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I'pek >xaHFa¥bl KaObIFBIHBIH aHTMOKCIAAHTTBIK KaceTTepiH 3epTTey

Anpatna. 3epmmeyrepdin, Heziszi MaKcamvl — pex KaAHZAZLIHLIM, KAOLIZLIHLIK KYPAMBIH
sepmmey.

Ipex xawneazviroy, dandepi mamax oHepracidinde KeHiHeH KOADAHLIAADLI, 0ipak coHvimeH Oipze
20porapdvl masapmy camvicbiHdd AAbIHeaH KaOvlk, ademme, KAHy apkblAbl xKouviaadol. I'pex
Kaweazol  kemicmepin  eHdeydir, Kon MOHHAALIK KOAeMIH —eckepe omuvipuin, eHJipic
KAAODIKMAPLIHBIY, wbizybl 0a mavpdvl. Tinmi 0ip monHa zpex xkaweazvin oHdezet ikesde e
NaudaraHOIAMALMbIH OHIM-caAMazol 550 Ke-nar acamvin Kadovlk KaAadvl, OA uibl2apy Mer Kadeze
Kapamydvl, AHU KOCHIMULA ULLIRLIHOAPOLL maran emedi, MyHOail owdipicmi yibtimoacmuvipy
MyMKiH 0orzan Kesde Kabvik KYHObl 0UOAOZUSAAbIK OeAcerdi sammapdol 60AYyze UL0ZbipAaHAb
Kome onderedi, coHvir, Hezisinde IPMYPAL eMOIK-NPOPUAAKMUKANIK acepi 0ap Kana omaHoovlk
npenapammapdvl asipaeyze 60Aa00vL.

Maxarada zpex karzazvl  KaObievindazol Murepardol Kypamovl, AMUHKLIUKDIADAPLL MeH
buograsoroudmapdol sepmmey HAMUXEACPT KeAMIPIAzeH.

3epmmey nezizine wukizam peminde I'pex xarzazor Ootiviiua Kasaxemandvik ceAekyusolt yiu
copmut arvindol. 2Kypeisireen maday Hamuxxerepi 00tiviHma 00aH api OHbL Kemicneumin
KOpeKkmiK KomnoHexmmepmen 0ailvlma omolpbin, AAKO20AbCIS CYycobiHza mazamovlk kocnad
pemitde naidaAaHUIAAMBIH COlZLIHOL! AAY THEXHOAOZUSICLIH d3IPALY KOCNAPAAHYIA.

Tyiin cesaep: sepmmey, zpex xkareazet kabvizel, parasonoudmap, colebidvl, Kocnarap, Peror
Kbl KIADAp .

DOI: 10.32523/2616-7034-2023-143-2-6-17

Kipicne

Kemnreren seprreyaep, congaii-ak PMI'A TamaxTaHy MHCTUTYTBIHBIH MdAiMeTTepi KOpceTKeHAell
eH TeHJeCTipiATeH >XKoHe 9pTYpAi AMeTaablK TaMaKTaHy Ke3iHae KeliOip ®aeMeHTTep KeTicreiai. bya
koDOiHece ar3aHbBIH TUICTi KOpFaHBIC >KylieAepiHiH KOpIlaraH OpTaHBIH >KaFbIMCBI3 dcepAepiHe TuicTi
Typde >Kayall Oepe aaMayblHa oKeJAill COfadbl KoHe KeIITereH aypyaapAblH Haliga 0oaly KayIliH
apTThIpaasnl [1, 2].

ABBIK-TYAIK KypaMBIHAAFBI OMOAKTUBTI 3aTTap MaHBI3ABl (QYHKIMSAAApPABl PeTTeyAl >KoHe
OapAaBIK YpaicTepAiH KaABINITH KYPYiH KaMTaMackI3 eTill, aFr3a YIIiH eTe MaHbI3ABl PO aTKapaasl [3, 4].
ConbIMeH Karap, ©CiMAIK INMMKi3aTBl ajdaM JeHCayAbIFbIHA Ka’KeTTi (PYHKIMOHaAABI KOCIHadapAblH
MaHBI3ABI KO3i 004BII TaObLAaAbl, €H alAbIMeH acCKOPOMH KBIIIKBLABI, OPraHMKAaAbIK KBIIIKbLAAAP JKoHe
nmexTH 3artTapel [5, 6, 7]. Kasipri yakpITTa XaabBIKTBI TaMaKTaHABIPY CaAacblHAa >KYpridizeTiH
TeKcepyAep TOABIK KYHABI aKybI3dapAbIH 25% - Fa AeitiH, gopymeHAepAiH - 70-90% - ¥a aeliiH, TaFaMABIK
TaAIIBIKTapABIH-40% - Fa A€V1iH TalIIBIABIFBIH aHBIKTaNAHI [8, 9].

3epTTeyAiH >KYMBIC TIMIIOTe3achl (PeHOA KBIIIKblAJaphlHa >KoHe oJdapMeH 0aliAaHBICTHI
noandeHoajapra 6ait, Oeariai Oip TeXHOAOTUAABIK 6HAEYAl KOAJaHY Ke3iHJe KeIlTeTeH eMAiK acepi Oap
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TpeK >KaHfarbl KaOBIFBI JKOFaphl (PYHKIIMOHAAABI KacueTTepi Oap >KoHe JeHere Ka’keTTi DAeMeHTTepAiH
HeTi3Ii XKMBIHTBIFbIHA Ve OMOAOTUAABIK TOABIK, Kayillci3 OHiM aayfa MyMKiHAIK Oepeai gereH OoakaMra
HerizgeareH. COHbBIMEH KaTap, TaOMfM aHTMOKCUAAHTTAp peTiHAe (PeHOAABIK KOCBLABICTAPABI aay YIIiH
naiigasany ¢akrici TapTeiMAbl [10] ayblamapyamsiablk ©ciMAiK KaaABIKTapeIHBIH Oip Typi. Kasipri
yaKbITTa 9KOJAOIMAABIK >KoHe DKOHOMUKAABIK Ialigara OailaaHBICTBI a3bIK-TYAiK, OpMaH >KoHe aybla
IIapyaliblABIFbl ©HEepKoCiOiHIiH aps3aH KaAABIKTapbhlH KaliTa ©eHJAeyre KeOipeK 3epTTey >KYMBICTapbl
Xyprisiayae [11, 12].

I'pex >xaHrarpl KaOBIFBI caaMarbl OOVBIHING 22,2% reMuIeAA10103ajaH, 25,5% 1jea110103a4aH
koHe 52,3% AurHUHHeH TypaAbl. MyHaall KypblAbBIMFa Me >KaHFaK KaOBIFBI KaTTBl, yABI eMecC,
011010TUABIK BIABIPAITHIH OOABIII KeAeAl.

I'pex >xaHrarbl KaOBIFLIHBIH KaTThl O04iriHAe KorrereH 0110A0TUAABIK OeaAceHAl DAeMeHTTep Oap:
60% aetiiH TaAmbIK; 35% OpraHMKaAbIK KOCBLABICTAP; 2,5% aKybI3 koMItoHeHTTepi; 0,8% Maii; mamamMeH
1,7% xya [13].

I'pex >xaHFrarbl KaOBIFBIH KOAJAaHy Kasipri yakbITTa ©Te IIeKTeyAi >KoHe >KBIATBHIpaTy, KYIO,
BLAFaAAaHABIPY >KyiledepiHaeri cysridepae aOpasuBTi 3aT peTiHge, >KaObICKaK MaTepuaajap YIIiH
TOATBIPFBIII peTiHAe, MYHall ©HepKacibiHge aliHaABIMABI 0OAABIPMANTBIH MaTepuaa peTiHae
KOoAJaHblAaAbl. OHAeareH >KaHFak KaOBIFBI OHBI CaOBIH >KoHe KOCMeTHKa caldachlHAa cKpab peTiHge
nalijalaHyra MYMKiHAIK Oepeai [14]. J)KaHrak KaOBIFBIHBIH YHTaFBI JKOFap¥Fbl a4CcOpOIMAABIK KaOiaeTke
e, COHBIMEH KaTap OHbI TMiMAl OMOCOpOeHT peTiHje MaiijadaHyra MYMKiHAIK OepeTiH KyIlelTeTiH
Martepuaa 6oapin TabblaaAbl. Bipereit MexaHMKaAbIK KacueTTepi, KyA4iH TOMeH MeAIllepi >KoHe KaIlIaii
TBIFBI3ABIFBI apKAChIHAA I'PeK KaHFarbl KaOBIFBI OeAceHAipiareH KoeMip eHAIpy >KoHe aybIp MeTaalap MeH
MailaapAbIH MOHAAPBIH aly YIIiH Ae KoAjaHblaaAbl. KaHrak KaObIFbl KeOiHece 49cTypAai MeAMIIMHaja
KOAAAHbBLAAABL.

CoHBIMEH KaTap, KeITereH 94e01U Ke3aep IpeK >KaHFarbl KaOBIFBIHAA 1104, AdpyMeHaep (A,
acKOpOMH KBIIIKBLABL, P) keIl ekeHiH kepceTreai. JKanrakTeiH Oy OeairiHae TyCTi, amisl 4oM4i, cOHAa-aK
KapOOH KBIIIKBLAAAPEIH KaMTaMachl3 eTeTiH TaHuMHJep ©Oap. bya Kxoceiapicrap ic  >KysiHae
aHTUOMOTHUKTep peTiHAe XXyMbIC icTerigi, Oaap >KapaaapAbl, Tepi aypyaapbiH eMaeyde KOAAaHbLAaAbl.

Congaii-ak, >XapadapAblH Te3 eMJeAyiHe >KoHe OJapAblH Ae3MH(EeKIMIChIHA KaObIKKa Oarl
KyMapuH bIKI1aa eTeli. AHTHMCENITUKAABIK KacueTTepi >KaHFaKTBIH Tarbl Oip KOMITOHEeHTi — (peHOAABI
kepcerei. KaObIK {peHOA KBIIKbLAJapbIHa, aHTUOKCUAAHTTapFa Oall, o4ap adaM AeHCayABIFbIHA YAKEH
narnga akeaeai. Ce0ebi oaap TaONFH TypAeri aHTUOKCUAQHTTAp OOABII KeAeAi.

®enos KOCbLABICTApPLl TaMakK ©HepKociOiHAe TaMaK TYpaKTaHABIPEBIIIBL peTiHJe Je
KOAAaHblAaAbl >KoHe Kasipri yakbitta C gopymeni, E gopymeni >xoHe KapoTmHOMATapra KaparaHga
KYIITi aHTMOKCUAAQHTTAp OOABIII CaHAAAABL.

Taramaars! pa1aBOHOMATAP TYCKE, A9MTe, MalIAbIH TOTHIFYBIHBIH aAABIH aAyFa >KoHe AdpyMeHJep
MeH gepMeHTTepai KoprayFa Kayan Oepeai. Oaap apTypai KOpekTik, papmalieBTNKaAbIK, A9Pidik SKoHe
KOCMETMKAABIK ~KOCBIMINIaJapda aXXplpamMac KOMIIOHEHT ©0oablll  TaOb1agel. bya oaapasig
aHTMOKCUAAHTTHIK, KaOBIHYFa KapChl, aHTIMYyTareHAiK >KoHe KaHIlepOoreHAiK KacueTTrepiHe 6aliaaHBICTEL,
0JapAbIH >KacylIaablK (pepMeHTTepAiH Herisri PyHKIMAAaphIH MOAyAsIusAAay KabiseTiMeH yiiaeceai
[15]. KemnrereH seprreyaep {paaBOHOMATAPABIH OMOAOIMAABIK OeACeHAIAIriH, OHBIH iIliHAe aAlepriisira
Kapchl, KaOBIHYFa KapChl 9peKeTTepre 1e eKeHiH KOpCeTTi.

d®aaBoHOMATAp  AHTUOKCHAAHTTAp  peTiHze opekeT ere aaaabl. (DaaBoHOMATApPABIH
aHTMOKCUAAHTTBIK KaOieTi Heri3iHeH 04apAbIH CyTeri aToMAapbiH Oepy KabiseTiHae JKoHe COA apKbLAbI
AUTIMATEPAIH acKbIH TOTBIFyBIHAH ITaliga 0©04aThIH OOC paguKaadapAbl >KOl0da >KaThIp. 3eprreyaep
TeHICTeNH, Aeli3eMH KoHe DKCOAABIH KaTepai icik, KypeK-TaMbIp aypyAaphbl >KoHe OCTeOIIOPO3 CHUSAKTBI
CO3bpLAMAaAbl aypyaapAabl eMAeyAiH a4eyeTiH aHbIKTaAbl [16, 17]. ®aaBoHOAAap-TaMaK ©HiMAepiHAe eH
KOII Ke3JeceTiH pa1aBOHOUATAP.
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Karexnngep - ¢aasoHomaTap TOOBIHBIH OMOAOIMAABIK 3aTTapbl (6CIMAIK IoAmQeHoAAapHI).
Karexmngep ageneni Ooc paaukaagapdaH Kopraiigel. boc pagukasgap TOTBIFY Ke3iHge JeHe
’KacyllladapblHAa YHeMi KaablllTacadbl, Mylleaepadi Oasy Oy3aAbl, KapTaiOAbl, OHKOAOTMAABIK,
aypyAapAblH DacTaAybIH Te3AeTeal.

Ocplaariia, 3eprreynrizep OapablK mHaligadaHy OaFbITTapblH aHBIKTay, COHJai-aK TIpek
JKaHFarbIHBIH KaOBIFBIH TepeH ©HJAey TeXHOAOIMACHIH >Kacay >KeHe a/AbIHFaH ©HiMAl maiigaaaHy
OolibIHIIa KaAIlbl MiHAeT aaaAbl. Kasipri yakpiTTa >kaHFaK KaObIFbIHAH TepeH ©HAey apKblAbl aAbIHFaH
©HIMHIH (PU3NKa-XMMUAABIK, KyPaMBIH TOABIK 3epTTey ©3eKTi 00abIT Tabblaaabl. KaOBIKTEIH KypaMbIH
aaAblH-ada Oaraday ©OHIMHIH TaraMABIK KYHABLABIFBIHBIH >KOFaphl JdpeskeciH Ooa’kayra MYMKIiHAIK
Oepeai, Oya o3 Keseringe OHBI 9pTypAai aypyAapAbl eMaey >KoHe aaAblH-ady YIIiH apTypAi TaraMABIK
KOCIlaJdap peTiHge, COHAal-aK AUeTaAblK KOcCIladapAbl ©HAIPY VIIiH INMKi3aT peTiHge HalijalaHyra
MYMKiHAIK Oepeai. O3ipAeHreH TeXHOAOTMs OOMBIHINIA aAbIHFAaH ©OHIM JaiiblH ©HIMHIH TaraMABIK
KYHABLABIFBIH €49Yip apTThIpaAbl JKoHe ColIKeCiHIIIe COHFBI TYTHIHYIIIbIFa CYPaHbICTBI apTThIpaAbl.

3epTTey MaTepuaajapbl MeH aJicTepi

3epTTey Marepuaajapbl — Ipek >KaHFarbl KaObIFBI. 3epTrey >Kyprisy ymiH Pecriybamkaga xey
TapaAraH TPeK >KaHFarbIHbIH YII COPTBHIHBIH yAriaepi ipikreaai: «Ak-Tepekckmili OCTpOBepIIMHHBIN»,
«¥Yirypcknit» n «Kaszaxcranckmit». I'pek >KaHFarbl KaOBIFBI YHTAK aAy VIIiH YCaKTaABIll, MYKVST
apaacThIPBLAABL.

Munepaaas! 3aTTap4bl aHbIKTay. MBIpBIIL, TeMip, I0ATHl aHBIKTaAY.

Mpeippiml - MHBepcHOHABI-BoAbTaMIlepMeTpaik  (VIB) ogicien aHbikTaaaer. VIB eamey aaici
DAeMEeHTTepAiH KalizeTiHe HerizgeAreH DAeKTPOXMMILIABIK Oeariai Oip yakwIT imriHge OepiareH
AnGPysuAAbIK TOKTHIH IIOTEHIIMAAbIHAA TalAaHFAaH epiTiHAIAeH MHAUKATOPABIK DA€KTPOAKa TYCY,
COZaH KelliH op ®AeMeHTKe ToH Oeariai Oip ITOTeHIMaa4a aHOATHIK, ITOASPU3aLys IIPOLieciHAe epy Herisi
6oapm Tabblaagbl. CemHamanelH 0,1 r epitingicine 5 Ma cysa 0,2 Ma HaTpuil TMAPOKCHUAIHIH
KOHIIeHTpalllsiAaHFaH epiTiHAiciH Kocaabl. AK TyHOa Iarja 001a4bl, 04 COA HaTpuUil IMAPOKCUAIHIH 2
M/ epiTiHAiciH o4aH api KockaHaa epuai. ChlHaAaTbIH epiTiHAl MeAaAip 00ABII Kalaabl XaHe ogaH api 10
M aMMOHMII XAOPUAi epiTiHgici KOcblAFaH Ke3de, aa odaH api 0,1 Ma HaTpuit cyapduainiy epitinaici
KOCBIAFaH Ke3Ze akK TyHOa KaObIpIakTapbl Tycedi. AHBIKTaAaThIH DAe€MEHTTepAiH aHAAMTUKAABIK
CUTHa/AJaphl BOAbTaMIleporpaMMada IIbIHAap TypiHAde (MaKcuMaaAbl aHOATBIK TOKTap) TipkeaeAl >KoHe
VAIIBIKTEIH 9A€KTPOXUMMSAABIK PEaKIVSCBIHBIH TOK KYIIiHiH KOAJAHBIAAThIH KepHeyre ToyeaAiairin
kopcereai. IIIpIHHBIH TOK MoHI aHBIKTaAfaH 9A€MEHTTIH KOHLIeHTpaLMsChlHA Typa IIPOIOPIIMOHAA.
Taaasanran epiTiHAigeri DaeMeHTTepAiH MaccaAblK KOHIIEHTpalVIsAChl aHBIKTaAFaH 3JAeMeHTTepAiH
rpaAyup/eHTeH epiTiHgilepiH Kocy agiciMeH aHbIKTadaabl. TaaganarsiH X (MI/AM®) chIHaMacCBIHAAFBI
opOip aHBIKTaAaTBIH DAeMEHTTIH Ma3MYHBIH oapOip ealney HoaTmKeci popMyaa OOJBIHINIA acHalThIH
DarsapaaMaAblK KaMTaMachl3 eTy KeMeriMeH eceniTeaeai [18].

Noa TUTPUMETPUAABIK, dAicrieH aHbIKTaaApl. Caamarbl 10 T 3epTTeaeTiH chlHaMaHBIH YATiCiH
keaemi 250 cMm3 KoHycTBIK Koa0aga 100 cm® auctuageHreH cyaa epiteai. Erep aabiHFaH ImertiM OyATTHI
0o4ca, oHBI cy3y Kepek. AapiHFaH epitiHgire 1 ecm?® 2H H2504 kocblaaasl, apaaactoipsiaaasl, 5 cm3 10% KI
epiTiHAici KOcblaaAbl, apaJacThIpblaadbl, KOAOaHBI THIFBIHMEH >Kaybll, 10 MMHyTKa KapaHFbl >Kepre
KosAbl. Kapa-capsl Tycke ne 6oaraH 3epTTeAeTiH epiTiHAire Oosy aIlIbIK-capbifa aybicKaHra Aeitin 0,005
M Nax50s apaaacteipy KesiHge OlOpeTKagaH Kocadbl. 3epTTeAeTiH epiTiHAire mamaMmeH 2 cm®
MHAVKATOPABIK KpaxMaa epiTiHAiCiH KOcaAbl, OHBIH KOCIIachl KOIO KOK TYCKe 1e 00Aybl KepeK >KoHe
TUTPAEYAl COHFBICHI >KOMBIAFaHIINA >KaAfacTeIpaabl. Tutpaeyre xiGepiareH Tmocyabdar epiTiHAiciHIH
Ke/eMi OearizeHeai. 3epTTeaeTiH TY3ABIH 1104, MI/Kr MeA1epi popmyaa OoitbiHIIa eceniTedeAi [19].

Temip KoaOpUMeTPUAABIK o4icrieH aHBIKTaAAbl. ChIMBIMABIABIFEI 50 cM® ©0AaTBIH ©AIIeYilll
Koa0aFa MUHepaaAu3aT epiTiHgici koabasarel Temipain maccacsr 20-80 MKr 00AaTbIHAA €TiIl TaFblAaAbl,
op xoabara 1 cm® TmapokcnaaMuH epitiHici Kocblaaasl, pH 4-6-ra cipke KBIIIIKBLABI HATPUIT HEMece

8 Ne 2(143)/2023 /.H. Tymunes amvindazol EYY Xabapurvicor. Buorozusavik zoiavimdap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



M.E. Kusamoea, M.2K. Cyamarosa, X.A. A6dpaxmaros, H. Axxarios, A.©. Baiixenos, ©.C. Cadyaxac

aMMOHMIII epiTiHAiCiH KO0A4aHa OTBIPBIIT MHAMKATOP KaFas3bIHa JKeTkisizeai. Opropenantpoannsiy 1 cm3
epiTiHaici eHriziain, keaemi Oearire cymeH perrteaedi. 15 MuHyTTaH KeliH  KIOBeTTeTi
doronaexTpokosopuMeTpaeri Oakplaay epiTiHAiCiHe KaTBICTBI CAaABICTBIPY epiTiHAICIHIH ONTMKaABIK
TBIFBI3ABIFBEIH 490+10HM >KaphIK cysrici kesdiHge 20 MM >KYMBIC OeTTepi apachblHAAFBI KaIIBIKTHIKITEH
HeMece 20 MM KyMBIC OeTTepi apachIHAAFbI KAIIIBIKTHIKIIEH KIOBeTTeTi 510HM TOAKBIH Y3BIHABIFLI Ke3iHAe
cnekTpodoToMeTpMeH eareliai. Onimaepaeri Temipain maccaasik yaeci (X) man® (mr/kr) ¢popmyaa
OoriprHIIa ecerrreaeai [20].

Amunkbimksiagap MBMMH 1363-2000 GoribiHINa >KOFapbl TUiMAL CYHBIK XpoMaTorpaduis
dJiciMeH aHBIKTaAABbI [21].

brnogaasanonarapasr: "Taramra 6110A0TMAABIK OeAceHAl KOCTIaAapABIH callachl MeH Kayircisairi
daicTepiHe apHaaraH HyckayablK' (P) Ooibinima: ksepuetunai P 4.1.1672-2003, tapay 3, . 11, 1. 11.6
apkbLabl aHbIKTagel. Karexnn 4.1.1672-2003, 3-tapay, 1.11, 11.1-Tapmak OoJibIHIIIa aHBIKTaAABL.

Vaik saTTapAbl KaiiTa ecernreareH TaHnHAep Ooibinmma P. 4.1.1672-2003, 3-tapay, 11-trapmaxk, 19-
TOMeHTIi TapMak, OOJbIHINIa aHBIKTaAAbl. JepTTeAeTiH epiTiHAiHiH 2-4 cM’-iH cBIIBIMABLABIFEL 50 cm?
eamrerim koadara caaaasr, 30 cm® 50% 9TMA crMpTiH KOcaAbl, epirenre AeiiiH maiikaiasl, 6earire 50%
®TUA cnupTiMeH (a epiTiHaici) XeTkizeai. 1 cM® A epitingici cbIiBIMABIABIFEI 50 cM3 GoaaThIH KOAOara
caabIHBII, Oearire Oydepaik epitiHaimen (B epitingici) >xeTkisiaeai. 10 MuHyTTaH KeviiH B epiTiHaiciHing
ONTUKAABIK THIFBI3ABIFEI 277 HM-Ae eaileHeAl. CaabICTHIpYy epiTiHgici peTinge Oydepaik epitiHai
KOAJAaHblAaAbl. I'assa KBIIIKBLABIHA KaliTa ecemlTereHJe MAIK 3aTTapAblH Maccadblk yaeciH % (X)
¢popMyaa OOVIBIHIIIA aHBIKTAIABI.

Ksepuernn men karexunai P 4.1.1672-2003, 3-rapay, 11-rapmaxk, 11.1- Temenri Tapmax OoiibIHIIIA
aHBIKTalABL. 2 T ycaKTaAfaH >XKaHfaK KaOBIFbI CBHIMBIMABIABIFEI 250 cM3 G04aTBIH XMMMAABIK CTaKaHFa
caasinbI, 50 cm® 0,1% ¢pocdop KBIIIKBLABIHEIH epiTiHAICi KOCBLABII, YABTPaABIOBICTHIK BAHHAAA 5 MUHYT
iliHAe ®KCTpaKIus Kyprisiaeai. AapIHFaH epiTiHAIHI "KOK Tacra" Kara3 Cy3rIici apKbLABI ChIIBIMAbLABIFBI
250 cm® eamernTiH Koabara cyseai HeMece KakeT OoaraH >kargaiga 3000 arH/MMH 5 MuH
neHTpudyraaaiabl, cogaH KeiliH cynmepHaTtanTThl 250 cM3 ea111eilTiH Koabara opHaaacTeipaabl, pocdop
KBIIKBIABIHBIH 0,1% epitingiciMen TanOara JeiliH >KeTKi3eal >KoHe apaaacTelpaabl. EpiTiHAl >Koraps
TUIMA] CYIBIK XpoMaTorpadust apKbLAbl TaadaHaabl [22].

HBTI/I)KEAep K9He TaaKblaay

JKaHrakTbIH OM0A0TMAABIK OeAceHAl KOMIIOHEHTTepi MMUKPODAeMeHTTep, aMUH KBIIIKbLAAapbl
>KoHe O1ogaaBOHOMATapMeH YChIHBIAFaH.

JKanrax KaObIFbIHa Heri3jeAreH TaraMABIK KOCIladapAbl —pellenTypara eHIi3y 0J4apabl
O1oa0rnABIK OeAceHAl 3aTTapMeH OailbITyFa MYMKiHAiIK Oepeai.

3epTrrey Xyprisy yurin Pecrybankasa KeH TapaAfaH Ipek >KaHFarbIHbIH YIII COPTBIHBIH yATidepi
ipikreaai: «Ak-TepeKcKuil OCTPOBEpPIIMHHBIN», «YIrypckuii» n «Kasaxcranckuit». bapavik seprreyaep
eKi-yll KailTaJayja >KYpridiaai. AAbIHFaH 9SKCIIEpUMMEHTTIK MaJiMeTTepai eHAey MaTeMaTUKaAbIK
CTaTHUCTHKA d4iCTepiH KOA4aHa OTHIPBII XXYPri3iaai.

I'pex JKaHFarbl ~ KaOBIFBIHBIH — (PUBMKAABIK-XMMUAABIK — KacueTrepi IlapamMeTpaepiHiH
MUHepaAjapAblK KYpPaMbIH 3epTTey MbIHaHbI aHbIKTa/bl:

- o4 Meatepi 5,52 mr-aen 14,81 Mmr-ra geitiH aybITKUADL;

- TeMip Kypamsl - 3,33 Mr-4eH 7,39 Mr-fa Jeliis;

- MBIPBILI KypaMel - 3,1 Mr-aen 6,9 mr-ra aeriin (1-cyper).
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" Ak-Tepexckuii "Viirypckuit" "Kazaxcranckuii"
OCTPOBEPITUHHBIN"

®liox ®Temip ®Mpipbimn

Cyper 1. I'pex XaHrarbl KaObIFBIHAAFBI MITHEpaAAapAblH MeanIepi

3epTTeyaep COHbBIMEH KaTap I'peK >KaHFarbl KaOBIFBIHBIH aMMHKBIIIKbLAAAPBIHBIH Oall KypaMbIH
kopceTTi. By XXarjaiiga aMMH KBIIIKBLABIHBIH KypaMbl KaOBIKTBIH TaFraMABIK, KYHABLABIFBIHBIH SKOFaphl
Aenrentin  kepcereadi. CoHpiMeH Oipre (2-cyper) «Ak-TepeKckmil OCTPOBEPIINMHHBIN»  COPTBIHBIH
KYpaMBbIHAa «YUTIypCcKuii» >KoHe «KasaxcTaHCKuII» copTTapbliHa KaparaHaa 55,53 mr (cerikecinmie 49,55
MT >kKoHe 53,65 MTI) aMMHKBIIIKbLAAAPBIHBIH KOII MeAIllepi Oap eKeHAirl cTaHAapTTHIK KaTeaepai eckepe
OTBIPBLABII KOPCETiATeH.

350

B "Ax-Tepekckuil OCTPOBEPUIMHHBIIN" B "Viirypckuit" = "KazaxcraHckuit"

Cyper 2. I'pex >xaHFarbl KaObIFbIHAAFbl aMIHKBIIIKbIAAAPBIHLIH KYPaMbl

I'pex >KaHFarbIHBIH KaOBIFBIHBIH (PAABOHOMATHI KYpaMbl KBaplIeTHHHIH, KaTeXMHHIH >KoHe
TaHUHAEPAiH KypaMbIMeH cullatTadaAbl, P-iopymeHgep - aHTHMOKCHAAHTTap >KypeKKe oTe Ialijaabl,
MIUABIH (PYHKIIMAAAPBIH KOPFayFa, A9HeKep yAllara KoHe KaH aifHaABIMBIH >KaKCapTyFa KeMeKTeceai,
bBakrepusra Kkapce! (MUKpoOKa Kapcel) acepi Oap.
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Taaaay xepceTkeHaell, TpeK >KaHFaFbl KaOBIFbIHAAFBI KBapLieTuHHIH Mearepi 0,945 mr-nan 1,51
MTI-Fa AeiiH, KaTexyH - 2,46 mr-HaH 12,07 mr-ra aeliiH, naik 3arrap - 611,32 mr-nan 805,62 Mr-ra geiiin (3-
cypet). bapAbIK aHTHOKCHAAHTTap aF3aHbl 3UAHABI OOC pajguKaldapAblH — KOpIllaFaH OopTaJaH KeAeTiH
JKoHe KaObIHy IIpollecTepiHe oKeJeTiH cay >KacyllaJapfa 3UAH KeATipeTiH TOKCUHAEPAIH
3aKpIMAaHybIHaH KOPFalITBIHBIH €CKepe OTBLIPHII, I'PeK >KaHFarbl KaOBIFBIH, 9pi Kapail 3epTTey OaFbIThIH
aHBIKTay KediHAe, (1aBOHOMATHI KYPaMbIHBIH MaHBI3Abl POAiH aTall OTKEH JKOH.

Kazaxcranckuit
1,51 mr (44%)

Viirypckuit
0,972 mr (28%)

Ax-Tepexckuii
OCTPOBEPIIHHHBII
0,945 mr (28%)

Kazaxcranckuit
12,07 mr (63%)

Ax-Tepekckuit
OCTPOBEPIINHHbIN
,46 mr (13%)

Viirypckuit
4,68 mr (24%)

0)

Ax-Tepekckuit
OCTPOBEPUIMHHBIA
64,15 mr (35%)

Kazaxcranckuii
805,62 mr (37%,

Viirypckuii
611,32 mr (28%)

B)

a) — KBep1eTuH; 0) — KaTeX!H; B) — NAiK 3aTTap

Cyper 3. I'pex >kaHFarbl KaOBIFBIHBIH OMO(]AaBOHOMATHIK KYpaMbl

I'pex >xanrarpl KaOBIFBI MAIK 3aTTapfa ©Te 0all, olap >KeMiCTiH JoMiHe TiKeaeil acep eTeai,
OTKeHi oJap KBIIIKbLA, TYTKBIp JoMre me. Vlaik 3aTrap HerisiHeH sAApO  CBHIPTHIHAA
IIOFBIpAaHFaHABIKTAH, SIAPOAAFbl OHBIH IT1alibI3bl >KaHFaKTapAbl OpTaHOAeITMKaABIK Oarasay KesiHAe
MaHBI3ABI. SIApO CBIPTBIHBIH allbIK Tyci Oap >KaHFaKTap carachl >KarblHaH >KaKChIpakK, KypaMbIHJa a3
Mealepae nAik aarrap Oap.

I'pex >xaHFarbl KaOBIFBIHBIH (PU3MKA-XMMMAABIK KacHeTTepiH 3epTTey HoTyoKeAepi OOVIBIHIIIA
«YUIypcKuil»  COPTHIHBIH KaOBIFbI OapABIK >KaFbIHAH OacKa eKi cOpTTaH, aTam alTKaHAa KOPeKTiK
3aTTapAbIH CaHABIK KYpaMbIHaH TOMEH eKeHiH aHbIKTayFa 001aAbl.
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3epTTey >KYMBICTaphl KepceTKeHJAel, «KaszaxcTaHcKuil» COPTBIHBIH KaOBIFBI (pAaBOHOMATAP
KYypaMBblHAa, aramn aliTKaHAa KaTexmHaepaiH KypambiHaa (12,07 Mr aeifiH) apTBIKIIBLABIFEL Oap.
[Toandenoaaap apTypai yasl 3aTTapAblH OallaaHBICTHIPBLAYBIHA JKoHE 01apABIH ar3ajaH IIbIFapbLAybIHa
BIKTIaA eTeTiHAIriH, Kypdeai aKkybl3japAblH aaMacyblHa OeaceHAi KaTBICAaTBIHABIFBIH, (pepMeHTTepAiH,
aTan anTKaHJa TeaoMepasa (epMeHTiHIH OeaceHaisiriHe acep eTeTiHiH, >KaCyIllaHBIH TIeHETHKAAbIK
armapaThlH MOHAAYIIBI COyAeAeHyAiH 3UAHABI 9CepiHeH KOPFaliThIHbIH, AablireiiMep >koHe IlapkuHcon
CUSKTBI aypyAapAblH JaMybIH TeXKeMTiHiH ecKepe OTBIPBIIN, IIMKi3aT PeTiHAe OChl COPTTHI KaOBIKTHI
KOA4aHy OAaH 9pi 3epTTey YIIiH NepCreKTUBaAbl MaHIe 1e.

«Ak-TepeKcknil OCTpOBEpPIUNHHBI» COPTBHIHBIH I'PeK >KaHFarbl KAOBIFBIHBIH Oall MIHepaAAbl
>K9HEe aMMHKBIIIKBLA KYpaMbl, aTall aliTKaHAa 110/ IIeH MBIPBIIITEIH KypaMbl OHBL 9pi Kapall 3epTTey
>KoHe OeaceHAi MMMYHOCTUMYAATOPBI Oap KocHadapAbl ©HAipyJde, KaTepai icik aypybIHBIH KayIliH
asaliTa/bl, COHBIMEH KaTap OyKia aF3aHBIH KaABINTHI >KYMBIC icTeyi YIIIiH DAeMeHTTepi Oap, IMKisaT
peTiHge naiijasaHy MyMKIHAITIH 3epTTey YIIIiH TapTBIMABI JKoHe IePCIIeKTUBAABI eTe .

KopsITbIHABI

DusuKa-XUMIAABIK 3epTTeyAepAiH HoTI KeAepi OOVBIHINA I'PeK JKaHFaFbl KAOBIFbI OMOAOTMAABIK,
Oeacenai sarrapra Oail ekeHiH KepceTeai. JKaHfaK KaOBIFBIHBIH OMOAOIMAABIK OeACeHAl 3aTTapbl
DKCTpaKIMs apKbLABI IIBIFapblAadbl. Taasay HOTIKeAepiHe CylieHe OTBIPBII, TPeK >KaHFarbl KaObIFBIH
Omoa0rMsABIK OeAceHAl 3aTTapAbIH KO3l peTiHJe HaligadaHy MYMKIHAIT Typaabl KOPBITBIHABL JKacaaAbl.

O3ip/eHiNl >XaTKaH TeXHOAOIUs ©HIMAepAiH acCOPTMMEHTIH KeHelTyre, azaMHBIH KYHAeAIKTi
PallOHBIH opTapanTaHABIPYFa, ar3aHbl KYHABI 3aTTapMeH OallbITyFa MYMKIiHAIK Oepeai, Oya OHBIH
aypyaap MeH K0AaiiChl3 DKOAOTUAABIK (paKTOpAapFa TO3IMAiAIriH apTThIpyFa KOMeKTeceai.

O3 KkeseriHge, Tpek >KaHFarbl KalAbIKTapblHaH >KaHa (QYHKIIMOHAAABI ©HIMAepAai >Kacay Herisri
IIMKi3aTTBl yHEMJeyre FaHa eMeC, COHbIMEH KaTap TaMaKTaHyAblH OMOJOITABIK dCepiH >Kacay¥a,
’KaHapTyFa HeMece >KaKcapTy¥a MYMKiHAIK Oepeai. TeXxHOAOIMAHBI AaMBITY KaaABIKCHI3 OHAIpicTi aayFa
MYMKiHAIK Oepeai.

ABBIK-TYIK pelleliTepiHe I'peK >KaHFafbl KaAABIKTapbIHAH >KacaAfaH KoOcCIlalap eHIi3y, AaliblH
©HIMHIH TaraMABIK KYHABIABIFBIH €49Yip apTThIpaAbl. I'pek >KaHFarsl KaOBIFBI 9pTYpPAi aypyaapAasl eMaey
JKoHe aAAbIH-aAy YIIH KOAAAHBLAATBIHABIKTAH, AaMBIFAaH TEXHOAOTVs OOIBIHINIA aABIHFAaH ©HiIMJAep
HapBIFBl KB4 CalbIH OCIIl KeJe >KaTKaH OMOAOIMAABIK OeAceHAl KocIajdap eHAipiciHAe KOAAaHBLAYBI
MYMKIiH >XoHe OCBI cadaarbl OHIMAep TYTHIHYIIbLAapFa JKOFaphl CYpaHbICKa Je.

Kapxxbraanaeipy. Kymrpic Kaszakcran PecriyGamkacel Aybia IIapyallbIAbIFBI MUHUCTPAITiHIH
No  BR10764977-OT-21 «Ilpodumaaktukaaelk TYpFblda ©HIM aAy MaKcaTblHAa TIpeK >KaHFarbl
KaAABIKTapBIHBIH A9CTYpAi eMec TypAepiH HalidalaHy» Kap>KblAaHABIPBLAATBHIH >KOOAchl IIeHOepiHAe
OpPBIHAAAADL.

Kopeithinapiaait xkeae, 0i3 OCbI FBIABIMM >KOOaHBIH OapAblK KaThICyLIbLAapblHA ToXKipuOeaix
3epTTeyJep >KYpridyre KeMeKTeCKeHi YIIIiH IIIBIH >KypeKTeH aAfrbic Oiagiprimisa keaeai. CoHgaii-ak,
«KasKOTOT'31» JXIIC AD GacIblAbIFRl MeH FaabIMAaphiHa YAKEH aAFbICBIMBI3ABI Oiaaipemis.
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M.E. Kmu3aTosa, M.JK. Cyaranosa, X.A. AGgpaxmanos, H. Axxxanos, A.O. bajikeHOB,
9.C. Cagyaxac
Acmanuncxuit puruar TOO «Kasaxcxui HVV nepepadbamuvisarouert u nuuye60u npoMublluAeHHOCU»,
Acmana, Kasaxcman

NccaeaoBannst aHTMOKCHAAHTHBIX CBOMICTB CKOPAYIBI TPEIIKOTO Opexa

Annporammsi. OCHOBHON IIeAbI0 ITPOBOAVMIMBIX WCCA€AOBaHUII SBASETCS M3ydeHMe COCTaBa
CKOPAYIIBI TPEIJKOTO opexa.

B mmieBoit IpOMBIIIIAEHHOCTH HIMPOKO MCHOAB3YIOTCS sApa TPEIJKMX OpexoB, HO MPU STOM
CKOpAYyIIa, IOAY49eHHas Ha CTaAuy OYMCTKHA A4ep, KaK IIPaBiAo, YTUAUSUPYeTCA CKUTaHNeM. YUUThIBas
MHOTOTOHHBIII 00BbeM ITepepabOTKM I11040B I'PEIIKOTO Opexa, BBIXOJ OTXOJO0B ITPOM3BOACTBA SBASIETCS
TaK >Ke cCymlecTseHHBIM. IIpym mepepaOoTke Ja’ke OAHOM TOHHBI TPELIKOTO Opexa OCTaeTcs
HeVCII0AB3yeMBIil IIPOAYKT — CKOpAyIla, Maccol cahile 550 Kr, KoTopas TpeOyeT BbIBO3a U yTUAN3ALINH,
TO €CTh AOIOAHUTEABHBIX 3aTpaT, KOTja BO3MOXKHA TaKas OpTaHM3aIVsl IIPOU3BOACTBA, IIPU KOTOPOIX
CKOpaAyma OyJeT KOHIIeHTPUpPOBAThCA M IepepadaThIBaThCs Ha BbIAeA€HNe IIeHHBIX OMOAOTMIecKN
aKTVBHBIX BeINeCTB, Ha OCHOBe KOTOPBIX MOKHO pa3paboTaTh HOBBIE OTeUeCTBEHHBIe ITperiapaThl
pasHOro Ae4e0HO-TIPOPUAaKTUIECKOTO AeTICTBIL.

B crartee mpuBeAeHBI pe3yAbTaThl JICCA€JOBaHMII MIHEPAaAbHOTO COCTaBa, aMUHOKNCAOT U
6110(1aBOHOMAOB B CKOPAYyIIe TPEIIKOTro opexa.

3a OCHOBY MCCA€JOBaHI B KauyecTBe CBHIPhs B3ATH TP COpTa Opexa Ka3aXCTaHCKON CeAeKIIVIL.
ITo pesyapTataM IIpOBeA€HHOTO aHaAu3a B JaAbHellllIeM ILAaHMPYeTCs pa3paboTaTh TEXHOAOTHUIO
IoAy4YeHNsl DKCTpaKTa, KOTOPBIM OyJeT MCIIOAB30BaThCs KaK IMINeBas J00aBka B 0e3a1KOTOABHBIN
HaIlUTOK, oOoTraIas ero He40CTaOIIMI U TaTeAbHBIMI KOMIIOHEHTaMMU.

Karouesbie caoBa: 1ccae 0BaHMe, CKOpAYIIa I'PeIIKOTo opexa, (pAaBOHONAbL, DKCTPaKT, 400aBKI,
({peHOAbHBIe KICAOTHI.

M.E. Kizatova, M.]. Sultanova, H.A. Abdrakhmanov, N. Akzhanov, A.O. Baykenov,
A.S. Saduakas
Astana branch “Kazakh Research Institute of processing and food industry” LTD, Astana, Kazakhstan

Studies of antioxidant properties of walnut shells

Abstract. The main purpose of the research is to study the composition of walnut shells.

Walnut kernels are widely used in the food industry, but, at the same time, the shell obtained at
the stage of cleaning the kernels is usually disposed of by burning. Given the multi-ton volume of
walnut fruit processing, the output of production waste is also significant. When processing even one
ton of walnuts, an unused product remains — a shell weighing over 550 kg, which requires removal and
disposal, that is, additional costs, when such an organization of production is possible, in which the
shell will be concentrated and processed to isolate valuable biologically active substances, on the basis
of which new domestic drugs of various therapeutic and preventive actions can be developed.

The article presents the results of studies of the mineral composition, amino acids, and
bioflavonoids in walnut shells.

Three varieties of nuts of Kazakh selection were taken as the basis of the study as raw materials.
According to the results of the analysis, in the future it is planned to develop a technology for obtaining
an extract that will be used as a food additive in a soft drink, enriching it with the missing nutritional
components.

Keywords: research, walnut shell, flavonoids, extract, additives, phenolic acids.
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Paguarnst acepiHeH Kapraioaa MutoxoHApusa meH MukpoPHK-vbIH peai

Anpgatna. Xaivikmoy kapmaiobvl 0yKiA aremoe KuAdam KaApKbiHMeH XKypin xamolp, O0yA
Kahanovlk IKOHOMUKA MeH OeHCAyAvlk cakmay kovismemmepin kuvinoamyoa. Kacyuarvir
Kapmarool — apmypAl  kacka  OAUAAHOLICIILL  HEGPOAOZUAAVIK — KaHe  KYUKe-NCUXUKAADIK
Oysviayaapea, coroir iutinde Arvuzetivep aypyor men Tlapkurcon aypyvina eAeyl yYaec Kocadbl.
Keiibip cuipmxvl daxmoprap, moicarvl, uonoayuivt cayaererydir, acepi xapmarodvt mesdemyi
MYMKIH.

Cotnjevr kviadapor mukpoPHK den amaramuvin kvicka 0ip mizoexmi PHK morekyAarapl apioiavt
2eH IKCNPeccusiCol Mpanckpunyusldan Keiinzi 0aKbiAay KYUeciHit, KAANmbl GUSUONOZUSIALIK
npouecmepdi pemmeyde XaHe Kenmezen aypyraplviy, namozeresinde, COHuIH iuiHde KAC
epexuLeAikmepine 0AUAAHBICIDL AYPYAAPOazbl MAHLISOLIADIZDL K02apbl ekeHdizi 0eAziAl 00A0vl. By
MAKAAAOA  pAOUALUSHVIH,  OUONOZUAADIK acepl, CaYAeAeHYOiH IPMYPAL KACyula mypAepiHin
Kapmarovina acepi xare MukpoPHK-HviH catikec MOAEKYAAADIK MeXAHUSMOEPT KAPACTTBIPLIAADDL.
Tyiiin cesaep: uondayuior cayrereny, xacyuanvir, kapmatovl, AHK saxoimoanyvt, mukpoPHK.

DOI: 10.32523/2616-7034-2023-143-2-18-26

Kipicmie

KasakcraH mmeaeHicTi pagriosKoA0TUAABIK Kafjalira ue eajepain 0ipi 604w Tabblaaabl, Oya
eKi Herisri ceOerke OaitaaHpIicThl: OipinmmigeH, Kasakcran PecniyOamkachl TaOWFM ypaHHBIH 24eM
OOIBIHIIIA YAKEH KeJAeMJeri IMKi3aT OpTaAbIFbIHBIH OipiHe me; exinmigeH, oa 40 >xpia Goiisl Kenec
OgarpIHBIH SIAPOABIK, ChIHAaKTap OTKi3yre apHaAfaH HETri3Ii IMOAUTOHBI 00AABI >KoHe Oy >KarbIMCHI3
caa/dapra oKell COKTBIpAbL bisain eaimisaiH aymarbiHaa 1949 >xprablH TaMbI3bIHAH Oepi 659 aTOMABIK
JKapBIABIC >KacalfaH od1eMJeri >KaAfbl3 ea Ooaswin TadObL1ager, 0ya KCPO-aa sxacaaran OapabIk
>KapBLABICTapABIH 92%-AaH acTaMbIH Kypaniast [1].

Coyaeaenyain acepi coyaeaeHy KO3iHiH TypiHe, DHepIUAChIHA >KoHe OpHaJacyblHa, COHAAl-aK
acep eTy y3aKTbIFbIHa OariaaHbICTEL. OpTallla ecelreH ajaM KyHHIH FapBIIITHIK CoyJAeAepiH >KoHe
>KepJeri ypaHHBIH pajOHBIH KOca aAfaHAa, YHeMi (POHABIK pajuanusra YIIBIpaiiAbl; KOMIIBIOTEPAIK
TOMOTpa(pUsHbEL, PaAMOU3OTOITHIK, ChIHAKTapAbl, PEeHTIeHAI Koca aAfaHAa, MeAMIIMHAABIK ocepAeH
coyaeaeHy alaAbl; XoHe YIIaKTapAblH YIIybl, TYTHIHY OHIMAEPiHIH paiMOaKTUBTIiAIT JKoHe THIHBIC aay
Ke3iHJe HeMece KOPEeKTiK Ti30eK apKbIABl JeHeMisre TycCeTiH opTypai PpasMOHYKAMATEp CUSIKTHI
aJaMHBIH Oacka opekeTTepiHeH 0O0JaTBIH a3 MeaAlllepJeri pajuansaHsl CiHipeai [2]. Bya coyae Tipi
ar3aJapra acep eTiIl, 9pTypAai aypyaapAbl TYABIPYBI MYMKIH.

Monaaymiel coyaeaeHyAl TOAKBIHABIK (PeHTITEHAIK, raMMa-coyleldeHy) >KoHe KOPIIYCKyAaABIK
(paexTpoHAap, MOHAAP, HEMTPOHAApP) den Oeayre Ooaaapl. COHBIMEH KaTap, TOAKBIHABIK COy/AeAeHy
MOHAa/AMaFaH 0OAyBl MYMKiH (MBICaAbl, PajUOTOAKBIHAAP, MH(QPaAKBI3bL1, YABTPAKYATiH coyaeaep).
bapaplK paguoaxkTUBTI HYKAMATEp >KOFapbl SHEPIMWAAbl OeAllleKTep HeMece 9AeKTPOMarHUTTIK
TOAKBIHAAP IIbIFapaabl. bya coyae Tipi JkacyIiadapra TyCKeHAe, 04 KbI3Ybl, XMMUSABIK OalidaHbICTapAbl
Oy3ybl HeMece MOJeKyJAalapAbl MOHAAYBl MYMKiH. EH ayblp OMOAOTMSABIK 3aKBIM OCBHI pajViOaKTUBTI
dparmeHTTEepAi IIBIFapraHAa HeMece MOJeKyJalapAbl MOHAAFaHAA OPBIH ajdaAbl. MpIcaabl, SIAPOABIK
BIABIPAY peaKlVsAapblHaH INBIFAaTBIH aabda >KoHe Oera OeAIleKTepiHiH BDHEPIMACH KaparlaibIM
XMMUSABIK OalidaHBIC DHeprusAapblHa KaparaHJda aaJdeKaliga kem. bya Oeallekrep 3aTKa COFBIABIIL,
eHreH Ke3/e 01ap eTe peakTUBTi MOHAAp MeH MOAeKyAaAblK (pparMeHTTepAi mbIFapassl. bya Tipi
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I1.M. Toiibexosa, O.B. byazaxosa, P.V. bepcumbai

ar3aJapaarpl OMOMOJeKyJAaJdap¥a KeATipeTiH 3aKbplM KaABIITHl >KacyllaAblK IpOIecTepAiH eaeyai
Oy3blaybIHa 9KeAyi MyMKiH.

Tinaepae MoHAaymIBl coyaleAeHy (PUBMKAABIK, XUMIIABIK >KoHe OMOAOIMAABIK ©3repicrep
CepUSCHIH TyAbIPpalbl, 0AapAbIH YaKbIT Ti30eri HAHOCeKYHATBIK AMalla30HHaH KOIITereH OHXKbLAAbIKTapFa
AeNiH co3blAyBl MYMKIiH. Pagmanms Oykia aeHere (coOMaTMKAaAbIK 3aKbIM) HeMece >KYMBIPTKa MeH
CIIepMaTo30uAKa (TfeHeTUKaAbIK 3aKbIM) 3VIH KeaTipyi MyMKiH[3]. OHbIH acepi acKa3aHHBIH HIBIPBIIITHI
KabaThl, mamr GpoaanKyaAapel, CylieK KeMiri >KoHe SMOpMOHAAp CUAKTHI Te3 KeOeleTiH >Kacyliadapaa
aikpiHpIpaK. COHABIKTAH C9yJeAiK TepalMsajaH OTill JKaTKaH HayKacTap >KHUi KypeK aliHyblH Hemece
aypy4pl cesiHeAi, IIamrap Tycedi, CylieKTep ayblpaAbl.

Paguanusa ete 3suAHABI 00ABII TaOblAaAbl, OMTKEHi 04 MOAeKyAalapAbl MOHU3alMAAaybl HeMece
XUMUSABIK ~OailAaHbICTapABl  aKbIpaTadbl, Oya MoOAeKyJAaHbl 3aKbIMJalAbl >KoHe >KacCyIlaAbIK
npouecrepai  Oysagsl. Oa coHgal-aK OMOAOTMAABIK  MOAeKyJAadapAbl  3aKbIMAANTBIH  SKoHe
¢pusnoaornaasIK mpornecrepAi Oy3aTslH peaKTUBTI IMAPOKCUA PaAKaAAapbIH >Kacail adaasl. Paanars
COMaTMKaAbIK HeMece TeHeTUKaABIK 3aKbIM KeATipyli MYMKiH >KoHe Te3 KeOelleTiH >Kacylalapra KaTThl
3VSIHBIH TUTI3eAl.

KapTraio mexaHnsmMaepite cayaeaeHyais acepi

Pagmarusa  opTypai  kacka OallaaHBICTBI  HEBPOAOIMAABIK —JKoHe  KYMKe-TICUXMKAABIK
OysbLayaapFa, COHBIH imTiHAe KaTepai icikke, AapurerivMep aypysl MeH [lapkuHCcOH aypybiHa eaeyi yaec
KOcCaapl >kKoHe Oya Ipollecc >KacyllaAblK KapTalo CHUAKTHI acepaepre OailaaHbICTHI OOAybl MYMKIiH.
Monpaymisl coyaeaeHy cekiagi coIpTKbI (pakTopaap KapTaio IporieciH Tesgeryi MyMkin. Kapraio
dPTYpPAi OpraHgapda opTypAai KapKblHMeH >Kypedi. MoAeKyAsSpAblK >KoHe >KacyllaAblK IIporecrep
apKblABl MOHAQYIILI CdyJeAeHy KapTaloFa YII >KOAMeH ocep ereai. JKacymaHblH 3aKbIMJAaHYbI
KaHIleporeHe3ai Tyaplpagpl. JKacymaHelH ©4iMi TiHAepAiH 3aKbIMJAaadyblHa acep eTedi. Moaekyaaabik
KYOBLABICTAp ©MipAiH crielnpUKaAbIK eMec KbICKapybIHa aAbIIl Kedeai.

JlereHMeH, >Kacyllla TYTacTBIFbI MeH MOJAEKyJAaAblK >KoAJapaarbl KapTaiora OailaaHBICTBI
esrepicrep  OapaplK  TiHzepre ToH. bya  esrepicrepre  MUTOXOHAPMAABIK — AMCPYHKITNA,
MaKpOMOA€eKyAaAapAblH TOTBHIFY 3aKbIMAAHYBIHBIH KaCyllIaillliiK KMHAKTaAybl, HEPIVIS aAMacybIHbIH
Oy3bLAYBI, KaCylllaablK KaAAbIKTapAbl KdJere >KapaTy OysblabICTaphl (ayTodarus, An3ocomMasap >KoHe
IpoTreacoMajapAblH (QyHKIUAAApHI), CTpeccke OeitiMaeay peakumscel >koHe JHK pemnapariuscer
CUTHaAJAaphl KoHe KaObIHY >KaTaabl. COHBIMEH Karap, HEMPOHABIK >KeAiHiH KaABIITH OeACeHAiairi,
HelipoHaapaarel Ca 2+ eHgeyiHiH e3repyi >kKoHe HelporeHe3AiH TeMeHJeyi >KacCylllaHbBIH KapTaio
nporecinae Aa Oaikaaaasl [4].

1940 >xplagan Oacran 1960 >xblagapra geitin monaaymibsl coyaeaenyaiy (VIC) emip cypy
Yy3aKThIFbIHA ocepi OeaceHAl TypAe 3epTTeadi >KeHe TYKbIpbhIMAaaAbl. Pasuanmsaneiy emip cypy
Y3aKThIFbIHA 9cep eTyiHiH OMOAOIMAABIK Heri3gepiHe KaThICThI ipreai cypakrap paAuarissHbIH KaABIIIThI
KapTalo IpoIleciH >KeaeaaeTy KaOideTiHe KaTbICTBI OeAricisgikke OaifAaHBICTBI HeTidiHeH >Kayarlchl3
Kaaapl. Oa kesge paamanus MeH KapTalO apachlHarbl OaiflaHbBIC 9ACI3 Jell caHaAAbl, OMTKeHi
pPaAManAHbIH ocepi KapTaiodaH aiibIpMalllbIAbIFEI Oap, HeridiHeH TeHeTUKaAbIK 3aKbIM KeATipeai JKoHe
OeaiHeTiH >Kacylllalapfa ocep eTeAi (MMTO34aH KeHiHIl >KacyIllladapfa KaparaHJa) >KoHe 3MSHABI
acepaepi Oap gen ecemnTeadi, aa paguaius spKallaH AepAik >KacyllladapAblH >Kammai OeAiHin 3usH
KeATipyMeH IIleKTeAeAl AereH TY>KbIPbIM D0AABL.

Mpicaabl, KapTaiffaH THIIIKaHAApPABIH KeIllTereH TiHAepiHAe, TepiciHiH ¢udOpobOaacTTapbiHia
JKoHe aJaM yAralapblHAa KapTaloIIbl Kacyllladap TaOblaAbl, Oya KapTaloAblH in vivo, coHAali-ak in
vitro KapTaloblHAa ceOemi peai 00aybl MYMKiH ekeHiH kepcereai [5]. Kapraitran sHaoTeamit
KacyIaJapbIHbIH aTepockAeposja, TpoM0O03aa KeHe TaMbIPAbI Y9HAOTeAMIAIH KaObIHFaH KepaepiHge
ke0eloi KepceTiareH, Oya naToAornsaMeH bIKTMMaA OaliaaHbICBIH aHBIKTAII TYP.

Kanyapaap typaanl gepekrep ae pagualyisHbIH KapTalOblHa oKeAETiH TeOPUAHBI KOAAANABL.
Bpmsiu >xaceina Kapait pesyc MaiiMbla4apbl MeH aAbOMHOC ereyKyipbIKTapbIHBIH MU KbIPTBICBIHAA
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Paduayus acepiren kapmaroda mumoxonopus mern muipoPHK-oiH pori

Kenbip esrepicrep OoaaThIHBIH OaitkaAbl. TiHTYipAiH MMBIHBIH TPaHCKPUIITOMMAABIK IIPO(UAbAEpPiH
Taajay TeMeH gosada (100 mI'p) Oykia aeHeHi coyaeaeHAipydeH KelliH OipHellle caraT ©TKeH COH
DalikaaFaH MOA€KyJAaAblK peaklMsdap KOTHUTHUBTI KaOideTiHiH epre TeMmeHJeyiMeH, Aablreiimep
aypybIMeH >KoHe opTypAi HelpOIICMXMaTPpUAABIK Oy3blayAapMeH OallaaHBICTBI peakllsdapra yKcac
€KeHiH KOpCeTTi.

Kaampl aaraHja, paaManuAABIK AeAAaAABIK KapTalo AMCPYHKIIMOHAAAB MeTabOAMKaAbIK,
IpoliecTepre KaparaHga OOC paguKaajapAblH 3aKbIMAadybIMeH, KOC Ti30ekTi ysizicrepmen (DSB),
aIloNTO3MeH >KoHe KaOblHyMeH KeOipek OaiiaaHpicThl. KapraioablH OMOAOIMAABIK MexaHU3MAepi,
COHBIH illliHAe TOTBIFY CTpecci, XPOMOCOMAaABIK 3aKbIMAaHy, allOIITO3, >KacyllaJdapAblH KapTalObl,
KaObIHy, TeaOMepAepAiH KbICKapybl >KoHe AiH >KacylllaJapbIHBIH a3alobl Kasip a4J4eKaliga >KaKChl
TYCiHiATeH JKoHe CoyAeleHyAiH OMOAOIMAABIK acepaepiMeH >KaKbIHAaCyAbl JKaaracTeipyaal6]. bipkatap
cekpelusAap apKblAbl LMTOKMHAEPAIH, XeMOKMHAEpAiH, ocy (aKTOpAapbIHBIH >KoHe KapTaloMeH
©ali1aHBICTHI CeKPETOPABIK (PEHOTUII el aTalaThlH Oacka Ja CUTHAAABIK MOJAeKyJlalapAblH dcepiHeH
KapTalo Kacylllalapbl KOpIllafaH cay >Kacylllalapra 3UsAHABI acep eTyi MyMKiH. COHFBI yaKbpITTa MYHAl
KapTalo >Kacyllladapbl KeIITereH >KacKa OallAaHBICTBI aypyJAapAblH, COHBIH iIlliHAe eKie ¢puOpo3b,
HelIpoJereHepalyi:l, aTepocK/1epo3, OCTeoapTPUT, KaTepAl >KoHe KaTepcia aypydap4blH 4aMybIHa BIKIIAA
eTeTiHi aHbIKTaaabl. Coyaeaeny Kapraomen OaitaaHbICThI ceKpeTopablK ¢peHotun (SASP) ¢pakropaapsr
apKBLABl CoyJeJeHIeH >KacyllaJapMeH OallaaHBIC KOpIIaraH coyJleaeHOereH >Kacyllladapra oacep eTeai
dereH Ooaxam Oap. CayaeaeHyseH TyblHAaraH Oya OalikayInbl KYOBIABIC caHblaaydap MeH
CeKpelsABIK (PaKTOopaap apKbLAbl KOpIIaraH MUKPOOpTaFa ocep eTeTiHi JKoHe >KacyIlaAblK KapTalo,
JKacyIlralapAbslH KeOeloi >KoHe KaTepaAi TpaHcopMmaums CHUSAKTB 9pTypAi >KacyIlaAblK dcepaepre
aeaaaa DoAaThIHEL OeAriai.

ConapbIKTaH KaOBIHY peaKkIUsAapBIHBIH pajUalsABIK dCepiHeH >KOFapbliaybl paAaliVIsABIK
aypyAapAbIH AaMybIHa JKoHe epTe KapTalOFa BIKIIaa eTyi MyMKiH geTeH 604>KaM Oap.

