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CopepxaHune
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AHHOTaLUA

B pabore wucciemoBaHbl  TIPOIECCHI  TIOyYeHHSI  HOBOTO — BBICOKO3((EKTUBHOTO
cepocogepsaitero copberra (NT-OXI') myTeM XHUMHYECKOTO B3aUMOJI€HCTBHUSI TeTpacyibduaa
HaTpusl C SMUXJOPTUPHHOM, a TakXe [eTalbHO HM3yuyeHbl 3aKOHOMEPHOCTH U3BJIEUEHHUS LIeHHbIX
roHoB Au(Ill) w3 BoAHBIX cpes pa3nMUHOrO coctaBa. C TIOMOIIBIO COBpEeMEHHBIX (PU3HKO-
XUMHUECKUX METOZIOB aHa/n3a, BKIodass VK-Pypbe-crieKTpoCKONuio U aTOMHO-abCOpOI[MOHHYIO
CTIEKTPOMETPHIO, yCTAaHOBJIEHbl CTPYKTypHble OCOOEHHOCTU CHHTE3UPOBAHHOTO T10JIMMEPHOTO
Marepuasia, HaJuure aKTUBHBIX (PYHKIIMOHA/IbHBIX TPYTII W K/IHOUeBble TlapaMeTphbl COPOLIMOHHOTO
ripoiiecca. JKCIeprMeHTa/IbHO BBISIBJIEHO, UYTO C POCTOM Hada/lbHOW KOHIleHTparuu noHoB Au(IIl)
B pactBope oT 25 g0 300 mr/n paBHOBecHasi COpOIMOHHAs EMKOCTh MaTepHasia YBeJTUUUBAeTCs C
10,85 mo 101,67 w™r/r, mpu 5TOM ONTUMaIbHOE BpeMsl [OCTWXKEHHUsI TepMOJWUHaMHUUeCKOro
paBHOBecHs cocTapysgeT 120-180 muH, a MakcuMasbHast 3QGeKTUBHOCTh U3B/IeUeHUsT HaO/IIoaeTcs
B csiabokucsioit cpesie ipu pH ~ 6. B xo/e AMHaMUYeCKUX MCTIBITAHUM Ha KOJIOHKAX TI0Ka3aHo, uTo
yBeJIMUeHHe CKOPOCTU (UAbTpalMM TMOTOKa OT 2 [0 8 M/I/MUH 3aKOHOMEPHO CHIXKaeT
JIMHAMHUYECKYl0 éMKOCTh copbeHTa ¢ 60 70 41 Mr/r. YCTaHOBJEHO, UTO TIOJyUYeHHBLIM COpOeHT
o0/ajiaeT BBICOKOW MeXaHMUeCKOM M pereHepaljiOHHOM yCTOMUHMBOCTBIO, COXpaHsis Okoyo 92 %
CBOel HCXOAHOM COPOI[MOHHOW aKTUBHOCTH Ja)ke TIOC/Ae TMATH TI0C/e/l0BaTebHBIX I[UK/IOB
copbuuu-gecopbuuu. [TomyyeHHbIe 3KCIIepUMeHTa/bHbIE U TeOpeTUYecKHe AaHHbIe yOeauTenbHO
JIOKa3bIBAalOT BBLICOKYH) T€PCIeKTUBHOCTh IPOMBIIIEHHOTO TPUMeHeHHWs] pa3paboTaHHOTO
Mateprana NT-OXI' B mepeloBbIX TEXHOJIOTHSAX ITyOOKON OUMCTKH MPOMBIIIJIEHHBIX CTOYHBIX BOJI
1 3G heKTHBHOTO BO3BpaTa LIeHHbIX 0/1arOpOIHBIX META//IOB B 3aMKHYThIN PeCYPCHBIN UK.

Abstract

The paper investigates the preparation of a novel high-efficiency sulfur-containing sorbent
(NT-ECH) via the chemical interaction of sodium tetrasulfide with epichlorohydrin and examines
the regularities of Au(IIl) ion extraction from aqueous media of various compositions. The
structural features, active functional groups, and sorption parameters were determined using FT-IR
spectroscopy and atomic absorption spectrometry. It was established that with an increase in the
initial Au(III) concentration from 25 to 300 mg/L, the equilibrium sorption capacity increases from
10.85 to 101.67 mg/g, while the practical equilibrium is reached within 120 — 180 min, and the
maximum sorption activity is observed at a weakly acidic medium of pH ~ 6. Dynamic column tests
showed that increasing the flow rate from 2 to 8 mL/min reduces the dynamic capacity from 60 to
41 mg/g. Furthermore, the sorbent exhibits high mechanical and regeneration stability, retaining
approximately 92 % of its initial activity after five successive sorption-desorption cycles. The
obtained results demonstrate the high potential of NT-ECH for application in advanced industrial
wastewater treatment technologies and the effective recovery of valuable metal components into a
closed resource cycle.

KiroueBble c/I0Ba: MPOMBIIIEHHBIE CTOUHBIE BOJbI, COPOIMs, cepocofiep Kaiiuidi copOeHT,
TeTpacyabbuz Hatpus, smuxopruapud, Au(Ill), pecypcocbepeskerue.

Keywords: industrial wastewater, sorption, sulfur-containing sorbent, sodium tetrasulfide,
epichlorohydrin, Au(III), resource conservation.
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BBegenue

WHTeHCcHbUKaLMs TPOMBIIIIEHHOTO TIPOU3BOACTBA COTIPOBOXKAAETCS yBe/luueHHeM 00bEMOB
TEeXHOJIOTUUECKUX M CTOUHBIX BOJ, COZEpXKalMX COeJAWHEHHs pa3/MuUHbIX MeTasioB. VIOHBI
TSDKEBIX U TIOTEeHIMAJbHO TOKCHYHBIX METa//IoB, B OTIMYMe OT OO/BIIMHCTBA OpPraHWYeCcKUX
3arpsi3HUTeNIel, He T[0/BepPratoTcsi TOJHOMY OMOXMMHUECKOMY pa3/IoKeHU0 U CIIOCOOHBI
JUTATeIbHOe BPeMsi COXPAHATHCS B KOMIIOHEHTAX OKpPY»Karollleil cpe/ibl. B BOAHBIX 00BeKTax OHU
MOTYT HaxXxOJUThbCSI B PAacTBOPEHHOM COCTOSIHMM, CBSI3bIBaTbCSI CO B3BELIEHHBIMH YaCTULIAMU,
HaKarjIMBaTbCsl B [OHHBIX OT/IOXKEHUSIX W TIPU W3MEHEeHWW YCJIOBUH Cpelibl BHOBb IEPEXOAUTHb
B BOZIHYHO a3y, GopMHUpPYsi KCTOUHWK BTOPUYHOTO 3arpsi3HeHus [8; 4].

B ycnoBusix Y36ekrcTaHa OrpaHU4eHHOCTb BOJHBIX PECYPCOB M apU/IHBIN K/IMMAT MOBBIIIAI0T
3HAUMMOCTh ITTyOOKOW OUMCTKHM TIPOMBIILJIEHHBIX CTOYHBIX BOJ M WX TOBTOPHOTO MCII0/Ib30BaHUS
[5]. CoBpemeHHble TEeXHOJOTMMA BOJOOUUCTKU [IO/DKHBI 00ecCrieuyrBaTh He TOJIBKO CHIDKEHHe
Ccofiep)KaHMsl 3arpsi3HSIOLLMX BelleCTB, HO M BO3MOXXHOCTb BO3Bpara OUMWIEHHOW BO/bI
B TEeXHOJIOTUYEeCKUM LMK/, YMeHbIlleHHs1 0O0béMa BTOPHUYHBIX OTXO/OB W W3B/IeUEHUS IL[€HHBIX
KOMITOHEHTOB.

Cpequ MeTOJOB yZa/leHWss WOHOB MeTa/ll/IoB COpPOLIMOHHBIE TIPOLECChl  BBIJENSIOTCS
TeXHOJIOTUYeCKOM TMPOCTOTOM, 3((HEKTUBHOCTBIO TIPU HU3KHUX KOHL[EHTPALUSIX U BO3MOKHOCTBIO
pereHepaiyd copbeHToB. OjHaKo pe3yabTaTUBHOCTH COPOLMM BO MHOTOM OTIpefiessieTcCst
XUMHUECKOW TMpHUPOAOH (YHKIMOHAMBHBIX 1IEHTPOB Marepuasia. B cBs3uM C 3TUM pa3paboTka
copbeHTOB, cozepKalyx (QyHKIMOHA/IbHbIe TPYIIbI, CTIOCOOHBIE CeeKTUBHO B3aUMO/|eHCTBOBATh
C orpe/ie/IéHHBIMU MOHAMU MeTaJI/IOB, SIB/ISIETCSI aKTya/lbHOWM HayuyHOM 3aaueii [6; 11].

Ocobbiii MHTEpeC TMpe/CTaB/SIOT CepOCOAeprKalliie TOJUMepHble W TOMMepOoriofo0HbIe
copbeHTbI. ATOMBI Cepbl B UX CTPYKType MOTYT ()OPMHUPOBaTh aKTUBHbIE LIEHTPbI, O/1arornpusTHbIe
[/ KOOP/IMHALIMOHHOTO B3aMMOJIEMCTBUSI C MeTa/UICOZep)KalljuMM uacTullaMu. Peakuys
TeTpacyabduJa HaTpUsi C SMUXJIOPTUJAPUHOM COIPOBOXKJAETCS] PACKPbITUEM STMOKCHAHOIO LMKIIA
U obpa3oBaHrveM  (YHKIMOHAIBHONW  CTPYKTYpPbI,  COJ€p’Kallje  T'HAPOKCUITPOIUIbHBIE
Y nonvcynb@uaHble ¢parMeHThbl. Takasi CTPyKTypa COueTaeT KHWC/IOPOA- U CepocojeprKaljue
LIeHTPHI, CIIOCOOHBIEe YUaCTBOBATh B CBSI3bIBAHMM MOHOB MeTasuIoB [2; 14].

Copb6imonHoe u3Bnedenre Au(IIl) U3 BoAHBIX TEXHONIOTHYECKUX CPeJl Ipe/CTaB/IsieT UHTepeC
C 9KOJIOTHYeCKOM U pecypcocbeperaroiiieii Touek 3peHust. DTOT MPOLIeCC M03BOJIsieT OAHOBPeMeHHO
OUMILIaTh XXUJKYIO (a3y, KOHLIEHTPUPOBaTh L|eHHbIN MeTas/yInyeCcKWi KOMIIOHEHT W TMOTeHLMalbHO
BO3Bpall[aTh €ro B TeXHOJOTWYecKuil I1Mka. Ilo3ToMy pa3paboTka MarepuasoB C BBICOKOM
COpOLMOHHOM EMKOCTBIO, YCTOMYMBOCTBIO B JMHAMUYECKUX YCJIOBUSIX U CTIOCOOHOCTBIO COXPAHSATh
aKTUBHOCTH M0CJIe pereHepaliiyi MMeeT CyllleCTBeHHOe MpaKThueckoe 3HaueHue [9; 12; 13].

B Hacrosiimeli paboTe ucciiefoBaHbl COpPOLIMOHHBIE CBOWMCTBA CepOCOAepiKaliero copbeHTa
NT-3XTI, rmomyuyeHHOTO Ha OCHOBe TeTpacy/lb(uja HAaTPUsi U SMUXJIOPTHUJPUHA, TI0 OTHOILIEHHIO
K noHaMm Au(III). OueHeHo BAUsTHME Haua/IbHOM KOHLIEHTPALUU, MPO/I0JDKUTeTbHOCTH KOHTaKTa, pH
cpefbl U CKODOCTH TMOTOKA Ha S(QeKTUBHOCTb Tpouecca. [lono/sHUTEeNbHO HWCCIe0BaHbl
pereHepalMoHHasi yCTOMUYMBOCTh U BO3MOKHOCTh ITOBTOPHOT'O MCTIOb30BaHUsI copbenTa [7; 15; 3].
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Takum o0OpasoMm, co37aHMe CepoCofepXKalux COPOEHTOB, COYeTAloIIUX  BBICOKYIO
COpOIIMOHHYI0 AKTUBHOCTh, BO3MO)KHOCTH PabOThI B CTaTUYECKOM W AWHAMUYECKOM DeXHMax
Y pereHepalMOHHYI) YCTOWUMBOCTb, S$IBJII€TCSl TMEpPCIeKTMBHBIM HarlpaB/leHueM [/l OYHUCTKU
MeTaJl/ICoZiepsKalliiX BOJHBIX CpeJ| U BO3BpaTa LieHHbIX KOMIIOHEHTOB B pecypcHbIi 1uki [10; 1].

Llesbto paboTel siBsIOCH ToyueHue copbeHta NT-DXI' Ha ocHOBe TeTpacy/ibduia HaTpus
U snuxjiopruipvuHa s ussnedeHusi oHOB Au(Ill) u3 BogHBIX cpefl, yCTaHOBIEHHE OCHOBHBIX
(GU3MKO-XMUMUUECKUX W TeXHOJIOTMUeCKHX 3aKOHOMEPHOCTel COpOIMM U OLieHKa MepCIeKTUB ero
TIPUMeHEeHHs B peCcypcocbeperaroiyx mpoLeccax BOJAOOUHCTKH.

Marepuasibl 1 MeTOABI

Cepocopepxaimuii copbent NT-3XI' rosyuasud B3auMOZEMCTBHEM TeTpacyibduaa HaTpUs
¢ snuxnoprugpuHoMm. [TonvcynbhuaHbINA pacTBOP Mpe/iBapuTe/IbHO CUHTE3UPOBaU B BOJHOMW cpejie
TIPY HarpeBaHWM TU/IPOKCH/IA HAaTPUsI C 37ieMeHTapHOM cepoii. [Tocsie puibTpoBaHUs B MOMyUYeHHBIN
pactBop npu 60 — 70 °C [03UMpPOBaHHO BBOAWIM SIUXJOPTHUJPUH TPU HeNpepbIBHOM
repeMeIMBaHUM. PeakIIMOHHYI0 CMeChb BbIJep)KUBa/IM, 00pa30BaBIIMNACS TMOIMMEPONON00HBIN
MPOAYKT OTAEJs/M, TMPOMbIBaIA JUCTWIIUPOBAHHOM BOJOW W BbICylIMBaivd. DopmupoBaHUe
copbeHTa CBSI3aHO C pPACKPBITHEM STOKCHUAHOTO I[MK/Ia SMUXJIOPTUJPUHA U  BK/IHOUEHUEM
MOUCYNbPUAHBIX ()parMeHTOB B CTPYKTYpPy Marepuara.

OYHKIMOHANMBHBIA COCTaB TIOMyueHHOro copbenTta wucciaegoBamu metopom WK-Dypbe-
criekTpockonu Ha mpubope SHIMADZU IRAffinity-1S. Konnenrtparuio Au(Ill) B McCXomHBIX
Y paBHOBECHBIX DPaCTBOpaxX OMpefessiyii MeTOAOM aTOMHO-abCOPOIIMOHHOM CMeKTPOMeTpPUM Ha
SHIMADZU AA-7000.

Copb6ironnsie cBorictBa NT-OXI' rcciejoBai B CTaTUUECKUX YCJIOBHUSIX C UCIIO/Ib30BaHUEM
pacteopoe H[AuCl,] ¢ HauaneHbiMU KOHUeHTpauusmu Au(lIl) 25, 50, 100, 200 u 300 wmr/m.
CucrteMy «CcOpOeHT-pacTBOD» BBIJIeP)KUBAIU 24 U TIpU NePUOJUYEeCKOM TepeMellvBaHuH, T0cjie
yero ¢a3bl paszensiyid (GUILTPOBAaHUEM U OTIpe/ie/is/ii PaBHOBeCHYO KOHLeHTpaluto Au(IIT).

PaBHOBeCHY0 COPOIMOHHYIO EMKOCTh PaCCUMTHIBAJIHU 110 hopMyIie:

ge =((Cop —Ce)-V)m
a crerneHb u3Bneuenus: Au(IIl):

a = ((Cyp—Ce) Cp)-100 %

rne C, 1 C, - Haua/bHas ¥ paBHOBeCHas KoHueHTpatuu Au(Ill), mr/m; V — 00BEM pacTBOpa, JI;
m - Macca copbeHTa, T.

KuHeTHKy copOLMM UCCe[OBa/IU TTPU HEMPEePBIBHOM TepeMeIlMBaHuU €O CKOpocThio 200 06/
MuH. Konuentpauuto Au(Ill) ompepensiii uepe3 5, 10, 20, 40, 60, 120 u 180 muH. BausHue
KUCJIOTHOCTH Cpefibl OLleHWBa/d B [Juana3oHe pH 2-9 mpu MOCTOSHHBIX 3HAueHUsIX MaccChl
copbeHTa, 00bEMa pacTBOpa, TeMIIEPATYPhl 1 BpeMeHU KOHTAKTa.

11
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[vHaMyueckue UCTbITaHWs TTPOBOJU/IN B CTEK/ITHHOW KOJIOHHe, cofepxkateit 2,0 r NT-9XT.
PactBop Au(Ill) mpomyckamu uepe3 cioii copbeHTa cO CKopocTeio 2, 4, 6 U 8 MI/MuH.
OddeKTUBHOCTE TMpollecca OLeHMBaJM 10 BpeMeHW T[IpOpblBa, BpEMEHW HacCbIILeHUs
Y IMHAMHUEeCKON COPOI[MOHHON EMKOCTH.

PereHepaljiOHHYI0 YCTOMUMBOCTh COpOEHTAa W3y4aqu B IIATH I10C/Ie0BaTebHBIX LHUK/IaX
copbuuu-gecopbumu. ecopbiuro Au(IIl) npoBoguiu cMeckio 0,7 M TomoueBuHbI U 0,2 %-HOTO
pacteopa HCI, mocsie yero copOGeHT IpOMbBIBAIM AUCTWUIMPOBAHHON BOJOW [0 HEUTPa/IbHOMU
peakLvy Cpefibl ¥ TIOBTOPHO MCII0/1b30BasIH.

Pe3ynbrarhl 4 00Cy)KeHHe

dopMUpoBaHHe U CIEeKTpockomuyeckass xapakrepuctuka NT-I3XI. BsaumogelicTBue
TeTpacyabhuja HaTpus C SMUXI0PTUAPUHOM COTIPOBOXK/1A/I0Ch obpa3oBaHreM
MOJIMMEepPOTIoZIOOHOTO  Ccepocofiepskalliero TpoAykra. [Ipu  yBesiMueHHWH TIPOJO/DKUTEBHOCTH
peakiuu ot 0,5 g0 3,0 u BBIXOA copOeHTa MOC/el0BaTe/IbHO BO3pAcTal U AOCTAT MaKCHMyMa
8,75 %. Ilpu panbHelileM yBeTMueHUU BpeMeHH /10 3,5 4 BbIX0/, yMeHbluascs 10 6,4 %. [Toatomy
JUIsT UCCTIeJOBAaHHOTO AMaria3oHa TPO/O/DKUTEbHOCTh 3 U ObUla TIPUHATA Kak paljvoHasbHasl.
Hanuuue sKcTpeMyma Ha 3aBUCHUMOCTU «BPEMSI - BBIXOZ» YyKasbIBaeT, UTO IOC/e 3aBeplleHusi
OCHOBHOH cTaguu (popMUpOBaHUS MaTepHasa AajbHeliee TpeObIBaHMe TIPOAYKTA B peaKIMOHHOM
cpefe He obecrieurBaeT [JOTOHUTENILHOTO TIPUPOCTA BBIXOJA W MOXKET COTPOBOXK/ATbCS
BTOPUUHBLIMU TIPeBPallleHUsIMU NoUCYMbGUIHbIX (hparmeHToB (Puc. 1,2).

NK-crieKTpocKomnusi MoKasasa 3aMeTHYIO MepecTPOrKY (YHKLIMOHAIbHBIX T'PYMI UCXOAHOTO
SMUXI0PrypyHa. s Hero xapakTepHsl nosiockl 1170,79; 1085,92 u 1001,70 cm™, cBsi3aHHbIe ¢ C-
O-C-(parmeHTOM 3MOKCUAHOTO LMK/, a Takxxe curHaibl 958,62; 908,47 u 852,54 cm*. B criekTpe
NT-3XTI" Habsmropamuck mmosockl 1232,51 u 1082,07 cm, coorBerctBytomue C-O u C-O-C cBsizsaMm,
YTO COIVIaCyeTCss C pacKpbITHeM SIOKCHAHOTO LUKIa ¥ 00pa30oBaHWEM T'M/IPOKCHUIIPOIHIbHBIX
CTPYKTYPHBIX €JUHUL].

12
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anux/0p2udpuHa
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Pucynok 2. UK-cnekmp cop6enma NT-OXT nocae copoyuu uoros Au(I1I)

[Tocne copbumu Au(Ill) u3MeHeHWsS (UKCHMPOBAIUCh TaKXXe B HHU3KOYACTOTHOW 00sacTv
740,67-517,43 cm™, tme moryT mposiBnsaTbcsa C-S, S-S U ckeseTHbIe KoieOaHUS MOMUCYIbGOUIHON
1jenu. JTO SIB/SIeTCS] KOCBEHHBIM CITIEKTPOCKOIIMYEeCKUM CBUZIETe/IbCTBOM y4aCTHUsl CepOCo/ieprKaliux
ueHTpoB BO B3aumogeuctBud ¢ Au(Ill). ITonyyeHHble JaHHBIE MO3BOJISIIOT pPacCMaTpPUBATh
Cc(OPMHUPOBAaHHYIO TOMUCYTbGUAHYIO CTPYKTYPY KakK (YHKLIHMOHATbHYIO OCHOBY COpPOIIMOHHOM
aktuBHOCTU NT-OXT.

Bausine HauanbHoM KoHieHTparuu Au(IIl). HauanbHas konuentpauus Au(Il)
CyLIeCTBEHHO B/Msi/ia HAa PaBHOBECHbIE XapaKTepUCTHKK mporecca. [Ipu yeennuenuu C, ot 25 g0
300 mr/n copOuMoHHas eMKOCTh (, Bo3pacrana ¢ 10,85 mo 101,67 Mr/r, B TO BpeMs Kak CTereHb

M3BJIeUeHus CHUKanach ¢ 86,80 go 67,80 %.

Ta6nuya 1.
Crarnueckas coporus Au(IIl) nva NT-9XT
Cy, MI/n1 Ce, MI/71 e, ML/T o, %
25 3,30 10,85 86,80
50 7,40 21,30 85,20
100 18,20 40,90 81,80
200 52,50 73,75 73,75
300 96,70 101,67 67,80
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Poct q, cBA3aH C yBe/IMUeHMEM KOHLIEHTPALMOHHOTO IPaJiueHTa U MOCTyIIeHHeM 607IbIiero
komruectBa Au(Ill) Kk mocTynHbIM (YHKLMOHAMBHBIM LieHTpaM. OJHOBpEMEHHO CHI)KeHHe O TPy
HeM3MeHHOM Macce copOeHTa yKa3biBaeT Ha IOCTeNeHHOe 3aro/iHeHHe aKTMBHBIX yUaCTKOB: TIPH
BBICOKOM MCXOHOW KOHIIEHTpauy abCOI0THOe KOMWYeCTBO TOTVIOMIEHHOTO MeTasila BO3pacTaer,
OZIHAKO ero J[o/s1 OT 001[ero co/iep>kaHusi B PACTBOPe YMEHBIIIaeTCsl.

[lns mpakTUYeCcKOM OLIeHKM 3TU JiBa IOKasaTessl CjeflyeT pacCMaTpuBaTb COBMeCTHO. [Ipu
OYMCTKe pa30aB/ieHHBIX BOAHBIX CpeJ OTpeJesisifolleli sSB/sSeTCs CTeleHb W3BIeUeHHs, TOrja Kak
J/1s1 KOHL|EHTPUPOBAHHBIX TeXHOJIOTMUeCKUX PACTBOPOB CyllleCTBEHHOE 3HaueHue MUMeeT y/esbHas
eMKOCTb copbeHTa. MakcumabHOe 3KCIIePUMEHTATbHO YCTaHOB/IeHHOe 3Hauenue q, 101,67 mr/r
OTHOCHTCS TOJIBKO K UCCJIeZIOBAHHOMY /iMaria30Hy KOHLIeHTpaLjiil.

Kuneruka copouuu Au(III). Hanbonee nnteHcuBHOe moriomjeHre Au(Ill) nabmopamoch
B nepble 40-60 MuH KoHTakTa. 3a mepsbie 40 MUH (, yBeIUUMBAIOCH C 6,1 g0 32,6 mr/r, K 60-i
MHHYTe poctyrano 36,1 Mr/r. B fanbHeliiiem npupocT 3amensiics: 3HadeHus nipu 120 u 180 muH
cocraBunu 39,6 u 40,1 mMr/T.

Tabauya 2.
KuneTnueckue noka3sarejiu COpﬁl.[l/ll/l
t, MHH C, mr/n q, MI/t

5 89 6,1

10 72 14,6

20 54 23,6

40 36 32,6

60 26 36,1
120 22 39,6
180 21 40,1

BLICTpBII Hava/bHBIA ydyaCTOK 3aBUCMMOCTU COOTBETCTBYET BBICOKOM J/IOCTYIHOCTH
CBOOOAHBIX IIEHTPOB W 3HAUMTENbHOMY TpajIieHTy KOHLleHTpauuu. [Io Mepe uX 3arojHeHust
CKOPOCTh TIpoLjecca yMeHblllaeTCs, a BKiaj, Oojiee Me/JIleHHOTO TiepeHOCa HOHOB K MeHee
JOCTYIHBIM yuyaCTKaM Marepuasa Bo3pacTaeT. He3HauuTe/ibHOe pas3nnuve MexAy pesy/bTaTaMu
120 u 180 MuH TOKa3bIBaeT, UTO CHUCTeMA K 3TOMY HHTepBaay NPUOMMKaeTCsl K MPaKTHUeCKOMY
pPaBHOBECHUIO.

TakuMm o06pa3oM, yBenMueHHe TMPOAOIKUTETBHOCTH KOHTAaKTa CBbillle 120 MUH /aeT JMIIb
HeOOJIBIIION /IOTIONHUTE/IbHBIA TIPUPOCT eMKOCTH. [Ijisi TeXHOJOTMUeCKOro peXXMMa 3TO BaKHO,
MOCKO/IbKY ~ BBIOOD  upe3MepHO  AJIUTeNbHOW  CTafuu  COpOLMM  MOXKEeT  YBeJWUYUThb
MIPO/IOJDKUTEILHOCTL  00paboTku 6e3 CyIeCTBEHHOTO TIOBBIIIEHUSI CTereHW UCI0/b30BaHus
MaTepuaria.

JuHamMuuyecKass copOuusa W BAWSHHE CKOPOCTH TMOTOKA. KO/OHHbIE HCTIBITaHUS
MoATBepAUIN 3aBUCUMOCThL 3¢ dekTuBHOCTH NT-OXI' OT ruApoAvHaMUUYecKoro pexkuma. Ilpu
YBeJIMUEHUM CKOPOCTHU TOTOKa OT 2 10 8 MJI/MUH BpeMs MpOpbIBa YMeHbIIaa0ch ¢ 171 1o 63 MuH,
BpeMsi HachlleHus - ¢ 251 1o 112 MuH, a [MHaMU4ecKasi eMKOCTb - ¢ 60 10 41 Mr/T.
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Ta6auya 3.
Pe3y.1'leaTbI AUHAMHNUYeCKHX KO/IOHHBIX OIIbITOB
Q, Mi1/MuH tg, MMH t, MMH q_d, mr/r
2 171 251 60
4 119 186 54
6 88 144 47
8 63 112 41

CHkeHMe T0Ka3aresield Ipy NOBbIIeHNH Q CBA3aHO IIPesK/e BCero C COKpallleHrneM BpeMeH!
npeObIBaHUST pacTBopa B copbuyoHHOM crnoe. Ilpu Mamoil ckopocTu co3jarorcss Oosee
OnarompusiTHBIE YCIOBHUS [Ijii BHEIIHETO maccorepeHoca, auddy3vu u B3aumogencteus Au(Ill)
¢ ¢yHKUMOHAMBEHBIMU IjeHTpaMu. [Ipy ycKopeHHMH MOTOKa 4acTh copbara TMOKu/aeT KOJIOHHY [0
TIOJIHOTO MCII0/Ib30BaHMs MOTEHIUA/IBHO JOCTYITHOU eMKOCTH Marepuara.

AmnHanornuHast TeHJeHIIMsI YCTaHOBJIeHa [/l JUHaMUYeCcKor 00beMHOM eMKocTH. [pu Q = 2;
4; 6; 8 1 10 ms1/MUH OHa coctasnisna 2,96; 2,71; 2,43; 2,19 u 1,96 Mo/1b//1 COOTBETCTBEHHO, a BpeMs
npopeiBa yMeHblanock ¢ 182 no 82 muH. B ncciefoBaHHBIX yCioBUsIX Hambosee 3¢ ¢heKTrBHOe
MCTI0/Tb30BaHKe COPOIIMOHHOTO CJ1051 HAOI0AAI0Ch P MUHMMA/TBHOM CKOPOCTH TIOTOKA.

Perenepaunonnaﬂ YCTOi/’I‘IHBOCTb M CTaTHYecKas 00beMHass eMKOCTh

Bo3moxnocTe moBropHOro npumeHeHusi NT-OXI' olieHMBasv B MSITH MOC/e[0BaTe/bHBIX
LUK/1ax copOiuu-aecop6biuu. [Tocne kaxkgoro tukaa Au(Ill) yaansmu cmecsto 0,7 M THOMOUYEBHHBI
1 0,2 %-noro HCI, nocsie uero copbeHT TIPOMBIBA/IM U TIOBTOPHO MCTIOTH30BAaJIH.

Ta6auya 4.
Pereneparjuonsas ycronuuBoctb NT-3XT
Muxn q_s, Mr/r q_d, mr/r R_n, %
1 62 59 100
2 61 58 98
3 60 57 96
4 59 56 94
5 58 55 92

ITocne nsTOrO 1[MK/a CTaTUUeCcKasi eMKOCTb CHU3WIACh ¢ 62 1o 58 Mr/r, inHamMuyeckas - ¢ 59

Jo 55 MI/T, a COXpaHMBLIAsCS AaKTUBHOCTb cocTraBuia 92 %. IlocrernieHHOe yMeHbleHHe
roka3aresieli MOXKeT ObITb CBf3aHO C HETIOJTHOM pereHeparjyieli 4acTH IIEHTPOB U OCTaTOUHBIM
yaepxxvBanuem Au(IIl) B MeHee AOCTYNHBIX yyacTKax CTPYKTypbl. OJHAKO OTCYTCTBHE DPe3KOTro
Ta/ieHrs1 aKTUBHOCTH YKa3bIBaeT Ha BOSMO)XHOCTb MHOTOKPATHOT'O MCI0J/Ib30BaHUS MaTepralia.
Cratuueckass o0beMHasi eMKOCTb BO3pacTajia C yBeTHueHHeM C0 or 0,10 go 0,50 mosw/n:
0,71; 1,45; 2,19; 2,81 u 3,29 Mosib/n1 COOTBETCTBEHHO. 3HaueHWe 3,29 Momb/1 ciaemyer
paccMaTpuBaTh Kak HauOosblilee MOJyueHHOe B UCC/IeZJOBAHHOM /iMaria3oHe, a He Kak abCOJTIOTHYIO
ripe/ie/IbHY0 eMKOCTb, TMOCKO/IbKY MOJIHOTO BbIX0/la 3aBUCMMOCTH Ha I1/1aTo He 3a()UKCUPOBAHO.
BmusHue pH 1 3K0m0ro-rexHooruueckas OLjeHka.
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KucoTHOCTh cpefpl sIBIs/IACh OJHUM W3 KiToueBbIX (pakTtopoB copbiwm. Ilpu pH = 2
eMKOCTb cocTasisia okosno 48 mr/r, npu pH = 4 - 75-80 mr/r, pu pH = 5 mpessiiana 90 Mr/r,
a MakcrMajbHOe 3HaueHre 0kosio 100 mr/r otmeueHo npu pH ~ 6. [Ipu fanbHeliiem MOBBILLIEHUN
pH Habmopanock cHwkenue, u ipu pH = 9 q, COCTaBIAI0 0KO/IO 72 MI/T.

Tabauya 5.
Byiusinue pH Ha COPOLIMOHHYI0 eMKOCTH
pH Qe, MI/T
2 ~48
4 ~75-80
5 >90
~6 ~100
9 ~72

[ToHwkeHHast 3(PQPeKTUBHOCTL B CWJIBHO KHCJIOM cpelle  MOXKeT ObITh  CBsi3aHa
C TIPOTOHHPOBaHWEM (YHKI[HOHAbHBIX LIEHTPOB W KOHKypeHijedi H'. TIpu mosbimienun pH 3TH
orpaHuueHusi ocnabeBaror. CHmkeHue mocie pH = 6, BeposiTHO, 00yCJIOB/IEHO COBOKYITHBIM
B/IMSIHUEM 3apsiZloBOro coctosiHusl roBepxHocTH, OH™ u usmeHenuem cdopm Au(Ill) B pactBope,
M03TOMY CBOJUTH Hab/THO[JaeMy0 3aBUCMOCTh K OTHOMY MeXaHHU3My HEKOPPEKTHO.

B coBoKynmHOCTM pe3ynbraThl ToOKasbiBaloT, uto NT-ODXI' xapakrepusyeTcsi BbICOKOM
COpOITMOHHOM eMKOCTBIO, JOCTI)KEHHEeM MPAaKTUUeCKOro paBHOBeCHsT mpuMepHo 3a 120-180 muH,
paboTOCIOCOOHOCTEIO B KOJIOHHOM PeXKUMe U coxpaHeHHeM 92 % aKTUBHOCTH TTOCJIe TISITH LIUKJIOB.
B03MOXXHOCTh pereHepalii yMeHbIIIaeT TOTPeOHOCTh B CBeXeM cCOpOeHTe U TIOTeHIMaJbHO
CHWKaeT obpa3oBaHHe BTOPUUHBIX OTXO/IOB, UTO COOTBETCTBYET MPUHIIUIIAM pecypcochepexeHusl.

C nmosuuuu oxpaHbl oOkpyxawoulelr cpeabl NT-ODXI' mpexcraBnsieT HHTepec Kak
pereHepvpyeMblii Marepuan Jjis W3B/leYeHUs MeTa/lZIoB W3 BOAHBIX TEXHOJOTMUEeCKUX Cpef
Y KOHL|EHTPUPOBAHUS L|eHHOT0 KOMITOHeHTa. [10CKO/IBbKY pe3y/ibTaThl MOyYeHbl TTPeUMYyILeCTBEHHO
st MozienbHbIX pacTtBopoB Au(Ill), mpombiiieHHOe TpUMeHeHWe TpeOyeT AOTIOTHUTETbHOU
TPOBEPKY Ha peasibHbIX MHOTOKOMITOHEHTHBIX CTOUHBIX BOZAX.

3ak/IIoueHue

B pe3ynbTare wucciiefoBaHusl TMonydeH cepocogepskaiuii copbeHT NT-OXI' Ha ocHOBe
TeTpacyibGuja HaTpyus U SOUXJIOPTUJPUHA U YCTAHOBJIEHbl OCHOBHbIE 3aKOHOMEPHOCTU
n3pnevueHrss Au(lll) u3 BoaHbiIXx cpes. IlokasaHO, UTO yBenWueHWEe HauvyaJbHOW KOHLIEHTPALUU
Au(IIT) or 25 go 300 Mr/m MPUBOAUT K POCTY PaBHOBECHOW COpOIMOHHON émkoctu ot 10,85 1o
101,67 mMr/r, a npakTA4yeckoe paBHOBecue AocTuraercs B uHTepBasie 120-180 muH.

Haubonee BbICOKass COpOLMOHHAs aKTMBHOCTh Habmopanace mnpu  pH  okomo 6.
B gvHaMMueCcKUX YC/IOBUSIX yBeJIMUeHHe CKOPOCTHU MOTOKa OT 2 [0 8 MJI/MUH COIIPOBOXKZA/lI0Ch
CHWKeHVeM [JMHaMu4eCcKor 6MKOCTH oT 60 1o 41 mr/r, uTo MoATBEpKAaeT CylleCTBEHHOe BIIMSHYE
BpeMeHM KOHTaKTa Ha 3()()eKTUBHOCTb TpoLecca.

[locne mstv 1MKIOB copOiwu-gecopbuun copbeHT coxpaHsi 92 % mepBOHauasbHON
aKTUBHOCTH, 4YTO CBH/ETeNbCTBYeT O €ero pereHepaljMOHHOM YCTOMYMBOCTU U BO3MOXXHOCTH
IIOBTOPHOr0O IipumeHeHus. [losyueHHble pe3y/nbrarbl MO3BO/IAKOT paccMmarpuBath NT-OXI' kak
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MepCIeKTUBHBIN (DYHKIIMOHAIBHBIN MaTepuas /i1 COPOIIMOHHOTO U3BJ/IEUEHUS MEeTa/ICOJepPyKal[UX

KOMIIOHEHTOB U3 BOJHBIX TEXHOJIOTMUeCKUX cpeA. [isi ToATBep)kAeHUss ero >3(deKkTHBHOCTU

B

NIPOMBIIIIJIEHHOM TIPaKTHKe HEeoOXOAWUMbl  [ajibHeHIMe WCCAe[OBaHUS Ha  peasbHBbIX

MHOI'OKOMITIOHEHTHEBIX CTOYHBIX BOJaAX.
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AHHOTaLUA

IlocToBepHasi ~ OLleHKA  TOAJMHHOCTH  MéEZa  OC/IOXKHSIETCS  BBICOKOW  MPHPOJHOMN
BapuabenbHOCTEIO  €ro  CoCTaBa, OO0yC/IOBeHHOW  6OOTaHWMUeCKMM U reorpaduuecKuM
MIPOUCXOXK/IEHUEM, KIMMaTHUYeCKUMH W CEe30HHBIMM (DAaKTOpaMH, TEXHOJIOTHeH TIOo/yueHusl |
YCIOBUSIMUA XpaHeHusi. [lepeKpbIBaHWe /Mara30HOB COZEPXKAHUS OTJEe/NbHBIX KOMITOHEHTOB
OrpaHUYMBaeT WH(OPMATUBHOCTb TPAAUI[MOHHOTO OAHO(AKTOPHOTO KOHTPOJIS M OIpe/esiseT
HEeoOXOAMMOCTh MEePEX0/ia K aHa/Iu3y MHOTOMEPHBIX XMMUYeCKUX TIPOduUIei.

Henb. CucremMaTU3upoOBaTh COBpeMeHHble XeMOMeTpHUeCKUe TOAXOAbl K ayTeHTH(UKaL[uU
Méza, COTOCTAaBUTh AaHAJUTUYECKHEe BO3MOKHOCTH HWHCTPYMEHTAbHBIX I/71aTGOPpM U METO/IOB
MHOTOMepHOM Kjaccupukaumd #  chHOpMy/IMpoBaTh TpaKTHUeCKWe TPUHLMITBI T[MOCTPOeHHs
BOCTIPOU3BOAMMOM CUCTeMbI YCTaHOB/IeHHsI O0TaHMUeCKOTro U reorpauyeckoro MpOUCXOXKAeHUs U
BbIsIB/IeHUs (PanbCUbUKALIUN.

Marepuanbl 1 MeroAbl. O000IIIeHBI MMPEUMYIIIECTBEHHO Haubosiee akTyasjbHble Hay4HbIe
nyomkaun 2023-2026 rT., OTpaXkarole COBPEMEHHOe COCTOSTHME XeMOMETPUUYeCKOTO aHasm3a
mézna. Paccmorpens! FTIR/NIR, Raman, UV—Vis u ¢guyopecuientHas criekrpockonusi, AMP, HPLC/
LC-MS, GC-MS, ICP-MS, LIBS u BonsTamnepomeTpuyeCcKUi 371eKTPOHHBIN A3bIK B COUETaHUU C
PCA, HCA, PLS/PLS-DA, SIMCA/DD-SIMCA, SVM/SVR, Random Forest, HeiipoceTeBbIMU U
aHcambneBeiMu MeTtozamMu. Ocoboe BHHMaHWe Yy7esieHO TMpenoOpaboTke [JaHHBIX, OTOOPY
WH(OPMaTUBHBIX TIPU3HAKOB, TPEYIPeX/eHUI0 Tiepeo0ydyeHUs] W He3aBUCUMOM BalWAaLUM
Moze/en.

Pe3yibTaThl M HayyHasi HOBM3HA. Ha OCHOBe CpDaBHUTELHOTO aHaiM3a IOKa3aHO, YTO
HauOOJBIIMK TIOTEHIMA/l WUMEeT He OT/[e/bHbI WHCTPYMEHTa/lbHbI METOZl, a HHTerpanus
B3aUMO/IOTIOJTHSIFOIINX CIIEeKTPAIbHBIX, XPOMaTOrpaduuecKux, 3/IEMeHTHBIX U 31eKTPOXUMUYE CKUX
npoduneii. HayuHass HOBM3Ha 0030pa COCTOMT B CHUCTEMHOM pacCMOTPEHHM aHAUTHUeCKOH
1aThOpMbl, XEMOMETPUYECKOM 00paboTKM W TpOLeAypbl BalWJAllMHd KaK eQUHON CHUCTEMbI
ayTeHTHU(UKaLMK, a TakkXe B pa3paboTKe KOHIEMIMU €€ ajanTalud K perroHabHBIM
ocobeHHOCTIM Méza LleHTpanbHOM A3UM.

IIpakTueckoe 3HaveHwe. [IpesnokeHa MHOrOypoBHeBasi CXema WCC/IelOBaHUS Ména
Y30ekncTaHa, TIpelyCMaTpUBaloIiasi CO3[laHWe pervoHaMbHON pedepeHCHOM Oub/IuoTeKH U
coueTaHue JOCTYIHBIX CKpUHUHIOBBIX MeTofloB UV—Vis, ATR-FTIR u BosibTaMIiepoMeTpu4ecKkoro
MpOGWIMPOBaHKs C BBIOOPOUHBIM 37eMeHTHbIM aHamu3oMm ICP-OES/ICP-MS u mnocsieayroreid
VMHTerpalyen NaHHbIX. TakoW MOAXOA MOXKET CTaTb OCHOBOW HALJMOHA/BHOM CHUCTEeMbl KOHTPOJIS
TMO/JIMHHOCTH, BbISIB/IeHUS (PaTbCU(PUKALIMN U NTOATBEP)KeHUS TPOUCXOKeHUs MEzia.

Abstract

Reliable assessment of honey authenticity is complicated by the high natural variability of its
composition, which is influenced by botanical and geographical origin, climatic and seasonal
factors, production practices, and storage conditions. Overlapping concentration ranges of
individual constituents limit the discriminatory power of conventional univariate analysis and
highlight the need for approaches based on multidimensional chemical profiles.
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Purpose.This review aims to systematize current chemometric approaches to honey
authentication, compare the analytical capabilities of instrumental platforms and multivariate
classification methods, and formulate practical principles for developing reproducible systems for
determining botanical and geographical origin and detecting adulteration.

Materials and methods. The review focuses primarily on the most recent scientific literature
published in 2023-2026, reflecting the current state of chemometric analysis of honey. FTIR/NIR,
Raman, UV-Vis and fluorescence spectroscopy, NMR, HPLC/LC-MS, GC-MS, ICP-MS, LIBS,
and voltammetric electronic tongue systems are considered in combination with PCA, HCA, PLS/
PLS-DA, SIMCA/DD-SIMCA, SVM/SVR, Random Forest, neural-network, and ensemble
approaches. Particular attention is given to data preprocessing, selection of informative features,
prevention of overfitting, and independent model validation.

Results and scientific novelty. Comparative analysis demonstrates that the greatest potential
lies not in any single instrumental technique, but in the integration of complementary spectral,
chromatographic, elemental, and electrochemical profiles. The novelty of this review lies in
considering the analytical platform, chemometric data processing, and validation strategy as
interconnected components of a unified authentication system, and in developing a framework for
adapting this approach to the regional characteristics of Central Asian honey.

Practical significance. A multilevel strategy is proposed for studying honey produced in
Uzbekistan. It involves establishing a regional reference library and combining accessible screening
techniques, including UV—Vis, ATR-FTIR, and voltammetric profiling, with selective ICP-OES/
ICP-MS elemental analysis and subsequent data integration. This approach may provide a practical
basis for a national system for honey authenticity control, adulteration detection, and verification of
botanical and geographical origin.

KinroueBble c/ioBa: Méz, xeMoMeTpusi, ayTeHTUduUKalus, danbcudukaiusi, PCA, PLS-DA,
MarmHHoe obyuenne, FTIR, NIR, Raman, 371eKTpOHHBIM S13bIK, CTIEKTPA/IbHBIA OTITEYATOK.

Keywords: honey, chemometrics, authentication, adulteration, PCA, PLS-DA, machine
learning, FTIR, NIR, Raman spectroscopy, electronic tongue, spectral fingerprinting.

1. BBegeHnue

Mén oTHOCHTCS K TIMIIEBBIM MPOJYKTaM C BBICOKOMW MPUPOAHON BaprabebHOCTBIO COCTaBa.
[TomrMo mpeobnazarox (GPYKTO3bl M IVIFOKO3bl, B HEM TIPUCYTCTBYIOT BOJa, [JUCAXapH[bI
Y OJUrocaxapu/ibl, OpraHMuYecKhe KHUCIOTbI, aMHHOKHCJOTHI, Oeskd U (epMeHTHI, (eHOJbHbIe
COe[IUHeHUs, MUTMEeHThl, JleTyuue BelleCcTBa U MHUHepajbHble 3/eMeHThl. VX OTHOcCuTenbHOE
COZlep>KaHue 3aBUCUT OT HEKTapOHOCHBIX pacTeHWH, NTOYBEHHO-K/IMMAaTUUeCKUX YCIOBHH, Ce30Ha,
3pesioCcTH MEia U TeXHOIOTUH 00paboTku. I1o3ToMy /iBa TOAMHHBIX 00pas3iia OJHOTO 3asiBIeHHOTO
TUIA MOTYT 3aMeTHO pa3/inyarhbcs, a (haabCuULMPOBaHHbIM MPOAYKT TOC/e LieeHarpaBieHHON
KOPPEeKLIMU OTAeNbHbIX (PU3UKO-XMMUUYECKUX T[OKa3aTesreld MokeT (hOpMa/sbHO COOTBETCTBOBAaThb
HOPMaTUBHBIM /IMaria30HaMm.

[Ipobmema ocobOeHHO 3HaUMMa AJisi JOPOTUX MOHOQUIOPHBIX U PEeruOHa/bHBIX COPTOB.
Haubosee pacrpocTpaHEéHHBIMUA HApyIIEHUsMHU SIBISIOTCS  o0aBjieHre [JelIéBbIX CaXapHbBIX
CHPOIIOB, CMeIlIMBaH/e ME/a Pa3/TIMuHOTO MPOMCXOXK/eHUsI, HeBePHOEe yKa3aHhe O0TaHWYeCKOTO Wn
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reorpa)uueckoro MPOUCXOXKAEHUsS, WHTEHCHBHOE HarpeBaHWe W [JIUTeJIbHOe XpaHeHHe.
CoBpeMeHHbIe 0030pbI MOJUEPKUBAIOT, UTO HA/IEXHAsl ayTeHTU(HUKALUS BCE yallje CTPOUTCS He Ha
O/IHOM MapKepe, a Ha COBOKYITHOCTH aHA/JIMTUYECKUX CUTHAJIOB U MHOTOMEPHOM CTAaTHCTHYECKOM
MojienpoBanuu [14, 19, 34, 36].

XeMOMeTpUYeCKUM TOAX07, TIPUHLUIHAIBHO OT/IMUAeTCsl OT TPAJULIMOHHOW WHTeprpeTariui
pe3ynbTaTta «IOKasaTelb — HOpPMaTWB». Kakaplii obpasel] paccMaTpuBaeTCss KakK TOUKa
B MHOTOMEDHOM TMPOCTPAaHCTBe MPU3HAKOB. TaKUMM TPU3HAKaMU MOTYT ObITh WHTEHCUBHOCTH
TOIVIONIEHWsT HA COTHSAX [UIMH BOJIH, TOKM HAa MHOXECTBE T[IOTEHI[UAJIOB, TUIOIIAAN
XpoMaTorpauuecKux MUKOB, KOHL|EHTPAIUK 3JIEMEHTOB WM MeTabolMUTOB. 3ajjauya XeMOMETPUH
COCTOUT B W3BJIEUEHUH YCTOHUMBOM CTPYKTYPHI U3 3TOTO MAacCHBA, BBISBJIEHUH CKPBITBIX TPYIII,
MOCTPOEHUH K/1aCCU(PUKALIMOHHBIX IPAHUI] U KOJIMYECTBEHHBIX MPOTHO3HBIX MOZIEIEH.

Llenb Hactosiero o030pa —  CHUCTEMATU3UPOBaTb  COBPEMEHHbIE  HallpaBJ/IeHHUs
XeMOMETPUUECKOTO  aHa/iu3a Méa, T[0Ka3aTh  AHAJUTUYECKYH0  LeHHOCTh  pa3/IUUHbIX
WHCTPYMEHTA/IbHBIX ~ TIaTGOpPM, COTMOCTAaBUTh AJTOPUTMbI  K/IaCCU(PUKALIMK U PErpeccuu
U chopMynMpoBaTh MPaKTUUECKHE PEKOMEH/ALIMM [Jisi TIOCTPOEHUsS] BOCIIPOM3BOJUMON CUCTEMBI
ayTeHTH(UKaluy 00pasljoB ME[a, BK/IOUYasi TMEPCTIEeKTUBbI €€ TMPUMEHeHUs1 K TPOAYKLIUU
Y36ekucraHa u LleHTpanbHoON A3Wu.

2. Marepuaibl 1 MeTOABI

Hacrosiiijasi paboTa BbITIOJTHEHA B JopMaTe aHAIUTHUYeCKOTO 0030pa COBPeMEeHHBIX MeTO/I0B
XeMOMETPHUYEeCKOTO aHaiu3a, ayTeHTU(hUWKaluuyd W BbisiBaeHUs (anbcuduvkauyy ména. [louck
HayUHBIX MyO/JMKal[Mii TIPOBOAWIM C HCIOMb30BaHUEM MeXXIyHapOJHbIX Oubsiuorpadryeckux
u pedepatuBHBIX 0a3 maHHbIX Scopus, Web of Science Core Collection u PubMed. [ns
paCIIMPEeHHOT0 TIOMCKa peJIeBaHTHBIX TMyO/MMKalMii YW OTC/IeKWBAHUS CBA3aHHBIX — pabor
JIOTIONTHATETbHO HcTob3oBamu Google Scholar, a koppekTHOCTb O6HOMOrpadrueCcKMX MeTaZaHHbIX
U 1[UbpoBLIX HAeHTH(GHUKaTOpoB Nybmukamuii (DOI) rpy HeoOXOAUMOCTH YTOUHSUIA TI0 JJaHHBIM
Crossref.

OcHoBHOe BHUMaHue yaeasimuM nybomukarmsam  2023-2026 T, XapaKTepuU3yIOIUM
COBPEMEHHBbIM  3Tall  pa3BUTUSl  CIIEKTPOCKONMYECKHWX,  XpoMarorpauueckux,  macc-
CMIEKTPOMETPUUYECKUX, 7IEMEHTHBIX U 3/IeEKTPOXUMUUECKUX METO/I0B aHa/iu3a MéJa B COYeTaHWU
C XeMOMeTpUel U alTOpUTMaM{ MaIlIMHHOTO oOyueHusi. bosiee paHHUe HCC/ie0OBaHUs BK/IHOUAIA
B 0030p B Tex Cyuasix, KOTJla OHM HWMeJM CyI[eCTBEHHOe MeTO[O0JIorMueckoe 3HaueHue isi
paccMaTpUBaeMoro HarpaB/ieHuUs.

[TorcK TIPOBOAM/IM 110 KOMOMHALIMSIM aHITIONI3bIUHBIX K/TFOUeBbIX C/ioB: honey, authentication,
adulteration, chemometrics, machine learning, botanical origin, geographical origin, spectroscopy,
FTIR, NIR, Raman, UV-Vis, fluorescence, NMR, HPLC, LC-MS, GC-MS, ICP-MS, LIBS,
voltammetric electronic tongue, PCA, PLS-DA, SIMCA, DD-SIMCA, SVM u Random Forest.
KitroueBble cjioBa 00beMHSIIN C UCTIOMb30BaHWeM joruueckux orepatopoB AND u OR.

[lpy ¢opMUpOBaHUM JIUTEpaTypHOW BBIOODKM TIPUOPUTET OT/AABall OPUTHHA/IBLHBIM
pelieH3UpyeMbIM UCCIe[JOBaHUSIM U COBPEMeHHBIM 0030pHBIM IyO/ivKaiusaM, MocBsiEHHbIM: (1)
YCTAHOBJIEHWIO OOTAaHWYECKOro M TeorpadHyeckoro IPOUCXOXKIEHUS Ména; (2) BBISIBIEHHIO
danbcudukalid caxapHbIMHM CHUpOTIaMHd M CMeCSIMH pa3/IMuHbIX TUMOB Ména; (3) MomyueHHro
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CTIEeKTPajIbHBIX, XpOMaTorpaMuecKuX, 37eMeHTHBIX, MeTa0OTOMHBIX W 3JIeKTPOXUMHUYUECKUX
fingerprints; (4) mpUMeHeHWIO METOAOB MHOTOMEPHOIO CTaTUCTHMUECKOrO aHa/lu3a U MallWHHOTO
o0yueHwst 17151 K/laCCU(UKALIMK, MO/IeTMPOBAHUS K/lacCa ¥ KOJTMYeCTBEHHOTO TIPOTHO3UPOBAHMUS.

B ananmu3 BKmoYand MyOnvKalWM, —Cofiep)Kalllde /I0CTaTouHyk uHpopManyio 00
WCMO/b3yeMOl aHaIUTUUYecKol muiardopMe, XapakTepe TIOMy4YaeMbIX JlaHHbIX, MPUMEHEHHbIX
XeMOMEeTPUUYECKUX aJropuTMax M pe3ylbTaTax KjlacCU(UKalUM WM  KOJIUUYeCTBEHHOTO
MogempoBaHusi. Ocoboe BHUMaHKWe Y/iesisiid UCC/IeJOBaHUSIM, B KOTOPBIX TIPe/ICTaB/IeHbI CBe/IeHUS
0 mpenobpaboTke AaHHBIX, 0TOOpPe WH(OPMATUBHBIX TPU3HAKOB, (HOPMUPOBaHWHU OOydUaroliei
Y TeCTOBOM BBIOOPOK, TIepeKPECTHON W/U/M BHEILTHel Ba/TH/jaliui Mo/iesieit.

3. Pe3ybTaThl U 00CYy)K/iIeHHE

[TpoBenéHHBIN aHa/IN3 JIUTepaTyphbl MOKa3bIBaeT, UTO COBpeMeHHasi ayTeHTU(UKalus Ména
pa3BUBAeTCs B HalpaB/ieHUM Tepexoja OT OmpefiesieHusi OTAe/NbHBIX XUMUUECKUX Tl0Ka3aresei
K aHa/M3y MHOTOMepHbIX aHanuThyeckux fingerprints. Ilpy 3ToM guarHocThyeckasi CrioCOOHOCTb
MeTo/la OTipe/iesisieTCsl He TOJTbKO XMMHYeCKOW MH(OPMaTUBHOCTBIO MCIIO/Ib3yeMOM aHa/IUTHUeCKOM
11aTOpMbI, HO U CIIoCcoO0M TIpe[0OpabOTKH /IaHHBIX, BBIOOPOM XeMOMETPHUUYECKOTO aJrOpPUTMa,
CTPYKTypoU oOyuaroiieli BEIOOPKHM M KOPPEKTHOCTBIO BajMal[uu Mojend. [1o3Tomy pe3ysibrarhl
aHamm3a Iiesiecoobpa3HO pacCMaTpUBaTh TIOC/E[0BATe/IbHO Ha TPEX YPOBHSX: (HOpMHpPOBaHWeE
MHOTOMEpPHOTO aHaJIMTUYeCKOTO CHUrHaja, W3BJeueHWe U3 Hero KIacCU(PUKALMOHHOW WU
TPOTHOCTHYEeCKOM MH(GOPMAaLIMU U OL|eHKa YCTOWUMBOCTHU TOTyUYeHHOM MOJe/H.

3.1. MHOz20MepHas cmpyKnlypa aHaAUMu4ecKux OaHHbIX U He00X00UMOCIMb XeMOMeImpu4ecKozo
nooxooda

B kaccryeckoM j1abopaTOpHOM KOHTpOJiE HW3MEpSIIOT BJ/IQXKHOCTb, 3JIEKTPOMPOBOAHOCTD,
CBOOOAHYIO KHUCIOTHOCTB, COZlepKaHue THpOKCcuMeTundypdypona, auacTa3HOe UKCIIO, TPOJIVH,
peayLMpYOIIe caxapa M caxapo3y. DTH MapaMeTpbl HeoOXOAUMBI /il OL[eHKH KauecTBa, HO WX
JUCKDUMUHUPYIOL[asi ~ CIIOCOOHOCTh B OTHOIIEHWUM  TIPOUCXOXKJEHWs  OrpaHudyeHa. [ns
reorpaduueckoil KaacCU(PUKALMM TYPeLKOro COCHOBOTO Mé7a, HampuMep, HCII0/b30Batach
COBOKYITHOCTb H30TOIHBIX, MEJMCCOMNaJNHONOTUYECKUX U (DU3UKO-XHMHUYECKHUX XapaKTepUCTHK;
HMH(OPMaTUBHOCThH BO3HHWKA/Ia UMEHHO 3a CUET MHOTOMEPHOI'0 COueTaHus MoKa3aTtesei [35].

Maremaruuecku HaboOp [JaHHBIX MOYKHO TIPeJICTaBUTh MaTpuiield X pa3MepHOCTH nXp, rae n
— uyncao 00pasiioB, a p — UYWUCJIO aHAMTUYEeCKUX TlepeMeHHbIX. [Ipy CIeKTPOCKOMUW P JIETKO
JIOCTUTAeT COTeH WM ThICAY, TOT[A KaK YMCIO He3aBUCHUMBIX 00pa3l[0B UacTO OrpaHHUYeHO
JecaTkamMH. BosHukaeT TunuyHasi mipobsiemMa p>n: BbICOKAas KO/UIMHEAPHOCTb, IIyM, PHCK
CJTy4aliHBIX KOppesisiivii U repeoOyueHusi. [103TOMy KOppeKTHasl CTpaTerusi /I0/DKHA BKJTHOUAaTh
TIpe/IBapyTe/IbHYI0 00pabOTKY, CHYDKeHHEe pa3MepPHOCTH WM OTOOp TPU3HAKOB, HE3aBUCUMYIO
Ba/IMJJALIUIO U OLIEHKY Heorlpe/|e/IéHHOCTH.

He MeHee BakHa OuWosiormueckasi CTPyKTypa JaHHbIX. OOpasijpl OFHOTO TPOW3BOJUTES,
OZIHOM TaCeKW WM OJHOTO Tofla MOTYT ObITh Oosiee TIOXOXKK APYT Ha Apyra, YyeM JelCTBUTEIbHO
He3aBUCHMble 00pa3ipl. ECiM TexHWYecKue TIOBTOPHOCTH OJHOTO M TOTO >Ke MEna C/IydailHO
pacrpesieiiTh OJHOBPEMEHHO B 00yUaroII[yt0 U TeCTOBYIO BLIOOPKH, MOZIE/Tb TIOTYUHT 3aBbILIEHHYO
TOYHOCTb. PasziesieHue train/test >kesiaTeslbHO BBITIOJMHSTH Ha YPOBHE MCXOAHBIX 00paslioB, MapTHi,
raceK WM Ce30HOB, a He OT/e/IbHbIX CTIEKTPOB.
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OOmmiasi moC/IeoBaTe/TBHOCTh JTAllOB XeMOMETPHUEeCKOW ayTeHTH(UKarmd Ména — OT
(opMHpOBaHUsS aHATMTUUECKOTO CUTHAja W TpefoOpaboTKy [JaHHBIX [0 TOCTPOEHUs] MOJesH, eé
Ba/MJAlMY Y MPUHATHS KIacCU(UKALMOHHOTO pellleHus1 — Ipe/CcTaB/ieHa Ha pucyHke 1.

N 1

—\ [ aYa Py 4 w (
O6pasen AHasmTHYecKas Ipenobpaborka OTt6op MopnenupoBanue Banmunanus Pemmenne
ména

rma'r(l)opma JTAHHBIX TNPU3HAKOB u KJ'IaCCHq)l/IKalIﬂﬂ Moaeau

FTIR / NIR I
M M CrnaxuBaHue PCA = m
V\M Raman 1y PN - TToUTHHHBIH
4 Kpocc-Banunanus e
[/\_ Uv-vis \ Mll h - ’
M \ Hopmammsanmus » l PCA /HCA Train Test . f
Pryopecuentmst » » » e
E LDA i
IMP 5 '® Buemnyii HaGop Panbcudukanvis
L “*ie. SNV/MSC | SPA PLS-DA / SIMCA .
e

Nz N
[Ipoucxox/enue Ao L HPLC /LC-MS SVM / SVR A;Z":?"',RZ o008 " ’
Ceson l . D N . Random Forest ~‘
GC-MS [TponsBonubie CARS . TectupoBanue
O}g Mepebst pemenuii Ha HCSgBHCHMbIX SqTmgeaRe

Texnonorus MMPOUCXOXK/IEHHE

|
|

XpaHeHus ’ || 1 || ICP-MS / LIBS Vaanenwe Hetiponnsie cetn obpasuax

Puck . : BLI6pOCOB lpyrue AncambeBbie *=| oue

aJTbCUbMKALIHS F IIeKTPOHHBIH METOzBI METOZED =1 Ouenka
¥ iy A3bIK Y= | yeroitunsoctn T'eorpacuyeckas
—_ J\ J J _ I ) \__npunamnexocts )
t N 3

( XemMomeTpryecKuii aHaIu3 )

PucyHok 1. OcHO8Hble 3manbl XeMOMempu4ecKozo aHaau3a u daymeumugukayuu méoa

3.2. XemomempuuecKue a/120pummbl

MeTtog rnaBHbIX KoMrioHeHT (PCA) ocTaércst 6a30BbIM MHCTPYMEHTOM IEPBHUYHOU OLIEHKU
CTPYKTYPHbI JaHHbIX. OH mpeobpa3yeT NCXOAHbIE KOPPeIMPOBaHHbIe TiepeMeHHbIe B OPTOrOHAIbHbIe
I7IaBHbIe KOMITOHEHTBI, TOC/Ie[J0BaTebHO OOBSCHSIOIMEe MaKCUMa/lIbHYIO JOMI0 AUCrepcud. s
ména PCA mo3BossieT BHU3ya/lM3MpOBaTh KiaacTepbl OOTaHWUYECKUX THIOB, TeorpaduuecKux
PEervoHOB, YpPOBHeM (anbCupUKalMd U TeXHOJoruueckux Bo3feiicTBuid. OpHako PCA sBnseTcs
HEKOHTPOJIMPYeMbIM MeTOZOM: Ha/luduuve pasjie/leHdss Ha rpaduke scores He SIB/sSeTCs
JI0Ka3aTeIbCTBOM BBICOKOM K/1aCCU(PUKALIMOHHOM CTIOCOOHOCTH.

Wepapxuueckuii knactepHbiii aHanu3 (HCA) mone3eH Kak He3aBUCHMOe CPeICTBO MPOBEPKU
€CTeCTBEHHOT0 TPYTMIMPOBaHus. Pe3ysbraT 3aBUCUT OT MacIITabOMpOBaHUS MepeMeHHbIX, MeTPUKU
paccTosiHus M MeTofia 00beiHeHNs KacTepoB. B 3a/jauax ¢ mepeMeHHBIMU Pa3HbIX Pa3MepHOCTeH
autoscaling 06BIYHO TIpeATIOUTHTE/IbHEe, TOT/A KakK J|/Isl CIIeKTPalbHBIX JaHHBIX YacTO MCIOIb3YIOT
mean-centering rocJie CrieliiajbHOM CIIeKTpasbHON MpesodpaboTKy.

Partial Least Squares (PLS) mmpoko ucnosnb3yeTcs AJis KOJMUueCTBEHHOTO MPOrHO3UPOBaHUS
[0 TIpUMeCH, COJep)KaHWsl CaxapoB, BlarM W [Jpyrux IMokasarened. [lna Knaccupukanuu
npumensieTcst PLS-DA. B coBpemenHbix paborax o mény PLS-DA ycneurHo couetanacs ¢ HPLC-
UV, Raman, UV-Vis, d¢uyopecLeHTHBIMU UM MacC-CIIeKTPOMEeTPUYeCKUMU  OTIeyaTKaMu
[5,9, 13, 25, 32].

SIMCA u DD-SIMCA otHocsiTest K class-modeling mogxogaM. 3To 0COOEHHO BaXkKHO ISt
ayTeHTU(UKALMM: MPaKTUYeCKU BOMPOC YacTO COCTOMT He B TOM, K KakKOMYy H3 HeCKOIbKHX
M3BECTHBIX KJIAaCCOB OTHECTU oOpasel], a COOTBETCTBYeT JIM OH 3asBIEHHOMY Kijaccy BooOie. s
cpepu3eMHOMOpPCKUX MezoB DD-SIMCA 10Ka3aia BBICOKYHO TIPUTOAHOCTb /s OOTaHWYeCKOH
1 reorpaguryeckoi nposepku 1o UV—Vis fanHbiM [11].

Support Vector Machine (SVM) 5s@QeKkTviBeH INpPU C/I0KHBIX HeJIUHEWHBbIX TpaHULaxX
Y CpaBHUTE/NLHO HeOosbIuX BbIOOpKax. s KomvuecTBeHHBIX 3afau ucronbdyercsi SVR. Tlpu
UV-Vis omnpegenenun caxapo3Hoil ¢anbcudrkanun SVR obecrieurBam BBICOKYIO TOUYHOCTD
nporHo3a u mpeBocxogun PLSR B koHkpeTrHoM Habope ganHbix [31]. Random Forest ycroituns
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K HEeJIMHeHOCTH W B3aWMOJEWCTBUSM IepeMeHHbIX, AOMyCKaeT OLeHKY Ba)KHOCTH TIPU3HAKOB
u ycnemHo nipuMmensiicsi s FTIR, UV—Vis—-NIR, ICP-MS u LIBS npodwuneit [1, 6, 12, 18].
HelipoHHble ceTh W ryOOKoe OOydyeHHe CTAHOBSITCS aKTyajbHBIMH TIPH OOMBIIMX MacCHBaX
CTIeKTPOB WU TIpH 00beIMHEHWH HeCKOJbKUX aHaJUTUUeCKUX MOJA/TbHOCTeH; aHCaMOIMpoBaHue
1 meta-learning mokasasu BbICOKYHO YCTOMUMBOCTb NPU ayTeHTHUUKau Méza [24].

CpaBHUTe/bHAs XapaKTePUCTUKA OCHOBHBIX XeMOMETPHUUECKHUX MeTOZIOB, MX aHAUTHUeCKUX
3a7iay, TIPEUMYIIECTB U OTPaHUYEHUH TP UCC/IeloBaHUU Mézia 06001ieHa B Tabsurie 1.

Ta6nuya 1.
OcHoOBHBIe XeMOMeTpHUYeCKHe MEeTOABI /IS aHa/In3a Méja
Merop, 3ajgaua IIpeumyiecTrBa Orpanuuyenus

PCA Pa3BefouHbIf aHATN3 Knactepsl, BoIOpOCHI, CHU- | He moATBepK/1aeT Kiaccu-
>KeHHe Pa3MepHOCTH ¢dukarmro

PLS/PLS-DA Perpeccus/knaccudukarus KonnvHeapHsble faHHble Puck nepeobyuenus

SIMCA/DD- MogenvpoBaHye Kaacca ITopnvHHOCTS 3asB/ieHHO- | HyKHa perpe3eHTa-TUBHAas

SIMCA ro KJjiacca bubnuoTeka

SVM/SVR Knaccuduikanus/perpeccus HesmHelHbIe rpaHULIBI Hactpotika rumnepriapameT-

poB

Random Forest Knaccuduikarus/perpeccus YCTONUMBOCTD, BAXXHOCTL | JIricOanaHC K/1accoB
TIPU3HAKOB

ANN/CNN HenuHeliHoe MofieMpoBaHue Data fusion, cyiokHbIE Tpebyet Gosblile JAHHBIX
3aBUCUMOCTH

3.3. FTIR u NIR cnekmpockonus

WudpakpacHasi CHeKTPOCKOIHS SIB/ISIETCS OJHMM W3 Haubosiee aKTMBHO pPa3BUBAIOIIMXCS
HarpaBieHui ObicTpoil  ayTeHTH(duKaipm Mézna. ATR-FTIR mnpakthyecku He TpeOyer
npo0oIOATrOTOBKM U (OPMHPYeT WHTerpaibHbId OTIIEUaTOK, B KOTOPOM JOMHHHDYIOT KosieOaHUs
YIJIEBOZIOB, BOZBI, OPraHUYeCKUX KUCJIOT U MUHOPHBIX OpraHudyeckux KOMmroHeHTOB. NIR menee
criequdUUHa MO OTAENbHBIM I107I0CaM, HO yAoOHa i GBICTPOro HejeCTPYKTUBHOTO KOHTPOJIS
Y TIOPTaTUBHBIX M3MepeHuil. CoBpeMeHHble 0030pbI IMOKA3bIBAaIOT, YTO MMEHHO couyeTaHwe IR-
CIIeKTPOB C XeMOMeTpHell MpeBpalljaeT LIMPOKHe MepeKpbIBaroIyecs M0J0Ckl B UH(OPMaTHUBHBIN
K/1accubUKalMOHHbIN curHan [34,4].

B pabore 1m0 3KOHOMWYECKH MOTHUBHUPOBAHHOM (asbcudukaimu KiaeBepHoro méma FTIR
B COYeTaHWM C XeMOMETpHel I03BO/IM/IA OBICTPO BBISB/ATH J0OABKH PHCOBOTO U KyKypy3HOTO
CHUpOIIOB; coobIanack crieriuuIHOCTs 0Komo 96 % [1s MccaeJoBaHHBIX YPOBHel mpumMecu [22].
ATR-FTIR coBMeCTHO C aArOpUTMaMH MAIllMHHOTO OOyueHWs TIPUMEHSUIA U [T PacliO3HABaHUS
cMecell Méza, Korja MOHOGUIOPHBIM MPOAYKT (PaKTUYeCKH IpeCTaB/syl CMeCh HECKOJIBKUX COPTOB
[3].

Kputnueckn BakHa mpejBapuTenbHas 00paboTka crekTpoB. VCrosb3yroTcsi KOppeKLus
0a3oBoii nMMHMM, criiakuBaHue Savitzky—Golay, nepBasi u BTopas npousBogHbie, Standard Normal
Variate (SNV), Multiplicative Scatter Correction (MSC), HopManu3alusi ¥ mean-centering.
HenaBHee uccieoBaHue MOKa3aio, YTo BBIOOP preprocessing CyiieCTBeHHO MeHsieT pe3ybTar ML-
mogenei a1 mid-FTIR obHapyxenus ¢anscudukaipm [17]. [Jas pernoHasbHOM KiaacCupUKaLum
FTIR ocobenHo mpuBnekareseH Osarofapsi HU3KOM CTOMMOCTH OJHOTO u3MepeHwust: B 2025 1. ajist
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Cpef3eMHOMOPCKMX MeJOB TI0Ka3aHa Kaccuukauysi reorpaguueckoro M 0OoTaHMUYeCKOro
npoucxokaenus ¢ RF u DD-SIMCA, nipyuuém 1 60/bIIMHCTBA 3aJjad TOUHOCTD TipeBbimana 90 %
[12].

3.4. Raman, UV-Vis u ¢1yopecyenmHnas cnekmpockonusi

Raman-cnektpockonusi  gornosnHsgeT IR, MNOCKONMBKY UyBCTBUTe/JIbHA K WHBIM TUIaM
MOJIEKY/ISIDHBIX Ko/ie0aHUH M /I0MyCKaeT U3MepeHHe uepe3 Mpo3pauHylo yrakoBky. B 2024 r. FT-
Raman B couetanuu ¢ PLS-DA wucnonb3oBany A8 pa3iduyeHdsi 60TaHUUeCKOTO MPOUCXOXKIAEHUS
U roga cbopa; rocse mpefo6paboTKu ¥ 0TOOpa MepeMeHHBIX TIPaBUIBHOCTD TIPOrHO3a TPeBbIIIasa
97 % [9]. Raman-mnogxoj mnpuMmeHsics U JJisi OOHapy)KeHWsi CHUPOMHOM (anbcupuKaLu
c ucrionb3oBanueM PCA u perpeccroHHbIX Mogeneit [20].

B 2025 r. obbeauHenre IR- 1 Raman-mpu3HAaKoB C ajJrOpUTMaM{ MAIIMHHOTO OOy4eHUs
TMPOZIeMOHCTPUPOBAJIO IOTIOTHUTE/TLHYIO 1IeHHOCTh data fusion [10].

UV-Vis cnekTpockomnusi TpHUB/eKaTe/bHa [JOCTYIMHOCTbIO O00OPYJOBaHUS M  BBICOKOM
ckopocTbio. CrieKTpanbHble pa3/iuuusi CBA3aHbl C (DeHOJBHBIMU COEJUHEHUSIMH, TIPOAYKTaMHU
peakiui Maiisipa, TTUTMeHTaMd W APyruMdA xpomodopamu. [ cpeAr3eMHOMOPCKUX MeZIOB
muana3oH 220-550 um B couetanuu ¢ PCA, RF, PLS-DA u DD-SIMCA 103BoJisi/1 peliaThb 3ajauu
ripoucxoxkaenuss [11]. [Ons Opasunbckoro mnonvdnopHoro Méga UV-Vis u  xemMomeTpus
MIPUMEHS/TUCH K BBISB/IEHUIO 00ABKU IVIFOKO3HOTO cupomna [27]. B uccnegoBanuu 2023 . UV-Vis
B couetannd ¢ SVR u PLSR wcnosb30Bany st KOMMYeCTBEHHOTO TTPOTHO3MPOBAHUS Caxapo3bl;
SVR poctur R? okosmo 0,98 [31]. B pabore 2024 r. HelipoceTeBas o6pabotka UV-Vis maHHBIX
MO03BOJIsIa 0OHApy>KUBaTh (PaTbCUPHKALIUIO pa3TMUHBIMU CHPOTIAMU TMPH YPOBHAX Bhilie 10 %
[16].

®dnyopeciieHTHbIe excitation—emission matrices (EEM) pmaioT AByMepHbIA CIEKTpaJbHbIN
MacCWB, UYBCTBUTEJNbHBIM K apoMaTMUeCKUM aMUHOKHC/IOTaM, (eHOMbHBIM BelllecTBaM
Y TIpofiyKTaM TpeoOpa3oBanus caxapoB. EEM B couetannu ¢ SVM u PLS-DA ycreliiHo pa3ziesnsiiu
NoJ/IMHHLIE U (ambcuduipoBaHHbie 006pasiibl [32]. [TopratuBHas LED-dnyopecijeHTHas cuctema
B 2024 1. Oblna mpeAsioXkeHa st ObICTpoil ayTeHTU(UKaLUWu stingless bee honey, nemoHCTpupys
TeH/IeHLIUIO NTepeHoca XeMOMeTPUU 13 CTallMOHapHOM /1abopaTopuu K Mo/IeBOMY CKPUHUHTY [33].

3.5. Xpomamozpaguueckue u macc-cnekmpomempuueckue omneuamku

HeneneBoii xpomarorpaduueckuii fingerprinting ro3sossieT UCMOMb30BaTh He TOJIBLKO 3apaHee
M3BeCTHble MapKepbl, HO U Becb Tipoduib obpasua. HPLC-UV B coueranuu c PLS-DA
obecrieurBasi 100 % kmaccudukaluio Mcc/ieloBaHHOTO Habopa MéZa OTHOCUTETbHO Pa3/IMnyHbIX
caxapHbIX CUPOMNOB U I03BOJIS/I KOJTMUECTBEHHO OLleHHWBaTh NPUMeCh, HauWHasi pUMepHO ¢ 15 %
[13]. Taxoit mozgxof He TpebOyeT MOHON WeHTHU(hUKALIMK Ka)KI0T0 MHKa: [IJisi MO/IeJTi CyllleCTBeHHa
BOCIIPOM3BOZMMas CTPYKTypa BCero XxpoMarorpauueckoro oTreyarka.

LC-MS emé cuibHee yBenMuuMBaeT pasMepHOCTb M XUMMUECKYI0 HWH(OPMAaTHBHOCTD.
B 2025 r. 6bu1a npeasioxkeHa robust multiclass feature-selection crpaterus ajist HeniesieBoro LC-MS
aHasmmM3a OOTaHMUECKOTO TPOUCXOXK/eHUs], CreldaJbHO yUWThIBaloOIlas PUCK repeobyueHUs TIpU
ThICSIYaX TPU3HAKOB M OrpaHuueHHoOM uucsie obpasuoB [7]. B 2026 r. LC-LRMS fingerprints
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¥ Vvepapxuueckas IOC/Ief0BaTeJbHOCTh mnapHbix PLS-DA  Mopened mnpuMeHAIMCh /s
KJacCUpUKau MéEfa W3 JecAaTd CTpaH; [Jisi OOJIBIIMHCTBA CPaBHEHWM II0Oy4YeHbl BBICOKHE
YYBCTBUTETHLHOCTD U CHIELIUPUUHOCTE [25].

Jleryuuii mpodwuns, nonydeHHbii HS-SPME-GC-MS, copepXuT BakHble OOTaHWYeCKUe
Mapkepsbl. [ MoHOo(nopHbIX MefoB Kasaxcrana GC—MS coBMeCTHO ¢ xeMoMeTpueli 103BoJna
BBIJIE/TUTL 001[Me U quddepeHIMpYIOIIe apoMaThiyeckre CoeJUHeHus], YT0 0COOEHHO WHTePeCHO
ans LlentpansHoii Asuu [28]. BoicTpeiii razoxpomarorpaduueckuid fingerprinting ¢ ML Taxoke
WCTIO/b30BasIcs AJisi 00HapyXeHus danbcudukaryu [30].

7. SlnepHbld MarHUTHBIM pe3oHaHC (SIMP), macc-cnekTpomeTpysi ¢ MHAYKTUBHO CBSI3aHHOU
riaamor (ICP—MS) 1 nazepHO-MHAyLIMPOBaHHAas SMUCCUOHHas criekTpockomnus (LIBS)

AMP coueTtaeT BOCIIPOM3BOAUMOCTb, KOJMYECTBEHHOCTb U BO3MOKHOCTb HeL|eIeBOro
npobuivpoBanus. AHamu3 424 o0pa3lioB KaHAZICKOTO Ména MeTOJOM KosindyecTBeHHoro SMP
¢ PCA, PLS-DA u SIMCA mioka3as BO3MO>KHOCTb OT/ieJIeHUs] KaHaJICKUX 00pas3IioB OT 3apy0eXKHbIX
Y BBISIBU/I TIOTEHLMA/IbHbIe [UCKPUMUHUPYIOIe MeTabOUThI, BK/TFOUasi TPUTOHE/TUH U TIPOJTUH
[5]. ITosiBnenue benchtop NMR cHmwkaeT nHGPaCTPYKTYPHBI Oapbep; KOMIIaKTHbIe TIPHOOPHI yiKe
KOMOWHMPYIOTCSI C XeMOMeTPHeld /i1l CKpUHUHTA C/IO’KHBIX TIPOAYKTOB Ha 0CHOBe Méza [29].

MuHepanbHbli TPOQUIL TECHO CBs3aH C TIOYBOM, TeosioTHel, TMbLIeBbIM a3p030/ieM
YU pacTUTe/IbHbIM MCTOYHUKOM HekTapa. [na Ména u3 Menpocel B 2025 I ompegensid 26
snieMeHTOB MetozioM ICP-MS u npumensiii fepeBbsi pewenud, RF u C5.0; npoucxoxzeHve
yZlaBasioCh MPOTHO3UPOBATH C MCII0/Ib30BaHHEM OrPaHMUYEHHOTO Habopa Harbosiee MH(OPMATUBHBIX
3/1eMeHTOB [6].

LIBS mnpepnaraetr ObICTpbId 3/eMeHTHbIM fingerprint 6e3 C/0)KHOM MPOOOMIOATOTOBKH.
B 2025 r. LIBS u MammHHOe oOydyeHue MpUMeHeHbI /il KIacCU(UKali BOCBMU OOTaHHUEeCKUX
THUIIOB I'peueckoro ména, mpu 3toM RF ucmonb3oBamu U Jjisi omnpesiesieHUsi Havbosee 3HAYMMBIX
CTIeKTpasbHBIX Tpu3HakoB [18]. B Oosee mmpokom kKoHTekcTe LIBS paccmarpuBaercsi Kak

MEepPCTeKTHBHAs TEXHOJIOTUsI ayTeHTU(MUKALMU IHUIEBBIX TPOAYKTOB, OCOOEHHO IPU COUeTaHUM
c ML [26].

3.6. D1eKmpoxumuuecKue omneuamxu u 3/1eKMPOHHbIU SA3bIK

ONeKTPOXMMUYEeCKUN aHaau3 UHTepeceH TeM, UTO MEJ  COAEepXUT MHOKEeCTBO
3/IEKTPOAKTUBHBIX COeIMHEHU — (eHOobHbIe KUC/IOThI, (JIaBOHOWU[bI, TPOAYKThl OKUC/IEeHHs
YW [Jpyrve BOCCTaHOBUTENU. BonbramMrepoMeTpuuecKuid >S/€KTPOHHBIA $3bIK He CTPEMUTCA
CeJIeKTUBHO OIpeJie/IuTh KaXk/0e BelllecTBO. BMecTo 3TOro MaccuB 371eKTpofioB (opMHUpyeT
MHOTOMepHbIN 371eKTpoxuMuueckuid fingerprint, kotopsiit 3atem aHanusupyercsi PCA, LDA, SVM,
PLS wmu apyrumMu asropuTMamu.

BosibTaMIiepoMeTprueCKUi 37eKTPOHHBINA sI3bIK Obl coroctaeied ¢ 1H NMR npu orjeHke
danbcudukaiuu  MOHOGMIOPHBIX ~ MefoB  cuporiamu;  PLS-mogenu  obeux — muiatdopm
JIeMOHCTPUPOBA/IM CPEJIHIOID OIMOKY MeHee 5 % B YC/OBUSIX JIaHHOTO 3KCriepuMeHTa [23].
VccnemoBaHns MHOI03/1€KTPOHBIX BOJIbTAMIIEPOMETPUYECKUX JaHHbBIX TakKe I0Ka3a/Iu BBICOKYIO
K/IaCCUPUKALMOHHYI0 criocobHocte SVM [8]. [Ins pervoHanbHBIX JlabopaTopuid 37eKTPOHHBINA
SI3bIK TIPEZICTaB/IsieT OCOOBI WMHTepec: TIOTEHLMOCTaT M Habop CepuiiHBIX WM Screen-printed
371eKTpOoZ0B cylecTBeHHO JeleBnie LC-HRMS u AMP.
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OpHako [yt peanbHOM ayTeHTUHUKAIMU HeoOXoAMMO 00eCreunTb MeXK3JIeKTPOJHYIO

BOCITPOM3BOAUMOCTb, KOHTpo/MpoBaTh fouling, cTaHzapTu3oBaTh BpeMsi KOHTAKTa, TeMIlepaTypy,

pa3baBnenve, pH u mpoleaypy pereHeparyu. IlepcrieKTMBHa KOMOWHAIUS 37€KTPOXUMUYECKOTO

fingerprint c UV-Vis umu FTIR ganHbiMU 1 Tiocienytomuii low-level 6o mid-level data fusion.

TakuM 00pa3oM, COBpPeMeHHbIe METO/bI ayTeHTU(hHUKAIMA MEa OXBAaThIBAIOT ITUPOKHUM

CTeKTp aHaJIMTUUeCKUX I1aTdopm,
XpoMaTtorpaguueckue,

37IeMEeHTHBIE,

MeTabo/IOMHBIE ¥ 3MeKTPOXMMUYecKue Tpoduy;

(dhopMUpYIOIIMX  B3aMMO/IOTIOHSIONINE — CIIeKTpasbHbIe,

nx

B3alMOCB$I3b C XeMOMeTpHUeCKoi 00paboTKOM cXxeMaTHueCcKH IpeficTaB/ieHa Ha pUC. 2.

FTIR / NIR
CrneKTpbl MOTJIOLIEeHHUsT ~\
(MoneKyIsIpHbie Raman
(" Kosie6aHust) CriexTpbl
XemomeTpuyeckue KOMOMHALMOHHOTO
MeETO/bl paccesins )
PCA, HCA, LDA,
PLS-DA, SIMCA,
SVM, Random Forest, UV-Vis/
\ ANN u jip. ®nyopecueHuus

(- N
INeKTPOHHDIIA A3bIK
BonbTammepHble
OTKJIIKH
(HTerpasbHbli

S ",A
XeMomeTpHuyecKas
ayTeHTU(UKALUSL

-

(iyopecLieHTHble
npopuim

J1eKTPOHHbIE Mepexofibl,

HPLC /LC-MS )

XUMUYECKBIif OTMEeYaToK) Ména
C / GC-MS
Xpomatorpammel,
Macc-CreKTpbl
ICP-MS / LIBS SIMP (MeTabo/10MKKa,
My ibTU3/IeMEHTHbI JieTyumne KOMl'lOHeHTbl))
COCTaB H, 3C cnekTpbl
(MMHepasbHbIi TPoguib) (meraGonnyeckuit
npodub)

PucyHnok 2. CoepemeHHble aHaaumuyeckue naamgopmbl U munbl 0GHHbIX, UCNO/b3yeMble 0/15
XemomMempuueckoli aymeumucgukayuu méoa

OCHOBHBIE

THUIIbI  JdHHBIX,

o0slacT  TIpUMeHeHHUs

PaCCMOTPEHHBIX dHa/IMTUUECKHUX HJIaT(i)OpM CUCTEMATHU3HMPOBAHEI B Tabs. 2.

N TMpakKTU4YeCKue

0CO0eHHOCTH

Tabauya 2.

AHa/MTHYEeCKHE l'lJ'laTq)oprI 1 UX POJIb B XeMOMETPpHUYE€CKOM dHa/IU3€e Mé/ﬁ[a

IInardopma Tun gaHHbIX OcHoOBHOe IpHIMeHe- IIpakTHueckas oco-
HHUe 0eHHOCTH
UV-Vis CrnekrpasbHbli fingerprint Cuporbl, mpoucxoxje- | [démieBo u 6p1cTpo
HUe
FTIR/NIR Bubpatmonnsiii fingerprint danbcudukaius, copt, | MuHumasbHasi mpobo-
TIPOUCXOXKJeHHe MOJTrOTOBKA
Raman Bubpauuonnsiii fingerprint Copr, rozi, CUpoIbl KomrmiementapeH IR

EEM fluorescence

2D criekTpel

AytenTudukanus

BbIicoKast pasMepHOCTb

HPLC/LC-MS Xpomarorpaduueckuii/molecular fin- | ®anpcudukarus, map- | Beicokas XuMudeckast
gerprint Kepbl nH(GOPMATUBHOCTh
GC-MS JleTyuue coepHeHuUs Boranuueckoe npoucxo- | Apomaruueckue Mapke-
KAeHue pbI
NMR MertabosomHbii fingerprint [Tpoucxoxxgenue, nos- PedepeHCHBIN MeTOZ

JIMHHOCTb
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IInardopma Tun gaHHbBIX OcHOBHOe IpHMeHe-

HHe

IIpakTHueckas oco-
0eHHOCTB

ICP-MS/LIBS JneMeHTHBIH TIPOhUIIb Teorpaduueckoe npouc- | CBsA3b C reOXUMHUen

XOXK/leHHe

OneKTPOHHBIN 36K | Bobramriepomerpuueckutii fingerprint | Ckpunumr, data fusion IMopTaruBHOCTB

[yt corocTaB/ieHUs] COBPEMEHHOTO COCTOSIHUSI JAHHOTO HarpaB/ieHusi B Tab/. 3 0000IIeHsI

HauOoslee TMOKa3arenbHBle uccaenoBanus 2023-2026 rr.,

pas/inMyaromiyecsda aHa/JIuTh4de CKOM

n1atopMol, HCIOAb3yeMbIMU XeMOMETPUUeCKUMM aJrOpuTMamMu U pelllaeMod  3afadeid
ayTeHTU(PUKALIUU
Ta6auya 3.
CoBpeMeHHbIe HCC/Ie/J0BaHNs 110 XeMOMeTpHYeCcKoH ayTeHTH(pUKanuu Mméaa (2023-2026 rr.)
Top O0BeKT / 3aaua AnanuTnye- Xemomerpus / ML OcHoOBHO}1 pe- CcpuiKa
ckas mardgop- 3y/JIbTaT
Ma
2023 | AyTeHTH(UKALMS U BBISBIEHHE EEM fluores- PLS-DA, SVM Pa3nenenuve moa- | [8]
tdanbcudukanyn cence JIMHHBIX U (ab-
CU(UIMPOBaHHbBIX
obpasroB
2023 | [IporHo3upoBaHUe (hanbCUPpHKa- UV-Vis SVR, PLSR SVR: R2% 0,98 [12]
LUK
2023 | CuponHas danscudukanus FTIR Chemometrics BoICTpBIN CKpH- [19]
HUHT PUCOBOT0O/
KYKYpY3HOTO
cvpona
2023 | Cmecu pasnuy4HBIX TUIIOB Ména ATR-FTIR ML HuckpumyHauus | [20]
cMmecel T Criek-
TpasbHEIM finger-
prints
2024 | ®anbcudurKalys caxapHbIMU HPLC-UV PLS-DA 100% xnaccudu- | [6]
cUponamu KaLs ucciiesio-
BaHHOTO Habopa;
KO/I4yeCTBeHHast
OlL|eHKa IIPUMeCcH
2024 | boraHuueckoe MpOUCXOXKAeHHe FT-Raman PLS-DA [IpaBunbHOCTH [7]
U rog, coopa rporxHosa >97%
2024 | T'eorpaduueckoe/60TaHUYECKOE UV-Vis PCA, RF, PLS-DA, DD- | YcriemmHoe moge- | [11]
MPOUCXOXKJeHre SIMCA JIMpOBaHUe Npo-
HCXOXKIEHUS cpe-
J3eMHOMOPCKHX
MeZioB
2024 | ['IIOKO3HBIN CHpOTT UV-Vis Chemometrics Brisienenue dane- | [24]
cuurKalyy nonu-
tnopHoro mMéza
2024 | PasnuuHble CUPOIBI UV-Vis Neural-network/chemo- | O6HapyskeHHe [25]
metric analysis (hanbcudukamm
TIpY YPOBHSIX
>10%
2025 | T'eorpaduueckoe/60TaHUUECKOE FTIR RF, DD-SIMCA Ins 6onpiimHcTBa | [13]
TIPOUCXOXKIEHHE 3a/1a4 TOYHOCTh
>90%
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Top O0BeKT / 3agaua AHanuTnye- Xemomerpusi / ML OcHOBHO¥ pe- CchuiKa
ckas iardgop- 3y/JIbTaT
Ma
2025 | PernonamnbHas Knaccuukarus ICP-MS Decision trees, RF, C5.0 | Beigenensl [14]

vH(OpMaTUBHbIE
3JIEMEeHTBI JIIst
TIPOUCXOKAEHUST

2025 | BoraHUYeCKOe MPOUCXOKAEHHEe LIBS RF Krnaccudukaryst [16]
BOCBMHU OOTaHK-
YeCKUX TUIIOB

2025 | boraHnueckoe NpoUCXOXAeHVe LC-MS Multiclass feature selec- | Ycroiuusbiit [27]
tion 0TOOp TIPH3HAKOB
TIpY BBICOKOM pas-
MEPHOCTHU

2026 | I'eorpaduueckoe npoucxoxgexue, | LC-LRMS Hierarchical PLS-DA Beicokue sensitiv- | [9]
10 cTpan ity u specificity
JUTst OOJIBIIMHCTBA
CpaBHeHUI

3.7. IIpedoGpabomka, omo6op npu3HaKoe u eaaudayusi

[lpenobpaboTka sBAS€TCS YacTbIO MOZENM U [JO/DKHA (DUKCHPOBAThCS [0 BHELIHEeH
Ba/MAaLuun. [I7i CIIeKTPOB THITMYHBI KOPPeKUusi 0a30BOW JIMHWM, CIVIa)KMBaHWeE, TPOWU3BOJHBIE,
SNV/MSC u uentpupoBaHue. s xpomarorpaduuecKiux AaHHBIX A00aB/SIOTCS BhIPABHUBAHHE
BpPeMeHU yZep)KUBAaHUs, HOpMau3alusi MHTeHCUBHOCTU U o0pabotka mpomyckoB. dasi ICP-MS
HeoOXOAMMO YUMTHIBaTb 3HAUeHUs! HIDKe Tpefiesia KOJIMUeCTBeHHOTO OTpeiesieHrsI U BO3MOJKHbIE
batch-3¢ddekTs.

Ot6op TpM3HAKOB YMeEHbIIaeT IIyM W TIOBBIIIA€T WHTEPIIPeTHPYEMOCTb, HO TIpU
HerpaBUIbHOW OpraHW3alyi CO37aéT yTeuky uHGopmaruu. JIroboii supervised feature selection
JO/DKeH BBITIOJTHATHCS TOJIBKO BHYTPH oOyuaroreii BeIOOpDKM mmy BHYTpuU Kaxzoro fold kpocc-
Banmzanun. Mcronp3oBaHue Bcero Habopa, BK/IOYast Oyayiuii test set, st BbIOOpa AJIMH BOJTH WM
MeTabo/MTOB TIPUBOAUT K ONTHMUCTUYHOM OLleHKe TOYHOCTH. COBpeMeHHbIe MEeTOJbl BK/TIOUAIOT
VIP scores PLS, recursive feature elimination, genetic algorithms, permutation importance RF,
SHAP-ouenku u sparse-mofenu. [ns IR-aHanmmsa c¢anbcrdukaluy mnpeAiokeH reHeTHYeCKUM
anroput™M oTOOpa CreKTpajbHBIX Tpu3HakoB [21], a ang LC-MS — crnernuanm3upoBaHHast
npoLieAlypa ycroiurBoro oroopa [7].

Bricokasi accuracy cama mo cebe He [oOKa3bIBaeT TPUTOAHOCTb Meroga. [lyisi GuHapHOM
K/accuduKaluu ciiefyeT MPUBOAUTH sensitivity, specificity, precision, recall, F1-score, ROC-AUC
u confusion matrix. s HecOasaHCMPOBAaHHBIX K/IacCOB accuracy ocobeHHO omacHa. [ms
KO/TMUeCTBeHHbIX Mojeneli Heobxomumbl R2, RMSEC/RMSECV/RMSEP, MAE, bias u, mpu
BO3MOYXKHOCTH, RPD.

MuHuManbHO Tpuem/eMas CxeMa BK/IOYaeT He3aBUCHMBIM test set, KOTOpBIA He
WCTIONB3YeTCs HU 71 BbibOpa preprocessing, HUA fyisi 0TOOpa NMPHU3HAKOB, HU [Jii HACTPOUKH
rurnepriapametpoB. [Ipu HebGosbiioM n ripeAnouTuTesbHa nested cross-validation. Ecsin obpasupr
cobOpaHbl B pa3Hble rofbl, Hawbosiee yOemuTe/nbHON TPOBEPKOM sBnsiercs temporal external
validation: Mozie/1b CTPOMTCS Ha OFZHOM W/IM HECKOIBKUX Ce30Hax M MPOBepsieTCs Ha CJle/lyoILeM.
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C yuéToM pacCMOTPEHHBIX HWCTOUHUKOB OCHOBHBIE MeTOZ0/IOTUYecKHe TpeboBaHus

K (OPMUPOBaHUIO BLIOOPKH, TIpefoOpaboTKe [JaHHBIX, MMOCTPOEHHI0 U OOBLEKTMBHOM BalIufalud

XeMOMEeTPUUYECKUX MOJIe/iel CyMMHPOBaHbI B Tab/1. 4

Ta6nuya 4.

