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OLIEHKA COBPEMEHHOTIO COCTOSIHUS
M MEPCMNEKTUB YCTOMYMUBOCTU MOMYASILIUMA
POPULUS x CANESCENS (AITON) SM. B CPEAHEM TEMEHUU
PEKU YPAA 3ANAAHO-KA3SAXCTAHCKOM OBAACTM

B cratbe nmpeAcTaBAeHbl pe3yAbTaTbl KOMMAEKCHOTO GOTaHWKO-reorpamyeckoro MCCAeAOBaH s
nonyAsiumin Tonoas cepetowero (Populus x canescens (Aiton) Sm.) B NpeAeAax CPEAHEro TeyeHusl peku
Ypan Ha TeppuTopun 3anaaHo-KasaxctaHckor ob6AaacTi. Ha oCHOBaHWMM MOAeBbIX HAOAIOAEHWI, rep-
6apHbIX AAHHbIX M (PAOPUCTUYECKOTO aHaAM3a NPOBEAEHA OLIEHKA COBPEMEHHOIO COCTOSIHWUS U YCTOM-
UMBOCTM CEPOTOMOAEBbLIX COOOLLECTB.

BbisiBAEHO BOCEMb MONYASAUMIA BUAQ, MPUYPOUEHHBIX MPENUMYLLECTBEHHO K NMOMMEHHO-NpUTEPPac-
HbIM Y4YacTKaM AOAMHbI pekn Ypaa. DAoOpUCTUYECKMIA aHAAM3 MoKa3aA npucyTcTeme 103 BUAOB COCY-
AMCTbIX PACTEHMIA, OTHOCALWMXCS K 37 cemencTBam 1 83 posam. B 6uomopdorormnueckon cTpykrype
hAopbl NPeobAAAAIOT MHOTOAETHUE TPABAHUCTblIE MOAMKAPNMKK 64 %, a Tak)Ke 3HAUMTeAbHas AOAS
APeBeCHO-KYCTapPHUKOBbIX BUAOB 22,3 %.

DuUTOLEHOTUYECKUIN aHAAMU3 MO3BOAMA BbIAEAUTb LLIECTb OCHOBHbIX 3KOAOIMYECKMX rpyrmn pacrte-
HUIM: AECHYIO, AYTOBYIO, CTEMHYIO, AECOCTENHYIO, AYyrOBO-G0AOTHYIO M NPUBPESKHO-BOAHYIO, MPU AO-
MMHUPOBaHMKN AecHbIX 31 % un AyroBbix 25,2 % 3AeMeHTOB. XOPOAOrMYECKMI aHAAU3 BbISIBUA Mpe-
06AaAaHME TOAAPKTUYECKUX U eBPOMenCKMX apeaAbHblX TWUMOB, YTO YKa3blBaeT Ha €BpPOa3naTCKylo
HanpaBAEHHOCTb (hAOPbI 1 €€ GopeabHbIi XapakTep.

Pe3yAbTaTbl MCCAEAOBAHMS MOKA3aAK, YTO CEPOTOMOAEBbIE COOOLLECTBA SBASIOTCS BaXKHbIM KOMMO-
HEHTOM MOMMEHHO-TIPUTEPPACHbIX IKOCUCTEM, 0OAAAIOLLMX BbICOKOWM (DAOPUCTUYECKON U CTPYKTYp-
HOW YCTOMYMBOCTbIO. YCTaHOBAEHO, UTO AOAMHA PeKM YpaA BbIMOAHSET (PYHKLMKM TPAH3UTHOIO OGMO-
reorpacmyeckoro kopmaopa u pedyruyma Aas 6opeasbHbix U Cy660pearbHbIX BUAOB.

INoAyYeHHble AaHHblE MMEIOT BaKHOE 3HaueHue AAS pa3paboTKyM Mep MO COXPaHEeHUIO reHeTuye-
cKoro pa3Hoobpasus Populus x canescens 1 yCTOMUMBOCTU MOMMEHHbBIX 3KOCMCTEM PErMoHa B YCAOBU-
X COBPEMEHHbIX KAMMaTUUYEeCKMX U3MEHEHUIA.

KatoueBble caoBa: Populus x canescens, cepoTonoaeBble coobLiecTBa, GUOMOPEOAOrMYECKUIt aHa-
AU3, XOPOAOTMYECKMIN aHaAM3, peka Ypaa, 3anaaHo-KasaxcraHckas o6AacTb.
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Assessment of the current state and sustainability prospects
of Populus x canescens (Aiton) Sm. populations in the middle reaches
of the Ural river West Kazakhstan region

This study presents the results of a comprehensive botanical and biogeographical investigation of
Populus x canescens (Aiton) Sm. populations within the middle reaches of the Ural River in the West Ka-
zakhstan region. The assessment integrates field surveys, herbarium data, and floristic analyses to evalu-
ate the current condition, structural organization, and ecological resilience of grey poplar communities.

A total of eight distinct populations were identified, primarily associated with floodplain and
near — terrace habitats of the Ural River valley. Floristic analysis documented 103 vascular plant species
from 37 families and 83 genera. The biomorphological structure of the flora is dominated by perennial
herbaceous polycarpic species 64%, along with a substantial representation of woody and shrubby taxa
22.3%.
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Phytocenotic evaluation revealed six major ecological-coenotic groups-forest, meadow, steppe,
forest-steppe, meadow-marsh, and riparian-aquatic — with forest 31% and meadow 25.2% elements
prevailing. Chorological assessments indicated the predominance of Holarctic and European distribution
types, confirming the Eurasian and boreal affinity of the regional flora.

The results emphasize that grey poplar communities constitute a key structural component of flood-
plain ecosystems, exhibiting high levels of floristic diversity and ecological stability. The Ural River val-
ley is shown to function as an important biogeographical corridor and refugium for boreal and sub-boreal
species, contributing significantly to the conservation of regional biodiversity.

The findings provide a scientific basis for strategies aimed at preserving the genetic diversity of
Populus x canescens and enhancing the resilience of floodplain ecosystems under contemporary cli-
matic changes.

Keywords: Populus x canescens, floodplain ecosystems, grey poplar communities, biomorphology,
chorology, Ural River, West Kazakhstan.

P.K. AHatoamit'", M.C. KypmaHbaesa', T.E. Aapbaesa?,
A.B. AabxaHoBa?, A.D. Kapabaaaesa'
'9OA-Mapabu atbiAarbl Kasak, yATTbIK YHMBepcuTeTi, AamaTtbl, KasakcraH

M. ©T1emicyabl atbiHaafFbl batbic Kasakcran yHuBepcuTeTi, Opan, KasakcaH
*e-mail: anatoliy raiymbek@live.kaznu.kz

bartbic KasakcraH 06AbIcbIHA@FbI XKaiblK, 63€HiHIH, OpTa aFbICbIHAQ
Populus x canescens (Aiton) Sm. nonyAsiLMsiAapbIHbIH, Ka3ipri >xaFAaibIH 6aFaray
)KSHE OAAPAbIH, TYPAKTbIAbIFbIHbIH, EPCreKTUBaAApbI

Makanaaa batbic KasakcTtaH 06AbICbl aymarblHAafFbl XKarbik, ©3€HiHIH OpTa aFblCbiHAQ OPHAAACKaH
cyp Tepek (Populus x canescens (Aiton) Sm.) nonyAsuMsAapbiH KeleHAi 60TaHnKa-reorpadmsAbIK, 3epT-
Tey HOTMXKEAepi KEeATIPIAreH. AaraAblk, 6akbiAayAap, repbapuin MaTeprarsapbl kaHe (PAOPUCTUKAADIK,
TaAAQy Heri3iHAE Cyp TepeKTi KaybIMAACTbIKTapAbIH Ka3ipri KarAaribl MEH TYPaKTbIAbIFbl OaFaAaHADI.

JKalblK, ©3eHiHIH, aHFapblHAAFbl >KalblAMa-Teppacca aAAbl ydackeAepre HerisiHeH LIOFblpAaHFaH
TYPAIH Ceri3 nonyAsumscbl aHbikTarAbl. DAOPUCTUKAABIK Taasay 37 TYKbIMAAC, 83 TybicKa >KaTaTbIH
103 TyTiKTi ©CIMAIK TYpiHiH 6ap ekeHiH kepceTTi. DAopaHbiH, GOMOPDOAOTUSABIK, KYPbIABIMbIHAA KO-
>KbIAABIK, LUOMTECIH NoAMKapnukTep 64% 6acbiM, COHAQM-aK arall-O0yTaAbl TYPAEPAIH A€ YAECI eAeyAi
22,3%.

DUTOLEHOTUKAABIK, TAAAQY HOTUXKECIHAE aATbl HEri3ri 3KOAOTMSAbIK TOM anMKbIHAAAABI: OPMaH,
LAAFbIH, AQAQ, OPMAHAbI-AQAQ, LWAAFBIHAbI-OATMNAKTbI >KBOHE Cy-)KaFaAayAbl OCIMAIKTEP, OAAPAbIH
iwiHAe opmaH 31 % >xeHe waafbiH 25,2% dutoueHosbl 6acbiM 60AAbI. XOPOAOTUSIABIK TaAAay ro-
AQPKTUKAAbIK, >KOHE eypOoraAblK, apeaA TUMTEPiHiH 6acbIMAbIFbIH KOPCETTi, OBYA (PAOpaHbIH eypasus-
AbIK, 6aFbITTbIAbIFbIH )XOHE OHbIH GOpPeaAbAi CHMMaTbIH aNKbIHAAMAbI. 3€PTTEeY HOTUXKEAEPI CYyp TepeKTi
KaYbIMAQCTbIKTApAbIH (DAOPUCTUKAADBIK, XBHE KYPbIABIMABIK, TYPAKTbIAbIFbl KOFapbl >KanblAMa-Teppa-
CaAbIK, 3KOXKYMEAEPAiH MaHbI3Abl KOMIMOHEHTTEPI BOAbIN TabblAATbIHbIH ADAEAAEAI. JKaliblK, ©3€HiHiH
aHFapbl 6Gopeanbai XaHe cyb6opeanbai TYpAep YLUiH TPaH3UTTIK G1oreorpausIAbIK, ABAI3 XaHe pe-
dyrmym Kbi3MeTiH aTKapaTblHbl aHbIKTAAAbl. AAbIHFaH AepeKkTep Kas3ipri KAMMATTbIK, e3repictep »ar-
AanbiHAQ Populus x canescens reHeTUKaAbIK, aAyaHAbIFbIH >KOHE OHIPAIH >KalblAMa 3KOXKYMEAepiHiH
TYPaAKTbIAbIFbIH CaKTay LUapaAapblH 83iPAEYAE MAHbI3AbI MOHTE Me.

Ty#in ce3aep: Populus x canescens, cyp TepekTi KaybIMAACTbIKTap, GMOMOPOAOTUSABIK, TAAAQY,
XOPOAOTMSIABIK, TarAQy, XKaiibik, ©3eHi, baTbic KasakcraH 06AbIChI.

BBenenne

Tomons (Populus) oTHOCHTCS K YHCITYy IpeB-
HEHIINX POAOB MOKPBITOCEMEHHBIX PACTEHHH: OH
M3BECTEH C BEPXHEMEJIOBOTO IMEpHOAa M HIMPOKO
MIPEJICTABJIEH B OTJIOKEHUSAX TPETUYHOTO BPEMEHH.
B mporecce BorONIE MpeCTaBUTENH 3TOTO Poja
NPUCTIOCOOMINCH K Pa3zHOOOPa3HBIM 3KOJIOTHYe-
CKHAM YCIIOBHSIM M 3aHSIIH Ba)KHOE MECTO B COBpe-
MeHHOU ¢utope. Pon Populus, BXonsuniuii B ceMeii-
ctBo Salicaceae (WBOBBIC), BKIOYaeT 110 BHIOB,
pacnpocTpaHEHHBIX B YMEPEHHONW M XOJIOAHOU 30-

Hax Cesepnoro nonymapus (POWO, 2022). Toro-
ns moaponia Leuce Duby 3aHnMaroT orpomHIi ape-
an (Cusomnanos, 2008). Ha tepputopun Kazaxcrana
Bcrpeuaetcs 15 BumoB tomnoneit (Ilasmos, 1956).
B Hamem wuccnenyemMom reorpaduueckoM paioHe
BcTpeuatoTcst 4 Buga tononeit: Populus nigra L.,
Populus alba L., Populus tremula L., Populus X
canescens (Aiton) Sm.) (A6xynuHa, 1999, c.151).
VY TOmomns ceperoIiero reHepaTuBHbIE CTPYKTY-
pPBl IIPOXOIAT AJHUTENbHBIH MOPQOreHETHYECKUN
LUKJ, XapaKTEpU3YIOIIMNHCS PpaHHEH 3aKIajgKoi
LBETOYHBIX MTOYEK — 3 OJIMH BErCTAL[MOHHBIN CE30H



O1eHKa COBPEMEHHOTO COCTOSHUS M IEPCIEKTHB YCTOWINBOCTH TOIyIsiuit Populus X canescens (Aiton) sm. B CpefHEM...

10 daspl anreszuca. Cpaszy mocie pacKpbITUS alu-
KaJIbHOM BEreTaTMBHOM MOYKHU IMo0era, HaXoasimeli-
Csl B 30HE aKTUBHOM aNMKaIbHOW MEPHUCTEMBI, B a-
3YIIHBIX MepHcTeMax (pOPMHPYIOTCS JaTepalibHbIC
3ayaTKu novyek. Ha HavanbHOM 3Tamne UxX OHTOreHe-
3a 3TH 3a4aTKU UMEIOT JINIIb OJHY MOYEYHYIO Ye-
LIYI0, OJJHAKO [0 Mepe MPOrpeccuBHON TudQepeH-
nuanuu GopMupyeTcst THMMYHBIN 1 pofa Populus
YEeTBIPEXUEHTYHUAThI  NEepyJIIMHHBIN  KOMIUIEKC
(Van Loo et al., 2008).

Cornacao H.B. Craposoii (1980), nHauanbHOU
cTazuell TeHepaTUBHOrO MopdoreHesa sBISETCS
o0pa3oBaHME TMEPBUYHBIX LBETOYHBIX MPHUMOP-
mueB (baitOypuna u np., 1992). [lanable cTpyK-
TYpBl TPEACTABISIOT COOOM MepucTeMaTHYeCKHe
npoTtuberances, U3 KOTOPBIX 3aTeM AU GepeHIupy-
F0TCS IPUIIBETHBIE YEIITYH U 3aKJIaIbIBAETCS [[BETOY-
Has MepucTteMa. B 3TOT meproj 1IBETKH HaXOAATCA
B cTaauu AudepeHranus Ha auapoLel U THHenen
emé Mopdosornueckn He mposiBiaeHa. [Ipomomka-
IolIascs aKTUBHOCTh CyOanuKalbHBIX MEpPUCTEM
MIPUBOJUT K (POPMHUPOBAHUIO TA3YITHBIX OYTOPKOB,
B KOTOPBIX pa3BHUBAETCS JUCK (aHAJIOT KOJBIEBOTO
HEKTapHUKA y HEKOTOPHIX CEMEWCTB), BBITOIHSIIO-
LIMH ONOPHYIO © MOP(OTeHETHYECKYIO (YHKIHH.

bapna (1969, 1975) orMeuaeT, 9TO B MYKCKUX
LBETKAaX B LIBETOYHOM MEpPUCTEME 3aKJIabIBAIOTC
MUKPOCTIOpOGMIIIIBl — 3a4aTKH THIYUHOK. B KeH-
CKMX — MEracropo(uUIbl, TO €CTh 3a4aTKH ILIO-
JOTTMCTUKOB, OTIPEAEISIONINE Pa3BUTHE IIEHOKAPTI-
HOro ruHenes. lIBeTouHsIi NmpuUMOpIUI CHadana
JIEMOHCTPUPYET M30AMaMETPUUYECKUIl POCT, OHA-
KO T03K€E MPOUCXOANT aKTHUBHU3ALMs JaTepalbHON
MEpHCTEMBI TMPHUBOIUT K (HOPMHUPOBAHUIO ACHM-
METPUYHOIO IBETOUYHOro KoHyca (MonranoBa &
OBecHOB, 2016).

B uenrtpe hopmupyromerocs aucka augpdepes-
UpyeTCs TPUMOP/ NI THHETIes, TOT/Ia KaK 110 TepH-
(epuu pa3BUBaeTCs YalICeBUIHAS IUCKO3HAS CTPYK-
Typa. IlpumeuarensHo, 49TO AWCK (opMUpPYETCS
3HAYUTENBHO paHbIlle, YEM 3aBs3b, YTO YKa3bIBAET
Ha €ro PeryJsATOPHYIO POJIb B OPTraHOT€HE3€ I[BETKA.
[locne 3akmagku MHKPOCHOPO(QHUIUIOB HAYMHACTCS
uX ructorenernyeckas nupdepennnarus. [lepeeiv
3TaroM SIBJIAETCS MPOJOJIBHOE BBITSKEHHME 3a4aTKa
TBIYUHKH, 32 KOTOPBIM CIIEYeT Pa3BUTHE YETHIPEX
MUKpOCIIOpaHTHaIbHBIX Kamep. Kaxnas kamepa
(hopMupyeTcs U3 apxecrnopruaibHON TKaHU, KIETKH
KOTOPO# (IIepBUYHBIN apXecropuil) yBEIMUUBAIOT-
csl B 00bE€Me, MEHSIOT BaKyOJIU3aIHIO M BCTYTAIOT B
TaHT€HI[UAJIbHBIE MUTOTHYECKHE JIETICHUS.

Huxonaesa u Korr (1965, 1967) otmedaet ma-
paJIeNbHO BNUJEpPMalbHbIE KIETKH BHYTPEHHEH

CTEHKH MUKPOCIIOPAHTUS BCTYMAIOT B AHTUKJIMHAIb-
HBIE JeTeHus], POPMUPYS OAHOCIONHBIN CEKpETOp-
HBII TaneTyM, BBIIOJHSIOMINN KPUTHUECKYIO POJIb
B TIUTaHWW PA3BHUBAIONINXCA MUKPOCIIOpP U CHHTE3€
cniopornioyiernHa (Griinhofer et al., 2022).

TpaBstHOI sApyc B TakuX Jiecax OTIUYaercs 00-
rateiM (PIOPUCTHYECKMM COCTaBOM. Bricokoe BH-
JIOBOE pPa3HOOOpa3We TOBBIIIACT IKOJIOTHYECKYIO
YCTOMYUBOCTB JIECHOTO COOOIIECTBA U BHOCUT BaX-
HBIH BKJIaJ B CTPYKTYPHYIO OPTaHU3aINI0 OMOIIEHO-
3a. O0mias riomaab ucciaeryeMol TEepPUTOPHH CO-
craBiser 4088,49 km? (Mpip3aranueBa & CraHuc,
2015). [loitMeHHBIEC JIECHBIE PKOCHCTEMBI IIMPOKO
pacripocTpaHeHbl B JOIHMHE PEeKd Ypal, a Takxke
B MOHMax MalbIX PEK PErHOoHA. DTH 3KOCHUCTEMBbI
SIBIIIIOTCS COCTABHOW YacThIO AMHAMUYHBIX JaH[-
madToB, ISl KOTOPBIX XapaKTePeH HEYCTOMYUBBIN
THIPOJIOTHYECKUH PEXXUM U TEPHOIMYECKH TIOBTO-
psrolIecs CE30HHBIE Pa3IUBHI.

[loiiMeHHBIE JIECHBIE MacCHBBI T€OMOP(OIIOTH-
YECKHU CBSI3aHBI C COBPEMEHHBIMH AJLTIOBUAIBHBIMU
OTJIOKEHUSIMH — TIECKaMH, TIINHAMU ¥ CYTJIMHKAMH,
(opMHPYIOIIMMH JONHWHHBIE KOMIUIEKCH. [lom00-
HBIE TOYBEHHO-T€OMOP(OJIOTHIECKHE YCIOBHUS CO3-
JTAIOT OJIATONPHUATHYIO Cpexy IUisi (hOpMHUPOBAHUS
Pa3HOOOPA3HBIX PACTUTEIBHBIX COOOIIECTB.

PacTuTenpHBIli TOKPOB MpEACTaBIEH B OC-
HOBHOM DPa3HOTPAaBHO-KYCTapHUKOBBIMH, a TaKKe
KyCTapHUKO-JIpeBeCHbIMH  (opmarmsimu.  [1oii-
MEHHBIE JIyTOBBIE U TOHMEHHO JIeCO-TyTOBbIE IO-
YBBI CIIY)KaT OCHOBHBIM MECTOOOMTAaHHUEM 3STHUX
COOOIIECTB M OMPEAETSAIOT UX MPOCTPAHCTBEHHOE
pacnpezeneHue.

3amagHo-Ka3zaxcranckass o0macTe OXBaThIBa-
€T OOMMpHBIA ydacTok Iwiomianeto 151 339 km?
U mpocTupaercs B mpeaenax 45°30" — 54°35" Boc-
TOYHOU ONToThl U 57°35" — 48° ceBepHO mIUpPO-
Tel. Ilo cBoemy reorpaduueckoMy TOJIOKESHHIO
PErMoH 3aHMMAET IOT0-BOCTOYHYIO 4acTh BocTtou-
HO — EBpormeiickoii paBHuHEL. CyIiecTBeHHAS YaCTh
€ro CEeBEpHBIX pallOHOB JIEKUT B Tipeaenax Ceepo-
[Ipukacrnniickol HU3MEHHOCTH — OJHOW W3 KpyII-
HEHIINX aKKyMYJIITUBHBIX PaBHHH, (POPMUPYIONIUX
0OJMK TAaHHOTO CEKTOPa PaBHUHHOTO IPOCTPAHCTBA
(ITerpenxo u np., 2001).

Pemped oOmacti OTIHMYAETCS TIOCTETICHHEI-
MH TepexojaMH: Ha CeBepo-3amajie TeppPUTOPHS
cMmensiercs [IpeacsIpToOBBIM YCTYIIOM, 32 KOTOPBIM
HauMHAIOTCS 10KHBIe oTBeTBieHUsT OOmero Crip-
Ta. HampaBnssice K ceBepo-BOCTOKY, HH3MEHHBIE
YYaCTKU NPUMBIKAIOT K 3amagHbiM okpauHam [lo-
JIypabCKOTO TIATO — TOBBINIEHHONW paBHUHE, 00-
pa3o0BaHHOM B pe3yNbTaTe JJIUTEIbHBIX MPOLIECCOB
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BBIBETPUBAHUS, 9PO3HOHHOIO PACUJICHEHHS U JIEHY-
marun. Knmumartndeckue yclioBUS TEPPUTOPHUHU OT-
JIMYAIOTCS BHIPAKEHHON MIMPOTHOW 30HATIBHOCTBIO.
ITo mMepe mpoABIKEHUS C ceBepa K IOTY CpeJHero-
JIOBBIE TEMITEPATyPbI MOCTETIEHHO MOBBILIAIOTCS: OT
npumMepHo 3,9 °C B ceBepHBIX palioHax JI0 MOPSIKa
7,2 °C B HanboJee FXKHBIX YacTAX 00JaCTH. ITa Ke
TEeHJICHIIUS MpociexuBaercs u 3umMoil. Tak, B sstHBa-
pe — HauOoJiee XOJOAHOM MECsIe To/la — CpeliHe-
MeCSYHbIe TeMIIepaTypsl Bapbupytot ot -14,9 °C Ha
ceBepe 110 — 11,0 °C Gmmxe K tory. B urone, Hanpo-
TUB, GUKCUPYIOTCS MaKCUMAaJIbHBIE CPETHIE 3HAYE-
Hus: ot 22,0 °C B ceepHoit yactu 10 25,4 °C Ha
fore.

3UMHHUI MEPHOJ, MOKET CONPOBOXKAATHCS 3HA-
YUTEITFHBIMHU XOJI0JJaMH: TEMIIEpaTypa Mopoi MOHH-
s)kaetcs 1o -30, -35 °C, a B 9KcTpeMaibHO CYypOBbBIC
ronsl — naxe 10 — 37, — 44 °C. B HU3WHHBIX y4acT-
Kax penbeda HabmromaroTes eme Oonee HU3KUE OT-
MeTKH — 110 — 44, — 47 °C. JleTHnii aOCONIOTHBIN
MakcumyMm gocturaet 41 — 45 °C. B pesynbrare 00-
WA TOJTIOBOW pa3mMax TEeMIEpaTypHBIX KOJieOaHUH
cocrasinsier okono 85 °C (Meip3aranuesa & Cra-
Huc, 2016).

W3MeHUnBOCTE aTMOC(EPHBIX OCAIKOB TaKXkKe
BO MHOTOM OIIpeNesieTcs HEOAHOPOAHOCTBIO pe-
npedpa. Ha mpoTspkeHum TEMIOro mepuoia OTMe-
YyaeTcs CHIDKEHHE KOJIMYecTBa OCAJKOB B HAIpaB-
JIEHUH C ceBepa K rory. B aToT ce3oH mocTymaer
0oJpIIast YacTh TOA0BOM HOPMBI — OT TTOJIOBUHBI 710
Tpéx "eTBepTeil Bcero rogoBoro oobéma. B cesep-
HBIX paiioHaxX TEMIBIN mepuos dhopMupyeT Oojee
200 MM ocaJKOB, TOTJa KakK FOJKHBIE TEPPUTOPHUU
MOJTY9aroT 0KoJio 170 M.

B pacnpenenennu ocakoB 0 CE30HaM BbIIETIS-
F0TCSl JIBA BBIPAXKCHHBIX MakcuMyMa. [lepBblii npu-
XOJUTCSI HA UHTEPBAII MEXKAY MAaeM M HIOJIEM, KOTJa
BeInagaer cBeimie 30 % rogoBOro KOJIMYECTBA, a
BTOPOH — Ha OKTSOpb, HAa JOJIO KOTOPOTO MPHXO-
nutcst 6omee 10 % romoBoit cymmel. McnapsemocTsb
B PErMOHE N3MEHsETCs OT mpuMepHo 850 MM Ha ce-
Bepe 10 1300 MM B FO’KHOM 9acTH.

Lens vccnenoBaHus OLEHUTh COBPEMEHHOE CO-
CTOSIHUE, CTPYKTYPHBIE 0COOEHHOCTH M TMEPCTICKTH-
Bbl YCTOMYMBOCTH MOMYJISALNNA TOMOJS CEPEIOIIErO
(Populus % canescens (Aiton) Sm.) B cpemHeM Te-
YeHUH pekn Ypall Ha Tepputopuu 3amagHo — Ka-
3aXCTaHOTO.

MaTepua.m)l U METOJAbI HCCJICAOBAHUSA

OOBeKT HCccheoBaHUS OXBAaTHIBAET TEPPUTO-
puro crenmHoro nosica 3amagHoro Kasaxcrana, rae

pacnpocTpaHeHbl XapaKTEepHbIC IJIsi TaHHON 30HBI
skocucteMbl.  CoriacHO  IMIHMPOTHO-30HAIBHOM
knaccupukamuu crened E.M. JlaBpenko (1991),
B Tpejienax M3y4aeMoOro pEerHoHa IpeodsafgaroT
Pa3HOTPaBHO-KOBBUIBHO-THITYAKOBBIE W KOBBUIb-
HO-THUITYaKoBble ¢opmarmu. B 10KHBIX palioHax,
I7le 3aCyIUIMBOCTb BBIPaKEHa OCOOCHHO CHIIBHO,
CTETHbIe COO0IIEeCTBA BCTPEUAIOTCS HE CIUIONTHBIM
MAacCHBOM, a B BHJIE OTICJIbHBIX, H30JIMPOBAHHBIX
yaactkoB (JlaBpenko u np., 1991).

Ha ocHoBaHWYM NPUHATHIX NPUHLIUIOB (PHU3HKO-
reorpauyeckoro u OOTAaHHMYECKOTO pPaiioHMpPOBa-
HUS HCCleAyeMast TEppUTOpust OTHOCHUTCS K [Ipuka-
cnmiicko-Typanckoii ctpane u CeBepo-Kacnmiickoit
(usuko-reorpaduueckoit obmactu (CadpoHosa,
2010). JlamgmadTHas CTpyKTypa pernoHa Tpe-
CTaBJIeHa ABYMS BEAYIIUMH THIIAMH — CTCIHBIM U
CYXOCTEITHBIM, KOTOPBIE B COBOKYITHOCTH (POpPMU-
pyIoT cTenHyo 30HY 3ananHo-Kazaxcranckoil o0-
nactu. OOImIast TIoIa s 3TOW 30HBI COCTaBISACT 43
084 kM2, 4TO SKBUBaJIEHTHO MPUMEPHO OJTHON TPETH
BCEro PerroHa.

Bo Bpems BeceHHUX, JIETHUX M OCEHHHUX CTallU-
OHAPHBIX MOJICBBIX HAOIIOJICHHU B KAU4ECTBE OCHOB-
HBIX HCTOYHHUKOB HCIOJIB30BAINCH MaTepUalbl MO
0c000 OXpaHSIEMBIM MPUPOJHBIM TEPPUTOPHSIM, a
TaKxke «IKoJoro reorpaduueckuii aTnac 3amnaaHo-
Kazaxcranckoit oomactm» (I'enmpasieBa u ap., 2015).

Kaprorpaduueckne maTepuarbsl aTiiaca HCIOIb-
30BaHbI [TPU CO3J[AHUHU TEMATHUECKUX KapT JaHHOT'O
uccnenoBanus. JlOMOJTHUTENBHBIME ~ MCTOYHHKA-
MU TOCTYXWIH JIaHAMAa(QTHO-pACTHTENbHAS Kap-
ta [.B. I'enpaueBoit u A.A. Illmapdosa, kapra
skocucteM H.I'. Oraps (PaukoBckas u ap., 1999),
a TaKXkKe JIaHHBIC AIEKTPOHHBIX pecypcoB: Global
Biodiversity Information Facility (GBIF, https://
www.gbif.org/) (iNaturalist, 2025), iNaturalist
(https://inaturalist.org/) u «[ImaaTapuym». s yau-
(uKanMy JTaTUHCKUX Ha3BaHUU BHJOB PacTCHUH U
YTOYHEHHS UX CHCTEMAaTHIECKOTO TOJI0KEHUS MPH-
MeHSUIHCH 0a3bl JaHHBIX International Plant Names
Index (IPNI, https://www.ipni.org/) (IPNI, 2025) n
Plants of the World Online (POWO, https://powo.
science.kew.org/) (POWO, 2025).

Pe3y.]'ll)TaTbl HCCJIEeA0BAHUA U UX 06cyme}me

CoriracHO TepOapHBIM JTaHHBIM, TOIIOJH Cepe-
IOUMHA B Mpejenax Hallero McciegyeMoro paiona
ABIISIETCS KpailHEe peIKUM BHUIOM, a 00bEM coOpaH-
HBIX B MIOJICBBIX YCIOBUSAX MaTEPUAIIOB OCTAETCs He-
3HaunTenbHbIM (Tabmuma 1). [lepsrie 5 repbapHbIX
00pa3LoB JUCThEB ObLIM OOHApYXKeHbl B (OHIAX
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«MucTuTyTa OOTAaHUKH U HHTPOLYKIMU PACTCHUID,
npuuéM camasi paHHsAsS Haxonka matupyercs 1930
rongoM U npuHamnexut ILIL ITonskoBy. B mocne-
nyrorue rofel — ¢ 1950 mo 1952 rr. — 6su10 ycTa-
HOBJIEHO, YTO Ha TEPpPUTOpHUU bokelopAnHCKOTO U
YamaeBcKoro pailoHOB TOTOJb Ceperonuii Ooiee

Taonuma 1

HE BCTPEYAeTCs M, BEPOATHO, MOJHOCTBIO HCYE3.
JIums crrycetst 73 roma, B 2025 romy, 1Mo yKa3aHUIO
P.Anaronus Obl1 BHOBb 3aukcupoBaH (akT ero
MPOM3PACTaHUS B IOWMEHHBIX JIecax peKd Ypas Ha
Tepputopun TepekTuHCKoro paiiona 3amnagHo — Ka-
3aXCTaHCKOH 00J1acTH.

Mecmonaxoocoenus eepbapHvix 006pasyoe mononw ceperoueo 8 npedeiax 3KO

h—-6m

Ne | MecTronaxoxaenune T'ep6apmnii T'on Kro cobpan
| ByrpucTble ecku ¢ KycTapHHKaMHU B yPOUHIIe AA 20.02.1930 PP Poljakov
Tepekra
2 | 3an. Kazaxcran 613 noc. Ypia, Ha nieckax. AA 28.07.1950 I1.IT.ITonsikoB
3 |[Ipuiacnuifckitit HU3MOCTE AA 28.07.1952 G.Grigorjew
3amanueiit Kazaxcran 6mms3. moc. Ypaa, Ha meckax
4 YanaeBckuii paiion Ypasbckoit 001, Komomery AA 03.07.1952 E.®. Crenanosa
Enuzapos.
D.I'ybameBa
5 | 3KO «Kpacnas mkomnay MecrooOuTtanus Oanka PPIU 10.07.1998 I"Hypanuesa
P.Mymyranuesa
3KO, Tepexrunckuii paiioH, noime p.Ypan
6 [N 51°32°848", E 51°90'308"" AA 27.04.2025 P.K.Anaronrit

VYpaneck, Tepektunckuit paiton

https://doi.org/10 15468/ab3s5x
accessed via GBIF.org on 2025-
10-12.

13.07.2023

P.K.Anaronmit

Vpanbck, TepexTunckuil paiion

doi.org/10.15468 /ab3s5x
accessed via GBIF.org on 2025-
10-12.

27.04.2025

P.K.Anaronmit

VYpanbck, TepekTuHcKuit pailon

https://doi.org/10 15468/ab3s5x
accessed via GBIF.org on 2025-

07.05.2025

P.K.AHnaromuit

10-12.

B pesynbprate hmopucTHIECKUX HCCIIeIOBAHUMH,
MIPOBEJIEHHBIX B CEPO-TOTOJIEBBIX COOOIIECTBAX B
2024-2025 rr., yctaHoBieHO npucyTcTBue 103 BU-
JIOB COCYJIUCTBIX PACTEHUMU, OTHOCIIIUXCS K 37 ce-
meticTBam u 83 pomam (Tabmuta 2).

[IpuBenensl pe3ynbTaTbl MHOTOJETHUX HC-
CIEeIOBAaHUN PACTUTEIBHOCTH TOIOJEBBIX CO-
oOmects 3amagHo-KaszaxcraHckoil o0Oiactu B
nomuHe peku Ypan (Darbayeva et al.,, 2021).
Bnepsrie nns nayku 3anagnoro Kaszaxcrana Bbl-

IIeJICH HOBBIM BUI — TOIOJNb ceperomuid (Populus
X canescens (Aiton) Sm.), IpeuMyIIECTBEHHO
JIECHOM €Bpa3MaTCKUil BUJ, MPOU3pACTAIONIUNA B
LIEHTPAJIbHBIX U IPUTEPPACHBIX MOUMAX CPEIHETO
TEYEHUs peKH Y pall, paciojio)KeHHOU B mpejenax
CTENHOM 30HBI (MOJ30HA AEPHOBHUHHO-3JaKOBBIX
U OMyCTHIHEHHBIX MOJYKYyCTAPHUIKOBO-IEPHO-
BHHHO-3JIaKOBBIX cTemnei). B cocraBe ceporomno-
JIEBBIX COOOIIECTB BBHIICIICHO BOCEMb MOMYJIAIII
(Pucynox 1).
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Taoaumna 2

Hoevie noxkanumemvi u 6uOMonvl Monojisi ceperoueco, 6bis6lIeHHble 6 Xo0e ucciedo8anuil

Ne Typ araybl g = R g5 z Z = 2
e | S| & |§°| < | | A | E
2. 2 = S
= © s
1 | Acer negundo L. + + + + +
2 |Acer tataricum L.
3 | Achillea millefolium L. + + +
4 | Achillea ptarmicifolia (Willd.) Rupr. ex Heimerl. + +
5 | Angelica sylvestris L. +
6 | Agrostis canina L.
7 | Allium lineare L. +
8 |Aristolochia clematitis L. + + + +
9 | Artemisia absinthium L. + + +
10 | Artemisia vulgaris L. + +
11 | Atriplex calotheca (Rafn) Fr. +
12 | Arctium lappa L. +
13 | Bidens tripartita L. +
14 | Bromopsis inermis (Leyss.) Holub. + +
15 | Bromopsis riparia (Rehmann) Holub. + +
16 | Betula pendula Roth. +
17 | Campanula bononiensis L. + +
18 | Campanula sibirica L. + +
19 | Capsella bursa-pastoris L. + +
20 | Carex melanostachya M. Bieb. ex Willd. Schreb. +
21 | Carex vulpine L. + + +
22 | Cerasus fruticosa Pall. + +
23 | Chaerophyllum prescottii DC. +
24 | Chorispora tenella Pall. + +
25 | Cichorium intybus L. + + + +
26 | Convallaria majalis L. + + + + + +
27 | Conyza canadensis L. + + +
28 | Cynoglossum officinale L. +
29 | Calamagrostis epigeios (L.) Roth. + + + +
30 | Centaurea stoebe L. +
31 | Chamaecytisys ruthenicus Fish. +
32 | Descurainia sophia L. + +
33 | Elytrigia repens L. + + +
34 | Euonymus verrucosus Scop. + +
35 | Euphorbia seguieriana Neck. +
36 | Euphorbia palystris L. +
37 | Festuca valesiaca Gaudin. + +
38 | Frangula alnus Mill. + + +
40 | Fraxinus americana L. + + + +
41 | Fritillaria meleagris L. + +
42 | Geranium palustris L. +
43 | Glechoma hederacea L. +
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Ipooonscenue mabauywvl

= | g2 g |5, =] =] 8|68

Ne Typ araybl g § § § E g E_ é. 2
£ | 5| & |8 < I s
= =

44 | Glycyrrhiza glabra L. +

45 | Galium verum L. + + +

46 | Humulus lupulus L. + +

47 | Hypericum perforatum L. +

48 | Inula britannica L. + + +

49 | Inula germanica L. + + +

50 | Lonicera tatarica L. + + +

51 |Lotus corniculatus L. +

52 | Lycopus europaeus L. +

53 | Lysimachia vulgaris L. +

54 | Lythrum salicaria L. + +

55 | Lactuca tatarica (L.) C.A. Mey. + +

56 | Lathyrus tuberosus L. + + +

57 | Matricaria chamomilla L. + +

58 | Medicago falcate L. + + +

59 | Melilotus albus Medik. + + + +

60 | Mentha longifolia L. +

60 | Mentha pulegium L. +

61 | Malva thuringiaca (L.) Vis. + +

62 | Melica nutans L. + +

63 | Plantago major L. + + + +

64 | Phlomis pungens Willd. + +

65 | Poa pratensis L. +

66 | Populus alba L. + + + + + +

67 | Populus nigra L. +

68 | Populus tremula L. + + + +

69 | Populus x canescens + + + + + + + +

70 | Potentilla recta L. + +

71 | Prunus spinosa L. +

72 | Pteridium aquilinum (L.) Kuhn. +

73 | Quercus robur L. +

74 | Rhamnus catharitica L. + + +

75 | Rubus caesius L. + + +

76 | Rosa cinnamomea L. + +

77 | Rosa canina L. + +

78 | Ribes nigrum L. +

79 | Rumex confertus Willd. +

80 | Salix alba L. + + + + +

81 | Sanguisorba officinalis L. +

82 | Sedum maxima L. +

83 | Silaum silaus L. + + + + +

84 | Sisymbrium altissimum L. + +

85 | Solanum dulcamara L. + +

86 | Sonchus arvensis L. + + +

10
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TIpooonacenue mabauyvl

=
E 4 g g
] s s <
z = £ £ s B = 2 2
= = % 9 2 = § = ©
Ne Typ araysl s = ) 2= s 2 = 2
=3 ) < & ©
= = > 2O = = 2
= @) -9 2 < > = S
2 ==} a 154
= =
87 | Silene multiflora Pers. +
88 | Silene nutans L. + +
89 | Scabiosa isetensis L. +
90 | Salvia pratensis L. +
91 | Thlaspi arvense L. +
92 | Trifolium arvense L. + + +
93 | Trifolium pratense L. +
94 | Trifolium repens L. +
95 | Trifolium montanum L. + +
96 | Tanacetum millefolium (L.) Tzvelev +
97 | Thalictrum minus L. +
98 | Tragopogon dubinus L. +
99 | Urtica dioica L. + +
100 | Ulmus laevis Pall. + + + + + +
101 | Veronica longifolia L. + +
102 | Vicia cracca L. + + + +
103 | Viola canina L. + +
Hroro: 26 31 13 48 40 24 19 24
Pucynox 1
Hogvie ceocpauueckue mouxu obumanus euda Populus % canescens (Aiton) Sm.
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B nonune peku Ypana HaMH BBIICICHBI CIIEAY-
OIIIUE THITHI TIOMYJISAIUI: CEPOTOMOIEBO-TaH IbIIIe-
BbIH (Populus % canescens (Aiton) Sm.— Convallaria
majalis L.) u cepoTomensiii — pyAepaNbHbIA
(Populus % canescens (Aiton) Sm.- Capsella bursa-
pastoris L.). Hike mpuBeneHbl WX OCHOBHBIC Xa-
PaKTEPUCTHUKH.

IlepBass momyJsisiusi PacroyiOKEHa CEBEPHbBIN
rpanuua BOIM3u cena Ilpuypanbubiii Bypimuncko-
ro JlecHn4ecTBO o0bekTa I'ypreBckuii kBapTam No3
(GPS: N 51°30.501°, E 053° 09.528"). Ha nannom
y9acTKe BBIIBICHO 26 BHIOB (25,2%). B cocrtase
cooO1IecTBa MPEICTaBICHbBI KaK JPEBECHO-KycTap-
HUKOBBIC, TAK U MHOTOJICTHUE TPABSHHUCTHIC BHIBI.
[lepssrii sipyc Populus alba u Populus x canescens
SIBISIFOTCSL YCTOMYMBBIME JIOMUHAHTaMu. Bo BropoM
spyce npouspactaeT Acer negundo L., Toraa xax B
TPEThEM SIPyCE TPaBSHUCTHIE BUJBI OTCYTCTBYIOT
n3-3a HEJOCTaTKa OcBeUleHUs. JlaHHas momyssius
XapakTepu3yeTcsl TpeodiiajaHeM JpEeBECHO-KY-
CTapHHUKOBOTO SIpyca.

Bropas momymnsiiusa pacrionoxena SIHBapIiBoro
necxo3a (nmokanmu Cnaprak GPS: N 51°25.2777,
E 052° 03.449" u Pybexka GPS: N 51°17.620", E
051° 45.553"). 3gecy otmeueHo 44 Buna (42,7%),
YTO CBUIETEIHCTBYET O BBICOKOM (DIIOPUCTHUECKOM
pa3HooOpa3uu. Y4acTOK OTIMYAETCS yCTOWYHMBO-
CTBIO PACTHTEIHHOTO TOKPOBA M COCYIIECTBOBA-
HUEM Pa3IHYHBIX 3KOJOrn4Yeckux rpymnm. [lepseiii
apyc Populus tremula u Populus nigra BcTpegarorcs
pexe, Torna xak Populus X canescens BeicTymaer
OCHOBHBIM JOMHHAHTOM, (DOPMHUPYSI CEepOTOMOJe-
BO — JIaH/BIIIECBBIC TOMYJISLUN BOKPYKEHHOCTH II.
CrapTak 1 BOKpyKeHHOCTH T.Py0exka.

TpeTbst momy LS pacroyioKeHa Ha JIeBOM Oe-
pery pexku Ypan, B Oalo4HBIX OaipadHbIX Jecax:
Axmamu GPS: N 51°19.758", E 051° 54.208" , Bo-
posckast GPS: N51°20.461°, E 051°55.528°, dy06pa-
Ba GPS: N 51°19.248, E 051°54.546" (ueHnTpainb-
Has noitma, kBaptansl Ne 2 —4) u Caypxun-sp GPS:
N 51°21.933", E 051° 56.634°. B ycnoBusix cdop-
MHPOBABITICHCS 3HAYUTEIEHON TITyOUHBI OaJIOK (10
22 M) 31ech cOPMHUPOBAH BBHICOKOPa3HOOOPA3HBIN
(hmopucTudeckuii cocta, BKIFOaromui 131 Bug.

JpeBecHblii sipyc npenctasien Quercus robur
L., Betula pendula Roth., Ulmus laevis Pall. 1 npy-
TUMU JPEBECHBIMH Toponamu. KycTapHHKOBBIN
spyc npeactasinen Corylus avellana L., Euonymus
verrucosus Scop., pa3nuuHbIMu BunaMu Crataegus

sanguinea Pall., Chamaecytisus ruthenicus (Fisch.
Ex Woloszcz.) Klask., Prunus spinosa L., Rosa
canina L. U npyrumu Bugamu (Pucynox 2).

JlanHast momymsAus XapakTepHa Ui [eHTPallb-
HOH U IIPUTEPPACHOM IMOMMBI peKu Y pai. B nokanu-
terax Boposckoit, Axmaau u CaypKuH-sp Tipeodra-
JIACT CEPOTOTOICBO-JIAHBIIICBBIA TUIT TOMYJISIIUN
(Pucynok 3), Torma xak B /[yOpaBe BeIsSBIEHA CEPO-
ToTeNast — pyAepalibHas Oy SIS,

Camas 10)KHasi TIOTYJIANNS TOTIONS CEPEIOIIero
(Populus x canescens) pacroyio)keHa Ha OTpOrax
O6mero CeipTa, Ha MECYaHBIX CKJIOHAX IECUYAHOTO
Kapbepa B OKPECTHOCTSIX Ioceika MeoBble TOpKU
GPS N 51°07'24.35", E 51°21'15.48", rne moncTu-
Jarouei nmopoou sisercst Men. Beicota Populus
canescens B JaHHON MECTHOCTH cocTaBisieT 16 — 19
M, KpOHA HMEET IUIaKy4yt0 ()OpMY, CPEIIHSIS TOJIIIIH-
Ha cTBoJia — 120 — 130 cM, 9TO OTpaskaeT BIUSHUE
MHUHEpaIU30BaHHOTO cyOcTpata Ha MopdoreHes
BH/IA.

[Nomynsinust pa3BUBaeTCsl B COYETAHUM C TICaM-
MOGUIBHBIME W PYICPATBHBIMUA COOOIIECTBAMH,
MPEJICTABICHHBIMUA PA3JIUYHBIMUA BHUJIAMHU ITOJILIHH
(Artemisia), momouas (Euphorbia), matyk (Lactuca),
nycteipauka (Glechoma) u Apyrux XxapakTepHBIX
BHJIOB.

B pesynbraTe TaKCOHOMUYECKUH aHan3e ObLIO
BBIsIBIIEHO 103 BHAAa COCYAWCTHIX pacTeHUU, OTHO-
csammxcs K 83 ponam u 37 cemeiictBy (Tabmuna 3).

TakcOHOMUYECKHI COCTaB OTpa)kKaeT TUIIHY-
HBIE 4epThl (UIOpBl YMEPEHHOW 30HBI BocTouHoi
EBpomsr n 3amagrnoro Kazaxcrana, rae mpeoOmama-
10T MIPEJICTAaBUTENN CEMENUCTB Asteraceae, Poaceae,
Fabaceae, Rosaceae, Brassicaceae n Lamiaceae.

PonoBoii criektp (uiopsl XxapakTepu3yeTcst npe-
obmaganuem poaos ¢ 2 — 3 Bunamu (Achillea, Rosa,
Trifolium, Mentha, Bromopsis) 4To yka3bIBaeT Ha
YMEpPEHHYIO CTENeHb TAKCOHOMHYECKOTO Pa3HO00-
pasusi U OTCYTCTBHE SIBHO JOMUHHUPYIOILIUX POJIOB.

TakcoHOMHIYECKast CTPYKTypa (IIOpbI OTpaxkaeT
CMEIIAHHBIN THIT PACTUTEIILHOTO MTOKPOBA — B KOTO-
POM COYETAIOTCS JIECHBIC, JIyTOBBIC, OIyIICYHBIE 1
BOJIHO-00JIOTHBIE JIeMEHTHI. bosbiast 101t MHOTO-
JIETHUX MEe30(DUTHBIX BUJIOB YKa3bIBAET HA YMEPEH-
HO BJIQ)KHBIC YCJIOBUSI MECTOOOUTAHUN.

O6unme ipencraButeneit Asteraceae n Poaceae
MOATBEP)KIAET AaHTPOIOTCHHOE BO3JEHCTBHE Ha
TEPPUTOPHUIO M TEHACHIIUIO K BTOPUYHOM JyTOBO-
CTEIHOM CYKILIECCHH.
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Pucynox 2 Pucynok 3
Populus canescens — Rosa canina Populus canescens — Convallaria majalis

Taoauua 3
Takconomuueckuil cnekmp

Ne | HazBanue cemeiicTBO Yucao IIpouent,% Ha3Banmue pona Yucao IIpouent,%
1 Asteraceae 12 11,7 Trifolium 4 3.8
2 | Fabaceae 10 9,7 Populus 4 3,8
3 Poaceae 8 7,7 Artemisia 2 1,9
4 Rosaceae 7 6,7 Achillea 2 1,9
5 Brassicaceae 5 4.8 Bromopsis 2 1,9
6 |Salicaceae 5 4.8 Carex 2 1,9
7 | Lamiaceae 5 4.8 Euphorbia 2 1,9
8 | Apiaceae 3 2,9 Mentha 2 1,9
9 | Cyperaceae 2 1,9 Rosa 2 1,9
10 |Liliaceae 2 1,9 Acer 2 1,9




O1eHKa COBPEMEHHOTO COCTOSIHUSI U TIEPCIICKTHB YCTOHYUBOCTH MOMYISUUi Populus X canescens (Aiton) sm. B CpEITHEM. ..

Pucynox 4
Cnexmp gedywux cemelicme

.
|
x /

" Asterdceae Fabaceae = Poaceae = Rosaceqe = Brassicaceae

8 Salicaceae = Lamiaceae Apiaceae u Cyperaceae ™ Liliaceae

Pucynok 5
Cnexmp 0oMUHUpYIOWuUX pOO0E 6 NONYIAYUU

1.9%

1.9%

1.9%

B Trifolium ™ Populus WArtemisia W Achillea = Bromopsis = Carex - Euphorbia - Mentha — Rosa

B ceporononeBblx cooOliecTBax HamMy ompe- — ApeBecHble BUIbI — 23, (22,3%), MHOrojeTHHE Tpa-
neneHo 18 Ouomop(, OTHOCSIIMXCSA K Pa3jIMYHbIM  BSIHUCTBIC MOJIMKAPIUKU — 64%, OJTHOJICTHHE TPaBsi-
KM3HEHHBIM (pOpMaM PAaCTEHMI: IPEBECHBIC U TIOJIy-  HUCThIe MOHOKapnuku — 14 (13,5%) (Tabauua 4).
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Taoauuna 4
Buomopghonocuueckuii ananuz cepomononesozo coobujecmea

Ne Kuznennas ¢popma Yucao Ipouent, %

JlpeBecHbIe U NMOJIyIpeBecHbIe BUIbI 23 22,3
1 1. [epeBps 10 9,7

2. KycrapHukun 10 9,7
3. TlomykycTapHUKH 3 2,91
MHoros1eTHUe TPABSHOCTH NOJIMKAPIUKH 66 64
1. JIMMHHOKOpHEBUIHBIE 23 22,3
2. KopoTKOKOpHEBHUILHBIE 12 11,6
3. CrepKHEKOpHEBbIE 16 15,5
4. JlykoBUYHBIE 2 1,9
5. JlepHOBHHHHO — KOPHEBHUIIIHBIE 1 0,9

) 6. PpIXJ01€pHOBUHHBIE 2 1,9
7. KnyOneobpasyromue 2 1,9
8. IlnmoTHOIEpHOBUHHBIE 1 0,9
9. CTep)KHEKHCTOBbIE 2 1,9
10. KopueBuuinble 2 1,9
11. KinyOHeKopHEBHUIIIHbIE 1 0,9
12. KucrexopHeBble 1 0,9
13. JInana 1 0,9
OnHoJleTHHE TPABSIHUCTBIE MOHOKAPIIUKH 14 13,5

3 1. OnaHOJETHUKU 9 8,7
2. JIByneTHUKH 5 4,8

Amnanu3 0uoMopQoIornueckuil ObUT POBEICH
mo W.I'.CepebpsikoBy (1964) meHTpambHOE MECTO
3aHMMAIOT TPABSHUCTOM NMOJIMKAPHUKHU (66 BHUJIOB,
64%) (Cepebpsaxos, 1964). [IpeBecHble U MOy Ipe-
BECHbIE BUJBI 3aHUMAIOT BTOpoe Mmecto (23 Buja,
22,3%) Jona yyacTus MOHOKapIHKOB COCTaBWIIA
oonee (14 Buna, 13,5 %).

AHann3 (UTOIICHOTHYECKOTO CIIEKTPa BBISBUII
HaJIMYME IIECTH OCHOBHBIX (PUTOLIEHOTHUYECKUX
rpynin: JIECHOM, JIECOCTENHOM, CTEIHOM, JyroBOH,
JYyTOBO-00JIOTHOM U MIPUOPEKHO-BOAHOM (TAbI. 5).

JoMunupytomiee moJoKeHHe 3aHUMAlOT Jiec-
uele Buabl (32 Buaa, 31 %), Gpopmupyromue sapo
(hIOPUCTUIECKOTO KOMILICKCA.

CyIIeCTBEHHYIO JIOJII0 COCTaBJISIOT JIYTOBBIC
pacrenus (26 Bumos, 25,2 %), 4To 00yCIOBIEHO
NPUYPOYECHHOCTBIO CEPOTONOJICBHUKOB K IICHTPANIb-
HBIM ¥ TPUTEPPACHBIM TTOMIMaM, TECHO KOHTaKTHPY-
FOIIUM C TOMMEHHBIMU JIyT'aMHU.

CrenHbple BUABI TPEICTaBIECHB MEHEE 3Ha-
gutenbHo (17 BunoB, 15 %) u xapakTepHsl mpe-
WMYIIECTBEHHO /I TPUTEPPACHBIX yYaCTKOB.
Hons necocTenubix 3eMeHTOB coctaBisieT 10 Bu-
0B (9 %), 9yTo OoTpaxkaeT MEepPEexXOAHBIN XapakKTep
9KOTOIIOB.

MuHHMMaIEHOE y4acTUE OTMEUYEHO Y IPHOPEHKHO-
BoAHBIX (2 BHIa, 1,9 %) 1 MyroBo-00JIOTHBIX BHIOB
(1 Bug, 0,9 %), 3aHUMAIONIUX MapTUHATBHBIE, IKOJIO-
THYECKH CTIENNATN3NPOBAHHBIE MECTOOOUTAHUS.

[IpoBenEHHBIN XOPOJIOTUYECKHUN aHAU3 Ce-
POTOTIOJICBHUKOBBIX  (PUTOIEHO30B ITO3BOJIAI, B
COOTBETCTBHH C  (IOPUCTUKO-reorpaduyeckon
konmenmuen A. JI. Taxtamksaa (1966), nuddepen-
uupoBath (JI0py Ha S5 0A30BBIX THUIIOJIOTHYECKUX Ka-
TErOpUil apeasoB: rOJIAPKTUYECKUM, EBPONEHCKUH,
JIPEBHECPEIN3EMHOMOPCKUHN, CPEIU3EeMHOMOPCKUN
u amepukaHnckuit (TaxramksH, 1966).

B crpykType apealiorm4eckoro crektpa Jo-
MTOJTHATEIFHO HUIACHTU(PHUITUPOBAHO 9 KITACCOB ape-
QJIOB: E€BPA3UATCKHiA, TOJAPKTUYCCKHIA, EBPOCH-
OMpCKUI, eBPONEHCKUNA, BOCTOYHO-CBPOTICHCKHU,
CPEIU3EMHOMOPCKHIA, BOCTOYHO-CPEIU3EMHOMOP-
CKHUH, ceBepoaMepuKaHCKUl U kaHajackuil. Kpome
TOr0, B XOPOJOTMYECKHX TNpEJesiaX BbISBICHBI 4
TPyNIBl apeajoB 0ojiee YacTHOTO paHra: BOCTOY-
HO-EBpOIICHCKas, MOHTHYECKasi, BOCTOYHO-TIOHTH-
YecKash W capMmarcKas, 4TO YKa3blBaeT Ha IPeod-
JaJlaHue 3JIEMEHTOB YMEPEHHO-KOHTHHEHTAILHOM
U cyoMenuTepaHHOW (DIOPUCTUICCKUX TPOBUHITAN
(Tabnuua 6).
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Taonuma 5
Qumoyenomuyeckuii ananus gropol

Ne DUTOLEHOTHYECKHUI Tpynna Yucio Ipouent,%
JlecHoit 37 36
1 1. ncenoit 32 31
2. IYTOBO — JIECHOH 5 4,8
2 | JlecocTenHoii 10 9,7
Jlyrosoii 26 25,2
3 1. nyroBoit 25 242
2. GopeasbHO — JIyTOBOH 1 0,9
CrenHoii 17 16,5
1. cremHoit 12 11,6
4 2. TOPHO — CTEMHON 1 0,9
3. JYroBO — CTEITHOM 4 3.8
4. myroBO — OOJMOTHBII 1 0,9
5. mpuOpEKHBIN 2 1,9
Tabauna 6

Apeanvt pacmenuii cepomononesvix coodujecms

Ha3Banmue apeaJioB Yucao o AGCOJIIOTHBIE TPOLEHTOB,
A-B kaaccst I - 111 rpynnsl HEN0 BIAOE %
losiapkTuyeckuii THII apeasioB 62 60,1
A. EBpa3uarckuit 27 26,2
b. l'onapkruyeckuii 26 25,2
B. EBpocubupcxuit 9 8,7
EBponeiickuii TUII apeaioB 33 32
A. EBponetickuit 21 20,3
b. Bocrouno — EBponeiickuii 12 11,6
[.BocTouHo — eBporneiickas 1 0,9
II.ITonTHYeCcKas 9 8,7
[II.Capmatckas 1 0,9
JlpeBHecpeAn3eMHOMOPCKHII THII apeaJia 2 1,9
Cpeau3eMHOMOPCKHIA THIT apeaJia 5 4,8
A. Cpenn3eMHOMOPCKHI 4 3.8
B. Bocrouno — Cpeau3eMHOMOPCKHN 1 0,9
AMepHKaHCKU THII apeaJia 3 2,9
A.CeBepoamepuKaHCKas 2 1,9
b.Kanazackast 1 0,9

Xoposioruyeckuii Ipopuiib CepOTONOIICBHUKO-
BBIX (PUTOIEHO30B, C(HOPMUPOBAHHBIX B TOHMEH-
HBIX U [IPHU-TEPPACHBIX YCIOBHSIX JIECOCTEITHO-CTEII-
HOro TpaHcekTa Boaro-Ypanbckoro Mexaypeubs
(3amannbril Kazaxcran), 1eMOHCTPUPYET BBIPAKEH-
HYIO TOJIADKTUYECKYI0 U OOpeanbHyl0 HarpaBJieH-
HOCTh. B apeanormueckom creKkTpe CymecTBEHHYIO
JIOJII0 3aHUMAIOT TOJIAPKTUYECKHE U €BpoIIecKue
anemeHTsl (62 Bunma — 60,1 % u 33 Buma — 32 %
COOTBETCTBEHHO), TOT/1a KaK ITIOHTUYECKUE U €BPO-
cHOUpCKUE KOMITOHEHTHI TNPEICTaBICHBI (OHOBO

(o 9 BunoB; 8,7 %). llInpoTHO-30HANBHBIN aHATU3
MOATBEP)KAAeT AJOMHHUPOBAHUE OOPEAJIbHBIX 3JIe-
MeHTOB (81 Bux; 78 %), pu CpaBHUTEIILHO HU3KOM
nmoJie ctermHbIX (16 BumoB; 15 %) M MUHUMATBHOM
YYacTHU MYCTBIHHBIX W aJBEHTHBHBIX (opM (mo 3
BHJIA).

Taxast komno3unust (GIoOpel yKaszblBaeT Ha He-
CKOJIBKO B3aMMOCBSI3aHHBIX (DIIOPOTEHETHUECKUX
MEXaHU3MOB. Bo-TNepBbIX, JOMHUHUPOBAHUE TOJIAP-
KTHYECKUX U OOpeasbHbIX 3JIEMEHTOB OTpaXKaeT
HCTOPUYECKYIO KOJOHH3AIHUIO TEPPUTOPUU BCIIEA-
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CTBUE TOCTIVIALUAIBHBIX MHUTpPAUil U3 CEBEPHBIX
M UEHTPAIbHO — EBPa3MICKUX HCTOYHHUKOB: TIO
MEpe PEerpeccus JIETHUKOBBIX M KIMMaTHYECKUX
M3MEHEHN OopeanbHble TaKCOHBI HCTOPHUYECKU
pacIIupsuIi apeaisl Ha 0T BJIOJIb PEUYHBIX JOJIMH U
MeXIypeunii, GopMUPYsS COBPEMEHHYIO IMOHMEH-
HYI0 (QIIOPUCTUKY. BO-BTOpBIX, HATTMUUE BBIPAXKEH-
HOI €BpONEHCKONH KOMIIOHEHTBI CBUJETEIBCTBYET
O CWJIBHOH 3amajHOl CBSI3HOCTH pernoHa: Bomro-
VYpanbckuit Kopuaop GHyHKIHOHUPOBAT U MPOJIOJ-
KaeT (PyHKIMOHUPOBATh KaK OCh MHUIPALlMM U WH-
TPOAYKIIMHA YMEPEHHO-KOHTHHEHTAIBHBIX TAKCOHOB
Mexay Bocrounoit EBponoit n BHyTpeHHUMH 00-
jJactsaMu EBpasuu. B COBOKYNHOCTH 3TH MPOILECCHI
0OBSICHSIIOT MpeodiajaHue CeBEPO- U 3ara HOEBPO-
MEHCKUX JIEMEHTOB B COCTaBE CEPOTOIOB.

[loiiMmeHHO — NpUTEpPPACHBIM KOHTEKCT HWrpa-
€T KIIFOYEBYIO POJIb B TOAJEPKaHUN JAHHON KOM-
MO3UIMH: YEPEJOBAHNE AKTUBHOM MONMBI U IpH-
TePPACHBIX CTAOWIBHBIX yYaCTKOB O00ECIIeunBacT
coyeTaHHe ME30(HUTHBIX YCIOBHH, MEPUOTUUECKO-
T'O 3aTOTUICHHUS U JIOKAJTbHBIX MUKPOKIMMATHIECKUX
HUIL, OJIATONPUSITHBIX Ul COXpaHEHHs! Oopeanb-
HBIX U CyOOOpeabHbIX 3JIEMEHTOB Ha IMPeJIeNbHbIX
I0’KHBIX TPAHMLIAX UX pacnpocTpaHeHus. FiMeHHo B
TaKUX JaHIMA(PTHBIX CTPYKTypax BO3MOXKHA JOJI-
TOBpEMEHHAsI MEPCUCTEHIUS PETUKTOBBIX MOMYJIs-
[IUH ¥ ycTIenTHas KOJIOHU3AIHSI TAKCOHOB, MUTPHPY-
IOIIUX 10 MEPUAMOHAIBHBIM M JIATUTYIUTAIBHBIM
KOpHUAOpaMm.

[IpoBuHIIMaNbHAs TPUBA3KAa U POJIb pPErHOHa
KaK TpaH3UTHO-peyrHaJbHOTO Y3714, apeanbHas
KOH(HTYypaLus ucciaenyeMoi Gpopsl COOTBETCTBY-
eT MPHUHAUIEKHOCTH K OopeaspbHOMy cexTopy lo-
JAPKTHYECKOTO 11aPCTBA C BBIPAKEHHBIM BIUSTHUEM
JIPEBHECPEIN3EMHOMOPCKOTO KOMIIOHEHTa Ha Tie-
pudepun. buoreorpaduyeckn AaHHBIA KOMIUIEKC
MOJKET OBITh OTHECEH K I0T0-BOCTOYHOU Tiepuepun
Bounro-Ypanbckoil NpoBUHIMK (MM AKBUBAJICHT-
HOM MPOBUHIIMAIBHON sUeiike B COBPEMEHHBIX CXe-
Max palOHUPOBAHUSA), TlIe CMEIIEHHE OOpeabHbIX
¥ CyOMEeIUTEePaHCKUX IIEMEHTOB CO3/1aET YHUKAIb-
HBIH (IIOPOTeHETHYECKHI TPOQPUIIb.

Pernon BeICTymaeT OJHOBPEMEHHO KaK TpaH-
3UTHBIA Ouoreorpaduueckuii kKopuaop (obdecrme-
4yuBas BEKTOPHbIE MUTpanMu Mexay EBponoil n
BHYTpeHHel EBpasueil) n Kak JOKalIbHBIA pedyru-
yM s OopeanbHBIX BUAOB. Takas TBONCTBEHHAs
POJIb OOBACHSET COUYETAaHHE LIMPOKOTO apeantbHOTO
MOKPBITHS  (IIUPOKOApeanbHble TONApKTHYECKHE
BUJBI) U HANMW4MA Nepuepudeckux MM IepH-pe-
(GyruitHBIX 371eMEeHTOB (ITOHTHYECKHE, TpEeBHECpe-
JU36MHOMOPCKHE BKJIIOYECHHUS), OOHAPYKCHHBIX B

MIPUTEPPACHBIX HUIIAX. B mpakTuieckoM miaHe 3To
JIEJIaeT PACCMOTPEHHYIO TEPPUTOPHUIO 3HAYNMOM
JUIL COXpaHEHHsI TEHETHYECKOTO Pa3HooOpasusi u
KaK MOTEHIIHAIBHO BAXHYIO 30HY JUISI MOHUTOPHH-
ra JMara3oHHbIX CMEIIEHNH B OTBET Ha KIIMMaTHYe-
CKHE€ U3MEHEHHS.

Bromopdonoruueckuii CekTp oTpaxkaeT Hallu-
yme 18 )Ku3HeHHbIX (popM, cpei KOTOPBIX OTYETIIH-
BO JOMUHHUPYIOT MHOTOJIETHUE TPABSIHUCTBIE TIOJH-
KapmuKu ¢ mpeoOiagaHieM JITUHHOKOPHEBUITHBIX
U CTEP’)KHEKOPHEBBIX CTpaTETHH, XapaKTEPHBIX IS
YCTOHYMBBIX, [UIUTENBHO (HYHKIIMOHUPYIOIINX KO-
cucreM. [loutn deTBepTh (QIIOpPHI IpeacTaBICHA
JIPEBECHO-KYCTapHUKOBBIMU (hOpMaMH, HYTO TIOA-
YEPKHUBAET CJIOXKHYIO BEPTUKAIBHYIO CTPYKTYpY
PacTHTEIHHOCTH W HATW4He CTAOMIBHBIX MHUKPO-
KJIMMAaTOB B MpefesaX NOWMEHHO-IPUTEPPACHBIX
Y9aCTKOB.

AHanu3 (QUTOLEHOTHYECKONW NPUYPOUYESHHOCTH
BBISIBUJT IIECTh OCHOBHBIX IKOJIOTHYECKHUX TPYIIIL:
JIECHYIO, JIECOCTETIHYIO, JIYTOBYIO, CTEIIHYIO, JIyTO-
BO-0OJIOTHYI0O W TPHOPEKHO-BOAHYIO. Bemymryio
POJb B CTPYKTYpe (PIOPBI HIPAIOT JIECHBIC U JTYTO-
BBIE BHJIBI, YTO KOPPETUPYET C JOMHUHUPOBAHHEM
YMEPEHHO-THAPOME30(HIBbHBIX PEKUMOB H YKa3bI-
BaeT Ha KIIOYEBYIO POJIb MONMEHHO-TIPUTEPPACHO-
ro Mo3aulu3Ma Kak (pakropa yCTOHUUBOCTH (IIOPHI.
CremnHbIe W JIECOCTEITHBIE KOMIIOHEHTHI 3aHHUMAIOT
MIPOMEXKYTOUHOE TOJO0KEHHE, TOTJa Kak JIoJs JIy-
rOBO-00JIOTHBIX M TPHOPEKHO-BOIHBIX BHIOB OCTa-
€Tcsl MUHHMMAJIBHOM, OTpa)kas HUX 3KOJOTHYECKYIO
HUIIEBYIO CHEMU(PUKY W JOKAIN30BAaHHOCTH BO
(parMeHTapHBIX MUKPOOHOTOIIAX.

I'eorpadudieckuit anaau3 MOATBEPAIT HATAINE
5 TUNOB apeasos, 9 kjgaccoB W 4 Ipynn apeasos.
JloMUHUpOBaHNE TOJAPKTUYECKUX, EBPONIEHCKUX U
MTOHTUYECKUX 3JIEMEHTOB OJHO3HAYHO YKa3bIBAET
Ha €BPOA3MaTCKyI0 HANPaBIECHHOCTH (DJIOPHI C BbI-
pakeHHOH OopeanbHON KoMIoHeHTOH. [Ipeobnana-
Hue OOpeanbHBIX BHIOB B CIEKTpE MOAUYEPKUBACT
(1OoporeHeTHUECKyI0 CBsI3b UccieyeMol (Iopsl ¢
CEBEPHBIMH TMOCTTISIUATFHBIMA MUTPAIIIOHHBIMA
MOTOKaMH U TIOATBEPKAACT peyruanbHO-TPAH3UT-
HyI0 (YHKIMIO JIECOCTENMHO-CTEITHOTO TPAHCEKTa
Bonro-Ypansckoro Mexaypeubss B mpejenax 3a-
nagHoro Kazaxcrana.

[lonmy4yennsle naHHbIE YOEIWUTENBHO JIEMOH-
CTpUPYIOT, YTO (Jopa CEepOTOIUIEBHUKOBBIX CO-
OOILIECTB JIECOCTEIHO-CTEITHOTO TpaHcekTa Bonro-
Ypansckoro MexIypedbst B Ipeneiax 3amaiHoro
Kazaxcrana oOnamaer BBIpaKeHHOM OopeanbHO-
TOJIAPKTUYECKON OCHOBOM € SPKO BBIPa)KCHHBIM
y4acTHEM €BPOINENHCKUX M MOHTUYECKUX 3JIEMEH-
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TOB, YTO CBHJETEIBCTBYET O €€ MPUHAIC)KHOCTH K
TPaH3UTHO-pePYTHAITEHOMY THITY (DIIOPUCTHUECKUX
KoMmIuieKcoB. CTPyKTypa *KH3HEHHBIX (GopM U (u-
TOIIEHOTHYECKAsl PUYPOUEHHOCTh SICHO OTPAXKaroT
YCTOMYMBOCTB ()JIOPHI K THAPOMOP(HHON MO3andHO-
CTH TIOWMEHHO-TIPUTEPPACHBIX JaHAmadToB, 00e-
CIieunBas COCYIIECTBOBaHUE OOpeabHBIX, Cy000-
peaNbHBIX U CTEMHBIX JJIEMEHTOB Ha KPUTHUYECKOU
LIMPOTHOH rpaHuIIe UX apeaos.

Takum obOpaszom, wucciueayemas TEpPUTOPHS
MpeacTaBiIsieT co00 He TOJIBKO YHUKAIBHBIA OHO-
reorpauIecKuii TMEepecedEHHbI y3el MHUTpaIi-
onnHbIx oceit Boctok — 3aman u Cesep — FOr, HO u
MTOTEHIIUANBHBIN peyruym i OopeanbHbIX U CyO-
OOpeabHBIX BUJIOB B YCJIIOBHSIX OKHIAEMbIX KIIHMMa-
tndyeckux Tpanchopmarmii XXI Beka. 1o mpuaaér
PETHOHY CTPAaTEernvyecKylo LEHHOCTh KaK OMOpPHON
IJIOMIAIKE JJIST JOJATOCPOYHOTO MOHUTOPUHTA (II0-
PUCTUYECKOM IMHAMHMKH, a TaKXKe MOAYEPKUBACT
HEOOXOMMOCTh MPUOPUTETHOTO BKIIIOYEHUS TO¥-
MEHHO-TIPUTEPPACHBIX KOMIUIEKCOB B MPOTrPaMMbI
MIPUPOIO0XPAHHOTO TUNTAHUPOBAHUS 1 OnocdepHOoro
pe3epBaTHOTO 30HUPOBAHUSI.

3akioueHne

B pesynbraTe mpoBEeNEHHBIX HCCICIOBaHUI
YCTaHOBJIEHO, YTO CEpPOTONOJIEBBIE COOOIIECTBA
(Populus * canescens (Aiton) Sm.) B mpenenax
CPEIHETO TCUCHHSI PEKH Y pasl IPEICTaBIISIOT CO00H
YHHUKAQJIBHBIC U YKOJIOTUYECKH 3HAYMMbIe 00pa3oBa-
HUS, UTPArOIIue KIIFOYEBYIO POJIb B ITOANEPKAHUU
OMOJIOTHUECKOTO  pa3Ho00pa3us MOWMEHHO-TIPHU-
TEepPpacHBIX JKOCHUCTeM 3amamHo-KazaxcraHckoi
o0racru.

Ha ocHoBanuu moieBbIX Habr01eHN 1 repbap-
HBIX JJAHHBIX BBISIBJICHO BOCEMb MOMYJISIHiA Populus
X canescens, IPUYPOUYCHHBIX K MOMMaM U Teppacam
pexu Ypar. B coctaBe (propsl cepoTONONEBIX CO-
obmecTB 3apeructpupoBano 103 Buga COCYIUCTHIX
pactenuii u3 37 cemeiicTs 1 83 ponos. Bunosoii co-
CTaB XapaKTEPHU3YeTCS BBICOKUM (DIOPUCTHUCCKIM

Bxnao aemopos

00raTcTBOM, NPUCYTCTBHEM Kak JIPEBECHO-KycTap-
HUKOBBIX, TAK H MHOTOJICTHUX TPaBSHHUCTHIX QOpPM,
YTO CBHJIETEILCTBYET O CIIOKHOH MPOCTPAHCTBEH-
HOH CTPYKType COOOIIECTB U WX YCTOMWYHUBOCTH K
M3MEHSIIOIUMCS YCIOBUSM CPEIbl.

buomMopdonmornaecknii aHanu3 1moKa3ail TOMH-
HUPOBAHUE MHOTOJICTHUX TPaBSIHUCTBIX IOJIMKAp-
mukoB (64 %) U CYIIECTBEHHYIO JOJIO TPEBECHBIX
u noxyapeBecHbx Gopm (22,3 %), 4To OoTpaxaer
CTaOUIIBHOCTH DKOCHUCTEM U WX aJalTHPOBAHHOCTH
K TOWMEHHBIM YCIOBUsIM. B QuroneHoTHueckon
CTPYKType Mpeo0IafatoT JIECHbIE W JYTOBbIE BHIBI
(56 % coBOKYIHO), 4TO MOATBEPKIAET ME30(PHUIIb-
HBIH XapakTep pacTHTEILHOCTH.

Xoposnorudeckuii aHaau3 ¢IIOpsl BBISIBUI Tpe-
obnamanme romapkrmdeckux (60,1 %) um eBpo-
nefickux (32 %) SIEMEHTOB, YTO yKa3bIBaeT Ha
€BPOA3NaTCKyI0 HaIMpaBIeHHOCTH (popel U €€ 0o-
peanbHOE MPOUCXOKACHUE. Hanndane moHTHYECKUX
W eBPOCHOUPCKUX BUJIOB CBUJICTEIILCTBYET O TPaH-
3UTHO-pedyruaibHOM Xapakrepe (uopsl, Gpopmu-
pOBaBIIICHCS TIOJ BIUSIHUEM MHIPAIMOHHBIX MPO-
LIECCOB BJOJIb JOJIUHBI Ypaa.

Pe3ynbraTe! nccnenoBaHus TOATBEPKAAIOT, YTO
JIOJIMHA PEKH Ypall BBIONHSET ABOMHYIO OHOreo-
rpadudeckyro QyHKIIUI0 — KaK TPAH3UTHBIA KOPH-
nop Murpanuu ¢uopsl Mexny Bocrounoit EBponoit
1 BHyTpeHHeW EBpasmeil, n kak JOKaIbHBIN pedy-
THyM Ui OOpeanbHBIX U CyOOOpeanbHbIX 3JIeMEH-
ToB. CoueTranne MOHMEHHBIX U TIPUTEPPACHBIX OHO-
TOMOB 00ECHEeYNBACT YCTOWYNBOCTh COOOILECTB U
CMOCOOCTBYET COXPAHEHUIO PEIKUX U PEITMKTOBBIX
BUJIOB Ha I0)KHOM I'PaHULIC UX apeajoB.

Takum oOpa3oMm, CEpOTOTOJIEBEIE COOOIIECTBA
Populus *x canescens npencTaBisiior co0oi Baxk-
HBI TIPUPOTHBINA pecypc, TpeOyromuii TOCTOSHHO-
rO0 MOHUTOpPUHTA U OXpaHbl. [lomyyeHHbIe HaHHBIC
MOTYT OBITh HCIOIB30BaHBI TPU pa3pabOTKe IpH-
POIOOXpaHHBIX MPOrPaMM, CO3JaHHU 0c000 OXpa-
HSIEMBIX MTPUPOHBIX TEPPUTOPHH U IIIAHUPOBAHUN
OrochepHOTO pe3epBaTHOTO 30HUPOBAHUS B TIpEJIc-
nax 3amagHo-Kazaxcranckoit o0macTH.

Anamonuii Pativimobex Katipamynvr: Konyenmyanuzayus, Mccredosanue, Memooonoaus, Hanucanue — nposepka u peoaxmu-
posanue; Kypmanbaesa Mepyepm Caxenosna: Hayunoe pykosodcmeo, Baruoayus, Kypuposanue oannvix, /lapbaesa Tanwen Ece-
nomanosna: Hanucanue — nepgonauansvuviii eapuanm, QPopmanvuuiii ananus, Anvoicanosa bazoazyn Caxmazanosna: QPopmanvhulil
ananus; Kapabanaesa Jfuna d3umxanosna: [lpoepammmnoe obecneuenue, Busyanusayus.
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MOP®OAOI'NMYECKUE OCOBEHHOCTU NMAOAOB
M AHTUOKCHUAAHTHASA AKTUBHOCTb PASANYHbLIX ®OPM
ROSA ALBERTI B YCAOBUAX TAABHOTO BOTAHUYECKOTIO CAAA

B cTaTtbe npeacCTaBAEHbl PE3YAbTaThl KOMMIAEKCHOIO UCCAEAOBAHMS MOP(OAOrMUYECKMX OCOOEH-
HOCTEM M aHTMOKCMAAHTHOM aKTMBHOCTM PasAMYHbIX (hopM LwmnoBHMKa AAbOepTa (Rosa alberti Regel.),
MHTPOAYLMPOBAHHbIX M KYAbTUBMPYEMbIX B YCAOBUSIX [AaBHOro 6oTaHuuyeckoro capa KasaxcraHa.
AKTYyaAbHOCTb PaboTbl OMPEAEASETCS BO3PACTAOLLMM MHTEPECOM K MHTPOAYKLMM MEPCEKTUBHbIX
AEKOPATUBHbIX U AEKAPCTBEHHO-LEHHbIX PACTEeHWIA, CMOCOOHbBIX YCMELHO aAanTMPOBaThCs K KOHTU-
HEHTAaAbHOMY KAMMATy PErvoHa, a Takxe NnoTpebHOCTbIO B PACLUMPEHWMM aCCOPTUMEHTA MCTOUYHUKOB
NPUPOAHbIX BMOAOTMYECKM aKTUBHbIX COeAMHEHMI. Rosa alberti npeacTaBAsieT 0co0blin MHTepec 6aaro-
Aap$ COYETaHUIO BbICOKOM AEKOPaTMBHOCTU, SKOAOTMUYECKOM NAAQCTUYHOCTU U NOTEHLMAAbHOM hapma-
KOAOTMYECKOM LIeHHOCTM.

LleAb nccaepOBaHMS 3aKAlOHAAACh B BbISIBAEHWM AMArHOCTMYECKM 3HAuYMMbIX MOPOAOrMYECKMX
NMPU3HaAKOB pa3AnuHbIX hopm Rosa alberti v B oueHKe aHTMOKCUMAQHTHOIO MOTEHUMAAA MAOAOB Kak
MHAMKATOPa aAanTaUMOHHbIX Peakumii PaCcTeHMn K AOKQAbHbIM MMKPO3KOAOTMYECKMM YCAOBMSAM WMH-
TpoAykuMM. B pamkax paboTbl ObiAM MPOBEAEHbI AETaAbHble MOPGOMETPUYECKME WCCAEAOBaHUS,
BKAIOYAIOLLME aHAAM3 pasMepoB M (DOPMbl AMCTOBOWM MAACTUHKM, CTEMEeHW M XapakTepa OnyLleHWs,
Mopdoaormm noberos, a Tak>ke POPMbl M PasmMepoB MAOAOB. buoxmmmnueckmnini 6AOK MCCAEAOBaHMIA
BKAIOYAA OMNPEAEAEHME COAEPIKAHUS CYMMAPHbIX (PEHOAbHbBIX COEAMHEHUIA 1 YPOBHS 06LLIEN AHTUOKCH-
AQHTHOWM aKTUBHOCTU NMAOAOB C UCMOAb30BaHUEM OOLLENPUHSATBIX CEKTPOOTOMETPUUECKMX METOAOB.

YCTaHOBAEHO, UTO M3ydeHHble hopmbl Rosa alberti xapakTepmsyioTcsi BbIpaXKEHHOW MOP(OAO-
rMYeckon BaprabeAbHOCTbIO, OTPAXKAIOWEN CTeNeHb UX aAanTauMu K YCAOBUSM NMpPoM3pacTaHms. AH-
TMOKCMAQHTHAs aKTMBHOCTb MAOAOB BapbMpoBaAa B npeaenax 68-75%, a coaeprkaHue CyMMapHbIX
(PEHOABbHBIX COEAMHEHMIT COCTABASIAO OT 4 A0 5,4 mr/1r. BrniepBble BbisIBAGHA CTAaTUCTUYECKM 3HAUM-
Masl B3aMMOCBSI3b MEXAY MOpPoAornyeckon amddepeHumaumer pacTeHU M YPOBHEM NX aHTUOKCK-
AAHTHOrO NnoTeHLUMaAa B ycaoBusix KasaxcrtaHa. NoAyyeHHble pe3yAbTaTbl PacLUMPSIOT HayUHbIE MPeA-
CTaBA€HUS 00 apanTMBHOM noTeHumane Rosa alberti v MOryT ObITb MCMOAb30BaHbl B CEAEKLIMOHHOM
npaKkT1Ke, AEKOPAaTMBHOM CAAOBOACTBE, a TakyKe Npu (hOPMMPOBAHNMN YCTOMUMBBIX MHTPOAYKLMOHHbIX
KOAAEKLIMI 1 OLLEHKE PeCypCHOro NOTEHLMaAa BUAQ.

KaoueBble caoBa: Rosa alberti, mopdoAaornueckme npmMsHakm, aHTMOKCUMAAHTHAS! aKTMBHOCTb, he-
HOAbHblE COEAMHEHMS, AAQMTUBHbINA MOTEHLMAA.

S.K. Imankulova’', A.K. Khalykbergen'*, G.S. Mukan?
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Morphological features of fruits and antioxidant activity of different forms
of Rosa alberti under the conditions of the Main Botanical Garden

The article presents the results of a study on the morphological characteristics and antioxidant activ-
ity of various forms of Albert’s rosehip (Rosa alberti Regel.) introduced and cultivated at the Main Botani-
cal Garden of Kazakhstan. The relevance of the research is determined by growing interest in introducing
promising ornamental and medicinally valuable plant species capable of adapting to the continental
climate, as well as by the need to expand sources of biologically active compounds. Rosa alberti is
notable for its high ornamental value, ecological plasticity, and potential pharmacological significance.

The aim of the study was to identify diagnostically significant morphological traits of different Rosa
alberti forms and assess the antioxidant potential of the fruits as an indicator of plant adaptation to local
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microecological conditions. Detailed morphometric analyses included leaf blade size and shape, type
and degree of pubescence, shoot morphology, and fruit size and shape. The biochemical component
involved determining total phenolic content and overall antioxidant activity of the fruits using standard
spectrophotometric methods.

The study revealed pronounced morphological variability among the forms, reflecting differing lev-
els of adaptation. Antioxidant activity ranged from 68 to 75%, while total phenolic content varied from
4.0 to 5.4 mg/1g. For the first time, a statistically significant relationship between morphological dif-
ferentiation and antioxidant potential of Rosa alberti under Kazakhstan conditions was demonstrated.
These findings expand understanding of the species’ adaptive potential and may inform breeding pro-
grams, ornamental horticulture, development of stable introduction collections, and assessment of the
species’ resource potential.

Keywords: Rosa alberti, morphological traits, antioxidant activity, phenolic compounds, adaptive
potential.
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bac boraHukaAbIk 6aK >aFAaibiHAaFbl Rosa alberti apTypAi doopmarapbiHbIH,
KemicTepiHiH, MOP(IOAOTUSIAbIK, epeKILeAIKTepi MéH aHTMOKCUAAHTTbIK, OEACEHAIAIri

Makarapa KasakcraHHbiH bac 6GoTaHMKaAblk 6afbl >KarAalblHAQ MHTPOAYKLMSIAAHBIM, ©Cipi-
AIM XKaTKaH AAbOEpT MTMYpbIHbIHbIH (Rosa alberti Regel.) apTypAi dpopmanapbiHbiH, MOPHOAOTUSIABIK,
epeKLIeAiKTePi MEH aHTMOKCMAAHTTbIK, GEACEHAIAITIHE XYPri3iAreH KelleHAI 3epTTeyAiH HaTMXKeAepi
YCbIHbIAFaH. JKYMbICTbIH, ©3€KTIAIr aiMaKTblH KOHTMHEHTTIK KAMMATbiHa OeriMAeAe aAaTbiH, COHAIK
KOraAAaQHAbIPYAQ >KoHe BUMOAOIMSAbIK, OEACEHAI KOCBIAbICTAPAbIH TabuFn KO3i peTiHAe nepcriekT1Ba-
Abl 6CIMAIK TYPAEPIH MHTPOAYKUMSIAQY KQXKETTIAINIMEH, COHAQM-AK, aHTMOKCUMAQHTTbIK, KacueTTepre ne
OCIMAIK pecypcTapbiH KEHEMTY MaCeAeCIMEH ankblHAAAaAbl. Rosa alberti xorapbl COHAIK KacMeTTepi-
MEH, SKOAOTUSIAbIK, GEMIMAEATILLTIFIMEH XXOHE (PapMaKOAOTMSIAbIK, MaHbI3bIMEH €PEKLLE KbI3bIFYLLbIAbIK,
TYAbIPaAbI.

3epTTeyaiH Makcatbl Rosa alberti-aAiH apTypAi (hopmasapbiHa TOH AMArHOCTMKAAbIK, MOHI 6ap Mop-
hOAOTUSIAbIK, OEATIAEPAI aHbIKTay >XOHE MHTPOAYKLIMS XKaF AabIHAAFbI KEPTIAIKTI MUKPO3KOAOTUSIABIK,
hakTopAapra 6CIMAIKTEPAIH GENiMAEAY peakUMSIAAPbIH CUMATTANTbIH KOPCETKIL PETIHAE >KemicTepi-
HiH aHTMOKCMAQHTTBIK, BEACEHAIAITIH 6araray GOAAbI. 3epTTey 6apbiCbiHAQ >KarblPaKTbiH MilliHi MeH
MOALLIEPI, TYKTEHY ABPEXKECi MEeH CMMaTbl, COHAAM-aK, XXEMICTEPAIH MilliHIi MEH eAlueMAepi GoWbIHLLA
JKaH->XaKTbl MOPOMETPUSIABIK, TAAAQY >KYPri3iAAl. BUOXMMUMSABIK 3epTTeyAep CTaHAQPTTbl CNeKTPOo-
(POTOMETPUSIABIK, BAICTEPAI KOAAAHA OTbIPbIM, XXEMICTEPAET| >KaArbl (DEHOAABIK, KOCIAbICTAPAbIH, MOA-
LIEePiH XXOHE aHTMOKCUAAHTTBIK BEACEHAIAIKTIH >KaAMbl AEHTeMiH aHbIKTayAbl KAMTbIAbI.

3epTTey HaTmxeciHae Rosa alberti-aiH dhopmMarapbl MOPOAOTMSIAbIK, alMKbIH ©3reprillTikneH Cu-
natTaAaTbiHbl aHbIKTaAAbl, OYA OAQPAbIH ©CY >KafAaiAapbiHa GeliMAeAy AeHreniH kepceteai. XXemic-
TEPAIH aHTMOKCHMAQHTTBIK, OEACEHAIAIrT 68-75% apaAblfbiHAQ ©3repin, PeHOAABIK, KOCbIAbICTAPAbIH
>KaAnbl MeAllepi 4,0-5,4 mr/1r apaabiFbiHAQ 60AAbI. KasakcTaH araaibiHAa Rosa alberti ecimaikTe-
PiHiH MOPOAOTUSABIK, A epeHUMaLmMICbl MEH aHTMOKCUAAHTTBIK, GEACEHAIAIT apacbiHAAFbl ©3apa
GaiAaHbIC aAFalll PET aHbIKTaAAbl. AAbIHFAH AepeKTep TYPAIH aAanTUBTIK MyMKIHAIKTEPI TypaAbl FblAbl-
MU TYCIHIKTEPAI KEHEWTIMN, CEAEKLMSADIK, X)XYMbICTAPAQ, COHAIK KOrarAQHAbIPYAQ, COHAAM-aK, TYPaKThl
MHTPOAYKUMSIABIK, KOAAEKLMSIAAPAbI KQAbINTACTbIPY MEH TYPAIH PECYPCTbIK, dAeyeTiH Oararayaa naii-
AAAAHBIAYbI MYMKIH.

Ty#in ce3aep: Rosa alberti, MOPOAOTUSIAbIK, GEATIAED, aHTMOKCUAAHTTbIK, GEACEHAIAIK, PEHOABAI
KOCbIAbICTApP, aAAMTAUMSAbIK, DAEYET.

BBenenue

unouuk Anbbeprta (Rosa alberti Regel.) siB-
JIIETCS PEAKUM HHTPOIYLHMPOBAHHBIM BHJOM, 00-
JIaJIalOIIMM BBICOKOM J€KOPAaTMBHOM LEHHOCTHIO U
MMOTEHIIUAIBHBIM HCTOYHUKOM OHOJIOTHYECKH aK-
tuBHBIX coequHenuii (Liaudanskas et al., 2021; Pena
et al., 2023). UccnenoBanns u pabOTHl YYEHBIX IO
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JIPYTUM BHJIaM poJa Rosa IOKa3aiy BEICOKOE Pa3HO-
obpasue (HeHOTHHOTO COCTaBa W aHTHOKCHIAHTHOMN
aKTUBHOCTH ILIOJIOB, YTO JISJIACT UX MEPCIICKTUBHBI-
MU 00beKTaMu [T (papMaKoJIOTUN U TTHIIEBOH TIPO-
mbinuienHoctu (Butkevidiaité et al., 2022). Cnenyer
OTMETHTh, YTO OOJIBIIMHCTBO ITHUX JAHHBIX OTHO-
CHUTCSI K BHJIaM, OTJIMYHBIM OT Rosa alberti (Harpu-
Mep, Rosa canina, Rosa rubiginosa). Iloatomy ux
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npsiMoe TiepeHeceHue Ha Rosa alberti orpannyeHO
M JIOJDKHO pPacCMaTpHUBATHCA JIMIIb KaK OPHEHTHP
Juisi  cpaBHeHus. KoHIeHTpaiusi OHOJIOTHYEeCKH
AaKTUBHBIX BEIIECTB BapbUPYyeT B 3aBHUCHMOCTH OT
BUJa, (OPMBI pacTeHHs, yCIOBHH MPOU3PACTAHUS
u craauu 3penoctu wionoB (Koczka et al., 2018;
Polumackanycz et al., 2020).

Mopdonornyeckne Mpu3HaKy, Takue Kak pas-
MEpBbI JIUCThEB, UX (JOpMa, CTEIICHb OMYIICHHS T10-
0ETOB U IUTOIOB, BETBJICHHE U MOP(HOIOTHS ILIOIOB,
JIEMOHCTPHUPYIOT BBIPQKCHHYIO BHYTPHBHIOBYIO
M3MEHYMBOCTh M MUCTIOIB3YIOTCS KaK TUArHOCTHYE-
CKHE MapKephl JUIsl OIIEHKU (hOPMOBOTO pa3HOOOpa-
3Us M QIalITHBHOTO TIOTEHIHaa pacteHuii (Roman
& Stanila, 2013). OtmeueHo, yto Mopdonoruie-
CKasl BApHATHBHOCTH HANIPAMYIO KOPPEIUPYET C CO-
JIepKaHUEeM OMOJIOTHYECKH aKTUBHBIX COCIMHEHUI
B wiogax (Kayahan et al., 2022; IletpoBa & 1BKO-
Ba, 2014).

®deHoNMbHBIE coeAnHEHNS 1 BUTaMUH C SBISIOT-
Csl KJIFOYCBBIMH KOMIIOHCHTAMH aHTHOKCHJIAHTHOW
aKTUBHOCTH Rosa, WX KOHIIGHTPAIMs OIpeemseT
3aIUTY TUIOJIOB OT OKHCIHMTEIBHOIO CTPecca M BIIU-
sIeT Ha X OMOXUMHYCCKYIO ITEHHOCTh (AJIeKcarmaa
u ap., 2019; Maxkaposa u np., 2020; ConomeHIieBa
u ap., 2023). Pa3znmuaaple METOIBI KCTPAKIIUH M
ananmza, Bkiaouas DPPH, FRAP u tect ®@onuna-
YoxkanbTey, MO3BOJIAIOT KOJMYECTBEHHO OICHHWBAThH
AHTHOKCHJIAHTHBIN MOTEHIMAT TUIOJI0B RoSa W BbI-
SIBIISITh 3aBHCUMOCTD MEXKIy MOP(OMETPUICCKUMHU
MOKa3aTeIIMU ¥ OMOXUMUYECKUM cocTaBoM (Jlaman
& Kormputora, 2017; Craponyo & Mensiino, 2012).

Bunosrle ucciaepoBanus Rosa canina, Rosa
rubiginosa m Rosa majalis TeMOHCTPUPYIOT, YTO
(hopMbI ¢ OOJIee KPYITHBIMU ILI0JJaMU HAKATLTUBAIOT
OopIrie ToaMGEHOJIOB U 001a1af0T 60JIee BBICOKOM
AHTUOKCUIAHTHOU akTUBHOCTHIO (Bapanosa & Ko-
Bayes, 2013; Ciiriik et al., 2023; MiBanoBa & Cmup-
HOB, 2011; Orhan et al., 2007; SlBu4 u np., 2015).
OTH JaHHBIE TIOATBEPXKAAIOT CYIIECTBOBAHUE TPS-
MOW CBSI3M MEX1y MOP(OJIOTHISCKUMU 0COOCHHO-
CTSIMH TUTO/IOB U X OMOXMMHYECKUM MTOTECHITHAIIOM,
YTO UMEET MPAKTHYECKOE 3HAUCHUE JUISI CEJISKIIUU U
MHTPOIYKITMOHHBIX KoJutekuii (Bayraktar & Ates
Bayraktar, 2024).

Wsyuenne Rosa alberti B ycnmoBUsSX OOTaHU-
yeckux cazoB KaszaxcraHa TO3BOJSET BBISBHTH
JMUATHOCTUYECKH 3HAa4MMble MOP(HOIOTHIECKHEe
MPHU3HAKK W ONPEJCIUTh XO3SIICTBEHHO-OMOIOTH-
YECKUH TMOTEHIMANT WHTPOIYIHPOBAHHBIX (OPM,
BKIIFOYasl MX MPUMEHEHUE B JICKOPATUBHOM CaJl0-
BOJICTBE, CEJIEKIINH 1 TPOMBIIINIEHHON TTepepadoTKe
(Ciftei & Tastekin, 2023).

O0BexT uccaenoBanus — 5 popm Rosa alberti,
MHTPOAYIMPOBAHHBIE U KyJIbTHBUpPYyEeMble B | aB-
HOoM boranudeckom caay ropoja Anmarsl.

IIpenmet uccsenoBaHust — MOp(hOIOTHIECKIE
MPU3HAKU U aHTUOKCHJIAHTHASI aKTUBHOCTH I1JI0JIOB
Rosa alberti.

Leapb ucciienoBaHUs — BBISBJICHUE JUATHOCTH-
YECKH 3HAYMMBIX MOP(OJIOTHUECKUX MPU3HAKOB H
M3YYCHHUE aHTHUOKCHJIAHTHON aKTUBHOCTH Pa3iiny-
HBIX ()OPM IIUTIOBHUKA C €TI0 OIIEHKN BHYTPUBH-
JIOBOTO pa3HO00Opa3usi, aJIallTHBHOTO IMOTCHIIAAIA U
MIPaKTHYECKOTO MCITOIF30BAaHUS BU/IA.

3agaun uccse0BAHUS BKIIOYAIOT:

1. Ananm3 Mop(OITOTHIECKUX XapaKTEPUCTUK
JUCTOBOW TUIACTHHKH, CTEIICHU OITYIICHUs, CTPOe-
HUS TOOETOB, BETBICHUSI M (JOPMEI ILTO/IOB;

2. OmpeneneHue CyMMapHBIX (EHOJBHBIX CO-
eMHEHUH U 00IIel aHTHOKCHIAHTHON aKTHBHOCTH
IJI0JIOB;

3. Onenka cBsi3u MOP(HOIOTHIECKUX TTPU3HAKOB
¢ OMOXUMHYECKUMHU [TOKA3ATEIISIMU U a/Iall TUBHBIMU
peaxIusIMu BHUIA.

MeToapl uccaenoBaHus: MOPHOMETPUICCKHIA
aHaIm3, OMOXUMUYECKUI aHAIH3 IJI0J0B, BKIIOYA-
FOIUI OIICHKY O0IleH aHTUOKCHIAHTHON aKTUBHO-
ctu o metoay DPPH u onpenenenue cymmapHoro
coJiepkaHus (DEHOJILHBIX COSIIMHEHUH C UCIIOJIb30-
BaHueM Metojia DonrHa-HYokaibTey.

I'mnmorte3a wccaegoBaHusa: MopQoIoTHYe-
ckas nuddepennumarus hopm Rosa alberti cBs3a-
Ha C YPOBHEM HAKOILUICHUSI OMOJOTHYECKU aKTHUB-
HBIX BEIECTB M OTpakaeT aJalTUBHBIE PEaKIIHH
BHJIa Ha JIOKaJbHbIE MHUKPOIKOKIMMATUYCCKHUE
YCIIOBHSL.

HayuHasi 3HaYMMOCTh Pa0OTHI 3aKIFOYACTCS B
paclIupeHuH MPeCTABICHUN O BHYTPUBUIOBON U3-
MEHYHMBOCTH Rosa alberti, ero ajanTHBHOM TIOTCH-
[Maise ¥ BO3MOXKHOCTH NMPUMEHEHUS B JEKOpPATHB-
HOM CaJIOBOJICTBE M CEJIEKIIMOHHO padore.

IIpakTuyeckasi LEHHOCThL — OTpEACICHHE
(hopM HIMTIOBHUKA C TOBBIIIEHHOW aHTUOKCHJIAHT-
HOM aKTHUBHOCTBIO JIJISl MCTIOJB30BaHHUS B (papma-
LIEBTUYECKOHN U MHIIEBOH MPOMBINUICHHOCTH U CO3-
JTAHWS YCTOWYUBBIX HHTPOLYKITMOHHBIX KOJUIEKITHH.

MaTepna.nLl H METOAbI UCCJICA0BAHUA

O0bekT HcciieoBaHus U cOOp MaTepHasa.
OOBEKTOM HUCCIICJIOBAHUS SIBISLTUCH 5 (opM IIH-
noBHUKa Anb0epta (Rosa alberti Regel.), maTpOY-
LMPOBaHHBIC W BhIpAIIMBa€MbIC B YCIOBUAX | aB-
Horo boranmdeckoro cama. Mcciemyemsie hopmbl
OBUIH OTOOpPaHBI U3 KOJUICKIIMOHHOTO (DOHIA JUKUX
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IJI0JIOBBIX pacTeHuit MHcTHTYTa O0TaHUKHU U PUTO-
HMHTPOAYKIIUH.

Jnst kaxaod GopMbl aHATU3UPOBalock 1mo 50
IUTO/IOB, COTIOCTABHMBIX IO BO3PACTY U YCIOBHSIM
npouspactanus. OTOOp pacTUTENBFHOrO MaTepuaa
(moberu, TUCTHA ¥ TIJI0/BI) TPOBOAMIICS B (haze MoJ-
HOW Ononormyeckoi 3penoctu miofoB. [lomyuen-
HBIE 00PAa3Ibl UCIIOIB30BAIHCH 1T MOPGhOIOTHYe-
CKOTO M OMOXMMHYECKOTO aHaJIh3a.

Mopdonornuecknii  aHanu3. Mopdonornye-
CKHE HCCIEZI0BAaHHS TPOBOIUIINCH METOJIOM MOPQO-
MeTpuueckoro aHanu3a. OIeHUBaINCh CIEIYIONIHe
MPU3HAKU: JUIMHA W MTUPUHA JTUCTOBOW TUIACTHHKH,
CTETIeHb OMMYIICHHUS JIUCTHEB M TIOOETOB, XapakTep
BETBJICHUSI, pOpMa U pa3mepsl m1o0B. s mopdo-
JIOTHYECKOTO aHan3a Kaxaou popMel Rosa alberti
0610 0TOOpaHo 1o 50 MmIo0B.

W3MepeHusl BBIMOTHSIIUCH € HMCIOJIB30BAHHEM
JMHEHKHU U ITaHreHuupKyns Mitutoyo (Snonus) ¢
touHocThIo 70 0,1 Mmm. Kaxkmprit mokazaTens ompe-
JIeTISUICS He MEHEE YeM B TpeX MOBTOPHOCTSIX IS
KQXJIOTO pacTeHHs C TMOCIEAYIONIMM PacyeToM
CPeAHUX 3HAYCHHH, YTO 00ECHeunBallo JOCTOBEP-
HOCTb TOJTyYCHHBIX JIAHHBIX.

buoxumuyeckuit ananu3. buoxumuueckuii aHa-
113 TUI010B Rosa alberti BKITFOUAI onipenenieHue 00-
el aHTHOKCHJIAHTHON aKTHMBHOCTH U CYMMapHBIX
(heHOTBHBIX COCTUHEHUH.

AHTHOKCHIAHTHYIO aKTHBHOCTB OLICHUBAIIU Me-
tonoM DPPH (Brand Williams et al., 1995). Onrtu-
YECKYIO IUIOTHOCTh M3MEPSUIM Ha MUKPOIUIAHILIET-
HoM ¢otomerpe Multiskan FC npu mymae BOTHBI
517 um (Goémez et al., 2020). AHTHOKCHIAHTHYIO
AKTHUBHOCTbH BBIpaXKalM B MPOIEHTAX MHTHOMPOBa-
nus pagukana DPPH no ¢popmyne:

AA(%) = (A“;Al) x 100
0

rzae

A, — ONTHYECKas IUIOTHOCTh KOHTPOJIBHOTO
pactBopa,

A, — onTHYeCKas IIIOTHOCTh UCCIIENYEMOTO 00-
pasua.

CymmapHoe conepkaHue (EHONBHBIX CO-
CIMHEHNUH ONPEIeIsuIn CIIeKTPOPOTOMETPUIECKUM
merogoM Dommuaa-Yokanerey (Pérez et al., 2023;
Waterhouse, 2002). B kauecTBe cTaHmapTHOrO CO-
€MHEHUS] UCTOI30BalIM TAJUIOBYI0 KHciIoTy. Ka-
TMOPOBOYHYIO KPHBYIO CTPOWJIM Ha OCHOBE CEpPHU
CTaHJIAPTHBIX PACTBOPOB TaJUIOBOW KHCIOTHI H3-
BECTHOH KoHIEHTpauuu. ONTHYECKYIO IUIOTHOCTh
M3MEpSUIM  Ha  MHKPOIUTAHIIETHOM  (oToMeTpe
Multiskan FC npu qymae BonHbl 750 HM.
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Conepxanne GeHOIBHBIX COCTUHEHUH paccyuu-
THIBAJIM M0 YPaBHEHHIO KAIWOPOBOYHOW KPHUBOHM U
BBIpaXkaJld B MIJUIUTpaMMax TrajlJIoBOM KHUCIIOTHI B
nepecuére Ha 100 T cppoit Mmaccsl (Mr/1T) o dop-
MyJie:

CxV

m

TPC

rie

TPC — cymmapHoe conepkanue (heHOIBHBIX CO-
euHEHHH, Mr/1T;

C — konIeHTpanus (HEHOJBHBIX COCIUHCHHUIA,
MOJTyYeHHAs 110 KAJIMOPOBOYHOW KPUBOW, MI/MIT;

V — 00BEM IKCTpaKTa, MIT;

m — Macca HaBeCKH, T.

Bce OmoxumMudeckne aHamu3bl MPOBOIUINCH B
TPEXKpaTHOH MOBTOPHOCTH. Pe3ynbraTel mpecras-
JICHBI B BUJIC CPEJIHETO 3HAUCHHMS £ CTaHIapPTHOE OT-
KIIOHCHUE.

Cratuctuueckass o0pabdoTka maHHbIX. CTaTH-
CTHYECKYI0 00paldOTKy pe3ylbTaToOB OCYLICCTBIIS-
JIM C WCIOJIb30BAaHMEM CTaHIAPTHBIX METOIOB Ba-
pHUAIIMOHHOW CTATUCTHKH. PaccumThIBamuM cpeaHue
3HAYCHMSI M CTaHJAPTHBIC OTKJIOHEHUs. CpaBHEHHE
HCCIeyeMbIX (OpM TPOBOAMIN METOAOM OJIHO-
¢axropHoro mucnepcuonHoro anamsza (ANOVA).
Jlnst BBISBIICHUS B3aMIMOCBsI3ed Mexay Mopdoo-
TMYECKUMHU U OMOXUMHUYECKUMHU MTOKA3aTeIISIMH UC-
MoJIb30BaIH KO3 uimeHT koppensuu [lupcona
(Pearson, 1895). Pazmuums cauTainch CTaTUCTHYC-
CKH 3HaYMMBIMHU MPHU YpOoBHE 3HaunMocTH p < 0,05.

Pe3y.]IbTaT]>I HCCJICJOBAHUA U UX 06cym1_‘[em/1e

B nmanHOM pazjene mpeacTaBiIeHBI pPe3yibTaThl
KOMIUIEKCHOTO M3YYCHHs pPa3Iu4HbIX (GopMm Rosa
alberti ¢ 11enbIO BBIBICHHS 0cOOEHHOCTEH MOp(o-
JIOTHYECKOH CTPYKTYPHI IUIOAOB M OIICHKH UX OHO-
XMUMHYECKOTO COcCTaBa. VcciemoBaHue BKIFOYAIIO
aHaJIN3 KOJIMYECTBCHHBIX U KaueCTBECHHBIX MOPQO-
METPUYECKUX MMPU3HAKOB TUIOJIOB, a TAKKE ONpe/ie-
JICHHE aHTUOKCHUIAHTHON aKTMBHOCTH U CYMMapHO-
T'0 COJICpIKaHMsI IMOJIM(DEHOIIOB.

PaccmoTrpenne 3THX mapaMeTpoB MMO3BOJISIET HE
TOJIKO OILICHUTh BHYTPHUBH/IOBYIO BapHaOeIbHOCTb
u hopmoByto nmupdepennnaruio Rosa alberti, Ho n
BBISIBUTH BO3MOXKHBIE CBSI3M MKy Mopdosornye-
CKIMH OCOOCHHOCTSIMHA W OMOXUMHUYECKUMHE Xapak-
TEPUCTUKAMU TUIOI0B, OTPAKAIOIINMH aJIalITHBHEIC
OTBETHI PACTCHUH K YCJIOBHSIM HHTPOIYKIIUH.

[Janee mpencraBieHbl pe3yiabTaThl MOpdoIo-
FMYECKOTO aHaliki3a, IMOCe KOTOPBIX paccMaTpH-
BaIOTCS JTAaHHBIE OMOXMMHUYECKOI'0 aHAJIHM3a, BKIIFO-
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Yasi aHTHUPaJIUKAIbHYI0 aKTUBHOCTD U COZAEPKaHHE
Mo eHOIIOB, a TaKXKe KOPPEISIMOHHBIN aHalu3
MEKIY 3TUMH [TOKa3aTeIsIMU.