CyrkopekTiaepain kapTaiobHgarsl MukpoPHK-HBIH peai

Heripogereneparnsri aypyaapAblH aybIpTIIAABIFBI KapT ajaMAapAblH yAeci apTKaH CaliblH
Gipringen apToim Keaeai. AyHmexysiaik Jdencayasik YipiMel (AAY) aepextepi OoiipiHia 2040 >xplara
Kapail HelpOAereHepaTUBTI aypyaap >XXYpPeK-KaH TaMbIpAaphl aypyAapblHaH KeiHIl ©AiM-XIiTiMHIH
ekiHmn ce0ebi Ooaaabl. JambiFaH eagepde AeMeHIUsIMEH ChIpKaTtTaHyIIbIABIK, 100%-fa, >kaHa
nHAyctpusAaslk  eajepae  300%-ra  aeitin  apragbpl.  AapnreiimMep aypysl - €H TaHbIMaa
HellpojereHepaTusTi aypy. JereHMeH, AeMeHIVAHBIH apadac TypAepiMeH, TaMbIPABl AeMeHIVSIMeH
>koHe /leBU ageHeaepiMeH geMeHIVSAMEeH ayblpaThlH agaMAap CaHbl apThIIl Keaeal [7]. AliTa keTy Kepek,
[TapkuHCcOHMeH aybIpaThIH HayKacTapAblH CaHbl ©CyJe, aypyAblH Tapaadybl >KoHe JaMybl KesdiHje
AeMeHIMs maiiga Ooaaapl. JKac HelipogereHepaTuBTi aypyAapablH €H MaHBI3ABI Kayill (aKTOphI
OoaraHBIMEH, MeXaHU3MJAepi MeH MoAeKyJaaAblK Makcarrapel Oearicis. MuxpoPHK kapraro
DargapaamacblHa Ja, >KyliKe >KylieciHiH aypyaapbiHa ga KaTbicagbl. ConbiMeH Karap, MukpoPHK
CMHaNTHUKAABIK I1AacTUKa, OKY JKoHe ecTe caKTay CUAKTBI (PU3MOAOIUAABIK IIpoliecTepai peTTeiTiHi
aHBIK DOAABI.

Kacaaran ecenteyaep OapAablK aKybI3Abl KOATANTHIH TreHAepAiH mamameH 60% wmuxkpoPHK
apKblABl  peTTeAeTiHAiTiH  Ooaxaiapl. OcbiHganm keH TapaaraH MukpoPHKHK-aeasaa4b1K
dyHKMasappiH  Oackapy YIIIH = JKacylladapda TPaHCKPUIILMS, KeTidy JKoHe TYPaKThIABIK
AeHreiiaepinge MmukpoPHK Mearepin perreyre apHaaraH KenTereH KypJdeaAi MexaHM3MAEP AaMBbIABL.
Keit6ip mukpoPHK' >kacymasapablH KapTalOblHa KaThICAaTBIH >KOAJAapAbl peTTeyre KaTbiCagbl >KoHe
JKacylIaAblK ITUKAAIH OapeiceiHa acep eredi. ConpiMeH Katap, MukpoPHK skcrmpeccuschiHbIH Herisri
esrepicTepi MoJeab4iK arsajapgarbl aypy (eHoTMHnTepiMeH OaildaHBICTBI >KoHe ajaMHBIH aypy
TiHAepiHAe TaOblaraH. KemnTeren aeHe CYHBIKTBIKTapbIHAA (KaH, cidekell, 39p >KoHe T.0.) apTypai
MukpoPHK-aapas! aHbIKTay MyMKiHAiT Oy MoAeKyAaaapAbl >Kacka OallaaHBICTHI aypydapAbIH
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Ouomapkepaepi peTiHAe mNailigadaHy MyMKiHgiriH amagael. MukpoPHK-aap TiHaepain aamybl men
rOMeOCTa3bIH peTTey/e eIyl pea aTtkapaasl, aa MukpoPHK-HbIH peTTeayiniy Oy3blaybl KaTepai icik,
JKYPeK-TaMbIp, HeBPOAOTMAABIK >KoHe MeTab0AMKaAbK aypyadap CHUAKTB dpTYpai aypyaAapAblH
11aTo(pU3MOAOTMSICEIHA KAThICTHI[8].

MuxpoPHK >xakbiHAa >kacyIaablK KapTalO4blH MaHBI3ALI peTTeyllidepi peTiHAe naiiga 60a4b1
>KoHe KpIcKa, KoaraamaraH PHK Ooasmm TaOwpiaager, oaap Makcartet MPHK  skcrpeccusicsin
Adntekriaiknien crienudukaablK Typae perreiigi, MPHK aerpasganuscelH HeMece TpPaHCAAIUSIABIK,
perpeccusiHel Tyablpaabl. Perreyii marbiH MoaeKyaadap Kaackl peTiHge MukpoPHK Omoaormsaabix
dyHKIMAAapABIH KeH ayKbIMBIH KepceTei, COHBIH ilTiHAe AiH >KacyIlllalapbIHBIH ©3iH-631 JKaHapTybIHa,
>KacyIa mpoandepannsachlHa, alloNTO3Fa JKoHe MeTaboAu3MTe acep eTeai.

Tin yariaepin npoduaraey kapraio musiHAarsl MUKpoPHK perreayinin aaramksl doaeadepin
Oepai. AaaMHBIH IIpe(pPOHTaAbABI KBIPTBICHIHAH aAblHFaH yariaepae MukpoPHK-34, MukpoPHK-33b,
MuxkpoPHK-181 >xone MukpoPHK-1271 >xacbiHa OaiiaaHBICTBI OeAceHAIpY KepceTiareH. YKcac yAriaep
MaKaKa MUBIHBIH yATizepiHge Oarikaaasl, cCOHbIH intiHAe Kocsimina MukpoPHK-29b muxkpoPHKcs! 6ap.
Teimkangapaa Mu MeH Oaybip TiHgepinge MukpoPHK-30d, MukpoPHK-34a, MwnuxpoPHK-468,
MukpoPHK-669b >xene MukpoPHK-709 xepcetkimTepiniy >kacka 0ailaaHBICTBI >KOFapblAaybl
6arikaaael, aa MukpoPHK-22, MukpoPHK-101a, MukpoPHK-720, MukpoPHK -721 ek Muaa raHa ecrTi,
Oipak Kopi THIIIKaHAAPABIH OaybIpbIHAA DCIIpeccusch Oalikaamaarbi[9]. Muaarsl KeiOip >KOFapblaaraH
MuUKpoPHK MUTOXOHAPUMAABIK (PYHKUMSAHBI Oackapaabl JAell OoAXKaHFaH, Oy/A MUITOXOHAPUSABIK
(QYHKUMAHBIH peTTeAyiHiH Oy3BIAYBI >KacKa OalldaHBICTBI IIpollecTepAiH Herisri (pakTOpbl OOABIIT
TaObLAATBIHBIH eCKepceK TaHKaAapAbIK JKaFjall eMec.

MukpoPHK-21apaplH  cmHanTuKaAblK (QYHKIIMOHAAABIK >KoHE KYPBIABIMABIK I1AaCTVKaHBI
MOAyAsLMsAAayAa MaHbI3Abl POA aTKapaThIHbI Typaabl gdaeajep kuHaayaa. COHABIKTaH, ©3repTiareH
JKePriAiKTi TpaHCAAIMAABIK peTTey JeMeHIsAja JKoHe Oacka HellpojereHepaTuBTi Oy3bLABICTapAa OKY
MeH ecTe cakTayAbl Oy3ysl MyMKiH. Heitpoaereneparusti aypyaapaarst MukpoPHK peainin Oacrarnks
avaeajepi Herisri mukpoPHK-reneparnmsiaantea Dicer pepmenrtinin maptrer [Iypkunbe skacyiacbiHa
TOH OKOWMBIAYBI >Kacyllla eaiMiHe oKeaeTiHiH kepcerti. Dicer-ain ©6oamaysr muxpoPHK-HbIH
JKOFaAybIMeH, 1lepe0eaaspAblK AereHepalisaMeH >KoHe in Vivo aTaKCHSHBIH AaMybIMeH OaillaHBICTBI
604aap1. Conrnl gepexkrep MuKpoPHK-HBIH skacka 6aliaaHBICTHI HelipojereHepaIusjarsl MaHbI3ABI POAiH
Koaaanasl. Epecek agaMHBIH aaABIHFBI MUBIHAAFEI Dicer-aiH a0asmmscel AapiireiiMep aypysl Oap Muga
OalikaaraHjail aHOMaAbAbl runepdocopaaHybH KoHe HelpojereHeparyssHel TYAbIpAbL. Ocbl >koHe
Dacka aepekTepre Oaill1aHBICTBI HelpoJereHepaTyBTi aypyaapbl Oap HayKacTapAaH aAbIHFaH MU
yariaepinge MukpoPHK npoduain >xacayasiy Oipkarap seprreyaepi Oap. Myicaan, MuxkpoPHK-9,
MukpoPHK-125b >xene MukpoPHK-146 Aabureiimep aypysl Oap HayKacTapAa yaKbITIIIa HEOKOPTeKC
IIeH TUIIIIOKaMIIaAbabl aliMaKTapaa >KOFaphl peTTeaeai .

Mongaymnl cayaeaeny (MC) xxacymainriaik MukpoPHK skcripeccusicein esrepreai

MukpoPHK ceyaeasenyre >kayanm OepeTiH MoJeKyAadap peTiHAe MOHAQYIIBl CoyAeAeHy
cadachlHa Aa KBISBIFYIIBIABIK TyAbIpadbl, COHABIKTAH 3epTTeyllidep icCiKTepAiH coyaleaeHyre
peakIMACBIHBIH Onmomapkepaepi peringe mukpoPHK aaeyerine Haszap ayadapagbl >KoHe KaAbIIITHI
TiHAEPAIH pasualMsAbIK YHITTBIABIFBIH 00AKalAbL.

OJeTre, oHKoreHesre KarbicaTblH MUKpOPHK-aap perreameriiai xene Oya perrey OeAOKTHI
koaraiiTeiH MPHK ®kcripeccusicelH e3repTei, ocblaalillia icik >KacyllladapbIHbIH OakblaaHOATHIH
ecyiHe bIKHaa eredi. ucperyasius a3 HeMece IIaMadaH TBIC 9SKCIpeccHsAAaHybl MYMKiH, Oya
MukpoPHK icikrepai OacaTbiH HeMmece OHKOTeHJEpP peTiHAe >KYMBIC iCTell aJaThIHBIH KepceTeai.
MuxpoPHK skcrpeccrsachl Kacylia Typi, coyAeaeHyAeH KeliHIl yaKbIT )KoHe cayAeAeHy 403achl CUSAKTBI
IapamMeTpepre OallAaHBICTHI ©3T€pPyi MYMKiH.
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Kecre 1

MuxkpoPHK skcnpeccust aeHreiiaepiHiH ©3repicTepiHiH KOppeAasiisiChl XaHe

paanoce3iMTaaAbIK MOAV(UKAIsIAaPbI

Dkcnpeccns o3repici | CoyaeaeHy Typi MeH MukpoPHK Ttypi Kacymaaap
MeaIepi
T 10Tp MuxpoPHK-9, Kan mmaasmacsi[10]
MuxpoPHK-22,
MuxpoPHK-25,
MuxpoPHK-30a,
MuxpoPHK-550a,
MukpoPHK-548
1 10Tp let-7c/d/ e, Kan maasmacer
MuxpoPHK-15a,
MuxpoPHK-17,
MukpoPHK-30d,
MuxpoPHK-92a,
MuxpoPHK-125a
1 10I'p(ramma coayaeci) MuxpoPHK-34 Tepi pudpodaacTs
MuxpoPHK-23 >KaCyI1acel
T 5I'p MukpoPHK-449a Oxkne xacymaaapsi[11]
MuxpoPHK-27a
MukpoPHK-101
MukpoPHK-210
! Srp MukpoPHK-155 Okne xacy1aaapsl
T 0,5 T'p (pentren MuxpoPHK-21 I'mnmoxaMnTeIH
cayaeci) >Xacymiazapsl [12]
1 2 I'p(Geta cayae) MuxkpoPHK-16, DHAOTE AU
MukpoPHK-20a, >KacyIasapnl
MuxpoPHK-21 n
MukpoPHK-29¢
l 2 I'p(6eta coyae) MukpoPHK-18a, DHAOTe AU
MuxpoPHK-125a, Xacymazaapsr [13]
MuxpoPHK-127,
MuxpoPHK-148b,
MunuxpoPHK-189 u
MuxpoPHK -503
T 2 I'p(ramma cayae) MuxpoPHK-887 ITepudepnsanik
MuxpoPHK-1306 KaHAAFbI
MunxpoPHK-1180 MOHOHYKA€apAbl
MunuxpoPHK-1268 xacymaaap [14]
MukpoPHK-371-5p
MunxpoPHK-630
! 2 I'p(ramma coyae) MukpoPHK-1237 Ilepudepnsank
MuxpoPHK-30a KaHAAFbI
MuxpoPHK-598 MOHOHYKAeapAbl
MuxpoPHK-601 Kacymlaaap
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OpTyp4i X)acymaaap MukpoPHK-aapapr 6acka TiHgepre mibirapa adaapl koHe 0ya MukpoPHK
MaKCaTThl TeHAePAiH DKCIIPeCCUsCHIH peTTey apKblAbl pellelITOPABIK JKacylllaldapAblH KbI3MeTiH ©3repTy
YILIiH >KacyllaJaH >Kacylllara CUTHaA Oepy HbIcaHbl peTiHge opekeT ereai. Keitbip muxpoPHK-aap
Be3MKyJaJdapAblH OipHellle TypaepiHe, acipece ®K3ocoMadap¥a OpaAaThIHbl KOPCeTiadi, AunmuaTepMeH
JKoHe aKybI3gapMeH OaitaanpicTel MUKpoPHK nonyasnmsaaps! 4a eTe KeIl KeHe OCblaalillla capbICysa
’KeHe Oacka JeHe CYMBIKTBIKTapblHAQ OHall aHbIKTadaabl.KakblHga OKyprisiareH seprreyaep
MukpoPHK-aap Typaabl OHBIH (U3NMOAOTUAABIK >KoHE I1aTOAOTUAABIK IIpoOIlecTepre acep eTeTiH
>KacylllaapaablK OaliaaHbICTapFa KaTbICagbl AereH IMIIOTe3aHbl KOAAalAbL.

Ocplaaiimra, mukpoPHK-aapabr exi kateropusra 6eayre 6oaaapi: oHkoMukpoPHK (icikrepai
OacaTbIH TeHAepai Tepic peTTeligi) koHe aHTM-OHKOMukpoPHK (onkorenaepai tepic perreiiai). bipax
6ip MukpoPHK wmakcarTel TiHAeri OeaceHgiirine OaliAaHBICTBI €Ki ocepai JAe KepceTe aadaabl.
MukpoPHK oaaetTe Karepai icik esrepicrepiMeH OaliaaHBICTHI TEHOMHBIH aliMaKTapblHAA OpHAaJlacaAbl.
MukpoPHK-15a >xene MwukpoPHK-6-1 Oacranksl TpaHCKpuHTTepiHAe aeiiko3da eki MukpoPHK
DKCIIPeCCHCHIHBIH TOMEHAeyiHe KaThICaThlH MyTalmsiaapabl Oarikayra 00aaapi[13].

Connimen karap, perreamenTin MukpoPHK skcrpeccuscer esrepriaren AHK mermagenyi
CMUSKTBI SIMIEHeTUKAABIK e3repicrepmeH OaitaaHbICThl 00aybl MyMkiH. MukpoPHK-34b/c >xene B-
Kacymmaablk, TpaHcaokauyst rei 4 (BTG4) koaopekTaababl OOBIpAAFbl iCIKTiH >KaHa CyIlpeccopAapsl
604pm1 TabbL1aab1 SKoHe MukpoPHK-34b/c sxone BTG4-Ti exi >xaxTs1 perreiitin MukpoPHK-34b/c CpG
apaAbl YCBIHBLAABL. , TOK iIlleK KaTepAi icirinaeri snmureHeTUKaAbIK YHCI3AIKTiH >KaAIbl MaKcaThl OOABIIT
TaObLAAADI.

KopbIThIHABI

Baparpik Tipi opraHusMJep KapTasAbl KoHe eMip OOMBl MOHAAYIIBI CoyAeleHyTe YIIbIPalibl.
Taburu aacrany TypaepiHniy Oipi peTiHAe KOpIllaraH OpTalarbl >KOFaphl TAOUFU pasraliusAbIK (POH eIl
caHayra 0Ooaaapl. VloHaaymipl coyaedeHy CHUAKTBI CBIPTKBI (PakTopaap KapTalo IIpOIleCiH Te3AeTyi
MyMKiH. JKacymasapablH opTypai TUITepiHAeri paAMallsHBIH oCepiHeH KapTaio >KacylladapAblH
KapTaloblHa >KoHe ©3 Ke3eriHAe 9pTYypAi HEeBPOAOIMAABIK >KoHe KYIKe-TICMXMKAaABIK Oy3blayAapAblH,
KarepAi icik, AaplreiiMep aypysl >koHe ITapKMHCOH aypybl CHAKTHI Kacka OaliaaHBICTHI aypyAapAblH
AaMYybIHA 9KeAyi MYMKiH.

Counrnr xpragapsl MuxpoPHK aerr aTasarsin kpicka 6ip TisOekti PHK Moaekyaaaapsl apKbLAbI
TeH 9KCIPeCCUACHIH THOCTTPAaHCKPUIIIMAABIK, 0OaKblaay >KYMeCiHiH KaABIITH  (PU3MOAOTUAABIK,
HpoliecTepai perreyje >KoHe KOITereH aypyAapA4blH, COHBIH ilTiHAe KaTepai icikTepail IaTtoreHesinge
MaHBI3BI  30p, alKbIH 0044pl. Pagmanumsabik oacepre Oaitaanepictel  MuKpoPHK — npodnaine
TpaHCreHepalMsABIK acepAi 3epTTey >Kacylla ocyiHiH OasyJayblHa 9KeJeTiH IeH BDKCIIpeccHsChIHa
MaKCaTThI acep eTyAi XKy3ere acblpyfa MyMKiHAIK Oepeai. Paguanus MukpoPHK apkbLasl apeker eTeai
SKoHe >KacCyIllaHbIH KapTaloblHa oKeaeai, Oya KelliHHeH XaAbIKTBIH AeHCayAbIFbIHA acep eTeli.

Kapxblaanapipy. Kywmpic Kasakcran PecriyOamkacer  ThiabiM  >keHe  >Korapbl  0iaim
MMHUCTPAITiHiH K0A4aybl OOIbIHINIA OpbIHAAAABI (TpaHT N2 AP14870508).
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I1.M. ToiGekoBa, O.B. byarakosa, P.J1. bepcumoOart
Espasuiickuii nayuonaronvui yrusepcumem um. /.H. I'ymuresa, Acmana, Kasaxcman

Poap muroxougapuii u MukpoPHK B pagmaimoHHO-MHAYIIPOBAHHOM CTapeHUN

AnnoTtamms. CrapeHne HaceleHMsI YCKOpPseTCsI BO BCeM MIpe, CO34aBasl HArpysKy Ha
r100a4ApHYI0O SKOHOMMUKY M CAY>XOBI 3apaBooxpaHeHnsd. KaerouHoe crapeHme BHOCUT 3Ha4MTEAbHBIN
BKJa/, B pa3ANdHbBle BO3pacTHBIe HEBPOAOTMYeCKUe ¥ HepBHO-TIICUXMYeCcKle pacCTPONCTBa, BKAIOYas
0oae3nr AabnreiiMepa u 6oae3Hp IlapkmHcona. Hekoropsle BHemmHume ¢akTopbl, Takue, Kak
BO3/elICTBIe MOHU3UPYIOIIeTro N3Ay4eHIsl, MOTyT YCKOPUTh CTapeHue.

B mocaeaHme r10aBI CTaA0 M3BECTHO, 4YTO MOCTTPAHCKPUIILIMOHHAs CHCTeMa KOHTPOAs
DKCIIpeccuy I'eHOB KOPOTKMMM OJHollenodyedHbiMu Moaekyaamu PHK, naspiBaembiMu MukpoPHK,
UTPAIOT Ba’KHYIO pOAb B Pery sy HOpMaAbHBIX (PU3M0A0TYeCKX ITPOIIeCCOB I B IaTOreHe3e MHOTHX
3ab04eBaHMII, BKAIOYasl BO3pacTHble 3a0o4eBaHMs. B oToit cTatbhe paccMaTpmBaioTcsl OMoAOTMYecKyue
¢ PexTsl paanaruy, BAUSHIE pasuallui Ha CTapeHne B pa3ANYHBIX TUITaX KA€TOK I COOTBETCTBYIOIIVIe
MoOAeKyAspHble MexaHn3Mbl MUKpoPHK.
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Karouesble ca0Ba: MOHU3MpPYIOILee WM3AydeHHUE, CTapeHue KaeTok, mnospexaenne JHK,
mukpoPHK.

P.M. Toibekova, O.V. Bulgakova, R.I. Bersimbai
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

The role of mitochondria and microRNAs in radiation-induced aging

Abstract. Population aging is accelerating worldwide, straining the global economy and health
services. Cellular senescence is a significant contributor to various age-related neurological and
neuropsychiatric disorders, including Alzheimer’s disease and Parkinson’s disease. Some external
factors, such as exposure to ionizing radiation, can accelerate aging.

In recent years, it has become known that the post-transcriptional control system of gene
expression by short single-stranded RNA molecules, called microRNAs, is of great importance in the
regulation of normal physiological processes and in the pathogenesis of many diseases, including age-
related diseases. This article reviews the biological effects of radiation, the effects of radiation on aging
in various cell types, and the relevant molecular mechanisms of microRNAs.

Keywords: ionizing radiation, cell aging, DNA damage, microRNA.
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Ypan eHgipici MaHBIHZA TYpPaTBIH XaabIKTBIH OVMOAOTMSIABIK, CbIHaMalapbIHAAFbI
ypaHHBIH MeAllepiH Oaraaay

Anpatna. Ondipicmix xardvikmapmer KOpuiazan opmanvly, AACManyvl, Kasipzi mandazol
esexmi macererepdi Oipi. Cor cebenmi paduoaxmusmi KAAOVIKMAP KOUMACHIHbIY, MAHLIHOA
MypamvlH mypeulHOap Yulin, OHblH Y3aK KolAdap 00UbiHA AdAM A23ACOIHA MUzisemin acepin
sepmimen, OYA MaceAeHi ety KoAIApLiH AHLIKMAY MaHv30vl 00AbIN 1AOLIAADDL.
Maxarada  paduoaxmuemi — KAAJGIKMAP — KOUMACLL aiimaxmapviroazol
KAYIncis0ikmi KamMmamacols emy Macererepite, erimizoeci

paduaLUSAbIK
paduoakmuemi  kardviKmapovl
caxmay opuiHOApbLIHLIY, KA3Ip2l Kazdaibl myparvl MoAimemmepze wioAy xacarear. CorvimeH
Kamap paouoHyxAudmepdin, Hezsiver, Ypan KAMAPLIHLIN Kopuidzan opma o0vekmirepitde
K03207\Y KOADApbIHA cunammama 0OepiAin, adam azsacvtindazol paduoHyKAUImMepoiy, MoAuepin
bazaraydovir, xKate cayrerery 003acoin ecenmeydin Heziszi macirdepine uioAy xkacaream. bacmol
HA3AP OUOAOZUAALIK ChlHAMAAApOAzel (Waul, MylpHAk, 30p) Yparovl anvikmayea ayoapoiAdul.
Tyiin ce3aep: paduayus, ypar, paouoakmuemi Kardvikmap, 0UOAOZUAALIK COlHAMA, 003ANDIK
Kyimeme, paduorykAudmep.

DOI: 10.32523/2616-7034-2023-143-2-27-38

Kipicne

AyHnexysiaik  aapoablK  KaybeIMAacThIKTEIH (WNA) Mazimerrepine corikec, 2020 >Kblabl
Kasaxcran 19,8 MbIH TOHHa ypaH ©HAip4i, Oya 94eM4iK ypaHHBIH >KaAIlbl KeaAeMiHiH 41 maibI3biH
Kypaapl [1]. Ypan KeH opbIHAaphI HeridiHeH eaiMi3AiH 4 aiiMarblHAa IIOFbIpAaHFaH (kecTe 1).

Eaimizaeri ypan eHaipiciHiH pagnoakTusTi KaaAblK Kolmaaapsl Akraya (Oypoiarer Kacrmii
Tay-KeH  MeTaAAypPIVSABIK, Kaaaplk  Koumacer), Crennorop  (Cremnorop
TMAPOMEeTaAAyPIVSIABIK 3ayBITBIHBIH KaAABIK KOIMachl) >KoHe OckeMeHge (Ya0i MeTaaAypIMAABIK
3ayBITBIHBIH KaAABIK KOJMackl) OpHaJackaH. PaamoakTmBTi KaaAbIKTap paguOaKkTUBTI 3aTTapAblH
KYpaMBIMEH >KoHe OJapAblH Oe/lceHAiAiriHIH KOHIIEHTpanusCHIMEH FaHa eMeC, COHBIMEH Karap
pusMKaabIK >KoHe XMMUAABIK KacueTTepiMeH Je epekiedeHeai. bapabik paanoakTusTi KaaAbIKTapAbIH
aZaMFa >KoHe KOpIIIaFaH OpTara AereH bIKTMMaA Kayinriairi 6oaaasl. bya pIKTMMaAa KayinTiaik geHrerii
9PTYPAi DOAYBI MYMKIH.

KOMOMHAaTBIHBIH

Kecte 1
YpaH KeHi 00beKTiaepi MeH pagrOaKkTHUBTi KaaAbIKTapAbIH aliMaKTap OOJibIHIIIa Tapaaysl [2]

ATaysl Coaryecrik Opraabik OHrycrik ENS (G
Kazakcran Kazakcraun Kazakcran Kazakcran
Ken opHbI 34 6 23 2
Kaaapikrapabl cakTay 1 1 - 1
OpPHBI
Kaagapixrap (MbIH/M3) 49 450,0 420,0 - 104 000,0
Kaamnsr keaemi (Mbir/M3) 54 502,8 1013,3 9124,3 104 000,0
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byprinrsl ypan eHgipiciHeH KaaraH ecki ypaH OpBIHAAPBIH KOHCepBamusaay xyMmeictapsl 2007
KBIABI asKTaAFaHBIMEH KeIlleHAl MOHMTOPMHITIK >KYMBICTAap icke acelpblamMaint oOTeIp. JXyprisren
seprreyaep Crennorop tay-keH xumus komOnHatel (CTKXK) KaaabIK KOVMachIHBIH KOpIllaraH OpTara
Kepi ocepiH TUTI3eTiHiH, TONBIPAKTBIH, CYABIH, OCIMAIKTEpAiH pajMOHYKAMATEPMEH AacTaHybIHaH
KopceTKeH. PaanoxumMmsaslK Taagayaapasiy kepcerkimrepi, CyaykaMBbIC Cy KOVMIMacCBIHBIH yATidepiHge
28U sxeHe 2?6Ra KOHIIeHTpaIM:ACH Oakblaay JeHrelliHeH calikecinme 21 >xene 4 ece, aa ManniOaii
KOVIMachIHAAFbI Cy yATiaepinge 28U yaecrik OeaceHaiairi Oakplaay MoHiHeH 28 ece >KOFaphl e€KeHiH
KopceTkeH. ©OciMaiK yariaepiHgeri pagMOHYKAMATEp KYpaMBIHBIH e©3Tepyi Oaxplaay aliMarbiHa
KaparaHaa 28U >xone — 15 ece, 2°Ra — 155 ece, 2'Th — 54 ece >xorapsl OoaraH. AKCY ayblABIHAA TYPaThIH
JKEPIidikTi XaAblK VIINiH TeXHOTeHAIK C9yaeleHy Ko3AepiHeH TYBIHAAWTHIH >KBIAABIK THiMai ao3a 1
M3B/>KBIA HOPMaCBhIHAA ~ 6,5 M3B/>KblA KyparaH [3-4].

PaamoakTuBTi KaaAbIK KOVMIMAaCBIHBIH MaHBIHAA TaMMa-cayaeleHy 2,5-6,0 MK3B/caF KypailTBIHBIH
KkepcetrTi, Oya Taburn poHABK aeHreiigeH 20-30 ece >xorapsl. ConbiMen Katap CTKXK enepkacinTik
oObeKTidepiHe >KaKbIH ayMaKTapJarbl paAlalMAABIK >KaF4allgbl 3epTTey >KYMBICTapbl TOIIBIPAKTBIH
AacTaHybIHBIH Oipkeaki emectirin kepceTti. bya xaraaiiga aacraymisl paguoHyKanuaTep kebinece 2¥U,
251 xoHe #°Ra, 29Pb, 2Th 6044851 [5].

O/eM OOIIBIHINIA KOITEereH eajepde OpTallla >KoHe SKOFaphl AeHTelAeri caAbICTHIPMAaAbl TYpAe
LIaFbIH KeAeMJAi paslioaKTUBTI KaaAbIKTap KoliMaJdapbl Kesgeceai. OpTypAai easepderi paalOaKTUBTI
Ka4ABIKTapAbl CcaKTay OpBbIHAApBIHAAFbl paAMalMAABIK >Kafdall TypaAbl MaTepualjapra II0AY
SKYMBICTapBhl, 0OAapAblH KOpPIIaraH OpTaFra Kepi acepiH KepceTTi.

Paanonykanarepaiy Tay-KeH ©HAIpici, pa4MoOakTUBTI KaaABIKTap KolMadapbl apKblAbI
aTMocdepara IIBIFapblAYbl, YPaHHBIH KOpPILIFaH OpTajaFbl MUTPAIVICHIH KOFapblaaTaabl. Kopiiaran
opra oObeKTizepiHe TaparaH ypaH, adaM ar3acblHa «Cy — TOIBIpaK — ©CIMAIK — aybld IIapyalllblAbIFbI
eHiMAepi (CYT, eT) — agaM» TizOeri OOTiBIHIIIA TackIMaAdaHaasl (cyper 1).

XKepactei cy ATMocdepanbik Kepycri cy
TaChIMaJIbl TackIMajl 7 TaChIMAJIbI
Osew, Ko, Aysb1-
Tewis, MyxuT |e>  TOMBIPAK (1] Ocimaik  je—} mapyambuibik
cyapsl JKaHyapJapbl
Aya
\ N N
Kapror, Kexkenicrep, Cyr, er,
Banbik, . .
6 »KapMaiap, KEMICTEP, KOHCEPBUIED,
Kpal A
P CaHBIPAYKYJIAK KaHT, 6as ipimiik

Anam ar3acel

Cypert 1. Kopmaran opTa o0beKkTiaepiHeH ypaHHBIH ajaM aF3acblHa TYCy JKoaaapubl [6]
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ATmocdepaga, KepacTsl XKoHe XXepYCTi cyaapblHJa, TOMBIpaKTa, ayajda TapaAfaH ypaH Oeariai
Ti30eK apKbILABI aJaM aF3achlHa TacbIMaadjaHaabl. AtMocdepadarbl ypaH MUTPalVACH  TypAai
daxTopaapabIH ocepine OailAaHBICTEI dPTYpPAi AeHreiige 0OAYbI MYMKiH. YpaH TaMakIIeH >KoHe CyMeH
Oipre ackasaH-illleK >KOAJapblHa, ayaMeH TBIHBIC aady >KOAJapblHa, COHBIMEH KaTap Tepi >KoHe
IIBIPBIIITEI KabaTTap apKblabl Tycedi [7].

YpaHHDBIH TaMaKIIeH JKoHe CyMeH acKasaH-illleK J)KOaAapblHa eHyi

OcimaixTepaiH Hemece >XKaHyapAapAblH YpaHABI CiHipyi TOIBIpaKTarbl, ayaJarbl >KoHe CyAaFrbl
ypaHHBIH, aJaMHBIH KOPeKTiK Tiz0eriHe eHyiHiH OacThl MexaHM3Mi 0oapin TaOblaaabl. OciMaikrepaeri
PaAVOHYKAMATEPAIH TaMbIP acCUMMUAALMACH pallOaKTUBTI 3aTTapAblH MeAlllepiMeH, epirilririMeH,
TOIBIPAKTBIH (PU3UKA-XMMUABIK KacueTTepiMeH, eciMAiKTepAiH PU3MOAOTUAABIK epeKIleliKTepiMeH
aHbIKTaJaAbl. YpaH eciM4iK TaMbIpAapblHa aAcopOLMsAAaHBII, caHbIpayKyJdakTapaa, >XHUJAeKTepae,
>Kabalibl KeMicTepae, 49pidiK >KoHe KeMAiK eciMaikrepae Kemrell >KnHaaaAbl [8]. Keribip seprreyaep
©CiMAIK  TaMBIPbIHAAFbl YPaHHBIH KOHLIEHTPAUMACHL  TOIBIpaKTarbl ypaH KOHIEHTpalMsChIHA
IIpOIIOPIIIOHaA eKeHiH kepceTTi [9]. bakblaayaap kepceTkeHAel, TaOUFyM >KeM-IIOIT aAKalTapbIHbIH
eciMaiKTepl opTypai ayblAlllapyalllBIABIK JaKblAJdapblHa KaparaHga >KOFapbl pPaAlOaKTUBTiAIKIIEH
cuntarraaaabl [10]. Bya sxanbrapiMaarsl >KaHyapaapAblH YpaHABI KOII MeAlllepAe CiHipyiHe aAbIIl KeAeai.
byran paamoaxTusTi KaaAbIKTapMeH JAacTaHFaH aliMaKTapJarbl ecipiareH ipi kKapa Maa eTiHAeri
PaAVOHYKANATEPAIH >KOFapbl KOHIIeHTpaLysACh 4a4e4 [11].

Coaariina, ypaH 3aybITBIHBIH JKaHbIHAA ©CipiAreH TaraMAbl TYTBIHY KyHiHe 4,5 MKr-ra AeiiiH
xetyi MyMKiH [12]. JKanonusasa panyoHBIHAAFRl YpaHHBIH MeAallepi Tayairine 0,86-aan 1,02 Mkr-ra
Aentin esrepce, lraamsaga ypaHHBIH XaAblK YIIH TYTBIHYBI ToyairiHe 2,9—4,8 MKI auara3oHbIHAA
Oarasanapr [13,14]. XKaansr ayHme >Xy3i OOMBIHIIIA YpaHHBIH azaM ar3achlHa TYCYiHiH TYTBIHY MoHAepi
Toyairine 0,9-4,8 MKr apaabIfbIHAQ, OpTallla ecertrieH 1,5 MKr/Toyaik Kypaiiasl [15].

AypI3 Cy YIIIiH ypaHABI TYTBIHYABI Oaraday op Typ4i, Oipak oprara kepcetkimt mamame 0,9-1,5
MKI/ToyAiK apaablFbiHAa 00aaabl [16]. Herisinen Oya KepceTkirTep >KepridikTi CyAbIH ypaHMeH AacTaHy
AdpexeciHe OallaaHBICTBI op TypAai O0oaaabl. En >xorapsr kepcetkimrep Hpio-Mekcukoaarsr AMOpocus
KOiHiH CcybIHAa (YpaH eHJey XKoHe eHAipy aitMarhl) [17], Kaandopuusaaarsr Can-XoaknH aaKaObIHAAFbI
ayblAIIapyallblABIK ApPeHakKABIK SkoHe OyaaHy TOFaHAApBIHBIH cybIHAa [18] >kone Hpio-MeKkcnKoOHBIH
coarycriringeri Hambe aitmarpinaars! >kep acThl cyaapbiHaa Oaiikaaasr [19]. Aa Kentykkmgeri Oraiio
©3eHiHe KYSTHIH aFblH CyAapbIHAAFbl YpaH KOHIIeHTpauysice 1-700 MKr/a apaasirsinga 60a4pr [20].

YpanHbIH ayaMeH TBIHBIC aay )K0AAapbl apKbLAbl eHyi

Ayaga ypan maH TypiHge Ooaaabl. IllaHaa KesjeceTiH ypaHHBIH ©Te ycak Oealrekrepi cyra,
eciMgikrepre >KoHe >Xepre Tycyi MyMkKiH. JKanOblp ypaHHBIH ayagaH >Xepre TyCy >KblAJaMABIFbIH
apTThIpaabl. AyaJarbl ypaH agaM ar3achlHa Tepi (4eHeJeri alllblK JKapakaTTap) >KoHe ThIHBIC aay apKbLAbl
eHeai. TeIHBIC a4y >KOAbBI apKblAbl YpaHHBIH OpTallla TyAiKTiK arzara Tycy mearepi 0,010 mxr - 0,0010
MKT apaAbIFbIHAA Aell OaradaHaAbl [21-22].

YpaHHbIH ar3ara opTypAi TYCy >KoAjapbIMeH CiHipidyl ypaH KOCBLABICTApPBIHBIH XMMMSABIK
epeKIleAikTepiHe, OHBIH €pirilITiri MeH KeaeMiHe OallAaHBICTHL. Y PaHHBIH €pUTiH KOCBLABICTaphl YIIiH
IIPK (mrexti pykcat etiareH koHneHtpanyst) 0,015 mr/m3, epimenringep yurin - 0,075 mr/m® Kypaiasl.
AckaszaH iIeK >KO4bIHAA yPaHHBIH €pUTIH KOCHLABICTAPbIHBIH 1%-blI, a4 epiMeNiTiH KOChLABICTapbIHbIH
0,1%-31, exmieae covikecinie 50% >xoHe 20%-bI ciHeai. Ypanmna Hutparel, Gpropuai, xaopuai (V), okcnai
(VI) Oeariai 6ip MeaIepae Tepi apKblAbl €HCe, epiMeNTiH KOChIABICTaphl MyadeM eHOeiiai [23]. Aaam
ar3achblHa eHTeHHeH KelliH epUTiH ypaH KOChLABICTaphl KaHFa Te3 CiHill, aFr3alap MeH TiHaepre Tapadalbl.

3epTTeyaep HOTUKeAepi OOIBIHINIA ypaHHBIH ar3aja Oipkeaki TapaAMaWTLIHBI, HeTidiHeH
KaHKaga, Oponx-exine aumda Tyiingepinge, kokOaybipaa, coHAali-aK OylipeKkTe >KoHe DaybIpAa Kol
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MealllepJe >KMHaKTaJAaThIHBIH KepcetTTi [24,25]. Epecexk asaMHBIH AeHeciHAe YpaHHBIH MeAIlepi
mamaMeH 90 MKr Kypaca, OHBIH 66% cyiiekre, 16% Oayvipaa, 8% Oyiipexre, 10% Oacka TiHAepAe
SKMHAKTaJAaAwl [26].

YpaHHBIH ajaM JeHcayAbIFbIHA dcepi ayblp MeTaAdapAblH XMMMAABIK YBITTBLABIFBIMEH JKoHe a3
Adpexeae OHBIH PaAMOaKTUBTI KacHeTTepiMeH TyciHgipiaeai [27]. YpaH KOCBIABICTaPBIHBIH XMMMUAABIK
YBITTBLABIFBI OHBIH TypiHe OallaaHBICTBI op TypAai 60aaabl. Kanyapaapra KyprisiareH Toxipuodeaepain
Heri3iHJe Ke/eci 3aHABLABIKTap aHbIKTaAAbI:

- TIOTi yaAKeH go3ajapblga caablcThIipMaabl Typde yuITTH eMec: UO2, UsOs, UFs (epimeriTin
KOCBLABICTap), Oipak 0Aap TBHIHBIC aay Ke3iHje Ke3iHAe KayilTi 00Aybl MYMKiH;

- YakeH goszaga yasl: UOs (arsaga Oasty epuai);

- oprama Meanepae yasl: UO2(NOs)2, UO4-2H20, Na2U20y (epirii KocbLabICTap);

- a3 aozazapaa aa ote yabl: UO2F2, UFs (ypaHHBIH yABLABIFBI aHMOHHBIH YBITTBIABIFBIMEH
Ky1eiteai) [28].

YpaHHBIH AeHcay/AbIKKa acepi Typaabl 3epTTeyAepAiH COHFBI HOTU Ke/lepi OHBbIH TepaTOTeHAiK
[29, 30], sHAOKpUHAIK Oy3blabicTap [31], reHeTMKAABIK 3aKbIM [32] >KoHe HEMPOTOKCUKAABIK dcepaep
CMSKTHI YBITTBLABIKTBIH 944eKaiida KeH CIeKTpiH KepcererTi [33, 34]. KepceTkimTep ypaHMeH AacTaHy
Kayimi Oap aliMaKTap4arpl TYPFBIHAAP YIIiH YPaHHBIH MOAIEpiH aHBIKTayAbIH ©3€KTiAiriH KepceTeai.
ByHaait seprTeyaep >Xypridy yliiH, kebiHe KOpIlaFaH OpTaHBIH ©3TepyiHiH OMOMHAMKATOPHI peTiHAe
ITIaIl, TRIPHAK, KaH, 39p >kKoHe 0acka 4a OMOAOTUAABIK ChIHaMaJapAbl MaridalaHaasr [35,36].

Hecen CbIHaMaJapbIHAa¥rbl YpPaHHDbIH Meaepi

AsaMHBIH HeceOiHAeTI ypaHABI 3epTTey illlKi coyaeaeHyAi 403MMeTpUAABIK OaKblaayAbIH Herisri
94ici 0oabIT TabBLAaABl. YpaHHBIH aybl3 Cy apKbLAbI €yi Hemece KypaMbIHAa ypaHbl Oap Oearrekrepai
MHTraAs1usAayAbl aHBIKTay Ke3iHAe Hecell aHaAmsi KoagaHblaaabl [37]. Hecemreri ypaH, oHbBIH adam
ar3achlHAAFBl MOAIIEepPAiK AeHreiliHe OallAaHBICTBI OpPraHU3MHEH O©AiHy >KBLAAaMABIFBIHBIH OeAariai
3aHABLABIKTapBIHA COVIKEC, OCBl DAE€MEHTTIH ar3aja >KMHAKTAaAyBIHBIH KepceTkimi 0Ooaa aaaasr [38].
AKI-1e1H Sapoank perrey kommccuscel (NRC) kocinTik acepre yimbiparaH ajamJap yILIiH Hecerreri
ypaH geHreriin 15 Mkr/a aen Oeariaeai [39].

Eaimizaeri Xapacan-2 KeHillli aliMarbIHBIH 9KOAOIMAABIK JKafdallblH 3epTTey Ke3iHJg,
O10A0TMAABIK ChIHAMaJdapAarbl ypaH KOHIIEHTpalMsChl HecelTe 4 MKI/A acIlaifiThIH IIIeKTepJe
a"bIKTaaAb! [40].

bipueme ypan kenimrepi >xymeic icrentin Onrycrik-bBateic Hurepnsiga necenreri ypaHHBIH
MoH/Jepi >XepridiKTi XaAKbIHBIH ©KilJepiHeH aHBIKTaAAbl. Ep koHe ollea >KBIHBICTAFrbl epikTidepaeH (3
KacTaH 78 >Kacka JeliH) 24 caraTTBIK 39p YATidepiH >XMHay YCbIHBIAABL Hecenreri ypaHHBIH
KOHIIEHTPaLVSICHIH ©AI1Iey MHAYKTUBTI OailaaHbICKaH Illa3MaAablK Macc-criekTpoMerpusinbl (ICP-MS)
nalijasaHa OTBIPBII >Kyprisiaai. Hecenreri ypan KOHII@HTpaIMsChl >KoHE OAapAblH KaABIIIKA
KeATipiaTeH KpeaTVHMH MaHAepi 15 >kacTaH ep >koHe aiea agamAap yiuiH tuicinmie 10,4-ten 150 Hr/a-re
AeliiH >xoHe 2,52-AeH 252,7 HI/T KpeaTuHUHTre AeiiiH e3repai. Aa 15 >kacka AeitiHri TypreiHAapda 61,6
Hr/A >xoHe 76,0 HI/T-Fa JeliH KpeaTMHMH 9DKCKPeLMACBIHBIH >KOFapbllaybl aHBIKTaaabl. Oprarma
TOYAIKTIK IIBIFApBLAATBIH ypaH, epecekrep YIIiH 14,2 Hr >keHe Oadaaap yuriH 45,1 Hr gen GaraaaHaabl
[41].

ITam >)xeHe THIpHAK ChbIHAaMaJAapbIHAAFEI ypaH

AsaMHBIH IIalllbl MeH ThIpHaKTapbIHAAFbl DAeMEHTTepAiH MeAllepi, >KepridikTi XaAblKKa
TaOuEM pajAMOHYKAUATep MeH 0Oacka MeTaajapAblH ocep eTyiHiH OadaMaabl KOPCETKilli OO0ABII
TabbLaaAbl. OaapABIH KypaMBbl MeH CHIPTKBI TYpPiHAETI e3repicrepi geHeae SKMHaKTaAFaH DAeMeHTTepAiH
KeTicreyIiairinig Hemece keIl MeaIIepe 00aybIH KepceTedi [42]. Oaap KaHMeH, TepMeH,
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TOPMOHAApPMeH >KoHe (pepMeHTTEpPMeEH, COHAAl-aK TeHeTMKaAblK (akTopaapMeH OakKbliaHaABl KoHE
Oeariai Oip Aopexeae opraHmsMAe 0OAaTBIH (PU3NOAOIVAABIK IIPOLIECTEPAIH KOPCeTKIIi OOABIIT
Tabpraaas! [43]. buoaormsaaslK cplHaMadapAblH Oacka TypAepiMeH CaabICTBIPFaHAQ, IIAIll IIeH THIPHAK
Tep, KaH >KoHe Hecell CUAKTHI TiHJepre KaparaHaa OipHellle apThIKIIbLABIKTapra me [44]. lamr nen
TBIPHAKTBIH ~ aybIPTIIAABIKCHI3  aAbIHYBl, OHAll  KMHaAybl JKoHe TachIMaadJaHybl, Oeame
TeMIlepaTypachlHAa JKOFaphl TYPaKThLABIFBI JKoHe Dacka AeHe CyMBIKTBIKTaphl MeH TiHAepiHe KaparaHaa
BAeMEHTTePAIH CaABICTBIPMAaAabl TyPAe >KOFapbl KOHLIEHTPAILVSICHL CUSKTBI KOIITereH cUIlaTTamalapbl
0AapAbl 3epTXaHaAbIK TaaJdayFa KOAailAbl OObeKT peTiHje TaHAall adyFa MYMKiHAiK Oepeai [45].

CepOnsiga Tabury pagnoakTusTiairi >xorapsr Humka bars kaaacsiHAa agaMHBIH IIAIITaphl MEH
TBIpHaKTapBIHAAFBl ypaH, TOpuUIl >XKoHe Oacka Ja KeiOip yabl 9aeMeHTTepAiH AeHTeili aHLIKTaAFaH.
AjaMJapAblH IIallbl MeH ThIpHaKTapblHAAFbl D/AeMeHTTep KOHLIEHTPaLVIACHIHBIH YAKEH aybITKYb
OarikaaraH. Ocipece, TOpUIl AeHrelliHiH aJaMHBIH IIaIlbIHAAQ Aa, THIPHAFBIHAA Ja >KOFaphl eKeHi
aHBIKTAAABI [46].

Onrycrik Adpmkaza agaMHBIH IIaIIbIHAH YPaHHBIH MOAIIepi aHBIKTaAAbL. AlIMaKTaFrbl
TYPFBIHAQPABIH LIAIITapbIHAA ©AIIEHIeH ypaH KOHILIeHTpaLsAChl ypaHHBIH KOFaphl AeHTelliH KepCeTTi.
Ypan mongepi 31 MKr/kr-aaH 2524 MKI/Kr-fa AeiiiH aybITKbpiFaH [47]. Peceit ®Peaepanusaceigarer Cidip
xumusi KoMOuHaThHBIH (CXK) >kakplH ayMakTapblHAArbl 0adasdap IIOIYASIVACHIHBIH IIIaIIbIHBIH
DAEMEHTTIK KypaMbIH 3epTrey AepekrepiHe corikec, CXK amarbiHan 4 KblAgaH KeliH aAbIHFaH
yArizepinge ypaH, TOpuil paiMOHYKAUATEpPiHiIH >KOraphl MoHJAepi aHbIKTaaabl [48]. bya Oakplaay,
HIaIITaFbl ypaH KOHILIEHTPaLMACBIHBIH CO3BLAMAaAbl ocep eTy Ke3iHze KaH MeH 3apderi ypaH
KOHIIEHTPaLVsChIH KOPCeTyi MyMKIiH AeTeH TYCiHIKTi pacTaabl.

Keiibip ®aemeHTTEpAiH, COHBIH IlIiHAe ypaH MeH TOPUMAIH IIall IIeH ThIPHaKTa KaHFa
KaparaHJAa d914eKalija >KOFaphl AeHrelige 0oaaThIHBI Oarikaaasl [49]. Vspanap raabIMaaphl IIAIITaFbl
ypaH KOHLIEHTPALMsChl HeceIllleH CaAbICThIpFaHJa OpTa ecelllleH IIaMaMeH CeTi3 ece >KOFapbl eKeHiH
kepcerti. Ocplaalillia, y3aK yakbIT OOMbIHa ocepai Oafaday VIIiH INAINTaFbl ypaHHBIH Oip peTTik
TaAjaysl OipHellle Hecell yATiAepiHiH TaaAaybIH aaMacTeipa adaasl [50].

IMamrarer  ypan KoHneHTtpanuscel 100 MrI/kr-aeH TeMeH adaMAapAbl Ta3a MOHABIK
coyleleHOereH Jemn caHayfa Ooaaabl. MyHAail ajdaMaap KOCBIMINa OarasdayAbl Ka’kKeT eTIeNAi.
Mlamrrarer ypauusg Meamepi 100-aen 10 000 Mr/Kr aybITKbICa >KOFaphl KOPCETKIIT OOABIN ecerTeaeai.
Aa erepge ypan konnentpanyscel 10 000 mr/kr-HaH acaThiH 004ca, ypaHMeH OyiipeK 3aKbIMJaHYbIH
aHBIKTAlTBIH ChIHAY JKYMBICTAaphl KYprisiayi tuic [51].

KopsIThIHABI

Taaaanran seprTeyaepre cylieHe OTBIPBII, ypaH JKoHe 0acka J4a Tay-KeH aiiMaKTapbl YIIiH OCbI
ayMaKTbIH 9KOAOTMAABIK >KarjailbIH TUiMAl Oarasay >KoHe OHBIH aJaM ar3achblHa ocepi Typaabl
seprreyaep KaxeT. CoHbIMEH, ypaHHBIH aJaM ar3achlHJa KeIl MeAlllepAe >KMHAKTaAybIHBIH
AeHcayAbIKKa Kepi acepiH eckepe OTBIPBII, OHBIH ar3ara TYCy >KOAAapblH Oakplaay, OMOAOTMAABIK
yAariaepaeri (3op, IIami, THIPHaK) YPaHHBIH KYpaMBIH aHBIKTay ©3eKTi Maceaelepain Oipi 0Goabin
TaObLAATBIABIFBI AHBIKTAAADL.

bBeariai oraHABIK >XeHe IeTeAAiK 3epTTeyIlildepAiH >KYMBICTapbIMEH CaABICTBIpa OTBHIPHIII,
PaAMOHYKAUATEPAIH aJaM ar3achlHa TYCy >KOAJapblH Oarasarl, OMOAOIMAABIK ChIHaMaJapAarbl
ypaHHBIH MeAlllepiH aHBIKTay >KYMBICTapblHa TaaJAay >KYMBICTapbl >Kyprisiaai. Twuicti ocwiHaam
3epTTeyAepAi Kypride OTBHIPBII, >KePIidiKTi XaAblK YIIiH pajllOHyKAMATEpAiH ar3afa TyCyl MeAlllepiH
TOMeHeTeTiH ic-Ilapajapabl YIbIMAACTBIpYyFa 00Aaabl.

Kap>xbraanapipy. riasimu sxymbic “KoHcepBalnusiaaHrad ypaH KeHillITepiHe >KaKblH TYpaThIH
XaABIKTBIH J03a4bIK JKyKTeMeciH Oaraday, SIMAeMUOAOIMAABIK 3ePTTey KoHe JKarbIMChI3 TeXHOTeHAIK
dakTOopaapapl aszalTy >KeHiHJeri ic-mmapaaapabl asipaey” (2022-2024) fpLABIMM >KOOAchl asChIHAA
xyprisiaai (KTH AP14871503, tarceipsic 6epytri KP I7KBM).
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A.C. biokanosa, M.M. baxTtun
Meduyuncxuii ynusepcumem Acmana, Acmana, Kasaxcman

Ornenka cogep>kaHusI ypaHa B OM0A0TM4eCcKIX IIPo0ax HaceaeHWsI, IIPOXXMUBaIOIIero B
OKPpeCTHOCTSX YPaHOBOIO IIPOM3BOACTBA

AnnoTtams. 3arpsAsHeHne OKpy>KaloIllell cpeAbl IIPOMBIILAEHHBIMY OTXOAaMMU SBASETCs OAHOIM
U3 aKTyaAbHBIX IPODAeM Ha CeroAHAINHMI AeHb. [looTOMy 445 HaceaeHus, IPOXMBAIONIETO BOAM3U
XpaHUAMUIA PajuoaKTUBHBIX OTXOAOB, Ba’KHO M3Yy4UTh €ro BAMSHUE Ha OpPraHM3M ueJoBeKa Ha
IPOTSKeHUM MHOTUX A€T U OIPeAeANTD IIyTH pelleHNs 9TOM IPoOAeMBbl.

B crathe mpeacrasaen o030p BOIIpOCOB oOecriedyeHus paiMalliOHHON 0e30I1acHOCTU B 30HaX
CKAaA0B pajuoaKTUBHBIX OTXOA0B, AAHHBIX O COBPEMEHHOM COCTOSHUI MeCT XpaHeHIsI paarioaKTUBHBIX
0oTX040B B cTpaHe. Takke saHa XapaKTepHUCTUKa IIyTeil ABVKeHWs PajiMOHYKAUAOB, B OCHOBHOM, B
00BeKTax OKpy>Kalollleil cpeabl ypaHOBOIO psija, AaH 0030p OCHOBHBIX CIIOCOOOB OLIEHK!U COAep KaHus
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PaAVOHYKAMAOB B OpraHU3Me Yea0BeKa 1 pacdeTta 403 00aydeHns. OCHOBHOe BHUMaHMe ObLA0 yAeAeHO
oIpeAeAeHNIO ypaHa B 0M0A0TMYecKux Ipodax (BOAOCkI, HOITH, MOYa).

Karouesble caoBa: paauanus, ypaH, padlioaKTUBHbIe OTXOAbI, OMoAormyeckast IpoObl, 4030Bast
Harpyska, paAllOHYKAMABIL.

D.S. Bizhanova, M.M. Bakhtin
Astana Medical University, Astana, Kazakhstan

Assessment of uranium content in biological samples of the population living in the vicinity
of uranium production

Abstract. Pollution of the environment by industrial waste is one of the urgent problems today.
Therefore, for the population living near the storage of radioactive waste, it is important to study its
impact on the human body for many years and determine ways to solve this problem.

The article presents an overview of the issues of ensuring radiation safety in the areas of
radioactive waste warehouses, data on the current state of radioactive waste storage sites in the country.
It also provides the characteristic of the ways of movement of radionuclides, mainly in the objects of the
uranium series environment, as well as an overview of the main methods for assessing the content of
radionuclides in the human body and calculating radiation doses. The main attention was paid to the
determination of uranium in biological samples (hair, nails, urine).

Keywords: radiation, uranium, radioactive waste, biological samples, dose load, radionuclides.
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MoOHUTOPMHT BAOBOTIO COCTaBa BpeauTeaey sipOBO ITIeHNIIbI
Ha ceBepO-BOCTOKe Ka3axcraHna

AnnoTtanmst. Jas npedomspaujenus nomepb Ypoxkas NUIEHULDL OM 6PeOHLIX Op2AHUSMOE
Heo0Xo0uMo nocmosnHoe 00HO6AeHUE UHGOPMAUUL O 3AKOHOMEPHOCTIAX HOPMUPOCAHI
pumocanumapnoil cumyayuy 6 azpodUOUEH03AX, HA OCHOSE KOMOPOil NAAHUPYIOMCS U
opeanusosvleatomes  saujumole meponpusmus. LleAb Hayunozo uccAedosanus — nposecnmiu
MOHUMOpUHZ GUMOoPazos Apoeoti NuleHULbl C02AICHO aKOA0z0-2eozpaguueckux son Ha Cesepo-
Bocmowxe Kasaxcmana (na npumepe Ilasrodapckoii  obracmu). B nepuod mnposederiuis
UCCACOOBAHUTL  USYUEHD IEOAIOUUOHHO-IKOAOZUYECKUE Ccmpamesu A0ANMAYUil U makmux
KUSHEHHVIX YUKAOE Pumopazos 6 nocesax SAposotl NuleHuuvl, ux mpoduueckue ces3u, nymu
MUZpAYUTL ¢ N0CE606 HA CMAUUU U HAOOOPOM, 6AUAHUE N0Z00HVIX YCAOGUI 6€2emaAlU0HHO020
nepuooa Ha pasmHoXerue, NUmanue u uX aKmusHoCHIb 6 AZPOUEHO3AX 6 3A6UCUMOCTIY oM Pasvl
passumus nuiernuyvl. Tloayuentvie pesyromanmvl nOKAAAU, UMO HAYUNHASL C Pasvl 6cX0006 U 00
soixoda 6 mpyOKy 3AaKo06ble KYALMYpPLl 3ACEASIAU CKpuimocmeOresvie epedumeru U XAeOHAs
norocamas 6rouika (Phyllotreta vittula). B ¢ase mpydkosanus u worouienus npeodbradaru
saaxoeas mas (Schizaphis graminum) u yuxadxku (Psammotettix striatus), xaebHvie KAOnUKU
(Trigonotylus ruficornis) u nuwenuunviii mpunc (Haplothrips tritici). B ¢ase popmuposarus
HAAUGA 3epHA U MOAOUHOL crerocmu oOHapyxenvl 3aaxosas mas (Schizaphis graminum) u
nuernuunviil mpunc (Haplothrips tritici) ¢ dsyx gopmax (Auuunxu u umazo). Viccaedosariue
NOKA3AA0, 4MO OOALULUHCINGO 6pedumercii 6 nepuod HAYAALHVIX (a3 pas6Umus nuleHuyol
pas6UAIOMCs U NMUMAIOmcs. HA COPHLIX OUKOPACHYUWUX PACHEHUAX, NPOUSPACAOULUX HA
CIMAUUSX, MUZPUPYS. 6 NOCACOYIOUEM HA CAMU SAAKU.

Taxum 06pasom, nposedeHbvie UCCACO06AHUS 6 110Ce6AX SPO6OTl NULeHULLbl ELISEUAU KOMHUAEKC
JdoMuHanmmvlx epedumeneil 6 ycaosusax cesepo-éocmoxa Kasaxcmana: Haplothrips tritici,
Chaetocnema hortensis, Phyllotreta vittula, Trigonotylus ruficornis, Psammotettix striatus, Ho
pacnpedereHue UX 6 UEAOM 1O patioHam O00ACU U N0 PASHOIM  NpedulectseHHUKaAM
HepasHoMepHoe.

KaloueBble caosa: nuenuya, pumogazu, pumocanumapHas ouerka, azpoduoyeHos, cesepo-
socmox Kasaxcmana.

DOI: 10.32523/2616-7034-2023-143-2-39-53

BBeaenne

SlpoBasi mIeHMIIa SBASETCS OCHOBHOM IIPOJOBOABCTBEHHOlV KYABTYPOJ, BBIpaIBaeMOIl B
YCAOBMAX BDKOAOTo-reorparueckux 30H Ha ceBepo-BocToke Kaszaxcrana. BosaearniBanme spoBoii
TITTeHUTTBI Ha TeppUTOPUN ITaBaoaapckon obaacty, XapaKTepU3YIOIecs pes3KoIn
KOHTMHEHTAAbHOCTBIO KAUMATa ¥ JAe(pUINTOM BAarM B IIOYBE, - II€PCIEKTMBHOE HaIlpaBAeHle
pacreHneBoacTBa ceBepo-BocToKa Kasaxcrama [1], Tak Kak mmeHmina o004ajaeT  BBICOKOI
CTPeCCOYCTOMIMBOCTBIO K KAMMATUYECKUM (aKTopaM Cpeabl U HPOAYKTMBHOCTBIO B 3aCyIILAVMBBIX
YCAOBUSIX, XapaKTePHBIX 445 MccaelyeMoro perroHa. Oco0eHHOCTI DKOAOTO-TeorpadpIecKnx 30H — He
eAVHCTBeHHBIN ITOKa3aTeAb IMPOAYKTUMBHOCTU sApOBOI ImeHnIfsl [2—4]. B xauectse BaxHOTO (paxTopa,
OIpeAeAsIONIer0 U BANMAIOIIEIO Ha OObeMbl I104y4aeMOTO ypoKas, HeoODXOAUMMO OTMeTUTh
¢puTOCaHMTapHOE COCTOSHIE TTOCEBOB 1 HacaXkAeHui1 [5, 6].

B mupe Heao0opnl yposkas HIeHUIIBI OT 0OJAe3Hell U BpejuTeaeli eKerogHO COCTaBASIOT B
cpeaneM 14,1% [7]. IToBpe>XAeHHOCTD SPOBOII IITIEHNITH BpeAUTEASIMN MPUBOANUT K CHIUKEHUIO YpOXKast
U yXyAIIeHUIO KadecTBa 3epHa [8]. K mpumepy, B mepuo/ co3pepanus 3epHa, OCOO@HHO KOIAa OHO
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HaylHaeT TBepAeTh, XAeOHble JKYKM BHIOMBAIOT 3HAYUTEABHOE er0 KOAMYeCTBO U3 KOAOCheB Ha 3eMAIO,
NPUBOAS K CHIUDKEHUIO ypoXKanHocTu [9]. BpegoHOCHOCTh IIIEeHMYHOTO TPUIICa 3aKAIOJaeTcs B
CHI>KEHMHU MacChl 3epHa U yXyAIIeHNI ITOCEBHBIX KadecTs ceMsH [10].

OmnepaTtnBHasg uTOCaHUTapHas OIleHKa IIOCEBOB 3€PHOBBIX KyALTYpP IIO3BOAsSET BBIABUTH I
OIIpeAeAUTDh YMCAEHHOCTD U PacpOCTPaHeHHOCTh OCHOBHBIX BpeANUTeAel C IOMOIILIO KOANMYECTBEHHBIX
MeTo40B ydera [11-20]. Baxxno npoBoanTs yder BpeanTeaen Ha Pa3AMYHBIX CTaAUAX Pa3BUTHS SAPOBOM
nmennipl - [21-23]. DTo  1mo3BoasgeT omnpeAeAuTh OCHOBHBIE 3aKOHOMEPHOCTM ¥ IIPMHITUIIBI
BPE4O0HOCHOCTI BpegUTeAell 3ePHOBBIX.