PekomeHiyeMble TPe0OBaHUs K MOCTPOEHHIO H BA/I/JalIMM XeMOMETPHUYECKHX Mo/ieei
ayreHTuduKaum Ména

Jrtan PexomeHyeMblil MOAX0/ Yro cieayeT UCK/I0- |  OCHOBHOM KpUTepUH
YUTh
dopmMupoBaHue HeszaBucumele naptuy, naceku, peruonel | Mcnonp3oBaHue Tex- | Penpe3eHTaTvBHOCTB
BBIOOPKH Y Ce30HBI HUYeCKUX MOBTOPHO-

CTeH Kak He3aBUCH-
MbIX 06pa3sLoB

Train/test split

Pa3pesieHne Ha ypOBHe MCXOHbIX 00pas-
L{OB/IIapTUH

ITomazanye ofgHOTO
obpa3siia oJHOBpeMeH-
HO B train u test

He3aBrcumocTs test set

IpenobpaboTka

Bribupats preprocessing ToJbKO BHyTpU
CVv

OnTtumu3sanus mo
BceMy dataset

OtcyrcrBue data leakage

OT60p NpU3HAKOB

VIP, RFE, GA, permutation importance,
sparse methods

Feature selection g0
pasfeneHus train/test

CTabubHOCTB MpH3Ha-
KOB

Cross-validation

Stratified/grouped CV

CrnyualiHoe CMellI1Ba-
HUE 3aBUCUMbIX
06pasiioB

Cpepnss MeTpuka = SD

HacTpoiika Mozenu

Nested cross-validation

[Mop6op runepmapa-
MeTPOB TIIO test set

Unbiased performance

Knaccudukaryst Independent external test TonbKo accuracy Sensitivity, specificity,
precision, F1, ROC-AUC
Perpeccus He3aBucumeiii prediction set Tonbko R? kanmubpos- | R2, RMSEP, MAE, bias,

K1

RPD

IIpoBepka ycroii-
YHUBOCTU

Permutation testing

WHTepripeTalus ciiy-
YaiiHOTO pasziesieHust
KaK 3aKOHOMEpPHOCTH

p-value / pacnipenienieHue
cnyJaiHbIX Mofeneit

BHewuHss1 Banuza-
LISt

Jpyrue naptuy, naceku, Ce30Hbl/peruoHbl

TonbKO BHYTPEHHSS
Ccv

External predictive per-
formance

Temporal valida-
tion

OOyueHue Ha TpebIAYIUX Ce30HaX —
CTIeyIOIINiA Ce30H

CMellIrBaHue BCexX
JIeT

YcToMUMBOCTE BO BpeMe-
HH

ITepeHocumocTb

MexxnpubopHasi/mMexsiabopaTopHasi Ipo-
BepKa

OpvH npubop ¥ ofHa
naboparopust

Robustness / calibration
transfer

3.8. IIpakmuueckas cxema uccaedoeaHus Méoa Y3bekucmaua

Hns ména Y30ekucTaHa Iiesiecoo0OpasHO CO3/aBaTb He eJVMHUYHYI0 K/IaCCH(PHUKALMOHHYIO

MO/IeJTb,

a MHOTOYPOBHEByIO pedepeHCHY0 OubmoTeky. OOpasiibl

JODKHBI  COOMpaThCs

HeIoCpe/ICTBEHHO Yy TIaCeYHWKOB C JIOKYMEHTHPOBaHWEM pailiOoHa, BBICOTHI, JAaThl OTOOpa,
JOMHHHUDYIOIed pacTUTEebHOCTH W TEXHOJIOTHUeCKOM 00paboTku. /It KaKAOTo 3asiBIEHHOTO
OOTaHMUEeCKOTO THUIIA JKe/aTelbHO TOATBEp)KIeHHe MesrccornaniHonorueid. Ocobyro IJeHHOCTh

MOTYT TIpeJCTaBlIsATh  XJIOMKOBBIM, TOPHBIM pa3HOTPaBHBIM, akKalMeBblM, JIFOL|ePHOBBIU,

TI0J|COJTHEUHUKOBBIN U JIpyTye perMOHa/lbHO XapaKTepHbIe TUIIbI.
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OnTvManbHbIE MUHUMAJIbHBIA AHATUTUYECKUH HAab0Op MOXKeT BK/IIOUaTh CTaH/apTHBIE
¢bu3mko-xumuyeckre mnokaszarenu, UV—Vis, ATR-FTIR, BosnsTamnepomerpuyeckuii fingerprint Ha
screen-printed 3mekTpoaax v 3neMeHTHbIN nipoduis ICP-OES/ICP-MS a1st mogHabopa 06pasiios.
Takass apXyUTeKTypa MO3BOJISIeT MOCTPOUTH JEIIEBbI CKPUHUHIOBBIM YPOBEHb U OJHOBPEMEHHO
TOJTyUYHTh BEICOKOUH(OPMATUBHBIN pedepeHCHBIN YPOBEHb.

Ha PaCCMOTpPEHHBIX TIOAXOJOB [l YCJIOBUM  Y30eKWCTaHa TIpe/jiaraeTcs
MHOTOYpOBHEeBasi CUCTeMa,

OCHOBe
c Oomnee
vH(MOpMaTUBHBIM pedepeHCHbIM YpOBHEM U TOC/e[yolleil XeMOMeTpUUecKol WHTerparuei
JlaHHBIX (puc. 3)

00beMHSIONIAS.  OCTYITHbIE CKPUHWHIOBBIE METO[bl

Y 1\ G B /= Y3 =\
OT60p 06pasnoB AHa/IMTHYECKHIi YPOBEHb Xemomerprdeckuii anamm3 (| Knacendxams u npenckasanve || - Pecpepencbiii yposers || FHTerpauust faHHbIx
\ (CKpHHHHT) ) ¥ IPHHSTHE PEMIeHus
(M 6 7 A) @ Axaiesbiii A ‘\\ O A
F&\ i ¢ ' e :-.'A‘ m Coermorpemii || ., A; A\\././/0 =
e . . - o W S A A Topusit 40 A Aaa xlo @
; » mie B0 »- = . L4 |
’/j = 8 % < XuorKoBbiii 5 3 A -\<> ~ g
ITacexu pasHBIX PETHOHOB : M | Rk ®a = L] o o Data fusi
Sl UV-Vis  ATR-FTIR exrponrieciad || oo Lo ¢ 0 ICP-OES / ICP-MS )
SI3BIK s (JIEMEHTHBDII COCTaB)

LlenTpansHolt A3uu

+ Boranuyeckas

1
P

L &/ - 0 3 [3 TpuszHax 1

@ JIOKyMEHTHPOBAHHbIH
otbop

@ T'eorpaduyeckoe
KOODIMHATBI

@ BoTaHU4eCKOe MPOUCXOXK/ICHHE

~
BrIcTpbIii, Hepa3pyIIaronIHit
MyJIbTUNIAPAMETPUYECKHI aHAIU3

PC 1 (48%)

PCA, HCA
(pa3BeqOYHBII aHATU3)

DD-SIMCA, PLS-DA,
SVM, Random Forest
(x1accuVKAIMOHHEIE MOJIEIH)

@ TloaTepxieHye peroxa
@ Boisrenye aHoMamiit
@ VHTerpamus JaHHBIX

ayTeHTH(UKALWS
+/ Teorpaduyeckas
TIPUHAVIEXHOCTD

«/ Boiitete damciguanm

« Denionanstias 6aza TaHHBX

@ VcroBUs XpaHEHHST
N\ AN AN . J\L J\ J

PucyHok 3. IIpednazaemasi MHO20ypo8Heeasi cucmema ucc/1e008aHusi U aymeHmugukayuu méoa
Y36ekucmana u IJenmpasabHoti A3uu

XemomeTpuuecKuii KoHBeliep 00paboTKu fgaHHBIX (chemometric pipeline) pekomeHayercs

CTPOWTH CIeAYIOMM 00pa3oM: KOHTPOJIb KaueCTBa JJaHHBIX, BbIsB/IeHHe U 000CHOBaHHAsI OLIEHKa

aHOMa/bHBIX 00pa3noB (outliers); OTAe/NbHBIM aHaAM3 METOAOM IVIaBHBIX KoMmrioHeHT (PCA,

Principal Component KaXkJ]0r0 rpoLesyp

ripeZiBapuTe/IbHON 00pabOTKM IaHHBIX (preprocessing) TOMBKO B paMKax IMepPeKPECTHOM BauJariuu

Analysis) ans O70Ka [IaHHBIX; CpaBHEHHE
(cross-validation); mocTpoeHWe Mojenel MeTOAOM JUCKPUMMMHAHTHOTO aHa/rM3a Ha OCHOBe
YyaCTUUHBIX HauMeHblIMX KBagparoB (PLS-DA, Partial Least Squares Discriminant Analysis),
MO/Ie/IMPOBAHMS aHAJIOTUM K/1acCOB Ha oCcHoBe pacctosiHusi Ao mogenu (DD-SIMCA, Data-Driven
Soft Independent Modeling of Class Analogy), meTozom ornopHbix BekTopoB (SVM, Support Vector
Machine) u cnyuaitHoro sneca (RF, Random Forest); olleHka cOasiaHCMPOBAaHHOW TOUHOCTH
(balanced accuracy), uyBCTBUTE/NIBHOCTH (Sensitivity), cnenuduunoctu (specificity) u F1-mepsi (F1-
score); MpoBeJieHHe TepecTaHOBOYHOrO TecTa (permutation test); TpoBepKa MoJeny Ha BHeIIHel
TecToBOM BBIOOpKe (external test set), cchopMHpOBaHHOM M3 00pa3llOB HE3aBHCHUMBIX I1ACeK;
obbenrHenue fnaHHBIX (data fusion) crieKTpasbHBIX M 37IEKTPOXMMUYECKUX OJIOKOB; XUMHUeCKast
WHTeprpeTarys Haubosiee HGOOPMATUBHBIX TPU3HAKOB.

s KonuuecTBeHHOW Mopenu danbcuduKaluu ciaefyeT FOTOBUTb CMeCH TOAJIMHHOTO Ména
C HeCKOJTbKUMHM THUTIaMH CUPOTIOB, Haripumep 1, 2.5, 5, 10, 20, 30 u 40 % (m/m), Tpu4éM TeCTOBbIe
Cepyu >KeylaTe/lbHO TOTOBUThH U3 WHBIX TApTHM MENa W CUpOMa, ueM olyuaromye. DTO TIO3BOJUAT

orpe/ie/IUThL He TOJbKO CTAaTHCTUUECKYH) TOYHOCTb, HO U peanbHbli practical detection level.
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BakHpiM pa3ButueM OyzeT MofenvMpoBaHue HensBecTHoro adulterant: mMozenb [JO/DKHa YMeTb
OTK/IOHUTH 00Opasel] Kak «He COOTBETCTBYIOLIMNA TIOAJMHHOMY K/IacCy», AaKe eC/Td KOHKPEeTHBIN
CHPOIT OTCYTCTBOBAJI B 00yUeHHH.

OtnenbHas epcrieKTHBHas 3afilaua — reorpaduyeckast KjacCupukanus AoiuHbl 3apadiinaHa
U COCeJHUX DErvoHOB. 37IeCb MO)KHO OXKWZAATh BKJIAJ MUHepasbHOro Tpodus, ocobeHHOCTe
pacTUTeNbHOCTH W (QeHonbHOrO  coctaBa. OfHAKO  [[0Ka3aTelbCTBO — reorpaguuecKoi
criequpUUHOCTUA TIOTpeOyeT MHOTOJIeTHEro 0TOOpa M He3aBHCHMMOW TPOBEPKH, WHadye Ce30HHBIN
3¢ dekT MoxKeT OBITH OMMOOUHO MHTEPIIPETUPOBAH KaK pPeruoHaIbHbIH.

3.9. Tenoenyuu 2025-2026 22

CoBpeMeHHasi XeMOMeTpUsi MéJa CMellaeTcsi OT MOJeNU «OAWH Tpubop — OAUH
K/1accudukaTop» K OObeAMHEHWIO KOMIUIEMEHTapHbIX aAaHHbIX. Low-level fusion o6beguHsieT
UCXOJHble TIPU3HAKKW HeCcKONbKHMX riatdopM; mid-level fusion — oToOpaHHBIE TPU3HAKU WM
scores; high-level fusion — pettienus otaensHbIX Mopeseit. s Hebosbimx BeIOOpOK mid-level
TIOZIX0/] YaCTO Haubosiee palMoHaIeH, TTIOCKOIbKY OTPaHUUMBAET Pa3MepPHOCTb.

Bropasi TeHaeHLMsT — Tiepexo/, OT TPAAULIMOHHBIX JIMHEWHBIX MeTO/0B K HeTMHEeHHBbIM
u aHcambneBbiM anroputMaM. RF, SVM, XGBoost, HelipoHHbIe ceTH U meta-learning crocoOHsI
JlaBaTh OUeHb BLICOKHE TIOKa3aTe/u, HO 0e3 He3aBUCHUMBIX TTAapTUl TaKasi TOUHOCTh MOXKET OTPaXkaTh
0cobeHHOCTH Habopa JJaHHBIX, @ He YHUBEPCaIbHYI0 3aKOHOMEPHOCTH [1,24,17,15].

Tpetbsi TeHfeHiusi — mnopratuBHOCTb. NIR, UV-Vis, fluorescence, Raman, LIBS
1 371eKTPOXMMHUYeCKHe CeHCOPbI TIOCTeNeHHO TepexoJsaT B KOMIMAKTHbIM ¢opmar. B mepcrnekTvBe
nabopatopHasi pedpepeHCHasi MO/Ie/Tb MOXKET HCII0/Ib30BaThCsl AJIs1 KaTMOPOBKH /IEIIEBBIX TTOJIEBBIX
ycrpoiict. KitoueBoii nmpobiemoii craHoButcs calibration transfer mexay npubopamu, mapTUsSMH
CEeHCOpOB U 1ab0paTOPUSMH.

Hakoner1, ¢hopMUpyeTcsi KOHLIEMLUSI MOJIEKY/ISIPHONM WMIEHTHUHOCTH MéEna, 00beauHSroIas
MeTab0/IOMUKY, CIEKTPOCKOIHIO, 3/1eMeHTHbIM aHamu3, [THK-mogxoael u Al [Ins peanbHOTo
BHe/[peHUs] HeoOXOJUMbI TapMOHW3UPOBaHHbIE TIPOTOKOJBI O0TOOpa, OTKPBIThIe pedepeHCHbIe
OubmMoTeku U MexkabopaTtopHasi mpoBepka [19,2].

3ak/IIoueHue

XeMoMeTpusi ~ TpeBpaTwiacb U3  BCIIOMOrare/bHOM  CTaTUCTUUECKOW  MpOoLieyphbl
B IIeHTPaJbHBIA KOMITOHEHT COBPEMEHHOW ayTeHTH(UKaumyd Ména. Haubonee ybemurenbHbIe
pe3y/ibTaThl JOCTUTAIOTCS TOTZA, KOTZAA aHa/JMTHUecKass TulaTopMa TeHepupyeT Oorarbiid
¥ BOCTIpOM3BOAMMBIN fingerprint, a Maremarnyeckas oOpaboTKa CTPOUTCS C YUETOM CTPYKTYpPbI
BLIOOPKH, pHCKa repeoOyueHust 1 HeOOXOJUMOCTH BHEIITHel Bau/Jalvu.

FTIR/NIR, Raman, UV-Vis u ¢nyopeciieHTHasi CIIeKTPOCKOMHs Haubosiee MepCrieKTUBHBI
st OeicTporo pytuHHOrO cKpunuHra; HPLC/LC-MS, GC-MS, SAMP u ICP-MS — gns
MOCTPOeHHUs1 pedepeHCHbIX OHOIMOTEK M MOMCKAa XUMHUeCKUX MapkepoB; LIBS u 371eKTpoHHbIe
S3bIKM — [/l pa3sBUTHA MOPTAaTWBHBIX cucTteM. PCA mose3Ha [/ pa3BeJjOYHOTO aHaau3a, HO
OKOHYaTe/lbHasi ayTeHTU(UKaLUs [0/KHA OMMPaThbCs Ha BaJWupOBaHHbIe supervised wumu class-
modeling anropuTMBbI.
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Hnsi LenTpanbHOM A3um Hanbosiee aKTyajqbHO CO3/laHHME COOCTBEHHBIX MHOTOJIeTHUX 0a3
JAHHBIX, TIOCKOJIbKY MO/Ie/IM, TIOCTPOeHHbIe Ha eBPOIMEeNHCKUX WM KUTAalWCKUX 00pasijax, Hemb3s
aBTOMaTHUUeCKd TiepeHOCHTh Ha  y30ekckuit  mén.  KombOwnamms ~ ATR-FTIR/UV-Vis,
3/IeKTpOXUMHUeCcKoro fingerprint 1 BeIOOpoUHOro 31meMeHTHOrO aHanm3a ¢ PCA, DD-SIMCA, PLS-
DA, SVM u RF moxer crarb peasuCTUYHOW OCHOBOM HalMOHAJbHOU CHUCTEMbl CKPUHUHTA
TIOZI/IMHHOCTY U NIPOMCXOXKEeHUs Méia.
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AHHOTanus

B pabore WCCiej0BaH a/lbTepHAaTUBHBIN crocob MOy4YeHust -
TONTyOJICYy/IbOHIICEMUKapOa3uja TMPsIMBIM THAPA3UHOM30M II-TOTYO/CYIb()OHUIMOUEBUHBI B
cpezie abCOMIOTHOTO 3TaHOMA. B omivMuve OT psiia OMHUCAHHBIX B JIATEpaType TMOAXOJO0B, CHHTE3
MPOBOAW/IN 0€3 WCII0/Ib30BaHUs [IOTIOJTHATETFHOTO HEOPraHWYeCKOr0 OCHOBAHUS U TIOC/IeAYIOLei
KAC/OTHOM  HeWTpanu3anuu. Peakuuio  n-tonyoncynb@oHuIMoueBUHb ¢ 80  %-HbIM
TUPasUHTHIPATOM OCylecTBsi Tipu 78—-80 °C B TeueHHe MPUOIM3UTENBHO 7 U 110/, KOHTPOJIEM
TOHKOCJIOWHOW xpoMarorpaduu. [locre oxnakaeHWss 00pa30BaBILMICS TPOAYKT —BBIAESIIH
¢bunbTpOBaHKWEM,  TIPOMBIBAJIM  XOJOJHBIM  9TAaHOJAOM W BbICYIIMBaAM.  Beixog — m-
ToNMyosncybQoHIICeMruKapba3uga coctaBun  76%. [lomydyeHHBIM pe3ynbTaT COMOCTABAeH C
JIUTepaTypHbBIMM METOZAMU MO0 TMPOZAO/DKUTENbHOCTH peakliy, COCTaBy pPeakLMOHHOM CpeJpbl,
WCIIO/Tb30BaHHMI0  BCIIOMOTATe/IbHBIX ~ pPeareHTOB W O0COOEHHOCTSIM  BBIZIEJIEHUS]  TIPOAYKTA.
CTpyKTypHYIO XapakKTePUCTHUKY CHHTE3MPOBAHHOIO COeJMHEHHs MpoBogunu Metogamu 'H u 13C
SAMP-CIIeKTPOCKONIMM W Macc-CrieKtpoMetpud. B criektpe 'H AMP  3aperucTpupoBaHbl [Ba
apoMaTuuecKuX Ay0rieTa ¥ CUHIVIET MEeTUIbHOU TPYIITBI, COOTBETCTBYHOLIHE Mapa-3aMelléHHOMY T1-
TomunsHOMy (parmenty. B crektpe '3C IMP Ha6moganoch IecTh He3aBUCUMBIX YITIePOJHBIX
CUTHAJIOB, YTO COIVIaCyeTcsl C CHUMMeTpuen MoneKynbl. B mMacc-cnekTpe 3aperMcTpyupoBaH
WHTEeHCUBHBINA MOH B 06mact m/z 230.17672. COBOKYITHOCTb TOTyUYeHHBbIX CMIeKTPaTbHBIX JAHHBIX
MIOATBepXKaaeT COOTBeTCTBHE Bbl/|e/IeHHOI'O NIpOAYKTa CTPYKType I-
TONTyOJICYy/TIbOHIICEMUKapOa3na U TIOKa3bIBaeT MPAaKTHUECKYI0 MPUMEHHUMOCTh TPeJI0KeHHOTO
nabopaTopHOro Mozxoza.

Abstract

An alternative approach to the synthesis of p-toluenesulfonylsemicarbazide by direct
hydrazinolysis of p-toluenesulfonylurea in absolute ethanol was investigated. In contrast to several
previously reported procedures, the reaction was carried out without an additional inorganic base or
a subsequent acid-neutralization step. p-Toluenesulfonylurea was reacted with 80 % hydrazine
hydrate at 78-80 °C for approximately 7 h, while the reaction progress was monitored by thin-layer
chromatography. After cooling, the resulting product was isolated by filtration, washed with cold
ethanol, and dried. The isolated yield of p-toluenesulfonylsemicarbazide was 76%. The proposed
procedure was compared with literature methods in terms of reaction time, reaction medium,
auxiliary reagents, and product isolation. Structural characterization of the synthesized compound
was performed using 'H and !3C NMR spectroscopy and mass spectrometry. The 'H NMR
spectrum showed two aromatic doublets and a methyl-group singlet characteristic of a para-
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substituted p-tolyl moiety. Six independent carbon signals were observed in the '3C NMR spectrum,
consistent with the molecular symmetry. An intense ion was recorded in the mass spectrum at m/z
230.17672. Taken together, the spectral data support the assignment of the isolated product as p-
toluenesulfonylsemicarbazide and demonstrate the practical applicability of the proposed
laboratory-scale synthetic approach.

KnoueBble c/10Ba: m-TonmyoscynbdoHUICceMrUKapbasus, —M-TOMyoCynbHOHUIMOYEBHHA,
TU/ipasvHIupat, opranuuecku cuures, 'H AMP, 13C AMP, macc-crieKTpomeTpusi.

Keywords: p-toluolsulfonylsemicarbazide, p-toluolsulfonylurea, hydrazine hydrate, organic
synthesis, tH NMR, 13C NMR, mass spectrometry.

BBegeHue

Cemukap06a3ufipl, WM THAPa3MHKApOOKCAMH/IbI, TPEACTaB/IsSIOT CO000M BakKHBIA KJlacc
a30TCoJepXKall[iX OPraHUYeCKUX COeJMHeHUM, COUeTaronX KapOOHU/IbHYIO TPYIITY U HeCKOJBKO
aTOMOB a30Ta pa3/MUHON (PYHKIMOHA/IbHOM MpuUpobl. Takoe CTpoeHHe oOrpefie/isgseT UX
PEakKI[MOHHYIO0 CIOCOOHOCTh, CIIOCOOHOCTh K 00pa30BaHHIO BOAOPOJAHBIX CBSI3ed M BO3MOKHOCTD
JanbHewed GyHKIMoHanMM3anuu. [1o3ToMy NTpou3BoJHbIe ceMUKapOasua IUPOKO TIPUMEHSIFOTCS
Kak TPOMEXYTOUHbIe TIPOAYKTHI M CHHTOHBI B OpraHHUYeCKOM W OMOOpPraHWYeCcKOM CHHTe3e.
CoBpemeHHbIH 0030p Kratky u coaBTOpOB MoOKa3bIBaeT, UTO WHTEpPeC K THpa3rHKapOOKcaMuiamM
coxpaHsieTCsl Takke Omarozapsi pa3HooOpasui0 UX OHO/IOTMYeCKOW aKTUBHOCTH W IITMPOKUM
BO3MOXKHOCTSIM CTPYKTypHOU Mmogudukaiuu [6]. B mocregHue rofbsl TIpU  UCC/IeOBaHUM
COeJUHEHWM 3TOTO Kjacca o0coboe BHUMaHUe YAe/NseTCs KOMILIEKCHOW — CITeKTpabHOM
XapaKTepUCTHKe MPOoAyKTa, BKarodaromiei 'H u *C IMP u macc-criektpomeTtpuro [8].

CuHTeTHYeCKHe TIOAXO[bl K 4-3aMeIéHHbIM ceMuKapOa3uiaM BKI/IIOYAIOT B3anMO/eHCTBUE
rUpa3vHa C u3ol[MaHaTaMH, KapbaMouIxaopyuzaMy, KapbamataMmu U APYTUMUA aKTUBUPOBAHHBIMU
MPOM3BOJHBIMU. BbIOOp MCXOo#HOrO cyOCTpaTa W peakLMOHHOW Cpe/ibl CYIeCTBEHHO B/HsieT Ha
MIPO/IO/DKUTETLHOCTD TIPOLIeCca, YMC/I0 BCTIOMOTaTe/IbHbIX CTaZMid U CTIOCO0 BhIJe/IeHUs TTPOAYKTA.
Bogolubsky u coaBTOpBI mpeyioKuIM ya0OHBIH one-pot IoJX0/|, OCHOBAaHHBIM Ha 00Opa30BaHUHN
TpudTOpITUIIKApOaMaToB U UX MOC/Ieayrollel o6paboTke rHpa3sUHTHAPATOM, UTO TOJTBEPZMIIO
MepCreKTUBHOCTh TH/[Pa3vHO/M3a KapbaMaTHBIX TTPOM3BOJHBIX /I/Is TIONy4YeHHs] CeMUKap0a3uaHOTO
dbparmenTa [1].

Ocobyro TpyTIy COCTaBJISIIOT cynbhoHUICceMrUKapbasupl, B KOTOPBIX
TH/Pa3uHKapOOKCaMu/iHbIK (parMeHT O0beIMHEH C CWIBHO MOJAPU30BAHHOM rpymnmoi —SO,—.
Takoe coueTaHue (YHKLIMOHAMBHBIX LIEHTPOB B/MSET Ha 3/1eKTPOHHOe pacripe/esieHue,
KoH(MOpMaIlMI0 UM MeXMOJIeKy/sipHble B3aumopelcTBus. OJHUM U3 U3BECTHBIX CIIOCOOOB
MOy YeHust apucynbQoHuICeMUKapOa3uioB SIBJISIETCS peaxIys COOTBETCTBYIOIIUX
cynbpoHUMXIOpUAOB C cemukapbasugom. Safaei-Ghomi ommcan 3¢dheKTHBHBIM  CHUHTE3
203

coefiHeHUs1 ¢ 4-MeTwi(heHWIbHBIM (pparMeHTOM ObLT TIOMyueH BBICOKUM BBIXOJ, TIPU KOPOTKOM

Cynb(GOHUNTHAPAsUAOB U CyIbhOHUICeMUKAapOasuZioB B TIPUCYTCTBUM OCHOBHOTO Al ISt

BpeMeHU peakluu [7]. OTOT moaxoj sBAsSeTCs BaKHOM TOUKOM CpaBHeHMs [Jis  TI-
TOJTyOJICYTb(oHMUICeMUKapOa3n/ja, OHAKO UCIIO/B3YeT IM-TOMYOJICYIb(MOHUMXIOPU KaK UCXOJHBIMU
cybcTpar.
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CoBpemeHHble HCCIeJOBAaHUS IOATBEP)KIAKOT aKTyaJbHOCTb COEJUHEHHWM, COZeprKallux
ceMUKapOa3ugHbli ¥ CcynbQOHaMUAHBIA ~ ¢parMeHThl. Xie W COABTOPbI  TOMYYW/IA
ceMyKapOa3ujcozepKalie  TIPOM3BOAHbIE  Cy/Mb(OHAMUZA W OXAapaKTepPU30BaM X
¢ ucnons3osanuem 'H u BC SIMP, ESI-MS u BhicOKOpa3pelaromieli Macc-criekrpomerpuu [10].
Glukhacheva u coaBrOopel TpM wu3yueHMM TIPOM3BOJHBIX CeMHKapOa3uja Takke IOKa3aau
HEOOXOAMMOCTb COUETAaHHUs CIEeKTPa/TbHbIX M (HU3UKO-XMMUYEeCKUX METOJOB /ISl yCTaHOBJIEHUS
cTpyktypsl [4]. Ananornuno, Carrasco U coaBTopel npuMenunu ESI-MS, 'H, 13C u gBymepHsIit
SIMP panisi KOMIUIEKCHOW XapaKTePUCTUKW TIPOM3BOAHBIX ceMuKapOa3oHa [2]. Takum obpasowm,
COBMECTHOE MCIO/Ib30BaHUe HECKO/JIbKMX He3aBUCUMBIX aHa/JIUTHYeCKUX MeTOJOB CYIeCTBEHHO
TOBBIIIAeT JOCTOBEPHOCTb CTPYKTYPHOW M/IeHTU(PUKALIWH.

HecMoTpsi Ha 3HauuTesbHOE YMC/IO TMyOMMKALMi 1o ceMuKapOa3ugaMm M (QyHKI[MOHA/TBHO
POZCTBEHHBIM cynb(OHaMUHBIM NIPOM3BOZHBIM, CBeZleHUs VIMEHHO o -
TONTyOJICY/TbOHIICEMUKApOa3uy OCTAIOTCSI CPAaBHUTENbHO OTrPAaHUYeHHBIMM W B OCHOBHOM
KacarTcsl CIIOCOOOB ero TMOy4yeHUs, BbIXOJA W OT/E/bHBIX CIEeKTPaIbHBIX XapaKTePUCTHK.
B HacTosiiiieil paboTe MCCIeA0OBaH PYrod CUHTETHUECKUM TIOAX0[ — TIPSIMOM TMIpPa3suHOMU3 TI-
TonyoncyabpoHuMoueBMHbl 80  %-HbIM = THPa3sWHTHPATOM B abCOJIFOTHOM  3TaHOJIe.
OtmuuTesibHONM  0COOEHHOCTBIO BLIODAaHHOW CXeMbl —SIB/ISIETCS TIPOBeJieHHe peakiuu 0e3
JIOTIOJTHUTe/IbHOTO HEeOpraHW4YeCcKoro OCHOBaHMSl M MOC/AeAyIOlled KUC/IOTHOM HeWTpaau3aliy.
TTo/TyueHHBIHM MPOAYKT XapaKTepu30Bald COBOKYMHOCTBIO AaHHbIX 'H u 3C IMP-criekTpockonuu
U Macc-cniekrpomerpun. CrieoBaTeslbHO, KCIIepUMeHTalbHasi 0COOeHHOCTh pabOoThl 3aK/THOYaeTCst
He B MOJy4YeHUM NPYHLMIIMAJIBHO HOBOIO COeAMHEHHs, a B MCIO/b30BAaHUM a/JbTEPHAaTUBHOIO
MCXOJHOTO cyOcTpara M YIpPOLIEHHOW /1ab0paTOpHOM CXeMbl C paCIIMPeHHOW CTeKTPaJTbHOM
XapaKTepUCTHUKOU MPOAYKTa.

Llene  HacTosimjer  paboTel —  TIOMydYeHWe  M-TOMYONCY/Ib(GOHUICeMUKapOa3uia
B3aUMO/IeHICTBHEM TI-TOJTYO/ICY/Tb()OHUIMOYEBHUHBI C THAPA3UHTHUAPATOM B aOCOMIOTHOM 3TaHOJIe,
CpaBHUTe/IbHAsl OLleHKa YCJIOBUM CUHTe3a C JIATepaTypHbIMM MeTOZaMHU U XapaKTepHCTHKa
BblZleJIeHHOro npoaykra Metogamu 'H v 13C AMP-crieKTpocKonmy ¥ MacC-ClieKTpOMeTPHUH.

Marepuasibl 1 MeTOABI MCC/IeJ0BaHUS

PearenTsl u HCX0HbIE BelnecrBa

B pabote ucnonb3oBanu m-tonyoncyabhoruimMoueBuHy (Macklin, KHP; kar. Ne T835274;

naptusi CI17391004; uucrora mo stuketke 98 %; CAS 1694-06-0; C,H, N,O,S; M = 214,24

r-Mo/b ). VIcxo[HbIl peareHT NpuMeHsIH 6e3 [JOMO/THUTe/TbHON OUMCTKH.

Hykneo¢punbHeiM peareHToM ciayxun 80 %-Hblii rugpasuH-rugpar (AO «3KOC-1», Poccus;
yKa3aHHbIM MOCTaBIIMKOM CTaH/apT He0OX0MMO CBEPUTH C MacropToM naptuu). Vicxoassiii 96 %-
HbIM 3TaHon (AO «OKOC-1», Poccusi) mpeaBapuTebHO 06€3BOXKMBaIN C UCTIO/Ib30BaHUEM OKCH/la
Kasmpiiusi (CaO); s cuUHTe3a TPUMEHSUIA TIOMy4YeHHbIH aOCOMIOTHBIA 3TaHOoA. Xjopodopm
¥ METaHOJI UCI0J/1b30Ba/Iu MPY TOHKOC/IOMHOW XpOMaTorpa@uu.
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Ta6bauya 1.
3HaueHus
Pearent CAS Copepxanue / xa- IIpousBopuTenn Hopmarus
PaKTepUCTHKA
ni-Tonyosncynb$oHUIMOUeBHHA 1694-06-0 | 98 % Macklin, KHP Kat. Ne
T835274; nap-
tust C17391004
I'mppasun-rugpar — 80 mac.% AO «3KOC-1», Poc- | Homep ['OCT:
cust TIPOBEPUTH 110
MacropTy mnap-
TUU
OTaHOoMI 64-17-5 96 %; nepep, cuHTe- AO «3KOC-1», Poc- | abcosroTHbIH
30M 06e3BoxkeH ¢ CaO | cus 3TaHOJI KaK
peakIoHHast
cpeza

CuHrte3 n-ToyoJicy1bGoHUICEeMUKapoa3uja

B peakuuoHHyt Kosi0y, CHaOXEHHYIO OOpaTHbIM XOJIOAWIBHWKOM, BHOCHIA TI-
TonyoncynbGoHuwIMoueBHHy (2,14 1; 9,99 MMosnb) u abcomoTHeI 3Tadon (20 mut). 0,9 ma 80 %-
HOro rujpasuH-Tuapara (x14,8 MMosb) [00aB/IsIM MO KaruisiM B TeueHude 1,5 u; MossipHOe
COOTHOILLIEHWE  TI-TO/TyOJICY/Ib()OHUIMOUYEBUHA: TUJJPA3UH-TUAPAT COCTABJSZIO  TIPUOIM3UTETHHO
1,00:1,48. Tlocye 3aBepiiieHHst [J00aB/eHUS PeAKIIMOHHYI0 CMeCh HarpeBajd TPU KHUIISTUEHUH
€ 0OpaTHBIM XOJIOAWIEHUKOM B TeueHue 7 4.

[To OkOHUaHMM CEMHUYACOBOTO KUISTYEHUsS] CMeCh OXJIaXKAanud [0 KOMHATHOW TeMmIiepaTypbl
U OCTaB/SIA B XOMOAWIbHUKe Ha 24 u. OOpa30BaBIIMICS 0CAO0K OTAe/MsUd (DUIBTPOBaHUEM
Y TIPOMBIBA/IM HeOOJBIIMM KOJTMUECTBOM XOJIOJHOTO 3TaHO/a. XO[ peaklUd KOHTPOJIMPOBA/IA
MeTO/IOM TOHKOCJIOMHOW Xpomarorpaduu, CpaBHHMBas 00pasiibl Peaki[MOHHOH CMeCH C HMCXOJHBIM
BelL|eCTBOM.

OO011as cxeMa rporjecca CUHTe3a MpUBe/ieHa HIDKe.
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(o}
ﬁ NHa ﬁ NH
O—S——NH O——S——NH NH»
N,H, " H,0
N-carbamoyl-4-methylbenze nesulfonamide N -tosylhydrazinecarboxamide

P-toluolsulfomochevina

[TpOoMBITBEIM O0Ca/IOK BbIEPXKMBAIM TI0J, BLITSDKHBIM 1IKadoM B TeueHWe 24 U, 3areMm
JIOTIOJIHUATeTbHO BhICYIIMBa/M 1ipu 60 °C B TeueHue 15 MUH. BbICyllleHHbIN MPOJYKT W3MeJibuajin
B CTYIIKe Y B3BelllMBa/ M. Macca BbIZIe/IeHHOTO TBEPOro MpoAyKra coctaBuia 1,6264 r. OTHoLeHue
Macchl (BBIXOZ) BBIZIEJIEHHOTO TPOJyKTa K MCXOJHOM HaBecCKe M-TOMY0/ICYTb(OHUIMOUYEBHUHBI
coctaBuio 76,0 % (1,6264/2,14 x 100).

ToHKkoC/0iiHasA Xpomarorpadusi

KonTposns peakiuy npoBoguiv metogom TCX Ha a/ltOMUHHEBBIX IJIaCTUHKAX C HaHeCEHHBIM
CJI0eM CcuMKaresis, TIpuoOpeTéHHBIX y Kommanuu «Fortek». TlogBmkHas asa: xmopodopm—
MeTaHon (9:1, 006./06.); 3Hauenuss Rf wcxogHOU m-TO/MyO/ICYIb()OHUIMOUEBUHBI U BBIIEJIEHHOTO
NpoAyKTa cocTas/asanu coorBeTcTBeHHO 0,18 u 0,40. Y®-Busyanusauusa npu 254 HM ykKasaHa I10
paHee COCTaB/IEHHOW MeTOJWKe; TWUIl WHAWKaTopa Ha TUIACTUHKAX HEeoOXOAWMO OKOHUYATeIbHO
CBEPUTH C YTIAKOBKOM.

Temneparypa n/iaB/ieHUs

TeMriepaTypy Ti7laBjieHUsi BbiJesieHHOro obpa3ija B /IaHHOM OIMbiTe He HW3Mepsiiu.
B nuTepatype s mni-TonyosncynbhoHUIceMUKapba3uja ykasaHa Temrieparypa IiasieHus 235-237
°C [7]; aTO cripaBOYHasi XapaKTepHUCTHKA, KOTOpasi He pacCMaTPUBAeTCsl KakK pe3y/ibTaT HaCTOSILero
JKCIIepUMeHTa.

AMP-cnieKTpocKonus

CTpyKTypy CHMHTE3MpPOBaHHOIO IIPOAYKTa ucciaegoBamy Metogamu 'H u BC  IMP-
criektpockonuy. CrieKTphbl perucTpupoBany Ha criekrpomerpe Bruker Ascend Evo 500 B CD,0OD.
Cnektp 'H AMP nonyuamu Ha yactore 500 MI'n, a cnektp 3C IMP — Ha uactore 126 M.
XvMHYecKrde CIOBWTM Bbipakand B O (M.[.), KOHCTAHTbI CITUH-CIIMHOBOTO B3auMojelcTBusi J —
B repax. Octarounsle curtansl CD,0D yuuTeiBayM B obnacrax 6~3,31 m.a. aasa 'H u §~49,0 m.z.
ansg BC [5].
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Macc-cieKTpoMeTpUUYecKuil aHa/Iu3

Macc-crieKTpOMeTpUUeCKH  aHa/imvM3 TpoBoAWaM Ha T1ipubope Agilent LC/MS Q-TOF
MeTOZIOM TIpIMOro BBofia 06e3 xpomarorpaduyeckodi KOJOHKH. MovieKy/sipHass —dopmyria

npeznosaraemoro mpoaykra — CgH  N,O,S, monsipuast macca — 229,26 r-mMoms . Ilpu

pPacCMOTpPeHUH CIIeKTpa yUWThIBaId He0OXOAWMOCTb OT/IeNIbHOM TMPOBEPKHM TOUHOTO MacCOBOTO
COOTBETCTBUSI 3aperMCTPUPOBAHHLIX MOHOB TMpejrnosaraeMoi (opmyne; aHamuz MS/MS He
TIPOBOZMJICSL.

OHEHKH 3KCIIePpUMEHTA/IbHBIX TdHHBIX

CTpYyKTYpHYIO XapaKTepUCTHKY BbI/Ie/IEHHOIO MPOAYKTa IPOBOAU/IM Ha OCHOBE COBMECTHOIO
aHammsa gaHHeix 'H u 13C AIMP u Macc-crieKTpoMeTpun. XUMMUYeCKHMe CIBUTH COTOCTAaBIS/IA
C JIMTepaTypHBIMH [JAHHBIMH; aTPUOYL[sT MOJIEKY/SIpHBIX HOHOB TpeOyeT COOTBETCTBUS
9KCIIePUMEHTA/IbHbIX U PacuéTHBIX TOUHBIX MacC M pacCMaTpyuBaeTCss OT[e/IbHO B pasjerle
«Pe3ynbraThl 1 006CyKIeHEe».

Pe3yJI]:-TaTLI H OﬁCy)KI[EHI/IE

CuHTe3 n-To/1yo/ICy/1b(hoHUICeMUKap0a3u/ia ¥ CPaBHUTE/IBHbII aHA/IHU3 C
JIMTepaTypHBIMH MeTOAAMH

W3 n-tonyosncynbdoHumMoueBunbl (2,14 1; 9,99 mmonb) u 80 %-HOro ruapasvHrUzpara
(0,9 m; mpubmusuTesnsHO 14,8 MMO/b) B aOCOMIOTHOM 3TaHOJE Bble/IeH TBEPABIA TMPOAYKT.
'uapasuHruapar A00apasiiv B TeueHWe 1,5 4, 3aTeM pPeakIMOHHYI0 CMeCh KUMSTUIM C 00paTHbIM
xonoauibHUKOM 7 4. [locne oxjaXaeHWsi CMecCh BbIepXKMBAIM B XONOAWIbHUKE 24 U; 0CafloK
OT(UIBTPOBBIBA/IM, TPOMbBIBAIM  XOJOAHBIM  3TAaHOJOM, CYIIWIMA TIO[, BBITSDKKOM 24 u
1 gonosHuTesibHO npu 60 °C B TeyeHue 15 MuH. Macca BbiJleJIeHHOIO Marepuasia COCTaBWJIA
1,6264 r. OTHoOILLIeHWe 5TOM MacChl K HaBeCKe UCXOJHOW MoueBHUHBbI paBHO 76,0 % (1,6264/2,14 X
100). 3Orto MaccoBoe OTHOLIEHWe, a He CTeXMOMeTpPUUeCKMM BbIxof peakuud. [Ipum 1:1
CTeXHMOMeTpUM pacuéTHasi macca weseoro coeguHenust (C H  N,O,S, M = 229,26 r-Mosb 1)
coctapnisier 2,290 1. 3HaueHuss Rf ucxofgHOro BeljecTBa M BbIZIEIEHHOTO TIPOAYKTA B CHUCTeMe
CHCl,-MeOH (9:1) cocrasunu 0,18 u 0,40 COOTBETCTBEHHO.

[Tatent CN102050778B omnucbiBaeT TUpPa3svHOMN3 TOM K€ HCXOAHOW MOYEBHHBI B H-
byranone ¢ Na,CO,: mocne 12 4 KunsyeHus BbIXOZ, cocTaBua 71,6 %, a TP [IONONTHUTE/LHOM
oTroHKe uactu pactBoputesns — 93,4 % [3]. Safaei-Ghomi mnonyuun npousBosHOe U3 Ti-
TOYONCYyTb(OHUIX/IOPUIA U CeMHKapOa3uja B TPUCYTCTBUHM OCHOBHOTO AlL,O, 3a 15 muH
¢ BbixoZoM 83 % [7]. B matente CN110642758A n-Tosyosncynb()OHUIXIOPU, CHavasIa peBpariaim
B Cy/nb(UHAaT, 3aTeM BBOAWIM a30IMKapOOHaMU/I; BBIXO/, BTOPOM cTaauu coctaBui 98,1-98,8 % mipu
yuctore 99,3-99,5 % mo BIXKX [9]. TlocnegHue 3HaueHUsT OTHOCSATCA K OT[AeMbHOM CTaJuH,
M03TOMY HanpsIMYH0 CPaBHUBAaTh UX C BBIXOOM M3 UCXOAHOW MOUEBUHBI HEJIb3S1.
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Tabauya 2.
CpaBHeH#He CII0C000B MO/TyYeHHsl M-TO/Tyo/ICYIb(OHUICeMHUKapOa3uaa
Cnocob u ccpu1- | Yuco cra- Breigesienue Beixop; uncrora IIpeumyine- OrpaHuueHne
Ka JUi; BpeMs M OYMCTKA CTBO
Hacrosijas 1; mobase- ®ubTpOBaHue, 1,6264 r; otHolle- | be3 nobaBneH- | Beigepxkka
pabota Hue 1,54, xonopanbiit EtOH; HHe macc 76,0%; HOT'O OCHOBa- Y CYLLKa JJIATe/b-
KUIIsTYeHue 24 4 iofi, BBITSDKKOM | pacuétHo 71,0% HUS U KUCJIOT- | HbI; BbIXOJ, YMCTOTO
7 4, oXJa- 1 15 MUH npu 6e3 MompaBKK HA | HOM HeWTpanu- | BelecTBa He ycTa-
XneHue 24 4 | 60 °C; Ge3 mepe- YUCTOTY; YUCTOTA | 3aLiuu HOBJIEH
KpUCTa/IIA3aLu He U3MepeHa
CN102050778B | 1; kunsiuenvie | Boga, pasgenenue | 71,6% 6o Ta ke ucxogHasi | Na,CO,, H-OyTa-
[9] 124 ¢a3, HCl jo pH 7; | 93,4%; uuctota MOU€eBHHA HOJI, HeUTpaim3a-
A7 Beixoga 93,4% | He mpuBeseHa LIMs; BO BTOPOM
OTrOHKa YacTH H- BapuaHTe OTTOHKa
fyTaHosa
Safaei-Ghomi [4] | 1; 15 muH Otgenenue Al,O,, | 83%; Komrue- Kopotkoe [Jpyroii ucxofHeIN
ynapuBaHue, Po- | CTBEHHast YUCTOTA | BpeMs peakiuu | cybcrpar, copbeHT
MBIBKa, ITepeKpU- He MpuBefieHa Y TIepeKpUCTaI-
CTanu3anus 3anus
CN110642758A | 2; obiiee IMocse Bropot#i cra- | 98,1-98,8% asis Bricokuii [Be cragumy,
[10] BpeMs1 He UM OXJIaXKJeHue, craguu 2; 99,3— BBIXOZ], Ha CTa- Na,SO,, ocHoBa-
yKa3aHo ¢unbTpoBaHue, 99,5% no BO)XXX | guu 2 u onpe- HYe U KOHTPOJIb

TTPOMBIBKa, CyIIKa

JenéHHas
YUCTOTa

pH; BrIxXOA He
o0

Takum o6pa3oMm, HabofaeMoe TIPEMMYIIECTBO MCC/eJOBAHHOW TIpOLieyphl KacaeTcs

onepaunﬁ CHHTE3da MW BbIJC/IEHHA! He TPE6YI-OTCH AO6EIBJ'I€HI/IE HeopraHn4eCKoro OCHOBdHHA

U nocjaenymouiee rnoakucjieHue. yTBep)K,E[aTb MMpeBOCXOACTBO I10 BBIXOAY HEJIb34. CpaBHeHI/Ie qucesa

TdK)XXe OrpaHNM4eHO OTCYTCTBHUEM OIIpeAe/i1eHUsd YHNCTOThI CcOOCTBEHHOIO MPOAYKTd W pa3/iMuvuemM

HCXOZIHBIX BelL[eCTB B OT/e/IbHBIX JINTepaTypHbIX MeToAuKax [7, 3, 9].

CnexkrpanbHbiii anamms 'H u 3C AMP

B mpexacraenennom cnektpe 'H AMP (500 MI'uy, CD,0OD) nabmojarorcs faBe mapbl

apoMaTUueCcKHUX CHrHajaoB okoso 6 7,81 u 7,29 M.I. U CHHIVIET MeTW/IbHOM TIpyMIbl OKOMO §

2,41 wm.ap. (puc.

1). VX COBOKYIHOCTb COIVIaCyeTCsl C Ilapa-3aMelléHHbIM I-TOMUIbHBIM

¢parmentom. B mnarente CN110642758A pnist storo coeaunenuss B DMSO-d, mpuseseHbl 6

2,50 m.za. ayist Ar-CH, 6 7,37-7,69 m.a. nyist apomarrueckux npoToHoB [9]. Curnanel NH u NH,,

OTMeueHHble B TOM TmateHTe mipu & 5,93; 7,92 u 9,39 M.A., He/lb3sl HamNpsSMyl COMOCTAaBJISATh

c usmepenrem B CD,0OD wu3-3a obmeHa npoToHOB ¢ felitepuem. Octarounsiii curian CD,OD mipu &

~ 3,31 M.ZI. yUHUTBIBa/IM OTAENBHO [5].
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Ha cnexrpe '>C IMP (126 MI'y, CD,OD) oTMeueHb! LI1eCTh CUTHAJIOB 1[e/IeBOT0 (h)parMeHTa:

6~%161-162 m.m. (C=0), 143,15 u 141,57 m.A. (4eTBepTUUHbIE aTOMbI apOMAaTHUYECKOTO KOJbIa),
129,88 u 127,66 m.A. (gBe mapei apomarunueckux CH), 21,44 m.p. (Ar-CH,; puc. 2). Iects

Pe30HaHCOB IIPU BOCBMHU aToMax yIViepoJa COIVIACYOTCS C SKBHMBa/leHTHOCThIO C-2/C-6 u C-3/C-5
rapa-3aMeIéHHOro  Kosbla. MurencuBHbii curan CD,OD mpu 6~49 M., K MNPOAYKTY He
orHocunu [5]. Hdamnbie '3C SIMP g1 TOro ke COeJIMHEHMs] B COMOCTAB/ISeMOM [aTeHTe He
ripuBe/ieHsI [9].

Tabauya 2.

Comnocrags/ieHHe CIeKTPaIbHBIX M (PU3UUeCKMX XapaKTepHUCTHK

IToka3arennb

Hacrosmas padora

JIuTeparypHbIe AaHHbIE

OneHka

1H SIMP, Ar-CH,

§~ 2,41 (CD,0D)

§ 2,50 (DMSO-d,) [10]

CornacyeTcsi C N-TOMU/Ib-
HOWU TpyTinon

'H AMP, Ar—H

§~7,81u729 (CD,0OD)

§7,37-7,69 (DMSO-d,)
[10]

Pasnuuue pactBopuTesiei
OrpaHUYMBaeT Koyinue-
CTBEHHOE CpaBHEHHe

H AMP, NH/NH,

He oTHeceHbI 0OHO3HAUHO

§ 5,93; 7,92; 9,39 (DMSO-
dg) [10]

B CD;0D Bo3moxeH H/D-
obmeH

13C AMP

8~ 161-162; 143,15; 141,57;

129,88; 127,66; 21,44 (110 puc.

2)

B narente [10] He ripuBefe-
HO

[ITectb curnanos cornacy-
I0TCSI C CUMMeTpHel Ko/blia

[M+H]*, Tounas
macca

Ha6mrogaercs m/z 230,17672;
pacxoxpeHue ~ 510 ppm

Pacuét nyia CgH,,N;0,S:
m/z 230,05939

HRMS-noaTBepxjeHrs HeT

Temmneparypa I/1aB-
JIeHUs

He usmepsinace

235-237 °C [4]

JlutepatypHOe 3HaueHHe He
XapaKTepu3yeT Haill obpa-
3er|

Macc-crieKTpoMeTpUUYecKuil aHa/Iu3

I[Tpu nipsiMoM BBoZie 6e3 xpomaTorpaduueckoli KOJIOHKU 3aperuCTpUpOBaH MAaKCUMYM OO0II[ero
HWOHHOTO0 curHasa okojio 0,437 MMH U MacC-CIIeKTDP COOTBETCTBYIOIIET0 CKaHWpOBaHUs (puc. 3).
Bpemss Ha maHenu A 0003HauaeT MOMEHT CKAHHDOBaHMs, a He BpeMs XpoMaTorpaduueckoro
yAep>KUBaHUSI.

48



Ne 10 (148) UNIVERSUM: oKms6pb, 2026 2.

XUMUAa U snonorua

A [ WP | T I.l . .l.-.l,J\-ll-Il. b boves oo e llLL L

PucyHok 3. CuzHa/ibl, no/1iy4eHHble Memooom npsimoz2o 88oda Ha Agilent LC/MS Q-TOF: A —
o0wuti uoHHbIl cuzHan; B — macc-cnekmp n-mosyoncynbghorHuacemukapbazuoa

[lpy TIpssMOM BBOZIE B MAacC-CIIEKTPe, COOTBETCTBYIOIIEM MAaKCUMyMy OOII[ero HMOHHOTO
curHana mnpu 0,437 MWH, 3aperMCTpUpOBaH HWHTeHCHMBHBIM mmK m/z 230,17672. Takxke
HabOmofaTCess curHanbl m/z 252,16958 u 459,34580 (puc. 3). [To HOMHHA/MBHBIM MaccaM 3Ty
CEepUI0 CHWIHAJIOB MOXHO COOTHeCTH C wuoHamu [M+H]*, [M+Na]® u [8M+H]" n-
Tonyoncynbponuacemykapbasyga. B couetanmu ¢ gaHHeivd 'H u BC  AMP  macc-
CTIeKTPOMEeTpUUYEeCKUe  pe3ynbTaThl  MOJJEep)KUBAlOT  OTHECEeHHe  BbIIeJIEHHOTO  TIPOAYKTa
K Tpe/ifosiaraeMoy CTPYKTYype.

[Ipu cpaBHeHHH C pacCYéTHBIMU TOYHBIMU MacCaMH yKa3aHHbIX MOHOB (230,05939; 252,04133
1 459,11150 cOOTBETCTBEHHO) BBISIB/IEHO OJIM3KOe OTHOCHUTEbHOE CMell[eHHe BCeX TPEX CHTHAJIOB,
okomo 509-510 ppm. EanHooOpa3sHbIM XapakTep OTK/JIOHEHHSI I103BOJIIeT TPEATTOIOKUTE
cUcTeMaThyeckoe CMeIlleHHe MacCOBOM INKajabl TIPU PerucTpalydyd WM 00paboTKe [JaHHBIX.
ITpoBepka Ka/MOpPOBKHM W TOBTOpPHasi 00paboTKa MCXOAHOTO (haityia MO3BOJSAT YTOUYHUTH 3HAUEHUs
TOYHBIX MacC Y JI0MOJHUTh CTPYKTYPHOE MOATBep KAeHre TIPOAYKTa.

3ak/IIoueHue

[Ipu B3auMOAENWCTBUM TI-TOMYO/CY/Ib(PoHUIMOUEeBUHBI C 80 %-HBIM TUpa3UHTHPATOM
B a0Co/IIOTHOM 3TaHoje BhijenieHo 1,6264 r TBépaoro npoaykra. OTHOIIEHHWe ero Macchl K Macce
UCXOMHOTO peareHTa coctaBnsieT 76,0 %. OcoOeHHOCTh MpOoLeypPbl COCTOMT B OTCYTCTBUH
J100aB/IEHHOTO HEOPTAaHUYECKOTO OCHOBAaHUS U KUC/IOTHOM HEeHTpanu3alyuy Npy BbIZIEIEHUH 0Ca/IKa.
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CTpyKTypa CMHTe3MPOBAHHOIO MPOJYyKTa MOATBEep)K/eHa Ha OCHOBe JaHHbIX 'H u 13C SIMP,
a Takxe macc-criekrpoMeTpuu. B criektpax SIMP 3advkcupoBaHbl CUrHa/Ibl, XapakTepHble [/Is I1-
TOMWNBLHOTO ()parMeHTa, MeTH/IBHOM Tpynmbl W KapOoHWiaceMukapOaswja, a B MacC-CIeKTpe
Habmogancss woH [M+H]™ npu m/z 230.17672. B3avMHOe COOTBETCTBHE TIIOJyYEHHbBIX
CIIeKTpa/IbHbIX [aHHBIX I10Ka3aj10, YTO BblJe/IeHHOe COeJMHeHUe COOTBEeTCTBYeT CTPYKType II-
TOJTyOJICY/TbOHIICEMUKapOa3na.
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AHHOTaUUA

B Hacrosiiem rccnegopanuu ZIF-8 (11eouTornoqo6HbIM UMHAA30/1aTHRIM KapKac-8) yCIeImHo
CUMHTE3MPOBaH COJIbBOTEpPMa/IbHBIM METO/IOM B CpeZle MeTaHO/a C WCI0/Ib30BaHMEeM reKcarujpara
HuTpara uuHka [Zn(NO,),-6H,0] u 2-metnmumuzgasona (2-MIM) B KauecTBe UCXO/HBIX BEILECTB.
MonsipHoe cooTHoleHue Zn?" x 2-MIM 6b110 3asaH0 Kak 1:843; mpu 3tom 8,32 r Zn(NO,),-6H,0
1 19,36 r 2-MIM no otaenbHOCTA pacTBOpsiii B 70 M1 MeTaHosa. [lBa Tpo3pauHbIX pacTBopa
oObeaUHSIM TyTeM KareabHOTro Jo0aB/ieHUsl U TiepeMellrBa/i MPyU KOMHATHOM TeMIiepaType CO
ckopocthio 800 06/MUH B TeueHHe 1 u. 3ateM CMeCh TepeHOCH/IM B aBTOK/AB M3 HeprKaBerollei
cTanu C Te/IOHOBBIM BKJ/IA/bIIIEM U TOJBEpraiu CoibBOTepManbHOM 06paborke mpu 105 °C B
TeueHre 24 u (ckopocTh HarpeBa 4 °C/MuH; ckopocTb oxyaxaenus 0,4 °C/muH). O6pa3oBaBIIMACS
Oenblii 0CaJjOK OTAEe/S/IA TPaBUTALMOHHBIM (UIBTPOBAHKEM, TPMXKIbI TPOMbBIBA/IM MeTaHOJIOM
(3%x120 mn), cyummm nipu 80 °C B TeueHWe 6 4 u aktuBupoBaiu npu 150 °C B TeueHue 8 u zis
y[aJIeHUs1 0CTaTOYHbIX MOJIEKY/l pacTBOPUTE/sl U3 MOPOBbIX KaHasloB. BeIxos mpojyKTa cOCTaBuUII
5,13 1, uto coorBetcTByeT 80,7 % OT TeopeTnueckoro 3HaueHusl. CHHTe3UpOBaHHbIN MaTepuas
rpe/jHa3HaueH /i1 CTPYKTYPHOIO WCC/e[OBaHUS C WCII0/Ib30BaHMEM MeTO[0B 3/IeMEeHTHOIrO
aHaiu3a.

Abstract

In the present study, ZIF-8 (zeolitic imidazolate framework-8) was successfully synthesized
via a solvothermal method in methanol using zinc nitrate hexahydrate [Zn(NO,),'6H,0] and 2-
methylimidazole (2-MIM) as starting materials. The molar ratio of Zn2?" to 2-MIM was set at 1:843;
specifically, 8.32 g of Zn(NO,),-6H,0 and 19.36 g of 2-MIM were separately dissolved in 70 mL of
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methanol. The two clear solutions were combined by dropwise addition and stirred at room
temperature at 800 rpm for 1 h. The resulting mixture was then transferred into a Teflon-lined
stainless-steel autoclave and subjected to solvothermal treatment at 105 °C for 24 h, with heating
and cooling rates of 4 °C min™ and 0.4 °C min™, respectively. The resulting white precipitate was
separated by gravity filtration, washed three times with methanol (3 x 120 mL), dried at 80 °C for 6
h, and subsequently activated at 150 °C for 8 h to remove residual solvent molecules from the pore
channels. The product yield was 5.13 g, corresponding to 80.7 % of the theoretical yield. The
synthesized material was intended for structural characterization using elemental analysis
techniques.

KnrwueBble cJioBa: ZIF-8, 1[€0/TUTOTIO[0OHBIE HMMU/Ia30/1aTHbIe KapKachl,
MeTaJlJIoOpraHnyeckre KapKachbl, COMbBOTEPMasbHbIA CHHTE3, rekcarujpar HWATpara LMHKa, 2-
MEeTWIMMH/a30/l,  3JeMeHTHbId  aHaiu3,  peHTreHoduiyopecueHTHbld  aHamu3  (XRF),
CTeXHOMeTpUUeCKU COCTaB, MUKPOTIOPHCTbIe MaTepralbl.

Keywords: ZIF-8, zeolitic imidazolate frameworks, metal-organic frameworks, solvothermal
synthesis, zinc nitrate hexahydrate, 2-methylimidazole, elemental analysis, X-ray fluorescence
analysis (XRF), stoichiometric composition, microporous materials.

BBegeHue

Mertasnnoopranudeckue Kapkacbl (MOK) ripesicTaBasitoT co00# K/1acC BICOKOYIIOPSIIOUEHHBIX
MOPUCTBIX KPUCTA/UTMUECKUX CTPYKTYp, 0Opa3ylomxcss B pe3yabraTe KOODJWUHALIMOHHOTO
CBSI3bIBAHUS MOHOB WM KJIacTepOB MeTa/UIOB C TOJMGYHKLMOHAMBHBIMKA OpraHu4yeCcKuMU
nuradgamu. brarosapsi BbICOKOM yzie/bHOW T/IOIIa/Id TTIOBEPXHOCTH, PeryIUpyeMOMYy pasMmepy Iop
M IIMPOKMM BO3MOXKHOCTSIM MOAMGUKALMKM CTPYKTYPHBIX KOMIIOHEHTOB MOK  akTMBHO
WCC/IeIYIOTCS AJIi XpaHeHWs] W pa3fie/leHrsl ra3oB, KaTajm3a, CopOLuHM, CeHCOPUKUA W AO0CTaBKU
JIeKapCTBeHHBIX BelllecTB [5].

Oco6bIii 1 TepcriekTHBHBINA TIogKIacc MOK o6pa3yioT 1jeommTornofjo0Hble UMH/a30/1aTHbIe
Kapkackl (ZIF, Zeolitic Imidazolate Frameworks). B 3THX coeguHeHHsSX MOHbI TepPeXOAHbIX
meta/uioB (06bryHO Zn2" mmm Co?") KOOpPAMHMPYIOTCA C JMraHJaMyd Ha OCHOBE HMM/a30JaTa
B TeTpa3gpuuecKoi reoMmeTpuu. biarogapst Tomy, uto yron cBsizu M—Im-M (~145°) 6/1130K K yIay
Si—O-Si, ¢popmupyrOTCS TOMOJIOTUM, XapakTepHble /s 1jeonuToB (sodalite, sod, rho u ap.) [13].
Takoe cTpyKTypHOe cx0/CTBO oOecnieunBaeT ZIF 3HaunTensHO Oojiee BBICOKYHO TEPMHUECKYHO (10
400 °C) ¥ XMMHUUECKYH) YCTOWUHMBOCTb K BO3/EWCTBUIO BOJbI, Ile/ioueli W OpraHuuecKux
pacTBOpUTe/ield TI0 CpPaBHEHHWIO CO MHOTUMM TpajuliMoHHBIMM MOK, uTo TmOBbIIIaeT
TMPUBJIEKATebHOCTb 3TUX MaTepUasioB /1Jisl MPOMBIIIEHHOTO NpuMeHeHus [13, 8].

BHyTpu ganHoro kiacca ZIF-8 kapkac C COaJMTOBOM TOIOJIOTHEH, 00pa30BaHHBIM MOHAMH
[[MHKAa W 2-MeTWIMMHZA30/IaTHBIMHM JIUTaHAAMHU, SIBISE€TCS OAHUM W3 Haubosiee W3y4yeHHBIX
U  TIpaKTUYeCKW  TIePCIeKTHMBHBIX  MarepuasoB. ZIF-8  xapakTepu3yeTcsi  BBICOKOM
MUKDPOIIOPUCTOCTbIO (yZle/bHasi TiomjaZk mnoBepxHocTH ~1300-1900 wm?2/r), ManabiM pa3MepoM
BxogHoro okHa mop (~3,4 A) u 3HaumtensHeIM gUamerpoM monoctu (~11,6 A). DTm cBoiicTBa
00yC/IOB/IMBAIOT BO3MOYKHOCTh €ero TprMeHeHUsi B MeMOpaHax [ijisi pa3fie/ieHds] Ta30BbIX CMecei
CO,/CH, u CO,/N,, B KaueCcTBe HOCHTE/Ii TETEPOr€HHbIX KaTajM3aToOpOB, B Ta30BbIX CEHCOPAX

1 CcHCTeMax KOHTPOJIMPYeMOM J0CTaBKM JieKapCTBeHHbIX BelljecTs [8, 10, 11].
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B  swuTeparype onmcaHO HeCKOJbKO ~MeToloB  cuHTe3a ZIF-8:  TpaguuMOHHBIM
COJIbBOTEPMAJIbHBIM CHMHTE3, OCaK/ieHre NP KOMHATHOW TeMIiepaType, MUKPOBOJIHOBAs aKTHBal1s
U MexaHoXuMuueckuii metoz [7, 12]. Cravillon u coaBTOpbI MOKa3aau BO3MOMKHOCTb OBICTPOTO
roJyiyueHus HaHOKpucTawioB ZIF-8 B MeTaHO/IbHOM cpejie TIpY KOMHATHOM Temrieparype [7], Toraa
Kak Pan u coaBTOpBI OMMcanu eire 6osee OLICTPHIN MPOLECC KPUCTA/UTM3aLMK B BOAHOU CpeJie TpH
KOMHAaTHOW Temriepatype [12]. BmecTe ¢ TeM MHOrue ucc/jefoBaTeNd OTJAOT IpeArouTeHHe
COJIbBOTEPMAa/IbLHOMY MeTOJy CUHTe3y B aBTOK/IaBe IIPU KOHTPOJIMPYeMbIX TeMIlepaTrype U /1aB/IeHUU
Grarofiapsi BEICOKOM KPUCTA/UIMYHOCTH MPOJYKTA, BOCIIPOM3BOAMMOMY pacripe/ie/ieHHI0 YacTHI] TI0
pa3Mepam U CTaOUIHLHOCTY KaueCTBEHHBIX XapaKTepPUCTHK [1, 4].

B psime paboT moka3aHo, UTO yC/IOBHUSI CHHTe3a, B UaCTHOCTH MOJISIPHOE COOTHOIIIeHHe MOHa
MeTa/l/la U JIAraHza, IIPUpPOZa pacTBOpUTess, TeMIleparypa U IPOJO/DKUTE/BHOCTh peakLiuy,
HeroCpe/ICTBEHHO BMSIIOT Ha KMHeTHKy KpucTannudauuu ZIF-8, mopdosornio yacTui] U BbIXO[,
npoaykta [4, 6]. OTMeueHo, UTO 3HAUNTE/IbHBIM W30BITOK JMraH/A 110 OTHOILEHHIO K ZNn2" (00BIYHO
MIPY MOJISIPHBIX COOTHOIIEeHUsX oT 1:4 mo 1:70 u Bbiie) criocoO6CTByeT (POPMHUPOBAHUIO MEJTKHX
OJHOPOJHBIX KpUCTa/ioB [1]. OpHako WCC/iefOBaHUM, TIOCBAIEHHBIX [leTaJbHOW OLleHKe
(aKTHYeCKOro 3/eMeHTHOTO0 cocTtaBa oOpa3uoB ZIF-8, cHHTe3MpOBaHHBIX TIPU UYpe3BBIYANHO
BBICOKOM H30BITKe JHraHja (HampuMep, NMpy CooTHoileHusix Bbiie 1:800), a Takke CTerneHH
OTKJIOHEHMSI UX COCTaBa OT TeOPeTUUECKON CTEXMOMETPUUeCKO OopMy/ibl MeTOilaMH 3/IeMEHTHOTO
aHajM3a, IT0Ka HeZloCTaTouHo [6, 3].

B TO ke BpeMsi TOUHasl OIleHKa XMMHUYeCKOW UMCTOThI CUHTe3MPOBaHHBIX 00pa3ijoB ZIF-8,
Ha/Myusl B HUX OCTATOYHOIO pacTBOPUTE/s W HeCBS3aHHOIO JIMraHJa uMeeT NPUHLUNHAIbHOEe
3HaueHue [jisi CTabUIbHOCTH M BOCIIPOM3BOAMMOCTH MaTepuasa TMpH MPAKTUUeCKOM MPUMeHeHHH.
HapexxHas onjeHKa BO3MO)KHA IIPU KOMILJIEKCHOM COIIOCTaB/IeHUM [aHHBIX 3/IeMEHTHOI'O aHaju3a
C pe3y/bTaTaMu CTPYKTYPHBIX K MOP(OI0ruyecKux uccieoBanui [3, 9].

Marepuasbl 1 MeTOABI

Il cuHTe3a Ie0MTONOA00HOT0 HWMHAA30/aTHOTO Kapkaca ZIF-8 wcriosnb3oBamu [Ba
OCHOBHBIX MCXO/IHBIX KOMITOHEHTa: TeKcaruipar Hurpara uuHka [Zn(NO,),-6H,O] B kauecTse
UCTOYHMKA MeTa/uia U 2-metuimmuzason (2-MIM, C,H.N,) B kauecTBe opraHnyeckoro JjMHKepa
(ymranga). B kauecTBe pacTBOpUTEsl MPUMEHSIM METaHO/ aHanmuThueckou uuctotel (CH,OH),
BLIOpaHHBIA BC/IE[CTBHE €r0 CIIOCOOHOCTM XOpOIIO pacTBOPSITh KaK COJIb MeTalla, TakK
¥ OpraHWueCKWd JIMTaHJ, HU3KOW TeMIepaTypbl KWIIeHUs U CIOCOOHOCTH  CO37laBaTh
GaronpusATHYIO Cpeay AJisi KpUCTa/UTU3aliuK TIPOIyKTa peakiii. Bce peareHThI UCI0/Ib30Bau Oe3
JIOTIOJTHATeTbHOW OUMCTKH B UCXOAHOM BHU/le, TI0JIyUeHHOM OT TOCTaBIIMKa.

[l71s1 cuHTe3a MOJISIPHOE COOTHOIIIeHWe MOHA LIMHKA U JIMraHzia ObI/I0 YCTaHOBJ/IEHO Ha YPOBHE
1:843, TO ecTb TpW 3HauUMTeNHHOM H3OBITKE J/WraH/Aa; [JaHHBIM TOAXOA ObUT HarpaBieH Ha
T0JlyYeHHe MeJIKUX W OJHOPOIHBIX KpUCTa/iMueckux vactui. s storo 8,32 r Zn(NO,), 6H,0
pacTBOpS/IA TIpU TlepeMelnuBaHWKM B 70 M/ MeTaHo/la [0 TOHOTO pacTBOPeHMsl. AHAJOTHYHO
19,36 r 2-meTMnuMMKa30/1a OTAEIbHO pacTBOpsiiM B 70 M/ MeTaHOJa C TOJy4YeHUEM BTOPOTO
rpo3pauHoro pactBopa. Oba pacTBopa TOTOBWIM TIPU KOMHATHOM TeMIiepaType Ha MarHHUTHOU
MelllajiKe 0 TIOJIHOTO MCUe3HOBeHHsI 0CajIKa.
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PacTBOp COMM LIMHKA MeJJIeHHO, 10 KaruisiM, [00aB/isyid K PacTBOpPY 2-MeTH/IMMHUZA301a;
TaKOM Croco® WCIIob30BaNy [ijisi MpeJOoTBpalleHNsl JIOKAaIbHOTO TepechiiieHuss U obecreueHus
PaBHOMEPHOTO KOHTPO/sS pocta vacturl. Ilocse oObeAvHeHHs] PaCTBOPOB TMOYYEeHHYIO CMeCh
HerpepbIBHO TepeMellnBaiy NPYU KOMHATHOW Temriepatype co ckopocTeio 800 06/MUH B TeueHHe
1 u. [Ipu 3TOM MPOMCXOAW/IO TIepBOHAYaabHOe (HOPMUPOBAHKE KOOPAMHALMOHHBIX CBSI3€H MEXIY
WOHaMHU Zn?" U JeNpOTOHMPOBAHHBIMK MMU/A30/IaTHBIMUA TPYIIIIAMH, TIOC/Ie Yero cuctema Oblia
TIO/ITOTOBJIEHA K TIOC/IeIyOIIel THApOTepMabHOM (COMbBOTEpMasTbHOM) 00paboTKe.

[ToAroTOBNEHHYIO  PEakLMOHHYK) CMeChb T[epeHOCHIM B TepMEeTHYHbIM  aBTOK/IaB
C Te(p/IOHOBBIM BKJ/IaJibIllIeM ¥ HapY>KHBIM KOPITYCOM M3 HepykaBetolljeil cTaau. ABTOK/IaB HarpeBaiy
co ckopocteio 4 °C/muH 1o 105 °C u BblAep)KUBa/lv IPU 3TOM TemImeparype B TedyeHHe 24 u.
OTHOCUTENIPHO HU3Kasg CKOPOCTb HarpeBa W JiIMTe/bHas M30TepMHUYecKass BblJepiKKa
CIoCOOCTBOBAIA TIOCTEIIEHHOMY Y YIIOPSIIOYeHHOMY (JOPMHPOBAHHIO KPUCTA//TUYECKOW PeIeTKH.
ITocne 3aBepieHUs peakliiy aBTOK/IaB OX/IaKJa/IN 10 KOMHATHOW TemIiepaTypbl CO CKOpoCThio 0,4
°C/muH. Takoil peXUM Me/JIEHHOTO OXJIaXeHUss Obul BbIOpaH /il CHIDKEHHUS BEPOSITHOCTH
00pa3oBaHMsI KPUCTA/UINUECKUX /1e()eKTOB BCIEACTBHE TePMHUUECKUX HAIpsDKeHUM M COXpaHEeHWUs
CTPYKTYPHOU L[eJIOCTHOCTU KOHEYHOTO NIPOAYKTA.

Benblli KpUCTa/UTMUECKU 0cCaZiok, 00pa30BaBIIMKCS B PpEAKIMOHHOW Cpelie TIOCie
V3BJIeueHUsl U3 aBTOK/IaBa, OTJe/s/IN OT KUAKOU ¢a3bl METO[j0OM rPaBUTALMOHHOTO (DPUIBTPOBAHMUS.
[l MakCcMMasibHO TOJIHOTO YZajieHWsl HelpopearvpoBaBlLero JIMraHja U C/1e[loB pacTBOPUMBIX
COJIeN O0CaZIoK TPWXKJbl NPOMBIBAIM YWUCTBIM MeTaHoioM 1o 120 M 3a oAWH LMK (BCero
3%120 m). TIpombiTeiii o6pa3sery cymmmu rpu 80 °C B TeueHWe 6 U, MOC/Ie Yero ZOTOTHUTETBHO
akTuBupoBasu B Bakyyme Inpu 150 °C B TeueHue 8 4 [/ yAa/JeHHUs OCTATOYHBIX MOJIEKYII
pacTBOpUTeJIS], yepKUBaeMbIX B MUKPOITOPHCTBIX KaHanax Marepuana. Ctagusi akTUBaLUM UMeeT
orpeiesisitolLee 3HauUeHue /151 IOATOTOBKU OTKPBITOM MOPUCTOU CTPYKTYphI ZIF-8 K mocneayromym
aHa/M3aMm, MOCKOIbKY OCTaTOYHble MOJIEKY/Ibl paCTBOPUTEJIS B ITOpaXx MOTYT UCKa)KaTb pe3ysibTaThbl
orpe/ie/ieHusI 37IeMeHTHOI'O COCTaBa.

[Tocne 3aBepiieHMs1 BCeX TEXHOJOTMYECKUX CTaJUK Macca IOJSyUYeHHBIX CyXWX KpHCTasIoB
ZIF-8 cocraBuna 5,13 r. [lo cpaBHeHHIO C TeOpeTUYECKUM BbIXOJOM, PACCUUTAHHBIM KMCXOAS W3
KOJIMUeCTBa WMCXOAHBIX peareHTOB, MpakTUueCKWd Bbixof cocTaBua 80,7 %, UTO yKa3blBaeT Ha
OTHOCHUTEJIbHO BLICOKYHO 3()()eKTUBHOCTb MPUMEHEHHOT0 MeTo/ja CUHTe3a.

[l KO/TMYeCTBeHHOM OL|eHKH 3/1IEMEHTHOI'O COCTaBa CUHTEe3MPOBAaHHOIO M aKTUBUPOBAHHOI'O
obpasula ZIF-8 wucnosnb3oBami — aBToMatu3upoBaHHbii  CHN(S)-371eMeHTHBIN — aHa/IHU3aTop.
[lpenBapuTenbHO B3BeIIEHHBIM Cyxoi oOpasel, Maccy KOTOPOrO OIpeZAessiyii Ha Becax
C MHKPOrpaMMOBOM TOUHOCTBIO, TOJHOCTBIO CXKWrajd B arMocdepe YKHCTOrO KHUCI0poAa
B BBICOKOTeMIIepaTypHOW Kamepe cropanus (o6ergHo 950-1000 °C). OOpa3oBaBiumecs
ra3oo0pa3Hble TIPOAYKTHI CrOpaHUs (CO,, maper H,O ¥ oOkcuzpl a30Ta, BIIOC/IE/[CTBUM
BOCCTaHAaB/IMBaeMble /10 MOJIEKY/ISPHOTO a30Ta) pasfersyid C IOMOIIbI0 XpoMarorpaduueckux
KOJIOHOK ¥ KOJMYECTBEHHO PpEerucTpupoBaid JeTeKTopoMm TeruionpoBogHocTu (TCD). Takum
obpa3om ompegensiii MaccoBble oy yriepozaa (C), Bogopoga (H) u asora (N) B obpaste. [is
KaXgoro obpasija W3MepeHHsl TOBTOPS/IA He MeHee TpeX pa3, PacCUMThIBas CpejHee 3HAUeHHe
Y CTaHJapTHoe OTK/IoHeHUe. OrnipegeneHHble cogepxxanusa C, H v N conocrasisiiv co 3HaUeHUSIMU,
paccudTaHHBIMU TI0 TeOopeTHuUeckod (cTexuomerpuueckoit) ¢opmyne ZIF-8, uro mno3Bossio
OLIeHUTh XUMUYECKYI0 UUCTOTY CHHTe3UPOBAHHOTO MaTeprasa U Haau4yue TM00 OTCYTCTBUE CIef0B
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HEeCBSI3aHHOTO JIMTaHAA WM OCTAaTOUHOTO pactBoputens. [lnsi Oosee TIOMHOW — OLIEHKH
OKOHYaTeTbHOW CTPYKTYPHOM UMCTOTHI MaTepuasa pe3y/bTaThl 3/IeMeHTHOTO aHan3a 00Cy»Kaamich
COBMECTHO C [JAHHBIMH [OTIOJTHUTEIbHBIX WMHCTPYMEHTATbHBIX METO/OB, IIpeCTaBlIeHHbIMU
B MOC/IEAYIOIUX pa3jesnax.

Pe3ynbrarhl 4 00Cy)KeHHe

OneMeHTHBIM COCTaB CHHTe3upoBaHHOro obpasua ZIF-8 (XRF, wmetoxm FP). [ns
KOJTMUeCTBEHHOM OLIeHKM HeOpraHW4yeckKoro 371eMeHTHOTO COCTaBa aKTHBHPOBAaHHOTO oOpasiia
ZIF-8 6bu1 mipoBefeH peHTreHoduiyopecrieHTHbIN aHami3 (XRF) meromom (yHmaMeHTaTbHBIX
napametpoB (FP) B pexxuime paccesiHus (Scatter). TTonmydyeHHbIe pe3y/ibTaThl 00001IeHbI B Tabmmile
1.

Ta6auya 1.
AHanu3 cojiep)KaHusi 0CHOBHOT0 KOMIIOHeHTa — I[MHKa (Zn)
Ne JJieMeHT Pe3ynwrar, CrarucTuyeckas LLD LLQ
macc. % ommobKa
1 Cl 0,0348 0,0001 <0,0001 0,0003
2 Si 0,0179 0,0003 0,0003 0,0010
3 S 0,0103 0,0001 0,0002 0,0005
4 K 0,0027 0,0003 0,0006 0,0018
5 Ca 0,0026 0,0002 0,0003 0,0010
6 Ti (0,0003) <0,0001 0,0001 0,0004
7 Fe 0,0037 0,0002 0,0004 0,0011
8 Ni 0,0010 0,0001 0,0003 0,0009
9 Zn 8,62 0,0284 <0,0001 0,0002
10 Zr 0,0729 0,0012 0,0001 0,0003
11 Ag 0,0005 <0,0001 0,0001 0,0004

W3 paHHBIX TabMMLIBI C/ielyeT, YTO [IUHK SIB/IS€TCS AOMUHHDYIOIIMM 3/IeMeHTOM B oOpaslie;
ero MaccoBasi foJisi cocraBuia 8,62 macc.%, uro B 100-1000 pa3 mpeBblilllaeT COfiepXaHue BCeX
OCTa/TbHbIX OOHAPYKEHHBIX 3/1eMeHTOB. [To/yueHHbIH pe3y/bTaT MOATBEPXKAAeT MPUCYTCTBHE Zn2"
B COCTaBe CHHTE3MPOBAaHHOIO MaTepuasa B KayeCTBe TeTPasApUYeCcKOro KOOPAMHALMOHHOTO
L[eHTpa KapKaCHOW CTPYKTYpbl M COIVIaCyeTCsl C OXKHUJAeMbIM XapaKTepoM MeTasl/-JIUraHHOro
crpoenusi ZIF-8. Cratuctuueckas oirbka onpezenenus Zn (0,0284) cBuieTebCTBYET O BBICOKOM
OTHOCUTE/IbHOM HaJleXKHOCTH pe3y/bTaTa, IOCKOAbKY ee BequuyvHa cocTaBiser MeHee 0,5 %
M3MepEeHHOI0 3HaueHUsl.

57



Ne 10 (148) A\ UNIVERSTM: okms6pb, 2026 2.

XUMUS N BUOOTUS

Analyzed result‘EP method. Scatter)
No. Component Result Unit Stat. Err. LILD LLQ
1 Cl 0.0348 mass% 0.0001 <0.0001 0.0003
2 Si 0.0179 mass% 0.0003 0.0003 0.0010
3 S 0.0103 mass% 0.0001 0.0002 0.0005
4 K 0.0027 mass% 0.0003 0.0006 0.0018
5 Ca 0.0026 mass% 0.0002 0.0003 0.0010
6 Ti (0.0003) mass% <0.0001 0.0001 0.0004
7 Fe 0.0037 mass% 0.0002 0.0004 0.0011
8 Ni 0.0010 mass% 0.0001 0.0003 0.0009
9 Zn 8.62 mass% 0.0284 <0.0001 0.0002
10 Zr 0.0729 mass% 0.0012 0.0001 0.0003
11 Ag 0.0005 mass% <0.0001 0.0001 0.0004
Spectrum
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PucyHok 1. Pesyabmambl penmzeHog1yopecyeHmHoz0 anaausa (PPA) odbpasya u e2o0 cnekmp

B crniektpe Ha puc. 1 BbicOKOMHTeHCHBHbIe KU Zn-Ko (okoso 8,6 k3B, B 0kHe yBenmueHUs
«x20000») u Zn-La (okosmo 1,0 k3B, B okHe yBenuueHusi «x60») BU3ya/JibHO MOATBEP>KAIOT
KO/TMUECTBEHHBIM pe3y/bTaT: 00a CUrHasia SB/IAIOTCS Haubosiee MHTEHCUBHBIMU B CTieKTpe o6pasiia,
YTO JJOTIOJTHUTEIBHO CBU/IETE/IbCTBYET O JOMUHUPYIOLIEM COJeP>KaHUM LIMHKaA.

Awnanu3 cnefoBbIxX 351eMeHTOB. OcTasibHbIe iecaTh 00Hapy»KeHHbIX 3nemeHToB — Cl, Si, S, K,
Ca, Ti, Fe, Ni, Zr u Ag 3aperucrpupoBaHbl Ha ypoBHe Hmke 0,1 macc.%, TO eCTb B C/e0BBIX
Ko/MueCTBax. VX MpoUCXoX/IeHre MOXKeT ObITh MHTEPITPETUPOBAHO CJIEIYIOIIMM 00pa3oM:

« Cl (0,0348 macc.%) u S (0,0103 macc.%) MOryT TPOUCXOAUTH W3 TEXHOJOTHYEeCKHUX
npumeceli  ucxopHoro pearenra Zn(NO,),-6H,0 1160 W3 OCTaTOuHbIX 3arps3HeHMM Ha
MOBEPXHOCTU J1abOPAaTOPHOM TIOCYABI W 00OpPYZOBaHUS, TIOCKOIBKY WCTOYHUKHM XJIOPHUJIOB WU
Cy/nb(aToB CrielaabHO B PEaKI[MOHHYIO CUCTEMY He BBOJU/IUCH.

* Si (0,0179 macc.%) MokeT paccMaTpuBaThCsl KaK TUIMUHOe (OHOBOEe 3arpsisHeHue,
crocobHoe TiepexoiuTh B 0Opasel] U3 1abopaTOpPHOM CTEK/ISTHHOMN MOCY/bI UK CTEKTOBOJIOKOHHBIX
MaTepHrasioB, UCTIOIb3yeMbIX TTPU (PUITETPOBAHUM.

* K (0,0027 macc.%) u Ca (0,0026 macc.%) OTHOCATCSI COOTBETCTBEHHO K II1eJIOUHBIM
M 11e/0YHO3eMe/lbHbIM MeTa/ylaM W HepeAKO TPUCYTCTBYIOT B BHJE OCTATOUHBIX CJIeZIOB
B ZIMCTU/IJTAPOBAHHOM BOJie TMOO peareHTaxX TEXHUUYECKOUM CTeNeHU YUCTOTHI.

* Fe (0,0037 macc.%) u Ni (0,0010 macc.%) MoryT O6ITH 00yC/I0B/IEHBI MUKPOCKOITHYE CKUMU
crefjaMy KOPpPO3WU BCJIeACTBHME KPAaTKOBPEMEHHOIO KOHTAKTa PeakLMOHHOM Cpefibl C KOPITyCOM
aBTOKJ/IaBa U3 HepP>KaBeIOIIeH CTay U 37IeMeHTaMU TlepeMellBaroIero 000pyjoBaHusl.
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 3Hauenue Ti ((0,0003) macc.%) HaxOOUTCS B HEMOCPeJCTBEHHOW OMM30CTH K Mpejeny
obnapykerusi (LLD); ero ykasaHue B CKOOKax CBHJETeNbCTBYeT O TOM, UTO JaHHas BeJMUMHA
npe/icTaBisieT cOOOM OIeHKy BOMM3W mpefena OOHapy>KeHWs, a He CTaTUCTUYEeCKH HaZe’KHO
orpe/ieJIeHHO€e COZieprKaHue.

* Zr (0,0729 macc.%) umeeT OTHOCUTETBHO BBICOKOE 3HaueHWe Cpeiu C/Ie[JOBbIX 3JIeMEHTOB;
He WCKJIFOUeHO, UTO OHO CBSI3aHO C (DOHOBBIM CUTHAJIOM OT LIMPKOHUICOZEep’Kalllix MaTepuasioB,
WCII0/Tb3yeMbIX BO BHyTpeHHel kambpoBke XRF-ripubopa umu B fiepskarese obpasiia.

* Ag (0,0005 macc.%) HaxoguTcss BO/MM3M Tipesiesia OOHAPY)KeHHsI U TIPE/ICTaB/sIeT COOOM
KpaliHe HHM3KOe, HeJl0CTaTOYHO HaJe)XHOe 3HauyeHWe, COOTBETCTBYIOLee YPOBHIO CJIyyallHOIro
(hOHOBOTrO 3arpsi3HeHUsI.

3HaueHUs1 AJI1 BCeX C/eJJOBBIX 3/1eMEHTOB HaXOZATCS BbIlle COOTBETCTBYIOLIMX IIpe/iesioB
obHapyxenusi (LLD) u komuuectBeHHoro ompezenenus (LLQ) /mmbo Onu3kk K HUM. ITO
CBU/IETEIbCTBYET O BBICOKOW UYBCTBUTENBHOCTU NPUOOPA, HO OJHOBPEMEHHO TMOJTBEPKAAEeT, UTO
C MeTpOJIOTMYEeCKOM TOUKU 3peHMs [JaHHble 3/IeMeHTbl NPUCYTCTBYIOT Ha C/IeZlOBOM YPOBHE U He
OKa3bIBaIOT CyII[eCTBEHHOTO B/IMSTHUSI HA OCHOBHOM (ha30BbIiA cocTaB obpasiia.

[lpuMeHeHHe Ha CIeKTporpaMMe pa3IUuHbIX K03 duimeHToB AuddepeHIraIbHOTO
yBe/IMUeHUs /i OT/e/IbHbIX SHepreTUuecKux Auara3oHoB (X60, x20, x20000, x2,0) mo3BoiWIO
BU3ya/lbHO BBIJENNUTh Jake HU3KOMHTEHCHBHBIE IMKU CJIe[IOBBIX 3/IeMeHTOB. Bmecre ¢ TeMm
OTHOCUTE/IbHO  IIMPOKWe W  HU3KOWHTeHCHBHble curHambl  Si-Ka, S-Ka u Cl-Ka
B HH3KOZHepreTuyeckoii obmactu (1,5-3 k3B) elme pa3 MoATBepKJarOT, UTO MX KOJMUYECTBEHHBIH
BKJIaJ| 3HAUUTEe/IbHO MEeHbLIIe TI0 CPaBHEHUIO C CUrHasioM Zn. Curnan Ag-Ka, 3aperncTpupoBaHHbIN
B BBICOKO3HepretTuueckoi obsmactu (20-35 k3B, yBenuuenuwe x2,0), Takke KpaikiHe c1ab, 4TO
yKa3bIBaeT Ha MpaKTH4eCKH MpeHeOpeKUMo Masioe cofiep>kaHre cepebpa B oOpastie.

Pesynbratel XRF-aHamu3a metozom FP mokasanu BBICOKYHO UMCTOTY CHUHTE3WPOBaHHOIO
obpa3ua ZIF-8 1o HeopraHH4eCKOMY COCTaBYy: MaccoBasi oy 0OHapy»KeHHOro I[uHKa (8,62 macc.
%) NOATBEp)X[aeT ero [OMHHHMDYIOLYIO pO/Jb KaK OCHOBHOIO MeTa/UIMYeCKOro KOMIIOHEHTa
KapKaCHOM CTPYKTYpPBI, TOTZla KaK CyMMapHOe COfiep)KaHHe OCTajbHBbIX [eCiITH OOHapyKeHHBIX
5JIEeMEHTOB 3HauWTenbHO HWKe 1 wMacc.% ¥ MOXeT pacCMaTpuBaTbCsl KakK —CJleZjloBOe
TEXHOJIOTHUeCKoe 3arpsisHeHre /b0 TmipubopHbI (oH. CoOBMECTHOe pacCMOTpPeHHe 3THX
pe3ysbTatoB C AaHHbiIMA CHN-31emMeHTHOro aHanusa (yriepoj, BOAOPOZ, a30T), MPUBEJEHHBIMU
B TIpeJbIAyIIeM paszesie, Mo3BosisieT Oosiee TMOMHO W HAZe)KHO OLIEHUTb XMMHUECKYI UYHCTOTY
cuHTe3upoBaHHOro ZIF-8 u cooTBeTCTBHME ero cocraBa TeOPeTUYeCKOW CTeXWOMeTpUYeCcKOr
dhopmyre.

Lleonmutonoo0HbId  WMKIA30/MaTHEI ~ Kapkac ~ZIF-8  ¢opmupyercs B pe3ynbrare
TeTpPajAPUUECKON KOOpJUHAIMKM HOHA Zn2" UeThIPDbMSI AaHUOHAMM 2-MeTWIMMHJa30/laTa —
JlenpOTOHKMPOBaHHOH ¢opmoii vranga 2-MIM. B niporiecce cuHTe3a MoseKkysia 2-MeTUIMMK/a3071a
(C,H,N,) Tepsier mporon Bogopoza cesisu N-H u npespariaercst B umrgasonar-anuon (C,H.N,),
KOTOpbIM Yyepe3 /iBa aToMa a30Ta BhINO/HAET GQyHKLMI0 MOCTUKOBOrO (bridging) nuranga, coeauHss
[iBa cocefHux LieHTpa Zn?". TTOCKO/bKY KaXK/Abld MOH LIUHKA KOODJWUHUPOBAH YETHIPbMs TaKUMU
JMTaHZAMHU, 3/IeMeHTapHast TIOBTOPSIIOIIAsCS eAWHHUIIA KapKaca OMMChIBaeTCs 001iel (hopMyImoii:

Zn(C,H.N,),, To ecTb nosHas aromHast popmyna ZnCgH, N,.
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B ymreparype 3Ta (opMy/ia Takxe MOXeT ObITh COKpAIL|eHHO Npe/CcTaBieHa Kak Zn(MelM),
(MeIM — 2-meTwiumuia30/1at); OeCKOHeUHasi TpeXMepHasi CeTh Kapkaca (hOPMUPYETCs 3a CUeT
TOBTOPEHHS JaHHOM 3/IeMEeHTapHOM eIMHULIBI.

PacueTt monekynsipHOi Macchl. MOJISIpHYRO MacCy 3/1eMEeHTapHOM eJUHULIbI paCCUUThIBA/IA Ha
OCHOBaHMM aTOMHBIX MacC 37IEMEHTOB CJIeIyIOLM 00pa3oM

Tabauya 2.
TeopeTuueckuni 3/IeMeHTHBbIN cocTaB (Macc. %)
J/ieMeHT Yucio aToMoB ATtomHas Macca, r/MoJIb Bknag, r/mosib
Zn 1 65,38 65,38
C 8 12,01 96,08
H 10 1,008 10,08
N 4 14,01 56,04
Hroro (M) 227,58 r/monnb

Ha ocHoBaHMM TIpHBe/IeHHOW MOJIIPHONM MacChbl TeOpeTHYeCKHil 3/IeMeHTHbI COCTaB
¢opmysnbr ZnCH, )N, onpesiensieTcst ciefyrommm obpa3zom:

* Zn: (65,38 / 227,58) x 100 = 28,74 macc.%

* C: (96,08 / 227,58) x 100 = 42,22 macc.%

* H: (10,08 / 227,58) x 100 = 4,43 macc.%

* N: (56,04 / 227,58) x 100 = 24,62 macc.%

ComocraBjieHe C 3KCIlepuMeHTalbHbIMUA pesyinsraTaMd. XRF-aHamus wMetogom  FP,
rpe/CTaB/eHHbIA B MpeAbIAyIeM  pa3jesne, T[peAHa3HaueH TMPEeUMYIIeCTBEHHO  JJis
KOJINUeCTBEHHOI'0 OIlpe/ie/ieHHsi HeOpraHWUeCKMX W CPaBHUTENBHO TSDKeNbIX 3JIEMEHTOB W, Kak
MpaBU/IO, He obecTieurBaeT HA/IEXKHOTO KOJTMUECTBEHHOTO OTpe/ieIeHus] JIeTKUX 3/IeMEeHTOB, TaKUX
Kak yrniepof, Bogopog u a3oT. [Toatomy 3aperucrtpupoBanHoe MetogoM XRF conepxkanue Zn (8,62
Macc.%) OTHOCUTCS K 0011jeli Macce aHanmM3upyemoro obpasiia, TorJja Kak TeopeThdeckoe 3HaueHHue
28,74 macc.% xapakTepusyeT [0/ Zn B YKCTOM snemeHTapHo# egunue ZnC H, N,. Pasmiune
MeXX/ly STUMU 3HaUeHUsSIMU B NCXOJJHOM MaTepuasie CBS3bIBaeTCsl CO CAeyHOIIUMU (DaKTOpaMu:

» nerkue stementel (C, H, N, O) He ompegenstorcs XRF-npubopoM cucTeMaTHUeCKH,
M03TOMY TTPOrpaMMHOe 0OecrieueHre MOXKeT YUNThIBaTh UX KaK He/leTeKTUPYEMYIO YaCTh MaTpPULIbI;

* TIpH TIOJITOTOBKe 00pa3iia MaTtepuas MOTr ObITh pa30aB/ieH MaTPHILIei, HallpUMep CBS3YIOIUM
Bel|eCTBOM WJ/IM MO/IJI0XKKON-HOCUTEIEM;

* OCTATOYHBIM MeTAaHO/ WIM afCcOpOMpOBAaHHAsi Bjlara, COXPAHSIOIIMECS B TOpax Iocjie
aKTHBALIMU, MOTYT yBeJMUMBaTh 00IIy0 MacCy obpasija ¥ CHWKaTb OTHOCUTE/TbHYHO JIOJTF0 Z1n.

Tem He MeHee JoMUHMpOBaHue MUHUM Zn-Ka u Zn-La B XRF-cmiekTpe Mo cpaBHEHHIO CO
BCEMHU [PYTMMM 3aperMCTPUPOBAHHBIMM 3/IeMEHTaMM, a Takke cozepkaHue Zn, B 100-1000 pas3
MpeBbIIAlOIee  COZlep)KaHue  OCTalbHBIX  [eCATU  C/elOBbIX  3JIEeMEHTOB, KaueCTBEHHO
MOATBEP)KJAOT, UTO LMHK SB/ASeTCS e[AUHCTBEHHbIM JIOMUHUPYIOLIUM  MeTa/l/InyeCKUM
KOMITOHEHTOM Kapkaca. [Ijis OKOHYaTenbHOW KOJMUEeCTBEHHOM OLIeHKU CTeleHU COOTBEeTCTBUS
MaTeprana TeopeTHueckod (opMyse HeoOXOAMMO paccMaTpuBaTth pe3ynbTatbl XRF coBmecTHO
¢ panHbiIMM CHN-3nemeHTHOro aHanMs3a IO COZEP)KaHUIO YIVIepoJa, BOAOPOZA M a30Ta, uTo
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MO3BOJIUT BOCCTAHOBUTH TIOMHBIM MacCOBbI OamaHc obpasta (Zn + C + H + N = 100 %)
Y TIPOBEpUThL CTeXWOMeTpHUYeCKoe COOTHOILeHHe JMraHja U Metauia (Teopetuyecku 1:2, Zn:2-
MIM).

3ak/IIoueHue

B pesynbTare TpOBeEHHOTO WCC/IeIOBaHUS 1I€0JUTONOA0OHBIM MMHZA30/IaTHBIN KapKac
ZIF-8 ycrelIHO CHMHTEe3HMpOBaH COMbBOTEPMAaJbHbIM METOAOM Ha OCHOBe rekcarujpara HUTpaTa
tuHKa [Zn(NO,), 6H,0] 1 2-MeTniMMu1a3o/1a B METaHOIbHOM Cpe/le TIPH 3HaYnTe/IbHOM M30bITKe
nvrabzga (Zn?":2-MIM = 1:843). Beizep)kuBaHue peakiMOHHOH cMecw B aBToK/aaBe mpu 105 °C
B TeueHWe 24 vy, mnoc/ieAywllee MeJjeHHOe oxJaxgeHue co ckopocteio 0,4 °C/muH
¥ [IOTIOJHUTe/IbHAsA akTuBalus npd 150 °C B TeueHwe 8 u obecrieuniv rosydeHue 0Oesioro
KPUCTa/ITMYECKOT0 TpoJyKTa C BbICOKMM BbixogoMm 80,7 % (5,13 T), uTO YyKasbiBaeT Ha
TeXHOJIOTUUYEeCKYH0 3(eKTUBHOCTh U BOCIIPOWU3BOAUMOCTb IPUMEHEHHOT0 PeXXUMa CHHTe3a.

