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AHHOTanus

B nmaHHOM craTbe MpejcTaBieHbl pe3y/bTaThl MCC/Ie0BaHHS HOBOTO JIOKAJbHOIO LITaMMa
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paiiona HamanraHckod obmactu Pecrybnuku Y3bekucran. llenbio ucciefoBaHusi SIB/SUTMCH
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Bblle/leHHe  IlITaMMa, €ero  MOJIeKY/sIpHO-TeHeTHuecKass UAeHTUQHUKALUsg W H3yueHHe
MOP(OIOTHUECKUX U KY/IBTypa/bHBIX 0COOeHHOCTel. MeTofo/oryst paboThl BK/IOYaaa 0Toop rmpob
BOJIOPOC/IEBBIX 0OOpacTaHWii C TIOBEPXHOCTH KaMHeW, TOyueHre ajbroJIOTHUeCKHd UYHCTOU
Ky/bTYpbl, CBETOBYIO MMKPOCKONMIO U (punoreHetueckuii aHanu3 ITS-perroHa wmetofom
Neighbor-Joining. neHTH(MKaLMs 1LITaMMa BbIIIOJIHEHA HA OCHOBE aHa/u3a MoC/e/j0BaTe/IbHOCTH
ITS-pervoHa, tipoBeseHHOro B jaboparopuu «IlouBeHHass MUKpPOOWOOTUS W OUOTEXHOIOTHSI»
WHcTuTyTa MUKpoOWonoruu AkazemMun HaykK Pecryomuku — Y30ekucraH.  [TomyueHHas
HYKJ/IEOTH/IHAsI TIOC/Ie/JoBaTe/IbHOCTh ITS-pervoHa ZielmoHUpoBaHa B MEX/yHapOAHOU 0a3e JaHHBIX
NCBI GenBank. [Ins u3yueHUs Ky/JbTypalbHBIX OCOOEHHOCTEHM IITaMM Ky/JIbTUBHDOBAIM Ha
nuTatenbHOU cpeie BG-11 B pe3ynbTare uero ObLM OMpefiesieHbl ONTHUMajIbHBIE YCIOBHS €T0
rofiiep>KaHust B Ky/nbType. HayuHasi HOBU3HA pabOTHI 3aK/IHOYaeTCsl B BbIJ|e/IEHUH, MOJIEKY/ISIPHO-
reHeTUUeCKoW HeHTU(hUKalMU U MOP(OIOro-Ky/abTyparibHON XapaKTepUCTUKe HOBOTO JIOKaIbHOTO
mramma Tetradesmus obliquus Nam-Uz-23. T[IpoBefeHHass  MOJeKy/ISIpPHO-TeHeTUUeCKasl
WleHTUUKALMS B COYeTaHUM C MOP(OIOruYecKoil U Ky/IbTypa/bHOW XapaKTepUCTUKOW 1M03BOJUIIA
MOATBEep/ANUTh TIPUHA/IJIE)KHOCTD BbIZleJieHHOro 1iTamma K Buly Tetradesmus obliquus. ITonyyeHHbIe
pe3y/bTaThl CBU/ETENbCTBYKOT O MEepCIeKTUBHOCTH Ja/IbHeMIIero U3y4yeHus JaHHOIO IITaMMa U
Oropa3HooOpa3usi MUKPOBOAOPOC/Iel TIPUPOJHBIX 3KOCUCTEM. B0O3MOXXHOCTH €ro TpaKTHUYeCcKOro
TpUMeHeHHsT B KOPMOIIPDOM3BOJCTBE, OUUCTKE CTOYHBIX BOZ, W JAPYIMX HamnpabB/eHUsX
OMOTEXHO/IOTMM PaCCMaTPUBAIOTCS KaK TepCIeKTUBHbIE HArlpaBIeHUs JaTbHeNIINX UCCIe0BaHNi
U TpeOyIOT [IOTIOJTHUTETBFHOTO SKCIepUMEeHTATBHOTO MOoATBepKAeHus. [IpakTryeckasi 3HaUMMOCTb
paboThl 3aK/IIOYaeTcss B TIOMOMHEHWH KOJJIEKIIMM MECTHBIX INTaMMOB MUKPOBOZOPOC/IEN W
BO3MOXXHOCTH HCIIO/Ib30BaHus mTaMMa Nam-Uz-23 B JanbHeHrmx paborax mo mnogdopy yc/ioBui
Ky/JbTUBUpOBaHUs. llpefcTaBneHHble [aHHble BHOCAT BKJIaJ, B HAaKOIUIEHWEe CBeJEHUM O
MHKDPOBO/IOPOC/ISIX, BbI/Ie/IEHHBIX U3 TIPUPOJHBIX UCTOYHUKOB Pecrybnmku Y30ekucTaH.

Abstract

This article presents the results of a study of a new local strain of Tetradesmus obliquus Nam-
Uz-23 isolated from the thermal mineral waters of the Chartak district of the Namangan region of
the Republic of Uzbekistan. The aim of the study was to isolate the strain, perform its molecular
genetic identification and study its morphological and cultural characteristics. The methodology
included sampling of algal growths, obtaining an algologically pure culture, light microscopy, and
phylogenetic analysis of the ITS region sequence using the Neighbor-Joining method. The strain
was identified based on the ITS region sequence analysis conducted in the Soil Microbiology and
Biotechnology Laboratory of the Institute of Microbiology of the Academy of Sciences of the
Republic of Uzbekistan. The obtained nucleotide sequence of the ITS region was deposited in the
NCBI GenBank international database. To study the cultural characteristics, the strain was
cultivated on the BG-11 nutrient medium, as a result of which the optimal conditions for its
maintenance in culture were determined. The scientific novelty of the work lies in the isolation,
molecular genetic identification and morphological-cultural characteristics of a new local strain of

Bubsmorpadpuueckoe omucanue: MupakbapoBa M.A., A6aymtaeB X.O. HoBeii jokanbHbl Imramm Tetradesmus obliquus:
BblZle/ieHre, MOpdO/I0ro-Ky/bTypanbHasi M MOJIEKY/ISIDHO-TeHeTHYecKasi xapakrepuctvka // Universum: xumust u Ouosorus :
571eKTPOH. Hay4H. XXypH. 2026. 9(147). URL: https://7universum.com/ru/nature/archive/item/23275
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Tetradesmus obliquus Nam-Uz-23. The conducted molecular genetic identification in combination
with morphological and cultural characteristics allowed us to confirm that the isolated strain
belongs to the species Tetradesmus obliquus. The obtained results indicate potential for further
study of this strain and the biodiversity of microalgae in natural ecosystems.

KnrwueBbie cioBa: Tetradesmus obliquus, Nam-Uz-23, MUKPOBOJOPOC/H, TepMasbHble
BO/Ibl, MOJIeKy/IsipHasi ugeHTU(ukauus, BG-11, ITS-peruos.

Keywords: Tetradesmus obliquus, Nam-Uz-23, microalgae, thermal waters, molecular
identification, BG-11, ITS region.

BBegeHnue

MMKpPOBOZOPOCIM — 3TO pa3HooOpasHasi rpynma (OTOCHHTe3UPYIOIIUX OpPraHU3MOB,
KOTOpbIe UTPalOT Ba)KHEMIIYI0 POJib B Pa3/IMUYHbIX 3KOJIOTMUECKUX U TIPOMBILIIEHHBIX MpoLeccax
[11;22]. Bogopociu TipeAcTaBieHbl KaK MHKDPOCKONIMUYECKHMMU MHUKDPOBOJOPOC/SMH, TakK
Y MakpOBOZOPOC/ISIMA— BCe OHU SIBJISIFOTCS HEOTheMJIEMOU UaCTh0 BOAHBIX KOCUCTEM, (OPMUPYS
OCHOBY THIIIEBBIX IIeII0UeK ¥ BHOCS 3HAUMTe/IbHBIN BK/IaZ B I7100a/bHOe TIPOU3BOZACTBO KUCIOPOJa
[21].

[ToMMMO 35KOJIOTMYECKOM 3HAaUMMOCTH, BOZAOPOC/IM T[PUB/IEKAIOT BHHMMaHUE CBOUM
MoTeHIMaoM B 00/1acT¥ OMOTEXHOJIOTHIA, B TOM YucC/e B (papmalieBTHKe, HYTPULIEBTHKE, OUHCTKe
CTOUHBLIX BOJ| ¥, UTO OCOOEHHO Ba)KHO, B TTPOU3BOJCTBe 3Heprud [5;8;24]. Bnarofapsi BBICOKOM
CKOPOCTH POCTa, OOMBIIOMY BBIXOAYy OHOMAacCchl U CIIOCOOHOCTH BbIpabaThiBaTh I€HHBIE
MeTabo/MUThl, OHU SIBISIFOTCS TIEePCIeKTUBHBIMM KaHAWATaM{ I/l CO3aHUSl  YCTOWYMBBIX
sHepreTuueckux peineHuii [4]. Hanpumep, Chlorella vulgaris moxeT pgaBatb g0 1,20 r/n/meHb
OroMacchl B ONTHMAJIbHBIX YCIOBUSIX U UMEeT COflep)KaHWe JMMUJ0B OKomo 28 — 32 % ot cyxoi
6uomaccel [3;7;9]. Nannochloropsis sp. — ellle ofiHa MHKPOBOZAOPOC/b, W3BECTHAasi BBICOKHUM
coZlepKaHueM JIMMUA0B, KoTopoe gocturaet 50 — 60 % oT cyxoro Beca, Ipy 3TOM NPOAYKTUBHOCTb
obuomaccel coctaBnsier g0 0,64 r/n/menn [24]. Scenedesmus obliquus, W3y4yaeMbldi Jjisi OUMCTKH
CTOYHBLIX BOJ Y TPOU3BO/CTBA OMOTOI/IMBA, XapaKTepu3yeTcs cofepkaHuem numugoB 20 — 30 %
1 cofiepkanueMm b6enka 40 — 45 % oT cyxoi 6uomaccer [3;22].

Pop Tetradesmus, Hapsiny C [ApYyTMMH poJaMu MUKDPOBOJOPOC/EH, LIMPOKO M3yuascs
Gnarozapsi BBICOKOM CKOPOCTM pOCTa W afaNTUBHOCTH K Pa3/MUYHBIM YCIOBUSIM CTOUHBIX BOJ|
[10;18;25;26]. ConeprkaHue NUMNUAOB B MUKPOBOJOPOC/ISAX, AocTuratoiee 10 50 % OT ux cyxoi
bromaccel y mtaMMmoB Tetradesmus Sp., OTKPbIBaeT 3HAUWTE/IbHBIA TOTEHIUA /ISl TIPOU3BO/ICTBA
ouoauzens [12;20]. Bonee toro, Tetradesmus sp. MOXKeT 3QHEKTHBHO MCITO/Ib30BaTh MUTATeIbHBIE
Bell|eCTBa, NIPUCYTCTBYIOLME B pa3/lMUHbIX CpeZiax [/isi BbIpall[UBaHUs], TAKUX KaK CTOUHbIE BOJbI
Y CeJIbCKOXO3SICTBEHHbBIE CTOKH, CHIKAst TOTPEOHOCTh B CHHTETUYEeCKUX yA00OpeHUsIX U CBs3aHHbIe
¢ >tiM 3arpathl [4]. OcoOblli MHTEpeCc K TMpeiacTaButensM popaa Tetradesmus oOyc/IOBIeH HMX
crocobHOCTHIO 3(h(eKTUBHO MCIIO/Mb30BaTh MUHepasbHble BellleCTBa W3 pa3/MUYHbIX BOJHBIX Cpe,
BK/IIOUasi CTOUHble BOJbl, a TaKXe BBICOKOM YCTOMUMBOCTBIO K HW3MEHEHUsIM YCJIOBUU
Ky/bTUBUpPOBaHUsi. CoBpeMeHHbIe WCC/e/J0BaHUs TTOKAa3bIBalOT, UTO Tpe/CTaBUTEeNN JaHHOTO pofa
CTIOCOOHBI TIO//IeP)KMBaTh CTAaOWIBHBIM POCT B IIMPOKOM [JHaria30He YCJIOBHM, UTO [efaeT X
MepCrieKTUBHBIMU 00BeKTaMu /ISl JarmbHeHIX (pyHjaMeHTanbHbIX U MPUKIaJHBIX UCC/Ie0BaHUN
B obstacTi buorexHosoruu [16;19].
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B mocneanuve rozpl ripeactaButen poga Tetradesmus TIpUB/eKarOT Bce Oosblliee BHUMaHUe
uccieioBaresield Garogapsi CriocOOHOCTH 3(PQPEeKTUBHO HaKarTUBaTh OMOMAacCy, aJlalTHPOBaTbCs
K pa3/MyHbIM YCJIOBUSIM KY/IbTUBHUDOBAHUSI M UCIIO/B30BaThbCSl B psifie  OMOTEXHOIOTHYeCKUX
npoueccoB. IlITaMMbl [aHHOTO pojla PAaCcCMaTPUBAIOTCS KaK TMEepPCTIeKTUBHbIE OOBEKTHI IS
MoTyueHrss OMOMacChl, OYMCTKH CTOUHBIX BOJI, TIPOM3BO/CTBA KOPMOBBIX IPOAYKTOB W JIPYTHX
L[eHHBIX OMOTIPOAYKTOB. BMecTe C TeM TMOMCK HOBBIX NMPUPOJHBIX IITAMMOB U WX KOMILIEKCHast
Mopdosioruueckasi ¥ MOJIEKY/ISIPHO-TeHeTUYeCcKasi XapaKTepUCTHKA OCTalTCS  aKTyaJbHBIMU
3a/lauamMu, TIOCKOJIBKY JIOKa/IbHble M30JISIThI MOTYT 00/afarh crieriudyuiyeCcKuMU OHOIOrueCKUMA
CBOWCTBAaMM W TIPEJCTAB/ATH WHTepeC MAs JAajdbHeHInX (yHZaMeHTa bHbIX W TPUK/IaJHBIX
HCCIeIoBaHUM [22].

Llenb uccnedogaHuii: Llempro uCC/IeOBaHUS SIBSUTCH BBIZIEJIEHHE HOBOTO JIOKA/TBHOTO
mramMmma Tetradesmus obliquus 13 TepMa/lbHBIX MUHepanbHbIX BOZ YapTakckoro palioHa
Hamanranckodd  obsmactu  Pecriyosmvku  ¥Y30ekucTaH, ero  MOJEKY/IsIpHO-TeHeThdecKast
UIeHTUDUKALYS, a TaKXKe U3ydeHrue MOp(hOoIoruueCKUX, Ky/IbTypabHbIX 0COOEHHOCTEH.

Marepuasbl 1 MeTOABI

O6mwekT uccnenoanusi: OOGbEKTOM HUCC/IeAOBaHUS C/TY)KHI LITaMM 3€16HOM MUKDPOBOZOPOC/IN
Tetradesmus obliquus Nam-Uz-23, BbifiesieHHbil B 2023 roly U3 TepMa/lbHbIX MUHepaJbHbIX BO/
Yaprakckoro paiioHa HamaHraHckoi obnactu Pecnybsuku Y36ekucran (41,0689° c.m.; 71,8153°
B.[l.; OKojo 650 M Haj ypoBHeM Mopsi). TemriepaTypa BOAbl B HCTOUHHKe cocTapisiia 40-60
°C. TTockonbKy 1ie/ibl0 paboThI SIB/ISUTUCH Bbiie/ieHWe W WAeHTUGhUKAIUS 1ITaMMa, XUMUAYeCKUH
COCTaB U CTeleHb MUHEepaau3alyyd HWCTOYHMKAa B paMKax HacTOSIIero WCCaeloBaHUSI He
onpezensimich. [Ipobel orbupanu 23 masg 2023 T. Ha TepMaJbHOM MHWHEpaJTbHOM HMCTOUHHKE
Yaprakckoro paiioHa HamanraHckoii obmactu Pecrybmuku Y36ekucraH. OTOOpP MpPOBOAMIN TIO
MeTO/IKe, OIMMCAaHHOM B pabote [17]. BogopocsieBbie obpacTaHusi aKKypaTHO CHUMAa/IA C KaMHeM
CTepWIbHBIM CKaJibIlesieM U TIOMellja/ii B CTePU/TbHbIE TTOJTUITHUIEHOBbIe éMKOCTH 00bEMOM 50 MU
BbifiesieHre 1ITaMMa TPOBOJWIM IO OOIIeNpuHATON MeTofuKe [17] Ha TUIOTHBIX MUTaTeIbHBIX
cpefiax C WCTOMb30BaHWEM KJIaCCUYeCKHMX MHKPOOMO/IOTHUeCKUX MeTOoZioB. KynbTypy Besid Kak
KJ/IOHA/IbHYK0 MOHOAJIbrajbHy0, OMYyYeHHYIO U3 eIMHUYHOW KOJIOHWH; TIepeceB Ha CBEXYIO Cpeay
TOBTOPS/IA /10 TIOJMYUYEHUs] aJblO/IOTMUeCKM UKCTOrO COCTOSIHMS, KOTOpPOe KOHTPOJMPOBAIU
MHKpOCKONHYecKd. Mopdosiornyeckye TpU3HaKK IITaMma M3yyald C TOMOLbI0 CBETOBOTO
TPUHOKY/sipHOrO MUKpockoria N-300M, ocHaiiéHHoro 1udpoBoit kamepoidr MD101 (5,0 Mn)
1M BCTPOEHHbIM 3KpaHoM 11 aroiiMoB, npu yBenuueHusix X400 u X1000 (macisHass uUMMepcCHs).
Pasmepnl KeTok ompezesnsiid 1o 30 KjaeTkaM C KCIOb30BaHHMEM TIPOTPAaMMHOTO oOecriedeHust
KaMepbl MUKPOCKOIA; UMCTOTY Ky/JIbTyPbl KOHTPOJIMPOBaJM MUKDOCKOMUUECKU Tiepe]; KaK[bIM
riepeceBoM. llITamMM BbIJie/sSId U TIOAJ€P)KUBAIU Pery/sipHbIM epeceBOM Ha MOAUGULMPOBaHHOU
cpege BG-11 c a3otrom. OHa sBAsieTCS YHUBepCAa/lbHOW TNMTaTe/IbHOM Cpefjoll C BbICOKUM
cofep)kaHMeM a3oTa M MHUHepajioB W aJanThpoBaHa K craHzapTaM «Komnekiuu KymnbTyp
BOZIOpOC/Ied U rpocTermmx» [1;23;27].

Ky/ibTMBUpOBaHHE TMPOBOAWIM B Kojbax OpsieHMeliepa 06béMoM 750 M/ Ha pPOTOPHOM
medikepe (150 o6/MuH) myTém mobapneHusi 5-10 % WHOKy/ATa K KUAKOH MOJUGMUIIMPOBAHHOM
nurarenbHOU cpesie BG-11 nipu Temriepatype 27 °C 1 ocBelléHHOCTH 25—-27 Thbic. mtokc. CocTaB
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MOAMGUIIMPOBAHHON MUTaTe/bHOM cpeabl BG-11 (1a 1 1): NaNO, — 1,50 r; K,HPO,*x3H,0 —
0,04 r; MgSO,x7H,0 — 0,075 r; CaCl,x2H,0 — 0,05 r; Na,CO, — 0,02 r; 1uMOHHast KUC/I0Ta —
0,006 r; 3TA-Na, — 0,001 r; Fe3/NH, -umurpar (Fe 16-19 %) — 0,006 r; pacTtBOp
MukpoaniementoB — 1,0 mi; 0,5 M pactsop HEPES, pH 7,5 — 40 mn; guctuiyivpoBaHHast Boja —
Jo 1 n [27]. Jns AnUTenbHOrO XpaHeHWs IITaMM ToAJep)kuBanv Ha cpefie BG-11 mpu +4 °C
C mepeceBOM Kaxible 2 Mecsiia 6o B 10 % rauuepune ripu —80 °C. VpeHTHUGUKaLUA IITAMMa
npoBoAwiack B Jabopatopuu «[louBeHHass MuKpoOWonorMss W OHOTexXHOMOTUs» VIHCTUTYyTa
MUKpoOWoiorud  AKazleMud HayK PecnyOnmuku  Y30eKWCTaH Ha OCHOBaHMM — MOPQO/IOro-
Ky/IbTYpaJ/IbHBIX MPU3HAKOB [13;14;15], a Takke MO/IeKy/IsIPHO-TeHeTUUeCKOro aHau3a. Beigenenue
totanpbHOU JHK, amrimmdukaiuto teneBoro ¢pparmenrta, ounctky [1LIP-nipogykra u oripejeneHuve
HYK/JIEOTUZHOM TIOC/Ie[0BaTe/IbHOCTH TIPOBOJWIM COTPYAHUKH yKa3aHHOW jabopaTopuu o
CTaHJAPTHBIM MeTOAUKaM, IPUMeHsIeMbIM /11 UeHTU(HUKALIMA MUKPOBOZOPOCIeN.

B kauecTBe MOJIEKY/IIDHOIO  Mapkepa  UcCmonb3oBaaud — ydactok  ITS1-5.8S-ITS2
pubocomansHor JJHK [2], drmaHKrpoBaHHBI KOHCEPBAaTUBHBIMU TIOC/I€/IOBATEILHOCTSMU TE€HOB
18S u 28S pPHK. [laHHbII yyacTOK IIMPOKO MPUMEHSIeTCs [Jis BUJJOBOM UAEeHTU(UKALIUN 3e/IEHbIX
MHKpPOBOZiOpOC/Iel Orarofapss BBICOKOW BapralenbHOCTH BHYTPEHHHX TPaHCKPHUOMPYeMbIX
crieficepoB TpM  KOHCEPBAaTUBHOCTH (hraHKUpyOUMX obnacteid. AMMMQUKauio TPOBOAWIN
C wucrnonb3oBaHueM yHuBepcanbHbix npavMmepoB ITS1 (5-TCCGTAGGTGAACCTGCGG-3')
n ITS4  (5-TCCTCCGCTTATTGATATGC-3') [28]. [TonyyeHHyI0O  HYK/IEOTU[HYO
T0C/Ie/I0BaTeTbHOCTh CPAaBHUBAJIM C MOC/Ie0BaTeTbHOCTIMH MeXKAyHapogHoU 6a3bl gaHHbIX NCBI
GenBank c ncrions3oBanuem anropurtma BLASTn.

®uIoreHeTUYECKU aHaau3 BBIMNOMHSIIM Ha OCHOBe MOC/e[0BaTe/bHOCTA yvacTka ITS1-—
5.85-ITS2. [Ina mnocTpoeHus JepeBa MCIO/Ab30Ba/Jd TOMOJIOTUUHBIE [10C/Ie[0BaTe/IbHOCTU
nipeacraButeneii pogos Tetradesmus, Acutodesmus u Scenedesmus, fenoHMpoBaHHble B GenBank.
MHo)xecTBeHHOe BbIpaBHHMBaHWe [10C/e/l0BaTebHOCTed BbIMOMHAMA —anroputMoM  ClustalW.
HepeBo pekoHCTpyupoBaiu MeTtofoMm Neighbor-Joining Ha ocHOBe p-uCTaHIMM; CTaTUCTUUECKYIO
MOJZIePXKKy Y3/I0B OLieHMBaiu MetonoM bootstrap (300 moBTopHOCTeil). B KauecTBe BHeIIHeit
rpymnnel ucnonb3oBaau Chlorella sorokiniana SM9_4 (KM514851.1). AHanv3 NpoBOWIN
B rnporpamme MEGA 11.

Pesynmeratel 1 oOCyxzeHve: B pe3ynbrare TpOBeAEHHON WeHTUOHUKALMM W aHa/Iu3a
MOpP(OIOTUUeCKUX, KY/IbTYPaJbHbIX U MOJIEKY/ISIPHO-TeHeTUUECKUX XapaKTePUCTUK YCTaHOB/IEHO,
yTO BbIJe/NeHHbI wWTamm Tetradesmus obliquus Nam-Uz-23 cOOTBeTCTBYeT AMarHOCTHUECKUM
npyu3HaKkaM npezcraBuTeneit poga Tetradesmus. Vicnionb3oBanue ITS-pernona p/IHK B coueTanuu
¢ MopdosornueckuM 0COOEHHOCTSIMU  SIBISIETCST  OOLLENPUHATBIM TIOAXOAOM K /JOCTOBEPHOM
WZleHTUUKaLIK MHUKPOBOZOPOC/IEN Jl@aHHOTO poza. [TonyuenHas HYKJ/IeOTH/IHas
MOC/Ie/IOBATeIbHOCTh JIEMIOHUpPOBaHA B MekayHapogHoh 0a3e ganHeix NCBI GenBank mof
peructpalioHHbIM HomepoM PZ027968. BrisiBneHHble MOpQonoruyeckue Npu3HaKu COIIACyrOTCs
C COBpeMeHHBbIMU JUTepaTypHbIMM JaHHbIMU O Bufe Tetradesmus obliquus [2;13;14;15]. [dns
WCC/IefyeMOoro ITaMMa XapaKTepHBI S/UTUIICOUHAS WK Y/IMHEHHas (opMa K/IeTOK, oOpa3oBaHHe
1jeHOOMeB 13 2, 4 U 8 K/IETOK U OTCYTCTBUE XTYTHKOB (PUCYHOK 1). COBOKYITHOCTh yKa3aHHBIX
TIPU3HAKOB COOTBETCTBYET JUArHOCTUYECKUM XapaKTepHUCTHKaM [aHHOrO BUJA U [JOTIOTHUTEIbHO
MO/ TBEepP>KjaeT NPaBUIbHOCTh NPOBEAEHHON MEeHTU(PHUKALIUH.
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CornacHO xapakTepUCTHKe [elOHMPOBAHHOIO IITaMMa, ONTHUMa/JbHBIMU YC/IOBUSIMU €r0
KY/JIETUBUPOBaHUs AB/IAOTCA TeMrieparypa 26-30 °C, 3Hauenwe pH 6,8-7,5, ucnosbs3oBaHue
Mou(bUIIMPOBaHHOW  muTarenbHOM  cpeabl  BG-11,  ocBeméHHOCTH  25-27  ThIC.  JIK
U KY/JIbTHBUPOBaHHWE Ha DOTOPHOM Iilelikepe €O CKOpOCTbi0 150 006/MHH. YKa3aHHBbIE YCIOBHS
PEeKOMeH/JIOBaHbl /il  CTaOWIBHOTO KY/IBTUBUPOBAHWS U TOAJEP)KaHUsS KU3HeCIOCOOHOCTH
JIeTIOHUPOBAHHOIO  LITAMMa. CpaBHUTe/IbHBIM ~ aHa/lWM3  TOJyYeHHOW  HYK/IeOTHUAHOU
rocsieloBarelbHOCTA yuactka ITS1-5.8S-ITS2 ¢ mocienoBaTe/ibHOCTIMU MeXIyHapOAHOU 0a3bl
nanHeix NCBI GenBank, BbImonHeHHbIN C ucnonb3oBaHueM anroputMa BLASTN, mokasan eé
BBICOKYIO CTereHb COOTBeTCTBUSI TMOC/e/l0BaTe/NbHOCTSIM Buja Tetradesmus obliquus. YpoBeHb
CXOZICTBA C HaubOosiee OM3KUMM [IeTIOHUPOBAHHBIMU T0C/IE/I0OBATEILHOCTAMU cocTaBun 99,84 %
npy ToKpbITuK 3arnpoca 100 % u 3Hauenmn E-value 0,0. Cpenu Hambosiee O/IM3KKX OKa3aluCh
nocsiefioBarenibHOCTA 1uTaMMoB Tetradesmus obliquus UTEX 1450 u UTEX 1237, a Takxke
10CJIeJ0BaTe/IbHOCTH, JelOHMpOBaHHbIe 1o HomepaMu MW065554.1, KJ676127.1 u KP645232.1.
Yacte OMM3KUX MMOC/IeAOBaTeIbHOCTEM fAeroHrpoBaHa B GenBank moj Ha3zBanwem Scenedesmus
obliquus (B Tom uucse mrtamMmmbl 1 — 10 u GS3b), uro cBsizaHO C TIpOBeAEHHON peBU3Mel poja
Y paccMaTpUBaeTCsl KakK TaKCOHOMUUeCKU cuHOHUM Tetradesmus obliquus. TlonyueHHble 3HaYeHHUs
CXOZICTBA  TPEBBIIIAIOT  TOPOT, TMPUHATBIA A1 BUAOBOM  WEHTU(QUKALMK  3eEHBIX
MUKpoBogopocsiert no ITS-pervony, U mNoATBep)KJalOT NpHHaZIeXHOCTh mTamMma Nam-Uz-23
K BUny Tetradesmus obliquus.