B mporpammax mHTeHCHMpUKAIUM pacTeHMeBOACTBA Ba’KHeNINas pPoAb OTBOAUTCS VMMEHHO
3alluTe pacTeHuil oT 00Ae3Hell, BpeauTeaell U COPHAKOB [24]. B cBs3u ¢ 9TuM 00ABIIYIO aKTyaAbHOCTD
NpeACTaBASIOT MCCAAOBAHNS 10 MMMYHUTETY PacTeHUI K BpeAUTEeAS M, pe3yAbTaThl KOTOPBIX 404KHbI
CIIOCOOCTBOBATh Pa3BUTUIO CeAeKIIMM pacTeHMiI Ha YCTOMYMBOCTh K BpeAHBIM opraHmaMam [25]. B
AaHHOI1 paboTe IpeJcTaBAeHa OlleHKa BIAOBOTO COCTaBa BpeduTeaell B IIoceBax sPOBOJ IIIIeHMIIBI U MX
pacIpoCcTpaHeHHOCTh Ha OIlpeJeAeHHBIX (pa3ax Pa3BUTHS 3€PHOBBIX B arpoljeHO3ax.

MaTepI/Ia[lbI M MeTOAbI NCCA€A0BaHMSI

B xauecrse 0OBeKkTOB W3ydeHmMs BbIOpaHBl T0Asl B 4 panoHax IlaBaogapckoit oGaactu
(Ycnencknii, lep6akturcknit, JKeaesnHcknir, VIPTHIICKmiT) MO IIpeAlleCTBEHHMKAaM: YNCTBHIN Map U
spoBas IIIeHNnIa.

Ycnencknit  u IlepOakTmHCKMII — palfiOHBI  PacIOAOXKEHBl B  CeBEpO-BOCTOYHON  4YacTU
ITaBaogapckont obaactu. Kammar paifoHOB OTAMYAeTCs] Pe3KOM 3acCyIIAMBOCTBIO BeCHBI ¥ ITepBOI
1oaoBuHbI Aeta. Cpeanssa temneparypa sauapst munyc 19,6 °C, moas natoc 19,6-21,4 °C, koandectso
aTMOCQepPHBIX 0CadKOB B CpedHeM 3a rod cocrabaseT 260-310 MM, 60abIIast 4aCcTh KOTOPBIX BBIITaAaeT BO
BTOPOI1 II0AOBMHE JeTa, II0STOMY POCT UM pa3BUTHe KyABTYphl OyJeT BO MHOIOM OIIpeAeAsThCs
KOAMYECTBOM BAary, HaKOIAEHHOM A0 IIoceBa. B KpecTbsHCKOM XO3sMCTBe YCIIeHCKOrO paiioHa
o0caes0BaHbl ABa IIOAs IIO IIpealilecTBeHHMKam: uucTbii map (Ne 65 (c. Kosaseska — 53°0814"N,
77°40'55"E)) u saposas nmteHunia (Ne 65 (c. Aososoe — 53°17'38"N, 77°46'03"E)). I1aomaapr Kosaaesckoro
roast Ne 65 — 516 ra. Iloces mposegeH c 18 mas1, copt nmennnsl — Omckas 35, ceMeHa Iepes [I0CeBOM
nporpasaensl npenapatamu Ausngens Okcrpum, KC (pynrnnma) n Kaanbp, BADI (nucekTuima).
ObpaboTtka cemsH 1epes moceBoM MHcekTunuaoM KaamOp samumiaer mMx OT Hadada IpopacTaHNs
ceMsH A0 KOHIIa (pa3pl KylleHus — Hadala TPyOKOBaHMS 3€PHOBBIX KyaAbTyp. DP¢eKkT HarpabieH
IIPOTUB COCYIIMX HAaCeKOMBIX, B TOM 4YICAe U3 CeMeicTB >KeCTKOKpBAbIX (Coleoptera), paBHOKPBIABIX
(Homoptera) n aBykpsrasix (Diptera). DTo 0OBbsACHSAET HEBBICOKYIO UMCA€HHOCTh PpUTOQAros B HauaabHBIE
dasnr passuTua KyasTypsl. I1aomaab Zoszosckoro moast No 65 — 495 ra. Iloces mposegeH ¢ 28 ampeast,
I10CeB I10 CTepHe, COPT IeHunIis — Tpuso.

B kpecrbsanckom xossiictse B c¢. CocHoBka (52°43'17"N, 78°04'46"E) IllepOakTiHCKOrO paiioHa
00cAel0BaHbI ABa 11045 IO IIpeAlllecTBeHHMKaM: uncThiil map (Ne 51a) u Aaposas niennma (Ne 118). Ha
roae No 5la (106 ra) rmoces niposeaeH c 15 mas1, Ha moae No 118 (140 ra) c 26 mas. IToces ocymiectsasan
HeCOpTOBOJ IIIIIeHMIIeli, ceMeHa Ilepej II0ceBOM He IIporpasaeHbl. OcHoBHas oOpaOoTka —
Oe3oTBaabHOE phIXAeHMe Ha TayouHy 10-12 cm [26].

Keaesnncknii paitoH pacroaoxeH B cepepHoll dactu IlaBaosapckoit obaactu. Jasi paiioHa
XapakTepHbl HeJ000p OCagKOB I HU3Kas OTHOCUTeAbHas BAAXKHOCTh BO3J4yXa BECHOI U IIepBOI
II0/A0BMHE JeTa, MaKCUMyM OCalKOB B CepeayHe JeTa, BBICOKME JeTHUe M 3MMHUe TeMIlepaTyphl,
II034HMe BeCeHHNe Il paHHMe OCeHHIEe 3aMOPO3KM, BBICOKas BeTpOBasl aKTUBHOCTb B TedeHMe ToAa.
MunumaarHas TemIiiepaTypa IIPUXOAUTCS Ha sSHBapb-(peBpaab, IJe CpeAHsAs TeMIlepaTypa sHBaps
cocraBaser MuHyc 18-19 °C. MakcnmaapHasi TeMIiepaTypa Boddyxa ObIBaeT B MIOHe-UIOAe, TAe CpeAHsIs
TemIeparypa mioas coctabaser mnaioc 19-20 °C. CpegHee roaoBoe KOAMYECTBO OcCadKoB 2755 mM,
nHoraa 6oaee 300 mm. ITouBeHHBIIT ITOKPOB IIpeAcTaBAeH I0KHbIMI YepHO3eMaMM, Jallie OHM
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COAOHIIeBaThIe I 0COA0AeAble, 4TO CO3AaeT HeOAHOPOAHOCTDb M IISITHUCTOCTD I10A€M, a BTO MPUBOAUT K
HEpPaBHOMEPHOCTM IIOSBAEHUs BCXOAOB U M3PEXKEHHOCTM IIOCeBOB. B KpecThsHCKOM XO3siicTBe
JKeaesnnckoro paiiona oOcaegoBaHbl moas No 16/1 (mpealecTBeHHMK — YUCTBIE map) m No 57
(TIpearrecTBeHHMK — sAposast miteHnIia). Iloces copra Ankomepo Ha rmoae Ne 16/1 mposeen ¢ 15 mast Ha
rayonne 5-6 cm. KommnaekcHoe yso0penne BryrpnOyc BHeceHo mpm 1ocese 20 Kr/ra B pu3ndeckoMm
sece. CemeHa 1iepe/, 1oceBOM poTpasaeHsl mpeniapaToM Cutusen (pyHrumnua). ITpsmoit moces sipoBoit
MIIeHNIIBI copTa YpaaocuOupckas IposedeH Ha 1oae No 57 (282 ra) ¢ 24 mas Ha rayouny 5-6 cMm,
ceMeHa IlepeJ II0CeBOM He IMPOTpaBAeHbI.

VpToimickuii - pailoH  pacIlioAoXKeH B ceBepo-3amagHoii 4dactu IlaBaogapckoit  oOaactu.
OcobeHHOCTh KAMMAaTa pailoHa COCTOUT B KOPOTKOM BeCHe I OCeHMU, IIpM KpaiiHe HeIOCTOSHHON
TeMmIlepaType, C pe3KUMM KoAeOaHIsAMM OT Tellla K X0A04y U HepeAKO OT >Kaphl K 3aMOpO3KaM, KapKoe
U CyXOe AeTO, KOAMYeCTBO 0CaAKOB 3a 1o B cpegHem 250-310 mm. Cpeansis Temiieparypa sSHBapsl MUHYC
18 °C, moas maioc 20 °C. B KpecThsIHCKOM XxO3siicTBe ceaa Y3biHCYy (53°1824"N, 74°41'18"E)
Mpreimickoro paiiona obcaesosaHo 1roae No 85 maomaapio 367 ra. IlpeainiecTseHHMK Ipe/cTaBaeH
yucTeiM T1apoM. Iloces Hecopropoii mmreHmipl nposedeH ¢ 19 masa. CemeHa mepes IIOCEBOM He
IpoTpaBAeHbl. B KpecThsaHckoM xossaiicTBe ceaa AramopbiH (53°27'15"N, 74°14'29"E) Vpreiickoro
paitoHa obcaeaosaHo 11o4e No 31. [TpearecTseHHUK 11045 11A01aAbI0 372 ra — siposas IieHnna. Iloces
copra nmennisl Tpuso mposeen ¢ 5 mas1. CemeHa I1epes II0CeBOM IpOTpaBAeHsl PyHruImgoM Vnmryp
ITepdpopm m crumyaaropom pocra Cems Crapr. Taxke mpm Iocese BHeCEHBI a3OTHbBIe yJ00peHus
(amMmauHas ceantpa 20 xr/ra 4.8.). OcHOBHast 0OpaboTKa IpejcTaBAeHa 0e30TBaAbHBIM phIXAeHNeM Ha
rayousy 20 cm.

OO6s3aTeAbHBIM DA€MEHTOM MHTerPUMpPOBAaHHOMN 3alllUThl PacTeHUil OT BpeauTeAell SBASeTCS
oIleHKa (PMTOCAaHUTAaPHOTO COCTOSHN arpoIjeHO30B, KOTOpas IMPOBOAUTCSA Ha OCHOBE KOAMYECTBeHHBIX
MEeTOAOB yueTa. Y4eT BpejuTeleli, OOMTAIOIIMX Ha pacTeHMSIX IIpOBeJeH AByMs: CIIOCOOaMIL ydeT
BpeANUTeAell Ha I1A0IIalKaX UM C IOMOIIBIO HHTOMOAOIMYECKOTO cayka (MeTos KomeHus:). B mepsom
caydae aerkyio paMky 50 x 50 HaKAaApIBaIOT Ha IIOBEPXHOCTH ITOYBBI M IOACYMUTHIBAIOT YMCAO OCODeI,
HaXOAAIIMXCS Ha pacTeHMSAX M YIIaBIIMX Ha IIOYBY (B IIpejeaax ILAOINaAM, OTPaHMYEHHON PaMKOIL).
Takum cr1ocoOOM yUMTBHIBAIOT OTHOCUTEALHO KPYITHBIX M MaJAOIIOABVKHBIX HaCeKOMBIX: BpeAHYIO
Jeperiamiky, XAeOHBIX JKYKOB, IbSBUILY, XA€OHYIO Ky>KeAuIly, KAyOeHbKOBBIX J0ATOHOCUKOB, TYCEeHNI]
AYTOBOTO MOTBIABKA M MHOTUX ApPyIUX. Bo BTOpoMm caydae, TuM CIiocoOOM MOXKHO YYMTHIBATh TeX
BpeAnUTeAel, KOTOpBIe HaXxOAATCs B BepxHeM spyce TpaBocTos. Vcrmoap3yroT craHgapTHBI
DHTOMOJAOTMYECKMII cayoK (amamMerp oOpyya 30 cM, raybmHa mnpuemHoro memka 60 cM, agamHa
pykoaTku 1 m). Caukom 6e3 nepeprisa deaaioT 10 B3MaXxoB 110 BepXHell YacTU TPaBOCTOsI, II0CAe Yero 13
cayka MepPeHoOCsAT COAEP>KMMOe yA0Ba U IIOACYUTHIBAIOT YCAO HACEKOMBIX, IIPEeACTaBASIOIINX UHTepeC.
Caeaano mo 10 cepmii B3MaxoB, 4TOOBI MX CyMMapHoe uncao gocturao 100. Yuér mospeskAeHHOCTI
pacTenmit XAe0OHOJI 11040caTol OAOIIKOI MpOoBeJeH Ha KaxkKaoM roe B 10 mecrax merogom ocmotpa 10
pacTeHmii, olleHMBas1 cTerieHb 0ObeAeHus 0AOIIKaMI OBEPXHOCTY AUCTbEB 110 MATNOAAABHOM IIKaje:
ot 0 % 20 5 % — 1 6aaa; ceoirre 5 % 20 25 % — 2 baaaa; 40 50 % — 3 0aaaa; 20 75 % — 4 6aaaa; ceiie 75
% 20 100 % — 5 6aaaos [27].

PesyabTaThbl miccae AOBaHUS ¥ OOCYXaeHie

Anaanu3 BUAOBOIO cOCTaBa BpeAuTeAell SPOBON IIIIEHMIIbI ITOKa3ad UX IIPUYyPOYEHHOCTh K
onpegeaeHHoit ¢gase pasputus ypoxas. CpapHenne a3 pasBUTHS sSPOBOIl IIIEHNUII! C YCAEHHOCTHIO
KoMmI1aeKkca purodaros B 9TU IePUOAbI II0Ka3aa0, 4TO OT IOsBAEHI BCXOA0B 40 (pa3bl BHIXOAA B TPYOKY
pacTeHms1 akTMBHO 3aCeAsI0TCs XAeOHOI 110410caTol OAOIIKOM U CKpBhITOCTeOAeBhIMU BpeguTeasamu. Ot
¢daspl TpyOKOBaHMS 40 KOAOIIEHMs OTMeYaeTCsl MacCoBOe 3aceleHue I0CeBOB COCYIINMU BpeAuTeAsMI
— MMaro IIIeHNYHOTO TPUIICA, 3AaKOBBIMM ITMKaAKaMI, XAeOHBIMM KAONIMKAMU U 31aKOBBIMU TAAMU. B
nepuog, ot gaspl POPMUPOBAHIL - HaAMBa 3epHa 40 MOAOYHOI CIIeA0CTY B OCHOBHOM BPeAsT COCyIIye
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¢urodarn (AMIMHKM 1 MMaro MIIEeHNIHOTO TPUIICA, TAU), TaKXXe B IIeproj OT MOJOYHON A0 ITOAHOM
CI1eA0CTV OOABIIYIO OITAaCHOCTD ITPeACTaBAsAIOT KAOIBI BpegHas yeperialika.
Ha pucynxke 1 mokasansl pe3yabTaThl cOOpa HaCeKOMBIX C IIOMOIIIBI0 DHTOMOAOTMYECKOIO cayka

¢ KoBaaesckoro u /1o3osckoro moaeit Ne 65 (Y creHckuit paiion).
100%

100%
[ ] : — B Chaetonema hortensis
90% 90%
B Macrosteles laevis
80% Chomosoma schillingi 30%
Chlorops pumilionis
70% Schizaphis graminum  70%
Meromyza saltatrix
1% ——
60% Sitobion avenae 60% A— )
m Schizaphis graminum
50% X 50% —
B Laodelphax striatella  Fhorbia fumigata
40% 40%
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30% 30%
Phyllotreta vittula B Laodelphax striatella
20% 20%
- . Phyllotreta vittula
10% - u Esammotemx striatus 40 . et L
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T T

0% .
B Trigonotylus ruficornis

Hauano kyuwenma Hauano seixoga  Konouwenue MonuHaa Kywenne-Havano  Konowenwe Monoynaa  MMonHas cnenocts
B Tpy6KYy €nenocTs 3epHa TpyOKoBakMA CcnenocTs 3epHa ' Haplothrips tritici

a b

Pucynok 1. PesyabTaTnl cG0pa HaCEKOMBIX C IIOMOIIBIO PHTOMOAOTMYIECKOTO CavyKa
(Ycnencknit pavioH)
Ceao Kopazeska, rnmoae No 65: mpealiiecTBeHHUK 4MCTHIN Iap (a); ceao /lososoe, moae No 65:
IIpeAIeCTBeHHNK sApoBas niennna (b). [To ocn opauHaT — 4CA€HHOCTH HACEKOMBIX, IO OCH aOCIIICC —
Jasza passuTnsa

Ha »rame ¢asbr Hayaao KymieHn:s Ha KopaseBckoM 1moae oOHapy>KeHBI ITOBPeKAEHMs AVCTheB
6aomkon (10%), BpeauTean BCTpedaanch B HeOOABIIIOM KoAmdecTse: IeHndHsni tpurc (Haplothrips
tritici) m 1moaocaTasi xaeOHas Oaomika (Phyllotreta vittula). Tloxoxas cutyanus B ¢ase BereTanym
KyIlleH/e-Hauyal0 TPyOKoBaHM: OTMedeHa Ha /l030BCKOM IIOJe: TOXKeATeHMe ANCTheB 1M HeOOAbIIoe
KOAMYeCTBO TPUIICOB, ITMKaJOK, AYTOBBIX MOTBLABKOB, II0A0CAaTBIX XAeOHBIX Oaomrek. Hesbicoxas
YICAEHHOCTh BCeX BMAOB HACeKOMBIX CBsI3aHa C OOpabOTKOM CeMsSH KOHTAaKTHBIM MHCEeKTHUIIUAOM
Kaan6p, BAI', umerommm BBICOKIIT CPOK 3allIUTHOTO AEVICTBUS.

B mepuog nHauaaa Bbixoda B TpyOKy (ceao KoBaseBka) Takke OTMe4YeHBI MaJlO3HauUTeAbHBIE
IIOBpeXXAeHNsI BpeAUTeAsMI Ha ANUCTBAX, IIpU 9TOoM OOHapy>keHwl Tpurcel (Haplothrips tritici) — 2-3
mTyk Ha 1 crebeap (MMaro), 4To HUKe IOpOra KOHOMMYecKoll BpegoHocHocTu (DI1B). B mepmog
IIpOBeJeHIs] MOHUTOPUHTa 3apUKCUPOBaHLl He0AaronpusATHEIE ITOTOAHBIe YCAOBMS (A0XKAD, CUALHBINA
BeTep), KOTOphle He II03BOAMAM paboTaTh C YHTOMOAOTMYECKMM caykoM. IlopaskeHme pacreHmii Ha
Kosazesckom 1moae mnmeHmyHsiM TpurcoMm (Haplothrips tritici) B dpase xoaoreHus 3apuKCUPOBaHO B
BU/A€ HaAM4IMs AMYUMHOK TPUIICOB B KOAOChAX (3-5 mTyk Ha 1 xoaoc). Crout oTMeTutsh npeodaajaHue
YICAEHHOCTU BpejuTelell 3epHOBBIX B CpPaBHEHUI C APYTMMM TpyHIlaMM HaceKOMbIX — 96,7%, us
KOTOPBIX I10A0caTtasi xaeOHas Oaomika (Phyllotreta vittula) cocrasmaa 36,2% M NIIEHMYHBI TPUIIC
(Haplothrips tritici) — 56,5%. B ¢dase moanoii crieaoctu 3epHa BbICOTa pacTeHUil Bapbupyer ot 52 40 60
CM, AAMHA KOAOCa CcOCTaBAsieT 6,5-7 CM, 3epHO CpeAHero pasMepa, IoJde CUABHO 3acCOPeHO Majaaulen
nojcoaHeynnka. Ha 3eaeHbIX pacTeHmsx IIIeHMIBI OOHapy’kKeHa TAsl OOBIKHOBEHHAas 34aKoBas
(Schizaphis graminum) — 8-9 mTyk Ha 1 Koaoc, anamHKM Tpurica (Haplothrips tritici) — 9 mTyk Ha 1 Koaoc.
HeobxoauMoO OTMeTUTh CHIDKeHHe 4YMCAeHHOCTU 3epHOBBIX ¢urodaros 4o 61,7% or obimiero
KOAMYEeCTBa BCeX MCCAeAyeMBIX HaCeKOMBIX, IIPM 9TOM 3a(pUKCHMpPOBaH poOCT SHTOMO(Aros 4o 26,9%,
cpeau KOTOPBIX BBIAASIOT Kokumneaaus (Coccinellidae) — 47% wn caemusxos (Miridae) — 47%. U3
31aKOBBIX BpeauTeaen npeoOaajaan xaebHeni Kaormk (Trigonotylus ruficornis) — 10,3%, mImeHNMIHbIN
tpuric (Haplothrips tritici) — 39,5%, oOObIKHOBeHHas1 3a4akoBast TaAs (Schizaphis graminum) — 5,9%,
MICIIOAB30BaBIINe AAs IUTAHNS pacTeHMNs ITOATOHA U 3eAeHble YacTy IIeHnIfsl. B ¢pase Koaomenns Ha
roae No 65 (ceao /1030B0e) KOA0C CMABHO MOPaykeH MIIIeHNYHLIM TpuricoM (mmaro) — 10-15 mryk Ha 1
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KO0/0C, 9TO mpesbiiaeT DI1B 1 cBugeTeabCcTByeT 0 HEOOXOAMMOCTH AOTIOAHUTEABHON MHCEKTUITAHON
00paboTky pacrernii. [ToceBbI HUBKOPOCABIE, AMCTDSI MMEIOT MPU3HAKU ITOPaskeHIs XAeOHOT OA0IIKO
(10%), AmcTBsT M KOAOC MMEIOT cAeabl TopakeHms Tpuncom (15-20%). UmcaeHHOCTh BpeauTeaen
3epHOBBIX IIOYTM B ABa pa3a BbIIIe OCTAAbHBIX TPYIIT HaceKOMBIX — 51,8%, m3 HMX HamMOOABIINMI
yAeABHBII BeC 3aHMMaeT MineHndHsii Tpuic (Haplothrips tritici) — 96,5%. /1030BcKOe 1104€e TaK’Ke MMeeT
caeAbl TIOBpexXgeHMs1 Koaoca Tpumcamy (15-20%) m xaebupiMm Oaomkamu (10%). UmcaenHocts
BpeauTeell 31aKOBBIX DoJee ueM B 4 pasa IpeBBICIAa KOANIECTBO OCTaAbHBIX HaceKOMBIX (68,8%), n3
HIIX BBIIIIE A0/ II0AOCAThIX XAeOHBIX Oao1mek (Phyllotreta vittula) — 73,8%. OTMeueHO TakKe yBeArdeHie
YIICA€HHOCTU AyTOBOrO MOThIAbKa (Loxostege sticticalis) — 14,7% ot oOIjero Koamdecrsa BCeX BUAOB
HaceKOMBIX. IToceBBI MIEHMIIBI O IIPeAIIeCTBEHHUKY sApoOBasl MIIEeHNIIa HU3KOpPOCAble, BBICOTa
pacrenmit 30-37 cM, AamHa Koaoca 4-5 cM, 3epHO Meakoe, 1yniaoe. Ha HekoToprix pacteHmsx B ¢ase
BOCKOBOM CITeAOCTM OTMeYeHa OOBIKHOBeHHasl 34akoBas Tas (8 IITyk Ha 1 K0A0C) M AWYMHKU
IIIeHnyHoro Tpurca (7-8 mryk Ha 1 koaoc). UncaeHHOCTh BpeauTeaell 3epHOBBIX BeIpocaa A0 74,4%.
IIpeo6aagaan xaebusmt kaommk (Trigonotylus ruficornis) — 25,6%, moaocatast nukagka (Psammotettix
striatus L.) — 14,4%, moaocarast xaebHas 6ao1ka (Phyllotreta vittula) — 18,4%, ocTaabHBIE BUABI OTMEY€HBI
B €AVIHIYHBIX DK3eMILAspaXx.

Ha npupoansix cranusax psgom c moaem Ne 65 (c. /lososoe) B repnos $passl KyllleHns-Hadala
TPYOKOBaHMs 4045 3epHOBBIX ¢puTOodarop cocrasasiia 22,7%, c npeodbiasaHneM cpeAy HUX XAeOHOTO
kaommka (Trigonotylus ruficornis) — 70%. Hesbicokuit mporjeHT ¢gpurodaros Ha CTalMsAX, BO3MOKHO,
CBsA3aH C MUTpaljueil U 3aceJeHueM HaceKOMBIMM ITOCeBOB IImeHMIpl. B mepmosa ¢aspl KoaomeHms
9IICA€HHOCTD BpeuTeAell 3epHOBBIX yBeAndnAach A0 24,4%. B nepuog ¢pazbl MOAOYHOI CIIeAOCTU 3epHa
9ICA@HHOCTh MX Bo3pocaa A0 60%, n cpeau HUX OOAbIllee KOAMYECTBO COCTABASA IIIEHNYHBIN TPUIIC
(Haplothrips tritici) — 40,7%. YBeandeHne uncaeHHOCT PpUTOPAroB B JaHHOM CAydae OOBICHSETCA TeM,
4TO II0 Mepe CO3peBaHMs 3epHa AUCTbs, CTeOAM TpyOeloT, 3epHO CTaHOBUTCA TBep>Ke, IPU DTOM
CHI>KaeTCsl BOSMOXKHOCTD IUTaHUs Y BpeAuTeAeli, [IOSTOMY OHM MUTPUpPYeT Ha IIPUPOAHbIe CTalluy Ha
AVIKIe 31aKOBble TPaBbl LAY IMUTAIOTCSA Ha pacTeHUAX II0ATOHa.

Ha pucynke 2 nipeAcTaBaeHsl pe3yAbTaThl cOOpa HaceKOMBbIX ¢ noaelt IllepOakTuHcKkoro paioHa
(ceao CocHoBKa).

100% 100% — . .
’ u Chaetonema hortensis ; Aelia acuminata
90% 90% — Sitobion avenae
° ® Macrosteles laevis : | .
80% 80% B Chaetonema hortensis
Chiorops pumilionis u Macrosteles laevis
70% 70% o
Meromyza saltatrix Chlorops pumilionis
60% - ) . . 60% Meromyza saltatrix
o u Schizaphis graminum s m Schizaphis graminum
o . .
: B Fhorbia fumigata M Fhorbia fumigata
0% 40% " i
B Chaetonema aridula Chaetonema arldu\a
30% ) 30% M Laodelphax striatella
- W Laodelphax striatella - Phyllotreta vittula
: Phyllotreta vittula ? m Psammotettix striatus L.
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m Psammotettix striatus L. :- . .
0% ) ] 0% - ; ; : M Haplothrips tritici
Hylwenue-Hauano  Honolwewue Monoswsas  Monwancnenocrs ™ 1"igonotylus ruficomis HylleHue-Hauano  KonolweHue MornoyHaa  MoaHas cnesocTs
TpyGxoBaHMa cnenoctb 3epHa W Haplothrips tritici Tpy6KOBaHMA crenocTb 3epHa
a b

PucynoOK 2. Pe3yabTaThbl cOOpa HaCEKOMBIX C IIOMOINBIO YSHTOMOAOTUYIECKOIO cavKa
(IllepGaxTHHCKMI payioH, ceao CocHOBKA)
IToae No 5la: mpealnecTBeHHUK YMCTBIA Ilap (a); moae No 118: mpealiecTBeHHUK SpoOBas
nmennna (b). ITo ocu opanHaT — 4rcAeHHOCTh HACEKOMBIX, IO ocu abcryce — ¢paza pasBUTHA
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Ha moae No 5la, 1o mpeAIIecTBeHHMKY YMCTHIN Tap, B Iepuog, (pasbl IOAHBIE BCXOABI AVICTHS
UMeAN TIOXKeATeHMe, Tak’Ke Ha MOMEHT Ha0AI04eHHuil Ha IoceBaX OOHapyKeHa IIoaocartas XAeOHas
6aomxka (Phyllotreta vittula) (25-30%), a Ha mocepax moas No 118 — 4-5 mryk Ha 1 crebeas. Ilpn
onpejeseHNN BpeAWTeAell C IIOMOIIBIO DHTOMOAOTMYECKOTO cadka apyrue ¢urodarn He ObBLAU
OoOHapy>KeHBI, UTO CBs3aHO C PaHHUM Pa3BUTVEM KYALTYPBI.

B ¢ase KymeHms Ha AaHHOM I104e Ha ANCTBAX 3apUKCHPOBaHBI HEOOABIINE ITOBPEKAEHNs
(caeapl) cOCymIMMM HaceKOMBIMM, a Ha II0JAe, IAe IIpeAIlleCTBeHHMK spoBas IIIIeHUIIa, Ha AMCTbAX
Ha0A104a10TCsI HeOOABIINE TOBPeXKAeHNs XAe0HOI noaocaroit 6aormkoit (5-10%). OtMedeHo HaAM4Me
MMaro MIIeHNYHOIO TPUIICa Ha PacTeHNAX B CpegHeM B KoamdecTse 4-5 mTyk (rmoae Ne 51a) u 67 mTyk
(moae Ne 118) Ha 1 crebeasn, uro Hike DIIB — 8-10 umaro Ha crebean. OnpeseseHUIO BpeauTeaet C
IIOMOIIBI0 DHTOMOJAOIMYECKOIO cayka IIpersATCTBOBaAM HeDAaronpusTHple IIOTOAHBIe yCAOBMS
(cABHBII BeTep, AO0XKAD).

B ¢ase koaomeHms pacTeHus MMeAM IIPU3HAKM IIOBPEXAEHNS IIIIEHNYHBIM TPUIICOM U
60IIKaMy, a TakKe TPBI3YIUMHI HaceKoMbiMI. Hanboabimiee KoamaecTso oOHapy>KeHHBIX Ha Imoae No
51a HaceKOMBIX IPeACTaBA€HO BpeAUTEAIMU 3ePHOBBIX — 92,6%, Ipu 5TOM AOMMUHMPYIOIIUM BUAOM B
9TOI (pase OTMeueH MINeHNIHbI Tpuric (Haplothrips tritici) — 97,7% ot obiero koandectsa Gpurodaros
KyABTYPBI, KOAMJIecTBO ero Takxke rpessimaer DB (8-10 nmaro Ha creGeap man 40-50 amunHokK Ha 1
KOJ0C), 4YTO CBUAETEABCTByeT O HeoOXOAMMOCTM OOpabOTKM IIOCeBOB IIPOTUB  BpeAuTeAs
nHcektuunaamy. OcraabHble BUABI BCTpedaauch B eAMHMYHBIX ®KseMIladpax. Ha moae Ne 118
(TIpeallecTBeHHMK — spoBasi IIIIeHNuIla) — Ha OAHOM cTeOJe B cpeAHeM OOHapy>KeHO A0 9 Tpuricos
(Haplothrips tritici) mmaro m 5-6 AMYMHOK, Koamdectso ¢urodara mnpesbimnaso OIIB. Ms scex
rccaeAyeMBIX HaCeKOMBIX B 9Ty a3y 40451 BpeauTeel 3epHOBBIX cocTaBuaa 43%, 13 HIX AOMUHIPOBAA
nmeHyaHsll Tpurc (Haplothrips tritici) —73,5%, MHOTOs1AHBIE BpeAuTeAu cocTaBuAn — 35,4%, mipyu 5ToM
3apuKcupoBaHa HauOOABIIIas YMCA€HHOCTh AYTOBOTO MOThIAbKa (Loxostege sticticalis) — 75%.

daza BOCKOBOIl CIIEAOCTM 3€pHA: Ha II0Ae, IO IIPeAIIeCTBEHHMKY — YUCTBI IIap, BBICOTa
pacrennit Bapeupyer ot 50 40 65 cM, KOA0C HeOOABIION, 3epHO CpPeAHMX pa3MepoB; Ha IOJe, IIO
IIPeAIIeCTBeHHIIKY — sIpOBasl IIIIeHNIIa, BBICOTa pacTeHNII IIeHnIIs BapbupyeT ot 60 40 70 cM, Koaoc
CpedHero pa3Mepa, 3€pHO BBHIIIOAHEHHOe, Ha KOAOCe eCTb HeDOAbIINe IIOBPeXAEHUs TPUIICAaMU
(Haplothrips tritici) B Buae OeabIx moaoc. Becrpedaercs: Ooapmiast 3aakoBast TaAs (Sitobion avenae) Ha
pacTtennsx B Koandectse 15-20 mryk Ha 1 pacTeHny, IpOIeHT HOBPeXKAEHHBIX PacTeHNI HeBBICOKMIT 2—
3% (ma 100 pacrennit). Koamgectso Ttpuricos (ummaro) 1-3 mr. Ha 1 Kkoaoc. boasmas dacts
OOHapy>KeHHBIX HaceKOMBIX moas No 5la mpeacraBaeHa BpeauTeAsMy 3epHOBBIX — 58,3%, m3 Hux
HaMOOABIIYIO YaCTh COCTABAAN TeMHble uKaAKu (Laodelphax striatella) — 39%, oOBIKHOBEHHasI 31aKOBas
tas1 (Schizaphis graminum) — 28,6%, xaebnsmi xkaonuk (ITrigonotylus ruficornis) — 24,8%. Iloaocaras
umKaaxa (Psammotettix striatus L.) m 6oapinas crebaesast 6aomika (Chaetonema aridula) oOHapy>KeHBI B
HeOoabIIOM Koamdectse. Ha 40410 sepHOBBIX Bpeamrteaeir 1moast No 118 or obimlero xoamdyecTsa
HaceKOMbIX nmpuxoautcs 51,3%, u3 Hux goMmuHupyet xaeOHbiit Kaonuk (Trigonotylus ruficornis) — 67,7%,
ocTaabHbIe BUABI BCTPeYaloTCs B HeD0ABIINMX KoandecTBaxX. Jo4s sHToModaros cocrasnaa 24,1%, 3 Hux
kokiuueaanaos (Coccinellidae) — 35,6%, caerusikos (Miridae) — 62,2%.

Ha pucynke 3 rmokasaHbl pe3yAbTaThl cOOpa HaCeKOMBIX C IIOMOIITBIO DHTOMOAOTMYECKOTO cayka
c mozeit Ne 16/1 n Ne 57 (JKeaesuHckuit paiioH).
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PucyHok 3. Pe3yabTaTnl cO0pa HACEKOMBIX C IIOMOIIBIO PHTOMOAOTMYIECKOTO CavyKa
(OKeae3mHcKkmii parioH)
IToae No 16/1: mpealnecTBeHHUMK YMCTHI map (a); moae N2 57: mpealiecTBeHHMK spoBas
nmennia (b). ITo ocu opauHaT — 4ICA€HHOCTH HACEKOMEBIX, 10 OCM adcIuce — haza pasBUTHA

Cbop nacekombIx Ha moae No 16/1 B ¢ase Hauaao KyIlleHHUs IIOKa3ad, YTO Ha ANUCTBIAX €CTh
MOBPEKAeHMSI TI0A0CaTON XAe0OHOI OAO0IIKOI, a Ha pacTeHusx 1moas No 57 B repuog MOAHBIX BCXOAOB
BI3ya/AbHO IOBPEXAeHIs He OOHapy>KeHbl. B cBs3M ¢ paHHIM pasBuTHeM KyAbTyphl 3aceleHue II0CeBOB
OCHOBHBIMI 3epHOBBIMI puTOParaMu He OTMEUEHO.

B ¢asy kymienus Ha AMCTBAX pacTeHMIA, IO IPeAIIeCTBeHHIKY — YMCTHIN Map, 3apUKCUPOBaHbI
HeOobIINe OBpeXXAeHNs xAebHoit 0aomkoit (5%), Ha 1oAe e, 110 sposolt mmennile, 10-15%. Taxke
caelyeT OTMETUTh HaAW4YMe Ha pacTeHMAX HIeHnyHoro tpurca (4-5 m 2-7 mryk Ha 1 crebeas,
COOTBETCTBEHHO). UMCAeHHOCTh MHOTOSIAHBIX ¥ COIIYTCTBYIOIIUX BpeAnTeAell He3HauuTeabHa. Bo
BTOPOI JeKaje MIOAs IposejeHa oOpaboTKa IT0CeBOB 0OaKOBOM CMeChIO IPOTHUB COPHBIX pPacTeHMIA,
Bpeauteeir u 0oaesneit: Dpup Dkcrpa + I'asantnwiir + Kaopua 200, BK (nacextuma) + Ilpormkon
250, KO (¢pyarmmma). CooTBeTCTBEHHO, Ha MOMEHT 00cCAel0BaHNUSA IOAs OOHapy>KeH TOABKO
nmeHyaHs1l Tpurc (Haplothrips tritici).

Ha cragum nHaams 3epHa Ha moae N2 16/1 koamyecTBO MMaro TPHUIICOB Ha OAHO pacTeHMe
cocrasnao 4-5 mryk, a Ha 1moae No 57 — 5-6 mryk. Caeabl HOBpeXXAeHNs IIIeHMYHBIM TPUIICOM
OOHapy>KeHBI Ha KOAOChAX U AUCThAX. UNCA€HHOCTh BpeAnTeeil 3epHOBBLIX 3HAYNTeABHO yBeANIMAach B
9TOT Hepuog — 92,9% OT Bcex IpyII HaCeKOMBIX, BO3MOXHO, 9({pdeKTuBHOCTS Ipernapara Kaopua 200,
BK B cocraBe MHOTOKOMIIOHEHTHOM OaKOBOM cMmecu Oblla HIKe, KpOMe TOTO, IepHoJ 3aIlUTHOTO
Aenicteus y Hero 18-25 aneit. Vs Hux namboablilee KoAM4ecTso 3apUKCUPOBAHO MIIEHNYHOIO TPpUIICa
(Haplothrips tritici) — 31,8% (umcrsbiit map) u 87,8% (spopas mieHniia) u 604pion credaeBoi 0A0MIKM
(Chaetonema aridula) — 63,7%.

B nepmog moaHOM crieaocTy 3epHa BbICOTa pacTeHMit rmoast Ne 16/1 cocraBasaa okoao 78 cm,
AAVHa Koaoca 7-8 cM, a Ha noae No 57 — 58-91 cM (BpicoTa pacTeHuit) u 5-8 cMm (441Ha Koaoca), 3epHO
kpynHoe. Koanuectso Bpeauteaeit 3epHOBBIX COKpaTNAOCh 40 51,5% (IIpeAliecTBeHHUK — YUCTBINA Hap),
DTO CBA3aHO C TeM, YTO IIIIEeHNIIa 3aKOHYMAA CBOe Pa3BUTHeE, IIODTOMY MHOIME BUABI MUTPUPYIOT Ha
Oamzaexxalye crauym B moyuckax nuranms. Ha oraeapHbix pacrennsx B ¢pase BOCKOBOI CIIEAOCTH 3epHa
I Ha IOATOHe (IIpeAllleCTBeHHMK — sIpoBas IIIeHMuIla) OTMeYeHa OCHOBHas Macca (PpUTOQaros, XoTs C
3aBepIlIeHreM Pa3BUTUA KyAbTYPbl YMCA€HHOCTh MX CHU3MAACh A0 44,1%. JoOMUHUPYIONTYIO IIO3UIINIO B
IIlepBOM BapMaHTe 3aHsAa Ioaocatast xaeOHas Oaomika (Phyllotreta vittula) — 25,7% m OObIKHOBeHHas
crebaepas Oaomka (Chaetonema hortensis) — 37,1%. Bo BTopom BapuanTe OCHOBHas 404s BpejuTeaeit
IpMILAach Ha: OOBIKHOBEHHYIO 31aK0BYIO TaAI0 (Schizaphis graminum) — 29,1%, moaocatyio xaeOHyiO
6aomky (Phyllotreta vittula) — 17,4%, Temuy1o 1iukaaky (Laodelphax striatella) — 17,4%, XxA€OHOTO KAOIMKa
(Trigonotylus ruficornis) — 18,6%.
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Ha npupoausix cranmsx psgom c moaem Ne 57 B rmepmog ¢as3bl ITOAHBIX BCXOAOB ITpeodaajaan
MHOTOSIAHBIE, a CpeAu BpejuTeaell 3epPHOBBIX BCTpedyadach moaocatas xaeOHas Oaomika (Phyllotreta
vittula). B mepmog, ¢paspl KyIieHs 41CA€HHOCTh BpeAUTeAell 3epHOBLIX 3aMeTHO BeIpocaa 40 59,1%, u3
HIUX IpeoOaajaan mineHM4Hsln Tpunc (Haplothrips tritici) — 50% m Goapmas creGaesas OAo0IIKa
(Chaetonema aridula) — 33,8%. B mepnog ¢passl Haauba 3epHa YMCAEHHOCTb UX 3HAaYUTEAbHO CHIU31AACh Ha
CTalMsIX B CBSI3M C MMIparueil Ha 1ocesbl 40 21,4%, mpu »TOM caelyeT OTMETUTh yBeAUdeHue
MHOTOSAHBIX BpeauTeaeit A0 45,2%, rae M3 HUX 4allie BCero BCTpedeHbl capaHdoBhle (Acrididae) — 52,6% u
ayrosoit MmoTbLaeK (Loxostege sticticalis) — 36,8%. B ¢ase moaHoit criea0cT 3epHa Ha CTalMsAX KOAMIECTBO
BpeANTeAell 3epHOBBIX BO3POCAO B CBA3U C OOpaTHOVM MMIpanmen ux A0 77,4%, IpU DTOM OCHOBHas
2045 BpeauTeAell IPUXoAuaach Ha OOBIKHOBEHHYIO 31aKOBYIO TAIO (Schizaphis graminum) — 61%.

Ha pucynke 4 mpeacrabaeHbl pe3yabTaThl cOOpa HaceKOMBIX C Itoaelt VIpTeimickoro paiioHa
(ceaa Y3pIHCY U ATalllOpbIH).
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Pucynok 4. PesyabTaThbl cOOpa HaCeKOMBIX C IIOMOIIBLIO 9HTOMOAOIMYECKOro cauka
(MpTeIIcknit paoH)
Ceao VYspiHCy, 1102e No 85: mpealllecTBeHHUK 4MCTBIN Hap (a); ceao AramopsbiH, moae Ne 31:
IIpeAIeCTBeHHIK spoBas niennta (b). [To ocn opauHaT — 41CA€HHOCTh HACEKOMBIX, IO OCH aOCIIVICC —
Jasza passurna

Ha momenT Haba04eHni1 B ¢pase Hayal0 BCXOAOB BU3YaAbHO BpeauTeAu He OOHapy>KeHbl. DTO
CBsA3aHO C TeM, UTO B CBS3M C PaHHUM pa3BUTHEM KyAbTYphI 3aceaeHue purodaramu elle He Ha4aA0Ch.

B mepmos xymienms moceBbl 1moas Ne 85 OblamM BU3yaabHO OCMOTPEHBI, ITOBPeXKAEHMI
BpeguTeasmMy He oOHapy>keHo. Ha mocepax moast N2 31 Ha AMCTBAX BUAHBI CUABHBIE ITOBPEXKAEHIII
roaocatoit xaebHom Oaomxoint (Phyllotreta vittula) (50%). Bo Bropoil Jekade Masl HIpOBeAE€HO
OIIPBICKUBaHMe IIOCeBOB IIPOTUB I1010cCaToi Oaomky mHceKTumgoMm Poboc, mepmos 3ammTHOTO
AeNcTBus Kotoporo 1-3 Heaeas, Ha MOMEHT HaOAIOAeHUII BU3YyaAbHO BpeAuTeAU He OOHapy>KeHBI.
Habaroaenns B ¢aze KoaomleHNUs IOKa3aAy, YTO Ha AUCTBAX €CTh IOBpeXXAeHUs XAeOHOI OAOIIKO
(Phyllotreta vittula) 5-15%, B masyxax AMCTbeB BCTpedaeTcss mmaro Ttpurca (Haplothrips tritici) B
KoAryecTse 2—4 mTyku Ha 1 creGeas.

B mepmnoa ¢aspl MOAOYHOI CIIEAOCTH 3epHa Ha I104e, IO IPeAIecTBeHHNKY — YUCTHIN Iap,
9ICA€HHOCTh BpeJuTeaeil 3epHOBBIX 3HAUMTEABHO Bo3pocaa A0 54,6%, M3 HUX AOMUHUPOBAAU
nmennynslit Tpunc (Haplothrips tritici) — 50,8%, ©oabmas crebaesast 6aomika (Chaetonema aridula) —
19,8% u xaebnast moaocatast 6aomka (Phyllotreta vittula) — 26,4%. CTouT OTMETUTH TakXke OOAbIIOE
91CAO IIUTOHOCOK puiKMX (Hypocassida subferruginea), Tak Kak II04e CHABHO 3aCOPEHO BLIOHKOM
noaesbiM (Convolvulus arvensis), Ha KOTOpoM OHa InuTaercs. Takke HabAIO4aeTcss POCT YMCAEHHOCTHU
®HTOMO(ara — oObIKHOBeHHOI! 3aaroraasku (Chrysoperla carnea) — 98% ot umcaa scex sHTOMO(aros. Ha
11oAe, IO IpeAIlleCTBeHHUKY sSpoBasi IeHunIa, B ¢pase HaAMBa 3epHa pacTeHMs MMeAN TOBPeXKAeHIs
tpuncamu (Haplothrips tritici) u xae6ubiMu 6a01kamu (Phyllotreta vittula). Ha pacreHnsix AncTps
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IIO>XKeATeAN TIOA AeVICTBMEM BBICOKNMX TeMIlepaTyp M HM3KOM BAaXKHOCTM Bo3Ayxa. UmcaeHHOCTDh
BpeauTeAell 3epHOBBIX yBeAMYMAaCh M cocTaBuaa 92,7%, M3 HUX YAeABHBI BeC MMeAa I10J0carast
xaeOHas 0aor1ika (Phyllotreta vittula).

B ¢ase moaHoN cmeaoctM 3epHa Ha IIepBOM Mo04e (IIpeAIeCTBEHHMK — YINCTBIN IIap)
3adukcupoBaHbl HU3Kopocasle rocessl (20-30 ¢M), KOAOChs MeAKNe, 3epHO MeAKOe, IIyIA0€, ITOCEBbI
CMABHO 3acopeHbl. KoamdecTso BpeamTeseri 3epHOBBIX HEMHOIO CHM3MAOCh A0 48,5%. Bpeaurean B
OCHOBHOM II0AydYaAl ITMTaHUEe C pacTeHMII IIOATOHA, AOMMHHUPYIONUIMM BUAOM IpPM STOM CTaja
roaocaras xaebHas 6aomka (Phyllotreta vittula) — 42,3%. Ha Bropom moae (peaiecTBeHHNK — spoBasi
MIeHNIIa) BEICOTa pacTenuii Bapsupyet ot 10 40 30 cM, pasMep k040ca B cpedHeM 6 CM, 3epHO MeaKoe.
Koanuectso Bpeauteaeit 3epHOBBIX CHU3MAOCH A0 23%, HO AOMMHMPOBATh CpeAV HMX TaK-U OCTaAach
roaocatasi xAeOHas 6aorika (Phyllotreta vittula) — 54%. Yseanunaach Aoas sHTOMOGaros 40 19,2%, ns
HUX 00AbImast yacTh 970 KOKInmHeaauaw! (Coccinellidae) — 93,5%.

Ha cranuax BOamsm moas N2 85 B mepmos ¢asbl MOJOYHON CIEAOCTM 3epHa OTMedyeHa
HeBBICOKasl 4MCAEHHOCTh BpeauTeJell 3epHOBLIX. B ¢asy moaHoit crieaocT 3epHa 4YMCAEHHOCTD
BpeJuTeell 3ePHOBBIX 3HAUMUTEABHO BBIPOCAA, TaK KaK OHM MUTPUPYIOT C ITOCEBOB ITIIeHUIIBI B CBSA3M C
OKOHYaHMeM pas3BUTHUA KyAbTypbl, — 35,9%. Ha cranmsx 6ansu moas Ne 31 B mepnog, ¢pasbl KOAOIIeHNS
npeo04alaau BpeAUTeAM 3epHOBBIX — 78,2%, 13 HMX B HaMOOABIIIEM KOAMYeCcTBe 3apUKCHPOBAHBI
roaocaTsle IuKaAKy (Psammotettix striatus) — 18,9%. B ¢paze HaamBa uncaeHHOCTS PUTOPATOB IIITEHUITHI
CHIDKeHa A0 73% B CBA3M C MUTpalMell MX Ha I104s, IIPU 9TOM OOABIINII yAeABHBIN BeC cpeAy HUX
3aHMMaaa roaocaras xaeOHas Oaomika (Phyllotreta vittula) — 89%. B mepuoga ¢aspl 1oaHOI crieaocTu
MIIeHNIIBI Ha CTalusAX OOHapy>KeHBbI IToAocaTele muKaaky (Psammotettix striatus), XAeOHBIN KAOIMK
(Trigonotylus ruficornis) u crebaesas xaeOHas 6a0o1ka (Chaetocnema hortensis).

Comnocrapaenne a3 pasBUTH POBOIL IIIIEHNUIIBI C YMCAEHHOCTBIO KOMILAeKca GpUTo(aros B 9T
IIepMoAbI II0Ka3aA10, YTO OT IOsBAEHNU BCXOA0B A0 (pas3hl BHIXOAA B TPYOKY pacTeHM:s aKTUBHO 3aceAsaun
xaeOHas 1o04ocatasg Oaomka (Phyllotreta wvittula) m ckpoitocreOaeBbie Bpeautean. Ilpum sToM
IIPOMCXOAMAO CHVKEeHMe TaKMX DAeMeHTOB CTPYKTYpPBI yposKasl, KaK I'yCTOTa BCXOA0B M IPOAYKTVMBHAas
KyCTHCTOCTh pacTeHnit. Ot ¢aspl TpyOKOBaHMSA 4O KOJAOIIEHMs IILI0 MaccoBOe 3ace]eHye II0CeBOB
COCYIIMMU BpeAUTeAsIMM — MMaro IeHnyHoro tpurca (Haplothrips tritici), 32aKOBBIMM ITMKaAKaMU
(Psammotettix striatus), xaeOubIMu Kaonmukamu (Trigonotylus ruficornis) m 3AaxoBbsiMu TAstMU (Schizaphis
graminum). DTOT Tepuoj B PasBUTUM KyABTYPbl OTAMYEH MHTEHCUBHBIM pPOCTOM OMOMAacChl U
dpopMmpoBaHneM K040cCa, IIOSTOMY IOBPeXAEeHHOCTh pacTeHuil »tumMu ¢urodaraMy CHIDKaeT
YPO>KaifHOCTh KyABTYPHI 3a CUeT CHUKEHIS KOAMYeCTBa 3€PHOBOK B KO0Ce.

B nantboaee onachslit 4451 popMupoBaHus yposKas Iepnod — oT ¢passl GOpMUpPOBaHMI-HaANBa
3epHa 40 MOJAOYHON CIIeAOCTM, B OCHOBHOM BpeaAT cocyiiue ¢uroparu (AMYMHKUA U MMaro
nmeHnyHoro Tpurnca (Haplothrips tritici), Tan (Schizaphis graminum)), B 9TOT Ilepuos (pOpMUpyeTcs
BasKHBIN DAe€MeHT CTPYKTYypPhl yposKas — Macca 3epHOBOK, B cAydae IOBpeXJeHNs 3epHO popMupyeTcs
IIYIIABIM, Ae(pOPMMPOBAaHHBIM, OTMeYaeTCsl 3HauMTeAbHbI HeA000p ypoyKas, IIpU STOM IIPOMCXOAUT
CHIKEHIe He TOAbKO KaueCTBeHHBIX IT0Ka3aTeAeil 3epHa, HO M IIOCeBHBIX CBOMCTB.

IIpuMenenme Takux IIpUeMOB arpOTeXHMKH, KaK BBIDOp copTa, ceBO00OpOT, rayOuHa 00pabOTKM
IIOYBBI, CPOKI II0CeBa U YOOpKU M Ap., TIO3BOASIOT TakkKe 9(P(PeKTMBHO BO34elICTBOBATh Ha YCAOBMS
oOuTaHus BpejuTeAeill, TeM CaMbIM COKpaTUTh IIOTepU yposKas U CHMDKeHMe ero KauyecrBa OT
¢urodaros. Ilpu sTOM geiicTBMe TOTO MAM MHOIO arpoOTeXHMYECKOro IIpueMa B PasHBIX
arpoKAMMAaTUYeCKMX 30HaX OyJeT IpOsBAATHCA HEOAUMHAKOBO, IIO9TOMY BBHIOMpATh IIpUEeMbI
arpoTeXHMKI HaJO0 C y4eTOM ITOYBEHHO-KAMMAaTIUeCKMX OCOOeHHOCTel KOHKPeTHOIO paiioHa AU AaXKe
OTAEAbHOI'O XO35IACTBA, a TAKXKe C y4eTOM YacTO BCTPedyalouxcs BuA0B puTo(paros MIeHnIIb.

C nmomomipio HaydHO OOOCHOBAHHOTO YepeAOBaHMs KYAbTYp Ha IIOASX MOKHO TakKKe CHM3UTD
YICAEHHOCTh Bpeguteaeil. BosgeapiBanme mIIeHMubl IO ININEHMIE  CIOCOOCTBYeT — CO3AaHUIO
0AaronpuATHBIX YCAOBUS AAsl POCTa KOAMYECTBA CEPOil 3ePHOBOI COBKM, IIIEHMYHOIO TpPUIICa,
31aKOBBIX MYX, HAaKOILAeH sl MH(PEKI[MM KOPHEBBIX THUAEI.
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Baskno mpu BeIpaniusannm onpejeAeHHBIX KyAbTYp co0AI04aTh IIPOCTPaHCTBEHHYIO M30ASAIINIO
OT POACTBEHHBIX I AVIKVIX BIAOB, MMEIOIIX OOIIUX BpeguTeaell, KaK, HallpuMep, He pa3MellaTh psioM
ITOCeBbI KUTHSKA M MIIeHNIIbI, TaK KaK BO3MOXKHO MOsIBA€HIe XAeOHBIX XKYKOB M MX MUTpall/sl Ha 11045
C KYABTYPOIL.

BerBoabr

ITpoBeaeHHBIe MCCA€AOBaHMS B IIOCEBaX SIPOBOM IIIEHMUIIBI BBIABUAM KOMILA€KC JOMMHAHTHBIX
BpeANUTeAell B YCAOBUAX ceBepo-BocToKa Kasaxcrana: mmenmunoro tpumca (Haplothrips tritici),
crebaesyto (Chaetocnema hortensis) m moaocaryio xaebHyio Oaomky (Phyllotreta vittula), xaeGHoro
kaonuka (Trigonotylus ruficornis), 31aKOBBIX ITUKAaAOK (Psammotettix striatus), HO pacIpejeieHue UX B
11e10M IO paifoHaM 001aCTy U 10 pa3HBIM IIpeAIlleCTBeHHIKaM HepaBHOMEPHOe.

Pe3yabTaThl OIIEHKM BAUSHMS IIpeAIIeCTBEHHNMKa Ha YJMCAEHHOCTh HAaCeKOMBIX —AaloT
HEOAHO3HAYHbIe OTBETHI, HaIIpuMep, IpU IpeAleCTBeHHIKe — YUCTHII Map ITOCeBBI OKa3aAuch Ooee
3aceaeHsl ¢purodaraMy 3epHOBBIX, ocooeHHO B IllepOakTiHCcKOM (63,52% OT 0OIIeTo KOAMYecTsa Bcex
HaceKOMBIX) 1 YcreHcKoM (71,08%) paiioHax, XOTs Ha I104e MaAO PacTUTEABHBIX OCTaTKOB VM COAOMEBI,
KpoMe BTOTO, IIOCAe]Hssd OCHOBHasi 0OpaOOTKa B Ilapy IIPOBOAMTCS Ha OOABIIYIO TIAyOMHY, 4TO
yXyAIlaeT yCAOBUSI 3UMOBKM AAs TPUIICOB, YeM IO IIPeAINeCTBeHHNUKY spoBas IIINeHNuIa, TIJAe
HaceKOMBble MOTIYT 3/IMOBaTh B COAOMe I CTepHe AOMNOAHUTEeAbHO. BO3MOKHO, BTO CBA3aHO C TeM, U4TO
pacTeHMsi KyABTYpPBl IIO 4UCTOMY Hapy (POPMUPYIOT B CBSI3M C OAarONPUATHBIMU YCAOBUSIMIU,
CO34aHHBIMU II0 JAaHHOMY IIpeAIeCTBeHHIKY, OOABIIYIO HaA3eMHYIO Maccy 1 Oo./ee IpUBAeKaTeAbHBI
A1 HaCeKOMBIX.

®unHaHcuposBanme. Pabora BhimoaHeHa B pamkax mpoekra VIPH AP09058450 «PaspaboTka
9KOAOTMYECKON CUCTeMbl (PUTOCAHUTAPHOIO KOHTPOAs AeCTPYyKTUBHONM Omornl (Ppurodaros mu
¢uronarorenos) siposoit nmeHnibl Ha Cesepo-Bocroke Kasaxcrana» mpu puHaHCOBOI IOAjep>KKe
Komurera Haykn Munucrepcrsa Haykn 1 Bpiciiiero oopasosanus Pecriyoankn Kazaxcran.
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P.M. Yaauesa, M.M. Kasepuna
Topatizvipos yruseepcumemi, Ilasrodap, Kasaxcmatn

Kasaxcranubg CoarycTik-IIIbIFbICBIHAAFEI J)Ka3ABIK OMAar 3SMsTHKeCTepiHig Typaik
KYpPaMBbIHBIH MOHUTOPVHTI

Anpaarna. bugait gakplagapBIHBIH 3USHABL OPTaHU3MAEPAEH KOFaAyblH 0O0AJblpMay YIOiH
arpo0mnoneHosAapAarsl PUTOCAHUTAPABIK KaFAallAbIH KaABIIITACy 3aHABLABIKTAPEI TypaAbl aKapaTTh
yHeMi OSKaHapTHIIl OTBIPY Ka’keT, OHBIH HeTi3iHAe KOpFaHBIC Ilapadapbl >KOCIapAaHBIII,
yiBIMAACTBIpbIAaAbl.  ThiabiMu  3eprTeyain  Herisri Maxcatel — Kasakcranneiy — CoaTycTik-
OIBIFBICBIHAQFBL  DKOAOTUAABIK-TeOrpaMAABIK — aliMakTapra caiikec (IIaBaogap  00aBICHIHBIH
MBICAa/ABIHAQ) JKa34bIK OMAanAbH purodarrapblHa MOHUTOPUHT KYPTidy. 3epTTey Kypridy KeseHiHAe
JKaszagplK  Omgail  gakwplagapbeiHAAFel  purodarrapAblH  eMipaiKk IIUKAAepiHiH TaKTUMKAChl MeH
DBOAIOLMAABIK-DKOAOIVALIK OelliMAeAyiHiH cTpaTernsaiapsl, oldapAblH TpodpuKaabK OallaaHBICTAPEI,
AakplagapAaH CTaHI[MSIAapFa KOIy >KOAJapbl KoHe KepicCiHIlle, BereTanusABIK Ke3eHHIH aya-palibl
JKarAallAapbIHBIH OMAAVIABIH JaMy Ke3eHiHe Oalll1aHBICTHI KeOelore, KOpeKTeHyre >KoHe OJAapAblH
arpolieHo3japaarsl OeaceHaidiriHe acepi sepTTeadi. AAbBIHFAH HITIUKeAep KOIlleT Ke3eHiHeH Oacrarl
cabakTaHy Ke3eHiHe AelliH 49HAI J4aKblagapAbl cabDaKThI >KachIPBIH 3usHKecTep MeH Phyllotreta vittula
MeKeHJereHiH Kopcerti. CabakTaHy >KoHe OaCBIHBIH MacaKTaHYBl Ke3eHiHAe Schizaphis graminum,
Psammotettix striatus, Trigonotylus ruficornis xone Haplothrips tritici AeTeH CUAKTHI acTBIK AaKblAAapbl
3usAHKecTepi OachIM 0044bl. /9HHIH KaABIIITaCy-TOABICY >K9He CYTTeHiIl ITicyi KesdeHaepiHae eki
dopmaga (aepHaciagep MeH epecextep) Haplothrips tritici one Schizaphis graminum G6acbIM 00AaTBIHBI
aHBIKTaAABl. 3epTTey KoepceTKeHAell, Omaall AaMybIHBIH OacTallKbl Ke3eHAepiHAeri 3MsHKecTepAiH
KOIIIIiAiT cTaHIMAAapAa ©CeTiH apaMINeITi >kKabaiibl eciMAikTepde AaMBII, KOPeKTeHill, KeiliHHeH
A®HAIL AaKblaJapFa Kelleal.

Ocplaaitina, >KasabplK 0OmAail  jgakbplagapblHAa OKyprisiareH seprreyaep KasakcraHHBIH
Coarycrik-IITpiFpichiHAQFBl OachiM 3usAHKecTep KemeHiH (Haplothrips tritici, Chaetocnema hortensis,
Phyllotreta vittula, Trigonotylus ruficornis, Psammotettix striatus) aHBIKTaAbl, OipaK OAapABbIH >KaAIIbl
00ABICTBIH ayAaHAaphl MeH apTypAi OacTamaliblaap OOiBIHINIA Tapaaybl OipKeaki emec.

Tyitin  cesgep: ©Owmaainr, Jurodarrap, ¢uTOCaHUTApABIK Oaralay, arpoOMOIIeHO3,
Kaszaxcranusig Coarycrik-IIbFbIch.
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R.M. Ualiyeva, M.M. Kaverina
Toraighyrov University, Pavlodar, Kazakhstan,

Monitoring of the species composition of spring wheat pests in the North-East of
Kazakhstan

Abstract. To prevent losses of wheat yield from pests, it is necessary to update information on
the patterns of formation of the phytosanitary situation in agrobiocenoses, according to which
protective measures are planned and organized. The aim of the scientific study is to monitor the
phytophages of spring wheat according to ecological and geographical zones in the North-East of
Kazakhstan (on the example of Pavlodar region). In the course of research, the evolutionary-ecological
strategies of adaptations and life cycle tactics of phytophages in spring wheat crops, their trophic
relationships, migration routes from crops to stations, and vice versa, influence of weather conditions
of the growing season on reproduction, nutrition and their activity in agrocenoses, depending on the
development phase of wheat were studied. The results obtained showed that starting from the
germination and up to the stem elongation phase, cereal crops were colonized by latent-stem pests
and Phyllotreta vittula. Schizaphis graminum, Psammotettix striatus, Trigonotylus ruficornis and
Haplothrips tritici dominated in the stem elongation and heading phases. Haplothrips tritici in two
forms (larvae and adults) and Schizaphis graminum dominated in the phase of grain formation-filling
and milk development phase. The study showed that during the initial phases of wheat development,
the majority of pests develop and feed on wild weed plants, subsequently migrating to the cereals.

