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BnMAHUE OBPABOTKM NOYBbI FTEPEULIMAAMU
rPYNMbl 2,4-D HA OTAENBHbIE 3KONOr0O-TPOGUYECKUE
rPyMMbl MUKPOBUOLIEHO3A

Yenkacos K.B.", Eroposa [1.0.2

1 TMepmcKuMin rocyapCTBEHHbIN HAaLMOHAMbHbIN
uccnegoBaTenbCkuil yHuBepeuTeT, MNepmb, Pocecus
2 IHCTMTYT SKOMNOTUM M reHeTUKM MukpoopranuamoB YpO PAH,
MNepmb, Poccus
"E-mail: chepkasovkirill8@gmail.com

AHHOmMayus

2,4-pMxnopPEeHOKCUYKCYCHAsA KUCNOTa U COEAMHEHMS,
pa3paboTaHHble HA ee OCHOBE, aKTUBHO WMCMO/b3YIOTCS
B CE/IbCKOM  XO3fMICTBE B  KayecTBe repbuuMAaoB.
YynTbiBasi TOKCMYECKME CBOMCTBA AAHHbBIX COEAUHEHW,
aKTyaNlbHbIMW  ABASKOTCS  UCCNENO0BAHUS  COCTOSHMS
MUKpPOOMOLIEHO3a MOYB, MOABEPrHYTbIX 0bpaboTke
rep6buumaamu rpynnel 2,4-D. B HacToswem uccnepnosa-
HUM M3YYEHO COCTOSIHUE 3IKONOrO-TPODUUECKMX Fpynn

MuKpobuoLeHo3a CeNbCKOXO035MCTBEHHbIX nonen
KyeaouHckoro panoHa [lepmckoro kpas (Poccus).
O6pabotka nonei repbuumpamu  rpynnel  2,4-D

npoxoanna B nepuon 2006-2023rr. YcTaHOBNEHO, YTO
YMCNIEHHOCTb CanpOTPOdHOM rpynnbl MUKPOOPraHM3MOB
coctasnger 1.5-7.2 x107 KOE/r noussbl, a ee U3MeHeHus
KOppenupywT C NepuoaoM, MNpoWenluM  nocie
06paboTku nonein repbuumaamu. Konmuectso onmrotpo-
(0B Haxo0AMUTCSA HAa HU3KOM YPOBHE, YTO CBUAETENbCTBYET
0 [0CTaTOYHOW AOCTYNHOCTM yrnepoaa B uccienyemblix
nousax. lpynna gectpykrtopos 2,4-D coctaenser 0.03-
0.24% o1 canpoTpodoB, a YMC/IEHHOCTb HAXOAMTCS
B 0OpaTHOM NIMHEWHOM 3aBMCMMOCTU OT BPEMEHHOIO
WMHTEpBana Mexay nocnegHein o6paboTkor nonen
repbuumaamm 7 otbopom obpasuos noyB.
B uccnepyembix noyBax He BbISIBNEHO Hanuuune 2,4-D,
4yTO CBMAEeTenbCTByeT 06 3QGHEKTMBHOM pa3pylieHun
[laHHOro repbuumMaa B yCI0BUSIX BO3AE/NbIBAEMbIX MOJEN.
Knioyeseoie cnosa:

2,4-puxnoppeHOKCUYKCYCHan KUcnoTa, 2,4-D,
MOYBEHHbIE MWKPOOPraHU3Mbl, repbuumnabl,
[ecTpyKTopbl, canpoTpodbl

lMocmynuna e pedakyur: 14.04.2026
lpuramo e neyams: 06.05.2026

IMPACT OF SOIL TREATMENT WITH 2,4-D HERBICIDES
ON INDIVIDUAL ECOLOGICAL-TROPHIC GROUPS
OF MICROBIOCENOSIS

Chepkasov K.V.", Egorova D.0.2

1Perm State University, Perm, Russia
2|nstitute of ecology and genetics of microorganisms
of the Ural Branch of the Russian Academy of Sciences,
Perm, Russia
"E-mail: chepkasovkirill8@gmail.com

Abstract

2,4-Dichlorophenoxyacetic acid and its derived
compounds are widely used as agricultural herbicides.
Given the toxic properties of these compounds, studies
on soil microbiocenosis after treatment with 2,4-D
herbicides are of current interest. This study examined
the state of ecotrophic groups in the microbiocenosis of
agricultural fields in the Kuedinsky District of Perm Krai
(Russia). Fields were treated with 2,4-D herbicides from
2006 to 2023. Saprotrophic microbial populations
ranged from 1.5 to 7.2 x 107 CFU/g of soil, and changes
in these populations were correlated with herbicide
treatment duration. The oligotrophic populations were
low, indicating sufficient carbon availability in the soils
under study. The 2,4-D degrader group accounts for
0.03%-0.24% of saprotrophs, and its abundance is
inversely and linearly related to the time interval
between the last herbicide application and soil
sampling. No 2,4-D was detected in the studied soils,
indicating the effective destruction of this herbicide in
cultivated fields.

Keywords:
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microorganisms, herbicides, degraders, saprotrophs
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AYKCMHOBOM U MHIMOUTOPHOM aKTMBHOCTLIO. Peann3auma aykCMHOBOM GYHKUMM He Hawia WMpOoKOro
MPUMEHEHUS B CENbCKOM XO3§MCTBE, B TO BPEMSI KaK BblICOKas MHrMOUTOpHAs akTMBHOCTb 2,4-D
B OTHOLIEHUW [ABYAOJbHbIX LIMPOKONUCTHBIX COPHbIX PacTeHWi caenana €ee OOHWM W3  CaMbIX
BoCcTpeboBaHHbIX repbuumnaos Ha poiHke [Lewis et al. 2016; Peterson et al. 2016]. Hanpumep, B Kutae
ans 60pbbbl C COPHSAKAMU MPW BbIPALMBAHMM MLUEHULbI, COMU, KYKYPY3bl U APYrMX KYNbTyp €XerofHo
ncnonbsyetca 5000-8000 ToHH 6yTnnosoro adupa 2,4-D [Islam et al. 2018]. B Buae kucnoTbl repbuumg,
NMPUMEHSIETCS B CENIbCKOM XO03SMCTBE JA0BONbHO peaKo, B OCHOBHOM B TaK Ha3blBaeMbIX BaKOBbIX CMeCsX
(B komnnekce C ApYyrMMM aKTMBHbIMM BelecTBamu). Ha cerogHs AMMeETMNnaMMHOBas CONMb W
sTunrekcunosbit 3dup 2,4-D coctasnsot npumepHo 90-95% ot obwero mmpoBoro notpebneHus
[Xmenesckas u dp. 2016].

U3yyeHne 3¢dPekToB OT npuMeHeHus repbuumpos rpynnel 2,4-D nokasano, 4to MOMUMO
NOAABNIEHNS POCTA COPHbIX PACTEHWM, OAaHHble COEAMHEHMUS OKa3blBAaKOT HEraTMBHOE BO34ENCTBUE
Ha ApyrMe pacTeHUs U HEKOTOPbIX XMBOTHbIX, BAUAIOT Ha CTPYKTYpY NouBeHHOro buoueHosa [Park et al.
2010; Zhang et al. 2010; Bhat et al. 2015; Marouani et al. 2017; Jote 2019; Oliveira et al. 2026]. OgHako
[OaHHble 0 BO34EMCTBUM HA MMKPOBMOLLEHO3bI CE/TbCKOXO3AMCTBEHHbIX NOYB, 06paboTaHHbIX 2,4-D, HocsaT
NMPOTMBOPEYMBBIV XapakTep U TPebyHOT AanbHENLWEro ccnenoBaHms.

EcTecTBeHHas perpagaumMsa  OCTaTOYHbIX KOMMYecTB  2,4-ouxnopdeHOKCUYKCYCHOM  KMCIOTbI
B NMOYBE MOXET MPOMCXOAMTb KaK NyTeEM CaMOpacnaja XMMUUYECKUX COELMHEHMI NOL BAUSHUEM YC/TOBUI
BHELUHEW Cpepbl, TAaK U C Yy4aCTMEM MOYBEHHBIX MMKPOOPraHM3MoB, 0613afa0WMX COOTBETCTBYHOLLMMU
dbepmeHTaTBHbIMKM cuctemamu [Nguyen et al. 2022]. AKTMBHYIO ponb B pasnoxeHuun 2,4-D wrpatoT
npeacTtasutenn popoB Pseudomonas, Arthrobacter, Corynebacterium, Achromobacter, Cupriavidus,
Flavobacterium, Streptomices [Bukowska 2006; Zabaloy et al. 2010; Papade et al. 2025]. AkTuBHbIe
WTAMMbI-AECTPYKTOPbI,  OCYWECTBAsOWME  pasnokeHne 2,4-D M ero npous3BOAHbIX MyTeEM
NnoCNen0BaTENIbHOrO OKUC/IEHUS MOJIEKY/Ibl C  paclLeneHMeM apoMaTMUeCcKoro KoJbLa, BblAe/eHbI
n3 nous MHamu, AnoHuu, bpasunum u paga apyrmux ctpaH [Peckle et al. 2022; Silva et al. 2022;
Muhammad et al. 2024; Sakai 2024; Papade et al. 2025].

Llenb nccnenoBaHus — ougeHKa BO34encTems repobuumnnos rpynnbl 2,4-D Ha 3HaUMMbIe 3K0NI0r0-
Tpoduueckmne rpynnbl MUKPOOMOLEHO3a CENbCKOXO3SMCTBEHHbIX MOYB, MoaBepraBluMxcs obpaboTtke

KOMMEpYECKMMU npenapaTamu, COAEPXKALWMMM CoeamHeHua rpynnbl 2,4-D.

MATEPWAJIbl U METObI

OT16op nouBeHHbIX 06pa3uoB NpoBoAMAM Ha nonsx B KyeouHCKOM MyHMUMMANbHOM OKpyre
MepMckoro kpas, B6/M3N Hacen€éHHbIX NyHKTOB bonbwwne Kyctol, Kawka, BepxHuit ToiMbat M HuMdKHUA
TeiMban B uioHe 2025 r (puc. 1). [aHHag Tepputopus SBNASETCS KPYMHbIM CEIbCKOXO3SMCTBEHHbBIM
LLeHTPOM € 60/1bLLIOM NIOWAAbI0 NAXOTHbIX 3eMenb (97.297 TbiC. ra No AaHHbIM HA 2024 . [MuHKCTEpCTBO
npupoaHsbix pecypcoB 2024]. Toukmu oT60pa pacnonoxeHbl Ha NIOCKOM MPUBOAOPA3AENbHOM Y4acTKe
penbeda. Ong Bcex NNoWanoK xapakTepHa AepHOBO-CPeaHenoA30/IMCTas THKENOCYr/IMHUCTas NoYBa,
cnabokucnas peakuusi cpefibl U HWM3KOe cofepxaHue rymyca (tabn. 1). Tepputopum npobootbopa
npeacTaBnstoT coboW Cenbxo3yroabs C perynspHon MHoroneTHen xmmuyeckown obpaboTkoi. Bce nong
HaxoaaTcs MoA, perynspHoM BCMALKOM, 3apacTaHus 3a nepuop ¢ 2006 r. no HacToswee BpeMms

HE OTMEYEHO.
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PucyHok 1. PacnonoxeHue nnowanok pns otéopa  Figure 1. Location of soil sampling sites in the
nouBeHHbix o6pasuoB B KyeauHckom paiioHe  Kuedinsky District of Perm Krai
Mepmckoro kpas
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Ta6bnuua 1. Xapaktepuctuka  nouBeHHbix  Table 1. Characteristics of soil samples and the
o6pasuoB U nepuopaa ux 06paboTku repbuuMaom period of their herbicide treatment

Konuuecteo

Jlata nocnepHei BHECEeHHOro

Ne lymyc, KynbTypa Ha MOMeHT

MpoGi % pH npo60oT60pa ob6pabotku 2,4-D, | 2,4-D B rop,
ropg, 06paboTku,

n/ra

1 2.3 4.6-5.5 Jlyroeasi pacTMTeNbHOCTb 2007 0.7

2 2123 | 4.1-45 Knesep nyroeoi 2010 0.8

(Trifolium pratense)
3 21-23 | 41-45 OBEC obbikHOBEHHbI 2006 0.7
(Avena sativa)

4 2.2-23 | 41-50 OBEC obbikHOBEHHbI 2023 0.6
(Avena sativa)
MawHs. paHee Kykypysa

caxapHas (Zea mays)

5 2.2-23 4.1-5.0 2007 0.7

OT16 nouBeHHbIX Npob nposoannn B cooteetctBMM ¢ [OCT 17.4.4.02-2017 «OxpaHa npupoabl.
MouBbl. MeTogbl oTOOpa W  MOArOTOBKM Npob Ang  XuMMU4Yeckoro, 6aKTepuMonorMyeckoro,
renbMMHTONOrMYeckoro aHanmsa» n FOCT 17.4.3.01-83 «OxpaHa npupogpl. [Nouysbl. Obwme TpeboBaHus
K oTbopy npob» MeTOAOM KOHBepTa, pa3Mep npobHoi nnowanku coctasun 10x10 ™. [epep
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npo60o0THOPOM y4acToK Obin OuMLLEH OT AEpPHA, paCTUTENbHOCTH, BETOK U T. A., HENOCPEACTBEHHO OTOOP
MoYBEeHHOro obpasua npounssoaunun Ha rnybuHy 0.2 M. Macca Kaxpon 06beaMHEHHOM Npobbl cOCTaBUNa
1 kr.

Hanuvune B no4yBe OCTAaTOYHbIX KOHUEHTpauuh 2,4-guxnopdeHOKCUYKCYCHOM  KUCNOTbI
onpenensnM MeTOAOM ra30BOM Xpomartorpaduu C  Macc-CNeKTPOMETPUYECKUM  OeTEKTUPOBAHMEM.
MNouBeHHbIV MaTepunan 06bEMom 5 1 cmewwmBanm ¢ 3 1 Na,SO4, nepeHocunm B konby Ha 50 mn ¢ nputépTtoi
KpbIWKOW, Kyaa gobasnann 10 mn rekcaHa. MNepemelunmBaHne Npou3BOAMIM Ha OpOUTaNbHOM LielKepe
B TEYEHMeE [BYX YaCOB, MOC/E YEro OCyWeCcTBAIAN QUNbTPOBAHME XMAKON Pa3bl yepes Gpunbtp «CuHas
neHTa». AHanM3 MONy4YeHHOro 3KCTpakTa MpOBOAMAM HA Tra30BOM xpomaTorpade C Macc-
cnektpoMeTtpuuecknm getektopom Agilent GC 7890A MSD 5975C inert XL EI/Cl (Agilent Tech-nology,
CLUA) » kBapueBow KanunnspHou konoHkon HP-5MS (30 m x 0.25 mm) (Agilent Technol-ogy, CLUA).
B kauecTBe rasa-HocuTens MCNOMb30BaNM reaui, Temnepatypa ucnapurens coctasnsgna 230°C, a obvem
npobbl — 1.0 Mkn. HwkHuiM npepen obHapyxkenus 2,4-D paseH 1.0 Hr/kr. Mcnonb3yemasi MeToamka
onpepenexus 2,4-D conoctaBuMa C MeTOAMKOM npepsiokeHHon [James et al. 2023]. AHanu3 nNonyyYeHHbIX
MacC-CneKTpoB MPOBOAMIM HA OCHOBE CPaBHEHMS C MACC-CNEKTPAaMMU KOHTPO/IbHbIX 006pa3L0B: YMCTOro
pactBopa 2,4-D # BbITSXKKM M3 MOYBbI C M3BECTHOM KOHLEHTpauuein BHeCEHHoro 2,4-D, a Takxke
Ha OCHOBaHuM 6a3bl gaHHbIX NIST.

YYET 3K0Noro-Tpodumyecknx rpynn MMKpPOOPraHM3MOB NPOBOAMACA MO CTaHAAPTHOM MeToaMKe
y4éTa KONOHWW Ha arapu3oBaHHoh cpepe [CenuBaHoBckas, AxmetsaHosa 2021]. [na BbigeneHus
3KONOro-TpoPUYeCcKMX rpynn MCnonb3oBanu cpesbi:

1) MutaTtenbHas cpepa LB (Luria-Bertani Broth) ona BblaeneHuns canpotpodos (r/n): TPUNTOH -

1.0, npoxokeBon akcTpakT — 0.5, xnopwua Hatpus 1.0;
2) MuHepanbHas cpepa K1 ons BbigeneHms onurotpodos m gectpyktopos (r/n): K;HPO4x3H,0 -
3.2, NaH;P04x2H,0 - 0.4, (NH4),S04 - 0.5, MgS04x7H,0 - 0.15, Ca(NOs), - 0.01.

Onga nonyyeHuss nAOTHbIX Cped BHOCMAM arap-arap A0 KOHEYHOW KoHueHTpauun 1.5%.
2,4-D BHOCUNIM B BMAE pacTBOpa B MMHepanbHyt cpeny K1 0o KoHeuHow KoHueHTpauum 0.2 r/n.

10 r nouyBeHHoro obpasua nomewanu B Konby dpneHmeriepa, BHocunam 100 mn 0.8%-Horo
pacTBOpa Xnopuaa HaTpus U BblaepxuBanu 2 yaca B TepMolerikepe (Environmental Shaker-Incubator
ES 20/60, BioSan, flateug) npu +28°C, yactote BpaweHuns 100 o6/MuH. lMonyyeHHy0 CycrneH3uto
BbICEBAIM HA COOTBETCTBYIOLLYID Cpedy C MCMNOMb30BaHMEM METOAA [AEeCATUKPATHbIX Pa3BeaeHU.
KynbTuBmpoBaHue ocywectensann B Tepmoctate TC-1/80 CIY (Cankr-Metepbypr, Poccus) npu +28°C.
YyeT KONOHMIA NPOM3BOAMAM HA 7 U 14 cyT.

MHAEeKC onnMrotpodHOCTU paccymMTbiBanM nNo GopMyne: OTHOWEHUE KOAMYeCTBa ONUTOTPOPHbIX
b6akTepuin K KonmMyectsy CanpoTpodHbix BakTepuii U yMHOXeHHoe Ha koadduumeHt 100 [PoroxumHa,
3axapuxuHa 2022].

CTaTMCTMYECKUI aHaNM3 NOMYYEHHbIX PEe3yNbTaTOB NPOBOAMAN C UCMONb30BAaHWMEM HEMAPHOrO
t-kputepusa CtblopeHTa. [JaHHble NpeacTaBnsiv B BUAE CPEAHEro 3HAYeHWs M CTAHZAPTHOM OLIMOKM
(M £ SE). [locToBepHOCTb MOAYYEHHOrO pe3ynbTata oueHuBanu npu 3HauveHus p < 0.05. MNpoeogmnu
pacyét koadduumeHta koppensaumm lMpcoHa, a Takke OAHOMAKTOPHbLIM LUCMEPCUOHHBIM AHANU3
(ANOVA).

PE3Y/IbTATbI U OBCYXOEHUNE

[ns oueHkn BAngHus repbuumnaa 2,4-D Ha MMKpOBHble coobecTBa NoyBbl 6bin1 BbiOpaH y4acTok
B KyeaMHCcKoM paioHe [epMcKoro Kpas, XapakTepusyoWwmUncs roMoreHHbIMM NoKasaTensiMm BepxXHero
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rOpU30HTa MOYBEHHOIO MOKPOBA, YTO obecneymMBaeT BO3MOXHOCTb CPaBHEHWS MOMYYEHHbIX B XOAe
nccnepoBaHMs LaHHbIX Mexay coboi. Ha BbibpaHHbIX TeppuTopusax BedeT cBok gestenbHocTb CMK
«BepHbI MyTb», COMNMACHO apXMBHbIX AAHHbIX KOTOPOro Obif0 YCTaHOBAEHO, YTO Ans 06paboTku nonew
repbuumnaammn Ha ocHose 2,4-D 6binn ncnonb3osaHbl npenapatbl «3naHT [Mpemnym», «Bcnonox» u psa
apyrux npoussoactea «Dow AgroScienes», «Doktor Farmer», OO0 «Arpycxum», 000 «CubArpoxmnm»,
000 «J/luctepa». KonnuectBo BHeCeHHbIX MpenapaToB OTIM4Yanocb HesHauutenoHo (0.6-0.8 n/ra)
(tabn. 1), nepuopg ot nocnenHern obpaboTku coctasun ot 2 oo 19 ner.

lpoBeaeHHbIM ra3oxpoMaTorpapuyeckuin aHaams NoOYBEHHbIX 06pa3LoB He BbISIBUT NPUCYTCTBUE
2,4-D v ppyrnx coegmMHeHunn, BXOOALWMX B COCTaB repbmuumaos Ha ocHose 2,4-D. OTcyTcTBME 3HAUMMbIX
KOHUeHTpaumui 2,4-D Ha nccnenyeMon TeppuTopun COrnacyetcs C AaHHbIMM O mepuoge nosypacnaga
coegnHenuin rpynnsl 2,4-D B npupogHbix cpepax. B paborte [Jote 2019] ykasaHo, uto nepuon
nonypacnaga 2,4-D B nouBe pelicTBylowen nawHu coctaBnser 59.5 cyT. YuuTbiBas BbICOKYHO
YYBCTBUTENBHOCTb UCMO/MBb30BAHHOIO ANS aHaM3a MeToAa, MOXHO 3aK/HUMUTb, YTO B HACTOsLLEE BpeMms
MMUKpOOHbIe co0bLLeCcTBa UCCIefyeMbIX NOYB HE HAXOAATCS NOA AABNEHWEM AAHHOW rpynnbl COeAMHEHWN.

B pesynbrate npoBeaeHHOro MMKpPOOGMONOrMYECKOr0 MCCNe0BaHUS YCTAaHOBNEHA YMCIEHHOCTb
psna 3KoMoro-tpodMyeckux rpynn aspobHbix OGakTepui, MpPUCYTCTBYOWMX B MUKpobMoLeHO3e
nccnegyemblx noys (puc. 2).

PucyHok 2. YucneHHoctb 3konoro-tpodpuueckux  Figure 2. Abundance of ecotrophic groups of
rpynn aspo6HbIX KynbTMBMpYyeMbix 6akTepuit B aerobic cultivable bacteria in the studied soils
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YncneHHocTb canpoTpodHoi rpynnbl Bapbuposana ot 1.5 x 107 KOE/r nousbl fo 7.2 x107 KOE/r
nouyBbl. CpeaHss YMCNEHHOCTb OAHHOM rpynnbl a3pobHbiXx GakTepuit B MCCNEAO0BAHHbIX MOYBEHHbIX
obpasuax coctaBuna 2.9 x 10’ KOE/r nousbl. [laHHbIi noka3aTenb HECKOJbKO BbilIE, YEM YUC/IEHHOCTb
OTAENbHbIX 3KONOro-TpoPUYECcKMX rpynn MUKPOOPraHM3MOB OKYNbTYPEHHbIX [LepHOBO-MOA30MMUCTbIX
MouyB, OMUCAHHbIX B pabote [boratbipeBa u Odp. 2024]. ConocTtaBneHue C AaHHbIMM Ans cnabo
OKY/IbTYPEHHBIX U XOPOLLO OKY/NbTYPEHHbIX AEPHOBO-MOA30/IMCTbIX MOYB MOKA3ano, YTO BbISB/IEHHAS
YUCNEHHOCTb HAXOAMTCA B nNpefenax HWKHEW rpaHuubl YMCNEHHOCTM MUKPOOPraHM3MOB XOPOLLO
OKY/bTYPEHHbIX AEPHOBO-N0A30AUCTbIX NOYB [MUHeHKOo 2009]. OTHOCUTENBHO HEBBLICOKAS YNCIEHHOCTD
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canpoTpodHbIX HakTepuit MoxeT ObiTb 06ycnoBneHa pasnuyHbIMM GaAKTOpPaMu, OAHUM M3 KOTOPbIX
BbICTYNaeT npumeHeHue repbuumnnos rpynnel 2,4-D. Tak, B pabote [Bankole et al. 2020] nokasaHo,
yTo BHeceHMe 2,4-D npuBOAUT K CHMXKEHMIO OOLLEN YMCIEHHOCTM BakTepuit B MOYBE Ha ABa Mopsiaka
(c9.5 x 10’ KOE/r nousbl po 4.3 x 10° KOE/r nouBbl). HanpoTuB, B MOAENbHbIX 3KCNEPUMEHTAX
¢ BHeceHneM 2,4-D B nousbl (pH 6.6, obwmit yrnepon 20.1 r/kr), oToOOpaHHble Ha TEppUTOPUSIX paHee
obpabaTtbiBaBWMXCS repbuumpamum rpynnel 2,4-D (nocnegHas obpaboTtka 3a ABa roga Ao oTtbopa nouys),
He BbISIBNEHO M3MEHEHMI B KONMYECTBEHHOM COAEPXKAHMM CanpoTpOdHOM rpynnbl a3pobHbIxX 6akTepui
[Zabaloy et al. 2010]. B HacTosweM mccnenoBaHUKU, NMPOBEAEHHbIN KOPPENSLMOHHBIA aHaNMU3 BbISIBUN
CUNbHYIO 0BpaTHYIO NMHENHY0 Koppensumnio (r = -0.947) mexay BpeMeHHbIM MHTEepBasoM, NpoLeaLnum
OT nocnenHen 06paboTku Tepputopum repouumaom rpynnel 2,4-D, M 4YMCneHHOCTbIO canpoTpodoB
B MUKpoburoueHo3e. Konnyectso canpoTpodoB AOCTOBEPHO Bbille B 06pa3Lax ¢ MEHbLIMM BPEMEHHbIM
WHTEpBaNioM, Mpolwealmm nocne obpabotkm Tepputopum repbuumaom uccnepyemon rpynnel (ANOVA,
F49=10.2, p=0.009). ConocTaBneHue MNOAYYEHHbIX AAHHbIX O YMUCIEHHOCTM CanpoTPOdHOM rpynnbl
MWKPOOPraHM3MOB C aHANIOrMYHbIMM AAHHBIMU ANS NOYB 3aN0BeAHMKOB BbeTHaMa, XapaKTepu3yloLwmnxcs
CXOAHbIMU PU3MKO-XMMMYeckumu nokasatensamm (pH 4.0-5.1, rymyc 2.2-2.8%) no3BoAMAO yCTaHOBUTD,
YTO B HACTOALLEM MUCCNEeOO0BaHUU YNCNIEHHOCTb CanpoTpodoB Bhilwe Ha nopspok [KHasesa u dp. 2023].

OnuroTtpodHas skonoro-tpopuyeckas rpynna 6akrepuii IBngeTcs HeOTbEMIEMbIM KOMMOHEHTOM
MOYBEHHbIX MUKPOOMOLLEHO30B. YCTAHOBNEHO, YTO B WCCIEAYEMbIX CEJIbCKOXO3SMCTBEHHbBIX MOYBAX
YMCIEHHOCTb 0IMroTpotoB BapbmpoBana B npeaenax 1.4-6.0 x 10° KOE/r nousbl (puc. 2). KoabduumeHt
ONMroTpodHOCTM XapaKTepM30BaNCa HU3KMMKU 3HavyeHusMu u coctaBun 0.004-0.04. Takoe 3HavyeHue
CBMAETENbCTBYeT 00  aKTMBHOM  pa3BWUTMM  CAanpoTPOdHOM  3KOMOro-Tpo@PUUeckor  rpynnebl
MWKPOOPraHM3MOB, YTO BEPOSTHO 0OYCNOBMEHO BbICOKMM COLEPXKAaHMEM [OCTYMHOIO Yrnepoaa B NoyBax.
NHTepecHO OTMETUTb, YTO MHAEKC ONIMIOTPODHOCTM B NoYBax AeHapapus r. Coumn, xapakTepusyLwmxca
CX0AHbIMK nokasatenamu pH (BepxHss 3oHa pH 5,2, cpeaHsas 3oHa pH 5.1, HuxHAs 30Ha pH 5.9) 1 rymyca
(BepxHsis 30Ha 4.7 %, cpeHAs 30Ha 2.8%, HUXHAS 30Ha 4.1%) C uccnefyemMbiMU CENbCKOXO3MCTBEHHbBIMM
noyBaMu, Bbllle Ha 4 nopsaaka [PoroxuHa, 3axapuxmHa 2022]. Tak xxe 0TMEYEHO, YTO YEM Bbille MHAEKC
ONUroTPOHOCTU, TEM HMXKE CTEMEHb OKYNbTYPEHHOCTU noys [PoroxuHa, 3axapuxuHa 2022]. B pabote
N.B. Pycakoson [Pycakoa 2018] oTMeyeHo, YTO MHAEKC OIMIOTPOPHOCTU AEPHOBO-MOA30AMNCTLIX MOYB
npu OAUTENIbHOM NMPUMEHEHMM COJIOMbl U MUHEpanbHbiX yaobpeHun coctasnan 0.98-1.23, npu 3TOM
MHOEKC MOBbIWAETCS NpU HEeAOCTaTOYMHOM MOCTYN/IEHUM CBEXEero OpraHuyeckoro Bsewectsa. [ns
BEPMMKOMMOCTOB  KO3POUUMEHT onurotpoPHoctn coctaBun 1.1-6.19, npu 3TOM nOBbiWEHUE
Ko3dduumeHTa nponcxogunno npu HapywerHmun cootHowenus C : N [Cenkesuy u dp. 2019]. O6paboTtka
nonev repbuumaamu rpynnol 2,4-D MOXeT paccMaTpuBaTbCA KaK MOCTYMJIEHWE OOMOAHUTENIbHOrO
opraHu4yeckoro cybctpata [Aans onuMrotpodHow rpynnbl MMKpoopraHuamoB. OpHako, B HacCTosILLEM
MCCNefoBaHMM He BbISIBIEHO A0CTOBEPHbIX KOPPENAUMOHHBIX 33aBUCUMOCTEN MeXAY YMCIeHHOCTbH
rpynnbl  ONUFOTPOMHbLIX  KY/JbTUBUPYEMbIX MMUKPOOPraHM3MOB W OABHOCTbO 006paboTku nonen
repbuumnoamu. Mo Bcer BUAMMOCTU BHeceHWe 2,4-D He 0Ka3blBano BMSHWUS HA YUCIEHHOCTb rpynnbl
ONIMroTPOHbIX MMKPOOPraHU3MOB.

BakHbIM KOMMOHEHTOM MUKPOOUOLLEHO30B CENbCKOXO3MCTBEHHBIX NMOYB SBASKOTCS BakTepuu-
[eCcTpyKTOpbl, CNOCOOHbIE HEWTPanM30BaTb NOCTynawowWwue B MOYBY XMMUYECKM CUMHTE3MPOBAHHbIE
repbuumabl M nectuumapl. YCTAHOBNEHO, YTO BO BCEX WCCAEA0BAHHbIX 00pasuax npuCyTCTBYHOT
KyNIbTUBUPYEMbIE LUTAMMbl, CNOCOGHbIE pasnaratb 2,4-D. VX uncneHHocTb BapbuMpoBana B npepenax
0.04-1.7 x 10° KOE/r nouBbl (puc. 2), yto coctaBuno 0.03-0.24% oT obuiero umcia canpoTpodHbIX
H6akTepuit MMKpobuoLeHo3a. KoppensumMoHHbIM aHanus3 nokasan, YTo YUCIEHHOCTb rpynmbl 4eCTPYKTOPOB
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HaxoAMTCS B CUSIbHOM OBPATHOM IMHEWHOW 3aBUCMMOCTM (Ko3adduumeHT koppensiumm coctasmn 0.966)
OT [AaBHOCTM nepuoga obpaboTkm nonen repbuumpamu. Konmyectso AeCcTpykTOpOB LOCTOBEPHO Bbille
B 06pa3sue N24, roe nocneagHsas obpabotka npoBogunacb B 2023 r, yem B obpasuax No4vB C MOJIEN,
roe o6pabotka repbuumaamm rpynnel 2,4-D nposogunacek B 2006-2010 rr (ANOVA, F53=20.8, p=0.002).
Takxke CTOWUT OTMETWUTb, YTO AONS AECTPYKTOPOB Takxe Oblna LOCTOBEPHO Bbile B MUKpobMoLeHOo3e
obpasua N24 (ANOVA, Fs3=17.3, p=0.003), a ko3ddunumeHT Koppensummn coctasun -0.798. BroigsneHHoe
KONMYeCTBO AECTPYKTOPOB Bbllle, YeM MoKasaHo B pabote [Zabaloy et al. 2010] Ha 4 cyTku nocne
BHeceHus 2,4-D, Ho Hke, YeM Ha 33 cyTku. [1o Bcelt BUAUMOCTH, MPOBeAEHHbIE paHee 06paboTKM MOYBbI
repbuumaamu rpynnel 2,4-D, cnocobcTBOBaNM pasBUTUIO rpynnbl cneundmyHbIX 6aKTepuin-gecTpykTopoB
B MMKpOOMOLEHO3e MNouYB, a [JanbHeilwee MNOAAEPXKAHWME WX YUMCNEHHOCTM MPOUCXOAMT 3a cuyeT
MPUCYTCTBUSA B NMOYBAX COEAMHEHUIA, MO XMMUYECKOM CTPYKTYpe CXOxXmuX € 2,4-D. Taknum 0bpa3om, cteneHb
TpaHchopmauumn MukpobuoueHosa nog aencTeneM repbuumpos rpynnbl 2,4-D MOXHO paccmaTpuBaThb
KaK HM3KY0, a 3OdEKT OT LONTOCPOYHOIO NPUMEHEHUS AaHHbIX repbuumnaos — nonyctuMbiM. Kpome Toro,
AerpaflauMoHHOro noteHumMana copMmpoBaBLIErocs nyfa MUKPOOPraHM3MOB-AEeCTPYKTOPOB OKa3anochb
[LOCTAaTOYHO 4191 €CTECTBEHHOM OYMCTKM MOYBbI OT BHOCMMbIX KOHLEHTpauui repbuumaa.

3AKJTIOYEHUE

B xone uccneposaHus 6bina npoBeaeHa KOMMNIEKCHAs OLEHKA BO3AENCTBUSI repbuumaos rpynnebl
2,4-nnxnopdeHOKCMYKCYCHOW Kucnotbl (2,4-D) Ha MMKpobMOLEHO3 CeNbCKOXO3AMCTBEHHbBIX MNOYB
KyeonHckoro MyHuumnanbHoro okpyra [lepMckoro Kkpas. AHanu3 NOYBEHHbIX 06pa3LoB Nokasan,
YTO B HACTOSILLMI MOMEHT KOHLEeHTpaumsa 2,4-D HaxoouTcsa HMxKe npepena obHapyxeHus. B pesynbtate
aHanM3a 3K0N0ro-TpodPuyecKMx rpynn MMKpOOGMOLLEHO30B YCTAHOBIEHO, YTO CanpoTpOodbl NpeaCTaBNeHbI
B 3HAYMTEJIbHOM KOJIMYECTBE, NPM 3TOM UX YUCSIEHHOCTb HAXOAMUTCS B 0OpaTHOM MHEMHOM 3aBUCMMOCTH
OT nepuoaa, Npoleswero ¢ Aatbl nocsienHen obpaboTkm nousbl repbuumnaamm rpynnel 2,4-D. MHpekc
ONUrOTPOHOCTU CBUAETENLCTBYET O AOCTAaTOYHOM KO/MYECTBE AOCTYMHOMO yrnepoaa B UcCienyemblx
nousax. [pynna MWKpOOpraHuM3MoB-AeCcTpykTopoB 2,4-D npeactaBneHa BO BCeX MCCNeA0BaHHbIX
MUKpPOOMOLLEHO3aX, NPU 3TOM ee YUC/IEHHOCTb 3aBUCUT OT BPEMEHHOTO MHTEpBana, NpoLleaLwero nocie
nocnegHer o6pabotku nonein repbuumpamm rpynnel 2,4-D. He cMoOTps Ha pauTenbHbIi nepuos,
6e3 BHeceHus 2,4-D nyn pecTpykTOpoB NOAAEPXKMBAETCS HA OTHOCWUTENbHO CTabWNbHOM YpOBHe,
yTo obecneymBaeT yCTOMUMBOCTb MUKPOOMOLIEHO3a B C/ly4ae BHeCeHUs repbuumaos rpynnel 2,4-D.
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KAYECTBO MbiNbLibl LIBETKOBbIX PACTEHUN.
WHTEPNPETALIMA TEPMUHOB, METOA0B
U PE3YNIbTATOB UCCIIELOBAHUI

Byxapos A.®.
Bcepoccuitckuit HayyHo-UCCneaoBaTenbCKN MHCTUTYT OBOLLEBOACTBA —
thunnan PefepanbHOro Hay4HOro LieHTPa OBOLLEBOACTBA, 4. Bepes,
Mockosckas obnactb, Poccus

E-mail: atb56@mail.ru
AxHomauyus
lpegmeToM HacTosawer paboTbl aensetca 0606LieHne cu-
CTeMbl METO[O0B, B3INI40B, TEPMUHOB, CYLLECTBYIOWMNX B paM-
Kax MOHSATUS «KAyecTBO MblblLbl» Kak €AMHOr0 KOoMMiekca
3HaHWI, MHTepnpeTaums U NpoeuMpoBaHWE UX HA peLieHue
NPaKTUYECKMX 3334  CenekLuun, CEeMEHOBOACTBA U CEMEHOBE-
neHus. NpencTaBneHne 0 KavyecTBe Mbliblbl — KOMIMIEKCHOM
nokasatene, KOTOPbIA B 3HAYMTENbHOM CTeMeHW ornpepenser
penpoayKTUBHYI CNOCOBHOCTb, AAeT CoYeTaHMe ABYX OCHOBO-
nosiaratoLLMX CBOMCTB: OMI0A0TBOPSAIOLLAS CNOCOBHOCTb U XU3-
HecnocobHocTb.  Kputuueckuid  aHanus  3PPeKTUBHOCTH
MeTOL0B, OMNpefeNneHus KayecTBa Mbliblbl M MHTEPMpPETaLmm
napaMeTpoB, eé XapakTepusyowWwmX, SBNSETCS Le/blo HacTos-
wern pabotbl. PaccMOTpeHbl MPUYMHBI BO3HUKHOBEHUS MOHMU-
YKEHHOM XXM3HEeCcnocobHOCTU 1 CTEPUIIBHOCTM MblbLibl, @ TAKXKeE
npueMbl NPeofoNeHUs STUX HEraTUBHbIX SIBNIEHUI B npouecce
WHTPOAYKLMK, CENEKLMU U ceMeHoBOACTBa. OnucaHbl n3MeHe-
HWS, MPOUCXOAALLME B MblIbLE NOJ, BAUSHUEM 3KCTPEMASbHbIX
BHELHMX (HAKTOPOB U NMPUMEHEHWS IKCNEPUMEHTANbHBIX NPU-
€MOB CefieKUMM (LMTOoNIa3MaTUyecKas MyXcKas CTepUnbHOCTb,
MexBuaoBas rubpuaunsaums, nonunaouaus, myrtareHes). Pac-
CMOTpEHbl TEePMUHbI: aHOManwus, AedopMaums, AereHepauus,
nedekTbl, TepaTbl, NaToNOrMK. MoKazaHbl OCHOBHbIE MPUHLMIbI
MCCNeLOoBaHUS KQYecTBa MblibLbl: U3yvyeHne MOpdoaornyeckmx
NPU3HAKOB, UCCNeaoBaHue GU3MONOTUKM NPOHUKHOBEHUS Kpa-
cuTeneii B LMTOMNNA3My MblbLEBOro 3epHa, ornpeaeneHue cno-
COBHOCTM NblNbLbI MPOPACTaTh HA UCKYCCTBEHHbIX NMUTATEbHbIX
cpefax M Ha pblible Nectuka, buoxmmMmuyeckme TecTbl, akTUB-
HOCTb (DepMEeHTOB, JIOMUHECLEHTHbIM aHanu3. Haubonbliwmii
WHTepec NpeACTaBNAT NoKa3aTesn, KOTopble KOIMYEeCTBEHHO
XapaKTepU3YHT CBOMCTBA MblibLpbl, B TOM YMC/IE MPOTOYHAS Ln-
ToMeTpus, undposas Mukpockonus. lNoguépkueaeTcs, Uto cne-
[yeT MaKCMManbHO TOYHO oOnpeaensaTs Habniogaemble npu
MbIbLEBOM aHanu3e siBNeHUs M npoueccol. MHTepnpeTaumu u
0606LeHNs AaHHbIX O XM3HECnocobHOCTH, PepTUNBHOCTU U
0onnoAoTBOpSoLLEN CNOCOOHOCTM NbibLbl MO KOCBEHHbIM MO-
Ka3saTensaM HeobxoauMo LeNnaTb OYEHb KOPPEKTHO, MOCKOSbKY
OJHM U Te Xe MoKasaTenu MoryT OJHOBPEMEHHO CBUAETENb-
CTBOBATb O Pa3HbIX CBOMCTBAX MblIbLibl.
Knrouessie cnosa:
nblbLa, ONIOAOTBOPAKOWAN CMOCOBHOCTb, (EepTUNLHOCTD,
XM3HEeCnocobHOCTb, Mopdodusmonorus, rMCTOXMUMMUS,
uuTOMeTpUS
locmynuna 8 pedakyur: 15.04.2026
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POLLEN QUALITY IN FLOWERING PLANTS.
INTERPRETATION OF THE TERMS, METHODS,
AND RESEARCH RESULTS
Bukharov A.F.

All-Russian Scientific Research Institute of Vegetable Growing — branch
of the Federal Scientific Center for Vegetable Growing, Vereya village,
Moscow region, Russia
E-mail: afb56@mail.ru

Abstract

The subject of this work is the generalization of the system
of methods, views, and terms that exist within the concept of
pollen quality as a single complex of knowledge, as well as
the interpretation and projection of these concepts into
solving practical problems in breeding, seed production, and
seed science. The concept of pollen quality, a complex
indicator that significantly determines reproductive capacity,
is based on the combination of two fundamental properties:
fertilizing capacity and viability. This study aims to examine
the effectiveness of pollen quality-determination methods
and interpret its parameters. The article discusses the causes
of reduced pollen viability and sterility, as well as methods for
overcoming these negative phenomena in the process of
introduction, breeding, and seed production processes. It also
describes the changes that occur in pollen under the influence
of extreme external factors and the use of experimental
breeding techniques (CMC, interspecific hybridization,
polyploidy, and mutagenesis). The following terms were
considered: anomaly, deformation, degeneration, destruction,
defects, terata, and pathologies. The main principles of pollen
quality research are as follows: morphological features,
studying the physiology of dye penetration into the cytoplasm
of the pollen grain, determining the ability of pollen to
germinate on artificial nutrient media and on the stigma of the
pistil, biochemical tests, enzyme activity, and luminescent
analysis. The most interesting indicators are those that
quantitatively characterize the properties of pollen, including
flow cytometry, digital microscopy, and holographic
microscopy. An accurate description of the observed
phenomena and processes during pollen analysis is required.
Interpretations and generalizations about viability, fertility,
and fertilization capacity based on indirect indicators should
be carefully made. The same research methods and indicators
can simultaneously provide evidence of different pollen
properties.

Keywords:
pollen, fertilizing capacity, fertility,
morphophysiology, histochemistry, cytometry

viability,
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BBEOEHME

MbinbLa, UK NbiNbLEBOE 3€PHO — 3TO CM/IbHO pPeayLMpPOBaHHbIA MYXXCKOW rameTtodut. OCHOBHOE
Ha3HayeHue MbiNblbl — OMJIOLOTBOPEHUE SMLEKNETKM U LLEHTPasbHOM KNETKM 3apOoAbllleBOro Mewka
¢ nocnegywowmum bopMUpoBaHMEM 3apofpllia M 3Hpocnepma cemenun [lopaybHas-ApHonban 1964;
baHHukoBa, XeembiHmny 1982]. OTtcioga BbiTeKaeT OCHOBHOE CBOWCTBO, HeobxoAuMoe nMbifble,
CNoCcOBHOCTb OMIOAOTBOPATb, MM ONNIOAOTBOPSAOLWAA CNOCOOGHOCTb. ONNOAOTBOPEHUIO NpeaLecTByeT
npopacTaHue Mbiblbl HA pbifble MecTuka, PocT MblibLeBon Tpybku B CTONOMKE M MPOHUKHOBEHUWE
B CEMAMOYKY. B 3TOM 3ak/oyaeTcs BTOpoe BaXKHOe CBOMCTBO MblIbLEBLIX 3epeH — OblTb CMOCOBHbLIMM
OCYLLECTBNATL POCTOBble NMPOLLECChl, TO eCTb 001afaTh KUM3HECNOCO6HOCTbI. CoyeTaHWe 3TUX ABYX
OCHOBOMOAraloLWMX CBOMCTB AAeT NpeacTaBNeHMe O KavyecTBe MblUibLbl — KOMMIEKCHOM fokasarene,
KOTOPbIV B 3HAYMUTENbHOM CTENEHM ONpeaenseT penpoayKTMBHYH CNOCOBHOCTD.

B npouecce GopMMpOBaHMS MblUIbLEBbIE 3€PHA MCMbITLIBAIOT HEraTUBHOE BAUSHUE BHELUHEW
cpeabl (3KCTpeMasnbHble TemnepaTypbl, 3aCyxu, 3acCONeHue, MNPOMbIWAEHHbIE BbIOPOCHI, XMMMU3ALMS
CeNbCKOX03MCTBEHHOrO MPOU3BOACTBA, pPaAMauMs, BbICOKOYACTOTHbIE W3AYyYeHWs), Bbi3blBaloLLEE
CHWXKeHMe KavecTBa Mbinbubl [TynuubiH u op. 2012; Bacunesckas, Mopososa 2016; Xyiikosa u dp. 2019;
LaueHko, Kepumos 2023]. KauecTBO MblibLbl — 3TO SPKWMIA TECT, XapakTepusylowmuin 3dpdekTMBHOCTb
WMHTPOAYKLMU pacTeHuit B HoBble ycnosua [JlanwuH, KysHeuosa 2009; Bacunesckas, Mopososa 2016].
Pe3koe CHMXeHWe KayecTBa Mblblbl Y PaCTEHWUI, TPAAMLIMOHHBIX ANS perMoHa (CocHa, nuna, bepesa),
MOXEeT CBUAETEeNIbCTBOBATb O HEFATUBHOM 3KOMOMMYECKOW CUTYaLMK, BbICOKOW QHTPOMOreHHOM Harpyske
A mnsMeHeHun knumata [JlanwwmH, KysHeuosa 2009; MupHenko 2020; LaueHko, Kepumos 2023].
Mcnonb3oBaHue MyTareHesa, OTAaNIEHHOM TMbpuaunsaunm, NoAMnAoOUaMK, BUOTEXHONOTUYECKUX U OPYTUX
MEeTOA0B CeNekuMM TakKe OKasblBalT CYLLeCTBEHHOE BAMSAHWME HA KayeCTBO MblbLbl HOBbIX COPTOB
[Umumn 1981; Epemun 1985; Kypcakos 1986; Mapakaesa, Kasbigy6 2016]. YactmyHO noBbICUMTb
$epTUNbHOCTb M MAOLOBUTOCTb MYTAHTHbBIX M MOJIMMIOUAHBIX QOPM, MEXBUAOBLIX MMOPUAOB MOXHO
C NOMOLbK  (U3MONOrMYECKM aKTUBHbIX BEWeCTB, O 4YeM CBWAETeNbCTBYT MHOMOYUCIEHHbIE
nccneposanus [Kypcakos 1986; byxaposa, byxapos 2008; Mapakaesa, Ka3biay6 2016]. Ucnonb3oBaHue
CTUMYNUPYOLLMX HAKTOPOB LiesIecoo0bpasHo AN NOBbIWEeHUS 3PPEKTUBHOCTM CEMEHOBOACTBA, 0COOEHHO
B HebaronpmsaTHbIX ycnoBusix. OCO6EHHO BaXXHO NOBbIWEHME OMNJIOAOTBOPAOLLEN CMOCOOHOCTM Mbl/bLibl
npu reTepo3nCHOM cenekuuu u rubpuaHoM cemeHoBoacTae [byxapos, byxaposa 2011].

[na oueHkn 3OEKTUBHOCTU TaKMX MPUEMOB MPUMEHSIOTCS PasfiMyHble MeToAbl M NapaMeTpbl
onpepeneHns kavectsa nouibubl [Open 1972; Jiuteak 1978; YyeawunHa 1980; Lauenko, AumutpeHko
2026]. Uenb paHHOM paboTbl — KpUTMUYECKMIA aHann3 3QPEeKTMBHOCTU METOA0B OnpefeneHns KavyecTsa
MblNbLbl U UHTEPNPETALMM XapaKTEPU3YIOWUX €€ NapaMeTpoB.

OBCY>XOEHME MPOBJIEMBb

IOna Toro, 4ytobbl OXapakTepu3oBaTb KAYeCTBO Mbl/bLbl, MCMOMAb3YT Pas/MYHbie TEPMUHBI.
OnnopoTBOpAKOLWYH CNOCOOHOCTb XapaKTepU3YKT Mnokasatenem ¢epTunbHOCTb. [TbUibLy, Y KOTOPOWM
ONNoAO0TBOPALLAN CMOCOBHOCTL OTCYTCTBYET, HA3bIBAKOT CTepunbHOM [PoibuH 1962; Purep, Muxasnuc
1967; [ynka 1984]. OpHako uWCNONb30BaHME 3TUX [ABYX TEPMUMHOB MMEET CBOK Cneuuduky.
[apaHTMpOBaHHO oOMNpeaenvnTb ONMOAOTBOPSIOWYI0 CMOCOBGHOCTb MbliblLbl MOXHO TOMBKO MyTEM
NpoOBeAEeHUS UCKYCCTBEHHOrO OMbINeHUs C NpeaBapuUTeNbHOM KacTpaunen 6yTOHOB (yaaneHneM TblYMHOK
C HEPACKPbIBLLUMMUCA NbIIBHUKAMM) U UX U30SLMEN NOCE HAHECEHMS MblbLbl HA pblbLe. B To e Bpems
obpasoBaHuMe Mpu 3TOM MIOL0B M CEMSH elle He CBUAETENbCTBYET O PepTUAbHOCTM Mbibubl. OnbineHne
CTePUNbHOW, HO JXM3HECNOCOOHOM MbINbLOM MOXET MPUBECTM K CTUMYNSTMBHOW NapTeHOKapnuu
1 anommkcumcy. O cTeneHun NpPosIBNEHUS ONJIOAO0TBOPAIOLLE CMOCOGHOCTHU NbiNbLbl CIEAYET CYANUTb TONbKO
Mo 3aBSA3bIBAEMOCTM CEMSH B MPOLEeHTax OT uucna cemanouvek. OgHako M OTCyTcTBME 0Opa3oBaHug
MN0AO0B M CeMSAH He BCera CBuaeTeNnbCTByeT 06 OTCYTCTBUM Y MblfbLibl ONJI0A0TBOPSIOLLEN CMOCOOHOCTH.
B HeKOTOpbIX Ciyyasix HOpMaNbHO CHOPMUPOBAHHASA PepTUIbHAS MblAbLA HE CNOCOBHA ONIOAOTBOPUTL
AMLEKNETKY M JaXe NpOpaCTU Ha PblibLe NecTuka BCIeACTBUE HECOBMECTUMOCTU [MIOHTUMHT 1967].

TepMuH epTUABHBIA NPOUCXOAMUT OT JNATUHCKOrO fertilis W 0O3HayaeT MnIOLOPOAHBIN,
NNOLOHOCHBIN, NAOLOBUTbIA, CNOCOBHBIM NPOM3BOAMTL MOTOMCTBO MM 06Na[AOWMIA peNnpPOAYKTUBHOM
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cnocobHoctblo. CTepunbHOCTb  O3Ha4yaeT  MPOTMBOMONOXHOE  CBOMCTBO -  ©ecnnofHoCTb,
006ecnnoXeHHOCTb, JNIMWEHHOe CnocobHocTM K onnopoTtBopenuto [MuenkuHa 1987]. P. Purep
n A. Mmxasnuc xapakTepusyoT CTEPUABHOCTb 0COOM Kak HECMOCOOHOCTb MPOM3BOAMTL XM3HECNOCOBOHbIe
M QYHKLMOHMPYOLLME TaMeTbl, a CTEPWIbHOCTb Mbliblbl (MYXCKYH CTEpPUIBHOCTb) - Kak ee
HecnocobHOCTb K HOpManbHOMYy (QyHKUMOHMpOBaHUIO [Purep, Muxasnuc 1967]. CoOTBETCTBEHHO,
3HaYeHMe 0TeYeCTBEHHOro TepMUHA pepTUAbHDBIN PAaBHOLLEHHO aHruMCcKoMy cnoBy fertile — cnoCcoBHbIN
NMPOM3BOAMTbL XM3HecnocobHoe mnotomcTBO [[unspos 1989]. AHanoruuHyio, Ho 6onee KpaTkyto
dbopmynnposKy npueoauT A. MOHTUMHT. DepTUABHOCTb — NNOLOBUTOCTb, @ CTEPUIBHOCTb — YMEHbLUEeHWE
WAN yrHeTeHWe CNocoBHOCTU MPOU3BOAMTL MOTOMCTBO MOMOBLIM nyTeM [MioHTUMHT 1967]. L. Ayap6ax
TaKKe OonpenensieT CTepunbHOCTb, KaK YMEHbLUEHME WM YrHETEHME CMOCOOHOCTM MOMOBLIM MYyTEM
npou3BoamMTb NOTOMCTBO [Ayapbax 1968]. CnepoBatenbHo, GepTUABHOCTD MAW CTEPUNBHOCTD MblIbLbI
MOXHO HaAeXHO Onpenenutb TOAbKO MNPSAMbIM MeTOAOM MO CAOCOBHOCTM WMAM HEeCnocoBHOCTU
ONNOAOTBOPATL AWLEKNEeTKY M [AaBaTb NOTOMCTBO. [lokasaTenb OMNIogoTBOpPSIOWERn CnocobHOCTH,
MOMYYEHHbIN MyTEM MPSIMOM OLEHKU, MHOTAA UHTEPNpPETUPYIOT KaK UCTUHHYIO hepTunbHOCTb [PybaHoBa
2021]. Opyrue metopsl, HanpuMep, NpopaliMBaHMe U OKPaLIMBaHWE Mbliblbl, CleayeT paccMaTpuBaTth
KaK KOCBEHHble, AAl0LWMe TObKO SOMNOAHUTENbHbIE (YaCTUYHbIE) 3HAHMS O PYHKLMOHUMPOBAHMU MblbLbl,
HO He obecneynBalolLMe MOMHYD W HAOEXHYI WHPOPMALMIO O PenpoaykTMBHOM CNOCOBHOCTU
K Bocnpomn3BoactBy [PoionH 1962; Kpyrnosa 2020; LlaueHnko, AumuTtpeHko 2026]. CneposatenbHo, peyb
MOXET UATU O «KNOTEHLMANIbHOM» PEenpoAyKTUBHOM CNOCOBHOCTU Mbinbubl [BopoHosa, MaBpunosa 2019].
OpHako onpefeneHne onnoAo0TBOPSIIOLLENA CMOCOBHOCTU MbUIbLbl MYTEM MCKYCCTBEHHOrO CKPeLLMBaHMS
- mnpouecc TpyaoeMKuin U anutenbHol. Tem 6onee, 4To GepTUAbHOCTb MblIbLbl U ONPEAEenoT C Leblo
ee nocneayrLero MCNob30BaHUa B rubpuamnsaumm, a Ans 3Toro HeobxoanMbl IKCnpecc-meToap! [ByHMH
2003, 2004; Myxanbckuii u dp. 2007].

OpHOM M3 MepBbiX rMNOTE3 O BO3HMKHOBEHMM BeCcniogMs U CTEePUNIBHOCTM Y MEeXBUOOBbIX
rMOpuOoB Obl10 MPEeanosioKeHWe O BAWMSHWUM YMUCIA XPOMOCOM M HapYLWEHUSX MX PaCXOXAEeHUS
B npouecce menosa [CunHOT, OenH 1934]. B uutonornyeckux u aMOpUONOrMYECKUX MCCNELO0BAHUAX
CTEPUBbHOCTb, KAaK MPaBMO, CBSA3bIBAKOT C HapylweHneM genexnmsa sapa. B.A. PoibuH dyHKUMOHanbHoe
COBEpPLUEHCTBO M/IM HECOBEPLIEHCTBO Mbi/lbLibl CBA3LIBAET C TEYEHWEM MEN03a, HapyleHWe KOTOporo
nNpuMBOAMT K HGOPMUPOBAHUID HEOJHOPOAHbIX (MO dopMe M pa3mepy) MblibLeBbIX 3epeH [PoiouH 1962].
B.M. baHHmkoBa m O.A. XBegblHMY, KaK M MHOrMe pgpyrume 3MOpPMONOrK, CUYMTAKOT, YTO B OCHOBE
aHOMa/NIbHOr0 Mei03a NIeXMUT PacCcornacoBaHHOCTb NpoLecca pasBUTUS, 00YCIOBNEHHAs reHeTUYeCKUMHU
NpUYMHAMK, B TOM YMCaE NPU OTHaNneHHoM rmbpuamnsauum [baHHukoBsa, XBeabiHny 1982]. O6wenpuHaTo,
YTO MOBbLICUTb (EPTUNbHOCTb PACTEHMIA C MOHWMXKEHHOM MAOAOBUTOCTbI0 MOXHO CO034aBas WM
HnaronpusaTHble yCcnoBMS BblpawmMBaHus [baHHuWkoBa, XBepbiHuy 1982; byxaposa, byxapos 2008;
byxapos, byxaposa 2011]. B.A. MNogaybHag-ApHonbam nogyepkuBana, Yto CTEPUIBHOCTb M HapyLIeHUs
Mero3a B psae Ciy4yaeB MOryT ObiTb HE MPUUYMHON, a clneacTeueM GU3MONOrMYecKMX U BUOXUMUYECKMX
npoueccos [[ToanybHas-ApHonban 1964].

MeTod, HasblBaeMblt B LIMPOKOM NpaKTMKe aLeTOKapMMHOBBIM, MO CYTH, 9BASeTCS
nccnenoBaHMeM Mop@onornm NblabLEBLIX 3epPeH Uan MOpdOMeTpUn, eCn CONPOBOXAAETCS U3MEpeHUEM
[AbpamoBa, KapnuHckuii 1968; MNaywesa 1980; bapbikuHa u dp. 2004; CamurynnuHa, KupunHa 2007].
OTyacTM npu 3TOM Mbl Habnwogaem u GU3MONOTMYECKMIA MNPOLLeCC, MOCKObKY OTMEeYaeM CTeneHb
MPOHUKHOBEHME KpacuTens Yepes 060104KH, NblIbLEBbIX 3epeH. [103ToMy LenecoobpasHo Ha3biBaTb 3TOT
mMeToa Mopdodusnonornyeckum TectoM. o Mopdonormyecknm napaMeTpam MOXHO A0CTAaTOYHO MOSHO
cyauTb 0 GepTUIbHOCTM M NOTEHUMANbHOM OM0A0TBOPAOLWEN cnocobHocTn nbinbubl [Open 1972;
Maywesa 1980; Myxanbcknin u dp. 2007; CamurynnmHa, KnupmHa 2007]. B cBETOBOM MUKPOCKON MOXHO
BbIAENUTb HOPMaNbHble (CBOWMCTBEHHbIE AJ19 BONbWMHCTBA NpeacTaBUTENen AAHHOTO BMAA WMAKW COPTa)
“ aHOManbHble (OT/IMYaloLWMecs No pasmepy, dopMme, CKyNnbnType, BHYTPEHHEMY CTPOEHMIO, APYrUM
npu3Hakam) nbuibLeBble 3epHa. OTKNOHEHNS aHOMaNbHbIX MblbLEBLIX 3€PEH OT HOPManbHOro pasMepa
MOXeT ObITb CNefCTBUMEM MUX NOAUMNAOUAHOIO UM FAaNAOULHOrO (KPymnHble UAK MenKue, COOTBETCTBEHHO)
coctosiHua [bapbikuHa u dp. 2004; Llauenko, JloreuHos 2021]. 3TO MOXET MPUBOAUTb K CHUKEHMIO
MX ONNOAOTBOPAKOLWEN CNOCOOHOCTU, HO HE O03Ha4YaeT WMX MOSIHOM CTepunbHOCTW. [lbinbLEBble 3epHa,
nmerowme sBHble AedekTbl (0ePOpMMPOBAHHbLIE, CMOpPLLEHHblE, 6€3 uMTOoNNasMbl), Kak MpaBwuIo,
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MOMHOCTbIO CTepwibHbl. JledekTHble MbinbLEBble 3epHa BO3HMKAKT, Kak MNPaBWo, MOL BIUSHUEM
BO3JENCTBUI, NPEXAe BCEro, BHEWHWX 3KCTPeMasbHbIX PakTOpOB, B TOM YMC/E B MPOLECCe UHTPOAYKLIMM
[TynuubiH u dp. 2012; Bacunesckaq, Mopososa 2016. JereHepaums, perpapgaums nogpasymesaet
[OCTaTOYHO MPOAO/KUTENbHbIA MPOLECC OCTAaHOBKM pPa3BWUTUS MbibLEBbIX 3€peH, @ OCHOBHbIMU
hakTopaMu SBNSAKOTCA NPEUMYLLECTBEHHO BHYTPEHHWE HAaCNeACTBEHHbIE NPUUYMUHDBI (LMTOMIa3MaTUUeCKas
MYXKCKasi CTEPUSIBHOCTb, MEXBUA0BAS HECOBMECTUMOCTb, MOAMMAOMAKUS, MyTareHes) [Poibun 1962; Open
1972; YysawmHa 1980]. PewatowmM nokasatenem CTEPUNLHOCTM MbliblLbl CAYXUT OTCYTCTBUE
(pa3pyweHue unu perpagaums) sgep (BeretaTMBHOrO M reHepatuBHOro). [103ToMy, 4Tobbl KOHTPACTHO
BbISIBUTb dedeKkTHOe CTpOeHMe MblbLEBbIX 3epeH, YacTo MPUMEHSIOT OKpalWBaHWe LMTOMAa3Mbl U
anepHbIX cTpykTyp [HOpues, MNMyxanbckuii 1968; bapbikuHa u dp. 2004; Myxanbckuia u dp. 2007].

TepMuHbI, XapakTepusyolMe HOPManbHOCTb M aHOMaNbHOCTb MblIbLEBbLIX 3EPEH CO CCbIIKaMM
Ha MHOro4McneHHble nybnvkauuu, nNogpobHo pasbupaer B cBoer pabore H.H. Kpyrnosa. AsTopom
npeanoXxeHa Knaccudukaumsa, B npeaenax KOTOPOWM  BbIOENSOTCA:  K/IETO4YHble, SOEpPHbIE,
uuMTonmnasMaTMyeckme W CTPYKTYPHO-apXUTeKTOHWYeckne aHoMmanuu. [logapobHo obcyxpaertcs
ynotpebneHne TepMuMHOB pAedopmaums, AereHepaumsi, AECTPYKUMS 4719 ONUCaHUS  HapyLeHUn
B MOP@ONOrMKN MblIbLEBLIX 3€PEH, MPUBOAALLMX K CTEpWUIbHOCTU. OTLENbHO PAacCMOTPEHO MOHATUE
AedekTHOCTH ¥ rpaHMLa Mexay HopManbHoM 1 gedekTHoM nbinbuon [Kpyrnosa 2020].

OpHako TepMUMHOMOIUS, NPUMEHSEeMas B MaAUMHONOIMYECKUX MCCNeOoBaHMsX, ropasfo Lumpe.
[MOHATUS TUNMYHbIE M aTUMUYHBIE [MbiJbLEBbIE 3€pHa, NO-BMOMMOMY, MOXHO BMOJIHE COOTHECTM
C TepMMHAMW HOPMaJbHbIe U aHOManbHble. Bcé MHoroobpasue GopM (M3MEHUMBOCTb) MblbLEBbLIX 3€peH
B npobe paccmaTpmBaloT kak nonumopdusm [TynuubiH u dp. 2012] nnu rereporeHHocTsb [/lutBak 1978].
B 3konorunyeckux uccnepoBaHmsx MopQposiorMYecKytd M3MEHUYMBOCTb MblibUbl (KaK M APYrMX KNETOK,
TKaHen, opraHos) fo onpegeneHHoro npegena (10-11%) paccMaTpmBaloT Kak HOPMY (€CTECTBEHHbIN
nonumopdusm) [TynuupiH u dp. 2012; Bacmunesckas, Mopososa 2016]. Mopdonoruyeckme HapyLieHus
CTPOEHMS MblNbLbl MOA, BIMSHUEM IKCTPEMASbHbIX YC/IOBUIM OKPYXXatoLen cpeabl YacTO pacCMaTpuBatoT
KaK TepaTbl, U1 YPOACTBA, YTO O4YE€Hb OAM3KO K NOHATMIO aHOManus. BoigensitoT ot 7 oo 14 Tvnos
TepatoMopd MbifbLEBbLIX 3€pPEH, KOTOpble pa3fuMyaTcsa no dopme, CKyNbnType, KONMYecTBy anepryp
n 60po3a, CMMMETPUYHOCTU, UBETY M ApyruM ocobeHHocTam [[3wb6a 2007; TynuubiH u dp. 2012;
Bacunesckas, Mopososa 2016]. 3acnykuBaloT BHUMAHMS TepMUHbl ABGOPTUBHOCTb W NaTonorus
nbinbueBbiX 3epeH [Yurypsesa 1970]. Ecnu nepBbit NOYTM COMOCTAaBUMM C TEPMUHOM CTEPUIbHOCTD,
TO BTOpPOWM HeceT bonee WMpOKyo cMbicnoByto Harpysky. K0.C. YeHLOB paccMaTpmBaeT NaToNormu KneTku
KaK CTPYKTYpHO-GYHKLMOHANbHbIE WM3MEHEeHUs (MOPaXeHus) BHYTPEHHUX cTpykTyp. OHu  MoryT
NpOsIBNATLCS KaK BpeMeHHble (0bpaTuMble) Man CToMKMe (HeobpaTuMble, 3aKaHYMBaKOLWMecs rubennto)
HapYLUEHMS XU3HEHHbIX npoueccoB [YeHuoB 1984]. 3Ty GopMynnpoBKy B MOMHOW Mepe MOXHO OTHECTM
K nbiibLe. [lenctBuTensHO, rmbenb MbifbLEeBbIX 3€peH, UMEIOLLMX NAaTON0rMYeckme M3MeHeHUs, UCKoYaeT
MX U3 OMJOAOTBOPEHMS U SBNSETCA OCHOBOM MPOrpeccMBHOro npouecca, npeaoTBpallatolWwero
BO3HMKHOBEHME aHOMaIMM Pa3BUTUS 3apOAbILLA M B3POCIOrO OpraHu3ma.