PucyHok 1. IlTmamm Tetradesmus obliquus Nam-Uz-23, ébi0es1eHHDITl U3 MepMaabHbIX
MuHepa/ibHbIX 600 Yapmakckozo pationa Hamanzauckoti o6aacmu Pecny6auku Y30ekucmax

[TonyyeHHble JaHHbIE COITIACYIOTCSI C COBPEMEHHbIMU TPeZCTaB/IeHUsIMU O CCTeMaTH4eCKOM
T0JIOKeHUM TipeficTaBuTesieli pofia Tetradesmus M MOTYT C/Iy>KATb OCHOBOW [I/is1 Jla/IbHEMIIINX
WCC/IeIOBaHUM  JlaHHOrO 1TamMma. /[l  OLeHKM COOTBETCTBHSI — BBIJ|e/IEHHOTO — LITaMMa
[IMarHOCTUYeCKUM Tpu3HakaM Buja Tetradesmus obliquus TipoBefieHO CpaBHeHHE ero OCHOBHBIX
MOP(O/IOTHUECKUX XapPAKTEePUCTUK C OMyOIMKOBaHHBIMU JIUTEPAaTyPHBIMU [JaHHBIMHU [JIsl [IITaMMa
Tetradesmus obliquus BRO03 [6]. CpaBHeHHe BK/ItOUano (opMy U pa3Mepbl K/IeTOK, TUIl KOJIOHUH,
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WAeHTU(PUKAIIMM  TIpe/iCTaBUTe/Iel  [JaHHOTO  BU/A.

Tipe/icTaB/ieHbl B Tabsurie 1.

Pesysnbrarel

CPaBHUTE/ILHOI'O  aHa/IM3ad

Ta6nuya 1.

CpaBHUTe/IbHAsi XapaKTePUCTHKA MOP(O/I0THYECKHX U KY/IbTyPa/IbHbIX IPU3HAKOB
mrammoB Tetradesmus obliquus Nam-Uz-23 u BR003

IToka3arennb

Tetradesmus obliquus Nam-Uz-23

Tetradesmus obliquus BR003

dopMa KJ1eToK

OnurconiHas Uin yAIUHEHHAs

ONUIconHas C 3aKpyIJIeHHbI-
MU KOHL|aMHU

Pasmep keTok

6-18 MKM

okosio 10 MKM

Tun KosoHUA

LeHo6uM U3 2, 4 1 8-K/IETOK

Llenobun u3 4-8 KeTok

IToaBUXHOCTB OtcyTcTBYeT OtcyTcTBYyeT
Criocob pa3MHOXKeHHUs ABTOCHIOpHI ABTOCTIOpBI
OnTumainbHas Temiieparypa Ky/absTuBU- | 26-30 °C He npuBeeHb1
pOBaHUs

OnrrmanbHOe 3HaueHne pH 6,8-7,5 He npuBesiens!

[TurarenvHas cpesa MopudwurmposanHast BG-11 BG-11

25-27 ThIC. JIFOKC
150 06/MuH
BG-11 nipu +4 °C

OcBelléHHOCTh He npuBesieHsl

CKOpOCTb TiepeMelIuBaHUs He nipuBefeHbI

Ycnosus xpaHeHUst He npuBesiens!

Kak BuiHO 13 faHHBIX Tabmunpl 1, mramm Tetradesmus obliquus Nam-Uz-23 110 0CHOBHBIM
MOP(QOJIOTHUECKUM TIpU3HAaKaM COOTBETCTBYeT OMyOJIMKOBAaHHBIM XapaKTePUCTUKaM IITaMMa
Tetradesmus obliquus BR003. Oba mrTaMma UMeIOT 3/TMIICOM/HYI0 (OpPMy KJIeTOK, 00pasyroT
11eHOOMH, PpasMHOXKAIOTCS aBTOCTIOpaMH M He 00/1aZlafoT TIOABW)KHOCTBIO. He3HaunTesbHbIE
pa3Mums B pa3Mepax KJIeTOK MOTYT ObITh CBsI3aHBI C TIPOMCXOXKAEHHEM IITaMMOB M Pa3/IduMsIMH
yCJIOBUM Ky/lbTUBUpOBaHUs. [lo/yueHHble pe3ysbTaThl COIVIACYIOTCS C JIUTEPATYPHBIMU JAHHBIMU
Y [IONIOJIHUTE/IbHO TOATBEP)KAAl0T TPaBUIbHOCTh WEeHTU(PUKALMK MCCAeyeMOoro IMTaMMa Kak
Tetradesmus obliquus [6].

511 yTouHeHus1 (uioreHeTUUeCKOro MosoykeHus mramma Tetradesmus obliquus Nam-Uz-23
WCII0/T30BaMM TocsieoBarenbHOCTh yuactka 1TS1-5.8S pJHK-ITS2, nemonupoBanHyio B Oa3e
GenBank mnoj Homepom PZ027968. IlocnenoBaresibHOCTb CpaBHMBAIM C TOMOJIOTMUHBIMU
10C/Ie/l0BaTe/IbHOCTAMY TipeficTaBuTesieil pofioB Tetradesmus, Acutodesmus u Scenedesmus. s
TIOATBEPK/eHUsT TaKCOHOMHUECKOTO TI0JIOKeHHsI IITaMMa ObUT BBINMOJHEH (huIoreHeTHue CKUi
a”anus. [TonyueHHoe dunoreHeTHYeCcKoe /1epeBo Mpe/CTaB/IeHo Ha PUCYHKe 2.

10
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dunoreHeTnyeckoe nonoxeHue Tetradesmus obliquus Nam-Uz-23
ITS1-5.85-1TS2, Neighbor-Joining, bootstrap 300

—f Tetradesmus obliquus Najm-Uz-23 [PZ027968.1]]
100
2 A 100 Tetradesmus obliquus CE2.4p2 [MH311543.1]
100 Tetradesmus obliquus Jo_34 [MW13(902.1]
4 100 Tetradesmus obliquus BEA DO1_12 [MW065%54.1]
100 Tetradesmus obliquus SAG 2607 [MZ546607.1]
6 100 Tetradesmus obliquus BEA0140 [0Q065388.1]
100 Tetradesmus dimorphus UTEX 1237 [PP826672.1]
84 100 Tetradesmus dimorphus UTEX 417 [PP826671.1]
100 Tetradesmus dimorphus OF2 [PX057663.1]
10 — Acutodesmus obliquus CCAP 276/49 [JQ082319.1]
100 Acutodesmus obliquus XL-4-2 [KF689582.1]
124 e Acutodesmus obliquus 7 [JQ684088.1]
— Scenedesmus obliquus UTEX 1450 [AJ249506.1]
14 4 Scenedesmus naegelii UTEX 74 [AJ249510.1]
Scenedesmus basiliensis UTEX 79 [KU291882.1]
16 4 Chlorella sorokiniana SM9_4 [KM514851.1]
070 2?5 5?0 7?5 ld.O 12'.5 15‘,0 17'.5

FeHeTuyeckas auctaHuma (p-distance)

PucyHok 2. dunozeHemuueckoe nonoxceHue wmamma Tetradesmus obliquus

Nam-Uz-23 (PZ027968), ycTaHOB/IeHHOe Ha OCHOBe CpPaBHUTE/JBHOTO  aHaau3a
HYKJIEOTU/IHBIX TiocnenoBaTenbHOCTeM ydactka [TS1-5.8S pAHK-ITS2. ®unoreHetnyeckoe
ZlepeBo mocTtpoeHO MetozoM Neighbor-Joining ¢ wucnonb3oBaHueM p-AucTaHLvi. HagéxHOCTh
TOIOJIOTUX OLleHUBa/ld MeToZioM bootstrap Ha ocHoBe 300 moBTOpHOCTe. B KauecTBe BHeLIHel
rpynnsl  ucnonb3oBaau Chlorella sorokiniana SM9_4 (KM514851.1). WccnepyeMsblid IITaMM
Bbl/leJIeH MOMY>KUPHBIM LIPU(PTOM U PaMKOH.

leHeTHuecKre XapaKTepUCTUKU. [eHeTuyeckass wHpeHTU(UWKalusl IITamMMa Ietradesmus
obliquus Nam-Uz-23 mpoBefjeHa Ha OCHOBaHMM aHaimm3a ITS-perriona pubocomanbHov [THK.
OCHOBHbIe TeHeTHUECKHWe XapaKTepPUCTUKW TpeAcTaBieHbl B Tabmure 2. Pe3ynbrarhl
(rnoreHeTHYECKOTO aHasM3a, MOATBEPXKJaroLue TPUHA//IE)XHOCTh UCC/IelyeMOro Tamma K BUAy
Tetradesmus obliquus, mpyBe/ieHbl Ha PUCYHKe 2.

Tabauya 2.
I'eHeTnueckas xapakTepucTtuka mramma Tetradesmus obliquus Nam-Uz-23
IToxka3arensn XapakTepHucTHKa
Bup Tetradesmus obliquus
IIItamm Nam-Uz-23
leHeTnueckuii Mapkep ITS-peruon pubocomansHoi THK (ITS rDNA)
Metog nzentTuduKaLu MorexynsipHO-TeHeTU4e CKU aHa/IU3 C CeKBeHUPOBaHUEM
ITS-pernona pIHK
Perucrparuonnslii Homep NCBI PZ027968

11
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IToxka3arensn XapakTepucTuka
MecTo npoBefieHUsT UeHTUPUKAIUN Jlabopatopus «IlouBeHHast MMKpOOUOJIOTHSI 1 OUOTEXHO-
norusi» NUHcTUTYyTa MUKpOOUonorud AH Pecry6nuku
Y36ekuncraH
lenetryeckast MoguuKaLys OtcyTcTBYeT (IUTAMM He SIB/ISIeTCSl TeHeTUYeCKU
MOU(ULIMPOBAHHBIM OPTaHU3MOM)

3ak/IIoueHue

B pesynbrare mpoBeieHHOTO UCC/Ie0BaHUS BbI/Ie/IEHHbIN U3 TepMa/lbHbIX MUHEPA/IbHBIX BOJ|
Y306ekucrana mramm Tetradesmus obliquus Nam-Uz-23 6bi1 uieHTUGUIIMPOBAH Ha OCHOBAaHUU
KOMIUIeKCa ~ MOpQOJOrMUeCKUX U MOJIeKY/IsIPHO-TeHeTUYeCcKuX  Ipus3HakoB. CpaBHeHHe
MOp(}osoruuecKrux XapakTepUCTUK C JIUTepaTypPHbIMU JAHHBIMU U Pe3y/bTaThl (DUIOreHeThueCKOTo
aHamm3a ITS-pernona pubocomanbHor JIHK moATBepAuIM TPUHA/IEKHOCTb WCCIEYEMOTO
mramMMa K Bugy Tetradesmus obliquus. IlonyueHHble [aHHble [JOTIOJIHSIIOT — CBeZeHHUs
0 O6uopa3Ho0Opa3uy MUKPOBOIOPOC/IEN TepMa/lbHBIX B0l Y30eKHCTaHa U MOTYT C/TY)KUTb OCHOBOM
[UIs1 AanbHENIINX UCCIeJOBaHUM TI0 KY/IbTUBUPOBAHUIO Y OMOTEXHOJIOrMYeCKOMY HCII0/Ib30BaHHIO
JIaHHOTO 1ITaMMa.

BiarogapHoCTh. ABTODBI BBIPa)KarOT MCKPEHHIO0 0/1arojapHOCTh

XyxamiykypoBy H.A. 3a 1jeHHble HayuHble KOHCY/IbTal[i¥, METOAUYECKYH ITOMOLb,
peKOMeHJalliu TIPY TIPOBeJIeHNH WCC/IeJOBaHUA W OOCY)KA€HUM TIO/MyYeHHBIX pe3y/nbTatoB. Ero
TOZIIep>)KKa M MpodeCccroHabHbIe COBETHI CIIOCOOCTBOBA/M YCIEITHOMY BBITMTOJHEHUIO /JTaHHOM
pabotel. Bkas aBTOpoB: MwupakbapoBa M.A. pa3paborana KOHIETIIUIO HWCC/Ie0BaHMS,
OCyLeCcTBWIa BblleJleHMe U Ky/JbTHUBUPOBaHWe IITaMMa, aHaau3 pe3y/bTaTOB U IOATOTOBKY
pykorucu. Aoayniaes X.O. mpUHUMa/ ydyacTHe B MPOBeJeHUN MCC/IeJOBaHUM, 00paboTKe JaHHbIX
Y MOJITOTOBKE CTaThU.
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AHHOTaLUA

Llenbto HACTOALLETO HWCCEJOBaHUS SIBJSI/IACH OLIEHKa aHTarOHUCTUUeCKOW aKTHBHOCTH
MEepCreKTUBHBIX IITAMMOB MHKDOOPTaHU3MOB B OTHOIIEHWM (UTOMATOTeHHBIX TI'pubOB poja
Alternaria B ycioBusix in vitro. B KauecTBe aHTaroHHMCTOB MCMOJb30Ba/iv ITamMMbl Trichoderma
asperellum UzA-4, Bacillus safensis FVPP 3/11, Bacillus licheniformis sh6.25, a Takxe xBa
mTamMma poza Streptomyces. OObeKTaMU WCCAeIOBaHUS CAYKHIA dYeTbipe H30jsiTa Alternaria
alternata, oivH u301aT A. tenuissima v ofuH u3oaAT A. solani, BbifiesieHHble U3 KapTodens U
OBOLIHBIX KY/IbTyp. AHTarOHUCTUUECKYIO0 aKTUBHOCTb OTpeJe/siii MeTOJ0M [IBOMHOM Ky/IbTypbl Ha
KapToesbHO-IeKCTPO3HOM ~arape C TIOC/eIYHOIUM pacuéToM TMpoLeHTa WHTUOMpPOBAHUS
paZiasibHOTO POCTa (PUTOIATOreHOB. YCTaHOBJAeHO, uTo InTamMm T. asperellum UzA-4 miposiBun
Hanboee BEICOKYI0 OMOKOHTPOJIbHYIO aKTUBHOCTE, 00ecrieurnBasi 100 %-Hoe MHrHOMpPOBaHKMEe POCTa
BCEX MCCJIeIOBaHHBIX M30/ATOB Alternaria. CTeneHb MHrHOMpOBaHMS mTaMMoM B. safensis FVPP
3/11 cocraeuna ot 27,0 go 62,0 %, Torma kKak mramm B. licheniformis sh6.25 uarubuposan poct
¢duronatoreHoB B nmpenenax 12,25-55,0 %. Illtammbl Streptomyces XapaKTepH30Ba/vCh
CpPaBHUTEbHO HU3KOW aHTaroHUCTU4eckow akTUBHOCTHIO (0-36,0 %). IlosyueHHble pe3y/bTaThl
CBU/IETEJIbCTBYIOT, UTO CpPeAM WCC/IeIOBAaHHBIX MHKDOOPTaHW3MOB Haubosiee IepCrieKTHBHBIM
KaHAWJATOM [i/is JaJbHeNIIMX WCCAe/JOBaHWN B KaueCTBe areHTa OHOOrMUecKoro KOHTPOJIS
spisietcs: mrtamM T. asperellum UzA-4. BmecTe ¢ Tem ero npakrtuueckast 3¢GheKTHBHOCTh Tpedyer
JlanbHelllell OLleHKM B TEIUIMYHBbIX W TI0JIeBbIX YCJOBUSIX, @ TakKe HW3yueHHsi MeXaHU3MOB
aHTarOHUCTUYECKOTO JeiCTBUS.

Abstract

The aim of the present study was to evaluate the in vitro antagonistic activity of promising
microbial strains against phytopathogenic fungi of the genus Alternaria. The antagonistic
microorganisms included Trichoderma asperellum UzA-4, Bacillus safensis FVPP 3/11, Bacillus
licheniformis sh6.25, and two Streptomyces strains. Four isolates of Alternaria alternata, one isolate
of A. tenuissima, and one isolate of A. solani, obtained from potato tubers and vegetable crops, were
used as phytopathogenic test organisms. Antagonistic activity was assessed using the dual culture
assay on potato dextrose agar, followed by calculation of the percentage inhibition of radial
mycelial growth.

The results demonstrated that T. asperellum UzA-4 exhibited the highest biocontrol activity,
completely inhibiting (100 %) the growth of all tested Alternaria isolates. The inhibition rates of B.
safensis FVPP 3/11 ranged from 27.0 % to 62.0 %, whereas B. licheniformis sh6.25 inhibited fungal
growth by 12.25-55.0 %. The Streptomyces strains showed comparatively low antagonistic activity
(0-36.0 %).

The obtained results indicate that T. asperellum UzA-4 is the most promising candidate for
further investigation as a biological control agent against phytopathogenic fungi of the genus
Alternaria. However, further studies under greenhouse and field conditions, as well as investigations
into its mechanisms of antagonistic activity, are required before its practical application can be
recommended.
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KoueBble ciioBa: Alternaria alternata, Alternaria tenuissima, Alternaria solani, Trichoderma
asperellum, Bacillus safensis, Bacillus licheniformis, Streptomyces, aHTaroHu3m, 6uosoruyecKuii
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asperellum, Bacillus safensis, Bacillus licheniformis, Streptomyces, antagonism, biological control.

BBegenue

HemnpepbIBHBIN POCT UMCIEHHOCTH HacejeHWss MHpa W3 Trofla B roji TIOBbIILIAeT CIpOC Ha
CeJIbCKOXO3STMCTBEHHYIO MPOAYKLWIO. B CBsi3u ¢ 3TUM pa3paboTka 3(h(eKTUBHBIX U IKOJOTHUeCKU
Oe3oracHbIXx Mep  0oppOBI € 3a00MeBaHUSMM,  BbI3bIBaeMBbIMH  (DHUTOIATOT€HHLIMHU
MUKPOOpraHu3MamH, TMpuobpeTaer 0co0yl0 aKTyaJbHOCTb [Jii COXPaHeHWs YPOXKalHOCTH
CeJIbCKOXO3STMCTBEHHBIX KY/IBTYD U 00ecrieueHus TIPOJj0BOJILCTBEHHOM 6e3omacHoCTU. B HacTosiiee
BpeMsi CpeJii SKOHOMHUECKU 3HauuMbIX (DUTOTIAaTOTeHOB Ce/bCKOXO3SIMCTBEHHBIX KY/IBTYpP 0coboe
MecTo 3aHMMaroT rpubbl poga Alternaria. TlpeicTaBuTeNu [AaHHOTO pOJila BHI3BIBAIOT TaKHe
3aboneBaHusi, KakK paHHSS TMSTHHACTOCTh, MATHUCTOCTh JIMCTbEB, THWIM IUJIOAOB U KIyOHel
KapTodeJisi, TOMaTa, repiia, MOPKOBH, KaIlyCThl, JIyKa, TIOACOJIHEUHHKA, 36PHOBBIX U MHOTMX APYTHUX
CeJIbCKOXO3SICTBEHHBIX KY/IbTYp, a TpU OJIarONPUSTHBIX KAMMAaTUUeCKUX YCJIOBUSIX MOTYT
TIPUBOJIUTH K moTepsiM ypoxkasi o 20—80 % [22, 12, 20].

Bugbl popa Alternaria siBnsitoTCS HEKPOTPOMHBIMH (hUTOMIAaTOreHaMy, KOTOpbIe BbI3bIBAIOT
rubesib paCcTUTE/TbHBIX KJIETOK B TpOLiecce Pa3BUTHs 3ab0sieBaHUS 3a CUET CUHTEe3a (PUTOTOKCHHOB,
TUIPOJINTHUECKUX (DepMeHTOB W ApPYrux (akTOpOB BUPY/IeHTHOCTH. K HacTosiiiieMy BpeMeHHU
y rpuboB [aHHOTO pofa BbisiBieHO Oomee 70 BTOPUYHBIX MeTAOOSUTOB W (PUTOTOKCHHOB,
OONBIIMHCTBO W3 KOTOPBIX SIBJISIIOTCS BaKHBIMH (DaKTOpamMM TIaTOTeHHOCTH W arpeCcCHBHOCTH.
['eHOMHBIE UCC/IeIOBaHUs TaKXKe CBUZIeTeTbCTBYIOT O HaJIMYMU MHOTOUMC/IEHHBIX TeHOB, CBSI3aHHBIX
¢ GMOCHHTE30M TOKCHHOB, aJamnTaljied K ¢dakropaM OKpY)Karollled cpefibl M TaTOreHHOCThI0, UTO
TO/ITBEP KJaeT BLICOKYHO a/lalITUBHOCTh BUOB pofa Alternaria [9, 18, 10].

Ins  xoHTponsi 3aboseBaHuid, BbI3bIBaeMbIX Alternaria B  CelbCKOM — XO3SIMCTBe,
MIPeUMYII[eCTBEHHO TPUMEHSIOTCS XuMuueckre QyHruiuael. OHaKo, JJIMTe/IbHOe MCTI0/Ib30BaHue
GYHTULIMZOB C OJUHAKOBBIM MEXaHWU3MOM JeMCTBUSI TIPUBOJUT K TIOSIBJIEHHUIO PEe3HWCTeHTHOCTU
y TIaTOTeHOB, HapyIIeHWI0 MUKPOOHOLIeHO3a TIOUBLI, 3arpPsi3HEHUI0 OKpYyKarollled cpefibl, a Takxke
HaAKOTUIEHUIO OCTATOYHBIX KOJTMUECTB TeCTULIUIOB B CebCKOX03MCTBEHHOM MPOAYKLUMU. B cBsizu
C 93TUM pa3paboTka 2JKOMOTMUecKH 0e30IMacHbIX, YCTOWUMBBIX W 3((EeKTUBHBIX CpeJCTB
OvosorMueckol 3alliyThl SIBJISIETCS OJHWUM W3 TIPUOPUTETHBIX HarpaBleHUN COBpeMeHHOM
duronaronoruu [20].

B O6uosornyeckoii Ooprbe ¢ (uTomaTtoreHHbIMH TprHOamMM Haubosiee TIepCIIeKTHBHBIMHU
aHTaroHWCTaMM TIPU3HAHbI MUKDPOOpraHU3Mbl, OTHOCsIIMecsi K poaam Trichoderma, Bacillus v
Streptomyces. Bupabl pogma Trichoderma 1i0AaB/sSlOT POCT (UTOMATOT€HOB TOCPECTBOM
MUKOTIapa3uTHU3Ma, KOHKYDEHIIMM 3a TIUTaTe/ibHble BelllecTBa W Cpedy OOWTaHWs, CHUHTe3a
TUIPOJIMTHUECKUX (epMeHTOB, TaKMX KaK XWTHWHa3a, [-1,3-If0KaHa3a W TIpoTeasa, a TaKxke
BTODUYHBIX MeTabo/UTOB, 00/1ajaromyx aHTUOMOTHUeCKUMH CBOWCTBaMU. Kpome TOro, OHU
WHAYLUPYIOT CUCTEMHYIO yCTOMYMBOCTb pacTeHWi, TIOBBIIIAsS WX  COMPOTHUBIISEMOCTb
K 3a0osieBanusaM [13, 12].
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bakrepuu poza Bacillus nposiB/sitOT BbICOKYH0 aHTHU(YHTa/lIbHYI0 aKTUBHOCTb B OTHOLIEHUH
MHOTUX (hUTOMATOreHHbIX TPUOOB O/1arofapsi CUHTe3y JIMTIONENTHAHBIX aHTUOMOTHUKOB, TaKUX Kak
WUTYPUH, eHrULIMH U CyppaKTUH, THAPOIUTHYECKUX (PEepPMEHTOB, a TaKKe JIeTyUnX OpraHnyecKuX
coeauHeHuil [23]. OHM TakKe YCIEIIHO KOJIOHU3UPYIOT pu3ochepy U CTUMYIUPYHOT POCT
Y pa3BuTHe pacTeHuii [11, 8].

AKTUHOMUIIETBI Pojia Streptomyces OTHOCSATCS K UMC/TY HanOoee BaKHBIX MUKPOOPTaHU3MOB
— TIPOAYLIEHTOB MPUPOJHBIX aHTUOMOTUKOB. CHHTe3VpyeMble MU aHTU(YHTa/IbHbIe METa0OMUTHI,
cugepodopel U sMTHUeCKHWe  (epMeHThl  3PQPEKTUBHO  WHTUOWMPYIOT  POCT  MUILIEUS
U criopooOpa3oBaHe (UTONATOreHHBIX TPUOOB. HekoTophie mITaMMbl CIIOCOOHBI AKTUBHUPOBAThH
3allUTHBIE PeaKlMy pacTeHUH 1 06ecrieurnBaTh CTaOMIbHOCTh MUKPOGIOpEI pru3ocdepsl [7].

HecMoTpsi Ha 3TO, aHTAarOHWCTUYeCKHe CBOMCTBA MeCTHBIX ITaMMoB Trichoderma, Bacillus
Streptomyces B OTHOIIEHWH TipeAcTaBuTenell popa Alternaria, BbI3bIBaOLMX 3ab0/eBaHUS
CeJTbCKOXO3STMCTBEHHBIX KY/IBTYP, W3yueHbl HeloCTaTouHo. OTOOD MUKPOOPraHHM3MOB C BBICOKOMU
OMOMOTNYeCKol aKTUBHOCTBIO CPeM MECTHBIX IITAMMOB SIB/ISIETCS OJHUM W3 Ba)KHBIX 3TarioB
CO3[aHUsl JKOJOTUYecKn Oe30macHBIX OwuorperapaToB. B CBSI3M C 3TUM Lebl0 HACTOSIIErO
WCC/Ie/IOBaHUs SIB/s/IaCh OLleHKAa aHTarOHUCTUYeCKOW aKTMBHOCTH B YCJIOBMSIX In Vitro 1ITaMMOB
Trichoderma, Bacillus v Streptomyces, Bbi[ieJIeHHBIX B 1a00paTOprsix OMOKOHTPOISE (PUTOIIATOTEHOB
Y TIOYBEHHOW MHUKpoOWosoruu u OuorexHosmornd VHCTUTYTa MUKpOOMONIOTMM AKafeMuu Hayk
PecniyOGnvku Y30eKUCTaH, B OTHOIIIEHUH TpeiCTaBUTe el poja Alternaria, a Takxke oTbop Hanboee
MepCIreKTUBHBIX IIITAMMOB.

Marepuasibl 1 MeTOABI MCC/Ie/J0BaHUS

B nccneoBaHUM UCII0/Ib30Ba/IM 111eCTh (PUTOMATOTeHHBIX U30/ATOB poja Alternaria, Bkitouas
yeThlpe ITaMMa Alternaria alternata, oguH mtamm A. tenuissima v oguH mTamMMm A. solani,
Bbl/le/leHHble U3 K/yOHel kKaprodessi, TUCThEB TOMaTa, CJaJIKOTO Teplia U IJIofoB OakiakaHa,
coOpaHHbIX Ha Teppuropur TamkeHTckoM # KarmkagappuHCKON obmacreit  PecryGiuku
Y36ekucraH. [lpefBapuTenbHYH0 HAEHTU(PUKALIAIO W30JIATOB TPOBOJWIA T10  KOMILUIEKCY
MOP(]OI0ro-Ky/nbTypanabHbIX U MUKPOCKOMMUECKUX TMPU3HAKOB C KCII0/Ib30BAaHHWEM OMpeZe/nuTes
@®.b. Tanambana [2] u omnyO/JMKOBAaHHBIX JIMTEPATYPHBIX [AaHHBIX [5]. Bce KynbTypbl
TMO/IIeP)KUBA/IMCh B KOJUIEKL[MM  JlabopaTtopurd  OMOKOHTposisi  ¢uTornaroreHoB  VHCcTUTyTa
MHUKpoOuosiornd AKajieMun Hayk PecriyOsmiky Y30eKrCTaH.