[To pe3ysnbTaTaM aHa/M3a 3/€EMEHTHOTO COCTaBa CHHTE3WPOBAHHOTO obpasija MetozioM XRF
(Meton dyHaMeHTaIbHBIX TapaMeTPOB) LIMHK OB OrpefesieH Kak JOMUHUPYIOIIHAN KOMITOHEHT
B KomuuectBe 8,62 mMmacc.%, 4YTO TIOATBEPXKAAET €ro MNpPUCYTCTBHE B KaueCTBe OCHOBHOIO
KOOpZIMHAL[MOHHOTO 1IeHTpa KapKacHoU cTpyKTypbl ZIF-8. OctanbHble gecsats smeMeHToB (Cl, Si, S,
K, Ca, Ti, Fe, Ni, Zr, Ag) 3aperucTpupoBaHbl B KoHLeHTpauusx Hwke 0,1 wmacc.%
¥ VHTeprpeTUpOBaHbl KaK CjeoBble (DOHOBblE TIPUMECH, CBs3aHHble T[PEUMYILeCTBEHHO
c obopyzmoBaHWeM [jisi CHHTe3a, UHUCTOTOM peareHTOB M jaboparopHoil cpefoi. IlomyueHHBIE
JlaHHbIe CBU/IETE/ILCTBYIOT O BbICOKOM UMCTOTe CUHTE3MPOBAaHHOIO MaTepyrasa 110 HeopraHuyeckoMy
COCTaBy.

ConocraBnenne  XRF-ZlaHHBIX C  TEOpPeTUYECKUM  CTeXMOMETPUUYECKHM  COCTaBOM,
paccuutanHbiM fjist popmysel ZnCH (N, (Zn — 28,74 macc.%, C — 42,22 macc.%, H — 4,43
macc.%, N — 24,62 macc.%), mokasbiBaeT Ha/iduue pa3auuus MeXKAy 3SKCIepuMeHTalbHbIM
Y TeOpeTUYeCKUM cojiepykaHueM Zn. B ucxoqHOM TeKCTe 3TO pa3/ivuve CBA3bIBAeTCs MpeXx/e BCero
c orpannueHusiMu XRF-MeTozia B oTHOIIeHMH fierkux 3/eMeHTOB (C, H, N), a Takke ¢ BO3MOXXHbIM
B/IUSIHAEM CJIeJJOBbIX KOJIMUECTB BJlard WM pacTBOpuTesisi B obpasie. IIpy 3TOM BbIpakeHHOe
JIOMUHHpOBaHue TUHUM Zn-Ka 1 Zn-La B ClieKTpe OTHOCUTE/BHO CUTHAJIOB OCTa/IbHBIX 3/IEMEHTOB
KaueCTBEHHO COIVIaCyeTcsl C OKuJaemMbIM coctaBoM ZIF-8.

[TosyueHHble pe3y/nbTaThbl MPaKTUYECKW MOATBEP)KAAIOT BO3MOKHOCTH COJIbBOTEPMaIbHOIO
cuHTe3a ZIF-8 13 rekcaryjpara HATpaTa LIMHKA U 2-MeTUIMMKZA30/a B MEeTaHOJbHOW cpefie Mpu
BBICOKOM M30BbITKe JIMTaHZa C BLICOKUM BBIXO/IOM U XUMUUEeCKON YUCTOTOMN. [IprMeHeHHbIN MOAX0f,
COYeTalIMi TapaMeTpbl COMbBOTEPMAJbHOIO CHUHTe3a C pesynabratraMd XRF-3memeHTHOro
aHa/n3a, MOXKeT C/Iy>KUTb MeTOAUYeCKOM OCHOBOM [i/Isl KOHTPOJISI CHHTEe3a U OLIeHKU KaueCTBEeHHBIX
xapakTepuctuk ZIF-8 u apyrux 1eosuTornofoOHbIX MMU/IA30/1aTHRIX KapKacoB. B gambHeMImx
WCC/IeJOBAaHUSAX [IOTIOJITHEHWE TOMy4YeHHbIX JaHHbIX pe3ynbraramMu CHN-3neMeHTHOro anHanusa,
FTIR-ciekTpockoriu, XRD u BET mo3BomuT cdopmupoBaTh 060siee TIO/IHYHO CTPYKTYpPHO-
KOMITO3MLIMOHHYIO0 XapaKTepUCTHKY Marepuasa U OLIeHUTb TIepCIeKTHBbI ero IMpaKTUUeCKOro
TIpUMeHeHUsl B XpaHeHWH ra30B, KaTajir3e U COPOIMOHHBIX MpoIjeccax.
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AHHOTaUUA

B pabore mnpejcraBieHbl pe3ynbraThl peHTreHodaszoBoro aHamusa (PPA) neosnura NaP
(ctpykrypHbiii Tvn GIS), CUHTe3UpOBaHHOTO THAPOTEpPMa/JbHbIM METOZOM M3 CWIMKaTa HaTpus,
aJIFOMHMHATA HaTpHsl U TUJPOKCH/A HaTpusl. JudpakTorpaMmMa obpasija perucTpupoBaiach METOIOM
TOPOLIKOBOW PEHTTeHOBCKOHN Au(paKTOMETPUM B Pe)KUMe HerpepbiIBHOTO CKaHUpOBaHus 0-20 B
uara3oHe yrioB 20=5 — 70° c ucnons3oBanreM CuKo-uznyuenus. Tpy Hanbosiee MHTEHCUBHBIX
pediekca Habmoganuck npu 20=9.14°, 13.58° u 15.52° (d=9.668, 6.515 u 5.704 A), uro Hapszy c
JPYTUMH  UIeHTU(PULIMPOBAaHHBIMU MEXXIIJIOCKOCTHBIMU PACCTOSIHUSIMM  XOPOIIIO COTJIacyeTcsi C
3TaJIOHHBIMU JaHHBIMU AJis1 1jeonuta NaP. VIHTeHCHBHBIe pedieKChbl MPU OTHOCHUTE/NBLHO HU3KOM
ypoBHe (hOHa TMOATBEpXKJAl0T KPUCTa//IMUecKyr, a He aMop¢HY0 MpUpoAy obpasiia, Torja Kak
cooTBeTcTBytOIIMe 3HaueHUss FWHM 1.8 — 3.3° yka3bIBalOT Ha HaHOpa3MepHbIM xapakTep obsacteid
KOT'epeHTHOTO paccesiHWsl, CpPeJHUI pa3Mep KOTOPBIX, OLeHEHHbIM 1Mo ypaBHeHuto Illeppepa,
cocTaBuI OKoso 4.4 HM (guarnasoH 2.5-6.3 HM). Cnabbiii pediekc mipu 20 =~ 26.6° MokeT ObITh
CBfi3aH C He3HauuTe/lbHOW MNpUMechl0 KBapua. OTCyTCTBHe XapaKTepUCTHUUeCKUX pereKcoB,
otHocsimmxcsl K (azam NaA u NaX, ykasbiBaeT Ha Y/OBJETBOPUTE/NbHYIO (Da30BYI0 UUCTOTY
CUHTe3upoBaHHOro 1ieonta NaP, uTo MoATBepK/aeT ero MepcreKTHBHOCTb B KauecTBe aZicopOeHTa
1 IOHOOOMEeHHOT0 MaTepHaJia /ijisl OUMCTKH IMPOMBIIIIEHHBIX U KOMMYHa/IbHbIX CTOYHBIX BO/.

Abstract

This study presents X-ray diffraction (XRD) results for NaP zeolite (GIS framework type),
synthesized hydrothermally from sodium silicate, sodium aluminate, and sodium hydroxide. The
diffraction pattern was recorded by powder XRD in continuous 6-26 scanning mode over 26=5-70°
using CuKa radiation. The three most intense reflections were observed at 26=9.14°, 13.58°, and
15.52° (d=9.668, 6.515, and 5.704 A), consistent with reference data for NaP zeolite. Intense
reflections against a low background confirm the crystalline, rather than amorphous, nature of the
sample, while the corresponding FWHM values of 1.8-3.3° indicate nanoscale coherent scattering
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domains, with an average size of about 4.4 nm (range 2.5-6.3 nm) estimated by the Scherrer
equation. A weak reflection at 20~26.6° may be associated with a minor quartz impurity. The
absence of reflections attributable to the NaA and NaX phases indicates satisfactory phase purity of
the synthesized NaP zeolite, supporting its promise as an adsorbent and ion-exchange material for
treating industrial and municipal wastewater.

KmioueBbie cioBa: 1jeonut NaP, crpykrypa GIS, pentreHodasoBbiii aHamu3, P®DA,
THIPOTePMaJIbHBIA CUHTE3, KPUCTA//TMUHOCTh, ypaBHeHWe Illeppepa, pa3mep KpHCTa/I/IUTOB,
MEXXITJIOCKOCTHOE PacCTosiHUe, (ha30Basi UMCTOTA.

Keywords: NaP zeolite, GIS structure, X-ray diffraction, XRD, hydrothermal synthesis,
crystallinity, Scherrer equation, crystallite size, interplanar spacing, phase purity.

BBegeHue

LleomuTel MpefCTaB/sIOT CO0OW KpPUCTA//IMUECKHe aJlOMOCH/IMKAThl C  YIIOPsiZIOUeHHOU
MUKDOTIOPUCTOM CTPYKTYpOH, 00pa3oBaHHON CouleHéHHbIMM TeTpasapamu [SiO,] u [AIO,].
Bnarogapst BBICOKOW CeeKTMBHOCTHU, TEPMUUYECKOWM W XUMHYECKOH CTaOWIBHOCTH, a TakKXKe
CroCOOHOCTH K KAaTMOHHOMY OOMeHY, LIeO/MThI IIHUPOKO TIPUMEHSIFOTCS B a/iCOPOLIMOHHBIX,
HMOHOOOMEHHBIX U KaTaJIMTUUeCKUX MpolLieccax, a Takke B TEXHOJOTUSX OYMCTKU ra3oB U Bog [1, c.
71; 12, c. 1948; 13, c. 2610]. Cpeyt CTPYKTYPHBIX THIIOB LIEOIUTOB OCOOBIN MHTEpPEeC Mpe/ICTaB/IseT
tjeosiuT NaP, oTHocsImiics K cemerictBy GIS (rucMoHAuH), KapKac KOTOPOro o0pa3oBaH CUCTEMOM
y3KHUX KaHa/oB, 00ecreunBaroliX MOJIEKY/ISIPHO-CUTOBYIO CeJIeKTUBHOCTh T10 OTHOIIEHHIO
K MaJIbIM MOJIeKy/iaM, BK/Ttodasi BOJly U IMOKCH/, yriiepoja [4, c. 5268; 9, c. 7].

LHeomur NaP, cuHTe3upOBaHHbI, B YaCTHOCTH, W3 JieTydel 30/Ibl U  JIPYyTUX
aJIFOMOCUJTMKATHBIX OTXO/|0B, HaXOAWUT MPUMEHeHHe B Tpolieccax M3B/eueHHUsl TSDKENbIX MeTaslyioB
(Pb, Cu, Zn) ¥ MOHOB aMMOHHUS W3 BOJAHBLIX CpeJ METOIOM a[COPOIMM U MOHHOTO OOMeHa, UTO
JleflaéT  ero  TepCreKTUBHBIM — HEeIOPOTUM  afiIcOPOEHTOM  /IJii  OUUCTKU  [POMBIIIEHHBIX
1 KOMMYHaJIbHBIX CTOUHBIX BOJ [10, c. 5; 2, c. 60; 3, c. 142; 5,¢.9; 6,c. 4; 7, c. 7].

Cunte3 1eomura NaP  00bIYHO  OCYIIECTB/SIeTCS  T'MAPOTepMa/bHBIM — METOZAOM
C WCIONb30BaHWEM CUIMKaTa HATpusi, ajlloMUHAaTa HaTpusi M TUJPOKCHAA Hatpus. B xome
TH/IPOTePMa/IbHOM 00paboTKM aMOp(HBINA aTFOMOCH/IMKATHBINA T'e/lb TTOCTENIeHHO KPUCTa/TU3yeTCs
c obpa3oBaHueM 1iesieBOM (ha3bl; (a30BbIM COCTAaB U CTeTeHb KPHUCTA/UTMUHOCTH ITIPOAYKTA BO
MHOTOM OTIpeJIe/IAIOTCSl  YCJIOBUSIMU CHUHTe3a, 4TO 0O0yC/I0BIMBaeT HeoOXOJUMOCTb HaZéKHOU
ugeHtudukauu ¢assol [9, c. 5; 11, c. 19; 14, c. 6]. 3HauuTe/NbHOe BAMSIHUE HAa CTPYKTYPHbIe
xapakTepucTUKu NaP oka3biBaeT Takke BbIOOD ChIPbsl — B JIUTEPAType OMMCAHBI ajJbTePHAaTUBHbIE
MapLLIpPYThl CUHTe3a C UCI0/Ib30BaHKEM JIeTYUell 30/1bl U IPYyTUX TeXHOTeHHBbIX OTXO/I0B B KauecTBe
Oosiee AOCTYHBIX UCTOYHUKOB KpeMHUS U aymoMunus [ 14, c. 10].

PentreHoda3zoBbiii  aHamu3 (P®DA) sBiseTcss OCHOBHBIM MeTOJIOM  HAeHTU(hUKALIUU
KpPHCTa//INYeCKor CTPYKTYpbl, (pa30BOr0 COCTaBa U CTeNeHHW KPUCTA/IMUHOCTH CHHTETHYeCKUX
1[e0JIMTOB, a YypaBHeHue llleppepa mMO3BO/SieT [OMOJHUTENBHO OLIEHUTb CPEJHUI pasmep
KPUCTA/IJTUTOB TI0 YIIMPeHUto JudpakiMoHHbIX peduiekcoB [8, ¢.158; 9, c. 7]. Llenbto HacTosiiei
paboThl sIB/IsSIeTCST aHa/Mn3 AW(PaKTOrpaMMbl TUAPOTEPMAaabHO CHHTE3UPOBAHHOTO LieosuTa NaP,
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uzieHTU(UKaLMs ero (a3oBOro COCTaBa, OLleHKA CTeleHH KPUCTa/UIMYHOCTH U CpefjHero pasmepa
KPUCTA/UTUTOB, a Takke OOCy)KZeHHe  BO3MO)KHOTO  TIPUCYTCTBHSI ~ COITyTCTBYIOIIUX
KpUCTa/UTMYeCcKuXx ¢as.

Marepuasibl 1 MeTOABI

O6pas3er nieomta NaP (cTpykTypHbId Tvrl GIS) nmonydany rufiporepMaibHbBIM MeTozioM. [1jis
TIPUTOTOBJIEHUs UCXoAHOro rens 12,21 r GessogHoro cunvkara Harpus (Na,SiO,), 1,64 r
6e3popHoro amomunara Harpus (NaAlO,) m 2,40 r rugpokcuga Harpus (NaOH) pacteopsim
B 001ie#i cyiokHOCTH B 151,3 T AUCTW/IMPOBAHHOW BOJb. PacTBOpHI cMelliBaiv 0 0Opa3oBaHus
OJHOPOJHOTO a/FOMOCU/IMKATHOrO refsi. MOMSpHBIA COCTaB MCXOAHOM CMeCH B Tepecuére Ha
okcrapl  cocrapisn - AlO,:Si0,:Na,0:H,0=1:10:14:840. Tesp momemjani B  aBTOK/IAB
¢ Te/10HOBBIM BK/azbilieM U BbiZepkuBaiu rpu 100 °C B TeueHue 24 u. [locne oxnakieHus
TBEpP/bIN NPOAYKT OTAe/sIA (PUIbTPOBaHUEM, MHOTOKPATHO MPOMBIBA/INA JUCTU/ITMPOBAHHOM BOJOU
Y BBICYLLIMBAJIH.

PeHTreHoda30BbIil aHa/lM3 CUHTE3UPOBAHHOTO 0Opaslja MPOBOAWIM METOOM IOPOIIKOBOM
mudpakrometpun Ha CuKo-usnyueHun (HaripsbkeHue Ha Tpybke 40 kB, Tok 30 MA). CbéMKy
Jv(pakTorpaMMbl OCYILLIeCTB/ISIIM B PEXHWMe HempepbliBHOrO ckaHupoBaHusi Theta-2Theta
B Auara3oHe ymioB 20 ot 5.0° go 70.0° co ckopocThio ckaHupoBaHus 2.0 °/muH u 1marom 0.05°.
OO6pa6oTKa JlaHHBIX BK/IOYala CI/IKMBaHWe Mpoduss, Bbluvtanue (oua, pasgenenve Ko -Ka,
COCTaB/ISIOIIMX W AaBTOMaTUUYeCKWI TMOMCK THUKOB C KOppeKLMell CHUCTeMaTUuecKod OIIMOKH
ripubopa.

CpenHuii pa3Mep KpUCTQ/J/IMTOB OLIEHMBaiu [0 YIIMPEHUI0 OCHOBHBIX peduieKCOoB
C Ucronb3oBaHueM ypaBHeHus [lleppepa:

D=k-M(B-cosh),

rae D-cpennuit pasmep kpucrauira (HM); k=0.9; A-gmHa BonHbl CuKa-uznyuenus (0.15406
HM); [(-¢pusuueckoe yumpeHue pedrnekca Ha monyBbicoTe (FWHM, B paauanax); 8-yron
Judpakuyy (10/I0BUHA BeJIMUUHBI 20).

Pe3ynibTaThl U 00Cy)KaeHHe

@a30BbIi COCTaB U MONOKeHWe [u(pPaKIMOHHbIX MakcuMyMoB. Ha audpaxTorpamme
cuHTe3upoBaHHoOro obpasua (PucyHok 1) 3admkcrupoBaH Habop AHGPaKIMOHHBIX MAaKCHMYMOB
(Tabmuiia 1). Tpu HaubGosiee nHTeHCUBHBIX pednekca (Tabnuia 2) HabmogaroTcs mipu 20=9.14°,
13.58° 1 15.52°, 4TO COOTBETCTBYET MEXKIIOCKOCTHBIM paccTosausaM d=9.668, 6.515 u 5.704 A.

[MTonyyeHHbIN HaOOpP MEXXIIIOCKOCTHBIX pacctostHui (9.668; 6.515; 5.704; 4.511; 4.306; 3.674;
3.077 A u ap.) xapakrepen ans neoaura NaP crpykrypHoro tvna GIS m xoporo cormacyercs
C JIMTepaTypHbIMU JAaHHBIMU [/ JaHHOM a3kl [9, c. 7; 11, c. 18]. Pednexcs! npu 26=9.14°, 13.58°
u 15.52° oOpa3syror xapakrepHyto a8 NaP «IudpakiMOHHYH0 CHUTHATYpy», TO3BOJISIFOIYHO
yBEepPeHHO W/IeHTU(UIMPOBaTh OCHOBHYIO KPHUCTA/IMUecKyro ¢asy obpasra. Y3kas MOIymHMpHHA
ocHOBHbIX pedekcoB (FWHM 1.8 — 3.3°) B coueTaHUM C BBICOKOH MHTEHCHBHOCTBIO M HU3KUM
ypoBHeM (hOHa CBU/IeTE/ILCTBYET O [JOCTAaTOUHO BHICOKOW CTereHW KpUCTa//IMYHOCTH MaTepuana.
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Pucynok 1. [Tu¢ppakmoepamma cunme3supoeannozo oopasya yeoauma NaP (Theta-2Theta,

CuKa)
Ta6auya 1.
ITonHbIH nepedyeHsb AU PaKIMOHHBIX MAKCHMYMOB 00pa3ija neosmra NaP
Ne 20, ° d A UL, % FWHM, ° L, umn/c
1 6.9367 12.73283 11 0.71660 87
2 9.1399 9.66789 100 1.80800 809
3 13.5797 6.51537 64 2.43680 518
4 15.5235 5.70364 60 3.25000 485
5 19.6638 4.51106 16 - 127
6 20.6111 4.30582 18 - 149
7 24.2026 3.67438 13 - 107
8 26.5982 3.34863 12 - 100
9 28.9947 3.07707 16 - 131
10 30.7923 2.90141 10 - 80
11 31.7912 2.81249 7 - 58
12 34.0721 2.62925 11 1.86670 85
13 37.3409 2.40625 11 1.53000 86
14 39.5217 2.27835 6 1.35000 47
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Tabauya 2.
Tpu Hanbo/iee HHTeHCUMBHBIX JUPPAKHOHHBIX MAKCHMyMa
Ne 20, ° d, A V1, %
1 9.14 9.668 100
2 13.58 6.515 64
3 15.52 5.704 60

OueHka pa3mepa Kpucta/uToB (ypaBHeHue Illeppepa). [l KOMMUeCTBEHHOW OLIEHKHU
cpefHero pasmepa KpUCTa/uIMTOB Obul mipuMmeHéH Metof Illeppepa (Tabmuia 3). IlosmyueHHbIe
3HaueHWsI BapbUPYIOTCS B mpefenax 2.5-6.3 HM: HaubOosblee (#6.3 HM) — A peduiekca Tpu
20=39.52°, HaumeHbliiee (~2.5 HM) — Asi pednekca npu 20=15.52°. CpesiHee 3HaueHue TI0 BCeM
pedyiekcaM cocTaBasieT TpUOIU3UTENbHO 4.4 HM, UTO TUITUYHO [ijid HAHOKPUCTA/UTMUYeCKUX
1[e0JIUTOB, TIOJIyUeHHBIX THUApPOTepMaibHbIM MeTogoM [8, c¢. 157]. 3To cBUAeTeNbCTBYeT
0 (OpMHUPOBaHUM MeJIKOJUCTIEPCHOM KPUCTA/I/TMUeCKOM CTPYKTYPbl C DPa3BUTON TMOBEPXHOCTHIO
pazgena a3, TIOTeHI[MA/TBHO OnarompusATHOW s afCOPOLMOHHBIX W MOHOOOMEHHBIX
XapaKTepUCTUK MaTepuaria.

Ta6auya 3.
OueHka cpejHero pasmepa KpucraaiuroB Metoaom Illeppepa
Ne 20, © FWHM, ° D, HM
1 9.14 1.808 441
2 13.58 2.437 3.28
3 15.52 3.250 2.47
4 34.07 1.867 4.45
5 37.34 1.530 5.48
6 39.52 1.350 6.25

AHanu3 npUMecHBIX U comnyTcTByroumx ¢a3. Ha audpakrorpamme ormeueH cnabbiii pedekc
B obnactn 20~26.6° (I/1, =12 %, d=3.349 A), xotopelii MoxeT 6bITh OTHecéH K peduiekcy (101)
KBaplla — pacrpoCTpaHEHHOW MprUMecHOW ¢a3e MpU TUAPOTEPMaJbHOM CHUHTe3e W3 CUIMKATHBIX
ripekypcopoB. OzHako cTpykTypa GIS Takke xapakTepu3yeTcsi COOCTBeHHBIMH pedieKcaMH B 3TOU
obsacT, TIO9TOMY OfAHO3HauHOe OTHeceHWe TpeOyeT JomonHUTENbHBIX MeTonoB (MK-
CMEeKTPOCKONUU WM 37eMEHTHOTO0 aHanv3a). BbipakeHHbIX pe¢ieKCOB, XapaKTepHbIX s
comyTcTByIOUUX (a3 1jeomuToB THMa A (NaA) wiu X (NaX), Ha gudpakTorpamMmme He 06HApy>KeHO,
YTO yKa3blBaeT Ha Y/OBJETBOPUTE/NbHYIO (PA30Byl0 UWCTOTY TNPOAYKTa U 3(PPeKTUBHOCTH
BbIODAHHBIX YCIOBUI CUHTe3a.

CornocraBnieHye C JUTepaTypHbIMU JaHHbIMUA. COBOKYMHOCTb MOMYYeHHBIX CTPYKTYPHBIX
XapaKTePUCTUK-TIO/IO)KEHUe M OTHOCUTe/IbHasi WHTEHCUBHOCTb OCHOBHBIX pe(eKkcoB, y3Kas
MOJylIMDUHA JIMHUM, @ TaK)Xe OLIeHEHHBbIA HAaHOMETPOBbIM pa3Mep KpPHCTa/UIMTOB - B LieJIOM
COIJIaCyeTCsl C JJaHHBIMM, TIPeACTaB/IeHHbIMUA B paboTaX, TMOCBAIIEHHBIX CUHTE3y W CTPYKTypHOM
XapakTepucTuke Lieondta NaP 13 pasnuuHbIX BUZIOB ChIPbsi, BK/IIOUasi IPUPO/JHbIE a/TFOMOCHIUKAThI
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U Jetyuyio 3omy [14, c. 11]. DrTo TOATBEP)XZAeT BOCIPOU3BOJUMOCTh BLIOPAHHOTO
TU/IPOTePMa/IbHOTO MapllpyTa CHUHTe3a W ero TPUTOAHOCTb i HarpaBIeHHOTo MOoy4YeHuUs
(ha30BO-uMCTOrO0 HAHOKpHUCTasIYecKoro 1eonuta NaP.

3ak/IIoueHue

MeTozioM peHTreHO(}a30BOr0O aHa/lM3a yCTaHOB/IEHO, UTO TM/IPOTepMabHO CUHTe3UPOBAHHBIN
obpa3zer| rpezacTaBasieT cob60i MperuMyIeCTBeHHO OfHO(Ma3HBINA, XOPOIIO 3aKpHUCTaTH30BaHHbBIN
tieout NaP cTpykrypHoro tuna GIS. OcHoBHbIe AudpaKIMOHHbIe MakCUMYyMbI (20=9.14°, 13.58°,
15.52°) ¥ COOTBETCTBYIOL[ME WM MEXXIJIOCKOCTHbIE DPACCTOSHUSI COIVIaCYIOTCSI C 3TaJIOHHBIMU
JlaHHBIMU 711 IaHHOM (Da3bl; y3Kasi (popmMa M BbICOKasi MHTEHCUBHOCTb pe(ieKCOB TMOATBepP KAatoT
BLICOKYIO CTelleHb KPUCTA/UVTMYHOCTH Marepuana. OlleHKa CpefiHero pa3Mepa KpHUCTa/UIMTOB
MeTozioM Illeppepa roka3ana HAHOKPUCTA/UTHUECKYH0 CTPYKTYPY CO CPeJHUM pa3MepoM OKoso 4.4
HM (auana3oH 2.5-6.3 HM).

OOHapykeH c/1abblii pediuiekc, TPeIo/IoKUTENBHO CBSI3aHHBIM C MPUMECHI0 KBaplia, UTO
TpeOyeT yTOUHeHHUsl [AOTIOJHUTEJbHBIMA MeTOJaMU; BbIpaKeHHBIX peduiekcoB ¢a3 A u X He
oOHapy>KeHO, UYTO CBHJETE/NLCTBYeT 00 YIOBIeTBOPUTENHLHOW (ha30BOM UMCTOTE TIPOAYKTA.
[TonmyyeHHbIe pe3y/bTaThl TOATBEPXKJAIOT 3((eKTUBHOCTb TIPUMEHEHHOTO T'HIPOTePMasbHOTO
MeTo/la CHHTe3a /jisl 1oyiyueHusi (ha30BO-UKMCTOr0 HaHOKPUCTa/Indyeckoro 1eosnuTta NaP u co3pator
OCHOBY /I/1s1 Ja/IbHeNIIINX UCC/IeOBaHUM ero aZicOpPOIMOHHBIX 1 MOHOOOMEHHBIX CBOMCTB.
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AHHOTanus

B Hacrosiiiielt paboTte mpe/icTaBeHbl pe3y/ibTaThl CHHTE3a aMHU/IHBIX MPOWU3BOAHBIX MH/O0/-3-
ykcycHou kucnotel (MYK) ¢ L-ananunom, L-BanuHoMm, L-neiiuHom, L-MeTroHMHOM, L-nposiiHOM,
L-n13uHOM ¥ L-apruHMHOM MEeTOZIOM KapOOAMUMUIHON KOH/IEHCAIMU C UCTIO/Ib30BaHUEM CHCTEMBI
DCC/HOBt. CuHTe3 NOpoBOAWIM B MSITKUX YCJIOBUSIX C TIOCHEAYIOLIed OUMCTKOM Ie/eBbIX
COeIMHeHUM; UX CTPO€HWe W WHAWBU/yalbHOCTh MOATBepXxzAanu Metofamu MK-crekTpockonuw,
TOHKOC/JIOWHOW  xpomarorpaduu U (U3MKO-XMMHUECKOr0 aHaiv3a. Ha JaHHOM  JTarie
OMOJIOTMUeCKYI0 aKTUBHOCTh M3ydanu [y amuaHoro npousBogHoro MYK c¢ aprunuHom (MYK-
Apr) Ha mpopoctkax sumeHsi (Hordeum vulgare L.) 10 TiOKa3aTesssM SHEpPruM TPOpacTaHUs,
nabopaTopHOI BCXOXKECTH, JI/TMHBI KOPHEBOW CHCTEMbBI U HA/[3eMHOU YaCTH, a TaK)Ke ChIPOU U CyXou
buomaccel. YcraHoBieHo, yTo MYK—Apr oka3biBajio BeIpaKEHHOE POCTpeTyIupylolee AelCTBHe
10 CPaBHEHUIO C KOHTPOJIbHBIM BapuaHToM U cBoOogHON MYK. Haunbosee BbIpaskeHHbIN 3ddeKkT
Hab/mogascs npu KoHneHTpauax 10 u 10 M. Ha BocbMble CyTKH //IMHa KOPHEBOM CHCTEMBI TIPH
o6pabotke NYK—Apr B yKa3aHHBIX KOHIIEHTPAI[USIX COCTaBW/Ia COOTBETCTBeHHO 12,17 u 12,50 cm,
TOr/la KaK B KOHTPO/JIbHOM BapuaHTe JaHHBIM IOKasaTesb COCTaB/s1 8,73 €M, UTO COOTBETCTBYeT
yBenmuennto B 1,39 u 1,43 pasa. [lonydyeHHble pe3ysbTaThl CBUETENbCTBYIOT O BbIDa)KEHHOU
POCTCTUMYUPYHOLLeld akTUBHOCTU YK—Apr v mepcrieKTUBHOCTH ero AajbHeMIlero u3y4yeHus B
KayeCTBe [MOTeHLIMaIbHOrO pery/sTopa pocTa pacTeHUN.

Abstract

This study presents the synthesis of amide derivatives of indole-3-acetic acid (IAA) with L-
alanine, L-valine, L-leucine, L-methionine, L-proline, L-lysine, and L-arginine using carbodiimide-
mediated coupling with the DCC/HOBt system. The target compounds were synthesized under mild
conditions and purified prior to characterization. Their structures and individuality were
characterized by Fourier-transform infrared (FTIR) spectroscopy, thin-layer chromatography (TLC),
and physicochemical analysis. At this stage, the biological activity of the arginine amide derivative
of IAA (IAA-Arg) was evaluated on barley seedlings (Hordeum vulgare L.) using germination
energy, laboratory germination, root and shoot length, and fresh and dry biomass as indicators.
[AA-Arg showed a pronounced growth-regulating effect compared with the untreated control and
free IAA. The most pronounced effect was observed at concentrations of 10 and 10°® M. On the
eighth day, root length reached 12.17 and 12.50 cm, respectively, compared with 8.73 cm in the
control, corresponding to 1.39- and 1.43-fold increases. These results demonstrate the pronounced
growth-stimulating activity of IAA—Arg and support its further investigation as a potential plant
growth regulator.
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BBegenue

B mocsieHue rozibl pa3paboTka HOBBIX OHMOIOrMUeCKHd aKTUBHBIX COeJUHEHUH, COUeTaroluX
BBICOKYHO (pU3H0/IOTHYeCKY 0 3PPEeKTUBHOCTh U IKOJIOTHYECKYI0 0e30T1acHOCTb, SIBISIETCS OJHUM U3
TIPUOPUTETHBIX HarpaBIeHUH OMoOpraHUYecKol XUMUU M arpobuoTexHosioruu [3, 8]. B ycimoBusix
M3MeHeHHUsl KJIMMara, 3aco/ieHHs] U 3aCyXH BO3pacTaeT MoTpebHOCTh B 3 heKTUBHBIX PeryyisTopax
pocTa pacTeHHH, CIIOCOOHBIX TOBBIIIATH MPOAYKTUBHOCTH CEMbCKOX03MCTBEHHBIX KY/IBTYD U UX
yCTOMUMBOCTL K abuothueckuM ctpeccaMm [4, 1]. OpgHMM U3 Ba)KHEWIIMX MPHUPOAHBIX
(bUTOrOpMOHOB  sIB/IsIeTCST MHAON-3-yKCycHass Kuciaora (MYK) — OCHOBHOUM Tipe/iCTaBUTe b
ayKCUHOB, Pery/JMpYIOLUi JiefieHue W pacTsKeHue KJIeTOK, (JOpMUpOBaHWE KODHEBOW CHCTEMBI,
pa3BuTHe T1100eroB U Jpyrue TIpoljecchl pocta pactenuid [6]. OpHako cBobogHas WYK
XapaKTepu3yeTcsi  HU3KOW  CTaOWIBHOCTBIO — BC/AeACTBHe  (epMEHTAaTUBHOTO  OKHCJ/IeHMS,
doTofecTpyKLIMM ¥ MHUKPOOMOTIOTHYECKOTO Da3/ioyKeHHsl, UTO OrpaHWUMBaeT e€ IpaKTUYecKoe
npuMeHeHune. [lo3ToMy aKTyanbHOW 3ajjaueii  siBjsieTcss TonydeHue 0Oosiee  cTabWIBHBIX
rpou3BoiHbIX YK c NponoHrupoBaHHbIM (pU3nooruyeckuMm jeiicteueM [9, 16]. [TepcrieKTUBHBIM
Harpas/leHUeM CYMTaeTCsl CUHTe3 aMHUHOKHUC/IOTHBIX KOHbroraroB MYK. B pacreHusx Takue
COeJIMHeHUs] YYaCTBYIOT B TPAHCIIOPTe, AENOHUPOBAHWM W KOHTPOJMPYEMOM BBLICBOOOXKIEHUU
ayKCHHa, ToAepKrBasi TOpMOHasibHbIN Gasadc [10, 14]. Kpome Toro, KOHBIOTAThl C TIPUPOAHBIMU
0-aMUHOKWC/IOTaMU  TPEJCTaB/sIlOT ~ WMHTEpeC Kak [IOTeHLMajJbHble  peryisTopbl  pocTa
Y aHTUCTPeCCOBbIe Tperaparkl 61arogapss uX 6MOCOBMECTHMOCTH U YY4aCTHIO B MeTabo/MyeCcKux
rpoiieccax pactenui [11].

Ons  monydyeHUss aMUAHBIX TIpou3BoAHbIX WMYK  addekTuBHBIM  sSBASETCS  MeTo[,
KapOOAMMMU/THOM KOHJIeHCAI[MH C ucrob3oBaHueM cucteMbl DCC/HOBt, o06ecrieurBaroImii
cesieKTUBHOe 00pa3oBaHMe aMU/IHOM CBSI3U B MSITKUX YC/IOBUSIX U TIO3BOJISIFOLLUH MPOBO/IUTH CUHTE3
6e3 mpegBapuUTeNbHON 3aIUTHI (YHKIMOHAMBHBIX TPYIIT aMuHOKUCAOT [13, 7]. HecmoTps Ha
3HauuTeNbHBI HHTepeC K XuMudeckor wMopudukauuu WYK, Ouonoruyeckas akKTUBHOCTb
OONBIIMHCTBA €€ aMWHOKUCIOTHBIX aMU/IOB W3yueHa HeJ0CTaTOYHO, OCOOEHHO WX BJ/IMSHHE Ha
paHHUe 3Tarbl pa3BUTHS CeMbCKOX03SMCTBeHHBIX Ky/AbTYp [12]. B CBA3M C 3TUM Lie/ibl0 HaCTOsIIei
paboThl SBMS/ICSI CUHTE3 HOBBIX AMMHOKHCJIOTHBIX KOHBIOTaTOB WHAOJ-3-YKCYCHOM KHUC/IOThI
Metroom DCC/HOBt u cpaBHUTe/IbHasi OlleHKa UWX PpOCTpery/Jupyoleii aKTUBHOCTM Ha
npopoctkax siuMeHss (Hordeum wvulgare L.) mo wmopdomeTpuueckuM U (U3UOIOTHUYECKUM
rokasaressam [2].
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MaTepl/laJIbI U MeTOoAbI uCC/1e0BaHuA

B KauecTBe WMCXOAHBIX peareHTOB /i CHHTe3a aMHUHBIX MPOU3BOJHBIX WH[I0/-3-YKCYCHOM
kuciotel (MYK) ucronb3o0Banuck UH0/-3-yKCyCHasi KucaoTta, N,N'-IULUK/I0TeKCHIKap 0o UM/
(DCC), 1-ruapokcubensorpuaszon (HOBt), a Takke L-aMuHOKHC/IOTH: L-amanuH, L-BamuH, L-
nevnyH, L-MeTtvoHuH, L-mipomwH, L-mu3uH u L-aprunauH. Bce peareHThl TpUMEHSTMCH 0e3
JIOTIOJTHATe/TbHOM OYMCTKUA (@aHa/WTHYecKas CTereHb YMCTOTHI).B KauecTBe pacTBopuTesiei
HcIionb30Banuck Terparuapodypas (TT'P), xnopodopm, MeTaHOM Y AUCTUIIMPOBaHHas Boga. [Isi
perynupoBanusi pH npumensiiv 1 M pacTBOp rMApOKCHA HAaTPUSL.

NK-crieKTpbl CUHTe3WPOBAHHBIX COeAVUHEHWM pPerucTpyupoBa/ii Ha CreKTpodoTomMeTpe
IRAffinity-1S (Shimadzu, Anonus) B guamazone 4000-500 cm™. ToHKOC/IOWHYIO Xpomarorpaduio
(TCX) npoBoauau Ha ryactuHax Silica gel F254 (Merck). B kauecTBe 3/110eHTOB MCIT0/Ib30Ba/UCh
cucteMbl X710podhopM:MeTaHO/ B cooTHomIeHUsix 8:1 1 12:1. Busyanusauuro nsiTeH OCyILeCTBIsII
nog  Y®-nammou  (254/366 HM), a TakkKe C  MCIOJIb30BaHWEM  HUHTUIPUHOBOTO
peaktuBa. Temrieparypel miaBieHus onpegensny Ha npubope BUCHI Melting Point M-560
1 WCII0/Ib30Ba/IM KaK KpUTEePUI YMCTOThI COeIMHEeHUH.

CuHTe3 aMHIHBIX TIPOU3BOJAHBIX WH/OJ-3-YKCYyCHOW KHCJIOTHl TPOBOJUIM  METO/IOM
KapOOAMMMUHOM KOHJEHCAlMM C HCrosib3oBaHueM cuctemMbl DCC/HOBt.B  TunmuHom
sKcriepuMeHTe 3,0 MMOJTb UH/10/1-3-YKCYCHOM KUC/IOThI pacTBOPsiiv B 15—20 mi1 TeTparuzapodypaHa
(TT'®) npu nepemeiiBaiuu. K rosyueHHOMYy pacTBopy rpu oxnaxkzaeHnu (0-5 °C) mobapsiu 3,0
Mmosib DCC M peakiMOHHYI CMeCh nepemelivBasii B TedueHue 10—15 MUHYT /11 aKTUBaLUU
KapOokcunbpHOW Tpymmbl. 3ateM fgobaeiasimu 3,0 mmosis HOBt u mipofo/mpkanu mepeMerivBaHue
B TeueHre 30 MHUHYT MpHU TeX >Ke ycyioBUsX. OTAeNbHO MOTOBUIM PacTBOP COOTBETCTBYyHOLeN L-
aMUHOKHCJIOTHI (3,0 MMosTb) B 3—5 Mt Boibl € jobaBienrem 1-2 karienb 1 M NaOH a5t yactruHoM
HeWTpanu3alyu.

[TosryueHHBIM paCTBOP aMHUHOKHC/IOTHI 110 KarisiM 100aB/IsS/iM K akTHBHPOBaHHOM cMecu YK
1Py KOMHATHOW TemriepaType. Peaki[MOHHYIO cMech mepemerivBaiyd 1-2 vaca. O6pa3oBaBIIMACS
nobounsri mpoaykT N,N'-auiyknorekcunmoueBrHa (DCU) ypansiii dunsrparuet. dunasrpar
yrapuBajM Ti0fi TIOHWKeHHbIM jfaBjieHdeM. (OcCTaTOK 3KCTparupoBajyd  Xa0podhopMoM,
OpraHuueckuid coi cymmam 6GessogHbiM Na,SO, u ynapusamu. OUMCTKY Le/IeBbIX COEJMHEHUH
TIPOBOJU/IM TepeKpUCTa/IM3aliei U3 CUucTeMbl XJI0pohOpM: MeTaHOJI.

B KadecTBe 06BeKTa MCC/Ie[OBaHHS MCTIONBb30BAIM CeMeHa sTUMeHsI COpTa «Y36eKUCToH-30».
st u3yueHusi pOCTPery/Iupyrollieil akTHBHOCTU MUCIT0/b30Bau UHAOM-3-yKcycHyto kucioty (MYK)
U eé amugHoe Tpou3BoAHOoe ¢ apruHuHoM (MYK-Apr). [ns mpoBefseHusi OUOIOTUUECKOTO
SKCIIepUMeHTa UCTo/b30Bany pactBopsl MYK u MYK—Apr B koHyenTparuax 1074, 10°, 10 u 107
M. B KauecTBe KOHTPO/IbHOTO BAPUAHTA MCII0/Ib30BA/IM AUCTU/UTMPOBaHHY0 BoAy (dH,0).

[Tepes, HauanoM SKCriepUMeHTa CeMeHa SsSiUMeHsl TIpOMbIBaJM BOAOW. [nsi  Kaxkgoro
9KCIIePUMEHTA/bHOTO BapuaHTa WCIO/Ib30Ba/M TPU YallkKu [leTpu, B KaKAyH0 U3 KOTOPBIX
riomenjami 1o 30 cemsiH. TakuMm obOpa3om, o0illee KOJMYECTBO CeMsIH [Jis Ka)K[Oro BapHaHTa
coctapyiszio 90 mTyk. B Kakayro uaiiky Iletpu momeirjani (GUIBTPOBA/IbBHYIO Oymary, KOTOPYHO
YBA&KHSAMU COOTBeTCTBYOLMM pactBopoM WYK, UYK-Apr wmm [UCTWIIMPOBAaHHOW BOJOU
B KOHTPOJIbHOM BapuaHTe. CemMeHa paBHOMEDHO pa3Melljajld Ha YBAaXKHEHHOW (UIBTPOBAbLHOM
Oymare. Bce BapuaHTBhI OMbITa KY/JIGTUBHUPOBAIM B OAWHAKOBBIX YCIOBUSX TPH ITOCTOSHHOM
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Temneparype +27 °C. IlpopaliyBaHye ceMsiH MPOBOAW/IN B YCIOBUAX €CTeCTBEHHOIO0 OCBelleHUs
npy  OOBIYHBIX J1aDOPATOPHBIX YC/IOBUSIX, 0€3 MCKYCCTBEHHOTO perylMpoBaHus (OTOMepuosa.
HabromeHust IpoBOyM Ha 2-e, 3-H, 4-e 1 8-e CyTKM MOC/ie Hadasia SKCIiepuMeHTa.

buonoruueckyro akTMBHOCTb MCC/IeAYEMbIX COEJUHEHUM OLeHWBaIld [0 OCHOBHBIM
ToKasarejsiM poCTa U pas3BUTHA IIPOPOCTKOB suMmeHsa. Ha 2-e, 3-u, 4-e u 8-e CyTKu
KYJIbTUBUPOBAHUS ONpeZessii [JIMHY KOPHEeBOM CUCTeMbl M HaZI3eMHOM 4YacTh TMPOPOCTKOB.
Pe3ynerarel u3MepeHMH BbIpaXald B CaHTUMeTpaX. /[]ONOIHUTEBHO OINpefessiii SHEepruro
MpopacTaHus 1 1abopaTOPHYIO BCXOXKECTh CEMsTH, a TaK)Ke TI0Ka3aTe/ly HAKOTIJIeHUs ChIPOH M CyXOM
bromacce! MpopocTKoB. [To/yyeHHbIe OKa3aTe/ CPaBHUBAIM C KOHTPOJIbHBIM BapuanToM (dH,0)
Y COOTBETCTBYIOLMMHY BapraHTamu, obpaboranusivu YK 1 UYK-Apr.

CrartucTiueckyro 00paboOTKy 3KCIepUMeHTabHBIX [JaHHBIX MPOBOJWIN C HWCII0/Ib30BaHUEM
MeTO/IOB /IMCIIepPCUOHHOr0 aHanu3a. /st KaK#oro cpoka HabmoneHus (2-e, 3-U, 4-e u 8-e CyTKM)
pasmuuusl  MeXAy  JeBSITbI0  SKCIEepUMEHTalbHbIMA  TPynnaMd  OLeHMBaId  MeTO[OM
0[HO(AKTOPHOT O AUCIIEPCUOHHOTO aHamu3a (one-way ANOVA). Pe3ynbTathl ipefiCcTaB/ieHbl B BUZE
cpenHero 3HaueHusi (M) + ctangapTHOM ommbku cpeanero (SE). st onpesiesieHust CTaTUCTAYECKA
3HaUMMBbIX Pa3/IUuni MeX/y OT/elbHbIMY BapUaHTaMH U KOHTPOJIbHOM TPYIIION MOC/Ie POBeleHus
ANOVA wucnonb3oBanu anocrepropHbiii kputepuit Tbtoku (Tukey HSD). Pasnuuusa cuuranu
CTaTUCTUYeCKU 3HaurmbiMu mpu p < 0,05, BeicOKO 3HauMMbiMU — Tipu p < 0,01. KommuyecTtBo
O1o/IOTMUeCKUX TIOBTOPHOCTEM cocTaB/isiio n = 3; aysi BapuaHta UYK+Apr—4M Ha 2-e CyTKu
(hakTHUeCcKoe YMC/I0 MOBTOPHOCTEH COCTaBWIIO N = 2 B CBSA3U C OTCYTCTBUEM TPETHEr0 U3MepeHusi
B UCXOZHBIX JAHHBIX.

Pe3yJIbTaTbI 41 06CY)KI[EHI/IE

B paMkKax HaCTOSIIIEr0 WCC/Ae[oBaHUsl ObLTM CUHTEe3WPOBaHbI CeMb aMMHBIX MMPOU3BOAHBIX
WH/10/1-3-YKCYCHOUM KHMCJIOTBI C Pa3/IMYHbIMU aMUHOKHUCI0TaMU. Ha faHHOM 3Tarie 6uosiornyeckue
HcciefloBaHUss ObUIM  TIPOBeZIeHbl [ijii OfIHOTO W3 TI0/yUeHHBIX COeJWHEeHUM — aMUJHOTO
npousBogHoro MYK c aprununHom (MIYK-Apr), KoTopoe u3ydanu B Juaria3oHe KOHLIEHTpaLUi
104-107 M. OcTanbHbIe CHHTE3MPOBAaHHBIE MPOM3BOAHLIE OyAyT MCC/IeLOBAHBI HAa C/IEAYFOLIUX
jranax paborel. B pe3ynbrare mpoBeieHHWs KapOOAWUMUIHON KOHAEHCALIMU WH/IO0JI-3-YKCYCHOU
KUCIOTHI ¢ L-amuHOKMCcI0TaMu B mipucyTcTBuM crcteMbl DCC/HOBt ObUTH yCITIEIIHO TO/TyYeHBI
COOTBETCTBYIOII[Me aMuHble Tipou3BoAHble (MYK—Ana, MYK-Ban, MYK-Jleit: Rf = 0,71;1YK-
Met, UYK-IIpo, UYK-JIu3, MYK-Apr). Peakuuu mnporekanu B Markux ycaoBusix (0-25 °C)
M 3aBeplla/iMCh B TeueHWe 1—2 yacoB. Bwixog 1jeneBbIX coelMHeHUM cocTap/sin 68-75 %, uto
CBU/IETE/IbCTBYET O BbICOKOU 3()()eKTUBHOCTH MPEJIOKEHHOTO MeTO/a.
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Pucynok 1. UK-cnekmp amudH020 npou3800H020 UHO0/1-3-yKCYCHOUl KUC/10Mbl C AP2UHUHOM
(UYK-Ape)

NK-CrieKTpOCKOTIMUeCKUi aHaan3 TIOATBepAWa oOpa3oBaHMe aMHUIHOW CBSI3M BO BCeX
CUHTE3UPOBaHHBIX COeIMHEHUsSIX. BO Bcex CrekTpax HaO/ofamuch XapakTepHbie MoJochl:1650—
1665 cm™? — BaneHTHble Komebanus C=0 amuzpnou rtpymmbl (amup 1);1530-1550 cm? —
nedopmariontele Kosmebanuss N-H (amwmp 11);3300-3350 cm™? — mMpokasi 1mosioca BaJ€eHTHBIX
konebanuit N-H; 2920-2960 cm? — amadarnuecknie C-H cBsisu. OTCyTCTBHE XapaKTepHOM
MoJI0Chl  KapOoKcwbHOW rpynmbl vcxogHod MYK (~1710-1725 cm™) mofgTBepKAaeT TMOJHYIO
KOHBEPCHUIO UCXO/IHOTO CyOCcTpara U 0Opa3oBaHHe aMU7IOB.

Yucrota U MHAVBUAYAJBLHOCTH TOYYeHHBIX COeJUHEeHWM ObUIM TOATBEP’KAEHBbI MeTOO0M
ToHKOC/OMHasi xpoMatorpadusa(TCX). 3nauenuss Rf 3aBucenu OT mpupoAbl aMUHOKWCIOTHOTO
¢parmenta: UYK-Ana: Rf = 0,62;UYK-Ban: Rf = 0,68; UYK-Jleii: Rf = 0,71;UYK-Mert: Rf =
0,58; NYK-IIpo: Rf = 0,65;1YK—JIu3: Rf = 0,42;1YK-Apr: Rf = 0,35..bonee Hu3kue 3HaueHusi Rf
[UIsl TM3VHA U aprMHMHA 00YC/IOB/IEHbI X BBICOKOM TOJISIPHOCTBIO M HAJTMUMEM JIOTIO/THUTEeTbHBIX
aMUHOTPYNI, yCWIMBAKOLMX B3auMOJENCTBHe C cuaMkareneM. IlosmyueHHble amufiHble
NPOM3BO/HbIE XapaKTepy30BaaUCh pa3/IMUHbIMU TeMmIileparypamu IuiaBineHus (168-185 °C), uro
MOATBEP)XJaeT UX UH/MBU/ya/IbHOCTb.

B HacrosimieM wucciejoBaHUM OHMO/IOTMUeCKasi aKTUBHOCTH Oblyla M3ydeHa /sl aMHZHOTO
MPOU3BOJHOTO  WHJO/-3-YKCYCHOM KUC/IOTbI C apruHuHoM (MUYK-Apr) B  pas/nuuHbIX
KOHLleHTpalusax. IlosyueHHble pe3ysbTaThbl IOKasand, 4ro MYK-—-Apr okasbiBajo BbIpa)keHHOE
B/IMSIHME Ha POCT KOPDHEBOM CHUCTeMbl TPOPOCTKOB SUYMEHs II0 CPaBHEHHIO C KOHTPOJIbHBIM
BapuaHToM. HabmogaeMbiid 3¢dekT 3aBucen OT KOHLIEHTPALMU MCCAeAYeMOTO COeJUHeHHUS
Y MIPOJO/DKUTEIbHOCTH KY/IbTUBHPOBaHUSA. BripakeHHOe pocTtocTumynupymolee fericteue MYK-
Apr MoxeT ObITh 00YC/IOBJIEHO cOueTaHHeM (U3UOTOTUUECKON aKTMBHOCTH WMHZOJI-3-YKCYCHOM
KUACJIOTBI U OMO/IOTMUeCKOM PO apruHMHAa. APrUHMH y4acTByeT B a30THOM OOMeHe paCTeHUid
Y MOXKeT ObIThb CBSI3aH C TPOLIeCCaMH, PeTyIUPYIOIMMU KJIeTOYHOe [ieJieHre, PacTsDKeHne KITeTOK
W pa3BUTHe KOpDHeBOM cucTeMbl. Kpome TOro, apruHuH SIBIseTCS MeTabosueCcKuM
Tpe/illie CTBeHHUKOM psifia (pr310/I0TMUYeCcKy aKTUBHBIX COeJUHEeHWH, BK/IFOUasi IOJIMaMUHbl U OKCU[
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a30Ta, KOTOpble YYacTBYIOT B Ppery/siiid pocTa W pa3BUTHS pacTeHui. TakuM obpasom,
TO/TyUeHHbIe B HacTosiiel paboTe pe3y/ibTaThl CBHIETE/ILCTBYIOT O TiepcrieKTMBHOCTH WY K—-Apr
KaK IIOTeHL[Ma/bHOIO0 POCTOpPery/Jvpyrollero coeivHeHus. Ilpu 3ToM ciiefyeT OTMeTUTh, UTO
B paMKaxX /IaHHOTO HCCJIe/JOBaHUsI OWO/OrMUYeckass aKTMBHOCTb OCTAa/IbHBIX CHHTE3WPOBAHHBIX
aMUHbIX npou3BoAHbIX NYK ¢ amMmrMHOKUC/I0TaMu He u3ydanack. [103TOMy cpaBHMTe/IbHas OLieHKa
spdektuBHOCTH UYK-Apr ¢ UYK-Ana, UYK-Ban, UYK-Jleii, UYK-Met, UYK-IIpo u UYK-
JIu3 B HacTosiiel paboTe He PoBoAWIaCh. [ToyueHHbIe pe3y/ibTaThl OTHOCSTCS HETIOCPeACTBEHHO
K WCC/IeOBaHHOMY Mpor3BOAHOMY MYK—Apr v ero usydyeHHbIM KOHLIeHTpaLusM. Pe3y/brarsbl
CTaTUCTUYECKOr0 aHa/lr3a I0Ka3aau, UYTO BAMSHUE UCC/IelyeMbIX MperaparoB Ha JJIMHY KOPHeBOW
CUCTeMbI IPOPOCTKOB SIUMEHs 3aBUCeJI0 OT MPOJOJIKUTEbHOCTH Ky/IbTUBUpOBaHus. Ha 2-e cyTku
pa3nuuusi MeXxay 3KCreprMeHTabHbIMKM BapUaHTaMU He [JOCTUrald CTaTUCTUUeCKOW 3HAUMMOCTU
(F(8,17) = 1,982; p = 0,1123). Ha 3-u cyTKM TakXe He ObLJIO BBISIBJIEHO OOIEro CTaTUCTHUECKU
3HaunMoro pasmuuus mexnay rpymmnavu (F(8,18) = 2,307; p = 0,0671), XoTa npu nocieAyroiemM
cpaBHeHMH 1o Kputeprto Teroku BapuanT MYK+ Apr —10 — 6 M ommuasncs ot KoHTpons (p =
0,0212).Ha 4-e cytku ob6muii 3ddeKr uccaegyeMbiX BapHaHTOB Tak)ke He I0CTUTasl
craructryeckor 3Hauumoctu (F(8,18) = 2,146; p = 0,0852). HecmoTps Ha yBenuueHue cpejHein
JUTUHbl KODHEW B OT[eNbHbIX BapvaHTax, pa3/MuyMvsi OTHOCUTE/IbHO KOHTPOJBHOW TPYIIbI MOC/e
MOMPaBKM Ha MHOXXeCTBEeHHble CpaBHeHUs] He ObUIM CTaTUCTHUeCKU 3HauMMbIMU (P >
0,05).Hanbonee BolpakeHHBIN 3ddekt Habmogancsi Ha 8-e CYTKM KY/IbTHBHUPOBAHHUS.
OpHObaKTOpPHBIM  AUCTIEPCUOHHBIN  aHAMW3 BBISIBU BBICOKO 3HAuMMble pas3/iduus MeXAy
sKkcriepuMeHTanbHeiMU rpynnamu (F(8,18) = 17,034; p < 0,001). CornacHo kputepuio Throkdy,
CTaTUCTUYECKH 3HAUMMOE yBeJMUeHUe [I/TMHbI KOPHEeU M0 CPaBHEHUIO C KOHTPOJIEM OTMEUeHO ISt
BapuaHtoB UYK+ Apr —-10-4M (p = 0,0075), UYK+ Apr —10-5M (p < 0,001), YK+ Apr —10-6M
(p < 0,001) u UYK+ Apr —10-7M (p = 0,0004). HaubGosibItiast cpefHsisi AjIiHA KOPHEBOW CUCTEMBI
oTMeyeHa mpu ucronb3oBaHuu UYK+ Apr —10-6M u cocraBuna 12,50 + 0,29 cm, Torga kak
B KOHTDOJIbHOM BapHaHTe JaHHbIN TOKasarenb coctaBisn 8,73 + 0,15 cm. Takum obpasowm,
CTaTUCTUYECKU aHa/lnu3 TOATBepXKJaeT BbIpa)KEHHOe CTUMY/IMpYOLee [AeUCTBUe aMHHOTO
nipousBogHoro MYK c apruanHoM, 0coGeHHO Ha MO3/JHUX 3Tarax pa3BUTHsI IPOPOCTKOB. Haubosee
BbIpaKeHHbIA 3(ddekT Ob1 3apercTpypoBaH Ha 8-e CYTKM Ky/JbTHBHDOBaHUS, TPU 3TOM
MaKCHMasibHOe 3HaueHWe [JIMHbI KOPHEBOW CUCTeMbl Habmopanock B BapuiaHTe YK+ Apr —
10-6M.

Ta6auya 1.
IlToka3aTrenu J1MHbI KOpHeH (cvM) (M+m)
BapuanTsl onbiTa KoH1eH- 2 ieHb 3 neHnb 4 neHb 8 nenn

Tpanus

(moJ1s1p)
KonTtpomns (dH20) 0,83+0,03 1,87+0,19 3,3310,17 8,73+0,15
NYK M 0,90+0,06 2,03+£0,03 3,9310,22 9,57+0,07
nyK 5M 0,93+0,07 2,10+0,06 3,5310,32 9,50+0,29
nyK 6M 1,07+0,09 2,17+0,09 3,5+0,29 10,00+0,29
NyK ™M 1,00+0,10 2,07+0,03 3,87+0,19 10,00+0,29
NYK -Apr M 1,00+0,08 2,07+0,03 3,83+0,17 10,67+0,60**
NYK -Apr 5M 1,13+0,03 2,10+0,06 4,3310,17 12,17+0,33**
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BapuanTtsl onbiTa KoH1eH- 2 ieHb 3 neHb 4 neHb 8 nennb
Tpanus
(Monsp)
NYK -Apr 6M 1,10+£0,06 2,33+0,09* 4,33+£0,17 12,5+0,29%*
NYK -Apr ™ 1,07+0,09 2,20+0,06 4,36+0,25 11,30+0,15%*

IpumeuaHue: * — pazmuyus cmamucmuyecku 3Ha4uMbl NO cpasHeHuro ¢ Konmposnaem (p<0,05); **
— pasauyus 8bICOKO cmamucmuuecku 3Hauumbl (p<0,01)..

M2 aeHb W 3aeHb 4 peHb M 8 AeHb

14

12

10

[nvHa KopHsa (cm)

KoHTponb NYK-4M NYK-5M NYK-6M NYK-7TM  UYK:Arg-4M UYK:Arg-5M UYK:Arg-6M UYK:Arg-7M
(dH20)

PucyHok 2. BausiHue cuHMe3Uupo8aHHbIX NPOU3800HBIX UHO0/1-3-yKCYCHOU KUC/0Mbl HA
OUHAMUKY pocma KopHeeou cucmembl npopocmkog ssumens (Hordeum vulgare L.)

OpuiM 13 Haubosmee WH(GOPMATUBHBIX TIOKasarenel (DM3MONOTUUECKON aKTUBHOCTH
pery/siTopoB pocCTa sBJISIeTCS [i/IMHA KOPHEBOW CHCTeMbl IIPOPOCTKOB. B HacTosleM nccne0BaHUN
[t yryO/IEHHON OIeHKH OWOIOrMUecKol aKTUBHOCTH OBIZIO BBIOPAHO aMU/IHOE TPOM3BOHOE
WHJ0/1-3-YKCYyCHOU  KUQI0TBl ¢ apruHuHOM  (MUYK-Apr). IlosnydyeHHble — pe3y/bTarbl
CBU/IETEJIbCTBYIOT O BBIP&)KEHHOM CTUMynWpyroweM BmusHuu WYK-Apr Ha pocT KOpHeBOM
CUCTeMbI IIPOPOCTKOB STUMEHS 110 CPaBHEHHIO C KOHTPOJIbHBIM BapUaHTOM. (PUCYHOK 2).Ha BTOpBIE
CYTKM pa3/iuuusi MeXy BapHaHTaMy ObUTH He3HauuTesbHbIMU. OfHAKO HauMHasi C TPETbUX CYTOK
HaO/IOlaIoch  TIOCTETIeHHOe  YCH/IeHWe  POCTOCTHUMY/MpYomero  3ddexkra  OobLIMHCTBA
uccaenyemMbix coearHeHnid. Hanbonee BbIpa’keHHOe BIIMSIHHE 3apPerdCTPUPOBAHO Y TPOU3BOAHBIX
NUYK:Apr- 10° M u MYK:Apr- 106 M, KoTopble K BOCbMBIM CyTKaM 0GecreuuBaiu
MaKCUMaJ/IbHYIO [I/TMHY KOPHer — 0Koj10 12—12,5 cM, YTO 3HaUMTE/IbHO MPEBBILLATI0 KOHTPO/IbHBIN
BapuanT (~8,8 cm). PactBopel MYK B koHuentpamusx 10° u 107 M Takke OKa3blBalIu
CTUMY/IUpYIOLlee [eiiCTBHe Ha pPa3BUTHe KODHEBOW CHCTeMbl, OFZHAKO UX 3(pdeKkT Obu1 MeHee
BbIpaXKeHHbIM 110 cpaBHeHUIO ¢ MYK-Apr. [lonyyeHHble pesy/bTarhbl I103BOJISIOT IPEAIIOI0KUTS,
YTO BBe/IeHWE OCTaTKa apruHUHA B MOJIEKY/y WHZOJ-3-YKCYCHOM KHC/IOTBI CIIOCOOCTBYET
yCU/eHuto (pr310I0rMueCKol aKTUBHOCTH COe/IJMHEHUSI.
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PucyHok 3. BausiHue pa31uyuHbIX KOHYyeHmpayuti uHAo/1-3-ykcycHoti kucaombl (UYK) u eé
amMuoH020 Npou3800H020 ¢ ap2uHuHom (UYK-Apez) Ha pocm KopHeg8oli cucmembl NPOPOCMKO8
ssumenst (Hordeum vulgare L.) Ha 8ocbMble cymKu KyabmueupoeaHusi. Cseea npedcmae/ieHbl

npopocmku, o6pabomanubie UYK (4M-7M), cnpasa — npopocmku, oopabomarmbie 1Y K-Ape
(4M-7M)

BeposiTHO, 3TO CBfI3aHO C Y/y4YllleHWeM TPaHCIIOpTa MOJIeKYy/bl B PACTUTENbHBIX TKaHSX,
yBeJIMUEeHWEM e€ YCTOMUMBOCTM K ()epMEHTaTWUBHOM WHAKTUBALMM U  TMOCTeNeHHbIM
BLICBOOOXKJeHreM CBOOOJHOM HWHAOM-3-YKCyCHOM KucioThl. CrefyeT OTMETWUTh, 4TO Hauboree
BLICOKasi POCTperyaupyroljasi aKTUBHOCTb Hab/ro[anach TIPU  WCIOIb30BaHUM  COeUHEeHUM
NYK:Apr-10°M u UYK:Apr-1006M, 4uTO CBHZETe/NLCTBYeT O CyLIeCTBOBAHMM ONTHUMAa/IbHOM
KOHLIEHTpalluM Tiperapara. [lanbHelilliee yBe/lW4YeHWe KOHLEHTPALMM He COIPOBOXKJAI0Ch
CyIlleCTBeHHBIM ycuseHHeM Ouosoruueckoro s¢dekra. Habmogaemoe ctuMynupytoliee feicTBre
NYK-Apr Ha poCT KOpHEBOI CHCTeMbI MOXKeT ObITh CBSI3aHO C COUETAaHHBLIM BJIUSTHUEM WH/I0/ILHOTO
M aMUHOKUCJIOTHOTO KOMIIOHEHTOB  MoJieKyabl. VHAOM-3-yKCycHasg  KUC/IOTa  SIBASeTCA
€CTeCTBEHHbIM ayKCHMHOM, PperyJvpylolMM TMpPOLecChl KJIETOYHOTO [iefleHUss W PpacTshKeHus,
(opMrpoBaHre U pa3BUTHE KODHEBOM CUCTEMbl pacTeHMI. B CBOr ouepeib, aprUHUH SIBJISIETCS
Ba)XHOM aMHWHOKHCJIOTOM, Y4acTBYIOIeM B a30THOM oOMeHe U psifie (hH3H0I0r0-0MOXUMHUYeCKUX
nporieccoB pacteHuil. Kpome Toro, apruHUH paccMaTpuUBaeTCsl Kak Tpe/iliecTBeHHUK OUochHTe3a
M0/IMaMUHOB Y OKCHJA a30Ta, YUYaCTBYIOL[UX B PeryysiLiid pOCTa, Pa3BUTUSl U aflaNTal{iOHHBIX
TMIPOLIECCOB pacTeHUM. B CBSI3W C 3TUM MOXKHO TIPeATIONIONKUTh, uTo 00beauHeHe YK v apruduHa
B COCTaBe OJHOTO aMHU/HOTO TPOM3BOJHOIO MOYKeT CIIOCOOCTBOBATh peasn3aliii KOMILJIEKCHOTO
pocroperynupytoilero sgdekra. OfHako cofiep)kaHre TMOJMaMUHOB, OKCH/JAa a30Ta U MapaMeTphl
a30THOro obMeHa B HACTOSILIEM HCC/IeOBaHUMA HETMOCPe/ICTBEHHO He OIpe/eNsiyiuCh, M03TOMY
JTAaHHBIM MeXaHW3M pacCMaTpUBaeTCs Kak BO3MO)KHOe 00bsicHeHHe Habmomaemoro s¢dekra UYK—
Apr, a He KaK 3KCIepUMEeHTaIbHO YCTAaHOB/IEHHbIN MeXaHU3M €ro J1eHCTBUSI.

3aK/jloueHue

B pesynbrate TpoBeAEHHOTO HCCAeNOBaHUs pa3paboTaH 3¢ddeKTHBHBINA CrOCOO CHHTe3a
aMUJHBIX MPOM3BOJHBIX HWHAOM-3-YKCYCHOM KHUCIOTBI C aMHHOKHCIOTaMU C WCMOIb30BaHHUEM
kapbogunmuHot cuctembl DCC/HOBt. IlpeajioykeHHbIM MeTOZ TO3BOJISIET TOyYaTh Iie/ieBbie
COeIMHEHUS B MSATKHUX YCIOBUSIX 03 mMpeiBapUTeNbHOM 3allUThl (PYHKI[MOHATIBHBIX TPYIII
aMHUHOKUC/IOT. BBIXOJ, CHHTEe3MpPOBaHHBIX COeJWHeHUM coctaBun 68-75 %. buonormueckue
WCrbiTaHusg Ha Tmipopoctkax  siumeHss (Hordeum vulgare L.) moka3asud — BbipakeHHOe
POCTCTUMYJTHPYIOLLIee IefiCTBHe UCCIeI0BAaHHBIX coeanHeHnid. Hanboee cyiiecTBeHHbIE Pa3IMuMs
HaO/TIOIA/TUCh TI0 JyIMHe KOpHeBOW cucteMbl. Ha BOCbMbIe CYTKH [I/TMHA KOPHEH B KOHTPOJIbHOM
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BapuaHTe cocTtaBwia 8,73 cM, Torja Kak npu oopaborke UYK—Apr B koHLeHTpauyu 5M 1 6M oHa
Jocryrasa coorBeTcTBeHHO 12,17 u 12,50 cm, uTo mpeBbiiaso KoHTposib B 1,39 u 1,43 pasa
cooTBeTcTBeHHO. I1py ucnonp3osanun MYK—-Apr 104 M u 10”M anvHa KopHeii Ha BOCbMBIe CyTKH
cocrasssiia 10,67 u 11,30 cMm, 4TO COOTBETCTBOBA/IO YBEJIMUEHUIO OTHOCUTE/IbHO KOHTpOJIS B 1,22
u 1,29 paza. [nsg cBobomHoii MYK HaubGosiee BBICOKHE 3HAueHWsl TakKKe OTMeueHbl TIpU
koHeHTparmax 10° M u 10’M — no 10,00 cm, uto B 1,15 pa3sa NpeBbIIAS0 KOHTPOJILHBINA
rokasaresb. [/IMHaMMKa poCTa TakKe CBH/ETe/JbCTBOBajga O IOCTeleHHOM ycuieHUM 3¢ddekra
npenaparos. B Bapuante MYK—Apr 10°M a1uHa KOpHeli yBenuuniack ¢ 2,10 cM Ha TPeTbH CYTKH
[i0 4,33 cM Ha ueTBEpThIe CYyTKH, TO ecThb B 2,06 pasa, a K BOCbMBIM CyTKaM gocrturia 12,17 cm. [1pu
NYK-Apr 10°M panHbli nokasarens yeenuuwiaca ¢ 2,33 10 4,33 €M 3a MEepUOJ C TPeTbUX T10
yeTBEpPTHIE CyTKH (B 1,86 pasa), a K BocbMbIM cyTKam goctur 12,50 cm. Takum obpasom, cpeau
WCC/IeJOBaHHBIX BapUaHTOB Haubosee BbIpa)KeHHOE DPOCTPEryIvpyoljee AeHCTBHe TPOSIBUIM
amMu/HBIe TIpousBogHble YK ¢ aprunvHOM B KoHIeHTparmsax 10° M u 10° M. Vix npumeHenue
obecrieurBajio yBeJIMUeHHEe [JIMHBI KOpHeBOW cucteMbl Ha 39 u 43 % COOTBETCTBEHHO TIO
CpaBHEHUIO C KOHTpoJjieM. Ilo/ryueHHble pe3y/bTraThl CBUETEebCTBYIOT O nepcrieKTuBHOCTH MY K-
Apr 10° M u UYK-Apr 10°® M pana panbHeifinero msydeHus B KaueCTBe MOTEHL[MA/bHBIX
pery/asiTopoB pocTa paCTeHUH.
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AHHOTa A

B craTthe uccnenoBaHbl mnpezcTaButenu poga Cistanche (cem. Orobanchaceae) — 1jeHHOe
JIeKapCTBEHHOE ChIpbE TPAJUI[MOHHOM KHUTAMCKOM M BOCTOUHOM MeAWLIMHBI, OT/IMYaroleecs
boratbiM  (UTOXUMHUECKAM cocTaBoM. Ocoboe BHUMaHHE yzerneHO (eHUIITaHOUHBIM
I7IMKO3W/IaM  (9XMHAKO3M/, aKTeo3u//Bepbacko3n]), HWpHUAOWAAM, JIUTHaHaM, ¢aBOHOWJAM U
MO/IMCaXapUIHBIM KOMIUIEKCaM, KOTOpbIe 00YC/IOB/IMBAIOT IIIMPOKUNA CTIEKTP (hapMakoJIorruyueCKou
aKTMBHOCTH: BBbIp@)XeHHOE AHTHOKCHUJAHTHOE, TeraTorpoTeKTOpHOe, HeWPOINpPOTEeKTOPHOE,

Bub6mmorpaduueckoe omucanue: TypcyHoB JK.U., Toxuboepa IILF. Kbi3pl PUTOXUMHUECKHMH COCTAaB TIPEACTAaBUTENEH poja
Cistanche u mepcnekTvBHBIe HarpaBsieHHs viccienoBanus A Cistanche trivalvis // Universum: XvMHst ¥ GHOMOTHS : 37IEKTPOH.
HayyH. )XypH. 2026. 10(148). URL: https://7universum.com/ru/nature/archive/item/23469
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MMMYHOMO/y/IMpYIolliee U reporpotekTopHoe feiictBue. Bug Cistanche trivalvis (Trautv.) Korsh.,
€CTeCTBEHHO TPOM3PACTalOIIMi B CJIOKHBIX ITOYBEHHO-K/IMMAaTHUeCKUX YCIOBHUSX Y30ekucTaHa (B
YaCTHOCTH, B IeCYaHbIX 3KOCHCTeMax SI3bIIBAHCKOM CTenu) U MapasuTUPYIOLIMK Ha KOPHEBOU
cucTeMe pacTeHUil-xo3seB U3 pofoB Tamarix v Haloxylon, [0 HacToslero BpeMeHH OCTaeTcs
MPaKTHUeCK Hen3yueHHbIM OOBEeKTOM C TOUKM 3peHusi GUTOXMMUU. B gaHHOW pabote
CHCTeMaTU3UPOBaHbl aKTyasjbHble JIATepaTypHble [aHHble O MeTabosoMHOM Tipodune poza
Cistanche v Ha 3TOI HayYHO-METO/OJIOTUUECKON OCHOBe /leTa/JlbHO 0DOCHOBAHBI MEPCIEeKTUBHBIE
HarpaB/ieHus1 KOMIUIeKCcHoro ucciefoBanus Cistanche trivalvis. TlpefnokeHHbI anroOpuUTM
BK/IIOUAeT: ONTHUMAasbHble PEXUMbl 3KCTPAKLMM W (PaKLMOHWPOBAaHUSI PACTUTE/ILHOTO ChIPbS,
ryOOKUM CKPUHUHT U BblIe/IeHHe JIOMUHHUPYIOIIUX — (PeHUISTAHOUJHBIX —TIJIMKO3UJO0B C
rpuMeHeHUeM BbICOKO3((hEeKTUBHOM >KUIKOCTHON Xpomatorpaduu (BIXKX), kaueCTBeHHBIM U
KO/TMYeCTBeHHBIW aHa/IW3 COMYTCTBYIOLIMX IPYI OHOMOTHUeCKH aKTUBHBIX BeIecTB (MPUZOH/IOB,
T10/1MCaxapuioB, Makpo- U MUKPO3JIEMEHTOB).

[l OCTOBEpPHOrO YCTAHOBJIEHMS] XMMMUUECKOTO CTPOEHMs BblZle/IeHHbIX WH/WBU/ya/bHBIX
COeZIMHeHU Npe/lyCMOTPEHO UCI0/Ib30BaHMEe COBPEMEHHBIX (PHM3MKO-XUMUYEeCKUX U CHeKTpaIbHbIX
MeTozioB aHamm3a (Y®-, UK-, SIMP-cnekTpockonusi M Macc-criekrpomerpusi). Kpome Toro,
3alylaHMpOBaHa TiepBUYHasi OuomorMueckas OLeHKA aHTHOKCHZAAHTHOM W aHTUMHKPOOHOM
aKTMBHOCTH TIOJyUYeHHbIX S5KCTPAKTOB, a TakKKe 5KOJIOrO-(pUTOXMMUUECKHUN aHalu3 BUSHUSA
MOYBEHHO-K/IMMaTH4yeCKUX (aKTOPOB apWJHOM 30HbI Ha [MHAaMUKY HaKOIJIeHHWSI BTOPHUYHBIX
MetabonuToB. [lomydyeHHBIE pe3y/bTaThl TMO3BOJIAT BIIEPBble HAyyHO OOOCHOBAaTh M JeTalbHO
PacKpbIThb YHUKAa/IbHBIM XWUMHAYECKUHA COCTaB [JAaHHOIO MaJIOM3yUeHHOrO BU/A, 3a/10)KUB TPOYHBINA
¢byHmameHT ans yrmyOseHHOTO  (hapMako/IOTMUecKOro CKPUHHHTA. OTO OTKPOeT peasbHbIe
MepCIeKTUBbl I PaljMOHaIbHOIO MCIO/Ib30BaHUS MECTHOIO JWKOPAaCTYLLEero ChIpbs, CO3ZaHHUS
VMHHOBAL|MOHHbIX OTeUeCTBEHHbIX (PUTOIpernapaToB C 3a/jJaHHbIMU TepaneBTHUYeCKUMU CBOWCTBaMH,
a Takke 3((EeKTUBHOTO COXpaHEHWs W YCTOHMUMBOTO yIIpaB/ieHWs OHopecypcaMu 3KOCHCTEM
IlenTpanpHOU A3uH.

Abstract

This article examines species of the genus *Cistanche* (family Orobanchaceae)—a valuable
medicinal resource in traditional Chinese and Eastern medicine, distinguished by a rich
phytochemical composition. Particular attention is paid to phenylethanoid glycosides (echinacoside,
acteoside/verbascoside), iridoids, lignans, flavonoids, and polysaccharide complexes, which are
responsible for a wide spectrum of pharmacological activities, including pronounced antioxidant,
hepatoprotective, neuroprotective, immunomodulatory, and geroprotective effects. The species
*Cistanche trivalvis* (Trautv.) Korsh.—which grows naturally under the challenging soil and
climatic conditions of Uzbekistan (specifically in the sandy ecosystems of the Yazyavan Steppe)
and parasitizes the root systems of host plants from the genera *Tamarix* and *Haloxylon*—
remains virtually unstudied from a phytochemical perspective. This paper systematizes current
literature data on the metabolomic profile of the genus *Cistanche* and, based on this scientific-
methodological foundation, provides a detailed rationale for promising avenues of comprehensive
research into *Cistanche trivalvis*. The proposed workflow includes: optimizing extraction and
fractionation protocols for the plant material; conducting in-depth screening and isolation of
dominant phenylethanoid glycosides using high-performance liquid chromatography (HPLC); and
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performing qualitative and quantitative analysis of associated groups of biologically active
substances (iridoids, polysaccharides, and macro- and microelements). To reliably determine the
chemical structures of the isolated individual compounds, the study employs modern
physicochemical and spectral analytical methods (UV, IR, and NMR spectroscopy, as well as mass
spectrometry). Furthermore, plans are in place for a preliminary biological assessment of the
antioxidant and antimicrobial activity of the obtained extracts, as well as an ecological-
phytochemical analysis of how soil and climatic factors in the arid zone influence the accumulation
dynamics of secondary metabolites. The results will provide a scientific basis—for the first time—
to elucidate the unique chemical composition of this little-studied species in detail, thereby laying a
solid foundation for in-depth pharmacological screening. This will open up genuine prospects for
the rational use of local wild-growing raw materials, the development of innovative domestic herbal
medicines with specific therapeutic properties, and the effective conservation and sustainable
management of the biological resources of Central Asian ecosystems.

KmwoueBbie cioBa: Cistanche trivalvis, ¢uroxumus, QeHUnsTaHOUIHBIE TTIMKO3UbI,
9XMHAKo3W/, Bepbacko3uj, monucaxapuabl, BIXKX, mnekapcTBeHHbIe pacTeHusi, Y30eKHCTaH,
AHTUOKCH/IAHTHAsI aKTUBHOCTh.

Keywords: Cistanche trivalvis, phytochemistry, phenylethanoid glycosides, echinacoside,
verbascoside, polysaccharides, HPL.C, medicinal plants, Uzbekistan, antioxidant activity.

BBegeHnue

[MpeacraButenu poga Cistanche (cem. Orobanchaceae) — 3To rosorapasuTHble WU
reMuriapasuTHble pacTeHHusi, JIMIIEHHbIe XJ0podwW/IIa WIA COfep)Kallhue ero B OYeHb
HEe3HauuTeSbHOM KOJIMUeCTBE; CBOK) JKU3HEJesTeTbHOCTh OHU OCYIECTBJ/ISIOT 3a CUET BOJbI
Y OpraHMYeCcKHUX BeIlleCTB, MOJyyaeMbIX uepe3 rayCTOpyMy U3 KOPHEBOW CHUCTeMbI paCTeHUN-X03sIeB.
[IpeacraBuTenu poaa, B uactHocty Cistanche deserticola u Cistanche tubulosa, n3gaBHa cuntaroTcs
L[eHHbIM JIeKaDCTBEHHBIM CHIDbEM B TPAJWI[MOHHOW KUTAWCKOW MeAWLIMHE W HW3BECTHBI TO[
Ha3BaHUEM «ITyCTbIHHBIN >KeHbllleHb» [10, 16].

B pesynbTare MMpOKOMacIiTabHbIX (PUTOXUMHUYECKUX U (hapMaKOIOTUueCKUX UCCIeJ0BaHUM,
MPOBE/IEHHBIX 3a TIOC/TeJHee JAecsTWeTHe, B cocraBe mpejcTaBureneid poga Cistanche Obutn
BbISIB/IEHBI TPYIIbI OHMOOTMUeCKd aKTUBHBIX BeIeCTB: (heHWIdTaHOWAHbIe MUKO3uzAbl (DIT),
UDUJOWABl W WX TJMKO3W/bI, JIMTHAHBI, OJIMTOCAaXapy/bl, TIOMMCAaXapyu/bl, AMWUHOKHUCJIOTHI,
OpraHuveckre KHUCJIOTBI W Apyrue coedviHeHusi. [loka3aHo, 4TO 3TU coefWHEeHWs O00safaroT
AQHTHUOKCUJIAHTHOMW,  TernaTronpoTeKTOPHON,  WMMYHOMOJY/UPYIOIe,  HeHWpOIpOTeKTOPHOM,
aHTHIMAa0eTUUeCKOW, AaHTUMHWKPOOHOW M TepONpOTEKTOPHON (aHTHUBO3PACTHOM) aKTHBHOCTHIO
[10,7, 6].

Bup Cistanche trivalvis (Trautv.) Korsh., xapakTepsbiii gs LleHTpanbHOM A3ud, B TOM YHCIIe
I Y30eKuCTaHa, B 3TOM OTHOILEHWM TIPAaKTHUeCKU He u3yueH. Llesb HaCTOSIUX Te3HUCOB —
CUCTeMaTH3UPOBaTh HAKOT/IEHHbIE HayuHbIe /laHHbIe 0 (PUTOXUMHUUYECKOM COCTaBe TpeJCTaBUTesel
poZa ¥ Ha 3TOM OCHOBe HayyHO OOOCHOBATh TIepCTIEKTWBHbIE HarpaBIeHUs] HCC/Ie[0OBaHKs
xummueckoro cocrasa Cistanche trivalvis.
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OcHoBHbIe puToxumMuueckue rpynimbl poaa Cistanche

Haunbonee MHOTOUMC/IEHHOW Y TIyOOKO WM3yUYeHHOM I'PYITION COeUHEHUH Y TpeZCTaBUTe el
poga Cistanche sBrstoTcsi deHwntsTaHOUAHBIe TAMKO3UAB (PII'). Cpead HUX SXUHAKO3W[
(echinacoside) u Bepbacko3uz, (acteoside) sIBISIFOTCSI OCHOBHBIMH 1 HanOoJjiee pacripoCTpaHEHHBIMU
KOMIIOHeHTaMH; MMEeHHO 3TH /[IBa BelljecTBa OQuIManbHO TpUHATEI B @Papmakoriee Kuras
B KaueCTBe WHAMKATOPHBbIX KOMIIOHEHTOB KauecTBa cbipbsi Cistanche [10]. TloMumMo HUX, BBISIB/IEH
1 CTPYKTYPHO OXapaKTepu30BaH Dsifi PYruX (PeHUI3TaHOWUJHBIX TJIMKO3UI0B — LIMCTaHO3U/bI (A,
B, C, D, H), uzoakreo3u,;, Tyoyno3uasl A u B, 2-auetnnakreo3us [10, 5].

dapMakosioruueckasi aKTHBHOCTh (DeHWIITAaHOWJHBIX TJIMKO3WOB BeCcbMa pa3HOoOpa3Ha:
B 9KCITepUMEHTAaJ/IbHbIX MOJe/sIX TO/ATBEepPKeHO, UTO OHU OKa3bIBalOT aHTHOKCHAHTHOEe [leliCTBUe
3a CUéT CBSI3bIBAHWS CBOOOAHBIX PaIMKa/IOB U CHIKEHHWS] OKHC/IUTENbHOTO CTpecca, 3allfMIlaioT
reyeHb oT (Gubpo3a U uUilleMUUeCKU-periepPy3M0HHOTO MOBPEXIEHHUS, MOAYIUPYIOT UMMYHHYIO
CHUCTEMY, a Takxke 007aal0T HEUpPONPOTEKTOPHBIMM W  aHTHU/HAa0eTHUeCKUMH CBOWCTBAMH
[15, 7, 14, 11]. B 4yacTHOCTH, YCTAQHOBJIEHO, UTO 3XWHAKO3WJ, B3aUMO/IEMCTBYsl C peLIelITOpOM
rOpMOHa pOCTa pacTeHui (TPeJIMHOBBIM PeLieNTOPOM), CTUMYJIMPYeT CeKPeLiio TOPMOHA POCTa, UTo
paccMaTpUBaeTCsl Kak OfIUH U3 MOJIEKY/ISIPHBIX MeXaHU3MOB ero «aHTUBO3PAaCTHOTO» JelcTBus [9].

[Tomumo (eHWIATAaHOMAHBIX T/IMKO3U/IOB, B COCTaBe mpejcTtaButenieli pozaa Cistanche
BbIsIB/IEHbI UPU/IOW/IbI U UX TJIMKO3U/Ibl (KaHKaHO3a, KaHKaHO/, KaHKaHo3u/bl A, B, C, D, F u ap.),
JIUTHaHbI, (DeHWIITUI-0/IMrOCaxapy/ibl, MOMMCaXapy/bl, ralakTUT, aMUHOKUC/IOThI, OpraHuyecKue
KUC/IOThI M 3¢upHbie Macsa [10, 6]. [Tonrcaxapubl 10 KOJIMUeCTBEHHOMY CO/lepyKaHUI0 3aHUMaroT
BTOpoe MecTo mnociie PO U SBASIOTCA Ba)KHOM TpYNIONM KOMIIOHEHTOB, BHOCSIIUX BKJIa
B UIMMYHOMO/Iy/TUPYIOIIYI0 U aHTUOKCH/IAHTHYO aKTUBHOCTH [10].

(I)aKTopbl, B/IMAKOIIIHME Hd COCTdB, U ME)XKBHU/I0BbI€ PA3/THUUA

AHanu3 nuTepaTypbl TOKa3biBaeT, uTO KaueCTBO Cbipbsi Cistanche u cofepkaHue B HEM
OMOJIOTMUeCKY aKTUBHBIX BEIeCTB CyI[eCTBEHHO BapbUPYIOT B 3aBUCUMOCTH OT psifia PaKTOpOB —
BU/Ia, TeorparuecKoro MpoUCXoXKaeHusi (MecTa rpou3pacTaHusi), BUia pacTeHUsI-X03siMHa, CPOKOB
coopa u TtexHosoruun cymku [10]. Tak, metomom BOJKX TOuHO ycTaHOB/EHO, UTO B CTebsie
Cistanche tubulosa monsi sxuHako3uzia B 001[eM cofep>KaHUM (DEHWISTAHOWIHBIX TJTMKO3U/I0B
cocraBysieT ipumepHo 42-43 %, a Bepbacko3uga — okoso 14 % [11]. Takue KoiMueCTBEHHbBIE
pa3/nuusi CBU/IeTe/IbCTBYIOT O 3HAUUTeTbHONM M3MEeHUMBOCTU COCTaBa JjaXke BHYTPU OFHOTO pojia —
MeXXy BUZIAMU U TIOMY/ISALHSMHU.

B KkauecTBe OCHOBHOTO MeTO/a KOJIMUECTBEHHOTO U KaueCTBEHHOTO Orpe/iesieHust
XUMHUUECKOTO COCTaBa IIMPOKO TPUMeHsIeTCs BbICOKO3(h(deKTUBHas >KUIKOCTHasi XpomMaTorpadus
(B3J)KX), B TOM umC/ie C UCTO/Ib30BaHUEM CTaHAAPTHBIX 00pa3roB (3XWHAKO3M/1a, BepbacKo3ua)
Jisi cpaBHeHus [5]. [laHHasi MeTOZO/IOTUSI MOXKET CJY)KUTh MEeTO/J0/I0OTUUYeCKON OCHOBOW W [jis
MepBOro Hay4yHOTO OMKCcaHUs xuMuueckoro coctara Cistanche trivalvis.

Cistanche trivalvis — ¢puToxumMnuecku HeM3yueHHbIN BU/|

Cistanche trivalvis (Trautv.) Korsh., kak 3To cjenyeT y)ke W3 ero JIaTUHCKOTO Ha3BaHUS
(«trivalvis» — TpéxcTBOpUYaThIi), TAKCOHOMUYECKH OT/IMYAaeTCsi OT OOMBIIMHCTBA APYTMX BUOB
pozia TeM, UTO MPHU CO3PeBaHUM TI0/I0Basi KOPOOOUKA pPaCKphIBAaeTCsl He Ha /IBe, a Ha TPU CTBODKH.
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Buz pacripocTpaHéH Ha TePPUTOPUM Y30eKHUCTaHa, B YaCTHOCTH B MecKax f3bisiBaHa PepraHCKou
JIOJIVHBI, Ha MeCYaHO-COJIOHYAKOBBIX TOUBAX, MapasUTUPys NPeuMYyIleCTBeHHO Ha BUAax Tamarix
1 Haloxylon [13, 12].

[Ipu sTOM mNpoBeAEHHBIM TOMCK JIUTEpaTypbl TOKa3ajld, YTO CreluasabHble HCCAe[0BaHUS
HETOCPe/ICTBEHHO XWMHUYECKOTO COCTaBa, MpOoGuIs OHOIOrMUYeCKHd aKTHUBHBIX BeEL[eCTB WU
tdapmakoniornueckux cBouictB Cistanche trivalvis Ha cerofgusiiHU [eHb OTCYTCTBYHOT. [lo
OMO3KO/IOTHUeCKUM 0COOEHHOCTSIM BH/Ia TakKXKe HMeeTCsl JIMIIb OT[e/bHOe HCC/eJoBaHue
6m3kopocTBeHHOro Buja Cistanche mongolica (B ToM ke perrioHe — B rpaHUIAX S13bIIBAaHCKOTO
roCyAapCTBEHHOTO TIPUPOJHOTO MaMsTHUKA) [1], Torna kKak JaHHble HerlocpeAcTBeHHO o Cistanche
trivalvis TIpakTH4eCKM OTCYTCTBYIOT. AHA/IOTUYHBIM 00pa3oM, it JPyroro NpeACTaBUTe s pofia —
Cistanche mongolica — cyIjeCcTByeT OT[elbHOe HCC/ieloBaHHe MaKpO- U MHKPO3JIeMEeHTHOTO
cocraBa [3], uTo yKa3biBaeT Ha BO3MOXHOCTh TPOBE/IEHUS MOJOOHBIX CUCTEMHBIX WCC/IeI0BAHUM
Kak 3JIEeMeHTHOTO, TaK U OPraHUYeCKOr0 COCTaBa M Jijisi OJTM3KUX BUIOB.

3ak/IIoueHue

Takum o6pa3om, OoraTbiii (PUTOXMMHUECKHM COCTAaB M JIOKa3aHHBLIM (hapMaKo/orhyecKui
noTeHiMan mnpezacraBureneli popa Cistanche, B uactHoctu Cistanche deserticola u Cistanche
tubulosa, co3garoT [JOCTAaTOUHYH) HayyHYH0 OCHOBY i paccMmoTrpeHusi Cistanche trivalvis
B KaueCTBe TEpPCIeKTUBHOTO 00beKkTa (UTOXMMHUECKOTO UCCefoBaHus. IIpd 3TOM OTCyTCTBUe
CrielMabHbIX JAHHBIX O XMMUYeCKOM COCTaBe JaHHOTO BH/la TIpeZcTaB/sieT CO00M CylijeCTBYHOIIUN
HayuHblli mipoGesi. [locsiemoBaTenlbHble WCC/IEIOBAHMS TI0 yKa3aHHBIM BbIllIe HarpaBIeHUsM
(9KCTpaKLys, CKPUHUHT (DeHUTITaHOUJHBIX TJIMKO3HU/IOB, [10KA3aTe/IbCTBO CTPYKTYPHI, TIepBUYHAs
OlleHKa OMO/IOTHYeCKOM aKTUBHOCTH W HW3yuyeHUe BUSHUS SKOJOTMUeCKHUX (haKTOPOB) TO3BOJISAT
BIepBble HAa HayYHOW OCHOBe PaCKphITh MHAUBHYa/IbHbINM XuMuueckuii coctaB Cistanche trivalvis,
a TaK)Ke B TIepCTeKTHBe MPeBPaTUTh ero B TOTOBYIO ChIPLeBYIO 0a3y /s AajbHeUINX yryOneéHHbIX
HCC/IeIOBAHUM OMO/IOrMUyeCcKOM aKTUBHOCTH.
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AHHOTaLUA

B crarbe nipeficTaBieHbl pe3y/bTaThl UCC/AeI0BaHUS YKMPHOKMCIOTHOTO COCTaBa Macja CeMsiH
Mogoltavia sewerzowii — 3HZeMHUYHOTO Tpe/CcTaBUTe/Is ceMelcTBa Apiaceae, MpoM3pacTaroIlero
B TOpHBIX pabioHax PepraHckoii obmactu Pecriybmuku Y3b6ekucraH. CeMeHa pacTeHUs ObLIM
cobpaHbl B mepByt0 Hefemo Mas 2026 roza Ha XO0lIMax B OKpPeCTHOCTSX ceia CapbIKypraH

Bubnnorpaduueckoe omucanue: YmapkcoHoB X.B.O., AckapoB N.P., MykuwmkoHOBa Y.B. Kbi3bl JKUDHBbIE KHCJIOTBHI B COCTaBe
cemssH Mogoltavia severzowi // Universum: xumuss ¥ OWONOTHS : 37€KTPOH. HayuH. >XypH. 2026. 10(148). URL: https:/
Zuniversum.com/ru/nature/archive/item/23455
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Y30eKHCTaHCKOTO paiioHa. [lenbl0 HWCC/eIOBaHUS SIB/ISTIOCH OMpeZie/ieHWe KaueCTBEHHOTO U
KOJIMUEeCTBEHHOTO COCTaBa >XUPHBIX KHUCJOT, COZAEp’Kall[uXCsi B CeMeHaX, METOJOM TIa30BOu
xpomarorpadui c rjaaMmeHHO-UoHU3alMoHHBIM AieTekTopoM (I'X-TTU/I, FID). B pe3ynbrarte aHa/u3a
BBISIB/IEHO CeMb KUPHbIX KUCIOT. OCHOBHBIM KOMIIOHEHTOM Mac/a sBisiack nuc-4,7,10,13,16,19-
noko3arekcaeHoBasi kuciorta ([I'K), conep>xanue kotopol coctaBuio 56,04 + 0,42 %. Bropoii o
KOJTMUECTBY KOMIIOHEHT — Mac/isiHasi (OyTaHoBast) KUC/IOTa, COZiep>KaHue KOTOpOo# gocTturano 26,16
+ 0,31 %. Kpome Toro, uaeHTuduiMpoBaHsi rekcaHoas (5,64 + 0,12 %), nasiemutrHoBas (3,79 +
0,08 %), apaxugonosas (3,06 + 0,07 %), nunoneas (2,49 + 0,05 %) u yuc-11-siiko3eHoBas (2,81 +
0,06 %) xucnorel. CymMMa uAeHTHU(UIMPOBAHHBIX KHUCIOT cocTaBuaa 99,99 %. IlonyueHHbIe
pe3y/bTaThl PacIMPSIOT CBeleHHsI 0 XMMHUYeckKoM cocTtaBe Mogoltavia sewerzowii U co3aaroT
OCHOBY /1 [Jla/ibHEHIIero u3ydyeHusi OMOIOTMUECKOW aKTMBHOCTM €€ CeMeHHOro macjia. Bce
KOJIMYeCTBeHHbIe JaHHbIe TIpe/iCTaB/AeHbl KaK cpejHee apudMeTHueckoe TpPEX IapasiebHbIX
usmepenuit (n = 3, p < 0,05).

Abstract

This article presents the results of a study of the fatty acid composition of seed oil from
Mogoltavia sewerzowii, an endemic representative of the Apiaceae family growing in the
mountainous areas of the Fergana Region of Uzbekistan. Plant seeds were collected during the first
week of May 2026 from hills surrounding Sarykurgan village in the Uzbek District. The aim of the
study was to determine the qualitative and quantitative composition of fatty acids in the seeds using
gas chromatography with a flame-ionization detector (GC-FID). The analysis identified seven fatty
acids in the seed oil. The predominant component was cis-4,7,10,13,16,19-docosahexaenoic acid
(DHA), accounting for 56.04 + 0.42 % of the total fatty acid content. The second major component
was butyric acid, with a concentration of 26.16 + 0.31 %. Hexanoic acid (5.64 = 0.12 %), palmitic
acid (3.79 £ 0.08 %), arachidonic acid (3.06 + 0.07 %), linoleic acid (2.49 £ 0.05 %), and cis-11-
eicosenoic acid (2.81 + 0.06 %) were also identified. The total of identified acids was 99.99 %. All
quantitative data are presented as the arithmetic mean of three parallel measurements (n = 3, p <
0.05). The obtained results expand current knowledge of the chemical composition of Mogoltavia
sewerzowii and provide a scientific basis for further investigation of the biological activity and
potential pharmacological significance of its seed oil.