Mopdosoruyeckuii ananaus. Mopdonormye-
CKO€ MCCIIeIOBaHUE TUIOIOB Pa3NUUHBIX (hopM Rosa
alberti moka3ano HaJM4YMe BBIPAXKEHHON BHYTPHBH-
JIOBOM M3MEHYMBOCTH 110 KOMIUIEKCY KOJIMYECTBEH-
HBIX U KAueCTBEHHBIX MPU3HAKOB. AHaIH3 MOpQo-
METPHUUYECKUX MapaMeTpPOB BBIBUI YCTOHUUBBIC
pasnuyus 1o JJIMHE, IMUPUHE U Macce MII0I0B, Y9TO
yKa3bIBaeT Ha (OpMOBYIO AuHepeHIIHaLUIO B Ipe-
JieNiax BU/a B yCIoBHUsAX HHTpoxykiuu (Tabmmma 1).

dopma A xapakTepusyeTcs HauOOJIBIINMHU
pasMepami IJIOZ0B U MAaKCUMAalbHBIMH CPEIHUMHU
3HaUeHUSAMH JUIUHBI (2142 MM) 1 maccsl (2+0,7 1).
[lInpuHa m1010B TaHHOK (POPMBI TAKXKE TOCTHTACT
OTHOCHTEIHHO BBICOKHX 3HaueHui (10£1,7 Mm), uTo
MO3BOJISIET OTHECTH €€ K rpyrire GOopM ¢ KPyIHBIMU
wionamu. @opma B Heckonbko ycrynaer gopme A
o JuTiHe 1 Macce m1oaoB (19+1,5 mm u 1,9£1 1 co-
OTBETCTBEHHO), OHAKO IO IIUPUHE MJIOAOB MpPaK-
TUYECKH He oTimdaeTcs oT He€. CxonctBo popm A
1 B 10 OCHOBHBIM KOJNMYECTBEHHBIM MOKA3aTEIsIM,
a TaKKe IO CTENEeHW BHYTPEHHETO OIMYyIICHHS U
OKpacke TI0JO0B, YKa3bIBaeT Ha UX MopQoornie-
CKYIO OJTM30CTh.

®opma C 3aHMMAET MPOMEXKYTOUHOE TOJIOXKE-
HUE 10 BCEM aHAIN3HPYEMBIM MOP(HOMETPUIECKAM
napameTrpam. CpenHue 3HaUCHUA JIUHBL (1742
MM), mpuHHB! (8+2 MM) 1 Maccsl moaos (1,7+0,8

Taomuna 1

r) HUKe, ueM y hopM A u B, oHaKo mpeBwIIAlOT
ananormunabie mokazarenu Gopm D u E. Coxpane-
HUE CpEIHEH CTENeHU BHYTPEHHETO OIYIICHUS U
KpacHOW OKpacku IionoB commxaer popmy C ¢
0oJiee KpyMHOIUIOJAHBIME (POPMaMH, HECMOTpPS Ha
CHIKCHHE KOJIMIECTBEHHBIX TTOKA3aTeeH.

®opwmsl D u E xapakrepusyroTcs HaUMEHbIIIN-
MH pa3MepaMy W MacCo¥ IUIOJIOB, YTO MO3BOJISIET
paccMaTpuBaTh MX Kak TCPYNNY MEJIKOIUIOIHBIX
thopm. Hnsa ¢popmser D ycTaHOBIIGHBI cpeHue 3HA-
yeHust Anusabl 15+1,8 MM, mupunsl 71,8 MM u
maccel 1,5+1 r, Torma kak ¢gopma E memoncrpu-
pPyeT MUHUMAaJbHBIC TTOKa3aTeu JUTHHBI (14+2 MM)
pu cxoaHO0U Macce TwionoB (1,5+0,9 ). Ob6e dop-
MBI OTJIMYAIOTCS CJIA0BIM BHYTPEHHUM OITYIICHHEM
1 0OpJIOBOM OKpAacKO# IUIOJOB, YTO MOAYEPKHUBA-
€T UX Ka4eCTBEHHOE OTINYHE OT (JOPM C KpacHOU
OKpPACKOM.

Paznuuus mo creneHu BHYTPEHHETO OIMYIICHUS
MOTYT UMETh (YHKITHOHAEHOE 3HAUCHHUE, TTOCKOITb-
Ky JaHHBIM MPU3HAK paccMaTpHUBaeTCs Kak GpaxkTop,
BJIMSIIOIIANA Ha 3alIUTy CEMSIH U UX YCTOMYMBOCTH
K HeOJIarompusTHBIM YCIOBUSIM. BapuaOenbHOCTH
OKPACKH TUIO/IOB OTPaYKaeT 0COOCHHOCTH HaKOTIJIe-
HUS THTMEHTOB M Pa3lii4usg B METa0OIHUYECKOU
AKTUBHOCTU TKaHEW IJI0A0B. B 1e10M BbISBIICH-
HbIe MOP(OJIOTHYECKHUE Pa3IIUYUsl CBUICTEIBCTBY-
FOT O BBICOKOW ITAaCTUYHOCTH Rosa alberti n dop-
MOBOH  HEOJHOPOJHOCTH  HMHTPOAYLUUPOBAHHOU
TIOTTY JISTIAH.

Mopghomempuueckue xapaxmepucmuru niooog pasnuunsix popm Rosa alberti

JmuHa
ioza, MM

Iupuna Bec
miofa, MM | IUIOAA, T

OnyieHue
BHYTpH ILIOZIA

Oxpacka
mioza

dopma A 2142 10+1,7 2+0,7

cpelnHee

KpacHast
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Ipooonscenue mabauywvl

Juna Mupuna Bec Omymenne Oxpacka Doro
IUI0fia, MM | IUIOZA, MM | IUIOAA, I' | BHYTPH IUIOAA | IUIOJA
dopma B 19£1,5 10+1,7 1,9+1 cpenHee KpacHas
dopma C 17+2 8§+2 1,7+0,8 cpenHee KpacHast
®dopma D 15+1,8 7+1,8 1,5+1 cnaboe GopmoBast
®opma E 1442 8+1,7 1,5+0,9 crnaboe GopmoBas
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buoxumuuyeckuii anHaau3. buoxummueckas
OTICHKA TUIOAOB pa3iaudHbIX (hopMm Rosa alberti mo-
Kazalla 0COOCHHOCTU BapHaOeIbHOCTH AHTHOKCH-
JMAHTHOW aKTUBHOCTH M CYMMAapHOTO COJICPKaHHS
oMU (EHOIBHBIX COSMHEHUH. AHTUpPaTUKAIbHAS
aKTHBHOCTD, ONIPEeACIEHHAs METOIOM HHTHOMPOBA-

Ta6anua 2
HUneubuposanue paouxara DPPH

Husa papukana DPPH, BapeupoBaiia B y3koMm nua-
mazone ot 72,5 no 74,9 % (Tab6muma 2). Cratuctu-
YeCKH 3HAYUMBIX pa3inyuii Mexay (opmMamu He
BBIsIBIICHO (p > 0,05), 4TO yKa3wpIBaeT Ha OMOJIOTH-
YEeCKyl0, HO HE CTaTHCTHYECKYIO0 BapHadeIbHOCTH
AHTHOKCHJIAHTHOTO OTBETA.

dopma A dopma B

Dopma C dopma D ®dopma E

DPPH, % 72,5 74,9

74,8 73 74

B wu3ydeHHBIX opMax OTCYTCTBYET 3HAYMMast
JMHEHHAs 3aBUCUMOCTh MEKTy OOIIUM COJICPIKaHH-
eM ToIH(EHOIOB U CHOCOOHOCThIO MHTHOMPOBATH
pagukan DPPH. Haubonpmmas anTmpamukambHas
aKTUBHOCTB OblIa 3aduKcupoBaHa y Gpopmbl B, He-
CMOTpsI HA MHUHUMAIIbHOE Coj/iepKaHue nosudeHo-
soB, Toryna kak ¢opmel D u E, oGnanaroniue BbI-
COKHM YpPOBHEM MOJU(EHOIIOB, JEMOHCTPUPOBAIN
MIPOMEKYTOYHbIC 3HAYCHUSI aKTUBHOCTH. DTU JlaH-
HBIC YKa3bIBAIOT HA TO, YTO KAYCCTBEHHBIH COCTaB

Ta6anuna 3
Cooeparcanue cymmvi nonugenonog 6 cokax ¢popm Rosa alberti

1oJin(h)eHOJIOB, a HE UX 00IIee KOJIMYECTBO, UTPACT
peNIaoNIyo poib B GOPMUPOBAHUH AaHTHOKCHIAHT-
HBIX CBOMCTB IUI010B Rosa alberti.

CyMMapHOe coaepaHUE IMOTHU(PEHOIBHBIX
COCJIMHCHHUI B COKaX BapbUPOBAJIO 3HAYMTEIHHO
mupe — ot 2,49+0,11 no 14,39+2,11 mr/Ir cyxoro
Beca (Tabnuia 3). MuHuManbHbIe 3HaUeHUS 3auK-
cupoBanbl y popmel B, makcumansHble — y (hopMm
Du E, a popmbr A u C 3aHUMAIOT IPOMEKYTOUHOE
TIOJIO’KEHHE.

dopma A dopma B ®dopma C dopma D ®opma E
CymMa ron¢eHOIOB B
TepecyeTe Ha raJuIoBYIO 4,81+0,17 2,49+0,11 11,36+0,29 14,39+£2,11 12,93+0,62
KHCIIOTY, MI/1T cyXoro Beca
Koppeasiumonnniii ananu3. Koppemsmu-  tpamu (r = —0,13). IlonmyueHHsIt K03 PUIHEHT

OHHBII aHaIU3 MEXJy IOKa3aTeleM aHTUOKCU-
JAaHTHOW AKTHUBHOCTHU, ONPENEIEHHBIM METOIOM
DPPH, u cymmapHBIM cojepkaHueM mosude-
HOJIBHBIX COCAMHEHMH BBIIBHJI Cl1a0yl0 OTpula-
TEJIBHYIO CBSA3b MEXKJY UCCIEAYEMBbIMU Iapame-

KOPpEeNsLUNA CBUACTEIBCTBYET 00 OTCYTCTBUHU
BBIPAQXKEHHOW JIMHEWHOW 3aBUCHUMOCTH MEXKIY
ypoBHeM uHTHOuUpoBaHus pagukaia DPPH u 00-
e cyMMoi motudeHoIoB B mmonax Rosa alberti
(Pucysnok 1).
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Pucynox 1

3asucumocmv anmuoxcuoanmuou axmusnocmu (DPPH, %) om codepocanus cymmvr no-
nugenonos (me/le cyxozo eeca) 6 paznuunvix hopmax oopazyos

Koppenauwa DPPH 1 cyMMbl nonnugeHonos

75.0 1

B

74.5 1

74.0 A1

73.5 1

73.0 A1

AHTWOKCHMOAHTHaR aKkTMBHOCTbL DPPH, %

72.5 4 e

o'

2 el 6

8

10 12 14

Cymma nonugeHonos, Mrjr cyxoro seca

OTCYTCTBHE KOPPEISAIUA MOYKET OBITH CBS3aHO
C TE€M, YTO AaHTHOKCHUJ/JAHTHAs aKTHBHOCTH IUIOJOB
oTpesieNsieTcss He TOJBKO KOJIMYECTBOM TOJHde-
HOJIBHBIX COCIMHEHHH, HO U X Ka4YeCTBEHHBIM CO-
CTaBOM, a TaKK€ BKIAJOM JAPYTUX OMOJIOTHYECKH
AKTUBHBIX BellecTB. Kpome Toro, y3kuii quama3oH
3Hauennit DPPH nipu 3HaunTenbHON BapraOembHO-
CTH COJICpXaHUS MOTU(PEHOIIOB OTPAHUYUBACT BO3-
MOXKHOCTH BBISIBIICHHSI CTaTUCTHYECKA 3HAYNMOMU
3aBUCHMOCTH.

3akiouyeHnune

B pe3ynbrare npoBenEHHOrO HCCIETOBaHUA
YCTaHOBJICHO HAJW4YWE€ BBIPAXKEHHOW BHYTPUBHUIO-
BOH Mopdoornieckoil namMmeHuuBocTH HopMm Rosa
alberti. BLISBIICHBI YCTOWYUBEIE Pa3IUIHsI IO MOP-
(bomMeTpuuecKkuM MokazaTensM miogoB. Hanbonee
KPYIHBIMHY TJI0JJAMH XapaKTepu3ytoTcs GopMbl A
B, Toraa xax ¢opmel D u E oTinvarorcst MeHbIIMMU
pa3MepaMH IUI0/IOB, CIA0BIM BHYTPEHHHUM OITyIIIe-
HUEeM U 00pIIoBoil Okpackoii. [lomyueHHbIe JaHHBIE
CBHIIETENBCTBYIOT O (hopMOBOH AuddhepeHITHAITIT
MHTPOAYLUPOBAHHOMN MOMYJISAINH.

buoxumuyeckuil aHanu3 nokaszaji, YTO aHTHOK-
CH/IaHTHAs aKTMBHOCTH IJIOJIOB BapBUPYET B CPaB-
HUTEIIBHO y3KOM JHara3oHe 3Ha4YeHWH, TOraa Kak
coJiep>)KaHUe CyMMBI MTOJTU(EHOIBHBIX COeINHEHUI
XapaKTepHU3yeTcs 3HAUNTEIHHON BapradeTbHOCTHIO
Mexnay (opmamu. MakcumanbHass aHTHOKCHIAHT-
Has aKTUBHOCTH oT™MeueHa y popM B 1 C, B To Bpems
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KaK HauOoJbIIIee cofepKaHue MoMu(EeHOIBHBIX CO-
enuHeHu# xapakrepao s ¢popm D u E. Koppens-
[IMOHHBIA aHaJIN3 BBISBUJ CITa0yI0 OTPHUIATEIHHYIO
3aBUCUMOCTb MEXKIY AHTHOKCHUIAHTHOW aKTUBHO-
CTBI0 W CYMMapHBIM COZIEpKaHUEM IOJIN(EHOIIOB,
YTO YKa3bIBA€T Ha OTCYTCTBUE NPSIMOMN JMHEHHON
CBSI3U MEX1y JAHHBIMU ITOKA3aTEISIMU.

[Tony4yennsie pe3ynbTaThl PACHIUPSIOT MPE-
CTaBJICHUS O MOP(]OIOTHYECKON TUIACTHYHOCTH H
Oouoxumuyeckoil BapuaOensHOCTH Rosa alberti B
YCJIOBHSIX MHTPOAYKLHMH. Y CTaHOBJIEHO, YTO AHTH-
OKCUJIaHTHBI TOTCHIMAT IUIOAOB (OPMUPYETCS
MO/l BIHSHUEM KOMIUIEKCa OMOJOTHYECKH AKTHB-
HBIX COCOUHEHUN U HE OMpPEelNesseTCs HCKIIOYHU-
TEJIHHO CYMMAapHBIM CO/Iep)KaHHEM TOIH(EHOIIOB.
DTO yTOUHSAET HAYYHBIE IPEACTABICHUS O MEXaHU3-
Max (hOpMUPOBAHUS aHTHOKCHIAHTHON aKTHBHOCTH
IJIOA0B NpencTaBuTenei pona Rosa.

[IpakTideckas 3HAYMMOCTH PAaOOTHI 3aKITIOYa-
€TCsl B BO3MOXKHOCTH HCIOJIB30BAHUS MOTYyUCHHBIX
JAHHBIX TIpu  (OPMHUPOBAHUH WHTPOYKIIMOHHBIX
KOJUICKUIMH U TPOBEICHUU CEICKIIMOHHBIX HUCCIIEI0-
BaHWH, HAMPaBJICHHBIX Ha 0TOOP (HOPM C IICHHBIMHU
MOP(OJIOTMIECKUMU U OMOXUMHYECKHMHU XapaK-
TepuctukamMu. OOpMbl € MOBBIIIEHHOW AHTHOKCH-
JTAHTHOM aKTUBHOCTBIO MOTYT PacCMaTPUBATHCS KaK
MIEPCIEKTUBHBIE OOBEKTHI /IS JAbHEUIINX HCCIie-
JIOBaHUI OMOJIOTHUECKH aKTHBHBIX BELIECTB ILI00B.

[lepcriekTBBl  JadbHEUIUX  MCCIEAOBAHUMN
CBSI3aHBI C U3YUYCHHEM KAau€CTBEHHOI'O COCTaBa IMO-
T(EHONTBHBIX COCTUHEHNH, OIIEHKOW CONEpKaHUs
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JIPYTHX aHTHOKCUJIAHTHBIX KOMIIOHCHTOB, BKJIFOYast ~ OBITh MCIIOJIB30BAHKI MIPH Pa3padOTKe HAYYHO 000-
aCKOpPOMHOBYIO KHCIIOTY W OTMIEIbHBIC KJIACCHI (PJla-  CHOBAHHBIX TOJIXOMIOB K COXPAaHCHUIO, W3YUCHHUIO
BOHOUJIOB, a TaK)K€ C PACIIMPEHUEM BBIOOPKH UC- U PalMOHATHLHOMY HCIOJB30BAHUIO T€HETHUYECKUX
ciexyeMbix ¢opm. [lorydenHsie pe3ynbTaThl MOTYT — pecypcoB poaa Rosa.

Bknao asmopos

Unmanxynosa C.K.: Konyenmyanusayus, Kypuposanue dannvix, Hayunoe pykosoocmeo, Hanucanue — nposepka u pedakmupo-
sanue; Xanvigoepeen A.K.: @opmanvholii ananus, Uccreoosanue, Buzyanuzayus, Hanucanue — nepsonauanvuuiii eapuanm, Myxgan
I'.C.: Aomunucmpuposanue npoekma, Pecypcul, Bamuoayus, Hanucanue — nposepka u pedaxmuposanue.
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ASSESSMENT OF THE PHYSIOLOGICAL CONDITION
OF YOUNG-OF-THE-YEAR CYPRINID FISH INFECTED
WITH MYXOSPOREANS

The physiological condition of young-of-the-year mirror carp (Cyprinus carpio) reared under pond
aquaculture conditions and infected with myxosporeans was investigated. The study aimed to assess the
effects of myxosporean infection on the physiological and hematological parameters of cyprinid fishe.
Infected individuals exhibited pronounced clinical signs of the disease, frequently accompanied by mor-
tality. Hematological analysis revealed high levels of monocytes, neutrophils (32.68%), and white blood
cells (257.6x 10%/L) compared to the norm. Elevated differential leukocyte counts indicate an increased
defense reaction of the organism under conditions of parasitic invasion. Histological examination of
gills, heart, intestine, hepatopancreas and musculature revealed the presence of intracellular, interstitial,
and diffuse localization of parasitic mucous spores (Myxozoa: Myxosporea: Myxobolidea). Necrosis,
desquamation, hyperplasia and a dramatic increase of mast cells in the gills of the studied fish are due to
both small intracellular plasmodia and spores located inside tissue cysts. The increase in the number of
mast cells in the gills of fish in localization of mucous parasites is associated with the need to maintain
homeostasis of the immune system. The pathological effect of myxosporean plasmodia on organs of the
digestive tract were established, causing necrosis, disruption of cell absorption and transport processes,
as well as reduction of the height of prismatic epithelial cells with degeneration of microvilli on their
apical surface. Intracellular parasitism of uninucleate and binucleate mucous myxosporeans were also
observed in the cells of the hepatopancreas and heart. Necrotic foci located on the skin of the fish were
a manifestation of the inflammatory process and hemorrhages in the muscles due to parasitic invasion.

Keywords: fish farming, cyprinid fish, hematology, histology, gills, hepatopancreas, heart.
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MuKcocnopMAnsIMEH MHBa3MSIAQHFAH XKaC TYKbl GAAbIKTaPbIHbIH,
(pM3MOAOTUSIABIK, XKaFAQMAAPbIH OaFanay

Makanapa TOFaH akBallapyallbIAbIFbl >KaFAAMbIHAQ OCIPIAETIH >K8He MWMKCOCMOPUAMSIABIK,
MHBa3MsIMEH 3aKbIMAAHFaAH >Kac anHa TyKbl GaAblFbiHbiH, (Cyprinus carpio) (u3MOAOTUSIAbIK, XKaFAarbl
KapacTbipblAasbl. XKyMbICTbIH MaKcaTbl TYKbl GaAbIKTapbiHbIH (DU3UOAOTUSAABIK, KOHE FEMATOAOTUSIABIK,
KOPCEeTKiLITePiHE MUKCOCTTOPUAMSIAAPMEH MapasmUTTIK 3aKbIMAAHYAbIH 8CepiH 6araAay GOAbIN TabbIAAAbI.
KyKTbIpbIAFaH AapasapaAa kebiHece 6GaAblKTapAblH OAIMIMEH Gipre >KYpeTiH aypyAblH KAMHMKAABIK,
6eArinepi H6arikasAbl. [€MaTOAOTUSIAbIK, TEKCEPY KE3IHAE MOHOLMTTEPAIH, HEMTPOUAAEPAIH, (32,68 %)
KOHE AeMKOUMTTEPAIH (257,6x10%/A) KaAbINTbI KOPCETKIWMNEH CaAbICTbIpFaHAQ >KOFapbl MeAulepi
aHbIKTaAAbl. [1apasnTTiK MHBa3MS >KaFAalbIHAQ AEMKOUMTTIK (POpMyAa KepceTKillTepiHiH XXoFapAaybl
OpraHM3MHiH KOpPFaHbILL PEaKLMSCbIHbIH apTKaHbIH KepceTeAi. Xeabe3ekTepAiH, KYPEeKTiH, ileKkTiH,
renaTonaHKpPeacTbiH XaHe OYALLILIKETTEPAIH TMCTOAOTUSIAbIK, 3ePTTeY HOTUMXKECI MAPA3UTTIK LUbIPbILLTbI
criopaAapbiHbiH, (Myxozoa: Myxosporea: Myxobolidea) >xacywailiaik, yAnailiAik >keHe wallbiparn
OpHaAacaTbiHbl aHbIKTaAAbl. 3epTTEeAreH GaAblKTapAbiH, XeAbe3ekTepiHAeri HeKpo3, KabbipliakTaHy,
TUMEPIAA3US XKOHE MEC >KacCylluaHblH, KYPT Ke6eroi ycak >kacylwailliAik NAa3MOAMSIAAPMEH A€, TIHAIK
LUMCTaAapAbIH ilIHAE OpHaAaCKaH CriopaAapMeH Ae OGaiAaHbICTbl. baAblKTapAbIH >keAbe3ekTepiHAeri
WbIPLIWTbI MapasuMTTep OpPHAaAACKaH XEPAepAEe MeC >Kacylla CaHbIHbIH apTybl UMMYHADIK, >KYMeHiH
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rOMEOCTasblH CakTay KaXKeTTiAiriMeH 6arAaHbICTbl. MMKCOCTIOPUAMIA NMAA3MOAMSIAAPbI HEKPO3Fa, >Ka-
CyLIAAapAbIH CiHIPiAY >K&He TacbIMaAAaHy MPOLECTepiHiH Oy3blAybliHa, COHAAM-aK, MPU3MAAbIK, SMUTe-
AMI XKacyllaAapbIHbIH, OUIKTIriHIH TOMEHAYIHE >KOHE OAApPAbIH anMKaAbAi 6eTIHAEr MUKPOOYPAEPAIH
AEreHepaumsCbiHa 9KEAETIH ac KOPbITY KOAAQPbIHbIH MYLIEAEpiHE MAaTOAOTMSAbIK, 8Cepi aHbIKTAAAbI.
Bip >keHe eKi SAPOAbI WbIPbILWTHI CMIOPAAAPAbIH >KacyLlailliAIK Mapa3uTTeAyi renatonaHkpeac neH xy-
PEeKTiH >KacyllarapbiHAa Aa Garkanaabl. baAblKTapAblH TepiciHAE OpHaAaCKaH HEKPOTMKAAbIK, OLIAK-
Tap napasuTTiK MHBa3usFa 6aiAaHbICTbl KAObIHY MPOLECiHIH >KaHe BYALIbIKETKE KaH KeTYAiH KOpiHiCi
6OAADI.

Ty#in ce3aep: 6aAbik, 6Cipy LAPYyaLLbIAbIFbl, TYKbl OaAbIKTapbl, FEMATOAOIMSI, TMCTOAOIMS, XeAbe-
3eKTep, rematonaHkpeac, Kypek.
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'Kasaxckuii HaLUMOHaAbHbIN yHUBEPCUTET UM. aAb-Dapabu, Aamarbl, KasaxcraH
2HayuHbIl LEeHTp NPOTUBOMHEKLMOHHbBIX NMpernapaToB, AAmatbl, KasaxcTtaH
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OueHka PM3MOAOTMYECKOr0 COCTOSIHMSI CETOAETKOB KapnoBbIX pbl0,
MHBA3MPOBAHHbIX MMKCOCMTOPUAUSIMH

B cTaTbe nccaep0BaHO PM3MOAOTMYECKOE COCTOSIHME CErOAETKOB 3epkaAbHoro kapna (Cyprinus
carpio), BbipalllMBaeMbIX B YCAOBUSIX MPYAOBOI aKBaKyAbTYPbl U MOPaXKEHHbIX MUMKCOCMOPUAMIMHON UH-
Basuein. LleAbto paboTbl IBASAACH OLIEHKA BAUSHMS NMapasmMTapHOro 3apa>keHnsi MUKCOCMOPUAMNSMM Ha
hM3MOAOTMYECKME M TEMAaTOAOTMUYECKME MOKa3aTeAN KaproBbiX pblb. Y MHMULMPOBaHHbLIX 0cobeit OT-
MEYAAUCb KAMHMYECKME MPU3HAKM 3a00AEeBaHMs, HEPEAKO COMPOBOXKAABLIMECS TMOEAbIO Pbibbl. [pn
reMaToOAOrMYECKOM MCCAEAOBAHMMN ObIAO BbISIBAEHO BbICOKOE COAEP>KaHME MOHOLMTOB, HEMTPO(UAOB
(32,68%) 1 Aenkoumntos (257,6x 10°/A) MO CpaBHEHMIO C HOPMOWA. [1OBbILIEHHbIE NMOKA3aTeAN AEMKO-
LUMTApPHOM (POPMYAbI CBUAETEABCTBYIOT 00 YCUAEHMM 3aLUMTHOM pPeakumm opraHmM3ma B YCAOBMSX Ma-
pasuTapHOM MHBa3uK. [MCTOAOrMUECKOE MCCAEAOBAHUE XKabp, CepALa, KMLIEYHMKA, renartornaHkpeaca
M MYCKYAQTYpPbl BbISIBUAO HAaAMUME BHYTPUKAETOUHOM, BHYTPUTKAHEBOM M AMMDQY3HON AOKaAM3aLMM
rnapasmMTUUYecKMX CAM3MUCTbIX CMOPOBUKOB (Myxozoa: Myxosporea: Myxobolidae). Hekpos, aeckBama-
UMS, TUMNEPNAA3MS U PE3KOE YBEAMYEHNE TYUHbIX KAETOK B XKabpax MCCAEAOBAHHBIX Pbl0 0OYCAOBAEHDI
KaK MEAKMMW BHYTPUKAETOYHbIMM MAA3MOAMSIMU, TaK M CMOPaAMM, PACTIOAOXKEHHbBIMW BHYTPU TKAHEBbIX
UMCT. YBEAMYEHME KOAMYECTBA TYUHbIX KAETOK B >kKabpax pbl6 B MeCTax AOKaAM3aLMU CAM3UCTbIX Ma-
PasnTOB CBSI3aHO C HEOOXOAMMOCTbIO MOAAEP>KAHUSI FTOMEOCTa3a MMMYHHOM CUCTEMbI. YCTaHOBAEHO
NMaTOAOrMYECKOe BO3AENCTBME MAA3MOAMEB MUKCOCMOPUAMIA HA OpraHbl MULLEBAPUTEABHOIO TPAKTA,
BbI3bIBalOLLEE HEKPO3, HapyLLIEHWE MPOLIECCOB BCACbIBAHUS M TPAHCMoOpPTa KAETOK, a TaKXKe YMeHblle-
HUE BbICOTbI MPU3MATUYECKMX SMUTEAMOLMTOB C AEreHepaumein MMKPOBOPCMHOK Ha MX anMKaAbHOM
NMOBEPXHOCTU. BHYTPUKAETOUHOE NMapa3uTUpPOBaHME OAHO- U ABYSIAEPHbBIX CAM3UCTbIX CMIOPOBUKOB Ha-
OGAIOAAAOCH TaKXKe B KAETKax rernartonaHkpeaca u cepaua. HekpoTnsmMpoBaHHble o4arun, pacrnoAOXKeH-
HblE Ha KOXXHbIX MOKPOBax Pbl0, IBASAUCH MPOSABAEHNEM BOCMAAMTEABHOIO MPOLIECCA M KPOBOU3AUSHMI
B MYCKYAQTYpPy BCAEACTBME MApa3UTapHOM MHBa3UMN.

KAtoueBble cAoBa: pbI6OBOAHOE XO3SMCTBO, KaproBble Pbibbl, FEMATOAOIMUSI, TMCTOAOIMS, XKabpbl,
renatonaHkpeac, cepALle.

Introduction

Artificial cultivation of carp in Kazakhstan is of
considerable importance, as it contributes to meeting
the growing demand for high-quality fish products
(Badryzlova et al., 2014). There are viral, bacterial,
fungal, and parasitic infections, which are classified
according to their pathogens. Ecto — and endopara-
sitic infections of carp in pond aquaculture systems
are characterized by high biodiversity, significant
epizootiological relevance, and pose a serious threat
to fish farming. Previous studies have reported the
current state of parasite fauna in commercially im-

portant fish species inhabiting the Kapchagay Res-
ervoir (Mitenev, 2000).

Fish diseases negatively affect survival and
growth rates, reduce heterosis effects achieved
through interline crosses, increase feed conversion
ratios, and ultimately lead to decreased farm profit-
ability. In addition, diseases associated with adverse
environmental factors may directly or indirectly
cause mass fish mortality.

Among parasitic agents, protozoans and myxo-
sporeans (Myxosporea) are the most common mul-
ticellular parasites of fish. They possess complex
life cycles involving vertebrate hosts (primarily
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fish, less frequently amphibians, reptiles, birds, and
mammals) and invertebrate hosts, such as aquatic
annelids and bryozoans (Lom & Dykova, 2006, Hal-
lett et al., 2005). Myxosporeans frequently infect
carp, however, only a limited number of species are
recognized as pathogenic to pond fish. In Europe,
severe clinical signs of this disease and the associ-
ated significant losses of carp are rarely reported.
However, in Japan and People’s Republic of China,
species (e.g., Myxobolus artus, M. koi, Thelohanel-
lus kitauei) have been reported to cause severe clini-
cal signs and high mortality in fish farms cultivating
the Far Eastern Subspecies of common carp (Cypri-
nus carpio haematopterus).

A total 0f 2425 species of myxospores have been
described, at least 900 of which are myxobolids; a
significant number of species have been detected in
fish hosts of the order Cypriniformes (Eiras et al.,
2005; Eiras et al., 2014, Liu et al., 2019). For carp
cultured in the regions of CEE and CCA, five spe-
cies (Myxobolus cyprini, Sphaerospora dykovae, S.
molnari, Thelohanellus nikolskii, and T. hovorkai)
of economic importance, infecting common carp,
and one species (M. pavlovskii) parasitizes bighead
and silver carp (Food and Agriculture Organization
of the United Nations, 2017). In highly infected fish,
body condition is reduced, hemoglobin in the blood
decreases, and gonadal development is delayed
(Bruno et al., 1997).

It has been suggested that myxosporean infec-
tions may contribute to reductions in both wild and
cultured populations of freshwater and marine fish
species (Kent et al., 2014).

According to published data, young-of-the-
year mirror carp exhibit higher susceptibility to
myxosporean invasion compared with adult fish.
Some authors have suggested that young flounders
become infected with myxosporean G. stephani
at a very early age (3 weeks after hatching) (Lom
& Dykova, 1992). At low levels of infestation by
parasites, adaptive blood reactions develop that do
not become pathological without increasing levels
of infestation. As pathogen numbers continue to in-
crease, a stress response typically develops, often
accompanied by pathological changes characteristic
of acute disease (Golovina, 2018; Davydov, 2006).
Changes in the fish’s blood count depend on the de-
gree of pathogenicity of the pathogen and the level
of invasion. The differential white blood cell count
is the most stable and objective indicator of physio-
logical state and energy level of metabolic processes
(Serpunin, 2010). The differential white blood cell
count of one-year old carp was determined accord-
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ing to the classification of fish blood cells by N.T.
Ivanova (Ivanova,1983).

Neutrophils are active enzyme-forming cells
with phagocytic functions, the proportion of which
increases during inflammatory processes and vari-
ous intoxications (Moiseenko, 2000). Thus, neutro-
phil can be seen as an adaptation mechanism that
enhances the protective function of blood under
the influence of a set of adverse factors (Peskova,
2004). An increase in the number of eosinophils
in the blood of mirror carp (Cyprinus carpio) indi-
cates a parasitic invasion by myxosporeans, while
an increase in neutrophils and monocytes indicates
a concurrent inflammatory process. Mucous spores
(Myxozoa), entering the host organs, begin intracel-
lular division; also division can occur in intercellular
space (Lom & Dykova, 2006). The formed primary
parent cell undergoes further mitotic division, giv-
ing rise to secondary daughter cells. Thus, the pri-
mary cell, containing secondary plasmodium cells,
is located in the cells of the primary epithelium and
in the cartilaginous tissue of the gills. Therefore,
multiple mitotic divisions greatly increase the num-
ber of parasites, which damage host cell metabolism
and tissues due to their compressive effect (Kent et
al., 2001). This process, turning into a long-term or
chronic form, subsequently provokes various disor-
ders in the internal organs of fish (necrosis, dystro-
phy, etc.) (Mineev, 2011).

The histological method does not always al-
low a sufficiently accurate diagnosis of the disease.
However, it provides insight into the depth of the
pathological process at cellular and tissue levels,
as well as the extent of its impact on the entire fish
population. In this context, organs from apparently
healthy fish may exhibit various stages of patholo-
gy, enabling the determination of the overall degree
of population damage (Chernysheva, 2002; Moi-
seenko, 2009).

Our pathomorphological study identified the in-
vasion of myxosporeans in the gills, heart, intestines,
and trunk muscles of mirror carp from a fish farm.
The parasites found are identified as M. muelleri ac-
cording to the methodology of Donec & Schulman
(Dugarov et al., 2011; Donec & Schulman, 1984).
However, Donec and Schulman found quite a wide
range of hosts, and the description of the place of
infestation by myxosporean parasites influence was
inaccurate.

The aim of our study was to investigate the of
parasitic invasion of myxosporeans (Myxoboli-
dae) on the physiological state of carp fish species
(Cypriniformes) grown in aquaculture condition.
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Materials and methods

The objects of the study were young-of-the-year
mirror carp from ponds at a fish farm in southern
Kazakhstan. The fish were kept in ponds at tem-
peratures of +14—16 °C; pH values varied season-
ally, ranging from 6.5 to 8.5. Stocking density was
75,000 individuals per hectare in spring, increasing
up to 40 tons of commercial fish per hectare during
wintering.

Feeding was carried out using sinking feeds
from Polish producer Aller Aqua, Kazakh combined
feed Aqua Alliance, and Russian BIFF at doses of
1-2% of body weight. After examining all fish from

Figure 1

the ponds, specimens exhibiting visible lesions on
the outer coverings, fins, gill arches, and internal
organs were selected. The fish were measured and
weighed; sex and age were determined, and aver-
age values were calculated: length ranged from 15.5
to 27 cm, weight from 86 to 250 g. Samples from
affected areas showed uneven coloration with foci
of necrotic tissue. Microscopy slides were prepared
from these samples at magnifications of 10x and
40x (Figure 1).

In this study, fresh tissue samples of mirror
carp organs were examined. Sections stained with
hematoxylin and eosin were prepared for histologi-
cal analysis.

Young-of-the-year mirror carp with integumentary lesions caused by myxosporeans

Blood samples were collected in May 2025 from
10 pond-reared young-of-the-year mirror carp (Cyp-
rinus carpio) by cardiac puncture into tubes contain-
ing EDTA as an anticoagulant. Hematological pa-
rameters were determined using standard methods
commonly applied in fish hematology (Serpunin,
2005). Red blood cell (RBC) count and hemoglobin
concentration (HGB) were measured in all samples
(n = 10) using a Z5Vet hematology analyzer (Zy-
bio Inc., China). The white blood cell (WBC) count
and differential leukocyte count were determined
using the classical morphological method based
on stained blood smears. For each fish, three blood
smears were prepared, air-dried, and stained accord-
ing to the standard Romanowsky method. The mean
value obtained from the three smears were used
for subsequent analysis. Leukocytes were counted
under light microscopy (Leica Microsystems), and
WBC concentration was calculated indirectly. Iden-

tification of blood cell types (lymphocytes, neutro-
phils, monocytes, and eosinophils) was performed
based on morphological criteria, including cell size,
nuclear shape and structure, and cytoplasmic char-
acteristics, following previously published descrip-
tions Ivanova, Clauss et al. (Ivanova, 1983, Clauss
et al., 2008). Reference values of hematological
parameters for juvenile Cyprinus carpio have been
previously established and reported by Witeska et
al., including normal ranges for hemoglobin, red
and white blood cell counts, and leukocyte differen-
tials (Witeska et al., 2016).

Histological studies. All fish with signs of dis-
ease were examined pathologically, after which
samples were selected for histological analysis. The
collected internal organs tissues were fixed in 10%
formalin. Further sample processing was carried
out in accordance with generally accepted methods
(Bancroft & Gamble 2008). The resulting prepara-
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tions were examined under the XJP-146JBT trin-
ocular microscope at magnification x10, x20, x40,
and x100.

Statistical analysis. Differences between param-
eters in diseased young-of-the-year mirror carp and
reference values were assessed using a one-sample

t-test. . F— Iy
SD/\n

Where x is the sample mean, i, is the reference
value, SD is the standard deviation, and n = 10 rep-
resents the number of independent fish. Values ob-
tained from the three blood smears per fish were av-
eraged prior to statistical analysis. Differences were
considered statistically significant at p < 0.05.

In addition, a nonparametric analysis was per-
formed using the Wilcoxon signed-rank test. For
each parameter, individual differences were calcu-
lated using the following formula:

(M

d; = x; — X5 (2)

Table 1

Where x; is the individual value of the parameter
and x,,, is the corresponding reference value. The
absolute values of the differences |d| were ranked,
after which the ranks were summed taking into ac-
count the sign of the deviation. The test statistic was
defined as the minimum of the sums of positive and
negative ranks:

W = min (ZR¥,ZR7) 3)

Results and discussion

As a result of respiratory dysfunction, the he-
moglobin level in infected young-of-the-year mirror
carp decreased from 96.9 g/L to 78.57 g/L, while the
red blood cell count declined from 1.66 x 10'?/L to
0.72 x 10'2/L. When an invasion occurs, the fish re-
spond by increasing the protective response, which
is an increase in the number of white blood cells and
neutrophils while reducing the number of lympho-
cytes (Table 1).

Hematological parameters of young-of-the-year mirror carps from aquaculture

Ref lues f Diseased mirror carp
Parameters ¢ erir;_cfh:f‘yzzi cc;igoung- (Cyprinus carpio)
Avr£Sd p (t-test) p (Wilcoxon)
Hemoglobin concentration, g/L 96,9 78,57+1,56 0,003 0,018
Red blood cell count, x10'%/L. 1,66 0,72+0,2 <0,0001 0,016
White blood cell count, x 10° /L 55,17 257,643,36 <0,001 0,016
Leukogram, %

Eosinophil % 2,0 1,97+0,42 0,97 0,063
Neutrophil % 15,6 32,68+1,23 0,011 0,016
Monocytes % 1,7 11,34+1,11 0,008 0,016
Lymphocytes % 77,4 53,17+42,59 0,011 0,016

There is an increase in the number of neutrophils
and monocytes, indicating a concomitant inflamma-
tory process and the presence of intoxication. An in-
crease in blood eosinophil counts is also observed,
indicating a parasitic infestation by myxosporeans
in young-of-the-year mirror carp (Cyprinus carpio).

For most parameters, a pronounced unidirec-
tional deviation from reference values was observed
(the results of the t-test confirmed the statistical sig-
nificance of the differences, except for eosinophils).
When the nonparametric Wilcoxon signed-rank test
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was applied, all studied parameters (except eosino-
phils) also showed consistent deviation from the
reference values, indicating high biological signifi-
cance of the observed changes.

At low levels of fish parasite infestation, adap-
tive changes in the blood profile occur at early stag-
es. Under artificial cultivation conditions, reduced
host reactivity and resistance lead to an increase in
parasite burden and disease incidence. Histological
analysis of the presented data revealed the following
distribution.
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Histological studies

Gills. The life cycle of myxosporeans begins
with intracellular parasitism, which is clearly visible
in histological preparations of the gills of young-
of-the-year mirror carp. Myxosporean plasmodia,
entering the gill tissue, penetrate the cells of the pri-
mary epithelium, filling the empty spaces between

Figure 2

host tissue elements with young plasmodia. Small
parasitic plasmodia intermingle with various ele-
ments of the gill cells. The release of the intracel-
lular plasmodia is accompanied by the destruction
of the affected gill tissue, as observed in the histo-
logical preparation of the gills of young-of-the-year
mirror carp (Figure 2).

Microphotograph of myxosporean infected gills of a young-of-the-year mirror carp.

Scale:500.00um

|

The arrows indicate the location of the parasites and the necrosis caused by them. 1 —myxosporean in gill filaments.

Hematoxylin-eosin staining, magnification x4.

The intracellular location of the parasites and the
accumulation of mast cells on the apical surface of the
affected gills can be seen on histological preparations

(Figure 3, 4). This stage, in which plasmodium daugh-
ter cells are formed in the primary cell is well described
in the literature (Molnar & Eszterbauer, 2015).
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Figure 3
Destruction of gill fillaments and lamellae.

Scale:200.00um

vo—
ength 462.74um_|

Hematoxylin-eosin staining, magnification x10.

Figure 4
Microphotograph of cysts containing immature plasmodia of myxosporeans in the
gills of young-of-the-year mirror carp.

Hematoxylin-eosin staining, magnification x40.

Histological examination of the gills of young-  of mast cells in the gills of young-of-the-year mir-
of-the-year mirror carp revealed “diffuse infiltra-  ror carp indicates the presence of parasitic invasion,
tion”, which is manifested by the mixing of small  causing an inflammatory reaction with the produc-
and large parasitic plasmodia with different ele-  tion of immune cells in the tissue of the gills (Fig-
ments of host cells. A sharp increase in the number  ure 5).
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Figure 5
Microphotographs of the gills of young-of-the-year mirror carp.

Scale:50.00um

Scale:100.00um

el

B

A) The arrows indicate mast cells. 1-cyst with spores; 2-cyst with plasmodia; 3- cyst with membrane. Hematoxylin-eosin staining,
magnifiation x40; B) 1 — necrosis, 2- cyst with plasmodia. Hematoxylin-eosin staining, magnification x20.

All identified gill pathologies in the fish studied
were caused by plasmodia and myxosporean spores.
Thus, the external form of plasmodia depends on the
location of the parasite, the reaction of the host or-
gan or tissue to its presence, and the complex inter-
action between the host and the parasite.

Heart. Histological examination of the cardiac
muscle of young-of-the-year mirror carp revealed ar-
eas of pathomorphological changes caused by parasitic
invasion. Numerous mononuclear and multinuclear

Figure 6

plasmodia were detected in the intramuscular tissue
of the heart (Figure 6). Loss of transverse striation in
muscle cells and myocyte necrosis were observed.

In the muscle fibers and cardiomyocytes of
the heart in young-of-the-year mirror carp, disor-
ganization was observed, caused by mononuclear
plasmodial cells of myxosporeans (Figure 7A). Ad-
ditionally, the development of adipose and connec-
tive tissue was detected in the cardiac muscle tissue
(Figure 7B).

Microphotograph of the heart of a mirror carp.

Hematoxylin-eosin staining, magnification x4.
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Figure 7

Microphotograph of the heart of a young-of-the-year mirror carp.

Scale:50.00um

A) The arrows indicate the localization of the parasites in the atrium; B) The arrows indicate different degrees of muscle tissue

destruction. Hematoxylin-eosin staining, magnification x40.

Intestine. Necropsy of young-of-the-year mir-
ror carp revealed a thin, fragile intestinal wall with
a distended, flaccid intestine filled with yellowish
mucous content. In the epithelium of the mucous
layer, there were single cysts of various sizes,
causing a disruption in food absorption. Accord-
ing to the literature, weakened carp often develop
secondary enteritis, which can also lead to death
(Wang, 2005).

The pathomorphological study of the middle
section of the intestine revealed structural and func-
tional disorders in the epithelium and submucosa of
the intestine of the young-of-the-year mirror carp
(Figure 8). The cellular response to plasmodia inva-
sion by manifested by lymphocyte and granulocyte
infiltration.

In some areas, degeneration of the microvilli of
prismatic enterocytes was observed, along with cell
stratification and necrosis; the height of the colum-
nar epithelial cells was significantly reduced, and
their boundaries became indistinct. At later stages
of development, pressure from the surrounding epi-

40

thelium caused atrophy and, consequently, loss of
integrity of the epithelial layer. (Figure 9A, B).

Figure 8
Microphotograph of the intestine of a young-of-the-year mirror
carp.

Scale:500.00um

Hematoxylin-eosin staining, magnification x4.
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Figure 9
Microphotograph of the intestine of a mirror carp.

A, B — arrows indicate plasmodia and edema located in the epithelium. Hematoxylin-eosin staining, magnification x40.

Musculature. The plasmodia stage of mucous
spores parasitizes mainly in the trunk and intercos-
tal muscles. The external manifestation of the early
stages of parasites is redness caused by inflamma-
tion and hemorrhages of different sizes on the skin
of fish (Shulman, 1968). The next stages of the
life cycle of mucous sporozoans are accompanied
by cyst formation, with the development of ulcers,
which can heal and cicatrize in the absence of sec-
ondary infection (Bauer & Greze, 1948).

Histological analysis of the trunk muscles taken
from under the skin ulcers showed destruction of mus-
cle fibers: swelling of the fibers; absence of transverse
striations; necrosis of myocytes with the formation of
loose connective tissue. Necrosis and dystrophy of
muscle fibers were also observed in parts removed
from external skin ulcers. Early degenerative and in-
flammatory changes in fish skeletal muscle include
loss of sarcoplasmic integrity, edema, and intense
macrophage infiltration, which causes myophagy of
the necrotic sarcoplasm (Figure 10).

As recent studies of the developmental cycle of
mucous sporozoans have shown, spore formation
can occur in the spongy and compact layers of the
dermis. Morphological and genetic identification
of the T. kitauei myxospore was carried out with-
out detection of plasmodia. Scientists explain this
discovery as a “habitat transfer” from the intestinal
epithelium to the skin (Zhai et al., 2016).

Figure 10
Histological section of the musculature carp mirror at the level
of ulcer

Hematoxylin-eosin staining, magnification x10

It has been established that the cause of fish death
in myxosporidiosis can be disorders in the digestive
tract that cause mechanical intestinal obstruction
due to blockage of the intestinal lumen when large
tissue plasmodia exit the intestinal mucosa (Rhee,
1994), which contributes to the development of fatal
secondary enteritis. Currently, there are no effec-
tive measures to protect against diseases caused by
myxosporidium (Liu et al., 2016).
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Prevention is based on disinfection of pond
beds and, as necessary, reduction of the number of
alternative hosts (oligochaetes). To more fully and
accurately characterize the epizootic situation in
aquaculture, it is necessary to conduct ichthyopara-
sitological studies covering all fish species across
different seasons of the year.

Conclusion

It is known that fish blood serves as a sensi-
tive indicator of infectious and invasive diseases by
changes in hematological parameters without caus-
ing pathological alterations in red blood cells. In the
blood of infected young-of-the-year mirror carp, de-
creased red blood cell counts and hemoglobin lev-
els are observed. An increase in monocyte counts
in mirror carp to 11.34% indicates monocytosis as-
sociated with an inflammatory process in the gill
apparatus. Neutrophils also show a sharp increase
compared to the normal values in young-of-the-year
mirror carp, reaching 32.68%, indicating phagocytic
activity associated with inflammation.

Comparison of white blood cell counts revealed
that young-of-the-year mirror carp (257.6 x 10%/L)
exhibit a high degree of invasion by myxosporeans,
indicating acute inflammation leading to high mor-
tality rates in infected fish. At low infestation inten-
sities, the disease progresses chronically, and mild

Author Contributions

infestations appear harmless to the fish, which is a
deceptive impression.

The study showed that myxosporidian infection
causes significant hematological and pathological
abnormalities in young-of-the-year mirror carp. Af-
fected fish exhibit decreased hemoglobin levels and
red blood cell counts, while white blood cell, neu-
trophil, and monocyte counts increase significantly,
reflecting active inflammation and intoxication.

Histological studies have revealed serious de-
structive changes in the gills, heart, intestines, and
skeletal muscles, including necrosis, infiltration,
and epithelial damage. Disruption of organ structure
leads to impaired respiratory and digestive function,
contributing to the high mortality associated with
myxosporidiosis.

The lack of effective treatment methods high-
lights the importance of preventive measures, such
as pond bed disinfection, control of oligochaete
populations, and regular ichthyoparasitological
monitoring. Myxosporeans pose a serious threat to
aquaculture by reducing the sustainability and pro-
ductivity of farmed carp.
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PHENOTYPIC, CYTOGENETIC AND MOLECULAR ANALYSIS
OF INTERSPECIFIC RAPESEED HYBRIDS

Rapeseed (Brassica napus L.) is a key oilseed crop, the value of which is determined by both yield
and oil quality. In this study, doubled haploid (DH) interspecific hybrid lines of rapeseed x turnip (B. na-
pus x B. rapa) was evaluated using an integrated approach including phenotypic analysis, cytogenetics,
and molecular markers. Phenotypic evaluation revealed significant diversity in key quantitative traits,
such as seed weight per plant, pod number, and thousand-seed weight, with heterosis evident in some
lines. Early flowering of the hybrids compared to the parental forms indicates the influence of genomic
interactions on plant development. Cytogenetic analysis using FISH and GISH confirmed the presence of
chromosomes from both parents, revealing segments of introgression and signs of genomic stability after
chromosome doubling. Molecular studies using SSR markers revealed high polymorphism and the pres-
ence of alleles introgressed from B. rapa, consistent with cytogenetic data. Analysis of the seed fatty acid
composition revealed increased oleic acid content and low erucic acid levels, which meets modern oil
quality requirements. These results demonstrate the effectiveness of combining interspecific hybridiza-
tion and DH technology for identifying favorable allelic combinations that enhance the breeding value
of lines. These lines may serve as promising material for improving the yield and quality of rapeseed oil.

Keywords: canola, doubled haploid, SSR markers, B. napus, B. rapa, tolerance.
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Typapaabik, panc 6yAaHAapbiHbIH, PEHOTUNTIK,
LLMTOreHETUKAABIK, YKOHE MOAEKYAAAbIK, TaAAQYbI

Panc (Brassica napus L.) eHIMAIAIri MeH Man canacbiHa 6aAaHbICTbl KYHADIAbIFbI >KOFapbl HEri3ri
MaiAbl AaKbIAAAPAbIH, Gipi. Ocbl 3epTTeyae parc x kbiwabdac (Brassica rapa) (B. napus x B. rapa) Typ
apaAblK, TMOPUATEPIHEH aAblHFaH KOC ranAouATbl (DH) >keAiaep KewleHAl TOCIA apKbiAbl GararaHAbl,
OFaH (PeHOTUMNTIK TaAAQy, LLUTOrEHETHKA XXKOHE MOAEKYAAABIK, MapkepAep KipAl.

DenotnnTik Garasay 6ip 6CIMAIKKE LAKKAHAAFbI TYKbIM Maccacbl, BypluakKbiH CaHbl K8HE MblH,
TYKbIMHbIH, MacCacbl CUSIKTbl HEri3ri CaHAbIK, GeAriaep GOMbIHLLIA alTapPAbIKTal SPTYPAIAIKTI KOPCeTTI,
Kenbip >eairepae reteposuc KyObiAbiCbl 6GarMkasabl. [MOPUATEPAIH aTa-aHaAblK, popmMasapmeH
CaAbICTbIpFAHAQ epTe TYAAeYi OCIMAIKTIH AaMyblHa FEeHOMABIK, ©3apa ©peKeTTeCYAepAiH ocepiH
KepceTeAi.

FISH >eHe GISH saicTepiH KOAAQHFAH UMTOreHETUKAAbIK, TaAAQy €Ki aTa-aHaHblH Ad
XPOMOCOMAaAapbIHbIH, 6ap eKeHiH pacTaAbl, XPOMOCOMaAapPAbIH €Ki eCeAeHyiHeH KeliH MHTporpeccust
CErmMeHTTepi MEH reHOM TYPaK TbIAbIFbIHbIH 6@AriAEPiH aHbIK TaAbl. SSR-MapkepAep KeMeriMeH XXyprisiAreH
MOAEKYAQABIK, 3epTTey >KOfapbl MOAMMOP(M3MAI >koHe Brassica rapa-AaH MHTpOrpeccusinaHfFaH
AAAEABAEPAIH BOAYbIH KEPCETTi, BYA UMTOreHETUKAABIK, AEPEKTEPMEH COMKEC KEAEAI.

TYKbIMHbIH, Mait KbILUKbIAAAPbI KYPaMblH TaAAdy OAEWMH KbILKbIAbI MOALLEPIHIH apTKaHbIH >KeHe
3PYK KbIWKbIAbI AEHreriHiH TOMEH eKkeHiH KepceTTi, OyA Mail canacblHa KOWbIAATbIH 3amaHayu
TaAanTapra cam KeAeAi. AAbIHFAH HOTUMXKEAEP KOAANAbI aAAEAbAIK KOMOMHAUMSIAAPADI BEKITY YLIiH TYp
apaabik, rmbpunamsaumst MeH DH-TeXHOAOrMSIHbI YIAECTIPYAIH TUIMAIAITIH ADAGAAENMAIL, OYA >KEAIAEPAIH
CeAeKUMSIABIK KYHABIABIFbIH apTTbIPaAbl. BYA >keAiAep pancTbiH OHIMAIAITI MEH Mait canacblH XKakcapTyFa
ApPHAAFaH MepcrnekT1BaAbl MaTepUas GoAa araAbl.
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®eHoTUNUYECKUI, LUTOreHEeTUYeCKMI U
MOAEKYASIPHbII aHaAM3 MEeXBUAOBbBIX TMOPUAOB parica

Panc (Brassica napus L.) 9BASeTCS OAHOM M3 KAIOUYEBbIX MAaCAMYHbIX KYAbTYP, LLEHHOCTb KOTOPOM
ornpeAeAseTcs Kak ypoXKanHOCTbIO, Tak M Ka4eCTBOM MacAa. B HacToswem nccaeAoBaHMM oLeHMBaAMUCh
ABOVHble ranAonaHble (DH) MexxBnaOBble TMOPUMAHbBIE AMHUK parica  penbl (B. napus  B. rapa) ¢ vc-
NMOAb30BaHMEM KOMIMAEKCHOIO NMOAXOAQ, BKAIOUAIOLLEro (heHOTUMNYECKUIA aHAAN3, LIUTOTEeHETUKY U MO-
AEKYAsipHble Mapkepbl. DeHOTMNMYECKas OLEHKa NMoKa3aAa 3HauMTeAbHOE pa3HOOOpasme B KAOUEBbIX
KOAMYECTBEHHbIX MPU3HaKax, Takmx Kak Macca CemsiH Ha pacTeHue, KOAMYeCTBO CTPYYKOB M Macca Thl-
CSUM CEMSH, C NMPOSIBAEHMEM FeTepo3mca B PIAE AMHMIA. PaHHee uBeTeHne ruOprMAOB MO CPABHEHMIO C
POAUTEALCKMMM (POPMaMM YKa3bIBaeT Ha BAMSIHME FEHOMHbIX B3aMMOAENCTBUI Ha pa3BUTUE PaCTEHMIA.
LintoreHetnyeckmint aHaamns ¢ ncnoab3osanuem FISH n GISH noaTBepAnA NprcyTCTBME XPOMOCOM 060~
MX POAMTEAEN, BbISIBUB CEMMEHTbI MHTPOrPECCUMM M NMPU3HAKM CTAOMABHOCTM FEHOMA MOCAE YABOEHMSI
XPOMOCOM. MOAeKYASpHOe M3yyeHne C nomoLblo SSR-MapkepoB BbISBUAO BbICOKYIO MOAMMOPHOCTb
M HaAMUME aAAEAeN, MHTPOrpecCUpPoBaHHbIX OT B. rapa, 4To coraacyeTcs C AQHHbIMW LMTOreHeTUKU.
AHaAM3 COCTaBa >KMPHbIX KUCAOT CEMSIH MOKa3aA YBEAUYEHME COAEP>)KaHUS OAEMHOBOM KUCAOTbI M HU3-
KM YpOBEHb 3PYKOBOM KMCAOTbI, UTO COOTBETCTBYET COBPEMEHHbIM TPeOOBaHMSIM KaueCcTBa MacAa.
[MoAyUeHHblE pe3yAbTaTbl AEMOHCTPUPYIOT 3(PPEKTUBHOCTL COUETAHMS MEXKBUAOBOM rMOPUAM3aLMM
1 DH-TexHOAOrMM AASt (buKcaumm GAAronpUSITHLIX aAAEAbHbIX KOMOMHALIMIA, MOBbILLAIOWMX CEAEKLIM-
OHHYIO LLEHHOCTb AMHWI. DTU AMHUW MOTYT CAY>KMTb MEPCTEeKTUBHbIM MAaTEPUAAOM AAS YAYULLEHWS
YPO>KaMHOCTM M KayecTBa MacAa parca.

KAroueBble cAOBa: KaHOAQ, YABOEHHbIN ranaoua, SSR Mapkepsbl, B. napus, B. rapa, yCTOMUMBOCTb.

Introduction

Rapeseed (Brassica napus L.) is one of the most
important oilseed crops worldwide, ranking second
after soybean in global vegetable oil production
(Kalaida, 2021). Its economic value is determined
not only by seed yield but also by oil quality, fatty
acid composition, and adaptability to diverse agro-
climatic environments. Modern breeding programs
aim to improve both agronomic performance and oil
quality parameters while maintaining environmental
stability and resistance to abiotic and biotic stresses
(Raboanatahiry et al., 2021).

Interspecific hybridization has long been rec-
ognized as a powerful strategy for broadening the
genetic base of cultivated crops. In the genus Brassi-
ca, interspecific crosses between B. napus (AACC,
2n=38) and B. rapa (AA, 2n=20) allow the transfer
of desirable alleles controlling yield components,
flowering time, stress tolerance, and seed quality
traits. However, genomic instability, segregation
distortion, and complex recombination patterns
often complicate the stabilization of such hybrids
(Swarup et al., 2021).

Doubled haploid (DH) technology provides an
effective approach for rapid fixation of recombinant
genotypes and generation of completely homozy-
gous lines within a single generation. The use of DH

lines significantly accelerates breeding cycles and
facilitates precise genetic and phenotypic evalua-
tion. In interspecific Brassica breeding, DH technol-
ogy has been successfully applied to stabilize novel
genomic combinations and capture heterotic effects
resulting from intergenomic recombination (Dau-
rova et al., 2020).

Yield formation in rapeseed is a complex quan-
titative process involving multiple morphologi-
cal and reproductive components, including plant
height, branching pattern, number of siliques, seeds
per silique, and thousand seed weight (Zhang et
al., 2023). These traits are typically controlled by
numerous quantitative trait loci (QTLs) distributed
across A and C genomes. Understanding the pheno-
typic variation and genetic architecture underlying
these traits is essential for effective marker-assisted
selection and genomic improvement (Fujimoto et
al., 2018).

Flowering time represents another key adaptive
trait influencing yield stability and regional suit-
ability (Xu et al., 2016). It is regulated by a com-
plex network of genes associated with photoperiod,
vernalization, and temperature response pathways.
In interspecific hybrids, altered flowering dynam-
ics may arise due to epistatic interactions between
divergent parental genomes. Therefore, evaluating
flowering behavior in DH interspecific lines pro-
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vides insights into genomic stabilization and adap-
tive potential (Kim et al., 2015; Dezfouli et al.,
2019).

At the chromosomal level, interspecific hy-
bridization may lead to homoeologous exchanges,
introgression of chromosomal segments, and struc-
tural rearrangements. Cytogenetic tools such as
fluorescence in situ hybridization (FISH) and ge-
nomic in situ hybridization (GISH) allow precise
identification of genome composition and detection
of introgressed chromosomal regions (Amosova &
Shirokovae, 2016). Such analyses are critical for
confirming genomic constitution and understanding
the cytological basis of phenotypic variation (Ma et
al., 2006).

Molecular markers, particularly simple sequence
repeats (SSRs), remain valuable tools for assessing
genetic diversity, phylogenetic relationships, and al-
lelic variation associated with agronomic traits (Guo
et al., 2025). SSR markers provide high reproduc-
ibility and genome coverage, enabling detection of
polymorphism among closely related genotypes. In-
tegration of molecular marker analysis with pheno-
typic and cytogenetic data enhances the resolution
of genetic structure and breeding potential assess-
ment (Wolko et al., 2022).

The present study aimed to comprehensively
evaluate doubled haploid interspecific hybrid lines
between B. napus and B. rapa using an integrated
approach combining phenotypic assessment, cyto-
genetic analysis, and molecular marker profiling.
Specifically, we sought to (i) characterize variation
in key quantitative traits, (ii) assess phenotypic
diversity through multivariate statistical analysis,
(iii) determine chromosomal composition using
FISH/GISH, and (iv) evaluate genetic diversity us-
ing SSR markers. The obtained results contribute
to understanding the breeding value and genomic
stability of interspecific DH lines and provide a
foundation for their utilization in rapeseed im-
provement programs.

Materials and methods

Plant Material

The study utilized doubled haploid (DH) lines
of interspecific hybrids between rapeseed (Brassica
napus) and turnip rape (Brassica rapa), designated
as DHKZ and DHGY. These lines were previously
developed using haploid technology followed by
chromosome doubling, as described in our earlier
work (Daurova et al., 2020).

Parental genotypes were used as controls and
included two B. napus cultivars, ‘Kris” and ‘Galant’
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(All-Russia Research Institute of Agricultural Bio-
technology), and two B. rapa cultivars, ‘Zolotista-
ya’ and ‘Yantarnaya’ (V.S. Pustovoit All-Russian
Research Institute of Oil Crops).

Methods

Phenotypic Evaluation and Statistical Analysis

At physiological maturity, ten representative
plants were randomly selected from each plot. The
following morphological traits were recorded: plant
height (cm), number of branches per plant, number
of siliques per plant, silique length (cm), number of
seeds per silique, thousand seed weight (g), and seed
weight of the main inflorescence (g).

Chromosome Preparation and FISH/GISH
Analysis

Mitotically active meristematic cells from root
tips were used for cytogenetic analysis. Germinated
seedlings were fixed and washed in SSC buffer (pH
4.6-4.8) for 20 minutes prior to enzymatic diges-
tion. Root tips were treated with a digestion mixture
containing 20% pectinase (Sigma-Aldrich) and 1%
cellulase for 1.5-2.5 h at 37°C.

Following enzymatic maceration, root tips were
rinsed in 45% acetic acid and squashed on glass
slides. Preparations were dehydrated in absolute
ethanol and air-dried according to standard cytoge-
netic protocols (Hasterok et al., 2005).

Chromosomal analysis was performed on 5-10
well-spread metaphase plates per sample. Each
chromosome preparation originated from indepen-
dent root tips, ensuring that each analyzed meta-
phase corresponded to an individual plant. Fluores-
cence in situ hybridization (FISH) and genomic in
situ hybridization (GISH) were applied to detect ge-
nomic constitution and chromosomal introgression
patterns.

DNA Isolation

Genomic DNA was extracted from young leaf
tissue using the QIAGEN DNeasy Blood & Tissue
Kit (Cat. No. 69504) following the manufacturer’s
protocol. DNA integrity was assessed by agarose
gel electrophoresis. DNA concentration and purity
were measured using a NanoDrop 2000 spectropho-
tometer (Thermo Fisher Scientific, USA). Samples
were diluted to a working concentration of 35 ng/pL
for downstream molecular analyses.

SSR Marker Analysis and PCR Amplification

DNA concentration was additionally verified
spectrophotometrically using a NanoDrop ND-1000
(Thermo Scientific, USA). PCR amplification was
carried out in a total reaction volume of 20 pL con-
taining: 1.5 pL 10x PCR buffer (10 mM Tris-HCI,
pH 7.4; 50 mM KCI; 1.5 mM MgCl;), 1 U Taq
DNA polymerase (New England BioLabs), 10 mM
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of each dNTP (Sigma), 10 mM of each primer, and
100-200 ng template DNA.

Amplification was performed in a T100 thermal
cycler (Bio-Rad, USA) under the following condi-
tions: initial denaturation at 95°C for 10 min; 35
cycles of denaturation at 95°C for 30 s, annealing at
locus-specific temperatures (Table 3), extension at
72°C for 45 s; and a final extension at 72°C for 10
min (Zhu et al., 2021).

PCR products were separated using 2.7% aga-
rose gels and 0.8% polyacrylamide gels (PAGE).
Gels were stained with ethidium bromide (EtBr) and
visualized under UV illumination.

Statistical analysis

Analysis of variance (ANOVA) was performed
to determine statistical significance among geno-
types. Duncan’s multiple range test (DMRT) ap-
plied for post-hoc comparison at p < 0.05. All statis-
tical analyses were cross validated using IBM SPSS
Statistics v.23.

Results and discussion

Phenotypic variation

In interspecific hybrids B. napus x B. rapa (tur-
nip rape), both fertile and sterile plants were ob-
served among the DH progeny and subsequent gen-
erations. This segregation is typical for such crosses
and is associated with genetic instability, including
cytoplasmic male sterility (CMS) and/or nuclear ste-
rility factors introduced from the parental species.

Phenotypically, fertile hybrids exhibited normal
flowering with fully developed bright yellow flow-
ers, well-formed stamens and anthers containing
viable pollen, as well as the formation of normal
siliques with seeds (Figure 1 A1-A3). In contrast,
sterile plants were characterized by reduced floral
organs (smaller petals, shortened stamens, degener-
ated anthers lacking pollen), diminished inflores-
cences, and often empty or poorly filled siliques,
resulting in a significantly lower total number of
siliques per plant seeds (Figure 1 B1-B3).

Cytological analysis confirmed these differ-
ences at the meiotic level. In fertile plants, meiosis
proceeded normally: pollen mother cells (PMCs)
completed all stages of meiosis [ and II, forming
regular tetrads, followed by the dissolution of the
callose wall and the development of round, uniform-
ly stained viable microspores/pollen grains with dis-
tinct exine (Figure A4). In sterile hybrids, meiosis
was severely disrupted. Instead of normal meiotic
division, sterile PMCs formed so-called “micro-
spore analogues” (Figure B4) directly from the
mother cells without completing meiosis (Fengqun

& Tingdon, 1990). Subsequently, the cytoplasm of
these analogues underwent nearly complete degra-
dation, leaving only empty shells or collapsed cell
walls . Notably, no dyads or tetrads were observed
in sterile plants across all examined bud sizes (Zhou,
2003).

These meiotic abnormalities indicate a type of
male sterility associated with disruption of early
meiotic stages (meiosis abnormality-type male ste-
rility), frequently linked to cytoplasmic factors (e.g.,
Ogura CMS or similar systems transferred during
interspecific hybridization B. napus x B. rapa) and/
or nuclear male sterility genes (Liu et al., 2020). The
presence of both fertile and sterile individuals in the
hybrid population reflects segregation of fertility re-
storer genes (Rf genes) and provides opportunities
for selection of stable fertile lines for further breed-
ing, as well as utilization of sterile forms in hybrid
seed production systems, provided effective fertility
restoration is achieved (Gaborieau & Brown, 2016).

Figure 1
Morphological characteristics of hybrid plants and assessment
of pollen fertility

AI-A3 — Plants are well developed, with normally formed
inflorescences and flowers, indicating preserved reproductive
capacity; A4 — Pollen grains (acetocarmine staining) are
predominantly spherical and uniformly stained, demonstrating
high pollen viability; BI-B3 — Morphology of plants and

flowers of the second line, showing normal floral structure

and development; B4 — Pollen grains are largely deformed,
irregular in shape, and weakly or unevenly stained, indicating
pollen sterility. Scale bars: 40 ym.
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Structural analysis and Fatty acid composition

Interspecific hybrid lines previously obtained
using doubled haploid (DH) technology (Daurova et
al., 2020) were selected and evaluated for key quan-
titative traits (Figure A-E). Structural and pheno-
typic analyses of the doubled haploid interspecific
hybrids of B. napus x B. rapa (DHih) are presented
in Figure 2.

The interspecific hybrid lines demonstrated su-
perior performance in several yield-related traits
compared with the parental controls. In particular,
significant increases were observed in seed weight
per plant and thousand seed weight (TSW). The
highest TSW values were recorded in the hybrid
combinations DHGY, where all analyzed DH lines
exceeded the parental forms. Additionally, several
lines derived from the DHKZ combination showed
increased number of siliques per plant and higher
seed weight per plant relative to the respective par-
ents.

These results suggest the presence of heterotic
effects in the interspecific hybrid lines. Heterosis for
yield components such as silique number and seed
weight has been widely reported in Brassica spe-
cies, particularly in interspecific and inter-subspecif-
ic crosses (Pradhan et al., 1993; Snowdon&Iniguez,
2012). Increased thousand seed weight in DH-de-
rived lines may reflect favorable allelic recombina-
tion and fixation of advantageous loci during dou-
bled haploid production, as previously described
for oilseed rape breeding programs (Friedt & Snow-
don,2009).

The hybrid lines also exhibited variation in
flowering time after planting. Flowering in hybrids
ranged from 35 to 39 days, whereas the parental
genotypes flowered later: Brassica napus cultivars
Kris and Galant at 40 and 41 days, respectively, and
B. rapa cultivars Zolotistaya and Yantarnaya at 37
and 39 days. Most hybrid lines initiated flowering
around day 36 of the vegetative period. Earlier flow-
ering in hybrids may indicate genomic interactions
affecting developmental pathways, possibly involv-
ing vernalization and photoperiod-responsive loci.
Similar shifts in flowering time have been observed
in interspecific Brassica hybrids and are often as-
sociated with introgression of regulatory genes con-
trolling floral transition (Xu et al., 2016; Xu et al.,
2023).

50

Cytological analysis (described below) revealed
the presence of C-genome chromosomes derived
from B. napus in the hybrid lines, suggesting partial
genome stabilization following interspecific hybrid-
ization. Chromosomal introgression between A and
C genomes is a well-documented phenomenon in
Brassica hybrids and may contribute to both pheno-
typic variation and heterosis (Xiong & Pires, 2011;
Mason & Batley, 2015). The retention of C-genome
chromosomal segments in DH lines indicates suc-
cessful genomic recombination and stabilization
during haploid induction and chromosome doubling.

Overall, the interspecific DH lines combined
early flowering with improved yield components,
particularly thousand seed weight and seed mass per
plant. The observed phenotypic superiority likely
reflects both heterotic effects and genomic intro-
gression, supporting the effectiveness of doubled
haploid technology for fixation of favorable allele
combinations in Brassica breeding programs.

One of the key indicators of breeding value in
rapeseed is the fatty acid composition of seed oil.
For food-grade rapeseed, the most important quality
criterion is the absence or extremely low content of
erucic acid (C22:1), which determines its suitability
for human consumption and compliance with inter-
national canola standards.

Figure 3 presents the results of fatty acid compo-
sition analysis of all fertile mutant doubled haploid
interspecific lines of B. napus * B. rapa (DHih).
Gas chromatographic analysis revealed a significant
increase in oleic acid (C18:1) content in several hy-
brid lines compared with parental genotypes. In the
DHGY combination, oleic acid concentration in-
creased by 6.7%, rising from 71.6% in the parental
form to 74.5% in the hybrid lines. Similarly, lines
derived from DHKZ exhibited an increase of 5.6%,
from 71.4% to 73.5%.

In addition to elevated oleic acid levels, most
interspecific hybrid lines demonstrated a favor-
able fatty acid profile characterized by low con-
centrations of saturated fatty acids (palmitic acid,
C16:0, and stearic acid, C18:0) and a high pro-
portion of unsaturated fatty acids, including ole-
ic, linoleic (C18:2), and linolenic acids (C18:3).
Such a composition corresponds to modern nutri-
tional requirements and improves oxidative sta-
bility of the oil.



A K. Daurova et al.

Figure 2
Structural and phenotypic analyses of the doubled haploid interspecific hybrids and parental cultivars
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Figure 3
Seed oil fatty acid profiles (%) in parental rapeseed cultivars and interspecific DH hybrid lines with turnip rape
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Recent genomic and metabolic studies have
confirmed that oleic acid content in B. napus is pri-
marily controlled by allelic variation in the FAD2
gene family, which regulates the conversion of oleic
acid to linoleic acid (Shaheen et al., 2023). Muta-
tions or downregulation of FAD2 increase oleic acid
accumulation, which has become a major target in
rapeseed quality breeding programs. Furthermore,
integrated genomic analyses have demonstrated that
oil quality traits, including fatty acid composition,
are influenced by multiple QTLs distributed across
A and C genomes (Yusuf et al., 2022).

The absence of elevated erucic acid levels in the
analyzed lines confirms the maintenance of canola-
quality standards. Modern breeding strategies em-
phasize the development of low-erucic, high-oleic
cultivars with improved oxidative stability and nu-
tritional value (Zhao et al., 2022). The observed in-
crease in oleic acid content in the DH lines therefore
represents not only a quantitative improvement but
also a significant enhancement of oil quality.

Overall, the fatty acid composition analysis in-
dicates that the mutant doubled haploid interspecific
lines combine agronomically valuable traits with
improved oil quality parameters. The increase in
oleic acid content, together with reduced saturated
fatty acid levels, suggests successful fixation of fa-
vorable allelic combinations and highlights the po-
tential of interspecific hybridization combined with
DH technology for the development of high-quality
rapeseed cultivars.

Chromosomal and Molecular marker analysis

The number of somatic chromosomes in the
examined lines was determined using conventional
cytological analysis (Figure 4A), while the genomic
origin of chromosomes and segments was assessed
by combined FISH&GISH (Figure 4B, C).

In metaphase spreads of the hybrids, the paren-
tal genomes were clearly distinguishable (Figure
4B). The maternal B. napus genome (AACC, 2n =
38) produced intense red, fluorescent signals, pre-
dominantly in centromeric and pericentromeric re-
gions, with weaker extension into telomeric areas on
some chromosomes. This pattern is characteristic of
allotetraploid B. napus, where both A (B. rapa) and
C (B. oleracea) subgenomes contribute to signal in-
tensity when using total genomic DNA as a probe
with appropriate blocking. In contrast, the paternal
B. rapa genome (AA, 2n = 20) was labeled with
distinct green signals covering entire chromosomes
or large segments. On average, 10-15 green-labeled
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chromosomes or chromosome segments were ob-
served per cell, consistent with an approximate
AAC genomic composition (2n = 29), typical of F[J
triploid hybrids between B. napus and B. rapa.

Considerable inter-cellular variability was not-
ed: some metaphases displayed only 7-9 green chro-
mosomes (approaching the full A-genome contribu-
tion from B. rapa), while others showed fragmented
or recombined signals (mixed red-green regions),
indicative of homoeologous recombination between
the A subgenomes of the two parents. In approxi-
mately 20% of metaphases analyzed, weak green
signals appeared on predominantly red-labeled
chromosomes, likely resulting from translocation
events or incomplete blocking during hybridization.

GISH preparations confirmed the presence of
genomic material from both parental species in the
analyzed plants (Figure 4C). Red and green hybrid-
ization signals were detected within the same cells,
indicating the coexistence of both genomes and re-
flecting the genomic interactions typical of early-
generation interspecific Brassica hybrids. Overall,
the GISH results confirmed the hybrid origin of the
plants and successful introgression of B. rapa ge-
nomic material into the B. napus background.

To further characterize chromosomal architec-
ture and detect potential polymorphisms in ribosom-
al DNA (rDNA) loci, fluorescence in situ hybrid-
ization (FISH) was performed using specific probes
for 25S rDNA and 5S rDNA (green); chromosomal
context was provided by DAPI counterstaining
(Figure 4C).

The 5S rDNA signals (green) were more numer-
ous and dispersed, averaging 10.4 + 1.6 sites per
cell (range 9—14), often clustered in pericentromeric
regions. This distribution reflects the additive con-
tribution of the A subgenome from both parents and
aligns with the known high multiplicity of 5S loci
in the Brassica A genome. Co-localization of 5S
and 258 signals (yellow overlays) was observed on
certain chromosomes, a feature commonly reported
for A-genome chromosomes (e.g., Al and A3) in
Brassica.

The 25S rDNA signals (red), were fewer, aver-
aging 5.3 £ 1.1 per cell (range 5-9), and predomi-
nantly telomeric or sub-telomeric. Compared to sta-
ble B. napus lines (typically 6-8 sites), this number
is reduced, likely due to partial elimination of the C-
genome chromosomes and/or nucleolar dominance.
Polymorphism was evident: in approximately 30%
of cells, the intensity of one or more 258 sites was
markedly reduced or absent.
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Figure 4

Cytogenetic characterization of rapeseed parental lines and interspecific DH

A

A — Conventional chromosome spreads showing somatic chromosome number.
B, C— Combined FISH/GISH revealing genomic origins and chromosome segments (DAPI counterstain
in blue; hybridization signals in red, green, and other colors)

A comparison of rDNA locus numbers in the pa-
rental species, stable B. napus lines, and the inves-
tigated DH hybrids is presented in Table 1. Table 1
demonstrates that the hybrids exhibit higher mean
numbers of 5S rDNA loci compared to the parental

forms, whereas variation in 25S rDNA loci suggests
genomic restructuring following hybridization. Nota-
bly, the DHKZ genotype showed the highest average
values for both 5S and 258 loci, supporting evidence
of post-hybridization chromosomal reorganization.
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Table 1
Comparison of rDNA locus numbers in parental species and
hybrids (based on present data and literature)

Genotype 5S rDNA (mean) | 25S rDNA (mean)
Galant (B. napus) 8+1.0 43+1.2
Kris (B. napus) 94+13 50+1.1
Zolotistaya (B. rapa) 84+14 43+1.1
Yantarnaya (B. rapa) 94+1.6 55+13
DHGY 104+1.6 53+1.1
DHKZ 114+13 63+1.3

Intergenomic variation was apparent, with stron-
ger green signals (5S) likely originating from the
paternal B. rapa A genome, and red signals (25S)
distributed across both A and C genomes. Some
cells showed asymmetric distribution, with extra 5S
sites on presumed C-genome chromosomes, hint-
ing at translocation events. Overall, FISH confirmed
the presence of rDNA loci from both parents and
revealed intraspecific polymorphism, which could
influence hybrid fertility and stability.

Figure 5

Molecular marker analysis

A total of 55 SSR markers (primarily from
BrGMS, BnGMS, and BnEMS series) were used
to assess genetic diversity, polymorphism, and
potential functional variation across six Bras-
sica genotypes: two rapeseed (B. napus) cultivars
(Galant and Kris), two turnip rape (B. rapa) cul-
tivars (Zolotistaya and Yantarnaya), and two in-
terspecific doubled-haploid hybrid lines (DHGY
and DHKZ) derived from rapeseed x turnip rape
Crosses.

All markers were scored as binary (presence/ab-
sence) data due to the dominant-like amplification
patterns observed on agarose gels. The marker panel
exhibited high discriminatory power, detecting sub-
stantial genetic variability among the genotypes.
Polymorphism information content (PIC) values
ranged from 0.00 to 0.50, with several loci achiev-
ing the theoretical maximum of 0.50 for dominant
markers (indicating near-equal allele frequencies
and optimal informativeness). Only a small propor-
tion of loci remained monomorphic, confirming the
overall effectiveness and broad coverage of the se-
lected SSR set.

Molecular analysis of parental cultivars and DH hybrids
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A — Representative SSR amplification profiles of rapeseed, turnip rape,
and hybrid lines. M — DNA ladder; B — UPGMA dendrogram based on
genetic distance coefficients showing relationships among genotypes
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A notable fraction of the markers has been previ-
ously associated with key agronomic traits in Bras-
sica species, particularly those influencing yield and
its components. These associations enhance the bio-
logical relevance of the detected polymorphisms for
breeding applications. The following table summa-
rizes the reported trait associations for the polymor-
phic loci identified in this study (Table 2):

Table 2
SSR markers and their reported associations with agronomic
traits in Brassica

Marker Associated traits

BrGMS3837 | Plant height

BnEMSI119  |Yield

BrGMS1490 | Heterosis effects; yield-related traits
BrGMS0086 | Number of branches; seeds per silique
BoGMS1897 iztgsrc;s;: Sflolf ;)ulznt height; heterosis for
BrGMS4057 | Heterosis for seeds per silique
BnGMS0662 | Plant height

BrGMS2252 ieetgsr(;seirs Sfloli qslilleique length; heterosis for
BrGMS4252 | Heterosis for seeds per silique
BrGMS3688 | Heterosis for seeds per silique
BoGMS1740 | Thousand seed weight

BrGMS2901 Plant height; heterosis for seeds per silique
BoGMS0454 | Plant height; seeds per silique
BnGMS0749 | Heterosis for seeds per silique
BnGMS0386 | Plant height

BnGMSO0509 | Thousand seed weight

Polymorphism at these loci (especially those
linked to plant height, such as BrGMS3837,
BnGMS0662, BnGMS0386, BrGMS2901,
BoGMS0454, and BoGMS1897) suggests the pres-
ence of allelic variation that may contribute to dif-
ferences in plant architecture, lodging resistance,
and biomass accumulation among rapeseed, turnip
rape, and hybrid genotypes. Similarly, markers as-
sociated with yield components — including over-
all yield (BnEMSI1119), heterosis for seeds per
silique (BrGMS4057, BrGMS4252, BrGMS3688,
BnGMS0749, BrGMS2901, BrGMS2252), seeds
per silique (BrGMS0086, BoGMS0454), and thou-
sand seed weight (BoGMS1740, BnGMS0509) — in-
dicate functional genomic differentiation with po-
tential economic importance. Numerous studies

have shown that SSR loci in Brassica frequently
co-localize with QTLs for yield-related traits, plant
height, and seed quality (Hasan et al., 2008; Rabo-
anatahiry et al., 2022). Thus, the polymorphic mark-
ers detected here can serve as indirect indicators
of valuable allelic variation for introgressive and
marker-assisted breeding programs.

Genetic relationships were analyzed using Jac-
card’s similarity coefficient converted to genetic
distance, followed by cluster analysis with the
Neighbor-Joining algorithm. Pairwise genetic dis-
tances ranged from 0.32 to 0.85, indicating moder-
ate to high divergence among the accessions.

The dendrogram (Figure 5) revealed the follow-
ing structure: The two interspecific hybrids, DHKZ
and DHGY, showed the smallest genetic distance
(0.32), reflecting their close similarity and likely
shared breeding background or parental contribu-
tions; At a distance of approximately 0.62, the hy-
brid cluster grouped with the rapeseed cultivar Kris,
indicating stronger genomic affinity of the hybrids
to B. napus than to B. rapa. The two turnip rape
cultivars (Yantarnaya and Zolotistaya) formed a
separate cluster at distances of 0.74—0.79 from the
rapeseed/hybrid group. The rapeseed cultivar Galant
was the most divergent, joining the overall cluster at
the highest distance (=0.85).

This topology aligns with the expected genom-
ic relationships: allotetraploid B. napus (AACC
genome) exhibits partial convergence with intro-
gressed B. rapa (AA) material in hybrids, but main-
tains clear species-level separation from diploid tur-
nip rape (Chalhoub et al., 2014; Mason & Snowdon,
2016). The rapeseed-biased intermediate position of
the doubled-haploid hybrids is consistent with sta-
bilization of the AACC constitution during DH pro-
duction and with patterns reported in other SSR- and
SNP-based diversity studies of interspecific Bras-
sica hybrids (Xu et al., 2018).

To confirm hybrid origin and quantify introgres-
sion from B. rapa into the B. napus background,
allele inheritance patterns were examined. The hy-
brids displayed a near-additive allelic profile, pos-
sessing 50-51 alleles across the marker set — mark-
edly more than the rapeseed cultivars (~26 alleles)
or turnip rape cultivars (17-18 alleles). This pattern
is characteristic of successful interspecific hybrid-
ization and retention of parental diversity (Raboana-
tahiry et al., 2022).

Particularly informative were 12-13 loci where
the allele was absent in both rapeseed parental cul-
tivars (scored as 0/0) but present in the hybrids
(scored as 1). These markers most likely tag chro-
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mosomal segments introgressed from turnip rape.
This molecular evidence corroborates cytogenetic
results from genomic in situ hybridization (GISH;
showing green-labeled alien segments) and fluo-
rescence in situ hybridization (FISH; revealing ad-
ditive/polymorphic tDNA loci), providing strong
support for stable integration of B. rapa genomic
material into the rapeseed genome. Comparable
introgression patterns have been documented in
Brassica introgression lines and are recognized
as promising sources of novel variation for yield,
stress tolerance, and other traits (Hasan et al., 2008;
Lietal., 2023).

In summary, the SSR marker panel demonstrat-
ed high discriminatory capacity, effectively quanti-
fied genetic diversity, resolved clear phylogenetic
relationships consistent with genomic constitutions,
and highlighted functional polymorphisms at loci
relevant to key breeding traits. These findings un-
derscore the utility of the marker system for diver-
sity assessment, hybrid verification, and marker-as-
sisted selection in introgressive Brassica breeding.

Conclusion
Thus, the analyses presented demonstrated that

the doubled haploid interspecific lines exhibit im-
proved yield performance, earlier flowering time,

Author Contributions

and high seed quality parameters compared with the
parental forms. These agronomically valuable traits
were consistently expressed across the evaluated
generations, indicating good phenotypic stability
and adaptability.

Cytogenetic and molecular analyses confirmed
the successful integration of the parental genomes.
The additive distribution and uniform signal pattern
of 25S and 5S rDNA loci in the doubled haploid
lines indicate complete homozygosity and chromo-
somal stability of the hybrids. The consistent IDNA
profiles further support that the homozygous hy-
brids possess fixed genomic configurations without
detectable structural irregularities.

Taken together, the combined agronomic, cy-
togenetic, and molecular data emphasize the high
breeding potential of these doubled haploid lines.
They represent promising genetic resources for the
development of new rapeseed varieties with en-
hanced productivity, early maturity, and improved
seed quality traits.
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PRENATAL GENETIC TESTING FOR MULTIPLE MITOCHONDRIAL
DYSFUNCTION SYNDROME CAUSED BY IBA57 GENE MUTATION
KAZAKHSTANI FAMILY: A CASE REPORT

Mitochondria, commonly known as the cell’s power generator, carry out their primary function
through oxidative phosphorylation (OXPHOS), a process that produces ATP, the main energy source
of the cell and the only cell organelles with their own mitochondrial DNA. Any genetic alterations in
DNA sequences that encode mitochondrial structural or functional proteins may cause mitochondrial
disorders. Multiple mitochondrial dysfunction syndrome type 3 (MMDS3) is a rare autosomal recessive
mitochondrial disorder caused by homozygous or biallelic pathogenic variants in the IBA57 gene. In the
current study, we present a case report on prenatal genetic testing for multiple mitochondrial dysfunction
syndrome (MMDS) type 3 caused by the IBA57 gene to highlight the importance of prenatal diagnostics
for disease prognosis and treatment, appropriate genetic counselling, and informed reproductive deci-
sion-making. We recruited a 27-year-old G2P1001 at 22 weeks’ gestation with MMDS3 in family his-
tory, confirmed by whole exome sequencing (WES) and also verified by Sanger sequencing in the IBA57
gene ¢.286T>C (NM_001010867.4, p.Tyr96His) and c.667C>G (NM_001010867.4, p.Arg223Gly)
in the proband and parents. The ccfDNA genetic test revealed the absence of the heterozygous IBA57
gene variant at position ¢.286T>C (NM_001010867.4, p.Tyr96His), but the heterozygous IBA57 gene
variant at position c.667C>G (NM_001010867.4, p.Arg223Gly) was detected. The child is a hetero-
zygous carrier of the genetic variant of the IBA57 gene at position c.667C>G (NM_001010867.4,
p.Arg223Gly). No specific treatment is required; observation by a pediatrician and medical and genetic
counseling of the couple when planning the next pregnancy are recommended. The IBA57 gene-related
MMDS3 can have a wide range of outcomes and consequences and may progress rapidly. Early aware-
ness is crucial to prompt and proper administration. Our study reveals the importance of early prenatal
genetic testing for IBA57-related MMDS3 for early diagnostics and consent decision-making.

Keywords: multiple mitochondrial dysfunction syndrome 3; prenatal genetic testing; IBA57; genetic
counseling; consent decision-making.
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KaszakcraHAbIK, oT6acbiH IBA57 reHiHiH, MyTaumsiCbiHaH TybIHAQFaH
KONTiK MMTOXOHAPMSIABIK, AMCCPYHKLIMSI CHHAPOMBIHA
NpeHaTaAAbIK, FeHETUKAADBIK TECTIAeY: KAMHUMKAADIK YKaFAai

MUTOXOHAPUSIAGP KACyLLAHbIH, «3HEPrUsl reHepaTopbl» pPeTiHAe GeAriAi XKeHe e3AepiHiH Herisri
KbI3METIH TOTbIFy hocdopAaaHybl (oxidative phosphorylation, OXPHOS) apkbiAbl >y3ere acblpaAbi.
MwuToxoHApUSAAp ©3AEPiHIH, >Keke MUTOXOHAPUSAbIK, AHK-CbIHA e 60AATbIH >KAAFbI3 >KACYLUAAbIK,
opraHeararap 6oAabin  Tabbirasbl. MUTOXOHAPUSIABIK,  KYPbIABIMABIK —Hemece (PYHKLUMOHAAADIK,
aKybi3Aapabl koaTanTbiH AHK TizbekTepiHAEri Ke3 KeAreH reHeTUKaAbIK, ©3repictep MUTOXOHAPUSABIK,
aypyAapra oKeAayi MyMKiH. KenTik MUTOXOHAPMUSABIK, AMCHYHKUMS CcUHAPOMbI 3-Tuni  (Multiple
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Dysfunction Syndrome type 3, MMDS3) IBA57 reHiHA€ri roMO3MroTaAbl HEMECe eKiaAA@AbAI MaToreH-
Al HYCKAAapAaH TYbIHAQMTbIH CUpeK Ke3AeCETiH ayTOCOMAbI-PEeLeCCUBTI MUTOXOHAPUSAbLIK, aypy. Ochbl
3eptTeyae 6i3 IBA57 reHimer 6aiiaaHbicTbl MMDS3-ke npeHaTaAAbIK reHETUKAAbIK, TECTiAeYiHe apHaA-
FaH KAMHMKAABIK, )XaF AAMAbI YCbIHaMbI3. 3epTTeYAiH MakcaTbl aypyAblH GOAXKaMbIH XKOHE eMAey Tak-
TUKACbIH aHbIKTAyAQ, COHAQM-aK, AYPbIC FEHETUKAAbIK, KEHEC Oepy MeH CaHaAbl PENPOAYKTMBTI LeLlim
KabblAAQYAQ MPEHATAAABIK, AMArHOCTMKAHbIH, MaHbI3AbIAbIFbIH KepceTy. 3epTreyre MMDS3 6oibiHLa
oT6aCbIAbIK, aHaMmHe3i 6ap, XXYKTIAIKTIH 22 anTacbiHAQ TypraH 27 xacTtarbl aiiea (G2P1001) pekpyT-
TaAAbl. AMarHo3 TOAbIK, 3K30MAbIK, cekBeHnpaey (WES) aaiciMeH pacTtaaabl >xaHe keiliHHeH CaHrep
GoliblHILIA ceKBeHMPAeY apKbiAbl IBA57 reniHaeri ¢.286T>C (NM_001010867.4, p.Tyr96His) >kaHe
€.667C>G (NM_001010867.4, p.Arg223Gly) HyckaAapbl npob6aHATA >KoHe aTa-aHaCbIHAQ TEKCEPIAAI.
Linpkyasumsaarbl kaetkapaH Toic AHK (ccfDNA) 6oiblHLLa reHeTUKaAbIK, TaApay HaTMKeciHAe IBA57
reHiHiH c.286T>C (NM_001010867.4, p.Tyr96His) no3mumsacbiHAQFbl FeTEPO3UTroTaAbl HYCKAChl aHbIK-
TaAMaAbl, aranaa €.667C>G (NM_001010867.4, p.Arg223Gly) nosmumscbiHAarbl reTepo3nroTaabl
HYCKachl aHbikTaAAbl. Ocbiaaiiua, 6asa IBA57 reiHii ¢.667C>G (NM_001010867.4, p.Arg223Gly)
HYCKACbIHbIH, reTepO3MroTaAbl TaCbIMAAAQYLLbICHI. ByA XKaFaariaa apHaribl eMaey KaxkeT eMec. baaaHbl
neAmMaTpAbiH, 6akbiAaybIHAQ YCTAy XKOHE KEAEC] KYKTIAIKTI KOCrnapAay Ke3iHAE epAi-3aMbInTbiAapFa Me-
AVLMHAABIK-TEHETUKAABIK, KeHeC 6epy yCbiHbIAaAbl. IBA57 reHimeH 6aiAaHbiCTel MMDS3 KAMHMKAABIK,
KOpiHICTepiHIH cnekTpi KeH GOAYbl MyMKIH XKeHe aypy Kemnbip >kKarAaiAapAa >KbIAAAM YAEYi bIKTHMMAA.
CoHABIKTaH epTe aHbIKTay YaKTblAbl AMArHOCTUKA XKYPri3yre, AYpbIC MEAMLIMHAABIK, 6acKapy TakTMKa-
CbIH TaHAQYFa >XOHe CaHaAbl PEMPOAYKTMBTI WwewiM KabblAaayFa MyMKIHAIK Gepeai.

TyjiiH ce3aep: KOnTiKk MUTOXOHAPUSABIK, AUCPYHKLMS CMHAPOMbI 3; MpeHaTaAAbIK, FeHeTUKaAbIK,
TecTiney; IBA57; reHeTrKaAbIK, KeHeC 6epy; penpoAyKTMBTI LweliM Kabbiasay.

A.K. Fabayakaiom', )K. K. Mupmarosa', T.b. KaaeHosa', M.®D. basHoBa?,
A.K. HazapoBa?, A.K. boaaTtoB?, A. Epexxenos?, A.M. AiiTkyaoBa',
A.P. AknabxkaHoBa', A.A. EpexxenoB!'
Yy «National Laboratory Astana», ActaHa, KasaxcraH
2K®D «University Medical Center», ActaHa, KaszaxcTtaH
*HAO «Kasaxckuii HaumMOHaAbHbI YHUBEPCUTET UMeHn aab-Dapabu», Aamartsl, KasaxcraH
*e-mail: dauren.yerezhepov@nu.edu.kz

lNpeHaTaAbHOe reHeTUYEeCKOe TeCTUPOBaHME CUHAPOMA
MHOXXe€CTBEHHOH MUTOXOHAPUAAbHOM AMCCPYHKLIMU,
BbI3BaHHOro myTtaumeli reHa IBA57, B ka3axCTaHCKOM ceMbe: KAMHMYEeCKMI CAYyYan

MUTOXOHAPUK, LUIMPOKO M3BECTHblE KaK «dHEepreTmyeckue CTaHUMM» KAETKM, BbIMOAHSIOT CBOIO
OCHOBHYI0 (PYHKLMIO MOCPEACTBOM OKMCAMTEABHOIO hocchopmanpoBanms (oxidative phosphorylation,
OXPHOS) — npouecca, B xoae KOToporo cuHtesupyetcst ATD, SBASIOWMACS FTAABHbIM MCTOUYHMKOM
3Heprum Kaetku. Kpome Toro, MUTOXOHAPUM SBASIIOTCS € AMHCTBEHHbIMU KAETOUYHbIMW OpraHeAAamMu,
o06AaaaIoWMMK COBCTBEHHOM MUTOXOHAPUaAbHOM AHK. AloGble reHeTnyeckme n3mMeHeH s B MOCAEAO-
BaTeAbHOCTIX AHK, KOAMPYIOWMX CTPYKTYPHbIE MAM (DYHKLIMOHAAbHbIE BEAKM MUTOXOHAPUI, MOTYT
NMPUBOAMTDL K PA3BUTUIO MUTOXOHAPMAAbHBIX 3a60AeBaHMIn. CUHAPOM MHOXECTBEHHON MUTOXOHAPU-
aAbHOM AncyHkumm Tuna 3 (Multiple Mitochondrial Dysfunction Syndrome type 3, MMDS3) — pea-
KO€ ayTOCOMHO-PELIeCCMBHOE MUTOXOHAPUAaAbHOE 3a60AeBaHNe, 06YCAOBAEHHOE FOMO3UIOTHbIMM A
GMAAAEAbHBIMU MATOrEeHHbIMK BapuaHTamu B reHe IBA57. B HacTosiem nccaeaoBaHUM npeAcTaBAeH
KAMHUYECKUI CAyYait NPeHaTaAbHOrO reHeTMYEeCkoro TeCTMPOBAaHMS Ha CUHAPOM MHOXECTBEHHOM M-
TOXOHAPHMaAbHOM AnChyHKLMM (MMDS) Thna 3, BbI3BaHHbIN MyTaLmMsmu B reHe IBA57, ¢ ueAblo noauep-
KHYTb BaKHOCTb MPEHATaAbHOM AMArHOCTUKM AASI IPOTrHO3a 3a60AEBaHMs U BbIGOpa TakKTUKM AeYEHMs,
NPOBEAEHUSI AAEKBATHOIO FreHeTUYECKOr0 KOHCYAbTUPOBAHWS U MPUHSATUS MH(DOPMMPOBAHHBIX Pernpo-
AYKTUBHbIX pelueHuii. B nccaepoBaHue Gbiaa BKAOUeHa 27-AeTHSIsS GepemeHHast xertumHa (G2P1001)
Ha CpOKe rectauum 22 HeAeAM, UMeloLLLAs CeMelHbI aHamHe3 MMDS3. Anartos OblA TOATBEPIKAEH Me-
TOAOM MOAHOIO 3K30MHOr0 cekBeHupoBaHus (whole exome sequencing, WES), a Takxxe Bepuduumpo-
BaH METOAOM CekBeHMpoBaHus no CaHrepy AAg BapuaHToB reHa IBA57 ¢.286T >C (NM_001010867.4,
p.Tyr96His) n c.667C>G (NM_001010867.4, p.Arg223Gly) y npobaHaa u ero poauteaeit. [eHetun-
YyecKoe UCCAeAOBaHME UMpKyAupytollein cBoboaHon AHK naoaa (ccfDNA) BbISIBUAO OTCYTCTBUME re-
TEepO3UroTHOro BapuanTta reHa IBA57 B nosuumm ¢.286T>C (NM_001010867.4, p.Tyr96His), oaHako
6blA OBHApY>KeH reTepo3nroTHbIi BapuaHT B nosuumm ¢.667C>G (NM_001010867.4, p.Arg223Gly).
Taknm 06pa3oM, peGeHOK SIBASIETCS FeTEPO3UTOTHBIM HOCUTEAEM FeHeTUYECKOro BapmaHTa reHa IBA57
€.667C>G (NM_001010867.4, p.Arg223Gly). Cneunduueckoe AeveHre B AAHHOM CAyYae He Tpeby-
eTcs. PekomeHayeTcs HabAloAeHWe pebeHKa Y neanaTpa, a Tak>ke NPOBeAEHNE MEAMKO-TEHETUYECKOro
KOHCYAbTMPOBaHUS CYMNpyroB Mpu MAQHMPOBaHWK Mocaeaytollein 6epemeHHocTn. CuHApoM MMDS3,
CBSI3aHHbIM C MyTauMsmu reHa IBA57, MoXKeT xapakTepm3oBaTbCsl LUMPOKUM CMEKTPOM KAMHUUYECKMX
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MPOSIBAEHUI U B PSIAE CAYYaeB MPOrpeccMpoBaTb AOCTAaTOYHO ObICTPO. PaHHSS AMarHocTuka urpaet
KAKOYEBYIO POAb AASl CBOEBPEMEHHOTO MEAMLIMHCKOrO BMELLATEAbCTBA, MPABUAbHOIO FeHETUYECKOro
KOHCYAbTMPOBAHUS U NMPUHSITUS MHPOPMMPOBAHHBIX PEMNPOAYKTMBHbBIX PELLEHUIA.

KaroueBble cA0Ba: CUHAPOM MHOXECTBEHHOM MUTOXOHAPMAABHOM AMCYHKUMM 3, MPeHaTaAbHOe
reHeTuyeckoe tectupoBaHue, IBA57, reHeTnyeckoe KOHCYAbTUPOBaHWE, MH(OPMMPOBAHHOE perpo-

AYKTVMBHOE peLleHue.

Introduction

Mitochondria, commonly known as the cell’s
power generator, carry out their primary function
through oxidative phosphorylation (OXPHOS), a
process that produces ATP, the main energy source
of the cell (Mitchell, 1961). Despite most cellular
activity being regulated by nuclear DNA (nDNA),
mitochondria are an exception. Mitochondria are
the only cell organelles with their own mitochon-
drial DNA (mtDNA), which consists of light (L) and
heavy (H) chains. The mtDNA genome includes 37
structural genes, most of which (22) encode trans-
port RNA, 13 encode subunits of OXPHOS com-
plexes, and 2 encode the large subunit of ribosomes
(Xu et al., 2016). Any genetic alterations in DNA
sequences involved in mitochondrial function or
that encode mitochondrial structural or functional
proteins may cause mitochondrial disorders (Scha-
pira, 2012).

Mitochondrial disorders are a group of genetic
conditions characterized by dysfunctional mito-
chondria. Since mitochondrial diseases are caused
by genetic mutations in nDNA and/or mtDNA, it
has complex inheritance patterns, including autoso-
mal and X-linked inheritance for nDNA mutations
and maternal inheritance for mtDNA mutations. Ad-
ditionally, due to mtDNA’s lower mutational resis-
tance, many de novo mutations are being reported
(Gorman et al., 2016). Mitochondrial diseases are
clinically heterogeneous, can occur at any age and
in any organ or tissue, usually affecting aerobic-me-
tabolism-dependent cells and tissues, such as neu-
rons, muscle fibers, and cardiomyocytes, and can
manifest with a wide range of clinical symptoms
(McFarland et al., 2010).

Multiple mitochondrial dysfunction syndrome
(MMDS) refers to a group of rare autosomal reces-
sive disorders caused by impaired energy metabo-
lism, which results in abnormal neurological de-
velopment, muscle weakness, lactic acidosis, and
respiratory insufficiency and is typically associated
with premature death. MMDS can be classified into
9 types (types 1-9B, OMIM#: 605711, 614299,
615330, 616370, 617613, 617954, 620423, 251900,

620887) based on pathogenic variants in 9 genes:
NFU1, BOLA3, IBAS57, ISCA2, ISCA1, PMPCB,
GCSH, FDX2, and FDXR (Bargagna et al., 2024).

Multiple mitochondrial dysfunction syndrome
type 3 (MMDS3) (OMIM#: 615330) is a rare au-
tosomal recessive mitochondrial disorder caused by
homozygous or biallelic pathogenic variants in the
IBAS7 gene. The IBAS7 gene product is a nuclear-
encoded mitochondrial protein that plays an impor-
tant role in the maturation of [4Fe-4S] cluster-bind-
ing proteins (Mandigers et al., 2023). To date, more
than 30 pathogenic variants in the IBAS57 gene have
been reported, mostly causing psychomotor regres-
sion, progressive spasticity, and visual impairment
(Camponeschi et al., 2022).

Accurate genetic testing and confirmation of
a genetic diagnosis are essential for patients and
their families, as they provide critical information
on prognosis and treatment and enable appropriate
genetic counselling and informed reproductive deci-
sion-making (Mavraki et al., 2023). Accurate diag-
nosis of mitochondrial diseases remains challenging
due to their genetic and phenotypic heterogeneity,
the wide range of clinical symptoms, and the in-
volvement of more than 300 genes. Advances in
technology have led to the development of various
genetic diagnostic approaches and techniques, rang-
ing from single-nucleotide polymorphism (SNP)
detection to whole-genome sequencing (WGS) (Be-
lousova et al., 2025), resulting in an increase in di-
agnostic success from under 20% to over 60% (Gor-
man et al., 2016).

In the current study, we present a case report
on prenatal genetic testing for multiple mitochon-
drial dysfunction syndrome (MMDS) type 3 caused
by the IBAS7 gene to highlight the importance of
prenatal diagnostics for disease prognosis and treat-
ment, appropriate genetic counselling, and informed
reproductive decision-making.

Materials and methods
Recruitment of patients and ethics. Patients for

prenatal diagnosis are recruited among pregnant
women registered at antenatal clinics, as well as
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families with a confirmed or suspected risk of he-
reditary diseases such as epilepsy, neuromuscular
disorders, and other neurogenetic pathologies. Re-
cruitment was performed on the basis of the Nation-
al Scientific Center for Maternal and Child Health,
University Medical Center (Astana, Kazakhstan).
Selection is conducted in accordance with estab-
lished inclusion and exclusion criteria agreed upon
with the local bioethics committee. Indications for
prenatal diagnosis were: the presence of a child
with a monogenic pathology in the family (epilepsy,
spinal muscular atrophy, multiple mitochondrial
dysfunction syndrome) or known genotypes (unaf-
fected carriers) of the parents.

This study was approved by the Local Ethics
Committee of the National Laboratory Astana (No.
03-2024 from October 2, 2024), and the Local Eth-
ics Committee at the Corporate Fund University
Medical Center (No. 3/2025/119 from April 28,
2025). The study was conducted in accordance with
the Declaration of Helsinki. Informed consent was
obtained from all participants.

Interview and clinical data acquisition. All fami-
lies underwent the information sessions or prenatal
genetic counseling individually at the University
Medical Center. Each genetic counseling session
included an oral explanation of the genetic testing
procedure, possible results, the method’s limita-
tions, and the ethical implications of participation. A
genetic counseling specialist provides a conclusion
and recommendations in a standard format, which
are registered in the medical information system
(MIS). Women and their partners were given the
opportunity to ask questions, discuss the potential
consequences of various test results, and make an
informed decision about participation. This format
complies with the principles of “informed choice”
outlined in international guidelines for prenatal
counseling. Following the discussion and confirma-
tion of willingness to participate, written informed
consent was issued, including separate sections on
the nature of the test, data and biomaterial stor-
age, and the right to withdraw consent. The process
was documented in the project’s research database,
with a unique identifier assigned to the participant.
This organization of work ensured a high level of
trust between specialists and participants, as well as
compliance with international bioethical principles
when conducting genetic research among pregnant
women and their families. An individual clinical re-
cord was created for each participant, including de-
mographic data (age, ethnicity, place of residence),
medical and obstetric history, family history of he-
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reditary diseases, and results of laboratory and in-
strumental studies.

Biomaterial sampling, DNA isolation, and qual-
ity control. Following a medical genetic consulta-
tion and informed consent, biological material was
collected from each participant. Blood from preg-
nant women (and their partners when needed) was
collected into a blood collection tube containing
K2EDTA (BD, Franklin Lakes, NJ, USA). For non-
invasive prenatal testing (to isolate the placental
fragments and circulating cell-free DNA), the blood
was drawn into a commercially available blood col-
lection system (Cell-Free DNA BCT, Streck, USA).

DNA of the pregnant woman and partner was
extracted from 300 pL of whole blood using the Il-
lustra Blood Genomic Prep Spin Kit (Cytivia, Marl-
borough, MA, USA), according to the manufactur-
er’s instructions, and stored at —20°C. ccfDNA was
isolated from 2 mL of plasma using QIlAamp Min-
Elute ccfDNA Kit (Qiagen, Germany), according to
the manufacturer’s instructions.

The quality and quantity of extracted DNA were
assessed using the spectrophotometric method with
the NanoDrop 2000 UV spectrophotometer (Ther-
moFisher Scientific, Waltham, MA, USA) and the
fluorometric assay with the Qubit BR and HS Assay
Kits (ThermoFisher Scientific, Waltham, MA, USA)
on a Qubit v4.0 fluorometer. Additionally, fragment
size distribution and the integrity of ccfDNA were
evaluated using the High Sensitivity DNA reagents
Kit (Agilent Technologies, USA) on an Agilent
2100 Bioanalyzer (Agilent Technologies, USA).

Confirmatory DNA sequencing. To confirm the
variants identified by next-generation sequencing,
Sanger sequencing was performed on gDNA ob-
tained from family members’ blood samples. Am-
plified PCR was performed in a final volume of 20
uL, containing 50 ng/uL of the gDNA, 10 pmol of
the forward and reverse primers, 4 pL of 5x buf-
fer 2.5 mM dNTP (Fermentas, Lithuania, Vilnius),
and 0.2U of PhusionTM High-Fidelity DNA Poly-
merase (ThermoFisher, Cleveland, OH, USA). The
thermal cycling conditions for PCR included initial
denaturation for 5 min at 96 °C, followed by 35 cy-
cles of denaturation at 94 °C for 30 s, annealing at
58 oC for 45 s, elongation at 72 oC for 45 s, and a
final extension for 10 min at 72 °C. The PCR prod-
ucts were run on 1% agarose gel to detect DNA am-
plicon size. After verification, PCR products were
purified using the ExoSAP-IT Express PCR Product
Cleanup (Thermo Fisher Scientific, Wilmington,
Germany). DNA sequencing of the PCR products
was performed using the BigDye Terminator Cycle
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Sequencing v.3.1 kit (Applied Biosystems, Foster
City, CA, USA) on the 3730 xL Genetic DNA Ana-
lyzer (Applied Biosystems, Foster City, CA, USA).
Finally, sequencing analysis was conducted using
the Data Collection Software (Applied Biosystems,
Foster City, CA, USA).

Results and discussion

A 27-year-old G2P1001 at 22 weeks’ gesta-
tion was recruited. Partner is a 32-year-old man,
marriage is non-consanguineous. The medical his-
tory includes a child MMDS3 (OMIM 615330),
an autosomal recessive inheritance, confirmed by
whole exome sequencing (WES) and also verified

Figure 1

by Sanger sequencing in the IBA57 gene ¢.286T>C
(NM _001010867.4, p.Tyr96His) and c.667C>G
(NM _001010867.4, p.Arg223Gly) in the proband
and parents (Figure 1).