B KauecTBe MHKpPOOpPraHW3MOB-aHTarOHUCTOB MCMO/b30Ba/d ITaMMbl Trichoderma
asperellum UzA-4, Bacillus safensis FVPP 3/11, Bacillus licheniformis sh6.25 [3, 1], a Takke jBa
TOUBEHHBIX H30/sTa Streptomyces sp. 2.1 u Streptomyces sp. 7, BblielleHHbIX W3 pu30chepHOoM
MOYBBI XJ10rmyaTHUKa ChIpJapbUHCKOM 06/1aCTH U COXpaHsieMbIX B 1aD0pPaTOPHOM KOJIJIEKLIUH.

AHTaroHMCTUUECKYI0 aKTUBHOCTb  ONpeJeNsiiii  METOAOM [BOMHOW  KYy/JIbTypbl Ha
KapTodenbHO-AeKcTpo3HoM arape (KIA) B COOTBETCTBHH C 0OILeTIPUHSATON MeToauKoi [17]. Cpeny
KIIA roToBU/IM COMIACHO MHCTPYKUMU Tpou3Boautesns, eé pH cocraBasin 5,6 = 0,2. [Itammsbl
Trichoderma u Streptomyces rnpefiBapuTe/ibHO KyabTUBHMpoBa/ivd Ha KA mipu Temneparype 28+1
°C u 3041 °C coorBeTcTBeHHO B TeueHue 5 cyTok. IllTammel Bacillus BbipaiuBaiu Ha Msico-
rienrtoHHOM arape (MITA, pH 7,0 £ 0,2) ripu 28+1 °C B TeueHue 48 yacoB. ®@UTONATOreHHbIE TPUOBI
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KysnpTrBUpoBaii Ha KA mpu 25+1 °C B TeueHue 5 cyTok. Ilepes moCTaHOBKOM 3KCIIepUMeHTa
YUCTOTY BCe€X KYy/JbTYpP KOHTPOJMPOBalM MUKDPOCKOIIMYECKW W MYTEM MOBTOPHOIO IepeceBa Ha
COOTBETCTBYIOLL[ME TUTATe/IbHbIE CPe/bl.

17151 TIOCTAaHOBKHY OIMbITa M3 aKTUBHO pacTylei nepudepryeckoil 30HbI KOJIOHUI BbIpe3anu
arapoBble OJIOKM [WamMeTpoM 6 MM CTepwIbHBIM TPOOOUYHBIM CBepioM. B uvamikax Iletpu
muameTtpoM 90 MM arapoBblii 0710K ¢uTOMaTOreHHOro rpuba M O/I0K aHTaroHWCTa pasMelany Ha
paccrosHuu okono 50 MM fApyr OT fpyra (OT LeHTpa [0 LeHTpa) N0 JAuaMeTpy YalllKH.
KoHTponbHBIE BapuaHTHI COZIep)Kalyd TONMBKO (uTomaToreHHbld Trpub 6e3 aHrtaroHucra. Bce
BapyaHThI MHKYyOupoBau nipu 25+1 °C B TeueHue 7 CyTOK.

[Tocne okoHUaHWS WHKYOalMd W3MepS/IM PafuasbHBIA POCT KOJIOHHUM (DUTOMATOTeHHOTO
rpuba B HarpaB/ieHUH aHTaroHUcTa. [IpolleHT MHrHOMpPOBaHMs PACCUUTHIBAJIH 10 (hOpPMYIe:

[(%)=[(R,-R,)/R,]1x100

rae:

R, — paauyc KomoHuM (PUTONATOreHHOro rpuba B KOHTPOJILHOM BapuaHTe (Mm);

R, — paauyc KomoHuK (hUTONATOreHHOro rpuba B IPUCYTCTBUM aHTarOHUCTa (MM).

Bce »3kcnepuMeHTBl NpPOBOAWIM B TPEX HE3aBUCUMBIX IOBTOPHOCTAX. IlomyuyeHHble
pesysbTaThl IIpeJCTaB/leHbl B BUZe CpPeJHero 3HaueHusl U CTaHAapTHOro orkaoHeHus (M + SD).
Craructuueckyto 00pabOTKy [aHHBIX BBITIONHSUIA METOJOM OfHO(AKTOPHOrO AMCIIEPCHOHHOTO
aHamm3a (One-way ANOVA) c wucrnionb3oBanueM rmaketa Microsoft Excel (Analysis ToolPak).
Pasmuuusa Mexay BapraHTaMy CUMTaIA CTaTUCTUYEeCKH 3HAUMMBIMU DU YPOBHE BEPOSITHOCTU P <
0,05.

Pe3ynbTarhl Mcc/ieJoBaHUM

B Tabsuiie 1 npezcTap/ieHbl CBeZieHUs O MPeACTaBUTE/ISIX pofia Alternaria, WCTIO/b30BaHHBIX
B HaCTOSIIIIeM WCC/IeJOBaHUUA. BUDPY/IEeHTHOCTb AaHHBIX TpUOOB Obla oOmpeJesieHa B HaIIUX
MpeJbIAYIIUX HWCC/Ie[OBAaHMAX, COIJIAaCHO KOTOPBIM OHU TIPOSIBJISTIM  BBICOKYH0 W HHU3KYIO
[IaTOTeHHOCTh [4, 16].
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Ta6bauya 1.

I'pubsbI popa Alternaria, BoiiesieHHbIe Ha TeppuTopuu TamkenTckol u KamkajapbuHCcKon

Kononnda (Ha

cpene K/TA)

obsacrei
Ne | HaumeHoBaHue | HCTOYHHR
MTaMMa BblLIe/1eHHUSA

1 | A alternata 5/13 | JIuct  KapTodend
(KamkazappHHCKas
001acTh)

2 | A. alternata 5/14 | IInox  OakiTakaHa
(KamkazappHHCKas
0071acTh)

3 | A tenuissima | KiiyOeHb

1/3 KapTodens
(TamkeHTCKas
0071acTh)

4 | A. alternata 1/56 | KimyGeHp
KapTodens
(TamkeHTCKas
0071acTh)

5 | A solani 1/9 Jhier CIaJKOro
nepna
(TamxkeHTCKas
0011acTh)

6 | A. alternata 5/7 | JIuct TOMarTa
(KamkagappHHCKas
0011acTh)

MHKpPOCKONH-
JecKas KapTHHA
(YBe/IHYEHHE
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B OoTHOIIIEHUM JaHHBIX (PUTOMATOreHHBIX TPUOOB OBLIN MPOBE/IEHBI KCC/IeJOBAHUS TI0 0TOOPY

dKTHMBHBLIX IITAMMOB MUKPOOPrdHM3MOB-dHTAalrOHHUCTOB. TecTbl Ha dHTAar'OHHUCTUUYECKYI0 dKTUBHOCTDb

B OTHOIIIEHUH Ka)k[0ro (PUTOMaToreHHOro rprba MpOBOAWIU, KaK MOKa3aHO Ha PUCYHKe 1, a Ha

OCHOBaHWH TIO/TyUeHHBIX pe3y/IbTaToB Oblia COCTaB/eHa Tabmia 2.

PucyHok 1. AHmazoHucmuueckoe g3aumooeticmeue MUKpOOP2aHU3MO8 CO WMammom A.
alternata 5/13: a — koHmpoab; 6 — B.safensis FVPP 3/11; ¢ — B. licheniformis sh6.25; 2 —
Streptomyces sp. 2.1; 0 — T. asperellum UzA-4; e — Streptomyces sp. 7

Tabauya 2.

HNHrubupyoiee AeiicTBHe MUKPOOPraHM3MOB-aHTarOHUCTOB B OTHOLIEHUH (PUTONMATOreHHbIX
rpu6oB poja Alternaria (B %)

Ne | ®uTonaroreHnl A.alternata A.alternata A. tenuis- A.alternata A.solani A.alternata
AHTaroHMUCThbI 5/13 5/14 sima 1/3 1/56 1/9 5/7

1 B. safensis FVPP 3/ | 36,2+1,8 40+2,0 27+1,5 62+2,0 35+2,1 38+1,9
11

2 B. licheniformis sh | 27,6+2,0 12,2+1,5 32+2,1 55+2,7 43+1,5 30,5+2,2
6.25

3 Streptomyces sp. 23,4+2,1 8,5+0,7 23,5+2,5 36+1,0 18+1,9 10+1,2
2.1

4 T. asperellum 100+0,0 100+0,0 100£0,0 100+0,0 100+0,0 100+0,0
UzA-4

5 Streptomyces sp. 7 | 32+1,2 0+0,0 20+1,5 18+1,0 16,8+1,2 | 20,5+1,5

INpumeuaHue. JaHHble npeocmasneHbl 8 sude M + SD (cpedHee 3HaueHue + cmaHoapmHoe

OmK/lOHeHUQ), n=23. CmamucmuquKyio 3HAYUMoOCmb pa3/1uqufl oyeHusa u Memooom

00HObakmopHo20 ducnepcuoHHo20 aHanu3a (One-way ANOVA) c ucnoab3ogaHuem Microsoft Excel

(Analysis ToolPak) npu ypoeHe 3Hauumocmu p < 0,05.
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[TpoBenénHbIil  0HOGMAKTOPHBIN AucrepcioHHbld aHamu3 (One-way ANOVA) mnokasan
Ha/IMuye CTaTUCTHUeCKH 3HAYMMBIX pas/Wuuii B WHTUOMPYIOIEN aKTUBHOCTH WCC/IeI0BAHHBIX
MUKpoopranusmos (p < 0,05).

Wurubupytoiiass aKTMBHOCTh INTAaMMOB MHKPOOPTaHU3MOB-aHTarOHWCTOB B OTHOLIEHHUU
¢uronaroreHHsIx TpUOOB poma Alternaria mposiBisiiack B pa3iuuHOM crereHW. CormacHoO
MOyUYeHHbIM  pe3y/ibTaTaM, CpeJu  HWCCIAe[AOBAaHHBIX  INTaMMOB  Hawbosmee  BBICOKOM
AHTarOHUCTAYECKOM aKTUBHOCTBIO XapakTepusoBaics 1wramm 1. asperellum UzA-4. OnH
npogemMoHcTpupoBan 100 %-Hoe WHruOUMpoBaHWE B OTHOIIEHWH BCEX HCC/IEIOBAaHHBIX
¢uTomnaToreHHbIX U30/ATOB — A. alternata 5/13, A. alternata 5/14, A. tenuissima 1/3, A. alternata
1/56, A. solani 1/9 u A. alternata 5/7. DT0 CBUJETE/NBCTBYET O BbICOKOW YHHBepCaJIbHOU
AHTarOHUCTUYECKOM aKTHBHOCTH JIaHHOTO 1lITaMMa MPOTUB TpeJcTaBUTeneid poga Alternaria.

Cpeau OakTepvabHBIX aHTarOHHMCTOB CPaBHUTEILHO 0Oosee BBICOKYIO aKTMBHOCTD TTPOSIBHT
B.safensis FVPP 3/11. CreneHb UHTMOMPOBAHUS JAHHBIM IIITAMMOM BapbUpOBasa B mipeziesiax 27,0—
62,0 % B 3aBUCMMOCTH OT (puTOTIaTOreHHOTO M30/sTa. Hanbosee BhicOKui rokasarens — 62,0 %
— OBLT 3aperucTpyupoBaH B OTHOIIEHWM H30iisita A. alternata 1/56. Kpome TOro, B OTHOILIEHUM
usonsatoB A. alternata 5/14 n A. alternata 5/7 ObLJI0O OTMEUEHO WHTHOMPOBAHUE, COCTABUBIIIEE
cootBeTcTBeHHO 40,0 1 38,0 %. Lltamm B.licheniformis sh6.25 Takke NposiBUI BbIPaKEHHYHO
AHTarOHUCTUYECKYI0 aKTUBHOCTb B OTHOLIEHWH OT[eNbHbIX M30/4TOB. B uUacTHOCTH, AaHHBIN
IIITaMM UHTHOUpOBan u3osAThl A. alternata 1/56 u A. solani 1/9 Ha 55,0 u 43,0 %, COOTBETCTBEHHO.
OpHako, akKTUBHOCTh B OTHOLIeHWU A. alternata 5/14 6wina HU3KOM W cocTaBwia 12,25 %. 970
CBU/IETE/ILCTBYET O TOM, UTO aHTaroHUCTUUeckoe [elicTBue 1mtamma B. licheniformis sh6.25
W3MeHsIeTCS B 3aBUCUMOCTH OT 0COOEHHOCTel (PUTONaToreHHOTO HU3071Ta.

Itamm Streptomyces sp. 2.1 Takke TPOSIBHU/I CPaBHUTEJLHO HHU3KYI0 WHTHOUPYIOIIYIO
akTUBHOCTb. (CTereHb €ro BO3JEUCTBUSI BapbUpoBaja B rmpefenax 8,5-36,0 %, mpu 3TOM
MaKCHMasbHast akTUBHOCTb (36,0 %) Obula oTMeueHa B OTHOIIeHHMH H3o0jsTa A. alternata 1/56.
B oTHOIIIeHUY 0CTaIbHBIX U30/IITOB CTeleHh MHrMOUpoBaHus coctasisia 10,0-23,5 %.

OO0cyx/aeHune

[TonyueHHbIE pe3y/bTaThbl CBU/IETEJILCTBYIOT ) CYLL|eCTBEHHBIX pasUuursax
B  aHTarOHUCTUUYECKOW aKTMBHOCTM MCC/Ie[OBaHHbIX MHMKDOOPraHU3MOB B  OTHOLIEHUU
ripefcTaBuTenied poma Alternaria. Haubosee BbIpa)KeHHBIM WMHTHOUPYIOMUN 3¢ deKT ObiT
ycTaHoBlneH y 1utamma 1. asperellum UzA-4, KOTOpbIM TIOJIHOCTBIO TIOZAB/S/I POCT BCEX
WCCIeJOBAaHHbIX (PUTOMATOTeHHBbIX M30/ATOB. Bbicokasgs 3¢ (deKTUBHOCTh [aHHOrO IITaMma,
BepOsITHO, 00yC/ioB/IeHa KOMITJIEKCHBIM /IeiCTBEM HeCKOJbKUX MeXaHU3MOB OHOKOHTPOJIS,
BKJ/IIQUAKOIINX MMKOIAapasuTU3M, KOHKYDEHLMIO 3a MUTaTe/lbHble BelecTBAa U TPOCTPaHCTBO,
a TaKXe CHHTe3 TUJPOJIMTHUUeCKUX (epMeHTOB M aHTHU(YHTa/JbHBIX BTOPUYHBIX MeTabOJIUTOB.
AHanoruuHble MexaHWU3Mbl aHTaroHW3Ma [jsi mpeAcTaBuTenell poga Trichoderma HeoJHOKpPaTHO
onucaHsbl B iutepartype [13, 6, 17, 21].

CnenyeT OTMeTHTh, UTO abCOMIOTHOe UHIMOMPOBAHME POCTa BCEX MCC/IeNOBaHHBIX H30JISITOB
Alternaria cBUfeTeNbCTBYeT O IIMPOKOM CIEKTpPe aHTarOHMCTUUeCKOW aKTMBHOCTU IuTamma 1.
asperellum UzA-4. OfHako JaHHBIN pe3y/abTaT ObLI IMOTyYeH UCKTIOUHUTEILHO B YCJIOBUSAX in Vitro,
rJie B3aUMOZENCTBYe MUKPOOPraHM3MOB TPOWCXOJUT B KOHTPOIMPYEMOM Cpefle U He OTpaXkaeT
BCel CJIOKHOCTH TIPUPOJHBIX SKocucTeM. B mouBe u pusocdepe 3¢dheKTHBHOCTb OMOKOHTPOIBHBIX
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areHTOB MOJKeT 3aBHUCETh OT MHO)KeCTBa (DaKTOPOB, BKJIIOUAasi COCTAaB MUKPOOHOTO CooOIIecTBa,
(bu3MKO-XMMHUeCKHe CBOMCTBA TOYBbI, TeMIepaTypy, BAaXKHOCTb U (PU3HOIOTHYeCcKoe COCTOSIHHE
pacTeHHsI-X0351Ha.

HIrammbr B. safensis FVPP 3/11 wu Bacillus licheniformis sh6.25 Takxe mNposiBUIA
BbID@)KEHHYI0 aHTarOHUCTUYECKYI0 aKTHBHOCTb, OJHAKO YPOBEHb WHTHOMPOBAHWS CYIIIeCTBEHHO
BapbMPOBA/l B 3aBUCHUMOCTH OT WCC/IeyeMOoro (urornaroreHHOro usosisita. [TogoOHbie pazmiuus
MOTYT OBITb OOYC/IOB/IEHBI HEOJMHAKOBOM UyBCTBUTEBHOCTBIO OT/AEIbHBIX INTAMMOB Alternaria
K CHUHTEe3UpyeMbIM OaKTepusIMH JIUTIONENTHJaM, THAPOIUTHYECKUM (epMeHTaM | [IpyTUM
OMO/IOTMUeCKU aKTHBHBIM coefuHeHusiM [11]. Kpome Toro, pa3muuHbie W30/SThl (PUTOMATOT€HOB
MOTYT OT/IMYaTbCs CKOPOCTBIO pOCTa, TOJI[MHOM K/JIETOUHOM CTeHKA W UHTEHCUBHOCTBIO
00pa3oBaHMsI 3alUTHBIX METaOOUTOB, UTO TaK)Ke BUseT Ha 3(p(HeKTMBHOCTb aHTarOHUCTUYECKOTO
B3aUMO/IeHICTBHSI.

[ITammbl Streptomyces sp. 2.1 u Streptomyces sp. 7 XapaKTepU30Ba/IMCh 3HAUMTELHO Oosiee
HU3KOM aHTU(YHTa/IbHOM aKTUBHOCTbIO. HecMOTpst Ha TO, UTO TpeACTaBUTe/NN pofa Streptomyces
SIBJITFOTCSI M3BECTHBIMU TMPOAYIEHTaMHd AHTUOMOTUKOB W [IPYTUX aHTUMUKDPOOHBIX COeJUHEHUH,
3¢ deKTUBHOCTh OT/Je/bHBIX ILITaMMOB CYI[eCTBEHHO 3aBUCHUT OT YCJOBUM KyJIbTHBUPOBAHUS,
COCTaBa TMWTATe/JIbHON Cpefibl, TPOJO/DKUTENbHOCTH WHKYyDalMi U 0COOeHHOCTel CHHTe3a
BTOPUYHBIX MeTabomuToB [7, 14, 24]. Tlo3ToMy Tony4eHHbIe pe3y/bTaThl He CBU/IETE/TBCTBYIOT 00
OTCYTCTBUM OMOKOHTPOJILHOTO TIOTEHIMAasAa AAHHBIX W30/ISITOB, a YKa3bIBAalOT Ha HEOOXOAMMOCTH
JlaJIbHedIled ONTHMU3al[Myd  YCAOBUM WX KY/JIbTUBUPOBAaHUS U [IOMOJHUTEIBHOTO HW3y4YeHUs
MeXaHHW3MOB  aHTarOHUCTUYeCKOro  fAelctBus.  [lonmyuyeHHble — pe3y/nbTaTbl  COIVIACYIOTCA
C ony0O/IMKOBaHHBIMY JAHHBIMU JPYTHX MCCIeA0BaTe/el, COracHO KOTOPBIM TIPe/ICTAaBUTEN POZOB
Trichoderma w Bacillus siBSIFOTCS OAHUMH U3 Haubosiee 3PPeKTUBHBIX areHTOB OHOIOrMUEeCKOTO
KOHTpPO/IA  (UTOMATOreHHbIX  TpUOOB,  BK/IOUasi  TMpejcCTaBUTened  poma  Alternaria
[6, 11, 15, 17, 19, 23]. BMmecTe ¢ TeM Hay4Hasl 1[eHHOCTb HACTOSIIET0 WCC/IeJOBAaHUS 3aK/THOUaeTCst
B CPaBHUTE/IbHOM OLIeHKe aHTarOHUCTUUECKOW aKTUBHOCTU MECTHBIX IITaAMMOB MUKPOOPTaHU3MOB,
BBIJIe/IeHHBIX Ha TeppuTopuu PecriyOsmuku Y30ekucTaH, UTO TIO3BOJISIeT ONpe/eNvTh Haubosee
TePCIIeKTUBHBIE KY/IBTYPbl /ISl TIOC/IEAYIOIIEr0 CO3[aHUs OTEeUeCTBEHHBIX OHOIOrUYeCKUX
TrperiapaTos.

CnenyeT yuWTBIBaTb, UYTO HACTOSIIlee WCC/IeOBAaHUE TIPeACTaBiseT COOOM IMepBUUHBIN
CKPHUHHUHI aHTarOHWCTUUYECKOM aKTUBHOCTH in vitro. I103TOMy MomyuyeHHble pe3y/bTaThbl C/iefyeT
paccMaTpUBaTh Kak MepBbIi 3Tarl 0TOOpA MepCreKTUBHBIX IITaMMOB. I/ OKOHYATe/IbHOW OLIEHKH
WX TPAKTUYeCKOW >(PQPeKTUBHOCTH HeoOXOAUMBI Ja/ibHeWIIe WCCAeJOBaHUs, BK/IFOUAOL[He
MOJIEKY/IIDHYIO H/IEHTU(HKALIMI0O Haubosiee UYBCTBUTE/NbHBIX W30/ATOB Alternaria, u3yueHue
MeXaHHM3MOB aHTaroHU3Ma, OTpejie/ieHre CIOCOOHOCTH TIPOAYLMPOBaTh OMOMOTHUECKH aKTHUBHBIE
coeluHeHUs], OL[eHKY (PUTOTOKCUUHOCTH, a TAaK)Ke UCTIbITAaHUS B TEIVIMYHBIX U TI0JIEBBIX YCIOBUSIX.

3ak/IIoueHue

B pe3ynbrare TpOBeAEHHOrO WCCAEJOBAaHUWS YCTAaHOB/IEHO, UTO AHTArOHHMCTHYeCKas
aKTMBHOCTh HCC/IeZIOBaHHBIX MHWKDOOPTaHW3MOB B OTHOIIEHWM (DUTOTNATOreHHbIX TPUOOB poja
Alternaria cyijecTBeHHO pa3inyanack. Cpeiyd BCeX HUCTBITAHHBIX IITAMMOB Haubosiee BBICOKOM
OuoIornueCcKo aKTMBHOCTBIO XapakTepu3oBasncs T. asperellum UzA-4, koTopblii obecrieurBas
M0JIHOe WHTUOMpPOBaHHE POCTa BCEX WCCIeOBAaHHBIX W30/ATOB Alternaria B yc/ioBusiX in vitro.
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Irammel  B. safensis FVPP 3/11 wu B. licheniformis sh6.25 mnposiBuiu ymepeHHYHO
aHTarOHUCTUYECKYH) aKTHBHOCTb, TOT[A KakK MCC/eflOBaHHble IpeiCTaBUTeNN pofa Streptomyces
XapaKTepu30Ba/IMCh CPaBHUTE/IBHO HU3KOM 3(P(PeKTHBHOCTHIO.

[TonyyeHHble pe3ysbTaThl MO3BOJISIOT paccMmarpuBath WTaMMm 1. asperellum UzA-4 xak
Haurboree TepCrIeKTUBHBIN KaHAW/AT [Jisl Ja/TbHEeHIINX UCCIeIOBaHUI B KaueCTBe OMOIOTHUeCKOTO
areHTa 3allUThl pacTeHWH TPOTUB (UTOMATOreHHBIX TpubOB popa Alternaria. Bmecte c Tem
C/lelyeT yuuThIBaTh, UTO HACTosIlas paboTa BBIMOSHEHA WCK/IIOUMTENBHO B YCJIOBUSIX in Vitro,
MO3TOMY TIOMyYeHHble [aHHble OTPAKalOT TOJIBKO Haua/lbHBIA 3Tanm 0TOOpa IepCreKTHBHBIX
MHKPOOPraHH3MOB.

Jlnst oATBepKAeHHUsT TIPaKTU4YeCcKor 3(h(heKTUBHOCTH HCC/Ie[yeMbIX IITaMMOB HeOOXOAUMBI
JlanbHelIIe UCCaeJ0BaHus, BKIIIOYAOIe U3yuyeHre MeXaHM3MOB aHTarOHUCTUYeCKOro [eNCTBUS,
oripefie/ieHHe  CIIOCOOHOCTM K  CHUHTe3y OWO/IOTMYeCKW AaKTHUBHBIX COEJUHEHW, OLIeHKY
0e30rMacHOCTY ¥ (UTOTOKCUUHOCTH, a TaK)Ke TPOBeJeHre TEeIUIMUHBIX W TIOJIeBBIX HWCITBITAaHHM.
BeinosiHeHWe  yKa3aHHBIX — WCC/IEJOBAaHWMA  TO3BOJIMT OOBEKTUBHO  OLEHUTh BO3MOXXHOCTH
MPaKTHUeCKOTo TIpUMeHeHUs1 Haubosiee aKTHUBHBIX INTAMMOB IpU pPa3pabOTKe OTeueCTBEHHBIX
OroorMUe CKMX TIPernaparoB /ISl 3alUThl CeJTbCKOX035IMCTBEHHBIX KY/BTYD.

baaropgapHocTb

ABTOpPBI  BBIp@XAIOT OnaroapHOCTb VIHCTUTYTY MHMKPOOHOIOTHMM AKaJeMuW HayK
Pecniybnvku  Y30eKucTaH 3a TIPeJOCTaBJI€HHYH) BO3MOXKHOCTb TIPOBeJIEHUSI HCC/IeIOBaHUM
Y COo3/laHre HeoOXOUMBIX yCJIOBUM /IJIs1 BHITIOJTHEHUS SKCIIePUMEeHTa/IbHOW PaboThlI.

HccnedoeaHue 6binoHEHO npu (UHAHCOBOU noddeprcKe 20CyO0apCmeeHHOU 6100xcemHol
npo2pammbl HAYYHbIX uccaedosaHuli MHcmumyma mukpobuono2uu Akademuu Hayk Pecnybauku
Y36ekucmat.
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AHHOTaUA

YcbixaHre ApasibCKOTO MOpsi TIpUBeJ0 K MaciutabHol TpaHchopMaly TPUPOAHBIX
skocucteM HOxkHoro Ilpuaparbsi, COMPOBOX/AIOIIENCsT YCUIeHUeM TPOLeCCOB 3acCojIeHHsl TOUB,
Jerpajialiieid pacTUTE/NILHOTO TIOKpOBa U (DOPMUPOBaHHWEM HOBBIX HCTOUHUKOB COJIETIBITIEBOTO
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3arpsisHeHusi. B 3TUX ycnoBusix 0co0yr0 akTyaabHOCTb MPHOOpeTaeT MpUMeHeHe MeCTHBIX BUZIOB
pacTeHUi-rasouTOB, O00TAJAIOIIMX TIOUBO3ALIUTHBIMH W Cpejo00pas3yroMyd  CBOWCTBaMH.
WccnenoBaHre 0CHOBaHO Ha aHa/M3e JIMTEPATYPHBIX JAHHBIX, Pe3y/bTaTOB TI0JIeBbIX HabmoneHni
Y onbITa GUTOMeTMOpaLMK JlerpaiipOBaHHbIX TeppuTopuii [1puapanssi.