KwoueBble cioBa: Mogoltavia sewerzowii, macno cemsn, I'X-ITWU/[ (FID), >xupHble
KUCJIOTHI, JoKO3arekcaeHoBas kucnora ([AI'K), MmacisiHas kuciora.

Keywords: Mogoltavia sewerzowii, seed oil, GC-FID, fatty acids, docosahexaenoic acid
(DHA), butyric acid.

BBegenue

Bo Bcem MHpe IIWMPOKO pda3BHUBAKOTCA HCC/I€40BaAHKUA, HAIIPpAB/JIEHHbBIE Ha BbIABIE€HHE
OMOOrMYeCcKH aKTUBHBIX BellleCTB B PpACTEHHAX, ocobeHHO JKUPHBIX KWUC/IOT, U HU3YyUYeHHE HX
OMOI0rMYeCKOro 3HAUEHUS [1] HI/IHI/I,EU:I B CéMeHax paCTEHI/Iﬁ MMeEIOT OO0/IbIIIOe 3HauUeHHe He TOJILKO
KdK MCTOUYHHMK 3HEpPruv, HO U KdK HPI/IPO,ELHbel HNCTOUYHHK TIOJIMHEHACBIIEHHBIX >XUPHBIX KHCJIOT,
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KOTOpble CUMTAIOTCSl B)KHBIMM [ijIs1 OpraHusMa dejoBeka [12]. B uacTHOCTH, CyllecTByeT MHOTO
HayyHOW WH(}OpMaMM O HaJIWMYUM >KUPHBIX KHUCJIOT pPa3/MYHON OMOIOTHYeCKOM IIeHHOCTU
B CeMeHaXx pacTeHHH CeMelCTBa 30HTUUHBIX (Apiaceae).

ViccnenoBaHys XMMHUECKOTO COCTaBa IMpeZCTaBUTeslel cemelicTBa Apiaceae IOKasaau, 4YTO
OHH cofiepKat 3(upHble Mac/a, (eHobHbIe CoeUHeHus], (hr1aBO-HOU/Ibl, KyMapHHbl, TePIIeHOU/bI,
a TaK)Xe HeHaChII|eHHbIe >XUPHble KUCIOTHI [17]. BOMBIIMHCTBO 3TUX CoefuHEHWM 00/1ajaroT
AQHTHUOKCU/AHTHBIMH, MPOTUBO-BOCHA/IUTE/IbHBIMH, aHTUOAKTepUA/TbHBIMHU
Y TUTOUMUIeMUUeCKUMU CBOMCTBAMH, UTO TOBBIIIaeT UX (papMakojoruueckoe 3HaueHue [14].
[TosToMy B moc/iefHHe TOABI 0COOOe BHUMAaHHe Y/esisieTCs M3YUYeHHI0 XHMHUeCKOTrOo COCTaBa
MaJsIOM3y4YeHHbIX BU/JJOB 3TOTO CeMelCTBa.

Mogoltavia sewerzowii — 5HAEMUUYHBIM BHUJ L|eHTpPa/JbHOA3UaTCKOM (IoOpbI,  ero
OoTaHUYeCKHe XapaKTePUCTUKU U GUTOXUMHUECKUN COCTAaB M3yueHbl B HEKOTOPOH cTereHu [4-6],
HO UH(OpPMaLIYs 0 JUMTUAHOM Mpodusie Macia ceMsiH HeIoCTaTOuHa.

lazoBasi xpomarorpadms (IX-TINJ u I'X-MC) — oauH u3 Haubosee Ha/I@XKHBIX
Y BbICOKOTOUHBIX aHA/IMTUUECKUX METOZOB OIpe/ieieHUsl JKUPHBIX KUCJIOT B PACTUTE/IbHBIX Mac/lax.
OTOT MeTOZ, M03BOJIsIeT aHa/IM3MPOBaTh XKUPHbIE KUC/IOThI B BU/Ie METU/IOBBIX 3(MPOB U CIYXKUT /IS
orpe/iesieHUst layke OUeHb MaJIbIX KOMITOHEHTOB [19].

[TonvHeHaCkI|eHHbIE >KUPHBIE KWUCJIOThI, BK/OYas [JOKo3arekcaeHoByr Kucioty (JI'K),
TIpe/ICTaBUTe/b TPYTIITBI OMera-3, OTHOCSITCS K UMC/Ty Haubosiee BaKHBIX OMO/IOTMYeCKU aKTHBHBIX
BellleCTB [yis 340pOBbs yesnoBeKa. HayuHble uccnemoBaHusi rmokaszanv, uto AI'K BaxHa [yis
Pa3BUTHs 1|€HTPa/bHOM HEPBHOW CHUCTEMBI, 3pUTE/NbHONW (YHKIMH, CTaOMIBHOCTH K/I€TOUYHBIX
MeMOpaH U pery/IsiLiii BOCTIaINTe/bHBIX Tipotieccos [10, 18].

MacnsiHasg KUC/I0Ta, OfHA W3 KOPOTKOLIEIIOUEYHBIX JKUPHBIX KHUCJIOT, TakXe IIpUBJIEK/a
Oonbllloe BHMMaHWe B TocieAHve ToAbl. CornmacHO COBpeMEHHBIM WCCIefOBaHUSAM, OyTupar
SIB/ISIETCS OCHOBHBIM HMCTOUHWMKOM SHEPruM [JIsl SMUTEeNIUA/bHbIX KIeTOK KHIIIeYHUKA, peryjivupyer
AaKTMBHOCTh MMKPOOHOTBI, CHMP)KAeT BOCIA/IUTE/IbHbIE TIPOIECCHI M y/yullaeT QyHKIIMOHUPOBAHHE
MMMYHHOM cuctemsl [9, 16].

Takum 06pa3oM, aHaIM3 HAYYHOU JIUTEPATyPhI MOKA3bIBAET, UYTO MHPOPMAIUK 0 XUMUUYECKOM
coctaBe Maciaa cemsiH Mogoltavia sewerzowii, 0C06eHHO O ero >XMPHOKHUCTIOTHOM TIpoduie,
HepoctaToyHO. C 3TOM TOUKMU 3pEeHUs [aHHOe MCCJ/IefloBaHUe SBJISIeTCS HAyuyHO HOBAaTOPCKUM,
TIOCKO/IbKY OHO BIIEpBbIe HarpaB/ieHO Ha OLIeHKY JIMIIMAHOIO COCTaBa Macja CeMSH 3HAEeMUUYHOro
pacTeHusi ¢ ucrosnb3oBaHueM Metofa ['X-TTA/[], ugeHTUUKAIL[MI0 OCHOBHBIX >KUPHBIX KHUCJIOT
1 000CHOBaHME WX BO3MO)KHOTO (hapMaKOJOTMYeCcKoro 3HaueHusi. Takoke ObUTM M3y4eHbl KUPHbIE
KUC/IOTBI B ceMeHax pacteHWss Mogoltavia sewerzowii, coOpaHHbIX B TepByr0 Hezeno Masi 2026
roJia Ha X0/IMax BOKpYT cesnia CapbIKypraH, Y30ekckoro paiioHa, depraHckoii o6acty.

Marepuasibl 1 MeTOABI MCC/IeJ0BaHUS

PacTuTe/ibHOE ChIPbEé U NMPO0OIOAr0OTOBKA

CemeHa Mogoltavia sewerzowii cobupanu B mepByto Hefmenro Mas 2026 roga Ha XoMax
B OKpecTHOCTsIX cena CapbIKypraH Y30eKucTaHCKOro paiioHa PepraHckoii obsactu. CobpaHHbIe
ceMeHa BBICYIIIMBa/M B TeHU MPU KOMHaTHOW Temmeparype (20-25 °C) g0 NMOCTOSHHOW MacChl
B TeueHue 7—10 CyTOK, 3aTeM u3MesbUaav B jabopaTopHON MesjbHMLIE A0 pasMepa uactul 0,5—
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1,0 MM. TouHyO HaBeCKy M3MesbUEéHHBIX ceMssH Maccou 5,00 + 0,01 r nmomelaam B KOHUUYECKYIO
konby oobémMom 100 mn, mpunmBasu 50 M rekcaHa (X.4., «XvUMMeZ»), TePMETUYHO 3aKpbIBa/v
Y 3KCTparvpoBaju IIPM KOMHAaTHOM TemIeparype B TeueHWe 24 4Y TMpu [epPUOANYECKOM
nepeMelIBaHUU. DKCTPAKT (GUILTPOBAIU uepe3 OyMaKHbIN (GUIBTP «CHUHSS JIeHTa», PAaCTBOPUTEIb
OTIOHA/IA Ha poTopHOM wucnapuresie rpu 40 °C nog BakyymoM. IlosyyeHHOe mac/io B3BellMBa/Id
Y XpaHW/IY B TEMHOU CTeK/IsIHHOW nocyze npu —18 °C no aHanusa. Beixog macia cocrasun 18,7 +
0,9 % ot mMaccel CyXuUx CeMsH.

JepuBaru3anus )XUPHbIX KUC/IOT

JKvipHbIe KWC/IOTHI TIOJBEpraiu JepyuBaTU3aliid MeTU/IMPOBaHUeM. B CTeK/IssHHYI0 OyThUIKY
06béMoM 10 MJT € TUTOTHO 3aKPBIBAIOIIEMCs KPBIIIKOM rmoMertjaau 0,5 M1 Macia, pacTBOPSIIA B 3 MIJT
qusTHIoBoro  3¢wupa, pgobaensiu 0,2 M HacklijeHHoro pactBopa KOH B MeTaHone
1 nHkyoupoBamu npu 100 °C B Teuenue 3—-5 MuHYT. [Tocne oxnaxzaenus mobapmsmu 0,5-1,0 m
rekcaHa ¥ 2,0 MJ JUCTWUIJIMPOBAHHOW BOJbI, TIIaTeNbHO MepeMellvBaayd U ocTaBasid Ha 10-15
MUHYT AJi9 oTcTavBaHus. [locsie pa3zesieHusi pacTBopa Ha (pakijiyd BepxHIOIO uacTb (TeKcaH)
oTOUpasv U OTTIPAB/IS/I Ha Xpomarorpad /st uaeHTU(UKAL[|UM 110 CTaHAapTHLIM 00pas3iiaM.

YcnoBus xpomarorpaguueckoro aHaamsa

KonuuecTBeHHBIM  aHa/liW3  JKUPHBIX  KUCJIOT — OCYLIECTB/ASUICA ~ METOLOM  ra30BOM
xpoMatorpaduu Ha xpomarorpade Shimadzu (SImonust) ¢ raMeHHO-MOHU3ALMOHHBIM [1€TEKTOPOM
(FID). Kononka — Restek, Stabilwax, anuna 60 M, BHyTpeHHui1 auametp 0,32 mMM. YcnoBus
aHasu3a: Temrieparypa gerekropa — 300 °C, Temrneparypa uakekropa — 250 °C, ra3-HocuTe/b —
a3or, 2,2 MJI/MUH, AeneHue 1oTtoka 1/10, 00béM nHbeKIur — 1 MKI. TepMocTar paboTan B pexxume
TeMriepaTypHoro rpaguenTa: 1) 4 mun nipu 100 °C; 2) nogbém 25 °C/muH no 200 °C, Bbigep>Kka
8 mun; 3) nogwém 5 °C/muH g0 250 °C, Bblepkka 6 MuH. VjeHTU(UKALMIO TTPOBOJWIN MyTEM
CpaBHEHHsS] BPEMEH V/€p)KUBAHUSA CO CTAaHZAPTHBIMM 00pasijaMM MEeTH/IOBBIX 3(MPOB >KUPHBIX
kucyot (Supelco 37 Component FAME Mix).

CraTrucTtuyeckasi 00padoTkKa

Bce n3MepeHusi POBOAWIM B TPEX MapasiienbHbIX 1pobax (n = 3). PaccuuThiBanu cpefHee
apudMetrueckoe (M) u cranaaptHoe oTkioHeHue (SD). Kosdduiment Bapuatmu (CV) A Bcex
WUJeHTU(DUIIMPOBAHHbIX KUCA0T He mpeBbimian 3,0 %. [JOCTOBEPHOCTb pa3MUuudii  MeX1ay
KOMIOHEHTaMH OLIeHMBa/M C TOMOIIbI0 0fHO(MAKTOPHOTO [ucIiepcioHHOro aHamms3a (ANOVA)
C MOC/IeAYIOLIUM TeCTOM ThIOKHW; Pa3nuuusi CUMTany 3HauumbiMu 1ipu p < 0,05.

Pe3ynbTarhl 4 00CYy)K/jeHHEe

I'a3oxpomatorpaduueckuii aHaiu3 Macia ceMssH Mogoltavia sewerzowii BbIsiBHI B 00I1IeH
CJIOXKHOCTH 7 >KUPHBIX KUCIOT. CornacHo pesysibTaTaM aHajiv3a, OCHOBHOM >XUPHOW KHC/IOTOU
B obOpasiie Obina 1Mc-4,7,10,13,16,19-m0K03arekcaeHoBass kucsiora (C22H3202), cocraBnstorast
56,04 % + 0,42 %. OTO yKasbIBaeT Ha TO, YTO 3Ta >KMPHasg KUC/I0Ta SIB/ISeTCSI OTHOCUTEIbHO
pacripocTpaHeHHOW B Macje cemsiH. [Joko3arekcaeHoBas kucioTa (JI'K) — opna w3 Haunbonee
pacrpoCTpaHeHHbIX MOMHEHACHIILEHHbIX )KUPHBIX KUC/IOT B OpraHu3Me uejioBeka. KoHLleHTpaLus
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OI'K 3HauWTe/IbHO BapbUpyeTCs B PasHbIX CUCTeMaX. B rosioBHOM Mo3re U mia3ax ypoBeHb [JI'K
BbIllle, yeM B /Ipyrux opraHax. [II'K ocoOGeHHO KOHIIEHTPUPYETCS B CEPOM BeIlleCTBe TOJIOBHOTO
MO3ra 4 Hapy>kKHbIX cerMeHTax ceTdyarku. B rosnoBHoM mosre JII'K yyacTByeT B Iepefiaue HepBHBIX
CUTHAJIOB, a B a3y — B 3peHun. Huskui yposenb [II'K cBsi3aH C HapylleHVWeM KOIHUTHBHOI'O
pa3Butus u 3purenbHod ¢yHKImU. 'K mone3Ha mpu auabeTe, TUTEpIUNMIEMUH, CEPAEYHO-
COCYUCTBIX 3a00/eBaHUsAX, HeWpOMNaTHsX pa3/IMuHOM STHOJIOTHH, CHIDKEHHOM WMMYHUTETe
Y BOCIA/IUTE/ILHBIX TPOLieccax MpU MHOTUX 3aboseBaHusix. ToT ¢akTt, uto 6omee 50 % >KUPHBIX
KMC/IOT B 3TOM PpacTeHWU COCTaB/sArOT Luc-4,7,10,13,16,19-10K03arekcaeHoar, ykas3blBaeT Ha
Ba)KHOCTb MCC/Ie/JoBaHUM pacTeHust Mogoltavia sewerzowii.

1 > FID1
10000 23
] s
1 |
7500+ /
] |
1 g |
5000 I |
] /
2500+ P //
] < TS '
1 < § S8 o /
| I -
L S L S ) S L F S A A F A A A F L A A S A A A |
10 20 30 40 50 60
min

PucyHok 1. Xpomamozpamma xcupHbix Kucaom u3 cemsiH Mogoltavia Severzowi

Ta6bauya 1.
JKMpHOKHMC/I0THBIN cocTaB Mac/ia ceMsiH Mogoltavia sewerzowii (n = 3, p < 0,05)
Ne JKvpHas Kuca0Ta Bpems ypepxuBa- IInomaps Makcumanb- | Konnenrpanus, % (M
HUA, MUH nUKa Has BbICOTA + SD)
1 | Macnsnas (6yraHoBast) 2,185 141344 260 26,16 £ 0,31
KHC/I0Ta
2 TekcaHoBast (KaripoHOBast) 2,312 30476 89 5,64 +£0,12
KHC/I0Ta
3 ITaneMUTHHOBAS KUCIOTA 22,263 20492 37 3,79 £ 0,08
4 JIHOMeBast KUC/I0Ta 30,166 13451 39 2,49 £ 0,05
5 ApaxuioHOBasi KUC/I0Ta 30,658 1652 174 3,06 = 0,07
6 | 1uc-11-Diiko3eHoBast KUC- 32,263 1520 145 2,81 +£0,06
JoTa
7 | uuc-4,7,10,13,16,19-/1oxo- 53,893 30273 400 56,04 + 0,42
3arekcaeHoOBasi KUC/I0Ta
(AT'K)
CymMa nieHTUHUIpO- 99,99
BaHHBIX KUC/IOT

ITpumeuaHue: npoyeHmMHoe co0epHcaHue 8bIPaHCeHO OMHOCUMENbHO CYMMbl 8CEX
UOeHMUpUYUPOBAHHDBIX HCUPHbIX Kuc1om; M — cpedHee apupmemuueckoe, SD — cmaHOapmHoe
OMK/IOHEeHUe.
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Bropas no BemuuvHe [0S TPUXOLWTCS Ha MAcC/sIHYI0 KUC/IOTY, COCTaBJSAIOLyr0 26,16 +
0,31 % ot o0mero KoIM4yecTBa >KUPHBIX KUCIOT. ByTHpar, wiu MacsisiHasg KHUC/IOTa, SIB/ISIETCS
MIPOIYKTOM >KU3HEZIeATeTbHOCTH KUILIeUHbIX OakTepuidi. Ho 3To He mpocTo GakTepuaibHbIe OTXO/BI.
ByTupar — 3To nuTaTe/IbHOE BeIleCTBO, KpakiiHe HeoOX0MMOoe /1Sl OpraHu3Ma.

Takke B Xofe aHaiu3a ObTM OOHapyKeHbI TrekcaHoBasi kuciota (5,64 + 0,12 %),
najeMUATUHOBas kucnora (3,79 + 0,08 %), nuHoneBas kuciaora (2,49 + 0,05 %), apaxugoHoBas
kuciora (3,06 + 0,07 %), yuc-11-siiko3eHoBas kuciaora (2,81 + 0,06 %). OTu pe3ynbrarbl
YKa3bIBalOT Ha MPUCYTCTBHE B Macje CeMsiH KOPOTKOLIeIOYEeUHbIX, HACBII[@HHBIX U HEHACHIIIIeHHbIX
JKAPHBIX KUCJIOT.

B yacTHOCTH, IPUCYTCTBUE HEHACHIIEHHBIX )KUPHBIX KUCJIOT, TAKUX KakK JIMHOJIeBast KUC/I0Ta
U Joko3arekcaeHoBass kucyiorta ([T'K), ykasblBaeT Ha TO, UTO 3TO pacTeHHe MOXKeT o00/ajaThb
AHTUOKCHU/JIAHTHOM,  TPOTMBOBOCHAJMTEIBHOH W MeMOpaHO3al[UTHOM  OuoJioruueckou
aKTUBHOCTBIO. JTO CO3/IaéT HAyUHYIO0 OCHOBY [I/Isl la/ibHelilero usyueHusi Mmacjia cemsii Mogoltavia
sewerzowii B KaueCTBe (papMaKOJIOTHUeCKOro U (PyHKI[MOHA/ILHOTO THUIIIeBOr0 TIPOAYKTA.

CpaBHUTe/ILHBIN aHA/IU3 C IUTepPaTyPHbIMHU /JAHHBIMHU

[TonyuyeHHBIN KUPHOKUCIOTHBIN Tipoduib Mogoltavia sewerzowii CyljeCTBEHHO OTIMYaeTCst
OT TUIMWYHBIX TpeJcTaBuTeneld Apiaceae. [1yi1 OOMBIIMHCTBA 30HTUYHBIX (Haripumep, Coriandrum
sativum, Carum carvi, Foeniculum vulgare) xapakTepHO [IOMHWHHDOBaHHe I1eTPO3€e/JMHOBOM
kucoThl (18:1A6¢), conepkanre KoTopoi MoxkeT Aocturatb 50—80 % OT CyMMBI )KUPHBIX KUC/IOT
[13, 8]. B Hamem obpa3sije rmeTpo3eMHOBasi KMC/IOTa He OOHapy)kKeHa, a OCHOBHBIM KOMITOHEHTOM
seisiercs AT'K (56,04 %). Ctonb Beicokoe cofiep>kaHue 'K B ceMeHHOM Macjie BBICIIIETO PacTeHUs!
SIB/IsIeTCsl peiKuM siBjieHreM: 00b1uHO [II'K HakarvBaeTcsi B TKaHSIX MOPCKUX OPraHU3MoB (pbIOuii
JKUD, MUKPOBO/ZIOPOC/IM) U JIMILIb B €JUHUYHBIX C/IydasX OIMvcaHa [ijisi CeMsIH pacTeHU, HarpruMep,
JIIsT HeKOTOpbIX BUZIOB Borago u Buglossoides (Boraginaceae) [2, 3, 11, 15, 20]. Panee ans
Mogoltavia sewerzowii 6buTM onHcaHbl (hIaBOHOW/IBI U BOAOPACTBOPUMBIE BUTAaMHUHBI [7], ofjHaKO
JKUDHOKUCJIOTHBIM COCTaB CeMSIH 3TOT0 BU/Ia [I0 HACTOSIIEro BpeMEeHHM 0CTaBasICsl HEU3yUeHHbIM.

Cpeau apyrux BUgoB Mogoltavia (M. nuda, M. sewerzowii) JaHHBIX TI0 >KUDHOKHUCJIOTHOMY
COCTaBy CeMsiH B /[IOCTYIIHOM JIMTepaType TMpaKkTUYeCKd HeT, UTO I[IO/TBEp)KJaeT HOBHU3HY
Hacrosiiero ucciaefoBaHus. [losiBieHWe 3HAUMTENbHBIX KOMMYECTB MaciasHou (26,16 %)
U rekcaHoBoi (5,64 %) KUCIOT Tak)Ke HETUITWYHO /il CEMeHHBIX Macel U MOXeT ObITh CBSI3aHO
€ 0cobeHHOCTIMU OMOCHHTe3a KOPOTKOLIeTIOUeUHBIX XKUPHBIX KUC/IOT Y JaHHOTO SHZEeMHKa.

3aK/jloueHue

B nenom, pesynbrare! aHanusa MetogoM ['X-ITN /1 yka3eiBarOT Ha TO, YTO XUMHUYECKUH COCTaB
Macsa ceMsiH Mogoltavia sewerzowii, OIHOTO U3 ABYyX TpeficTaBuTesneit poga Mogoltavia cemeiicTBa
Apiaceae, ObIT U3yueH BIepBbIe, U UTO B HEM Tipeobajaer numc-4,7,10,13,16,19-m0K03arekcaeHoar,
a TakXKe COZIePKUTCS psifi OMOIOryeCcKU Ba’KHBIX HEHACHIIIIEHHBIX )KUPHBIX KHACJIOT.

OO6Hapy»keHHe CTOJb BICOKOTO cozepskanus 'K (bosee 56 %) B ceMeHHOM Macjie BBICIIIETO
pacTeHUs Mpe/iCTaB/IsIeT 3HAYUTE/IbHBIM HayUHbI UHTepec. MOXXHO BBIZIBUHYTb HECKOJIBKO TMIIOTE3
o mpuunHax Hakorvienusi [I'K: 1) ocobeHHOCTH /WMUAHOTO MeTabo/MM3Ma, CBsSI3aHHBIE
C ajanranuedl K TOPHBIM YC/JOBUSIM TpOW3pacTaHus; 2) Haauuue Crelu@uueckyx Jecarypas
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U 3710Hra3, obecrieurBaroux cuHTe3 AyuHHolenoveunbix [THXKK; 3) cumbuoTrueckoe BIUsTHHE
SHJJOQUTHBIX MHKPOOPraHMW3MOB. /[lanbHelllMe WCCAeJ0OBaHUS [IO/DKHBI BK/IHOUaTh M3y4yeHHe
9KCIIPeCCHM TEeHOB, OTBETCTBEHHBIX 3a OWOCHHTe3 JKUPHBIX KHC/IOT, a TaKKe OLIeHKY
AHTUOKCHJAHTHOM aKTUBHOCTH, TOKCUKOJIOTMUECKYIO0 OLIeHKYy U OrpefiejleHne BO3MOXXHOCTH
WCMOMb30BaHUST Macia B (apmaleBTMKe U (QyHKLUOHaJIbHOM TnMTaHuMu. Kpome Toro,
TepCTIeKTUBHBIM HarlpaBieHueM SIB/ISIeTCs pa3pabOTKa MeTO[0B OUMCTKA M (HPAKLIMOHUPOBAHUS
MacJja C Ljes1blo 1o/1yyeHus KoHueHTparos JI'K.
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AHHOTaLUA

VccnenoBaHo BAMSIHME COCTaBa BOAHO-3TAaHOMBHOM Cpefibl, TMPOMOMKMCAa W MOMeTa30oHa
dypoara Ha peosiorhiyecKrde CBOMCTBA 2 %-HbIX PACTBOPOB HATPUM-KapOOKCHMETHIILIEUIIONO03bI
(Na-KMII). Peonorvueckoe roBefieHHe WCC/IeAyeMbIX CUCTEM OLleHHWBa/d MeTOZOM pOTal[MOHHOU
peoMeTpud B DeXHMMax ONpeJesieHrsl BSI3KOCTH, aMIUIMTYJHOTO M YaCTOTHOTO CKAaHHWPOBAHUS.
YcraHoBiieHO, 4TO BCe pactBopbl Na-KML] mposiBisiid MnceBAomnjacTUYeCcKoe TeyeHue: C
yBeJIMUEHUEM CKOPOCTU C/IBUra BSI3KOCTb CHMWKasjaach. IIpy MOBBIIIEHWH COZAep>KaHUsI 3TaHOa

Bubmorpaduueckoe ommcanume: BaxoGkoHoB A.A.Y., Illykypo A.W.Y. Peojoriueckde CBOHCTBA pacTBOPOB HATpPHii-
KapOOKCHMETHILIE/IONO3bI B BOJHO-3TAHOJIBHOM Cpejie U BIUssHUE OMOAKTHBHBIX KOMITOHeHTOB // Universum: xumusi 1 6uosorus :
571eKTPOH. Hay4H. XypH. 2026. 10(148). URL: https://7universum.com/ru/nature/archive/item/23497
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BSI3KOCTh PACTBOPOB BO3pacTasa, MPUUéM Harbosee BbIpa)KeHHbIe M3MeHeHUs HaOHAaavch MpH
BBICOKMX KOHLIEHTpalLUsiIX 35TaHO/a, YTO COMPOBOXAAJIOCh YCU/IEHHWEM CTPYKTYPHUPOBaHHOCTU
MOJIMMEPHOM  CHUCTeMbl. AMIUIMTYJHOe CKaHWpPOBaHWe T[I0Ka3aJ0 COXpaHeHWe JIMHeNHOU
BSI3KOYTIPYTOl 00/1aCTH TIPY HU3KUX [e(OpMalysix, YTO TI03BOJIM/IO OIPeJeSUTh YCAOBUS IS
MOC/IeYIOIIero 4aCTOTHOrO aHanusa. Bo BCEM ucC/ieZloBaHHOM JMaria3oHe 4acTOT MOZYJb
HakorieHusi (G') mipeBbiiian Moay/b 1otepsb (G"), a 3HaueHUs tan § OCTaBa/MCh HUKe eIUHULIBI,
yKa3biBasg Ha TpeoOsiaflaHie yIIpPyrod COCTABJSIIOIEN W BBIPAKEHHBIN BS3KOYTIPYTHM XapakTep
cucteM. Beeznenve 10 % nponosnuca npuBogu/io K noBbiieHn0 G' 1 G” OTHOCUTeTbHO UCXOAHOU
Na-KMI], Toraa kak gmobaeneHue 80 Mr MmomeTa3oHa (hypoaTa COMPOBOXK/AIOCh CHIDKEHHEM 000MX
Mopyneli. B KOMOMHMPOBaHHOW CHCTeMe COBMECTHOe TIPHCYTCTBHE IIPOTIO/iMCa U MOMeTa30Ha
(dypoata U3MeHsJI0 COOTHOLIEHHe BSI3KOM M YIIPYrod COCTaB/ISIIOLIUX 110 CPABHEHUIO C CUCTEMaMH,
cofiepKallliMU OTZe/IbHble KOMIIOHeHThI. [losyueHHble pe3ynbrarhbl MMOKa3bIBAOT, UTO HW3MeHeHHe
COCTaBa PacTBOPSIIOIIEH CpeZibl U BBeZleHHe OMOAKTUBHBIX KOMITOHEHTOB TIO3BOJISIFOT CYIL[@CTBEHHO
pery/MpoBarh CTPYKTYPHO-BA3KOYIIpyroe coctossHue pactsopos Na-KMILI.

Abstract

The effects of water—ethanol composition, propolis, and mometasone furoate on the
rheological properties of 2 % sodium carboxymethylcellulose (Na-CMC) solutions were
investigated. The rheological behavior of the systems was evaluated using rotational rheometry in
viscosity, amplitude sweep, and frequency sweep modes. All Na-CMC solutions exhibited
pseudoplastic flow, with viscosity decreasing as the shear rate increased. Increasing the ethanol
content resulted in higher solution viscosity, with the most pronounced changes observed at higher
ethanol concentrations, indicating increased structuring of the polymer system. Amplitude sweep
measurements demonstrated the presence of a linear viscoelastic region at low deformation, which
was used to establish the conditions for subsequent frequency analysis. Throughout the investigated
frequency range, the storage modulus (G") exceeded the loss modulus (G"), while tan § values
remained below unity, indicating the predominance of the elastic component and pronounced
viscoelastic behavior. The incorporation of 10 % propolis increased both G' and G” compared with
the initial Na-CMC system, whereas the addition of 80 mg mometasone furoate resulted in a
decrease in both moduli. In the combined system, the simultaneous presence of propolis and
mometasone furoate altered the balance between the viscous and elastic components compared with
systems containing individual components. These results demonstrate that variation of the solvent
composition and incorporation of bioactive components can substantially regulate the structural and
viscoelastic state of Na-CMC solutions.

KnroueBbie cj10Ba: HaTpuii-KapOOKCHMETHIILIE/ITION03a, PeoIoruyecKre CBOMCTBA, BOAHO-
JTaHOMbHAasi ~ CpeAa,  BS3KOCTb,  BS3KOYNPYroCTh,  TPOMOJMC,  MOMeTa3oHa  (ypoar,
CTPYKTypooOpa3oBaHue.

Keywords: sodium carboxymethylcellulose, rheological properties, water—ethanol medium,
viscosity, viscoelasticity, propolis, mometasone furoate, structure formation.
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BBegenue

ANnvKalMoHHbIe JleKapCTBeHHble (DOpMbI, TpefHa3HaYeHHble /i1 HernocpeCTBEHHOW
JIOCTaBKM JIeKapCTBEHHBbIX BeIleCTB K C/IM3UCTOM 00O/OUKe TIOJIOCTH pTa, SIB/SFOTCS
MepCreKTUBHBIM MOJX0J0M K MeCTHOUW Tepanmuu. B 3TOM KOHTeKCTe IMojiMMepHble JeKapCTBEHHbIe
TJIEHKY TIPUBJIEKal0T BHUMaHue Gsarofiapsi y00CTBy MpUMeHeHUsl, 3/1aCTUYHOCTH U BO3MOXKHOCTHU
JIOCTaBKM aKTUBHBIX BellleCTB /Jid MeCTHOr0 WIA CUCTeMHoro Jeicteus [2, 9, 11].
@DyHKIMOHANbHbIE XapaKTEePUCTUKA TakKUX IUJIEHOK, BK/IOYasi MeXaHUUeCKyl [POYHOCTb,
3JIaCTUYHOCTh, Ae(OPMHUPYEMOCTb U B3aUMOJIEHCTBHE CO CJIU3UCTOM 000/I0UKOW, BO MHOIOM
3aBUCSIT OT COCTaBa M CTPYKTYpPHOTO COCTOSIHUSI TIOJIMMepHOM Marpuubl [4]. Harpuii-
KapbokcuMmeTue/utono3a (Na-KMII) siBasieTcsi mepCrieKTHBHBIM TIOTMMEPOM  [I/Isl  TTOTyYeHUst
JIeKapCTBeHHBIX TJIEHOK Orarozapsi BOJOPaCTBOPUMOCTH, CIIOCOOHOCTH (OpPMHDPOBAaTh BSI3KUE
pacTBOpHI M TIEHKOOOpa3ytoleit crocobHoctu. Hapsiiy ¢ MosieKy/sipHbIMH XapaKTepUCTUKaMU
Y KOHL|eHTpalyel MonvMepa, COCTaB pacTBOPSIIOLLEH Cpe/ibl MOXKET CYIeCTBEHHO BJIUSITh Ha
TeKyueCTb W Bs3KOymnpyrue cBoiictBa pactBopoB Na-KMII [3, 5]. B uacTHOCTH, TNOKa3aHO, UTO
peosiorruueckue cBorcTBa pactBOpoB Na-KMIL] B pa3/inuHbIX CUCTeMaX MHOIOaTOMHBIN CITUPT—BOZA
3aBUCAT OT TPUPO/bl PacTBOpUTENs] U CTPYKTYPHBIX MapameTpoB mnosvMepa [10]. OTo umeer
Ba)KHOE 3HaueHWe [i7Isl yCTAaHOBJIEHUs B3aWMOCBSI3M MeXAY WCXOJHBIM CTPYKTYPHBIM COCTOSIHUEM
pacTBopa U MpoLeccoM (OpMUPOBaHUS T/IEHKU.

BopHo-3TaHO/IBHBIE CMECHM MOTYT MCMO/Mb30BaThCsl B KauyecTBe pacCTBOPSIOLLEH Cpefibl
B (hapmar|eBTUUeCKUX TJIEHKOOOpa3yIoIUX CUCTeMaX, TIPU 3TOM U3MeHeHHe COjiepKaHusl dTaHoJIa
CrocoOHO BAMSTL HAa B3aUMOZENCTBUS TIOJIMMep—PacTBOPUTeb U TIoJIMMep—TionnMep. B pesynbrare
MOTYT M3MEHSITbCSl COCTOSIHUE MAaKpOMOJIeKY/ISIDHBIX Lierleii B pacTBOpe, €ero BS3KOCTb
Y BSIBKOYTIpyrWe CBOKMCTBa. Takue HM3MeHeHHsi, B CBOIO Ouepe/ib, MOTYT BJIUSITb Ha MepPeCTPOUKY
MOJIMMEPHBIX 1ierlell B Mpoliecce BLICYLIMBAHUS M, Cle[oBaTe/lbHO, Ha MeXaHUUeCKue CBOMCTBA
chopmrpoBaHHOM M/1EHKU. [103TOMY OLleHKa peosioruueckoro COCTOSIHUSI pacTBOpa Kak MCXOZAHOTO
CTPYKTYPHOTO TI0OKa3aTeJisl TUIEHKOoOpa3yrolijell CHCTeMbl MIMeeT BayKHOe 3HaueHue [8,7].

[oronHuTenbHbIE KOMIIOHEHTHI, BBOIMMbIE B COCTaB IMJIEHKH, TaK)Ke WrPAlOT Ba)KHYHO POJIb
B ()OpMUPOBaHUM €6 KOHEUHbIX CBOMCTB. [InacTrdukaropsl, Takve Kak [JIML|EPHUH, MOTYT N3MEHSTh
MeXXMOJIEKY/ISIPHbIE B3aMMO/IEHCTBUSL MEeX/Ay TOJMMEPHBIMM LIEMsIMU U TeM CaMbIM B/MSTH Ha
3JIaCTUYHOCT, U fAedopMUpyeMOCTh TUIEHKKM [1]. BBeJeHue TiporionuMca Kak TPHUPOJHOTO
OM0aKTHBHOTO KOMIIOHEHTA He TOJbKO pacilupsieT QYHKI[MOHAIbHBIA COCTaB TUIEHKH, HO U MOXKET
B/IUSITh HAa CTPYKTYPHblE XapaKTePUCTUKM TOJMMEepPHOM Marpulibl. B cBOO ouepesb, copep)kaHue
TaKOro AaKTUBHOIO (papMal[eBTUUECKOT0 HWHIpeAUeHTa, KaK MoMmeTa3oHa ¢ypoar, H3MeHseT
COOTHOLIIEHWe KOMIIOHEHTOB B TOJIMMEPHOM MaTpulle U MOXeT OTpa)kaTbCs Ha MexXaHWueCKHUX
CBOMCTBAX TUIEHKU.

CocraB, MexaHWUUeCKHe U MYKOa/Ire3MBHbIe CBOMCTBA JIeKAPCTBEHHBIX TIJIEHOK Ha OCHOBe Na-
KMII u gpyrux ruipoduabHbIX MOJMMEPOB A0CTaTOYHO ILIMPOKO UCC/iefoBaHbl [6,12]. OgHako
B3aMMOCBSI3b MEX]y PEeOJIOTHUeCKUM COCTOSSHUEeM TUIEHKOooOpasytoljero pactBopa Na-KMII
YU MexXaHWYeCKUMU CBOWCTBaMU C(OPMUPOBAHHOM IJIEHKH, OCOOEHHO BJ/IMSIHME COCTaBa BOJHO-
3TaHOMBbHOM CpeZibl Ha 3Ty B3aWMOCBS3b, OCTAéTCSl HEJOCTAaTOUYHO CUCTEMAaTUYeCKHd M3yUeHHOM.
B CB3M C 3TUM MCHONb30BaHWE PEOJOrMUeCKMX [apaMeTpoB B KaueCTBe KpUTEpHUs OLIeHKU
CTPYKTYPHOTO COCTOSIHUSI TIJIEHKOOOpasymolleii cucteMbl U BbibOpa e€ cocTaBa TIpe/iCTaBIIsieT
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Hay4HbIN U NpaKTU4YeCKUW UHTepec. Llenbro HaCTOALLero NCcae0BaHus SIB/SIaCh OLIeHKA B/INSHUS
cocTaBa BOJHO-3TaHOJBHOM CpeZibl, a TakKe IVIML[epUHA, MPOIO/IMca U MoMeTa3oHa (ypoara Ha
peonoruyeckue cBorcTBa 2 %-HbIx pacTBOpoB Na-KMII.

Marepuasibl 1 MeTOABI

B kauecTBe BOAOpPaCTBOPUMOTO IJIEHKOOOpA3yHOIero IMojuMepa MCI0/b30Bad HaTPHUEBYIO
cosb KapOokcuMeTumie/untono3el (Na-KMII), npuobperénnyro y komrianuyd Aladdin Chemical
(Kurait). Ucrionb3dyemass Na-KMIL] xapakTepu3oBanack cTernieHbto 3amelrieHusi (DS) 1,2 u cpeaHeit
MoJieKy/isipHoi Maccoit (Mr) okoso 250 k/la. B kauecTBe OMOMOTMUECKM aKTUBHOTO KOMITOHEHTA
Hcrosb3oBamu 3KeTpakT Tporosica (DENTAFIL PLYUS MChJ, VY36ekucran). MomeTa3oHa
dypoar Obu1 mproOperéH y komranud AARTI INDUSTRIES LIMITED (Mupus). OrtaHon
Y JUCTW/UTMPOBAHHYIO BOJy HUCII0/Ib30Ba/ii B KAUeCTBe KOMIIOHEHTOB PacTBOPSIOLLel Cpe/bl.

HOns wvccnenoBaHuss peosoruyeckux cBoucTB Na-KML] roroBunu 2 %-Hble pacTBOPbI
rojiiMepa B BOJHO-3TAHOMBHBIX Cpefax € copep>kaHueM 3taHonma 0 — 50 00.%. Ilocie 4 u
TH/IpaTallid pacTBOphI lieHTpudyrupoBamu npu 12 000 ob6/MuH B TeueHuwe 15 MuH, a A
JlabHEeMNIINX UCC/eJOBaHUM HUCII0/Ib30Baii HaJI0 Ca[IOUYHYI0 KUJKOCTb.

[71s monyyeHus JIeKapCTBEHHBIX TUIEHOK TPOTOJIMC MU MOMeTa30Ha (ypoaT mpeABapyTeNIbHO
pactBopsuid B 94 %-HOM 3TaHO/e W TOC/e[0BaTe/JbHO BBOJWIA B TOJMMEDHYIO CUCTEMY IIpU
repeMelIBaHuK C /JIOTIOJTHUTEbHOM Y/IbTPa3BYKOBOM o00pabotkoit. Copep)kaHue TPOTIOIHca
coctap/sino 5 — 10 %, momeTasoHa dypoara — 0,01 — 0,1 %. Peonoruueckue CBOMCTBa pacCTBOPOB
Na-KMII wuccnemoBaiu Ha poTaliMoHHOM peoMerpe Anton Paar MCR 92 (ABcTpus)
C UCMO/Ib30BaHWEM LIW/TMH/IPUUECKOM U3MepUTeIbHOW CUCTEMbI TIPU KOHTPOJIMPYEMOU TeMIiepatype
(£0,1 °C). HWccnemoBaHusi TIPOBOJWIM B POTALMOHHOM M  OCLWIISILMOHHOM peXUMaxX
C perucrpaiyei HaripsbkeHusi ciBura (T) B 3aBUCMMOCTH OT ckopoctu czasura (y). CormacHo
crelUpUKaLMsIM TIPOM3BOJAUTENS, OTHOCUTE/bHAsi TIOTPELIHOCTb W3MepeHUs BS3KOCTH He
npeBbiliaeT +1 %, a TOYHOCTH OMpefAeneHUs1 HamnpsbkeHus casura cocrtasaser +0,5-1 %.
[ToBTOpHBIE H3MepeHUs] OT[eNbHbIX SKCIIEPUMEHTAJbHbIX TOUeK He TMPOBOAWIUCH, T03TOMY
CTaTUCTHYeCKas OLIeHKA SKCIepUMeHTaIbHOW TTOTPELHOCTU He BBITNO/IHS/IACK.

Pe3ynbTarhl 4 00CYy)K/jeHHEe

Ha nepBom 3rarie vcciiejoBaHus C Liesibio oLjeHKU roBeeHust Na-KMII B BOZHO-3TaHOJIBHBIX
Cpefiax W ero peosiorTMYecKUX XapaKTePUCTUK ObUIM TIPUTOTOBJIEHBI 2 %-Hble pacTBOPHI MOJIUMeEpa
B BOJIHO-3TAHOJIbHBIX CMeCSX pas/MyHOro cocrasa. [yl MOJydeHHBIX pacTBOPOB OIpezessiiv
HW3MeHeHue [UHAMUYEeCKOW BS3KOCTM B 3aBUCMMOCTHM OT CKOpPOCTM cABura. IlomyueHHble
pe3y/bTaThl MOKa3asiH, UTo BCe UCC/e0BaHHbIe CUCTeMbI 00/1a/1al0T HEHBIOTOHOBCKUM XapaKTepOM
TeUeHWss U XapaKTepU3yrTCd 3aBUCMMOCTBIO BSI3KOCTM OT CKOPOCTHM CJBura. Pe3synbrarsbl
WCC/Ie/lOBaHUA IIpefCTaB/IeHbl Ha puc. 1.

Kak BuziHO U3 puc. 1, ¢ yBe/mMueHreM CKOPOCTH CABUra BSI3KOCTb BCexX pacTBOpoB Na-KMIL]
CHW)KaeTCsl, UTO XapaKTepPHO IS TCeBAOIIaCTUUYeCKOrO0 TeueHUsl. DTO CBSI3aHO C OpHeHTaluen
MaKpOMOJIEKY/ISIPHBIX 1ieflell M UYaCTUYHBIM pa3pylLIeHueM MeXMOJEeKY/SIPHbIX B3auMO/EWCTBUM
TIpY TOBBILLIEHUU CKOPOCTH C/IBUTa.
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PucyHok 1. H3meHeHue és13kocmu pacmeopoe Na-KMI] e 3agucumocmu om ckopocmu coeuza
(pacmeopumesb: 600HO-3MAHO/AbHBIE CMeCU PaA3AUYHO20 COCMAsa)

Ha ocHoBe o00sacTv /MHEHHOW BSI3KOYMPYTOCTH, YCTAHOB/IEHHOW TIPU aMIUIUTYIHOM
CKaHMPOBaHUH, TIPOBe/IEH YaCTOTHBIN aHa/IU3 TIPU TTOCTOSTHHOU Aedopmaiivu. VI3MeHeHue Mopysieit
HakorieHus: (G') u norepp (G") B 3aBUCMMOCTA OT 4YaCTOThl MCIOJIb30BAJA [JI1 OL€HKHU
JTUHAMUYECKUX BSI3KOYIIPYTHUX CBOMCTB M CTPYKTYPHOH CTaOWUIBHOCTU TOJIMMEPHBIX CHCTeM (pHC.
2).

m G (KML) ® G"(KMU)
A G'(KMU atanon 10 %) v G" (KML ataHon 10 %),
G' (KML, ataHon 20 %) G" (KML, ataHon 20 %),
100000 G' (KML| ataHon 30 %) @ G" (KML, ataHon 30 %),
*  G'(KML, ataHon 40 %) @ G" (KML ataHon 40 %)
»  G' (KML, ataHon 50 %) G" (KML, ataHon 50 %),
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PucyHok 2. Peonozuueckue ceoticmea 2 %-Hbix pacmeopoe Na-KMI] e pexcume uacmomHozo
CKaHUpogaHus (pacmeopumesb - B00HO-3MAHO/IbHbIe CMeCU pa3/Au4HOo20 COCMaea)

C yBenMueHreM cofiepKaHus 3TaHosa 3HaueHnss G' 1 G" mocTerieHHO BO3pacTasiy, 0COOeHHO
ripu 40-50 % >sTaHOMa, UTO, BEPOSITHO, CBA3aHO C yCUJIEHHMEM MeXXLeMOYeUHbIX B3aUMOZEeNCTBUN
U GopmupoBaHreM Oosee TIOTHOW CTPYKTYpbl Na-KML]. MakcumansHoe 3HaueHue G' mipu 50 %
3TaHoJla CBU/IETENbCTBOBA/IO 00 yCHIeHWH YIPYroi U Tesernofo0HON COCTaBMSIOIUX CUCTEMBI.
ITpu 10-20 % sTta”osa oba MOAYAS OCTaBa/IMCh OTHOCHTENLHO HU3KUMH, YKa3blBasi Ha MeHee

BbIDa’>KEHHOE€ CTPYKTYPHUPOBaHHE.

104



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

Takum 00pa3oM, cofiep)KaHHe 3TaHO/Ia CYIeCTBEHHO BJ/IMSIET Ha BSI3KOYIIPYroe COCTOSTHHE
pactBopoB Na-KMII. [Insi OI[eHKW BAWSHUS OWOAKTMBHBIX KOMIIOHEHTOB OBbLTH MCC/Ie0BaHbI
yeTblpe cocrtasa: uyricrasg Na-KML], Na-KMII-I1, Na-KML-M® u Na-KMILI-M®-I1. 310 no3soiuso
CpaBHUTb pa3jie/ibHOe W COBMECTHOe B/UsIHMe T[Iporojuca M MomeTa3oHa dypoara Ha
peoJiorhuueckoe NoBeieHue CUCTeMsl (puc. 4).
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PucyHok 3. PeonozuuecKue ceoticmea pacmeopoe Ha ocHoge Na-KMI] (3aeucumocmb mody-eli
HakonsieHus (G') u nomepsb (G”) om uacmomot): KMIJ-M® (0,1 % Md); KMII-IT (10% II);
KMIJ- M® -II (0,1% M® + 10% II)

Ha puc. 3 mpexacrasiieHbl pe3y/bTaTbl YaCTOTHOTO CKaHUpOBaHUS pacTBopoB Na-KMIL]
pasnuuHoro cocrapa. nst Bcex cuctem G' mpesbiian G" BO BCEM UCCIENOBAHHOM Juvaria3oHe
YacTOT, YTO yKa3bIBaeT Ha MpeobsiajlaHue YIIPyroi U BbIPAXKEHHYIO Tesernojo0HyH0 COCTaBJISIOLIYIO
cuctembl. Crnabasi 3aBUCMMOCTH MOAYy/ed OT YaCTOThl CBUETENbCTBYET 00 yCTOWUMBOMU
BHYTpPEHHel CTPYKType, 00yC/IOB/IEHHOHN TieperieTeHrneM MaKPOMOJIEKY/T U MeXMOJIEeKY/ISIPHbIMU
B3auMoZelcTBUsAMU. BBefeHue mnpononuca mnpuBoguio K yBenuueHuto G' u G”, BeposiTHO,
BC/IE/ICTBUE YCUJIeHUs B3auMOfeWCTBUM C Mmakpomosiekynamu Na-KML. B npucytctBun
MoMeTa30Ha (ypoara 3HaueHWs] MOAY/JAeM CHIKAMUCh, UTO MOXeT OBbITb CBA3aHO C €ro
ruipooOHBIM XapaKTepoM U ocaabsieHreM TOJIMMEePHBIX B3auMO/eHCTBHH. B KOMOMHHUPOBAaHHOM
cucremMe Na-KMI[-M®-IT nabmtopanace Gosiee Co)KHasi AMHAMUKa MOJYJIeH, yKa3blBaromias Ha
NepecTPOIKy BHYTPeHHel CTPYKTYPhI 110/ COBMECTHBIM BIUSIHEM KOMITOHEHTOB.

[ns panbHeliero aHanusa 3aBucuMoctd G', G” u tan § OT ymioBoM uacToThl (puc. 4)
WCC/IeIOBAaHUS TPOBOJWIN i1l CUCTEM C MaKCHMaJ/IbHbIM COZiep’KaHheM KOMIOHeHTOB — 80 mr
MoMmeTasoHa ¢ypoara u 10 % npononuca.
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PucyHok 4. PeosnozuuecKue ceoticmea pacmeopoe Ha ocHoge Na-KMI] (3asucumocmb maHzeHca
ye/1a mexaHu4ecKux nomepb (tan §) om uacmomst) KMIJ-M® (0,1 % M®); KMI]-II (10% II);
KMII- M® -I1 (0,1% M®D + 10% II)

Ha puc. 4 nipesicTaBieHa 3aBUCMMOCTD tan § OT YIVIOBOW YaCTOTHI /1Jisl UCC/Ie[JOBAHHBIX CUCTEM
Ha ocHoBe Na-KMI]. 3HaueHus tan & < 1 Bo BCEM [Juaria3oHe TOATBEPXKJAIOT TpeobiajaHue
ynpyroi cocraBmsomiedt (G' > G"), a ux «iabasg 3aBUCHMOCTb OT YacCTOThI YKa3blBaeT Ha
COXpaHeHue XapakTepa B3KOYNpPYroro noBe/leHrst CUCTEMBI.

Pa3nuuus tan & MeXxJy COCTaBaMU OTPa)KarOT U3MeHeHWe COOTHOIIEeHUs YIPYrod U Bsi3KOM
COCTAaBJISIIOLMX TIOf B/WSIHUEM TIPOIoJjMca U MoMeTa3oHa ¢ypoara. AHanu3 tan O JOMOJHSET
nanHele G' 1 G" U 103BOJIsIeT OLIEHUTb BK/a/, KOMIIOHEHTOB B (JOPMHpPOBaHHE BSI3KOYTPYTOu
cTpyKrypbl Na-KMLI.

BbiBoabI

YcraHoBeHO, UTO CcofepyKaHue 3TaHoa CyLlleCTBEHHO BJIMsieT Ha PeosIoruuecKkoe IoBefleHue
pactBopoB Na-KMII, noBblasi Mx BSI3KOCTb M CTeleHb CTPYKTYPUPOBAaHHOCTH. Bce cucTeMsl
XapaKTepU30Ba/IMCh TICeBOIIacTUUeCKUM TedeHueMm, a G' > G" ykasbiBasio Ha mpeobrajaHue
yrnpyroi cocrasssitoieid. [Tpornosnvc noBbiman 3HaueHuss G' u G”, Torja Kak MomeTa3oHa (ypoar
cHwKan ux. [lonydyeHHble pe3y/bTaThl MOKAa3bIBalOT, YTO PEOJOrMUecKre rapaMeTpbl MO3BOJISIOT
OL|eHMBAaTh BIMSIHUE COCTaBa Ha CTPYKTYPHO-BA3KOYIIpyroe COCTOsiHUe cucteM Ha ocHoBe Na-KMII.
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Refinement of the supramolecular structure of polyethylene using FTIR spectra
of methylene group scissoring vibrations in the range of 1461-1474 cm
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AHHOTaUA

Llesib AaHHOM CTaTbM 3aK/OYasnach B BbISIBJIEHUMM LIECTH T10JIOC HOXKHUUHBIX KosebGaHuM
METH/IEHOBBIX TPYTI TIONMITH/IEHA, YCTAaHOB/IEHUU CBSI3M IIECTH T0JIOC HOXKHUYHBIX KojleOaHu# C
HagmonekynsapHou crpykrypoi (HMC) nomustunena (I1D), moaTBep)KaeHWMM 3TOM CBSI3M Ha
IIIMPOKOM /iMaria3oHe MPOMBIIIEHHBIX TUMOB MOJIM3TU/IeHa. MeToZ0/10rusl COCTOos/Ia U3 TIOATOTOBKU
o6pa3uoB I13, u3MepeHust MJIOTHOCTU U SHTAJIBIIUU T/1aB/ieHUsT 00pasLoB, MOMyYeHHsl Pa3/InYHbIX
VK-®dypbe CHekTpoB C Kakaoro obpasua I13, pa3geneHusi MeTO[OM JIeKOHBOIOLMU IIIeCTH
OMM3KUX T0JI0C HOKHMYHBIX KojeOaHmii B fAuanasoHe 1461-1474 com !, panbHeiimeit
UTEPaLMOHHOM TOATOHKM TMHMKOB K Ko3bduipenTy nerepmuHaruu R? > 0,99, ommcaHus
pe3y/ibTaTOB pacyéra HerapamMeTpUuecKod CTaTUCTUKOW. Ilo pe3sysnbratam paboThl TMOKa3aHO
COTIOCTaBJIeHWe JTUTepaTypHbIX AaHHBIX 0 HMC I13 c 6 mosocaMy HOXKHUYHBIX KOJleOaHUH, Tpu
TIO/I0CHI U3 KOTOPBIX OTHECEHBI K KPUCTA/UTMYeCKUM 00/1acTsIM U TPU — K HeKpHUcTammdeckuM. [1o
JaHHbIM K-®ypbe CrieKTpOoCKOIIMM YCTaHOBI/IEHO, UTO yBeJIWUUYEHHUEe 10/ STU/IbHBIX OTBETBJ/IEHUH C
23 % 10 93 % u yMeHbllieHHe [J0JId OTBETBIeHUH AJIMHHee STUIbHBIX C 68 % 710 5 % oT 10 Huzkoi
TJIOTHOCTH 710 I13 BBICOKO TMJIOTHOCTH TIPUBEJIO K YBeIMUEeHHIO Aou GUOpUIISpHO 061acTH C
34,1 % po 41,4 %. IlokasaHO, YTO 3HauWTe/bHOE IIpeBbILIEHHEe MOJEKY/ISPHOW MacChl [Jis
CBEPXBBICOKOMOJIEKY/IIpHOrO [13 (mo suTeparypHbiM JaHHbIM B 25-40 pa3) Hag [1O BbicOoKOM
TIJIOTHOCTH TIPUBEJIO K TTOHWKEeHUIO Ao GubpuutsapHoi obnactu ¢ 41,4 % po 37,7 %. TlokaszaHo

Bub6nmorpaduueckoe onmucanue: [leep V.A. YTouHeHHe HaJMONEKY/ISPHOW CTPYKTYpbl MOMMATWIEeHA 1Mo JaHHbIM UK-Dypbe
CIIEKTPOB HOKHUYHBIX KoslebaHUI MeTH/IeHOBBIX IPYII B Auara3oHe 1461-1474 cm~! // Universum: XuMust 1 GUOMOTHS : 37IEKTPOH.
HayyH. XXypH. 2026. 10(148). URL: https://7universum.com/ru/nature/archive/item/23485
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TIOHWKeHUe o/ hubpuisipHo obmactu 10 36,8 % Mpu HANOMHEHUH TeXHUUECKUM YT/IePOIOM
(2,0-2,5 % wmac.) A ONpombllieHHOWM Mapku I10 BbicOokou moTHOCTU. [lokaszaHO yBenuueHue
Jomi ¢ubpuisipHod obnmactu 1o 46,6 % mnpu yBemmueHnd W (pUKCHpoBaHWM fedopMariun
KPHCTa//IU3YIOIlerocs pacriasa I13 BeICOKOM mioTHoCTH. TToKasaHa MHeiiHas 3aBUCUMOCTE (R? =
0,99) mexay noneii UK-nonoc ¢pubpusuispHON 06/1aCTH, TJIOTHOCTBIO M SHTAJIBITMEN TUIaBIeHHUs
ISt HeMOAU(UITUPOBAaHHBIX 00Pa3s1ioB.

Abstract

The objective of this article was to identify six methylene scissoring bands of polyethylene,
establish the relationship between these six scissoring bands and the supramolecular structure
(SMS) of polyethylene (PE), and validate this relationship across a wide range of industrial PE
types. The methodology consisted of PE sample preparation, measurement of sample density and
enthalpy of fusion, acquisition of various FTIR spectra for each PE sample, deconvolution
separation of six closely spaced scissoring bands in the 1461-1474 cm™ range, subsequent iterative
peak fitting to a coefficient of determination R? > 0.99 and describing the calculation results using
non-parametric statistics. Based on the results of the work, a comparison of literature data on the
SMS of PE with the six scissoring bands is presented, with three bands assigned to crystalline
regions and three to non-crystalline ones. FTIR spectroscopy data revealed that an increase in the
fraction of ethyl branches from 23 % to 93 % and a decrease in the fraction of branches longer than
ethyl from 68 % to 5 % from low-density PE to high-density PE led to an increase in the fibrillar
region fraction from 34.1 % to 41.4 %. It was shown that a significant excess in molecular weight
for ultra-high-molecular-weight PE (by 25-40 times according to literature data) compared to high-
density PE resulted in a decrease in the fibrillar region fraction from 41.4 % to 37.7 %. A decrease
in the fibrillar region fraction to 36.8 % was demonstrated when an industrial grade of high-density
PE was filled with carbon black (2.0-2.5 wt.%). An increase in the fibrillar region fraction to
46.6 % was observed when the plastic deformation of a crystallizing high-density PE melt was
increased and fixed. A linear relationship (R? = 0.99) was established between the fibrillar region
IR-bands fraction, density, and enthalpy of fusion for unmodified samples.

KnioueBbie cioBa: VK-®Dypbe CreKTpOCKOIus, TOMMATHIEH, HOXKHUYHBIE KOyiebaHwUs,
Ha/IMOJIeKY/IsIpHasi CTPYKTYPa, J€KOHBOJIIOLUS, TTOJTUMOP(QU3M.

Keywords: FTIR spectroscopy, polyethylene, scissoring vibrations, supramolecular structure,
deconvolution, polymorphism.

bnarogapHocTh

ABTOp BbIpaKaeT Os1aroflapHOCTh 3aBefyroleMy jaboparopuu «KomrieKCHbIX Hcciie/joBaHUN
W OIKCIIepTHOM OLIeHKM opraHuueckux wmarepuaioB» LIKIT Yp®Y Emsuoy O.C. 3a
TIpeZioCTaB/IeHHbIN AOCTYI K HAyYHOMY 000pYy/J0BaHUIO.
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BBegenue

Cpezy pOMBILLIIEHHBIX [TOJIMMEPOB LIMPOKOe NpUMeHeHue nostyun 10 u ero nponssojHsble,
nostomy uccienosanyst ux HMC BakHbI /1711 IPOTHO3MPOBaHWsl CBOUCTB MaTtepuana. C cepe/jiHbI
nmponuioro Beka wuccienoBanuto HMC TID  MOCBSAIIEHO OrpOMHOE  KOJMYeCTBO — pabor
[6, 14, 24, 26, 27, 30, 31] u BeIABUHYTO Oosbiloe KomuuecTBo Mogeneidd HMC TI5, HauuHas
c Oaxpomuaroli MUIIE/UIIPHOW MOZENIH, TPOJO/DKas IIMII-KeOaOHOM MOJenbl0 M 3aKaHuMBast
JlaMesIIPHOM MOJIe/IbI0 CO BCEBO3MO)KHBIMU MoAu(puKarusiMu. [l onucaHus AaHHBIX Mogeneil
C/IOKWIUCh OTAe/IbHble Hampas/eHus, xapakrepusyromme HMC ¢ pasHbIX CTOPOH pasHbIMU
MeTOZlaMM, Harpumep, siiepHbIM MarHUTHbIM pe3oHaHcoM (SIMP), VK-®ypre cnekTpockonuen
(MK®C), peHTreHOCTpyKTYypHbIM aHamu3om (PCA), muddepeHipanbHOW  CKaHUPYHOLe
kasnopumetpuel ([JCK), nsmepeHuem mji0THOCTH.

Pa3muunsa aHHBIX METOZI0B 3aK/IF0Yal0TCs B TOM, UTO:

1) 3TM MeToAbl U3MeEpSIOT pas3Hble IapaMeTpbl, KOCBEHHO CBsi3aHHble C COJlep’KaHHheM
Ha/IMOJIeKY/ISIPHBIX 00s1acTel, TIO3TOMY pe3y/bTaThbl pacyéTa COJep>KaHUs HaJAMOJIEKY/ISIPHBIX
obsacTeii yis1 OHOTO 1 TOTO Ke 0Opa3ilia MOTYT 3HAYMTE/BFHO OT/IMUaThCsl OT MeTOoZla K METO.Y, UTO
TIPe/ICTaB/IsIeT CJIOKHOCTb O0beJTUHEHHUS;

2) npumensietcst mogilenib HMC TID, cocrosiriast U3 KpUCTa/UTHUeCKOM U aMopdHO obsacteid
WIH MOJieJb, COCTOSIIIAst M3 KPHUCTA/UTNUe CKOH, TPOMEXYTOUHOM 1 aMop¢HOM 0b/acTeid, a Takxe He
yuuThIBaeTcs rnoimmMopdusm I13.

B CBs3M C 3TUM MMeeT CMBIC/ CPaBHMBAaThb MEXAY pa3HbIMA MeTOAaMH He abCOJTFOTHBIE
pe3ynbTaThl, @ OTHOCHTE/NbHOe W3MeHeHue [yl HeCKOJbKMX 00pa3roB. [losTomy B HacTosiieit
pabote paccmotpennl pe3ynabratel UK®C B cpaBHeHuu c pesynbratamu [ICK u m3MmepeHwmit
IIJIOTHOCTH.

Hna WK-cnektpockorinu nponyckanusi (IIP) u  HapylleHHOro NOMHOTO BHYTPEHHEro
orpakenus (HIIBO) wusBectHsl [32, 28] csepyromyde BapuaHThl pacyéra Cofep)KaHus
Ha/IMOJIeKy/SIpHbIX ob/acTeii [10 ¢ mpuMeHeHNeM T0/10C HOKHUYHBIX KOsleOaHWi:

1) cooTtHomeHneM TOMOC e(hOPMAJMOHHBIX HOXHUYHBIX KO/Ie0aHWA MEeTHUIeHOBBIX TPYII
npu 1473 1 1463 cm™ 1,

2) COOTHOILEHWEM T0J/I0C AeOPMALMOHHBIX HOXXHUYHBIX KOJie0aHWM MeTH/IeHOBBIX TPYIII
npu 1473, 1467, 1463, 1458 u 1440 cm ™.

[lns naHHBIX BapUaHTOB XapakTepeH HeJOCTaTOK, 3aK/IHUaroLIUMCs B HEIOJHOM OIHMCaHWU
HMC IID.

B cBA3u C 3TMM aKTya/bHOU 3ajiaueill siBasieTcss Oosiee mogpoOHoe omumcanne HMC T139
C IPUMEHEHHUEM T10J10C HOXKHUYHBIX Kojebanwuii Ayt UKD C TP u HITBO.

Llens paboThbI 3aK/MOYanach B BbISB/IEHUH AOTIOHUTEIBHBIX TI0I0C HOKHUUHBIX KOjie0aHU
MeTH/IeHOBBIX rpymm [13, ycTaHOB/IeHUM CBSI3U LIECTH T0JI0C HOXXHUYHBIX Kojebanuii ¢ HMC I13
Y COIVIaCOBAHMY M3MEHEeHUH M0/I0C Ha IKMPOKOM Juaria3oHe TUIIOB ITO/IU3THIIEeHa.
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MaTEpI/IaJIbI " MeTOoAbI

OKcrniepuMeHTaIbHbIe MEeTOZBI U TTPUOOPHI TIPe/ICTaB/IeHbI:

1) cnekrpomerpom ALPHA c npucraBkoit HIIBO: snement HIIBO u3 ZnSe, yron nageHus
Jyua paBeH 45°, IPWKUMHOe YCTPOUCTBO C MakcuMabHOU cusioit pwkarus 200 H (Bruker Optics,
l'epmanusi). [IpwKuMHOe yCTPOMCTBO TPOrpaZilyMpoBaHO IO JAWHAaMOMETpPY /il  OL|eHKH
HanpspKeHuH (o) Tpy TIprKaThu 06pasiioB K ssiemenTy HITBO;

2) criektpometrpoM ALPHA c nipuctaBkoii ITP (Bruker Optics, 'epmanusi);

3) kanopumeTpoM DSC823e ¢ ycTaHoBieHHOM cKOpocThio HarpeBa 20 °C/MUH U [iuaria30HOM
HarpeBa 25—200 °C (Mettler Toledo, I1IBetitiapus).

4) Becamu BJI-210 (T'ocmeTp, Poccust) asist onpesesieHus rioTHOCTU [1D rujpocrarrueCckum
B3BelllMBaHWeM B opTo-Kcusoie (TY 38.101254-72).

[TapameTpsl chéMKM Ha criektpomerpe ALPHA: paspemenue 2 cm !, (asoBoe paspelieHue
4 cm', ¢asoBas koppekuus Popmana (Forman), cpegusas anogusauus Hoproma — Bupa,
roKa3zaTe/ib UHTEePIOJISLIMY (3arl0/THEHUS HY/ISIMK) 2.

Hanpspokenusi ¢ cocrapasiii ~6 MIla A rpaHyn U UWIMHAPA, A/ KPUCTAJIMUECKUX H-
asnikaHoB ~0,5 MIla u g1 nnénku ~6, ~12, ~24 Mlla.

ViccnenoBaHHbie 00pa3iibl IprBeieHbl B Tabuile 1, B KOTOPOI:

1) TISHII, IT3CIT u [T3BIT — I13 Hu3KOM, cpe/iHel U BbICOKOU IJIOTHOCTU COOTBETCTBEHHO;

2) CBMII3 — cBepXBBbICOKOMOJIEKY/ISIPHBIM [13;

3) [IDBITHTY — I13BII, HaronHeHHbIM TeEXHUYECKUM YT/IePOZOM;

4) TInF04660 — nnénka us [TOBIT FO4660;

5) p — mioTHOCTH 06pasiioB I13; AH — sHTabnus tuiaBaeHus oopasios [13.

Ta6auya 1.
HccnegoBanHbIe 00pa3iibl

Twun, MmapKa 1 NpoOU3BOAHTE/b p, Kr/m3 AH, x/r
rpanyssl [TSHIT 15303-003 (I'OCT 16337-77) 921 +2 86+1
rpanysisl [I3CIT Borstar FB4370 (Borealis, EBporia) 941 +2 141 +3
rpanyssl [I3BIT 273-83 (TY 2243-104-00203335-2005) 953 +2 168 + 7
rpanyssl [IDBIT F04660 (SABIC, CaynoBckast ApaBusi) 962 + 2 202+ 7
6enbiii tumuHzAp 13 CBMII3 GEHR (GEHR, lepmanus) 938 +2 138+ 6
rpanyssl [I3BITHTY 273-79 (TOCT 16338-85) 959 + 2 1512
IMnF04660 TomuuHol 15 MkM (ipeccoBanue rpanysn [T9BIT FO04660) 950+ 3 168 + 11
H-TrekcazekaH, 99,88 % (I'CO 7289-96)
H-TeH3¥MKo3aH, > 98 % (TY 6-09-1838-78)
H-J10K03aH, > 98 % (TY 6-09-1841-78)

Bo Bcex mnpo6ax rpaHyn u CBMIID cpe3aHbl BHelLlIHMe C/IOM W MCC/A€JOBAaHbI CJIOU,
Haxopsiuecs: ryoxke 0,1 MM OT MOBEpPXHOCTH MCXOAHOro obpasija. [ybvHa NMPOHUKHOBEHHS
3aTyXarolleil BO/HbI B 00pasLisl cocTaBuiIa ~1,5 MKM J/1s iuanasoHa 1474-1461 cv L.

Onsi xkaxgoro obpasua I10 mpurorossneHo 20 pa3nuyHbIX MPOO W TIOMYUYEeHO MO OJHOMY
CTIeKTPY TIOT/IONIeHHs (ONTUUecKasi TVIOTHOCTb A Ha OCH OpAMHAT) C KaXKJoW NpoObl B /juara3oHe
3600-600 cM ™!, Kaxkaplii CrieKTp coCTosil U3 1 CKaHMpPOBaHUs.
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Jlnisi OL|eHKM KOJIMUeCTBa OTBETBJIEHWH CHATBHI CHeKTPbl 1P C MOMMITH/IEHOBBIX Tab/eToK,
3ampeccoBaHHbIX B rpeccdopme mipu 220 °C u 10 MIIa B Teuenre 10 munyT. TomiuHa TabmeTok
cocraBuna 2,0-2,8 mm ans TIOHIT 15303-003, 2,3-3,2 mm ajs [IOCIT Borstar FB4370, 0,5-0,7 mm
ansa T[I9BIT 273 — 83, 0,6-0,9 mm ans TIOBIT F04660 u 2,7-3,8 mm anss CBMITD GEHR. Takas
TOMIIMHA OOBSICHSETCS OYeHb C1aObIM TIOIVIOLeHHEeM TI0JIOC KOHLIEBBIX TPYMI B Auarna3oHe 875—
980 cm L.

[Tpo6w1 T11F04660 momydeHbl MpeccoBaHUEM OHOM ueTBEpPTOM yacty rpanyn [TDBIT F04660
B nipeccopme tipu 220 °C u 50-60 MIla B TeueHue 10 mMuHyT. OcThiBaHUe TipecchHOpPMbI TMO7
JasneHreM ynaock 10 MuHYT. OTCYyTCTBHE OKHWC/IEHMS IPOBEPEeHO M0 OTCYTCTBHIO II0OJIOCHI
KapOOHW/IBLHBIX TPyTI 1py 1720 cv L.

WtoroBele cniekTphl B rporpamme «OPUS 6.5» He mozBepraamnch MporpaMMHON 00paboTKe,
KpOMe TI0CTpoeHus 0a3oBoi muuHum or 1400 k 1500 cm !. Koppekuusa HIIBO (Extended ATR
correction) B nporpamme «OPUS 6.5» He npoBojuiack Mo NpuUrHe UCKakKeHHUs1 criekTpa [13].

PasgesieHne W TIOATOHKA MOOC B AuanasoHe 1400-1500 cm ™! mpoussesieHbl B porpamMme
«Peakfit 4.12» MeTOIOM [EKOHBOJIIOLIMKA U METOAOM HWTePALMOHHOW TOATOHKU (DOPMBI T10/I0C
K ¢opme criektpa. Hactpotiku nporpammel «Peakfit 4.12»: Baseline = Linear Progressive, Tol =
1 %, Width = 3 cm™! (FWHM), Filter = 50 %, Peak Type = Spectroscopy Voigt Area, AutoScan
Amp = 3 %, Constrain Parameters: a; = 10 %, a, =1 %, a, = 10 %, a; = 10 %. Iloxgroxka nosaoc
3aKaHUYMBAeTCs MPH JOCTHKeHUH Ko3(dduipenTa getepmunanu R? > 0,99 [22].

Bnusinne HeomHOpogHOCTH o6OpasioB [10, BrusHWe pa3pe3aHusi oOpas3loB U BIUSHUE
nipwkatusi 06pa3noB K 3neMeHnty HITBO oTaenbHO He OIjeHMBaIMChb. BCE COBOKYITHOe BITUSTHHE
OLIEeHEeHO HerapaMeTpPUYeCcKOM CTaTUCTUKOW, COCToslleld M3 KBapTuiel (mepbiv (Q1), mMenuaHa
(Me), tpetuti (Q3)) u 95 % [oBepUTENILHOTO TMPOLIEHTWILHOTO uHTepBana (95 % W) ans Me,
creHepupoBaHHoro no 2000 Beibopkam MeTosoM OyTcTpama (bootstrap) ¢ KOppeKijuei cMelrieHust
1 yckopeHusi B nporpamme «IBM SPSS Statistics 27».

Pe3yJIbTaTLI H OGCY)KILEHI/IE

V3 nureparyphl AJid HacTosimled CTaTbd IMofoOpaHa IuII-KeOabHass Mofiesb, OINHcaHHas
[Tennunrcom, JIunaeHnmeiiepom u Kemnepom [24, 26, 27, 31, 15, 18, 23]. TloCKOIbKY IIHWII-
KeOabHast Mozienb sIB/IsieTCsl Haubosiee 000OIIIEHHON MO/e/ibl0, BK/TIOUAIOIeM BCe OCTaJIbHbIe
CYILIeCTBYHOLI[Me YaCTHbIE MOJIe/IU, TO MOXKHO Ha3BaTh UCC/IelyeMyH Mojie/b 0011ei Mozie/ibio THUIIa
mmi-ke6a0.

Ha puc. 1 npeacrasiieHa cxemaruuHas mogesib HMC T19, koTopast ocHOBaHa Ha:

- o0111eii MoJey TUTA MIKII-Ke6ao;

- TPéX MoAUGUKALMSIX KPUCTA//TUUeCKUX siueek;

- pacuétHoM Ko3dduireHTe yrakoBkU (k) Tpéx moudukalui;

- XUMUUecKoM cziBure (6) Tpéx MoaubUKaLMM KPUCTa//Inue CKUX siueek;

- T10J10CaX HO)KHUYHBIX KosieOaHWUM MeTHU/IeHOBBIX I'PYTIIL.
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nepsasi

amopdHas | BTOpasi | oM, =

|

MPOMEXYTOMHasA | °5“a°Tb'71 | MPOMEXYTOUHas | k =0,736, }

obracte, | 1466,5cm |  o6nacTe, | 5 _330p0m |
1468,5cm | | 1464cm | | 1462 om”!

C

TM, k = 0,745, 5 = 34,0 ppm, 1471 cm_'
BHELUHUIA crion coubpunnbl

MM, k = 0,746, = 34,4 ppm, 1473 cMm

LeHTpanbHasa ¢pmbpunna

PucyHok 1. CxemamuuHoe u3o6padicenue HMC I13: a) wiuw-ke6abbt 6) paspe3 wiuuwi-ke6a6os

[To snurepatypHbiM JaHHbIM [1, 19, 20] TID wMoxeT cojep)kaTb SYEHMKU UeThIPEX
MoguduKaiui:  MoHOoKMuHHOM — (MM), TpukmuHHOM (TM), opropombuueckoir (OM)
Y rekcaroHajsibHOM. [Tocnenusst mogudukaius nosisasieTcs ipu ~215 °C u ~#330 MIla, nostomy st
HacTosiiel paboTbl HHTepeCHBI TiepBble TPU MOAU(UKALIVH.

C npumeHenueM gaHHbix PCA a1 uzieanbHbIX KpucTasioB 19 paccuuTansl [1] 3Hauenus k:
ams MM 0,746, gna TM 0,745, pna OM 0,736. B nurtepatype mno TBepaoreibHoMy AMP
13C [29, 16] ykasano, uto [1D MoxeT cozepkaThb ssueiiku MM c § = 34,4 ppm, aueiiku TM c § =
34,0 ppm, stueiiku OM c § = 33,0 ppm. Takasi moc/ieOBaTe/IbHOCTb yKa3blBaeT Ha TO, UTO ueM
MJIOTHEe YIaKoBaHa siuelika, TeM CH/IbHee MeXMOJIEKY/ISIPHOe B3auMOJENCTBUE B SUEMKe, TeM
CU/IbHee TTIOHWKaeTCsi CUMMeTPUS 3/IeKTPOHHOT'O pacripeiesieHust siueliky U TeM OoJibiiie §.

B paHHOW craTbe mpejnokeHa Oomee mogpoOHas WeHTU(DUKALUS T10JI0C HOXKHAYHBIX
KonebaHMl MeTH/IeHOBLIX Tpyrr [13, ueM M3BeCTHbIe BapyWaHThI C MCIIO/b30BaHKWEM TIO0C TIpU
1473, 1467 v 1463 cm ™!, a umMeHHO:

1) monoca mpu 1473 cm!

XapaKTepu3yeT MpAaHC-MeTU/IeHOBbIe LleMd B IeHTPa/bHOM
KpHCTauinueckoii ¥ Haubonee miotHoi (k = 0,746, § = 34,4 ppm) pubpusine, cocTosIel U3 sueek
MM;

2) mosoca mpu 1471 cm™! xapakrepusyeT KpHCTa/uIMueCKUe MpPAHC-METHIEHOBLIE MeHee
nnotHeie (k = 0,745, 6 = 34,0 ppm) Liemd BO BHellHeM cjoe (GUOPWIIBI, TIPUIETaroIIeM
K LIeHTpaJ/IbHOM (ubpusiie v cocTosiiei u3 ssueek TM;

3) monoca mpu 1468,5 cm™! xapakrepusyeT MepByI0 IPOMEXYTOUHYK 06/acTb CO
CMellaHHBIMU MPAHC-, 20WI-MEeTUIEHOBLIMU LIeTISIMH, TIPUJIeTal0LUMU K stueiikam TM u amopdHoi
obnacty;

1

4) monoca mpu 1466,5 cM " xapakrepuszyeT amopdHble 20W-MeTH/IeHOBLIe LIely,

ripusieratoiiye K mepBoi ¥ BTOPOU MPOMeKyTOUHBIM 00/1acTsiM;
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5) momoca mpu 1464 cm! xapakTepusyeT BTOPYH0 NPOMEXYTOUHYI 067aCTh CO
CMeIIaHHBIMA MPAHC-, 20W-METUIeHOBLIMU LIeTISIMU, TIPUJIETaloMMU K aMop¢Hoi obmactu
u sueiikam OM;

6) monoca mpm 1462 cM ! XapakTepusyeT mpaHC-METU/IEHOBBIE LIeMM BO BHEIIHEH
1 HauMmeHee twioTHOU (k = 0,736, 6 = 33,0 ppm) KpucCTa/IMueCcKol jamesu, Mpueraroiieii Ko
BTOPOI TIPOMEXKYTOYHOU 00/1acTH U cocTosieit u3 OM.

[lepBbIM [OBOZAOM B TMO/b3y TakKOM WJeHTU(DUKALUM SIB/ISETCS SKCIIepUMeHTa/bHOe
CTIeKTPOMEeTpHUYeCcKoe YCTaHOB/JEHWe COOTHOILIeHUsI MOAU(UKALMKA C HOXHUUHBIMU I[10/1I0CAMHU
B JuamasoHe 1474-1461 cM!, T.e. Mo juTepaTypHbIM faHHBIM [4, 25] H-J0KO3aH COIEPXKUT
MPerUMYIIeCTBeHHO siuelku TM, H-reHsUKo3aH — siueriki OM, a XXUAKUAW H-TeKCaZileKaH COZepXKUT
TIPeUMYIL[eCTBeHHO aMOp(HbIe 20w-06macTu (puc. 2).

A A

L) LJ L) L] LJ L)
1475 1470 1465 1460 1475 1470 1465 1460

BonHoBoe yucno, cm-! BonHoBoe uucno, cm™!
a 6
g

L} LJ L
1475 1470 1465 1460
BonHoBoe uucno, cm™
B

PucyHnok 2. HK-®ypbe cnekmp HITBO: a) H-00Kk03aHa 6) H-2eH3UKO3aHA 8) H-2eKCA0eKaHa

B OOMbIIMHCTBE CIEKTPOB pPacCMOTPEHHBbIE TIOOCHI VIIUPSIOTCS W TIepeKpPBLIBAIOTCS
BC/IE/ICTBME Majiol pa3HMIbl B JYHEPreTUYeCKUX COCTOSSHUSIX 3BEeHbEB, OBICTPOrO TETIOBOTO
JIBIDKEeHUsI 3B€HbeB M CUJILHOTO Me)XMOJIEKY/ISIPHOTO B3auMOJeHCTBUS B TBEpAOM Tesie [3, 7, 17],
T.e. TIpU HUCroyb30BaHuN WK-crieKTpoMeTpoB HEBBICOKOTO pa3pellieHUs] TIPUAETCsS paboTaTth He
C OTAe/IBbHBIMU T0JI0CaMH, a ¢ dopmoii criektpa 1D B guanasone 1474-1461 cm !, ocobenHo as
naéHok. [lostomy HeobxoAuMoO pasjenieHue JaHHBIX TI0JIOC  MeTOJOM  JIeKOHBOIOLIUU
Y TIOCJIeIyIOLasi OZATOHKaA.
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Ha puc. 3a usobpaxen MK-®ypre cniekrp HITBO, Ha koTopoM 0e3 00OpabOTOK HarmsiiHO
BHU/IHBI BCe 1M0/10ckl. Ha puc. 36 mpuBeeHbl pa3zie/ieHHbIe U MO0THAHHBIE MT0/I0ChI U3 TPOrPaMMbI
«Peakfit 4.12».

A A

t L J L
1475 1470 1465 1460 1475 1470 1465 1460
BonHosoe uucno, cm-! BonHoBoe yucno, cm™!

a )

PucyHok 3. @ypve-UK cnekmp HIIBO 0das IIDBII F04660: a) 6e3 o6pabomku 6) nocne
pazoesnieHuUs1 U NOO2OHKU N0/10C
[Tocneayroiljie  JOBOJbI ~ OCHOBaHbI Ha  TpefyiookeHHoW  Mmozenu HMC 11D
1 3KCIepUMeHTa/IbHbIX MCC/e/IOBaHUSIX BJIMSHUS KOJTMUYEeCTBAa KOPOTKUX U JITMHHBIX OTBETBIEHUH,
3HAUMTE/IbHOTO YyBeJMUeHUs MOJIeKY/ISIPHOM MacChl, Harlo/JIHeHUsI TeXHUUeCKUM YI/IepojioM,
JedopMalyuy pacriaB/ieHHOTO U KpucTasaauueckoro [13.
Ins uccnenoanusi usMmeHeHuit HMC [15 npoBeféH pacuéT momeut /s 1oJI0C MeTHUIeHOBBIX

rpym (F, Fraction) o dopmysniam:

S, S. Se

K= zs F.‘! ZS F? ZS F4 z Fﬁ ):S O_ZS

ZS:S[ +S: +83 +S4 +SS +So.

rae Fl, Fz’ F3, F n F5, F6 — JI0/1 TI0/I0C MeTU/IeHOBBIX Tpyrin nipu 1473, 1471, 1468,5, 1466,5,
1464 u 1462 cM™' COOTBETCTBEHHO, S;» Sy S5 Sy S, S — 3HaueHus TJIoLazen paszeéHHbIX
1ecTy noJsioc nipu 1473, 1471, 1468,5, 1466,5, 1464 1 1462 cm ! cooTBeTCTBEHHO, CM !

BiusHMe Ko/MuecTBa KOPOTKHMX M /UIMHHBIX OTBeTBJ/IEHUM. YBe/lMueHUe KOJMYecTBa
KODOTKHX OTBETBJIEHWM W yMeHbIIIeHWe KOJIMUeCTBa JI/TMHHBIX OTBeTB/AeHUH (Tabiuiia 2) MpUBOAST
K YMEHBIIIEHHIO TIPOCTPAHCTBEHHBIX TIPEMSATCTBUN TP KPUCTA/UTU3al[uM 1ieTiell B (puOpUuIh
(Tabmwmia 3).

KonuuectBo orBeTBneHui 1o faHnHbIM MK®C TP paccuuTaHo no popmysnam:
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S[C:+RCH:CH3]=—S‘”21*"“” .S[>c:+RR'C:CH:]=—S*“’(('i‘““s .S[z-RCH:CHR']:S‘Q—‘-*.

rae S[C,+RCH=CH,] - yaenbHas momjafb MOJIOCHL, COAEPXKAIEH TOMOCHl STUILHBIX

1

o -1. -1 o —
OTBETBJIEHUH U KOHIIEBbIX BUHUJIOBBIX TPy, cM MM -, S[>C,+RR'C=CH,] - ynenbHas mioma/b

I10JIOCHI, COAEp)KﬂH.[Eﬁ T10JIOCBI  OTBETBJIEHUM JJIMHHEe STUW/IbHBIX W BHUHW/IWAEHOBBIX TIDYIIII,

1

cvm I'mm!, S[t-RCH=CHR'] — ygenpHas mjomajb IOOCH, COAepXalleil I00Cy MpAHC-

910+908° O890+888
TPY yKa3aHHBLIX BOJHOBBIX YMC/IAX, CM ' (TIepBble /IBe IUIOI[aJ COCTOAT M3 MEPEeKPBITBIX IMOJI0C

BMHUW/IEHOBBIX IPYIII, CM MM 1, S 1 Sy — TUIOLIA/b TIOOCHI, COZIEPIKALLIEN MTOTOCHI
aNKWIbHBIX OTBETBJEHWN W OTBETBJAEHWM C JBOWHbBIMU CBs3sMu [21]), d — TomiuHa
TIOIVIOLLAOLLIer0 C/105, MM.

[Tnomazu TpéX HEOOXOAWUMBIX TOJIOC paccuuTaHbl B miporpamme «OPUS 6.5» wmetomom
VHTErpUPOBAHHS C MPOBeeHreM 0a30Boi mHUM OT 875 K 980 cm L. [Ins1 BBIAB/IEHHUS U3MEHEHHMIA
B KO/IMUeCTBe OTBETB/IEHUM J0CTAaTOYHO CPaBHUTHL Y/e/bHYIO IUIOLIAJb T0J0C [JI1 HeCKOIbKUX
ob6pasuos [9, 10].

Ta6auya 2.
3MeHeHHe KO/IMUECTBA OTBeTB/IeHUH o JaHHbIM UKD C ITP

Mapxa I13 S[C, + RCH=CH,], S[>C, + RR'C=CH,), S[t-RCH=CHR'],
o lomm! v bmmt ov v
Me [Q1; Q3] Me [Q1; Q3] Me [Q1; Q3]

IT3HIT 15303-003

1,44 [1,40; 1,52]

4,29 [4,12; 4,44]

0,58 [0,55; 0,59]

[I5CII FB4370 1,68 [1,63; 1,78] 0,84 [0,81; 0,87] 0,27 [0,26; 0,28]
TI5BIT 273-83 7,9[7,8; 8,1] 0,55 [0,52; 0,57] 0,19 [0,18; 0,20]
TI5BIT F04660 8,3 [8,2; 8,5] 0,49 [0,46; 0,54] 0,12 [0,11; 0,13]
CBMII3 GEHR 0,60 [0,58; 0,67] %0 ~0
Tabauya 3.
Biusauue orserBiaenuii Ha HMC II9 no aaanbsivM KO C HITBO
F, | TI3HII 15303-003 I13CII FB4370 TI9BII 273-83 I19BII F04660 CBMIID GEHR
% MelQ1;Q3] 1 {95% /IA anist Me}
F1 15,4[14,9;15,9] 20,2[19,7;21,0] 21,7[19,7;22,7] 21,8[21,4;23,0] 20,9[18,6;22,5]
{15,0; 15,7} {20,0; 20,7} {20,9; 22,2} {21,6; 22,9} {19,1; 21,7}
F, 18,7[17,6;19,4] 17,7[17,0;18,4] 18,4[17,6;20,1] 19,6[18,8;21,3] 16,8[15,3;18,8]
{18,1; 19,1} {17,4; 17,9} {17,8; 19,9} {19,1; 20,7} {15,8; 18,7}
F, 17,8[16,2;18,6] 13,7[13,0;16,2] 13,9[13,3;15,2] 12,7[12,0;13,4] 14,2[12,5;15,3]
{16,5; 18,4} {13,2; 14,9} {13,4; 15,0} {12,3; 12,9} {12,8; 14,7}
F4 16,4[15,6;17,0] 14,6[14,1;15,2] 13,4[12,6;13,9] 12,2[11,0;12,8] 14,3[12,5;14,8]
{15,8; 16,8} {14,3; 14,8} {12,9; 13,8} {11,5; 12,6} {13,5; 14,6}
F, 17,0[15,3;19,0] 16,9[15,1;17,5] 14,7[13,5;15,2] 15,3[14,2;16,8] 15,4[14,7;15,6]
{15,6; 18,2} {15,9; 17,2} {14,1; 14,9} {14,4; 16,5} {14,9; 15,5}
F6 15,2[14,0;16,1] 17,3[16,3;18,0] 18,6[17,7;19,5] 17,8[16,7;19,4] 19,8[17,4;21,5]
{14,5; 15,8} {16,5; 17,9} {17,9; 18,9} {17,1; 18,6} {18,0; 21,1}
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W3 Ttabmury 2 u 3 cleayeT, U4TO C yBEeJWUYEHHEM KOJMUYeCTBA KOPOTKHX OTBETBJIEHUM
U C yYMeHbllIeHWeM KoiuudecTBa AauHHBIX B pagy [IOHII - [IDCII - IIOBII Bo3pacraer poss
¢ubpunn (F, + F,) u ymenemaercs gons amopduoi obnactu F,. OtgensHo oT 3TOTO psifia
Haxogutcsi CBMIID BoieCcTBYE B/IMSIHUS 3HAUUTE/IbHOM MOJIEKY/IIpHOM Maccel (MM).

Biusinne 3HaUMTEILHOM MOJIEKY/IIPHOM Maccbl. HecMOTps Ha HavMeHblllee KOJIMYeCTBO
BCex OTBeTB/IeHui (Tabmiua 2), nonsa ¢ubpunn CBMIID (F, + F,) nonmwkaerca go gomu TT3CII
BC/IEICTBHE BAMSHUA 3HauuTesbHOM MM, npuBojfimied K 3HauWTe/bHOMY YBeIMUEHUIO
3amyThlBaHUS MakKpOMOJeKy/l B paciiiaBe [2] u K TOCAeyoljeil CI0KHOCTA YIAKOBKU MX
B (uOpW/ITBI TIpM KpUCTa/uM3anuu (Tabmmiel 1 1 3) U K yBe/ueHuto amop@Hoi obnactu F,.

B/vsaHMe Hamo/IHeHMs TeXHHU4YeCcKMM YyriepoaoM. HanosHenue [IOBII TexHuueckum
yraepogom (2,0-2,5 %) TNpUBOAMT K yMeHbIIeHWIO noau (ubpunnsapHok obmactu (F, + F))
(trabmumia 4). 310 00BsiCHseTcss [5] yMeHbIlleHHeM TUIOTHOCTU YIIAKOBKU 1LieTiel BCJ/IeACTBHE
obpa3oBaHUs aZiCOPOIMOHHBIX CBsi3el MeXKAy MaKpOMOJIEKY/laMHd M YaCTHUI[AMHM TeXHHYeCKOTO
yriaepoja M TMOCAeAYHIIero OrpaHhyeHus NOoABWKHOCTU Lener. Mertogq WK®C HIIBO
¢ sanemenToM HIIBO u3 ZnSe M0oXXHO Ucronb30BaTh A0 10 % Hamo/HeHus TeXHUYeCKUM YIJIepOA0oM

[8].

Tabauya 4.
BivsiHue Hano/IHeHUs TeXHUYeCKUM yryiepogom Ha HMC I19
II9BITHTY 273-79, Me[Q1;Q3] u {95% AU pis Me}
F,, % F,, % F, %
17,6[16,6;20,2] {16,6; 19,4} 19,2[17,8;21,2] {17,9; 20,9} 15,6[13,7;16,7] {14,0; 16,4}
F, % F., % F, %
14,4[13,2;15,4] {13,8; 15,1} 16,4[15,1;17,5] {15,6; 17,1} 16,9[15,0;17,7] {15,5; 17,5}

Bausxue pedopmanuu Kpucrauimueckoro IIJ. [ledopmauys kpucramuimyeckoro [19
nipeficTaB/ieHa MexaHuamamu Kobasicu u Teiia [11, 12]. Mexanu3m [eiiyia ONUCBIBaeT Mepexop
terneii u3 OM B MM, a mexanusm Kobasicu — u3 namerseit B ¢pubpumsl. [To cnekrpam MK®C 1P
u HIIBO MOXHO yTOYHUTH 3TH MeXaHH3Mbl U TIPOC/IEAUTH Tepexof Lierneu IMpu pacTsHKeHUU
(oTHOCHUTE/TbHOE YATMHEHUE €) U CKaTHUKU KpucTa/umdeckoro [13 (tabmura 3 u 5, puc. 4, 5).

117



Ne 10 (148)

UNIVERSUM:
XNMUAa 1 snonornsa

okmsibpb, 2026 a.

A

—

[}
[} H
[}

[}

(_

L L
1475 1470

BonHoBoOe uucno, cm™*

\
. .
. ’
\ J
\ J
\ /
\ — 0 h
\ = o
\ h
\ ;
. .
. J
\
: ;

.....
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1465 1460 1475
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1470 1465 1460

BonHoBoOe uucno, cm-

PucyHok 4. @ypve-UK cnekmp: a) HIIBO 045 zpanyn I13BII F04660, pacnaowenHbix npu 800

MIla 6) IIP oaa I1nF04660

Tabauya 5.

Bnusnxue gedopmanuu rpanysa I13 nmo ganasiv UK®C HIIBO

II3BII F04660 (pacimomuBanuie npu 800 MIla), Me[Q1;Q3] u {95% AU pnsa Me}

F, %

F,, %

F, %

19,3[18,6;21,11{18,6; 21,3}

23,6[22,6;24,11{22,7; 24,0}

17,8[16,3;19,51{16,5; 19,2}

F,, %

F., %

F,, %

13,9[13,0;14,41{13,4; 14,2}

12,4[11,6;12,8]{11,7; 12,6}

12,6[12,0;14,61{11,9; 14,7}

32
30
28
26
24
22
X 20
w 18
16
14
12
10

0=6 Mlla

0=12 Mla
0=24 Mla

PucyHok 5. Hamenenue F npu cyicamuu (a) u pacmsicenuu (6) I11F 04660 no dawubim UKPC

HIIBO (a) u IIP (6)
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W3 puc. 4, 5 v Tabmuiy 3 ¥ 5 MOXKHO C/leflaTh BBIBOJ, O HarlpaB/IeHWM Tiepexofia Liernei mpu
nedopmanuu Kpuctammdeckoro I19: MM — TM o mpomeXyTouHble U aMOp(dHbIe 00/1aCTH «
OM.

Bausinne aedopmanuu pacmiaBiaenHoro ITD. Biusxue gedopmaiivy  3ak/arouaeTcst
B yBeMUeHWU Aoy (GuOpU/UIIpHON 006/1acTH TIpU yBeMUeHWU W (DUKCUPOBAHUHU [edhopMariuu
KpUCTa/I/Iu3ytolerocs pacriaea [13. Harpumep, npu npeccoBaHUM pacijiaB/ieHHOM TrpaHysbl 119
B TJIEHKY HY)KHO 3aTPAaTUTh SHEPIHI0 Ha OpHeHTaluio U commkenue uernei B pubpuuel (F, + F,,
ocobenHo F,) v Ha ynepxkaHue WX B TaKOM COCTOSIHUM TP OX/IK/IeHUH pacruiaBa rpayi [I9BII
F04660 (tabmuria 3, puc. 5 (o ® 6 Mlla, € = 0 %)).

CB#A3b C 3HTA/IbNHEH I/IaB/IeHHs M IVIOTHOCTBI0. ConocTtapieHre 3Hauennid AH (Tabsuiia
1) co sHauenusmu p (tabmuua 1) u F; + F, (Tabmiua 3) ansa 6ombuiMHcTBa 00pasijoB NpuBesio

K pe3y/bTary, yKka3aHHOMY Ha puc. 6.