Proband has both heterozygous mutations in the
IBA57 gene (¢.286T>C and c.667C>G). Parents
are obligate heterozygous carriers of the genetic
variant in the IBAS7 gene ¢.286T>C (mother) and
c.667C>G (father). Given the 22 weeks’ gestation,
invasive prenatal testing was not possible due to
high risk. A ccfDNA test for these genetic variants
in the fetus is recommended, as is genetic examina-
tion of the newborn and postnatal genetic testing.
Results of the ccfDNA genetic test (fetus) are shown
in Figure 2.

Sequencing analysis of a family (father, mother, and proband)
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Figure 2
Sequencing analysis of a fetus

IR N RNl n 0N w0 DRRORINN
CGCGGGCTACGCCCA AGCACSGATACCTCA
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IBAS7:¢.286T>C
IBAS7:¢.667C>G

The ccfDNA genetic test revealed the absence
of the heterozygous IBA57 gene variant at position
c.286T>C (NM_001010867.4, p.Tyr96His), but
the heterozygous IBAS57 gene variant at position
c.667C>G (NM_001010867.4, p.Arg223Gly) was
detected. The labor was spontaneous, resulting in
the birth of a male infant. Genetic counseling was
provided. Confirmatory Sanger sequencing of the
IBAS57 variants ¢.286T>C and c.667C>G was rec-
ommended in accordance with ACMG guidelines.
In the analyzed neonatal sample, previous results
were confirmed.

Conclusion: The child is a heterozygous carrier
of the genetic variant of the IBAS57 gene at position
c.667C>G (NM_001010867.4, p.Arg223Gly). No
specific treatment is required; observation by a pe-
diatrician and medical and genetic counseling of the
couple when planning the next pregnancy are rec-
ommended.

Multiple mitochondrial dysfunctions syn-
drome-3 (MMDS3) is a severe autosomal recessive
neurodegenerative disorder characterized by loss
of previously acquired developmental milestones
in the first months or years of life, caused by ho-
mozygous or compound heterozygous mutations
in the IBA57 gene (Online Mendelian Inheritance
in Man, 2026). Currently, more than 30 patho-
genic variants of IBA57 have been reported, with
a broad phenotypic spectrum ranging from severe
intellectual disability to adolescent-onset spastic
paraplegia (Camponeschi et al., 2022). The homo-
zygous ¢.706C>T (Pro236Ser) mutation was as-
sociated with leukodystrophy and variable clinical
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phenotypes (Torraco et al., 2017), and the hetero-
zygous Tyr219Cys mutation was associated with
mitochondrial leukoencephalopathies in children
(Bindu et al, 2018). Ajit Bolar et al. reported 2 sibs,
born of consanguineous Moroccan parents, with a
lethal encephalomyopathy and myopathy resulting
from mitochondrial dysfunction (Ajit Bolar et al.,
2013). Debray et al. reported a male infant born to
consanguineous Moroccan parents with MMDS3.
The newborn had progressive hypotonia, motor re-
gression, and loss of previously acquired skills, in-
cluding sitting, babbling, and visual tracking, and he
died at age 17 months. WES detected a homozygous
c.436C>T (p.Argl46Trp) variant in the IBAS7
gene (Debray et al., 2015). Lang et al. reported the
IBAS57 ¢.310G>T (p.Gly104Cys) in a 2-month-old
infant of Cuban descent with progressive hypotonia,
weakness, and episodes of upgaze deviation (Lang
et al., 2022). Sato et al. reported the same muta-
tion but with a compound heterozygous genotype
(c.49 67dup (p.Leu23fs) (Sato et al., 2021). Xu et
al. reported compound heterozygous variants in the
IBAS57 gene: ¢.395 400dup (p.V132_Q133dup) and
¢.832delC (p.R278Afs*23). Both variants may alter
the protein structure and stability, potentially result-
ing in partial or complete impairment of its activity
and function (Xu et al., 2026).

In this report, we describe a heterozygous
variant in the IBAS57 gene at positions ¢.286T>C
(NM _001010867.4, p.Tyr96His) and c.667C>G
(NM_001010867.4, p.Arg223Gly). The Tyr96His
mutation of IBA57 was found in a high number of
patients, in heterozygosity with several missense
(Gly63Asp, Thr106Ala, Gly252Cys) and non-mis-
sense (c.697C>T, Arg223*; p.307C > T, GIn103*;
c.22C>T, Arg8*; ¢.522 523del, Leul75Al-
afs; ¢.589 590del, Argl97Alafs; c.1053G>A,
Trp351%*; ¢.589 590del, Argl97Alafs) mutations
(Liu et al., 2018; Zhang et al., 2019; Hu et al.,
2020)). Jiang et al. identified the IBAS57 ¢.286T>C
mutation as a hotspot mutation in Chinese patients
with a stable natural history. Of 61 patients, 46 pre-
sented with MMDS3; 58.7% were of Chinese ori-
gin, and 85.2% had the ¢.286T>C mutation (Jiang
et al., 2025). Xu et al. presented a case report on
a child, aged 1 year and 2 months, who had mo-
tor decline, was unable to sit alone, had limited
right arm movement, hypotonia, hyperrefiexia of
both knees, and Babinski sign positivity on the
right side, accompanied by nystagmus. WES de-
tected two heterozygous mutations in the IBAS57
gene, ¢.286T>C (p.Y96H) (likely pathogenic, LP)
and c.992T>A (p.L331Q) (variant of uncertain
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significance, VUS) (Xu et al., 2024). Wu et al.
presented a case report of two MMDS3 twin girls
having compound heterozygous variants of the
IBAS57 gene, namely ¢.286T>C (p.Tyr96His) and
¢.307C>T (p.GIn103Ter). According to the Ameri-
can College of Medical Genetics and Genomics
(ACMG) guidelines, both variants were classified
as pathogenic. However, after treatment with vi-
tamins, levocarnitine, ATP, coenzyme Q10, and
other medications and supplements, both children
showed partial recovery of neurodevelopmental re-
gression and improvement in motor, language, and
cognitive development (Wu et al., 2025).

We did not identify homo- nor heterozygous
mutation at position ¢.286T>C in the fetus sample,
which, according to the ACMG guidelines, is consid-
ered as PM3_VeryStrong (highly pathogenic). How-
ever, we found a heterozygous variant in the IBAS57
gene at position c.667C>G (NM_001010867.4,
p-Arg223Gly). Currently, there are no reports on the
pathogenicity of this variant; it is considered a VUS
and has a single submission in the ClinVar database
(ClinVar, 2026). Detection of a compound heterozy-
gous variant in a proband diagnosed with MMDS3,
likely the first such identification.

Author contributions

Given the family history of MMDS3 with a
compound heterozygous IBAS57 mutation in the pro-
band and the genetic finding in fetal DNA, it was de-
cided to prolong the pregnancy; however, confirma-
tory DNA sequencing after birth was recommended.
Since the DNA sequencing results of the fetus and
newborn are matched, only observation by a pedia-
trician was proposed.

Conclusion

The IBAS57 gene-related MMDS3 can have
a wide range of outcomes and consequences and
may progress rapidly. Early awareness is crucial to
prompt and proper administration. Our study reveals
the importance of early prenatal genetic testing for
IBAS7-related MMDS3 for early diagnostics and
consent decision-making.
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GENOME-WIDE ASSOCIATION STUDY
OF ENDURANCE GENES IN PROFESSIONAL WRESTLERS

The study aimed to identify genetic factors associated with endurance in professional wrestlers from
the Republic of Kazakhstan using a genome-wide association study (GWAS). The dataset included 58
elite combat-sport athletes and 60 non-athletic controls. Genotyping was conducted on the iScan plat-
form (lllumina) with the Infinium Global Screening Array-24. Quality control procedures in PLINK v1.9
and subsequent analyses in R (qgman) retained 296,772 SNPs after filtering for call rate, Hardy—Wein-
berg equilibrium, minor allele frequency, and exclusion of sex-chromosomal and mitochondrial variants.
Principal component analysis showed no substantial population stratification, and the genomic inflation
factor . = 1.02) indicated minimal confounding. At the suggestive significance level (p < 1x1079),
several loci showed differences between athletes and controls, including rs12916133, rs7765401, GSA-
rs1682809, and rs4777639. These variants are located near PPEF2, SV2B, CDC37L1, and the non-cod-
ing region LOC105370982, which are genes and regulatory elements involved in calcium-dependent
signaling, synaptic regulation, proteostasis, and muscular adaptation. Although none reached genome-
wide significance (p < 5x1078), the detected trends point to a contribution of regulatory and neurometa-
bolic pathways to endurance-related traits in wrestlers.

The study is limited by the moderate sample size and the need for replication in independent Ka-
zakhstani and international cohorts. Nevertheless, the findings form a basis for personalized training
strategies and future integrative multi-omics research in sports genomics.

Keywords: GWAS, single nucleotide polymorphism (SNP), endurance, sports genetics, wrestlers,
genetic polymorphism.
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Kaciou 60opbiCLbIAAPAAFbI LUBIAAMADBIAbIKIEH 6aiAaHbICTDI
KeH, ayKbIMAbI TeHOMADIK, accolimaTuBTi 3eptrey (GWAS)

3eptTeyaid MakcaTbl — KasakcrtaH Pecnyb6avkacbiHbiH Kaciby  GaAyaHAApbIHAQ TO3IMAIAIK
deHoTMNIMEH OaliAaHbICATbIH FEHETMKAABIK, (haKTOPAAPAbl KEH ayKbIMAbl F€HOMABIK aCCOLUMATUBTI
Tanpay (GWAS) aaici apkblabl aHbikTay. IpikTemere 58 ><ofapbl GiAIKTI >Kekne-Kek CriopTublAapbl
>koHe GakblAay TOObIHA CrOPTThIK, TaXipnbeci »ok, 60 KarbiCyubl aAbiHAbL. [eHoTunTey [llumina
iScan naargopmacbiHaa Infinium Global Screening Array-24 >xuHarbl apkblAbl >Kyprisiaai. PLINK
v1.9 6GarpapAamacbiHAa CanaAblK, CY3riaeH ©TKi3y >koHe R TiAiHAeri (qgman nakeTi) CTaTUCTMKAABIK,
TaAAQyAaH KeiiH reHoTunTey canacbl, Xapar—BaitHGepr TeHAIri, MUHOPABI aAAeAb XKMIAIri xxeHe X/Y
XPOMOCOMAAApPbl MEH MUTOXOHAPMSIABIK, HYCKaHbI aAbIr TacTay kpuTepuiiaepiHe cankec 296 772 SNP
TaAAQHAbI. Heri3ri KOMNOHeHTTep TaAAQybl HaKTbl MOMYASLMSAbIK, CTPATU(MPUKALUMSHBIH XXOKTbIFbIH,
aA TeHOMADIK, MHPASUMS KoapdpuumeHTi (A = 1.02) waTacTbipylbl (hakTOpAAPAbIH, TOMEH AEHreiH
KepceTTi. BOAXKaMABI MaHbBI3AbIAbIK, WeriHAe (p < 1x1075) cnopTiubiaap MeH 6akbiAay TOObl apacbiHAA
anblpMallbiAbIFbl 6ap GipHewe AOKYC aHblKTaaAbl: 1s12916133, rs7765401, GSA-rs1682809 >xaHe
rs4777639. ByA BapuaHTTap KaAbLMil CUFHAAM3aUMSIChbl, CMHANTUKAAbIK 6GepiAic, npoteocTtas xaHe
KaHKa OYALIbIKETIHIH 6eriMaeAy npouecTepiHe KatbicatbiH PPEF2, SV2B, CDC37L1 reHaepiHe xeHe
LOC105370982 KOATAaAMaMTbIH ariMarblHA >KAKbIH OpHaAackaH. »KaAmbl reHOMABIK, MaHbI3ABIAbIK,
AeHreltiHe (p<5x107%) »eTnereHiHe KapamacTaH, aAblHFaH HOTUMXEAEP TO3iMAIAiKKe ocep eTeTiH
peTTeyLli KaHe HEMPOMETAOOAMKAABIK, YKOAAAPAbIH MaHbI3blH KOPCETEA|.

68 © 2026 Al-Farabi Kazakh National University


https://doi.org/10.26577/bb106120266
https://orcid.org/0009-0001-0361-6850
https://orcid.org/0000-0002-4792-971X
https://orcid.org/0009-0002-0507-778X
https://orcid.org/0000-0002-4619-3368
https://orcid.org/0000-0003-0804-7172
https://orcid.org/0009-0005-2025-431X
https://orcid.org/0000-0003-4755-0088
https://orcid.org/0009-0005-5721-1866
https://orcid.org/0009-0005-7244-0843
mailto:phd.imanbay@gmail.com
mailto:phd.imanbay@gmail.com

A. Imanbay et al.

3epTTeyAiH LekTeyAepi — ipiIKTEMEHIH CaAbICTbIPMAAbl TYPAE LUAFbIH KOAEMI MEH HaTUXeAepAi
KaszakcTaHHbIH XHe XaAblKapaAbIK, TOYEACI3 KOrOPTaAapbIHAQ KAMTaAar TEKCepy KAXKETTIAIrN 60AaAbI.
CoraH KapamacTtaH, 6yA AepekTep CropTTbIK, FEHOMUKA CAAAChIHAQ >KeKe BaFbITTaAFaH XaTTbIFy CTpa-
TerusinapbiH 93ipAeyre XeHe MyAbTUOMABIK, 3ePTTEYAEPAI AaMbITyFa Heri3 60Aa aaAbl.

Tyiin cesaep: GWAS, SNP, Te3iMAIAIK, cropT reHeTuKachl, 6baAyaHAap, rEHETUKAABIK, OAMMOpP-
hursm.
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TeHOM-LUMPOKOe acCOLMAaTUBHOE UCCAEAOBAHUE TEHOB BbIHOCAMBOCTH
y npochpeccroHaAbHbIX 60pLOB

Lleabto paboTbl GbIAO BbISIBAEHME FEHETUYECKMX AETEPMUHAHT, CBA3AHHbIX C Pa3BUTMEM BbIHOC-
AMBOCTU Yy npodeccroHaAbHbix 6opLoB Pecrnybankm KasaxcTaH, C MCMOAb30BaHMEM METOAQ LLMPOKO-
reHOMHOro accounatuBHoro aHaamsa (GWAS). B nccaepoBaHme GbiAM BKAIOUEHbI 58 BbICOKOKBAAM(U-
LMPOBaHHbIX CMIOPTCMEHOB EAMHOBOPCTB 1 60 YYaCTHUKOB KOHTPOAbHOM TPYMrbl, HE 3aHMMAlOLLMXCS]
croptom. [eHOTUNMPOBaHME BbINMOAHEHO Ha naatdgopme iScan (lllumina) ¢ McnoAb3oBaHrem Habopa
Infinium Global Screening Array-24. Nocae npoueayp kadectsa B PLINK v1.9 1 nocaeaytouieit cratu-
cTryeckorn 06paboTkm B R (maket ggman) aast aHaan3sa 6bIA0 ocTaBAeHo 296 772 SNP-BapuaHTa, npo-
LeAWrx (UAbTPbI MO YaCTOTE FeHOTUMNMPOBAHMS, paBHOBecUIo XapAr—BarHbepra, MUHOPHOM aAAeAb-
HOM YaCTOTe N MCKAIOYEHMIO BapUAHTOB X-, Y-XPOMOCOM 1 MUTOXOHAPMaAbHOM AHK. AHaAM3 rAaBHbIX
KOMTMOHEHT He BbISIBUA BblpaXk€HHOM CTpaTUdMKaLMKM NONYyAILUMK, a KOIPDULMEHT FreHOMHON MHPAS-
umm (A = 1.02) NOATBEPAMA OTCYTCTBME CYLLLEECTBEHHbIX CMeLlumnBatomx pakTopos. Ha ypoBHe npeaAmno-
AOXKMTEABHOM 3HaUMMOCTH (p < 1x1075) ObIAM MAEHTUMDUUMPOBAHBLI AOKYCbl, PA3AMYAIOLLMECS MEXKAY
crnopTcMeHamm 1 KoHTpoAem: 1512916133, rs7765401, GSA-rs1682809 m rs4777639. 3Tu BapmaHThbl
pacrioaaraioTcs B6AmM3n redos PPEF2, SV2B, CDC37L1 n Hekoampytowern obaactn LOC105370982,
YYaCTBYIOLWMX B KAAbLMII-3aBUCMMOM CUIHAAM3aLMK, PEryASLMM CUHAMNTUUECKONM nepeaayu, noasep-
>KaHMM MPOTeoCTasa M apanTauum CKEAETHOM MbiliLbl. XOTs HU oanH SNP He AocTur o6LereHoMHOro
YPOBHSI 3HaUMMOCTH (p < 5x1078), BbISBAEHHbIE TEHAEHLMU CBUAETEABCTBYIOT O POAU PETYASITOPHBIX U
HepoMeTaboAMYECKMX MEXAHN3MOB B PA3BUTUM BbIHOCAMBOCTH Y GOPLIOB.

OrpaHnYeHIMM UICCAEAOBAHMS IBASIIOTCS CPAaBHUTEABHO HEGOABLLON pasmep BbIBOPKM 1 HEOOXO-
AMMOCTb NMOATBEPXKAEHMS PE3YAbTATOB B HE3ABMCHMMbIX Ka3aXCTAHCKMX M MEXKAYHAPOAHbIX KOFOPTHbIX
BbIGOpKax. Tem He MeHee MOoAyUeHHble AaHHbIE (POPMMPYIOT OCHOBY AAS Pa3paboTKM NMEPCOHAAM3UPO-
BaHHbIX TPEHMPOBOYHbIX MOAXOAOB M AQAbHENLIMX MYAbTUOMHbIX MCCAEAOBAHMI B CMOPTUBHOM FeHo-
MUIKE.

KatoueBble caoBa: GWAS, 0AHOHYKAEOTUAHBIN NoAMMopdr3m (SNP), BBIHOCAMBOCTb, CMOPTUBHAS
reHeTunka, 6opb6a, reHeTMUeckas BapuabeAbHOCTb.

Introduction

Sports performance and success in elite athletic
disciplines reflect multifactorial phenomena shaped
by the interplay of genetic determinants, pheno-
typic adaptations, and environmental influences.
Among the key components of athletic capacity,
endurance — typically assessed through VO,max/
VO,peak, cardiorespiratory fitness (CRF), and in-
dices of aerobic metabolic efficiency which have
a distinct polygenic architecture, as demonstrated
by large-scale genomic studies conducted in recent
years (Williams et al., 2017; Zhao et al., 2020).

According to Ahmetov et al. (2023), a total of
251 genetic markers have been reported in asso-
ciation with diverse athletic performance traits. Of
these, only 128 markers (~51%) have been replicat-

ed in at least two independent studies, including 41
associated with endurance, 45 with power/strength,
and 42 with mixed phenotypes (Semenova et al.,
2023).

A recent narrative review by Barkin Bigake1
et al. (2024) highlighted the genes ACTN3, ACE,
PPARA, VEGFA, and ADRB2 as key contributors
to endurance phenotypes. However, the authors em-
phasized the need for multi-omics approaches and
larger, standardized cohorts to ensure robust infer-
ence (Bicakg et al., 2024).

The shift from the traditional candidate gene para-
digm to genome-wide association study (GWAS) has
enabled the identification of dozens to hundreds of in-
dependent loci of small individual effect, which collec-
tively explain a meaningful proportion of the variabil-
ity in CRF and endurance-related traits. Multicenter
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GWAS have revealed the involvement of pathways
related to mitochondrial biogenesis, calcium homeo-
stasis, endothelial function, and neuromuscular regula-
tion (Eynon et al., 2011; Zhao et al., 2020).

Despite significant progress in population-based
cohorts, the translation of genomic findings to sport-
specific disciplines remains limited as most existing
studies have been conducted in cyclic endurance
sports (e.g., running, cycling), whereas combat sports,
including wrestling, are largely underrepresented.
The competitive profile of wrestlers is characterized
by high-intensity intermittent load patterns, substan-
tial reliance on buffering capacity, and a pronounced
demand for aerobic compensation, which may indi-
cate a distinct genetic architecture underlying their
performance traits (Youn et al., 2021).

Recent domain-specific research indicates that
genes such as PPARGCI1A, PPARA, AMPDI,
NRF1/NRF2, and ACTN3 play roles in the regu-
lation of energy metabolism, oxidative phosphory-
lation, and resistance to fatigue (Maksimycheva,
2023; Tharabenjasin et al., 2019). Nevertheless,
large-scale meta-analyses highlight substantial het-
erogeneity of genetic effects across ethnic groups
and among diverse athletic specializations (Psatha
et al., 2024; Ramadan et al., 2025).

Kazakhstan has long-standing and successful
traditions in a wide range of combat sports — in-
cluding Kazakh kuresi, Greco-Roman and freestyle
wrestling, judo, sambo, karate, tackwondo, and Bra-
zilian jiu-jitsu — with national athletes consistently
demonstrating strong performance at international
competitions. Owing to this rich athletic heritage,
Kazakhstani combat-sport athletes represent a highly
valuable cohort for investigating the genetic founda-
tions of elite performance. A deeper understanding
of their genetic predispositions Kazakhstani athletes
may contribute to advancing personalized sports
medicine and strengthening the country’s position
in the rapidly developing field of sports genomics.

In the present study, we applied genome-wide as-
sociation analysis among professional combat-sport
athletes from Kazakhstan to identify single nucleo-
tide polymorphisms (SNPs) associated with endur-
ance-related athletic characteristics, evaluate their
relevance for endurance-related physiological traits,
and explore their potential application in the develop-
ment of an athlete’s genetic performance profile.

Materials and methods
Peripheral blood samples stabilized with EDTA

were collected from 58 elite combat-sport athletes
specializing in wrestling (Masters of Sport and Can-
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didates for Master of Sport (Republic of Kazakh-
stan), all of whom were medalists at national and
Asian championships. The control group consisted
of 60 non-athlete volunteers with no history of sys-
tematic sports training. All participants provided
written informed consent prior to enrollment. The
study protocol was approved by the Local Ethics
Committee of the Institute of Genetics and Physiol-
ogy, Ministry of Science and Higher Education of
the Republic of Kazakhstan (Protocol No. 5, dated
July 25, 2022).

Genomic DNA was extracted from frozen
(=20°C) stabilized peripheral blood samples treated
with EDTA using the GeneJet Genomic DNA Puri-
fication Kit (Thermo Scientific, USA) and the Re-
liaPrep Blood gDNA Miniprep System (Promega,
USA), according to the manufacturers’ protocols.
DNA samples were stored at —20°C until analysis.

The concentration and purity of the isolated
DNA were evaluated using a NanoDrop One spec-
trophotometer (ThermoScientific, USA), a Quantus
fluorometer (Promega, USA), and 1.0% agarose gel
electrophoresis. Only DNA samples with an A260/
A280 purity ratio of 1.75-1.80 were included in
subsequent genotyping. Samples containing RNA
contamination (a ratio of 1.8-2.0) or protein impu-
rities (ratio 1.5—1.7) were additionally washed and
ethanol-precipitated to achieve the required purity.

Genome-wide SNP genotyping was performed
using the Infinium Global Screening Array-24 Kit
(Illumina, USA), containing 654,027 genome-wide
markers. Genomic DNA samples were required to
meet quality criteria, including a minimum concen-
tration of 50 ng/uL and an A260/A280 purity a ratio
of 1.75-1.80. Library preparation and sample han-
dling were performed on the Freedom Evo automat-
ed workstation (Tecan, USA). Genotyping was then
conducted on the Illumina iScan System following
the Infinium HTS Automated Workflow provided
by the manufacturer.

Initial processing of the SNP genotyping data
was performed using GenomeStudio v2010.3 (Illu-
mina, USA), ensuring a minimum call rate thresh-
old of 98%. The bioinformatic pipeline included:
verification of cluster and genotype quality (p <
0.05), determination of chromosomal location
of SNPs (autosomal, sex chromosomes, mitochon-
drial genome), assessment of genotype status (ho-
mozygous/heterozygous at polymorphic loci). SNPs
located in mitochondrial DNA and sex chromo-
somes were excluded, leaving only autosomal vari-
ants for downstream analyses.

A case—control genome-wide association analy-
sis was carried out in PLINK v1.9. The quality con-
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trol workflow involved excluding individuals with
more than 10% missing genotypes (--mind 0.1),
SNPs with a call rate below 95% (--geno 0.05), and
markers deviating from Hardy—Weinberg equilib-
rium (--hwe 0.001). Following the application of
these filters, a total of 296,772 SNPs were retained
for downstream association testing.

Data visualization was conducted in R v4.2.2
using the qgman package (Turner, 2018), and func-
tional annotation of significant SNPs was performed
using the BioMart package (Durinck et al., 2005,
2009).

Results and discussion
To ensure the validity of the genome-wide asso-
ciation analysis (GWAS), we first evaluated wheth-

er population stratification was present, as violations
of genetic homogeneity can lead to spurious associ-

Figure 1

ations. For this purpose, a principal component anal-
ysis (PCA) was performed to visualize the extent of
genetic similarity and differentiation among study
participants. PCA reduces the multidimensional
structure of genome-wide variation into a lower-
dimensional space in which the distances between
individuals reflect their relative genetic proximity.

Principal component analysis (PCA) demon-
strated that the athlete cohort did not form a distinct
genetic cluster and was not genetically differentiat-
ed from the control group. A substantial overlap was
observed in the distribution of individuals from both
groups, indicating the absence of significant popula-
tion stratification (Fig. 1). This finding supported the
validity of the cohort formation strategy and sug-
gested that the observed associations were unlikely
to result from underlying population structure, but
rather reflected genuine genetic effects related to the
endurance phenotype.

PCA on genetic similarity between athletes and control cohorts

04

02

PC2

0.0

-02
00 02 04
PC1

A genome-wide association study (GWAS)
was conducted to identify genetic factors associ-
ated with endurance in professional wrestlers.
Several single nucleotide polymorphisms (SNPs)
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showed statistically significant associations with
studied phenotype. As shown in Figure 2A, the
distribution of p-values is presented in a circular
Manbhattan plot, where —log,o(p) values are plotted
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against the chromosomal positions of the respec-
tive SNPs.

Among the variants exceeding the predefined
suggestive significance threshold (p < 1x107°), the
loci rs7765401, rs12916133, rs3861632, and GSA-
rs1682809 were identified, indicating plausible asso-
ciations with endurance-related traits. These loci war-
rant further functional characterization due to their
biological plausibility and statistical significance.

For example, the frequency of the A allele of
rs12916133 in the general population was 0.421,
whereas in the athlete group it was 0.3525, sug-
gesting possible adaptive genetic differences be-
tween wrestlers and non-athletes. Comparable al-

Figure 2

lele frequency differences were also observed for
rs3861632, rs4777639, and rs7321868. These find-
ings allowed to evaluate the contribution of the
identified factors to the endurance phenotype forma-
tion and provided a foundation for ethnogenetic and
functional analyses.

The circular Manhattan plot illustrated the dis-
tribution of SNP markers across all chromosomes
(Fig. 2a). The radial axis represented the level of sta-
tistical significance (—log, (p)). One SNP exhibited
the strongest association signal and was highlighted
in the outer ring of the plot, indicating its potential
relevance to the endurance phenotype in profession-
al wrestlers.

(a) Circular Manhattan plot of GWAS results; (b) O—Q plot based on SNP-specific p-values, analysed independently of sport

specialisation while accounting for the predisposition profile
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To evaluate the distribution of p-values and as-
sess potential statistical inflation, a quantile-quan-
tile (Q—Q) plot was constructed (Fig. 2b). The
observed —log, (p) values closely followed those
expected under the null hypothesis, indicating the
absence of systematic bias, population stratification,
or technical artefacts that could have influenced the
results. A slight deviation in the upper right tail of
the distribution reflected the presence of true asso-
ciations identified in the analysis and corresponded
to the significant SNP markers detected.
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Observed —logo(p)

Expected —logg(p)

Thus, the GWAS identified several SNPs sig-
nificantly associated with the endurance phenotype.
The results of quality control procedures, PCA, and
Q—Q analysis supported the robustness of the model
and confirmed the absence of systematic bias. These
findings provided a basis for further functional in-
terpretation of the identified loci and for in-depth in-
vestigation of the molecular mechanisms underlying
endurance development in athletes.

Following this, odds ratios (ORs) were calculat-
ed for the identified variants, and the results are pre-
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sented in Table 1. Notably, the markers rs12916133
(p = 1.15x10™°, OR = 0.3121), rs7765401
(p = 4.77x107°, OR = 2.965), GSA-rs1682809
(p = 7.24x107°, OR = 3.01), and rs4777639
(p = 7.89x107°, OR = 0.2611) showed the highest
level of association with endurance-related perfor-

Table 1

mance indicators. Several of the detected variants
such as rs12916133 and rs7321868 — indicate a pos-
sible protective effect (OR < 1), while others, in-
cluding 157765401 and rs1682809, may be associat-
ed with physiological characteristics that contribute
to enhanced endurance capacity.

SNPs identified by GWAS and associated with endurance performance in professional wrestlers

CHR SNP BP Al F_A F_U A2 CHISQ P OR
4 GSA-rs13147538 76818367 A 0.02459 0.1864 G 16.84 4.07E-05 0.11
6 1s7765401 9104960 A 0.5656 0.3051 G 16.54 4.77E-05 2.965
9 GSA-rs10751500 | 136057106 A 0.582 0.3305 G 15.28 9.28E-05 2.82
9 GSA-1s7848725 4678754 G 0.5902 0.339 A 15.21 9.64E-05 2.808
13 rs7321868 64864846 A 0 0.1186 G 15.37 8.83E-05 0
14 1s3861632 78540046 T 0.2705 0.5254 C 16.3 5.40E-05 0.3349
15 rs12916133 91705749 A 0.3525 0.6356 G 19.24 1.15E-05 0.3121
15 rs4777639 93810409 A 0.1066 0.3136 G 15.58 7.89E-05 0.2611
19 GSA-rs1682809 3165895 A 0.4836 0.2373 G 15.75 7.24E-05 3.01

Several genetic loci associated with endurance
performance in professional wrestlers were identi-
fied. Functional characterisation of these loci may aid
the clarification of the biological pathways through
which they influence endurance-related phenotypes.
The PPEF?2 gene (rs13147538), located on chromo-
some 4 (4¢25), encodes a serine/threonine phos-
phatase containing EF-hand-like calcium-binding
domains. The SNP rs13147538 was situated within
the intronic region and the 5'-untranslated region
(5'-UTR), suggesting a potential regulatory role in
gene transcription. Although direct evidence linking
this factor to endurance performance was lacking,
phosphatases were known to regulate energy me-
tabolism, calcium signalling, and cellular stress re-
sponses. These processes are central to physiologi-
cal adaptation during prolonged physical exercise.
Therefore, regulatory variation in the PPEF2 gene
may affect molecular pathways that determine re-
covery dynamics and endurance. Further studies,
including eQTL analyses and promoter activity
experiments, are needed to clarify the functional
role of this variant (ENCODE Project Consortium,
2020; NCBI, 2025; UniProt Consortium, 2024). The
rs7765401 variant is located in an immunoregulato-
ry region on chromosome 6 that includes the HLA-
C and MICB genes. Although this SNP has not been
directly characterized in previous GWAS studies,
literature reports indicate that endurance athletes

show increased expression of mitochondrial oxida-
tive metabolism genes and reduced inflammatory
activity in peripheral leukocytes. These data suggest
that immuno-inflammatory regulation and recovery
play an important role in endurance adaptation (Liu
etal., 2017).

Overall, our results support a multilevel ge-
netic architecture of endurance. This architecture
encompasses several biological mechanisms, in-
cluding fatty acid metabolism (RAB8A), immune
regulation (HLA), and membrane glycolipid stabil-
ity (GBGT1). The variant rs10751500, located near
the GBGT1 gene on chromosome 9, also showed an
association with endurance (OR = 2.82). GBGT1
encodes a glycosyltransferase involved in the bio-
synthesis of glycolipids. These glycolipids con-
tribute to the formation of membrane rafts, which
in turn ensure the assembly of receptor complexes
and membrane stability. Current studies suggest
that membrane glycolipids play an important role in
modulating stress-response signaling pathways acti-
vated during high-intensity exercise (National Cen-
ter for Biotechnology Information, 2025; Furukawa
et al.,, 2016). The rs10751500 variant may reflect
genetic differences in membrane organization and
signaling that influence muscle adaptation to exer-
cise load.

The CDC37L1 gene (rs7848725), located in an
intronic region on chromosome 9, influences gene
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expression and supports the proper assembly and
stability of proteins under stress conditions. The
roles of molecular chaperones in maintaining pro-
teostasis are well known. This locus is a promising
candidate for sports genomics (Li et al., 2021; Peak
et al., 2021). rs7321868 is located on chromosome
13. This variant was not found in any of the ath-
letes, but was detected only in the control group
(OR — 0). The closest functional gene is SPRY?2,
which is an inhibitor of the MAPK/ERK signaling
pathway. This pathway is crucial for muscle re-
generation, plasticity and hypertrophy. Increased
SPRY?2 activity has been shown to reduce MAPK-
mediated adaptive responses and may negatively
(Milillo et al., 2015). Satellite cells, the cell cycle,
and skeletal muscle regeneration. affect muscle re-
covery and exercise tolerance (Forcina & Rudnicki,
2019; Dumont et al., 2015).

rs3861632, located near the DLGAPS gene on
chromosome 14, showed a clear protective effect
(OR = 0.33). DLGAPS is involved in the regulation
of the cell cycle. Therefore, rs3861632 may be a
marker that reflects individual differences in regen-
erative potential among athletes (Chen et al., 2024)

The SV2B gene (rs12916133), located on chro-
mosome 15, is involved in the regulation of synaptic
neurotransmitter release. Intronic rs12916133 may
affect gene expression and the efficacy of neuronal
signal transmission (Morgans et al., 2009; Stout et
al., 2019). Since neuromotor coordination and rapid
reaction times are particularly important in combat
sports, this locus, although not directly associated
with endurance, may indirectly influence athletic
performance. The noncoding locus LOC105370982
(rs4777639) on chromosome 15 is located in an in-
tronic region and is likely to affect transcriptional
regulation or alternative splicing. Given that a sig-
nificant proportion of GWAS signals associated
with athletic traits are located in noncoding regula-
tory elements, rs4777639 is a promising candidate
for functional annotation, such as chromatin acces-
sibility analysis or enhancer activity studies (EN-
CODE Consortium, 2020). Another variant of par-
ticular interest is GSA-rs1682809, located near the
RABS8A gene on chromosome 19. According to the
literature, RAB8A functions as a lipid droplet recep-
tor involved in the delivery of long-chain fatty acids
to mitochondria and facilitates B-oxidation (Ouyang
et al., 2023). Since endurance performance is direct-
ly dependent on the ability of muscles to use fat as
a primary energy source, the observed association
(OR = 3.0) suggests that this variant may enhance
metabolic adaptation.
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Conclusion

In this genome-wide association analysis,
nine single nucleotide polymorphisms (GSA-
rs13147538, rs7765401, GSA-rs10751500, GSA-
rs7848725, 1s7321868, 153861632, rs12916133,
rs4777639, and GSA-rs1682809) were identified as
significantly associated with athletic performance
traits in professional wrestlers. Of particular inter-
est are the loci situated within genes that may serve
as novel candidate markers influencing the devel-
opment of aerobic capacity and endurance-related
phenotypes. The functional characteristics of these
genes — including their involvement in calcium
signaling, synaptic transmission, and proteostatic
regulation — are consistent with the physiological
mechanisms underlying adaptation to prolonged
and high-intensity physical exertion in combat-sport
athletes.

The obtained results expand the existing cata-
log of genetic determinants contributing to interin-
dividual variability in sports performance and fur-
ther support the polygenic nature of endurance and
recovery-related traits. Despite the limited sample
size and the need for subsequent functional valida-
tion, this study provides a foundation for future rep-
lication efforts and multi-omics research focused on
athletic populations from Central Asia. Integrating
genomic insights into training practices may signifi-
cantly enhance precision sports medicine and enable
personalized athlete development in Kazakhstan.
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NMPUMEHEHME MUKPOOPITAHU3MOB-AHTATOHNUCTOB
AAA SALUNTDBI AMMEHSA OT ®UTOINATOINEHOB

B LeAsX MOBbIWEHWS YCTOMUYMBOCTM PACTEHUIN K BUOTUUECKMM M aBMOTUYECKMM CTpeccam Obliaa
CO3AaHa accoLmaLms arPOHOMUYECKU LIEHHBIX MMKPOOPraHM3MOB Ha OCHOBE pu30CdepHbIX M SHAODUT-
HbIX 6akTepuii. McrnoAb3oBaHre MUKPOOHbIX accoumMaumii paccMaTprBaeTcs Kak 6oaee apekTUBHBbII
MOAXOA MO CPaBHEHMIO C MPUMEHEHNEM MOHOKYABTYP, MOCKOAbKY KOHCOPLIMYMbI MMKPOOPIraHWU3MOB
00AaAQI0T paCLUMpPEHHbIM CMEKTPOM OGUMOAOrMYECKOM aKTUBHOCTM U CMOCOOHbI K CMHEPreTUUYEeCKOMY
B3aMMOAEMCTBMIO B arpo3KOCUCTEMAX.

AAs hopmmpoBaHms accoumaumm 6biAn oTobpaHbl WTaMmbl Pseudomonas flavescens D5, Serratia
proteamaculans B5 n Pseudomonas fluorescens D7, xapakTtepusyiowmecss poCTOCTUMYAUPYIOWUMM U
OGMOKOHTPOABHbIMK CBOMCTBaMU. [1poBeAeHa KOMMAEKCHAs OLleHKa arpOHOMMYECKM LIEHHbIX CBOWMCTB
accoumaumm, BKAoYas GMOCOBMECTUMOCTb, FAAOTOAEPAHTHOCTb, CUHTE3 MHAOA-3-YKCYCHOWM KUCAOTBI,
ochaT-MOOMAM3YIOLLYIO M aHTU(DYHIAAbHYIO aKTUBHOCTb. YCTaHOBAEHO, YTO accoumaumst LYA23 o6-
AQAQET MOBbILLIEHHOWM MO CPABHEHMIO C OTAEAbHbIMM LWTamMamm npoaykumen MYK, aocturaiowein 63,4
MKI/MA, BbIpaxKeHHOM hocaT-MOOMAM3YIOLLEN AKTUBHOCTBIO (293 MKI/MA) M COXPAHSIET POCT NP KOH-
ueHtpaumm NaCl Ao 5 %. Accoumaumsi NPOSIBASIAQ BbICOKYIO aHTarOHMCTUUECKYIO aKTMBHOCTb B OT-
HoweHun Fusarium graminearum w Fusarium oxysporum, (oopMm1pys 30Hbl NOAQBAEHMS pocTa A0 3,5
+ 0,1 cM. ONTUMaAbHOM AASI IMMOOMAM3ALMM KAETOK MPU3HaHa MOAMMEPHAs MaTpu1La, COCTOSLLAsA 13
6UONMOAMMEPOB MYAAYAQHA, MEKTUHA M MOAMIMAPOKCHMAAKaHoaTa B CooTHowweHun 2:1:0,1. BeeaeHue ry-
MaTa KaAus AOMOAHUTEABHO YCUAMBAAO POCTOCTUMYAUPYIOLLMIA 3dbpeKkT npenapata. B BereTaumMoHHbIX
onbiTax 06paboTKa CeMSIH SUMEHS copTa ApHa CMOCOBCTBOBAAA YBEAMUEHMIO BCXOXKECTN A0 98,6 %, a
Tak>Ke AOCTOBEPHOMY MOBbILLEHNIO GMOMACChl KOPHER U CTEBAEN MO CPABHEHMIO C KOHTPOAEM.

KAloueBble cAoBa: Guonpenapar, UIMMOGMAM3ALMS MUKPOOPraHM3MOB, accoumaums 6akTepuit, ry-
MaT KaAug, (puTonaToreHsi.
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Application of Antagonistic Microorganisms
for the Protection of Barley Against Phytopathogens

In order to enhance plant resistance to biotic and abiotic stresses, an association of agronomically
valuable microorganisms based on rhizospheric and endophytic bacteria was developed. The use of
microbial associations is considered a more effective approach compared with monocultures, since
microbial consortia possess a broader spectrum of biological activity and are capable of synergistic in-
teractions within agroecosystems.

For the formation of the association, the strains Pseudomonas flavescens D5, Serratia proteamacu-
lans B5, and Pseudomonas fluorescens D7 were selected, characterized by plant growth-promoting and
biocontrol properties. A comprehensive evaluation of the agronomically valuable properties of the asso-
ciation was carried out, including biosafety/biocompatibility, halotolerance, synthesis of indole-3-acetic
acid, phosphate-mobilizing activity, and antifungal activity. It was found that the LYA23 association
demonstrated increased IAA production compared with individual strains, reaching 63.4 ug/mL, pro-
nounced phosphate-mobilizing activity (293 ug/mL), and maintained growth at NaCl concentrations up
to 5%. The association exhibited high antagonistic activity against Fusarium graminearum and Fusarium
oxysporum, forming growth inhibition zones up to 3.5 + 0.1 cm. The polymer matrix composed of the
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biopolymers pullulan, pectin, and polyhydroxyalkanoate in a ratio of 2:1:0.1 was recognized as optimal
for cell immobilization. The addition of potassium humate further enhanced the plant growth-promoting
effect of the preparation. In vegetation experiments, treatment of barley seeds of the Arna cultivar in-
creased germination up to 98.6% and significantly increased root and shoot biomass compared with the
control.

Keywords: biopreparation, immobilization of microorganisms, bacterial association, potassium hu-
mate, phytopathogens.
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ApnaHbl puTONaTOreHAEepAeH Kopfay YLuiH
AHTArOHUCT MUKPOOPraHU3MAEPAT KOAAAHY

OCiMAIKTEPAIH BUOTUKAABIK, XKOHE aBMOTUKAABIK, CTPECCTEPre TO3IMAIAITIH apTThipy MakcaTbiHAQ
pu3ocdepa MeH 3HAODUTTIK BakTepusiAapAbIH, HEMi3iHAE arPOHOMUSIABIK, KYHAbI MUKPOOPraHMU3MAEpP-
AiH GipAecTikTepi KypbiAAbl. MUKPOOTBIK, GipAECTIKTEPAT KOAAAQHY MOHOKYAbTYPAAQpPMEH CaAbICTbIp-
FaHAQ TUIMAIpPEK TaCiA 6OAbIN caHaAaabl, ceb6ebi MUKPOOPraHM3MAEP KOHCOPLIMYMAQAPbI KEH ayKbIMAA-
Fbl BMOAOTMSAABIK GEACEHAIAIKTEDI )KOHE arpo3KOXKYMEeAepAe 63apa CUHEPreTUKAAbIK, KapbIM-KaTbIHAC
»Kacay KabiAeTTiAikTepi 6ap.

bipAecTikTep Kypy YLIiH 6CYAi bIHTaAQHABIPY >koHe 61obakbiAdy KacveTTepiMeH epeklleAeHreH
Pseudomonas flavescens D5, Serratia proteamaculans B5 xeHe Pseudomonas fluorescens D7 wtamm-
Aapbl TaHAQM aAblHAbI. BipAeCTIKTepAiH arpOHOMMSIABIK, KYHAbI KaCMETTEPIHE, COHbIH, illiHAE B1oyiAe-
CIMAIAIK, Ty3Fa TO3IMAIAIK, MHAOA-3-CipKe KbILLKbIAbIHbIH CUHTE3I, hochaTTbl MOOMAM3ALMSIAQY SKOHE
caHblpayKyAakKTapra Kapcbl 6eAceHAIAIKTepI 6oiblHLLA KeleHA 6araAay >Kyprisiaai. LYA23 Gipaecriri
JKEKe LTaMMAAPMEH CaAbICTbIPFAHAQ, 63,4 MKI/MA-TE AeiiH >KeTeTiH xorapbl Meallepae MCK eHaipin,
COHbIMEH K0Ca arkblH hochaTTbl MOOMAM3aLMAAAY BEACEHAIAITT (293 MKI/MA) kaHe 5 %-Fa aeiin NaCl
KOHLEHTPAUMSICbIHAQ ©CYAi CaKTan KaAaTbIHAbIFbI aHbIKTaAAbL. bya GipaecTik Fusarium graminearum
oHe Fusarium oxysporum-ra KapcCbl XOFapbl aHTaroHMUCTIK GEACEHAIAIK KepceTin, keaemi 3,5 + 0,1
CM-Te AEMiH OCYAl TeXENTIH aiMak, Ty3Ail. [TyAAyAaH, NEKTUH XKOHEe MOAMIMAPOKCMAAKaHoaT 61oMNo-
AMMEpAEpPIHEH TypaTbiH NMOAMMEPAIK MaTpuua 2:1:0.1 KaTblHACbIHAQ YKaCyLUaHbl MMMOGMAM3ALMSAQY
VLWWiH OHTaMAbl Aen TaHblAAbl. KaAnii rymaTbIHbIH, €Hri3iAyi npenapaTTblH, 6CYAl bIHTAaAAQHABIPY 8CepiH
KYLLEeATTi. AprnaHbiH Arna COPTbIHbIH TYKbIMAAPbIH OHAErEHAEr BeretaumsAblK, Taxipubeaepae Ty-
KbIMHbIH ©HY AeHreriH 98,6%-Fa AeiiH apTTbipyFa, COHAQIM-aK, TaMblpAap MeH cabakTapAblH 6G1omac-
cacblHbiH, 6akblAayFa KapaFraHAQ aliTapAbIKTal eCyiHe bIKMaA eTTi.

Ty#in ce3aep: 6Gronpenapar, MUKPOOPraHM3MAEPAT MMMOOMAM3aLMsIAay, GakTepusiaap GipAecTiri,
KaAMIA rymMaTbl, (puTonaTtoreHaep.

CoxpameHusi ¥ 0003HAYEHUS

NYK — nnpomunykcycHas kuciora; KOE — ko-
JIOHHEOOpa3yomue eauHuIlsl; [1I'A — momuruapok-
cuankanoat; PGP — plant growth-promoting (po-
CTOCTUMYJIUPYIOLIIE MUKPOOPTraHU3MbI)

BBenenue

CoBpeMeHHOE CeNbCKOEe XO3SIMCTBO CTAJIKMBA-
€TCsl C PSJIOM MPOoOJIeM, BKIIOYAKOIINX JIETPaIalI0
MOYB, CHIDKEHHE WX OMOJOTHYECKON aKTHBHOCTH,
POCT PaCIpOCTPaHEHHOCTH (PUTONATOICHOB U YCH-
JICHWE XMMHYECKON Harpy3KH BCIEICTBUE IHUPOKO-
ro IPUMEHEHHSI MUHEPAJIBHBIX YJ00pEHUH U MeCTH-
nuaoB. Vcnonb3oBaHWE TPAJAWIMOHHBIX CPEICTB
3alUThl PACTCHHN, B YaCTHOCTU CHHTETHUECKUX

(hyHTHUTINIOB, XOTS U 00ECIIeYHBAET BBICOKYIO (-
(heKTHUBHOCTD IMOJIABJICHUS TATOTeHHON MHUKpOdII0-
PBI, COMPOBOXKAAETCS] HAKOMJICHUEM TOKCHYHBIX CO-
eIMHEHUH B MOYBE, POPMUPOBAHUEM YCTOWYHBBIX
MO JISIUHA MATOI€HOB U HETaTHUBHBIM BO3ACHCTBH-
€M Ha T0JIe3HBIC TIOYBEHHBIE MUKPOOPTaHU3MBI.

B cBs3u ¢ 3TMM 0COOYI0 aKTyaJbHOCTH IpH-
oOperaeT pa3paboTka OWOJIOTHYECKHUX Iperapa-
TOB Ha OCHOBE MHUKPOOPTraHM3MOB — aHTarOHHCTOB
(UTONIATOTEHOB M CTUMYJIATOPOB POCTA PACTCHUH.
Puzocdepnpie Gakrepun pomoB Pseudomonas wu
Serratia MIMPOKO M3ydalOTCsl Onarojaps MX CIIO-
COOHOCTH TNpPOAYLMPOBATH (UTOrOPMOHBI, AHTHU-
OnoTHyeckue BelecTBa U (EepPMEHTHI, a TaKKe MH-
OyLUPOBATh CUCTEMHYIO YCTOHYHMBOCTH PACTECHHH.
OnHaKO TPaKTHYECKOE MPUMEHEHWE MHKPOOHBIX
HMHOKYJISHTOB OIPaHUYCHO HU3KOW CTaOMIBHOCTBIO

79



HpI/IMeHeHI/Ie MUKPOOPTaHNU3MOB-aHTArOHUCTOB JIs 3alllUThI IYMEHS OT (1)I/ITOHaTOFeHOB

KJIETOK NIPU XpaHEHUH, YyBCTBUTEIBHOCTBIO K a0H-
OTHYECKUM (PaKTOpPaM M HEJAOCTATOYHOM BBDKHBAC-
MOCTBIO TTOCJIC BHECECHHS B TIOUBY.

OmanM 13 3G (HEKTUBHBIX CIIOCOOOB TTOBHITIIC-
HUSl KM3HECTIOCOOHOCTH U 3((EKTUBHOCTU -
CTBHSI MHKPOOHBIX MPENapaToB SBJISETCS CO3/[aHNE
MOJIMMEPHOM MaTPUIBI C BKIIOYEHUEM acCOLUAINN
3¢ (HEeKTUBHBIX MHKPOOPTaHU3MOB W 3aIWTHO-TIH-
TaTeJIbHBIX J100aBOK AJISI CTUMYJIMPOBAHHS pPOCTa
1 3alIUTHl CEJIbCKOXO3SAMCTBEHHBIX PACTEHUH OT
¢uronarorenos. Vcrnonb3oBaHne MPUPOIHBIX OHO-
MOJIMMEPOB, TAKMX KaK MEKTWH, MYJUTyJaH U I0-
JMTUIPOKCUATIKAHOATHI, TO3BOJIIET CO3JaTh OHO-
paznaraemMble HOCHTENH, 00eCTIeUurBaIOIINe 3AIINUTY
KJIETOK OT CTPECCOBBIX (PaKTOPOB, IMOCTEIIECHHOE
BBICBOOOJKJICHHE MHUKPOOPTraHU3MOB B puzochepy
U ToJ/IepKaHue UX MeTabOIMUecKOl aKTUBHOCTH.
JlonoiHUTENPHOE  BKIIFOYCHHWE TYMHUHOBBIX — CO-
CIMHEHUH OTKPbIBAET BO3MOKHOCTH IJISI CO3AAHUS
KOMIUICKCHBIX MPENnapaToB, COYETAIOIINX MPEUMY-
[iecTBa OMOJIOTMYECKOM M XMMHUYECKOH 3aIlnThI
pacTeHHid IPU CHUYKEHUH IKOJIOTHYECKIX PUCKOB.

Hay4nas HoBU3Ha pabOTHI 3aKIIOYaeTCs B CO3-
JAaHUM HOBOTO KOMIUIEKCHOTO OHoIpernapara, co-
YETaIOMICr0 CBOWCTBA MHMKPOOHOTO HWHOKYJISHTA,
OmoynoOpeHuss W OMOPYHTHUINAA, 32 CUET 00B-
CIMHEHNs] CUHEPTrUYecKH ACUCTBYIOIIECH OakTepu-
aNbHOM accoruanuu ¢ OnopasjaraeMoi MaTpHIen
13 MUKPOOHBIX MOJMMepoB. BriepBoie mis nanHon
KOMOWHAIIMY ITAMMOB MTOKa3aHa BO3MOKHOCTh UX
3¢ PeKTUBHON UMMOOMIIM3AIMM B MAaTpPHUIE HA OC-
HOBE IyJUTyJIaHa, TIEKTHHA ¥ TIOJUTHIPOKCHATTKOHO-
ata (I1T"'A) ¢ coxpaHeHHeM )KU3HECTIOCOOHOCTH KJIe-
TOK ¥ CTUMYJITHPYIOIIETO BIUSHHS HA POCT STUMEHS B
yCIOBUSX (PUTONATOTCHHOHN HArpy3KH.

Lenpro HacTOsAIIEH PabOTHI SABISIACH pa3paboT-
Ka M 9KCHEepUMEHTaIbHast OleHKa 3()(EKTUBHOCTH
MHOTO()YHKIIMOHAIBHOTO OHONpenapara Ha OCHOBE
accolMau MHUKPOOPTraHW3MOB, HaNpaBJICHHOTO
Ha CTUMYJIUPOBAHUE POCTA PACTCHUH U MOJIaBIICHHE
¢uronarorennoit Mmuxkpodaopsr. Coznanue Ouomnpe-
MapaToB, OJHOBPEMEHHO BKITIOYAIOIIMX CBOMCTBA
OonoynoOpeHuid U QPyHTUIUIOB Na€T BO3MOKHOCTh
pemaTh MHOTHE MPOOJIEMBbI OMOIOTHIESCKON 3aIu-
TBI pACTEHHI 1 TIOBBILIATH KAYECTBO KOHEYHOH MPO-
JYKIIUH, & TAKXKE yIydIlaTh COCTOSHUE MTOYB.

MatepuaJibl 1 METOABI HCCJIEA0BAHUS
1 Obwexm uccredosanus
OOBEKTOM UCCIICAOBAaHUS CIYXHIU IITaM-

MBI OaxTepuii: Pseudomonas  flavescens
D5 — nponyuent III'A, Serratia proteamaculans
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B5, Pseudomonas fluorescens D7 w co3naHHas Ha
ux ocHoBe acconuanust LYA23, a Ttakke ImTaMm
JIpoxaKernoo0OHoro rpuda Aureobasidium pullulans
C7 — mpoAyleHT IMyJuTyJIaHa U3 KOJUICKIINU Kade-
JIpbl OMOTEXHOJIOTHH.

B kauecTBe MOAENBPHOTO OOBEKTAa WCIONb-
3oBaiu  copt sumeHs (Hordeum vulgare L.)
«ApHay — cpeHecenblid, yposKailHbIi COPT Ka3ax-
CTaHCKOW CEJICKIIMH, KOTOPBIH XapaKTepu3yercs
BBICOKOHM aJalTHBHOCTHIO K MOYBEHHO-KIMMAaTHYe-
CKHUM YCIIOBHSIM 3aCYIUIMBBIX PETHOHOB, YCTOWYH-
BOCTBIO K TIOJIETAHUIO M YMEPEHHOH TOJIEPaHTHO-
CThIO K 3aconenuro (State Commission for Variety
Testing of Agricultural Crops of the Republic of
Kazakhstan, 2025). Copr oTim4aercs Xopoiieit
BCXOXKECTHIO CEMSH, BHIPABHEHHBIMH KOJIOCHSIMHU H
CTaOUIIBLHON MPOJTYKTUBHOCTHIO B YCIOBHSIX OHOTH-
YeCKMX M aOMOTHYECKHUX CTPECCOB, UTO JIENAET €ro
MEPCIICKTUBHBIM ISl 3KCIICPUMEHTAIBHBIX HCCIIC-
IoBaHUi 110 orieHke neiictus PGP mukpoopranms-
MOB ¥ OHOIIPEIaparos.

2 [lumamenvHovle cpedul

Jns usmepenust YK MuUkpoopraHuzmbl KyJib-
TUBUPOBAJIH B ITUTATEIILHOM OYJIbOHE C J00aBJICHU-
eMm Tpunrodana (1 /i)

Onpenenenne  (docdarazHod  MOOWIH3AIMH
MyTéM KyJbTUBHUPOBAHUS ITaMMOB Ha cpexae 1lu-
KOBCKOH (r/i): rmoko3a — 10,0; 1poxokeBol 3Kc-
tpakTt - 0,5; (NH,),SO, - 0,5; MgSO, x 7TH,0 - 0,1;
NaCl - 0,2; KCI - 0,2; FeSO, x 7H,0 — 0,002;
MnSO, x 7H,0 - 0,002; Ca,(PO,), - 5,0.

[IpoBepKy rajoToNepaHTHOCTH TIPOBOJMIH ITy-
TEM KyJIHTHBHPOBAHHSA OaKTEPH HA MHUTATEIHHOM
arape ¢ konmnentpanueit NaCl 2,5%, 5%, 7,5%,
10%, 12,5% u 15%.

3 Memooul uccredosanuti

Kynemusuposanue muxpoopeanusmos

bakrepuaiibHbIe IITAMMbI KYJIBTHBUPOBAIH MIPU
temneparype 30-35 °C B Tteuenue 6, 12, 18, 24 ya-
coB. ['puOHYI0 KyIbTypy KyJbTUBHPOBAIH TIPH 26-
28 °C B Teuenue 24, 48, 72, 96, 120 u 144 4acos.
KynsTuBnupoBanue nmpoBoauiu Ha meiikepe [IKAKS
260 basic co ckopoctbio 150 00/MUH.

H3zyuenue 6uocoemecmumocmu Kyibmyp Mu-
KPOOP2anu3mos

brocoBMecTUMOCTD HCCIIEyEMBIX MUKpOOpra-
HU3MOB OLIEHMBAJIM METOOM COBMECTHOI'O KYJIbTH-
BHUpoOBaHus. VIcXonHbIe KyIbTYphl IPEIBAPUTEILHO
BbIpAIllMBaJId Pa3/€iIbHO Ha IIUTATEJILHOM arape
npu temneparype 22 °C B Teuenue 24 4. [lomyuen-
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HbIE KOJIOHWH MEPEHOCUIIN B MUTATEIbHBINA OyIbOH
¥ WHKyOHMpoBanmu B TedeHune Houwu mpu 28 °C mpu
MOCTOSIHHOM niepeMerinBanu (160 06/MuH).

Ha moBepxHOCTh MUTATENHHOTO arapa BHOCH-
mu mo 100 MK CyCNEH3UH TECTUPYEMOI'0 MHUKPO-
OpraHM3Ma C OINTHYECKOH IUIOTHOCTHIO, COOTBET-
ctBytoieit 0,5 enununbl o mkaie Mak®apnanna.
CrepunbHbBIE AUCKH W3 (DMIBTPOBAIBFHONW Oymaru
JUaMETPOM 5 MM HMHOKYJIHPOBAJIN OaKTEpHATbHON
KyJIbTYypOH, moBeAEHHOUW 1o KoHmeHtparuu 0,5
MCcF, nocne yero pa3Memiaiy Ha TOBEPXHOCTH ara-
pa (o 4 nucka Ha yamky Iletpm) ¢ TecTupyeMbim
MHUKPOOPraHu3MoM. MHKyOaIio NpoBOANIH B TEM-
Hote ipu 28 °C B Teuenue 4 cyrok (Usmanova et al.,
2024). OueHKy OMOCOBMECTUMOCTH OCYIIECTBIISIITH
TI0 XapaKkTepy pocTa KyJIbTyp, YUCTy chopMHUpOBaB-
HIMXCS KOJIOHUH, NX MOP(OIIOTHIECKUM OCOOCHHO-
CTSIM, a TakXKe MO HAIWYHMIO WM OTCYTCTBHUIO 30H
MHTUOUPOBaHMS POCTA.

Cunumes pumocopmornos

J1s KOTM4ecTBEHHOTO OTpeeNeHnus] HHIO0M-3-
ykcycHoi kucnotel (MYK) MukpoopraHu3msl Kyiib-
TUBHPOBAJIH B MTUTATEIILHOM OYJIbOHE C JOOABIICHH-
em L-tpuntodana B koHueHTpauuu 1 r/1 B TeueHne
48 u ipu Temneparype 32 °C. [lo 3aBepuieHnn wH-
KyOaluu KyJbTYPaIbHYIO KHIKOCTh ICHTPU(YTH-
poBaym mipu 6000 o6/mMuH B Teuenne 15 muH. [lo-
JYYEHHBIN CYNEpPHATAHT CMEIIMBAIUA C PEAKTUBOM
CaslbKOBCKOTO B OOBEMHOM COOTHOIICHUU 1:2 1
nHKyOupoBanu B Teuenue 20-30 mun npu 32 °C.

OnTHYeCKy0 TUIOTHOCTh OOpPAa3IoB H3MEPSUIH
Ha CIIEKTPOQOTOMETpE MpH UIMHE BOIHBI 530 HM.
KoHmeHTparuio nHa0-3-yKCyCHON KHCIIOTHI OTIpe-
JICJISTA 110 KATMOPOBOYHON KPUBOW M BHIPAXKAIU B
MKT/MJI. PeaktnB CanbKOBCKOTO TOTOBMJIM Ha OC-
HoBe 0,5 M pactBopa FeCl; u 35%-Hoii xsopHO#I
kucnotel (HCIO,4) B cootHOmenuu 1:50. OneHky
YPOBHS NPOAYKUUH (HUTOrOPMOHA OCYIICCTBIISUIH
10 KOJINYECTBY CHUHTe3upoBaHHOU VK.

Oyenka a2¢gexmusnocmu pocgham-mwobunuzy-
rouett akmueHoCmu

dochaT-MOOMITH3YIOITYI0 AKTHBHOCTHIIITAMMOB
OTIpEICTISUTH TI0CIIE KyJIbTUBUPOBaHUS Ha cpejie [1u-
koBckoi BTeuenne 48 aumpu 32 °C. Cpema comeprkana
(r/m): Troko3y — 10,0; aposxkeroii skcTpakT — 0,5;
(NH4)2SO,4 - 0,5; MgS0,4-7H,0 — 0,1; NaCl - 0,2;
KCl1-0,2; FeSO4-7H,0 u MnSO,-7H,0 —110 0,002;
Ca3(PO,), - 5,0.

CriocoOHOCT MHUKPOOPTaHM3MOB K MOOHIIM3a-
UM HeopraHuveckux (ochaToB ONpEaCIIsIN 10
(OpPMUPOBAHUIO OTUYETIIMBBIX 30H IPOCBETICHUS

(rano) BOKpyr KOJIOHMH Ha MJIOTHOW CENEKTHBHON
cpene. KommuectBo MobummszoBanHoro Qocdopa
OTIpeNIeIIsUIN ¢ Mcnoib30BanueM pearenta C (Bona,
6N H,S0,, 2,5% monubnatr ammonust, 10% ackop-
OuHOBas KUcIoTa B cooTHowmeHuu 2:1:1:1), cmemmmu-
Basg 4 mn pearenta u 0,05 M1 o6pasia.

Hccnenoanuss nmpoBoauiau sl mtamMmoB BS,
D35, D7 u ux accouuanuu; KOHTPOJIb — CTEPUIIbHAS
cpena. [locne nakyOammu 1,5 4 pu 25 °C onruye-
CKyI0 TUIOTHOCTH u3Mepsttu nipu 820 um. Konren-
TpaLuo MOOMIM30BaHHOTO (ochopa paccUUTHIBA-
JIM TI0 KaJIMOPOBOYHON KPUBOU (MKT/MIT).

D¢ (eKTUBHOCTD OLEHMBANIM MO IOKa3aTeIo
s dextuBHOCTH MOOHIHI3aIuu docdopa (1).

®opmyna pdekTuBHOCTH MOOHIM3annuu (hoc-

opa (1):
P
.r=_ 1
3¢ Mob=_—x100% (1

rae 3¢ Mo6 — apdexkTuBHOCT, MOOHIU3aIUH (hoc-
thopa, %,

P — xonmmaecTBO MOOMITM3UPOBAHHOTO (pocdopa,
MKT/MI,

997 — xonmdecTBO BHeceHHOTO docdopa, 997
MKT/MJI.

Ilposepka eanomonepanmuocmu Kyismyp u ux
accoyuayuu

["anoTonepaHnTHOCTD UCCIETYEMBIX IITAMMOB U
WX aCCOLIMAINI OIIEHWBAJIHN B COOTBETCTBUH C METO-
mukoit (Maldonado Desena et al., 2022). Kynbry-
PBI BBIPAIIMBAIN Ha MATATEFHOM arape ¢ pasjind-
HbIM conaepkanuem NaCl (2,5; 5,0; 7,5; 10,0; 12,5
u 15,0%) B Teuenne 48 u mpu Temmeparype 25 °C.
["anoTonepaHnTHOCTH ONMpENesIM MO YUCTYy Ccop-
MHUPOBABIIUXCSI KOJIOHUH U UX MOPQPOJIOTHYECKUM
XapaKTePUCTUKAM.

Onpedenenue anmazonuCmMu4eckol aKmuHo-
cmu baxmepuii

AHTaroHUCTUYECKYIO aKTUBHOCTH OaKTepHalib-
HBIX IITaMMOB Ps. flavescens DS, S. proteamaculans
BS5, Ps. fluorescens D7, a Takxke MX acCOIUAINH
LYA23 mo oTHOmeHnio K (pUTOMaToreHHsIM TPH-
0am Fusarium graminearum nu Fusarium oxysporum
OTIPE/IETISUTA METOZIOM BCTPEYHBIX KYJIbTYp Ha ara-
pHU30BaHHON NUTaTeNbHON cpene. KynpTypsl ¢puro-
MaTOTEHHBIX TPHUOOB MPeIBAPUTEITHHO BRIPAIINBAIH
Ha KapTO(eIbHO-IEKCTPO3HOM arape IMpH TeMIle-
patype 26-28 °C B Teuenue 5—7 CyTOk A0 oOpa3o-
BaHUsl aKTUBHO pacTyIllero Muienus. bakrepuans-
HbIE IITAMMBI IIPEIBAPUTEIHHO KYJIbTHBUPOBAJIH B
JKUJIKOW MUTATEIbHOU cpeie mpu TeMneparype 30—
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HpI/IMeHeHI/Ie MUKPOOPTaHNU3MOB-aHTArOHUCTOB JIs 3alllUThI IYMEHS OT (1)I/ITOHaTOFeHOB

32 °C B teuenue 18-24 4. [lomyyennyro Oakrepu-
ANBbHYIO KyJBTYPY HAHOCHIIH IITPUXOBBIM METOZOM
Ha MPOTHBOIOJIOXKHYIO MOJOBUHY uamku llerpw,
(dbopMupysl JIMHUIO IIOCEBa HapajljIebHO IPeIo-
JaraeMo TpaHUIe B3aUMOJACHCTBHS KyJlbTyp. B
Bapuante ¢ acconmanueii LYA23 wucronp3oBanu
CMEIIAHHYI0 CYCIEH3HI0 HCCIEAYEMBIX IITaMMOB
Oaxtepuii. [locne nHOKymsamu yamku [letpu wH-
KyOupoBaiu npu temneparype 2628 °C B TeueHue
5-7 cyrok. B kauecTBe KOHTpPOJIS MCIOIb30BAIU
yamku [leTpu, Ha KOTOpbIe BEICEBAIN TOJNBKO KYJIb-
Typy (uTomaroreHHoro rpuda 6e3 BHeCceHHs OaKTe-
puil. AHTarOHUCTUYECKYIO aKTHUBHOCTH OIICHUBAIIU
[0 BEJTMYMHE 30HBI OTCYTCTBHSI POCTa MHUIIEITHA
rpuba B HampaBieHUH OaKTepUATBbHOH KYJIBTYPHI,
KOTOpasi (popMupoBajlach Ha I'PaHULE B3aUMOJCH-
CTBUSI MUKPOOPTaHU3MOB.

Dxempaxyus nyanyrana

Ji BeICTICHUS DK30TI0IMCaxapuaa ImyJuTyiaHa,
obpazyemoro mrammoMm Aureobasidium pullulans
C7, KynbTypalbHYIO KHJIKOCTh IEHTPH(PYTHpPOBa-
mu B Teyenue 15 mun npu 6000xg (Llentpudyra
PC-6MII ¢ poropom PY8x90K (500-6000 00./MuH)
mporpaMMupyemMasi, HamojbHas). [lomucaxapun
OoCaKIamu W3 cynepHaTaHTa 96%-M 3TaHOIOM B
cootHomenuu 2:1 k 00béMy nenTpudyrara. Otae-
JIEHWE K30TOJHcaxapraa MPOBOAWIN MyTeM IIeH-
tpudyruposanust npu 6000 o6/mun B Teuenue 10
muHyT. 3atem OIIC cymmnu npu KOMHATHOW TEM-
nepaType Ha BO3AyXe B TEUEHHUE 2 CYTOK.

Buioenenue nonueuopoxcuarkonoama (I11'4)

[TonUruIpOKCHATKOHOAT BBIJICISUTH M3 KIIETOK
OakTepuil C UCTIONB30BAHNEM PA3IMYHBIX COCIUHE-
uuit: Xnopodopm (10:1 mo oTHomIEHUIO K OGHOMAac-
ce) — 3Tanoi (5:1 Mo OTHOWICHHUIO K OPraHUYEeCKON
(haze); I'mmoxmopur warpust NaOCl 16% — xmopo-
¢opm (10:1 mo orHowmeHHIO K OMOMacce)—cMech
sranona u aretoHa (10:1 Mo OTHOIICHHWIO K Op-
ranndeckoit ¢aze); ['mmoxmoput nHatpusi NaOCl
30 % + xmopodopMm (1:1 Mo oTHOMICHHWIO APYT K
Jpyry)—wu3onponanon (2:1 Mo OTHOIIEHHIO K Op-
raanyeckoit aze); ['mapokcua natpus NaOH 0,2N
— 3TaHONI — aIneToH — xyuopodopM (20:1 o oT-
HOIIICHHIO K Omomacce) — Boma — dtanou (1:1 mo
OTHOLICHUIO K OPraHn4ecKoi (asze).

Knetkn MUKpPOOPTraHU3MOB OTACISUTH OT KYJTb-
TypaJbHOH JKUIKOCTH LEHTPU(PYTHPOBAHUEM B Te-
yeane 15 munyt npu 6000xg. Oxcrpakmuio [1I'A
13 OakTepualbHBIX KJIETOK MPOBOAMIH ITyTeM 00-
paboTKn OGmoMacchl IeTepreHToM (xiopodopm, ru-
MOXJIOPUT HATpUs). 3aTeM OMomMaccy, CMEIIaHHYIO €
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JIETEpreHToM, TOMEIaIn B TepMocTaT Ha 60 MUHYT
mipu 30°C. [TomyueHHyI0 CMECh CHOBA IICHTPUPYTH-
poBanu B TedeHue 10 munyT npu 6000xg ¢ momy-
yeHneM Tpex (a3. BepxHroro u cpenHioo (asbl ak-
KypatHo ynansiu. [II'A ocaxxnanu cMechlo alleToHa
u aTanona B cootnomenun 1:1 mpu 40°C B Teuenne
24 qacos.

Tonyuenue nonumepro mampuybl.

DopMHUpOBaHUE MOJIUMEPHONM MAaTpPHUIBI OCY-
LIECTBISIM B HECKOJIBKO — TOCJIEAOBATEIbHBIX
3TaoB C WCIOJb30BAaHHUEM MHKPOOHBIX MOJIUME-
poB — myinynana u [1I'A, o0nagarommx 6nocoBme-
CTUMOCTBIO U OnopasnaraeMocTbio. Bee omeparmm
MIPOBOJIUIIH MTPU KOHTPOJIMPYEMBIX TEMITEPaTyPHBIX
W MEXaHWYECKUX YCIOBUSX HA TEPMOCTATHPYEMOU
marautHoi Merranke [IKA RCT basic.

s co3maHust MaTpPUITEl UCTIONB30BaIN MEKTHH
BbIcOKOATepuuuupoBannblid  Thermo  Scientific
Chemicals (CIIIA, MaccauyceTc).

[lyniaynaH u MEKTHH CMEIIUBAIH B PAa3JIMYHBIX
MaccoBbIX cooTHomeHmsX (1:1,2:1,3:1 mw4:1) u pac-
TBOPSUTU B JUCTUJUTMPOBAHHOW BOJIE MPH TEMIIepa-
Type 60 °C 10 moaydeHUsT OJHOPOJTHOTO PAacTBOPA.
HarpeBanme oOecneunBaio akTHBAIHIO (YHKITH-
OHANIFHBIX TPYIIT M PAaBHOMEPHOE paclpesieieHre
KOMITIOHEHTOB, YTO CIOCOOCTBOBAJIO JajbHEWIIeH
COTIOTMMEPH3AITIH.

K BognO# (aze modapmsm 3¢up B COOTHOIIIE-
oy 3:1 (3¢up:pacTBOp) U TOBOAWIN CMECH J0 K-
neHus Juist GOpMHUPOBAHUS YCTOMYUBOM AIMYJITHCH-
OoHHOU cucreMsl. [locne Havana noaumepusanuu B
cuctemy nobasnsuin [1I'A B konnentparuu 0,1 %,
MIPOJIOJDKAsT TIepeMelTuBanre B TeueHue 20 MUHYT
MIPY TIOCTOSTHHOM CKOPOCTH BPAILCHNsI MEIIATIKH.

Tonyuenue onvimuvix 6apuanmos ouonpenapa-
ma nymem uUMMOOUIUSAYUU ACCOYUAYUU MUKPOOD-
2aHUIMOB U NUMANENbHBIX KOMNOHEHMO8 6 NOJU-
MEPHYIO MAMPUYY

Ha nepBoM sTamne Obuta npoBeieHa UMMOOHITH-
3anus acconmanyuu LY A23 Ha monmMepHOit MaTpu-
1I€ COTJIACHO CIIEIYIOIIEH cXeMe:

1) 9ncThie MOHOKYJIBTYPBI OTOOpAaHHBIX paHee
mramMMoB Ps. flavescens DS, S. proteamaculans BS,
Ps.fluorescens D7, THOKYITUPOBAIN B ONTUMHU3HUPO-
BaHHYIO TUTATEJILHYIO CPEly, CoAepKallyto 5% me-
yaccel ¥ 5% TenToHa, U BRIpAlUBaIN B TeueHue 12
yac npu temmneparype (37£1)°C Ha opOuUTaIEHOM
meiikepe IKAKS 260 basic;

2) CO-KyJIbTHBHPOBaHHE MOHOKYJBTYP MPOBO-
WA Ha Cpelie ¢ MeNaccod B TE€YeHHEe 3 CyT NpH
temneparype (37+1) °C; 3) omHOBpeMEHHO MO/I-
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TOTaBJIMBAIN MaTPHILy, COCTOSIIYI0 W3 OMOIOINH-
MepoB (myJutynana, nektuHa u [II'A B cooTHoIIe-
Huu 2:1:0,1 1 crepunu3oBain aBTOKIABUPOBAHUEM
(105°C, 15 mun);

4) acconpauuio OaKTEpHANbHBIX  KYJIBTYD
(LYAZ23) B konmentpaiuu 10° KJIeTOK/MII COSTHHS-
JIM ¢ TOJIMMEPHOH MaTpuuel (1 Mac.d.) 1 BELICPKH-
Banu mpu temmepatype 18-22°C Ha opOUTaIEHOM
meiikepe IKAKS 260 basic (130 06/MuH) B TeucHHE
20 MuH.

[Iponecc ancopOIMM MHUKPOOHBIX KIIETOK Ha
HOCUTENIC KOHTPOJIMPOBAIN  HEPEIOMETPUICCKH
(mpu 600 HM) (/IByxityueBOH creKTpOpOTOMETp
UV-1900i Plus). KonraecTBo IMMOOMITHN30BAHHBIX
KJIETOK PAacCUMTHIBAIIM TI0 PA3HOCTH KOHLIEHTPALUU
KJIETOYHOM CYCIICH3HH JIO ¥ ITOCIIE IMMOOWITU3AIIHH.

UmmoOunm3annioo  accolyanuu  OakTepHid
LYA23 (Ps. flavescens D5, S. proteamaculans BS,
Ps. fluorescens D7) B mOMUMEPHYIO MaTPHUILy MPO-
BOJWIN METOJOM «aJcopOInuu-uHKyoanmum». Ha
CTaJUH «aJCOPOIMMY aCCOIMALINIO OaKTepHaIbHbIX
kyneTyp (LYA23) cycnenaupoBanu B ¢ocharHo-
oydepuom pactBope (Tutp Kiaetok — 10'° KOE/mun).
[TpeaBapuTeIbHO NOTYICHHYIO MATPUIY BHOCHIIH B
CYCIICH3HIO KJIETOK M MHKYyOMpOBaiu B TeueHue 24
4acoB TP HETIpephIBHOM riepementuBanu (120 06/
muH). [TomumepHyI0 MaTpuily OTMBIBaJIH OT CJIa00
MPUKPETUBIINXCS KIETOK CTEPUIBHBIM (DHU3HOII0-
THYECKUM PacTBOPOM.

Onpeoenenue rusHUs NPUMEHEHUS MUKPOOHO-
20 npenapama Ha pocmosvlie napamempvl pacme-
HUL TYMeHs

B nccrnenoBanny NCTIonb30BaIl ceMeHa TUMEHS,
KOTOpBIE CTEPUIM30BAIN B 5% PacTBOpE TUIIOXJIO-
puTa HaTpusA. 3aTeM ceMeHa TIIATeIbHO MPOMBIBA-
JIM CTEPUIILHOM BOJIOH M BBICEBANIM HA TUTATEIBLHYIO
arapu30BaHHYIO CPEy, YTOOBI MPEIOTBPATUTE OaK-
TEpUAILHOE 3apakKeHUE UX TOBEPXHOCTH.

DKCIEpUMEHT BKITFOYAT JIBE TPYIIIIBI IPOBEPKH:

1 — cemena 6e3 00pabOTKH;

2 — cemeHa, 00pabOTaHHbBIE OJTHOBPEMEHHO OaK-
TEpPUATLHON CYCIIEH3UEN U MOJUMEPHOM CMECHIO.

ITocne crepunmzanuu cemeH B 5% pacTBope ru-
NOXJIOpUTa HAaTpusl B TeueHUH 30 CeKyHa UX mepe-
nocunu B 0,1 M pacteop CaCl, na 30 cexynn, 3atem
MIPOMBIBAITU CTEPUIBLHON BOJIoU. [lociie 00paboTku
ceMeHa CyImmiIi B TeueHue 20 MUHYT mepes] oca-
koi. Kaxnpiii ropmok 3anonusi 300 r crepuib-
HOHM MOYBBI W BhICAKHMBAIH O 10 cCeMsH sUMEHSI.
OKCIIEpUMEHT TPOBOAMICS B CTEPUIIBHBIX YCIIOBH-
X C TpeMsl TOBTOPHOCTSIMU, PACTECHHsSI BhIpaIiBa-
U B Teuenue 21 cyTok.

Cmamucmuyeckutl anaius

AHanmu3 JaHHBIX MPOBOJWIN C HCIIOH30BAHU-
eM OJHO(DAKTOPHOTO JHUCIEPCHOHHOTO aHalln3a
(ANOVA). Craructuueckass o0paboTka IJaHHBIX
ObLIa BBITIOJHEHA C HCIIOJIL30BAHUEM JUIICH3UPO-
BAHHOTO TTaKeTa mporpammsl Statistica Bepcus 10.0
(TIBCO Software Inc., CIIIA). Bce nanubie npe-
CTaBJICHBI KaK CpelHEe 3HAaYeHWE + CTaHIapTHOE
OTKJIOHCHUE.

Pe3y.m>TaT1>1 HCCJICJ0OBAHUA U HX oﬁcyme}me

Oyenka azponomuueckux ceolicme bOaxmepu-
anvbHoU accoyuayuu

B nensx nmoBbIIEHHsS] YCTOMYUBOCTH PACTEHUN
K BO3JCHCTBUIO OMOTHYECKMX U aOHOTHUYECKUX
CTpeccoBBIX (hakTOpoB ObLTa CHOPMHPOBAHA ACCO-
[UAIHs arPOHOMUYECKH 3HAYMMBIX MUKPOOPTaHH3-
MOB, BKIIFOYAOIIas pU30CPEpPHBbIC W IHIO(PHUTHBIC
Oakrepun. [IpumeHeHne MHUKPOOHBIX KOHCOPIIH-
YMOB B HACTOSIIEE BPEMs pacCMaTPHUBACTCS Kak
Oomee > deKTHBHAS CTpATETHS 1O CPABHEHUIO C
HCIIOJIb30BAHUEM OT/ICIBHBIX IITAMMOB, MOCKOJIb-
Ky accOIMaliid MHUKPOOPTaHW3MOB XapaKTepU3y-
FOTCS PACIIMPEHHBIM CHEKTPOM (YHKIIMOHAILHOM
aKTUBHOCTH W CIOCOOHBI peann30BHIBATH CHHEp-
reruyeckue 3PQEKTh B YCIOBUSX arpo3KOCUCTEM
(de Andrade et al., 2023; Olanrewaju & Babalola,
2019; Liu et al., 2024).

st opmMupoBaHUs accommanyy ObLTH 0TOOpa-
HbI TaMMbl Ps. flavescens DS, S. proteamaculans
B5 u Ps. fluorescens D7, o06namaromize BRIpaKeHHBI-
MU POCTOCTUMYJIHPYIOIIUMHU ¥ OUOKOHTPOJIbHBIMH
cBoiicTBaMu. Ha aTtare cenekiuu Oblia MOATBEPIK-
JieHa WX OWOCOBMECTHMMOCTh C HCIOJb30BAaHHEM
TUCKO-TH(PGYy3NOHHOTO METO/a, METOMA «IYHOK»
U TPSIMOTO COBMECTHOTO KYJbTHBHUPOBAHHSI, YTO
MTO3BOJIMJIO MCKJIIOYUTH AHTArOHMCTUYECKHE B3au-
MOJICUCTBUSI M@Ky KOMIIOHEHTaMH KOHCOPIIyMa
W ONPEIENNUTh ONTHMAaJbHBIE YCIOBUS WX COKYJIb-
TUBUPOBAHUSI.

Ha mepBom »Tame wccienoBaHwii ObLia W3-
y4e€Ha CIHOCOOHOCTh KakK OTJACIbHBIX  IITaM-
MOB  Pseudomonas flavescens DS, Serratia
proteamaculans BS u Pseudomonas fluorescens D7,
Tak U B cocTtaBe accormaruu (LYA23) k cuHTE3y
NVYK. TlokazaHo, 4TO OTAEIbHBIC IITAMMBI TIPOAY-
mupoBaym MYK B kommgectse ot 17,2 1o 36,4 MKr/
MJI. MakcuManbHOR MpoAyKIUel GUTOropMoHa xa-
pakrepuszoBaiucs mramm Pseudomonas flavescens
DS5. Iponykius UYK acconmanueii (LY A23) mpe-
B30IIIJIa OTAEIBbHBIC TaMMBI B 1,7 — 3,6 pasa, 1o-
cruras 3HaueHus 63,4 mxr/mia (Pucynok 1).
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OT0T 2PPEeKT MOKHO OOBSCHUTH CUHEPTETH-
YECKUM B3aMMOJICHCTBUEM OTJICIBHBIX ITAMMOB,
0COOCHHO OTHOCSIIMXCS K poay Pseudomonas.
UzBecTHO, 4TO W30MATHl Pseudomonas mpomy-
LUPYIOT 3HAYUTEIBHOE KOJIMYECTBO HHJIOJIUITYK-
cycuoit xucnotel (UYK) (Malik & Sindhu, 2011),
3a CYET HaJM4Us I'CHOB, YYaCTBYIOIIUX B CHHTE-

Pucynox 1

3¢ TpuntodaHa U KOIUPYIOIIMX Bce (epmeHTa-
TuBHble cTaguu nytd MYK. byayun oCHOBHBIM
npenmectBeHHUKoM cuHTe3a UYK, tpunrtodan
MoxeT npeBpamiatees B YK uepe3 nyTu uHAOI-
3-nupoBuHorpaguoit kuciotel (UIIYA), tpunra-
muH (TAM) n uapon-3-anetamun (MAM) (Cheng
etal., 2024).

Haxonnenue UYK wmammamu Mukpoopeanuszmos u accoyuayue

70
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Ps. flavescens D5

Konmenrparua IMTYK, MEr/vn

S. proteamaculans B3

Ps. fluorescens D7 Accoyuayua LYA23

B ITVK, MET/MI

Ha crneaytomem stame ObUIO NMPOBEACHO H3-
Y4YEeHHE aHTarOHUCTUYECKOW aKTHBHOCTH IITAMMOB
Oaktepuii Ps. flavescens DS, S. proteamaculans BS
u Ps. fluorescens D7 xak 10 OTAETHFHOCTH, TaK U B
coctaBe accoumanuu (LYA23) mo oTHOIIEHHIO K
TECT-KyJIbTypaM (UTONATOTCHOB F.graminearum u
F. oxysporum MeTo0M BCTPEUHBIX KYJIBTYP.

Wzydennbie mrammbr Ps. flavescens DS, S.
proteamaculans BS, Ps. fluorescens D7 obnamgamu
BBIPQKCHHBIMH aHTAarOHUCTHYECKUMH CBOHCTBAMH
10 OTHOIIEHHIO K (PUTONATOreHHBIM TprdaM. 30HbI
OTCYTCTBHS POCTa JJISI MCCIEAYEMBIX IITAMMOB U
acCoIMaIli BapbUPOBANIM B JIuara3oHe ot 2,4 1o
3,5 cm (Tabmmma 1).

Acconmanus  LYA23 npomemoHcTpupoBaia
CXOXKHMI pe3yJIbTaT MO CPAaBHEHHUIO C MOHOKYJBTY-
pamu, BbI3bIBasi 30HBI OTCYTCTBHUS POCTa (PUTOIATO-
IEHOB OT 2,8 10 3,5 cM, UTO yKa3bIBaCT Ha €€ 3HAUU-
TENbHBIA TIOTCHIUAN KaK 00beKTa Uil pa3paboTKu
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3G PEKTUBHBIX OMOPYHTUIUIOB TPOTUB TIPpUOOB
pona Fusarium. MakcuMalibHblEe TOKa3aTeld 30H
oTcyTcTBHs pocTta J10 3,5 £0.1 cM, CBUIETENBCTBYIO-
mpe 00 aHTU(YHTATBHOW aKTHBHOCTH, OBLITH OTMe-
YCHBI B BapHaHTe MpUMeHeHus accouuanuu LY A23
10 OTHOIICHUIO K (puromaroreny F. graminearum.

CrefyronyM 3TanoM ObLIO BBISBJICHHE Xa-
pakTepa B3aMMOJEWCTBUS HCCIIEAYEMBIX IITaM-
MOB Ps. flavescens DS, S. proteamaculans BS, Ps.
fluorescens D7 n accormanmu LY A23 ¢ ¢utomnaro-
TeHHBIMU TpubaMu. [l Bcex Tpex HCCleayeMbIX
MTaMMOB OBIJI OTMEYEH TaKOW THI MPOSBICHUS
AHTarOHUCTUYECKOW AaKTHBHOCTH, MPU KOTOPOM
OBICTPBI POCT KYJIBTYPHI COIPOBOXKIAETCS JIH3H-
coM (UTONAaTOreHa B MECTax HEMNOCPEICTBEHHOTO
koHTakTa (PucyHok 2). DTO MOXET OBITH CBS3aHO
C TPOIYKIHEH BHEKJIETOYHBIX METabOIUTOB, KO-
Topbie, mudpdyHAUPYS B TOJIILY arapa, MOIaBIISsLIN
poct ¢uronarorenos (Kohl et al., 2019).



JI.B. UrnaroBa u ap.

Taomumna 1

Anmazonucmuueckas akmusHOCMb OMOEIbHbIX UIMAMMOS MUKPOOp2aAHUIMO6 U accoyuayuu no OMHOWEHUI0O K mecm-KyJibmypam

Fusarium graminearum u Fusarium oxysporum

Pa3mep 30HBI OTCYTCTBHS POCTA, CM
[Itammel puTOIaTOrEHA
Ps. flavescens D5 S.proteamaculans B5 Ps.fluorescens D7 Accormarust LYA23
Fusarium oxysporum 2,8+0.1 2,6+0.1 2,4+0.1 2,8+0.1
Fusarium graminearum 3,0+0.1 2,7+0.1 3,0£0.1 3,5+0.1

Pucynok 2

Anmazonucmuyeckas akmugenocms doaxmepuii. A — konmpons Fusarium graminearum; B —nusuc mecm-
xynemypol Fusarium graminearum 3a cuem akmugnoz2o pocma wmamma S. proteamaculans.

Kpowme Toro, Takoii TUI B3aUMOIEHCTBUS MOKET
OBITh CBSI3aH C KOHKYpEHITHEH 3a cyOcTpar, 4To BO3-
MOYKHO B CBSI3M C OBICTPBIM POCTOM IITAMMOB OaK-
Tepui, NAIOMKUM UM HPEUMYILECTBO B IOJIyYCHUU
MUTATENFHBIX BEUIECTB. BeposaTHO, AaHHBIE IITaM-
MBI, IPOAYLHPYIOT T'MIPOJIUTHYECKHE (EPMEHTHI,
paspylaromye MALenuil GUTONaToreHoB, a TaKkke
COEIMHEHMS C IPOTUBOIPUOKOBON aKTHUBHOCTBIO.

B cBsi3u ¢ BaxkHOCTBIO (pochaTa KaK HOCHTEIS
SHEPTUM B METa0OIMYECKUX IpOoIeccax, CIoco0-
HOCTb HCCIIETyeMbIX H30JIATOB U aCCOLMAIMU Ha UX
OCHOBE pacTBOpSATH (pocdaT paccMaTpuBaiach B Ka-
YecTBE BXKHOTO KPUTEPHS, HAPSIAY C IPYTUMH arpo-
HOMHYECKHU IIEHHBIMH ToKazatesnssmMu (Olanrewaju
& Babalola, 2019). Tlo3ToMy CIIEyIOLUIUM 3TANIOM
paboTsl OblTa MpoBepka OTOOPAHHBIX IITAMMOB IO
OTJCIBHOCTH, TaK U B COCTaBE acCOLMALMU Ha Ha-
mare Gpochar-MoOMIN3UPYIONIEH aKTHBHOCTH.

Jnst mpenBapuTeNbHON OLCHKH Hanmuuusi ¢oc-
(haT-MOOMITM3NPYIOMIEH aKTUBHOCTH Yy HCCIEIy-
eMBbIX MHKpoopranusmoB Ps. flavescens DS, S.

proteamaculans BS u Ps. fluorescens D7 xak uH-
TUBUIYaIbHO, TaK M B cocTaBe accorpannu LY A23
ObUIM BBIpAIlleHBl Ha arapoBoii cpeae [IMKOBCKOH.
dochar- MOOHITU3NPYIOUIYIO CIIOCOOHOCTH OIEHH-
BaJIM 10 OOHAPYKEHUIO MPO3PAYHON 30HBI «TAJT0»
BOKPYT KOJIOHUM MUKPOOPTaHU3MOB.
UccnenoBanne mokazano, 4ro ¢ochar-modu-
JU3UPYIOUIYI0 AKTHBHOCTb IPOSBUIN JBE KyJb-
Typbl, 0oOpasyroliue KpyIHbIe Tano 30HBI — S.
proteamaculans B5 n Ps. fluorescens D7. Jlanapie
HITaMMBI Tak)Ke 00Jiagaly BBICOKOW CIOCOOHO-
CTbI0 MOOMJIN30BaTh TPYJHOPACTBOPUMBIE COEIU-
HeHus P B xunkoit cpene. Haubonbmiee xomnue-
CTBO MOOWIM3MpOBaHHOTO (Qocdopa Mmokaszana
KyaeTypa S. proteamaculans BS5 co 3HaueHHEeM
89,2 + 2,86 mxr/mu (Tabmumna 2). K HacTosmemy
BPEMEHH BO MHOTHX paboTax onvcaHa 3HAUYNUTENb-
Has poOJIb ITaMMOB poja Serratia, B MOOMITN3AIIAH
HepacTtBopuMoro docdopa. K mexanuzmam, obde-
CIIeYMBAIONINM pacTBopeHue ¢ocdopa, oTHOCATCS
o0pa3oBaHHE OpPraHWYECKUX KHCIOT (Hampumep,
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sI0JI0OYHOM, MOJIOYHOW M YKCYCHOH) M oOpa3oBa-
Hue Qocdaras, BKiIOUas KUCIYI0O U MICIOYHYIO
(Barra et al., 2018). OTOT MeXaHU3M TaKxe 00b-
SICHSIET CHWKCHHE YPOBHS pH BO Bpemsi KyJibTH-

BHUpOBaHUs (pochaT-MOOUTUIUPYIOIMX MUKPOOP-
raam3MoB. Tak pH cpensr mpu BeIpamiuBaHuu S.
proteamaculans B5 n Ps. fluorescens D7 cuuzu-
JIoch ¢ 6,92 10 5,91 £0,3-5,7 £0,25.

Tab6auna 2

Buisenenue gpocgham-mobunuzyroweli akmusHocmu accoyuayuu

Kommuectso DddexTrBHOCTH
KoneuHnoe 3nHaueHue
Hramm MOOHMITU3UPOBAHHOTO P mobummzanum, H cpent
thocdopa, Mrr/mi % PH cpel

Ps. flavescens D5 - - -

S. proteamaculans B5 89,2 +£2.86 8,94 £ 0,29 5,7+0,25
Ps. fluorescens D7 56,1 £ 1 5,62+0,1 591+0,3
Accormarms LYA23 293+ 1 29,3+ 0,1 5,52+0,3

[Ipu coBMECTHOM KyIbTUBHPOBAHUH IITAMMOB
S. proteamaculans B5 n Ps. fluorescens D7 B co-
craBe koHcoprmyma LYA23 konmeHTparus ¢oc-
¢dopa mocruranma 293 wmkr/mu. Takum oOpazowm,
KOHCOpIHYM oOecIieunBail CTaOWIBHBIA YpPOBEHB
MOOWJIM3AIMK, YTO CBUJCTEIBCTBYET O BO3MOXK-
HOCTH B3aMIMOJOMOJHSIONIETO MEHCTBHUSI MHKPOOP-
raan3moB. [1o00HbBIe pe3ybTaThl COTIACYIOTCS C
HaOOJICHUSIMHA JIPYTHX aBTOPOB, MOKA3bIBAIOIINX,
YTO KOHCOPIMYMBI OakTepuil yacto obmanaroT 0o-
JIee BRIPAKCHHON OMOJIOTHYECKON aKTHBHOCTHIO TIO
CPaBHEHUIO C OTAeNbHbIMU mTaMMamu (Vassilev et
al., 2020).

3acoyieHue MOYB SIBIISICTCSI OJIHUM W3 Ba)KHEH-
muX (paKTopoB AOMOTHIECKOTO CTpecca, HeTaTHBHO
BIIMSIIOIIUX HA JKU3HECTOMKOCTh pactenuil. [lpu-
MCHCHHE COJICYCTOWYMBBIX OaKTepHUid, CTUMYIIH-
PYIOIIUX POCT PACTCHHIA, MOXKET CIIOCOOCTBOBATh
CHIDKEHHUIO CTpecca W TMOBBIIICHUIO YCTOWYHUBOCTH
KYJbTYp, BBIPAIIMBAEMBIX Ha 3aCOJICHHBIX MOYBAX
(Behera et al., 2022).

B xo0j1¢ OIIEHKH TallIOTOJICPAHTHOCTU HCCIIEIye-
MBIX IITaMMOB Ps. flavescens D5, S. proteamaculans
B5 u Ps. fluorescens D7 BBISIBICHO, YTO OTJICIIBHBIC
Oakrepun, a Takxke ux accommanus (LY A23) cmo-
COOHBI K pocTy B cpejie ¢ KonneHnTpanueid NaCl ot
2,5 no 5 % (Pucynok 3).

Bru10 mMokazaHO, YTO MITAMMBI Pa3JIMYAIUCh
[0 CTETEeHH YCTOWYMBOCTH K MOBBIIIEHHOMY CO-
JIEP)KAHUIO TTIOBAPEHOM COJIM B MUTATEIBLHON Cpe-
ne. Kymetypa Ps. flavescens D5 BwimepkuBana
toibko 2,5% NaCl, Torna kak S. proteamaculans
B5 u Ps. fluorescens D7 coxpaHsJIi aKTUBHOCTH
npu KoHIEeHTpauuu conu a0 3,5% (Pucynok 4)
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Torga kak accommarnus OakTepwii IMOKa3bIBaja
aKTUBHOCTB NPU KOHIEHTpanuu 5% conu B cpe-
ne. Psm aBTOpOB MOATBEPXKAAIOT CIOCOOHOCTH
ITaMMOB poJIoB Serratia u Pseudomonas nposis-
JATh YCTOWYHUBOCTH K cojieHOCTH OT 5,8 mo 10%
NacCl, a Takxe TpOsBISATh 3HAUUTEIBHBIA TTOTCH-
[yag B CTUMYJMPOBAHUU POCTa PACTEHUH KakK B
HOPMAaJIbHBIX, TAK U B CTPECCOBBIX YCIOBHUSIX 32
CYeT PEeryilupOoBaHUsS CHHTE3a M HAKOIUICHHS OC-
MOIPOTEKTOPOB M CUTHAJIBHBIX MOJICKYJI, YCHUJIH-
Basi TOJIEPAHTHOCTh PACTEHUH K CTpecCy, a TakKe
MOBBIIIAS JOCTYITHOCTh MMUTATEIBHBIX BEIIECTB H
YKperuisisi aHTHOKCUJAHTHYI0 cuctemy (Jagtap et
al., 2023).

Acconmanus MUKpOOPTaHU3MOB JE€MOHCTPHPO-
BaJjia JIy4IlIie MOKa3aTesu 10 MPOSBICHUIO arpOHO-
MHUYECKH [IEHHBIX PU3HAKOB, YTO YKA3bIBAeT Ha Ha-
JIUYUE CUHEPIeTUYECKOro AP PeKTa U BO3MOKHOCTb
B3aUMHOM ajanTauuy MITaMMOB. B onpeneneHHbIX
MOYBEHHBIX YCJIOBUSX HHOKYJISAIUS OJHUM IITaM-
MOM HE JIaeT JKeIIaeMOro pe3yJbTaTa 1Mo TOW IpH-
YHHE, YTO WHOKYJIMPYOIINHN ITaMM HE MOXKET KOH-
KypUpOBaTh ¢ TMOYBEHHON MHUKpodopoi. [Tnoxas
KOJIOHU3AIUsI KOpHEeH U 3(PPEKTUBHOCTh BBHIKHBA-
HUS, a TaKKe TIOYBEHHBIE (DaKTOpbI, Takue Kak pH,
TEeMIIepaTypa, BIAKHOCTh U T. JI., BIUSIOT Ha 3(-
(heKTHBHOCTh MHOKYJIAIIMOHHOTO mTamma (Elkoca
et al., 2010). OqHako B ciy4ae MHOTOIITAMMOBOIO
MHKpPOOHOTO KOHCOpIHMyMa, Ojarogaps WX COBMeE-
CTUMOCTH JIPYT C JPYTOM, MHUKPOOHBIC IITAMMBI
B3aMMOJEHCTBYIOT APYT C APYTOM CHHEPTETHYECKH
Y YCWJIMBAIOT POCT U pa3BUTHE pacteHuit (Khan et
al., 2007), xak OBIJIO OTMEYCHO B JAHHOM HCCIIEHO-
BaHUHU.
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Pucynok 3

Pocm 6aKmepua/1belx umammos u accoyuayuu npu pasiuiHolX KOHyenmpayusix nosapem-tod conu

Accoyuayua LYA23

(] [¥¥] +a wh

Copep:xanne NaCl, %

—

0 I I

Pseudomoncas Serratia

flavescens D5

Pucynok 4

proteamaculans BS

Pseudomoncas
fluorescens D7

Pocm 6axmepuii ha numamenvrhom azape, cooepycawem NaCl: A —2,5% NaCl, B —-5%

3.2 Co3oanue nonumepno Mampuybl KaK oc-
HO6bl Ouonpenapama

W3BecTHO, YTO MepHo] BEDKUBAEMOCTH MHKPO-
OpPraHW3MOB B COCTaBe OMOMpPEnapaToB OTpaHUYEH,
a, CJIeOBaTeNbHO, U CPOK XPAaHEHUS TaKHUX IIpe-
MapaToB O4YEHb KpaTOK. PelleHremM H3TOM 3a1ayu
SIBJISICTCSl BKJIFOUCHUE B COCTaB OHWoOIIperapaTra HO-

CHTEIICH Ha OCHOBE MOJMMEPHBIX MATEPUAIIOB, YTO
obecreunBaeT BBDKHBAEMOCTh MHUKPOOPTaHH3MOB
U COXPAaHCHUE WX aKTUBHOCTH TPH XPAHEHUU U HC-
0JIb30BaHuM Tipenapara (Sekar et al., 2020). Tlep-
CIIEKTHBHBIMH MAaTepPHAIAMH SIBJISIOTCS MHKpPOO-
HBIE TIOJIMMEPBI, KOTOPbIE 001a1aI0T YHUKATBHBIMU
CBOMCTBaMU 3aryIlCHHUS, BIATOYICPXKAaHHS 1 CTaOu-
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JM3al1H, a TaKKe MPEICTABISIOT CUCTEMY OTKPBI-
TBHIX TIOP C XOPOIIMMH yCJIOBHSIMH I Ta3000MeHa.
Lenpto manHoro stama palOOTHI SIBISUIOCH IIO-
JydeHHe HKOJIOTHYECKH YHCTOH, Omopasiaraemoit
KOMITO3UTHOHN TTOJIMMEPHON OCHOBBI, CHOCOOHOM
obecrieunTh (PHUKCAIUIO JKUBBIX OaKTePUATBHBIX
KJIETOK ¥ MOAJCPKUBATH UX (PH3HOJIOTHUECKYIO aK-
TUBHOCTbH B TCUCHHUE JUTUTEILHOTO BPEMCHHU.
Co3manne MaTpUIBl OCYIIECTBISUIOCH ITyTEM
COTIOJIMMEPH3AIHA KOMIIOHEHTOB C KOHTPOJIEM yC-
JOBUI pPEaKUUH M COOTHOLICHWH WHIPEIHEHTOB.
OcHoBY pa3pabOTaHHOH TOJIMMEPHONW MATPHUIII CO-
cTaBysTd MUKpoOHBIe mtonmmepsl (I1IA, cuHTe3u-
pyeMblil 6akTepHaTbHBIM MTaMMOM Ps. flavescens
D5, u nysutynaH, TpoIyUUpyeMblid APOAIKETOT00-
HBIM TpuOoM A. pullulans C7) ¢ mobaBiIcHHEM TIEK-
THHA, BBIMOJHSIOMETO (YHKLIHUIO CTPYKTypooOpa-
3yrorero u 3arymaroniero arenra (Taommma 3).
[Tymrynan o6nagaeT CBOWCTBAMU KUCIOPOAHOTO
Oaprepa u ynepknBanuem Biaru. Kpome toro, mys-
JyJnaH SBJISETCS] MPEeOMOTUKOM — BEIIECTBOM, CTH-
MYJHPYIOIIHM POCT U Pa3BUTHE MUKPOOPTaHU3MOB.
OmHUM W3 MEePCIEeKTHBHBIX HANpaBICHUN pa3-
paboTKN OMOTIOIMMEPHBIX MAaTEpPHAaiOB SBISETCS
KOMOMHHUPOBaHUE IyJUTyJIaHa C JIPYTHMH TPUPOJI-
HBIMHU TIOJIMCAXapHJIAMH, B YAaCTHOCTH TEKTHHOM.
CornacHo ApyruM WcclenoBaHusIM (Sharma et al.,
2021) , nnéHku, molydeHHbIe Ha OCHOBE NMEKTHHA
Y TyJUTyJIaHa, TPOJEMOHCTPUPOBAIIN YITyUIICHHbIC
CBOWCTBA 110 CPABHEHHUIO C WHINBUTYITbHBIMH KOM-
MTOHEHTAMHU.

Tadoauma 3
Komnonenmol, ucnonvzyemvie 0nsi co30anusi NOIUMEPHOU Md-
mpuyl

HaumenoBanue Hasnauenwne
CtpykTypooOpa3oBaHue
[ysrynan PYKTYpOOOp s
BJIArOy/IepIKaHUE
CrpykTypoobOpa3oBaHue u
Ilextun PYKTypOOOD

3arymieHue

AHTUMUKPOOHBIH areHT
[Monurunpoxcuankanoar | (cchulka Ha Hally CTATHIO TIPO
(IITA) III'A u s6:10KM), yiTy4nIeHHe
MEXaHHYEeCKUX CBOWCTB

Co3nanue opranudeckoi dassi,
obecrneunBaroas cTabMIbHYIO
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[t BBIOOpa ONTUMAaJIBHBIX TPOMOPLHHA KOMIIO-
HEHTOB C IENbI0 00pa3oBaHUs CTAOWIBHON CTPYK-
Typbl KOMITIO3UTHOTO TIOJIMMEPHOT0 MaTepuania uc-
CJIeIOBAJIU CJIETYIOIINE COOTHOIIEHU MyJUTyJIaHa U
nextuHa: 1:1;2:1; 3:1 m4:1.

B kauectBe opranmueckoi (asbl MpH CO3IaHUH
MOJIMMEPHOM MaTpHUIIbl B JTaHHOH paboTe ObLT BBIOpaH
nierposerinsiii a¢up (Tabnwma 3). 310 00ycIOBIEHO
CIIEIyIOIMMHU €ro cBoicTBamMu: 1) dopMupoBaHHe
M30JIMPOBAHHONW OT BOAHOM Cpelbl OpraHUYecKOH
(ha3b1, HEOOXOTUMOH JUTS CTAOMITN3AITH MY TECHOH-
HOHM CTPYKTYpBI; 2) O1aroiapsi HU3KOH TeMIiepaTtype
kunenust (42—62 °C) s¢up nerko ypaisercs, 4To
MHUHUMM3HUPYET TEPMHUUECKYIO Harpy3Ky M yiydila-
eT OmopasnaraeMoCTb KOHEUHOI'O Marepuana; 3) B
npomseiinienHo# Texnonorun HIPE-amynecuit (High
Internal Phase Emulsions) a¢up ucmons3yercs kak
BHYTpeHHss1 (aza, obecriednBasi MOPUCTYIO CTPYK-
Typy mocie monuMepusanuu. Takum oOpaszom, uc-
MTOJTE30BaHUE TIeTpoJieiiHOTO 3(dmpa obecreunBacT
CTaOMJIBHYIO MYJIBCHOHHYIO CTPYKTYpPY, YIPOIIACT
CTAaJMIO YAAJICHHSI PacTBOPUTENS, (POPMUPYET KOH-
TPOJIMPYEMYIO MOP(OJIOTHIO MOTY4YEHHOTO MOJIMME-
pa, uTo coryiacyercs ¢ paHee arpoOUPOBaHHBIMHU Me-
TOJMKAaMH CHUHTE3a (PyHKIMOHAJIBHBIX MOIMMEPHBIX
MaTepuasoB.

B kauecTBe MHMIIHATOpa CBOOOIHO-PATUKATH-
HOW IONMMEpH3allid B JaHHOW paboTe HCHONb-
30BaH mnepcyibdparammonus (Tabmmma 3). Ilep-
Cynb(paTaMMOHHSI SIBIISIETCS PACIIPOCTPAHEHHBIM,
HIMPOKO HCIOJIb3YEMBIM WHUIHMATOPOM MOJIUMEPH-
3alUM B BOIHBIX cucrteMax. I[Ipu HarpeBanum nep-
Cynb(paTaMMOHHSI JTHCCOLMUPYET ¢ 00pa3oBaHHEM
CyIb(aTHBIX PAJUKaIOB, CIIOCOOHBIX aTAKOBATh I'M-
JIPOKCHJI-TPYIIIBI IOJINCaxapuaoB, GopMUpYsT Ma-
KpOpaJMKallbl, KOTOPBIE 3aT€M BCTYIAIOT B CIIUBKY
¢ oOpa3oBaHHEM TPEXMEPHOH CEeTYaTON CTPYKTYPHI.

KiroueBsle 3Tansl co3gaHus MMOJIMMEPHON Ma-
TPHIIBI HA OCHOBE MHUKPOOHBIX MOJIUMEPOB MYJLTY-
nana u [1TA:

1. PactBopenue nonucaxapunoB. Ilymiynan u
MEKTHH CMEIIMBAJIM B Pa3IMYHBIX COOTHOIICHHUSX
(1:1, 2:1, 3:1, 4:1), pacTBOpsIM B TUCTUILTUPOBAH-
HOHl Boje npu Temneparype 60 °C Ha TepmocTatu-
pyeMOil MarHUTHOM MeIIaJIKe 10 MOJIYUYEHHUs OJHO-
ponHoil maccel. HarpeBanume BOZHOTO pacTBOpa
myJuTysnana u nektuaa 1o 60 °C mo3Bosser obecre-
YUTh MX PaBHOMEPHOE PAcTBOPEHHE W aKTHBM3a-
U0 (QYHKIMOHATIBHBIX TPYMIT U OCIEAYIOMIECTO
B3aMMOJCHCTBUS.

2. ®opMHUpOBAaHHE HMYJIbCHUOHHOW CHCTEMEI.
Boanyro ¢azy pononssim 3¢pupoM (COOTHOLICHHE
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3:1, adup:pacTBOp), MOCIIE YeT0 CMECh TOBOIMIIHN JI0
KHUIICHHS. DTOT dTal odecrieunBaet (pa3zoBoe pasme-
JIEHHE M CIIOCOOCTBYET Mepexoy K dMYJIbCHOHHOM
cucTeMe, CO3/1alolIell yCIOBuUS sl CONOIMMEpH3a-
MU B IByX(ha3HOU cpesie, 4TO YIIyqIIaeT CIIHBKY.

3. Vannmanus moauMmepu3anuu. B peakinon-
HYIO CMECh BBOJMIIH MEpCybpaT aMMOHHSB pacde-
Te 3,7 mMr/mi. BBeneHrne MJaHHOTO WHHUITMATOpa aK-
TUBUPYET PaIUKAIBbHYIO CONIOIMMEPU3AITHIO MEKIY
nonucaxapugamu u I1I'A, oGecnieunBas hopmupo-
BaHUE CETYATON CTPYKTYPHI.

