BO3AeNCTBUU
VMOHMU3UPYIOIIEro 00AyJeHNsI.

Eme oanmm wmcrounmkom AHK B KaeTke MAEKOIMTAIONIUX SBASIOTCS MUTOXOHAPUIN.
MuTtoxoHapun npeacrapAsioT co0O yHIKaAbHble OpraHeAAbl, BOBAeUeHHbIe BO MHOXECTBO KM3HEHHO
BasKHBIX ITPOIIECCOB, OCYIIECTBASEMBIX B DYKapMOTUYECKON KaeTKe. DTU AByXxMeMOpaHHbIe OpraHeAAbl
ABAAIOTCS  @AVHCTBEHHBIM — MCTOYHMKOM SHEpIMM B KJAeTKe, WUIPalOT KAIOUeBYI0 pPOAb B
IIpOrpaMMIUPYeMOIi  KAETOYHOM TIubeaAu, CTapeHMM M IIaTOreHe3e I1e40T0 psiga 3aboaeBaHUIL.
MuTtoxonapun - 9TO OpraHeA4bl, IPUCYIIe BCeM DyKapUMOTUYECKUM KJeTKaM, OCHOBHOM (PyHKIIuer
KOTOpBIX sABAsgercss cuHTe3 AT® a5 obecriedeHus BceX IPOLIECCOB >KM3HEAEATEABHOCTU KAETKIA.
Ognako poab MUTOXOHAPUII TOpa3jo INMpe, 4eM «TeHepaTop 9HepIuu»: IIPpU OCYIeCTBAeHNN
OKICAUTEABHOTO (pochOpuAMpOBaHs MUTOXOHAPUM TaKXe CIIOCOOCTBYIOT OOpa3OBaHMIO aKTMBHBIX
popm kmcaopoga (ADK), peryampyior romeocras KaabIiusl B KJAeTKe, IIPMHMMAIOT ydacTue B
TePMOPETyAsALINY U AaXKe pellaioT Cyab0y KAeTKM, BBICTyTIasl B KauecTse KAIOUeBbIX peryAsTopoB
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Porv mumoxondpuil 6 MOAEKYAIPHOLX U KAeMOUHDLX aPPexmax padora

artoriroza. Kpome Toro, oHm y4yacTByIOT B aHTMOAKTe€PMAAbHBIX, IPOTMBOBUPYCHBIX M CTPECCOBBIX
peaxIIusX Ha TUIIOKCUIO U TTospexkeHne TKaHeli [1]. with TBSV virus-specific polyclonal antibodies.

Cunraercs, 4YTO MUTOXOHAPUU BO3HUKAM U3  aab(a-IpoTeoOaKTepuy, 3axBaueHHOI
DYKapMOTUYECKUM IIpeAIeCTBeHHMKOM. XOTsI MUTOXOHAPUN MAEKOIIUTAIOIIVX COXPaHIAN HEKOTOpble
OakTepraabHble OCODEHHOCTU, TOABKO HeDOABIION IPOILIeHT MUTOXOHAPUII 4YeaoBeKa IIOAy4YeH U3
JIICXOAHOTO  B®HAOCHMMOMOHTa. B TO Xe BpeMs JaHHBIe OpraHeAAbl BOCHPUMMYMBEL K
IIPOTUBOMUKPOOHBIM IIpeliapaTtaM: HallpUMep, TeTPaIjMKAMHBI MOTYT OAOKMpPOBaTh IIPOUCXOAAIINI B
MUTOXOHAPVSIX IIPOLeCC TPaHCASILINIL.

IToMrMO MHOTOOOpa3sl M CAOKHOCTHU BBIITOAHAEMBIX MU (PYHKIINII CAeAyeT OTMETUTH TO, 9TO
MUTOXOHAPUM CTOAT OCOOHSAKOM CpeAyl IIPOYMX KAETOYHBIX OpraHeAA BBUAY HaAU4ls COOCTBEHHOIO
TeHeT4YecKoro Marepmada - muroxondpuaasHon AHK (MtAHK). Hamr MMTOXOHAPMaAbHEI TeHOM
YHUKaJAeH U VMMeeT MCKAIOYUTeAbHO MaTepMHCKOe IIPOMCXOXKJAeHUe, T.K. Y MHOIUMX BMAOB, BKAIOYas
Homo sapiens, ornosckas mMT/AHK akTtmBHO paspyimaercs cpasy nocae omnaodorsopenus. MTAHK
ye/J0BeKa IIpeacTaBasieT coOOl ABYXIIEIOYeUHYIO KOABIIEBYIO MOJeKyAy, cocToslyio u3 16 569 map
OCHOBaHMI M cogepkamyio 37 reHos, kogupymomux ase pPHK, 22 TPHK n 13 noanmentuaos [2].
[MoavmenTtuarl, xogupyemele MtAHK, sBasiorcsa cyOpeamnmmammy ¢QepMEHTHBIX KOMILAEKCOB
OKICANUTEABHOM cucteMbl GpochpoprANpOBaHILL.

Pabora MMTOXOHAPMAABHOTO TeHOMa B 3HAYMUTEABHOI CTeleHM II0AYMHEHa SIJAepHOMY
KOHTpoA10. OgHaKO, KakK ITOKa3bplBalOT pe3yAbTaThl IOCAeAHUX MCCAeAOBaHU, MUTOXOHAPUM B CBOIO
ouepeab MOTIYT peryAnpoBaTh DKCIIPECCUI0 MUTOXOHAPUAABHBIX I€HOB sigepHoll AoKaan3anyu. C 9Toi
1IeApI0  MCIOAB3YIOTCS  OCOOBle ©OeAKM TaK Ha3blBaeMOIO pPeTpOrpajHOTO  TpaHCIIOpTa, Yy
MaexonuTammx 51o 6eaok GPS2 (anr. G protein pathway suppressor 2), KoTopble MOTyT IIPOHMKATh
U3 MUTOXOHAPUI B SAPO U U3MEHSTh DKCIPECCUIO TeHOB IPerMYIIeCTBeHHO MUITOXOHAPMaAbHOIO
IIPOMCXOXKAEHM, a TaKXKe HeKOTOPBIX TeHOB, MPUHUMAIOIINX yJacTiie B KAeTOYHOM OTBeTe Ha CTpecc
[3]. Ecan GPS2 ne moxkeT nomnacts B A4po, B orcyrctue GPS2 Geaka IpOMOTOPHI €ro TeHOB-MUIIIeHeil
O0AOKMPYIOTCSA 3a CYeT TPUMETUAMPOBAHUS IIO AE€BATOMY OCTaTKy AmsmHa rucroHa H3, uro
CIIOCOOCTBYeT CO34aHMIO 30HBI IeTepOXpOMAaTMHA ¥ MHIMOMPOBAHMIO TpaHCKpuIIum. B pesyaprarte
AeTioAspM3alyl MUTOXOHAPMAABHON MeMOpaHbI, BO3HMKAIOIIEN IIPV CTPeCCOBBIX YCAOBIIX, Oel0K
GPS2 nepemeriaercss U3 MUTOXOHAPUIL B SAPO, Tde DAUMUHNUPYeT PellpecCUBHYIO SIIUTeHeTHYecKyIO
METKY, aKTUBUPYS TeM CaMbIM TPaHCKPUIIIMIO COOTBETCTBYIOIINX IeHOB [3].