42 220
e K3
o4 200
40 R2=0,99 ¢ .-
, 39 180
S g S ce S
- o5 160 é
N - S )
W 37 :
+ - - g
" 36 e 140 E
35 120
34 & ¢
R = 0,99 100
33
32

915 925 935 945 955 965
P, Krim3

PucyHok 6. Censb pesynbmamoe usmepeuspc F, + F,ucAH

BupnHo, uto AH u F, + F, X0powio coracyrrcs ¢ p /il BCeX HeMOIU(ULIMPOBAHHBIX
obpasuos. Cornacoane AH ¢ F, + F, u p cinoxkuee ana moauduipposanseix I13. K Hum
OTHOCSTC oOpa3upl IID, Hamo/sHeHHble TeXHWYeCKUM yriaepogoM (Tabmumbl 1 u  4)
¥ OpDUeHTHPOBaHHblE W3 paciiaBa nof paeieHueM (puc. 5). [Ipy Hamo/sHEeHMM TeXHUYeCKUM
yrepogom p pactét, a F, + F, u AH nagator. [lpyras curyauust ¢ riéHkoi — p nagaet, F, + F,
pactét u AH magaet. OToMy BO3MOXHO ecTh ciieytoiee obbscHenue. s [ISBITHTY mioTHOCTD
pacTér u3-3a N00aBKU TeXHUYECKOro yriepona, F, + F, majgaer u3-3a MOHMWKeHUs! TOJBWKHOCTH
teneli, AH majjaet u3-3a MOHWKEHUs [I0JIA CAMOU TUIOTHOW GUOpU/IsipHO# obiacty. st éHKU p
najgaeT u3-3a Oosblled nomi HaumeHee riotHod OM, F, + F, pactér us-3a opueHTanyu
u compkenus uerieid, u AH magaer u3-3a Oosblieill nond HavMeHee TIOTHOM OM U MeHblieid
SHEPTHH /i1 TI/IaBIeHUs TiepeHanpsDkeHHOH GuOpu/IsIpHO obacTy.
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3ak/IloueHue

ITpoBeneHo comoctapienye gaHHbBIX 0 HMC T13 ¢ 6 mosocaMu HOKHUYHBIX Koebanuit. Tpu

nonocel mpu 1473, 1471 u 1462 cm ! oTHeceHBl K KpPHUCTa/lIMuecKMM 001acTIM U TpU —

K HeKpHUCTalIMueckuM 1pu 1468,5, 1466,5 u 1464 cm™!. 13 nuTeparypsl nogobpana mogens HMC

I1D tuma mumi-ke6ab. BeisBieHa /MHeHHass 3aBUCMMOCTb MEXIY Aojield monoc GubpuispHOi

00/1acTH, TUIOTHOCTBIO M SHTAJILITHEN TUTaB/IeHUs AJi HeMoauduipoBaHHbeIX [15. Mogudukaiym

TeXHUYECKUM YITIepOJJOM U CUJIbHOW Jedopmaliveldd pacruiaBa TpUBeIM K OTKJIOHEHWIO OT

JIMHEMHOCTH.
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AHHOTa A

B pabore nccienoBaHa KoinueCTBeHHasi OlleHKa M3MeHeHHsI TToKa3aTesist TeKyJ4eCTH pacriiaBa
(ITTP) u >¢gdeKTUBHON BA3KOCTH KOMIO3UIMH T/IaCTU(DUIIMPOBAHHOTO TTOMBUHUIX/IOPUIA C
TepMUYECKU  MOAU(DUIIMPOBaHHBIM  pUCOBBIM  Kpaxmasiom (TMPK) 1ipyu  BBeseHUM
KoMratuOumm3atopa MoHOcTeapata miurepuHa (I'MC). ComnocraBieHsl petjentypbl [1BX,
ractuduimporanHoro 30 mac. % auokTtwiadranata, ¢ 5-30 Mac. % kpaxmana 6Ge3 100aBKU U
cepun Cc 5-55 Mac. % Kpaxmana TMpU cojepXaHUU 5 Mac. % MOHOCTeapara I/IMLepHHA.

Bubauorpaduueckoe onucanue: MyxuaguHoB b.®., Mcramos X.M. BiusHue MoHOCTeapaTa IIMI[epUHA Ha TeKyuecThb pacrijiapa
komnosumii IIBX ¢ Tepmuveckd MoguHLMPOBaHHBIM PHUCOBBIM KpaxmasioM // Universum: XvUMUsi U OHOJIOTHS © 3/IEKTPOH. HayuH.
>KypH. 2026. 10(148). URL: https://7universum.com/ru/nature/archive/item/23448
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Komriosuiiuy rotoBuiv cMmelleHveM B paciviaBe Ha 3kcrpyzepe mpu 150-175 °C. Ilokasaresb
TeKyueCcTHd pacruiaBa ornpezenssii Ha ruiactomerpe WWPT-5M no T'OCT 11645-73 nipu
TeMrieparype 150 °C u Harpyske 21,6 KI. YCTaHOBJ/IEHO, UTO IIOKa3aTe/b TeKyuyeCTH pacIiiaBa
3aKOHOMEpPHO CHWXKaeTcsl C yBenuueHuem cogepxkanvss TMPK BciencTBre MoOBbIlLIeHUS] BA3KOCTU
JycrnepcHou cucteMbl. OZIHAKO B COMOCTABUMBIX IO COZlep>KaHUI0 Kpaxmasla peLieniTypax BBeJjeHue
I'MC yBenmmuuBaso mokasaresnb B 2,22—2,64 pasa. [Ipu 20 mac. % Kpaxmasa IosyuyeHbl 3HaUeHUs
10,09 u 25,53 /10 mun (c I'MC), npu 30 mac. % — 7,97 u 17,96 1/10 MUH COOTBeTCTBeHHO. B
cepuu C 100ABKOU TOBBIIIIEHHE CO/leP)KaHKsI KpaxMaia oT 5 /10 55 Mac. % CHuWKaslo ToKa3aresb C
41,03 go 6,30 r/10 muH. Takum obOpa3om, TeXHOJOTWYecKas 00aBKa YaCTHUHO KOMIIEHCHPYET
rnaZileHle TeKy4yeCTH MpY Harlo/HeHWW, pacllivpsisi TEXHOJIOTUYECKOe OKHO 3KCTPY3UM M JIUThS.
[TpakTUyeckas 3HAUMMOCTh Pe3y/bTaToOB 3aK/IlouaeTcsi B 000CHOBaHWM PeLienTyp AJis TiepepaboTKu
OropasiaraeMbIX KOMITO3UTOB B paciijiaBe.

Abstract

The aim of this study is to quantify the changes in the melt flow index (MFI) and effective
viscosity of plasticized polyvinyl chloride composites containing thermally modified rice starch
(TMRS) upon the addition of glycerol monostearate (GMS) as a compatibilizer. Formulations of
PVC plasticized with 30 wt.% dioctyl phthalate containing 5-30 wt.% starch without the additive
and a series with 5-55 wt.% starch containing 5 wt.% glycerol monostearate were compared.
Composites were prepared by melt mixing in an extruder at 150-175 °C. The melt flow index was
determined using an IIRT-5M plastometer according to GOST 11645-73 at 150 °C and a load of
21.6 kg. It was established that the melt flow index naturally decreases with an increase in TMRS
content due to an increase in the viscosity of the dispersed system. However, in formulations with
comparable starch content, the introduction of GMS increased the MFI by a factor of 2.22-2.64. At
20 wt.% starch, values of 10.09 and 25.53 g/10 min (with GMS) were obtained, and at 30 wt.% —
7.97 and 17.96 g/10 min, respectively. In the series with the additive, increasing the starch content
from 5 to 55 wt.% reduced the rate from 41.03 to 6.30 g/10 min. Thus, the processing additive
partially compensates for the decrease in flow caused by filling, expanding the technological
window for extrusion and molding. The practical significance of the results lies in the justification
of formulations for the melt processing of biodegradable composites.

KiroueBble c/10Ba: IOAMBUHWIX/IOPU[, PHUCOBBIM KpaxMmasa, MOHOCTeapaT IJIML|epHHa,
TeKy4eCThb pacIlyiaBa, IKCTPY3usi, TEXHO/IOTHUecKast ZobaBKa.

Keywords: polyvinyl chloride, rice starch, glycerol monostearate, melt mass-flow rate,
extrusion, processing additive.

BBegenue

TekyuecTb KpaxmasiCOZep’Kalllux KOMITO3ULIMMA 3aBUCUT OT COCTaBa U B3aUMOJeNCTBUS
KOMIIOHEHTOB. [Ipu 3KCTpy3uM 3TU (HaKTOpbl ONpeZessitoT yC/IoBUS (OpPMOBaHUSI U KaueCTBO
KOHeUHbIX  u3fenuid. [nsg  MHorodasHbIX CHUCTEM  CyleCTBeHHa TepMOAWHaMHuecKast
COBMECTUMOCTh T0JIUMepa W HaroJHUTess. B 4acTHOCTH, HECOBMECTUMOCTb TOJISIPHOTO Kpaxmaiia
C MeHee TIOMSPHBIMU WU THUAPOPOOHBIMU TIo/MMepaMu TpebyeT TNpUMeHeHHs CrieldaTbHbIX
COBMeCTUTe/Iel [Jisi CHIKeHUsl MeXK(a3HOTO HaTsKeHUsl.

126



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

UccnenoBanus [IBX ¢ MoauduiipoBaHHBIM PUCOBBIM KPaxXMajioM paHee ObLTY TIOCBSILeHbI
OLIeHKe [1eCTPYKLIMH, OHMopa3iokeHus ¥ BogomnorioieHusi. OHAKO /i/1si IPOMBIIIJIEHHOTO BBIITyCKa
Ouopa3siaraeMbIX MaTepuajioB Ha OCHOBE TEepPMOIIaCTOB KPUTHUECKH Ba)KHO YUYMTBHIBAaTb HX
nepepabatbiBaeMoCcTh.  OmpezeneHyde  TOKa3atens  TekKyuecTw  pacriaBa  (IITP)  gaer
BOCIIPOM3BOAVMYIO KOJTMYEeCTBEHHYIO OIIeHKY IepepadaThiBaeMOCTH, CBSI3bIBasi COCTaB KOMITO3ULUIMA
U peXUMbl TiepepabOTKM C KauecTBOM wu3fenui. Ilenb paboteli — comocraButh IITP
u 3¢ dexTrBHY0 BsizkocTh Kommo3uiuii [IBX (JO®) npu BapbupoBanuu cogepkanvss TMPK 6e3
nobaBKH U € 5 Mac. % MOHOCTeapara IJIiIiepyHa.

OO0BeKTHI 1 METOAbI HCC/IeJOBAHUSA

Ucnionb3oBamu [IBX-A0P-30 ¢ 30 mac. % pauoktundranara — [IBX (JO®P). Pucossbiit
kpaxman PK-1 moppepramu tepmoobpaboTke mpu 180 + 2 °C B Teuenue 30 + 1 mun (TMPK).
B kauecTBe TeXHOJIOrHUeCKOM J00aBKU Y KOMIAaTHOUIM3aTopa MPUMeHsIJTH MOHOCTeapaT I/ILiepUHa
('MC) mapku GMS-40 ¢ 38-42 % moHo3dupa.

Ero cogepykaHue S B mapHbIX peljenrypax coctasisiio 5, 10, 15, 20 u 30 mac. %. B cepuun «—
P» 6e3 'MC pmosnst matpuiibl paBHsiiachk (100 — S) %, B cepun «—PK» ¢ 5 mac. % I'MC — (95-S) %.
Onsi cepyun «—PK» [nomosiHUTENBHO MCC/IeqoBalvuch coctaBbl ¢ 40, 45, 50 u 55 mac. % TMPK.
Konrposns [TIBX-K nipezictap/isai coboii UCXOHYIO MaTPHILY.

[MBX-A0®-30 cyumim npu 80 + 2 °C B TeueHue 4 4yacoB, Kpaxman — npu 105 = 2 °C go
MOCTOSTHHOM Macchl. [locne TipeABapUTeNbHOTO CMellleHWsT KOMIIO3ULMK TepepabaTbiBaiii Ha
OfHOIITHEKOBOM 3KcTpygepe OJII-40 mpu 50 + 5 o06/muH. Temmeparypsl 30H 3arpy3kH,
FOMOIreHH3ali U TOM0BKM cocTaBasyid 150 + 5, 170 £ 5 u 175 £ 2 °C. DKCTpyAaT OXJIaKAaIu
Y I'PaHy/IMpPOBaIN.

[Toka3arens Tekyuectd pacruiaBa (IITP) ompegensini Ha SKCTPY3UOHHOM TIaCTOMETpe
NUPT-5M 1o metoauke ['OCT 11645-73 npu 150 °C u Harpy3ke 21,6 Kr. Mi3MeHeHHe TeKy4yeCTu
oueHuBasu otHouleHueM IITP cepun «—PK» k IITP cepun «—P» Tipy OgWHAKOBOM CO/iepKaHUH
HarnojHUTe . D¢ deKTHBHas BA3KOCTb paciljlaBa TaK)Ke aHa/JIM3UpoBaiach Kak IPOM3BOAHAS OT
IITP.

Pe3ynbTarhl 4 00CYy)K/jeHHEe

[ITP xkoutposnbHoro IIBX (AO®P) Haxomwics B pguanasoHe 30,22-31,20 r/10 wmwuH,
a 3(dekTrBHas BA3KOCTb cocTaBisiia mopsigka 4400 ITlac. B obenx cepusix yBenduyeHHe
cozmepxkanusi TMPK compoBo)kziaiock 3aKOHOMEPHBIM CHIDKEHHEM TeKydyecTH. JTO 00yCI0B/IeHO
yBeJIMUeHHUeM BSI3KOCTM pacIllaBa M3-3a MPUCYTCTBUS >KeCTKOW AuCIiepcHOW ¢hasbl, yCUseHus
CTPYKTYPHOW CeTKHM MeXYaCTUYHBbIX B3aUMOJENCTBUM U MeX(]a3HOro TpeHUs, OJHAaKo IIpu
OAMHAKOBOM S 3HaueHusi cepurt «—PK» Obutu Beie (Tabs. 1, puc. 1, «—P» — 6e3 'MC; «—PK» —
¢ 5 mac. % I'MC. [Ipouepk 03HauaeT OTCYTCTBUE JAAHHBIX [/ COMOCTaBAEHUS).
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Ta6bauya 1.
IITP xomno3uruii npu 150 °C u 21,6 kr
TMPK, mac.% Cepus -P, r/10 mun Cepus -PK, r/10 mun
5 18,46 41,03
10 14,28 36,25
15 12,02 31,75
20 10,09 25,53
30 7,97 17,96
40 — 13,58
45 — 10,84
50 — 8,42
55 — 6,30
[MIBX(/I0®) -PK I[MBX(/10®D) —P
40 1
=
= 304
=
E,\ 20 -
=
= 101
0 - - . . . .
0 10 20 30 40 50 60

Conepxanne TMPK, mac.%

PucyHok 1. 3agucumocmb ITTP komnosuyuti IIBX(/JO®) om codeprcanuss TMPK npu 150 °C u
Hazpy3ke 21,6 ke

Onsa S =5, 10, 15, 20 u 30 mac. % otHomienust ITTP cepun ¢ I'MC K cepun 6e3 Hero
COCTaBU/IM COOTBETCTBEHHO 2,22; 2,54; 2,64; 2,53 u 2,25. Haubonbiumii oTHOCUTEIbHBIN 3ddeKkT
nonyuveH npu 15 mac. % kpaxmana. I1pu 5-15 mac. % HarnonsuTens peventypsl ¢ 'MC nmenu ITTP
BbILlIe KOHTPOJIbHOW HeHaroyiHeHHOW MaTpuibl (0 41,03 r/10 mun npu 5 mac. % TMPK), Torga kak
nipu 20 mac. % mokasaresib CHIKajcs A0 25,53 1/10 muH. DdekTrBHas BI3KoCTh B cepun ¢ 'MC
BapbrpoBanack oT 3294 Ila-c (5 mac. % TMPK) mo 7812 Ila-c (30 mac. % TMPK).

[1pu noseienuu cogepxxanuss TMPK ot 5 no 55 mac. % ITTP cepuu ¢ I'MC ymeHbImics
B 6,51 pasa, mocturHyB 6,30 r/10 mMuH (3ddektuBHas Bs3koctb 23103 Ila-c). [lobGaBka,
c/ieloBaTeIbHO, He YCTpaHsieT MOJHOCTBIO B/MSIHUE HaloJIHeHWs Ha TeueHWe, OAHAKO YaCTUYHO
BBICTYTIaeT KaK BTOPUUHBIN M/1aCTU(MUKATOD, MPOSIB/Isis CUHEPTUIO ¢ AUOKTUAdTanaroM. HeHyeBoit
[ITP mpu 55 Mac. % xapakrepu3yeT Y[AOBJ/IETBOPUTE/JIbHOE TeUYeHHWe B YCJIOBUSX HWCIBbITAHUSA
U JI0Ka3bIBaeT MPUHLIUITHAILHYI0 BO3MOYKHOCTh MepepaboTKH BbICOKOHATIOJTHEHHBIX KOMITO3UIIHH.

Oddext kommnatubumsaiuu ['MC ocobeHHO 3amereH s kKommosunuid [IBX (IO®)
B 00/1aCTM BBICOKUX coOfiep)KaHuh S, rme 6e3 kommatuOuaM3atopa repepaboTKa KOMITO3UIIUH
CylLleCTBEHHO 3aTpyjHeHa. [ToBbIllIeHHe TeKyueCTW CBSI3aHO CO CMasbiBaroluM JericTBrueM ['MC
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N HM3MeHeHHeM B3aHMOA€fICTBHI>i MeXAy KOMIIOHEHTaMH: OH Y/IydlldeT CMairMBd€MOCTb UYadCTHUL]
HAaIIO/JIHUTEe/IA paCIyldaBOM TII0JIMME€Ppa W CHIJKAET 3(1)(1)8KTI/IBHy}O IIJIOTHOCTE MeXXUdCTHUUYHBIX
KOHTAaKTOB.

3ak/IIoueHue

Beezenue 5 mac. % MoHOcTeapaTta rnuiepuHa B kommno3uiiuu [I1BX (J1O®), HarlonHeHHbIe 5—
30 mac. % Tepmuuecku MoU(HULIMPOBaHHOTO PUCOBOrO KpaxMara, C 3aMeleHreM YaCcTHh MaTpULIbI
noBbitiaer [ITP B 2,22-2,64 pa3a mMo CpaBHEHWIO C HeMOAW(PUIIMPOBAaHHBIMU aHajaoramu. I1pu
JlasibHelIIeM HarloJTHeHUH TeKyueCTb 3aKOHOMePHO CHKaeTcst U gocturaet 6,30 r/10 MuH nipu 55
Mac. % kpaxmama. I'MC mipencraBisser coboii  3(hdeKTHBHYI0 KOMIATUOHUIU3UPYIOIIYIO
U TexXHOJOTWYeCcKylo [J00aBKy, KOTOpas KOMIIEHCUDYeT TiaZileHhe TeKydeCTH, paclivpsier
TEXHOJIOTUUeCKoe OKHO 3KCTPY3UM W JIUThSI T10[] [laBJeHHWeM, a Takke CTaOW/IM3MpyeT Tpoliecc
CMellleHUs] ¥ TPaHY/IMPOBaHKs Oiopa3/iaraeMbiX peLiernTyp.
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AHHOTaUA

B [aHHOW cTaTbe WU3ydyeHbl TIPOLIECCHI OLIEHKA COCTaBa BOJIOKHUCTBIX — OTXO[OB,
00pa3yroIuxcsi Ha TeKCTWIbHBIX U IIIBeMHBIX TPEeANIPUATHSX, a TakKKe OCHOBHbIE 3Tarbl HX
MOATOTOBKM K JlanbHeliedi rmiepepabotke. [ljisi orpejeneHus TIPUPOABI BOJIOKOH W UX
MIPUHAZJIE)KHOCTU K OTpeZie/IEHHOM TpyIre HWCIoAb30BaHbl MEeTO/bI C)KUTAHUS, XHUMHUeCKOU
UZeHTUDUKALIMA U ONTUYeCKOT0 MHUKDOCKOIMMYeCKOro aHaau3a. Ha oCHOBaHWM TMOyYeHHBIX
pe3ysibTaToB 00pa3lbl OB pa3fesieHbl Ha LieJUTH0JI03HbIe, CHHTETHYeCKHe W CMellaHHbIe
BOJIOKHUCTBIE TPYIIbL. Pe3ynbTaTbl XUMUUECKOr0 M MUKPOCKOTIMUECKOTO aHaIM30B T0Ka3ad, uTo
o0pa3Lbl 11e/UTFO/I03HOM TPYIMbl COCTOST TPEUMYILeCTBEHHO W3 XJIOMKOBBIX BOJIOKOH. [ljisi
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CMelIaHHbIX TKaHell YCTaHOBJ/IEHO pa3/IMYHOe Cojiep>KaHue MOIU3(UPHOro BOJIOKHA B 3aBUCUMOCTH
OT HarpaBJ/IeHUs HWUTEMN: ero KOJMYeCTBO COCTaBWUIO 17 % B yTOuHBIX HUTIX U 50 % B HUTAX
ocHOBBl. Kpome Toro, mccrezfoBaH rmpolecc obecliBeurMBaHHs OTXOZOB XJIOIKOBBIX BOJIOKOH,
OKpallleHHbIX aKTHUBHBIMUA KpAaCUTeIsIMHA. YCTaHOBIeHO, uTto 3ddekTrBHOEe obecriBeurBaH1e
obecrieunBaeTcs B I1e/IOUHO-BOCCTAaHOBUTETBHOM cpefie B mpucyTcTBru 3 % NaOH. IlosmyueHHbIe
pe3yJbTaThl NIOATBEP)KAAI0T, UTO Ipe/iBapyUTe/ibHasi COPTUPOBKA BOJIOKHUCTBIX OTXOZO0B I10 COCTaBy
U LBeTy SB/SETCS BAKHBIM 3TaroM, 00ecreurBarlIM BO3MOXHOCTh UX 3(deKTHBHOIM
rocsiefiytoleii epepaboTKy, M OmNpe/essIolM paljoHabHBIN BBIOOp AasbHeHIero noaxoga K
WCTI0/Tb30BAaHMIO U TTepepaboTKe TEKCTHU/ILHOTO BOJIOKHUCTOTO BTOPUYHOTO ChIPBSI.

Abstract

This article investigates the processes used to assess the composition of fibrous waste
generated by textile and garment enterprises, as well as the main stages of its preparation for further
processing. To determine the nature of the fibers and classify them into specific groups, burning
tests, chemical identification, and optical microscopic analysis were employed. Based on the
obtained results, the samples were classified into cellulosic, synthetic, and blended fiber groups.
The results of chemical and microscopic analyses showed that the samples belonging to the
cellulosic group consisted predominantly of cotton fibers. For blended fabrics, different polyester
fiber contents were determined depending on the yarn direction: the polyester content was 17 % in
the weft yarns and 50 % in the warp yarns. In addition, the decolorization process of cotton fiber
waste dyed with reactive dyes was investigated. It was established that effective decolorization was
achieved in an alkaline-reducing medium in the presence of 3 % NaOH. The obtained results
confirm that preliminary sorting of fibrous waste according to composition and color is an
important stage that enables its efficient subsequent processing and determines the rational selection
of further approaches to the utilization and recycling of secondary textile fibrous raw materials.

KiroueBble €/10Ba: TEKCTUIbHbIEe OTXO/bl, XJIOTIKOBOE BOJIOKHO, MOMU3(UPHOE BOJIOKHO,
CMelllaHHbIe BOJIOKHA, XUMUYeCKast ZieHTUhUKaIVs, 00eCIiBeUrBaHKe, BTODUUHOE ChIPhE.

Keywords: textile waste, cotton fiber, polyester fiber, blended fibers, chemical identification,
decolorization, secondary raw materials.

BBegenue

BosiokHUCTBIe  OTXOAbl, OOpasywoliyecs Ha TMpeNpUATHUSIX TeKCTUIbHOM U JIETKOU
MIPOMBIILJIEHHOCTH, KaK TPaBW/IO, OLIEHWBAIOT B 3aBUCUMOCTU OT WX BOJIOKHHCTOTO COCTaBa,
XUMUAYEeCKON OTAeNKH, a Takke (U3NKO-XMMUUYeCKMX CBOWCTB peareHTOB U KpacuTesew,
MpUMeHsieMbIX B TIpolleccax KpallleHusi, W TPYNIUPYIOT [0 HarpaBeHUsiM JasbHeuIen
niepepabotku [4, 1]. [laHHBIA TPUHLMN K/JIaCCUPUKALMKA MMeeT BaKHOe HayuyHO-TIpaKTHuUeCKoe
3HaueHWe TIPpU OTpeJie/IeHUd  OINTHUMAaJbHOTO  HarpaB/ieHus Tocjefyolleli  repepaboTKu
BOJIOKHUCTBIX OTXO/IOB MeXaHWYeCKUMU, XUMHUUEeCKUMH WU (PU3UKO-XUMUUECKHMH MeToAaMU
[4, 23]. BonOKHHKCTBIE OTXOABI, pa3/ie/iéHHbIE 0 COCTaBy, MOTYT 3(¢eKTUBHO HCIIOIb30BaThCs
B KaueCTBe BTOPUYHOTO ChIPbsi B Pa3/IMYHBIX OTPAC/SAX TMPOMBIILIEHHOCTH [4, 21]. B yacTHOCTH,
OHH TIPUMEHSIIOTCSI B CTPOUTEJIBCTBE /ISl TIOMy4YeHUsl Tervio- U 3BYKOW3OJISILIUOHHBIX MaTepyaroB,
B JIETKOM TIPOMBIILJIEHHOCTH - PereHePUPOBaHHBIX BOJIOKOH U MPSDKU, B MeOeTbHOM TPOW3BO/ICTBE -
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Haro/IHUTe/Iell W KOMITOHEHTOB TIOKDPBITHH, B OyMa)KHOM TIPOMBIIIJIEHHOCTH - B KauyecTBe
L[eJITFO/IO3HOTO  ChIPbS, B ABTOMOOW/IECTPDOEHWU - [JI1 HW3TOTOBJIEHUSI JIETKUX KOMIIO3WUTOB
Y IIYMOIOIVIOLIAOL[MX 3/IEMEHTOB, a B CeJIbCKOM XO35IMCTBE - ZJis1 POU3BOACTBA Me0TeKCTU/IbHBIX
Y MyJIBUMPYIOLMX Marepuanos [3, 7, 13, 22].

B cTpouTenbHOM TPOMBIIIEHHOCTA BOJIOKHUCTBIE OTXOZbI TIPUMEHSIIOTCS [JIs1 TIOJTyUYeHUs]
TEeTUIO- U 3BYKOU3OJISILMOHHBIX MaTepPUasioB, a B JIEFKOH IMPOMBIIIJIEHHOCTH - /I TlepepaboTKu
TEKCTU/IbHBIX O0OPE3KOB B pereHepyupOBaHHbIe BOJIOKHA W TIPOU3BOJCTBA W3 HUX HOBOH MPSDKU
[22, 5, 10, 15]. B mebe/ibHOM TPOMBIIIEHHOCTH BOJIOKHHUCTBIE OTXO/bl MOTYT WCIIO/Ib30BaThCsI
B KauecTBe MepepabOTaHHOTO BTOPUYHOTO ChIPbs /ISl U3TOTOB/IEHUS] BHYTPEHHUX HAIlOJTHUTEJIeH,
TIO/IK/TIa[IOYHBbIX CJIOEB T0f] OOMBKY M BaTMHOBBIX MaTe€pPHasIOB /il JMBAaHOB, MAaTPACOB U APYTHX
u3zeuii Markoi mebenmu [3, 18, 24]. IlepepaboTaHHbIe BOJIOKHHCTBIE OTXOZbI MUMEIOT Ba)KHOE
MpakTAYeCKoe 3HaueHWe KaK BTOPUYHOE ChIpb€ B PAa3/MUHbIX OTPaC/siX MPOMBILLIEHHOCTH.
B uacTHOCTM, OHM MOTYT TMPUMEHATLCS B TIPOU3BOJCTBe OyMard B KauecTBe 1[eJUTFOJIO3HOM
KOMITO3MIIMOHHOM /100aBKM, B aBTOMOOW/IECTDOEHHWH -KaK BHYTPEHHHWE KOHCTPYKIIMOHHBIE
3/IeMeHThI, 00eCTeurBaoIye IIyMO- W TeTUIOM30/ISIMI0, a B CEIbCKOM XO35HCTBE - B KaueCcTBe
arpOTeKCTU/IbHBIX ~ MaTepUasioB,  3allMIAIOLIMX  CeJbCKOXO3SMCTBEHHbIE  KYIbTYpbl  OT
HeO/IaronpUsATHBIX KJIUMaTHUYeCKUX M MeXaHUueCKUX BO3zielcTBui [6, 11, 16].

Ins 3bdekTuBHON TepepabOTKM BOJOKHUCTBIX OTXOZOB M WX HAarpaB/leHUS B KauecTBe
BTOPUUHOTO ChIPbsl, COOTBETCTBYIOLLIEr0 KOHKPETHBIM OTPaC/siM MPOMBIIIIEHHOCTH, TIPeX/e BCEero
TpebyeTcss MX CHUCTeMaTHueckash KaacCUGbUKaIMs IM0 WCTOYHUKY 00pa30BaHUs, BOJOKHHUCTOMY
cocTaBy, (GU3MKO-MOP(OIOTMUeCKUM XapaKTepUCTHKaM, (pakKlMOHHOW CTPYKType, a Takxke
XUMHUUeCKUM KOMIIOHEeHTaM, OCTaBILIMMCS TI0C/ie TIPOL[eCCOB KpallleHus U oTjenku [4, 2, 14].

['pyrimupoBaHue BOJIOKHUCTBIX OTXO/IOB TI0 UCTOUHUKY TTPOUCXOXKIEHUs, CTaJUM 00pa30BaHuUs
Y BOJIOKHUCTO-XMMUUYECKOMY COCTABY SIB/ISIETCSI BA)KHBIM KPUTEPUEM TIPU BbIOOPe HArlpaB/eHUs UX
nepepaboTky. Tako# TOAXO/ TI03BOJISIET OT/JE/ILHO OLEHWBATh OTXO/bI, 00pa3yoIuecs B Tporecce
MIPOM3BO/ICTBA, /10 TIOTPeO/ieHUs W T0C/e MOTpeOeHrs, a TakKe MaTephasibl U3 HaTypasbHbIX,
CUHTETUUYECKUX U CMeIllaHHbIX BOMOKOH [1, 4]. C TOukd 3peHusi TPOU3BOACTBEHHOMN I[eTIOUKU
BOJIOKHHMCTBIE OTXO/Ibl B OCHOBHOM 00pa3yloTCs B MPOLieccax IMpsiIeH s, TKaueCTBa ¥ TPUKOTa>KHOTO
MPOU3BO/ICTBA, @ TaKXXe PAaCKpos W IIBEHWHOro MNpou3BOACTBA. K [1aHHOW TpyIie OTHOCATCS
KODOTKHE BOJIOKHA, OCTaTKW POBHUIbI W TIPSDKHM, KOHIIBI HUTEM, KPOMKH TKaHel, 00pe3KH,
OCTaroIIuecs TMocjae packposi, a Takxke (parMeHThl AedeKTHbIX TKaHel [1, 25]. TTo Bo/sIOKHHCTO-
XUMHUUECKOMY COCTaBy BOJIOKHUCTBbIE OTXO[bl K/IacCU(MUIIMPYIOT Ha OTXOAbI U3 HaTypa/bHBIX,
pereHeprvpOBaHHbIX  UCKYCCTBEHHBIX, CHUHTETMUECKMX W CMeIIaHHbIX BOJIOKOH. Takas
K1accuduKaiuss UMeeT BaKHOe 3HaueHWe /s BbiOOpa MeTofia WX TiepepabOoTKH, pa3zieseHust
BOJIOKHHCTBIX KOMIIOHEHTOB U 3((eKTHBHOTO WUCII0/Ib30BaHMSI B KaueCTBe BTOPUUHOTO ChIPbS
[4, 8, 17].

[Tpy MOATOTOBKE BOJIOKHUCTBIX OTXOZIOB K IepepabOTKe Ba)KHOe 3HaueHWe WMEIOT 3Tarlbl
MeXaHUYeCKOW COPTUPOBKU U (pPaKI[MOHUPOBAHUsI, KOTOPbIe TIO3BOJISIFOT YAA/IATh U3 COCTaBa ChIPbs
MbUIb, MeTa/VIMueCKue U MUHepasbHble YaCTULIbl, @ TAaKXe Jpyryde MOCTOPOHHHE MeXaHW4yeCKHe
MpUMeCH, a TakKKe CUCTeMaTUueCKU OLleHWBaTh pereHepUpOBaHHbIE BOJIOKHA MO JJIMHe, TOHWHE,
Jlojle KOPOTKMX BOJIOKOH U (PpakliMoHHOMY cocTtaBy [14, 25]. B mporjecce Mopdosoruueckoit
OLIEHKW OMpeJessitoTC CTPYKTypa ITOBEPXHOCTU BOJIOKOH, CTeleHb [JeCTPYKLMA M XapakKTep
MeXaHW4YeCKUx TioBpexkaeHuil [26]. Kpome Toro, mnpu TIOATOTOBKE BOJIOKHUCTBIX OTXOZOB
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K riepepaboTke He0OXOIMMO OL|eHHBaTh HaJIMUKe COXPAHMBIIMXCS Ha TIOBEPXHOCTH BOJIOKOH WA BO
BHYTDEHHeH CTPYKType OT[e/OYHbIX XMMHYEeCKHX peareHTOB, KpacuTeled [js IedyaTy,
(GYHKIIMOHANBHBIX J00aBOK W [JPYIMX TEXHOJOTMUECKUX XUMUYEeCKUX KOMIIOHEHTOB, a TaKKe
0COOEeHHOCTH UX pacnpezenenus [4, 1].

Knaccudukaisi BOJIOKHUCTBIX OTXOZOB C YY6TOM KOJIMYeCTBa OCTAaTKOB Kpacuresel
YU TeKCTUIBHBIX BCIIOMOraTe/IbHbIX peareHTOB, NPMMEHEHHbIX Ha CTaAuAX KpallleHWs, IeyaTu
U OTAeNKH, TI03BOJsieT ILie/leHarpaB/ieHHO BBIOMpATh TMOC/eAyIollee HarpaB/ieHHe X
MeXaHWYeCKOW, XUMUUeCKOr Wi (pr3nKo-xumudeckoi repepabotku [4, 19]. BricokoouuieHHbIe
Lie/IUTFOJIO3HbIe BOJIOKHUCTBIE OTXO/bl paCCMaTPUBAIOTCS KakK IepClIeKTUBHOEe BTOPUUYHOE ChIPbE 171
TIOTyYeHHs TIPOM3BOJHBIX LIEJUTFO/IO3b], BKJIFOUAasi HATPUA-KapOOKCUMETW/ILIE/UTFO/IO3y U aljeTar
Le/IIF0/I03b], a TakXke [JPYTUX XHWMHUUYECKU MOAW(UIMPOBAHHBIX LIe/ITIF0JIO3HBIX TPOAYKTOB
[9, 12, 20]. CmelnaHHble BOJIOKHUCTblEe OTXO/bl Pa3IMUHOrO COCTaBa MOTYT IPUMEHSIThCS
B TMPOU3BOZCTBE KOMITO3ULIMOHHBIX MaTepuasoB B KauyeCTBe apMHUPYIOLEro Wi (PyHKL[MOHATLHOTO
KOMIIOHeHTa. OueHb KOPOTKHE, MeXaHWYeCKU T[OBpPeX[EHHble U IOABepriidecs AeCTPyKLUU
BOJIOKHUCTBIe OTXO[bI, B CBOIO OYepe[b, SABJAIOTCS IePCIIeKTUBHLIM BTOPUYHBIM BOJIOKHUCTBIM
CBIPBbEM JIJ1s1 IPOU3BOAICTBA OyMary, HeTKaHbIX MaTepUa/IOB U HarloyHuTe ek [4, 3, 27].

Marepuasibl 1 MeTOABI

O0BbeKThI HCC/1e0BAHMS

B kauecTBe 00BEKTOB nccineg0BaHuA ObLTH BbI6paHbI BOJIOKHUCTBIE OTXO/AbI, o6pa3y}0u_[1/1eCﬂ
Ha TEKCTU/bHBIX U IIIBEMHBIX npearpuiaTudax, B TOM 4HCIe 06pe3KI/I TKaHell u3 XJIOTIKOBBIX,
CHUHTeTHUYeCKHX BOJIOKOH, d TdKXe XJ'IOHKOBO-I'IOJ'II/D(I)I/IPHBIX cMeced. 06pa3L[I:>I ObLTH pa3aesjieHbl Ha
rpynrbl B 3aBUCMMOCTHU OT BHEIIHEro BHUd, LIB€Td, BOJIOKHHCTOI'O COCTdBa M TE€XHOJ/IOTMYE€CKOI'o
TMMPONCXOXXOEHHWAA. B Xo4e wuccinedoBdHUA CTPYKTYPHBIE 0Cc00EHHOCTH BOJIOKOH OL€HHUBaJIN
C HCIIOJIBb30BaHMEM  MeTOAO0B  CKUI'dHUA, XHUMUUEeCKOM I/IAGHTI/I(I)I/IKEIL[I/IH N  OITHYECKOI'O
MHKDPOCKOIMUYECKOI'O aHa/I13d.

IIpegBapuTe/bHasi MOArOTOBKA 00pa3ioB

OtobpanHble A1 aHamu3a OOpe3KH TKaHel W BOJIOKHUCTBIE OTXOZBI TPeABapUTE/IEHO
OUMILIa/IM OT TIOBEPXHOCTHBIX 3arpsi3HEHWM, NbLIM, MeXaHW4YeCKUX NpUMeced W OTJ[e/IOUHBIX
BerecTB. [I71s1 3TOr0 006pasipl KUIATWIN B TeueHre 30 MUHYT B paCTBOpe IMOBEPXHOCTHO-aKTUBHOTO
BelllecTBa KoHIleHTparwel 5 g/l mpu momyne 1:50. 3arem oOpa3iibl MOC/Ie0BaTeTFHO TTPOMBIBAIN
B ropsiued Boge rnpu temmneparype 90 — 95 °C, B Témuion Boge mpu Temmeparype 55 — 60 °C
Y B XOJIOAHOM BOZle KOMHATHOM TemriepaTypsl. [IpoMbIThie 00pa3iibl BRICYIIMBAMM B 1aODOPaTOPHOM
CYLIWIBHOM LIKady U MOAr0TaBIMBA/M K MOC/IeAYIOIMM aHa/Iu3aM.
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HPEI[BapI/[TEJIbHaH I/l]Z[EHTI/I(l)I/[KauI/[H BOJ/JIOKOH MeTO0M COXKUTI'dHHUA

lns  ompezeneHust TIPUPOAbLI  TIPOMCXOXK/EHUST BOJIOKOH —T€PBOHAYA/bHO TPOBOAWIN
UCMbITaHUe METOZAOM CKUraHwus. V3 Kakzoro obpasija oToMpaar HeOObIIoe KOJIMYeCTBO BOJIOKOH
U C MOMOILIBI0 MeTa//TAYeCKOro THHIETA TOABEPray BO3JEHCTBUIO OTKPBITOTO IlaMeHU. B xoze
UCMbITaHUS] (PUKCUPOBA/IM XapaKTep BOCIUIAMEHEHHUs] BOJIOKHA, CKOPOCTh TOPEHUs], 0COOEHHOCTH
TUIaB/IEHUST WK 00yT/IMBaHMs, 00pa3yIOIIMICS 3amax, [[BET 30/1bl ¥ (hOPMY OCTaTKa.

[To pe3ynbTaTaM WCIBITAHUS METOJOM CXKUraHus oOpasipl ObUTM pa3jesieHbl Ha TpHU
OCHOBHbIe Tpynmbl. OOpaslibl, WHTEHCUBHO TODEBIINE, BBIZE/SBIINE 3arax XOKEHOW Oymaru
¥ 00pa30BbIBaBIIME CBET/IO-CEPYIO 3071y, ObUTM OTHECEHbI K TPYIIe I[e/UTIONI03HBIX BOJIOKOH.
OO6pas3upl, TuiaBuBIIKeCcs 6e3 oOpa3oBaHUs TJIaMeHU U (OPMHUPOBABIIIME TBEPABIN ITap00Opa3HbIi
OCTaTOK, ObL/IM OTHECEHBI K TPYIIe CUHTETUYECKUX BOJIOKOH. OOpa3Libl, MPpYU CKATAHUKM KOTOPBIX
OJJHOBpEMEHHO Hab/ro/jamch 3armaxX *OKEHOM Oymarud M oOpa3oBaHHe TBEPAOTO IIapo0Opa3HOro
0CTaTKa, pacCMaTpUBA/IMCh KaK CMeCh 11e/UTIO/I03HbIX M CUHTETUYECKUX BOJIOKOH.

Xumuueckasi ueHTU(GUKALUA Le/I/TH/I03HbIX BO/IOKOH

OO6pa3upl, OTHECEHHBIE TI0 pe3ylbTaTaM WCIBITAaHUS MeTOIOM CXKWIaHUSl K TpYIIIe
L|eJUTIOTIO3HBIX BOJIOKOH, TTO/[BEPrajiv JIOTIO/THUTeTbHOMY XUMUYeCKoMy aHamu3y. Ha mepBom stare
obpa3zel] momemjand B TIPoOUpPKY, mgobamsmi 5 ml 10 %-Horo pacTtBopa CepHON KHC/IOThI
Y BBIIEP)KUBA/IM TIPY KOMHATHOU Temriepatype B TeueHre 10 muHyT. [Tocie 3Toro o6paboTaHHbIM
obpaser; omxuMani U obpabareiBanu 10 %-HbIM pacTBOopoM (eppormanuja Kamus. OTCyTCTBUe
M3MeHeHHsI OKpacKH BOJIOKHA YKa3bIBa/I0 Ha OTCYTCTBHE B 0Opasiie JIbHIHOTO BOJIOKHA.

Ha cnepyromjem 3Tarie BOJIOKHA TIOZIBEPraii BO3/€HCTBUIO KOHLIEHTPUPOBAHHOTO PacTBOpa
consiHOM KHUCAOThI. OTCYTCTBME pacTBOpeHMsi oOpas3lla B TeueHHWe KOPOTKOTO BpeMeHHU IIpu
KOMHATHOM TeMIiepaType CBU/eTebCTBOBA/IO O TOM, UTO OH He OTHOCHUTCS K TH/PATLe/UTIOI03HBIM
BOJIOKHaM. [laHHBINA BBIBOJ, ObUI TOATBEPKAEH pe3y/lbTaTaMUd ONTHYECKOr0 MHUKPOCKOITUUECKOTO
aHa/M3a.

OnTHuecKMd MUKPOCKONUYeCKHH aHa/Iu3

s ompenenenyss Mopdororuueckux 0COOEHHOCTe BOJIOKOH ITPOBOAW/IN OITHUeCKHN
MUKDOCKOIIMYeCKUM aHamu3. [ aHamu3a oTOupasu HeOosbloe KOJIMYeCTBO BOJIOKOH U3
MIPOMBITOTO ¥ BbICYIIeHHOTO obpasija M ToMelany Ha TipeAMeTHoe cTekso. O6pasel] cMauuBaiv
Karuiell IUCTUITMPOBAHHOMN BOZBI U HAKPHIBa/IA TIOKPOBHBIM CTEKJIOM.

[Tog MMKDOCKOTIOM OLleHMBa/M BHEILIHIOIO (GOpPMYy BOJIOKOH, MOP(OJIOTHIO TTOBEPXHOCTH,
CTereHb  W3BUTOCTH, JIMHEWHYIO  CTPYKTYpy, Ha/uude MeXaHWUeCKUX  TIOBpeXIeHU
U Mopdonoruueckde TpyU3HaKW. Hamuuuve xapakTepHOW [ijii XJIOTIKOBBIX BOJIOKOH W3BUTOM
neHToo0Opa3Hoi (OpMBI M OTCYTCTBHE IVIAAKOW LIWTMHAPUYECKON CTPYKTYPbI, XapaKTepHOM Jjis
TU/IPATLIe/UTIONIO3HbIX  BOJIOKOH,  TIOATBEPAWIM, UTO  LIe/UIFO/I03HbIe  00pasibl  COCTOST
MPEeUMYIL[eCTBEHHO U3 XJIOTIKOBBIX BOJIOKOH.
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OﬁeCl.[Be‘lI/lBaHl/le BOJ/JIOKHHUCTBIX 0TX0/10B, OKPdII€EHHbIX dKTUBHBIMH KPACUTE/IAMHU

ObGecnpeurBanre oTxoM0B W3 100 % XJ/IOMKOBBIX BOJIOKOH, OKpAIlIeHHBIX AKTHBHBLIMH
KpacuTeJsIMU, TPOBOAWIN B 1[eJIOYHO-BOCCTAHOBUTENBbHOM cpefie. [Ipy 5TOM NpHUMeHSIM MeTOf,
TepMuueckoil 06paboTky B mpucyTcTBuM pactBopa NaOH u BoccTaHOBUTEIS.

Konrientparuss NaOH B pabouem pacTtBope Obljia ycTaHOB/IeHa Ha ypoBHe 3 %. KonuuecTBo
BOCCTAHOBUTE/ISI BbIOWpav B Auana3oHe 3—6 g/l B 3aBucumocTy oT 1iBeta obpasua. Temmeparypy
U TPOZAODKUTENHEHOCTE 00paboTKK orpe/ieNisiyii B 3aBUCMMOCTH OT TIPUPOZbI KpacwuTessl U LiBeTa
obpa3ija.

[Tocse 3aBepieHrs 06pabOTKM 0Opa3iibl CHauasa IIPOMbIBA/I rOpsiueid BOJJOM, 3aTeM TETUION
Y X0/ofHOW Bopoi. IIpombiBaHMe Npojo/DKand [0 TOJHOTO Yy[areHWs LeJ0YHOM Cpefbl U3
obpa3uoB. 3areM 00pa3iibl BBICYLIMBAJM B CYIIWIHLHOM IIKady W OLIEHWBA/JM CTereHb WX
obecliBeUMBaHMS.

Pe3ynbTarhl U 00CYy)K/jeHHEe

B mporecce noAroToBKM BOJIOKHUCTBIX OTXOZ0B, MOJYYeHHBIX HAa TEKCTWIbHBIX W IIBEMHBIX
TIPeAITIPUSATHSAX, K IepepabOTKe B KaueCTBe OCHOBHBIX KPUTEPHEB OLIeHKHM ObUTM BBIOPAHBI WX
BOJIOKHUCTBIA COCTaB, MoOp¢osioruueckasi CTPYKTypa, OTHOLIeHHe K XUMHWYeCKUM peareHTaM
Y CKJIOHHOCTb K 00eCLiBeUMBAHUIO. Pe3ynbTaThl MCC/Ie0BaHUS TIOKAa3ald, YTO HENOCPeACTBEHHOe
HarpaBjieHHWe BOJIOKHUCTBIX OTXOZAOB Ha OTOeNMBaHWe WM TiepepaboTKy SIB/IS€TCS HeZO0CTaTOUYHO
3¢ dekTrBHBIM. DTO 00YCIOB/IEHO T€M, UTO HaTypasibHble, CHHTETHUECKHe W CMellIaHHbIe BOJIOKHA,
BXOZSI[Me B COCTaB OTXO[O0B, TNPOSIB/IAIOT Ppa3/IM4yHyl0 UyBCTBUTEJBHOCTb K XUMHUYECKUM
peareHTtaM. IlosTOMy TmipeABapuTe/nbHas WJeHTU(UKaLMs, TpynnUpoBaHue, Mopgosoruueckas
OLleHKAa BOJIOKHHCTBIX OTXOZIOB M BBHIOOD yC/IOBUE WX oOecliBeurBaHUs Tiepef TepepaboTKoi
SIBJIIFOTCS B&KHBIMUA T€XHOJIOTUYECKUMHU JTarlamMH.

PasjesieHue BOJIOKOH Ha rpymnibl MeTO/{0M CKUTAHUSA

Jlns ompenesieHst TIPUPOJbI BOJOKOH TEPBOHAuYa/JbHO TPUMEHSUIA WCITbITAHWE MEeTO0M
okuranvs. B mporjecce oxuranus oOpasijpl ObUIM pa3/efieHbl Ha TPU OCHOBHBIE TPYIMIBI Ha
OCHOBaHWM XapakKTepa BOCIUIAMEHEHHWs BOJIOKOH, CKODOCTU TOpeHHs, 00pa3syrollerocs 3araxa,
a TakKe 1BeTa 1 (hOPMbI 30JIbHOTO OCTaTKa.

K mepBoli rpymnme ObLIM OTHECEHbI 00paslibl, HHTEHCUBHO TOPEBILME, BbIJE/ISABIIME 3arax
MOKEHOM Oymaru ¥ 00pa30BBIBABIIME CBET/IO-CEPYIO 30/1y. [laHHbIE TMPU3HAKU XapPAKTEPHBI IS
L|eJUTIOTIO3HBIX BOJIOKOH, B YAaCTHOCTH XJIOTIKOBBIX, JIbHSHBIX WA THUAPATLE/UTIONO3HBIX BOJIOKOH.
B o6pa3sijax BTOpOW TpyMIbl TMOA BO3AEHCTBHEM IJIaMeHM HaOMIOAaMMCh TUIaB/IeHWe BOJIOKHA,
obpa3oBaHMe TATyYel Macchl U eé 3aTBepZieBaHKe T0C/Ie OX/IaXKAeHus B (opme TBEPAOTO LIapHKa.
JlaHHOe sIBjieHHe OTpakaeT TEPMOIJIACTUUECKYIO TIPUPOAY CHHTETHUECKUX BOJIOKOH, 0COOEHHO
NMoMM3GUPHBIX WM TIOMAaMHUJHBIX BOJMOKOH. B 00pa3iiax TpeTheil TPyNNbl OJHOBPEMEHHO
C TIOSIBJIEHWEM 3araxa XOKEHOW Oymaru HabOsroaioch oOpa3oBaHHe TBEPZAOIO IIApHKa, YTO
yKa3blBaeT Ha Ha/JMude B MX COCTaBe CMeCH Le/UTIOJIO3HBIX M CHHTETUYECKUX BOJIOKOH.
[TosyueHHbIe pe3y/IbTaThl MPeCTAaBIeHbl Ha PUCYHKe 1.
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HecMoTpst Ha TO, UTO METO/| C)KUTAHUS SIBJISIETCST OBICTPBIM U YI0OHBIM, OH HEIOCTAaTOUEeH 1Jist
OKOHYATe/IbHON HWAeHTU(PUKAIIUM BOJOKOH. IJTO CBSI3aHO C TeM, UTO XJIOTKOBbIe, JbHSIHbIE
YU TUAPaTLe/UII0/IO3HbIE BOJIOKHA MOTYT TPOSIB/IATH CXOAHbIE TPHU3HAKKA B TpPOLieCcce TOpeHwusl.
[To3TOMY pe3y/bTaThl UCITBITAHUS METOJIOM CKUTAHUS HeO0OX0AUMO TOITBEPK/AATh ITOCTeAYIOIIMMU
XUMHUYECKUMHU U MUKPOCKOIMUECKMMU aHa/IM3aMH.

a b d C ‘ d

PucyHok 1. Knaccugukayus 80/10KOH no pe3y1bmamam UucnbimaHusi Memooom cyicu2aHusi. a, b
— n/aesneHue CUHMeMuU4ecKux 80/10KOH U 00pazoeaHue meepoozo wapuka; ¢, d — npusHaku,
XapakmepHble 0151 Ye/1/110/103HbIX U CUHMemu4ecKux KOMNoHeHmog 6 00pas3ye cMewaHHbIX
80/10KOH

Pe3yJIbTaTLI XHMMHUYECKOH HREHTI/Iq)HKaHHI/I e/I/TI0/IO3HBIX BO/IOKOH

OO6pa3iipl, OTHeCEHHBIE T[10 pe3y/lbTaTaM WCIbITAHUS METOIOM CKWTaHWs K TpyIre
L[e/I/IF0/I03HBIX BOJIOKOH, IOTIOJTHUTE/IbHO MCC/Ie[0Baju C UCIOb30BaHUEM XUMUUYECKUX PeareHTOB.
Cnauana o6pasipr obpabGarbiBami 10 %-HbiM pactBopomM H,SO,, mocie uero mnoasepraam
obpabotke 10 %-HbIM pacTBopoM deppoiuaHua Kanusi. OTCYyTCTBHE 3aMeTHOrO HW3MeHeHHs
OKpaCKyd BOJIOKHa mociae 00pabOTKM CBUETENIbCTBOBAIO 00 OTCYTCTBUM JIbHSHBIX BOJIOKOH
B JlaHHOU rpymrie. [TosyueHHble pe3y/nbTaThl Pe/CTaB/lIeHbl HA PUCYHKE 2.

Taxke ObLIO yCTAHOB/IEHO, YTO 0Opa3ibl He PACTBOPS/INCH B KOHIIEHTPUPOBAaHHOM pacTBOpe
HCI B TeueHre KOpPOTKOTO BpEMEHM MPU KOMHATHOW TemriepaType. TO CBU/ETETbLCTBOBA/IO O TOM,
YTO OHU He OTHOCSATCS K TMZpaTLe/I/IF0/I03HbIM BOIOKHaM. 1o pesynbraTam XMMHUYECKOro aHasv3a
B COCTaBe BOJIOKOH TIepBOM TPYyMIbl JIbHSHbIE W THAPATLIE/UIION03HbIe BOJIOKHA He Obuid
obHapyeHbl. CriefoBaTeNbHO, ObUIO YCTAaHOB/EHO, UYTO BOJIOKHA [JAHHOW TPYMIbl COCTOST
MPEeUMYIeCTBEHHO U3 XJIONKOBBIX BOJIOKOH.

[aHHbIN pe3ynbTaT MMeeT BaKHOe MpaKTUYecKoe 3HAaueHWe M ITI0Ka3bIBaeT, UTO OTXO[bI,
cocrositie u3 100 % X/IOMKOBBIX BOJIOKOH, MOTYT HCII0/Ib30BaThCs Ha TMOC/IEAYIOLIMX CTaJUsIX
B KaueCTBe TEepPCIeKTUBHOTO BTOPUYHOTO ChIpbsi /71 obecijBeunBaHUs, OTOeMMBaHUs, TIOTyUYeHHs
MPOM3BOZHBIX LIe/UTI0/I03b], @ TAKXKe /I Pa3/IMUHBIX MIPOLECCOB XMMUUeCKOM MOJU(pUKALUK.
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a b c

PucyHok 2. Dmanbl npoyecca Xxumuyeckoll udeHmugukayuu mekCmu/bHbIX 60/10KOH: d —
ucxooHbiti obpasey; b — obpasey nocse o6paéomku 10 %-nbm pacmeopom H,SO ; ¢ —

obpa3sey nocae oobpabomku 10 %-HbimM pacmeopom ¢peppoyuaHuda Kaaus

Pe3y1bTaThl MUKPOCKONMUYECKOr0 aHA/IH3a

Jlnist IOATBEPKA€HUST Pe3y/IbTaTOB XUMUYeCKOW UeHTU(PUKALUKA ObLT TPOBEJEH ONTHYeCKHNA
MHUKDOCKOMYeCKUN aHamm3. [lof, MHUKDPOCKOTIOM y BOJIOKOH II€PBOM TpyIIbl HaOJIHOga/IUCh
XapakTepHasi [i/Isi XJIOTKOBLIX BOJIOKOH W3BHTasi JieHTooOpa3Hasi popMa, HEepOBHas MOBEPXHOCTh
1 Mopdornoruyeckue rnMpu3Haku, CBOMCTBEHHbIE HATYPa/lbHbIM LIeJ/ITFO/I03HBIM BOJIOKHaM. [7iazkas,
OJHOpOJHAs U LWIWHJpUUecKas CTPYKTypa, XapakTepHasi [/isl TM/paTLe/I/IF/I03HbIX BOJIOKOH, He
Obl1a oOHapy»xeHa. [TonyueHHbIe pe3y/bTaThl TPeCTaB/IeHbl Ha PUCYHKE 3.

Pe3ynbraTel MMKPOCKONMUECKOTO aHa/lv3a COIVIaCOBLIBAIMCH C BBIBOJAMM XWMHUYECKUX
UCTBITAaHUA W TIOATBEPAWIA OTCYTCTBHE THPATLe/UTIONIO3HBIX BOJIOKOH B 0oOpasijax IepBoi
rpymrbl. OTO TIOKa3blBaeT, UTO KOMILJIEKCHOe TIpMMeHeHHe MeTOZOB CXKUTaHWsl, XUMHUeCKOW
WIeHTUDUKALIMA Y ONTUUeCKOW MHMKDOCKOIUM sBJsieTcsl 3((GeKTUBHBIM TMOAX0J0M JJIsi TOUHOM
OLIeHKM COCTaBa BOJIOKHUCTBIX OTXOZ0B.

PucyHok 3. Buo 0/10KOH no0 onmu4ecKuM MUKpOCKONOM
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Kpome TOro, MHMKpPOCKOITMUECKHH aHa/JM3 II03BOJISIET OLIeHHUTh CTelleHb MeXaHWueCKOro
MIOBPEXK/IeHHsI BOJIOKOH. Hasmrure U3ruboB, HEPOBHOCTEH MOBEPXHOCTH U TIPU3HAKOB ZiehopMariiiu
CBUZIETE/IHCTBYET O TOM, UTO BOJIOKHA IOABEPrajMCh MEXaHUUECKOMY BO3ZI€HCTBHIO B Tpoliecce
MPOM3BO/ICTBA MO0 packpos U IBeliHOW 00paboTku. Takve BOJIOKHA 11e/1ecO000pa3HO HarpaB/isATh
He Ha TIO/lyueHWe BbICOKOKAUeCTBEHHOW TIPSDKM, a Ha TMPOM3BOJCTBO Oymard, HeTKaHbIX
MarepuasoB, COPOEHTOB W/ TIPOU3BOHBIX LIEJITHOIO3bI.

PE3yJILTaTbI omnpeae/jieHUsA CoCTaBa TKaHeHl W3 CMelllaHHbIX BOJIOKOH

[Tpu ompefiesieHNH COCTaBa BOJIOKHMCTBIX OTXOZI0B TPeThbell IPyIbl TKaHb MpeABapUTENIbHO
pa3zesisiii Ha HATU OCHOBBI U yTKa. Ka)k/bIi THUIT HUTEeN aHaIM3MpoBaau OT[enbHO. Takol MoAxos
SIBJISIETCSI HAyYHO OOOCHOBAHHBIM, TIOCKOJIBKY B TKAHSIX B HampaBeHUSIX OCHOBBI U yTKa MOTYT
WCII0/Tb30BaThCsl HUTH Pa3/IMYHOrO COCTAaBa.

[Tpu obpaboTke obOpasila CMeIIaHHOTO BOJIOKHHUCTOTO Marepuana 70 %-HbIM pacTBOpOM
H,SO, npu temmneparype 40 °C XJIONKOBbIK KOMIIOHEHT PacTBOPSJICH, TOTAA Kak MOIUI(pUPHBIE
BOJIOKHA COXpaHS/IMCb B BUJE HepacTBOpUMOro ocrtarka. Cojep)kaHue MoJrM3(UPHOr0 BOJOKHA
B CMeCH PaCCUMTHIBA/IM MyTEM OIpe/ie/ieHHs MacChl BHICYLLIEHHOTO OCTAaTKa.

CoaepykaHue nonm3UpPHOro 1 X/I0NKOBOTO BOJIOKOH B HUTAX TKaHU
100 -

Bl NonuadupHoe BonokHo
90
I XnonkoBoe BONOKHO

80
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60 -

50

40

30 1

CopaepxaHue BOSIOKHa, %

20

10 A

0 -
YTouyHasa HUTb HWTb OCHOBBI

Tun obpasua

PucyHok 4. CodepoicaHue X/10nK08bIX U NOAUI(PUPHBIX 80/I0KOH 8 COCMase MKaHU U3
CMEeWaHHbIX 60/10KOH

Kak BUJHO 13 pUCYHOK 4, cOfiep>KaHue MOoMU3(UPHOrO BOJIOKHA B YTOYHBIX HUTSX COCTaBUJIO
17 %, Torga Kak B HUTAX OCHOBbI — 50 %. OTOT pe3ynbTaT CBUZETe/NbCTBYeT O TOM, YTO
BOJIOKHUCTBI COCTaB TKAHUM B HalpaB/eHUsIX OCHOBbI U yTKa HeOJUHAaKoB. bojee BbICOKOe
coziepkaHue 1oau3dupa B HUTAX OCHOBBI MOXKET OBITh CBSI3aHO C HEOOXOAMMOCTBHIO 00ecrieueHust
MeXaHWYeCKOW TPOYHOCTM U pa3MepHON CTabWIbHOCTH TKaHW. [loBbIIeHHas [0/ XJ/IO0MKa
B YTOYHBIX HHUTAX, B CBOIO O4Yepelb, MOKeT ObITb 00yc/ioB/ieHa TpHJaHUeM TKaHU
TUTPOCKOITUYHOCTH, MSTKOCTH U TUTMEeHUUEeCKHX CBOMCTB.
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JlaHHBIN pe3ynbTaT uMeeT OOJbIIOe 3HAUeHHe TMPH repepabOTKe OTXOJ0B M3 CMeIIaHHbBIX
BOJIOKOH, TOCKOJIbKY OLleHKa BCeli TKaHM KakK Marepuasna C eJUHbIM COCTaBOM He B IOJIHOW Mepe
oTpaxaer eé dakTthuueckyro CTpPyKTypy. OcCO0EHHO Ba)KHO TIpe/JBAPUTELHO OTpeZessTh
COOTHOIIIEHWEe XJIOTIKOBOTO W TIOMIMI(UPHOTO KOMIIOHEHTOB TIPH XHWMHUECKOW TepepaboTKe,
MOCKOJIbKY UX B3aUMO/IeHCTBHE C XUMHUUeCKUMH peareHTaMH CyleCTBeHHO pa3inyaeTcsl.

Pe3y/bTaThl nponecca odecuBeynBaHUs

Otxogp! 13 100 % XJIOMKOBBIX BOJIOKOH, OKpallleHHbIe aKTUBHBIMUM KPaCUTESIMU, MO Bepraiu
obeCI[BeUMBaHUIO B IIIeJIOUHO-BOCCTAaHOBUTEIbHOU cpefie. B mpoiiecce o6pabotku pactBop NaOH
criocobcTBOBan 0C/iabyieHnI0 CBsizell MeXKy KpacuTesleM W BOJIOKHOM, a BOCCTAHOBUTEb —
pa3pylleHri0 XpoMOQOPHBIX TPyMn Kpacutens. B pe3synbTare MHTEHCMBHOCTh OKPaCKU BOJIOKOH
CHWKasack. [lomyyeHHble pe3y/bTaThl MPe/CTaBIeHbl B PUC.5.

TexHoIOrHYeCKHE napaMeTpbl ofecBeYHBAHHSA 0TX040B XJIONKOBLIX BOJIOKON
B 3AaBHCHMOCTH OT THNA OKPACKH
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PucyHok 5. OnmumasibHble MexXHO/102UYecKUe napamempbl 00ecyeevu8aHusi 0Mxo008
X/I0NKOBBIX 80/10KOH, OKPAWIEHHbBIX AKMUGHBbIMU Kpacume/asmu

CoryiacHO pe3ysibTaTaM, TpeZCTaB/IeHHbIM B PUCYHOK 5, YC/IOBHsI 00eCL{BeurBaHUs OTXO/IOB
XJIOMKOBBIX BOJIOKOH, OKpAllleHHBbIX aKTUBHBIMU KpaCHUTE/ISIMM, pa3/MyatoTcsi B 3aBUCHMOCTH OT
1BeTa obpastia. HecmoTpst Ha To, uTo /7151 Bcex 06pa3ijoB koHueHTpausi NaOH Obisia yctaHOBIeHa
Ha ypoBHe 3 %, KOMMUYECTBO BOCCTAHOBUTEJIS, TeMIlepaTypa U TMPOAOKUTENHLHOCTE 00paboTKH
VM3MEHSJIMCh B 3aBUCUMOCTM OT XUMHWUECKOM TMpPUPOJbl KpacuTeslss W yCTOMUMBOCTH €ro
xpoModopHbIX Tpyt. [y obecriBeurBaHuMs TOMyObIX U cepbix 00pa3sioB TpeboBasach 0b6paboTka
TpU BBICOKOW Temmeparype, a uMeHHO 95-100 °C, B mpucytctBud 6 % BOCCTaHOBUTENSA. JTO
CBU/IeTEJILCTBYET O Oosee BBICOKOW yCTOMUYMBOCTH KpacuTesiel, UCI0/b30BaHHBIX /ISl TIOy4YeHust
JlaHHBIX LIBETOB, K BO3ZEWCTBUIO L[€JIOYHO-BOCCTAHOBUTE/NIBLHOM CpeZibl. P0O30Bble U KENThIE
obpa3upl 3¢ddekTrBHO 0beciBeurBanmuMch TipyU Temreparype 75 °C, Npu MeHbleM KO/JudecTBe
BOCCTAHOBUTe/sT U 3a Oosiee KOPOTKOe BpeMs. JTO OOBSICHSIETCSI OTHOCUTeNbHO Oosiee JETKUM
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pa3pylieHrneM WX XPOMOQOPHOW cUCTeMbl. 3e/iéHble U (UO/MeTOBble 00pasibl 3aHUMAJIH
IIPOMEXXYTOUHOe TIOJIoKeHHe, U [yl ux obecijBeurBaHUsI Tpeb6oBaioch Oosiee MPOAO/DKUTEIBHOE
BpeMsi U Ooree BBICOKasi Temriepatypa. B 1iesioM rosydeHHbIe pe3y/bTaThl MOKA3bIBAIOT, UTO
obecLiBeunMBaHKe XJIOMTKOBBIX BOJIOKHUCTBIX OTXOZIOB PA3/MUHON OKPacKH B OJMHAKOBBIX YCJIOBHUSIX
SIBJISIETCST Hetlesiecoo0pa3HbIM U /IS KaXK/[0M [IBETOBOM TPYMITbI HEOOXOAMMO TOAOUpaTh OT/ie/TbHbIHI
TeXHOJIOTUYECKUN peXUM. TakoM NOAXOZ TMO3BO/SeT CHU3UTH pacxof, peareHTOB M 3Hepruw,
OrPaHUYUThH U30BITOUHYIO AeCTPYKLMIO Le/UTIOTIO3HBIX BOJIOKOH U TIO/TyUHTh BBICOKOKAueCTBEHHOE
BTOPHUYHOE CBIPLE.

3ak/IIoueHue

1. TlpoBenéHHble WCCAeOBaHUSI TIOKa3aJud HEOOXOJUMOCTb KOMIUIEKCHOW — OIleHKH
BOJIOKHHMCTOTO COCTaBa W MOP(QOJOTrMUYeCKMX  XapaKTepUCTUK  BOJOKHUCTBIX  OTXO/OB,
00pa3yroIuxcsl Ha TeKCTUIBHBIX U IIBeHHBIX MPeJNPUSATHSIX, 10 UX HalpaB/IeHus Ha riepepaboTKy.

2. Pe3ynbTaThl UCMIBITAHWSI METOJOM C’KUTAHUS, XUMUUeCKON WeHTU(PUKALIUU U OTITUYECKOTO
MHKDOCKOIMYECKOrO aHajau3a I[03BO/IWIM AU(QepeHLMpOBaTh Le/It003Hble, CUHTETUUYEeCKUe
M CMelllaHHble BOJIOKHUCTbIe OTXOJbl. B 4aCTHOCTH, OTCYTCTBUE JIbHSHBIX Y FUZPAaTLe/UTFO/I03HbIX
BOJIOKOH B 00pa3liax, OTHEeCEHHBIX K TPYIIe L[eJITFO/I03HBIX BOJIOKOH, TOATBEPAW/IO, UTO OHHU
COCTOAT MPEUMYLL[eCTBEHHO U3 XJIONKOBBIX BOJIOKOH. JTO I103BOJIsIeT pacCMaTpUBaTh TaKUe OTXO/bI
Kak T[IepCIIeKTUBHOe BTOPUUHOE ChIphé mJisi obeclBeuMBaHHWs, OTOeNMBAHUS W TIOMYYeHHs
TPOU3BO/IHBIX LIeJIJTFOI03BI.

3. Pe3synbraThl aHanu3a TKaHeM W3 CMeIIaHHBIX BOJIOKOH TI0KasaaW, 4YTO WX COCTaB
HEOJMHAKOB TI0 HampaB/eHUsIM TKAHW: B YTOUYHBIX HHUTSAX COJepKaHue IMoU3(HPHOro BOJIOKHA
coctaBuio 17 %, xnonkoBoro BosiokHa — 83 %, Torja Kak B HUTAX OCHOBBI COZEp)KaHUe
Mo M3(UPHBIX M XJIOMKOBBIX BOJIOKOH COCTaBMIIO 110 50 %. YcTaHOB/IEeHO, UTOo 1py 06eci[BeunBaHUU
OTXOZIOB  XJIONKOBBIX  BOJIOKOH,  OKpAllleHHbIX  aKTUBHBIMM  KpPaCUTeJSIMU,  LLIeJIOUHO-
BOCCTaHOBUTeJIbHAs cpefja B pucyTcTBuM 3 % NaOH siBnsieTcs apeKTUBHOM, 0HAKO KOJIMYECTBO
BOCCTAHOBUTE/IS, Temreparypa U TIPOJO/DKUTENILHOCTb 00pabOTKHA [O/DKHBI  1O0UpaThCs
B 3aBHCHMMOCTH OT LiBeTa oOpasiia.

4. Takum o006pa3oM, COPTUPOBKA BOJIOKHHUCTBIX OTXOJOB II0 COCTaBy, THITy OKPAaCKH
U XUMHUYECKON YyCTOMUWBOCTU SIB/ISIETCSI Ba)KHBIM YC/JIOBUEM TIOBbILIeHUS 3(GheKTUBHOCTH UX
repepabOTKH, CHIDKEHHUsS] PAacxo/ila peareHTOB M TIOMyYeHHs BbICOKOKAUeCTBEHHOW BTOPUUHOMU
TPOAYKLIAH.

Hactosiimias  pabora BbimonHeHa B 2026 rogy B Jaboparopuu «XUMUsS W TeXHOJIOTHS
LIeJ/IUTFO/I03bl M €€ TIPOM3BOJHBLIX» MHCTUTYyTa XuMuu U (pusuku nomumepoB AH PY3 B pamkax
npuKagHoro Tmipoekra AL-11725099248 «Pa3paboTka OypoBBIX pacTBOPOB /sl He(TSIHBIX
CKBa&)KMH Ha OCHOBE OTXO/J0B TeKCTU/IbHBIX MPEANPUITUI».
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AHHOTaLUA

B crarbe paccmMoTpeHbI COBpeMeHHble HayYHO-TEXHOJIOTUUeCKHe MOAXObl K TOJMyYeHUI0 U
JalbHEeHNIIeMy HCIO/Ib30BaHUI0  3TWJIeHa, 00pasyrolerocss B Tpoliecce  OKWCIUTETbHOU
koHeHcaluu MeTaHa (OKM). Llenk paboThl 3aK/TFOYaeTCss B CUCTEMHOM aHa/lM3€e JIBYX OCHOBHBIX
HarpaB/ieHHu T1epepabOTKM KOHTAaKTHOTO Ta3a: Bbljle/ieHHs KOHI[eHTPUPOBAHHOTO JTU/eHa B
KaueCcTBe CaMOCTOSITe/IbHOTO TOBapHOIO TMPOAYKTa W HENOCPe[CTBEHHOIO MCIO0Jb30BaHUS
3TU/IEHCO/iep)Kalllero rasa B MOCAeAyHIIMX HedTeXHMMHUYeCKUX CHUHTe3aX. lIpoaHann3vpoBaHbl
COCTaB KOHTaKTHOrO rasa, OCOGEHHOCTH 00pa3oBaHMs IleJeBbIX yrieBogoponos C,, a Takxke
NO0GOYHBIX TMPOAYKTOB Iybokoro okuciaenus — CO u CO,. PaccMOTpeHbI OCHOBHBIE CTaJuu

MO/rOTOBKM Ta30BOr0 TOTOKA, BK/IOUAIOIIMe OXJIaKJeHWe W KOHJeHCAlMi0 BOJSHOIO I1apa,
yZiaJieHre JUOKCH/a YI/Ieposa, Ty0OKYI0 OCYIIIKY, OTAe/ieHHe MeTaHa U ()paKI[MOHUPOBAHUE CMEeCH
3TaHa W 3TuneHa. Ocoboe BHUMaHHe yZe/leHO HAyuyHbIM OCHOBaM TPyOOM M TOHKOM OUWCTKH
KOHTAaKTHOro rasa oT coeauHenuii CO,. O6GocHOBaHa MOC/IEJ0BATE/LHOCTh TEXHOTOTHYECKUX
orepaiuii, npeaycMarpuBaioijasi kKoHBepcuio CO BOJSHBIM IMapoOM, XUMHUeCKYI0 abcopOiuro
obpasosapiierocs CO, pacTBopamMu KapOoHaTa Kaius WIM aMMHOB W TOC/efyroljee

MeTaHupoBaHue ocrtaroyHoro CO. Iloka3aHo, 4TO 3((PeKTUBHOCTb OUYUCTKUA OIpeAesiseTcs

Bubimorpadpuueckoe omucanme: TypcyHoBa H.C. TexHosmorndyeckue HampaBieHWsi I1epepabOTKM  3THIEHCO/eprKallero
KOHTaKTHOro rasa // Universum: xumuist © OHO/IOTHS @ 371eKTPOH. HayuH. ypH. 2026. 10(148). URL: https://7universum.com/ru/
nature/archive/item/23299
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COCTaBOM rasa, TeMIepaTypoy, JjaBleHreM, KOHLIeHTpaljel KUCI0poza, CBOMCTBAMM KaTann3aropa
U SHepro3arpaTaMu Ha pereHepaiio abcopbeHTa. YCTaHOB/IEHO, UTO BHIOOD TEXHOJIOTHUECKOM
CXeMbl JIOJDKEH OCYIIIeCTBISATbCA C YUéTOoM cejleKTMBHOCTH mpoiiecca OKM, TtpeboBaHui
TOC/IeAYIOIIero CHHTe3a U 00I1[ero YHepreTHUeCKOro OasiaHca MPOU3BOACTBA.

Abstract

The article examines modern scientific and technological approaches to the production and
further use of ethylene formed in the process of oxidative condensation of methane (OCM). The
aim of the work is to carry out a systematic analysis of two main directions of contact gas
processing: the extraction of concentrated ethylene as an independent commercial product and the
direct use of ethylene-containing gas in subsequent petrochemical syntheses. The composition of
the contact gas, the features of the formation of target hydrocarbons C,, as well as by-products of
deep oxidation — CO and CO, were analyzed. The main stages of gas flow preparation are
considered, including cooling and condensation of water vapor, removal of carbon dioxide, deep
drying, separation of methane and fractionation of a mixture of ethane and ethylene. Particular
attention is given to the scientific principles of coarse and fine purification of contact gas from CO,_
compounds. A sequence of process operations is substantiated, which includes CO, conversion with
water vapor, chemical absorption of the resulting CO, with potassium carbonate or amine solutions,
and subsequent methanation of the residual CO. It has been shown that the cleaning efficiency is
determined by the gas composition, temperature, pressure, oxygen concentration, catalyst properties
and energy consumption for absorbent regeneration. It has been established that the choice of the
process flow chart should be carried out taking into account the selectivity of the OCM process, the
requirements of subsequent synthesis and the overall energy balance of production.

KiroueBnble c/10Ba: MeTaH, 3TaH, STH/IEH, IUOKCHJ, YIepo/ia, KOHTAaKTHbBIN Ta3.
Keywords: methane, ethane, ethylene, carbon dioxide, contact gas.

Beepenue

PanmonanbHOe WUCIIO/Ib30BaHWE 3aracoB TIPUPOJHOIO rasa, npsMas KOHBepCHs MeTaHa
B MPOAYKTHI C BBICOKOU /0OABI€HHONW CTOMMOCTBIO M (hOPMHUPOBAHUE a/IbTEPHATUBHOW ChIPHEBOM
0a3bl He(TEXMMUUECKOH TPOMBIIIJIEHHOCTH OTHOCATCS K Ba)KHEWIIMM Hay4YHO-TIPAKTUUYECKUM
HarpapB/ieHUsIM COBpeMEeHHOW XUMHUUecKou TexHonoruu [1,2]. B TpafgULIMOHHBIX TEXHOIOTHSIX
MeTaH CHauasia Ipeobpa3yloT B CMHTe3-Ta3, a 3aTeM B X0/le MHOTOCTa/JUMHBIX TIPOIECCOB TOTyYatoT
oneVHbI WM JKUAKWE YI7eBoAopoAbl. HecMmoTpsi Ha BBICOKUN YpOBEHb TPOMBIILIEHHOTO
OCBOEHHSI, TaKOW TIOAXOJ XapaKTepu3yeTCs 3HAuuTeJbHbIMU SHEpro3arparamu, BbICOKUMU
pabouriMy TemIiepaTypamu, CJIOKHOCTBIO arrapaTypHOro OMGOpMJIEHHS U JOTOTHUTEIbHBIMU
BbIOpOCamMu IMoKcua yriepoza [3,4,5].

[IpupopHbll Ta3 sBASETCS OJAHUM W3 Ba)KHEWIIUX ChIPbEBbIX MaTepuajoB B COBPEMEHHOU
XUMHUUECKOM,  TOTJIMBHO-2HEpreTUYeCKoW  mpombiluieHHoct  [6,7,8,9]. Ero  oCHOBHBIM
KOMITOHEHTOM SIBJISIETCSI MeTaH, KOTOpbIH Osiarofjapsi BLICOKOMY COJIePKaHUI0 BOJOPO/IA, TPOCTOM
MOJIEKY/ISIDHOW CTPYKTYpe, BBICOKOM TeMIiepaType CrOpaHUsi U LIIMPOKOMY PaclpOCTPaHEHUI0 UMeeT
ocoboe 3HAUeHHWE HEe TOJbKO KAaK HCTOUHWK SHEPrMM, HO W KaK HCXOAHBIM Marepuan s
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MHOTOCTa/IMHBIX OPraHUUeCKUX U HeTexumuueckux cuHTe3oB [10,11]. [Tpobnema sddekTrBHOTO
HCTIO/Tb30BaHUs TIPUPOIHOTO Ta3a 0COOEHHO aKTyaslbHa B HAIlpaB/eHUH MPSIMOM KOHBEPCHUU MeTaHa
B IleHHbIe YITIeBOZOPOAbI, BK/IOUasi 3TaH, 3TWIeH U Apyrue mnpoAykTel C2+. OKUC/IUTe/NbHas
KoHJeHcalust MetaHa (OKM, B MexayHapoaHoi nureparype OKM) siBisieTcsi OfHUM U3 Hauboree
M3yUeHHbIX HayYHO-TeXHUUeCKUX HalpaB/eHUi B 3TOM OTHOIIIEHHUHU.

Marepuasbl 1 MeTOABI

OkuciuTeNibHasi KOHjZleHCAllMsi MeTaHa — TIepPCTeKTHBHbIM HedTeXUMUUYeCKU MeTo/,
HaripaB/ieHHbIM Ha TMpPsSIMyI0 KOHBEpPCHIO MeTaHa, OCHOBHOIO KOMIIOHEHTa NPUPOJHOIO Tasa,

B ymieBogopoabl C,, mpexzae BCero STWAeH U 3TaH. OTOT MpOLieCC paccMaTpuBaeTCsl Kak

2
anbTepHaTHUBa TPaJWLIMOHHOMY T1apOBOMY KPEKHUHIY, II0CKO/IbKY I103BOJISIET aKTMBHUPOBAThH
MOJIeKy/ly MeTaHa 0e3 CTaguM CHHTe3-rasa M TIOy4yaThb BBICOKOLIEHHbIe ojeduHbl. OpHaKo
MPOMBILIIEHHass TpuMeHUMOCTb rporecca OKM ompezensercss He TO/NBKO aKTUBHOCTBIO
Karajv3aropa, HO M TeIUIOBBIM pPEeXUMOM peakTopa, pasje/ieHueM TPOAYKTOBBIX TIa30B,
WHTerpaliell KOHTAKTHOTO Tra3a B TIOC/efyloljde XWMUYecKhe TIpoLecchl W 00IuM
SHepreTUUeCKUM OaslaHCOM.

KoHTaKTHBIM ra3 JaHHOro cocTaBa oOpa3yeTcst HerocpeZcTBeHHO B peakTopax OKM, a Takke
BCTpPeYaeTCsl B TEXHOJIOTUUeCKUX TTOTOKAX YCTAaHOBOK KaTaJUTUYeCKOro ¥ TepMHUYEeCKOro MUPOoJIr3a
JIETKUX YIJIeBOJOPO/OB, MapLaJbHOI0 OKUC/IEHUs TIPUPOAHOrO rasa U MPOMBIC/IOBBIX YCTaHOBOK
KOMILJIEKCHOW TTOJTOTOBKH rasa.

CoBpeMeHHbIN Hay4YHO-TeXHWYeCKW aHa/lu3 TIOKa3biBaeT, UTO HCC/elOBaHUs B 00sacTu
OKM pasBuBarOTCl OJHOBPEMEHHO B TpeX HarpaB/leHUsX: CO3/jJaHue BbICOKOCEJIEeKTUBHBIX
KaTasn3aTopoB, MHTEHCU(UKALUSI PeaKTOpPOB M S5KOHOMHUYHOE HCII0/Ib30BaHUe MPOJyKTOBOIO rasa.
[TosToMy B JaHHOM CTaTbe CHCTeMaTUUeCKU aHaJU3WPYIOTCS [Bé OCHOBHBIE TEXHOJOTMYecKue
KOHLIETIL[MY [TPOM3BO/CTBA 3TU/IEHA — SKCTPAKLUsI KOHL|EHTPUPOBAHHOI'O 3TH/IeHA U UCII0/Ib30BaHUe
3TW/IeHa B KOHTAaKTHOM rase sl [IOC/Ie [y OLMX CUHTe30B.

Yaanenue CO,/ H,0 W

KOMIIpeccHsi
KPHOTeHHoe pasjieJieHue Hanpasaenne 1:
KOHIIEHTPHPOBAHHBII
3THJICH

IIpupoansbiii ra3 Peaktop OKM KonrtakTHblii ras
CH,+0, C,H, + C,H, + CO, C,H,/C,H,/CH,/CO/H,

Hanpasienue 2:
NpsAIMOE HCMOJIb30BaHHE
KOHTAKTHOTO ra3a

KOHTPOJIb 0e30macHoCTH

Otjes1enne BojbI U COZw
NOCHeAYIOIMMI CHHTE3 J

PucyHok 1. /lea mexHo0/102u4eCcKUX Hanpas/aeHus no/iy4eHus U ucno/ib308aHust 3mu/ieHa u3
npodykmoeozo 2aza OKM

B mepBoM TeXHOOTMYECKOM HarpaB/ieHUW STWJIeH OT[enseTcs OT Tra30BOM CMecu U3
peaktopa OKM B KauecTBe OT/e/IbHOTO TOBapHOIo MpoAyKTa. OT/e/IeHHbIM 3TU/IEeH HCIO0/b3yeTCs
B KaueCTBe YHHUBEPCAIbHOTO ChIPbs ZIJIsl POM3BO/ICTBA TIO/IMATHIIEHA, STUIEHOKCHU/Ia, ITUIOeH30/1a,
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BUHWIALIETAaTa, 3TaHOJIAMUHOB W [JPYIMX BBICOKOL[EHHBIX MPOAYKTOB OPraHUUeCKOro CHUHTe3a.
TakuMm o00pa3oM, Harpap/ieHHe TIOy4YeHHs KOHIIEHTPUPOBAHHOTO STH/IEHA SIBISEeTCs Haubosee
OUEBU/IHBIM BapUaHTOM C TOUKM 3pEeHMsl KaueCTBa TMPOAYKLMU W PBIHOUHOM CTOMMOCTHU
Y COBMECTUMO C TPAJULIMOHHON HedTexruMuueCcKol NH(PaCTPyKTYPO.

OfHaKo OCHOBHAas TEXHOJIOTUYeCKass CJIOKHOCTb 3TOTO HampaBleHUs OOBSICHSETCS
MHOTOKOMITOHEHTHBIM COCTaBOM KOHTakTHOro rasa. Ilomumo C,H, u C,H, npoaykr OKM moxeTt
coZeprKarb CJiefibl CH4, CO, COZ, H2, HzO, O2 YW VHepTHbIX rasoB. [lostomy a1 oTzaesneHus
9TUJIEHa [I0 YPOBHS YHMCTOTHI TTOJTMMEPH3aIii HeoOX0IMMbI TaKUe CTa/Iui, KakK KOH/eHCallUsl BOJbI,
ounctka CO, WM afCOpOLMOHHOE pasfiefieHne, CyllKa Tasa, MNPecCOBaHME, KPUOTeHHas
AeMeTaHu3aLus, AedTaHu3auus u pasgenenve C,H, /C, H.

OpuuM 13 Harbosee CJIOKHBIX TATOB C TIPOMBIIIJIEHHON TOUKH 3PeHUS SIB/ISETCS pa3zesieHne
3TaHa U 3TwieHa. [10CKOMbKy TemIiepaTypbl KWTIEeHHs] STUX KOMIIOHEHTOB O/IM3KH JPYT K JIPYTY,
TpeOylOTCS BBICOKOe JlaBjieHWe, HHU3Kas TeMmrleparypa W MHOTOKpDAaTHOe  BBINIPSIMIIEHHE
TeopeTHYeCKMX Tape/joK. B pe3ynbraTe, Ha YCTaHOBKY pa3fje/leHUsi MOXKeT TNPUXOAUTHCS

3HaYMTe/IbHAst YaCTh OOLMX KalWTa/lbHBIX 3aTpaT U MOTpeb/ieHus 3/1eKTPOIHEepPTyy T0C/Ie peakTopa
OKM.

1. OXJIA’KIEHUE 2. VIAJIEHHE CO, 3. CYIIKA 4. OTAEJIJEHUE METAHA 5. ®PAKIIHOHHPOBAHHE
1 KOHJAEHCALIUSA

OtBo BO/IBI CO, (orxoasuii ras) CHy, H,, CO

(Hy0) (BepxHHe rasbi) |
OPAKLHOHHPOBAHIEC,

i Omiwien
CH
KonrakThsiii ra3 Tl e
(w3 peaktopa OKM) Sp—y =
—>—
N, — H LU
T (=]
A oo Imigl
+—1
Ay [—bm
+—4
g ORIERERE | ‘mim
Kommnpeccop Oxnakienne Il
(KpHOreHHOE)
N

\E; Oran

(CyHg)

Abcopoep Perenepatop

OPAKIIHOHHPOBAHHE C,

Pereneparims

PucyHok 2. OcHoéHble mexHos/102uYecKue 3manbl NPou3800CMed KOHYeHMpUpo8aHHO20 3musieHd

[TepBoHauaLHO Ta30BbIM MOTOK OXJI&XKAAeTcsd UM KoHZAeHcupyeTcsi. Ha sTom sTane BozsiHOM
nap M M30bITOUHOE Terso, Cofiep)Kalljecs B rase, YJa/slOTCS C TOMOILbIO TerylooOMeHHHMKa
u ceriaparopa. OcHOBHbIe TIpoOJieMBI 3[leCh 3aK/IH0UaloTCsl B 00pa30BaHMU KOPPO3UOHHOM Cpefibl
¥ 3(QGheKTUBHOM HCrob30Banuu Teria. Ha crenyromjem stare CO, otjenseTcss OT rasa. 9To
JleJlaeTcs C TIOMOIIbI0 AMUHHOM OUMCTKU, OUYMCTKH KapOOHATHBIM PaCTBOPOM WA a[iCOPOLIMOHHBIX
MeToioB. B 3TOM nmipoijecce BaKHO BbIOpaTh IpaBW/IbHOE pellleHWe U  COKPaTUThb
SHeproroTpebsieHye 1py ero pekynepanyd. Ha TpeTbeM 3Tare ra3 TijaTesbHO OCyIaeTcs. Biara
B ra3e MOXeT TpUBeCTH K 00pa30BaHWIO J/ibJja B KDPHOTE€HHBIX YCTPOMCTBAX U 3aCOPEHMIO
TpyborpoBozioB. TakuMm o00pa3oM, BOASHOW TMap TMOMHOCTBIO V[Eep)KUBaeTcs C IIOMOILBIO
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MOJIeKY/ISIpHBIX CUT U aficopbeHTOB. OTO TpebyeT MepuoAMUecKOd pereHeparnvu afcopOeHTa.
YeTBepThIi 3Tall — 3TO MPOLIeCC pasfiesieHUss MeTaHa, B XOZle KOTOPOTr0 MeTaH, BOZOPOJ, U OKCH[,
yriaepoza otzenstorcst ot ¢pakiuu C,. [71aBHbIA HEJOCTAaTOK 9TOTO TPOLIeCCa 3aK/H0UaeTCst B TOM,
YTO OH TpeOyeT OueHb HU3KUX TEMITePaTyp U OOMBIINX 3aTpaT HePIUU Ha KOMITPECCOPBI.

Ha 3ak/iroumTe/IbHOM STare 3TujleH W TaH u3 ¢pakiuu C, pasfieisaoTcs Apyr OT jpyra.
[naBHasi TexHomormueckas TipobsieMa Ha 9TOM  JTarle  BBICOKOE  3HepromnotpebsieHue
Y He0OXOJUMOCTD PELIUPKYJISALIUH OTAeIeHHOTO TaHa.

MeToz monyueHust KOHLEHTPUPOBAHHOTO 3TH/IeHA MOXKeT ObITh Hanbosiee 3¢ (heKTUBHBIM TIPU
VHTerpaLyu C BbICOKOIPOW3BOAWTE/BHBIMU KOMILJIEKCAMH T10 MPOM3BO/CTBY I0O/MMepoB. B sToM
C/lyyae KadyeCTBO TIPOAYKTAa OyzeT BBICOKMM, HO SKOHOMHUECKas BBIrOfa OT mporjecca Oyger

3aBuceTb 0T Bbixoja C, kartamusatopa OKM, kosdduimeHTa u3BAeYeHUsT MeTaHa,

2
9HeprornoTpeb/eHns KPUOTeHHOM CeTapaljioOHHON YCTAaHOBKM W PeIIeHHH T10 COKpAIlleHU 0

BbIOpOCOB CO,.

Pe3ynbTaThl U 00CY)K/[€HUS

Hapsaay ¢ uenesbivu npogykramu C,, 00pasyioTcst Takxke TPOAYKThI I7IyGOKOr0 OKUC/IEHUS.
CesIeKTMBHOCTb TIpoliecca oOmpeensieTcss KOHKYpeHLIMell MeXAy CBsS3blBaHMeM MeTHU/IbHBIX
pPaZIuKaoB, OKUCIUTE/bHbIM [leTUAPUPOBaHMEM S3TaHa U TMOC/eAYIOIIUM OKWC/IeHHWeM 3THjIeHa.
CreioBaTe/IbHO, Harpy3ka Ha YCTaHOBKY OUMCTKM KOHTAKTHOTO ra3a OyleT HarpsiMyto 3aBUCETb OT
CeJIeKTUBHOCTH peakTopa U noTpeb/ieHust KUCI0po/a.

2CH, + O, - C,H, + 2H,0 (AH < 0)

LleneBast 0b6sacTh: oOpa3oBaHue ITH/IEHA

2CH, + 0,50, - C,H, + H,O (AH < 0)

BcriomorarenbHbIN MyTh: 00pa3oBaHue 3TaHa

2CH, + 30, - 2CO +4H,0

CH, + 20, - CO, +2H,0

C,H, + 30, - 2CO, + 2H,0

IIpencTaB/ieHHbIe peaki{|H MMOKa3bIBatOT, uTo CHIKeHue ypoBHerd CO u CO, — 3TO He TO/BKO

BOIIPOC OYMCTKH Trd3d, HO W TE€CHO CBA3dHHO€ C TEeIVIOBBIM PEXHWMOM peadKTOopad, JIOKaJIbHOM
KOHLIEHTpaL[I/IEI\/,I KHC/I0pO4a, OKHUC/INTE/IbHO-BOCCTAHOBUTE/IbHBIMU CBOMCTBaMU KaTa/in3aTopa
" KOHTPOJIEM BpEMEHH KOHTAKTa.
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Cripse: CH, + O, Peakrop OKM Vrunuzauus Ouuctka a3, conepxaruii OH
Temia (map) ot CO, ITHIIEH = &o
Cl
EO /VAM
A
=
VCM / npyrue
MOHOMepBI
= AL
—D
BBICOKa n
CO, CO,, H,0 IHTAIBINUSA VCM / npyrue
MOOOYHBIE Ta3bl MOHOMEDbI

ueﬂb: CHIKEHHE Harpy3kKuv Ha KpUOT€HHOC pa3aCICHUE, PCUUKITHHT TCIIJIa H OTPAHUYCHHUC BIIHSAHUAA COX

PucyHok 3. Cxemamuueckoe peweHue npoyecca OKM u Hanpag/seHue KOHMAaKmHoz20 2a3d,
codepiicauje2o 3musieH, Ha noc/aedyoujue cuHme3sbl

ITpeepamtenne CO B CO, € MOMOLIBIO BOASHOTO mMapa, OTAesneHue oGpasosasierocs CO,
METO/IOM XUMHUeCKoW abcopbrmu u cHwkKeHue ocratouHoro CO [0 ypoBHS ppm IyTeM
MeTaHUpOBaHWsA. Takasi MOC/Ie[0BaTeJIbHOCTb CHWKaeT TOKCHUeckKoe BosgerctBue CO
B TMOC/JEAYIOLIMX KaTaJIUTUUEeCKUX TMpOLeccax U I03BOJISIeT KOHTPOJIMPOBATh PEAKLMOHHYHO
CrocobHOCTD U CBOMCTBA Oe30MacHOCTH rasa.

CO + H,0 2 CO, + H, AH °298 = -41 k[x/Mo/b

[TockonbKy peaklysi KOHBEpCHMU BOJSHOIO rasa fIBJSIeTCS 3K30TepMHUeCKOM, MPU HU3KUX
TemriepaTypax paBHOBECHE CMEIaeTCsl B CTOPOHY 0Opa3oBaHUs CO, u H,, Torga Kak npu BbICOKUX
TeMIiepaTypax CKOPOCTb peakliiy BO3pacTaer.

2C0=Co,+C

Ha craguu wmetanupoBanuss BocctaHoBienue CO jgo CH, TpPOMCXOAMUT C BBICOKOW
CeJIeKTUBHOCTBIO Ha KaTa/iu3aTopax Ha OCHOBe HUKesis. BakHbIM TpeOoBaHWEM 37eCh SIBISIeTCS
rpe/iBapuTe/IbHOe  yZla/ieHue OCTaTOUYHOrO0 KWC/I0pOJa, COeJVWHEHWM Cepbl W C/e[0B XJopa,
IOCKOJIBKY OHY BOCCTaHAaB/IMBalOT aKTUBHBIE L|eHTPbl HUKe/IeBOr0 Karaau3aropa.

CO +3H, - CH, + H,0 (AH <0)

OK30TepMUYHOCTh METAaHHWPOBaHUs TakK)Ke BbI3bIBaeT 0COOyH0 00eCriOKOeHHOCTh: pe3Koe
TMOBBILLIEHWE TeMIepaTypbl B TOTOKe C BbICOKOW KoHLeHTpauued CO co3maeT pUCK CIieKaHUS
KaraJy3aropa U JIOKaJbHOro Ieperpesa.

OGpasyrowuiics B pesynsrate Konpepcuud CO, OT/e/I€TCS OT KOHTaKTHOTO Ta3a MeTO[OoM
XUMHAYecKor abcopbumu. [Iyisi ouuMcTKM KOHTakTHOro raza OKM MOXKHO HCI0/Ib30BaTh pacTBOP
kKapboHara Kanusi (roraia), MoHo3TaHosmaMuH (M3DA), MetungustaHosamud (MISA) u apyrue
pacTBOpPbl AMMHOB WM MOAUMDUIIMPOBAHHBIX KapboHaToB. [0 Mepe yBe/idueHUs TapliMaJbHOTO
Aasnenuss CO, 1Mojl BHICOKMM [aB/IeHHEM BO3DAaCTaeT JBKXYLIas Cuia rporecca abcopOuuu, uro
M03BOJIsIeT YMeHbILIKUThL pa3Mepbl abcopbepa U pacxo[, pacTBopa.

K,CO, + CO, + H,0 2 2KHCO,

2RNH2 + CO, 2 RNHCOO" + RNH 3*

150



Ne 10 (148) UNIVERSUM: oKkms6pb, 2026 2.