Thus, the conducted spring wheat crops research identified a complex of dominant crop pests
(Haplothrips tritici, Chaetocnema hortensis, Phyllotreta vittula, Trigonotylus ruficornis, Psammotettix
striatus) in the conditions of the North-East of Kazakhstan, but their distribution in general across the
districts of the region and for different precedings is uneven.

Keywords: wheat, phytophages, phytosanitary assessment, agrobiocenosis, North-East of
Kazakhstan.
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DKOAOIMSABIK Ti30eKTep )XaHe 0AapAblH
MaTeMaTUKaabIK-KOMIIBIOTEePAiK MOJAeagepi

Anpatna. Maxarada muxpoazsarap Oerzetiindezi aKOAOZUAALLK mi30exmepdiy, KYPLIABIMbIH
KIHE IGOAOUULCHIH MAMEMAMUKAALIK KIHE KOMNLIOMEPAIK MOJeAbIepMeH 3epmimnely Maceeci
Kapacmuvipviaean. buorozusAviK  KuHemuxa savoapul Hezisinde IKOAOZUSAIK  misbexmepdi
cunammaimortt OipHeuie MAMEMAMUKAALIK MO0eAbOep KYPbiALl, 0ctl Modervdep Komezimer
KOMNbIOMEPAIK  akchepumermmep xacarean. baxmepusrapdon, cybcmpammapdolr xate
Kapanaivimoapovy,  KOHUEHMPAYUIAGPOIHLIY, — YaAKbimKka — mMayeAJiAlein  CUnammaimuvi
MAMeMAMUKAALIK  ModeArvdep  xacardv.. Mathcad naxemi Komezimen MAMeMAMUKAADIK
ModeAvdepdity padukmix weurimoepi arviHobl XKaHe Mmardarobvl.

Kopexmix  cybcmpammuiyy Kyilece ey KulAdamovizbl o03zepeer Xa:0atidazbl IKOAOZUSALIK
misbexmit; KyuAepiniy, zpaguxmepi  KYpulAdbl KaHe ocvl Kyuaep 3epderendi. Mathcad
opmaceiHda  aamvl  mypAi - Oaxmepusiapdviy,  osapa  bacexkerecmizin - cumammanmvii
MAMEMAMUKAALIK  MOoJdeAvdep Kacardvl.  baxkmepusnuviy, ap mypinit KOHUeHMPAUUACOIH
cunammaimort napamempiep  Oeazirendi. OA  napamempze  MuHAAAP — Kamaodol:
OaxmepusAaplvly, — KaHbley — MYpaKmuicel,  Kapanauvimoapduir,  kKauvley — mMypakmuvicol,
baxmepusrapdviy, MEHWIKMI ocy XbAJAMOBIZLIHOIH, MAKCUMAA WAMACD!, KAPANAULIMOIAPOLIH
MEHULIKMi  ocy  KuADAMODIZDIHLIH, —~ MAKCUMAA — WAMACDL,  KAPANAULIMOApOLIH, — OCYIHiH
IKOHOMUKAADK — KoadpPuuuenmi.  bakmepusdnviry — KOHUEHMPAYUACHIHOIY, — OUHAMUKACOIH
CUNAmmaumoltt  MAMeMaAmuKarolx  Moleavdepdir,  paduxmix  weuimi  mardandvl  Xawe
KOpLImulHObL XKACAA)L.

baxmepusrap — mypaepi  apacvtindazor  Oacexerecmikmil,  QUHAMUKACLIH — Keopcememin
KOMNbIOmepAiK akcnepumermmep xkacardvl. On mypAi baxmepusrap KOAOHUACLIHVIY 03apa
bacexerecmizin cunammaimoli canovK KaHe paduxmix Hamuxerep arvindol. Komnvromepaix
npozpamma Microsoft Visual Basic 6.0. opmacvinda xacarean.

Tyiin ce3aep: akorozusrbIK misbexmep, MAMeMAMUKAAbIK KaHe KOMNbIomepAiK Moderbdep,
Mathcad  naxemi, Oaxmepusarapdoiy, — cyocmpammapdviy,  XaHe — KaApanauvimoapooir
KOHUEHMPAUsAapbl, «npodyleHn - KOHCYMeHm» KYiieci.

DOI: 10.32523/2616-7034-2023-143-2-54-65

Kipicrre

DKOAOTUAABIK Ti30eK (HeMece DKOAOTMAABIK IUpaMuja) - DKOXyilederi OapAblK AeHreiigeri
(ImenKopexTiaep, KbIPTKBIITap, Oacka >KBIPTKBIIITapMeH KOPeKTeHeTiH TypAep) IPOAyLIeHTTep KoHe
KOHCYMEHTTep apachblHAaFbl KaTbIHACTBIH rpadpuKaablK, OeliHeci. DKOAOIMAABIK Ti30eKTiH rpadpukaablk
MoOJeAbAepiHiH TpO(pUKaAbK KYPBLABIMBIHBIH IIMpaMuAaablK TYpiH 1928 sxpraet Y. DaToH KacaraH [1].

DKOAOIUAABIK Ti30EKTiH TOMEHTi caThIChIHAA IIPOAYLIEHTTep HeMece aBTOTpopTap OpHaJlacKaH.
Oaap kapamalipIM OpraHmsMJAep KaTapblHa >KaTagbl >KoHe MoJeKyJdadapabl CUHTe3JAell OTBIPBII
OpraHMKaAbIK, 3aTTapAbl eHgipeai. Oaap Oykia Ti3OexTi Oacka caThlaapbIMeH CaAbICTHIPFaHAA €H KOl
DHePTUs OHAIPe OTBIPBIII KOPeKTeHAIpeai.

IIpoayuentrep - JKep OetiHgeri Oapablk TipmIiaikTiH Herisi. Bipae-0ip kKopekreHaipy >keaici
0/apchI3 KbI3MeET >Kacail aamarianl. Koncymentrep (rereporpodrap) — Oya KOpeKTeHyAiH
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TYTBIHYIIBIABIK CaThICHL. ©O34irineH KOpekTik 3aT eHAipMeligi. OaapAblH ar3adapblHAAFbl 3aT aaMacy
OHAIpyLIiepai Hemece 0AapAblH KaAAbIKTaphIH CiHipy apKbLABI XKypedi [2].

¥cpmpapin oTeipran XyMbic /LH. TI'ymmaes ateiHgarsr Eypasms ¥ATTHIK YHUBEpPCUTETIHIH
XabapUIbICBIHBIH, OMOAOIVIAABIK FBIABIMAAP cepuschiHbl 2022 >xplabl 1 caHBIHAQ >KapbIK KepreH
«Muxpoarsazapaapaply IIONYAALUSICBIH 3epTTEYAe MOAEAbAEP 94iCiH KOA4aHy» aTThl MaKalaHBIH
>Kaafacel 00ABIT TaObIAaAbI [3].

3epTTey MaTepuaaaaphbl MeH aaicTepi

bBipuerte opranmsmgep TypiHeH TypaTbiH KypAeai >Kylieaepaeri SKOAOTUAABIK Ti30eKTiH
MaTeMaTMKaAbIK MOAeAiH >KacalblK. MyHAall 9KOAOTMAABIK Tid0eKkTe Oip opraHmsM Keitdip cyOCTpaTThI
KOpeK peTiHJe naligaaaHca, ©3i Keli0ip OpraHM3MHIH e34epi KOpeKTiK cyOcTpaTka aitHaAaAs! [4].

«bakrepusaap + KapamanbIMdap» OKylleci YIIiH TeHAeyAep Kypambia. bya xyiieae
KapanaiteiMgap OakTepusidaapMeH KOpeKTeHeai, aa OakTepusaap - ©CiMAIKTepAiH TaMbIpAapblHaH
OeaiHreH 3aTTapMeH, ©CiMAiK IHIipiHAilepiMeH (I'yMyc) XKoHe COA KaparmalbIMAapAblH KaaABIKTapbIMeH
KOPEeKTeHeA].

bi3 Gacranksl OakTepus MeH CyOCTpaTThIH KOHIIeHTpallMsAapblHa CylieHe OTBIPBIIT Ke3 KeAreH

. . N . X% X2Xq
aKBIT COTIHAETI OCBI alfHBIMAABLAaPABIH IITaMalaphbIH ecerTeyre KaskeTTi Ry = . Rso= - —
yaxur carina pabH ranasap yre Kakerti R = s, Ream -y

TeHJAeyAepiH KapacThIpbIll oTkeH0i3 [3]. Ocbl 5K0A0TMAABIK Ti30eKTiH MaTeMaTHKaAbIK MOJAeAiH >Kacay

YIIiH KapacThIpFaH TeHAEy4i >KaHa MyllelepMeH TOABIKTbIpaMbI3. bipinmii eHriseTin mymremis —
KaparnaibIMAapAblH OMoOMaccachIHBIH KOHII@HTpaIusACh (X3). 3epTTeyAi Rx TeHAeyiHeH OacTaiiMBbl3.
bakrepnsaHbIH KOHIIEHTPaIMACHIHBIH ©3Tepy  >KbLAAaMABIFbI AAAUTUBTIAIK 3aHbI OOBIHINIA €Ki
>KblAAaMABIKTBIH KaOaTTacyblHa OallaaHbICTHI:

- Gipinmrigen, 6akTepusiaap OYpBIHFBIINA X1 CyOCTpaTIIeH KOpeKTeHeAi;

- eKiHIIIiAeH, e34epi KaparalbiMAapAblH Koperi 00bI TaObiaaabl. COHABIKTaH

XpXq X1X3
R, = . — Ug ———— 1
x1 = Hm K, U3 c +K )Y 1)

MyHaa kaHa TypakTbLAap Iaida 00A4bL: 13 — KapanalbIMAapAbIH MEHIIIKTi ©Cy >KbL14aMABIFEL,
K2 - kapanaitbiMgap OakTepusidapMeH KOpeKTeHIeH Ke3Jeri KaHbIFy Kosdduimenri, Y3 -
KaparaibsMaapAblH 9KOHOMIUKAABIK KOD(pPUITIeHTi.

S.E. Iorgensen o3 eHOeriHAe 300I111aHKTOHAAPABIH KMHETHKaABIK IlapaMeTpaepin DasHAaraH [5].
Ocpraapapl 0i3 KapanaibIMAapAblH ©Cy AMHaMMKAChIH CUIIaTTay YIIiH naigadaHamers. Oprama K2 = 0,5
mr/a, Ys=0,6. KapanaiibiMaapAbIH €H yAKeH MEHIIIKTi ecy >KblaaaMAbIFbIH (u3 = 0,04 ﬁ) DakTepusira
kaparaHaa 10 eceaelt keM aaaMbI3.

EHai KapamnaiisIMAapAblH KOHIIEHTPAIUACBIHBIH ©3repy KblA4aMABIFBIHBIH TeHAeyiH TaaAaliblK.
Erep Tenaeyse Tek KaHa Oip KYPBLABIM — KapamnalibIMAapAblH OaKTepusMeH KOpeKTeHyi HaTIKeciHe
oJAapAbIH e3repici oH maMa 0o04ca, OHAA KapallaiibIMAapAblH OMoMaccachl a3 yakbIT illliHAe aca yAKeH
caHMeH epHeKkTeaep eai (MaabTyc 3aHBIH ecke Tycipelik) [6]. Aa HaKThl >Karjaliga KapanalibIMAap
OMBIPTKAChI34apAbIH KOperiHe aliHaaaThIHBIH Oisdemis. TinTi, KapamaibIMgapMeH KOpeKTeHeTiH
SKBIPTKBIIITap JKOK 004ca Aa, 0AapAbIH CaHBIH TaOMFM KOMBIAY Aa IIEKTeNAl.

Mpicaabl, OMOAOTUAABIK TYPAIH KblA OachiHAarbl caHbl 10 GoaceiH. JKblA asFpiHAQ OAapABIH
Gipeyi >KOJIbIAYFa YIIbIpar, caHbl 9 6044b1 geaik. CoHAA ©AIM-KIiTiM XbLAAaMABIFBL 1 TYp/>KbIA OOAAABL
Az 6i3 100 611010TUAABIK TYPAL KapacTBIPCAK - 0AaPABIH >KOVBLAY XXblAAaMABIFEL 10 TYp/>Kb1a 6042481
A2 MeHIIKTI >KbIAAAMABIFBI €Ki >KaFdaiida Oip I1amara TeH - 0,1$ 0osaaapl. Ocel curaTraMaHbl

(’KOBLAYABIH MEHIIIKTi JKbI14aMABIFbI) OMOKMHeTIKaAa KeH Typae KoAdaHaAbl.
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Certrinn, Oip >KarplHaH,KapamnalbIMAapAblH ©CyiH, eKiHII >KaFblHaH OJapAblH >KOMbIAyFa
YIIBIpaybIH €CKepe OTLIPBII MBIHAHAAM TeHALY KYpaliMbI3:

X1X3
xX1+K,

Ry3 =3 - —m-X;3 )

m - >KOMBIAYABIH MEHIIIKTi KblagaMAbFbl.  B.A. Basmaun, B.b. Bacmanestin seprreyinme
DakTepusAlapAblH ~ SKOVBIAYBIHBIH ~ MEHIIIKTI  JKBLAAAMABIFBI  OJapABIH  ©CYiHiH  MEHIIKTi
1
caFaT
EH coHplHAa CyOCTpaTTBlH KOHILIEHTPAlUMACBIHBIH — ©3Iepy  >KblAAaMABIFBIHBIH — TeHAeYiH

xplagamMabrrpiHaH 10 ecegeir keM [7]. demek 0i3aig KapanansiMaap ymig m =0,004

KapacTeipaiiblk. O TeHAey 4 KYpBhLABIMHAH TYPaAbl:

1. Tepic KOMIIOHEHT — KOpPeKTiK CyOcTpaThl OakTepusAapAbIH I1aiialaHybl.

2. Tepic KOMIIOHEHT — >KaybIH-IIAIIbIHHBIH 9CEpPiHeH TONIBIpPaK KYpPaMBIHAAFbl OpTraHMKAaAbIK
3aTTapAbl IaMbLAYEI.

3. OciMmgaik mipiHaizepiHiH >koHe ©CiMAIK TaMbIpAapbIHbIH O0ATeH 3aTTapbl eceOiHeH KOPeKTiK
cyOcTpaTTapAblH DKOAOTUAABIK >KYyliere eHyiHiH XbplagamMAabIFel (B) — oH mama.

4. JKoriblayra yIbplparaH KapamallbIMAapAblH OpTraHMKaAbIK 3aTKa aliHaAbIl TOIIBIPaKThI
OalbITYBI.

Certrin 6i3 MBIHAaHAA TeHAEYAl adaMBbI3:

X2X1

Rx2 = —Hm- (xp+K,)Y

—D-x,+B+m-x;3 (3)

B mama op Typai 60aa451 >koHe OHEI 94e0meTTepAeH adameis [8]. Aaawsimen B = 0,005 mr/a/carar
OoaraH >KarAanAbl KapacTeipambrs. Aa D maMa >KaybIH-IIAIIBIHHBIH 9CepiHeH TOIbIpaK KYpPaMBIHAAFBI

N . 1
OpTaHUIKAABIK 3aTTapAbl MABLAYBIH cumaTTanasl. OHbI [6] 94e0nerTeH azamers: D = O,OOOSE.

3epTTey HaTIDKeAePi JKoHe Taajay

baxmepusrapovi,  Kapanasioimdapdoir, xkone  cybcmpammapdviy,  e3apa  acepaecyi.
baxTepmsiaapablH, KapamnailbIMAapAbIH >KoHe CyOCTpaTTapAblH e3apa oceplecy KesiHAeri 0AapAblH
KOHIIeHTpallVsIAapBIHBIH yaKbITKA ToyeaAilik TeHAeyAepine carikec ((1), (2), (3) Tenaeyaep) Matchad 15
oprachlHjAa >KacalfaH Oarjapaamanbl yceiHaMbi3 (Amcrtmur 1). baraapaama kemeriMeH KOpeKTiK
CyOCTpaTThIH >KylieTe eHy >KblAaaMABIFBIH e3repTy KesiHgeri (0,005 mr/a/carat; 0,009 mr/a/carat; D =
0,0005 ﬁ) >koHe 0-aen 6000 caraTka AeViiHIi YaKbIT apaAbIFbl YIIiH 9KOAOIVIIABIK Ti30€KTiH KyliaepiH

CUIIATTalTBIH TpaduKkTepAi aaabik  (la sxone 16 cypetrep) [9,10].
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=1
B =0.005 KopekTik cyBCTRETTeIH#Y AEre eHy HbINLaMAEFbl
D :=0.0005 KopekTik cyOCTpaTTeiH W kBN ¥EINDamMasfkl
K1:=23 BakTepwAanapibiH KaHbIfy TYRaKThICk
K2=05 KapanaibirMmaapasIH KaHe fy TypakTeIckE!
m =0.004 Kapanadkir aapieiH enik-i TiIRMIHH MEHWIKTI #eINaamisifsl
Mm = 0.3 BakTepwAnapakiH MEHWIKTI 8Cy #EINdamMAbFbHeIH MaKCMIMan Wamace
M3 =004 KapanadbiMaapibH MeHWIKTI ecy HbINDamabFbIHeIH M aKCMMan lWarackl
Y=05 BakTepuAnapdbIiH SCYiHIH SKOHOMWHANLIK Ko MUMeHTI
Y3 =06 KapanaikirMaapibiH eCyiHiH, SKOHOMWKENE!E KO3 MUMEHT
0.2
x0:=| 10 Saapa Taverni aiHe Marel napieIH BacTank el Warack!
0.0%
XK X ElaKTepHFI BrorMaccackIHEIH
Mm | — | -M3| —— TeHAeyl
x, + K1 [xl + K2)Y3
1% CyOCTpaTThiH, TeHneyi

F(t,%) =| -Mm| ———— |-Dx, +B+mx yoerp v
a ( + Kl)-Y

%

1%
—— |-mx KapanaikitMiapieH TeHasyi
(x + Kz) 3
L 1 _
X =rkfixed(x0, 0, 6000 10000  F) Pyure — KyT1s1 amici
Auctuar 1

KoMmnpioTepaik skcriepuMeHT OapbIChIHAA CypeTTe KepceTiareH rpaduk caabiHadbl. la cyperTeH
KOpiHiIl TypraHaall, Oya Xyite OakTepusaapAblH Omomaccachl MeH cyOcTpaTTap KOHIJeHTpalusaapbl
apachIHAaFbl Toyeaaidikke KaparaHJa a44eKaliga Kypdeai 3aHABLABIKTHL KepceTedi [3]. DxcnepuMeHT
HOTIKeciHAe OaKTepusiaapAbIH, KapalaibIMAapAbIH KoHe CyOCTpaTThIH KOHIIeHTPalVACHIHBIH YaKbITKa
ToyeAaAi e3repici - ereTiH TepOeaic TypiHge 00aaAbl.

i

Konnenrpanns

o 2x10% 4x10% 6107

— BakTepHsinap
—_— CyGoTpar
—_— K apanaisioap
Cypert 1la. B=0,005 mr/a/caraT 00araHAarbl OaKTepMsIAapABIH, KapanaibIMAapAbIH JKIHe
CyOCTpaTTBIH KOHIIEHTPAVACLIHBIH YaKbITKa Tayeaai esrepici
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KopexTik cyOcTpaTThIH JKyliere eHy >Kbl14aMABIFBIH aMaabl apTTeipcak (B=0,009 mr/a/car) 6ya
TepOeaicTepAi emmneliTin Typre keatipyre 6oaaasl (Cyper 10).

O

Konnenrpanusa

i 2x10% ax10° &x10°%

— BaxTepHstap
—_— CyfoTpar
—_— [ apanafibiaap

Cypert 16. B=0,009 mr/a/caraT 60araHaarbl OaKTepUsiAapAbIH, KapananbiMAapAbIH JKoHe
CyOCTpaTTBhIH KOHIIEHTPaIVsCBIHBIH YaKbITKa Toyeadai e3repici

TepOeaicrep CBIPTKBI IIepMOATHI acepAiH ceOebiHeH emec (MBICaAbl, TeMIIepaTypaHBIH
MayChIMABIK HeMece ToyAiKTiK e3repyi), >KyleHiH iIIKi 94eMeHTTepiHiH ©3apa opeKeTTecyiHeH
6oaaTbiHBl TYCiHIKTI. Bya Tepbeameai KyOblabic Kaaal maijga 0oaaawl? bya KyOblLabicTsl Oblaaii
TyciHgipyre 0Ooaaapl. bakrepmsaapablH KOHIIEHTPaLMSACBHIHBIH ©Cyl IIpOLeCTiH OachlHAa KapKbIHABI
604aAb1, ©MITKEHI KOPEKTiK cyOcTpaT eTe Keoll, aa DakTepusaapMeH KOpeKTeHeHTiH KaparlaiibIMAapAbiH
(CKBIPTKBIIITApABIH) KOHIIEHTPAlMSCHI 94i Je a3 >koHe oOJapAblH OakTepusiiapMeH KOpPeKTeHyi
Oarikaamaiiapl.  bakrepusaapapiH OmomaccachlHBIH Te3 apTyblHa OalldaHBICTBI >KoHe KOPeKTiK
CyOCTpaTThIH >Kyliere eHy >KBlAJaMABIFBI TYpaKThl OOJAFaHABIKTaH 0ipa3 yaKbIT ©TKeHHeH KeiliH
DaxTepusaapAbIH KOOeIO JKbIAAaMABIFbI KYPT TOMeHAelAl. A SKBIPTKBIIIITapAbIH KOHIIeHT PaIjUsCBIHBIH
ecy KapKbIHBI OipTiHAen apTa Tyceai. AKbIp COHBIHAA SKBIPTKBIIITAapAbIH OaKTepuslapMeH KOpeKTeHy
KBIAAAMABIFBI  O0AapAbIH KeOelo >KblAJaMABIFbIHAH achlll Tycedi. OcblgaH KelliH OakTepusaapAbIH
KOHIIEHTpalsIChl TOMEHAEN Dacraiiapl.

Kyiiere kipetin GapaAbIK cyOcTpaTTapMeH CaHBI KYPT a3aliblll KeTKeH OakTrepuslap KOpeKTeHe
aAMaNTBIHABIKTAH,  CyOCTpaTTBIH  KOHIIEHTpalusAcel  apTa  Oactaimapl.  JKBIPTKBIIITapABIH
KOHIIEHTPaLMSACHL 941 A€ apTHIIl Keaeai, Oipak KeIl y3aMall o4ap¥a KOpPeK >KeTicIlelidi - eMTKeHi oaap
OakTepusaapabIH Ken Oeairin >xen KonAbl bya sxaraaiiga KapanaibIMgapAbIH SKOMBIAY KbLAAAMABIFBI
04apAbIH Ke0el0 KblAJaMABIFbIHAH aChIIl TyceAi JKoHe KapalalibiMAapAbIH KOHII@HTpalMsChl TOMeHAel
Oacraiiapl. KapamaiibiMaapablH KOHIIeHTpalMsChl ©Te a3 0OoaraH Ke3de, Tipi KaaAfaH asjaraH
DakTepusaap yHeMi >Kyliere eHiIl KaTKaH >KoHe YJAKeH IllaMara >KeTKeH CyOcTpaTTapMeH KOpPeKTeHiIl
keOeite Oacraiiapl. Ocbl KapacThIpblLAFaH IIMKA II€PUOATHI TypAe Tarbl Aa KaiTadaHaabl. CeiTin
DakTepusaapAbIH, KapalaibIMAapAbIH >KoHe CyOCTpaTThIH KOHIleHTpalMsSAapbIHbIH yaKbITKa Tayeaai
esrepici - emneiTiH TepOeaic TypiHe kerrei. bya tepGeameai KyObLABIC TaOUFaTTaFbI asmomepoericmep
Aetl aTtaaaast [11,12].

Komnvtomepaix sxcnepumenm KemeziMen 3KOAOZUAALIK Kytiedezi Oaxmepusrapovir, ap
mypaepi apacvindazor 6acexerecmizin sepmmey. Mathcad 15 oprackiHga 6 Typai OakrepusaapAbiH
e3apa OoceKkeaecTiriH CUIIATTalTHIH OarjapaaMa >Kacaablll, HITVDKeCiH rpadukrep TypiHAe aaAbIk,
(Cyper 2a). Op0Oip GaKTepHAHBIH KOHIIEHTPaIMACBIHBIH yaKbITKa ToyeAAiAiriH CUIaTTaliThIH TeHAeyaepi
9p TypAai 60a4b1. OliTkeHi op OakTepus YIIiH aablHFaH ITapaMeTpaep (OakTepusAapAblH KaHbIFY
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TYPaKTBICHl,  KapamalbIMAApABIH  KaHBIFy — TYpaKTBICBI,  OaKTepusAapAblH — MEHIIIKTI  ecy
KBLAAAMABIFBIHBIH ~ MaKCuMMaAa IIaMachl, KapamaibIMAapABIH MEHIIIKTI  ©eCy  >KbLAAaMABIFBIHBIH
MakcuMaa —Iamachkl, KapamnaibIMAAapAblH — ©CyiHiH  9SKOHOMHMKAAblK — Kod(uimenTi), Oacka
OakTeprAapAblH KOHIIEHTPALVACHIHBIH AMHAMMKAChIH CUTIATTalTBIH TeHAEYAeTi MapaMeTpaepain caH
MoHiHeH Oackalra eai.

20

Konyentpanus

400 aon

FAKELIT

— ] Tom
— 2 TOII
— 3 TOTI
— ] TOII
—

& Tom

Cyper 2a. AaTol TypAai OakTepusiaap apacblHAarbl 09ceKeAecTiKTi cuMIIaTTaliTBIH IrpadpuKTep

Kounentpanua

VaKEIT

Cyper 26. YakeH MmacimrTaOTarbl 6aceKeAecTiKTi CMIIaTTalThIH TpadUKTep

20 cyperreri rpadpukrep ap TypAi OakTepuslapAblH KOHIIEHTPalMsACBIHbIH YaKbITKa ToyeAAidik
AVHaMHKachlH YAKeH Maciitabra kepceredi. bya rpadukren ap Typai OakrepusaapAblH TaOurn
CYPBIIITaAybIH JKaKChl KOpyre 004aAbl.

I'padpukrepai Taagay OapbIChlHAAa MBIHAHAA  KOPBITBIHABI ~ KacaiMbpI3: 1-iHImi  TOII
OakTepusaapsl OipAeH >KOMBIABII KeTeAi; 2-iHII Tonl OakTepuslapbIHbIH KOHIIEHTPALVCH a3 yaKbIT
imiHAe ecTi ae, >Koiiblaa OacTaapl; 3-iHII TOI OaKTepusAapbIHbIH KOHIIEHTPAIMACH a3 YaKbIT illliHAe
ocTi Ae, azast OacTaabl; 4-iHIITi TOI OaKTepMsAAapBIHBIH KOHIIEHTPAIIMCH a3 YaKBbIT illliHAe OcCTi Ae, a3ast
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Oacraapr; 5-iHm TOm OaKTepuUsAAapBIHBIH KOHIIEHTPALMACH a3 yakbIT imriHge Te3d ecti. beariai 6ip
yaKbITTaH KeifiH OaKTepusAAapbIHBIH CaHBIHBIH OCYy >KblAAaMABIFBI YaKbITKa Toyeaai azas Oacraanl; A3
YaKBITTHIH illliHAe 6 TONTHIH OaKTepusapbIHBIH CaHBI ©Te YAKeH ImaMara >KeTTi. CoHaH KelfiH ImaMaasl
YaKBbITThIH apaAblFbiHAa Oya OakrepusaapAblH KOHIeHTpaunuscel 60 ecegeit asaiiapl. Kaaran yakbITTa
OakTeprsap KOHIIEHTPAIMACH TYPaKThl OOABIIT KaAABL.

Komnvtomepaix  moderv  kemezimen  Oaxmepusirapdviyy, 3Jp  mypaepi  apacvindazot
bacexerecmixmi 3epmmey. JKorapelgarbl KapacThIpblAFaH OakTepusiap TypAepiHiH OMOMacCachIHBIH
KO0OeIOiH >KoHe TaOMFM CYpPBINTAaAybIH CUIIATTaliTBIH KOMIIBIOTEPAIK MOJeab >Kacaaapl. 3 cyperre 10
TypAi OakTepusaapAbIH e3apa O9ceKeAeCTiriH CHUITaTTaliThIH KOMIIBIOTEPAIK MOAeAbAeyAiH ¢pparMeHTi
kepcetiaren. Kommnpiorepaik mporpamma Microsoft Visual Basic 6.0. opraceinja skacaaraH.

| EE| Size — OakTepusAiap IONMYASIMACH OPBIH aJAaThIH alaHHBIH

= Parameters

Cine dn ea1Iemi Oepiaeai.
RadDisp - yaksITThIH Oip TaKTiCiHAETi OpraHU3MHIH eH YAKeH
Radbies B 1. GO! P — yakpITThIH Gip HAeri op HeH Yy
aITBIKTBIKKA TapaAyBhl.
RodBresd || 1 - K KTPIKKa Tapady 5
Eoni 20 1- RadBreed — >KbIHBICTHIK KO0EIO >KafAalblHAA aTaAbIK >KoHE
erkiliky Sto .. ...
P aHa/AbIKTapAbIH OipiH-0ipi i3aey paanmycsl.
D ensity ID? o-1 .qs
: Fertility — ypriakTap caHbl.
Mo aof 5 I . . .
Fe = End Density — 6ip ypIiakTbIH yaKbITBIHAQFBI TapaAfaH aliMaFbIHBIH
Tirne I1 - yaeci.
No of spp — cTapTTBIK TO3UIUSAAAFBI TYPAEPAIH CaHBI.
i SexBreed f+ Clone .
Time - ypnakrap caHsl.

SexBreed — >XbIHBICTHIK KOOEIO.
Clone- >XBIHBICTBIK, €MeC KOOer.

KowmmbroTepaik Mogeaseyain Moaear Go KHOIKachlH OacKaHja >KYMBIC icTeliAi, TOKTaTy
nHTepderici yuiiH Stop KHONIKacklH OacaMbl3 HeMece >KYMBICTHI asKTay
yuin End xHomkaceiH GacaMbls.

1) Heagaix ypnak Keseninge

= Species composition - [B]X] . ':I —m
||

CrapTThIK >KaFAaiiAarsl 9pOip 10 Typai KypaiThiH t=0 yakpIT MOMeHTiHAeTi ap
TYPAiH OakTepus caHAapbIHbIH DaxTepusaapabiy t=0 kesaeri TYPAiH OakTepusAapbIHbIH
o3apa apa KarbiHachl (t=0) KeHICTiKTe TapaAybl CaHbIHBIH Tpaduri
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2) 100 ypriakTaH Keiiin

= HEEf | F 1=

t=100 yakpIT MOMeHTIHAETI AFHI t=100 yakpIT MOMeHTiHAeTI baxrepmsaapapis 10
100 inmmi ypriak naiga 6oaraH OakTepusAapAbIH Ke3aeri Typaepinig 100 ypnak eTkeH
Ke3Jeri OaKTepis caHAaPBIHBIH KeHiCTiKTe TapaAysbl Ke3eri Oipaece eMip cypyiHig
©3apa apa KaTbIHaChl AVIHAMMKACHI

Cyper 3. 10 Typai OakTepusiaapAblH 63apa 03ceKeaeCTiriH CUIaTTaliThIH KOMIIBIOTEPAiK
MoOJeAbJey

Ocpt Mogeapderi  OapablK — OMOAOTMAABIK — TYPA€pAiH  KOHIIEHTPAUVSCHIHBIH — ©3repy
3aHABLABIKTaPBI KeAeCi aArOpUTMMEH CUIlaTTaAaAbl:

1. YakpITTHIH 9p TaKTiciHAe 9pOip TYp KBIHBICCHI3 HeMece JKBIHBICTHIK, JKOAMeH Kobeiieai.

2. bipinmii >xaraaiija, OM0A0TUAABIK TYp OipHellle 9KBUBaAeHTTi ypIiakTapra 6e4iHei, oaapAblH
caHpl mapameTpaik Typae Oepiaeai (Fertility mapamerpi). Opbip ypmax RadDisp mapamerpimen
aHbIKTaA¥aH Oeariai Oip paauycra opHaaacaabl. COHbBIMEH Karap, erep TaHAaAfaH aiiMak Ooc 0oaca,
6uoaormsasIK Typ OipaeH coa xepre opHaaacaasl. Erep aiimak 0oc 60amaca, oHga 0,5 BIKTMMaAABIKIIEH
O10A0TMAABIK TYP COA >Kepre OpHaJachlll alfaH 0acka OMOAOTMAABIK TYPAi BIFBICTBIpaAbI HeMece ©3i
JKOMBIABINT KeTeai. Exinmii >karjaitga, Omoaorusaaslk Typ Oepiaren pagmycra (RadBreed mapamerpi)
alfHaJaHbl CKaHepAeliAl JKoHe HAaKThl CepIiKTeCTi TallKaHHAH KeiH ypIlaKTapAbl AYHIEre aKeaeai KoHe
Oya yprmakrap coa aliMakTa KOHBICTaHaAbl. YpIIaKTapAblH CaHbl MeH Tapaady CUIIAThl >KBIHBICCHI3
koOeroMeH Oipaert.

3. JKbIHBICCBI3 HeMece >KBIHBICTBIK KOO€IOAeH KelliH aTaAblK >KoHe aHaAblK TypAep ©iIl,
yuyackeaepai Oocaraabl.

10 Typai OGaxTepmsiaapablH e3apa OdceKeAeCTiriH CUIIATTAlITBIH KOMIIBIOTEPAIK MOAeAbAey
HOTIKeAepiH 3epJeaell OTBIPBII MBbIHAHAAM KOPBITBIHABI JKacay¥fa 004aapl: t=100 yakbIT MOMEHTI sSFHI
100-inmmi yprak maiiga 00AFaH yaKbIT ©TKEHHEH KelliH O9ceKeAecTiKKe TeK eKi TypAai Oakrepusiap raHa
ToTern Oepe aaaanl ekeH. OCHI eKi TypaiH inriHje capsl guarpaMMamMeH OeariaeHreH 6akTepusaap 6aceiM
Tyceai.

KopbITBIHABI

BisaiH XyMBICBIMBI34a MUKpOar3alap AeHreitinae OOABIN >KaTKaH OMOAOTUAABIK ITpollecTepAin
Kyp4eAi KYPBIABIMBIH CHUIIATTalITBIH JKoHe OCBl IIpoIlecTepAiH JaMy OafbIThIH aHBIKTalITBHIH
MaTeMaTMKaAbIK >KoHe KOMIIBIOTepAiK MoJeabJep >Kacaablll, oOJap MMKpoar3adap oJAeMiHJe
DKOAOTHUAABIK Ti30eKTiH 004y IIapTHIH aHbIKTay4a KOA4aHBLAABL.
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buoaormsaarik  mponecrepaiy  gaMy  AMHaMMKachlH, MUMKPOar3adapAblH — KYWiH  >KoHe
DKOAOTMAABIK Ti30eKTiH 00y IapThIH aHBIKTAUTHH AudQepeHnnaliblK TeHJeylep TeopUsChIHA
Heri3jeATeH MaTeMaTUKaAbIK-KOMIIBIOTepAiK MoJdeabaep 3epaeaeHai. Ocel ModeAbaep KOMeTiMeH
TOMEHJETi FRLABIMU HaTUKeAepre KOAa KeTTi:

- KOMIIBIOTEPAiK DKCIIePUMEeHT KoMeTiMeH KOPeKTiK CyOCTpaTThIH XKyliere eHy >KblA4aMAbIFbIH
e3repTy Ke3iHAeri 9KOAOTUAABIK Ti30eKTiH KyilAepiH cCUIaTTailTIH TpaUKTepAi aAbIHADL;

- Mathcad 15 opracsiHAa aaTel TypAai OakTrepusaapAblH ©3apa O9CeKeAeCTiriH CUIaTTaiThIH
KOMITBIOTepPAiK DKCIIepVIMEHT >Kacaablll, rpapuKTep TYpiHAEri IentiMmaep aAbIHABL;

- OH Typai OaxTepusaapablH e3apa OdceKeAeCTiriH CUIIATTaliTBIH KOMIIBIOTEpPAIK MOAeAb
>KacaAblll, aAbIHFaH FLABIMU HOTUKeAep 3epAeaeHai.

AABIHFaH FBIABIMM HOTUKeAePAl KepriaikTi OMOAOIMAABIK IpoLecTepAi 3epTTeiTiH FRLABIMU-
3epTTey OpTaAbIKTapbIHBIH JKYMBICTapblHAA NaligadaHyra 00AaAbl.

Kapxbraanapipy. Xymeic  Kasakcran PecriyOamkaceiasiy JKorapel 0iaiM  >koHe  FBLABIM
MMHUCTPAITiHIH Kap>KBIABIK AeMeyi apKbLabl OpbIHAaaab! (rpanT No AP14869376).

OgaebmetTep Ti3imi

1. Elton C.S. The Ecology of Invasions by Animals and Plants. — University of Chicago Press,
2000. - 196 p.

2. TIuceman T.J., boraanosa O.H., Kaaamber H.C. OcoGeHHOCTI B3aIMOAEIICTBIUS CMeLIaHHOMI
KyABTYPBI BOAOpOCAell 1 OecITO3BOHOYHBIX B BOAHOM OMOTMYECKOM IMKAe «IIPOAYIIeHT-KOHCYyMeHT» //
Cubupckmit 9Koaormaecknit xxypHaa. — 2002. — N6 — C. 657-662.

3. Mykymes b.A., Kusu B.C., Mmpsaraanesa A.b., Mykymes A.b., Typawbex H.B.
MuxkpoarsasapaapAblH TONYAAIMACHIH 3epTTeyle Mogeapdep oddicin xoagany // /AH. I'ymmaes
aTeiHAarel EYY Xabapibicel. brioaormsaasix rerasmvmaap cepuscel. — 2022, — Ne1(138). — b. 6-16.

4. Volterra V. Mathematical Theory of Struggle for Existence. - Moscow: Nauka, 1976. — 288 p.

5. Jorgensen S.E. Handbook of environmental Data and Ecological parameters. — Pergamon
Press, Oxford, 1979. - 1162 p.

6. Ilepr C.A. OCcHOBEI KyABTYpUPOBaHM MUKPOOPTaHIU3MOB I KAeTOK. — Mocksa,1978. — 331 c.

7. BaBuaun B.A,, Bacnares B.b. MaremMmaTnueckoe MO/JeAupOBaHNue
IIpOIlecCOB  OMOAOTMYECKOM  OYMCTKM  CTOYHBIX  BOA ~ aKTMBHBIM  MAoM. —  Mocksa:
Hayxka, 1979. - 121 c.

8. Cmarmn A.B. u ap. Mogeanpopanne AuHaAMMUYECKM OpPraHMYECKOIO BelllecTBa I10YB.
— Mocksa: Mza-so MI'Y, 2001. — 120 c.

9. Kupspsanos /. Mathcad 14 B mogamnnuxe. — Cankt-IletepOypr: «bXB-IlerepOypr», 2007.
-682c.

10. Ouxos B. Mathcad 14 aas cryseHTOB, MHXKeHepoB U KOHCTPYKTYpoB. — CaHkT-IleTepOypr:
«BbXB-Iletepbypr», 2007. — 370 c.

11. Pusumuenxo I'1O. Marematnueckue mogean B 6uopusnke u sxkoaorun. — Mocksa-JIxesck:
MuctuTyT KOMHIbpioTepHBIX nccaegosanuii, 2003. — 184 c.

62 Ne 2(143)/2023 A.H. Tymuaes amoindazor EYY Xabapurvico. Buorozusavik eotavimoap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



B.A. Myxyues, C.b. Myxyutes, A.b. Mupsazaruesa, b.A. ITpmanmaesa, H.M. Omaposa

b.A. Mykymes!, C.b. Mykymes!, A.b. Meip3araanesa?, b.A. Ilpmanraesa®, HM. Omaposa®
IKasaxcxuit azpomexnuveckuil yrusepcumem um. C. Ceiudyiruna, Acmana, Kasaxcman
Mexoynapodroii yrusepcumem Acmana, Acmana, Kazaxcman
SEepasuticxuil Hauuonarvroti ynusepcumem um. /A.H. I'ymuaesa, Acmana, Kasaxcman

DKOAOTUIECKUEe LOEeIIOvKMN 1M X MaTeMaTNKO-KOMIIbIOTepHbI€ MOAeAN

Annporamms. B crarbe paccmaTpuBaercs IpoOaemMa M3ydeHMs CTPYKTYp U 9BOAIOIIUIA
DKOAOIMYECKUX IIellodeK Ha YpOBHe MUKpPOOPIaHM3MOB C IIOMOIIBIO MareMaTMYecKmx U
KOMITBIOTEPHEIX MoJeaeit. Ha ocHOBe 3aKOHOB OM00TMYeCKOV KIHETUKU ObLI0 ITOCTPOEHO HECKOABKO
MaTeMaTU4YecKX MoJeael, ONMCBHIBAIOIINMX 9KOAOTMYeCcKNe IIeIOYKM, M C IIOMOIIBIO BTUX MOJedeir
ObLay  paspaboTaHbl KOMIIBIOTEPHBIE 9SKCIIepMMeHTH. PaspaboTaHpl MaTemMaTudeckue MOJeAM,
OTINCHIBAIOIIIIE 3aBMCMMOCTD KOHIIeHTpaly OakTepuaabHONM O1OMacchl, CyOCTPaTOB M IPOCTEMIINX OT
spemenn. C momompio nakera Mathcad Obiam moaydeHBI U HpOaHaAM3MPOBaHBI Tpadpuyeckue
peleHns: MaTeMaT4ecKix Mojeaet.

Boiam cozganbl TpaMKM COCTOSHMII 9DKOAOTMYECKMX IIelIoYeK C M3MeHeHNeM CKOPOCTU
IIPOHMKHOBEHMs IMTaTeAbHOIO CyOCTpaTa B CHCTeMy ¥ U3y4deHbl 9T cocTosHu:A. B cpeae Mathcad
ObLAM pa3paboTaHbl MaTeMaTHyecKlie MoJeAN, OIMChIBAIOIIe B3aMHYIO KOHKYPEeHIIMIO 6 pa3AMYHBIX
OaxkTepmii. YcTaHOBAEHBI IIlapaMeTphbl, XapaKTepM3ylollye KOHIIeHTpaluio OmomMacchl KaXKAou
Oakrepun. K ®roMy mnapameTpy OTHOCATCA: IIOCTOsIHHAs HachIIlleHMs OaKTepuil, IIOCTOsSHHAs
HacChIIIleHMs IIPOCTeNMINMX, MaKCMMaAbHas BeAMdyHa YAeAbHONM CKOpPOCTM PpocTa OakTepmii,
MakcuMaapHas BeAMdrHa yAeAbHON CKOPOCTM pOCTa IPOCTEMINNX, DKOHOMMYECKUI KODPPUIMEeHT
pocra mpocreiimux. IlpoaHaamsuposaHo rpaduueckoe pellleHne MaTeMaTHYeCKMX Mojeaeli,
XapaKTepu3yOIIMX AMHAMIKY KOHIIeHTpaluy 61oMacchl OaKTepum, U cAeAaH BBIBOA.

bria paspaboraH KOMIBIOTEPHBIN DKCIEPUMEHT, IPeACTaBASIONINI KOHKYPEHIINIO MeXAy
Bugamu Oaxkrepuit. Pe3yabTaThl B3ayMHOV KOHKYPEHIIUM AeCATU pa3ANIHBIX KOAOHNI OakTepuii Oblan
II0Ay4YeHbl Ha OCHOBE YJCAEHHOTO U rpaduyieckoro Meroaos. KommbioTepHas mporpaMMa coctaBaeHa B
cpeae Microsoft Visual Basic 6.0.

KaroueBble cao0Ba: DKOJOTMYECKMe II€IIOYKM, MaTeMaTuyecKye ¥ KOMIIBIOTepHbIe MOJAeAal,
naker Mathcad, xonnenrpanuu OakTepmii, cyOCTpaTOB U IPOCTEMIINX, CUCTeMa «IIPOAYIIEHT -
KOHCYMEHT».

B.A. Mukushev?, S.B. Mukushev!, A.B. Myrzagalieva?, B.A. Prmantayeva®, N.M. Omarov®
IS. Seifullin Kazakh Agrotechnical University, Astana, Kazakhstan
2Astana International University, Astana, Kazakhstan
SL.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Ecological chains and their mathematical and computer models

Abstract. The article deals with the problem of studying the structures and evolutions of
ecological chains at the level of microorganisms using mathematical and computer models. Several
mathematical models have been constructed based on the laws of biological kinetics. Computer
experiments were developed using these models. Mathematical models describing the dependence of
the concentration of bacterial biomass, substrates and protozoa on time have been created. With the
help of the Mathcad package, graphical solutions of mathematical models were obtained and analyzed.

Graphs of the states of ecological chains with changes in the rate of penetration of the nutrient
substrate into the system were created and these states were studied. Mathematical models describing
the mutual competition of 6 different bacteria were developed in Mathcad environment. The parameters

BECTHMK EHY umetu A.H. Tymuaesa. Cepus Buorouneckue nayxu Ne 2(143)/2023 63
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



DKOA0ZUAAIK mi30eKmep KarHe 0AapOLlH, MAMEMAMUKAALIK-KOMNDIOMEPAIK Moderdepi

characterizing the biomass concentration of each bacterium were established. This parameter included:
saturation constant of bacteria, saturation constant of protozoa, maximum value of specific growth rate
of bacteria, maximum value of specific growth rate of protozoa, and economic growth coefficient of
protozoa. Graphical solution of mathematical models have been analyzed. These models characterize
the dynamics of the concentration of bacterial biomass.

A computer experiment representing competition between bacterial species was developed. The
results of mutual competition of ten different bacterial colonies were obtained on the basis of numerical
and graphical methods. The software has been compiled in Microsoft Visual Basic 6.0 environment.

Keywords: ecological chains, mathematical and computer models, Mathcad package, bacterial
biomass, concentrations of substrates and protozoa, producer - consumer system.
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A.H. Apaabaes’, 3.K. Cenngaxmerosa', H.K. Apaabarr?

LAAMamor mexHoA0ZUsALLK YHueepcumemi, AAmamol, Kasaxcman
2C. Ceupyarun amvindazvl azpomextuxarvix yruusepcumemi, Acmana, Kasaxcman
*Bbatiranvic yuin agmop: s.zaure@bk.ru

Ierrpic MatipakeOici ©ciMAiriHiH TaMbIpAapbIHBIH TaFaMABIK MIVKi3aT peTiHAe
narijaaaHy nepcreKTHBacblH Oarasay

Avpaatna. Maxarada xabaiivl mabueu opmada kesdecemin ocimdix Ilvizvic Mmaiipaxebici
MAMBIPAAPOIH MAAM OHepKaciOinde wuKisam peminde natldarany yulin nepcnexmusarblAbizoiH
sepmmey macereci kaparadvl. Tamaxmany mapmioi Xare MymvlHOIAGMOIH A3LIKIMOIE, CANAAL
boayvt kandaii 0a OOACLIH MeMAeKerm XAAKLIHbIN JIA-AYKAMLIHbIY, KOpcemKiui 00Ad aradvl.
IKOAOZUAAVIK mYpevidan masa, maamovlk KYHOVIAbIZbL Kozapbl, api 0apymeHdi-mMuteparool
KYPAMbl MOALICKAH Mazamoapobit Ker, ACCOPMUMEHIHIY KOAKemiMOiAizi eAdiH mazamovik
Kayincisdiziniry Hezizi xkypamoac 6eAizi den xapayea 00Aadvl. Coa cebenmi xepziAikmi ocimOik
KAMBIAZOICHIHOI, WUKISAM pemindezi PoAiH 3epmimel, mek 2blAbMU MYpebloaH 2aHa eMec,
MmazamovK Kayincisoikmi KAMmamacul3 emy XKoAviH0azol CrpamezusAvk Marblsol 30p Maceae.
Kasaxcman meppumopusicoinda ondazan MulHHAH aca OCIMOIK mypi ocedi, oAapdvi, 0ACHIM
KONULIALZ A0aM uziAieine nandarany yYulin maiai sepmmeyrepdi Kaxem emedi. Kviprixkabam
MYKOMOACHIHA KAMAamviH 0ciMOikmepdin K00ici adam wapyauviAbiebiHdazvl opHul epexite, OyA
MYyKuMOAcka KamamviH MypAl  oKiAdepin ap eAdepde MAA  ASLIKIMLIK, MEXHUKAALIK,
OMAPMANLIK, MAAMObIK Kate dexopamuemi pecypc den 0azaraiidvl. Aranda OYA ocimoikmit
buoaxmuemi sammapdviy, K031 XKare keil erdepde xac opxedepi MeH XKANvIPAKMAPLIH MAAM
pemitnde naidaraHamuviHObIzbl Myparvl Marimemmep Oap. Kacarean sepmmeyaep Kepcemieroeil,
HIvievic maiipaxedic  ecimdizi aumapAvikmail OUOAOZUSALIK KIHe MaaMOblk KYHODIALIKKA Ue
Ooradv. Onviy, mamvipoiHan  0ipmaraii. meAuiepde KOMIpcyrap MmeH Munepardol sammap
anvikmardvl. AJemex, amarzan maduy wukisam 00AMUAKMA XKAHA MAZAM MYypAepl MeH
mazamovlk KoCnaArapovl XKAacan uivlzapyaa nepcnexmuemi 00Avin madviAadvl dezeH KOpoImMuiHOLIZA
reaemis. Convimen Oipze, Ilvievic matipaxedici mamovlpAapoIiHLlH, 0aAZbIHOLIZLL MeH KYHObIALIZbIH
-18°C memnepamypada 3 aiiza deiin caxmayza OOAAMbIHGL AHOIKMAADL.

Tyiiin cesaep: mabduzu ocimoix wiuKizamot, GUOAOZUANDIK KaHe mazamovlk kKyHOviAvlK, [Tvievic
Maiipaxe0ici.

DOI: 10.32523/2616-7034-2023-143-2-66-80

Kipicmie

byxia aaem easepinge a3bIK-TYAiK KayilCi3Airi YATTBIK KayillCi3AiKTiH Herisi >KoHe >Kepriaikri
DKOHOMMKaHBI JaMBITYABIH MaHBI3AbI OaFbITTapbIHBIH Oipi Ooapin TaOblaaabl. BYY esipaeren agam
KayiIlcisAiri Ty>KpIpbIMdaMacblHAa Kayilcidaikrig 8 KaTeropmsicbl HaKThl KOpCeTiAreH, OHBIH illiHAe
a3bIK-TYAIK KayiIcisairi epekine araasin etedi. Kasakcranaarbl a3bK-TYyAiK KayilCi3AiTiHIH TeOpUIABIK
Herizgepi 2001 o>xprarer 19 xaHrapaarsl "Acteik  Typaanl’ KP  3aHbiHga keHe KaszakcraH
PecnnyOamkaceiapiy  2003-2005  >Kblagapra  apHaAfaH —~ MeMAEKeTTiK  arpapAblK — a3bIK-TyAik
OarzapAaMacbiHAQ KeATipiareH. AB3BIK - TyAiK Kayilci3giri — yATTBIK SKOHOMMKAABIK KayiIlCi3Aik
KOHIIEIIIVISICEIHBIH Oip OeAiri, OHbBIH MoHI agamMAap MeH KOFaMHBIH IIIYFBLA Ka’KeTTidiKTepiH OapbIHIIaA
KaHaraTTaHABIPYFa >KoHe >KeTKiAiKTi MeMaeKeTTiK pesepsTepre me 0Ooayra MYMKiHAIK OepeTin
SKOHOMIKAABIK 6Cy AeHTelli MeH carlachblH KaMTaMachl3 eTy 00AbII TaObL1aab1[1,2].

Ajzam geHcayabIFbiHa 4 Herisri ¢akTop: emip caatsl — 50%, sxoaornsa — 20%, renernka — 20%,
meanriuHa — 10% ocep etetiHairi Oeariai. Erep reHetmka MeH MeAMIIMHAABIK KaMCHI3AaHABIPY
(JaxTOopaapsIH ecernke aamaca, OHAa ajaM AeHCayABIFBIHBIH 70% - BI ©Mip caAThl MeH SKOAOTMAABIK
(JaxTopaapra, sFHN TaMaKTaHybIHa Tikeael OartaaHbIcTHI [3]. Kasipri yakprrTa 6yKia 9a1eMae a3bik-
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A.H. Aparbaes, 3.2K. Ceiidaxmemosa, H.K. Aparbai

TYAIKTiH ic >Ky3iHZeri K04 >KeTiMAidiriMeH KaTap, Tamak ©HIMJepiHiH calla >KoHe Kayilci3aik
CTaHAapTTapblHa colikec 00Aybl OipiHI KesekTeri IpoOAeMadap KaTapbiHa >KaTaabl. COHFBI yaKbITTa
DKOAOTUAABIK TYPFBIAAH Ta3a (OpraHMKaAbIK) a3blK-TYAiK ©HiMAep 94eMAiK HapbIKTa KeH CypaHbICKa 1e
60aap1 [4-5]. KazakcTaHHBIH ©3iHIH >Xep aAKalTapbIHBIH KeHAIrl JKoHe KO4aiAbl KAMMATHl apKacblHAA
Oy MaceaeHi IIely e JKeTeKIl peaJeri eagepAiH KaTapblHa KOCbLAYFa MyMKiHAiri Oap.

OnbiMeH Koca, OyriHri Tasda o4em OOJIBIHINIA TaraM ©HepKaCiOiHge OaliKaAblll OTBIPFaH
TeHAEHIINS - CUHTeTUKAaABIK KOCIladapAaH Oac TapThIll, TaDUFM MHTpeAMEeHTTepMeH aAMacThIpy OOAbIIT
Keaeai, AeMeK KYHHeH KyHre >KOrapbl 5(PpQeKTuBTI TaOMFM KOCBLABICTap¥a Ka’kKeTTiAiK apTHIII OTHIp.
Ocimaix HerisiHAeri TaraM eHiIMJAepi ajgaM ar3achblHa KepPeKTi KOCBIABICTApPABIH (PU3MOAOTUSABIK
Ka>KeTTiAiriH eTerl, TaraM KYHABIABIFBIH apTThipagbl. CoraH opaill, 49CTypAeH ThIC >KaDalibl TaOuraTTa
Ke3/eceTiH >KoHe 0oJalllakTa TaFaM ©HAIpici YIIIiH pecypcTap Ke3iH apTTBIpaThIH ©CIMAIKTepAl IINKi3aT
peTiHAe maiijalaHa OTBIPHIII TaFaM ©HIMAepiH >Kacall IIbIFapyfa KeIl KeHia Oeainyae. JacTtypAeH ThIC
IIMKi3aTTHl ©HIMHIH KaHa TypAepiH eHAipyJAe MaligadaHy apKbLAbI IINMKi3aT KYpaMbIHAAFLI OeA0KTap,
MIHepaAAbl 3aTTap >KoHe A9pyMeHJep, TafaMAbIK TaAIIBIKTap eceOiHeH OHbBIH TaFaMABIK, KYH/BLABIFbIH,
apTTHIPBII KaHa KOJIMali, COHAAl aK eHiMHiH ©3iHAik OaFachiH Oipirama ap3aHgaTyra 00aaAsl [6].

MbaaeHn eciMAikTepaiH >KoHe 0oAapAbIH TaOUFATTaFrbl TYBICTAC TYpPAepiHiH KOPHI ©ciMAiKTepaiH
O1uoaayaHypaiairiHiH MaHbBI3AbI KOMITOHeHTiHe >kaTaabl. CeGebi 0aapAblH TaraM OHAIpici YIINiH >KoHe
DKOAOTUAABIK, TYPFbIAAH KAyillCi3 aybla IapyallbIABIFBIHBIH ~TYPaKThl AaMybIH, ©HEpPKoCiIITi
IIMKi3aTIIeH KaMTaMachl3 eTyje ic XKy3iHAerl HaKThl JKoHe IIOTeHIMaAAbl KYHABIABIFEI Korapbl. Coran
opail, MdAeH! OCiMAIKTep MeH 0AapAblH >Kabalibl TybICTaphIHBIH PeCYpPCTHIK KOPBIH NaligalaHy, KIHaYy,
caKTay >KoHe 3epTTey — VATTBIK, a3BIKTBIK, OMOpPeCYpCTHIK >KoHe BDKOAOTUAABIK KayillCi3aik
npobaemMasapbIMeH Tikeaell OalidaHBICBI Oap MeMAeKeT JeHTeifiHAeri CTpaTerusAblK, MaHBI3BI 30pD
Maceae[7].

Kasipri xe3ae eciMAik pecypcTapbIHBIH KaAIlbl TeHOPOHABIHLIHEIH 30 % FaHa maiigalaHblaajbl.
Tabury mukisaTTelH KaaraH OeAiri a3 3epTTeAreH >KoHe Ke3JeCy ayMarbl MeH ©HJey TeXHOAOIMAChIHA
KaTBICTBl ©CIMAIKTEPAIH XUMMAABIK KypPaMBbl KallAbl Kyleadi MaaliMeTTepaiH OoaMaybl caajapbIHaH
KOJAaHbIC Tall1am Kkeaeai[8].

bipkarap maaimer OoiipiHina Kaszakcran ¢aopacer 13 MpIHHaH actaM TypAi KaMTHABIL, OHBIH
iminae 5754 — TeH acTambl >KOFapbl TYTIKTI ecimgikrep, 5000 — ra XyBIK caHbIpayKyaakrap, 485 —
KbiHaaap, 2000 — HaH acrambl Oaaapipaap, 500 — re SKybIK Typ MYK Topisaisepre xaraapr [9].
Kasaxcrannsiy Taburn ¢paopacsl ITapyallblAbIK, MaHBI3HI Oap eciMaik Typaepine Gan  [10]. HIsrrpic
Kaszakcran aymBroiHAa FaHa TaOufn (paopa KypaMbliHAa >KaOalibl TaDUFaTTa ©CeTiH, TaMaKKa >KapaMAbl
ecimaikTepaig 189 Typi ammikraaamr [11]. Jdemex, KasakcraHHBIH XaAKbIH KYHABI a3bIK-TYAiK
pecypcrapbiMeH KaMTaMachl3 eTyje a4eyeTi JKOraphl Jell KOPBITBIHABL JKacayFa Ooaaabl. byrinri ranaa
>KaOaiipl TaOuFaTTa Ke3jeceTiH ©ciMAiKTepAl IMOTeHIMaAAbl a3bIK-TYAiK IIMKi3aThl peTiHAe 3epTTey
AYPBIC TaMaKTaHyAbl KAMTaMachl3 eTyAeri CTpaTernsAbIK, MaHbI3Abl MiHAeT OOABII TabbLAaAbl

ITepcniekTuBTi ©CiMAiKTepAiH Oipi mbIFpic MalipakeOici. IlIbrFbic MatipakeOici (Bunias orientalis L.)
- KbIppIKKaOatTap Brassicaceae Burnett (Cruciferae Juss. nom. altern.) TyKbIMAacblHa >KaTaTbIH IIOIITECiH
KOIDKBIAABIK ©ciMaik. Bunias TyblchiHa >KaTaTblH 6 eciMaik Typi Eypoma, Xepopra xene Asusa
TepputopusAceiHja TapaaraH. IlIbirpic MalipakeOici apeaabl ayKbIMABI >KoHe ©CYAiH DKOAOIMAABIK-
(PUTOLIEHOAOTUAABIK aMILAUTYJackl KeH ociMaik. Oa opMaH >KeHe Jalaabl aliMaKTapra OelliMaeareH,
opMaHAapJa KoHe OpMaH aJdaHKaliAapblHAa, OpMaH JKIeKTepiHAe TypAi TOIbIpaK TypAepiHAe, bLAFaAbl
MOA >KeHe Kyprak IlaAfbIHABIKTapJa, COpTaH >XepaepJde, OaTnakrapaa, OyTadap apackiHga, Tay
Oekxrepaepinge TeHi3 geHreitineH 2500 M OMiKTiKTe Kedgeceai.[12-14]

CoHFbI XblAgapbl 9PTYPAl TaOMFU-KAMMATTLIK KaFjaiidapaa XKYyprisiaren seprreyaep OolibIHIIIA
HIsrpic Malipakedici MaaasbIKTBIK, TaMak, (papmalleBTMKa, OMapTaablK, (uTOIaToreHAepre Kapchl
>KoHe pUTOMeANOpaTUBTI MaKcaTTa IaiijalaHblAaThIH oMOeDall JakbladapFa Kataasl [15-20]. Ataaran
©CIMAIKTIH IIapyallbIABIK YINiH MaHBI3BIABI OeAriepiHiH KaTapblHa as3fa TO3iMAiAiri, epTe KeKTeMae
JKoHe y3aK YaKBIT OOIBI I'yAAeYi, Te3 ecyi, aypydap MeH 3UsHKecTepre TO3iMAiAiri, y3akK yaKbIT OOJbI
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HIvievic maiipakebdici ocimOiziHit MAMPIPAGPOIHLIE, MAAMOLIK WUKIAM peminde naildarany nepeneKmueacolt 0azaray

©HIMAiAiriH >KOfaaTmaysl, TYKbIMJAAap MeH (UTOMAacCaHBl KeIl Mealrepae Oepy KacmeTi, a3BIKTHIK
KYHABIABIFBI, TOIIBIPaAK TaAFaMalTBIHABIFBIH alTyra Ooaaapl. IlbiFpic Maiipakedici kemicTepinHiH Te3
IIiCyi >)KoHe TYpaKThl JKOFaphl AeHreliai eHiMaidiriMeH epekineaeneai [21-22]. OciMaik 2-111i JKbIABI ©Te
IIaNIaH ©Cy KapKbIHBIMEH >KoHe BereTaTUBTI MacCaHbIH Te3 KaAbIIITaCybIMeH CUITaTTadasbl. Jakplaabiy
a3BIKTBIK KYHABLABIFEI — 1 KT Maccara 1maxkkasda 0,14 aseIKThIK 6ipaik, 23,4 r mpoteny, 4,3 r kaasnuii, 0,6
r ¢ocdop, 40 r xapormHai Kypaitael. COHBIMEH IpoTenH KypaMbl OovibrHIna IIIbrFpic Maripakedici
eciMairin  OypIIakTykKeIMJac ecimMgiktepmen Oapa Oap aeyre ©0oaaabr [23]. IHlbirpic MalipakeOici
eciMAiriH 3epTTeyre apHaAraH IIeTeAAiK 3epTTeyllilepAis KonTereH eHOeKTepi 9KOAOIMAABIK OarbITKa
e, OHJA aTayabl ©CIMAiK >XOFaphl MHBAa3WMBTI Typ peTiHAe cuIlaTTaAalbl, AET€HMEH >XEeMILOoN IIeH
OoMapTaablK MaHbBI3hI Oap JaKkblaJap peTiHje ecipy YIIiH JKOFraphl a1eyeTKe 1e Jell kepcetiareH [18, 13].