Crpykrypa n rennas opranmsaums MT/JAHK ouenn KoHcepBaTuBHa cpeAy MAEKOIMTAIOIIVIX.
ITockoarky MTAHK sBAsieTcss OTHOCMTEABHO HeOOABIIION MOAEKyAON, OHa Obllda M3A1001eHHON
MUIIEHbIO PaHHMX IIPOEKTOB II0 CeKBeHMPOBAHMIO T€HOMa, M HYKJeOoTMAHasl I10CAe0BaTeAbHOCTDb
MTJAHK  4yesoBeka  Oblia  mepBOii  3aperMCTPUMPOBAHHONM — IIOAHON  IIOCA€A0BaTeAbLHOCTBIO
MUTOXOHApHuaAbHOrO reHoMa. Kommnaemenrapusle nenm B MTAHK sHaunrteapHO paszamdaiorcsa IO
YVA€ABHON IIA0OTHOCTU B I'paAlieHTe XAOpPHUAa Le3lsl, IOCKOAbKY codep>KaT HeOAMHAKOBOe KOAMYeCTBO
IIyPUHOBBIX ¥ HMPUMUAVHOBBIX HYKA€OTHAOB. IIpym »TOM Iems, B KOTOPOM COAEP>KUTCS OoAbliiee
KOAMYEeCTBO ITYPUHOBBIX HYKAEOTNAOB, Ha3blBaeTCs «TsDKeaol» nenbio (H-mems). «/erkas» nemns
COCTOUT IIPEMMYILIEeCTBEeHHO U3 MUPUMMAMHOBBIX HyKaeoTnaos (L-mems). L- mems koagupyer BoceMb
TPHK 1 ogun noannentng, a H-nens npeacrasaena renamn Asyx pPHK, 14 TPHK n 12 noaunentnaos
[2]. mMTAHK MaexonmmramoIIMX Od4YeHb KOMIIAKTHO OpraHM30BaHa, HEKOTOpble TIeHbl B Hel
IIepeKpPbIBAIOTCSI, MHTPOHBI OTCYTCTBYIOT, 3a MCKAIOUeHIeM OAHOTO PeryAsATOPHOIO PerroHa, CIleliCeprl
TO>Ke, KaK IIPaBlAO, OTCYTCTBYIOT MAN IIPeACTaBAeHbl KOPOTKUMU I10CAe40BaTeAbHOCTSIMI AAVMHON B
HECKO/DbKO I1ap OCHOBAHMIA.

ITocae  cexBenmpoBanusa MTAHK, mnpm cpaBHeHMM  MOAYYEHHBIX  Pe3yAbTaTOB  C
110CAeA0BaTeAbHOCTAMI MUTOXOHAPVAABHBIX O€AKOB, ObLAM BBIABAEHBI OTKAOHEHNs OT CTaHAapPTHOIO
reHeTmyeckoro koga. Tax, xogon ATA xoaupyer B MUTOXOHAPMAAbHOM TIeHOMe MEeTMOHMH (BMecTO
nsoaennuHa B AgepHoir AHK), kogonsr AGA n AGG cayxar cron-kogoHamu (B siaepnoit AHK otu sxe
KOAOHBI KOAVPYIOT aMUHOKICAOTY apIiHIH), KogoH TGA cooTseTcTByeT TpuntodaHy, a He sBASIeTCs
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kak B reHomHoi JAHK tepmunupyoommum kogoHom [2]. Emle oaHOI yAuBUTEABHOIN OCOOEHHOCTBIO
MUTOXOHAPMAABHON TeHeTNYeCKO CUCTeMBl sBAJeTCS MCII0Ab30BaHMe YIIPOIIeHHOTO MeXaHM3Ma
KOAVMPOBaHISI, ITO3BOASIONIETO OCYIIeCTBASATh TPAHCAAIIMIO C MCIIOAb30BaHMEeM MEeHBIIIeTro KOA4ecTBa
TPHK. MTAHK ITO3BOHOYHBIX COACPKUT KOPOTKYIO TPeXIeOYedHYIO CTPYKTYypy, HasbiBaeMylio D-
reraeii, B KoTopoi Heboapmmon ydactrok PHK, xommaementapnsiit L- memnm, BeITeCHsAeT MCXOAHYIO
KoMmIaeMeHTapHyi0 H-1iermb ¢ oOpasoBaHmeM I1€TAe€000pa3HON CTPYKTYphl. DTOT pailoH COAEP KUT
y4acTKy, OTBevalolye 3a IIPOI[ecchl MHUIIMAIUN PellAMKaIuM ¥ TPaHCKPUIILIUNA: TOYKY MHMIIMAIIAN
penaukaunu (On), mpomotop aerkou ern (ITL) n aBa mpomotopa tsxeaoint nenn - ITH1, ITH2. Kax
IIOKa3bIBAIOT MHOTOYMCAEHHBIE MCCAeJ0BaHIs, AaHHBIN PerroH XapaKTepU3yeTcs BBICOKOM 4acTOTON
MyTaluii, KOTOpbIe aCCOLMMPOBAHLI C pa3BUTHEM 310Ka4yeCTBeHHBIX Heoraa3nii [4,5].

Boapmioe xoamuectso AaHHBIX TOBOPUT O BO3MOXKHOCTM BO3AENCTBUS MOHM3UPYIOIIEro
U3Ay4eHUs] He TOABKO HeIoCpe]CTBeHHO Ha JApO KAeTKM, HO M Ha KJAeTOuYHble opraHeaasl [6]. beiao
II0Ka3aHO, 4TO MpPU BO3JAENICTBUM MOHUBUPYIOIIETO M3Ay4eHUs Ha MUTOXOHAPUM HaOAI0AAIOTCS
9} PeKTs Ha PasAMYHBIX YPOBHAX, HauMHas OoT MyTaumii B mutoxoHgpmuaasHon AHK (mTAHK) a0
pasBUTUA OKUCAUTEABHOIO CTpecca, M3MeHeHMs MeTaboAu3Ma KAeTKM U IIporpaMMIpyeMoit
KaeToyHoi rmdean [6]. OgHUM 13 OCHOBHBIX MICTOYHUKOB IIPUPOAHOTO MU3AYYEHUs SIBASETCS IIPOAYKT
pacraga ypaHa, XMMIUYeCKM MHEPTHBI PaauiOaKTUBHBINA Ta3 - pajoH. bplao ycranosaeHo, 4to pagoH
SIBASIeTCSL BTOPOM IIOCAe KypeHUsl HpUYMHON passutys paka aerkoro [7]. Ilo aannsiM Beemmphoit
opraHmsauum 3apasooxpaHenusa (BO3) snmaemmoaormyeckme uccaegoBaHmUs — IIpeAOCTaBUAU
yOeanTeabHbIe AOKa3aTeAbCTBA CBA3M MeXJAy oOAydeHueM pasOHOM BHYTPM IIOMeEIeHMII U pakoM
AETKOTO Ja’ke IpM OTHOCUTEABHO HU3KOM ypOBHE paJoOHa, OOBIYHO BCTPEYAIONIMMCs B SKIABIX A0Max
[8]. Bricokme ypoBHM padoHa HaOAIOAAIOTCSA B CEBEPHBIX M BOCTOUHBIX pairioHax Kasaxcrana ms-3a
€CTeCTBeHHBIX MCTOYHMKOB pajMaluy U AAUTeAbHON, KpyHHOMacmTabHol Ao0bram ypana [9]. Ha
AAHHBIII MOMEHT IIOSBASAETCs Bce 00AbIlIe AQHHBIX O TOM, YTO B MOJEKYASPHBIX MeXaHM3Max pajoH-
VHAYLIMPOBAaHHOTO paKa AeTKOTO AeXKaT AMHaMI4YecKe M3MeHeHII MMEHHO B MUTOXOHApuX [10-14].