AUETOKapMMHOBBIV MeToA TPaAUUMOHHO MPUMEHSIOT AN onpepeneHns GepTUAbHOCTU MblabLbl
[[1aTbinoBs, TapaHyxo 1969; Maywesa 1980]. TepMUHbI CTEPUNBHOCTD, AedEeKTHOCTb, aHOMAaNbHOCTb O4YEHb
TECHO B3aMMOCBA3aHbl 0OWMMKM NpPU3HAKaMKM, a [ONS BbISIBNEHMS OTPaXaeMblX MMM MNokasaTenen
3 PeKTUBHO NPMMEHEHWE OKpaLLMBaHUS MblfbLibl, CNOCOOCTBYIOLLEE BbISBNEHMIO BCEX MOP(]ON0rNYeCKmX
OTK/IOHEHWI, YTO $BNSETCA MpuunHOW ctepunbHocTU. OpHako, 3.B. A6pamosa u 0.A. KapnuHckuii
He 6e3 OCHOBAHMS CUYMUTAIOT, YTO 3TUM METOAOM ONpPeAensoT XKM3HEeCNnOoCOOHOCTb MblbLibl, MOCKONbKY
OH BasupyeTcs Ha CNOCOOHOCTM KApMWMHA MPOHWMKATb B XMBYK MbUIbLy M OKpPaLWMBATb LMTOMIA3My
[ABbpamoBa, KapnunHckunin 1968]. 3toro xe MHeHus npugepxusancs B.M. OctaneHko [Octanenko 1956,
1972]. O.H. BopoHoBa u B.A. TaBpuioBa OTMeYaloT, YTO METOAbl OKPALIMBAHUS CKOPee MNO3BONSIHOT
FOBOPUTb O XXM3HECMOCOOHOCTM MbUIbLEBLIX 3€peH M MOTeHUMANbHOM BO3MOXHOCTM OMbINEHUS UMUK
[BopoHoBa, aspunosa 2019]. MIMEHHO NO3TOMY aLETOKAPMWHOBLIA METOA 3a4acTyld PeKOMEeHAYHT
Ang onpeaenexHus 7o GepTUNABHOCTH, TO XM3HecnocobHocTu [AbpamoBa, KapaunHckuii 1968; bapbikuHa u
op. 2004]. Tak, u3yyasa npopactaHue nNbiablbl GAcoNM U 3eMAAHUKM HA UCKYCCTBEHHOW NUTATENbHOM
cpege, aBTopbl CIy4aliHO UM HAMEPEHHO OTOXAECTBAAKT TEPMUHbI HEePTUIBHOCTb M XXM3HECNOCOOHOCTD
[baTypuH, Ky3HeuoBa 2011; TumuH u dp. 2013]. B npouecce cenekuMoHHOM paboTbl C NOACOHEYHUKOM
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OTMEYEHO, YTO MpM CpaBHEHUW pa3HbIX METOAO0B onpeneneHus GepTUAbHOCTU (NpopaliuBaHue
M OKpalwmBaHue) yaobHee NoNb30BaTbCA aLETOKaPMUHOBLIM MeToAoM [BopoHosa, MaBpunosa 2019].

Kazanocok 6bl, MeHbLLE BCEro AO/MKEH Bbi3blBaTb COMHEHWE TEPMUH KM3HECMOCOBHOCTb MbifbLibl,
a Takxke cnocobbl BbISIBIEHNS U M3MEpPeHMs1 3TOro cBoicTBa. O6LEeNpU3HAHO, YTO KU3HECMOCOOHOCTb
NbibUbl — 3TO CMOCOBHOCTb MblNbLEBbLIX 3€peH NpopacTaTh B MblUibLEBble TPYOKM HOPManbHOW AJIUHbI.
N3mepsieTcs NpoueHTOM MpOopOCLIMX MblbLEBbIX 38peH OT obwero ux uucna B npobe [[onybuHCKuMA
1974; MNaywesa 1980; bapbiknHa u dp. 2004; Myxanscknii u dp. 2007]. BaxkHbIM nokasaTtenem sBaseTcs
NPOAOMKUTENBHOCTb COXPAHEHUA KU3HECNOCOBHOCTU Mbi/ibLbl. ITOT O4YeHb NabubHbIA MOKasaTesb,
KOTOPbIM 3aBUCUT KaK OT HAaCNeACTBEHHOCTM (BUAOBOM NPUHAONEXHOCTH), TaK U BAMSHUS 3KCTPEMANbHbIX
(akTopoB (B TOM UKC/Ie BO BPEMS XPAHEHMS) O4EHb BAXKEH A9 NPAKTUYECKoW cenekumm [YctnuHosa 1965;
NanwwH, Ky3Heyosa 2009; 3uHatynaunHa 2016].

LUnpokoe npuvMeHeHWe B  BbISBAEHUM KMU3HECNOCOOHbIX MbUIbLEBbIX 3E€peH  Hawu
MHOMOYUC/IEHHbIE METOAbl MX MPOPALUMBAHUA HA NUTaTeNbHbIX cpeaax [[onybuHckuin 1974; lMaywesa
1980; YysawwumHa 1980; CamurynnuHa, KupuHa 2007]. MeHee n3BeCTHbI METOAbI M3YUYEHUS NPOpacTaHus
MbinbUbl HAa pbiibue [TatapuHueB 1939] u pocta B ctonbuke [TatapuHues 1948], B ToM uucne
C MPUMEHEHUEM JIIOMUHECLIEHTHOW MMKpockonuu [Jluteak 1978; Yysawmnra 1980]. XKnsnecnocobHbIMM
CYMTAIOT MblbLEBbIE 3€PHA, Y KOTOPbIX AJIMHA MblIbLEBOM TPYOKM HE MeHblue AMaMeTpa MblUibLeBbIX
3epeH [Abpamosa, KapnauHcknin 1968; flateinos, TapaHyxo 1969; Myxanbckuii u dp. 2007; CamurynnumHa,
Kupuna 2007]. Pa3pabotaH OoNTMMU3UPOBAHHBIN METOA, OLLEHKM XXM3HECNOCOBHOCTM MblnbLbl, KOTOPbIW
YUYMUTbIBAET MblbLEBbIE TPYOKM OJIMHOM HE Kopouye pacCTOsSHUS OT pblibLa NecTuka A0 SWLLEeKNeTKu,
MOAEeNMPYHOLWUI NPUPOJHbIE YCNOBUS OMbUIEHUS M ONNOAOTBOPEHUS U MO3BONSIOLLMI KOPPEKTUPOBATb
nokasartenb B cpaBHeHun ¢ MeToaoM [l.A. TpaHkoBckoro [3uHatyninvHa 2016]. He MeHee BaxHbIM
SABNSETCS M3yYeHUe [OMHAMWMKKM MPOpaCTaHMS Nbliblbl, YTO MNO3BONSET OMNPenennTb CUHXPOHHOCTb
M APYXHOCTb B [JOMNOSIHEHME K MOKasaTento kusHecnocobHoctv [/lanwwuH, KysHeuosa 2009]. OgHako
Ang bonee TOYHOro onpeneneHns XKU3HeCcnoCoBHOCTU MbiNbLEBbIX 3epeH pa3HbiX KynbTyp Tpebyetcs
noabop NUTaTeNbHbIX CPea, 3a4acTyto TLATebHAsN ONTUMMU3ALMS UX COCTaBa, a TAKXKe YCNO0BMI U BpDEMEHU
akcnosuumm [Impe et al. 2020; Freire et al. 2022].

Mpouecc onnoaoTBOPEHMS HAUMHAETCA C MPOPACTaHMUS MblibLbl HA pblibLue U GOPMUPOBAHUS
MbINbLEBOM TPYOKKM, KOTOpas, NPOABMIasch B CTONOUKE, MPOHWMKAET B 3apoAblleBbld Melwok. [Mbiibua,
KOTOpas He MOXeT NpopacTaTh (Hexmn3HecnocobHas), 3aBefoMo, He byaeT 06nagate M ONNOLOTBOPAIOLLEN
cnocobHocTbio. Kak npaBuno, 3T ABa Nokasartens KM3HecnocobHOCTb M ONNOAOTBOPAIOLLAN CNOCOBHOCTD
He TOJIbKO KOPPEeNsLMOHHO CBS3aHbl, HO U 06YCIOBNEHbI 0OWMMU NPUYMHAMU — HAPYLIEHUSIMU CTPOEHUS
nbinbueBbix 3epeH [Kyiikosa u dp. 2019; MupHenko 2020]. MNMo3aTtomy uenecoobpasHO MCNONb30BaTb
KOMMNNEKCHbIN (0606LLeHHbIM) MOKa3aTenb abCoNTHOM XU3HECNOCOB6HOCTH Nbibubl [LlaLleHko, JloreuHoB
2021].

lokasaTtenu, Mo KOTOPbIM OTAIMYAKOT XXMBOE (KM3HECNOCOBHOE) OT HE XXMBOI0, XOPOLLO U3BECTHbI.
JT0 0bMeH BewecTB, pocT, pasmMHoxeHue [[yoka 1984; vunspos 1989]. HeoTbeMnembiM CBOMCTBOM
XM3HeCnocobHoM ocobu aBnsSeTcs CNoCOBHOCTb XUTb, AaBaTb NOTOMCTBO, NepeAaBaTb HACNEACTBEHHYHO
nudopmaumio [Purep, Muxaanuc 1967; Jinb6bept 1982]. MNo3ToMy TEPMUH XM3HECNOCOBHOCTb MblIbLbI
BCe yallle ucnonb3yeTcs B kayecTse obobwatowero tepmuHa [Dafni, Firmage 2000].

[lna npenBapuTeNbHOM OLEHKM XM3HECMOCOOHOM MblnbLbl MHOTAA LenecoobpasHo UCMONb30BaTh
mMeToq, eé maeHTUdMKauMm no MopdoNorMyecknuMm (Haaumuve aHOManui M OTKIOHEHWe B pa3Mepax)
npu3Hakam. lMpu OTCYTCTBUM MOBPEXAEHMI SiApPA PeYb MOXET MATU O CHWXKEHMM, @ He O noTepe
XusHecnocobHocTu. OTcyTCTBME Y MbinbUpbl AedeKTOB M aHOMaNWA He 03Ha4aeT, YTo MbiibLA CNOCobHa
OCYLLECTBNSATb JKM3HEHHble (QYHKUMM — MpOSBAATb KM3HEeCcnocobHocTb. [lbinbua MOXeT cTaTb
HEXM3HECNOCOOHOW BCNeACTBME BAMUSAHMUS HEDNArONPUATHBIX MOFOAHbLIX M APYrMX BHELWHWX (AKTOpOB,
HenpaBW/bHOIO MW HECBOEBPEMEHHOr0 CO0pa, A/IUTENIbHOrO XPaHEHUS, BO3AENCTBUS COTHEUYHBIX NTyYen,
CYX0CTM BO34yXa, paguaumm n MHorux apyrux ¢akropos. H.H. Kpyrnosa cdhopMynuposana Tesuc o ToMm,
4TO MOHATUE XKM3HECNOCOBHOCTM MbINbLEBOrO 3epHa Yye NoHaTMs ero dpeptunbHocTu [Kpyrnosa 2020].
OpHako B HEKOTOPbLIX CIyYasix MblUibLA, XOPOLLIO NPOpACTaloLLas Ha MCKYCCTBEHHOM MUTaTeNbHON cpeae,
HecnocobHa K onioA0TBOpeHMI0. Tak, MbibLa, MOAYYMBLLIAS BbICOKYH A,03Y PEHTIEHOBCKOro 0b/yyeHus,
TepseT OnJ0A0TBOPSIOLLYI0 CNOCOBHOCTb, HO COXPaHSeT CNOCOBHOCTL NPOpacTaTh, @ UCMONb30BaHME ee
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0N OMbleHUs CTUMYIMpYeT pasBuTME Ccemanodku 6e3  onnogoteBopeHus U GOpPMUPOBaHUeE
anoMUKTUYHBIX ceMsiH [byxapoBa, byxapos 2008; byxapos, byxaposa 2011].

Ha un3bupaTtenbHOM CNOCOBHOCTM MHOMMX KpacuTenen (KapMuH, opceuH, dyKCUH, SpUTPO3KH,
METUNIEHOBbIA CUHWM, MaNaxWMTOBbIM 3€neHbl, NakKMouAa) MNPOHUKATbL B LMTOMNA3My >KMBbIX
M HEXXU3HECNOCOOHbIX KMETOK Mblblbl; OCHOBAaHblI PasfiMyHble Bapuaumm 3T0ro Metopa [HOpues,
Myxanbckmin 1968]. 3ddeKTUBHBIM METOAOM BbISBAEHUS XXWM3HECMOCOOHbIX M HEXM3HecnoCobHbIX
MbINbLEBLIX 3epeH gBngeTcs audpdepeHuManbHas OKpacka C MOMOLWbBH KOMMAEKCA KpacuTenen
[Alexander 1969, 1987]

[ns BbIABNEHUS >KMBbIX MbUIBLEBbIX 3€peH TaKXKe aKTMBHO NPUMEHATCS Buoxummnyeckme
(rMcToxummnyeckmne) MeToabl OKPalMBaHMA: pPacTBOp MOAa B MOAMCTOM Kanuu — AN BbISIBNEHUS
Kpaxmana, Hasuune KOTOPOro XapakTepHO ANN XM3HeCcnoCOOHOM Mbliblbl; rBAsKON UAM BGEeH3nauH -
[ONS BbISIBIEHUS Mepokcuaasbl; 2,3,5-TpudeHnntetpason xnopuaa — AN BbiSIBEHUS LErMaporeHassbl;
M3aTUH - [ONS BbISBJAEHUS NPOAWHA. MeToabl, OCHOBAHHbIE HA BbISIBEHUM B LMTOMIA3Me aKTMBHO
paboTatowmnx ¢depmMeHToB, NIOrMYHO Ha3biBaTb OGUMOXMMMYECKMMM TecTaMM WM [OABHO YCTOSIBLUMMCS
TEPMMHOM FUCTOXMMMYECKUE uccnepoBaHus [PyneHko 1978; banHumkoBa, XBeabiHuy 1982; bapbikuHa
uop. 2004; Myxaneckuit u dp. 2007; CamurynnumHa, KupuHa 2007]. 3HauuTenbHbiM HeAOCTAaTKOM
TMCTOXMMUYECKUX TECTOB IBASETCS TO, YTO OHM MO3BONSIOT AABATb TOIbKO CYObEKTUBHYIO M1a30MEPHYH0
oueHky. llokaszarenn kayectBa Mbiblpl, MOAYYEHHbIE HA OCHOBE TUCTOXMMUYECKMX WCCNEefOBaHWW,
0Ka3bIBAKOTCS, KAaK MPaBWIO, 3aBbILWEHHbIMU, YTO SIBASETCA LPYrMM CYLECTBEHHbIM WX HEA0CTAaTKOM
[Atlagi¢ et al. 2012; Silva et al. 2018]. Tak, ncnonb3oBaHne OGUOXMMUYECKUX TECTOB ONS OLEHKM
KM3HeCcnocobHOCTM HeaoCTaTOYHO OOOCHOBAHO, MOCKONIbKY MOCAe XPaHEeHWS U HEeXM3HecnocobHas
MbiNbL@ C HENOBPEXAEHHOM UMTOMNA3MOM OKpAWMBAETCS M OWMOOYHO OUEHMBAETCA  Kak
XusHecnocobHasa [Marcellan, Camadro 1996; Burke et al 2007; Heidmann et al. 2016].
OnddepeHumanbHoe OKpalwMBaHWE CTAHOBMUTCS 3G@EKTMBHO, KOraa pacTeHus npou3Boaar 6onblioe
KonunyectBo abopTuBHOM Mbinbubl [Alexander 1969, 1987; Atlagic et al. 2012]. Mo3aTtomy uenecoobpasHo
B mpouecce MCciefoBaHUM M MpU OMMCAHMM pe3ynbTaToB HAbAOAEHMI YETKO U AeTanbHO pasnmyatb
MpU3HaKuK, xapakTepusylolwme Mopdonoruio, NnpopactaHMe, OKpalMBaHWE MblfbLEBbIX 3epeH, a bonee
WMpOKMe 0600LLEHUS O XM3HECNOCOBHOCTHU, GEPTUNBHOCTU M OMIOLOTBOPSIOLLEN CMOCOBHOCTM Aenatb
C OCTOPOXHOCTLIO [Impe et al. 2020].

Heckonbko 0COBHSAKOM CTOMT NHOMUHECLEHTHbIA METOA, UCCefoBaHus Nblibubl. OgHAKO MO CyTH
- 3TO MOAEPHU3MPOBAHHBIN, HO TOT X€ TMCTOXMMMYECKMIA METOA, OCHOBAHHbIM Ha CBA3bIBAaHUU
Kpacutenen (aKpuAMHOBBIA OpaHXEeBbl, TUTAHOBBLIA XENTblM, NPUMYAMH U MH. Ap.) C PasfMYHbIMU
XMMUYECKMMU BeLLEeCTBaMM B KJeTKe, Nociae 4yero oHu npuobpeTaroT cnoCcobHOCTb IOMUHECLMPOBATb
nop pgervicteneM YO nyyeird. B npakTuke nNbLIbLEBOro aHanusa Haubonee WWMPOKO WM3BECTEH METOL,
OKpaLIMBaHUS MbINbLEBbIX 3€peH W MbliblLeBblIX TPYOOK KpacuTensMu XIOMKOBbIM ronybon wnu
QHWAMHOBBIA CUHWMWA [JlIuTBak 1978]. 3T KpacuTenu, CBA3bIBasCb C Kanno3oW, obecrneynBaroT spkoe
CBEYEHME CTEHOK MblibLbl M MbifbLEBbIX TPYOOK nog BausHMEM Y® cBeTa, B TOM UMCIe HA pblibLe
M B TKaAHAX CTONBOMKA Ha AaB/eHbIX NnpenapaTtax. Hanmume 3HaYMTeNbHOro KOMMYECTBA Kaao3bl CHUTAETCS
($M3MONOrMYEeCKMM NPU3HAKOM aKTMBHOW XM3HeOesTeNbHOCTM npopacTalowen nbinbupl [JlutBak 1978;
PynoeHko 1978].

[eTanbHbii 0630p TPAagUUMOHHBLIX M COBPEMEHHbIX METOAMK MCCNenoBaHus (GepTUbHOCTU
MbINbLEBbIX 3€peH, CUCTEMATM3aLMs WCMNOMb30BaHHbIX AN 3TOr0 HOBbIX MOAXOAOB, a Takxke
CPaBHUTENbHbIN aHANWU3 NPUMEHEHUS UX ANS CENEeKUMOHHbIX Lenen npeactaBneH B paborax [Althiab-
Almasaud et al. 2024; LlaueHko, Oumutperko 2026]. Paspabotka mMeToaa MpPOTOYHOM LMTOMETPUM
MO3BONMNA KONMYECTBEHHO 1 B aBTOMATUYECKOM peXxunMe OLEeHUBATb pa3mep NbiibLeBbIX 3epeH [Kelly et
al. 2002; De Storme et al. 2013]. 3mMepuTb M OLEHUTb KaYeCTBO MblbLbl (B TOM YuCae MO NJIOUAHOCTH)
NMO3BONIIET METOA onpeaeneHus coaepxauus spepHon [OHK B 3penbix nbUIbLEBbIX 3epHax
MO MHTEHCMBHOCTM OKPACKM C nomouibio kKomMbuHauum dnyopecuenHa (FDA) wn iogupa nponunams (Pl)
[Heidmann et al. 2016; Luria et al. 2019]. MeToa NPOTOYHOM LMUTOMETPUM C NMOMOLLBIO OKPALUMBAHUS
anxnopourngpodnyopecuenH guauetatom (H, DCFDA) obecneunBaeT auddepeHUMaumio MbiabLEBbIX
3epeH Ha MonynsuMuM C HU3KMM U BbICOKMM YPOBHEM aKTMBHbIX popM kucnopoga (ADK). Meuibua
€ BbICOKMM ypoBHeM ADK cnocobHa NnpopacTaTb C YaCTOTOM B AECATKM pa3 6osiblue, YEM MbibLA C HU3KUM
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ypoBHeM ADK [Luria et al. 2019; Rutley, Miller 2020]. UMmnepaHcHas umtomeTpus notoka (IFC) BbicTynaer
B KauecTBe MO/Ie3HOW anbTepHATUBbLI BbILEYNOMSHYTbIM MeToAaM aHanu3a, N03B0NSS KOCBEHHO CYAWTb
0 pa3mepax, bopme, CoAepPXKMMOM LMTONAa3Mbl NbiabLbl [Heidmann et al. 2016; Heidmann, Di Berardino
2017; Ascari et al. 2020b; Canonge et al. 2020; Impe et al. 2020].

Mpu Bcex nntocax CylwecTBEHHbIM HE4OCTaTKOM NPOTOYHOW LMTOMETPUM SBASETCS TO, YTO 3TOT
MeTon He obecneyMBaeT BM3yanM3auMmio, MOCKObKY MCNosb3yemble npubopbl He obecneuymBatoT
nonyyeHve w3obpaxeHus KneTku. g KOAMYECTBEHHOrO aHanM3a KayvyecTBa Mbliblbl MCMNOJb3YHOT
aBTOMATU3MPOBAHHbIE CYETYMKM M30DpAKEHMS NbUIbLEBbIX 3epeH C MCNOAb30BaHMEM OKpPALUMBAHUS
no metoay [Alexander 1969; Mudd, Arathi 2012; Tello et al. 2018; Ascari et al. 2020a]. Pazsutue
UMPPOBOA MMKPOCKOMUU MO3BOAUIIO CAENATb MANMHONOTMYECKME UCCeA0BaHUs MeHee TPyA0eMKUMU
n bonee HafeXHbIMU, UCKMOYMB PYYHOM NOACYET MbifbLEBLIX 3€peH Noc/ie Mpouecca OKpawmBaHUS,
4TOObl BU3YaNbHO OTAIMYUTbL XM3HECNOCOBHYIO MblAbLy OT HeXM3HecnocobHow [Mishra, Srivastava 2015].
KonuuectBeHHass oueHKa MbinbLbl C Momowpbio UMdpoBOK ronorpadumyeckon mukpockonuun (DHM)
MO3BOMSIET BbLISIBUTbD B pEXMME SPKOro Mong nerko wuaeHtudbuuupyeMboie MblibLeBble 3epHa
Xun3HecrnocobHble (OKpaleHHble B TEMHbIA KPACHbIM LBET) U HEXM3HECNoCobHble (HeoKpalleHHble,
MOPLLMHUCTbIE UAK AedOpMUPOBaHHbIE, C HU3KMM copepXaHneM xpoMatuHa) [Kumar et al. 2023].

3AKJTIOYEHME

Takum 06pa3om, KaYecTBO MblbLbl XapaKTEPU3YIOT ABa OCHOBHbIX e€é cBoMCTBa. [lns ycnewHoro
OCYLLEeCTBNIEHNS Mpouecca penpoayuMpoBaHMS MbiiblLa [OO/MKHA OAHOBPEMEHHO ObiTb  XMBOM
(>km3HecnocobHoM) n 0bnafaTb ONIOAOTBOPSAIOLLEN CMOCOOHOCTBIO. [115 3TOr0 MbifbLEBbIE 3epHA AOMKHbI
6bITb MOPHONOrMYECKM HOPMANbHO pa3BuTbl. Heo6xoaMMOo, UTOObI B MbINbLEBbIX 3€PHAX M MblAbLEBbLIX
TpybKax aKTMBHO OCYLWECTBAANINCL OMOXMMMUYeckne w  du3Monornyeckme npoueccobl. [uHamuka
NpopacTaHus MbifbLEBbIX 3€peH W POCT MblAbLEBbIX TPYOOK AOMKHbI MPOUCXOAUTb MHTEHCUBHO
1 6e3 CyLLeCTBEHHbIX HapYLUEHUA.

[nsa Toro, ytobbl onpenenuTb Ka4yecTBO MbUIbLEBbIX 3€peH, OLEHMBAOT OCHOBHbIE MOKa3aTenu
(napameTpbl) MbinbUpl, NepedYncineHHble Boiwe. [ag onpegeneHns (M3MepeHus) napameTpoB MblibLbl
cywecTByeT 60NbLIOV apceHan MeTOA0B, KOTOPble OCHOBbIBAIOTCA HA OCHOBHbIX MpUHUMNax: 1) nsyyexue
MopdOonornyeckMx MpU3HaKoB; 2) uccnepoBaHne GU3MONOTMKM  NPOHUKHOBEHWS  KpacuTenen
B LMTOMNAA3MY MbUIbLEBbIX 3€PeH; 3) onpeaeneHme CnocobHOCTM MblibLbl NPOPACTaTh HA UCKYCCTBEHHbIX
MUTaTeNbHbIX Cpeaax WM Ha pblible nectuka; 4) Guoxmmmyeckme TecCTbl, aKTUBHOCTb (EPMEHTOB,
JIIOMUHECUEHTHbIM aHanu3. Hanbonblumii MHTEepeC NpeacTaBnseT UCNOb30BaHWE NMOKa3aTenen, KoTopble
He TO/IbKO Ka4YeCTBEHHO, HO U KOMIMYECTBEHHO XapaKTepu3ykoT 3TW CBOMCTBA, B TOM UYMC/E BbISB/IEHHbIE
C NOMOLLbK Pa3/IMYHLIX BapUMAHTOB METOAA MPOTOYHOM LMTOMETpUM, UMbPOBON U ronorpacduyeckom
MWKPOCKOMUM.

BaxkHO moayvepkHyTb, YTO CneayeT TOYHO HasbiBaTb Habnwgaemble NpW MbUIbLEBOM aHanuse
sBNeHMs 1 npoueccol. MHTepnpeTaumMn 1 0606LWeHns [aHHbIX O XXM3HECNOoCOOHOCTH, hepTUIbHOCTU
M ONNOAO0TBOPAIOLLEN CMOCOBHOCTM MblbLbl, MOMYYEHHbIE MO KOCBEHHbIM MOKasatensM HeobxoAnMo
[enatb O4YeHb KOPPEKTHO, C YYETOM BO3MOXHbIX KOPPEeNsLUMOHHbIX CBSA3eW Mexay napaMeTpamu.
Mpun 3TOM  «noMaTb»  YCTOSIBIUYKOCS TEPMMHONIOTMIO HET HeobXoAMMOCTM, HO MNOHWMMATL ee
HEeCOBEPLUEHCTBO M [eNlaTb KaXAbIM pa3s JIOrMYHble MOSICHEHMS K pe3ynbTaTaM MNbUIbLEeBOro aHanusa
BCerga nonesHo. Tak, aHanu3mpys pesynbTaTbl OnpefeneHns XU3HeCcnoCobHOCTM MblibLbl (M0 MeToay
TpaHKOBCKOro), cnepgyet Bcerga nNogyepkuBatb, UYTO 3TO TECT Ha CMOCOGHOCTb MbUIbLEBLIX 3epeH
K NPOPaCcTaHuI0 1 POCTY MblibLEBbIX TPYOOK B MCKYCCTBEHHbIX YCNOBUSX WM Ha pbiable (B TKaHSX)
nectuka. Cnefys nornke, UMEHHO TaK M OO/MKEH HA3bIBATbCS 3TOT NOKasaTesib M METOJ aHaNM3a KayecTea
Nbinbubl. Kpome TOro, MeTOAbl, OCHOBAHHbIE HA ONpeaeneHnn akTMBHOCTU PEPMEHTOB M pEKOMEHAyeMble
0N onpefeneHust XM3HecnocobHoCTH, Janeko He Bcerga 3Q@EeKTMBHO M TOYHO XapakTepusykT 3TO
CBOMCTBO MNbUIbLbl. [103TOMY uX LenecoobpasHO Ha3biBaTb GBUOXMMMUUYECKUMU MU TUCTOXMMUYECKUMMU
TecTamMu, YTO TOYHO OTpaxaeT UX npepHasHaveHue. OKpalMBaHWE MbINbLEBbIX 3€peH U MblabLEBbIX
TpYybOK cefyeT paccMaTpuBaTh Kak PU3MON0rMyecKuin NpoLecc NPOHMKHOBEHMS Pa3fIMYHbIX KpacuTenen
yepes K/1eTouHble 000/104KM U UX HAKANIMBaHUS B UMTOMNNA3Me M OpraHenniax.

byxapos A.®. © 165



Ecobiotech. 2026. V. 9. Iss. 1. pp. 159-173 «Quality of pollen from flower plants. Interpretation of terms, methods, and research results»

Cnepyet npu3HaTh, YTO METOZ, MbINbLEBOr0 aHann3a, CoUeTaLWmii UCCnefoBaHNe MHTEHCUBHOCTH
OKpaLwwuBaHUS 1 MOpdONOrMK MblNbLbl (ALETOKAPMMHOBDBIN, aLETOOPCEMHOBLIN U 0p.), ABNSeTCsa Hanbonee
MH(POPMATMBHBIM (XOTS M KOCBEHHbIM), XapaKTePU3YHOLWLMM U KM3HECNOCOOHOCTb, U OMI0A0TBOPSIOLLYHO
CNOCOBHOCTb MblIbLEBLIX 3epeH. BaxHO noHMMaTb, YTO OOHM M Te Xe MEeToAbl WMCCIef0BaHUS
W NoKasatenn MOryT OOHOBPEMEHHO CBMAETENbCTBOBATb O Pa3HbIX CBOWCTBAX (KM3HECMOCOOHOCTM
M ONNOLOTBOPAIOLLEN CMOCOBHOCTM) MblbLbl, YTO MPOSBASETCS B CYLLECTBOBAHMM TECHBIX M MPAMbIX
KOPPENsSLUMOHHbIX CBA3en Mexpy Humu. OgHako MOHATUS XKM3HEeCmoCOOHOCTM M ONNOLOTBOPSIOLLEN
CNocobHOCTH, MPOABNAS CXOACTBO, AANEKO He TOXAECTBEHHbl M MOryT ObiTb Aae NPOTUBOMOOXHbI.
Tak, NbinbUa C BbICOKOW ONIOAOTBOPSIOWEN CNOCOOHOCTbIO MOXET COBEpPLIEHHO He MnpopacTathb
Ha pblibLie MeCcTUKa BC/IeACTBUME CAMOHECOBMECTUMOCTU UM MEXBUAOBOW HECOBMECTUMOCTH, @ NblIbLa,
XOpOLWO MpOpacTaloLas B UCKYCCTBEHHOM NUTATEeNIbHOM Cpefie M JaXKe Ha pbliblie, MOXeT He 06naaatb
ONN0A0TBOPAOLLEN CMOCOBHOCTBIO (NOCNne BO3AEWCTBMS pagMauvM UNM PEHTIEHOBCKOrO W3NyveHus),
BbI3bIBas MAPTEHOKAPMUIO M aNOMUKCHC.
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ONS UHAYKUMM MOP®OTEHE3A B KAJUTYCAX
ORIGANUM VULGARE L.
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AHHOmMayus

Origanum vulgare L. (oywwnua 06bIKHOBEHHAS) — LLeHHas
adumpomMacnnyHas KynbTypa, BblBEeEeHMe ee
BbICOKOMPOAYKTUBHbBIX COPTOB SIBNSIETCA  aKTyanbHOM
cenekuMOHHOM  3agayen, 3PEPeKTMBHOCTbL KOTOPOWM
MOBbIWAETCS 33 CYeT OMOTEXHONOrMYecKUx MeTOAOB.
Llenblo uccnenoBaHuWs SIBASNOCH M3YYEHUE  BIIUSHUA
reHoTUMa M ropMOHaNbHOIO COCTaBa NUTATENbHOM Cpeapl
Ha 3P dEeKTUBHOCTb MHAYKLMM KaNnnyco- u MopdoreHesa
O. vulgare in vitro pna pa3pabotku 3ddekTMBHON H6UO-
TEXHOMOrMYECKOM MeTOAMKM, MO3BONAIOLLEN MONMy4aTb
COoMaknoHanbHble BapwuaHTbl O. vulgare nns nocnepy-
IOWLero CKPUHWMHIA W BHEApPEeHUS B CeNeKLMOHHbIN
npouecc. [pu KynbTUBMPOBAHWM 3SKCMIAHTOB MOYEK
Ha cpepax Mypacure u Ckyra (MC), pononHeHHbix HYK,
BAI, kuHeTuH, T3, BbISIBNEHbI COPTOBLIE OCOOEHHOCTH
ux pas3BuTus. Ha 3Tane BBeaeHus B KynbTypy in Vitro
y copta Ak-Kas Habnwojanu MakCMManbHyl 4acToTy
WHAYKUMKU Herpsmoro mopdoreHesa (45.0%) Ha cpene
¢ 1.0 mr/n HYK u 1.0 mr/n TO3, Toroa kak gna copta
KBasap onTumanbHol oka3zanacb cpega ¢ 1.0 mr/n HYK,
0.5 mr/n TA3 v 1.0 mr/n BAI (42.8%). MNpu cybkynbTMBK-
pOBaHWM NEpPBUYHbIX KanaycoB pereHepauuio noberos
C BbICOKOM yvactotowi y copta Ak-Kas (mo 45.0%)
Habnofanu, Kak M3 MOpGOreHHbIX, TaK U U3 YCIOBHO
HeMop®dOreHHbIX Kannycos, a y copTa Keasap (42.8%) -
NPenMyLLEeCTBEHHO U3 NePBUYHbIX MOPMOreHHbIX Kanuy-
coB. B pesynbrate 6bin10 nonyyeHo 6onee 50 ob6pa3uoB

pacTeHui-pereHepaHToB.  [lonyyeHHble  pe3ynbTaThbl
SBASKOTCS  OCHOBOM  Ans  pa3paboTku  MeToAMKu
MONMy4YeHMs  COMAK/IOHOB, KOTOpble  MOryT  ObiTb
MCNO/b30BaHbl B CEIEKLIMOHHbIX MpOrpaMmax.
Knroueswie cnoea:

Origanum  vulgare L.,  mopdoreHe3 in vitro,
KanaycoreHes,  3KCMAAHT, pacTeHus-pereHepaHThbl,

pEerynsTopbl pocTa pacTeHui

locmynuna e pedakyur: 20.04.2026
lpuHsmo e neyame: 13.05.2026

OPTIMIZATION OF CULTURE MEDIUM COMPOSITION
FOR INDUCING MORPHOGENESIS FROM CALLUS
CULTURES OF ORIGANUM VULGARE L.

Yakimova 0.V., Yegorova N.A.

Research Institute of Agriculture of Crimea,
Simferopol, Russia
"E-mail: olyyakimova@yandex.ru

Abstract

Origanum vulgare L. is a valuable essential oil crop, and
breeding for high-yielding varieties is a pressing
selection task, the efficiency of which is enhanced by
biotechnological methods. This study aimed to
investigate the influence of genotype and the hormonal
composition of nutrient media on the efficiency of callus
and morphogenesis induction in O. vulgare in vitro, with
the goal of developing an effective biotechnological
protocol for obtaining somaclonal variants of oregano
for subsequent screening and integration into breeding
programs. When culturing bud explants on Murashige
and Skoog (MS) media supplemented with NAA, BAP,
kinetin, and TDZ, varietal differences in their
development were identified. At the initial stage
of invitro culture, the °‘Ak-Kaya’ cultivar showed
the highest frequency of indirect morphogenesis
(45.0%) on a medium containing 1.0 mg/L NAA and 1.0
mg/l TDZ, while for the ‘Kvasar’ cultivar, a medium
with 1.0 mg/L NAA, 0.5 mg/l TDZ, and 1.0 mg/L BAP
proved optimal (42.8%). During subculturing of primary
calli, a high frequency of shoot regeneration in the
‘Ak-Kaya’ cultivar (up to 45.0%) was observed from both
morphogenic and non-morphogenic calli, whereas
in the ‘Kvasar’ cultivar (42.8%), it was predominantly
from primary morphogenic calli. More than 50
regenerant plant samples were obtained. The obtained
results form the basis for developing a methodology
for producing somaclones, which can be instrumental

in breeding programs.
Keywords:
Origanum vulgare L., in vitro morphogenesis,

callusogenesis, explant, regenerant plants, plant growth
regulators
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BBEOEHME

B ycnoBumsx COBpeMEHHOM reonoNUTUYECKON KOHBHOHKTYPbI, pa3BUTME 3(MUPOMACIMYHOM OTpacu
Poccuiickor @epepaumu, Kak KOMMOHEHTa  arpoMpOMBILIEHHONO  KOMMAeKca, npuobpeTtaeT  cTaTyc
CTpaTerMyeckn 3HaYMMOro HanpaBaeHMs roCyLapCTBEHHOM arpapHOM NOMUTUKKM, 0becneurnBasi SKOHOMUYECKYH
YCTOMYMBOCTb U pecypcHblin noteHuman. [Bepabiw u dp. 2022; Xenden, Yeprosa 2025]. MNpuoputetHoCTb
[JaHHOrO HanpaBfneHns OBO0CHOBaHA PSAOM 3KOHOMMYECKMX, COLMaNbHbIX WM 3KOMOrMYecKMX (aKTopoB
[HepkawmHa 2014; YepkawwuHa, LWypyxuHa 2020]. SdupHble Macna M MX MNPOM3BOAHbIE ABNAKOTCS
He3aMeHMMbIMU KOMMOHEHTAMU B Pa3/IMYHbIX OTPACNNX NPOMbILLNEHHOCTH, BKIOYas hapMaLeBTUKY, MULLEBYIO
MPOMBILLMIEHHOCTb, KOCMETONOrMI0, napdioMeputo U MeauumHy. CTMMYIMPOBaHWE pa3BUTUS OTEYECTBEHHOrO
3UPOMaC/IMYHOrO MPOM3BOACTBA MO3BONUT 0OECNEeUUTb CHMDKEHME 3aBMCMMOCTM OT MMMOPTHOMO Chbipbs
[Hepkawmna 2014; Mawteukmin u dp. 2019; Tumupraneesa u oOp. 2023]. B cTpykType 3¢pMpoMaciInyHoro
npoussoactea Origanum vulgare L. (ywmua OBbIKHOBEHHAs) 3aHMMAET 3HAUMMOe MeCTO, MOCKOMbKY eé
3dMpHOE MACN0 XapaKTEPU3YETCS YHMKANbHBIM OMOXMMWYECKMM COCTAaBOM WM BbIPAaXXEHHOM Buonormyeckom
akTMBHOCTLI). Cbipbe M 3dupHoe Macno O.vulgare obnapaer aHTMOKCUOAHTHBIMM, AHTUMUKPOOHBIMU
¥ NPOTMBOBOCMANMTENbHBIMU CBOMCTBaMM [ABpamuyk u dp. 2018; Blank et al. 2019]. Kpome Toro, pacreHus
O. vulgare npencTaBnsOT AEKOPATUBHBIA MHTEPEC, B CBSA3M C YEM HEKOTOpbIe Y4YeHble M3Y4aloT adanTUBHYHO
cnocobHocTb copToB M 06pasuos O. vulgare K pasnuyHbIM YCIoBKAM Bblipawmsanua [Myagkikh et al. 2021;
Markux 2024]. Bbicokuii cnpoc Ha npoaykTbl nepepabotkn O. vulgare, obycnoBneH WX NpUMEHeHWeM
B HYTpULEBTMKE, HUTOTEPANMK, MEAULMHE, KMBOTHOBOACTBE, NULLEBOM IMKEPOBOAOYHOM M APYTMX OTPaCisnX
npombiwneHHocTn [Abpamuyk u dp. 2018; Kyesoa u dp. 2024]. 310 penaeT BbiBeAeHUE BbICOKOMACIUYHbIX
coptoB O. vulgare aKTyanbHOM 3ajayen cenekumu AN pasBUTUS OTEYECTBEHHOrO pacTeHMeBOACTBa. B cBAzu
catum  OIBYH «HayyHO-UCCnenoBaTenbCkUA  MHCTUTYT — CeNbCKOro  X039McTBa  KpbiMa» — peanusyeT
CEeNeKUMOHHYI0 MporpamMMy, HanpaBleHHY Ha co3faHue HoBbix copToB O. vulgare, XapaKTepusyrLWmxcs
BbICOKOM MPOAYKTUBHOCTBIO M MOBbILEHHBIM COAEpXKaHWEM KapBakpona B 3MpHOM Macne, uto obecneunt
KOHKYPEHTOCMNOCOOHOCTb POCCUMICKON MPOAYKLMM HA MEXAYHAPOAHOM PbIHKE W YAOBNETBOPUT BHYTPEHHUE
noTpebHOCTM NpoMbIwAeHHOCTH [Msirkmux u dp. 2018].

JbdEeKTUBHOCTb CeNeKLMOHHOMO MPoLecca MOXeT ObiTb CyLLEeCTBEHHO Yyy4lleHa nyTeM npuMeHeHus
COBPEMEHHbIX OMOTEXHONOMMYECKUX METOAOB, KOTOPble MPefoCTaBSAOT MHCTPYMEHTbI AN pacluMpeHus
reHeTU4eCcKoro pasHoobpasmns MCXOLHOro cenekLMoHHoro Matepuana. OaHow 13 Hanbonee pacnpoCTpaHeHHbIX
M Haweawunx npakTuyeckoe NMpUMeHeHWe KIETOYHbIX TEXHOMOMMIA, NO3BONSIOWMX PacUMpUTb FeHeTUYecKoe
pasHoobpasue, SBASETC MCMO/b30BaHME COMAK/IOHANbHOM BapuabenbHocTW. [N MHOMMX BMOOB PacTEHWM
6bI10 NOKa3aHo, YTO B MpoLeCce KybTUBMPOBAHUS M30IMPOBAHHBIX KNETOK Y HUX BO3HMKAIOT HacneayeMble
COMaKJIOHaNbHbIE U3MEHEHUS, KOTOpble MOryT MpOSIBAATLCS Y pacTeHuid-pereHepaHToB [Eroposa 2021;
KanawHukosa, KupakocsH 2023]. C ncnonb3oBaHMeM MeToAa COMaK/IOHabHOM BapuabenbHOCTV Bbin nonyyeH
pa3HOOOpa3HbIM UCXOOHbIM MaTepuan U MHOMME COpTa OCHOBHBIX CENbCKOXO3SMCTBEHHBIX M AEKOPATUBHbIX
pacteHuin [Sarmah 2017; lyngseBa u dp. 2020; Rai 2021]. B nutepaType eCTb CBeAeHWS O BbISIBIEHUU
COMaKJ10HabHbIX BApMaHTOB B 3SMOPUOreHHOM KyNbType XBOMHbIX pacteHui [[ynsesa u dp. 2020]. MopdoreHes
B KaJUTyCHbIX KyNbTypax aBnsietcs QyHAaMeHTaslbHbIM MpOLLEeCcOM B psae BUMOTEXHONOrMYECKMX MOLXOO0B,
MCMONb3yeMbIX ON8 pereHepauMu pacTeHud B COBPEMEHHOM PACTEHMEBOACTBE WU Cenekumn. MHaykums
“ nocneaywollee passuTMe MOPGOreHHbIX CTPYKTYp B Kajnyce 3aBUCMT OT psaa (aKTopoB, TakMX Kak
reHoTUnNn4yeckne 0Co6eHHOCTU CXOAHOro MaTepuana, CoCTaB NUTATeNbHOM Cpeabl, YCI0BUS KYbTUBUPOBAHUS
u dp. [Eroposa 2021; Kpyrnosa 2024]. Tak, AN 3KCNNAHTOB PaCTeHWin puca NofobpaHbl OMTUManbHble
KOHLEHTPaLMK perynsTopoB pocTa, CTUMYMPYHOLLMX 06pa3oBaHne MopdOreHHbIX M 3MOPUOreHHbIX KannycoB
in vitro, n NOKa3aHa 3aBMCMMOCTb HENPSAMOTO OpraHo- 1 3MbpuoreHesa ot reHotTuna [CaseHko u dp. 2017, 2025].
Mpu KyNbTUBMPOBAHUM KanTycoB ronyboin enun BbiSBAEHbI ONTUMabHbIE KOHLEHTpauum tTuamasypoHa (T43),
MO3BONSIOLLME NOMYYNUTb OPraHOreHHbIE CTPYKTYPbl C HOpManbHOM Mopdonormen [KenesHuuernko u op. 2019].
[insa copToB KapTodens cMbrpckon cenekumm, KoTopble MOryT BbITb MCNO/b30BAHbI B KAYECTBE MOAENN B FEHHOM
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MHXXEHepUW, MoKa3aHa BO3MOXHOCTb MHAYKUMKM MOpQoreHesa in vitro B Kannyce cTebneBbIX 3KCMIAHTOB
[M6parmnmoBa u dp. 2018].

UccnepoBaHus € MpUMEHEHWMEM  HEKOTOPbIX  KNETOYHbIX TEXHONMOrM  MpoBOAAT And  psga
3bUPOMAC/IMYHBIX U NIeKApCTBEHHbIX pacTeHui [KonecHukosa, BacunbyeHko 2018; Eroposa, Akmumosa 2019;
Eropoea 2021]. Tak, BbiaeneHbl COMaKNOHbI naBaHapl copta CTenHas, NpeBoCXoasLme MCXOAHbIM COPT Mo coopy
pacTUTENbHOrO Cbipbst 6onee Yyem Ha 50% [babaHunHa u dp. 2025]. MonyueH copt wandes MmyckatHoro CenmHx
MyTeM HenpsiMOro MopgoreHes3a U3 Kasyca C 3/1eMEHTaMM KIIeTOYHOW CenekLMK, KOTOpbI MpeB3oLen copt
KOHTPOsb No cbopy adumpHoro Macna Ha 43.9% [Crasuesa, Eroposa 2021]. OtobpaHbl coMaknoHbl ctesum (C10,
C14 u C26), koTOpble AeMOHCTpUpOBanK Bonee BbICOKME MOKasaTenn BUOMETpUYECKMX MPU3HAKOB (BbICOTA
pacTeHusi, KoNMYecTBo Noberos) B CPABHEHUM C KOHTPONEM, YTO MPUBOAMIO K YBENMUYEHUIO NMPOAYKTUBHOCTU
3€1eHOM Maccbl C oaHoro pacrteHus [KonecHunkosa, Bacunbyerko 2018].

Tem He meHee, ang O. vulgare Hay4Hble NCCNeQ0BaHMS, Kacatowmecs BMOTEXHONOMMYECKMX acneKToB
(bparMeHTapHbI, M HYXAAKOTCS B JA/IbHENLLEM CUCTEMATUYECKOM M3yYeHWW. B [OCTYNHOM Hay4yHOM nuTepaType
3aUKCMPOBAHbI JIMLWb €OUHUYHBIE CO0DLLIEHUS. B BONbLIMHCTBE CBOEM OHM OTHOCSTCS K M3Y4YEHMIO BOMPOCOB
KNOHanbHOro MukpopasmHoxerus [Camacho et al. 2018; Fokina et al. 2020; Sarropoulou et al. 2022]. I'peveckue
nccnepoBatenn paspaboTtanu TEXHOMOMMIO in Vitro, MO3BONSIOLLYIO YCMELHO Pa3MHOXaTb MNONYASALMIO AyLIMLbI
KPUTCKOW, HAaXOASLLYHCS NOA, YrpO30M MCHE3HOBEHUS, MyTeM NpopaLLUMBaHus ceMsH in vitro [Sarropoulou et al.
2022]. 3y4eHbl MeXaHM3Mbl BAIMSIHUS TUMOB PEryNSTOPOB POCTa M UX KOHLEHTPALMKU HAa NpOLLecC YKOpeHeHUs
in vitro v apanTtaumm ex vitro pactenui O. vulgare [Fokina et al. 2020; Benkaddour et al. 2022].

B Hactosiee BpeMs nuTepaTypHble AAHHble, OMUCHIBAKOLWME YCMELHYH MHAYKUMIO KannycoreHesa
W nocnenyoLwyo pereHepaumio noberos B kannycax O.vulgare, OCTalOTCS KpawHe OrpaHUYeHHbIMM.
CyLiecTBeHHbIM NPOOENOM B COBPEMEHHBIX MCCIELOBAHUAX ABMSETCS HEAOCTAaTOUYHAs M3YYEHHOCTb (PaKTOpPOB,
onpegenstowmx 3hdeKTMBHOCT MHAYKLUMKM MOpdOreHesa in vitro u3 3KCNAaHTOB pacteHuin poda Origanum.
Tak, Kazaxckue nccnefoBaTeny B Ka4ecTBe 3KCMIAHTOB MCMOb30BANN MOOAbIE MPOPOCTKM U3 CEMSH in Vitro,
Mpy 3TOM MaKCMMaJbHYK YacToOTy MHOYKUMM KanaycoreHesa otMedanu Ha cpepe MC, pononHenHor 1.0 mr/n
2.4-ppuxnopdeHokcuykeycHom kucnotoi (2.4-) n 0.2 mr/n 6-6eH3mnamuHonypuHom (bAM) [ockimbeToBa u dp.
2021]. B ppyroi paboTe nyyLwmnin KanaycoreHHbIN oTBeT HAabMAAAM U3 IKCMIAHTOB MMMOKOTUEN U ceMafonen
Ha cpepe ¢ 2.4-[1 v kuHeTnHOM [Hussein et al. 2014], a U3 NMCTOBbLIX 3KCMIAHTOB — Ha MUTaTeNbHOM cpene
€ 24-1 v 6eHsunageHnHoM (BA) [Al-Jibouri et al. 2012], wam tmamasypoHom (TA3) [Arafeh et al. 2006].
BonblUMHCTBO MCCnenoBaHUiA aHanM3 MHOYKUMKM KannycoreHe3a nNpoBOAMIM C LENblo BblAeNeHMS NPOLYKTOB
BTOpMYHOro cuHtesa [Arafeh et al. 2006; Al-Jibouri et al. 2012]. Nluwb B pabote Leelavathi u Kuppan B kannyce,
BbIpaLLEHHOro Ha nuTtatenbHon cpeane MC, nononHenHon 2.0 mr/n 2.4-1, v 1.0 mr/n BATI, Habntoganu passutme
MOP®OreHHbIX CTPYKTYpP C NOCNeAyOLWMM pa3BuTMeM Nnoberos cnocobHbIX K pasMHOXeHuto [Leelavathi, Kuppan
2013]. B npeppioyimx nccnefoBaHmsax HaMu Bbina M3yveHa 3aBUCMMOCTb MHAYKUMK kannycoreHesa O. vulgare L.
in vitro OT TMMA 3KCMAaHTa M COCTaBa MWUTATeNbHOW Cpedbl. TeM He MeHee, B paMKaX BbIMOSHEHHbIX
3KCNEepPUMEHTOB He 6bi10 3aMKCMPOBaAHO Pa3BUTMS MOPGOreHHbIX CTPYKTYp B Kannycax [fkumoBa, Eroposa
2014].

B cBeTe BbIlLEN3IOXKEHHOTO, LiefIbi0 HACTOSILLLEro UCCIEA0BAHUS SBNISIETCS U3YYeHUEe BIUSHUS FreHOTMNA
M TOPMOHaNbHOTO  COCTaBa  MWTATeNbHOW  cpedbl  Ha  3(EEKTUBHOCTb  MHAYKUMM  Kaniyco-
n mopdoreHesa O. vulgare in vitro pna pa3pabotkn 3DdEKTUBHON BUOTEXHONOMMYECKOW METOLMKM,
NO3BONSIOLLEN NONYYaTb COMAKIOHANbHble BapuaHTbl O. vulgare pns nocneayowero CKpUHMHIA U BHEAPEHUS
B CeNeKUMOHHbIM npoLecc.

MATEPWAJIbl N METObI

Mamepuan ona uccnedoeanus: ViccnenoBaHws npoBoauau Ha 6ase nabopatopum GUOTEXHOMOMMM
CeNeKUMOHHO-CEMEHOBOAYECKOTO LIeHTPa adumpoMacimyHbix kKynetyp @IBYH «HUNCX Kpeima» B 2024-2025
. B kayecTBe 3KCMNAHTOB MCMOMb30Ba/M MCCEYEHHble MasylHble noyku pasmepom 1.0-1.3 mm coptos
O. vulgare Ak-Kas 1 Kasap, BblpalLeHHbIX B YCIOBUSIX 3aKPbITOrO rpyHTa.
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Cmepunuszayus pacmumensHo2o Mamepuana: CTepunu3auMio pacTUTENbHOrO MaTtepuana
npoBoAMnM B ABa 3Tana. Ha nepeom atane 6uomatepuan BblAEPXXMBANN B MbI/IbHOM PacTBOpe B TeYEHUE
40 MuH, 3aTemM NpOoMbIBaNM Nog NpoToyHow Bogor 10 MuMH. Ha BTOpOM 3Tane B CTEPUIbHBIX YCOBUSIX
mMaTepwman obpabaTbiBanu 70%-M 3TUNOBBIM CMMPTOM B TedyeHne 1 MUH 1 5%-M pacTBOpOM rMnoxnoputa
HaTpus B TEYEHME 5 MUH, 3aTEM TPMXK bl NPOMbIBANN CTEPUSIbHOM AUCTUANMPOBAHHOM BOAOM (3KCMO3MLMS
no 10 MMH) AN NOAHOrO yaaneHus OCTaTKOB AE3NHPUUMPYIOLLMX areHTOB. [1a3yLWHble MOYKKU BbIYSIEHSN
noa crepeockonuyeckum mukpockonom MCrI1-1 (Poccus) B acenTnyecknx ycnoBmuax namMmmMHapHoro 6okca
BAB Hn-01-«/lamuuap-C»-1.2 (Poccus).

Moodudukayuu numamensHoil cpedbl U yca08US KyIbMUBUPOBAHUS 3KCN/IAHMO8: SDKCMNAHTbI
KyNbTMBUPOBaNu Ha nuTtatenbHon cpepe Mypacure n Ckyra (MC) [Murashige, Skoog 1962], ,ononHeHHOM
20 r/n caxapo3bl, 8 r/n arap-arapa, a Takke MOAMMULMPOBAHHOM perynaropamm pocTa pacTeHui
AYKCMHOBOrO W LUTOKMHWHOBOIO TUMNA AEWCTBUS B PA3/IMUHBIX COYETAHUAX U KOHLEHTPALMSX, TAKMMU KaK
a-HadTunykcycHas kucnota (HYK), 6-6eHsunamunonypuH (BAM1), kuHeTuH u TuamasypoH (TA3) (tabn. 1).
pH nuTatencHoM cpeapbl Koppektuposanu o 5.7-5.8 en. nepen crepunusaument B agToknase [K-100-3
(TY 64-1-3667-82), pexum crepunmsaumn - pasneHne 0.7-0.8 atm, 3kcnosumums 20 MuH.
KynbTrBMpOBaHWE 3KCNMIAHTOB NPOBOAMAN B KYNbTYpasibHOM KOMHaTe Npu Temnepartype Bo3ayxa 24+2°C,
BnaxHoctn  70%, oceweHHoctn 2000-3000 nwkc w  16-yacoeom doTonepuode, COMMACHO
00LLLEeNPUHATLIM B KyNbType KNeTOK, TKaHeM 1 0praHoB in vitro metoaam [KanawHukosa, KupakocaH 2023].

Ta6bnuua 1. Moaudukaumm nutatenbHoi cpeabl MC, Table 1. MS media compositions tested in the

MCMO/b30BaHHbIE B IKCNEPUMEHTAX experiments
N2 nuTaTenbHOM cpeabl l[opMoHanbHble f06aBKM B COCTaBe
nNUTaTeNIbHON Cpefbl, Mr/n

MC 57 HYK - 1.0; T43 - 2.0

MC 58 HYK - 1.0; BAIN - 2.0

MC 61 HYK - 1.0; BAIN - 1.0

MC 62 HYK - 1.0; kuHeTuH - 2.0

MC 63 HYK - 1.0; TA3 - 1.0

MC 66 HYK - 1.0; kuHetnH - 1.0

MC 67 HYK - 1.0; TA3 - 0.5; BAIN - 1.0
MC 69 HYK - 1.0; TA43 - 1.0; BAMN - 0.5

AHanusupyembie nokasamesnu: B pamkax skcnepumeHTa Ha 35-40 cyTku KynbTMBMPOBaHUS NPOBOAMIMU
aHanM3  ucCneayeMblX MapaMeTpoB NOCAe 3Tana BBedEHWs B KynbTypy in vitro u nocne 1-ro
CyObKynbTMBMPOBaHMS. [1pOBOAMAM  OUEHKY CNledyloWwmx NapaMeTpoB Pa3BWUTUS  SKCMIAHTOB: 4acToTy
06pa3oBaHMa kannyca (%-e COOTHOLIEHWE 3KCMNAHTOB C KannycoM OT OOLero Yncna 3KCMIaHTOB); NpUpocT
Kannyca (oueHmBanu B 6annax, npu 3ToM oamH 6ann cootBeTcTBOBaN Macce kannyca 150-300 mr, oga 6anna -
300-400 mr, Tpu 6anna — 6onee 400 Mmr); YacToTy HenpsiIMOro MopdoreHesa (%-e COOTHOLLIEHNE MOPQOreHHbIX
KannycoB OT OOLEro YnMcna 3KCNAAHTOB C Kannycamu); CpefHee KOMMYeCTBO Movek u noberos M3 OOHOro
Kannyca.

Cmamucmuveckas o6pabomka O0aHHbIX: B KaXaoM BapuaHTe OMbiTa aHANM3MPOBANM He MeHee
20 3KCNNaHTOB B 3-KpaTHOM MOBTOPHOCTW. KonuyecTBeHHble [aHHble, MONYYeHHble B pe3ynbraTe
3KCNEepUMEHTOB, OblM NOABEPrHYTbI CTATUCTUYECKOMY aHANU3Y C MPUMEHEHUEM NMPOrPaMMHOro obecneyeHms
Microsoft Excel 2016 u Statistica 10 (StatSoft, USA). B Tabnmuax n Ha puCyHKax NoKazaHbl CpefHME 3HAUEHUS
W UX CTaHOAPTHble OWKNBKM. HopManbHOCTL pacnpeneneHus AaHHbIX OLEHMBANM C UCMNONb30BAHUEM KpUTepUs
KonmoropoBa-CMupHOBa. Tak Kak BCe AaHHbIE XapaKTepu30BasMCb HOPManbHbIM pacnpeneneHuneM (pz0.5),
NS OLLEHKM NOCTOBEPHOCTU Pasnmnumii Mexay BapuaHTaMM NPUMEHAIN LOBEPUTENbHBIA MHTEpBaN (X*tosxSE)
1 MCMONb30BaNM AUCNEPCUOHHBIV aHANM3 C NOCNEeYHOLMM MHOXECTBEHHBIM CPAaBHEHUEM MO KPUTEPUIO ThHOKU.
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PE3YJIbTATbl U OBCYXOEHUA

B npenbioylwimx mccnenoBaHuaX Hamu Bbinv paspaboTaHbl NPOTOKOAbI MHAYKUMWM U OAUTENBHOrOo
MacCMPOBaHMS Kannyca M3 pasHbiX TWMOB 3KCMMAHTOB (McT, ctebenb, uvepewok) O.vulgare. MNpu 3TOM
MaKkcuMManbHas vactota (o 85.0%) u npupoct maccel kannyca (1.5 6anna) 6binm Ha cpeae ¢ fobaBneHnem
10wmr/n 24-0, n 0.5 mr/n BAIM u3 akcnnaHToB Yepewka [Akmmosa, Eroposa 2014]. CneayeT OTMETUTD,
YTO B KASITYCHBIX TKAHAX, MOMYYEHHbIX W3 3TUX IKCMIAHTOB, Mbl He Habnoganu MHAyKuuio MopdoreHesa,
B CBSI3M C YeM Mbl MONPOHOBANM UCMONb30BATh B KAYECTBE IKCMIAHTOB MCCEYEHHDBIE MA3YLLUHbIE MOYKM pa3MepoM
1.0-1.3 mm.

Ha aTane BBeAEHUS 3KCNIAHTOB in vitro GOPMUPOBAHME NEPBUYHONM KANYCHOM TKaHWM OTMeYanu
Ha 14-16-e cyTkn KynbTMBMpoBaHua. B mocneaywowmin nepmon, ¢ 15-x no 20-e cytku, Habnwoganm
anddepeHumaumio kaniyca ¢ obpasoBaHMeEM Mnoyvek M noberos, YTO CBMAETENbCTBYET 00 MHAYKUMK
opraHoreHesa. B oTaenbHbIX 3KCMepMMeHTaNbHbIX BapuaHTax oTMeYanu MHAYKLUMIO pM30reHesa, 4acToTa
koToporo He npesbiwana 10%. K 30-m cyTkaM KynbTMBMpOBAHMS Oblin 3aMKCUPOBAHbI Pa3nnyms
B MOpdOreHeTMYeCKOM MOTeHUMane: 4acToTa KannycoreHesa BapbupoBana oT 25.0 mo 100%,
a MHTEHCMBHOCTb NPUPOCTA Kannyca coctasnsna ot 0.3 pno 1.1 6anna, B 3aBMCMMOCTM OT BapMaHTa ONbITa
(trabn. 2).