30 %-noro pacteopa K,CO, 3aK/IO4aloTCsl B TePMMYECKOW CTabM/ILHOCTH, OTHOCHTETBHO
HU3KOM KOPPO3WOHHOM aKTMBHOCTH, BO3MO)KHOCTH pereHepaluy W TIPUTOAHOCTH /i pabOThI IpH
BBICOKMX KOHLleHTpaiusix CO,. Xorsi pactBopel MOA aKTHBHBI TIPY HH3KOM MapL{ajbHOM

masnennn CO,, pereHepanusi He BCerJa AB/SETCA Haubo/iee SKOHOMMYHBIM DELIEHHEM M3 — 3a

TeryionoTpebieHuss W MpobseM, CBA3aHHBIX C OKWCIeHHWeM M Jerpagauueil. Ilostomy BbIOOD
abcopbenTa B KOHTaKTHOM raze OKM 0CHOBBIBaeTCs He TO/IBKO Ha CTeneHu nomomenus CO,, HO

¥ Ha Haimuuu cinefoe O, B Trase, BOASHOrO Tapa, yrieBogopogoB C,, [aBleHUM WU SHEpPruu

pereHepanuu.
ITosTannas cxeMa OYMCTKH KOHTAKTHOIO rasa ot coeaunenui CO,
KonrakTnbiii Oxnaxaenue, Konsepcust CO  A6copouus CO, T Ocymka / Yucrslii
raz OKM cenapauus BoAbl (WGS) (K,CO;/ MDA) P (uabrpanus ra3
6® o _ Y
\ oy = pe
N = || [
Coipbe: CHy + 0, — (;‘)7 =
CO +H,0 K,CO, + CO, + H,0 CO +3H, Ocymxka / Ynersrit
2 C0,+H, 2 2KHCO; - CH +H,0  puubTpanus ras

[yOuHa 04HCTKY OnpeessieTcs: TPe0OBAHHSIMH MOCIIEIYIOLIEr0 KaTAIHTHYECKOro mpouecca

PucyHok 4. Cxema ouucmku KOHmMaxkmHozo 2aza om CO : cmaduu KoHeepcuu, abcopbyuu u
MemaHupoeaHusi

YPaBHEHHe PaBHOBeCHUSA U BJIMAHUE JdB/IEHUA

PaBHOBecHOe cocTosiHMe peakuuy mnpeBpaileHuss CO BblpakaeTcsi uepe3 mMapLyasbHble
JlaB/IeHNsI KOMITOHEHTOB:

K, = Pco, *Pn,
Pco*Pn,0

31ech Kp — KOHCTaHTa paBHOBECHs peakLiuM TMpeBpallleHus BoAbl B ras; Pco,, PH,, Pco ¥ PH,0
— napuuasnbHeie nasnenus CO,, H,, CO u H,O cooTBeTcTBeHHO. Peakis nmpoTekaeT B rasoBod
dase 06e3 u3MeHeHUsI KO/IMUeCTBAa MoJjiel, IM03TOMy oOIlee [JaBjieHHe He BbI3bIBAeT PEe3KOro
CMeIIIeHNs] PABHOBECHsI; OJJHAKO MOBBLILIEHNE [aB/ieHus ynyudmaer abcopbuuo CO, B abcopbepe,
yBeJIMUMBaeT TUVIOTHOCTb Tra3a U MOXKeT yMeHbIIUTh 06beM arrapara. [IpoBesenue npoiecca OKM
npu K30BITOYHOM [aBieHUM okono 0,15 MIla MO)KHO CUMTaThb TEXHOJOTMUECKH TpHeMJ/IeMbIM
MIPOMeKYTOUHbIM pellleHueM. Takoe [aBieHUe yBelWUYMBaeT TUIOTHOCTb ra3a 0e3 upe3MepHOro
YC/IO)KHEHUS] KOHCTPYKLIMM peakTopa, OTHOCHUTEIbHO OrpaHWYMBaeT Harpy3Ky Ha KOMIIpPeccop
U co3zaeT OsarorpusTHBIe YCIOBUS [Jisi OLleHKM OaslaHca Ce/leKTUBHOCTH U KOHBepcuu. OfHAaKo,
MOCKO/IbKY TOBBIILIEHME [IaB/IeHHsI BJMSIET Ha MOC/IeAylollee OKHUC/IeHWe STUIeHa M 3TaHa,
00beMHYI0 WHTEHCHMBHOCTb BbIJeJIeHUs] TeTula W 3arachl MPOYHOCTH, €ro CJjieAyeT OLleHWBAaTh
B COYETaHUM C KWHETUYECKUM U TeryIOBbIM OanaHcaMM.
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3ak/IloueHue

Pe3ynbTaThl aHa/M3a TOKa3bIBalOT, UTO SKOHOMUYecKas 3(dekTuBHOCTL mnpoiecca OKM
B MPOMBILLJIEHHOCTH 3aBUCUT He TOJIbKO OT aKTMBHOCTH U CeJIeKTUBHOCTHM Karajau3aropa, HO U OT
b deKTHBHOM opraHu3aiui  00pabOTKHM KOHTAKTHOTO ra3a. MHOTOKOMIIOHEHTHasi CMecCh,
BBIXOJSIIIasi U3 peakTopa, COZeP>KUT 3TU/IEH U 3TaH, HellpopearupoBaBIlIiii MeTaH, BOAOPOZ, BOLY,
kucopog, CO, CO,, uTo 3HAUMTE/IEHO OC/IOKHSET MOTMMEPHU3ALMI0 STHIIEHA.

TexHosiOTHsl, OCHOBaHHasi Ha TIPOU3BOACTBE KOHLIEHTPHPOBAHHOTO 3TU/IeHa, obecrieurBaeTr
ToJlyyeHre BbICOKOKAaueCTBEHHOI0 TOBApPHOIO TMPOAYKTa Y BO3MOXKHOCTb €ro IpHUMeHeHUs
B TpPaJULIMOHHOM HepTeXUMUUeCKOM TMpou3BojcTBe. OfHaKO HeoOXOJUMOCTh TpeccOBaHMUS,
ryOOKOM CyILIKYA, KPUOTEHHOTO pa3fie/ieHrsi MeTaHa U SHeproeMkoro (hpakijMOHUPOBaHUSI CMeCH
C,H,/C,H, 3HauuTe/bHO yBEIMYMBAET KalWTa/lbHble W 3KCITyaTalldOHHbIE 3aTparel. [Tostomy
JlaHHBIM TOAXOZ, Jyyllle BCero MOAXOAUT /Il UHTerpaly yCTaHOBKM OKWC/IUTETbHOW KOHBEPCUU
MeTaHa B KpyIHOMacIlTabHble KOMIIJIEKChI 110 MPOW3BO/CTBY TOMMEPOB U JIPYTUX MPOAYKTOB Ha
OCHOBe 3THJIeHa.

JKenatenlbHO  MCMOMB30BaTh  OUMILEHHbIM KOHTAKTHBIA Tra3, COAep)Kallluid 3THUJIeH,
HeroCpeJICTBEHHO B TIOCTeJYIOLMX XUMUYeCKUX CHHTe3ax Oe3 oTaeneHust STuieHa. [is
peasiM3alu 3TOTo Tpoliecca HeoOX0o[MMO CHU3UTh KOHILIEHTPALMI0 BO/bl, OCTaTOYHOTO KUCI0POja
v coeaunenuii CO,. C 3TOM wLe/bi0 Obla TpeA/IOKeHa MHOTOCTYIeHYaras CXema OUMCTKH,
BK/IIOUatoI1[as naposoe npespaijenue CO, abcopbuuro CO, u meTaHrposanue ocrarouroro CO.

BBIJI0 yCTaHOB/IEHO, UTO BBIOOpP Mexy KapboHaTHbIMU abcopbepamu ciieflyeT MPOU3BOAUTH
C yueToMm mapiuanbHoro Aasjenusi CO,, KOMUeCTBa KMC/IOPOJa U BOISHOIO Mapa, KOPPO3HOHHOM
CTOMKOCTH CpeJibl, CTaOM/IbHOCTH pacTBOpA M SHEPro3arpaT Ha ero pereHepauuio. Vcrionb3oBaHue
cpenHero u30bITOUHOTO faBieHuss okono 0,15 MIla MoXkeT yaydmmuTh ycaoBUs abcopOipu
M yMeHbIIUTh rabaputbl 000pyZOBaHMS, HO €ro B/UsIHME Ha CeJeKTUBHOCTb, TeMIlepaTypHbIe
ycoBus ¥ 6€301MacHOCTb TIpoLiecca JO/HKHO ObITh BCECTOPOHHE OLIEHEHO.

[TepcriekTiBHOe pa3Butre TexHonoruu OKM mnpejmnonaraeT MHTerpaLjiio peakTopa, CUCTEMbI
peKyTiepaLuy Teria, CKpyb0epa KOHTaKTHOTO ra3a 1 TOC/IeAYIOIMX He)TeXUMUUeCKHUX MPOL[eCCOB.
Takoll TOAXO[ CHIDKaeT 3Hepro3arparbl Ha TIyOOKoe pa3jesieHre ra30BOM CMeCH, TIOBBIIIAEeT
3(eKTUBHOCTb  WCMIO/MB30BaHUSI  YIVIEPOAHOTO ChIpbs W CO37aeT 0Oosee  3KOHOMUYHBIN
TeXHOJIOTHUeCKUI TPOLiecC /s TIPSIMOU TepepaboTKU TIPUPOJHOTO Ta3a B I[eHHbIe XUMHUeCKHe
TIPOAYKTHI.
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AHHOTaUsA

AKTya/npHOCTh UMCCe[OBaHUsI O0yC/IOB/eHa HeoOXOAWMOCTBIO HW3yueHHsI pOMU 00BeM-
pery/iipyeMbix aHUOHHBIX KaHa/JOB B PEry/siluu KJeTOYHOW murpauvd. CBefieHUsI O B/IUSHUU
(dapMako/siornueckoro OIOKMPOBAaHUS [JaHHBIX KaHA/JIOB HAa MWIPAI[MOHHBIE TPOLIECCHI OCTAIOTCS
HEOZHO3HAUHBbIMHU. []e/bI0 HACTOSIIEro MCCAeoBaHUSI ObUIO OIIEHWTh B/IMSTHHUE CeJIeKTUBHOTO
6nokaropa 00beM-3aBUCMMOT0 aHMOHHOTO KaHasa DCPIB B koHijeHTpaiuv 5 MKM Ha MHUTpaIiHio
kieTok C127. MWrpaiMoHHYIH0 aKTUBHOCTb OLIEHWBA/JM IO aHaau3y W300pa)keHWH MOHOC/IOs
K/IETOK TI0C/ie HaHeCeHUWsi paHbl. [l CHWKeHUs BK/IaZia Tiponudepaiiyd B 3aKpbiTHE paHEBOTO
MIPOCTPAHCTBA KJIEeTKU KYJbTHBHUPOBaIU B GecchiBOpoTouHOl cpesie. dotorpadupoBaHre paHeBOTo
MIPOCTPaHCTBA MPOBOJU/IN HEMOCPe/ICTBEHHO T0C/e HaHeCeHUsl paHeBOro fedekra, a Takke yepes
0, 24 u 48 4. B KaueCcTBe OCHOBHOIO [IOKa3aressi OLIEHUBA/M CTeleHb 3aKpPbITHS pPaHEBOI0
MPOCTPAHCTBa. B KOHTPO/ILHOM Tpymme cTeneHb 3aKpbITUS paHbl coctaBuia 81,4423 % (n=12)
yepe3 24 u u 96,0+0,5 % (n=10) uepe3 48 u. IIpu Bo3aeiictBuu 5 MKM DCPIB gaHHbINM NOKa3aTesb
cocraBun 36,0+5,3 % (n=13, P<0,05) u 33,7+5,0 % (n=10, P < 0,05), coorBeTcTBeHHO. Takum
obpazom, 5 MKM DCPIB cy1iecTBeHHO CHV>Kasl 3aKpbITHE PaHEBOTO MPOCTpaHCTBa KieTkamu C127
10 CpaBHEHUWIO C KOHTposeM. [TosydyeHHbIe pe3y/bTaThl CBU/ETEbCTBYIOT O BaXKHOU PO 00beM-
3aBMCMMOI'0 aHUOHHOI'O KaHasla B MUTPaLjMOHHOM ITporiecce KieTok C127.

Abstract

The relevance of the study is determined by the need to investigate the role of volume-
sensitiveanion channels in the regulation of cell migration. Information on the effects of
pharmacological blockade of these channels on migratory processes remains ambiguous. The aim of
the present study was to evaluate the effect of the selective volume-regulated anion channel blocker
DCPIB at a concentration of 5 pM on C127 cell migration. Migratory activity was assessed by
image analysis of the cell monolayer after wound induction. To reduce the contribution of
proliferation to wound-space closure, the cells were cultured in serum-free medium. Images of the
wound area were captured immediately after wound induction, as well as at 0, 24, and 48 h. The
degree of wound-space closure was evaluated as the main parameter.In the control group, the degree
of wound closure was 81.4+2.3 % (n=12) after 24 h and 96.0+0.5 % (n=10) after 48 h. Following

155



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

exposure to 5 pM DCPIB, this parameter was 36.0 + 5.3 % (n=13, P<0,05) and 33.7+£5.0 % (n=10,
P<0,05), respectively. Thus, 5 pM DCPIB significantly reduced wound-space closure by C127 cells
compared with the control. The obtained results indicate an important role of the volume-regulated
anion channel in the migratory process of C127 cells.

KnrwueBsbie ciaoBa: kinetku C127, DCPIB, O3AK, kjerouHasi mMurpanusi, 3aKUBjeHUe
paHeBoOro fedekxTa.
Keywords: C127 cells, DCPIB, VSOR, cell migration, Wound Healing Assay.

BBegeHnue

Murparusi KJIeTOK Ipe/ICTaB/sieT CO00M CJ/I0XKHBIM MHOTO3TAITHBIM MPOIIeCC, BK/IFOUAIOIIUI
HampaB/ieHHOe T[lepeMellleHre K/IeTKH, T[epecTporKy LMTOCKe/leTa, JWHAMUKY KJIeTOUHOU
MeMOpaHbl ¥ KOODJHWHHUPOBaHHbIe W3MEHEeHHsl TpaHCIIOpTa HWOHOB W BoAwl [4, 10, 11]. [ns
OTTyXOJIeBbIX K/JEeTOK MWIDAl[MOHHAsi aKTUBHOCTh MMeeT 0Co0oe 3HaueHWe, TIOCKOJBbKY yuacTByeT
B WHBa3WBHOM pOCTe W METACTa3WpPOBaHWM, a TakKKe MOXKeT ObITb CBsi3aHa C TIpPOIieccaMu
aHrvoreHe3a [16, 12, 15]. B perynsiuu KneTOYHOW MHWIrpAliUM Ba)KHYIO POJIb UTPAlOT HMOHHBIE
KaHaJlbl, yuaCTBYIOIIIMe, B YaCTHOCTH, B MO/ep>KaHUU U U3MeHeHUH KIeTOYHOTO 00BEMa.

O0Obem-3aBUCHMBIM aHMOHHBIM KaHan (O3AK), Takke u3BecTHBIH Kak Volume-Sensitive
Outwardly Rectifying channel (VSOR) kaHas, siBiseTcs BaXKHbIM KOMITOHEHTOM MeEXaHH3MOB
perysisiTopHOro yMmeHbIleHuss o0béma KieTku (Regulatory volume descrase — RVD). Ilpwm
ocMoTHueckoM Habyxanmm aktuBaiys O3AK crmocoOctByer Bbixony voHOB Cl™ M opraHMueCcKHX
OCMOJIMTOB, 00ecrieurBasi BOCCTaHOB/IEHHE MCXOAHOTO o0béMa KieTku [3, 7-9, 13, 14]. Bo Bpems
MUTpALMX JIOKa/IbHasi PEery/sius KJeTouHoro o0bémMa, cBs3aHHast ¢ mporeccamu RVI (Regulatory
Volume Increase) u RVD, MmoxeT crioco6CTBOBaTh U3MeHEHHI0 (hOPMbI KJIETKH U €€ HarpaBJIeHHOMY
repemeirieHuto [5, 6, 9]. BMmecte c Tem gaHHble 0 (pyHKIMOHA/MbHON ponu O3AK B K/ieTouHOM
MUTpALlMX OCTAIOTCS HeOAHO3HAaUHbIMH [1, 5, 6, 9]. TTosTOMy B HacTosiIiel paboTe MbI UCC/Ie[OBA/IA
B/usiHUe cenieKTHBHOTO 6r0katopa O3AK — DCPIB B KOHIeHTpaluu 5 MKM Ha MHUTPAI[MOHHYIO
aKTUBHOCTH KJ1eToK C127.

MaTepI/IaJIbI M MeTO0AbI

B 3KcriepumeHTe MCTIO/Ib30BaM ceneKTvBHBINA O10karop O3AK — DCPIB (Sigma-Aldrich,
CIIA). DCPIB pactBopsiin B aumetwiacynbpokcuge (JMCO) B 1000-kpaTHOW MCXOLHOM
KOoHLleHTpaluu. KoneuHast koHueHTpauys JIMCO B onbITHBIX rpynnax He rnpessiiana 0,01 %, npu
3TOM [laHHas KOHLIeHTpalysi pacTBOPUTe/II He OKasblBajla CyILleCTBEHHOIO BJ/IMSHUS Ha
uccaeflyeMble T0KasaTe/ad. Bce 5SKcrneprMeHTbl NPOBOAWIM B COOTBETCTBUM C IIPOTOKOJIAMU,
nipe/iBapuTesibHO 000peHHbIMU KomuTeToM o 6mosTrke MHCTUTYTa GMOMU3UKHN 1 OMOXUMUU.

Knetku C127 xynsruBupoBanu B cpefie Dulbecco’s Modified Eagle’s Medium (DMEM;
C BBICOKMM COJIep)KaHHeM TMoKo3bl — 4,5 1/71, ¢ L-rnmyramudoM, 6e3 OukapOoHara HaTpus; Sigma-
Aldrich, Cat. Ne.D1152-1L) c¢ pgoGaBnenvem 10 % >MOpPHOHANBHOM CBHIBOPOTKH TeJieHKA
u aHtubuotrkoB (100 ex./mMn nerutuTiHA U 100 Mr/M cTpenToMMIIMHA) TIpU TeMrmiepatype 37°C
B armocdepe ¢ 5 % CO,. KoHLEHTpalui0 K/IETOYHON CyCIIeH3WH OMNpejie/iiii C TMOMOLIbIO

156



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

aBToMaThueckoro cyetyvka kiaetok Corning Cell Counter (Corning Inc.,, CIIIA).
JKn3HecriocoOHOCTh KJIETOK OLeHWBAld METOJOM OKPAIIMBAHUSI TPUIAHOBBIM CUHUM, U [0S
MEpPTBBIX K/IETOK B CYCIIeH3UU He IpeBbliiana 5 %.

[ OLleHKM MUrpalMOHHOM aKTUBHOCTH, K/IeTKW BbICeBaId B JYHKH 48-TyHOUYHOTO
MUKporianmeTa o 1x10° knetok B 500 mMkn cpegsl DMEM, cogepxaieii 10 % 35MOpUOHAIBHOMA
CBIBOPOTKHU TeJIeHKa, ¥ MHKyOupoBau B TeueHue 24 u ripu 37 °C u 5 % CO,. IMocne gocrikeHus
MoHocnoeM 90-100 % KOH(GUIFOSHTHOCTH, Ha €ro IOBEPXHOCTH CTePU/IbHBIM HAKOHEYHHWKOM
nunetk 006beMoM 200 MK/ HAHOCWIM JIMHEMHBIM paHeBOW JedekT. KieTku, oTmenuBIvecs
B pe3y/bTaTeé MeXaHWUeCKOrO TIOBPEXJEHWs MOHOC/IOS, [BaXKIbl OCTOPOXXHO OTMbIBa/IU
docharueim  Oydepom (PBS, Sigma-Aldrich, Cat. Ne.P4417). [Ins CHWKEHUWS BIUSHUS
nposivdepani Ha 3aKpbITHe paHeBOTro NIPOCTPAHCTBA M0C/Ie HaHeCeHHUs paHeBoro JedeKTa KIeTKH
repeBoin/d B 0eCCHIBOPOTOUHYIO Cpelly. B KOHTpO/bHBIE JTyHKH [00aBsisiivi 0eCChIBOPOTOUHBIH
DMEM, a B 3KkcIriepuMeHTasibHbIe — OeccbiBopoTouHblii DMEM, conepykamuit DCPIB.

MukpodoTorpadun paHeBOro rnMpoCTPaHCTBA MOJIyyaad HermoCpeJCTBEHHO 0C/ie HaHeCeHus!
nedexra (0 u), a Takke yepe3 24 u 48 u c ucnonb3oBaHueM Mukpockora ICX41F (Sunny Optical
Technology, Kurait) npu 40-kpaTHOM yBesnnueHuH, Ludposoi Kamepsl HY-2307 1 mporpaMMHOro
obecrieuerusi S-EYE (Shenzhen Hayear Electronics, Kwuraii). IlomydyeHHble u300parkeHUst
aHa/IM3MPOBa/IM C UCMO/Mb30BaHUeM TporpamMmbl Imagel u ninaruHa Wound_healing_size_tool.ijm
[12]. [Tnomaab ¥ WIKMPUHY PaHEBOrO MPOCTPAHCTBA, CTeneHb 3akpbiTus paHel (Wound Closure, %)
Y CKOPOCTb 3aKPhITHSI paHeBOTr0 MPOCTpaHCTBa (Rm, MKM/u) onpefie/isyid 1o popMyJ/iam:

Wound closure = [(A AV Ao x 100% 1)

t=0h ~
0,
rie A,_,~ MCXOJHasl TJIOIIa/b PAHEBOTO MPOCTPAHCTBA TI0C/e HaHeCeHHs! LiaparuHel (B % oT

o01eii Tomazau u3obpaxkeHus); A TIOIIa/Ib paHEeBOTO TIPOCTPAHCTBA, Oripe/esiéHHast uepe3 At

t=Ah
YyacoB T0C/Ie HaHeCeHus 1japaruHel (B % ot ob11ieit rytoiaziy u3o00pakeHus).

R _(W.- Wf)/t ()

rae W~ cpeziHss IIMPUHA PaHeBOTO MPOCTPAHCTBA B Hauajie SKCIepUMeHTa (TTMKCesn); Wf -
CpefHssl 1IMpUMHA PpaHeBOrO TMPOCTPAHCTBA B  KOHLle SKCIlepuMeHTa  (MUKCenn); -
MPOJO/DKUTETBHOCTh SKCIIepUMeHTa (u).

Craructuueckyto 00pabOTKy AaHHBIX TMPOBOAWIM C HCIOMb30BaHMEM MporpaMmbl Origin
2021 (OriginLab, Northampton, MA, CIIIA). Bce naHHbIe nprBe/ieHbl KaK Cpe/iHee + CTaHJapTHasi
oumbKa [yis n 3KcrepuMeHTOB. CpaBHEHHWS MEXIY JABYMsI 3KCIIEPUMEHTa/JbHBIMHM TPYIIaMy
MPOBOAU/IMCE C MCIO/b30BaHUeM t -Tecta CTbrofeHTa. Pasnuuus CUMTaIUCh CTaTUCTAYeCKU
3HauuMbIMU 11py P < 0,05.

Pe3yJIbTaTLI H OGCY)KILEHI/IE

B paHHOl pabore MBI HCTONB30Baid (DUKCHPOBaHHYIO KoHIjeHTpauuio DCPIB 5 MkM,
OMM3KYI0 K KOHLIEHTPALUU TToJiyMakcuManbHoro 6mokupoBanus O3AK 4,1 MKM Ha JIMHUM KJIeTOK
9H/I0Te/THsI JIerouHoM apTepun Obika CPAE [2].
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Ha pucyHke 1 mnpejcTaBieHbl OpUrMHabHble MHUKpo¢oTorpadyy 3aKkpbITHUSI PaHEBOTO
NpoCcTpaHCTBa KieTkamMu C127 B KOHTPO/IbHOM rpymre u npy Bo3geiicteuu DCPIB B koHLIeHTpanmu
5 MkM. Ilmowaae pasbl cocraBuia 366717,0£8067,3 mnukcesneli B KoHTposle mpu 0 v,
69649,0+9959,3 nukceneii uepe3 24 u u 15208,4+1720,7 nukceneli uepe3 48 u uHKyOaruu. DTH
JAHHBIe CBH/IETE/IbCTBYIOT O TOM, YTO B KOHTPOJIbHBIX YCJIOBHSIX HaOMIOAAnoOCh BBIpaKEHHOE,
3aBUCALlee OT BpeMeHU YyBe/JWYeHUe CTelleHW 3akKpbITUs paHeBOro IpocTpaHcTBa. CrereHb
3akpbITUs paHsbl (mapametp WoundClosure) cocraBuna 81,4+2,3 % uyepe3 24 u u 96,0+0,5 % uepe3
48 u (n=12) (Puc. 1, 2). Takum obpa3om, 3a niepuoj, 24 u Hab/OAI0Ch YaCTUUHOE, a yepe3 48 u
HabJTI0/1a/10Ch TIPAKTHUECKH TI0JTHOE 3aKPBITHE PaHbI.

B mpucyrctBun 5 MkM DCPIB 3akpbiTvie paHeBOTO TPOCTPAHCTBA ObUIO CYI[eCTBEHHO
CHIKEHO 10 CpaBHEHMIO C KoHTposieM. Uepe3 24 u cTerneHb 3akpbITUs paHbl (rapameTtp Wound
Closure) coctaBuia 36,0+5,3 %, a uepe3 48 u — 33,7+5,0 % (n=12). Takum obpa3om, o6paboTKa
knerok C127 DCPIB B KOHLeHTpaluud 5 MKM IpuUBOAW/IA K BBIP&KEHHOMY CHUKEHUIO
CrI0COOHOCTH KJ/IETOK K MUTPALUM Kak uepe3 24, Tak u uepe3 48 u(Puc. 1, 2). 3HaueHHe mapaMeTpa
Wound Closure, uamepeHHOe yepe3 48 U He OT/IMYAIOCh CTaTUCTUUECKU 3HAUMMO OT ero 3HaueHUst
npu 24 4. DTOT pes3y/bTaT COIVIACyeTCs C HallUMU JAHHBIMM, [TOJIyUYeHHBIMU B KOHTpOJIe, KOrza
OCHOBHOEe 3aKpbITHe paHbl TPOUCXOJUT B TepBble 24 yaca W JWIIb HeOOJbILOe [a/bHelIee
3aKphITHE PaHbI POUCXOAUT B cieytomye 24 yaca uHKy6armu (Puc. 2).
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KonTpoasb 5 MKM

Ou

ITocne
244

ITocne
484

PucyHok 1. /lemoncmpayus eausivusi DCPIB Ha muzpayuio kiaemok C127. IIpedcmae/eHbl
opuuHasabHble Mukpogomozpaguu kaemok C127, nonyueHHble npu 40-KpamHom yeeauyeHUU.
Knemku unkyoupoeaau ¢ meuerue 24 u 48 u ¢ npucymcmeuu DCPIB ¢ konyenmpayuu 5 vikM
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PucyHok 2. Bausinue DCPIB Ha muzpayuio kKiemok C127. 3agucumocmb cmeneHu 3aKpbimus
panbi (napamemp Wound Closure) kn1emok C127 nocne 24- u 48-uacoeoti uHKyoayuu
KOHMpose u 8 npucymcmeuu 5 vkm DCPIB

* - cmamucmuyecku 3HauuMoe pasauvue N0 CpasHeHUro ¢ KoHmposnem uepe3 24 u 48 u, P < 0,05. n -
KO/IUYEeCmeo 5KCNepuMeHImos

i1 KonnuyecTBEHHOW XapaKTePUCTUKM MUIpalMM TakKe OLIeHHMBalu CKOPOCTb 3aKpbITHUS
paHeBOro MPOCTPAHCTBAa. B KOHTPOJILHOM I'pyIiTie JaHHbIM M0Ka3aresib coctaBua 8,8+0,4 nukcenei/
y 3a mepBele 24 u u 5,9+0,2 mukcesneii/u 3a 48 u. B npucyrctBun 5 MmKM DCPIB ckopocTtb
3aKpbITUS paHeBOro NPOCTpPaHCTBa cocTassiia 4,0+1,3 nukceneli/u uepes 24 v u 1,3+0,5 nukcenei/
y yepe3 48 u (puc. 3). Takum obpa3omM, Bo3zetictBre DCPIB B koHIleHTpaluu 5 MKM NpHUBOAX/IO
K Pe3KOMY CHIKEHUIO CKOPOCTH 3aKphITHSI paHeBOr0 MPOCTpaHCTBa KaeTkamu C127 1o cpaBHeHHIO

C KOHTpOJIEM.

15 -
12 -
- KoHTponb
T
s 9
x
E
g 6
3 5 MKkM
0-
0 10 20 30 40 50

Bpems, nocne HaHeceHUsA LapanuHbl (4)

PucyHok 3. Ckopocmb 3aKpbimusi paHe8o20 npocmpaHcmea (Rm) kaemkamu C127 uepe3 24 u
48 u nocne HaHeceHUs1 paHe8020 dejhekma 8 KoHmposie u 8 npucymcmeuu DCPIB. Iloka3zamenb
Rm paccuumpsigasics no ¢popmysne (2)
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[TosyueHHble HamMM pe3y/bTaThl [I0Ka3aJyd BbIPA)KEHHOE CHIDKEHWe MUIPalMOHHOMN
akTMBHOCTH Kietok C127 mom Bo3zdelicTBUeM cejieKTBHOTO Ookaropa O3AK, DCPIB
B KOHLeHTparmu 5 MKM, uTo ykasbiBaeT Ha ydacthe DCPIB-uyBCTBUTENBHBIX WOHHBIX
MeXaHH3MOB B Dery/siliud K/IeTouHoW mwurparuy. OCHOBHBIM KaHajoMm, OmokupyembiMm DCPIB
spisiercss O3AK, ofHako CBsA3bIBaThb [JAaHHbIM 3((eKT HCKIIOUMTENbHO C 3TUM TPAHCIOPTHBIM
IyTeM CjlelyeT C OCTOPOXXHOCTBIO, MOCKO/IbKY BK/Iaj O3AK MoKeT 3aBUCeTb OT THUIIA KJIETOK
Y yCI0BUM 3KcnieprMeHTa [5, 6]. Tak, MurpaiuoHHasi akTHBHOCTb Muo6sactoB C2C12 U Ky/bTyphI
KJIeToOK paka Tosctoro KuineuHnka HCT116 Obula HeuyBcTBuTesibHa HU K DCPIB, Hm
K mogaBneHuto skcrpeccur Oenka LRRC8BA (obsizatenbHoro komroHeHta O3AK, wucxomHo
WAeHTU(PUIIMPOBAHHOTO UMEHHO B 3TOM JIUHUK) [6].

3ak/IIoueHue

Takum o6pa3om, Bo3getictBue DCPIB B KoHIleHTpal[ud 5 MKM  CONPOBOXKZAA/IOCH
BbID&KEHHBbIM CHW)KEHHWEM MUIPAlMOHHOM aKTMBHOCTM KieToK C127 ¥ CKOpPOCTH 3aKpBITHSA
paHeBOro mnpocTpaHcTBa. llosmyueHHble pe3y/nbTaThl CBUAETENLCTBYIOT O 3HAUUTETbHOW DOU
00beM-aKTUBUPYEMOTrO aHHUOHHOTO TPAHCIIOpPTa, a WMeHHO KaHasa O3AK, B MurpaijoHHOU
aKTUBHOCTM KJ/IETOK paka MoyIouHoW »kene3bl (C127 wbiid. /[lasbHellve HWCCIeA0BaHMUS,
BKJTIOUAIOIIMe TeHeTHUecKoe mozapieHre sKkcrnpeccu 6enka LRRC8A kKak 0OCHOBHOTO KOMITOHEHTA
O3AK 0OyayT HeoOXoquMbl AJisi TIOATBEPXKEHUs PO 3TOT0 aHUOHHOTO KaHajla B MUTDALMOHHOM
riporiecce.
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AHHOTanusA

B craree 006001ieHbl HayuHble, TEXHOJOTHUECKHWE W OPraHU3allMOHHbIE TIPe/ANOCHUTKU
MPaKTUUeCKOro BHEJPEeHUsl [MaHOOaKTepua/lbHBIX TEeXHOJOTWH B yCI0BUsX Y30ekucraHa. Llemb
WCC/IeJOBaHUsT — OIPe/Ie/IUTh TMPUMEeHVMbIe HarlpaBieHusl MCIOMb30BaHUS IMaHOOAKTepuil C
yUueToM apuiHOTO KJIMMaTa, AeduiiuTa BoJpbl, Ce30HHBIX TeMITepaTypHbIX KojaebaHuii 1 TpeboBaHuMit
buobe3onacHocTH. MeTof0M0THSl  BK/IFOUaeT aHAJIMTUUYECKWd 0030p Hay4HBIX —IyOIMKaLvi,
CPaBHUTEJIbHBIN aHA/MN3 TEXHOJIOTHUECKUX I[erouyeK Ky/IbTUBHUPOBaHUS U TiepepaboTKy GroMacchl,
5/IeMeHThI OLIeHKH >KM3HEHHOI'0 LIMK/Ia M KOHLIeNTyalbHOoe MOJe/IMpOBaHue CLieHapueB. BrijeneHsl
TPY B3aUMOZOTOJ/HSIOIMX HamNpaB/eHUs:: ToydeHHe OuoynoOpeHHI W OUOCTUMYJISITOPOB,
To/Iiep>KaHue TUIOJIOPOAMS TIOUB TIOCpeicTBOM Ouosornueckod (ukcaiuu a3ora u ¢ortorpodHas
JIOOYMCTKA CTOUHBIX BO/J C MOTy4eHreM OroMacchl. JI7ist KaX/[oro CLieHapHs OTpe/ie/ieHbl OCHOBHbIE
TEXHOJIOTMUeCKHe TI1apaMeTphl, T0OKa3aTeld MOHUTOPHMHIA W OTPaHHMYEHHs MaciuTabupOBaHUS.
Hawnbosiee mepcrieKTUBHON CTapTOBON CXeMOM pacCMaTpPUBAETCSI COUeTaHWe OYMCTKU CTOUHBIX BOJ
Y TI0/Ty4eHHst 6oMacChl, MTOCKOIbKY OHO 00beAMHSIeT SKOI0THUeCKyH0 (YHKIMIO C BO3MOKHOCTBIO
nocieayiomeit  Banmopusanuu.  [lokasaHa ~ HeoOXOAWMOCTH ~ KOHTPO/S — IJMaHOTOKCHHOB,
MHUKPOOHONOTMUeCKOM UHCTOTBI, COCTaBa OWOMaccel UM TpeJoTBpallieHWs KOHTaMHHALWH.
[lpennokeHa TMo3TarmHasi JIOTMKa Ilepexofa OT JabopaTOpHOro CKPUHUHra K TWIOTHBIM U
JIeMOHCTpPALMOHHbIM 00bekTaM. CziesiaH BbIBOJ, 0 HEOOXOUMOCTH IKCIIePUMEHTAbHOW TIPOBEPKH
pa3paboTaHHOU MOZie B PETUOHA/IBHBIX YCIOBHSIX.

Abstract

This article summarizes the scientific, technological, and organizational prerequisites for
implementing cyanobacterial technologies in Uzbekistan. The aim is to identify applicable
pathways while considering arid climate conditions, water scarcity, seasonal temperature
fluctuations, and biosafety requirements. The methodology combines an analytical review of
scientific publications, comparative assessment of cultivation and biomass-processing chains,
selected life-cycle elements, and conceptual scenario modeling. Three complementary pathways are
identified: production of biofertilizers and biostimulants, maintenance of soil fertility through
biological nitrogen fixation, and phototrophic wastewater polishing with biomass recovery. Key
technological parameters, monitoring indicators, and scaling constraints are specified for each
pathway. Wastewater treatment coupled with biomass recovery is considered a promising starting
configuration because it combines an environmental service with potential biomass valorization.
The analysis emphasizes control of cyanotoxins, microbiological purity, biomass composition, and
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contamination prevention. A phased pathway from laboratory screening to pilot and demonstration
facilities is proposed. The resulting model is conceptual and requires experimental validation under
local conditions before practical scaling.

KiawueBble c/10Ba: 1[MaHoOakTepuu, OWOy00peHusi, asordukcanys, QoToTpodHast
JTOOUMCTKA, OMoMacca, apyiHbINA KIMMaT, 6M00e301acHOCTb.

Keywords: cyanobacteria, biofertilizers, nitrogen fixation, phototrophic wastewater
treatment, biomass valorization, arid climate, biosafety.

BBegeHnue

[MpakTyeckoe BHeApeHHE [MaHOOAKTePUA/TBHBIX TEXHONOTUM B Y30eKucTaHe CBSI3aHO
Cc JgedbwldTOM TIpeCHOW BOABI, [erpajialiied IIOUBEHHOr0 TUIOAOPOAWS W HeOoOXOJUMOCTHIO
TIOBBIIIEHUST PecypCHOM 3¢ GheKTUBHOCTH arponpOMBIIIZIEHHOro KoMriekca. LluaHobakrepuu
CrIocoOHBI MMPeoOpa30BbIBaTh COJTHEUHYIO SHEPrHI0 W HeOpraHuyecKuil yriepos, B Ouomaccy,
a OTJAe/ibHble TaKCOHbI (UKCUPYHOT arMocdepHbiii a30T. [103TOMy OHM pacCMaTpUBAlOTCS Kak
KOMITOHEHTbl OHOymoOpeHUE W OHMOCTUMYJISITOPOB, a Takxke (OTOOHMO/IOTHUECKUX CHUCTEM
JIOOYMCTKU CTOUHBIX BoZ, [16; 9]. [lnsi pervioHa CyllleCTBEHHbI BbICOKas WHCOJSIUSI, Ce30HHbIe
KonebaHWs TemriepaTypbl, HEOJHOPOAHAs MHWHepalv3alysi BOAbI U pa3/MyHasi OpraHuuecKas
Harpy3ka CTOKOB, OTpe/iesisitolirie TpeOoBaHus K M0/100PY LITaMMOB M PEXKMMaM KY/IbTUBUPOBaHMUSI.

CoBpeMeHHbIE HWCC/IIOBAHUsSI Pa3BUBAIOTCS T0 /IByM OCHOBHBIM HaripaByieHUsiM. [lepBoe
CBSI3aHO C arpoOMOTexXHOJIOTHel: OMoMacca WM MeTabOoMUThl I[HAaHOOAKTEPUM HCIIONB3YIOTCS Kak
KOMITOHEHThI OMOyI00peHui, 6MOCTUMY/IATOPOB U TIOUBEHHBIX KOH/IUIIMOHEPOB, B TOM UUCJIe IS
TIOBBIIIEHUs] YCTOMUMBOCTU PAacTeHWM K 3aconeHuto W 3acyxe [15; 12; 3; 10]. Bropoe oTHocutcs
K 9KOJIOTMUeCKOW WH)KeHepuH: (GoToTpodHbIe KOHCOPLMYMBbI TIPUMEHSIFOTCS /ISl y/aseHus
OUOreHHBbIX 3/IEMEHTOB W OpPraHWYeCKOM Harpy3Kd M3 CTOUHBIX BO/l, a TAKXKe /ISl TIOTydeHUsi
6uomaccel [5; 1; 8]. ITpu nepeHoce 3apyOe)KHBIX pellleHW 6e3 aziarTalid BO3MOXKHBI CHIDKEHHE
MPOAYKTUBHOCTH, POCT 3aTpar Ha BOJ[OTIO/ITOTOBKY U HECTaOM/IbHOCTD KY/BTYP.

Llens pabotel — pa3paboTath KOHIENTYaqbHYI0 MO/e/lb TPAKTUUECKOTO BHePeHHs
[[MaHOOAKTepUabHBIX TEeXHOJIOTUH B YCIOBUSIX Y30eKucTaHa. 3afiauu: CHUCTeMaTHU3UPOBAaTh
MpUMEHUMbIE TEeXHOJIOTUYeCKHe LIeTIOYKH, COMOCTaBUTh TPHU ClLIEHApUsl HCIIOJIb30BaHMUS,
OTIpe/ie/TUTh K/IFOUeBble TI0Ka3aTe/ld MOHWUTOPWHTa U TpeboBaHMS OMO0€30I1TaCHOCTH, a TakKXKe
0003HaunTh Oapbephl MaciITabupoBaHus. PaboTa HOCUT aHAUTUYECKH XapaKTep U He 3aMeHseT
nabopaToOpHYIO WU TIOIEBYHO BaJTU/IALIUIO.

MaTepI/IaJIbI M MeTO0AbI

WccnemoBaHre OCHOBAaHO Ha aHAJUTHUECKOM 0030pe myOnuKaiuii 1o OuoymoOpeHusM,
Ouosoruueckor  a3oTdukcaiui, QOTOTPOGHONH OUMCTKE CTOYHBIX BOJ, W HCIO/Ib30BaHUIO
dororpodHol Ouomaccer [8; 1; 3; 10; 12]. VCTOYHMKHM COMOCTAB/IS/IMCH TIO PeeBAHTHOCTH
K apu/iHbIM pervoHaM, OITMCaHUI0 DEXUMOB KY/JIbTUBHPOBaHHS, TMOKa3arenasiM 3(PPeKTUBHOCTU
M TEeXHOJIOTMYEeCKOW BOCIMPOU3BOAUMOCTU. IIpy paccMOTpeHMM IITAaMMOB  YUYUTHIBA/IUCH
MPOAYKTUBHOCTh, YCTOMUMBOCTb K MUHEpa/M3alliid U TeMrepaTypHbIM KoieOaHUsM, ClIOCOOHOCTh
K a30T¢UKCAI[UU U OTCYTCTBHE U3BECTHBIX NTPU3HAKOB TOKCUT@HHOCTH.

165



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

CpaBHMBa/IMCh TEXHOMOTWYECKHe LeMOUKU TIOATOTOBKM BOABI W TIMTaTe/bHOW Cpejibl,
Ky/bTUBUPOBAHUSI B OTKPBITBIX M 3aKPBITBIX CHCTeMax, cOopa W TepBUYHOM TIepepaboTKu
Oromaccel ¥ KOHTPOJIS KadecTBa. [lapamMeTphl 0CBelleHHOCTH, Temriepatypbl, pH 1 coctaBa cpefib
He 3a/laBa/lMCh KakK YyHHMBepCa/bHble, TOCKOJIbKY OHU [IO/DKHBbI YTOUHSITHCS [Jii KOHKPETHOTO
1ITaMMa Ha MWJIOTHOW cTaZuu. [10MOSHUTeNbHO MCMO0J/b30Ba/iCh 3/1eMEHThI OLIeHKH YKU3HEHHOTO
LUK7a [/l BbIIBJIEHHWSI BOAHBIX M SHEpPreTMUeCKUX OrpaHWYeHWd U  KOHL|eNTya/lbHOe
MOZie/TMPOBaHue CBsi3el MeXy pecypcamy, OHOJIOTMUeCKMMU TlapaMeTpaMd U 1ieJIeBbIMU
pesy/abTaTaMHm.

Jlnisi perMoHa/IbHOM afjanTaliiy YYUTHIBAIUCh OMyO/IMKOBaHHbIE CBE/IeHUsI O K/TMMaThdeCKOu
Ce30HHOCTH, BOJIOXO3SICTBEHHBIX CHCTeMaxX U OMOTeXHO/MOrMUYecKnx pa3paboTkax B pervoHe [6].
OtcyTcTBHe  COOCTBEHHBIX TIO/IEBBIX  JKCIIEDUMEHTOB ~ pacCMaTpUBaeTCs KakK  OCHOBHOE
orpaHuyYeHue; MO3TOMY SKOHOMHYeCKHe U TeXHOJIOTMUeCKHe BbIBOZbI MMEIOT IpeJBapyTe/bHbIN
XapakTep ¥ TpeOyrOT MPOBePKU Ha MUJIOTHBIX 00bekTax [9; 13; 1].

Pe3ynbrarhl U 00Cy)KeHHe

AHanv3 TI03BO/M/ BBIJIEIAT TPU CIieHapus BHeApeHWs. [lepBblii — MPOW3BOACTBO
ouoyn06peHri 1 OMOCTUMY/ISTOPOB Ha OCHOBe OMOMACChl WM 3K30MOiMcaxapuioB. [Iist Hero
KPUTUYHBI CTaOWUIBHOCTH COCTaBa OHOMAcCChl, COflep)KaHWe OCHOBHBIX 37IeMEHTOB IHUTaHMUS,
OTCYTCTBHE TOKCUT'€HHBIX CBOWCTB, MHKPOOHMOIOTHYeCKass UHCTOTa W BOCIIPOM3BOJUMOCTD
J03UpOBOK. TexHosiorWyeckast —IlefioykKa BKJIFOUAeT TI0A00OD HETOKCUIeHHBbIX — IIITaMMOB,
HCTI0/Tb30BaHKe BOJ[bI C KOHTPOJIMPYEeMON MHHepasr3aiyeid, coop 6MoMacchl M ee CTabUIH3aI[HIO
JL7Is1 XpaHeHWsI U TPaHCIIOPTUPOBKH [3; 10; 12].

BTopoii cijeHapuii CBsi3aH C TO/iepKaHUeM TI/IOZ0POANS TIOUB MOCPEeICTBOM OMOIOrHYeCKOi
¢bukcarmu a3oTta u (HopMHUpPOBaHHMsI OMOTIZIEHOK B arpoljeHo3ax. Pe3y/ibraTtom sIBIsSieTCs He TOJIBKO
TOBapHBIM MPOAYKT, HO U SKOCUCTEMHasl yC/lyra — yBeJWUeHue AOCTYITHOTO a30Ta U y/aydlleHue
CBOWCTB TIOYBbl. MOHUTOPUHT [IO/DKEH BK/IOYATh JAWHAMUKY MHHepasbHBIX (OpM a30Ta,
OpraHWYecKoro BellecTBa, BOJOMPOYHOCTH arperaTtoB W TOKa3aTelu TPOAYKTUBHOCTH KYJBTYP.
[TpakTHyeckass yCTOMUWBOCTb TIOBBIIIATCS TIPU HCTIOMb30BaHUM JIOKA/TLHO aJalTHPOBAHHBIX
WHOKYJISILIUA ¥ KOHTPOJIe BOJHOTO U COMeBOro pexkuMma [14; 12].

Tpetuii crieHapuii — (oToTpodHasi JOOUMCTKA CTOUHBIX BOJ] C O/IHOBPEMEHHBIM T0o/TyuyeHneM
buomacchel. IleneBbIMHU TIOKa3aTensiMU SIBSIFOTCS yAajieHWe aMMOHHMMHOTO a3otra u Qocdaros,
CHIWKeHWe OpraHWYecKod Harpysku, crabummsanus pH u pacTBopeHHOro Kuciopoga. buomacca
MOKET pPacCMaTpyBaThCsl KaK COMYTCTBYIOIIWM TIOTOK /IS JajbHeuineld repepaOOTKHA, HO ee
HasHaueHWe [IOJDKHO OTpe/ieNIiTbCsl pe3y/ibTaTaMu KOHTPOJsi KauecTBa. OTKDBITbIE CHUCTEMbI
JIOTlyCTUMBbI ~ TOJIbKO TIPM  Ha/JIMUMU  TIPOTOKOTIOB  OM00e30macHOCT U Tpe[0TBpAaLleHUs
pacrpoCcTpaHeHUs He)KeJlaTe/IbHbIX OpraHu3MoB [5; 1; 8].

CormocraB/ieHHe ClieHapyeB TI0Ka3biBaeT Lie/iecoo0pa3HOCTh TIO3TAHOTO BHeApeHuWs. Ha
CTapTOBOM JTarie MOKET WCII0/b30BaThCsl CBsSI3KAa «OUMCTKAa CTOKOB + Ouomacca», 3areM —
CTaHJAPTU30BaHHbIe OWOyA00OpeHusT U OUOCTUMYMATOPBI, W Jlajiee — JIOKasbHbIe peIlieHus: 10
buosornueckoi asordukcarmu. Takasi MocieoBaTeTbHOCTh M03BOJISIET MePeX0JuTh OT (YHKLUU
9KOJIOTUYECKOM YCJAYrM K TOBAapHBIM TPOAYKTaM T[IOCTe HaKOIUIeHUsl [aHHBIX O KadecTBe
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u Oe3omacHocTH. [l Bcex ClieHapueB HeOOXOJWUMBbI — TACMOPT INTaMMa, TPOTOKOJIBI
Mpe/IOTBpAIlleHUsT KOHTAMUHALIMM, AaHaJIUTHUeCKWM KOHTPOIb W perviaMeHT —oOparieHus
c buomaccoii [16; 5; 1; 8].

ArpociieHapuu TpeOyIOT 0COOEHHO CTPOTOM CTaHAapTH3allH, MOCKOIBKY COCTaB OMOMAacCh
Y TOYBEHHO-K/IMMAaTHUeCcKre YCJIOBUSI B/IMSIIOT Ha pe3ysibTar npumeHenus [15; 3; 10; 12]. [dns
Y30ekucTaHa BaKHBI 3acojieHWe W HEeOJHOPOJHOCTb OpOIIaeMbIX II0YB, TMO3TOMY HeOoOXOAWMBI
0TOOp YCTOMUMBBLIX IITAMMOB U aJIaNTalldsi CXeM BHeCeHMs. brosiornueckasi a30ThUKCAL[UsS TaKxKe
3aBUCUT OT MHKpOOMOMAa TIIOYBBI, pPEXXHWMa OpOILEHWsS W arpoTeXHWYeCKUX Orepanyi, uTo
OrpaHUYMBaeT ee BHe/IpeHUe 0e3 JIOKaJIbHBIX CPaBHUTEIbHBIX UCTIBITAHHMN.

KmoueBbIM acriekToM 0H00e30MacHOCTH SIB/ISIETCS MCK/TIOUEHWe TOKCUTeHHBIX IIITaMMOB
Y KOHTPO/Ib HeXejaTe/JbHbIX LBeTeHWW. B mnporpamMmmy MOHMTOpMHra CjefyeT BKJIHOYaThb
MUKDOLIUCTUHBI, AaHATOKCMH-a W  CAKCUTOKCHHBI, a [OMYCTUMble YDPOBHU OIpefesaTh
B COOTBETCTBUH C Ha3HaUeHHeM BOZbI UM OMOMAacChl M eUCTBYOIUMA HopMatrBamu [9; 17]. Tlpu
BBISIBJIEHUM TOKCMHOB OvOMacca He [JO/DKHA HarpaB/sTbCS Ha arpapHoe TIpuMeHeHue 0e3
JIOTIOJTHUTEIbHOM OLleHKU. DKOHOMUUEeCKYyH0 3¢ (eKTUBHOCTh CeflyeT PaCCUUThIBaTh OTAEIbHO IS
Ka)XJJOT0 TIMJIOTHOTO CLieHapusi C yUeTOM KaIllMTajbHBIX 3aTpaT, SHePruH, BOJOIOATOTOBKH, cOopa
OroMacChl ¥ ee BOSMO)KHOW CTOMMOCTH; B ZIAHHOM paboTe CPOK OKYTaeMOCTH He OTIpeJesisiyiCs h3-3a
OTCYTCTBHUS JIOKA/IbHBIX UCXOHBIX IaHHbIX.

3ak/IIoueHue

[TpakTuueckoe BHeJpeHHe IMaHOOaKTepHalbHBIX TEXHOJOTMHA B YC/IOBUSIX Y30eKucTaHa
CJlefiyeT pacCMaTpUBaTh KaK TO3TAMHbBIN TPOLECC, YUYUTHIBAIOIIMK OHOIOrMYecKrde CBOMCTBA
IITAMMOB U BOJHO-DECypCHbIe OrpaHWUeHHs] AapUJHOTO pervoHa. AHaIU3 BbIAETWIT TpU
B3aMMOCBSI3aHHBIX  HarpaB/ieHusi:  OuoygoOpeHMss W OHOCTHMYJIATOPBI,  OHWOIOTHUeCKast
asoTdukcarus U ¢doTroTpodHas JOOUMCTKA CTOUHBIX BOJ, C ToayueHHeM Ouomacchl. CTapToBOM
11aTOpMOii MOXKET CTaTh COUeTaHHe OUMCTKH CTOKOB C TTOC/IeAYIOIeld Bajopu3aljiel 6MoMacchl,
O[JHAKO STOT BbLIBOZ, TpeOyeT MWJIOTHOM TMpOBepKU. [Ifsi arpapHBIX pelleHrud HeoOXO[UMbl
CTaHJApTH3alUsi COCTaBa, TIOJIeBble WCIBITAHUSI W KOHTPO/Ib Ouobe3omacHocTH. [nisi Bcex
HarpaB/IeHU DPeKOMEeHAYIOTCST /1abopaTOpHBbIA CKPUHUHT HETOKCHUTEHHBIX IIITaMMOB, THJIOTHOE
WCTIbITaHWe, KOHTPOJbL BOJAbI M OMOMAacchl, TIpeABapUTe/bHAasi KOHOMHUYeCKasi OLleHKa U TOJIbKO
3aTeM Tiepexofi K IeMOHCTPal[MOHHOMY MaciiTaby.
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AHHOTanus

MetunorpodHbie 6aKTepUH PacCMaTPUBAIOTCSA KaK TMPOAYLIEHTHI MUKPOOHOUM GHMOMacchl fjist
nosyueHust ofHoketouHoro 6enka (Single Cell Protein, SCP). OpgHol M3 XapaKTepUCTHK TaKOW
OvoMacchl SIBNSIETCS IMyJ1 CBOOOAHBIX aMUHOKMC/IOT, OTPaKaloIIU{ TeKylljee MeTabomuuecKoe
cocTosiHue K/eToK. Llesibio paboThl IBUIOCH MpeIBapUTEe/IbHOE OIMCcaTe/lbHOe CpaBHEeHUe TIPOGUIs
CBOOOZIHBIX aMUHOKHUCJIOT B OMoMacce /Byx mTamMMmoB — Methylobacterium dankookense 3HXI,
BbI/IeJIEHHOTO U3 CTOYHBIX BOJ, TaIllKeHTCKOTO 3aBo/ia 1o nepepaboTke Oymaru, u Methylobacterium
fujisawaense 1HXI, BbIJe/IeHHOTO U3 IJIOAOB BUHOTPaa copTa Carauana (TarikeHTcKasi 06/1acTh).

Bubimorpaduueckoe ommcanue: MapnoHoB MN.X.Y., Bepaves H.III. CpaBHUTeNbHBIA NMpoduiab CBOOOAHBIX aMHHOKHC/IOT B
6uomacce AByx mramMmoB Methylobacterium, Ky/bTHBHpyeMBIX Ha MeTaHOJI€e: IpeJBapUTe/IbHOe UcciefoBanue // Universum: Xumuys
1 GHosIOTHs @ 37IEKTPOH. HayuH. )XypH. 2026. 10(148). URL: https://7universum.com/ru/nature/archive/item/23389
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[IITaMMbl Ky/IbTHBUPOBAIM Ha MUHepaibHOH cpefe «K» ¢ meraHosmoMm (1 % 06./06.) mpu 35 °C B
TeueHWe 72 U; COflep)KaHWe CBOOOAHBIX aMUHOKUC/IOT ompefensii MmetogqoM BIXKX mocnie
JepvBatu3auuu  (eHwnnsoTholaHatoM. CyMMapHoe — cofiepyKaHue — UAeHTU(ULIMPOBaHHbIX
CBOOOJHBIX aMHHOKHCIOT coctaBuno 88,536 mr/r cyxoit 6uomaccel y M. dankookense 3HXI u
112,739 wmr/r y M. fujisawaense 1HXI. ¥ M. dankookense 3HXI mpeobmagami acriaparuHoBast
KWC/OTa, TPOJIMH, aJlaHWH W [JIyTaMUHOBasi KUC/IOTa, Torja Kak y M. fujisawaense 1HXI
JIOMUHHUPYIOILIUM KOMITOHEHTOM ObLT rUCTUAMH (29,012 mr/r; 25,7 % mysna), 3a KOTOPBIM CJie[J0BajIu
MPO/IYH, acraparvHoBasi KUC/IOTa W ajaHuH. Pasmuune MexJy IITaMMaMd [0 CyMMapHOMY
COZlepKaHMI0 OTpeie/syIoCh NPAKTUUeCKU WCKI/IFOUUTETbHO TMCTUVMHOM: TIPU €r0 MCK/IFOUeHUU U3
pacuéTta CyMMapHbie MyJibl OKa3aauch coroctaBuMbiMu (88,240 u 83,727 mr/r). Y M. dankookense
3HXI BbIlie ObUTM YPOBHU JIEHIIWHA, JIU3MHA, TPEOHWHA, Ba/lMHa U U30/IeHIMHa, y M. fujisawaense
1HXI — ructuanHa, MpojivHa, MeTUOHMHA U (heHWa/laHuHa. AcTiaparvt, TiyTaMuH U TpurntodaH
B YC/JOBUSIX TIPUMEHEHHOTO MeToZa He oOHapyeHbl. Pabora HOCHT TpeABapUTe/bHbIN
OTMCaTe/TbHbIM XapaKTep: aHa/lu3 BBIOJHEH O/HOKpPAaTHO, 0e3 He3aBUCHUMBIX OHOIOTHUeCKUX
TIOBTOPHOCTeH, 0e3 ompezeneHus oO0mero copep)kaHusi Oeka M AMUHOKHCJIOTHOTO COCTaBa
TU/IpO/IM3aTa; 3HaueHue [/1s1 TUCTUAWHA, OTpefie/istollee pa3inuie Mexxy LITaMMaMy, [T0JIy4eHO B
OZIHOKPaTHOM OripeZie/ieHU U TpeOyeT TOATBEp)KAEeHHS] TIOBTOPHBIM aHamu3oM. [lomyueHHbIe
JlaHHBbIE He MOTYT paCCMaTPUBATHCS KaK IpsiMasi OLjeHKa KOPMOBOM 1[eHHOCTH OruoMacchl ¥ TpeOyroT
MOATBEP)KJEHUS B la/IbHENIINX UCC/IelOBaHUAX.

Abstract

Methylotrophic bacteria are considered producers of microbial biomass for single-cell protein
(SCP). One characteristic of such biomass is its free amino acid pool, which reflects the current
metabolic state of the cells. The aim of this work was a preliminary descriptive comparison of the
free amino acid profile in the biomass of two strains — Methylobacterium dankookense 3HXI,
isolated from the wastewater of the Tashkent paper recycling plant, and Methylobacterium
fujisawaense 1HXI, isolated from fruits of the Sagdiana grape cultivar (Tashkent region). The
strains were cultivated in mineral medium “K” with methanol (1 % v/v) at 35 °C for 72 h; free
amino acids were determined by HPLC after phenylisothiocyanate derivatisation. The total content
of identified free amino acids was 88.536 mg/g dry biomass in M. dankookense 3HXI and 112.739
mg/g in M. fujisawaense 1HXI. Aspartic acid, proline, alanine and glutamic acid predominated in
M. dankookense 3HXI, whereas in M. fujisawaense 1HXI the dominant component was histidine
(29.012 mg/g; 25.7 % of the pool), followed by proline, aspartic acid and alanine. The difference
between the strains in total content was accounted for almost entirely by histidine: when histidine
was excluded, the total pools were comparable (88.240 and 83.727 mg/g). M. dankookense 3HXI
showed higher levels of leucine, lysine, threonine, valine and isoleucine, whereas M. fujisawaense
1HXI showed higher levels of histidine, proline, methionine and phenylalanine. Asparagine,
glutamine and tryptophan were not detected under the conditions of the method used. The study is
preliminary and descriptive: the analysis was performed once, without independent biological
replicates and without determination of total protein content or the amino acid composition of the
hydrolysate. The histidine value, which determines the difference between the strains, was obtained
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in a single determination and requires confirmation by repeat analysis. The data therefore cannot be
regarded as a direct assessment of the feed value of the biomass and require confirmation in further
studies.

KnwueBble cimoBa: MeTwioTpodHbele  Oaktepun, Methylobacterium dankookense,
Methylobacterium fujisawaense, cB0O0HBIE aMUHOKHCIOTHI, IPO(GHIL CBOOOJHBIX aMUHOKHUCJIOT,
MetaHosn, BOJKX, opHokmetounwnii Oenok (Single Cell Protein, SCP), mnpegBapuTe/ibHOe
WCC/eJOBaHUE.

Keywords: methylotrophic bacteria, Methylobacterium dankookense, Methylobacterium
fujisawaense, free amino acids, free amino acid profile, methanol, HPLC, single-cell protein (SCP),
preliminary study.

BBegeHue

3a mocsiefHYe JeCSTWIETUs POCT YMCIeHHOCTH HaceleHWsl MUPa, UHTEHCHBHOe Da3BUTHE
JKUBOTHOBO/ICTBA, MTHUL[EBOACTBA U aKBaKY/IbTYyPbI TIPUBEIM K 3HAUMTETbHOMY YBeJTMYeHHI0 CIIpoca
Ha BBICOKOKAueCTBeHHble HCTOUHWKH Oenka. B To ’ke Bpemsi TPOUW3BOACTBO TPAaJMLIMOHHBIX
0enKOBBIX MCTOUHHMKOB, TaKUX KaK COEBbI W PBIOHBIN IIPOT, CTaJKUBAETCS C PSifioM Tpobiem,
CBSI3aHHBIX C OIPAaHUYEHHOCTBIO 3eMeJIbHBIX U BOJHBIX PeCypCOB, U3MeHeHHeM K/IMMara, pOCTOM
CTOMMOCTH ChIPbSI M YCH/IEHHEeM aHTPOTIOTeHHOW Harpy3Ky Ha OKPY>KarolIyto cpeay. B cBs3u ¢ 3TUM
pa3paboTKa yCTOWYMBBLIX, JKOJIOTUYeCKM 0e30MacHbIX UM SKOHOMHUECKHd 3¢ ¢eKTUBHBIX
a/JlbTepHAaTUBHBIX MCTOYHUKOB Oesika /i KOPMOIIPOM3BO/CTBA pacCMaTpUBAaeTCss Kak OJHO U3
TIPUOPUTETHBLIX HalpaB/IeHUM COBpeMeHHOM OuoTexHosoruu [9, 8].

Mukpo6Hasi 6riomMacca, Mcroib3yeMasi /i1 oydeHust ofHoKieTouHoro Oeska (Single Cell
Protein, SCP), paccmaTprBaeTcsl Kak ajbTepPHATHBA TPAJUIJMOHHBIM MUCTOUYHWKaM Oeska Grarozmapst
BLICOKOMY CO/lep)KaHWI0 0efka, BBICOKOM CKOPOCTH pOCTa MHUKDOOPTaHU3MOB W OTCYTCTBHUIO
noTpeOHOCTH B MCIO/Ib30BaHUU TIIOIOPOJHBIX CeTbCKOX03MCTBEHHBIX 3eMesb. bakrepuasbHast
buromacca o6b1yHO cozepkuT 50-80 % Oeska B TiepecuéTe Ha Cyxyro Maccy [7].

Cpeiy WCTOUHMKOB yI/iepofia [Jisi TIOJyueHHsT MHMKpOOHoro 6enka o0coboe BHHUMaHHe
yaensiercss  ogHoyriepogHbiM  (C1) coeguHeHHsiM, B TIepBYyHO Ouepelb MeTaHOy. MeTaHou
MPOM3BOAUTCS B OOMbIINMX 00BEMAX, He KOHKYPUDYeT C THUIIEBBIM ChIPDhEM, XapaKTepu3yeTCs
BBICOKOW  XMMHYECKOM UMCTOTOM U  3(PGeKTUBHO  aCCUMUIUPYETCS  MeTUI0TPO(MHBIMU
MUKpOOpranusmamu [3, 12].

Cnenyer TmOqUepKHYTb, uTO TionyueHne SCP Ha MeTaHo/ie He SB/SIeTCS HOBBIM
HarpaByieHueM. [IpombIlsIeHHasi peaiM3yeMOCTb TaKOro Tporjecca Obljia MpPOJeMOHCTPHUPOBAHA
emé rpu pa3paboTKe TeXHOJOTMM Pruteen, a B IMOC/IeAHME TOAbI METUIOTPOMHBIE TIPOLYLIEHTHI
aKTMBHO H3yuyalOTCs KaK Ha yYpOBHE OT/eJIbHBIX IITaMMOB, TaK M Ha YPOBHE TEeXHOJIOTHYeCKHX
rmnardopm [12]. Ins poma Methylobacterium  COOTBETCTBYIOIE JlaHHbIe  0OOOIEHBI
B CHeruajvM3upoBaHHOM 003ope [5]. B wactHOocTH, gysi Methylobacterium organophilum tipu
Ky/bTUBUPOBAaHUM Ha MeTaHosie ObLIM OmpefiesieHbl MaKCHMasbHasi KOHLIeHTpalusi OroMacchl
5,05 r/n, ymenbHasi ckopocTh pocta 0,11 u™, skoHOMHUecKui Ko3ddurpenT no cyocrpary 0,24 17T,
cofiepkKaHue ChIporo rpoterHa 54,1 + 2,9 % ¥ aMMHOKUC/IOTHBIM cocTaB OeikoBou dpakiuu [11].
Ins Methylophilus sp. HN238 mipy ontuMu3anuu dhepMeHTalid B OHopeakTope 00BEMOM 5
JOCTUTHYTO cojiepkaHue Oesika 57,3 %, MpuW 3TOM [0/ He3aMeHHMbIX aMHUHOKHC/IOT COCTaBWIIa
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44,10 % [10]. Ha sTom ¢oHe HacTosimiass paboTa He MpeTeHAyeT Ha TeXHOJOTMUECKYH) OI[eHKY
MPOJIyLIEHTOB: OHAa OrpaHWYeHa aHaJMTHUeCKUM OMWCaHWeM OJHOro TioKa3aresiss — Iy/a
CBOOOZIHBIX aMHUHOKHUCJIOT IBYX TIPUPOIHBIX U30JISTOB.

Ba)kHO pa3nuyarh JiBa MPUHLIMIIKMAIBHO pa3HBbIX TOKa3aTesis. AMHWHOKUCIOTHBIA COCTaB
K/JIeTOYHOro Oesika OmpefesnsieTcsl 1Mocjie KUCIOTHOTO THAPOJM3a 0enkoBOM (pakUuM U CITY>KUT
OCHOBOM /711 pacuéTa rokKasaTesiel KauecTBa 0Oejlka — aMUHOKHUC/IOTHOTO ckopa (AAS) u uHzekca
He3aMeHUMbIX aMUHOKUCIOT (EAAI), paccunThiBaeMbIX OTHOCUTENBbHO HopMmatuBoB PAO/BO3
[13]. Tlyn cBOOOAHBIX aMHHOKHC/IOT, HAINpPOTHB, TpEACTaB/IseT CO00M HU3KOMOJIEKY/ISPHYHO
BHYTPUK/IETOUHYI0 (DpPAKLIMIO, KOTOpasi OTPaKaeT TeKyllee MeTabosmueckoe U (U3MOIOTMUYeCKOe
COCTOSIHUE KY/JBTYpPhl M He SIB/SIeTCS SKBHBAJEHTOM aMMHOKHCJIOTHOTO cOocCTaBa Oenka. Tem He
MeHee CBeJieHUsI O Tpoduie CBOOOAHBIX aMUHOKUC/IOT Y MPUPOJHBIX IITAMMOB METHIOTPO(HBIX
OakTepuii OCTArOTCS OTPAaHUYEHHBIMH, a CPaBHUTE/IbHbIE [AHHbIE /i1 W30/IATOB W3 Pa3IUUHBIX
9KOJIOTMUe CKUX HUIII TTPAKTUUeCKU OTCYTCTBYIOT.

Wcxoas w3 3TOro, 1ie/ibI0 HACTOSIIeH paboThl SIBUJIOCH TpeABapUTE/IbHOEe OIMCaTebHOe
CcpaBHeHHWe TIPOGWIs CBOOOAHBIX AMMHOKHC/IOT B OHMOMacce AByX IITAMMOB METH/IOTPO(MHBIX
Oaktepuii — Methylobacterium dankookense 3HXI u Methylobacterium fujisawaense 1HXI,
BbIZIeJIEHHBIX W3 Pa3/MUHbIX SKOJIOTUUECKUX HUII U KyJbTUBUPYEMbIX Ha MeTaHOJ/ie B KauecTBe
eIMHCTBEHHOTO0 MCTOYHMKA yrieposa. PaHee yka3aHHble IITaMMbl ObUTH OTOOpaHBI HaMU Kak
aKTHBHBIE TIPOAYLIEHTHI OMOMAcCChl TPU POCTe Ha HU3KOMOJEKY/ISPHBIX chHpTax [6]. 3amaua
KO/TMUECTBEHHOM OlIEHKM KOPMOBOHM I[eHHOCTHM OMOMAacChl B paMKax HacTosiel paboThl He
CTaBW/IaCh.

Marepuasibl 1 MeTOABI

[IItammel. B pabore wucronb3oBany mrtaMMbl Methylobacterium dankookense 3HXI,
BbIZIeJIEHHBIA U3 CTOUHBLIX BOZ, TalllkeHTCKOTO 3aBojia 1o repepabortke 6ymaru, 1 Methylobacterium
fujisawaense 1HXI, BbIgeneHHbI W3 IUI0[OB BUHOrpaZa copra CarauvaHa, BbIpAI[eHHOTO
B TalkeHTCKOM o6sacTd. BbifenieHre mITaMMOB U3 YKa3aHHBIX MCTOUYHMKOB W UX OTOOp Kak
aKTUBHBIX TPOAYLIEHTOB OHMOMAcChl TIPU POCTe Ha HU3KOMOJIEKY/ISIPHBIX CITUPTaxX OIMUCAHbI paHee
[6]. BupoBasi TpUHA/IE)XHOCTh INTaMMOB Oblla yCTaHOB/JIeHAa HAa OCHOBaHWUM aHaIM3a
HYK/IEOTU/IHBIX TiocienoBaTesibHOCTer TeHa 16S pPHK. [lonyueHHble TOCie10BaTeIbHOCTH
neroHrpoBanbl B 6a3e gaHHBIX NCBI GenBank: M. dankookense 3HXI — PX924540.1, M.
fujisawaense 1HXI — PX924362.1. O6a 1miTamMmma CIoCOOHBI MCTIOMB30BaTh METAHO/ B KaueCTBe
e/IMHCTBEHHOT'0 UCTOYHUKA YI/Iepo/ia U SHepruu.

YcnoBus KynbTHUBUPOBaHUA. bakTepuu BbIpallUBaiy B XKUAKOM MHHepaibHOU cpefie «K»
crenyrougero cocrasa (r/n): KH,PO, — 2,0; (NH,),SO, — 2,0; MgSO,-7H,0 — 0,025; NaCl —
0,5; FeSO,-7H,0 — 0,002; meranon — 1 % (06./06.); auctunmMpoBanHas Bojga — g0 1 71; pH
cpennl 7,2. [ToceBHOM Marepuas BHOCUIM B KonmuuectBe 10 % (006./006.) U3 72-yacoBoii Ky/JbTYpPbI
C OMTUYeCKOM MIOTHOCTBI0 OD( ;= 1,02. Ky/nbTuBMpOBaHUe MPOBOAWIM B Kosbax JpieHmeriepa
o6bémoM 300 M ¢ 06bémom cpefpl 100 M (oTHOLLeHHe 00bEMa cpefibl K 00bEMY ra3oBoi (asbl
1:2) mpu 35 °C B TeueHwe 72 u Ha opbuTanbHOM meiikepe mpu 200 o6/MuH. KaXkablii 1mTraMm
Ky/IbTUBHPOBAJIM OFHOKPATHO (0/iHa Kosi0a, 6e3 He3aBUCHUMBIX OMOIOrUYeCKUX TTOBTOPHOCTEN).
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ITonyuenue cyxoit 6uomaccel. [To OKOHUaHUM KyJIBTUBUPOBaHUS (72 1) GroMaccy OTesisiv
tenrpudyrrposanuem npu 10 000 o6/mMuH B Teuenre 10 MuH Ha pedprkepaTopHOU 1jeHTpUdyTe
BKC-VH20R (BIOBASE, Kwurai1) nmpu 4 °C. KneTtouHbld 0CaloOK TPWX/Ibl OTMbIBaIU
JUCTU/VIMPOBAHHOM BOJIOW C TIOBTOPHBIM LieHTPU(YTMpOBaHUEM B TeX >Ke YCIOBUSIX /IS yAa/leHUs
OCTaTOYHOM Cpe/ibl U BHEK/IETOUHBIX MeTaboMToB. OTMBITYI0 OMOMAacCy BBICYIIMBAINA JTHOMUIEHO
(Temnieparypa 3amopaxuBaHusg —25-30 °C) [0 TIOCTOSSHHOM MacChl M B3BelllMBaJd Ha
aHA/INTUYEeCKHX Becax.

ITonyueHne BOJHOTO 3KCTPAKTa CBOOOJHBIX AMHHOKHCIOT. HaBeckKy /HOGUIBHO
BBICYIIIeHHOW OakTepuanbHOW Omomaccel Mmaccoit 1000 wmr cycredgupoBamu B 10 M
JeMOHM3VPOBAHHOW BOABI. [Iyi1 pa3pylueHuss OaKTepuarbHBIX K/IETOK TOTyUYeHHYHO CYCIIeH3HIO
NoJBepraju y/AbTPa3BYKOBOW Je3uHTerpauyd B TeueHMe 20 MHMH C MCHOIb30BaHUEM
ynbTpa3BykoBoro jge3uHrerparopa UCD-150 (BIOBASE, Kwuraii). YnbTpa3ByKoBy:0 00pabOTKY
TIPOBOJIWIIN TIPU OXJIaXK/eHUr obpasiia B jiefissHOM OaHe, MoA/ep)KUBasi TeMITepaTypy CyCIIeH3UH He
Boille +4 °C. [Tocse ge3uHTerpanuy 3KCTpakyuio rpoBoauau 1pu 35 °C B Teyenue 40 muH. 3ateM
HepacTBOPUMbI MaTtepHas otaesnsiiu eHTpudyruposanurem ripu 8000 o6/mMuH B TeueHue 30 MUH.
[TosyueHHBI CyrnepHaTaHT WCIIO/Ib30Balyd B KayeCTBe BOJHOIO 3KCTPaKTa [JIs IMOC/Ie[YIOLIero
oripe/ie/IeHUs1 CBOOOHBIX AMUHOKHCJIOT.

Ocaxxpaenue 0esKoB 1 menTHAoB. K 1,0 M/ BbIllIeyKa3aHHOTO BOIHOTO 3KCTPaKTa /[00aB/Isiid
1,0 M 20 %-Horo pactBopa TpuxiopykcycHoi kucioTel (TXYK). ITocse vHKybaryu B TeueHHe
10 muH ocagok otaensyiv neHtpudyrupoBanueM npu 8000 o6/MuH B TeueHwe 15 muH. U3
HazlocafjouHoW >kugkocT otbupamu 0,1 M u nmodunbHO BeicymmBanu. Cyxod OCTaToK
pacTBOPSUIM B CMeCH TPUITWU/IaMUH—al|eTOHUTPUI-BoZa (1:7:1) 1 BHOBb BBICYLIMBA/IN; MPOLIEAYDPY
TOBTOPSL/TU ABAXK/bI /1J1s1 IOJIHOWM HEeWTpau3alyyd 0CTaTOYHOU KUC/IOTHI.

JepuBarusanus. Penuntrokapbamunbhbie (PTK) rpousBogHble aMUHOKUCIOT TIOTyYasIu
MyTéM TpeIKOJIOHOUHOM AepuBatu3aiiuu GerunmsorroiuaHaroMm (PITC) no metoay Bidlingmeyer
etal. [1].

YcnoBus BI)KX. AHanu3 BINONHSIM Ha XXUJKoCcTHOM xpomarorpade Agilent Technologies
1200 ¢ guopHO-MaTpuuHbIM feTekTopoM (DAD), kosonka Discovery HS C18 (75 x 4,6 mm). O6béM
vHbekiuu 5,0 M. [loaBwkHasi ¢asa: pactBop A — 0,14 M amerar Hatpus c¢ 0,05 %
TpusTWiIamMuHa, pH 6,4; pactBop B — aueronurpun. CkopocTh ImoToka 1,2 Mi/MuH;
JleTeKTUpOBaHWe NpU 269 HM (aHa/MTHYeCKasi [/IMHA BOJIHBI), JJIMHA BOJIHBI CpaBHeHUs1 360 HM.
I'papuentHoe smtoupoBanue (% B/spemsi): 1-6 % (0-2,5 mun); 6-30 % (2,51-40,0 mun); 30-60 %
(40,1-45,0 mun); 60 % (45,1-50,0 mun); 60-0 % (50,1-55,0 muH). OO6IIast MPOAOHKUTETHBHOCTh
Xpomarorpa(upoBaHus COCTaBJIsiIa OKO/Io 55 MUH. AHasm3 1ipob BeimosHeH 23.01.2026.

NpenTndukanua ¥ Ko/IuyecTBeHHOe onpejeneHue. V1eHTU(QUKALIMIO TTMKOB MPOBOAWIN
T10 BpeMeHaM y/lep>KMBaHNsl XpOMaTorpaMmbl CTaHAAPTHOM CMeCH aMUHOKUCJIOT, TIOJTyYeHHOU B TeX
)Ke Xpomartorpauueckux yc/IoBUsiX. KosmuecTBeHHOe oOripefie/ieHHe BBIMOMHSIM  MEeTO/I0M
BHEIIIHEero CTaH/apTa; BHYTPeHHUM CTaHJapT He NMpUMeHsIcs. PacuéT copepykaHWsi aMUHOKHUCIIOT
B IepecuéTe Ha CyXyr0 OMOMaccy BBITIOJTHEH aHAIMTHUUECKOW jabopaTopueil W TpefoCTaBiieH
aBTOpaM B BH/le¢ WTOTOBOTO TIPOTOKO/MA. IIpvBeAéHHBIe B HacTosimed paboTe 3HaueHUs
COOTBETCTBYIOT 3TOMY NPOTOKOJIYy Y He IepeCcurThIBa/IMCh aBTOPaMU; IPOBeJieHa TOJILKO NPOBepKa
aprMeTUUeCKOl COIIaCOBaHHOCTH UTOTOBBIX CYMM.

175



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

Pacuér cogepxanusa. Copep)kaHue KaK[oW CBOOOJHON aMHHOKHC/IOTHI B TiepecuéTe Ha
CyXyro OMoMacCy pacCUMTBHIBa/IM IO popMyrie:
C= (CXP xV xKk)/ (rnny % 1000),

rie C — copep)kaHWe aMHHOKHC/IOTBI, MT/T Cyxol Ouomaccel; CXp — KOHLIEHTparus

IKCTP

aMHHOKHCJIOTHI B aHAJTU3UPYEMOM pacTBope 1o JaHHbIM BIYKX, Mkr/mit; VakeTp — ob6rmuii 00béM
BOJJHOTO SKCTPakTa, M/I; k — cyMmapHbIii Ko3(duiiueHT pa3baBiieHUs], yUUTBHIBAIOLIUNA CTaJuM
ocaxzeruss TXYK, orbopa aqMKBOTHI ¥ IepepacTBOPeHHsI CYyXOTr0 OCTaTKa; MCyX — HaBecka CyXxou
buomaccel, T. 3HaueHus1 B TabsuIle TpUBe/ieHbl C TPeMs 3HaKaMH I0C/ie 3arsTold B COOTBETCTBUU
C mpoTokosioM aHamu3a. CymMMmbl, TipuBe/iéHHbIe B Tabsmume 1 ¥ B TeKCTe, TOMyueHbI TMPSIMbIM
C/IoKeHHeM TaO/IMUHBIX 3HaueHWH; OHM OT/IMYAIOTCS OT MTOTOBBIX CyMM IIPOTOKO/IA aHa/iv3a Ha
0,002 Mr/r, uTo 00YC/IOB/IEHO OKPYT/IEHUEM MCXOHBIX JJAHHBIX.

O6paboTka jgaHHbIX. Orpeje/ieHre BLITIOJIHEHO OZHOKPATHO il KaXKJOoro mtamma (ofiHa
KyJbTypa, OfHa TPOOOMOATOTOBKA, OAHA Xpomarorpaduyeckas WHBEKLMs). He3aBucumble
Ouonornueckrie TIOBTOPHOCTH U TIOBTOPHbIE WHBEKI[UM HEe TIPOBOJWINCH, TO3TOMY CTaHAAPTHOE
OTK/IOHEHHWe, [lOBepUTe/lbHble WHTepBaribl M KO3(GQUIMeHTbl Bapvalid He TPUBOASATCS,
a CTaTUCTUYeCKoe CpaBHeHWe IITaMMOB He BbINO/IHAIOCh. Bce mpuBefiéHHbIe pasIUuUs MeXIy
LITaMMaMU SBJISIFOTCS  ONUCATe/IbHBIMU U He IMIOATBEpP’K[eHbl CTAaTUCTUYeCKU. AHalIuTh4ecKas
Y KyJIbTYpaJibHasi BAprabebHOCTb MeTOZa B HACTOSILL[EM MCC/Ie[JOBaHUH He OL|eHHBalach.

Pe3ynbTarhl McC/ie/JOBaHUM

[Mpodunu cBOOOAHBIX AMHUHOKHCJIOT OMOMAcChl MCC/AeJOBaHHBIX IITAMMOB TIPUBE/E€HbI
B Tabmuie 1. CymmapHoe cojep)KaHue HAeHTU(PULIMPOBAaHHBIX CBOOOAHBIX aMUHOKHCJIOT
coctarmio 88,536 mr/r cyxoit 6uomaccel y Methylobacterium dankookense 3HXI u 112,739 mr/t y
Methylobacterium fujisawaense 1HXI, To ecTb y BTOporo mraMmMa OHO 66110 BbIiie Ha 24,203 Mr/t
(Ha 27,3 % oTHOCUTenbHO 3HaueHus st M. dankookense 3HXI).

AHanu3 BK/aJila OT[e/lbHbIX KOMIIOHEHTOB IIOKa3asj, UTO S5TO pas3/lIuuue OorpefesseTcs
MPAaKTUYeCKH HWCKIIOUUTENTbHO OfHUM coenuHeHneM. Copep)kaHue CBOOOJHOTO T'MCTHZMHA
coctapwio 29,012 mr/r y M. fujisawaense 1HXI npotus 0,296 mr/r y M. dankookense 3HXI, To
eCTh TOJIBKO MO0 3TOMY KOMIIOHEHTY pa3HMIja coctaBuia 28,716 Mr/r — BeJIMUKHY, MPeBbILLAIOLYI0
pasHuLly N0 cymmapHOMY mysy. [Ipy WCK/t0oUeHUH TMCTUAMHA U3 pacuéTa CyMMapHble COZlep>KaHuUs
OKa3bIBalOTCsl COTIOCTAaBUMBIMM U Jlayke HECKOJIbKO Bhlllie y M. dankookense 3HXI: 88,240 nipotus
83,727 mr/r (pazmuune 5,4 %). Takum 0Opa3oMm, TI0 BCeM OCTabHBIM KOMIIOHEHTaM ITy/ia IIITaMMbI
63Ky, a HabmoZaeMoe pasvuue 1Mo CyMMe sIBJISIETCS C/ie[ICTBUEM HaKOIUIeHUs] TUCTUAWHA § M.
fujisawaense 1HXI.

Habop AOMUHUPYIOIIMX KOMIIOHEHTOB Y IITaMMOB pa3nuuancs. ¥ M. dankookense 3HXI
HauOo/bIlMe 3HAaUeHUs] OTMeUeHbI s acllaparMHOBOM KUC/0ThI (14,714 mr/t; 16,6 % cymmapHOro
nysa), nponvHa (12,104 mr/r; 13,7 %), ananuna (10,842 mr/r; 12,2 %) ¥ IJIyTaMUHOBOM KHUCOThI
(10,630 mr/r; 12,0 %); B COBOKYITHOCTH 3TH YeTbipe KOMITIOHEHTa cocTaB/sinu 54,5 % nyna. Y M.
fujisawaense 1HXI mOMUHUPYIOIIMM KOMITOHEHTOM Obul TvicTuguH (29,012 wmr/r; 25,7 % tiyna),
nanee cinenoBany nponvH (19,370 mr/r; 17,2 %), acriaparuHoBasi kuciota (15,183 wmr/r; 13,5 %)
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Y ananuH (9,663 mr/r; 8,6 %); Ha 5T ueTbIpe KOMIIOHeHTa Npuxoaunock 65,0 % nyna. Cnenyer
OTMETUTb, UTO TI0 abCOIOTHOMY COZIeP)KaHHIO acraparHOBOM KWCJ/IOTHI, TIPO/IMHA U ajlaHUHA
IITaMMbI ObITA O/TM3KH, a Pa3/IMuKe B CTPYKTYPe My/ia CO34aéTCs MPerMyIlieCTBeHHO TUCTHIUHOM.

[To oTme/nbHBIM He3aMeHMMBIM aMWHOKMC/IOTaM pas3/iiuvs HOCWIM pa3HOHAIpaBIeHHbIN
xapaktep. Y M. dankookense 3HXI 6butu Bbillie 3HaueHus1 s yietinHa (8,065 npotus 0,822 mr/r),
musvHa (4,224 npotus 0,060 mr/r), TpeonuHa (3,178 mportus 2,385 wmr/r), BaivHa (2,625 mpoTuB
2,043 wmr/r) u usonennuHa (3,487 mpotuB 2,962 wmr/r). ¥ M. fujisawaense 1HXI Obutu BblIiiie
3HaueHus1 s ructuguHa (29,012 nporus 0,296 mr/r), mponuna (19,370 mporus 12,104 wmr/r),
MeTroHuHa (3,959 nportus 1,273 mr/r) u denunananvHa (4,883 npotus 2,266 mr/r). Coaep>xaHue
apruHyHa ObLI0 TpakTHUecku ofnHakoBbiM (0,886 u 0,887 mr/r). CymmapHast o/ He3aMeHUMBIX
aMMHOKHUCIOT cocTtaBuna 28,7 % nyna y M. dankookense 3HXI u 40,9 % y M. fujisawaense 1HXI;
TP UCK/IFOUEHUM TMCTH/VHA COOTHOLLIEeHWe MeHSIeTCs Ha NpoTuBonojiokHoe — 28,4 u 15,2 %
COOTBETCTBEHHO.

[TonyueHHble 3HaueHUs] TPeOYHOT OCTOPO)KHOM WHTepIpeTalid B JBYX OTHOILEHUsX. Bo-
TNepBbIX, 3HaueHus JyeiityHa (0,822 mr/r) u nausuHa (0,060 mr/t) y M. fujisawaense 1HXI HaxoasaTcs
B HIDKHEH YacTu pabouero guaria3oHa MeToJa ¥ ()OpPMasbHO JAI0T Pas3/iMuMsi MeXAy IITaMMaMH
nprMepHo B 9,8 1 70 pa3 cOOTBeTCTBEHHO. BO-BTOPBIX, 3HaUeHHe T'MCTUAMHA Y TOrO Ke LITaMMa
(29,012 mr/r) mouTu Ha fiBa MOpsiiKa MpeBbIiiaeT 3HaueHue y M. dankookense 3HXI (0,296 mr/r)
U SIBJISIETCS] OTIPe/IesISIIOIINM [T BCeX pa3/Iiuvii 10 CyMMapHOMY cofiep>kaHuto. Oba HabmopeHust
MoTyuYeHbl B OJHOKDPATHOM OfpeJe/ieHnd, 0e3 TIOBTOPHBIX WHBEKIWH, 0e3 [JeMOHCTpaLuH
BOCIIPOM3BOAUMOCTH UM 0e3 He3aBHCHUMOTO TOATBEPXKJeHUs WAeHTUYHOCTH COOTBETCTBYIOIIUX
xpomarorpadguuecknx MHKOB. [103ToMy B HacTtosiiedi paboTe OHU TIPUBOZASATCS KaK TepPBUYHBIE
aHa/IMTUYeCKUe [laHHble, TpeOyromye MOATBEP)KAEHUs, U He HUCIIOJb3YIOTCS KaK OCHOBaHUWe [ist
KOJIMUeCTBEeHHBIX BBIBO/IOB.

AcriaparvH, TIyTaMHH U Tpuritodad B cBoOoaHOM (hopme He Obi 0OHapy»KeHBI B OroMacce
000MX IITaMMOB B yCJOBHUSIX TIDUMEHEHHOTO MeTozla. B mMpoTokosie aHamu3a i 3TUX TO3WLHNA
nipuBezieHo 3HaueHue 0,000; B Tabuiie 1 oHu 0603HaueHbI KakK «H/0» (He 00Hapy»KeHO), OCKO/IbKY
3armich 0,000 moapa3symeBana Obl JoKa3aHHOE HY/IEBOe COZlep)KaHHe, Torja Kak (hakTHUeCcKH peub
U/IET 00 OTCYTCTBUM CUTHAJIA, OTHECEHHOTO K COOTBETCTBYIOIel aMUHOKHUCIIOTE.

Ta6nuya 1.

IIpoduib cBOGOAHBIX aMHHOKHUC/IOT B OMoMacce mrammoB M. dankookense 3HXI u M.
fujisawaense 1HXI, Mr/r cyxoi 6uomaccel (0JHOKpaTHOe Orpe/ie/ieHHe)

AMHHOKHC/IOTa M. dankookense 3HXI, mr/t M. fujisawaense 1HXI, mr/r
AcnaparvHoBas Kkuciota (Asp) 14,714 15,183
I'myramuHoBasi kuciiora (Glu) 10,630 8,682
CepuH (Ser) 1,730 1,937
Imanyn (Gly) 7,608 6,853
AcnaparuH (Asn) H/0 H/0
Inyramux (Gln) H/0 H/0
Lucrenn (Cys) 1,375 1,274
TpeonuH (Thr)* 3,178 2,385
AprunuH (Arg) 0,886 0,887
Ananun (Ala) 10,842 9,663
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AMHMHOKHUC/I0TA M. dankookense 3HXI, mr/r M. fujisawaense 1HXI, mr/r
IIponuH (Pro) 12,104 19,370
Tupo3suH (Tyr) 3,233 2,764
Bamun (Val)* 2,625 2,043
MeTtuonuH (Met)* 1,273 3,959
Tuctupgun (His)* 0,296 29,01 2%**
N3onenrun (Ile)* 3,487 2,962
Jlewitun (Leu)* 8,065 0,822%*
Tpuritodan (Trp)* H/0 H/0
®enunananvH (Phe)* 2,266 4,883
JIuzuH (Lys)* 4,224 0,060**
CymMMa UAeHTH(HIUPOBAHHBIX CBO- 88,536 112,739
00AHBIX AMHHOKHCJIOT

O0cyxaeHmne

[TonyyeHHbIe [JaHHBIE TOKA3bIBAIOT, YTO TIO OOJBIIMHCTBY KOMITIOHEHTOB ITyjia CBOOOAHBIX
aMUHOKHUCJIOT MCC/Ie[JOBaHHbIe IITAMMBI TIPM POCTe Ha MeTaHOJie OKa3aauch O/M3KHU, a OCHOBHOE
pa3/ivurie MeX]y HHMH CBSI3aHO C OFHUM COeAVHeHWeM — TUCTUAMHOM. Hanmuuwe B Guomacce
000MX IIITAMMOB 3aMeTHBIX KOJTMUECTB acriapariHOBOW W TTyTaAMUHOBOW KHCJIOT COTTIAaCyeTCsl C UX
L[eHTPaJIbHOM pOJIbI0 B a30THOM oOMeHe OaKTepuid: 3TH COeJUHEHHUS] yUaCTBYIOT B peakIusxX
TPaHCAMUHUPOBAHUS M CJIy)KaT [JOHOpPAaMM aMHHOTPYII MPW CUHTe3e [PYrMX a30TCOfep Kallux
MeTabomuToB. BMecTe ¢ TeM ciefyeT MoA4YepKHYTb, UTO OZHOKPATHOe M3MepeHHe CTaThyecKoro
nmyna MeTabOMUTOB He TIO3BOJISIeT [le/iaTh BbIBOZAbI 00 WMHTEHCHBHOCTU a30THOrO oOMeHa Wiv
CUHTeTHUUeCKUX TIPOLIeCCOB: /[Jisi TaKWX 3aK/IIOUeHUM HeoOXOo[WMbl AWHAMUUeCKWe W3MepeHus,
aHa/M3 TOTOKOB MeTaboOnMUTOB, JaHHble 00 3Kcrpeccud ¢epMeHTOB WM COTOCTaBIeHre
HEeCKOMbKUX (a3 pocta. B HacTosieil paboTe Takue JaHHbIE He M0TyUYeHbl.

Bricokoe cofepskaHue cBoOoaHOro TUcTUAWMHA y M. fujisawaense 1HXI mnpexcraBisieT
HauOOMbBIINY WHTEpeC U OfHOBpeMeHHO TpebyeT Hambosblieli 0CTOPO)KHOCTH. C OFHON CTOPOHBI,
npeobnajaHie TUCTHAWHA He sBIsgeTCs OecripelieleHTHBIM i1 MpeJCTaBUTeNed poja
Methylobacterium: B pabore Simdes u coaBT. [11] mpu aHa/mM3e aMHUHOKHC/IOTHOTO COCTaBa
buomaccel M. organophilum, BbIpailieHHONW Ha MeTaHOJe, WMEHHO TUCTHAWH ObLIT BbISBIEH
B HaubOosbiieM KomuuectBe (17,0 + 2,8 %). CoBrajieHre HarpaBeHUs pe3y/bTara C He3aBHCHUMO
oryO/IMKOBaHHBIMU JIaHHBIMU fleflaeT HabmrofaeMoe HakoIJleHWe TUCTHAWHA Ouosoruuecku
npaBAonofo6HeiM. C  /DYyrol CTOpPOHBI, B HacTosiell paboTe 3TO 3HaueHHe TIOyueHO
B OJHOKDAaTHOM OIpeJe/ieHHH; He3aBUCUMOe TOATBEP)KJeHUe HUJeHTUUHOCTH COOTBETCTBYHOLErO
MUKa W OLleHKAa BOCIIPOM3BOJUMOCTH He TIPOBOAWINCH. [103TOMy 00CyKZaeMoe HakoTieHUe
TUCTUMHA CeyeT pacCMaTpUBaTh Kak HaOsrofieHue, TpeOyroliee 1ije/ieHarpaB/ieHHON MPOBePKH,
a He KakK YCTaHOBJEHHYH ILTAaMMOBYIO XapaKTepUCTUKy. I[IpoBepka 3Toro HabmogeHUs —
oripefieJieHHe  COJiep)KaHUs TUCTUAMHA B  HE3aBUCHMbIX  OMOJIOTHYeCKMX  TIOBTOPHOCTSIX
C TOATBEPXKJeHWEeM WAEeHTUYHOCTU TMKa — TIpeACTaB/sieT co0oW TiepBOOUepe[HYIO 3azauy
Ja/IbHEHIITHNX UCCIeIOBaHUM.
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[Ipsimoe corioCTaBleHWe HAIIUX Pe3ylbTaTOB C OMyO/JIMKOBAaHHBIMH  JIAHHBIMH  TI0
MeTUIOTPOGHBIM TPOAYLIEHTaM OrpaHMUeHO pa3nureM 00BeKTOB m3MepeHHs. B pabote Simodes
U coaBt. [11] ansa M. organophilum, BbipailjeHHOW Ha MeTaHOJe, OMNpeZesisii aMUHOKUCIOTHBIN
coctaB 0enkoBO#M (pakLMU M BBIPAKAIM €ro TPerMYI[eCTBeHHO B TPOLIEHTAX, OFZHOBPEMEHHO
TIPUBOAS KJ/IIOUEBbIe TEXHOJIOTMUECKHe XapaKTePUCTHKM TpOoLiecca: KOHL[EHTPALUI0 OMOMacChl
5,05 1/, yaenbHy0 ckopocTh pocta 0,11 u™, skoHoMuYeckuii koadduiiveHT 0,24 r/T U cofiep>kaHre
ceiporo mpoTtenHa 54,1 + 2,9 %. B Hacrosiredi pabore HUM OOWH W3 3TUX TIOKasaTened He
OTIpefesIANICSI, A  W3MepsieMOW  BeJMUMHOW  Ob1  CBOOOAHBIA  (HU3KOMOJIEKYJISIPHBIN)
AMUHOKUC/IOTHBIA Tyn B MI/T CyxXol Ouomaccel. [losToMy HammM [aHHble He MOTYT OBITh
HeroCcpe/ICTBEHHO COTMoCTaB/ieHbl € [11] ¥ He MO3BOMSAIOT OLIEHUTb, NPEBOCXOAAT JIM U3yUYeHHbIe
IITaMMbI M3BECTHBIX METHU/IOTPO(HBIX MPOAYLIEHTOB.

CylecTBeHHbIM OTPaHWYeHHeM SIB/ISIeTCST TAK)Ke OTCYTCTBHE CBeZileHWH O (hr310/10ruueCcKoM
COCTOSIHUM KYJIBTYP B MOMeHT oTbopa. Oba mITaMMa BhIpalMBagd 72 4 B OJWHAKOBBLIX YCJIOBUSIX,
OJHAKO IIpPU paBHOM BpeMeHM Ky/JbTHBUPOBAHUS pa3Hble IITaMMbl MOTYT HaxOAWUTBHCS B PasHbIX
¢dasax pocra: ofuH — B M037HEH SKCIIOHEHIMa/JbHOM, JPyrod — B CTalMOHapHOHN (asze wiu
B COCTOSHMM CyOCTpaTHOro rojofiaHus. KpuBble pocCTa, ONTHUeCKas IJIOTHOCTb Tipu cbope,
OCTaTOYHasi KOHLIEHTpalldsi MeTaHosa, KOHeuHbli pH u BbIxoz cyxoli OuMomacchl B HacTosIen
paboTe He perucTpupoBaMchk. COOTBETCTBEHHO, BBISIB/IEHHbIE Pa3/ivuuus B MPOPUISX CBOOOJHBIX
AMUHOKHC/IOT MOTYT OTpaXaThb He YyCTOWYMBBIE IITaMMOBBbIe OCOOEHHOCTH, a pasHoe
¢usnosoruuecKkoe COCTOSIHHMEe KyJAbTYp Ha MOMEHT orbopa mpob. 3To  CyljecTBeHHO
MIPUMEHHUTE/TBHO K MTPOJTHHY, Ccofiep)kaHue kotoporo y M. fujisawaense 1HXI 6bi10 B 1,6 pa3a Bbiitle,
yeM y M. dankookense 3HXI: mponvH y 6aKTepuii BBITOMHSET (GYHKIMIO COBMECTHUMOTO OCMOJIUTA
Y HaKaryiMBaeTCsl MPU OCMOTHMYECKOM, KHWCIOTHOM U [pyrux Bujax crpecca [4]. [ToBbiiieHHbIN
ypOBeHb CBOOOJHOTO TMPOJIMHA, TaKUM 00pa3oM, C PaBHOM BEPOSITHOCTBIO MOXET OTpPaXkaTb
CTPEeCCOBBI OTBET KY/IBTYPBI, a He BUOCIeu(UIeCcKyr0 0COOeHHOCTh MeTabomr3Ma.