B ®Tom o0030pe MBI pacKpbiBaeM COBpPeMeHHOe IIOHMMaHMe PpOAM MUTOXOHAPUIL B
MO/AEKYASPHBIX U KAeTOYHBIX P PeKTax MOHMU3UPYIOIIeTo U3AydeHns, B TOM uucae pajoHa. ITogobHoro
poJa 3HaHM:A MOTYT MMeTh OOABIIIOe 3HaYeHIe 4451 IOBBIIIeHIs IIPOTUBOOITYX0AeBOl P PeKTUBHOCTU
Ay4eBOJl Tepanmy, a TakKXke A4S YMEHbBIIeHUS IIOBPeXAeHUs 3A0POBBIX KAETOK, ITOABEPIIIVIXCS
BO3AENCTBUIO MOHM3UPYIOIIEIO M3AyYeHMs UM 3alllUThl HaceAeHUs, IIPOXXMUBAIOIIero Ha TeppUTOPUM
IIOTeHIIMaAbHO OIIaCHO 10 PaJOHOIIPOSIBACHMIO.

1. BosaevicTBrie MOHM3MPYIOMIEN paaanyy Ha MUTOXOHApuaabHyo AHK

l'enetnueckass msmenumsocts MTAHK — mcnoamsdyercss 444 OLIEHKUM — MHAVBUAYaABHON
YYBCTBUTEABHOCT! K MOHM3UPYIOIIeMYy U3Ay4eHNIO. JaBHO M3BeCTHO, YTO y HalMeHTOB, IT0AYJIalOIIX
Ay4eBYIO Tepanmio, HabDAI0AaeTcsl BBICOKUMII YPOBEHb TOUeUHBIX MyTanuii u Aesenym B MTAHK mo
CpaBHEHMIO C KOHTpoapHON rpymmon [15]. Kpome Toro, Opla0 IOKa3aHO, YTO BBICOKMII YPOBEHb
mytanuit B MTAHK Obla acconumpoBaH ¢ OCAOXHEHMsAMM IIOocAe AydeBoil Teparmu. Toraa kax
MaIVIeHTHl C OTCYTCTBMEM WAV MUHMMAABHBIMU (PUOPO3HBIMIU PeaKIVSIMU VIMeAV HU3KUIL yPOBEHb
myTtauyii 8 MTAHK [16]. B 2011 roay Schilling-Toth 1 xoa4. mpoaeMOHCTpUpPOBaAN A0303aBYCUMBIN
pasuanuoHHbl ®PPeKT 4JacToTel Aedenyy, u3sectHOM Kak AMTAHK®” yam «oGaacts oOrmen
Aeaerun» (aHr. common deletion), mpeacrasasoment cobornt ydactok MTAHK ¢ 8470 mo 13446
HYKA€OTHUA U CBA3aHHOMN C psAAoM maroaoruii u crapenuem [17]. Yong Chen n ap. nokasaam, 94To npu
00Ay4eHUM TSKeABIMM MOHaMU yraepoaa KaeTok aumnum Hela naGaiogaanch He TOABKO Aedenyu
AMTAHK#77, HO 1 MHO>KeCTBeHHbIe TOYeyHble MyTalum B o0aactu D -metam, Tak Hassisaemom D310
peruone [18].

VuTepecHsM sABAsieTCss TOT (PaKT, YTO MOHUBMPYIOIee M3AydeHUe CIOCOOCTBYeT He TOALKO
BO3HMKHOBEHIIO MYTaLii, HO U yBeAndeHnIo uncaa konuiit MTAHK B pazanmaneix Tumax kaeTok. Tak,
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Murphy n xoa4. mokazaau mo4TH ABYXKpaTHOe yseandeHne uncaa xkonumii MTAHK mpu BosaeiicTsyim
raMMa-o0ayuenns B gosuposke 0,5 I'p B kaetkax annum HPV-G [19]. Wang u ap. (2007) Habaoaaan
cxoaHbI 5¢PexT B KaeTouHoit ananm Hep G2 nocae Bo3AeliCTBIS peHTI€HOBCKOTO M3AYJIeHIs B 403€ 5
I'p. Kpome ToOro, asropnl coodOmman, 4ro, xorsa umcao kxormm MTJAHK 1nipu  BosseiicTBum
VOHU3UPYIOIIeNl pajMalliil ¥ BapbUpOBaAO B Pa3HBIX KAETOYHBIX AMHMAX, OAHAKO CTaOMABHO
XapakTepu3oBaa0och IopbiieHnemM yposHa AHK B MUTOXOHAPMAX BHe 3aBMCUMMOCTM OT TUIIA KAETOK,
IIOABEPraBIINXCs Bo3AelicTBuIO pagnanyu [20]. Zhou n gp. TakKe ITOKa3aAu B CBOUX DKCIIEPUMEHTAX Ha
kaetogHoit avauyu MCF-7 ypeamuyenme umcaa kormit MTAHK 1ocae BosaeiicTBusl peHTTEHOBCKOTO
usaydenus B go3e ot 0,05 g0 4 I'p [21].

B Hauaze ABYXTBICAYHBIX TOAOB Cpa3dy HECKOABKUMU MCCAeAOBaTeAbCKUMM TpyIHmamMy OblA0
nokasaHo Haanuue MT/AHK B myae cBo00AHO-IIMPKYAMPYIOIINX HYKAEMHOBBIX KICAOT. IlepsoHayaabHO
cBoOogHO-1IMpKyanpyiontyio MTAHK cBsa3bIBaAM TOABKO ¢ IpolleccaMy KAeTOYHOM rnbean, U ypoOBeHb
ee paccMaTpuBaAcs Kak OoMapKep OCTpOI TpaBMBI.

Ha aannbIlI MOMEHT pesyabTaThl psjga UCCAeAOBaHUII CBUAETEABCTBYIOT O BO3MOXKHON POAK
csobogHO-1IMpKyanpytomeint MT/HK B kauectse OroMapkepa KAeTOYHOIO ITOBPeXKAEHIs, BLI3BAHHOIO
XpOHIMYECKUM BO3JeVCTBMeM HM3KMX A03 paguanum [22]. Vlccaeaosanus Moum KpbIC, 0O0Ay4eHHBIX
PeHTIeHOBCKMMM AydaMM, TTOKa3aAM 3HauMTeAbHOe yBeAudeHNe B TedeHMe ABaAllaTyl YyeThIpex 4acoB
Ioc/e BO3/eVICTBIS, a 3aTeM CHIVDKeHMe 40 HOpMaAbHBIX ypOBHel cBoOogHO-1IMpKyanpyiomniein MT/AHK.
Kpome ToOro, pesyaprarbl AaHHOIO ®KCIIepMMeHTa JAeTeKTUpOBaAM psj MyTalluii B CBOOOAHO-
unpkyanpyiomeirt MTAHK rocae penTreHoBCcKOro o0ay4eHns1, OTCyTCTBYIOIINX Y 0CODel KOHTPOABHOI
TPYIIIbI, He IOABePTaBIINMXCS BO3AENICTBUIO PEHTIeHOBCKUX Aydeil [23]. AHaAOIMYHBIN pe3yabTaT OblA
noaydeH I'asumeBsiM A. u coasropamm [24]. VIx mccaejoBaHue mokaszado, YTO PEHTTEHOBCKME AY4M U
MeT(OPMUH BLI3BIBAIOT 3HAYMTEAbHOE yBeAndeHre cBobogHo-nmpKyanpyiomieit MT/HK B Moye crapbix
KPBIC, BbI3BAaHHOE aKTUBHON IMOeAbI0 KAeTOK B TKaH:AX [24]. bBoaee Toro, OblA0 ITOKa3aHO, YTO MO3T
PBDKIUX TOA€BOK I3 YepPHOOBLABCKONM 30HBI OTUY>KAEeHMs MMeA BbIcoKoe umcao kxommit MTAHK n
BBICOKYIO uacTtoTy mnospexaennmii MTAHK, dro coraacyercsi ¢ mpeamnoaaraeMbsiMn  9¢pekramu
paAMalIOHHOIO BO3AENCTBMS 1M KOMIIEHCATOPHBIM OTBETOM A4Sl IIOAAep KaHUS AOCTaTOYHOIO
pyHKIIMOHMPOBaH MUTOXOHAPWMIA [25].