YCTaHOB/IEHO, UTO Ha OCYIIIEHHOM JiHe ApajbCKOTO MOpPs MPeob/1ajatoT 3aCoEHHbIe TTOYBBI
XJIOPUJTHOTO TUIIA, TIPU 3TOM COjlep>KaHre COjieid B TIMHUCTBIX U CYTVIMHUCTBIX TOUBaX COCTaB/sieT
0,8-4,5 %, a B mnecuanbix u cynecuadbix — 0,1-0,8 %. [loMuHUpYyIOLlee T0/IOKeHUe B
PAaCTUTE/NLHOM TIOKPOBE 3aHMMAlOT Ta/lo(UThI, BBITIOHSIONME BaXkKHbIE Cpegoobpa3yrolye
GyHKIMM, BK/IOUasi 3akperieHuWe TTOBePXHOCTH T[IOUBbI, CHIKeHHe [Jedislyd, yMeHbllleHHe
repeHoca COJenbUIeBbIX a’po30/iell U co3[jaHue yCJIOBUHM [Jis Toc/ieAyrolero (hopMHUpOBaHUs
YCTOMUMBBIX PACTUTENBHBIX Co00miecTB. [Toka3aHo, uTo wucrnosb3oBaHue cakcaysia (Haloxylon
ammodendron, H. persicum), a Takxe MeCTHbBIX BUJOB Ky3ryHa (Calligonum spp.), Tamapukca
(Tamarix spp.), TepeckeHa (Krascheninnikovia ceratoides) u consiHok (Xylosalsola richteri)
sBsieTcst 3 GdeKTUBHBIM  HampaBieHneM OHOJIOTMUeCKOW PpeKy/IbTHBALUM  JIeTPaZiMPOBaHHBIX
3eMesib. [TogTBEpIK/IeHa 11e/1eco00pa3HOCTh TPUMEHEHHsST MeCTHBIX Talo(MUTHBIX BUIOB B KaueCTBe
OCHOBBI 3KOJIOTUUeCKU YCTOMUYMBBIX TE€XHOJIOTHM BOCCTAHOBJIEHUSI 3aCO/IEHHBIX TOYB OCYIIEHHOTO
[THa ApajibCKOTO MOPSI M CHU)KEHUST HeraTUBHBIX MOC/Ie/ICTBUN 9KOJIOrMUeCKOro Kpr3uca peruoHa.

Abstract

The desiccation of the Aral Sea has resulted in a large-scale transformation of the natural
ecosystems of the Southern Aral Sea region, accompanied by intensified soil salinization,
degradation of vegetation cover, and the emergence of new sources of salt-dust pollution. Under
these conditions, the use of native halophytic plant species with soil-protective and ecosystem-
forming properties has become particularly relevant. This study is based on the analysis of
published literature, field observations, and the experience of phytomelioration of degraded lands in
the Aral Sea region.

The results showed that chloride-type saline soils predominate on the dried seabed of the Aral
Sea. The salt content ranges from 0.8 to 4.5 % in clay and loamy soils and from 0.1 to 0.8 % in
sandy and sandy loam soils. Halophytes dominate the vegetation cover and perform important
ecosystem-forming functions, including soil surface stabilization, reduction of wind erosion,
mitigation of salt-dust aerosol transport, and the creation of favorable conditions for the subsequent
development of stable plant communities. The study demonstrated that the use of saxaul (Haloxylon
ammodendron, H. persicum), as well as native species of Calligonum spp., Tamarix spp.,
Krascheninnikovia ceratoides, and Xylosalsola richteri, represents an effective approach to the
biological reclamation of degraded lands. The findings confirm the feasibility of using native
halophytic species as the basis for environmentally sustainable technologies aimed at restoring
saline soils on the dried Aral Sea bed and mitigating the adverse environmental consequences of the
regional ecological crisis.

Bubimorpaduueckoe omucanmne: Matkanosa X.K., Open M.M. [IpuMeHeHMe TTOYBOIIOKPOBHBIX U CPeZ000pa3yIoIX pacTeHHH-
rasoUToB KaK ajbTepHaTHBa Y/IyullleHHs 3aCO/IEHHBIX TI0YB OCYIIIEHHOTro JHa Apasibckoro Mopst / Universum: xumus v 6uosorus :
571eKTPOH. Hay4H. XXypH. 2026. 9(147). URL: https://7universum.com/ru/nature/archive/item/23313
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KroueBble c/10Ba: ApasbCKoe MOpe, OCylLIeHHOe JHO ApajbCKOro MOpsi, TrajoQuThI,
¢duToMenopalus, 3aco/ieHHbIe TIOYBBI, JKOJIOTHUECKOe BOCCTAHOB/IEHWE, PEeKY/IbTUBAIUsl T0YB,
OIyCThIHMBaHHUe.

Keywords: Aral Sea, desiccated seabed, halophytes, phytomelioration, saline soils, ecological
restoration, soil reclamation, desertification.

BBegenue

B nocnegHue ropbl, B CBA3M C yCbIXxaHWeM ApaibCKOTO MOpPs, TPOM3OILI0 H3MeHeHHe
9KOJIOTUYeCKOM 0OCTaHOBKM U TPUPOAHBIX ycioBuid B FOxkHoM IIpuapasnbe. T1o3TOMY, Ha JAaHHBIX
TePPUTOPUSIX U3MEHUJICS] TTIOUYBEHHO-PACTUTE/TbHBIN KOMIJIEKC: TIOUBBI CTasM 3aCO/IeHHbIMU, a Cpeu
PaCTUTENILHOCTH CTalu Tpeobsafark rasoUThl. 3aCOEHHOCTb TIMHUCTBIX U CYIJIMHUCTBIX TOUB
KosiebeTcs B mpefiesiax — 0,8-4,5 % mecuaHble U CcyrnecuaHblie 3acosneHbl MeHbie — 0,1-0,8 %,
TIPY 3TOM TIpe00/1afiatoT XJI0pUIHbIe cou [6, c. 14-17; 7, c. 279-281].

F'anodUTHBIM TUIT pacTUTENLHOCTH Ha Bcel Tepputopuu FHOxkHoro Ilpuapanbsi ippuoOpeTaeT
TEHJEHIIMI0 K TIOBCEMECTHOMY paclpoCTpaHeHWto, U  OONBIIMHCTBO BHUOB  SIBJSIETCS
cpemoobpasyromymMu. M3yueHre W TIpUMeHeHHWe Cpefoo0pasyrouuX rajouToB HUMeeT Ba)KHOe
3HaueHWe [l TIpelOTBpAllleHUs] HeraTMBHBIX TOC/AEACTBUM  SKOJIOTUYECKUX H3MeHeHUH
U 3(QdeKTUBHOW ONTUMM3ALMA TPOLECCOB pacconeHus ToYB. B mocienHue [ecsaTUIETUS
3HauuTe/SbHOEe BHUMaHWe MHPOBOTO HAyuyHOrO COOOIleCTBa yaAensieTcs W3y4YeHHI0 ranohuToB
MpUPOJHOU (IIOpPbl U BO3MOKHOCTSIM KX HCII0/Ib30BaHUs [i/Isl BOCCTAHOB/IEHUSI W Y/yUllleHUs
COCTOSTHUS 3acONMEHHBbIX TouB. Mccnenopanus H. Lieth, M. Moschenko 1 M. Lohmann [9, c. 104;
10, c. 104; 11, c.104] ObLTH TIOCBSAIIEHBI OLIEHKE HCIIO/Ib30BaHUS TaJOPUTOB B Pa3/MUHbIX
K/IMMaTUUeCKUX YC/IOBUSIX B paMKax 3KOJOTMUeCKMX U SKO(MU3UOJIOTMUECKUX HCCIeJOBaHUM.
[ToTeHian rasioUTHLIX PAaCTeHUM [jisi PeKYIbTUBALIMM 3aCOEHHBIX TEPPUTOPUN U YCTOWUMBOTO
3eMJIETIONh30BaHMS paccMOTpeH B pabortax Mishra Avinash u Bhakti Tanna [12, c. 8289], a Takke
J. Jed Brown, Edward P. Glenn u S.E. Smith [8, c. 73-80].

OnbIT  mpefoTBpallleHHsl TepeHoca  COJIeNbUIeBBIX — a’p030/iel U BOCCTAHOBJIEHUS
JleTpaZiIMpOBaHHBIX  3aCOIEHHBIX 3eMelb B IMPKHOM [lpwapanbe Obi1 Hauatr B 1980-x TT.
Y TIPO/I0/DKAeTCS 10 HacTosiero BpeMmeHy. Ha ObiBIlieM siHe ApasibCKOTO MOpPSI CeMeHaMH cakcaysia
B 2018 rogy yxke 3acesHo okosio 110 Teic. rektapoB. M mipegmnosaraercsi ocBouTbh 500 ThIC. ra
BbICOXILIETO AHAa. B KoHeuHOM wutore, B TeueHue 10—12 jieT /leCHBIMM HACAKAEHUSIMU MOXKHO
TIOKPBITh BCe BbICOXIIee THO mMops [4, c. 36—37].

OcHOBHBIM HarpaBjieHHeM paboT cTajfo Cco3faHMe 3alUTHBIX (UTOMEeTMOPaTUBHBIX
HaCaXJ|leHW C UCIo/b30BaHUeM MpenMylljecTBeHHO cakcayna (Haloxylon ammodendron, H.
persicum), a TakXe APYTMX MEeCTHbIX TaJlOPUTHBIX U KCEPO(MUTHBIX BUOB, BKJOYas PKY3ryH
(Calligonum spp.), Tamapukc (Tamarix spp.), TepeckeH (Krascheninnikovia ceratoides) u consitHku
(Xylosalsola richteri) (Puc. 1).
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PucyHok 1. HcKyccmeeHHas sieconocadka u3 cakcaynia

HecMoTpst Ha WMMeOI[MeCsT WCCAe0BaHUsA W OMbIT PaboOThl B JIAHHOW 06/1aCTH, BOIPOCHI
MPUMEHEHUsI PACTeHHUH-OCBOUTE/IeH, BBITIOHSIOIIMX TIOYBOTMIOKPOBHbIE U Cpefoo0bpasyroliye
GYHKIMYM Ha 3aCO/EHHBIX OOIIUPHBIX TEPPUTOPHSIX JHA ApanbCKOr0 MOps, /10 HACTOSIIEro
BPEMEHM OCTAlOTCS HEJOCTaTOUHO M3YUYEeHHBIMH. OJTO OIpeZie/isieT aKTyaJbHOCTb TIOMCKa
U BBISIB/IEHUSI TIEPCIIEKTUBHBIX BU/IOB PACTEHUH, TIPUTOHBIX /IS UCTIO/Ib30BaHMsI Zierpa/iiPOBAHHbBIX
3eMesib. IlepCrieKTHBHbIE BH/bl  JO/DKHBI  XapaKTePU30BaThbCsl  BBICOKOM  YCTOMUMBOCTBHIO
K KCTpeMa/bHbIM YC/IOBHSM Cpefbl W OJHOBPEMEHHO BBITIO/NHAThH K/FOUEBBIE JKOCHCTEMHBIE
GbyHKIMK: C0COOCTBOBATh 3aKPEIUIEHHIO MOUBbI, CHIDKEHWIO YPOBHSI €€ 3aCO/IeHMs], TOBBILIEHHIO
TIJIOIOPO/MS U COXpaHeHuto buopasHoobpasus [5, c. 31-37].

O0BeKThI U MeTO/bI HCC/IeJ0BaHMI

OOBbeKTaMH HMCC/IeJOBAHUIN SIB/Is/IaCh raoduibHas W KCepoW/IbHAs pPacTHUTEIbHOCTb,
npou3pacTaroijasi Ha BHOBb 00pa30BaHHBIX TEPPUTOPHSX, IXKHOM YACTH OCYIIEHHOTO JHa
ApasibCKOro MoOpst Ha 3a/I0)KEHHBIX IKOJOTHUECKUX Mpoduisax — 4 Ha MyliHakckoM (YucaiiCKoMm)
u 8 Ha Kabanbatiickom (puc. 1).
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PucyHnok 2. Pationbl ucc/1e00eaHust

VccnenoBanyst IPOBOAUIMCH Ha MPoTsbkeHuH 25 jieT — ¢ 2000 mo 2025 rr. B pabote Obutn
HCTIO/Tb30BaHbl SKOIOTUYeCKHe, re000TaHUUYeCKUe, Ha3eMHO-9KCTIeJUIIMOHHBIE, TT0/TyCTal[dOHAPHBIe
HaO/TI0ZIeHNsT U MOHUTOPUHT, J1abopaTopHble, (hyIoprcTHUeCKre MeTOoZibl. BuioBasi prUHa/I/Ie)KHOCTh
pacteHuii onpesiensiiack o 6a3e ganHbix POWO (Plants of the World Online — Pacrenust mupa
OH-JIakiH).

[eob60TaHUYECKMM  HMCC/IeOBAHUSIM  TIOJBEPIVINCh:  OIHOJIETHWE  ITOUBOIOKPOBHbBIE
rajioUTHbIE BU/IGI U MHOTOJIETHHE CPeI000pa3yroliiye BU/Ibl, IEPCIIEKTUBHbBIE /I PEKY/TBTUBALIN
3aCONIEHHBIX 3eMeJlb, a TaKXKe TU(PHUKATOPHBIE BUBI MYCTHIHHBIX 3KOCUCTEM, 00eCreurBaroIiye
3aKpervieHWe TIOUBbI, CHIDKeHWe gAednsimu v (GhopMHpoBaHUe O/1arONPUATHBIX YCIOBUHM ISt
MOC/IeIYIOLLEro 3aceieHusi TEpPUTOPUHA APYTUMU BUJaMU PaCTeHU.

[ns orpenenieHdss CTeMeHU 3acO/ieHUsT W XUMHYECKOro COCTaBa [IOYB MCMO/Ib30Bajiv
naboparopHoe 00OpyZOBaHME, TIPOIIe/Ilee TPEeJIBAPUTENIbHYI0 TPOBEPKY U  KaJIUOPOBKY
B COOTBETCTBUM C YCTaHOBJIEHHbIMU TpeOOBaHWSMM. [[Jis1 BBICYIIIMBAHUS TOUBEHHBIX 00pPA3IioB
WCTO/Mb30Ba/ii CyIuibHblA 1mikad TI'Y-01-200, a1 B3BeIIMBaHUS TIOYBEHHBIX 00pa3lioB —
aHasiutuueckue Becsl CZBL 303.

[TouBeHHBbIe 0O0Opa3lbl OTOMpa/Nd U3 TEHETUUECKUX TOPHU30HTOB B KOPHEOOMTAeMOM CJIOe
B COOTBETCTBUM C TIPUHSTOM METOAWKOM OTOOpa TOuBeHHbIX MMpob. OOpaslbl OYMINaIM OT
pPacTUTENbHBIX OCTAaTKOB W KPYITHBIX BK/IFOUEHWM, BBICYIIMBAIU /10 BO3AYLIHO-CYXOrO COCTOSIHUS
B CyLIMIbHOM IlKady, uU3Mesjbuaaud U TMpPOCeUBa/d uyepe3 CUTO C pa3MepoM siueek 1 mm. s
XUMHYECKOTO aHa/lu3a TOTOBWIMA BOZHbIE BBITSDKKU B YCTAHOBJIEHHOM COOTHOLIEHWU 1:5 mouyBa—
Bozia. [locse mepeMelnvBaHUS M OTCTAWBaHUS BBITSDKKY (DUIBTPOBAIM W UCIIO/IB30BAIU IS
onpejeneHUs1 COZepXKaHUs BOJOPAaCTBOPUMBIX cosei. OripefiesieHde COCTaBa W COZEpPrKaHUs
BO/IOPACTBOPUMBIX COJiel TIpoBOAWIM TI0 MeToauke E. ApuHymikuHou [1, c. 275], ¢ ydeTrom
pekomeHzauui B. KoBapl [2, c. 304]. VoHbl Xj10pa ornpe/ensiiich apreHTOMeTpUYeCKUM MeTO/[0M,
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cynbdaTbl — TpaBUMETPUUECKUM, HMOHbl KaJbLsi U MarHusi — KOMILJIEKCOHOMeTpHUUeCKUM
(Tpwnon B — sTWIeHAWMaMUHTETpayKCyCHasi KWUC/IOTa), KapOboHat u OWKapOOHaT-MOHBI —
TUTPOBAHHEM CepHOM KUCJIOTOW B MPUCYTCTBUM WHAMKATOPOB (heHoA(TaneMHa U MeTHUI0paHXKa.
Harpuii 1 kanmii — 1o pas3HMIle CyMMbl aHUOHOB M KaTMOHOB. Cojep)kaHue CyMMBbl COJed
KOHTPOJIMPOBA/IU 10 CyXOMY OCTarKy.

Llens  wuccrenoBaHWst —  HayyHoe O0OOCHOBaHWE TIPUMEHEHUsI  TIOUBOIIOKPOBHBIX
U cpezioo0OpasyrouX pacTeHU-ranouToB AJIs yIyullleHHs] 3aCONEHHBIX TOUB OCYILIEHHOTO AHA
ApanbCKOro Mopsi.

Pe3y/ibTaThbl HCC/IEA0BAHNUS U UX 00CYK/[eHHe

[Tpomomkatoluecss HeraTUBHbIE TIOCTE[CTBUSL yCbIXaHWsT ApasbCKOTO MOpSI OIpeJessitoT
HeoOX0IUMOCTb pa3paboTKU U BHeZipeHUs, 3((deKTUBHBIX Mep, HarpaBjieHHbIX Ha CTabuIM3alio
9KOJIOTUYEeCKOM OOCTAaHOBKM UM  BOCCTAHOBJIEHWE HapyIIeHHbIX JKocucTeM. OpHol U3
repBOOUepe/IHbIX 3ajjau SIB/SIETCSl 3aKpelyleHWe TMOJBIKHBIX TECKOB U peKy/IbTHUBalLMs BHOBb
Cc(OpMUPOBaBIIUXCST 3aCONEHHBIX TEPPUTOPUM OCYIIIEHHOTO AHa ApaibCKoro mMops (Apanakym).
Cpegu  CyIIecTBYIOIIMX METOJOB BOCCTAHOB/IeHWsS Haubosiee TIepCTIEKTUBHBIMU — SIBJISTFOTCS
Ouosoruueckass MesMoparys, (UTOBOCCTaHOB/IeHHWe U (PUTO3aKperyieHHe, OCHOBaHHbIe Ha
WCTIOMb30BaHUM YCTOMUMBBIX K 3aCO/IEHHMI0 W apUAHBIM YCJIOBUSIM pAacTeHUM, CIOCOOHBIX
3aKperIsiTh MOUBY, CHW)KaTb MHTEHCUBHOCTD Je(/ISALIMY U YIydllaTh e€ S5KOJI0rMuecKoe COCTOSIHUE.

Takue cpemoobpa3yromre pacteHus, kKak Haloxylon ammodendron u Tamarix hispida
XOpOILIO U3y4eHbl U IIUPOKO TIPUMEHSIIOTCS B 00/IeCeHUM IMYCTHIHHBIX, 3aCOJIeHHBIX
JlerpaZiIupOBaHHbIX [TOUB HAa TEPPUTOPUU ApasiKyMa.

K uwncny cpenoobpasyrooiux BUAOB, IMEPCIEKTUBHBIX [jis DPeKYJbTHBAI[MM 3aCOJIEHHBIX
3eMe/ib, TMOMMMO BBIIIEYTIOMSIHYTBIX, OTHOCSITCSI TakKe SAW(UKATOpHble BU/bI IMyCTbIHHBIX
skocucteM — Calligonum caput-medusae, Halostachys caspica, Nitraria schoberi, Kalidium
capsicum, obecrieurBarolie 3akperieHWe TI0YBbI, CHIDKeHHe Jediauyud U (HopMUpOBaHUe
GraronpusTHBIX YCJIOBUM AJIs TIOCTIEYIOIIEero 3aceieHusl TeppUTOPUM APYTUMU BUAAMU PaCTeHUH.

OpHako, MOCTOSSHHO MEHSIIOIIUeCs] KIUMaTh4yecKrde YC/IOBUSl, C YCHJIeHHOM apuju3alyen,
00yC/1aBNMBaOT TIOSIBJIeHWe HOBBLIX TIPUPOAHBIX TEPPUTOPHM, C MEHSFOIIUMUCS TIOUBEHHO-
yfaduuecKUMH, TUAPOIOTHUeCKUMH XapaKTepUCTUKaMU TPeOyrOT TIOMCKa HOBBIX BUJIOB PAaCTeHUH,
CTIOCOOHBIX MPOM3PACTaTh U afaNITUPOBATHCS K JAHHBIM YC/IOBUSIM.

VccnenoBaHussMU  yCTAaHOB/IEHO, YTO B eCTECTBEHHBIX YC/IOBUSX 3aCOJIEHHOW MyCTbIHU
ApasnkyM TepBbIMM T[IOCE/SIFOTCS THUOHEPHble BBl — OJHOJIETHUE TranoQuThbl, KOTOpbIe
BBITIOJIHSIFOT TIOYBO3al[UTHYIO (YHKI[MIO, YaCTUUHO [ar0T paccenstoiuid 3¢deKT U co3aaroT
GnaronpusiTHbIE YCIOBUS [i/IsI TIOCTEAYIOIIero 3acejieHus JPYTMMU BUZAMU pacTeHuil. K Takum
MOYBO3AIUTHEIM  (TTOYBO3AKPEIUISIONIMM)  OJHOMeTHUM  ranoduTtaM,  obecrieurBaroiiM
(opMrpoBaHre TEPBUUHOTO PAaCTUTETBbHOTO TOKPOBAa Ha OCYIIEHHOM [He ApajibCKOro MOps,
otHOcsiTcst Salicornia persica, Spirobassia hirsuta, Bassia hyssopifolia, Climacoptera aralensis,
C.olgae C.crassa, Atriplex pratovii, Petrosimonia sibirica. B Tabmuije 1 TipuBefieH TepeueHb
pacTeHU ¥ UX BO3MOKHOCTH T10 Y/IyULLIEHUIO COCTOSIHUS T10UB.
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ITouBONOKpPOBHBIE PACTEHUA U UX IKO0/I0rHYeCcKasi po/ib
Ne Bup JKooruyeckne GyHKIUA
1 Salicornia persica O6pa3yeT M/I0THBIE 3aPOC/IM Ha COJIOHYAKAX, IPPEKTUBHO MOKPHIBAET
TIOBEPXHOCTb T10UBBI
2 Spirobassia hirsuta OfiyiH U3 OCHOBHBIX MMOHEPHBIX BUZIOB OCYILIEHHOTO JHA, (HOPMUPYET
3HAUNUTENILHBIM PaCTUTETBHBIN TTOKPOB
3 Bassia hyssopifolia Xopo1IIo MOKPLIBAET TIOBEPXHOCTH TTOUBKI, CHYKAeT ZeqJIsInio
4 Climacoptera aralensis ITuoHepHbIN ofHOMEeTHUM TanoduT, GopMUpYeT CIIOITHOM MOKPOB
5 Climacoptera olgae Amnanoru4Ho, y4acTByeT B (¢OpMHUPOBaHUU HallOUBEHHOTO MIOKPOBa
6 Climacoptera crassa dopMypyeT pacTUTe/bHBIN TOKPOB Ha 3aCOIEHHBIX [T0YBaX
7 Atriplex pratovii MoskeT BBICTYTIaTh KaK ITOYBOMIOKPOBHBIH BU/| TIPH BEICOKOW TVIOTHOCTH, HO
06BIYHO PACCMATPUBAETCS KAK MUOHEPHBIN TaoQuT
8 Petrosimonia sibirica dopmupyeT TJIOTHBIE Ce30HHbIe COOOILeCTBa Ha COTOHYAKAaX

ABTODBI /IaHHOW CTaTbM B CBOMX HcCaefoBaHUsX [3, c. 1-10] mpepsaratoT MCIOIb30BaTh

M CO30aBaTb Ha JIOKA/IbHBIX 3dCOJ/IEHHBIX TEPPUTOPUAX PACTEHUS, TPUMEHSAA KOMITJIEKCHbIE ITOCAdKH,

COCTOsIIIIe W3 TIOUBOTIOKPOBHBIX TPaBSHUCTHIX TaJlopUTOB, TaKUX Kak: Salicornia persica,

Spirobassia hirsuta, Bassia hyssopifolia, Climacoptera aralensis, C.olgae C.crassa, Atriplex

pratovii, Suaeda acuminata, S.prostrata, Aeluropus littoralis, Alhagi pseudalhagi, Petrosimonia

sibirica, a Takxe, cpefoo0Opa3yIOIIUX COJIeyCTONUMBLIX JIpeBeCcHO-KyCTapHUKOBbIX — Haloxylon

ammodendron, Halostachis belangeriana, Tamarix hispida, T. ramosissima, Calligonum aralense,

C.arborescens, C. caput-medusae (puc. 2).
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- Lf Depesba :t

Haloxylon ammodendn, Sophora cono"yl

D \ Cospatot TeHb Ha nouse ,
C yCTapHUKM -

Tamarix hispida,
A Kraschenmmkkov' ceratoides

T. ramosissima

TQngI :1 -

Climacoptera ‘aralenys, Suaeda salsa
AS A

PucyHok 3. SIpycHoe pacnosnosiceHue 3k06uomopg coseycmotiyuebix pacmeHuti

OTUM cnocoboM TIpefijlaraeTcsi COBMECTHOE BhIpallliBaHUe TPABSHUCTBIX U COJIEYCTONUMBBIX
JIPEBECHO-KYCTaPHUKOBBIX pacTeHuH. OTIMUNTe/bHOW 0COOEHHOCTBIO criocoba SIB/ISIETCS TO, UTO
JUIsi  TIOBbIIeHUsT S(P@PEeKTUBHOCTU paccojieHusi U TIpeJoTBpallleHusi T[OBTOPHOTO 3acOsieHus
3aCOJ/IEHHBIM Y4acTOK, HA KOTOPOM BBIpPAIMBAIOT BHauajie TPaBSHUCTbIE, MpeZCTaB/stole 1-sapyc
pacTeHus1, a 3aTeM — JpeBeCHO-KyCTapHUKOBbIe. [Ipu 3TOM C037aeTcsi KOMITJIEKC MHOTOSIPYCHBIX
pacTeHWd, KOTOpbIe CO3/al0T OWOKapKaCc W3 PaCTUTeNbHOCTH, Y/ydilasi TOYBeHHbIe (TpaBbl),
K/IMMaThueCKUe SKOJIoruueckue yCaoBuUs (epeBbs U KyCTapHUKU) OKPY»Karollel Cpefibl.

3ak/roueHue

TakuMm 00pa3oM, TMOIOKUTEbHBIA 3PPeKT (GUuTOoMenropai OCYIIEHHOTO JHa ApasbCKOTO
MOpsi [JOCTWMTAeTCsi 3a CueT TIpUMeHeHWsT HayyHO OOOCHOBaHHBIX METOJOB  TOCAJKU
U WCIO/b30BaHUSl TOJ00paHHOTO acCOPTUMEHTa BH/IOB pAcTeHWH, 00s1a/latoliero BLICOKOM
MPAaKTUYeCKOM  3HAuUMMOCTBIO, UTo obecrieurBaeT 3¢deKTUBHOe  3aKperjieHHe  I1eCKOB,
BOCCTAHOBJ/IEHUE 3aCOJIeHHbIX M HapyllIeHHBIX JaHAadToB, a TakKe CIIOCOOCTBYeT Y/IyullleHHIO
9KO0JIOTUUECKOTO COCTOSIHUSI TeppuTopur. Ha OCHOBe BBIIIEN3/I0KEHHOTO, TIPULIUIA K CJIeAYIOIIUM
BLIBOZIAM:

1. duromenuopaiusi OCylIeHHOTO AHa ApanbCckoro Mopsi HaubOosiee 3¢ddeKTHBHa IpU
WCTI0/TIb30BaHUM TIMOHEPHBIX COJIeyCTOMYMBBIX BUIOB PACTEHUM U SIPYCHOTO pa3MelljeHUs] pacTeHuin
Pa3/IMYHbIX )KU3HEHHBIX (OPM.
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2. TlpumeHeHHe KOMILIEKCA TaJOPUTHBIX W TICAMMOMUTHBIX pacTeHHUH CII0COOCTByeT
(OpMHMPOBAaHUIO YCTOWYMBOTO PpACTUTENBLHOTO TIOKpoBa (OWOKapkaca), 00ecIieurBaroIero
3aKperijieHue 1eCKOB U BOCCTaHOBJ/IEHHEe HapyIlleHHBIX JIaH/IIa(TOB.

3. Co3flaHMe YCTOMUUBBLIX PACTUTE/NBHBIX COOOIIECTB Y/IydlllaeT MOUBEHHO-3KOJOTHUeCKHe
YC/IOBUS: CHW)KaeT WCIMapeHue Bjarv, YyMeHbllaeT TeMIlepaTypy MpU3eMHOT0 BO3AyXa,
CIIOCOOCTBYET OUMITIEHUIO aTMOC(hepbl 1 BOCCTAHOBIEHHUIO OKPYIKAIOIIel Cpe/ibl.