Pasmuuua Mexay ILITaMMaMM IO COJEP)KaHUI0 OT[e/NbHbIX He3aMeHWMbIX aMUHOKHC/IOT
HOCST pa3HOHarpaB/ieHHbIH Xapakrep: M. dankookense 3HXI omimuancs 6osiee BBICOKMMU
3HaueHWsIMU [i7Isl JIM3UHa, JellMHa, TPeOHHHA, BaJMHa U WU30/eilivHa, Torjga Kak M. fujisawaense
1HXI — pns rucTUAvdHa, MeTHOHMHA W (eHWnanaHvHa. HU OfMH U3 1ITaMMOB He UMes
MPeMMYIIeCTBa 10 BCeM He3aMeHHUMbIM aMUHOKUC/IOTaM oOfHoBpeMeHHO. PopmanbHO 6osee
BBICOKasi CyMMapHasi /lofs He3aMeHHMMbIX aMMHOKUCIOT Yy M. fujisawaense 1HXI (40,9 npotus
28,7 %) obecrieunBaeTCs UCKIFOUNUTETBHO TUCTUIUHOM: Oe3 ero yuéTa COOTHOIIIeHWe MEHsIeTCS Ha
npotuBononokHoe (15,2 npotuB 28,4 %). OTO HarIsAHO TMOKa3bIBaeT, UTO WHTErpasbHbIe
MoKasaTe/d, paCCUMTaHHble TI0 Ty/ly CBOOOAHBIX aAMUHOKUC/IOT, KpailHe UyBCTBUTE/IbHBI
K e/JMHCTBEHHOMY KOMITOHEHTY U He MOTYT CJIY’KUTb CaMOCTOATe/IbHOW XapaKTepUCTUKOM KauecTBa
Geska. ITo aTo¥ TpuuMHe B HacTosileld paboTe CO3HATebHO HE WCIIOJB3YeTCs XapaKTepUCTHKA
«bosee cOamaHCUPOBaHHBIN TPOPUIB». COaMaHCUPOBAaHHOCTH AMUHOKHC/IOTHOTO COCTaBa SIBJISIETCS
HOPMaTHBHBIM TIOHSITHEM U OTIpe/ieNisieTCsl He UMC/IOM aMHUHOKHUCJIOT, TT0 KOTOPBIM OJUH 0oOpaser]
TIPEeBOCXO/UT JIPYTOM, a COTMOCTaB/IeHWeM C KOHKPeTHOM 3Ta/lOHHOM MOTpPeOHOCTbI0 — HarpuMep,
MOCPEe/ICTBOM pacuéTa aMMHOKHC/IOTHOrO ckopa (AAS) oTHocutenbHo TpeboBanuii PAO/BO3
U WHJeKca He3aMeHUMbIXx aMUHOKHMCIOT (EAAI) [13]. Tak, /mM3uH uMeeT ocoboe 3HaueHWe TIpU
COCTaBJ/IeHUU pal[MOHOB Ha 3epHOBOM OCHOBeE, I7le OH YacTO BBICTyIaeT MepBOU JTMMUTHUPYIOLLeN
aMUHOKUCIOTONW [14]; omHAako BBIBOA O TOM, IIOKphIBaeT /i OuWoMacca [JAHHOTO INTaMMa
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MOTPeOHOCTh KOHKDETHOTO BWZA (NTHLbI, CBUHEMW, YKBAUHBIX WM DPbI0), BO3MOXXEH TObKO TIPH
COTIOCTaB/IeHWH C COOTBETCTBYIOIIMM ATajJOHHBIM mpoduieM. OOa yKa3aHHBIX TIOKa3aresist
PaCCUMTBLIBAIOTCS TI0 AaMWHOKHUCIOTHOMY COCTaBy TH/[POJIM30BaHHOTO Oenka, a He TI0 TIy/Iy
CBOOOHBIX aMUHOKHUCIIOT, ¥ B HACTOSILe paboTe He Ompe/esisiyiiCh.

HeoOHapy)xeHHe acriaparvHa, IlyTaMdHAa W TpHUNTo(daHa COIIacCyeTcsi C MeTOAUYeCKUMHU
OrpaHWYeHUsIMA TPUMEHeHHOW cXxeMbl aHanu3a. WM3BectHo, uto nipu DTK-gepuBatuzaumu
1 00paréHHO-(a30BOM pa3fe/ieHnd YacTh aMHUHOKHC/IOT MOXKET He OTpeeNsThCs; B UaCTHOCTH,
Simdes u coaBT. [11] oTMeuasnu, 4TO METUOHWH, LIMCTEMH U acrnaparuH y M. organophilum
BeposiTHee BCero He ObUTH MeHTU(HUIMPOBAHBI TI0 METOAMUECKUM MpuuuHaM. s TpunrodaHa,
KpoMme TOro, TpeOyeTcsi OT/enbHass MeTOAMKA IIeJIOUHOTO THAponu3a. [103ToMy KOpPpeKTHOM
SB/sIeTCs1 JOPMY/TUPOBKA «He 00HAPY>KEHO B YC/IOBUSIX TIPUMEHEHHOTO METO/[a», a He YTBep)KJeHHe
00 OTCYTCTBHM JIaHHBIX COeTUHEHUH B K/TeTKaX.

[lpakThueckass  3HAUYMMOCTb  MHKpPOOHOW  Ouomaccel ~ MeTUNOTPOGHBIX  Oakrepuit
B KOPMOIIPOM3BO/ICTBE TIOATBEP)KJAeTCSl He3aBUCHMBIMU MCC/IeIoBaHUSAMU. Tak, OakrepuasibHas
MyKa Ha OcHOBe Methylococcus capsulatus ycrielllHO TIpUMeHsIaCh [ijis UYaCTUUHOM 3aMeHbI
PBIOHOM MyKM B paljioHe MOJIOAYW YEPHOro MopcKoro Jema [15], a coBpemeHHble 0030pbI
yKa3bIBalOT Ha BBICOKYIO IepeBapMMOCTb U NpHeM/IeMblii aMUHOKHUC/IOTHBIN coctaB SCP B kopMax
[ 0OBEKTOB aKBaKy/IbTyphl, OTMeuasi TIPA 3TOM 3aBUCHUMOCTb 3(P(EeKTUBHOCTU OT KOHKPETHOTO
MPOAYLIEHTa, TEeXHOJIOTMM T1epepabOTKM M YpPOBHSI BK/IIOUeHWsT B paiuoH [2]. Hactosiee
WCC/ieloBaHWe He [JaéT OCHOBAHUM [i/isi OTHECeHUsl U3yUYeHHBIX IITaMMOB K 3TOW KaTeropuu: AJisi
TaKOTO BbIBOZIA TPeOYIOTCS JaHHble O BbIXOZle OMOMAcChl, 00IeM cofep)XKaHuu Oesika, TMOJTHOM
aMUHOKHCJIOTHOM COCTaBe TH/pOJiM3aTa, COZep’KaHUM HYKJIEMHOBBIX KHWC/OT, TepeBapuMOCTH
1 0e30MacHOCTH.

OrpaHuyeHHsi HCCIeJ0BAaHUSA. ABTOPbI CUMTAlOT HEOOXOAWMBIM SIBHO TIePEUHCITUTh
orpaHuyeHusi Hacrtosimedi pabotel. (1) OmnpezesneHyie BBITIOMHEHO OJHOKPATHO /il KaXK0TO
mramMma, 0e3 He3aBUCUMBIX OMONIOTHUECKUX TMOBTOPHOCTEH M TIOBTOPHBIX XpOMaTorpaduiecKyx
VWHBEKIM; TOKa3aresu pa3bpoca He PpacCUMTBHIBANIMCh, CTAaTUCTUUYECKOe CpaBHeHWe He
BBITIONHSIOCE. (2) Vi3MepeHa Tonbko (pakiysi CBOOOAHBIX AMHUHOKHCJIOT; oOIee cojep)KaHue
Oesika, BBIXOJ, CyXOl OMOMAacchl M AMHWHOKWCJIOTHBIA COCTaB TH/PO/M3aTa He OIpeZessiTiCh,
BC/ICTBME 4Yero TioKa3aresid KauecTBa Oesnka (AAS, EAAI) paccuutath HeBO3MOXHO. (3)
du3nonoruyeckoe COCTOSTHUE KYIbTYp B MOMEHT OTOOpa He JIOKyMEeHTHPOBaHO: KpPUBbIE POCTa,
ONTHYecKass TUIOTHOCTh Tpu cOope, OCTaTOuHasi KOHIIEHTpalWs MeTaHo/a W KOHeuHbli pH He
peructpupoBanuch. (4) Xpomarorpadryeckass MeToyKa NMpUMeHeHa Kak Mpolefypa pasfieneHus
M KOJIWYEeCTBEHHOIO Ofpejie/ieHus1 10 BHeIIHeMy CTaHJapTy; IoaHas Banujanus (OLieHKa
MPaBUIBHOCTH, TPELM3UOHHOCTH, OTCYTCTBUsI KOS/IOMPOBAHMS), a TakKe OIpeZe/ieHUe Tpejesa
oOHapy)keHHsI W TIpefiesia KOJIMUECTBEHHOTO OTIpe/ie/ieHnsi B paMKax HacTosiedl paboTel He
MIPOBOJU/IUCH, TIO3TOMY COOTBETCTBYIOL[E METPOJIOTMUeCKHe XapaKTepUCTUKU He pPUBOAATCA. (5)
WeHTU(UKaLMsl TTMKOB OCHOBaHAa Ha BpeMeHax Y/lep)KUBaHUsl CTaHJapTHOW CMecH; He3aBUCHUMOe
TIOATBEPK/jeHe UJEHTUUHOCTH TIMKOB He BBIMOMHAIOCH. (6) KimoueBoe HabmomeHre paboTel —
BBICOKOE CoJiep>kaHWe cBoOopHOro ructuavHa y M. fujisawaense 1HXI — momydeHo
B OZIHOKpPAaTHOM oripejiesieHny U TpeOyeT noATBepaeHuss. C yuéTOM Tepeurc/ieHHOTO pe3y/IbTaThl
HaCTosIIIel paboOThI UMEIOT CTATyC TPe/iBapUTe/TbHON aHaIMTUUeCKON XapaKTepUCTUKU U He MOTYT
WCTI0/Tb30BaThCS /71T OLIEHKW KOPMOBO# LIEHHOCTH OHMOMAaCCHI.
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3ak/IloueHue

B pabote BbITIONHEHO Tpe/BapUTe/IbHOE OIucaTe/bHOe CpaBHeHWe Mpoduasi CBOOOAHBIX
aMHUHOKHCJIOT B OMOMacce JBYX IITaMMOB MeTUIOTPO(HBIX OakTepuii — M. dankookense 3HXI u
M. fujisawaense 1HXI, Ky/JbTMBHUPyeMbIX Ha MeTaHOJie B KaueCTBe eJWHCTBEHHOIO HCTOYHMKA
yryiepoga.

CymMMmapHOe cofiep)KaHve WeHTU(GUIIMPOBAHHBIX CBOOOAHBIX aMHHOKHC/IOT COCTAaBUJIO
88,536 mr/r cyxoii 6uomaccel y M. dankookense 3HXI u 112,739 mr/r y M. fujisawaense 1HXI.
YcTaHOB/IEHO, UTO 3TO pas/iMyue OrpefessieTcsl MPaKTUYeCKd WCK/IHUMTETbHO TMUCTUAUHOM: MpU
€ro MCK/IFOUeHHWH U3 pacuéTa CyMMapHble MyJibl IITaMMOB OKa3bIBalOTCsI COrocTaBuMbIMU (88,240
u 83,727 wmr/r). ¥ M. dankookense 3HXI mipeobsaziaii acriaparuHoBasi KMCJ/IOTa, TIPOJIMH, alaHUH
Y IJTyTaMUHOBast KUCJI0Ta, y M. fujisawaense 1HXI — rucTuavH, MpoJivH, acriapariHoOBasi KMC/IOTa
Y a/JlaHyH.

[To oTAenbHBIM He3aMeHHMMBbIM aMHHOKHMC/IOTaM pa3/iduyvsi HOCWIM pa3HOHArpaBlIeHHbIN
xapakrep: y M. dankookense 3HXI Obu1u BbIllle 3HaUeHUs /151 IeULIWHA, TU3WHA, TPEOHHWHA, Ba/IMHA
U usonediiuHa, y M. fujisawaense 1HXI — pais ructTuivHa, MeTHOHWHA W (eHWIaTaHWHA.
AcmnaparuH, ryTaMUH ¥ TPUNITO(aH B YCJIOBUSIX IPUMEHEHHOTO MeTOZa He 0OHApY>KeHbI.

BhIsiBIeHHOe HakoruieHHe cBOOoaHOro TuctuguHa y M. fujisawaense 1HXI cornacyercs mo
HarpaB/IeHUIO C OMyO/JIMKOBaHHBIMU JlaHHBIMU AJisi M. organophilum, y KoTopod TUCTHUAWH TaKxke
ObLT TIpe0b/1aIaroIM KOMITIOHEHTOM. BMecTe ¢ TeM B HacTosIlel paboTe 3TO 3HaueHHe MOoTyYeHO
B O/IHOKDAaTHOM OIfpefie/ieHul 0e3 TIOATBEepP)KIAeHUs WJeHTUYHOCTH TMKa, M €ero TpOoBepKa
paccMaTpuBaeTCsl aBTOpaMH Kak repBoouepeiHasi 3a/jaua aJbHeHIInX UCC/ieJ0BaHuM.

[TosyueHHbIe pe3y/bTaThl HOCSIT XapaKTep MepBUUHONM aHA/IMTUUYEeCKON XapaKTePUCTUKH JBYX
W30JISITOB U He SIBJISIFOTCS OLIEHKOW MX KOPMOBOM 1[eHHOCTH. [1jisi TOro UTOObI CyAUTh O TIPUTOHOCTH
JAaHHbIX IITAMMOB B KauecTBe TIPOJYLIEHTOB Oe/lKOBOM KOpPMOBO# /00aBKH, He0OXOAUMEI
JanbHeHIlMe WCCAe0OBaHUS, BK/IOUANOIIMe TIPOBeJileHHe  He3aBUCHUMBIX  OHOIOrMuYecKux
TIOBTOPHOCTEH C OLleHKOW pa3bpoca U Bamuzanueid XxpoMaTorpaduueckoil MEeTOAUKH, PerUCTPaLHio
rapaMeTpoB pOCTa U BBIXOZla CyXoW OHOMacchl, oripejenieHWe 00IIero cojep)kaHusi Oeska
M TMOJJHOrO0 aMMHOKUCJIOTHOTO COCTaBa rujposmsara ¢ pacuétom AAS u EAAI OTHOCHUTENBHO
norpebHOCTel KOHKPETHOTO BH/IA )KUBOTHBIX, a TaK)Ke OLIEHKY COZiep>KaHHsI HyK/IeMHOBBIX KUCJIOT,
1epeBapruMOCTH U 6e30MacHOCTH 6MOMAaCCHI.

bnaropapHocTh

ABTOpBI  BBIpD@XKAlOT OaroflapHOCTh  MHCTUTYTY MUKpPOOWO/IIOTMM  AKa/IeMUW  HaykK
PecnyOnvku  Y30eKuCTaH 3a TIPEJOCTaBJIEHHYI) BO3MOXKHOCTb TIPOBEIEHUSI HUCC/IeI0BAaHUMN
U CO3[aHue HeoOXOJUMBIX YCJIOBHM [jii BBIMOJIHEHHWS] SKCIIEPUMEHTATbHONH paboThl. ABTOpBI
Onarogapsar Y.JK. WMmmMoBa 3a BBITIONHEHWE XpOMaTorpaduueckoro aHamusa CBODOOJHBIX
aMHUHOKUCJIOT.
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AHHOTanus

Ilens HacTosiero o63opa — cUCTeMaTH3aliisi COBPEMEHHBIX IpeZCTaB/IeHUH O CTPYKTYPHO-
Ouonornueckux 0COOEHHOCTSIX KOJilareHa, UCTOYHUKAX U TeXHOJIOTUSIX ero TO/yYeHHs], a TaKxkKe
KPUTHUUECKW aHa/lM3 T[IepCreKTHB TPUMEeHeHHsl KOJUlareHCoJepXKalux OuoMarepuanoB B
buomezuiHe. Metozonorusi paboTel OCHOBaHa Ha 0030pPHO-aHATUTUYECKOM COIOCTaB/IeHUU
HayuHbIX MyO/MKAaL[Wi, TpeACTaB/IeHHbIX B Oubmorpaduu cTaThi, ¢ aKIieHTOM Ha WCC/Ie[OBaHUS
MOC/IeIHUX JIeT, TOCBSIEHHbIe KOJ/UIareHOBbIM KOMIIO3UTaM, ruzporensM, ckaddongam, 3D-
Ouoreuaty, (yHKUIMOHA/MW3aMMd W CHUCTEMaM [IOCTaBKHM OWOJIOTMYeCKd aKTMBHBIX BeIeCTB.
IToka3aHo, yTo 6HMOCOBMECTHMMOCTh, OHOpa3araeMocTb U CII0OCOOHOCTh KojylareHa ()OpMHPOBATh
KJIETOYHO-COBMECTHUMbIN BHEK/IETOUHBIM MaTPUKC OIpe/e/IsitoT ero LeHHOCTh /11 pereHepaTUBHOU
MeJIMLIHBI ¥ TKAHeBOM MH)XeHepuH. PaccMOTpeHbI )KUBOTHbIE 1 MOPCKHWe UCTOUHUKH, KMCJIOTHAs! U
(epMeHTaTMBHAsE 3KCTPAKLUS, a TakKKe CIIOCOOBI CTPYKTYPHO-(QYHKIMOHATLHOW MOAU(MHUKALIUH.
CoriocTaBieHre TIOJXOAOB TIOKA3bIBaeT, UTO TIOBBIINIEHHE MeXaHMUeCckO CTabUIbHOCTH U
YTIPaB/sIeMOCTH Zierpajialiii 0ObIUHO JOCTUraeTCsl CIIMBaHKEM, KOMITO3UTHON MoAH(HUKaLIer W
apXyTeKTypHu3alel, Torja Kak Ouomoruueckasi 3¢pQeKTUBHOCTb OIpeZessieTcsi COXpaHeHHeM
K/IeTOYHOM COBMECTUMOCTH W BBeZleHHMeM (DYHKI[MOHA/IBHBIX KOMIOHeHTOB. Ocoboe BHHUMaHHe
yZeneHo  KoJulareH-cepeOpsiHbIM ~ KOMITO3UTaM, MHOTOCJIOWHBIM — JlaMHUHATaM,  TeXHOJIOTHH
yckopenHo#t c6bopkn TRACE u 3D-6moneuarn. IlpakTuueckasi 3HauMMOCTb PaCcCMOTPEHHBIX

Bub6nmorpaduueckoe omucanue: MaxkamoB JK.H. KosiareHoBble OuOMarepuasbl: CTPYKTypa, TMOMydYeHWE W COBPEMEHHbIE
HaripaB/ieHHs1 OMOMeIUIMHCKOTO rpyuMeHeHus // Universum: XuMusi U OUONOTHS : 3/1eKTPOH. HayyH. >KypH. 2026. 10(148). URL:
https://7universum.com/ru/nature/archive/item/23392
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MOAXOJOB  3aK/IIOYaeTCss B BO3MO)KHOCTH CO3[aBaThb OuWoOMarepuanbl C  PeryiupyeMbIMH
MeXaHWYeCKUMH CBOWCTBAMH, apXUTeKTypOoW, Ouopgerpajaiied M KWHETUKOW BBICBOOOXKAEHUS
aKTUBHBIX KOMIIOHEHTOB JIJI51 JIeYeHUsI paH, 0’KOTOB U pereHepaliiy TKaHew.

Abstract

The aim of this review is to systematize current knowledge of the structural and biological
features of collagen, its sources and production technologies, and to analyze the prospects for
collagen-containing biomaterials in biomedicine. The methodology is based on a comparative
analytical review of the scientific publications included in the article bibliography, with emphasis
on recent studies of collagen composites, hydrogels, scaffolds, 3D bioprinting, functionalization,
and delivery systems for biologically active substances. The analysis shows that collagen
biocompatibility, biodegradability, and ability to form a cell-compatible extracellular matrix
determine its value for regenerative medicine and tissue engineering. Traditional animal and
alternative marine collagen sources, acid and enzymatic extraction, and approaches to structural and
functional modification are considered. Current developments demonstrate a transition from native
collagen used as a passive scaffold toward multifunctional composites combining antibacterial,
regenerative, and pharmacological properties. Particular attention is paid to collagen-silver
composites, multilayer laminates, the rapid collagen assembly TRACE technology, and 3D
bioprinting. The practical significance of these approaches lies in the possibility of designing
biomaterials with controllable mechanical properties, architecture, and release kinetics of active
components for wound and burn treatment and tissue regeneration.

KnroueBble c/10Ba: KosulareH, Ouomarepuasbl, TKaHeBash WH)KeHEpUs, pereHepaTHBHAst
Me/ULIMHa, KOJIJIareHOBbIe KOMITO3uThl, 3D-0unoreuars, paHeBbie TTOKPBITHS.

Keywords: collagen, biomaterials, tissue engineering, regenerative medicine, collagen
composites, 3D bioprinting, wound dressings.

BBegenue

KornareH — ceMelCTBO CTPYKTYPHBIX 0e/IKOB BHEK/JIeTOYHOTO MaTpHKCa, 00eCrieurBaroLiiuxX
MeXaHWYeCcKyl0 TPOUYHOCTb M OpraHv3alyil0 COeAUHUTENbHBbIX TKaHeM U OJHOBPEMEHHO
Y4acTBYIOIIMX B  K/JIETOYHOM ajresud, wmurpatyu u auddepenuupoBke [10;  12].
BbruocoBMecTMMOCTh,  OHOpa3/naraeMocTb M CMoCOOHOCTb  ()OPMUPOBAaThH  BOJIOKHUCThIE
U TpEXMepHble CTPYKTyphl OOYC/IOBW/IM IIMPOKOE TIpUMeHeHHe KojjlareHa B THAPOresisix,
MeMOpaHax, T'yokax, ckaddongax U cucTemMax AOCTAaBKH JIeKapCTBeHHBIX BeljecTB [6; 11; 14; 15].
OpHako >KUBOTHble WCTOUHHMKMA CBsi3aHbl C BapuabeNbHOCTBIO ChIPbSi, TOTeHLUaJbHBIMU
VH(EeKLMOHHbBIMA Y UMMYHOJIOTUYECKHMH DUCKAMU W PSAJOM KyJbTYDHBIX OTpaHUUYeHUH, UTO
CTUMY/IUPYeT pa3BUTHe ajbTepHaTUBHBIX WCTOUHMKOB UM MeTOAOB mepepaboTku [8; 9].
CoBpeMeHHBbIN BEKTOD MCC/Ie[OBaHWM HarpaBleH Ha Ilepexof, OT HaTUBHOIO KOJjlareHa Kak
MacCMBHOTO Kapkaca K (YHKLMOHAIU3MPOBaHHbIM M apXWTeKTypHPOBaHHBIM MaTepuaiaM
C perynvpyemMbiMH (hHU3UKO-XUMHUUYeCKUMU U OUosiornueckuMu cBoiictBamu [2; 17]. Llens 0630pa —
CUCTEMAaTU3UpOBaTh  CBeJeHUsI O CTPYKType, HCTOYHMKaX M T[OJyUeHHWH  KOJjlareHa
Y TIpOAHA/IM3UPOBATh COBPeMeHHbIe HarlpaB/ieHUs ero OHOMeAWIMHCKOTO TpUMeHeHUs], BK/Iouast
pereHepaTMBHYIO MeuLMHY, 3D-01oreuaTsb, 0CTaBKy aKTHBHBIX BEL[eCTB U JledeHre paH.
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MaTepl/IaJIbI " MeTOoAbI

Pabora BbIMOHEHa Kak 0030pHO-aHA/IMTHUECKOe HCC/ieoBaHWe 17  HMCTOYHMKOB,
npe/icTaB/ieHHbIX B Oubmuorpaduu. AHamu3 OXBaThiBal CBeJeHUs O CTPYKType U OuUOCHHTe3e
KOJI/IareHa, UCTOYHMKAX U MeTo/laX SKCTPaKLyu, popMax U MoAaudUKaLyyu 6rioMaTeprasioB, a Takxke
9KCIepUMeHTa/IbHbIe IaHHbIe TI0 pereHepaluu TKaHei, 3D-0uoreuaty, GyHKI[MOHATU3UPOBAHHBIM
KOMITO3UTaM M paHeBbIM MOKPBITUsM. [IpuopuTeT oTaaBasics mybmukanusam 2021-2026 1r.; 6omnee
paHHHe pabOoThI MCIO/Ib30BaHbI il (PyHAaMEeHTa/NbHBIX TIONIOKEHUM O CeMeNCTBe KOJlareHOB
Y CPaBHUTE/IbHBIX JaHHBIX T10 JIEUeHUI0 0XKOTOB [5; 7].

Pe3ynbTarhl U 00CYy)K/jeHHEe

CrtpyKTypa, 0uosioruyeckas posib H NMojiydeHre KojulareHa

Mornekyna kosmareHa oOpa3oBaHa TpeMsi TOMWIENTHAHBIMHU O-LEMsIMH, (OPMHUPYIOLIMMHU
TPOWHYIO CIHpanb C MOBTOpsOUUMc MOTUBOM Gly-X-Y; rmimH obecrieurBaeT IJIOTHYIO
YTIaKOBKY Iierei, a TIPOJIMH U THAPOKCHUIIPOJIMH y4YaCTBYIOT B CTabuam3anuu CTpyKTypsl [7; 10].
CymiepceMbst yesioBeKa BK/IIOUaeT 28 THIOB KoJareHa; Haubosiee 3HauMMbl prOprIIooOpasytorme
tunbl I, 11, 111, V u XI. Konnaren I npeobiaziaeT B KoKe, KOCTSIX, CyXOKUIHMSAX U CBsA3Kax, 11 —
B xpsiie, III — B peTUKY/IAPHBIX CTPYKTypax U Koxe [7; 12]. Vlepapxuueckast opraHu3anusi puOpusii
obecrieunBaeT MeXaHWYECKyH) YCTOHUMBOCTh TKaHeH, TOrja Kak B3aMMOZEHCTBHE KoJjlareHa
C K/IETOYHBIMM  peLenTopaMu  TMOAJep)KUBaeT  afresvio, MUrpalyioo, Iposudepanuo
1 quddepeHIIPOBKY, UTO OTpeZessieT ero LIeHHOCTh /il OMoMUMeTHYeCKUX MaTtepuanos [2; 15].

[TpombIiyIeHHBIH KO/IJIareH TPaZMLMOHHO TIOMyYaroT U3 KOXKH, KOCTeM M JPyrux OoraTbix
COe/IMHUTE/ILHON TKaHbIO TIOOOUHBIX MPOAYKTOB XUBOTHOTO TMPOUCXOXKJeHHs1. OCHOBHbIE CTaJud
BKJTFOUAIOT TIpe/IBapUTebHYI0 00pabOTKY, KUCIOTHYIO, (hepMEHTaTUBHYIO WM KOMOMHUPOBAHHYIO
SKCTPaKLMI0 U OYMCTKY; [PUMEHeHHe IlellICMHA IIOBBIAeT PAacTBOPUMOCTb 3a CYéT yZa/leHus
TEJIONENTHUAHBIX YYaCTKOB TIPM HEOOXOAMMOCTM COXpaHeHWs TPOWHOM crmpamua [2; 8].
AJIbTepHaTHBOW CJIY>)KAT MOPCKOe ChIpbEé — KO)Ka, 4Yellys, TUIAaBHUKA W KOCTU PBIO; /ST €ro
repepabOTKY TIPUMEHSIOT KUC/IOTHYIO, (DepMEHTAaTWBHYIO W Y/IBTPAa3ByKOBYHO 3KCTpakuuio [9].
[NTonyuenHsIii 610K (DOPMYIOT B PaCTBOPHI, BOJIOKHA, MeMOpaHbl, I'yOKU, TUAporenu U ckaddonabl,
a MexaHWYeckHe U (yHKLMOHA/bHble CBOMCTBA PEryJUpPYyIOT CIIMBaHUEM, 3/€KTPOCHUHHUHIOM
M KOMOMHMDOBaHHMEM C OWomosMMepaMyd WIM HeOpraHMUeCKUMHU KOMMoOHeHTamu [6; 15].
HeHartypauys U TUAPOIU3 [JA0T JKeJlaTUH M KOJIJIareHOBble MeNTH/bI C UHBIMU (PYHKLIMOHA/IbHBIMU
cBoricTBaMu [7].

KosinareHoBbie MaTepHa/Ibl B peFEHepaTl/IBHOﬁ MeguHE U 3D-0uoneuaru

KonnareHoBble ckaddongsl U THUApPOre/sd CO3JAlOT KIETOUHO-COBMECTHMOE TpEXMepHoe
MHUKDOOKpY>KeHre U TPUMEHSIIOTCS JI7Is pereHepaLiiy KOXKU, KOCTHOM U XpsillieBoM TKauu [6; 11; 14].
BMecte C TeM HaTUBHBIM KOJ/UIareH XapaKTepU3yeTCsl OrpaHUUeHHOW MeXaHWueCKOou
CTaOUIBHOCTBIO W CpPaBHUTENBHO OBICTPOM Ouoferpajalyeif, MO3TOMY ero IpaKTUYecKoe
HCTI0/Ib30BaHUe yacTo TpebyeT CLIMBaHMUsI, KOMIIO3UTHOW MOAM(DUKALIY WK apXUTeKTypU3aLuu [2;
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17]. DTu BMellaTeNnbCTBAa TOBBILAIOT YCTOMUMBOCTb KOHCTPYKLMM W TIO3BOJISIIOT BBOJUTH
JIOTIONTHUTe/IbHbIe  (DYHKI[UM, HO OJHOBPEMEHHO YCJOKHSIOT COCTaB Marepuasa W TpeOyroT
KOHTPOJISI LIUTOCOBMECTUMOCTH MPOAYKTOB MOAU(PUKALIWH.

Texnonoruss TRACE yckopsier cOopky KosutareHa | mpu ¢u3nonornyecku COBMeCTHUMBIX
ycnoBusix ¥ obecrieuriBaeT ()OPMHUPOBaHUE KJIETOYHBIX U 0€CKIeTOYHBIX KOHCTPYKLIWH, BKJTFOUast
¢unameHTbl C paspellieHMeM MeHee 5 MKM [4]. Eé mpeumyIiecTBO COCTOMT B MCII0/Ib30BaHUU
HeMOAU(DHULMPOBAHHOTO KOJljlareHa M BbICOKOW MPOCTPaHCTBEHHOW YIIPaB/IsieMOCTH; TIPU 3TOM ISt
K/IMHUYeCKON TPaHC/ISIIMK HeoOXOZMMBI JaHHbIE O J0JITOBPEMEeHHON MeXaHW4eCKOW CTabM/IbHOCTH
u ferpagauyi. [IatrcioliHble JaMUHATBL, HAIPOTUB, OPUEHTUPOBAaHbl Ha COUYeTaHHe MeXaHW4yeCKOU
OpraHM3alui ¥ KOHTPOJIMPYEMOM [OCTaBKM akTHBHBIX BerrectB [3]. Takum obpasom, TRACE
¥ MHOTOC/IOMHBIE CHCTeMBbl pelLIaloT pas3Hble 3aJaud U He [O/DKHbl pacCMaTpuBaThbCd Kak
B3auMoO3aMeHsieMble TeXHOJIOTUHU.

DYHKIMOHATA3AIUA U JOCTaBKa 0M0/I0TMYeCKH aKTHBHBIX BelleCTB

OyHKI[MOHAMM3aLMsl TI03BO/IsieT KOMIIeHCHPOBaTb OTCYTCTBHE BBbIPDa)KeHHOW COOCTBeHHOM
AaHTUMHUKPOOHOW aKTMBHOCTU KojulareHa [16]. B pabore Vasil’kov m ap. HaHouacTuipl Ag
pasmepom 13,0 + 3,5 HM ob6ecrieurBamu uHrHOMpoBaHue Bacillus subtilis (6,5 + 0,4 mm),
Escherichia coli (11,3 £ 0,7 mm) u Aspergillus niger (6,5 £ 0,4 mm) [13]. TIpeumyiijectBom Ag-
KOMIIO3UTa SIB/ISIeTCs BbIpakKeHHasi aHTUMUKPOOHast (PyHKIIUsI, OJJHAKO yCueHHe OHosioruuecKon
aKTMBHOCTH [IOJDKHO OLIeHMBaTbCSI COBMECTHO C IJUTOTOKCUYHOCTBIO U [10303aBUCHMBIMHU
sbdekramu cepebpa; moO3TOMy Takasi MofudbuKaius TpebyeT Oosee CTpOroro KOHTPOJIS
6e3omacHOCTH, UeM HaTUBHAsI MaTpUIIA.

KonnareHoBble rtugporenu, ry0Kd, MeMOpaHbl W MHOTOC/IOMHbIE KOHCTDYKIL[UM MOTYT
CIY>KUTb JIOKaJbHBIMM HOCHUTE/ISIMM aKTHBHBIX BelljecTB [14; 16]. B samunare Gaschik u gp.
coueTasch BaHKOMMLIMH, BMP-2 u SDF-1a, uTo Mo3BO/s/I0 00BbeJUHSATE KOHTPOJIb HWHMEKINH,
CTUMYJISILIUIO  KOCTeoOpa3oBaHUsT M K/IeTOUHbId pekpyTWHr [3]. OCHOBHOe TIpeUMYIIeCTBO
MHOTOKOMIIOHEHTHBIX CHCTEM — BO3MOXKHOCTb TMPOrPaMMHPOBATh HECKOJBKO TepareBThYeCcKuX
GbyHKUWH, a orpaHUYeHHe — YC/IOKHEHWe CTaHAapTHU3allii COCTaBa, KMHETUKHU BbICBOOOXKIEHHs
U BOCTIPOM3BOAMMOCTH. 3D-OHoreuatb /IOTONHUTE/NLHO O00ecrieurBaeT TPOCTPAHCTBEHHOE
pa3MellieHre MaTpUI[bl U1 KOMIIOHEHTOB, HO TIPe/bSIB/IsIeT MOBBIIIEHHbIe TPeOOBaHUS K PeOJIOTHH,
CTAaOWIBLHOCTU M JKU3HECIIOCOOHOCTH KIeToK [16].

IIpuMeHeHue NPH JIeUEeHHUH PaH U 0)KOT'0B

[TpakTHueckuil MOTeHLMaa KOJIJIareHOBbIX MaTepuasoB TOATBEP)KAeTCs HCC/Ief0BaHUSAMU
paHeBbIX MOKpbITUH. Ha Mozmenu oxkora IIIA cremeHM KosiareHOBble MaTpHLIbl M3 KOXKeBEHHBIX
OTXO[OB yMEHbIIaJM IUIOU[alb paHbl W HOPMajaM30BaiM T[OKa3aTelu  OKUC/IUTE/IbHO-
AaHTUOKCHJ@aHTHOTO OasiaHca; Haubosiee BbIpaKeHHBI 3(¢deKkT oTMeueH [Jisi  BapuaHTa
¢ KucjiomMosnouHoi kommo3utiveid [1]. TIpu oxore IIIb cremeHu KosimareH-XWTO3aHOBas TOBSI3Ka
Kollakhit-Bol yckopsina ¢opmupoBaHue rpaHyasSuMoHHOW W (UOPO3HOW TKaHU W Tepexof
BOCTMa/ieHUs] K TMPOAYKTUBHOW (ha3e MO CpPaBHEHHIO C KOJJIareHOBOW MOBsI3KOW [5]. DTU JaHHBIe
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TIOATBEP)K/JAI0T, UTO KOMITO3UTHasi MoAu(UKaIus CrocoOHa YCWIMBATh perapaTuBHBINA 3 QeKT,
O[HAKO TIpsIMOe CpaBHEHWe Ppa3HbIX IUIaTQOpPM OrpaHMYEHO pas3IhuYMsIMU MoOJesiell, cocTaBa
MaTepuasoB U KOHEUHbIX TOUEK WCC/Ie0BaHUM.

CpaBHUTe/IbHAsA OLeHKA OCHOBHBIX MOAX0J0B K MOAU(UKALMH KO/I/IareHOBbIX
OuomarepuasioB

CormocraByieHHe pacCMOTPeHHBIX TO/JXOA0B TOKa3bIBaeT, YTO BHIOOD criocoba MoguduKalm
KOJJIaTeHOBbIX OHOMarepuasnoB oOrpefenseTcss HeoOXOJUMbIM COOTHOLLEHHMEeM MeXaHhueCKOu
CTabU/IBHOCTH, CKOpOCTH Ouogerpajaid u Tpebyemoit Ouosornueckoid 3(deKTHBHOCTH.
HaruBHble KosnareHoBble ckaddongbl U ruzaporesd 001aZjal0T BbICOKOM OHOCOBMECTUMOCTBIO
Y CO37ar0T OarompusitTHoe MUKDPOOKDY)KeHHe /il a[ire3ud, MUTpaluu U rponvdepanyy KIeTok,
O[JHAKO UX TIpUMeHeHHe OrpPaHWYMBAeTCsl CPaBHUTENbHO HU3KOW MeXaHWUeCKOW CTabUIbHOCTBIO
U JocTatoyHo ObicTpoli ferpajauueii. [lostomMy [Jjis MarepuasoB, TIpefHa3HaueHHbIX Jisi
JUTUTEJIbHOTO COXpaHeHWs (OpMbI M MeXaHWUeCKOM TMOJJep)XKH pereHepupyloliel TKaHH,
TpeOyeTcss [IOTO/THUTeIbHOe CIIMBaHKe, CO3/laHue KOMITO3UTHBIX CHCTeM WM W3MeHeHHe
MPOCTPaHCTBEHHOM apXUTEKTYyphbl MaTtepuana [2; 6; 11; 14; 15].

Texnonoruss TRACE npejcTaBnisieT MHOW NOAX0[, K PeryIMpOBaHUI0 CBOMCTB KOJ/Iar€HOBBIX
KOHCTPYKLMM. YckopeHHast cOopka KosiareHa I B yc/oBUSX MakpoMosieKy/sipHoro crowding
T103BOJISIeT (hopmMrpoBaTh IIPOCTPAHCTBEHHO OpraHW30BaHHbIe CTPYKTYPBI U3
HemoauduLpoBaHHOTO Oesika M TosiyuaTb (UaMeHThl C paspellieHMeM MeHee 5 MKM [4].
Cy1iecTBeHHbIM  IIPEMMYILIeCTBOM  JIaHHOTO MeToZa  SB/SIETCS  BO3MOXKHOCTb — COYeTaHUs
yrpassisieMoro (opMoobpa3oBaHUsi C COXpaHEHWeM TPUPOAHBIX B3aUMOENCTBUI KoJlareHa
C KJIeTKaMu. B TO ke BpeMs ero NpeuMyILieCcTBO 3aK/Ir04aeTcs Ipexze BCero B KOHTpOJIe rpoLecca
cOOpKM M apXUTeKTyphbl MaTepuasa, Tor[a Kak NpUBeJEHHbIE B pacCMaTpHBaeMOM HCC/iel0BaHUN
JJaHHble He TI03BOJISIIOT HampsIMyl0 KOJMUeCTBEHHO COTMOCTaBUTh CKOPOCTb Ouojerpajaluu
TRACE-KOHCTPYKLIMI C APYTMMHU THIAaMM KOJJIaTEHOBBIX MaTepyasoB. JTO ClefyeT y4YWUThIBaThb
TIpM OLIeHKe MepCIIeKTUB UX JJIMTe/IbHOr0 IPYMeHeHUs in Vivo.

MHoroc/oiiHble  KOJIJIareHOBble  JlaMWHAThl IO3BOJISIIOT — PeryvpoBaTh MeXaHWYecKre
XapaKTepUCTUKA MaTephaja U OJHOBPEMEHHO YIPaB/ATh BK/IOUEHHWEM U BbICBOOOXKIeHUEM
OuosioTMUeCKU aKTUBHBIX BelllecTB. B uyacTHOCTH, BBefeHHe BaHKoMHI[MHa, BMP-2 u SDF-la
obecrieurBaeT CcoueTaHWe AaHTUOAKTEPUA/TBHOTO [IeHCTBUs, CTUMY/SLIMKA KOCTeoOpa3oBaHMs
Y nipuBrievyeHus KiaeTok [3]. Ilo cpaBHeHHIO C OJHOKOMIIOHEHTHBIMH KOJIJIar€HOBBIMHA MaTpULIAMU
MHOTOCJIOMHAsl ~ OpraHv3alys — paclivpsieT  BO3MOXXHOCTM  (YHKLIMOHAJbHOTO  yIIpaB/IeHHUs
MarepuasioM, O[HAaKO YCJIOKHSeT ero CTPYKTypy W TexXHOJIOTUIO U3rotoBieHus. CKOpOCThb
Jerpajjlaliii U BbICBOOOXK/IEHUS] aAKTUBHBIX KOMIIOHEHTOB TIPM 3TOM 3aBUCUT OT COCTaBa
Y OpraHu3alii OT[e/IbHBbIX C/I0€B, [O3TOMY JaHHble MapameTpbl JO/DKHbI OINTUMHU3KMPOBATHCS
MPUMEHUTETbHO K KOHKPETHOM KJIMHUUEeCKOU 3ajaue.

[pyruMm  HampaBieHWeM  sBisieTCs  (YHKLJMOHAAM3al[Usl KoJlareHa  KOMITIOHEHTaMH,
00ecreunBarOLUMU [IOTIOJIHUTE/IbHYI0 OMOIOrMUecKyr0 aKTUBHOCTh. Tak, BBe/leHHWe HaHOUaCTHI]
cepebpa T03BOJ/IsIeT KOMIIEHCHPOBaTb OTCYTCTBUE BbIPaXKEHHOTO COOCTBEHHOTO aHTUMUKPOOHOIO
JlefcTBUsl KosijareHa. VccnenoBaHHBIM Ag-cofiepsKalllii KOMITO3UT TIPOSIB/ISZT WHTHOUPYIOLIYIO
aKTUBHOCTb B OTHouueHuu Bacillus subtilis, Escherichia coli wu Aspergillus niger [13].
[TperMyl11leCTBOM TakKOro MOAXOAA SIBJASIETCS COYeTaHWe CTPYKTYPHOW (DYHKIIMM KOJJlareHOBOW
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MaTpHIIbl C aHTUMHUKPOOHBIM 3¢ pekToM. BMecTe ¢ TeM MoBbIlIeHHe (PYHKIIMOHATILHOW aKTUBHOCTH
He JIO/DKHO pacCMaTpUBaThCsS W30/IMPOBAHHO OT OMOCOBMECTHUMOCTH: KOHIIEHTpPALMSl U XapakKTep
pacnpesiesieHUsi HAHOYACTHL] TPeOYIOT KOHTPOJISI BC/IECTBUE TOTEHLMATBHOTO L[UTOTOKCHUECKOTO
JercTBUs QYHKIIMOHABHOTO KOMITOHEHTA.

3D-6noneyarh ¥ CO3[jaHHE KOJUIareHOBBIX KOMIIO3WUTOB 00eCIieurBaloT Hanbosiee IIMPOKHe
BO3MOXXHOCTHM yIIpaB/IeHUs] reoMeTpHei, MOPHUCTOCTbI0O M MPOCTPAHCTBEHHBIM pacripefieieHuemM
KOMITOHEHTOB KOHCTPYyKIMU [16]. 3To mMo3Bo/sieT afanTUpOBaTh MaTepuas K KOHKPETHOMY
TKaHeBOMY  fedekTy U  codeTaTb CTPYKTYPHYIO  TOAJIEPKKY C  JIOTIOJTHUTE/TbHBIMU
aHTUOAKTepUa/IbHBIMU, TPOTHBOBOCIIA/IUTE/ILHBIMY, AHTHOKCHUAAHTHBIMH WM OCTEOreHHBbIMU
dbysakiusvu. OHAKO yBeMueHre CIMKHOCTH COCTaBa M apXUTEKTYPbl O[HOBPEMEHHO TOBBIIIaeT
TpebOBaHUSI K BOCIIPOM3BOJUMOCTH TIPOLleCCa, KOHTPOJK MeXaHWYeCKHUX XapaKTepPUCTHK
Y COITIaCOBAHHMIO CKOPOCTH Jierpaialiii MaTepuasia Co CKOPOCThIO (hOPMUPOBAHKSI HOBOM TKaHM.

Takum 006pa3oM, pacCMOTPeHHbIe CITOCOOBI MOAUGMUKAI[UM HeJlb3si OZJHO3HAUHO PaH>KUPOBAaTh
o 3¢dexkTuBHOCTH. HaTUBHBIN KosulareH obecrieurBaeT OaronpuUsTHYI0 OMOJIOTHYECKYIO Cpemy,
HO XapaKTepu3yeTcsi OrpaHWYeHHOW MexaHuueckod ycTtonuuBocTbiO; TRACE  pacuupsiet
BO3MO)XXHOCTH KOHTpPOJIUpyeMoro ¢dopmooOpa3oBaHus 0e3 TyOOKOH XUMHUECKOH MOJU(HUKAIU
Oenka; MHOTOCJ/IOMHBIE JTAMUHATBI TIO3BOJISTIOT COUETATh MEXaHUUeCKYH0 (DYHKIIMIO C peryupyemMoin
JIOCTaBKOM aKTMBHBIX BeIeCTB; Ag-KOMITO3UThl YCHJIHMBAIOT AHTUMUKPOOHBIE CBOWMCTBA, HO
TpebytoT KoHTposis O6e3omacHoCTH; 3D-TieyaTHble KOMIO3UTBI TPEJOCTAaB/ISIOT Haubosiee MIMPOKHe
BO3MOXXHOCTM  apXWUTEKTypU3allid, OJHOBPEMEHHO YCJIOKHSSI ~ TEXHOJIOTHIO  TOJy4YeHUsl.
CrnefoBaTe/ibHO, TEPCMEeKTUBHOCTh KOHKPETHOW MOAUMPUKAIIMM [O/KHA OLIeHUBAThCS He 110
OTZIeIbHOMY [IOKa3aTei0, a [0 COBOKYITHOCTM MeXaHWYeCKOM CTaOWUIbHOCTH, KUHETHUKU
buogerpaaryu, 6uosoruueckor 3PPeKTUBHOCTH U TEXHOIOTUUYECKOW BOCTIPOU3BOANMOCTH.

3ak/IIoueHue

KommareH couetaeT 6M0COBMeCTUMOCTh, OHMOpa3/iaraeMoCTb M CIIOCOOHOCTE TMO//I€P’KHUBATh
K/IETOYHOe MHKDOOKDY)KeHHEe, UTO COXpaHSeT ero KJIoueBoe 3HaueHue [l pereHepaTUBHOM
MeauIMHbl. CpaBHUTEBHBIA aHA/M3 TIOKAa3bIBaeT, UTO CIIMBAaHWE U apXUTEKTYPHU3al[ksl Mpexje
BCEro TIOBBIIIAIOT MEXaHWUYeCKylH0 CTabWIBLHOCTb M YIIPAB/ISIEMOCTh Jerpajialldd, Torfa Kak
(dyHKIMOHAMM3al[|sl YCWIMBAaeT aHTHOAKTepHaIbHYIO, pereHepaTHBHYI0 WM (hapMaKo/IOTHUYeCKYHO
aKTUBHOCTb. OHaKO poCT (YHKIMOHAJILHOCTH COIPOBOKIAETCS YC/IOKHEHHEM COCTaBa,
CTaH/JApPTH3al[UM U OLIeHKU Oe30rmacHOCTH. [103TOMY MepCreKTHBHO Ije/ieBoe TIPOeKTHPOBaHHe
MaTepHasa Mofi KOHKPeTHYIO KJIMHUUYEeCKYI0 3aJjauy C OJIHOBPEeMEeHHBIM KOHTPOJIEM MeXaHH4eCKHX
CBOMCTB, buoferpazanuu v 6uosornueckoit 3dekTBHOCTU. [lanbHeHIIe UCC/Ie0BaHUS [[O/DKHBI
ObITh HarpaBlAeHbl Ha YHU(UKALMIO CpPaBHUTEIBHBIX WCIBITAaHUM, CTAaHJAPTH3ALUI0 ChIPhS
Y MacIITabupoBaHHe TEXHOIOTHH ITO/TyUYeHHst TTIPOCTPAaHCTBEHHO OPraHW30BaHHBIX MaTepHasIoB.

Cnucok mureparypsbl

1. Jle6eneBa C.H, Teixeee A.A, IIlan6yes [.B, TymypoBa T.b, Baspskapran M,
JKamcapanoBa C.[I. OtieHKa periapaTUBHOM 3()(PeKTUBHOCTU KOJI/IareHOBLIX MaTpHI] Ha MOJie/v
TepMuueckoro okora. Acta Biomedica Scientifica. 2022;7(1):220-231. doi:10.29413/ABS.
2022-7.1.25.

189



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

10.

11.

12.

13.

14.

15.

. Amirrah IN, et al. A comprehensive review on collagen type I development of biomaterials for

tissue engineering: from biosynthesis to bioscaffold. Biomedicines. 2022;10(9):2307. doi:
10.3390/biomedicines10092307.

. Gaschik T, EBbach C, Fischer D, Nickel D, Ritz U. Scalable multi-layer collagen laminates for

regenerative medicine. Biomater Adv. 2025;177:214422. doi:10.1016/j.bioadv.2025.214422.

. Gong X, Wen Z, Liang Z, Xiao H, Lee S, Rossello-Martinez A, et al. Instant assembly of

collagen for tissue engineering and bioprinting. Nat Mater. 2025;24(8):1307-1318. doi:10.1038/
s41563-025-02241-7.

. Kirichenko A.K, Bolshakov L.N, Ali-Riza A.E, Vlasov A.A. Morphological study of burn wound

healing with the use of collagen-chitosan wound dressing. Bull Exp Biol Med. 2013;154(5):
692—696. doi:10.1007/s10517-013-2232-1. PMID:23658900.

. Rezvani Ghomi E, Nourbakhsh N, Akbari Kenari M, Zare M, Ramakrishna S. Collagen-based

biomaterials for biomedical applications. J Biomed Mater Res B Appl Biomater. 2021;109(12):
1986. — 1999. — DOI: 10.1002/jbm.b.34881.

. Ricard-Blum S. The collagen family. Cold Spring Harb Perspect Biol. 2011;3(1):a004978. doi:

10.1101/cshperspect.a004978.

. Salim NV, Madhan B, Glattauer V, Ramshaw JAM. Comprehensive review on collagen

extraction from food by-products and waste as a value-added material. Int J Biol Macromol.
2024;278(Pt 1):134374. doi:10.1016/j.ijbiomac.2024.134374.

. Shaik MI, Rahman SHA, Yusri AS, Ismail-Fitry MR, Kumar NSS, Sarbon NM. A review on the

processing technique, physicochemical, and bioactive properties of marine collagen. J Food Sci.
2024;89(9):5205-5229. doi:10.1111/1750-3841.17273.

Shenoy M, Sayed Abdul N, Qamar Z, Al Bahri BM, Al Ghalayini KZK, Kakti A. Collagen
structure, synthesis, and its applications: a systematic review. Cureus. 2022;14(5):e24856. doi:
10.7759/cureus.24856.

Sowbhagya R, Muktha H, Ramakrishnaiah TN, et al. Collagen as the extracellular matrix
biomaterials in the arena of medical sciences. Tissue Cell. 2024;90:102497. doi:10.1016/j.tice.
2024.102497.

Tseomashko N.E., Rai M., Vasil’kov Al.Yu. New hybrid materials for wound cover dressings.
Chapter 12, Editor(s): Mahendra Rai, Carolina Alves dos Santos. Biopolymer-Based Nano
Films, Elsevier, 2021, Pages 203—-245,, doi:10.1016/B978-0-12-823381-8.00007-7.

Vasil'kov A, Tseomashko N, Tretyakova A, Abidova A, Butenko I, Pereyaslavtsev A, et al.
Wound Coating Collagen-Based Composites with Ag Nanoparticles: Synthesis, Structure and
Biological Activity. Coatings. 2023;13(8):1315. doi:10.3390/coatings13081315.

Wang Y, Wang Z, Dong Y. Collagen-Based Biomaterials for Tissue Engineering. ACS Biomater
Sci Eng. 2023;9(3):1132-1150. doi:10.1021/acsbiomaterials.2c00730.

Wosicka-Frackowiak H, Poniedziatek K, Wozny S, Kuprianowicz M, Nyga M, Jadach B, et al.
Collagen and its derivatives serving biomedical purposes: a review. Polymers (Basel).
2024;16(18):2668. doi:10.3390/polym16182668.

190



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

16.

17.

Zheng L, Tseomashko N, Voronova A, Vasil'’kov A, Hu X, Wang X. Recent advances of collagen
composite biomaterials for biomedical engineering: antibacterial functionalization and 3D-
printed architecturalization. Collagen Leather. 2024;6:22. doi:10.1186/s42825-024-00164-8.

Zheng L, Su Y, Li S, Li X, Zhang Y, Tseomashko N.E, Azimova S.S, Wang X. Injectable
multifunctional sponges with rough sieve structure and efficient shape-recoverability for small-
sized penetrating wound // Journal of Colloid and Interface Science. — 2026. — DOI: 10.1016/
j.jcis.2025.138896.

References

.Lebedeva S.N., Tykheev A.A., Shalbuev D.V,, Tumurova T.B., Bayarzhalgal M.,

Zhamsaranova S.D. Evaluation of the reparative efficacy of collagen matrices in a thermal burn
model // Acta Biomedica Scientifica. — 2022. — Vol. 7. — P. 220-231. — DOI: 10.29413/ABS.
2022-7.1.25. (In Russ.)

. Amirrah I.N,, et al. A comprehensive review on collagen type I development of biomaterials for

tissue engineering: from biosynthesis to bioscaffold. Biomedicines. — 2022. — Ne 10 (9). — P.
2307. —d0i:10.3390/biomedicines10092307.

. Gaschik T, EBbach C, Fischer D, Nickel D, Ritz U. Scalable multi-layer collagen laminates for

regenerative medicine // Biomaterials Advances. — 2025. — Vol. 177. — DOI: 10.1016/j.bioadv.
2025.214422.

. Gong X., Wen Z., Liang Z., Xiao H., Lee S., Rossello-Martinez A. et al. Instant assembly of

collagen for tissue engineering and bioprinting // Nature Materials. — 2025. — Vol. 24. — P.
1307-1318. — DOI: 10.1038/s41563-025-02241-7.

. Kirichenko A.K.Bolshakov LN., Ali-Riza A.E., Vlasov A.A. Morphological study of burn

wound healing with the use of collagen-chitosan wound dressing // Bulletin of Experimental
Biology and Medicine. — 2013. — Vol. 154. — P. 692-696. — DOI: 10.1007/s10517-013-2232-1.

. Rezvani Ghomi E, Nourbakhsh N, Akbari Kenari M, Zare M, Ramakrishna S. Collagen-based

biomaterials for biomedical applications // Journal of Biomedical Materials Research Part B. —
1999. — Vol. 109. — P. 1986—-1999. — DOI: 10.1002/jbm.b.34881.

. Ricard-Blum S. The collagen family // Cold Spring Harbor Perspectives in Biology. — 2011. —

Vol. 3. — Art. 004978. — DOI: 10.1101/cshperspect.a004978.

. Salim N.V., Madhan B., Glattauer V., Ramshaw J.A.M. Comprehensive review on collagen

extraction from food by-products and waste as a value-added material // International Journal of
Biological Macromolecules. — 2024. — Vol. 278, Pt. 1. — P. 134-374. — DOI: 10.1016/j.ijbiomac.
2024.134374.

. Shaik M.I.,, Rahman S.H.A., Yusri A.S., Ismail-Fitry M.R., Kumar N.S.S., Sarbon N.M. A

review on the processing technique, physicochemical, and bioactive properties of marine
collagen // Journal of Food Science. — 2024. — Vol. 89. — P. 5205-5229. — DOI:
10.1111/1750-3841.17273.

191



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

10.

11.

12.

13.

14.

15.

16.

17.

Shenoy M., Sayed Abdul N., Qamar Z., Al Bahri B.M., Al Ghalayini K.Z.K., Kakti A. Collagen
structure, synthesis, and its applications: a systematic review // Cureus. — 2022. — Vol. 14. —
DOI: 10.7759/cureus.24856.

Sowbhagya R., Muktha H., Ramakrishnaiah T.N. et al. Collagen as the extracellular matrix
biomaterials in the arena of medical sciences // Tissue and Cell. — 2024. — Vol. 90. — DOI:
10.1016/j.tice.2024.102497.

Tseomashko N.E., Rai M., Vasil’kov Al.Yu. New hybrid materials for wound cover dressings.
Chapter 12 // Ed.: Mahendra Rai, Carolina Alves dos Santos. Biopolymer-Based Nano Films. —
2021. - P. 203-245. — DOI: 10.1016/B978-0-12-823381-8.00007-7.

Vasil'kov A., Tseomashko N., Tretyakova A., Abidova A., Butenko 1., Pereyaslavtsev A. et al.
Wound Coating Collagen-Based Composites with Ag Nanoparticles: Synthesis, Structure and
Biological Activity // Coatings. — 2023. — Vol. 13. — DOI: 10.3390/coatings13081315.

Wang Y., Wang Z., Dong Y. Collagen-Based Biomaterials for Tissue Engineering // ACS
Biomaterials Science & Engineering. — 2023. — Vol. 9. — DOI: 10.1021/acsbiomaterials.
2c00730.

Wosicka-Frackowiak H, Poniedziatek K, Wozny S, Kuprianowicz M, Nyga M, Jadach B, et al.
Collagen and its derivatives serving biomedical purposes: a review // Polymers (Basel). — 2024.
—Vol. 16. — DOI: 10.3390/polym16182668.

Zheng L., Su Y., Li S, Li X., Zhang Y., Tseomashko N.E., Azimova S.S., Wang X. Injectable
multifunctional sponges with rough sieve structure and efficient shape-recoverability for small-
sized penetrating wound // Journal of Colloid and Interface Science. — 2026. — Vol. 702, Pt. 1. —
DOI: 10.1016/j.jcis.2025.138896.

Zheng L., Tseomashko N., Voronova A., Vasil'kov A. Hu X, Wang X. Recent advances of
collagen composite biomaterials for biomedical engineering: antibacterial functionalization and
3D-printed architecturalization // Collagen Leather. — 2024. — Vol. 6. — DOI: 10.1186/
s42825-024-00164-8.

192



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

Cmambs nocmynuna e peoakyuro: 10.09.2026
Cmambs npunsima k nybauxkayuu: 25.09.2026
Cmambs onybaukosaHa: 07.10.2026

Y/IK 581.9+631.53

DOI: 10.32743/UniChem.2026.148.10.23473
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AHHOTaLUA

Pog Astragalus L. (Fabaceae) sBnsieTcsi ogHMM W3 Haubosiee MHOTOUMCIEHHBIX POIOB
MOKPBITOCEMEHHBIX PACTeHUM M XapaKTepU3yeTCsl BLICOKMM BHOBBIM pa3HOOOpasveM, a Takxke
5KOJIOTMUeCKUM, JIeKapCTBEHHbIM U TIPUPOJ00XPaHHbIM 3HaueHWeM. LleHTpanbHasi A3us, BK/IrOUas
Y30eKucTaH, OT/IMUYAeTCs 3HauMTe/JIbHBIM pa3HooOpa3ueM BUAOB Astragalus, cpeiyd KOTOPBIX
BCTPEYAIOTCsI peJIKe U SHAEeMUYHbIe TaKCOHBI. [lerpajjaivisi MeCTOOOMTaHW, HMHTeHCUBHBIN BbITac
CKOTa, W3MeHeHWe K/MMara W OrpaHWuYeHHOe eCTeCTBeHHOe BO0300HOBeHWEe CO3[ai0T Yrpo3y
COXpaHeHUWI0 psfia BUAOB. B CBSI3UM C 3TUM KyJbTypa in Vitro U MUKPOKJIOHA/IbHOE pa3MHOKeHHe
paccMaTpUBalOTCs Kak MepCrieKTHBHbIE MeTO/bl COXPAHEeHHUsI U Pa3MHOXKEHHSI PeJKUX pacTeHUH ex
situ. B HacrosieM o0630pe 0000I1[eHBI OIMyOIMKOBaHHBIE JAAHHBLIE I10 TMPOPAIMBAHUIO CEMSH,
BBEJIEHHIO KCIIAHTOB B KY/BTYPY, UHAYKLIUU Ka/lyca, pereHepaliid W Pa3MHOKEHWIO TM00eros,
YKODEHEeHWI0 U aKK/JIMMaTh3al[ik pacTeHuidl poja Astragalus. Ocoboe BHHMaHUe V[eieHO
WCII0/b30BaHuI0 cpeabl Murashige—Skoog u ¢uToropmoHoB, Bkitouasi BA/BAP, kuHetuH, TDZ,
IBA, TAA, NAA u 2,4-D. [Toka3zaHo, uto 3¢(eKTUBHOCTb KYy/JIbTUBUPOBAHUs CYII[eCTBEHHO 3aBUCHUT
OT BUZOBOM Crelu(UYHOCTA M COCTaBa MUTaTeNbHOM cpefbl. KylbTypel in Vitro Takke MOTYT
WCTIOMb30BaThCs [JJisl TIO/yueHUst OMONOTMYecKH aKTWBHBIX BTOPUUHBIX MeTabONWTOB, BK/IHOUYAst
¢naBoHOMABI M acTparanosubl. HecMoTpss Ha JOCTUrHYThle pe3ynbTarhl, BUAbl Astragalus
LleHTpasbHOM A3WM OCTAOTCS HEJOCTaTOUHO M3Y4YeHHBIMH, UTO OOOCHOBBIBaeT HEOOXOJUMOCTh
pa3paboTku 3¢ deKTUBHBIX BHUAOCTEU(GUUeCKUX TMPOTOKOJOB in Vitro [y WX COXpaHeHWs U
O1OTeXHOJIOrHYe CKOTO MCIT0/Tb30BaHUSI.

Abstract

The genus Astragalus L. (Fabaceae) is one of the largest genera of flowering plants and is
characterized by high species diversity as well as ecological, medicinal, and conservation
importance. Central Asia, including Uzbekistan, is particularly rich in Astragalus species, among
which numerous rare and endemic taxa occur. Habitat degradation, intensive grazing, climate
change, and limited natural regeneration threaten the conservation of several species. Therefore, in
vitro culture and micropropagation are considered promising approaches for the conservation and
ex situ propagation of rare Astragalus plants. This review summarizes published data on seed
germination, explant establishment, callus induction, shoot regeneration and multiplication, rooting,
and plant acclimatization in Astragalus species. Particular attention is given to the effects of
Murashige—Skoog (MS) medium and plant growth regulators, including BA/BAP, kinetin, TDZ,
IBA, TAA, NAA, and 2,4-D. The reviewed studies demonstrate considerable species-specific
responses of Astragalus explants to culture conditions and growth regulator combinations. In vitro
cultures can also serve as valuable systems for the production of biologically active secondary
metabolites, including flavonoids and astragalosides. Despite existing research, Central Asian
Astragalus species remain insufficiently studied, highlighting the need to develop species-specific
in vitro protocols for their conservation, ex situ propagation, and biotechnological utilization.

KmroueBble cioBa: Astragalus L, KynbTypa TKaHeH, in vitro-pereHepanys, KasulycHas
Ky/IbTypa, CoXpaHeHue pacTeHul, LleHTpanbHast A3usi, Y30eKuCTaH.

Keywords: Astragalus L, tissue culture, in vitro regeneration, callus culture, plant
conservation, Central Asia.
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BBegenue

Pop Astragalus L. oTHOCuTCS K ceMelicTBy Fabaceae u siBnsieTcst ogHUM 13 HanOosiee 60raThix
BUJlaMU  POJOB TOKDBITOCEMEHHbIX pacTeHui. [lpeicTaBUTenM poja  paclpOCTPaHEHbI
nperMyiijecTBeHHO B CeBepHOM TIOJyIlIapUHM, OCOOEHHO IIMPOKO TIipeAcTaBieHbl B EBpasum.
TakcoHOMHMUeCKasi CAOKHOCTb Astragalus obyciioByieHa 3HauMTeSbHBIM MOP(hOJIOrHUe CKUM
pa3HooOpa3ueM, pervoHaJbHBIM SHAEMU3MOM W HajJMuueM TPYII C HeJAO0CTaTOYHO W3yYeHHBIM
BUJIOBbIM  CTaTyCOM. CoBpemMeHHblE  MOJIEKY/ISIPHO-(DUIOTEHETUUECKWe — MCCJIe[l0BaHUs
nipefictaBuTeniei LleHTpanbHON A3UM TakKe MOKa3bIBalOT BXKHOCTb KOMIJIEKCHOTO MCIOIb30BaHUS
MOpPG0/IOTUUeCKHX U MOJIEKY/ISIPHBIX IaHHbIX TIPU U3yueHUU cucteMatuku poza (Munkhtulga et al.,
2026).

LleHTpasibHasi A3us SIBsSIeTCSl Ba)KHBIM IIeHTPOM pa3Hoobpasus v sHgemu3ma Astragalus. Ha
OCHOBAHMM aHasM3a repbapHbIX MaTeprasioB B [0OpHOCpejHea3uaTCKOM MPOBUHLIMK OBIJIO BBISIB/IEHO
47 TakCOHOB HECKOJIbKMX CeKLUW pOZa, W3 KOTOPbIX 35 SBSIOTCA 3HJEMHKaMH UCC/Ie[J0BaHHOU
tepputopuu (Tojibaev et al., 2014). Bricokoe Buzi0BOe pa3Hoobpasue Astragalus cOmpoBOXKAAeTCs
3HauUMTeNbHBIMU TIPUPOAOOXPaHHBIMM TipobrieMamMu. MHorHMe BUIbl HWMEIOT Y3KUW —apea
Y TIPOU3PACTAlOT B FOPHBIX, MPEATOPHBIX, MYCTHIHHBIX U MOJYIYCTBIHHBIX MeCTOO0UTaHuUsIX. Brimac
CKOTa, Zierpajaiiyst MeCcTooOMTaHUM, p0O3Us TIOUB, 3aCyXH U APYTrHe SKomorudeckue pakropbl MOTYT
OTpULIaTe/IbHO BAMSATHL Ha MaJsiouMc/ieHHble momyssaguu. Ocoboe 3HaueHue TipobreMa umeeT Ayist
Y36ekucraHa. PoprcTHUECKHE WCCIeI0BaHUSI YKa3blBalOT Ha Ha/lduve OKojlo 268 BHUIOB
Astragalus B mipefienax coBpeMeHHOW Tepputopuu ctpaHbl (Tojibaev et al.,, 2014). Cpegu HuX
HMMEIOTCS y3KoapeasbHble SH/IEMUKU U peJKre BUJbI.

CoBpeMeHHble wuccienoBanusi Astragalus centralis E. Sheld. moka3sbiBaloT KpUTHUeCKOe
COCTOsTHME JJaHHOTO y3Ko3HAeMuuHoro y36ekckoro Buja (Khabibullaev et al., 2026). AHanoruuso,
Astragalus austroferganicus Kamelin & V.M.Vinogr. xapakTepu3yeTcsi KpaiiHe OrpaHAYeHHbIM
pacrpocTpaHeHHeM M HY)K/JaeTcsi B MOHUTODHMHIe W MEpPONpPUATHSAX M0 COXPaHEHHUI0 ex situ
(Khoshimova et al., 2025).

TpaiuL[MOHHOE pa3MHOXKeHWe pelKUX BUOB Astragalus Mo)keT OBITH OrpaHUUYEHO HH3KOU
JIOCTYITHOCTBIO CeMsiH, (M3UUYeCKUM IMOKOEeM CeMsIH, HHM3KOM BCXOXKECTbH0 M MasOuHC/AeHHOCTBIO
MpPUPOJHBIX monynsauuii. IlosToMy Ky/nbTypa TKaHell W MMKDOKJIOHA/JbHOE pa3sMHOXeHHe
TMpe/|CTaB/ISIFOT epCIeKTUBHBIN aTbTePHATHUBHBIN MMOAXO0/.

Llenbto HacTosiIIiero o63opa sB/sieTcs: 06001[eHHe OMyOTMKOBAaHHBIX JaHHBIX O Pa3MHOXKEHUH
BUZIOB Astragalus in vitro, oripefie/ieHie OCHOBHBIX (DaKTODOB, B/MSIOI[MX Ha pereHepalyio
Y pa3MHOXEHHe, a TakKXe OLleHKa IepCreKTUB TMPHMEeHEeHUsl [JaHHbIX METOO0B /sl peaKux
Y SHJeMUYHbIX BU/IOB LleHTpanbHOM A3y, Mpek/e Bcero Y3bekrcTaHa.

Marepuasibl U METOABI

Hacrosijast pabora BbITIo/iHeHa B popMare JIMTepaTypHOro 063opa. beuty mpoaHaM3upoBaHbl
HayuyHble TMyO/IMKALUK, TIOCBSIIEHHbIe Ky/lbType TKaHeW Astragalus, MHWKpPOK/IOHATbHOMY
pPasMHOXeHUIO, pereHepaljyu in vitro, Ka/ulyCHbIM Ky/bTypaM, KOPHEBBIM Ky/bTypaM, NMPOAYKLIMU
BTOPHUYHBIX MeTabO/SMTOB M COXPaHEHWIO DeAKMX BUAOB. [IOMCK JjMTepaTyphl TPOBOAWICS IO
HayuyHbIM 0a3aM /JaHHBIX U TIaT(OpPMaM HayuHBIX M3/aTebCTB, BKIoYass PubMed, ScienceDirect,
SpringerLink, MDPI, Turkish Journal of Botany, PhytoKeys, Phytotaxa u pervoHanbHbie
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boraHnueckre u3faHus. Vcrionb3oBasvMch KOMOMHAILMM TTOMCKOBBIX TEPMUHOB: «Astragalus in
vitro», «Astragalus micropropagation», «Astragalus tissue culture», «Astragalus regeneration»,
«Astragalus callus culture», «Astragalus Central Asia», «Astragalus Uzbekistan»
Y COOTBETCTBYHOLIIIE€ TEPMUHBI.

Ocoboe BHUMaHUe yAe/s/IOCh UCC/IeJOBaHUSIM, B KOTOPBIX OBbI/IM Mpe/iCTaBIeHbl KOHKPETHBIE
TUMbl SKCIUVIAHTOB, COCTaB MMUTaTeSbHbIX CpeZl, KOHL|eHTpalud (UTOrOPMOHOB, IIOKa3aTeau
pereHepaly, YKOpeHeHUs1 U aKK/IMMaTH3aL|Hu.

Pe3ynbrarhl 4 00Cy)KeHHe

Bugpl Astragalus sIBASIFOTCS Ba)KHBIMU KOMIIOHEHTaMH TPUPOJHBIX KOCUCTEM U 00J1afiaroT
3HauWTebHbIM (UTOXMMUUECKMM M JIeKapCTBEHHBIM MOTeHLMaaoM. Psj mpeacTaBuTesniel poja
COZIeP>KUT (PyIaBOHOU/BI, TOJIMCAXapy/bl, TPUTEPIIEHOBbIe CANOHWHBI W [pyryue OHoIorvuecKd
akTuBHble  BemlectBa. Ocoboe  BHUMaHue  ygensieTcs  Astragalus  membranaceus
1 O/IM3KOPOACTBEHHBIM TaKCOHaM Ojarofiapsi HAKOTUIEHWIO I[UK/I0apTaHOBBIX CallOHUHOB —
actparano3uioB (Li et al., 2023).

BbuorexHosoruueckoe 3HaueHWe Astragalus CBsi3aHO T/IaBHBIM o0Opa3oM C  [ByMs
HarnpaB/IeHUsIMU: COXPAaHEHHWeM peJKUX BU/IOB U yCTOMUMBBIM I0/IyUeHHWEM LIeHHbIX BTOPWUYHBIX
MeTabosuToB. KysbTypa in vitro 1mo3BosisieT KOHTPOJUPOBATh yCJIOBUSI BbIPAIMBAHKUS U TI0/Iy4YaTh
pacTuTe/bHBbIM MaTepuas He3aBHCHMO OT Ce30HHBIX M 3Kojoruueckux orpaHuuenuii (Li et al.,
2023).

s LenTpanbHON A3WM TIPUPOJOOXPaHHBINA acTieKT uMmeeT ocoboe 3HaueHue. TsaHb-IllaHb
OT/IMYaeTCsl BBICOKUM YPOBHEM 5H/IeMU3Ma COCYJUCTBIX pacTeHUi, a Astragalus OTHOCUTCS K UHACTY
HauOosee TIpe/ICTaB/IeHHBIX POJIOB 3HAeMHUHOM duiopsl (Mosyakin et al., 2020)

YcreltHoe MUKPOK/IOHA/JIbHOE  pasMHOKEHME HauWHaeTcsl C TOMy4YeHUs CTepU/IbHBIX
U (U3MONIOTUYECKH >KHW3HECNOCOOHBIX JKCIlaHTOB. CeMeHa SIB/ISIIOTCS OAHMM U3 Haubosee
yAOOHBIX HCXOAHBIX MaTepHasioB, TOCKOIbKY W3 TPOPOCTKOB MOXKHO TIOMy4aTh TUITOKOTU/IH,
CeMsiZI0/H, anvKasabHble U Ma3ylIHble TTOYKH.

OpHolt U3 OCHOBHBIX TTPO0JIEM SIB/ISIETCS TIOKOM CeMsiH. Y MHOTHX TipefcTaBuTeseii Fabaceae
TBepJasi ceMeHHasi 000JioUKa OrpaHWYMBAeT TMIOCTYIUIEHWe BOAbI W 3aMe[jiseT TpopacTaHue.
WccnenoBanue Astragalus thracicus v Astracantha aitosensis 1okasasno, UTo CKapu(uKalys ceMsiH
1oC/ie CTePUIH3alMK CIIOCOOCTBYeT TIOBBILIEHUIO BCXOKECTU U YCKOPSIeT MoJiyueHre CTepUIbHBIX
ripopoctkoB (Vasilev et al., 2026). B uccnegopannu A. glycyphyllos Takke ObIIO TIOKa3aHO
T0JIOKUTE/IbHOE B/MsIHME CKapu(WKalMyd Ha NpopacTaHue; MaKCUMasbHasi 3aperucTpUpOBaHHas
BCXO)KECTb B MCC/Ie/IOBAaHHBIX YCIOBHUSX cocTaBuia 67,8 % (Krasteva et al., 2026). Takum o6pa3om,
nipeArioceBHasi 00paboTka ceMsiH MOXKeT OBbITh OJJHUM U3 K/THOUEeBBIX 3TarioB BBejeHUs Astragalus
B KYJIBTYPY In vitro.

Haubonee uacto wucriosnb3yemoii 6a30BOM cpezioii B McCciefoBaHUsX Astragalus siBasieTcs
cpesna Murashige—Skoog (MS). OgHako onTuMabHble KOHLIEHTPALIMM U COYeTaHUs1 (PUTOrOPMOHOB
CYLLeCTBEHHO Ppa3/lWYyaloTCsi B 3aBUCUMOCTA OT BHMJAa M THIA 3KCIIaHTa. i UHAYKLIUW
Y pa3sMHOXKeHUsI 1100eroB BaykHOe 3HaueHHe UMEIOT LIMTOKUHUHBL. B Hcc/ienoBaHUSX MPUMEHSTCH
BA/BAP, kuHeTHUH, 3eaTud u TDZ.
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Inst Astragalus chrysochlorus MakcumaibHOe pa3MHOXKeHHe COCTaBWIO 13 moberoB Ha OJUH
TMITOKOTWIBHBIN 3KCIIAHT MPH UCI0/Ib30BaHUU MS ¢ 0,5 Mr/i1 TpaHC-3eaTHHpHU0O031ia. YKOpeHeHHe
nmocturano 93 % Ha cpeme MS 6e3 perynstopoB pocta ¢ 2 % caxapo3sbl (Hasangebi et al., 2011).
B uccnenoBanuu A. glycyphyllos makcuMarnbHasi 4acToTa pereHepaljuu coctaBuiaa 95 % Ha MS
¢ 0,5 mr/n TDZ (Krasteva et al., 2026).

AyKCHHBI IIPeUMYIL|eCTBEHHO WCIIOIb3YIOTCA /11 YKOPDEHeHUs] WM UHAYKLUU Ka/utyca. [AA
u IBA 9acTo pUMEHSIFOTCS AJIs1 CTUMY/ISIMKA KOpHeoOpa3oBaHwus, Torzaa Kak 2,4-D u NAA moryT
CTUMY/IUPOBaTh 00pa30BaHKe Ka/llyca WM KOPHeH B 3aBUCUMOCTH OT BH/a U KOHI|eHTpauuu. s
A. membranaceus var. alpinus Harbomnee BbICOKHI TT0Ka3aTe/lb YKOPeHeHUsI ObLT MO/TyYeH Ha cpejie
B5 c 0,1 mr/n IBA (Han et al., 2014).

KarntycHele KynbTypbl IMEIOT 3HaUeHHe Kak /il pereHepaly pacTeHWi, Tak U /i/1s1 U3y4YeHust
BTOpUYHOTO MeTabosm3ma. COOTHOIIeHHe ayKCHHOB M LIMTOKUHUHOB SIBJISIETCS OJHUM M3 OCHOBHBIX
(bakTOpOB, OIpee/sOLUMX HarpaB/leHUue pa3BUTUSL 3KcriaHTa. Y Astragalus chrysochlorus
obpa3oBaHMe Ka/l/lyca W3 THUIMOKOTH/IBHBIX 3KCIUIAHTOB TMpoucxoauno Ha MS c 0,5 mr/n 2,4-
D. Ilocnenyromas pereHepalys IyTeM HEIpsiMOro OpraHoreHesa ocyliiecTs/siack Ha MS ¢ 0,5 mr/
n 3eatmHpubo3uza (Hasangebi et al., 2011). [Ins A. thracicus u A. aitosensis MOJIo/jble TIPOPOCTKU
Tak)Ke II0Ka3ajyd IPUrOJHOCTb B KaueCTBe HMCTOUHMKA SKCIVIAHTOB [yis TOJy4YeHUs Kasulyca.
Onrtumu3aLysi TOPMOHAIBHOTO COCTaBa IMO3BO/IM/IA TIOMYYUTh SMOPHUOTeHHBIN Ka/UTyC U 00eCreunTh
pa3Burue moberoB (Vasilev et al., 2026). CrnemoBare/sibHO, Ka/TyCHble KY/JIBTYPbHI MOTYT
WCII0/Tb30BaThCsl HE TOJIBKO /Il Pa3MHOXKEHHUSI, HO ¥ KaK K/IeTOUHbIe CUCTeMBI JJisi OMOXMMUYe CKUX
HCCIie/IOBaHUM.

Pa3mMHO)KeHHe T00eroB sIBsIeTCSl LIEHTPa/JIbHBIM 3TallOM MUKPOK/IOHA/TBHOTO Pa3MHOMKEHUS,
TIOCKO/IbKY MHOTOKpAaTHOe CyOKy/TbTMBUPOBAaHKE TI03BOJIsieT ObICTPO YBeIWUYMBATh KOTUYECTBO
pereHepaHToB. VcciiefoBaHUs TMOKa3bIBAalOT BbIPDAKEHHYH BHUAOCHELM(DUYHOCTh peakiuu. Y A.
chrysochlorus TpaHc-3eaTMHpr003u, 00ecreurBas BBICOKYI0 WHTEHCHUBHOCTb Pa3MHOKEHHS
(Hasancebi et al., 2011). [ns A. nitidiflorus 3eKTUBHBIM CTUMY/IATOPOM TIpOJIdepaIiii MoOeroB
okaszancs BA; mpuMeHeHHe [BYXCIOWHOW CHCTEMBbI CIIOCOOCTBOBa/O YAJMHEHHWIO T1100eroB
Y y/yullieHuo nocsieayroiero ykopeHnenusi (Cano-Castillo et al., 2009).

YkopeHeHHe OOBIYHO TIPOBOJUTCS TOCJIE dTara pa3MHOXKeHHs ToberoB. B 3aBucumocTH OT
BHZIlAa OHO MOXeT TIIPOUCXOAUTh Ha cpele 0e3 TOPMOHOB /MO0 TNpU A00aB/IEHUA HU3KUX
KOHL|eHTpaluii ayKcHHOB. IlepeBof, pacTeHUi U3 YCAOBUH in Vitro B TIOYBEHHbIe WM TeI/IMUHbIE
yCJIOBUSL  SIBJISIETCS  KPUTMUECKHMM  3TallOM MHUKPOKJIOHAJAbHOTO pasMHOXKeHus. PacreHus,
BbIpallleHHble [N Vitro, HaxO[ATCS TPU BBICOKOM BI@XHOCTM M KOHTPOJMPYEMOM MUTaHUU
Y 103TOMY TPeOyIOT IMOCTeNeHHOW a/lanTaljiy K BHEILTHUM YC/I0BUsIM. VIcciie[oBaHUsI peJIKMX BHU/IOB
Astragalus 110Ka3bIBaloT, UTO yCIeIIHOe YKOpeHeHHe He BCerja 03HayaeT BBICOKYHO BbDKMBAEMOCTh
rocjie TiepeHoca B rouBy. [1o3ToMy HeoOxoAuMa To3TarHasi akKKIMMatu3aiws. VccienoBanus A.
nitidiflorus 6bUTM HETIOCPeACTBEHHO OPHEHTHPOBaHbI Ha Pa3pabOTKy MeTOJ0B Pa3MHOXKEHUS [Jist
COXpaHeHus YHIeMUYHOT0 U ucuesaroiiero Buza (Cano-Castillo et al., 2009).

LlenTpanbHasi A3usi SIBAS€TCS TIEPCIIEKTHUBHBIM PETMOHOM [Jisi Pa3BUTHSI OMOTEXHOJIOTHUU
Astragalus, TIOCKONBKY 37€Ch COCpeJOTOueHO OOoJIbIlIoe KOMMUeCTBO 3HeMUYHBIX BUAOB. [lyis
Y30ekucraHa paHee ObIZIO yKa3aHO OKosio 268 BuioB Astragalus B Tipefenax COBpeMeHHBIX
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rocyzsapctBeHHbix rpanul (Tojibaev et al., 2014). 3HauuTenbHasg YacTb M3 HUX UMeeT
OorpaHMYeHHble apeanbl. B uWacTHOCTH, TakCOHOMHUUecKuii craryc A. zerabulaki Obu1 HemaBHO
HCC/Ie[JOBaH C UCTOMb30BaHUEM JJaHHBIX XjioporiacTHoro reHoMa (Karimov et al., 2026).

3ak/IIoueHue

LlenTpasbHasi A3usi SIBASETCS TEPCIeKTUBHBIM PErHMOHOM il pa3BUTHST OMOTEXHOIOTUH
Astragalus, MOCKo/IbKY 371eCb COCpe/joToYeHO 00JibIlioe KOJTMUeCTBO SHAEMUYHbIX BUA0B. Ocoboro
BHUMaHUsI TpeOywoT Astragalus centralis, A. austroferganicus, A. zerabulaki wu gpyrue
y3KoapeasbHble  TakCOHbl.  CoOBpeMeHHble  HCC/eOBAHMS  TPOAO/DKAIOT  YTOUHSITH WX
TaKCOHOMHUYEeCKMM  CTaTyC W  TIPUPO/I0OXpaHHOe  mosokeHWe. Ilpy  3TOM  MHOrHe
L[eHTpa/bHOA3UaTCKKe BUbI OCTAIOTCS TPAKTUUeCKU HeW3yUeHHbIMM C TOYKU 3DeHHsl Ky/IbTYPbl
TKaHel. B cpaBHeHUU C XOPOILIO U3y4YeHHBIM JIeKapCTBeHHBIM BUJIOM A. membranaceus KouueCcTBO
o1y 0/IMKOBaHHBIX TPOTOKOJIOB [I/Is Y30eKCKUX 3H/IEMHKOB 3HAuUMTe/JIbHO MeHbIle. JTo (GopMupyer
Ba)XKHOE MePCIeKTUBHOe HarpaB/ieHHe NCCIe0BaHUH.
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AHHOTanus

B crarbe npezicTaBieHbl HayYHO-MeTOAMYECKHe TIOAXOAbI U SKCIIepUMeHTa/IbHbIe Pe3y/bTaThl
MO/ITOTOBKM BTOPHUHOTO PaCTUTENILHOTO ChIPbsi, 0Opa3yrolerocss mpu repepaboTke sI0JIOK,
TOMAaToB, apOy30B U TLIEHUL[I —CeTbCKOXO3SIMCTBEHHBIX KYJIBTYD, IIMPOKO PaclpoCTPaHEHHBIX B
Y36ekucrane, A5 ocneayomeii 6nokoHBepcry. OObeKTaMy UCCIeOBaHUS CITYKHITH YKOM si0/10Ka
copra l'ongen [demmiiec, koM TomMata coptoB Pro I'panze u ¥Y36ekucran-178, koxxypa apOy3a copra
Kpumcon Ceur u ortpybw mmenuusl copra [lyctauk. PaccmoTpeHa mocsie[[oBaTelbHOCTh
TEXHOJIOTHUeCKUX OTepaL{yii, BK/ItOUaromjasi cOOp ChIpbsl, CTaOM/IM3al[I0 METOAOM KOHBEKTHBHOM
CYILIKY, U3MeJlbueHre Ha J1abopaTOpHOM MesbHHUIlE U CTaHJapTU3aLHI0 TI0 TPaHy/I0MeTpUYeCKOMY
cocraBy (¢ppaxus 0,5-1,0 Mm) ¢ ucrionp3oBaHKeM Habopa 1labopaTtopHbix cUT. KOHTpO/IE Macchl 1
B/IAYKHOCTH OCYIIECTBJISIZICA Ha aHA/IMTHUECKUX Becax C TMOrpelirHocThio He Gosee 0,0001 r. Bee
M3MepeHHsl BBITIOHS/IUCH B TPEX MOBTOPHOCTSIX (N = 3), pe3y/sbTaTbl 00paboTaHbl CTaTUCTUUYECKH C
pacuéToM CpeJjHero 3HaueHus U CTaHAapTHOrO OTKJIOHEHMs], UTO MOZATBEPANU/IO BOCIIPOU3BOSUMOCTD
TIOTyYeHHBIX JIaHHBIX. DKCIIePUMEHTa/bHO MCCIeA0BaH TpoLecC 1ab0opaTOPHOUM CYIIKA YeTHIPEX
BU/IOB ChIPbsi TIPU MCX0AHOM Macce HaBecku 1000 r. YcTaHOB/IEHO, UTO NIPOJO/DKUTENBHOCTh CYLLKU
Y CBs3aHHble C HeW »JHepro3arparbl B 3HAaUWTe/IbHOW CTeleHU OIpefe/IioTCs HCXOLHOU
BI&XHOCTBIO MaTepuasa. MUHHUMasbHbIE TTOKa3aTe/ Il 3aperuCTPHUPOBAHbI s MMIIIEHUYHBIX 0TpyOeit
C WCXOZHOM BaaxHOCTBIO 15,0 %: mpopospkutensHOCTH Cywiku cocrtaswia 2,0 + 0,1 4 npu
sHepro3arparax 2,0 kBT-u. MakcumasibHble 3HAaue€HUS OTMeueHbl i KOXypbl apOy3a c
BJIaXHOCTEIO 92,0 % — 8,0 £ 0,3 u u 8,0 kBr'u coorBercTBeHHO. [lo/yueHHbIe pe3y/bTarhbl
MO TBEP)KJAI0T, UTO CTaHAApTU3MPOBaHHas Ipe/iBapuTe/bHasl MOAr0TOBKA ChbIPbSl C IPUMEHEHHeM
aTTeCTOBaHHOTO /1ab0paTOpHOrO 0OOpPYAOBaHUSI U CTAaTUCTUUECKON 0OpabOTKU /JaHHBIX SIB/ISIETCS
Ba)XHBIM yCJIOBHEM BOCIPOU3BOAUMOCTH MOC/EYIOLMX MPOLecCOB (hepMeHTaTUBHOIO M/IPO/N3a,
MHUKpPOOHoIornueckoit pepMeHTaI[M U OLjeHKH 3()(HeKTUBHOCTH OMOKOHBEPCHH.

Abstract

The article presents scientific and methodological approaches and experimental results on
preparing secondary plant raw materials generated during the processing of apples, tomatoes,
watermelons, and wheat, crops widely cultivated in Uzbekistan, for subsequent bioconversion. The
study objects were apple pomace (Golden Delicious), tomato pomace (Rio Grande and
Uzbekistan-178), watermelon rind (Crimson Sweet), and wheat bran (Dustlik). The preparation
procedure included raw material collection, stabilization by convective drying, grinding on a
laboratory mill, and standardization by particle size (0.5-1.0 mm fraction) using a set of laboratory
sieves. Mass and moisture were monitored on an analytical balance with an accuracy of 0.0001 g.
All measurements were performed in triplicate (n = 3), and results were processed statistically by
calculating the mean and standard deviation, confirming the reproducibility of the data. The
laboratory drying of four raw-material types was evaluated at an initial sample mass of 1,000 g.
Drying duration and energy consumption were shown to depend largely on the initial moisture
content. The lowest values were recorded for wheat bran (15.0 % initial moisture): 2.0 £ 0.1 h and
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2.0 kWh. The highest were observed for watermelon rind (92.0 % moisture): 8.0 + 0.3 h and 8.0
kWh. The findings confirm that standardized pretreatment, using certified laboratory equipment and
statistical data processing, is essential for the reproducibility of subsequent enzymatic hydrolysis,
microbial fermentation, and bioconversion efficiency assessment.

KiawueBble  ¢/I0Ba:  BTOPUYHOE  pacCTUTENIbHOE  ChIphE,  JKOM, OWOKOHBEpCHS,
npoOOTIOATOTOBKA, CYIIIKa, BAaKHOCTh, SJHeprornoTpebieHue, si610ko, ToMat, apOy3, TIeHuUL]a.

Keywords: secondary plant raw materials, pomace, bioconversion, sample preparation,
drying, moisture content, energy consumption, apple, tomato, watermelon, wheat.

BBegeHnue
BropruHble TIPOAYKTHI TepepaboTKu s10/10ka, Tomara, apOy3a W IIeHWIbl — YeThIPEX
BelylIUX 10 00bEMaM TPOM3BOJCTBA KY/IbTYp Y30€KHUCTaHa — TIPE/ICTAB/SIOT WHTEpeC Kak

cybcTparbl fijii OMOKOHBEPCMM W WCTOYHWKH LIEHHBIX KOMITOHEHTOB (TIeKTHHA, LeJIJTF0JI03bl,
110/1M(eHOJIOB, JIUKOITMHA, TeMULIe/IUTI0N03bl) [6; 1]. OTh 00BeKThI pa3nuuaroTcsi 1o MOpdoIoruu
1 criocoby oOpa3oBaHus: >KOM sI0JI0Ka ¥ ToMaTta (POPMUPYeTCsT MPH OT)KUME COKA/TIaCThl, KOXKypa
apOy3a ocraércst mocsie ynotpebreHuss MSIKOTH, a OTpyOW TIIIeHWIbl — TIpU TToMoJe 3epHa [2].
Takast HEOITHOPOAHOCTh, B TOM UKCJIe TI0 UCXOAHOM BI)KHOCTH ChIPbS, [ieJlaeT TIOATOTOBUTE/IbHBIN
3Taln MeTOAMYeCKU CaMOCTOsITe/TbHOW U OTpe/ie/isitollel cTaiuel ucciejoBaHUs.

Llenbto pabOTHI SIBASIETCS HAyYHO-METOJUUECKOe OIMCaHWe | 0000IeHre peambHBIX
9KCITIePUMEHTA/IbHBIX Pe3y/bTaTOB TIOATOTOBKM BTOPUUYHOTO PAaCTUTENBHOTO ChIPbsi YeThIPEX
00bekKTOB — cbopa, cTabunM3alid CYIIKOM W CTaHAApTH3aluH, 00eCreurBaroIfx
COTIOCTaBUMOCTh ~ CyOCTpPaTOB Ha TIOC/eAYHOIIUX 3Tamax (epMeHTaTUBHOTO THUIPOJK3a
Y MUKPOOHOJIOTHYeCKOl (hepMeHTal[1H.

MaTepI/IaJIbI B MeTO0AbI

OObekTaMM HCCIe[0BaHUsl CAY>KUMUA koM siosioka (Tonpen [denmumiec), >kom Tomara (Puo
I'panze, ¥Y36ekucraH-178), koxypa apOy3a (Kpumcon CBuT) u oTpyOM mieHHb! (/]ycCTivk),
otoOpaHHbIe Ha TpPEATPUATUSIX TepepabOTKM  TJIOJOOBOIIHOM U 3€pPHOBOM  TPOAYKLMU
Y36ekucraHa.

[ToAroToBKa ChIPbSi TIPOBOAWIACH TI0 €AMHOMY TMPOTOKOMy. KoM sibjioka ¥ ToMara, a Takxe
KOKypa ap0Oy3a oTOMpasich cpasy Mmocjie OT)KMMa COKa/TIacThl; OTPYOU MIIeHULILI — TI0C/Ie TIOMOoJIa
3epHa. JlabopaTtopHasi cyiika Bcex 00pa3ijoB IMPOBOAXIACh KOHBEKTHUBHO MPU paboueii Temmieparype
70-80 °C pnsa HaBecku 1000 r Kakg0ro oOBEKTa, C KOHTPOJEM W3MeHEeHUs MacChl U PacyéToM
TeKylllel BIaXHOCTH [0 BbIXOZla Ha TIOCTOSIHHYIO Maccy [4; 5]; mamee oOpasijpl W3MeTb4aTvcCh
u mpoceuBamuch 10 ¢pakiguu 0,5-1,0 MM — eAuHOrO CTaHZapTa C Liefblo TOCefyrollei
buokonBepcun. OTAenbHOE pellleHre NPUHUMAJIOCh B OTHOLIEHHWH CeMSH: B JXKOMe si0/ioKa cemMeHa
(amMurganvH) OTAE/MSUTMCh TIPU  TIONyYeHWM TIeKTWHA W COXPaHsUIMCh B Tpoljecce oOriei
ouokonBepcun (monst < 2—-4 % Macchl KOMa); CeMeHa ToMara, Oorarbie Oe/KOM U >KHUDOM,
COXPaHSUIMCh BCeT/a; ceMeHa apOy3a BK/TFOUa/TUCh WK OTJe/SUTUCh (haKy/lIbTaTUBHO [3; 7].
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Jlnist BBITIONIHEHWsI oTepalyii TPoOOTIOATOTOBKHM HMCIIOb30Ba/IOCh CreAylollee 1abopaTopHoe
obopyzoBaHre, THUTIOBOe [ijisi aHA/IMTUYeCKUX JiabopaTtopwii mnuimieBoro mpodwuns Y30ekucraHa:
cy1ika 06pasIioB IpoBoAM/Iach B jaboparopHoM cytmmibHOM mikady SNOL 58/350 LEN («Umega»,
JIutBa) c AuamazoHoM pabounx Temrepatyp Ao 350 °C ¥ TOUHOCTBIO TIOAEPKaHUsT TEMITePATyPhl
11 °C; KOHTPOJIb UCXOAHOM U TeKyllled MacChl HaBeCOK OCYLeCTBII/ICS Ha aHaJIMTHUYeCKUX Becax
Sartorius CPA224S (nambonbumii mipesen B3BewmmwmBaHus 220 1, auckperHocts 0,0001 T,
norpemHocTh  +0,0002 T); u3Me/ibUeHHWE BBICYIIIEHHBIX 00pa3lioB [0 OAHOPOJHOW MacChl
BBITOJTHSTIOCH Ha 1aboparopHoii MesbHuUIle IKA A11 basic (I'epmanus); paszesieHre U3MeTBUEHHOTO
Marepuasia 1o (HpakLysSM TPOBOJWIOCH C UCITIO/Ib30BaHKeM Habopa /1abopaTOpHBIX CUT C pa3MepoM
sueek 1,0 u 0,5 mm (I'OCT 6613 — 86) Ha BuOparmonHoM mipocenBaresie Retsch AS 200 basic
(F'epmanus).

Bce skcneprMeHTasibHble M3MepeHUs (BI@XKHOCTb CbIPbsl, U3MEHEeHHe MacChbl IIPU CYILKe,
TMIPOZO/DKUTENIBHOCTD CYILIKW, FPaHY/IOMeTPUYECKHM COCTaB) BBINOJHAINCH B TPEX He3aBUCHMBIX
MOBTOPHOCTSIX (N = 3) /7S KaXJO0r0 BUJA ChIpbs. IlosmyueHHBbIe [JaHHbIe 00paboTaHbl MeTOAaMH
orycaTe/lbHOM CTaTUCTUKU C pacyéToM CpejiHero apugmerrnyeckoro 3HadeHusi (M) 1 cTaHapTHOTO
otknoHeHuss (SD); pe3ynbraThl B Tabmuile 1 M B TeKCTe TMpefcTaB/ieHbl B Buge M + SD.
KosddurmeHT Bapuauyy 10 BCeM TMOKasaTe/qsiM He TMpeBbilas 5 %, UTO TIOATBEp)KJaeT
BOCITPOM3BOAUMOCTE Pe3yJ/IbTaToOB IMPOOOTIOTOTOBKH.

Pe3yabTarnl padoThl

B paMkax BBITIOJTHEHHOTO JTaria TIPOBeJéH OTOOp, SKCrepuMeHTa/lbHas — CyIlKa

Y CTaH/IapTU3allys BCEX YEThIPEX BUIOB BTOPUUHOTO PACTUTEIbHOTO ChIphbsi. HauasibHast BIaKHOCTb
obpasior (M + SD, n = 3) cocrapuia: koM sibiioka — 85,0 + 0,4 %, >xom Tomara — 94,0 + 0,3 %,
Kokypa apby3za — 92,0 + 0,5 %, orpyou mnmenuipi — 15,0 + 0,3 %, uTo cormacyercs
C JMara3oHaMy, PUBOJUMBIMU B JIUTEPATYPE /IS aHAJIOTUYHBIX BUJJOB BTOPUUHOTO ChIPbst [8].