4. Beenenue I[1I'A. Tlocne Havana momumMepu3a-
mn K cucreme nobasmsn [II'A B KoHUEHTpauun
0,1%. Cmechr mpomoiDKad TiepeMennBaTh B TeUe-
Hue 20 MUHYT NP TOCTOSHHOM CKOPOCTH BPAIICHUS
merranku. Jlobaenenue [1I'A (0,1%) oGycnoBieHO
HEOOXOAMMOCTHIO BKITFOUEHHSI TEPMOILIACTHYHOTO
KOMIIOHEHTa B MUHUMAJIBHO IlOCTaTO‘IHOfI KOHIICH-
Tpamuu, 9To0bl YIIYYITUTh MEXaHHYECKUE CBOHCTBA
1 OMOCTaOMIIPHOCTh MATpHIBI 0e3 HapylleHHus eé
IIJIaCTUYHOCTU.

5. ®opMmupoBaHHE IOJUMEPHON MAaTPHIBL
Cwmech oxnaxaanmu npu 0 °C go srana paszuene-
HUSL Ha (a3bl, 3aTeM BBLACPKUBAIN TOTYYCHHBIN
KOMITO3UT 24 yaca cHavajia B dupHON cpene (as
yAaJeHusl HepacTBOPEHHBIX (DpaKIuii), 3aTeM — B
BOJIE JUISI yIAJIGHUSI OCTaTKOB HECBSI3aHHBIX KOMITO-
HEHTOB M MMOOOYHBIX MPOAYKTOB. Ha manHOM »Tame
MPOUCXOAUT (OPMHUPOBAHHE TOMOTEHHOW JKeje-
00pa3HON MaccChl -OJIMMEPHON MaTPHIIHI.

6. BricymmuBanue. [lonydeHHYI0 OYMIIEHHYIO
Maccy BbicylmBaiu npu temmeparype 50 °C, uro
CIOCOOCTBYeT CTaOMIIM3AI[KA MaTPHUIIBI U 3aBepIia-
€T TPOLIECC €€ CTPYKTYPOOOOP30BaHUS MPU OJIHO-
BPEMEHHOM COXPaHEHHH CBOMCTB MTOJIUMEPOB.

CBoiicTBa MOMYYCHHBIX 00Pa3LlOB MOIMMEPHON
MaTpUIlbl OBUTH U3yYeHBbl HA OCHOBAaHUH BH3Yallb-
Horo aHanm3a (Tabnuma 4). Takum ob6pazom, myTeMm
OIICHKH BHEIIHETO BUJa BHIOPAH ONTHMAIbHBIN CO-
CTaB MOJMMEPHOTO KOMIIO3UTHOTO MaTepHuasa ¢ co-
OTHOLIEHUEM IyJUTyJaH:IeKTuH = 2:1.

Taonuuna 4
Busyanvnvlii anaiuz nomumeprou Mmampuysl

CooTHOIIIEHHE

BHemnuii BUJX
NyJUTYJIaH:eKTHH

1:1 MyTHasi, peixJias macca

2:1 OpnHoponHasi, xeneoOpa3Has Macca

31 OueHb IJI0THAsL, TPYOOBOJIOKHHUCTAS,
) TAry4das

41 I'unepruioTHas cioucras mMacca, ¢

TpemUHAMH

Ilonyuenue onvimuvix 6apuanmos oOuonpe-
napama nymem UMMOOUAUAUUU ACCOUUAUUU
MUKDPOOP2AHU3MO8 U  3AUUMHO-NUMAMEIbHBIX
KOMROHEHMOG 6 NOJTUMEPHYIO MAMPUUY

NmmoOunm3anus sIBIsieTcss OJHUM M3 HanOo-
nee 3(pPEeKTHBHBIX METOJOB COXpaHEHHUs MeTalo-
JIMYECKOH aKTHBHOCTH KIIETOK M OOeCHeueHHs UX
JOJITOBPEMEHHOTO JACHCTBHUS B arposKOCHUCTEMax.
[TosTOMy, Il TIOBBILICHUS] CTAOMIBLHOCTH OakTe-
puit Ps. flavescens DS, S. proteamaculans B5 n Ps.
fluorescens D7, BXoASIUX B COCTaB acCOIMAIIUU
LYA23, MukpoOHBIE KIETKH OBUIH MMMOOWIH30-
BaHBI B MOJMMEPHYIO MaTpHUIly ¢ J00aBJICHUEM 3a-
LIUTHO-IIUTATEIbHBIX KOMIIOHEHTOB.

Ha mepBom srane Obuia mpoBeleHa HMMOOH-
muzauusg  acconuamuu LYA23 Ha noaumepHOH
MaTpHIle COTJIACHO crleayromend cxeme: 1) 4u-
CTbIe MOHOKYJIBTYPBHl OTOOpPaHHBIX paHee IITaM-
MOB Ps. flavescens DS, S. proteamaculans B5, Ps.
fluorescens D7, WHOKyJINpOBaJd B ONTHUMH3UPO-
BaHHYIO TUTATEIBHYIO Cpedy, colepxkamryio 5%
Menaccsl 1 5% NenToHa, ¥ BIPAIMBAIN B TCUCHHE
12 yvac npu temneparype (37+1)°C Ha opOuTab-
HOM IIeiKepe; 2) cO-KyJIbTUBUPOBAHNE MOHOKYJIb-
TYp NMPOBOJUIIM Ha Cpelie ¢ Melaccoi B TeUeHue 3
cyT nipu Temreparype (37£1) °C; 3) omHOBpeMeHHO
MOJIrOTABJIMBAIH MaTPHILy, COCTOSIIIYI0 U3 OHOIO-
nuMepoB (mysutynaHa, mektuHa u [1I'A B cooTHo1IIE-
Huu 2:1:0,1 u crepunm3oBaiy aBTOKIABUPOBAHUEM
(105°C, 15 mun); 4) acconnanuio OakTepUaTbHBIX
kyapTyp (LY A23) B koruentparmu 10 knetok/mi
COEUHSIIN ¢ ToNMUMepHol Matpuneit (1 mac.4.) u
BBIJICpKUBaIH TIpU Temriiepatype 18-22°C na opou-
tanpHOM meiikepe (130 06/MuH) B TeueHue 2 vac.

NmmoOunm3anusi MHKPOOHBIX KJIETOK Oblia
MpOBEEHA  METOJOM  «aACOpOLMHU-WHKYOauu
(Nguyen et al., 2009). 3ToT METO UMMOOWIIA3AIINN
KJIETOK O0ECHeunBaeT BBICOKYIO KOHLIEHTPALUIO
OromMacchl Ha eIUHHIy oObeMa Hocurens. B pe-
3ysbTare 3(pPEeKTHBHOCTH acopOnny cocTaBmia 65
%, Torna kak 3¢(eKTuBHOCTD AecopOruu — 10 %.

Ha sTane nHky6anuy noavMMeEpHYy0 MaTpHUILy C
UMMOOMIM30BaHHBIMU KJICTKaMH TIOMEIIald B 1~
TaTebHbIN OynboH. brarogaps OTHOCHTENBHO PBIX-
JIOM CTPYKTYpE MaTPHUIIbl TUTATEILHBIC BEIIECTBA U3
cpensl cBoOoIHO MO YHINPOBAIN BO BHYTPEHHEE
NPOCTPAHCTBO, YTO 00ECMEUNBAIO POCT U Pa3MHO-
KeHre OakTepuil He TOJIBKO Ha MOBEPXHOCTH, HO U
BHYTPU MaTpuIlbl. B pe3ynbraTe mocie HHKyOanuu
IUIOTHOCTh MMMOOWJIN30BAHHBIX KJIETOK YBEIHYH-
BaJIach. YKe yepe3 2 yaca MHKYOalnu YHUCICHHOCTh
OaKkTepHaIbHBIX KJIETOK JOCTUraJIa MAKCUMaIbHOTO
3HaveHus — 6,4 x 108 KOE/T.
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Ha BTOpOM »Tame k 0a30BO¥ MaTpuUIle C HM-
MOOMIIM30BAHHBIMH KJIETKAMH B KadecTBE MHUTa-
TEIHLHOTO BEIIeCTBa ObLI 00ABJICH TyMaT Kallus B
konuentparnuu ot 0,03 mo 3,0 r/n. Beibop rymu-
HOBBIX COCJIMHCHUN B Ka4eCTBE JOTIOTHUTCIBHBIX
KOMIIOHEHTOB OuWorpenapaTa CBsi3aH B TEPBYIO
ouepelb C TEM, YTO, B YaCTHOCTH, T'yMaT Kallus
SIBIISICTCS] HEJJOPOTUM H HKOJIOTUYECKH YUCTHIM HC-
TOYHHKOM HEOOXOJHUMBIX MHUTATEIBHBIX BEIICCTB
JUIS pocTa arpokyibTyp. Kpome Toro, eme ogHuM
MIPEUMYIIECTBOM UX HUCIIOJIB30BAHUS, IBISETCS TO,
YTO OHU MPHJIAIOT MperapaTy TeMHO-OYpBIH IIBET,

Pucynok 5

YTO MMOMOTACT KOHTPOJIIUPOBATH MOJTHOTY MPOTPAB-
JUBAHUS CEMSH.

OO0paboTka ceMsiH sUYMEHs OuornpenapaToM, B
KOTOPBIA OBUT BKITIOYEH T'yMaT Kaylvs, TPUBOJIMIA
K CTHMYJIUPOBAHHIO POCTOBBIX IPOIECCOB pacTe-
Huid. BexoskecTh cemsH yBenmuminach Ha 7,2-8,1%
M0 CPaBHEHHIO C KOHTPOJIBHBIM BapUaHTOM, OWO-
Macca cTeOJIei U KOpHel pacTeHUH YBEIMUNIach Ha
10,3-12,7% wu 12,2-15,3% coorBercTBenHo. Hawu-
OOJBIIIEH CTUMYITHPYIOIEH POCT PACTCHHH CIIOCO0-
HOCTBIO OO0Jajasi OuorpenapaTr ¢ KOHICHTpaIUeH
rymarta kanus 3,0 r/n (PucyHok 5).

Bnusnue 06pa60m1<u CEeMAH AYMEHA 6uonpenapam0M C pA3IUYHbIMU KOHYEeHmMpayuimu cymama Kaiusi Ha ux

8CX02HCECb

20
18

CeIpasa 6uoMacca, T
— —
- o w © B

(3]

=]

KonTtpomns

B buoMacca ctebmefi, T

Onpedenenue OuonocuveckKux ceoiicme ouo-
npenapama

Ha srane pa3paboTku U onTUMH3ANUN OHOTIpe-
napata HEOOXOIUMO HE TOJIBKO OLEHHUTh €0 MH-
KPOOHOJIOTUYECKYIO aKTHBHOCTb, HO M ONIPEACIIHTh
€ro BIMSHUE Ha (pU3MOIOTHYECKHE TapaMeTphl pac-
TeHHH. buosiornyeckas akTUBHOCTb OINBITHBIX Ba-
pHaHTOB OMoONpenapara OLEHUBAIACH B MOJCIbHBIX
BEreTaIlMOHHBIX ONBITAX C MCIIOJIh30BAHUEM CEMSH
stamenst (Hordeum vulgare L.) copta ApHa.

OOpaboTaHHbIE CeMEHa 3aceBalii B CTEPUIIb-
HYI0 NIOYBY, YBIaKHEHHYIO 10 60% BIaroéMkocTu.
[TpoomKHUTEIEHOCTh BET€TAIIMOHHOTO TTEPHOJIA CO-
ctaBysna 21 cytku. KoHTpoIbHON IpynIoi ciayxu-
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I'ymat K 0,03 o/

T'ymat K 0,051/ I'ymat K 3.0 t/n

B bHOMacca KOpHeH, T

JIM ceMeHa, He 00paboTaHHbIe OHOIPErapaToM, HO
BBIPAIIICHHBIE B TE€X YK€ YCIOBHUAX. DTO MMO3BOJIAIO
00BEKTUBHO OILICHUTH BIUSHUE 00PabOTKU Ha POCT
1 pa3BUTHE PACTECHUI HA PAHHUX CTAJUSX OHTOIC-
He3a.

Pe3ysbpTaThl BereTalMOHHBIX OIBITOB TOKAa3a-
JIY, 9TO TPEIIIOCEBHAss 00pabOTKa CEMSH SUMCHS
ONBITHBIMU BapHaHTaMH OHoOIIpemapaTa CIoco0-
CTBYET YJIYUYIICHUIO MX MPOPACTAHUS U BCXOMXKE-
ctu (Tabmuma 5). B BapmanTax ¢ NMpUMEHEHHEM
OuornpenaparoB HEpPrusi MpopacraHus u jadopa-
TOpHAsI BCXOXeCTh aocturanu 94-97%, 4rto 3Ha-
YUTEIHHO MPEBBINIACT MOKA3ATEH KOHTPOIHHOTO
BapHaHTA.
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Taoauuna 5

Bnusnue o6pa6oml<u CEeMAH AYMEHA 6u0npenapam0M Ha napamempbol eecemamueHoco pocma pacmenuﬁ, 6bIpAUCHHbIX 6 nouse, UC-

KyccmeenHo 3apasicennoll Fusarium graminearum

Bapuant o6pabotku Ceipast Gromacca KOpHeid, T

Ceipast 6Guomacca crebieid, r Bexoxects, %

KonTpomns (6e3 06paboTkm) 15,3£2.4

10,8+1,1 65,7

buomnpenapar 21,4+3,2

18,5+2,7 98,6

[Tpu oueHke MOphHOMETPUUECKUX IMapaMeTPOB
pacTeHUH BBISIBIICHO YBEJIMYEHHUE AJIMHBI M MacChl
pacTeHHil BO BCEX OIBITHBIX BapHaHTax IO CPaB-
HEHHIO ¢ KOHTposieM. HaOmronmamoch yBennueHue
JUTMHBI KOPHEH U ctebiiel B 1,5 pasza 1o cpaBHEHHIO
C KOHTPOJBHOU rpymmoil. Macca KOpHEBOM U HaJl-
3eMHOH YacTel TakyKe OblIa BBILIE, TPEBBIIIAsE KOH-
Tpoib Ha 34-36%.

B pe3ynbraTe npoBEeAEHHOTO MCCIEAOBAHUA
pa3paboTtaH MHOTO(DYHKITMOHAIBHBIN OHOIpernapaT
Ha OCHOBE acCOIMallii arpOHOMHUYECKH IEHHBIX
Oaxrepuit Ps. flavescens DS, S. proteamaculans
B5 u Ps. fluorescens D7, uMMOOWIN30BaHHBIX B
OuopaziaracMoil MOJMMEPHON Matpuue, chopmu-
POBaHHOH W3 IMyJUTyJIaHa, IEKTHHA U TOJUTHUAPOK-
cuankaHoata. llokazaHo, uyTO cQopMupoBaHHAS
accoumanust LYA23 oOmnamaer BbICOKON OuOIOTHU-
YECKOH aKTHBHOCTBIO M COYETAET HECKOJIBKO (DYHK-
[MOHAIFHO 3HAYUMBIX CBOMCTB, HEOOXOJMUMBIX JJIS
co3manns 3(pPEeKTHBHOTO MHKPOOHOTO Iperapara
JUTSL PAaCTEHUEBOICTBA.

3akiaouenue
B nensix noBblieHNs] YCTOMYMBOCTH PACTEHUN
K OMOTHYECKHMM M a0MOTHYECKHM CTpeccaM Oblia

pa3paborana MHUKpoOHast accouuanus LYA23 Ha
OCHOBE pHU3OCHEPHBIX M SHAOMDUTHBIX OakTepuid

Bxnao agmopos

(Ps. flavescens DS, S. proteamaculans BS5 wu Ps.
Sfluorescens D7). llltTaMMbl ObIITH OTOOPAHEI € yué-
TOM UX OMOCOBMECTUMOCTH M CIIOCOOHOCTH K CTa-
OUJIBHOMY COKYJbTHBHPOBAHMIO 0€3 aHTaroOHUCTHU-
YECKHX B3aUMOICHCTBHI.

Co3pmanHass accoumanus IPOAEMOHCTPUPOBA-
Ja BBIPaXCHHBIH cUHepreTHueckuii 3¢ ¢dext, ode-
CIeYMBasl MOBBILICHUE CHUHTE3a WHAOJIMIYKCYCHON
KUCJIOTHI TIO CPAaBHEHUIO ¢ MOHOKYJIbTypamu. KoH-
COPLMYM TaKKe HNPOSBIISUI aHTArOHUCTHUECKYIO aK-
TUBHOCTb B OTHOLLIEHUW Fusarium Spp., BBICOKYIO
(hochar-MoOMITH3NPYIONIYIO0 CTIOCOOHOCTh U TIOBHI-
HICHHYIO TaJI0TOJIEPAHTHOCTb.

[Tomy4enHble pe3yabTaThl HOATBEPXKAAIOT TEP-
CHEKTUBHOCTE accoranuu LY A23 Kkak OCHOBEI I
pa3paboTKu MHOTO(YHKIIMOHAIBEHBIX MHUKPOOHBIX
OuonpenaparoB, HaNpaBICHHBIX Ha CTUMYJIILUIO
pocTa pacTeHUH U HOBBILICHNE UX AN TAllHOHHOTO
NOTEHIIMAJIA B Pa3JIMYHBIX MMOYBEHHO-KIMMAaTHYie-
CKHUX YCJIOBUSIX.

HceTouyHuK (pMHAHCMPOBAHUS

PaGora BeImIONTHEHA B pamkax npoekta ['d MPH
AP26198317 «Pa3paboTka OMOTEXHOJIOIMU 3all[H-
THI arpoKyJIbTYp OT (PUTOMATOTEHOB, OCHOBAHHOM
Ha TIPUMEHEHHH MHUKPOOHBIX AHTarOHHUCTOB M HX
meTaboauToBy, 2025-2027 rox.

JL.B. Henamosa: Konyenmyanusayus, Memooonoeus;, Hayunoe pykosoocmeo,; Aomunucmpuposanue npoekma, Ilpusneuenue

¢unancuposanus; Hanucanue — nposepka u peoaxmuposanue, E.B. bpascnuxosa: Konyenmyanusayus, Memoodonoeus;, Hayunoe
pykogoocmeo,; Aomunucmpuposanue npoexma, Ilpusrevenue gunancuposanus; Hanucanue — nposepxa u peoaxmupoganue; M.A.
Yepesxos: Hccreoosanue, Memooonoeus;, @opmanvuvii anaiuz, Bamoayus;, Hanucanue — nepsonauanvruiii sapuarm, E.B. Mo-
cxeuna: Hccneoosanue; Kypuposanue oannvix; @opmanvuvii ananus;, Buzyaruzayus, Hanucanue — nepgonauansubviii eapuanm,
A1l Yepmuvix: Hccnedosanue; Pecypcwi; Kypuposanue Ooannvix; Bamuoayus;, Hanucanue — npogepra u pedakmuposarnue, C.P.
Mypaoosa: Hccnedosanue, Kypuposanue oannvix; Buzyanuzayus, @opmanvuvii ananus, Hanucanue — nepgonauanvhulil 6apuanm,
P.K. Cuiovixberosa: Hccrneoosanue; Pecypcuvl;, Kypuposanue dannvix, Bamuoayus, Hanucanue — nposepka u pedaxmuposanue.

Jluteparypa
Barra, P. J., Viscardi, S., Jorquera, M. A., Duran, P. A., Valentine, A. J., & de la Luz Mora, M. (2018). Understanding the

strategies to overcome phosphorus-deficiency and aluminum-toxicity by ryegrass endophytic and rhizosphere phosphobacteria.
Frontiers in Microbiology, 9, 1155.

91



HpI/IMeHeHI/Ie MUKPOOPTaHNU3MOB-aHTArOHUCTOB JIs 3alllUThI IYMEHS OT (1)I/ITOHaTOFeHOB

Behera, T. K., Krishna, R., Ansari, W. A., Aamir, M., Kumar, P., Kashyap, S. P., Pandey, S., & Kole, C. (2022). Approaches
involved in the vegetable crops salt stress tolerance improvement: Present status and way ahead. Frontiers in Plant Science, 12,
787292.

Cheng, Q., Sun, S., Ning, X., Qiao, M., Chen, W., Zhang, P., Liu, K., & Ding, Y. (2024). A synergistic indole-3-acetic
acid-producing synthetic bacterial consortium benefits walnut seedling growth. Agronomy, 14, 1657. https://doi.org/10.3390/
agronomy 14071657

de Andrade, L. A., Santos, C. H. B., Frezarin, E. T., Sales, L. R., & Rigobelo, E. C. (2023). Plant growth-promoting rhizobacteria
for sustainable agricultural production. Microorganisms, 11(4), 1088. https://doi.org/10.3390/microorganisms11041088

Elkoca, E., Turan, M., & Dénmez, M. (2010). Effects of single, dual and triple inoculations with Bacillus subtilis, Bacillus
megaterium and Rhizobium leguminosarum bv. phaseoli on nodulation, nutrient uptake, yield and yield parameters of common bean
(Phaseolus vulgaris L. cv. ‘Elkoca-05’). Journal of Plant Nutrition, 33, 2104-2119.

Jagtap, R. R., Mali, G. V., Waghmare, S. R., Nadaf, N. H., Nimbalkar, M. S., & Sonawane, K. D. (2023). Impact of plant growth
promoting rhizobacteria Serratia nematodiphila RGK and Pseudomonas plecoglossicida RGK on secondary metabolites of turmeric
rhizome. Biocatalysis and Agricultural Biotechnology, 47, 102622.

Khan, M. S., Zaidi, A., & Wani, P. A. (2007). Role of phosphate-solubilizing microorganisms in sustainable agriculture — A
review. Agronomy for Sustainable Development, 27(1), 29-43.

Kohl, J., Kolnaar, R., & Ravensberg, W. J. (2019). Mode of action of microbial biological control agents against plant diseases:
Relevance beyond efficacy. Frontiers in Plant Science, 10, 845.

Liu, Y., Shi, A, Chen, Y., Xu, Z., Liu, Y., Yao, Y., Wang, Y., & Jia, B. (2024). Beneficial microorganisms: Regulating growth
and defense for plant welfare. Plant Biotechnology Journal. https://doi.org/10.1111/pbi.14203

Malik, D. K., & Sindhu, S. S. (2011). Production of indole acetic acid by Pseudomonas sp.: Effect of coinoculation with
Mesorhizobium sp. Cicer on nodulation and plant growth of chickpea (Cicer arietinum). Physiology and Molecular Biology of
Plants, 17(1), 25-32.

Maldonado Desena, F., De la Cruz Ceferino, N., Goémez Cornelio, S., Alvarez Villagomez, C., Herrera Candelario, J. L., & De la
Rosa Garcia, S. (2022). Bacteria halotolerant from karst sinkholes as a source of biosurfactants and bioemulsifiers. Microorganisms,
10, 1264. https://doi.org/10.3390/microorganisms10061264

Nguyen, D. N., Ton, M. N., & Le, V. (2009). Optimization of Saccharomyces cerevisiae immobilization in bacterial cellulose
by “adsorption-incubation” method. International Food Research Journal, 16, 112—118.

Olanrewaju, O. S., & Babalola, O. O. (2019). Bacterial consortium for improved maize (Zea mays L.) production. Microorganisms,
7, 519. https://doi.org/10.3390/microorganisms7110519

Sekar, K., Linker, S. M., Nguyen, J., Griinhagen, A., Stocker, R., & Sauer, U. (2020). Bacterial glycogen provides short-term
benefits in changing environments. Applied and Environmental Microbiology, 86, €00049-20.

Sharma, S., Dorairaj, D., Negi, P. S., & Shetty, N. P. (2021). Development and characterisation of a pectin-based edible film that
contains mulberry leaf extract and its bio-active components. Food Hydrocolloids, 121, 107046.

State Commission for Variety Testing of Agricultural Crops of the Republic of Kazakhstan. (2025, October 15). Sort yachmenya
“Arna” [Barley variety “Arna”]. https://sortcom.kz/ru/variety/arna

Usmanova, A., Brazhnikova, Y., Omirbekova, A., Kistaubayeva, A., Savitskaya, I., & Ignatova, L. (2024). Biopolymers as seed-
coating agent to enhance microbially induced tolerance of barley to phytopathogens. Polymers, 16(3), 376. https://doi.org/10.3390/
polym16030376

Vassilev, N., Vassileva, M., Martos, V., Garcia del Moral, L. F., Kowalska, J., Tylkowski, B., & Malusa, E. (2020). Formulation
of' microbial inoculants by encapsulation in natural polysaccharides: Focus on beneficial properties of carrier additives and derivatives.
Frontiers in Plant Science, 11, 270.

Ceeoenusn 006 asmopax:

Henamosa Jlroomuna Bukmoposua — npogeccop kaghedpvl 6uomexnonozuu gaxyivmema ouonozuu u ouomexrvonroeuu HAO
«Kazaxckuii nayuonanvhvlil ynusepcumem umenu anv-@Papabuy (Aaimamer, Kazaxcman, e-mail: lyudmila.ignatova@kaznu.kz).

bpasicnuxosa Enena Barepuesna — PhD, npenooasamens kaghedpuvl 6uomexnonrocuu gaxyiomema duoso2uu u GUOmMexHoi02uu
HAO «Kazaxckuil Hayuonanvhwiil yHugepcumem umenu anb-Papaduy (Anmamol, Kazaxcman, e-mail: polb_4@mail.ru).

Yepeaxoe Muxaun Anexcanoposuu (KOppecnoHOeHmHubll A6mMop) — HAYYHbI UCCIe008amens Kapedpsl buomexHonocuu ga-
Kyabmema ouonoeuu u duomexnonoeuu HAO «Kazaxckuii nayuonanwuwiti ynusepcumem umenu anv-Dapabuy (Aimamer, Kazax-
cman, e-mail: mihach999@gmail.com).

Mockeuna Examepuna Bsiuecnagoena — maaduwiuil Hayumvlil cOmMpPYOHUK Kagedpwl Ouomexnono2uu @axkyivmema Ouoso-
euu u ouomexnonoeuu HAO «Kazaxckuil mayuonanvhvlil ynusepcumem umenu anvb-@Papabuy (Aamamer, Kasaxcman, e-mail:
katysha0205@gmail.com).

Yepnvix Aneenuna Ilempoena — mnadwiuil HayuHwlli COmpyOHUK Kageopsl buomexnoro2uu axyivmema ouorocuu u ouomex-
nonoeuu HAO «Kazaxcruil HayuoHanbHwlll yHueepcumem umenu anb-Dapabuy (Armamol, Kazaxcman, e-mail: Angelina_gizbreht@
mail.ru).

Mypaoosa Cycana Pycmamgbizol — Hayunblil ucciedosamend Kagpeopsl Guomexnorocuu axyivmema 6uoiocuu u OUOmMexHo-
noeuu HAO «Kazaxckuil nayuonanwhwill yrusepcumem umenu ano-Dapabuy (Aimamer, Kazaxcman, e-mail: muradova.susana(@
mail.ru).

Cwiovikbexosa Paiixan Konaeena — ooyenm kagheopvl buomexnonoeuu gaxynrvmema 6uonocuu u buomexunonrocuu HAO «Ka-
3aXCKUL HAYUOHAbHBIL YHUSepcumem umenu anv-@Papabuy (Armamol, Kazaxcman, e-mail: raihan.konaevna@gmail.com,).

92



JI.B. UrnaroBa u ap.

Information about authors:

Ignatova Lyudmila Viktorovna — Professor of the Department of Biotechnology, Faculty of Biology and Biotechnology, NJSC
Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: lyudmila.ignatova@kaznu.kz)

Brazhnikova Elena Valerievna — PhD, Lecturer of the Department Biotechnology, Faculty of Biology and Biotechnology, NJSC
Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: polb_4@mail.ru).

Chervyakov Mikhail Alexandrovich (corresponding author) — Researcher, Department of Biotechnology, Faculty of Biology
and Biotechnology, NJSC Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: mihach999@gmail.com).

Moskvina Ekaterina Vyacheslavovna — Research Assistant, Department of Biotechnology, Faculty of Biology and Biotechnology,
NJSC Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: katysha0205@gmail.com).

Chernykh Angelina Petrovna — Research Assistant, Department of Biotechnology, Faculty of Biology and Biotechnology, NJSC
Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: Angelina_gizbreht@mail.ru).

Muradova Susana Rustamkyzy — Researcher, Department of Biotechnology, Faculty of Biology and Biotechnology, NJSC Al-
Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: muradova.susana@mail.ru,).

Sydykbekova Raikhan Konaevna — Associate Professor at the Department Biotechnology, Faculty of Biology and Biotechnology,
NJSC Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: raihan.konaevna@gmail.com).

Aemopnap mypanvt monimem:

Henamosa Jhoomuna Buxmopoena — On-Dapabu ameindazer KazYY KeAK Buonoeus scone buomexnonozus paxyibmenminiy
Buomexnonocus kagheopacwinviyy npogeccopul (Aimamot, Kazaxcman, e-mail: lyudmila.ignatova@kaznu.kz).

Bpasicnuxosa Enena Banepuesna — On-Papabu ameindazer KazYV KeAK Buonoeus dicone buomexnonozus paxyivmeninin
Buomexnonozus kagpeopacwinviy PhD ookmopet, okbimywsicol (Armamet, Kazaxeman, e-mail: polb_4@mail.ru).

Yepeaxoe Muxaun Anexcanoposuu (koppecnondenm-agmop) — On-Dapadbu amvindazvl KazYy KeAK Buonoeus swcone 6uo-
mexnonocust paxynememiniy Buomexnonozus kageopaculiviy evlivimu Koizmemkepi (Aivmamol, Kasaxeman, e-mail: mihach999@
gmail.com).

Mockeuna Examepuna Bauecnrasosna —On-Dapabu amwinoazel KazYV KeAK Buonozus sicone buomexnonozus paxyibmenminiy
Buomexnonocus kageopacwinviy Kiwi evlivimu Koizmemrepi (Aimamel, Kazaxcman, e-mail: katysha0205@gmail.com,).

Yepnoix Ancenuna Ilemposna — On-Papabu amuvinoaevl KazYV KeAK Buonoaus sicone buomexnonoeus gaxyismeminiy buo-
MexXHON02UsL KAheOpacvlibly Kiuli 2bliblmu Kolzmemkepi (Aimamol, Kazaxceman, e-mail: Angelina_gizbreht@mail.ru).

Mypaoosa Cycana Pycmamgpizol — On-Dapabu amuinoacsl KazYY KeAK Buonoeus dcone 6uomexuonoaus paxyibmeminin
Buomexnonozus kagedpacuinviy evlivimu Koizmemrepi (Aimamet, Kazaxcman, snekmponouir, nowma. muradova.susana@mail.ru).

Cuiovikb6exosa Patixan Konaeena — On-Papabu ameindacer KazYy KeAK Buonozus sicone 6uomexnonocus (haxyivmemininy
Buomexnonocus kagheopacwinviyy doyenmi (Anmamol, Kazaxcman, e-mail: raihan.konaevna@gmail.com).

Iocmynuno 15 aszycma 2025 200a
Ipunsimo 20 ¢pespans 2026 200a

93



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Nel (106). 2026 https://bb.kaznu.kz

MPHTU 34.27.19 https://doi.org/10.26577/bb106120268

M.K. UmanoaeBa

EBpazwuiickuit HannoHaneHeid yauBepcuteT uM. JIL.H. I'ymunesa, Acrana, Kazaxcran
Menununckuil yauBepcuter ActaHa, Acrana, Kazaxcran
e-mail: imanbaeva_madina@inbox.ru

BAPUAHTbI CMELLUAHHbIX KYAbTYP BAKTEPMUI;I POAA
LACTOBACILLUS AASI CO3AAHUSA BESAAKTO3HOU 3AKBACKU

B AQHHOM MCCAEAOBaAHWMM PACCMATPMBAIOTCS Pa3AMYHbIE BAPMAHTbI CMELLEHUS KYAbTYP BGakTepui
poaa Lactobacillus, npeaHasHaueHHbIX AASI CO3AaHMS GE3AAKTO3HOM 3aKkBacku. MccaepoBaHMe MOA-
YEPKMBAET 3HAYMMOCTb Pa3pPaboTKM MPOBMOTUYECKMX MPOAYKTOB AASl AIOAEMA C FEHETMUYECKON MAM
NpMoBpPETEHHOM AAKTA3HOM HEAOCTAaTOUHOCTbIO. METOAOAOrMS MCCAEAOBAHUS OCHOBbIBaAaCb Ha
aHaAM3e 6MOCOBMECTUMOCTM, KMCAOTOOOPA3yioLle CNnoCOOHOCTU M >KM3HECNOCOBHOCTU LITAaMMOB
Lactobacillus, uto no3BoAMAO pa3paboTtaTb 6E€3AAKTO3HYIO 3aKBACKY HA OCHOBE CMELAHHbIX LWTAaMMOB,
BbIAEAEHHbIX 13 AOMALLHMX KMCAOMOAOYHBIX MPOAYKTOB AKMOAMHCKOM oOAacTu KasaxcraHa. PesyAb-
TaTbl NMokKasaAu, Yto KoHcopumym N2 11, cocToawmin ns wtammos L. acidophilus (LB13) u L. rhamnoses
(LR12), IBASIETCS MOAXOASLMM AAS Pa3PabOTKM TEXHOAOTMYECKOM CXEMbl MOAYYEHUS GEe3AaKTO3HOM
3aKkBacku. LleAab Mccaepa0BaHMS 3aKkAlOMaeTcs B anpobaummn npumenenmns L. acidophilus v L. rhamnoses
B KQueCTBe 3aKBACOYHbIX KYAbTYP AASt Pa3pabOTKM TEXHOAOIMYECKOM CXeMbl MOAYUYEHMS GE3AAKTO3HOM
3akBacku. MNpakTuyeckas 3HaUMMOCTb PaboTbl 3aKAIOYAETCS B MCMOAb30BaHMM WTammoB L. acidophilus
n L. rhamnoses Kak NpupoOAHbIX AAKTO30YTUAMBUPYIOLLIMX MOAOYHOKMCABIX OpraHn3moB. NpakTuyeckoe
3HayeHue paboTbl COCTOUT B BO3MOXXHOCTU MPUMEHEHUS €0 PE3YAbTATOB B MULLEBON MPOMbILIAEHHO-
CTU C LEAbIO MPOM3BOACTBA 0E3AAKTO3HbIX KMCAOMOAOYHbIX HaMMTKOB. AaHHas paboTa oxBaTbiBaeT
Takme 06AaCTM HAYYHOrO 3HaHMSI, Kak MUKPOOMOAOT S, MEAMLIMHA M BUOTEXHOAOT MU,

KAtoueBble CAOBa: MOAOUYHOKMCAbIE BakTepmu, AaKTOCOpaXkmBaiollas 3akBacka, npobuoTuK, He-
NnepeHOCUMOCTb AQKTO3bl, CMeLLIAHHbIe KYAbTYPbI.

M.K. Imanbayeva

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
Astana Medical University, Astana, Kazakhstan
*e-mail: imanbaeva_madina@inbox.ru

Variants of mixed cultures of bacteria of the genus Lactobacillus
for creating a lactose-free starter

This study examines various options for mixed cultures of bacteria of the genus Lactobacillus to
create a lactose-free starter. The study emphasizes the importance of developing probiotic products for
people with genetic or acquired lactase deficiency. The research methodology was based on the analysis
of biocompatibility, acid-forming capacity and viability of Lactobacillus strains, which made it pos-
sible to develop a lactose-free starter based on mixed strains isolated from homemade fermented milk
products of the Akmola region of Kazakhstan. The results showed that consortium N211, consisting of L.
acidophilus (LB13) and L. rhamnoses (LR12) strains, is suitable for developing a technological scheme for
the production of lactose-free starter. The purpose of the study is to use L. acidophilus and L. rhamnoses
as starter cultures to develop a technological scheme for the production of a lactose-free starter. The
practical significance of the work lies in the use of strains of L. acidophilus and L. rhamnoses strains as
natural lactose-utilizing strains. The practical significance of the results of the work lies in the possibility
its results in the food industry in order to produce lactose-free fermented milk drinks. The contribution
of this work covers areas of scientific knowledge such as microbiology, food industry, medicine and
biotechnology.

Keywords: lactic acid bacteria, lacto-fermenting starter, probiotic, lactose intolerance, mixed cul-
ture.
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AQAKT03acCbi3 allbITKbl AAKbIAAAPbIH KYPYFa apHaAFaH
Lactobacillus 6akTepusinapbIHbIH, apaAac HYCKaAapbl

bya 3eptreyae Lactobacillus TybicbiHa >KaTaTbiH GakTepUSIAApPbIHbIH SPTYPAI MOAEHMETTEPIH
apaAacTbIpy apKblAbl AAKTO3aChI3 alIbITKbl AAMbIHAQY >KOAAAPbI KApacTblpblAAAbl. 3epTTey reHeTw-
KaAbIK, HemMece XXype naaa 60AFaH AaKTasa TanuiblAbIFbl 6ap asamAap YLWiH MPOOMOTMKAADBIK, OHIM-
AEPAi 93ipABYAIH MaHbIBABIABIFbIH aTar eTeAl. 3epTTey aAiCTEMEC] lTaMAAPAbIH BMOCOMKECTIAITH,
KbILLKbBIA TY3Yy KabiAeTiH XoeHe TipwiAikke KabiAeTTiAIriH TaraayFa HerisaeareH. bya KasakcraHHbIH
AKMOAQ OBAbICBIHAAFbI Vi1 >KaFAAMbIHAQ AAMbIHAAQAFAH alLbITbIAFAH CYT OHIMAEpiHeH GOAIHreH apa-
AaC WTaMMAAP Heri3iHAEe AaKTO3achbli3 allbITKbI XKacayFa MyMKIiHAIK 6epai. Hatuxeaep 6obiHwa LB.
acidophilus xeHe LB. rhamnoses wtammaapbiHaH TypatbiH N211 KOHCOPLMYM-AGKTO3aChI3 allbITKbl
OHAIPYAiIH TEXHOAOTUSIAbIK, Cbi36ACbIH 83ipAeyre eH KOAAMAbl XOA. 3€PTTeY >KYMbICbIHbIH MaKCaTbl
LB. acidophilus xexe LB. Rhamnoses 6akTepusiAapblH AQKTO3aCbI3 allbITKbl OHAIPYAIH TEXHOAOTMSI-
AbIK, CXEMaCbIH 83ipAey YLUiH allbITKbl MBAEHUETTEPI peTiHAe NanAasaHy. JKYMbICTbIH, MPAKTUKAABIK,
MaHbI3AbIAbIFbI LB. acidophilus >xeHe LB. rhamnoses witamaapbiH TabMFM AQKTO3aHbl blAblpaTaTbiH
CYTKbIWKbIAABI MMKPOAF3aAap PeTiHAE MalAaAaHy KOAAMAbIFbIHAQ. 3epTTey XKYMbIC HOTMXKEAEPIHiH,
NPaKTUKaAbIK, MaHbI3ABIAbIFbl-TaFaM ©HEPKACiBIHAE AaKTO3aCbI3 CYT OHIMAEPIH BHAIPYAE KOAAAHYFa
60AaAbl. BYA >KyMbIC MUKPOOMOAOIMS, TaMak, eHEpPKaCiOi, MeAMLIMHA )KoHEe OMOTEXHOAOTMUS CUSIKTbI

6iAIM caranapbiH KaMTUADI.

TyHiH ce3aep: CyT KbIWKbIAABI GakTepUsiAap, AAKTO3a aLlibITyLbl,MPOBUOTUK,AAKTO3aFa TO3IMCI3-

AlK,apaAac MaaeHueTTep.

BBenenue

Oxkono 70 % B3pocyIoro HaceyleHusi Mo BCEMY
MHPY CTaJIKHBAIOTCS C TIPOOIEMON HEAOCTATOUHOM
aKTUBHOCTU (epMeHTa JakTa3bl. CTEIEeHb JIaKTa3-
HOW HEAOCTATOYHOCTH 3HAYUTEIHHO Pa3IndaeTcs
B 3aBUCHMOICTH OT peruoHa u ctpaHbl. [Ipuuuna-
MH 3TOTO MOTYT OBITh KaK TeHETHUCCKHE (haKTOPHI,
TaKk ¥ NPHOOPETCHHAs HEJ0CTaTOYHOCTh JIAKTa3bl
BBHJIy TI€PEHECEHHBIX 3a00JIEBAHUN IKEIyI0YHO-
KHIIIEYHOTO TpakTa. B 000MX ciryyasix 3To sBisieTcs
MPUYMUHON HENEePEeHOCUMOCTH JIakTo3bl. JleueHue
JIAHHHOTO COCTOSIHWSI B OCHOBHOM 3aKJIFOYaeTCs B
CHIDKEHUHU WIIM MCKJIIIOYEHUH JIAKTO3BI M3 PalloHa
JI0 TIOJTHOTO MCYE3HOBEHHUSI CHMITOMOB. lloaTomy
TUETHYECKUH TIOJXO0J MMEET KII0YeBOe 3HaueHHE
JUTSL YIIPABJICHUSI COCTOSTHUEM TAIlMEeHTa C JIAKTO3-
HOW HeMepeHOCHUMOCTRhI0. Dd(eKTUBHAS CTpare-
rusl BKIIOYAeT OE3JIaKTO3HYI0 M HH3KOJAKTO3HYIO
TTUETY, TIEPOPATTEHBIA TIpreM (epMeHTa JaKTa3bl, a
TaKKe aJanTaluo MUKpPOOMOMA TOJICTOTO KHUIIIEY-
HUKa C TIOMOIIBIO OMPEEIEHHBIX TPOONOTHYECKUX
ITAMMOB, O0JIAZArOIIUX (EPMEHTATUBHON aKTHB-
HOCTBIO B-ramakTo3uaassl (Agarwal 2023).

JlakTo3a pacuieruisieTcsi B MPOKCHMAaIbHOU Ya-
CTH TOHKOTO KHIIEYHHKA Ha TIIOKO3Y W TaJlaKTO3y
¢ nomonipio pepmenTta nakrasel. HakorieHue He-
TIepPEeBAPEHHOM JIAKTO3bI B TOHKOM KHIIIEYHUKE CITO-
CcOOCTBYET YBEIUYCHUIO IPUTOKA BOJIBI B KUIIICYHHK,

YTO BO3HHUKAET Ha (oHE 3a00IeBaHUM KETyAOUHO-
KHILIEYHOr'0 TPaKTa U BO3PACTHBIX M3MeHeHu. [11n-
POKMI aCCOPTUMEHT NPOOMOTHKOB, NPEONOTUKOB,
npenaparoB JIaKTa3bl, a TaKkke GEePMEHTHPOBAHHBIX
MOJIOYHBIX MPOAYKTOB M PACTUTENbHBIX HAIIUTKOB
IOMOTaeT 00JIETYUTh CHMIITOMBI HEMIEPEHOCUMOCTH
nmakTo3bl (Aili 2023).

AKTyalbHOCTb JIAHHOM TeMbI 00yCJIOBJICHA TEM,
YTO B HACTOALIECE BPEMs CYLICCTBYET MHOXKECTBO
TEXHOJOTMYECKHX TPOILIECCOB, CIOCOOCTBYIOIIUX
YIAJICHUIO JIAKTO3bI U3 MOJIOYHOTO IpoaykTa. Oa-
HUM U3 HUX TaKUX [TPOIIECCOB SIBJISIETCS] MEMOpaHHas
TEXHOJIOTHsI, KOTOPas O3BOJISIET MOJIydaTh Oe3/1aK-
TO3HBIM TMPOAYKT C 33AaHHBIMH (PU3HKO-XUMHYE-
CKUMHM CBOMCTBaMH. Takke MIMPOKO NPUMEHSIOTCS
METOJbl  yAbTpaQUIbTPALUK, HAHOPHUILTPALINH.
MoOJ04YHOKHCIIBIE TPOIYKThI ¢ HU3KUM COAEPIKAHH-
€M JIaKTO3bl, TaK e, KaK U 0e3JaKTO3HbIe, MOTYT
OBbITH MOJTy4eHbl pepMEHTATUBHBIM MeTOAOM. CyTh
9TOr0 METOJa 3aKJIoYacTcs B OOpallleHHH K TMPH-
POIOHBIM MOJIOUHOKHCIBIM OakTepHsiM, KOTOpBIE
00J1a1al0T P-rajyiakTo3ua30i aKTUBHOCTBIO. ITO
[IO3BOJISIET YTBEPXKAaTh, YTO HCCIexyeMas TeMa
SIBIISICTCSI TEOPETHUYECKH U TPAKTHYECKH 3HAYUMOU
(Garate 2022).

HoBu3Ha TmpeiCTaBIEHHOTO — HCCIICIOBAHMUS
orpenesnsieTcss BIOOPOM 3aKBACOUYHBIX KYJIBTYD B
[eJsIX ONTUMH3AIUU (PEPMEHTATHBHOTO Ipolecca
1 HOBBIILICHUSI OPIaHOJIEITHYECKUX Ka4eCTB COBPE-
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BapunanTs!l cMemaHHBIX KyIsTyp OakTepuii poga Lactobacillus s co3nanmst 6e371aKTO3HOI 3aKBacKU

MEHHOTO TPOJYKTa, UMEIOLIET0 BBICOKYIO 100aB-
JICHHYI0 CTOMMOCTb. [IpakTHdeckoe NpHUMEHEHHE
MPOOMOTHYECKN AKTHUBHBIX LITAMMOB, CIOCOOHBIX
YTWIM3HPOBATh JIAKTO3Y, IO3BOJHUT BHEJPUTH B
MIPOM3BOJICTBO IMOJYYCHHYIO 3aKBACKY Ul JAWCTH-
YECKUX MOJIOYHBIX TIPOTYKTOB.

B HenmaBHHX HCCIICIOBaHMAX, MOCBSIIEHHBIX
AHAJIOTHYHON TeMe, YCTaHOBJICHO, YTO KOJIOHWHU
MOJIOYHOKHUCIIBIX OakTepuit Lactobacillaceae cro-
COOHBI K TIepepaboTKe JIAKTO3BI B MOJIOYHYIO KHC-
noty. lllupoko mpencraBieHo onmucaHue mporecca
MPOIYIIMPOBAHKS MHOTOYMCICHHBIMA ~ MOJIOYHO-
KHUCJIBIMH OaKTEpUsIMH, BKJIIOYAsl PacHpOCTpaHEH-
vele Lactobacillus, Streptococcus, Lactococcus,
B-ramakro3unasel (Kable 2023).

JlakTOOaKTeprsM CBOMCTBEHHO (PEHOTHIIHYE-
CKO€ ¥ TeHETHUECKOE pa3HooOpasue, uTo AeiaeT UX
IEHHBIMHA O0BEKTAMHU TSI HAYYHBIX HCCIICJIOBAHHH.
OTH MHKpPOOPraHW3Mbl HMIPalOT BaXXHYIO POJb B
CKBAIlIMBAaHWH BBUJIy HAIMYHUSI Y HUX CIIOCOOHOCTH
THIPOJIM3UPOBATh 3K3o0monucaxapuasl (Widyastuti
2021). B xadectBe 00BEKTOB HICCICIOBAHUS OBLIH
BbIOpansl mrammbl Lactobacillus rhamnosus n
Lactobacillus acidophilus.

[IpenmeroM ucciaenoBaHUs SBISIIOTCS OHOCOB-
MECTUMOCTEL KyNbTyp Lactobacillus rhamnosus n
Lactobacillus acidophilus, pa3paboTka pa3mTuuHBIX
BapHaHTOB CMEIICHHsI ITAMMOB JIAKTOOAKTEpUH, a
TaK)Ke aHalM3 MX >KU3HECIIOCOOHOCTH M KHUCIOTO-
obpasyromeii CmocOOHOCTH.

Zommara M. ObIJIO 3KCIEPHUMEHTAJIBHO JOKa-
3aHO, YTO HK30MOJIMCaXapubl, BhIpadaThIBacMbIC
MPOOMOTHYECKUMH IITaMMaMHM, CIIOCOOHBI OKa3bl-
BaTh MOJOXHUTEIbHOE (QH3HOJIOTHYECKOE BO3JICH-
CTBHE, B YaCTHOCTHU, CHU3UTH YPOBEHb XOJIECTEPHHA
W TIPEeOTBPATUTh 00pa30BaHKE B JMUTEIHATBHBIX
KJIETKax TOHKOTO KHIIEYHHKA MaTOTeHHBIX OHOTIIe-
HOK Oraromapsi CBoei BBICOKOH aAre3MOHHOM CIO-
coOHocTH (Zommara 2023).

®epMeHT [-TanmakTo3mmaza, o0JIAMAIONUN TH-
JPOJUTHYECKUMH M TPaHCJIAKTO3HIHPYIOLUUMU
CBOWCTBaMH, MOXKET OBITh TOJIyYEH M3 Pa3IMIHBIX
HCTOYHHUKOB: OakTepui, rpuboB, IpOXKKeH, pacTe-
HUH, KJIETOK )KHBOTHBIX, YTO MIOTCHI[HATILHO MOXKET
BIIMSTH Ha €ro cBOIcTBA U 3()(hEKTUBHOCTD. Y YCHBI-
MU aKTUBHO MPUMEHSFOTCS pa3IMyHble HCTOYHUKA
B-ramakro3unaser (Kalathinathan 2023). B HacTos-
mee Bpems Ha peiHke PK maOmromaercs pacTymimii
CIpOC Ha TPEOUOTHKY [T ACTEH U B3POCIBIX, HYX-
Jarmuxcsi B (DyHKIMOHAIBHBIX MOJOYHBIX TIPO-
OyKTaxX AJIsl O3J0OPOBJICHUS MM CHEUUAIBHOTO TH-
TaHHMS, YTO MMO3BOJISICT HANTH 00IACTH IPUMEHEHUS
B MUILEBONH MPOMBIIUICHHOCTH U YAOBJICTBOPHTH
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MOTPEOHOCTH HACEJICHUS B KAUECTBCHHBIX TOBApax,
HUMEIOIIMX KOHKYPEHTHYH CTOMMOCTb.

Pon Lactobacillus vacto wucmonb3yeTcst TeX-
HOJIOTaMH Ha IPOM3BOJICTBE B KA4eCTBE 3aKBACKH
WJIH BCTIOMOTATENBHOMN KYJIbTYPBI OJ1aroiapsi CBOMM
MPOOMOTHYECKUM CBOMCTBAaM, MOCKOJIBKY 3TH OaK-
TEPUH CIOCOOCTBYIOT YJIYYINIEHUIO KadecTBa MpoO-
JIYKTOB MHTAHUS YEJIOBEKa W IOJCPKHBAIOT €ro
3nopoBbe. B mporiecce merabonusma Lactobacillus
MPOU3BOAT ClielU(UIECKUEe BEIECTBA, TAKUE KaK
OpPTaHMYECKUE KHUCIIOTHI, YTIICKUCIBIN Ta3, KUPHBIC
KHUCIIOTBI U OAKTCPUOIIMHBI. DTH COCIUHCHUS CIIO-
COOHBI BO3/ICHCTBOBATh Ha ()JIOPY TOHKOT'O KHUIIIEY-
HUKa, 00JIaZal0T U aHTUMUKPOOHOW aKTHBHOCTBIO
U, CIIeI0OBATEILHO, BEICOKUM MPOOUOTUYECKUM I10-
tennuaioM (Sousa 2020).

Llenp maHHOTO WICCIIEOBAHUS — BBISBUTH OWO-
COBMECTHUMbBIC BaApHAHTHI, )KU3HECIIOCOOHBIE KUCIIO-
TOOOPAa3yIONINE MITaAMMBI JIAKTOOAKTEPHA, CO3/aTh
Ha X OCHOBE CMEIIAHHBIH KOHCOPIIMYM U pa3pado-
TaTh TEXHOJOTHMYECKYIO CXEMY TMOJydeHUs Oe3raK-
TO3HOM 3aKBaCKHU.

JsT MOCTYDKEHUST TOCTAaBICHHOW IIENU OBLITH
TTOCTABJICHBI CJICTYIOITNE 3aa91 U TTOIXOIBI:

- OIpeNeleHHEe COBMECTHMOCTH BBIJICICHHBIX
mTamMMoB poxa Lactobacillus,

- pa3paboTKa HECKOJHKUX BAPUAHTOB KOHCOP-
auyMma;

- OMpe/IeTICHHEe COBMECTUMBIX W HECOBMECTH-
MbIX BapUaHTOB;

- W3YyYCHHUE >KU3HECITOCOOHOCTH COBMECTUMBIX
BapUAHTOB;

- U3y4YeHHE KUCIOTOOOpa3yomIeii criocoOHOCTH
COBMECTHMBIX BapUaHTOB;

- OTIpe/ICNICHHE ONITUMAIBHOTO KOHCOPITUYMa 13
MTaMMOB Juta Oynmymiel JakTocOpaxuBaromien 3a-
KBaCKH;

- pa3paboTKa TEXHOJIOTHUECKON CXEMBI.

B paboTe nmpuMeHsIHCh MEKPOOHUOIOTUYECKHE,
OMOXUMHYCCKHE W OWOTEXHOJIOTHUCCKUE METOJIBI
WCCJIC/IOBAHUSI.

B xone »skcnepuMeHTaNbHBIX MCCIEA0BAaHUN
TpyMIIONH aBTOPOB MOJI pykoBoacTBoM Mohammed
T. ObUTO TakKe MOATBEPIKACHO, YTO OAKTEPUHU POja
Lactobacillus, BeiieNeHHbIC U3 TPAJAUIIMOHHBIX HO-
TYPTONOI00HBIX MPOIYKTOB C BBICOKOH KHCIOTHO-
CTBIO, 00AIAI0T MPOOMOTHYECKUM MOTCHITUAIIOM.
brun nzydens! pru3nonornueckue CBOMCTBA JIAKTO-
OakTepui, Takue Kak TuApodoOHOCTh, aare3uBHas
CIIOCOOHOCTD, a TAK)KE UX CITOCOOHOCTH K BHIPabOT-
K€ THUAPOJIa3 M IK30MOIHcaxapuaoB. N30Tl mo-
Ka3aJli CHIDKCHUE YPOBHS XOJIECTEPUHA, THAPOJIU3
JIAKTO3bl ¥ HHTHOUPOBAHKUE MATOTCHHBIX MHKPOOP-
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ranu3MoB. [lomydyeHHble pe3ynbTaThl MOATBEPKAA-
0T 11eJeCO00pa3HOCTh HMCIONB30BAHUS OaKTepuit
pona Lactobacillus B HIIEBON TPOMBIIIIICHHOCTH
u menuimHe (Mohammed 2020).

B uccnenoBanmsx Li L.B. nns paspabotku 6e3-
JIAKTO3HOTO HOTrypTa ObLIa HMCIIOJIH30BaHA MHOTO-
IITaMMOBAs 3aKBacKa, COCTOSIIAS U3 TEPMODUIb-
HBIX W HEUTPOPHUIBHBIX ITAMMOB JIAKTOOAKTEPHIA.
OpHako npu B COOTHOLICHUH 2:1 JaKkTo3a NposiBUiIa
007b1TyT0 AP PEKTUBHOCTH MO CPABHEHHIO C JIPYTH-
MU oOpasiamu. CosepikaHue JTaKTO3bl 3HAYUTEITHLHO
CHIKANOCh Tpu Temmeparype 37°C, xorma Tuapo-
nu3 JakTo3bl gocturan 50 % (Li 2023).

B xome SKCHepHMEHTOB, TMPOBEACHHBIX Ha-
yuHoii rpynmnoii Kayacan C., OblIM ompeneneHsl
KHCIIOTOOOPAa3yIONne CBOHCTBA 3aKBACOK, a TAKKE
oOHapy KeHa IMOBBINICHHAS TIOJIKUCIISFOIIAS CITOCO0-
HOCTH IITAMMOB JIakTOOakTepuit. Takxke Obla U3y-
YeHa KHHETHKA POCTa ITaMMOB poaa Lactobacillus,
paccuynTaHa MakCUMaJTbHAs YISIbHASI CKOPOCTh MX
pocta. Ha ocHOBe MOMYyYEHHBIX NAHHBIX ABTOPHI
paspaboranu HOBYIO 3akBacky (Kayacan 2023).

T'unote3a ngaHHOTO UCCIENOBaHUS 3aKIIIOYa-
€TCSI B TOM, YTO HATYypaJbHBIC MUIICBBIC TOOABKH,
B MOCJEIHUE TOJbl 3aCIYyXXUBIINE MOMYJSIPHOCTh
Omaromapsi pacTylieMy WHTEpeCy ToTpeourtencit
K O€30TMacHBIM M JKOJOTHYECKH YHCTBIM IMPOIYK-
TaMm, CMOTYT CTaTh Ba)KHOW YacCThIO MUIIIEBOMN MPO-
MBIIJICHHOCTH M MPOU3BOJICTBEHHOIO CEKTOpa
skoHOMHUKHN KaszaxcraHa. Pe3yapTaThl OIYyYEHHBIX
HCCEIOBAHUNA HUMEIOT HE TOJBKO IMPAKTHYECKYIO
3HaYMMOCTh, HO ¥ OJKOHOMHYECKYI0 3(dexTus-
HOCTb, TOCKOJIBKY MOJIOYHBIC HPOAYKTBHl HUTPArOT
KIJTFOUEBYIO POJIb B yIOBJICTBOPEHUN MOTPEOHOCTEH
B MMUTATEILHBIX BEIIECTBaX. B paMkax TUETHI ¢ To-
HIDKEHHBIM COJCPYKAaHHUEM JIAKTO3BI O€37TaKTO3HBIC
3aMEHHUTENIH MOTYT CITy>KUTh O0Jiee IOCTYITHOH allb-
TEPHATUBON MOPOTHUM OE3TaKTO3HBIM IPOTYKTAM.
Jronu ¢ nakTazHOM HEAOCTATOYHOCTHIO YACTO BBI-
HY’)KJICHBI OTPAaHUYHUBATH TMOTPEOICHNE MOJOYHBIX
MIPOTYKTOB, KOTOPHIE SIBJISIIOTCS BAXKHBIMU UCTOYHU-
KaM¥ KaJIBIASI U CIIOCOOCTBYIOT 3/IOPOBBIO KOCTEH.
Kax u3BecTHO, AMeTa C MOHUKCHHBIM COICpPKAHU-
€M JIAaKTO3BI OOXOJUTCS KOHCUHOMY ITOTPEOUTEITIO
3HauuTenpHO nopoxe. Kak ormeuaer Taeger, M.,
JIOTIOTHUTEIBHBIE PAcXOAbl Ha MOJOYHBIC TTPOIYK-
TbI cocTaBisioT oT 0,1 % mo 5,1 % B Mecs1 B 3aBU-
CHMOCTH OT CTEINEHW HEMEPEHOCHMOCTH JIAKTO3HI.
Haubonee sxoHOMUYecku 3(pPEKTHBHBIM PEIICHH-
€M TIPEIICTaBIISICTCS TIEPEX0a Ha TOoTpediieHne 0e3-
nakTo3Horo mojoka (Ibrahim 2021; Katoch 2022).

Tlonmy4yeHHble HAMU PE3yJbTAThl UCCIEOBAHUM
TaKKe KOPPEIUPYIOT C pe3ysibTaTaMu HUCCICAOBA-

HuUil aBTOpOB (Zhang 2020). MccnenoBanue nokasa-
JI0, YTO COBMECTHOE KYJIbTHBUPOBAHNE HECKOIBKUX
3aKBACOUHBIX KYJIBTYp obecnieunBaet Oomnee 3pdek-
TUBHOE CHIIKCHHE YPOBHS JIAKTO3bl U YCKOpEHHE
MeTa0oIM3Ma TaJaKTO3bl 110 CPAaBHEHHUIO C APYTHUMHU
Merojamu pepmenTanmu. Kpome 3Toro, opraso-
JICITUYECKUM aHaJIM3 TOKa3aj, 4To (EepMEHTHPO-
BaHHBIN MPOJYKT OKa3alcsl MPUEMIIEMBIM ISl 10-
TpeOuTenel o BHEIIHEMY BHY, TEKCTYPE U BKYCY.

Takum o0pa3zom, pa3paboTKa 3KOHOMHYECKU
3G PEKTUBHBIX MPOIYKTOB SIBJSIETCS aKTyaJbHOU
U1 TaJbHEHUIINX HcciienoBaHui. JlakTo3a sABIseT-
sl ICTOYHUKOM OJIMTOCAaXapu0B B IPYIHOM MOJIO-
Ke, 00JIamaromux MpOOHMOTHIECCKUMHA CBOHWCTBAMH.
Toca, M. oTMmeuaeT, 4To ymoTpeOJIIEHHE JIAKTO3BI
crocoOcTByeT Oomnee A(DPEKTHUBHOMY YCBOCHHIO
kanblys, nuaka 1 Maraus (Toca 2022).

JlakToOaKTepu¥ TPAJUIIMOHHO HCIIOJB3YOTCS
B MPOU3BOJICTBE KMCIOMOJIOYHBIX MPOAYKTOB. He-
CMOTpsI HA MHOTOYHCIICHHBIC HCCIIEJIOBAHMUS, 3Ta
TeMa BCe eIle HY)KIAeTCs B JaJIbHEHIIeM N3yUeHUN
u sBisiercs aktyansHoi (Korecz 2021).

MoJo4HbBIE MPOAYKTHI MOTYT COAEp’KaTh H30-
Mephl JIAKTO3bI, TaKWe KakK ajuIoNaKTO3a, JIMIIAK-
TO3a M JIAKTYJI03a, KOTOPBIE MOTYT OBITH HOTY4EHBI
(hepMEHTATUBHBIM ITyTEM HJIM TEPMUYECKOW 0Opa-
0oTkoi. JlakTyno3a mpuUMEHsETCsl KaK Cla0OHuTelb-
Hoe W TpeOnoTuK. Hamnune JaHHBIX U30MEPOB yC-
JIOKHSET KOJIMUECTBEHHOE OIPE/ICNICHHUE JIaKTO3bI B
nuccaeayeMbix oopasmax (Marvelous 2024).

MaTepnaﬂu U METOAbI UCC/ICTOBAHUA

Ouenxka oOuocoemecmumocmu Kyabmyp Mu-
KPOOp2AHu3MO086 0151 0moopa co6MeCmumblx Meic-
0y co00it wmammos

UccnenoBanne OMOCOBMECTUMOCTH AKTHUBHBIX
B KauecTBe MPOOMOTHUKOB M JIAKTO30YTHIIH3HPYIO-
mux mramMMoB MKbB u nposkkeil mpoBoAUIN METO-
JIOM COBMECTHOI'O KyJIbTHUBHpOBaHus [1ymiaHoBoi
H. A. na nnotHo# utaTenbHO cpeae (I mymanosa
2005).

CyTO4HYIO0 KyJbTYpY HAHOCHIM Ha IOBEpX-
HOCTh TUIOTHOM THUTATEIIEHON Cpembl OakTepHalib-
HOM metnelt tuamerpoM 3 MMm. [locne BnUThIBaHUA
KaIii, OTCTynmuB 1-2 MM OT ee Kpasi, Ha MOBEepX-
HOCTBH TOH K€ Cpeibl HAHOCHIIM B TOM K€ 00beMe
KaIuIl0 JIPYrod HCHBITYEMOM KyJIbTYphl, KOTOpas,
pacTekasch, MPUMEPHO HAMOJIOBHHY IOKpbIBaia
MIEPBYIO KAILIIO.

B Hano)xeHHOW 4acTH KyJIbTYphbl pa3BHBAIOTCS
MIPH B3aMMHOM TMPHUCYTCTBHH, KOHKYPHPYS APYT C
npyrom. Ilocne moaceixanus BTOPOH Karuld YalllKH
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C MOoceBaMH MIEPEBOPAUMBAIM BBEPX AHOM M UHKY-
ouposanu nipu 37-39 °C.

Kaxp1ii onbIT OBIJT TOCTaBIICH JBAXKIBI CO CME-
HOM TONOKEHUS KyJNbTyp (A1 MCKIFOYEHUS BIH-
SIHUS TIOCJIEJIOBATENBHOCTH HACJIOEHUS Kalelb Ha
XapaKTep poCTa B 30HE COBMECTHOI'O KYJIbTHUBUPO-
BaHus1). KOHTposIeM CIyKUIU Karid OAHOM M ToH
JKe KyJIbTypbl, HACJIOECHHBIE PYT HA pyra MO ONH-
CaHHOH BBIIIE METO/IUKE.

Y4eT pe3yapTaToB MPOBOAMIHN uepe3 24 u 48
4acoB mocje Havyana uHKyOammu. [lpum 3amepikke
pocTa OAHONW MX HCCIENYEMBIX KYJBTYp B3aUMO-
OTHOILIEHUSI MEXAy HHMHU paccMaTpUBAINCh Kak
AHTarOHWCTHUYECKHE, a CaMH KYyJIbTYpPhl OTHOCHIIN
B KaTeropuio OMOHECOBMECTUMBIX. KynbTyphl cun-
TaMuCh OMOCOBMECTUMBIMHU B CITydae OOHAPYKEHHS
MIOJIHOTO «CIUSHUS» MATEH WIH YCUJIEHHS pPOCTa
HCCIEAYEMBIX IITAMMOB B 30HE COBMECTHOTO KYJIb-
TUBUpOBaHUA. Ecnm ofHa U3 KyJbTyp B 30HE CO-
BMECTHOTO KyJIbTUBHPOBAHMS «BBIXO/INIIA HABEPX),
MOJIAaBISIST POCT BTOPOH KYJBTYpPBI, HE3aBUCUMO OT
[10CJIEI0BAaTEIbHOCTH HAHECEHMsI, TaKOH BapHUaHT
pacueHUBaJCs KaK CI1a0bli aHTarOHU3M.

Hanuure Xopomo BbIpakK€HHOM 30HBI yTrHe-
TeHHS (3aJCP>KKH pOCTa) OJHOW KYJIBTYpHI IO Tie-
pudepun TATHA APYrodl HUCHBITYEMOH KyJIbTYpbI
pacleHMBAJIOCh KaK MPHU3HAK CHIBHOIO AHTaro-
Hu3Ma. OMBIT TPOBOAMIICS IMYyTEM TPOEKPAaTHOTO
[TOBTOPEHMSI.

Merton omnpeaejieHHs MAKCHMAJIBHOTO MOKA-
3aTesisl KH3HECMOCOOHOCTH KYJIbBTYP MHUKPOOP-
TAaHU3MOB

Onenka nmoxa3zatens JKCII kyiapTyp MuUKpoopra-
HU3MOB MpoBoIiIack MetoioM Miles&Misra (Cko-
poaymoB 2005).

Ilpuecomosnenue pazeéedenuii: KyabTypy CMBbI-
BaJIM B OT/IEJIbHYIO IPOOMPKY MUTATEIHHBIM OyIIbO-
HOM, MOAXOJSIINM JUIsl KyJBTYpBI; IJIsl IPUTOTOB-
JICHUS] pa3BECHU CTEPUIILHYIO BOJOIPOBOIHYIO
BOy WM (U3HOJIOTUYECKUI PacTBOp pa3ivBalu
mo 9 mur; B mepByro mpobupKy BHOCHIM 1 M Ha-
YaJbpHOU B3BecH — 3TO 1-e pa3Benenue (10); Tutpo-
BaHue mpoBoawIH 10 10712 crenenu.

JU1 IpUTOTOBIIEHMSI KX /I0TO Pa3BEACHUS Clie-
IyeT 00s3aTeTbHO MCIIONIb30BaTh HOBYIO IHITETKY.
[Ipenedpekenne TUM MPAaBHIOM MPUBOIUT K IO-
JTYYIEHUIO OITUOOYHOTO Pe3ybTarta.

Iloces 6 cpedy u pecucmpayus pe3yibmamos.
HapysxHyto 3aqH10t0 yacts yamku Iletpu pasnens-
JIM Ha BOCEMb PaBHBIX cekTopoB. Ha moBepxHOCTH
CPEeIBI M0 CeKTOpaM CTEPHIIBHOM MUTIETKOH (HaKo-
HEYHMKOM) HAHOCWJIM «Karjiei» TOYHO H3MEpEH-
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HBII 00beM OakTepuanbHoii B3Becu (20 mxi). [Toce-
BBI Ha IJIOTHYIO CPEy IPOBOJIMIIN, KaK MPaBUIIO, U3
BOCBMHU TOCJICAHMAX Pa3BEACHUN M OCYILECTBISUIN
pasHBIMH TIUTIETKAaMH (HaKoOHeYHWKaMmu). llurert-
Ky JepKalH cTporo BepTukaipHO. Karm nHe pac-
THpad — MOXXHO OBIIO HECKOJIBKO YBEIHYUTH WX
TUIOIA/b, cierka nokauusas damky llerpu. Iloce-
BBl MHKYOUPYIOT M 3aTEM OTPEAETSAIOT KOJTHMIECTBO
BeIpocinx KosnoHui. [locne nmocesa yamku Iletpu
MTOMEIIAIOT B TEPMOCTAT KPBIIIKaMUA BHU3, TJIE TIPO-
MCXOJIWIIa HHKYOAIHsl.

Iloocuem xknemox. KonmaecTBo kieTok B 1 M
HCCIIeyeMOoro cyOcTpara BBIYHCISIIOT 10 (opmy-
e 1:

M=ax10"xVx50, (1)

rae M — KoTudecTBO KIIETOK B 1 M,

a — CpeJlHee YMCIIO KOJIOHUI MpHU BHICEBE pa3-
BEJICHHSI, M3 KOTOPOTO C/AETIaH MOCEB;

10" — ko3¢ duIMEHT pa3BeleHH;

V — 00BEM cycrnieH3uH, B3STOW IS TTOCEBA, B
MJT;

50 — koappureHT MepecyeTa U3 MKJI B MIIL.

Meton ompeaeneHusi KHCJI0TOOOpa3yrouiei
akTuBHoctu (°T)

Kucnoroobpaszyromyto akruBHocTh MKDB 1
Ipoxoker ompenensiim MetogoM Tepuepa (ban-
HuKOBa 1987), M0 KOTOPOMY TMPOU3BOASAT OICHKY
KOJINYECTBA TUTPYEMOM MOJIOUHOW KHCJIOTHI, HaKa-
TUTMBaeMoil bakTeprsiMu B MoJioke 3a 17 gacoB. [ia
3TOTO KYJIBTYPY 3aCEBaIOT B 00E3)KUPEHHOE MOJIOKO
B cooTHomennu 0,1 M Ha 10 MIT U1 CTaBST B TEpPMO-
crar Ha 17 gacos nipu 37 °C. ITocne yero 3ToT 00beM
pazbaBisroT 20 M IUCTHIUTHPOBAHHOMN BOJBI U J10-
OaBmsiroT 1-2 xammm Qenondranenna. TutpoBanue
nmpoBoaat pactBopom NaOH, pesynbrarsl Quxcu-
PYIOT HOSIBICHUEM YCTOUYUBON PO30BOI OKPACKH U
BBIp@XAroT B Tpagycax TepHepa, KOTOpbIE pacCUu-
TBHIBAIOT 1O popmyIie 3:

K=Xx10 3)

rae X —aro konnuectBo NaOH B mi1, KoTOpBIit pac-
XOJ[yeTcsl Ha TUTPOBAHHUE;

10 — ko3¢ ¢uIKEeHT nepeBoa B rpaaychl.

[lepen moceBoM 00s13aTENbHO HY)KHO TIPOBECTH
onpezeNeHre KUCIOTHOCTH MOJIOKA, TaK KaK MOTYT
MMETbhCS HEKOTOpBIE OTKIIOHEHUs1. Hopmoi sSBsIOT-
cs mokaszarenu B 16—18 °T.

Cratuctuueckass 00paboTka MEXITy IOIy4YeH-
HBIMH CpPEJHUMM 3HAYEHHMSIMH, OCYIIECTBIIAIOCH
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npu oMoty Independent Student’s t-test (SPSS 23
IBM Corp., Armonk, New York, USA).

Pe3y.]'[I)TaTI)I HCCJICJ0OBAHUA U UX oﬁcymz]elme

@DakTOpOM BO3HUKHOBEHMSI BTOPUYHOM JIAKTa3-
HOW HEOCTaTOYHOCTH SIBJISIFOTCS 3a00JICBaHHUS HKe-
Ty TOYHO-KHIIIEYHOTO TPaKTa, 4YTO MPUBOJNT K Ha-
PYIICHHUIO YCBOSHUSI JIAKTO3bI. JlaHHOE 3a00JieBaHue
yale TPOSBIAETCS B MOXHIOM Bo3pacte. O6006-
IICHHBIC PE3yJbTAaThl KIMHUYECKUX U JIOKITHHUYEC-
CKHX HCCIICIOBAaHUHN TOKa3bIBAIOT, YTO (pepMeHTa-
Usl JTAKTOOAKTEpUH MOXKET TOBBICHTH YCBOCHHE
KBS ¥ TTIOMOYb B MPOQPMIAKTHKE OCTEOIOpOo3a
(He 2024).

Joaquin Lozano u npyruMu OHOJIOTaMH TaKkKe
OpUIa coOpaHa KOJUICKIUS IITAMMOB JIAKTOOAKTe-
pHii, BBIIEICHHBIX M3 MECTHBIX HATYPaJbHBIX ChI-
BOPOTOYHBIX 3aKBacok. [Ipexie ueM ucrnonbp3oBaTh

Taoauma 1

9THU IITAaMMbI B KAYECTBE 3aKBACOK, YUCHBIC TIPOBE-
JIM UCCJIEI0BAHNUE X YCTOMUMBOCTH K HU3KoMy pH
U JKETYHBIM COJISIM, a TAKKE MPOAHATU3UPOBAIH UX
CITOCOOHOCTH IPOXOTUTE YePE3 KEITYTOUHO-KUTIICH-
HBII TPAKT, OCHOBBIBASICH HA TAHHBIX, MOJTYUYCHHBIX
B X0JIe dKcrepuMeHToB in vitro (Lozano 2022).

B pesynbpTaTe BBIAETICHUS U3 TOMALIHUX MO-
JIOYHBIX TMPOIYKTOB AKMOJHMHCKON 00JacT OBLIN
UJICHTU(DUIIUPOBAHBl MOJIOUHOKHUCIBIC OaKTEpHH
pona Lactobacillus. beuto momydeno okojo 110
M30JISTOB MOJIOYHOKHUCIBIX Oakrtepwit. s pas-
paboTkm Oyaymiei 0e3TaKTO3HONW 3aKBACKH BBIJIC-
JICHHBIC IITAMMBI ObLTH H3y4YEHBI HA OMOCOBMECTH-
MOCTb. B X0J1e MpoBeIeHHBIX UCCIACAOBAHUN OBLIO
paspabotrano 16 BapHaHTOB KOHCOPIIMYMOB IS
Oynmymieit mpoOMOTHIECKOH Oe3JIaKTO3HOW 3aKBa-
CKHM Ha OCHOBE HECKOJIbKUX IITaMMOB. Pe3yapTaThl
10 TIONCKY COBMECTHMBIX KYJIBTYp MPEICTABICHBI
B Ta0wuie 1.

Buonanumxu na ocnoge coemMecmumbIxX 1 HeCOMECMUMbLX UMAMMO8 MOTOYHOKUCTbIX 6a1<mepm7

Bapuanrst
MPOOUOTHYECKOI [ItamMMmbl Pesyssratel
0e31TaKTO3HOH 3aKBACKH copmecTIMocTH
1 L.rhamnosus + P. pentosaceus -
2 L. rhamnosus + L. fermentum +
3 L. gorillae + L. pentosaceus -
4 P. pentosaceus + L. fermentum -
5 LB. acidophilus + L. paracasei +
6 P. pentosaceus + L. paracasei -
7 L. paracasei + L. fermentum +
8 L. gorillae + L. paracasei -
9 L. acidophilus + L. rhamnosus +
10 P. pentosaceus + L. acidophilus -
11 L. acidophilus + L. fermentum +
12 L. acidophilus + P. pentosaceus -
13 L. fermentum + L. gorillae -
14 L. paracasei + L. fermentum +
15 L. rhamnosus + L. gorillae -
16 L. rhamnosus + L. paracasei +

CornacHo Tabsuiie 1 U3 npeacTaBieHHbIX 16 Ba-
PHAHTOB OMOHANNTKOB TOJILKO 7 OKa3aJIUCh COBME-
ctuMbl. COBMECTHMBIE BapHaHTHI MPOONOTHYECKON
0€3/1aKTO3HOM 3aKBACKM MPEACTABICHBI NOJ HOME-
pamu Ne 2 — L. rhamnosus v L. fermentum, Ne 5 — L.

acidophilus u L. paracasei, Ne 7 — L. paracasei u L.
fermentum, Ne 9 — L. acidophilus w L. rhamnosus,
Ne 11 — L. acidophilus w L. fermentum, Ne 14 — L.
paracasei u L. fermentum, Ne 16 — L. rhamnosus u
L. paracasei.
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AHanornyHasi pabota Oblila IPOBE/ICHA aBTOpa-
mu Facioni et.al, mpeacraBuBmmME 0030p MOJIO0Y-
HBIX MPOJTYKTOB 0€3 JTaKTO3bI, IOMOTAFOIIUX JTFOISIM
C HEMepeHOCHMOCTBIO JIAKTO3BI BHIOWpaTh Ooiee
MOAXOJSIIIUKA TIPOAYKT Ha pbIHKe. besnakroszHoe
KOPOBbE MOJIOKO JIOCTYIIHO BO MHOTHX CTpaHax
B pa3MyHBIX (OpMax: ChIPBI, HOTYPTHI U JIPYTHE
(dhepMeHTATUBHBIC TPOAYKTHL. [IpoBeleHHBIC HC-
CJIEIOBAHUS JIOKA3aJIH, YTO MOTCHIUAIBHBIE § TIPO-
omotnueckux Oakrepuil — Bifidobacterium longum,
Bifidobacterium animalis, Lactobacillus bulgaricus,
Lactobacillus reuteri, Lactobacillus acidophillus,

Taoauna 2

Lactobacillus rhamnosus, Saccharomyces boulardii
u Streptococcus thermophilus B hepMEHTaTHBHBIX
1 He(h)ePMEHTATUBHBIX MOJIOYHBIX MPOIYKTAX MO-
T'YT OBITh WUCIIOJIb30BAHbI [l YMCHBIICHUS KIIMHH-
YECKUX CHUMITOMOB JIAKTO3HOW HENEPEHOCHUMOCTH
(Facioni 2020).

Jl5ist TOTO, UTOOBI ONPEACTUTEH KOTHYECTBEHHBIH
BBIX0/] OMOMACChI HCCIIEyEMbIX KYJIbTYpP B KOHCOP-
nuyme. Jlanee ObUTM M3YYEHBI KU3HECTIOCOOHOCTH
MITAMMOB JIAKTOOATEPUil IPU COBMECTHOM KYJIbTH-
BUPOBAHUHU. Pe3yIbTaThl MPOBEICHHBIX UCCIICIOBA-
HUU TIpeICTaBICHBI B TAOTHIIE 2.

JKusnecnocobnocme cosmecmumpix MOJIOYHOKUCTbIX 6al<mepu12 6 KOHcopyuyme CMeuantoblx Kyjaivnyp

Ne [HTammbl XHE'H?S%(;;?]HOCTB’
1 BapuaHT KOHCOPLYMa U3 CMEIIAHHBIX KYJIbTYp L. rhamnosus + L. fermentum 4x 106 KOE/mn
3 BapuaHT KOHCOPIIMYMa M3 CMEIIaHHBIX KYJIBTYD L. paracasei + L. fermentum 3x10° KOE/w
4 BapHaHT KOHCOPIIMYMa U3 CMEIIaHHBIX KYJIBETyp L. acidophilus + L. paracasei 3x10" KOE/wn
6 BapuaHT KOHCOPLIMYMa M3 CMEIIAaHHBIX KYJIBTYD L. paracasei + L. fermentum 5x10° KOE/wi
8 BapuaHT KOHCOPLMYMa U3 CMEIIAHHBIX KYJIBTYD L. rhamnosus + L. paracasei 4x 106 KOE/mn
10 BapuaHT KOHCOpLIUYMA U3 CMEUIAHHBIX KYJIBTYp L. acidophilus + L. rhamnosus 5x10° KOE/m
11 BapuaHT KOHCOPIMYMa M3 CMEIIAHHBIX KYJIBTYP L. acidophilus + L. fermentum 4x10° KOE/vn

ITo pe3ysbTaTaMm NMpPOBEAEHHBIX MUCCIEIOBAHUN
7 COBMECTHUMBIX BAPUAHTOB B PE3yJIbTaTe COBMECT-
HOTO KYJBbTHBUPOBAHUSA WMEIH IOJOKHUTEIBHYIO
JUHAMUKY pocTa. JKH3HecIocoOHOCTh BapbUPOBa-
nmack ot 3x10°KOE/mn mo 5x10° KOE/ma (Tabmu-
na 2).

[Toxokne mccnemoBaHus OBUTH TPOBENEHBI CO
mramMMmoM Lactobacillus plantarum. B xonme 3Kc-
MIEPUMEHTOB OIEHUBAINCH >KU3HECITIOCOOHOCTh H
AKTUBHOCTb B KOMMEPUYECKOW >KMAKOH MUTATEIIb-
Hoit cpene MPC nocne nHOKysIuH. [lomyaeHabIit
MPOAYKT XpaHuicsa npu temmneparype 4 °C, uto obe-
CIIEYNBAJIO BHICOKYIO JKNU3HECITOCOOHOCTH KJIETOK Ha
MPOTSDKEHUU 56 THEW, IpU 3TOM ypOBEHb MOJIOY-
HOM kucnoThl gocturan 80 %. DToT MeTo mpous-
BOJICTBA MOJIOUHBIX 3aKBACOK SIBJISIETCS] AKOJIOTHYE-
CKH YUCTBIM U HegoporuM (Brizuela 2021).

Kak usBectHo, Lactobacillus — 310 rpynmna Mo-
JIOYHOKHCIBIX OaKTepri, UTPAIOIINX BAKHYIO POJIh
B 3JI0POBBE YeNIOBEKA, OCOOCHHO B ()OPMUPOBAHHUU
MUKPOOHOTHI 1 IMMYHHOH CHCTEMBI. BOJIBIIMHCTBO
HCCIIeIOBAaHNH YKa3bIBAIOT Ha ob3y Lactobacillus
B KadecTBe NMPOOHMOTHUKOB TPU B3aWMOJCHCTBUH C
KOMITOHEHTaMH CJIM3UCTON O0OJIOYKH TOHKOTO KH-
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[IEYHUKA, YTO CIIOCOOCTBYET PA3BUTHIO UMMYHHOU
cuctemsl (Heczko 2024).

[IpoBenennsie WCCIIEZIOBAHUS aBTOPOB
Mann, S u Ipyrux rnokasaiau, 4To OaKTepUH poja
Lactobacillus sBisitoTcst 0€3011aCHBIMU, TaK KaK OHH
MPOJEMOHCTPUPOBAIIM WHTHOUPYIOIIEe JeiCcTBHE
Ha POCT aHa’POOHBIX YCIOBHO-TIATOTEHHBIX MUKPO-
opranu3moB. Kpome 3Toro, 3t GakTepuu obiiaa-
FOT OMOJIOTHYECKON aKTUBHOCTBIO Oaromapst CBoei
CIoCcOOHOCTH K KIIeTouHOM aare3uu (Mann 2021).

Tak xak moTpeduTeM 0c000¢ BHUMAaHUE Y IEIs-
FOT OPraHOJICITUYECKUM [TOKa3aTeNsIM, POU3BOIH-
TEJIM MOJIOYHBIX MPOAYKTOB 0€3 JIAKTO3bI IPUIAI0T
00JIBIII0E 3HAYCHHE CCHCOPHBIM XapaKTCPUCTUKAM.
Bbonee momynsapHbIME MeTOIOM B GabpUIHOM TIPO-
M3BOJICTBE OE€3JIAKTO3HBIX KHCIOMOJIOYHBIX TIPO-
IYKTOB SIBIISIETCS HCIIOJIb30BAaHUE JIAKTa3bl [T
TUJIPOJIK3a JIAKTO3bl B TaJaKTO3y W IrOKo3y. Mc-
MoJIb3yeMasi KOMMepUecKas JlaKkTa3a BBI3BIBAET He-
(epMEHTATUBHOE TOTEMHEHHUE U «HETPUSITHBICH
MIPUBKYCHI, BBI3BAaHHBIE BBICBOOOKICHUEM IIENTH-
JIOB ¥ CBOOOJIHBIX aMHHOKHUCIIOT B IPOLIECCE MPOTe-
OJINTUYECKON aKTUBHOCTH. B CBSI3U € 3TUM aBTOPHI
YTBEPXKIAIOT, YTO KCIIOJIb30BAHUE JIAKTO30YTUIIH-
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3UPYIOIIAX KUCIOMOJOYHBIX OaKTEepHUH SBISCTCS
HanOoJiee HAACKHBIM CyOCTpaTOM HE TOJBKO 10
MPOOHOTHYECKOMY JICHCTBHIO, HO 110 OPTaHOJICITH-
YECKUM TokasaressiM (Aradjo 2022).

Ha ocHOBaHWMH BBIIIEU3IOKEHHOTO B JAHHOM
HCCIICIOBAHUM OblJla HW3yYeHa KHCIOTOOOpa3y-
IoIas CIOCOOHOCTh COBMECHMBIX 3aKBACOYHBIX

Pucynox 1

KYJIbTYp MOJIOYHOKHCIBIX OakTepwii. Tak Kak BO
BpeMs (pepMeHTAIMU JTAKTO3bI IPOUCXOJUT BBIJIC-
JeHre OONBIIOTO KOIMYECTBA MOJIOYHOM KUCIOTHI,
KOTOpPOE MOXET BIUSATH Ha OPTraHOJICTITHYECKHE
cBoiicTBa. Pe3ynpraTel MccienoBaHMUs MO KHCIO-
TOOOpa3yromeil CroCOOHOCTH TPEICTABICHBI Ha
pucyske 1.

Kucnomoobpasytowas cnocobnocms cogmecmumuix koHcopyuymos (°T)

® ] BapHaHT ™ 3 BapHaHT * 4 BapHaHT

CorracHO JaHHBIM PHCYHKa | COBMECTHUMBIC
KOHCOPIIMYMBI HWMEIH Pa3INdHYK KHCIOTOOOpa-
3YIONIYI0 CHOCOOHOCTh. BapumaHT KoHCOpumyma
Ne 2: L. rhamnosus v L. Fermentum — 30 °T, No5: L.
acidophilus u L. Paracasei— 60 °T, Ne7: L. paracasei
u L. Fermentum — 40 °T, Ne 9: L. acidophilus
u L. rhamnosus — 60 °T, Nel4: L. paracasei n L.
Fermentum — 60 °T, Nel6: L. rhamnosus u L.
Paracasei — 30 °T. Hau0ospiyro KUCI0TOOOpa3y-
IOIIYI0 CIIOCOOHOCTh MMEN BapUaHT O] HOMEPOM
11: L. acidophilus u L. Fermentum — 110 °T.

Uccnenoanus Ibrahim S.A. u np. mokasanw,
YTO TIepeBapUBAHKE JIAKTO3bl U CHUMIITOMBI HEIle-
PEHOCUMOCTH JIAKTO3bl MOTYT OBITh YIYYIICHBI C
MOMOIIBI0 TTPOOHMOTHKOB, KOTOpbIe M3MeHstoT pH
KHIIIEYHUKA, SKCIPECCUPYIOT [-rallakTo3uaasy Hu
OKa3bIBAIOT TOJOXKHUTEIBLHOE BIUSHHE HA KHUIIEY-
HYHK) aKTHBHOCTh M OOIIYI0O MHUKPOOHOTY TOJICTOU
KHIIKH 32 CYET KHCIOTOOOPa3yIoleil CTOCOOHOCTH.
Bo Bpems (hepmeHTaIUY JTIaKTa3bl TPUCYTCTBYIOMIAS

6 BapHaHT ® § BapHaHT ® 10 BapHaHT ® 11 BapHaHT

B MOJIOYHOKHCIBIX OakTepusix [-ranakro3umuasa
pacuiensier HeabcopOUPOBAHHYO JTAKTO3Y JI0 TIIIO-
KO3bI U TallaKTO3bl, a 3aTE€M BCACBIBACTCS B Opra-
nusM (Taeger 2021).

Ha ocHOBe moyyueHHBIX pe3yJIbTaToOB TEKYIIle-
IO HCCICTOBAHUS BBIJCICHHBIX IITAMMOB MOJIOY-
HOKHCJIBIX OakTepuil Oblla yCTAaHOBJEHA COBME-
CTHMOCTh BAPHAHTOB KOHCOPIIUYMA U3 CMEIIAHHBIX
KyneTyp —Ne 2, Ne 5, No 7, Noe 9, Ne 11, Ne 14, No 16
1 HecoBMeCTHMOCTb — Ne 1, Ne 3, Ne 4, No 6, Ne §,
Ne 10, Ne 12, Ne 13, Ne 15 mexay coboii. Bee co-
BMECTHMbIC KYJIBTYPhI 00JIafaal BBHICOKOH JKU3HE-
criocobHocThi0 10 5%10° KOE/mn. HaubGosnbineit
KHCIIOTOOOpa3yIoliei CriocOOHOCTRIO 00JIaaeT Ba-
puanT Ne 11 Ha ocHOBe mITaMMOB L. acidophilus v L.
rhamnoses. B pe3ynbraTe A1 00bEKTOB B KAUECTBE
0e371aKTO3HOH 3aKBaCKU OBUTH BBIOPAHBI IITAMMBI
L. acidophilus u L. rhamnoses u 0blna pa3pabotana
TEXHOJIOTMYECKas CXeMa, MPEJICTABICHHAs Ha PH-
CYHKe 2.
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PucyHok 2
Texnonocuueckasn cxema nomy4eHus 6e3naKmosHol 3aK6acKu

Io/iroToBKa CHIPBSI 03 CMEINAHHBIX KYILTYP
MHKpPOOPraHH3MOB POGHOTHKOB
LB. acidophilus u LB. rhamnoses

CMenHBaHHe KYJIbTYP MHKPOOPIaHH3MOB
npodonornkoB LB. acidophilus n LB. rhamnoses

e

TomMoreHH3anms

 _

IpuroroBieHne cMecH MOJIOKA € 100aBIIeHHEM
CMelIaHAbIX KyIbTYp
MHKPOOPraHH3MOB — IPOOHOTHKOB

@«

HapatoTka 6uomaccbl KOHCOpIHYMa

-

DuIbTpALHs 32KBACKH
YTHIH3HPYOLIY IO JAKTO3Y

@«

‘Ynakoska, MADKHPOBKA H XpaHEeHHe
6€371AKTO3HOMH 3AKBACKH

1. IlepBblii 3Tan — MOAroTOBKa ChIpbs. [lyis 6ak-
TEpUAIbHON 3aKBACKH B KaueCTBE OCHOBBI OBIIO
HCTIOJIb30BAaHO MACTEPU30BAaHHOE MOJIOKO B 00B-
eme 1000 mi, mpeaBapUTENbHO MPOLUEAIIEE Tep-
MHYECKYI0 00paboTky. B kauecTBe KOHCOpLHyMa
ObL1 BEIOpaH BapuaHT Ne 11, cOCTOSAMIMIA U3 YUCTHIX
KynbTyp L. acidophilus n L. rhamnoses, KoTopbie
ObUIN BHECEHbI B CTEPUIIBHOE MOJIOKO B KOHLICHTpA-
mun 500 M.

2. Bropoii stan — cMemuBanue. Ha atom sta-
e MHOTOIITAMMOBYIO JAKTOCOPaXKMBAIOIIYIO 3a-
KBAaCKy Ha OCHOBE MOJIOYHOKHCIBIX Oakrepuil L.
acidophilus v L. rhamnoses TINATEIILHO MTEPEMEIIIH-
BalnM B TedeHHe 15 MHUHYT co ckopocThio 150 06/
MuH npu temnepatype 37 °C na meiikepe (Innova
44R, CIIIA).

3. Tperuii 3Tan — roMOreHM3aNUs MPU TeMIIe-
patype 55 °C, 16,5 MIla, 4T0 1O3BOIMUIIO YIYyUIIHUTh
KOHCHCTEHLIMIO MOJIOKA M CHU3UTh PUCK OT/AETICHUS
CBIBOPOTKH.

4. YerBeptThlii 3Tan — HapaboTKa OMOMACCHI
JIAKTOCOPAKUBAIOIINX MTAMMOB L. acidophilus u L.
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rhamnoses. ViccnenoBanus poBOJMIOCH B TEUCHHE
60 MUHYT 10 00pa3oBaHMs CTYCTKa B (pepMEHTEpE
Sartorius Biostat AMO Uni Vessel Glass 1L 230V.
OO0opyIOBaHWE OCHAIEHO CHCTEMOW KOHTPOJISI
TEMIIEPaTyphbl, YCTAHOBIICHHBIH TEMIIEpaTypPHBII
pexum — 25 °C ipu 120 obopoTax.

5. Ilsreiii aTan — ¢puinsTpanms. ' 0oToByIO J1akTo-
COpaKMBAIOIIYIO0 3aKBAaCKy OT(MIBTPOBBIBAIHA Ue-
pe3 CUTO C AMAMETPOM stdeeK 65 MM JUIsl yAaJeHus
KPYITHBIX CTYCTKOB.

6. IllecToii sTanm — ynakoBKa rOTOBOTO O€3/aK-
TO3HOTO MOJIOYHOTO TIPOAYKTa B MHUIFIIUTPOBYIO
BaKyyMHYIO IPOOUPKY WJIH CTEKJISTHHYIO Tapy.

7. CenpMoit 3Tamm — pa3paboTka TEXHOJIOTHYIC-
CKOT0 perjlaMeHTa.

[lomyueHnHast B TaHHOM WCCIIEIOBAaHUH 3aKBa-
cka, cocrosimas us L. acidophilus w L. rhamnoses,
MMEIONINX MPOOHOTHYECKHE U JIAKTO30Y THIIH3HPY-
IOIUE CBOWCTBA, IMpEIHA3HAYCHA JUIsl TPUTOTOB-
neHust 0€37MaKTO3HOTO MOJIOYHOTO TpomayKTa. Jlimst
M3TOTOBJICHUS 3aKBACKU 1-2 JMUTpa MacTepu30OBaH-
HOTO 00€3KUpPEeHHOTo Mojoka (2,5 %) moBomwim
no Temrepatypsl 95 °C, oxnaxkganu 40 KOMHATHOU
temriepatypsl (25 °C). 3aTtem BHOCHIH 500 M1 Ge3-
JIAKTO3HOW 3aKBaCKM M TIIATEIBHO pa3MEIINBAIIH.
[TomydeHHy10 3aKBacKy OTCTAaMBAIA B XOJIOIWIIb-
Huke npu temnepatype +5 °C B Teuenue 8—12 ya-
coB. Uepes 8—12 gacoB Habm01a710CHh 0Opa30BaHUE
IUIOTHOTO CTyCTKa. 3aKkBacka ObLIa TOTOBa K YIIO-
Tpebnerno. PekomeHyemas HOpMa pacxojia co-
crasisuia 500 M 6e371aKTO3HOM 3aKBacku Ha | TUTp
Motoka. CpoK TOOHOCTH 3aKBAaCKH HE MPEBHITIIa 36
yacoB mpu temmeparype +5 °C BOamu OT MpPSIMBIX
COJTHEYHBIX JIydei.

AHaJIOTUYHOE HCCIE0BAaHHE, B KOTOPOM OCY-
IeCTBISUICS (DepPMEHTATUBHBINA THAPOIIN3 JTAKTO3HI,
Obu10 TpoBeneHo aBTopamu Li u np. HelitpanbHas
JaKTa3za I00aBsIach B MOJIOKO BO BpeMs Tiepe-
MEIIMBAaHUS J0 TOJHOTO THUIPOJIM3a JIAKTO3bI. 3a-
TEM MOJIOKO TMACTEPU30BAIN TPH BBICOKHX TEM-
neparypax, 4ToObl MPEIOTBPATHTh MHUKPOOHOE
3arpsi3HCHHUE. 3aBEPIIAIONINM JTaroM ObUTa yIia-
KoBKa moisryueHHoro mpoaykra (Li 2023). B nHa-
IeM WCCIIEIOBAHUN WCTIOJIh30BAIUCH OaKTepHH
pona Lactobacillus acidophilus w Lactobacillus
rhamnoses, Tak KaK JIAKTOOAKTEPHUH SBIISIOTCS HaH-
0oJiee OOraTbIM HCTOUHUKOM [3-TalaKTO3H/Ia3bl.

KomnexktuBom aBtopoB Abdella M. Taroke
MPOBENEHO HCCICAOBAaHUE I10 HMMMOOHIN3AINN
B-ramakro3wmassl B JIMMOHHOW IleApe W TpaHy-
JlaX aJlbl’MHATa, TakKe M B CBOOOJHOW Qopme
B-ramakTo3unasel. B xoxe nccneqoBaHus ©MMOOH-
JIU3UPOBaHHBIA (EPMEHT TOKa3aJl yCTOHYHUBOCTH
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k temrepatype 50 °C u pH 5,0, a Takxe BBICOKYIO
cTabuIbHOCTH TpH XpaHeHuu npu 4 °C, coxpass
95 %-yr0 aKTUBHOCTb B T€UE€HUU 21-THEBHOrO Xpa-
HeHus. Pa3paboTka maHHOTO (epMeHTa Croco0-
CTBOBaJa HE TOJBKO PACLICIIJICHUIO JAaKTO3bl Ha
TJIIOKO3Y ¥ TajlakTo3y, HO U YIIYUILIEHHIO AaHTHOKCH-
JIAaHTHBIX CBOHCTB (Abdella 2024).

B mpoBeseHHOM HcceoOBaHUM JUTS pa3padoT-
KA TEXHOJOTMYECKOW CXEMBbl MOJydeHHs Oe3nak-
TO3HOM 3aKBacKM Obla UCIIOJIb30BaHA TEMIIepaTypa
ckBamuBaHus Ha ypoBHe 37 °C. UcciienoBanue Bin
JIp. IOJATBEPXkKAAET, YTO TEMIIepaTypa CKBAITHBAHHS
BhusieT Ha 3(h(HEeKTUBHOCTH TUAPONN3a JaKTo3bl (Bi
2023). OntuManbHON TemrepaTypoi Ui TaHHOTO
nporecca Obuta ompenenena 37 °C, mpu KOTOpon
CKOPOCTh THJPOJIM3a JAKTO3bl cocTaBuia 79 %.
Opnaxo, mpy NOBbIIEHUH Temreparypsl 10 40 °C
CKOPOCTb THAPOJIH3a CHU3MIACH 110 65 %, p > 0,05.

3akjaoueHune

Ilo pesynbpraTtam NpOBEIEHHBIX HCCIEIOBAHUMH,
Obu10 paspabotano 16 BapraHTOB AJIsI ONPEICIICHUS
COBMECTHMBIX M HECOBMECTHUMBIX IITAMMOB, U3 KO-
TOPBIX 7 OKa3aJIMCch ONOCOBMECTHMEI 1 OBIITH BBIOpA-
HBI JUIs1 TATTbHEHIINX SKCTIEPUMEHTOB 10 pa3paboTke
TEXHOJIOTHYECKOH CXEMBI /ISl MOJTYYEHHSI 3aKBAaCKH
B kuaKkod ¢opme. Y 7 COBMECTHMBIX BAapHaHTOB
Obuta M3y4yeHa MaKCHMaJIbHAs XM3HECIIOCOOHOCTh
M KHCJIOTOOOpa3yomias crocooHocts. B pesynprare
MOJTYYCHHBIX HcclieioBaHuid kKoHcopuuyM Ne 11 06-
Jaia)l HauOOoJbIIeH KUCI0TOOOpasyroliel Ccrocoo-
HOCThIO, paBHOH 110 °T. Ha ocHoBe 3TOr0 KOHCOp-
[IMyMa, COCTOSIIET0 U3 IMTaMMOB L. acidophilus n
L. rhamnosus, Obina pa3paboTaHa TEXHOIOTHIECKAs
cXema ToTydeHUsl 0e371aKTO3HON 3aKBACKH.

UccnenoBanne mokaszajno, 4YTO COBMECTHOE
KYJIbTUBHPOBAaHNE HECKOJIBKUX 3aKBACOYHBIX KYJIb-

Typ obecrieunBaeT 0ojee d3PPEKTUBHOE CHIKECHHE
YPOBHS JIAKTO3bI U YCKOPEHHE METab0IM3Ma rajsak-
TO3BI 10 CPABHEHUIO C IPYTUMH METOIaMH (hepMeH-
tarui. Kpome 3Toro, opraHoJenTUYecKuil aHaIn3
oKasall, 4To pepMEeHTHPOBAHHBIN MPOIYKT OKa3a-
Csl IPUEMJIEMBIM Il TIOTpEeOUTENel 10 BHEITHEMY
BUY, TEKCTYPE U BKYCY.

B pesynbTare mccnenoBaHuil ObIJIO yCTaHOBIIE-
HO, 4TO HanOoJee IKOHOMUUECKH BBITOJTHBIM U 0€3-
OTIAaCHBIMH IIITAMMAaMH TSI pa3pabOTKH 0e37aKTO3-
HOW 3aKBacKH SIBIISIOTCS IITAMMBI, BBIICTICHHBIC U3
JOMalIHUX KHCJIIOMOJIOYHBIX IMPOAYKTOB. HOJ’Iy‘-ICH
aKT BHEJpPEHHS, pa3padoTaH TEXHOJOTMYECKHN pe-
TJIaMEHT, a TakXKe MPOMHUCAH CIOco0 MPUTOTOBIIE-
HUSL U MHCTPYKUMSI 110 MPUMEHEHHUIO pa3paboTaH-
HOM 0e3/makTo3HOW 3aKBacku. B Hacrosmiee Bpems
IUTAHUPYIOTCSL pabOThI MO0 BHEIPEHUIO STOM TEXHO-
JIOTHHU B TIPOU3BOJICTBO.

BaaropapHocTn

ABTOp cTaThu OnaromapeH ACTaHWHCKOMY (H-
muany «Kazaxckull Hay4HO-HCCIEIOBATEIbCKUN
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CTBa OE3JIaKTO3HBIX KHCIOMOJIOUHBIX MPOIYKTOBY»
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MOAYYEHUE bbIYBETO PEKOMBMHAHTHOTO
MHTEP®EPOHA AAb®A B CUCTEME ESCHERICHIA COLI
N ETO PEOOAAUNHT

JI.T. HagupoBa ™ , A.M. AjilekcaHapoBa & , K.O. llapunos

MHTepepoHbl — CUrHaAbHble GEAKM, CEKPETUPYEMbIE KAETKAMM NMTUL, M MAEKOMUTAIOLLMX B OTBET
Ha BUPYCHYIO MH(PEKLMIO, KOTOPbIE aKTUBMPYIOT HECeLunUYecKmii MPOTUBOBUPYCHbI UMMYHHbIA OT-
BeT. B nocaeaHWe roapl npenapartbl MHTEPEPOHOB MOKa3aAu CBOIO 3(pPEKTUBHOCTb B NPOPUAAKTMKE
U AEYEHWMM BUPYCHbIX MHGEKLMIA Y YeAoBeKa U >KMBOTHbIX. OaHako B KasaxcTaHe Takue mpenapatbl
He MPOM3BOASITCS U MOCTABASIOTCS U3 ApPYrvMx CcTpaH. [1oaTomy paspaboTka OTeYeCTBEHHOW TexXHO-
AOTUU MOAYYEHWNSI PEKOMONHAHTHBIX MHTEP(EPOHOB AAS CEAbCKOXO3SMCTBEHHbIX XXMBOTHbIX SIBASIETCS]
BaXKHOM 3aAaueit AAS YKPENAEHUsS BeTeprHapHoi 6esonacHocTn KasaxcraHa. B aaHHOM paboTte 6bia
KAOHMPOBAH reH Bbiubero o-mHTepdepoHa (Bos taurus) n paspaboTaH MPOAYLEHT PEKOMOMHAHTHOIO
6eAka Ha ocHoBe Oaktepun Escherichia coli v 6biAn NoaA06paHbl ONTUMAAbHbBIE YCAOBMS €70 KYAbTUBM-
poBaHus. OAHAKO ObIAO YCTAHOBAEHO, UTO MPOAYLMPYEMbI HEAOK HAKAMNAMBAETCS B TEAbLIAX BKAIOYE-
HUSX M HE MOXET ObITb BbIAEAEH B HAaTMBHbIX YCAOBUSAX. COOTBETCTBEHHO, CUHTE3MPOBAHHbIN PEKOM-
OGUHAHTHBIN 6EAOK ObIA BBIAEAEH MOCAE pacTBopeHusi B Bydepe, coaepkalleMm 6 M ryaHMAMHXAOPUA,
a 3aTeM OYMLLEH U MOABEPrHYT peddOAAMHIY C MOMOLLBIO MeTaAA-acpUHHOM xpomaTtorpadpmm Ha Ni-
NTA-arapose. Bbixoa ueaeBoro 6eaka nocae peoaamHra coctaBma 3,3 Mr ¢ AMTpa GakTepmraAbHOM
KYAbTYpbl. Takmm 00pasom, BGbiA paspaboTaH AabOpPATOPHbLIA METOA MOAYyYEHMS PEKOMOBMHAHTHOrO
Oblubero o-MHTepgepoHa. B AaAbHerLemM NAAHUPYETCS NPOBEAEHME UCTbITAHWUI NMPOTUBOBUPYCHOM
AKTMBHOCTU PEKOMOMHAHTHOrO 6eAka M MaclTabMpoBaHWe TEXHOAOTUM AAS TPOMbILUAEHHOIO NPOM3-
BOACTBA OTEUECTBEHHOrO rperapara.

KAtoueBble cAOBa: MHTEP(EPOHbI, KOPOBbI, KPYMHbIA POraThlii CKOT, PEKOMOMHAHTHbIE GEAKU.

V.Yu. Kislitsin, E.E. Rybak”, A.S. Nizkorodova,
L.T. Nadirova. A.M. Alexandrova, K.O. Sharipov

Aitkhozhin Institute of molecular biology and biochemistry, Almaty, Kazakhstan
*e-mail: elizasfishd@gmal.com

Production of bovine recombinant interferon alpha
in the Escherichia coli system and its refolding

Interferons are signaling proteins secreted by the cells of birds and mammals in response to viral
infection, which activates nonspecific antiviral immune response. In recent years, interferon prepara-
tions have shown effective in the prevention and treatment of viral infections in humans and animals.
However, such preparations are not produced in Kazakhstan and are supplied from other countries.
Therefore, developing a local technology for producing recombinant interferons for farm animals is an
important task for strengthening Kazakhstan’s veterinary security. In this study, the a-interferon gene of a
cattle (Bos taurus) was cloned and a recombinant protein producer based on the bacterium Escherichia
coli was developed. In addition, optimal cultivation conditions to produce recombinant protein were se-
lected. However, it was determined that the protein produced accumulated in inclusion bodies and was
not able to be isolated under native conditions. Accordingly, the synthesized recombinant protein was
isolated after dissolution in a buffer containing 6 M guanidine chloride and then purified and refolded
using metal affinity chromatography with Ni-NTA agarose. Finally, the yield of the target protein after
refolding was 3.3 mg per liter of bacterial culture. Thus, a laboratory method for producing bovine re-
combinant a-interferon was developed. In the future, it is planned to conduct tests of the antiviral activity
of the recombinant protein and scale up the technology for industrial production of the domestic drug.

Keywords: interferons, cows, cattle, recombinant proteins.
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Escherichia coli xyreciHAe CUbIPAbIH PEKOMOMHAHTTbI
arbpa-nHTepdrepoHAbI aAy XKoHe OHbIH, pecDOAAMHII

MHTepdepoHaap — KyCTap MeH CYTKOPEKTIAEPAIH YKacyLlaAapbl BUPYCTbIK, MHDEKUMSIFA >Kayan pe-
TiHAE GOAETIH CUrHAAADBIK 6eaokTap. OAap creummKaAbik, eMec BUPYCKa KapChl UMMYHADIK >KayanTbl
6eaceHAipeai. COHFbI KbIAAAPbI MHTEPMEPOH MpenapaTTapbl aAaMAAP MEH >KaHyapAapAarbl BUPYCTbIK,
MHPEKUMIAAPABIH aAAbIH aAy YKaHe eMAeYAe TUIMAIAITIH KepceTTi. AereHMeH, MyHAa npenapartTap
KasakcTraHaa eHAIpIAMENAT >koHe 0acka eaaepaeH KeTkisiaeai. COHABIKTAH ayblALLAPYyaLLbIAbIK, >Ka-
HyapAapblHa apHaAFaH PEKOMOUHAHTTbI MHTEPMEPOHAAPABI OHAIPYAIH OTAHAbIK, TEXHOAOTMUSICbIH 93ip-
Aey KasakcraHAarbl BETEPUHAPUAABIK, KAYiMCI3AIKTI HbIFAMTY YLLiH MaHbI3Abl MIHAET GOAbIM TabbIAAAbI.
ByA 3epTTeyae ipi Kapa MaAAbiH a-UHTEpPgepoH reHi (Bos taurus) KAOHAAAAbI, Escherichia coli 6akTte-
PUACbIHA HEri3AEAreH PEKOMOMHAHTTbI GEAOK BHAIPYLLICI XKacaAAbl XXOHE OHTaMAbl 6Cipy KarFaanAa-
pbl TaHAAAAbI. A€reHMeH, OHAIPIAreH 6eAOK MHKAIO3MBTI AEHEAEPAE >KMHAAATbIHbI >KOHE >KEePriAiKTi
>KarpanAaapaa 6eAin aayra 60AManTbIHbI aHbIKTaAAbI. THICiHLIE, CUHTE3AEATEH PEKOMOMHAHTTbLI 6EAOK
6 M ryaHnamH xaopuai 6ap 6ydepae epireHHeH KeniH GeAiHin aabiHAbl, coaaH kerin Ni-NTA arapo-
3bIHAAFbI MeTaAA adpUHAT XpomaTorpadusiHbl KOAAAHA OTbIPbIM Ta3apTblAbIM, KanTa 6ykTeaai. Kai-
Ta GYKTEAreHHEH KeliH MaKCaTTbl aKybI3AbIH OHIMAIAITT GaKTEPUSAbIK, AAKbIAABIH, Oip AUTpiHe 3,3 Mr
Kypaabl. OcblAaiila, PEKOMOMHAHTTbI ipi Kapa MaAAbIH, 0-MHTEPMEPOHbIH aAYAbIH 3€PTXaHAAbIK, SAICI
JKacaAabl. boaallak, xocrnapAapra pekoMOMHAHTTbl 6EAOKTbIH BUPYCKA KapCbl 6EACEHAIAITIH Tekcepy

>KOHEe OTaHAbIK, MpenapaTTbl OHEPKACIMTIK OHAIPY TEXHOAOTMACHIH KEHEMNTY KipeA,.
Ty#in ce3aep: HTEPEPOHAAP, CHbIPAAP, ipi Kapa MaA, PEKOMOMHAHTTbI GeAoKTap.