4. Pa3paboTaHHBIH MepeyeHb BUIOB PACTeHUM 00/1ajlaeT BHICOKOW MPAKTHUECKOW 1IeHHOCTBIO
U MOXKeT OBbITb pPEKOMEHZOBaH [jid TIPOBeleHUs  (PUTOMETMOPAaTUBHBIX  MEpONPHUITUN
Y PeKy/IbTUBAL[MHU 3aCOJIeHHbIX TEPPUTOPUN OCYILIEHHOTO JiHAa APa/ibCKOrO MOpS.
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AHHOTaUA

Llenb ucciefoBaHUsl — CPaBHUTENIBHO OLIEHUTh BUJIOBOW COCTaB, SKOJOTMYECKYH0 CTPYKTYPY,
KOJIMYeCTBEHHbIE YUBTHbIe [aHHble U TIOMHOTY BbIsiBIeHUs (ayHbl Tettigoniidae B ropHoM
MeCTHOCTH YpryTta U Ha xpeOte Hyparay. IToneBbie uccnemoBanus npoBoguau B 2018, 2025 u
2026 rr; Ha KaXX/[0ll TeppPUTOPWM BBITIOJIHEHO IO TPU Bble3ja. YUéThbl CTaHAApTU3MPOBAIM Ha
TpaHcekTe 50 X 2 M npu 60-MHUHYTHOM aKTUBHOM HabmogeHuu 1 100 B3MaxaX 3HTOMOJIOTUYECKUM
caukoMm. PerucrpupoBanu Bcex OOHapy)KeHHbIX 0CO0eil, a B KOJIJIEKIIUIO OTOMpaau TOJBKO
OrpaHUYeHHOe UMC/IO0 BayyepHBIX K3eMIUIIPOB, HEOOXOAUMBIX /JIsi IO TBEPKAEeHUS OTpe/ie/ieHusl.
B Ypryre yuteHa 241 oco6pr BocbMU BHZOB, Ha Hypatay — 159 ocobeit mecsity BUJOB; OOLIUi
06béMm coctaBun 400 peructpauuii. Bocemb 001ux BHZOB 00yC/IOBUIM BBICOKOE KaueCTBEHHOE
cxoAcTBO ayH 1o KodbduimenTy JKakkapa (J = 0,80). BeibopouHast papedakius mpu k = 1, 2 u 3
Bble3iax Aana Ajas Ypryra coorBetctBeHHo 7,00; 8,00 u 8,00 Buza, aisg Hyparay — 7,67; 9,33 u
10,00 Buzma. CkoppekTrpoBaHHas orjeHKa Chao2 cocraBusa 8,00 u 10,17, Jackknife-1 — 8,00 u
11,33 cootBeTcTBeHHO. Gampsocleis glabra v Glyphonotus thoracicus 3aperucTpupoBaHbI TOJBKO B
Marepuanax Hyparay. Pe3ynbraThl MOKa3bIBalOT, UTO TMPUMEHEHHBIM TPOTOKO/ 0becreumnsi MouTd
M0JIHOE BbISIBJIEHWE JIOKA/JbHBIX KOMILJIEKCOB, OJHAKO Majioe YMC/IO BbIe3J0B He I103BOJISeT

Bubimorpaduueckoe onmncanue: Typaesa 3.P. TeppurtopuanbHas auddepennyanus daynsr Tettigoniidae B ropHbIx sangmadTax
LIeHTPa/JIbHOTO Y30eKHCTaHa: CPaBHUTE/BbHBINA aHamm3 Ypryra u xpebra Hyparay // Universum: Xxumust U GHOJIOTHS : 37IEKTPOH.
HayyuH. XypH. 2026. 9(147). URL: https://7universum.com/ru/nature/archive/item/23341
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HWHTEePIIPETUPOBATL pPa3/IMUKA KdK CTaTUCTUYECKH JOKd3aHHEIE. HpaKTI/IHECKaﬂ 3HAYHUMOCTb pa6OTbI
COCTOUT B CO30dHHUU CTaH,E[apTPBPIpOBaHHOﬁ OCHOBBI [Jid TIOBTOPHOI'O MOHHTOPHWHIA TOPHBIX
OMOTOIOB U IMPUOPUTETHOI'O KOHTPOJIA CIiel|a/IM3MPOBAHHBIX BH/0B.

Abstract

The study aimed to compare the species composition, ecological structure, quantitative
records, and inventory completeness of Tettigoniidae in the mountainous area of Urgut and the
Nuratau Range. Field surveys were conducted in 2018, 2025, and 2026, with three visits to each
territory. Sampling effort was standardized using a 50 x 2 m transect, 60 minutes of active
observation, and 100 sweep-net strokes. All observed individuals were recorded, whereas only a
limited number of voucher specimens required for taxonomic verification were collected. We
recorded 241 individuals and eight species in Urgut and 159 individuals and ten species in Nuratau,
for a total of 400 records. Eight shared species produced high qualitative similarity according to the
Jaccard coefficient (J = 0.80). Sample-based rarefaction at k = 1, 2, and 3 visits yielded 7.00, 8.00,
and 8.00 expected species for Urgut and 7.67, 9.33, and 10.00 for Nuratau. Bias-corrected Chao?2
estimates were 8.00 and 10.17, while Jackknife-1 estimates were 8.00 and 11.33, respectively.
Gampsocleis glabra and Glyphonotus thoracicus occurred only in the Nuratau material. The
standardized protocol provided nearly complete inventories of both local assemblages, although the
limited number of visits precludes treating the difference as statistically confirmed. The results
provide a reproducible baseline for monitoring mountain habitats and prioritizing specialized
species.

KnwoueBble cnoBa: Orthoptera, Tettigoniidae, ropHas ¢ayHa, TeppuUTOpHa/IbHas
muddepennmanus, kospduument XKakkapa, craHZapTHasi TpaHCEKTa, MOHUTOPUHI.

Keywords: Orthoptera, Tettigoniidae, mountain fauna, territorial differentiation, Jaccard
coefficient, standardized transect, monitoring.

BBegenue

LlenTpasnbHbli  ¥Y30ekucTaH  TpefcTaBiseT  coboii  Ouoreorpaduyeckuii  pervuoH
COTIPUKOCHOBeHUs [ojuHbl 3apadiuaHa, xpebra Hyparay u 3apadiuaHckoro xpe6Ta, rie Ha
HeOOJIBIINX PaCCTOSTHUSAX CMEHSIIOTCS MyCThIHHbIE, a[ibpOBble W TOpHbIe JaHAmadTe. Mo3anuHoe
coueTaHue penbeda, SKCIO3ULMM, YBIKHEHUSI U PaCTUTENbHBIX SIPYCOB, C OJHOM CTODOHBI,
obecrieurBaeT CBSI3b MeX/y KOMILUIEKCAMU TOJBMXKHBIX HAaCeKOMBbIX, a C Apyrod — GopMupyeT
JIOKa/IbHble MUKPOPe(QyruyMbl [/l SKOJIOTMUeCKH Crheluanv3vpoBaHHbIX BUAOB. [IpencraBuTenu
Tettigoniidae 4yBCTBUTEIbHBI K BEPTHUKAIbHOW CTPYKTYpe PacTUTENbHOCTH, PEKUMY YBJaXKHEHUS
M COXPaHHOCTU OTKPBITBIX KCEPOTEPMHBIX YYacTKOB, [O3TOMY SB/SIOTCS HH(OPMAaTUBHBIM
00BbeKTOM /1J1s1 perucTpaLuu (payHUCTUUeCKUX W3MeHeHUH B TOPHBIX JaH/madTax.

JkoJsioro-reorparyeckre 3aKOHOMEPHOCTU pacIlipoCTpaHeHUs MPSMOKPBUIbIX LleHTpanbHOM
A3uu Teopetrdecky obocHoBaHbI B paborax @.H. ITpapauna [2], ®.H. ITpaBauna u JI.J1. MuiijeHKO
[3], a Takke M.I. CepreeBa [5, 11]. DTM MCTOUYHMKHM TIOKa3bIBalOT CBs3b COCTaBa (hayHbI
C yaHAmaTHOM 30HA/NLHOCTBIO, CyOCTPaTOM M pacTUTEIbHOCTBIO. BMecte c Tem s Ypryra
1 Hyparay HeZloCTaTOUHO JJAHHBIX, B KOTOPBIX BU/JOBOM COCTaB COTIOCTABJISICS ObI IPU OJMHAKOBOM
eUHULIe YyuéTa, II0JIeBble pEerucTpaluu OTAe/sUINCh OT YMC/a KOJUIEeKLMOHHBIX Bayuyepos,
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a MeXTeppHUTOpHabHOe CXOZCTBO BBIPAKanoCh KOIMYECTBEHHBIM II0Ka3aTeneM. OTOT Ipo0ern
ompefiey  HeOOXOAUMOCTh  IpeoOpa3oBaTh  pa3po3HeHHble  (ayHUCTUYeCKHe  CIHCKH
B TIPOBEPsIEMYI0 CPAaBHUTE/IbHYI0 MO/IE/Ib.

Hayunasi rumorte3a WuCCAe/jOBaHMSI COCTOsiia B TOM, uTo (ayHel Ypryra u Hyparay
MpUHAIeXaT K o0meMy pervoHanbHOMY (GOHZY, OJHAKO Pa3IMuMsi BBICOTHO-PACTHUTETHHOM
MO3alKM MOTYT TpPOSIBISTLCSA B TepPpPUTOpUaNbHON AuddepeHLIMali OT/AeNbHBIX 5KOJOTHMUeCKd
CTeLaIM3UPOBaHHbIX BUJOB. Llenb paboThbl — OL|eHNWTh BUOBOM COCTaB, SKOJIOTUYECKUIN CIIEKTP
M KauyeCTBEHHOe CXOACTBO KomiliekcoB Tettigoniidae fAByX Teppuropuii Ha OCHOBe
CTaHJAPTU3UPOBAHHBIX T0JIEBbIX PErucTpaldii M BayyepHbIX MaTepuasoB. 3aJaud BK/IHOUYaId
yTOUHEeHHe CMHCKa BHU/IOB; pasrpaHUueHHe TI0/eBbIX PerucTpaliii U BayyepoB; COIOCTaB/ieHHUe
JAHHbIX TI0 BBICOTHBIM TMoOsicaM; PpacyéT KospduieHTa Kakkapa; aHaqu3 BO3MOKHBIX
9KOJIOTUYEeCKUX TIPUYMH TepPpUTOPUAIbHBIX pas/MuMii; orpefesieHue TPUOPUTETHBIX BU/IOB
1 OMOTOMOB /711 MOHMTOPWHTa. HayuHasi HOBU3HA pabOoThI 3aK/IFOUAeTCsl B TIEPBOM COTIOCTABIEHUH
(ayHHCTHUEeCKUX KOMIIEKCOB Ypryra W Hyparay npyd OJMHAaKOBOM YCWIMM YuéTa, CTPOrOM
pa3rpaHNueHr BCeX T0JIeBbIX HAOMIOAEHUM M BayuepHBIX K3eMIUISIPOB, a TaK)Ke€ B COBMECTHOM
npuMeHeHnH Ko3dduimenta JKakkapa, BbiOopouHoi papecdakipm, Chao2 u Jackknife-1 s
OLIEHKH CXO/ICTBA U TIOJTHOTHI BbISIBJIEHHUS BU/I0B.

Marepuasibl 1 MeTOABI

PaiioHbI HCC/Ie0BaHHUA U CXeéMa I10/IeBbIX pa60T

WccnenoBarenibCKUid MyHKT YPryT pacriosioxkeH B CamapKaH/ICKOM 06/1acTy TI0 KOOp/AWHAaTaM
39°22'17,04" c. m., 66°59'53,09” B. 4., Ha BbicoTe 1062 m; myHkT Hypatay — B HaBowuiickoii
obmactu o koopauHatam 40°25'30,42" c. m1., 66°00'45,55" B. A., Ha BeicoTe 870 M. Ha kaxkzoii
Tepputopur B 2018, 2025 u 2026 rT. BBINOIHEHO MO OAHOMY BbI€3/ly, BCEro IIECTh BbIE3/IOB.
HaGmomenuss B Ypryre mpoBogumu 11.06.2018, 08.07.2025 u 30.05.2026, Ha Hyparay —
08.06.2018, 09.07.2025 u 29.05.2026. Yuétbl BbioaHsA ¢ 09:00 go 12:00 mpu OTCYTCTBUH
CUILHOTO BeTpa W ocajkoB [7, 6]. KoopauHartbl, BbICOTAa Y CTaHJAPTHBIM MPOTOKON yuéTa
ripuBeZieHbl B Tabnvile 1, reorpaduueckoe 1mosioykeHre MyHKTOB — Ha PUCYHKe 1.

Tabauya 1.
HccnegoBarebCcKye MyHKThI U CTaH/APTHBIA MPOTOKOJI y4éTa
Teppuro- Koopaunats! BbicoTa IToneBbie BbIe3bI YuéT 3a oJJuUH BBIe3/|
pust

¥YpryT 39°22'17,04" c. m1.; 1062 m 11.06.2018; 08.07.2025; 50 x 2 m; 60 muH; 100
66°59'53,09" B. 1. 30.05.2026 B3MaxoB

Hyparay 40°25'30,42" c. 11.; 870 m 08.06.2018; 09.07.2025; 50 x 2 m; 60 muH; 100
66°00'45,55" B. 1. 29.05.2026 B3MaxoB
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NCCNEQOBATEJIbCKUE MYHKTbI YPTYT U HYPATAY HA KAPTE Y3BEKNCTAHA

A. UccnepoBaTenbCcKkue NYHKTbl Ha KapTe Y36ekucraHa Bb. lletanbHoe pacnonoXeHue NyHKToB yPryT-HypaTay
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Cucrema koopanHat: WGS 84 (EPSG:4326). AAMUHUCTPaTUBHbIE rPaHuLbI: OTKPbITble AaHHble Geo)SON Ha ocHose OpenStreetMap

PucyHok 1. IIpocmpaHcmeeHHAs npues3ka ucc1e008amenbCKUX nyHKmMoa: A — nosodiceHue
Ypeyma u Hypamay Ha kapme Y36ekucmaHna; b — demaau3upoeaHHoe e3aumHoe
pacnosnodiceHue nyHKMoe ¢ ykasaHuem ebicombl. WGS 84 (EPSG:4326)

YuéT, coop u uaeHTH(PUKALMA

[Tpu Kak#oMm Bble3fie MpoBOAWIA 60-MUHYTHBIA aKTUBHBIA YU8T BJJ0OJIb TPAHCEKThI JJIUHON
50 M ¥ mwmpuHON 2 M, a Takke BbINOAHSIM 100 B3MaxOB 3HTOMOJIOTHUUECKMM CauykoM. [ljvHa
PYKOATKM cauka coctaBmszia 1200 mm, miybuHa Meriika — 700 MM, guametp obpyua — 300 mMM.
Ocobeli perucTpupOBaIM BU3yalbHO, 10 aKyCTUYECKUM CHUTHa/laM U C TIOMOIIbIO cauka. [ToneBoit
rokaszaresib OTpa)kaeT He abCOJIOTHYIO TIUIOTHOCTb TOMYJISLUM, a OTHOCUTeTbHOEe YMCJIO
perucTparuii pyu CTaHAapTU3MPOBaHHOM YCWINU HabsoneHust. [IpuMeHsiiu karteropun: 1-3 ocobu
— oueHb peakuii, 4-10 — peakuii, 11-20 — o06bruHbI, 21-100 — MHOTOUMC/IEHHBINA, HO He
obpa3yromuii CckoruieHud. OJTH 0003HAueHWs] OTHOCSTCS WCK/TIIOUWTETBbHO K CTaHZapTHOMYy 60-
MUHYTHOMY yuéty [1, 10, 4]. HToroByio KaTeropwio BHJa B Tabiuie 4 onpeaessid IO
MaKCUMalbHOMY UYMCTy BCex 0co0ell, OTMeueHHbIX 3a OAWH CTaHJAPTU3UPOBAHHBIA YUET; UMCIIO
W3BSTHIX BayuyepoB MPU KIacCU(PUKALIUU He UCTIOb30BaIH.

[nisi cHWKeHUsl BO3/IeHCTBUSI Ha eCTeCTBeHHbIe TIOMY/ISILUMA B KOJUIEKI[UI0 OTOMpaiu He BCeX
obOHapyKeHHBbIX 0cobeii. Kak mpaBuio, COXpaHsM M0 OJHOMY BayyepHOMY 3K3eMIUISIpy KaXK0ro
BUJlA, a [JIi MHOTOUMC/IEHHBIX BUJOB — He Oosee cemu. CriejoBaTesbHO, UYWC/IO TIOJTE€BBIX
perucTparuii ¥ Uucyio BayuepoB Mpe/CTaB/IsIOT OUOIOruuecKyd U MeToAMueCKH pa3Hble MoKa3aTesH.
Bayuepbl 2018 r. XpaHsiTcsi B KosuleKimu MHCTUTyTa 30070TMM AKaZieMUMM HayK PecryOnukuy
Y36ekucraH. BayuepHble Matepuanbl 2025-2026 rr. miepejaHbl Ha Kadeapy Ouosioruu
HamaHraHckoro rocy/lapCTBEHHOTO YHUBEDCUTeTa M XpaHATCA B KosuleKuuu Kadezapbl. Craguro
pa3BUTHSI KaKOM OTMeueHHOW 0coOu (HMKCHPOBa/KM B TI0JIEBOM IIPOTOKOJIE; B pe3y/bTarax
NpUBe/leHbl CyMMapHble 3HaueHus J/1s1 uMaro U Humd. Buael onpefensiny no Mopgosoruyeckum
rpu3HakKam [2, 4, 5], HomeHk/atypy npoBepsinu no Orthoptera Species File [8].
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KauecTBeHHOe CX0/ICTBO TePPUTOPUM pacCUUThIBa/IU 110 Ko3dduimenTy »Kakkapa: J = a/(a + b
+ C), TOe a — YKWCJI0 BWAOB, OOIMMX [yid [BYX TEPPUTOPHM, b W C — uNWCIO BH/JOB,
3aperuCcTPUPOBAaHHBIX TOJBKO HA OAHOW M3 HUX. B HacTosiieM matepuasie a=8, b=0uc=2;J =
8/(8 + 0 + 2) = 0,80. [lyi1 OLIeHKU HeTl0/HOThI BbisIB/IEHUsI TPU TOJIEBBIX Bble3/la pacCMaTpPUBA/IM Kak
He3aBHUCUMbIe eMHULIbI BLIOOPKK W TIPUMEHsIM BbIOOPOUYHYIO papedakijiio 0 BCTPeYyaeMOCTH,
cKkoppekThpoBaHHyi0 olleHKy Chao2 wu Jackknife mepBoro mopsinka (Jackknife-1). Orenku
pacCcuMThIBa/IM MO C/IeAYOWKM hopMy/am:

m - lel(Ql' 1)
2Q+ 1)

m-1
SJackl =Sobs +Q1 -
m

SChaoZ =Sobs +

3neck Sobs — Hab/IOaeMoe YMC/IO BUIOB; M — UKC/O MOMEBBIX Bble3noB; Q1 — umciio
BU/IOB, OTMEUEHHbBIX TOJILKO B OJHOM Bble3zie; Q2 — 4uI0 BU/0B, OTMEUEHHBIX B /IBYX Bble3/ax.
[lockoibKy  TpU  Bble3fia  OrPaHWYMBAKOT  CTATUCTUYECKYH)  MOIIHOCTb,  pe3yJbTaThbl
MHTEPNPeTHUPOBA/IM He KaK CTPOTO /I0Ka3aHHOe pa3jinure BUAOBOro OOrarcTea, a Kak OCTOPOXKHYIO
OL|€HKY I10/THOTbI BBISIB/IEHUS.

Pe3ynbrarbi

BujoBoe 60rarcTBo U CX0/CTBO TePPUTOPHIl

B Ypryte 3aperucrpupoBaHo BoceMb, Ha HypaTtay — gecats BujoB Tettigoniidae. Bocemb
BU/IOB SIB/ISTMCH 001myMu; 3HaueHue J = 0,80 yka3biBaeT Ha BBICOKOE CXOZICTBO COCTaBa (payHbI.
Gampsocleis glabra w Glyphonotus thoracicus B crnucke Hypartay BbIAESIOTCS —Kak
JIOTIOJTHUTe/IbHbIe (payHHCTHUeCKHe 3/IeMeHThl. DTOT pe3y/bTaT He JjoKa3biBaeT, uto ¢ayHa Hyparay
B LIeJIOM /JOCTOBEPHO Ooraue; OH TOKa3bIBAeT JIUIIIb BBISIBIEHHUE [IBYX /IOTOJHUTEILHBIX BU/OB TIPH
UCIIO/Tb30BaHHOM cxeme HabOmopeHwid. CpaBHUTE/NbHOE UKMCIO BHZAOB [0 TEPPUTOPHUSIM
TrpeJiCTaB/eHO Ha PUCYHKe 2.
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Yucno 3aperncTpupoBaHHbIX BUAOB

CamapkaHa HaBsowu
(YpryT) (Hypatay)

PucyHnok 2. Qucno eudoe Tettigoniidae, 3ape2zucmpupoeaHHbiX HA UCC/16008aAHHbIX
meppumopusx. /luazpamma Hocum onucame/bHbIlU Xapakmep u He ompaxcaem
cmamucmuyeckoll 3HaYUMocmu pazauyutl

Ko/imuecTBeHHBbIE PEruCcTpanu U BBICOTHBIE MOACA

B cranzapTu3npoBaHHBIX yuéTax 3apervcrpupoBaHo 400 ocobeii: 241 B Ypryte (60,25 %)
u 159 Ha Hyparay (39,75 %). ITo rogam B Ypryte yurteHo 79, 80 u 82 ocobu, Ha Hyparay — 53, 55
u 51 ocobs. Haubosbime cymmapHble 3HaueHUWst oTMmeueHbl y Tettigonia caudata (89), T.
viridissima (85), Platycleis intermedia (75), Decticus verrucivorus (69) u D. albifrons (66). Ha atu
MATh BUZIOB TIpuxounock 96,0 % Bcex perucrpaijuii; ocTajabHble TISATb BUJIOB TpejiCTaB/ieHbl 16
peructpatmssmu (4,0 %). DTOT TmoOKas3arenb SB/ASETCS He WHAEKCOM [JOMUHHWPOBAHUS,
a XapaKTepUCTUKOM KOHL|eHTpaLMy perucTpaluii Npy CTaHJapTH3UPOBAaHHOM I10IEBOM MPOTOKOJIe.
Bce KonMyecTBeHHbIe JaHHbBIE TI0 BH/IaM, TEDPUTOPUSIM U Bbie3ziaM 000011ieHbI B TabmuLe 2.

Tabauya 2.
Yucno OCOGEﬁ, 3dpPeruCTpupoOBaHHLIX 110 BU/{dM H 110/I€EBBIM BbIe31dM
Bup, Yprytr | Ypryt 2025 | Ypryt 2026 | Hyparay Hyparay Hyparay Bcero
2018 2018 2025 2026
Tettigonia caud | 19 18 18 12 11 11 89
ata
Tettigonia viridi | 18 19 18 10 10 10 85
ssima
Decticus verru- | 14 15 16 8 8 8 69
civorus
Decticus albi- 14 12 13 10 9 8 66
frons
Platycleis inter- | 14 12 13 11 13 12 75
media
Conocephalus f | 0 2 2 0 1 1 6
uscus
Ruspolia nitid- | 0 1 1 0 0 1 3
ula
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Bup, Ypryr | Ypryr 2025 | Ypryr 2026 | Hyparay Hyparay Hyparay Bcero
2018 2018 2025 2026
Phaneroptera fa | 0 1 1 0 1 0 3
Icata
Gampsocleis gl | 0 0 0 1 1 0 2
abra
Glyphonotusth |0 0 0 1 1 0 2
oracicus
Bcero 79 80 82 53 55 51 400

CrarucTuyeckas OIl€HKad BH/10BOI0 oorarcrBa

[To pe3ynbraTam pape(akijii 0OKHJaemMoe YWC/I0 BUZOB JJi1 YPryTra COCTaBWIO B CpPeJHEM
7,00 ripu opHoM, 8,00 nipu aByx U 8,00 npu Tpéx Bele3gax; A1 Hyparay — cooTBeTCTBeHHO 7,67;
9,33 u 10,00. B ¥pryre Q1 = 0 u Q2 = 3; Chao2 = 8,00, Jackknife-1 = 8,00. Ha Hyparay Q1 = 2
1 Q2 = 3; Chao2 = 10,17, Jackknife-1 = 11,33. BripaBHUBaHHe papedaki[MOHHON KPUBOW Ypryrta
1oc/ie [IByX BbIe3ZIOB yKa3bIBaeT Ha O/M3KYIO K TOJIHOM BBLISIBIEHHOCTb BOCHBMM BU/IOB B paMKax
JaHHou cxembl. 3HaueHue Jackknife-1 pgns Hyparay mnokas3biBaeT, YTO TIOMHUMO [I€CSTU
HabJTI0laeMbIX BUZIOB COXPAHSIETCS BEPOSITHOCTb BBISIBIEHUs TIPUO/IM3UTENBHO eIé OHOTO BHA.
HabromaeMoe 1 orjeHEHHOe BHZI0BOe 6orarcTBo 000011ieHo B Tabwmiie 3.