Ta6nuua 2 - BaugHue coctaBa nutatenbHoOM cpeabl 1 Table 2. Effect of the culture medium composition and

copTa Ha MHAYKUMIO Kannyco- u mopdoreHesa npu  the cultivar on the induction of callus and
BBEAEHUN B KYNbTypy in vitro 3KcnnaHToB novyek  morphogenesis when introducing O.vulgare bud

O. vulgare explants into in vitro culture
Ne Copt Yacrota Mpupoct YacroTta MHAYKUMK KonunuectBo nouek u
nuTaTteb- MHAYKUMKM | Kannyca, 6ann MopdoreHesa, % no6eros, wWT./Kannyc
Hoi Kannyco-
cpeabl resesa, %
Ak-Kas 100 1.1+0.2¢ 40.0£1.1 5.3+0.4°
MC 57 KBazap 33.3+1.1 0.3+0.1%® 0 -
MC 58 Ak-Kas 100 0.8+0.1%¢ 10.5+0.7 1.2+0.2°
KBasap 40.0+1.2 0.30.1° 0 -
MC 61 Ak-Kas 100 0.8+0.1 °** 23.5+0.4 2.6*0.3°
KBazap 25.0+0.9 0.4%0.1%° 0 -
Ak-Kas 100 0.7£0.1°* 0 -
MC 62 KBazap 40.0%1.2 0.6%0.1%* 0 -
MC 63 Ak-Kas 100 0.8%0.1 45.0£1.4 9.0%+1.8%
KBazap 19.0+2.1 0.5+0.13%¢ 0 -
Ak-Kas 80.0+9.1 0.8+0.1 2 0 -
MC 66 KBazap 27.2+0.9 0.4%+0.1% 0 -
MC 67 Ak-Kas 94.7+5.2 0.9%0.1% 33.3x1.4 14.0+0.8°
KBazap 36.8%1.3 0.5+0.1% 42.8%2.1 5.3%£0.4%°

AHanu3 pe3ynbTaToB 3KCMEPUMEHT], NPeACTaBNeHHbIX B Tabnuue, CBUAETENbCTBYET O BbIpaXKEHHOM
BIMSHUM KaK FEHOTMNMA, TaK M TOPMOHA/IbHOrO COCTaBa NUTATENbHOM Cpeabl Ha MOPhOreHETUYECKMI NOTEHLMAN
O. vulgare. Mpu ncnonb3osaHumn B coctase cpeabl 1.0 mr/n HYK B couetaHmmn ¢ BATT unn KMHETUHOM, MHAYKLMS
mMopdoreHesa B Kaniycax OTCYTCTBOBana, Mbo Gbina MMHMManbHOW (He npesbiwana 10%). Y copta Ak-Kas
MHIOYKUMS KasuTycoreHesa, B 3aBUCUMOCTU OT MoaU(MKaLmm NUTaTeIbHOM cpeapbl, BapbupoBana B npeaenax 80-
100% Ha BCEX MCCNEOOBAHHbIX BapuaHTax cpeppl, @ y copta KBasap BefMUMHA AAHHOrO Mokasatens Obinia
3HauMTeNbHO HUXe (19-40%), uTo NOATBEPXKAAET CYLLECTBEHHbIE MEXCOPTOBbIE pasnuuus. [Ana copta Ak-Kas
BbICOKYIO 3(QPEeKTMBHOCTb MHAYKUMM MopdoreHesa B kasnyce oTtMeyann Ha cpegax MC 57 n MC 63,
pononHenHbix 1.0 mr/n HYK 1 1.0 unan 2.0 mr/n T3 cOOTBETCTBEHHO, a AN copTta KBasap — MCKIOYUTENBHO
Ha cpene MC 67, pononHeHHor HYK B covetanmu ¢ T3 n BAl. MakcumasnbHble 3Ha4YeHMS NpUPOCTa Kannyca
(1.1 6anna Ha cpene MC 57) Takxke 6b1nm 3admKcMpoBaHbl y copTa Ak-Kas. OpHako caMoe 60/bLioe KONM4ecTBo
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noyek u noberos (14.0 wr/kannyc) gns 3toro copta Habmwopanu Ha cpege MC 67. CnepyeT OTMETUTD,
4TO Y 3KCMNAHTOB copTa Ak-Kas passmBanoch B 1.7-2.6 pa3a 60nblue noyek, YeM y 3KCNIaHToB copTa Keazap.
NonyyeHHble faHHble COMNACyTCS C OOLENPUHATON B MMPOBOW MPAKTWMKE KOHLENUMer reHOTUNUYEeCKOow
OETEPMUHUPOBAHHOCTM  MOPGOreHeTMYeCKoro  OTBeTa, COMMACHO  KOTOPOM  CMOCOBHOCTb  TKaHew
K neanddepeHUMpoBKE M NOCNeayOLWeN pereHepaumMu BO MHOMOM OMpefensieTcs reHoTUMNoM AO0HOPHOro
pactenus [umT. no: Eroposa 2021]. B pabote Leelavathi u Kuppan Ha 3Tane BBefeHus B KynbTypy MakCUMasbHas
YacToTa MHAYKUMM KannycoreHesa u3 akcnnanTos O. vulgare (90%) 6bina Ha cpene MC ¢ 1.0 mr/n BAM 1 2.0 mMr/n
2.4-[1, Ho BCe Kannycobl Obinn HeMop@OreHHbIMU. MIHAYKLMIO HEMNPAMOro MopdoreHesa aBToOpbl OTMEYANM TObKO
nocse cybKy/IbTUBMPOBAHUS MEPBUYHbIX KanNyCOB HA MUTATENbHOM Cpeae Toro e coctasa [Leelavathi, Kuppan
2013]. B ppyrnx uccnenoBaHUSX MaKCUMarbHbIA Ky/yCOreHHbIM OTBET M3 IKCMNAHTOB CErMEeHTOB JIMCThEB
nosyyeH Ha nuTatensHon cpene, pononHeHHow 1.0 mr/n 2.4-1 v 0.2 mr/n BAI [JocbiMbeTtoBa u dp. 2021],
13 3KCMNNAHTOB MMMOKOTUNEN 1 cemaaonen — Ha cpeae ¢ 2.0 mr/n 2.4-0, v 0.5 mr/n knHetuHa unm 4.0 mr/n 2.4-0
n 0.4 mr/n BAIN [Hussein et al. 2014]. OgHako B 06omx cnyyasix B chopMMPOBAHHOM Kanyce uccnegoBatenu He
Habnoaanu MopdoreHHbIX 06pa3oBaHMIA.

Pucynok 1. MopdoreHHble kannycbl O. vulgare (copt  Figure 1. Morphogenic calli of O. vulgare (cultivar
Ak-Kag) Ak-Kaya)

-

Mpumeuanue: «» - noykn n noberu; «K» — KOpHU

BusyanbHag oueHka nMokasana, YTO Ha 3Tane BBEAEHMS B KYNbTypy in vitro 3 3KCMAAHTOB
Pa3BMBANNCb KANNYCbl C IBHO BblPaXX€HHbIMU MOPGHOreHHbIMU CTPYKTYpaMK — 3a4aTKaMu JIUCTbEB,
noyek (MopdOoreHHbIM Kannyc) u 6e3 HMx (YCnoBHO HEMOPGOreHHbIM Kannyc). B cBs3m ¢ yeM oueHKy
pa3BMTMUS 3KCMNAHTOB M3 PasHbiX TUMOB Kannyca Mpu nocnefylolem nacCMpoBaHMM MPOBOAMAM
OTAENbHO.

Mpu cybKynbTUBMPOBAHMM MEPBUYHOIO Kajsyca XWM3HECNOCOOHOCTb NEepBMYHOrO Kannyca
Yy U3yyaeMblx COpTOB BapbupoBana B npeaenax 50-80%. Copt Keasap Ha page cpea (MC 58, MC 63,
MC 66, MC 69) nokasan 6onee BbiCOKyt 4acToTy (62.5-80.0%), yueM copt Ak-Kasa (55.0-72.7%),
OLHAKO 3TW pasnnuung He Bcerga OblIn CTaTUCTUYECKM [,OCTOBEpPHbIMU. Hanbonee BbICOKYIO 4acToTy
M UHTEHCMBHOCTb MPMPOCTa Kannyca ang oboux copTtoB Habnwganu Ha cpepax MC 57 u MC 63
(no 72.0% wn 1.1 6anna pna Ak-Kas n po 80.0% u 0.5 6anna pns Keasapa COOTBETCTBEHHO),
4TO CBMAETENbCTBYET 00 ajanTauMm KannyCHbIX KNETOK K YCNOBMSIM in vitro v nx cnocobHOCTu
K 6picTpOMy pocTy (Tabn. 3). CxopHble pe3ynbTaTbl MO NOAAEPXKAHUIO KanaycoreHesa y nonynsuuu
Origanum majorana 6binn Ha cpepe ¢ 0.2 mr/n WYK wn 1.5 mr/n BATll, yto ykasbiBano Ha o6uyto
CNOCOBHOCTb KaNMyCHbIX KYNbTYp K pOCTY NpU Hanuumm ctumynaropos [Sandhya et al. 2025]. B apyroi
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paboTte, Ha060OpOT, OTMEYanu AOCTOBEPHO 3HAYMMOE CHWXKEHME YaCTOTbl MHAYKLMKU KanaycoreHesa
npu naccuposaHun. OAHAKO Kaxpoe nocnepymouee CybKynbTUBUPOBAHME MPUBOANNO K CHUXEHUIO
nokasaTenen WMHTEHCMBHOCTM npupocTa kannyca [Hussein et al 2014]. MakcuManbHas 4actoTta
WHAYKUMKM Henpsmoro mopdoreHesa y coptoB Ak-Kas n KBasap npu naccupoBaHum Takxe 6binn Ha
cpeae MC 63 (72.2 n 40.0%, cootBeTcTBEHHO). [Tpn 3TOM B Kanaycax passuBanocb Ao 12.6 nouvek u
noberos.

Tabnuua 3 - BamgHue coctaBa nuTaTenbHOM cpeabl U
copTa Ha NpoTekaHue Kannyco- U MopdoreHesa npu
cy6KynbTMBUpPOBaHUM KannycHbIX 3kcnianToB O. vulgare

Table 3. The influence of culture medium composition
and the cultivar on the progression of callus and
morphogenesis during subculturing of callus explantss

(I naccax) 0. vulgare (1% passage)
N2 nutarenn- Copr XusHecnoco6HoCTb Mpupocr YacroTta MHAYKUMK Konuuectso
HOI cpeabl nepBUYHOrO Kannyca, mMopdoreHesa, % novek u no6eros,
Kannyca, % 6ann wT./Kannyc
MC 57 Ak-Kas 65.4%1.8 2.3%0.2° 64.7+7.3 10.0+0.7°
KBasap 71.4%8.2 1.7%0.2%® 40.0+0.2 4.5+0.5°
MC 58 Ak-Kas 55.0%4.1 1.7%0.1% 18.2%1.2 5.5+0.5°
KBazap 50.0%2.3 1.4%0.2° 0 -
MC 63 Ak-Kas 72.0%8.1 1.9%0.2% 72.2%6.8 11.5+0.5%
KBazap 80.0£2.4 1.5%0.2° 40.0+4.5 9.0£0.8%
MC 67 Ak-Kas 57.1#4.8 1.6%0.2%° 41.7+1.4 12.6x0.4°
KBazap 66.7+2.1 2.4*0.3° 20.0£2.0 8.5+0.5%
MC 69 Ak-Kas 72.7£9.7 2.1%£0.2° 5.0£2.9 9.9+0.9°
KBasap 62.5+1.8 1.9+0.2%® 20.0£2.4 6.0%0.5°

CnepyeT OTMeTWTb, YTO B MEPBOM Maccaxe pereHepaumio noberos C BbICOKOM 4aCTOTOM Yy copTa
Ak-Kas Habntopanu, Kak U3 CybKynbTUBMPYEMbIX NEPBUYHBIX MOPMOreHHbIX, TaK U U3 NEPBUYHBIX YCIOBHO
HeMopdOoreHHbIX Kannycos, a y copta KBasap — npeumyLLecTBEHHO 13 NEPBUYHbIX MOPQOreHHbIX Kannycos
(puC. 2). 3TO MOXET yKkasblBaTb Ha TO, yTO Yy copTa Ak-Kas B BM3yasbHO oOnpeaensieMbiX YCI0BHO
HeMOPMOreHHbIX  MEPBUYHLIX  Ka/ycax YXe NpoMCXoAuna  3aknagka MoOpGOreHHbIX  CTPYKTyp
W, NO-BUOMMOMY, HauMHaNM (GOPMMPOBATLCS MOYKM, OOHAKO AN MX Pas3BWUTMS M 0Opa3oBaHus noberos
HeobXoaMMO JanbHeNLwee KyNbTUBUPOBAHME KasTyCHOM TKaHM.

PucyHok 2. BausiHMe cocTaBa nuTaTenbHOM cpeAbl Ha
pasBUTME NOYEK M NOGEroB M3 YUI0BHO HEMOPGOreHHOro
(A) n MmopdoreHHoro kannyca (B) O. vulgare (1 naccax)

Figure 2. Effect of nutrient medium composition on the
development of buds and shoots from conditionally non-
morphogenic (A) and morphogenic callus (B) of O. vulgare
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3AK/TIOYEHUME

lpoBeneHHble WUCCNeAOBaHWMSA MO3BOAMAM BbISSBUTb 33aKOHOMEPHOCTU MOpdOreHeTU4YecKoro
noteHumana coptos Origanum vulgare L. B 3aBUCMMOCTM OT rOPMOHANIbHOIO COCTaBa NUTATENIbHOM Cpefbl
Ha 3Tanax BBELEHMS IKCMNAHTOB B KYyNbTypy in Vitro u CybKYyNbTMBMPOBAHMA KaNNYCHbIX 3KCMAAHTOB.
NokaszaHo, 4TO 3KCMNaHTbl copTa Ak-Kas obnapator Gonee BbICOKMM MOPGHOreHeTMYeCKMM MOTEHLMANIOM
no cpaBHeHMto ¢ copToM Keasap. Y copta Ak-Kas MopdoreHes 6bin yCrnewHo MHAYLUMPOBAH B YCIOBUSX NSTH
MOOMPUKALMIM NUTaTENBbHOM Cpeabl, TOraa Kak y copta Keasap uHaykums mopdoreHesa Habnoganacb Avb
B OOQHOM MOAMPUKALIMK, YTO CBMAETENLCTBYET 00 OrpaHUYEHHOCTM YCIIOBUIA 415 NPOSIBIEHMS SaHHOMO NpoLecca
Yy 3TOr0 reHoTMNa. YCTaHOBNIEHO, YTO MaKCMMaIbHYHO YacTOTy MOpdOreHe3a B Kannycax As 3KCNIaHToB copTa
Ak-Kas Ha aTane BBeaeHMs B KynbTypy in vitro oTMedanu Ha cpefax ¢ 1.0 mr/n HYK n 1.0 uam 2.0 mr/n TA3
(45.0 n 40.0%, cooTBeTcTBEHHO), @ Ans copTa KBaszap (42.8%) — Ha cpepe ¢ 1.0 mr/n HYK, 0.5 mr/n TO3
n 1.0 mr/n BAT.

Mpn cybKynbTMBMPOBAHMM NEPBUYHBIX KasyCoB pereHepaumio noberos B 1-M naccaxe C BbICOKOM
yactoTon y copta Ak-Kas (oo 72.2%) Habntoganu, kak n3 Mop@oreHHbIX, Tak U U3 YCIOBHO HEMOPQOreHHbIX
kannycos, a y copta Keasap (40.0%) - npeumywlecTBEHHO M3 MEpPBMYHbIX MOP(OreHHbIX Kanaycos.
JTo OEeMOHCTpupyeT cnocobHocTb copta  Ak-Kas coxpaHate MopdoreHeTMyeckui  MoTeHuMan
npu cy6KyNbTUBUPOBAHUM IKCMNAHTOB M3 Pa3HbIX TUMOB Kannyca.

B pe3ynbtaTe pabotbl 6binn nonyyeHbl 06pasupbl pacTeHUI-pereHepaHTOB, KOTOPbIE HA CErOAHSILLHMUIA
[leHb Pa3MHOXEeHbl C UCMOMb30BaHWEM pa3paboTaHHOM HaMW METOAMKM KNOHANbHOTO MUKPOPA3MHOXKEHMS.
B panbHeriwem ¢ nonyyeHHbIMM 0Opasuamu  NAAHUMPYETCS MPOBEAEHWE  MOMEKYNSPHO-TEHETUYECKMX
MCCNefoBaHMM C LEbI0 FeHeTMYEeCKOW MAEHTU(OMKALMM COMAK/IOHANbHbIX Bapuauui y pereHepaHToB
B CPAaBHEHWM C MUCXOAHBIMM COPTAMMU, U UX AHANU3 B OTKPbITOM FPYHTE MO KOMMNEKCY XO38MCTBEHHO
MoNe3HbIX NPU3HAKOB.

MonyyeHHble pe3ynbTaTbl ABASKOTCS OCHOBOM AN pa3paboTkM METOAMKM NONYYEHMS COMAK/IOHOB,
KOTOpbl€ MOTYT CNYXXWUTb UCXOAHBIM MaTEPUANIOM ANS CeNeKumm.
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OCOBEHHOCTMW AECTPYKLIMK
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U UX TMAPOKCUMPOU3BOAHBIX
WTAMMOM RHODOCOCCUS OPAcUS KT112-7

Eroposa [1.0.", FopbyHoBa T.U.2

THCTUTYT 3KOMOrMM M FeHETHKM MUKpoopraHuamos YpO
PAH - dmnuman MoKL YpO PAH, Mepmb, Poccus
2 IHCTUTYT OpraHunyeckoro cuHTesa um W.A. Moctosckoro
¥YpO PAH, EkatepuHbypr, Poccus

"E-mail: daryao@rambler.ru

AHHOMaAuusa
MccnepoBaHue  HaAmMpaBlAeHO  Ha  YCTaHOBNEHME
nepuoaoBs MCYEPMbIBAOLETO OMOpa3NoXKEHUS

nonuxnopbrdeHnnoB 1 UX rMapoOKCUNPOM3BOAHBIX MOA
fnencteueM aspobHoro wramma Rhodococcus opacus
KT112-7. B KayectBe MOJENbHbIX  COEOUHEHWUMN
Mcnonb3oBaHbl  2,4,5-Tpuxnopbudennn,  2,4,5,2'5'-
neHTaxnopbudeHnn n CMHTE3UPOBAHHbIE U3 HUX CMECK
rMAPOKCUMPOU3BOAHDIX. YcTaHoBnEeHo, yTo C
YyBE/IMYEHWEM YMUCIA aATOMOB XNOpPa B MCXOAHbIX
nonuxnopbudeHunnax Bpems 6uoperpasaumm
X/IOpapeHoB yBenuuuBaetca: ¢ 3 ¢yt gna 2,4,5-
Tpuxnopbudenmna po 14 cytr pna 2,4,5,2'5'-
neHtaxnopbudernmna. Ona  rMapoKCUNPOU3BOAHBIX
YCTaHOB/IEH OAMHAKOBLIA nepuop 6uookucnenms - 10
CYT, HO CKOPOCTb YObIIM UCXOAHbIX COEAMHEHNUI Ha 1, 3
M 7 cyT 6blna Bblle B ciydae Bonee XNOPUPOBAHHbIX
cybcTpatoB Ha ocHoBe 2,4,5,2',5'-neHTaxnopbudenuna.
MpencraBneHbl  BO3MOXHbIe  MPUYMHBI  PA3IUYHOIO
noeeneHns 61MopasnaraeMbiX COEAMHEHUN C NO3ULUIA UX
XMMUYECKOro CTPOEHUSI M KOHKYPUPYHOLLEro AenCTBUS
depMeHTOB Kfiacca oKcureHas wrtamMMa Rhodococcus
opacus KT112-7.
Knroyeevie cnoea:

Rhodococcus,  pecTpykuusi,  NOAMXnopobudeHunsbl,
rMAPOKCUMPOU3BOAHbIE, XMMUYECKas MOAMDUKALMSA
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FEATURES OF THE DESTRUCTION OF
TRI- AND PENTACHLOROBIPHENYLS AND THEIR HYDROXY
DERIVATIVES BY THE RHODOCOCCUS OPACUS
STRAIN KT112-7

Egorova D.O.", Gorbunova T.1.2

1 Institute of ecology and genetics of microorganisms
UB RAS, Perm, Russia
2].Ya. Postovskii Institute of Organic Synthesis UB RAS,
Yekaterinburg, Russia
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Abstract

The study aimed to establish the periods of exhaustive
polychlorobiphenyl and hydroxy derivative
biodegradation under influence of the aerobic strain
Rhodococcus opacus KT112-7. 2,4,5-Trichlorobiphenyl,
2,4,5,2',5'-pentachlorobiphenyl, and mixtures of
hydroxy derivatives, synthesized from them, were used
as model compounds. The biodegradation time of
chloroarenes increases with an increase in the number
of chlorine atoms in the original polychlorobiphenyls:
from 3 days for 2,4,5-trichlorobiphenyl to 14 days for
2,4,5,2',5'-pentachlorobiphenyl. The same biooxidation
period of 10 days was established for the hydroxy
derivatives, but the rate of loss of the parent compounds
on days 1, 3, and 7 was higher for the more chlorinated
substrates based on 2,4,5,2'.5'-pentachlorobiphenyl.
Possible reasons for the different behavior of the
biodegradable compounds are presented in terms of
their chemical structure and the competing action of the
oxygenase enzymes of the Rhodococcus opacus KT112-7
strain.

Keywords:
Rhodococcus, destruction, polycnlorobiphenyls,
hydroxy derivatives, chemical modification
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BBEOEHME

MacwTabHoe nocTynneHuve B OKpyXatowyto cpeny nonmxnopbudernunos (MXB), oTHocAwmMXCs
K CTOMKMM opraHuyecknm 3arpssHutenam (CO3) u paHee WMPOKO MCNOJb30BABLUMXCS B KayecTBe
OV3NEKTPUKOB, CBSI3aHO Kak C  MPOM3BOACTBEHHOM  [OESTENIbHOCTbIO  4YenoBeka  (McnapeHue
M3 TPaHCMOPMATOPOB, KOHAEHCATOPOB, CXKWMIaHME MPOMBIWIEHHbIX W ObITOBbIX OTXOAOB), TaK M
C XanaTHbIMKU AENCTBUSIMM OTAENbHbIX JINLL U NPeanpuUaTUiA (BO3ropaHme NpoMbILLIIEHHOTO 060pyA0BaHUS,
BbIBO3 Ha CBA/IKM, YTEUYKM C ApYrMMKM oTxodamu) [Zanaveskin, Aver'yanov 1998]. o paHHbIM 33 nepuop,
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1930-1970 r.r. akcnnyataumm MNXb, npon3BeaeHHbIX B KonmyectBe 6onee 1 maH T, 354 000 1 aTmx
KCEHOOMOTMKOB MOMasno B OKPYXKALLY Cpeay v pacnpeaennioch B Hel cneaytowmm obpasom: 27 000 T
oKazanuch B Bo3ayxe, 54 000 T - B Boge 1 270 000 1 - Ha cBankax [Lin et al. 1995].

M3BeCTHO, YTO OONBLIMHCTBO OPraHUYECKMX KCEHOBMOTUMKOB B TakMX YCIOBUSIX OKPYXKatoLlLiewn
cpeabl KaK MoBbIWEHHas TeMnepaTypa, 06ubHble 0CaAKU M BbICOKas TypOyNneHTHOCTb BO3AYLWHbIX MaccC
npeTepneBaloT CTPYKTYPHYIO Aerpajaumio A0 MeHee OnacHbIX AKX HeoNacHbIX coeguHeHui [de Boer et al.
2023]. OpgHako ang MNXBb 310 ycToNBLWEECS MHEHWUE HE MPUMEHUMO M3-33 PU3NKO-XMMUYECKMX CBOMCTB
3TUX XNIOPAPEHOB: BbICOKON rnuapodobHocTu [Dunnivant, Elzerman 1988; Huang, Hong 2002; van Noort
2004; Rabodonirina et al. 2015], pauTenbHbIX NEPUOAOB NOAypacnaga, U3MepsoLWmUXCs AecaTkamMu neT
[Sinkkonen, Paasivirta 2000; Reddy et al. 2019; Mastin et al. 2022], TepMMUYECKOA, XMMUYECKON U
$OoTONUTUYECKOM MHEePTHOCTbIO [Zanaveskin et al. 1996; Zanaveskin, Aver'yanov 1998; Gorbunova et al.
2010, 2023; Langford et al. 2011; Huang et al. 2013]. CoBOKYNHOCTb AAHHbIX CBOWCTB 0b6yCnOBNMBaET
yctonumeoctb MXB K BO3OENCTBMIO abUOTMUECKMX (AKTOPOB M, KakK CnefacTBue, UX OJIUTeNIbHOMY
npebbiBaHMIO B OKPYXXatoLwel cpefe B HEM3MEHEHHOM BUAE.

Hanbonee 3pHEKTUBHBIM NPUPOAHBIM MHCTPYMEHTOM OYMCTKM OOBEKTOB OKPYXAKOLWEW Cpenpl
ABNAOTCA OakTepuanbHble WTaMMbl, chopMMpoBaBlIMECS B OMOTax M CNOCOOHbIE OCYLIECTBAATb
obe3BpexuBaHue (yHuutoxeHue) MXb-3arpssuutenert [Chun et al. 2013; Gomes et al. 2013; Samadi et al.
2021; Hassan et al. 2023; Zhou et al. 2023]. Ha cTeneHb 04MCTKM 3a4acTy0 MOIYT BUATb MepBUYHbIE
MeTabonuTbl, 06pa3yoLMecss Ha HaYyaibHbIX 3Tanax pasnoxeHuns. OGHUMM U3 NepBUYHbLIX METADOIMTOB
MXb asnawotca mx rugpokcunpomnssogHole (HO-MXBE), dopmupylowmecs nop aenctBueM QepMeHTa
6udenunn-2,3-amokcureHasbl (BphA) aspobHbix 6aktepuii [Xing et al. 2020; Khalid et al. 2021; Hassan
et al. 2023; Kumari, Das 2023].

UcxogHble MNXb 9B1910TCS ONACHbIMU ANS PACTEHUM, XKUBOTHbIX M YeN0BEKA U MOTYT Bbi3blBaTb PA4,
TsHkenbix 3aboneBaHui (KaHUeporeHes, renatos, MytareHes u 0p.), @ UX TOKCUMYHOCTb C YBEJIMYEHUEM
yMcna aToMoB xJiopa yBenmumsaetca [Zanaveskin, Aver'yanov 1998]. Ong HO-MXB cTtporas 3aBucMMocTb
TOKCMYHOCTU OT CTPOEHUS COEAMHEHUS K HACTOSLLEMY BPEMEHM HE YCTAHOB/IEHA, HO U3BECTHO, YTO psig,
TMOPOKCUIMPOBAHHbLIX  MPOU3BOAHbIX SBASeTCd 0Oonee TOKCMYHBIM, YEM UX  XJIOPUPOBAHHblE
npepwectBeHHUkn [Ptak et al. 2005; Sadeghi-Aliabadi et al. 2007; Ludewig et al. 2008; Kamata et al.
2009; Takeuchi et al. 2011; Tehrani et al. 2012; Chenchen et al. 2023]. TokecuuHocte HO-MXB mMoxeT
HEeraTMBHO CKa3blBATbCA HA AerpagaTMBHOM NOTeHUMane 6akTepmanbHbIX LUTAMMOB, NOJIHOCTbIO 61OKMPYA
MHUUMaUMO npouecca 6uopacnaga HO-MXB wnu poct Kknetok, BMIOTb A0 MX rubenun, HecMmoTps
Ha LOMOMIHUTENIbHO BBEAEHHbIM POCTOBOM KocybcTpaT [Tehrani et al. 2012].

BoisBneHune 3aBucmumoctn mexay ctpoeHmeM HO-TXB, cnoHTaHHO obpasyowmxcs B npupoae
[Sun et al. 2016, 2018], u 6GuoperpagaTMBHLIM NOTEHLMANOM a3pO6HbIX BaKTepui, NepCcnekTUBHbIX ANs
Co3faHna BuopemeamaLMoHHbIX npenapatos [Hazapos u ap. 2023], saBnseTca akTyasbHOM 3ajayent.
Llenb HacTosilLero mMccnepoBaHusl - YCTAHOBUTb BAMSIHUMST OCOBEHHOCTEM CTpoeHus KoHreHepoB [MXB
M CMHTE3UPOBaHHbIX M3 HUX HO-MXB Ha cTeneHb GWopacnaga nopg LeMcTBMEM a3pOBHOro WTamMMma
Rhodococcus opacus KT112-7.

B P® TpaguMUMOHHO MCMNONb30BaBWKMMUCA paHee ObliM TexHuueckue cmecu [XB ™Mapok
Tpuxnopbudenunn n Coson. MmenHo 3tn cMecum MXb cerogHs Haxoaatca Ha Tepputopumn PO B KavecTse
3arpssHutenen. [ina nepsoi cMecum MXB xapakTepHo npeobnagaHue B Hew Tpuxnopbudernunos (47.7%),
a ans BTopon — neHtaxnopbudenunnos (51.5%) [[opbyHosa u dp. 2018]. B cBA3M € 3TMK 0COBEHHOCTAMM
06beEKTAMM UCCNenoBaHMs B HacToswwen pabote senatoTca 2,4,5-Tpuxnopbudenun (MX6 29), 2,4,5,2',5'-
neHtaxnopbudenmnn (MXb 101), a Takke ux rmuapokcunpoussogHole HO-MXBE 29 u HO-MXB 101
COOTBETCTBEHHO. HoMmepa uHAMBMAYanbHbIM  KOHreHepam [1XB npucBoeHbl B COOTBETCTBMM
C gencreytowen HoMeHknatypou [Mills Il et al. 2007].

MATEPWAJIbl N METObI

BbakrepnanbHbiit wramm. LLtamm Rhodococcus opacus KT112-7 (BKM Ac-2623D) BblaeneH
M3 NOYB, ONUTENIbHOE BpeMs 3arpsisHeHHbIX coeguHeHuamu rpynnbel CO3, u obnagaer BbICOKUM
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6roaerpafaTMBHbLIM MOTEHLIMANIOM MO OTHOLLEHMIO K apoOMaTUYecKnM coeanHeHnsaM [Egorova et al. 2020,
2025].

NXB u HO-MXB. MXB 29, MNXb 101 cuHTe3nposaHsbl No peakuun flombepra-baxmana-Xesq [Mullins
et al. 1984],a HO-NXB 29, HO-MXB 101 - no n3BecTHOM METOAMUKE B YCNOBUSIX PEAKLMM HYKNEeOdUIbHOIO
3aMewenmns (SnAr) Bsaumogeinctemem MXb 29, NXb 101 ¢ KOH B cpene 2-amuHostaHona [[opbyHosa
u dp. 2019]. Npoayktbl HO-MXB 29 n HO-MXB 101 npencrasngioT co60M BA3KME MHOFOKOMMNOHEHTHbIE
CMecCH, COCTaB KOTOPbIX NpeacTaBeH B Tabnuue 1.

Ta6bnuua 1. CoctaB cMmeceit HO-NMXB 29 u HO-NMXB  Table 1. Composition of mixtures of HO-PCB 29

101 no pesynbratam N’X-MC u IX-MAL, and HO-PCB 101 according to the results of
GC-MS and GC-FID
McxoOHbIM KOHreHep M®opmynbl 1 coctas cmecert HO-MXB 29 u HO-TMXB 101, %
MNXb (KONMYecTBo N30MEpPOB)
MOHOIMAPOKCMNPOU3BOHbIE ANTNOPOKCUNPOU3BOAHbIE
MXb6 29 Cly
C'
o9 ‘
OH
cl 100 (3)
MXb6 101 Cly OH Cls
. G
O Q “ 94.8 (3) (OH),
Cl Cl 5.2 (3)

Cxema 3kcnepumenta no aectpykuum MXB/HO-MXB. Kynbtypy wramma R. opacus KT112-7,
npeaBapuTenbHo BoipalleHHyto B cpeae K1 (K;HPO4x3H,0 - 3.2 r/n, NaH;P04x2H,0 - 0.4 r/n, (NH4);SO4
- 0.5 r/n, MgS04x7H,0 - 0.15 r/n, Ca(NOs), - 0.01 r/n) c BHeceHnem budeHnna B KayecTse UCTOYHMKA
yrnepoaa, ocaxaanu MetofoM LeHTpudyrMpoBaHus C NOCNeAyLWMM pa3BeaeHnem ocagka cpenon K1
[0 nnoTHocTM KynbTypbl 1.5 o.e. npu 600 HM (BioSpec mini, Shimadzu, finoHus) n nomewanu 1.5 mn
CYCNeH3un B CTeKkNsHHble GnakoHbl € Tedh/OHOBbIMM KpbiwKamu obbvemoM 5 MAa (Sigma-Aldrich,
lepmaHug). Cybctpat (MXb 29, NXb 101, HO-MXB 29, HO-MXB101) BHOCMAM B aLeTOHOBOM pacTeope
[0 KOHeYHoM KoHueHTpauun 50 mr/n. KonnuectBo ¢nakoHOB ANS Kaxporo cybcrpata paccyuTbiBanu
ncxoaqa M3 npomnopuum 5 (GNakoHOB Ha KaxkAayw Touky npobootbopa. (DnakoHbl C  KynbTypoM
KynbtuBupoBanu Ha npu +25°C, 120 o6/muH (Environmental Shaker-Incubator ES 20/60, BioSan,
Nateus), 14 cyt. O6pa3upl Ans aHanusa otompanm Ha 0, 1, 3, 7, 10 n 14 cyr.

AHanus KonuuectBa cyb6cTpara. [1ns onpeneneHuns konmyecTsa cybcTpaTta NpoBOAWAM SKCTPAKLMIO
M3 BCcero obbemMa (pnakoHa, ansg yero Bo GnakoH BHocunM cmecb KoHu H,SO4 : 12.5%-Hbi popeumn
cynbdat HaTpus : rekcaH (1:10:25). DkcTpakuMio Npou3BOAMAMN B pexnme BCTpsaxuBaHus (200 06/MuH)
npu 30°C, 120 wm™uH. Copepxumoe GNAKOHOB MNEPeHOCMNIM B LEHTpUdYXHble npobupku
n ueHTpudyrmuposanu (Mini Spin, Eppendorf, Tepmanus) 3 muu npu 11000 o6/mMuH gns nydwero
pasaeneHuns ¢as. [1ng aHanusa otbupanu rekcaHoByto dasy 1 06e3BoXMBaNN ee BHeceHMeM 6e3BOAHOrO0
cynbdarta HaTpua. AHanus npomnssoauam Ha razosoM xpomatorpacde GC6890N (Agilent Technology, CLLA)
C KBapLLeBOM KanunngpHon kononkon HP-5MS (aanHa 30 M, guametp 0,25 MM) U € Macc-cenekTMBHbLIM
netektopom MSD5973N  (Agilent Technology, CLUA). Pexum nporpaMmmMmpoBaHus TemnepaTtypsl
npu npoBefeHun aHanusa cornacHo [Hernandez et al. 1997]. WaeHTudukaumio coefmnHeHUN
OCYLLECTBMISNIM Ha OCHOBE 3HAYeHWI MacC-CMekTpoB cornacHo 6ase paHHbix NIST. KonnyecrtseHHyto
OLEHKY MpPOBOAMAM C MCMONb30BaHMEM METOAA BHYTpeHHel Hopmanusauuun. KonmyectBo MCXOQHBIX
COeAMHEHUIN OLEHMBANN HA OCHOBAHUM NNOLWAAEN NUKOB, MOMYYEHHbIX NPU XpoMaTorpadMpoBaHum.
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AHanus npoaykToB AecTpyKuuu. [1ng BbISIBNEHUS OCHOBHbIX MPOAYKTOB 6ModecTpyKumum
MCXOAHBIX  COeAMHEHMIM copepumoe (nakoHa MNepeHoCUnn B LEHTPUDYXKHYID  npobupky
n ueHtpudyrmuposanu npu 15000 06/mMuH 5 MuH (Mini Spin, Eppendorf, l'epmanug). Ina pnanbHenwero
aHanu3a oTbupanuM  HajoCapouHy  XKuakocTb. O6pasoBaHMe nNpoAaykKTa  Memd-paclienneHus
apoMaTUyeckoro Konbua ¢UKCMpoBann MeToAOM ChnekTpodoTOMEeTpUM NPU CKaHUMpoBaHUM obpasua
B AguanasoHe BoaH oT 390 HM go 440 Hm (BioSpec mini, Shimadzu, dnoHug). AHanu3 xnop/rMapoKcu-
6EeH30MHbIX KMCNOT MpOBOOMIM  METOAOM  BbICOKOI((EKTUBHOWM KMAOKOCTHOM XpomaTorpadum
(xpomatorpad LC-20AD Prominans. Shimadzu, dnoHuq) B cucteme auetoHutpun - 0.1%-Has HzPO.
(70:30). NpeHTudurKaumo OCyLLeCTBAAIM Ha OCHOBAHUWM CPABHEHMUS CO CTAaHOAPTHbIMU COEAUHEHUSMMU.
Hannuune MoHOB xNiopa B Ky/bTypanbHOM XUAKOCTM ONpeaensiv METOL0M KauyeCTBEHHOM peakLmm MOHOB
XNopa € a30THOKUC/IbIM CepebpoM U U3MepeHMeM ONTUYECKOM MNOTHOCTU MOMYYEHHOM CyCneH3uu
npu anvHe BonHbl 450 HM (BioSpec mini, Shimadzu, SinoHwus). KonnyectBo oueHnBanu Ha OCHOBAHMUM
KanubposoyHoro rpaduka [PesHunkos u dp. 1970].

AHanus nyteit pectpykumu. Hanbonee sepositHblie nytn okucnenus MNXb6 n HO-MXB npepnoxeHsi
Ha OCHOBAHWW 3SKCMEPMMEHTAJNIbHbIX AaHHbIX M aHanmM3a reHoMa wrtamma R. opacus KT112-7
C MCNOJSIb30BaHMEM MexayHapogHbix  6a3 KEGG  (http://www.genome.jp) ] GenBank
(http://www.ncbi.nlm.nih.gov).

CraTMcTMYeCKMt aHanM3 NpoOBOAMIM C MCMONMb30BaHMEM MporpaMMHoro nakera MS Excel
C OOMOMHUTENbHBIMM HAACTPOMKAMM «AHANM3 AaHHbIX» U «Kutools».

PE3YJIbTATbI n OBCYXOEHNE

MHoroneTHMe uMcCcnenoBaHUS MNpPOLLEeCCOB a3pobHoi 6GakTepuanbHol TpaHcpopmaumm [MXB
nokasanu, 4to okucneHune monekynol MXb NnpeanoyTMTenbHEe NPOMCXOAMUT MO APOMATUYECKOMY KOSbLLY,
cBob6OAHOMY OT 3amecTuTenen, nMbo No KOsbLy, B KOTOPOM €CTb ABA He3aMeLLEeHHbIX BULMHAMbHbIX
atoMa yrnepopa [Gorbunova et al. 2024]. Micnonb3oBaHHble B HacToswen pabote koHreHepbl [1Xb 29
n MXB 101 nmeloT 0AMHAKOBOE PaCcNONOXEHME 3aMeCcTUTeNen B OLHOM M3 KoseL, MONeKybl (MON0XEHUS
2, 4, 5), npu atom y MXB 29 BTOpOe konbUO He HeceT 3aMecTutener, a y MNXb 101 Bo BTOpoM Konbue
aToMbl Xxnopa pacnonaratotcs B 2' M 5' nonoxeHuax (1abn. 1). YcTraHoBneHo, 4TO a3poOHbI
H6akTepuanbHbIi WTAaMM R. opacus KT112-7 ocywectenseT pasnoxenue MXb 29 3a 3 cyt, a MXb 101 3a 14

cyT (puc. 1).

Pucyvok 1. [Oecrpykums KoHreHepoB [IXBb Figure 1. Degradation of PCB congeners

wramMmoM R. opacus KT112-7 by R. opacus strain KT112-7
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AHanu3 MeTtabonnToB nokasan, uyto npu pasnoxeHum MNXb 29 u MXB 101 B cpene akkyMynunpyeTca
2,4,5-TpuxnopbeHsoriHag kucnota. (CBoboAHbIE MOHBI XNOpa B KyNbTypalibHOM XXWMIAKOCTM Oblin
3a@UKCMpOBaHbl TOMbKO B cnyyvae Guogectpykummn MXB 101 B konuuvectse 27.1% OT MakCMManbHO
BO3MOXXHOIO NPW NOJHOM Pa3NoXeHUM BHECEHHOro cybcTpaTta. HakonneHns oeTekTMpyeMmbiX KOINYeCTs
NpOoAYKTa Mema-paclenneHms apomatnyeckoro konbua MNXb 29 u MNXb 101 He 3aduKCMpOBaHbI.

MonyyeHHble pe3ynbTaTtbl NO3BOMSAKT MPEANONOXUTb, YTO BMOAECTPYKUMS OAHHBIX KOHFEHEpPOB
ocywecTengercs wrtaMMoM R. opacus KT112-7 no knaccMyeckomy nyTu a3pobHoi BakTtepuanbHoOWM
nfectpykumn budenuna [Xing et al. 2020; Khalid et al. 2021; Kumari, Das 2023]. Npu 3tom 6budennn-2,3-
avokcureHasa (BphA) wrtamma R. opacus KT112-7 npepnoututesibHee aTtakyeT He3aMeLWEHHOe KO/bLo
monekynbl [MXB 29, oueBnaHo, 06pasysa Knaccuyeckuin yuc-2,3-aurnapokcu-2,3-purnapobudennn (guon).
MNosiBneHne 3amectutenen B 2' 1 5' NONOXEHUIX BTOPOro apoMaTMyeckoro umkna B cnydae MXb 101
MPUBOAMT K OTCYTCTBUIO [OBYX CBODOOAHbIX BWLUMHANbHbIX YrIepoAHbIX aTOMOB, 4TO 3aTpynHseT
B3aMMOJENCTBME XopapeHa C dhepMeHTOM BphA. AHanorMyHbli BbIBOA MOXHO CAENATb OTHOCUTENBHO
Tpu3aMmelLeHHoro kosbua B X6 101.

PaHee nokasaHo, yto wWTaMM R. opacus KT112-7 HeceT reHbl Knaccuyeckon 6udeHmn-2,3-
OMOKCUreHasbl, XapaKTepU3YHLWENCS BbICOKMM YpPOBHEM CX0ACTBa C OUPEHWUN-2,3-OMOKCUreHa3om
wrtamMMa-gectpykropa MXB Rhodococcus jostii RHAL, okucnsiowen BUUMHAMbHbIE aTOMbI Yrnepoaa
B Monekyne [MXb B 2 n 3 nonoxeHusx [Egorova et al. 2025]. Takum obpasom, pasnuume B CKOPOCTH
pectpykumun NMXb 29 u NXb 101 wrammom R. opacus KT112-7 obycnoBneHo paznmnyunamum B CTPOEHMM
MONEeKyn AAHHbIX KOHTEeHEepOoB.

He cMoTps Ha uHepTHOCTb MXB K uU3MYECKOMY M XMMUYECKOMY BO3LENCTBUIO, ANUTENbHOE
MPUCYTCTBUE B OKpYXKaloLWwel cpefe NpMBOAMT K MX TpaHCHOpMaUMM Kak nog AencTBMeM abnoTUYeckmx,
TaK M Nofg AercTBUEM BUOTUYECKMX PaKTOPOB. Pe3ynbTaToM Takoro BO3AeNCTBMS ABnseTcs obpa3oBaHue
“ Hakonnexue B npupoaHbix cpegax HO-MXB [Sun et al. 2016, 2018]. Ans MmoaennpoBaHMs NpoLeccoB
6aktepunanbHon gectpykumn HO-MXB B HacToawem nccnenoBaHuu 6oian ncnosb3osaHbl cMec HO-TXB
29 n HO-MXB 101 (tabn. 1). YcraHoBneHo, uyto wrtamm R. opacus KT112-7 ocywectsnsetr 100%-Hyto
LeCTPyKLMI0 AaHHbIX cMecen 3a 10 cyT (puc. 2).

PucyHok 2. Jectpykuma ruppokcu-npoussogHbix  Figure 2. Degradation of hydroxy derivatives

KoHreHepoB NXb wrammom R. opacus KT112-7 of PCB congeners by R. opacus strain KT112-7
100
80
o~
S 60
>
E. 40 m HO-MNXB-29
o m HO-MXB101
20
0
o 1 3 7 10 o 1 3 7 10
Bpema, cyT

B pesynbrate B2)XX-aHanusa ycTtaHoBneHo, 4To npu pasnoxeHun cmecn HO-MXB 29 B cpene
KY/JIbTUBUPOBAHUS AETEKTUPYIOTCS MOHOMMAPOKCUAMXNOPOEH30MHbIE KUCIOTbI, MPU 3TOM HE BbISIBIEHO
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npucyTcTBue npoayktoB mema-pacuiennenms HO-MXB 29 u cBob6oaHbIX MOHOB Xnopa. llonyyeHHble
[aHHble MO3BONIOT NPeanonoXuTs, 4to gectpykums HO-MXB 29 wrammoM R. opacus KT112-7 npotekaet
TaKXe Mo KAaccMyeckoMy 6UpEeHMNIbHOMY NyTU C OKUCIEHMEM He3aMelleHHOro Konbua. CyliectBeHHoe
yBe/IMYeHMEe BPEMEHM OECTPYKLMM MOXKET ObITb 06YCNOBAEHO TOKCMYHOCTHI0 MOHOMMAPOKCUIMPOBAHHbIX
6udenunnos. B pabote [Bhalla et al. 2016] nokasaHo, 4TO 0COBYID TOKCMYHOCTb MNPOABASIOT
OMXJTIOPUPOBaHHbIE MOHOTMAPOKCUMOUPeHUNbl, y KoTopbix HO-rpynna pacnonoxeHa y 2 unu 4 atoma
yrnepoga. B cmecn HO-MXB 29 MoryT npucyTcTBOBaTb COEAMHEHMS C MOAOOHLIM PACMONOXKEHUEM
HO-rpynnbl (tabn. 1). B oTcyTcTBME CTaHAAPTHbIX 06pasuoB Ang aHanusa Metonom MX-MC yctaHoBUTbL
nHaekcobl nokaHtos ans HO-MXb nocne ux cMHTe3a HEe NPeaCTaBASETCS BO3MOXHbIM.

MNpu aHann3e meTabonutos, obpasyrowmxcsa npu buogectpykuumn cmecn HO-MXB 101, BbisBneHo
MPUCYTCTBME NPOAYKTA Mema-pacluenieHns, XapaKTepu3yLWerocs MakCUMMaNnbHbIM MOMIOWEHNEM
npu pivHe  BonHbl 417  HM, WOHOB  xniopa (43.7% OT  MakCMManbHO  BO3MOXHOrO),
MOHOTMAPOKCUAMXNOPOEH30MHBIX KUCIOT, @ TakkKe 3aperncTpuMpoBaHbl HE3HAUYMUTesbHble KOMYeCTBa
2,5-amrnapokcmnbensonHon  kucnotel. Kpome Toro, Ha B2XXX-xpomatorpaMMax npuCyTCTBYHOT
LOMNONIHUTENbHbIE  MWKW,  KOTOpble  MOryT  CBMAETENbCTBOBAaTb O  HaAuMuMM B Cpefe
ANTUOPOKCMMOHOX/IOPUPOBAHHbBIX 6€eH30MHbIX KWMcnoT. OAHAKO, Tak Kak B MCCNef0BaHUM He Oblnu
MCMONb30BaHbl B KAa4ecTBE KOHTPOJIbHbIX COEAMHEHMI BelecTBa C NOAOOHOWM CTPYKTYpOW MONeKysbl,
Mbl MOXEM NILb NPEeANON0XUTb UX NPUCYTCTBUE.

Ha npumepe cmecn HO-TIXB 29 nokasaHo, uto nossneHne HO-rpynnbl NpUBOAUT K CHUXKEHUIO
ckopocTn brnopgectpykumn. OgHako cpaBHeHune nepmoga 100%-Hon pectpykummn MNX6 101 n HO-MXB 101
cBuaetenbcteyeT 06 o6paTHOW 3akoHoMepHocTW. [laHHOe sBneHue MoxeT ObiTb 06ycnoBneHo
HeckonbkMMn daktopamn. BepostHo, B coctaBe cmecu HO-MXBE 101 npucytcTByeT coeguHeHume,
B KOTOpPOM aBe HO-rpynmnbl pacnonoxeHbl B O4HOM KO/bLE B 3' U 4’ NonoXeHusax. M3BeCTHo, YTo WTaMM
R. opacus KT112-7 HeceT reHbl, koaupyrowme Tpu pepmeHTa budeHnn-agmon-guokcurenas [Egorova et al.
2025]. JaHHbih pepMeHT MOXeT BCTynaTb B peakuuio C AUTMAPOKCUIMPOBAHHLIM TpuxnopbudeHunom
B ciyyae pacnonoxenuss HO-rpynn y cocefHMX yrnepogHbiX aTOMOB, TEM CaMbIM YCKOPAS Mpouecc
[ecTpykumMn cmecu B uenoMm. Kpome TOro, Tak Kak Mbl He BbiIBUIM CpeauM MeTabonuTtos
TPUXJIOPUPOBAHHbIX BEH30MHBIX KMCNOT, HO OBHApPYXMAK 2,5-AUrMAPOKCMOEH30MHY KMCNOTY, MOXHO
npeanonoXxutb, 4to OudeHmn-guokcureHasa wramma R. opacus KT112-7 cnocobHa oKMCAsTb
TpuxnopupoBaHHoe konbuo Monekynbl HO-MXB 101 B cnyyae, ecnim HO-rpynna pacnonaraercs
B AM3aMeLLeHHOM Kosnbue. MNpucyTcTBrue cpeam MeTabonMToB MOHOMMAPOKCUANMXIOPOEH30MHbIX KUCIOT
cBuAaeTenbcTByeT 06 OKMCNEHUMU AUXNOPUPOBaHHOro Konbua monekynbl HO-MXB 101, kak u B cnyyae
ncxopHoro MNXb 101. PaHee B pe3ynbrate MoaennpoBaHus budeHmMn-guokcureHasel WwWramma R. opacus
KT112-7 6b110 NOKa3aHo, YTO NpY B3aMMOAENCTBMM C MOHOTMAPOKCMBUPEHUNAMM, HAUNYYLLEE CPOACTBO
dbepMeHTa 1 cybcTpaTta xapaktepHo ans 3- u 4-rmppokcnubudernmnos [Egorova et al. 2025]. Tak kak
B cMecu HO-MXB 101 BeposATHO MpMCYTCTBME COEOMHEHWUI C TaKMM e pacnonoxeHneM HO-rpynnbl,
MOXXHO NPeAnoNoXMTb, UTO BUdEHUN-AUOKCUIEHA3a YCNELIHO OCYLLECTBASET UX AUOKCUTEHUPOBAHME.

B page paboT nokasaHo, 4To B a3pobHOM BakTepuanbHoM okucnernmm MNXb n ux HO-MXB moryt
MPUHUMATL yyacTue depMeHTbl Kiacca MOHOOKcureHas pamkax [Kanteev et al. 2015; Luo et al. 2016;
Perruchon et al. 2017; Goto et al. 2018; Sun et al. 2018; Paul et al. 2021]. MNpwu B3aumopencTeum MNXb
C MOHOOKCUreHasammn 06pasyloTcs MoHoruapokcunupoBaHHble [1XB, Torma kak B cnyvae, ecawu
MOHOOKCUreHasbl OKWUCASKT MOHOTMAPOKCUOUDEHMNbI, pe3yNbTaTOM B3aUMOLENCTBUS  SABAAKOTCS
ANTUOPOKCUAMPOBAHHbIE XN0pOUdeHNbl, KOTOpble fanee MOryT paspylmnTbes GepMeHTaMn OCHOBHOIO
6udennnbHoro nytu. AHanus reHoMa wramma R. opacus KT112-7 (GenBank Accession: PRINA603644 ID:
603644) nokasan HanMune B XpoMoCcoMe WTaMMa 57 reHoB GlIaBMHOBBIX MOHOOKCUIEHas, a Ha nnasMuae
PRHWK1 - 4 reHa ¢naBMHOBbIX MOHOOKCMreHas. B HacTosiero uccnefoBaHWs He npeacTaBisercs
BO3MOXHbIM YCTAHOBWTb, Kakue U3 BbISIBNEHHbIX FEHOB KOAMPYHOT (epMeHTbI, y4aCTBYHOLLME B OKUCIEHUM
HO-INXb, ogHako Hanuuue AaHHbIX FrEHOB MO3BOASIET Npeanonaratb, YTo y wramma R. opacus KT112-7
B pasnoxeHnn HO-MXB npuHuMawoT yyactme He TONAbKO epMeHTbl Kfiacca [AMOKCUIeHas,
HO W NpeACcTaBUTENN KNAcCa MOHOOKCUIEHas.
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3AK/TIOYEHUME

Ha ocHOBaHMM NpeAcTaBAEHHbIX Pe3yNbTaTOB MOXHO 3aKNKUUTb, YTO BaKTepuasnbHbli a3pobHbIV
wramMm R. opacus KT112-7 cnocobeH k buogectpykumn MXB u nx nepeuyHbix MeTabonmtoB HO-IMXb
n obnafaeTt MOWHbIM BMoaerpagaTMBHbLIM NOTeHUManoM. Ha ckopocTb Guopacnaga XnopopraHU4eckmx
CO3 v BTOPMYHBIX MNOJIIIOTAHTOB OrPOMHOE B/IMSIHME OKa3blBaeT UX CTPYKTYpHOe CTpoeHue. Ha npumepe
kKoHreHepoB X6 29 u MXB 101 ycraHOBNEHO, 4TO C YBEMYEHWMEM KOSIMYECTBA aTOMOB XJ0pa
B 6udeHMNbHOM Kapkace Bpems buomerpagaunn ysennumsaetcs: onsa MMXb 29 oHo coctaBuno 3 cyr,
a ona NX6 101 - 14 cyt. Ong sropuuHbix nonntotaHToB HO-MXB 29 n HO-MXB 101 3apeructpuposaH
OOMHAKOBbIM Nepuog, ucyepnoiBatowero 6uookmcnenns — 10 cyt. HecMoTps Ha Gonbluee copepxaHue
atomoB xnopa B cMecn HO-MXB 101 ckopocTb ee pacnaga 3a 1, 3 u 7 cyT Gbuia Bbilwe, YeM B C/y4vae
cmecn HO-TIXB 29, uto MoxeT 06bACHATECS paaoM (akTopoB: Honblielt TOKCMYHOCTBbIO MPOU3BOAHbIX
B cMecn HO-MXB 29 no cpaBHeHuto ¢ komnoHeHTamu cMecn HO-MXB 101 1 KoHKYpUpyOLWMM AeNCTBUEM
(epMeHTOB KNacCOB MOHO- M AMOKCMreHas wramma R. opacus KT112-7, cBS3aHHbIM C AOCTYMHOCTbIO
aKTUBHbIX CaTOB B BMOpa3naraeMbix COEAUHEHUSIX.
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AHHomauyus

One important mechanism underlying the promotive
action of rhizosphere bacteria on plants is their ability
to produce plant hormones, particularly cytokinins.
Cytokinin must be delivered from the roots to stimulate
plant growth and exert beneficial effects on the shoots.
This work aimed to study the transport of bacterial
cytokinins in barley plants. We studied the effects of
cytokinin-producing bacteria on the growth, cytokinin
content, and expression of the HvABCG gene, a homolog
of the rice OsABCG18 and Arabidopsis AtABCG14 genes
encoding transporters of these hormones. Rhizosphere
of 3-days-old barley seedlings were inoculated with
Bacillus  subtilis 1B-22, and cytokinins  were
immunoassayed on the sixth day after bacterial
treatment. On day 11, leaf growth stimulation was
detected under the bacterial treatment, indicating that
bacterial cytokinins affect shoot performance. This
hypothesis was confirmed by a 1.5 increase in zeatin
riboside levels registered in the shoots of bacteria-
treated plants. Estimating the expression of the HvABCG
gene showed its upregulation in the roots of bacteria-
treated plants, suggesting the involvement of this
transporter in the delivery of cytokinins to the shoots.

Keywords:
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Abstract

OaHUM U3 BaXKHbIX MEXaHU3MOB, NEXaLMX B OCHOBE
CTUMYNMPYIOLLErO [eicTBUS pu3ocepHbiX BakTepuii
Ha pacTeHus, ABASETCS MX CNOCOBHOCTb NPOAyLMPOBaTh
pacTuTesibHble TFOPMOHbI, B YaCTHOCTU LIUTOKMHWHBDI.
[na ctumMynaumm pocta pacteHuin Heobxoammo, 4Tobbl
LUMTOKMHUH JOCTaBAANCS U3 KOPHEWM M OKasbiBan 6naro-
TBOpHOE BO3AeicTBMe Ha nobern. Lenbto paHHOM pa-
60Tbl OblN10  M3yyeHMe TpaHCnopTa 6akTepuanbHbIX
LUMTOKMHUHOB B pacTeHusX suMeHs. Mbl uccneposanu
BAWUSIHUE  MPOAYLUMPYIOWMX  LMUTOKMHUHBI  BakTepwuii
Ha poCT, COflepXXaHWe LUTOKMHUHOB U 3KCMPEeCCUIo reHa
HVABCG, koTopbit aBngeTcs romonorom reHa OsABCG18
puca u reHa AtABCGI4 apabuponcuca, KoaupyroLmx
TpaHcnopTepbl 3TUX rOPMOHOB. Pusocdepy 3-AHEBHbIX
NPOPOCTKOB SUMEHsI MHOKynuposanu Bacillus subtilis
IB-22 1 Ha wecTow AeHb nocne baktepuanbHoi 06paboT-
KW NpOBOAWMAN UMMYHO(EPMEHTHBIN aHANU3 LIUTOKUHU-
HoB. Ha oauHHapuatbll aeHb 6ObI0  OBHApyXeHO
CTUMYNIMPOBaHMe pocTa IMCTbeB Npu HakTepuanbHow 06-
paboTke, YTO CBMAETENLCTBYET O NONOXUTENbHOM BAUS-
HUM  BGaKTepuanbHbIX UWMTOKMHUMHOB Ha COCTOSHUE
noberos. JTa runoTtesa 6bina noaTBepxaeHa 1.5-kpart-
HbIM YBEMYEHMEM YPOBHS 3€aTUHPMBO3MAA, 3aperuncT-
pVpOBaHHbIM B noberax pacteHui, 06paboTaHHbIX 6ak-
Tepuamu. OueHka akcnpeccum reHa HvABCG nokasana ee
MOBbILEHWE B KOPHSIX pacTeHui, 06paboTaHHbIX BakTe-
pMSIMM, YTO YKA3blBAaeT Ha BO3MOXHOE y4yacTuMe 3TOro
TpaHcrnopTepa B AOCTaBKe LUTOKUHUHOB B noberw.
Knrouessie cnosa:

Bacillus  subtilis;
TpaHcnopTepsl

Hordeum vulgare; LUWUTOKWHUHBI,

locmynuna e pedakyuro: 07.05.2026
lpuHamo e neyams: 29.05.2026
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INTRODUCTION

Rhizosphere bacteria are increasingly used in crop production as growth promoters, increasing yield

and plant resilience. One of the important mechanisms underlying the stimulating effect on plants is

their ability to produce plant hormones, in particular cytokinins. We previously demonstrated that pre-
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sowing seed treatment with cytokinin-producing bacteria accelerates growth and increases yield in
wheat plants [Arkhipova et al. 2019]. To stimulate plant growth, cytokinin must be delivered to the
shoots, as these hormones exert their beneficial effects on the leaves [Wu et al. 2021]. Experiments
with rice and Arabidopsis plants have shown that cytokinin delivery to the shoot depends on so-called
ABC transporters, a superfamily of membrane channels that actively transport various substances
through ATP hydrolysis [Zhang et al. 2014; Zhao et al. 2019]. It was important to verify the dependence
of cytokinin influx into the shoot on cytokinin transporters in other plant species. This work aimed to
study the transport of bacterial cytokinins in barley plants. The choice of this species was dictated by
the sufficient knowledge of its genome, which made it possible to identify genes encoding cytokinin
transporters and study their expression. We studied the effects of cytokinin-producing bacteria Bacillus
subtilis 1B-22 on the growth, nitrogen balance index, cytokinin content and expression of the
HORVU.MOREX.r3.7HG0645770 gene, which is a homologue of the rice OsABCG18 and Arabidopsis
AtABCG14 genes [Mahalingam et al. 2022], in shoots and roots of barley.

MATERIALS AND METHODS

Barley (Hordeum vulgare L.) seeds of the Prairie variety were sterilized with a 40% aqueous solution
of sodium hypochlorite, diluted twofold. The seeds were laid out on filter paper moistened with tap
water, covered with a second layer of filter paper, shaded, and transferred to a refrigerator for
stratification at +5°C. The next day, the seeds were exposed to the dark at an ambient temperature of
21°C. On the third day, the seedlings were transplanted into sand saturated with Hoagland-Arnon
nutrient medium at 80% of the total moisture capacity of the substrate, a 14-hour photoperiod, an
illumination of 400 mol m? s PAR, and a temperature of 25/20°C (day/night). On the day following
planting of the seedlings in the sand, 1 ml of a suspension of Gram-positive aerobic spore-forming
cytokinin-producing bacteria Bacillus subtilis 1B-22 (GenBank MT590663) (CFU 108 ml™) was introduced
into the rhizosphere of each plant.

Gram-positive aerobic cytokinin-producing bacterium Bacillus subtilis I1B-22 (GenBank MT590663)
[Kudoyarova et al. 2014] from the collection of microorganisms of Ufa Institute of Biology, RAS, was
used for bacterial treatment. Inoculates for bacterial treatments were obtained by cultivating B. subtilis
IB-22 on K1 medium as described [Arkhipova et al. 2020]. The strain of microorganisms was cultured in
Erlenmeyer flasks on a shaker (160 rpm) for 72 h at 37°C, and bacterial biomass was applied to the
rhizosphere as described above.

On the third day after bacterial treatment, cytokinins were extracted and purified from shoots and
roots, and their concentrations were determined by immunoassay using antibodies against zeatin
riboside after separation of cytokinin derivatives by thin-layer chromatography, as described
[Kudoyarova et al. 2014]. Shoots and roots were homogenized, and cytokinins were extracted with 80%
ethanol. The extract was separated from plant debris by centrifugation, and the ethanol was evaporated
to leave an aqueous residue. They were loaded on a C18 cartridge (500 mg, Varian, Middelburg, The
Netherlands), which was then washed with 20 ml of distilled water. Cytokinins were eluted with 70%
ethanol, the eluate evaporated to dryness, and the residue dissolved in a minimum of 80% ethanol. The

solution was loaded on precoated 5 x 20 cm, 0.25 mm thick silufol 60 F-254 plates (Merck, Darmstadt,
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Germany) for thin layer chromatography in the solvent system of butanol, ammonium hydroxide, and
water (6:1:2). After ultraviolet detection of standard zeatin, its nucleotide, glucoside and riboside in a
separate track for standards, the corresponding zones from the plant material were eluted with 0.1 M
phosphate buffer (PB, pH 7.2-7.4). This protocol successfully separated and assayed zeatin nucleotide
(Rf0-0.1), zeatin glucoside (Rf 0.1-0.2), zeatin riboside (Rf 0.4-0.5), and zeatin (Rf 0.6-0.7) [Vysotskaya
et al. 2009]. More than 90% recovery was obtained for zeatin, its riboside and glucoside standards. Anti-
cytokinin antibodies with high immunoreactivity towards trans-zeatin, its riboside, N9-glucoside and
nucleotides showed an inherently low cross-reactivity to dihydrozeatin and isopentenyladenine (iPA)
and their derivatives. The aforementioned method was validated for our plant material by LC-MS/MS
[Veselov et al. 2018].

At the same time, the nitrogen balance index (NBI), which is the ratio of chlorophylls and flavonoids,
was measured in the leaf epidermis using the DUALEX SCIENTIFIC+ (FORCE-A, France) device. NBI
provides the earliest information on the nitrogen status of a plant.

RNA extraction and transcript analysis of the HORVU.MOREX.r3.7HG0645770 gene, encoding the
cytokinin-transporting protein [Mahalingam et al. 2022], was performed as follows. Since this gene
product is an ABCG transporter homologous to the rice gene OsABCG18, we will henceforth refer to it
as HvABCG. Total RNA was isolated from control and experimental 6-day-old barley plants using the
Lira reagent according to the supplier's protocol (Biolabmix, Russia). Nucleic acid concentration was
measured using a Smart Spec Plus spectrophotometer (Bio-Rad, USA). To synthesize cDNA, a reverse
transcription reaction was performed using M-MuLV reverse transcriptase (Synthol, Russia) on a TP4-
PCR-01-Tercik amplifier (DNA-Technology, Russia). Expression of the ABC transporter gene was
analyzed by quantitative real-time PCR on a CFX Connect real-time PCR Detection System (BioRad
Laboratories, USA) using the SYBR Blue intercalating dye (Biolabmix, Russia). The qPCR protocol was
as follows: 95°C for 5 min; 40 cycles at 95°C for 15 sec, 60°C for 20 sec, and 72°C for 30 sec. The
following primer set (5'-3) was used in this study: HvABCG (XM_045104931.1); F -
TAGCACCGCCATCAACTTTG, R - GCTAGGGTTTGATGCACAGC). The B-tubulin gene (X54844.1; F -
GCTCCCAGCAGTACAGGACTCT; R - TGGCATCCCACATTTGTTGA) was used as an internal control to
normalize the amount of total RNA present in each reaction. Changes in gene expression were
determined by calculating the normalized gene expression level using the CFX Connect real-time PCR
Detection System software (BioRad Laboratories, USA).

On the fourteenth day, shoot and root weights were measured.

The data were processed using MS Excel software. Data in figures are presented as mean values *

standard error. The number of biological replicates (n) is provided in the figure’s legends.

RESULTS AND DISCUSSION

An assessment of leaf size revealed stimulation of leaf growth under the influence of bacterial
treatment, most noticeable in the third young leaf, the area of which was one and a half times larger
compared to the control (plants not treated with bacteria) (Fig. 1). Thus, bacterial treatment promoted

the growth of barley plants in the present experiments.
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Fig. 1. Effect of inoculation of barley rhizosphere
with Bacillus subtilis 1B-22 on the length, (a) and
area, (b) of the third leaf measured 11 days after
treatment. Mean values of control and treated
plan)ts are statistically different (n=50, p<0.05, t-
test

Puc. 1. BnmsHue uHokynsiumm pusocdepbl sUMeHs
Bacillus subtilis 1B-22 Ha pnvHy (a) u nnowaapb (b)

TpeTbero NuCTa, M3MepeHHyw udepes 11 pHewn
nocne 06paboTku. efHMe 3HaueHus Ans
KOHTPO/MbHbIX U  00paboTaHHbIX  pacTeHWi
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Moreover, the nitrogen index in leaves increased by 10% under the influence of the treatment
(differences compared to the control are significant at p<0.05, t-test) (Fig. 2a). Since nitrogen uptake by
plants is important for maintaining photosynthesis, it is not surprising that the dry mass of shoots of
bacteria-treated plants was 20% higher compared to the control (differences compared to the control
are significant at p<0.05, t-test) (Fig. 2b). However, no reliable effect of treatment on root mass and

length was found.

Fig. 2. Effect of inoculation of barley rhizosphere
with Bacillus subtilis 1B-22 on the nitrogen balance
index (n= 36) (a) and day weight of shoots and
roots (n=40) (b) measured 11 days after treatment

Puc. 2. BnusHue uHokynsiumm pusocdepbl SUMEHSA
Bacillus subtilis 1B-22 Ha wHaekc 6anaHca a3oTa
En= 36) (a) u cyxyio Maccy noberos M KOpHei
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Since cytokinins are known to stimulate shoot growth [Wu et al. 2021] and photosynthesis [Cortleven,
Schmilling 2015], the promotion of these characteristics in barley shoots by bacteria capable of

synthesizing cytokinins suggests that in our experiments these hormones were delivered to the shoot.