CoxpaneHusi ¥ 0003HAYEHUS

IFN—unTeppepon, MALDI-TOF MC —wmatpuy-
HO-aCCOLIMMPOBAHHAS Jia3epHast AecOpOIus/MOHH-
3alMs — BPEMSMPOJIETHAs MacC-CIeKTPOMETPHs,
I3 TTAAT' — nenarypupyroumii 31ekrpodope3 B
NOJIMAKPUIAMUIHOM rejie, I.0. — [lapa OCHOBaHMH,
UIITT — U3onponmi-f-D-1-TrorasakTonupano3us.

BBenenue

WnTepdeponsl —3T0 rpynia HUTOKMHOB, HU3KO-
MOJIEKYJIApHBIX OenkoB (okoio 20 x/la), oTBevaro-
IIMX 338 CUTHAJIBHYIO (DYHKILIUIO KIIETOK, 00pa3yeMbIX
B OTBET Ha 3apakeHHe KJIETOK MJIEKOIHUTAIOIINX U
ntun Bupycamu (Mueller & Hartmann, 2021). Onn,
B CBOIO Ou€peib, IOAPa3AEIsIIOTCs Ha UHTep(epo-
uel [, 11, 11 tuma. (Klotz et al., 2017). UaTepdepo-
HBI | THIIA BBITONHSIOT Psiji BAKHEHINHMX (QyHKIHH,
NPEAOTBPAIIAIOIINX PACHPOCTPAHEHHE BUPYCHOTO
naToreHa Ha 3/10poBble KJIeTKH. OHU OTBEYaIOT 3a
CTUMYJISILIUIO TIPE3EHTALMH AaHTUT €HA, OJHOBPEMEH-
HO MOJYJTUPYIOT BPOKICHHBI UMMYHHBIH OTBET U
MHTUOMPYIOT MPOBOCHAJIMTENbHBIC MPOLECCH, pe-
TYJUpysl BBIpabOTKY JIPYTHX LUTOKHHOB. K Tomy
e, OHM OOECTeUMBAIOT AKTHBALMIO aJalTHBHON
MMMYHHOM cuctemsl. B aTom citydae untephepoHs!
I Tuna BBICTYIAIOT B Ka4eCTBE CTUMYJISITOPOB pas-

BHUTHUsSI aHTUTCHCIEUPUIHbIX T- 1 B-kieTo4yHbIX
peakiuii, KOTOpble (OPMHPYIOT HMMYHOJOTHYE-
ckyro namate (Ivashkiv & Donlin, 2014). IIpaktu-
YECKH JTI00bIC HHPUIIMPOBAHHBIC KIICTKH CTIOCOOHBI
poaynHupoBaTh HHTEpdepoHs! | THIa mocpeacTBOM
OTBETa Ha CTUMYJISIMIO ITUTO30JBHBIX WM TpPaHC-
MEMOpaHHBIX PEIENTOPOB MPU WHOUIUPOBAHUH
opranm3Ma BupycoM. Hambonee wacto wmHAyKIus
unaTepdepona | Tuma CTUMyIMpyeTCs aKTHUBAIUCH
[MTO30JIBHBIX PEENTOPOB, PACIO3HAIOIINX JTHOO
BUPYCHYIO, JTH0O MHYIO KCEHOTEHHYIO MpEenMyIIe-
ctBeHHo nByrenoueunyro PHK (Kawai & Akira,
2010).

LlnTo307pHBIE pPEHENTOPHI, YYACTBYIOIINE B
pacnio3HaBanuu KceHoreHHbIx PHK, npencrapis-
FOT CO0OH CEeMEHCTBO PEIENTOPOB PacIO3HABAHUS
oopazos RIG-1 (RLR), ces3zpiBatommecs ¢ MAVS
(MUTOXOHAPHUATHHBIM aNaNTepoM). DTO CBSI3BIBA-
HHUE 3aIlyCKaeT CUTHAIBHBIN KacKajJ, KOTOpHIH 3a-
BEpIIAETCS BbIJCJICHUEM W JlaJbHEUIeH CEeKperu-
et uaTepdeponoB anbda u Oera. (Kawai & Akira,
2010; Goubau et al., 2013). Mexanu3m JEHCTBUS
WHTEPPEPOHOB OCHOBAH Ha CBS3BIBAHHU C DPELEI-
TOpaMHu Ha KJIETOYHOW MeMOpaHe, K KOTOPBIM OT-
nocsatest IFNAR1 u IFNAR2 ans untepdeponos |
tuna. [locie cBs3pIBaHUS, HHTEPPEPOHBI TIPEAAOT
curnan uepe3 nyte JAK-STAT, axktuBupys rere-
POTPUMEPHBIN KOMITIIEKC (PAKTOPOB TPAHCKPHUIIITUU
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ISGF3. Cam komrmuteke ISGF3 cocrout u3 docdo-
pumupoBaHHbIX OenkoB STATI1 w/mmm STAT2 m
IRF9 (Schoggins, 2019).

Brnepseie unTEpdepon ObuT 0OHapykeH AH-
koM Aizekcom u JXanmom Jlumanpemanom B 1957
TOJy TPHU U3yYEeHUH UHTEP(PEPEHIINH, BBI3HIBAEMON
WHAKTHBUPOBAHHBIM BUPYCOM TpHIINa NPH POCTE
JKUBOTO BHpyca BO (parMeHTax XOpPHOH-aJIIaH-
TOUCHOM MeMOpaHbl 3MOpuoHa LbiUIeHKa (Isaacs
& Lindenmann, 1957). B mampHEe#meM ObUTO TIO-
Ka3aHO, YTO KJIETKM MMMYHHOW CHCTEMBI, TaKHE
KaK JTUMQOIMTHI, Makpoaru U APyrue Npu CTH-
MYJSIIMA  BUPYCaMH MOTYT BBIACTATH OOJbLINE
konmdecTBa wHTEp(depora. OmHAKO JOITOE BPEMS,
HECMOTpSl Ha BBICOKMH MOTEHIMAl NPUMEHEHHUs
MHTEP(EPOHOB B TEpamuy BHPYCHBIX HH(EKITH,
UX HCIIOJb30BaHUE HA TIPAKTHKE OCTaBaJoOCh HEA(]-
(beKTUBHBIM M3-32 HU3KOM CTETICHW OYUCTKH ITOJTY-
yaeMbIx npenapatoB. B 1979 rony PyOunmreiin n
KOJUIETH, PUMEHUB METOT 00paTHOU (ha30BOI Xpo-
MaTorpaduu, OJHH W3 MEPBBIX CMOTJIH IOIYYHTh
U OYUCTUTh TOMOT€HHBIA JIEUKOIIMTAPHBIN YeIoBe-
Yeckuid MHTEp(EpOH, HUCIONB3Ysl BHUPYC-MHAYLH-
poBaHHbIe JeHKonuThl yeroBeka (Rubinstein et al.,
1979). JlanHas TeXHOJOTHUS IMO3BOJIWIIA TOIYYUTh
AKTUBHBIA WHTEP(EPOH BHICOKOH CTETEHHW OYMNCT-
KH, OZJHAKO OHa ObUIa OTHOCUTEIBHO TPYA0EMKOH 1
BpEMs3aTPaTHOM.

C pa3BUTHEM TEXHOJOTMH PEKOMOWHAHTHON
JAHK mnosiBunacb BO3MOXKHOCThH TOJIy4aTh PEKOM-
OMHAHTHBIA MHTEP(EPOH HCIONB3YS B KadecTBE
npoayueHTa 6akreputo Escherichia coli, uto m0-
3BOJIMJIO 3HAYUTEIBHO CHHU3HTH CEeOECTOMMOCTh
pon3BOACTBA. [IepBhIMM KOMITAHNSMH, OCBOWBIITH-
MU [TPOU3BOJICTBO YEJIOBEYECKOTO PEKOMOMHAHTHO-
ro naTepdepona amsda cranmm Biogen B llIBeiina-
puu u Genentech 8 CILIA (White & Fenner, 2016,
c.310).

B macrosimee Bpemsi Oaktepuu E. coli ocra-
I0TCS OTHOM M3 caMBIX Y(PPEKTUBHBIX CHUCTEM IS
MOJTyYCHUSI PEKOMOMHAHTHBIX HHTEP(EPOHOB, U
TEXHOJIOTHS TONydeHHUs] OEJIKOB C MOMOIIBIO 3TO-
ro MPOJYLEHTa MPOJOKAET COBEPIIEHCTBOBATHCS.
PacmmpsieTcst U CrieKTp MPOW3BOIUMBIX PEKOMOU-
HAHTHBIX UHTEepepoHOB. Tak ObLIM MOIyUYEHBI pe-
koMOmHaHTHBIE HTEpdepon anbha codaku (Taira
et al., 2005), BepOnrona (Premraj et al., 2020), Obika
(Yin et al., 2023), xyp (Xia et al., 2004) u HexoTo-
PBIX JPYTUX )KUBOTHBIX.

B cBoro ouepenp, momrydeHne peKOMOMHAHTHBIX
0enkoB B E. coli nMmeeT Taxke HeocTaTky. [ TaBHOM
po0JIeMOii SIBIIIETCST HAKOTIIEHHE WHTep(epoHa B
KJIETKax TpOAYLEHTa B BUAC TeJCl] BKIIOUCHHMS,
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4T0 TpeOyeT npoBeacHus pedonaunara OeiaKa u yc-
JIOKHSIET TPOLIECC OYUCTKH. B CBA3M ¢ 3THM OBIIH
CZAeJaHbl MOTBITKH HaJaJIUuTh MOJIy4YeHHE PEKOMOU-
HAaHTHOTO WHTep(depoHa B IyKAPUOTHUECKUX DKC-
MPECCHOHHBIX cucTeMax. Ha naHHBIH MOMEHT oj-
HOM 13 HauboJIee NCIOIb3YEMBIX TTOJJOOHBIX CHCTEM
ABIISIIOTCA poxxku Pichia pastoris (He et al., 2019).
TexHosorus, ocHOBaHHasi Ha P. pastoris, cuuTaeT-
cs1 6osiee 3(pPeKTHBHON B OTHOIICHUU COXPaHCHHUS
aKTUBHOCTH M (PyHKUMH Oeika 1Mo CpaBHEHHIO C
OakTepuanbHOl cucteMoil E. coli , ipu 5TOM UMeeT
OTHOCHUTEIFHO HU3KYIO CTOMMOCTbH, OOJIBIIYIO CTa-
OMJIIBHOCTB, YEM CHUCTEMBI Ha OCHOBE OaKyJIOBHpY-
cOB W KJeTOK miekonuTaromux (Macauley-Patrick
et al., 2005; Khan et al., 2014). B uccnenoBanuu
Zhang et al. (2022) nmpomeMOHCTPHPOBAIA METO-
UKy TIoJTyuyeHHus uHTepdepoHa anbha HOPKH C UC-
[I0JI30BaHUEM Jpoxcked P. pastoris. Takum xe
00pa3om ObLIH MONTy4eHbl HHTEPHEPOHBI anbda de-
noseka (Liu et al., 2001), ceunbu (Jin et al., 2010), u
oObika (Shao et al., 2015). Eciiu cpaBHuBaTh ¢ OakTe-
pHABHOM cucTeMoM dKctpeccuu E. coli, TO BO3HU-
KalOT OTPaHWYCHUS], CBSI3aHHBIC C JJIUTEIbHOCTBIO
KyJbTUBUPOBAHUS APOXIKEH P. pastoris, a Takxke
PHCKOM TUIIep-TIIMKO3WINpoBanus Oemka (Asada et
al., 2011). [Toatomy E. coli octaércst Hanbomee pac-
MPOCTPaHEHHBIM MPOIYLEHTOM PEKOMOMHAHTHBIX
nHTEp(HEpOHOB.

[TpenapaTsl HHTEP()EPOHOB HAILIN CBOE PUMeE-
HEHHUE HEe TOJBKO IPH JICUSHUH JIFOJCH, HO U B Be-
tepuHapun (Mueller & Hartmann, 2021). Baxxusim
HampaBJIeHHEM KUBOTHOBO/ICTBa Ka3zaxcraHa sBis-
eTcs pa3BeneHue kpynHoro poraroro ckota (KPC).
[lo ounmansabM manueiM Ha 1 saBapst 2023 roxa
norosnoBee KPC B Kazaxcrane cocrasmsio Oomnee 8
MJTH. T0JIOB (bIopo HaMOHATBHOU CTATUCTHUKU Pe-
cnyonuku Kaszaxcran, 2025). 1 npoaosKaeT yBeiu-
yrBaThCsl. KOPOBBI MOJBEPKEHBI TAKHM BHPYCHBIM
3a00JIeBaHUsIM KaK BUPYCHasl AUapesi, KOPOHABUPYC
KPYITHOTO pPOTaToro CKOTa, WH()EKIMOHHBINA pH-
HoTpaxeuT u npyrue (EcumcuuroBa m ap., 2025;
Tynenos u ap., 2025; Zhigailov et al., 2023). Ilo-
3TOMY pa3paboTKa OTEUECTBEHHON TEXHOJIOTHH IO~
JTydeHus pekoMOonHanTHOTO HHTEepdepona it KPC
Ba)KHA JJISl YJIy4LICHHUs] BETepUHApHON Oe30macHo-
ctu Kasaxcrana.

B nannoil pabote HaMu OBbUT KIOHMPOBAH T'eH
Oprapero anbda-uHTEphEpOHa M MOIYYEH IITaMM-
MPOAYLEHT COOTBETCTBYIOIIETO PEKOMOMHAHTHOTO
6enka. Takxe ObUTH TIPOBENIEHBI KCTIEPUMEHTHI 10
ONTUMM3ALIUH IKCIIPECCHH, OYUCTKU U pedosIuHra
OBIYBETO0 PEKOMOWHAHTHOTO HWHTEphepoHa ambda.
B nanpHeieM IUIaHUPYETCSI WCHBITAHUE aKTHB-



B.1O. Kucnumus u ap.

HOCTH TOJYYEHHOTO PEKOMOMHAHTHOro Oejika M
MacmTaOUpOBaHUE TpoIiecca JUisl MPOMBIIIICHHBIX
YCIIOBUI.

MarepuaJibl 1 METO/AbI HCCIIe0BAHUS

2.1  Knouuposanue a-unmepgepona
KOpOBbl

I'enomuas JIHK xopoBsi (Bos taurus), Ncmob-
30BaHHAsI /U1 KIOHUPOBAHUS 'eHa o-HHTEppepoHa
(BtInf2a), Oblna BbIAENIEHA C MOMOIIBIO Habopa
GenUP™ Plant DNA Kit (Biotechrabbit, ®PT)
M3 MBILICYHOH TKaHU XHUBOTHOT'O, MPHOOPETEH-
HOM B MscHoM MarasuHe. Konuenrpanuto JITHK
1ocJie BBIICICHUS ONMPEAeIsiIn C MOMOIIBI0O MHU-
kpocnekTpodoromerpa Nano-500 (Allsheng,
KHP). Komupyromasd nocnenoBaTenbHOCTh I'€Ha
Btinf2o. Oputa ammmndumupoBana nHa JIHK-
amrmuindukarope Mastercycler X50s (Eppendorf,
O®PI') ¢ momompio JJHK-monumepassr Phusion™
High-Fidelity (Thermo Fisher Scientific, CILLA),
MO MPOTOKOJIY, PEKOMEHJIOBAHHOMY MPOU3BOJIU-
TeseM (Temnepatypa oTkura npaiimepos 60 °C), ¢
ucrois3oBanueM mnparimMepoB BosINFA2 UpLic
(5’-tacttccaatccatgctgggttgttacetgtetgagg-3’) u
BosINFA2LowLic  (5’-tatccacctttactgtcaaagtga
gttcagatctccacccate-3’). Ilpaiimepsl ObliH 1MOHO-
Opansl B mporpamme SnapGENE 3.2.1 mo mocie-
nosarenpHocTH JJHK M60913.1 interferon alpha
Il [Bos taurus] n3 6a3sl nanasix NCBI. Amrmin-
¢unuposannbii pparment JHK Obin kmonupo-
BaH LIC-meromom (Aslanidis & de Jong, 1990)
B BekTop pNIC-28 (Savitsky et al., 2010). Ilo-
nygeaasiMu JIHK koHCTpyKIMsAMu ObLT TpaHC-
¢dopmuposan mramm E. coli DH5a, koTopsrii uc-
MOJB30BaJICS I HapaOoTku mmirazmugHoit JJHK,
BeIensBInelics Habopom GenUP™ Plasmid Kit
(Biotechrabbit). KmonupoBanusii Takum o006pa-
30M TeH BtInf2o ObIT CEKBEHUPOBAH MO METOAY
Conrepa Ha renetndeckom ananuzatope ABI3500
(Applied Biosystems, CILIA) ¢ ncnonbp3oBaHuEM
nporpamMMmuoro obtecrnedenuss 3500 Series Data
Collection Software V.3.1 (Applied Biosystems).

2€HA

2.2 Dnexmpogpopes berka 6 OeHamypupyiouux
VCOBUSX.

Onextpodope3 Oenka B JACHATYPUPYIOIIUX yC-
JIOBUSTX MMPOBOIMIH B 12% momnakpuIaMuIHOM T'elie
(ITAAT) mo meromuke Jlommmm (Laemmli, 1970).
Ha mpudope SE250 (Hoefer scientific instruments,
CLIA). {nst Bu3yanu3auuu Oenka rejib OKpaliuBa-
mu kpacureneM Kymaccn G250 wmm moGaBmsuia B
rens 2,2,2-tpuxnopatanon (Ladner et al., 2004) u

perucTpupoBain QIryopecieHIuio OenKa Ha mpruoo-
pe ChemiDoc™ MP (Bio-Rad, CIIIA).

2.3 Dkcnpeccusi pexombunanmuozo 0Oeika 6
baxmepuanvnou kyremype E. coli

st aKcmpeccun peKOMOMHAHTHOTO WHTEpde-
poHa ObIT UCTIOJIF30BaH SKCIPECCHOHHBIN ITaMM E.
coli BL21(DE3). lyns 3TOT0 IPOOUPKH € 5 MII Cpe-
16l LB 1 kaHaMu1imHOM B KOHIIGHTpaIrwu S0 MKT/MIT
3aceBaIM €IMHUYHON KOJOHHUEH W KyJIbTHBUPOBA-
M Ha TepMocTatupyemoil kaganke ES-20 (Biosan,
JlatBus) mipu 180 06/mun u 37 °C B TeueHne HOYH,
nocjae 4yero u3 mpodoupok orOupanu 0,5 mia HOU-
HOM KyJIBTYpBI M CHOBA 3aCE€BaJIM TIPOOUPKH C 5 MIT
cpensl LB 1 xynsTuBHpoBanu ux 1 wac npu 26 °C
Tociie 9ero WHAYIUPOBAIN KCIPECCHIO0 PEKOMOU-
HaHTHOTO Oenka noOaBieHHeM H3omMponuiI-f-D-1-
tuoranakronupano3un (UIITT) u xynpTuBnpoBamn
6-16 yacos. Jlanee mo 30 M1 KJIIETOUHOH CYCIIEH3UU
OTOMpANH IS aHAIN3a C TIOMOIIBIO JIEHATYPHPYIO-
miero anekrpodopesa ([19) B [TAAI. OcraBmyrocs
4acTh 0aKTEpUATLHON KYJBTYPbI OCaXKIaH EHTPH-
¢yruposanuem Ha nentpugyre S810R (Eppendorf)
(5000 o6/muH, 4 °C, 5 MEHYT) IJI IPOBEPKH pac-
TBOPUMOCTH CHHTE3UPYEMOT0 PEKOMOWHAHTHOIO
Oenka. KieTodHslii ocaliok pecycrleHIupoBaid B
msupyromem Oydepe (Oydep A) (50 MM NaH, PO,,
300 MM NaCl, 10 MM ummumazo:x), 1006aBIsIH JH-
301MM B KOHLIEHTpauuu | MI/MJI U MHKYOMpOBaIH
BO by 30 MuHyT. Jlamee ocakaanu Ju3aT IeHTPU-
¢yruposanuem (10000 06/muH npu 4 °C B TeueHue
25 MunyT). CynepHaTaHT U 0CaJ0K, PECYCIICHINPO-
BaHHBIH, B Oydepe A, aHAIM3UPOBAIIN C TIOMOILBIO
JD TTAAT.

2.4 Becmepn-oniommune

benox mu3 ITAAI' nepenocuncs nHa PVDEF-
meMOpany (ThermoFischer Scientific) momycyxum
cnocobom Ha mpudope EBU-4000 (C.B.S. Scientific,
CLIA). s oOHapykeHusI peKOMOMHAHTHBIX OeJI-
KOB ucnons3oBanuck anturena His-Tag (H-3) Alexa
Fluor sc-8036 (Santa Cruz Biotechnology, CILIA),
JETEeKUUI0 (IyOpeCceHTHOTO CUTHAJIA TMPOBOININ
Ha npudope ChemiDoc™ MP.

2.5 Bpemanponremnas macc-cnexmpomempus ¢
MAMPUYHO-AKMUBUPOBAHHOU J1A3ePHOLL 0ecopOyu-
eti/uonusayuetl

Jnst upeHTHUKANUK MENTUAHBIX (ParMeHTOB
Oenka, Beipe3anHoro n3 [IAAI Oputa mpoBeneHa
MacC-CIIEKTPOMETPHUSI C MaTpPHUYHO-aKTHBUPOBAH-
HOH JIa3epHOH JecopOnneil/HoHn3auei u BpeMsi-
nposietHoit nonnzauueir (MALDI-TOF MC) ¢ uc-
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noJsp3oBanueM macc-crekrpomerpa UltrafleXtreme
II TOF/TOF (BrukerDaltoniks GmbH, I'epmanmst).
Tpuntuueckuii THAPOIN3 OEIKOBBIX IMOJIOC B relie
(SDS-PAGE) npoBoauics, kak onucano CMUTOM
(Smith, 1997). Unentudukanuo NenTHI0B MPOBO-
JIAITH C UCTIOJIb30BAHUEM CepBepa MENTUIHBIX MacC-
orneuaTkoB  Mascot  (http://www.matrixscience.
com/).

2.6 Buvidenenue pexombumnanmmuoco odenxka me-
mani-appuunoii xpomamozpagduet

Jnist mpenapaTHBHOTO BBLICICHUS PEKOMOU-
HaHTHOTO Oenka Komdy co 150 mu cpensr LB ¢
KaHaAMHUIMHOM 3aceBajv | MJI HOYHOH KyJbTYpBHI,
MOJpPAaIIMBaIN 2 Yaca B TEPMOCTATUPYEMOM Kadai-
ke ES-20 (Biosan, JlatBus) mpu 180 o6/mun mpu
26 °C nocne vero no6asiusmu 1 MM UIITT u kysns-
TuBUpoBaH emé 16 gacoB. 3aTeM OakTepUabHbIE
KJIETKH OcaXJanu ueHtpudyrupoBanuemM B 50 mi
npobupkax Ha neaTpudyre 5810R (5000 o6/MuH,
4 °C, 15 mMunyr). [lanee ocagok pacTBOPSIN B JH-
supytomem Oybepe b (20 MM NaH, PO, 500 MM
NaCl, pH 7,4), u nu3upoBaIy myTeM MHOTOKPAaTHO-
T'O MPOIYCKaHUsI CYCICH3UH Yepe3 UHBEKITHOHHYIO
urny. Tenbla BKIIOYEHUS! OTACTSUTM OT PacTBOPH-
MOH (¢pakiuy Jm3ata HeHTPpU(YyTHPOBaHUEM MPH
10 000 o6/mun B Teuenue 10 MUH M pecycreHAU-
poBaiu B Oydepe B miust pacTBopeHUST BKIIFOUCHHMA
(6M ruapoxsopua ryanuaunsa, 300 MM NaCl, 50
MM NaH,PO,, (pH 8,0)). PactBopénnsie Temblia
BKJIIOUEHHUS] MHKYOUpOBaJIM B TeueHHe 2 4 mpu 4
°C, a KJIETOYHBIM neOpHuc ymaisuii IeHTPUQYTH-
poBanueM npu 12000 06/mMuH B Teuenue 30 MuH
mpu 4 °C. CynepHaTaHT epeHoCHId B 15 mMit ipo-
Ooupky u no6asmsun K Hemy 2 M1 Ni-NTA arapossl
(Qiagen, CIIA), ypaBHoBemennoit 0ydepom B un
WHKYOMpOBaJIM CMECh Ha KayaJlke BO JIbJly 2 yaca.
Hanee cycnensuro nm3ata ¢ Ni-NTA arapo3oit 3a-
rpyxanu B 10 mi xpoMaTorpaguyeckyo KOJIOHKY
(Pharmacia, lIBerusi), MOAKITIOYEHHYIO K XpOMATO-
rpadpuueckoii cucteme GP250 (Pharmacia), naBas
CTeYb KHJKOW (a3ze, Moclie Yero KOJIOHKY cHadaa
MIPOMBIBAJIN IPOMBIBOUYHBIM Oydepom I” (8M moue-
BuHbI, 10 MM mmupazona, 500 MM NaCl u 20 MM
Tpuc-HCl, pH 8,0). Pehonaunr pexkoMOMHAHTHBIX
0CJIKOB, CBSI3aHHBIX C KOJIOHKOH, IPOBOIAIIH ITyTEM
MPUMEHEHUS] MEAJICHHOTO JIMHEHHOro TpajueHTa
ot 8M (Oydep I') no OM moueBuns! (Oydep 1) (10
MM mmunazona, 20 MM Tpuc-HCI, 500 MM NaCl,
pH 7,5). Ilocne pedonannra cBs3aHHBIA C KOJOH-
Kol 6enok npombiBanu oydpepom E (40 MM umuza-
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3oma, 20 MM Tpuc-HCL, 500 MM NaCl, pH 7,5) u,
HaKOHEI], SJIOMPOBAIH JIMHEWHBIM T'PAJIUEHTOM OT
100 mo 500 MM mmmpnazomna, ucmonb3ys Oydep K
(20 MM Tpuc-HCI, 500 MM NaCl, pH 7.5). ®pak-
LIUH, COJIepKaIie peKOMOMHAHTHBIN O€JIOK, aHaH-
3MpOBAJIU C TOMOIIBIO AeHaTypupytomiero [TAAI-
anekrpodopesa.

OO0BeTMHEHHABIE PPAKITUH, COACPIKAIIIE PEKOM-
OMHAHTHBIA OCJIOK, TUAM30BAIM NPOTUB Oydepa
PBS pH 7,4 (Pharmacia) ucrionp3ys Auaan3HbIe TPO-
oupku Pur-A-Lyzer™ Maxi 6000 (Sigma-Aldrich,
CIIIA), moce 9ero 100aBiIsIA PaBHBIN 00BEM TIIH-
[IepHHA U OCTaBJIUIM Ha XpaHeHue npu -80 °C.

KonmenTparmto 6eika mocie Juaimns3a onpese-
JSUTM € TIOMOUIBIO MUKpociekTpodoTomerpa Nano-
500 (Allsheng).

Cmamucmuueckuii ananu3s

Bce wu3MepeHuss TpOBOAMIMCH B TPEX Tex-
HUYECKUX MOBTOpaX, MO KOTOPhIM B IPOTrpaMMe
Microsoft Excel Berancisiiocs cpeanee apudmeTn-
YeCKOe 3HaYeHHE M CTaH/IapPTHOE OTKIOHEHHE.

Pe3yJ’ll)TaT]>I HCCJICJOBAHUSA U UX 06cym;1elme

[TocnemoBaTeTbHOCTH JHK M60913.1
interferon alpha 11, Haiinennas B 6aze nanabix NCBI
Obuta TpoaHanM3MpoBaHa B mporpamme SignalP
5.0 (https://services.healthtech.dtu.dk/services/
SignalP-5.0/) mnst onpenenennss N-KOHIIEBOTO CHUT-
HAJILHOTO MENTHAA, OTUICTISIEMOTO MPH CEKPELHUU
Oenka n3 KIeTkH. B pesymnprare mporpammon ObII0
ONpEAENeHO, YTO MECTO €0 OTLICTIIIEHHUSI HAXOIUT-
ca Mexay 21 m 22 aMHHOKHCIIOTHBIMH OCTaTKa-
mu. Takxke B mporpamme Augustus (https://bioinf.
uni-greifswald.de/augustus/) 0p1 MpoBeAEH MTOUCK
WHTPOHOB B TEHE, MOKA3aBIIMA WX OTCYTCTBHE,
YTO COTJIACyeTCsl C TaHHBIMU juTepaTtypsl [11]. Uc-
Xoas u3 3Toro Obun monodpans! [1LIP-npaiimepsr.
ITocne Beimenenus renomuou JIHK w3 mbimednoit
TKaHU XHUBOTHOTO KoHueHTpammsa JHK B obpas-
e MO pe3yJbpTaTaM TpPEX H3MEPEHUN COCTaBMJIA
38.56+1.42 ur/mxn. Beigenennas renomuas JIHK
ObUTa YCHENHO WCIIONb30BaHa s aMIumhduka-
uun Qparmenra reHa Btlfn2a pazmepom 525 m.o.
(Pucynok 1), 4To mOATBEpAMIO BO3MOXKHOCTH
Boigenenus JIHK u3 mpimeunoit Tkanun Habopom
GenUP™ Plant DNA Kit. [Tocne KIOHUpOBaHUS
¢parmMenTa B sKkcupeccuoHHbd BekTOp pNIC-28
onima nmosryyena rraszmuaa pNIC281FNaBos (Pu-
CYHOK 2).
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Pucynox 1
Pesynomamer avnnugurayuu cena Btlfna

M BtiFNa

500 n.o.

IHpumeyanue: M — maprep onun ¢ppaemenmos JHK 50 bp DNA
ladder RTU (Biotechrabbit).

Pucynok 2
Kapma nnasmuovt pNIC28IFNaBos

Bos INFA2_UpLic
pNIC28_R_lic5'

pNIC28_LIC F
BosINFA2LowLic

T7 terminator|

pNIC28IFNaBos
5884 bp

[rop)

Ipumeyanue: Ilnazmuoa codepoicum e YCmMoUMUBOCmu K
rkanamuyury (KanR), lac onepamop noo xowmponem npomo-
mopa ¢aza T7 peeynupyem skcnpeccuio yenesozo eena INFa
B. taurus, cooepoicaweeo na N-xonye His-tag (6 ocmamkog eu-
cmeduna) u catm npomeasvl Bupyca mabaunot mozauxu ons
yvoanenus His-tag, 6enox Rop noddepoicusaem MUKy Konuti-
Hocme naazmuovl 6 knemxe E. coli.

Knonuposannsiii B mnazmuny ¢parment JHK
OBUT CEeKBEHMPOBAH W TOJNYYEHHBIH CHKBEHC TIO-
TBEPIWJI BBICOKYIO TOMOJIOTHIO C TOCJIEI0BATEIb-
nocteio JIHK M60913.1 u3 6aser manasix NCBI.
Jnst sKcnpeccud peKOMOMHAHTHOTO Oesika Iuias-
munoii pNIC28IFNaBos 0Obu1 TpaHcopmupoBaH
mramMm E. coli BL21(DE3). ns npoBepku Hamu-
YUs DKCIIPECCUN OBLTO TIOCESTHO 4 KIIOHA B KHUIKYIO
cpeay LB ¢ kanaMMIIMHOM M 1OCTIE TTOAPALTUBAHUS
mo6asien 1 MM UIITT mis uamykiun. [locne Hod-
HOTO KyJIbTHBHpOBaHUs ObuT mpoBenén 12 ITAAD
(Pucynok 3).

Pucynok 3

Onexmpoghopezpamma obweeo Kiemouno2o 6enKa pasHvix Kio-
nog E. coli nocne mpancgopmayuu nnasmuooi pNIC28IFNaBos
nocne undyrkyuu UITI

kda ™ 1 2 3 4 K

55
40

35

25

Ipumeuanue: M — mapxep monexynapuvix macc benxa, 1-4 —no-
mepa knonos, K — knemxu 6e3 uHoykyuu

MaskopHbIil 0eloK ¢ MOJIEKYISIPHOW Maccou
okono 20 k/la u3 mopoxku Ne2 (PucyHok 3) Obln
BBIpPE3aH U MPOAHAIM3UPOBAH C moMotbio MALDI-
TOF MC. Pe3ynbTaTel aHa/IN3a NOATBEPIUIN COOT-
BeTcTBHE Oenika ObrubeMy a-uHTepdepony (Tadmm-
ua 1, Pucynox 4).
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Tao6uumna 1

Ilenmuosi ¢ maccamu, coena()aiomu/wu c pacqé'mnbl/wu maccamu nenmudoe, nojuaydaemolx 6 pesyiomanme mpuncunoiusd Oblube2o

a-unmepgepona no cneyuduueckum caumam

Osxuiaemast [Tonyuennas Momudu- Hpogl yexu
Amaccsl (ppm) [entun [Mo3umus caiiToB
macca Macca KAl
MENTH/1a3bl
531.324 531.289 -66.700 (R)ENLR/(L) 15-18 0
681.336 681.306 -44.200 (R)Y/VEMMR/(A) 148-152 MSO 0
697.329 697.301 -40.500 (RY/VEMMR/(A) 148-152 MSO MSO 0
1165.602 1165.578 -20.300 (R)/LSPHPCLQDR/(K) 26-35 0
1384.675 1384.620 -39.600 (K)YEYSDCAWEIIR/(V) 137-147 0
1641.810 1641.758 -31.800 (K)/EKEYSDCAWEIIR/(V) 135-147 1
Pucynox 4
Tokpwimue AMUHOKUCIOMHOU nocne008amenbHoOCmu ObIube20

o-unmepgepona nenmuoamu, nonyuennvimu nocie MALDI-TOF MC

INFa2 Bos taurus

LGCYLSEDHMLGARENLRLLARMNRLSPHPCLQDR
KDFGLPQEMVEGNQLQKDQAISVLHEMLQQCFNLF
YTEHSSAAWNTTLLEQLCTGLQQQLEDLDACLGPV
MGEKDSDMGRMGPILTVKKYFQGIHVYLKEKEYSD
CAWEIIRVEMMRALSSSTTLQKRLRKMGGDLNSL

Tpumeuanue: Kpachvim ysemom GblO€IeHO PACNONOJCEHUe NEeNnMmudos ¢
maccamu, CognaoaiowuMu ¢ pacyémHulMu MAccamu nenmuoogs, Noay4aembi-
MU npu MPUNCUHoIU3e ObIUbLE2O O-UHMepPHeporHa no Cneyu UUHbIM caumam

Ha cnemyromem stame paboTel OBIT MPOBEAEH
noaoop ontuMansHoi konuentpauun UIITI u Bpe-
MEHHM KyJIbTUBHUPOBAHUS, Ul YEIrO HOYHOM KyJbTy-
poii ObLIM 3acestHbl TPOOUPKHU ¢ 5 M cpeasl LB, B
kotopeie mobasisuics WUIITI B xonmenTpanun 0,1
0,5 u 1 MM, 3aTemM npoOHUPKY KyIbTUBUPOBAIKCEH 6
niu 16 gacoB, 1OCIIe 9eT0 OTOMPATUCEH TPOOBI IS
IO [TAAT, a Takxke ObUI cliesiaH BECTEPH-OJIOTTHHT
JUISL TIOATBEPXKACHUSI IKCIIPECCUU PEKOMOUHAHTHO-
ro 6enka (PucyHok 5). PesynbraTsl mokasanu, 4yTo
MIpU KyJIGTUBUPOBAHUN B TeueHne Houn (16 1) 00-
pasyercst Oonblie peKoMOWHAHTHOTO Oenka, a Tak-
e, uto cHkeHue KoHuentpauuu UITTT Heratus-
HO BIIMSIET Ha YPOBEHb IKCIIPECCUH.

Jis mpenapaTHBHOTO BbIIEIEHUS PEKOMOU-
HAHTHOTO HHTEpQepoHa ObUT HUCIOJIB30BaH OCa-
JIOK KJIETOK IIOJIyYEHHBIH I0CIIE KYJIbTUBUPOBAHUS
mraMmma-npoayneHTa B konode co 150 mi cpenst LB
¢ mo0OaBIIeHHEeM MHAYKTOpAa U aHTHOMOTHKA B TeUe-
Hue 16 ygacoB. Briuenenue Oenka MpOBOAMIOCH €
HCIIONTb30BaHUEM MeTauT-ahpPUHHON XpomaTorpa-
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¢un ¢ Ni-NTA arapo3oif 1o METOIUKE, OMTHCAHHOMN
JUTsL  BEpOJIFOKBEr0 PEKOMOWHAHTHOTO UHTEpQe-
pona ambda (Premraj et al., 2020). IIpu 3TOM CBS-
3aHHBI CO CMOJIOM O€JIOK BHAYalie MPOMBIBAJICS
O0ydepom ¢ 8 M MOUYEBHHEI JUIsI OTMBIBKH OT Tya-
HUJIMHXJIOpUAA, a 3ateM Oydepom Oe3 MOYEBUHBI
1 TaKUM 00pa30oM TPOUCXOIMIT PEPOIIMHT Oerka.
Panee, B paboTax 1o moJiyuyeHHI0 PeKOMOMHAHTHO-
ro OBIYBETO O-HHTEephEepOHa, OCIIOK BEIACIISIIN B JIe-
HATYPUPYIOIIUX YCIOBUSAX TOCJIE YEro MPOBOJIUIH
JIMaliN3 B JIMAIM3HBIX Melkax. Hanpumep, B pabote
(Yin et al., 2023) quanu3 npoBoauics B TeueHue 24
9acoB, C IBYMsI CMEHaMH pedoaupyromero oyde-
pa 4epe3 10 wacoB. Pedonaunr Oeska auanuzom B
MAATN3HBIX MEITKax TpeOyeT 3HAUNTEIHHBIA 00bEM
Oydepa u cOnpoBOKAACTCS] PUCKOM IPEIHUITUTALAN
Oenka, IUIsT TIPENOTBpAIICHUS KOTOporo B Oydep
JIOOABJISIOT TIUIICPUH U Tipoune Ao0OaBku. Hampu-
Mep, Mussakhmetov et al. (2016) nns pedonamara
PEKOMOMHAHTHOTO YEJIOBEYECKOTO Y-MHTeppepoHa
no6aBIsIn B OUANM3HBIM  Oydep L-aprunwuh,



B.1O. Kucnumus u ap.

L-nponun, nmonustuieHrnukons caxaposy u 1100
3500. [IpnmeneHne MPOMBIBKM MMMOOMITM30BaHHO-
ro Ha Ni-NTA araposze Oblybero peKOMOMHaHTHOTO
a-uHTEep(dhepOoHa B JaHHOU PabOTE COKPATHIIO BPEMS
pedonaunra ¢ 24 yacos 0 10 MUHYT U 3HAYUTEIb-
HO CHH3WJIO pacxon OydepoB, MO3BOIUB U30ekKaTh
MCIIOJIb30BaHMsI MHOKECTBA 0OABOK M TaKHM 00-

Pucynox 5

pasoM YNpPOCTWIJIO MOJYYEHHE PEKOMOWHAHTHOIO
Oprunero o-uaTepdepona. Ha Pucynke 6 mpemncras-
JIeHBI pakuuy, cOOpaHHBIC C KOJIOHKU B MpoLecce
pedonauara ¥ DIIOMUN PEKOMOWHAHTHOTO OerKa.
Pesynpratel BectepH-OnoTTHHTA Mokazanu (Pucy-
HOK 6bB), 9T0 peKOMOWHAHTHBIN OEJIOK PUCYTCTBY-
eT Bo (hpakiuu E4, 00bEM KOTOPOIA COCTABIISLIT 2 MII.

Onexkmpogpopecpamma (A) u eecmepu-6nommune (b) obweco benxa 6 xknemxax E. coli mpancgopmuposannvix niaazmuoou
PNIC281FNaBos nocie undyxkyuu pasnvimu konyewmpayusimu UITI

0,1MM  0,5MM 1 MM
klaM K 6 16 6 16 6 16

100
70
55
40
35

25

0,1mM 0,5mM 1mM
M K 6 16 6 16 6 16

INFa

b

Ipumeyanue: M —mapxep monexynapHuix macc 6enka, K — kniemxu 6e3 unoykyuu, 6, 16 — epemsa Kynomusuposanus 6 uacax, 0,1

MM — 1 MM — konyenmpayua UITTI

Pucynox 6

Onexkmpoghopezpamma (4) u eecmepn-onommune (b) ppaxyuii, cobpannvix npu ouucmre pexombunanmuozo denxa BtINFo memann-

apunnoii xpomamozepaguu

M L LF R1 R2 R3 R4 W1 E3 E4 E5 E6 E7 E8 E9

A

25 kDa

M L LFR1 R2 R3 R4 W1 E3 E4 E5 E6 E7 E8 E9

70 kDa
55kDa

40kDa =

35kDa W

15kDa 4

b

Tpumeuanue: M — 6enxosviii maprep, L — obwuii knemounstii auzam 6 oygepe onsn I3, LF — nuzam nocne ceéazvieanus ¢ Ni-NTA
azaposotl, Rl — R4 — ¢ppaxyuu, cobpanrnvle npu pegpondunee cesizantnoeo ¢ Ni-NTA acaposoii 6enka ¢ epaduernme mouesunvl 8 — 0 M,
E4— E9 — ¢ppaxyuu, cobpannvie npu snoyuu benxa epaduenmom umuoazona 20 — 500 uM.
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Bo ¢pakuun E4 ucnonb3oBaHHBIA AN 3IIHO-
umu Oydep ¢ nmumazonoM Obut 3ameHéH Ha PBS ¢
MOMOIBIO AMATH3HBIX MPOOMPOK, TMOCHIE Yero Ha
MHUKpOCTIeKTpodoTOMETp Obllla OrpeJiesieHa KOH-
LHeHTpauusi Oejika, KOTopas IO pe3ysbTaraM TpEX
mmepennii coctaBmia 250.49+3.23 mkr/mi. Takum
00pazoM HaMu ObLTO MOdTy4eHo okoso 500 MKr pe-
(honmupoBaHHOTO PEKOMOMHAHTHOTO OBIYBETO WH-
Tepdepona anbda uz 150 M GakTepraIbHON Kyilb-
TYpBI, 4TO B TIepecuyETe Ha JIUTP COCTABIISET OKOJIO
3,3 mr. [lorydeHHbIH BBIXO]T peKOMOMHAHTHOT'O WUH-
TepdepoHa coriacyercs ¢ pe3yJIbTaTaMu, MOTyUYeH-
HBIMHU 17151 ipyrux uaTepdpeponos (Mussakhmetov
etal., 2016).

3ak/oyeHne

bruta monydena pexkoMOMHAHTHAs TUTA3MUIA
pNIC28IFNaBos, coaepxamas KIOHHPOBAHHYIO
MOCIIEI0BATENILHOCT ObIUbEro MHTep(epoHa aib-
¢a 6e3 N-KOHLEBOrO CHUrHaJIBbHOro mentuaa. Pe-
koMOnHaHTHBEIN Oeok BtIFNo Ov11 skcmpeccupo-
BaH B KJIETKAaX SKCHPECCHOHHOro mramma E. coli
BL21(DE3). CootBercTBHE TOIYYEHHOTO OeiKa
ObrubeMy MHTEp(dEpoHy anbda ObLIIO MOATBEPHKAC-
"o ¢ nmoMoIrro MALDI-TOF MC. Ilocie ontnmMu-

Bknao aemopos

3allUM yCJOBUU KyJIbTUBUPOBAHUS, BKIOYABIICH
noj00p KOHICHTPAIMK WHIYKTOpa W BpPEMEHU
KYJIbTUBHPOBAaHUsI PEKOMOMHAHTHBIA O€JIOK, Cco-
OTBETCTBYIOIIUH IO TIENITHIHOMY COCTaBY OBIYbeC-
My uHTepdepoHy anbda, ObUI YCHEIIHO OYHIICH
1 pedoIaupoBaH ¢ MOMOIIBIO METOAa MeTa-ad-
¢unHOM Xpomarorpaduu. Beixox mnenesoro Oenka
rociie pedonauaTa coctaBui 3,3 mMr Ha 1 auTp Oak-
TEPUAITBHON KYJIBTYPHI.

baaropapuocTn

ABTOpBI  BBIpaKarT OnarogapHocTh [laBiry
BonkoBy n corpynnukam LIKIT ®UII buorexHo-
norun PAH (MockBa) 3a moMoIlb B MPOBEICHUN
MALDI-TOF macc-cieKTpoMeTpu.

Hcrounuk puHAHCHMPOBaHUS

Pa6ora BemonHena 3a cuer cpeacts I'd® MPH
AP27510269 «Pa3paboTka TEXHOJIOTHH MOTYYESHUS
PEeKOMOVMHAHTHBIX MHTEPPEPOHOB IS IBYTOpOOTO
Bepomona (Camelus bactrianus), oBisl (Ovis aries)
1 KOpOBHI (Bos taurus)», punancupyemoit Komure-
TOM HaykKd MUHHUCTEpCTBA HayKH U BBICIIEro oOpa-
3oBanus Pecryonukn Kazaxcran.
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TY3Abl LUMKIBATTAPAblI KOCMETOAOTUSIABIK, OHIMAEP
OHAIPYAE MAMAAAAHYADIH, APTbIKLUbIAbIKTAPbIH 3EPTTEY

3epTTeyae KasakcTaHHbIH OHTYCTIK OHipiHAEr Ty3Abl LUMKi3aTTapAbl KOCMETOAOTUSIABIK, BHAIPiCKe
nanAaAyAbIH, apTbIKLWbIAbIKTAPbl KEATIPIAA.

KasakcTaHHbIH OHTYCTIK ©Hipi 6CIMAIKTEPAIH MOA LIMKi3aTbl MEeH Ty3Abl keAaepre 6ait. Kacnui
TEHi3iHiH MaHblHAA OpPHaAACKaH, ac Ty3blHblH 39 MAH TOHHA KOpbiHa 0ai, KOAeMi lamameH 73Km
aAbIn >KaTkaH >KakKCbIKbIAbIL KOAIHIH TYy3Abl LUMKI3aTTapbIHbIH, (M3MKa —XMMMUSAbIK KacueTTepiHe
JKOFapbl  ABAAIKTEr  KyparAapAa:koAopuMeTpaik, MK-Dypbe cnekTpAik, peHTreH cayAeAepiH
Avdpakumsicay dAiCTepiHe CyMeHin >kacaAFaH 3epTTey HOTUXKEAepi Ty3AapAbIH 6aCbiM OOAIr raAMATI
Ty3aapaaH(NaCl yaeci 96,8 +£3,3%-98,4 £ 2,4% apaAbiFblHAQ), COHAQM aK, HaTpuiai (Na,SO,) xeHe
KaAbLMIAAIH cyAbdaTTapbiHbiH(CaSO,x2H,0), HaTpuit cuamkatbiHbiH (Na,SiO,) 6ipa3 MeALLEPiHiH
Ke3AeCeTiHiH kepceTTi. KoAAIH eAeHIHEH aAblHFaH GaALLbIKTbIH KypamblHbiH: cyaaH-35-40%, CyibK,
asanbik, KypamblHbIH iliHAe: Na noHaapbl -1,90-18,12%,S noHaapbl-25,65 — 44,30%, Ca MoHAapbl
-1,12-2,13%,Mg noHaapbl -3,85-4,21, K nonaapsl -0,73—-1,1%, kapboHat noHaapbl — 0,22-0,5%, Cl
MoHaapbl -1,91-3,21% apaAbifbiHAa GOAYbI, COHAAM aK, KypamblHAQ 3USIHAbI 3aTTapblHbIH 6OAMaYb!
TY3Abl WUMKi3aTTapAbl KOCMETOAOTUSIAbIK, OHIMIe LLIMKI3aT PeTiHAE TOAbIK MalAaAaHyFa XKapamAbl eTTi.

KaszakCcTaHHbIH OHTYCTIK OHiPIHAE OPHbIKKAH OCIMAIK CbIFbIHAbIAAPbIH 2KaKCbIKbIAbIL KOAIHIH,
TY3Abl WIMKi3aTTapbIMEH KypMaAay Heri3iHAE€ aAfalkbl 7 KOCMETWMKAAbIK, ®HIMHIH MPOTOTUNTEPIHIH,
COHbIH, illIHAE Kaybl3Ffa apHaAfaH Ty3Abl KOCMaHbiH 4 Typi, KOA >X8He asK cayCaKTbl HblFaiTbim,
AE30A0pauMsiAayLbl 3 TY3AbI-6CIMAIK 3KCTPaKTbIAAPbIHbIH TEpPire OH 8Cepi, Ty3Abl WUMKi3aTTapAbl 6HIM
aAyAQ TOAbIKKAHAbI MaiaaAaHyFa Heri3 60AaTbiH KOPCETTI.

TyiiH ce3aep: Ty3Abl WKMKi3aTTap, TabUFK KOCMaAap, KOCMETOAOTMSIAbIK, ©HIM KOMMO3ULMSCHI.
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Zhanibekov University, Shymkent, Kazakhstan
2Auezov South Kazakhstan University, Shymkent, Kazakhstan
*e-mail: azhar.baikal79@mail.ru

Studying the advantages of using salty raw materials
in the production of cosmetic products

The study presents the advantages of utilizing saline raw materials from the southern region of Ka-
zakhstan in the cosmetic industry.

The southern region of Kazakhstan is rich in plant-based raw materials and saline lakes. Zhaksyky-
lysh Lake, located near the Caspian Sea, covers an area of approximately 73 km? and holds an estimated
39 million tons of table salt reserves. A study on the physicochemical properties of the lake’s saline
raw materials was conducted using high-precision instruments, including colorimetric analysis, FTIR
spectroscopy, and X-ray diffraction methods. The results revealed that the majority of the salts consist of
halide salts, with NaCl content ranging from 96,8 + 3,3 %-to 98,4 + 2,4%. Additionally, small amounts of
sodium sulfate (Na,SO,), calcium sulfate (CaSO,-2H,0), and sodium silicate (Na,SiO,) were detected.
The composition analysis of the mud sampled from the lakebed showed a water content of 35-40%.
The liquid phase contained the following ion concentrations: Na* (1.90-18.12%), $*~ (25.65-44.30%),
Ca?* (1.12-2.13%), Mg?* (3.85-4.21%), K* (0.73-1.1%), carbonate ions (0.22-0.5%), and CI~ (1.91-
3.21%). Additionally, the absence of harmful substances in the composition makes these saline raw
materials fully suitable for use as a raw material in cosmetic products.

The combination of plant extracts native to the southern region of Kazakhstan with the saline raw
materials from Zhaksykylysh Lake led to the development of the first seven cosmetic product prototypes.
These included four types of salt blends for body exfoliation and three salt-based plant extract formula-
tions designed to strengthen and deodorize the skin of hands and feet. The positive effects of these prod-
ucts on the skin confirmed the feasibility of fully utilizing saline raw materials in cosmetic production.

Keywords: salt raw materials, natural additives, cosmetology product composition.
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Ty3mb! mUKi3aTTapABI KOCMETOIOTUSUTBIK OHIMIEP OHAIpYAe MalAanaHyIblH apTHIKIIBUIBIKTAPBIH 3ePTTEY
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M3yyeHne NnpeumyLLECTB UCITOAb3OBAHUSI COAEBOTO CbIpbsi
B NMPOM3BOACTBE KOCMETUYECKOM NMPOAYKLMK

B nccaepoBaHMM nokasaHbl NpenMMyLLLeCTBa UCMOAb30BaHUs coAn KOyHoro pervora KasaxcraHa B
Ka4yecTBe CbIpPbsi AAS KOCMETOAOIrMYECKOro npom3BoAcTBa. KOxHbIin pernoH Kasaxcrana 6orat pactm-
TEAbHbIM CbIPbEM M COAEHbIMM 03epamu. M3yyeHbl (pr13MKO-XMMMYECKME CBOMCTBA Cbipbsl COAM 03epa
PKaKCbIKbIAbILL, PACMOAOXKEHHOrO BOAM3M Kacnmitckoro mMopsi, 60ratoro 3anacamu rnoBapeHHoM COAM B
39 MAH TOHH, 3aHMMAIOLLLEr0 0ObEM OKOAO 73 KM, BbICOKOTOUHbIMM METOAAMM: KOAOPUMETPUYECKII,
MK-Dypbe cnekTpockonums, OCHOBAHHbIN HA METOAAX AMMPAKLIMM PEHTITEHOBCKMX AyUer. YCTaHOBAe-
HO, YTO BOAbLLIAY YaCTb COAEN COCTOMT M3 raAnAHbix coaen (aoas NaCl 98,8 +3,4% -99,4+2,7%), a
TaK>Ke HEKOTOPOro koAmnyecTtsa CyAbatos Hatpusa (Na,SO,) n kaabums (CaSO,x2H,0), cnamnkara Ha-
Tpusa (Na,SiO,). CoaeprkaHne rpssm, M3BAEUEHHON U3 AHa 03epa: BOAbI-35-40%, 13 cOCTaBa >KMAKOWM
da3bl: moHbl Na — 1,90-18,12%, noHbl S-25,65 — 44,30%), noxbl Ca — 1,12-2,13%, noHbl Mg — 3,85-
4,21, nonbl K- 0,73-1,1%, voHbl kap6oHata — 0,22 HaAamumne B Ananasoxe — 0,5%, noros Cl — 1,91-
3,21%, a Tak>Ke OTCYTCTBUE BPEAHbIX BELLLECTB CAEAAAU CbIPbe MOAHOCTBIO MPUIFOAHBIM AAS UCMIOAB30-
BaHMS B KQUECTBE CbIpbs AAS KOCMETOAOTMYECKON NMPOAYKLMN.

[NoKa3aHO MOAOXKMTEAbHOE BAMSIHME Ha KOXKY 3KCTPakTOB pacteHmin FOyxHoro pernoHa KasaxcraHa
B COCTaBe NMPOTOTUMNOB MNEPBbIX 7 KOCMETUYECKMX MPOAYKTOB, B TOM UMCAE 4 BMAA COASIHOW CMeCen AAS
LEeAYXH, 3 COAEBO-PACTUTEAbHbIX 3KCTPAKTA, YKPEMASIOLMX M AE30A0PUPYIOLLMX MAAbLLbl PYK M HOT.

KAtoueBble CAOBa: COAEBOE Cbipbe, HaTypaAbHble A0GABKM, COCTAaB KOCMETOAOTMYECKOrO MPOAYKTA.

KbickapTynap MeH Oenrisieysep

POT — penrren ¢pakuusuislk Tanaay; HS-
SPME — boc keHICTiK-KaTThl (hazaibl MUKPOIKCT-
pakuusi; PGE2 — mpocrormanaun E, MaHBI3IbI
kaowiHy MeauaTopsl; CHD-FA — ¢hynbBOI KBIITKBI-
JIBIHBIH TybIHABLIAPEL; [L-8 — nHTEepneiikuH 8.

Kipicne

XIX racwipman Oacray anraH buorexnonorus
FBUIBIMBI 3aMaHayH JKETICTIKTEP MEH TEXHHUKAJBIK
FBUIBIMIAPABIH, OapibIK MYMKIHIIKTEpiH Iakja-
JlaHa OTBIPBIN, OCHl KYHI OapiblK eHipic cajana-
pBI OO¥iBbIHIIIA KapKBIHABI Aamyna. Kazakcranmarbl
OMOTEXHOJIOTHUS JKETICTIKTEPl YITHIMBI3IBIH JICH-
CayJIBIFBIH, XaJBIKTHIH OJIEYMETTIK 3KOHOMHKAIIBIK
JKaFaibIH KOTepy/li, oMip CYpy CallachlH apTThIPy-
JIaFbI MOCEIIENIeP/IiH MEIIiMiH TaOyabl KO3, KO-
HOMUKAJIBIK, CEPIIiH/I JaMybIHA BIKIAIBIH TUTI3YIE.
BHOTEXHOMOTUSHBIH ~ KOCMETOJIOTHSIIBIK,  ©OHJIIpiC
CaJIaChIHBIH JaMYBIHBIH ©JIEM/IIK KYHBIHBIH YIaiibl
ecyi- 2004 xbutbl 123 Mipa gomnapAbl Kypar, ai,
ol kepcetkim 2016 xwuthl 245 MIIpA qoJIapra, aji
2020 xputel 675 MIAp. OJUIApFa apTybl CalaHbIH
OapbIHIITA YKOHOMHUKAJIBIK JaFIaphICKa TO3IMILTITIH
avtrakTaiiner (Chin & Harizan,2017).

KocMeTukanbik, coHall aKk KOCMELIEBTIK OHIM-
JiepAl TYTBIHY KOPCETKilli OOMbIHIIA OCBI KYHTE Jie-
tin anaeiaFel KaTapasl AKLL men Kerrait nenenin
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Kenemi. A3us eini OOMBIHIIIA TYTHIHY KOJIEMiHIH Kop-
cetkinm 2010 xbutbl MoJiMeTKe cyhieHcek 30%-Fa
aprca, ai, 2016 onbH Memmiepi 37%-ab1 KyparaH.
TyThIHY KOpCETKIlliHIH KYH caHam apTyblHa ipre-
Jiec, DpHHE, OHIM CallachIHbIH APTYbIHA JIa TATANThIH
ecyi Oaiikanassl (Manful et al., 2024).

KocmeTonorusnsik eHJipic canachbiHBIH AMe-
pUKa Kypama IITaTTapbl MEH JaMbIFaH OipKarap
ennep JKanonus, EBpomna enaepi, conmaii ak Kopes,
KpiTait MemiiekeTTepiH/e KaPKBIH/IbI JIaMybl COHFbBI
eny KbUIa 0ackIMABUILIFBI Oaiikamyna. by epuHe
aJlaMJIap IbIH JICHCAYJIBIFBI MCH TEIE -TCH CYJIYJIBIK
CUMATBIH JIa aJJIBIHFBI OpPBIHAAPFa KOIOMEH YIITa-
chint xaTbip. KOCMETONOTUSIIBIK, ©pTYpiIi MaKcaTTa
JICHEe TEepICiH JKYMCApTaThIH, BUIFAJIaHIaHIbIPbIIT
Hemece KeMici Oap Tepi TypJiiepiH eMey YIIiH OpeH-
JIIK CHITaTTaFbl OHIM/IEP/Ii OHTipyMEH aiHaIBICATHIH
aremre oiirin amepukanbik «Hoola Matte Bronzery,
«Benetint Rose-Tinted Lip & Cheek Stain» kaci-
0u «Macy, COJ CHSKTHI KAIlOH EJIiHIH TaHLIMAal
«Kanebo», «<BCLy», «Kinka Cosmetics» enaipictepi
KOCMETOJIOTHSUTBIK, OMOTEXHOJIOTHSI MEH MEIUIUHA-
HBIH OCBI KYHT1 3€pTTey MOcCeJelepiMeH HOTHKEIi
artHaneicya (Rocca et al., 2022).

Conpaii-ak Tepi aypynapbIH alifiblH ayFa TYpii
JIOPUTIK 6CIMJIIIKTEPMEH KypMajlaHFaH jKaKia Mai-
map, Kpemiep, cycaOblH, Tic KYTiMiHE apHaiFaH
KOCIanap, KYH COYJICCIHIH Kepl ocepiii yJIbTpaKyJl-
TiH COyJeCiHeH KOpFayFa apHallFaH OHIMIEp/i oH-
nipetiH KaszakCTaHHBIH KOCMETOJIOTHSUIIBIK ©OH/Ti-



A.A. AbybaxupoBa xoHe T.0.

pici ochl KYHI HHIAYCTPHUSULABI OHOTEXHOJIOTHSUIBIK
caiajapblHBIH €H MaHbBI3Ibl KYPBUIBIMBI OOJBIM,
TaraM JKoHE MEIWIIMHAIBIK OHIM alyJaH KeHiHTi
ke3exTi operHab! ansin oTelp (DAMU RESEARCH,
2017). Enimizme COHFBI OHXKBUIIBIKTA JAMBIIT JKaT-
kaH Bioton lux, Alatau cosmetic, Umai beauty 6ip-
KaTap KoCIMOPBIHJAAPHI TEPiHIH TEKCTYPachlH Kal-
MbIHA KEJTIPETiH TOHEp, OMO-JTOChOH, Mackaiap,
IIan KyTiMiHE apHAIFaH ©CIMIIKTIH OHMOJOTHSITBIK
OeiceHmi 3aTTapbIMEH OaWBITBIIFAH CyCcaOBIHIAP
xoHe T.0. eHaipymeH aitHanbicyaa (Meirkhanova &
Zhakipbekova,2020).

OchI KyHi TYTBIHYIIBUIAPD Taa0bl KOCMETOJIO-
TUSHBIH 0acThl WHTPEIUCHTTEPIHIH MUHEPaJIbl
3arrap (Portugal-Cohen et al., 2009) men Ouono-
rusTeIK, Oencenni 3atrapra (Orazkeldi, 2022) Gait
OonybIH Tanamn etyae. KypaMmbpiHaa OUOIOTHSITBIK
OesiceHi Tepire oH BIKHANBI 0ap eHIMAEpAl Adpi-
JK ©CIMIIKTEep MEH TY3/bl IIUKI3aTTapabl KypMa-
Jlay HOTWXKECIHZEe OHIPY OCHl KYHI KOJ XKETiMJi.
Olitkeni, KazakcrtaHHbIH KeH OalTak eli ajdyaH
TYpIi OCIMAIKTEpMEH Karap, A9PITIK DHIEMHUK
ocIMIIKTepAiH MoON KopbiHa Oail. Emimizmin Tex
OHTYCTIK eHipiHIe Tapanran 200-1eH acTaM Aopi-
7K eciMaikTep OipkaTap MakcaTTarbl KOCMETOJIO-
THSITBIK OHIMIEPTe MHKi3aT MOJ KOPBI 00J1a ainamasl
(Goyal & Jerold, 2023). Meicansi, nopmene (Ekiert
et al., 2022), anpipacnan (Nenaah, 2010), KpI351I-
mus (Cerulli et al., 2022) eciMaikTepi XaubIK eMiH-
Ile epTe Ke3ACH TYPJIi Tepi )KapaKaTTapbliH eMACYTe
KEH KoJIJlanblica, ak TyT (Akhtar et al., 2012), cain-
6en (Hernandez-Saavedra et al., 2016) ecimmaikTe-
pi TepiHi OOCAHCHITHIN, pakaT ce3iM OOJICHTIH Ka-
CHETTEpiHe Opaid, )KYHKe KYHECiH THIHBIITAIIABIPY
MaKCaThIH/IA J1a JKUi KOJAaHbuIabl. TeHI3MiH Ty3-
bl KOMIIOHEHTTEPIHIH MHUHEPAIIABl dJIEMEHTTEPI:
MarHui, KaJblWid, CEJICH, HUKeIbre 0all Kypambl
Tepire OeJCeH/al BpeKeT eTeni, TepiHi bUIFaigaH-
IBIpanbl, TEpiJeri KaH alHaIBIMJBI JKaKcapTa
OTBIPBIN, KaOBIHYFa KapcChl, AHTHOKCHJIAHTTHIK
acepiepli KYHISHTIN, mcopuas, po3amea CHUSKTHI
Tepi aypyJiapblH eMIEHTiH, HEMece Tepi aypyJia-
PBIH aJAbIH alyFa MYMKIHIIK OepeTiH eHIMHIiH
KOPPEKIUSITBIK, KOMIIOHEHTI 6oia anansl (Ma'or et
al., 2024). bipak HapbIKTa 9111 1€ KYpaMbIH/a TY3bI
0ap KOCMETUKAIIBIK OHIM KE3eCIIei i, aj, emiMi3-
JIeTi TY3/bl KOJJIEP/AiH ayKbIMJIbl CaHBI, JOPLUIIK
OCIMIIIKTEPAIH YJIKEH ayMaFbl KOCMETOJOTHSUIBIK
OMOTEXHOJIOTUSHBIH JaMyblHA OapIIbIK MYMKIH/IK-
TepAiH HeTi3i 60Ja amassl.

Mine connpikTanna, KazakcraHma TtapairaH
OCIMJIIK KOHE TY3/bI ITUKI3aTTapIBIH MOJI KOPBIHA
HET13/IeJITeH KOCMETOJIOTUSIIBIK, OHIM aTy IbIH THIM-

I JKOJIIapbIH KapacThIpy 3epTTEYAiH MakcaTsl 00-
JIBITT OTHIP.

Ty3061 wukizam KocmMemoio2uaiplk, KOMNo-
HeHmmiH, He2i32i Kypbliabimbl

Ty3abl €M peTiHe KOJAaHYJbIH TapuxHu epTe
ke3neH Oenrini. Kaszak xanke! na 6acka e TypFbIH-
JIapbl CHSIKTBI TY37IbI KOJJIEpPre MOMBUIBII, TY3/IbI
YHTIpJAepAl TYPJIi THIHBIC JKOJIBI aypYJIapblH eMJey
MaKCcaThIHIa KeH KOJIaHbl kenreH (Baizoldanov
et al., 2022). MyHzaii munansl OpeIHAAP MbICAJIBL:
xakbiH KpIpreicTan, O3ipOaibkan, Peceill, conmaii
aK wanraii met engepae: [lonpia, Pymeinus, ABct-
pusiia crieneoTepanus JISreH aTieH KeH TaHbIMall.
Byn 6ip >xaFbiHaH, SKOHOMHKAJIBIK TYPFbIIA Maiina
OKEJICTIH TaMyIIIbl cajlaHbl Kypall, eKiHIII KaFbIHAH
TY3Ibl KOMIOHEHTTIK KYPaMabl KOCMETOJIOTHSIIBIK,
OH/IIpiC OAFBITHIHAAFBI 3ePTTEYNEP/Ii JaMBITYFa BIK-
naJ eTyze.

Ty31b1 MUKi3aTTap MBICANBL: TY3bI OAIIIBIKTap,
para, >xep acThl CyJIap MEH TeHi3 CyJapbl KypaMbIH-
Jarbl 0ail OpraHuKaiIblK, MHHEPAJIIBl 3JEMEHTTEPI
ajiaM TepiciHe >KaFbIMJIbl, KYHACTIKTI Maiiaaianyna
acepi 6ap, TypJi Tepi KeMiCTIKTepiH *KOIoFa, Tepife-
Il 3aT alMacyabl )KakcapTyFa, 9KiMIEpAiH OOTybIH
TEXETI, KACAPTKBIII dcep OEpeTiH, COHMAN aK, TICO-
pHas, aTONMSUIBIK, JePMaTUT, po3aliea CUSIKTHI aypy-
JIap/Ibl TOMBIKKAH/IBI MJICY YIIIiH MaiiianaHblIaThlH
KOCMETOJIOTHSJIBIK, OHIMICPAIH apHaibl KOCMEIeB-
THUKa TOOBIH KYpaWTBIH KOMIIOHEHTTEpi OOJIBIT Ta-
obutasel (Shidakov et al., 2014). EMik OanmibIKThIH
Kypambiagarsl Ca**Mg?",Zn*" xone Na“ voHIapbI
AQHTUOKCHIAHTTHl (DepMEHTTEpIiH: TIIyTaTHOHIIC-
poKcHIa3a MEH CYIEepPOKCHUIANCMYyTaza OeceHi-
JIriH peTTeyiHe bIKMaJl €Tyl TepiHl bUIFaTyCTayblH
JKaKcapThIT, KapTatobiH annbrH anansl (Tian et al.,
2002). Kopeii eninig TeHi3 karaiayblHaH aJIbIHFaH
eMIIK OAIBIKTEIH OMOXUMUSITBIK, TaI1ay HOTHKE-
ci KypambiHaa 19 — ieH actaM Makpo KoHe MHKpPO3-
JIEMEHTTEP MEH KYPJIEJi OPTaHUKAJIBIK KOCBUIBICTAp
Oap exeHi aHBIKTAIABI. OCHI OAJIIIBIKTEIH MUHEPAI-
Ibl ppaKImsIChl HHIOMETAIIUH TPerapaThbHbIH dCce-
pimen teH. Sruu, YK- coynenenynen tepi kepatu-
normrtrepingae PGE2 tysinyin 83% mamara neifin
Texxeyre Kabdinerti. Kypambinnarsl ocslHmail Oara-
JBI KOMITOHEHTTEp OanmiblK (PpakiuschiH TEPiHIH
TYpJIi KaObIHY aypyJapblH emeyle THIMII Kypau
ereni (Kim et al., 2010). Conpmaii aKk, OaNIIBIKTHIH
TYMHUHII 3aTTapbl M€H (DyJIbBOJ KBIIIKBUIIBI KOCHI-
aeictapeiabl (CHD-FA) 0,5% aybi3 KybICHIHBIH
MaTOTeH i MUKpoar3ajiapblHa JKOHKBIH 9Cep eTei.
ArTan aiiTcak, aybl3 KybICBIH/Ia MUKpOAF3aJiap Ty3IeH
OuoruteHKanapapl biapiparaapl. laprTer maTorenmi
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Porphyromonas gingivalis-tiH namysiH 90%-fa TOK-
TaTyFa BIKNaI ete anaapl. Kabemy memuatopsl [L-8
IKCTIPECCHSCHIHBIH OPEKETIH OyFaTTayFa KapKbIHIbI-
JIBIFBI TEpl MHPEKIMITAPBIH eMey 1€ KOJTaHyFa JKa-
pamuer eteni (Sherry et al., 2013).

EMaix OanmbIkTapIeIH HETi3T1 Kypambl OOJIBITT
TaOBUIATHIH (YIB(OI KBIIIKBUIBIHBIH TYBIH]IBLTAPHI
9K3EMaHBbI JIa HOTHXKEN eMaeiai. bynm KockutbicTap-
JIbIH OHTaMJIBI 9cepi Ke3/1eHCOK KOCAPIIBI KaChIPhIH
3eprTey HoTHkenepinnae cunarranasl (Kanwal et
al., 2025). OHipmiK TeHi3 OaIIBIKTAPHI, EIUOITHI
KOCBUIBICTAP, TOPMTH KOMIIOHEHTTEp KOHE Tep-
MaJIbJIbl CYy KypaMbIH/Ia OPTaHUKAJIBIK, — MUHEPAJIJIbI

1-kecTe

0aif Kypien KOCBUTBICTAPBIHBIH UMMYHOMOTYJTBIIK
JKOHE AaHTUOKCHIAHTTBIK KAaCHETTEPl CO3BLIMAJIBI
Tepi aypyJiaphbl, ICOpHa3, aTOMMSUIBIK JIEPMAaTUTTI
eMICy/Ie CHHTETUKAJBIK eMIIK KOMITOHEHTTEPIMEH
CaNBICTBIpFaH/Ia dIJIeKaiiia maiiasl, Kepi acepi a3
(Gandy et al., 2011).

OchIHIal JKemijie TYTHIHYIIBUIAPJBIH OH Oa-
FaceiHa ue OompIl oThIpraH Oipkatap Thalasso
Bretagne, Sepyhora Collection, Epsom Salt Co
-HBIH OETKEe HeMece JICHEeHIH OapibIK Tepi TYpJiepi-
HE apHaJIFaH eHIMJIepi KpeMJep, JI0OChOHap, Mac-
KaJlapbl TYTBIHYIIBLIAP apachiHaa KeH KOJIIaHBICTA
(1-xecre).

Ty3061 wiuKiz3ammsi KOCMEMOIOUANBIK OHIM OHOIpemin (pupmanap MeH Kacinopuloap openomepi nemece 01apobiy 6ACmbl OHIMOepi

Kocmernkanslk OpeHn araynapsl

KocMeTnkamnbIk ©HIMHIH aTaysl

«Thalasso Bretagne» Bath salt Sea with Algae

Thalasso Bretagne

«Thalasso Bretagne» Moisturizing Cream with Biomarine Liposomes for Face

«Thalasso Bretagne» Massage soap soild Galette Refinement

«Thalasso Bretagne» Mask cleansing

«Sepyhora Collection» Nourishing for Skin Barrier

«Sepyhora Collection» Plumping Day cream

Sepyhora Collection

«Sepyhora Collection» Brigteining Eye Cream with Caffeine and hyaluronic acid

«Sepyhora Collection» Firming Night Cream with Peptides

«Epsom Salt Co.» Dr Teal's Unscentad Espom Salt

«Epsom Salt Co.» PROFOOT Espom Salt Foot Gel

Epsom Salt Co.

«Epsom Salt Co.» Soaking Aid, Lavender Scented

«Epsom Salt Co.» Cold Season Bath Salt

«L:A Bruket» Restorative Algae Hand Peel

«L:A Bruket» Duo Kit Hand

L:A Bruket

«L:A Bruket» Body Lotion

«L:A Bruket» Hand and Body Wash

«L:A Bruket» Sea Salt Scrub

MyHzaa Ty3abl IIUKi3aTTapAarbl MHHEpPAJIbl
3JIEMEHTTEP/IIH MOHJIBIK KEIICHIHIH aF3ara OH oce-
pi ¢u3nosoTHs CcalachIHAAFBI iprefi 3epTTeyiep
HOTHXKECIMEH JIpiiekTeyre 0oaabl. Mbicalibl, aF3a-
JIaFbl apTHIK CYZbIH MOJILIEPIH HATpUH MEH Kajaui
TEHrepiMi peTTeN, ar3aHblH OIPTYTACTBIFBIH KaM-
TaMachl3 €TeJli, MarHui MaHbBI3bl (PEePMEHTTEPAIH
KO(OPMEHTI peTiHAe 3aT aJIMacy/blH MaHBI3]IbI
IpolecTepiHe KAaTBICHIN, AaF3aHblH KapTalObIHBIH
AJJIBIH aJIyFa BIKIAJ eTe/ll, TeMip KaHHBIH JKacyla-
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JBIK KYPBUIBIMBIHBIH HETi31 peTiH/ie, KacyIanapbl
OTTErIMEH KAHBIKTBIPHII, JKACYIIAHBIH KbI3METiH
perTeyre Karbicaabl. Ty3/Ibl IIUKI3aTTapABIH MaKpO
KOHE MUKPODJIEMEHTTEpre 0ail Kypambl KYHJIEINIK-
Ti Tepi JKacyIIachIHBIH MaHBI3bI JIEMEHTTEPMEH
TOJIBIK, KAHBIFYbIHA, OHJIAFbI OAPIIBIK POIIECTEP/IiH
JKYPY KapKbIHABUTBIFBIHBIH apTybIHA, TePiHI THIMI
KYMCaK MEXaHUKaJIBIK Ta3apTyFa, apThIK Mail MeH
BUIFAJIIAaH apBUITYFa, Tepi TOHYCHIH JKaKcapTyFa
piknan ereai (Proksch et al., 2005). Meicainsl dpan-
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msielk, La Roche- Rosay Openn enimzae ctpoHuunit
MEH CeJleH 3JIeMeHTiHe 0ail TepMmaibi cy Heri3iHae
eHJipineni.

Ty31bI IIUKI3aTTHIH TaFl OYp TYpi OOJBIN caHa-
JIaTHIH TY3/IbI parna OaNIBIKTEIH YCTiHIE Ke3AeCei.
KolMamKbIH CYMBIKTBIK pamaHblH KypaMbIHAAFbI
Ty3abIH yieci — 300- 350r/n neitin xereai, Kypambl
cynbdat, TuapokapOoOHaT, KATBIHNA, MAaTHAH, Kaauit
MOHAApbIHA, TYMHUH KBIIIKBUIAAPEI MEH TOPYMEH-
Jiepre, IENTUATEpre, moIucaxapuarepre 0ait 00Iys
OHBI OCBHI KYHI KOCMETHKAJIBIK, IIHKi3aTTa KeH KOJI-
nmanyna. OChI aTajFaH MUKI3aTTHIH HET131HIe Ka3ip-
Tl TaH/a KeITereH KOCMETHKANIBIK OHIMICp OHIipi-
neni (Figueiredo et al., 2023).

Ty3nel OammbikTap KeOiHeCe CaHATOPHSIIBIK
eMIIK IIHIa JKaiiapaa 9ceMIiK KOHE eMJIIK MaK-
catta KeH Kommanbutagel (Harari &Shani, 1997).
banmplkrap XUMHSIBIK MaHBI3bl KOCBUIBICTAp-
ra 0all KOJUIOMATHI THAPOQUIIBAL, KbITY YCTaFBIII
KacHeTTepre ue, TeHi3 dKOKYHEeCiHIH OelCeH Il ar-
3ajapel TeTepoTpOPTHl MHUKpOar3anap, 3¢H CaHbl-
payKylTaKTapel MEH OaKTepHsUIAPBIHBIH TipIILTIK
yaepici Herizinae Ty3iareH Omokommiekc. Omap-
TTGTH OMOJIOTFSUTBIK, OCJICCH TI 3aTTapFa MBICAJIBI: BH-
TaMHHJIepre, GpepMeHTTepre, rOpMOHIAPFa, MaKpo
MHUKPO 3JIEMEHTTEP/IIH MOHIBIK KEIIEeHIMEH Oaifbl-
TBUIFAH TYHOAIbI, TOPQTHI, BYJIKaHIBI TYpPIEpi KeH
TapaJFaH.

TyzaputeiEel Topd Tl Oanmbiktapaa 0,01-0,05
/1, TyH6anel GammbikTapaa 250-350 r/n apacwiH-
na ayeITkuabl. COHIal ak MUHepailaHybl OOMbIH-
ma, TYHIBI Cynbl Oammblk, 5-15 1/7m apaceiHma a3
MUHEpaJiaHFaH,5-35 r/n oprama MUHepalgaHFaH,
MUHepainanysl korapsl 35 -150 1/m, commaii ax
Ty3napmeH Kanbikkal 150- 300 r/n, pH xepcerkumi-
Tepi opTYpIii 60IybIMEH (KBIIIKBUIIB, DIICI3 CLITII,
cinrimi, cynppuaTi, oprama cynbGuari xoHe T.0.)
epekieneneni. Muicansl HapeIKTa Peceiine enmipe-
TiH BUBHTEKC KOMIAaHUSCHIHBIH -TaMOyH BOAHBIN
OKCTPAKT OHIMAEPi TY3Ibl OANIIBIK IKCTPAKTHIHA
Herizaenin enaipineni (Babaskin, 2010).

FrumeiMu nepexTep/i Tanaai Kemie, Ty3bI IIHKi-
3arTapAbl Tepi KyTIMEH OaFbITTaliFaH OHIMICD aly-
Jla TalJaany¥a TOJBIK, HEeT1 6ap /e JAer Oil TYXKbI-
pbIMayFa 0oabl.

3epTTey MaTepHaJAapbl MeH aficTepi

3eprreyre KaszakcTaHHBIH OHTYCTITiHAE Op-
HajacKaH JKaKCHIKBUIBIIT TY3IbI KOJIHIH IIHKi-
3aTTapel: TAIUATI, TATUATI Cynb(UATI, CynbaTThl
HATPUHNBI TY3[apbl, XJOPIbl MarHWi, KYKipT
KBIIKBUIBI, MAarHUMII Ty3/apbl MEH HATpUil Kap-

OOHATBl MEH para YIruiepi MEH para acThIHAAFbI
OQIIIBIKTHl IHKI3aTTaphl TMalgamanbpuInbl. JKak-
CBUIBIK KOJIHIH HIMKi3aTTaphl OpTYpii TepeHIIKTEe
JKoHe OeNJIIKTe aJbIHFaH HYKTEJIK ChIHaManaps! 00-
vibtHIIa aneiHb (Issayeva et al., 2021).

JKaxChIKBUTBITIT KOJTIHIH TY3 KYpaM/Ibl IIUKi3aT-
TapbIHBIH CUIIATTaMachl KOJIIIH OPTYPJli TEPEHIIK-
Te kKoHE OeNIKTe aIbIHFaH HYKTEJIK ChIHaMalapel
OOWBIHIIA aHBIKTAIABI. JKaKCHIKBUIBIIT Apan Te-
HIi31HIH CONTYCTIK 0aThIC — MIBIFBICEIHAA, Kacmuit
TEHi31 MaHBIHJA OpHAJIIACKAH KOJ ac TY3bIHBIH 39
MJIH TOHHa KopbiHa Oail. Ken kabatsl: cynbpduari
Ka0aTThl, JAMIIBl MOTIHIUIepCH, ca3 IeTiHAIep-
JIeH, KyM meriaaiiepaeH typaasl (Omarov et al.,
1987).

KocMeTtomorusuiplk oHIM amy MakcaTbiHaa JKak-
CBIKBUIBIII KOJIHIH TY3Abl IKKi3aTTapsl MeH Typ-
KicTaH 0OJBICHIHBIH OMOIOTHSUIIBIK, OCIICeH]TI 3aTTap-
ra Oail keseciiedt AOPIMIK OCIMAIKTEPI: aablpaciaH,
IIATFBIHIBIK COJIOCH, Tacla IIer, MUS TaMbIpPbI,
JOpMeHe, MBIHXalbIpaK, TYT, JKaHTaK, Icopanes
OCIMIITr1 aJIBIH/IBI.

3epTTey auicTepi

Yaritepai amy. Ty3asl mAKi3aTTapabIH YIITi-
nepi JKakcwhIKpuUThI KeiHIH chiHamanapsl CTKP
MECT 51575-2003 cait aneraas! (State Committee
for Technical Regulation and Metrology of the
Ministry of Trade and Integration of the Republic of
Kazakhstan, 2016). OcimuikTepiiH ChlHaAMaIapbIH
ay, ¢uromaccanapeia xuaay MECT240227.1-80
tanabeiHa cail xuHakTanael (USSR Kazakh SSR
Ministry of Health, 1980). ©cimuik ¢puromaccanbig
onoxumusbIK Kypambl HS-SPME men xpomoror-
padusITBIK KOHABIPFRIA capanTanasl (Abubakirova
et al., 2024).

Ty3mpl mUKi3aTTapAbIH 3JIEMEHTTIK Kypambl
ra3 TachIMaigaylibl (Teluil) ra3abl OTKI3ETiH ©I1-
merim kamepanan Elementar mogens Vario EL 11
KOHE TEK ra3 TachIMaJJayIIbIHbl OTKI3€TIH ecell-
TETII KaMepaMeH KaOIbIKTaIFaH JKBUTY ©TKI3Till
Termal Conductivity Detector) TCD nerextopna
A MunikeeBud aTelHIarsl [103HAHER MEMIIEKETTIK
yauBepcutetinae (Ilompma) xyprizinmi. Tysast
MIMKI3aTTap bl (QU3KMKAIBIK — XUMUSUIBIK, Kypa-
MBI KOJIOPUMETPIIIK dficke cyienin (Afnani et al.,
2022), UK cnexrpnepi Dypbe nHOPaKBI3BII CIIEKT-
pomerpinzme (Smith, 2011), xpom- Macc-CreKTpo-
MeTpiH, peHTreHai audpakuus Ttanmay (Cullity,
2014) axicTepi maiaanaHbIl KYPriziaai. OciMaik-
TepIiH OMOXMMUSIIBIK KypamblH Tajnay llo3Hanb
xapatbuictany yHuBepcuteringe (The Poznan
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University of Life Sciences) npodeccop H.H. Jelen
TIKeJIel KOMEeTriMeH KYPTi3iii.

3epTTey HOTHIKeIePi JKaHe TajIay

Ty3 Kypamabl MKizaTTapabIH GU3NKO —XH-
MHSJIBIK KACHEeTTepiH Tajuaay
Ty3ap!I MHKi3aTTapABIH XUMISUTBIK KypaMbl MEH
arperarThIK kail Kyline A.MulKeeBU4 yHUBEpCHU-
TETIHIH 3aMaHayW >KaOJbIKTAFAaH aHATUTUKAJIBIK,
03bIK (DU3UKAIBIK, XUMUSUIBIK 3€pTTEy Kypajjaa-
pPBIMEH KacajiFaH TEpeH TalJayJblH HOTHIKECIHIE
JKakChIKBUIBI KOJIHIH TY3IapbIHBIH O0achIMBI Ta-
muntik (NaCl 98,8-99,4%), conmait ak HaTpwiimiH
KapOOHATBl MEH CHJIMKATBI, HATPUHN JKOHE KallbIMH
cynbhaTTapsl TYpiHJE TapalFaHblHA KO3 KETKI3iji-

ni. KonopuMeTpusuiblk 3epTTeyre ajublHFaH 25 Ty3
ChIHAMAJAPBIHBIH HATPUH XJIOPWAIHIH MeJepi
68,8- 90,5%, HaTpuii MeH KanbLuil Cyab(arTapsl 1a
OiprramMa aybITKBITT OTBIP/IBL.

Pentren coynenepin audpakuusiay oiciHe
naiiananrad mapTtTel OenrinenreH 4 ymari S1-S4
tanpaybiaaa 3410-1635cm! apanbIFbl cyra THeceli
Oosica, KaJaFaHIapbl TOMEHJIETI MUHEpalapra THe-

cenn:
1. Na, CO,-700, 705, 855, 878, 1440, 1755,

2500, 2620 cm!;
2. CaSO,x2H,0 -667, 1010, 1130, 1630, 1670,
2200, 3410 cm;
3.Na,SO,-645, 1110 cm';
4 Hatpuii cunukarsl -775, 832,980, 1125, 1165,
1695, 2330, 3280cm! msirmapra tueceni (Cyper 1).

1-cyper
Penmeen coynecin ougppparyusnay odicimen S1-S4 coinamanapoacer my30el KOCbLILICIMAPObIY KAMIHACMbIK YLECIHIK manoay
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Ty3ablH 4 cblHaMachIHBIH Ken (azaibl KOM-
MOHEHTTIK KOCHAJIAPBIHBIH JKEKe MHHEPAIIbI
KypambiablH PDA tangay mHoTmxkeci, yarizepaix
PEHTTEeHOTPaMMACHIHBIH Tainay yieci JKakcei-
KBUIBIII KOJiHE XYPri3lireH 3epTTeysiep TY3AbIH
OacwIM OOJITIHIH rajduaTi, a3 MeJIep e KaubInui,
MarHui, HaTpuil cyibgaTTapbl 0ap eKeHiHe MH-
HEPOJIOTHSIIBIK 3€pTTeyJiep HOTHXKECI KO3 XKeT-

2-cyper

Kizyre MyM™mkingik Oepai. CyperTe ramumari Tys3-
IbIH 0acKa KOCBUIBICTApFa KaparaHaa HHTEPBAJIbI
Ouik, Oya aranFaH KeJAiH Ty3 TY3UTyl raduaTik
TY3 TY31J1y cail Jkajracajbl Jen Of KOPBITYFa He-
ri3 Oepeni. 3epTTeyre alblHFaH TY3 CbIHAMaJaphl-
HBIH arperarThlK KYPBUIBIMBIH JXKapbIK MHKPOC-
KOIITICH aliKbIH1ay HOTHIKECI 2-CypeT KeNTipiirexH

(2-cyper).

Ty3 coinamanapuinbly azpecammolk KypbLIbIMbIHbIY JCAPbIK MUKPOCKONbIHOAGbL Delinect

C

a — mix mepbypeluimsl Oypuic niwindi; b- conakwansl wenbepni niwindi; c-amoppmol

lanuari Ty3 OeliHeneH Kopim OThIPFaHbIMbI3IAi
OipKkerki emec, JI0Faj, CoMaKIaibl HeMece meHo0ep-
JIi sl OOJIBII TYP.

JKyprizinren 3eprreynep Ty3nbl Kocmajap-
JIbIH acTpaxaHuT, MarHUi TeKCaHuApu cyibdar,
TUIC, HAaTpUHl cynb(aTThl HEMece MUPaOMIUTTI
KOHTJIOMEPATTHI KOCBUIBICTBI OOJIATHIHBIH AHKBIH-
oagsl, ajl, Ty3 KeHAEpiHIeri Ty3 KOpJapbIHBbIH
aCThIHA JKMHAKTAJIFaH pana MEH OalIlbIK >KYpri-
3UITeH 3epTTeysep OaIIbIKTBIH XUMUSUIBIK KY-
paMbIH KeJiecijiel KOMIIOHEHTTEpPre JKIKTeMi: Cy
— 35-40%, cy#bIK (a3anblK KYpaMbIHBIH ilIiHIE:

Na wmonmaper -1,90—18,12%, S wmonmapsi-25,65
—44,30%, Ca nongapsr —1,12-2,13%,Mg nonna-
pet —3,85—4,21, K wonnapser -0,73—1,1%, kap0o-
Hat woHmapsl —0,22—0,5%, Cl monmapsr —1,91-
3,21%. OchiHail MaHBI3IbI 2IIEMEHTTEPTe KaHBIK
OaJIIBIKTBl KOCMETHKAIBIK OHIMAEpPre MaTPHKC
Kypamja THIMIUIITIH apTThIpyFa OamnTaiblIl maii-
JajaHyra OoJambl.

JKaKCBIKBLIBIII KOJIIHIH OaIIIBIFbIHA JIEKTPOH-
JIbl — PACTOPJIBIK, MUKPOCKOMHUSIIBIK 3ePTTEY HOTH-
xkeci 11 anementrin: O, Si, Al, K, Ca meniuepinin
OacCBIMJIBIFBIH KOPCETTi (2-KecTe).
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2-KecTe

JKakcwikpinviue koniniy 6anubi2blHOa2bl XUMUALLIK 2TeMeHmmepoiy Yiecmik KamvlHacmapbsl

JKaKCBIKBUIBIII OaJIIIBIFBI
Plc DieMeHTTep aTaysl
CanMaKTHIK, KaThIHACKL, %0 ATOMJIBIK KaTBIHACKI, %0
1 o 51,76 67,27
2 Na 1,72 1,55
3 Mg 1,71 1,46
4 Al 7,06 5,44
5 Si 24,23 17,93
6 S 1,00 0,65
7 Cl 0,00 0,00
8 K 2,57 1,37
9 Ca 4,06 2,11
10 Ti 0,43 0,19
11 Fe 5,47 2,04
Bapasirsr 100,00

JKorapbijarel MOJIMETTED JKEKE 3JIEMCHT-
TEepIiH CIEKTpOrpaMMachl KECKiHe COHKec Ke-
neni (3-cypert). BanmiblKThIH arperarThiK Kypbl-
JIBICBIHBIH MHKPOCKONTHIK OciiHeci OalIIbIKTHIH

3-cyper

KPHUCTJIJIBIK YHIH/I e€MeC, CO3BUIBIHKBI, )KYMCaK
KYPBUIBIMIIBI MacCaibl, MaiJIbl KOHCUCTCHITHSIIBI
00JTyBI, TEPITre )KYKA HIMJI1 )KaFbUIAThIHBIH aHKbIH-
TanIbI.

JKakcuvinvig koniniy edenindeei danublKkmuly azpe2ammolk KypblibMbl MeH XUMUATLIK dNeMeHmepiniy 21eKmpoHObIK pacmopiblK

MUKPOCKONMbBIK, CHEKMpPOcpamMMacsl

INeKTPOHALIK CypeT 1

KopriTa kenrene, Ty3asl IUKi3aTTapra jkacall-
FaH (pU3MKA-XUMUSIIBIK 3ePTTEYJICP TY3/bl ChIHAMA-
Jlap MEH OaJIIlbIK KOCBUIBICTAPBIHBIH KYyPaMbIHBIH
Oaceim Oeuiri ramuarik ty3gan NaCl-96,02+8,06
macc.%, ac TyseiHAa -93, £8,06 macc.%, pamanma
-24,12+0,01 macc.%, MarHuii HOHBIHBIH MOJIIIIC-
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k3Bl

Tonelk MacwiTa6: 5383 nmn. Kypcop: 0.000

pi as3eIKTBIK Ty3ma 0,16+0,01 macc.%, Ty3mel epi-
mingige — 4,03+0,01 macc.%, eneHAiK OamIIbIKTa
0,82+0,01 m™acc.%, KYKIpT HOHBIHBIH MeJIIepi
0,16+0,01 —0,82+0,01 macc.%, apansirpinga. PAT
HOTIDKEC] TY3/1bI ChIHAManapJia 0acslM MeJIepe-
Il TaquAaTiH, MarHui, HaTpuil cyib(aTeIMEH Koca
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acTpaxaHMT, MarHUH TeKCaruipuT cynb(aTsl, THIIC,
MUPaOWIINT MOJIIICPiHIH a3am Ke3JeCeTiHIH KopceT-
Ti. AJI KOHIEPOTEeH I 3aTTapAbIH KYPaMBbIHBIH [IEKTi
MOJIIEP/ICH ACTIANTBIHBI TY3/bI MIMKi3aTTapFa JKo-
Faphbl ADIAIKTEr1 KYPri3ireH 3epTTeyiiep HOTHKeCl
nmoviexreiiai (Nowak et al., 2022.). Ocpianaii 6ara-
JBl MMHEPAJOTUSUIBIK KYPaMBbl, TY3/bIH IIHKi3aT-
TBIK, MOJI KOPBIHBIH 00Jybl KaKCHIKBUIBII KOiH
KOCMETOJIOTHSIJIBIK OHIM ajlyJja KOJAaHyFa TOJIBIK
Heriznei ananael. OChIFaH Opail TY3bI ITHKI3aTTap-
JIbl ©CIMIIKTEpMEH Kypamajay HerisiHiue KOCMeTo-
JIOTUSITBIK, OHIMIIEPIiH KeWOip MPOTUTUTITEPIH aly
3epTTEYIiH MaHbI3/IbI 06I1iMi OOJIBIT TAOBIIJIEL.

Ocimaik neH Ty3 IMKi3aTTapbIHA cail KocMe-
TOJIOTHSIJIBIK, OHIMHIH THIMII KypaMbIH TaHIAY

KazakcranHbIH OHTYCTIriHIE OPHBIKKAH OCIMIIK-
TepHiH: JKyCaH, MBIHXKAIBIPAK, COIOCH, MHUS TaMbl-
PBL, abpIpaciiaH, JKaHTaK OCIMIIKTEeP 1l OMOIOTHSLITBIK,
Oaranpl 3arTapbiMeH JKaKCHIKBUIBIIT KONIHIH TY3-
JIbI IIHMKI3aTTapbIHA HETI3JIeT SJIEMIIK oIl TeHi3/eH
aNbIHATBIH OpeH T OHIMIep HEeTi31HeT] Toxipudenep-
re cail OTaHJBIK KOCMETOJOTHSIIBIK OHIMICP/IIH all-
FAIIKBI TIPOTOTUNTEP] ANBIH/BL. SIFHU OpeHAIK oHIM
ay TeXHOJIOTHsIChIHA call eHiIMHIH 80-85% Herisri,
10-15% Gencenni 3atTapaan, Tek 3-5% FaHa OHIMHIH
CaKTaJTybIH Y3apTKBIII XOII HMICTi KocCHalapra cai
KYPaCThIPbUIAbL. BHOJOTHSIBIK CHIIATTaFbl 3aTTap
Tepire THIM/I OTIiM, STUIEPMHUCTI KOPFaIl, KypFaTmai,
OHIMHIH TIaii1aapl MHTPUIACHTTEPIHIH TOJBIK CIHIIT,
KayinTi (QU3HONOTHSIIBIK OpEKeTTepre Tycled OH

3-kecte

BIKIAJIBIH THTi3ei. SIFHN, OHIM KYPaMbIHAAFbI TaOH-
FHU IIUKI3aTTap OHIM KAyINCi3diri MCH THIMILTITIHIH
Kerit Ooa ananibl. bipak KenTereH KOCMETHKAIIBIK
OHIIIpiCTEep/IC OHIMHIH CAKTATybIH JKOHE JKaKCHI Je-
30/1apanusuiay KacHUeTiH JKOFaphUIaTy MaKcaThIHIa
arpeccopiiblK, KAaCHETKEe He JKacaHJ/bl KOCIanapIbl
JKH1 KOJIIAHBIT JKaTaThIH JKaFaiyiap KernTen Ke3Jie-
ceni. OceIHIal MakcaTTa eHimre: Oydepiik 3arTap,
BUTFaJl YCTANTYPYIIbI, TEIBTY3TIII, KOFJIAH IBIPFBIIII,
AHTHCENTUKTEP, AHTHUIIEPCIHUpAHTTap, abCOpOEHT-
Tep MNHUTMEHTTEp, KOHCEPBAHTTAp IaiJanaHaipbl.
Mine, ockl XaFmaimap, OChl KYHI TYTBIHYIIBIIAp-
IBbIH OHIMHIH Kypambl HEFYpJIbIM TAaOWUFW CHUIATTa
OoyBIH Tayan erim xateip. OChl AepeKTep/i Heri3-
r'e ajga OTBIPBII, KOCMETOJIOTHSUTBIK, OHIMHIH HETi3ri
3aThl peTinae KakChIKBUIBII TY3/bI MTHKI3aTTapbIH
OHTYCTIK OHipimi3e KeH TapanraH 13 Typii eciM-
JKTEPMEH KypMaJsar oHIM ayFa Heri3 00JIbl. Y ChI-
HBUIATBIH OHIMIE XOII Hic Oepy 7 eciMIIKTepl maii-
nmana"y kesznenai. OcpiTaiia, HOHIBIK Kypambl Oaif
TY3JIbl IIHMKI3aThl MEH APPUTIK OCIMIIKTEpAiH OHO-
JIOTHSUTBIK, OETICEH Il KCTPAKITUSITAPBIHBIH HET131H Ie
KOCMETHKAJIBIK, OHIMJEPIH allyFa MYMKiHIIIK OepeTin
KOMITO3UITVSIIAP KYPaJIabl KOHE OHIMICPIIH aJTFalil-
Kbl ChIHAMaapbl 7 ©HIM aJlbIH/IbI:4—CaybIKTHIPATHIH,
TepiHi KOPEKTEHMIPETIH, CePTiTETiH, KOCMETHKAIBIK
BaHHAFa apHaJIFaH TY3/bl KOoclauap, asK >kKoHe KOJ,
Tepic MEH caycak KyTiMiHe apHaJFaH 3—Ty3/bI 6CIM-
JUK 3KTpaKIusIapbl. OHIMAEPIIH KypamIac KypaMsbl
TOMEHJIET] KEeCTEe/Ie YIECTIK KaThIHACTA KOPCETIITCH
(3-kecre).

Tabueu wiukizammapmen Kypmananean Ketloip KOCMemonocusiblk OHiM Kypamol

— 1 - — o e 14 o 3
2 - I ° 3 < = S < L] =
53 | BE & S8 [E @ ESsEf|Eggetg 2 o
OciMJIK XOHE TY3 EE-E 82?0\0 ,EE.E §E§§§ %%&i §%ai EZ‘E
Ne |mmkizarTapsr Es > | ETE = == S |ES %S 5 %;%,E %‘;%E 25
=t s = 3 & 25 |pE®E Y ©9FES|oFES| EgE
HbIH aTaybl 23 m 8= E szz [2Sz8% gfzk | gvEze| vaE
egf 588 | FgE |E7E°Y| BEfE| 5583 5E°
O 2 <ew = g > a = 7 a2 = &
1 [KpI3bLT MuS, % 0,08-0,2 0,01-0,02; 0,04-0,5; - 20 10 -
2 |racmrerr, % 0,09-0,1 0,05-0,1 0,05-0,4; 0,05-0,1 10 10 -
3 |ryiimeweTeH, % 0,09-0,2 0,09-0,2 - - - 10 10
4 |ameipacmas, % 0,09-0,2 0,09-0,2 - - - 10 20
5 |manFeHABIK conodeH, % 0,09-0,1 - - 0,03-0,1 10 20 -
6 |kycrapan, % 0,08-0,2 0,05-0,3 0,01-0,5 - 10 - -
7 |mopmene, % 0,08-0,1 - - - - 10 20
8 |akTyT 0,09-0,2 - 0,1-0,2 0,2-0,4 10 -
9 |KOIIMI1 XKaHTAK, 0,09-0,2 - 0,1-0,2 - - -
10 |kostHEpiH 0,08-0,2 - - - - 20 -
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Kecmeniy orceneacol

3 = B=Jc % =4 =4 o =2
° | ° 3 S < = K S < @K =
. 552 &8 T aé@ Esfce CEZE|CEEE| 2L
OCIMIIK )XOHE TY3 g2gz o 2 = &a3 xﬁ%ﬁ% sE§ez | s§e2 E“E
. ) — o~ oo
Ne |mmmkizarTapst 55% 22 E gg% Eéé‘%& g-5E|2=z5E| z28%
o Z Z
o aayi S5F |s=zS8| 255 |BEZEg ZECE|SEEE| L
> < A < 5 =3 S & < 2 LT < 3 = >
R E £ & e 2 & |3 S SEEE | 828 4| 58
O ¥ = T 2 < a o < &
11 |komimMri MBIHKAITBIPAK, 0,08-0,2 - - 0,1-0,4 - - -
12 |mepinik akKypaii 0,02-0,08 0,05-0,1 - - - - -
13 |;epxe >xycaHbl - - - - 5 - -
3(up MaiIbl AOPLIIK
14 |2bmp AP 0,01-0,02 | 0,01-0,02 - 0,01-0,02 - - -
IKCTPAKT
14 |ty3 99,03-98,00 | 99,30-99,28 | 99,7-98,20 | 97,81-97,18 925 910 950

JKorappiarel KecTe KENTIPIIreH oCIMIIK IIH-
KI3ITTapbIHBIH YIJIECTI KAaThIHACTApbIHA 3€p CaJiCak,
OHIMJIEP/IIH HeTri3i 0exiri Ty3apl IHKi3aTTaH, KY-
paJibIl, oJjlapFa XOII HICTCHIIPTII, OMOJIOTUSIIBIK
OeJiceHal KOCBUIBICTaphl Oap IOPUIIK ©CIMIIKTEp
AKCTPAKIHMSIIAPHI Tl TaHbLUIbI.

KopbITbIHABI

Ochl KYHIT KOCMETOJIOTHSUIBIK ©HIM HWHJYCT-
PUSUIIIBI TaMYBIHBIH HeTi31 OaFbIThl TAOWFH IIHKi3aT
KOpBIHA HETi3/IeN OHIM aybl KaHFBIPTY, IHUKI3aT
KOPBIHBIH HETi3ri ke3epiH tady. Emimizae eHmipic
IIUKI3aThl OOJATBIH TY3bl KOJACPHIH ayKbIMJIbI
CaHbl, JOPIUTIK OCIMIIIKTEP/IiH CapKbUIMac Ke3i Koc-
METOJIOTHSUIBIK OMOTEXHOJIOTHSHBIH JaMybIHA YJI-
KEH CEpIILIiC TyFhI3yFa BIKITAIbI Oap.

Ocpiran opaii JKakChbUIBIK KOJIHIH TY3.Ibl IIH-
Ki3aTTapra  KOJOPUMETPUSIIBIK,  MH(PAKBI3BLI
CIICKTPOMETPHS, TEPMOIPABUMETPHS, CHEKTPOdhO-
TOMETPUST KYpallZiap/IaFbl JKYPTi3iireH 3epTreyiep
HOTHXKECI HIMKI3aTTap/blH KypaMbIHJa CIIKaHai
3USIHJIBI AJIEMEHTTEPIH JKOKTBIFBIH, SJIEMIIK KOC-
METHKAJIBIK TY3/Ibl IIIUKI3aTTAPMEH Iapa mnap eKeHi-
HE KO3 JKeTKi3yiMi3re MYMKIHJIIK Oep/Ii.

SIFHM, 3epTTEyNiep HOTMKECIHE CYHeHin, Kemeci
KOPBITBIH/IBIIAP JKACATBIH/IbL:

JKaKChIKBUTBINT KOJIHIH TY3/bl IIHKi3aTTaphI-
HBIH 0achIM Oelliri ranuaTi Ty3aapAaH, COHAal ak,

Aemopnapoviy, yneci

HATPUUIH JKOHE KaJbIMHUIIH Cylb(aTTapbIHbIH,
CUJIMKATBIHBIH 0ipa3 MeJepi Jie Ke3JleceTiHe Ko3
JKETKI3UII, KypaMbIHIa 3USH/IBI 3aTTaphIHBIH 0OJI-
Maybl TY3/bl MIMKI3aTTapJbl KOCMETOJOTHSIIBIK
OHIMT'€ IIHUKI3aT PETiHC TOJBIK Maii1anana OThIPBII
7 KOCMETHKAJIBIK OHIMHIH KOMITO3UIMSIIAPBIHBIH
AJTFAINITKBI TPOTOTHUIITEP] AJTBIH/IBI.

AJFBI CO3

A. Munkeesud areiHnarel [lo3HaHp Memiie-
kerTik yHuBepcuteTiHiH ([Tonmbima) mpodeccopst
Boguslawa Leska sxeHe 3epTTey »KyMBICH asiChIHIa
Oipnece eHOek erkeH npodeccop A.Emmbacrka,
«6B05101-buonorusiy bb Oinmim amymiepuiapbiaa,
EpIKTI KaThICYIIbLJIAPFa ©3 aJIFBICBIMBI3IBI 01111~
pemis.

Kapxblianabipy kesi

3eprrey xympic KP BFM Fpuibim komuTeTi
Kap>KblIaHJBIPATBIH KelleCiJied TPaHTTHIK FBIIbI-
MH-TeXHUKAIBIK kobamap NIeHOepiHAe OpBIH-
nanabl: «OTaHIBIK KypaMbIHAa Ty3 Oap JKoHE
OCIMJIIK IUKI3aThIH (PapMaKOJOTHSIIBIK, 3EPTTEY
HETI31H/e aHa KOCMETOJOTHUSIUIBIK OHIMII OHIIi-
Py ’KOHE OHBIH MPOTOTHUIIH ajly TEXHOJIOTHSCBHIH
o3ipiey» (2018-2020), (memiekertik Tipkey Ne
0118PK01370).
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EVALUATION OF THE EFFECTIVENESS
OF AN IMMUNOSTIMULATING PRODUCT BASED
ON LOW-MOLECULAR-WEIGHT PEPTIDES
DERIVED FROM MARE’S AND CAMEL’S MILK

The study aimed to develop and evaluate the effectiveness of a specialized immunostimulating
product based on low-molecular-weight peptides isolated from mare’s and camel’s milk. The prod-
uct was additionally enriched with biologically active compounds possessing antioxidant and immuno-
modulatory properties. The clinical study involved 20 volunteers aged 30-45 years divided into control
and experimental groups. Participants consumed 90 g/day of the product for 20 days under conditions
of daily physical activity. Humoral and cellular immunity parameters (IgG, IgA, IgM, T- and B-lympho-
cytes), lipid peroxidation markers (MDA, diene conjugates), and antioxidant defense indicators (catalase,
superoxide dismutase, total antioxidant activity, vitamins A, E, and C) were assessed.

The results demonstrated that physical exercise in the control group led to decreased immunoglobu-
lin levels and signs of secondary immunodeficiency, along with increased oxidative stress markers. In
contrast, administration of the specialized product resulted in a significant increase in 1gG, IgA, and
I1gM levels, enhancement of T- and B-lymphocyte counts, reduction of lipid peroxidation products, and
activation of antioxidant defense enzymes. The product stabilized humoral and cellular immunity and
improved antioxidant status during physical stress.

The findings confirm the pronounced immunostimulatory and antioxidant effects of low-molecular-
weight peptides from mare’s and camel’s milk and support their use in the development of functional
and preventive nutrition products.

Keywords: mare’s milk, camel milk, low-molecular-weight peptides, immunostimulation, antioxi-
dant activity, lipid peroxidation, physical exercise, functional nutrition.

IO.A. Cungscknin’, M.A. AbayaxaHosa'*, O.B. Aoamarosa’',
E.H. Omapos', A.H. TyiiryHos!, A.A. Aapsuwi?
'«Kasak, TamakTaHy akapemuscbl» XKLLIC, Aamatbl, KasakcTaH
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bue oHe Tyie CyTiHeH aAbIHFaH TOMEH MOAEKYAAAbI MenTUATep HerisiHaeri
MMMYHOCTUMYASILMSIAbIK, OHIMHIH, TMIMA(AIriH 6aranay

3epTTeyAiH MakcaTbl — OMe >koHe Tyme CyTiHeH GOAIHIN aAblHFaH TOMEH MOAEKYAAAbI MENTUATEP
HEri3iHAE VMMYHOCTUMYASLIMSIAbIK, KacueTi 6ap apHambl 6HIM 83ipAey >KOHe OHbIH TUIMAIAIMiH
baranay. OHIM aHTMOKCMAQHTTBIK, XOHE MMMYHOMOAYASILIMSIABbIK, 8Cepi 6ap 6MOAOrMSABbIK, BGeACEHAI
KOMIMOHEHTTepMeH GanbITbiAAbI. KAMHMKaAbIK 3epTTeyre 30-45 >kac apaAbifbiHAAFbl 20 epikTi KaTbICTbl,
oAap GakbiAay XXeHe TaxipnbeAik TonTapra 6eAiHAl. Kartbicyuibiaap 20 kyH 601bl ToyAiriHe 90 1 eHim
KabblAAAM, TYPAKTbl (OM3MKAABIK XKYKTEME OPbIHAAAbL. [YMOPAAbABIK, X8HE >KaCyLUaAbIK, UMMYHUTET
kepcetkiwTepi (IgG, IgA, IgM, T- xaHe B-AumMdounTTep), AUNUATEPAIH acKblH TOTbIFY 6HIMAEpI
(MAA, AMEHAIK KOHbIOraTTap) >XOHEe aHTMOKCHMAAHTTbIK, KOPFaHbIC XKYMeCiHiH, 6eACEHAIAIr (kaTarasa,
CYNepoKCUAAMCMYTa3a, XKaAMbl aHTMOKCUAAHTTbIK, GeAceHAIAIK, A, E, C BUTaMMHAEPI) aHbIKTaAAbI.