Tabauya 3.
BupoBoe 6orarcTBo, papedakius 1 OLeHKH Ha 0CHOBe BCTPeYaeMOCTH
Teppuropus Sobs Papedaxius k=2 k=3 Q1 Q2 Chao2 Jackknife-1
k=1
Ypryt 8 7,00 8,00 8,00 0 3 8,00 8,00
Hyparay 10 7,67 9,33 10,00 2 3 10,17 11,33

CTaAHI/I Pad3BUTHUA U 3KO0JIOTHYeCKHH CIIEKTPp

W3 obujero uucna perucrpauumii 355 (88,75 %) otHocumuch K umaro, 45 (11,25 %) —
K HUMpam. O6Hapy)KeHHe UMaro B Mae—Hiojie CBU/IETEbCTBYET O BLICOKOM aKTUBHOCTH B3POC/IbIX
ocobeil B CPOKM UCCIIeIOBaHUM, OJHAKO TPEX CE30HHBIX []aT HEJ0OCTAaTOUHO /ISl OTIMCAHKS TIOJTHOTO
(eHOMOTUYEeCKOTO [MK/IA BUAOB. B  3KOJOTMYECKOM CITIEKTPe HEINOJBM)KHbIE TaMHOOHOHTBI
1 (aKy/IbTaTUBHBIE XOPTOOUOHTHI TIPE/ICTAB/IeHbI TPEMsI BUAAMU KaXKJasi IPYIIIa, repreToOUoHThI-
reodunbl U Crieljuaanu3upoBaHHble GUTODUIBI — [BYMsI BUJaMHU KaKJasi. Takoe COOTHOIIIeHUe
MOKAa3bIBaeT, UTO M3yuyeHHas (payHa OOBEeJUHSET BU/BI, CBSI3aHHbIE C PACTUTE/NbHBIMHU SIPyCaMH,
U oburaTesnedl CyxoW TIOACTUIKHM W KAaMEHHCTBIX MHKPOOMOTOMOB. DKOJIOrO-(hayHUCTHUECKast
XapaKTepUCTHKA BH/IOB TIpUBeZieHa B Tabmwile 4, pacripefesieHHe 10 >KU3HEHHbIM (hopMamM — Ha
pucyHke 3. OOIIMIA BU/| UCCIeZ0BaTeIbCKUX M BayuepHbIX MaTepPHasIoB MPe/CTaB/IeH Ha PUCYHKe 4.
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Ta6auya 4.
JKosoro-(ayHucTHUeCKas XapaKTepucTuka BuoB Tettigoniidae
Bup, JKusnenHasi gpopma Kareropus no Mecsiip1 uMaro 3ooreorpaduueckasn
MaKCHMMyMYy 3a rpynmna
OJUIH y4éT

Tettigonia caudata Henoapxkablii TaM- | OOBIUHBIN Mait-utonb [TropupernoHanbHbIN
HOOHOHT

Tettigonia viridissima | HerogekHeid TaMm- | OOBIYHBIH Maii-urons ITmropupervoHanbHbIN
HOOWOHT

Decticus verrucivorus | I'eprieto6HuoHT-Te0- OOBIYHBIH Maii—ntons TpaHcnaneapKTHyeCcKuit
¢un

Decticus albifrons T'eprieToOMOHT-TE0- OOBIUHBIA Matii—utonb TpaHcnasieapKTU4e CKUi
tun

Platycleis intermedia | ®aKy/nbTaTUBHBII OObIuHBbIH Maii—uronb JpeBHecpean3eMHOMOD-
XOPTOOMOHT CKUH

Conocephalus fuscus | Crierjuanu3vupoBaH- OueHb peaKuii Mait, uronb JpeBHecpes3eMHOMOD-
HbIN puTODUNI CKUMN

Ruspolia nitidula @DaKyIbTaTUBHBIN QueHb peakuit Mati, utosnb TpaHcrnaneapKTA4e CKUi
XOPTOOHOHT

Phaneroptera falcata | Criejanu3upoBaH- OueHb peaxui Mati, ntonb [TnropripervoHanbHbIN 1e-
HbIN prTodUI MeHT BocTtouHoro nomymma-

pus

Gampsocleis glabra @DaKy/IbTaTUBHBIN OueHb peaKuii Maii-utonb JpeBHecpe3eMHOMOD-
XOPTOOWOHT CKUH

Glyphonotus thoracic | HenogswkHblii TaM- | OueHb pefiKnit Maii—utonb DnieMeHT ropHO# (hayHbI

us HOOWOHT LlenTpanbHON A3um

Yncno suaoe

HeakTuBHble
TaMHOBNOHTbI

MoacTunoyHble
reounbl

®dakyNbTaTUBHbIE
XOPTOBNOHTHI

CneunanusnpoBaHHble
duTohunbl

PucyHok 3. PacnpedesneHue 3apezucmpupog8aHHblx 8udog Tettigoniidae no 3ko102uveckum
HCU3HEHHbIM (hopmam
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PucyHok 4. HccnedoeamesnbcKue u eayyepHble Mamepuasbl: A — K0/1/1eKYUOHHbIe IK3eMN/sIPbl;
B — Tettigonia viridissima; C — kon1eKyuoHHble 3k3emnspsl Tettigoniidae; D — Glyphonotus
thoracicus; E — Phaneroptera falcata. @omo 3.P. Typaegoti

OOcyxaeHne

3Hauenune kKoddpodwuienta JKakkapa 0,80 mokasbiBaeT, yTO KOMILIeKChl Ypryta u Hyparay
MMeOT 00111 perMoHa/IbHBINA cocTaB dayHbl. Bricokast fosisi ipeAcraButeneii Tettigonia, Decticus
u Platycleis Ha o00enx TeppuUTOpHUSX COIVIaCyeTCs C HaJIUyHMeM HerpepbIBHOIO COYeTaHHs
paCTUTENBHOTO sIpyca, CyXUX JIyTOB U TIOACTU/IOUHBIX MHKPOOMOTOTOB. JTO COOTBETCTBYET
9K0JIOTO-TeorpauueckuM TMpe/CTaB/leHUsIM O Befylljedl poau JaHAma(THOM 30HA/JLHOCTU
U CTPYKTYPbl MUKPOOHMOTOIIOB B pacrpoCTpaHeHUM TMPSIMOKpPbUIbIX LleHTpanpHOU A3suu [2, 3, 5].
[IpsiMoe KoMMUeCTBEHHOE COTOCTaB/ieHWe C COCeJHUMU XpeOTamMu He TIPOBOAW/IH, TIOCKOBbKY
ory0O/IMKOBaHHbIe pervoHa/ibHble CBeJieHUsi TIOMy4YeHbl TPU HEOAWHAKOBOM U, Kak IIPaBUJIO,
HEOIMCaHHOM YCH/IUM Y4éTa; M03TOMY JIUTepaTypy MCIO/b30Balu [l 9K0JIoro-reorpadruyeckoi,
a He 77151 popMabHOM CTaTUCTHUUeCKOW WHTepIpeTaLiy.

Peructpanusi Gampsocleis glabra v Glyphonotus thoracicus B MaTepuanax Hyparay siByisieTcs
Haubosiee 3aMeTHBIM (payHUCTUUECKHUM pa3inuureM AByX Tepputopuil. G. glabra — mipeacTaBuTesb
CTeLIMa/IM3upPOBAHHOTO  KOMILIEKCA  OTKPBITBIX ~ CTEMHBIX M KCEePOTepMHBIX JIYyTOB;  €ro
YYBCTBUTENBHOCTE K  (pparMeHTalMd  MeCTOOOWTaHWM  TIOATBEp)KJeHa  COBpPeMeHHBbIMHU
ucciaenoBanusMu  [9]. G. thoracicus kak s1eMeHT TOpHOW (ayHbl LleHTpanbHOM A3umu
Mo/luépKUBaeT 3HaueHHWe KaMEeHMCThIX CKJIOHOB M KyCTapHUKOBO-TPaBSiHBIX Mo3auK [8]. Otu
JlJaHHbIe He TI03BOJISIIOT 3aK/IFOUMTh, UTO 00a BU/a IIMPOKO pacrpocTpaHeHbl 1o Bcemy Hyparay, HO
000CHOBBIBAIOT HEOOXOAMMOCTh OT/J€/IbHOTO KOHTPOJISi OTKPBITHIX KCEPOTePMHBIX M KaMeHHCTBIX
MHKpPOOHOTOTIOB.

OTcyTCTBUe perucTpaiyii 3TUX JAByX BUJOB B YPryTe He SIB/ISeTCS MPSMBIM [J0Ka3aTebCTBOM
WX 9KOJIOTUYeCKOTo OTCyTCTBUsI. HeoOHapy>keHHe MOKeT ObITh CBSI3aHO C BBICOTOM, IKCTIO3ULUEH,
BLICOTOM  pacTUTeNbHOCTH, MHUKDOKIMMATOM, aHTPOTNOTeHHOW Harpy3koM WIM  Ce30HHOU
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aKTUBHOCTbIO. IlosToMy B cTraTbe UCHOIb3yeTcs (DOPMYJMPOBKA «He 3aperMCTpUpOBaH
B TPOBEJEHHBIX HaOMOAEHUsAX», a He «OTCYTCTBYyeT». Takas OCTOpOXKHasi WHTepIIpeTaryst
Tpe/IOTBpAlIiaeT UCKYCCTBEHHOE YCH/IeHe TIPUUMHHBIX BBIBOJIOB TIPY Majloi BLIOOpKe U popMHUpyeT
TpoBepsieMble TMIOTe3bI /151 Aa/IbHeNIINX UCC/IeJOBaHUM.

Tot dakrt, uto 96,0 % perucrpanyii NpUXOAUTCS Ha MATh BUJOB, OTpaXkaeT KOJIMUeCTBEHHYIO
HepaBHOMEPHOCTh cocTaBa (ayHel. CTpaTerust oTbopa BayuepoB He MOAMEHsIeT 3TO COOTHOIIeHUE:
TO/IEBOM YUET XapaKTepu3yeT WHTEeHCHBHOCTb PErvcTpaliiM, TOr[a Kak Bayuep obecrieunBaeTt
BO3MOJKHOCTb TAaKCOHOMHUYECKOW TIpOBepKU. VX pasrpaHuyeHue SIBJISE€TCS MeTOAWYECKUM
MIPEeUMYILeCTBOM PabOoThbl, TIOCKOJIBKY MCK/IIOUaeT OIIMOOUYHBIM BBIBOJ, O DPEAKOCTH BHUJA Ha
OCHOBaHMY MAaJIOr0 YMCia KOJIJIeKI[MOHHBIX 3K3eMILIAPOB.

OrpaHuueHuss HCCIeZlOBaHUA OIpe/ie/iIl0T IPaHMLibl MHTeprpeTaniuu pesy/bTaroB. Tpéx
BbI€3/IOB Ha KaXJOM TEppPUTOPUM HELOCTaTOYHO [/l HaAEéXHOM aCUMITOTHUUECKOU OLIeHKU
BUZIOBOTO 0OOrarcTBa ¥ [OBepUTENbHBIX WMHTEPBA/JIOB; PACTUTENbHBIA TIOKPOB, BIaKHOCTD
Y aHTPOIIOreHHasl Harpys3ka KOJM4YeCTBeHHO He U3MepsIiCh; uctopudyeckue GPS-Tpeku MapiipyToB
OTCyTCTBYIOT. Ilo3TOMYy PpHCYHOK 1 [0OCTOBEpHO OTpakaeT KOOpPAUHATBl M BBICOTY
WCC/Ie/loBaTe/IbCKUX IIYHKTOB, HO He COJepXUT PEeKOHCTPYUPOBAaHHBIX MapIIpyTOB M IPaHUL]
buotoroB. IlosTomMy pabora mpejcTaBisieT He OKOHYATebHYIO IOMY/SILIMOHHYIO —OLIEHKY,
a TipoBepsieMyt0 06a30ByI0 MoZesib /i MOC/eAyIOL|ero CTaHAapTU3UPOBaHHOTO MOHHUTOPUHTa. Eé
3HaueHHWe COCTOMT B OObeJIWHEHWH CIMCKAa BH/OB, YCHIUS YyuéTa, BaydyepHbIX MaTepHhasioB
Y 5KOJIOTMUeCKOU MHTepIIpeTaluu B e[JUHOU CHCTeMe.

3ak/irloueHue u IMpaKTH4Y€CKHEe peKOMEHAAIIU N

@®ayHbl Tettigoniidae Ypryra u HypaTay xapakTepu3yrOTCsi BBICOKUM KaueCTBEHHBIM
CXO/ICTBOM: BBISIB/IEHO BoceMb 001X BuzoB, J = 0,80. B Ypryre 3apeructpupoBana 241 ocobb
BOCbMH BHJI0B, Ha Hyparay — 159 ocobeii gecatd BUJOB. [JOMOMHUTEbHBIE PErHCTPALIU
Gampsocleis glabra v Glyphonotus thoracicus Ha Hyparay siBAsitoTCSI OCHOBHBIM (hayHUCTUUECKUM
CUTHajioM TepputopyanbHoi guddepenmarm. Papedakius u Chao2 mokasbiBaioT 0/M3K0e
K TIOJTHOMY BBbISIBIeHHe BOCBbMHM BHZIOB B Ypryte; Ha Hyparay BbISIBJIEHHOCTb Takke OJsiM3Ka
K 11oyiHoM, omHako Jackknife-1 coxpaHsieT BeposiTHOCTb 0OHApYKeHHs PUOTHU3UTETBHO eIlé OHOTO
Buza. Ha mnsate BugoB npuxogutcsi 96,0 % wu3 400 peructpauuii, 4TO yKa3bIBaeT Ha
KOJIMYeCTBEHHYI0 HepaBHOMEDHOCTh KOMIIeKca. [10CKO/IbKY OLleHKHM OCHOBaHBI TOJBKO Ha TPEX
Bbl€3/]aX, UX C/leflyeT pacCMaTpUBaTh He KaK /J0Ka3aTe/JIbCTBO CTaTUCTUUECKU 3HAYMMOIO pasiuyuus
BH/IOBOTO OOTaTCTBa, a KaK KOJIMUeCTBeHHYI0 UCXOIHYH0 OCHOBY MOHUTOPHHTA.

[anbHeWIIMii MOHUTOPUHI DPEKOMEH/yeTCsl TIPOBOJWTL €XEeMeCsYHO C Masi I0 MHOJb,
BBITIOJIHSISI TIO TPU TIOBTOPA B KaXKJbIi CPOK. B Ka)kK0M MOBTOpe He0OXOAMMO COXPAHSATh TPAHCEKTY
50 X 2 M, 60-MUHYTHBIM aKTUBHBIK YyuéT U 100 B3mMaxoB caykoM. [IpHOpUTETHBIMU Yy4yaCTKaMU
JIOJDKHBI  OBITh OTKpBITbIe KcepoTepMmHble nyra gyisi G. glabra W KaMeHHUCTble CKJIOHBI
C KyCTapHUKOBO-TPaBsiHOM Mo3aukou Ajsi G. thoracicus. CnenyeT pa3fenbHO (PUKCHUPOBAThH ATy,
Bpemsi, GPS-koopauHatel, TemrepaTypy, B/JaXXHOCTb, BBICOTY U TIIPOEKTHBHOE TIOKPBITHE
PaCTUTeIbHOCTH, CTaJuI0, TI0J1, 00IIlee YMC/I0 perucTpaliiil ¥ Unuc/Iio 0ToOpaHHBIX BayuepoB. Iloce
(¢opMHpOBaHHs He MeHee ueM TPEXJIeTHero psifja Mo eJUHOMY IIPOTOKO/y CTaHeT BO3MOXXHbIM
Ha/Ié)KHOe TIpUMeHeHHe OL[eHOK BePOSITHOCTU 0OHapy keHUs, papeakiuu U BUI0BOTO OoraTcTaa.

49



Ne 9 (147) UNIVERSUM: cenms6pb, 2026 e.

XUMUA U snonorua

10.

11.

Cnucok 1ureparypsbl

. beli-buenko I'.f1. PykoBoacTBo no yuéty capanuoBsix. — JI.: 3g-80 AH CCCP, 1932. — 195 c.

. [paBaun ®.H. Okonoruyeckas reorpacdusi HacekoMmbix CpeaHeit A3un. OpronTepoubl. — M.:

Hayka, 1978. — 270 c.

. [IpaBaux ®.H., Mumienko J1.JI. @opMrpoBaHre U 3BOIOLMS SKOIOTHUUECKUX (PayH HAaCEKOMBIX

B Cpenneii A3uu. — M.: Hayka, 1980. — 156 c.

. Cabupos C.K., Typaesa 3.P., Xonmaroe B.P. MeTos1 c60pa NpsAMOKPBLIO00Opa3HbIX HACEKOMBIX

Y TIOJTOTOBKM KOJUIeKLIMH // 300j0rMuecKasi Hayka Y30eKucTaHa: cOBpeMeHHble TpobieMbl U
TrepCrieKTrBbI pa3BuTus. — 2019.

. CepreeB M.I". 3akOHOMEpPHOCTH pacrpoCTpaHeHUs! MPSIMOKPBbUIBbIX HaceKoMbIX CeBepHOM A3uu.

— HoBocubupck: Hayka, 1986. — 237 c.

. ¥pryTckuii paitioH [OnekTpoHHBINM pecypc]. // HaiuoHasibHasi SHLMKIONEANs Y30eKucTaHa

[Dnekrponnsii  pecypc]. URL: https:/milliycha.uz/kr/urgut-tumani/ (gara o6paiijeHus:
13.08.2026).

. dconkysnosa [1.C. TlpupogHo-reorpaduueckue ocobenHocty xpedbra Hyparay. — 2025. — T. 3,

Ne 1. — C. 8-11. — DOLI: 10.5281/zenodo.14769205.

. Cigliano M.M., Braun H., Eades D.C., Otte D. Orthoptera Species File [DnekTpoHHsbiii pecypc].

URL: https://orthoptera.speciesfile.org/ (aTa obparienus: 12.08.2026).

. Hawlitschek O. et al. The genomics of isolated populations of Gampsocleis glabra // Insects. —

2023. - T. 14, Ne 12. — Art. 946. — DOI: 10.3390/insects14120946.

McCravy K.W. McCravy K.W. A review of sampling and monitoring methods for beneficial
arthropods in agroecosystems // Insects. — 2018. — T. 9, Ne 4. — Art. 170. — DOI: 10.3390/
insects9040170.

Sergeev M.G. Distribution patterns of grasshoppers and their kin over the Eurasian Steppes //
Insects. — 2021. — T. 12, Ne 1. — DOI: 10.3390/insects12010077.

References

. Bej-Bienko G.Ya. [Manual on Locust Survey and Counting]. — L.: Izd-vo AN SSSR, 1932. —

195 s (In Russ.)

. Pravdin F.N. [Ecological Geography of Insects in Central Asia. Orthopteroids]. — M.: Nauka,

1978. — 270 s (In Russ.)

. Pravdin F.N., Mishchenko L.L. [Formation and Evolution of Ecological Insect Faunas in

Central Asia]. — M.: Nauka, 1980. — 156 s (In Russ.)

. Sabirov S.K., Turaeva Z.R., Kholmatov B.R. [Methods of Collection of Orthoptera Insects and

Preparation of Collections] // Zoologicheskaya nauka Uzbekistana: sovremennye problemy i
perspektivy razvitiya. — 2019. (In Russ.)

. Sergeev M.G. [Patterns of Distribution of Orthoptera Insects in Northern Asia]. — Novosibirsk:

Nauka, 1986. — 237 s (In Russ.)

50


https://milliycha.uz/kr/urgut-tumani/
https://orthoptera.speciesfile.org/

Ne 9 (147) UNIVERSUM: s ceHmsbpb, 2026 2.

6. [Urgut District] / Natsional'naya entsiklopediya Uzbekistana (data obrashcheniya: 13.08.2026).
—2026. — URL: https:/milliycha.uz/kr/urgut-tumani/. (In Russ.)

7. Esonkulova D.S. [Natural-Geographic Features of the Nuratau Ridge]. — 2025. — T. 3, Ne 1. — S.
8-11. — DOLI: 10.5281/zenodo.14769205 (In Russ.)

8. Cigliano M.M., Braun H., Eades D.C., Otte D. Orthoptera Species File — URL: https://
orthoptera.speciesfile.org/ (ata obpartenus: 12.08.2026).

9. Hawlitschek O. et al. The genomics of isolated populations of Gampsocleis glabra // Insects. —
2023. —T. 14, Ne 12. — Art. 946. — DOI: 10.3390/insects14120946.

10. McCravy K.W. McCravy K.W. A review of sampling and monitoring methods for beneficial
arthropods in agroecosystems // Insects. — 2018. — T. 9, Ne 4. — Art. 170. — DOI: 10.3390/
insects9040170.

11. Sergeev M.G. Distribution patterns of grasshoppers and their kin over the Eurasian Steppes //
Insects. — 2021. — T. 12, Ne 1. — DOI: 10.3390/insects12010077.

51


https://milliycha.uz/kr/urgut-tumani/
https://orthoptera.speciesfile.org/
https://orthoptera.speciesfile.org/

Ne 9 (147) UNIVERSUM: cenms6pb, 2026 e.

XUMUA U snonorua

ARTICLES IN ENGLISH

CHEMISTRY

ORGANIC CHEMISTRY

Y/IK 661.185:661.683

DOI: 10.32743/UniChem.2026.147.9.23353

Synthesis and spectroscopic characterization of thiourea-based TGF-8 modifier
and its interaction mechanism with liquid glass

Murodov Doston

PhD Student in Chemical Technology
Bukhara State Technical University
Uzbekistan, Bukhara

E-mail: Doston_ximik@mail.ru

CuHTe3 U CIeKTPOCKONUYecKasi XxapakTepu3anus Moaudukaropa Ha 0CHOBe
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Abstract

This study investigates the synthesis of a novel TGF-8 modifier derived from thiourea,
glycerin, and formaldehyde, along with its chemical structure analysis using FTIR spectroscopy
(Shimadzu). The synthesis was carried out by reacting thiourea with glycerin at 110-120 °C,
monitoring ammonia evolution, followed by polycondensation with formaldehyde. Spectral analysis
confirmed the presence of NH,, C=S, C-N and OH functional groups within the TGF-8 modifier;
these groups play a crucial role in enhancing the adhesion (stickiness) and flexibility of the resulting
compound. Furthermore, the interaction mechanism between the TGF-8 modifier (added in the
range of 2-8 %) and the sodium silicate liquid-glass matrix, with a silicate modulus ranging from

Bubiuorpaduueckoe ommucanme: MypozpoB [I. CuHTe3 M CIIEKTPOCKONMYECKash XapaKTepu3alys MofuduKaTtopa Ha OCHOBe
THOMOoueBUHbI TI'®-8 U MexaHU3M ero B3aMMOJEHCTBUS C >KUAKUM cTekioM // Universum: Xumusi 1 GHOOTHS © 37IeKTPOH. HAy4H.
JKYpH. 2026. 9(147). URL: https://7universum.com/ru/nature/archive/item/23353

For citation: Murodov D. Synthesis and spectroscopic characterization of thiourea-based TGF-8 modifier and its interaction
mechanism with liquid glass // Universum: Chemistry and Biology : electronic scientific journal. 2026. No. 9(147). Available at:
https://7universum.com/ru/nature/archive/item/23353
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2.1 to 3.2, was examined. The composition Na,0-2.65i0, modified with 6 % TGF-8 was found to
be optimal, achieving the highest adhesion strength (approximately 2.99 N/cm?). Experimental
results demonstrate that the modification process leads to the formation of stable and durable
chemical bonds between the oligomer's functional groups and the silicate chains. These findings
represent a significant advancement in improving the rheological properties of modified liquid glass
for modern high-performance composite applications in the construction and woodworking
industries.

AHHOTanusA

B maHHOM MCC/ieloBaHMM pacCMaTpUBaeTCsi CUHTe3 HoBoro Moavdukaropa TI'®-8 Ha ocHOBe
TUOMOUEBHHBI, T/MLepUHa U ¢opManblerujia, a TakKKe aHaau3 ero XUMHUUeCKOM CTPYKTYphI
MetogoM UK-cnektpockonuu (Shimadzu). CuHTe3 mnpoBogwics TyTéM B3aUMOJEUCTBUS
THUOMOYEBHHBI U IVvLieprHa npu Temrieparype 110-120 °C ¢ noc/iefyrommM KOHTPOJIEM BblZieIeHUs
aMMuaka U TMo/MKoHeHcaluel ¢ popmanbaeruzoM. CrieKTpasibHbIN aHaIu3 MOATBEpAUI Haluure
¢ynkuuonanebHbix rpynn NH,, C=S, C-N u OH B cocraBe moguctukaropa TI'®-8; sti rpynbl
WUTPAlOT peIIAlIIyI0 pOJb B TIOBBIMIEHWM aAre3uu (JIUIKOCTH) W THUOKOCTH TI0y4aeMOro
coequHenus. Kpome Toro, ObIT MCCIe0OBaH MeXaHH3M B3auMOeHCTBUs Moaudukaropa TT'®-8
(mobaBnsieMoro B KonmuuecTBe 2—-8 %) ¢ MaTpHLel KUIKOTO CTeK/Ia Ha OCHOBe CHUJIMKATOB HaTPUSl C
CWIMKATHBIM Moaysem oT 2,1 no 3,2. YCTaHOB/EHO, UTO ONTUMAJ/IbHOW SIB/ISIeTCS KOMITO3WLMS
Na,0-2,6Si0, ¢ 6 % conepxanuem TI'®-8, obecrneunBaromas MaKCUMa/IbHY 0 MPOYHOCTh a/ire3un
(okomo 2,99 H/cm?). OKcliepuMeHTasbHble — pe3y/bTaTbl  /I€MOHCTPUPYIOT, UTO TIpoLiecc
MOAU(UKALIMK TIPUBOJUT K 0Opa30BaHHIO CTAOWIBHBIX M TIPOYHBIX XUMHUECKUX CBSI3€H MEXIY
(GyHKLIMOHAMBHBIMKA TPYINIaMU OJIMTOMepa U CU/IMKaTHbIMU LemnsMU. [lomydyeHHble pe3y/bTaThbl
MpeJCTaB/SIIOT ~ 3HauuTe/lbHOE  JOCTW)KEHWe B YAyUlleHWM  pPeojIoTUYeCKHUX  CBOWCTB
MOJU(ULIMDOBAHHOTO  J>KUJKOTO  CTeKJa /[Jii  COBPEMEHHbIX  BbICOKOIPOU3BOJUTE/bHBIX
KOMITO3UTHBIX TMPUIO)KEHUM B CTPOUTEILHOU U lepeBo0OpadaThiBarolliei pOMBIIILJIEHHOCTH.

Keywords: thiourea, oligothiourethane, oligomer, glycerin, spectral analysis, composition,
sodium silicate, adhesion, polymer.

KiroueBble c/10Ba: TUOMOUEBHHA, TUOYPeTaH, OJIMTOMep, IVIULIEPUH, CIIeKTPa/bHbIN aHaIus3,
KOMITO3ULIMS1, CU/IMKAT HaTpUsl, afire3usl, OJIUMep.

Introduction

Currently, the global demand for adhesive materials based on liquid glass (aqueous sodium
silicate solutions) is experiencing significant growth across various industrial sectors, particularly in
construction, packaging, woodworking, and the paper industry. Its widespread industrial application
is primarily attributed to its environmental safety, cost-effective production, and ease of processing.
The anticipated high efficiency of such materials is directly dependent on their mechanical stability,
adhesive strength, and rheological properties. However, the practical utilization of unmodified
liquid glass is hindered by its inherent brittleness, poor moisture resistance, and insufficient
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adhesion to various substrates. To overcome these limitations, the chemical modification of silicate
systems using organic oligomers has emerged as one of the most promising research frontiers today
[9; 13; 15].

Among organic modifiers, compounds containing nitrogen, oxygen, and sulfur—specifically
oligomers based on thiourea and glycerin—hold particular significance. Modifiers synthesized from
thiourea exhibit unique characteristics, possessing the ability to form covalent bonds with the
silicate matrix. The incorporation of thiourea-formaldehyde resins into the liquid glass system not
only enhances the hydrophobicity of the resulting coatings but also significantly improves their
mechanical flexibility and adhesive strength [5; 11].

In recent years, significant attention has been focused on the development of multi-component
modifiers that exert a complex influence on the silicate structure. The incorporation of polyhydric
alcohols, specifically glycerin, into the structure of thiourea-based modifiers allows for the
formation of more branched and flexible molecular chains. Such structural modification is expected
to act as an 'internal plasticizer,' reducing the internal stresses of the rigid silicate framework and
enhancing the rheological properties of the entire system [4; 10; 16].

The objective of this research is to synthesize a novel TGF-8 modifier based on thiourea,
glycerin, and formaldehyde, and to investigate its influence on the properties of liquid glass. The
chemical structure of the synthesized TGF-8 modifier was characterized using FTIR spectroscopy
(Shimadzu) to identify the functional groups responsible for the modification process. Furthermore,
the interaction mechanism between the modifier and the silicate matrix was analyzed to evaluate
adhesive strength and structural stability. The research findings provide a scientific foundation for
developing high-performance modified silicate binders tailored for contemporary industrial
requirements.

Materials and Methods

2.1. Materials and Reagents

All stages and conditions of the synthesis were performed under rigorous control. Such strict
monitoring played a crucial role in ensuring that the final product, TGF-8 — a well-defined
oligothiourethane rather than a simple reagent mixture — possessed the desired physicochemical
properties, particularly in optimizing its efficiency for industrial applications.

Thiourea (GOST 6344 — 73)

Glycerin (Refined, trihydric alcohol, 98 % purity)

Formaldehyde (Technical grade, GOST 162 — 2016)

Liquid Glass (Sodium Silicate) Characterized by a silicate modulus (M) ranging from 2.1 to
3.2 and a density between 1.36 and 1.48 g/cm3

Sodium Hydroxide — 10 % aqueous solution used for precise pH adjustment of the reaction
medium

Reflux Condenser — To prevent the evaporation of formaldehyde and other volatile
components during the synthesis.

Precision Instruments: A thermometer and a digital pH meter were used to rigorously monitor
the reaction temperature and acidity levels, respectively

Mechanical Stirrer: To ensure uniform mixing and a homogenous reaction environment.
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2.2. Synthesis of TGF-8 Modifier

A quantity of 126 g of thiourea was placed into a 1-liter three-necked round-bottom flask. The
flask was heated to a temperature range of 110-120°C under continuous thermal monitoring.
Subsequently, 76 g of glycerin was introduced into the flask dropwise with constant mechanical
stirring. During this addition, the reaction mixture's temperature was maintained strictly above
80°C.Once the addition of glycerin was complete, the reaction temperature was re-established at
110-120°C and maintained for 2 hours with continuous stirring. The progression of the reaction was
confirmed by the liberation of ammonia NH3, which was detected using moistened red litmus
paper. Upon the completion of the reaction between thiourea and glycerin (indicated by the
cessation of ammonia evolution), the temperature was gradually decreased to 80°C. The resulting
viscous, brownish adhesive mass was held at this temperature for an additional 30-40 minutes to
stabilize the intermediate product before further processing..