/lydgeBasi Tepammsl OHKOAOTMYECKMX 3a00AeBaHUII TaKXKe IPUBOAUT K YBEANIEHNUIO YPOBHS
csobogHO-1IMpKyAnpyomien MmT/AHK B maa3zme 00ABHBIX 11, C1€40BaTeABHO, AQHHBIN ITOKa3aTeAb MOXKET
JCIIOAB30BATLCSI  AASl  MOHMUTOpMHIA 9(PQPEeKTMBHOCTU JAedYeHNs VOHM3UPYIOLIeNl paAMaliueit
OHKO/A0TMYeCKIX OOABHBIX [26].

Kak y>xe Obl10 ckasaHO BbIIle, OAHUM U3 BUAOB PajMOaKTMBHOIO pacliaja ypaHa sIBASeTCs
VHePTHBINT ra3 pagoH. Liu X. m coaBT. OblA0 IOKazaHO, YTO OOAy4YeHNe pPajoOHOM CBS3aHO C
A0303aBUCUMBIM yBeandeHueM cogep>kanusa MTAHK B kaerkax aunnm BEAS-2B [11].

Hamm coOcTBeHHBIE 1CCA€40BaHMS IIOKA3hIBAIOT, YTO YPOBEHb CBOOOAHO-IVIPKYAMPYIOIIEN
MTAHK 3HaunTeABHO BhIlIe y NAlVIEeHTOB C PajOH-MHAYLIVPOBAHHBIM PAaKOM /AeTKOIO I10 CPaBHEHUIO He
TOABKO CO 340POBBIMU AIOABMMU U3 KOHTPOALHON TIPYHIIB, HO M C IaIjMleHTaMM C PakoM Aerkoro,
MPOXMBAIOIIVMMII B pallOHaX C KOHIIeHTpalnern pagoHa B mnomemeHun Hioke 100 bx/m3. Takmm
obpazom, o00OAyueHUe palOHOM JO0303aBUCUMO yBeAnunsaeT codepkanme MTAHK He TOABKO B
SINTeANaAbHBIX KAeTKax OpoHxos [11], HO 1 B 1aa3Me KPOBI.

Ognako BaAMstHUE (PAKTOPOB OKPYKAIOIIEN CpeAbl, B TOM 4NICAe U pajuanuy Ha YPOBEHb
csobogHO-1IMpKyAnpyomen MTAHK, Ha 4aHHBII MOMEHT Bce ellfe OCTaeTCsI HeU3YIeHHBIM BOITIPOCOM.

JaapHelnmme uccAeAOBaHUA B AAHHON 004acTM MOTYT CIIOCOOCTBOBATh PasBUTUIO TaK
Ha3bIBAEMOIl «IIPEeBEeHTUBHOI AMAaTrHOCTUKI», HAIIpaBAEHHOI Ha BbLIBAEHIUE IIOTEHIIMAABHBIX PICKOB
AAsSL 3J0POBbBs, CBJA3AaHHBIX C BANMSIHNEM HeOAarOIpVATHON 9KOAOTMYIECKO 0OCTaHOBKM. Takmm
obpaszom, MTAHK mpeacraBasercsi IepCHeKTUBHBIM —MapKepoM A4Sl OLIeHKM  BO3AeMCTBIA
paAManIOHHOTO U3AyJeHH .
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2. Pa3suTiie OKCMAATUBHOIO CTpecCa IIPU MOHM3UPYIOIeM U3y IeHUN

/lydeBas Tepamus cTada OAHUM M3 OCHOBHBIX CIIOCOOOB Ae4eHMs BCeX BUAOB OHKOAOTMYeCKUX
3aboaepannii. OgHakoO OAHMM U3 OCAOXKHEHUII MHPU AaHHOM BUAe Tepalmy SBASeTCA IOopaskeHue
cepaeuHoOl MBI [Ipearioaaraior, 4To IOTeHIMAAbHON ITPUYMHON pasuiallIOHHO-MHAYIIMPOBaHHOMI
KapAMOTOKCHYHOCTU sABAsETCs OKUCAUTEAbHBIN crpecc [27]. OKMCAUTEABHBIN CTpecc IIpeAcTaBAsieT
coborr HakonaeHme A®PK, 4yTo mpMBOAUT K HapyILIEHMIO BHYTPMKJAETOUHOIO IOMeOcCTaza 3a CYeT
XMMIIecKoi MoaupuKanuy, moppexaenns 6eaxkos, aunmnaos u AHK.

Kubota Y. 1 coasT. 11okaszaan, 4To CynepoKciA-aHIOH UTpaeT OCHOBHYIO POAb B PalMaliiOHHO-
MHAYLMPOBAaHHOM aIlOIITO3€e, II0 KpaliHell Mepe, B Makpodarax OpPIOIIHON IOAOCTY MBIIIeN AVHUNI
C3H [28].

VIMeHHO MUTOXOHAPUN B KAeTKe IHPOoM3BOAAT Ooapmryio yacth A®PK, B TOM umcae n
CyNIIepOKCUA-aHMOH, KaK B (PU3MOAOIMYEeCKNX, TaK U B IATOAOTMYECKUX YCAOBMAX, UTO JeAaeT MX
KAIOYeBBIMIL WIPOKaMM B MeXaHU3Me pa3BUTUS OKMCAUTEABHOTO CTpecca IIpU paAMallliIOHHOM
BO3AEVICTBUIN.

B ¢usnmosormuecknx ycAoBusAX Ha 9A€KTPOHTPAHCIIOPTHOMN 1IN MUTOXOHAPUII IIPUMepHO 2-
3% Kucaopoga He BOCCTaHaBAMBAETCA y MAEKOIIMTAIOIINX, B pe3yabTaTe Yyero BO3HMKaeT HeOOAbIoe
KOAMYECTBO  CyIepPOKCHA-aHMOHA,  KOTOPBIM  IIOCPeACTBOM  CyllepokcugaucmyTtaspr — (SOD2)
npesparaercs B epekuch sogopoda (Hz202). [TockoabKy B MUTOXOHAPMSX OOABIIMHCTBA TUIIOB KAETOK
OTCyTCTByeT KaTtaaa3a, H202 MoXxeT mnpocaumsaTbhcs B LUTO304b, TAe OH  pasJaraercs
UTOILAa3MaTUIEeCKOI KaTaaa3oi [29].

Dayal D. n xoaaern mokasaau, 4TO UMEHHO AMCPYHKIINA MUTOXOHAPHMAABHOTO KomIiaekca II
Oblaa MCTOYHMKOM OKMCAUTEABHOTO CTpecca, OOHapy>KeHHOIO B HeCTabMABHOM KAOHE, IIOAY4eHHOM U3
kaetok GM10115, 00ay4yeHHBIX peHTTreHOBCKMMU Aydamu B gose 10 I'p [30].

Eme oaHo mccaeaosaHme in vivo OBIAO MPOBEAEHO IO BAMSHUIO PEHTIeHOBCKMX Aydell Ha
MUTOXOHAPYM KapAnomuountos Mbimeir anHun C57BL / 6N. O0aydenme B go3e ot 0,2 g0 2 I'p
IpuBeAO K CHVDKeHMIO Ha 13% aKTMBHOCTM MUTOXOHAPMAAbHOTO KoMrilekca II mo cpasHenmio c
KOHTpoApHOM rpynmoii [31]. Kpome Toro, aBropamMm Obl10 IOKa3aHO yseandeHne rpoaykumm AOK
MUTOXOHAPWSAMMU B cAydae 00AydeHms B g4o3e 2 I'p [31].