HaTuxxeaep hrsmKabik, KykTeme 6aKpiray TOObIHAQ UMMYHOTAOBYAMHAEPAIH TOMEHAEYIHE XKaHe
TOTbIFY CTPECCIHIH KYLLEIOIHE aAbIN KEATEHIH KOPCeTTi. AA ToXKipnbeAik TonTa apHambl OHIMAI KOAAAHY
1gG, IgA >xeHe IgM aeHrenaepiHiH >KorapblaayblHa, T- >keHe B-AnmdoumtTep caHbiHbIH, apTybIHa,
AMMUATEPAIH, ACKbIH TOTbIFY OHIMAEPIHIH TeMeHAEYiHe >KOHe AHTUOKCMAQHTTbIK, (DepMEHTTEPAIH,
6GeAceHyiHe biKMaA eTTi.
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AAbIHFaH HaTVMXKeAep Oume >koHe TyMe CYTIHEH aAblHFaH TOMEH MOAEKYAAAbl MENTUATEPAIH aiKbiH
MMMYHOCTUMYASILMSABIK, )KOHE aHTMOKCUAQHTTbIK, 8CEPiH ADAEAAENAI XKBHE OAapAbl (DYHKLMOHAAADIK,
>KoHe NMPOUAAKTUKAABIK, TaFaM 6HIMAEPIH 83IpAeyAe KOAAQHYADBIH FbIABIMU HETi3iH KAAbINTACTbIPAAbI.

Ty#in ce3aep: Gue cyTi, Tyile CyTi, TOMEH MOAEKYAAAbI MENTUATED, MMMYHOCTUMYASLIMS, aHTUOK-
CUAQHTTbIK, GEACEHAIAIK, AUMIMATEPAIH ACKbIH TOTBIFYbI, (DU3MKAABIK, )KYKTEME, (DYHKLIMOHAAADIK, TaFam.

IO.A. CuHasckmin', M.A. AbayaxaHosa'", O.B. AoamaToBa’,
E.H. Omapos', A.H. TyiryHos', A.A. Aapsuii?
"TOO «Kazaxckas Akaaemus Nutanms», Aamatbl, KasaxctaH
HAO «Kasaxckuit HauMoHaAbHBIN MEAVMLIMHCKNIA YHUBEPCUTET

mmenn C.A. AcpeHansapoBar», Aamatbl, KasaxcrtaH
*e-mail: malika_81_@mail.ru

OueHka 3¢h(peKTMBHOCTM MMMYHOCTUMYAMPYIOLLLETO MPOAYKTA Ha OCHOBE
HM3KOMOAEKYASIPHbIX MENnTUAOB M3 KOObIALEro M BepOAIOXbEro MOAOKa

LleAblo HaCTOSILIErO UCCAEAOBaHMS SBASAACh pa3paboTka M oueHka 3(D(HEKTUBHOCTM CrielaAm-
3MPOBAHHOI0 MMMYHOCTUMYAMPYIOLLErO MPOAYKTA Ha OCHOBE HM3KOMOAEKYASPHbIX NMENTUAOB, BblAe-
AEHHbIX U3 KOBbIALErO 1 BEpOAIOKbEr0 MOAOKA. [TPOAYKT AOMOAHUTEABHO O6OralEH BUOAOTMUECKM
AKTMBHbIMM KOMIMOHEHTaMU C aHTMOKCUMAQHTHBIMM M UMMYHOMOAYAMPYIOLLIMMK CBOMCTBaMK. B KAMHUM-
YECKOM UCCAEAOBaHMM NpUHIAK ydyacTre 20 A06poBOAbLIEB B Bo3pacTe 30-45 AeT, pa3peAEHHbIX Ha
KOHTPOABHYIO M 3KCMEPUMEHTaAbHYIO rpynnbl. McnbiTyemble B TeveHne 20 aHel npuvHumanun no 90 r
NMpoAYKTa B CYTKM Ha (DOHE eXKeAHEBHbIX (hr3nyeckmx Harpy3ok. OLeHMBaAK NnokasaTeAn ryMopaAbHO-
ro 1 KAeTouHoro ummyHuteta (1gG, IgA, IgM, T- u B-aumdpotnTbl), Mapkepbl MEPEKMCHOrO OKMCAEHUS
AMMMAOB (MAaAOHOBbBIM AMAABAETMA, AMEHOBbIE KOHBIOrATbI), @ Tak>Ke MapameTpbl aHTUOKCMAAHTHOM
3aWmThl (KaTaAasa, CyrnepoKCUAAMCMYTa3a, 00LIas aHTMOKCUAAQHTHAS aKTUBHOCTb, BUTamuHbl A, E, C).

YcTaHOBAEHO, UTO (hM3Myeckas Harpyska B KOHTPOAbHOWM Ipyrne COMpPOBOXKAAAACb CHMXKEHMEM
ypoBHen UMMYyHOrA0GYAMHOB G U A, npr3HaKamm BTOPUUHOTO MMMYHOAEMDMLIMTA U YCUAEHUEM OKCU-
AATUBHOTO CTpecca. B akcneprmMeHTaAbHOM rpynne npu npumMeHeHun pa3paboTaHHOro NPOAYKTa OTMe-
YeHO AOCTOBEepHOe rnoBblilleHue ypoBHelt IgG, IgA u IgM, yBeanueHme koamvectBa T- n B-aumdoumTos,
CHM>KEHWE KOHLEHTPaLMK MPOAYKTOB MEPEKMCHOIO OKMCAEHUS AUMIMAOB M aKTMBaLMs (DEPMEHTOB aH-
TMOKCUMAQHTHOM CUCTEMBI.

[ToAyyeHHble pe3yAbTaTbl CBUAETEABCTBYIOT O BblPaXEHHOM WMMMYHOCTUMYAMPYIOLLEM WM aHTU-
OKCMAQHTHOM AEMCTBMM HU3KOMOAEKYASIPHBIX MENTUAOB KOObIAbErO U BEPOAIOKLEr0 MOAOKA M MOA-
TBEPXKAQIOT LLEAECO0BPA3HOCTb MX MCMIOAb30BaAHMS MPU CO3AAHMM (PYHKUMOHAAbHBIX MPOAYKTOB MpPO-
(PUAAKTNYECKOMN HaNPaBAEHHOCTU.

KatoueBble cAOBa: KOObIAbE MOAOKO, BEPOAIOXKbE MOAOKO, HU3KOMOAEKYASIPHBIE MENTUADI, UMMY-
HOCTUMYASILMS, aHTMOKCUMAQHTHAS 3allMTa, NepekMCHOe OKMCAEHME AMMUAOB, (br3Mueckas Harpyska,
(PYHKLMOHAAbHOE MUTaHME.

Introduction

Given the impact of adverse environmental fac-
tors, as well as physical and neuro-emotional stress,
supporting the body’s defenses through both phar-
maceuticals and nutritional supplements is becom-
ing increasingly important.

In this context, the development and evaluation
of the effectiveness of immunostimulant products
based on both traditional and non-traditional raw
materials is of particular interest.

Given national and ethnic dietary patterns,
mare’s and camel’s milk, as well as products made
from them and their unique chemical composition,
have recently become particularly popular due to
their proven therapeutic and preventative properties
(Kanareikina & Kanareikin, 2016).

Scientific literature on the role of mare’s and
camel’s milk primarily discusses the presence of
factors such as PUFAs, vitamins, antioxidant sub-
stances, lysozyme, and a number of macro- and
microelements in milk that influence certain physio-
logical and biochemical parameters of the body and,
accordingly, its health (Simonenko et al., 2021).

It should be noted that there is virtually no in-
formation in the scientific literature on the role and
significance of low-molecular-weight peptides iso-
lated from mare’s and camel’s milk in regulating the
body’s immune and antioxidant properties.

Existing scientific data on the role of mare’s
milk peptides in enhancing physical activity and
performance in experimental animals confirms their
uniqueness and significance and substantiates the
potential for their use as a basis for the development
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of new specialized food products (Sarsembayev,
2021; Sinyavskiy, 2017).

Taking into account the above, the aim of this
study was to develop a new specialized product with
targeted immunostimulating and antioxidant prop-
erties using low molecular weight peptides from
mare’s and camel’s milk based on traditional and
non-traditional raw materials.

Materials and methods

1. Evaluation of the Immunostimulating Proper-
ties of the Product

To evaluate the immunostimulating properties
of the product, studies were conducted on 20 volun-
teers aged 30-45 years. Ten volunteers received the
immunostimulating product at a dose of 90 g per day
(30 g three times during the main meal) and 10 con-
trol subjects received a product with targeted pre-
ventive properties and increased biological value,
also at a dose of 90 g per day for 20 days. The con-
trol product, with targeted preventative properties
and increased biological value, contained turmeric,
soy isoflavones, B-glucans from higher fungi, res-
veratrol, dry lactic acid bacteria strains, coenzyme
Q10, lycopene, red root, plant sterols, omega-3 fatty
acids, and a vitamin and mineral complex (thiamine,
vitamin D, B, B,, B, biotin, folic acid, niacin,
pantothenic acid, and calcium).

Patients receiving the immunostimulant prod-
uct and the control product underwent two hours of
daily physical exercise, including treadmill running
and cycle ergometer exercise.

After 20 days of supplementation, humoral and
cellular immune system parameters were assessed
in blood serum samples. In addition, lipid peroxi-
dation indices were evaluated, including the levels
of end and intermediate lipid peroxidation products
(malondialdehyde, MDA, and diene conjugates,
DC), as well as the activity of antioxidant enzymes,
namely superoxide dismutase and catalase (Val-
gimigli, 2023). The content of diene conjugates was
determined according to the method described by
Ayala et al. (2014). Lipid hydroperoxides and di-
ene structures were assessed in serum lipid extracts
obtained using a heptane—isopropanol mixture (1:1,
v/v). Briefly, serum samples were mixed with the
extraction solvent, centrifuged to achieve phase sep-
aration, and the heptane phase containing lipid ex-
tracts was collected. Optical density was measured
spectrophotometrically at a wavelength of 233 nm.

2. Humoral Immunity Assessment

To assess humoral immunity in blood serum,
globulin fractions (IgG, IgA, and IgM) were ana-
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lyzed using enzyme immunoassay kits from Vector
Best (Russia). To assess the antioxidant system in
the serum, catalase activity and malondialdehyde
(MDA) levels were determined. Catalase activ-
ity was determined colorimetrically (Del Rio et
al., 2005). The method is based on the ability of
hydrogen peroxide to form a stable, colored com-
plex with ammonium molybdate, with an absorption
maximum at 410 nm. MDA content was determined
colorimetrically with thiobarbituric acid. At high
temperatures in an acidic environment, MDA reacts
with 2-thiobarbituric acid to form a colored trime-
thine complex with an absorption maximum at 532
nm (Ternovskaya et al., 2010).

3. Determination of superoxide dismutase
activity

Superoxide dismutase (SOD) activity was de-
termined using kits from Boehringer Mannheim
GmbH (Germany). The activity of the antioxidant
defense system was assessed by total antioxidant
activity (TAA) and thiol status (TS) using kits
from Cayman Chemical and Immundiagnostik
AG (Germany). The concentration of antioxidant
vitamins A, E, and C was determined using high-
performance liquid chromatography (HPLC) with
fluorescence detection on an Agilent 1260 Infin-
ity instrument from Agilent Technologies Inc.
(USA).

4. Isolation of Low-Molecular-Weight Peptides

Low-molecular-weight peptides from mare’s
and camel’s milk were obtained according to the
method described in (Rouhana-Toubi et al., 2009)
Skim milk, previously fermented with kumiss
starter for 20 hours, was used. 0.5 g of pancreatin
was then added to the fermented milk product, the
mixture was fermented for 4 hours, then 300 g of
Sephadex G-25 was added, and the mixture was
thoroughly mixed for 10-15 minutes. The mixture
was then centrifuged at 3000 rpm for 20 minutes.
The supernatant was removed, the swollen gel was
eluted with distilled water, and the mixture was
then centrifuged again at 3000 rpm for 20 minutes.
The resulting liquid fractions were filtered through
fine-pored filters with a pore diameter of 0.2 pum.
Approximately 100 ml of a fraction containing low-
molecular-weight peptides with molecular weights
ranging from 3,000 to 15,000 Da was obtained from
one liter of fermented mare’s milk. The proposed
method for isolating low-molecular-weight peptides
from fermented mare’s milk allows for the extrac-
tion of primarily peptides with molecular weights
ranging from 3,000 to 14,000 Da, with a predomi-
nance of peptides with molecular weights ranging
from 3,000 to 8,000 Da.
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5. Statistical Analysis

Statistical analysis was performed using the
mean (M) and standard deviation (SD). The signifi-
cance of differences between mean values was as-
sessed using the Student’s t-test. Differences were
considered significant (p<0.05) at a significance
level of 95%.

Results and discussion

Formulation Development and Justification of
the Use of Food Ingredients in the Design of a Spe-
cialized Product.

Resveratrol, turmeric, Lion’s Mane, Turkey
Tail, Cordyceps, dry lactic acid bacteria strains, red
root, omega-3 fatty acids, vitamin E, vitamin A, vi-
tamin C, and low-molecular-weight peptides from
mare’s milk and camel milk were used as raw mate-
rials for the creation of this new specialized product.

The included of higher mushrooms — Lion’s
Mane, Turkey Tail, and Cordyceps — are sources
of high-molecular-weight glucans, glycans, and
heteropolysaccharides, which have the ability to in-
hibit tumor growth by stimulating various parts of
the body’s immune system, help prolong life and
enhance the body’s defenses (Wasser, 2010; Was-
ser, 2014). Turkey tail mushroom and the polysac-
charides it contains are essential components of all
body cells and primarily nourish the immune sys-
tem. It promotes performance, reduces the risk of
malignant cell growth, boosts immunity, and in-
creases the chances of survival for individuals with
various types of cancer undergoing chemoradiation
therapy by stimulating the immune system.

Cordyceps has a powerful immunostimulatory
effect, prevents the development of Alzheimer’s
disease, reduces the risk of malignant tumors, and
improves performance and endurance.

Hericium erinaceus is a unique mushroom used
in China to treat cancer. In Japan, it is taken to en-
hance cognitive function and reduce the risk of
neurodegenerative diseases, including Alzheimer’s
disease and dementia. It improves brain function,
restores impaired nerve impulse transmission, and
the superoxide dismutase found in this mushroom
slows the aging of any cell, including enhancing an-
tioxidant properties and boosting immunity (Was-
ser, 2014).

Resveratrol, a natural biologically active sub-
stance in the product, is a polyphenol isolated from
dark grapes and grape seeds. It has anti-carcinogen-
ic, immunostimulatory, and anti-inflammatory prop-
erties. Resveratrol can be used in treatment regimens

for a wide range of pathological conditions, includ-
ing cancer, autoimmune diseases, and damage to the
central nervous system and cardiovascular system.
(Baur & Sinclair, 2006; Drabikova et al., 2012).

The presence of turmeric in the product is due to
the presence of curcumin, which can make up 2 to
5% of the total mass. Curcumin is present in plant
extracts. Curcuminoids are responsible for the yel-
low color of turmeric and curry, and are known for
their anti-inflammatory, antioxidant, immunostimu-
lant, antibacterial, and antifungal properties. Cur-
cumin is a universal inhibitor of many pro-inflam-
matory cellular signal transduction cascades and is
widely used in the prevention and treatment of many
chronic human diseases as a natural antiphlogistic
agent (Goel et al., 2008; Jurenka, 2009; Vareed et
al., 2008).

The antioxidants (vitamins A, E, and C) con-
tained in the product enhance antioxidant protection,
reduce free radicals formed as a result of exposure
to foreign compounds, stress, and negative environ-
mental factors, prevent the development of cancer,
heart disease, and neurodegenerative diseases, and
enhance the body’s defenses.

Omega-3 fatty acids have an anti-inflammatory
effect, lower blood triglyceride levels, and are rec-
ommended for patients with heart failure. Japanese
studies have found that omega-3 fatty acids reduce
the risk of coronary heart disease and recurrent
strokes.

Recent studies have shown that higher omega-3
fatty acid intake reduces the risk of breast cancer in
obese women.

Red root contains tannins, xanthone hedisaride,
triterpene saponins, coumarins, flavonoids, and free
amino acids. The underground part of the red root
contains large quantities (11 to 34% of the air-dry
mass) of condensed oligomeric catechins, which
are classified as bioflavonoids. Red root catechins
possess high P-vitamin activity (they strengthen and
restore capillary walls), remove heavy metals from
the body, have antioxidant activity (neutralize free
radicals), and also stimulate the immune system.

It is believed that supplementing the body with
beneficial bacteria (probiotics), such as those of the
Lactobacillus family, can help restore the proper
balance of intestinal microflora.

Low molecular weight peptides isolated from
mare’s and camel’s milk have a powerful immuno-
stimulatory effect and are primarily aimed at regu-
lating the body’s defenses and reducing the risk of
developing diseases such as diabetes, coronary heart
disease, and stroke.
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The preparation process for this specialized
immune-boosting product is as follows: resveratrol,
turmeric, dried mushroom powders (trametes, lion’s
mane, and cordyceps), red root powder, soy isofla-
vones, dried lactic acid bacteria strains, omega-3
fatty acids, vitamins A, E, and C, low-molecular-
weight peptides from mare’s and camel’s milk, and
filler (up to 100% by weight) are weighed into a
container according to the recipe.

All ingredients are thoroughly mixed and blend-
ed until smooth. The product is then sent for pack-
aging.

The product recipe is provided below in Table 1.

Table 1
The product recipe
Ingredient Quantity
Resveratrol 5.0-5.5
Turmeric 4.0-5.0
Hericium erinaceus powder 1.0-1.5
Trametes powder 1.0-1.5
Cordyceps powder 0.5-1.0
Dry lactic acid bacteria strains 0.5-1.0
Red root powder 1.0-1.5
Omega-3 fatty acids 0.3-0.5
Vitamin E 0.10-0.15
Vitamin A 0.010-0.015
Vitamin C 0.20-0.25
Filler (starch) the rest up to 100.00 mass.

Table 2

Thus, taking into account the raw materials and
biologically active additives used, an immunostim-
ulating specialized product with specified medical
and biological properties was developed.

Effect of a specialized product on immunologi-
cal and biochemical parameters of subjects.

It was found that, compared to the control group,
serum levels of IgG and IgA immunoglobulins in-
creased with the specialized product. This could be
due to increased synthesis or decreased degradation.
(Table 2) The decrease in immunoglobulin levels
in the control group during product administration
could have been due to impaired synthesis of one
or all classes of immunoglobulins and insufficient
availability of material for their synthesis.

As can be seen from the presented data, humoral
immunity is affected by physical activity, which was
manifested by a decrease in serum immunoglobulins
G and A in the control group. Physical activity led
to more pronounced impairments in humoral immu-
nity and the development of secondary immunode-
ficiency. Meanwhile, immunoglobulin M levels did
not change significantly and remained within nor-
mal limits. It should be noted that, in contrast, the
specialized immunostimulating product increased
humoral immunity indicators, including an increase
in all immunoglobulin classes.

Thus, IgG levels after physical activity in the
control group decreased by an average of 12.06%,
while in the experimental group this indicator in-
creased by 10.7%. IgA levels after exercise in the
control group decreased by 18.75%, while in the ex-
perimental group this indicator increased by 7.6%
respectively.

IgM levels in the experimental group increased
by 10.8% compared to baseline. The observed
changes indicate increased activity of the humoral
immune system following the use of a specialized
immunostimulating product.

Assessment of humoral immunity parameters in the control and experimental groups (Mean + SD)

. Control group Experimental group
Indicators, g/L - - - -
Before intervention After 20 days Before intervention After 20 days
IgG 5.97 £0.56 5.25+0.62 5.60+0.50 6.20+0.70
IgA 0.96+0.07 0.78+0.08 1.05+0.10 1.13+0.11
IgM 0.85+0.06 0.83+0.09 0.74+0.05 0.820+0.051
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The concentration of immunoglobulins in the
blood serum reflects the established balance be-
tween their synthesis and breakdown.

IgM are antibodies of the acute phase of the im-
mune response, synthesized by plasma cells upon
initial contact with a specific pathogen. In our case,
there was no significant increase in their levels fol-
lowing the administration of the immunostimulant,
while in the control group, this level decreased
slightly.

IgG are late-phase antibodies of the immune
response. They are more specific than IgM, which
begin to be synthesized after the predominant ad-
aptation period. In our case, an increase in these
immunoglobulins was observed following the ad-
ministration of the immunostimulant compared to
individuals receiving the prototype.

The observed slight decrease in IgA concentra-
tion in the serum of control patients indicates a de-
ficiency of humoral and local immunity, impaired
synthesis or increased IgA catabolism, and its ad-
sorption to immune complexes. In this case, an
increase in serum IgA was observed following the
administration of the immunostimulant, compared
to the control group. Evaluation of the spontaneous
NBT (nitroblue tetrazolium) test allowed us to as-
sess the oxygen-dependent bactericidal mechanism
of blood neutrophils in vitro. This test characterized
the state and degree of activation of the intracel-

Table 3
Changes in cellular immunity indicators (Mean + SD)

lular NADPH oxidase antibacterial system. In our
case, a slight increase in the spontaneous NBT test
was observed in the group of individuals receiving
the immunostimulant, indicating enhanced immune
function following the administration of the new
product.

A decrease in the absolute T-lymphocyte count
in the blood indicated a deficiency of cellular immu-
nity, while an increase in T-lymphocyte count was
a favorable sign. In our case, individuals receiving
the immunostimulating product showed an increase
in serum T-lymphocyte levels (T-helper and T-cy-
totoxic lymphocytes) by an average of 20.8% com-
pared to individuals in the control group. (Table 3)

An increased T-lymphocyte count indicates im-
mune hyperactivity.

A decrease in the absolute T-lymphocyte count
of 7.7% in the control group indicates a deficiency
of cellular immunity, specifically inhibition of the
cellular component of the immune system.

A decrease in B-lymphocyte count is observed
when the body’s defenses are inactivated and the
immune system is impaired.

An increase indicates an increase in the body’s
defenses and normalization of the immune system.

In this case, a 16.6% decrease in B-lymphocyte
levels was observed in the control group after exer-
cise, while in the experimental group, this indicator
increased by 15% compared to pre-exercise levels.

Lymphocyte Control group Experimental group
subpopulation Before intervention After 20 days Before intervention After 20 days
T lymphocytes 1.30+0.12 1.20£0.10 1.35+0.10 1.45+0.12
B lymphocytes 0.18+0.02 0.15+0.02 0.20+0.03 0.23+0.03

Studies have shown that physical activity leads
to significant changes in humoral immunity, mani-
fested by decreased concentrations of IgG, IgA, and
IgM immunoglobulin fractions, which is one of the
signs of developing secondary immunodeficiency.
Increasing the intensity of physical activity leads to
more pronounced impairment of humoral immunity,
with an increasing number of individuals experienc-
ing more severe hypogamoglobulinemia, and blood
immunoglobulin concentrations in some individuals
reaching critically low levels. Heavy physical activ-
ity leads to a disruption of the antioxidant defense

system. Excessive levels of lipid peroxidation prod-
ucts (MDA) and peroxides appear in the blood, as
evidenced by increased catalase activity.

The study found that taking a special product
in individuals in the experimental group slowed the
progression of immunodeficiency and led to the sta-
bilization of the body’s antioxidant system. The data
obtained allow us to recommend the use of this spe-
cial product to support humoral immunity and the
body’s antioxidant system during periods of physi-
cal and psycho-emotional stress, as well as to pre-
vent diseases caused by secondary immunodeficien-
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cies. The mechanism underlying this phenomenon
requires careful study.

Analysis of the LPO-AOP system indicates that
during adequate physical activity, MDA concentra-
tions exceeded the normal level in 25.0% of sub-
jects. This value reached 2.8+0.9 umol/L, compared
to a normal value of 1.5+0.6 pmol/L. With increased
physical activity, the frequency of elevated MDA
concentrations in subjects in the control group in-
creased to 45.0%. In the experimental group, ele-
vated MDA concentrations were observed 2.0 times
less frequently, occurring in 15.0% of subjects. This
value reached 1.8+0.1 pmol/L.

During physical activity, an increase in diene
conjugate levels was observed in the control group,
while a 12.5% decrease in diene conjugate levels
was observed in the experimental group compared
to baseline values. Moreover, the level of diene con-
jugates in the experimental group decreased signifi-
cantly compared to the control group.

During physical activity, catalase activity was
30.0+2.8 kU/L in 25.0% of control group subjects,
exceeding the upper limit of the reference range by
1.7-2.3 times, reaching 46-67 kU/L. With increas-
ing physical activity, a tendency toward increased
enzyme activity was observed in the control group.

In contrast, a significant decrease in enzyme ac-
tivity was observed in the experimental group, with
catalase activity reaching 23.2+2.5 pmol/L at the
end of the study 20 days later.

Furthermore, prophylactic use of the special
product contributed to a significant increase in total
antioxidant activity (TAA) by 1.7 times, while in the
control group, total antioxidant activity increased
only 1.1 times, with the differences remaining sig-
nificant.

Regarding changes in superoxide dismutase
activity during physical exercise and the effect of
a specialized immunostimulant product, it should
be noted that SOD activity in the control group
during physical exercise decreased by an average
of 15% compared to the experimental group. Con-
sumption of the specialized product had a benefi-
cial effect on superoxide dismutase activity, and
its serum level increased by 22.3% compared to
the control group.

An assessment of serum antioxidant vitamin
levels in the control and experimental groups re-
vealed no significant changes. By the end of the
experimental period, the control group showed a
slight increase in vitamin A, E, and C levels. Vita-
min A levels increased by 7.6%, vitamin E by 8.3%,
and vitamin C by 13.0%, compared to baseline. In
the experimental group, vitamin A levels increased
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by 15.6%, vitamin E by 16.6%, and vitamin C by
27.0%, compared to baseline.

The observed changes in the experimental
group were most likely related to the additional
enrichment of the product with a complex of anti-
oxidant vitamins, which undoubtedly contributed to
the improved antioxidant status of the subjects and
increased serum antioxidant vitamin levels. In ad-
dition, taking a specialized product could not help
but affect overall physical activity and performance
against the background of normalization of humoral
immunity indicators and the state of the LPO-AOP
system.

Conclusion

As a result of this study, an immunostimulat-
ing product with targeted protective and antioxidant
properties was developed. The antioxidant proper-
ties and the product’s effect on immune parameters
during physical exercise were assessed.

It was found that humoral immunity was affect-
ed by physical exercise, manifested by a decrease in
serum levels of primarily immunoglobulins G and A
in the control group. Physical exercise led to more
pronounced impairments in humoral immunity and
the development of secondary immunodeficiency.
Meanwhile, immunoglobulins M did not change
significantly and remained within normal limits. It
should be noted that, in contrast, the use of the spe-
cialized immunostimulating product resulted in an
increase in humoral immunity parameters, including
an increase in all immunoglobulin classes.

A decrease in the absolute number of T-lym-
phocytes in the blood indicated a deficiency in cel-
lular immunity, while an increase in the number of
T-lymphocytes was a favorable sign. In our case,
individuals receiving the immunostimulant prod-
uct showed an average 20.8% increase in serum T-
lymphocyte levels (T-helper and T-cytotoxic lym-
phocytes) compared to those in the control group,
indicating immune hyperactivity.

A 7.7% decrease in the absolute T-lymphocyte
count in the control group indicated a deficiency in
cellular immunity, specifically, inhibition of the cel-
lular component of the immune system.

In this case, a 16.6% decrease in B-lymphocyte
levels was observed in the control group after exer-
cise, while in the experimental group, this indicator
increased by 15% compared to pre-exercise levels,
indicating enhanced immune defenses and normal-
ization of the immune system.

The study revealed decreased performance and
fatigue in participants undergoing physical exercise,
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a significant increase in the blood concentration of
lipid peroxidation (LP) end products and interme-
diates, and a decrease in total antioxidant activity.
It was found that taking the immunostimulant prod-
uct at a dose of 90 grams per day, 30 grams divided
into three doses, for 20 days resulted in a decrease
in serum MDA and diene conjugate levels and an
increase in the activity of the antioxidant defense
system, demonstrating the effectiveness of this pre-
ventative course of treatment.

Thus, the conducted studies on immune parame-
ters and the LPO-AOP system demonstrated the im-

munostimulatory and antioxidant effects of the new
product, based on low-molecular-weight peptides
from mare’s and camel’s milk.
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XKAATIblI AEHCAYABIKTbIH KOTHUTUBTI
OYHKUUAFA OSCEPI

3epTTeyAe KOTHWUTMBTI OKYKTEMEHIH AeHi cay >KeHe TeMipTanibIAbIKTbl aHeMuscbl 6ap
CTYAEHTTEPAIH MM BHOIAEKTPAIK GEACEHAIAITT MEH KbIPTICTbI aMMaKTap apacbiHAAFbI (DYHKLMOHAAABIK,
HariAaHbICTapFa 8cepiH 3AekTpoaHuedanorpacpms (I3I) sAiCiMeH aHbIKTaAAbl. 3epTTeyre eki
TOMKA TOMTACTbIPbIAFAH AEHi Cay >K8He TeMipTamnlubIAbIKTbl aHeMusiCbl 6ap CTyAEHTTep KaTbICTbl.
KOrHMTuBTI TancblpMaHbl OpblHAAFaHFa AEMiH >KOHEe KOFHMUTWMBTI TancCblpMaHbl OpblHAAFaHHAH KeWiH
CTaHAAPTTaAFaH (QYHKUMOHAAABIK, pexxumae DI Tipkeaai, aabda (8-13 Tu) xeHe Teta (4-7 Tu)
bIpFaKTapblHA CMEKTPaAbAbl TAAAQY JKOHE KOPPEASLMAABLIK, TaAAQYAbIH 6ip Typi 60AbIN TabblAATbIH
KPOCC-KOPPEASILMSABIK, TaAAQy XKYPridiaai. KaTbiCylbiAap KOFHUTMBTI >KyKTemere 6ec MUHYTTbIK,
MEHTaAbAbI €Cer LUblFapy TanCbIPMACbIH OPbIHAAADI.

HeTuxxerep KOMHWTMBTI TancblpMaHbl OpbIHAAFaHFA AEWiH  eKki TonmTa Aa CreKkTpaAbAbl
KOPCEeTKILUTEPAIH CaKTaAFaHbIH KOPCETTi, aA CEHCOPAbIK, bIHTAAAHABIPY Ke3iHAE TemipTarnLbIAbIKTb
aHemusicbl 6ap TonTa aAbda bIpFaFbiHbIH TOAbIK, KyaTbl MEH Te€Ta MHAEKCIHIH TOMEHAEYi aHbIKTaAAbI.
KOorHMTMBTI TancblpmMaHbl OpblHAAFaHHaAH KeriH AeHi cay TomnTa aAbga bIpFaFblHbIH, TUIMAI KaAmMblHa
KeAyi, TeTa bIpFafFblHbIH LLIEKTEAYi MEH KbIPTbICTbl aiMaKTap apacbiHAAFbl YAAECIMAI (OYHKLMOHAAADBIK,
6ariAaHbICTapbl CakTaAFaH. TemipTanwbIAbIKTbl aHemMuscbl 6ap TonTa aaba CUMHXPOHU3ALMSICIHbBIH
JKETKIAIKCI3 KaAMblHa KeAyi )KeHe TeTa blpFaFblHbIH, LaMaAaH TbIC apTybl aHbIKTaAAbl. KoppeAsaumsAbIk,
TaAAdYAQ MaHAAN alMMaKTapbIHbIH OPTaAbIK, KOHE camait aMaKTapbiMeH GaiAbIHbICbI SACIpereH. bya
KOTHUTUBTI >K8He aTkapyLlbl (PyHKUMIAAPFa >KayanTbl HEMPOHADIK, >KEAIAEPAIH WMHTErpaumsachbiHbIH
6Y3bIAbICbIH CUMATTaAbl, aA OHbIH TMMOKCUSIABIK, )K&HE HEMPOMEeTabOAMKAAbIK, MEXaHW3M LLIEKTEYAepiMeH
6aliAaHbICTbl eKeHiH KOpCETEA,.

AAba X8He TeTa bIpFakTapblHbIH CreKTPaAbAbl XKBHE KPOCC-KOPPEASLMSABIK, KepceTKilTepi
KOFHUTUBTI XXYKTeMere MUAbIH (DYHKLMOHAAABIK, KYMiH 6aFarayaa HEMPOGU3IMOAOTUSABIK, MapKepAep
peTiHAE KOAAQHYFa YCbIHbIAQABI.

Ty#iH ce3aep: aAnekTpoaHuedarorpacms, KOTHUTUBTI >KYKTEMe, aAbga bipFaFbl, TeTa blpFafbl,
TeMipTanLwbIAbIKTbl aHEMUS, CNIEKTPAAbAbI TAAAQY, KPOCC-KOPPEASILIUSABIK, TAAAQY.

G.K. Datkhabayeva, A.M. Kustubayeva, M.S. Kulbayeva*,
M.K. Mustafin, R.A. Babayev, A.G. Ashirbay, A.A. Isagali

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: Marzhan.Kulbaeva@kaznu.edu.kz

The impact of general health on cognitive function

The study examined the effect of cognitive load on the bioelectric activity of the brain and the func-
tional connections between cortical regions in healthy students and students with iron deficiency anemia
using electroencephalography (EEG).

The study involved healthy students and students with iron deficiency anemia, who were divided
into two groups. The EEG was recorded in a standardized functional mode before and after completing
the cognitive task, spectral analysis of alpha (8-13 Hz) and theta (4-7 Hz) rhythms was performed, as
well as cross-correlation analysis, which is a type of correlation analysis. The participants completed a
five-minute mental arithmetic task to assess their cognitive load.

The results showed that spectral parameters were maintained in both groups until the cognitive
task was completed, and during sensory stimulation, a decrease in the total power of the alpha rhythm
and theta index was detected in the group with iron deficiency anemia. After completing the cognitive
task, the healthy group demonstrated effective recovery of the alpha rhythm, restriction of the theta
rhythm, and preservation of harmonious functional connections between areas of the cerebral cortex. In
the group with iron deficiency anemia, insufficient recovery of alpha synchronization and an excessive
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JKanms! neHcaynbIKThIH KOTHUTUBTI (QyHKIMSFA Dcepi

increase in theta rhythm were detected. Correlation analysis revealed that the frontal regions have a
weaker connection with the central and temporal regions. This describes a disruption in the integration
of neural networks responsible for cognitive and executive functions, and suggests that it is associated
with hypoxic and neurometabolic limitations.

Spectral and cross-correlation indicators of alpha and theta rhythms are recommended for use as
neurophysiological markers in assessing the functional state of the brain for cognitive load.

Keywords: electroencephalography, cognitive load, alpha rhythm, theta rhythm, iron deficiency
anemia, spectral analysis, cross-correlation analysis.
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BAusiHMe 00L1Eero COCTOSAHMS 3A0POBbSI HA KOTHUTUBHbIE (PYHKLMK

B mccaeaOBaHMM M3YyYaAOCh BAMSIHUE KOTHUTMBHOWM HArpy3ku Ha GMO3AEKTPUYECKYIO aKTMBHOCTb
FOAOBHOIO MO3ra M (hYHKLMOHAAbHbIE CBSI3M MEXAY KOPKOBbIMU OOAACTSIMU Y 3AOPOBbIX CTYAEHTOB 1
CTYAEHTOB C >XXeAe30Ae(pUUNTHOM aHeMMel C MCMOAb30BaHMEM 3AekTpo3HLedarorpadum (33I).

B nccaepoBaHMM MPUHAAM yuacTHe 3A0POBble CTYAEHTbI M CTYAEHTbI C XKeAe30AePULIMTHON aHe-
Muel, KoTopble OblAM pa3aeAeHbl Ha ABe rpyrnbl. I3[ perncTpMpoBasach B CTaHAAPTM3MPOBAHHOM
(DYHKLUMOHAABHOM pEXXMME AO M MOCAE BbINMOAHEHNS KOTHUTUBHOIO 3aAaHM$, MPOBOAMACS CMIEKTPAAb-
HbI aHaAM3 aAbha- (8-13 T'u) u TeTa- (4-7 L) pUTMOB, a Tak)Ke KPOCC-KOPPEASLMOHHbINA aHaAM3, SIB-
ASHOLLMICS PA3HOBMAHOCTbIO KOPPEASLMOHHOIO aHaAM3a. YUYaCTHMKM BbIMOAHUAM MATUMUHYTHOE 3a-
AAHME HA YCTHbIA CYET AAS OLLEHKM KOFHUTMBHOM Harpys3ku.

Pe3yAbTaThbl MokasaAu, UYTO CrieKTpaAbHble MOKA3aTeAM COXPaHSAMCb B 06emx rpynnax AO Bbl-
MOAHEHWSI KOTHUTMBHOIO 3aAaHMsl, @ B XOAE CEHCOPHOM CTUMYASLMKM ObIAO 0OHAPYXKEHO CHUXEHWe
CYMMapHOM MOLLHOCTM aAbda-prTMa U TeTa-MHAEKCA B Ipyrrne C XeAe30AePULUMTHONM aHemmei. [o-
CA€ BbIMOAHEHWSI KOTHUTMBHOIO 3aAaHMS 3A0POBag rpynna npoAEMOHCTpUpoBaAa 3 (eKTMBHOE BOC-
CTaHOBAEHME aAbda-puUTMa, OrpaHMyeHre TeTa-pPUTMa M COXPAHEHME FAPMOHNYHBIX (DYHKLIMOHAABHbBIX
CBsI3er MeXXAY 00AACTSIMM KOPbl FOAOBHOI0 MO3ra. B rpynne ¢ x)eAe30AeUUMTHOM aHemm el BbIAO Bbl-
SIBAEHO HEAOCTATOYHOE BOCCTAHOBAEHME aAbdha-CUHXPOHM3ALIMM M UPE3MEPHOE YBEAMUYEHUNE TeTa-PUT-
Ma. B KoppeAsumMoHHOM aHaAM3e ObIAO BbISIBAEHO, YTO AOOHble 06AaCTU MMeEIOT 6oAee caabyto CBSI3b C
LIEHTPAAbHbIMU 1 BUCOUHbIMM 0OAACTSIMU. DTO OMMUCHIBAET HApPYLLIEHWME UHTErpaLLMn HEMPOHHbIX CETeN,
OTBETCTBEHHbIX 3a KOrHUTUBHbIE U UCMOAHUTEAbHbIE (DYHKLMK, M MPEAMOAAraeT, YTO OHO CBS3aHO C
FUMOKCUYECKMMM U HEMPOMETAB0AMUYECKMMM OFPAHNYEHUSIMU.

CnekTpaAbHble 1 KPOCC-KOPPEASLIMOHHbIE MOKa3aTeAn aAbda- U TeTa-PUTMOB PEKOMEHAYIOTCS AAS
MCMOAb30BaHM4 B Ka4eCTBE HEMPOM3MOAOTMUECKNX MAapPKEPOB NP OLeHKe (PYHKLIMOHAABHOIO COCTO-
SHMS MO3ra Ha KOTHUTMBHYIO Harpysky.

KAtoueBble caoBa: anekTposHUedarorpadms, KOrHUTUBHAY Harpyska, aAbda-puT™m, TeTa-puTM™,
>Keae30AedUUMTHAS aHeMMS, CMEKTPAAbHBIA aHAAM3, KPOCC-KOPPEASLIMOHHBIN aHAAMS.

Kipicne Herisri KorHUTHBTI (hyHKUMSUIIapFa 3€iiH, ecTe cak-
Tay, TUAI TYCIHY, KaObuIay, Oiyay 'XKoHe IIeHTiM
Kazipri TaHga KOTHUTHUBTI (YHKUMSUIApIBl  KaOBUIAAY, OPBIHAAYIIBUIBIK (DYHKIHMSIAP JKATa bl

3epTTey 3epTTEYUIUICPAIH YJIKEH Ha3zapblHA aii-
HaJlFaH. OWTKEHI aJlaMHbIH eMip Cypy OapbIChIHIA
OiiM aiy, k9ciOM KBI3METIIEH aifHaJbICy, KOFaMFa
Oeifimzeny, Oacka ajaMJlapMEH KapbIM-KaTbIHAC
Kacay, IenriM KaObuiaay KadiieTTepine KOTHUTHB-
TiK QyHKIMsIapAbIH YIIKeH ocepi Oap. XKenen na-
MBIIT KATKAH FhUIBIMH-TEXHUKAJBIK MPOrPECTe aK-
MapaTThIK KYKTEMEHIH apTybl MU/IbIH XKYMBIC iCTEY
MEXaHU3MJIEPiH TEPEHIPEK TYCIHY/Ii Tajam eTe/li.
Koruutusti QpyHKIMSIIAp — aJaMHBIH KYHICTIK-
Ti OMipiHJIe aKmapaTThl KaObLIIay, OHIEY, eCTe CaK-
Tay, 3¢iiH KO0, Tl MalijaiaHy, MIelliM Kadbuiiay
KaOUIeTTepiH KaMTHTHIH TICHXUKAJBIK MPOIECTEP.
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3eifin PYHKIUACHIHIA aJaM caHackl Oenrini Oip
00BEKTKE HEMECE DPEKETKE OarbITTaNazbl, ChIPTKBI
OpTaHBIH KONTETeH TITIpKeHIIPTiTep IiH apachl-
HaH KaKETTICiH 1pIKTeN allblll, COFaH Ha3ap ayJapy-
Fa MyMKiHmiK 6epeni. Ecte cakray QyHKIMsICHIHIA
angaM KaObUIIaHFaH aKlapaTTapibl €cTe CaKTabl
XKOHEe KakeT OonraHa KaiiTa ecine Tycipeni. Timmi
TYCiHYy JKOHE KOJJaHy apKbUIbI ajaM Oacka ajam-
JlapMEH KapbIM-KaThIHAC KacaW/Ibl JKOHE KOMMYHH-
KaTUBTIK MPOLECTEPAIH HEri3i OoibIm TaObLIabI.
Jlorukaneik OaimanpIicTapabl OpHATY, ceber-ca-
JapiapblH TYCiHY, JKaHa WAesaplbl OHJICI, KaHa
menrMaep Kabpuinay mporecinae oinay QyHKITHsI-
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CBIHBIH apKachlHAa opblHAaiaasl. Ce3imM Mymienepi-
HEH KeNTeH aKnaparThl KaObLIIay ChIPTKBI DIeM/Ii
TaHyFa KoHE OFaH OeiiMaenyre MyMKIiHIIK Oepei.
OpbIHAayIIBUIBIK, (DYHKIHSIIAPE! OOMBIHINA )KOFAPHI
JeHreieri KOTHUTUBTI (YHKUUsUIAp: XKocHapiay,
yiBIMIAcThIpy, OakplIay MpoLecTepi OpbIHAAIab]
(Bialystok et al., 2012; Boag, 2019; Oberauer, 2019;
Prezenski, 2017; Sridhar, 2023).

AnaM >KacbhIHBIH, aypyJap MEH KyH3erlic Kar-
Jainap KOTHUTUBTI (QYHKIMSIIAPABI HaNIapiaTybl
MYMKiH. Bipak >KaTTBIKTBIpY, OelceHai eMip cai-
TBIH CaKTay apKbUIBI OyJI (PYHKIMSITApABI JKaKcap-
TyFa MYMKIHJIIKTEp Oap.

JKanmer nencaynbIK skaFmaibl ar3aHblH (yHK-
UOHANABI KYHeNepiHiH KaJblOThl KYHIHIETi Xy-
MBICBIHA TOYEIi Kelleli, COHBIMEH KaTap KOTHH-
TUBTI (YHKUMSIIAPMEH THIFBI3 OaiinaHbicTa 0OJIa bl
CoHOBIKTaH OV 3epTTeyIe TEeMipTaIIIbUTEIKTHI
AQHEeMUs KaJIbl JCHCAYJBIKTBIH OY3bUTYBIHBIH Oip
KOPIHICI PEeTiHIE KaPACTHIPHUIIBI XKOHE KA TSH-
cayJIbIK JKaFIaiibIHBIH ©3repyiH MOJCIbACUTIH (hak-
TOp PETIHAE aTbIH/IbI.

CoHFBl KBUIIAPBl KONTETreH 3epTTeyJiep Heil-
POPHU3HOIOTHSITBIK KOPCETKIIITEp MEH KOTHUTHBTI
¢byHKUMsUIap apacklHAa THIFBI3 OaiiiaHeicTap 00-
JIATBIHBIH aHBIKTAN JKaTelp. COHBIH INIIHIE DJIEKT-
posenedanorpadusi KOMETiMEH aHBIKTaJIFAH MHJIBIH
ANEKTpIIK OenceHainirinin ansda (8-12 I'mm) xone
teta (4-7 ') pIpFaKTapbIHa epeKile KOHUT aynapy-
na. by eIprakTap 3eHiHIl peTTeyae, ecTe cakTay
MEH aKnapaTTbl OHICY MpOLecTepiHie, KOTHUTHUB-
Ti (QyHKOUsIapFa MalbIHABIK KYWIH aHBIKTayla
MaHbI3AbI peil aTkapaiasl. Anbgpa biprarbl 8-12 'y
KUUTIK JUara30HbIHA aIaMHBIH KO31Ti dKYMBITI, ThI-
HBIII, CEPreK Kyhae OonraHaa Oalkamaasl. 3eiinmi
Oip Hopcere MIOFBIpIAFaHIa HEMece Kyi3emc Ke-
3iHAE TOMEHICHII (ZeCMHXpOoHHM3aUus). OpTypii
HelpoduadeK KaTTBIFyNapblH OPBIHAAY apKbLIbI
Oy BIpFaKTBl apTThIpyFa Oonajibl, COHBIH apKa-
CBhIHJIa 3€HIH/I1, €CTe CaKTayIbl KOHE dYMOITMOHAIIBI
TYPaKTBUIBIKTBI KaKcapTyra Oosaabl. Tera bIpra-
FeI 4-7 'l sKMiTiK Auama3oHbBIHAA aJaMHBIH TePeH
penakcanusi, apMaHiay HeMece YHKBIHBIH >KEHLI
Ke3eHaepinae 6aikanaasl. COHBIMEH KaTap IIbIFap-
MAaIIbUIBIK [MAa0BIT, €JECTeTy, MHTYUTUBTIK oOiiay
Ke3aepinme OenmceHai Oomamel. Aaiina, mamanaH
ThIC O€JICEHAUTIKTIH apTybl KOTHUTUBTI (YHKIUS-
JApBIHBIH OastyJIaFaHbBIMEH ¢ OaiIaHBICTHI OOJAIbI
(Raufi, 2022; Tan, 2024)

Bonsdranr KrnuMemTiy >kacaraH MIOTyBIHIA
JIeHI cay epeceK KaThICYIIbUIapMEH >KYPri3iuireH
D03l -3eprTeynepiHiH  HOTIDKENEpl JKYHEICHTEH.
THIHBIUTHIK, Kyiine OoiFaH agamaapnaa ainbda bIp-

FaFBIHBIH KyaThl TOHUKAJIBIK TYPJE KOFapbUIaFaHbl
JKOHE TeTa-OeNICeHIUTITIHIH TOMEHCYi, al KOTHU-
TUBTI TamncbIpManapisl OpbIHAAY Ke3iHae anbga
BIPFaFBIHBIH JICCHHXPOHU3AIUSICH! (aMILUTUTYIaHbIH
TOMEH/ICY1), ajl TeTa BIPFaFbIHBIH KYLICHeTiHI Oaii-
KairaH. by e3repicTep 3eHiH XKoHE KYMBIC Kbl
(yHKUMSUTApbIH OpBIHAAY Ke3iH/Ae HEHPOHBIK JKe-
Jiep pecypCcTapbIHBIH KaiTa OeJiHyiH CHIaTTai-
JIbI, KOTHUTHBTI OCJICEHIUTIKTIH 3JIeKTPO(U3UO0IIO-
THSUTBIK MapKepi peTiHAe KojjaHyFa OOJIaThIHBIH
kepcereni (Klimesch, 1999).

Yunus Bayram epinTecTepiMeH ermue »KacTarbl
aJaMJapblH THIHBIITHIK KYHIHIET], (QU3HKAIBIK
KaFIalbIHAAFbl KOHE KOTHHTHUBTIK (YHKIHUSUIAP-
Ibl OpBIHAAY KEe3IHZAET aleKTpo3Huedanorpadus-
TBIK, OCTICEHAUTIK KOPCETKIMTEPIHIH apachIHIAFbI
e3apa OalllaHBICTHI 3epTTei. 3epTTey HOTHXKEIepi
OOMBIHIIIA THIHBIIITHIK KYHIHAE amb(a BIPFaFBIHBIH
(8-12 I'r) KyaThIHBIH TOMEH/ICYiH KOTHUTUBTIK JKaF-
JAMBIHBIH HaIIapiaybIMeH OalmanbIcThIpaasl. CoH-
Jaii-ak, THIHBIIITHIK KYWIHJE TeTa OCJICeHAUTITIHIH
(4-7 T'm) >xoFapbuIaybl KOTHUTHUBTIK TOMEHJEYIH
OenrinepimMeH, akmapartapisl OHACY KaOiIeTiHiH
HalapjaybiMeH OaillaHBICTBUTBIFBIH  AHBIKTAJIBI.
Byn HoTmwxkenep KapTaio Ke3iHJe KINHUKAIBIK, TYp-
FeIZla Oy3bIIBICTap OaiiKanMai Typrania, Helpodu-
3MOJIOTHSUIBIK, ©3TepicTeplli epTe aHBIKTayFa MyM-
KiHIIK Tyapipaas! (Bayram et al., 2024).

S. Hanslmayr epinrectepimMen acaraH LIOTY
eHOCTIH/IE OPTYPJI >KACTaFbl agaMIapAblH KOTHU-
TUBTI GYHKUMSUIAPBIHBIH TeTa OencenainiriMex (4-7
I'm) e3apa OGaitmaHbICEIHA apHAJIFaH 3ePTTEYIICPIiH
HOTHIKENEepl kuHaKkTanFaH. KorHUTUBTI Tancelpma-
napasl (ecte cakray, 3eiiH, aTKapyuisl (QyHKITHS-
JapFa apHaJFaH TalcelpMajap) OpbIHAAY Ke3iHje
TETa BIPFaK KyaThIHBIH KYIICIO1 aHBIKTAJIIBI, OYII
KOTHUTHBTIK OaKbUIayJbl PETTEHTIH HEUPOHIBIK
JKeTUTepaiH OeNCEeHIUTITIHIH KOFaphUIaybIMEH CH-
nattanagsl. COHBIMEH KaTap aBTOpJap KAaTbICy-
IIBUIAP/IBIH, THIHBIIITHIK, KYHIHJIE TeTa BIPFAFbIHBIH
JKOFapbUIayblH ~KOTHUTHBTIK  (YHKIMSUTAPBIHBIH
OY3BUIBICTapBI MEH 3€HiHHIH TOMEHAeyiMeH Oaiina-
HBICTBI EKEHIH KOpPCETe Il )KoHEe HeHpoIereHepaTHB-
Ti e3repicTepi OONATHIH erjie YKacTaFbl ajamiapia
OalikanranbiH atan orexi. Lloxyaa Tera- xoHe anb-
(ha GenmceHUTITIHIH apaKkaThIHACKIHA SPEKIIle Ha3ap
ayJapbUIFaH, €Ki BIPFAKTHIH OHTANJIbI OpeKeTTecyi
OPTYPJII TarchlpMaiapAbl OpBIHAAYAa MUABIH Oe-
Himzenren Typae skayan OepeTiHiH, KOTHHTHBTIK
0akpUTay/bl CaKTay YIIIH MaHBI3JIbI el aTKapa-
TBIHBIH KOpceTeai. by pIpFakTapblH apachlHIaFbl
KaTBIHACTHIH OY3bUTYBl KOTHUTHBTIK (D)yHKIHSIIAPbI-
HBIH TOMEH/ICY1H JKOHE MHTEIUICKTYAJIBIK TaIlChIP-
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JKanmel teHcaymBIKTBIH KOTHUTHBTI QyHKIUSFaA acepi

Majapipl OPBIHIAYBIHBIH HaIlapiaybl OaifKanaJbl
(Hanslmayr, 2009; Hanslmayr, 2016).

KorauTtuBTi QyHKIMAIAP aJaMHBIH — OapibIK
eMip calaapblH/ia MaHbI3BI POIl aTKapajbl, oyap-
JIBIH, JICHTeH1 BIIeyMeTTiK opTara OeHimenyi, Ko-
Ci0M JKETICTIKTEPIi, JKaJIbl aJaMHBIH OMip carachiH
aHbIKTaiAbl. KOrHUTHBTI mpouectep OapiblK HHTEI-
JIEKTYaJJIbIK KbI3METTIH JKY3ere acyblH KaMTaMachl3
eTETIH MEeXaHU3MJIep KOpIlaFaH OpTaHbl KaObLiiay,
OKy, KapbIM-KaThIHAC JKacay, IIeNIM KaObuiaay
KOHE KOCI0M OpEKeTTePiHiH HEri3iHAe KaThIp.

KorantusTi ¢pyHKIMATIAp OHTOTEHE3 KE3EHIHIE
KaJbIlTacaasl, TAOWFU (aJaMHBIH JKAcChl, OKbBII Oi-
JIiM adybl) HEMECE TMaTOJIOTHSUIBIK (OpTYpii aypy-
nap, 3aKbIM THTI3TEH kKapakarrap) (pakTopiiapibiH
dcepiHeH e3repicke ymbIpaiiapl. HeliporenepaTus-
Ti aypynap (Anbureiimep, [lapkuncon aypymnapsr),
KaH TaMBIPJIBIK OPTYPIIi OY3BUTBICTAp, META0OTHKA-
TIBIK, ©3repicTep (KaH AnadeTi, aHeMHUs ), CO3bLIMAITBI
CTpecc XOHE OMip CalThl KOTHUTHBTIK OY3BLIBIC-
TapJIbl Ty IBIPAJIBL.

IIm3odpennst Ke3iHaETT KOTHUTUBTI JEHHUITUT-
Ti aHBIKTayFa apHAJFaH JCPEKTEpIli KaH-KAKTHI
3eprrereH Schaefer »xoHe opinTecTepi KOTHUTHUBTI
(hyHKIMSUIapAbIH Oy3bUTBICTAPBl AypPYJIbIH €H TY-
paKkThl koHEe oMOeban KepiHicTepiHiH Oipl eKeHiH
kepcereni. byn neummrrep 3¢iiH, )KYMBIC KaJbl,
aKmapaTThl OHJIEY JKBUIIAMJIBIFBI MEH OpBIHJAY
(dyHKUUMSIIapbIHA Ocep TETiHIH KOHE aypyAbIH Ke-
3eHJIepl MEH OMip CYpy CaITBIHA TOYEINCi3 caKTala-
THIHBIH aTan etefi (Schaefer et al., 2013).

n3odppennsacer Oap aypyiapra KOTHHUTHBTI
OHANTYJIBIH TUIMJIUTITIH OarajaraH paHIOMH3aIlHs-
JaHFaH OaKbpUIAyNBl 3epPTTEYJICPIiH METaaHATU3iH
XKyprisren Antonio Vita >xoHe opimTecTepi aypy-
IBIH KOTHUTHUBTI (yHKIMsIIapbiHa (3€HiHTe, Ka-
JIbIHA, aTKApyIbl QyHKIVSUIAPbIHA) J1a, COHIal-aK
KYHAEITIKTI OMipiH/Aeri TIpIIiTirine e CTaTUCTHKA-
JBIK, TYPFBIIAH MaFbIHAJBI TYPJC KaKCapTaThIHBIH
artan xkepcereni (Vita et al., 2021).

Knununkansik e3repictep Ke3eHine Aeiin, AnbI-
refiMep aypybIHBIH epTe Ke3eHepiHe KOTHUTHUBTIK
Mapkepiiepin 3eprrereH E.Grober xone apinTecrepi
JKaJIBIHBIH JKOHE 0acka /1a KOTHUTUBTI (DyHKIHsIIA-
PBIHBIH OY3BUIBICTapBIH, Ocipece a3naraH ciiTeMe
OCpUITCHHIH 031H/IC €CTe CaKTay alTapIIbIKTal JKaK-
capMalTBIH KaFJdaiylapblH aHBIKTaAbl. bynm epre
HEUPONIETECHEPATUBTI TMPOIECTEPi CUTIATTANTHIH
JKaJbIHBIH OY3BUIBICHIH 3epTTey AJbLreiMep ay-
PYBIH aHBIKTAyFa KOJJIAHATBIH CKPUHUHTTIK Kypau
pertinae Konganyasl yebiHas! (Grober et al., 2008).

Barker-Collo apintectepiMen mHCYNbT OONFaH
aJaMJIap/IblH 5 KbUT OTKCHHEH KeHiHT1 KOTHUTHBTI
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(GYHKUMSUIAPBIH 3epTTETeHe aypyiapIblH KeOiciH-
Jle KOTHUTHBTIK OY3BUIBICTApPBIHBIH, dcipece aKra-
patThl OHJCY JKbULAAMIBIFBI MEH OpbIHAAY (DyHK-
[USUTAPBIHBIH TYPAKThl CAKTANATHIHBIH AHBIKTAJIBI.
By3buibicTapablH aiKpIH KOpiHiCTEpi MHCYIBTTIH
ayBIPJIBIFBIHA, JKACBIHA, OUTIM NIEHTeiiHe KOHE Ka-
Tap JKYPETiH aypylapAblH OoiyblHa OalIaHBICTBI
aUTapIBIKTall ©3TepeTiHIH TYXBIPBIMIANIBL. AB-
TOpJap y3aK Mep3iMIi KOTHUTUBTIK OY3bLIBICTAp-
JIBIH CaKTaIybl KYPTi3UIT€H OHAITY/IBIH HOTHKEIIe-
piH aifTapiblKTail HaMIAPIATaTBIHBIH, OMIP CalachlH
TOMEH/JICTETIHIH, aypyJIap/IbIH DIIEYMETTIK KOMEKKe
MYKTaKABIFBIH apTTHIPATBIHBIH aTam KepCceTeli.
CoHJIIBIKTaH Jla aypyJiapFa KOTHUTHBTI MOHHTO-
PHMHITI TEK aJIFallIKbl aiylapja FaHa emMec, HHCYJIbT-
TaH KeHiHIe y3aK JKeuimap OOWBI KyHemni Typue
JKYprizy kepekTirin yeeiHaas! (Barker-Collo et al.,
2010).

[TapkuHCOH aypybl Ke3iHOe KOTHHUTHBTI Oy-
3BUTBICTApABI aHbIKTayFa apHaraH A.A. Davis xa-
caFaH IIOJy EHOEriHJe KOTHUTHUBTI AMCHYHKIUS
aypyIblH €H KHi JKOHE WHBAIMIH3AIUSIIAYIIBI
MOTOPJIBIK €MeC CHMOTOMJAPHIHBIH Oipi eKeHiH
aram eteli. Aypy Ke3iHze aKmaparThl OHILY JKbII-
JAMJIBIFBI, aTKApYLIbl QYHKIUSIIAP, )KYMBIC JKaJIbl,
KOPY-KEHICTIKTIK AaFABLIAPHI ’KOHE BEepOAITbABI OKY
¢yHkumsuiapsl  Oy3bUIATBIHBIH cumnarTaiiael. Kor-
HUTHUBTI OY3BUTBICTAp aypyAblH epTe Ke3eHAepiHae
OacTabll, OJIap/bIH JKEHUI KOTHUTHUBTI TOMEHCY-
neH llapkuHCOH aypyblHA TOH AEMEHIUSFA JEHiH
eplIyiHe OTeTiHIH KepceTeni. AypyaAblH Keibipey-
TepiHae aTKapyusl QyHKUIMsIaphl, KeibipeyepiH-
Jie KaJapl MEH 3ediH OipiHmm OoJbi Oy3bUTATHIHBI
AHBIKTANJBl. ABTOP KOTHUTHBTI OY3BUTBICTAP/IBIH
HEHPOOHONOTHSUTBIK MEXaHU3MICPiH 3epTTell, MaH-
Nal-CTPUAPIBIK, JKeTiIepaeri  m1ohaMUHEPTUSITBIK
JTUCQYHKIMSHBL, O-CHHYKJICHHHIH MaTOJOTHSUIBIK
JKUHATYBIH, 3¢HiH MEH OKY YIepicTepiHe acep ere-
TiH XOJMHEPTHSUTBIK XKYHEHIH Oy3bUTybIH CUIIATTa-
1wl (Davis, 2016).

AHemHusl 9leMze €H KEeH TaparaH MaToJIOTHs-
nmapnaeH  Oipi, keOiHece oifenaepae, Oamamapna,
erje Jkactarbl agamaapaa xui keszgeceni. Kanna-
FBl TEMOTJIOOMHJEP MEH JPUTPOIMTTED JEHIeHi-
HiH TeMeHJeyiMeH cumartananael, Kanma otreri-
HIH KETICHICYIITTiHEH OO0JIATHIH THUITOKCHSIAH
JKallbl aF3aHblH KypAeli 3apAanTapblHa, COHBIH
IriHIe KOTHUTHBTI (YHKUIUSAJIAPIBIH TOMEHJIEYiHe
anpIin Kejeai. AHEMHs Ke3iHJe HEeHpOoHIap OTTeri
TaNIIbUIBIFBIHA YIIBIPAHIBI, Al HEpB jKacyliana-
PBIHBIH apajapblHAAFbl CUTHANJApAbl JKETKi3eTiH
HEUPOTPAHCMUTTEP/IIH CHHTE3iHE KATBICATHIH Te-
Mip TanIUbUIBIFBIHAH KOTHUTHUBTIK OY3bUIBICTap
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TYBIHAAWIBI. AHEMUS Ke31HJe 3eWiH KO KaOiseTi-
HiH TOMEHIEY1, KaIThIH HaIllapiaybl, oinay yaepi-
CiHiH Oasyyaybl, aKIapaTThl OHJEY KbUIIAM/IBIFbI
MEH IIemiM KaOpUimay KaOieTTepiHiH e3repyi,
OKYy/IaFbl KHBIHJBIKTApP, AlIyIIAHIBIK TICH KaJIIbl
MIapIIAFBIITHIK, OaiiKamaapl. AHEMUSHBIH TEMip-
TanmbUIbIK, B12 nopymeni TammbuibiFsl, (oI
KBIIIKBUIBIHBIH TaIIIBUIBIFBI TYpJIepl KOTHUTHBTI
byHKUMsUIapFa OpTYpPIl ocep eTyi MYMKiH. AHe-
MUSZIaH TyBIHAaFaH KOTHUTHUBTIK OY3BIIBICTAp OMip
CYpY camachlH alTapibIKTall TOMEHJETEl, KYHIe-
JIKTI aTKapBIN KYpreH MIiHAETTepiH OpbIHAAYBIH-
Jla KUBIHJIBIKTapFa YIIbIpainel, byn macenenepai
acipece erje KacTarbl afaMaapia, KYKTi oienaep-
nie, Oananap/a, co3pUIMAIIbl aypy TYPiHE aliHaIIFaH
amamaapaa eckepy aca Mabpinel (Chaves, 2006;
Donat-Vargas, 2023; East, 2021; Falkingham, 2010;
Kung, 2021; McCann, 2020; Rosell-Diaz, 2024).

TeMipTanibUIBIKThl aHEMUSTHBIH OPTAITBIK JKYH-
Ke JKyHeciHe THIOKCHUSIIBIK, HEUPOMEIUaTOPIBIK,
MUEIUHIK KOHE OKCHIIATHBTI-KAOBIHY MEXaHU3M-
JEepiHiH YHJIeciMi apKbUTBI KEIMIEHAI Ocep eTEeTiHi
aHbIKTaNIFaH. TeMip TanlIbUIBIFEI MEH KOTHUTUBTIK
THIMIUTIKTIH TOMEHCYI apachIHIAFbl OAIaHBICTHI
Oananmapra, jkacecHipiMaepre MXoHE epeceKTepre
KYpPTi3reH 3epTTeyiep pacTaiinbl. TemipTamimbi-
JBIKTHl aHEMUSHBl €pTe JHUArHOCTHKAAy IKOHE
yaKbIThIHIA JKacalaThlH TY3€TyJep KOTHHTHUBTIK
OY3BUIBICTAP/ABIH aYBIPJIBIFBIH TOMEHACTYTEe MYM-
KiHaik Oepeni. DeppuTHHHIH IIEKTI MOHJAEPIH,
TEMIp TaNIIBUIBIFBIHBIH JKEHIT TYPJIEPiHIH ©CcepiH
JKOHE KYPBUIBIMJIBIK ©3repiCTep/IiH KaWThIMJIbI-
JBIK, MEXaHU3MJICPIH HAKThUIAy YIIiH KOCBIMIIA
3epTTeyNiep KaXKETTIrl ©3eKTi Mocenenepdid Oipi
OOobII TYP.

3epTTeyIiH MaKcaThl — JKANIIbI JCHCAYIIBIK XKaF-
JaMbIHBIH ©3repicKe YIIbIpaysl Ke3iHzae (3eprreyre
aJBIHFaH TEMIPTANIIBUTBIKTE AHEMESI MOJIENI HETi-
3iH/I€) MHJBIH KOTHUTHUBTI (PYHKIUSIAPbl MEH MU
OHMOANIEKTPITIK OeNICeHAINTIKTEPIHIH epeKIIeTiKTepiH
3epTTey.

3epTTeyre ajbIHFAH TEMipTANIIBUIGIKTE aHe-
MUSl KaFJaibIHIa MU KbIPTHICBIHBIH OUO3JIEKTPIIIK
OenceHaiTikTepiHiH ©3repicTepi 00y Kepek, arar
alTKaHIa anb(a BIPFaFbIHBIH PEAKTHBTUIITIHIH Te-
MeH/Ieyl JKOHEe KOTHHUTHUBTI JKYKTeMe Ke3iHjae TeTa
BIPFAFBIHBIH CaJIBICTHIPMAIIBI JKOFAPBLIAYBI KYTUIE/I.

3epTTey MaTepHaJAapbl MeH aficTepi
3eprrey xymbichl oi-Papabu arbinarel Ka-

3YVY-HbIH MM WHCTUTYTBIHBIH FBUIBIMU 3€pTTEY
3epTXaHachlHAa KYPri3inmi. 3epTTey >KYMBICHIH

AKYPri3yre KeprimiKTi THKaJIbIK KOMHTETIHIH PYK-
catel anmetHABl (JKOK119. 3eprreyre 20-25 xac
apanbiFeinaarsl 30 cryzmeHT KatbicThl. JleHi cay,
SIIKAH/ai TATOJIOTHSUIBIK, aypyJiapbl MEH 3HSHIBI
DIETTEPI JKOK 15 cTyneHT Oakpliay TOOBIHA JKOHE
TEMIPTANIIBUILIKTHl aHEMUSI JIMarHO3bl KOWBUIFaH
15 crynment Toxipube TOOBIHA TONTACTHIPBUIIBL.
3epTTeyre KbIHBICTBIK albIPMAIIBUILIKTAP/IBIH OCe-
piH TOMEHIETY MaKCaTbIHIA TEK OWeN >KbIHBICTHI
KaTeIcymmbiap Oomnmbl. blkTnMan apamac ¢axrop-
Jap/bIH SCepiH TOMEHAETY MaKcaThbIHJa HKCIEPH-
MEHT aJIBIHJIA KAJBITHI YHKBI PEeXKUMI CaKTaJFaH,
ko(enHIl KoNaHOaraH, IICUXOAMOIIUSIIBIK, JKYKTe-
MeJIeH ayJiaK 0OJIFaH KAaThICYIIbIIap FaHA aJIbIH/IBI.

Munpiy Oencenpinirin Oaranay «10-20» xabl-
KapaJiblK, Kyieci OoMpIHIIA 19 AHATHOCTHUKAIBIK
apHacbl 6onaThiH «HelipoHcnekTp-4» 37eKTposHIIe-
tdhamorpadus (OKI') acmaberaga operHAangsl. D30I
3epTTey dIICiHIe TanAay YIIiH 0ac MU KbIPTHICHIHA
«10-20» xanpIKapainslK xyieci OoifbrHma 16 371exT-
PO KONJaHbULABL. bac MU KBIPTHICHIH/IA OpHAIACY b
Ooiipramia: Maumai Oemirinen — Fpl. Fp2, F3, F4;
camaii oemirinen — F7, F8, T3, T4, TS, T6; opraibik
oemirinen — C3, C4; Tebe Oeomirinen — P3, P4; myii-
ne Oemirinen — O1, O2 snekTpoATapiaH CUTHAI-
nmap Tipkennmi. Kanran apaamap peepeHTTIK KoHe
XKepre KOcy 3JIEeKTPOATaphl PETiHAE KOJAaHBIIIBI,
OyJap CUTHaJl camachlH TYpaKTaHJAbIPyFa JKOHE
ANEKTPIIK KeASPTiIep i TOMEHAETYTe OaFbITTAIIbI.

JeHi cay *oHe TeMipTaNIIbIIBIKTH aHEMHUSIMEH
ayBIPATBIH CTYICHTTEPAIH KOTHUTHBTI TallChIpPMaHbI
OpBIHJIay AJJIBIH/IA )KOHE KOTHUTHBTI TANICHIPMaHbI
opblHAaranHaH Kedinri 931 kepceTkimTepi Tipke-
JIII, CIEKTPAIBJIbI XKOHE KOPPEISIHSIIBbIK, caparnTa-
Machl JKyprizingi. CnekTpanbapl Tajnay CTaHAapT-
THI KUK quama3onaapsl (anbda siprarsl 8-13 I,
TeTa bIpFaFbl 4-7 ['11) OOMbIHIIIA OPBIHAAIIBL.

D3I TipkenTeH CUTHAIAAPHI aJIIbIH aja oHJIeY-
JIeH OTKI3iiai, apTedakTTapabl kKO MaKCaThIHIA
BU3YJIIBI TANAY KOHE (PHIBTpaIis oaicTepi KO-
naHbuabl. Kes sKbImbUTbIKTay, OYIIIBIKET OeJIceH -
JIT1, KO3FAIBICKA OAMIaHBICTB OY3BUIBICTAD AHBIK-
TaJbIN, TANJAY/aH IIbIFAPBUIIBL.

3eprreyae QYHKITMOHAIABIK, OAMIaHBICTHIIBIK-
Thl Oaranay YLIIH KPOCC-KOPPENSLHSIBIK Tangay
KOJITAHBUIIBI, OYJI HEHPOHIBIK JKEJIiIep apachlHIa-
FBI ©3apa OailJlaHBICTAPBIHBIH JKAIBl CHUIIATTaMa-
CBIH aHBIKTayFa MYMKIHAIK Oepeti.

Kartpicymbliap KOTHUTHBTI TalchlpMa pETiH-
Je OepiJieTiH KOMOPBIHABl CAaHHAH TYPAaKTHl MOHJI
hierepy/i skoHe IIBIKKaH MOHIACPACH COJ TYPaKThl
MOHII KalTamail OTBIPBIN IMETEpy/i Tajam eTeTiH
MEHTAJIbJBl €CeTey TalChIPMachlH 5 MUHYT 00-
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HBIHAA OpBIHAAWABl. bByn TamcelpMa KOTHUTHBTI
KYKTeMEH1 OepyTe, ®KYMBIC 5KaJ[bIChl MEH 3€HiH Tpo-
LecTepin OesiceHipyre OarbITTaIFaH YKCIIEPUMEHT-
TIK MOJEJb OOJIBIIT TaOBUIAIEI.

Anpiaran moiimertep SPSS  Garmapmanama-
CBIHJIa OHJIEJI/II, CTATUCTUKAJIBIK CeHIMILIIK CThO-
JICHTTIH t-KpUTEPHiii OOWBIHINIA aHBIKTAJIJIbI.

3epTTey HOTHAKeIePi JKOHe 0JIApPAbI TANAAY

TeMipTalmbUIBIKTEl aHEMHUS! AF3aHbIH Kbl
(hyHKIMOHANABIK, OY3BUTBICTAPILIH Oip MO pe-
TiH/IE KapacCTBIPbUTIBII albIHABL. JKanmsl 1eHcayIbIK
JKaFaibIHBIH ©3repyi KOTHUTHBTI (PYHKIHATIAp MCH
HEHpOHIBIK OenceHaiTiKKe dcepi OONaTHIHBI AJbIH-
FaH HOTHIKEIEP/IC aHBIKTANIIBI.

TeMipTanmbUIBIKTH aHEMUSI OTTET1HI TachIMaJl-
Jiay KoHe HeHpoMeTabOIMKANBIK MPOIecTep apKbi-
7Bl HEWPO(HU3UOIOTUSIIBIK ©3repicTepMeH Oaiina-
HBICTBI 0OJTYBI MYMKIH. By 3epTTeyie aHeMHsHbIH
OMOXMMHUSIIBIK, CHITATTaMaJIapbIH CaHABIK Oaranayra
e€MeC, OHBIH MU KBI3METIHIETT (PYyHKITHOHAIIBIK KO-
piHicTepiH, OMO3IEKTPIIIK OENCEHITIrT MEH KOTHU-
THUBTI TIPOIIECTEPJETi o3repicTepmi 3eprreyre Oa-
reiTTaN bl COHJai-ak Oyl TOCUT OpTajbIK KYHKE
KyHeciHiH (yHKIIMOHANABIK KYHiH/ETI e3repicTep-
Il Tikenel Oaranmayra MyMKiHAiK Oepeni. COHIBIK-
TaHJIa allbIHFaH HOTHXKeJep HeHPOPU3UOIOTHUSIIBIK
JICHreliie KapacThIPbUIBII, MU KbI3METiHIH (yHK-
MUOHAIBIK YHBIMIACY ePEKIIETIKTEPl TYPFBICHIHAH
HWHTEPIpETALMSIIAHIBI.

TeMipTanmIbUIBIKTEI aHEMHUSI MH KBI3METIHE
acep eTeTiH GaKTop peTiHe KapacThIphlIabl )KOHE
OTTETiHI TachkIMalnay MEH HEUPOMETaOOITHKAIBIK,
MpOLeCTep apKbUIbl HEHPOPHU3HONOTHSIIBIK ©3Te-
picTepMeH OaiTaHbICTBI 0OTYBI MYMKIH.

Amnaiina, OepinreH 3epTrey aHEeMUSIHBIH OMOXU-
MUSUIBIK, CHTIATTaMallapbiH CaHJIBIK Oaraliayra emec,
OHBIH MU KbI3METiHZeTi (DYHKIIMOHAIIBIK KepiHic-
TepiH, aram aiTKaHma OMOAIIEKTPIIIK OEJICeHAITIK
MeH KOTHUTHBTI MPOLIECTEPETi o3repicTepal 3epT-
Teyre OaFbITTANIBL. by TOCII OpTaibIK KYHKE KY-
HeciHiH ()yHKIMOHANIBIK, KYHiHAEr1 esrepicTepui
TiKeJel Oaramayra MyMKIHIIIK Oepei.

OcpbIFan 0aliIaHBICTHI ATbIHFAH HOTHKETIEP He-
PODOUHONOTHANBIK JICHTelH/Ie KapacThIPBUIBII, MU
KBbI3METIHIH (PYHKIMOHAIIBIK YHbIMIACy epeKie-
JIKTEpl TYPFBICBIHAH MHTEPIPETAIHSIIaH/IbI.

3epTTeyre op TONTaH ajbIHFAH 15 KaThICyILIbI
0011161, OYT1 3epTTEY/IiH MIJIOTTHIK CUTIATHIH €CKepe
OTBIPBII, aJIbIHFAaH HOTHIKeNep OOMBIHIIA 3epTTere-
TIH HEWPO(DU3HONOTHUAIIBIK, ©3TepICTEP/IH KAIIIBI
YPAiCcTepiH culaTTayFa MyMKIHJIK Oepei.
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JleHcaynbIKThIH KOTHUTHBTI YHKIHSFa OCEPiH
OaxpuTay MakKcaThIHAA 3epTTeyre JeHi cay JXKoHe
TEMIpTaNIBbUIBIKTEl aHEMUSICBI 0ap CTYACHTTEp
KaThICThl. KaThIcymbliapsl €Ki TONKa, JIeHI cay
JKOHE TEMipTaIIbUIBIKTHl aHEMHUSICHI Oap TONTapbl-
Ha TONTACTBHIPBULILL. EKI TONTAaFbI CTYJCHTTEPIIIH
KOTHUTHUBTI TalchIpMallapbl OpBIHJAyFa JICHiHTI
’KOHE KOTHUTHBTI TaIllChIpMaIap]ibl OpbIHIaFaHHAH
KEeHIHT1 MUJBIH OMOAJIEKTPIIIK OSICeH I aHbIK-
Tanael. MUABIH OMOAIEKTPIIIK OCIICEHIITITT DJIEKT-
posnnedanorpadus daiciMeH OaralaHIbl JKOHE
KOTHUTHUBTI (YHKIMSUIADMEH THIFBI3 OaiflaHbIcTa
OonateiH anb(da jkoHE TeTa BIPFAKTaphl 3PTTEIII.
Tepo6emic sxwuimiri 8-13 'l apaibIFRIHAAFE qUATIA-
30HJIa JKaTKaH aib(ha bIPFarkl KAJIBIITHI )KaFaaiaa
TBHIHBIII KO3/l )KYMBIII, CEPreK OTBIPFaH]Ia MH KbIp-
TBICBIHBIH TOOE OHE 1IylJe aiMaKTapbelHaa Oaii-
Kananel. A, 4-7 'l apanbIFBIMEH CHUIIATTANATHIH
TeTa BIPFaFbl KAJBINITHI XKaFaaia YHKBIHBIH Oac-
TamKbl CaThIIAPBIHIA MH OCICEHIUTITIHIH CHHX-
poHOanybslH KepceTeni. KOTHUTHBTI Tamcelpma-
Japael OpeIHAAY Ke3iHnae anbga bIPpFaFbl Ha3apisl
peTTey MEH Ka)KeTCi3 CEHCOPJIBIK aKmapaTTapbl
TeXey IMPOLECTepiMEH, al TeTa BIPFarbl MaHjan
KBIPTBICBIHAAFBl HEHPOHIBIK JKEIUIEPIiH >KYMBIC
JKaIBICKI MCH 1ITKI aKMapaTThl OHACYAEC CHHXPOH-
JATYbIH CUITATTAN/IBI.

KorautuBTi TarncelpMaHblH MHA OHODIEKTPIIK
OeJiceHAalNIirine dcepiH 3epTTey Ke3iHAe cTaHxapT-
TaJFaH xaTTama OoibIHIIA OipHeme (QyHKINOHAI-
IIBIK Ke3eHAepAeTi anekTposHiedatorpamma (991)
Tipkenai. KorTHUTHBTI TariceipMara qeHinT Ke3eH Ie
(pre-task) THIHBII CepreKTik KyHiHIE OTBIPFaH €Ki
TOMTAFbl KATBICYIIBIIAPABIH (DOHIBIK PEKUMJICTI,
KO3/l amly >kKoHE Ke3[l XYMy >KardaiiapblHIarbl
20T Tipkenmi. DOHIBIK PeKUM MHIBIH THIHBIII Cep-
TeKTIK JKaFJMalbIHIAFbl 0a3aiblK (DYHKIIMOHAIIBIK
KYWIH JKOHE 3EPTTEJICTIH BIPFAKTAPABIH OacTaIKbl
JICHTeHiH aHbIKTayFa apHaJFaH 3TaJOH OOJBIN ca-
Hajaabpl. 3epTTEyTe albIHFAH €Ki TOMTHIH OacTaIKbl
HEHPODU3NOIOTHSITBIK albIPMAIIBIIBIKTaphl Oara-
nmaunapl. Kesni amry skarmaiiblHIa CEHCOPIBIK Oel-
CeHy KYHiHAe MHUIBIH (YHKIHOHAIABIK PEaKTHBTI-
JIiri, anb(a BIPFAFBIHBIH AECUHXPOHU3AIHUACH MEH
TeTa BIPFaFbIHBIH €peKUIeIiKTepi aHbIKTan bl Ko3i
KYMY JKarAalbIHIa KOPTUKAIJIBIK HEWPOHIAP.IbIH
CHHXPOHU3AIUSCHIHBIH KYIIICIO1, ajb(a bIPFaFbIHbIH
KaiiTa maiima OONyBI JKOHE TeTa OeICCHIUTITIHIH
epekuIenikTepi aikpiHganabl. byn seprreynepreH
KeWiH KaTBICYIIbIIAp JKYMBIC XKaJbICBI MEH 3eHiH
npolecTepi OelceHaipyre apHaiFaH KOFapbl KOT-
HUTHBTI )KYKTEME PETiHJE 5 MUHYTTBIK MEHTAJIbI
ecell IIBIFapy TallChIPMachlH OpbIHAai bl Kornu-
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THUBTI TaIlICBIPMaJIaH KeHiHTi Ke3ene (post-task) Tex
KO3/Ii Iy *oHe Ko3/i )KyMy Karmaimaperamga 391
Kaita Tipkenni. KorHUTHBTI TamcelpManaH KeWiH
anb(da XKOHE TeTa BIPFAKTAPbIHBIH JTHHAMUKACHI, MH-
JbIH (YHKIMOHAIABIK PEAKTUBTLIIT, HEWPOHIBIK
CHHXPOHHU3ALMSHBIH KAJTBIHA KEJTy epeKIIeiKTepi
aHbIKTANbl. KOTHUTHBTI TarceipmMaiaH KeliH (oH-
IIBIK Jka30a TipKeIMeIi )KOHEe 3epTTey AU3aiHBIHBIH
epeKLIETIr peTiHAe KapacThIPbUIbIN, HOTHKEIEPIi
WHTEpTpeTanusiay kesiame eckepimai (Mustafin,
2024).

3eprrey OapbIChIHAA aANBIHFAH MOJIMETTEPre
CHEKTpaJbAbl JKOHE KOPPEIALMSUIBIK Tajaay Ky-
MBICTaphl JKypri3iimi. 3eprreyne OipHemie mapa-
MeTpiiep OOWBIHIIA CAJNBICTBIPY JKYPri3iiesl, COH-
JIBIKTaH aJbIHFAH HOTHIKEIEp 3ePTTEY IiH MAITOTTHIK
CHUITaTBIH €CKepe OTBIPBIN KEIIEHI TYpJAe MHTEpII-
peranusuianbl. CreKTpanbpl Talay CTaHAapTThI
JKUUTIK THarna3oHgapbl Heri3inae kyprizinai. byn
TONTAp AapaChIH/IAFBl CAIBICTHIPMAIBl  TaJJIaY bl
KaMTamachl3 eTyre MyMKinaik oepeni. XKeke anbgha
YKUUTITIH €CKePy CIIeKTPaTbIbI TANIAY ABIH JTOJIIITIH
apTTBIPYBl MYMKiH, OONamiak, 3epTreyiepae Kapac-
THIPBIIATHIH OAFBITTapABIH Oipi OONBIT TaOBLIA B

MoniMeTTepiiH ~ CHEKTpaibAbl — TalgayblHAaA
3epTTeyre ajblHFaH BIPFAKTap/blH OpTalia Kyar,
TOJNBIK KyaT, MOAA XOHE HMHACKC KOPCETKIilTepi
aHpIKTanapl. Oprama Kyar — 3epTTENETIH JKHUUTIK
JIMana3oHbIH/A aJbIHFAH CIIEKTPIIIK KyaT MOHAEpi-
HiH OpTaIllla maMachlH KepceTe i )KOHE OChI Traria-
30HJ]a MHJIBIH 3JICKTPJIIK OCJICeHAUTITIHIH opTamia
JeHTreiin cunaTtTaiabl. TOoNBIK KyaT — 3epTTeNeTiH
JKUUTIK THana3oHbIHIAFbl KyaT CIeKTpi rpaduriniy

1-kecTe

ACTBIHJAFbl JKANIBl ayAaH MeJIepin OeiHeneni
JKOHE OCHI JHAIla30Ha >KMHAKTAJIFaH MU OeJIceH-
JUTITIHIH JKaJbl SHEPTUACHIH CUMATTalasl. Moja
KOPCETKIII — CIIEKTPIIIK KyaT MOHIIEPIHACTI €H KUl
KE3/IeCETiH MOH YKOHE 3ePTTEINICTIH XKULTIK Uana3o-
HBIHAAFBI 0ackIM OOJIFaH KyaT JMEHTCHIH KOPCETE .
Byn xepcetkimTi opTama apupMeTHKaIbIK MOHMEH
[aTacThIpyFa OOJIMaIbI, O TKEHI MOa CH JKHi Oaii-
KaJaThIH HAKTHI MOH/I aHbIKTaiael. MHIEke — Oac
MUBIHBIH JKaJITBI JIEKTPIIIK OCICeHIUTITIHIE 3epT-
TEJICTIH JKULTIK TUATIa30HBIHBIH YJIECIH aHBIKTANIbI.
3epTTeneTiH KHUITIK AUAma30HBIHIAFl CIEKTPITIK
KYaTThIH OapJIBIK KUK TUATa30HbIH/AFbI CIICKTP-
JIK KyaTKa KaThbIHAChl OOWBIHIIIA aHBIKTAJIA (I YKOHE
naiiei30en epHekreneni. Ocbl KopceTKim OOMbIH-
ma 0achIMIBUIBIK KOPCETKEH BIPFAKThI aHBIKTayFa
Ooanl.

Koppemsauusieik Tamgayna 6ac MU KBIPTBHICHI-
HBIH OpTYpJi alMakKTapblHIa OPHAJIACTHIPBUIFaH
AJIEKTPOATAPABIH  Oip-OipiMeH  (PYHKITHOHAIIBHIK
e3apa KOppeJSIHUIBIK OaitaHbiCchl Tanaan el Kop-
PENSILIUSIIBIK, TaIayIbIH TYPJIEPIHEH KPOCC-Koppe-
JSIVSUTBIK, TIAy KOJIAHBUIIBL, eki DI curHai-
Jlap apachIHIaFbl CHHXPOHIAIY I0PEXkKeCi, 0JIapIblH
yaKbIT OOMBIHIIA YHIECIMIUIIT )KOHE MU KBIPTHICHI-
HBIH 9PTYpJIi aliMaKTapbIHAAaFsl HEUPOH OerceH -
TiTiHIH 63apa 0alIaHBICHl aHBIKTAJIBI.

I-kecTene AeHI cay >KOHE TEeMipTaIIIbIIBIKTEI
AHEMMUSICBI 0ap CTYJCHTTEP/IiH KOTHUTUBTI TarChIp-
MaHBI OpBIHAAY amabiHAarel DDI ambda BIPFaFbI-
HBIH CIEKTPaJibAbl KOPCETKIITepi OepilreH koHe
KOpCeTKimTep OOWBIHINA TONTAp apachlHAa albIp-
MalIbUTBIKTap OalKaIIbl.

eni cay sicone memipmaniubliblKmsl aHeMUsACbL 6ap cnyoeHmmepoiy KOSHUMUGNI mancelpmanvl OpbiHOay anovinoazvl DI anvgha

bIp2azbiHblY CHEKMPAIbObl KOpCemKiumepi

. N-skaunrbt Oprama Oprama KB. Opraia MOHHIH
CrieKTpanbbl KOPCeTKIITep TOI . . p
CaHbl MOHI AYBITKYbI opTaIa KB. KaTeiiri
Jleni cay 15 2,612 0,561 0,324
@oH, oprama Kyar ajibbha (MkB¥/T 1) 0,180
Anemust 15 1,254 0,221 0,127
Jleni cay 15 6,104 2,036 1,175
DoH, TOJBIK Kyar ajibbha (MKB¥/T'1) 0,750
Anemust 15 6,577 1,102 0,636
Jleni cay 15 8,530 0,075 0,043
®on, moza ansda (') 0,430
Anemus 15 8,485 0,048 0,027
JeHi cay 15 18,452 0,667 0,385
®on, unnexc anbha (%) 0,360
Anemus 15 17,104 2,182 1,260
Jeni cay 15 0,667 0,477 0,275
K.A., oprama Kyar anbpa (MkB¥/T'1r) 0,550
Anemust 15 0,482 0,097 0,056
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Kecmeniy orcanzacwor

. N-xaurst Oprama Oprama KB. Opraina MOHHIH
CrekTpasbibl KOpCeTKiITep TOII . . p
CaHBI MOHI AyBITKYBI opTaria KB. KaTeiri
Jleni cay 15 8,182 1,463 0,844
K.A., Tonsik Kyar anbda (MkB*/T'ir) 0,040*
Anemust 15 3,965 1,877 1,084
Jleni cay 15 8,365 0,067 0,039
K.A., mona ansda (I'm) 0,480
Anemust 15 8,290 0,153 0,088
Jleni cay 15 7,625 1,837 1,061
K.A., nanexc anbda (%) 0,800
Anemus 15 7,147 2,516 1,453
JleHi cay 15 1,915 1,800 1,039
K. XK., oprama kyat ansha (MxB*/T'i) 0,630
Anemust 15 2,014 1,562 0,901
JleHi cay 15 5,248 0,863 0,498
K.OK., Tonmsik Kyar anbda (MkB?/T'1r) 0,440
Anemus 15 6,167 1,590 0,917
JleHi cay 15 8,640 0,116 0,067
K.XK., mona ansda (') 0,110
Anemus 15 8,410 0,156 0,090
JleHi cay 15 27,597 3,344 1,931
K.K., ungekc anbda (%) 0,190
Anemus 15 23,529 3,058 1,765
Eckepry: * — aHemusi TOObIH Oakpliay TOOBIMEH cajiblcThipFaHaarbl CTBIOACHTTIH t-KpUTEpHUidi OOMBIHIIA CTATHCTHKAIBIK,
cenimainik, p<0,05. K.A. — ke3xai amry; K.OK. — ke3 xa0y.

CrekTpanpabsl KepceTkimTepi (OHABIK pe-
KAMAE, KO3l amry jKoHe Ke3Ol XKyMy Karmai-
JIaphIHJa €Ki TOI apajbIFBIHIA CaJIBICTHIPMAIIbI
Typae kepcerinreH. DOHABIK pexuUMIe anbda
BIPFAaFBIHBIH OpTallla KyaThl TEMipTalIlbUIBIKThI
anemuscel 6ap tommen (1,254 mxB?/T'm) cansic-
ThIpFaHga neHi cay Tonta (2,612 mMxB*T'1) xo-
Fapel, 6ipak OyJl alBIPMAIIBIIBIK CTATHCTHKAIBIK
cenimaimikri (p=0,180) Oepmeni. DOHIBIK pe-
JKUMAET1 ab(aHbIH TOJBIK KyaThl, MOJA KHLIITI,
MHJIEKCI OOMBIHINIA €Ki TON apachIH/Ia alTapJIbIK-
Tail adpipMambUIBIK (p>0,05) Oaitkammanel. byn
KOpCETKIITEp OOWBIHIIA KOTHUTHUBTI TalChblpMa-
Fa neiin 0a3anblk (DOHIBIK JKaFmaimga aab(aHbIH
OMOAJIEKTPIIIK OENCEHITIr eKi TONTa CalbICThIP-
MaJlbl TYp/J€ CaKTallFaHbIH KOPCETE/Il.

Kesni anry sxarmalibiaa anbda bIPFaFbIHBIH TO-
JIBIK KyaThbl geHi cay tommeH (8,182 mxB*T'm) ca-
JBICTBIPFaHIa aHeMuscel O0ap Tonta (3,965 mMxB?/
I'm) cratuctukansik cenimmer (p=0,040) Temenme-
red. TeMipTammbLIBIKTEl aHEMUSCHl 0ap TONTAFbI
CTYIEHTTEpIiH MH KBIPTHICHIHBIH CEHCOPIBIK Oe-
CeHy Ke3iHze anb(da Juara3oHbIHJA YHEPTUSHBIH
TOMEHJIETEHI KOHE KOPTHUKAIIBIK IECHHXPOHM3a-
WSl MPOLIECTEPiHIH dJcipereHi Oalkamaasl. A,
anbda BIPFAFBIHBIH OpTalia KyaThl, MOJa >KHIIIT1
MeH anbda HHJEKCI OOWBIHINIA €Ki TON apachiHIa
CTATUCTUKAJIBIK CEHIMII Typae OalKaIaThIH albIp-
ManibuIbIK 6onmakt (p>0,05).
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Kesni s)xymy skarmaiibiHIa JIEH] cay TOIIICH ca-
JBICTBIPFAHAa TEMIPTANIIBIIBIKTEl aHEeMHACH Oap
TONTA OpTallla XOHE TOJIBIK KyaT KepCeTKiITepi
JKOFaphl MOHIEPAl KOpCeTTi, amaima Oyl e3repic-
TE€pP CTATUCTHKAIBIK CEHIMJI TYpAE pacTaaMabl
(p>0,05). Moga »wuiiiri MeH HHAEKC KOpCeTKIImTepi
OoiibIHIIA €Ki TONTa alBIPMALIBUIBIK 00JIMabl, KO3-
Il )KYMY JKarFaaiibiHAa aiab(a BIPFaFbIHBIH CHHXPO-
HU3AIUSCBIHBIH MEXaHU3Mi €Ki TonTa Oy3bUIMara-
HBIH CUIATTAUIbL.

COHBIMEH, KOTHUTHBTI TalChIpMaHbl OpbIH-
nay ajJabIHAaFbl Ke3eHIe amb(a BIPFaFbIHBIH (OH-
JIBIK PeKUMJICT] JKOHE KO3l KYMY JKaFIalbIH/aFbl
CITEKTPaJIh bl KOPCETKIMTEPI CATBICTHIPMAITBI TYPIIE
€Ki TOITa YKcac KeJai. AJl, KO3/ alry KaraaibIHa
ab(aHbIH TOJNBIK KyaThl OOWBIHINA CTATHCTHKAIBIK
CeHIMIi TypJe aHBIKTaJFaH ©3repic TeMipTalllbl-
JBIKTHl aHEMUSI TOOBIHA MU KBIPTHICHIHBIH (DyHK-
[MOHAJJIBIK PEaKTHBTUIITIHIH TOMEHJICTCHIH JKOHE
CEHCOPITBIK OCIICeHY Ke3iHIe HeHPOHIBIK OCICEeH/Ti-
JIKTIH a3afiFaHbIH KOPCETE/II.

Anbda BIpFaFel THIHBII CEPreKTIK KyHiMmeH,
KOPTHUKABIK TEXKETYy MEXaHU3MICpPIMEH, CEHCOP-
JBIK, aKIMapaTThl OHICYMEH OalIaHBICTHL. 3epTey-
IliH (DOHIBIK YKaFIaibIHAa anb(a bIPFaFbl €Ki TONTa
CaNBICTBIPMAJIBbl TYPAE CaKTaIIbI, all KO3/ alry Ke-
31HJIe TeMPTAIIIbUIBIKTHI aHEMHSCHI Oap TOMNTa ca-
JBICTBIPMAITBI TYPAE TOJBIK, KyaThl TOMeHAe M. byn
CEHCOPJIBIK aKTUBAIMs Ke3iH/Ie KBIPTHICTHIK PEaK-
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TUBTLUTIKTIH k0HE (DYHKIIMOHAIIBIK OcHiMIenyIiH
©3TepreHiH KOpCeTeIi.

2-KecTeqie JICHI cay JXOHE TeMipTallIbUIBIKThI
AHEMUSCHI 0ap CTYACHTTEPIiH KOTHUTHBTI TaIlChIP-

2-KkecTe

MaHbI OpbIHAaFaHHaH Kedinri D01 anbda bIpFaFbl-
HBIH CTHEKTPaIb/Ibl KOPCETKIIITEPi KO3/l anry XKoHe
KO3 )KYyMY JKaFdaiIapblHia CalbICTRIPMAalIbl TYPAE
KOPCETINTEH.

eni cay score memipmaniubliblKmvl aHeMUACyL 6ap cmyoeHmmepoiy KOCHUMUGMI ManculpmManvl opvinoazantan ketinei 331 anb-

@a vipeazvinbiy cnekmpaibObl KOpcemxiumepi

. N-xkaurbl Oprama Opraia KB. Opraiiia MOHHIH
CreKTpaibibl KOPCETKILTep TOI . . p
CaHbI MOH1 aybITKybI opTramia KB. KaTeCJrt
JeHi cay 15 0,622 0,458 0,264
K.A., oprama Kyar ansha (MkB*/T'ir) 0,800
Anemust 15 0,700 0,179 0,103
JleHi cay 15 3,612 2,706 1,562
K.A., Tonbik Kyar anbda (MkB*/T'r) 0,830
Anemust 15 3,999 1,002 0,578
JleHi cay 15 8,410 0,178 0,103
K.A., mona aneda (') 0,360
Anemust 15 8,295 0,070 0,040
Jleni cay 15 6,972 0,700 0,404
K.A., uanexc anbda (%) 0,022%*
Anemus 15 8,927 0,610 0,352
Jleni cay 15 1,434 1,701 0,982
K.JK., opraia kyar anbda (MkB?/T'ir) 0,650
Anemust 15 2,069 1,512 0,873
Jleni cay 15 2,405 0,388 0,224
KK, tonmsik Kyat anbda (MkB*/T'ir) 0,230
Anemus 15 3,690 1,555 0,898
JleHi cay 15 8,485 0,294 0,170
K.K., mona ansda (I'm) 0,500
Anemust 15 8,365 0,112 0,065
Jewi cay 15 32,785 2,246 1,296
KK, nungexc anbda (%) 0,005*
Anemust 15 18,806 3,373 1,947
Eckepry: * — anemms TOObIH Oaxpuiay TOOBIMEH canibICThIpFaHgarbl CTBIONCHTTIH t-KpUTEpHUili OOWBIHIIA CTATHCTHUKAJIBIK,
cenimainik, p<0,05. K.A. — ke3ni amy; K.JK. — ke3 xaly.

KOrHuTHBTI TamnchlpMaHbl OpBIHJAFAHHAH Ke-
WiH Kke3al amry jkarnaiibiHna anb(a BIPFaFbIHBIH
opTaiia Kyar, TOJBIK, KyaT, MOJIa )KHLUITIT1 OOibIHIIIA
€Ki TOIl apachlH/a CTATHCTUKAJBIK CEHIMI TYpPJe
aHBIKTAIIFAH aWbIpMamibUIBIK OomMazsl (p>0,05).
Byn exi Tomrta *arbl SHEPrUusl ACHIEHIHIH YKcac-
THIFBIH KOpceTeli. bipak, anbgha nHaekci OoHbIHIIA
KepceTKimTep JeHi cay tommeH (6,972 %) caibic-
TBIPFAH/Ia TEMIPTAMIIBUIBIKTHI aHEMHSCHI 0ap TOMTa
(8,927 %) crarucTUKaNBIK CEHIMII TYpJAe MKOFa-
poinarad (p=0,022). By KOTHUTHBTI TaricelpMajian
KEWiH CEHCOPJIBIK OeJICeHy KYHiH/e anb(a OesceH-
JUTITIHIH CaJBICTRIPMAIIBI TYPJIE dKOFaphl CaKTaJFa-
HBIH, KOPTUKAJJBIK JECUHXPOHU3ALHUSHBIH TOJIBIK
OpBIHAATIMAl QJICIPEreHiH KopceTei.

KoruutupTi TarncelpMaHbl OpbIHJIaFaHHAH Ke-
HIHT1 Ke3/1i XYMy JKarlalblHIa a anb(a BIpFarbl-
HBIH OpTallia Kyar, TOJbIK KyaT >KOHE MOJa KHi-

Jiri OOMBIHIIA KOPCETKIITep €Ki TOI apachiHIa
CTaTUCTUKAJIBIK CEHIMJI Typ/e alblpMallbUIBLIKTap
Oaitkanmassl (p>0,05). Anaiina, ansha uaaeKci 0o-
HBIHINA JIeH] cay TONTa alTapJIbIKTal KOFapbl MOHI
(32,785 %), anemusicel Oap TONTa TOMEHIET€H MOHI
(18,806 %) tipkenai. by aiiblpMalIbUIBIK cTaTHC-
TUKAJBIK CeHIMI Typae pactaisin oTeip (p=0,005)
JKOHE JICHI cay TonTa ab(a BIPFaFbIHBIH KAJIbIHA
Kelly TpoIieci THIMJI JKYPreHiH, ajl aHeMHUsCHl 0ap
TOITa KOPTUKAIJBIK CHHXPOHH3ALHUSICHI JKETKUTIK-
Ci3 KaJIBIITAaCATHIHBIH KOPCETE .

CoHbBIMEH, KOTHUTHBTI TallChIpMaHbl OpPBIH/A-
FaHHAH KeWiHri anb(da BIpFaFbIHBIH OpTalia Kyart,
TOJIBIK KyaT, MOJa JKUUNIri OOWBIHIIA €Ki TomTa
alBIpMAIIBUTBIKTAp TipKeIMeni. A, anbha WHIEK-
ci OOMBIHIIA KO3l allly jKOHE KO3/l )KyMY JKaraai-
JapbIHJIA €Ki TOI apachkIHIa e3repicTep OailKasibl,
SIFHA (DYHKIIMOHAIIABIK €PEKIIETIKTEePi aHbIKTaIIbI.
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KornuTtusTi TamcelpMaHbl OpBIHAAFaHHAH KEHiH
TEMIPTANIIBUILIKTHl aHEMHSICHI Oap TONTa MHJIBIH
(YHKUMOHANIBIK PEaKTHBTIIIN JKOHE KaJIbIHA
KeIly MeXaHW3MJEpiHiH Oy3bUIbICKA YIIbIpaFaHbIH
KepceTei.

KorautusTi TamcelpMaHbl OpBIHAAFaHFA JCHiH
JIeHI cay >KOHE TeMipTalIlbLIBIKTEl aHEMHACH! Oap
torrtapaa D31 -HbIH TeTa bIPFAFBIHBIH CIICKTPAIIb/IbI
KepceTKiluTepi 3-KecTeae CajbICThIpMallbl TYPAE
KOPCETITEH.

DOHIBIK PEKUM JKaFIaiibIHa TETA BIPFAFbIHBIH
opramia KyaT, TOJIBIK KyaT, MOJa *HiTIri, HHICKC
KepceTKimTepi OOWBIHIIA €Ki TONTa CTaTUCTHKA-
JIBIK, CEHIMJII TYPJIC PACTAWTBIH albIpMAIIbUIBIKTAp
anbIKTanMazabl (p>0,05). Bya KOrHUTHBTI TamchIp-
Mara JCHiH CepreKTiK KYHiHIeTi €Ki TONTHIH CIEKT-
pasbAbl KOPCETKIIUTEePiHiH CaJBICTBIPMabl TYPAE
YKCACTBHIFBIH KOPCETEI].

Ke3ni amy >xarmaiiblHga TonTap apacelHaa TeTa
BIPFAFBIHBIH OpTAIlla KyaT, TOJBIK KyaT, MOJIa KH1IT1
OOMBIHIIA KOPCETKIIUTEPiHAeT albIpMaIIbUIBIKTap
CTaTUCTUKAIBIK CeHIMI TYpIie pactanmMasl (p>0,05),
all TeTa WHIEKC OOMBIHIIA albIPMAIIBUTBIK CTAaTHC-
TUKAJBIK, ceHIMA1 Typae aHbIKTanas! (p=0,002), Oyn
MOHJII albIpMALIBUIBIK, TONTAp apachbIHAAFbl albIp-

3-kecre

MAIIbUTBIKTBIH aHKbIH KOPIHICI JKOHE OHBI KB
HOTIDKENEp KOHTEKCTIH/AE KapacTelpy KaxkeT. [leni
cay rormeH (16,437 %) calpICTBIpFaH/Ia aHEMHSCHI
O6ap tomra (11,945 %) Tera WHACKCI TOMEHICTEH,
SIFHM JICHI Ccay TOIITa CEHCOPIIBIK, OCICEeH/IIpY *KaF/a-
WBIHIIA TETa BIPFAFBIHBIH JKOFapbUTaFaH OeJICeH LTI
Oalikasca, TeMipTaIIbUTBIKTE aHEMUSICBI 0ap TONTa
KOTHUTHBTI PETTeyIl HEHPOHBIK JKeTiiepAiH 0a3a-
JIBIK O€JICEHALIITT TOMEHAEIEH.

Ke3mi >xymy jkarmaiiblHma TOMTap apachbiHIa
TEeTa bIPFAFbIHBIH OAPJIBIK CIICKTPAaJIhIbl KOPCETKIII-
TepiHae OalKaFaH albBIPMANIBUIBIKTAp CTATHCTH-
KaJIbIK CeHIMII Typae pactanmazsl (p>0,05).

CoOHBIMEH, KOTHUTHUBTI TallCBIPMaHBI OPBIHIA-
FaHFa JICWiIH TETa BIPFAFBIHBIH CIIEKTPAIIBIBl KOP-
ceTKimTepi (GOHABIK PEeXUMIE KOHE KO3/l KyMY
JKaraiblHAa €Ki TONTa CajbICTBIPMANIBI  TYPC
caktanrad. Kesni amry skarmaiibiHIa opramia Kyar,
TOJIBIK, KyaT, MOJIa HIJIT1 €Ki TONTa cajbICThIpMa-
JIBI TYPJE CaKTaIFaHBIMEH, TETa WHICKCI OOUBIHIITA
aHBIKTAIIFAH aWbIPMAIIBUIBIK PaCTaAbl KOHE Oy
CEHCOPJIBIK, OCJICeHY Ke3iHIe aHeMUSCHI Oap TomTa
JKYMBIC JKaJIBICBI MEH aTKapyIlbl OaKblIayFa KaTbl-
CaThIH HEUPOHABIK KYHUETIEpaiH (PYHKITHOHAIBIK,
JICHTeHiHIH TOMEH/ICTCHIH KOPCETe/Ii.

Jleni cay swcore memipmaniubliblKmvl aHeMUsACcyl 6ap cmyoenmmepoiy KOSHUMUSMI MAanculpmMaHsl OpbliHOAy anoviHoazvl D31 mema

blpeagbiHblY CNeKMpanbobl Kepcemriumepi

. N-xaunrsl Oprama Opraiua KB. Oprarira MOHHIH
CrieKTpaib/Ipl KOPCETKIMITED TOI . . p
CaHbl MOHI ayBITKYBI opraiia KB. KaTesiri

Jleni cay 15 2,864 0,775 0,447

®oH, opraria Kyar tera (MKkB*/T'ir) 0,175
Anemus 15 1,866 0,707 0,408
Jleni cay 15 3,734 0,307 0,177

®DoH, TOJIBIK Kyar Tera (MKB?/I'1r) 0,346
Anemust 15 3,155 0,886 0,511
Jleni cay 15 4,453 0,351 0,203

®don, mozaa tera (I'u) 0,783
Anemus 15 4,385 0,185 0,106
Jleni cay 15 16,289 4,210 2,430

®Don, unyexce Tera (%) 0,666
Anemust 15 14,791 3,647 2,105
Jleni cay 15 1,466 0,396 0,228

K.A., oprama kyar tera (MxB?/T'ir) 0,202
Anemus 15 1,861 0,210 0,121
Jleni cay 15 6,450 0,623 0,359

K.A., TonsIk Kyar Tera (MKB?/T'1) 0,419
Anemus 15 6,967 0,774 0,447
Jleni cay 15 4,166 0,145 0,083

K.A., mona tera (I'r) 0,487
Anemust 15 4,239 0,078 0,045
Jleni cay 15 16,437 0,697 0,402

K.A., uanexc Tera (%) 0,002*
Anemust 15 11,945 0,746 0,430
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Kecmeniy orcaneacwi

. N-xkaurst Oprama Oprara KB. Opraia MOHHIH
CrekTpanbabl KepceTKilTep TOM . . p
CaHEI MOHI AyBITKYBI oprama KB. KaTeJiri
Jeni cay 15 1,817 1,343 0,775
K.K., oprama kyar tera (MxB/T'ir) 0,709
Anemust 15 2,212 1,053 0,608
Jeni cay 15 4,151 0,539 0,311
K.K., Tonsik Kyar Teta (MkB*/T'1) 0,078
Anemust 15 2,204 1,329 0,767
Jleni cay 15 4,312 0,192 0,110
K.XK., mona rera (I'my) 0,917
Anemust 15 4,328 0,150 0,087
Jleni cay 15 15,652 1,521 0,878
KK, manexc Tera (%) 0,057
Anemust 15 12,418 1,469 0,848
Eckepry: * — amemust ToObIH 0Oakbpuiay TOOBIMEH caibIcThIpFaHmarbl CTBIONCHTTIH t-KpUTepuili OOMBIHIIA CTAaTHCTHKAIBIK,
cenimainik, p<0,05. K.A. — ke3xi amry; K.K. — xe3 xa0y.

KoruuTusTi TancelpManbl OpbIHIaFAaHHAH KEHiH
€Ki TONTBHIH TETa BIPFAFBIHBIH CHEKTPAIIbIBI KOp-
ceTKilTepi OOMbIHILA KO3/ ally KOHE KO3/i )KyMy
YKaFmalIapelHAa 3ePTTEITCH CATBICTRIPMAITBI MOJTi-
MmeTTepi 4-kecrene Oepinren. Kesai amry xoHe Ko3-
Il KyMy JKarFJaiaapblHAa opralla KyaT IIEH Moza
JKULTITT OOMBIHIIA KOPCETKIIUTEPIHACT] aibIncaribl-
JBIKTAP CTATUCTUKAJIBIK ceHiMai 6epmeni (p>0,05),
TOJILIK KyaThl MEH TeTa WHJEKCi OOWbIHINA JeHI
cay TONIEH CaJbICTBIPFaHa aHEMHSICHI Oap TomTa
JKOFapbUIaFaH MOHJIEPl CTaTHCTUKAIBIK CEHIMMEH
AHBIKTAJI L.