The results of cytokinin determination confirmed this hypothesis (Fig. 3a).

Fig. 3. Effect of inoculation of barley rhizosphere
with Bacillus subtilis 1B-22 on the content of zeatin
riboside (ZR) in shoots and roots (n=9) (a) and
transcript level of HvABCG gene in bacteria-
treated plants (n=9) expressed as fold
change compared with control samples (b)
measured 3 days after treatment
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It showed a one-and-a-half-fold increase in zeatin riboside levels in the shoots of bacteria-treated
plants compared to the control (differences compared to the control are significant at p<0.05). Since
cytokinin ribosides are considered the primary form for transporting these hormones from roots to
shoots [Sakakibara 2021], these results confirmed activation of cytokinin export from roots to shoots in
bacteria-treated plants. An alternative explanation, according to which the bacteria stimulated
cytokinin synthesis by the plants themselves, cannot be ruled out, but in our view, it seems less likely.
Plants are known to absorb cytokinins from the soil, and the bacteria used in this study are known to
produce cytokinins [Kudoyarova et al. 2014]. Therefore, the increased cytokinin content in the shoots of
bacteria-treated plants most likely results from bacterial uptake and delivery of cytokinins to the shoots.

Previous experiments with the expression of the rice OsABCG18 gene in tobacco leaves revealed the
ability of this transporter to support the export of various forms of cytokinin from cells and their delivery
to the shoots [Zhao et al. 2019]. Therefore, it was of interest to evaluate possible involvement of similar
transporters in the delivery of cytokinins to barley shoots.

Genes with a high level of homology to known cytokinin transporter genes in Arabidopsis and rice
were found in the barley plant genome [Mahalingam et al. 2022]. Based on this analysis, primers were
designed to assess the expression of one of these genes (HvABCG), enabling testing of its putative role
in controlling cytokinin distribution in bacteria-treated plants. As shown in Fig. 3b, the transcript level
of this gene almost doubled in roots after bacterial treatment but remained unchanged in shoots. In rice
and Arabidopsis plants, the amount of cytokinins accumulated in the shoot was positively correlated

with the expression levels of OsABCG18 in roots of rice suggesting its role in the long-distance transport
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of cytokinins [Zhao et al. 2019]. In our experiments increased accumulation of cytokinins in bacteria
treated plants was accompanined by increased expression in roots of HYABCG transporter, which is a
homolog of rice and arabidopsis cytokinin transporters [Zhang et al. 2014; Zhao et al. 2019], indicating
its possible involvement in the transport of bacterial cytokinins from roots to shoots.

Thus, we have shown that stimulation of barley plant growth by bacteria capable of synthesizing
cytokinins is accompanied by, and apparently results from, an increase in cytokinin levels in plant shoots
likely due to the transport of bacterial hormones from roots to shoots. These results suggest
involvement of HYABCG transporter in the delivery of cytokines to plant shoots and support the proposal
that bacterial cytokinins not only penetrate plants but are also transported to the shoot, where they

stimulate growth and photosynthesis.
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Abstract

Chemotherapy resistance remains a key contributor to
the reduced effectiveness of cancer treatment. The aim
of this study was to identify transcriptomic programs
associated with the development of docetaxel
adaptation in a PC3 cell model of prostate cancer and
evaluate their applicability for the subsequent search
for modifiers among fungal secondary metabolites. The
experimental cells were exposed to docetaxel for
prolonged periods, followed by selection of the
surviving cell population. Using RNA-seq and GSEA
analyses, we identified positive enrichment of the
«TNFa signaling via NF-kB», inflammatory response,
and «IL6/JAK/STAT3 signaling» pathways, which is
consistent with the formation of an NF-
kB/IL6/JAK/STAT3-associated survival signature. We
also demonstrated the statistical significance of

enrichment of the «Cholesterol homeostasis» pathway,
suggesting the transcriptional remodeling of
cholesterol-associated  metabolic  programs. The

obtained data allow us to consider the identified
transcriptomic programs as guidelines for subsequent
targeted search and experimental testing of fungal
secondary metabolites that are potentially capable of
modifying inflammatory signaling and metabolic
mechanisms of drug tolerance in tumor cells.
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NPEACTATENbHON XENE3bI PC3:
NF-kB/IL6/JAK/STAT3-CUrHANUHI U METABOMNU3M
XONECTEPUHA KAK OPMEHTMPbI N1 MOUCKA
BTOPWYHbIX METABONUTOB rPUEOB
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AHHOmauyus

XMMMOPE3UCTEHTHOCTb OCTAETCs KtoYeBbIM (akTOpPOM
CHMXeHUsa 3PPeKTUBHOCTU Npu nedeHun paka. Llenbio
[AaHHOrO WCccneaoBaHus Oblia MAEHTUdMKALMS TpaHC-
KPUMTOMHBIX MpOrpaMM, CBSI3aHHbIX C  PasBUTMEM
ajanTtaumm K gouetakceny Ha mogenu PC3 kneTok paka
npeacTaTenbHOM Xenesbl, U OLEHKA MX NMPUMEHUMOCTH
LNg  nocnepylowero rnoucka MoauduKaTopoB cpeau
BTOPMYHbIX METabosIMTOB rpMboB. JKCMEPUMEHTASbHbIE
KNeTKM MoaBepranucb BO3LEWCTBMIO  AOLEeTakcena
B TEYEHME  [/UTENbHOrO  BPEMEHW, MNocCsie  Yero
NpoBOAMNACh CENEKLMS BbIKMBLUEW MOMYNSLUMU KIETOK.
C nomowsbto RNA-seq n GSEA nogxonoB Hamu 6bino
BbISIBMIEHO MOMIOXWUTENbHOE O00O0ralleHMe CUrHaNbHbIX
nyteir «TNFa signaling via NF-kB», BocnanutensHoro
otBeTa U «IL6/JAK/STAT?3 signaling», 4To yKka3biBaeT Ha
aktuBaumto NF-kB/IL6/JAK/STAT3 curHaTypbl BbbKMBaA-
Hus. Takke Hamu 6blna nokasaHa CTaTUCTMYecKas
3HAYMMOCTb oboraleHus nyTm «Cholesterol
homeostasis», 4TO YyKasblBaeT Ha TPAHCKPUMLMUOHHYIO
nepecTpoiiKy MeTabonnyeckux NporpamM, CBs3aHHbIX C
XonectepuHoM.  [lonyyeHHble  AaHHble  MO3BOASOT
paccMaTpuBaTh BbiSIBJIEHHbIE TPAHCKPUMTOMHbIE MpPO-
rpaMMbl B Ka4yecTBe OPUEHTMPOB ANS MOCNEAYIOLLEro
LlefIeHanpaBNeHHOrO0  MOWMCKA M 3KCNEPUMEHTANIbHOMO
TECTUPOBAHUS  BTOPWUYHbIX  MeTabonutoB  rpuboB,
MOTEHUMANBHO CMOCOBHLIX MOAMPULMPOBATL BOCMASMU-
TENIbHYIO0 CUTHANU3aLMI0 U MeTabonuyeckne MexaHusMbl
NEeKApCTBEHHOM YCTOMUYMBOCTM B OMYXONEBLIX KETKAX.
Knioyessole cnosa:
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INTRODUCTION

Chemotherapy is a key approach in the treatment of various malignancies. However, despite its
proven clinical efficacy, treatment outcomes are often limited by the development of resistance in many
patients. Chemoresistance is characterized by a partial or complete loss of tumor cell sensitivity to
cytostatic drugs during treatment and is one of the main causes of subsequent disease progression
[Zafar et al. 2025]. Under conditions of chemotherapeutic stress from a cytostatic drug, tumor cells are
capable of activating various adaptive mechanisms, such as cell cycle rearrangement, enhanced damage
repair, metabolic reprogramming, activation of inflammatory signaling pathways, and many others [Gu
et al. 2025]. These complex rearrangements contribute to the selection of surviving tumor cells with a
phenotype of tolerance to the chemotherapeutic drug, and the study of these molecular programs is an
important step in the development of strategies to improve the effectiveness of therapy [Dhiman et al.
2026].

High-throughput transcriptome sequencing (RNA-seq) combined with bioinformatics analysis
provides a powerful tool for identifying molecular signatures of drug response. RNA-seq allows one to
evaluate not only changes in the expression of individual genes but also coordinated changes in
biological pathways and regulatory programs [Ergin et al. 2022]. When combined with functional
enrichment methods, including Gene Set Enrichment Analysis (GSEA), this approach allows one to
identify transcriptome signatures associated with cellular stress, inflammatory signaling, apoptosis,
metabolic adaptation, and other processes potentially involved in the development of drug tolerance
[Candia, Ferrucci 2024; Menyhart et al. 2025].

The use of transcriptome analysis followed by the selection of biologically active compounds
directed at the identified targets represents a promising strategy for searching for candidate compounds
that can potentially modify drug tolerance in tumor cells. In the context of the search for compounds
capable of modifying the adaptive programs of tumor cells and increasing their sensitivity to therapy,
fungal secondary metabolites are of particular interest. Fungi are a rich biotechnological source of
structurally diverse bioactive compounds, including polyketides, terpenoids, alkaloids, peptidic and
hybrid metabolites [Bills, Gloer 2016]. A number of such compounds can influence apoptosis, the cell
cycle, inflammatory signaling, metabolic regulation, drug transport and tumor plasticity [Sonowal et al.
2024]. Of particular importance is the fact that the potential of the fungal metabolome remains far from
fully explored. Fungi are characterized by the presence of numerous biosynthetic gene clusters, many
of which are silent and can be activated through changes in cultivation conditions, epigenetic regulation
or microbial interactions [Zhang et al. 2024]. It is also worth noting that less than 1% of the identified
fungal biosynthetic clusters are associated with characterized compounds, which indicates a significant
reserve for the search for new molecules with antitumor, anti-inflammatory and signal-modulatory
activity [Garcia-Estrada et al. 2025].

The aim of this study was to identify transcriptomic programs associated with the development
of docetaxel adaptation in a cellular model of prostate cancer (PCa) - PC3. PCa is one of the most
common malignancies in men worldwide, and advanced and castration-resistant PCa (CRPC), in which
the tumor retains the ability to grow despite androgen suppression, poses a particular therapeutic
challenge [Le et al. 2023; Siegel et al. 2025]. Docetaxel (DTX), a taxane-based chemotherapeutic agent,
remains clinically important for these patients, since it became the first chemotherapeutic drug to
demonstrate an overall survival benefit in metastatic CRPC [Hussain et al. 2024]. However, the efficacy
of DTX may be reduced due to adaptation of tumor cells to repeated drug exposure. This adaptation
does not necessarily indicate stable resistance, but may reflect the development of a state of drug
tolerance, in which surviving cells activate compensatory survival programs [Sekino, Teishima 2020].
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In this study, we generated a cellular model of PCa after repeated exposure to DTX to identify
early transcriptomic programs of drug adaptation. Using RNA-seq and subsequent GSEA analysis, we
identified biological pathways and regulatory programs associated with the adaptive response of PC3
cells to DTX. Additionally, the identified transcriptomic signatures were used to prioritize classes of
fungal secondary metabolites potentially suitable for further targeted screening for modifiers of drug
tolerance.

MATERIALS AND METHODS

PC3 cells were obtained from the American Type Culture Collection (ATCC) and cultured in
RPMI-1640 medium supplemented with 10% FBS, L-glutamine, 100 U/mL penicillin, and 100 ug/mL
streptomycin at 37°C in 5% CO,. For cell dissociation, TrypLE™ Express Enzyme (Gibco, USA) was used.
Cell counting was performed using the Countess Il FL Automated Cell Counter (Thermo Fisher Scientific,
USA). PC3 cells were seeded in 6-well plates at a density of 500,000 cells per well. DTX-selected PC3
cells were generated using a stepwise selection protocol that included three sequential rounds of
treatment with increasing DTX concentrations (Sigma-Aldrich, USA): 4, 8, and 10 nM. At each round,
cells were incubated for 24 h in complete culture medium containing the corresponding DTX
concentration. After treatment, the DTX-containing medium was removed, and surviving cells were
transferred to DTX-free complete medium for recovery. The next selection round was performed after
the surviving adherent cells resumed proliferation and reached approximately 80% confluence. Cells
that survived and recovered after the third round of treatment with 10 nM DTX were defined
operationally as DTX-selected PC3 cells. Control PC3 cells were cultured in parallel under the same
conditions and treated with an equivalent volume of DMSO without DTX exposure. Three biological
replicates were included for each group. Mycoplasma contamination was assessed at each stage of the
experiment using the MycoReport PCR-based detection kit (Evrogen, Russia) according to the
manufacturer’s instructions.

Total RNA was isolated from experimental cell samples using the RNeasy Micro Kit (Qiagen,
Germany) according to the manufacturer’s protocol. RNA concentration was estimated using the Qubit™
RNA BR Assay Kit (Thermo Fisher Scientific, USA) on a Qubit 4.0 fluorometer. The quality of the RNA
was assessed using the Agilent RNA 6000 Nano Kit (Agilent Technologies, USA) on an Agilent 2100
Bioanalyzer. The RNA integrity number (RIN) was not lower than 9 for all samples.

Library preparation was performed using the KAPA RNA HyperPrep Kit with RiboErase (HMR or
Human/Mouse/Rat) (Roche), according to the manufacturer's protocol. The final RNA-seq libraries
quality was analyzed on an Agilent Bioanalyzer 2100 instrument (Agilent Technologies, USA) using the
Agilent High Sensitivity DNA Kit (Agilent Technologies). The concentration of the libraries was
measured on a Qubit 4.0 fluorometer (Thermo Fisher Scientific) using the Qubit dsDNA HS Assay Kit
(Thermo Fisher Scientific). The final RNA-seq libraries were approximately 500 base pairs in length.
Prepared mRNA libraries were combined into a single pool in equal proportions and subsequently
diluted to a final concentration of 1 nM. Sequencing was performed on a NextSeq 2000 instrument
using NextSeq 2000 P2 Reagent Kit (100 cycles) in single-end read mode. To minimize potential batch
effects, all RNA-seq libraries were sequenced within a single sequencing run.

Primary processing of the resulting RNA-Seq data in FASTQ format was performed as described
previously [Pudova et al. 2022]. The quality of raw FASTQ files was assessed using FastQC and MultiQC.
Adapter sequences and low-quality reads were removed using Trimmomatic, followed by alignment to
the human reference genome GRCh38 using the STAR aligner. Gene-level read counts were generated
using featureCounts from the Subread package. Each sample yielded at least 10 million reads. For
downstream analysis, the raw count matrix generated by featureCounts was imported into the R
statistical environment. Differential gene expression analysis was performed in R using the DESeq2
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package. Differentially expressed genes were identified using the Wald test for significance testing of
log2 fold changes.The Benjamini—-Hochberg correction was applied to calculate the false discovery rate
(FDR). Differences in gene expression were considered statistically significant at an FDR < 0.05. Gene
Set Enrichment Analysis (GSEA) was performed using the clusterProfiler package and Hallmark gene
sets from the Molecular Signatures Database (MSigDB). For preranked GSEA, genes were ranked
according to the DESeq2 Wald statistic obtained from the comparison between DTX-selected and
control PC3 cells. Gene sets with an FDR < 0.05 were considered statistically significant. Variance-
stabilized expression (VST) values generated with DESeq2 were used for visualization of selected genes
in heatmaps.

Additionally, an external in silico analysis was performed to assess the concordance of the
identified transcriptomic signatures at the pathway level. The analysis was carried out using two
independent public RNA-seq datasets of PC3 cells after DTX treatment, GSE233647 and GSE140440,
applying an approach analogous to that described above.

RESULTS

To identify biological processes associated with the development of DTX adaptation in PC3
cells, we performed Hallmark gene set enrichment analysis comparing DTX-selected PC3 cells with
control cells. We identified 22 statisticq2ally significantly enriched signatures, including both positively
and negatively enriched signatures/pathways (tab.1, fig.1).

Tabnuua 1. GSEA cratMctMka Ang  3HauMMBbIX
o6orawéHHbix Hallmark curHaryp B DTX-oTo6paHHbIX
Knetkax PC3 no cpaBHEHMIO C KOHTPONbHbIMU KJIETKAMM

Table 1. GSEA statistics for significantly enriched
Hallmark signatures in DTX-selected PC3 cells
compared with control cells

Pathway ES NES Gene set size FDR
TNFa signaling via NF-kB 0.68 2.69 174 470 x 102*
Interferon gamma response 0.63 2.40 146 5.39 x 1013
Interferon alpha response 0.66 2.36 89 2.46 x 10°
p53 pathway 0.55 2.16 171 3.81 x 10°
Cholesterol homeostasis 0.62 2.12 69 5.97 x 10°
Hypoxia 0.50 1.91 154 1.79 x 10
Apoptosis 0.48 1.82 128 1.14 x 10*
UV response up 0.47 1.76 129 3.91 x 10"
Inflammatory response 0.47 1.76 117 5.93 x 10*
Estrogen response early 0.43 1.67 162 6.15 x 10*
IL6/JAK/STAT3 signaling 0.59 191 51 1.32 x 10
Oxidative phosphorylation 0.40 1.58 194 1.82 x 103
Xenobiotic metabolism 0.43 1.66 136 1.87 x 10
Complement 0.43 1.62 139 2.79 x 103
Protein secretion -0.48 -1.70 94 3.96 x 10
Estrogen response late 0.41 1.57 149 3.96 x 107
E2F targets -0.39 -1.51 199 3.96 x 10
Epithelial-mesenchymal transition 0.41 1.57 147 3.96 x 10
Mitotic spindle -0.40 -1.54 193 3.96 x 10
Allograft rejection 0.45 1.61 97 410 x 10
G2/M checkpoint -0.38 -1.49 196 4.60 x 107
Adipogenesis 0.37 1.44 171 1.48 x 102

Note. ES, enrichment score; NES, normalized enrichment MpumeuvaHune. Cronbuatble pAMarpaMmbl  MOKa3blBAOT

score; FDR, false discovery rate. Positive NES values indicate
enrichment in DTX-selected PC3 cells, whereas negative NES
values indicate negative enrichment relative to control PC3
cells. Gene set size indicates the number of genes from the
corresponding Hallmark gene set included in the GSEA
analysis.

HOpPManu30BaHHbIV MoKasaTenb oboraweHus AN Kaxnoro
6uonornyeckoro npouecca. MNMonoxutensHole 3HaveHus NES
COOTBETCTBYIOT ~ CMrHatypaM, oborawéHHeiM B DTX-
oTobpaHHbIX knetkax PC3, M mokasaHbl KpacHbIM LBETOM;
oTpuuatencHble 3HavyeHus NES cOOTBETCTBYIOT cMrHaTypaMm C
oTpuLUaTeNbHbIM 060raweHnemM OTHOCUMTENbHO KOHTPOJbHbIX
KNETOK M MOKa3aHbl 3eN1EHbIM LIBETOM.
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PucyHok 1. 3Hauumble ob6orawéHHble Hallmark
curHatypbl B DTX-oto6paHHbix knetkax PC3 no
CPaBHEHUK C KOHTPObHbIMU KJ1IETKaMU

Figure 1. Significantly enriched Hallmark signatures in
DTX-selected PC3 cells compared with control cells

TNFa signaling via NFKb -
Interferon gamma response -
Interferon alpha response -
P53 pathway -

Cholesterol homeostasis -
Hypoxia-

IL6 JAK STATS3 signalling
Apoptosis 1

UV response up-
Inflammatory response -
Estrogen response early -
Xenobiotic metabolism -
Complement -

Allograft rejection -
Oxidative phosphorylation A
Epithelial mesenchymal transition -
Estrogen response late -
Adipogenesis -

G2M checkpoint -

E2F targets-

Mitotic spindle -

Protein secretion-

T T T

-1 0 1 2
Normalized enrichment score (NES)

Note. Bar plots show the normalized enrichment score (NES)
for each biological process. Positive NES values correspond
to signatures enriched in DTX-selected PC3 cells and are
shown in red; negative NES values correspond to signatures
negatively enriched relative to control cells and are shown in

MpumeuvaHue. InarpamMmma BeHHa nokasbiBaeT NepekpbITUE
3HauuMmo oborawéHHbix Hallmark curHatyp mexay Tpems
HabopaMu  AaHHbIX.  TennoBas  kapTa  NOKasbiBaeT
HOpManM30BaHHbIM Mokasartenb oborawenus (NES) ana atmx
obwmx nyter. KpacHbli LBET yKa3biBaeT Ha MONOXWUTeNbHOE

oboraweHme, TOrga KakK CWUHWI  UBET YyKa3blBaeT Ha
oTpuuaTtenbHoe oborawenune. *FDR < 0,05, **FDR < 0,01,
***EDR < 0,001 - cTaTCTMYECKas 3HAYMMOCTb..

The most significant positive enrichment was found for the «TNFa signaling via NF-kB pathway»
(NES = 2.69, FDR = 4.7 x 107%%). Significant positive enrichment was also observed for the
«IL6/JAK/STAT3 signaling» pathway (NES = 1.91, FDR = 1.3 x 1073). These results indicate that the NF-
kB/IL6/JIAK/STAT3 axis represents a prominent transcriptomic feature of PC3 cells surviving and

green.

recovering after stepwise DTX selection. Negative enrichment of proliferation- and mitotic cycle-related
pathways was also observed in the experimental cells. Specifically, the «G2/M checkpoint» (NES = -1.49,
FDR = 4.6 x 107%), «<E2F targets» (NES = -1.51, FDR = 4 x 107%), «mitotic spindle» (NES = -1.54, FDR = 4
x 107%), and «protein secretion» (NES = -1.7, FDR = 4 x 10~3) pathways were negatively enriched. These
results demonstrate suppression of proliferative and mitotic programs, which is consistent with the
mechanism of DTX action as a chemotherapeutic taxane that disrupts microtubule dynamics and mitotic
cell division.
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Figure 2. Heatmap analysis of selected leading-edge
genes from significantly enriched Hallmark in DTX-
selected PC3 cells

PucyHok 2. AHanu3 Cc nOMOLWbI TENJOBON KapTbl
OTAE/IbHbIX  BeAyliMX TeHOB U3  3HAYUMbIX
o6orawéHHbix Hallmark curHatyp B DTX-0T06paHHbIX
knetkax PC3

(A)

Group
TNFRSF1A
CXCL8
NFKB1
TRAF1
NFKB2
ccL2
cCL20
TNFAIP3
TNFRSF12A
STAT1

IRF1
RIPK2
IL6
IL15RA
CSF1
MYD88
NFKBIA
BIRC3
STAT2
PIM1
RELA

Lped
zped
eped

Zpoogd
gp)uoagd

FADS2 )
~|E MVD 1
05

(B)

Group

CHKA

SCD
LDLR
SQLE
NSDHL
Group

Control
Docetaxel

PLSCR1

FDFT1

TMEMS7

piucogd
Zpuoogd
epiucogd
iped
zped
eped

Note. (A) Selected leading-edge genes associated with the
NF-«kB/IL6/JAK/STAT3-related signature. (B) Selected
leading-edge genes from the Hallmark cholesterol
homeostasis signature. Expression values were scaled by
gene and are presented as row z-scores. Cell colors indicate
the relative expression level of each gene across samples:
blue corresponds to expression below the gene-specific
mean, yellow to intermediate expression, and orange to

Mpumeuanue. (A) OToenbHble Beaylme reHbl, CBA3aHHbIE
¢ curHatyport NF-kB/IL6/JAK/STAT3. (B) OtaenbHble Beaywme
reHbl m3 Hallmark curHatypbl «romMeocTas XosectepuHas.
3HauyeHus 3kcrnpeccun ObiiM HOPMUPOBAHbI MO TFeHY WU
npeacTaBneHbl B BWAE z-nokasatenei no crtpokam. Llgeta
f4yeeKk OTpaXalT OTHOCUTENIbHbIA YPOBEHb 3KCMpPECcCcUn
KaXaoro reHa B o06pasuax: CMHMI LBET COOTBETCTBYET
3KCMPEeCCUM HUXKE CPELHEro 3Ha4YeHUsl AN OAHHOMO reHa,

expression above the gene-specific mean. XENTbIA - MPOMEXYTOYHOM 3SKCMPECCUM, a OpaHXKeBbl -

JKCnpeccuu Bbllle CpeaHero 3Ha4yeHna ona aHHOro reHa.

To further evaluate the NF-«kB/IL6/JAK/STAT3-associated inflammatory-stress signature, a
heatmap of selected leading-edge genes was constructed (fig. 2A). The selected genes included: /L6,
TNFRSF1A, TNFRSF12A, RELA, NFKB1, NFKB2, NFKBIA, NFKBIE, TNFAIP3, CCL2Z, CCL20, CXCL8, CSF1, RIPK2,
MYD88, TRAF1, BIRC3, and PIM1. Most of these genes showed higher VST-normalized expression values
in DTX-selected cells compared to control samples. Together, these data support the presence of
an inflammatory-stress transcriptional signature consistent with NF-«kB/IL6/JAK/STAT3-associated
signaling in DTX-selected cells. Also of particular interest was the enrichment of the «Cholesterol
homeostasis» pathway (NES =2.12; FDR = 6 x 10°) in DTX-selected PC3 cells. To visualize this metabolic
signature, a heatmap of selected leading-edge genes from the Hallmark cholesterol homeostasis gene
set was constructed (Fig. 2B). The genes included: MVD, NSDHL, SOLE, FDFT1, LDLR, DHCR7, EBP, FADS2,
TMEMS97, SCD, CHKA, and PLSCR. These genes are involved in sterol/cholesterol biosynthesis, uptake,
and lipid metabolism. This concerted change likely reflects a rewiring of the cholesterol-associated
metabolic program, which may be related to cellular adaptation to stepwise DTX selection.

To assess whether the identified PC3-associated transcriptomic signatures are reproducible at
the pathway level, we additionally analyzed two independent public RNA-seq datasets of PC3 cells after
DTX treatment, GSE233647 and GSE140440. Comparison of significantly enriched Hallmark signatures
revealed five pathways shared across all three datasets: TNFa signaling via NF-«kB, hypoxia,
inflammatory response, complement, and epithelial-mesenchymal transition (fig. 3, table 2).
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Figure 3. External in silico assessment of pathway-level
concordance between the PC3 datasets

PucyHok 3. BHewHsas in silico oueHka cornacoBaHHOCTH
Ha YpOBHe CUTHanbHbIX nyTen mexay PC3 Habopamu
AQHHBIX

DTX-selected PC3 GSE233647

~ GSE140440

Inflammatory response

TNFa/NF-kB

Hypoxia e 33 NES

c=-nw

b

EMT i AR

DTX-selected PC3 GSE233647 GSE140440

Note. The Venn diagram shows the overlap of significantly
enriched Hallmark signatures among the three datasets. The
heatmap shows the normalized enrichment score (NES) for
these common pathways. Red indicates positive enrichment,
whereas blue indicates negative enrichment. *FDR < 0.05,
**FDR < 0.01, *™*FDR < 0.001 - statistical significance.

MNpumeyanue. [uarpamma BeHHa nokasbiBaeT nepekpbiTue
3HaunMmo oborawéHHbix Hallmark curHatyp mMexpy Tpems
HabopamuM  pAaHHbIX.  TennoBas  kapTa  MoKasblBaeT
HOPManu30BaHHbIV Nokasatenb oboraweHuns (NES) ang atmx
06wmx nyteit. KpacHblit LBET yKa3blBaeT Ha MOMOXUTENbHOE
oborawieHne, TOraa Kak CWMHWIA LUBET YKa3blBAeT Ha
oTpuuatenbHoe oborawenune. *FDR < 0,05, **FDR < 0,01,
***FDR < 0,001 - cTaTMcTMyeCcKas 3Ha4YMMOCTb.

All five signatures demonstrated concordant positive enrichment across all datasets,

supporting the reproducibility of inflammatory/stress-associated transcriptional remodeling in PC3

cells under DTX-associated selective pressure.

Table 2. Concordantly enriched Hallmark
signatures in the DTX-selected PC3 dataset and
two independent public PC3 datasets

Tabnuua 2. CornacoBaHHO  o06oraliéHHble
Hallmark curHatypbl B Habope paHHbix DTX-
oTo6paHHbIX Knetok PC3 M AByX He3aBUCUMBIX
o6wenoctynHbix PC3 Habopax AaHHbIX

Pathway DTX-selected PC3 GSE233647 GSE140440

NES FDR NES FDR NES FDR
TNFa signaling via NF-«B 269 | 470x102 | 150 | 8.10x10>%| 1.50 | 3.50 x 103
Hypoxia 1.91 1.79 x 10° | 1.67 | 9.70 x 10* | 1.50 | 3.50 x 10°3
Inflammatory response 1.76 | 593x10* | 1.57 | 8.10x10% | 1.39 | 2.50 x 102
Complement 1.62 | 279x103 | 144 | 240x102 | 148 | 440x 103
Epithelial-mesenchymal transition | 1.57 | 3.96 x 10 | 2.05 | 5.70 x 107 | 1.53 | 2.60 x 10

Note. NES, normalized enrichment score; FDR, false Mpumeuvarnune. NES - HOpManuM30BaHHbLIA MNoOKa3aTeNb

discovery rate. Positive NES values indicate enrichment in
DTX-selected PC3 cells, whereas negative NES values
indicate negative enrichment relative to control PC3 cells.

oborawenna; FDR - yactota  NIOXKHOMONOXKMUTENbHbIX
pe3ynbtaToB. lNonoxutenbHble 3HaveHus NES ykasbiBalOT Ha
oboraweHne B DTX-otobpaHHbix kneTkax PC3, Torma Kak
oTpuuatencHble 3HavyeHns NES yka3biBaloT Ha oTpuuaTtenbHoe
oboraleHne OTHOCUTENbHO KOHTPOJbHbIX KneTok PC3.

DISCUSSION

One of the main findings of this study was the identification of an inflammatory/stress-
associated transcriptomic signature in DTX-selected PC3 cells. At the GSEA level, this program was

represented by a consistent positive enrichment of the TNFa signaling via NF-«kB, inflammatory
response, and IL6/JAK/STAT3 signaling pathways. The most pronounced signal was observed for the
TNFa/NF-kB signature, suggesting activation of an NF-kB-associated transcriptional program in PC3

Katunina I.V,, Shishkina A.S., Pudova EA. ©

215



Okobuotex. 2026. Tom 9. Ne 2. C. 209-219  «TpaHCKpMNTOMHbIE CUrHATYpbl afanTaLum K fOLIETaKceny B KETOYHOW NMHUM paka npeAcTaTtenbHoi xenessl PC3...»

cells surviving and recovering after stepwise DTX selection. These findings should be interpreted as
pathway-level transcriptomic associations rather than direct evidence of a causal role of NF-
kB/IL6/JAK/STAT3 signaling in DTX resistance. Various studies have previously shown an association
between NF-kB/IL6 signaling and the response to DTX and the development of a resistant phenotype
in PCa models. Subsequent studies have also demonstrated the involvement of the NF-kB-1L6-STAT3
axis in PCa progression and DTX chemoresistance. Furthermore, inhibition of NF-kB-STAT3 dependent
programs can enhance the effect of DTX, highlighting the potential for targeting this axis [Codony-
Servat et al. 2013; Zhong et al. 2022; Cruz-Lozano et al. 2024].

The relevance of the inflammatory/stress-associated remodeling was further supported by an
external in silico analysis of two independent public PC3 RNA-seq datasets, GSE233647 and GSE140440.
Across the DTX-selected PC3 dataset and both public PC3 datasets, five Hallmark signatures showed
concordant positive enrichment: TNFa signaling via NF-kB, hypoxia, inflammatory response,
complement, and epithelial-mesenchymal transition. This overlap supports the reproducibility of a
broader inflammatory/stress-related transcriptional state in PC3 cells under DTX-associated selective
pressure. Importantly, the public dataset analysis was used to assess pathway-level concordance and
should not be interpreted as direct functional validation of DTX resistance.

The IL6/JAK/STAT3-associated axis emphasizes the search for secondary fungal metabolites
with anti-inflammatory signaling activity. Such compounds may include metabolites of various
structural groups - lactone derivatives, triterpenoids, polyketides, alkaloids, and other compounds,
whose antitumor effects may be linked to the regulation of key tumor-associated signaling cascades
[Evidente 2024]. The best characterized compound is galiellalactone, a secondary metabolite with
documented STAT3-inhibitory activity, first isolated from the ascomycete Galiella rufa strain A111-95
[Kopcke et al. 2002]. This metabolite has been characterized as a direct STAT3 inhibitor, and
galiellalactone has also been shown to inhibit the growth of STAT3-activated cells in vitro and in vivo
in PCa models [Don-Doncow et al. 2014; Thaper et al. 2018]. It is worth noting that galiellalactone
activity has also been demonstrated in other cancer types, such as in a breast cancer model where
analogs capable of inhibiting STAT3 phosphorylation and inducing apoptosis in tumor cells were
developed based on the structure of natural galiellalactone [Ko et al. 2019]. These results indicate the
possibility of further chemical optimization of this compound for further studies.

Triterpenoids, particularly ganoderic acids produced by fungi of the genus Ganoderma, including
Ganoderma lucidum, may be of interest as an additional direction for exploring fungal secondary
metabolites capable of modulating the NF-«kB/IL6/JAK/STAT3 axis. Proapoptotic, cytotoxic, and anti-
invasive effects have been described for this class of compounds in tumor models [Garcia-Estrada et al.
2025].

The cholesterol-associated metabolic program emerged as another transcriptomic signature
relevant to the subsequent selection of fungal metabolite classes. In our data, cholesterol homeostasis
was positively enriched, and this enrichment was also observed in GSE140440 public PC3 dataset (NES
= 1.52, FDR = 0.018), suggesting that cholesterol-associated remodeling may represent a reproducible
but context-dependent component of the PC3 adaptive response. The biological significance of
cholesterol metabolism is consistent with studies on the role of lipid metabolism in PCa progression,
which indicate that dysregulation of lipid and cholesterol metabolism may serve as a tumor cell survival
strategy and a potential therapeutic vulnerability [Guerrero-Ochoa et al. 2024]. In addition, remodeling
of fatty acid, cholesterol, and phospholipid metabolism has been described as one of the key features
of tumor progression and metabolic adaptation [Zhang et al. 2023].
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Given the enrichment of cholesterol homeostasis in DTX-selected PC3 cells, statin-like fungal
metabolites can be considered one of the promising classes of compounds for further screening of
potential modifiers of drug tolerance [Tripathi et al. 2024]. Fungal statin-like metabolites, such as
lovastatin produced by Aspergillus terreus and Monascus sp. and compactin/mevastatin produced by
Penicillium sp., may be considered for future screening. Moreover, lovastatin has been shown to exhibit
antitumor effects through the induction of apoptosis, suppression of proliferation, inhibition of
angiogenesis, and potential enhancement of tumor cell sensitivity to chemotherapeutic drugs [Garcia-
Estrada et al. 2025]. Thus, this class of fungal secondary metabolites can be considered a promising
pool of compounds for subsequent screening of drug tolerance modifiers. It is important to note that
the cholesterol-associated program should be considered a second, metabolically oriented direction for
experimental targeting, complementing the central NF-kB/IL6/JAK/STAT3-associated axis.

Overall, our results suggest that PC3 cells surviving and recovering after stepwise DTX selection
are characterized by adaptive changes in inflammatory and metabolic transcriptomic programs. The
identified NF-kB/IL6/JAK/STAT3- and cholesterol homeostasis-associated signatures may serve as
reference points for subsequent targeted searches for candidate compounds potentially capable of
modulating DTX-associated adaptive programs in tumor cells. However, several limitations of this study
should be considered, including the use of a single PC3-based model, which limits the generalizability
of the findings to other PCa cell lines with different molecular backgrounds, such as DU145 or LNCaP,
and the lack of validation of the identified pathways at the protein and functional levels. Finally, the
fungal secondary metabolites discussed here were selected based on literature data and were not tested
experimentally in this model. Therefore, they should be considered candidate compounds for future
experimental validation.
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AHHOmMayus

BoiaeneH u uaeHTMOUUMPOBAH HOBbIW FaNoTONIEPaHT-
HbIM WTaMM BakTepuit Bacillus atrophaeus ANT22, obna-
OAOWMA  pOCTCTUMYIUPYIOWMMM CBOMCTBAMKU (NPOAYK-
UM MHOONMN-3-YKCYCHOM KMCNOTbl, dochatmobunu-
3aLM$s, QaHTAarOHMCTMYECKAs aKTUBHOCTb) MU CNOCOBHOCTbLIO
K obpasoBaHuio 6uonneHkn. W3yyeHo Bo3pencTeue
conert (cynbdaTa MarHus, XA0puaa HATpus) Ha 3Tu
cBoycTtBa. B MopenbHOM 3KcnepuMMeHTe  OLEHEHO
BAMUSHME 06paboTKM CEeMSH NIOMNMHA 3TUM LWTaMMOM
Ha Mopdonornuyeckme M OUOXMMUYECKME MOKA3aTeNM
pacTeHUIM MpU HOPMaNbHbIX YCIOBUSIX M MPU HaNU4UK
B noyse xnopuaa Hatpusa (0.25% macc.). MNokasaHo, 4To
B. atrophaeus ANT22 ycunuBan pocT pacTeHui, 0CobeH-
HO npu 3aconeHmun. B npucytcteun NaCl mHokynsaums
yBEeMYMBANa AJIMHY M MAcCy KOpHel Ha 46.5 n 48.3%
COOTBETCTBEHHO, MpuUBOAMAA K YOJIMHeHW nobera
Ha 12.0% v noBbIWweHUIO ero Maccbl Ha 27.9%, a Takxe
cnocobcTBoBana BO3pacTaHWI0 KOIMYECTBA JIMCTHEB U UX
Macchl (Ha 36.8 1 30.9% cooTBETCTBEHHO) OTHOCUTENBHO
HEWHOKY/IMPOBAHHbIX PAaCTEHUA B 3aCONEHHOW MOYBe.
Kpome Toro, 6akrepusaums ycunmsana Ha 21.3%
BbIpaboTKy xnopodunna B pacTeHUsX, MNOCAKEHHbIX
Bnousy ¢ NaCl, M cHMKana B HMX comepxaHue
ManoHoBoro auanbgernaa B 1.4 pasa no cpaBHeHWO

C HeobpaboTaHHbIMK BapMaHTaMMm. MonyyeHHble
pe3ynbTaTbl  CBMAETENbCTBYIOT O  MEPCMNEKTUBHOCTH
MCMONb30BAHMA  ra/loTONEPAHTHOrO  MIEHKOO6pasyio-

wero wramma B. atrophaeus ANT22 pna ctumynupo-
BaHMS pPOCTa pacTeHWI B 3aCONIEHHOM NoyBe.

Knioyeseie cnosa:

Bacillus  atrophaeus ANT22, ranoTonepaHTHOCTb,
POCTCTUMYNIMPYIOLLAS aKTUBHOCTb, GMOM/EHKa, Xopua
HaTpu4, cynbdaT MarHus, NONUH
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Abstract
A new halotolerant bacterial strain, Bacillus
atrophaeus ANT22, was isolated and identified.

It possesses growth-promoting properties (i.e., indole-
3-acetic acid production, phosphate mobilization, and
antagonistic activity) and biofilm-forming capacity.
The effects of magnesium sulphate and sodium chloride
salts on these properties were studied. A model
experiment was conducted to assess the effect
of treating  lupine  seeds  with  this strain
on the morphological and biochemical parameters
of plants under normal conditions and in the presence
of 0.25% sodium chloride in the soil. B. atrophaeus
ANT22 enhanced plant growth, especially under saline
conditions. In the presence of NaCl, inoculation
increased root length and weight by 46.5% and 48.3%,
respectively, led to shoot elongation by 12.0% and
anincrease in shoot weight by 27.9%, and also
contributed to an increase in the number of leaves and
their weight (by 36.8% and 30.9%, respectively) relative
to uninoculated plants in saline soil. Furthermore,
bacterization  increased  chlorophyll  production
by 21.3% in plants planted in soil with NaCl and reduced
malondialdehyde levels by 1.4 times compared
with untreated samples. These results demonstrate
the potential of using the halotolerant film-forming
strain B. atrophaeus ANT22 to stimulate plant growth
in saline soil.
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BBEAEHWME

3aconeHue nouys, CBA3aHHOE, B NepBYyl0 ovepenb, C HEPALMOHANbHOM AeaTeNbHOCTbI0 YenoBeka,
NMPUBOAMT K YXYOWEHUIO UKW JaxXe noTepe MnouBeHHbIX QyHkumi [Pan et al. 2024]. N3-3a BbICOKOrO
COOEepPXaHMS PaCTBOPUMbIX COEN OrpaHMUMBAETCA MOMOLLEHWE BOAbI U MUTATENIbHbIX BELLECTB KOPHAMM
pacTeHMI, 4TO BbI3bIBA€T 3aMefd/ieHMe PpOCTa M PasBUTUS, a TaKKe CHUXKEHWE YpPOXKAMHOCTU
arpoOHOMMYECKM LeHHbIX KynbTyp [Tomaz et al. 2026]. [pu 3TOM naowaab 3aCoNeHHbIX 3eMeNlb BO BCEM
MUpe MNpodoO/KaeT YBEeIMUYMBATLCS M 3TO CTAHOBUTCS OCHOBHBIM  3KONMOTMYECKMM  (aKTOPOM,
NpensTcTBYOWMM  3PEHEKTUBHOMY pPa3BUTUIO CENbCKOMO XO3AMCTBA WM CO34AKOWMM  yrpo3y Ang
NpOAOBONLCTBEHHOM 6@30NaCHOCTM M YCTOMYMBOrO COLMANbHO-IKOHOMMYECKOro pa3BuTus [Shokri et al.
2024].

CywecTtBylolwme arpoXMMmnyeckme U TexHuyeckne npuemol 60pbbbl C 3aCONEHHOCTbIO MOYB He
CNOCOBHbI MOTHOCTLH PeLnTb 3Ty NpobaeMy 13-3a HU3KOM IPPEKTUBHOCTU, LOPOrOBU3HbI U HEFAaTUBHOIO
BIMSAHUS Ha oKpyxawwyw cpeny [Wang et al. 2021]. Ucnonb3oBaHWe 6MONOrMyeckMx MeTOAOB,
B YACTHOCTW, ranotonepaHTHbix poctctumynmpytowmx (PGP) 6akTepuii MOXeT MOBbICUTb YCTOMYMBOCTb
pacTeHUI K CONAM U YAYULWKUTb UX NPOAYKTUBHOCTb MPU U3OLITOYHOM COAEPXKAHUM TOKCUYHBIX MOHOB.
o cpaBHEHUIO C TpPagMUMOHHbIMM Mepamu, MPUMEHEHME MUKPOOHbIX areHToB TpebyeT MeHbLIMX
MaTepuanbHbIX U QUHAHCOBBLIX 3aTPaT U ABASETCA 3KOMOrMyecku unctbiM [Pan et al. 2022]. NMomumo
CBOWCTB, YCUIMBAKLLMX POCT M pa3BUTME pacTeHun (asoTdukcaums, dochaTtmMobmnnsaums, aHTaroHUsm
B OTHOLWEHUN HUTONATOreHoB, MPOAYKLMS Pa3NnyHbIX MeTaboNNTOB, MHAYKLMS CUCTEMHOM YCTONYMBOCTH
M np.) MHorve 6aktepun 061a4al0T WNPOKUMU afaNTUBHBIMU BO3MOXHOCTSIMU, CBA3AHHBIMK, B MEPBYHO
oyepesb, C X CNOCOBHOCTLIO K hopMmnpoBaHuio buonneHok. NocnegHne npeacTaBnAoT COBOI0 CNOXHbIE
coobuiecTBa MMKPOOPraHM3MOB, MHKAMCYIMPOBAHHbIX B MaTpuLy, COCTOSALLYH W3 MONMCAXapUaoB,
HYKTEMHOBBIX KNUCNOT, 6€NKOB M AMNNA0B. Haxoaach BHYTpM BMONNEHKM M B3aMMOLENCTBYS APYr C APYroM
NOCpPeaCTBOM BHYTPUKIETOYHOM KOMMYHMKALMKW, MUKPOOPraHW3Mbl MOFYT MPUKPEnnsaTbCs K NobbIM
MOBEPXHOCTAM (B TOM UMC/e, KOPHSM), COXPaHSs, TEM CaMbIM, CBOK XM3HECNOCOBHOCTb NpW HaIMYMK
MHOro06pasHbIX CTPeccoBbiX (DAaKTOPOB BHELWHeN cpedbl, @ TaKkKe CnocobCTBYs 3aluTe pacTeHun
OT TOKCMYecKoro aenctauns conert [Ramasamy, Mahawar 2023; Brokate et al. 2024].

JlionuH 9BnsieTcs UeHHOM 3epHO6060BOM KyNbTYpOM, KOTOpPas COAEPXMT BOJbLIOE KOMYECTBO
6enka, BUTAMMHOB M MWHEPANOB M WMAET HAa NMPOM3BOACTBO KOPMOB [ANS XMBOTHOBOACTBA — 3€pHa U
3e/1eHOM Macchl. TakxkKe OH LUMPOKO MCMOMb3YeTCs B KAYeCTBe CuaepaTa — ero nocesbl 060ralatoT noyBy
a30TOM W, Bnarogapsi MOLWHOM KOPHEBOM CUCTEME, YNy4llalT ee CTPyKTypy. [MpoaykTel nepepaboTku
NONMHA — MYKa, Macno, 6enKoBble M30AATbI M TMAPOAM3aTbl MCNONb3YIOTCA B MULLEBOM MPOMBILLIEHHOCTH
ANS U3rotoBneHns GYHKLUMOHANBHbIX NPOAYKTOB NUTaHUS 1 BMonorMyeckn akTBHbIX Aob6aBok [Shaaban
et al. 2022]. JItonuH yMepeHHo TePNUM K 3aCyXe, HO OYEeHb YYBCTBUTENEH K CONEHOCTM cpeabl [Hashem et
al. 2023; lhsan et al. 2024]. UHokynsaums ranotonepaHTHbiMu PGP 6akTepuammn morna 6bl cnocobcTBoBaTh
MOBbLILEHUID YPOXANMHOCTU 3TOM BAKHOM CENbCKOXO3SUCTBEHHOW KYNbTypbl MNPWU  BblpaLMBaHUK
B YCNOBMSIX 3aCONEHMS.

Llenbto paHHoW paboTbl OblNO BblAENIEHME HOBOFO rafioTOMEPAHTHOrO WTaMMa GakTepwuii
M U3yYeHne ero poCTCTUMYIMPYIOLLMX CBOMCTB M CNOCOBHOCTU K 06pa3oBaHuUi0 BUONIEHKK, B TOM Yucie
B MPUCYTCTBUM COJEN, @ TAKXKE OLLEHKA ero BAUSHMUS Ha Bruoxnmumyeckme n Mmopdonormyeckme nokasarenm
pacTeHuI NNUHA NPy 3aCONIEHUN MOYBbI.

MATEPWAJIbl N METObI

LLtamm 6akTepuii ANT22 6bin BbloeneH n3 obpasua NaxoTHOM Noysbl ¢ Tepputopumn Pecnybnvkum
BawkoptoctaH (Poccus) MeToaoM HAKONWUTENbHbIX KyAbTyp MyTeEM MNOCeBa MOYBEHHOW CYCMeH3uK
Ha cpegy MMA (®BYH THLL MMB, Poccns) ¢ 5% NaCl. Bua MMKpOOpraHM3MOB YCTaHaBAMBAIM
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cekBeHMpoBaHueM dparMeHTa reHa 16S pPHK. TotanbHyto OHK 13 GakTepuanbHbiX KNETOK BblAENsIN
c noMolwpto Habopa peaktnBoB «diaGene» («Ouasm», Poccus). Amnandukaumioo npoBoAMIM
C yHMBepcanbHbiMM npanmmepamn  27F un  1492R [Lane 1991]. CekBeHMpoBaHWE BbINOAHANM
Ha aBTOMaTMyeckoM cekBeHaTope HaHnodop 05 («CuHToN», Poccusa) ¢ npumeHeHneM Habopa peakTMBOB
«GenSeq-100» («CuHTon», Poccusn). [loMCK FOMOAOrMUHBIX HYKNEeoTUAHbIX MoCiefoBaTelbHOCTEN
nposogunu B 6ase gaHHbix EzBioCloud (http://www.ezbiocloud.net/taxonomy).

YCTOMUYMBOCTL LUTaMMa K 3aCONEHUI0 NPOBEPSAN MO BM3YasbHbIM NapaMeTpaM pocTa no WTpuxy
Ha MIA ¢ po6asneHnem NaCl oo KOHeYHOM KOHUeHTpauun 1-15%.

dochaTtMOOMNN3MPYIOLLYID aKTMBHOCTb OLEeHMBanuM Ha cpepde [ukoBckon ¢ optodocdatom
kanbuma [[ukosckas 1948], yepe3 pacuyeT MHAEKCA CONOUNM3ALMM, T.e. OTHOLIEHMS AMAMETPA 30HbI
NPOCBET/EHUS BOKPYT KOJIOHUM BaKTepuii K AMaMeTpy KONOHUMU.

Ona aHanu3a KkonuyectBa MHAOAMA-3-yKcycHOM  kucnotel  (MYK) B ynbTpadwmnbTpaTe
KYNbTYpaNbHOM XMAKOCTU WTaMMa ero KyJbTUBMPOBAN Ha Cpefe Cneaytolero coctasa (r/n): nentoH —
10.0, ppoxkeBoi 3kcTpakt — 3.0, rnoko3a - 1.0, NaCl - 5.0. CopepxaHne MYK yctaHaBnvBanu
C NOMOLLbIO BbICOKOI(P(DEKTUBHOM XKMAKOCTHOM XpomaTorpadmm B cucteme LC-20 Prominence ¢ anoaHo-
MaTpuyHbIM aetektopoMm SPD-M20A («Shimadzu», Anonus) [Crapukos, Yeteepukos 2020].

O Hanuuuu y WTamMMa aHTaroHM3Ma B OTHOWEHMM (UTONATOreHHbIX MWKPOMULETOB CyAMAU
no BesnymnHe guameTpa (MM) 30HbI MHTMBMPOBAHMS poCTa rpuba BOKPYT KONOHMM BaKTEPUM, BbIPALLLEHHOM
Ha KapTodenbHo-rnoko3HoM arape (HiMedia Laboratories, MHamg). B kauectBe TecT-06beKTOB
ncnonb3oBanu Bipolaris sorokiniana (Sacc.) Shoemaker (UIB F-9), Fusarium culmorum (W.G. Sm.) Sacc.
(BKM 844), Alternaria alternata (Fr.) Keissl. (BKM F-3047).

BnugHue xnopmpa Hatpus M cynbdaTa MarHusi Ha POCTCTUMYNIMPYHOLWME CBOWCTBA LWTaMMa
OLUEHMBANM NyTeM UX A0OaBNEHMS B Cpeabl ANs KyNbTUBMPOBaHUS (3% Macc.).

[ng KONMYeCcTBEHHOrO BbIIBNEHMUS CMOCOOHOCTM OakTepuii K 06pa3oBaHUIO OMONIEHOK, B TOM
yucne B MPUCYTCTBUM XNopuaa HaTpms unu cynbdata marius (1-6% macc.), ux soipawmsanu Ha cpege LB
B Mogudukaumm Lennox [HOwuH u dp. 2019] B nonmctnponosbix nnaHwetax (Corning, CLUA) B TeueHum
3 unmn 6 cyT. bronneHkn okpawmsanu kpuctannuueckum duonetosbiM [Coffey, Anderson 2014], nocne
Yyero OLEHMBANM YPOBEHb ero abcopbuumn no BenmumHe ontuyeckor naoTHocTv (OD) Ha nnaHWeTHOM
puaepe «Feyond-A300» ¢ dyHKLMAMM cnekTpodoToMeTpa, NtoMuHOMeTpa 1 GrnyopumeTpa («Allsheng»,
KHP) npu anuHe BonHbl 570 HM.

CnocobHOCTb MUKPOOPraHM3MOB K YCUAEHMIO POCTa pacTeHuUi ntonuHa 6enoro (Lupinus albus L.,
ceM. Fabaceae) copta [Lera npu 3aconeHnn NaCl npoepsnn B nabopaTopHOM oOMbiTe B YCNOBUSX
CBETOMNOWAAKM (NNOTHOCTb NoToka doTtoHoB MAP 240 MkMonb/M%/c, doTonepuon 14 u). TpexcyTouHble
MPOPOCTKM NONUHA 3aMaumBanu Ha 20 MUH B Ky/JbTypanbHOM XuMAKOCTU wTamma (tutp 10° KOE/mn),
Mosy4eHHOM Ha MopuduumpoBaHHon cpepe LB. KoHTponbHble npopocTtku  obpabaTtbiBanu
AMCTUNNMPOBaAHHOM BoAoK. [lanee npopocTku nmo 5 wr. noMewanu B nnactukoBble cocyapl ¢ 400 r
noyBeHHo-necyaHon cmecu (9:1), copepxawen NaCl (0.25% macc.). [MpoaomKUTENbHOCTL IKCNEPUMEHTA
14 cyT. BnaxxHOCTb MOYBbI NOAAEPXKMBANM Ha YypoBHe 60% OT MOMHOM BNAroeMKOCTU.

Ha 10 cyt onbita aHanusmpoBanu OuoOxuMMUYeckMe nokasaTenn pacteHui. CoapepxkaHue
ManoHosoro guansgernga (MOA) yctaHaBnmBanu cnekTpodbOTOMETPUYECKMM METOAOM NYTEM peakumu
3KCTpakTa u3 nuctbeB (3kcTpareHT 10% TpuxnopykcycHas KucaoTta) ¢ TMo6apbuTypoBOWM KUCIOTOM
[Uchiyama, Mihara 1978].

Konnyectso xnopodunna (a+b) n uHoekc asoTHoro GanaHca (NBI) onpepensinm ¢ nomowbto
nopTaTMBHOro ontnyeckoro aHanmsatopa DUALEX Scientific + (FORCE-A, ®paHuus).

Mocne 3aBepLUeHNs SKCNEPUMEHTA M3MEPSN AJIMHY U CbIPYI0 MAacCy KOpHeWn 1 noberos, a Takxe
CbIpYH0 Maccy W KOJIMYeCTBO IUCTLEB.
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JKCNEepUMEHTbI BbINOMHAAM B TPEXKPATHOW NOBTOPHOCTU. CTaTUCTUYeCKy 06paboTKy npoBoanu
¢ npuMeHeHuneM nporpamm MS Excel 2010. [laHHble NnpeacTaBneHbl Kak cpefHee * cTaHAapTHAs owKnbKa.
[ocToBepHOCTb pa3nyumii oueHnBanu no t-kputepmio CretogeHTa (p < 0.05).

PE3Y/IbTATbI U OBCYXOEHNE

Ha ceropgHAWHWA geHb BO BCEM MUPE 3aCONEHHOCTb MOYBbI SBASETCS OOHWMM M3 OCHOBHBIX
NpensTcTBUI AN MPOU3BOACTBA NPOAYKTOB NUTaHUS. [119 MUHMMM3ALIMU HEraTUBHbIX MOC/IEACTBUI 3TOr0
sBNeHns Bbiin pa3paboTaHbl MHOFOUYMUC/IEHHbIE CTPAaTernu, TakMe Kak Cenekumus U reHHas MHXeHepus
pacTeHUN, arpoxXxMMUUecKuMe MeponpuaTHa, a TakkKe MPUMEHEHMEe TranoToNepaHTHbIX BakTepui,
CNocobCTBYOWMX pOCTy pacteHuin [Ha-Tran et al. 2021]. Tak, npu CONeBOM CTpecce MOKa3aHo
CTUMyNUpYlOLLEe BAMSIHWE COMEyCTOMYMBBLIX WTaMMOB Pseudomonas paraalactis, Bacillus cereus,
Sinorhizobium meliloti w Acinetobacter radioressistens Ha pacteHusi orypua [Pérez-Garcia et al. 2025],
a wramma Kocuria rhizophila Y1 — Ha pacteHus kykypysbl [Li et al. 2020].

B HacToswel paboTe B pe3ynbTaTe CeKBEHUPOBaHMS dparMeHTa reHa, kogupytouero 16S pPHK
(HomMep HykneoTMAHOM nocnenoBaTenbHocTn B GenBank PZ142597), yctaHoBneHo, uto msonat ANT22,
BblaeneHHbIM Ha cpege ¢ 5% NaCl, umeet 100% cxonctea co TMNoBbIM WwWtammom Bacillus atrophaeus JCM
9070. MukpoopraH1M3M MOXET pacTu B NPUCYTCTBUM XNopuaa HaTpus B Konnyectse 1-14% u aBnsetcs
rafoToNepaHTHbIM LWTAaMMOM, YTO CBMAOETENbCTBYET O BO3MOXHOCTM €ro WMHTPOLYKUMM B TMOYBY
C MOBbILLEHHbIM COLEPXKAaHUEM COJEN.

OpHako Ans OUEeHKM nepcnekTUBbl MPUMEHEHWUS B CEeNbCKOM XO039MCTBE C1e40Bano M3yuuTh,
OTHOCMTCA N1 BblgeneHHblM wramm K rpynne PGP mukpoopraHmamos. O6bl4HO 06pallaloT BHMMaHUe
Ha TaKMe XapaKTepUCTUKM BaKTepui, Kak CMOCOBHOCTb K YYULWEHUI0 MUHEPASIBHOTO NMUTAHUS PacTeEHUN
M CUHTE3y BELLEeCTB, HEMOCPELCTBEHHO YCW/IMBAIOWMX MX POCT U PasBUTME, @ TaKKe K MOAABNEHUIO
XU3HeJesTeNbHOCTU PUTONATOreHHbIX MUKPOOPraHM3MOB, MUKPOMMLIETOB, B YacTHOCTU [GOmez-Godinez
et al. 2023; Hasan et al. 2024]. Y B. atrophaeus ANT22 BbiSiBneH psg, CBOMCTB, MONOXUTENbHO BANSAHOLLMX
Ha pacTeHus, Takux kak: npopykums WMYK, pactBopeHwe HeopraHuyeckoro ¢ocdaTa, aHTaroHU3M
B OTHOWEHUM (PUTOMATOrEHHbIX MMKPOMMLETOB pa3Hbix popoB. Kpome Toro, wrtamMm cnocobeH
K nneHkoobpasoBaHuio (Tabnmua 1).

Ta6bnuua 1. CeovictBa wramma B. atrophaeus  Table 1. Properties of strain B. atrophaeus ANT22

ANT22 1 BAMsiHME Ha HUX conew and the effect of salts on them
o,
CBoiicTBO Cpena LB Cpena Lfazc,jau (3% Cpe;z,;;i;:cl\c/l.;ﬁo‘;

MHpekc contobunmnsaumu 1.5%0.1 1.5%0.1 1.1+0.1
Mpoaykumsa NYK, Hr/mn 586.3%£32.4 He 0bHapyXeHa He 0bHapyXeHa
[lnameTp 30Hbl B. sorokiniana 25.2¥1.3 15.1+0.9 10.5%0,7
33[epXKK poCTa, F. culmorum 10.4%0.8 10.6%£0.9 7.5i0,5

MM A. alternata 10.4+0.7 10.2+0.8 8.1+x0,4
MnotHocTb 6uonneHkn npu ODs7o 0.463+0.025 0.468+0.029 0.373%0.021

Tak Kak Nnpeanonaraercst, YTo WTaMM MOXET ObITb MCNOMb30BAH 4J19 CTUMYASLUMM POCTa PacTeEHMUN
npy 3aconeHumn, TO ObIO MHTEPECHO M3Y4uTb Kak MposBnsoTcs ero PGP cBoMCTBa B 3TUX YC/IOBUSX.
Hanuune B cpepe xnopuaa HaTpua pe3ko cHMxano cuHtes MYK 0o nmonHoro oTcyTcTBUS nNpu AeTekumu
MCMONb3yeMblM METOAOM, HO He OKa3blBano Kakoro-nnbo sddekrta Ha CnocobHOCTb K pacTBOPEHUIO
dochata (MHpEeKc conbunmsaumm octaBancd paeHbiM 1.5) (tabnuua 1). PaHee nokasaHo, 4To
npucytcteue NaCl MoXxeT no-pasHOMY BAMATb HA POCTUMYIMPYIOLWME CBOMCTBA TAaNOTONEPAHTHbIX
MWKPOOPraHM3MOB, B TOM YMC/e KaK YCUAUBATb, TaK M NoAaBnsaTb Gocharmobmununsaumio U NpoayKUMO
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NYK [Saleem et al. 2021; Kapadia et al. 2022; Radhakrishnan, Krishnasamy 2024; Loganathan et al.
2026]. Bo3pencreme conm Ha aHTaroOHUCTUYECKYO aKTUBHOCTb WTaMMa 6b110 HEOAHO3HAYHBIM — AMAMETP
30HbI 33fepXKu pocta F. culmorum v A. alternata He v3MeHUNCs, OfHAKO B ciayvae c B. sorokiniana
NpOM30LWN0 YMeHblueHMe 3Toro nokasatens Ha 60%. BHeceHne NaCl He Bnausino Ha obpasoBaHue
6uonneHku (ODs7o coctaBnana 0.468 n 0.463 cooTBeTCTBEHHO) (Tabnuua 1).

UTto kacaetcs cynbdata MarHus, TO OH OKa3biBan 6osiee BbIpaXXeHHbIM OTpULATENbHbIV 3PdeKT
Ha BCe u3yyeHHble cBoncTBa ANT22 (tabnuua 1). Ero gobasneHne B cpedy NpvBOAMNO K MOAHOMY
MHIMOMpPOBaHMIO  BblipaboTkn  UYK,  CHMXEeHWI0  mMHOeKca  conwdbunmsaumm,  yMeHbLUeHWUHD
QHTaroHMCTUYECKOM aKTUBHOCTH, @ TaKXKe NIOTHOCTM BUONAEHKMN.

MNpu 6onee noapobHOM UCCNef0BaHWM NpOLECCa NIEHKOOOPA30BaHMS B NPUCYTCTBUM PA3INYHbIX
KOHLLEHTpaLMi Xnopuaa Hatpua U cynbdata MarHuMsg NokKasaHo, YTO HEe3aBUCMMO OT OJIUTENIbHOCTU
KynbTuBMpoBaHus Hannune 1-2% NaCl nam MgSO, yBennunmBano MHTEHCMBHOCTb MJEHKOOOpPA30BaHMs
MO CPpaBHEHMIO C UCXOOHOM cpenoi (Tabnumua 2). bonee 3HaunTenbHoe 3aconeHune (4-6%) MHrMbMpoBano
obpasoBaHMe OMOMNEHKM, OJHAKO NMPU LaHHbIX KOHLEHTpaLMsIX XJ0puaa HaTpus oHa bbina Gonee
CTabuNbHOMN.

Ta6bnuua 2. BnnsHue koHueHTpauum NaClu MgS0O,  Table 2. Effect of NaCl and MgS0O4 concentrations
M BpPEMEHM Ky/lbTUBMPOBAHMA Ha obOpasoBaHMe and cultivation time on biofilm formation

6uonneHku (ODonuir/OD onrpons)* (ODtest/ODcontror)*
Bapian 3BpeMﬂ KYJIbTUBUPOBAHMUS, cy;
Cpepa LB 5.79%0.31 2.75%0.16
ConepxaHue conu B cpene, % NaCl MgSO. NaCl MgS0,

1 7.44x0.35 | 9.16*0.67 4.81%0.29 4.00£0.24
2 7.33%0.40 | 6.51%0.43 3.95+0.20 3.88%0.22
3 5.85+0.31 | 4.66%0.24 2.93+0.18 3.33%+0.19
4 2.53+0.12 | 2.81+0.18 2.90+0.17 2.12#0.15
5 2.33+0.15 | 2.04%0.15 2.94%0.20 1.75+0.14
6 1.40+0.09 | 1.66%0.11 2.91%0.16 1.26+0.08

*

NMpumeyaHue. * - oTHoweHune OD, usmepeHHont B Note.*isthe ratio of the OD measured in variants with
BapuaHtax C uHokynaumer, k OD koHTponbHoro  inoculation to the OD of the control variant (without
BapuaHTa (6€3 UHOKYNaUMK). inoculation).

OueHky BAMgHMS BakTepusaumMm Ha poCT U pa3BUTUE NIONMHA NPOBOAUAN MPU €ro BblpaLLMBaHUM
B COCydaX C X/JOpPUOHO-HATPUEBbIM TWUMOM  3aCONEHUS  MOYBbI. NaCl HeratuBHO BAUAN
Ha Mopdonornyeckme napaMeTpbl pacTeHus - Habnwo[anocb nogaBneHue pocTa KopHern (Ha 29.9%)
M yMeHblUeHWe MX Maccbl (Ha 23.6%) (Tabnuua 3). Kak yxe nucanocb Bbile, AOMNUH He 9BAsSeTcs
CONeyCcTOMYMBON KyNbTYPOM M B YCIIOBUAX 3aCONEHUN ero pocT yrHeTaeTcs [Hussien 2022; Hashem et al.
2023; lhsan et al. 2024]. Hanbonee BepOATHOM MPUYMHOM 3ITOMO MOXET ObiTb, Kak yMeHblueHue
[OCTYNMHOCTU BNArM 3a CYeT CHUXKEHWS BOAHOrO MOTEHLMaNa MNOYBEHHOrO PpacTBOPa, YTO Bbi3blBAET
Aernapataumio KneTok pacTeHui, Tak M HEenocpefCTBEHHOE TOKCMYEeCKoe AeiCTBME MOBbILWEHHOrO
COLEepXaHus MOHOB HaTpusa M xnopa. [ocnenHee NposBASeTcs B NOAABMEHUM aKTUBHOCTU (DEPMEHTOB,
BO3paCTaHMM KONMMYeCTBa aKTUBHbIX (GOPM KMCNOpPOAd, Pa3sBUTUKM OKUCIUTENbHOrO CTpecca M
YMEHbLUEHUN MOTrNOWEHNS HeOOXOAMMbIX NUTATENbHbIX 3NEMEHTOB, TakMX KaK KanbUMW W Kanui.
Cumntaetca uTo, B 06LLEM, YrHETAKOLLEE AEWCTBME XNOPUAA HATPUS HA PACTEHUS CBA3AHO C HapyLIeHUeM
BOAHOro 6anaHca n MoHHoro romMeoctasa [Saddiq et al. 2021; Balasubramaniam et al. 2023].