Ha aanHbBIlT MOMEHT cumTaeTcs AOKa3aHHBIM, YTO MMEHHO MUTOXOHAPUU SBASIOTCS OAHUM U3
OCHOBHBIX MecT mpouspoacrsa APK 1 4TO CymepokcugHble paaMKaAbl ABASIOTCA IePBUYHBIMU
paauKaiamu, KOTOpble OIIOCpeAyIoT rosbieHne yposHsa APK B kaeTkax, MoABepIImxcs BO3AeCTBIIO
MoHusupymomero oodaydenms [29]. OaHako B MUTOXOHAPUAX MMeeTCs COOCTBeHHasl —cucTeMa
AaHTMOKCUAAQHTHOI 3aIluThl, IIpejcTaBAeHHasl B IIepByIO odyepeab (epMeHTOM MUTOXOHAPMAAbHOM
cynepokcuaaucmyTasoin. Kak yxxe Obla0 cKasaHO Bblllle, CyIepOKCHAAMCMYTa3a OTBedaeT 3a
IpeBpallleHne BbICOKOPeaKTUBHBIX CyIIePOKCHAOB B MeHee TOKCHYHbIe (POPMBI - BOAY U Il€pPeKuCh
BOgopoga. Yeeanmdenue yposHa MPHK cymepokcnaaucmyrassl mpy BO3AENCTBUM MOHU3UPYIOIIETO
U3Ay4eHIs II03B0AseT caelaTh 3aKAloueHue o0 yJacTuy AaHHOTO (pepMeHTa B MOAYASLINM KATOUHOTO
OTBeTa Ha pajMalliOHHO-UHAYLIMPOBaHHBI OKMCAUTEABHBIN CTpecc Kak in vivo, Tak m in vitro [6].
Ouennp nHTEpECcHbIe JaHHbIe ObLAM ITOAydYeHbl Yamaoka K. 1 coasT. 00 ypoBHe cyliepOKCUAAMCMYTa3hl y
JKHTeAell palioHa TopsYMX pOAOHOBBIX MCTOUHMKOB Muacca (Misasa hot spring district). Tak, aBTopamnu
OBL10 MOKa3aHO yBeAnYeHNre aKTMBHOCTHU CyIIepOKCUAAMCMYTa3bl Ha 15% y KuTeaeil 4aHHOTO perroHa
II0 CPpaBHEHMIO C KOHTPOABHOV TIPYIIION AN, IPOXMBAIOIIMX HAa TEPPUTOPUAX C HUSKUM ypPOBHEM
pagononposiBaenus [32]. DT pesyabTaThl CBUAETEALCTBYIOT O TOM, YTO BO3JEICTBME pajoHa Ha
JKUTeAel palioHa ropsiYMX MCTOYHMKOB Muacca B KOHIIeHTpauyy, IIPUMepHO B 3 pa3a IIpeBbIIIaioIen
cpeaHiolo no crpane [32], maaynupyer renepaunio A®K in vivo, yemansas skcnpeccuio reHa SOD u
IIPUBOAS T€M CaMBIM K aKTUBAIlMM aHTMOKCUAAHTHOM 3allIUThl OpraHi3Ma OT OKMCAUTeABHOTO cTpecca,
BBI3BAHHOI'O BO3/EMICTBIEM pajoHa.
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B o >xe Bpems Wu Q. 1 Ap., TogBeprHyB BO3A€IICTBUIO paJoHa Mblieir AuHuy BALB/c B 403e ot
5000 ao 50 000 bx/mM3, mmoAyunAn ITpOTUBOMNOAOXKHBIE pe3yabTaTsl [33]. CoraacHO X AaHHBIM, YPOBHI
SOD otpunareapHo koppeauposaanu ¢ yposHeM A®K mpu Bosaeiictsun pagona. OgHako obayueHune
PajOHOM yBeAMYMBAAO OKVCAUTEABHBI CTpecc B TKaHAX Aerkux y Mblimreil auHumn [33]. Kpome Toro,
aBTOpHI Ha0AI04aAn A030-3aBUCKMOe yBeandeHne yposHeit AQK B aerouHoil TkaHmu Ipu 00AydeHnm
PagoHOM. DTU pe3yAbTaThl II0Ka3aAu, 94TO BO3AEIVICTBIE paJOHa MOXKET BBI3BaTh OKUCAUTEABHBIN CTPecC
B TKaHSAX AETKUX, IPOsBASAChL Kak IosblmieHne yposHs A®K u cHyoKeHue ypoBH:A aKTMBHOCTU
CYIIepOKCUAAVCMYTa3bI [33].

Ha mam B3rasa, mportmBopeure B OTHOIIEHMM aKTUMBHOCTM CyIepPOKCUAAMCMYTAa3bl IIPU

BO3AENCTBUM pajOHa MOXHO OOBACHUTL pa3dAudueM AO03bl B IPUBEAEHHBIX BBIIIE ICCAeAOBaHUAX.
Brioane BO3MOXKHO, 4TO HU3KIE YPOBHU pajOHa MOIYT IIPUBOAUTH K aKTUBALIMI CyTIepOKCUAAVICMYTa3hI
U KaK CAe/ACTBMe K aKTMBallMM aHTMOKCUAAHTHOM 3alllUThl OpTaHNM3Ma, B TO BpeMs KaK BBICOKNEe YPOBHM
pagoHa MOTyT 0DJAajaTh yTHeTaIOIIMM JeNICTBMeM Ha JaHHBIe CHICTeMBl, YTO orocpelyeT 0Ooaee
BBIpa’keHHbIe ITPOsBAeHIs OKCUAATUBHOIO CTpecca.
Yamaoka K. n kxoazern, mommumo akrmsanym SOD, BBLIBUMAM U 3HAYMTEABHOE yBeAUYEHUE YPOBHS
Oeaka p53 B CHIBOPOTKE AN, HPOXKMUBAIOIIMX B palloHe TOpsSYMX UCTOYHMKOB Mmacca [32]. Kax
U3BeCTHO, P53 sABAseTCS OCHOBHBIM OHKOCYIIPECCOPOM M PeryAsTOpOM arlonro3a B KaeTKax
MAeKOIUTAIOIIX.

3. MwuTOXOHApPMaAbHBIN IIyTh allONTO3a U pajoOH

I'en-cynpeccop omyxoaeit TP53 sBasieTcss HamOoJAee M3ydeHHBIM TeHOM deloBeka. OcHOBHas
IIpUYMHA DTOTO - KpUTUYecKasl poab p53 B IpeAOTBpallleHU! pasBUTUs paka, Oaarogapsi yemy OH
IIMPOKO U3BeCTeH KaK «XpaHWUTeAb TreHoMa». Cumraercs, 4To poab pb53 B NOAaBAEHNUM OITyXOAU
00yCAOBA€Ha €ero CIOCOOHOCTBIO BBI3BIBATH AaIlOIITO3, OCTAHOBKY KAETOYHOIO IIMKAa U CTapeHue
IpeApaKOBBIX KAETOK [34].

ITpu nospexxaennusx rena TP53 B 50% caydaes pa3BUBaIOTCSI OHKOAOTMYeCKNe 3a004eBaHIs, T.K.
HeaocCTaTouyHOe (PYHKIIMOHMPOBaHMEe DTOTO OeaKa JelaeT BO3MOXKHBIM KJAeTOYHOe JeleHie Jake ITpu
nospexxgennsax AHK. B urore Bospacraer reHetmyeckas HeCTaOMABHOCTH M yBeAMYMBAETCsA JacTOTa
MYyTaIluii, 9TO IMPUBOAUT K HaKOILA€HUIO A4e(PEeKTHBIX CYIIPeCcCOPOB OITyX0.ell ¥ OHKOTeHOB [35].