Kesni amry »xarmaliplHaa TONBIK KyaT J€HI cay
torrta 5,547 MxB%T'm tex Gosica, aHEMHsACH Oap
torra 11,480 MxB?*I'll cTaTUCTUKAIBLIK CEHIMMEH
xorapeuiaran (p=0,001). Tera wmHAekci aeHi cay
tonta 11,687 % xepcerce, anemusicel 6ap TomTa
17,287 % aiiTapiabIKTail >KOFapbl OOJFAHBI CTATHC-
TUKaJIBIK ceHiMMeH pactangsl (p=0,041). byn mo-
JMETTep KOTHUTHBTI TallChIpMajiaH KeiiH ceHcop-

4-kecre

JBIK OeJiceHy >KarnaiiblHIa TeTa AMana3OHBIHBIH
HEUPOHIBIK OCJICCHAUTITI KYIIEeHTeHiH KOPCETE i,

Kesni sxymy xaFaiiblHIa TOJBIK, KyaT JeHi cay
tonta 4,977 mxB?/T'11 MoHIHE TEH 0OJIbI, AHEMHUSICHI
Oap Tonrta 9,428 MxB?/I'11 )KOFapbsl MOHI CTAaTUCTH-
KaJIBIK ceHiMMeH aHbIKTanasl (p=0,021). Tera uH-
nekci neni cay romreH (12,643 %) canbicThIpFaHia
aHemwusicel Oap tonta (23,856 %) exi ecere KybIK
JKOFapbl MOHIMEH CTATUCTHUKAJIBIK CCHIMMEH aii-
keraaamas (p=0,002).

CoHbIMEH, KOTHUTHBTI TalChIPMaHbl OpPBIHJA-
FaHHAH KEHiH JCHI cay TOITa MaHIall aiiMaKTaphI-
MeH OaiyIaHBICTBI OOJIATBIH TETa BIPFAaFbIHBIH Oe-
CEHJIIIITT TOMEH MOHJIEPIl KOepceTyl HEHpOHIBIK
KaJllblHA Kellyl THIMII JKYPEeTiHiH Kepceremdi. A,
TOJIBIK KyaThl MEH HHJIEKC KOPCETKIIMTEPiHIH TeMIp-
TaNIIbUIBIKTEl aHEMUSICHl 0ap TOMNTa >KOFapbliaybl
JKYMBIC JKaJpIChI MEH aTKapyIllbl OaKkplIayFa Tyce-
TiH HEWPOHJBIK XYKTEMEHIH apTyblHaH LIaMaiaH
TBIC KYIIEIO1 OaifKamabl.

Heni cay oicone memipmanuibliblKmol anemusicbl Oap cmyoeHmmepoiyy KOZHUMUGMI Mancelpmansl opvinoazannan Keiinei 9917

mema vipeazblHblly CNeKMpaibobl KOpcemiumepi

. N-xaunrmsl Oprama Opraia KB. Opraiiia MOHHIH
CrekTpanbabl KOpCeTKimrep TOI . L P
CaHbl MOHI aybpITKYBl | OpTallla KB. KaTeliri
Jleni cay 15 1,492 0,188 0,108
K.A., oprama kyar tera (McB?/I'ir) 0,059
Anemus 15 2,267 0,476 0,275
Jleni cay 15 5,547 0,679 0,392
K.A., Tonsik Kyat Tera (MxB?/T'ir) 0,001%*
Anemus 15 11,480 0,900 0,519
Jlewi cay 15 4,203 0,093 0,054
K.A., mona Tera (I'm) 0,707
Anemust 15 4,239 0,125 0,072
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Kecmeniy orcanzacwor

. N-skaunrbt Oprama Opramma KB. Opraia MOHHIH
CrieKTpanbabl KOpCeTKilTep TOM . . p
CaHEI MOHI aybITKYBl | OpTalla KB. KaTeJiri
JeHi cay 15 11,687 0,368 0,212
K.A., uanexc tera (%) 0,041*
Anemust 15 17,287 3,237 1,868
Jeni cay 15 1,334 0,552 0,318
K.K., oprauia kyar tera (MkB*/T'1) 0,368
Anemust 15 1,979 0,953 0,550
Jleni cay 15 4,977 2,089 1,206
K.K., Tonbik Kyat Tera (MkB*/T'1y) 0,021*
Anemus 15 9,428 0,230 0,133
Jleni cay 15 4,276 0,134 0,077
K.K., mona Tera (I'tr) 0,242
Anemus 15 4,427 0,134 0,077
Jleni cay 15 12,643 1,402 0,809
K.K., magexe Tera (%) 0,002*
Anemust 15 23,856 2,271 1,311
Eckepry: * — aHemmusi TOOBIH 0akpUIay TOOBIMEH CalbICTHIpFaHIarbl CTBHIOACHTTIH t-KpUTEpHidi OOWBIHIIA CTATHCTHKAJBIK
cerimainik p<0,05. K.A. — ke3mi amry; KK. — xe3 xa0y.

TeTa bIpFarbl KOTHUTUBTI TIPOIIECTEPMEH ThIFBI3
0aifaHbICTHI, aTan alTKAH/A KYMBIC KaIbIChl MEH
KOTHMTHBTI OaKplaayJa MaHbI3JIbl PeJ aTKapajbl.
CoHIBIKTaHa, TETA BIPFAFBIHBIH ©3TepiCTepl HEl-
POHABIK KeNinepaiH (QYHKIMOHAIABIK OelCceHIi-
JITIHIH ©3repyiMeH JKOHE KOTHUTHBTI KYKTEMETe
Oellimaerny MexaHu3MJIepiMeH OalIaHbICTBl OOITYBI
MyMKiH. KOTHUTHBTI TarmcelpMara JeHiH JKOHE Ke-
WiH OalKaiFaH alblPMAaIIbLUIBIKTAP HEHPOHIIBIK MKe-
TIEpIiH GYHKITHOHAIIBI KaliTa YHBIMIACYBIH KOHE
KOMIICHCATOPJIIBIK, MEXaHH3MJICP/IiH ICKE KOChLITYbIH
CUIIaTTalablL.

CriekTpalipibl Tajjiay HOTHUIKECIHJE KOTHH-
THBTI TalCBIpMaHBI OPBIHAAYFa JCHIH anbda KoHe
TeTa bIPFAKTaPBIHBIH (DOHJIBIK PEKUM/IC )KOHE KO311
JKYMY JKaFmaibIHIA NEeHI cay JKOHE TEeMIipTallllbl-
JIBIKTBI aHEMUSICBI Oap TONTAP/ia CTATUCTUKAIIBIK Ce-
HIMMCEH aHBIpMAIIBUIBIKTAP OOMMAIbI, OYJI MUIBIH
0a3anblK OMOAJIEKTPIIK OENCEH T calbICThIpMa-
JIBI TYPJIE CaKTaJFaHbIH KopceTeni. Kesmi amnty kar-
naibiHaa anb(a BIPFAFBIHBIH TOJBIK KyaThl JKOHE
TeTa WHACKCI JCHI cay TONTa >KOFAphbl, aHEMHUSICHI
Oap TornTa TOMEHJETeHI CTAaTHCTUKAIBIK CECHIMMEH
AHBIKTABL. By ceHCOPIBIK OeICeHy Ke3iHIIe aHe-
MUSCBI Oap TONTa KOPTHUKAJIIBIK PEaKTHBTLTIKTIH
OacTamKbl ACHrelIe TOMCHIECTCHIH JKOHE TeMipTall-
IIBUIBIFBIHA OalIaHBICTBI MUJIBIH (DYHKIIMOHAIIBIK
pe3epBTEpiHiH MICKTEYIi EKCHIH KOPCETE .

KorHuTuBTi TarcepMaHbl OpbIHaFaHHAH KEHiH
anb(da koHe TeTa BIPFaKTapbIHBIH JUHAMHUKACHIH/IA
e3repictep Oaiikanapl. AHeMUsIChI Oap TonTa anbga
BIPFAFBIHBIH MHAEKCI JIeHI cay TOIIIEH CajbICTBIP-
FaHJla CTATHCTUKAJBIK CCHIMMEH KO3JIi ally XaF-
JAfbIHAa JKOFApBUIAYhl KOHE KO3/l JKyMy JKaria-
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WbIHJIA TOMEHIEY1 alb(a IeCUHXPOHU3AIUSCHIHBIH
TOJIBIK, KaJIBINTACTIAFAHBIH JKOHE (DYHKIIHOHAIJIBIK
KaJllbIHa KEIY/AiH JKeTKUIIKCi3 OOJblI, dicipereHin
pactaiiapl. A, IeHi cay TONTa KO3l )KYMY >Karma-
HplHAa anbha MHICKCIHIH JKOFapbllaybl KOTHUTHB-
Ti TarchIpMaHbl OPBIHJAYJAaH KEHiH KOPTHKAIJIBIK
CHHXPOHU3ALMSCHIHBIH alKbIH KaJIblHA KeyiH
cumnatTaiasl. KOTHUTHBTI TanceipMagaH KeliH TeTa
BIPFAaFBIHBIH JICHI cay TOMTa CaJbICThIPMAIIbI TYPaK-
TBUIBIFBI HEMECE TOMEH JCHIEWJIe CaKTalybl HEM-
POH/IBIK, JKEIIEPIiH THIMTI OeHiMIIeITy MEH KaJlIlbl-
Ha KeJy TPOLECTEPIHIH KAIBIITHI OPBIH/IaTaThIHBIH
KepceTeni. AHEMHACH Oap TONTa KO3/l ally >koHe
KO3l KYMY KaFJaiiapblHa TeTa bIPFAFbIHBIH TO-
JIBIK, KyaThl MEH MHJICKCIHIH CTaTUCTUKAJIBIK CEHIM-
MEH JKOFapbUIayhl )KYMBIC JKaJIbICHl MEH aTKapyIbl
OakpuIay KyHesaepiHe TyceTiH HeHMpOHABIK >KYKTe-
MCHIH apTKaHBIH JKOHE aKIapaTThl OHJIEY YIIiH KO-
ChIMII[A HEUPOHIBIK, PECYPCTap/IbIH TaPThUIAThIHBIH
KOpCETEi.

Bbyn e3repicrep TeMipTamiIbUIBIKTBI aHEMUS
Ke31H/Ie TYBIHIaUThIH CO3bLTMAIBI YIAIBIK THITOK-
CUSUIBIK JKOHE HEHpPOMETa0OIUKAIBIK MEXaHU3M-
nepaiH Oy3pUIFaHBIMEH TYCIHIIpiaedi. OWUTKeHi,
TEeMip TEK reMOrjIoOWH CHHTE3iHE FaHa eMec, CO-
HBIMEH 0ipre MHTOXOHIIPHUSIIBIK THIHBIC Ti30€TiHIH
(depMeHTTEepiHEe, TUTOXPOMIAP MEH HEHpOTpaHc-
MHTTEp CUHTE3IHE 1€ MaHBI3IBI dJeMeHT. Temip
JKETICIEYMIUTIriHEeH OTTEriHl JKeTKi3y MeH maii-
najmaHy TeMeHuewnmi, Hedipormapna AT Ty3uryi
HISKTENE/Il, a1 OJI ©3 KE3€TiHJIe¢ KOTHUTUTI KYKTE-
M€ Ke31H/1e HeUPOHIBIK KEITISPIiH THIMII )KYMBIC
kacayblH TeMmeHueteai. COHABIKTaHga TeMipTan-
NIBUTBIKTBI aHEMUSICHI 0ap TONTa KOTHUTHBTI Tarl-
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CBIPMaHbI OpbIHJIaFaHHAH KEWiH anb(ha CHHXPOHHU-
3aIMSACHIHBIH TOJBIK KAJTbIHA KEIIMEYIHEH MUJIBIH
TEeXely )KoHE KaJllbIHA KeJly MEXaHU3M/JICPiHiH 9J1-
cipereHi, aj TeTa bIPFAaFbIHBIH IaMaJiaH ThIC apTybl
HEHPOHIBIK PETTEYNIiH KOMIICHCATOPJBIK, Oipak
TUIMCI3/ITiH KepceTei. by KorHUTHBTI mapiay-
JBIH T€3 JlaMybIHa JKOHE JKYMBIC JKaIbIChl MEH 3€-
HIHHIH TYPaKCBI3ABIFBIH TYIBIPAIHIL.
Koppensuusnbslk TanaayaslH TYpiHE >KaTaThlH
KpPOCC-KOPPESAUSIIBIK, Talgayaa €Ki dJIeKTPOATaH
TIPKENTEH CUTHANJAPABIH apachIHAAFBI CHI3BIKTHIK
0allTaHBICTBIH KYIIiH Oarajiay MakcaThIHAa KPOocc-
KOPPEISIIUSIIBIK KO3(OUIMEHT KONJaHbUIABL. byn
HOpMananFad kKoddduiment +1,0 (curHaNIIapIBIH

5-kecte

TOJIBIK, colKecTiri) sxoHe -1,0 (dazace Kapama-Kap-
ChI, TEpIC KOPPEISIIHA) apalbIFBIH CHUIATTANIBI,
Henre TeH canbl OaranaHaThIH CUTHAJIIAP apachlH-
Jla YKCACTBIKTHIH HEMECE CBI3BIKTHIK OalIaHbICTHIH
YKOKTBIFBIH KOPCETEII.

Koppemsmusmeik, tammay  FP1-C3.  C3-Ol,
FP2-C4, C4-02, FP1-T3. T3-O1, FP2-T4, T4-02
JIEKTPOJT Tapamaapsl apachlHAa OpBIHAAAbL. by
TapaMmJap MaHjaai, OpTajbIK, caMal, Iyljae aiMak-
TapbIHBIH (DYHKITMOHAIBIK, OaillaHbICTApPBIH aHBIK-
TayFa apHaJIFaH.

5-kecreie JeHI cay >KOHE TEeMipTalIIbUTBIKTHI
aHEeMUSICBhl 0ap TOMTapbIH KPOCC-KOPPEISLUSIIBIK
KOPCETKIIITEPi CANBICTRIPMAIIBI TYpie OepiireH.

Heni cay scone memipmanutblablkmol anemuscsl oap cmyoenmmepoiy DI Koppenayusnblk Kepcemriuii

Kpocckoppensamus
DneKTpoa TOI N->KaJbl caHbl - Opraia aybITKy P
Jewi cay 15 0,641 0,023
FP1-C3 0,001*
Anemust 15 0,454 0,016
[ewi cay 15 0,765 0,019
C3-01 0,180
Anemust 15 0,787 0,012
[eni cay 15 0,658 0,024
FP2-C4 0,027*
Anemus 15 0,545 0,043
Jeni cay 15 0,746 0,050
C4-02 0,913
Anemust 15 0,750 0,037
Jleni cay 15 0,561 0,003
FP1-T3 0,008*
Anemus 15 0,420 0,029
Jewi cay 15 0,746 0,044
T3-01 0,030*
Anemus 15 0,628 0,019
Jewi cay 15 0,559 0,032
FP2-T4 0,010*
Anemus 15 0,441 0,020
JeHi cay 15 0,753 0,091
T4-02 0,500
Anemus 15 0,705 0,064
Eckepry: * — anemus TOOBIH Oaxpuiay TOOBIMEH calbICThIpFaHIarbl CTBIONCHTTIH t-KPUTEpHUili OOWBIHIIA CTATUCTHUKAIIBIK,
cenimainik p<0,05.

Manpail xoHe OopTaliblK, aiMaKTapbIHBIH ©3apa
OaitmanbicTapbiH kepceretin FP1-C3 men FP2-C4
3JICKTPOJATAP/IBIH TapaMapbiHJa €Ki TON apachiH-
Jla CTaTUCTHKANIBIK CEHIMII albIpMaIibUIbIK Oaii-
kanasl. FP1-C3  TtapambIiHia Kpocc-Koppensuus
koaddurmenti neHi cay tommes (r=0,641) canbic-
TBIPFaHJIa TEMIPTAIIBUIBIKTEI AaHEMUSICBI Oap TomnTa
(r=0,454) craTuCTHKAIBIK CEHIMII TypJe TOMEH]Ie-
i (p=0,001). Kpocc-koppensiiust ko3¢ HUIiueHTi

FP2-C4 tapambinia a 6akpuiay To0biMeH (1=0,658)
canmpICThIprania aHemusi ToObiHAA (1=0,545) Te-
MEHJIEr€H]l CTATHCTUKAIBIK CEHIMMEH aHBIKTAJIIbI
(p=0,027). by anemus ke3iH/ie MaHIa )koHE OpTa-
JBIK aliMaKTap apacblHAAFbl HEUPOHBIK CUHXPOH-
JTAITy IBIH BIICIpEeTeHIH KopceTe/Ii.

Manaii-camaii aiiMakTapbl apacbIiHIaFbl (yHK-
[MOHAJ/IBIK OaiilaHbICTa Jla albIPMAIIbUIBIK CTa-
TUCTHKAJIBIK CEHIMMEH aHbIKTanel. FP1-T3 tapa-
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JKanmel teHcaymBIKTBIH KOTHUTHBTI QyHKIUSFaA acepi

MbIHJIA JieHl cay TonTa 1=0,561 MaHAI Kepcerce,
anemust ToObIHAA 1=0,420 MOHIHE CTATHCTUKAJIBIK
ceniMmai Typae temenaeret (p=0,08). FP2-T4 tapa-
MBIHJIa Kpocc-Koppesnus KodhUIUeHTI IeH] cay
torra 1=0,559 xone anemusa ToobiHaa 1=0,441 teq
0o, SFHU aHEMMS KE31HJ€ CTaTUCTHKAJIBIK Ce-
Himai Typae temenaeret (p=0,010). Byn alimakTap
JKYMBIC KaJBICHI, aTKAPYIIsl OaKblIay, KOTHUTHBTI
WHTETpanus MPOIECTepiH OpbIHAAYFa KaThICAJbI,
aHEeMUs Ke31HIe (PYHKITMOHAIIBIK HHTETPAIHSICHI-
HBIH TOMCH/JICTCHIH KOpPCETEe/Ii.

OpTanbIK XoHE camail aiiMakTapbIHAH TipKe-
red C3-0O1 xone C4-O2 snekTposa TapamaapblHAa
€Ki TOI apachbiHAAa CTATUCTUKAIBIK CEHIMII aubIp-
ManibUTBIK, Oafikanmmanbl (tuicinmie p=0,180 sxoHe
p=0,923). By CeHCOPJIBIK aKmapaTThl ©imeyre Ka-
TBICATBIH APTKbI KOPTUKAJJIBIK aiMaKTapIbIH (yHK-
[UOHANBIK OallaHBICTApBl AHEMHUS >KaFJaibIHIA
CaJIBICTBIPMAJIbI TYPJIC CAKTAIFaHBIH KOPCETE/II.

Camaif-miyiine aiMakTapblH cHUTATTauTBIH T3-
Ol rtapambIHzIa JCHI cay TONTa KPOCC-KOPPEISLUs
koddummenti r=0,746, anemmst kesinme 1=0,628
MOHJIEpiHe TeH OO0JIIbl. AHEMUS Ke3iHe CTaTUCTH-
KaIBIK ceHiMai Typae Temenmered (p=0,030). An
T4-O2 snekrpox TapamuapblHIa €Ki TOI apachlH-
JaFpl AWBIPMAIIBIIBIK, CTATUCTHKAIBIK CEHIMMEH
anbikTanmMansl (p=0,500), sFHE OH KaK, JKapThIIIap-
IIBTH caMai-Tyine OaimaHpICTaphl CATBICTBIPMAITBI
TYpJIE CaKTaJIFaH.

COHBIMEH, KOPPEIALIUSIIBIK Talnay HOTHKE-
JIepiHeH TEeMipTaIlIbUIBIKTEI aHEMIESICBI Oap TomTa
MaHail aliMaKTapbIHBIH OpPTAJIbIK JKOHE camail aii-
MaKTapbIMEH, COJI JKaK JKapTHIIIAPIbIH caMai KoHe
mryine aiMakTapbeiHaa (QYyHKIHOHAIABIK —Oaifia-
HBICTAPBIHBIH BJICIpETreHi aHBIKTAIIBI.

l-cyperTe meHi cay >KOHE TEeMipTalIIbIIBIKTEI
AHEMISICBI Oap TONTapbIH MUJIBIH KbIPTHICTHI Kaba-
TBIHIAFBI DACKTPOATAP apachIHIAFbl (QyHKITHOHAII-
JIBIK, OaiilaHbICTap KPOCC-KOPPEISIMSIIBIK TalIay
Heriziame kepcetinreH. Korautusti D3I 3epTTey-
Jepie KaIbINTACKaH HEHUpO(PHU3UOIOTHSIIBIK YCTa-
HbIMJAp Oo¥BIHIIA (DYHKIIMOHAIIBIK OailllaHbIcTap
nHTepIperanusnanasl. balinansictap 991" curnai-
JAPBIHBIH YaKBIT OOWBIHINA CHHXPOHABUIBIK, IOpe-
xecl kpocc-koppesiiusg koddduruentrepi (Kxop)
APKBUTHI CUTIATTAJIFaH.

Krnaccukanbik  HEHpOPU3NOIOTHSIIBIK  €HOCK-
TEepAE KOFAphl KPOCC-KOPPETSIUSI HEHPOHIBIK
KeNIepaiy Kylelren (QpyHKIMOHAIABIK CHHXPOH-
TATYBIH, aJl TOMEH KPOCC-KOPPeIsins (PyHKITHO-
HaJIJIBIK, CHHXPOHJAITY/IBIH TOMEHJICTCHIH CHUIIaT-
taiine! (Gevins et.al, 1997).
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Exi Ton apaceinaarsl aiiblpMambiisikTap CTh-
IOJICHTTIH {-KpUTepuifi OOUBIHINA OaFallaHblIIl,
cTaTHCTUKANBIK, ceHimai (p < 0,05) aiipipmanibi-
JBIKTAp KYJIABIBIIAMEH OeNTiieHAi. DIeKTpoaTap
apachblHIAFbl KYWTI (QYyHKIHMOHANIBIK OaiaHblc-
Tap TyTac CHI3BIKTapMeH KeckiHpenreH (Kkxop >
0,4), sFHE HEWPOHMBIK OCNCEHIUTIKTIH TYpPaKThI
CHHXPOHAIYBl MEH KOPTUKAJIIBIK SKEIUIepIiH
(YHKIMOHAJIIBIK, HHTETPAlMSICHIH CHUIATTaNIbI.
byn MumpiH HEHPOHABIK >KENIJIEPiHIH KETKUTIK-
Ti DHEPTeTUKAIBIK KaMTaMachl3 €TUITCH ACHI cay
O0akplTay TOOBIHBIH MaHIAW-OPTaIBIK, MaHIaM-
caMaii, opTalbIK-ITyiiie aliMaKTapbl apachIH/aFb
KymTi OaimanbicTapasl KepceTedi. bym MumsiH
(YHKIMOHAIJBIK, JKETIepiHiH YHIeciMai KYMBIC
aTKApYbIH )KOHE KOTHUTHUBTI TpoIlecTepre Karbica-
THIH HEUPOHABIK CHHXPOHIATYABIH CaKTaJIFaHBIH
Oinmipeni.

Anemusicel O6ap TonTa QyHKIHMOHAIABIK Oaiina-
HBICTAp Y3IK CBHI3BIKTApMEH KecKinaenreH (Kkop <
0,24), Oyn OaiinmanblcTapJblH OJCI3AIriH, HEHPOH-
JIBIK  CUTHAIJAPIBIH TYpPaKChi3 JoHE (QYHKIHO-
HaJIBIK MOHI TOMEH OpEKETTeCyIl CHUIaTTai[bl.
AHeMus Ke3iHIE MaHIall altMaKTapbIHBIH OPTaJIBIK,
JKOHE caMail aiiMaKTapbIMEH CHHXPOHIANybl TOMEH
JICHTeJIe, KOTHUTUBTI JKOHE aTKapyIIbl (YHKIUS-
Japra KaThICAThIH MaHAall aiiMarbIHBIH (DYyHKIHO-
HAJJIBIK, 9JICipeyl MEH KCHICTIKTIK YHBIMIACYBIHBIH
OY3bIIBICKA YIIBIPAFaHbIH KOPCETE .

ConbimeH, Oy MaIliMeTTep aib(a-TeTa bIpFak-
TapbIHBIH CIIEKTPAJIbIbl TalAayblHa CUNIATTAJFaH
MOJIIMETTePMEH  YHJIecei, TeMipTaIIbIIBIKTHI
aHEeMHUs Ke31HJe OTTETiHIH XXETKi3iIyiHiH TOMEH-
JleyiHeH MUTOXOHAPUSIBIK DHEPTHsl TY3UTyiHIH
HIEKTENyl KOTHUTHBTI JKYKTEMEre j>KayanTbl Heii-
POHIBIK JKEIUJICPIAIH THIMIIIITT TOMEHACUTIHIH
KepceTes.

CriekTpanb/pl KOHE KOPPEISIIUSIIBIK Taljay-
JIbIH HOTWDKEJIEPIH MHTEpIIpeTanysiay KOMHUTHBTI
nporectepmer D1 -HbIH anbda XKoHe TeTa BIPFaK-
TapbIHbIH OaHTaHBICBIH CUMIATTANUTBIH KJIACCUKAIBIK
TY)KbIpbIMIaMaMeH yiieceni. Anb(a bIpFaFbIHBIH
TOMEH/ICY1, SIFHU CUHXPOHU3AIMACHIHBIH JKETK1TIK-
Ci3 KaJIIbIHA KelTyl KOPTHKAJIBIK TEXKETy MpoIiec-
TEpiHIH BJICIpeYiH KepceTedi. All, TeTa bIpFarbIHBIH
OeNCeHniNiTiHIH apTysl KOTHHUTHUBTI JKYKTEMEHIH,
JKYMBIC JKaJIbICBl J)KOHE aTKapyllbl OakbuIayFa Ty-
CEeTIH HEWPOHJBIK KYII CalyJblH KOFapbUIaFaHbIH
CHUITaTTaMIbI.

JKanmbl anrania, anblHFaH HOTHXKETIEP 3epTTey-
JIiH MAJIOTTHIK CHITATBIH €CKepe OTBIPBINT HHTEPIpe-
TaIsIIaHbI.



I' K. /larxabaeBa xoHE T.0.

1-cyper

Muowiy Kbipmuvicmol KabamulHOA2bL A1eKMpoOmap apacvinoazsl QYHKYUOHALObIK 6aAUIaAHbICMAPObIY KOPIHICI

bakpinay

Aunemus

Ecxepmy: X — Oeni cay owcone memipmanutblibIKmsl aHeMuacsl 6ap cmyoeHmmepoiy KopCemxiumepin CanblCmolp2aHoayl
Cmobrodenmmiy t-kpumepuiii 60UbIHWA CIMAMUCTIUKATBIK ceHiMOI  ativipuawsiiviy (p < 0,05); — — Kxop > 0,45 (xywmi
@ynkyuonanowik 6ailianvic);, — ——— Kkop < 0,24 (o1ci3 (hyHKYUOHANObIK OALLIAHBIC).

Byn 3epTTey KYMBICBIHA TEMipTAMIIbUTBIKTHI
aHEMMUSICBI 0ap TONTa KOTHUTUBTI TallChIpMajiaH Ke-
fiH anbda BIPFAFBIHBIH JKETKUTIKCI3 KaJITbIHA KeTyl
JKOHE TETa BIPFAFBIHBIH OCJICEH/IUIIT] MIaMaJIbIH ThIC
apTybl aHBIKTAIBL. AJb(a BIPFAFBIHBIH TOMCH/ICY1
KOPTUKAJJIBIK KYHEIepAiH (GYHKIMOHAIIBIK, KaiiTa
YHBIMJIACYBIHBIH OY3bUTFaHBIH, CEJICKTHBTI TEKEIY-
JUH KETKUTIKCI3JTIH, SIFHU CEHCOPJIBIK-aKIIapaTTh
OHJICY Ke3iHIe HEHPOHIBIK «IIyIb» THIMAI Oaca
aJIMaybIH KOpCceTe/li. AJl TeTa bIPFAFbIHBIH IIaMaIaH
TBIC apTyhl HEUPOHJBIK, JKEIIIEPIiH KOMIICHCATOP-
JIBIK, TYPJC apThIK PEKPYTTAIYbIH, SFHH KOCBIMIIA
HEHPOHIIBIK JKEIIep/Ii iCKe KOCKAHBIH CHITATTaNIbI,
OYJ1 PHEPTeTUKAJIBIK, IIILIFEIHHBIH apTYbl MEH (YHK-
MIHOHAJIIBIK, THIMIUTIKTIH TOMEHACYIH OUTIipeTi.

TeMmip TanbUIBIFBIHAH TYBIHIAUTHIH THIIOKCHUS
JKaFIalblHIa MUTOXOHJPUSUTBIK THIHBICATY OY3bI-
Jasel, HEHPOHJAp YIIiH HEri3ri sHeprus ko3i ATD
OHTIpITyl TOMEHICH I, COHBIH calgapblHaH MeMO-
paHaJIbIK MMOTCHIIUAIJIBI KOHE KYHWKE UMITYJIbCTEPIH
Oepyai KaMTaMachl3 eTeTiH HaTpUH-Kaluii HacocTa-
PBIHBIH KbI3MeTi Oy3bUIafbl, HEHPOHIBIK, JKeJiep
apKBUTBI CUTHAIIAP/IBIH Tapaly JKbIIIAMJIBIFBl MEH
THIMILTIr TeMeHaenai. byn acipece KOTHUTHUBTIK
OCJICeHIITIKTI (3€#iH, >KYMBIC >KaIbl, aTKApyIIIbI
(GYHKIMsIIAP) J)KOHE MiHE3-KYJBIKTBI PETTEYe Ma-
HBI3JBI POJI aTKapaThlH MPeQPOHTAIBIBI KBIPThIC-
TBIH JT0(aMUHEPTHSUTBIK JKOHE CEPOTOHUHEPTUSLITBIK
KyHenepaiH TUCPYHKITUICEIMEH Oaikamaapl. Temip
nohaMiH KoHE CepOTOHMH CHHTE31HiH Herisri dep-

MEHTTEpi — THPO3WHTHAPOKCHIIa3a MCH TPUITO(aH-
THJIPOKCHIIA3aHbIH KAJIBINTHI )KYMBIC Y)KacayblHa Ka-
xet (Pivina, 2019; Yeboah, 2024; Yunanci, 2023).
KorHuTuBTi XYKTEMEHI OpBIHIAY Ke3iHae MU
OCJICEHITITIHE OTTETIHIH KaKCTTITiH aHBIKTayFa
apHaJIFaH 3epTTeY JKYMBICTAPbIHBIH HOTHXKEIEPI Jie
pacraiiasl. Stute opinrecTepiMeH KYPTi3reH 3epT-
TEyiHJIe OpTallla KapKbIHIBUIBIKTAFbl a3POOTHIK
JKYKTEMEHIH KOTHUTHBTIK (YHKIHsIApFa, Ocipe-
ce KYMBIC JKaJIblHa, KbICKAa MEp3iMi BCEpiH JKOHE
COHBIMEH KaTap JKYPETiH HEHPOPU3HOIOTHSIIBIK,
e3repicrepai KapacteipraH. JKymbic kansl 2-back
TaIChIPMAachl OOWBIHIIIA KATTBHIFYFa MEHiH, KATThI-
FyJaH Keiin OipzieH, 15 MUHYTTaH COH koHE 45 MH-
HYTTaH COH OarallaHFaH, KOTHUTUBTIK TallChIPMaHbI
OpBIHJIAY KEe3iHJe MaHJal TYCBIHIAFbl MM KBIPTHI-
CBIHBIH OTTETIMEH KaHBIFY JACHIeHiH OaKplIay YIIiH
¢byHkunonanasl ontukanslk, Tomorpadus (fNIRS)
oMiciMEeH aHBIKTaFaH. HoTwkeciHae TamceipMaiap-
JIbl OpBIHJAY JIOIAIriHIH 15-45 MUHYT ©TKEH COH
JKaKcapFaHbl aHBIKTAJIFaH, Oyl a3pOOTHIK KYKTEMe
MUJaFbl  HEHPO(DU3HOJIOTUSIBIK ~MEXaHU3MJICP/Ii
ICKEe KOCBII, )KYMBIC JKaJIbIH YaKBITIIA JKaKCcapTyFa
MYMKIiHJiK OepeTiHin kepcereni (Stute et al., 2020).
An, Chen xoHEe dpinTecTepi Xypri3reH kyhemi
I0Jly MEH MeTa—Tajjlay TOMEH XOHE opTalla Ta-
OBICTHI enmepaeri Oanaiap MEH jKacecHipiMaepain
KOTHUTHBTIK (YHKLIHMSUIApPbIHA TEMIp/Ii TEPOPaIb/Ibl
KaOBIIAayFa apHaJIFaH TePAITUSHBIH OCEpiH 3ePTTe-
reH. 3epTTey HOTHXKECIHJIe TeMip TaIlIbUIBIFBI Oap
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JKanms! neHcaynbIKThIH KOTHUTUBTI (QyHKIMSFA Dcepi

Oanmamapia Haszap, )KYMBIC JKaJbIH/Ia, KOTHUTHUBTI
KOPCETKIMTEPIHIH CTATHCTUKANBIK TYPFBIIAH JKaK-
caprad. MYHBI OTTETi aJMacCybIHbIH apTybIMEH Ka-
Tap HEHPOXUMUSIIBIK YI€piCTEPIiH KaJIbIHA Kelyi-
MeH OarinanbicThipasl (Chen et al., 2022).

CoHbIMEH, KOTHUTHBTI (PYHKIHSHBI OPBIHIAY
OaphICBIH/IA OTTETIHIH POJIi 6Te MaHBI3bl 00IATHI-
HBIH 3epTTey HOTIKeTepi kopcereai. Temipranibi-
JBIKTHI aHEMHUS Ke31H/Ie KbICKA YaKBITTHl KOTHUTHB-
Ti KYKTEMEHIH 031 MU OCIICEHIUTITIHE eIpyip ecep
€TETiHI aHBIKTAJIBII OTHIP.

KopbIThIHABI

JKyprizinres 3epTTey )KYMBICBIHA JICH] cay TOI-
TIEH CANTBICTHIPFaH/Ia TEMiPTAIIIBUTBIKTH AaHEMHUSICHI
0ap TonTa KOTHUTHBTI JKYKTEMEre MHJIBIH OHo3-
JIEKTPIIIK JKOHE (PYHKITMOHAIIBIK JKEITIK jKayaOsl
e3repeTiHi aHbIKTaNAbl. KOTHUTHBTI Tamchlpmara
Jeiin exi TonTa anbga XKoHe TeTa BIPFAKTAPBIHBIH
0a3aJblK CIEKTPaNbIbl KOPCETKIIITEPi CaIbICTHIP-
MaJIbl TYpJI€ CaKTaJFaH, CEHCOPJBIK BIHTAIAHBIPY
Ke31HJe TeMIpTaNIbUIBIKTBl aHEMHSIChI Oap TomTa
anb(ha BIPFAFBIHBIH TOJIBIK KyaThl MEH TETa WHJICKCI-
HiH TOMEHJIY1 aHBIKTaAbl. KOTHUTHBTI Tarceipma-
HBI OpbIHJIaFaHHAH KeHiH JeHi cay TonTa anbda bIp-
FaFBIHBIH THUIMAI KaJIbIHA KEyi, TeTa bIPFaFbIHBIH
IIEKTENyli MEH KBIPTBICTHI aliMaKTap apachIHIAFbl
yineciMai QyHKIMOHANIBIK OaimaHbICTapbl Cak-
TasFaH. TeMipTaIlbUIBIKTEl aHEMUSICHl Oap TormTa

Aemopnapoviy, yneci

anb(a CUHXPOHU3AIUSICHIHBIH KETKIIIKCI3 KaJIIbI-
Ha KeJyl )KOHE TeTa bIPFaFbIHBIH IaMaJiaH ThIC ap-
TYBI aHBIKTAJIIBIL.

KoppensiusuiblK Tanjiay HOTHKENepl aHBIKTal-
FaH CIIEKTpaJIbJIbl KOPCETKIIITEP O3repiCTepiHiH MU
KBIPTBICBIHIAFbl aliMaKTap/blH apachIHAaFbl (DyHK-
IUOHANIBIK OallaHbICTapBIH OJCipeyiMeH Kartap
KYPETiHIH KepceTTi. AHEeMHSCHl O6ap TomnTa MaHJal
aliMaKTapbIHBIH OPTAJIBIK JKOHE caMail aiMakKTaphl-
MeH OailiaHBIChl TOMCH/ICTEH, SIFHU KOTHUTHBTI YKOHE
aTKapyIbl PyHKIUSUIAPFA KayarThl HeWPOHIBIK, JKe-
JIJIePAiH MHTETPAIMSICHIHBIH OY3bIUTBICHIH CHITATTAN-
JIbI, JI OHBIH TUIIOKCHUSUIBIK, XOHE HeWpoMeTadoIu-
KaJTBIK MEXaHU3MIIEp MICKTEeYyJIepiMeH OalIaHbICTHI
eKkeHiH kepcereni. JleHi cay TonTta OyJl KBIPTBICTHI
aiiMakTap apachIHAAFEl (PYHKIIMOHAIBIK OaiilaHbIC-
Tap YHIeciMIi >KOHE KOTHUTHUBTI XKYKTeMere (yHK-
IMOHAJIBIK, OCHIMIeTyl CaKTaJIFaH.

Anbda koHE TeTa bIPFaKTapbIHBIH CIIEKTPAIIBIbI
KOpPCETKImTepi MEH KPOCC-KOPPEISIMAIBIK CHIIAT-
TaMaJlapblH KOTHUTHUBTI JKYKTEMEre MHUIBIH (YHK-
IMOHAJIBIK KYHiH Oaraiayna Heupo(hU3HOIOTHSITBIK,
MapKepIiep peTiH/e KOIIaHyFa YChIHBLIAIBL.

Kap:xpuianasipy kesi

byn 3eprrey Kazakcran PecmyOmukacer Foi-
JTBIM JKOHE JKOFaphl OimiM MuUHHUCTpiriHiH FoI-
JBIM  KOMHTETIMEH KapKbputanabipeiasl  (BHK
NeBR27198099)

Hamxabaesa I K. — Konyenmyanusayus, ’Kobaner 6ackapy, Pecmu manday, Odicmeme, baxvinay; Kycmybaesa A.M. — Kon-
yenmyanuzayus, Kobanwr 6ackapy, Kapocviranowvipy, Pecmu manoay, Baxwinay, Kynbaesa M.C. — Konyenmyanuzayus, Pecmu
manoay, Pecypcmapmen xammamacwoiz emy, Kopuexi mamepuanoap oauvinoay, Maxananwiy 6acmankul Hyckacvlt scazy, Momindi
peoaxyusnay sxcore moavikmoipy, Mycmagun M.K. — [epexmepoi enoey, 3epmmey, Odicmeme, baz0apramanviy Kammamacwi3
emy, Homuowcenepoi mexcepy; babaeg P.A. — Jlepexmepdi onoey, bazoapramanvix xkammamacwiz emy, Homuowcenepdi mexcepy, Pe-
cypemapmer kammamacwls emy,; Quipoai A.F. — 3epmmey, Odicmeme, Pecypcmapmen xkammamacwiz emy, Kopuexi mamepuanoap
odatvinoay, Ucazaru A.A. — 3epmmey, Ooicmeme, Homuorcenepoi mexcepy, Kepnexi mamepuandap oaiivinoay
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BAUAHUE CPOKOB INOCEBA HA COAEPXXAHUE MOANDEHOAOB
N AKTUBHOCTb NOANUD®EHOAOKCHUAA3DI
B AUCTbAX N CEMEHAX COU PA3HDbBIX I'PYII CNMEAOCTH

[MoAnpeHOAbI COCTaBASIIOT Ba>KHYIO YaCTb @aHTMOKCUMAQHTHOM 3aLUMTHOM CUCTEMbI PaCTEHUS, SIBAS-
I0TCS LLEHHBIMU AASI 3AOPOBbSI YEAOBEKA BELLLECTBAMM.

LleAblo nccaepA0BaHMIn IBASIAQCh OLLEHKA BAMSAHWS CPOKOB MOCEBA Ha HAaKOMAEHWE NMOAM(EHOAOB B
AUCTbSX U CEMEHAX COM PA3HOWM CMEAOCTU M COMPS>KEHHOCTb 3TUX MOKa3aTeAel C akTUBHOCTbIO dep-
MEHTa NMOAMKEHOAOKCUAA3bI HA CTaann hopMrpoBaHms 6060B.

AHaAM3 coaeprkaHns NOAMEHOAOB NO3BOASIET AMddepeHLIMPOBaTb COPTOBOM, CEAEKLMOHHBIN M
KOAAEKUMOHHBI MaTepman Mo nokasaTeAsiM TEXHOAOTMYHOCTU, LLEHHOCTM B MMTAaTEAbHOM OTHOLLEHWM.

Coaep>kaHue MoAMMEHOAOB OMPEAEASAU C UCMOAb30BaHMeM peakTmBa (PoamHa — YokaabTey.
AKTUBHOCTb MOAM(EHOAOKCMAA3bI ONPEAEAIAM (DOTOMETPUUECKMM METOAOM, B KauecTBe cybcTpara
MCMOAb30BaAM NMpokaTexmH. Mo cpokam pasBuTUS COpTOOOPasLbl BapbMPOBaAM OT CKOPOCTIEABIX AO
MCKAIOUMTEABHO MO3AHECNEeAbIX (hOPM MPU NOCEBE B CTAHAAPTHbIE CPOKW M OT YAbTPACKOPOCMEABIX AO
NMO3AHECMEAbIX M MO3AHMX CPOKax MoceBa.

OnpeaeAeHne NOAMEHOAOB B AUCTbSIX COM HA CTaann R5 BbIIBUAO TEHAEHLMIO CHUXKEHUS UX KOH-
LeHTpaumm Mo Mepe YAAMHEHMS BEreTaumMoHHOro neproAa npm o60Mx Cpokax nocesa.

Ha cTaaMM NOAHOM 3peAOCTM CeMSIH MPKM 060MX CpoKax MnoceBa HABAIDAAAOCH MOBbILLIEHUE YPOBHS
NOAMGEHOAOB B 3aBUCMMOCTM OT IFPYIMN CNEeAOCTM.

CkopocrieAble (hOpMbl XapakTepr30BaAUCb OOAEE HU3KOM aKTUBHOCTbIO MOAMGEHOAOKCMAA3bI B
CpaBHEHMM C MO3AHECTNEAbIMU hopMamm.

Mexay coaepkaHnem NMoAMGEHOAOB U aKTMBHOCTbIO MOAM(EHOAOKCHMAA3bI HabAlOAQAACh OTPU-
LLaTeAbHas KoppeAauus.

[poBeaeHHbIE MCCAEAOBaHMUSI MO3BOAMAM anddepeHumpoBatb 170 copToobpasLoB cou Mo Ha-
KOMAEHMIO MOAMMEHOAOB Ha PasHbIX CTAAUSIX PEMPOAYKTUBHOIO Pa3BUTUS B 3aBUCUMOCTUM OT rpymnmbl
CreAoCTM M CPOKOB MoceBa.

KatoueBble caoBa: COsl, CDOKM MOCEBA, FPYMMbl CNEAOCTU, MOAM(EHOABI, MOAMPEHOAOKCHAA3ZA.

Sh. Mazkirat', N.O. Saparbayeva', D.l. Babissekova', S.V. Didorenko’,
Sh.A. Khalbayeva', A.M. Yespembetova', A.Ye.Tukenov', K.M. Bulatova'*

1Kazakh Research Institute of Agriculture and Plant Growing, Almalybak, Kazakhstan
*e-mail: bulatova_k@rambler.ru

Effect of sowing dates on polyphenol content and polyphenol oxidase activity
in leaves and seeds of soybean accessions with different maturity groups

Polyphenols constitute an important component of the plant antioxidant defense system and are
valuable substances for human health.

The aim of the study was to evaluate the effect of sowing dates on polyphenol accumulation in the
leaves and seeds of soybean cultivars differing in maturity group, as well as the association of these pa-
rameters with polyphenol oxidase activity at the pod formation stage.

Analysis of polyphenol content at early and late stages of soybean reproductive development allows
differentiation of cultivars, breeding lines and germplasm collections based on technological traits and
nutritional value.
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Polyphenol content was determined using the Folin-Ciocalteu reagent. Polyphenol oxidase activity
was determined by a photometric method, using pyrocatechol as a substrate. In terms of developmental
timing, the genotypes ranged from early-maturing to extremely late-maturing forms under standard sow-
ing dates and from ultra-early to late-maturing forms under delayed sowing.

Determination of polyphenol content in soybean leaves at the R5 stage revealed a tendency toward
a decrease in their concentration with increasing length of the growing season under both standard and
delayed sowing dates.

At the stage of full maturity under both sowing dates polyphenol levels increased in relation to ma-
turity group.

Early-maturing forms were characterized by lower polyphenol oxidase activity compared with late-
maturing forms

The correlation between polyphenol content and leaf polyphenol oxidase activity was negative.

The conducted studies made it possible to differentiate 170 soybean genotypes according to poly-
phenol accumulation at different stages of reproductive development, depending on maturity group and
sowing dates.

Keywords: soybean, sowing dates, maturity groups, polyphenols, polyphenol oxidase.

LLI. Maskupat', H. O. Canapb6aea', A.MN. babucekora' , C.B. AnaopeHko',
LLI.A. Xan6aeBa', A.M. EcnembeTtosa’, A.E.TykeHos', K.M. byaatoBa'*
1Kasak, eriHLiAiK >KeHe 6CIMAIK LLapyaLlbIAbIFbl FbIAbIMU-3€PTTEY MHCTUTYThI,
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CosiHbIH, SPTYPAI MiCcy TONTapbiHa XaTaTblH COPTYATIAEPIHIH, XKarblpaFbl
MeH A@HiHAeri NoAuceHOA MeALLIepi MeH NOAM(EHOAOKCUAA3AHDIH,
6eAceHAjAIriHe ceOy mep3imaepiHin, acepi

[MoAnceHoApap OCIMAIKTIH aHTMOKCMAQHTTBIK, KOPFaHbIC XYMECiHIH MaHbI3Abl Kypamaac OeAiri
JKOHE aAaM AEHCAYAbIFbl YLLIH KYHABI 3aTTap GOAbIM CaHAAAADI.

3epTTeyAiH MakcaTbl — ®PTYPAI MiCy TOMTapblHA >KaTaTblH COSl COPTTAPbIHbIH XarnblpakTapbl MeH
TYKbIMAQPbIHAA MOAMMDEHOAAAPABIH >KMHAAYbIHA ceby Mep3iMAEpiHiH acepiH 6araAay xeHe OyA kep-
ceTkiluTepAiH BypluakTbiH KAAbINTacy Ke3eHiHAE NMOAMGEHOAOKCHAA3a (DePMEHTIHIH BGeACEHAIAIriMeH
6aiAaHbICbIH aHbIKTaY.

Co$HbIH, PenpoAYKTMBTIK AaMybIHbIH, epTe )K8He Kell CaTblIAapbIHAA MOAUMEHOAAAPADIH, KYPaMbIH
TaAAQYy COPTTbIK, CEAEKLMSABIK >KOHE KOAAEKLMSAbIK, MaTepraAAbl TEXHOAOTMSABIK, CUMMAaTTamMaAapbl
MEH TaFaMAbIK, KYHAbIAbIFbI OOMbIHLLA XKIKTEeyre MyMKIHAIK Gepeai.

MoAndeHoArapAbIH KypambiH DoAnH—YoKaAbTey peareHTiH nanaaAaHa OTbIpbIn aHbIKTaAAbl. [To-
AMEHOAOKCHAA3A (PEPMEHTIHIH BEACEHAIAINIH cybCcTpaT peTiHAe NMMPOKATEXOAAbI MarAaAaHbir, (o-
TOMETPUSIABIK, AICTIEH aHbIKTAAADI.

AamyAbIH 8PTYPAI MEP3IMAEPIHAE COPTTbIK, YATIAEP CTaHAAPTTbI ce0y Mep3iMiHAEe epTe niceTiHHeH
Tek Kewl niceTiH hopmManapra AeniH, aa kel cebyae yAbTpa epTe rniceTiHHeH Kel niceTiH popmMarapra
AeWiH e3repAi.

R5 keseHiHAe CO$ >KanblpakTapbiHAAFbI MOAMMEHOAAAPABIH, KOHLIEHTPALMSIChI BereTaumsAbIK, Ke-
3€HHIH y3aKTbifblHAa GaMAQHbICTbI TOMEHAEY TEHAEHUMSCbIH KOPCETTi, OYA ypAiC cebyAiH eki Mep3imMiH-
Ae Ae GalKaAAbl.

ToAbIk micy Ke3eHiHae cebyAiH eki Mep3iMiHAE Ae MOAM(EHOAAAPABIH AEHrei nicy TonTapbiHa
6aiAaHbICTbI XKOFAPbIAAAbI.

[MoAnceHoAoKCHAa3a PePMEHTIHIH OEACEHAIAIMHIH ©3repiCiH TaAAdy KOPCETKEHAEN, epTe MiceTiH
dopmanap R5 keseHiHAE KarblpakTapAarbl (PEPMEHT BEACEHAIAIT TemeH BoAca, Kell niceTiH dpopma-
AQp KepiciHiue, (hepMeHTTIH >KOFapbl GEACEHAIAINIMEH CUMATTaAADI.

[MoAnceHoA kepceTKillli MeH NoAnEHOAOKCHAA3a BEACEHAIAITT apacbiHAQ Tepic koppeAsums Gai-
KAAADI.

KyprizsiareH 3eptreyaep 170 cost COPTTbIK, YATIAEPIH PENPOAYKTUBTIK AAMYAbIH 8PTYPAI CaTblAa-
pblHAQ MOAMEHOAAAPADIH KMHAAYbI OOMbIHLLA, MiCY TONTapblHa XXaHe ceby mep3imaepiHe GanAaHbIC-
Thl XKIKTEeyre MyMKiHAIK GepAi.

Tyuin ce3aep: cosl, ceby Mep3imaepi, nicy TonTapbl, MOAMMEHOAAAP, MOAMGEHOAOKCHAASA.
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BBenenue

Cost sIBIISI€TCSA OTHOM U3 MPHOPUTETHBIX KYIBTYD,
Bo3ienbiBacMbIX B Kaszaxcrane. [Tnomanu, oTeeieH-
HBbIC TIOJ TIOCEBBI COM, €XKETOJHO YBEIUYHUBAIOTCS
1 JOCTUTAIOT K HacTosmeMy BpeMeHu 105 ThIc. Ta.
OCHOBHBIM PErMOHOM BO3/ICJIBIBAHUSI COM SIBJISICTCS
roro-BocTok Kazaxcrana (/lunopenko u ap., 2025).

Cpoku moceBa OKa3bIBAIOT BIWSHUE HA POCT U
MPOJYKTUBHOCTh COM, a TaK)KE Ha KaYCCTBCHHBIC
MTOKA3aTeJId CEMsIH, TIOCKOJIbKY OHHU CBSI3aHBI C Pa3-
JIUYHBIM YPOBHEM paJiiaIliy, IMOTIIOMAaeMOH pacTe-
HUSIMH, pa3HOH CyMMO# () ()eKTHBHBIX TEMIIEpaTyp
1 HOTONEPUOJIOM, OT YETO 3aBUCHUT IPOJIOJIKUTEIh-
HOCTH BETETAaTHBHOTO IMEPHOa M Nepruo/ia HaluBa
3epHa (Caiizares et.al., 2023).

[Momuenonsr — pa3HOOOpa3HBIC U MIUPOKO pac-
MIPOCTpaHEHHBIE BTOPHYHBIE META0OIUTHI — MUHOP-
HbIe OHWOJIOTMYECKUA AKTUBHBIC COCIUHCHHS pac-
TUTEIILHOTO IPOUCXOXKJIEHUs. B 3aBUCHMOCTH OT
CTPOCHHS MOJIEKYJIIBI CPEIA HUX BHIIEISIOT (PeHOTb-
HbIC KHUCJIOTBI, CTUIBOCHBI, ()JIABOHOU/IBI, IUTHAHBI
(boOpsrmieBa u ap., 2022).

OO0iramast aHTUMHUKPOOHOUW aKTUBHOCTBIO 10 OT-
HOIIICHUIO K (DUTONATOTCHAM U aHTHOKCUIAHTHOM K
OKHCIIUTEIISIM — 030HY U YIbTPahHOIETOBOMY 00ITY-
YEHHIO, TTOMH(EHONBI UTPAIOT BAXKHYIO 3aIIUTHYIO
POJIb B pacTEHHsIX OT HEONAronpHUsITHBIX (akTopoB
CpeIbl 1 BO MHOTOM CIIOCOOCTBYFOT UX 3BOJIFOIH-
oHHOHU ycroitunBoctH (Termosa u ap.,2018; Qaderi
et.al., 2023).

PacTeHust HCIIONIB3YIOT BTOPUYHBIE METa0OIH-
TBI, TaKW€ KaK MOJU(EHONBI, IS XUMHYECKON 3a-
IIUTHI OT MAaTOT€HOB M TPaBOANHBIX (DurnieBa &
Cubuxees, 2023).

M3BectHo oxono 10000 THUMOB pa3aUYHBIX
CTPYKTYp TOJU(PCHOIBHBIX COCIUHEHUM, BCTpe-
YaIONIUXCS B PACTEHHSX W THIIEBBIX MPOIYKTaX
(Alibekov,2022; Zagoskina et al., 2023).

CunbHast OHMOJIOTMYECKash aKTUBHOCTH OOJIb-
IIMHCTBA PACTUTEIBHBIX IOJU(EHOIOB — aHTH-
OKCHJIaHTHas, aHTHOaKTepHaibHasi ¥ TPOTHUBO-
BOCIAJIUTENIbHAS, CBsI3aHA C IOJIMTHIPOKCHIBLHON
cTpykTypoii (Samec et al., 2021; Ji et al., 2024).

Hakorenne wm OWocHWHTE3 TONMH(EHOIOB B
PACTEHHSX 3aBUCSAT OT MHOTHX YCJIOBHH, BKIIFOYAs
(hM3HOIIOTHYECKU-ONOXUMHUYECKHE, MOJIEKYJISIPHO-
TeHETUYECKHE U IKOJIOTHIECKHE (DaKTOPHI.

Copra cou pa3HbIX TPYII CIIEIOCTH CIICIUpUY-
Hbl 10 PEaKIMH Ha TEXHOJIOTUW BO3JICIIbIBAHUS
(Yelnazarkyzy et al., 2019; dunopenko u ap., 2021).

Tak, ycTaHOBJIEHO, YTO TaKOW HEKEJIaTeJIbHBIN
JUISL CEJIKIIMM TIPU3HAK KaK pPacTPEeCKHBaeMOCTh
0000B OTPHUIATEIIFHO KOPPETUPYET C TMPOIOIIKU-

160

TEJIBHOCTHIO BereTalinoHHoro nepuoja (Adie et al.,
2022) u cxopocrenbie (hOpMbI MEHEe YCTOHIUBHI K
pactpeckuBanuio (Ibié et al., 2022).

B mporiecce mommmepr3anum pa3TudaHbIX MOHO-
MEpOB W3 TPyNNbl MONMH(EHOIOB 00pa3yeTcs JInT-
HUH — TIPUPOJHBIA (DEHOJBHBIA TONUMED C BBICO-
KOU MOJICKYJISIPHOM MaccOH, CJIOKHBIM COCTaBOM U
CTPYKTYpOW, OJIMH U3 OCHOBHBIX KOMIIOHEHTOB KJIe-
TOYHOU cTeHku pactenumii (Liu et al., 2018).

KaptupoBanueM ¥ TEHETUYECKHUMH HCCIEIO-
BaHUSMHU BBISBICHBI OCHOBHBIE JIOKYCBHI KOJIAYE-
ctBeHHbIX mpu3HakoB (QTL) na xpomocome cou 16,
CBSI3aHHBIX C pacTpecKnBaeMocTbio 60008 (Dong et
al.,2014; Funatsuki et al., 2014), U3 KOTOpHIX IBa
reHa y4acTBOBAJIU B JIMTHU(DHUKAIIMKA 30HBI pacTpe-
CKHBaeMOCTH 0000B. Y CTaHOBJIEHO, YTO Ype3Mep-
Hasl IUTHH(HUKAIHS YCHUIINBAET PACTPECKNBAEMOCTh
060008 (Chun & Hwang, 2025).

[Nomudenomns! sBustoTCsA cyOCcTpaTaMu s T10-
madenonokcunassl (PPO) — pepmenTa, urparomero
B2KHYIO POJIb B 3AIIUTHBIX MEXaHU3MaX PACTCHHI
(Panadare & Rathod, 2018).

[Honmudenonokcuazbl B NPUCYTCTBUU MOJIEKY-
JIIPHOT'O KHUCJIOPOJIa OKHUCIISIOT TOJU(EHONBI B CO-
oTBeTCTBYIOIIME XUHOHBI (JIebenes, 1988, c.157).

Henpro HaMMX HCCAEAOBAHUM SIBISIACH OLCH-
Ka BJIMSHUSL CPOKOB MOCEBA HA HAKOIUICHUE TIOJIH-
(hEeHOJIOB B JINCTBHSIX M CEMEHAX COM Pa3HBIX CPOKOB
CO3PEBaHUS U CONMPSHKEHHOCTh ATHX MTOKa3aTeNel ¢
aKTUBHOCTBIO (hepMeHTa MONH(EHOIOKCHIA3bl HA
cragun hopMupoBaHusi 6000B.

MaTepHaJ’lbI U ME€TOJAbI HCCJICAOBAHUSA

OO0bekramMu  ucclefioBaHui  sSBsuUCH 170
KOJUICKIIMOHHBIX ~ 00pa3loB cou JlabopaTopun
MacJIM4YHbIX KyJdbTyp Hamero uHcturyta (TOO
«KasHU3uPy»), BKIIOYAIONIAX COPTOBOM MaTepu-
aJl OTEUECTBEHHOM CEJNeKIUH, KOJIEKIIMOHHbBIE HO-
mepa HUU pacrenueBoactesa um. H.M. Basunosa,
Poccusi; Beepoccuiickoro HUM MaciuyHbIX KyJib-
typ uMm. B.C.IlycroBoiita, Cubupckoro HUM xop-
MOBBIX KynbTyp, Kpacnospckoro HUU cenbckoro
xo3gaiictBa, HIIO «Cos-Ilentp», benapycy; HUN
cou, [TonraBckas obnacth, Ykpanna; US National
Plant Germplasm System (USDA) CLIA; u HUU
TMOJIEBBIX M OBOIIHBIX KyIbTYp, HoBu-Can, CepOusi.

OO0pasibl BHIpAIIMBAIUCH HA IOJIMBHOM CTa-
uoHape j1abopaTopuu MaciU4YHbIX KynbTyp TOO
«Kazaxckuit HUU 3emienenust u pacTeHUEBOJICTBA
B 2024r. CrannoHap HaXxoauTcs Ha BeIcOTE 740 M.
HaJl ypOBHEM MOpS, TOUBBI YYaCTKa MPEACTABICHbI
CYTJIMHHACTBIM CEPO3EMOM C COJIep)KaHHEM TyMyca
okoio 2 cm. [lonmB oOecreunBaics KarelbHBIM
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OpOLICHHUEM B OCHOBHBIC I'€HEpaTUBHBIE (ha3bl paz-
BUTHUSI COM: OT IIBETEHHUs 110 HammBa 0000B. Me-
Teoponorudeckue ycioBus 2024 T. CIOXWIUCH
0JIAaTONPHUATHBIMHU JJISl Pa3BUTHS PACTCHUM: TEMIIE-
patypHblii poH ObLT B mpepenax CpeaHHX MHOTO-
JIETHUX JIaHHBIX, YPOBEHb OCAJIKOB B JICTHUE MeECSI-
bl TIPEBBIIAT CPEAHNE MHOTOJICTHUE MOKA3aTelN!,
YTO TMOJIOKUTENBHO OTPA3WIIOCh Ha (POPMUPOBAHUH
2JIEMEHTOB YPOKAaHHOCTH PACTEHUI COH.

ITocer mpoBoaMiICS B OOIIEHPUHSATHIN, CTaH-
JAPTHBINA U PETHOHA CPOK: TPETHS IeKa Ia amperts
u Ooynee mMO3AHUI — yepe3 mecsi (KOHEI[ Masi Me-
csma). YuetHas iensHKa | MOroHHBIH MeTp, pa3me-
IICHNE TTOCEeBA YETHIPEXPSIIKOBAs JeNISTHKA, PacCTO-
sHre Meny paakamu 30 cM, HOpMa BeIceBa 25 CeMsH
Ha MOroHHBIH MeTp. [TOBTOpHOCTE TpeXKpaTHasl.

Craguy BETeTalMOHHOTO DPa3BUTHA OTMEYald
cornacuo mkajie (Nleya et al., 2013).

PacturenbHblii MaTepuan Juisi OMOXUMHYECKO-
ro aHaju3a OTOMpAJM Ha CTaTUuH PENPOIYKTHBHO-
ro passutus, (RS, cranus Hawana HammuBa 6000B)
XpaHwiM 7o Havana aHanusa npu —70 °C. Cemena
OTOMPAHCH MOCIIE HACTYTIICHHUS UX MTOJTHOW CTIeIO-
CTH, Ha cTaguu R8.

OKCTpakUUIO TMOJU(PEHOIOB MPOBOIWIN CO-
rmacao Wissam u ap. (2012), onpenenenne — ¢ uc-
nosib3oBaHueM peaktusa @onuHa — Yokanerey. B
Ka4eCTBE CTaHAApPTHOTO (DEHOJIBHOTO COECIUHEHUS
MCTIOJh30BANIaCh TajioBast kuciora. KommuaecTBo
nou(eHOI0B BBIpayKalld B MI/T CBIPOTO Beca.

Okerpakuuto nonudenonokcugassl (PPO) ocy-
mecTBIsu  GochaTtHeiM  OydepoM  coiepKaIuM
0.25 mM »>THIeHANaMUHTETPAYKCYCHYIO KHCIIOTY
(BATA), 2% mnomusuHMWIMUpponuaoH 25 (PVP-
25), 1 MM ackopOWHOBYIO KHCIIOTY W TIJIAIEPHUH
(10% w/v), cormacHo mponucu Khan & Panda
(2008).

OrmpeneneHne aKTHBHOCTH IOTH(PEHOIOKCHIA-
3bI Besu 110 mpornucu Liu u ap. (2005), B kayecTBe

Taomuna 1

cyOcTpara HCHONB30BANIM TMHUPOKATEXHH, AaKTHB-
HOCTb BBIpaXkasii B units/g FW .

W3mepenust IpoBOAMIN B TPEXKPATHOU IOBTOP-
HOCTH.

Paznuuns coneprxanus monnueHOIOB U aKTHB-
HOCTH MOJTU(EHOIIOKCHA3bl B JIUCTHSIX U CEMEHax
COM MEXAy IpyNIaMHU CIENIOCTH OLEHUBAIN C IIO-
MoIIbpio oxHodakTopHoro aHammza ANOVA. Cra-
TUCTUYECKUW aHalW3 BBINOJHEH B Iporpamme R
4.3.3 (R Core Team et al., 2016).

Pe3yJ’[l)TaTI)I HCCJICA0OBAHUA U UX oﬁcymeﬂue

o cpokam pazBuTHs cCOpTOOOPA3IHI U IMHUH COH
IPYIIHUPYIOTCS OT YIBTPACKOPOCIIENBIX JI0 UCKITFOYUH-
TEeNbHO No3HeCTIeNbIX ([{unopenko, 2019, ¢.27).

W3ydenHble HaMU cCOPTOOOPA3IBI BapbUPOBAIH
OT CKOPOCIIEJBIX 10 HCKIIFOUUTEILHO TO3/IHECIIe-
TBIX (DOPM TIpU TOCEBE B CTaHIAPTHBIC CPOKU U OT
YIIBTPACKOPOCHIENBIX /IO TO3THECTIENBIX PU TO3]-
HUX CpOKax rocesa (Tabiura 1).

3HauuTeNbHAs YacTh 00Pa3IOB MpPU CTAaHAAPT-
HOM, OOIICTIPHHSTOM CPOKE T0CeBa OTHOCHUTCH K
CKOPOCTICIIBIM M CPEHECKOPOCHEIIBIM TPYIIaM, UX
nonst B Habope coctasisieT 26,47% u 20,59%, co-
orBercTBeHHO. [Ipn mo3mHeM moceBe HabmIOMAETCS
COKpAIIICHUE TPOJIOJDKUTEIILHOCTH BEreTaTUBHOIO
pa3BuUTHsL 00pa3lOB COM, B CBSI3U C 4eM He OOHa-
pyxuBatorcs pactenust IV u V rpynmnsl, yacTh pac-
TEHUI MEPEXOJUT B TPYIIY YIbTPACKOPOCIIEIBIX
(000). B menom, rmpu O3/THEM TTOCEBE YBEIHUHUBALT-
Csl IOl OYeHb CKOPOCIIENBIX W CPeIHENO3/THeCTIe-
JIBIX COPTOOOPA3IIOB.

OTHOIIIEHHEe TOTO WJIM WHOTO COPTa K OTNpese-
NEHHOH TPYIIE CIEIOCTH BCICACTBUE OMONIOrnYe-
CKHAX OCOOCHHOCTEW B OOJIBIION CTENEHU 3aBUCHT
OT pervoHa MPOU3PACTAHUS M OH MOXKET B OJHHUX
YCIIOBHUSIX BBIpAlIMBaHUs OBITH CKOPOCHENBIM, B
npyrux — nozaaecnensiM (bapcykos, 2005).

Jnuna eecemayuonno2o nepuooa pazeumus cou, Spynnuposatiie o cpokam pasumus, 007 00pasyos Kaicool epynnvl npu cmar-

0apmHoM U no30HeM CPOKAX nocesa

BETETaIlUH, JHEH

v vC oC C cC cIl I on UIl
by 000 00 0 I 1 11 v v
Hponomxutemsrocts 74-85 86-101 102-111 | 112-120 | 121-128 | 128-138 | 139-154 >155

Jlons o6pasios, %

CraHJapTHBINA CPOK HET 11.6 26.47

20.59 11.76 11.76 14.12 3.58

23.81 25.60

Tlo3mHwuii cpok 4.76

19.05 21.43 5.36 HET HET

* VC-ynompacropocnenvie; OC-ouenv crxopocnenvie;, C-ckopocnenvie;, CC — cpeduneckopocnenvie; CII-cpednenozonecnenvie,
I1-nosonecnenvie; Oll-ouenv nosonecnenvie; UlI-ucknouumensvro nozonecnenvie; Hem — OMcymcmaue oopasyos.
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AHanu3 BIMSHUS CPOKOB CEBa Ha IPOXOXKIE-
HUE (CHONOTHUYSCKUX (a3 M MPOJODKUTEIBHOCTE
Me)i((i)aSHBIX NEPpHUOaAOB PACTCHUAMU COU B YCJIOBUAX
CeBEpO-BOCTOKa peciyOinku bemapych mokasan co-
KpaIlleHUe CPOKOB HACTYIUICHUSI ITAIlOB PA3BUTHSA H,
B IIEJIOM, BEreTallMOHHOTO MEePHoia Y Pa3INUHbIX MO
cKopocrienocTr coptoB (Xutprok & Tapanyxo, 2023).

Bosiee OpicTpoe pa3BuTHE COM B TEUCHUE BeEre-
TallMW TMIPU MOoceBe B 0oJiee MO3JAHUE CPOKH OTME-
4aroT U apyrue aBTopsl (Bacuipuenko & Metnuna,
2018).

Tak, B yciaoBusix HeuepHo3zeMHO# 30HBI Poc-
CHHM TIPH TIOCEBE COM paHHecmenoro copra Ceetnas
B 0ojiee HO3IHHE CPOKM YCKOPSUIOCH IIOSIBICHHE
BCXO/IOB U HaOI0AaI0Ch Oosee OBICTPOE pa3BUTHE
pacteHuii B TeueHue Bereraumu (Xpamoi u Ap.,
2022). OtMmeuaercs, 9To TpH IMo3aHeM ToceBe (15
Masi) CO3peBaHME COM YXOJIUT Ha CEHTIOPb, 4TO MO-
KET IPUBOJUTH K HEYCTOMYMBOMY BBI3PEBAHHUIO CE-
MS$IH, TaK KaK TeMIIEpaTypPHbII PeXXUM B CEHTSIOpE HE
COOTBETCTBYET TPEOOBAHHSIM COH.

[TockonbKy CpoKM cO3peBaHMS BIUSIOT Ha pas-
BUTHE COHU, HAa (POPMUPOBAHHE M KAaYECTBO CEMSH
(Cover et.al., 2019), onr MOTYT OTpa3UThCS U HA Ha-

Pucynok 1

KOIUICHUH TOJU(EHOIIOB B JIUCThIX U CEMEHAaX CO-
PTO0OOPA3IOB Pa3IMUHBIX TPYIII CHEIOCTH, TIOCESH-
HBIX B CTAHJAPTHBIC JUIS PETHOHA M TTO3/IHUE CPOKH.

Psi aBTOpOB OTMEYAOT, YTO B 3aBUCUMOCTH OT
TPYMII CIEIIOCTH COPTa COM MOTYT Pa3IN4aThbCs 1O
HaKOIUICHUO ToIrudenonoB (Azam et al., 2024).

Ha pucynke 1 mpuBeneHO copepikaHUE TOJH-
(heHOJIOB B JIMCTHAX COM, PA3INYAIOIICHCS 110 JIJTH-
HE BEreTallMOHHOI'O TEepHOJia MPU OOUICHIPUHATOM
B pEruoHe (CTaHJapTHOM) U TO3JHEM CPOKax IIo-
ceBa. CpenHuii ypoBeHb NMOTU(PEHOIOB UMEJ Hau-
OoJibllice 3HAUCHHUE B JIUCTBIX CKOPOCIIEIBIX (HopM
(4,39 mr/r), Torma Kak UX CpeiHee CoJepIKaHuE B
JIACTBSX OYEHD TMO3THECIICTBIX (PopM ITpH 00IIeTpH-
HATBIX CPOKax IMOCEBa OBLJIO 3HAYMUTEIBHO HHUXKE.
JlanHbIe OBUIM JOCTOBEPHBI KaK MPU CTaHIAPTHOM
cpoke moceBa (F=9.405, P=7.34e-09), tak u mpu
no3aHeM cpoke (F =3.185, P =0.00908).

B nienom, HaOmromaeTcsl TEHACHIUS CHUKCHHUS
KOHIICHTpAINH TONMH(EHOIIOB B JUCTHSIX COM Ha
craguu R5 mo Mmepe ymIMHEHHs BEreTallMOHHOTO
nepuojia. AHaJIOTMYHAs HANpaBICHHOCTh B HAKO-
TUICHNAH TTONTH(DEHOIIOB B JINCTHAX OTMEYAETCS U TIPH
MO3THUX CPOKax moceBa (pUCyHOK 1 a).

Cooeporcaniue nonughenonos 8 MUCmMvsx cou pasHblx CPOKOS CO3PeBANUS

CTraHgapTHbIN CPoK

MonudeHon B nucTbax , mg GAE/g

00 O | Il 1 vV \
pynna cnenoctu

a

Mo3agHwuin cpok

MonudeHon B nucTbax , mg GAE/g
N

000 00 O | Il 1
pynna cnenoctu

6

a — 00w enpuHAmMbLIL (CMAaHOapPmMHbLiL) CPOK NOCe6d, 8 — NO3OHULL NHOCe8

CpaBHEHHE HAKOTUICHUS BTOPHYHBIX METa0OIIH-
TOB y COPTOOOPA3IIOB MPH Pa3HbIX CPOKAX ceBa MTOKa-
3aJ10, YTO CPEeTHUN YPOBEHb MOIU(PEHOJIOB Yy CKOPO-
CTETIBIX 00pa3IoB CTAHJAPTHBIX CPOKOB CEBa BHIIIIE,
YeM Yy TaKOBBIX MO3HETO CpOKa IMOCEeBa, TOT/a Kak
ro3iHectenbie (hopMbl MPH 000UX CPOKaX ITOCEBa HE
MIPOSIBIISIOT CIICIM(PUIHOCTY B UX HAKOTIIEHUH.

Cramms RS xapakrepuzyercst ObICTPBIM POCTOM Ce-
MSTH U TIepepacIpe/ieNICHIEM CyXOi MacChl U IINTATEIb-
HBIX BemecTB BHyTpH pacterns (Nleya et al., 2013).
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Amnanmu3 comepkanus 16 COCTMHEHWA TPYIIITHI
nosiueHoI0B — (Py1aBOHOUAOB U H30(aaBoHOB 10
Pa3INYHBIX COPTOB COM HA IISCTH CTAJUAX Pa3BU-
THSI TIUCTHEB M B CEMEHAX BBISIBUII YETKUE D3NS
B MeTabOJIMYECKUX MPOQWIIX MEKIY BEreTaTHB-
HOU W PENpOJYyKTHBHOM CTAJUAMH, & TAKKE MEKY
pasnuaasIME copTamu cou (Ha et al., 2025).

BoObl com — 5TO (OTOCHHTETHUECKH AKTHB-
HBIC OPraHbl HA PAHHUX PEMPOJTYKTUBHBIX CTaIUSIX
(Bianculli et al., 2016). CpaBHEeHHE COM OBOIITHOM
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Kak MpuMep o0pa3loB C pPaCTPECKUBAIOLIMMUCS
0obamn w Habopa cOpTOOOPA3IOB COW 3EPHOBOI
YCTOHYMBBIX K PacTpeCKUBaHUIO 000OB Ha CTaIUM
RS (mauano co3peBanus), R6 (mosHOE co3peBaHue)
n R8 (moxHas 3penocTs) mokaszano pasnudue dhasz u
00BEKTOB MCCIICJIOBAHHI MO COJEPKAHUIO Caxapo-
3Bl U PACTBOPUMBIX CaXapoB a TAKKE KaJbIIUs, Ke-
ne3a n mapranmna (Tu et al., 2025).

ABTOpBI YCTaHOBWJIM, YTO COJIEP)KAHUE Kallb-
M1, JKeJie3a U MapraHia B CTBOpKax 000OB oTpH-
[aTeNFHO KOPPEINPOBAJIO C PaCTPECKUBAEMOCTHIO
Ha ctanusax RS u R6. Ha cragum R8 comepxanue
yriaepoza, oOel KIeTYaTKH W JUTHHHA TOJIOKH-
TEJIHHO KOPPEINPOBAJIO C OChIaeMocThio. [1o MHe-
HUIO aBTOPOB, O0JIee HU3KOE CO/ICPIKaHME JKele3a U
MapraHiia B CTBOPKaX CTPYYKOB MOXET OBITb CHT-
HAJIOM, BIUSIONINM Ha TPaHC(HOPMAITHIO TPOTYKTOB
¢dorocuHTE3a U, CIIEAOBATEIbHO, MPHBOASIINM K
¢ubpo3y u TUrHUPHUKALIU CTBOPOK OOOOB.

CpoK¥u co3peBaHus CEMSH SBIISIOTCS KIIFOYEBBIM
(baxTOpOoM, BIHUSIONINM Ha PaCTPECKHBAEMOCTh 0O-
00B cou. Mcnonp3oBaHHE OTHOCHTENBHO TO3HE-
CIIENTBIX COPTOB — ATO BapUaHTHl YIPaBICHHS, KO-
TOpBIE MOKHO TPUMEHSTH C L0 MUHUMHU3AIH
pactpeckuBanus 00008 (Lingxiao & Nacer, 2011).

YuuteiBas comepykaHue Ha cTaauu RS momude-
HOJIOB, KOTOPBIE SIBJISIOTCSI MOHOMEPAaMH TIporecca
OMoCUHTE3a JIUTHUHA, B M3YYCHHBIX HAMH KOJUICK-
[IMOHHBIX 00pa3Iax CoW C Pa3HOW MPOJOIHKUTETh-
HOCTBIO BEreTallMOHHOTO TIEPHO/Ia MOKHO IPEIo-
JIOXHTB, 4TO copTooOpa3usl [V-oii u V-oii rpymnisl
CIIEJIOCTH TIPH CTAaHJIAPTHOM CPOKE MOceBa U 00pas-
upl [I-oit u III- el rpynnsl cHesocTy Npyu MO3JIHUX
CpOKax ceBa OyAyT MEHee MOABEPIKEHBI PACTPECKH-
BaHUIO 00OOB M OCBHIMTAEMOCTH CEMsIH.

Hapsiny co crnenuduyHOCTBIO HAKOTUICHHS
noJau(eHoI0B B 3aBUCUMOCTH OT TPYIIBI CKOPO-
CIIEJIOCTH, BHYTPH KaXIOW TPYIIIBI HAOIOIAeT-
cs paszHooOpasue MO COACPIKAHUIO METa0OJIUTOB:
BCTpEYaroTCsl 00pa3ipbl Kak ¢ BBICOKMM TaK M HU3-
KM yYpOBHEM TONH(EHOIOB, HO OCHOBHAs Macca
OTpaXkaeT CIeHU(PUIHOCTh TEHOTUIIOB B UX HAaKO-
TUICHUH B 3aBUCUMOCTH OT JJIMHBI BETETAHOHHOTO
pa3BUTHSL.

WzBectHO, 4TO (hepMeHT NOIMpEHOTOKCHa3a
y4acTBYET B OKUCIICHUH IIUPOKOTO CIEKTPa noiuge-
HOJIOB, KaTaJIM3UPYsI 00pa3oBaHUEC XWHOHOB W3 (he-
HOJIOB B TIPHCYTCTBUHU MOJIEKYJISIPHOTO KHACIOPO/IA.

AKTUBHOCTh ()epMEHTa B 3HAUMTEIBHOH CTe-
TIEHH TIOBBIMIAETCS B JIUCTHSIX COM IIPH 3apaKCHUU
Fusarium solani (Yuldashov et al., 2023). U3mene-
HUSl B COACP)KAHMM TONHU(EHOIOB M aKTHMBHOCTH

(epMenTa Mo eHONOKCH Ia3bl BBISBJICHBI B TIOPa-
JKEHHBIX (Dy3apHO30M YacTSIX PAaCTeHH U CEeMEHaX
(acomu (Pareek & Varma, 2015).

Ha pucynke 2 mnoka3aHo W3MEHEHHE AKTHB-
HOCTH TONH(EHOIOKCHAA3Hl JIUCTHEB B YCPEIHEH-
HOM BBIP2KEHUH y OOpa3loB COU Pa3HBIX CPOKOB
CO3peBaHUsl Kak IpPHU CTaHJAPTHOM, TaK W NpHU
MO37HEM CpOKax moceBa. OTMedaeTcs, 4YTo CKOpO-
crienble POPMBI XapaKTEpH3YIOTCS Ooyiee HHU3KOH
AKTHUBHOCTBIO MOJH(EHOJOKCHAA3Hl B JUCTHAX Ha
craguu RS, Torma kak mo3gHecnenbie (GOpMBI, Ha-
NPOTHB, UIMEIOT OO0JIee BHICOKHE TIOKA3aTENN aKTHB-
HocTH (epMmeHTa. Tak, HanmpuMmep, cperHee 3Hade-
HUE aKTHBHOCTH TMONH(DEHOIOKCUAA3H B JICTHSIX
COM CTaHJAPTHOTO CPOKa IOCEBa BapbUPOBAJIO OT
39,55 U/mgy 00pa3LoB oueHb CKOPOCIIEION IpyII-
el (00) mo 116,76 U/mg y odeHb MO3AHECIIETBIX
(IV) o6pasuoB, Torga kak y oOpasloB IO3IHEr0
roceBa oT 47,98 U/mg B TpyIie o4eHb CKOpOCIIe-
aeix (00) dopm mo 94,76 U/mg y cpemaHecmensx
(IT) dbopMm. [/locTOBEpHOCTh JAaHHBIX IOJITBEPIKIC-
Ha ¢ momoupio oxHodakropHoro ANOVA: F =
12.68, P = 1.02e-11 npu crangapTHOM CPOKE CeBa,
F = 4.655, P =0.000541 npu mo3aHeM.

Koppensiuus Mexay coaepkanueM noaugeHo-
JIOB U aKTHUBHOCTHIO IONH(EHOIOKCHAA3bI 00pa3-
I[0B, BHICEBABIIMXCS B OOIICIPUHSTHIC JJIsl pETHOHA
CpOKH ObUTa OTpUIaTenbHON 1 cocTaBmia 1=—0,31.
Koppensiins Mexny aHaJTOTHYHBIMHA JaHHBIMH 00-
pas3noB MpH MO3IHEM CPOKe ObLIa TAaKXKe OTpHIIA-
TEJNBHOH, 0JIHAKO MEHEEe BhIpaxkeHHOH (1= -0.2).

[TyOnuKarm OTHOCUTEIHHO B3aUMOCBSI3H MEXK-
NIy aKTHBHOCTBIO MOJH(EHOIOKCHIA3bl U YPOBHEM
MOJM(EHOJIOB B JHUCTHSIX COU MPAKTHUYECKH OTCYT-
CTBYIOT, €CTh JaHHBIC HWCCIICJJOBAHWN Ha JPYTHX
pacreHusix, Takux kak kaprodemns (Wang et al.,
2020), B KOTOPBIX OTMEYAETCsI OTCYTCTBUE KaKHX-
100 3HAYUMBIX KOPPETSAINI MEX/Ty HAMHU.

Esmaeili u np. (2017) Ha npumMepe KpoKyca I1o-
Ka3aJii 00paTHYIO KOPPEIISAIHIO MEXKTy COJIepKaH!-
eM (CHOJNBHBIX COCJAMHEHHH W aKTUBHOCTHIO PPO
Ha CTaJ ¥ MPOPACTaHUS

[Ipoduns MeTabOTUTOB TUCTHEB OTIINYACTCS OT
TAKOBOT'O CEMsH, YTO CBS3aHO C TKaHecmenupuye-
CKUM XapaKTepOM HaKOIUICHHUsI METa0OJIIMTOB B COE
(Sahin et al., 2019).

[MosnmdeHosnbl ceMsiH 600OBBIX, B TOM YUCIC H
COM TPAJIUIIMOHHO CYHUTAINCh aHTHIATATEILHBIMU
coeauHeHuAMU. OJHAKO B IOCIEAHUE TOJbI BBI-
SIBIISIETCSI BCe OOJIBIIIEE YHCIIO ITOJIE3HBIX CBOMCTB
MOJM(EHOJIOB U3 CAMBIX PAa3HBIX PACTUTEIBHBIX HC-
TOYHHUKOB.
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Pucynok 2

Axmusnocms nOﬂud)eHOﬂOKCMdaS’bl 6 JIUCMbAX COU PA3HBIX CPOKOB CO3pe6aHUs
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a — 00w enpuHAmMbI (CMAaHOapmHulil) CPOK nocesd, 8 — NO30OHUL NOces

HccnenoBanus MoauepKUBAIOT JABOWCTBEHHYIO
MPUPOAY AHTHITUTATEIBHBIX BEIIECCTB B COEBBIX
0o0ax. Tak, oOHApyXEHO, YTO HEKOTOPBIC AHTH-
MHATaTeIbHbIC BEIECTBA 00JIaIal0T IMOJIE3HBIMHE JIJIs
3JI0POBbSI CBOMCTBAMH, BKITFOUAsT AaHTHOKCHAHTHOE
HeﬁCTBHe, IIOTCHIIMAJIbHOC CHUXKCHUC pI/ICKa paSBI/I-
TUS paKa v IPOTUBOBOCTIATUTENbHOE NeiicTBre. O
HaKO BaKHO OTMETHUTH, YTO T€ )K€ CAMBIE BEIECTBA
MOFyT TAKXXC OKA3bIBATh U HCTaTUBHOC BO3):[CI710TBH€
(Di et al., 2025).

Tak, B cocTaB MoJU(EHOIOB BXOAIT TAHHUHEI,
OTHOCAIIIUECA K aHTUIIUTATCIIbHBIM BCIIECCTBAM CC-
MsiH cou. OTpUIIATEIBHBIM CBOMCTBOM ITHUX COCIIH-
HEHUH SBISIETCS MX CIIOCOOHOCTH OCaXJIaTh OEJIKH,
YTO TPUBOANT K CHIDKEHHUIO YCBOSIEMOCTH OeiKa |
HE3aMEHUMbBIX aMUHOKHCIIOT B X cOcTaBe (Samtiya
etal., 2020).

Pucynox 3

B To e BpeMsi, B HEOOIBIIOM KOJIMYECTBE Ta-
HUHBI TIOJIABIISIFOT POCT TPHOOB, OaKTEpHUil U BUPY-
COB, MOTYT IPOSIBJIATH AHTUKAHIIEPOTCHHYIO aKTHB-
HocTh (Chang et al., 1998).

N3odnaBoHs! — qpyras rpymnmna nojJugeHoIoB ¢
OMOAaKTHBHBIMU CBOHCTBaMH, OOJIbINIAS YACTh KOTO-
pbix KoHIeHTpupyercs: B ceMeHax (Krol-Grzymata
& Amarowicz, 2020).

Onu 001a71a10T BBIPAKCHHBIMUA aHTHOKCHIAHT-
HBIMU CBOWCTBAMH M SIBJISIIOTCSI BaYKHBIM KOMIIO-
HEHTOM He(EepMEHTATUBHON 3alUTHONH CHCTEMBI
pacreHuid OT abMOTUYECKUX U OMOTHUYECKHX CTpec-
coB (Sharma et al., 2019).

Conepxanue Moau(EHOJIOB B CEMEHAX M3y4eH-
HBIX COPTOOOpA3IoB Ha ctanuu RE (momHast 3penocTs)
Pa3HBIX CPOKOB CO3PEBaHMS TIPH CTAHJAPTHOM U ITO3/1-
HEM CPOKax I10ceBa I10KA3aHO Ha PUCYHKE 3.

Cobepmcal—me nOﬂu¢€H0ﬂ06 6 CeMeHdx COU PA3HbIX CPOKOE8 CO3PeBaAHUs
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B o0oux cinyuasx HabmromaeTcs MOBBILICHHE
YPOBHS B CEMEHAX B 3aBUCHMOCTH OT TPYIIII CIIENO-
cty. Tak, mpu cTaHIAPTHBIX CPOKAX [TOCEBA CPEAHEE
3HaUCHWE TOMN(EHOIOB ¥ 00pa3IioB OYEHb CKOPO-
cnenoit rpymmst (00) cocrasnsino 1,88 mr/r npu Ba-
puammu ot 1,48 10 2,55 Mr/r B peaenax rpymiibl,
TOT/Ia KaK y UCKIIOUUTEIBHO MO3IHECTIENbIX (opM
(V)- 2,62 mr/r, nmpu Bapuaruu ot 2,29 1o 2,96 r/mr.
Yposens nonmpeHonos ynprpackopocnensix (000)
n no3anecnensix (1) dopm mpu mo3mHuX cpoxax
noceBa ObIT CPaBHUM C TaKOBBIM Y CaMbIX CKOPO-
CHeNTbIX 00pas3IoB COM CTaHIAPTHBIX CPOKOB CEBa
u coctaBisut 1,95 u 2,74 Mr/r. COOTBETCTBEHHO.
BapsupoBanue B mpeaenax Trpymmsl YIbTPacKOPO-
CIEINIBIX 00pasIoB cocTaBisio oT 1,8 mo 2,14 mr/r,
TOTJa Kak B TPYIIIE MO3AHECIIENBIX 00paslioB MU-
HUMaJIbHBIH YPOBEHb COCTABISLI 2,52 MI/T, MakcH-
MaJbHBIH -3,0 MI/T. B 11€710M, TOCTOBEPHOCTH BCEX
JTAaHHBIX IO TOMY ITOKA3aTeNI0 TaKKe MOATBEPK/Ie-
Ha ¢ momoIIsio ogHodakTopuoro ANOVA anamu-
3a: F=9.176, P =1.18e-08 npu crangapTHOM cpoke
cena, F =10.86, P = 6.08¢-09 npu mo3aHEM.

AHaNOrMyHble TEHJICHIWU B HAKOIUICHWU IIO-
nmudeHonoB orMevarores B myonukamuu Choi u mp.
(2020). OGmee conepkanue U30(IIABOHOB OICHH-
BaJIOCh B 00pa3Iax, CrpyNIIHPOBAHHBIX MO CPOKaM
CO3pPEBAHUs: paHHECIIENbIE, CPEHECTIENbIE U O3/~
Hecnensle. CpefHee copeprkanne 3TON TPYTIIHI MOo-
nuQeHo0B OBIJIO CaMBbIM HHU3KHUM B PaHHECTIENbIX
o0pas1ax 1mo cpaBHEHHIO C MTO3THECTIETBIMU U CPeI-
HECTIEJIBIMH.

B uccnenoBanusax Azam u ap. (2024) taxxe
MOJITBEPKAAETCS, UTO MO3/IHECIIENBIE COPTa COM Xa-
paKkTepu3yroTcsi 6oJiee BBICOKUM YPOBHEM OTHEIb-
HBIX ¥ CYMMapHBIX H30()JIaBOHOB BHE 3aBUCHMOCTH
OT YCIJIOBUM OKpY>Karolieil cpebl.

Copnepxanue MoauQeHoIOB B CEMEHAX COU H3-
y4ajoch B OOJbIIEH CTENIEHH OTHOCHUTENBHO MHTa-
TEJILHOW IIEHHOCTH CeMsIH, TOT/Ia KaK CBEJCHUH 00
WX B3aMMOCBSI3U C PAacTPECKHBAEMOCTHIO 000O0B U
OCBINIAEMOCTBIO ceMsiH HeT. MccrmemoBanus, mpo-
BEJICHHBIE Ha CEMEHaxX IMEePCIeKTHBHBIX MYyTaHT-
HBIX JIUHUH 3epHO0000BOH KynbTypsl Maml (Vigna
radiata (L.) R. Wilczek) mokazamu 6osee BBICOKOE
cojepxaHue (PeHOJIOB M JIMTHHHA y 00pas3loB C
HU3KUM TIPOIIEHTOM OCBHIMTAEMOCTH W TPOPACTAHUS
CEMSH U, B IIEJIOM, BBICOKYIO OTPULIATENBHYIO KOP-
PENALINIO0 MEXK/Ty OCHITAaeMOCTBIO CEMSH TOCTIe pac-
TpeckuBaHusg O00OB W coJepKaHHUEM YKa3aHHbIX
noymderonos (Mogali et.al., 2025).

COBOKYNHOCTh JaHHBIX O CONPSIKEHHOCTH He-
KEJaTeNIbHOTO JIJISl CEJIEKIIMHA COM MpPU3HaKa «pac-
TPECKUBAEMOCTb 000O0B» C MPOJOKUTEIBHOCTHIO

BEreTalMOHHOr0 MEPUOA, & TAKKE BEICOKOTO YPOB-
HS TIOJM(EHOIOB B CEMEHaX MO3IHECTeNbIX (opMm,
0oJiee YCTOMUYUBBIX K PACTPECKUBAHUIO, MTPE/IIIONA-
raeT MCIOJIb30BaHUE JAHHOTO TI0KA3aTess HE TOJb-
KO B OIICHKE MTUTATEIbHON IIEHHOCTH 00pa3IoB, HO
1 B 0TOOpE TEXHOJOTUIHBIX (POPM COH, COXpaHSIO-
X YPOXKAHHOCTH MPU YOOpPKeE.

3akiouyeHnne

B pesynbraTe NpOBEOCHHBIX HCCICAOBAHHUN
HaMH yCTAHOBJIEHO, YTO B YCIOBHX FOTO —BOCTOKA
KazaxcraHa —OCHOBHOTO permoHa BO3/CIbIBAHHUS
CoM, HaKOTIEHUE MONMU(EHOIIOB U aKTUBHOCTH aH-
THOKCUAAHTHOTO (epMeHTa MOTUPEHOIOKCHA3bI
B OOJIBINIEH CTEMEHHU 3aBUCHT OT TPYIIIHI CIIEIOCTH
COPTOO00pA3OB, HEXKEIH OT CPOKOB MOCEBA CEMSIH.

YpoBeHb KOHIIEHTPALMU TMONHU(EHOIOB B JIH-
CThSIX COPTOOOPA3IOB cou Ha craguu RS (Hadano
HaimuBa OOOOB) CHMXKAeTCsd MO Mepe YAITUHEHHS
BEreTallMOHHOTO TEePHOAa. AHAIOTHYHAsl Harpas-
JICHHOCTHh B HAKOTUIEHUHW TOJTU(EHOIOB B JINCTHSIX
oTMeYaeTcs U MpH MO3JHUX cpokax mnocesa. Ilo co-
JEpXKaHWIO TONH(EHOIOB B CeMeHaX, Ha CTauH
nonHO# 3penoctu (R8), Hamportus, Habiromaercs
pOCT MX KOHIEHTpAaIMM OT CKOPOCHENBIX COPTO-
00pasLoB K MO3IHECIIENbIM, JOCTUTas MaKCHMaJlb-
HOTO YPOBHS y WCKJIIFOYATEIHHO ITO3HECIIEITBIX
(hopM IpH CTaHIAAPTHBIX CPOKAX CEBa M MO3/IHECTIC-
TBIX (OPM IpH 3aTATUBAHUH CPOKOB TIOCEBA.

BrusiBrieHa oTpunaTtensHas KOPPEISHsS MEXTy
coJiepyKaHNeM TMOIN(EHOIOB U aKTUBHOCTHIO TIOJH-
(heHOIOKCH1a3b1 JINCTHEB Ha CTAJUM Havyalla HaInBa
0000B Mpy 000UX, TPAAUIIMOHHOM U TIO3THEM CPO-
Kax Iocesa.

B mpenemnax kaxqoW TPYIIBI CHENOCTH BBISB-
JICHO pa3sHooOpasue 1Mo CoAePKaHNIo NOIH(EHOTIOB
B CeMeHax, UCXOMs U3 Yero, npu audepeHuanim
MOJM(EHOJIOB Ha COCTaBHBIC COCAMHEHHMS, BO3MO-
JKEH 0TOOp TEHOTHITOB COU C TICHHBIM MMUTATEIbHBIM
COCTaBOM CEMSIH U MapKHpPOBKa 00pa3loB C BBICO-
KHM YPOBHEM AaHTHIUTATEIBHBIX (DEHOJBHBIX CO-
€IUHEHUMN.

Bo3moxkHa conpsyKeHHOCTh YPOBHS MOH(eHo-
JIOB Ha CTAJMU HaJMBa 3epHA U MOJHON CIEJIOCTH C
pacTpecKnBaeMOCThI0 0000B.

HcTouyHuK (pMHAHCHMPOBAHUS
PaGora BpImONHEHA B paMKax TPaHTOBOTO (H-
HaHcupoBaHus Komurera Haykum MuHHCTEpCTBa

HayKu ¥ BbIciIero oOpasosanus PecryOmmxu Ka-
3axctad (I'pant Ne AP23487849).
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CURRENT STATE OF RESEARCH ON COMMON
BEAN ANTHRACNOSE (PHASEOLUS VULGARIS L.): ETIOLOGY,
GENETICS OF RESISTANCE, AND MANAGEMENT STRATEGIES

Common bean (Phaseolus vulgaris L.) is one of the most important grain legume crops worldwide
and a key source of plant protein. However, the stability of its production is significantly constrained
by anthracnose, one of the most destructive and economically important diseases of common bean,
widely distributed in regions with temperate and humid climates. The causal agent of the disease is the
phytopathogenic fungus Colletotrichum lindemuthianum, which is characterized by high genetic and
pathogenic variability as well as pronounced race differentiation. These features substantially complicate
the breeding of resistant cultivars and effective disease control.

This review summarizes recent studies on the etiology of common bean anthracnose, the biology
and life cycle of the pathogen, race diversity, and the genetic mechanisms underlying anthracnose re-
sistance in Phaseolus vulgaris. The role of infected seeds as the primary source of infection and a major
factor in transboundary disease spread is analyzed. Current approaches to the classification of C. linde-
muthianum races are discussed, and the importance of continuous monitoring of the pathogen popula-
tion structure is highlighted.

Special attention is given to the genetics of anthracnose resistance in common bean, including
race-specific Co genes and quantitative trait loci (QTL) identified using genome-wide association study
approaches. Prospects for gene pyramiding based on GWAS data and the application of genomic selec-
tion to achieve durable resistance are discussed. The situation in the United States, particularly in the
state of Michigan, is used as an example to demonstrate the practical importance of monitoring the race
composition of the pathogen. The review concludes that integrated anthracnose management strategies
combining genetic resistance, agronomic practices, and phytosanitary control are essential for sustain-
able common bean production.

Keywords: Phaseolus vulgaris, anthracnose, Colletotrichum lindemuthianum, resistance, Co genes,
QTL, race diversity, integrated plant protection.

A.A. AykeHbaeBa*

Muunran MemMAeKkeTTIK YHMBepcuTeTi, ©CIMAIK, Tomblpak,
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Kaaimri ypme 6ypuiakrbit, (Phaseolus vulgaris L.) aHTpakHO3bIH 3epTTeyAiH,
Kasipri xaFAaibl: 3TUOAOTMSCbI, TO3IMAIAIK FeHeTHKachI
)KoHe 6acKkapy cTpaTerMsiaapbl

Kaaimri acbypuiak, (Phaseolus vulgaris L.) aAnemaeri eH MaHbI3Abl Oypluak TYKbIMAAC AAKbIAAAPAbIH,
6ipi 6OAbIN TabblAaAbl XXBHE BCIMAIK TEKTEC aKybI3AbIH, HETi3ri KO3AEPiHiH KaTapbiHa XaTaabl. AAariaa
OHbIH TYPaKTbl 6HAIPICI KOHbIP AdK aypybIMeH (aHTPakHO30eH) alMTapAblKTai LieKTeAeAl. AHTPaKHO3
KOHbIP>XKal >K8He bIAFAAAbl KAMMAT >KaFAablHAQ KeH TapaAfaH, 3KOHOMMKAAbIK, TYPFblA@H aca
3USHABI aypyAapAbiH 6ipi G0AbIN caHaAasbl. AypyAblH KO3AbIPFbILIbI (PUTONATOreHAI CaHblpayKyAak,
Colletotrichum lindemuthianum 60AbIN TabblAaAbl, OA >KOFapbl TEHETMKAAbIK, >K8HE MaToreHAIK
e3repriluTiriMeH, CoHaam-aK, akbliH HACIAAIK AMddepeHuMaumbacbiIMeH epekileaeHeAi, ByA TesiMAi
COPTTapAbI CEAEKLIMSIAQYADI >KOHE aypyAbl GaKbIAAyAbl KYPAEAEHAIPEAI.

Makanaaa acbypuiak, aHTPaKHO3bIHbIH 3TMOAOTUSCbIHA, KO3AbIPFbILLTbIH GUOAOTMSICHI MEH TipLLIAIK
LUMKAIHE, NMaTOreHHiH HACIAAIK BPTYpAiAiriHe, coHaar-ak, Phaseolus vulgaris ecimairiHiH aHTpakHO3Fa
TO3IMAIAITIHIH reHeTUKaAbIK, MeXaHU3MAEpiHe apHaAFaH 3amaHayu 3epTTeyAepre LIOAY >KacaAfaH.
MHeKumMaAaHFaH TYKbIMAAPAbIH, 6acTankbl MHPEKLMS KO3i XKaHe aypyAblH TpaHCLIEKAPaAbIK, TapaAy
chakTopbl peTiHaeri peai TaapanfFaH. C. lindemuthianum HaciAAepiH XIKTEYAIH 3amaHaym Taciaaepi
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KApaCTbIPbIAbIM, MaTOreH MOnyASUMSChIHbIH, KYPbIABIMbIH TYPaKTbl MOHUTOPUHITEYAiH MaHbI3AbIABIFb
KOPCETIATeH.

AHTpAKHO3fa TO3IMAIAIKTIH reHeTMKacblHA, COHbIH ilWiHAe Haciare-apHaibl Co-reHaepre kaHe
genome-wide association study saicTepi apkbiAbl aHbIKTaAFaH CaHAbIK, TO3IMAIAIK AokycTapbiHa (QTL)
epekule Hasap ayaapbiaFaH. GWAS aAepekTepiHe Heri3pAeAreH reHAepAi NMpammnAaLMEAdy >KeHe re-
HOMADIK, CEAEKLMSHbI KOAAQHY apKbIAbl Y3aK, MEP3iMAI TO3IMAIAIKTI KQAbINTACTbIPY NMepcrekTMBaAapbl
TankpiAaHFaH. AKLL neH MuuuraH witaTbl MbICAaAbIHAQ KO3ABIPFBILLTBIH HOCIAAIK KypamblH MOHUTO-
PUHITEYAIH MPaKTUKAAbIK, MaHbI3ABIAbIFbI KOPCETIAreH. AHTPaKHO3Abl 6aCKAPYAbIH FEHETUKAABIK, TO-
3IMAIAIKTI, arpoTeXHMKaAbIK, LApaAapAbl XKeHe (PUTOCAHUTAPAbIK, GakblAayAbl GipiKTIpeTiH MHTerpa-
LUMSIAQHFAH CTpaTernsaAapbiH KOAAQHY KaXKeTTIAITT TypaAbl KOPbITbIHAbI KACaAFaH.

Ty#in cesaep: Phaseolus vulgaris, antpakHos, Colletotrichum lindemuthianum, tesimaiaik, Co-
reHaep, QTL, HaCiAAIK BPTYPAIAIK, ©CIMAIKTEPAI MHTErpaumsiAaHFaH KopFay.
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CoBpeMeHHOe COCTOSIHME UCCAEAOBAHUI AHTPAKHO3a PACOAM 0ObIKHOBEHHOI
(Phaseolus vulgaris L.): 35TMOAOIrMS, reHeTUKA YCTOMYMBOCTH
M CTpaTermMmn ynpaBAeHMst

®acoab 0b6bikHOBeHHast (Phaseolus vulgaris L.) 9BASeTCS OAHOW M3 BaXKHeMMX 3epHO6060BbIX
KYAbTYP MMPA U KAIOUEBbIM MCTOMHUKOM PacTUTEALHOro 6eaka. OAHAKO CTABUABHOCTbL €€ NMPOU3BOA-
CTBa CYLLECTBEHHO OrPaHMUMBAETCS aHTPAKHO30M, OAHOM 13 HaMGOAEE BPEAOHOCHBIX M SKOHOMUYECKM
3HaUMMbIX 60AE3HEN (HhACOAM, LLIMPOKO PACMPOCTPAHEHHOM B PErMOHAX C YMEPEHHDBIM M BAQYKHBIM KAM-
mMatom. BozbyamTeaem 3a6oaeBaHus aBasietcs mutonarorenHsiii rpub Colletotrichum lindemuthianum,
XapaKTePU3YIOLLMIACS BbICOKOM FEeHETMUYECKOM M MaTOreHHOM M3MEHUMBOCTbIO, a TakKe BbIPaXKEHHOM
pacoBoit AndepeHumaLmen, YTo CYLLIECTBEHHO OCAOXHSIET CEAEKLMIO YCTOMUMBbBIX COPTOB M KOH-
TPOAb 3a60A€BaHMS.

B cratbe npeactaBAeH 0630p COBPEMEHHbBIX MCCAEAOBAHMIM, MOCBSALIEHHbIX STUMOAOTMM aHTPAKHO3a
pacoAm, BUOAOTUM 1 JKM3HEHHOMY LIMKAY BO3OYAMTEAS, PACOBOMY Pa3HOOOpasuio natoreHa, a Takxe re-
HETMYECKMM MeXaH13MaMm yCTonunBocTH Phaseolus vulgaris. MpoaHaAM31poBaHbl AQHHbIE O POAU MHULM-
POBaHHbIX CEMSIH KaK OCHOBHOTO MCTOMHMKA NEPBUYHOM MHEKLMM 1 (paKTOpa TPAHCrPaHUHYHOTO pacnpo-
cTpaHeHust 3a6oAeBaHus. PaccMOTpeHbl COBpeMeHHbIe MOAXOAbI K kaaccudmkaumm pac C. lindemuthianum
1 MOKAa3aHO 3HAYeHME MOCTOSIHHOrO MOHMTOPMHIA MOMYASILIMOHHOM CTPYKTYpPbI MaToreHa.

Ocoboe BHVMMaHWe yAEAEHO FreHeTUKe YCTOMUYMBOCTM (DACOAU K aHTPAKHO3Y, BKAIOYAs pacocreLm-
unueckme Co-reHbl 1 KOAMYECTBEHHbIE AOKYCbl yCTOMuMBOCTU (QTL), BbIIBAEHHbIE C MCMOAb30BAHM-
emM MeToA0B genome-wide association study. O6Cy>KAQOTCS NEPCnekTUBbI MMPAMUAMPOBAHMS FeHOB,
ocHoBaHHbIM Ha GWAS U NpuUMEHeHWs TeHOMHOI CEeAeKLMU AAS (DOPMMPOBAHMS AOATOBPEMEHHOM
ycronumBocTu. Ha npumepe cutyaumm B CLUA n witate MuumraH npoAeMOHCTpMpOBaHa npakTuye-
cKasi 3HAYMMOCTb MOHWMTOPUMHIA PAcOBOro cocTaBa Bo36yamTeAs. CAeAaH BbIBOA O HEOOXOAMMOCTU
MHTErpUPOBAHHBIX CTPATErnin YNPaBAEHUS aHTPAKHO30M, COYETAIOLMX FEHETMYECKYIO YCTOMUMBOCTD,
arpoTexHMyeckme Mepbl 1 (PUTOCAHUTAPHBIA KOHTPOAb.

KaroueBble caoBa: Phaseolus vulgaris, antpakHo3s, Colletotrichum lindemuthianum, yctoinumsocTb,
Co-renbl, QTL, pacoBoe pa3Hoob6pasme, MHTErpMpPOBaHHAs 3aLMTA PACTEHMIA.

Abbreviations and Notations

GWAS - genome-wide association study;
QTL — quantitative trait loci; MSU — Michigan State
University; FAO — Food and Agriculture Organiza-
tion

Introduction

Common bean (Phaseolus vulgaris L.) occu-
pies a leading position among leguminous crops due

to its high nutritional value and ability to adapt to
various agroclimatic conditions. The protein con-
tent of bean seeds averages 22-23%, making them
an important component of the diet of more than 100
countries worldwide (FAO, 2019). According to the
FAO, beans play a key role in ensuring food security
and are one of the main sources of plant protein, es-
pecially for the populations of developing countries.

Despite their high economic value, the stability
of bean production is significantly limited by dis-
eases, including those transmitted by seeds. Among
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them, anthracnose has remained one of the most
economically significant and harmful diseases of
common beans for decades (Pastor-Corrales & Tu,
1989). The disease is widespread in regions with
temperate and humid climates and is characterised
by a high degree of susceptibility, especially when
infected seed material is used (Halvorson et al.,
2021).

The causative agent of bean anthracnose is the
fungus Colletotrichum lindemuthianum, which can
infect all above-ground parts of the plant and, under
favourable conditions, cause significant, even total,
crop losses (Padder & Sharma, 2017). A significant
difficulty in controlling the disease is the high ge-
netic and pathogenic variability of the pathogen,
which causes rapid overcoming of variety resistance
(Balardin & Kelly, 1997). The particular danger of
anthracnose is determined by the pronounced racial
differentiation of the pathogen, which requires con-
stant updating of the assortment and strategies for
plant protection (Kelly & Vallejo, 2004).

In the context of globalisation and active interna-
tional seed trade, there is an increased risk of intro-
ducing new Colletotrichum lindemuthianum races,
which reinforces the need for systematic monitoring
of the pathogen and improvement of disease man-
agement methods (Halvorson et al., 2021). In this
regard, a comprehensive analysis of current research
on the aetiology of bean anthracnose, crop resistance
genetics, and integrated control methods is relevant
and in demand for both fundamental research and
applied tasks in phytopathology and breeding. Addi-
tional field observations indicate that local foci can
act as sources of further infection spread through
inoculum dispersal and the movement of seed ma-
terial, as demonstrated for white beans in Ontario,
underscoring the importance of early detection of
such foci (Tu, 1981).

Materials and methods

This work was carried out in the form of a re-
view study. The literature analysis was conducted
using the international scientific databases Web of
Science, Scopus, PubMed, APS Journals, as well
as specialised resources from FAO and MSU Ex-
tension (FAO, 2019; Halvorson et al., 2021). The
review includes original and review articles pub-
lished mainly between 2000 and 2024, devoted to
the biology of Colletotrichum lindemuthianum, the
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racial diversity of the pathogen, the genetic basis
of bean resistance, and strategies for managing an-
thracnose (Kelly & Vallejo, 2004; Padder & Shar-
ma, 2017). When selecting sources, priority was
given to publications in peer-reviewed journals
reflecting modern approaches to molecular genet-
ics, genomics, and phenotyping, including studies
using genome-wide association studies and map-
ping of quantitative resistance locus (Zuiderveen
et al., 2016; Nunes et al., 2021). In addition, clas-
sic fundamental works that are key to understand-
ing the bean—anthracnose pathosystem were used
(Pastor-Corrales & Tu, 1989; Balardin & Kelly,
1997). For the comparison of genomic data and the
interpretation of resistance loci, information on the
common bean reference genome and evidence of
its dual domestication were taken into account, as
these are widely used as a basis for candidate gene
annotation (Schmutz et al., 2014).