IIprFpic MatipakeOici TybICBIHA >KaTaThIH ©CIMAIKTepaiH OolbiHAAa OMOAKTMBTI 3aTTapAblH
JKMHaKTaAyblH 3epTTeyre OarbITTaAraH eHOeKTepJe OJapAblH >KOFapbl aHTMOKCUAAHTTHI >KoHe Ooc
padukaagapabl OeliTapanTaliTBIH KacueTTepi KepceTideai, AemeKk aTayabl INIMKi3aT TypiH Adapiaik
MakcarTa IaiijalaHy¥a TOABIK HerizgeMe Oap [24-26].

Kasakcran raapIMAapbIHBIH 3epTTeyAepi MIBIFBIC Malipakedici ©CiMAIriH Heri3iHeH MaA a3bIKTBIK
AakKbl/1 peTiHAe KOAAaHBICKA eHIi3y MaceleCiHiH epcrieKTnBalapblH KapacTolpyra OarbliTTaafaH [27-28].

bisaiH 3epTTeyaepiMisain MaKcaThl HIBIFBIC Malipakedici ©CiMAITiHIH TaMbIpAapBIHBIH XMMISABIK
KYpaMBI MeH TaraMAbIK KYHABLABIFBIH OaFaaay 00AABL

Marepmnaaagapsl MeH 3epTTey daicTepi

Koiibiaran MakcaTTapra cail 3epTTey HBICAaHBIHBIH TaFaMABIK KYHABIABIFBIH Oafaday YIIIiH
PUBMKO-XMMUAABIK KOPCETKIIITep, MUHEpaAAbl DAeMeHTTep >KoHe CyJa epUTIH AdpyMeHAepiHiH
MeAllepi aHBIKTaAAbl. 3epTTeyAep >KYpridy YIIiH ©ciMAiK TaMbIpaapel AaTall TayAapbIHBIH
DKOAOTUAABIK Ta3a aliMaKTapbhlHAA XMHAABIIT aABIHABL.

ToxipnOeaep >xacayda >KaHaJaH >KMHaAfaH INMKisaT >koHe -4°C Temmeparypaga 6 ail OOJibI
caKTaAfaH TaMblpAap KOAJaHbLAABL ATaaraH mapamerpaep 1, 3 xoeHe 6 ail apaabIFbIHAA CaKTaAraH
IMMKi3aT OOMBIHAH aHBIKTAAABL. DPUBMKO-XMMUSABIK KOPCETKIINTepAli allKblHAayAa Kedeci ogicrep
ariAaAaHbLAABL: MaiiaapAslH MaccaablK yaeci MemCr 29033-91[29] OoiipiHia, akybI3AapABIH MacCaAbIK,
yaeci MemCr 10846-91[30] OoiibiHIlla, KeMipcyaapAblH MaccaAblK YAeci IepMaHTaHOMETPUSABIK
dJicrieH, Kyadiairi Maccaaslk yaeci MemCr 25555.4-91[31] OoiibiHIa, KYpFaK 3aTTrap MeH
pLaraaAbLAbIFEI MeMCr 28561-90 [32] GovibIHINa, KaABLVI, MarHNI, HATPUII CYSIKTH 9A€MeHT MOAIIepiH
MemCr P 51429-99[33] 6oribiaia, pocdop konneHTpanysachiH MemCr 30615-99[34] GoribIHIIIa, MBIPBIIIT
nieH ceaeH Mem(Ct133824-2016[35] >xene MemCrt 20996.1-2014[36] OoiibiHIIa, Cyaa epuUTIH AopyMeHAepai
M-04-41-2005[37] aaicremeaepiHiH KOMeriMeH aHbIKTaAABI.

Aapinran HeTiKeaep Microsoft Excel GargapaamachlH KOAJdaHa OTBHIPBIN, IapaMeTpAepAiH
apudMeTnKaAbIK OpTallla MaHi, KBaApaTTHIK, aybITKy MaHiH, apudMeTHUKaAbIK OpTallla MoHiHiH KaTeAiri
ecenteaai. Kepcerkimrepaiy Tipkearen esrepicrepi ®@uinep-CTpIO4eHT KpUTEpPUILiH ecKepe OTBIPBII
p<0.05 6oaraHAa ceHIMAI AeTl ecerTeaAi.

HBTI/I)Ke]lep JK9He TaaKblaay

OciMaiK MMKi3aTBIHBIH (PU3MKO-XUMUSABIK KOPCETKIIITepiH 3epTTey HaTuKeaepi 1-111i Kecrede
KopceriareH. Kecregen xepiHin oOTbIpFaHAall, ©OaAFbIH INMKI3aTTBIH TaFaMABIK  KYHABLABIFBI
alfTapABIKTall >KOFaphl AeHreiide ©oaaabl. OHBIH KypaMBIHAAFBl KYpPFaK 3aTTapAblH Mmeariepi 13,5%
0oaca, blaraa meamepi 88,2% Kypaiiabl, AFHM MaiipakeOic TaMbIpAapblH cakTay TopTiOi AyphiC
D6oaMaca, MUKpPOOMOAOTUAABIK 3aKbIMJaAyFa OeifiM TyYpaThIH, BLAFaAABLABIFBI XKOFapHI IIMKi3aT TypiHe
>KaTkpI3yFa 004aabl. 30, 90, 180 xyH O0IibI caKTaAFaH IIMKi3aTTapAbIH BIAFaAABLABIFBIHEIH 2%, 4,5%
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KoHe 7% TeMeHJeTeHAiriH Oarikaaabl. JKeMic-KekeHicTepai opamMachls ToMeH TeMIlepaTypaja KaThIpFaH
JKarJaiida cyapld Oipas Oeairi mmkisaT OeTiHeH OyaaHaAbl, aad ©HIM ilIiHAeri cy cyOaAMIIMMallusIra
YILIBIpaliAbl, HITVKeCiHAe OHIM He mmKizaT keOepcin xeteai [38]. ConpiMen mukisaTThl -18 °C  caxTay
apKBbIABI OHBIH OaAFBIHABIFEI 90 KyHIe AelliH >KaKChl CaKTaAaThIHBI aHBIKTaAAbl, adaida 180 kyHre aeriin
caKTa/faH OHIMHIH A€ carlachl KOIT >KOFaAMalTHIHBI aHbIK.

AKYBI3ABIH >KaAIbl KYpFak 3aTKa IIIaKKaHJaFbl MaccaAblK yAeciH aHbIKTay KesiHge, IIbrrbic
MalipakeOici TaMbIpAapBIHBIH aKybl3 Meallepi eaeyai Jspexede OOAMaMTBIHABIFBI alKbIHAAAABIL,
eciMAik TaMbIpAapblH KypaMbIHAAFBl OeA0K MeAllepi OOVbIHINA IIMNMHAT, acKeK >KoHe Keidip >keyre
JKapallThlH CaHbIpayKyJAak TypAepiMeH TeH Tyceai gen airca 0oaaapi[39]. Cakray kesiHge Oeaok
MellIepi Kell e3repreH oK.

Kecte 1
IIbirpic MalipakeOiciHiH PU3NKO-XMMMAABIK KOPCeTKimi
Caxray pexnmi Kanagan 30 KyH 90 KxyH 180 xyH
KMHaAFaH

Kepcetkimrrep muKisar
Kyprak 3arrap meamepi, % 13,5+0,59 15,2+0,42 16,38+0,24 17,9+0,25
blaraaaprasirsl, % 87,6+2,5 85,9+1,8 83,63+1,16 81,5+2,1
AKYBI3AbIH MaccaAblK, yAeci, 3,3+0,02 3,2+0,04 3,26+0,05 3,3+0,008
%
MaiiaapablH MaccaablK yAeci, 0,75+0,004 0,68+0,001 0,66+0,008 0,64+0,011
%
Kewmipcyaapabiy MaccaabIx, 11,5+0,4 11,3+0,09 11,07+0,14 10,2+0,25
yaeci, %
Kyaaiairi, % 1,9+0,01 1,88+0,008 1,89+0,01 1,87+0,075

OcimMgik MUKi3aTBIHBIH OOIBIHAA MalldapAblH >KMHAAy epeKIlleAirin sepaedey HITHKecCiHAe
HIerrpic Maitpakedici TaMbIpAapblHAQ KOITereH >KeMiC IeH KOKOHICTep CHUAKTBI MaliAbl 3aTTapbl KeIl
00AMalTBHIHBI aHBIKTaAAbl. AHBIKTaAFaH Mall MeAlllepi cakTay OapbIChIHAA aliTapAbIKTail ©3repMereHiH
OarikaitMbi3. bipak OyHBI IMKisaT OOMBIHAAFBI BLAFAAABLABIKTBEIH TOMeHJAeIl, KyprakK 3aTTap yAeciHiH
apTybIMeH TyciHAipce 00aaabl.

KeMipcyaapaslH MaccaablK yAeCiH aHBIKTay OapbICBIHAA, IIBIFBIC MaiipakeDici TaMBIPBIHBIH
KypaMbIHAa eleyali Meallepae KaHTTapAblH JKMHaKTaAaThIHbL Oeariai 60a4p1. OHBIH Mealiepi OipkaTap
>KeMicTep MeH KeKeHicrepre Oapa Oap 6oasim mislkTh [40]. Bip ait keaeMinge cakray kesiHae oaapAblH
MeAlllepiHiy alTapAbIKTall e3repe KOMMAaWTBHIHABIFLI aHBIKTaAAbI, Oipak 3 ail cakTadfaH yArige KaHT
Meatepi Oacranksira KaparaHaa 4% asaliraH. 6 aiffa AelliH caKTaAaThIH IMMKi3aTTa KaHT Mearepi 12%
Jdeiiin TeMmeHJAereH. bya >xarjaiiapl OMOXMMIAIABIK TYPFBIAAaH TYCiHAIpce, ©cCiMAIK KaeTKachl
TeMIlepaTypaHblH TeMeHJeyiHe TBIHBIC aly KapKBIHABLABIFBIHBIH >KHideyl apKbLABI >Kayall Oepirl,
Oeltimaeny mporecciH Kocaawl. ©3 Ke3eriHae, KJAeTKAaHBIH TBHIHBIC aAy >KafAaliblHAQ €H aAAbIMeH
KaparaibIM KaHTTap BIABIPAliTBIHABIKTaH, MOHOCaXapuATep MeAlepi KypT azasabl. COHbIMeH, ©HiMHIH
BLAFaAABLABIFBI JKOFaphl OO/AFaH Ke3Ae (pepMeHTaTNBTI IMApOAN3 Iporecci opeH aaasl. KeMipcyaapasiy
caKTay Ke3diHJAe e3repy CHUIIaThl OJAapAblH OacTallKbIAAFBl KypaMblHA OalldaHBICTBL. MaceaeH, KaTbIpy
Ke3iHJe >KOraphl MOJeKyJaAblK KaHTTapAbIH arperanysra YIIbIpay >KoHe Kpaxmaadra 0ail Kylieaepae
CyABI CiHipy KabizeTiHiH ToMeHAeyi Kailabl MadiMeTTep Oap [41-42].
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TaraMABIK IMNKIi3aTTBIH KYAAiJiri >kaHaMaJall OHBIH OONBIHAAFBl MIHEpPAAAbl DAeMeHTTepAin
>KaAITbl MOAIIepiH aHbIKTayFa KeMekrecei. Kerm >xaraaiiga TaraM eHiMaepiHiH Kyadiairi 5% acmaiasr
[43]. OIsrrpic MaiipaxeOici TaMBIpAApBIHBIH KYAAidiri >kaamsl Kyprak 3aTTeiH 1,9% KypamAbl >KoHe
caxTay OapbIchIHAA ©3repiccis 60aaabl.

Taram eHiMAepiHAe MMHepaaAbl 3aTTap MeAllepi OacTallKbl INNMKi3aTbIHa >KoHe ©HJey
TeXHOAOTMsAChHa OaiiaaHpicThl. OpTa ecenrieH TafaM eHiMAepiHae 1% >KybIK MHHepaAAbl 3aTTap
6oaaasr (0,7-1,5%). Ocimaik TekTi TaramMaapda oaap AaliblHAay OapbIChIHAA KaAABIK 3aTTapMeH Oipre
aABIHBII TacTaAbIHaAbl, COHAAlI-aK TeXHOAOTMAChIHA Kapall >KbLAyMeH oHAey Ke3iHge 5-30 % mMuHepaaant
3aT >KOMBIAYBI MYMKIH [43].

3epTrey  O>KYMBICTaphl  OapbICBIHAA  KaAbIMI, HaTpuii, Maramii, ocPop  CUAKTHI
MaKpO®AeMeHTTePAIH >KoHe CeleH MEeH MBIPBIII CUSKTH MIKPOS/1eMEeHTTePAIH MeAllepl aHbIKTaAAbL.
3epTrey HiTMKeaepi 2-m1i Kecreae KeatipiareH. Kecregen kepininm TypraHaail, cakray OapbIChIHAAQ
MMHepaaAAbl 3aTTapAbIH KOHIIeHTpallisiAapbIHbIH ©3repyi OalikaAFaH >KOK.

Kecre 2
IIbirbic MalipakeOiciHiH MTHepaaAbl KypaMbl
CakTay pexmmi Kanagan 30 KyH 90 KyH 180 xyH
JKMHAJAFaH
Kepcetkimrrep mmKisar
Kazapnmit,mr/100 r 112,3+2,85 111,2+3,1 110,7+3,32 110,1+2,8
®ocdop, mr/100 T 77,8+1,85 76+2,8 76,57+2,06 7743,1
Harpuwit, mr/100 T 33,2+1,01 32+0,95 31,04+0,93 32,7+0,87
Marnmnit, mr/100 r 39,5+1,85 38,0+1,4 38,56+0,57 37,9+1,6
Msrppr, mr/100 r 1,2+0,04 0,9+0,03 0,95+0,02 1,1+0,05
Ceaen, mxr/100 T 0,8+0,02 0,7+0,02 0,76+0,01 0,81+0,03
Kaapimit - opraHum3MHIH KaABIITH >KYMBIC >KacayblHAa aca MaHBI3ABI HYTPMEHT OOABIII

Tabblaaabl. Kaapumiigig — arza ymiiH Kaxerriairi Toyairine 1200 mr kypaiiabr [44-45]. Ibirbic
MalipakeOici TaMbIpAapblHAa KaAbLIUMIAIH ailTapAbIKTall MeAIIepi aHBIKTaAAbl, 04 Keidip cyT
eHiMJepiHe KapaFaHJa acChIIl Tyceai KoHe KyHAeAiKTi KaKkeTTiaikTiH mamamen 11% Kypaitasl.

®ochop — agam ar3achl YIIiH MaHBI3AB DAeMeHTTepAiH Oipi. Oa ¢gocdaT TypiHae KemrTereH
PU3MOA0TUAABIK ITpOIecTepre KaTblCalbl, aF3aJarbl KbIIIKbLA-HETi3A1 TeIle-TeHAIKTi peTTeyre KaTbICaabl.
®ochop cyltektep MeH TicTepAiH MMHepaljaHybl VIINiH Ka’keT, COHbIMeH Oipre Oya 9aeMeHT
dochoannuarepais, HyKA€OTUATEPAIH JKoHe HYKAeMH KBIIIKbIAAapbIHbIH KypaMbIHa Kipeai. Epecexrep
yuriHn ¢Qocdopra gereH (PuU3MOAOIMAABIK KaKeTTidik Toyairine 800 Mr xypaiiapl [46]. 3eprrey
OapbICbIHAa IIBIFBIC  MalipakeOici TaMbIpAapblHAAFBI  OCHI  DJAEMEHTTIH Meallepi Oprocceab
opaM>KaIlblpaFbl, Kpecc-calar, ak>KeAKeH >KoHe T.C.C. KaIlbIpaKThl KOKeHicTeiH Kellip TypaepiHaeri
docdop meartepine gepaikTeil TeH eKeHAITi aHBIKTaAABI.

Harpuit — xaHHBIH KaabThl Oydepairin KamMTamachl3 eTyre, KaH KbICBIMBIH peTTeyre, Cy
aAMacyblHa KaTbICaThIH MaHBI3AbI KacylllaapaAblK >KeHe >Kacymaimiaik saeMenT. HIbrpic Maitpakebic
TaMbIpAapbiHJa OyA MMKPODJAeMeHT MeAllepi Oacka KOKOHiCTepMeH CaAbICThIpFaHAa OHBIH AeHTelii
Keloip TypAepiHeH >KOFapbl OOABII IIBIKTHI.

Marnumit OapablK >Kacyllalap MeH yAalladapAblH KbI3MeTiHAEri MaHBI3Abl 9AeMEHT OOABII
TaOblaaabl, Oacka »aeMeHTTepMeH Oipre OpraHM3MHIH CYWBIK OpTaAapblHbIH MOHABIK Telle-TeHAiriH
cakTayra KaTbicaapl; pocop MeH Kemipcylap aamacyblHa KaTbICaThIH (pepMeHTTepAiH KypaMbIHa
Kipeai; maasMa MeH cyliekTepain ¢pocdaTasacein OeaceHaipeai skoHe CUTHAAABIH HEMTPOXMMUSABIK,
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>KOAMeH Oepiady >KeHe OYAIIBIKeT KO3FBIIITHIFLI IIPOIeCTepiH peTTeyre Karbicaabl. Marumii akybi3 OeH
HyKA€MH KBIIIKbIAJAPBIHEIH, CUHTe3JeAy YVPpAicTepiHe, akybl3gap, Maiidap MeH KeMipcyaapAblH
aaMacyblHa KaTbicagpl [47]. Marumit Kypambl OoJibIHINIa MalipakeOic TaMbIppl Oipkarap eHiMaepJeH
aliTapAbIKTall ~MeAlllepiMeH epeKieleHeai. AJpIHFaH HoTIDKeadepal 94e0u  AepeKkkesdepderi
MaJiMeTTepMeH CaABICTHIPFaH Ke3Je MaiipakeOic TaMBIphl MarHmMii MeAlllepi KOpCeTKilli OOMbIHIIA
’Kacpla OypInak, Kyrepi, 0aaaplpkek >keHe T.0. eHimMaepmeH [47] Oipkatapaa Typybl MYMKIiH genl
KOPBITBIHABI JKacay¥a 004aabl

MBpippin 6apAbIK Tipi OpraHM3MAep TipIIiAiri yIIiH MaHBI3BI 30p ®AeMeHT. MBIPBIIITHIH ar3a
yuriH MeHi — MeIpwin 40 Typai ¢depMeHTTIH Kypamgac Oeairi >koHe Je ar3ajarbl MBIPBIIITHIH
JKeTiceymriairin  OMokocrasapabplH KeMeriMeH TOABIKTBIPY OHail eMec. ATayabl ®AeMeHT TaOufu
ciHiMAl KOCBIABIC TypiHAe TeK KaHa TaramMJa Kesdecedi [48]. 3eprreyiep KepceTKeHAEN IIBIFBIC
Maripake0ici TaMBIpAapbIHAA MBIPBIII MOAIIIepi eaeyai gopesxeae 60AMaiAbI

Maitpake0bici TaMbIpAapbIHBIH OONBIHAAQ CeleH MUKpo»aeMeHTi Je 3eprreadi. Ceaenre gereH
azaM ar3achIHBIH KakeTTiairi Toyairine 70-100 mkr xypaianl [50]. 3epTrey HoTH KeaepiHe Ha3ap caaca,
IIBIFBIC MaiipakeDici TaMbIpAapbIHBIH KypaMblHAA CeAeH MMKPODAEMeHTi asgaraH Meallepae
JKMHAAaTBIHBI >KoHe celeH KypaMbl OOJbIHINIA ceabdepeli, 3iMOip TaMBIpbl >KoHe CaMBIPCHIH
>KaHFaFbIMeH TeHAeCeTiHi aHbIKTAaAAFbI.

Taram eHimMaepiHge A9pyMeHAep MeH AdpyMeHTapidjec 3aTTapAblH 00AybI OHBIH OMOAOTMABIK,
KYHABLABIFBIHA ocep eTeAi. 3epTTey OapbIChlHAa INIMKi3aTThIH KypaMblHAa B TOOBIHBIH JspymeHepi
sxoHe C g9pyMeHiHiH MeAlllepi aHBIKTaaAbl (kecTe 3).

ToxipuOesep HoTIDKeAepiHeH KOpiHIeHAel, IIBIFBIC MalipakeOici TaMbIpaapbiHAa B TOOBIHBIH
AdpPyMeHJepi >KoHe acKOpOMH KBIIIKBLABI aliTapABIKTail KOIl MeAlllepAe >KMHaamaiAbl. Martpake0ic
TampipaapbiHAarel  C A9pyMeHiHiH KOHIIeHTpalMsChl Keioip IMUTPYCTHl >KeMicTepMeH (AMMOH >KoHe
rpenndpyT) achlIl Tyceai.

Kecre 3
IIbrFpic MalipakeOiciHiH A9pyMeHAiK KypaMbl
Cakray pexmmi XKanagan 30 KyH 90 KyH 180 xyH
>KMHaAF¥aH

Kepcetkimrrep mmKisaT
Bi(tramMuuxa0puA) 0,2+0,003 0,17+0,004 0,106+0,021 0,085+0,03
mr/100r
B2 (pubodaapun) 0,25+0,006 0,185+0,04 0,166x0,07 0,121+0,004
mr/100r
Be (mpuaokcnn) 0,28+0,05 0,21+0,03 0,181+0,036 0,112+0,019
mr/100r
C (ackopOmH 47,0+2,0 43,2+1,8 34,9+1,5 28,5+1,1
KBITIKBIABI) MT/100r
mr/100r

Cakray Ke3iHge 49pyMeHJep MeAIIepiHiH Oipiiama TeMeHAereHAiri OalikaaaAsl. 1 ail caKTaaraH
mukizarra B1 gopymeniniy meamepi 15%, B2 sxone Bs aopymenaepigepi 25 % >xone C gopyMeHiHiH
meamrepi 8% TeMmeHJereHi aHBIKTaAABl. 3 alijaH KeifiHri capanTaMa HoTVKeci OONBIHINIA aTayAbl
AdPYMeHJepAiH bigblpay KapKbiHBL Bi, B2, Be >xeme C gopymeni ymiiH 0OaAfblH IIMKi3aTIIeH
caapIcThIpFaHaa 47%, 35% >xoHe 28% KypaAbl. 6 aligaH KeiliH AopyMeHAepAiH Mealepi 2 ece KeMireHi
Oeariai 00a4bI.
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KophITBIHABI

JKacaaran seprreyaepain HoTu>KeAepiHe CylieHe OTBIPBII, IIBIFBIC MalipakeOici TaMbIpAapbIHBIH
KeMipcyaap MeH MIHepaAlapAblH KO3i peTiHAeri MaHbI3Abl TaFaMABIK KoHe OMOAOTUAABIK, KYHABLABIFBI
TypaaAbl KOPBITBIHABI >Kacayfa 0oaaapl. COHpIMeH TaOuraTTa ©CeTiH IIMKi3aTTBIH Oya TypiH Tamak
eHiMJAepi MeH OMOaKTMBTI TaFaMABIK KOCIIadapapl >Kacall IIbIFyda IepcreKTuBaAbl eTedi. 3eprrey
DaprpIChIHAA OCBHI INMKI3aTTBIH A9PYMEHAiK OeaceHAiairi MeH OaAFBIHABIFBIH caKTay YIIH 3 aiigaH
acnaiThIH yakhIT imiHge -18°C teMmepaTypaablK peXkuMJAe yCTay OPBIHABLABIFBI TypaAbl KOPBITBIHABI
>KacaaApl.
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OneHKa mepcHeKTUBLI MICII0Ab30BaHMsI KOpHel pactenns: Ceepoura BocrouHast (Bunias
orientalis) B KadecTBe NMIIIEBOTO CHIPbSI

AnnoTtarmmst. Crarbs IIOCBSIIEHa MCCA€AOBAHMIO II€PCIEKTVBBl JICIIOAB30BaHIUS KOpPHeI
AuKopactymiero pactenns: CBepOnra BOCTOYHasl B KaueCTBe pacTUTEABHOIO ChIPbs. JOCTyH K IIMPOKOMY
aCCOPTUMEHTY DKOAOIMYECKU YMCTHIX NPOAYKTOB IMUTAHMS C BHICOKMMU IIMTaTeAbBHBIMM CBOVICTBaMI,
IIOAHOLIEHHBIMM IO  BUTaMMHHOMY M  MMHEpPaAbHOMY  COCTaBy, MOXKHO  OLIEHUTb  Kak
OCHOBOIIOAAraloIiell COCTaBHOM IuIeBoil OezomacHocTu. ITosTOMy rayOokast M pasHOCTOPOHH:SA
paspaboTKa CHIPBEBOTO ITOTEHI[Mala MECTHOI PacTUTEABHOCTY BasKHa He TOABKO B HAYYHBIX 1IeAsX, HO U
B CTpaTermyeckoM IL1aHe IIO oOecriedyeHNIO muiresoil OesoracHoctu. Ha Tteppuropun Kasaxcrana
BCTpedaloTcsa 0oJee AecsATU THICSAY BUAOB pacTeHmil, ¥ OOABIIMHCTBO M3 HMX He ICCAeAOBaHBI B
AOAKHOM Mepe AAs AaAbHENIero BHeAPeHMs U MCII0Ab30BaHN:A. boABIIMHCTBO pacTeHMIT ceMelicTBa
KarmycrHble 061a4a10T BLICOKOM XO35MICTBEHHON LI@EHHOCTBLIO 11 BO34€/ABIBAIOTCS B Pa3AMYHBIX CTpaHaXx B
KauecTBe KOPMOBBIX, TEXHINYECKIX, MeJOHOCHBIX, IIUILEBbIX ¥ 4eKOPaTUBHBIX pecypcos. EcTh gaHHbBIE O
reHHOCTH CBepOUTM B KauecTBe MCTOYHNKA OMOaKTUBHBIX BEIIeCTB U MCIIOAB30BAHNY B NIy MOAOABIX
1100eroB 1 ANCTbEB B KyXHe HEKOTOPBIX HapoAOB. B xoJe mccaesoBaHMsl HaMI BBLISIBA€HO, YTO KOPHU
Csepburn 004a4a10T A40CTaTOYHO XOpOILIeN NUIEeBON U 011010TMYECKOI [IEHHOCTBIO.

B xopmsax CeepOurm codep>KUTCA 3HauUMTEAbHOE KOANYECTBO YIA€BOAOB U MIHEPaAbHBIX
BeIIeCTB, YTO JeJaeT JAaHHBIL BUJA AUKOPACTYIIEIO CBHIPbS IEePCIeKTUBHBIM A4Sl AaAbHeNIIen
pa3paboTKM HNIEBOM MPOAYKUINMM ¥ OMOAKTUBHBIX A00aBOK K muime. B xoae mccaeioBaHmss ObL10O
CAelaHO 3aKAlOueHMe O I11e4ecoOOpPasHOCTM XpaHeHMsl JAaHHOTO ChIpbs Ipu Temmeparype -18 °C ne
Doaee 3 Mecs1IeB 445 COXpaHeHNs O11010TMIeCcKOil IIEHHOCTIL.

KaroueBbie caoBa: AnKopacTyIlee pacTUTeAbHOE ChIpbe, OmoAormideckasl MuIIeBas 11€HHOCTS,
CsepOura BOcTOYHasI.

A.N. Aralbayev?, Z.Zh. Seydakhmetova!, N.K. Aralbay?
LAlmaty Technological University, Almaty, Kazakhstan
2 S. Seifullin Kazakh Agro Technical University, Astana, Kazakhstan

Evaluation of the Turkish warty cabbage (Bunias orientalis) plant’s roots prospects as a food
raw material

Abstract. The article is devoted to the study of the perspectives of using the roots of wild-
growing plant Bunias orientalis as a plant material. An access to a wide range of organic food with high
nutritional value, full of vitamins and minerals, can be valued as a fundamental component of food
safety. Therefore, a deep and versatile elaboration of the raw material potential of local flora is very
important, not only in scientific purposes, but also as a strategic plan to ensure food safety.

More than ten thousand species of plants are found on the territory of Kazakhstan, and most of
them have not been completely studied for further application. Most plants of the Cabbage
(Brassicaceae) family have a high economic value and are cultivated in various countries as fodder,
technical, melliferous, food and decorative resources. There are studies on the value of Sverbiga as a
source of bioactive substances and the use of young shoots and leaves in the national cuisine. In the
course of the study, we found that the roots of Sverbiga have a fairly good nutritional and biological
value.
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The roots of Sverbiga contain a significant amount of carbohydrates and minerals, which makes
this type of wild-growing raw material promising for further development of food products and
bioactive food supplements. Studies show that in order to preserve its biological value it must be stored
at the temperature of -18 °C for no more than 3 months.

Keywords: wild plant raw materials, biological and nutritional value, Sverbiga eastern.

References

1. Ulakov S.N. Prodovol'stvennaya bezopasnost' kak ekonomicheskaya kategoriya i eyo rol' v
obespechenii nacional noj bezopasnosti, Vestnik KarGU [Food security as an economic category and its
role in ensuring national security, Bulletin of the KarSU], 1(27), 32-39 (2010). [in Russian]

2. Dulambaeva R., Temirbekova A. Aktual'nye aspekty gosudarstvennoj politiki obespecheniya
prodovol'stvennoj bezopasnosti, Memlekettik baskaru zhane memlekettik kyzmet [Actual aspects of the
state policy of ensuring food security, Public administration and civil service]. 2(73), 28-35 (2020). [in
Russian]

3. Cena H., Calder P.C. Defining a Healthy Diet: Evidence for The Role of Contemporary
Dietary Patterns in Health and Disease, Nutrients, 12(2), 334 (2020). DOI: 10.3390/nu12020334.

4. Fung F., Wang H.S, Menon S., Food safety in the 21st century, Biomedical Journal, 2(41), 88-
95 (2018). DOI: https://doi.org/10.1016/j.bj.2018.03.003.

5. Niggli U. Sustainability of organic food production: challenges and innovations, Conference
on ‘Sustainable diet and food security” Symposium 2: Food production system Proceedings of the
Nutrition Society, 74, 83-88 (2015).

6. Gubanenko G.A. Formirovanie kachestva muchnyh konditerskih izdelij na osnove
kompleksnogo issledovaniya netradicionnyh vidov rastitelnogo syr'ya Krasnoyarskogo kraya:
dissertaciya na soiskanie stepeni d.t.n.: zashchishchena 16.10.2015 [Formation of the quality of flour
confectionery products based on a complex study of non-traditional types of vegetable raw materials in
the Krasnoyarsk Territory: dissertation on the competitive degree of PhD: defended on 16.10.2015]
(Kemerovo, 2015, 458 s.). [in Russian]

7. Dzyubenko N.I. Vavilovskaya strategiya popolneniya, sohraneniya i racional'nogo
ispol'zovaniya geneticheskih resursov kul'turnyh rastenij i ih dikih rodichej, Trudy po prikladnoj
botanike, genetike i selekcii [Vavilov's strategy of replenishment, conservation and rational use of
genetic resources of cultivated plants and their wild relatives, Work on applied botany, genetics and
selection], 169, 309 (2012). [in Russian]

8. Akimbekova G.U., Nikitina G.A. Prioritetnye napravleniya razvitiya agropromyshlennogo
kompleksa Kazahstana, Problemy agrorynka [Priority directions for the development of the agro-
industrial complex of Kazakhstan, Problems of the agricultural market], 4, 13-23 (2020). [in Russian]

9. CHetvertyj nacionalnyj doklad Respubliki Kazahstan o biologicheskom raznoobrazii,
Astana, 2009 [Fourth national report of the Republic of Kazakhstan on biological diversity, Astana,
2009]. [in Russian]

10. Gemedzhieva N.G., Tokenova A.M., Frizen N.V. Obzor sovremennogo sostoyaniya i
perspektivy izucheniya kazahstanskih vidov roda Allium L. Problemy botaniki YUzhnoj Sibiri i
Mongolii [Overview of the current state and prospects of the study of Kazakh species of the genus
Allium L., Problems of botany in Southern Siberia and Mongolia], 20(1), 97-101 (2021). [in Russian]

11. Sulejmenov A.N., Aralbaev A.N. O vitaminno-saharonosnyh pishcheprigodnyh rasteniyah
Vostochnogo Kazahstana, Izvestiya VUZov Kyrgyzstana [On vitamin-sugar-bearing edible plants of
Eastern Kazakhstan, Izvestia VUZov Kyrgyzstan], 3, 41-47 (2017). [in Russian]

12. Oliver B. W., Lars O. B, Espen G, Inger S. F. Sprouting Dynamics of Bunias Orientalis, Journal
of Plant Diseases and Protection, 122(2), 141-49 (2015).

76 Ne 2(143)/2023 AH. Tymuaes amoindazor EYY Xabapurvico. Buorozusivik eotavimoap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



A.H. Aparbaes, 3.2K. Ceiidaxmemosa, H.K. Aparbai

13. Birnbaum C. Invasive Alien Species Fact Sheet. [Electronic resource] — Available at:
https://www.nobanis.org/globalassets/speciesinfo/b/bunias-orientalis/bunias_orientalis.pdf (Accessed:
20.04.2022).

14. Corli A., Walter J,. Sheppard C.S. Invasion Success of Bunias orientalis (Warty Cabbage) in
Grasslands: A Mesocosm Experiment on the Role of Hydrological Stress and Disturbance, Front. Ecol.
Evol., 9, 625587 (2021). DOI: 10.3389/fevo.2021.625587.

15. Mihovich ZH.E., Punegov V.V., Zajnullina K.S., Ruban G.A. Raspredelenie pula flavonolov
v nadzemnoj masse sverbigi vostochnoj (Bunias orientalis L.) pri vyrashchivanii na Severe, Samarskij
nauchnyj vestnik [Distribution of the pool of flavonols in the above-ground mass of eastern scurvy
(Bunias orientalis L.) when grown in the North, Samara Scientific Bulletin], 7(2), 87-90 (2018). [in
Russian]

16. Mihovich ZH.E., Ruban G.A., Zajnullina K.S. Posevnye kachestva i urozhajnost' semyan
sverbigi vostochnoj pri vyrashchivanii v podzone srednej tajgi Respubliki Komi, Agrarnaya nauka Evro-
Severo-Vostoka [Sowing qualities and yield of seeds of the eastern scurvy when growing in the subzone
of the middle taiga of the Republic of Komi, Agrarian Science of the Euro-North-East], 1, 7-11 (2016). [in
Russian]

17. Avetisyan A.T. Produktivnost' bobovyh mnogoletnih trav i sverbigi vostochnoj (Bunias
orientais 1) v Krasnoyarskoj lesostepi, Vestnik KrasGAU [Productivity of leguminous perennial grasses
and eastern itch (Bunias orientais 1) in the Krasnoyarsk forest-steppe, Vestnik KrasGAU], 7, 81-85 (2011).
[in Russian]

18. Schiirkens S., Chittka L. The significance of the invasive crucifer species Bunias orientalis
(Brassicaceae) as a nectar source for central European insects, Entomologia Generalis, 25, 115-120 (2001).

19. Harvey J.A,, Biere A., Fortuna T. et al. Ecological fits, mis-fits and lotteries involving insect
herbivores on the invasive plant, Bunias orientalis, Biol Invasions, 12, 3045-3059 (2010). DOI
https://doi.org/10.1007/s10530-010-9696-9.

20. Denisow B., Masierowska M., Antorr S. Floral nectar production and carbohydrate
composition and the structure of receptacular nectaries in the invasive plant Bunias orientalis L.
(Brassicaceae), Protoplasma, 253(6), 1489-1501 (2016). DOI: 10.1007/s00709-015-0902-6.

21. Binama B., Miiller C., Differences in functional traits among distinct populations of the
plant  invader Bunias  orientalis, ~ Journal of Plant Ecology, 15(3), 524-537  (2022).
DOI: https://doi.org/10.1093/jpe/rtac004.

22. Toensmeier E. The Carbon Farming Solution. A Global Toolkit of Perennial Crops and
Regenerative Agriculture Practices for Climate Change Mitigation and Food Security (Chelsea: Green
Publishing Co., 2016, 521 p.).

23. Vergun O., Rakhmetov Dzh., Shymanska O., Rakhmetova S., Bondarchuk O., Fishchenko V.
Morphometric and biochemical features of different Bunias orientalis L. genotypes in the M. M.
Gryshko National Botanical Garden of the NAS of Ukraine, Plant varieties studying and protection, 17,
66-72 (2021). DOI: 10.21498/2518-1017.17.1.2021.228213.

24. Mihovich ZH.E., Punegov V.V., Gruzdev I.V., Ruban G.A., Zajnullina K.S. Biohimicheskaya
harakteristika rastenij sverbigi vostochnoj (Bunias orientalis L.) pri kul'tivirovanii na severe, Izvestiya
Samarskogo nauchnogo centra RAN [Biochemical characteristics of plants of the eastern itch (Bunias
orientalis L.) during cultivation in the north, Izvestia of the Samara Scientific Center of the Russian
Academy of Sciences], 2-3, 478-481 (2017). [in Russian]

25. Vergun O., Kacaniova M., Rakhmetov D., Shymanska O., Bondarchuk O., Brindza ]J.,
Ivanisova, E. Antioxidant and Antimicrobial Activity of Bunias orientalis L. and Scorzonera hispanica L.
Ethanol Extracts, Agrobiodiversity for Improving Nutrition, Health and Life Quality, 2, 29-38 (2018).
DOIL: https://doi.org/10.15414/agrobiodiversity.2018.2585-8246.029-038.

26. BlaZevié¢ 1., Dulovié¢ A., CikesCuli¢ V., Buréul F., Ljubenkov I., Rusci¢ M., Generali¢
Mekini¢ I.Bunias erucago L.: Glucosinolate Profile and In Vitro Biological Potential, Molecules, 24(4), 741-
752 (2019). DOI: https://doi.org/10.3390/molecules24040741.

BECTHMK EHY umenu A.H. Tymunesa. Cepus Buoroeuteckue nayiu Ne 2(143)/2023 77
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



https://doi.org/10.1007/s10530-010-9696-9
https://doi.org/10.1093/jpe/rtac004
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bla%26%23x0017e%3Bevi%26%23x00107%3B%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x00110%3Bulovi%26%23x00107%3B%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x0010c%3Bike%26%23x00161%3B%20%26%23x0010c%3Buli%26%23x00107%3B%20V%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bur%26%23x0010d%3Bul%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ljubenkov%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ru%26%23x00161%3B%26%23x0010d%3Bi%26%23x00107%3B%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Generali%26%23x00107%3B%20Mekini%26%23x00107%3B%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Generali%26%23x00107%3B%20Mekini%26%23x00107%3B%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30791395
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6412829/
https://doi.org/10.3390/molecules24040741

HIvievic maiipakebdici ocimOiziHit MAMPPAGPOIHLIE, MAAMOLIK WUKIAM peminde naildarany nepenexmueacoii 0azaray

27. Glazovaya N.V. Vozdelyvanie sverbigi vostochnoj na korm v umerenno-zasushlivoj stepi
Severnogo Kazahstana, Vestnik Kurganskoj GSKHA [Cultivation of eastern fodder in the moderately
arid steppe of Northern Kazakhstan, Vestnik Kurganskoy GSHA], 3(15), 10-13 (2015). [in Russian]

28. Malickaya N.V. Vozdelyvanie i ispol'zovanie netradicionnyh kormovyh kul'tur v umerenno
zasushlivoj stepi Severnogo Kazahstana, Vestnik KrasGAU [Cultivation and use of non-traditional
fodder crops in the moderately arid steppe of Northern Kazakhstan, Vestnik KrasGAU], 7, 148-153
(2015). [in Russian]

29. GOST 29033-91. Zerno i produkty ego pererabotki. Metod opredeleniya zhira [GOST 29033-
91. Grain and products of its processing. Method definition is clear] (Moskva: Izdatel'stvo standartov,
1992) [Moscow: Standards Publishing House, 1992]. [in Russian]

30. GOST 10846-91. Zerno i produkty ego pererabotki. Metod opredeleniya belka. (Izdanie s
popravkoj). Vzamen GOST 10846-74; Vveden1993-06-01 [GOST 10846-91. Grain and products of its
processing. Protein determination method. (Edited edition). Instead of GOST 10846-74; Introduced on
1993-06-01] (Moskva: Standartinform, 2009) [Moscow: Standartinform, 2009]. [in Russian]

31. GOST 25555.4-91. Produkty pererabotki plodov i ovoshchej. Metody opredeleniya zoly i
shchelochnosti obshchej i vodorastvorimoj zoly. Ovoshchi sushenye. Tekhnicheskie usloviya. Metody
analiza: Sbornik nacional'nyh standartov [GOST 25555.4-91. Processed fruits and vegetables. Methods
for determination of ash and alkalinity of total and water-soluble ash. Dried vegetables. Specifications.
Methods of analysis: Collection of national standards] (Moskva: Standartinform, 2011) [Moscow:
Standartinform, 2011]. [in Russian]

32. GOST 28561-90. Produkty pererabotki plodov i ovoshchej. Metody opredeleniya suhih
veshchestv ili vlagi. Ovoshchi sushenye. Tekhnicheskie usloviya. Metody analiza: Sbornik
nacional'nyh standartov [GOST 28561-90. Processed fruits and vegetables. Methods for determining
dry matter or moisture. Dried vegetables. Specifications. Methods of analysis: Collection of national
standards] (Moskva: Standartinform, 2011) [Moscow: Standartinform, 2011]. [in Russian]

33. GOST R 51429-99. Soki fruktovye i ovoshchnye. Metod opredeleniya soderzhaniya natriya,
kaliya, kal'ciya i magniya s pomoshch'yu atomno-absorbcionnoj spektrometrii. Soki. Tekhnicheskie
usloviya. Metody analiza: Sb. GOSTov [GOST R 51429-99. Fruit and vegetable juices. Method for
determining the content of sodium, potassium, calcium and magnesium using atomic absorption
spectrometry. - Juices. Specifications. Methods of analysis: Sat. GOSTs] (Moskva: Standartinform,
2010) [Moscow: Standartinform, 2010]. [in Russian]

34. GOST 30615-99. Syr'e i produkty pishchevye. Metod opredeleniya fosfora.
Mezhgosudarstvennyj sovet po standartizacii, metrologii i sertifikacii [GOST 30615-99. Raw materials
and food products. Phosphorus determination method. Interstate Council for Standardization,
Metrology and Certification] (Minsk: BelGISS, 2002) [in Russian]

35. GOST 33824-2016. Produkty pishchevye i prodovol'stvennoe syr'e. Inversionno-
vol'tamperometricheskij metod opredeleniya soderzhaniya toksichnyh elementov (kadmiya, svinca,
medi i cinka) [GOST 33824-2016. Food products and food raw materials. Stripping voltammetric
method for determining the content of toxic elements (cadmium, lead, copper and zinc)] (Moskva:
Standartinform, 2016) [Moscow: Standartinform, 2016]. [in Russian]

36. GOST 20996.1-2014. SELEN TEKHNICHESKI]. Metody opredeleniya selena [GOST 20996.1-
2014. SELENIUM TECHNICAL. Methods for the determination of selenium] (Moskva:
Standartinform, 2015) [Moscow: Standartinform, 2015]. [in Russian]

37. M-04-41-2005. Metodika vypolneniya izmerenij massovoj doli svobodnyh form
vodorastvorimyh vitaminov v probah premiksov, vitaminnyh dobavok, koncentratov i smesej
metodom kapillyarnogo elektroforeza na pribore «Kapel'-105» [Method for performing measurements
of the mass fraction of free forms of water-soluble vitamins in samples of premixes, vitamin
supplements, concentrates and mixtures by capillary electrophoresis on the Kapel-105 device] (Sankt-

78 Ne 2(143)/2023 A.H. Tymuaes amoindazor EYY Xabapurvico. Buorozusavik eotavimoap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



A.H. Aparbaes, 3.2K. Ceiidaxmemosa, H.K. Aparbail

Peterburg: Lyumeks, 2006, 31 s.) [St. Petersburg: Lumeks, 2006, 31 p.]. [in Russian]

38. Tipsina N.N., Grechishnikova N.A. Vliyanie zamorozkov na fiziko-himicheskie pokazateli
yagod kryzhovnika, Vestnik Krasnoyarskogo gosudarstvennogo agrarnogo universiteta [Influence of
frosts on the physicochemical parameters of gooseberries, Bulletin of the Krasnoyarsk State Agrarian
University], 10, 121-125 (2015). [in Russian]

39. Kaplun E.A. SHestopalova A.V. Zolotuhina E.A. Afanas'eva T.V. Belkovyj sostav
razlichnyh produktov pitaniya, Science Rise [Protein composition of various foods, Science Rise], 5, 1
(34), 6-10 (2017). [in Russian]

40. YAgodin B.A., ZHukov YU.P., Kobzarenko V.I. Agrohimiya [Agrochemistry] (Moskva:
Kolos, 2002, 584 s.) [Moscow: Kolos, 2002, 584 p.]. [in Russian]

41. Kucakova V.E. Baranenko A.V. Burova T.E., Kremenevskaya M.I. Holodil'naya
tekhnologiya pishchevyh produktov. CHast' IIl. Biohimicheskie i fiziko-himicheskie osnovy
[Refrigeration technology of food products. Part III. Biochemical and physico-chemical bases] (Sankt-
Peterburg: GIORD, 2011, 272 s.) [St. Petersburg: GIORD, 2011, 272 p.]. [in Russian]

42. Ivanova N.V. Sovremennye sposoby obrabotki i hraneniya produktov: uchebno-
metodicheskoe posobie [Modern methods of processing and storing products: a teaching aid]
(Petropavlovsk: SKGU im. M. Kozybaeva, 2015, 120 s.). [in Russian]

43. Gamayurova V.S., Rzhechickaya L.E. Pishchevaya himiya: uchebnik dlya studentov vuzov
[Food chemistry: a textbook for university students] (Moskva: «KDU», «Dobrosvet», 2018, 496 s.)
[Moscow: "KDU", "Dobrosvet", 2018. - 496 p.]. [in Russian]

44. Martinchik A.N., Keshabyanc E.E., Kambarov A.O., Peskova E.V. Bryanceva C.A.,
Bazarova L.B., Semenova YA.A. Kal'cij v racione detej doshkol'nogo i shkol'nogo vozrasta: osnovnye
pishchevye istochniki i faktory, vliyayushchie na potreblenie, Voprosy pitaniya [Calcium in the Diet of
Preschool and School Children: Main Dietary Sources and Factors Influencing Intake, Nutrition], 7(2),
24-33 (2018). [in Russian]

45. Garizan I.V., Bigaeva I.M. Opredelenie kal'ciya v pishchevyh produktah, Mezhdunarodnyj
studencheskij nauchnyj Vestnik [Determination of Calcium in Foods, International Student Scientific
Bulletin], 3-3, 448-449 (2016). [in Russian]

46. Zajceva YU.A. Fosfor. Ego rol' v zhizni cheloveka, himicheskij sostav i norma v krovi.
Sbornik statej po materialam mezhdunarodnoj nauchno-prakticheskoj konferencii «Perspektivnye
nauchnye issledovaniya: opyt, problemy i perspektivy razvitiya», Ufa [Phosphorus. Its role in human
life, chemical composition and norm in the blood. Collection of articles based on the materials of the
international scientific-practical conference "Perspective scientific research: experience, problems and
development prospects"”, Ufa], 23-26 (2019). [in Russian]

47. Grigus YA.IL, Mihajlova O.D., Gorbunov A.YU., Vahrushev YA.M. Znachenie magniya v
fiziologii i patologii organov pishchevareniya, Eksperimentalnaya i klinicheskaya gastroenterologiya
[The value of magnesium in the physiology and pathology of the digestive system, Experimental and
clinical gastroenterology], 6, 89-94 (2015). [in Russian]

48. Salnikova E.V. Cink - essencial nyj mikroelement (obzor), Vestnik OGU [Zinc - an essential
microelement (review), Vestnik OSU], 10, 170-172 (2012). [in Russian]

49. Novikov V.S, Karkishchenko V.N., SHustov E.B. Funkcionalnoe pitanie cheloveka pri
ekstremal'nyh vozdejstviyah [Functional human nutrition under extreme conditions] (Sankt-Peterburg:
Politekhnika-print, 2017, 346 s.) [St. Petersburg: Polytechnic-print, 2017, 346 p.]. [in Russian]

BECTHMK EHY umetu A.H. Tymuaesa. Cepus Buorouneckue nayxu Ne 2(143)/2023 79
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



HIvievic maiipakebdici ocimOiziHit MAMPPAGPOIHLIE, MAAMOLIK WUKIAM peminde naildarany nepenexmueacoii 0azaray

ABTOpaap Typaabl MaaiMeT:

Aparbaes A.H. — 2 xypc aokropanTtsl, AaMatel TexHoaormsaawK YHusepcureti, Teae 6m, 100,
Aamater, KazakcraH.

Cendaxmemosa 3.2K. — Omoaorust ¥FeLABIMAAPBIHBIH JAOKTOpPEl, «TaraM OMOTEXHOAOTHCHI»
KadpeapacbIHBIH KaybIMAACTBIpBLAFaH mpodeccopsl, AamaTsl TexHoaormAaslk YHusepcureti, Teae 6m,
100, Aamatsl, KazakcraH.

Aparbaii H.K. — 6uoaorus ¥eLABIMAAPBIHBIH AOKTOPHI, Ipodeccop, KasITFA akagemuri, KP
AIITA akagemuri, «Dxoaormsa» kadeapacoiHb Ipodeccoprr, C. Ceidyaann aroiHaarsr Kasax
ArporexHnkaaslx, YHuBepcureTi, KeHic gaHfbiasl, 62, AcraHa, Kasakcran.

Aralbaev A.N. — 2nd-year PhD student, Almaty Technological University, 100 Tole Bi Street,
Almaty, Kazakhstan.

Seydakhmetova Z.Zh. — Doctor of Biological Sciences, Ass. Professor of the Department of Food
Biotechnology, Almaty Technological University, 100 Tole Bi Street, Almaty, Kazakhstan.

Aralbay N.K. — Doctor of Biological Sciences, Professor, Academician of KazAPN, Academician
of the ACS RK, Professor of the Department of Ecology, S. Seifullin Kazakh Agro Technical University,
62 Zhenis Ave., Astana, Kazakhstan.

80 Ne 2(143)/2023 A.H. Tymuaes amoindazor EYY Xabapurvico. Buorozusavik eotavimoap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



IRSTI 34.39

A.K. Zhantleuova'*, A.S. Karimova?, B.A. Davletov?
LAl-Farabi Kazakh National University, Almaty, Kazakhstan

2University of Sheffield, Sheffield, United Kingdom
*Corresponding author: zhantuleuova_aisha@kaznu.edu.kz

Examples of Clinical Use of Botulinum Toxin: A Literature Review

Abstract. Botulinum toxin (BoNT), being one of the most toxic substances known to mankind,
due to its unique mechanism of action is used as an effective treatment for many diseases,
including strabismus, blepharospasm, and hemifacial spasm. BoNT has received particular use as a
long-acting analgesic due to its ability to inhibit the exocytosis of pain neuropeptides, including
CGRP, Substance P, and modulate the expression of pain-related receptors as TRPV1, NMDA,
AMPA, P2X3. Botulinum toxin injections are effective in the treatment of many pain conditions:
diabetic neuropathy, chronic migraine, spinal cord injury. This article reviews the possibilities of
clinical applications of botulinum toxin based on the analysis of articles in the PubMed database
for specific search terms. The keywords “botulinum toxin”, “treatment”, “clinical use”, “pain
reduction” were used to obtain references. The possibilities for the clinical use of botulinum toxin
are growing every year. Currently, at least 8 commercially available preparations of botulinum
toxin types A and B are known, the most recognizable of which are Botox, Dysport, and
MyoBloc/NeuroBloc. Future research should focus on improving the safety profile and increasing
the efficacy of botulinum toxin-based drugs. New types of botulinum toxin obtained through
molecular reengineering will significantly increase its therapeutic efficacy.

Keywords: botulinum toxin, clinical use, chronic pain, pain relief, analgesic, migraine, diabetic
neuropathy.

DOI: 10.32523/2616-7034-2023-143-2-81-90

Introduction

Botulinum neurotoxins (BoNT) are a family of neurotoxins produced by strains of Clostridium
bacteria that cause severe flaccid paralysis botulism. Human botulism can be contracted in three ways:
by ingestion, inhalation, or through a wound. In severe cases, botulism leads to death from respiratory
paralysis. There are at least 7 different serotypes, from BoNT/A to BoNT/G. They all act by cleaving
SNARE proteins, a tetrahelical complex required for the exocytosis of neurotransmitters into the
synapse [1].

Structure and mechanism of action of BONT

All serotypes of botulinum neurotoxins have a similar domain structure (Figure 1A). The gene
encoding the toxin is expressed as a single-chain polypeptide of about 150 kDa [2]. There are three
distinct functional domains in native BoNT. The carboxy-terminal domain is responsible for
neurospecific binding, the central domain is involved in membrane translocation, and the amino-
terminal domain is endopeptidase cleaving proteins involved in the release of neurotransmitters and
neuropeptides [3].

The similar structure provides a similar mechanism of action, which is conventionally divided
into 4 stages: binding, internalization, membrane translocation and enzymatic cleavage of the target
proteins. Studies indicate the involvement of polysialogangliosides and synaptic vesicle proteins in the
binding of various BoNT serotypes [4]. Internalization of BoNT occurs by endocytosis of synaptic
vesicles. Vesicles containing BoNT are oxidized to low pH values (4.40-4.60), which causes
conformational changes in the toxin, incorporation of the translocation domain into the membrane in
the form of an ion channel, and translocation of the amino-terminal endopeptidase into the cytosol [5],
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which then target proteins depending on the BoNT serotype. BoNT serotypes cleave different
intracellular proteins of the SNARE complex or cleave the same protein but in different locations.
Botulinum toxins inhibit SNARE-mediated exocytosis by each cleaving specific target proteins: VAMP
(vesicle-associated membrane protein), SNAP-25 (25 kDa synaptosome-associated protein), and
syntaxin (Figure 1B) [6]. According to different molecular targets, botulinum toxin serotypes have
different durations of action. In particular, botulinum neurotoxin A (BoNT/A) has the longest duration
of action and is therefore the most commonly used in practice [7].

A. B. BoNT/C
BoNT/A /
y —/ L~
_H—
PM  —
BoNT/E

é SNAP-25

BoNT/F

/. BoNT/D
BoNT/B

Figure 1. The 3D structure and molecular targets of action of Botulinum Neurotoxin A
(A) The catalytic domain is colored in blue, the translocation domain in green, the binding
domain in yellow and red. The catalytic zinc is depicted as a ball in gray [8].
(B) Cleavage sites of BONTSs on the presynaptic membrane and synaptic vesicle (S5V) [6].

BoNT/G

Molecular explanation of clinical use

Native BoNTs are highly active in neuromuscular synapses due to the expression of specific
receptors on the presynaptic surfaces, as well as the relatively large size of the presynaptic endings on
muscle fibers. This allows the toxin to migrate in high doses by endocytosis specifically to the motor
motor nerve endings [9]. Inhibition of the release of acetylcholine and inhibition of the neuromuscular
junction, in turn, is the molecular explanation for the clinical use of botulinum toxins in treatments of
muscle spasms and also the hyperfunction of certain excretory glands.

Importantly, botulinum neurotoxin can be considered as a tool to control chronic pain. SNARE-
mediated (Soluble N-ethylmaleimide-sensitive factor Attachment Protein Receptor) exocytosis
influences the onset and development of chronic pain in various ways. First of all, the fusion of synaptic
vesicles filled with pain neurotransmitters and pain neuropeptides with the presynaptic membrane
occurs due to the formation of the SNARE complex [10, 11]. Moreover, surface expression of nociceptive
receptors also depends on SNARE-mediated exocytosis [12, 13]. Therefore, it is believed that the
analgesic effect occurs in the periphery by blocking the release of pronociceptive transmitters and
receptors. BONT reduces the amount of released glutamate, CGRP, substance P, as well as TRPV1,
NMDA, AMPA, P2X3.

Methods

A review of the English-language literature was conducted using the PubMed database on
October 28, 2022. The following terms were the keywords for the search: “botulinum toxin”,

“treatment”, “clinical use”, “pain reduction”. Articles describing the use of botulinum toxin for pain
control were selected, analyzed, and summarized, starting from the first mention of the clinical use of
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this toxin, i.e. 1973.
Results and discussion

The idea of clinical use of botulinum toxin arose in 1822 from the discoverer of this toxic
compound - Justinus Kerner [14]. He predicted the usefulness of injections of toxin in diseases resulting
from hyperexcitation of the nervous system. The first attempt to use botulinum toxin clinically was
made in the search for a non-surgical treatment for strabismus. Scientists at the Smith Kettlewell Eye
Research Institute, led by Alan Scott, published the results of their study in 1973. They demonstrated
that administration of low doses of BONT/A to the oculomotor muscles of Macaca mulatta was effective
both in the initial and repeated injections [15]. Further clinical studies confirmed the effectiveness of
using botulinum toxin in strabismus [16, 17], blepharospasm [18], hemifacial spasm [19]. Treatment of
such conditions with botulinum toxin not only effectively reduces the frequency and intensity of
involuntary muscle contractions, but also reduces the pain associated with these disorders.

A preliminary pilot study conducted by a group of scientists led by Andrew Blitzer in 1993
proposed a new treatment option for patients with hyperfunctional facial wrinkles [20]. This
assumption was verified a year later in a double-blind, placebo-controlled study in which 81% of
patients noted a significant improvement, 19% - a moderate improvement in the severity of facial
wrinkles after botulinum toxin injections [21].

As a result of observation of patients with hemifacial spasm treated with botulinum injections,
the hypothesis of the use of BONT/A as an agent to combat focal hyperhidrosis has arisen [22]. Since
then, numerous studies have confirmed that topical botulinum toxin therapy for axillary, palmar and
plantar hyperhidrosis is an effective, simple and fast procedure [23, 24, 25].

Hypersalivation is another autonomic disorder that can be treated with botulinum toxin. It is
hypothesized that injections of BONT/A into the parotid salivary glands may be suggested for patients
whose salivation does not respond to medical treatment [26]. A few years later, an article by British
scientists was published, according to which injections of botulinum toxin into the salivary glands can
serve as an effective and simple method for treating excessive salivation, including in Parkinson’s
disease [27]. In 1999, positive results of the use of botulinum toxin to reduce abnormal secretion of tears
were published, according to which the therapeutic effect lasts for about 6 months [28].

Botulinum toxin has found use in the treatment of disorders of the excretory and gastrointestinal
systems. Thus, with detrusor-sphincter dyssynergy, a single injection significantly improved the
condition of patients for 3 to 9 months [29]. Botulinum toxin injection results in effective long-term relief
of symptoms in 75% of patients with achalasia [30], and complete healing of the anal fissure within 3
months in 82% of patients with sphincter spasm [31].

The first clinical evidence of the antinociceptive action of botulinum neurotoxin arose as a result
of the following observations: pain was significantly reduced at small doses insufficient for paralysis,
pain relief lasted longer than the period of paralysis, occurred before it, or was the only result of
treatment. Thus, according to Stell et al., in some patients treated for spasmodic torticollis, pain relief
was present even when there was no correction of the hemorrhage [32]. According to the results
obtained by Relja and Klepac in 2002, the antinociceptive effect of BONT/A on spasmodic torticollis pain
appears 7 days earlier than the positive effect on motor function. Additionally, it was demonstrated that
the dose sufficient to control pain was half the dose required for motor improvement [33]. In patients
with temporomandibular disorders, a single injection of BONT/A resulted in a decrease in bite force for
a shorter period, compared with a beneficial effect on pain [34].

BoNT/A has shown efficacy in treating various pains such migraine, diabetic neuropathy,
trigeminal neuralgia, post-herpetic neuralgia, poststroke pain, spinal cord injury, cancer pain, pelvic
pain and more. Based on the results of a pooled analysis of 2 multicenter studies evaluating migraine
prophylaxis, OnabotulinumtoxinA was approved by the FDA for the prophylaxis of chronic migraine in
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2010 and is now widely used worldwide [35].

Four articles describing the efficacy of botulinum toxin in diabetic neuropathy were analyzed,
all of which were double-blind randomized control studies.

In a study by Yuan et al. [36] 50 U BoNT/A was injected intradermally into both feet at 12 sites.
Evaluation performed at 1, 4, 8 and 12 weeks showed a significant decrease in pain on the visual
analogue scale, lasting throughout all 12 weeks and peaking at 4 weeks with a score of 2.22 + 2.24. A
temporary improvement in sleep was also demonstrated at week 4 of treatment with scores of 1.72 +
1.82.

Later, a similar study was conducted by Ghasemi M. et al., the distinguishing features of which
were a 2-fold increase in the dose of botulinum toxin and its injection into only one foot. Intradermal
injection of BONT/A reduced sensitivity for electric shocks, burning, pins and needles and brushing [37].
The duration of this study was only 3 weeks due to the problems regarding patients regular follow-up.