CpaBHEHME pOCTOBbIX XapaKTEPUCTUK OakTepu3oBaHHHbIX M He 6GakTepu30BaHHbLIX paCTeHWM
NIONUHA CBMAETeNbCTBYeT 0 ToM, YTo ANT22 ycunuBan mMx pocT, YyTo Haubonee 3aMeTHO NPOSBUNOCH
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npu 3aconieHnn (Tabnuua 3). Tak, He OKa3biBag 3HA4YMMOro sddekra Ha AJAMHY M MacCy KOPHen
NPV HOPMAJIbHbIX YCNOBUAX, UHOKYNSLMS yBenMuMBana 3tm nokaszatenu B npucytcteum NaCl Ha 46.5
n 48.3% COOTBETCTBEHHO (MO CPaBHEHMIO C aHAJIOMMYHBIM BapMAHTOM C 3acoNeHMeM, HO 6e3 BHeceHus
6akTepui), LOBOAA MX OO0 KOHTPObHbIX 3HAYEHUI M Bbiwe. BO3MOXHOM NPUYMHOM 3TOMO MOXET ObITb
CNoCcoBHOCTb M3y4aeMOro MMKpOOpraHnu3Ma K 06pa3oBaHMI0 BUOMMEHKM HA KOPHSX, KOTOpas 3alimaeTt
MX OT TOKCMYECKOro AencTeus xnopuaa Hatpua [Cam et al. 2023; Thakur, Yadav 2024]. B panbHemwem
XOpOLIO pa3BuTas KOPHeBas cucTema OyneT COAEeMCTBOBATb YCMEWHOMY POCTy pacTeHUM 3a CcyeT
obecneyeHns MM O0CTyNa K BOAE M MUTaTeNIbHbIM BeLLecTBaM, 3aneraiowmnm B bonee rnybokux cnosax

MO4BbI.

Ta6bnuua 3. Mopdonormueckue 1 6MOXMMHYeCcKue

napaMeTpbl pacTeHui

Table 3.

Morphological

parameters of plants

and biochemical

MapameTp KoHTponb ANT22 NaCl NaCl + ANT22
Nmwa, e KOpeHb 19.17%1.23° 19.13+1.31° 13.43£0.91° 19.67%1.22°

’ nober 11.25%0.70° 13.67+0.89° 11.47#0.55° 12.85+0.67°
Macca. r KOpeHb 0.72%0.05° 0.71£0.05° 0.60+0.03° 0.89+0.07¢

’ nober 2.12#0.12° 2.58+0.13° 2.29+0.14° 2.93%0.18°
KonnyectBo NMCTbEB, LWT. 4.02%0.262 4.01+0.23 3.70+0.18° 5.06%0.34°
Macca nucTbes, 1 1.06%0.06° 1.53%0.09¢ 0.81+0.052 1.06+0.07°
Xnopodunn, MKr/cm? 35.98+2.61° 37.49+2 .85 31.21+2.10° 37.87%+2.90°
NBI, y.e. 90.03%4.06° 89.39+5.432 87.05%5.10° 90.65%5.89°
MIA, MKMOnb/T 29.11%1.71° 36.23+2.12° 47.85%3,05¢ 34.68%2.34°

MpuMeyaHune. CTaTUCTUYECKM 3HAYMMBbIE PaA3INUMS
CpeOHMX 3HaYeHuI NS KaXKO0ro nokasaTens otMedeHbl  average values for each indicator are marked with
pa3HbiMu 6ykBamu (p € 0.05). CpaBHMBAKOTCS 3HAYEHMUS different letters (p < 0.05). The values are compared in
B CTPOKaXx. rows.

Note. Statistically significant differences in the

Tak Kak JONMH  gBNSETCS  BaXXHOM KOPMOBOM  KYNAbTYpOM, TO 3HAYUMMbIM  KpUTEpueM
b dekTMBHOCTM BakTepuanbHOM 06paboTKM ABNSETCS BeNMYMHA ero HaseMHou buomaccel. B BapuaHTe
6e3 coneson Harpysku nHokynsauma wrammom ANT22 yBenuumBana anvHy u mMaccy nobera (Ha 21.5 u
21.7%), a Takke Maccy nucTbeB (Ha 44.3%) No cpaBHEHUIO C KOHTponeM (Tabnuua 3). MNpu 3aconeHuu
MHTPOAYKLMS MMKPOOPraHM3MOB NpMBOAMNA K yasiMHeHU0 nobera Ha 12.0% 1 Bo3pacTaHUIo ero Macchbl
Ha 27.9%, a Takke NONOXMTENbHO BAMSANA HA KOJMYECTBO JIMCTbEB M MX Maccy. [lpubaBka 3Tmx
nokasartenen OTHOCUTENIbHO HEMHOKYIMPOBaHHbIX pacteHuii B nouBe ¢ NaCl coctaBuna 36.8 u 30.9%
COOTBETCTBEHHO.

YrHetatowee OenCTBME XJOPULAHOMO 3aCOMEHMS Ha ACCUMMUASIULMOHHBLIA annapaT pacTeHui
Hanbonee 3aMeTHO NPOABASETCH B MHTMOMPOBAaHUM CMHTE3a HOTOCUHTETUYECKUX NMUTMEHTOB. CHUXEHUe
YpOBHS xnopodunna BbI3BAHO YBENIMYEHWMEM aKTUBHOCTM (epMeHTa X10podunnasbl, 4To, B CBOIO
oyepeab, NPUBOAMT K HAPYLUEHWUIO CTPYKTYpbl XN0ponnacta M Aectabunusaumu nurMeHT-6enkoBoro
komnnekca. OkucneHve GOTOCUMHTETUUECKMX MUIMEHTOB SBASETCS  AOMOJAHWUTENbHOM MNPUUYMHON
06pa3oBaHMs aKTMBHbIX (QOPM KMCIOpPoAa M CMOCOBCTBYET pa3BUTUIO OKMUCAUTENbHOMO CTpecca
y pactenun [Wungrampha et al. 2018; Hannachi et al. 2022]. UmeeTcs MHOro coo6LWEHUI, B KOTOPbIX
NoAYEPKMBAETCS BAXKHOCTb OMpeaeneHns codepXaHus xnopodunna B OLEHKE peakuMu pacTeHui Ha
3KONOrMYeCcKMne CTpecchl 1, B YaCTHOCTU, CTPECCA, CBA3AHHOIO C 3aconeHuneMm [Agha et al. 2023; Kozminska
et al. 2024]. B HacToAWwEM MCCNefOBaHUM NPUCYTCTBME COMM NOAABASN0 06pasoBaHue xnopodunna
Ha 13.3% no cpaBHeHWIO C KOHTponeM. lpu 3TOM OTMeyeHa TEHAEHLMS YCUNIEHMS €ro BblpaboTKM
Yy MHOKYNMPOBaHHbIX wTtamMmoM ANT22 pacteHuin B nouse 6e3 NaCl, HO pocToBepHoe yBenuyeHue
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CMHTE3a NUrMeHTa Ha 21.3% Habntoganochb TOMbKO Yy GakTepu30BaHHHbLIX PACTEHWIA, KOTOPblIE POCAM
B 3aCOJIeHHOM noyee (Tabnmua 3).

CooTHOWweHWe Mexay KonuyecTBOM xnopodunna U (GnaBOHOMAOB OMUCbIBAETCS WMHAEKCOM
A30THOro 6anaHca pacTeHui, KOTOPbIN ABASETCS NoKasaTeneM naMeHeHms cooTHoweHust N : C B InCTbaX
M HaMNpsIMYI0 KOppenupyeT C CoaepXKaHMeM a3oTa B 3efieHon Macce. Ero cumtaloT MHAMKAaTOPOM a30THOMO
cTaTyca pacTeHun — 4yem Bbiwe 3HaveHus NBI, Tem 3HaunTenbHee copepxaHue asorta [Fan et al. 2022].
B naHHoW paboTe He 6bin0 0OHAPYXXEHO LOCTOBEPHbIX OTAMYMI MEXAY 3TUM MOKa3aTeneM B pasfiMyHbIX
BapuaHTax onbITa.

Bbi3BaHHbIM CONEHOCTbIO OKUCIUTENbHBLIM CTPECC YacTOo U3MepSeTcs C MOMOLLLD ManoOHOBOrO
OVanbpernaa, KOTOpbid  SBASETCS  KOHEYHbIM MPOAYKTOM  MEPEKUCHOrO  OKUCIEHUS  JIMNUAO0B.
Mpu n36bITouHbIX KOAMuyectBax NaCl npoucxoput obpasoBaHue CBOOOAHbLIX PagMKanoB, KOTOpble
MHOYUMPYIOT pacnag, NoJIMHEHACbIWEHHbIX XUPHbIX KMCNOT KIETOYHOM MeMOpaHbl U HakonneHne MIA
B pacTUTeNbHbIX TKaHAX yBennunsaetcs [Villalobos-Lopez et al. 2022]. B onucbiBaeMoM 3KCnepuMeHTe
3aconeHue NpMBENO K pOCTY COAEPXKAHMA ITOMO COEAMHEHUS B INCTbAX itonMHa B 1.6 pasa, YTo ykasbiBaeT
Ha Ha/M4yMe CUIbHOIO0 OKMCIMTENBHOro cTpecca (Tabnmua 3). HecMoTps Ha TO, UTO Y pacTeHui B Noyee
6e3 conu baktepmzauma wrammom ANT22 Bbi3Bana nosbiweHue konunyectBa MIA, ncnonb3oaHue
MMKPOOPraHM3MOB Ha pacTeHuax, nocaxkeHHbix B nouBy ¢ NaCl, cHukano B HMX ero yposeHb B 1.4 pasa
Mo CpaBHeHMIO C HeobpaboTaHHbIMM BapuaHTamu. BeposiTHO, 3TO NPOMCXOAMAO 33 CYET COKpaLLeHUs
HaKoMAeHMs aKTMBHbIX GOPM KMCIOpPoZa WM 0OCNabneHns OKUCAUTENbHOrO MOBPEXLEHWUS KIIETOK.
AHanornyHoe yMeHblueHne HakomnieHns MIA npu coneBom cTpecce B pe3synbrate 6akTepmusaumm Takke
3adumkcmpoBaHo y apyrux pacteHun [Khan et al. 2021; Neshat et al. 2022].

3AKJTIOYEHUE

BoloeneH wTaMM ranoTtonepaHTHbiX 6GakTtepwuin Bacillus atrophaeus ANT22, obnapatowmi
QHTAaroOHMCTMYECKOM aKTUBHOCTbIO B OTHOWEHMM (UTOMATOreHHbIX MUKpomuueToB (B. Sorokiniana,
F. culmorum, A. alternata), cnocobHOCTbIO K pacTBopeHuio docdata (MHAoekc conwbunusaumm 1.5),
npoaykummn NYK (586.3 Hr/mn) n ob6pasoBaHunio buonneHkn. B MoaenbHOM 3KcnepuMMeHTe C 3aCONeHNEM
nouBbl xsopuaom Hatpua (0.25% macc.) nokasaHo, YTO MHOKYNAUMS CEMSIH JIIONMUMHA 3TUM LITAMMOM
NpUBOAMAA K YNy4YllEHUID MOP(PONOrMYECKMX MOKa3aTesnei pacTeHuit (BO3pacTaHWIO MacCbl U A/WHbI
kKopHen (Ha 48.3 n 46.5% cooTBeTcTBEHHO) M No6eros (Ha 27.9 n 36.8% COOTBETCTBEHHO), YBENUYEHUIO
yncna MMcTbeB Ha 36.8% m nx Macchbl Ha 30.9%), a Takke K CHUXXEHUIO OKMCIUTENBHOMO CTpecca 3a cyeT
aKTMBM3aLMK 06pa3oBaHua xopodunna (ero cogepXkaHue NoBbICMAOCh Ha 21.3%) 1 yMeHbLUEHUS YPOBHS
MIA B 1.4 paza.

Taknm 06pa3oM, ranoTosiepaHTHbIM NneHkoobpasytowmin PGP wrtamm B. atrophaeus ANT22 nmeet
onpepeneHHble MepcrneKkTUBbl AN NPUMEHEHUS B KayecTBe CPeACTBA NS MOBbIWEHMS YCTOMYMBOCTH
YYBCTBUTENbHbIX PACTEHUI K CONIEBOMY CTPECCY M CTUMY/IMPOBAHMS MX POCTA B YC/IOBUSX 3ACONIEHUS NMOYB.
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MOP®OMETPUYECKMIA U LBETOBOW AHANT3 CEMSH
POOA ALLIUML.
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" ®eepanbHblil Hay4HbIN LIEHTP oBoLLeBoacTBa, MockoBckas

06n., OauHUoBCKMIn paroH, Poccus

2 Arpocmsnyecknin HayYHO-MCCrIe4oBaTENbCKUIA MHCTUTYT,

Cankr-Metepbypr, Poccus
3 Bcepoccuiickuia Hay4HO-McCnegoBaTeNbCKUd UHCTUTYT
0BOLLeBOACTBA — (hunman PegepanbHOro HaywHOro LeHTpa
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AHHOmMayus

Allium L. - oAMH M3 KpynHeMwux poAoB Knacca
OLHOJONbHbIX pacTeHuin. (DeHoTMNMYecKas OLeHKa U
naeHTMdUKaLMsa BULOB NMOCPEACTBOM CEMSAH TPYLOEMKA
M CBs3aHa CybbekTMBM3MOM onepaTopa. [lpeanoxeH
HOBbIM MHCTPYMEHTaNbHO-UMPPOBOM MeToa MopdOMeT-
pVU CEMSH, BbIrOAHO OT/IMYALLMICA OT TPAAULMOHHBIX
MeTo0B MHDOPMATUBHOCTbI M CKOPOCTHIO MCMOHEHUS.
MpoaHann3nMpoBaHa Makpo- U MUKpPOMOP®HONOrms ceMsH
N9 TAKCOHOMWUYECKOro pasnnyeHns Buaos poda Allium.
B cratbe npenctaBneHbl pe3ynbTaTbl MCCNEA0BAHUS
mopdonorun cemaH popa Allium L. - A nigrum,
A. aflatunense, A.  borszczowii,  A. schoenoprasum,
A. suworowii, A.  stipitatum, A. semenowii w3
6uokonnekumn BHUMNO - dunmana OIBEHY OHLO
(MockoBckas  obnactb). OTMeyeHbl  3HayuUTeNbHble
pasnnuusa Mexay Buaamu B pasmepax (1.4...5.49 mMm?) u
dopme (1.154...2.084 oTHOCUTENbHBIX €OMHUL) CEMSH.
LiBeT MOBEPXHOCTM CEMSIH TaKXe CUJIbHO BapbUpPOBaAnCs
mMexay Buaamu: 33.660...65.695 eouHuL, gpkocTU U
0.143...0.683 oTHOCUTENbHBLIX eanHuL, ToHa. Mopdono-
rMyeckMe MNpU3HAKU CeMsH MOoryT ObiTb MONE3HbIMKU
B KayecTBe [OMNONHUTENbHbIX TAKCOHOMUYECKMX MOKa3a-
Tenen B UAEHTUOMKALUM U  pa3IMYEeHUU TaKCOHOB
B npegenax poaa Allium.

Kniouesvie cnosa:

Allium L., ceMmeHa, mopdonorus, uMdpoBOMA aHaNu3
n306paxkeHuni, GopMa CeMsH, LIBETOBAsI XapaKTepMUCTUKA
cemsH

locmynuna e pedakyur: 30.04.2026
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MORPHOMETRIC AND COLOR ANALYSIS
OF ALLIUM L. SEEDS

Musaev F. B.", Priyatkin N. S.2,
Ivanova M.1.3, Buharov AF.3
' Federal scientific vegetable center, Odintsovskii district,
Moscow region, Russia
2 Agrophysical Research Institute,
Saint-Petersburg, Russia
3 All-Russian Scientific Research Institute of Vegetable Growing —
branch of FSBSI “Federal Scientific Vegetable Center”,
Ramensky district, Moscow region, Russia
"E-mail: musayev@bk.ru

Abstract

Allium L. is one of the largest monocotyledonous plant
genera. Phenotypic assessment and identification
of species with seeds are laborious and subject
to operator subjectivity. A new instrument-digital
method of seed morphometry is proposed, which
favorably differs from traditional methods in terms of
information content and execution speed. The macro-
and micromorphologies of the seeds were analyzed
to taxonomically distinguish Allium species. The article
presents the results of the study of the morphology
of seeds of the genus Allium L. - A. nigrum, A. aflatunense,
A.  borszczowii,  A. shoenoprasum, A.  suworowii,
A. stipitatum, and A. semenowii from the biocollection
of VNIIO - a branch of the Federal State Budgetary
Scientific  Institution FNTSO (Moscow  region).
Significant differences were noted in the size (1.4... 5.49
mm?2) and shape (1.154... 2.084 relative units) of seeds
between species. The color of the surface of the seeds
also varied greatly between species: 33.660... 65.695
units of brightness and 0.143.. 0.683 relative units
of hue. Morphologic traits of seeds may be useful
as additional taxonomic indicators in identifying and
distinguishing taxa within the genus Allium.

Keywords:
Allium L., seeds, morphology, digital image analysis,
seed shape, seed color characteristic
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BBEOEHME

CeMeHa — 6a30BbIi 3N1EMEHT NPOAOBOJILCTBEHHON 6E€30MACHOCTU, IKONOIMUYECKON CTabUIbHOCTH

M COXpaHeHus 6uopasHoobpasus pacTeHui

[Pedrini,

Dixon 2020]. TouHas ¢eHoTUNMYECKan

XapaKTepUCTMKA U UOEHTUDMKALMS CEMSAH HEOOXOAUMBI 41 LWUMPOKOrO CNEKTpa NPUMEHEHWUH, BKIOYas
MPOBEPKY YMUCTOTbI CeMSH, 6opbOy C MHBA3MBHbLIMU BUAAMU, MOHUTOPUHT BMOpa3HO06pa3uns U XxpaHeHue
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ceMeHHbiX 6aHkoB. OgHaKo TpaguMUMOHHble MeToAbl (GEHOTUNUPOBAHUA M KnaccudbuKaumum CemsaH
OCHOBaHbl Ha PYYHbIX M3MEPEHMSX WM IKCMEPTHOW OLEHKe, 4acTo MPOBOAMMbLIX B JIaBOpaTOPHbIX
YyCNOBUAX C MCMOMb30OBaHWEM JfIMHEEK, WTaHreHUMPKynen. 3Tu noaxodbl TPYAOEMKM, MOABEPXKEHbI
ownbkaM 1 HeuenecoobpasHbl B Honblnx MacwTabax, 0CO6EHHO B MNOMEBbIX YC/IOBUIX UK B YCIIOBUAX
orpaHuyeHHbIxX pecypcos [Li et al. 2025].

MocnenHne pocTuxkeHus B 06M1aCTM KOMMBIOTEPHOrO 3peHUs OTKPbIM MHOroobellarowme
BO3MOXHOCTM 4J19 aBTOMaTU3aumm GEHOTUNMPOBAHMS M KnaccuduKaumm ceMsH. YCNewHo NpuMeHaTcs
MHTPOCKONUYECKMEe MeToAbl OLLEHKM KayecTBa CEMEHHOro MaTepuana, CBsi3aHHble C 0COBEHHOCTSMU
BHYTpEHHel CTpyKTypbl ceMaH [byxapos u dp. 2015; Mycaes u dp. 2016; MpuatkuH, YecHokos 2025].
MopdomeTpuyeckme napameTpbl onpenenstor GopMy CemsH, 4To, B CBOK O4vepefb, XapakTrepusyeT Ux
Ka4yecTBO M XM3HECNoCcobHOCTb, a B UTOre, NPOLYKTUBHOCTb M YPOXXarMHOCTb. [peasioxeHbl pa3nuyHble
3ddekTnBHbIE METOAbI KOMMbOTEPHOM 06paboTkn n3obpaxeHun cemaH [Granitto et al. 2005; Pourreza
et al. 2012; Tanabata et al. 2012]. BOAbWWHCTBO M3 3TUX MNOAXOA0B pPeaNv30BaHbl C UCMONb30BaHUEM
nporpaMMHoro obecneyeHus ong HactonbHbIX MK € uenbo aHanmn3a n3obpaxkeHuit CeEMSH Ha CBET/IOM
(oHe, nonyyeHHbIX € noMoLbio LMbpoBOIM Kamepbl unn ckaHepa [Herridge et al. 2011; Whan et al. 2014].
3TO no3BONSET OUEHMBATb OONbliOe KOMMYECTBO MOP(OMETPUYECKMX MNAPAMETPOB CEMEHM,
onuceiBatowmx Gopmy u uBeT [Bai et al. 2013], obecneumsaet ngeHtudmkaumo coptos [Dana, Ivo 2008;
Chen et al. 2010; Zapotoczny 2011], onpeneneHne BAAXHOCTM U MPOrHO3UPOBAHWME YPOXKANHOCTU
[Novaro et al. 2001; Tahir et al. 2007]. Paznnuuna B pasMepe cemsaH, bopMme, LiBeTe U CTPYKTYpe KIeToK
CEMEHHOM 060104KM CTYKMAU TAKCOHOMUYECKUMU U / unu dunoreHeTnyeckummn Mmapkepamm [Bednorz et
al. 2012]. Bo3pacTtaeT noTpebHOCTb B TOUYHbIX, MHHOPMATMBHbIX, ObICTPLIX U HEPA3PYLIAKOLWMX METOAAX
noeHTuburKaumm cemsaH ana obecnevyeHms X NOAJMHHOCTH, 3aLLMTbI NPAB CeNeKLMOHEPOB M NOAAEPXKKM
YCTOMUYMBOTO Pa3BUTUS CEIbCKOrO XO35MCTBA.

B coemecTtHOM paboTe coTpyaHukoB MPenepanbHOro HAy4yHOro LEHTpA OBOLLEBOACTBA,
Arpoduzmyeckoro HUM n 00O «AprycCodt» (CankT-lMeTtepbypr) paspabotaH meTon uudposon
MOpdOMETPUMN CEMAH OBOLLHBIX KyNbTyp [Mycaes u dp. 2024].

AlliumL. — oOMH W©3 KpynHeMWwux wu Haubonee pa3HOO6pPa3HbIX PpOAOB CEMENCTBA
NEenecTkOBMAHbIX OAHOAOMbHbBIX pacTeHMin Amaryllidaceae, B HacToslee BpeMsi BK/KOYANOLWMIA OKOSO
1018 npu3sHaHHbIX BUAOB No BceMy Mupy [Friesen et al. 2021, 2024; Munavvarov et al. 2022; Yusupov et
al. 2022]. Tekywee Buoosoe pasHoobpasne B npeaenax poaa Allium yBenuumaercs M3-3a OTKPbITUA
HOBbIX BMAOB [Balos et al. 2023; Khassanov et al. 2023; Eker 2024]. bonee 50 supos Allium wnpoko
KyNbTUBUPYIOTCS B MUpe WAM NoKanbHO. Kpome TOro, MHorve Aukue BuAbl COBMPAKTCS MECTHbIM
HaceneHMeM B NPUPOAE B KaYeCTBE OBOLLEW, IeKaPCTBEHHbIX MM AEKOPATUBHbIX pacTeHwi [BaHoBa u
op. 2019, 2025].

Couetne Allium npepctaBnseT cob60¥ MHOrOLBETKOBbIA 30HTMK, KOTOpPbIM OObIYHO OKpYXXeEH
nepenoHYaTbiMU MpPULBETHUMKAMK (MOKPbIBANOM). 3aBSA3b BEpXHAS, TPEXTHE3QHAS MAM OOHOTHE3AHaS,
C WeCTbl0 MAM MHOTUMKM cemsanodkamu. noa — UeHOoKapnHas, obbl4HO TpexrHesgHas Kopobouka.
OCHOBHble YepTbl CTPOEHMUSI CEMEHM ONPERENsIOTCS CTPOEHMEM CeMA3aUaTKa, GopMa U pa3Mep KOTOPOro
CK/1aapIBAOTCS K MOMEHTY onnogoTeopeHus. CeMeHa 0bbIYHO OBanbHble, KanaeBuaHbIE UK YrioBaTbie
M3-33 CKYYEHHOCTM BHYTPM KOPOBOYKM, U OHM 0ObIMHO uepHble. OpHako GopMa CEMSH CUBHO
BapbMpyeTCa B 3aBUCMMOCTU OT XapaKTepUCTUK Kopobouku [Baasanmunkh et al. 2020].

Llenb mccnenoBaHUs — M3y4yuTb reOMeTpUYecKMe MnapaMeTpbl M LBETOBbIE MPU3HAKM CEMSH
pasHbix BMpoB Allium L. n3 6uokonnekumm BHUMO - dwunnana OGI6HY OHLO metopom umdposoro
MoOp(pOMeTpUYeCcKoro aHanumsa.

MATEPWAJIbl U METObI

ObbekTOM Ons uccnenoBaHU ABUAMCHL CEMEHa pasHbIX BUAOB poaa Allium L. - A. nigrum,
A. aflatunense, A. borszczowii, A. schoenoprasum, A. suworowii, A. stipitatum, A. semenowii w3
6uokonnekunn BHUMO - dunmana OIbHY ®OHLO (Mockoeckas obnactb). Pactenus 4-5 netHero
BO3pacTa.

Mopdonoruyeckme napameTpbl CEMSH M3MepeHbl METOAOM UMPPOBOM MOPHOMETPUM CEMSH
OBOLLHbIX KynbTyp (MycaeB u 0p. 2024). Lndposbie n3obpaxenus cemaH (n = 100) 6b11M nonyyeHsl C
MCMoNb30BaHMeM MnaHweTHoro ckaHepa HP Scanjet 200, dopmat coxpaHgaeMbix dparinos BMP, TIFF, JPG,
paspewwenue 600 DPI (puc. 1).
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Puc. 1. CkanupoBaHue cemsH A. fistulosum: ckaHep Fig. 1. Scanning of A. fistulosum seeds: scanner

(cneBa), usobpaxenue (cnpasa), 2025 ropg,

(Left), image (right), 2025
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CyTb MeTofa: nsmepeHne MophOMETPUYECKMX U ONTUYECKMX NAapaMeTPOB CEMSIH OCYLLEeCTBISAN
nyTeM aHanM3a ux UMdpOoBbIX M300paXKeHMM C MOMOLLbI0 NMporpaMMHoro obecneuveHus «BupeoTect-
Mopdonorus». NporpammHoe obecneyeHne NO3BONSET BblAENUTb 06bEKTLI MHTEpeca (0T hoHa) No LBeTy
U 9pKOCTU, NMBO MOpOry SIPKOCTU, U3MEPUTb B peasbHbIX FEOMETPUYECKUX BENMYMHAX BblAENEHHble
06beKTbI (M306paXkeHUs ceMSH), @ TaKXKe NOMYyUYnTb TabnnLy M3MEpPeHUI No KaxxaoMy 06bekTy. Anroputm

paboTbl MpOrpamMmbl NPeACTaB/IEH Ha PUCYHKE 2.

Puc. 2. AnroputM MeTOAMKM KOMMbIOTEPHOrO
aHanusa u306paXkeHnit ceMsH Nlyka B nporpamMmme
«BupeoTecT-Mopdonorua 5.2»: a - ucxopHoe
nsobpaxeHne; b - BblaeNeHHble O06bLEKTbI
MHTepeca (Macku) Ha U306paKeHUM; C — KOHTYpbI
u3MepeHHbIX 06beKToB; d- Tabnuua nsmMmepeHui

Fig. 2. Algorithm of the technique of computer
analysis of onion seed images in the VideoTesT-
Morphology 5.2 software: a - the original image;
b - selected objects of interest (masks) in the
image; c - contours of the measured objects; d -
measurement table
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Mporpamma c BbICOKOW To4HOCTbO (80 1/1000 ponert caHTUMETpA) M3MepSieT NIMHENHble
napamMeTpbl CEMSH U BblAaeT bonee AecATM Kak MpsMbIX, TaK U MPOU3BOAHbIX MOPHOMETPUYECKMX

napaMeTpoB CeEMAH.

[na onucaHusa UBETHOCTM Npu aHanm3e uMbpOBbIX M300paKeHUI MOMb30BaNUCh LIBETOBOM
mMomenbto RGB. JTa uBeToBas Mogenb AaeT BO3MOXHOCTb pa3peLwnTb A0 256 rpagaumii SpKOCTU Kaxaoro
n3 Tpex 6a30BbiX LBETOB. SIpKOCTb B /110OOM M3 KaHaNOB LMGPOBOro M300OpaxeHUs B OAHHOM TOUKe
OTPaXaeT MHTEHCMBHOCTb CBETa KPACHOM, 3eneHoM M CuMHel obnacter cnekTpa, MonafatoLliero Ha
MaTpuLy perucTpupylowero ycrporncrea ¢ortokamepol. CornacHo upetoson mogenu, R, G u B moryt
npuHMMaTb abcontoTHble 3HaveHus ot 0 po 255. CpepHee 3HayeHme RGB = 1/3 (3HaveHue R + 3HaueHue

G + 3HaueHue B).

Cratnctmyeckyto 06paboTKy AaHHbIX OCyLecTBASAM B nporpamMme MS Excel ¢ pacyeToM owwmnbKu

cpepHero npu p=0.05.
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PE3YJIbTATbl 1 OBCYXIEHNE

AHanus nuHeNnHbIX NapaMeTpoB CeMAH pa3Hbix BuLoB Allium L. BoisiBun 6onblioe nx pasHoobpasue.
Tak, N0 NOKasaTento «nowanb NPOeKLUMMU CEMAH» MEXAY OTHOCUMTENbHO MENKUMKU CEMEHAMU A. nigrum
(2.613 MM?) 1 KpynHbIMU — A. suworowii (6.770 MM?) pa3Huua coctaBuna 6onee yem 2.5 pasa (tabn. 1).
CooTBeTCTBEHHO, OTMeueH 60/bLwOoN pa3bpoc nokasaTenen AJIMHbI U LWMPUHbI CEMSIH, KOTOPbIE MNO3BOJISHOT
onpepenutb ux GopMy. Mbl NpensiaraeM ABa napameTpa ans onpeneneHns GopMbl CEMSH: OKpPYrNoCTb —
3TO COOTHOLUEHWE NepuMeTpa CEMEHU K MepuMeTpy Kpyra B O4epTaHUMM CEMEHW; YAJMHEHHOCTb — 3TO
COOTHOLUEHME OJIMHbI CEMEHM K €€ LIMPUHE, BblpaXeHHOE B OTHOCUTENbHbIX eanHuuax. Cyas no AaHHbIM
Tabnmubl 1, cemeHa Allium L. ckopee yAJIMHEHHbIe, HEXeNW OKpYr/ble, BCE Xe M MO 3TOMy napaMeTpy
BMAbI OTIMYAIOTCS MexXAy Coboi: cemeHa A. stipitatum OKa3anucb NOYTM OKPYIbIMU C KOIPDULMEHTOM
yanuHeHHoctn 1.154, cemeHa A. shoenoprasum, HanpoTuB, Hanbonee yaJIMHEHHON GOPMbI, CO 3HAYEHUEM
2.084 epuHuubl. COOTBETCTBEHHO, CEMEHA Pa3HbiX BMAOB CYLLECTBEHHO OT/IMYAIOTCA M NO YAENbHOM
macce. lMokasaTtenb macca 1000 cemaH konebnetcs B npegenax: 1.44...5.49 r mexxay Buaamu.

Ta6bnuua 1. OcHoBHble Xxapaktepuctuku cemaH Table 1. Main characteristics of seeds of some

HeKoTopbix BuaoB Allium L. Allium L. species
Buab! I'Inou.v,a;p.b, MNepumertp, Nnua, MM LWupuna, | Okpyrnoctb, YanuHeHHOCTb,) Macca 1000
MM MM MM OTH. ef. OTH. ef. CeMsH, r
A niarum 2,613 | 6.204x | 2.410=% 151+ 0.595+ 1.609+ 144
-9 0.067 0.093 0.029 0.027 0.009 0.021 )
A. aflatunense 6.697+ | 9.969+ | 3.655% 2.50+ 0.655+ 1.466% 531
) 0.123 0.087 0.041 0.034 0.011 0.024 )
A borszczowii 3.758% | 7.373% | 2.837=% 1.83% 0.621% 1.554+ .48
) 0.073 0.095 0.031 0.022 0.007 0.021 )
A schoenoprasum 3.066 = | 7.154%= | 3.022+ | 1.470# 0.453% 2.084+ 212
) p 0.452 0.077 0.036 0.027 0.006 0.034 )
A suworowii 6.770% | 10.037%£ | 3.652+ | 2.533% 0.663% 1.464+ 549
) 0.160 0.119 0.052 0.044 0.013 0.030 )
A stipitatum 4546+ | 7.837+ | 2.709+ | 2.288% 0.809+ 1.192+ 209
-stip 0.104 0.095 0.034 0.033 0.013 0.019 )
A semenowii 4,302+ | 7.925% | 3.036x | 1.976% 0.619+ 1.550+ 276
) 0.065 0.053 0.020 0.025 0.007 0.020 )
A ramosum 5.752% | 9.184% | 3557+ | 2.234% 0.602+ 1.607 2 64
) 0.118 0.089 0.036 0.033 0.011 0.026 )

Mporpamma Takxe cnocobHa M3BneKaTb M 3KCNOPTMPOBATb MHGOPMALMIO O LBeTe MOBEPXHOCTU
cemsH. LiBeToBOM aHanu3 CTaHOBUTCA BCe Bonee BaXKHbIM B UCCNEAO0BaHWM pacTeHW. TO No3BongeT
nAaeHTUOULMPOBATL BApMaLMKU B HAKONIEHMM PA3IMYHBIX MUTMEHTOB M ANMArHOCTUKY BonesHen pacTeHui,
M TaKCOHOMMYeckue Bapuaummn [Lazcano-Ramirez et al. 2018; Kasajima 2019]. B oTHOweHuN ceMsH
LIBETOBAs XapakTepUCTMKa MOXET CNYXXUT NOKa3aTeNeM Bbi3peBaeMOCTU U UX MONHOLEHHOCTK. LiBeToBas
XapaKTepuCTUKa CeMsSH aHanusupyembix BuaoB Allium L. Takxe nonyymnacb pasHoobpasHoi. B kauectse
OMTMYECKOrO TMpM3HAKa Mbl MCMOMb30BaIM  «CPEOHIO SPKOCTb® CEMSIH, MOCKOMbKY €€ Jfierko
MHTepnpeTMpoBaTb. Kak No 3HaYeHUSM napameTpa «CpeaHss ApPKOCTb», TaK M MO 3HAYEHUIO OTLENbHbIX
CnekTpoB Habntopaetca 6onbwas pasHuua: ot 33.660 eguHuL y A. stipitatum o 65.695 eamHuuy, apkoctu
y A. borszczowii (tabn. 2). bonee TéMHble CEMeHA MOryT YKa3blBaTb HA M3MEHEeHMEe COCTaBa CEMEHHOM
obonoukun. CemeHHas obonouka obecrneymBaeT onpenenéHHy MeXaHWYeCcKyH 3aluTy OT paguKanos u
H6apbep AN BoAbl M KMCNOpoAa, 1 bonee TEMHble CEMEHA, NO-BUAMMOMY, HaxoaaTca B 6onee rnybokom
COCTOSIHUM MOKOS, YEM OTHOCUTENbHO CBET/Ible. TOH LBETOB CEMSAH TaKXKe CMbHO OTAMYAETCS OT BMAA K
BuAay: oT 0.143 oTHOCMTeNbHbIX eanHuL, y A. semenowii po 0.683 OTHOCMTENbHBIX eauHuL, Yy A. ramosum.
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HeKoTopbix Buaos Allium L. Allium L. species
Cpeansn Otinonenme KpacHbiii, | 3eneHbii, CuHUiA, ToH,
SAPKOCTb, SAPKOCTH,
BMAI:I eaAuHULbI eaAuHULDbI eaAuHULDbI OTHOCUTENIbH
eAVHULIbI eAVHULIbI
SAPKOCTU SPKOCTU SPKOCTU bleé eAUHULLbI
APKOCTU SAPKOCTU
A. nigrum 62.805% 18.026% 62.221+ 63.530+ 64.893% 0573
’ 0.377 0.229 0.417 0.372 0.314 )
A. aflatunense 46.870% 14.286% 45,381+ 47.751% 50.835+ 0.597
’ 0.434 0.285 0.285 0.482 0.386 )
A borszczowii 65.695+ 17.277* 65.359+ 66.409+ 66.919+ 0.530
’ 0.423 0.202 0.428 0.429 0.404 )
A. schoenoprasum 61.593+ 19.446* 62.402+ 61.086+ 66.446% 0.670
’ 0.412 0.267 0.496 0.455 0.502 )
A suworowii 35.665* 16.134+ 35.437% 35,991+ 38.585+ 0.642
’ 0.563 0.355 0.549 0.575 0.591 )
. 35.198+ 15.562* 35.135=% 35.528+ 37.586%
A. stipitatum 0.516 0.205 0492 | 0525 | 0569 0.642
A semenowii 64.857+ 28.985+ 66.547+ 64.991+ 63.646% 0.143
’ 0.743 0.331 0.746 0.751 0.736 )
A ramosum 55.182+ 25.382+ 55.659+ 55.426% 56.737% 0.683
’ 0.681 0.404 0.723 0.673 0.652 )

B uenom, pesynbTaTbl aHanM3a CEMAH MOTYT MMETb 3HAYEHUA AN TAKCOHOMMM, YTO HEMAIOBAXKHO C
YYETOM OrpOMHOro BMAOBOrO pasHoobpasus poaa Allium L. MeTopn eule 6onee ycnewHo npuMeHseTcs
NS BHYTPMBMOOBOrO aHanM3a CEMSAH NYKOBbIX C APKO BbIPaXEHHOW MaTPUKaNbHOM M 3KONOrMYECKOW
Pa3HOKAYeCTBEHHOCTbIO, YTO MMEET HOJbLLOE arpOHOMMUYECKOE 3HAYEHME.

3AKJTIOYEHUE

Undposble Mopdonornyeckme XapakTepUCTUKM CEMSIH OEMOHCTPUPYIOT Gosiee BbICOKMIA YPOBEHb
n3MepeHun. JInHenHble NapaMeTpbl CeMaH n3MepstoTca ¢ ToyHocTbio 0,001 cM, YTO MO3BONSIET HANTH
pasnuuus no pasMepy 1 bopme Mexay Buaamu. LiBeToBble XapaKTepuUCTUKM CEMSH NPEeACTaBAST Cobow
[ONOJIHUTENIbHOE M3MEpEHME LIBETA, BbIXOAALLEE 33 PaMKM YeNnoBevyeckoro Bocnpuatus. CnektpanbHas
BM3yanM3aums paclumpsieT KOIMYECTBO KaHasoB, MO3BOMSS He TOJIbKO pasnuyaTh LBeTa, a Nonayvyatb
LEHHOW MWHpOpPMaLMKU, He OrpaHMYMBAsCb TOMbKO BWAMMbIM CBETOM, UYTO OCOBEHHO BAXHO AJIS
TAaKCOHOMMYECKON Knaccudbmkaumm. AHanm3 MoppoMeTpUYECKMX XapaKTepmncTuk ceMsiH Allium L. nokasan
6onblioe Mx pa3Hoobpasne Kak Mo JIMHEWHbIM MAapaMeTpaM, Tak M MO LBETOBbIM XapakTepUCTUKaM.
Lndposoit MopdhoMeTpmyeCknii aHann3 CemMsiH pasnuyHbiX Bnaos Allium, 6narogaps CBOeM BbICOKOM
TOYHOCTM, YCMEWHO MOXET MNPUMEHATLCS AN UX PpasauueHus u unaeHtudbukaumm, ObiCcTpOM ©
06BEKTUBHOM OLLEHKM MOCEBHOMO MaTepuana, 0Tbopa XM3HeCNOCOOHbIX CEMSIH U KOHTPONS KayecTea B
cenekumm.

Pe3ynbTaThl aHanM3a MOXHO AOKYMEHTUMPOBATb M apXMBMPOBATb, YTO MO3BOJIUTb BEPHYTLCS K HUM
nosgHee. ToyHas oLEHKA KayecTBa CeMsH 0COBEHHO BaxkHa nepef c60poM, XpaHeHUeM, KOHCepBaLumen
MAU UCNoNb30BaHMeEM. [11g TOro 4Tobbl TEXHONOMMS NOMYYMNa NPU3HAHME NPOPUIIbHBIX MEXAYHAPOLHbIX
opraHusaumn, Takmx kak ISTA n AOSA, 3anuHTepecoBaHHble CTOPOHbI AOMKHbI A0KA3aTb, YTO TEXHOIOT U,
OCHOBaHHasi Ha UMGPOBOM aHaNM3e, MOXET YCMeLWHO KOHKYpUpOBaTb C TPaAWMLMOHHBIMW METOAAMM
aHanu3a ceMmsiH, bnarogaps cBoew TOYHOCTM, MHDOPMATMBHOCTM M CKOPOCTU MUCMONHEHUS. JanbHelwmne
nccnenoBaHMs OOMKHbl OblTb MpoBeAeHbl Ha Apyrux Buaax poaa Allium L.wv C ucnosib3oBaHWEM
pasfIMYHbIX NNAaTPOPM BU3yanu3aumMmn Ang AaNbHENLWErO MNOBbIWEHUS HAAEXHOCTU METOAA.

KoHgnukm uHmepecos | Conflicts of Interest)

ABTOpbI 3asBASAOT 00 OTCYTCTBMM KOHMIMKTA The authors declare that there is no conflict of
uHTepecoB. Hactoswas pabota He copepxut interest. This work does not contain any studies
Kaknx-nnbo mccnemoBaHuii ¢ yyactmem nwogei u - involving humans and animals as research objects.
YXMBOTHbIX B KauecTBe 00beKTOB MCCIe0BAHMS.
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Abstract
This study investigated the effects of iron and

manganese on the green microalga Chlorella vulgaris
at different exposure times. In the experimental setup
C. vulgaris IMBR-19 was incubated at the temperatures
of +28°C, +20°C, and +10°C. The growth medium was
supplemented with 1-500 uM of Fe or Mn. The number
of living and dead cells and pigment amount was
analyzed during the growth process. The addition
of 500 uM Mn or 100-500 pM Fe resulted in the death
of most microalgae. Iron had a more toxic effect than
manganese in all the experiments. In the range of 75-
100 uM Fe at +28°C, +20°C and 100-150 uM Fe at +10°C
there was a sharp increase in the number of dead cells.
Addition of 100-150 uM Mn at +10°C from 5th day of the
experiment led to the adaptive growth of algae cells.
With 5-300 uM of Mn at +20°C and +28°C from day 5
a similar addictive effect was observed. In a 1-week
experiment with 5-300 uM Mn at +28°C, C. vulgaris cells
contained an average of 22%, 8%, and 11% less
and carotenoids than

chlorophyll a, chlorophyll b,

the control, respectively.

Keywords:
Chlorella, heavy metals, iron,
pigments, temperature, toxicity

manganese, algae
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AHHOmMauusa
M3yueHo BO3LENCTBME XKee3a M MapraHLa Ha 3eN1EéHYH0

Mukposogopocnb Chlorella vulgaris npu pasnuyHoM
AnutenbHoCTU 3kcnepumenTa. Wramm C vulgaris IMBR-
19 uukybupoBanu npu Temnepatypax +28°C, +20°C
n +10°C, c pobaenernnem 1-500 MKM TKENBIX METANNOB.
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INTRODUCTION

The term, heavy metal (HM) usually refers to metals with an atomic weight higher than
Fe (55.8 g/mol) or density more than 5.0 g/cm?®. However, iron and manganese are also often considered
as HM. The content of Fe and Mn in soils and aquatic ecosystems often exceeds natural levels, posing
risks to both, living beings and human health [Cabala et al. 2011; Kacholi, Sahu 2018; Meena et al. 2018;
Zwolak et al. 2019; Najera-Martinez et al. 2021; Yasin et al. 2021]. Toxic stress associated with an excess
of Fe and Mn negatively affects the metabolic pathways of algae, which leads to suppression of their
growth and photosynthesis [Andresen et al. 2018; Al-Khiat et al. 2019; Rogers et al. 2020; Ciurli et al.
2021]. At the same time Mn and Fe are an essential micronutrient for many organisms including
microalgae. Normal growth, development and reproduction are impossible without HM ions. Influencing
enzymatic catalysis, trace elements have an effect on almost all aspects of metabolism (e.g. glycolysis,
nucleotide and lipid exchange, assimilation of carbohydrates during photosynthesis, respiration
and other processes) [Keren et al. 2002; Coelho et al. 2015; Fischer et al. 2015; Smythers et al. 2019;
Alho et al. 2022].

Despite the long-term study of HMs effects on Chlorella enrichment cultures, there is still lack
information on the effect of Mn (ll) in a wide range of concentrations on the physiological and
biochemical state of algae cells, in particular on photosynthesis processes. Due to its unique role in the
water oxidizing activity of photosystem II, Mn is required for photosynthetic organisms. However, the
mechanism of its biological action is not fully understood yet [Keren et al. 2002; Andresen et al. 2018;
Alho et al. 2022]. In the work of Smythers et al. [2019] it was shown that cells in lag and early
exponential phase adsorb Mn and actively increase the intracellular concentration beyond equilibrium.
Algae cells reached their peak, containing 495.0 and 733.3 mM Mn for the 17.5 and 35 mM in culture,
respectively, reaching a maximum of 55x the concentration of the surrounding media [Smythers et al.
2019]. Manganese chloride (Il) at 2 uM, 10 pM and 12 pyM increased the lipid content and growth
parameters significantly by 14%, 16% and 15%, above the corresponding controls [Battah et al. 2015].

The growth of Chlorella sp. in the presence of limiting concentrations of Fe has been explicitly
studied, nevertheless there is few information about the effect of Fe on physiological state of
microalgae at different temperatures. There are also data gaps in the growth characteristics of
microalgae in a wide range of Fe concentrations at different time intervals. In the work of Liu et al.
[2008], the addition of 12 uM of Fe (lll) at +20°C in the initial media suppressed the cell growth slightly,
but it stimulated lipid storage in C. vulgaris up to 56.6%, but within seven days cell numbers were
significantly higher than that of the control. The EC50 analysis at +25°C revealed that Chlorella sp. was
significantly resistant to Fe compared to other microalgae. Fifty percent inhibition in growth was
recorded at concentrations of 240 uM for Chlorella sp. [Subramaniyam et al. 2016]. Meanwhile in the
study of Pietryczuk et al. [2025], Fe (Il) at 2-1000 puM under +25°C not only activated the cell division
of C. wvulgaris but also caused an increase in the concentration of chlorophylls a and b and
monosaccharides in the algae. On the contrary, with 2-1000 uM of Fe (Ill) at +25°C much lower
concentration of that HM was needed to inhibit the growth of single-cell algae. According to literature
data, excess Fe causes the degradation of chlorophylls and a decline in monosaccharides, which is
probably a consequence of a reduction in the rate of photosynthesis [Cudowski, Pietryczuk 2019].

The range of growth temperature within the genus Chlorella sp. is variable. Significant
fluctuations are observed among different strains of one species. Common representatives of C. vulgaris
are characterized by optimum +25°C- +28°C and maintain its viability at +30°C - +35°C, in some cases
Chlorella sp. might be grown at +50°C (C. pyrenoidosa) [Serra-Maia et al. 2016; Ahmad et al. 2020; Deniz
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2020]. Low temperature limit is also strain and species-specific. Some strains of Chlorella sp. have
optimum at +14°C and might be also grown at +4°C [Wang et al. 2024]. Temperature directly affects
the sensitivity rate of green algae to HMs depending on the HM type, algae strain and temperature
range [Yuqin et al. 2021; Wang et al. 2022].

Thus, our study aimed to establish the effect of wide range of concentrations of Fe (Ill) and
Mn (1) on the number of living and dead cells and pigment content in Chlorella vulgaris at 10-28°C,
thereby expanding the available data on the combined effect of HMs and temperature.

MATERIALS AND METHODS

Microalgae strain. Freshwater axenic strain of green microalgae Chlorella vulgaris IMBR-19,
without bacterial contamination, maintained in sterile conditions, obtained from the A.O. Kovalevsky
Institute of Biology of the Southern Seas (Russian Academy of Sciences) was utilized in current study.

Experimental design and growth performance. Experiments were performed in controlled
laboratory conditions. The algae were incubated in a growth chamber (accuracy of temperature
maintenance *0.1°C) in conical flasks at +28°C - line 1 (L1) and +10°C - line 2 (L2) in an enrichment
culture mode using liquid medium BG-11 [Rogers et al. 2020]. All the experiments were done in 24-well
plates at the temperatures of +28°C, +20°C (with L1) and +10°C (L2) under a light intensity of 6500 Lux
with 12h:12h light:dark photoperiod on a light panel with evenly arranged LEDs and frosted glass, which
gave a uniform, instrumentally measured luminous flux (fig. 1). The empirically established optimal
growth temperature for this strain was +28°C, +10°C is the lower limit at which a significant cell growth
was visible during the one week of cultivation, +20°C is the midpoint. The initial pH of the culture
medium was 7.0. The sowing aliquot of Chlorella contained 1.5-1.6 x10° cells/ml in the well with final
volume 2.3 ml

In trials, MnCl,x4H,0 and FeClsx6H,0 of analytical grade were added to the final concentration
of 1; 5; 10; 25; 50; 75; 100; 150; 200; 300 and 500 uM of respective metal beyond the 3 and 2 yM of
Fe (I11) and Mn (II) in the base medium respectively (fig. 1).

Cell count. The number of Chlorella vulgaris cells (viable and/or dead) was determined by adding
the methylene blue dye with direct counting in the Goryaev chamber using standard light microscopy
methods and ZEISS Axiostar Plus microscope (Germany), with further conversion of the results in units
of culture density (cells/ml) [Dvoretsky et al. 2017]. The suspension was stirred before counting and
100 pl of it was mixed with 2 ul of 1% dye in 96-well immunological plates (Khimmed, Russia)
then incubated for 3 minutes. The percentage of dead cells was assessed using the formula: dead cells
(%) = dead cells / total number of cellsx100. Experiments were conducted in three biological replicates.
Determination of cell number was carried out during the first day (after 1, 3, 9, 24 hours for L1 at +28°C),
on the 2nd, 5th, 7th, 14th day for L1 at +20°C and +28°C, and on the 5th, 9th, 14th day for L2.

Photosynthetic pigment assay. For photosynthetic pigment assay, 3 ml samples of cell
suspension (from identical variant wells) were harvested on the 7th (L1) and 14th (L1 and L2) day
by centrifugation at 10,000 rpm for 10 min. Supernatant was discarded, and 3 ml of pre-cooled acetone
(80%) was mixed with the cell pellet. Then the mixture was incubated in darkness at 4°C for 12 hours
or longer, until the color of the pellet became white. The absorbance of the supernatant was measured
at 470, 663, 645 and 750 nm on Cary 100 (Agilent Technologies, USA). The pigment concentration
(ug/ml) (chlorophylls a, b and carotenoids) in algae cells was calculated with the formulas of
Lichtenthaler [1987]. The pigment index was evaluated as the ratio of acetone extracts of total
chlorophyll to carotenoids (3 Ccni/Cear) and chlorophyll a and b (Cenio/ Centv).
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Statistical analysis. Statistical analysis was done with Microsof Excel 2010 and Statistica 10.0
software tool packs. All results are considered statistically significant at p <0.05 and expressed as mean
values of three replicates with standard deviation. The correlation was analyzed using a Pearson test
(two-tailed). The significance of the various parameters was tested using one-way analysis of variance.

RESULTS

Standard growth curves. According to empirically determined growth curves (fig. 2) for L1
a rapid growth rate was recorded during the first 5 days. After 2 days, the algae cell count increased
by 11 times (to 11.0-19.7x10° cells/ml), and on the fifth day, L1 cell number expanded by another
1.5-2.0 times (up to 30.3 and 29.7x10° cells/ml) at +20°C and +28°C, respectively. From the 5th day
the culture entered into a stationary growth phase. Cell number of L2 was increasing gradually and only
by the 9th day reached 16.0x10° cells/ml (fig. 2). On the 9th day, L2 entered into a stationary growth
phase. According to available data, Chlorella sp. achieves the best growth rates in "standard conditions”
after 7-10 days [Blair et al. 2014; Safi et al. 2014].

One day experiment. Fe (I1l) concentrations ranged from 1 to 25 yM within 24 h did not affect
apparently the number of algae cells in comparison to the control values. At 50-100 uM of Fe (Ill)
the cell population was slightly decreased, at 150 uM - by 8-17% less than the control within 1-24 h,
at 300 and 500 uM - it reduced by almost half in relation to the control variants (fig. 3). The proportion
of dead cells in test suspensions that were below 50 uM of Fe (Ill) was identical to that of controls.
At 100-150 uM it reached 5-8% of the total number after 9 h and 17% after 24 hours (at 100 uM).
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One week experiment, Mn(ll). At a concentration of 1 yM Mn (ll), there were no significant
differences in cell number and dead cell proportion compared to the control throughout the experiment
(fig. 6). On day 2, there was a noticeable decline in cell number with increasing Mn (Il) content from 5
to 500 uM. The cell numbers were 2.5 and 3.2 times lower than the control in variants with 300 and
500 pM, respectively. Dead cell percentage was significantly different from the control (0.6% from total
cell number) at 150 pM and higher, reaching 8.6% and 30% at 300 and 500 uM, respectively.
After 5 days, a similar decrease in cell numbers was observed in the range of 50-300 uM Mn (I1), with
only 2.4x10° cells/ml (8% of the control) remaining at 500 uM, where dead cell proportion was 95%.
By day 7, a significant decrease in Chlorella population was seen at 200 pM and higher (94% and 17%
from the control variant for 200 and 500 uM respectively). Dead cell number was substantial only at 500
UM (accounting for 86% of the total cell number).

Two week experiment, Fe(lll). A 2-week experiment was conducted to study the impact of Fe (I11)
and Mn (Il) on Chlorella at lower temperatures due to slow growth of L2 culture (fig. 2). Results showed
that after 2 days at +28°C, the number of L1 cells increased by 1.5-2.0 times greater than at +20°C
(fig. 7) with 5-75 uM of Fe (lll), while the percentage of dead cells ranged from 1.5 to 20.0% (at +20°C
and +28°C respectively). Starting with 100 uM of Fe (lll), growth was suppressed and dead cells rose
to 66-100%.

After 5 days, in controls, culture density was 27-29x10° cells/ml with a slight decrease at 5-75
UM of Fe (lll). At +20°C cell numbers were 5-10% higher than at +28°C. With higher Fe (lll)
concentrations (100-500 pM), the number of vital L1 cells in most cases did not exceed 0.5x10° cells/ml
and dead cells increased to 80-100%. Almost complete suppression of culture growth was observed
from 100 uM. On day 5, L2 culture at +10°C had 3-4 times lower cell numbers than L1 and the active
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culture growth continued even at 100 uM of Fe (lll), while the percentage of dead cells climbed up with
increasing of Fe (l1l) concentration (fig. 7). At 150-500 uM in L2, the Chlorella cell density was low (0.8-
1.2 x10° cells/ml) compared to values at 5-100 (5.6-6.7x10° cells/ml).

After 7 days in L1 with 5 and 75 pM Fe (Il1), the number of Chlorella cells at +28°C and +20°C
was 22-26x10° cells/ml, with the proportion of dead cells three times higher at +28°C than at +20°C.
At 100 uM and higher, over 80% of cells were non-living in both variants. On day 7, L2 cell number
remained consistent with day 5 values, prompting sampling on day 9, where the control had 15x10°
cells/mlL with only 2.5% dead cells. The apparent growth of culture was also observed in the range of
5-100 pM of Fe (I11), while the proportion of dead cells was up to 3.4%, increasing significantly at 150-
500 uM to 75% or more. No living cells were observed in L1 at 150 uM in both temperature variants.

By day 14, cell density of L1 was 2 or more times higher than L2 (both, in control and
experiment) in the range up to 100 uM of Fe (lll). From day 7 to 14 in L1 at 5 and 75 pM of Fe (lll) cell
amount increased by no more than 20% (fig. 7). The number of cells on 14th day with 100 uM at +28°C
was 14 times greater than at +20°C. No growth was observed in L1 at 150-500 pM Fe (lll). In L2, growth
occurred at 150 uM of Fe (lll) with 56% dead cells. At 300-500 pM and above no living cells were
present.

Two week experiment, Mn(ll). After 2 days of experiment in the control and at 5-300 uM of
Mn (I1), Chlorella’s cell number was nearly double at +28°C compared to +20°C. The lowest cell counts
were observed with 500 uM of Mn (Il) (5.8x10° cells/ml at +28°C and 2.7x10° cells/ml at +20°C) (fig. 8).
The values of dead cell proportion in the range of 5-300 pM were larger in L1 at with the highest
percentage at 500 uM (30% at +28°C and 83% at +20°C).

On day 5, the Chlorella’s population in L1 at 5-200 uM Mn (Il) was 25-30 x10° cells/ml (at +20°C
and +28°C), sharply reducing at higher concentrations (300 and 500 uM). The proportion of non-Lliving
cells increased with rise of metal concentration from 5 to 300 pM, reaching 95% and 89% at +28°C and
+20°C, respectively. In the experiment with L2 the number of algae cells reached 7.6x10° cells/ml,
following a standard growth curve. Manganese (ll) concentrations from 5 to 500 yM suppressed culture
growth by 15-78% (correlation coefficient: 0.62; p £ 0.05) with the amount of dead cells increased with
a growth of metal concentration in the medium reaching 55% at 500 uM (fig. 8).

After 7 days, growth of Chlorella L1 at +28°C and +20°C followed standard curve. When exposed
to Mn (ll), growth was similar to the control except at 500 pM where it was significantly suppressed to
17% of the control. In L1 at +20°C with Mn (Il), culture density was under the control values.
The proportion of dead cells in L1 (at +28°C and +20°C) increased slightly with Mn (ll) concentration up
to 300 uM, then sharply rose to 90-100% at 500 uM (fig. 8). On day 9, the cell density of Chlorella L2
in the control reached 16.6x10° cells/ml (stationary growth phase). With the addition of 5-200 uM
Mn (I1), the cell number decreased slightly, but was approximately 2-times lower than in L1 on 7th day.
At 300 and 500 uM, it was 45% and 32% of the control values, respectively. The proportion of dead
cells did not exceed 4% at metal concentrations up to 200 uM, At 500 pM rose sharply to 68%.

This index of dead cells was significantly lower than in L1.
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Figure 7. The effect of 5-500 pM of Fe(lll) on the total  PucyHok 7. BnausHue 5-500 MkM Fe(lll) Ha obwee
cell number and ratio of living and dead cells of L1 KOJIMYECTBO K/IETOK M COOTHOLLEHUE XUBbIX U MEPTBbIX
(+28°C +20°C) and L2 (+10°C) in a 14-day experiment, = knetok L1 (+28°C, +20°C) n L2 (+10°C) B 14-pHeBHOM
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Figure 8. The effect of 5-500 uM of Mn(ll) on the total  PucyHok 8. BnansHue 5-500 mMkM Mn(ll) Ha o6wee
cell number and ratio of living and dead cells of L1 = konuu4ecTBO KJIETOK U COOTHOLLEHMWE XXUBbIX U MEPTBbIX
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By day 14, the number of microalgae in the control was higher at +20°C. In the presence of 150-
200 uM Mn (1) at +28°C, it surpassed the respective control, while at +20°C matched it. The proportion
of dead cells in L1 experiments was significantly higher at +20°C than at +28°C. In L2, after two weeks,
the culture reached 16.5x10°¢ cells/ml in the control, which is 2-2.5 times lower than L1. The cell number
in experiments with 5-300 uM Mn (1) gradually decreased from 15.7 to 6.4 x10° cells/mL. The proportion
of dead cells at concentrations up to 100 uM in L2 did not exceed 2%, increasing to 7.7% at range 150-
300 pM. In L1 at +20°C and +28°C, the mortality rates were 1.6-8.3% and 0.2-1.5% in the same range,
respectively. The critical concentration was 500 uM Mn (lI) in all cases, leading to 90-100% dead cells.

Pigment content. Pigment content on day 7 in the culture L1 at +28°C, it was shown that the
Chl a and Chl b content in the control reached values 1.71 and 0.49 mg/l respectively. The highest
concentration of chlorophylls was recorded in the variant with addition of 50 uM of Fe (lll) (table 1). At
the same time, significant correlations between chlorophylls content and concentration of Fe (llI) were
noted (correlation coefficients: =0.70 and -0.65; p < 0.01). In tests with Mn (Il), Chl a and b values were
lower than in the control (-0.44 and -0.64; p < 0.05). The Chl a and b ratio in both, control and
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experimental variants was in the range of 2.98-3.97 (3.22 * 0.07 in average), that indicated high
photosynthetic activity of Chlorella L1 at +28°C (table 1). Normally, this ratio corresponds to 2.2-3.0.
Carotenoid content did not differ significantly from the control. The total ratio of chlorophylls to
carotenoids was highest at 50 uM of Fe (Ill) and Mn (I1). No significant relationships were found between
carotenoid content and HMs concentration.

Table 1. The effect of Fe(lll) and Mn(ll) on  Ta6nuua 1. BnusHue Fe(lll) n Mn(ll) Ha koHUEeHTpauuio
concentration of pigments and their ratio in Chlorella  nUrMeHTOB M MX COOTHOLWIEHME B KAETKAX XJOpesibl
cells within 7 days (L1, +28°C) uepes 7 gHeii (L1, +28°C)

Metal Pigment concentration, mg/| Cond/
concentration, Chlorophyll a Chlorophyll b Carotenoids C h?:a 2Cen/ Cear
M (Cenia) () (Cear) :

Fe (11)

Control 1.71+0.17 0.49 £0.10 0.70+0.13 3.49 2.81

5 1.51+0.30 0.51+0.13 0.69+0.16 2.96 2.93

50 1.91+0.27 0.67 £0.19 0.63+0.14 2.85 4.09

75 1.35+0.31 0.34+0.14 0.78£0.20 3.97 217

100 0.54+0.20 0.19 £0.08 0.25*0.11 2.84 2.92

Mn (II)

Control 1.75 £ 0.06 0.53+0.04 0.84£0.14 3.30 2.72

5 1.28 £0.27 0.43+0.09 0.87£0.16 298 1.96

50 1.50 £ 0.33 046 +0.11 0.51£0.21 3.26 3.84

75 1.29+0.24 0.41+0.08 0.84+0.17 3.14 2.02

100 1.30 £ 0.14 0.42+0.10 0.82%0.20 3.09 2.09

150 1.51+0.18 0.44 +0.09 0.85%0.24 341 2.28

200 141 +£0.15 0.40 £ 0.08 0.76 £0.26 3.52 2.38

300 1.23+0.13 041+0.12 0.60 £0.11 3.07 2.72

Within 14 days, pigment content was measured in cultures L1 (+28°C and +20°C) and
L2 (+10°C). Significant differences in algal pigment values at different temperatures were
observed (t-test). Despite an increase in algae cell number at +28°C in both the control and
experiments with HMs, pigment concentrations in the control decreased significantly in L1 on
the 14th day compared to the 7th day (by 5.4 times for Chl a, 3.7 times for Chl b and 1.2 times
for carotenoids) (table 2). The low chlorophyll values in L1 at +28°C were attributed to resource
depletion in a limited cultivation volume and aging of the algae culture. A disruption in
Chlorella's photosynthetic activity was also indicated by the pigment index 3 Ce/ Cear < 1 in
control, at 5-75 uM Fe (lll) and 5-100 uM Mn (ll)) (table 2). Overall, at low pigment
concentrations in L1 at +28°C, an increase in Chl a and Chl b was observed at 75-200 uM Mn (I1)
or 100 uM Fe (lll), correlating with an increase in cell density (fig. 7, 8).

Positive relationships were found between Chl a (0.76, 0.92) and Chl b (0.84, 0.92)
content and the Mn (Il) and Fe (lll) concentrations in the medium at +28°C (p20.05). At +20°C
in L1 with Fe (I11), the synthesis of chlorophylls a and b was at its highest at 75 pM, while with
Mn (Il) - at 100 uM (table 2). At the same time, these parameters did not show significant
correlations with metal concentrations. The ratio of total chlorophyll to carotenoids rose up
with higher HMs concentrations in the medium, but the Chl a/ Chl b proportion decreased.