OH
-

~ NH3
)I\ Hz0 ~ OH ammonia )k )J\
HN NH, e D/\I/\::) NH:
OH

— Glycerin
Thiourca -

Dithiouretan

O (2-hydroxypropane-1 3-diythcarbamothioate

formaldchyde
0 //\ " )‘\,_) /\,_’ ) _
_— HO~ H - - NH,
n

- NH;

ammonia

- OH
Thiourethane oligomer

O-(3-{(ethylcarbamothioyl)oxy)-2-hydroxypropyl) ethanethioate

In the subsequent stage, the TGF-8 modifier (an oligomer containing thiourethane groups)
was synthesized through the reaction of dithiourethane with formaldehyde. The procedure was
carried out as follows: a mixture was prepared by adding 15 ml of 10 % NaOH solution to 150 g of
a 37.5 % formaldehyde solution to adjust the pH. The previously synthesized dithiourethane was
placed into a three-necked flask equipped with a reflux condenser, a dropping funnel, and a
thermometer, and then heated to 110°C. With the mechanical stirrer in operation, the formaldehyde-
NaOH mixture was introduced into the flask dropwise. During the addition process, the reaction
temperature was gradually increased from 110°C to 130°C over a period of 40 minutes. Following
the addition, the reaction was maintained at this temperature for 3 hours to ensure complete
polycondensation. The resulting oligothiourethane is a white crystalline substance, characterized by
poor solubility in water but high solubility in organic solvents.
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Figure 1. Oligomer of TGF-8 incorporating a thiourethane moiety, obtained through synthetic
procedures

2.3 Modification Process

The modification of liquid glass (sodium silicate) with the TGF-8 modifier is based on the
formation of chemical bonds between the inorganic silicate matrix and the organic oligomer. During
the modification process, the reactive hydroxyl (-OH) groups of the TGF-8 oligomer undergo
polycondensation reactions with the silanol (Si-OH) groups of hydrolyzed sodium silicate. As a
result, stable Si—~O—C (siloxane—carbon) linkages are formed [6; 8].

Adhesion strength was determined in accordance with GOST 14760-69 (Adhesives --
Methods for the determination of bond strength), using an AMTs-2-20 electronic adhesiometer.
Liquid-glass compositions, both unmodified and TGF-8-modified, were applied as a thin, uniform
layer (thickness approx. 0.10 — 0.15 mm) onto birch plywood substrates -- a standard substrate for
wood-adhesive testing -- and cured at room temperature (20 — 22 degrees C). Prior to testing, all
specimens were conditioned at (23 +/- 2) degrees C and (50 +/- 5) % relative humidity for 24 h,
following standard laboratory-atmosphere practice (cf. ISO 291).

Each adhesion value reported in this study represents the mean of three independent parallel
measurements (n = 3) per composition, in line with the statistical protocol adopted for the parent
study. The individual replicate readings and their standard deviations are retained in the original
laboratory record; a full tabulation of replicate data together with the corresponding standard
deviations and 95 % confidence intervals will be presented in an extended follow-up report.

Results

3.1 IR Spectroscopy of the TGF-8 Modifier

The molecular structure and functional groups of the synthesized TGF-8 modifier were
investigated by infrared (IR) spectroscopy (Shimadzu) in the range of 500—4000 cm™. The obtained
spectral data (Fig. 2) confirm that the polycondensation reaction between thiourea, glycerol, and
formaldehyde proceeded successfully, leading to the formation of new functional groups.
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Figure 2. IR spectroscopy of the TGF-8 modifier

3370.49 cm™ and 3303.11 cm™ — These broad absorption peaks correspond to hydrogen
bonding in —OH and —NH groups; such broad peaks are characteristic of polymers and oligomers,
arising from intermolecular hydrogen-bonding interactions.3182.69 cm™ and 2956.17 cm™ — These
peaks are attributed to C-H stretching vibrations, specifically of CH and CH, groups; the signals
indicate the presence of C—H bonds within the hydrocarbon framework of the oligomer [7; 17]. The
strong absorption peak at 1526.83 cm™ corresponds to the combined deformation and stretching
vibrations of the N—C=S system, characteristic of the thiourethane chain. In addition, in the region
of 1271.64 cm™, the stretching vibrations of the thione C=S group were identified, representing one
of the key centers responsible for the high chemical resistance of the modifier. The formation of the
oligomer chain is further confirmed by absorptions at 1056.59 cm™ and 1156.95 cm™, which
correspond to the stretching vibrations of simple ether C—-O—C bonds and primary alcohol C-O
bonds, respectively, arising from the reaction of glycerol with formaldehyde. The absorption peak at
1002.12 cm™ is attributed to the deformation vibrations of CH groups, particularly characteristic of
aliphatic chains, thereby confirming the presence of hydrocarbon structures. Finally, the peak at
857.32 cm™ corresponds to the stretching vibrations of C—N bonds, indicating the presence of
carbon—nitrogen linkages within thiourea-derived molecules [17].

3.2 Effect of Modifier Concentration on Adhesion

Following the modification of liquid glass with the synthesized TGF-8 oligomer, we
compared the adhesion properties of modified and unmodified liquid glass. In addition, the
experiments were conducted at different concentrations of the modifier. The results are presented in
Fig. 3.
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Figure 3. Effect of Modifier Concentration on Adhesion ( £+ 0.02)

During the experiments, liquid glass solutions with Na,O:SiO, ratios ranging from 1:2.1 to
1:3.2 (i.e., silicate modulus from 2.1 to 3.2) were modified by adding the TGF-8 oligomer in
amounts between 2 % and 8 %. For each combination, the adhesion strength was measured in
comparison with unmodified liquid glass. According to the obtained results, the incorporation of the
TGF-8 oligomer significantly enhances the adhesion strength of sodium silicate. In particular, the
solution with Na,0-2.6Si0, (silicate modulus = 2.6) modified with 6 % TGF-8 achieved the
optimal adhesion strength value (%#2.99 N/cm?,+ 0.02).

Discussion

4.1 Comparison with Literature Data

The adhesion-enhancing effect of TGF-8 observed in this study is consistent with, and
quantitatively comparable to, related work on organically modified sodium-silicate systems.
Akhmedov, Kamolova and Olimov [1] reported that modifying a 10 % sodium-silicate solution
(silicate modulus 2.2) with a related organic oligomeric modifier increased adhesion, measured with
the same AMTs-2-20 adhesiometer used in the present work, by a factor of 2.5 — 3.02; the relative
enhancement observed for TGF-8 in the present study falls within a comparable range. In an earlier
study by the same research group [11], a thiourea-glycerol-based oligomer added at 5 — 15 % to a
sodium-silicate wood adhesive (silicate modulus 2.6 — 2.8) raised adhesion strength from 2.28 to
3.15 MPa (a 27.6 % increase) at 10 % modifier content, measured in tensile (pull-off) mode;
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because that value is expressed in MPa (tensile mode) rather than in N/cm2 (peel mode, GOST
14760-69, as used here), the absolute figures are not directly interconvertible, but the direction and
relative magnitude of the improvement are consistent with the present findings. Compared with
organofunctional-silane-modified organomineral hybrids, for which Kopietz et al. [6] and Liang et
al. [9] report mechanical-property gains of a broadly similar order, the thiourea-formaldehyde route
explored here offers a lower-cost, isocyanate- and silane-free alternative based on locally available
raw materials. Table 1 summarizes this comparison.

Table 1.

Comparison of TGF-8 adhesion performance with related organic modifiers of sodium silicate
reported in the literature

Modifier system Adhesion metric Improvement Ref.
TGF-8 (this study), 6% in Peel adhesion, N/cm?2 ~2.99 N/cm2 (vs. unmodi- | -
Na20.2.6Si02 (GOST 14760-69) fied)

Related oligomeric modifi- | Peel adhesion, AMTs-2-20 | 2.5-3.02x increase [1]

er, 8% in 10% sod. silicate
(modulus 2.2)

Thiourea-glycerol Tensile (pull-off), MPa 2.28 to 3.15 MPa (+27.6%) | [11]
oligomer, 10% in sod. silic-
ate (modulus 2.6-2.8)

Organofunctional silane, Flexural strength Comparable-order gains [6; 8]
organomineral hybrid

4.2 Molecular-Level Interaction Mechanism

The IR-confirmed functional groups of TGF-8 -NH2, -OH, C=S (thiourethane) and C-N --
provide several plausible pathways for interaction with the silicate matrix, consistent with
mechanisms proposed for related organic-inorganic silicate systems [1; 8; 13]. First, the residual
hydroxyl groups of the glycerol-derived fragments can undergo condensation with silanol (Si-OH)
groups generated on hydrolysis of sodium silicate, forming Si-O-C linkages and releasing water;
this is the mechanism already outlined in Section 2.3. Second, the polar thiourethane group, in
which both the sulfur and the amide nitrogen carry lone electron pairs, is expected to act as a
hydrogen-bond acceptor toward residual Si-OH and Si-OH2+ surface sites, supplementing the
covalent Si-O-C network with a denser array of secondary interactions. Third, the free -NH2 groups
may coordinate with the polysilicate anions through electrostatic/dipole interactions, consistent with
the dipole-dipole mechanism proposed by Akhmedov et al. for a structurally related oligomeric
modifier [1].

This combination of covalent (Si-O-C) and non-covalent (hydrogen-bonding, dipole)
interactions is consistent with the observed concentration dependence of adhesion (Fig. 3): at low
TGF-8 content (below 6 %), an insufficient number of modifier chains are available to bridge the
silicate network, while beyond 6 — 8 % excess, unreacted oligomer is proposed to accumulate at the
interface, plasticizing rather than reinforcing it, which is consistent with the decrease in adhesion
reported at higher modifier loadings in the closely related system studied by Akhmedov et al. [1].
Direct spectroscopic confirmation of Si-O-C bond formation (e.g., by solid-state 29Si NMR or
XPS) was not undertaken in the present short communication and is identified as a priority for
future work.
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Conclusion

In this study, the TGF-8 oligomer based on thiourea was employed as a modifier to improve
the adhesion properties of sodium silicate (liquid glass) solutions. Laboratory tests demonstrated
that the addition of the TGF-8 oligomer significantly increased the adhesion strength, viscosity, and
rheological stability of sodium silicate-based adhesives. When the modifier was introduced into
sodium silicate solutions (xNa,O:ySiO,) at concentrations ranging from 0 to 8 %, the highest
adhesion strength (up to 2.99 N/cm?) was observed particularly at 6 % TGF-8. This confirms the
formation of bonds between the silicate chains and the multifunctional groups of the oligomer. The
presence of -NH,, ~OH, —-N-C, and —~C=S groups in the synthesized TGF-8 modifier was verified
by IR spectroscopy. Moreover, the adhesion of modified liquid glass was found to be superior
compared to the unmodified system.

In conclusion, the modification of sodium silicate with the TGF-8 oligomer provides an
environmentally friendly, cost-effective approach to obtaining composite materials with enhanced
adhesion. This strategy offers a scientific basis for the development of a new generation of silicate-
based binder systems with strong potential for widespread application in the composite materials
industry.
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Abstract
This study describes the composition, preparation procedure, and catalytic performance of a
multicomponent KCI-ZnCl,-CuCl,-CeCl,/HZS catalyst designed for the production of vinyl
chloride through catalytic oxychlorination of ethylene. The catalyst contained 5 % KClI, 5 % ZnCl,,
10 % CuCl,, 3 % CeCl,, and 77 % high-silica zeolite. Component quantities were calculated on the

basis of 100 g of nominal dry catalyst. When hydrated laboratory precursors were employed, 12.68
g of CuCl,-2H,0 and 4.53 g of CeCl,-7H,0 were used to provide the required amounts of

anhydrous CuCl, and CeCl,, respectively. The catalyst was prepared by incipient-wetness
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impregnation using a solution volume corresponding to the pore volume of the support, followed by
staged drying and mild chlorinating activation. Catalytic tests were performed at 230-240 °C, and a
vinyl chloride selectivity of 94.7 % was achieved. Since the conversion value was not reported, the
product yield could not be determined separately. The observed catalytic performance is attributed
to the synergistic interaction between the redox chlorination centers of CuCl,, the acidic sites of the
high-silica zeolite, and the promotional effects of KCI, ZnCl,, and CeCl,. The proposed catalytic

system demonstrates promising potential for selective vinyl chloride production.

AHHOTa A

B pgaHHOUM paboTe TmipeAcTaB/ieHbl COCTaB, CrOCO0 TIPUTOTOB/IEHWS W KaTaJUTHYeCKHe
CBOWCTBAa MHOrOKoMIoHeHTHOro Karammsaropa KCl-ZnCl,-CuCl,-CeCl,/HZS, npenHasHaueHHOTo
JI7Is1 TIONy4YeHUs] BUHWIXJIOpK/A MeTO[JOM KaTaJlUTUUeCKOro OKCUXJI0pUMpoBaHusi sTusieHa. CocTaB
Karanuszaropa Bkmodan 5 % KCl, 5 % ZnCl, 10 % CuCl, 3 % CeCl3 u 77 %
BbICOKOKPEMHe3EMHOro 1jeosuTa. KonruecTBa KOMIOHEHTOB paccunThiBaiu Ha 100 r HOMHUHAIBHO
Cyxoro Karanusatopa. IIpyM WCIOB30BaHMU T'HIPAaTUPOBAHHBIX J1aOOPAaTOPHBIX IPEKYPCOPOB
npumensiii 12,68 r CuCl,-2H,0 u 4,53 r CeCl,"7H,0, uT0 COOTBETCTBOBA/NO TpebyemMmoMy
copepxanuto  6espogubix CuCl, u CeCl,. Karanuszarop mnosmydyanyd MeTOAOM MPOIMTKH 10
B/IarOEMKOCTH C HCII0/Ib30BaHHEM 00bEéMa pacTBOpPa, COOTBETCTBYIOIIEro 00bEMY TTOp HOCHUTESIS, C
MoC/e/iyIollleld CTyreH4YaToOM CYIIKOM M MSITKOW XJIopupyrollei akTuBalueid. KaramuTuueckue
ucnbiTaHusi npoBoguid npu Temneparype 230-240 °C. Ce/leKTUBHOCTb MO BHUHWIXJIOPUAY
pocturana 94,7 %. B cBsi3u C OTCyTCTBHMEM [@aHHBIX O CTeleHUW KOHBEPCUM BBIXOJ, Lie/IeBOr0
MPOJyKTa OT/AeNbHO He pacCUMThIBa/M. BBICOKasi CeneKTHBHOCTb KaTajiu3aTtopa OOBSICHSeTCs
CUHepreTUYeCKUM B3aUMOZENCTBUEM OKHCIUTETbHO-BOCCTaHOBUTEIbHBIX X/IOPUPYIOLIUX LIEHTPOB
CuCl,, KMCTIOTHBIX LEHTPOB BBICOKOKDEMHE3EMHOIO LIe0/IUTa, a TakKe MPOMOTUPYIOIKM
nevicteueM KCl, ZnCl, u CeCl,. [NosyueHHas KaTaluTHUeCcKasi CACTeMa TPe/ICTaB/IsIeT MHTEPeC /s

CeJIGKTUBHOT'O CMHT€3ad BUHUJIX/IOPHU/JA.

Keywords: ethylene, vinyl chloride, catalytic oxychlorination, high-silica zeolite, copper(II)
chloride, potassium chloride, zinc chloride, cerium(III) chloride, selectivity.

KiarueBble c/0Ba: STWIeH, BUHWIXJIODH[, KaTaJUTAYeCKoe OKCHUXJIOPDUPOBaHUeE,
BLICOKOKpeMHe3éMHbIN 1eosut, xsopuz Menu(Il), xymopupa kamus, XJIOpHU[ IMHKA, XJIOPH[,
uepusi(11l), ceneKTUBHOCTb.

Introduction

Vinyl chloride is the main monomer for the production of polyvinyl chloride and is one of the
large-volume products of the organochlorine synthesis industry. A technology based on ethylene
feedstock is distinguished by efficient utilization of hydrocarbon resources and the possibility of
recycling hydrogen chloride into the reaction. In industrial practice, oxychlorination of ethylene
often proceeds through the formation of 1,2-dichloroethane; vinyl chloride is then obtained by
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dehydrochlorination or thermal cracking [4]. If a bifunctional catalyst combines oxychlorination
and dehydrochlorination functions in one system, it becomes possible to lower the process
temperature and reduce the number of process stages [11].

Copper(II) chloride is known as an active chlorine carrier in ethylene oxychlorination.
Dynamic transitions between copper(Il) and copper(I) states in the working catalyst link
chlorination of ethylene, oxidation of copper(I) chloride by oxygen, and rechlorination by hydrogen
chloride [4; 6; 14; 15]. Potassium chloride forms mixed surface phases with copper chloride and
affects reduction kinetics, acidity, and the mobility of copper(I) chloride. Cerium(III) chloride is
considered a promoter that modifies the redox balance and thermal stability, while zinc chloride
modifies the chloride surface environment and active-phase dispersion [6; 12; 14; 15].

C,H, +2HCl +1/2 0, - C,H,CL, + H,0

C,H,Cl, -~ C,H,Cl + HCl

Overall: C,H, + HCl + 1/2 0, - C,H,Cl + H,0

C.H. + H.0 Adsorption Catalytic Recovery of Purification
: I;iluerft =P onabedof [P reaction [P vinylchloride P> of vinyl
catalyst 230-240 °C product chloride

RECYCLED DILUENT (GAS / LIQUID)

Waste gas /
liquid treatment

Figure 1. Catalytic oxychlorination scheme for obtaining vinyl chloride from ethylene

Table 1.
Catalytic functions and control parameters
Function Process role Main control parameter
Oxychlorination Formation of a chlorinated C, intermediate from | Copper oxidation state, oxygen
ethylene and hydrogen chloride consumption
Dehydrochlorination Formation of vinyl chloride from the chlorinated | HZS acidity, contact time
intermediate
Promotion Control of selectivity, dispersion, and stability Amounts of KCI, ZnCl,, and
CeCl,
Heat management Limitation of hot spots and deep oxidation Bed temperature in the 230-
240 °C range

The aim of the work is to «calculate a catalyst with the mass ratio
KCL:ZnCl,:CuCl,:CeCl,;:HZS = 5:5:10:3:77, describe the laboratory preparation algorithm, and

scientifically discuss the 94.7 % selectivity recorded at 230-240 °C in terms of interactions among
the active phases.
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Materials and Methods

The catalyst composition was specified on the basis of the final dry mass. Since
5+5+10+3+77 equals 100, the mass percentages are numerically equal to the component masses for
100 g of catalyst. HZS denotes high-silica zeolite. The support is used in a hierarchical porous form
with a Si/Al ratio of at least 25 and is dried at 120 °C to constant mass before impregnation.

Table 2.
Catalyst composition and calculated amounts of laboratory precursors
Component Mass fraction, | Dry substance for Laboratory precursor for For 10 g catalyst
% 100 g 100 g
KcCl 5 500g 5.00 g KCl 0.500 g KCl
ZnCl, 5 5.00g 5.00 g ZnCl, 0.500 g ZnCl,
CuCl, 10 10.00 g 12.68 g CuCl,-2H,0 1.268 g CuCl,-2H,0
CeCl, 3 3.00g 4.53 g CeCl,-7H,0 0.453 g CeCl,"7H,0
HZS 77 77.00 g 77.00 g dry HZS 7.700 g dry HZS
Total 100 100.00 g 104.21 g weighed material 10.421 g weighed
material

The mass of hydrated salt was determined from m(hydrate) = m(anhydrous salt)-M(hydrate)/
M(anhydrous salt). For copper(Il) chloride, 10.00-170.48/134.45 = 12.68 g; for cerium(III)
chloride, 3.00-372.58/246.48 = 4.53 g. During drying, the water of crystallization is removed, so
104.21 g of the initial weighed material yields a nominal 100 g of dry catalyst. If anhydrous CuCl,

and CeCl, are used, exactly 10.00 g and 3.00 g, respectively, are required.
The molar amounts of the salts are KCl = 0.0671 mol, ZnCl, = 0.0367 mol, CuCl, = 0.0744
mol, and CeCl, = 0.0122 mol. Relative to CuCl,, the nominal molar ratio KC]:ZnClZ:CuCIZ:CeCl3

is 0.90:0.49:1.00:0.16. This notation does not represent a separate crystalline compound formula; it
denotes the calculated composition of the multicomponent phase loaded onto the HZS surface.

CuCl2 - 10% active
redox center

KCI - 5% acidity
adjustment

ZnCI2 - 5% surface
modifier

CeCI3 - 3% redox/stability

HZS support - 77%

Figure 2. Designed structure of the 5KCI-5ZnCl 2 —-10CuCl 2 —3CeCl 3 -77HZS catalyst
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The catalyst is prepared by incipient-wetness impregnation. First, HZS is dried at 120 °C for 4
h, cooled in a desiccator, and its water capacity is determined by dropwise wetting. The volume of
the impregnation solution should equal the experimentally determined pore volume of the support.
For example, if the water capacity is 0.45 mL/g, 34.65 mL of solution is used for 77 g of support. If
all salts do not dissolve in this volume, two consecutive impregnation cycles are applied.

3. Impregnation

1. Calcination
of the support

2. Preparation

=P of the salt

solution

(incipient
wetness

4. Drying at 100-130 °C

(for 6-12 h)

=

5. Chlorinating
activation
(230-240 °C)

6. Catalyst
ready for use

impregnation)

Figure 3. Sequence for preparing the catalyst by incipient-wetness impregnation

Table 3.
Catalyst preparation stages and control criteria
Stage Operation Regime Control criterion
1 Drying and fractionation of | 120 °C, 4 h; 100-300 um Constant mass, no dust fraction
HZS
2 Preparation of salt solution | Deionized water, 50-60 °C, 30 Clear solution; no hydrolysis
min precipitate
3 Incipient-wetness impreg- | Dropwise addition for 20-30 min | Uniform wetting, no free liquid
nation
4 Aging 2 hin a closed vessel Diffusion of salts into the pores
Staged drying 80 °C for 2 h; 120 °C for 6-12 h Constant mass, no large crystals
6 Activation 180 °C in N,,; diluted HCI/N,, at Retention of chloride phase and
200-220 °C safe off-gas

Strong calcination is not recommended because high temperatures may cause volatilization of
chlorides, agglomeration of the copper phase, or changes in the acid sites of HZS. Since ZnCl, and
CeCl, are hygroscopic, weighing should be performed rapidly in a dry atmosphere. Each sample
should be prepared at least three times, and the actual mass, solution volume, drying time, and
activation time should be recorded for each batch.

Catalytic testing is carried out in a corrosion-resistant fixed-bed microreactor. A 0.5-1.0 g
portion of catalyst is diluted with quartz to improve heat transfer. The reactor is first purged with
nitrogen, followed by hydrogen chloride and ethylene, and finally oxygen. The test temperature is
directly controlled in the catalyst bed using a thermocouple at 230-240 °C. For the direct overall
reaction, an initial C,H,:HCI:O, molar ratio of 1:1.0:0.55 is recommended; if the exact flow rates of
the experiment yielding 94.7 % selectivity are available, those values should take precedence in the
main protocol.

Table 4.
Catalytic test conditions and analytical methods
Parameter Test condition or method Comment
Temperature 230-240 °C Actual temperature inside the bed
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Parameter Test condition or method Comment

Catalyst mass 0.5-1.0g Diluted with quartz at approximately
1:5

Initial gas ratio C,H,:HCL:0, = 1:1:0.5 10% oxygen excess relative to the over-
all equation

Space velocity 1000-3000 h—-1 Recommended range for screening

Product analysis Gas chromatography Gas and condensate streams analyzed
separately

Stability At least 24 h; target 100 h Time dependence of selectivity and con-
version

Vinyl chloride is a carcinogenic and highly flammable gas; experiments must be performed
only on a hermetically sealed, remotely controlled test rig equipped with continuous gas
monitoring. Oxygen is introduced last and, in an emergency, is shut off first. Materials resistant to
hydrogen chloride and wet chloride environments, as well as an absorber and neutralization system,
are mandatory [7].

Results and Discussion

Table 5.
Main experimental results and their scientific interpretation
Result Value Scientific interpretation
Temperature 230-240 °C Reported catalytic test range
Vinyl chloride selectivity 94.7% Based on converted ethylene
Fraction of other products 5.3% Calculated as 100 — 94.7; composition
requires clarification
Ethylene conversion Not provided Required to calculate product yield
Vinyl chloride yield Not calculated Cannot be determined from selectivity
without conversion

The calculation showed that the active salts account for 23 mass% of the catalyst, while HZS
accounts for 77 mass%. The 10 % CuCl, content provides the principal reservoir of redox

chlorination centers. KCl and ZnCl,, each at 5 %, are expected to have a significant effect on the
acid-base properties of the surface and the mobility of the chloride phase. The 3 % CeCl, content
serves as an additional modifier of copper reoxidation and active-phase stability.

Product selectivity at 230-240 °C

Vinyl chloride - 94.7%

Other products - 5.3%

Figure 4. Vinyl chloride selectivity and calculated fraction of other products recorded at 230-
240 °C
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Table 6.
Functions and potential risks of catalyst components
Component Mass fraction Expected catalytic function Main risk discussed
CuCl, 10% Cu(I1)/Cu(I) redox center for ethylene chlorina- | Agglomeration and CuCl
tion volatility
KClI 5% Adjustment of acidity and reduction of copper Blocking of active sites at
chloride excessive amounts
ZnCl, 5% Modification of chloride environment and sur- Hygroscopicity and pore-
face dispersion mouth blockage
CeCl, 3% Redox balance and structural stability Hydrolysis and phase change
in moisture
HZS 77% Dispersed support and acid sites for dehydro- Side products if acidity is too
chlorination high

The 94.7 % selectivity indicates that most of the converted ethylene was transformed into
vinyl chloride. The remaining 5.3 % was calculated as the difference in product selectivity, but its
distribution among ethyl chloride, 1,2-dichloroethane, carbon dioxide, or heavy organochlorine
compounds was not reported. Therefore, the composition of the side products should be confirmed
by gas chromatography and mass spectrometry. Although selectivity itself is high, catalyst
productivity cannot be fully evaluated until ethylene conversion is known.

Literature results for high-silica zeolites are not uniform: some CuCl,/zeolite systems have

been less active than alumina-supported samples [13]. The high selectivity observed with the
present composition may be associated with the combined promoter effect of KCI, ZnCl,, and

CeCl, and the dehydrochlorination function of HZS. This is a mechanistic hypothesis and should be

tested using promoter-free and alumina-supported control samples.

The catalytic cycle at copper chloride centers can be represented by three elementary stages.
In the first stage, copper(Il) chloride chlorinates ethylene and is reduced to copper(I) chloride. In
the second stage, copper(l) chloride is converted into copper oxychloride by oxygen. In the third
stage, copper oxychloride is rechlorinated by hydrogen chloride, regenerating active copper(Il)
chloride [4; 6; 14; 15]. The acid sites of HZS may accelerate hydrogen chloride elimination from
the formed 1,2-dichloroethane, facilitating vinyl chloride formation at 230-240 °C.

2CuCl, + C,H, - C,H,Cl, +2CuCl

2CuCl +1/2 0, - Cu,0Cl,

Cu,0Cl, + 2HCI - 2CuCl, + H,0

C,H,Cl, - C,H,Cl + HCl

Table 7.
Recommended investigations to verify the selectivity result
Investigation Measured parameter Purpose in confirming the 94.7% result
Gas chromatography Vinyl chloride and all C, products Recalculate selectivity using a carbon bal-
ance
Inductively coupled plasma Cu, K, Zn, and Ce loading Verify that the 5:5:10:3:77 composition is
analysis retained
X-ray diffraction HZS crystallinity and large chloride Determine the phase state after impregna-
phases tion
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Investigation Measured parameter Purpose in confirming the 94.7% result

X-ray photoelectron spectro- | Cu(I)/Cu(II), Ce(III)/Ce(IV), surface Substantiate the redox mechanism
scopy Cl

Electron microscopy and ele- | Distribution of active components Determine salt islands and pore blockage
mental mapping
Time-on-stream testing Conversion and selectivity over 24— Demonstrate activity stability

100 h

At the lower end of the temperature range, the dehydrochlorination rate may be insufficient,
whereas at the upper end deep oxidation and heavy organochlorine products may increase. The
exact temperature at which the 94.7 % selectivity was obtained was not reported; therefore, at least
three parallel experiments should be conducted at 230, 235, and 240 °C, with the mean value and
standard deviation reported. If conversion is X, vinyl chloride yield equals 0.947X. This formula
illustrates the calculation method, but because conversion is unknown, no numerical yield is
reported in this article.