Hamnboaee pacripoctpaneHsl comarmdeckue wmytanumu TP53, KOTopble HpUBOAAT K paky
MOAOYHBIX JKeJe3, INeNKM MaTKH, >KeAyAKa, IIedeHM, AeTKUX, AUM(MPOUAHON CUCTEMBI, SNYHUIKOB,
IIPOCTaThI U KON [36].

Mytanun B reHe TP53 OOBIMHO pacOAOXKeHBI B (PYHKIIMOHAABHO BaKHBIX 004acTsaX. DT
004acTy pacoA0XKeHbl B 9K30Hax 5-8 (kogonsl 126-306) rena TP53.

Puck passutus pagoH-MHAYLMPOBAHHOIO pakKa AerKOro acCOIMMPOBaH C M3MEHeHMsAMM Ha
reHeTYeCKOM YPOBHe, ITpeXKJe BCeTO C MyTarusAMu B TeHe TP53, 6eAKOBBII ITPOAYKT KOTOPOTO ABASETCs
OAVIH 13 KAIOYEeBBIX OHKocyIpeccopos [37]. Hamm Obr10 mokasano, uro moammopdusm rs1042522 B
AAHHOM TeHe sBAseTcsl (PaKTOPOM pHUCKa PajoH-MHAYIIMPOBAHHOTO paka Jerkoro B Ka3axCKOil
nonyasauuu [38].

B gonoanenne x myraumsam TP53 mtAHK noasep>kena MyTanusam 13-3a OTCYTCTBUSA 3alJUTHBIX
TMICTOHOBBIX 0€4KO0B 1 D(PPEeKTUBHBIX MEXaHN3MOB BOCCTAaHOBAEHN . XOTsI KOppeAsINs MyTalliii B TeHe
TP53 n rerax MTAHK 0512a nccaes0BaHa B HEKOTOPBIX COAVAHBIX OITYXOASIX, KOAMIECTBO MCCAeAOBaHNI
OBI10 HeA0CTaTOYHBIM [39].

Achanta G. u ap. [40] mpoaeMOHCTpUPOBaAN CBA3b MeXAY dKcrpeccuelt p53, yposaem MT/AHK
U DK30TeHHBIM IIOBpeXJAeHMeM KAeTKM. ABTOphl TakXKe IIOKa3aau, 4yTo pd3 wurpaer poabp B
NoAAepKaHUM  TeHeTHYeCKOM  CTaOMABHOCTM  MUTOXOHAPUII — OaAarogapss  ero  CIIOCOOHOCTU
TpaHCAOLIMPOBaTh K MUTOXOHAPUAM M B3auMmogelictsoBaTh ¢ JHK-moammepason y, TeM caMbIM
ycnansas ee GyHknmio periankanuu AHK B orser Ha mospesxgenne mt/HK. Kpome Toro, 6s120
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IIPOAEMOHCTPUPOBAHO, YTO HOoTepsA P53 NpuBoAMAa K 3HAYUTeAPHOMY YBeAMYEHMIO YacTOThI MyTaluii
MTAHK in vivo [40].

UYUT00H! MCCAEAO0BATH POAb MUTOXOHAPUIA B MHAYITMPOBAHHOM paJOHOM KaHIleporeHese y A104eil
in vitro, TPYIIION KUTAMCKUX Yy4YeHBIX u3 YHuBepcutera Cywkoy IyTeM OOpaOOTKM KAETOK
OponxmaasHoro smuteanst deaoseka (HBE) Opommaom sTmams Oblaa cozgaHa KAeTOYHasl AVHINSA,
gacTuyHo ucromenHas MTAHK (o-). daHHas xaeToyHas AMHHUA Q- XapaKTepu3oBadach BbIpa>KeHHOI
AucQYHKIIMe MUTOXOHApuit. PesyapraTel oOayueHHUs pajOHOM Q-KAETOK ITOKa3aaAu, 4YTO aIlOITO3
Ha0AI04aACs KaK B Q-, TaK M B HOPMAaAbHBIX KJAeTKax OponxmaabpHOro snuteans. OgHaKO ypOBeHb
arioITo3a B p-KAeTKax Obla 3HaunMTeabHO HIKe, yeM B HBE kaertkax. Kpome Toro, 65110 oOHapy>keHO,
4TO pajoH NPUBOAUA K CHIDKEHUIO IIOTeHIMaJa MMTOXOHAPMAAbHON MeMOpaHbl pP- KAETOK.
[Tponssoactso AD®K 0b140 HOBBIIIIEHO B 00OMX THUIIAX KAETOK, MOABEPTIINXCS BO3AEIICTBUIO pajoHa.
Takum oOpasoM, aBTOpHI IpeAroAaraloT, YTO MHAYIIMPOBaHHbIE PaJOHOM M3MeHeHMUs B AeTOYHOI
TKaHU OOBCHAIOTCS CHIDKEHNEeM YPOBHs alloITo3a, YTO B CBOIO Odepedb, MOXKET CIOCOOCTBOBAaTb
310KayecTBeHHOM TpaHcpOpMaIy KATOK U TIOBBIIIIATh PUCK pasBUTU paka Aerkoro [13].

Cxoxme pesyapTaThl OblAM IIOAy4deHBI U Ha Apyroi KaetouHoit amHmm BEAS-2B, xoropyio
roagsepraan Bosaenictsuio pagona 20 000 bk/m® B Teuenne 30 MUHYT Ilepes, Ka>KABIMI IaccaXkaMm 5-Tu
man 10-tm xparHO. PesyapTarhl mccaeaoBaHus IIOKa3aay, 4YTO aroNTO3 B KAETKaX IOJABASLACS
AAUTEABHBIM BO3gericTBrieM pagona [10]. Kak m3BecTHO, MMEHHO paKOBble KATKM XapaKTepU3yIOTCs
HU3KIM YPOBHEM IIPOrpaMIPyeMOi KAeTOYHO IMOeAn.

Hecmotpst Ha ®TO B AnMreparype eCTb U HPOTUBOIIOAOXKHBIE JaHHbIe O BAMSHIM PajOHa Ha
ypoBeHb KaeTouyHoi rmbean. Tak, Wu J. 1 K044. ycTaHOBUAM, YTO XPOHMYECKOe BO3AENCTBIEe pajoHa
BBI3BIBAET aKTMBAIMIO reHa miR-34a, MpoAyKT KOTOPOTO BIOCAEACTBUM YCHMAMBAET allONTO3 B KAeTKax
BEAS-2B [41]. miR-34a omocpesoBaHHBINI amloNTO3 WHAyIUpyeTcs uepe3 aerpadanuio MPHK,
xkoaupyommx 6eakn CDK4/6, Cyclin E2, MET u Bcl-2 [42]. AnTu-artontosHsle 6eakn cemeiicrsa Bcl-2
MHTMOMpPYeT Kaclla3bl 3a CYET IpeAOTBpaleHNs BhIXO4a IIUTOXpOMa U3 MUTOXOHAPUII M/VAN 3a CIET
caA3piBaHMs (pakTopa, akTuBUpylomero anmontod — APAF1 [42]. Takum obpasom, miR-34a urpaer
BeAyIIyI0O pPOAb B peryAdliuy MUTOXOHApMaAbHOro myTu amonrosa. CaegoBaTeabHO, PajoH,
NPUBOASAIINMII K TIOBBIIIEHMIO ®Kcrpeccun miR-34a, MoxeT oriocpeloBaTh yCHAeHHME KAETOYHON
rubdeAan.