At +10°C (L2) Chl a and b values were higher in the control than in trials, but lower than
at +20°C (L1). Negative correlations were found between Chl a and HMs concentration (-0.84
and -0.73 for Mn (ll) and Fe (llI)). For Chl b: -0.83 and -0.62 respectively. Carotenoid levels
remained
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consistent up to 150 uM of Mn (Il) and 100 uM of Fe (lll). The pigment index varied irreqularly from
2.1 to 3.2 in experiments with HMs and showed no clear dependency on metal concentration. Thus,
temperature has a significant impact on Chlorella’s cell number and pigment content when exposed to
HMs. As follows from our experiments, on the one hand at +10°C L2 Chlorella’s cell number was lower
thanin L1, also Chl a and b synthesis significantly suppressed, which shows that the culture is probably
experiencing cold stress.

DISCUSSION

According to published researches there is a significant variation in concentrations of Mn (1)
and Fe (lll) which might have an either stimulating or inhibitory effect on Chlorella, thus it does not
allow us to make an exact conclusion on the effect of one or another metal concentration on the growth
and physiological state of that algae [Keren et al. 2002; Mousavi et al. 2011; Liu et al. 2018; Smythers
et al. 2019]. However, the effect of a wide range of Fe (Ill) concentrations (1.8-900 uM) and an increase
in the number of cells at a concentration of 360 uM was shown in the work of Cudowski, Pietryczuk
[2019]. At +28°C, using a seeding dose of 2x10° cells/ml and cultivating for 18 days with low Fe (lll)
concentrations (0.2 - 1.8 uM), previous research has shown that the most significant impact on the
growth of Chlorella culture occurred with Fe (lll) concentrations between 0.36-0.72 yM. This resulted in
a 50% growth enhancement on the 12th day of cultivation compared to the control [Al-Khiat et al.
2019]. Similar data on the positive effect of 12 uM of Fe (lll) for Chlorella on the 13th-15th days were
given in studies of Liu et al. [2008].

In our case, in 1-2-week experiments, at +20°C - +28°C, we observed a notable decrease in cell
number with an increase in Fe (lll) concentration up to 75 pM. Beyond this threshold, the number of
dead cells sharply increased at 100 uM and higher. Conversely, an increase in Mn (ll) concentration
resulted in a more gradual emergence of negative effects, nearly completely suppressing the growth of
microalgae only at 500 M. Interestingly, at 100-150 uM Mn (1), the cell count surpassed the control
values. At +10°C Chlorella culture remained viable even at 100 uM of Fe (I1l) or 300-500 uM of Mn (lI).
Additionally, it is worth noting that the concentration of chlorophylls was significantly higher than in
control at +28°C within 7 days under the influence of 50 uM of Fe (lll) and within 14 days at +20°C
under the 100 uM of Mn (ll). Earlier studies indicated that the concentrations of Fe (lll) or Mn (ll) that
has a positive or negative effect on Chlorella widely varied. In particular, the cultivation of Chlorella sp.
and Scenedesmus obliquus showed that microalgae grew well at low Fe (lll) levels (4.0 - 6.3 pM),
likewise in our study [Liu et al. 2008; Iriani et al. 2011; Abd ELl Baky et al. 2012]. While a significant
decrease in the cell concentration of those algae was observed during the alteration from 6 M to 83
uM of Fe (Ill), after 8-10 days of cultivation. The maximum abundance values (about 107 cells/ml) were
noted on day 12 at 6 uM [Iriani et al. 2011]. We also emphasized the devastating effects of Fe (lIl) during
the transition from 50 to 100 uM. But, according to other sources, the EC50 for Chlorella sp. was 240
uM of Fe (Ill) at +25°C within 4 days and even 900 pM of Fe (Ill) did not lead to its complete death
[Subramaniyam et al. 2016]. In another study, it was demonstrated that Fe concentrations exceeding
200 uM led to just a reduction in the growth intensity of the culture at +25°C over a period of 25 days
[Estevez et al. 2001]. Additionally, in Pietryczuk et al. [2025] Fe (lI) was used by algae more effectively
than Fe (Ill). The study showed that the biggest increase in the number of cells, studied biochemical
parameters and antioxidant enzyme activity took place under the influence of 89 uM Fe (ll) (highest
concentration) within 120 hours [Pietryczuk et al. 2025].
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According to literature data, Mn (I) can stimulate growth even in relatively high concentrations
(more than 100 yM) at the beginning of cultivation. And the negative effect can be apparent with
gradual increase in the concentration of Mn (ll), in some studies - up to 1000 yM [Battah et al. 2015;
Cudowski, Pietryczuk 2019; Smythers et al. 2023; Pietryczuk et al. 2025]. This is generally consistent
with our data, where we observed slow suppression of microalgae growth to a concentration of 300 uM
Mn (Il). However surprisingly, as noted by Alho et al. [2022], Mn (ll) is toxic to freshwater microalgae
Chlorophyceae, Raphidocelis subcapitata (median inhibitory concentration after 72 h was 4 uM).

Temperature has a direct effect on the growth of microalgae. As it rises by 10°C, the number of
microalgae doubles until the optimal growth temperature is reached [Han et al. 2016]. According to Dai
et al. [2022], most industrial microalgal species have an optimal growth temperature ranging from +15
to +25°C, and the maximal growth temperature is usually between +25°C and +35°C. Optimal growth
temperatures vary greatly for different strains of C. vulgaris, so the choice of cultivation conditions
should be strain-specific. Also some studies have found that at higher temperatures the algal cell size
reduces [Padfield et al. 2016; Ahmad et al. 2020]. The optimal temperature for the strain IMBR-19
studied in the current work was +28°C. During the cultivation of two lines of this strain, it was shown
that lower temperatures (L2, +10°C) facilitated viability of microalgae exposed to HMs impact. Moreover
we noticed that at optimal temperature cells tended to be smaller. However, when the strain was
subjected to both lower and higher temperatures, the cell size increased, and the time intervals between
cell divisions also appeared to lengthen.

Usually researchers examine the influence of HMs at a constant temperature, and there are few
articles that show combined effects of HMs and temperature. Chlorella culture is rarely cultivated for
more than 7 days at temperatures exceeding 20°C. In a one-week experiment of Wang et al. [2022],
on the effects of Pb (ll) and Cr (VI) within the range 15°C - 30°C, the increase in cell number and
pigment content was proportional to rise of cultivation temperature. Also researchers showed that
Chlorella which was growing at higher temperatures under normal conditions on days 11-12 either
reached a plateau or partially decreased in number [Wang et al. 2024]. Similarly, Iriani et al. [2011]
noted a sharp increase in cell number of Chlorella sp. between days 8-12, followed by a noticeable
decrease from day 14. In another study, regardless of the amount of HM added at 25°C, the Chlorella
culture exhibited robust growth for up to 8 days, and then began to die [Ajayan et al. 2018]. In a study
by Kyratzopoulou et al. [2025] when exposed to different concentrations of some HMs, the maximum
cell number was obtained on day 5, followed by a decline.

High levels of HMs in the environment can disrupt the photosynthetic process in algae by
affecting key parameters of the photosynthetic apparatus. Chlorophyll (Chl) levels are crucial for algal
growth and serve as an indicator of photosynthetic activity. Since Chl a is associated with the reaction
centers of photosystems, then the higher its content, the more active photosynthesis proceeds [Kozlov
2001]. At the same time, a decrease in the content of Chl a in Chlorella cells is a frequent sign of heavy
metal toxicity [Tremper et al. 2004]. Carotenoids are less susceptible to the negative effects of HMs and
serve not only as additional pigments but also shielding chlorophylls free radicals oxidation caused by
HMs [Demmig-Adams 1990]. The ratio of total chlorophyll content to carotenoid (pigment index
> Cen/Cear) reflects the level of metabolic activity and the functional state of cells.

Previous studies have shown that Chlorella's chlorophyll content decreased by more than three
times in four days when grown with 90 - 900 uM of Fe (lll) [Subramaniyam et al. 2016]. Also, Fe (IlI)
concentrations exceeding 200 uM led to decreased growth intensity of the culture at +25°C over 25
days-long study. On the contrary, the base Fe (Ill) concentration (90 uM) in the medium had no effect
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on carotenoid production. We also found no significant correlations between Fe (lII) concentration and
carotenoid levels in current study. The optical density of the culture and the chlorophyll content reached
their maximums at 100 - 200 uM of Fe (lll) [Estevez et al. 2001]. According to Cheng et al. [2022] the
medium with high Fe concentration (17 pM) achieved higher OD faster and chlorophyll accumulation
was higher. In our investigation, highest concentration of chlorophyll was found under 50 uM of Fe (l11)
at +28°C. But, Fe (Ill) concentrations more than 100-150 pM suppressed culture growth, making it
almost impossible to reliably measure the amount of pigments. At +20°C (L1) on day 14, chlorophyll
synthesis was highest at 75 pM Fe (llI).

Unlike other metals found in the photosynthetic electron transport chain the Mn excess
enhances photosynthetic activity rather than diminish it [Smythers et al. 2023]. Contrary to our data,
some sources suggest that even small concentrations of Mn (Il) can have negative effects on the growth
and pigment content of microalgae. The presence of this metal diminished algae growth and the
average fluorescence of Chl g at the highest concentrations of this HM (3.6-14.6 uM). The authors report
that Mn (Il) concentrations from 1.5 to 14.6 uyM at +25°C notably reduced the number of microalgae
(at 14.6 uM by 82%) and the content of Chl a. Manganese (II) at 900 pM also caused a disruption of
photosynthetic activity (decrease in the content of Chl a and b) in cells of C. vulgaris and S. quadricauda
[Smythers et al. 2023]. According to Cudowski, Pietryczuk [2019] in the cells of C. vulgaris Mn (ll) at
a concentration of 1000 uM resulted in a gradual displacement of magnesium from algae cells and
induced Fe deficiency causing a decrease in the concentration of chlorophylls. However, this decrease
was small, and the content of chlorophylls did not fall below the control, suggesting that a much higher
concentration of Mn (1) is required to cause the complete inhibition of photosynthesis and biosynthesis
of photosynthetic pigments in C. vulgaris [Cudowski, Pietryczuk 2019]. In our study, concentrations up
to 300 pM, showed no considerable negative changes in pigment content, compared to the control
on the 7th day at +28°C, with a moderate decrease in chlorophylls. Carotenoids remained stable up to
150 uM. By the 14th day, a general decrease in pigment levels was observed at +28°C (unrelated to the
effects of Mn), while at +10°C and +20°C, by contrast there was a noticeable increase in pigments
at 100 pM.

When considering other microalgae as test objects, it is evident that the extent of HMs impact
is strongly dependent on the species-specific sensitivity. For instance, S. armatus exposed to 340 pM
of Mn (ll) exhibited a slight increase in cell number relative to the control during the first three days.
However, from the fourth day onward, its population was significantly reduced compared to control
levels [El-Enany, Issa 2001]. Gonyostomum semen (Raphidophyceae) required higher (>4 pm) Fe(lll)
concentrations - up to 11 pM, to support growth in the culture medium [Minzner et al. 2021].
Subramaniyam et al. [2016] reported that the microalgae Chlamydomonas sp. and Chlorococcum sp.
exhibited lower tolerance to Fe(lll) relative to Chlorella sp., with EC50 values determined at 236, 230,
and 200 uM for Chlorella sp., Chlamydomonas sp. and Chlorococcum sp. respectively. A decrease in
chlorophyll concentration occurred at 90 uM of Fe(lll) and above [Subramaniyam et al. 2016]. In contrast,
such strains as C. fusca, Ankistodesmus braunii, S. obliquus, C. saccharophila and Leptolyngbya sp. were
able to maintain normal growth pattern up to 900 uM of Fe (lI), while the concentration beyond it
inhibited the growth [Zada et al. 2021].

CONCLUSIONS

The current study results showed that high levels of HMs had a toxic effect (death of most algae
cells) at different cultivation temperatures and experiment lengths. We found that Fe (Ill) had a more
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toxic effect than Mn (ll) when cultivating Chlorella at different temperatures. Iron (I1l) at 150 uM and
Mn (I1) at 300 pM became critical for Chlorella.

Noticeable adaptive reaction of algae was observed at +20°C and +28°C, but the tolerance to
various HMs concentrations was higher at +10°C. With an extension of incubation time the adaptive
capabilities of algae to high concentrations of HMs were observed.

Our research showed that culture growth was significantly slowed at low temperature, but
gradual inclusion of HMs in the metabolism of algae under cold conditions had a lesser impact on
Chlorella due to its slow growth, allowing it to tolerate higher concentrations of HMs (e.g. in L2 case
compared to L1). Therefore, for industrial-scale applications in water treatment for Fe(lll) removal the
use of Chlorella is not recommended at a concentration of 75 uM or higher when the temperature is
220°C. Similarly, at temperatures 10-20°C, concentrations exceeding 100 uM are not advisable.
Regarding Mn(ll), it is important to note that concentrations above 300 uM are unsuitable under both
temperature conditions.
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PA3PABOTKA KOHTPONBHOI O NIUCTA 3KONOrUYECKOrO
AYUTA COOTBETCTBUS XO3AWCTBEHHON
OEATENLHOCTW NPEANPUSATUS HEGTErA30BON OTPACIU
ESG-nPMHUMNAM

Mwuctopesa WU.3.", Mapunosa C.P.

®epnepanbHoe rocyaapcTBeHHoe GlogKeTHOE
0bpasoBaTenbHoe yupexaeHue Bbicluero 0bpasoBaHus
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AHHOMauyus

B cratbe paccMaTpuBaeTcd  METOAMKA  OLEHKM
COOTBETCTBUS XO35MCTBEHHON LeaTenbHOCTH
npesnpuaTuii HedTerasosow NMPOMbILLIEHHOCTH

3konornyeckom cocrasnswowein ESG (E-koMnoHeHTe).
CywecTBytolwmMe noaxonbl K 3KOMOrMYECKOMY ayauTy
cootBeTcTBMS  ESG-npuHUMmaM  3adactyio  HocST
(dparMeHTapHbIi XapakTep, He MO03BOJSS CUCTEMHO
NpoaHanu3nMpoBaTb acnekTbl YCTOMYMBOIO Pas3BUTUSL.
MpennoxeHa Metoamka pa3paboTKu Yek-nCTa ayauTa,
6a3unpylowWwasncs Ha aHanuse AEeNCTBYIOWMX CTaHAApPTOB
cepum 1SO 14000, GRI. PesynbTathl uccnenoBaHns MoryT
6bITb  MCNONMb30BaHbl KOMMAHUSMU [ONS BHYTPEHHEro
ayAuTa M NOAroTOBKM NMpefanpuatuii K nonyvyernuto ESG-
penTuHra.

Knioyeseoie cnosa:

3KON0MMYECKMH ayoumT, OLEHKa BO34€EMCTBUS,
ycTonumBoe passutue, ESG-ctparterus, ynpasneHwe B
061aCcTM OXpaHbl OKpYXXatoLweln cpeapl

locmynuna e pedakyur: 21.05.2026
lpuHsmo e neyame: 25.06.2026

DEVELOPMENT OF AN ENVIRONMENTAL
AUDIT CHECKLIST FOR COMPLIANCE
WITH ESG PRINCIPLES
IN THE OIL AND GAS INDUSTRY
Misiureva I.E.", Garipova S.R.
Federal State Budgetary Educational Institution of Higher
Education «Ufa University of Science and Technology»,
Ufa, Russia

"E-mail: missedalien@gmail.com
Abstract

The article discusses a methodology for assessing the
compliance of the economic activities of oil and gas
industry enterprises with the environmental component
of ESG (E-component). Existing approaches to
environmental audit of compliance with ESG principles
are often fragmented, making it difficult to
systematically analyze the aspects of sustainable
development. The article proposes a methodology for
developing an audit checklist based on the analysis of
existing 1ISO 14000 and GRI standards. The results of
this study can be used by companies for internal audits
and to prepare their enterprises for obtaining an ESG
rating.
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environmental audit, impact assessment, sustainable
development, ESG strategy, environmental
management
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BBEAEHME

YCnoXHeHne nNpOCTPaHCTBEHHbIX M JIUTO-Te0NOTMYECKUX XapaKTepUCTUK paspabaTbiBaeMbixX
06BbEKTOB, MCTOLLAEMOCTb U yXYALUEeHMEe CTPYKTYpbl 3anacoB, KBOTHble orpaHuuyenuns OMNEK+, a Takke
BbICOKAs BOMATMNLHOCTb CMpOCa Ha yrneesogopoAabl obycnasnuBaloT Ang  HedbTenobbiBatoLLei
MPOMbILWAEHHOCTM HEOOXOAMMOCTb Nepexoaa OT TPAAULMOHHBIX MOAenen Ao6bluM MCKONaeMoro TONanBa
K COBPEMEHHbBIM «3€NeHbIM» TEXHONOMMSM, OPUEHTUPOBAHHBIM HA YCTOMYMBOE pa3BuTue [[emnaosa u op.
2020; KypywwuHa, MnbnHosa 2025].

Jkonornyeckas komnoHeHTa ESG nossonsier v3mMepumMo M HarnsgHO OLEHUTb BO3AENCTBUE

X035IMCTBEHHOW OeATeNbHOCTH npeanpunaTtma Ha KOMMNOHEHTbI Opr)KaPOLLI,EIZ I'IpMpO,EI.HOVI cpenbl C y4eToM
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He TONbKO 0653aTenbHbIX K UCMONHEHWUIO TpebOoBaHWIM NPUPOAOOXPAHHOIO 3aKOHOAATENbCTBA, HO U
L00pOBOBHO BHEAPSEMbIX «3efieHblx» MHMumMatue [Kykoea 2021; babaesa u dp. 2024].

Ina kayectBeHHOro BHeapeHuss ESG B meATenbHOCTb Npeanpusatusi Heobxoanmo 06s3aTeNbHO
YUYUTLIBATb €ro OTPACNEBYIO NPUHAANIEXHOCTL. 3TO CBSA3aHO, B NEPBYI0 0Yepenb, C TEM, UTO 3KONornyeckme
acnekTbl M NOCNEACTBMA  OeATeNbHOCTM, MacwTabbl BO3OENCTBMS HA  OKPYXawwyw cpedy
BMOOCNeUndUYHbI 419 Pa3HbIX OTPACiein NMPOMbILWAEHHOCTU U CEKTOPOB 3KOHOMMKM [BypnanH 2022].

BakHO OTMETUTB, YTO 3KOOrMyeckas coctaBnsowag ESG oueHmnBaeT He TONbKO MacluTab v BUAbI
HEeraTMBHOro BO34EMCTBUS MPOM3BOACTBA HA OKPYXKAIOLWY Cpeay, HO M TaK Ha3biBaeMble BbIXOAHbIE
MOTOKW, Cpeau KOTOPbIX 3aTpaTbl Ha peKynbTMBALMIO W JIeCOBOCCTAHOBMIEHWE, OpueHTaums
Ha LOCTUXXEHUWE YrNepoaHOM HEeMTPanbHOCTM KOHEYHOM MpOoAyKUMWM, COXpaHeHwe 6GuopasHoobpasus,
3KOCUCTEM M UX KOMMNOHeHTOB [Senadheera et al. 2021].

Taknm 0bpasom, No ceoen cytn E-KoMnoHeHTa aBnseTCs HAbopoM cneundmryHbIX KpUTEPUEB, KOTOPbIE
MO3BOSIOT OLLEHUTb, HACKONBLKO ryboKO M CUCTEMHO NpeanpuaTue NoaXoAMT K BONPOCaM BO34enCTBUS
TOrO WM MHOTO BMAA XO39MCTBEHHOM OEATENIbHOCTM HA OKPYXAMLWYH Ccpefy, a Takke B Kakon Mepe
peanusyemas AedTenbHOCTb COOTBETCTBYET LeNsM YCTOMUMBOro passutua [Trahan, Jantz 2023).

ESG-ayauT MOXHO paccMaTpmBaTb Kak OOMH M3 MeETOLOB OOBLEKTMBHOW WM HE3aBMCUMMOM
BepuduKauMm HedUHAHCOBOM OTYETHOCTWM, MNOATBEPXKAAKOWMIA OOCTOBEPHOCTb  PACKPbIBAEMbIX
opraHusaumen nokasatenein B o6nactM oxpaHbl okpyxawowen cpeapl [KeanmHa 2020]. Cnpoc
Ha npoBegeHune ESG-aynmTa 3aMeTHO BbIpOC B nocieaHue rogbl: 33 10 net Long KOMNaHUi, NpoOBOASALLNX
HEe3aBWCMMYIO OLLeHKY OTYeTOB B 06/M1acTM YCTOMUYMBOrO pasBWTMS, BO3pOCaa Ha 34.4% [Mopos 2024;
Dierynck, Weijers 2026].

HecmoTps Ha Bce 6onee wupokoe BHeppeHue ESG-cTpaTernin B ynpaBneHYecKne noaxomnbl
KOMMaHWi p[o0bIBalOWLEN OTpacau, Ha NpakTUKe OTCYTCTBYET YHUMULUMPOBAHHLIA WM LOCTYMHbIA
WHCTPYMEHT AN OnepaTMBHOM OLEHKM 3KON0rM4yeckon coctasnsiouen (E-koMnoHeHTbI).

Lenbto pabotbl siBnsietcs GOpMMPOBaHME KOHTPONLHOMO YEeK-IMCTa 3KOMOrMYeckoro ayauta
COOTBETCTBMA OEeATENbHOCTM NpeanpusaTist HeTerasoBomn NpoMbIWIeHHOCTM ESG-npuHumnam.

MATEPWAJ1bl U METO/bI

B paborte wcnonb3oBaH MeTOA CUCTEMATMYECKOrO aHasM3a 3aKOHOAATENbHbIX TpeboBaHWM,
HOPMATUBHbLIX W MPaBOBbIX AKTOB, PEryIMpPYOLLMX NPAaBOOTHOLEHMSI B 06/1aCTM OXpaHbl OKPYXatoLLen
cpefbl NpY OCYLLLECTBNEHMMU XO39ACTBEHHON AeaTeNbHOCTH, 0becneymnBatow i 06bEKTUBHOCTL KpUTEPUEB
3KOMIOrMYeCcKoro ayauta, ero OOCTOBEepPHOCTb M BOCMPOM3BOAMMOCTb. [10A06HbLIM nNoaxon LIMPOKO
NMPUMEHSIETCS B COBPEMEHHOW MPaKTUKe OLEHKM COOTBETCTBMS.

AHanuM3 HOpPMaTMBHO-MpPaBoBOM 6asbl BK/IOYAN B Cebs m3ydyeHWe denepanbHbIX 3aKOHOB
Poccuiickont ®epepaumu, MNOA33AKOHHbIX aKTOB, HAUMOHANbHbIX M MeXAYHAapOAHbIX CTaHAapTOB,
0Tpac/ieBbiX METOANYECKMX PEKOMEHAALMI, a TaKXKe OOKYMEHTOB, pernaMeHTUpyoLWmMx packpoitme ESG-
MHbOopMaumu:

e MepepanbHbli 3aKoH oT 10 aHBaps 2002 ropa N27-®3 «O6 oxpaHe oKpyXKatoLLien cpeapl».

e MepepanbHbi 3akoH ot 2 wuona 2021 ropa N2296-®3 «06 orpaHuyeHuMn BbIGpOCOB
MapHWKOBBIX Fra30B».

e MepepanbHbli 3aKoH OT 24 wuioHs 1998 rogpa N289-O3 «06 oTxomax MpoM3BOACTBA
n notpebneHunsy.

e MDepepanbHblvi 3akoH 0T 04 Masg 1999 ropa N296-®3 «O6 oxpaHe aTMOChEpHOro BO3ayxax.

o [OCT P MCO 14090-2019 Apantaums K M3MeHeHMsM Kknmumata. [lpuHumnbl, TpeboBaHMs
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1 PYKOBOASILLME YKa3aHUS.

o [OCT P MCO 14064-1-2021 Ta3bl napHuKoBble. TpeboBaHUS W PYKOBOACTBO MO
KOJIMYeCTBEHHOMY onpeaeneHuIo U OTYETHOCTM O BbIDpOCaxX M MOrNOLEHUN NAPHUKOBbIX FA30B HA YPOBHE
opraHusaumm.

o [OCT P MCO 14068-1-2024 YnpasneHue nsmMeHeHneM KnmMmarta. [lepexon K HyN1eBOMy YpPOBHIO
BbI6pocoB. YacTtb 1. YrnepogHas HeWTpanbHOCTb.

¢ GRI Standards (Global Reporting Initiative) — rnobanbHas MHUMUMATMBA NO OTYETHOCTU.

o [THCT 926-2024 «YcTonumBoe pa3suTue opraHmsaumi. [okasatenun. ObLme nonoxeHuay.

MeTon, KOHTPOMbHbIX JIMCTOB CTajl OCHOBOM Ang paspaboTkuM  OMpOCHOrO  YeK-ucTa
3KOI0rMYeCcKOoro ayauTa cooTeeTcTeums. aHHbIM MeToa npeanonaran Ucnonb3oBaHue B TabnmyHon popme
onpefeneHHoro nepeyHs BoNpocos (Kkputepues), GOpMynMpyeMbiX 3KCNEPTOM HA YPOBHE Npeanpuatus,
y4yacTKa MAM KOHKPETHOro TexXHOoNnormyeckoro npouecca. [MpuM ncnonb3oBaHMM METOAa KOHTPOJbHbIX
JIMCTOB ONpOCHas Tabnmua coctosna us 4 rpados:

1. KOHTpOnbHbIM BOMpOC.

2. Kputepuit aygura.

3. CBupoeTennCcTBo ayguTa.

4. bann cooTBETCTBUS.

3anofiHeHMEe 4YeK-IMCTa MOXET OCYLLEeCTBASTbCS ayAMTOPOM MNYTEM aHaiM3a [OOKYMEHTauumu,
NpenoCcTaBNSeMOn  NpeanpuaTMeM, WM  C  MNPUMEHEHWMEM  WHTEPBbIOMPOBAHMS  COTPYAHWMKOB.
MNpenmylecTBO MeToAa KOHTPOJbHbIX JIMCTOB — €ro AOCTYMHOCTb, WKWpoKas 06nacTb NpMMeHeHus
M NPOCTOTa MOHMMAHUS 418 NOTEHUMANbHbIX YY4AaCTHUMKOB 0Npoca. MeTog, KOHTPObHbIX IMCTOB Hallen Kak
He3aBMCMMOE TpUMEHEHME, TaK M KOMOMHMPOBAHHOE - C ApYyrMMKM MeTodamu BepuduKaumm
W BanuZaumm, HanpmMMep, C METOA0M aHKETUPOBAHMS.

PE3Y/IbTATbI 1 OBCYXOEHWME

C uenbl YCTaHOBMIEHUS COOTBETCTBUS XO3SIMCTBEHHOM AEATENbHOCTM KOMNaHUMM TpebGoBaHMAM
CTAaHLAPTOB YCTOMYMBOrO pa3BWUTMS B paMKax npuHumMnoB ESG-cTpaTermm paspaboTaHa MeToAMKa,
NO3BONAOWAS BbIYUCANTL M OLEHWUTb MHTErpasibHOE PEWTUHIOBOE 3HAYEHWE MO 3KOJOrMYECKOMY
kputeputio (E).

CocTaBnieH KOHTPOJIbHbIM JIMCT — YEK-IMCT — ayAnuTa; B KaYeCTBE CBUAETENbCTB ayAnTa AO/MKHbI
paccMaTpuBaTbCs LOKYMEHTMPOBaHHblE (POPMbl, AEWCTBYHOLWME OTYETBI UM M3MEPUMbIE MOKA3aTeNM,
Nno3BONAOWME OOCTOBEPHO M OAHO3HAYHO YCTAHOBMTb Oani COOTBETCTBMS KOHTPOJIbHOMY BOMpPOCY.
3HayeHusa LWKanabl COOTBETCTBMA HaxogatTca B AuanasoHe ot 0 go 2 6annos, rae O - nonHoe
HecooTBeTCTBME, 1 — YacTMYHOE COOTBETCTBME, 2 — MOJIHOE COOTBEeTCTBME. 1N HEKOTOPbIX BOMPOCOB
npeaycMOTpeHa Lkana 6e3 4acTMYHOro COOTBETCTBMS. MakCMManbHbIiM 6ann, KOTOpblA BO3MOXHO
MOAYYUTb MO KAXKAOMY CamocTosTenbHoMy 61oky — 10, MuHMManbHbIn - 0.

CrpykTypa yek-nucta coctomut M3 10 OCHOBHbIX BNIOKOB, KaXKablM M3 KOTOPbIX BKJIOYAET B Cebs
5 KOHTpO/bHbIX BONPOCOB: B 06LEN CNOXHOCTM NpeanoxeHo 50 nyHKTOB Ans oueHKU. bnoku BolaeneHbl
Ha OCHOBAHWW AEWCTBYHOWMX 00s3aTenbHbIX M A0OPOBOMbHBIX CTAaHAAPTOB B 061acTM YCTOMYMBOIO
pa3BUTUSA C YYETOM Hanbonee 3HaYMMbIX AN HedhTerasoBorM 0Tpac/IM 3KONOTMYECKMX aCNEKTOB.

3HayeHns 6annoB COOTBETCTBUS, MOYYEHHbIE B pe3y/ibTaTe NPOBEAEHUS 3KOJIOrMYECKOro ayamTa,
CKNaObIBAOTCS MO KaXAoMy 670Ky, nocne Yero BbIMMCASIETCA WTOrOBbIM MNOKa3aTeNb 3HavyeHwus
cooTBeTCTBMS. HamBbiCluMit 6ann COOTBETCTBUS, KOTOPbIM MOXET ObiTb MPMCBOEH NO pa3paboTaHHOW
wkane - 100.
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Tabnuua 1. OnNpoOCHbIA NUCT 3KONOrUYECKOro

ayauTta COOTBETCTBUSA
DeATeNbHOCTH
(knMMaTHYeCcKMe U3MEHEHUS)

npeanpuaTus

X038MCTBEHHOMU
ESG-kputepusm

Table 1. Environmental audit questionnaire for
compliance with ESG criteria (climate change)

KoHTponbHbIit BONpoc . PesynbTar npoBepku
ayauTopa Kpurepwuii CBupeTenncTBO ayauTa (BbIBOA ayauMTOpa)
0 - uenu He
cOpMyNMPOBAHBI
1 - uenu obuwme,
chOpMynMpPOBaHbI
ggsg;%;;&gw abzau 13 n. 5 TOCT dopManbHo

P MCO 14090-2019 -

npuopuTeTHble  Lenn B «AganTaums K MnaH aganTaumm K gd)o L,\hem] l/(I)3BI\;eH[IJD:4Mb|eé

pamKax CTPATernn, | o erisim M3MEHEHUAM KiMMaTa COO'IPBGYI'CTBpVIM c

Hanpae/ieHHOW Ha 6opbby C KIAMATaY oTpacresoi

M3MEHEeHUAMM KInMmaTa? cneLMdmKori "
NPUOPUTETHBIMMU
3KONOrMYeCKMMH
acnekTamu

Jo 1 wuwona oTyeTHOro

nepuona npeanpusaTMeM B 0 i 0 - oT4yeT  He

YCTaHOB/IEHHOW dopme n. 2 cr. 7 N2 296-@3 npefocrasneH

npenocTaBneH 5 «06  orpaHuyeHun Otuet 0 BbIOpOCax

BbIOpOCOB MapHMKOBbIX ra3oB

YMNOSIHOMOYEHHbIE  OpraHbl NAPHUKOBbIX Fa308» ) _ oTyeT
oTyer 0 BblOpocax NpefocTaBeH
MapHMKOBBIX ra3oB?

0 -

n. 3 cr. 7 N2 296-03 0 _ et

«06  orpaHu4yeHun
noeHTudbmKaumm "

BbI6pOCOB OtueT 0 BbIOpOCAx acyeToB

NapHMKOBbIX ra30B» P P

Mpeonpusatuem NapHUKOBbIX ra308; | —
MOEHTUPULMPOBAHBI 3aBepeHHble - ECTb  TONbKO
noeHTudbukaums, 6es
MapHMKOBbIE rasbl Z 61 63 [OCT P pyKOBOAMTENEM ’
paccuMTaHbl UX BbIBPOCHI? IIJI.CO' 4064-1.3021 npeanpuaTUs gacquOB
el pacyeTbl BbIBpOCOB ~ MAEHTUDUKaUMS ¢

«[a3bl MapHUKOBbIE» pacueTbl
NOATBEPXAEHDI
[AOKYMEHTa/IbHO
0 - cTparterus
OTCyTCTBYET

- cTpaTerus

n. 74, 82 roCt p YTBEPXAEHA

Ha yposre npeanpustis NMCO  14090-2019 dopManbHo,
YTBEPKAEHA WM BBEAGHA B | aoroo o « MnaH apgantaummn K MEDONDUSTUS He
nencreme cTpaTervs | o e HaM M3MEHEHUAM KIMMaTa BblﬁOﬂEﬂ}OTCﬂ
KNMMaTU4YeCcKoro nepexona’?

Kaumarta» 2 - cTpaTerus
yTBEPXAEH],
mMeponpuaTus
BbINOJIHSHOTCS
0 - cTpaterus He
pa3paboTaHa
1 - cTparterus
pa3paboTaHa

Pa3spaboTaHa M 94 FTOCT P UCO dopmanbHo, He

NPeAnpUATMEM  CTPATerUs | 4 yoco 1 9694 OTueT no yrnepofHOM | npepnonaraet

no obecneyeHuto YNDaBNEHME HENTPaNbHOCTU MO | AOCTUXKEHUS

[OCTUXKEHUS  yrnepofHOM M3M2HeHMeM ¢dopme OCT P NCO | nsmMepumbix

HenTpanbHocTU Net Zero Ha KTMMaTaY 14068-1-2024 pe3ynbTaTtos

[ecaTuneTHuin nepuon? 2 - cTpaTerus
pa3paboTaHa Z
noapasymeBaeT
n3MepuMble
pe3ynbTaTbl

NTOIO no 6noky: ot 0 go 10
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MNepeyeHb BOMPOCOB AN Kaxporo 6oKka COCTaBNSETCS HAa OCHOBE pefieBaHTHOrO OnMbITa
npeanpusTus, BO3MOXHO MCMOMb30BaHWE pe3ynbTaTOB OEWCTBYIOWEN OLEHKM PUCKOB WM
naeHTudmKaumm onacHoctel. Mpu 3TOM KaxapblM NYHKT OMPOCHOIO IMCTA AOMKEH OTpaXKaTb U3MEPUMYHO
n npoeepsemyl MHbopmaumio. B 6noke «KnumaTuyeckme M3MeHEHUS» aHANU3UPYHTCS IKOIOrMYecKune
acnekTbl, CBA3aHHble C BbIOPOCaMM MAPHMKOBBLIX Fa30B M MX 06MACTAMM OXBATOB (NpsAMble BbIBPOCHI,
KOCBEHHble 3HepreTMyeckue BblIOPOChI, MPOYME KOCBEHHbIE BbIOPOCHI), 030HOPA3PYLLAOLLMX BELLECTB.
B coBpeMeHHOM none MpUMPOAOOXPaHHOro  3akoHogatenbctBa Poccuiickon  ®epepaumn 370
OTHOCUTENBHO HOBasi 061acTb, NOTOMY KPUTEPUSMU ayOMTa ABASAKOTCS, B OCHOBHOM, FOCYAapPCTBEHHbIE
ctangaptel FTOCT P NCO.

Mpouenypa ESG-ayouta M KOMMNEKCHAs OLEHKA 3KONIOTMYecKoW KOMMoHeHTbl (E-kputepws)
ABNAOTCA AN POCCUMICKMX HedTerasoBblX KOMMAHUIKA CPaBHUTENIbBHO HOBbIMM MpPaKTUKAMMK, MNOKa
He UMELLMMU JOCTaTOYHON MeToamyeckon 6asbl. C Apyroi CTOpPOHbI, OTAE/bHbIE ACMeKTbl, B YaCTHOCTU
OXpaHa aTMocdepHoro Bo3ayxa (Tabnmua 2), y)xe MMeKT LOCTaTOYHYH NPaBoOBY0 U METOL0M0rMYECKYH0
OCHOBY, NO3BOJISIKOLLYH B MOJHOM Mepe NpoaHannM3npoBaTh UX.

Tabnuua 2. OnNpoCHbIM NUCT 3KOMOrMUYECKOro
ayauTa COOTBETCTBUSA XO0351CTBEHHOM
AesTenbHocTM  npeanpuatua  ESG-kputepusam

Table 2. Environmental audit questionnaire for
compliance with ESG criteria (emissions)

(aTmMocdepHbIii BO3AYX)

KoHTponbHbIii Bonpoc

Pesynbrart npoBepku

ayautopa Kpurepuii CBuaeTennbCTBO ayauTa (BbiBOA ayaMTOpa)
Ons BbICOKOTOKCUYHBIX, . 0 - HopmaTuBbl He
OnacHbIX BELLEeCTB o YTBePXK/HHbI/ paccuMTaHbl M He
n. 3 cr. 12 N2 96-03 pykoBoguTenem
npeanpusTMEM pacCYMTaHbI YCTAHOBNEHbI
«06 oxpaHe cnyx6bl [MBOTOC
M YCTaHOBJIEHbI MpeaesibHO
atMocdepHoro lpoekT npeaensHo ) _
LONyCTUMble BbIOPOCHI BO3AYXa» OMYCTUMBIX HOPMaTMBbI
3arpsI3HAOWMX BelecTB B y Bb% 0COB paccymTaHbl "
aTMocdepHbIit BO38YX? P YCTaHOBJIEHBI

n. 4.3,4.4, 4.6 TOCT
P 70560-2022
«[poTokon no

NapHUKOBbIM rasam»

[Ona  030HOpaspywawmx | NAPHUKOBLIM ra3am» YTBEpPXKAEHHDbIN

BELLEeCTB, NOy, % pykoBoauTtenem

MapHWUKOBBIX rasos npeanpusatus 1 - onpeneneHa ogHa

onpefeneHoi O6bnactm | n. 45 TOCT P NpoOTOKOJ MO NI onpepeneHo aBe

oxBaTta 1, 2, 3? 70558-2022 NapHWKOBbLIM rasam obnactu oxeata Wu3
«[TpoTokon no Tpex

0 - obnactn oxBaTa He
onpeaeneHbi

2 - onpepeneHbl BCe
Tpu obnactu oxBaTa

BO34yxa?

MNpepnpuatuem
aHe,umeTcn M%]égg&gﬁ:ﬂg ct. 50 3akona Ne 96- TexHonornyeckui
®3 «06 oxpaHe
TEXHONIOMMK, HanpaBNeHHbIe aTMOChepHOro pernameHT
Ha  CHWXEHWe  YpOBHA BO3AyXa» 5
3arps3HeHmst atTMochepHoro HE NMpUMEHALOTCA

0 - BbIOpOC
MNpepnpuatuem He Jornyckaertcs 1z
[onyckaercs Bbibpoc | n. 7 cT. 15 30 3akoHa 3a(MKCMPOBaHbI
3arpssHalowmx  Bewects, | N2 96-03  «06 OtueT no dhopme N2 2- npeLeneHTbl TaKOBOro
ans KOTOPbIX He | oxpaHe TM (8031yX) Bbl6poca
YCTAaHOBNEHa cTeneHb | atMocdepHoro 2 - BblbpoC He
0onacHoCcTH IONs | BO34yXa» LOMNycKaeTcs,
oKpyxatoLLen cpeabl? npeueaeHThI He
3adMKCUPOBaHbI
6 0 - He npumMeHsaKOTCS
MpumeHstoTcs m Ha | a63ay 5n. 1 cT.
Og'bEKTe HBOC  cuctembl | 30 3akoHa N2 96-M3 | 1o, orormueckui 1 - npumensiocs,
NbINENoAaBNEHUS c | <06 oxpaHe pedaaléfion IQOEKTBHOCTL  He
NpUMEeHEHWEM BOabl W/MAK | aTMOCHEPHOrO P %CTaHOB”e"'a
BSKYLLMX PacTBOPOB? BO34yXa» M3Be_CTHaanMeHmOTCﬂ’
3¢bPEKTMBHOCTb
MTOIO no 6noky: ot 0010
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KOHTpONbHbI BNOK 4Yek-NnUCTa, CBA3AHHbIM C OXpaHoWM aTMochepHOro BO34yXa, YaCTUYHO

3aTparMBaeT CMeXHbleé C KIUMMaTU4eCKUMU U3MEHEHUAMU BOMNPOCHI.

HecmoTpss Ha 0OOLWMPHYHO

HOpMaTUBHYI0 6asy B 3ToW cdepe, NMOAUTUKA MHOIMMX MPOM3BOACTBEHHLIX KOMMAHUI MO-MPEXHEMY
CTPOUTCS NMPEUMYLLECTBEHHO Ha KOMMEHCALMKN 3KONOrM4eckoro yuepba, a He Ha NPEeBEHTUBHbIX Mepax
ero npoduNakTUKK, 4TO YKA3bIBAET HA CpefHe-HU3KUMI YPOBEHb YMNPaBAEHWS OXPAaHOM OKpyXKatoLlen

cpefbl.

Mpy OCyLWEeCTBNEHMM TEXHONOrMYECKOro npouecca fobblun HedTM M rasa obpasyetcs psig
oTpacnecneuMpuyHbIX, MapkKepHbiXx 0TX040B. Bonpocbl 6noka «Cuctema 0OpalleHus C OTXOAAMM»,

npeacTaBneHHoro B Tabnuue 3,

HanpasB/ieHbl

0TX04000pasyoLWMX BUAOB AESTENbHOCTU HA OKPYXXaIoLLyo cpesay.

Tabnuua 3. OnNpoCHbIM NUCT 3KOMIOrMUYECKOro

ayauTa COOTBETCTBUA
AeATeNIbHOCTU

npeanpuaTus

X03AMCTBEHHOMU
ESG-K;)MTepMiIM

(o6pawieHue ¢ oTXoaaMM NPOM3BOACTBA

Ha nNpenoTBpalleHME HEraTMBHOIMO BO3AENCTBUS

Table 3. Environmental audit questionnaire for
compliance with ESG criteria (waste management)

KoHTponbHbIii BONpoc

PesynbTaTt npoBepku

MuHnpupogsl P® ot

ayauTopa Kpurepwii CeuaeTennCTBO ayanTa (sblBo, ayanTopa)
Mpeanpuatue  eXerogHo 0 - OTuYeT HeobXxoamM,
noaTBepxXaaeT HO He
HEM3MEHHOCTb " 15 Mpukasa TeXHU4ecknit OT4eT | npepocTasnseTcs
TEXHOIOrMYECKOro 0 HEM3MEHHOCTM

0TX0J0B no JaHHbIM
€XerogHom CTaTUCTUYECKOM
oT4yeTHoCTM 2-TM(?

Mpouecca 1 UCnonb3yeMoro | 574950590 1. N NMpOM3BOACTBEHHOrO
2. r. N2 1021
Cbipbsi CO cBefeHusmMun 06 npouecca 2 — OTyeT HeobxoanM,
obpasyloumxca  oTxomax npefocTasnsercs
npou3BOACTBA?
0 - 3anper He
MNpepnpustuem cobntopaertcs, B
N TCS npet H TeKyLEeM ro
Ezgaflfav?oﬁm oziH[il%e |n 2 cr 51N 7-03 Otuet no opme N2 3aq)ymu|-l<cm OBaHbl i
a3Meu|J-,LeHl4e P 0TX0[0B «06 OXpaHe 2-TN (OTXCF))JJ,bI) npeueueﬁm
P OKpYXaloLLen cpeabl»
MPOM3BOACTBA Ha NOYBY U B HapyLleHus
Hegpa? 2 - 3anpet
cobntopaerca
0 - 3axopoHeHue
MNpepnpustuem He ocyliecTnsercs
TBASETCS NOMHOCTbIO
gg}:gi;éHgﬂmi - 0TX0a08B | X 5 Pacnopsxenus Otyetrno dopmMe N2 |1 - 3axopoHeHue
MpasuTenbcTBa PO N
NpoM3BOACTBA, B COCTaBe 1589-p or 25.07.2017 2-TI (oTxoAb!) ocylLecTBaseTcs
KOTOpbIX €CTb MoJfie3HbIe 4aCTMYHO
KOMMOHEHTbI? 2 - 33aXOpOHeHMe He
oCyLecTBAsSeTCs
Hons OTXO[,08B, 0 - pong yTuamsaumm
nepenaHHbIX Ha HUXe nonwu
LA, | IDESACT | 5.6 1OCT P 53692 e
| 2023 o N
nepefaHHbIX Ha OTtyet no dopme N2 | paBHa none
« .
3axopoHeHue (0T obuero O%%;yuagzlc/gepexewec 2-TI (oTxoApl) 33aXOPOHEHMS
obbvema obpasyembix
pasy OTXOLaMM» 2 - [ong yTMAn3auuu

BblLLE
3aX0pOHEHMA

oonun

OcyuwecTtBnsercs m

YTBEpXAEHHbIN

pPagMaUMOHHBIA  KOHTPOSb | n. 6(a) u. 2 cay':fggﬂhmggjr%w'c NN ocywecTBnseTca
OTXOLOB NOMa W 4epHbiX | [locTaHOBNEHUS yI'Io AA0K dbopManbHo
MeTannos B Buae | MNpasutenosctea PO ot o6pa54eHm| c
Q
:g;gﬁ;lglp)osawblx Kyckos, | 28.05.2022 N2 980 OTXOHaMM 2 - ocywecTensieTcs
) NMpOM3BOACTBA

0 - He ocywecTBnsieTCs

NTOIO no 6noky:

ot 0 no 10

ESG-ayaut MOxeT cTaTb OEeMCTBEHHbIM MPAKTUYECKMM WMHCTPYMEHTOM YMpaBieHUS PUCKaMM,
CBSI3aHHbIMM C ObpalleHneM C OTXO4aMM B HedpTerasoBoM OTpaciau, 0COBEHHO B KOHTEKCTE MasbiX U
cpefHuX NoapsaaHbIX HedTeCcepBUCHbLIX OpraHU3aLUi.
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OueHka 3HepreTuueckor 3ddekTMBHOCTH (Tabnuua 4) sBngeTcs 06s3aTeNlbHbIM COCTaBHbIM
3/1IEMEHTOM CTpaTeErnMmn yCTOM4MBOro passutus. CTpykTypa 3HepronoTpebneHuss obbekTa onpenensiercs
COCTaBOM (PYHKLMOHUMPYOLWEro o6opyaoBaHus, adMUHUCTPATUBHBIX U XO39ACTBEHHbIX MOMELLEHWUN.

Tabnuua 4. OnNpoCHbIM NUCT 3KOMOrMUYECKOro

Table 4. Environmental audit questionnaire for

ayauTa COOTBETCTBUSA xo3qiMcTBeHHOM  compliance with ESG criteria (energy efficiency)
AeaTenbHocTM  npeanpuatua  ESG-kputepusam
(3HeproagdeKTUBHOCTD
KoHTponbHbIit BONpoc Kpurepuii CBupeTenncTBo PesynbTar npoBepku (BbIBOA,
ayautopa putep ayamTta ayauTopa)
0 - monnTMKa He yCTaHOBNEHA
peanpuaTiem n. 3.2.4 TOCT P
yCTaHoBneHa [lloantuka B | A 1 - nonuTHKa yCTaHOBMEHA, HO
nco 50001- JHepreTMyeckas
obnactu SHEPTeTUKM, | 5092 ChcTeMbl CONMTUKE He oTBeyaeT TpeboBaHMAM
COOTBETCTBYHOLLAS SHEDIETMYECKOTO DELNDUSTHS rOCT P MCO 50001-2023
TpeboBaHMAM Mere KMEHTaY PEANp 2 - NOAUTMKA YCTAHOBNEHA U
CTaHAapToB? A oTBeyaet TpeboBaHuam [OCT
P NCO 50001-2023
Ha MPEANPNATAM Otyet no dopme N2
npuMeHseTcs
ngorpeaMSlHi)e 23-H «CBeneHnsn 0 | 0 - ne npumeHsieTcs
oBecneyeHme s n. 101 Mpwukasa npou3BoACTBeE,
MOLENMPOBAHUS MuH3sHepro PO nepenave,
P o7 12.08.2022 N2 | pacnpefeneHuu u
NPOLECCOB NPOM3BOACTBA | g4 noTpeGneHNH
3HeprunM u notpebnexmns ANEKTPUYECKO 2 - npuUMeHseTcs
3HepreTMyecKnx SHEDIUMY
pecypcos? P
Cunamu npeanpusaTms
peanusyetcs
ABTOMAaTU3MPOBAHHbIN n 53 55 71 0 - He peanusyetcq
gagnr)gf:qecmx paeccxo,g,gg Mpukasa YTBEPXKACHHaS
y p OTKHOHeHEﬁ yP B MuH3Hepro P® | HayanbHUKOM LEexa
T12.08.2022 N® YXMMHas KapT
noTpebneHum npu gll 08.2022N pe as kapra
OCYyLLEeCTBEHUU 2 - peanusyetcs
TEXHOJIOrMYECKOro
npouecca?
[ns  npeanpustus  c 0 - 3Ha4yeHus He paccyuTaHbl,
peanp BO3MOXHOCTM  peKkynepauuu
YYETOM PEXUMHBIX KapT 0 He onpeseneHbl
Szgﬁz:ggbl 3HauenusA F/iMHaHeprgMK?D?ES Otuyer no dopme N2 | 1 — paccynTaHbl 3HAYEHUS, HO
SHepronoTpeGnenms, oT 14.05 2025 N2 23-H; Otyet 0 He onpefefieHbl BO3MOXHOCTH
onpeseneHs oMbl | 511 TennonotpebneHun | pekynepaumu
pagOTbl y BO3MC[)))KHOCTM 2 - 3HAYeHMs PpacCUMTaHbl,
peKynepaLum Tenna? BO3MOXHOCTM  peKynepauuu
onpeaeneHsbl
0 - cucteMa MeHeayXMeHTa He
BHeApeHa
n. 4 FOCT P UCO Otuet 0 1 - cucTeMa MeHeOXMeHTa
Ha npeaonpuaTmnm 50001-2023 quHKLI,VIOHVIpOBaHVIVI BHeOpeHa q)opMaano, «Ha
BHeOpeHa cucTtema «CUCTEMBI CUCTEMDI bymare» NI cucTema
3HepreTM4yeckoro SHEPrETMYECKOrO 3HEpPreTM4ecKkoro | MeHemKMeHTa HaxoAuTCa Ha
MeHeoXMeHTa? MEeHEeLXXMEHTa 3Tane BHeApeHns
MEeHEeLKMEHTa»
(C3HM) 2 - cuCTeMa MeHemKMeHTa
BHEApPEHA M MOJIHOLEHHO
(YHKLMOHUpPYET
NTOIO no 6noky: ot 0 go 10

Cpenn TONAMBHBIX pecypcoB B HedTenobbiue Havbonee LWMPOKOE MPUMEHEHWE HaXOAsT
[Au3enbHOe TOMMBO apKTUYeCKOro U 3UMHero Buaa, 6eH3unH HedTaHON, HedTb, MasyT. [lobbiua HedTw,
rasa M ra3oBOro KOHAEHCATa, a TakxKe CBA3aHHble C HUMM MPOLEeCChbl pa3BeaKU, TPAHCMNOPTUPOBKU ChIpbS,
ero 06paboTku, IBAKIOTCS SHEPro- 1 Ten10eMKUMK nporeccamu. MotpebneHne sHeprum u UCNob3yemble
BMObl TOMAMBA TECHO CBfi3aHbl C BbIOpOCAaMM MAPHMKOBBLIX [a30B, B CBA3M C 4YeM OLEHKA
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3Hepro3p@PeKTMBHOCTH

JNOJIXKHa

NpOBOAMUTLCS

NMPUPOAOOXPAHHBIX MEPOMPUATUIA.

MNpeanpoekTHasi OUEHKa BO34EMCTBMS, MOMMMO MpPOYEro, 3aTparMBaeT BogonoTpebneHue u
BOLOOTBEAEHME, OAHAKO DONblLe BHUMAHUS TPAAULMOHHO YAENSeTCs NOBEPXHOCTHLIM BoAaM. lNpu 3Tom
BEPOATHOCTb HEFATUBHOMO BO3AEMCTBMSI HA NOA3EMHbIE BOAbI, HANPMUMeEp, NpW pa3BeaKe Uan 0CBOEHUM
CKBAXXMH, 3HAYMUTENbHO BbILE, YEM Ha MOBEPXHOCTHbIE. KOHTPOIbHbIE BOMPOCHI Tabnuubl 5 pokycmpytoTcs
Ha cneundUYHbIX AN OTPACAM AcNeKTax BO3LEMCTBUS HA BOAHbIE PecypCbl.

Tabnuua 5. OnpocHbIM AUCT 3KOMOrMUYECKOro

ayauTa COOTBETCTBUSA
AeATeNbHOCTU
(sBoaHble pecypcbl)

npeanpuaTus

X038MCTBEHHOMU
ESG-kputepusm

B KoMmiekce C

OLEHKOM

3 PeKTUBHOCTH

Table 5. Environmental audit questionnaire for
compliance with ESG criteria (water management)

KoHTponbHbIi1 BONpoc

PesynbTart npoBepku

CTOYHbIX BOJ, B BOAOEMbI?

ayavTopa Kpurepwuii CBupeTenncTBO ayauTa (8blBOA ayauTOpa)
€MNCTBYOLWMMHU
T’D‘EXHOHE)/FMU‘:ILECKMMM n. 2 ct. 44 N2 74-03 0 - HeT, He UCK/0YEHDI
«BopaHbin Konekc TexHonornyeckmm
pernamMeHTamMmu MCKIIOUYeHbI | >0
cbpocol 3arpsi3HEHHbIX OCCMMCKOM PErIaMeHT
Mdepepaunm» 2 - pa, UCKJTHOYEHbI

0 - HeT, He yTBEPXAEH

onmsnexawmx

1 - YTBEPXAEH,
Ha npeanpusaTUmn MeponpuaTus
yTBEPXK/EH nAaH cocTaB/ieHbl 6e3 yuyeta
MeponpuUsTUii no | n. 3 NoctaHoBneHus oTpacsiesou
NpefoTBPALLEHMIO Mpasutensctea P® cneunduky,
3arps3HeHus,  3acopenus | ot 31.12.2020 r. N2 dopmanbHo
MOA3EeMHbIX BOAHbBIX | 2451 2 - yTBepXxaeH,
00bEKTOB M UCTOLLEHUS ~ | MEpONpUATUSA
BOA? Ig”aHeMgp:”ap”’e‘T“TO COCTaBNEHbl B
n ';gr ﬂﬂSTHepHVI;I: :"' COOTBETCTBUM c
p il 0TpacneBoil
3acope cneumduKoil
NoA3eMHbIX BOAHbIX
06beKTOB 0 - He 0bopynoBaHbI
Ha nnowapkax, KoTopble 1 - 06OpyAOBaHbI, HO
NOTEHUMANBbHO MOTYT CTaTb HaboaeHNs He
MCTOYHMKOM  3arps3HeHuns | n. 5 MMoctaHoBneHuMs ocywecteasiotcs MM
Noa3eMHbIX Bog, | [MpaBuTenscTBa Pclg OCYLLeCTBASIOTCS
060pyn0BaHbl or 08.05.2025 N¢ HeperynspHo
cneunanusnpoBaHHble 604 2 - obopyaoBaHbi
HabnwoaatenbHble HabMoaeHNs ’
?
CKBAKMHDI ¢ OCYLLLECTBASIOTCS
perynspHo
KoHCTpyKumen emkocten M 0
e3epByapoB Ha 0b6bekTe o — HET, pa3sunBebl He
EIBOE yap P L 2, NOANYHKT «3%» TexHuueckun UCKJTIOYEHbI
BO3MOKHbIE 33/1MBbI MNocTaHOBNEHUS nacnopT eMKoCTew
TeXHONOrYECKMX P MNpasutenbctea P® HaKOMUTENbHbIX,
< ot 08.05.2025 N¢ NOAMNUCAHHbIN
KMAKOCTEN, WCMONb3YeMbIX | ¢y MaCTEPOM yuacTka 2 - pa, pasnues
MpY UCMbITAaHUKU (OCBOEHUM) UCKIIOYEHDI
CKBaXMH?
0 - HeT,
Hencteyowmnm 3aMKCMPOBAHBI
TEXHONOMMYECKUM npeueaeHTbI
ct. 59 N¢ 74-03
o o rpA3HeHus
MPOLEccoM UCKMIOYEHA | BoaHbiit KOZEKC TexHonormyeckuii 3arpsse
BO3MOXHOCTb  3arpsi3HEHMS | po o - o pernameHT
NOA3EMHbIX BO,
A A Mdepepaumm» 2 - [pa, npeueneHToB

3arpsa3HeHus He
?
M30/IMPOBAHHBIX NIACTOBY BLISBIEHO
NTOIO no 6noky: ot 0 g0 10
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Heppononb3oBaHMe TeCHO COMPSXKEHO C HapylleHWeM MOYBEHHOro MNOKPOBa BCneacTeue
OCYLLECTB/IEHUS XO39ACTBEHHOW OEeATeNbHOCTM Ha OCOBEHHO YS3BUMBIX M UYYBCTBUTENbHbIX Y4YacCTKax
(HanpumMep, B 061aCTAX MHOTONIETHEN MEP3N0ThI).

Jkcnnyataums 06bekToB HeTeNnpOMbIC/Ia MOXKET CONMPOBOXAATbCSA Pa3nBaMu HeTENPOLYKTOB,
MWHEpPanbHbIX Macen, 3arpsA3HeHHbiX 6ypoBbix pacTBopoB. OueHWTb [AOCTAaTOYHOCTb M MNOAHOTY
yrpaBieHYeCcknX pelleHMin Mo 3eMenosb30BaHUI0 MOXHO C MOoMOLWb 610Ka «3emnenonb3oBaHue
M PEKYNbTUBALMA HapYLUEHHbIX 3eMenby» (Tabaunua 6).

Tabnuua 6. OnpocHbiii nuct 3konornmuveckoro  Table 6. Environmental audit questionnaire

ayauTa COOTBETCTBUSA xo3samcTtBeHHon  for compliance with ESG criteria (land use)
AeatenbHocTM  npeanpuatua  ESG-kputepusam
(3eMnenonb3oBaHue)
KoHTponbHbIit BONpoc . PesynbTar nposepku
ayavTopa Kputepui CBupeTenncTBO ayauTa (BblBOA ayAMTOPa)
MNpennpusatue
oCyLLeCTBNAET 02 er 22 Ne 136- 0 - Her
gﬁﬂg{;gm&cm Ha | 3 «3eMe/bHbll [orosop apeHapbl 5
Kogekc Poccuickon 3eMnu - na, BCe
npaBoycTaHaBnBalowmx Mdepepaumm» NOoATBEPXAAOLLME
[OKYMEHTOB Ha 3eMeJlbHbli [OKYMEHTbI B HaNMUMM
y4acToK?
0 - He NpenycMOTpeHO
lMpoeKTHOM [OKYMEHTauMeN n 7 20 UL npepycMoTpeHo,
npeaycMoTpeHo MoCTaHOBNEHMS MpoekT peKynbTUBaLMS He
0693aTeNbCTBO no BbINOJIHSIETCA
eKyNbTUBALMM  3EMENb B MNpaButenbsctBa P® peKynbTUBALUK
PEKY ot 29.05.2025 r. N2 | HapyLWeHHbIX 3eMefib
clydae  yXyAWeHus  UX | Jgq 2 - npepycMOTPEHO,
KayecTBa? peKynbTUBaLMS
BbINOJIHSIETCA
0 - HeT, 3anper He
. NnpeaycMOTpeH UM He
AokymenTaunel cobntogaercs
npeanpusTUS YCTAHOB/EH U " 1 _

HCTPYKLUMS MO 3anper
peanusyetcs  3anpeT Ha II]I 1 c1. 8.6 KoAll PO npoBeneHHio NpeaycMoTpeH, HO
HEeCaHKLMOHMPOBAHHOE opuya 3emenb 3eMASHbBIX PaBoT BbISIBNIEHbI NPELEAEHTb!
CHATME WU NepeMeLleHune HapyLLeHuii
NA1040POAHOrO CN0S NOYBbI? 7 R sanper

cobntopaetcs
Mpennpuatem exerofHo B 0 - 5
YCTaHOB/EHHbIM CpOoK . e,u;[c)fag/ne;géqm he
NpefoCTaBieHbl CBEIEHUS O | 2 Mpukasa | Otuer no dhopme Ne p
peKyIbTUBALMM 3eMenb, | oo oo or 2T
CHATUM W UCMONb30BAHMM 0
NIOOPOMHOTO CNOSI MOYBHI 29.12.2012 N2 676 (pekynbTMBaLMS) 5 . Tpebyerca
[o] _ I
no ¢opme N2 2-T[ npeaocTaBnseTcs
(pekynbTMBaUma)?
0 - nnaH He
Ha npeanpuaTum paspaboraH
peanp MnaH 1 - nnaH paspaboraH
pa3paboTtaH K1 yTtBepxaeH | n. 5 MMocTtaHoBNEHMS NPEAYNDEXAEHUS U
N9 Kaxaoro o6bekta HBOC | Mpasutensctea PO | P HXKEM D (opManbHo, «Ha
Mnan npepynpexgeHns wu | ot 31.12.2020 r. N¢ Adau, bymare», MeponpuaTus
AMKBMAALIMN 0a3MBOB | 2451 Pa3/IMBOB HEQTU U | BLIMONHAKTCS YACTUYHO
2 HedTenpoaykTos 2 - nnaH paspaboTaH
HedTN U HedTenpoayKTOB? MeponpUATHA J
BbINOJIHSIHOTCS
NTOIO no 6noky: ot 0 go 10

Ob6s3atensctBa MO oxpaHe OuopasHoobpasua (Tabnuua 7) ons npupoaonosib3oBaTenei
3aKpenneHbl B AEMCTBYIOWEM 3akoHoaaTenbctBe Poccuitckon Mepepaumn, 04HAKO MUX BbINOAHEHUE -
0COBEHHO Ha TEpPUTOPUSAX, HE OTHOCALLMXCS K 0COBO OXPaHSeMbIM — SABNSETCS TPYAHO OTCNEXMBAEMbIM
NS HAa[30pHbIX OpPraHOB BCNEACTBME OTCYTCTBMUS 00513aTeNbHbIX K 3an0NHEHMI0 GOpPM CTaTUCTUUECKON
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oTtyeTHOCTM. Kak cneacteue, KOHTPONb peanusaumMuM MeponpusiTui4i B 3TOW 06MacTM MpaKTUYEeCcKu

MOMHOCTbIO Mepexoaut K OpraHu3auunam,

0eaTenbHOCTb.

Tabnuua 7. OnNpoCHbIM NUCT 3KOMOrMUYECKOro

HENOCPeACTBEHHO OCYLLECTBASIOWMM  XO3SMCTBEHHYHO

Table 7. Environmental audit questionnaire for

ayauTta COOTBETCTBUSA xo3qiMcTBeHHoM  compliance with ESG criteria (conservation of
aestenbHoctu  npeanpuatua  ESG-kputepuam  biodiversity)
(oxpaHa 6uopasHoobpasus)
KoHTponbHbIi1 BOnpoc Kpurepuit CBupeTenncTBO PesynbTat nposepku (BbiBOA,
ayautopa ayamTta ayauTopa)
0 - He ucknoyaeTcs
1 - BblHYXAEHHO He
Mpeonpusatuem UCKIOYAETCS, HO BHELPEHDI
UCK/IOYAeTCs  pa3MelleHune ) LOMNONHUTENbHbIE
MPOMbILWEHHBIX NAOWA[OK E G4-EN11 Mpoexr NpeBeHTUBHblE mMepbl
TaHZapTa opraHusauuu
B rpannLax 0co6o otyeTtHocTH GRI CTpOMTeNbCTBA HELOMYLUEHMA
OXPaHSIEMbIX  MPUPOLHBIX CBEPX/IMMUTHOIO
TepputTopun? QHTPOMOreHHOro
BO34EMNCTBUA
2 - UCKNKYaeTcs
0 -  MOHMTOpPUHI  He
NpoBOAMTCS
Mpeanpustuem 1 - MOHWTOPUHT
OCYLLECTBAAETCS nposoAnTCH, HO
MOHWUTOPUHI  MOKasaTenen, Mpoekt OBOC, pE3yNbTaTbl HE
CMOCOBHbIX okasatb | n. 7.2 TOCT P | pasmen Mepeuenp | OOPabatbiBaloTcs M He
Havbonbllee BAMsSHME Ha | 59782-2021 Meponpuatuii no | ABNAKOTCA  OCHOBOWM  ANIA
CTPYKTYpy M KayecTBo | «buonoruueckoe oxpaHe pa3paboTku
NPUPOLHbIX coobuiecTs | pasHoobpasue» OKpY>KatoLLe npUpoAa0OXpaHHbBIX
(3aconenue noys, cpenpbl MEeponpuaTum
MU3MeHeHue YpPOBHS$ - MOHWUTOPUHT
rPYHTOBbIX BO,D,)? npoBoaAnTCA, pe3XﬂbTaTbl
SABNAKOTCS  OCHOBOM  Ang
pa3paboTku
NpUpPOA0OXPaAHHbIX
MEpPONpUITUI
[MpoeKkTHOM AOKyMeHTauuen
npeaycMoTpeHa OLEHKa Mpoekt OBOC, 0 - oLEeHKa He
noTeHUMana  MHTPOAyKuMM | G4-EN12 | Pasamen MepeyeHb | NpeaycMoTpeHa
MHBA3MBHbIX BMOOB, Crannapra MeponpusaTUin No
BPEAMTENEN | oTyeTHoCTH GRI OXpahe
B03OynmTenen 3aboneBaHuni OKpyXKatoLLew 2 - OLEHKA
pacTeHuH, YXMBOTHbIX, cpeapbl npeaycMoTpeHa
yenoBeka?
Mpeanpustuem 0 - He ocyLlecTBAsieTCS
OCYLLEeCTBNAETCS
ﬁg;;ﬁgﬁﬁﬂ&””e n. G4-EN13 [NpoekT 1 - ocywecTBnsercs,
MeCTOOBUTAH M c CraHpapTa opraHusauuu nokasaTesiu He
nocneaylouLe’ otyeTHocTH GRI CTpouTeNbCTBa BepuduuMpyroTCS
BepUdUKaLMel nokasatens 2 - ocywecTsnsercs,
BOCCTaHOBNEHMS? nokasarenu
BepUbULMPYIOTCS
MpepnpuatMeM  eXxerogHo
peannsyoTcs 0 - He peanusytotcs
[o6poBO/IbHbIE n. G4-EN11 OTuet B BMOe
MHULMATHUBDI no | CraHzgapTta CTaTbM Ha canTe

KOMMeHcauMn BO3OENCTBUM
(nocapka oepeBbeB, BbIMYCK
MOJI0AM pbib)?

otyeTHocTH GRI

KOMMNaHUH

2 - peanusyoTcs

MTOTO no 6noKy:

ot 0 oo 10
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Mo paccmaTpmBaeMoMy 610Ky HU3KKMIA BaNNbHbBIN pe3ynbTaT MOXET CBUAETE/IbCTBOBATL O MasoW
BOBJ/IEYEHHOCTW BbICWIEr0 PYKOBOACTBA KOMMAHUM B AOOPOBOSMbHbIE MHULMATMBBI MO COXPAHEHUIO

61opasHoobpasms.