As a control series, 10 % CuCl,/HZS, 5 % KCI-10 % CuCl,/HZS, 5 % KCI-5 % ZnCl,~10 %
CuCl,/HZS, and the complete composition should be tested. This sequence separates the individual
and combined effects of the promoters. The corresponding formulation supported on y-Al,O, would

also make it possible to determine the actual contribution of HZS.

Conclusion

A catalyst with the mass composition KCL:ZnCl,:CuCl,:CeCl,:HZS = 5:5:10:3:77 was
calculated for the catalytic oxychlorination of ethylene to vinyl chloride. For 100 g of dry catalyst,
5.00 g KCI, 5.00 g ZnCl,, 10.00 g CuCl,, 3.00 g CeCl,, and 77.00 g HZS are required. When
hydrated laboratory salts are used, 12.68 g CuCl,-2H,0 and 4.53 g CeCl,-7H,0 should be taken.
Impregnation with a solution equal to the pore volume, staged drying at 80 and 120 °C, and mild
chlorinating activation at 180-220 °C are recommended. In catalytic testing at 230-240 °C, vinyl
chloride selectivity was 94.7 %. The result was explained by the combined effect of CuCl, redox
centers, HZS acid sites, and the promoters KCl, ZnCl,, and CeCl,. The remaining product fraction
was calculated as 5.3 %. Because ethylene conversion was not provided, vinyl chloride yield was
not calculated; future work should report conversion, carbon and chlorine balances, side-product
composition, reproducibility, and long-term stability. Thus, the 5:5:10:3:77 composition represents a
promising starting formulation, whose scientific validation should be strengthened by control
catalysts and comprehensive instrumental characterization.
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Abstract

The study aimed to quantify water-soluble vitamins, flavonoids, and amino acids in medicinal
plant materials of Matricaria chamomilla, Sophora japonica, Mentha piperita, and Juglans regia by
high-performance liquid chromatography (HPLC), compare the obtained profiles, and assess the
acute toxicity of the plant powders in laboratory animals. Vitamins B1, B2, B3, B6, B9, and C,
together with dihydroquercetin, rutin, quercetin, salidroside, and rosavin, were determined. The
amino-acid profile comprised 20 compounds and was analyzed using an Agilent 1260 II Infinity
system equipped with a fluorescence detector (FLD). Acute toxicity was evaluated after a single
intragastric administration of the samples to mice at doses of 2000 and 5000 mg/kg followed by 14
days of observation. No deaths were recorded in the tested groups. Total amino-acid contents were
46.912, 41.967, 45.962, and 36.981 mg/g for Matricaria chamomilla, Sophora japonica, Mentha
piperita, and Juglans regia, respectively. Under the experimental conditions, LD50 exceeded 5000
mg/kg for the investigated powders. The findings characterize the chemical profiles of the studied
raw materials and provide a basis for further comparative assessment of their quality and safety.

AHHOTaUA

B uccrenoBaHumM NpoBefieHO KOIMUECTBEHHOE Orpefie/ieHUe BOJOpPaCTBOPUMBIX BUTAMUHOB,
(h1aBOHOU/IOB M AMUHOKHUCJIOT B JIEKapCTBEHHOM pacTUTeNbHOM chipbe Matricaria chamomilla,
Sophora japonica, Mentha piperita u Juglans regia meTosoM BbICOKO3(p(EKTUBHOM >XUAKOCTHOMU
xpomarorpaguu (B3)KX), BbINOSHEHO CpaBHeHWEe TOAYUYeHHBIX MpoQuiel, a Takke OLleHeHa
oCTpasi TOKCMUHOCTb TIOPOILKOB MCC/AelyeMbIX pacTeHWil Ha /1abopaTOpHBIX >XUBOTHBIX. bbuin
onpezenensl BuTaMuHbl B1, B2, B3, B6, B9 u C, a Takke AUrHpOKBepLieTHH, PYTHUH, KBEpLIeTHH,
CaMAPO3U/ U po3aBUH. AMUHOKUCIOTHBIN Npodusib BKItouan 20 coeAMHEHUI U aHaTM3UPOBAJICS C
rcnonb3oBaHueM cucteMbl Agilent 1260 II Infinity, ocHaméHHoOM ¢iyopecLieHTHBIM [eTeKTOpOM
(FLD). OcTpyt0 TOKCUYHOCTb OL|€HMBA/IU MOC/Te OJHOKPATHOTO BHYTPW)KETY/OUHOTO BBeJeHUs
rccneqyeMbix 06pasiioB mbiimiam B fgo3ax 2000 u 5000 Mr/kr c rocnenyromuM Hab/ofeHreM B
TeueHWe 14 nHeil. JleTanbHBIX MCXOZOB B HCC/IeAyeMbIX TpyINax He 3aperucrpupoBaHo. Obiree
coZlep)KaHue aMHUHOKMC/IOT coctaBuio 46,912; 41,967; 45,962 u 36,981 wmr/r pns Matricaria
chamomilla, Sophora japonica, Mentha piperita u Juglans regia cooTBeTcTBeHHO. B ycnoBusix
MPOBeJEHHOrO 3KcrepuMeHTa 3HaueHve LD50 asig vcoiengyeMbix nopolukoB mpeBbiiano 5000 mr/
KI. [lonyueHHble pe3y/nbTaThl XapaKTepPU3YIOT XMMHUUeCKHe NPOGUIN U3yYeHHOIO J1eKapCTBEHHOTO
PacTUTeIbHOTO ChIPbsi U CO3Jal0T OCHOBY /IS Ja/IbHENIIe CpPaBHUTeTbHOW OLIeHKH ero KauecTBa U
6e30macHOCTH.

Keywords: medicinal plants, Matricaria chamomilla, Sophora japonica, Mentha piperita,
Juglans regia, HPLC, amino acids.

KnrwueBble c/10Ba: JjieKapCTBeHHble pacTeHusi, Matricaria chamomilla, Sophora japonica,
Mentha piperita, Juglans regia, BOYKX, aMMHOKHCIOTHI.
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Introduction

Matricaria chamomilla, Sophora japonica, Mentha piperita and Juglans regia are medicinal
plants with diverse profiles of flavonoids, terpenoids, phenolic compounds and other bioactive
constituents. Chamomile is characterized by flavonoids and related phenolic compounds [10, p. 1-
8]. Sophora japonica is a source of flavonols and other biologically active compounds, with rutin
among its characteristic constituents [2, p. 308-316]. Peppermint contains essential-oil components
and polyphenolic compounds, while walnut raw materials contain phenolic compounds, flavonoids,
naphthoquinones and other secondary metabolites [3, p. 612-616; 4, p. 1-27; 5, p. 1-36; 8, p.
2326-2331; 9, p. 6086—6092].

Juglans regia is of particular interest because green fruits and husks contain phenolic
compounds and juglone, whose biological activity has been widely investigated [1, p. 1-14; 6, p. 1—
17; 7, p. 1-22; 5, p. 1-36]. The chemical composition of all four plants can vary with plant organ,
origin, developmental stage, drying and processing conditions. Therefore, comparative instrumental
analysis is needed to characterize the chemical profiles of the selected medicinal raw materials
under common analytical conditions.

The aim of this study was to determine water-soluble vitamins, selected flavonoids and
bioactive compounds, and amino acids in Matricaria chamomilla, Sophora japonica, Mentha
piperita and Juglans regia by HPLC, and to assess the acute toxicity of the corresponding plant
powders in laboratory animals.

Peppermint is characterized by essential-oil components such as menthol and menthone,
whereas its non-volatile fraction includes phenolic acids and flavonoids [3, p. 612-616; 4, p. 1-27].
Walnut raw materials contain phenolic acids, flavonoids and tannins, and their composition differs
among leaves, husks and immature fruits [5, p. 1-36; 8, p. 2326-2331; 9, p. 6086-6092].

The selected plants therefore represent complementary chemical matrices. Their comparative
analysis can reveal differences in water-soluble vitamins, selected flavonoids and amino-acid
profiles that are not apparent from a single plant species. The present work combines these chemical
measurements with an acute-toxicity assessment of the corresponding powders.

Main Chemical Markers

The main chemical markers of the four studied medicinal plants are summarized in Table 1.
Chamomile is mainly associated with flavonoids and related phenolic compounds; Sophora
japonica with flavonols; peppermint with monoterpenoids and phenolic acids; and green walnut
with naphthoquinones and polyphenols [2, p. 308-316; 3, p. 612-616; 4, p. 1-27; 5, p. 1-36; 8, p.
2326-2331; 9, p. 6086-6092; 10, p. 1-8].

Table 1.

Main chemical markers of Matricaria chamomilla, Sophora japonica, Mentha piperita, and
Juglans regia

Plant Main chemical markers

Chamomile (Matricaria chamomilla) apigenin, apigenin-7-glucoside, luteolin, quercetin,
chlorogenic acid, bisabolol derivatives

Japanese pagoda tree (Sophora japonica / Styphnolobium | rutin, quercetin, kaempferol, isorhamnetin
japonicum)
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Plant Main chemical markers

Peppermint (Mentha piperita) menthol, menthone, menthyl acetate, menthofuran, ros-
marinic acid

Green walnut (Juglans regia) juglone, quercetin, kaempferol, phenolic acids, tannins,
ascorbic acid

For chamomile, flavonoids and related phenolic compounds predominate; for Japanese
pagoda tree, flavonols; for peppermint, monoterpenoids and phenolic acids; and for green walnut,
naphthoquinones and polyphenols constitute the principal chemical groups [2, p. 308-316; 3, p.
612-616; 4, p. 1-27; 5, p. 1-36; 8, p. 2326-2331; 10, p. 1-8]. These differences provide the
scientific basis for comparative chemical investigation of the four plants. A common feature of
chamomile, Japanese pagoda tree, peppermint, and green walnut is their richness in polyphenolic
metabolites. However, the composition and dominant components of these polyphenols differ
among the plants. In chamomile, apigenin derivatives and chlorogenic acid [10, p. 1-8]; in Japanese
pagoda tree, rutin and quercetin [2, p. 308-316]; in peppermint, rosmarinic acid and eriocitrin [4, p.
1-27]; and in green walnut, gallic and ellagic acids, flavonoids, and tannins [5, p. 1-36; 8, p. 2326—
2331] are important components. Thus, their combination may produce a broad-spectrum extract
containing phenolic compounds from different chemical classes.

Materials and Methods

Plant materials of Matricaria chamomilla, Sophora japonica, Mentha piperita and Juglans
regia were analyzed by high-performance liquid chromatography (HPLC) for water-soluble
vitamins, flavonoids, selected bioactive compounds and amino acids. The samples were dried,
powdered and subjected to extraction as described below.

Determination of flavonoids and selected bioactive compounds. A 1.0 g portion of each
powdered sample was accurately weighed into a 300 mL flat-bottom flask. Then 50 mL of 70 %
ethanol was added. The mixture was equipped with a magnetic stirrer and reflux condenser and
heated at 70 °C with intensive stirring for 1 h. The mixture was then stirred at room temperature for
2 h, allowed to stand and filtered. The residue was re-extracted twice with 25 mL of 70 % ethanol.
The filtrates were combined and transferred to a 100 mL volumetric flask, and the volume was
adjusted to the mark with 70 % ethanol. The resulting solution was centrifuged at 8000 rpm for 20
min, and the supernatant was used for analysis.

Flavonoids and selected bioactive compounds were determined by HPLC using an Agilent
1200 chromatograph equipped with an autosampler and diode-array detector (DAD). Separation
was performed on an Eclipse XDB C18 reversed-phase column (5 pm, 4.6 X 250 mm).
Identification was performed at 254 and 276 nm. The mobile phase consisted of phosphate buffer
and acetonitrile at a flow rate of 0.8 mL/min. The gradient program was: 0-5 min, 95:5; 6-12 min,
70:30; 12—13 min, 50:50; 13-15 min, 95:5. The column temperature was 30 °C and the injection
volume was 10 pL. Working standard solutions were injected first, followed by the prepared sample
solutions.

Determination of water-soluble vitamins. Water-soluble vitamins were determined by HPLC.
A 5-10 g portion of the sample was accurately weighed into a 300 mL flask, and 50 mL of 40 %
ethanol was added. The mixture was equipped with a magnetic stirrer and reflux condenser and
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heated with intensive stirring for 1 h, followed by stirring at room temperature for 2 h. The mixture
was allowed to stand and filtered. The residue was re-extracted twice with 25 mL of 40 % ethanol.
The combined filtrates were transferred to a 100 mL volumetric flask and diluted to the mark with
40 % ethanol. The solution was centrifuged at 7000 rpm for 10 min, and the supernatant was used
for analysis. The working solutions of the water-soluble vitamin standards were prepared at a
concentration of 1 mg/mL by accurately weighing 50.0 mg of each vitamin standard into a 50 mL
volumetric flask, dissolving in 40 % ethanol and diluting to the mark. Literature data describe
phosphate or acetate buffer systems and acetonitrile as eluents for HPLC determination of water-
soluble vitamins; in the present study, an acetate buffer system and acetonitrile were used.

Vitamin analysis was performed on an Agilent 1200 chromatograph equipped with an
autosampler and DAD. Separation was carried out on an Eclipse XDB C18 reversed-phase column
(5 pm, 4.6 x 250 mm). Detection was performed at 250 nm. The flow rate was 0.8 mL/min. The
mobile phase consisted of acetate buffer and acetonitrile with the following gradient: 0-5 min, 96:4;
6—8 min, 90:10; 9—15 min, 80:20; 15-17 min, 96:4. The column temperature was 25 °C and the
injection volume was 5 pL. Working standard solutions were injected first, followed by the
prepared sample solutions.

Determination of amino acids. For isolation of free amino acids, proteins and peptides in the
aqueous sample extracts were precipitated in centrifuge vessels. For this purpose, 1 mL of the
investigated sample was mixed with 1 mL of 20 % trichloroacetic acid (TCA). After 10 min, the
precipitate was separated by centrifugation at 8000 rpm for 15 min. A 0.1 mL aliquot of the
supernatant was collected and lyophilized. The hydrolysate was evaporated, and the dry residue was
dissolved in a triethylamine-acetonitrile-water mixture (1:7:1) and evaporated. This operation was
repeated twice to neutralize the acid. Phenylthiocarbamyl (PTC) derivatives of amino acids were
prepared by reaction with phenyl isothiocyanate according to the method of Steven A. Cohen and
Daviel. Identification of the amino-acid derivatives was performed by HPLC using an Agilent
Technologies 1200 chromatograph equipped with a DAD detector and a Discovery HS C18 column
(75 x 4.6 mm). Solution A consisted of 0.14 M CH3COONa + 0.05 % triethylamine, adjusted to pH
6.4; solution B was CH3CN. The flow rate was 1.2 mL/min and detection was performed at 269
nm. The gradient program (%B/min) was: 1-6 % at 0—2.5 min; 6-30 % at 2.51-40 min; 30-60 % at
40.1-45 min; 60-60 % at 45.1-50 min; 60-0 % at 50.1-55 min.

Acute toxicity. Acute toxicity was assessed in laboratory animals after a 10-14-day quarantine
period. The animals used were white, outbred laboratory rats (Rattus norvegicus), predominantly
males, with an initial body-weight range of approximately 180-200 g. Samples were administered
once by gavage at 2000 and 5000 mg/kg, and control animals received an equivalent volume of
purified water. Animals were monitored hourly on day 1 and daily for 14 days for general condition,
activity, respiration, urination and body-weight changes. No mortality was observed during the
observation period. The animal experiment was approved by the Ethics Committee for the in vivo
Use of Laboratory Animals of the Institute of Bioorganic Chemistry, Academy of Sciences of the
Republic of Uzbekistan (Protocol No. 1, approved 4 January 2025).
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Results and Discussion
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Figure 1. HPLC chromatogram of the water-soluble vitamin standard

DADT A, Sig=250,4 Ref=380, 100 (AAA 2026-05-15 1143.061002-11-Moychichak Vit D)
mAU S

o
125 T
100 2 |
©
] 2
75 v ||
| |
| Il 8 |
o~
50 (i g ié §§§§
[ || 28| | @Y ooms w
[ Bel 9 (|5 o8 &
[ o] 2 gs"-n‘ ol M ~3 o, 8
2 | | @z R v eI T/ WE S g 850
RbFE 3 e T TR se® € 235 3
Re\J WA N P TRVAY S &N
0 o TPt M gl SN X R "l i A AV AN s
-
-25+ \f
|
80 | LI T T
5 10 15 20 2 |

Figure 2. HPLC chromatogram of M. chamomilla for water-soluble vitamins
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Figure 3. HPLC chromatogram of S. japonica for water-soluble vitamins
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Figure 4. HPLC chromatogram of M. piperita for water-soluble vitamins
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Figure 5. HPLC chromatogram of J. regia for water-soluble vitamins

Table 2.

Concentration of water-soluble vitamins in Matricaria chamomilla, Sophora japonica,

Mentha piperita, and Juglans regia (pg/g)

Vitamins M. chamomilla S. japonica | M. piperita J. regia
Concentration (pg/g)
B, 0 28.56 0 9.61
B, 2.65 11.41 3.75 9.88
B, 0.65 0.81 0.59 0.29
B, 9.87 15.43 9.61 11.66
B, 19.32 6.55 17.66 8.88
C 42.56 68.26 39.65 19.88

Table 2 shows that M. chamomilla contained B2 (2.65 pg/g), B3 (0.65 pg/g), B6 (9.87 pg/g),
B9 (19.32 pg/g) and C (42.56 pg/g); S. japonica contained B1 (28.56 pg/g), B2 (11.41 pg/g), B3
(0.81 pg/g), B6 (15.43 pg/g), B9 (6.55 pg/g) and C (68.26 pg/g); M. piperita contained B2 (3.75
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pg/g), B3 (0.59 pg/g), B6 (9.61 pg/g), B9 (17.66 ng/g) and C (39.65 pg/g); and J. regia contained
B1 (9.61 pug/g), B2 (9.88 ng/g), B3 (0.29 pg/g), B6 (11.66 pg/g), B (8.88 pg/g) and C (19.88 pg/
g).

Determination of Flavonoids and Selected Bioactive Compounds by HPLC
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Figure 6. HPLC chromatograms of the flavonoid and bioactive-compound standard
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Figure 7. HPLC chromatograms of M. chamomilla for flavonoids and bioactive compounds
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Figure 8. HPLC chromatograms of S. japonica for flavonoids and bioactive compounds
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Figure 9. HPLC chromatograms of M. piperita for flavonoids and bioactive compounds
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Figure 10. HPLC chromatograms of J. regia for flavonoids and bioactive compounds

Table 3.

Concentrations of identified flavonoids and selected bioactive compounds in Matricaria
chamomilla, Sophora japonica, Mentha piperita, and Juglans regia (mg/g)

Compounds M. chamomilla S. japonica M. piperita | J. regia
Concentration (mg/g)
Dihydroquercetin 52.55 5.98 3.83 41.3
Rutin 3241 6.88 11.89 19.58
Quercetin 16.33 1.42 0.55 16.88
Salidroside 9.11 3.59 1.87 6.57
Rosavin 8.49 6.93 3.69 3.49

Table 3 shows that M. chamomilla contained dihydroquercetin (52.55 mg/g), rutin (32.41 mg/
g), quercetin (16.33 mg/g), salidroside (9.11 mg/g) and rosavin (8.49 mg/g); S. japonica contained
5.98, 6.88, 1.42, 3.59 and 6.93 mg/g, respectively; M. piperita contained 3.83, 11.89, 0.55, 1.87 and
3.69 mg/g; and J. regia contained 41.3, 19.58, 16.88, 6.57 and 3.49 mg/g, respectively.
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Determination of Amino Acids by HPLC
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Figure 11. HPLC chromatogram of the amino-acid standard
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Figure 12. HPLC chromatogram of M. chamomilla for amino acids
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Figure 13. HPLC chromatogram of S. japonica for amino acids
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Figure 15. HPLC chromatogram of J. regia for amino acids

The results of the amino-acid determination in Matricaria chamomilla, Sophora japonica,
Mentha piperita, and Juglans regia are presented in Table 4.

Table 4.

Amino-acid contents in Matricaria chamomilla, Sophora japonica, Mentha piperita, and
Juglans regia (mg/g). The 20 detected amino acids had total contents of 46.912 mg/g in M.
chamomilla, 41.967 mg/g in S. japonica, 45.962 mg/g in M. piperita and 36.981 mg/g in J. regia

No. Amino acid M. chamomilla S. japonica M. piperita J. regia
1. Aspartic acid 0.606 1.273 0.214 0.121
2. Glutamic acid 0.805 0.774 0.554 1.746
3. Serine 3.956 1.837 1.100 0.639
4. Glycine 1.215 2.510 5.164 0.443
5. Asparagine 2.440 5.073 11.636 0.897
6. Glutamine 2.789 1.765 1.667 6.412
7. Cysteine 5.963 5.254 1.627 10.522
8. Threonine 0.786 1.219 1.789 1.241
9. Arginine 1.934 4.395 8.340 0.775
10. Alanine 0.297 0.334 3.841 0.942
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No. Amino acid M. chamomilla S. japonica M. piperita J. regia
11. Proline 12.133 1.577 0.703 1.662
12. Tyrosine 0.665 0.879 3.575 0.279
13. Valine 3.107 0.774 1.294 2.103
14. Methionine 0.469 0.330 0.419 2.582
15. Histidine 3.912 5.201 1.279 0.353
16. Isoleucine 1.267 1.517 0.223 1.318
17. Leucine 2.125 2.894 0.238 2.775
18. Tryptophan 1.692 2.396 0.199 1.418
19. Phenylalanine 0.306 0.726 1.390 0.633
20. Lysine 0.446 1.240 0.710 0.118
Total 46.912 41.967 45.962 36.981

Assessment of Acute Toxicity in Animals

Acute toxicity was evaluated in white, outbred laboratory mice (Mus musculus),
predominantly males, with an initial body-weight range of 20-21 g after a 10-14-day quarantine
period. Samples were administered once by gavage at 2000 and 5000 mg/kg. No mortality occurred
during the 14-day observation period; only transient respiratory acceleration, huddling and eye
narrowing were observed in mice at 5000 mg/kg. Body weight remained comparable with controls,
and LD50 was >5000 mg/kg for the tested powders.

Table 5.

Acute toxicity parameters of Matricaria chamomilla, Sophora japonica, Mentha piperita, and
Juglans regia powders in mice (n=5); dose values are expressed as 10 mg/kg

Sample / dose Sex Dose, mg/kg, | Animals / de Weight Weight Weight LD50
mL aths day 1(g) day 7(g) day 14(g)

Matricaria Mouse, 2 5/0 20 22 25 >5000
chamomilla male 5 5/0 21 23 26 mg/kg
Sophora japonica 2 5/0 20 22 25

5 5/0 21 23 26
Mentha piperita 2 5/0 20 22 25

5 5/0 21 23 26
Juglans regia 2 5/0 20 22 25

5 5/0 21 23 26
Control (water) 0,5 ml 5/0 20 23 26 -

The amino-acid profiles were also distinct. M. chamomilla had the highest proline content
(12.133 mg/g), S. japonica showed relatively high histidine and arginine values, M. piperita had the
highest asparagine and arginine contents, and J. regia showed the highest glutamine and cysteine
concentrations. Despite these differences, no mortality was observed at 2000 or 5000 mg/kg, and
the estimated LD50 exceeded 5000 mg/kg. Taken together, the HPLC profiles and acute-toxicity
data provide a concise comparative characterization of the four plant powders and identify the
major chemical features that may be useful for subsequent quality-control studies.
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Comparative analysis showed clear differences among the four plants. S. japonica had the
highest vitamin B1 and vitamin C concentrations, whereas M. chamomilla and M. piperita
contained no detectable B1 under the applied conditions. M. chamomilla showed the highest
dihydroquercetin concentration (52.55 mg/g) and the highest rutin content among the studied plants,
while J. regia also had high dihydroquercetin and quercetin values. These differences confirm that
the chemical profile of the raw material is strongly plant-specific and support the need for separate
standardization of each species.

The chromatographic results also indicate that the four plants cannot be treated as chemically
interchangeable raw materials. For water-soluble vitamins, the highest vitamin C value was
observed in S. japonica (68.26 pg/g), followed by M. chamomilla (42.56 pg/g), M. piperita (39.65
pg/g) and J. regia (19.88 pg/g). Vitamin B9 was relatively high in M. chamomilla and M. piperita,
while B1 was detectable mainly in S. japonica and J. regia. These differences may be useful for
distinguishing the samples during comparative quality assessment. The flavonoid and selected
bioactive-compound profile showed a similarly pronounced species effect. Dihydroquercetin was
highest in M. chamomilla (52.55 mg/g) and J. regia (41.3 mg/g), while rutin was highest in M.
chamomilla (32.41 mg/g) and lower in the other samples. Quercetin reached 16.88 mg/g in J. regia
and 16.33 mg/g in M. chamomilla. Salidroside and rosavin were detected in all four plants, but their
concentrations differed, providing additional markers for comparative characterization. The amino-
acid data demonstrated complementary patterns rather than a single dominant profile. M.
chamomilla had a particularly high proline content, whereas M. piperita showed high asparagine
and arginine values. S. japonica showed relatively high aspartic acid, asparagine, arginine and
histidine, while J. regia was distinguished by glutamine and cysteine. Nevertheless, total amino-acid
content remained within the measured range for all four plants, from 36.981 to 46.912 mg/g. The
acute-toxicity experiment provided an additional safety characterization. At both tested doses, no
mortality was observed in the mouse groups during the 14-day observation period. Transient effects
in mice at 5000 mg/kg resolved within approximately 25-30 minutes, and body-weight reduction
compared with controls was not observed. Under the conditions of the present experiment, the
estimated LD50 therefore exceeded 5000 mg/kg. These observations complement the chemical
profiling and provide a consistent basis for further standardization studies of the four medicinal
plant powders.

From a quality-control perspective, the combined dataset is useful because each analytical
group provides a different level of discrimination. The vitamin profile separates S. japonica from
the other plants through its relatively high B1 and vitamin C concentrations, while the flavonoid
profile distinguishes M. chamomilla and J. regia through their higher dihydroquercetin and
quercetin values. The amino-acid profile adds another independent pattern: proline predominated in
M. chamomilla, asparagine and arginine were comparatively high in M. piperita, and glutamine and
cysteine were prominent in J. regia. Using these three groups together is therefore more informative
than relying on a single marker. The results can serve as baseline comparative data for subsequent
work on authentication, standardization and batch-to-batch quality assessment of the investigated
raw materials. The acute-toxicity findings should be interpreted within the experimental conditions
of the present study. They demonstrate the absence of mortality at the tested doses and support a
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preliminary safety characterization, but they do not replace longer-term toxicity or pharmacological
studies. This distinction is important when the plant powders are considered for further
pharmaceutical or nutraceutical investigation.

Conclusion. The results demonstrated the presence of water-soluble vitamins, various
bioactive compounds, and 20 amino acids in Matricaria chamomilla, Sophora japonica, Mentha
piperita, and Juglans regia. The total amino-acid contents were 46.912, 41.967, 45.962, and 36.981
mg/g, respectively. No mortality was recorded at doses of 2000 and 5000 mg/kg in the acute
toxicity tests; under the conditions of the experiment, LD50 was estimated to be >5000 mg/kg.
These findings provide a basis for comparative characterization of the chemical composition and
preliminary safety profile of the studied medicinal plant raw materials.
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