Psa nccaeaoBaHmit cBuAeTeAbCTBYeT, 4To usmeHenne mnpoduas MmuxkpoPHK mocae muaykium
P53 MPOMCXOANUT B CTOPOHY yBeandeHns cogepxkanms MukpoPHK-34a, 34b n 34c [43]. ITpnuem ypoBeHb
Aannpix MUKpoPHK yBeanunsaiacs B OTBeT Ha AelicTBIe€ TeHOTOKCMYECKOIO cTpecca ¢ BoBAedeHreM p53
Kak in vitro, Tak u in vivo. Tpanckpunumsa MukpoPHK-34a, 34b-u-34c B oboux Ao0Kycax HalpsIMylO
akTusupyercs p53. VHTepecHO, uTO HeKOTOphle MyTauuy p53, KOTOphle OblAM paHee CBA3aHBI C
OHKOT'€HHOJ IIpoTpeccuer, IoAaBAIOT dKcIpeccuio 4aHHbIX MUKpoPHK [44].

YunteiBas, 4YTO B CHIBOPOTKE AMI], TIOABEP>KEHHBIX BO3AENCTBMIO padoHa, HabaAloaeTcs
nopbillleHne  ypoBHA P53 [32], m 4YTO AaHHBI 0eAOK, peryamupysi IIPOHMUIIAaeMOCThb IIOp
MUTOXOHAPMAABHON MeMOpaHbl, SBASETCS KAIOYEBBIM PeryAsaTOpOM MMUTOXOHAPMAABHOTO IIyTU
KAETOYHOM TIuOeAy, MBI CKAOHHBI COTAaCUTBCSI C BBIBOJAMM, COTAacHO KOTOPBIM MOHM3UpPYIOIee
u3lydeHue, B TOM 4ucAe U PajoOH, CKOpee AOAXeH aKTUBMPOBATh ITPOIeCcChl KAeTOYHON rubean. B
110Ab3Yy AAHHOV IMIIOTe3bl TOBOPAT U pe3yabTarhl nccaegosanus Ogura A. 1 K0A4., HOKa3bIBAIOIIE, 9YTO
peHTreHoBcKoe m3aydenne B Aosde 10 I'p BoispiBaeT yseamdenne npoaykumm A®DK, BricBoOOKaeHMe
uuroxpoma C 13 MUTOXOHAPUU M MHAYKIIUIO aIloNTo3a B KaeTKax A549 [45]. Kpome Toro, ecTs gaHHEbIe,
4TO I10CA€e BO3AeICTBIS pajoHa B Auana3oHe oT 1 40 5 MI'p Ha KaeTky KpoBu yeaoBeKa i1 vitro MpOoIeHT
aroNTOTUYECKUX KAeTOK HeyKAOHHO POC C yBeANMYeHUeM AO03bI yepe3 24 u 48 4acoB mocae BO34eCTBUS
[46].

besycaosno, HeoOXxoAMMBI JaabHeNIINe MCCAeAOBaHMS, 4YTOOBI OXapaKTepu3oBaTbh pOAb
MUTOXOHAPUIT ¥ MUTOXOHAPUAABHOTO IIyTH aIlOIITO3a B MOJAEKYASPHBIX U KAETOUYHBIX MeXaHU3Max,
MHAYIMPOBAHHBIX BO3A€ICTBIEM PaJOHa Ha KATKI MAEKOIMUTAIOIINX.
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4. VIzsmeHeHUs YHEePreTMIeCKOro MeTa60AI/I3Ma, OorrocpedoBaHHbIE pagOHOM

P53 urpaer poas elre B 04HOM Ba’KHOM IIpoIiecce - peryA[Iiuy SHepreTuyeckoro MeradboAnsMa
[47]. TsBectHO, uTO ®KcHpeccust pS3, KAIOYEBOIO peryadropa TIAMKOAM3a, CHIDKaeTcs HIpu
KaHIleporeHese [47]. Dbbio mnokazaHo, YTO pajOH-MHAYIIMpPOBaHHas TpaHcpopMalns KAEeTOK
OponxmaapHOro snnreans deaoseka (HBE) mpusoaut K MaMeHeHNAM B DHepreTMIeCKOM MeTaboAM3Me,
orocpe4oBaHHOM p53- MeTaboOAMYeCKMM IIyTeM. B mporiecce KyAbTMBUPOBaHMS YPOBHU AaKTaT U
Aakratgeruaporenasst (AAD) n coorHomenne HA/ (+) / HAAH mocTerneHHO yBeAMYMBAAUCH MEXKAY
o00ayyeHuAMHU pagoHoM. Mexay naccaxxamm 30 1 35 ObLAM 3HAYUTEABHO CHVDKEHBI CUHTE3 IIUTOXpOMa C
okcugaszon 2 (5CO2), TP53-uHaAyIMpPOBaHHBIN TAMKOAU3 U DKcIIpeccust peryasaTtopa anonrosa (TIGAR)
[47]. Takum oOpasoMm, cBsA3aHHBIe C p53 MeTaboamyeckye IIyTM MOTYT AeXaThb B OCHOBe pa/OH-
OIIOCPeA0BaHHOI 310KauyeCTBeHHO TpaHcpOopMaIiut.

Pagon n ero godyepHme mpoayktsl Obram kaaccuuuyposaHsl JARC kak KaHIIEpOTeHBI A
yeaoseka. [lo ganubsiM BO3, pasoH BhI3pIBaeT pak A€rkoro u Apyrue BUABI paka. 310KadeCTBeHHbIe
KAeTKM Xapakrepusylorcs s¢dexrom BapOypra, T.e. CIOCOOHOCTBIO IIPOU3BOAUTH DHEPTUIO
IIPeNMYIIeCTBEeHHO C IIOMOIIIBIO IAMKOANM3a C IT0CAeAYIONIUM OOpa3oBaHIeM MOJAOYHON KUCAOTHI, a He
IIOCPeACTBOM MeAAEeHHOIO TAMKOAM3a VM OKMCAeHMUs IMpyBaTa B MUTOXOHAPUAX C MCIOAb30BaHUEM
KICAOpOJa KaK B OOABIIMHCTBE HOpMaaApHBIX KaeToK [11]. Liu X. m xoaa. mokaszaam, 49to s¢deKr
BapOypra, onocpeaosanHbiii cyObeanHuieir A cyknunataernaporenassl (SDHA), B kaetkax BEAS-2B
MOXKeT OBITh MHAYLIMPOBaH AAUTEAbBHBIM BO3JeICTBMEM pajOHa, O YeM CBUAETeAbCTBYeT IIOBBLIIIeHNe
YPOBHell ITIOIA0IIeHUs TAIOKO3bI, AaKTaTa U AakTaTieruaporenassl (AA16) [11].

IIpuseaenHble BBIIIE AaHHBIE ITO3BOASAIOT CAeAaTh 3aKAIOYeHMe, YTO OAHUM M3 MeXaHM3MOB
310Ka4yecTBeHHOI TpaHcpoOpMaIiuy, OIIOCPejOBaHHON BO3AENCTBMEeM paJoHa, SBASeTCS M3MeHeHMe
MUTOXOHAPMaAbHOIO DHEPreTN4eckoro MeraboAn3Ma.