Cucrema 3KONOrMYeckoro MeHeaXXMeHTa 3akoHoOMepHo gononHset ESG-crpateruto (tabnuua 8).
B HacToswee BpeMS OHM QYHKLMOHMPYIOT CUMBUOTHYECKM, BYAyUYM TECHO CBSA3AHHBIMU APYT C APYIOM.

Tabnuua 8. OnNpocCHbIM NUCT 3KOMOrMUYECKOro

ayauTa COOTBETCTBUA
AeATeNIbHOCTU

npeanpuaTus

X03AMCTBEHHOMU
ESG-kputepusm

(cMcTema 3KONOrMYECKOro MEHEAXKMEHTA)

Table 8. Environmental audit questionnaire
for compliance with ESG criteria (environmental

management system)

KoHTponbHbIi1 BOnpoc

PesynbTart npoBepku

3KOJIOrMYeCcKMX acnekToB?

ayavTopa Kpurepwuii CBupeTenncTBO ayauTa (8blBOA ayauTOpa)
- cmcTeMa
MEHEeLXMEHTA He
BHeApeHa
- cmcTeMa
MeHeKMEeHTa
n. 4.3 7OCT P MCO Otuet 0 BHeApeHa (GopManbHO,
II:IIan[;I/z?(ﬂEFO)ﬁ?ATpMyZTBI-éiﬂcgee;: 14001-2016 GOYHKUMOHUPOBAHUKM | «Ha  Bymare»  UJIU
3KONOMMYECKOIO «Cucrtemsl cUCTEMBI CMCTEMA MEHeKMEHTa
MEHELKMEHTa? 3KOMI0rMYecKoro 3KO/1I0rMYecKoro HaxoQuTCs Ha 3Tane
MeHeOXMeHTa» MEHEeLKMEHTa BHeApeHus
- cncTema
MeHeKMeHTa
BHeApeHa "
MOMHOLEHHO
(PYHKUMOHMpPYET
0 - noautuka He
YCTaHOB/IEHA
1 - noInTHKa
YCTaHOB/IEHA, HO He
Mpeanpusatuem oTBeYaeT TpeboBaHUAM
pa3paboraHa u nybauyHo | n. 5.2 TOCT P NCO JKoJsiormyeckas roCT P NCO
3a[eKnap1MpoBaHa 14001-2016 nonmTtnka komnanuu | 14001-2016
3KOoN0rmyeckas nosimTnka? 2 - noInTHKA
yCTaHOB/IEHA 7
oTBeYaeT TpeboBaHUAM
roCT P UCO
14001-2016
0 - uenmu He
MpeanpusTHem YCTaHOBJIEHbI
3340KYMEHTUPOBaHbI . 6.2.1 TOCT P UCO LleneBble 1 nnaHoBble é - u%%mgﬂaHoegﬁgzl
COOCTBEHHbIE  M3MepUMble 14001-2016 3KoM0rMyeckune (hOpMarbHO ’
3KO/MIOrMYeCcKMe LUEeAn  Ha rokasaTtenu ’
6nmxanwme 5 net? HENSMEPUMO
2 -  YCTaHOB/EHbI
M3MepUMble LeNn
[na kaxpgoro obbekta HBOC _
npeanpusatua  nposogutca | n. 6.1.2 TOCT P NCO 3KonPoer?4(t:4Tepcmx 0 - He nposoaurcs
naoeHTMduKaums 14001-2016 3CMeKToB 2 - nposoauTcs

MpepnpuatMeM  eXxerogHo
OCYLLECTBNSETCA pacKpbITHE
MHpoOpMaumMm B  06MaCTM
yCTOMYMBOTO pa3BUTUS?

n. 7.4.3TOCT P NICO
14001-2016

OTyeT 06 ycToMYMBOM
pa3BUTUU

0 - He ocywecTBnsieTcs

2 - ocyulecTBngeTcAa

MTOIO no 6n10oKy:

ot 0 oo 10

Bbicokune cTaHaapThbl B 061aCTH 3KON0OrMYeCKoi 6e30MacHOCTH, NPUMEHSIEMbIE MPEeANPUATUSIMU Ha
L06pOBO/IbHOM OCHOBE, MUHUMM3UPYIOT Crieumbuyeckme (MAMOCUHKPA3ZUYECKUE) PUCKU, TO ECTb PUCKM,
BHYTPEHHE TNpUCYLLME [EeATENbHOCTU KOHKPETHOrO XO3SMCTBYIOLWErOo CyObekTa M He CBsA3aHHble
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c obuwepbiHOYHbIMKU  KOnebaHuamu [[3eaunk, YcayeBa 2022]. 370 cBMAeTenbCTBYeT O 6Gonbluein
YCTOMYMBOCTM KOMMAHWUN, BHeapsowmx ESG-npuHUmMnbl, K cneumduyeckmm nokaabHbIM U OTPACNEBbIM
MOTPACEHUAM.

OueHKa >KM3HEHHOro UMKNA NPOAYKTa, KaK CNneacTeue, paclumpsieT rpaHMUpbl  CUCTEMbI
IKONIOTMYECKOr0 MeHemXXMeHTa, MO03BONSS OUEHMTb He TOMbKO Mepbl BHYTPEHHEro KOHTPONs,
OXBaTbIBAOLLErO UCK/HOUYMTENIBHO TEXHONOrMYECKME MPOLLECChl M 3KONOrMYyeckme acnekTbl AesTeNbHOCTH
BHYTPY KOHKPETHOrO NPeanpusaTUS, HO U ero BHELWHWe B3anMoaencTemna (Tabamua 9) ¢ noctaBwmkamm,
KOHTpareHTamu, notpebutensimu.

Tabnuua 9. OnpocHbii auct 3konorndeckoro  Table 9. Environmental audit questionnaire
ayauTa COOTBETCTBUSA xo3aicTBeHHon  for compliance with ESG criteria (sustainable
aestenbHoctu  npeanpuatua  ESG-kputepuam  financing, supply chains)

(ycToiunsoe puHaHCMpOBaHMeE, LLeny NOCTaBOK)

KoHTponbHbIN BONpoc " PesynbTat npoBepku
payp.mopa P Kputepmit CBupeTennCTBO ayauTa (lea on ay;u'rop‘;)
< EN3364 E'ggﬁ,u,agja 0 - KOHTpareHTbl He
OHTpareHThI npoxogsT NPOXOAST OLEHKY
0653aTeNbHyIo oueHky | OT4eTHOCTM GRI PernaMeHT n
COOTBETCTBMS  MOCTaBLIMKA POBEPKM
Tpe6oBaHMam ycToiumsoro | M. 4.2.1 TOCT P UCO KOHTPaTEeHTOB
pasBUTHS? 28002-2019 2 -  KOHTpareHThl
«YCTOMYMBOCTD LIEMU NPOXOAST OLEHKY
NOCTaBOKY
MpeanpusTiem n. 493 rOCT P 0 = He ukcupyercs
dukcupyertcs 56861-2016 1 - dukcupyetcs, He
noTeHUManbHoe HeraTuBHoe «Cucrema BNMAET Ha NpuUHATHE
BO34EMNCTBUE Ha | ynpasneHns peLeHun
KOMIMOHEHTbl OKPYXXAOLLEN | XKM3HEHHbIM 2 - dukcupyertcs,
cpefbl B LENnoYke NOCTaBoK? | LUKIOM» BAUSET Ha NpUHATUE
peLleHnn
KoHTpareHTamu
ocyulecTaAReTCH yuer (n:,TaHﬂapTa G4-EN33 0 - He ocywectenaetcs
rokasaTenemn BblbpOCOB oTYETHOCTH GRI
NapHWKOBbIX ra308? 2 - ocywectensercs
0 - cucTema
OTuyeT 0 KOHTpareHTe MeHeXMEeHTa He
BHeApeHa
- cucTema
MeHeoKMeHTa
KoHTpareHTamu BHeapeHa u | n. 4.2.2 TOCT P MCO zugnpegaMingaanHcl;i
npuUMeHseTcs cuctema | 28002-2019 CMCTeMayMeHe sKMeHTa
3KO0JIOrM4eckoro «YCTOMUYMBOCTD LIEMYU HaxXoaMTCs Hg sTane
MeHe)KMeHTa? NMOCTaBOKY» BHEpeHMUS
- cuctema
MeHeIKMEHTa
BHeApeHa "
NOJIHOLLEHHO
YHKLMOHUpPYET
KoHTpareHTamu 0 _ Mepbl He
[OKYMEHTUPYHOTCS Mepbl
npenoTBpaLLeHns Mmiln G4-EN32 PernaMeHT NpoBeDnky AOKYMEHTUPYlOTCA
NMKBMAAUMK skonornyeckmx | CtaHpapTta KOHT areElTOBp
UHUMOEHTOB ANA CHMXEHMSA | oTyeTHocTh GRI P 2
HeraTMBHOro BO3OENCTBUA ~ Mepe
Ha OKPYXXAIOLLYIO Cpefy? LOKYMEHTUPYIOTCS
MTOIO no 6noky: or 00010
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« PaspaGOTKa KOHTPOJbHOIO NUCTa 3KONOrM4eCcKoro ayamTa CoOOTBETCTBUA XO3SICTBEHHOI IEATENBHOCTH ... »

MeTonoB, MO3BONIFKLWMX U3MEPUMO OLEHWUTb YCTOMUYMBOCTb Lienein MOCTaBOK C TOYKWM 3peHus
OXpaHbl OKpYyXalolen cpeapl, HET B OTEYECTBEHHOM MpakTuke. HepocTaTouHOCTb MeToauyeckor 6asbl
obycnaenvBaeT npobenbl B OLLEHKE COOTBETCTBUS TPEOOBAHMSM YCTOMYMBOIO pPa3BUTUS LieMnel NoCTaBoK.

Henb3s He 3aMeTUTb, YTO AN MHBECTOPOB 0COOYK LLEHHOCTb NpeacTaBnsoT B 6onblen mMepe
He TeKyLuMe 3KOoMorMyeckme nokasartesm KOMNaHmu, a ctpaternyeckme: Hanpumep, B Poccmum otmevaetcs
exerogHoim npupoct - okono 20% - 3aTpaT Ha MeponpuaTMs MO OXpaHe OKpYXatlen cpenbl
[KpaBueHko 2022]. YnpaBneHune B 061aCTM pacxofoB Ha OXPaHY OKPYXAloLeln cpefbl MOXHO OLEHUTb
C NOMOLLbO 6/10Ka BOMPOCOB, NpeacTaBneHHbIX B Tabnuue 10.

Ta6bnuua 10. OnNpoCHbIA AUCT 3KONOrMUYECKOro

ayauTa COOTBETCTBUA
AeATeNIbHOCTU

npeanpuaTus

X03AMCTBEHHOMU
ESG-kputepusm

(pacxopbl Ha OXpaHy OKpYXaloLLei cpeabl)

Table 10. Environmental audit questionnaire for
compliance with ESG criteria (environmental

protection costs)

Nno CTaTUCTMYECKOM (opme
4-0C?

KoHTponbHbIi1 BONpoc Kpurepwii CBupeTenbcTBO PesynbTat nposepku (BbiBOA
ayautopa ayauta ayauTopa)
MNpeonpusatmemM  exerogHo 0 - BbISBNEHbI HApyLIeHUs
[OKYMEHTUPYIOTCS B CpOKax u (unu) nopsgke

CcBeaeHus 0  TeKywux npeaocTaBneHms
3aTpaTax Ha oxpaHy | MNMpukas Pocctata ot | OTyer no popme N2 | cTaTUCTUYECKOM
okpyxatowen cpegbl  u | 26.08.2021 N2516 4-0C OTYETHOCTU
3KONOMMYEeCKMX  MnaTexax 2 - p[a, OTYETHOCTb

npeaocTasneHa no dopme
B YCTAHOBNEHHbIA CPOK

MpeonpuatMeM  exerogHo
He no3gHee 10 wMapta
npencTaBnseTcs

Leknapaums o nnate 3a
HBOC?

n. 8cr.16.4 N2 7-03

«06 OXpaHe
OKpYyKatoLLen
cpenbl»

Lexknapaums o
nnate 3a HBOC

0 - BbISIBNEHbI HapYyLIeHUs
Mo CpPOKaM MU MOPSAKY
npefocTaBneHus

2 - pa, npefocTaBnsieTcs

MNpepnpusatuem 0 - He ocywecTBNgeTCs
ocyuiecTnsercs
BO3MelLLEeHnE Bpega | n. 1 ct. 77 N2 7-03 .
. KBapTanbHbii
oKkpyxatowen cpege B | «O6 oxpaHe
NONHOM OBbEME B NOPAIKE, | OKPYKAIOWLEH pacyeT nnathl3a | 2 - OCYLLECTBASETCS B
’ HBOC NoJHON Mepe
YCTaHOBJ/IEHHOM cpenbl»
[enCTByOLWMM
3aKOHOAATEeNbCTBOM?
Mnat H - HeT, npu TBYHOT
nara 3a BOC n.1 2 cr. 16.4 Ne 7- ) 0 eT, NPUCYTCTBYHD
eXekBapTanbHO B KBapTanbHbin OTK/IOHEHMS B CPOKax
o ®3 «06 oxpaHe
YCTaHOBJIEHHbI Cpok | o sKarowLei pacueT nnatbl 3a
pacCYnTbIBAETCS Py HBOC 2 - pna
5 cpenbl»
npeanpuUsTUEM?
3a OT4YeTHbIM rog  Ha 0 - UHUMAEHTBI
npeanpusTum He o 3a(PUKCUPOBaAHbI
3aMKCMPOBAHO n. G4-EN29, G4- Peectp caeAenui o
NpOBeAEHHbIX
MHUMOEeHTOoB B  obnactn | EN31 CraHpapta
o npoBepKax 2 -  WHUMAEHTbI He
OXpaHbl oKpyxatowen | otyetHocTn GRI
PocnpupogHaasopa | 3adMKCMpOBaHbl
cpeapbl, NOBJIEKLUNX
wrpadHble caHKuun?
NTOIO no 6noky: ot 0 po 10
MTOIO no obbekTy B LLeNoM: ot 0 no 100

Pe3ynbTaToM ayauTOpCKOM MPOBEPKU ABMSIETCS BbisBAeHMe obnactel, Ans KOTOpbix Tpebyetcs
MOBbILLIEHWE YPOBHS OMEePaLUOHHOI0 KOHTPOS CO CTOPOHbI PYKOBOACTBA C LIeNIbi0 YBEIMYEHUS 3HAYEHUS
GannbHbIX NOKasaTenen YCTOMYMBOrO pas3BuUTUSA. Yek-UCT npeBpallaeT 3KONOTUMYECKUA ayauT U3
CYObEeKTUBHOIO MHEHWS B BOCMPOM3BOAMMBIN, MONE3HbIA ANS MPUHATUS YNPaBIEHYECKUX peLueHni
MHCTPYMEHT, MO3BONAOWMIA NpeanpuaTuio HedTerasoBoM OTPaC/M MOBbLICUTb CBOK 3KONOMMYECKYHD
3 dekTnBHOCTb, cooTBeTcTBME ESG-npuHumMnam.
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MonyyeHHble 6GannbHble 3HA4YeHMs NpU  NepeBoAe B MNPOLEHTHOE OTHOWEHWEe MOryT
CONOCTaBNATLCS C AEUCTBYIOLLMMU PENTUHIOBLIMU LKaNaMu. NpucBoeHne penTuHra no 3K0N0rnMYecKkomy
KpUTEPUI0, B CBOK oyepenb, MO3BOJSIAET CAeNaTb BbiBOAbI O KayecTBe (YHKLMOHUPOBAHUS CUCTEMBI
yMpaB/ieHWUs OXPaHOW OKpYXXatoLLen cpeapl.

Pa3paboTaHHasg MeToOMKa 3KOMOrMYECKOro ayauTa COOTBETCTBMS MpoWa MpaKTUYEeCKYHo
anpobauuio Ha 6ase 6yposor komnanum 000 «HCX A3UA OPUNIUHI», Bxoaswen B rpynny
npeanpusatuii «HedTbcepBucxonamHry. Beilbop obbekTa 06ycnoBneH Tem, 4To nNpeanpusTue SBNSETCS
OOHMM M3 BeJyWnX NoApsSAYMKOB B 0061aCTM CTpOUTENBbCTBA HEDTAHBIX M Fa30BbIX CKBAXMH.

Ha ocHoBe pa3paboTaHHOro KOHTPOALHOro Amncta B Tabnuue 11 BbINOMHEH aHanM3 MPOEKTHOM
M 3KCMyaTaLUMOHHOM  OOKYMeHTauuu (nacnopta 060pynOBaHMS, MoOKasaHus npubopoB  yyeTa
371eKTPO3HEPIUM, TEXHONOTMYECKME pPErnaMeHTbl), U3y4YeHWe SHEepreTUYecKor MOIMTUKKM MpeanpusaTms
M BHYTPEHHUX PernameHToB B 06/1aCTM OXPpaHbl OKpYXKatoLLer cpefbl. 3an0aHEH ONPOCHbIM UCT No 610Ky

«JHepreTnyeckas 3PPeKTUBHOCTbY.

Ta6bnuua 11. Anpo6auus KOHTPONbHOrO AMUCTa
ayauta cooTtBetcTtBUA Ana npeanpuatua 000

«HCX A3US APUNJINHI »

Table 11. A
Checklist, NS

proval of the Compliance Audit
ASIA DRILLING LLC

Pesynbtar
KoHTponbHbIN Bonpoc ayauropa Kputepui CBuaeTenbCTBO ayauTa npoBepKu (BbIBOA,
ayauTtopa)
lMpeonpustMemM yCTaHOBMEHA
ﬂgnﬁTv?Ka By obnacty | o 5.2:4 TOCT P MCO
50001-2023 «CucreMbl JHepreTuyeckas
SHEpPreTUKMU, 1
3HepreTM4ecKkoro NoMTUKA NpeanpuaTms
COOTBETCTBYOLWAS
MeHeIKMEHTa»
TpeboBaHMAM CTaHAAPTOB?
Ha MpennpUSTUM Otuet no dopme N2
pPEAND 23-H «CBepeHus o
NPUMEHSETCS MNpOrpaMMHoe
Npon3BOACTBE,
obecneyeHune ons | n. 101 MNpukasa
nepenave,
MOLENMpPOBaHMS NpoLeccoB | MuHaHepro P® ot acnpeseneHm 2
npousBoacTBa 3Heprun M | 12.08.2022 N2 811 pacrp
noTpeb6ieHnn
noTpebneHus o
3N1eKTPUYECKOM
3HepreTMYeCcKnx pecypcos?
3Heprumn»
Cunamum npeanpuaTus
peanusyercs
ABTOMATM3MPOBAHHbIN
P n. 53, 55, 71 Mpwuka3za YTBEPXAEHHAS
KOHTPO/Ib pacxonoB
SHEPreTMUECKUX PecYPCoB W MuH3Hepro P® ot HayasbHUKOM Lexa 2
_ 12.08.2022 N2 811 peXMMHasi kapTa
OTKNOHEHWI B MNOTpebneHmm
npu OCYLLEeCTBNIEHUM
TEXHOM0rMYeCcKoro npouecca?
Ona npeanpustua C yyetom
PEXMMHBIX KapT paccyuTaHbl
3HAYEHUS yaenbHoro | n. 32 Mpukaza Otuet no dopme N2
3HepronoTtpebneHus, MuHaHepro P® ot 23-H; Otuet 0 2
onpegneneHbl pexumbl paboTol | 14.05.2025 N2 511 TennonotpebneHuu
M BO3MOXHOCTU peKynepaumu
Tenna?
Otuet 0
Ha npeanpustun BHeopeHa n. 4 TOCT P MCO GOYHKLMOHUMPOBAHMUM
Peanp PeRa | 50001-2023 «Cucremsr | PV P
ccTema 3HepreTMyeckoro CUCTEMDI 2
3HepreTM4yeckoro
MeHeIKMeHTa? 3HepreTM4eckoro
MeHeIKMEeHTa»
MeHemKMeHTa (CIHM)
NTOIO no 6noky: 9
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MonyyeHHas oueHka B 9 6annoB n3 10 no 610Ky aHeproapdekTMBHOCTM B Xo4e anpobaumu
pa3pabOoTaHHOrO KOHTPO/JBHOrO MCTa OOBACHSETCS COBOKYMHOCTbH)  OOBEKTMBHBIX  (AKTOpPOB,
CBMAETENbCTBYHIWMX O CUCTEMHOM UM OTBETCTBEHHOM MNOAXO4e MpemanpusTMs K YNpaBleHUIo
3HepronoTpebneHneM. [laHHOe 3HayeHue OOBACHSETCH, npexae BCero, TeMm, 4YTO HOPMaTMBHOE
perynupoBaHue 3Heprocbepexenus B Poccuiickor Mepepaunm OTAMYAETCS 3HAYUTENbHOM CTeneHbto
MEeTOA0/I0rMYeCckom NpopaboTKM 1 AeTanmn3aumm.

Hanuumne pasBuTOn HOpMaTMBHOM 6asbl  CO3gaeT npeanocbiiku  ang  ¢GopMMpPOBaHUS
y npeanpuatuii 3QeKTMBHOM CUCTEMbI SHEProMeHeIXMeHTa, cepTUdULMPOBaHHOM No cTaHaapTty ISO
50001, v no3BongeT KOMMNAHMSAM HaKanauMBaTb BepuUPUUMpPYEMble [aHHbIE, KOTOpble BbICOKO
oueHuBatoTca npu ESG-ayauTe.

MNpuceBoeHune 6annbHOro 3HaveHus (9 6annos 13 10 BO3IMOXHbIX) B TAKOM AMana3oHe no3BonseT
CAoenatb BbIBOA, UTO CUCTEMA YNpaBNeHWMS 3HepretTMyeckon 3@PdeKTMBHOCTbID HaxoAMTCs Ha 3Tane
hopMann3oBaHHOM 3penocTu.

Anpobaumsa noateepamna, YTO MpenjoXeHHas MeToaMka obecrneynBaeT BOCMPOWM3BOAMMOCTb
pe3yNnbTaToB, MPUrogHa A1S MCMOMb30BaHWMSA KaK NpW BHYTPEHHEM ayauTe, Tak M NpW MOATOTOBKE
K BHELWHMM NpOBEpPKaM M nonyvyeHunto ESG-pevtutra.

3AKJTIOYEHME

TaknuM 006pa3oM, 3KOMOrMYeckass KOMMOHEHTA OTPAXKAET KayeCTBO M MOSHOTY COAepyKaHus
KOpNOpaTMBHbIX MOMMUTMK B 0ONACTM OXpaHbl OKpYyXKalowen cpenbl, AeKapboHM3aUMK, M3MEHEHWI
KNMMaTa, 3HeproaddPeKTMBHOCTU; NO3BONSET OLLEHUTb MOMHOTY PACKPbITUS CBEAEHUI 06 3KONOrMYECKUX
pUCKaX, CTENEeHb  OTKPLITOCTM  WMHPOpMauUMM B 0ONACTM  HAPYLWEHWI  NPUPOAOOXPAHHOIO
3aKOHOAATeNbCTBA. BONMBbWMHCTBO MEpeunciieHHbIX Bblle MOKa3aTenein - Kak abCcontoTHbIX, TakK M
OTHOCMUTENbHBIX — SABNSIOTCS KQYECTBEHHBIMU U U3MEPUMbBIMMU.

YHuBepcanbHbiii hOpMaT YeK-NCTa AN OLEHKM MO 3KonornyeckoMy kputeputo ESG obnapaet
BO3MOXHOCTbIO MPUMEHEHUS B NtOOLIX YCIOBUAX M MO3BONSET OTC/IEXMBATL AMHAMMKY MOKa3aTenen
ayamTa — Npuv NOBTOPHbIX UMKNAX NPOBEPOK. Takoi NoAxoa NpeaoCcTaBasieT BOSMOXHOCTb GUKCUMPOBATb
Mporpecc peanusaumm peKoMeHAALMI U KOPPEKTUPYIOLLMX MEPOTPUATUN.

KoHdnukTt nHtepecos | Conflicts of Interest
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MAamaATK HuKkonAa UBAHOBUYA PENOPOBA

XuryHosa C.H., MapTbiHeHKo B.B., Wupokux M.C.,
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AHHomauyus

8 okTa6ps 2025 ropga YWwEn W3 XM3HWM WM3BECTHbIN
poccuiickmin skonor Hukonaw WMeaHoBuu (DepopoB —
MoYETHbIM pabOTHMK HAYKM WM BbICOKMX TEXHOMOMMI
Poccuiickon Depepaunmn, 3acnyKeHHbIR OesTenb Hayku
Pecnybnukn bawkoptoctaH, [LOKTOp 6GMONOrMYeckmx
HayK M 3aBepylowmit nabopatopueirt reobOTaHUKM U
pacTuTenbHbiX  pecypcoB  Ydumckoro  MHcTUTyTa
6uonorun YOUL, PAH. 3Ta crates o Bknage Hukonas
MBaHOBMYA B HayKy M €ro 4enoBeYeCKMX KayecTBax:
TpyLontobun, NpefaHHOCTU HayKe, WMPOKOM Kpyrosope,
OT3bIBUMBOCTM WM TOTOBHOCTU LOEAUTLCA C KOMNeramu
CBOMM OMbITOM.

Knrouesvie cnoea:

H.U. ®epopos, pacTuTesibHble pecypchl,
anKkanouaoHocHble pacteHus, HOxHbIA Ypan, BausHue
U3MEHEHMS KNUMATa Ha PacTUTENbHOCTb

locmynuna e pedakyur: 19.05.2026
lpuHsmo e neyame: 11.06.2026

IN MEMORY OF NIKOLAI IVANOVICH FEDOROV

Zhigunova S.N., Martynenko V.B., Shirokikh P.S.,
Akhmetova M.R., Baisheva E.Z.
Ufa Institute of Biology of the Ufa Federal Research Centre
of the Russian Academy of Sciences, Ufa, Russia
"E-mail: mishaulya@yandex.ru

Abstract

On October 8, 2025, the renowned Russian ecologist
Nikolai Ivanovich Fedorov passed away. He was an
Honored Worker of Science and High Technologies of
the Russian Federation, an Honored Scientist of the
Republic of Bashkortostan, a Doctor of Biological
Sciences, and the Head of the Geobotany and Plant
Resources Laboratory at the Ufa Institute of Biology of
the Ufa Federal Research Center of the Russian Academy
of Sciences. This article discusses Nikolai lvanovich's
contributions to science and his personal qualities:
diligence, dedication to science, broad erudition,
responsiveness, and willingness to share his experience
with colleagues.
Keywords:

Nikolay I. Fedorov, plant resources, alkaloid plants,
Southern Urals, impact of climate change on vegetation
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Hukonar MBaHoBu4y poaunca B Ydpe 3 moHa 1958 roma. B 1975 roay okoHumn wkony N2 29 u

NOCTYNUA Ha XMMMYeckui akynbTeT balwKMpCKOro rocynapCTtBeHHoro yHusepcuteTa (bawly), nosxe
nepeBEsCs Ha BeYepHee oTaeneHune buonormyeckoro dakynbteta, KOTopbii okoHuun B 1983 rogy. C 1979
no 1985 rog oH paboTan B Xx0340roBOPHOM nabopatopum reobotaHmku bawlyY non pykoBoaCTBOM
npodeccopa b.M. MupkuHa. 'pynna yyeHbix nabopaTtopum NpoBOAMAA OLLEHKY COCTOSIHUSA U COCTaBNEHUE
KapT eCcTecTBeHHbIX NacToumuwHbix yrogmi bawknpckon ACCP, paspabatbiBana npoOAyKTMBHbIE TPaBSIHbIE
accoumauuu Ang  pasfiMuHbIX MNPUPOAHBIX 30H, CO34aBafa  CTAaTUCTMYECKME METOAMKM  aHanu3a
PaCcTUTENIbHOrO MOKPOBA, A TaKXKe BbICTynana MHMLMATOPOM NpuMeHeHns noaxoaa X. bpayH-bnanke npu
knaccudumkauumn pactutenbHbix komnnekcos CCCP. Hukonai VBaHOBMY yyacTBOBan B HECKONBbKMX
HanpaBneHUsIX 3TuX mccnepoBaHuii, B 1982-1985 rr. 6b11 coaBTOpOM MNyOAMKALMM, MOCBALLEHHbIX
3KONOMMYECKMM HULIAM BUA0B B PA3NINYHbIX TUNAX GUTOLLEHO30B, BAUSHMIO NACTOULWHON Aerpafaummn Ha
CTPYKTYpY necHbIx coobuiects [MupkuH u dp. 1984a,b; ®enopos n dp. 1985a). Yke B Te roabl nposiBuacs
€ro TaNaHT BMAETb LLeNIOCTHYH KapTUHY B3aMMOCBS3eN MeXAy KOMMOHEHTaMM 3KOCUCTEM U NPUMEHSTD B
CBOMX MCCNefOBaHUAX MaTeMaTuyeckue u ctatuctuyeckme metonbl [Pegopos u dp. 1985b], KoTopbiMu
OH O4YeHb XOpoLlOo Bnazen, 6narofaps HesaypsAHbIM MaTeMaTUyeckuMM CcnocobHocTaMm. B Te BpemeHa,
KOrfa MHOrMe TOMIbKO HauyMHanu 0CBamMBaTb KOMMbHOTEPHbIE TEXHOMOMMMU, OH YXXe B COBEPLUEHCTBE 3HaN
BCE BO3MOXHble PYHKLMMU CNeLnan3vpoBaHHbIX NPOrpamMMm, YTo NO3BONANO YCKOPUTb 06paboTKy AaHHbIX
M B pa3sbl YBEIMUYNTb 0OBEMbBI AaHANN3UPYEMOIM MHDOPMALUMN.
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Hukonaii UBaHoBMY B
CTyAeHUYEeCK1e roapl

Nikolai Ivanovich in his student
years

B 1985 roay Hukonan
MBaHoBWY nepewén B UHCTUTYT
6uonoruu (torpa -
bawkupckun punmnan AH CCCP)
M NOCTyNUA B 3304HYIO
acnupanTypy.  KaHaupatckyto

auccepraumio «BnnsgHue
BbiMAca HA HMXHME SApYChl
COCHOBO-6€epe30BbIX necos

tOxxHoro  Ypana» [MDepopos
—— —— - o 1988] oH 3awmtnn B 1988 T.

B AMCCEPTALMOHHOM coBeTe npu 6uonormyeckom dakynstete MIY. B 3101 paboTe, BbINOJHEHHON NOA,
pykoBoacTtBoM b.M. MUpKKHa, Bblnn He TONbKO BbiSIB/IEHbI MHAMKATOPbI MACTOULLHOM ANTPECCHMM U HOPMbI
BblNaca CKOTa, HO M BNepBble ONUCAHbI HOBblE ACCOLMALLMM NECHOW PACTUTENBHOCTM U OAMH HOBbIN COHO3
IOXKHO-YpanbCKnx Me30duTHbIX necos Trollio europaei-Pinion sylvestris Fedorov in Ermakov et al. 2000.

C konneroi H.A. MapTbsaHoBbIM B 3kcneamumn (1991r.)  With colleague N.A. Martyanov on an expedition
(1991)

Hukonan MBaHoBKMY BCeraa nopaxan Konner pa3HOCTOPOHHMM NOAXOAO0M K uccnenosaHmsm. OH
HMKOrAa He OrpaHMYMBANCA OLHOM TOYKOW 3pEHUS, A YMeN B3rNSaHYTb Ha NpobnemMy € COBEPLUIEHHO Pa3HbIX
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CcTOpoH. Ocobbii MHTEpPEC Yy Hero Bbi3blBaM MEXAUCUMMIMHAPHbIE MCCNEA0BAHUS: OH Haxoaun
MHTEpPEeCHble TEMATUKM Ha CTblke OMONOMMKM U XUMWMK, CTapasncs LUMPOKO BHEAPSATb MaTeMaTuyeckue
MeTOAbl B 6OTAHMKY M 3KOSIOTUIO.

B Hauane 1990-x rr. Hay4Hble MHTepecbl Hukonas MBaHoBMYa ObiiM B OCHOBHOM CBS3aHbl C
M3y4eHMeM pacTeHui cemeictBa Ranunculaceae u 3aKOHOMEPHOCTEN COAEPXKAHMUS B HUX ASIKANOMAOB.
OH aKTMBHO 3aHANCS M3y4eHWeM BWMAOOB pomdoB Aconitum w Delphinium, SBASIOWMXCS MCTOYHMKAMM
6MONOrMYeCckM aKTMBHbIX BELLECTB, 00/1afaloWmMX LEHHbBIMM  (ApMaKONOrMYeCKMMU  CBOMCTBAMM.
OpHoBpeEMEHHO 60/bluOe BHMMAHME OH YAENAN UCCNeLOBaHUI0 MONYNSIUMOHHOMW M TaKCOHOMMYECKOM
CTPYKTYpbI, @ TaKXKe PEHOTUNNYECKOrO pa3HOOOpa3ung 3TUX BUAO0B. MaTepman ons TakMx MHOFOMNAAHOBbIX
nccnenoBaHMii COOMpancs B Xoae ANUTENbHbIX 3KCNeAMLUMIA HA MPOTIKEHUU MHOTUX NET.

PaboTa 6blna BaXXHOM YacTbio XXM3HKM Hukonas MBaHoBKMYa, KOTOpPLIV HanpaBAsn Ha NpoBeAeHue
nccnenoBaHUA BCE CUMMbI M DHEPIUI0, He anen CBoero fiMyHoro umywectsa (bonee 90% Bcex
3KCNeAMLMOHHbIX BblE34,0B OCYLLECTBASAMNCL HA €ro IMYHOM TpaHcnopTe). Ha nepBom 3Tane TpeboBanoch
NMPOBECTU CKPWMHMHI Gopbl Ha Hanuuue ankanowpos. [Ong 3toro Hukonal VMBaHOBMY C Kosjeramu
00be3auIM NpaKTUYECKM BCO pecnybanky. HekoTopble aHanu3bl Aenanum B NoneBbix ycnosusx. logxoabl
K MOCTAaHOBKE aHanM30B B3asla Ha cebs cynpyra Hukonas VBaHoOBMYA — KaHAMOAT XMMMYECKMX HayK
OkcaHa MBaHOBHa MuxaineHko, ero BepHbiit COPAaTHUK M MOMOLLHMK. OKCaHa MIBaHOBHA HEM3MEHHO Bblnia
WTYPMaHOM: BO BpeMs OBMXEHUS CBEPANACh C KapTOM M KOppPEKTMpOBana Maplpyt. bnarogaps atomy
noneBble MCCNe0BaHMS BCerga ObUIM TWATENbHO CMIAHUMPOBAHbI M WAM NO YETKOMY rpaduky. Takke
[OBOJIbHO 4acTo B 3TM noe3akn Hukona MeaHoBmY 6pan poyb [awy, KoTopas € ManbiX NeT He cuaena
6e3 pena, a BbINOJMHANA [HOCTYMHYHO er paboTy, 4acTO HapaBHE C acCNMpaHTaMM M HAYYHbIMM
COTPYOHMKAMMU.,

Hukonait UsBaHoBMY ¢ Konneramu u cembeir. Cnesa Nikolai Ivanovich with colleagues and family. From left
Hanpaso: A.A. Ucanrynosa, J1.B. CupopoBa,  toright: A.A. Isangulova, L.V. Sidorova, L.M. Ishbirdina,
JI.M. MwbupaunHa, cynpyra Hukonaa MBaHoBuua - Nikolai lIvanovich's wife - 0.l. Mikhaylenko with
0.U. Muxaiinenko ¢ pouepbto Hawen, H.U. Pepopos  daughter Dasha, N.I. Fedorov (1996)

(1996 r.)
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C acnupantkoit M.P. AxmetoBoit
(JlyrmaHoBoit) Bo Bpemsi c6opa
pactutenbHoro cbipbs (2005 r.)

With graduate student
M.R. Akhmetova (Lugmanova)
during the collection of plant
material (2005)

B 3TOW pabote
0COOEHHO SpKO MpOSBUAMCH
npucylwme emy Tpyagonobue,
BbICOKas paboTocnocobHOCTL M
HaCTOMYMBOCTb B LOCTMXKEHUM
MOCTaBNEHHbIX uenen. Mtorom
3TUX MHOFONETHUX MUcclienoBa-
HWIA CTanu KpyMnHble HAy4Hble
ctatbn [Depopos, MapTbsHOB
1993; Mepopos u dp. 1996,

1997, 1999, 2002; ®epopos, MyxamerssHoBa 2002; NwbupaumHa, ®epopos 2003] u pokTopckas
aucceptaums  «Aconitum L. v Delphinium L. Ha OXHOM VYpane: BHyTpMBMAOBas CTPYKTypa,
3aKOHOMEpPHOCTM COAEpXXaHus ankanouaos, ONTUMM3ALMS PecypCHOro Mcnonb3oBaHusa» [Mepopos
2006], kotopas 6bina 3awuuweHa 8 2006 r. B auccepTalMoHHOM coBeTe npu buonormyeckom dakynbrete
bawly.

PaboTbl No M3yyeHunto ankanonMaoHocHoM Gnopbl Pecnybnnku bawkopTocTaH NONYYMIN BbICOKYHO
OLEHKY 1 bbbl nogaepkaHbl OToeneHmem 6uonornyecknx Hayk PAH, yto nossonmno B 2006 r. co3patb
B MHctutyTe Bronorum YOULL PAH JTabopaToputo 3Kk0n0rMm pactTutesbHbIX pecypcoB, KOTOPYH BO3M1aBu
H.N. ®epopos. B 3agaum 3T0ro Hay4yHoro nogpasfeneHus Bxoamna paspaboTka HayyHoro obecneyeHus
PaLMOHANBHOrO WCNONb30BAHMS WM PACWIMPEHHOr0 BOCMPOM3BOACTBA PACTUTENIbHBIX PecypcoB B
Pecnybnuke bawkopTocTaH.

Konnektus Jlabopatopun skonormn pactutenbHbix  The team of the Laboratory of Ecology of Plant
pecypcoe  YUb VYODOUL, PAH. CneBa HanpaBo: Resources, UIB UFRC RAS. From left to right:
A.0.'ypkoBa, J1.IO. CamoitnoBa, T.B. LleHgens, Ya.0. Gurkova, L.Yu. Samoilova, G.V. Shendel,
H.U. ®epopos, C.H. XXuryHosa, M.P. AxmeTtoBa (2011r.) N.l. Fedorov, S.N. Zhigunova, M.R. Akhmetova (2011)
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Konnektusom nabopartopuu 6bina npogenaHa 6onbwas paborta no M3yyeHMIo ankanouaoHOCHOM
¢dnopbl Pecnybnuku bawkoptoctaH. OTM uccnefoBaHus Obinv HeOO6XOOUMbI ANS BbISIBIEHUS HOBbIX
aNKaNOMAOHOCHbIX PACTeHUI: faNbHelliee M3y4YyeHUe MX XUMMMUYECKOro COCTaBa OTKPbIBANO MNyTb K
CO3[4aHMI0 HOBbIX npenapaToB. [IOMMMO nNOMCKA BWAOB, KOTOPble $BAATCS MNEpPCNeKTUBHbIMU
MCTOYHUKAMKM BMONOrMYECKM aKTMBHbIX BELLECTB A5 GapMaLeBTMYECKON NMPOMBbIWNEHHOCTH, Bonbluoe
BHMMaHMWE yaensnocb 0COBeHHOCTAM pacnpoCTPaHEHNS aNKaNnoOUA0HOCHbIX PACTEHMI B Pa3MYHbIX TUNAX
coobwects  HOKHO-YpanbCKOro perMoHa, M3yYeHUI0 XMMMYECKOro COCTaBa pasHbiX OpraHoB
NEKapCTBEHHbIX PacTeHW, B 3aBUCMMOCTM OT MecTa Npom3pacTaHus, dasbl Beretauuu, KaMMaTuyecknx
YC/I0BMI U APYTUX PaKTOPOB.

PesynbTaTbl UcCnenoBaHWiA, 3HaYMTENbHAS 4acTb KOTOPbIX MPOBOAMMACH B COTPYLHMYECTBE C
akagemnkoM PAH M.C. HOHycoBbiM M KOMnekTMBoM JlabopaTtopun XUMUM MPUPOLHbLIX COEAMHEHWUN
MHctutyta  xummm YOUL,  PAH, 6binM Mcnonb3oBaHbl AN OpraHuM3auuMu  NpoM3BOACTBA
aHTMApPUTMMYECKOro npenapaTa «AnnanuHuH» B Pecnybnnke balikopTocTaH, a Takxke Ans pacmpeHus
pecypcHol 6asbl Ans NPOM3BOACTBA MEAMLIMHCKMX NPenapaToB Ha OCHOBe ankanoupos. H.W. Mepnopos
ABNgeTCs coaBTopomM 6onee 60 nybaMkaumii MO XMMUKM PaCcTUTENBHOTO Cbipbs. B xone coBMecTHOM paboTbl
6b1n11 HaMAeHbl HOBble ankanouapl y BuAoB poaa Delphinium [XavputanHosa u dp. 2003; Khairitdinova
et al. 200543, b; Gabbasov et al. 2008a, b], aHTnBUpYCHbIE CBOMCTBA ankanouaos y BUA0B poaa Thalictrum
[Tsypysheva et al. 2015], Chamaecytisus [Lipinbiwesa u dp. 2016], Genista [LUbinbiwesa u dp. 2017], Takke
M3yyanucb MUNMAbI HEKOTOPbIX BMAOB pacTeHun ceM. Boraginaceae [Yunusova et al. 2012, 2018, 2022,
2024, 2025].

Hukonain MBaHoBKWY BCerga CTpeMuUncs BHeApSATb NONYYEHHbIE HAaYUYHble pe3y/bTaTbl B MPAKTUKY,
MO3TOMY Y Hero poaunacb mMaes NpUMEHEHUS AaHHbIX GAOPUCTUYECKON Knaccu@uKauuum no MeTomy
bpayH-bnaHke pgna peweHus npuknagHbix 3agadv. llop ero pykoBoactBoM € Hadvana 2000-x romos
npoBoamMfiack MacwTtabHas OuUeHKa pecypCHOro noTeHumana nekapcreeHHoM dnopbl KxHoro Ypana.
NccnepoBaHus BKNKOYANM feTaslbHOE M3yYeHue 3KOMOro-LeHOTUYECKUX 0COBEHHOCTEN BUAOB, MMEIOLMX
MPaKTMYeCKoe 3HayeHue, a Takke pa3paboTky nepenoBbiX METOAMK OJ19 OLEHKM MpPOAYKTUBHOCTU
NEKAPCTBEHHbIX PACTEHWUI U NPUHLMMOB UX HEUCTOLLMTENBHOIO UCMOMb30BaHMS.

C Xwurynosoit C.H. B 3kcneguumm no wusydenmwo  With S.N. Zhigunova on an expedition to study
pecypcHOro noTeHuMana JNeKapcTBEHHbIX BuAoB  the resource potential of medicinal plants (2007)
pacteHumit (2007 r.)
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Ins 6onee uem 50 BMAOB, aKTUBHO WMCMONb3YEMbIX WAM NEPCNEKTUBHBbIX AN 3aroTOBOK
PaCTUTENIbHOTO CbIpbs, OblIM NPOBEAEHbI pacyeTbl 3anacoB. [1ns 3TOro NpMMeHsNMCcL coBpeMeHHble TNC-
TEXHONOTUU U PErPECcCUOHHDBIA aHanu3, CBSA3bIBAKOWMI MACCy 3aroTaB/IMBAEMbIX YaCTeil pacTeHMi Ha
€4MHULY NIOWAAM C UX MPOEKTUBHBIM MOKPLITUEM B PA3/IMYHBIX TUMAX PaCTUTENbHbIX CO0bWecTB. bbino
YCTQHOBNEHO, 4TO MOMMMO KNACCMYECKMX MNOAX0A0B B OOTAaHMYECKOM pecypcOBeAEeHWUM, LEHHYIO
MHhOPMaLMIO NS OLEHKM NIeKapCTBEHHbIX pecypcoB NpeaoCTaBslOT reoboTaHMYECKMEe OMUCaHua,
Knaccudukaumsa pacTUTeNbHOCTM M KapTorpapuyeckme MaTepuanbl IECOYCTPOUTENbHBIX M MOYBEHHO-
reoboTaHnuecknx obcnepoBaHuii. [looyepkMBanacb BaXHOCTb He TONbKO onpeneneHns 06bemMoB
3anacoB, HO M OLLEHKM peanbHOM BO3MOXHOCTM 3aroTOBOK B KOHKPETHbIX PAacTUTE/bHbIX CO0bLecTBax, a
TaKXXe MPOrHO3MPOBAHMS AMHAMUKM NPOAYKTUBHOCTM BMAOB B YC/NIOBUSIX €CTECTBEHHbIX CMEH
PacTUTENbHOCTM. DTU HAY4HbIE U3bICKAHMS NOCAYXMAN GYHAAMEHTOM ANs AOKTOpCcKon amccepTtaummn C.H.
Xurynosont [KuryHoa 2019], Hay4yHbIM KOHCYNbTAaHTOM KOTOpOM Obin Hwukonan MBaHOBMY, a Takxke
BOWAM B MOHOrpaduio «MeTopgonornyeckne OCHOBbI OMTMMM3ALMM  PECYpCHOro  MCMOb30BaHUS
nekapcTeeHHon nopbl KOxHoro Ypana» [Penopos u dp. 2013].

B 2017 ropy H.W. ®epopos Bo3rnasun Jlabopatoputo recb0TaHUKM M PaACTUTENIbHbIX
pecypcoB YWMb YOWULL PAH, kotopas obpa3oBanacb B pe3synbrate camaHus JlabopaTtopum
reob0TaHMKM M OXPaHbl PACTUTENbHOCTM M JTabopaTopum 3KONOTMKU PaCTUTENbHBIX PeCypCoB.

Konnektus Jla6opatopum reo60TaHuKu n  The team of the Laboratory of Geobotany and Plant
pactutenbHbix pecypcoB YUB Y®ULL PAH. CneBa  Resources, UIB UFRC RAS. From left to right: top row -
HanpaBo: BepxHuit paag - WI. bukbaes, I.G. Bikbaev, V.D. Gimazetdinov, O.A. Elizaryeva,

B.A. rmmaserauHoB, O.A. EnusapbeBa, [O.M. Tynos,
M.P. AxmetoBa, AO.T. lNa66acoea, M.K. WUw6ynartos,
WU.P. Tyktambiwes, MN.C. LUupokux, HWKHUKA pap -

D.M. Gulov, M.R. Akhmetova, D.T. Gabbasova,
M.K. Ishbulatov, I.R. Tuktashev, P.S. Shirokikh; bottom
row - E.Z. Baisheva, V.B. Martynenko, N.l. Fedorov,

J.3. banwepa, B.b. MaptbiHeHko, H.U. ®Depopos,
I.B. WeHpenb, C.H. XXuryHoBa, A.X. Naneesa. (2024 r.)

G.V. Shendel, S.N. Zhigunova, A.Kh. Galeeva. (2024)

CTanu

OCHOBHbIMU
TeopetTuyeckass uToueHonormsa (Knaccudbukauma pacTUTeNnbHbIX COODOWECTB, U3yyeHue UX

Hay4YHbIMW  HaMpaBneHWaMM 3TOr0 HOBOro noApasgeneHuA

7 ,EI,I/IHaMVIKl/I), pa3pa60TKa, BHEApPpEHME METOOOB WU TEXHONOMUMA OLUEHKM U

CTPYKTYpbl
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MOHMUTOPMHIA 6MONOrMYEeCcKoro pa3Hoobpasms, 3IKOCUCTEMHBIX QYHKLMIA U YCIIyr paCTUTENIbHOTO
nokposa KHO-Ypanbckoro permoHa. B cBa3u ¢ HOBOM A0MKHOCTbIO, TEMATUKA NPOBOAMMbIX MOS
pykoBoacTBOM Hukonasa MBaHoBMYA nccnenoBaHui CyLWweCTBEHHO pacluMpuaach.

Hukonain MBaHoBMY 06nagan LWMPOKUM HAy4dHbIM KPYro3opoM M HWMKOrga He 6081CS HOBbIX U
HeopAMHapHbIX 33aaay. COTPYAHMKM 4aCTO BCMOMMHAIOT ero cnosa: «Obsa3aTenbHO NonyuuTcs, BCeraa
nonyyaetcs». B kauecTse npumMepa MOXHO NPUBECTU OAHO U3 NepBbIX AN KONNeKTMBa npumeHeHune MC-
TEXHONOMMI MpU BbINOMHEHUMU MpoekTa «KapTupoBaHMe pacTUTENbHOCTM M OnpefefieHWe 3anacos
nactoMwWHOro KopMma [Ang co3gaBaemMor  nonynaumu  nowagen  [pXeBanbCKOro Ha  yyacTtke
«[Mpepypanbckas cTenby», koTopbit B 2017 r. Ha XI MexayHapogHom [UC-dbopyme «MHTerpaums
reonpocTpaHcTea - dyayuiee MHOOPMALMOHHBIX TEXHOMNOMMIA» Bbln NpU3HaH «JTy4ylMM MHHOBALMOHHBIM
npoekToM 2017 rofa € MCNONb30BaHMEM KOCMUYECKMX AAHHbIX AUCTAHLUMOHHOIO 30HAMPOBAHNS 3eMN».

Bo Bpems noneBbix uccneposaHuii B 3anoBegHuke  During field research in the Orenburg Nature Reserve
«OpeH6yprckuit» (2016 r.) (2016)

B TeueHune nocnepHux net H.M. ®epgopos noceatnn ceb6s KOMMNAEKCHOMY M3YYEHUIO AMHAMUKM
NpupoAaHbIX 3kocucTeM KOxHOro Ypana, aHanusnpys nx peakumio Ha KnMaTuyeckue CABUMM U pasnuyHble
dopMbl  aHTponoreHHoro Bo3geicteus. OH nepebiM B Yde BHeopun MeTodbl AWCTAHLMOHHOMO
30HAMPOBAHMS 3eMAU AN UCCNIef0BaHUS pacTUTENIbHOMO MOKPOBA, YCMELWHO OCBOMB UX U MOATOTOBMB
KBaNMULMPOBAHHbIX MONOABIX crneuuannctoB. og ero pykoBOACTBOM Oblnn NpoBefeHbl BaXKHble
MCcCnenoBaHMs, BKIKOYAsS OLEHKY BAUSHUS FOPOACKOM Cpelbl HA pacTuUTeNbHble coobwecTBa, co3gaHue
KapT pacTUTeNbHOCTU Pa3IMYHbIX TEPPUTOPUIA U OnpefeneHne 3anacoB Haa3eMHoM buoMacchl JepeBbeB
C MPUMEHEHMEM NTUAAPHBIX TEXHONOMMI. BaXKHbIM HanpaBieHWeM CTano MoAeNMPOBaHNE NOTEHLMANbHbIX
apeanoB BMAOB M COOBWECTB AN NPOrHO3MPOBAaHWMSA WX OyAylWMX WM3MEHEHM B 33aBMCMMOCTU OT
pasfIMyHbIX KIMMATUYECKUX CLeHapueB, a Takxke paboTbl MO M3y4yeHWIo YrIepogHOro noTeHuMana
npupoaHbIX 3kocucteM Pecnybnuku bawkoproctaH. Pe3ynbtaThl 3TMX MccnefoBaHUi, onybiMKOBaHHbIE
B aBTOPUTETHBIX Hay4HbIX u3gaHusax [Fedorov et al. 2022b, a, 2023c, b, a, 20244, b, 2025b, a], nonyynnu
BbICOKYKO OLLeHKY M BbI3BaJIM XMBOW MHTEpec Yy HayyHoro coobuiectBa kak B Poccuu, Tak u 3a ee
npegenamu.
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C6op o6pasuoB pns onpepenenmsa npopyktuBHoctu  Collecting samples to determine the productivity of

pacTuTenbHbix coobuiects TopdsaHuka bBepkasaH- plant communities of the Berkazan-Kamysh peatland.
Kambiw. Cneea Hanpaso: . C. LLiupokux, 3.3. bauwesa, From left to right: P.S. Shirokikh, E.Z. Baisheva,
H.U. ®epopos (2022 r.) N.I. Fedorov (2022)

3HauuTteneH Bknag Hukonas MeaHoBmya 6611 1 B 0xpaHy npupoabl. OH SBNSETCS COAaBTOPOM ABYX
nspannin KpacHon kHurn Pecnybnukum bawkoptoctan [Mupkuu 2011; MapteiHenko 2021], aBTopom
ouvepkoB no Bugam Delphinium uralense Nevski (KMBOKOCTb ypanbckas) u Mercurialis perennis L.
(NnponecHUK MHOroneTHUM), AN9 KOTOPbIX OH HaLlesl HOBble MECTOHaxXoXAeHs B balikopTocTaHe.

3a copok net pabotbl B MHCTUTYTE HWKonain MBaHOBMY NpOWEN nyTb OT MAAALWEro HayyHoro
COTPYAHMKA A0 3aBeaytowero naboparopuei. OH oCyLLecTBASA PYKOBOACTBO 1ab0paTopmusiMm 3KON0rmm
pactutenbHbix pecypcos (2006-2017 rr.) u reoboTaHukn n pactutenbHbix pecypcos (2017-2025 rr.),
6bln pyKOBOAMTENEM M UCMONHUTENEM MNPOEKTOB MO HAYYHO-TEXHUYECKMM MporpammaM Poccuiickoi
®depepaumm u Pecnybnunku bawkoprtocTtaH, rpaHtoB PO®U 1 PHD®, a Takke MHOrOYMCIEHHbIX 4OFOBOPOB
M KOHTPAKTOB C MMWHMCTEpCTBOM MpUPOAONONb30BaHNUS M 3konorun Pecnybnukm bawkoptoctaH u
LpYrMMU OpraHu3aumaMu.

Hukonan MeaHosuy aBTop 6onee 200 Hay4yHbIX paboT, B TOM yncne 6 MoHorpadwmii [baxtusposa
u dp. 2000; depopos 2003, 2012; denopos u dp. 2009, 2013; Wupoknx u dp. 2025] u 2 nateHTOB
[Penopos u dp. 2015, 2016]. MHoro cun oTaaBan NOArOTOBKE MOMOAbBIX KaAPOB: NOA €ro pyKOBOACTBOM
3awmwensl 8 kaHgupatcknx [MyxametsgHosa 2000; KanuypuH 2001; Mcanrynosa 2003; JlyrmaHoBa
2007; CamomnoBa 2012; Kyrtyesa 2022; Tynos 2025; Tyktambiwe 2025] u ogHa A[OKTOpCKas
ancceptauma KuryHosa 2019]. Bo Bpems 3awmTbl cBoero acnupanta .M. l'ynosa Hukona MBaHoBuY
Haxoamncs B 6onbHuLUe. TeM He MeHee, Aaxe BAANN OT CBOEro yyeHuKa bbin B Kypce Bcex npobnem u, no
BO3MOXHOCTM, NoMoran ux pewatb. K coxanenuio, Hukona ViBaHOBMY He A0XWA A0 33aLWMTbl CBOEro
nocnepHero acnupaHta W.P. TykTamblweBa, HO KAayecTBO AMCCEPTALMOHHOM paboTbl, nybaukaumu B
BbICOKOPEWTMHIOBBIX XYpPHanax u rnybokue 3HaHusa cnocobcTBoBanu ToMy, 4to paborta 6bina ycnewHo
3alMLeHa.

Hukonai VMBaHOBMY Obin HEM3MEHHBIM YNEHOM AMCCEPTALMOHHbIX COBETOB, NpeacenaTenem U
UNeHOM rOCYAapCTBEHHbIX 3K3aMeHaUMOHHbIX KomMuccuin. InutensHoe Bpems Hukonait MeaHoBuY 6bin
UNeHOM [MCCepTauMOHHOro coBeTa no 60TaHuke npu BuonornyeckoM dakynbTete bawkupckoro
rocyaapcTBeHHOro yHuBepcuteta. B pabote [duccepraumoHHoro coseta Hukonan MeaHoBuu Bcerpa
NPUHUMAN aKTUBHOE y4yacTMe, BHMKAN B COAEPXAHME KaKAOM AMCCEepTaUMOHHOM paboTbl, YacTo umen
OT/IMYHOE OT APYruX, HO BCEraa TWATeNbHO apryMeHTUMpPOBaHHOE, OCHOBaHHOE Ha 60NblIOM OMnbiTe U
Kpyrosope MHeHMue.

Ocoboe MecTo B ero aywe 3aHnMana paborta ¢ aetbMu. Hukonan ViBaHOBMY HMKOrAA He xanen
BPEMEHM ANS NOMOLM OAAPEHHBIM U YBIEeYEHHbIM Haykon aetam. OH exerogHo yyactsoBan B pabore
«PecnybnnkaHCKMX CNeToB OHbIX 3KONMIOMOB M N1eCOBOAOBY», pecnybnukaHckux dectusanen «pysbs
3anoBeAHbIX OCTPOBOBY» M IKONOTMYECKMX ONIMMNUAL B KQYECTBE YneHa XIopu. B AeTCKnx akonormyeckmx
narepsix ans ocobo opapeHHbix aeterd Hukonan MBaHOBMY MpoBOAMA 3aHATUS NO reoboTaHWKe U
bnopucT1ke, KOHCYNbTMPOBAN NEeAAroros A4OMNONHUTENBHOIO 06pa3oBaHusa Pecnybnunku bawkopTocTaH no
6oTtaHuke. Takke Hukona MBaHOBMY 3aHMMANCs NOAroToBKOM KoMaHg Pecnybnuku bawkopTocTaH K
Bcepoccuitckum akonoro-6mnonornyeckum onMMnuasam.
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Pa6ora >xwopu Ha «PecnybnukaHckoMm cnete toHbiX  Jury work at the 'Republican Rally of Young Ecologists
3KOJI0roB M fiecoBofoB». CneBa HanpaBo: A. 3aiiueB, and Foresters’. From left to right: G.A. Zaitsev,
H.U. ®epopos, A.10. Kynarun (2007r.) N.I. Fedorov, A.Yu. Kulagin (2007)

Y Hukonag UeaHoBuua bbina npekpacHas cembs. Ero cynpyra OkcaHa MBaHoBHa MuxalineHko
BCeraa NoAAepXK1Bana ero 1 6bl1a COaBTOPOM HayuHbIX Nybankaumii. OH oveHb ntobun ceoto AoYb Japbio,
KOTOpasi OKOHYMNA MEeAULMHCKMI BY3 U aCNMPAHTYPY, U TOPANUACS €e yCrnexaMu.

C cynpyroii OkcaHoi MBaHoBHOM Muxaiinenko (2013r.)  With his wife Oksana Ivanovna Mikhaylenko (2013)
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3a rogpl CaMOOTBEpPXEHHOro Tpyaa Hukonan MBaHoBMY 6bln yAOCTOEH LENOro psaa Harpag:
MNouyeTHaa rpamoTa lNpe3mamyma PAH (1999), MNouveTHag rpamota MuHMCTEpCTBa NecHoro xo3sncrea Pb
(2001), MoyeTHaa rpamota MuHucTepcTBa obpaszoBaHma Pecnybnmkm bawkoptoctan (2010), MoyeTHas
rpamoTa npodcotosa paboTHMKOB Poccuiickor akagemum Hayk (2017), MoyeTHoe 3BaHMe «PbiLapb necay,
npucsanBaemoe «MOHAOM 3aWMTbl AMKUX XKMBOTHbIX Pecnybnukn bawkoprtoctan» (2017), 3BaHwue
«3acnyKeHHbI gestenb Hayku Pecnybnukm bawkoptoctan» (2019), MNMoueTHas rpamoTta Kypynrtas
Pecnybnuku bawkoprtoctaH (2021), NovyeTHas rpaMoTa MUHUCTEPCTBA 3KOJIOTUKU M NPUPOLOMNOAb30BaHMUS
Pecnybnukn bawkoptoctan (2021), MoyéTHbIM pabOTHMK HAayKM M BbICOKMX TexHonormi Poccuinckon
Mdepepaumnmn (2024).

C MnaBoii Pecny6nuku bawkoproctan P.®. Xabuposbim ~ With the Head of the Republic of Bashkortostan

Ha LepeMOHUKN BPYYEHUS rOCYAapCTBEHHOM Harpaabl — R.F. Khabirov at the ceremony of awarding the state
3BaHUA «3acnyXXeHHblIM pesATenb Hayku Pecny6amku honor - the title of 'Honored Scientist of the Republic
bawkopTtocran» (2019r.) of Bashkortostan' (2019)

Bce HayuHble pocTukeHMs O6blin 6bl HEBO3MOXHBI 6€3 IMYHOCTHBIX KavecTB Hukonas MeaHoBMua
— YenoBeKa LWMPOKOro Kpyrosopa, Bblaatowieincs pabotocnocobHocT M rnybokow npenaHHOCTH
nsbpaHHomy nytv. OH TrapMOHMYHO couyeTan TpebOBaTENbHOCTL C  A0OPOXENaTeNnbHOCTbIO,
MPUHLUMNMANBHOCTb — C FTOTOBHOCTbI) MPUITU Ha BbIpy4YKy. Kak pykoBOAMTENb M HACTaBHMK, OH CO34aBan
cpeny, roe npodeccuoHanbHoe pa3BuTUe OblI0 HenzbexHbiM, a pabota 6e3 MOMHOM CaMoOoTAaun —
HeMbicanMon. CBeTnas namatb 0 Hukonae ViBaHoBMYe — y4yé€HOM, YenoBeke, Apyre U yuutene Hascerga
OCTaHEeTCs B CepAuax Tex, KT0 MMen cyactbe paboTaTtb psgom € HMM. Ero maew mpopomkar »uTb B
NCCNefoBaHUsIX ero yYeHWKOB U KOmer.
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GOTOIPA®UNN PASHbBIX JIET

MoneBbie uccnepoBaHns B ropax HhkHoro Ypana.  Field research in the mountains of the Southern Urals.
C nouepbto Oaweit (1994 r.) With daughter Dasha (1994)

B kiopu pecny6iMKAHCKOrO KOHKYypCa  HOHbIX On the jury of the republican competition of young
3konoroB. CneBa HanpaBo: B.b. MapTbiHeHKo, ecologists. From left to right: V.B. Martynenko,
C.M. manos, H.1. ®epopos (2004 r.) S.M. Yamalov, N.I. Fedorov (2004)
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Mpurotoenenne nuuiu B 3kcneanumm (2005 r.) Cooking food on an expedition (2005)

Onpepenexune pacteHuii B nonesbix yoiosusx (2006 r. Identifying plants in the field (2006)
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Ha 3aroToBke KopHeit akoHuTa B YenabuHckori oonactu.  During the harvesting of aconite roots in Chelyabinsk
CnpaBa - M.P. AxmetoBa (JlyrmaHosa) (2007r.) Region. On the right - M.R. Akhmetova (Lugmanova)
(2007)

C cotpymHukamu u acnupaHTkamu. CneBa HampaBo:  With colleagues and female graduate students. From
E.A.YpanoBa, H.MN. ®depopoB, M.P. AxmertoBa lefttoright:E.A.Uralova, N.I. Fedorov, M.R. Akhmetova
(JlyrmanoBa), J1.C. A6aynbmeHoBa (2007 r.) (Lugmanova), L.S. Abdulmenova (2007)
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C apyrom u konneroi t0.A. lH6aeBbim (2008 r.) With friend and colleague Yu.A. Yanbaev (2008)

C cynpyroit 0.1. MuxaiineHko Bo Bpemsi uccnepoannini ~ With his wife 0.1. Mikhaylenko during research in the
B 3anoBeaHuke «OpeHbyprckuii» (2016 r.) Orenburg Nature Reserve (2016)
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Ha XIV Cve3pe Pycckoro 6otaHnuyeckoro obwectea B At the XIV Congress of the Russian Botanical Society in
DarectaHe (2018 r.) Dagestan (2018)

Ha 3awmte pokropckoi aucceptaumm C.H. Xurynosoit. At the defense of S.N. Zhigunova's doctoral

CneBa HanpaBo: I.C. PoseH6epr, A.Jl. bymaHueB, dissertation. From left to right: G.S. Rozenberg,

C.H. XXuryHoBa, H.U. ®epopos, TJ1. ErownHa (2019r.).  A.L. Budantsev, S.N. Zhigunova, N.l. Fedorov,
T.L. Egoshina (2019)
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Ha Il Bcepoccuitckon koHdepeHumuu «lMpobnembl At the 3rd All-Russian Conference ‘Problems of
M3YyYeHUs] M COXpaHeHusi pactutenbHoro mupa  Studying and Preserving the Plant World of Eurasia’ in
EBpasuu» B UpkyTcke (2022r.) Irkutsk (2022)

Usmepenne NDVI nopratuBHbiM patumkoM Ha  Measuring NDVI with a portable sensor at the carbon
Kap6oHoBoM nonuroxe (2022r.) polygon (2022)
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C nouepbto Oapbeit (2023 r.) With his daughter Daria (2023)

WUccnepoBanua Ha yvactke «MuwkuHo» EBpasuitickoro  Research at the 'Mishkino’ site of the Eurasian Carbon
Kap6oHoBoro nonuroHa. Cneea Hanpaso: W.I'. Buk6aes, Polygon. From left to right: 1.G. Bikbaev, I.R. Tuktashev,
WU.P. Tyktambiwes, H.U. ®epopos (2024 r.) N.I. Fedorov (2024)
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Yuet apeBocTos Ha npo6Hoi nnowaau EBpasuiickoro
Kap6oHoBoro nonuroHa (2024r.)