The results of the Salehi et al. [38] study showed that the sleep quality in diabetes patients
improved significantly after the BONT/A injection in weeks 4 and 8, as well as the individuals level of
physical capacity. In the latest study [39], published in 2020, the dose was increased to 150 U, and
groups injected in one and both feet were compared. Interesting that all types of pain improved
significantly in both groups. However hot sensation improvement was higher when one foot was
injected.

Thus, the treatment of diabetic neuropathy with botulinum toxin A is an effective method but
requires further study.

In recent years, the use of botulinum toxin for the treatment of sleep bruxism has been studied.
In one of these studies, after the introduction of toxin injections into the masticatory muscles, a month
later, as well as 3 months later, somography was performed in the laboratory. As a result, it was found
that BoONT type A can protect masticatory structures from excessive stress and thus serve as an effective
treatment method [40]. A study published a year later confirmed the efficacy of low doses of the toxin in
treating patients not responding to more classical therapies [41].

The effectiveness of botulinum toxin for pain control in patients with myofascial
temporomandibular disorders has been evaluated in comparison with other treatments, with only
botulinum toxin injections improving pain threshold values. A significant disadvantage was the
decrease in EMG activity in the injected muscles [42]. In 2022, this toxin was effectively used for the
treatment of androgenetic alopecia. The authors suggested that the mechanism of action of botulinum
toxin in alopecia is to relax the muscles of the head, increase blood flow and inhibit the activation of
Dihydrotestosterone [43]. In 2021, data were published, according to which the reduction of post-stroke
spasticity with a single injection of botulinum toxin reduces the rate of contracture formation and the
need for concomitant treatment [44].

Practical aspects

Two botulinum neurotoxins, types A and B, are used in clinical practice. While there are at least
seven commercially available type A preparations: Botox® (Allergan, Inc., Irvine, California), Dysport®
(Ipsen, Ltd., Berkshire, United Kingdom), Xeomin® (Merz Pharmaceutical, Greensboro, NC), PurTox®
(Mentor Worldwide LLC, Santa Barbara, California), Neuronox® (Medy-Tox Inc., South Korea), CBTX-
A (Lanzhou Institute of Biological Products, China), and CNBTX-A (Nanfeng Medical Science and
Technology Development Co. Ltd., China), there is only one commercially available botulinum toxin
type B MyoBloc® (Solstice Neurosciences, Inc., Louisville, Kentucky) or NeuroBloc® (Eisai Co., Ltd,
United Kingdom) [45].
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Numerous studies have shown the same effectiveness of Botox®, Dysport®, Xeomin®, however,
there are differences in recommended doses and cost-effectiveness. Botox®:Dysport®:Xeomin®
conversion ratio even to 1:3:1. While all three products have similar efficacy when dosed correctly,
Dysport® injections are more economical [46]. Other commercial formulations of botulinum toxin A are
relatively new products and therefore the amount of clinical data on these products is very limited in
the scientific literature. For example, the Chinese drug CBTX-A, also known under the trade name
Prosigne®, matches Botox® in its efficacy, duration of action, frequency and severity of adverse side
effects in the treatment of blepharospasm and hemifacial spasm [47]. Comparison of drugs based on
two different types of botulinum toxin, A and B, led to the following conclusions. First, side effects
extend farther from the site of Botox® injection compared to equivalent doses of
Myobloc®/NeuroBloc®. Second, side effects are more common with Myobloc®/NeuroBloc® injections
than with Botox®, but they are usually mild to moderate and often improve with repeated use [48].

Botulinum toxin is administered intramuscularly in doses depending on the individual
characteristics of the patient, among which are sex, age, and weight. Special equipment to control the
administration of the drug is usually not required. The validity period can vary greatly, usually lasting
about three months. In this case, it is possible to conduct additional injections to achieve repeated relief
over the years. Injection resistance may develop due to the production of neutralizing antibodies. Early
studies have shown that patients who develop antibodies to botulinum toxin type A may benefit from
repeated injections of botulinum toxin type B. Botulinum toxin injections can lead to some side effects
related to its paralytic action. With the introduction of large doses, it is possible to spread the toxin to
nearby muscles, further weakening them. May occur as weakness of distant muscles or general
weakness, a flu-like condition. Contraindications for the use of botulinum toxin include pregnancy and
breastfeeding [49].

Future therapeutic opportunities

New botulinum toxin molecules for medical use continue to be developed. One of the promising
applications of non-paralyzing botulinum toxin preparations is the development of long-acting
painkiller. Work on the evaluation of the possibility of using such analgesics will allow in the future to
create an effective and safe way to control chronic pain. Reengineering BoNT is able to eliminate its
paralytic effects. There are various approaches aimed at manipulating the structure of the toxin: not
only can they improve its safety profile, but they can also increase its effectiveness as an analgesic.
Examples of such molecular approaches are SNARE tagging and SpyCatcher-SpyTag.

Protein crosslinking technology uses the self-assembly properties of SNARE proteins to form a
heteromeric tetrahelix between recombinant domains. This forms an irreversible and stable peptide
bridge that binds proteins into one functional unit. The BONT/A protease and translocation domains are
produced with a SNAP25 linker at one end, and a receptor-binding domain is also produced that
attaches to the synaptobrevin linker. When the crosslinking peptide syntaxin is added to the reaction,
the SNARE proteins self-assemble and the protease, translocation, and receptor binding domains
combine to form a single, functioning toxin that enters cells and cleaves the SNARE proteins.The
SpyTag/SpyCatcher technology is a method of irreversible conjugation of recombinant proteins with the
formation of an isopeptide bond. It this metod the protease and translocation domains of BONT/A are
produced with a SpyCatcher protein at one end, and a receptor-binding domain is produced with
SpyTag protein.

Conclusions

The burden of chronic pain is multifaceted. It is associated with a deterioration in the quality of
life, a reduction in social relationships, an increase in disability, and a decrease in productivity. Most
patients suffering from chronic pain are currently dissatisfied with the pain therapy they receive,

BECTHMK EHY umenu A.H. Tymunesa. Cepust Buorozusecxue nayxu Ne 2(143)/2023 85
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



Examples of Clinical Use of Botulinum Toxin: A Literature Review

despite the existence of numerous pharmacological methods of pain control. This is due to the
shortcomings of modern pharmacotherapy, namely, a short duration of action, regular use of drugs, and
possible side effects. In addition, persistent pain leads to the formation of comorbid psychological
disorders, the excessive use of pharmacological agents, the development of tolerance or drug
dependence.

Numerous clinical reports on the use of botulinum toxin for pain control show a unique long-
term reduction in pain after a single application lasting 3 to 6 months. Another advantage of using
botulinum toxin is that there are no serious side effects other than those caused by its paralyzing nature.
Scientific resources need to be directed towards improving the safety profile of botulinum toxin
products aiming to remove muscle paralysis and thereby increasing their efficacy in reducing the
duration and severity of chronic pain.
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A.K. Xantaeyosal, A.C. Kapumosal, b.A. laBaeTos?
Tar-Dapadbu amuindazor Kasax yammuix yrnusepcumemi, Aamamul, Kasaxcman
2edppurd ynusepcumemi, Lledppurd, ¥avbpumarius

boTryanHyM TOKCHMHIHIH KAMHMKAABIK KOA4aHbIAY MbICalAapbl: 34e0MeTKe MIOoAy

Anpaarmia. boryamnym tokcuni (BoNT), agamsatka Oeariai eH yawl 3aTtTtapably Oipi, ©3iHiH
epekille dcep €Ty MeXaHM3Mi apKblAbl KOIITereH aypyadapabl, COHBIH iITiHAe cTpabusmai,
6aedapocrazmasl KoHe remudacnaabAbl CrIa3MAbl eMAeYAiH THiMAi Kypaabl peTiHAe KOAAaHbBLAaAbL.
BoNT aysIpchiHy HeliponenTuaTepiHiH 9K301uTO3bH, coHblH iminge CGRP, P cyOcranimsce texey
sxxoHe TRPV1, NMDA, AMPA, P2X3 uAKTB aybBIpCBIHYMeH OalldaHBICTBI perenTopAapAbIH
DKCITPECCUACHIH MOAyAsAlsAay KabideTiHiH apKachlHJAa y3akK acep eTeTiH aHaAbreTK peTiHAe apHalibl
KOAAAHBIAABL. DBOTyAMHYM TOKCHHIHIH MHBEKUIMACH KONTereH aybIpChIHY >KarjalldapblH eMJeyae
THiMAi: AmabeTTiK HelpoIlaTus, CO3bLAMAaAbl MUTIPEHb, >KYABIHHBIH 3aKbIMAaHybl. bya makaaaga
PubMed aepexkkopriHAaFbl HaKThl i3gey cypayaapbl OOJMBIHIIIA MakaJadapabl Taajdy HeridiHae
OOTyAMHYM TOKCMHIH KAMHUKAABIK KOAJaHY MYMKiHAiKTepi KapacTeipblaaabl. CiaTeMeaepai aay yIiH
"OoTyAMHYM TOKCHHI", "emgey', "KAMHMKAaAbIK KOAJaHY', "aybIPCBIHYABI asalTy' TYHiH cesaepi
KOAAaHbLAABL. BOTyAMHYM TOKCMHIH KAMHUKAABIK KOA4aHY MYMKIHAIKTepi >KblA caliblH KeHellill Kedeai.
Kasipri yaksiTra A >xoHe B Tunri 00TyAnHYM TOKCHHIHIH KeM JereHJe 8 KOMMePIUABIK KOA JKeTiMai
IpenapaTTapsl Oeariai, oaapAbly imriHAeri eH TaHpIMaadapsl Botox, Dysport sxkene MyoBloc/NeuroBloc
O6oapm TaObL1agel. boaamrak 3seprreyaep Kayimcizaik mpoduaiH >KakcapTyra >KoHe OOTYAMHYM
TOKCHHiHe Heri3jgeAreH IpenapaTTapAblH TUIMAiAiriH apTThIpyfa OarbITTaaybl Kepek. MoaeKyaaablK
PeMHXVMHUPUHT apKbIAbl aAbIHFAaH OOTYAMHYM TOKCHUHIHIH >KaHa TypAepi OHBIH eMAiK THMiMAiAirin
anTapAbIKTay apTThIPajbl.

Tyitin ce3aep: OOTyAMHYM TOKCHHI, KAMHMKAABIK KOAAAQHBIAYBI, CO3BLAMAAbl aybIPCBHIHY,
ayBIPCBIHYABI JKeHiAAeTy, aHaAbIeTUKTep, MUTPeHb, AabeTTiK HeliporaTsl.

A K. XKanraeyosa', A.C. Kapumosal, b.A. laBaeTos?
IKasaxckuil HAYUOHAALHDIIL YHUGepcumem um. arv-Papadu, Aavamul, Kasaxcman
2Vuusepcumem Illepdurda, Illedpdpurd, Beaurobpumarius

IIpuMepbl KAMHMYECKOTO MCIOAb30BaHMsI 00Ty AMHNYIECKOTO TOKCMHA: 0030p
AUTepaTyphl

Annortammst. Boryannmyeckuit Tokens (BoNT), ABassace oAHMM 13 caMbIX TOKCUYHBIX BEILIeCTB,
U3BECTHBIX 4YeA0BedyecTBy, OaaroJapsl CBOeMYy YHUKaAbHOMY MeXaHU3MY AeMCTBUS MCIIOAB3YeTCsl B
Kagectse »(PPeKTUBHOIO CpeAcTBa AAs AedeHus MHOIMX 3a0oJeBaHMII, B TOM 4YucAe CTpadusMma,
6aedapocnazma u remmdanuaapHoro crnasma. BoNT moayuma ocoboe mpumeHeHHe B KadecTse
aHaAbIeTKa AJAWUTEABLHOTO AelCcTBUs 0aarogapsi €ro CHOCOOHOCTM MHIMOMpPOBATh 9DK30LIUTO3
HeliportenTuAos 004y, BKaiodast CGRP, cyOcrannusa P, um MoayampoBaTh 9KCIpPeccHIo TaKUX
pellenTopos, cBA3aHHBIX ¢ 0oapio, kak TRPV1, NMDA, AMPA, P2X3. Vinbexiium OOTYyAOTOKCHHA
9P PeKTUBHBI NIPU AedeHN!U MHOIUX 00A€eBBIX COCTOSIHUIL: AMaOeTn4ecKol HeBpOIaTUM, XPOHNYECKOI
MUTPeHM, TIOBPeXAEHUsX CIMHHOTO Mo3ra. B JaHHOI cTaTbe paccMaTpuUBaIOTCA BO3MOXKHOCTU
KAMHIYECKOTO IIpMMeHeHNs1 OOTYAO0TOKCHMHA Ha OCHOBe aHaaAm3a craTell B Oase AaHHbpix PubMed mo
KOHKPETHBIM IIOMCKOBBIM 3ampocaM. /lAs1 MOAy4eHMsl CChLAOK MCIOAb30BaAUCh KAIOUEBble CA0Ba
«DOTYyAOTOKCUH», «JA€4eHNe», «KAMHUYecKoe ITpMMeHeHIMe», «yMeHbllleHne 004m». BoaMmoskHOCTUI
KAMHIYECKOTO MpUMeHeH!s] DOTYAO0TOKCMHA C KaKABIM TOAOM paclIMpsIOTca. B Hacrosiee Bpem:t
U3BECTHO He MeHee 8 KOMMepuecKl AOCTYITHBIX IIperapaToB OOTYAMHITYeCKOTO TOKCHHa TUIIoB A 1 B,
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HamboJee y3HaBaeMBIMIU 13 KOTOPBIX ABASIOTCA Botox, Dysport m MyoBloc/NeuroBloc. Byaymme
nccAeJ0BaHNsA AOAXKHBI OBITh HaIlpaBJAeHBI Ha yaAyullleHNMe Ipoguas 0e30ITacCHOCTM U IIOBHIIIEHIe
9} PeKTUBHOCTM IIperapaToB Ha OCHOBe OOTyAOTOKcMHa. HoBble Tumbl OOTYyAMHMYIECKOTO TOKCHHA,
MOAyJEHHBIe IIyTeM MOAEKYASPHOM PEeMHXUHMPUHIA, 3HAYUTeABHO IIOBBICAT €I0 TepaIreBTUYeCKyIO
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Micronucleus test and assessment of changes in peripheral blood erythrocytes of
dominant animal species in the Turkestan region

Abstract. The article presents the results of a study of peripheral blood erythrocytes of
dominant animal species in the Turkestan region. The relevance of this work is due to the
construction of a nuclear power plant on the territory of Uzbekistan (Jizzakh region, Lake
Tuzkan), since the areas of the Turkestan region fall under the potential influence of nuclear
power plants and biota objects require monitoring at the ‘zero stage’ before the construction of a
nuclear power plant. The data obtained are of great importance in assessing the impact of
technogenic factors on biota. Given the location of uranium deposits in the Turkestan region,
the uranium content was determined in samples (bones, soft tissues) of amphibians and fish. It
has been established that the concentration of uranium in samples of biological objects is within
the normal range. We have carried out work on the analysis of erythrocytes and micronuclei in
the following biota representatives: desert lacerta (lat. Eremias intermedia), yellow ground
squirrel (lat. Spermophilus or Citellus), lake frog (lat. Pelophylax ridibundus), rudd (lat. Redd
pisces), snakehead (lat. Channa argus). According to the results of studies in the desert lacerta
(Iat. Eremias intermedia) and lake frog (lat. Pelophylax ridibundus), various pathological
conditions of erythrocytes and micronuclei were observed in 11% of the total number of blood
products studied.

Keywords: micronucleus test, erythrocytes, technogenic factors, monitoring, biota.
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Introduction

The micronucleus test (MNT) is used for toxicological screening of potential genotoxic
compounds. Currently, MNT is recognized as one of the successful and reliable tests for genotoxic
carcinogens, which is based on the formation of the number of micronuclei in cells [1].

Depending on the number of detected formations, one can speak about the degree of pollution
of the organism's habitat [2]. The appearance of micronuclei has a direct correlation with chromosome
damage. There is a direct relationship between an increase in the number of chromosome aberrations
and the activity of the mitosis process. This is due to the fact that the violation of mitotic division when
exposed to toxic substances [3-4].

In recent years, micronucleus analysis has been used for biomonitoring in nuclear power plant
workers [5-6]. In one of the most extensive studies, Tierens and colleagues evaluated various groups of
workers in Belgian nuclear power plants and found a slight increase in the frequency of micronuclei [7].

The micronucleus test is widely used to assess cytogenetic damage caused by chemical or
physical agents. Although most of the work published so far has performed this analysis on mammalian
species (especially rodents), the micronucleus test has proven to be a useful tool for samples taken from
other members of the biota. In particular, it makes it possible to reveal the genotoxic properties of
compounds present in the aquatic environment. Both laboratory studies (to assess the genotoxicity of
xenobiotics) and in situ studies (to assess water quality) included several species of invertebrates,
amphibians, and teleosts [8-9].

The need for this study is explained by the fact that micronuclei in cells often appear as a result
of the mutagenic effects of technogenic factors (heavy metals, radionuclides, pesticides, etc.) on
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organisms. At the nuclear power plant under construction in Uzbekistan, it is planned to install a water-
cooled power reactor VVER-1200 and, accordingly, water from Lake Tuzkan, which is located at a short
distance from the Shardara reservoir and the Syrdarya River, will be used to cool the nuclear power
plant. It should also be noted that uranium deposits are located in the Turkestan region. After the
commissioning of nuclear power plants to monitor the state of environmental objects, an important role
is played by the assessment of the degree of change in erythrocytes and micronuclei of biological objects
(fish, amphibians, reptiles, rodents) in the study areas. Therefore, at the "zero stage" it is relevant to
assess the real state of blood erythrocytes of biological objects living near the territory of the NPP.

Lake Tuzkan (Aydar-Arnasai system of lakes) in the Jizzakh region, is located about 40 km from
the Turkestan region, the most densely populated region of Kazakhstan. Near Lake Tuzkan is the
Shardara Reservoir, a portable water source and a strategic reservoir located on the transboundary
Syrdarya River (Fig. 1). The specifics of the Tuzkan reservoirs and the chain of Aydarkul lakes, formed
as a result of recharge and lenses of groundwater, is such that contamination of reservoirs with
radionuclides can lead to their spread into underground lenses downstream [10]. The above specifics of
the location of water arteries can become one of the factors of contamination with radionuclides, and
pathological changes in erythrocytes of biological objects.

o N A

> ™
V’i KAZAKHSTAN P;
o "

R C N5
| ) , .A&-‘\Q
Lo ‘
TURKESTANOBLAST

J©

B :

Tuzkan I;;(ej

Dzhizak district

Figure 1. Characteristics of the location and correlation of Aidar - Arnasay system of lakes (Tuzkan
Lake) in Uzbekistan and Shardara reservoir (Kazakhstan)

Since 2010, the Kazakhstan has become the world's largest supplier of uranium, topping the list
of leading producers of natural uranium [11]. It is necessary to focus on the location of uranium ore
deposits in relation to the studied territories - Sozak and Otyrar districts of Turkestan region
(Zarechnoye uranium deposit).

Shu-Sarysu and Syrdarya uranium provinces are located in the sedimentary basins of the
marginal part of Turan Plate [12]. The largest halos of fallow waters formed along these fronts; due to
infiltration, they are unsuitable for drinking water supply due to anomalously high concentrations of
natural radionuclides in them [13]. This fact also explains the need to control the uranium content in the
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dominant biological objects of aquatic ecosystems in Turkestan region. This will allow assessing the
impact of uranium mining on the biological objects of the aquatic ecosystems of Turkestan region
(changes in erythrocytes, the appearance of micronuclei). And also to differentiate the causes of
spontaneous changes in micronuclei at the ‘zero stage’.

Methodology and materials of the study

The object of the study was blood preparations of the following biological objects: Desert
lacertas (Lat. Eremias intermedia) — 21 slides, ground squirrel (Lat. Spermophilus nan Citellus) — 27
slides. Peripheral blood preparations of the lake frog were taken for bioindication of aquatic ecosystems
(Lat. Pelophylax ridibundus) — 20 slides, dominant fish species in water bodies of selected areas —
Redeye (Lat. Rudd pisces) — 3 slides, Shakehead fish (Lat. Channa argus) — 18 slides.

Peripheral blood samples taken with a syringe from the tail vein of the dominant species of
biological objects in the Turkestan region were fixed on a defatted glass slide. In fish, peripheral blood
was taken from the caudal artery by cutting off the caudal peduncle. The resulting preparations in the
amount of 65 pieces were dried in air and fixed with 96% ethyl alcohol. The work was carried out in the
field.

At the laboratory stage, the slides were stained according to Romanovsky-Giemsa. Before
staining the smears, the finished liquid dye is diluted at the rate of 1- 2 drops of the dye per 1 ml of
distilled water. After rinsing with distilled water, it was dried on filter paper for 30 min. Anomalies of
nuclei in blood erythrocytes and morphological analysis of changes in erythrocytes, micronuclei were
evaluated on hematological preparations using an EX20-MSC-Company microscope (China) with an oil
immersion objective - PLAN 100x/1.25 oil, «/0.17 (100-fold increase).

The content of uranium in the tissues of fish (Sander lucioperca, Cyprinus carpi), frogs
(Pelophylax ridibundus) was determined by inductively coupled plasma mass spectrometry on an
Agilent-7800 instrument using regulated analysis methods in an accredited testing laboratory of
radiochemistry and radio spectrometry of the Institute of Radiobiology and Radiation Protection NJSC
"Astana Medical University". Samples of biological objects (bones and soft tissues) were preliminarily
dried in the laboratory for two weeks.

Statistical data processing was carried out by generally accepted methods, using a package of
documents, Microsoft Excel and Statistica 6.0 programs.

Results and discussions

As an indicator of changes in mitotic processes and the pathological state of erythrocytes,
micronuclei were found - these are the remains of a nuclear (chromatin) substance formed as a result of
degradation of erythrocyte nuclei. They were rounded chromatin-containing formations 1.5-2 um in
size, mostly in a single amount per cell.

Comparative micronucleus analysis of spontaneous chromosomal instability revealed no
correlation differences in the frequencies of micronuclei between different habitats of animals from the
same species group found in the territory of the Turkestan region. Statistical processing did not reveal
statistically significant differences (« 0.05). In addition, analysis of variance between groups (species of
dominant animal species) was used to evaluate the results, where F=1.8. P=0.1 (no statistically
significant differences between species were found). The exception was 1 specimen of the lake frog (lat.
Pelophylax ridibundus), and 2 specimen s of the Desert lacertas (lat. Eremias intermedia), where single
micronuclei were found. It has been established that in the peripheral blood of frogs and lizards,
erythrocytes with attached and loose micronuclei were mainly found.

Guided by atlases of blood cells, pathomorphological changes in erythrocytes were determined
[14,15,16]. For each individual, from 3 to 15 smears were made. On the preparation of each individual
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type, blood cells were examined. A total of 62 preparations and 3053 cells were analyzed. Mature
erythrocytes had an elongated shape, the nucleus was elongated. In the studied drugs, several types of
pathological changes in erythrocytes were recorded:

1. Change in the shape of red blood cells (poikilocytosis).

2. Agglutination (clumping) of erythrocytes

3. Changes in the shape of nuclei

3.1 Displacement of nuclei to the periphery

3.2 Invagination of the nucleus

3.3 Nuclear shadows

4. Hypochromasia

5. Scalloped border

Poikilocytosis may be the result of a violation of intracellular metabolism or occur as a result of
external physicochemical and immunological influences. Examining preparations of peripheral blood of
frogs in 2 studied smears (sample names: L1, L2), the following transformations in the shape of
erythrocytes were noticed (Fig. 1a, 1b, Fig. 3)

b

Figure 1a. Nuclear shadows in a smear of a lake Figure 1b. Hypochromasia and agglutination of
frog (lat. Pelophylax ridibundus) erythrocytes in a smear of a lake frog (lat. Pelophylax
ridibundus)

All slides were coded prior to microscopic analysis. To exclude contaminating factors on
peripheral blood preparations, a clear strategy for micronucleus differentiation was adopted.
Micronuclei were taken into account only when the micronucleus was clearly separated from the main
nucleus and had a rounded shape and color corresponding to the main nucleus. Erythrocytes with
micronuclei were observed in the peripheral blood samples of Desert lacertas (Lat. Eremias intermedia)
(Fig. 2a, 2b). The types of identified nuclear anomalies corresponded to the accepted morphological
criteria of the micronucleus.
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Figure 2a. Anomalous nucleus (micronucleus) in Figure 2b. Anomalous nucleus (micronucleus) in
preparation Ne 2 of Desert lacertas (Lat. Eremias preparation Ne 1 of Desert lacertas (Lat. Eremias
intermedia) intermedia)

Figure 3. Scalloped edge of an erythrocyte Figure 4. Anomalous nucleus (micronucleus) in
of a lake frog (aat. Pelophylax ridibundus) preparation Neo 1 of lake frog (aat. Pelophylax
ridibundus)

The study area includes the Shardara reservoir. This reservoir is an important economic and
ecological object for the Turkestan region. The predominant fish species of the Shardara reservoir are
carp and pike perch.

In the Shardara Reservoir, the dominant fish species are carp and zander (Sanderlucioperca,
Cyprinuscarpi), whose bioassays were analyzed for uranium content. Judging by the reference source,
uranium isotopes are unevenly distributed in fish organisms [17]. The highest concentration is observed
in the body and head of fish, so tissue samples from the body of fish (Sanderlucioperca, Cyprinuscarpi)
were analyzed for U content and the following results were obtained (Table 1).
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Uranium content in fish from Shardara reservoir

Table 1

No. | Settlement Product Uranium Uranium concentration | Worldwide range*
type concentration (mkBq/kg) of U, uBg/kg
(ng/1)
1 Shardara fish- bones-14.88 bones-183.76
zander meat-1.92 meat-23.71 100000
2 Shardara fish- carp bones-69 bones-852.15
meat-6.54 meat-80.769
*UNSCEAR

According to *UNSCEAR 2000, the uranium content in fish samples (bones and soft tissues)

from the Shardara reservoir corresponds to the background values.
Amphibians have thin skin that absorbs water well, thereby exposing them to radionuclides
from the environment both internally and externally [18]. The obtained values are included in the
calculated reference values of natural concentrations of uranium in the body of animals and humans (in
terms of mgl/1-0.00033 for bones and 0.0001 per 0.0002 mgl/1 of tissues) (Fig. 5).

The content of uranium in the bones and soft tissues of the frog (Pelophylax ridibundus)

bones

o [

tissues

0

5E-05

0.0001 0.00015 0.0002 0.00025 0.0003 0.00035

= max norms of natural content of uranium-238 (ng/l)

Figure 5. Uranium content in the bones and soft tissues of lake frog (Pelophylax ridibundus)

The lake frog (Pelophylax ridibundus) is one of the dominant amphibian species in the area of
the Shardara Reservoir. This biological object is further proposed as a bioindicator for pollution control
at various stages of NPP operation. Given the proximity of uranium mining facilities, it is advisable to
take into account the laboratory-confirmed uranium content in the bones and soft tissues of the lake frog
(Pelophylax ridibundus).
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Conclusion

Our studies have shown that under the given environmental conditions of the Turkestan region
(Zhetisay, Shardara and Maktaaral Districts), 5.88 + 2.8% of the cells of the studied biota objects had
pathologies associated with erythrocytes and micronuclei. Erythrocytes with any one type of pathology
were found in 2.5+2.3% of marsh frogs. In the blood of 11.82+ 2.7% of animals (out of the total number)
there are 2 different types of disorders in the morphology of erythrocytes. Three types of pathologies of
red blood cells were noted in 7.94+5.4% of Desert lacertas, and 4.76+3.9% of amphibians had 4 different
types of pathologies of erythrocytes.

Regarding the formation of micronuclei, the following distribution was observed: among
lizards, 0.41 %o of abnormal erythrocytes with micronuclei were found, among frogs, 0.32 %o of cells
with micronuclei were found.

The formation of micronuclei is a consequence of the pathology of mitotic cell division, during
which some chromosomes lag behind in metaphase and anaphase. During apoptosis, micronuclei of
various sizes can occur, which is associated with fragmentation of the nucleus of the cell subject to this
process. At this stage of research, a number of disorders of the nucleus and erythrocytes have been
identified, which may indicate a possible adverse effect of environmental factors in their habitat. The
practical application of this study is the development of a program for monitoring the state of the
environment and biota at various stages of the construction of a nuclear power plant in Uzbekistan for
the nearest areas of the Turkestan region. In addition, this study can serve as a basis for including the
studied biological objects in the territory monitoring program at the stage preceding the construction of
a nuclear power facility. In a particular case, it is recommended to include a block of research of
biological objects as indicator factors of environmental change in the general monitoring program at the
“zero stage of construction of the Uzbek NPP, and to monitor biological objects annually at each stage of
construction and operation of a nuclear power plant in Uzbekistan.

Taking into account the ability of amphibians to absorb radioactive elements through the surface
of the skin, as well as the proximity of uranium deposits in controlled areas, this study recommended:
to include in the monitoring program the control of uranium content in the soft tissues of the dominant
species of fish and frogs. This will make it possible to establish or eliminate the correlation between the
presence of micronuclei, changes in the shape of erythrocytes, and the level of uranium content in soft
tissues and bones. This study should be carried out at the "zero stage" and annually during the
operation of nuclear power plants in Uzbekistan.

A differentiated count of micronuclei shows the need for comprehensive studies using the
cytogenetic features of living organisms to obtain information about the ecological and genetic state of
populations of organisms and their habitat at the zero stage.

A pilot study of the uranium content in amphibian tissues shows the need for further study of
this topic in order to establish a connection between a possible increased content of uranium and the
presence of micronuclei or other changes in erythrocytes.
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TypkicTan 00abICBIHAAFBI AOMUHAHTTEI JKaHyapaap TypAepiHiH nepudepusiabiK
KaHbBIHBIH 9PUTPOLUTTEPiHiH 03repyiH MMKpPOHYKAeyC ChbIHArbl )XaHe Oaraaay

Anpaarmia. Maxaaaga Typkictan 00ABICBIHAQFBI AOMMHAHTTBI JKaHyapAap TYpAepiHiH IIeTKi
KaHBIHAAFBI DPUTPOLIUTTEPAL 3epTTey HoTIKedepi OepiareH. bya >KyMbIcThIH e3ekTiairi ©sbexkcran
ayMarbiHga (JKmszax 0OABICHI) aTOM DAEKTP CTaHIIMACBIHBIH CaAbIHYbIMeH OalldaHBICTBI, COHABIKTAH
Typkicran o0abIchiHBIH aliMakTappl ADC moTeHIMaaAbl ocCepiHe YIIBIpaiiAbl >KoHe Omorasac
oOBbeKTiAepi «HOAAIK Ke3eHHeH» Oacram OaKbL1ayAbl TaJall eTeii. AAbIHFaH MoaJliMeTTep OMOTa YIIiH
TeXHOTeHAIK ¢akropaapAbl Oarasaysda yAKeH MasbIdfa me. bis OmoraHblH Keaeci exiagepinae
SPUTPOLIUTTEP MEH MUKPOsAPOAapAbl TaaAay >KYMBICTapbIH JKYPri3AiK: KecipTke opracel (aart. Eremias
intermedia), capsr Tuin (aaT. Spermophilus nemece Citellus), kea 6akacs (aat. Pelophylax ridibundus),
pya. (aar. Rudd Pices), >xpiaanbac 6aapik (aar. Channa argus). 3eprrey HaTyoKeaepi OoifbIHIIIA
MUKposgpoaap opTa Keciptke (aar. Eremias intermedia) men kea ©OakaceiHga (aat. Pelophylax
ridibundus) TabblaraH. 3epTreseTiH KaH IperaparTapbiHBIH >KaAIlbl caHbIHBIH 11%  -pIHAQ
SPUTPOLIUTTEp MeH MUKPOHYKAeyCTapAblH opTypAi IaTOAOTMAABIK >KaFdaiidapel OaiiKaaAbl.
KasakcraHHBIH OHTYCTiriHAeri ypaH aliMaKTapbIHBIH OipIlamMa >KaKbIHABIFBIH eCKepe OTBIPHIIL,
KOCMeKeHAilepAiH >KyMcaK TiHAepiHAe ypaH aHBIKTaAAbl. YpaH KOCMeKeHAildep MeH OaabIKTapaa
©34iriHeH MUKPOsIAPOAAPABIH Ty3iayiHe >XoHe SPUTPOLUTTEPAIH ©3TepyiHe acep eTyi MyMKIH.

Tyi1in ce3aep: MUKpPOsAAPO CBIHAMACH, SPUTPOIIUTTEP, TEXHOTeHAIK (paKTOpAap, MOHUTOPUHT,
ouora.

AM. I'aanmuaal, M.M. baxtun!, E.T. Kamukmna6aes’, I1.K. Ka3zsimoOeT?,
M.H. Aymaauxosal, )K.C. YBaraesna?
TMremumym paduodbuorozuu u paduavuortos sawumol, HAO «Meduyunckuii Yrusepcumem
Acmana, Acmana, Kazaxcman
2AO «Hayuonaronvlii HayuHviil Meoutunckuil uenmp», Acmana, Kasaxcman

MukposigepHbIii TeCT U OlleHKa M3MeHeHII 9pUTPOINTOB epudepmieckoit KpoBu
AOMMHAHTHBIX BUAOB XMBOTHBIX TypKecTaHCKO¥ 004acTn

AGcTpaxkT. B craThe rpeAcTaBaeHbI pe3yabTaThl UCCA€AOBaHUS DPUTPOLIUTOB IepudeprdecKoi
KPOBI AOMUHAHATHBIX BUAOB KMBOTHBIX TypkecraHckoit obaacTy. AKTyaAbHOCTh AAHHOW pPaOOTHI
00ycAOBA€Ha CTPOUTeABCTBOM aTOMHOI 9AeKTPOCTaHIIUNM Ha TeppuTtopun Ysbekucrana (J>kmsakckast
obaactp, osepo TyskaH), Tak KakK paifoHBI TypKecTaHCKOM 004acTu IIONajaioT 110/, IOTeHIMaAbHoe
BausHre ADC 1 00BeKTsl OMOTH TpeOyIOT MOHUTOPMHTA Ha «HyAeBas CTalus» Iepe/ CTPOUTeALCTBOM
ADC. TloayyeHHBle aaHHBIE MMeEIOT OOABIIOE 3HAUeHNUe IPU OIfeHKe BO3AENCTBUSA TEeXHOTeHHBIX
¢dpakTOopoB Ha OMOTY. YUUTHIBas paclioA0KeHIe YpaHOBBIX MeCTOpOXKAeHni1 B TypkecraHckol obaacTy,
B oOpasmax (KocTu, MATKie TKaHM) aM$puonii 1 peid oIpeseanan cojep>KaHue ypaHa. YCTaHOBAEHO,
9TO KOHIIeHTpaIlus ypaHa B oOpasijaXx 611000beKTOB HaXOAUTCA B Ipejeaax HOpMEI. Hamm mposejeHs
paboOTEI IO aHAAM3y DPUTPOIUTOB ¥ MUKPOIAEP Y CAEAYIOIINX IpeACTaBuTeAell OMOTHI: ITyCThIHHAS
aaneprta (aat. Eremias intermedia), >xeatsit cycamk (aat. Spermophilus mam Citellus), oszepnas:
asrymika (aat. Pelophylax ridibundus), kpacnonépka (aat. Redd pisces), 3meeroaos (aar. Channa
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argus). I'lo pesyapraTtam mccaejoBaHMil y IMyCTBIHHOM AanepTsl (aaT. Eremias intermedia) n ozeproit
aarymku (aat. Pelophylax ridibundus) pasamunble maToaormueckme COCTOSHUSA SPUTPOLNUTOB U
MUKposigep Haba104aamch B 11% ot ob11iero KoandecTsa 1ccAe0BaHHBIX IIperlapaToOB KPOBIA.

KaroueBbie ca0Ba: MUKPOSIAEPHBIN TECT, SPUTPOLINTEI, TEXHOTEHHBbIE (PAKTOPHI, MOHUTOPVIHT,
ouora.
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Study of acute toxicity and cumulative activity of polyphenolic powders derived from
pomegranate peel and grape seed waste

Abstract. This article presents studies to determine the acute toxicity and cumulative activity of
polyphenolic powders derived from pomegranate peel and grape seed. When administered
intragastrically to mice in doses from 500 to 2000 mg/kg, no acute toxicity was detected, no animal
death was observed, and no deviations from the norm in other external parameters were observed.
The study of acute toxicity of the preparations of polyphenolic powders from (PPPP) and
polyphenolic powders derived from grape seed (PPGS) showed that they belong to the V class of
chemical compounds (practically non-toxic) according to the OEC classification, the LD50 on mice
was ->2000 mg/kg. The preparations belong to the group with average and weak cumulative
properties. These polyphenolic powders with high biological activity were obtained from food waste
in Turkestan region, such as pomegranate peel and grape seeds. In recent years, there has been an
active search for plant sources for bioactive compounds, and among the widely consumed fruits,
which are considered an excellent source of polyphenols, and in relation to the use of industrial
waste, pomegranate and grape fruits, are the leaders. The appropriateness of their use for human
consumption was confirmed by the low level of risks in terms of the absence of toxicity and
pronounced cumulative actions in these preparations.

Keywords: biowaste, pomegranate peel, grape seed, polyphenolic powders, acute toxicity,
cumulative activity.
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Introduction

Pollution created by biowaste and byproducts from the agri-food chain is a growing concern in
terms of animal and plant health and environmental sustainability [1]. In addition, the processing of by-
products is a promising area that requires interdisciplinary research by food technologists, chemists,
nutritionists and toxicologists, as well as biotechnologists [2].

However, only a small proportion of food waste is separated, recycled or used for animal feed.
Especially since, for example, in Kazakhstan in 2021 the amount of food waste amounted to 35.9
thousand tons [3].

In recent years, there has been an active search for plant sources for bioactive compounds, and
among the widely consumed fruits, which are considered an excellent source of polyphenols, and in
relation to the use of industrial waste, pomegranate and grape fruits, are the leaders. All parts of the
above mentioned fruits contain polyphenols, but, for example, 60-70% of extractable polyphenols are
concentrated in grape seeds as flavonols, phenolic acids, catechins, proanthocyanidins and
anthocyanins. Among them, catechins and proanthocyanidins are the main compounds, accounting for
77.6% of the total amount of certain phenolic compounds [4].

For example, pomegranate peel, which makes up 49 to 55% of the weight of the fruit, depending
on its variety [5], is rich in phenolic compounds, including punicalagin (28,000-104,000 g/g), ellagic acid
(1580-4514 g/g), catechin (115-613 g/g), gallic acid (10-73 g/g) and several other compounds [6] that are
responsible for its biological activity [7].
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However, knowing that the total production of pomegranate worldwide is three million tons,
and its peel and seeds make up about 54% of the fruit, this leads to approximately 1.62 million tons of
waste [8].

Grapes are considered the most common plant species worldwide, and Vitis vinifera L. is the
main species used as a raw material for wine production. This industry is a sector with great potential
worldwide. Global wine production in 2021 was 260 million tons. Wine production produces
approximately 1.3-1.5 kg of residues per liter of wine produced [9].

Thus, a huge quantity of residues is being generated that is essential to find suitable methods to
revalue it by optimizing the extraction of bioactive compounds from pomegranate and grape fruit
residues and then converting them into value-added products.

At the same time, although the scientific community supports research on reuse of biological
waste, the question of biological waste safety must necessarily remain open. Two aspects of biowaste
call into question the safety of the products derived from them and their use for human consumption.
The first is related to the chemical complexity of biological waste. The technology used to process this
material can lead to the release of chemical compounds such as toxins, genotoxic compounds, and
heavy metals into the final product, which are potentially dangerous to human health [10]. The second
problem associated with the reuse of biological waste is the possible change in the absorption,
distribution, metabolism, and excretion profile of the final product. Unexpected molecules can
synergistically affect the biologically active fraction of the plant and change the overall pharmacokinetic
parameters of the final product (bioavailability, bioavailability, bioactivity) as well as its overall toxicity
[11]. Considering the requirements for drug safety in toxicological studies, it is also necessary to
calculate the cumulation coefficient in order to determine whether the drug cumulates or it is addictive.
The aim of our work was to define the acute toxicity and cumulative activity of polyphenolic powders
obtained from waste products: pomegranate peel and grape seed.

Materials and methods

The object of the study was polyphenolic powders obtained from pomegranate peels and grape
seeds according to the further described methodology. Aqueous-alcoholic extracts were obtained from
dried samples by maceration with periodic stirring; in brief, 1000 g of pomegranate peel were mixed
with 40% ethanol (1:4 by mass), stirred for 10 min, left to infuse for 24 hours at room temperature and
finally filtered to extract aqueous-alcoholic extract. Then the extract was evaporated for efficient and
gentle removal of solvents at a rotary evaporator, and a finely dispersed loose polyphenol powder (PP)
from pomegranate peels was obtained by spray drying. When obtaining PP from grape seeds, the
difference was the use of 70% ethanol during extraction.

Standardization of the preparation was carried out using chromatographic (thin layer
chromatography, high performance liquid chromatography), spectroscopic and spectrophotometric
methods. The high content of various polyphenolic compounds was revealed in both samples including
flavonoids (rutin and catechin) 11.777 and 6.13 mg/100g respectively in PP from pomegranate peel; 26.
766 and 44.878, mg/100g respectively in PP from grape seed; phenolic acids (gallic acid) 118.217 mg/100g
in PP from pomegranate peel (PPPP); 106.518, mg/100g, in PP from grape seed (PPGS).

Common methods were used to determine acute toxicity parameters. The investigation of acute
toxicity of the preparations was performed on white male mice weighing 20+2.0 g, 5 animals in each
group, 45 mice in total were used. All manipulations with them were performed in accordance with
International Agreement for Humane Treatment of Animals (The European Communities Council
Directives of November 24, 1986- 806/609/EEC). The animals were obtained from the cattery of Tashkent
Zoo. All pharmacological studies were performed on healthy mature animals (mice) quarantined for at
least 10-14 days in specialized vivarium (at the Academician Sadykov Institute of Bioorganic Chemistry
- IBCh Uzbekistan AS). Preparations of PPPP and PPGS were administered to mice once intragastrically
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in doses of 500, 1000, 1600 and 2000 mg/kg, control distilled water in the same volume.

The animals were observed every hour during the first 24 hours of the laboratory test, with
survival during the analysis, overall status, potential breakdown and passing like indexes of the
animals’ functional condition. Then every day, during 2 weeks in the vivarium conditions, the animals
of all groups were observed for their general state and activity, behavior features, number and deepness
of breathing, condition of hair and epidermis, urination, body mass altering and other indicators. All
tested mice were stayed under the equal circumstances and on the general ration with obtaining water
and food for free [12]. When experiment was finished, the average lethal dose (LDso) was calculated and
the toxicity class was determined [13].

Study of cumulative properties of PPPP and PPGS preparations was implemented according to
strategy proposed by R.R. Lim et al [14] on each group of 10 white male mice weighing 20+2 g. Scheme
of the experiment included daily intragastric injection of PPPP and PPGS preparations, once through
the probe. The first 4 days the dose was 200 mg/kg (0.1 LDso), then every next 4 days the dose was
increased and the injected dose was 300, 440, 680, 1000, 1500, and 2240 mg/kg. The injected doses were
calculated based on the established LD5=2000 mg/kg dose, when injected once to the animals. The
maximum duration of the experiment was 28 days.

The cumulation coefficient (Cc), calculated as the ratio of the total dose received by the body
during repeated (fractional) injection of the substance in an amount equal to the average lethal dose of
LDso, to the same value, but at a single injection, was calculated by the follow formula (1):

Cc =LDso;n / LDsog, (1)

where LDsox is the cumulative mean lethal dose at n-fold injection,
LDso1 — average lethal dose at a single injection.

The qualitative estimation of Cc value was calculated by the L.I. Medvedja et al. scale modified
by B.I. Lyublina [15], where Cc <1 corresponds to Supercumulation; Cc = 1-2.2 - Distinct cumulation; Cc
=2.2-5 - Average cumulation; Cc>5 - Weak cumulation.

Results

The total impact and acute toxicity of PP from pomegranate peel and PP from grape seed drugs
were analyzed on mice by single inoculations into gastric. Every single dose of the preparation was
analyzed on five mice. During fourteen days the experimental animals were monitored. PP from
pomegranate peel and PP from grape seed preparations were administrated into the gastric at doses of
500, 1000, 1600, and 2000 mg/kg per mouse.

The results obtained are in the Table 1.
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Table 1
Results of acute toxicity indicators during intragastric injection of PPPP and PPGS

preparations into mice (n=5)

Groups Animal Doses, Number of LD1o LD1s LDso LDs4
species, mg/kg deaths /number | mg/kg mg/kg | mg/kg | mg/kg
The way of of animals in
injection groups
500 0/5
Mice, 1000 0/5
PPPP i/g 1600 0/5 >2000
2000 0/5
500 0/5
Mice, 1000 0/5
PPGS i/g 1600 0/5 >2000
2000 0/5
Mice, 0,2 0/5 -
control .
i/g ml/mouse

As shown in Table 1, acute toxicity was determined by assessing the survival rate of mice and
the calculated average lethal dose. The results showed that no lethal effects were observed when the
drugs were administered intragastrically (i/g), i.e., the doses causing possible lethal effects when
administered i/g are higher than 2000 mg/kg.

The subchronic toxicity study of cumulation assessment criteria were as follows: animal
condition before and after drug administration, behavioral reactions, condition of hair and visible
mucous membranes, respiratory rate, heart rate, number of fallen and survived animals in groups. At
the end of the experiment the cumulation coefficient was determined as the ratio of LDso at multiple
injections to LDso at single injections. The observation period for animals in acute experiments in the
presence of single death should be at least 14 days. The later the deaths occur, the more likely the
substance under test has cumulative properties. It is believed that the greater the value of the
cumulation coefficient, the more pronounced are the cumulative properties of the tested biologically
active substances. The results of determining the cumulative activity of PPPP and PPGS preparations
are shown in Tables 2 and 3.

Table 2
Subchronic toxicity study of cumulation by the PPPP preparation
Days of | Number of deaths/ Fraction of LDso LDs0=2000 mg/kg
injection number of animals in the | at a single injection
group
1-4 0/10 0.1 200
5-8 0/10 0.15 300
9-12 0/10 0.22 440
13-16 0/10 0.34 680
17-20 2/10 0.50 1000
21-24 4/10 0.75 1500
25-28 6/10 1.12 2240
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Table 3
Subchronic toxicity study of cumulation by PPGS preparation

Days of | Number of deaths/ Fraction of LDso LDs0=2000 mg/kg
injection number of animals in the | at a single injection
group
1-4 0/10 0.1 200
5-8 0/10 0.15 300
9-12 0/10 0.22 440
13-16 0/10 0.34 680
17-20 2/10 0.50 1000
21-24 3/10 0.75 1500
25-28 4/10 1.12 2240
Discussion

Measuring the toxicity of plant extracts is important for determining biological indicators for in
vitro studies because many chemicals and plants have different levels of toxicity. When injecting
animals PP from pomegranate peel in doses of 500 and 1000 mg/kg, washing, narrowing of the eyes,
and crowding were noticed, and behavior of the animals normalized in 1 to 3 hours. In the situation
with the same preparation but in amount of 1600 and 2000 mg/kg, washing, lethargy, bunching, and eye
narrowing were noticed. Animal behavior normalized in 3-4 hours. No mortality was observed in all
doses (0/5).

To determine the acute toxicity of the second preparation, PP from grape seeds, intragastric
administration was performed at doses of 500, 1000, 1600, and 2000 mg/kg per mouse. In the first hour
after injection of the drug in all studied doses, animals showed washing, immobility, bunching, and
some animals showed lethargy, especially with increasing dose of the drug. When injecting the PPGS
drug in all doses used, no 0/5 death was recorded.

For other studied parameters throughout the study period (14 days): condition of hair and
epidermis, tail state, quantity and texture of fecaloma, altering of body mass when injected with the
drug in all doses used, no deviation from the norm was observed.

So, the investigation of the acute toxicity of PPPP and PPGS drugs showed that these drugs,
when injectered intragastrically, correspond to an LDso of more than - 2000 mg/kg. According to the
modified classification of the Organization for Economic Cooperation and Development (OECD), this
drug belongs to the V class of toxicity of substances (Practically non-toxic).

Further, throughout the duration of the study (14 days), the surviving animals were observed
after administration of PPPP and PPGS preparations. Observation of experimental animals according to
the studied indices did not reveal any deviations in the state of hair and skin, tail position, fecal mass
consistency, diuresis, and change in body weight from the control group animals. Analyses of the acute
toxicity of PPPP and PPGS preparations obtained from food waste of Turkestan region, were similar to
those reported by other researches [16,17].

To identify the possibility of chronic poisoning of animals, the cumulative properties of
experimental samples of the PPPP and PPGS preparations were studied in a subacute experiment on
mice. According to table 2, the resulting total dose to the animal for 28 days is =12.72 LDso;1. LDson - the
total dose at which the beginning of a large number of deaths was recorded, was LDson = 25440 mg/kg,
and this dose is higher than LDson. On this basis we calculate coefficient Cc: Cc=6480 / 2000 = 3.24.
According to the generally accepted hygienic classification (GOST 12.1.007-76), the drug belongs to
hazard class 3 when administered into the stomach. The cumulation coefficient was 3.24, i.e. the drug
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PPPP has average cumulative properties.

According to table 3, the cumulative dose received by the animal for 28 days is =12.72 LDso;1. LDso;n -
the cumulative dose at which the beginning of the deaths is fixed, was LDson = 2540 mg/kg, and this
dose is higher than LDson. On this basis we calculate Cc coefficient: Cc=9480 / 2000 = 4.74. The
cumulation coefficient is - 4.74, which corresponds to the evaluation of the action of the substance PPGS
as a drug with weak cumulative properties.

Conclusion

Thus, the study of acute toxicity of PPPP and PPGS preparations showed that they belong to the
V class of chemical compounds (practically non-toxic) according to the OECD classification. Acute
toxicity test showed that LDso was on the level >2000 mg/kg and no significant impact on mice. The
cumulation coefficient of PPPP is -3.24, which corresponds to the drug with average cumulative
properties (according to the scale of L.I. Medvedya et al. modified by B.I. Lyublina). The cumulation
coefficient of PPGS is 4.74, which corresponds to the drug with weak cumulative properties (according
to the scale of L.I. Medvedja et al. in modification of B.I. Lyublina).

The results obtained justify the expediency of using the obtained polyphenolic powders from
the residues of processed pomegranate and grape fruits with high content of bioactive compounds in
the construction of value-added products.
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Pecnyoauxacor Toiavim akademuscor, Tawwernm, ©s30excman

OHngipic KaaabIKTapbIHAH aAbBIHFAH I10AM(EeHO0 YHTAaKTapbIHBIH XeAeA VBITThLABIFbIH JKoHe
JKMHAaKTayIIbl OeACeHAiAiriH 3epTTey: aHap KaObIFbl MEH KY3iM TYKbIMBI

Angarna. bya makasaga aHap KaOBIFBI MeH KY3iM TyKbIMAapblHaH aAblHFaH I0AM(EHOA
YHTaKTapbIHbIH OTKIp YBITTBLABIFBI MeH KyMYASATUBTIK OeACeHAiAiriH aHpIKTay OOIBIHIIA 3epTTeyaep
ycoiHbLAFaH. Trimkangapra 500-aen 2000 Mr/kr Aeitinri 4o3aga ackasaHINIiAiK eHrisy kesiHae eTKip
YBITTBIABIK aHBIKTaAFaH >KOK, >KaHyapaapAblH ©4iMi OoAfaH >KOK, 0acka CBIPTKbI KOpCeTKiITep
OoiibIHIIIa HOpMaJaH aybITKyAap Oalikaamaabl. AHap KaOBIFBIHBIH IToandeHoaas! yHTakTapsl (ITTTKT)
>KoHe JKY3iM TYKBIMBIHBIH IToandenoaas! yHTrakTapsl ([ITIBK) mpenapaTTapblHBIH OTKIp YBITTBHLABIFBIH
seprrey OECD, LDso >xikTeMeci OOibIHIIIA THIIKAaHAAPAAFBI XMMUABIK KOCBLABICTapABIH V KaachIHa (ic
KY3iHA€e YBITTHI eMec) >KaTaThIHBIH KepceTTi -2000 Mr/Kr Kypaasl. [IpenapaTrap opraria >koHe 94ci3
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KyMYASATUBTI Kacuerrepi Oap TomKa >KaraAbl. bya 6moaormsaasik OeaceHAiairi >Koraphl MoamQeH0AABI
yHTakTap TypkicraH OOABICHIHBIH TaMak ©HAIpPiCiHIH KaAAbIKTapblHAH aablHABL. COHFBI >KbLAAApPBI
OMOaKTUBTI KOCBIABICTApABIH ~ ©CIMAIK Koe3JepiH i3gey OeaceHAl TypAe OKyprisiayde >KoHe
noandeHoAZapAblH Tamallla Ke3l OO0ABIII caHaJlaTBIH KeHiHEeH TYTBIHBIAATBHIH SKeMicTepAiH imiiHae,
COHJAAl-aK ©HAIPICTIK KaAAbIKTapAbl ITalijzalaHy TYPFBICBIHAH aHAp MeH >Ky3iM >KeMicTepi >KeTekIi
opniHAa. Oaapabl agaM TYTBIHYBI YIIIiH KOAAQHYABIH OPBIHABIABIFE! YBITTBLABIKTBIH O0AMaybl KoHe OChI
nperapaTrrapAa alikblH KyMYASTUBTI 9peKeTTep TYPFhICBIHAH KayillTiH TOMeH AeHIeiliMeH pacTaAAbl.

TyitiH ce3aep: OMOKaAABIKTap, aHap KaOBIFBI, >KY3iM TYKBIMBI, IT0AM(]EHO0A YHTAKTapHl, OTKip
YBITTBIABIK, KyMYASTUBTIK O@ACeHA1AiK.

I'.O. Kanrypeesna!, A.A. CannapOekosa’, 4.E. Kyagacosal, I'.I. Paxmonosa?, K.A. Ypa3oaesa'
HAQO «IOxHo-Kasaxcmarickuti ynusepcumem um. M. Ayasosa», ILlvimkenm, Kasaxcman
Mremumym ouoopzaruveckoit xumuu um. akademuxa A.C. Cadvikosa AH PY3., Tawkernm,

Ys0exucman

I/IsyquI/Ie OCTPOI7[ TOKCMYIHOCTU U KyMyASITI/IBHOﬁ AKTUBHOCTU HOAI/I(I)eHOZleI)IX
IIOPpOMHIKOB, IIOAY9Y€HHBIX 13 OTXOAOB IIPOM3BOACTBA: KOXYPbI I'PaHaTa 1 BUHOTPpaAHbBIX
KOCTOYEK

Annoramms. JaHHas CcTaThs IIpeACTaBAsSeT MCCACAOBaHMS II0 OIPeAeACHMIO OCTPOIL
TOKCMYHOCTU ¥ KyMYASTUBHOM aKTMBHOCTU HOAM(PEHOABHBIX IOPOIIKOB, IOAYYE€HHBIX U3 KOXYPBI
rpaHaTa U BUHOTPaAHBIX KocTodek. [Ipyu BHyTpu>Keay404HOM BBeAeHMM MbIaM B go3ax oT 500 20 2000
MI/KT OCTPOJ TOKCMYHOCTU He BBISBAEHO, T1M0eAb KMBOTHBIX OTCYTCTBOBaJla, He ObLAO OTKAOHEHMII OT
HOPMaTUBOB IIO APYIMM BHEIIIHMM IIOKa3aTeAsaM. lI3ydeHme OCTpOii TOKCMYHOCTU IIperiapaToB
110AM(pEHOABHBIX ITOPOIKOB 13 KOXyphl TpaHata (IIIIKI) m moamdeHOABHBIX IOPOIIKOB W3
BuHOTrpaaHbIx Kocrouek (IIIIBK) mokasazo, 4to oHM oTHOCATCA K V KJAaccy XMMMYeCKMX COeAVHeHMI
(mpaktmyeckn HeTtokcnyHO) 1o Kaaccuukamyy OECD, LDso Ha Mbrmax cocrasmaa —>2000 MI/KT.
[IpenapaTsl OTHOCATCS K TPyIIIIe CO CPeAHUMMMU M CAaOBIMM KyMYASITMBHBIMM CBOVicTBamMu. /JlaHHbIe
110A1(peHOAbHbIe IIOPOIIKM C BBICOKOIM OMOAOTMIECKON aKTUBHOCTBIO OBIAM IOAYYEHBI U3 OTXOAOB
INIEBBIX IpousBoAcTB TypkecraHckoir obaactu. B mocaeaHme roanl BeaeTcsl aKTUBHBIN ITOMCK
pacTUTEeAbHBIX VMICTOYHMKOB OMOAKTMBHBIX COeAMHEHUI, U CpeAM IIMPOKO IOTpeOAseMbIX (PPYKTOB,
KOTOpbIe CYMTAIOTCSI OTAMYHBIM MCTOYHUKOM MOAM(EHOA0B, a TaKXKe C TOUKM 3PeHMs UCI0Ab30BaHUs
IIPOMBIIIIAEHHBIX OTXOAOB, AUAUPYIOT TIpaHaT M 11404kl BuHOTpaga.  lleaecooOpasHocth ux
UICIIOAB30BaHUS A5l ITOTpeOAeHNs YyeA0BeKOM Oblaa IOATBep>KAeHa HU3KMM yPOBHEM PUCKOB C TOYKU
3peHIs OTCYTCTBUS TOKCUYHOCTY U BEIPAKE@HHBIX KYMYASATUBHBIX A@VICTBUI B AaHHBIX IIperapaTax.

KaroueBbie caoBa: OMOOTXOAbI, KOXYpa IpaHaTa, BMHOTpajHble KOCTOYKM, MOAM(EHOAbHbIe
IIOPOIIKM, OCTPast TOKCMYHOCTD, KYMYASTUBHAS aKTVBHOCTb.
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2Tomck memaexemmix yHusepcumemi, Tomcx, Peceil

3AgroShield 2KILIC, AAmamul, Kasaxcman

“Acmana meduuna yrusepcumemi, Acmana, Kasaxcman
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ITaBaogap avimarbiHAgarbl Anopheles maculipennis KemeHi 0esrek macaaapuiH (Diptera,
Culicidae: Anopheles) PCR-RFLP HerisiHAe Typre AeiliH aHBIKTay

Anpatna. bya wmakairada Anopheles maculipennis  keuwieniniy, —0eszex  MACAAAPLIHLIH
2eHemuKaAblK HOAUMOpPUIMin anvikmay adicmepi kapacmuipvirzar. ITS2 pubocomarvix zerdep
KAACHepinity, exinuLl iuKi mpanckpunyusranamoli cneiicepin kordana omuvipoin, PCR-RFLP
adicimern An.maculipennis Kewieninil, ykcac mypaepin anvikmay Xypeisiadi. ITS2 rDNA
misbezin marday Hezisinde OCbl KUHAKMA XKAHA NANAPKMUKAALIK MYpAep aulbiAdol An.
persiensis (Sedaghat et al., 2003), An. daciae (Nicolescu xane m.6., 2004) xane An. artemievi
(F'opdees xarie m.6., 2004). bypuvin Kasaxcman aymazoinoa 4umozeHemukarblx a0icni KoAdaHvin,
XPOMOCOMANLIK NOAUMOPPUIMOi An. messeae ocvl mypdit; apearvitiviry ormycmizitde (Cmeziuil,
1991; TI'opoees xare Cubamaes, 1996). beszex macarapvivity nonyadyuirapoiida An. messeae of
Kazakhstan, ocvi aiumaxka mon emec XKaAHA XPOMOCOMAAGIK UHEEPCUSAAP AHLIKMAAILL
(Abviakacoimosa xare m.6., 2019).

Condaii-ax, Anopheles messeae macarapuviivit;, O0U0IKOAOZUACHL KaHe SUAHObI MIHI MYparvl
Keudip Marimemmep xeamipireern. Anopheles maculipennis KeuieHinil KOCKAHAMIMbL KAHCOP2bILLL
MACANAPYL YAKEH 2ZUIADIMU KIHE NPAKIMUKAADK KbISbIZYUDIALIK mydvipadol, oumikeHi oAap
Oeacendi kancopeuimap xare adamoap mex xanyaprapdviy Oipkamap xayinmi aypyrapolrHuir
K0300Ipblmapbli  MAcCLIMAAIAYULLIAApLL peminde Oerziai. ©O3indix sepmmeyrep Mer 20ebu
depexmepi nezizirnde Epmic eseni daccetininiry Anopheles messeae macarapoiroit| 610A0ZUACH. MeH
AKOAOZUACHL  MYparbl mamepuardap xunaxmaroo.. Maculipennis weuteni — Macarapoiioli
mapayol Mer AGHOULAPGHLIK OPHAAACYDL, CAHBIHbIY, MAYCOLMOLK OUHAMUKACHL MeH MIYAIKMIK
bip2azol, SUAHObL MIHI MYPAALl MIAIMemmep KeAmipirzeH.

Tyinia cesaep: zenemuiarvrk noaumopdusm, PCR-RFLP, iwki mpanckpunyusrananvii
cneiicep (ITS2), buoaxoroeus, maculipennis Keuieni.

DOI: 10.32523/2616-7034-2023-143-2-112-122

Kipicne

Epric esenining OacceliHiHAe KOC KaHATTBI KAHCOPEBIII KOHAIKTep KellleHiHAe Macadap KeITiri
MeH 3UAHABLABIFBI OONBIHINA >KeTeKin oOpbeiH adagsl (VMcumbexos KM, Myrymesa A.T.) [1, 2].
Kancopreimn mMacasapablH ajgaM MeH >KaHyapAap aypyAapbIHBIH KO3ABIPFBHIIIBIH TachIMaaAayllblaap
petiHAeri peai Oykia aaemre Oeariai. besrek Macazapbl apOOBUPYCTBHIK MH(pEKIIAapAbIH, COHBIH
iminae Oe3rek I1a3MOAVIICH KO3ABIPFBIIITAPBIH TackiMaAAaiTeIHbI Oeariai. KIITC-ke, Oe3rekke >koHe
TyOepKyesre Kapchl Kypec skeHiHjeri JKahaHABIK KOpABIH gepekTepi OOMBIHIIIA Kbl CailbIH Oe3reKTeH
2,6 MIAANOHFa XYBIK ajaM KalTsIC 601aabl, 0AapAblH 75%-bI - 5 >Kacka aeitinri 6asaaap. Congaii-ak
TyasipeMusl OaKTepMACBIHBIH ITMPKYAAIMACBIHAA Ja MaHBI3BI Oap: MacaMeH TaOWFM 3aKbIMJAaHY
anbIKTaaraH. Yexocaosakusga Anopheles maculipennis MacadapblHaH 4aA0BO BUPYCHI OKIIIayJdaHFaH
(3apeunas C.H., ['opnocraesa P.M., Gratz N.) [3, 4, 5].