Results and discussion
1. Etiology and life cycle of the pathogen

Colletotrichum lindemuthianum belongs to the
hemibiotrophic phytopathogenic fungi and is char-
acterised by a complex life cycle that includes bio-
trophic and necrotrophic phases (O’Connell et al.,
2012). In the early stages of infection, the pathogen
develops latently, which significantly complicates
early diagnosis of the disease (Padder & Sharma,
2017). Subsequently, active destruction of plant
tissues occurs, with the formation of characteristic
necrotic lesions on leaves, stems, and beans (Pastor-
Corrales & Tu, 1989). Genomic studies of pathogen
isolates complement our understanding of mecha-
nisms of pathogenicity and variability, including
differences in gene repertoires associated with the
infection process (de Queiroz et al., 2017).

The main source of primary infection is infected
seeds, which makes anthracnose a particularly dan-
gerous disease in seed production (Halvorson et
al., 2021). The secondary cycle of infection is en-
sured by the mass formation of conidia, which are
spread by rain splashes and mechanical contact be-
tween plants (Pastor-Corrales & Tu, 1989; Padder &
Sharma, 2017). The polycyclic nature of the disease
contributes to the rapid development of epiphytot-
ics under favourable weather conditions (Balardin
& Kelly, 1997).
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Figure 1

Life cycle of anthracnose on common bean (Phaseolus vulgaris L.) caused by

Colletotrichum lindemuthianum
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Note: Adapted from Padder & Sharma (2017), based on Pastor-Corrales & Tu (1989)

In the figure, the disease cycle of common bean
anthracnose caused by Colletotrichum lindemuthi-
anum is shown, including primary infection origi-
nating from infected seeds and plant debris (primary
inoculum), followed by infection, colonization, and
symptom development on leaves, stems, and pods,
as well as the secondary cycle involving acervulus
formation in lesions, conidia production, dissemi-
nation, and repeated infections during the growing
season.

Table 1
Pathogen and epidemiology of anthracnose of Phaseolus
vulgaris L.

Parameter Description
Colletotrichum

Pathogen lindemuthianum

Host Phaseolus vulgaris L.

Source of infection Infected seeds, plant debris

Ways of spreading Rain splash, contact, seed

Type of epidemiology Polycyclic

Table 1 presents basic information about the
pathogen and epidemiological characteristics of
bean anthracnose. The causative agent of the disease
is the fungus Colletotrichum lindemuthianum, a spe-
cialised phytopathogen that mainly affects common
beans (Phaseolus vulgaris L.), which determines
its high degree of adaptation to this host (Pastor-
Corrales & Tu, 1989; Padder & Sharma, 2017). The
main source of infection is infected seeds, which
play a key role in the initial infection of crops and
contribute to the spread of the pathogen over long
distances (Halvorson et al., 2021). An additional
reservoir of infection is plant debris, in which the
pathogen can persist during the inter-growing sea-
son (Balardin & Kelly, 1997).

The pathogen spreads during the growing sea-
son mainly through rain splashes and direct con-
tact between plants, which is especially common in
dense crops and high humidity conditions (Pastor-
Corrales & Tu, 1989; Padder & Sharma, 2017). The
seed route of transmission ensures long-term pres-
ervation and transboundary spread of the pathogen
(Halvorson et al., 2021). The epidemiology of bean
anthracnose is polycyclic, which means that mul-
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tiple cycles of infection are possible during a single
growing season. This leads to a rapid increase in in-
fection under favourable weather conditions and ex-
plains the high pathogenicity of the disease (Balar-
din & Kelly, 1997).

2. Racial diversity and pathogenic variability of
Colletotrichum lindemuthianum

One of the key problems in controlling bean
anthracnose is the high racial and pathogenic vari-
ability of Colletotrichum lindemuthianum (Balardin
& Kelly, 1997; Padder & Sharma, 2017). An inter-
national binary system based on the reaction of 12
differential bean lines of Andean and Mesoamerican
origin is used to identify and classify pathogen races
(Kelly & Vallejo, 2004). This system allows for the
standardisation of race descriptions and the compar-
ison of research results obtained in different regions
of the world. The reactions of differential lines and
the inheritance patterns of resistance in these lines
have been characterized in detail, thereby improving
the reproducibility of race diagnostics across differ-
ent laboratories (Young & Kelly, 1996).

To date, approximately 298-300 races of C. [lin-
demuthianum have been described worldwide, with
their distribution varying significantly depending on
the geographical region (Padder & Sharma, 2017;
Sansala et al., 2024). The greatest racial diversity
has been recorded in the countries of origin of beans,
primarily in Brazil and Mexico, where the crop has
been cultivated for a long historical period (Balardin
& Kelly, 1997; Kelly & Vallejo, 2004). Reports on
the emergence of new races and their interactions
with germplasm, including cases documented in

Table 2
Conceptual map of resistance genetics

Michigan, confirm the dynamic nature of pathogen
populations and the risk of unexpected loss of resis-
tance (Kelly et al., 1994).

The high racial diversity of the pathogen causes
rapid loss of effectiveness of resistant varieties and
significantly complicates the selection of beans for
resistance (Gonzalez et al., 2015). This necessitates
constant monitoring of the population structure of C.
lindemuthianum, especially in regions of intensive
cultivation and active seed exchange (Halvorson et
al., 2021). Regional reports on the detection of indi-
vidual races, including those identified in Manitoba,
demonstrate that phytosanitary surveillance must be
sensitive to introductions in relatively new territo-
ries (del Rio et al., 2003).

3. Genetics of bean resistance to anthracnose

The genetic resistance of common beans to an-
thracnose is traditionally associated with Co genes
located on different chromosomes and providing
race-specific resistance of the “gene-on-gene” type
(Kelly & Vallejo, 2004; Gonzalez et al., 2015). Such
resistance can be highly effective against individual
races of the pathogen, but in most cases it proves to
be short-lived due to the emergence of new pathot-
ypes of C. lindemuthianum capable of overcoming
the action of individual Co-genes (Balardin & Kelly,
1997). Allelic series within the Co-1 locus and their
race specificity have been described for the Andean
gene pool, which is important for the accurate selec-
tion of resistance donors (Melotto & Kelly, 2000).
For Co-1, linked markers have also been proposed,
facilitating the identification of resistance sources in
breeding material (Mendoza et al., 2001).

Component
P anthracnose

What it means in the context of

Practical conclusion

Vertical (race-specific) resistance

Effective against certain races, may «break
down» when the population changes

Requires donor renewal and pyramiding

Horizontal (partial, quantitative)
resistance

Reduces disease severity, usually more stable

Good basis for longevity, but rarely results in
«zeroy» disease

Pyramiding

Combination of several resistance genes

Increases variety longevity, reduces risk of
breakthrough

Epistasis and interactions
P effects

Genes can enhance or weaken each other’s

Field and greenhouse testing of combinations
is required

QTL/polygenic basis

Resistance is distributed across several loci

Suitable for genomic selection and resistance
indices

GxE (gen e X ironment .
XE (genotype x environment) conditions

Resistance effect varies depending on

Multi-environment trials are needed
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In this table are presented the main genetic com-
ponents of resistance to anthracnose and the practi-
cal breeding conclusions that follow from each of
them. The table contrasts vertical (race-specific) re-
sistance, which can be highly effective but is vulner-
able to breakdown when pathogen races shift, with
horizontal (quantitative) resistance, which typically
reduces disease severity more gradually yet tends
to be more stable over time. It also highlights gene
pyramiding as a strategy to combine multiple resis-
tance genes to extend cultivar durability and lower
the risk of resistance being overcome.

In addition, the table emphasizes that resistance
outcomes are not always additive because of epis-
tasis and gene interactions, meaning certain gene
combinations may strengthen or weaken the over-
all response, so testing in both greenhouse and field
conditions is essential. Finally, it summarizes how
a QTL/polygenic basis supports the use of genomic
selection and resistance indices, while genotype X
environment (GxE) effects underline the need for
multi-environment trials to confirm that resistance
performance remains reliable under different cli-
matic and production conditions.

Recent studies have shown that bean resistance
to anthracnose has a complex genetic architecture
and is determined not only by major genes but also
by quantitative loci (QTL) (Zuiderveen et al., 2016).
The use of genome-wide association study methods
has made it possible to identify additional genome
regions associated with anthracnose resistance and
confirm the polygenic nature of this trait (Nunes et
al.,2021). Clusters of resistance genes, including the
B4 cluster, have been characterized with respect to
allelic relationships and marker systems, supporting
pyramiding strategies (Méndez-Vigo et al., 2005).
The Co-4 locus has been localized on chromosome
3 and contains candidate resistance genes, while fine
mapping has refined the boundaries of this region
for further breeding applications (Melotto et al.,
2004; Melotto & Kelly, 2001). Genetic dissection
of resistance using sets of differential cultivars has
shown that different combinations of loci confer re-
sistance to multiple races, including analyses of the
MDRK and TU lines (Campa et al., 2009). Addi-
tional reviews point to the presence of cluster-me-
diated resistance and emphasize the importance of
considering their combined effects when selecting
locus combinations (Campa et al., 2017).

The combination of race-specific Co-genes and
quantitative resistance loci opens up prospects for
genomic selection and gene pyramiding aimed at
developing more long-term and sustainable protec-

tion of beans against anthracnose (Zuiderveen et al.,
2016; Gonzalez et al., 2015).

4. Situation in the United States and Michigan

In the USA, bean anthracnose is mainly local-
ized, but under favorable weather conditions, espe-
cially when moderate temperatures are combined
with high humidity, the disease can cause serious
epiphytotics and lead to significant economic losses
(Pastor-Corrales & Tu, 1989; Padder & Sharma,
2017). Outbreaks associated with the use of infect-
ed seed material, which is the main source of pri-
mary infection and contributes to the spread of the
pathogen between regions, pose a particular danger
(Halvorson et al., 2021).

A telling example is the situation in Michigan,
one of the key dry bean producing regions in the
United States. In 2017, race 109 Colletotrichum lin-
demuthianum was identified here, capable of over-
coming the resistance of a number of commercial
bean varieties previously considered resistant to
anthracnose (Halvorson et al., 2021; Whyte, 2023).
The discovery of this pathotype led to a review of
recommendations on variety composition, strength-
ened phytosanitary monitoring measures, and an
emphasis on the use of certified seed material.

This case clearly demonstrates that even in re-
gions with relatively low historical significance of
anthracnose, there is a risk of new pathogen races
emerging that could significantly affect the resis-
tance of cultivated varieties. This highlights the
need for regular monitoring of the racial composi-
tion of C. lindemuthianum and the prompt updating
of breeding and phytosanitary strategies (Balardin
& Kelly, 1997; Kelly & Vallejo, 2004).

5. Integrated strategies for managing bean an-
thracnose

Modern strategies for managing bean anthrac-
nose are based on the principles of integrated plant
protection and involve a combination of several
complementary approaches aimed at reducing the
infection background and limiting the development
of the pathogen (Pastor-Corrales & Tu, 1989; Pad-
der & Sharma, 2017). Key elements of such strat-
egies include the use of healthy and certified seed
material, the selection and introduction of resistant
varieties, and agronomic practices aimed at reduc-
ing leaf moisture and conditions conducive to dis-
ease development.

If necessary, fungicides are used rationally, tak-
ing into account the epidemiological situation and
the risk of pathogen resistance, especially in con-
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ditions of intensive cultivation (Halvorson et al.,
2021; Padder & Sharma, 2017). However, chemi-
cal protection is considered primarily as an auxil-
iary tool, the effectiveness of which increases sig-
nificantly when combined with genetic resistance of
plants. The effectiveness of seed treatment and the
proper timing of foliar applications has been demon-
strated in field studies and is considered a practical
component of an integrated protection strategy (Gil-
lard et al., 2012).

Of particular importance in the long term is the
pyramiding of resistance genes and the use of ge-
netically diverse source material, which reduces the
likelihood of rapid resistance breakthrough by new
races of C. lindemuthianum (Kelly & Vallejo, 2004;
Gonzélez et al., 2015; Zuiderveen et al., 2016).
Combining genetic resistance with constant moni-
toring of the racial composition of the pathogen al-
lows for timely adjustments to recommendations on
variety composition and prevents the development
of epiphytotics, ensuring the long-term sustainabili-
ty of the bean protection system against anthracnose
(Balardin & Kelly, 1997; Halvorson et al., 2021).
The transition from classical breeding to marker-
assisted selection and the pyramiding of resistance
traits has been extensively discussed for common
bean as a model crop (Miklas et al., 2006). Practi-
cal guidelines for disease identification and manage-
ment are regularly updated in regional manuals and
bulletins (MSU Extension, n.d.; APS, n.d.). Funda-
mental information on anthracnose diagnosis and
control within seed production and crop manage-
ment systems has been summarized in specialized
common bean disease compendia (Schwartz et al.,
2005).

Conclusion
Anthracnose of beans remains one of the key

threats to global Phaseolus vulgaris production due
to the high racial variability of Colletotrichum lin-

demuthianum and the seed-borne route of infection
(Balardin & Kelly, 1997; Halvorson et al., 2021;
Padder & Sharma, 2017). Modern genetic and ge-
nomic studies have significantly expanded our un-
derstanding of the mechanisms of bean resistance
to anthracnose, including the role of race-specific
Co-genes and quantitative resistance loci (Kelly &
Vallejo, 2004; Zuiderveen et al., 2016; Nunes et
al., 2021). At the same time, the pronounced race
specificity of Co-genes and the high adaptability of
the pathogen necessitate a transition to more com-
plex breeding strategies based on gene pyramiding
and the use of polygenic resistance (Gonzalez et al.,
2015; Zuiderveen et al., 2016).

The experience of the United States, particularly
the state of Michigan, where new virulent races of
C. lindemuthianum capable of overcoming the re-
sistance of commercial bean varieties have been
reported, highlights the importance of continuous
monitoring of the pathogen and the application of
integrated disease management measures (Halvor-
son et al., 2021; Whyte, 2023). This review justifies
the need for further research aimed at creating bean
varieties with long-term resistance to anthracnose,
as well as the development of monitoring systems
and integrated plant protection in the context of the
changing population structure of the pathogen (Kel-
ly & Vallejo, 2004; Padder & Sharma, 2017).

Thus, bean resistance to anthracnose should be
considered as a dynamic property of the agroeco-
system, formed by the interaction of genetic, phy-
tosanitary and agrotechnological factors, which
determines the priority of integrated and prognos-
tically oriented approaches in plant breeding and
protection.Effective long-term control of anthrac-
nose is only possible through the close integration
of breeding programmes, genomic methods, phyto-
sanitary monitoring and production practices, which
will make it possible to stay ahead of evolutionary
changes in the pathogen rather than reacting to them
after the fact.
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O BO3MOXXHOCTIX UHTPABUTAABHOM MHOFO¢9TOHHOI7I
BU3YAAU3SALIMM UMMYHHbIX PEAKLUUN
NMPU U3YYEHUU MPOLIECCOB BOCIMAAEHUS

BocnaneHue — yHMBEpCaAbHbIN, FeHETUYECKU 3arnporpaMMUPOBaHHbIA KOMIAEKC peakLMi Ha
NMOBPEXAEHUE PA3AMUYHOM MPUPOABI, HAMPABAEHHbIM Ha AMKBMAALMIO MAM OrpaHUuYeHue ovara rno-
BpPEXKAEHMS M BbI3BaBLUMX €ro MNaTOreHHbIX areHToB. BocnaAnTeAbHas peakums — OAMH U3 KAIOUEBbIX
MEXaHM3MOB BPOXAEHHOI0 MMMYyHUTETA, OBMOAOTMYECKMIA CMbICA KOTOPOIrO HEe TOAbKO 3aliMTa op-
raHn3ma OT MaTOreHoB, HO U MOAAEpP>KaHWe, U BOCCTAaHOBAEHUE MOBPEXAEHHbIX TKaHen. [Ayb6okoe
NMOHMUMAaHMe MEexXaHW3MOB BOCMAAEHUSI KpaiHe BaXkHO, Tak Kak 6oaee 70% u3BeCTHbIX 3a60AeBaHMiA
YeAOBEKa CBSI3aHO C BOCMAAUTEABHBIM MPOLIECCOM, B TOM UUCAE ayTOUMMYHHbIE, HEMpPOAEreHepaTuB-
Hble, CEPAEUYHO-COCYAMCTble 3ab6oAeBaHms, anabeT u pak. CoBpeMeHHas Hayka U MeAMLMHa pacno-
AaratoT 60AbLLIMM apCEHAAOM METOAOB M UHCTPYMEHTOB, MO3BOASIIOLMX MPOBECTM PAa3HOCTOPOHHIOID
OLIEHKY COCTOSIHMS OpraHn3mMa npu BOCMAAMTEAbHbIX npoueccaX. C KaXKAbIM FOAOM MCMOAb30BaHUE
6e31HBa3NBHbIX METOAOB MCCAEAOBAHMIA Pa3HbIX MPOLLECCOB, NMPOTEKAOLIMX B OPraHU3Me B peaAb-
HOM BpPEMEHM, CTAaHOBUTCS HOAEE AOCTYMHbLIM U MPUEMAEMbIM AAS MOHUMAHUS KAETOUHbIX MPOLEec-
coB B AnHamuke. OAHWM U3 COBPEMEHHbIX MHCTPYMEHTOB NMPUMEHUMbIX AAS HAOAIOAEHMS AMHAMUKM
UMMYHHbIX KAETOK SIBASIETCSl BUTAAbHAsl MUKPOCKOMNMS. AaHHbi 0630p AMTEPATYpPbl MOCBSILLEH POAU
METOAA MYAbTU(OTOHHON MUKPOCKOMUMN AASI UCCAEAOBaHMS MEXaHM3MOB, 3aAEMCTBOBaHHbIX B (hop-
MUPOBaHMN UMMYHHOTO OTBeTa. MHOro(OTOHHasi MMKPOCKOMUS AQeT BO3MOXHOCTb M3ydaTb XXMBble
TKaHW, Tak Kak 0OAAQAQET BbICOKOM FAYOMHOM MPOHUKHOBEHUS U MUHUMAAbHOM (DOTOTOKCUYHOCTbIO.
McnoAb3oBaHMe AQHHOTO METOAQ MO3BOASIET HABAIOAATH TEUEHME KAETOUHbIX MPOLECCOB, TaKMX Kak
KAETOYHAs MUrPALMS, B3aMMOAENCTBME KAETOK, a TakK>Ke MPOBOAMTb MCCAEAOBAHUS BUOAOTMYECKUX
CUCTEM U KAETOK B HEMPOBMOAOr MM, KAPAMOAOTMU 1 APYTUX Chepax.

KAroueBble cAOBa: MHTPaBUTaAbHas BU3yaAM3aLmsl, MHOFO(hOTOHHas MMKPOCKOMMS, BOCMIAAMTEAb-
HbI MPOLLECC, UMMYHHbIE KAETKM, BPOXKAEHHbIA UMMYHUTET.
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On possibilities of vital multiphoton imaging of immune reactions
in the study of inflammation processes

Inflammation is a universal, genetically programmed complex of reactions to damage of different
nature aimed at elimination or limitation of the damage centre and pathogenic agents that caused it.
Inflammatory reaction is one of the key mechanisms of innate immunity, the biological meaning of
which is not only protection of the organism from pathogens, but also maintenance and restoration
of damaged tissues. A thorough understanding of the mechanisms of inflammation is extremely im-
portant, as more than 70% of known human diseases are associated with the inflammatory process,
including autoimmune, neurodegenerative, cardiovascular diseases, diabetes and cancer. Modern sci-
ence and medicine have a large arsenal of methods and tools that allow for a multifaceted assessment
of the state of the organism in inflammatory processes. Every year the use of non-invasive methods
of research of different processes in the organism in real time becomes more accessible and accept-
able for understanding cellular processes in dynamics. Vital microscopy is one of the modern tools
applicable to the observation of immune cell dynamics. This literature review is devoted to the role of
multiphoton microscopy in the study of mechanisms involved in the formation of immune response.
Multiphoton microscopy makes it possible to study living tissues, as it has a high penetration depth
and minimal phototoxicity. The use of this method allows to observe the course of cellular processes,
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such as cell migration, cell interaction, as well as to conduct studies of biological systems and cells in
neurobiology, cardiology and other spheres.

Keywords: vital imaging, multiphoton microscopy, inflammatory process, immune cells, innate im-
munity.
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KabbiHy npouecTepiH 3epTTeyAeri MMMYHADIK, peakimsiAapAbl
BUTAAAbI MyAbTUCDOTOHADI BU3YaAM3aLMSIAQY DAICIHIH, MYMKIHAKTepi

KabbiHy — KaHAaM Aa BOACHIH MATOrEHAIK 8CEPAEPAEH TybiHAAFaH 3aKbIMAAHY MPOLIECIHE KapCbl
namaa 6oaatbiH ambeban, reHeTMKaAblK, TYPFbiAaH GarAapAaHFaH, 8pi 3aAaAAbl 8Cep OLIAFbIH >KOOFa
He LekTeyre 6arbITTaAFaH peakumsAap KewleHi. KabbiHy peakumscbl —Tya 6iTKeH MMMYHUTETTIH Heri3ri
MeXaHM3MAEPIHIH 6ipi, OHbIH GMOAOTMSABIK MaFbIHACHI aF3aHbl MATOrEHAEPAEH KOpFan KaHa Konman,
3aKbIMAAAFaH TIHAEPAI 6ip KaAbINTa ycTan Typy XeHe KaAmnbiHa KeATipy. KabbiHy MexaHM3MAEpiH Te-
peH TYCiHY eTe MaHbI3Abl, OTKEeHi aaaMHbIH, GeAriAl aypyaapbiHbiH, 70%-AaH acTambl KabblHy npoue-
ciMeH 6aAQHBICTbI, COHbIH, iLLIHAE ayTOMMMYHADI, HEMPOAEreHepaTUBTI, XXYpeK-KaHTaMbIpAapbl aypy-
AQpbl, KAHT AMabeTi >kaHe KaTepai icik 6ap. 3amaHaym FbiAbIM MEH MEAMLIMHAAA KabblHy rpouectepi
Ke3iHAEri aF3aHblH >KaFAaMblH >KaH->KaKTbl 6araAayFa MyMKIHAIK OepeTiH oAiCTep MeH KypaAAapAblH
aAyaH Typi 6ap. Ar3aparbl NMPOLECTEPAI HAKTbl yaKbIT apaAbifbiHAQ GakblAay dAICTepiH nanAaraHy
SKbIAAQH YKbIAFA KOAXKETIMAI, 9pi KAETKAAbIK, MPOLECTEPAI AMHAMMKACBIH TYCiHY 6apbICbiIHAQ OHTAMADI
60Aa 6acTtapabl. IMMYHABIK, >KacyllaAapAblH, AMHaMMKACbIH GakblAQy YLIIH KOAAQHBLIAAQTbIH 3amaHaym
KYPaAAapAbIH Gipi — BUTAAAbI MMKPOCKOMUS. ATayAbl MakaAa MMMYHABIK, peakLMsIHbl KAAbINTACTbIpyFa
KaTblCaTbIH MEXAHU3MAEPAI 3epTTey YLiH MyAbTU(OTOHABI MMKPOCKOMMS SAICIHIH POAIH CMNATTANTbIH
3epTTeyAepAi 3epAeAeyreapHasraH. MyAbTUOTOHABI MUKPOCKOMNS (hOTOHAAPAbIH, Tipi TKaHbAEPAIH,
TepeH KabaTTapbiHa eHy KabiAeTiHe HEeri3AeAreH xeHe (POTOYbITTbIAbIFbI TOMEH 8AiIC. ByA aaicTi KOA-
AQHY >KaCyLUaAbIK, MUIpaLLMsl, XacyLlaAapAbIH, ©63apa apeKkeTTecyi CULKTbl XKaCyLIAAbIK, NMPOLECTEePAIH,
GapblicbiH GakblAayFa, COHAQ-aK, HEBPOAOTUSI, KAPAMOAOTMS >kaHe 6acka cararapAarbl GUOAOTUSIABIK,

SKYMEAep MEH >KacyllaAap AMHaMMKaCbIHA 3ePTTEYAEp KYPrizyre MyMKiHAIK Gepea,.
TyHiH ce3aep: BUTAAABIBU3YAAM3ALMS, MYAbTU(OTOHAbI MUKPOCKOMUS, KabbiHYMPOLECi, UMMYyH-

AblKacyluaaap, TyabiTkeH UMMyHUTET.

Coxpamenusi 1 0003HAYCHHSA
M®M — MynbTUGOTOHHAST MUKPOCKOITUS
Beenenne

Bocnanenue sSBaseTcss OJHUM U3 CIOXKHEHIIINX
MIPOLIECCOB, YacCTO BCTPEYAIOLIMXCS B MATOJOTUHU
YCJIOBCKA U HEPCAKO ABJIAIOLIUXCH HpH‘iHHOfI MHO-
TUX HapyLIEHUH KU3HEAEATEIbHOCTH OpraHu3Ma
YEJI0BEKA U )KMBOTHBIX. Bocnaienne kak 0CHOBHO1,
IJIaBHBIA TUIIOBOM MATOJIOTMYECKUM MPOIECC SBIIS-
€TCA YHUBCPCAJIbHBIM, ITCHCTUYCCKU 3allporpaMMu-
pOBaHHBIM Ha JIF000€¢ (HITIOTOTEHHOE BO3JIECHCTBHE
pa3IMYHONM TPUPOJIbI KOMIUIEKCOM PEAKLMil Hamo-
BpexacHHE. BUOIOrnyecKuil CMbICI BOCIHAJICHUS
KaK 9YBOJIOLMOHHO CJIOXKHUBIIErocs Ipolecca 3a-
KJIFOYAETCS B JIMKBUIAIMU WIM OFPAHUYEHUH Odara
MOBPECKACHUA U BbI3BABIIUX €I'0 NATOI'CHHBIX arcH-
toB (XKamarn C.A., 2015; Uepemmues B.A., Uepemr-
HeBa M.B., 2011). Bocnianienue npecrasisiet coooi
YacTh BPOKIAECHHOIO KIMMYHHOT'O OTBETa OpraHu3Ma
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1 Ba)KHBIN MpoLiecc, KOTOPBI HE TOJBKO 3alIHIIaeT
OT BpEJIHBIX OaKTEepUil U TATOreHOB, HO TAKXKE Urpa-
€T KIJIIOYEBYIO POJIb B TOAJICPKAHUU M BOCCTAHOB-
neann TkaHei. OH OMocpesoBaH MEXaHW3MaMH, B
KOTOPBIX YYacTBYIOT UMMYHHBIE KJICTKH (JICHKOLH-
TBI), TUTATEILHOE MUKPOOKPYKEHHUE, JOCTYITHOCTh
cyOctpara, a Takxke cekpeTopHble (akTopsl (Attiq
A., Afzal S., 2023). BocrianutesnbHasi peakiiysi — He-
CMOTpS HAIPUYHUHY, 5TO COTJIACOBAaHHAs aKTHBALIUS
CUTHAIIBHBIX MYTEeH, KOTOPbIE PEryJIupyloT Ypo-
BEHb MEIMATOPOB BOCIIAJICHHUS B COOTBETCTBYIOIINX
KJIETKaxX TKaHeW M KJIETKaX, PEKPYTUPOBAHHBIX U3
kposu (Yeung Y.T, et all, 2018). BocnanurenbHbiii
OTBET BKIIIOYAET B c€0S BBICOKOKOOPIWHUPOBAH-
HYIO CETb MHOTUX THIIOB KJIETOK. AKTUBUPOBAHHBIC
Makpogaru, MOHOIUTEI U APYTHe KIETKH OIocpe-
OYIOT MECTHBIHOTBET HANOBPEkKACHUE TKaHEH W
nHOpekuoo. B MecTax MoBpexIeHUs1 TKaHEH S1H-
TeJIMAJIbHBIE U YHOTENAIbHBIC KIETKU BBIIEIISIOT
(hakTOpBI, 3aITyCKaIOMINe BOCTIAIUTEIbHBINA KacKas,
a TaKKe XEMOKHHbI U (aKTOpbl POCTa, KOTOPBIE
MIPUBJICKAIOT HEUTPOPHIBI U MOHOUHUTHL. [IepBbiMU
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KJIETKaMH, IPUBJIEKaEMBIMH K MECTY MTOBPEXICHNUS,
SIBIISIFOTCS. HEUTPOQHIIBI, 32 HUMHUCICAYIOT MOHO-
LUTBI, TUMQOLUTHI (€CTECTBEHHBIE KICTKU-KHILIE-
po1 (NK-xmetkn), T-xnetkn u B-kineTkn) u TyqHbIe
KJIETKH. MOHOIMTHI MOTYT UG PepeHINPOBATHCS B
Makpodaru u JCHIPUTHbIC KIIETKU U IPUBJICKAIOTCS
B IMOBPEXICHHBIE TKAHU IOCPEACTBOM XEMOTAKCHCa
(Chen L. Et all, 2017; Vyver M., 2023)

Taxum 00pa3oM, ¢ MO3ULUI UMMYHOJIOTUH OHO-
JIOTHYecKasi pOJib BOCIIAJICHUS 3aKITFOUaeTCs B KOH-
HEHTPALUH PA3THYHBIX 3aIIUTHBIX ()AKTOPOB B 30HE
MOBPEKACHUS U JTUKBUIAIMH B HEH OMOJIOTUYECKH
arpeccCMBHOTO MaTepHaja, a TakKe B BOCCTaHOBJIE-
HUH CTPYKTYpPHI U QYHKIIMH TOBPEIKICHHON TKaHU
(Yepemrnes B.A., Uepemmaera M.B., 2011)

PacmmdpoBka MexXaHW3MOB BOCHAICHUS SIB-
nsiercst pyHIaMEHTaIbHOW TmpoOsieMol 00meou-
OJIOTHUYECKOTO YPOBHSI, MOCKOJIbKY OOJIBIIMHCTBO
(70-80%) 3aboyeBaHMi YEIIOBEKA IMPSIMO acCOIH-
MPOBAHbI C BOCTIAUTEIBHBIM MPOIECCOM,BKITFOYUAs
acTMy, pak, XpOHHYECKHE BOCHAIUTEIbHbIC 3a00-
JIeBaHUSsI, aTePOCKIIEPO3, THA0ET, ayTONMMYHHBIC H
JereHepaTtuBHbIe 3a0o0neBanus. st nuccieaoBaHus
MEXaHM3MOB BOCIAIHMTEILHOTO Ipoliecca B opra-
HU3MEMOTYT MPUMEHSITHCS PA3IUUHbIE TOAXOIBl U
MeTo/bl. OJIHUM M3 COBPEMEHHBIX MHCTPYMEHTOB
MPUMEHUMBIX JJIs1 HAOJFO/ICHUS THHAMUKA UMMYH-
HBIX KJIETOK SIBIISICTCS BUTAllbHAs MHKPOCKOITUS
(Yepemrnes B.A., UepemaeBa M.B., 2011; Chen L.
Et all, 2017).Takum 0Opa3oM, B CBsI3U C aKTyaJIbHO-
CTBHIOJIAHHOM TEMBbI LENIbI0 HAIIETO HCCIIeI0BAHUS
SIBIISICTCS M3YyYEHHE BO3MOKHOCTEH HMHTPABUTAIIb-
HOW MHUKPO(QOTOHHOH MHKPOCKOIHMHU JIsi UCCIEI0-
BaHMsI JIMHAMUKA WMMYHHBIX KIETOK B Ipoliecce
BOCIIAJICHUSL.

MarepuaJjibl U METOABI UCCIETOBAHUS

[Ipu moaroTOBKE MaTepHasioB st 0030pa ObLIH
WCITOJI30BaHBI JIOCTYIHBIC TTOWCKOBBIE CHCTEMEI:
PubMed, GoogleScholar, https://www.researchgate.
net, https://cyberleninka.ru, elibrary.ru. C ux mo-
MOIIBI0 ObLIa TMOJIydeHa WH(OpMAIHS MEeXTyHa-
PONHBIX OpTaHW3ANWHA JAIBHETO W OJIKHEro 3a-
pyOeXbsi, Hay4YHbIE CTaThu. KilroueBbIMH CllOBaMU
JUISL TIOWICKa WH(OpMAITH OBLIH: BOCTIAJICHHUE, WM-
MyHasi PEaKIIHsi, METOJbI OI[CHKH BOCHAIUTEIILHO-
ro Tporecca, KIMHUKO-THATHOCTHICCKUE METOIBI,
COBPEMEHHBIC TOAXOJbl B H3YYCHHH JIMHAMUKU
HMMYHHOTO OTBETa, HHTPaBUTAIbHAS MUKPO(POTOH-
Hasi MuKpockorusi. OCHOBHasi Macca MH(OpMaIUU
MOJIy4yeHa Ha PYCCKOM U aHTJIMUCKOM s3bIKax. [my-
OMHa HCCIIeIOBAaHMS COCTaBseT nocaeaaue 20 Jer.

Kpurepuu BKIIOYEHHUS: B OCHOBHOM BKIIIOUAIUCH
cratbu ¢ 2004 o 2024 roxasl.

Pe3y.]'ll)TaTbl HCCJIeA0BAHUA U UX 06cyme}me

Bocnanenne — BakHeWIH OHOIOTHYECKHHA
MIPOLIECC, KOTOPBIH CITY>KUT NEPBON IMHUEH 3aIHUTHI
OpraHu3Ma OT BPEIHBIX pa3fpakuTesel, BKIIoYas
MATOTEHHBIE MHUKPOOPTaHU3MBI, IOBPEXKACHHBIC
KIIeTKH U paznpaxkutenu. OmHAKO €clii BOCTAJH-
TeNbHas peakys Ype3MepHa UIIH POIOJIKUTEIbHA,
OHa MOXKET MPUBECTH K XPOHUYIECKOMY BOCTTAJIEHUIO
1 TIOBPEXKACHUIO TKaHEeW. XpOHHYECKOe BOCIHae-
HUE XapaKTepHu3yeTcsl yCTOMYMBON BBIPAOOTKOM
MIPOBOCIAJIUTENBHBIX IIUTOKMHOB M TOCTOSHHBIM
MIPUBJICYCHUEM UMMYHHBIX KJIETOK B TIOPAKEHHYIO
TKaHb. DTO MOKET MPUBECTU K MOBPEKACHUIO TKa-
Hel, pubpo3y u Hapymennto ux ¢ynkmun (Freund
L, 2023). B To Bpems Kak ocTpoe BoCHaJICHHE UMe-
eT peraroliee 3HaYeHne /IS 3aKUBIICHHS U BOCCTa-
HOBJIEHUS, XPOHUUYECKOE BOCHAJICHUE MOKET INpH-
BECTH K Pa3lIW4YHBIM 3a00JI€BaHMSIM, BKIIIOUYAs PakK,
CEepACYHO-COCYAUCTHIE U Ay TOUMMYHHBIE 32001eBa-
mus (Chen L. Et all, 2017; Chavda V.P.; Feehan J.,
Apostolopoulos V., 2024; Zhao H. et al., 2021)

@akTOpbl BBI3BIBAIOIINE BOCIHAJICHUE PA3HO-
00pa3Hbl, OJHAKO B HMTOTEAAaHHBIN INpolecc CIO-
CcOOCTBYET pereHeparui TKaHel Oyaromapsi CBOEB-
PEMEHHON M CKOOPIMHMPOBAHHON HWHOUIBTpALMN
Pa3IMYHBIX THUIIOB KJIETOK U CEKperuH (aKToOpoB
pocTa, MUTOKWHOB U JIMIIUAHBIX MeauaTopoB. Mm-
MYHHBIE KJIETKH TIEPBBIMH PEarupyroT Ha JIEHCTBHE
(ororena, MpoHMKAs B MOBPEKICHHYIO TKaHb U
WHUIAPYST TPOBOCTIATUTENBHBIA OTBET, YHWY-
TOasl OCTATKM KJIETOK U HEKPOTHYECKHE KIETKH
(Caballero-Sanchez N., Alonso-Alonso S., Nagy L.,
2024)

Hecmotps Ha TO, 4TO BOCTIAIUTENbHBINA OTBET
(ero MHTEHCHBHOCTb, YpOBEHb (OPMHUPOBaHMUS,
JIOKamu3aIus) 3aBHCHT OTIPHPOIBI TOpaXKaro-
mero ¢akropa, MEXaHU3MBbl ero GOpMHPOBAHUS
U Pa3BUTUS BO MHOTOM CXOXH, U MOTYT OBITH
MPEACTABIICHBI CIEAYIOUINM alroputMom: 1) pe-
LENTOPHl KJIETOYHONW MOBEPXHOCTH PACTIO3HAIOT
BO3JICHCTBYIOIIUE CTUMYJNBI; 2) aKTHBUPYIOT-
Cs BOCTIAJINTENIbHBIC MYyTH; 3) BBHICBOOOXKIAIOTCS
BOCMAJINTENIbHBIE MapKepbl; 4) peKpyTHpYIOTCA
BocraniurenbHubie kietku ([Tornomapes J.b. u ap.,
2022)

BocnanutenbHplil IpoLecc Kak U3BECTHO MPO-
TeKkaeT B Tpu (as3pl: ampTepauus, dKCCynanus U
nponudepanusi. MexaHn3Mbl BPOXKIECHHOTO WM-
MYHHTETa OCOOCHHO Ba)KHBI Ha dTale WHUIHALNN
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BOCMAJIUTENILHOM peaKkiuu, a aJalTUBHOTO UMMY-
HUTETa — Ha dTare ee mporpeccupoBanud. Paszpe-
LIEHUE BOCIIAJICHUS OCYLIECTBISACTCS MOCPEACTBOM
00beNIMHCHUS KOMITOHCHTOB OOEUX BBIMICYIIO-
MsnyThiX cucteMm (Ilonomapes /[.b. u ap., 2022).
Qda3za anmpTepali XapaKTepu3yeTcsB bIOpOCOM
MEIUATOpPOB, OMPENEISAIONNX MOCIEAYIOIINE CO-
OBITHS TIPU Pa3BUTHS BOCTIAIMTEIIHFHOTO TIpoIiecca.
B OonpimmHCTBE citydaeB B (aze ambTepariy HMe-
€T MECTO pa3pyIlIeHHus JIU30COM KJIETOK, COTIPOBO-
JKIArOIIeecs] BBICBOOOXKICHUEM THIPOIUTUICCKUX
1 TIPOTEOTUTHICCKUX (PEPMEHTOB, KOTOPBIC B CBOIO
ouepe/lb MOTYT MOBPEKAAThH OCHOBHBIC KJIIETOUHBIE
ctpyktypsl (CepebpennukoBa C.H. u mp., 2023).
Menuatopsl BOCHAICHUS TPOAYLHUPYIOTCS Pa3HbI-
MH KJICTKaMH I 00pa3yroTcs B XOJE BOCIAU-
TEeNbHOU peakuuu. MeauaTopbl BoCHalIeHUsI MPO-
BOIIMPYIOT TIOBBIIIEHUE IPOHUIIAEMOCTH CTCHOK
COCYJIOB, aKTUBU3UPYIOT XEMOTAKCHUC JICUKOIIUTOB,
00eCTICYMBAIOT BHYTPHUCOCYIUCTYIO KOATYJISIIHIO
JUTSL OTTPAHUYCHUS BOCIIAJICHUS W 00ECIICUYNBAIOT
BKJIIOUCHHE MMMYHHOTO OTBeTa. JIm3ocoManbHbBIC
(hepMeHTBI 00YCIOBIMBAIOT JIN3UC AHTUTECHOB, MH-
kpoopranu3MoB u 6axrtepwuii (Chen L. Et all, 2017,
Rossi J.F. Et all, 2021)

Benen 3acramueit anpTepanum HacTymaeTr (asza
9KCCYIAllUH — BBIXOa KHUJIKOH YaCTH KPOBH U QOp-
MEHHBIX AJIEMEHTOB 3arpeessl cocyaa. B 30He Boc-
NaJeHusT HaOJIOIAI0TCS COCYIUCTBIE PEaKIuH, Ta-
KHE KaK CITa3M COCYIIOB, apTepraabHast U BEHO3HAs
runiepemus (Whiteford J.R., De Rossi G., Woodfin
A., 2016). B pe3ymnprare N3MEHEHUH MUKPOIUPKY-
JSIUUHU, TIOBBILICHUSI COCYIUCTOM MPOHUIIAEMOCTH,
BBIXOJIa M3COCYAOB TUIA3MEHHBIX OCJIKOB, BOJBI U
COJICH, SMUTPAIH KIIETOK KPOBH B TKaHSIX 00pa3y-
eTCsl MyTHas1, Ooratasi OEIIKOM >KHIKOCTb — YKCCY-
JaT. DKcCyaaT MOKET HaKaIUIMBAaThCS B CEPO3HBIX
MTOJIOCTSX, B TKAHSIX MApECHXMMATO3HBIX OPTaHOB,
MOAKOKHOM KJIETYaTKe, MPUBOJS K YBEIUUCHUIO
o0BeMa BOCTTATUTENFHONM TKAaHU. DKCCYAAaT COCTOUT
13 KUAKOM 4acTu U KIeToyHoU macchl. CocTaB ero
HeoTHOPOMHEIH. [Ipn HEOOMBITION CTEMeHN TTPOHU-
11aEMOCTH COCYJIOB B SKCCyAaTe MPUCYTCTBYIOT allb-
OYMHHBI W HEOOJBINIOE KOJUYECTBO JICHKOIIUTOB.
[Ipu 3HaUUTENHHON MPOHULIAEMOCTH COCYAOB BBbI-
XOJIAT TIIO0YJINHEI, B YaCTHOCTH (PHOPUHOTCH, KOTO-
PpBIii IpeBpariaercs B YUOPHH, 1 MHOTO IPYTHX KIIe-
Tok (Elgazzar A.H, Elmonayeri M., 2014; Landén
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N.X.et all, 2016; Kiss L.A., 2022). IIponudepa-
WSl — 3aBEpIIAIOIIAs CTAIHsI BOCTIAJICHUS, SIBIISTIO-
nIasicsl pernapaTUBHOM. B ouare BocmaneHust mosis-
JISTFOTCS. MOJIOJbIE KIeTKH. Pa3sMHOXKaI0TCS KIIETKH:
Makpodaru, Me3eHXUMalbHbIe, TTIaJKOMBIIICYHBIE,
SMUTETHAFHBIE, KOTOPBIE CO3PEBAIOT U MpeBpalia-
IOTCSI B 3pelible KJIETKH: (PUOPOIMTHI, IITa3MOLIUTHI,
CTIeIaTU3MPOBAaHHbIe KJIETKH opraHoB. Kierod-
HBIC AJIEMEHTHI B BOCHAIUTEIFHOM Ouare mojBep-
rafotcst TpaHchopmarun U auddepeHInpoBKe.
MOHOUMTBI KPOBH, MOIAB B TKaHHU, MPEBPALAIOTCS
B Makpodard M pacuyMIiarT odar BOCIAJCHUS OT-
noru0muX KIETOK, a 3aTeM ¢ JUM(OH yHOCSTCS B
mumdoy3isl. Makpodar Moxer TpaHchOpMHUpPO-
BaThCS B SMUTEIHONIHYIO, WIIM TUTAHTCKYIO KIETKY.
B-mumdorutsl  TpancGopMHpYIOTCS B TIa3MaTH-
YeCKHE KJIETKH, KOTOPbIC yYacTBYIOT B UMMYHHBIX
peakiusx, ooecreunBasi r'yMOpajibHBIH HMMYHHUTET.
MesenxuManbHas KJIETKa mpeBpamaercsi B puopo-
6mact. bompmoe kommuecTBO (QuOpoOIAcTOB He-
00X0AMMO JUISI BOCCTAHOBIICHHS TTOBPEKICHHBIX
TKaHed. B mponmdepaTuBHYIO CTauI0 B 04ar BOC-
MaJICHHUS YCTPEMIISIOTCS S03MHO(HIIBI O] ASHCTBH-
eM (aKkTopa XEMOTAKCHCa, BBIIEISIEMOr0 TYYHBIMU
KJIETKaMu. D03WHOMUIBI pa3pyllaloT MeIHaTophl
BOCIIAJICHUSI, BBIACISISI TIPOTUBOBOCIIATHTEIILHBIC
MEINATOPbI, KOTOPBIE MOTAIAIOT OYar BOCIAJICHUS
(Landén N.X.et all, 2016; Medzhitov R., 2021;
Rodrigues Soares C. L., 2023).

B xiIMHHYECKOH NpaKkTHKE BBISIBICHHE Map-
KEpPOB BOCIAIUTENIBHOIO Tpolecca MpeaCcTaBisieT
IEHHOCTh B CBSI3M C HEOOXOJNMOCTBIO TUATHOCTH-
K{, TIPOTHO3UPOBaHUS 3a00JeBaHUs, IUIAHUPOBA-
HAW TaKTHKH JICUCHUS, OIEHKH 3(PPEKTUBHOCTH
npoBeneHus Tepanuu (B KIMHMYECKOH MpaKTHUKE
JUTSL JIMATHOCTUKYU U YIPABJICHUSI BOCTIATHTEIbHBIM
MIPOLIECCOM HCTIONIB3YIOT CIEAYIONIUE MTOAXO0BI, KO-
TOpBIE MOTYT ITPUMEHSITHCS OTACIBHO, TaK ¥ B KOM-
miekce (Psoosa C.U., 2012):

[Tpy HaydYHBIX HCCIICJOBAHUSIX HAIPaBICHHBIX
Ha OLICHKY U BBISBIICHHUS ITyOWHHBIX MPOLIECCOB JIe-
KaIUX B OCHOBE 3a00JIeBaHUil, OMOCPETOBAHHBIX
BOCMAJICHUEM MOTYT MPUMEHSTHCS OOJIBIIMHCTBO
W3 Ha3BaHHBIX MOJXOJIOB, MCIOIB3yEMbIX B KIIH-
HUYECKOW auarHoctuke. OAHAKO MpH H3YyYCHHUU
MEXaHN3MOB BOCTIAJICHUS WCCIIEJIOBATEIH MOTYT
MPUMEHSITH O0Jiee MIMPOKUH apceHall COBPEMEHHBIX
metogoB (Allen T. M.et all. 2019)
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Taomumna 1
T100x00b1 1 MemMOObl UCCIeA08aHUSL BOCNATUMENLHO20 NPOYECCA 8 KIUHUYECKOU NPAKMUKE

Tloxxoms! K IpoBeAECHHIO
Ne P MeTozb!l HCCIEA0BAHNS
JMarHOCTHKY BOCIIAJICHHUS
1. OO01me cuMITOMBI BOCITAJIEHUS
1 Knunndeckue moaxomasl
2. Coop aHamHe3a
1. O0muit ananu3 KpOBU
2. Yposens C peakTUBHOTO Oejka
2 JlaGoparopHble TeCTHI .
3. Hanuuue u coneprkanue 6enkoB ocTpoit ¢a3sl Bocnanenus (GpudbpuHores, aabda-1-
AQHTUTPUIICHH)
1. YiibTpaszByKoBO€ HUCCIIE0OBAaHUE
3 MeTto/pl BU3yalu3aun 2. PentreHorpadus 1 KOMIIBIOTEpHAs! TOMOTpadust
3. MaruuTHO-pe30HaHCHAs! TOMOTpadus
4 Hutonornyeckue u 1. ITynkius u 6uoncus
THCTOXMMHYecKne MeTosl | 2. I{uTonornueckue uecaeaoBaHms
5 Omnpenenenne 6nomapkepos | 1. MccnenoBanne HHTEPIEHKIMHOBH ColepKaHus (pakTopa HEKPO3a OITyXOIH
BOCTIAJICHUS 2. MHUKpOOHOIOTHYECKUE UCCIIEJOBAHMS
6 HmmyHonoruueckue tectsl | 1.AHTHTENa IPOTUB ONPEEIEHHBIX MOJIEKY WIN KIETOK:
1. UccnenoBanme OMOXMMUYECKHUX TAPaMETPOB (DYHKIMOHAIBHOTO COCTOSHHS OPraHOB
7 DYHKIMOHAJIBHBIE TECTHI
2. dusnonornuecKre MeTos! (HalpuMep IMyJIbCOKCUMETPHSI ¥ CIIMPOMETPHSI)
Ta6anuna 2

1100x00v1 1 MemoObl UCCIE008AHUSL BOCHATUMETLHO2O NPOYeCcca

IToaxomp! 1yIs1 KCCIIEOBAHMS
MEXaHU3MOB BOCITAJICHUS

No MeTtoabl UCCiIeT0OBAHUS

1. I'eneTnyeckue UCCIIEN0BAHUS

1 MornexynsipHble METOBL 2. IIIIP / III1P B peassHOM BpeMeHN
3. CexBEeHHPOBAaHHUEIIPOTEOMA, TPAHCKPHUIITOMA U MeTaboI0Ma
1. MeToap! KyabTyphl KJIIETOK

2 Knerounsie Mmonenu YIBTYP
2. dmyopecreHTHass MUKPOCKOIHUS M KJIETOUHbBIE MapKephI
1. Mozenu 0cTporo U XpOHHUYECKOTO BOCTIATEHHs

3 JKuBOTHEIE MOJIENH o
2. Moznenu ayTOMMMYHHBIX 3a00/I€BaHUI

4 Penrtrenorpadus 1 MarHUTHO-

pe3oHaHcHast ToMorpadus
5. Mmmvynonormaeckne Metonsl | UIMMyHOTHCTOXHUMUS 1 IMMYHOMITyOpeCIeHIHS

B psine coBpeMEHHBIX METO/IOB HMCCIEIOBAHHUS
0c000€ MECTO 3aHUMAIOT METOIbl BUTAIBHOMN BU3Y-
MM3aIHA KIETOK OpraHu3Ma, KOTOPBIE MTO3BOJISIOT
HaOII0IaTh 3a00BEKTOM B JUHAMHUKE. ButambHOe
WCCIIEJIOBaHNE KIIETOK OpPTaHW3Ma IPEICTaBISIeTCs
BaKHBIM TIOJIX0/IOM B OMOMEIUIIMHE, TaK KaK JacT
BO3MOKHOCTH HaOJIOACHUS 3a MPOIECCaMH B XKH-
BBIX KJIETKAX M TKaHSIX. METOIbl IMpU KU3HEHHOMN
BU3yaIM3allid UTPArOT KIIOYEBYIO POJb B ITOHH-
MaHUM TJIyOWHHBIX MEXaHU3MOB Pa3HbIX OHOJIO-
TUYECKHUX TPOIECCOB, TAKUX KaK JIEJIEHHE KIIETOK,
aronTo3, MUTPALIMs, KICTOUHBIC B3AUMOJCHCTBUS U
Jip. HeonleHnMbIi BKJIa]] METO/bI BUTAIHHON BU3Y-
ajau3aldy BHOCST B MCCIICIOBAaHUU paka, HeUpoe-

TeHEPATUBHBIX 3a0oeBaHUi, WH(OEKITMOHHBIX 00-
ne3neit u quadera (Pittet MLJ., Weissleder R., 2011;
Coste A. et all, 2019). CymecTByeT MHOMXECTBO
WHCTPYMEHTOB JUIs HAOJIFOICHUS 32 KUBBIMU KIIET-
KaMHU B OpraHH3Ma B PEKHUME PealbHOrO0 BPEMEHH,
K HUM OTHOCST METOJbI (PIIyOPECIIEHTHOW MHKPO-
CKOITNH, KOH(POKATEHON MHUKPOCKOIINH, TUDPaKIIN-
OHHO OTPaHMYEHHOW MHUKPOCKOIHH, KOMBIOTEPHOU
W MarHWTHO-PE30HAHCHOH ToMOrpaduu, SJIEpHO-
MarHMuTHOTO pe30HAaHCa ¥ Jp. MeTo/abl BUTAILHOM
BH3yallU3allMy KJIETOK SIBJISIOTCS HE TOJBKO He3a-
MEHUMBIM WHCTPYMEHTOM JIJIsl UCCIICAOBaHUS KJIe-
TOYHBIX MPOIIECCOB B )KUBBIX OpPraHU3Max, HO U IO-
MOTaIOT pa3paboTaTh HOBBIE MOAXO/IbI K JICUCHUIO U
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JMarHocTuke 3adbonesanuii (Menemmna A.B. u 1p.,
2015; Kyummuit A.A. u np, 2012; Nitschke C. et all,
2013)

MmuorodoTtonnas mukpockonus (MOM) sBis-
€TCsl OTHUM M3 COBPEMEHHBIX HHCTPYMEHTOB BU3Y-
aNM3alny KUBBIX KJIETOK, KOTOPBIA TAaeT BO3MOXK-
HOCTh W3y4aThb JKMBbIE TKaHU, TaK Kak oOnagaer
BBICOKOH TIIyOMHOW MPOHUKHOBEHUS U MHUHHMAaJlh-
Hoii QoTtoTokcnunocteio (Rubart M., 2004). Uc-
[I0JIb30BAaHUE JAHHOTO METOJa I103BOJISIET HalIlro-
JlaTh TEYEHUE KIIETOYHBIX IPOILECCOB, TaKUX Kak
KJIETOYHAs] MHUTPANs, B3aUMOJCHCTBUE KIIETOK, a
TaK)ke MPOBOAWUTH MCCICAOBAHHS OHMOIIOTHUECKUX
CUCTEM W KJIETOK B HEMPOOMOJIOTHH, KapAHOIOTUN
(Park S.A., Hyun Y.M., 2016) M®M oTkpsiBaeT

Pucynox 1

OTPOMHBIEC BO3MOKHOCTH JIJIS IETATBHOTO HCCIIE]IO-
BaHUSI M3MECHEHUH B Pa3HBIX KJIETOUHBIX CTPYKTY-
pax, TakuX KaKk MEMOpaHbI, UTOCKEJIET U OpraHell-
ae1 (Luu P.,2024)

B ocHoBe mpuHIMIA MHOTO(OTOHHON MHKPO-
CKOITUH JISKUT SIBJICHIC MHOTO()OTOHHOIi abcopo-
MM, IPY KOTOPOH JBa miu Oosee (oTOHA ¢ HU3KOH
sHepruelr abcopOUPYIOTCS MOJEKYJIOH OIHOBpE-
MEHHO, YTO MPHBOIWT K BO30YXKICHUIO JaHHOW
MOJICKYJIBI. ITO TIO3BOJIIET HAOIIOMATh 3a KIIETKa-
MU U TKaHSIMH, UCTIONB3YsI CBET C JTTMHHOMN BOJIHOM
(0ObruHO WH(paKpacHOTO OHAIa30HA), KOTOPBIH
uMeeT OOJBIIYI0 MPOHUKAIOIIYI0 CIIOCOOHOCTh H
MOXET JOCTHUTAaTh Oojee TIyOOKHWX CJIOEB TKaHHU
(Cho H.J. etall, 2011, Tong S. et all, 2023).

Cxema uHmpasumanbHou MHO20HOmMoHHOU Mukpockonuu (M®OM)

UHTpasuTanbHaa MHOropOTOHHaA MUKPOCKOMMA

Cxema nasepHoro Bo36yxaeHun obpasia
T, T
w2 & w,/3 ]
N N
2 joToHa 3 ¢oToHa

5

KaHanbl gerektopoB
ﬂemT:lT:o-pu E"Zl . El
460 525 595 650

Ipumeuanue: cocmasneno aemopom (Rakhymzhan A et all, 2024)

MOM-ManouHBa3WBHBIA CTIOCO0 HCCiIeI0Ba-
HUSI OMOJIOTHUYECKUX MPOLIECCOB B )KUBOM OPraHM3-
M€ Ha KJIETOYHOM YPOBHE B PEalbHOM BpPEMEHH.
KitoueBbiM anementoMm MOM sBisiercst horodu-
3u4uecKoe BO30YyKJIEHHE C NCIOIb30BaHUEM (peMTo-
CEKYHJIHBIX JIa3€pHBIX UMIYJIbCOB. B 3aBHcHMOCTH
OT 3aJ1a4, MOTYT NMPUMEHSATHCS Pa3NUIHbIC PEKUMBI
BO30YKICHUSI — JBYX- U TPEX()OTOHHOE, Ka)IbIi
13 KOTOPBIX 00JazaeT CBOMMHU OCOOCHHOCTSIMH H
o0ecreunBaeT KOMIUIEKCHOE U3yUYEHUE KIETOYHOTO
noBesieHus U (pyHKIMI B ecTecTBeHHOM cpene. [loz-
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poOHOE OINUCaHWEe METOJUKU NMPUBEJICHO B padoTe
Paxsimxan u coaBT. (Rakhymzhan A et all, 2024)
BaxxapiM TipeMMyImIecTBOM MHOTO()OTOHHOMN
MHUKPOCKOITUM MOYKHO Ha3BaTh €€ CIIOCOOHOCThH BH-
3yaqu3upOBaTh KICTKU M TKaHU HAOOIBIIION TTyOun-
He (0 1 MM u OoJjee), 4yTo JejgaeT METOJ Haeallb-
HBIM JIJISl UCCJICIOBAHUS TIYOOKHX CJIOEB >KHBBIX
TKaHeW, TaKWX KaK HEWPOHBI B TOJIOBHOM MO3TE,
KJIETKH ceparia, cocyauctas ceth u ap. (Galli R.,et
all, 2024). B MHOro()OTOHHOI MHKPOCKOTIMU BO3-
OyxieHue (IyOopECIIeHTHBIX MOJICKYJT TPOUCXOIUT
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UCKIJIIOYUTENIBHO B TOUKE (POKyca, 4YTO MUHUMH3H-
pyer duryopecieHnno 3a mpeaenaMu (HOKyCHOTO
o0beMa. DTO 3HAYMTENHLHO YMEHbLIaeT (HOHOBOE
CBEUCHHME W TIOBBILIAET KOHTPACTHOCTH M300paxke-
Huil. [lockonbky mis Bo3OyxaeHus ¢ryopodopos
UCTIONIB3YeTCsl MH(paKpacHOe U3IydeHHe ¢ Ooee
HU3KOH PHEPrHel, 3TO MPUBOAUT K MEHbLIEMY (O-
TOJETrpaJalliOHHOMY BO3JEHCTBHIO Ha 0Opa3Lbl,
YTO TIO3BOJISIET TIPOBOJAUTH JJTUTEIbHBIC HAOIIOMe-
HUSL, YTO SIBJISIETCS €IIe OJTHUM NPEUMYIIECTBOM Me-
tona (Hierro-Bujalance C., 2018)

MHoropoToHHasT MHUKPOCKOITUSI HAaXOAUT IIH-
pOKOe MpHUMEHEHHE B OMOMEIUIMHCKUX HCCIEN0-
BaHUAX, 0OCOOEHHO KOTJla TpeOyeTcs BU3yan3aus
ryOOKHX TKaHel B jkuBbIX opranm3Max (Deng D.
Et all, 2024). B neiipoOuonorun MHOrO(OTOHHAS
MHUKPOCKOIIUSI aKTMBHO HCIIOJIb3YETCS ISl U3yde-
HUSA HeﬁpOHaHBHBIX IMpoUeCCOB, TaKUX KaK CHUHAII-
THUYECKasl IUIACTHYHOCTb, AaKTHBALUsl HEHPOHOB,
HaOJFOICHHUE 32 HEHPOTCHE30M M THHAMUKOW Hel-
pHUTOB. B KUBBIX MOJIENISIX MHOTO(OTOHHASI MHUKPO-
CKOMHS MO3BOJISIET UCCIEN0BATH MO3T B pealbHOM
BPEMEHH, UYTO JIEJIACT 3TOT METOJ HE3aMEHUMbBIM
UL M3y4YeHHs HeHpoJereHepaTuBHBIX 3a0o0leBa-
HUH, TakUX Kak Oosne3nb Anbireiimepa u Ilapkun-
cona (Mikael J., Pittet et al., 2018). MuorogoToH-
Hast MUKPOCKOIINA UCITIOJB3YCTCA NI BU3yaIU3alln
cepAlla U COCYAOB, BKIIIOUasi HAOJIOACHHUE 32 KIIEeT-
KaMH{ MHOKapJ1a, 3HAOTEIINEM COCYIOB, a TAKKE IJIS
HUCCIICAOBaHUA KJIETOYHOM MUIr'pallii 1 aHT'MOTr'CHE-
3a. MeToJ Takke IpUMEHSIETCS Al BU3yallu3aluu
OIlyXOJICBBIX TKaHEH, M3y4YEHHUs] MEXaHU3Ma MeTa-
CTa3MpOBaHUs, a TaKKe Ul aHaIM3a KIETOYHBIX
B3aUMOJICUCTBUI B omyxoJieBoil Mukpocpene (Luu
P., 2024). MaorodgoToHHasT MHUKPOCKOIHS TaKXKe
MO3BOJISIET OTCIICKHUBATH TepareBTUIecKuil ahdext
MPOTHBOPAKOBBIX MPENAPATOB B PEATbHOM BPEMEHU
[37]. B ummyHOIIOTHY TakKe YAOOHO HCITOIF30BaTh
METO/I NBYX(OTOHHOH MHKPOCKOTHMHU IJisi HaOJIto-
JICHUS 32 ABMKCHHEM MMMYHHBIX KJIETOK B TKaHSIX
U UX B3aMMOJEHCTBHEM C MHUKPOOPraHM3MaMH WIIN
OITYyXOJICBBIMU KJICTKaAMU. DTO MOMOraeT B HOHUMa-
HUHM MEXaHHU3MOB HIMMYHHOTO OTBETa U pa3padOTKu
HOBBIX MeTomoB BakmuHaruu (Bender, E.C et all,
2025; Li Y., Liu T.M. 2018)

Bocnanenne — BaxHEWIINI UMMYHHBIA OTBET,
HEOOXOMMMBIN IJIT pearnupoBaHUs Ha WHOEKITUIO,
TpaBMy W MOIACPKaHHS TKAHEBOTO TOMEOCTa3a.
[Tpouecc BocnaneHus: BKIIOYACT B ce0sl aKTHBALUIO
Pa3INYHBIX KJIETOYHBIX M MOJIEKYJIIPHBIX KOMIIO-
HCHTOB I/IMMYHHOEI CUCTEMbI 1 MMCCT PCHIAIOIICC
3HAYCHHUE JUIA 3alUThl OpraHu3Ma OT WHQEKIHOH-
HBIX areHTOB W MoBpekaeHnit Tkanei (Okada T. Et
all, 2016;Rossi J.F.et all, 2021). Jlns HaOaroaeHus

JUHAMUKHA UMMYHHBIX KJIETOK B OdYarax BOCIaje-
HUsSl MO0 IIPU CHUCTEMHOM BOCHAJIMTEIBHOM IIPO-
ecce Kak OblJI0 YKa3aHO paHee, MPUMEHSIOTCS pas-
HbIe MeTO/IbI. 3a ocieaHue 30 1eT MHOTO(OTOHHAS
BU3yalu3alMsi HCIOJIb30BAJIACH IJIsl aHANIM3a IH-
HAaMHUKH UMMYHHBIX KJIETOK in vivo. B dacTHOCTH,
OHO YINIyOWJIO TIOHMMaHHE TOro, KaKk MMMYHHBIH
OTBET OPraHU3yeTCs] MUTpalell U B3aUMOICHCTBU-
eM uMMyHHBIX Kietok (Uderhardt S. Et all, 2024;
Yam A.O. 2024).

MHorogoToHHasi MHMKPOCKOIHS aKTUBHO HC-
MOJIb3YeTCS B M3YUYEHHM pA3JIMYHBIX BOCIAJH-
TEJIBHBIX 3a00JIEBaHMI, BKIIOYas XPOHHYECKHE
BOCIIAJICHUS, ayTOMMMYHHbIE 3a00JI€BaHUs U paK
(Zanoli L. et all, 2020). B psiae paznu4HbIX Bocma-
JIMTENBHBIX 3a00JIeBaHUM, TAKUX KAK XPOHHMUYECKHUN
BOCHAJIMTEJIBHBIA apTPUT, acTMa, aTEPOCKIEPO3 U
pak, COCyIQHCTble PEAKIMH HIPAIOT IEHTPaAIbHYIO
poib B mporpeccupoBanuu Oonesnu (Castellon X.,
Bogdanova V., 2016; Wissmeyer G. et all, 2024).
Hanpumep, B koHTekcre arepockiepoza MOM
MO3BOJISIET BU3YaTU3UPOBAaTh 00pa3oBaHHE aTepo-
CKJIEPOTHUYECKHX OJIALIEK U U3MEHEHHUE COCYAUCTON
npoHunaemoctu Ilokazana ponb TexHuku MOM
MPUU3YYEHUN KIETOUYHBIX MEXaHW3MOB PEMOMECIIH-
POBaHUs aTE€POCKIEPOTUYECKUX ONIAILIEK B Pe3yJiib-
TaTe TPAHCIUIAHTALIMK YT AOpPThl B IIEUHBINA OTAEI
MozienbHBIX KUBOTHBIX (Li W., 2018). B ciyuae
paka 5Ta TEXHHUKa IIOMOTaeT M3ydaTb, KaK BOCIIa-
JICHHE cIocOOCTBYET aHTHOTEHE3y — Tpoleccy 00-
pa3oBaHMs HOBBIX KPOBEHOCHBIX COCY/I0B, KOTOPBII
noaaepxkuBaeT poct onyxonu. C nomouso MOM
MOYKHO W3y4YaTh BIIMSHWE TPOTUBOBOCIIAIUTEIb-
HBIXH TNPOTHBOpakoBbIX mpemaparos (Bellard E.,
Golzio M.2024; Bhise K. et all, 2021) .

Pesynbrarel  OONBIIMHCTBA OIMYOJIMKOBAHHBIX
HCCIICIOBAaHNN HAIIPaBJICHHBIX HA BBISABICHHUE Me-
XaHN3MOB BOCIAJICHUS CBSI3aHbI C OIIPEJEICHHBIMU
3a00JIeBaHUSIMH, TAKUMH KaK apTPUT, PaK, 11adeT u
np. Kak roBopusiocs panee, B ouarax noBpeKJIeHHs
IIPOMCXOJUT BBIOPOC MEIMATOPOB BOCIAIECHUS KO-
TOpBIE CTUMYJUPYIOT aKTUBAIIUIO U MUTPAIHIO UM-
MYHBIX KJIETOK M3 KpoBsiHoro pycna (Wautier J.L.,
Wautier M.P., 2022). B 30Hy anbTepaliizi HHTEHCHB-
HO SMUTPHUPYIOT HEUTPODUITBI, 203UHODUITBL, MOHO-
LUTHI, oOecrieunBarone GOPMHUPOBAHHUE TPAHYIIO-
IIATapHOTO ¥ MOHOIIUTAPHOTO OaphepoOB, ParornuTo3
BO30yIUTENe OCTPOTO MM XPOHUYECKOTO HH(EK-
LMOHHOTO BOCHAJMUTENBHOTO Mpolecca, a TaKxkKe
kierounoro aerputa (Cepedpennnkona C.H., u op.,
2023) OnHuM U3 MEpBBIX MPU3HAKOB BOCIAJICHUS
SIBJIAETCSl pacIIMpPEHHE COCY/IOB U YBEIHMYEHHUE HX
IIPOHMLIAEMOCTH. VI3MeHeHNUs B IPOHULIAEMOCTH CO-
CYJIOB MO3BOJISIIOT MMMYHHBIM KJIETKaM NPOHUKAThH
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B TKaHb, YTO SIBJISICTCS HEOOXOJUMBIM I OOPHOBI
¢ nHpeknuerr mmu noBpexaeHusmu (Egawa G.et
all., 2021). MOM mno3BomsieT B pealbHOM BpeMEHU
HaOIII0/IaTh ATH U3MCHEHUS, aHATM3UPYsI KaK aKTH-
BaIlisl BOCIAJNEHHBIX KJIETOK, TAKMX KaKk Makpoda-
' WIA HEUTPOHUIIbI, BIUSCT HA HIAOTEIUAIBHBIC
KIeTku cocynoB (Marangio A. et all. 2022)

Mukpocpeia BOCIIaJICHUsI BKIIFOYaeT B ceOsl He
TOJIBKO COCYAMCTYIO PEaKlWIo, HO U U3MEHEHUS B
COCTaBe BHEKJICTOUHOTO MAaTpPUKCa, B3aUMO/ICH-
CTBHS KJIETOK C MOJICKYJIAMH M CTPYKTYPHBIMH KOM-
MOHEHTaMU MaTpHuKca. Bocnanenue compoBokia-
€TCsl aKTUBHOW PEMOJICIIUPOBKON BHEKIJIETOYHOTO
MaTpHUKCA, YTO BJIMSACT HA MEXAHHU3MbI KICTOYHOU
MUTpallii, a TaKKe Ha BOCCTAHOBJICHHUE TOBPEK-
néunbix Tkaner (Marozzi M. Etall, 2021; Shimshoni
E. Et all, 2021; Shi L. et all, 2025). M®M mo3BoJs-
€T UCCIIeIOBATh IMHAMHUKY JTHX MPOLECCOB Ha KIle-
TOYHOM W MOJIEKyJIsipHOM ypoBHE (Bricio-Moreno
L. et all, 2024) KpomMe TOTO, C ITOMOIIBIO MHOTO-
(hOTOHHOW MHUKPOCKOIIMU MOXKHO HCCIIEI0BaTh B3a-
MMOJICHCTBUS MKy SHIOTEIHATBHBIMU KICTKAMH
U LUPKYJUpYyOWUMHU Jiedkountamu. Hanpumep, ¢
MOMOIIBIO (PITyOPECIIEHTHBIX METOK MOKHO HaOJIr0-
JIaTh, KaK JISHKOIIUTHI MUTPUPYIOT Y€pe3 CTCHKHUCO-
CYJIOB B OTBET HA XUMHUYECKHE CUTHAIBI, TAKUE KaK
XEMOKHUHBI. JTO MOBEJCHNE U3BECTHO KaK TPAHCEH-
JOTEHAaIbHasl MUTPAIUS U SBISICTCS BAYKHBIM dTa-
oM B BocmanuTenbHOM Mporecce (Scott C. et all,
2023)

AKTHBaIMsI UMMYHHBIX KJIETOK SIBIISICTCS KpH-
TUYECKUM JTAllOM B OTBETE WMMYHHOH CHUCTEMBI
Ha MH(EKIHMI0, TOBPEXKICHUS TKAHEeHW WK JIPYTrHe
MaTOJIOTHYECKHUE TPOIECChl. VIMMYyHHBIE KIETKH
OepyT Havajo U3 TEMOIMOITHYCCKUX KIIETOK KOCT-
HOTO MO3ra, BHOBb CHHTE3UPOBAHHbBIC JIUM(OIIUTHI
00BIYHO ()YHKITMOHAIEHO HEAKTUBHBI. J[11st X akTH-
BaIlU¥ OHU MPOXOJIAT CENEKIHIO U CO3PEBAHME B TIC-
pudepruecKux JTUM(PaTHIECKUX OpraHax, TOJIBKO
MIOCJIE ATOTO aKTHUBHBIE KIIETKA MOTYT BOBJICKAThCS
B uMMyHHBIH oTBeT (Rubart M.,2004). DtoT mipo-
Lecc BKJIFOUAeT B ce0sl CIIOKHBIE MOJICKYJISPHBIC
U KICTOYHBIE B3aWMOJICHCTBUS, KOTOPHIC TPUBO-
JST K WU3MCHEHUIO (YHKIMOHAIBHOTO COCTOSIHUS
KIEeToK, X auddepeHnpanum u crnocodHocTH 3¢d-
¢dexTuBHO pearupoBarh Hayrposbl (Haseeb M. Et
all, 2018; Bauer 1.J et all, 2023). B ucciemoBanusx
Isabel J. Bauer (2023) 1 coaBTOpOB NpeACTaBICHBI
pe3yJIbTaThl UCCIIEAOBAHUM IPOIIECCOB AKTUBAIIUU
T-xiteTok B COOCTBEHHOW IUIACTHHKE KHIICYHU-
Ka TpU Pa3BUTHH MHOXXECTBEHHOTO ckieposa. C
MIOMOIIBI0 METOJa MYJIbTH(POTOHHOH MHKPOCKO-
MM ¥ CIEIU(PUUECKOTO KaJbIIMH YyBCTBUTEIBHO-
ro Oenka MOKa3aH MpoOIecC peakuuu T-xelrmepoB
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HACTUMYJIBI TOCTYNAIOUIME M3 MHKPOOHOTHI COO-
CTBEHHOH IUIACTUHKH MOAB3JOIIHON KUIIKU. B co-
obmennn Vallmitjana A (2024) ykazaHo, 4TO NpH
WCCIICIOBAaHUU TIOBPEKACHUS y4acTKa KOXHU C TO-
Moripio MeToga M®PM HabmogaeTcst GopMHpOBa-
HUE UMMYHOTO OTBETa B T€UEHHUE 25 MHHYT TOCIIE
MOBPEKACHUS, UYTO MOATBEPXKICHO H3MEHEHHEM
(ITyOpecIIeHTHOTO CHTHala TaKHX MOJIEKYJ Kak
HAJl H+ .Van Panhuys N (2017) B cBoeli pabote
OTMETHJI XapakTep KJICTOYHBIX B3aUMO/ICHCTBHIA
Mexny T-mumdonutaMu U IEHAPUTHBIMH KJIeTKa-
MU B mpouecce aktuanuu. MOM no3Bosiser uc-
CJIe/IOBaTh aKTHUBALMIO ATHX KJICTOK B PEalbHOM
BpPEMEHH, U3ydasi TaKWe KITFOUEBbIE MPOIECCHI, KaK
KJICTOYHbIE KOHTAKTHI U UX TUHAMHUKY, ITATOKUHO-
BBIi OTBET M HM3MEHEHHUSl B KJIETOYHOH Mopdoio-
run. [IpuMmeHsst 3TOT METOM, HMCCIeoBaTeI MO-
T'yT HaOJNIOJaTh HE TOJBKO JUHAMHUKY BOCIIAJICHUS
Ha KIETOYHOM M MOJICKYJSIPHOM ypPOBHE, a TaKXke
oreHNBaTh A((HEKTUBHOCTh PA3IMYHBIX IIperapa-
TOB M TEPANEBTHUYECKUX BMEIIATEIbCTB IIPH Pa3BU-
i Bocnasienus (Van Panhuys N., 2017; Kojima
S.,2016; Deng D.,2024).

Murpaiiiss IMMYHHBIX KJICTOK SIBJISICTCS BaX-
HEHIIMM TNPOLECCOM, KOTOPBIH JIGKHT B OCHOBE
(YHKITMOHUPOBAHUS UMMYHHOW CHCTEMBI, BKIIIO-
Yasi OTBET Ha WHPEKIHIO 1 Bocnanenue. OJTHUM U3
OCHOBHBIX TIPEUMYIIECTB MYJIbTU(OTOHHOH MH-
KPOCKOITNH SIBIISIETCSI BO3MOXKHOCTh HAOJIO/IaTh 3a
JIMHAMHUKOW MHIPALMU KJIETOK B JKMBBIX TKaHSX B
peansaoM Bpemenu. Nitschke C. (2008) ormeuaer,
YTO MYyJNbTH(OTOHHAS MHUKPOCKOIHUS TIPEICTaBIIs-
eT co0Ooi He3aMEHUMBIH MHCTPYMEHT JJisi HaOJI0-
JICHHUS MUTPalUU KJIETOK B mporecce popMUpoBa-
HUS UMMYHHOTO oTBeTa. MMM no3BoJisieT nu3yyaTh
nepeMeleHne UMMYHHBIX KIETOK Yepe3 TKaHu, Ta-
KHE Kak JTUM(pATHUIECKUE Y3JIbl, MO3T, JIETKUE WIIH
JIpyrue oprabsl, C BBICOKOH IPOCTPAaHCTBEHHOU U
BPEMEHHOH pa3pelaroriel criocodHocThio. K mpu-
Mepy B padorax Kojima S . et al (2016) nokazana
pOIb TPHUMEHEHHWS MeTOoAa TMPH M3yYeHUH JWHa-
MHUKHA HaKOIUICHUS TAaKUX UMMYHHBIX KIETOK Kak
HEUTPOPUIIBI, TOTUMOP(HOSICPHBIC JICHKOIUTEHI,
TAMOOITUTEI U Makpodarn B TEUCHHUE IMEPBHIX Ya-
COB IIPH Pa3BUTHUU BOCHAICHHS MOCIE XUPyprude-
CKOM orepanuy Ha KOHBIOHKTHUBY TJla3a y KCIEepH-
MEHTAIFHBIX TPAHCTEHHBIX MBIIIEH. AHAIOTHYHO B
uccnenoBanusx Arsia Jamali u coasropos (2020)
MPY MHHUIAAIUN U IPOTPECCUPOBAHUH BOCIIAJICHHUS
rpu 3200JIEBaHUN CHHAPOMA CYXOTO IJ1a3a ¢ TIOMO-
mpr0 MOM 1nokas3aH Ipouecc CO3pEeBaHUsI aHTU-
TeH-TIPE3CHTYIOIUX KJIETOK M UX BBIXOJ B JPCHH-
pyromue uM(OY3IBl ¢ MOCIEAYIONIe MUATpaueit
T-xenmepoB Ha MOBEPXHOCThH Ti1a3a, YTO MPUBEIO K



A.A. PaxpIMiKkaH U ap.

yCyryOJeHHIO BOCHANUTENbHON peakuuu. Mccre-
JIOBaHUS C mcmoas3oBaHneM M®M 1OKa3BIBaIOT,
KaK MMMYHHbIC KJICTKH, TaKue Kak T-JIMM(OIMUTHI,
HEUTPOPUIIBI U JCHIPUTHBIC KJICTKH, MepemMeria-
IOTCSl Uepe3 CIOXKHBIC CTPYKTYPHI TKaHEH, B3auMo-
JIEHCTBYIOT C APYTUMH KJIETKAMH U MPOBOJAT aKTH-
BallMI0 WM WHTHOMPOBAaHHE MMMYHHBIX OTBETOB.
DTH TpoIIecChl, KaK MPaBUIIO, TPOUCXOAAT B TPeX-
MEpPHBIX Cpeflax, YTo JeJaeT TPaAUIHMOHHBIE METO-
JIbI HAOJTFOJICHUSI, TAKUE KaK CTaHJapTHAsl CBETOBAsI
MHKPOCKOTIHS, HEOCTATOYHO d(PPEKTUBHBIMHU IS
aHaIN3a TAKUX CIOXKHBIX TUHAMUYHBIX TPOIECCOB
(Millington O. R., 2010). B pa6ore Millington, O.R.
(2010) mpencTaBieHBI PE3yIbTATHl BHU3YATH3AIHN
murpauuu T ki1eTok B muMdaTHueckue y3ibl, a 3a-
TeM WHQWIBTPAIIMIO 0YaroB BOCHAJICHUS TPU aTe-
pockiiepose ¢ nomonipio MOM. MOM paet BO3-
MOJKHOCTh J€TaJIbHO HCCIIE0BaTh HW3MEHEHUS B
KIICTOYHBIX CTPYKTYyaX, TAKUX KaK MEMOpPaHBI, IIUTO-
CKeJIeT W OPTaHeJUIbl, YTO UTPAET PEIIAOINIYI0 POJIb
B MPOIIECCE CO3PEBAHUS M AKTUBAIIUU UMMYHHBIX
KJIETOK. B psne wccnenoBanuii mokasanbl 0COOCH-
HOCTH pPEOpraHH3alliy UTOCKENIeTa PU MUTPAIAN
Pa3TUYHBIX BUOB UMMYHHBIX KJIETOK B OYard BOC-
nanenust (Wurzer H. Et all, 2019). Kpome Toro, uc-
MOJIb30BaHUE MYJIBTU(OTOHHONW MUKPOCKOTIHH ISt
M3YUYEHUS KJIETOUYHBIX B3aMMOJEHUCTBUHN MO3BOJISIET
HCCJEeI0BaTh BIUSHUE PA3TMYHBIX MOJICKYJ U CHUT-
HAJIOB Ha TIPOTPECC CO3pEBaHMS U PYHKIIMOHAITEHOE
COCTOSIHME MMMYHHBIX KJIETOK. B skcmepumenTtax
Kretschmer S. (2016) HampaBlieHHBIX Ha HCCIEIO-
BaHWE TWHAMHUKH UMMYHHBIX KJIETOK U M3MEHEHHE
MOP(OIOTHUHN TKAHEH JIIXaTeNbHBIX MyTEH Ha MOIe-
JIM BOCTIAJINTENILHOTO Ipo1iecca 00yCIoBISHHOH aj-
JIEPru4ecKor peakiuen yCremHo NpUMEHEH METO/T
aBTO(MIIyOpPECLUEHTHOW MYJIBTU(POTOHHOW MHKPO-
ckomnuu. B xone uccnegoBaHuil BBISBICH XapaKTep
KJIETOYHBIX B3aWMOJICUCTBUN MPU MUTpAIlUU Tpa-
HYJIOIIUTOB ¥ HEUTPO(UIIOB B SMUTEIINU JbIXATEIb-
HBIX TYTEH M TKaHW TOJ] HUM, KOTOPbBIE CIIOCOOHBI
B3aMMO/ICHCTBOBATh C KIJIETKAMH ITOTJIOMIAOIIMMHA
AHTUTCH.

Co3peBaHre MMMYHHBIX KIETOK, B YaCTHO-
cti T-muMQonnuTOB, — KITIOYEBOH TIIporecc, Ko-
TOPBIA MPOUCXOJUT B OpraHax JUMQOUJTHON
CHUCTEMBI, TAKUX KaK TUMYC, TOT/1a KaK MeAIICCTBEH-
HUKU B-mumdonnToB 103peBaloT B KOCTHOM MO3Te
(Hassan R. S., 2023; Lancaster J.N., Ehrlich L.I.,
217). MynpTudOTOHHAsE MHUKPOCKOMHUSI MO3BOJIS-
€T OTCJICKHMBATh CO3pEBaHME W IU(PEPECHIIMAIIIO
9TUX KIETOK C BBICOKOW TOYHOCTHIO, THMOITUTHI
MUTPUPYIOT BHYTPh TUMYCA, MUHYSI ONpEACICHHBIC
KOMITAPTMEHTHI, T/ TPOUCXOIAT pa3HOOOpas3HbIe
KJIETOUHBIE B3aWMOJICUCTBHS, B pe3yjbTaTe KOTO-

pBIX TUMOLMTH! TU(depeHInUpyoTcs B (QyHKIHO-
HaipHBIE T-muMdoruTel. MOM moMoraeT u3ydJarhb,
kak T-TuMQOIMTHI B3aMMOJCHCTBYIOT ¢ KIICTKaMU
SMUTENHS THUMYCA, KAKWE CHTHAIIBI OHU TOJYy4aloT
W KaKk OHHM MPOXOIAT CTaJuM HETaTHBHOTO W TIO-
3UTHBHOI'O 0TOOpA, YTO B CBOIO OYepe/b ITOMOTAeT
n30exaTh ayTOMMMYHHBIX 3a00JIeBaHU, YTO OBUIO
ITOKa3aHO IKCIIEPUMEHTAIBHO K MPUMEPY B paboTax
Takux aBTOpoB kak Lancaster J. N (2017), Fournier
M. (2020) u ap. AHAJIIOTHYHO C ITOMOIIBI0 MYJIBTH-
(hOTOHHOI MHKPOCKOTINH €CTh BO3MOXHOCTH OTCJIe-
JMTh co3peBaHue B-miM(ONMTOB B repMHUHAIIMOH-
HBIX IIEHTPaX BTOPUYHBIX JUM(POUIHBIX OpraHoB. B
paborax Asylkhan R. (2017, 2024) u Fu Y. (2022)
NPEJICTABIICHBI JAHHBIE O CIOKHBIX MEKKIICTOYHBIX
B3aUMO/ICHCTBHSAX MPOreHUTOPOB B-MM(ponToB co
CTPOMABHBIMU KJIETKaMH 3apOJIBIIIIEBOTO IIEHTpA,
CHTHAJIBHBIX ITyTSIX KOTOPbIE BKIIFOYAIOTCS B TIPOIIEC-
CE CO3pEBaHMs Pa3HbIX TUIIOB UMMYHHBIX KJIETOK.

3ak/ouyeHnne

MynbTH(POTOHHAS MUKPOCKOTIHSI 32 TTOCIICTHIE
roabl 3HAYUTCIBHO paclivupuia BO3SMOXHOCTH BU-
3yalM3ally KUBBIX TKaHEH C BBICOKOH IpoCTpaH-
CTBEHHOH M BPEMEHHOM pasperiaromnieii criocooHo-
CThIO. DTa TEXHHMKA OCHOBAaHAa Ha HCIOJb30BAHUU
IBYX WM Oosee (OTOHOB, TMOTJIOLIAEMBIX OJHO-
BPEMEHHO, YTO IO3BOJISIET CO3/1aBaTh HM300paxe-
HUs TIIy0XKe B TKaHIX, n30eras MOBPEXJACHUS 1U3-32a
¢dororoxcmunoctu (Coste A. et all, 2019). IIpume-
Heane M®OM B OMOJIOTHH W METUITUHE OTKPHIBAET
HOBBIC TICPCIICKTUBBI JJId U3YUCHHUA KICTOYHBIX U
TKAaHEBBIX MPOIIECCOB Ha YPOBHE, KOTOPBIM paHee
OBLT HEJOCTYIIEH TPY MCIIOIB30BAHNN TPAIUIIHOH-
HBIX METOJOB, TaKHMX KakK OI[HO(i)OTOHHaSI MHKPO-
ckonust. CoBpeMeHHble JocTxkeHHs M®OM mo-
3BOJIIIOT HCCJENOBATh CIIOXKHBIE B3aUMOJICHCTBUS
KJIETOK B peaIbHOM BpeMeHHU U B 3D-nipocTpaHcTBe.
bnaronapst ynydnieHusiM B 00J1acTu Jla3epHON TeX-
HOJIOTMH, ONTHYECKOHM YYBCTBUTEIBHOCTU M JIE-
TEKTOPOB, MYJIbTH(OTOHHBIE MHKPOCKOIIBI CTaJN
OoJiee JOCTYIMHBIMH M TOUHBIMH, YTO OTKPBIBAET HO-
BbI€ TOPU30HTHI JUIsl IPUMEHEHUS B MOJICKYJISIPHOM
OuosIoruK, HEMPOOUOJIOTHH, a TAKIKE B MCCIICIOBA-
HUH BOCTIANNTENBHBIX NpolieccoB (Bares A. J.et all,
2020; Griineboom A et all, 2022).

MynbpTrH(OTOHHAS MUKPOCKOIIUS ChITpajia KITto-
YEBYIO POJIb B UCCIIEZIOBAHUM MEXaHMU3MOB BOCIHa-
JIeHHst, 0OCOOEHHO B JKMBBIX opraHm3mMax. Mcmois-
3yst MOM, yueHble MOTYT HaOIIOAATh B PEATLHOM
BPEMEHM AMHAMHUKY MUTPAIMM UMMYHHBIX KIJIETOK,
B3aUMOJICHCTBHUE C SHIOTEJIUEM COCY/AOB, a TaKkKe
N3MCHCHUA B TKaHU ITPUBOCIIAJICHUH. 5TO0 MO3BOIIS-
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eT Oosnee riryOOKO TOHSTH NTaTO(QHU3HOIOTHIO BOCTIA-
JUTENBHBIX 3a00JIeBaHMM, TAKUX KaK ayTOMMMYH-
HBIC PAaCCTPONCTBA, MH(PEKIMOHHBIC BOCIIAIICHHS U
XpOHUYECKHe BocanuTenbHblie 6omne3nu (Tandon 1.
et all, 2021; Fernandez J. L. et all, 2024)

Bimsaane MOM HansydeHue BOCHAIEHUS UMe-
€T Ba)KHBIC TEpaneBTHUECKHE MepcrneKTuBbl. Ha-
npumMep, ¢ nomoupio MOM MOXKHO HCCIeI0BaTh
3¢ GEKTH HOBBIX MPOTHBOBOCIAIUTEIBHBIX Tpera-
paToB Ha KJIETOYHOM YPOBHE, U3y4aTb MX MPOHHK-
HOBCHHE B TKaHH U MEXaHHM3MBI IEHCTBUS B KMBBIX
opranuzmax. JTo CIocoOCTBYET pa3paboTke Ooee

Bxnao aemopos

3G PEKTUBHBIX U MEPCOHATM3UPOBAHHBIX MOIX0I0B
K JICUEHHIO BOCIIAJINTENIbHBIX 3a00JICBaHNH, a TAK)Ke
MOMOTaeT MUHUMH3HPOBATh TOOOYHBIE A(PPEKTHI
TepaneBTHYeckuX BMmemarenascTB (Fernandez J. L.
et all, 2024; Kojima S. et all, 2016).

TakuMm 00pazoM, MyJIbTH(POTOHHAS MHUKPO-
CKOMHUSI HE TOJBKO CIIOCOOCTBYET JIydlIeMy IOHH-
MaHMIO MOJICKYJISIPHBIX U KJIETOYHBIX MEXaHU3MOB
BOCIAJICHUSI, HO ¥ CIIOCOOCTBYET Pa3BUTHIO HOBBIX
TEPaneBTHYECKUX CTPATEruid, KOTOPBIE MOTYT H3-
MEHUTh HOAXOIbl K JICYCHHIO HIMPOKOro CIHEKTpa
3a001eBaHU.

Paxvimorcan A.A., Axaesa T.A.: Konyenmyanusayus, mMenmooono2us, uccie008anue, Hanucanue — NepeoHauaIbHulll 6apUanm,
Apanbaesa A.H., Cetimanuesa A.M., [Jywumosa 3./].: [loocomosxa 0annwix, hopmanvhbvlil aHanu3, HANUCAHUE — PeYeH3UPOBaHuUe U

peodakmuposaiue.
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v' O6beM crathy (0e3 yuera Ha3BaHWs, CBEICHUN 06 aBTOpax, aHHOTALMHU, KIIFOUEBBIX CIIOB, OMOIMOrpaduuecKoro CImcKa)
JOJKEH cocTaBisATh He MeHee 1 500—7 000 cioB A1 eCTeCTBEHHOHAYYHBIX U TEXHUYECKUX HalpaBICHUIL.

v' Tlpu nomade cTaThd aBTOPBI JOJDKHBI OTIIPABUTH 3aMOJHEHHYIO 3asBKY, COMPOBOIMTENHHOE MUCHMO U PYKOITHCh CTAaThH,
0(OpMIIEHHYIO 110 HI)KEYKa3aHHBIM IIPaBHIIAM.

v Asropst B OBSI3ATEJIbBHOM nopsijike JOMKHBI yKa3aTh B COMPOBOAUTENLHOM TuchMe B cucteMe Open Journal System
nm Editorial Manager o ToM, 4To HampapisieMasi CTaThs/pyKOINCh HUT/IE paHee He IMyOJIMKoBalach, U YTO B CTaThe OTCYTCTBYIOT
3aUMCTBOBAaHHEIE (DParMEHTHI TEKCTa U3 IPYTHX paboT 0e3 CChUIOK Ha HUX.

v' TIopsA/IOK OIUIATHI ¥ CTOMMOCTD 32 TTOIHMKAI[MIO CTAThH YCTAHABIMBAETCS U3IATENbCKUM JTOMOM «Kasak yHUBEpCHTETD» U
IIPOU3BOANTCS aBTOPOM IOCIIE 0JJ0OPEHHS BHEITHIMHY PELIEH3eHTaMU 1 HAyYHBIM PEJaKTOPOM.
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PaGotsl, ohopMIIeHHBIE €3 COONIONEHNS ATHX NPABHUII, BO3BPAILAIOTCS 03 PACCMOTPEHHUSI.
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Ha3panmue crarbu (3arojioBok)
ABTOpP(BI) CTATBH

Opcua ID Homepa aBTopoB
Coxpamenusi 1 0003HA4YEHUSA
AHHOTANMSA

KiroueBbie c10Ba/c/10BocOYCTAHUS

IepBasi ctpoka — nomep MPHTH (B nckimountenbHbix ciaydasx YJIK), BelpaBHHBaHWE — IO JIEBOMY Kparo, mpHdT —
nomyxupasiii. Homep MPHTU HeoOxonnmo Haiitu Ha caiite http://grnti.ru/.

HasBanmne crarbn (3arosioBoK) JTOJDKHO OTPaKaTh CYTh U COJCPIKaHUE CTaTbU M NPHBJIEKaTh BHUMaHKe yurarels. Ha3panue
JIOJDKHO OBITh KPaTKMM, HH(QOPMaTHBHBIM M HE COJIeprKaTh XKaproHN3MOB Win ab0peBuaryp. OnTuManbHas JUIHHA 3arojoBKa — 5—7
cIIoB (B HEKOTOPBIX cirydasix 10—12 cio). Ha3BaHue cTaTby JODKHO OBITH NPEACTABIEHO HA PYCCKOM, Ka3aXCKOM M aHIIHHCKOM
s3pIkax. Ha3BaHue craThy peacTaBisieTcs MOy KUPHBIM MPU(TOM CTPOUYHBIMU OyKBaMH, BEIPABHUBAHHE — O LIEHTPY.

v ABTOP(BI) CTATBH — KOIHMYECTBO aBTOPOB HE OTPAHMYECHO. B CIMCOK MOMKHBI BXOJUT JAHHBIE aBTOPOB, KOTOPHIE HMEIOT
IIPSIMOE OTHOIIECHHE K HAITMCAHHIO CTaThH, T€, KTO BBIIOIHSLI SKCIIEPUMEHTBHI ¥ TIOJIYYIIT JAaHHBIE ¥ PE3YJIbTaThl, OTPAKEHHBIE B CTa-
ThE, T€, KTO SIBJIICTCS] aBTOPOM OCHOBHOM MJIEH ITyOJIMKAIHH.

Caeniennst 00 aBTOpax MPEACTABISIOTCS OOBIYHBIM HIPH(TOM CTPOUHBIMU OyKBaMHU, BRIpaBHUBAHHE — 110 LeHTPY. [IprHammex-
HOCTb aBTOPOB K OIPE/ICIICHHOMY MECTY pabOThl YKa3bIBACTCSI B BUJIC HAJCTPOUHBIX HHICKCOB 10 (amminu 23 ABTOpbI U3 OfHOM
W TOH K€ OpraHM3allK YKa3bIBAKOTCS TIOJ OJMHAKOBOW HajacTpouHou mudpoit. [ns aBropo KasHY obs3arenbHOe ykasaHue

ID nomepoB ORCID ¢ ucnosnb3oBaHueM THIEPCCHUIKA B 3HAUKE @ , JUIsl aBTOPOB CTOPOHHUX OPraHM3aLUN MO KEJTAHHIO.
KoppecnonieHTHbIN aBTOp 0TMEYAETCS HAJICTPOYHBIM 3HAKOM™.

Muntmans 1 hamuust, “Manumanst 1 Gamuas™
'MecTo paboTs (adduinanus), ropoj, CTpaHa
2mecto pabotsl (addumariys), ropoj, crpaHa
*KoppecnonieHTHbIN aBTOp — e-mail

KOppeCHOH,Z[eHTHI)IM ABTOPOM SBJIIETCS TOT aBTOP, KOTOpLIﬁ BCICT MEPEIIUCKY C pe)IaKIlHeﬁ J10 1 IOCJIC M€YaTu U OTBCYACT Ha

BCE€ 3aM€YaHUs U UCIIPABJICHUA 110 CTAThE. Baxxno YKa3aTb ,Z[ef/‘ICTByIOH_[I/If/'I 3J'IeKTp0HHBIﬁ aApeC U KOHTAKTHBIC JaHHBIC TPU O1a4U
CTaTbu.
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1. Coxpamenus 1 0003Ha4eHHUs — €CIIU UMEIOTCSL.

v\ Aunotauusi oobeMoM He MeHee 150 cJioB, He 6oJiee 300 CJI0OB Ha PyCCKOM, Ka3aXCKOM U aHITIMHCKOM A3BIKAX.
o Crpykrypa anHoTanuu Bkitodaet B ceds crnenyromnyie OBSI3ATEJIBHBIE nyHkTbi:

1. BcerynuTenbHOE CI0BO O TEME UCCIIEI0BaHMS.

2. llenb, OCHOBHBIE HANPABIICHUS U UJIEH HAYYHOTO UCCIIEIOBAHUS.

3. Kparkoe omnricanue Hay4HO# U PAKTUYCCKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onrcanue MeTOI0JIOTUH UCCIIEJOBAHUSI.

5. OcHOBHBIE pe3yJIbTAThI U aHAJIN3, BHIBOJIBI HCCIICIOBATEIBCKON paOOTHI.

6. 1leHHOCTH IPOBEICHHOTO HCCIeIOBaHNs (BHECEHHBIH BKJIA][ IAHHOW PabOThI B COOTBETCTBYIONIYIO OONIACTh 3HAHUN ).
7. IlpaxkTuueckoe 3HaUCHUE UTOTOB PAOOTHI.

v KiioueBble CJI0Ba/CI0BOCOYETAHNS — KOJIMUYECTBOM 3—5 Ha PYCCKOM, Ka3aXCKOM U aHITIMHCKOM S3BIKAX.

Iocnedyrowan cmpanuya (nosasn):
BBenenue

Marepuasl 1 MeToabl
Pesyabrarsl u O6cy:kaenue
3akJii0ueHne, BHIBOIbI
Bbuarogapuoctn

Hcrounuk puHaHCHpPOBAHUA
Kondumukr nnrepecon
Jluteparypa

BBeenue coctout U3 ClIEAYIOUIMX OCHOBHBIX 2JIEMEHTOB:

v/ O60CHOBaHHWE BBHIOOPA TEMBI; aKTyallbHOCTh TEMbI WM NpobiieMbl. B 060cHOBaHMM BHIOOpA TEMBI HAa OCHOBE OMMCAHUSI
OTIBITa TIPEIIIECTBCHHUKOB COOOIIACTCSl O HATMYUU TPOOJIEMHOW CUTYaIU (OTCYTCTBHE KAaKUX-JTHOO MCCICIOBAHUMN, MOSBICHUE
HOBOTO O0BEKTA U T.J1.). AKTYaJIbHOCTh TEMBI OTPEEIIACTCS OOIIUM HHTEPECOM K U3YUEHHOCTH JaHHOTO 00BEKTa, HO OTCYTCTBUEM
HCYUEPIIBIBAIOIIMX OTBETOB Ha UMEIOIIMECS BOIPOCHI, OHA JIOKA3bIBAETCS TEOPETUUYECKON MITH NPAKTHUECKOW 3HAUUMOCTBIO TEMBI.

v B ceKuuu J0/KHBI ObITh OXBayeHbl (DYHIAMEHTANLHBIE ¥ HOBBIE TPY/IBI 110 MCCIIELYEMON TEMaTHKE 3apyOeKHBIX aBTOPOB
Ha aHTIIUICKOM si3bIKe (HEe MeHee 15 TpynoB), aHaJIN3 JIaHHBIX TPYIOB C TOYKH 3PCHUS UX HAyYHOT'O BKJIAJa, & TAKIKE MPOOEITBI B HC-
cJIe/I0OBaHNH, KOTOpbIe BEI lomnonHseTe B cBOEH crarhe.

v Onpejernenne 00beKTa, IPEAMETa, Le€el, 3a/1au, METOIOB, MOJIX0/I0B, THIIOTE3BI U 3HAYEHUS Ballel paboTsl. Llens uccie-
JIOBaHHS CBsI3aHA C JIOKA3aTEIIbCTBOM TE3UCA, TO €CTh MPEACTABICHUEM MPEIMETa HCCIICIOBAHNUS B U30PAHHOM aBTOPOM ACIICKTE.

Marepnajbl 1 MeToAbI — JTOJDKHEI COCTOATH M3 OIMCAHMS MAaTePUaIoB M X012 PabOTHI, a TAKXKEe MOJTHOTO ONMHCAHUS HCIIOJb-
30BaHHBIX METOJIOB.

v/ XapakTepucTHKa MM ONMCAHHE MaTepHalia UCCIE0BAHMS BKIIFOYAET €r0 TPEICTaBICHHE B KAYECTBEHHOM M KOJHYECTBEH-
HOM OTHOUICHHH. XapaKTepPUCTHKA MaTepHata — OANH U3 (aKTOPOB, ONPENEIISIONIHI JOCTOBEPHOCTh BBIBOJIOB M METOJIOB HCCIIe-
JIOBaHUSL.

v B 9TOM pasjiesie ONMMCHIBAETCS, KaK MpobieMa Oblia U3ydeHa: noapoOHas uHpopMalms 6e3 TMOBTOPEHHS paHee OIyOiH-
KOBaHHBIX YCTAaHOBJIEHHBIX HPOIEIYP; UCIIOIb3yeTCs HIACHTHUKAIMS 000pyRoBaHHs (IIPOrPaMMHOTO 00ECIIEUEHHMsT) U OIHCAHNE
MaTepHaoB, ¢ 00s3aTeILHBIM BHECEHNEM HOBU3HBI IIPH UCIIOIBE30BAaHUU MaTepPHAIOB M METO/IOB.

Hayunast MeTo010THSI TOJDKHA BKIJIIOYATh B Ce0s:

v’ - HCCIEeI0BATENBCKHI BOIPOC(-bI);

v’ - BBIJIBUT'aEMYIO THIIOTE3Y (TE3HC);

v’ - OTallbl HCCIIEIOBAHUSE;
v
v

<

- METOJIbl UCCIICIOBaHNUS;
- pe3yIbTaThl UCCIEIOBAHMSL.
v HEJJOITYCTHUMO Hamm4ie MHOKECTBA CCBUIOK, HE MMEIOIMX OTHOIIEHHUS K paboTe, NIl HEYMECTHBIE CYXKIEHHS O BAIIINX
COOCTBEHHBIX JOCTI)KEHUSIX, CCBIIKH Ha Bamm npeasiayye paboTsl.

PESyJ]LTaTl)I u Oﬁcymzle}me — IIPUBOJAUTCA aHAJIN3 U O6Cy)KZ[eHI/Ie TOJIYYCHHBIX BAMU PE3YJILTATOB UCCIICNOBAHUA. HpPIBOI[S{TCH
BBIBO/IbI IO IMOJIYUYCHHBIM B XOJ€ HCCICHOBaHUsA PE3ylbTaTaM, PAaCKpPbIBAETCSA OCHOBHas CYTb. " sto OIWH U3 CaMbIX Ba’XHBIX
pa3aciioB CTaTbu. B Hem HCO6XO}Z[I/IMO MPOBECTU aHAJIN3 PE3YJIILTATOB cBoei pa6OTLI u 06cy>1<z1eHne COOTBETCTBYIOIIUX PE3YJILTATOB
B CpaBHCHUH C NPEABIAYIIUMU pa60TaMI/I WHOCTPAaHHBIX U OTCYECTBEHHBIX aBTOPOB, aHAJIM3aMH U BBIBOAAMU.

3akJii0ueHne, BHIBOIbI

O0o001IeH)e ¥ TO/IBEICHIE MTOrOB pabOThl HA JAHHOM JTarie; MOJATBEPIKICHHE MCTHHHOCTH BBIIBUTAEMOTO YTBEPIKICHUS,
BBICKa3aHHOTO aBTOPOM, U 3aKJIFOYCHUE aBTOpPa 00 M3MEHEHUH HAYYHOTO 3HAHHS C YUYETOM IOJIyYCHHBIX PE3yNbTaToB. BhIBOIBI HE
JIOJDKHBI OBITh a0CTPAKTHBIMU, OHH JIOJDKHBI OBITH MCIIONB30BaHbI JJIsi 00OOIICHUS PE3yJIbTaTOB MCCIICAOBAHUS B TOM HIM MHOU
Hay4YHOI 00JIaCTH, C ONMMCAHUEM MPEITIOKEHHUN HIT BO3MOKHOCTEH JabHeiei paboTh.

CrpyKTypa 3aKJII0UeHUs JIOJDKHA COJIepIKaTh ClIeAyIoUe Borpockl: KakoBbl 1ienu 1 MeToibl ucciienoBanus? Kakue pe3ynbrarbl
nosty4eHbl? KakoBbl BEIBO/IBI? KaKkOBBI EPCIIEKTUBBI ¥ BO3MOXKHOCTH BHEIPEHUSI, TIPUMEHEHHUS pa3padoTKu?
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KoH(puKT MHTepecoB — jKenareldbHO yKa3aTh HMEIONIMEcs KOH(IMKTBI MHTEPECOB CO CTOPOHBI aBTOPOB M COABTOPOB
KacaTelIbHO MaTepuaoB cTaTbi. Ecn HeT HUKAaKUX KOHQIMKTOB K OITyOJIMKOBAHHMIO MaTePHAJIOB B CTAThe, YKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

Baaronaproctn — IlepedncinTe oz, KOTOpbIe OKa3ajaH IOMOIb BO BpeMs HCCIEAOBaHHUs (HampHMep, MPeloCTaBHIN
TIOMOLIIb B TIEPEBOJIE, TTMCEMEHHYIO MOMOILIIb MK TIPEAOCTABIIN MaTepuai/o00pyioBaHue i paboThl U T.11.)

Hcrounuk ¢unancupoBanus — Creqyer ykasaTb B paMKaX KAakKOro NMPOEKTa WM MPOrpaMMbl OblIa BBIMOMHEHA padoTa,
yKa3arb TOJl 1 HOMEp JOroBOpa 10 MPOEKTY/IIPorpamMmme.

Jluteparypa

CHucoK UCIONB3yeMOH TUTepaTypsl, Wik bruOnuorpadguyeckuii CIMCOK COCTOMT U3 HE MeHee 25 HaMMEHOBaHUH JTUTepaTypbl
JUIsL €CTECTBEHHOHAYYHbBIX M TEXHMYECKHMX HANPABJICHUH U M3 OOLIEro 4ncia HAMMEHOBAHUI HA aHIIIMICKOM SI3bIKE JOJDKHO OBITH
He menee 50%.

JI71st eCTECTBEHHOHAYYHBIX CTATEH CCHIIKM O(OPMIISIOTCS B KBaIPATHBIX CKOOKAX € YKa3aHUEM HyMEpalluy [0 Mepe MOSBISACHUS
HUTUPYeMBIX padot B Tekcre. CTuib odopmienus crnucka auteparypsl cortacHo [OCT 7.1-2003 «bubnuorpadudeckas 3amuch.
Bubnuorpaduueckoe onucanue. O6mue TpeOOBaHUSA U MpaBUia COCTaBICHUD) (TpeOOBaHME K M3JAHUSAM, BXOAALIMX B MEpPEYCHb
KKCOH).

Janee crnenyet Bropoii crrcok nuteparypsl (References, kotopsiii go/mkeH OBITH MpeOCTaBiIeH B pyroi Gopme, To ecth —
pomaHu3upoBaHHbIM anipaBuToM (TpaHcautepaiys). References TOJIBKO Te paGoThl, KOTOpbIe HUTUPYIOTCs B TekcTe. Reference
odopmItsieTcs B andaBUTHOM mopsiake!

PoMaHU3MPOBAHHBIN CITHCOK JINTEPATYPhI JOJDKEH BBIIVIACTh B CIIELYIONIEM BHJIEC JUIS MCTOYHUKOB Ha KHPHJLIHIIE: aBTOP(-bl)
(TpanciuTepanus) — (o B KPyIJIBIX CKOOKax) — Ha3BaHUE CTaThHU B TPAHCIUTEPHUPOBAHHOM BapHaHTE [[I€peBO Ha3BaHUS CTAaTbU
Ha aHIIMACKUH SA3bIK B KBA/IPAaTHBIX CKOOKAX |, Ha3BaHUE PYCCKOSA3BIYHOIO HCTOUHUKA (TPAHCIUTEPALHs, TMO0 aHIIMIICKOe Ha3BaHUE
— €CJIH €CTb), BHIXOAHbIC JaHHbIE ¢ 0003HAYEHUAMHU Ha aHIIIMHCKOM SI3BIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Ctunb opopmiteHnst POMaHU3MPOBAaHHOTO CIIMCKA JINTEPATypbl U3 HCTOYHUKOB HA aHIIIMHCKOM (JPYTOM HHOCTPAHHOM) SI3BIKE
JUTSL €CTECTBEHHOHAYYHBIX U TeXHU4ecKux Hampasienuit — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B n1aHHOM pa3jeiie HEOOX0MMO Y4eCTh:

- IlutupyroTcs OCHOBHBIC HAy4YHbIE ITyOIMKALINH, IEPEILOBBIE METOBI HCCIIEIOBAHMS, KOTOPBIC TPUMEHSIOTCS B JAHHON 00-
JIACTU HAaYKH ¥ Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

- MU30eraiiTe upe3sMepHBIX CAMOIIUTHPOBAHHH.

- U30eraiiTe upe3mMepHbIX cchlIoK Ha nmyonukanuu asropoB CHI/CCCP, ucnons3syiite mupoBoii onbiT (Pubmed, Web of Sci-
ence). He ciemyer ccbuiaTbest Ha SHLMKIONEANH, MOHOTpa(UH, AMCCEPTALMK M MaTepUaIbl, HA KOTOPbIE HET OOIIEro JIOCTyMa.

- bubnunorpaduuecknii ciucok A0HKEH coaepskarh GpyHIaMEeHTalbHbIE U Hanbosee akTyaabHble TPY/AbI, OMyOIMKOBaHHBIE
N3BECTHBIMU 3apYOEKHBIMU aBTOPAMH M UCCIIEA0BATEISAMH 110 TEME CTAThH.

Cronmocts mydaukanuu — 60 000 Tenre/ctpanunia
PexBu3UTHI:

Hexommepueckoe akionepHoe o0mecTBo «Kazaxckuii HallMOHAIBHBIN YHUBEPCUTET UMEHH anib-Dapadbu»
Hunexc 050040

aapec: . Anmarsl, ip. Ans-®apadu, 71

BHH 990140001154

KBE 16

AO «First Heartland Jysan Bank»

UK KZ19998CTB0000567141 — tenre

NHK KZ40998CTB0000567151 — USD

BUK TSESKZKA
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