Forest stand inventory on the sample plot of the
Eurasian Carbon Polygon (2024)

Ha TopxxectBeHHOM MeponpuaTK, nocBawEHHoM 300-
netuio co pAHA o6pasoBaHua PAH, KoHrpecc-xonn
«Toparay». CneBa HanpaBo: H.N. ®epopos,
MN.C. Wupokux, 23.3. banwesa, C.H. XXuryHosa,
0.T.Fa66acoBa, M.P. AxmeToBa (2024 r.)

Y PUMCKUIA Uty
Buonorun youL| pay

At the ceremonial event dedicated to the 300th
anniversary of the founding of the Russian Academy of
Sciences, Toratau Congress Hall. From left to right:
N.l. Fedorov, P.S. Shirokikh, E.Z. Baisheva,
S.N. Zhigunova, D.T. Gabbasova, M.R. Akhmetova
(2024)

T F

Zhigunova S.N., Martynenko V.B., Shirokikh P.S., Akhmetova M.R., Baisheva E.Z. © 293



Okobuotex. 2026. Tom 9. Ne 2. C. 276-301 «[Mamsmu Hukonas MNeaHoguya @edoposan

CMNCOK JIUTEPATYPbI

baxtuaposa P.M., labutosa .M., lanees 3.W., NaHunes P.M., KanuypmnH M.H., KoHosanos B.®., Kynarun A.10.,
Myxametr3zaHoBa K.®., Hukonenko A.l., PembkuHa H.H. u dp. (2000) leHeTuMueckme acnekTbl
COXpaHeHus 6uonornyeckoro pasHoobpasmsa. WM3patenbctBo  baliKMpCKOro rocynapCTBEHHOrO
yHuBepcuteTa. Yda: 108. VMLYYR

l'ynos A.M. (2025) ®yHKUMOHANbHbIE NPU3HAKM PACTEHUI BbICOKOTPABHbIX M BONOTHbIX CyBanbmUMUCKUX
¢uTOLEHO30B cCeBepo-3anagHoro Kaekasa (TebepOMHCKMI HaAUMOHANbHbIA  Mapk). YPUMCKWUi
YHMBEPCUTET HaykuM WU TexHonoruih. Yoa: 193. [ducceptaumsa Ha COMCKAHME CTEMEHM KaHAuaaTa
Bronornyeckmx Hayk]

XuryHosa C.H. (2019) JlekapcteeHHas ¢nopa HxHoro Ypana: oueHka pecypCHOro noteHuMana U OCHOBbI
HEUCTOWMTENBHOTO MCMNONb30BaHMS. bBalKWpCckuii  rocynapCTBeHHbIM  yHuBepcuTteT. Yda: 290.
[duccepTaums Ha COMCKaHUe CTeENEHN AOKTOpa BMONorMyecknx Hayk] FPBRRU

Ncanrynoea A.A. (2003) lMonynsunMoHHas CTPYKTYypa M 33aKOHOMEPHOCTU COAEpPXaHWs NannakoOHUTUHA B
KOpHeBMILAax pacteHuit Aconitum lycoctonum L. Ha HOxHOM Ypane. bawkupckmii rocyfapCcTBeHHbIN
yHuepcuteT. Yoa: 149. [[lnccepTaums Ha COMCKaHMe CTeneHn KaHanaata buonornyeckmx Hayk]

NwbupamHa J1.M., ®epopos H.U. (2003) Kapuonornueckuii aHanus BupoB poga Delphinium (Ranunculaceae)
Ha lOxHoM Ypane. bomaruyeckuli xypHan. 88(8): 8-19. OKCCZL

Kanuypuu M.H. (2001) PeHoTMNMYecKasn M reHOTUNMYECKas Xapaktepuctuka komnnekca Delphinium Aggr.
Elatum L. Ha KOxxHOoM Ypane. bawknpckuii rocyaapctBeHHbin yHuBepcuTeT. Yda: 156. [Aucceptaums Ha
COMCKaHuWe cTeneHu KaHamaata bMonornyecknx Hayk] ODOSVR

KytyeBa A.l. (2022) AHanu3 3aKOHOMEPHOCTEW COBPEMEHHOrO pPacMnpoOCTPaHEHUS BWAOB-PESIMKTOB
nnencToueHoBoro Komnnekca Ha KOxHOM Ypane u BO3MOXHOMO BAMSHMS Ha MX PacnpoCcTpaHeHue
KIMMATUYECKUX W3MEHEeHWW. BnagMMUMpCKMI rocynapcTBEHHbIM yHuBepcuTeT. Bnagmmump: 157.
[OuccepTaums Ha COMCKaHWe CTENEHU KaHAMAATa 6MON0rMyeckmx Hayk] JHURCK

Jlyrmanosa M.P. (2007) AnkanomnaoHocHble Buabl ¢nopbl [peaypanbs (BbiiBNEHME, 3KOMNOro-LEeHOTUYeCcKme
3aKOHOMEPHOCTM PacnpoCTPaHEHUS, NEPCNEKTUBbI PECYPCHOro UCMOob30BaHMs). MHCTUTYT Buonorum
YHL, PAH. Yda: 187. [dncceptaums Ha COMCKaHME CTeneHu KaHAuaata 6uonornyecknx Hayk]

NOYZOR
MapTbiHeHko B.b. (pes.) (2021) KpacHas kHura Pecnybnukum bawkoproctaH. Tom 1: PacteHus v rpubel (3 13a,).
CTyams oHnaviH. Mockea: 392. RTRDG/

MupkuH B.M. (pen.) (2011) KpacHasa kHura Pecnybnmku bawkoptoctaH. Tom 1: PacteHus u rpubsl (2 u3ga.).
MeauallpuHT. Ya: 384. TGHMMD

MupkuH b.M., Topckasa T.I., HyputanHos W.B., ®epopos H.U., Autypun CU. (1984a) DutoueHoTUYECKME
3aKOHOMEpPHOCTU cesHbIX nyroB. B: Llepbakos K0.B. (ped.) Mexsy3osckuii COOpHUK Hay4YHbIX mMpyoos.
PayuoHaneHoe ucnonb308aHue u oxpaHa nyeoe Ypana. NMepMCKUn CeNbCKOXO3AMCTBEHHbIN UHCTUTYT.
MepMmb: 58-67.

MupkuH b.M., Topckas T.I., HyputauHos U.®., ®énopoe H.N., Myct H.M., bypxaHwwuH P.P., Po3en6epr I.C,,
AnTypuH C.U. (1984b) TpasocesHune n dutoueHonorus. buosoauyeckue Hayku. (3): 5-15.

MyxameT3sHoBa K.®. (2000) bunonormnyeckme oco6eHHOCTM M pacnpocTpaHeHue 3HaeMuka KOxHoro Ypana
Delphinium uralense Nevski. bawknpckuii rocyaapcteeHHbIn yHuBepcuTeT. Yda: 143. [Aucceptaums Ha
COMCKaHMWe CTENEHU KaHaMAATa BMonornyecknx Hayk]

Camoiinoa J1.HO. (2012) XapakTepucTuka NONYNSLMOHHOW CTPYKTYpbl, COAEPXaHMS ankanouaos U
BO3MOXHOCTb PecypCHOro ucnonb3oBaHus BuaoB Thalictrum minus L. v Thalictrum simplex L. Ha
tOxxHOM Ypane. balKkMpcknin rocyaapcTeeHHbin yHuBepeuteT. Yoa: 143, [AuccepTaums Ha COMCKaHMe
cTeneHn KaHamMaaTa bMonornyeckmnx Hayk]

Tyktambiwes W.P. (2025) Skonoro-buonornyeckne acnektol (GOPMUPOBAHUS NECHBIX 3KOCUMCTEM HA
Heucnonb3yeMmbix NawHax bawkupckoro MNpenypanssg. OpeHOYPrckmii rocyfAapCTBEHHbIM YHUBEPCUTET.
OpeHbypr: 149. [duccepTaums Ha COMCKaHWE CTENEHN KaHAMAATa BMONOrMyeckmx Hayk]

Mepopos H.M. (1988) BnnsgHue Bbinaca Ha HWXHME ApyCbl COCHOBO-6epe3oBbix necos KOxHoro Ypana. MY
nM. M. B. JlomoHocoBa. MockBa: 190. [duccepTaums Ha COMCKaHUe CTeNeHU KaHamaaTa buonornyeckux

HayK]
®epopos H.N. (2003) Pop Delphinium L. Ha KOxHOM Ypane: 3konorus, nonynsiuMOHHAN CTPYyKTypa W
B6uoxmmmnyeckne ocobeHHocTu. M3patenbctBo «mnem». Yoa: 149. TIEXB)

®epopo H.N. (2006) Aconitum L. wn Delphinium L. Ha IOxHOM Ypane: BHYTpMBMOOBAS CTPYKTYypa,
3aKOHOMEPHOCTU COAEepXKaHUA ankanouaos, ONTUMM3ALMS PeCYpCHOrO MCNONAb30BaHUS. YOUMCKUIA
NHcTuTyT Buonornm PAH. Yda: 272. [Aucceptaums Ha coMckaHue CTeneHn AokTopa Guonormyeckmx
HayK]

Xurynosa C.H., MaptblHeHko B.B., LUnpokux I.C., Axmetosa M.P., bBanwesa 3.3. © 294


https://elibrary.ru/VMLYYR
https://elibrary.ru/fpbrru
https://elibrary.ru/okcczl
https://elibrary.ru/qdosvr
https://elibrary.ru/jhurck
https://elibrary.ru/noyzqr
https://elibrary.ru/rtrdgj
https://elibrary.ru/tghmmd
https://elibrary.ru/tiexbj

Ecobiotech. 2026. V. 9. Iss. 1. pp. 276-301 In memory of Nikolai Ivanovich Fedorov»

®epopos H.N. (2012) DeHeTMyeCKMI aHANM3 NONYAsSLMMA KOMMIEKCOB O/M3KOPOACTBEHHbIX BUAOB poAa
Delphinium Ha tOxHoM Ypane. B: Mupkur B.M. (ped.) CospemeHHOe cOCmosHUE OCHOBHbIX KOHUenyul
Hayku o pacmumensHocmu. N3patenbctBo «mnemy». Yoa: 118-123. VVSESH

®epopos H.M., Xurynoea C.H. Mwuxannenko O.U. (2013) Metomonornyeckme OCHOBbI OMTUMM3ALMM
pPECYpCHOro WCNOJSIb30BaHMS NleKapcTBeHHoW ¢nopbl HOxkHoro Ypana. Hayka. Mockea: 212.

TIEXEB

®epopos H.W., NwbuppuHa J1.M,, Aubaes t0.A,, NcaHrynosa A.A. (1999) 3akOHOMEPHOCTU FEHETUYECKOMN U
Mop®dOnornyeckon N3IMeHYMBOCTU pacTeHnit bopua cesepHoro (Aconitum septentrionale Koelle) Boonb
BbICOTHOIO rpajiMeHTa Ha ropHoOM Maccuee Mpemenb. Jkonozus. (4): 261-265. VSDWLT

M®epopos H.M., MapTtbsaHos H.A. (1993) OcobeHHOCTM pacnpOCTPaHEHUS M OMHAMMKM LLeHOMONYNsLUM
Aconitum septentrionale Koelle B pactutenbHbix coobliectBax balwkupun. PacmumensHolie pecypcei.
29(3): 29-34. VXPYPL

®epopos H.M., MaptbsiHoB H.A, HukutuHa B.C., MwbupamHa JI.M. (1996) CopepxkaHue ankanouaa
NannakoHMTMHA B NOA3EMHOM W HaA3eMHOM vactax Aconitum septentrionale Koelle B pacTutenbHbix
coobulectBax B bawkupun. PacmumensHsie pecypcel. 32(3): 96-101. VLWONN

M®epopos H.N., MeneHTbes AM., Muxannerko O.U., l'ypkosa £4.0., XuryHosa C.H., Abagpaxumoea I'.C., WeHpenb
IB. (2015) Cnoco6 noBbileHMS COAEPXAHUS ankanouMaa NannakoHWTMHA B 3arOTOBAEHHbIX
KopHeBuLwax Aconitum septentrionale Koelle. MateHT N2 RU 2569359 (1. AKVUSA

®epopos H.M., MenentbeB AMN., Muxannenko O.M., Typkosa £.0., Xurynosa C.H. Kysbmuua JI.IO,,
Abnpaxumosa I.C., LeHpenb I'.B. (2016) Cnocob noBbilweHWs cofepXXaHus ankanonaa nannakoHUTUHA
B 3aroTOB/IEHHbIX KOpHeBMwWax Aconitum septentrionale Koelle. TMateHt N2 RU 2580042 C2.

JVNRBN
Mepopos H.M., MyxametasHoBa K.®. (2002) O deHoTMnUYeckoM pa3Hoobpasuun Delphinium dictyocarpum
(Ranunculaceae) Ha HOxHom Ypane. bomaruyeckul xypHan. 87(10): 85-90. VSDWMD

M®epopos H.W., MyxameTagHosa K.®., Cupgoposa J1.B. (2002) CymmapHoe copep)KaHue U Ce30HHas AMHAMKMKaA
ankanongos y Delphinium dictyocarpum DC. u D. uralense Nevski B pa3HbIX 3KOM0ro-LeHOTUYECKMX
ycnosusax Ha KxkHom Ypane. PacmumensHsie pecypcel. 38(3): 54-59. VYSDWMX

M®epopos H.N., Hasunposa 3.M., Cautos M.C,, XycanHos A.®. (1985a) BnmgHume Bbinaca Ha NogpocT U Noanecok
COCHSIKOB CHbITeBbiX HOxHoro VYpana. B: @umoueHonozusi aHmpono2eHHol pacmumensHocmu:
Mem8Yy308CKuUll HayyHbIl cbopHUK. M3paTenbCcTBO ballkMpCKOro rocysapcTBEHHOro yHuBepcuTeTa. Yoa:
133-137.

®epopos H.N., Hazmpoea 3.M., XasmaxmeTto P.M. (1985b) CraTucTMyeckuit aHanm3 3aKOHOMEPHOCTEMN
FOPM30HTANIbHOM CTPYKTYPbl BbINACAaEMbIX COCHSKOB-KMCAMYHUKOB HOxHoro Ypana. B: MupkuH b.M.
(ped.) AHmponozeHHbIe npoyeccsl pacmumensHocmu. N3pgatensctBo balwkunpckoro gpunmana Akagemuu
Hayk CCCP. Y¢a: 135-142.

®epopos H.M., Crapyxun @M., MurpaHosa W.I, WcaHrynoea A.A., HukutuHa B.C. (1997) Bnwuguue
MeXaHMYeCKoro noBpexaeHus pacteHuin Aconitum septentrionale Koelle Ha copepXaHue B HUX
OWUTEPNEHOBOTO aikanouaa NannakoHUTUHA. PacmumesnsHele pecypcsl. 33(3): 62-67. VONRZH

Mdepopos. H.N., Xa3ues @.X., Nabbacosa .M., CyneitmaHos P.P., XXurynosa C.H., JlyrmaHoea M.P., MuxarineHko
0.M., Tapunoe T.T. (2009) buonormnyeckne pecypcbl HOxHoro Ypana: @yHAaMeHTaNbHble OCHOBbDI
PaLMOHANbHOr0 UCMONb30BaHuMSA. M3aaTtenbctBo «funem». Yoa: 256. TITTSL

XarputguHosa 2.4., LibipanHa E.M., Cnupuxun J1.B., ®epopoe H.N., Edpemos H0.4., lOHycoB M.C. (2003) 16-
[leMeTOKCUMETUNIMKAKOHUTUH-HOBbIA HOPAUTEPMNEHOBbIM anKkanous U3 KopHein pacteHus Delphinium
cuneatum. Uzgecmus Akademuu Hayk. Cepusi xumudeckas. (9): 1968-1970. VXSMFZ

Ubinbiwesa W.IM., Fankun E.I'., KoBanbckas A.B., MNeTposa I.P., baiikosa W.I1., OpwaHckas 4.P., ®egoposa B.A,,
®epopos H.N.,, Manun @.3., 3apybaes B.B. (2017) MNpoTMBOBMPYCHAs aKTUBHOCTb CYMMbl aJIKa/IOUa0B
Genista tinctoria v ee oTAENbHbIX GpakuMi B oTHoweHun Bupyca rpunna A (HIN1) pdm09. Xumus
pacmumensHoz2o cobipbs. (3): 71-76. https://doi.org/10.14258/jcprm.2017031726 ZFLNVT

Ubinbiweesa W.M., ®epopos H.N., Opwanckas f.P., ®epoposa B.A., 3apybaes B.B. (2016) AKTMBHOCTb
Chamaecytisus ruthenicus (Fabaceae) B oTHoweHnn Bupyca rpunna A (HIN1). Xumus pacmumensHozo
cbipba. (2): 153-156. https://doi.org/10.14258/jcprm.2016021118 WKTZCL

Wnpokux M.C., ®enopos H.U., XKuryHosa C.H., bukbaes W.I., Tyktambiwes W.P., banwesa 3.3., 'ynos OA.M.,
l'MmasetamHos B.O., Tla6bacosa [A.T., LWenpens [.B. u 0p. (2025) 3akoHoMepHoOCTU
NecoBOCCTAHOB/IEHMS M OLEHKA 3aNacoB YrNepoaa Ha 3aN1eXHbIX 3eMNSX B LUMPOKONUCTBEHHO-NECHOWM
30He Pecnybnuku bawkoptocTtaH. B: lynes C.K., Onvyes A.B. (ped.) KapboHosbie nosiu20oHbI: MOHUMOPUHR,
2E0UHPOPMAUUOHHbBIE CUICMEMbI, CEKBECMPALUOHHbIE mexHo02uu. Hay4uHbin Mup. Mocksa: 303-317.

Fedorov N., Bikbaev ., Shirokikh P., Zhigunova S., Tuktamyshev |., Mikhaylenko O., Martynenko V., Kulagin
A., Giniyatullin R., Urazgildin R. u dp. (2023a) Estimation of Carbon Stocks of Birch Forests on
Abandoned Arable Lands in the Cis-Ural Using Unmanned Aerial Vehicle-Mounted LiDAR Camera.
Forests. 14(12): 2392. https://doi.org/10.3390/f14122392 EVLWDX

Zhigunova S.N., Martynenko V.B., Shirokikh P.S., Akhmetova M.R., Baisheva E.Z. © 295


https://elibrary.ru/vvsesh
https://elibrary.ru/tiexeb
https://elibrary.ru/vsdwlt
https://elibrary.ru/vxpypl
https://elibrary.ru/vlwonn
https://elibrary.ru/akvusa
https://elibrary.ru/jvnrbn
https://elibrary.ru/vsdwmd
https://elibrary.ru/vsdwmx
https://elibrary.ru/vqnrzh
https://elibrary.ru/tittsl
https://elibrary.ru/vxsmfz
https://doi.org/10.14258/jcprm.2017031726
https://elibrary.ru/zflnvt
https://doi.org/10.14258/jcprm.2016021118
https://elibrary.ru/wktzcl
https://doi.org/10.3390/f14122392
https://elibrary.ru/evlwdx

Okobuotex. 2026. Tom 9. Ne 2. C. 276-301 «[Mamsmu Hukonas MNeaHoguya @edoposan

Fedorov N., Kutueva A., Muldashev A,, Verkhozina A., Lashchinskiy N., Martynenko V. (2022a) Analysis of the
Potential Range of Anticlea sibirica L. (Kunth) and Its Changes under Moderate Climate Change in the
21t Century. Plants. 11(23): 3270. https://doi.org/10.3390/plants11233270 UYDDVS

Fedorov N., Muldashev A., Mikhaylenko O., Zhigunova S., Baisheva E., Shirokikh P., Bikbaev I., Martynenko V.
(2024a) Forecast the Habitat Sustainability of Schoenus ferrugineus L. (Cyperaceae) in the Southern
Urals under Climate Change. Plants. 13(11): 1563. https://doi.org/10.3390/plants13111563

DVVIGF

Fedorov N., Shirokikh P., Baisheva E., Zhigunova S., Muldashev A., Tuktamyshev I., Bikbaev I., Martynenko V.,
Naumova L. (2025a) Vegetation dynamics, productivity, and carbon stock in plant matter in the
drained Berkazan-Kamysh peatland (Bashkir Cis-Urals) after rewetting. Land. 14(9): 1729.
https://doi.org/10.3390/land14091729 JSUZSG

Fedorov N., Shirokikh P., Zhigunova S., Baisheva E., Tuktamyshev ., Bikbaev |., Komissarov M., Zaitsev G.,
Giniyatullin R., Gabbasova I. et al. (2023b) Dynamics of Biomass and Carbon Stocks during
Reforestation on Abandoned Agricultural Lands in Southern Ural Region. Agriculture. 13(7): 1427.
https://doi.org/10.3390/agriculture13071427 PMIILG

Fedorov N., Shirokikh P., Zhigunova S., Baisheva E., Komissarov M., Muldashev A., Gabbasova D., Akhmetova
M., Tuktamyshev |., Bikbaev I. et al. (2025b) Productivity, carbon sequestration and species diversity
in virgin and secondary meadow steppes of the Bashkir Cis-Urals. Scientific Reports. 15(1): 17268.
https://doi.org/10.1038/541598-025-02493-y XUZJKW

Fedorov N., Tuktamyshev I, Bikbaev ., Shirokikh P., Zhigunova S., Baisheva E., Martynenko V. (2024b)
Spatiotemporal dynamics of Betula pendula crown cover on abandoned arable land in a broad-leaved
forest zone of Bashkir Cis-Ural. Forests. 15(1): 34. https://doi.org/10.3390/f15010034 YONCWZ

Fedorov N., Zhigunova S., Shirokikh P., Baisheva E., Martynenko V. (2023c) Analysis of the Potential Range
of Mountain Pine-Broadleaf Ecotone Forests and Its Changes under Moderate and Strong Climate
Change in the 21% Century. Plants. 12(21): 3698. https://doi.org/10.3390/plants12213698

EIVYX]

Fedorov N.I, Zhigunova S.N., Martynenko V.B., Mikhaylenko O.l. (2022b) Seasonal development of tree
species in urban and peri-urban forests in drought. Applied Ecology and Environmental Research. 20(5):
4409-4427. https://doi.org/10.15666/aeer/2005_44094427 CMABOC

Gabbasov T.M,, Tsyrlina E.M., Spirikhin L. V., Fedorov N.I., Yunusov M.S. (2008a) 6-Oxocorumdephine and 18-
methoxyeladine, new norditerpene alkaloids from the aerial part of Delphinium uralense. Chemistry
of Natural Compounds. 44(6): 745-748. https://doi.org/10.1007/s10600-009-9184-6 LLIFMB

Gabbasov T.M., Tsyrlina E.M,, Spirikhin L. V., Fedorov N.I., Yunusov M.S. (2008b) Uraphine, a new norditerpene
alkaloid from the aerial part of Delphinium uralense. Chemistry of Natural Compounds. 44(4): 472-474.
https://doi.org/10.1007/s10600-008-9099-7 LLOHYH

Khairitdinova E.D., Tsyrlina E.M., Spirikhin L. V., Fedorov N.I., Yunusov M.S. (2005a) Norditerpene alkaloids
from  Delphinium  cuneatum.  Chemistry —of Natural Compounds. 41(5): 572-574.
https://doi.org/10.1007/s10600-005-0209-5 LIWFUD

Khairitdinova E.D., Tsyrlina E.M., Spirikhin L. V., Fedorov N.I, Yunusov M.S. (2005b) Alpinine, a new
norditerpene alkaloid from Delphinium alpinum. Chemistry of Natural Compounds. 41(5): 575-577.
https://doi.org/10.1007/s10600-005-0210-z LIWFT)J

Tsypysheva I.P., Galkin E.G., Baikova I.P., Fedorov N.l., Petrova P.R., Orshanskaya Ya.R., Fedorova V.A,
Zarubaev V. V. (2015) Activity of Thermopsis schischkinii alkaloids against influenza A(HLIN1)pdmO09
virus. Chemistry of Natural Compounds. 51(5): 1003-1005. https://doi.org/10.1007/s10600-015-1479-
1 WRFHOH

Yunusova S.G., Erastov A.S., Fedorov N.l., Sapozhnikova T.A., Khisamutdinova R.Yu., Yunusov M.S. (2025)
Lipids from the aerial part of Pulmonaria obscura and their antioxidant activity. Chemistry of Natural
Compounds. 61(6): 1067-1072. https://doi.org/10.1007/s10600-025-04828-7 PMTYAS

Yunusova S.G., Erastov A.S., Fedorov N.I., Yunusov M.S. (2024) Lipids from roots of Pulmonaria obscura.
Chemistry of Natural Compounds. 60(6): 1130-1132. https://doi.org/10.1007/s10600-024-04535-9

KEYKFO

Yunusova S.G., Khatmulina L.I, Fedorov N.l, Ermolaeva N.A, Galkin E.G., Yunusov M.S. (2012)
Polyunsaturated fatty acids from several plant species of the family Boraginaceae. Chemistry of
Natural Compounds. 48(3): 361-366. https://doi.org/10.1007/s10600-012-0252-y ODRSRT

Yunusova S.G., Yunusov M.S., Fedorov N.I. (2018) Seed lipids from Pulmonaria obscura. Chemistry of Natural
Compounds. 54(4): 634-637. https://doi.org/10.1007/s10600-018-2434-8 YCDVOH

Yunusova S.G., Yunusov M.S., Fedorov N.I. (2022) Lipids from roots of Onosma simplicissima. Chemistry of
Natural Compounds. 58(4): 732-734. https://doi.org/10.1007/s10600-022-03779-7 VURUEA

Xurynosa C.H., MaptblHeHko B.B., LUnpokux I.C., Axmetosa M.P., bBanwesa 3.3. © 296


https://doi.org/10.3390/plants11233270
https://elibrary.ru/uyddvs
https://doi.org/10.3390/plants13111563
https://elibrary.ru/dvvjgf
https://doi.org/10.3390/land14091729
https://elibrary.ru/jsuzsg
https://doi.org/10.3390/agriculture13071427
https://elibrary.ru/pmjilg
https://doi.org/10.1038/s41598-025-02493-y
https://elibrary.ru/xuzjkw
https://doi.org/10.3390/f15010034
https://elibrary.ru/yoncwz
https://doi.org/10.3390/plants12213698
https://elibrary.ru/ejvyxj
https://doi.org/10.15666/aeer/2005_44094427
https://elibrary.ru/cmaboc
https://doi.org/10.1007/s10600-009-9184-6
https://elibrary.ru/lljfmb
https://doi.org/10.1007/s10600-008-9099-7
https://elibrary.ru/llohyh
https://doi.org/10.1007/s10600-005-0209-5
https://elibrary.ru/liwfud
https://doi.org/10.1007/s10600-005-0210-z
https://elibrary.ru/liwftj
https://doi.org/10.1007/s10600-015-1479-1
https://doi.org/10.1007/s10600-015-1479-1
https://elibrary.ru/wrfhqh
https://doi.org/10.1007/s10600-025-04828-7
https://elibrary.ru/pmtyas
https://doi.org/10.1007/s10600-024-04535-9
https://elibrary.ru/keykfo
https://doi.org/10.1007/s10600-012-0252-y
https://elibrary.ru/qdrsrt
https://doi.org/10.1007/s10600-018-2434-8
https://elibrary.ru/ycdvoh
https://doi.org/10.1007/s10600-022-03779-7
https://elibrary.ru/vuruea

Ecobiotech. 2026. V. 9. Iss. 1. pp. 276-301 In memory of Nikolai Ivanovich Fedorov»

REFERENCES

Bakhtiyarova R.M,, Gabitova D.M., Galeev E.l., Ganiev R.M., Kanchurin M.N., Konovalov V.F., Kulagin A.Yu.,
Mukhametzyanova K.F., Nikolenko A.G., Redkina N.N. et al. (2000) Genetic aspects of biodiversity
conservation [Geneticheskie aspekty sokhraneniya biologicheskogo raznoobraziya]. Bashkir
State University Publishing. Ufa: 108. VMLYYR (in Russian)

Gulov D.M. (2025) Functional traits of plants of tall-grass and bog subalpine phytocenoses of the
northwestern Caucasus (Teberda National Park) [Funktsionalnye priznaki rasteniy
vysokotravnykh i bolotnykh subalpiyskikh fitotsenozov severo-zapadnogo Kavkaza
(Teberdinskiy natsionalnyy park)]. Ufa University of Science and Technology. Ufa: 193.
[Dissertation for the Degree of Candidate of Biological Sciences] (in Russian)

Zhigunova S.N. (2019) Medicinal flora of the Southern Urals: assessment of resource potential and
principles of sustainable use [Lekarstvennaya flora Yuzhnogo Urala: otsenka resursnogo
potentsiala i osnovy neistoshchitelnogo ispolzovaniya]. Bashkir State University. Ufa: 290.
[Dissertation for the Degree of Doctor of Biological Sciences] FPBRRU (in Russian)

Isangulova A.A. (2003) Population structure and patterns of lappaconitine content in rhizomes of
Aconitum lycoctonum L. in the Southern Urals [Populyatsionnaya struktura i zakonomernosti
soderzhaniya lappakonitina v kornevishchakh rasteniy Aconitum lycoctonum L. na Yuzhnom
Urale]. Bashkir State University. Ufa: 149. [Dissertation for the Degree of Candidate of Biological
Sciences] (in Russian)

Ishbirdina L.M., Fedorov N.l. (2003) Karyologic analysis of Delphinium (Ranunculaceae) species in the
Southern Urals. Botanical Journal. 88(8): 8-19. OKCCZL (in Russian)

Kanchurin M.N. (2001) Phenotypic and genotypic characteristics of the Delphinium aggr. elatum L.
complex in the Southern Urals [Fenotipicheskaya i genotipicheskaya kharakteristika kompleksa
Delphinium aggr. elatum L. na Yuzhnom Urale]. Bashkir State University. Ufa: 156. [Dissertation
for the Degree of Candidate of Biological Sciences] ODOSVR (in Russian)

Kutueva A.G. (2022) Analysis of patterns of modern distribution of relict species of the Pleistocene
complex in the Southern Urals and the possible influence of climate change on their distribution
[Analiz zakonomernostey sovremennogo rasprostraneniya vidov-reliktov pleystotsenovogo
kompleksa na Yuzhnom Urale i vozmozhnogo vliyaniya na ikh rasprostranenie klimaticheskikh
izmeneniy]. Vladimir State University. Vladimir: 157. [Dissertation for the Degree of Candidate
of Biological Sciences] JHURCK (in Russian)

Lugmanova M.R. (2007) Alkaloid-bearing species of the flora of the Cis-Urals (identification, ecological
and cenotic patterns of distribution, prospects for resource use) [Alkaloidonosnye vidy flory
Preduralya (vyyavlenie, ekologo-tsenoticheskie zakonomernosti rasprostraneniya, perspektivy
resursnogo ispolzovaniya)]. Institute of Biology, Ufa Scientific Centre of the Russian Academy of
Sciences. Ufa: 187. [Dissertation for the Degree of Candidate of Biological Sciences]

NOYZOR (in Russian)

Martynenko V.B. (ed.) (2021) Red Data Book of the Republic of Bashkortostan. Volume 1: Plants and
fungi [Krasnaya kniga Respubliki Bashkortostan. Tom 1: Rasteniya i griby]. 3 ed. Studiya Onlayn
Publishing. Moscow: 392. RTRDGI (in Russian)

Mirkin B.M. (ed.) (2011) Red Data Book of the Republic of Bashkortostan. Volume 1: Plants and fungi
[Krasnaya kniga Respubliki Bashkortostan. Tom 1: Rasteniya i griby]. 2" ed. MediaPrint
Publishing. Ufa: 384. TGHMMD (in Russian)

Mirkin B.M., Gorskaya T.G., Nuritdinov 1.V., Fedorov N.I., Yanturin S.I. (1984a) Phytocenotic patterns of
sown meadows [Fitotsenoticheskie zakonomernosti seyanykh lugov]. In: Shcherbakov Yu.V. (ed.)
Interuniversity collection of scientific papers. Rational use and protection of meadows of the Urals
[Mezhvuzovskiy sbornik nauchnykh trudov. Ratsionalnoe ispolzovanie i okhrana lugov Urala]. Perm
Agricultural Institute. Perm: 58-67. (in Russian)

Mirkin B.M., Gorskaya T.G., Nuritdinov L.F., Fedorov N.I.,, Must N.M,, Burkhanchin R.R., Rozenberg G.S.,
Yanturin S.I. (1984b) Grass sowing and phytocenology [Travoseyanie i fitotsenologiyal.
Biological Sciences [Biologicheskie nauki]. (3): 5-15. (in Russian)

Mukhametzyanova K.F. (2000) Biological features and distribution of the Southern Ural endemic
Delphinium uralense Nevski [Biologicheskie osobennosti i rasprostranenie endemika Yuzhnogo
Urala Delphinium uralense Nevski]. Bashkir State University. Ufa: 143. [Dissertation for the
Degree of Candidate of Biological Sciences] (in Russian)

Samoylova L.Yu. (2012) Characteristics of the population structure, alkaloid content and resource use
potential of Thalictrum minus L. and Thalictrum simplex L. in the Southern Urals [Kharakteristika
populyatsionnoy struktury, soderzhaniya alkaloidov i vozmozhnost resursnogo ispolzovaniya

Zhigunova S.N., Martynenko V.B., Shirokikh P.S., Akhmetova M.R., Baisheva E.Z. © 297


https://elibrary.ru/VMLYYR
https://elibrary.ru/fpbrru
https://elibrary.ru/okcczl
https://elibrary.ru/qdosvr
https://elibrary.ru/jhurck
https://elibrary.ru/noyzqr
https://elibrary.ru/rtrdgj
https://elibrary.ru/tghmmd

Okobuotex. 2026. Tom 9. Ne 2. C. 276-301 «[Mamsmu Hukonas MNeaHoguya @edoposan

vidov Thalictrum minus L. i Thalictrum simplex L. na Yuzhnom Urale]. Bashkir State University.
Ufa: 143. [Dissertation for the Degree of Candidate of Biological Sciences] (in Russian)

Tuktamyshev |.R. (2025) Ecological and biological aspects of the formation of forest ecosystems on
abandoned arable lands of the Bashkir Cis-Urals [Ekologo-biologicheskie aspekty formirovaniya
lesnykh ekosistem na neispolzuemykh pashnyakh Bashkirskogo Preduralya]. Orenburg State
University. Orenburg: 149. [Dissertation for the Degree of Candidate of Biological Sciences] (in
Russian)

Fedorov N.I. (1988) Influence of grazing on the lower layers of pine-birch forests of the Southern Urals
[Vliyanie vypasa na nizhnie yarusy sosnovo-berezovykh lesov Yuzhnogo Urala]. Lomonosov
Moscow State University. Moscow: 190. [Dissertation for the Degree of Candidate of Biological
Sciences] (in Russian)

Fedorov N.I. (2003) The genus Delphinium L. in the Southern Urals: ecology, population structure and
biochemical features [Rod Delphinium L. na Yuzhnom Urale: ekologiya, populyatsionnaya
struktura i biokhimicheskie osobennosti]. Gilem Publishing. Ufa: 149. TIEXBIJ (in Russian)

Fedorov N.I. (2006) Aconitum L. and Delphinium L. in the Southern Urals: intraspecific structure, patterns
of alkaloid content, optimization of resource use [Aconitum L. i Delphinium L. na Yuzhnom Urale:
vnutrividovaya struktura, zakonomernosti soderzhaniya alkaloidov, optimizatsiya resursnogo
ispolzovaniya]. Ufa Institute of Biology of the Russian Academy of Sciences. Ufa: 272.
[Dissertation for the Degree of Doctor of Biological Sciences] (in Russian)

Fedorov N.I. (2012) Phenetic analysis of populations of complexes of closely related species of the
genus Delphinium in the Southern Urals [Feneticheskiy analiz populyatsiy kompleksov
blizkorodstvennykh vidov roda Delphinium na Yuzhnom Urale]. In: Mirkin B.M. (ed.) Current state
of the basic concepts of vegetation science [Sovremennoe sostoyanie osnovnykh kontseptsiy nauki o

rastitelnosti]. Gilem Publishing. Ufa: 118-123. VVSESH (in Russian)

Fedorov N.I, Zhigunova S.N., Mikhaylenko O.l. (2013) Methodological foundations of optimization
resource use of officinal flora in the South Urals. Nauka Publishing. Moscow: 212. TIEXEB
(in Russian)

Fedorov N.I., Ishbirdina L.M,, Isangulova A.A., Yanbaev Yu.A. (1999) Trends in genetic and morphological
variation of monkshood (Aconitum septentrionale Koelle) plants along the altitudinal gradient in
the Iremel’ mountain range. Russian Journal of Ecology. (4): 261-265. VSDWLT (in Russian)

Fedorov N.IL, Martyanov N.A. (1993) Features of distribution and dynamics of coenopopulations of
Aconitum septentrionale Koelle in plant communities of Bashkiria [Osobennosti rasprostraneniya
i dinamiki tsenopopulyatsiy Aconitum septentrionale Koelle v rastitelnykh soobshchestvakh
Bashkirii]. Vegetation Resources. 29(3): 29-34. VXPYPL (in Russian)

Fedorov N.I., Martyanov N.A., Nikitina V.S., Ishbirdina L.M. (1996) Content of the alkaloid lappaconitine
in the underground and aboveground parts of Aconitum septentrionale Koelle in plant
communities of Bashkiria [Soderzhanie alkaloida lappakonitina v podzemnoy i nadzemnoy
chastyakh Aconitum septentrionale Koelle v rastitelnykh soobshchestvakh v Bashkirii]. Vegetation
Resources. 32(3): 96-101. VLWONN (in Russian)

Fedorov N.I., Melent'ev A.l., Mikhajlenko O.I., Gurkova Ja.0., Zhigunova S.N., Abdrakhimova G.S., Shendel'
G.V. (2015) Method for increasing alkaloid lappaconitine in prepared rhizomes of Aconitum
septentrionale Koelle. Patent N2 RU 2569359 C1. AKVUSA (in Russian)

Fedorov N.I., Melentev A.l., Mikhajlenko O.l., Gurkova Ja.0., Zhigunova S.N., Kuzmina LJu., Abdrakhimova
G.S., SHendel G.V. (2016) Method of increasing content of alkaloid lappaconitine in prepared
rhizomes of Aconitum septentrionale Koelle. Patent N¢ RU 2580042 C2. JVNRBN (in Russian)

Fedorov N.I, Mukhametzyanova K.F. (2002) On the phenotypic variety of Delphinium dictyocarpum
(Ranunculaceae) on the Southern Urals. Botanical Journal. 87(10). 85-90. VSDWMD (in
Russian)

Fedorov N.l., Mukhametzyanova K.F., Sidorova L.V. (2002) Total content and seasonal dynamics of
alkaloids in Delphinium dictyocarpum DC. and D. uralense Nevski in different ecological coenotic
conditions on Southern Ural. Vegetation Resources. 38(3): 54-59. VSDWMX (in Russian)

Fedorov N.l, Nazirova ZM., Saitov M.S,, Khusainov A.F. (1985a) Influence of grazing on undergrowth
and understory of herb-rich pine forests of the Southern Urals [Vliyanie vypasa na podrost i
podlesok sosnyakov snytevykh Yuzhnogo Urala]. In: Phytocenology of anthropogenic vegetation:
interuniversity scientific collection [Fitotsenologiya antropogennoy rastitelnosti: mezhvuzovskiy
nauchnyy sbornik]. Bashkir State University Publishing. Ufa: 133-137. (in Russian)

Fedorov N.l, Nazirova ZM., Khaziakhmetov R.M. (1985b) Statistical analysis of patterns of horizontal
structure of grazed oxalis pine forests of the Southern Urals [Statisticheskiy analiz
zakonomernostey gorizontalnoy struktury vypasaemykh sosnyakov-kislichnikov Yuzhnogo
Urala]. In: Mirkin B.M. (ed.) Anthropogenic processes of vegetation [Antropogennye protsessy

Xurynosa C.H., MaptblHeHko B.B., LUnpokux I.C., Axmetosa M.P., bBanwesa 3.3. © 298


https://elibrary.ru/tiexbj
https://elibrary.ru/vvsesh
https://elibrary.ru/tiexeb
https://elibrary.ru/vsdwlt
https://elibrary.ru/vxpypl
https://elibrary.ru/vlwonn
https://elibrary.ru/akvusa
https://elibrary.ru/jvnrbn
https://elibrary.ru/vsdwmd
https://elibrary.ru/vsdwmx

Ecobiotech. 2026. V. 9. Iss. 1. pp. 276-301 In memory of Nikolai Ivanovich Fedorov»

rastitelnosti]. Bashkir Branch of the USSR Academy of Sciences Publishing. Ufa: 135-142. (in
Russian)

Fedorov N.l., Starukhin F.I., Migranova I.G., Isangulova A.A., Nikitina V.S. (1997) Influence of mechanical
damage of plants of Aconitum septentrionale Koelle on the contents of diterpene alkaloid
lappakonitin in them. Vegetation Resources. 33(3): 62-67. VYONRZH (in Russian)

Fedorov N.I, Khaziev F.K. Gabbasova I.M. Suleimanov R.R., Zhigunova S.N., Lugmanova M.,
Mikhailenko O.l., Garipov T.T. (2009) Biological resources of the Southern Urals: fundamental
basics of rational using. Gilem Publishing. Ufa: 256. TITTSL (in Russian)

Khairitdinova E.D., Tsirlina E.M., Spirikhin L.V., Fedorov N.I., Efremov Yu.Ya., Yunusov M.S. (2003) 16-
Demethoxymethyllycaconitine, a new norditerpenoid alkaloid from Delphinium cuneatum.
Russian Chemical Bulletin. (9): 1968-1970. VXSMEZ (in Russian)

Tsypysheva I.P., Galkin E.G., Kovalskaia A.V., Petrova P.R., Baikova I.P., Orshanskaia la.R., Fedorova
V.A.,Fedorov N.l., Galin F.Z., Zarubaev V.V. (2017) Antiviral activity of the sum of alkaloids of
Genista tinctoria and its separate fractions on the influenza virus A (HIN1) pdmQ9. Chemistry of
plant raw material. (3): 71-76. https://doi.org/10.14258/jcprm.2017031726 ZFLNVT (in
Russian)

Tsypysheva I.P., Galkin E.G., Fedorov N.I., Orshanskaya Ya.P., Fedorova V.A,, Zarubaev V.V. (2016) Activity
of Chamaecytisus ruthenicus (Fabaceae) against influenza virus A (H1N1). Chemistry of plant raw
material. (2): 153-156. https://doi.org/10.14258/jcprm.2016021118 WKTZCL (in Russian)

Shirokikh P.S., Fedorov N.I., Zhigunova S.N., Bikbaev I.G., Tuktamyshev |.R., Baisheva E.Z., Gulov D.M.,
Gimazetdinov V.D., Gabbasova D.T., Shendel G.V. et al. (2025) Patterns of reforestation and
assessment of carbon stocks on abandoned lands in the broad-leaved forest zone of the
Republic of Bashkortostan [Zakonomernosti lesovosstanovleniya i otsenka zapasov ugleroda na
zalezhnykh zemlyakh v shirokolistvenno-lesnoy zone Respubliki Bashkortostan]. /n: Gulev S.K.,
Olchev A.V. (eds.) Carbon polygons: monitoring, geographic information systems, sequestration
technologies [Karbonovye poligony: monitoring, geoinformatsionnye sistemy, sekvestratsionnye
tekhnologii]. Nauchnyy Mir Publishing. Moscow: 303-317. (in Russian)

Fedorov N., Bikbaev I, Shirokikh P., Zhigunova S., Tuktamyshev I., Mikhaylenko O., Martynenko V.,
Kulagin A, Giniyatullin R., Urazgildin R. u dp. (2023a) Estimation of Carbon Stocks of Birch
Forests on Abandoned Arable Lands in the Cis-Ural Using Unmanned Aerial Vehicle-Mounted
LiDAR Camera. Forests. 14(12): 2392. https://doi.org/10.3390/f14122392 EVLWDX

Fedorov N., Kutueva A., Muldashev A., Verkhozina A., Lashchinskiy N., Martynenko V. (2022a) Analysis
of the Potential Range of Anticlea sibirica L. (Kunth) and Its Changes under Moderate Climate
Change in the 21 Century. Plants. 11(23): 3270. https://doi.org/10.3390/plants1123%3270

UYDDVS

Fedorov N., Muldashev A., Mikhaylenko O., Zhigunova S., Baisheva E., Shirokikh P., Bikbaev I.,
Martynenko V. (2024a) Forecast the Habitat Sustainability of Schoenus ferrugineus L.
(Cyperaceae) in the Southern Urals under Climate Change. Plants. 13(11): 1563.
https://doi.org/10.3390/plants13111563 DVVIGF

Fedorov N., Shirokikh P., Baisheva E., Zhigunova S., Muldashev A., Tuktamyshev ., Bikbaev I., Martynenko
V., Naumova L. (2025a) Vegetation dynamics, productivity, and carbon stock in plant matter in
the drained Berkazan-Kamysh peatland (Bashkir Cis-Urals) after rewetting. Land. 14(9): 1729.
https://doi.org/10.3390/land14091729 JSUZSG

Fedorov N., Shirokikh P., Zhigunova S., Baisheva E., Tuktamyshev I., Bikbaev I., Komissarov M., Zaitsev
G., Giniyatullin R., Gabbasova |. et al. (2023b) Dynamics of Biomass and Carbon Stocks during
Reforestation on Abandoned Agricultural Lands in Southern Ural Region. Agriculture. 13(7):
1427. https://doi.org/10.3390/agriculture13071427 PMIJILG

Fedorov N., Shirokikh P., Zhigunova S., Baisheva E., Komissarov M., Muldashev A., Gabbasova D.,
Akhmetova M., Tuktamysheyv I., Bikbaev I. et al. (2025b) Productivity, carbon sequestration and
species diversity in virgin and secondary meadow steppes of the Bashkir Cis-Urals. Scientific
Reports. 15(1): 17268. https://doi.org/10.1038/s41598-025-02493-y XUZJKW

Fedorov N., Tuktamyshev |., Bikbaev ., Shirokikh P., Zhigunova S., Baisheva E., Martynenko V. (2024b)
Spatiotemporal dynamics of Betula pendula crown cover on abandoned arable land in a broad-
leaved forest zone of Bashkir Cis-Ural. Forests. 15(1): 34. https://doi.org/10.3390/f15010034

YONCWZ

Fedorov N., Zhigunova S., Shirokikh P., Baisheva E., Martynenko V. (2023c) Analysis of the Potential
Range of Mountain Pine-Broadleaf Ecotone Forests and Its Changes under Moderate and Strong
Climate Change in the 21 Century. Plants. 12(21): 3698.
https://doi.org/10.3390/plants12213698 EIVYX)

Zhigunova S.N., Martynenko V.B., Shirokikh P.S., Akhmetova M.R., Baisheva E.Z. © 299


https://elibrary.ru/vqnrzh
https://elibrary.ru/tittsl
https://elibrary.ru/vxsmfz
https://doi.org/10.14258/jcprm.2017031726
https://elibrary.ru/zflnvt
https://doi.org/10.14258/jcprm.2016021118
https://elibrary.ru/wktzcl
https://doi.org/10.3390/f14122392
https://elibrary.ru/evlwdx
https://doi.org/10.3390/plants11233270
https://elibrary.ru/uyddvs
https://doi.org/10.3390/plants13111563
https://elibrary.ru/dvvjgf
https://doi.org/10.3390/land14091729
https://elibrary.ru/jsuzsg
https://doi.org/10.3390/agriculture13071427
https://elibrary.ru/pmjilg
https://doi.org/10.1038/s41598-025-02493-y
https://elibrary.ru/xuzjkw
https://doi.org/10.3390/f15010034
https://elibrary.ru/yoncwz
https://doi.org/10.3390/plants12213698
https://elibrary.ru/ejvyxj

Okobuotex. 2026. Tom 9. Ne 2. C. 276-301 «[Mamsmu Hukonas MNeaHoguya @edoposan

Fedorov N.I., Zhigunova S.N., Martynenko V.B., Mikhaylenko O.l. (2022b) Seasonal development of tree
species in urban and peri-urban forests in drought. Applied Ecology and Environmental Research.
20(5): 4409-4427. https://doi.org/10.15666/aeer/2005_44094427 EDN: CMABOC

Gabbasov T.M,, Tsyrlina E.M., Spirikhin L. V., Fedorov N.I., Yunusov M.S. (2008a) 6-Oxocorumdephine
and 18-methoxyeladine, new norditerpene alkaloids from the aerial part of Delphinium uralense.
Chemistry of Natural Compounds. 44(6): 745-748. https://doi.org/10.1007/s10600-009-9184-6
EDN: LLUFMB

Gabbasov T.M., Tsyrlina E.M., Spirikhin L. V., Fedorov N.I, Yunusov M.S. (2008b) Uraphine, a new
norditerpene alkaloid from the aerial part of Delphinium uralense. Chemistry of Natural
Compounds. 44(4): 472-474. https://doi.org/10.1007/s10600-008-9099-7 EDN: LLOHYH

Khairitdinova E.D., Tsyrlina E.M., Spirikhin L. V., Fedorov N.l., Yunusov M.S. (2005a) Norditerpene
alkaloids from Delphinium cuneatum. Chemistry of Natural Compounds. 41(5): 572-574.
https://doi.org/10.1007/s10600-005-0209-5 EDN: LIWFUD

Khairitdinova E.D., Tsyrlina E.M., Spirikhin L. V., Fedorov N.l., Yunusov M.S. (2005b) Alpinine, a new
norditerpene alkaloid from Delphinium alpinum. Chemistry of Natural Compounds. 41(5): 575-
577. https://doi.org/10.1007/s10600-005-0210-z EDN: LIWFTIJ

Tsypysheva I.P., Galkin E.G., Baikova I.P., Fedorov N.I., Petrova P.R., Orshanskaya Ya.R., Fedorova V.A,
Zarubaev V. V. (2015) Activity of Thermopsis schischkinii alkaloids against influenza
A(HIN1)pdmQ9  virus.  Chemistry  of Natural  Compounds. 51(5): 1003-1005.
https://doi.org/10.1007/s10600-015-1479-1 EDN: WRFHOH

Yunusova S.G,, Erastov A.S., Fedorov N.I., Sapozhnikova T.A., Khisamutdinova R.Yu., Yunusov M.S. (2025)
Lipids from the aerial part of Pulmonaria obscura and their antioxidant activity. Chemistry of
Natural ~ Compounds. 61(6): 1067-1072. https://doi.org/10.1007/s10600-025-04828-7
EDN: PMTYAS

Yunusova S.G., Erastov A.S., Fedorov N.I., Yunusov M.S. (2024) Lipids from roots of Pulmonaria obscura.
Chemistry of Natural Compounds. 60(6): 1130-1132. https://doi.org/10.1007/s10600-024-
04535-9 EDN: KEYKFO

Yunusova S.G., Khatmulina L.I., Fedorov N.l, Ermolaeva N.A., Galkin E.G.,, Yunusov M.S. (2012)
Polyunsaturated fatty acids from several plant species of the family Boraginaceae. Chemistry of
Natural Compounds. 48(3): 361-366. https://doi.org/10.1007/s10600-012-0252-y EDN: QDRSRT

Yunusova S.G., Yunusov M.S., Fedorov N.I. (2018) Seed lipids from Pulmonaria obscura. Chemistry of
Natural Compounds. 54(4): 634-637. https://doi.org/10.1007/s10600-018-2434-8 EDN: YCDVOH

Yunusova S.G., Yunusov M.S., Fedorov N.I. (2022) Lipids from roots of Onosma simplicissima. Chemistry
of Natural Compounds. 58(4): 732-734. https://doi.org/10.1007/s10600-022-03779-7
EDN: VURUEA

MonHbIi cnucok TpyaoB Hukonas MBaHoBuya MenopoBa MOXKHO HaWTVM B pENO3UTApUK, MO CCbINKE
https://disk.yandex.ru/i/8hc3RKEI-H50Ag

Lntu pOBaTb KakK

Xwurynosa C.H., MaptbiHeHko B.b., Wwupokux T.C,
AxmetoBa M.P., banwesa 3.3. (2026). Mamsatn Hukonas
MBaHoBuua Mepoposa. Ikobuomex. 9(2): 276-301.

DOI: http://doi.org/10.31163/2618-964X/2026-22
EDN: https://www.elibrary.ru/ugpfxs

CeeneHuns 06 aBTopax

XuryHoBa CeetnaHa HwukonaeBHa, A.6.H, Ydumckuit
UHCcTuTyT 6uonorum Ydumckoro depepansHoro

uccneposatenbckoro ueHtpa PAH, Yda, Poccus. E-mail:

zigusvet@yandex.ru, SPIN: 7759-5812, ORCID: 0000-0002-

7129-8292, Scopus ID: 26536981800, WoS Research ID: J-

6349-2018.

Cited as

Zhigunova S.N., Martynenko V.B., Shirokikh P.S., Akhmetova
M.R., Baisheva E.Z. (2026) In memory of Nikolay Ivanovich
Fedorov. Ecobiotech.9(2): 276-301.

DOI: http://doi.org/10.31163/2618-964X/2026-22
EDN:_https://www.elibrary.ru/ugpfxs

Information About the Authors

Svetlana N. Zhigunova, Doctor in Biological Sciences,
Ufa Institute of Biology of the Ufa Federal Research Center
of the Russian Academy of Sciences, Ufa, Russian Federation.
E-mail: zigusvet@yandex.ru, AuthorlD:169044, SPIN-
kon:7759-5812, ORCID: 0000-0002-7129-8292, Scopus
Author ID: 26536981800, WoS Research ID: J-6349-2018

Xurynosa C.H., MaptblHeHko B.B., LUnpokux I.C., Axmetosa M.P., bBanwesa 3.3. © 300


https://doi.org/10.15666/aeer/2005_44094427
https://elibrary.ru/cmaboc
https://doi.org/10.1007/s10600-009-9184-6
https://elibrary.ru/lljfmb
https://doi.org/10.1007/s10600-008-9099-7
https://elibrary.ru/llohyh
https://doi.org/10.1007/s10600-005-0209-5
https://elibrary.ru/liwfud
https://doi.org/10.1007/s10600-005-0210-z
https://elibrary.ru/liwftj
https://doi.org/10.1007/s10600-015-1479-1
https://elibrary.ru/wrfhqh
https://doi.org/10.1007/s10600-025-04828-7
https://elibrary.ru/pmtyas
https://doi.org/10.1007/s10600-024-04535-9
https://doi.org/10.1007/s10600-024-04535-9
https://elibrary.ru/keykfo
https://doi.org/10.1007/s10600-012-0252-y
https://elibrary.ru/qdrsrt
https://doi.org/10.1007/s10600-018-2434-8
https://elibrary.ru/ycdvoh
https://doi.org/10.1007/s10600-022-03779-7
https://elibrary.ru/vuruea
https://disk.yandex.ru/i/8hc3RKEI-H5QAg
http://doi.org/10.31163/2618-964X/2026-22
https://www.elibrary.ru/ugpfxs
http://doi.org/10.31163/2618-964X/2026-22
https://www.elibrary.ru/ugpfxs
mailto:zigusvet@yandex.ru
https://www.elibrary.ru/author_profile.asp?spin=7759-5812
https://orcid.org/0000-0002-7129-8292
https://orcid.org/0000-0002-7129-8292
https://www.scopus.com/authid/detail.url?authorId=26536981800
https://www.webofscience.com/wos/author/record/J-6349-2018
https://www.webofscience.com/wos/author/record/J-6349-2018
mailto:zigusvet@yandex.ru
https://elibrary.ru/author_profile.asp?id=???????
https://orcid.org/0000-0000-0000-0000
https://www.scopus.com/authid/detail.url?authorId=??????????
https://www.scopus.com/authid/detail.url?authorId=??????????
https://www.webofscience.com/wos/author/record/?-????-????

Ecobiotech. 2026. V. 9. Iss. 1. pp. 276-301

In memory of Nikolai Ivanovich Fedorov»

MaptbiHeHko Bacunuit Bopucosuy, 0.6.H, Ydumckuin
NHcTUTyT 6vonorum Ydumckoro denepanbHOro
uccnepoBatenbckoro ueHtpa PAH, Yda, Poccus. E-mail:
vb-mart@mail.ru, SPIN: 8870-9854, ORCID: 0000-0002-
9071-3789, Scopus ID: 36936584700, WoS Research ID: O-

Vasyly B. Martynenko, Doctor in Biological Sciences, Ufa
Institute of Biology of the Ufa Federal Research Center of the
Russian Academy of Sciences, Ufa, Russian Federation
E-mail: vb-mart@mail.ru, SPIN: 8870-9854, ORCID: 0000-
0002-9071-3789, Scopus ID: 36936584700, WoS Research

9784-2015.

LUnpokux Masen CepreeBuy, 1.6.H, YouMckuin MHCTUTyT
6uonornn Yobumckoro denepanbHOro UCCIefoBaTeNbCKOro
ueHtpa PAH, Yda, Poccus. E-mail: shirpa@mail.ru, SPIN:
9527-0060, ORCID: 0000-0003-1864-4878, Scopus ID:
26536701600, WoS Research ID: S-3250-2017.

AxmetroBa Mungywa PuHatoBHa, K.6.H, Ydumckuit
NHcTUTyT 6vonorum Ydumckoro denepanbHOro
uccnepoBatenbckoro ueHtpa PAH, Yda, Poccus. E-mail:
mishaulya@yandex.ru, SPIN: 4565-9929, ORCID: 0000-
0002-7463-583X, Scopus ID: 59904270900, WoS Research

ID: 0-9784-2015.

Pavel S. Shirokikh, Doctor in Biological Sciences, Ufa
Institute of Biology of the Ufa Federal Research Center of the
Russian Academy of Sciences, Ufa, Russian Federation.
E-mail: shirpa@mail.ru, SPIN: 9527-0060, ORCID: 0000-
0003-1864-4878, Scopus ID: 26536701600, WoS Research

ID: S-3250-2017.

Milyausha R. Akhmetova, PhD in Biological Sciences,
Ufa Institute of Biology of the Ufa Federal Research Center
of the Russian Academy of Sciences, Ufa, Russian Federation.
E-mail: mishaulya@yandex.ru, SPIN: 4565-9929, ORCID:
0000-0002-7463-583X, Scopus ID: 59904270900, WoS

ID: A-7062-2015.

bavweBa 3nbBupa 3akupbsiHOBHA, [A.6.H, YduMckuii
NHcTUTyT 6vonorum Ydumckoro denepanbHOro
uccnepoBatenbckoro ueHtpa PAH, Yda, Poccus. E-mail:
elvbai@mail.ru, SPIN: 6500-1355, ORCID: 0000-0002-0002-
012X, Scopus ID: 26535626600, WoS Research ID: [-5788-

Research ID: A-7062-2015.

Elvira Z. Baisheva, Doctor in Biological Sciences, Ufa
Institute of Biology of the Ufa Federal Research Center of the
Russian Academy of Sciences, Ufa, Russian Federation.
E-mail: elvbai@mail.ru, SPIN: 6500-1355, ORCID: 0000-
0002-0002-012X, Scopus ID: 26535626600, WoS Research

2015.

ID: 1-5788-2015.

Zhigunova S.N., Martynenko V.B., Shirokikh P.S., Akhmetova M.R., Baisheva E.Z. © 301


mailto:vbmart@mail.ru
https://www.elibrary.ru/author_profile.asp?spin=8870-9854
https://orcid.org/0000-0002-9071-3789
https://orcid.org/0000-0002-9071-3789
https://www.scopus.com/authid/detail.url?authorId=36936584700
https://www.webofscience.com/wos/author/record/O-9784-2015
https://www.webofscience.com/wos/author/record/O-9784-2015
mailto:shirpa@mail.ru
https://www.elibrary.ru/author_profile.asp?spin=9527-0060
https://www.elibrary.ru/author_profile.asp?spin=9527-0060
https://orcid.org/0000-0003-1864-4878
https://www.scopus.com/authid/detail.url?authorId=26536701600
https://www.scopus.com/authid/detail.url?authorId=26536701600
https://www.webofscience.com/wos/author/record/S-3250-2017
mailto:mishaulya@yandex.ru
https://www.elibrary.ru/author_profile.asp?spin=4565-9929
https://orcid.org/0000-0002-7463-583X
https://orcid.org/0000-0002-7463-583X
https://www.scopus.com/authid/detail.url?authorId=59904270900
https://www.webofscience.com/wos/author/record/A-7062-2015
https://www.webofscience.com/wos/author/record/A-7062-2015
mailto:elvbai@mail.ru
https://www.elibrary.ru/author_profile.asp?spin=6500-1355
https://orcid.org/0000-0002-0002-012X
https://orcid.org/0000-0002-0002-012X
https://www.scopus.com/authid/detail.url?authorId=26535626600
https://www.webofscience.com/wos/author/record/I-5788-2015
https://www.webofscience.com/wos/author/record/I-5788-2015
mailto:vbmart@mail.ru
https://www.elibrary.ru/author_profile.asp?spin=8870-9854
https://orcid.org/0000-0002-9071-3789
https://orcid.org/0000-0002-9071-3789
https://www.scopus.com/authid/detail.url?authorId=36936584700
https://www.webofscience.com/wos/author/record/O-9784-2015
https://www.webofscience.com/wos/author/record/O-9784-2015
mailto:shirpa@mail.ru
https://www.elibrary.ru/author_profile.asp?spin=9527-0060
https://orcid.org/0000-0003-1864-4878
https://orcid.org/0000-0003-1864-4878
https://www.scopus.com/authid/detail.url?authorId=26536701600
https://www.webofscience.com/wos/author/record/S-3250-2017
https://www.webofscience.com/wos/author/record/S-3250-2017
mailto:mishaulya@yandex.ru
https://www.elibrary.ru/author_profile.asp?spin=4565-9929
https://orcid.org/0000-0002-7463-583X
https://orcid.org/0000-0002-7463-583X
https://www.scopus.com/authid/detail.url?authorId=59904270900
https://www.webofscience.com/wos/author/record/A-7062-2015
https://www.webofscience.com/wos/author/record/A-7062-2015
mailto:elvbai@mail.ru
https://www.elibrary.ru/author_profile.asp?spin=6500-1355
https://orcid.org/0000-0002-0002-012X
https://orcid.org/0000-0002-0002-012X
https://www.scopus.com/authid/detail.url?authorId=26535626600
https://www.webofscience.com/wos/author/record/I-5788-2015
https://www.webofscience.com/wos/author/record/I-5788-2015

	О ЖУРНАЛЕ
	ABOUT THE JOURNAL
	СОДЕРЖАНИЕ ВЫПУСКА
	CONTENT OF ISSUE
	01. Стр.  148 - 158  Pages
	02. Стр.  159 - 173  Pages
	03. Стр.  174 - 187  Pages
	04. Стр.  188 - 200  Pages
	05. Стр.  201 - 208  Pages
	06. Стр.  209 - 219  Pages
	07. Стр.  220 - 232  Pages
	08. Стр.  233 - 241  Pages
	09. Стр.  242 - 258  Pages
	10. Стр.  259 - 275  Pages
	11. Стр.  276 - 301  Pages