ITaBaoaap aliMarbIHAAFBI DKOAOTUAABIK CepIIiMAi, KaIlllall TapaAfaH MacadapJaH KeAeTiH 0acThl
Kayil-oaapAblH apOoBUpycTap, TyAsipeMIs, KYWAipri >koHe AucTepno3abl TackiMaagaysl. Kapa Epric
aTeIpaObIHAA Anopheles maculipennis MacaaapbiHaH apOosupycrap OeainreH (Cuneasiukos B.A.) [6].
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MacasapaplH cyda AaMUTHIH CaTblAapbl MHQEKINA KO3ABIPFHINTaPbIHBIH TaOMFM OIIaKTapbIHAA
allHaAbIMBIHA bIKHaA eTyi MyMkiH (Jensryd B.M.) [7]. ConpiMeHn KaTap, KaHCOPFBIII MacalapAblH
KOIITeTeH TypAepi BUPYCTHIK, OaKTepuUsABIK >KoHe IPOTO30MABIK CUIIATTarbl KayillTi aypyAapAblH,
COHBIH iITiHAe TaOufM OIIaKTLl aypyAapAblH KO3ABIPFBIITAPBIHBIH TachbIMaAAayIIbIChl OOABIIT
TabbLAAABI.

Anopheles TybICBIHBIH Oe3rek Macadapbl SHUAEMUOAOTUAABIK, MaHbI3bIHA OailAaHBICTBI KOl
3epTTeAreH XoHAIKTePAiH KaTapblHa kKaTadbl. bya TybICTBIH KenTereH oKiagepi spTypAi TpaHCMUCCUBTI
aypyAapKO34bIpFBIIITaPBIHBIH TachbiMaljayllblaapbl 00ABIII TabblaaAbl, OAapAbIH illiHAeri eH KayinTici
— Oesrek. Anopheles TybICBIHBIH Oe3reKk Macadapbl MeAUIIMHAABIK MaHbBI3bIHAH OacKa, IMOMyAsSIMAABIK-
reHeTMKaAblK Taljay YIIiH OHTailAbl MOAeAbAiK HblcaHaap Ooapin Tabblaaabl (Crernmin B.H.) [8].
Kuripma exi Typaen Typatein Anopheles maculipennis KeleHiHiH Macalapbl MAeHTUPUKaIMsAAy YITiH
Kyp4eai 0oabIn TaOblaaabl. Kazakcran aymarbiHAa aTaAFaH KellleH YII TYpMeH OepiareH —  An. messeae
Fall., 1926, An. artemievi Gordeev et al., 2004, An. martinius Shingarev, 1926. bya aepexrep
MOJ€eKyAaAbIK [IUTOTeHeTUKAaABIK TaaAay HeTi3iHAe pacTayAbl Talall eTeai, eiTkeHi An. maculipennis, An.
atroparvus >KeHe An. messede - TybICKaH YKcacC TypAep OOABIII KedeAi.

Kasakcranaarsl Oe3rek Macalapbl HeriziHeH MOP(OAOTUAABIK JKoHe IIUTOTeHeTKaABIK d4icTep
apkbLabl seprreadi (Ayounkmii, 1970; Crernniz, 1991; I'opaees >xone Cubaraes, 1996). COHFBI >KblAAapPBI
MOAEKYAAPABIK d4icTepAi KOAJaHYy >KaHa TypAepAi aHBIKTayfa >KoHe «maculipennis» KellleHiHAeri
¢puaorenesai HaKTbLAayFa MYMKIHAIK OepAi.

CoHrbl XblAagapbl MOJeKyJadblK o4icTepdi KO4AaHy >KaHa TypAepAl aHBIKTayfa >KoHe
«maculipennis» KelleHiHAeri (pMAOTeHUIHBI HAKThlAayFa MYMKIHAIK Oepai.

ITS2 rDNA Ti30erin Taagay HeridiHae OChI JKMHaKTa >KaHa IadeapKTUKAABIK TypAep alllbla/bL:
An. persiensis (Sedaghat et al., 2003), An. daciae (Nicolescu >xone T.0., 2004) >xone An. artemievi (I'opaees
>xoHe T.0., 2004). byprin Kasaxcran aymarblHAa LUTOI€HETUKAABIK 94iCTi KOAAAHBII, XPOMOCOMAaABIK,
noAnMoppusMAi an. messeae OChl TYpAiH apeaabiHbH oHTycTiringe (Crernmir, 1991; I'opaees >xone
Cubaraes, 1996). besrek MacaaapbIHBIH HONyAANUAAAPBIHAA AN. messede, OCBI alIMaKKa TOH eMecC >KaHa
XpOMOCOMaAbIK MHBePCHsAap aHBIKTaAAbl (AObLAKaceIMOBa >KaHe T.0., 2019) [14].

«Maculipennis» KellleHiHiH Oesrek MacadapblHBIH IladeapKTMKaAbIK TapMarbl TypAepiHiH
reorpausABIK Tapalysl TYPaKThl TypAe e3repeai. JereHMeH, COHFBI JKblAAaphl KAMMATTBIH ©3repyiHe
KoHe ITONYASLVSHBIH KO3FaAbIChIHA, COHJAl-aK MHBA3UBTI TypaAepAiH Haiiga 00aybliHa OailaaHBICTHI
JKOHAIKTep Tapaady IlleKapaJlapbIHBIH e3repyi Oaiikaaawl. «Maculipennis» KellleHiHAeTi >KaHa Typaepai
anpIKTay KasakcraHHbIH apTypai 4aHAIMAPTTHIK-KAMMATTHIK OeajeyaepiHge OChl KellleH MacalapbIHbIH
eKiAJepiHiH Tapaaybl Typaabl Koa4a Oap MaAiMeTTepAi KaliTa KapayAbl Ka>keT eTTi.

Bya sxympicTeiH MakcaThl — [laBaosap KaaachlHBIH MaHBIHAAFBI Oe3TeKTi MacadapAblH TYpAik
KYPaMBbIH MO/A€eKyAaAbIK dAiCIIeH HaKTbLAay.

3epTTey MaTepuaajapbl MeH aJicTepi

Bbya sxympicteiy Martepuaanl Kasakcran Pecniybamkacel, IlaBaogap manpiHgarsr IlaBaogap
oOapiceiHAaFbl Mosquito Trap MT Ty3sarer (OHrycTik Kopes) apkplapl >kmHaaraH 45 epecek Oesrex
MacaJapblHbIH yariaepi 6oaapr: Habepesxka (06.03.2020), Epric eseni (06.06.2020), UepHopeIik aybLabl
(06.07.2020). bBesrek MacadapbIHBIH ayJaHFaH epecekTepi MOpPQOAOTusACh OOMBIHINA aHBIKTaAAbI
(I'yuesny >xone 1.6., 1970; Cubaraes >xoHe Anapeesa, 2007) [15, 16].

Typaepain anarnoctukacel pubocomaasik JHK-ubH [TS2 KypblABIMBIHA CoViKeC XKYpriziaai [16
IT'opaees M.I., Mockaes A.B., bpycen1ios]. besrex macasapbl MeH oaapAblH OydaHAapbIH opi Kapail
aHBIKTay YIIiH Typ AMarHOCTMKachiHBIH RFLP ogici KoagaHblaabl (ApTemos >koHe T.0., 2021). RFLP
MoJaeKyaaablK d4ici ymiH rDNA-aan aasmnran [TS2 TITP enimaepi maitgasansiagbl (Artemov G.N,
Fedorova V.S, Karagodin D.A., Brusentsov LI, Baricheva E.M., Sharakhov LV., Gordeev M.,
Sharakhova M.V.) [17].
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3epTTey HaTIKeAepi JKoHe 04apAbl Taajay

KasakcranHbIH COATYCTIK-IIBIFBIC Oeairinae Anopheles maculipennis HOMMHaAABI TypiHe oTe
JKaKbIH An. messeae-HbIH TapaAaybl Oeariai. bya EpTic >kaliblaMachIHBIH MHTPa3OHaAbAbl JKarAallbIHAAFbI
acriexrizi Typi. Kebeio opriHAaps! petinae EpricTiy >koHe OHBIH cadalapbIHBIH KallbLAMAachl, IIaAFbIH,
TasA3 CyAbl )KoHe OaTIIaKThl ydacKeaep KapacThlpblaaabl. Kekremae aepHaciagepAid 4aMybl alllbIK Tas3
cyAapJa Xypeai, aa allblK Cy OObeKTidepi KypraraH CaliblH AePHICiAAepAiH KOIIiAiri ciaTiairi MmeH
MIHepaaJaHy Japexeci >xorapsl (pH - 7,6 - 8,0 >xome 183-366 Mr/a 1merinae) TypakThl Cy
o0BbexTiAepiHAe Ke3aeceai.

KasakcraHHbIH OHTYCTiriHge KbpICTaH KeNiH VIIBIII IIBIFy JKoHe ajaMfa IMaOybla >Kacay
HaypbI3AbIH asfbIHAA >KoHe cayipain OacbiHaa 10-19°C [9] kesinge, aa coATYCTiK aygaHAapda - CoyipAiH
YLIIHIII OH KYHAiriHAe >KoHe MaMBIpAbIH OackiHAa Oaiikaaaapl (VcumbGekos K.M., Myrymesa A.T.) [1,
2].

Epric >xaifplamaceiHAaQ KBICTAH KeiH YIIBIN IIBIFY COyipAiH OipiHINI OHKYHAIriHIH COHBIHAA
HeMece eKiHIII OHKYHAIriHiH 0achlHJa OpTallla ToyAiKTiK aya TemIleparypachl Keminge 6°C OoaraHa
Oacraszaapr (l-xecte). KpicTan KelfiH ymyAblH OacTaly yaKbITBl KOKTEMHIH MeTeOpPOAOTVISABIK
>KardaiiaapbiHa OaliaaHbICTEL. Koaalichld 9KOAOTMAABIK (aKTopAap (OpTalla ToyAiKTiK TeMIepaTypa
5°C-TaH TeMeH, >KaybIH-IIAIIBIH >KoHe T.0.) 94eTTe MacadapAblH KbICTaH KelliH yIIyslH Oip-eKi OH
KYHAIKKe KeliKTipeai.

Kecre 1
Epric xaribLamacbiHgarel An.messeae peHoA0TMsICHI (1970-2009 >xK)

Tiprizik KyObLABICTAPEI Mepsimi Opramia ToyaikTiK
TeMIleparypa
KricTan KeltiHri aaramkel yiryaap 271V -16.V 59-6,5°
Kamnnai ymry 21.IV -7V 9,8 -18,4°
Aaralkpl JKYMBIPTKA caay 271V -5V 10,9 - 18,4°
I caTpgaFnl gepHaciagep 4V -12.V 9,8 -19,4°
IV carbigarsl gepHaciagep 15.V -28.V 11,8 - 20,6°
AAFamKpl KybIpIak, 24V -4VI 15,6 - 22,4°
AaFalkbl aTaAbIK Macaaap 27.V -13.VI 16,6 - 22,8°
A Falkbl aHaABIK Macaaap 18.VII - 25.VII 19,8 - 22,2°
Maiiael AeHeci Oap aHaABIKTapAbIH >KaIlIiaii 30.VII -14.VIII 17,4 - 21,2°
naraa 00y
Conrpl aTaabpIKTap 17.IX - 29.1X 79 -14,2°
I caTpIga¥DI COHFBI AepHaciaaep 21.VIII - 4.IX 9,8 -20,0°
IV xe3eHHiH COHFBI AepHaciajep 11.IX - 23.IX 8,6 -18°
Kricraysa aHaabiKTap naitga 60Aysl 19.VII -30.VIII 17 -22,8°
AHa/ABIKTapBIHBIH KbICTay¥a YIIIYbIHBIH COHBI 23.IX - 18X 6 -16°

JKammait yiry >keHe agamra 111aOybla coyip alibIHBIH COHBIHAA - MaMBIpABIH OackiHAa 9,8-18,4°C
TemIeparypasda 6oaaasl koHe 20-30 KyHre cO3bL1aABbl.

AM. Ayounxuit (1970) aran eTKeHAel, TOHOTPOPUAABIK IIMKAAIH Y3aKTBIFBI TYpPaKThI
’Karjaiiaapaa esrepeai, Oya Maca cOpraH KaHHBIH KeJeMiHe >KoHe aHaAblK 0e3JepaiH AaMy caTbhIChIHa
OartaanbicThl. O 3epTxaHaAbIK KaFdaiida 23-29°C temneparypada KaHHBIH KOPBITBLAY SKoHe
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SKYMBIPTKAHBIH JKeTiAy Ke3eHi 3-TeH 5 KyHre JeiliH CO3bLAaThIHABIFBIH aTall oTTi. bya 3aHABLABIK TaOuFM
Kargalida  aOMOTMKAaABIK ~ DKOAOTUAABIK  (akTOpAapAblH  (PU3MOAOIVAABIK — OKaFjaiifa  >KoHe
TOHOTPO(UAABIK IIMKAAIH aFbIMBIHA aliTapABIKTail ocep eTyiHe Oall1aHBICTHI aliKbIH KOpiHeai.
ConabIKTaH KaH COpFaHHaH OacTall aAralllKbl )KYMBIpTKa cadyra aeliiH keM gereHge 20-25 KyH eTeai
(Ayounxuit A.M.) [9].

Epric >xaifblaMachIHBIH aliMakK apaablk, >KarjalibiHaa >keHe [laBaogap 0OABICBIHBIH Kyprak
AaaacbiHaa Oya Macasap 3-4 reHepanus Kacaliabl. bya aiimakra oaap agamra KaThICTBI >KOFaphbl
arpeccmBTiAiK KepceTeai. bya >kepaepae aHBIKTaAfaH aliKbIH aHTPONO(PUABAIAIK KOpeK Ke3JlepiHiH
CaHABIK >KoHe calaAblK apaKaThIHACBIHBIH KYPT e3repyiMeH OallaaHbICThI O0aybl MyMKiH. IlaBaoaap,
Ekibacrty3s >xoHe AKCy KaJaAapbIHBIH KapKbIHABI ©CYi JKoHe ipi ©HepKaciNTiK 00beKTiaepaiH KYPBLABICH
TYPFBIH Y1 aAaOBIHBIH IIIeKapachlH KeHelTyre FaHa eMec, COHJali-aK OAapAblH MaHBIHAAFbl OaTIIaKThl
JKepAepaiH YAKeH adaHbIH KypraTyra aAblll Keaai. bya e3 keseringe TypakTol cy KOMMaJAapbIHBIH -
MacalapAblH ©HAIpYIIiAepiHiH >KaaAIlbl ayJaHbIH eadyip KbIckapTTel. CoHbIMeH Oipre, oaapAblH
MEKEHAENTIH >XepAepiHe >KaKbIH XepJe (4eMaAbIC yiiaepi, CIIOPTTBIK-CAyBIKTBHIPY >KoHEe AeMaabIC
OpPBIHAAPHI, KYPBLABIC HBICAHAAPBI) MacalapAblH O/AXachlH i3JeyJe alTapAbIKTali KallbIKTBIKKA KOHBIC
ayJapy KaKeTTidirineH OocaTaAbl >KoHe, MYMKiH, 300(]NUAbAiAIKTeH aHTponodpuaplidikke KeIry
npoueciH TesgeTreai. MacasapabslH MyHAQMl aHTPONOPUABAIAITL >KoHe TaOWFM >KafjaiidapAblH
epeKlIeAiri 01apAblH KYHAi3 MEKeHACNTIH JKoHe KBICTalIThIH JKepAepiHge i3 Kaaablpaabl.

Epricrig >KkaliblamMacelHAa >KypridiareH kemiHri 3eprreyaep (1998-2003 >xx.) An. messeae
CaHBIHBIH MayChIMABIK ATHAMIUKAChIHAA (PEHOAOTIA A eAeyAi e3repicTep KopceTKeH KOK.

MaycpiM aliblHaH TaMBbI3 aiiblHa AeMiH MacaJap BIMBIPT JKoHe TyH4e ymaabl. Ocwl aiaapaa
MacalapAbIH I1a0ybIABIHBIH KYHAEAIKTi bIPFaFbIH TOPT KeseHre Oeayre 604abl: KyHAI3Ii — 11a0ybLAABIH
0oamaypl, KeIlKi OeACeHAiZiK IIBIHBL, TYHII KyAAbIpay >KoHe >Kadga TaHepTeHIi yakKpITTa IaOybla
OeaceHAiairiHiH a3Aarl JKOFapbLAaybl.

Epric >kaifblaMaceiHAa 0eACeHAiAIKTIH ToyAiKTiK BIpFaFbl alKBIH TaHFBI >KoHEe KeIlKi
MaKCUMyMJapMeH eKi IIblHMeH cunarTradaabl. OOABICTBIH IOAENTTI-IIeAeNTTi KyaH Jadaabl
ayJaHJapblHAa Maca CaHBIHBIH ToOYAIKTIK BIpFarbl aAABIHFbIZAH epeKiledeHesi. MaycpiM-mriage
aiiaapbIHJa I1a0yblA BIMBIPTTHIH OacTaaybIMeH OaiiKaaabl.

RFLP mMoaeKyaaabIK d4ici HeridiHae Oesrek MacalapbIHBIH TypAepi aHBIKTaAAbl. An. messede yIII
yarige 6aceiM. KeIppik 6ec epecek An. messeae, An. daciae TuiciHIIe KoHe 0AapAblH OydaHaaphl (2-kecte).
Ym yarigeri Mmacasaapablg TYpAiK KypaMBbIH Taajay YII YATigeri eKi Typ TYpiHiH opTypAi KaTbIHAChIH
kopceTTi. UepHOpenk ayblAbIHaH aAbIHFaH yATige KaAFaH €Ki YATigeH aliblpMalllblABIFbl TeK An. messede.
Epric yaricinae 6esrex macaaapst An. messeae (85,7+13,2%) An. daciae (14,3+13,2).

Kecte 2

ITaBaoaap KaaacbIHBIH MaHBIHAAFBI «maculipennis» xemieHi 6e3rex MacaaapbIHBIH TYpPAiK

apakatbsrHacsl (%)

3epTTey aymMaKTaphl An. messeqe An. daciae OyaaHaap
Epric >xaraaaysl 97,2+2.8 2.842.8 0
Epric e3eHiHiH >kalibLAMackI 85,7+13,2 0 14,3+13,2
UepHopelk ayblabl 100 0 0

An. messeae - bpurtan apaagapbiHaH 3es-bypes oiinaTteiHa skoHe COATYCTIK ITOASp IIeHOepiHeH
Mpan men Coarycrik Kpitaiira aeitin TapaaateiH Kaszaxcranga kemrern TapadfaH TypAaepaid Oipi
(bekaemmuries men JKeaoxosues, 1945) [19]. besrex MacasapbIHBIH TaOWUFM IONMYyAAIMsAapPBIHAAFBI
XpOMOCOMAaABIK, OAUMOPPU3MAL 3epTTey An.messeae eH MOAMMOPQPTH TYp €KeHiH KepcCeTTi, OHBIH
DeltiMaeayNIiAiK MaHBI3BI 4@ aHBIKTaAAbl (Stegniy, 1991) [8].
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MoaexyaspAabIK, 3epTTeyAepre Heri3geAreH KeliHri 3eprreyaep An. messeqe Typi apeaabIHbIH
eypornaaslk, Oeairinge An. dacige cuMnaTpusAAbIK Typi OeaiHinl aapiHraH, oaap Oip-Oipinen pAHK-HbIH
ITS2-pe Oec HyKA€OTUATI aaMacThIpyAapbIHbIH O0AybIMeH epekiedeHAl (Hukoaecky >xone 1.0., 2004)
[11].

JKyMBIpTKa caTBICBIHAAFEI TypAep apachlHAAFBI Keribip MOP(OAOIMAABIK albIpMaIIbLABIKTap Aa
aHBIKTaAAbL. «Maculipennis» KellleHiHiH Oe3reK Macadapbl >KYMBIPTKadapAbIH TyCiMeH, KaATKblAapAbIH
DoaybIMeH >KeHe 0D0AMaybIMeH >KaKChl epekilieaeHei, Oipak 12-ae KyMbIpTKaaapAblH Oip iaiHiciHae ge
9K30x0puiige MOpPOAOTUAABIK ©3reprimTik 6ap) [12].

/JlereHMeH, COHFBI 3epTTeyAep KOPCeTKeHAel, alFalllKbl aAMacThIpyAapAblH yieyi An. daciae-ae
reTeporeHAi >KoHe TeK COHFBI €Ki aaMacTelpy An. dacige -Al aHBIKTay YIIiH AMarHOCTUMKAABIK OOABII
TabbLaaabl (Haymenko sxene T1.6., 2020; Aptemos >xene T1.0., 2021) [17,20]. Ochbl reTreporeHaiaikTiH
HOTIKeciHAe KellOip seprreyaep An. dacidge -HBIH KeKe TYp peTiHAe AYPBICTBIFbIHA KYMoH KeATipiaai
(Bezzhonova et al., 2008) [21].

Bya >xene Oacka aa seprreyaepae ITS2-aeri Bapmuanusaap kepcetiagi, 6ya An. daciae —uw1 ITS2-
Aeri Oec HYKA€OTUATi aAMacTBIpyFa HeTi3geAreH KaHa TYp peTiHAe KapacThIpyFa alllyfa KaliIllbl KedeAi
(Bezzhonova >xene 0Oackazaap, 2008; Danabalan >xene T1.0., 2014 (Bezzhonova O.V. Vaulin O.V,,
Danabalan R.)[21,22,23].

MoaexyaaablK aaicTep eki Typ An. messeae >koHe An. dacize OyAaHAApPBIHBIH OOAYBIH KOPCETTi.
Joa oceiHAaM HoTIKeAep Oacka >KymbicTapda Aa aapiHAbl (Topaees MLI. sxone 1.6 aBTOpaap) [24].
IToantenai xpomocoMmadapapl Taaday apKblabl Diptera-ga Typ apaablk OydaHaapAbl (3epTXaHaAbIK
>KoHe TaOMFM TeKTi) OHall )KoHe CeHiMAl AMarHOCTMKaJay MYMKiH eKeHAiri aTarn eTiaai [8].

ITaBa0gap MaHBIHAAFBI VI YATideri eKi TYPAIH TypAiK KYpaMbIHBIH apaKaTbIHAChIHbIH HoTVIKeAepi
oaapablH Oeariai Oip AaHAIIA(TTBIK-KAMMATTHIK OeajeylepMeH IIeKTeAyiHe OaifaaHBICTBI OOAYBI
MYMKiH. besrex MacaaapbIHbIH HONyAsIMsAAapblHAQ KAUMATTHIK e3repicrepaiH Oesrek MacalapblHBIH
reorpapusABIK Tapaaybl MeH XpOMOCOMaABIK, KypaMbiHa acepi kopcetiaren (Creramit B.H., Naumenko
A, Topaees M.IN) [8, 20,25].

OpPTYp4i IONyAsSINUsAAapAAFbl MOAEKYAaAbIK dAiCIIeH IlapaddeAbai >KYpridiareH IIOAUTEeHAL
XpOMOCOMaJAapAblH IIUTOTeHeTUKAABIK TaAjdaybl An. messeae XoHe Amn. dacizge - HBIH yKcac
VHBepCUsAAapbhlH aHBIKTagbl, OipaK Typ apaablk TaOurm OysaHaapda TOMOAOITHIK XpoMocoMmadap
apachIHAAFBl KOHBIOTAIVISIHBI aHBIKTaraH XKOK ([opaees ML.U. >xone 1.0) [24]. An. messeae >xoHe An.
dacige TOABIK eMeC PelIpOAYKTUBTI OKIIlayAaHybl Oap >KaKblH TypAep ekeHi Oarikaaran (Naumenko A.N.
xoHe T1.0) [20], ocweigaH An. daciae - HEI KeKe TYp peTiHAe caHay KaHIIAABIKTH AYPbIC eKeHAiri Typaasl
Mace/e allbIK KYHiHJAe Kaayaa.

3eprreysep HoTmKeci YepHOpenK ayblAblHaH —aAblHFaH —yArige KaAfaH eKi  yarigeH
alibIpMaIllbIAbIFbI, TOABIFBIMEH TeK An.messeae Oe3rek Macadaphl aHbIKTaaca, EpTic eseHi >kaliblaMachl
yaricinae An.messeae Macaaapsl (85,7%z+13,2) >xone Oyaanaapst (14,3%+13,2) Kypaasl, aaaiiast An. daciae
ke3aecriedi. Ocpl ©3eHHIH >KafaaayblHAa An. messeae (97,2%+2.8) Typi ae, An. daciae (2,8%+2.8) Typi ae
Ke3Jecri, Oipak OyJaHgap aHbIKTaaMaabl. bya HaTuKe 3epTreareH yAaridepAiH IIaFblH eAllleMiHe
OariaaHbICTBEI OOAYBI 4a MYMKiH. AJalija, yAKeH KeadeMJai yaAriaepae ykcac HaTukeaep OypoiH Cemeit
KaAachIHbIH IIOIyAslMsAapbiHaH Oe3TeK MacalapblHBIH JAepHeciagepiH Taajay Ke3iHAe aHBIKTaAFaH
(TaeyGaesa A.B.) [18].

KopbITbIHABI

Ocplaariia, KasakcraHHbIH coATYCTiriHAe An.messeae TYpiHiH TapaAy aliMarblHAa TOABIK eMecC
PerpoAyKTUBTI OKIllayAaHybIMeH An. dacige CUMNATPUAABIK TYpi aHbIKTaAAbl. [laBaogap MaHBIHAAFBI
HeTi3ri AOMMHAHTTEI TYp - An.messeae, Oipak 0ya xepae An. daciae -HBIH aAfaIll KalllaH Maiiga O0AFaHbI
>KoHe 04apAblH apaKaTbIHaChl Kbl illliHAe Kaaail e3repeTiHAir 941 aHbIK eMec.
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A.M. Opasbaesal, A.K. Cubaraes?, K.M. Ayb6akuposal, A.M. HeirbimeToBa? b.b. TopcbikOaesa’
IEspasutickutl Hauuonarvriil ynueepcumem um. A.H. I'ymuresa, Acmana, Kasaxcman
?Tomcxuil zocydapemeentiotii yHusepcumem, Tomcxk, Poccus
3TOO AgroShield, AxAmamul, Kasaxcman
*Meduyunckuil yrusepcumem Acmana, Acmana, Kasaxcman

Buaosast naenTMuKanms MaasipunHbBIX KOMapoB KoMmILaekca Anopheles maculipennis (Diptera,
Culicidae: Anopheles) na ocaose PCR-RFLP B IlaBaoaapckoit o6aacTu

AnnoTamms. B aaHHOII  cTaTbe paccCMOTPeHBI  METOABl  OIlpeAeAeHUs] TeHeTUYecKOro
noanMopusMa MaAsSpUNHBIX KOMapoB KoMriaekca Anopheles maculipennis. AN metroaom PCR-RFLP c
JICII0AB30BaHNMeM BTOPOIO BHYTPEHHEro TpaHCKpMOMPYeMOTo cIielicepa KAacTepa prOOCOMHBIX TeHOB
ITS2 mpoBeseHO BBIABAEHNE CXOAHBIX BIAOB KoMIlaekca maculipennis. Ha ocHoBe aHaamsa
nocaegosareasHoctu ITS2 pAHK B 9ToM cOOpHUKe OBLAM OTKPBLITHI HOBBIE ITaleapKTIyecKue BUABL: A
persiensis (Sedaghat et al., 2003), An. daciae (Nicolescu u ap., 2004) u An. artemievi (lopaees n ap., 2004).
Panee na tepputopunm Kaszaxcrana DIpuMeHsAAM LMTOTEHETUYECKUII MeTOJ4, KOTOPBI BKAIOYaa
XPOMOCOMHBIN IToAMMOp}u3M messeae Ha 10Te apeada »toro suga (Creramit, 1991; I'opaees u Cnbaraes,
1996). B momyasrusax MaAsspuitHbIX KOMapoB An. messeae of Kazakhstan, BbIsIBA€HBI HOBBIE XPOMOCOMHEBIE
VMHBepPCUY, He XapaKTepHble 4451 AaHHOTO pernoHa (AObLaKaceiMoBa 1 Ap., 2019).

Taxxe mnpusegeHbl HEKOTOpbIE CBeAeHUs O OMODKOAOIMM M BPeAHON CYIITHOCTUM KOMapoB
Anopheles messeae. boAbI10i1 Hay4HBIN U IIPAKTUYECKIUIT MHTEpeC MPeACTaBAsSIOT KPOBOCOCYII/ie KOMaphl
Kom1Laekca Anopheles maculipennis, Tak KaK OHM M3BECTHBI KaK aKTMBHBIE KPOBOCOCHI M1 HOCUTEAU
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BO30yAuUTeAel psija OIacHBIX DOAe3Hell Jyea0BeKa 1 KMBOTHBIX. Ha ocHOBe cOOCTBeHHBIX 1CCAe40BaHMI
U AUTepaTypPHBIX AaHHBIX OBIAM COOpaHBI MaTepuaabl 110 OMOAOTMM M DKOAOIMM KoMapos Anopheles
messeae OacceitHa p. Vptemm. IlpusejeHbl JaHHBIE O PacHpPOCTPaHEHHOCTM U AaHAIIATHOM
pacrioA0XXeHny KOMapoB Komiaekca Maculipennis, Ce30HHON AMHaMMKe I CYTOYHOM pUTMe
4YIICA€HHOCTH, BpeAHOM 3Ha4eHUI.

Karouesnie caosa: renetnyecknit moanMop¢usm, PCR-RFLP, BHyTpeHHMI TPaHCKPUIIITOHHBII
crrericep (ITS2), buoskoaorus, KoMmraekc maculipennis.
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Species identification of malaria mosquitoes of the Anopheles maculipennis complex (Diptera,
Culicidae: Anopheles) based on PCR-RFLP in Pavlodar region

Abstract. This article discusses methods for determining the genetic polymorphism of malaria
mosquitoes of the Amnopheles maculipennis complex. AN identification of similar species of the
maculipennis complex was carried out by the PCR-RFLP method using the second internal transcribed
spacer of the ITS2 ribosomal gene cluster. Based on the analysis of the ITS2 rDNA sequence, new
Palearctic species were discovered in this collection: An. persiensis (Sedaghatetal., 2003), An. daciae
(Nicolescu et al., 2004) and An. artemievi (Gordeev et al., 2004). Previously, a cytogenetic method was
used on the territory of Kazakhstan, which included chromosomal polymorphism. It is found in the
south of the range of this species (Stegny, 1991; Gordeev and Sibataev, 1996). In populations of malarial
mosquitoes of An. messeae of Kazakhstan, new chromosomal inversions have been identified that are not
characteristic of this region (Abylkasymova et al., 2019).

There is also provided some information about the bioecology and harmful nature of Anopheles
messeae mosquitoes. Bloodsucking mosquitoes of the Anopheles maculipennis complex are of great
scientific and practical interest since they are known as active bloodsuckers and carriers of pathogens of
a number of dangerous human and animal diseases. Based on their own research and literature data,
were collected materials on the biology and ecology of Anopheles messeae mosquitoes of the Irtysh River
basin. Data on the prevalence and landscape location of mosquitoes in the Maculipennis complex, there
are presented seasonal dynamics and daily rhythm of abundance, and harmful value.

Keywords: genetic polymorphism, PCR-RFLP, internal transcribed spacer (ITS2), bioecology,
maculipennis complex.
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Mop¢domeTpudeckas XapaKTepUCTHKA YAbTPAaCTPYKTYPbl MUTOXOHAPWI A€TKVX
KPBIC IOCAe BBeAeHMsI XKMBOTHBIM XpM30THAa acoecra

Annoramust.  Memod — Mmopomempuueckoz0  AHAAUSA  UCNOAD306AH — OAS  USYUEHUS
YALMPACMPYKMYPHOIX  USMEHEHUTE  MUMOXOHOPUTL  AeZKUX  KPbIC  HOCAe  00HOKPAMHOZ0
UHMPAMPAXeAAbHO20 66e0eHUS KUCOMHVIM XPUSOMUA-ACOeCcO60t NYIAU 6 003ax 25 mz u 50 me.
ITo moppomempuveckum noxasamersm 0Ooree cepvesHvie usMeHeHUsl OLIAU  6LII6ACHD 6
MUMOXOHOPUSX, npu 6AusHuu acbecma 6 Jdose 50 Mz, Komopvle XApaKMepus06aruct
00CTOoGepHOIM  Y6eAUUeHUeM HAOWAOU, nepuMempa U cpedHezo OJuamempa 6HewiHeld U
sHympentei memOpan. 3nauerue nAOULAOU HeuLHel MeMOPAHLl MUMOXOHOPUTE Y UHIMAKTHHBIX
sxusommvix cocmasuro 0,38+0,02 mxm2, nepumempa — 2,52+0,11 mxm, cpedrezo duamempa -
0,75 £ 0,03 mxm, 0an onvmnvx xpovic (acbecm 50 Mmz) dartvie NOKASAMEAU OKASAAUCH
sHavumeAvro yeerudertvimu u cocmasuru 0,59+0,04 mxm2 (naowadv éreuireti memoparvi),
nepumemp — 3,67 = 0,19 mxm, cpednuii duamemp - 1,06 £ 0,05 mxm. Jrs enymperinerl
MeMOparvl IMu NOKA3AMEAU 6 KOHIMPOAE ObIAU CACOYIOULUMU: NAOWADL 6HYMpetHell MemOparvl
- 0,33+0,02 mxm2, nepumemp - 2,40+0,12 mxm, cpedruii duamemp - 0,71+0,032 mxm, a 0rs
acbecma 6 dose 50 mez: 0,56+£0,05 mxm2 (nrowyade eHympenei memOpamvt), nepumemp -
3,68+0,21 mxm, cpedruii duamemp - 1,06 + 0,06 mxm.

ITod deiicmeuem acoecma 6 KACMKAX AZKUX GbISAEACHO SHAUUMEALHOE CHUXEHUE OAUHDL KPUCH
Mmumoxondpuir: 9,11+ 0,41 mxm (KOHMPOAb, uHmaxmole xueommuvie), acbecm 6 dose 25 Me:
4,07+0,33 mxm u acbecm 6 dose 50 me: 2,34+0,20 mxm. Hadrrodaemcs nabyxanue u paspyutenue
KPUCm, u 3mo MNpocAeXKUEAencs 1o MOPPOMEMpPUdecKuUM NOKASAMEAIM duamempa Kpucm,
KOMOpblll coomsemcmeero yeeauurcs nod deiicmeuem 50 mz acbecma 1a 90,9% (p<0,001).
Ioayuernvie sHavenus nA0wAOY 6HYmperHel U eHeuLHet MemOopan, duamempa u OAUHbL Kpucm
MUMOXOHOPUTE  NO360AUAU  OUEHUMb  CIMenenv  YALMPpACMpPYKMYypHuX — HAPYUeHUT
MUMOXOHOPUTE, IO MOXKeN C6UOMeAbCme06amb 0 QUCPYHKUUU MUMOXOHIPUTLL 1) deticmeuem
acbecma.

Karouesble caoBa: MumoxoHopus, memopana, Xpusomurosviii acoecim, MopPomempuieckul
AHAAUS, MOPPOMempUTecKe noKaA3AmeAU.

DOI: 10.32523/2616-7034-2023-143-2-123-140

BBeaenue

MuToxoHapun 1npeAcTaBAsioT coO0I OpraHeAAbl C ABOVHONM MeMOpaHOI, KOTOpble CyIIeCTBYIOT
BO BCeX KJeTKaX 9YKapUOTMYeCKMX OpraHm3MoB. CTPYKTYPHO MUTOXOHAPUM OTAUYAIOTCSA OT APYIUX
opraHeAA TeM, 4TO MX BHYTPeHHMII KOMIIapTMEHT (MaTpMKC) OTAedeH OT I[UTONAA3MBbI KAETKU
BHyTpeHHell 1 BHeIlHeil MeMOpaHaMl, pa3AeAeHHBIMM MeXXMeMOpaHHBIM IIPOCTPAaHCTBOM, U BCe DTU
KOMITOHEHTBI UTPaIOT BaXKHYIO POAb B UX Omoxmmmdeckux peaxiusx [1, 2]. ®opma MUTOXOHAPMIL, UX
pasMephl, UMCAO M AOKaAu3alMs B KAeTKaX pa3AMYHOIO TUIIAa BapbUpPYIOT B AOBOABHO IIMPOKUX
npejedax M 3aBUCAT B IIePBYIO odepeAb OT uX (PYHKIMOHAABHOIO cocrosHus [3, 4]. Yame Bcero
MUTOXOHAPUM UMEIOT BUA TpaHyaA maAu Huteit. ITpu ompeseseHHBIX (PYHKIIMOHAABHBIX COCTOSHMSX
KAETOK HUTM MOTYT IpuoOperars OyAaBOBUAHbIe pacIlMpeHNs Ha KOHIJaX, a IpaHyAbl yBeANMYUBaThCs B
pasmepe. Ycuaenme QYHKIIMOHAABHONM Harpysku Ha KAeTKY HPUBOAUT K YBeAMYEHMIO ducaa
MUTOXOHAPUIL I UX pa3Mepos [5].

Buemmnss MemOpana sBAseTcsl cBOeOOpasHBIM OCMOTUMYECKUM OapbhepoM, PperyAmnpyromym
IIOCTYIIA€HMe BeIlleCTB BHyTpbh MUTOXOHAPUIA U 3a UX IIpeAeAbl. Y AbTpacTpyKTypa BHyTpeHHel
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MeMOpaHBl MUTOXOHAPUIT COAEP>XKUT KPUCTBl, TAe PacIOAOXKeHB (PepMeHTH OKUCAUTEABHOTO
docpopnanposanmsa. Kpucrel MOTyT pacroaaratsCsi B MUTOXOHAPUAX B TIOIIEPEYHOM U ITPOAOABHOM
HaIlpaBJeHUsAX. buoxmMmdeckme aaHHBIe ITOKa3bIBalOT, uTOo OK0A0 30% Bcero Geaka BHyTpeHHeN
MeMOpaHBl MUTOXOHAPWUII ITpeACTaBAeHO (PYHKIIMOHAABHBIMI OeaKkaMM-(pepMeHTaMM, yJacTBYIOIIIMU
B CIICTeMe IIepeHOCca DAeKTPOHOB B ABIXaTeAbHOI 1enn 1 B oOpaszosarnu AT [6, 7].

MuTtoxoHapuaabHas AMCPYHKIVS UTPaeT peralomiylo poab B IIaTOreHe3e MHOTMX 3a001eBaHMII
Aerkux [4, 8]. IloBpexxaeHre aaAbBeOASPHBIX SIUTEANAABHBIX KAETOK SBASETCSI OAHUM U3 Ba>KHBIX
COOBITUII, BOBAEUEHHBIX B IIaTOT€He3 AeTOYHOM TOKCMYHOCTM OT Pa3AM4YHBIX areHTOB, BKAIOYas
pasamunble Buabl acOecra [9, 10]. Bapixanme acOecTOBBIX BOAOKOH IHMPUBOAUT K IIPOIPeccupyloiiemMy
VMHTepCTUIaabHOMY PuUOPO3y A€TKUX Y YeA0BeKa U DKCIIepUMeHTaAbHBIX KMBOTHEIX [11]. AcOecToBrre
BO/AOKHA yCBalBAIOTCSl aAbBEOASPHBIMIU SIIUTEANAABHBIMY KA€TKaMM BCKOpe I10CAe BO3AENCTBUsA, 9TO
IIPUBOAUT K TOBPEXAEHUIO KAETOK, IOBBHIIIEHNIO IIPOHUIlaeMocTy 1 npoaudepanun. Bce ocHoBHbIe
TUICTOAOTMYECK/e TUIIBI paKa AerKOro U IIOYTU BCe Me30TeAMOMBI MOTYT OBITh BBI3BaHBI BO3AENCTBIEM
acOecra [12, 13]. BoaokHa acOecrta MOIYT BBI3BIBATh IeHeTUUeCKNe, SINUIEHeTUdecKle U KAeTOYHBIe
TIOBPE>XKAEHILs, BBI3bIBasl 310KaueCTBeHHOe HOBOOOpa3oBaHIe KAeTOK Aerkux [13, 14].

MuToxoHApuM ABASIOTCA OCHOBHBIM MCTOYHMKOM aKTMUBHOM opMbl Kucaopoga (APK),
TeHepupyeMoro BO BpeMs IIOTOKa 9AKTPOHHON TpaHcroptHou merm [15,  16]. A®K
MUTOXOH/APMAABHOTIO IIPOMCXOXKAEHMs Y4YacTBYIOT B OIIOCPe4OBaHMUM MHAYLMPOBAHHOIO acOecToM
arioNTo3a aAbBeOASPHBIX SIINTEAMAABHBIX KAETOK. bpla0  1OKasaHO, YTO XpM3OTHAOBLI U
KPOKIAOAUTOBBIN TUIIBI acOecTa BBI3BIBAIOT OKMCAUTEABHBINI CTpecc U UHAYIUPYIOT MeCTHbIe
MeAuaTophl BOCIAAEHNS, YTO HNPUBOAUT K BO3HMKHOBEHUIO PeaKTUBHOV MMKPOCpeAbl BOCHAACHMS U
npoandepannn Kaetok [9, 12, 13]. Bece 9Tu mporieccsl, mpoucxosiie B KAeTKaX, OCyIIeCTBASIOTCSA C
yuactuem A®K. Acbect nHaynmpyet BpipadoTKy APK ¢ ITOMOIIBI0O MHOXKECTBAa MEeXaHI3MOB, KOTOpPhIe
JaCTUYHO BKAIOYAIOT aKTMBAIIMIO BOCITAAUTEABHBIX KAETOK, IOHHOe COCTOsIHIe >KeJe3a B acOeCTOBBIX
BO/AOKHAX, MUTOXOHAPUAX U APYIUX BHYTPUMKAETOUYHBIX McTOYHMKax [14, 17]. AcOGecroBble BOAOKHa
BAMAIOT Ha MuToxoHApuaapHyto AHK [18] n ¢pyHKITMOHaABHEIN ITepeHOC 9AeKTPOHOB, YTO IIPUBOAUT B
BeIpaboTke ADK MUTOXOHAPMAaABHOTO IponcxoxAeHus [19].

Xoporo m3BecTHa CBsA3b (PYHKIIMOHAABHOTO COCTOSHUS MUTOXOHAPHUII C M3MEHEHUsAMM MX
yabTpactpykTypsl [20]. IlosTOoMy mccaejoBaHuss MOPQPOAOTMYECKMX WU3MEHEeHUiI MUTOXOHAPUIA,
00yCAOBAEHHBIX acOeCTOM, aKTyaAbHbl U IepPCIIEeKTUBHBI, ITOCKOABKY HapyIIeHMS YAbTPaCTPYKTYpPbl
MUTOXOHAPUI BO3HMKAIOT 3HAYUTEABHO paHBIIe, HeXXeAlU IIOSBACHNUE BBIABASIEMBIX KAMHIYECKMX
CHMIITOMOB 3a004eBaHMil. B To >xe BpeMs xapakTepHas yAbTpPacTPYKTypa MUTOXOHAPUII yKa3blBaeT Ha
U3MeHeHNs (PYHKIMOHAABHOTO COCTOSIHMS TKaHM U, KaK CAeACTBMe, Ha Hadado pPas3BUTUS
I1aTOAOTMYECKMX IIPOIECCOB.

B mocaeanme roanl paspaboTaHbl 40CTaTOYHO (PPeKTUBHbIE MeTOAbl MOPQPOMETPUIECKOIo
aHaAu3a yAbTPacTPYKTYpPhl MUTOXOHAPUI, KOTOPbIE TIO3BOASIOT OLIEHUTh CTeIIeHb YABTPaCTPYKTYPHBIX
HapylLIeHUII MUTOXOHAPUIL, CBUAETEALCTBYIONIUX O (PYHKIIMOHAABHOM COCTOSIHMM 9STUX KAETOYHBIX
opraHeAA U TKaHU B IleaoMm [21, 22, 23]. B aaHHOI1 pabOoTe MBI IPOBeAM aHaAU3 YABTPAaCTPYKTYPHBIX
U3MEHeHUII MUTOXOHAPUI AeTKUX KPpBIC II0CA€ OAHOKPaTHOTO MHTpaTpaxeaabHOIO BBeAEHI
SKMBOTHBIM XPU30TUA-acOeCTOBON Iblau. VIcrioab3oBaHme KOMIBIOTEPHBIX MHPOrpaMM Aadsl aHaAu3a
AAQHHBIX ~DAEKTPOHHOM MMKPOCKOIUMU II03BOAMAO OLEHUTh Mop¢oMeTpudeckue IapaMeTphl
MUTOXOHAPUIL. Bpla0 mIpoBegeHO m3MepeHue I1A0IaAN, IepuMeTpa, CpedHero AuaMeTpa BHEIIHel U
BHYTpeHHell MeMOpaH B KOHTpOJe (MHTaKTHas IpyIlla >KMBOTHBIX) M CpaBHUBAAM 9TU IOKa3aTeAu C
ITOKa3aTeAs MU >KMBOTHBIX OITBITHBIX TPYIII (KPBICHI ITOCAe MHTpaTpaxeaabHOTO BBeJeHM: acOecra).
Taxoke mpoBoAMAY U3MepeHne AAMHBI U AMlaMeTpa KPUCT, AaMeTpa MeXXAy BHeIIIHeil ¥ BHyTpeHHel
MeMOpaHaMl Y KOHTPOABHBIX U OIIBITHBIX TPYIIIT JKMBOTHBIX.
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Kusornsle. Jas nccaeA0BaHNS BAVSIHIS PA3ANYIHBIX 403 (25 mr 1 50 MT) acOecTOBOI IIBLAM Ha
MopdoMeTpryecKre IIOKazaTeA MUTOXOHAPUM B TKaHAX A€TKMX OBIAM  JCIIOAB30BaHBI 18
II0/10BO3PeAbIX OeabIX KpbICc-caM1joB AnHNU Bricrap maccoit 200-250 rpamm.

JKuporHple OblaM pacmpesedeHpl Ha 3 rpymnmbel: 1 rpymnma — KOHTpOAbHas, KyJa BOIILAU
VMHTaKTHBIE JKMBOTHEIE (N=6), 2 TpyIIa: >XMBOTHBIE (N=0), IIOABepPIIIIecs BO3AeMCTBUIO acOecTa B 403e 25
MI, 3 rpynIa: XMBOTHBIe (N=6), KOTOPBIM BBOAMAU acOecT B A03e 50 Mr. JKuBOTHBIe HaXOAMAUCH Ha
CTaHAAQPTHOM MMIIEBOM paljliOHe, COTAacHO TpeOOBaHMAM IIO COAEP KaHMIO HKCIePUMEeHTaAbHBIX
SKMBOTHBIX, COOTBETCTBEHHO CaHMTapPHBIM IIpaBidaM IIO YCTPONCTBY, OOOPYAOBaHUIO U COAEp>KaHUIO
DKCIIePUMEHTaAbHO-0M0A0TMYeCKIX KAMHHUK.

Bce manumyasumm Os1am BBIIIOAHEHBI B cooTBeTcTBUU ¢ JKenesckoit koHBeHumen (1990 r.) u
XeAbCMHKCKOM AeKaAapaljyeli O TyMaHHOM OTHOIIIEHNM K JKMBOTHBIM 1 TpeDOBaHMAM HOPM 9TUKH. JAas
BOCITpOM3BeJeHIsI DKCIIePUMEeHTaAbHOro achecTo3a MOAOMIBITHBIM KPhICaM B AeTKue MHTpaTpaxealbHO
BBOAMAACh XPU3OTUA-acOecTHass TbIAb [24]. JKMBOTHBIM 104 TOBEPXHOCTHBIM J€KapCTBEHHBIM
HapKO30M BBOAMAM 1 MA CyCIIeH3uM XpU30TuA-acoecTHOM mbian (25 mr, 50 MI B 3aBUCHMOCTY OT Cepun
9KCIIepuMenTa). J45 KOHTPOABHBIX KPBIC BBOAMAM 1 MA PM310A0TMIeCcKOro pacTBopa.

B okcrepmmenTte Obla MCIIOAB30BaH XPU3OTUA-acOecT /3 KeTBHITapMHCKOIO MeCTOPOXKAeHNs
(Pecrtybamka Kasaxcran), ero mameabdaau Ha BuOpalmoHHOM usmeabunrteae 75T-Ap. Aas
OKOHYATeAbHOM JOBOAKM AO BeAMYNH, OAMBKMX K AMCIIEPCHOCTM a®po30Jeil, M3MeAbdyeHue ObL10
BBIIIOAHEHO BPY4YHYIO B araToBoli cTymke. lIlepea BBegeHmeMm KpbicaM —IIblAeBble  HaBeCKU
crepuansosaauch npu 105°C, sarem mx oOpabaTbiBaay Ha yAbTpasByKoBoM aucrepratope Y3/AH-2T
(gacrorta 44 xI'm).

Kppic BeIBOgMAM U3 DKCIIepUMeHTa IyTeM 9BTaHasuu yepes 60 gHell OT Hayaaa DKCIepUMeHTa
110/, AerKMM HapKo3oM M 3a0mBaam IyTeM JeKanuTaiun. PesyapraTtel MoOpQpOMeTpUdecKux
IIOKa3aTeAeil MUTOXOHAPUII TKaHell Aerkux BO 2-Oif M 3-ell TpyIIax CpaBHMUBAAU C KOHTPOABHON
IpyImoit. /lerkue IIOAOIBITHBIX KPBIC OBLAM U3BATHI IIyTeM pacceKaHWs CTePUABHBIM CKaablleleM
OpIOIIHOIL, a 3aTeM I'PYAHOI IOAOCTI.

DAeKTpOHHasE MUKpOCKOmms. TkaHm aerkux ¢ukcuposaan B 3% pacTBOpe IAyTapOBOIO
aabaernga B pocarnom Oydepe (pH 7,4) B Teuenne 2 u npu 4°C u gopuxcuposaan 1% pacrsopom
TeTpaokcyuga ocmusa B Oydepe B TeueHme 1,5 4, 3aTteM 00e3BOXXMBaAM B pacTBOpax CIMPTOB C
BO3pacTaoIeil KoHeHTpanuernn crmpra (70% croupTt Obla HachIleH ypaHmuAaneraTtoMm). baoku
apaAbANUT-DIIOH OBIAM M3TOTOBAEHBI M3 MaTepualoB C MCHOAb30BaHUEM OOIIEIIPUHATLIX METOAOB B
9AeKTpoHHOI MuKpockonuu [25]. [Toayronkue (1-2 MKM) cpe3bl geaaan Ha yapTpamukporome EM UC7
(Leica, 'epmanmst) n okpammsaay MeTIAEHOBBIM cHUM, adypoM II u ToaynannossiM cuHuM. OOpasIibl
Ha0A104aAM 110/ CBETOBBIM MUKpockoroM (Mogear — Primo Star; Zeiss, I'epmanns), nsobpaskeHus
HeOOXOAVMMBIX y4acTKOB OblAM cAedaHbl udposoit kaMmepoit (Mogear - EOS D650; Canon, Kurait).
[Toayuennsie 13 Tex >Ke OJ0KOB yAbTpaTOHKME HeOKpallleHHble mpenaparbl ToammHoin 50-70 Hm
npocMmatpusaan u ¢gororpaguposaan ¢ IOMOIIBIO DaeKTpoHHOro Mmkpockona (JEOL JEM-1400,
Snonnst) c undposoir kamepoit VELETA.

Mop¢omerpudeckmit anaans. Jas MopdOMeTpUIeckoro uccaeloBanus OblA0 OTOOpaHO 11O
50 ®aeKTpOHHOTpaMM MMTOXOHAPUI AETKUX Ha KaXkAylO TPYyIIly >KMBOTHBIX. B KakgoMm cHuMKe
BBIAEASANICh OTAeAbHble MUTOXOHAPUU U B JaAbHeNIeM MpOBOAUAM MOp(OMeTpUYecKuil aHaaus3 B
¢popmarte TIF c momomnipio komnsiotepHoir mporpammsl (TEM Imaging Platform-ITEM), paspaborannoit
Olympus Soft Imaging Solutions GmbH (I'epmannst). CtaHAapTHBIM ITOAXOAOM SBASAETCSI M3MepeHue
1110111a4y, IIepuMeTpa, CpejHero gnamMeTpa BHeIIHel I BHyTpeHHell MeMOpaH B KOHTpo/e (MHTaKTHas
rpylla >KMBOTHBIX) M CpaBHEHMe DTUX IIOKasaTeaell C IOKasaTeAsMM >KMBOTHBIX OIBITHBIX I'PYIII
(KpBICHI ITOCAe MHTpaTpaxeaAbHOTO BBedeHNs acOecTa B 403ax 25 Mr u 50 mr) [26, 27].
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Beriam BerMmcAeHsl pazamdHble MopgoMeTpuyecKye ITapaMeTpsl MMUTOXOHAPWIL, Takmue, Kak
I110111aAb, IIEPUMETP, CPeAHNI AaMeTp BHEeIIIHel ¥ BHyTpeHHell MeMOpaHbl, AAMHa U AlaMeTp KPUCT,
AViaMeTp Me>X/y BHeIlIHell I BHyTpeHHel MeMOpaHOIl B KOHTpo/e.

CratmcTmdeckmii aHaams. /Jas CTaTUCTUYECKOV 0OpabOTKM MOp(OMeTpUIecKuX JaHHBIX
ucnoabzopasaca naxker STATISTICA 8. Crernens 40cTOBepHOCTHM OIlpejeAaslach ¢ IIOMOIIBIO t-KpuTepus
CrpI0a€HTa.

PESyAI)TaTbI nccaea0OBaHMSI

YAbTpacTpyKTypHble M3MeHeHMs, KOTOpBble IPOMCXOAAT NpU BAMSHUM acOecTa OOBIYHO
BapbUpPYIOT, B 3aBUCUMMOCTU OT AO03bI BO3JeNCTBMsA. YUTOOBI ommcaTh ®TM M3MEHEeHUS B AeTOYHBIX
MUTOXOHAPWSX, MBI IIPOaHaAM3UPOBaAU UX MOPPOMeTpUUIecKyIO CTPYKTypy. Mbl obHapy:xmam, 4ro
MUTOXOHAPUM B KOHTPOABHON TIpyIllle MMeAM HOpPMaAbHYIO CTPYKTYypy, KOTOpas XapaKTepHa AaAs
DYKapMOTUYECKMX KAeTOK: BHYTPeHHss MUTOXOHApHaadbHasi MeMOpaHa oOpasyeT MHO>KeCTBeHHbIe
KPUCTBI, OTXOAAIIIME BHYTPh OpraHeAAbl POBHBIMU IlapalAeAbHBIMU PsAAaMU, M OHM 3allOAHSIOT BCe
IIPOCTPAHCTBO MUTOXOHAPUII. MaTpukc MUTOXOHAPUII Yy HUX XOPOIIO BbIpa>kKeHHBIN, IMeeTcs
MeXMeMOpaHHOe IIPOCTPaHCTBO MeXKAY Hapy>KHOII M BHYTpeHHell MeMOpaHaMl, U XOPOIIO
MIPOCAEXKMBAIOTCs Y3KIe IIpOCBeThl BHYTpM KpucT (puc. 1 A, B).

B yapTpacTpyKType MUTOXOHAPUII A€TKUX KPBIC, 3aTpaBAeHHbIX acOeCTHONM MBLABIO B A03ax 25
Mr u 50 MI, IOABASIOTCS WM3MEHEHMs: 4YMCAO KPUCT CUABHO PeAylMpOBaHBl, U OHU TepsIoT
napaaaeapHoe pacroaoxenne (puc.l B, TI). Kpucrsl He 3amoAHAIOT ITOAHOCTBIO BHYTpeHee
IIPOCTPAHCTBO MMTOXOHAPWII, BHEIIHMe M BHyTpeHHUe MeMOpaHbl pacIIMpeHBl U He BUAHO MX
napaaaeabHOro pacnoaoxenus (puc. 1 B, I'). D1u namenenns ycnamsaioTcs IpU MHTOKCU KAV KPBIC
acbOecroM B g03e 50 Mr, TAe Hab0AIOAaeTCs IIPUCYTCTBYIe MHOYXKeCTBeHHBIX HaOyXaH!I1 B MaTpUKCe, KPUCT
IpaKTUYeCK! He BUAHO, BHEIH:SsA M BHYTPeHHsAs MeMmOpaHa peAylipoBaHa paspblBaMU U SIBHOM
paspymennon crpykrypoit (puc. 1 I'). Ilpocaexxmusaerca Baxyoamsanusa (puc. 1 B - crpeaxm) u
dpopMmpoBaHIe MIUDANMHOIOA00HBIX oOpasopanuit (puc. 1 I' - cTpeakn), MoKas3bIBalOIIMX HapyIIeHNs
11€10CTHOCTYI MeMOpPaHHBIX CTPYKTYP. BEIsIBA€HO pe3koe pacImpeHne MesKMeMOpaHHOTO IPOCTPaHCTBa
B 00OMX 403aX DKCIIePUMEeHTa.
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w200 nm‘

Pucynok 1. TOM - wusobpakeHus, AeMOHCTPUPYIOIIE HOPMAaALHYIO YABTPaCTPYKTypy
MUTOXOHAPUIT A€TKMX KpBIC B KOHTPOABHON rpymnre (A, B) u yapTpacTpyKTypHbBIe M3MeHEeHMs
MUTOXOHAPWII A€TKUX KPBIC IIpU Bo3AerictBun 403011 acoecra 25 mr (B) u 50 mr (). ITocae BosaericTBust
acOecTa ITOKa3aHbI M3MEeHeHHbIe MUTOXOHAPWM C HabyXaHMSAMMI U BaKyoAu3arue (CTpeaKn).

Mopdomerpudeckne mM3MepeHMs IMOKa3aau, IYTO MUTOXOHAPUM Y KOHTPOABHBIX >KMBOTHBIX
BBITASA€AN DAAUTICOMAAABHBIMU U TIAOIIaAb BHEIIHe) MeMOpaHB MUTOXOHAPWII Oblaa B IpeAeiax
0,38+0,02 mxm?, nepumerp 2,52+0,11 mkm, cpeanmit amamerp 0,75+0,03 MkM. A y 3aTpaBAeHHBIX
KVMBOTHBIX B 403e 25 Mr OBLA0 ITOKa3aHO yBeAndYeHNe I1A0Iaay BHerHelr memOpansr: 0,48+0,04 Mxm?,
nepumertpa 2,62+0,11 mxm, cpegnero auamerpa 0,78+0,03 MKM, 1 y 3aTpaBAeHHBIX KPBIC 403011 acOecTa
50 Mr oTMedyeHO 3HauMTeAbHOe yBeandeHue B pasmepe: maomaan 0,59+0,04 mxm? (p<0,01), nepumerpa
3,67+0,19 mxm (p<0,001), cpeamero amamerpa 1,06+0,05 mxm (p<0,001) BHemHeit MeMOpaHBI IIO
cpasHeHMIO ¢ KOoHTpoaeM (Taba.1 n puc.2).
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TabGawnma 1
IlokasaTrean nsMepeHNI BHelIHeV MeMOpaHbI MUTOXOHAPWMIL mocae 60 gHen I/IHKy6aum/1

C pa3saMYIHBIMI AO3aMu acOecTa

Crpykrypa Tlokazarean 1 rpynma 2 rpymma 3 rpymnna
MUTOXOHAPUII MuTakTHas 3aTpaBaeHHbIe 3aTpaBAeHHbIe
rpymmna acOecToBoM acOecTOBOI MbLABIO
MIBIABIO (50 mr/ma)
(25 mr/™ma)
ITaomiaap 0,38+0,02 mxMm? 0,48+0,04 Mmxm?2 0,59+0,04 MmxMm2**
Buermmsia Ilepumerp 2,52+0,11 MxMm 2,62+0,11 MmxMm 3,67+0,19MKM***
vevbparia Cpearuiit 075+0,03 mxm | 0,78:0,03 MM | 1,06+0,05mKm***
AUiaMeTp

* CTaTMCTUYECKM 3HAYMMBble pa3dAndus 10 cpaBHeHuIO ¢ 1 rpymnmoit (mHTakTHOIN) ** - p<0,01, ***-

p<0,001.
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Pucynok 2. MopgomMeTpnyeckie n3MepeHIs1 BHeIITHell MeMOpaHbl MUTOXOHAPUIA A4€TKMX
KpBIC

CoraacHO TOAy4eHHBIM JaHHBIM, ILIOLIAAb BHYTPeHHell MeMOpaHBl, He IIOABepTIIelics
BO34eICTBIIO acOecTHOI LAY, cocTaBuaa 0,33+0,02 mxm?, mepumerp 2,40+0,12 MKM, cpeaHIIT A1aMeTp
0,71+0,03 MKM, y >KMBOTHBIX C 3aTPaBKOI1 B 403e 25 MI HapaMeTphbl oKazaau: naoiiaab 0,46+0,04 mxm?
(p<0,01), mepumerp 2,54 Mxm™, cpeanuit auametp 0,76 MKM, 1 y KpBIC, 3aTpaBAeHHBIX acOoectom 50 wr,
IapamMeTphl MUTOXOHAPUI IOKazaamu aoctosepHoe yseamdenue 0,56+0,05 mxm? (p<0,01), mepumerp
3,68+0,21 mxuMm (p<0,001), cpearmit auametp 1,06+0,06 mxm (p<0,001), uTo yKaspiBaeT Ha yBeAdeHIIe BCeX
IlapaMeTpoB B CpaBHeHUN C KOHTpoAbHOI rpyroit (Taba.2 n puc.3).
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TabGamnria 2
ITokasaTean M3sMepeHNii BHyTpeHHel MeMOpaHbl MUTOXOHAPWUII 110cae 60 gHeit
MHKYOalmy ¢ pasandHbIMM AO3aMy acOecTa

Crpykrypa Tlokazarean 1 rpynma 2 rpynma 3 rpymnna
MUTOXOHAPWIA MurakrHast 3aTpaBaeHHbIE 3aTpaB/AeHHbIe
TpymIia acOecTOBOII acOecTOBOII MBLABIO
IIBLABIO (50 mr/ma)
(25 mr/ma)
ITaomiaap 0,33+0,02 Mxm?2 0,46+0,04 MxMm2** 0,56+0,05 MxMm2**
BuyTpennsia Ilepumerp 2,40+0,12 MxM 2,54+0,11 MxMm 3,68+0,21 Mxm***
membparia Cpeatunit 0,71:0,03 MKM 0,76:0,03 MKM 1,06:0,06 MrM***
AVIaMeTp

* CTaTMCTUYECKM 3HauMMBle pa3dAndus 10 cpaBHeHMIO ¢ 1 rpynmoit (mHTakTHOI) * - p<0,05, ** -
p<0,01, ***- p<0,001.
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Pucynok 3. MopdomeTpuueckie u3MepeHIsi BHyTpeHHell MeMOpaHbl MUTOXOHAPWI AeTKIX
KpBIC

Ilo aaHHBIM MCCAeAOBaHMS AAVHA KPVUCT MUTOXOHAPUII B KOHTPOABHOIN IpYIIIle COCTaBlAa
9,11+0,41 MKM, TOTAa KaK NP MHTOKCUKALIMU acOecToM 403011 25 MT AaHHBIN [TapaMeTp IIoKa3aa AAVHY
4,07+0,33 mxM (p<0,001) u c 3arpaskoit 403011 50 Mr gauny 2,34+0,20 mxm (p<0,001) coorBeTcTBEHHO, I
STU JaHHbIE AOCTOBEPHO yKa3bIBAIOT Ha yYMeEHbIIIeHMe AAVHBI KPUCT MUTOXOHAPHUII IIO CpaBHEHUIO C
KOHTpOAbHO rpymmoii (Taca.3 u puc.4).
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TabGamniia 3
IToxa3aTean u3MepeHMII KpUCT MUTOXOHAPWI 1T0cae 60 aAHenn I/IHKy6au1/m C pa3aAMIHBIMI
Ao3amMm acoecra

Crpykrypa Ilokazarean 1 rpynma 2 rpynma 3 rpymnma
MUTOXOHAPUII MuTakTHas 3aTpaBAeHHbIe 3aTpaBaeHHbIe
rpymnmna acOeCcTOBOII IIBLABIO acbeCcTOBOM MBILABIO
(25 mr/ma) (50 mr/ma)
AavnHa KpucT (MKM) 9,11+0,41 Mxm 4,07+0,33 Mrxm*** 2,34+0,20 MKM***
AviaMeTp KpUCT (MKM) 0,01+0,02 MxMm 0,06+0,004 mxm* 0,11+0,009 mMxMm***

* CTaTUCTUYECKM 3HAYMMBIE pa3dAndus I10 CpaBHeHMIO ¢ 1 rpynmon (nHrakTHOI) * - p<0,05, ** -
p<0,01, ***- p<0,001.