3akarodeHue

CrrocoOHOCTB OBICTPO alanTUPOBaTh OMODHEpTeTYecKre ClIOCOOHOCTU KAeTOK K MEeHSIOIIIMCS
YCAOBMSIM OKPY>KaIOIIel CpeAbl sABASETCSI 00513aTeAbHOI KaK AAs HOPMaABHOTO (PYHKIIMOHMPOBAHILI
KAETOK, TaK M AAsl IPOrpeccMpoBaHMs paka. /iodas Imoreps STOTO aJalTUBHOIO OTBETa MOXKET
IIOCTaBUTD I10J, YTPO3y KAETOUHYIO (PYHKIIMIO U CAeAaTh KAeTKy 0o./ee BOCIPUMMYMBOIM K BHEITHUM
cTpeccopaM, TaKMM KaK OKUCAWTEABHBIN CTPecC, XMMUOTepaleBTIIecKe KaHI[epOTeHbl, TUIIOKCUS I
paguanus, B TOM 4YuclAe U padoH. MHUTOXOHAPUM WIPAlOT >KM3HEHHO Ba’KHYIO poOAb B
OMOPHEpPreTMYeCcKNX ¥ OMOCHMHTeTMYEeCKMX IIyTSIX M MOIYT OBICTPO IPUCIIOCAOAMBATBCI K
MeTabOoANIecKM MOTPeOHOCTSIM KAeTKN. DPeKTuBHasl padoTa MUTOXOHAPUIL, BKAIOUAsI TeHepalllio
Pa3AMYHBIX CUTHA/A0B MUTOXOHAPUAABHOTO CTpecca, MoAAep KIBaeT OMODHepPreTMIecKnil ToMeocTas B
OoapmmHCTBe ycaoBuii. Ho Korga mpomcxoguT HapylleHUe peryAsanuy padOTsl MUTOXOHAPUIL
BCAeACTBUE BO3AENICTBIS PajOHA, B KAeTKe BO3HUKAIOT YCAOBIL, CIIOCOOCTBYIOIIVE Pa3BUTUIO MHOTVIX
3abozesaHmit [48]. lloHumaHme 1IpolleccOB, BOBJAEYEHHBIX B KJAETOUYHYIO OMODHEPIeTUKY U
MeTabOoANMIecKyIO ajdalTalliio K paAMallIOHHOMY BO3AEVICTBUIO, MOJKET AaTh HOBBIE 3HAHIISI, KOTOPBIE
MPUBEAYT K yAYUIIeHNIO IIOHMMaHNs ITaTOreHe3a MHOTYIX palOH-UHAYIVPOBAHHBIX 3a00.1€BaHMII.

®uHaHcHpoBaHMe: PaboTta ¢puHaHCKpPOBaAach MIHICTEPCTBOM OOpa3OBaHMS UM HayKM, I'PaHT
AP08856116.
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A.H. I'ymuanres amuvindazor Eypasus yammorx yrusepcumemi, Hyp-Cyaman, Kasaxcman

PaagoHHBIH KAeTKaAbIK )K9He MOA€eKyAaabIK dcepaepiHAeri MUTOXOHAPUSHBIH po i

AnnoTarms. Muroxouapus - 0ya esinig murtoxoHApusaaelk AHK Oap >kxoHe KaeTKaaapAbIH
TipIIiAiK eTyi, alloNTo3 >KoHe KAeTKa MeTab0AM3Mi CUAKTHI KOIITeTeH IIpoIecTepAi peTTeyre KaTblCaThIH
KJAeTKaHbIH epeKille OpraHouabl. MUTOXOHAPMS KOITereH HeolldasusdapAblH JaMybIHAAFBl KaTepAai
TpaHcdOpMaIs MexaH3MiHAe JKeTeKIIli Pe. aTKapaThIHbI Oy phIHHAH Oearii. Pagon- paanoakTnsTi
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MHepTTi ra3 60AbpII TaOBLAATBIH KaHIIEpOTreHAepre >KaTaAbl >KoHe /yHmexysidik JeHcayanik Cakray
YIIBIMBIHBIH MaAiMeTTepi OOIbIHIIIa TeMeKi I1eryAeH KelliHTi eKIle KaTepi iciriHiy exinmri cebebi 60abI
TabbL1aAbl. PagoH TOIBIpaKTa, Cyda JKoHe ayaja opTypAi KOHIleHTpanusla 6oaaasl. PagoH ToneipakTaH
JKoHe Tay >KbIHBICTapblHaH KOpIlaraH ayara ayblcadbl, HOTMIKeCiHAe Halllap >Kea/eTideTiH HeMece
>KaOBIK >Kepaepae >KMHalaabl. MyHgaall aliMakTap ajdaMJap PajAOHHBIH paAMlOaKTUBTI coyAeleHyiHe
YIIBIPATBIH OacTallKbl opTa 004bII TabblaaAbl. PasoH >kep KBIPTHICBIHAAFBI JKapbIKTap apKbLABI OTiIl,
aTMocepaHBIH TOMeHIi KabaTTapblHAA >KMHadaAbl. Ayajarbl pajdOH  KOHIIEHTpPaIlVsICHIHBIH
JKOFapblaaybl ypaH KeH OpbIHAapbiHa Oail aiiMakTap4a, COHAall-aK ypaH KeH OpPBIHAAPBIHBIH JKaHbIHAAQ
Oarikaaaabl. Aaaiiga, Kasipri yakbITTa pagoH KO3ABIPFaH KaTepi TpaHcpopMaIius MexaHuaMAepi a4i e
aliKpIH emec. by moayaa 06i3 aaramn peT MUTOXOHAPUAHBIH MOHAAYIIIBI CoyAeAeHyAiH, COHBIH iIliHAe
PaJOHHBIH MOAEKYAaAblK >KoHe KAeTKaAblK acepAepiHJeri peai Typaabl eH 3aMaHayM TYCiHiKTepai
KapacTelpaMmbi3. MyHAail 0iaiM paamaluaAblK TepanusHbIH iCikKe Kapchl TMIMAIAITiH apTTBIPY YIIIiH,
COHJali-aK, MOHAAYIIIbI CayAeAeHyTe YIIbIparaH cay >KacylllalapAblH 3aKbIMAaHYbIH a3aliTy >KeoHe paJoH
KopiHici OOMbIHINIa BIKTMMaA KayillTi aymaKTa TypaTbhlH XaAbIKTBl KOpFfay YIIiH yAKeH MaHbI3Fa 1e
00AyBI MYMKiH.

KiaTtTik cesaep: pason, muroxonapusaaslk AHK, pasgoHHBIH MO4eKyaaablK acepi, pasOHHBIH
KAeTKaABIK dcepi.

O.V. Bulgakova, G.A. Toksabayeva, A.A. Aripova, A.Zh. Kausbekova,
A.A. Kusainova, R.I. Bersimbaev
L. N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

The role of mitochondria in the molecular and cellular effects of radon

Abstract. Mitochondria are unique cell organoids that have their own mitochondrial DNA. They
are involved in the regulation of many processes, such as cell survival, apoptosis, and cellular
metabolism. It has long been known that mitochondria play a leading role in the mechanism of
malignant transformation in the development of many neoplasms. Radon is a radioactive inert gas, is
recognized as a carcinogen and, according to the World Health Organization, it is the second cause of
lung cancer after smoking. Radon is found in soil, water and air in various concentrations. Radon
migrates from the soil and rocks into the surrounding air, as a result of which it accumulates in poorly
ventilated or closed rooms. Such areas represent the primary environment in which people are exposed
to radioactive radon radiation. Radon penetrates through cracks in the Earth's crust and accumulates in
the lower layers of the atmosphere. An increase in the concentration of radon in the air is observed in
regions rich in uranium deposits, as well as near uranium mines. However, at the moment, the
mechanisms of malignant transformation induced by radon are still not completely clear. In this review,
we consider for the first time the most modern understanding of the role of mitochondria in the
molecular and cellular effects of ionizing radiation, including radon. This kind of knowledge can be of
great importance for improving the antitumor effectiveness of radiation therapy, as well as for reducing
damage to healthy cells exposed to ionizing radiation and protecting the population living in an area
potentially dangerous for radon manifestations.

Key words: radon, mitochondrial DNA, molecular effects of radon, cellular effects of radon.
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