12
s 10
N4
=
5"8
g
§6
jan}
= 4
=

2 [

0

KoHuTposb Acbect 25 mr Acbect 50 mr

Pucynoxk 4. MopdomMeTpudeckie MsMepeHnst AAVMHBI KPYCT MUTOXOHAPIN A€TKMX KPbIC

B xonTpoapnon rpynme auamerp Kpuct coctasua 0,01+0,02 MKM, y >XKMBOTHBIX C 3aTpaBKOM B
Aose 25 Mr aaHHbIM nokasateab cocrasua 0,06+0,004 mxm (p<0,05) cOOTBETCTBEHHO, y >KMBOTHBIX C
3aTpaBKoil acOecta B g4o3e 50 MTI AaHHBIN MokazaTeab cocrasna 0,11+0,009 mxm (p<0,001), yTo MMmeeT
TeHAEHIINIO K yBeAMYeHMIO AiaMeTpa KPUCT 110 OTHOLIEHMIO K KOHTPOAbHOM rpyme (Ta64.3 n puc.5).
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Pucynok 5. MopgomeTpmueckiie u3MepeHIs griaMeTpa KpYCT MUTOXOHAPUI AeTKMX KPBIC
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Kaxk mokasaam mnccaegoBaHms, AmaMeTp MeXJAy BHeIIHell U BHYTPeHHell MeMOpaHOI1
KOHTpOAbHOM Tpyrmsl Ob1an 0,01+0,02 MKM, a y KpBIC C 3aTpaBKOil 25 MTI JaHHBIN ITapaMeTp HoKa3aa
0,04+0,002 mxm (p<0,001) m y KpwIc, 3aTpaBAeHHBIX acOectoM 50 MI, AaHHBI IIapaMeTp IOKa3aa
0,05+0,002 mxm (p<0,05) (Taba.4 n puc.6).

TabGawnria 4
IToxasaTean M3sMepeHNii AamMeTpa MeXXAy BHeNlIHeli ¥ BHyTpeHHell MeMOpaHOi1
MUTOXOHAPpUIi mocae 60 AHel MHKyOaIy ¢ pa3anMdHbIMU 403aMu acOecTa

Crpykrypa IlToxasarean 1 rpynma 2 rpymmna 3 rpynmna
MUTOXOHAPUIA MnTakTHAA 3aTpaBAeHHbIe 3arpaBAeHHbIe
rpymIa acOecToBOI MBLABIO acOecToBOI MBLABIO
(25 mr/ma) (50 mr/™ma)
AMAMETP MEXAY BHEIHCI I |1, 07 ypyo 0,040,002 MKM 0,050,002 MKm*
BHYTpeHHell MeMOpaHOI (MKM)

* CTaTUCTMYECKM 3HAUYMMBbIe Pa3ANdys 10 cpaBHeHuIO ¢ 1 rpynmort (maTakTHOM) * - p<0,05.
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Pucynok 6. MopdoMeTpudeckie nsMepeHnsI AiaMeTpa Me>KAy BHEIIHeN M BHyTpeHHeN
MeMOpaHO AeTKMX KPbIC

OOcyxaeHue pe3yabTaTOB

AcOecT sBAsIeTCA yCTaHOBAEHHBIM TeHOTOKCMYECKMM areHTOM, KOTOPBII MOJKeT BBI3bIBAaThb
nospexxaenne AHK, TpaHCKpUIIIIMIO T€HOB U DKCIPeCccuIo 0eAKOB, BaXKHBIX 4451 ITPOIIECCOB KAETOYHOM
npoandepanny, amnonrtosa M BocHadeHus. OOMIMpPHBIE MCCAeAOBaHUA IOCAEAHUX AeCATUAEeTUIN
BBIABIAM HEKOTOpbIe IaTOreHeTHYecKue MeXaHM3MBI AeTOYHBIX 3a004eBaHMIl, BHI3BAHHBIX acOeCTOM.
AcOecT MOXKeT BBI3BIBATDh KAETOUHYIO TOKCMYHOCTS, nospexaas AHK. brlao rnokasano, 4to Bo3aeicTsue
acOecTa BBI3BIBAeT ITOBpeXJeHMe KaK Ha KJAeTOYHOM, TaK M Ha TeHOMHOM YpoBH:iX [14]. Bavixanue
acOeCcTOBBIX BOAOKOH HPUBOAUT K IIpOTpeccupylolieMy MHTepCcTulMalAbHOMYy GUOpO3y Aerkux y
ye/0BeKa U 9KCIepUMeHTaAbHBIX >KMBOTHBIX. Bckope Imocae BosaeiicTBusl acOecTOBble  BOAOKOHA
yCBaMBAIOTCSl aAbBEOASIPHBIMU SIIUTEAMAABHBIMU KJAeTKaMM, TeM CaMBIM IPUBOAAT K HOBPEKAEHIUIO
KAETOK, TIOBBIIIIEHNIO ITIPOHNIIaeMOCTH U ITpOAM(eparinn.

B ocHOBe MOAeKyAsSpHBIX acIleKTOB IlaTOTeHe3a OpOHXO/ETOYHBIX 3abo0AeBaHMII, BBI3BAHHBIX
acOecToM, AexKaT IPOoIecchl OKIMCANTEABHOTO CTpecca, XPOHMYECKOTro BocIialeHus 1 rurokenn [14, 16].
ITpu o6cTpyKTUBHBIX 3a004€BaHIIX A€TKMX Ha (pOHe BOCIIaAeHMs IIPOMCXOAUT OOpa3oBaHIe aKTUBHBIX
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dopM Kmcaopoga 1 3amycKaeTcs KackaJ, peaxIiinii cB0O0AHO-paaKaabHOTO OKMCAEHUs, B pe3yAbTaTe
KOTOPBIX (POPMUPYETCsI OKMCAUTEABHBIN cTpecc [17]. VIHAYKIMS TepedncAeHHBIX MaTOAOTMIeCcKUX
IIPOLIeCCOB Ha KATOYHOM M MOAEKYASPHOM YPOBHAX MOKeT OBITh JeTepMMHMpPOBaHa HapyllleHUeM
(YHKIIMOHAABHOTO COCTOSIHUS MUTOXOHApPMIT. MutoxoHapun obecriedmBalOT BakHeliye (QyHKIIII
KAeTKI KaK ®HeprooOeciiedeHye, aronTO3 M UIPaiOT KAIOYeBYI0 POAb U B APYIMX BaKHeMIINMX
PeryAsTOpHBIX (PU3NOAOTMIECKUX ITpoIjeccax, B TOM 4ucae, B POpPMUPOBAHUN IIPVUCIIOCOOUTEABHBIX
peakuunii opranmsma [28]. KoaumdectBO MUTOXOHAPUII U MX BHYTPUKAETOUYHas OpTraHM3alVs
pas3AmnydaeTcs B 3aBUCMMOCTY OT DHEPIeTHYecKol IOTpeOHOCT pa3AMYHLIX TUIIOB KAETOK AbIXaTeAbHBIX
myTen [29].

DAeKTPOHHO-MUKPOCKOIMYECKIe 1CCAe]0BaHNsl MUTOXOHAPUIL TIOKa3aAl, 94TO ST OpTaHOMABI,
KaszaBIlIMecs TOMOTeHHBIMM, IIAOTHBIMM TeAbllaMM B CBETOBOM MMKPOCKOIIe, MMEIOT CAOXKHYIO
BHYTpeHHIOIO opraHm3anuio [30]. Buemnnsasa memOpaHa MUTOXOHAPUII TA1a/Kasl, HellpepblBHasl, 40BOABHO
A€TKO Ppaspyllaercs, oOpasys IIyCThle, CMOpIIeHHbIe IIpo3pauHble 000404YKM. Yepes BHEIIHIOO
MeMOpaHy AerkKO IPOXOAAT OOABIIMHCTBO HU3KOMOAEKYASPHBIX coeauHeHmit. OHa sABaseTcs
OCMOTHYECKMM OaphepoM, peryAMpyomMM IIOCTyIlAeH/e BellecTs BHYTPh MMTOXOHAPMII U 3a X
npegeasi [1,2].

B mopdomerpmyecknx mccaeloBaHMAX MBI Ha0AIOAaAM 3HAYMTeAbHble W3MEHeHus B
MUTOXOHAPWSX IIpM 3aTpaBAeHMM KpbIC acOecToM, BKAIOYas HaAuWdue YBeAMYeHHBIX B pasMepe
MUTOXOHAPWUIA, B CTPYKTYpe KOTOPBIX BHEIIIHMe ¥ BHyTpeHHIe MeMOpaHSHI 110 I110I1aAl, IepuMeTpy U
cpedHeMy AuaMeTpy IIOKa3aAul JOCTOBepHBIe yBeAUYeHNus, MeMOpaHbl OBLAM ITOBPEeXKAEHBI,
Ha0AI04aAMCh MX Pa3pbIBBI, MPOCTPAHCTBO MeXJAy MeMOpaHaMM yBeAMYMANCDb, a TakKe B MaTpUKce
MOSIBUANICh padandHble HaOyxaHus. [Tpyu HaOyXxaHMM MUTOXOHAPUM YBeAMYMBAIOTCS B pa3Mepax, OHI
pasaysaloTcs. BHyTpenHss memOpaHa pacnpsMAseTcs, IIOYTH IOAHOCTBIO TepseT KpucThl. Matpuxc
CBETABINI, OOBOAHEHHBIN, MPaKTNJYeCKM AUIIeHHBI cTpykTyp. Hamm mccaejopanms 1okasaam, 4To
oOmias AaMHa KpUCT MUTOXOHAPUI COKpaTUAach, TaK KaK OHM PeAylMpOBaAyCh U MX CTaA0 MEHbIIe B
KOAMYECTBe, a TaKXKe B HEeKOTOPhIX MUTOXOHAPUAX MX IPaKTUYeCKM He BUAHO, IIPU DTOM AMaMeTp
KPUCT YBeANINACS U Ha MecTaX KpJCT B MaTpMKce 00pa3oBaANch HaOyXaHIsI.

YBeaudeHne nAomaan U AuaMeTpa MUTOXOHAPWIL, pa3phlB BHYTPeHHel 1 BHeIllHell MeMOpaHbI,
paspyIiieHne KpUCT MUTOXOHAPUII IIOJ AeiicTBueM MeTamerammHa Habaogaan Lenzi m ap. [21].
Panee B 1ccaeA0BaHUAX MUTOXOHAPUI HAAIIOYEUHMKOB KPBIC, MHAYLIMPOBAHHBIX ITYEAVHBIM J40M U €TO
nponssoausiMy, Florea n ap. rnokasaan mMop@oaormyeckiie M3MeHeH!s] MUTOXOHAPUIL, IIPU KOTOPBIX
ObLAM BUAHBL: 00ABIIINE Be3UKYASIPHBIe KPUCTBI, MHOTUI® MUTOXOHAPUN UMeAU ABe VAV TPU MeMOpaHEI,
AVaMeTp KPUCT YMEHBIINACS, IAaBHBIM OOpasoM 3a cueT pacraja Kpucr [22]. VsmeneHms B dmcae
KpUCT 1 nx popMe OIpeseasIoT DHepreTHJecKoe COCTOsSHUE KAeTKM U SKM3HeCIIOCOOHOCTh KAeTKM B
neaom [31].

MutoxonapuaabHas AuCPYHKIMSA OBICTPO MPOrpeccupyeT M MOXKeT SBASTHCSI KAIOUeBBIM
IIaTOAOTMYECKMM IIPU3HAKOM, KOTOPBIM IIPOSBASETCS Ha PaHHUX 9Tallax PasBUTUSA XPOHUYECKMUX
3aboaeBaHMi1 AerkuX. VI3pecTHO, 4TO aHOMaAbHOe MUTOXOHJApUaabHOe (PYHKIIMOHMPOBaHMe, BKAIOYas
MeTaboAMYeCcKOe IIepeKAlodeHue, U3MeHeHUe MMUTOXOHAPMAaAbHOTO OuoreHesa u mMurtodaruy,
HapyIleHns: MUTOXOHAPMAAbHON IlepeAauyt CUTHAaAOB UIPAIOT CYILIeCTBeHHYIO poAb B  psae
3aboaesannii aerkux [28]. IloBpexaeHHBIE MUTOXOHAPUU BBIAEAAIOT MUTOXOHAPMAAbHbIE aKTUBHBIE
dopmbr  kucaopoga (MTAPK) m muroxonapmaasnyio AHK (mTtAHK), xoropele BmocaeacTBym
BBICBOOOXKAAIOTCS M3 KAETOK B OKPY>KaIOIIyIO AerouHylo TKaHb. MT/JAHK npuHmnmaer HermocpeacrseHHOe
yyactue B nartodusmosornu ¢pudposa. Ilokasano, uro mnospexgenne MTAHK 1 mnocaeayromme
MyTalMi MOIYT HPUBOAUTL K MUTOXOHAPUAABHOM  AUCPYHKIIMY, KOTOpble CTUMYAUPYIOT
¢popmuposanmne 3aboaesaHnit, crapenne n oHkorenes [32]. Mamenennsa mMt/JAHK moxer mpusectn K
AedekTraM B crCTeMe OKMCAUTEALHOTo (pochOopuAMPOBaHIs MUTOXOHAPUIL, YTO IPUBOAUT K CHUKEHUIO
npoaykunu ATO n yseanmuennio soixogda MTAQK [33]. Kpome peryasaropnoir poan MTAPK BHIIOAHSIOT
IIpoarnonToTHnyeckue GPyHKIUM, a TaKXKe yJacTBYIOT B APYTHX, IOBPeXXAAIOIINX KAETKY, aKTMBHOCTSIX,
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KOTOpBle MHAYUMPYIOTCS HapyIleHneM (yHKIIMOHMPOBAHNMS MUTOXOHAPUII M MOTYT BO3HMKATh IIPU
Pa3AMYHBIX ITaToAOrM4Yeckux coctosaHmsax [34]. Ilopbimenne yposHs MTA®K MoXXeT MHMIIMMPOBAThH
IIPOIIeCCH], BAUSIONIVE Ha (PYHKIIMIO U 11€A0CTHOCTh MUTOXOHA PUIA.

Cocrap m d¢opma BHYTpeHHell U Hapy>XXHOII MeMOpaH MMUTOXOHAPUII CYyIIIeCTBEHHO
pasamyaiorcsa. HecMoTpss Ha TO, 4YTO UM BHYTpPeHHssd, U Hapy>XHasg MeMOpaHBI —COCTOAT
IIpeUMYIIeCTBeHHO 13 0eakoB 1M (pocPoAUNIMAOB, MOIYT HaOAIOAATLCS CYyIIeCTBeHHbIe OTANYMSA B
cocTaBe JaHHBIX KOMIIOHEHTOB — OCOOEHHO B COCTaBe KMPHBIX KucA0T Ppocoannmnaos [2]. Kupurre
KICAOTBl MeMOpaH MUTOXOHAPUI SBASIOTCA TAaBHBIM MUCTOYHUMKOM AT® 224 MUTOXOHAPMIL.
VameHneHne >XMPHOKUCAOTHOTO COCTaBa MMTOXOHAPMAABHBIX MeMOpaH MOXeT SBASTbCA TOHKMUM
KpuUTepyeM OILIeHKM U3MeHeHMsI IIPOHMIIaeMOCTM BHyTpeHHell MeMOpaHbl MwutoxoHApwii. I[lpu
MOAMQPUKALINMU COCTaBa KMUPHBIX KUCAOT IIPOMCXOAUT peopraHm3anysl AUMUAHOTO cOoCcTaBa MeMOpaH,
9TO MOXKeT IPUBOAUTEL K HapyIIeHUIO (PYHKIMOHMPOBAHU MUTOXOHAPUIL U alloNToO3y KAeTok. Tak,
IIpY XPOHMYECKON OOCTPYKTUBHOI 00A€3HN A€TKMX B MUTOXOHAPUAX KAETOK aAbBeOASPHOTO DIIUTeANS
II Tunma mnpomncxoaar mMopdoaornmyeckue WU3MeHeHMs, Takye, KakK IIoTepsi KpUCT, HaOyxaHue,
dparmenTanus, a Takxke IosbiieHne yposHsa MTA®K [35, 36]. Mopdoaorndyeckne msmMeHeHUs B
MUTOXOHAPUSAX IIpM OPOHXMAABHON acTMe, IPUBOAAT K IIOTepe KPUCT, HaOyXaHMIO M IIOBBLIIIIEHUIO
yposusa MTA®DK [37, 38]. VMimeomuecss B autepaType AaHHBIE YKa3bIBAIOT Ha TO, YTO OKMCAUTEABHOE
nospexxaenne MTAHK sBAseTcs KAlO4eBBIM TPUITEPOM aIloNTO3a, KOTOPBIM MOXKET CIIOCOOCTBOBATh
paKy, CBs3aHHOTO C BocrniaaeHuem [39].

Kak ormewasoch Bpllle, acOecT BBI3bIBAET pa3AMdHble M3MeHeHUs B (PYHKIIMOHAABHOM
akTUBHOCTU MuUTOXOHApunii. CaeayeT OTMETUTD, YTO OOABIIMHCTBO MCCA€AOBaHMUII COCPeAOTOYeHO Ha
u3ydyeHnu  OMOXMMMYECKMX IIpOIIeCCOB B MUTOXOHAPMAABHONM  aKTMBHOCTM, TOTja  Kak
MUTOXOHApPMAaAbHas MOpPQOAOIMs OcTaeTcsl MaadousydeHHONM. Hamm Oblam  BriepBble  ONNCAHBI
YABTPACTPYKTYpHbIE M3MEHeHNUs I1A0IaAN, IIepuMeTpa, CpegHero guaMeTrpa BHYTPEHHeN UM BHeIIHel
MeMOpaH, AMaMmeTpa U AAUHBI KPUCT, AuaMeTpa MeXJAy BHeIHell U BHYTpeHHell MeMOpaHaMu
MUTOXOHAPUI A€TKMX KPBIC, ITOAYYMBIINX TOKCHMYECKM BEICOKYIO 403y XPU30TIAOBOTO acOecTa.

PesyapTaTel HaIMX yABTPACTPYKTYPHBIX MOP(POMETPUYeCKMX MCCAe]0BaHMII ITOKa3aaAu, 4TO
110/, AelicTBUeM acOecTa IIPOMCXOAUT yBeAndeHre B MUTOXOHAPWSAX ILAOINaAM, IepuMeTpa, CpelHero
AVaMeTpa BHEIITHNMX VM BHYTPeHHMX MeMOpaH, AgnaMeTpa KPUCT U MeXMeMOpPaHHOIO IPOCTPaHCTBa, a
Tak>Xe yMeHbIIIeH/e AAVHBI KPUCT MUTOXOHAPUIL. AIIONTO3 aAbBeOASPHBIX SINUTEAUAABHBIX KAETOK,
KOTOPBII OIIOCpeAyeTCsl MUTOXOHAPUAMM, ABASETCA BaXKHBIM paHHMM cOObITMeM Hpu acOecrtose [40].
ITokasaHHBINT HaMM pa3pblB BHEIIHell MeMOpaHbl, oOpa3oBaHue ITy3plpeil Ha BHyTpeHHeill MeMOpaHe
MUTOXOHAPUII C OYaroBpIM HaOyxaHueM MaTpMKca C IOTepeil KPUCT B 30He IOBPeXXAeHNs BHeITHell
MeMOpaHbI 1104, JelicTBueM acOecTa BO3MOJKHO yKa3blBaeT Ha HaAM4lMe aIlolTo3a B MUTOXOHAPMSIX,
IIpolLiecca, KOTOPBIIL MCCAeAYETCsl HaMI B HaCTOsIIIee BpeMsl.

®uHaHcupoBanme. PaboTa BhIIIOAHEHa IIpU IojAep:Kke MuHucrepcrBa HayKM M BBICILIETO
obpasosanmst PK (rpant NeAP09259700).
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I'.C. Avinaryaosal, @.I'. Psaes?, D.K. I'acbimos?, P.I. bepcimOaii!
1.H. I'ymures amuvirdazvl Eypasus yammork yrnueepcumemi, Acmana, Kasaxcman
293ipoaiikan mMeduluHarvlk yHueepcumemi, baxy, Osipoaiixan

EreykyiipbIKTap ©KIleciHe XpM30TIAAi acOeCTTi eHrisTeHHeH KeViiH MUTOXOHApusiaap
yAbTPaKYpPbLABIMBIHBIH MOP(pOMeTpUsIAbIK CUIIaTTaMacChl

Angarna. MopdomeTpusaslk Taagay 94ici ereyKyipbhIKTapAbIH ©KIle MUTOXOHAPUAapbIHAAFBI
yABTPaKyPBLABIMABIK ©3TepicTepiH »kaHyapaapra 25 mr >xoHe 50 MI 403a4a XpU30TIA-acOeCT IaHbIH Oip
peT MHTpaTpaxealbAi €HIi3yAeH KelliH 3epTTey YIIiH KOA4aHbLAABL. MoppoMeTpusaabK KepceTKilrep
OoripiHIa acOectrieH 50 Mr gosaMeH ocep eTKeHHeH KelliH MUTOXOHApusjapJda Kypaeai esrepicrep
aHBIKTaAAbl, OJAap CBHIPTKBI >KoHe IIIKi MemOpaHaJapAblH ayJaHbl, IIepUMeTpi >KoHe oOpTalla
AVaMeTpiHiH alfTapAbIKTall YAFalObIMEeH CUIIaTTaaAbl. MUTOXOHAPMAAAPABIH CRIPTKBI MeMOpaHaChIHbIH
aydaHbpl Oakblaay TOOBIHAaFbBl >KaHyapaapda 0,38+0,02 mxm?, mepumetrpi 2,52+0,11 mkM, oprara
anametpi 0,75+0,03 MxM, aa Toxxipubeaik ereykyrpslKkTapra acoectTiy 50 MI 403achIMeH acep eTKeHHEeH
KeIMiHri KepceTKilTepi alTapAbIKTall >KOrapAaAbl JKoHe ChIPTKbI MeMmOpaHachiHbIH aydanbr 0,59+0,04
MKM? Kypaasl, nepumetpi 3,67+0,19 Mxm, aa oprama anametpi 1,06+0,05 mxm 00a4pr1. [miki MmemOpaHa
ylIiH Oakblaay TOOBIHBIH KepceTkimTepi Keaecigeit 0oagpr: aydansl 0,33+0,02 MkMm?, mepumetpi
2,40+0,12 mxMm, oprama auamerpi 0,71+0,032 MxmM, aa acOecrriy 50 Mr gosaceiHga: imki MeMmOpaHa
ayaassl 0,56+0,05 mxm?, nepumetpi 3,68+0,21 mxM, opramia anametpi 1,06+0,06 MKM KepceTTi.

Okmne >KkacymajapbelHga acOecTTiH ocepiHeH MUTOXOHAPUAABIK KpUCTadap Y3bIHALIFBIHBIH
aliTapAbIKTall TOMeHAeYi aHbIKTaAAbl. bakblaay TOOBIHBEIH XXaHyapAapblHAa (MHTaKTTi XKaHyapaap): 9,11
+ 0,41 mxmM, 25 Mr Ag03agaFrsl acOect ocepineH 4,07 = 0,33 mkM, 50 Mr g03asa¥fel acOect acepinen: 2,34+0,20
MKM Ooagpl. Kpucrasapapiy iciHyi >xene Oys3blaybl Oaiikaaabl, Oya >Kargaimiabl KpucTadapAblH
AuaMeTpiniH MOppOMeTpUAABIK ITapaMeTpaepi apKplabl Daiikayra 604aabl, 04 50 Mr acOecT acepineH
90,9% -ra (p<0,001) ecri.

MuToxonapusaapAbl iIKi >KoHe CHIPTKBI MeMOpaHaJdapbIHBIH ayJAaHbl, KpMCTaAapbIHbIH
Y3bIHABIFBI MeH AMaMeTpi OONMBIHIIA aAblHFAaH MoHAEpi, yAbTPaKypblABIMABIK OY3blABICTapBIHBIH
Adpexecin Oarasayra MYMKIiHZIK Oepai >koHe acOecT ocepiHeH TyblHAaFaH MUTOXOHAPUAABIK
AUCPYHKIMSAHBI KOPCETTi.

Tyitin ce3aep: MUTOXOHApPM:, MeMOpaHa, Xpu3oTuAAi acOect, MOpPOMETPUSABIK Taalay,
MOP(POMETPUAABIK ITapaMeTpaep.
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Morphometric characteristic of the ultrastructure of rat lung mitochondria after
administration of chrysotile asbestos to animals

Abstract. The method of morphometric analysis was used to study ultrastructural changes in the
mitochondria of the lungs of rats after a single intratracheal injection of chrysotile-asbestos dust into
animals at doses of 25 mg and 50 mg. According to morphometric parameters, more serious changes
were detected in mitochondria under the influence of asbestos at a dose of 50 mg, which were
characterized by a significant increase in the area, perimeter and average diameter of the outer and
inner membranes. The value of the area of the outer membrane of mitochondria in intact animals was
0.38+0.02 um?, the perimeter was 2.52+0.11 um, the average diameter was 0.75+0.03 um, for
experimental rats (asbestos 50 mg) the data the indicators turned out to be significantly increased and
amounted to 0.59+0.04 um? (the area of the outer membrane), the perimeter was 3.67+0.19 um, and the
average diameter was 1.06+0.05 um. For the inner membrane, these indicators in the control were as
follows: the area of the inner membrane was 0.33+0.02 um?, the perimeter was 2.40+0.12 um, the average
diameter was 0.71+0.032 um, and for asbestos at a dose of 50 mg: 0.56+0.05 um? (internal membrane
area), perimeter 3.68+0.21 um, mean diameter 1.06+0.06 um.

Under the action of asbestos in lung cells, a significant decrease in the length of mitochondrial
cristae was revealed: 9.11 + 0.41 um (control, intact animals), asbestos at a dose of 25 mg: 4.07 + 0.33 um
and asbestos at a dose of 50 mg: 2.34+0.20 um. Swelling and destruction of the cristae is observed, and
this can be traced by morphometric parameters of the cristae diameter, which accordingly increased
under the influence of 50 mg of asbestos by 90.9% (p<0.001).

The obtained values of the area of the inner and outer membranes, the diameter and length of
mitochondrial cristae made it possible to assess the degree of ultrastructural disorders of mitochondria,
which may indicate mitochondrial dysfunction under the action of asbestos.

Keywords: mitochondria, membrane, chrysotile asbestos, morphometric analysis, morphometric
parameters.
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Preoperative Diagnostics of Papillary Thyroid Carcinoma by
Molecular Analysis of FNAB Materials

Abstract. Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer.
Molecular markers of papillary thyroid carcinoma (PTC) including the BRAFT1799A mutation,
RET/PTC1,3 rearrangements, and differentially expressed SFTPB (up-regulated) and TFF3
(down-regulated) genes were prospectively assessed in FNAB (fine needle aspiration biopsy)
material from thyroid nodules.

We examined 73 cases, of them 59 PTC (papillary thyroid carcinoma), five nodular goiters, and
nine follicular adenomas.

Concordantly with cytology, molecular diagnosis of PTC by SFTPB and TFF3 expression levels
was confirmed in 38/41 cases (92.7%); in them, 22/41 (53.6%) had BRAFT1799A mutation and
7141 (17.1%) had RET/PTC rearrangements. For benign nodules, concordance was observed in
10/12 (83.3%) cases. Among 20 cases, including 19 suspicious for malignancy and one inadequate
sample, 17 were positive for SFTPB/TFF3 test (85.0%). Of these, four were also positive for
RET/PTC rearrangements, five were positive for BRAFT1799A and all resulted in PTC at
histology. The remaining 3 cases were negative for three molecular markers. These nodules showed
benign lesions in histology.

Our results demonstrated that specific molecular tests improve the efficacy of preoperative
diagnostics of PTC.

Keywords: papillary thyroid carcinoma, preoperative diagnosis, molecular test.

DOI: 10.32523/2616-7034-2023-143-2-141-149

Introduction

Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer, with a relative
frequency of 70% to 80% [1]. Currently, fine needle aspiration biopsy (FNAB) is the best diagnostic tool
for identifying patients with malignant neoplasms of the thyroid. In most cases, PTC is usually easily
diagnosed by cytology due to characteristic nuclear features of tumor cells. However, in some
situations, papillary carcinoma cannot be found at cytological examination either because of material
insufficiency, or else cytomorphological characteristics do not clearly indicate the malignant nature of
the lesion [2, 3]. In cases of inadequate sampling, careful follow-up or repeated FNAB procedure is
recommended. In cases of suspicion of malignancy, a diagnostic hemithyroidectomy is necessary.
Intraoperative analysis of frozen sections is used as a means of the extent of surgical resection
indication. Sometimes, the correct diagnosis becomes possible only after histological analysis of the
removed tissue. If postoperative diagnosis is established as PTC, in most institutions a thyroidectomy
must be completed with a second operation. This two-step surgery has a higher incidence of
complications than initial total thyroidectomy [4]. Therefore, additional diagnostic tests are essential to
improve the preoperative assessment of thyroid nodules.

It is known that RET and BRAF protooncogenes play important roles in the pathogenesis of
PTC. The tyrosine kinase receptor RET is a component of a multiprotein complex, activated by the glial
cell line-derived neutrophic factor family molecules, that plays a crucial role in the development of the
enteric nervous system and kidneys. Fusion of the sequence coding for the tyrosine kinase domain of
RET to the 5' sequence of genes that are expressed in thyroid follicular cells leads to the generation of a
number of chimerical oncogenes known as RET/PTC. RET/PTC1 and RET/PTC3 are the most prevalent
variants. The rearrangements result in constitutive activation of RET, which is phosphorylated on
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tyrosine and translocated from the membrane to the cytoplasm [5]. BRAF is a serine/threonine kinase
that receives a mitogenic signal from RAS and transmits it to the mitogen activated protein kinase
(MAPK) pathway. The thymine-to-adenine transversion at nucleotide position 1799 of BRAF
(BRAFT™794), which translates into valine to glutamate substitution at residue 600, occurs in PTC [6].
Recent studies have shown that mutations RET/PTC and BRAF™7%4 are present in 5-85% and 29-69% in
papillary carcinoma, respectively [5, 6]. In view of their selective expression and high prevalence, the
oncogenes RET/PTC and BRAF™7%94 are ideal diagnostic hallmarks of PTC.

Besides, in our previous work, we studied the expression levels of 8 genes: 5 over- and 3 under-
expressed in PTC [7]. It has been shown, that only a combination of two genes: SFTPB (codes surfactant,
pulmonary-associated protein B; up-regulated in PTC) and TFF3 (codes trefoil factor 3; down-regulated
in PTC) can be used for molecular diagnosis of PTC. The sensitivity, specificity, and accuracy of the
given method were 77.8%, 93.3%, and 89.7%, respectively.

Thus, we investigated detection of RET/PTC and BRAF™794 mutations and expression levels of
SFTPB and TFF3 genes in FNAB specimens. The obtained data were compared with the results of
cytological and pathological examination to evaluate the prospective efficacy of molecular analysis in
diagnostics of PTC.

Material and methods

Aspiration biopsy samples

Totally, 73 FNAB samples of thyroid nodules corresponding to 71 patients (55 females and 16
males, aged 19.1-56.6 years) were analyzed. Ultrasound-guided FNAB was performed using a 20 ml
syringe with a 22-gauge needle. After the preparation of a slide glass for cytological investigation,
leftover material from inside the needle was washed out into 0.5 ml of an RNA-later (Ambion, USA) in a
plastic tube and stored at - 20 °C until RNA and DNA extraction.

Smears were classified according to [8] as PTC, if aspirates had complex papillary structures and
psammoma bodies with distinctive nuclear features such as grooves, pseudoinclusions, and ground-
glass appearance; suspicious for malignancy, aspirates of moderate to low cellular component and
equivocal malignant atypia such as abundant nuclear folds but no pseudo-inclusions; benign nodule,
aspirates of high cellular component without nuclear atypia, the presence colloid and macrophages,
inadequate, limited cellular component or poor presentation and fixation.

The biomaterial and clinical data were received from Thyroid Cancer Center (Minsk, Belarus).
Informed consent was obtained from each patient as appropriate. The protocols of the study were
approved by the Ethical Committees of the Thyroid Cancer Center.

Extraction of nucleic acids

Total RNA isolation from FNAB samples was carried out with the Isogen reagent (Wako, Japan),
according to manufacturer’s guidelines. DNA was extracted from the interphase and organic phase with
a buffer containing from 4M guanidine thiocyanate, 50 mM sodium citrate and 1M Tris (free base). The
concentration of nucleic acids was measured with a Nanodrop ND -1000 spectrophotometer.

Reverse transcription (RT) was performed using 5 ul of total RNA (40-60 ng of RNA template
from each sample) and MuLV Reverse Transcriptase in the presence of random hexamers (all reagents
from Applied Biosystems, USA) for 1 hour at 41°C following by heat inactivation of the enzyme at 95°C
for 5 minutes. The integrity of the RNA and efficiency of the RT reaction in each sample was confirmed
by polymerase chain reaction (PCR) for porphobilinogen deaminase (PBGD) mRNA (Table 1).
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Determination of RET/PTC rearrangements

RET/PTC1 and RET/PTC3 rearrangements were detected by RT-PCR. The reaction mixture (final
volume 25 pl) was comprised of 2 ul cDNA, 1.5 mM MgClz, 0.2 mM of each of deoxynucleotide
triphosphates, 0.5 U of AmpliTaq Gold polymerase (all reagents from Applied Biosystems) and the pair
of primers specific for RET/PTC1 or RET/PTC3 fusion genes (See Table 1). The forward primer had a
sequence specific for H4 gene (in case RET/PTC1 rearrangement), or RGF (previous name Elel) gene (in
case RET/PTC3 rearrangement). The sequence of reverse primer in both reactions was specific to site of
c-ret gene. The thermal cycling conditions were: 95°C for 10 min, followed by 40 cycles at 94°C for 30 s,
57°C for 30 s (for RET/PTC3) or 56°C for 30 s (for RET/PTC1), 72°C for 30 s and a final extension step at
72°C for 5 min. After PCR amplification, 10 ul of reaction products were separated in 1.5% TAE agarose
gel and visualized by ethidium bromide staining.

Table 1
Primers used in the PCR analysis
Ampicon siz Annealing
Primers Sequence, 5- 3’, forward and reverse pr})) S12€ temperature, °C

TGCCAGAGAAGAGTGTGGTG

PBGD AACTGTGGGTCATCCTCAGG 534 60
ACCTGCCAGTGGTTATCAAGCT

RET/PTC3 CTCTGCCTTTCAGATGGAA 210 57
GCCTGGAGGAGCTCACCAA

RET/PTCI CTCTGCCTTTCAGATGGAA 255 56

BRAF ACATACTTATTGACTCTAAGAGGAAAGATGAA 400 60
GATTTTTGTGAATACTGGGAACTATGA
AATTCCCCATTCCTCTCCCCTAT

SFTPB GATGCCGCCCGCCAC 137 61

TFF3 TGGTGTTTCAAGCCCCTGCA 147 61
CAAAGGGACAGAAAAGCTGAGATGA

KPNA4 AAGTTGTGCAAGTAGTACTCGATGG 170 61
ATCAATGATCTCATAGGCCAATTT

Determination of RET/PTC rearrangements

RET/PTC1 and RET/PTC3 rearrangements were detected by RT-PCR. The reaction mixture (final
volume 25 pl) was comprised of 2 ul cDNA, 1.5 mM MgCl;, 0.2 mM of each of deoxynucleotide
triphosphates, 0.5 U of AmpliTaq Gold polymerase (all reagents from Applied Biosystems) and the pair
of primers specific for RET/PTC1 or RET/PTC3 fusion genes (See Table 1). The forward primer had a
sequence specific for H4 gene (in case RET/PTC1 rearrangement), or RGF (previous name Elel) gene (in
case RET/PTC3 rearrangement). The sequence of reverse primer in both reactions was specific to site of
c-ret gene. The thermal cycling conditions were: 95°C for 10 min, followed by 40 cycles at 94°C for 30 s,
57°C for 30 s (for RET/PTC3) or 56°C for 30 s (for RET/PTC1), 72°C for 30 s and a final extension step at
72°C for 5 min. After PCR amplification, 10 ul of reaction products were separated in 1.5% TAE agarose
gel and visualized by ethidium bromide staining.
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Detection of BRAF point mutation

Analysis of a portion of BRAF exon 15 was performed by PCR followed by direct sequencing.
Genomic DNA (approximately 50-80 ng of DNA template) was amplified using 0.5 U of AmpliTaq
Gold polymerase (Applied Biosystems) and specific forward and reverse primer (See Table 1). The
cycling conditions were the following: 94°C for 10 min, followed by 40 cycles at 94°C for 30 s, 60°C for
30 s, 72°C for 30 s and 72°C for 5 min as a final extension. The PCR products were resolved in 1.5% TAE
agarose gel and stained with ethidium bromide. After visualization of a gel in UV-light (final fragment
size 400 bp), the remaining PCR products (4 ul) were treated with ExoSAP-IT PCR clean-up reagent
(USB Corp., USA) and sequenced on an ABI PRISM 3100 automated capillary sequencer (Applied
Biosystems) using BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) with the
aforementioned forward primer as a sequencing oligonucleotide.

Analysis of expression SFTPB and TFF3 genes

SFTPB and TFF3 expression levels were determined as described by Hamada et al. [7]. Briefly,
expression of the target genes was estimated in relation to a housekeeping gene level (KPNA4) by means
of duplex PCR followed by the band intensity measurement using image processing software Gel-Pro
ANALYZER (Media Cybernetics Inc., USA).

Statistical analyses
Sensitivity, specificity and accuracy were calculated to assess the diagnostic efficacy of each test.
A P-value of less than 0.05 was considered statistically significant.

Results

Cytological and final pathological findings

Cytological examination revealed PTC in 41 cases, suspicions of malignancy in 19, benign
nodules in 12, and it was non-informative in 1. Histology was 59 PTC, five nodular goiters, and nine
follicular adenomas. All removed nodules during the operation were diagnosed according to the World
Health Organization histological typing of thyroid tumors classification [9].

Molecular analysis of FNAB samples

RET/PTC rearrangements were diagnosed in 11 of 73 samples (15.1%). Five cases were positive
for RET/PTC1, and six were positive for RET/PTC3. The point mutation T1799A of the BRAF gene was
found in 27 cases (37.0%). No cases both RET/PTC rearrangements and BRAF™7%4 mutation were
identified. Up-regulated of SFTPB and down-regulated of TFF3 genes, i.e. a PTC-like pattern was
documented in 78.1% of FNAB specimens (57/73), including all RET/PTC- and BRAF-positive cases.

In the group of lesions classified as PTC at routine cytology, RET/PTC rearrangements were
found in 7 (17.1%) cases, and BRAFT7%°4 mutation was found in 22 (53.6%) cases, i.e. 12 cancers were not
detected by these molecular tests (29.3%). While the results of the SFTPB/TFF3 test were in agreement
with cytological diagnosis in 92.7% of investigated cases (38/41). The analyses of surgical specimens
confirmed the FNAB findings. From 19 FNAB suspicious for malignancy, sixteen cases proved to be
papillary carcinoma (84.2%). Among these, four (25.0%) contained RET/PTC rearrangements, five
(31.2%) contained the thymine to adenine BRAF mutation, and sixteen (100%) were positive for
SFTPB/TFEF3 test. In this group, three nodules were negative for all molecular markers and showed PTC
at histology. Up-regulated of SFTPB and down-regulated of TFF3 genes was also identified in an
inadequate biopsy, which showed the absence of RET/PTC rearrangements and BRAFT79°4 mutation. In
12 cases classified as benign lesions at cytology, no oncogenes were detected and a PTC-like pattern was
documented in two aspirates (16.7%). However, 11 nodules proved to be benign and one tumor proved
to be PTC at histopathology after surgical resection. The results of this study are summarized in Table 2.
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Table 2
Results molecular test were compared with cytological and histological diagnosis

SFTPB/TFF3 Histology
Cytol RET/PTC1,3 BRAFT7994
yrolo8y L PTC | Non-PTC | PTC | benign

PTC (n=41) 7 22 38 3 41 0
Suspicions for 4 5 16 3 16 3
malignancy (n=19)

Benign nodules 0 0 2 10 1 11
(n=12)

Inadequate (n=1) 0 0 1 0 1 0
Total (n=73) 11 27 57 16 59 14

PTC; papillary thyroid carcinoma.

Thus, PTC FNAB samples were identified in 69.5% of cases by cytological examination, in 18.6%
of cases by RET/PTC1,3 detection, in 45.8% of cases by BRAF7%4 detection, and in 94.9% of cases by
expression levels of the marker genes. The diagnostic value for each preoperative method, as calculated
from the above-described results, is shown in Table 3. It was established, that specificity of molecular
tests for the presence of RET/PTC rearrangements or BRAF™7%4 mutation was 100%, but the sensitivity
and accuracy of both of them were very low. At the same time sensitivity and accuracy of SFTPB/TFF3
test were significantly higher than those obtained for the cytological method. The predictive value of the
positive result of the given molecular test has made 98.2%, predictive value of the negative result is
81.3%.

Table 3
Efficacy cytological and molecular preoperative diagnostics of papillary thyroid carcinoma

Cvtol Molecular test
y g)ogy RET/PTC1,3 BRAFT17994 SFTPB/TFF3
2) 3) 4)
Sensitivity, % 69.5 18.62 45.8b 94.9¢
Specificity, % 78.6 100 100 92.9
Accuracy, % 71.2 34.22 56.2 94.5¢
2p1,2<0.0001; Pp1,3=0.02; <p1,4<0.0005
Discussion

A thyroid nodule is very common in the general population. Approximately 5-10% of adults
have palpable thyroid nodules, and 30-50% of them have nodules identified by ultrasound. Although
the majority of these neoformations are benign, about 5-7% of thyroid nodules are malignant [10].
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FNARB is a very important test for the initial diagnostics of thyroid nodules. However, its effectiveness is
highly dependent on the qualification of the operator performing the procedure and the adequacy of the
sample for interpretation of the cytological features.

Searching for molecular markers of malignancy in biopsies may increase the accuracy of the
cytological method and avoid delayed or incomplete surgical intervention. Several potential genetic
biomarkers have been proposed for differential diagnostics of thyroid nodules such as LGALS3, MUC1,
MET, and RAS [11]. Unfortunately, the results of the studies showed limitations of these markers
because of a lack of specificity or sensitivity, or both.

Modern technologies of genetic analysis allowed for extending knowledge about molecular
characteristics of PTC. The thymine-to-adenine transversion at nucleotide position 1799 of BRAF, which
results in a valine-to-glutamate substitution at residue 600, is the most common genetic event in this
type of thyroid cancer. The high prevalence makes BRAF™7°4 mutation an attractive genetic marker for
preoperative diagnostics of PTC [11-13]. In our study, BRAF analysis of FNAB has properly identified
45.8% of PTC. There were no false-negative results for T1799A transversion detection in biopsies
compared with the analysis of follow-up surgical samples. There were no false-positive results because
neither adenomas nor goiters scored BRAF as positive.

Translocations of the tyrosine kinase domain of the RET gene to a series of other genes are
another genetic lesion that are often found in a subset of PTC [5, 11]. We analyzed 73 thyroid aspirates
for the presence of either RET/PTC1 or RET/PTC3 and found that 18.6% of papillary carcinoma samples
were RET/PTC positive. Samples bearing chimeric RET genes were negative for BRAF. Thus, taken
together, the detection of BRAFT7%94 mutation and RET/PTC rearrangements in FNAB diagnosed PTC in
38 (64.4%) samples, including 9 (five with BRAF™7%4 mutation and four with RET/PTC rearrangements)
of 19 suspicious for malignancy. Of course, the search for BRAF™7%4 and RET/PTC oncogenes in
biopsies may increase the accuracy of FNAB but has some important limitations. While the presence of
one of these oncogenes is indicative of cancer, their absence will not exclude a malignant lesion. So, the
molecular diagnosis of PTC wasn’t established in 35.6% of tumors. Besides, in contrast to BRAFT17994
mutation, which appears to be restricted to PTC, RET/PTC rearrangements can be also present in benign
conditions, including trabecular adenomas and Hashimoto thyroiditis [14, 15]. However, these
molecular markers have 100% specificity. Therefore, in suspicious nodules, the finding of BRAFT7994
mutation or RET/PTC rearrangements can support decision-making about the extent of surgical
intervention, indicating the need for total thyroidectomy performing rather than hemithyroidectomy.

Recently, novel molecular targets of potentially high diagnostic value have been proposed based
on gene expression in normal and malignant tissues [16]. Nowadays, biomarkers for other malignancies,
cervical and prostate cancers, have been successfully developed and adopted to cytological specimens
similar to FNAB [17, 18]. In this work, we examined of the relative expression levels of the SFTPB and
TFF3 genes in thyroid aspirates using a conventional duplex PCR. We received the matched molecular
and histological data in the majority of cases (94.9% of cases of PTC and 92.9% of cases of benign
nodules). In 20 (27.4%) cases, including 19 suspicious for malignancy and one inadequate sample,
results of genetic examination based on the expression levels of the SFTPB and TFF3 genes have allowed
establishing the true diagnoses. Only in 5 (6.8%) cases discrepancy between molecular and cytological
diagnoses was revealed. In three of five samples with PTC cytological and histological diagnosis, the
absence of characteristic expression of the SFTPB and TFF3 genes indicated PTC absence. It is
noteworthy, that in two of them not only marker genes low expression, but also a gene of internal
control was recorded. Perhaps, it was a principal cause leading to a false-negative result of the
molecular test. In the remaining two observations without cytological evidence of malignancy, the
molecular test results were interpreted as having a PTC-like pattern. After histological examination PTC
was diagnosed in the first patient, but in the second one — the follicular adenoma of oxyphilic cells.
Thus, a false-positive result was reported only in one sample, while three cancers were not detected by
this molecular method.
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Behind exception PTC an up-regulation of the SFTPB gene was observed in cases of lung cancer
[19]. TFF3 underexpression has been fixed in follicular thyroid carcinoma [20] and, on the contrary, its
over-expression has been found in breast and colon carcinoma [21, 22].

Conclusion

In conclusion, we propose to employ an estimation of the expression levels of the marker genes
in thyroid aspirates as a useful tool to improve the efficacy of preoperative diagnostics of PTC. A larger
and prospective study will be necessary to confirm the diagnostic utility of FNAB molecular analysis.

References

1. Jemal A., Siegel R, Xu J., Ward E. Cancer statistics. CA: Cancer J. Clinicians. — 2010.
- Vol. 60(5). - P. 277-300.

2. Baier N.D., Hahn P.F., Gervais D.A., Samir A., Halpern E.F., Mueller P.R., Harisinghani M.G.
Fine-needle aspiration biopsy of thyroid nodules: experience in a cohort of 944 patients. AJR Am ]
Roentgenol. —2009. - Vol. 193. - P. 1175-1179.

3. Feldkamp ]., Fithrer D., Luster M., Musholt T.J., Spitzweg Ch., Schott M. Fine Needle
Aspiration in the Investigation of Thyroid Nodules. Dtsch Arztebl Int. — 2016. — Vol. 113(20). — P. 353-
359.

4. Pemayun T.G. Current Diagnosis and Management of Thyroid Nodules. Acta Med Indones.
—2016. - Vol. 48(3). — P. 247-257.

5. Nikiforov Y.E. RET/PTC rearrangement in thyroid tumors. Endocrine Pathology. — 2002.
- Vol. 13. - P. 3-16.

6. Kimura E.T., Nikiforova M.N., Zhu Z., Knauf J.A., Nikiforov Y.E., Fagin J.A. High prevalence
of BRAF mutations in thyroid cancer: genetic evidence for constitutive activation of the RET/PTC-RAS-
BRAF signaling pathway in papillary thyroid carcinoma. Cancer Research. — 2003. — Vol. 63.
—P. 1454-1457.

7. Hamada A., Mankovskaya S., Saenko V., Rogounovitch T., Mine M., Namba H. et al.
Diagnostic usefulness of PCR profiling of the differentially expressed marker genes in thyroid papillary
carcinomas. Cancer Letters. — 2005. — Vol. 224. — P. 289-301.

8. Baloch Z.W. and LiVolsi V.A. Fine-needle aspiration of thyroid nodules: past, present, and
future. Endocrine Practice. — 2004. — Vol. 10. — P. 234-241.

9. Delellis R.A. and Willliams E.D. Thyroid and parathyroid tumours, In World Health
Organization Classification of Tumours. Pathology and Genetics of Tumours of Endocrine Organs.
—IARC Press, Lyon, 2004. — 49-124 p.

10. Meier C.A. Thyroid nodules: pathogenesis, diagnosis and treatment. Baillieres Best Practice
Research Clinical Endocrinology and Metabolism. —2000. — Vol. 14. — P. 559-575.

11. Nikiforov Y.E., Nikiforova M.N. Molecular Genetics and Diagnosis of Thyroid Cancer. Nat.
Rev. Endocrinol. - 2011. — Vol. 7. - P. 569-580.

12. Poller D.N., Glaysher S. Molecular pathology and thyroid FNA. Cytopathology. - 2017.
- Vol. 28(6). — P. 475-481.

13. Fagin J.A., Wells S.A. Biologic and Clinical Perspectives on Thyroid Cancer. N Engl. ] Med.
—2016. - Vol. 375. — P.1054-1067.

14. Salvatore G., Chiappetta G., Nikiforov Y.E., Decaussin-Petrucci M., Fusco A., Carney J.A.,
Santoro M. Molecular profile of hyalinizing trabecular tumours of the thyroid: high prevalence
of RET/PTC rearrangements and absence of B-raf and N-ras point mutations. Eur ] Cancer. — 2005.
- Vol. 41(5). - P. 816-821.

BECTHMK EHY umenu A.H. Tymunesa. Cepus Buorozuseckue nayxu Ne 2(143)/2023 147
BULLETIN of L.N. Gumilyov ENU. Bioscience Series


https://pubmed.ncbi.nlm.nih.gov/15763659/
https://pubmed.ncbi.nlm.nih.gov/15763659/

Preoperative Diagnostics of Papillary Thyroid Carcinoma by Molecular Analysis of FNAB Materials

15. Rhoden K/J., Unger K., Salvatore G., Yilmaz Y., Vovk V., Chiappetta G., Qumsiyeh M.B.,
Rothstein J.L., Fusco A., Santoro M., Zitzelsberger H., Tallini G. RET/papillary thyroid cancer
rearrangement in nonneoplastic thyrocytes: follicular cells of Hashimoto's thyroiditis share low-level
recombination events with a subset of papillary carcinoma. J Clin Endocrinol Metab. — 2006. — Vol. 91(6).
- P. 2414-2423.

16. Witt R.L. Targeted Next Generation Sequencing with ThyroSeq v2.1 for Indeterminate
Thyroid Nodules in Clinical Practice. — 2016. — Vol. 88(12). — P. 366-372.

17. Thiberville C., Guillaud M., Lockwood W. et al. Multi-scale system biology applied to
cervical inter-epithelial neoplasia. — 2007. — Vol. 107 (Suppl. 1). — P. 72-82.

18. Sardana G., Dowell B., Diamandis E.P. Emerging biomarkers for the diagnosis and prognosis
of prostate cancer. Clin Chem. —2008. — Vol. 54(12). — P. 1951-1960.

19. Xi L., Coello M.C, Litle V.R, Raja S. Gooding W.E., Yousem S.A. El-Hefnawy T.,
Landreneau R.J., Luketich ].D., Godfrey T.E. A combination of molecular markers accurately detects
lymph node metastasis in non-small cell lung cancer patients. Clin. Cancer Res. — 2006. — Vol. 12(8).
—P. 2484-2491.

20. Takano T., Miyauchi A., Yoshida H., Kuma K. and Amino N. High-throughput differential
screening of mRNAs by serial analysis of gene expression: decreased expression of trefoil factor 3
mRNA in thyroid follicular carcinomas. Br. J. Cancer. — 2004. — Vol. 90. — P. 1600-1605.

21. John R., EI-Rouby N.M., Tomasetto C., Rio M.C. and Karam S.M. Expression of TFF3 during
multistep colon carcinogenesis. Histopathology. — 2007. — Vol. 22. — P. 743-751.

22. Lacroix M. Significance, detection and markers of disseminated breast cancer cells. Endocr.
Relat. Cancer. — 2006. — Vol. 13. - P. 1033-1067.

C.B. MaubKOBCcKas
Beaapyco ¥Yammuik zviavim axademudacviroly; gusuorozus urncmumymot, Munck, beaapyco

FNAB maTepnaagapbiH MOA€KYASIPABIK Taajay apKbLAbI IaNMAASIPABI KaaKaHIa Oe3iHig
Karepai icirinig oreparmst aaabIHAA¥FbI AVIAaTHOCTMKACHI

Anaarma. Kaakanma 6esinig manmnaaspasik kapryaomacs! (KBIIK) kaakanmra OesiniH Karepai
icirinig eH kem TapaaraH Typi Ooabm TaOblaaabl. BRAFT1799A wmyranmsacers, RET/PTC1,3 kaiira
KypyaapsiH >xoHe SFTPB (;xorapsr perrey) >xoHe TFF3 (Temen perrey) reHaepinin auddepenimaiist
SKCIPeCCHACBIH KOCa aAfaHAa, KaJdkKaHIna OesiHiH mnmammaaspaslk KapnuHoMacsiHelH — (KBIIK)
MoaeKkyaaablk Mapkepaepi FNAB (>kyka mHe acnimpaliusiablK OMOIICKHs) TPOCIEeKTNBTI TY1iHAL Oe3aep
TypAe OaraaaHABI.

3eprrearen 73 xaraariabiy 59-b1 KBIIK (kaakaHIa OesiHiH manmaAspAbIK KapLIMHOMAch), 5-i
TYMiHAl 300 >kaHe 9-bI POAAUKYAAPABIK aleHOMa.

Iuroaorusra covikec 38/41 >xaraaniga (92,7%) SFTPB >xone TFF3 skcmpeccmst aenreiiaepi
6orteiama KBITK MoaeKyaaablK AMarHOCTMKAChl pacraaAbl; oaapabiH 22/41 (53,6%) BRAFT1799A
MyTanusceiHa >xoHe 7/41 (17,1%) RET/PTC xaiita KypyaapsiHa ne 00aabl. Kartepcis TyiiHaep ymiin
covikectik 10/12 (83,3%) >xaraaitga Gaitkaaasl. 20 Taasay >KYMBICH >KacaaAbl, OHbIH 19-bIHAA KaTepai icik
Kaymi Oarikaaael, 17-ae SFTPB/TFF3 ceHarer oH 6044wt (85,0%). Kaiira enaey ymin 4 RET/PTC, 5
BRAFT1799A on kepcetkimreri rucroaorusia KBIIK natmokecin Oepai. Kaaran 3 >xargait yin
MOJeKyJaAblK MapKep YIIiH Tepic ©oaabl. bya TyitiHzep Imucroaormsja KaTepcis 3aKbIMAaHYABI
KOPCETTi.

bisain HeTMKeaepiMi3 apHalibl MoAeKyasApablK cbiHakTap KBIIK omepanmsa aaablHAQFbI
AVIaTHOCTMKACBIHBIH TUiMALAITiH apTThIpaTbIHBIH KOPCeTTi.
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Tyiiin ce3aep: KaakaHIa Oe3iHIH IANMAASIPABIK iciri, omepamust aAAbIHAAFBl AMATHOCTUKA,
MOAEKYAaABbIK TeCT.

C.B. MaHbKOBCKas
Mnemumym dusuorozuu Hayuonaronos axademuu nayx beaapycu, Munck, beaapyco

IIpeaonepanyonHast AVarHOCTMKA NANMAASPHOTIO paKa IIMTOBNAHONM XXeAe3bl MeTOA0M
MOAeKyAsIpHOro aHaan3a Matepuaaos FNAB

Annorarms. Ilanmmaaspras kapunHoMa mmtosugHo keaesnl (ITKIIDK) sBasercs Hanboaee
pacIpocTpaHeHHBIM THUIIOM paka IIMTOBMAHON >Keae3bl. MoaeKyaAspHble MapKepbl MalnAAsSpHON
KapruHOMbl mutoBuaHou >xeaesbl (ITKIIDK), Bkamouas mytanmio BRAFT1799A, peapamxupoBku
RET/PTC1,3 n audpdepennnaabuyio skcnpeccuio reHos SFIPB (mospimennas peryasmus) n TFE3
(moHIMKeHHAs1 peryAsuus), OblAM IIPOCIIEKTUBHO oOlleHeHb B Martepuade FNAB (ToHkomroamHas
acrpaljioHHas OMOIICHS) OT Y3408 IIUTOBUAHOM JKeAe3Hl.

Ob6caeaosano 73 caydas, ns Hux 59 caydaes ITKIDK (mammaaspHas KapuyHOMa IIMTOBUAHON
>Keae3bl), 5 y310BbIX 30008 11 9 POAAMKYASIPHBIX a4€HOM.

B coorBerctBum ¢ nmroaoruent moaexkyaspHas avarnocruka IKIIDK mo yposHsaM skcrpeccun
SFTPB n TFF3 6p1aa moarsepkadeHa B 38/41 caydae (92,7%); ns Hux 22/41 (53,6%) nmean MyTanmio
BRAFT1799A n 7/41 (17,1%) mnmean peapamwxuposku RET/PTC. JAasa aAoOpokadyecTBeHHBIX Y310B
KOHKOPAAaHTHOCTh Habamogaaace B 10/12 (83,3%) caygasix. Cpeanm 20 caydaes, B ToM umcae 19 c
II0/03peHNeM Ha 310KauyecTBeHHOCTb U OAVIH HeaJeKBaTHBIN oOpaserl, 17 OblAM ITOAO0XXUTEABHBIMM Ha
tect SFIPB/TFF3 (85,0%). M3 Hmx derblpe OBlAM TakKe IIOAOKUTEABHBIMM B OTHOIIEHNI
peapamxuposku RET/PTC, marts Obiam moaoxuteapHbiMu B oTHOmeHun BRAFT1799A, n Bce onn
npusean K TIKHODK mnpwm  macroaormueckom  mccaejosanmm. OcraapHble 3 caydass OblAM
OTpUIIaTeABHBIMM II0 TPeM MOAEKYASpPHBIM MapKepaM. DTHU y3eAKM IOKasaau A0OpOKadyecTBeHHbIe
IOpa>keHMsI B TUCTOAOTUI.

Hamm pesyabpraTsl IOKazaay, 4YTO cHeruduyeckue MOAEKyAsSpHbIe TeCThl IIOBBIIIAIOT
¢ PpexTuBHOCTS MpesoneparmonHoi anarHoctuky [TTK.

KaioueBble caoBa: manmAAsSpHBI pak INUTOBUAHONM  >Keae3bl, IIpejollepalliiOHHas
AVIaTHOCTVIKa, MOAEKYASIPHBII TecT.
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