Ta6auya 1.
Tab6/mra napamerpoB cymku (1000 r /1 kr; M £ SD, n = 3)
O0beKT (HaBecKa Bnaxnocts 0 | BiaxxHoCTb mocjie Cyxoe Be1, Beixop npo- Bpems cyw-
1000 r) cymku, % cymku, % (r) aykra (r) KH, 4
KoM si6710Ka 85,0+ 0,4 11,0+0,3 150,0 £ 3,2 168,5 £ 3,6 50+0,2
KoM Tomara 94,0+ 0,3 11,0 £ 0,2 60,0 +2,1 67,4+ 2,3 7,0+0,3
Koskypa apby3a 92,0+ 0,5 11,0+0,3 80,0 +2,8 89,9 + 3,0 8,0£0,3
OTpyOu MIIeHULIBI 15,0 £ 0,3 10,0 + 0,2 850,0 £ 9,5 944,4 + 10,2 2,0+0,1

Cymika rmpoBojuaach 10 KoHeuHoU BiakHocTy 11,0 % ayst koma u KoxXypel U 10,0 % anst
oTpybeli — ypoOBHsI, 00eCreurBarolero MUKPOOUOIOTUUECKYIO CTAaOWUIBHOCTh TIPU XPaHEHWH.
[Tpofo/mKUTENBHOCTD CYLIKU W 3Hepro3arparhbl (IPU MOLHOCTHU CyLIWIbHON ycTaHoBKM 1,0 KBT)
CYII[eCTBEHHO pa3/inyaivich Mexkay oobekramu (M + SD, n = 3): koM s16/10Ka Bbicox 3a 5,0 £ 0,2 u
(5,0 kBTt-u), xom Tomara — 3a 7,0 + 0,3 u (7,0 kBt-u), Kookypa apby3a — 3a 8,0 + 0,3 u (8,0
KBT-u), Torza Kak oTpyou TeHuIIbl, 06/1a/jarolye n3HayalbHO HU3KOW BIaXKHOCTBIO, MOTpeboBaiv
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e 2,0 + 0,1 u (2,0 kBT-u). Hu3Kue 3HaueHWs CTaHAApTHOTO OTK/IOHeHus (He Gosiee 5 % oT
CpefHero) IOATBEP)KJAlOT BOCIPOM3BOAMMOCTb  3KCIIEDUMEHTAJbHOW CYIIKM. Pe3synbraTsl
Tipe/icTaB/ieHbl B Tabsurie 1.

Hwke ripefcTaB/ieHa BU3yanu3alysi JUHAMUKY TIaJieHUs] BIKHOCTH M YOBUTM MacChl ChIPbS
10 K&KJOMY 4acy:

100
—@— $6n0kKo (oTxoabl)

~— Tomar (oTxoAabl)
—&— Apby3 (kopku)

80 1 =& OTpybu NiweHnYHble

%

60 -

40

OcTaTo4yHas BNa>KHOCTb,

20 1

0 T T T T T T T T T
0 1 2 3 4 5 6 7 8

Bpemsa cyLlwku, 4

PucyHok 1. /JuHamuka nadeHus eaaxcHocmu no uacam npu 70-80 °C

—@— $6n0ko (oTxoAabl)
-~ TomaTt (oTxoAabl)
—&— Apby3 (Kopkun)

== OTpybu NWeHnYHble

1000 A

800 A

600 A

400 A

Tekywunin Bec, rpamm

200 A

Bpems cywku, 4
PucyHnok 2. /Junamuka usmeneHus1 maccol Hagecku (1000 2) no uacam

CUTOBOI KOHTPOJIb TIOATBEPANUI OJHOPOAHOCTh MoyueHHbIX dpakuumii (0,5—1,0 Mm) a5 Bcex
YyeTbIpEX OOBEKTOB, UTO CO3AAéT eAUHYH0 OCHOBY /JIsi SKCTIEDUMEHTOB TI0 (epMeHTaTUBHOMY
ruapou3y  (Le/Ulrosia3a, KCWIaHa3a, IIeKTWHAa3a) W MHUKpobuosiornueckod (epmeHTaMM
(Saccharomyces cerevisiae, Aspergillus niger, Trichoderma reesei) Ha moc/iegyronMX 3Tanax. Bce
00pa3Libl MPOMapKUPOBaHbI TI0 eIUHOW CHCTeMe U 3a/I0KeHbl Ha KOHTPOJIMPYeMoe XpaHeHHe.
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O0cyx/eHune

B pe3sysnbrare npuBesieHUs1 YeTbIDEX MOP(OIOrMUeCKH Pa3UyHbIX BHU/JOB ChIPbSl K €JUHOMY
CTaHJAPTy TIOATOTOBKU 0e3 rmorepu crieliuuku 00beKTa, TOyuyeHHble 3SKCIepUMeHTa/bHbIe
JlaHHbIe TIOATBEPAWIN OXKUJAEMYH0 3aBUCUMOCTb MPOJO/DKUTETbHOCTU CYLIKHM W SHeprosarpar OT
WCXO[HOW BIA)KHOCTU ChIpbsl. IlomydeHbl CreAyrolqye TOKa3aTend: COYHble OOBEKTHI (KOM,
KOKypa), copepskamue 85-94 % pyaru, TpeboBaiv B 2,5—4 pa3a Ooblile BpeMeH! U YHEPTUH, YeM
MIIeHNYHble OTPYyOM C MCXOAHOW BIAKHOCTBIO 15 %. 3DTa 3aKOHOMEPHOCTb COIJIaCyeTCs
C pe3y/bTaTaMH, B3ATBIMH /IJisl )koMa s10/10Ka [11], TomaTHOTO skoMa [9; 10] u apOy3Hoii KoXXypHI [4;
8] u3 He3zaBUCUMMBIX HcCCAefoBaHUM. [lpakThueckuidi BBIBOZA, W3 TIOAYYEHHBIX [JAHHBIX —
1]e/1ecO00pa3HOCTb TIPeJBapUTE/IbHOTO MeXaHUUYeCKOTO OT)KMMa COUHBIX OTXOZOB (PKOM, KOXKypa)
repefi CYILKOW: CHIDKeHHe WCXOJHOW BIaKHOCTH XOTsi Obl Ha 10—15 TIPOIIEHTHBIX TYHKTOB
CcrocobHO 3aMeTHO COKpaTUTh BpeMsi CYIIKHM W 3Hepro3arparbl /s Haubosiee pecypCOEMKHX
o0bekToB. EauHbBI rpaHysoMmerpuueckuit craHzapt (0,5-1,0 MM) mpu  3TOM  yCTpaHseT
TOrPeITHOCTh yZe/bHOW TMOBEPXHOCTH YaCTHI] U JleflaeT pe3y/bTaTbl IO pa3HbIM cyOcTparam
COTIOCTaBUMBIMU B cxeMe «4 cybcrpara X 2 MeTofla KOHBEPCUM.

3ak/IIoueHue

BeirosiHeHHBIM 3Tan obecrieuws1 efWHYH BOCIPOM3BOAUMYIO METOAUYECKYI0 OCHOBY /IS
Ja/TbHeNIIIero uccsiejoBaHusi OMOKOHBEPCHH BTOPUYHBIX MPOJYKTOB TepepaboTKy sib/i0Ka, ToMara,
ap0Oy3a ¥ MIIeHULbI. DKCIIePUMEeHTaNTbHO TIOATBEPXKAEHO, UTO TMPH UCXOJHOM BAakHOCTU 85-94 %
CyIIIKa XoMa ¥ KOoXKypbl 10 11,0 % 3aHumaer 5-8 u u 5,0-8,0 kBT u, Torja Kak OTpyOH MIIIEHUI]bI
(15,0 % Bnaru) BoickIxatoT A0 10,0 % 3a 2 u u 2,0 kBT u; cymMMapHble 3aTparbl Ha MOATOTOBKY BCeX
YyeThIpéx 00bekToB coctaBum 22,0 kBt -u. ChopMupoBaHHbIi OaHK CTaHAApPTU30BaHHBIX 00pa3LoB
MIpUTrOZieH Ji/I1 CONOCTaBUMOW TOCTAaHOBKM 3KCIIEPUMEHTOB IO (pepMEeHTaTUBHOMY THZPOJIU3Y
Y MHUKpPOOHO/IOTHUeCKOl (pepMeHTaLMK, a BbIsIB/IEHHAs! 3aBUCMMOCTb BPeMeHM U SHepro3arpar OT
WCXO[HOW BJI&YKHOCTH ChIPbsI CO3[aéT OCHOBY [/1s1 Aa/JbHEUIleld TeXHO/JIOTMUeCKOW ONMTHUMU3ALUU
Tpotiecca MoAroToBKU CyOCTpaToB.
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AHHOTaLUA

B 00630pe cucremMaTH3MpoBaHbl COBPeMEHHbBbIe /IaHHble O TeHeTHUeCKHWX W MOJIeKY/SPHBIX
MeXaHH3MaxX, OOYCTIOBIMBAIOIIMX MeTabOoMMUecKyo [JUBepreHIu0 Mexay cobakamu (Canis
familiaris) u komkamu (Felis catus). [IpoaHamu3ypoBaHbl pe3y/abTaThl CPaBHUTETBHON TeHOMHUKH,
BBISIBUBIIIME K/IOUeBble pa3/Muus B CTPYKType W SKCIIpecCUyd reHOB yrieBogHoro (AMY2B,
MGAM), mummuanoro (FADS2) u 6enkoBoro oomeHa, a Takxke cucreM Aetokcukaiuu (UGT1A6).
[Toka3aHo, uTo y cobak B Xo/e /IOMeCTHKAl[iM I[IPOM30Ila [JYTIMKALMsS TeHOB aMujasbl,
obecrieunBILIasi afjanTal[ii0 K KpaXMaJWdCTON [iMeTe, TOrJja KakK y KOIIeK ToJo0HbIe MepecTporKu
orcyTcTByioT. Ocoboe BHUMaHHe yeneHO TpaHCKpUMNuoHHoMY (akTopy ChREBP, KoTopbiii ¥
cobaK aKTUBUPYeT IIFOKOKWHA3y, a y KOIIeK OCTaéTCs HeaKTUBHBIM M3-3a ZeULMTa KCUTYI030-5-
docdara, uro 00yC/IOBIMBAET TOCTIPAHAMAIBHYIO THIEPIIMKEMHIO M PUCK Auabera 2-ro THIIA.
PaccMOTpeHbl TeHeTHUeCKHe OTrpaHWueHMs JIMMTUAHOTO OOMeHa (HW3Kasi aKTHMBHOCTh ie/ibTa-6-
Jlecatypashbl), Jiearlilye KOIIeK 3aBUCUMBIMU OT >KMUBOTHOTO TIPOMCXOXKIEHUS XKUPHBIX KUCJIOT, a
Takke nHakTHBalMs TeHa UGT1A6, o0BsICHSIOM[Asi BBICOKYIO0 TOKCUKOUYBCTBUTEBHOCTh KOIIEK K

Bubymorpaduueckoe omucanme: CenuBaHoBa U.P. T'eHeTHdeCKH-MO/EKy/sIpHbIE OCHOBBI BH/IOBBIX Dasiuuuii Mertabomusma y
cobak u xourek // Universum: Xumusi ¥ OH0Iorys : 371eKTPOH. HayuH. )XypH. 2026. 10(148). URL: https://7universum.com/ru/nature/
archive/item/23452
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JeKapCTBeHHbIM  TiperapataMm.  OOCyKzgaeTcssi  poib  SMMIeHeTUYeCKUX  MOAUGDUKAIUH,
MO/Iy/TUPYIOIIUX 3KCIIPECCUI0 TeHOB B TIpeJesiax BU/IOBBIX OrpaHudeHuid. [lonmyueHHble [aHHBbIe
(OpMHUDYIOT MOJIEKY/ISIPHO-TeHeTHUeCKoe 000CHOBaHUe /17T pa3pabOTKH MPeIM3UOHHBIX PAl[IOHOB
U TPOMUIAKTUKA aIMMEHTapHO-3aBUCUMbIX T[1aTOJIOTUH — caXapHOro [guabeTa, OXXKMPEeHWs,
JUMK/I03a TIeueHHU U MOTepy MbIIIIeUHOM MacChl Y KOIIIeK.

Abstract

The review systematizes current data on the genetic and molecular mechanisms underlying
metabolic divergence between dogs (Canis familiaris) and cats (Felis catus). The results of
comparative genomics are analyzed, revealing key differences in the structure and expression of
genes involved in carbohydrate (AMY2B, MGAM), lipid (FADS2), and protein metabolism, as well
as in detoxification systems (UGT1A6). It has been shown that during domestication, dogs
experienced gene duplication of amylase, which enabled adaptation to a starchy diet, whereas cats
do not exhibit such rearrangements. Special attention is paid to the transcription factor ChREBP,
which in dogs activates glucokinase, while in cats it remains inactive due to a deficiency of
xylulose-5-phosphate, which leads to postprandial hyperglycemia and an increased risk of type 2
diabetes. The genetic limitations of lipid metabolism (low activity of delta-desaturase) that make
cats dependent on fatty acids of animal origin, as well as inactivation, are considered.

KnroueBbie c/10Ba: cobaky, KOIIKW, BeTepHUHApHAas AUETOJIOTHs], CPDABHUTeIbHAsI TeHOMUKA,
MeTabonu3m miotosiaHbix, AMY2B, FADS2, UGT1A6, ChREBP, ob6iuratHoe XWIIHAYECTBO,
JilOMeCTHUKaLsI.

Keywords: dogs, cats, veterinary nutrition, comparative genomics, carnivore metabolism,
AMY?2B, FADS2, UGT1A6, ChREBP, obligate predation, domestication.

BBegenue

OBOJTIOLIMOHHOE PacXOKZeHre TIPeAKOB co0ak 1 KoLeK MPOU301I0 0Kojio 60 M/H JieT Ha3af,
YTO TpUBEJIO K (HOPMUPOBAHHUIO TIPUHLUMINMAIBHO PA3/IMUHbIX CTpaTeruii MUTaHus U MeTabomu3ma
[22,1]. B mpouecce aomMecTHKalyMyd cobakd, B OTJIMUME OT KOIIeK, TO/BEPIVIUCh CHJIbBHOMY
3BOJTIOLIMOHHOMY JIaBJIeHHIO, CBSI3aHHOMY C 11epPex0/|oM Ha MUTaHhe 0TX0JaMU YesioBedeCKOU THILIY,
6oratoii kpaxmasioM [3]. CpaBHUTe/IbHAsi TeHOMUKA MTOC/IeAHUX JIeT TI03BOJIN/IA WAEeHTUHHULIMPOBAaTh
KOHKpETHbIe TeHeTHUeCKre U MOJIeKY/sIpHbIe acIieKThbl, KOTOpble JIerJId B OCHOBY MeTaboJsiiueCcKon
crnieliUKA 3TUX BUJOB, CMECTUB (OKYC MCCAeJ0BaHUM C YUCTO (hr3nrosiornueckux HabmromeHui
Ha ypoBeHb [IHK u MosnekynspHoit Ouonoruu [3,12]. CpaBHUTe/NbHasi (U3UOMOTHS TTUTAHUS
TIJIOTOSIIHBIX  IEMOHCTPUPYeT BbIpaKeHHble MeTaboIMuecKyde pasiuuus MeXJy AOMallHUMU
cobakamu (Canis familiaris) u komikamu (Felis catus) [22,1,3]. Ecimu cobaky 3BOJIOL[MOHHO
a/larTUpoBaHbl K Oosee THOKOMY HCIIO/Ib30BaHUIO YT/IeBOJOB U OesIKOB, TO KOIIKM COXPaHW/IU
yepThl OO/IMraTHBIX XUILHUKOB, UTO >KECTKO 3aKperyieHO Ha MOJIEKY/SIPHO-PEery/sSiTOPHOM ypOBHe
[12]. B 1ieHTpe 3THX pa3/A4Mii Jie)KaT aKTUBHOCTD CIielju(prueCcKUX TPaHCKPHUITLIMOHHBIX (aKTOPOB,
YYBCTBUTEJBHOCTb PELeNTOPOB K TOPMOHaM-aHTaroHUCTaM MHCY/MHA (TIpeXX/ie BCero I/IFOKaroHy)
U CBsi3aHHble C HUMH MeTabonuueckde TIyTH, uTo TpeOyeT [JeTajbHOrO MOJeKY/ISpPHO-
reHeTMUecKoro aHanu3a. lLlenb Hactosijero o63opa — cuUcTeMaru3alusi COBPeMeHHBIX
MOJIEKY/ISIPHO-TeHeTUUeCKUX JIaHHBIX, OOBSCHSIOLIMX MeKBHZOBble MeTaboyuuecKue pas/iuuus
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MeXy co0akaMHu M KOIIKaMH, C aKI|eHTOM Ha T'eHeTHYeCKHU-MOJIeKY/IsSPHbIe MeXaHHU3Mbl, a TaKXKe
OLIeHKA K/IMHUKO-(DHU3UOOTHUECKUX T[OC/eACTBUNA STHX pPa3/Mudi /s pa3pabOTKH HayuyHO
000CHOBAHHBIX PAI[UOHOB [I7ist CO0AK U KOIIIEK.

Marepuasibl 1 MeTOABI

PaboTa BbIMONIHEHA KaK aHaIUTUYeCKUM 0030p IMyO/nMKaluii B perjeH3UpyeMbiX Hay4YHbIX
JKypHasax, HHAeKCUpyeMbIX B 6a3ax zaHHbIXx PubMed, Scopus 1 Web of Science, 3a epuog ¢ 1975
nmo 2021 rr. InybWHa  peTPOCIeKTHBBI  00yC/IOBJeHa HEeOOXOAWMOCTBIO  BK/TOUEHUS
dbyHaMeHTanbHBIX Kiaccuueckux pabor (Rogers m Morris, 1979; Hayes, 1975; Zoran, 2002),
a Tak>Xe COBpeMeHHbIX TeHOMHbIX uccienoBaHuii (Axelsson et al., 2013; Court & Greenblatt, 2000;
Verbrugghe u Hesta, 2017). OtobpaHbl ¥ TpOaHA/JM3UPOBAHBl MCTOUHHKH, COZeprKallye
9KCIIepUMeHTa/IbHbIe [JaHHbIe TI0 SKCTIPeCCUM TeHOB, (hepMeHTaTUBHOW aKTUBHOCTH, ajie/lbHbIM
BapUaHTaM U SMUTeHeTHUeCKOW peryysiuu y cobak U Kolek. JlOTOo/HUTEeNIbHO HCTOIb30BaHbl
oduiManbLHble HOpMaTUBHBIe MaTepranbl National Research Council (NRC, 2006).

Pe3synbTarsl ucc/iegoBaHus

Haubosnee sipkuM MpUMepoM TeHeTWYeCKOW aflanmTalii CO0aK SIBISIeTCSl SBOIOLUS TEHOB,
OTBeualolIMX 3a paclierieHyve Kpaxmana. @yHjameHTanbHble UccaefoBaHus Axelsson et al. (2013)
BBISIBU/IM, UTO B reHOMe CO0aK Mpou3oliia MacmTabHasi TIO3UTUBHAs CeJIeKIUs U AYTUTUKALIMS TeHa
naHkpeatTnuuecko amuiassl (AMY2B) u reHa Manbrasbi-mmokoamunasel (MGAM)[3].
MoneKynsipHbIM CJIeICTBUEM 3TOTO SIBSIETCS SKCIIPeCcCHss MHOXKeCTBEHHBIX KOMUil (hepMeHTOB
B TIO[KETy[OUHOW >Keje3e M TOHKOM KHILEUHWKe, uTO obecrieunBaeT cobakaM BBICOKYIO
CIIOCOOHOCTD K TIepeBapUBaHMIO KpaxmaJa, COMOCTaBUMYHO C BCEeSHBIMU MJIEKOTTUTAFOI{MU.

Y xomek (Felis catus) momoOHble TeHeTHYeCKHe TepecTPOMKHA OTCYTCTBYIOT. [eHOMHBIN
aHa/M3 TOKAa3bIBaeT, UTO KOIIKW COXPAHW/IA HU3KYIO 0a3anmbHyro skcrpeccrio AMY2B u MGAM
[22,14]. Ha M™omnekysnsipHOM YypOBHe Y KOIIeK TiepepaboTKa TIJIFOKO3bI —OCYI[eCTB/ISIeTCS
NperMyLIeCTBEHHO 4Yepe3 TeKCOKMHa3y, Torja Kak MMokokrHasza neueHu (GCK) mpakrthuecku
HeaKTHBHa: 3TOT (hepMeHT c1ab0 CBS3bIBAET IVTFOKO3Y U He Crioco0eH yCH/IMBATEH CBOO paboTy mpH
eé u30bITKe, B OT/IMUME OT CODAaK, y KOTOPBIX JaHHBI MeXaHW3M paboTaeT MoJHOIeHHO [9]. OTo
reHeTUYeCKd 3aKpervieHHOe OrpaHWYeHHe [leflaeT KOIIeK HecrmoCcoOHbIMU 3¢ (heKTUBHO
YTWIN3UPOBATh 3K30T€HHbIE YIVIEBO/bI B JIUIIOTEHe3e.

OpHMM W3 K/IIOUEBBIX Dery/asSTOpOB WMHAYLIMPYEMOW YyIVIeBOAaMU TPAHCKDUIILIMW SIB/ISIETCS
benok ChREBP [17,16]. ¥ cobak cuWrHajioM /il BK/IIOUEHWS TeHa TITFOKOKWHA3bI CY>KUT
KCHTyno30-5-gocar — Monekyna, Kotopas oOpa3yeTcss B TeHTO3HOM LiuKiae. OHa TepeHOCUT
perynstopHbiii 6eok ChREBP B siipo K/ieTKu, T7ie TOT 3aIyCKaeT MPOW3BOJCTBO T/TFOKOKWHA3BI
Y KOIIeK 3TOT MeXaHW3M He paboTaeT: W3-3a HU3KOW AKTUBHOCTH (DePMEHTOB KCHITY/030-5-
docdara obpa3syercs KpaiiHe masno, nmo3tomy ChREBP He Mo)KeT BOWTH B /[P0 U aKTHBHUPOBAThb
reH. B uTore y Komek rmoko3a He mepepabareiBaetcs [3,12]. B utore ChREBP ocraércs
B IJUTOI/Ia3Me B HEAKTUBHOM BH/ie. JTO JIMILIAeT KOIIeK BO3MOYKHOCTH TIepecTparuBaTh paboTy reHOB
TIPY TIOCTYTUIEHWH YT/IEBOJIOB U TIPEBPAlIlaTh IVIFOKO3Y B KUPOBBIE 3arachl, Kak 3TO [e/Ial0T CO0aKM.
B pe3ysbraTe 1/110K03a He riepepabaTbiBaeTcs AO/DKHBIM 00pa3om. [21,17,19].
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[eHOMHBIe UCC/EIOBaHMSI BBISBUIM Yy KOLIEK creluduueckie MyTaluM W HU3KYIO
5KCIIPeCCUI0 TeHOB, KOAUPYIOLIUX (hepMeHTHI 1JMK/1a MOUeBUHbBI M TpaHCAaMUHMPOBaHUs. [lake eciu
B paluoHe Majo 0enKa, WX OPraHWU3M TMPO/IO/DKAeT pacIierisTh aMUHOKHUCIOTBI C TOW ke
WHTEHCHUBHOCTBIO — OH He YMeeT «3KOHOMUTh» Oesiok. ['eHbl, OTBeuaroiye 3a hepMeHThI, KOTOpbIe
paspylIaloT aMUHOKHC/IOTHI M BBIBOJAT a30T (OpHUTMHaMUHOTpaHc(epa3a U Jpyrue), y KolleK
paboTarT Ha TMOJTHYI0 MOIIHOCTH TOCTOSTHHO. VX aKTMBHOCTh He CHIDKAeTCS /laKe TIPU HexBaTKe
Oesika, TOTOMY UTO TeHeTHUeCKHM OHM 3allpOrpaMMHDPOBAHBI Ha HeTpPephIBHBINA KaTabOoIM3M.
B uyacTHOCTM,  aKTMBHOCTb  OpHUTHMHaMUHOTpaHC(hepasbl (OAT) ©  NUPPOMMH-5-
KapOOKCH/IaTAeruJporeHasbl B TeUeHH KOIIEK KOHCTUTYIIMOHAAbHO BbiCOKa [12]. Tlommmo
BHYTPHUK/IETOYHBIX CUTHA/IbHBIX IyTeH, Ba’KHYIO POJib UrPaeT PeLleNTOPHBIN arrapaT renaToLUToB.
Y Kolllek BbIsiB/IeHa TMOBbIIIeHHAas! JIOTHOCTh U MOCTOSIHHAsE aKTUBHOCTh PELieNTOPOB K IVIFOKAaroHy
(GCGR), a Takxke BbicOKasg 0a3anbHasg  JKcrpeccuss  (epMEHTOB  I/IFOKOHeoreHe3a
(dochoeHonmrpyBaTkapboKcukrHa3bl U (DpykTo30-1,6-6uchocdarasp) [18,19]. D10 cMmeraer
OamaHC B CTOPOHY HeINpephIBHOTO CHHTE3a IVIFOKO3bl JlaKe TP He3HAUMTe/TbHOM CTpecce WU
KpPaTKOBPEMEHHOM To/iofiaHuu. I10CKOMBKY (pepMeHThI, pacllelisoljie I/I0K03Y, y KOIIeK Mo4TH
He aKTUBUPYIOTCS, CO3/1aéTCs CUTYaLusl, KOT/ja laXke MOC/Ie YITIeBOJHOW e/ibl OpraHU3M Ipofo/bKaeT
BbIpabaThiBaTh TJIFOKO3y M3 COOCTBeHHBIX OeskoB. DTOT (heHOMeH Ha3bIBAalOT «MeTabosueCKoM
vHepLuel Koulek». VIMEHHO MO3TOMY yBe/lMUeHUe YIIeBOJIOB B KOpPMe He CHW)KaeT pacraf,
MBIIIeUHOTO Oeslka — B OT/IMYMe OT cobak, y KOTOPBIX YIVIEBOABI MOMOTAOT 3KOHOMHUTH OesioK
Y Y/IyuIlIaloT a30TUCThIN OanaHc. [22,18].

Ocoboro BHUMaHHUSI 3aCIy)KMBaeT TeHeTHKAa TaypuHOBoro obmeHa. Cobakul CIOCOOHBI
CUHTE3UpPOBaTh TaypHUH W3 CEepOCOZeprKallliX aMUHOKUCIOT (MEeTHOHWHA U IMCTerHa) Omaropaps
BBICOKOW aKTUBHOCTH I[UCTEMHCY/IbLMOUHOBOM KHUC/IOTHI jAekapbokcuiasel (CSD). Y Koiek res,
kopupytoimii  CSD, skcripeccupyetcss KpaidiHe ciabo, a cam (epmeHT o06saziaeT HU3KOU
KaTa/IMTUUeCKOW aKTHBHOCTbIO. B pesy/nbTare KOLIKA TeHeTHYeCKH 3aBUCAT OT SK30TeHHOTro
TOCTYIUIeHWsT TaypuHa C KopMmoM. [IpoGsmema ycyrybmsieTcsi ocobGeHHOCTSIMU MeTabosv3Ma
JKE/TYHbIX KHCJIOT: y KOLIEK KOHBIOTAlUsl >KeMYHbIX KUCIOT UAET TOUTH UCK/IOUMTE/BHO
C TaypyuHOM (B OT/IMUME OT APYrMX MJIEKOINUTAIOLIMX, KOTOpble MOTYT MCIO0J/Ib30BaTh IJIMLUH),
U Jlaxe Npy JeduiuTe TaypyHa IOJHOLEHHON 3aMeHbl Ha IJIMLIUH He TMPOMCXOJWT, UTO CO3ZaéT
JIOTIOJTHUTE/IbHBIN KaHa/l moTephb 3Toro HytpueHra [10,11]. B pe3ynbrate XpoHuueckuid eyt
TaypriHa, BO3HUKAIOLIUNA MPU HEJOCTaTOYHOM TOCTYIJIEHHH €ro C KOPMOM, MPUBOAUT K TSDKETBIM
CUCTeMHbIM HapyllleHUsIM — JW/aTaljMOHHOM KapjuoMuornaThd (pacuivipeHve KaMmep cepla
Y CHWKeHHe HaCOCHOHW (PYHKI[MM) W LIeHTPa/bHOM JlereHeparjii CeTUaTKu C PUCKOM HeoOpaTumon
CJIETIOTHI, UTO JlefiaeT obsi3aTenbHOe fo0aB/ieHre TaypyiHa B PALMOH KOIIEK KPUTUYECKU BaXKHBIM
JI/Is1 UX 370poBbs [8,11].

Pa3nuunsi B oOMeHe >XMPOB y CO0AaK M KOIIEK CBs3aHBI C paboToil ()epMEHTOB, KOTOpbIE
TMIpeBpalljaloT OfIHU XKUPHbIe KHUC/IOTHI B ipyrue. OTU (epMeHThI Ha3bIBaOTCS JlecaTypa3aMyd — OHU
BCTaBJISIFOT [IBOMHBIE CBSI3W B MOJIEKYJIbI )KUPOB, /lesiasi uX 0osee HeHACBIIeHHBIMUA. Y KOIIeK OUH
13 K/TI0YeBbIX (PepPMEHTOB 3TOTO CeMelcTBa — JenbTa-6-fecarypa3a — paboTaeT IUIOXO, UTO
OrpaHUYMBaeT WX CIMOCOOHOCTh CHHTE3WPOBATh HY)KHbIE >KMPHBIE KHCJIOTBI U3 PaCTUTE/TBHBIX
Macesl. Y KollleK B TieueHU c1abo paboraeT gepmeHT ziesbra-6-ecarypasa (ero kog — red FADS2).
W3-3a 3TOro KOLIKM He MOTYyT CaMOCTOSITe/JIbHO CHHTe3UpOBaTh apaxW/JOHOBYIO KHUC/IOTY U3
pacTUTe/NbHbIX Macesn (JIMHO/eBOM KUCJIOTHI), a TaKXKe ITJIOXO MpeBpalialoT anb(a-1rHOIeHOBYIO
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KHUCJIOTYy B BakHeMive oMera-3 >kupHble KuciaoTel — OIIK n [ITK. TTo3ToMy KoIIKam >KM3HEHHO
HEeoOXOAMMBI TOTOBbIE JJTAHHOLIETIOUeUHbIe )KUPHbIE KMCIOThI JKUBOTHOTO TIPOMCXOXKIEHUS, U3 Msica
u peIOBI [4,5,6].

OmHO Y3 BaKHEWIIMX TeHeTUUeCKWX OTIMUMA KOIeK OT cobak — 3To cucTeMa
00e3Bpe)KUBaHUS UY>KEPOAHBIX BeleCcTB (KCeHOOMOTHKOB). Y Komiek reH UGT1A6, KoTOpbIi
kogupyetr depmeHT Y/ ®D-mmoKypoHO3uaTpaHCcdepasy, TIOBPeXAEH — COAEPKUT [eieluio,
MpeBpalljalollyl0 ero B He(yHKLUMOHA/bHbIM TCEeBJOreH. OJTO O3HauaeT, uTo (hepMeHThI
[TIOKYPOHHUIALIMK Y KOLIIeK TMpaKTHYecKu He paboraroT. B pe3ynbrare oHu He MOTYT 3¢ (heKTUBHO
BBIBOAUTH (DeHOIbI, CaJULWIaThl (HarpuMep, aclMpyH), MapaileraMos U MHOTHe 3(upHble Macia.
VIMeHHO 1M03TOMY KOLIKH KpaiiHe UyBCTBUTE/IbHBI K TOKCHHAM U JieKapCTBaM, KOTOpble Oe30macHbI
[t cobak. Y cobak ke crcTeMa TIFOKYPOHH/AMK paboTaeT TMOHOLIEHHO, MO3TOMY OHH JIETKO
nepepabaThIBalOT U BBIBOJAT 3TH BelrlecTsa [7,29,15].

Kpome >KECTKMX TreHeTMYeCKMX pa3/iMuvii, Ha OOMeH BelLeCTB B/WSIOT SMUTeHeTHYeCKHe
MeXaHU3Mbl — CBOEro pojla «HaACTPOMKW» Haf reHamu. MccnenoBanust metunupoBanus [JHK
TMOKAa3bIBAIOT, UTO Y COOAK M KOIIEK IM0-pa3HOMY «IIOATHCAHbI» yUaCTKH T'€HOB, OTBEUAIOLIUX 3a
naroreHe3 (CUHTe3 >KUPOB) U TJIMKOMMU3 (MepepaboTKy TUIFOKO3bI). OTU SMHUreHeTHYeCcKre MeTKH
(bopMUpyIOTCS e11lé B paHHEM BO3pacTe — B yTPoOe MaTepy U B MepBble HeZJeH 1MoC/ie POXKAEHMS,
— M 3aBUCAT OT nuTaHuss. OHU MOTYT U3MeHSTh aKTUBHOCTh I'eHOB, He MeHsisl caMy JTHK, u Takum
00pa3oM BiMATH Ha TO, KaK OpPraHy3M OyZleT yCBauBaTh MUILLY B AanbHelimem. Harpumep, y cobak
5TO MOXKET TIOBbIIATh PUCK OXWPEHWs, a y KOlleK —  Ipe/pacrojoyKeHHOCThb
K UHCY/TMHOPE3UCTEHTHOCTH.

3ak/IIoueHue

Cobaku ¥ KOIIKM WMEIOT TPUHLUIKANIBLHO pasHble MeTaboiuueckde CTpaTeruw,
3aKperiéHHbIe Ha TeHETUUYeCKOM U MOJIeKY/ISIPHO-PETyISITOPHOM YPOBHE.

YrneBoAHbIM 00MeH: y cobaK akTHBeH TpaHCKpHUMIMOHHBIM (akTrop ChREBP, 3amyckaroriuit
CUHTe3 TVIFOKOKMHA3bl TIPY TOCTYTUIEHUM YITIeBOJIOB. Y KOILIeK 3TOT MeXaHW3M He paboTaeT H3-3a
nmeduiTa KCUnyno3o-5-gocdara, mo3TOMY yIaeBo/bl He YTUMU3UPYIOTCS 3¢ (EKTUBHO.

TopMoHanbHas peryssilusi: y KOILeK TIOBbIllleHa TJIOTHOCTh peLIeNTOPOB K IJIFOKAaroHY
(GCGR), uto obyc/oB/HMBaeT JOMHUHUPOBaHHUE TIFOKOHEOTeHe3a Jjake MPH CTPecce W YIJIeBOAHOM
Harpys3ke.

benkoBbIli 0OMeEH: KOIIKM He CIIOCOOHBI 3aMeyiATh KaTabo/vM3M aMWHOKUC/IOT —TIPH
HU3KO0e/KOBOM paljioHe — QepMeHThI pacraja Oe/lKoB paboTaloT IIOCTOSHHO, UTO BEZET
K OTpHILIaTeIbHOMY a30TUCTOMY DaslaHCy U ToTepe MBIIIIeYHON MacChl.

TaypuHOBBII OOMeH: y KOILeK TeHeTHYeCKH 3aKperieHa HecrocoOHOCTb CHHTEe3WpOBaThb
TaypyH M3-3a HU3KON akTuBHOCTA CSD, MO3TOMY OHH IMOJIHOCTBIO 3aBHUCST OT €ro TOCTYIIeHHUs
C TIUIIeH.

JIvuruaHbii 0OMeH: KOIIKW He MOTYT CUHTe3UpPOBaTh apaxXUI0HOBYIO KUCIOTY U 3((eKTUBHO
ripeBpairiatb oMera-3 B OI1IK u [IT'K u3-3a HefmocTarouHocTH JenbTa-6-gecarypassl (FADS2) — um
Heo0X0/IUMbI TOTOBBIE >KUPHbIe KUC/IOThI )KUBOTHOTO TIPOUCXOXK/IEHUSI.

HeTtokcukauys: y kKoiek roBpexxaéH reH UGT1AG6, uto fiesiaeT Ux KpaliHe UyBCTBUTE/IbHBIMU
K TiaparieTamosty, cajauiuaaraMm, ¢eHomaM W 3QUPHBIM MaciaaM M3-3a OTCYTCTBUSI (hepMeHTOB
[TFOKYPOHUALIUY.
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OnWreHeTWKa: Ha aKTHBHOCTh T'€HOB JIMIIOTeHe3a M ITIMKO/IM3a BJIUSIOT SIHUTeHeTHYeCKHe
MeTKH, (OPMUPYIOI[HECST B paHHEM BO3pacTe TI0[ BO3AEHCTBHEM TWUTAHWS, UTO MOXKET
MOAMGMUIMPOBaTh TIPeAPACIIONOKEHHOCTh K OXKHUPEHHI0 y C00aK U WHCYIMHOPE3MCTEHTHOCTH
Yy KOIIIEK.

[TpakTUueCcKuii BBIBOZ: PpAI[MOH KOIIEK [I0O/DKeH ObITh CTPOTrO OPHUEHTHPOBAaH Ha WX
Ouosioruueckrie 0COOeHHOCTH — C BBICOKHMM COJZIEP>KaHHeM YKUBOTHOTO Oesika (He MeHee 25 % CB),
JOCTaTOYHbIM YPOBHEM TaypyHa W /JIMHHOLIETIOUEYHBIX >KUPHBIX KHC/IOT, ¥ MHHHUMAaJIbHBIM
KonuuecTBoM  yrieBogoB. Cobaku obsazaroT  Oosiee  TWMOKMM — MeTabO/M3MOM UM MOTYT
a/IalITUPOBAThCS K pa3HO0Opa3HbIM parjioHaM.

HayuHo-TIpakTHuecKoe 3HaueHWe: TOHUMaHWe MOJIEKY/ISIPHO-TeHEeTHUeCKUX MeXaHH3MOB
MeTaboMMUeCKUX pa3/IMuMii sIBJISIeTCS OCHOBOH /I/I1 BeTePUHAPHOW [UeTOJIOTHH, MPOMUIaKTHUKH
a/IMMEeHTapHO-3aBUCHUMBIX 3a00/IeBaHUH W yBeIMUYEHHUS] TPOAO/DKUTEIBHOCTH 3I0POBOM JKM3HU
TUIOTOSIZIHBIX JOMAIITHUX KMBOTHBIX.
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AHHOTaUA

CraTbsl TOCBsillleHAa OILleHKe CTPYKTYPbl, TaKCOHOMHWYECKOTO COCTaBa U OCOOeHHOCTei
pa3BuThs 3000eHTOCa 03epa Ty3kaH M ApHacailiCKOro BOJOXpaHWIMILA, BXOAAIMMX B Alzaap-
ApHacaiickyto cucremy o03€p. llenb ucciemoBaHMs 3aK/iouanach B OLieHKe COBPEMEHHOTO
COCTOSIHUSI [JOHHOTO COOOIL[eCTBA U  BBbISIBJIEBHUM OCHOBHBIX TAaKCOHOMHUYECKUX TPYIIII,
OTIpeJIeJISIFOLINX ero YMCIeHHOCTb W TPOAYKTUBHOCTh. VcciiefoBaHUs TIPOBOAWIMCH Ha OCHOBe

Bubnnorpadpuueckoe onucanue: Kypbanor A.P., TuroBa H.O. T'uaposkonoruueckoe ucciefoBanre 03. Ty3kaH U ApHacaiicKoro
BOZIOXPaHWJIHILIA: TI0 THAPOOHMOIOrHUecKUM MoKa3arteasiM (110 3006eHToCy) // Universum: XuMust U OHMOJIOTHS : 3JIEKTPOH. Hay4H.
>KypH. 2026. 10(148). URL: https://7universum.com/ru/nature/archive/item/23387
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TO/IeBbIX HAOMIOAEeHUM W THUAPOOHMOMOrMUeckoro aHanmu3a mpob 3o06eHToca. B xozme paboTh
OLIEHUBA/IUCh KAYeCTBEHHBbIE XapaKTEPUCTUKHU [JOHHBIX OTJIOXKEHHUM, TaKCOHOMUYECKHH COCTaB U
TUIOTHOCTh OT/IeJIbHBIX TPYIN OEHTOCHBIX OPraHW3MOB. YCTAHOBJIEHO, UTO CTPYKTypa 3000eHTOCa
WCC/Ie/IOBaHHBIX BOJOEMOB (OPMHPYETCS TOf, CYIIeCTBEHHBIM BO3[eHCTBUEM aHTPOIMOTreHHOMN
Harpy3Ky, UTO TPOSIB/ISETCS B U3MEHEHUH (U3UKO-XMMHUUECKUX XapaKTePUCTHK BOAHOMW cpelbl U
HAKOTUIEHUU OPraHWYeCKOro BeIeCTBa B JIOHHBIX OTIOKeHUsiX. Haubosblvii BK/Iaj B OOIIYO
YHCJIEHHOCTh YW TIPOJYKTUBHOCTb 3000€HTOCA BHOCST MpeACTaBUTeNM OTPsioB Diptera u rpyrmmbl
Crustacea, BK/IIOUasi JMYMHOK XHUPOHOMMJ] M TIPECHOBOJHBIX pakooOpasHbiX. IlomyueHHbIe
pe3y/bTaThl CBU/ETENLCTBYIOT O BO3MOXKHOCTH WCIIOJIb30BAHUS CTPYKTYPbI U KOJIMYECTBEHHBIX
XapaKTepUCTUK 3000eHTOCa B KayeCTBe HH/AWKATOPOB 9SKOJIOTUUECKOTO COCTOSTHHUSI BOZJOEMOB.
MOHUTOPUHT AVHAMUKY YMCIEHHOCTH U COCTABa K/IFOUEBbIX TAKCOHOMUYECKUX TPYII MOXKET ObITh
UCIIOIb30BaH /ISl OLIEHKW  HArpaB/IeHHOCTH  9KOJIOTMUECKMX W3MEeHeHWH U pa3paboTKu
MEepOMPUSITHIA TI0 COXPAHEHHUIO Y BOCCTAHOBJIEHUIO BOJHBIX IKOCHUCTEM.

Abstract

The article is devoted to assessing the structure, taxonomic composition, and developmental
characteristics of zoobenthos in Tuzkan Lake and the Arnasay Reservoir, which are part of the
Aydar—Arnasay Lake System. The aim of the study was to assess the current condition of the
benthic community and identify the main taxonomic groups determining its abundance and
productivity. The study was based on field observations and hydrobiological analysis of zoobenthos
samples. The qualitative characteristics of bottom sediments, taxonomic composition, and
abundance of individual groups of benthic organisms were assessed. The results showed that the
structure of zoobenthos in the studied water bodies is substantially influenced by anthropogenic
pressure, which is manifested in changes in the physicochemical characteristics of the aquatic
environment and the accumulation of organic matter in bottom sediments. The greatest contribution
to the total abundance and productivity of zoobenthos was made by representatives of the order
Diptera and the group Crustacea, including chironomid larvae and freshwater crustaceans. The
findings indicate that the structure and quantitative characteristics of zoobenthos can be used as
indicators of the ecological condition of aquatic ecosystems. Monitoring changes in the abundance
and composition of key taxonomic groups may be useful for assessing the direction of ecological
changes and developing measures for the conservation and restoration of aquatic ecosystems.

KnoueBble c10Ba: 3000€HTOC, MAaKp03000eHTOC, THUAPOOHOIIOTHUECKUI MOHHUTOPHHI,
Avinap-ApHacaiickast cucteMa 03€p, o3epo Ty3kaH, ApHacalCKoe BOJOXPaHU/IUILE, SKOJIOTUYECKOe
COCTOsIHHE.

Keywords: zoobenthos, macrozoobenthos, hydrobiological monitoring, Aydar—Arnasay Lake
System, Tuzkan Lake, Arnasay Reservoir, ecological condition.

BbiarogapHocTH ¥ (puHaHCHUpOBaHUe

WccnenoBaHve  BHITIOJIHEHO B paMKax  TOCYJapCTBeHHOW — OO[)KeTHOW  Hay4HO-
HcciieioBaTelbCKo TeMbl HayuyHo-MccriejoBaTe/TbCKOro MHCTUTYTa pblboBozcTBa nipyu Komuterte
BeTepHHapUU U Pa3BUTHUS XKUBOTHOBOZCTBA Pecrybimmku Y36eKucTaH.
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BBegenue

[Tpeobnagatorieii rpynmoii GEHTOCHBIX COOOIECTB B /IOHHBIX OTIOKeHHsX AACO 3a
rociejHee fecsiTuieTde ObLTa TIpeJCTaBIeHa WIOSAHBIME (POpPMaMU MasloOIeTUHKOBBIX uepBeit
ceM. Tubificidae u nuuuHok xupoHomu n/cem. Chironominae (g0 60). [11,13,2]

Ilpyroii aBTOp OTMeuaeT, uTo Komruiekc OeHTodayHel AACO, B 1[e/IOM, He OTJIHUYAETCS
0coObIM pa3HOOOpa3vieM U TIpe/CTAaB/AeH I[IPEUMYIIEeCTBEHHO IIIMPOKO pPACMpOCTPaHEeHHbIMU
TPeCHOBO/IHO-CO/IOHOBAThIMU BUjaMu JIMUMHOK TofieHoK Cloeon dipterun (L.), Caenis macrura
Steph., Baetis bioculatus (L), nuuuvHkamu fAByKpbulbiX Ceratopogonidae gen.sp., KpeBeTKU
Macrobrachium nipponense asper Stimpson., >xyku pogoB Haliplus, Gyrinus, Coelambus, nuunHKu
CTpeKo3, K/ombl. C MeHblIel pUTMUYHOCTBIO Pa3BUBAIOTCSL KPYI/ible YepBH, HEMATO/[bl, OJIMTOXETHI,
pakooOpa3Hble, MU3U/IbI, TUUMHKY T'eJIens U JIp.

B GeHTOCHOM COOOLIECTBe B OT/IOKEHHUSIX MPeob1afaroT JTUMOsifHbe (OPMBI P-CarpoOHBIX
BUJI0B onuroxet cemeiictBa Tubificidae u xupoHomup muurHOK mofcemerictBa Chironomidae (7o
60 %). B 3acsioe BICIIMX BOAHBIX pacTeHui ¢utodunbHas hayHa Harbosiee pacripocTpaHeHa ¢ b-a-
carpoOHBIMU BHZAMH OJIMTOXET, OTHeCEeHHbIX K mozcemeiicTBy Naidinae, a-campoOHbIMU BHgaMu
JMUUMHOK CTpeko3 ceMelictBa Coenagrionidae u xupoHomuamMyd popa Tanytarsus ¥ MU3WU[BI,
KpeBeTKaMM UM MNOAEHKM poga Baetis, Caenis. KosnuecTBeHHbIe T10Kasarejyd pPa3sBUTHUSA
Makpo3oobentoca AACO nerom 2015 r. konebanvcy B Boctounom Apnacae ot 41,5 go 725 mr/m,
a B o3epe Ty3kan — ot 500 go 6416 wmr/n. ITo 6womacce Takke JIOMUHHpPOBajia KpeBeTKa
M.nipponense (Asper Stimpson).

Marepuasibl 1 MeTOABI

WccnenoBanust 3000eHTOCa MPOBOAWIMCE B 03epe Ty3KaH v ApHacaliCKOM BOZJOXPaHUJIHUIIIE,
BXOASIIUX B AMjap-ApHacalicKylo cucteMy o03€p, B KoHue wmas 2024 roma. OOBeKTOM
WCC/IeIOBaHUsL  SIBMISJIOCH  COOOIIECTBO  [JOHHBIX BOJHBIX 0ECI03BOHOUHBIX, BKJ/IIOUAOIIlee
Tipe/icCTaBUTeIel uepBeid, MOJJTFOCKOB, paKoOOpa3HbIX U BOAHBIX HACEKOMBIX.

BuzioBOI COCTaB U KOJTMUeCTBEHHbIE XapaKTePUCTUKH 3000€HTOCa MUCTI0/Ib30BaIH JJisi OLIeHKH
COBPEMEHHOT0 JK0JIOTHYeCKOT0 COCTOSIHUSI UCCTIeJOBAaHHBIX BOIOEMOB.

OTt60p 1pob 3000eHTOCA OCYIIECTB/ISUIA C YYETOM XapakTepa JOHHOIO T'PYHTa U TTyOWHBI
BofloéMa. B mipuOpe)kHOM 30He M Ha MajbIXx IIyOMHAaX TIPUMEHS/TM CKPeOKH, IT03BOJISIOIINE
MIPOBOJUTL KaueCTBeHHbIM COOp OpraHW3MOB C Pa3/IMYHbIX TUIIOB TPYHTA, BK/IOUasi recyaHble,
MATKHe W TBEpbIe cyOcTpaThl. Ha Gonbliux rmyOuHax st oTbopa JOHHBIX ITPOO HCIO/Ib30BaIM
JHouepriatesid. Tako TOAXO[ T03BOJISUI YUUTHIBATE OCOOEHHOCTU pacripefiesieHusi OeHTOCHBIX
OpPraHM3MOB B Pa3/IMYHbIX y4aCTKax UCCIe0BaHHBIX BOJOEMOB [7, 6].

KamepasbHast 06paboTka rmpob BK/IIOUaaa MX YaCTUUHYIO Pa300pPKY, POMBIBKY U COPTUPOBKY
OpraHu3MOB 110 OCHOBHBIM TaKCOHOMHYeCKUM rpynraM. VaeHTuduKaruo opraHu3MoB ITPOBOJUIIN
C WCTI0/Ib30BaHUEM CIIel[ia/M3MPOBaHHbIX OMpefienuTesieid MpecHOBOAHBIX Oecrio3BoHOYHBIX [8].
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IIpu aHa/mM3e YUYWUThIBA/IM TAKCOHOMUUECKHM COCTaB, YMC/EHHOCTh U OMOMAcCy OTZAeIbHBIX TPYIII
3000eHTOCa. KonMuecTBeHHbIe MOKa3aTeIM MepPecuUThIBad Ha eJUHMIY TUIOIaAu JHa (9K3./M2)
C TIpUMEeHEeHHEeM COOTBETCTBYIOIIero ko3 duiieHTa rmepecyéra, 3aBUCAILEro OT IJIOIIAZM 3axBaTa
HCTIO/Ib3yeMOro opyaust orbopa rpob [7, 6].

Jlnsi  XapaKTepUCTUKKA CTPYKTypbl OEHTOCHOrO COOOIecTBa HCIO/Ib30BaIM  TI0Ka3aTesu
OTHOCHUTE/IbHOTO 00WIMs opraHu3MoB. Ha OCHOBaHUM T[IOJIyUeHHBIX 3HAYEHHH BbIJEJISANIN
JOMHHHUDYIOII[ie U CyOJOMUHHpYIOLMe TakCOHbI. COI/IaCHO TIPUHSTON IIIKaje OTHOCHTEIbHOTO
00M/IHS, K JOMHHHUPYIOIMM OTHOCH/IN TaKCOHBI, UMerolie 5-9 06a/ioB, a K Cy0JOMUHUPYIOIIMM
— TaKCOHBI C MMOKa3atesieM 3 6asa [6].

OrleHKy  KaueCcTBa BOAbl 10  TI'MAPOOHONIOTMYECKAM  TIOKasaTelsiM  TIPOBOJUIIN
C WCTI0/Tb30BaHKEM CaripoOMOIOrMUeCKOTro TI0X0/4a ¥ MOANGMHUIIMPOBAHHOTO OHOTHUUECKOTO WH/EKCa
Byausuca [1].

WHgekc  campoOHOCTM — pPacCUMTHIBAIM  C  YU46TOM  MHAWKATOPHOH  3HAUMMOCTH
1 OTHOCHUTE/IbHOTO KOJTMYeCTBa OPraHW3MOB KaXK/I0TO TaKCOHa:

S =ZX(s x h)/ Zh,

rae S — UH/EKC canpobOHOCTH BOJOEMA; S — HMH/MKATOpHas 3HAYMMOCTh TaKCOHa; h —
OTHOCUTE/IbHOE KOJTMUeCTBO 0CO0el COOTBETCTBYIOIIEr0 TaKCOHA.

WHIUKAaTOPHYI0  3HAUMMOCTh  OPraHM3MOB  OIpEeAeIsyTdA B COOTBETCTBMM C  MX
MIPUHA/|TEXKHOCTBIO K CArTpOOHBIM TPYMIIaM: il OJTUTOCAIPOOHBIX OPraHU3MOB 3HaueHue S = 1, f1st
-me30canpoOHbIX — S = 2, il A-Me30CanpoOHbIX — S = 3, [Is TIO/IUCANPOOHBIX — § = 4.

[MTonyueHHble 3HAYEHHs] MHZEKCA WCIIO/b30Ba/ld [/ OMpeJe/ieHusl CTeleHHd CarpoOHOCTH
U 9KOJIOTHUeCKOH XapaKTepPUCTUKUA BOMOEMOB. BHIOBOH COCTaB M KOMMUYECTBEHHOE pa3BUTHE
OpraHu3MoB OeHTa/M paccMaTpuMBald KakK I[10Ka3aTelM COCTOSIHUSL JIOHHBIX  OTJIOKEeHHH
Y TIPUZIOHHOTO CJI0Sl BOJIBI, TOTZIA KaK OpPraHu3Mbl (pUTa/lM HCII0/Ib30Bad MPEUMYIIIeCTBEHHO JIJIst
XapaKTepPUCTUKU KaueCTBa BOAHOM Macchl [3, 4, 7, 8].

Pe3yibTaThbl 4 00CY )X/ |eHUA

3006eHToCc 03. Ty3kaH ¥ ApHacailiCKOro BOJOXPaHWIMIIA XapaKTepU3yeTCs HalduleM
KOMILJIEKCA  TPecHOBOJHBIX U COJMOHOBaThiX BUAOB. [loHHasi (¢ayHa rmipefcTaBieHa
TPerMYIIIeCTBEHHO oyiuroxeTamu cemeiictBa Tubificidae w munHKamMu XUpOHOMM/, TIOZICEMEMCTBA
Chironominae, a Takxke ¢uToduibHON (hayHON — KpeBeTKaMu, JIMUMHKAMH OPTOKJIaJUHWHOBBIX
XUPOHOMU/, )XyKaMHU U MOKDeLlaMHU.

[To pe3ynbraTam uccieqoBaHuid KoHija Mast 2024 ropa, 3006eHToC 03. Ty3KaH npezcTaBieH
CeMbI0 BUJIaMH W3 MSTU TAKCOHOMUUYECKUX TPYIII, OCHOBY KOTOPOTO COCTAaB/SIFOT onuroxera Nais
pseudoptusa u mmuuHKA xupoHoMmuz (Chironomus halophilus, Tanytarsus gr. lobatifrons, Cricotopus
tremulus) ¥ HeKOTOpbIe BUIbl )KYKOB U KPEBETOK.

ApHacaiickoe  BOJOXpaHW/IMILE TIpe/CTaBAeHO IIeCTHaJALUaTbl0 BHUJAMU M3  CeMH
TaKCOHOMHUYECKUX TPy, CpeJud KOTOPbIX TpeobsaZialoT TMpeiCTaBUTe CeMeMCTB MO/eHOK,
CTpeK03, HeMaTo/l, MOJIJTFOCKOB 1 pa3HOOOpa3Hble XUPOHOMU/IBI, Takue Kak Chironomus halophilus,
Tanytarsus gr. lobatifrons, Cricotopus bicinctus.

MakcrMasibHble TI0Ka3aTeau YUC/IeHHOCTH 3aHMKCHpOBaHbl Ha 03epe Ty3kaH (Touka Nel) —
680 3k3./M? U B ApHacae (Touka Ne6) — 2040 3K3./M2, 00yC/IOB/IeHHbIE BBICOKOW UMC/IEHHOCTHIO
JTMUMHOK XUPOHOMMU,
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[Tokasareny KadecTBa BOJbl 000MX BOOEMOB yKa3bIBAOT HAa YPOBEHb O-Me3acaripoOHOCTH
(5=3,0-3,5), cooTBeTcTBytOLMI [V Kaccy UMCTOTBI — 3arpsi3HEHHbIE ¥ MUHEpaIM30BaHHbIE BO/IbI.

Ne 10 O03. Tysxau mmx [ 3
Ne 2 O3. Tyzkan cagxu (6eper) [[NEGEGEGEGEGEE 3.1

Ne 1 O3. Ty3kan cagxu (60 M ot 6epera) [N 3,33
28 29 3 3,1 32 33 34

PucyHok 1. Ypoeenwb canpoGHOCMuU HA moukax npo6 Ha 03. Ty3kaH

Ne 9 Apmacaiickoe BAxp. (mmpc 30851 oTapixa) I 34
Ne 8 Apmacaiickoe Baxp. (1000 M. ot 30us1 otapixa) 4-6 M [N 3.33
Ne 7 Apnacaiickoe BIXp. (500 M. oT 3085 ot/pixa) 4-6 M [N 3.5
Ne 6 ApHracaiickoe Baxp. (500 M. oT 30HH oT/biXa) 4-6 M [ 3,25
Ne 5 3akpsrtoe o3epo (rayouma) 4-6 v I 3.5
Ne 4 3axperroe o3epo (6eper) NN 3,22
Ne 3 3akpsitoe o3epo (Oeper) I 3,1

2,9 3 3,1 32 33 34 3,5 3,6

PucyHok 2. YpoeeHb canpo6HOCMU Ha moykax omoopa npob Ha ApHacatiCkom 8000XpaHu/iuwje

35
3
3
2,5
2
2
15
1 1 1 1 1
1
0,5
0 0 0 0 0 0 0 0
0
Diptera Colembola Crustacea Oligochaeta Coleoptera
(decapoda)

B No] mNo2 ® NelO

PucyHok 3. TakcoHomuueckasi Xapakmepucmuka 6udo8 3000eHmoca o3. Ty3kaH
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4 4 4
4
3.3 3 3 3
3
2,5
2 2 2
2
1,5
11 1 11 11
1
0,5
00 IIIO IO I I 00 00 000 0 O 000 0 O 000 0 O OH 0 0
0
Ne3 Neg Ne5 Ne6 Ne7 Neg Ne9
H Diptera = Mollusca B Crustacea (decapoda) Oligochaeta
® Ephemeroptera B Odonata B Nematoda B Coleoptera

PucyHnok 4. TakcoHomuuecKas Xxapakmepucmuka euooe 3000eHmoca ApHacatickozo
eo0oXpaHu/uwa

B npo6e, otobpanHo# ¢ Touku Ne 1 6bU10 06HapyKeHO 3 BHZa OPraHU3MOB 3000eHTOoca u3 2
TAaKCOHOMMYECKHX TPYIIIT: ABYKPbUIble — 2 BU/IOB; HOTOXBOCTKY — 1 Bu. [ToKa3are/n YiCIeHHOCTH
B Mae 2024 roza coctaBumu 680 3k3/M?, a 6uomaccsl 0,4753 r/m?.

B nipobe, oTobpanHo# ¢ Touku Ne 2 6bUI0 0OHAPY>KeHO 5 BH/IOB OPraHMU3MOB 3000eHTOCa U3 3
TAaKCOHOMHMYeCKHX TPYIIIT: JBYKPbUIble — 3 BU/ja; pakooOpa3Hble — 1 BU/; Ma/IOIIeTUHKOBBIE YePBU —

1 Bug. Tokasareny unciaeHHOCTH B Mae 2024 roga cocrasuau 164 3k3/mM?, a 6uomaccer 138,989 r/

M.

B nipo6e, otobpanHo# ¢ Touku Ne 10 6b1710 06Hapy>keHO 2 BUjja OPraHU3MoB 3000eHToca U3 2
TAaKCOHOMMYECKHX IPYIIL: KYKd — 1 BUI; pakoobpa3sHble — 1 Buj. TToka3aTesy YMC/IeHHOCTH B Mae
2024 roga coctauay 88 3k3/M?, a Guomacce 57,0749 r/m?.

Ne10 |[HENNNNN 88
No? [N 164
Nel [ 6830

0 100 200 300 400 500 600 700 800

PucyHok 5. YucaeHHocmb op2aHu3moe 3006eHmoca 03. Ty3kaH

rero [ 57,0749
xe2 |,  138.9898927

Nel | 0,4753
0,0000 20,0000 40,0000 60,0000 80,0000  100,0000 120,0000  140,0000  160,0000

PucyHok 6. Buomacca opzanuzmoe 3006enumoca 03. Ty3kaH
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B nipo6e, oTobpanHo# ¢ Touku Ne 3 ObUI0 0OHAPY>KeHO 7 BH/IOB OPraHU3MOB 3000€HTOCa U3 5
TaKCOHOMHUYECKUX TPYMIM: TOJAeHKHM — 1 BWJ; CTPeKo3bl — 1 BUJ; [BYKpbLIble — 3 BHU/a;
MaJIOLL[eTUHKOBbIe uepBU — 1 BUJ; HeMarozbl — BUJA. [lokasarenu uncieHHoctd B Mae 2024 roza
coctaBuu 177 9k3/M2, a 6uomaccel 0,5524 r/m2.

B nipoGe, oTobpanHo# ¢ Touku Ne 4 6610 0OHAPY>XKeHO 9 BH/IOB OPraHU3MOB 3000eHTOCa U3 5
TaKCOHOMHUYECKHUX TPYIII: CTPeKO3bl — 1 BUJ; ABYKpbUIbIe — 4 BHJA; MOJUTFOCKU — 1 BUJI; BOZHBIE
KYKA — 1 BUJ; MasoleTUHKOBBIe uepBU — 2 Buja. [lokasarenn uucineHHocty B Mae 2024 ropa
coctraBuu 178 9k3/M2, a 6uomaccsl 0,0886 r/m2.

B nipo6e, oTobpaHHo# ¢ Touku Ne 5 ObUI0 0OHapy>KeHO 6 BH/IOB OPraHU3MOB 3000eHTOCa U3 2
TaKCOHOMHUYECKHUX TPYIII: ABYKPbIIble — 4 BHZA; MaJIOIeTUHKOBLIe uepBu — 2 BUja. [Toka3zarenu
yycneHHOCTH B Mae 2024 rozia coctaBumm 1680 ak3/m2, a 6uomaccel 1,9909 r/m2.

B npo6e, oTobpanHO# ¢ Touku Ne 6 O6bU10 0OHapyKeHO 4 BUzia OpraHU3MOoB 3000eHTOCa U3 1
TaKCOHOMWYECKOM Tpymmbl: ABYKpbLIble — 4 Buza. Ilokasarenu uucieHHoctu B Mae 2024 ropa
coctaBwm 2040 3x3/M2, a 6romaccer 1,8409 r/m?.

B npo6e, oTobpaHHO# ¢ Touku Ne 7 6bU10 0OHapy’KeHO 2 BHia OPraHU3MOB 3000eHTOCa U3 1
TaKCOHOMWYECKOM TpyIIbl: ABYKpbLIble — 2 BuAa. Ilokasarenu uucieHHoctu B Mae 2024 ropa
coctaBuu 120 3k3/M?, a 6uomacce! 0,1197 r/m?.

B npo6e, oTobpaHHO# ¢ Touku Ne 8 O6bU10 0OHapyKeHO 3 BHia OpraHU3MOB 3000eHTOCa U3 1
TaKCOHOMWYeCKOM TpyNmbl: ABYKpbLIble — 3 BuAa. Ilokasarenu uucieHHoctu B Mae 2024 ropa
coctaBuu 240 5k3/M?, a 6uomaccel 0,1718 r/m2.

B nipoGe, oTobpanHo# ¢ Touku Ne 9 ObUI0 0OHAPY>KeHO 5 BH/IOB OPraHU3MOB 3000eHTOCa U3 3
TaKCOHOMUYECKHUX TPYIII: ABYKpPbLIbIe — 3 BH/Ia, pakooOpa3Hbie — 1 BUI; MasOIeTUHKOBbIE YEPBU —
1 Buj. I1oka3saTtenu uncieHHOCTA B Mae 2024 roma coctaBunu 276 3K3/M2, a 6uomacce! 137,7181 1/

M.

Ne9 N 276

Neg [ 240

Ne7 M 120

Ne6 . 2040
oS 1630

Ned4 NN 178

Ne3 [ 177

0 500 1000 1500 2000 2500

PucyHnok 7. YucneHHocmb op2aHu3mMoe 3000eHmoca ApHacatickozo 6000XpaHuauwja
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PucyHok 8. Buomacca opzanuzmoe 3006eHmoca ApHacatickozo 8000XpaHuIuwja

3ak/IIoueHue

3006eHTOC 03. Ty3KaH (CaKu ¥ TUISDK) TIPe/ICTaB/eH 7 BUAAMH U3 5 TaKCOHOMUYECKHUX TPYTIIL.
OcCHOBHbIE TaKCOHOMHYeCKHe Tpynmbl: oauroxetsl Buja Nais pseudoptusa, XMpOHOMU/bI BUIOB
Chironomus halophilus, Tanytarsus gr. lobatifrons, Cricotopus tremulus, xyku Buzaa Bidesus
japonicus, HoroxBocTku Isotoma viridis, kpeBeTKHU Buzia Macrobrachium nepponensa.

MakcumasbHasi UMC/IeHHOCTh OPraHU3MOB 3000eHTOCa oTMeueHa Ha Touke Nel — 680 3K3./
M2

3000eHToC ApHacaickoro BogoxpaHwMia (6113 30HBI OTABIXa M 3aKphITOE 03epo)
npejcrasiieH 16 BUgamMuy U3 7 TaKCOHOMUYECKUX TPYIIIL.

HOomunupytot noféHku popa Ephemerella, crpekossr Gomphus flavipes, Ishnura elegans,
omvroxeTtbl Nais pseudoptusa, Limnodrilus hoffmeisteri, xvponomuzasr Chironomus halophilus,
Tanytarsus gr. lobatifrons, Mokpe1jsl poga Palpomyia, kpeBeTkn Macrobrachium nepponensa, XyKku
Bidesus japonicus, mosimtocku pozia Physa, Takyke BCTpeuaroTCsl 1 HeMaTO/bI.

HawuboJibiiiasi YMC/IeHHOCTh OPraHU3MOoB 3000eHTOca oOHapyKeHa Ha Touke Ne6 — 2040 3K3./
M2

AHanmM3 TOPU30HTAJbLHOTO —pacripefiejieHHsi OCHOBHBIX TPy 3000eHTOca TIOKa3asl
JOMMHHDOBaHHE TIOYTH Ha BCEX CTAHLMSIX APHACaliCKOro BOAOXPaHW/IMIIA IO BKIaLy B o0Imue
KOJTMUeCTBeHHbIe TI0Ka3aTe/u JOHHOH dayHbI TipefcTaBuTesieid oTpsizioB Diptera u Crustacea.

Ha Bcex craHuusx orbopa mpo6 mo o03. Ty3kaH (OKOJI0 CafiKOB M TUISDK), a TaKXKe
ApHacaiickoro BofgoxpaHuWMia (67M3 30HBI OTAbIXa M 3aKPHITOE 03eP0) COOTBETCTBYHOT O-
Me3acarpoOHO¥ 30He, T.e. MOKa3areyiu carnpobHocTy (S) HaxoAsTcs B Auana3oHe mMexay 3,00 mo
3,50. Urto, B CBOIO oOuepeb, O3HauaeT UTO KaueCTBO BOAbI COOTBeTCTBYyeT IV Knaccy —
3arpsi3HeHHble 1 MUHepaIu30BaHHbIE BOJBI.
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AHHOTa A

Llesibl0  HACTOSIIETO WCCENOBaHUsS SIBISETCS KOMIUIEKCHasi OLleHKa IPOCTPaHCTBEHHO-
BPEMEeHHOUW JWUHAMUK{A TI0YBEHHO-MeTMOPAaTUBHOTO COCTOSIHUSI OpOIlaeMbIX 3eMeb HO>KHOTO
[Mpuapanes (Pecrybnvka KapakanmakcraH) 3a gecstuietHud niepuof, (2014-2024 rr.), a Takke
BbIsIB/IEHMEe OCHOBHBIX (DAaKTOPDOB UWX SKOJOTHYECKOM Jerpajanyu. B crathe Tm0oApoOHO
PacCMOTPeHbI K/TFOUeBble MeXaHW3MbI Pa3BUTHSI TTIOYBEHHO-/erPa/JallMOHHBIX MPOL[eCCOB, BK/IIOYAsT
BTOPUYHOE 3aco/ieHue, Aer'yMUBHUKAIUI0 U TPAaHC(HOPMAIIUIO eCTeCTBEHHOTO THPOre0I0THYeCKOTo

Bubimorpadpuueckoe omucanme: OteHoBa @.T., Mamberyuiaea C.M. XapakTepuCTHKa MeJMOPaTHBHOIO COCTOSIHHSI TIOYB
perroHa FOsxHoro ITprapabsi Ha OCHOBe COBpeMeHHBIX MeTofioB // Universum: XuMusi 1 GHOJIOTHS : 37IeKTPOH. HayyH. >KypH. 2026.
10(148). URL: https:/7universum.com/ru/nature/archive/item/23439
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pexxMa. Ha ocHOBe uMHTerpaiyy pe3y/bTaToB J1ab0paTOPHBIX XWMHUECKUX aHaM30B W JAHHBIX
JIMCTAHL[MOHHOTO 30H/JUPOBaHUsI ~ TIPOBeJleH  JieTajlibHbld  KOJIMUeCTBeHHbIH aHam3
MPOCTPaHCTBEHHOIO paclipefie/ieHUs MoKa3arened KUC/IOTHOCTU (pH) M cTereHu 3acosieHHOCTU
MOYBEHHbIX TOPU30HTOB B pa3pe3e IIeCTH K/IOUEBBIX aJMUHHCTPAaTUBHBLIX DaliOHOB pervoHa.
ObocHoBaHa KpuTHUYecKass HeoOXOAWMOCTH TIPOBeJeHHs CHCTeMaTUyeCKOW HWHBEHTApHU3aluu U
MPOCTPAHCTBEHHOTO MOHWUTOPWHTA COJIEAKKYMYJISLIU AJIs1 pa3paboTKU 3KOJI0ruYecKu Oe30macHbIX
M aJalTUBHBIX MeEJMOPAaTUBHBIX MepomnpusAThi. I[loka3aHO, UTO pe3Koe YCU/IeHHe DOJU
HeympaB/sieMbIX KIMMaTUuecKHWX (DakTopoB, B UYAaCTHOCTH [UHAMHKa TeMIlepaTypbl BO3[yXa,
HeroCpe/ICTBEHHO OMpeZie/isieT Pe>KUM HaKOTJIeHUsI 0CaIkOoB, UHTEHCUBHOCTb UCIapeHust U (PU3UKO-
XUMHUUYeCKHe TIPOLeCChl B TOYBeHHOM mpodwuie. Pa3paboTaHHasi MeTOOMOTHSI aHaIM3a pPHUCKA
Jlerpajialjiy royB pacCMaTpUBAeTCs KaK Ba)KHEHMILINMI UHCTPYMEHT NPHMPOZI00XPAaHHOTO yIpaB/ieHus,
TMO3BOJISIIOIIMI  TIDOBOJWTH TOUHYIO OIIEHKY SKOJOTMUeCKWX PHCKOB U  00ecrieurBaroIuii
YCTOWUYMBYIO HAYYHYIO OCHOBY /I/Is1 IPUHSATHS YTIPaB/IeHUeCKHUX pelleHUH.

Abstract

The purpose of this study is to provide a comprehensive assessment of the spatiotemporal
dynamics of the soil-reclamation condition of irrigated lands in the Southern Aral Sea region
(Republic of Karakalpakstan) over a ten-year period (2014-2024) and to identify the main drivers
of their ecological degradation. The paper examines key mechanisms of soil degradation processes
in detail, including secondary salinization, dehumification, and the transformation of the natural
hydrogeological regime. Based on the integration of laboratory chemical analysis results and remote
sensing data, a detailed quantitative analysis of the spatial distribution of acidity (pH) and soil
horizon salinization levels across six key administrative districts of the region was conducted. The
critical need for systematic inventory and spatial monitoring of salt accumulation is substantiated to
develop environmentally safe and adaptive reclamation measures. Uncontrollable climatic factors,
particularly air temperature dynamics, directly determine moisture accumulation regimes,
evaporation intensity, and physicochemical processes within the soil profile. The developed
methodology for soil degradation risk analysis serves as a crucial environmental management tool,
providing a sustainable scientific foundation for effective decision-making.

KiroueBble C/I0Ba: 3acosieHHble TOUBBI, Jlerpajaliusi IUIolajiel, CTeleHb 3acO/IeHHOCTH,
FO>xHOoe I1puapanbs, kucnoTHOCTh (PH) mouBkl, opolliaemble 3eM/Iu.

Keywords: salinized soils, land degradation, degree of salinization, Southern Aral Sea region,
soil acidity (pH), irrigated lands.

BBegenue

B Hacrosiiiiee BpeMsi OJHOW M3 IVIaBHBIX JKOJIOTHYeCKMX Tpo0sieM pervoHa sBsieTcs
BTODUYHOE 3acojieHhe 3eMeJib, KOTOpPOe TPOMCXOAWUT BC/e[CTBUE TOBBIIIEHHsI MUHepaau3alid
rpyHTOBbIX BOZ. Permon HOxkHoro ITpuapasbsi M3-3a CYILIECTBYIOLIUX 3KOJIOTHUECKUX TpobseM,
TaKWX Kak Jie(ULIUT BOJHBIX PeCypCOB, 3acojieHHe TI0UB, 3arpsi3HeHre BO/j|, Hey/JI0B/IeTBOPUTE/IbHOe
cHab)keHHe Hace/leHWsl KaueCTBeHHOM MUTHeBOW BOJIOM, Jierpajaliust MacTOUIL] U MaXOTHBIX 3eMeJib,
rubesib TyraiHbIX U CaKCay/I0BbIX JIeCOB MPU3HAH O(ULIMATbHO 30HOM K0/IOrHYeckoro 6eAcTBus [ 3;
11; 24]. ba3oBbIM KpuTepueM OLIeHKH (DHM3UUYeCKOTO COCTOSIHHSI TIOUBBI SIBJISIETCS COOTBETCTBUE
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KOMIUIEKCA TTOYBEHHBIX CBOWCTB XapakTepy (YyHKLMM, BBINO/IHSIEMBIX TOUBOM B KOHKPETHOM
nanpmadre. B 3TOM KOHTeKCTe HaWOOJBIIYID  aKTyalbHOCTh MPUOODPETAOT  BOTIPOCHI
KOTMYEeCTBEHHOUW OLIeHKW 3aCOJIeHHBIX TIOUB. JTO 3HAUMT, UTO, TpPEeX]e BCero, HeoOXOAUMO
YCTaHOBUTb, KaK U B KakKOM CTelNeHU B/MseT KOJMYeCTBO COJIeM Ha BbINIOJIHEHHE TOYBOW CBOMX
9KO0JIOTUUeCKUX (PYHKLMM yepe3 u3MeHeHre (pU3nuecKux CBOMCTB [12].

3acosieHHble TI0YBBI HelpeMEeHHbIM KOMIIOHEHT KaK eCTeCTBEeHHBIX, TaK M aHTPOIIOTreHHbIX
naHmadToB apUAHBIX TepPPUTOpPHI. 3aco/JeHHOCTb IIOYB SIBSETCS OJHUM M3 OCHOBHBIX
reHeTUYeCKUX T[I0Kas3aTejel apuAHbIX T0YB, a TakKke CBOMCTBOM, OrpaHUUYMBAIOLMX CBOE
nofopoave. Bompockl KnaccuuKaluM, MPOMCXOKIEHWs W arpoMevopaliid TOYB apy/HbIX
TeppUTOPHII He MOTYT ObITh pa3pellieHbl 0e3 KpPOMOT/IMBOTO MCC/IeI0BAaHUS 3aCOJIEHHBIX I10YB,
JleTaIM3UpOBaHHOIO0 MOHUTOPMHIAa WX pacnpoOCTpPaHeHHss W IIPOTHO3HOIO pasBuTHA. B cBf3n
C POCTOM aHTPOINOIreHHOI0 INPecCUHra, Aerpajanys IouB SB/IgeTCs OAHOM W3 CaMblIX aKTyaJbHbIX
Y TIPU3BIBAIOLIUX He3aMe/[/TUTeTbHOM UHTepIieCCHU TIPobieM cerofHsIIHero Axs [8; 9].

3acosieHre TIOUB BbIJ|e/IeHO, KaK OJMH W3 HauOosiee 3HAUMTE/BHBIX THUIIOB JlerpaZialiuyl MOYB
C YUeTOM peasbHOM BCTPEYAaeMOCTH M NPUPOJHO-XO3MCTBEHHOW 3HAUYMMOCTH TIO0C/Ie[[CTBUM.
[ToBcemecTHOe yBenvueHHe IUIOLIAZeN 3aCO/EHHBIX IIOYB M COKpallleHVWe BCJ/Ie[CTBUE 3TOr0
MaXOTHBIX yTO/IWI BBI3bIBAET HEOOXOAMMOCTH SKOJOTHUECKON OLIEHKM 3aCOIeHHBIX TOUB C TOYKH
3peHus UX KOoIoruueckoro cocrosinus [10; 14; 15].

C 3TOM TOUKM 3peHHsl OXpaHa IUIOLOPOAYS TOYB U €ro yBe/JWYeHHe SIB/ISeTCs OJHOM U3
OCHOBHBIX 3KOJIOTHYeCKUX Tpobiem. TIpy MCMoO/b30BaHUM TIOYBBI, BIMSIOLINE, HA Hee HEKOTOpbIe
AHTPOTIOTeHHBIE TIPOLIeCChI CIIOCOOCTBYIOT, CHIKEHHIO ee TUIOAOPOVS, B CBsI3H, C YeM HeoOXoAuMo
MIPOBOAUTL MEPONPUSITHS, HallpaB/ieHHbIe Ha UX ycTpaHeHue [16; 19].

OpHMM U3 JOMUHUDYIOLMX IIPOLIECCOB JlerpaZaliii Ha opollaemblx Tepputopusx FOxxkHoro
[puapanesi siBisieTcss 3aconeHue mouB. Habmromaemoe cerofiHsi COCTOSTHME TIOYBEHHOTO TTOKPOBa
B O9TOM pervoHe MO)XHO OXapaKTepr30BaTb KaK KpUTHMYeCKoe. 3a MOC/AeJHHe YeTbIpe-IsTh
JlecATUNIeTUd YpoBeHb I'yMyca B MOYBaxX COKpaTWIC Ha TpeTb win Aaxe Ha 40 %, mpu sToM
npuMepHOo 60 % Ce/lbCKOXO3AMCTBEHHBIX YrOAMM HUMEKT cofep)kaHhe rymyca Hwke 1 %.
CrnenoBaTeslbHO, OCHOBHasi 3ajiaya, CTosllas Iepef, CeJbCKUM — XO35MCTBOM Ilpuapainbs,
3aK/II0YaeTCss B BOCCTAHOBJIEHMM 3aCOJIEHHBIX 3eMe/lb M MX BO3BpAllleHWU B NPOU3BOJCTBEHHbBIN
ki [13; 20; 21].

Vcxoass U3 5TOro, neabl0 [JAaHHOIO HCC/Ie/JOBAaHMSA SABJAETCS KOMIUIEKCHas OLieHKa
JVMHaMMK{ TOYBEHHO-Me/JINOPaTUBHOIO COCTOSIHMS opoulaeMblx 3eMesb FOxxHoro Ilpuapanbs 3a
mecstiieTHudd miepuop, (2014-2024 1) Ha OCHOBe WHTerpaljiM [JaHHBIX J1abOpPaTOPHBIX
XUMHUUECKUX aHa/JINW30B U JMCTaHLMOHHOIO 30HJVPOBAHMS [/l BbISB/IEHUSI MPOCTPAaHCTBEHHO-
BPEMEHHBIX 3aKOHOMEPHOCTeH CO/MeakKKyMy/ssui U pa3paboTKW HAyyHOro 00OCHOBaHUS
a/larTHBHO-Me/IMOPaTUBHBIX MepPONPUATHM.

Marepuasibl 1 MeTOABI

ViccnenoBaHust MPOBOAWIMCL B apHAHOMN 30He perrnoHa HOxkHoro Ilpuwapanes (PecmyOsiike
KapakanmakcraH), 3aHITBIM OpOLIaeMbIMA I[IOYBAaMHA B pa3HbIX IIMPKaTHBIX XO3SIMCTBAaX
L[eHTpa/lbHOW 30HBI pecnyOmuku (puc.1). I[TouBeHHble o00pasipl [Jis OMNpefieseHus CTerleH!
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3aCo/ieHUs OTOMpa/MCh KOHBEPTHBIM METOJIOM C KaXK/I0To ydacTKa ¢ BepxHero 0 — 30 cMm cios.
B 0TOOpaHHBIX U TIOATOTOB/IEHHBIX K XMMHUYECKOMY aHaju3y MOUBEHHBIX 0Opa3ijax Orpe/esisioch
cofiep)kaHue BOZOPacTBOPUMBIX cosieii [6; 14].

= —
0 625 3
b s TR
Chimboy Nukus. t Shumanay
Kegeyli Qanliko'l Taxtako'pir

PucyHok 1. Kapma-cxema pationog npogedeHust uccsnedoeaHuti 8 Pecny6iuxke Kapakaanakcman
coznacHo (http://google.maps)

3 TipoBeZIEHHBIX OMBITOB M C 3aCessHHBIX MMOCEBaMH YYaCTKOB ObUTH OTOOpaHBI MMOUBEHHBIE
00pasiipl, B KOTOPBIX OTIpe/esisii COfiep)KaHe TyMyca M a30Ta, a TaKKe WX TO/IB)KHBIE (HOPMBI.
[TouBBI OIBITHOTO YyuyacTKa TMPeJCTaBlIeHbl a/UTFOBUA/ILHO-JIYyTOBBIMH W JIyTOBO-0O0JIOTHBIMU
rouBamu. CrereHb 3aCO/IeHUs [AHHBIX II0YB pas/lMyHa. B 3THUX IouBax Takxke ONpeessioch
coJilep>KaHre BOJIOpPacCTBOPUMBIX coseit [22]. MccienoBanusi ipoBoguinchk B TeueHue 20142024
rozioB. AHa/u3 I0OYB BBITOJIHSJICS B COOTBETCTBUU C PYKOBOACTBaMU «lIpakTuueckue 3aHATUS 10
TIOYBOBEJIEHHIO», a Takke «[louBeHHass MHUKPOOHONIOTUS W OHOXUMMs» T0[, pelakKiueld Mpod.
O.T. 3psruHiieBa [9; 5].

Pe3y/ibTaThl HCC/IEJ0BAHUS U 00CY)KAEHUS

AHnanu3 opouaeMbix 3emenb HOxxkHoro Ilpuapanbsi M0 MOYBEHHO-MEIMOPAaTUBHBIM paliOHaM
ToKasasa, 4YTO HauOOJBIIyI0 TUIOHIAJh 3aHMMArOT cepo-Oypble mouBbl — 55,6 %. IlycThiHHO-
recyaHble TIOUBBI cOCTaBysitoT 15,7 %, TOrAa Kak OOJIOTHO-/IyrOBble TIOYBBI 3aHUMAIOT
MUHUManbHYy0 fomo — Bcero 0,10 %. Opomaemoe 3emiiefiesive IpOBOLMPYeT MOABEM COJIeN U3
ryOOKUX TOJCTUMAIOIIMX TOpPOA. BrMsHMe rugporeosoruueckux yCAOBHUM UM XapaKTePUCTHK
JpeHaka oripefenisieT 06beM 3TOro BbIHOCA: OH cocrtaBisgeT oT 20 % go 60 % ot obigero
cosecofiep>kaHusi B IpeHaXHBIX Bogax. OJHOM M3 KITFOUEeBBIX 3KOJIOTMUYECKHX MpobjeM pervoHa
CTa/l0 BTOPUYHOE 3aCOojIeHHe, BbI3BAHHOE WHTEHCHUBHBIM opolleHueM. Ilepexos mnouB w3
aBTOMOP(HOr0 COCTOSIHUSL B TUAPOMOpPGHOe PpaJUKaJbHO W3MEHWJI WUX CBOMCTBA, UTO JesaeT
HEOOXOZAWMBIM TIOMCK W BHeJpeHHe HOBBIX METOZOB MeIMOpaldid W YIpaB/eHHs BOJHBIMU
pecypcamu [1; 4; 18; 7; 13; 17].
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[erpajaiivisi OpOIIaeMbIX TUIOL[a/Ied W CHWKEHHMe O0beMOB CeTbCKOX035HCTBEHHOTO
MPOU3BO/ICTBA SIB/ISIFOTCS TPSMBIM CJIEJCTBUEM BTOPUYHOIO 3acCOJ/ieHHsi MOYB. B  HbIHEIIHUX
YCJIOBUSIX COCTOSIHME arpojiaHinadToB W WX CIIOCOOHOCTh K BOCIPOM3BOACTBY KDPUTHUECKU
3aBUCSAT OT TEKYLero KJIMMaThUueCKOro pekuMa U TMOTO[HBbIX YC/IOBHUW pervoHa. KUcC/iI0THOCTE —
O[JVH W3 Ba)KHEWIIMX TOKa3aresiel, BAUSIOIIMX Ha BCe MPOLIeCChl, MPOUCXOAALMEe B TOYBe: OT
JIOCTYMTHOCTH MUTaTe/IbHbIX BEIeCTB [/Isl PACTEHUM /10 aKTUBHOCTH MTOYBEHHBIX MUKPOOPTaHU3MOB.
pH mouBBl — K/ItOUEBasi XapaKTePUCTHKA, KOTOpasi MOXKET ObITh MCIT0/Ib30BaHA JIJIS1 IPOBEEHUS
MH(OPMaTUBHOTO aHajM3a KaK KaueCTBEHHbIX, TaK U KOJWUECTBEHHBIX XapaKTePUCTUK TIOYBHI.
KucnorHocts nouss! (pH) umeeT HayuHOe 1 npakTUUYeCKoe 3HaYeHHe B CeJIbCKOM XO3SIMCTBe. JTOT
MoKa3are/b BWSEeT Ha POCT W pa3BUTHE CETbCKOXO3AWCTBEHHBIX KY/BTYP, a TakKe Ha BBIOOD
ynobpenwii [2; 23; 6].

[IpoBeseHHbIM aHa/MM3 AWCTAHLIMOHHOTO 30H/MPOBAHUSl HAa Ha/JWuyue KUC/IOTHOCTU TMOYBBI
rokasas, uto B Hykycckom paiioHe KapakanmakcTaHa OCHOBHas /1011 IPUXOAUTCSI HA HeUTpasbHbIe
nouBkbl (41,5 %) u cabokucabie mouBkl (58,09 %). Camble MUHUMA/IbHBIE 3HAYEHHMSI COCTaBUIIN
caborriesiouHble U cubHOIIe0uHbIe 1ouBkl (0,3 1 0,45 % coOTBeTCTBEHHO) (PUC2).

3¥poncns meaounocti (pH) B nounax Hyxycckoro paitona ¥porenn meaounocri (pH) 8 nounax Iymanaiikoro paiiona
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¥posent, menonnoctu (pH) B noupax nmeaiiexoro paifona ¥porenn meaounocrn (pH) 8 nousax Taxrakyunpexoro paiiona
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PucyHok 2. pH-cpeda noue, pacnpocmpaHeHHbIX 8 pa3auyHbIX patioHax Pecny6auku
Kapakannakcmau

[TpoBeeHHBIN aHA/MU3 TIOYB HA WX KUCIOTHO-IesIouHON Oasadc B IllymaHalickom paiioHe
pecriyO/MKM TOKasas, 4TO OCHOBHAsl /I0JIsi TIPUXOAMTCS Ha TOUBHI € cyabokuciabiv — 88,14 %.
Camble MUHMMa/bHBIE TIOKa3aTesd OObeMa TIOUB TPUXOASATCS Ha CU/ILHOILLE/IOYHBbIE TIOUBBI —
0,43 %. [ona CWIbHO KUCJIOTHBIX IOYB cocrasiasieT 2,47 %. [lonss MouB € HeUTpanbHOU
KHUCJIOTHOCTBIO CcOCTaBiisieT 7,76 % Bcel miowai TeppUTOPUM palioHa.

B cTpykType mnoOuBeHHbIX pecypcoB KaH/IBIKY/IBCKOIO palOHa [OMHHUDYIOT —ITOUBBI
C HelTpanbHbIM TMoOKasateneM pH (61,5 %). BTopbIMM 10 pacrpoCTPaHEHHOCTH SIBJISFOTCS
cmabokucnbie TUmbl ToYB (35,8 %). YuacTkKu C TpU3HAKaMy (J1ab0O¥ I[eJIOUHOCTH HWMET
OrpaHMuYeHHOe pacnpoCTpaHeHHWe M OXBaTbiBalOT 2,55 % 3emenb pavioHa. [IpoBefjeHHBIM aHaMU3
MOYB HAa WX KHCJOTHO-IIe/IouHOM OasaHc B KerelinmiickoM paiioHe pecryO/MKM TI0Ka3as, 4To
OCHOBHasi [I0/isi TIPUXOAWTCSI HA TOUBBI C craboit KucinoTHocTeio — 53,1 %. donsi ¢ CUIbHO
KHCIOTHBIM OasaHcoM coctasasgeT 41,22 %. Camble MUHHMAa/IbHBIE IT0Ka3aTead o00beMa I10uB
MIPUXOJIUTCS Ha CWIBHO IrjesiouHble mouBbl — 0,02 %. [lons ciabolijesiouHbIX MOYB COCTaBJIsSIeT
0,04 %. long no4B C HEUTPaJILHOU KUCIOTHOCTBIO cocTasnseT 3,07 % Bceu Iowasn TeppUTOprn
paiiona. B Uwumobaiickom paiioHe KapakanmakcTaHa OCHOBHasi [0/l TIPUXOAMTCS  Ha
c/1aboKUCIOTHBIe TI0UBHI (57,65 %) ¥ CHTbHO KUC/IOTHBIE TTOuBHI (31,18 %). CaMble MUHUMAJIbHBIE
3HaueHWs] COCTAaBW/IM CJlaboIiesiouHble W CWIbHO 1eniouHbie mouBbl (0,94 u 0,36 %
COOTBETCTBEHHO). AHa/M3 TIOUB Ha WX KHCJIOTHO-IIIe/IouHON OamaHc B TaxTakyrbIpcKOM paiioHe
KapakanmakcraHa rokasas, 4YTo OCHOBHasl [0Jisl TIPUXOAUTCS Ha TOUBBI CO €/1a00M KUCIOTHOCTBIO
— 49,2 %, a Takxe Ha IPYHTBI C HEMTPaJbHOU KUCJIOTHOCTBI0 — 39,3 %. Camble MUHUMa/IbHbIE
roKasaTted oObeMa TOuB TMPUXOJATCS Ha CWIBHO wiesiouHble 1mouBbl — 0,4 %. donsi cumbHO
KHC/IOTHBIX NTOYB cocTaBiisieT 8,2 % Bceit miowaju Tepputopun TaxTakymnbIpCKOro paioHa (puc. 3).
PerynspHoe wu3Mepenve pH u cBoeBpeMeHHas koppekuuss pH mo3BosisitoT  u30exarhb
(U3M0I0TMUeCKHX PpACCTPOMCTB PpacTeHWM, YBeIWUYUTb YPOKalHOCTb M YAYUIIWTh KayecTBO
MPOAYKLMUA. YUET KUCJIOTHOCTA IIOYBBI II03BOJISET MWHMMM3MPOBATh IIOTEPU IUTATe/IbHBIX
BeILleCTB 1 00eCreunTs UX ONTHMaTbHOEe YCBOEHNEe PaCTeHUsSMHU.
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3ak/IloueHue

[TpobsieMa BTOpPUYHOIO 3acojieHWsi TIoYB B pervioHe FOkHoro Ilpuapanibs, B YaCTHOCTH

B Pecrnybmike KapakasrakcTaH sIB/ISIeTCS aKTyalbHOW Ipo6ieMol, BO3HUKIIEH BC/eICTBUE

IIIMPOKOMAcCIITabOHOTO OCBOEHHWsi OpOILaeMoro 3emsiefiesius. PelieHune 3Toro Bompoca TpebOyer

pa3pa60TK1/I HOBBIX HAYUYHBIX 3KOJ/IOTHYECKWMX HWHHOBAIIMOHHBLIX TII0AXOA0B [Jid VY/IyUllIeHUA

COCTOSIHUSI OpOIllaeMbIX TIOmIaZeil B pervoHe Ilpuapanbs. Takum o6pa3om, st pa3paboTKu

MeponpusiTUii 1o 6opbOe € BTOPHUUHBIM 3acojieHHeM II0UB HeOOXOJMMO YYWUThIBaTh (DaKTOPhI

MIPUPOZAHOTO TIpoliecca WM TPUUMHBI CEe30HHOTrO 3acosieHus. Ha ocHOBe HayuHO-000CHOBAHHBIX

TMO/IXOZI0B M COBPEMEHHBIX MEeTOZ0B AUCTAHI[MOHHOTO 30HAUPOBaHUs U MO/le/TMPOBaHUs TIPOLIeCCOB

3acosieHusi HeoOXOJWMO TIPOBECTHM WHBEHTapU3alldi0 TePPUTOPHI OpOIIaeMOro 3emJiejenus

C LIeJIbIO BBIAB/IEHWA HAIIPAB/IEHHOCTHU TPeHAd U MHTEHCUBHOCTH IIPOLieCCa COIeaKKYMYJ/IALIMH.
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AHHOTaLUA

Llens paboTrel — pa3paboTaTh KOMIMAKTHBIM W BOCIPOWM3BOAWMBIA TOAXOZ K OIleHKe
3¢ dekTUBHOCTH (HOTOKATATUTUUECKOM OUMCTKM BO3/lyXa B 3aMKHYTBIX CHUCTeMax Ha IIpuMepe
ynanenusi ammuaka. Metogonorus Bkitouaer cudres 1 mac.% CuO/TiO,, CTpPyKTyPHO-OIITHYECKYTO
XapaKTePUCTUKY MaTepHasia, UCIIbITaHhe B TepMeTHUHOM Kamepe o0bémom 100,0+0,5 1 ipu UVA-
obmyyennn 365+5 HM, a Takke TapamienbHbii KoHTponb  NH, FTIR-metomom u
criekTpodoToMeTpueit. IPPeKTUBHOCTH MpoLiecca OLieHUBA/IU 10 CTeTeHU y/la/leHus 3arpsi3HUTe s,
KOHCTaHTe rceBzorepBoro nopsiska, CADR, sHepretuueckoi 3¢¢eKTUBHOCTH U MaTepuaJbHOMY
GanaHcy a3oTa C pacuéToM paclIMpeHHOW HeorpeieNIéHHOCTH. B MogensHOM Habope AaHHBIX
KoHuenrpauus NH, chusumace ¢ 20,0£0,6 no 1,58+0,14 ppm 3a 120 mun; n=92,1+0,8 %,
kobs=0,0211+0,0012 mun?, CADR=2,11+0,13 n/mMuH. UV-Vis DRS moka3as yMmeHbllleHUe
ONTUYEeCKOW IIMPUHBI 3arpemniéHHor 3oHbl ¢ 3,18 g0 2,92 3B mocne mopgudukaumu CuO.
Pacxoxpenre FTIR 1 He3aBUCUMOro CrieKTpO(OTOMETPHUUECKOT0 KOHTPOJISI He TpeBbIiano 3,2 %,
a BOCCTaHOBJ/IeHMe a30THOrO GanaHca cocraBuio 96,8+4,5 %. IlpennoxxeHHbI HabOp ToKa3arenei
TM03BOJIsIeT OTAeNUTh (OTOKATaIUTHUeCKoe TpeBpallleHre OT afcopOumy, QoTonv3a U MoTeph Ha
CTeHKax peakTopa, obecrmeunBasi KOpPPEKTHOe COTOCTaBUMOe cpaBHeHHe 3(hdeKTHBHOCTH
vccnefyeMbix  (DOTOKaTalvM3aTOpoOB B WJEHTUUHBIX SKCIIEPUMEHTA/bHBIX ~ YCAOBUSIX TIpU
KOHTPOJIMPYEMBIX ITapaMeTpax MpoLiecca OUUCTKHU.

Abstract

The aim of this study was to develop a compact and reproducible approach for evaluating the
efficiency of photocatalytic air purification in closed systems using ammonia removal as a model
process. The methodology included synthesis of 1 wt.% CuO/TiO,, structural and optical
characterization of the material, testing in a sealed 100.0+0.5 L. chamber under 365+5 nm UVA
irradiation, and parallel NH, monitoring by FTIR and spectrophotometry. Efficiency was assessed
by removal degree, pseudo-first-order rate constant, CADR, energy efficiency, and nitrogen mass
balance with expanded uncertainty estimation. In the model dataset, NH, concentration decreased
from 20.0+0.6 to 1.58+0.14 ppm within 120 min; nN=92.1+0.8 %, kobs=0.0211+0.0012 min, and
CADR=2.11+0.13 L/min. UV—Vis DRS showed a decrease in the optical band gap from 3.18 to
2.92 eV after CuO modification. The proposed indicators distinguish photocatalysis from
adsorption, photolysis, and wall losses, enabling reliable comparison of photocatalysts under
controlled experimental conditions. Nitrogen balance recovery reached 96.8+4.5 %, confirming
satisfactory analytical agreement overall.

KiroueBbie cjoBa: ¢doToKaTanv3, OUMCTKa BO3/AyXa, 3aMKHyTasi CUCTeMma, amMmMuak, TiO,,
KUHETHKA, METPOJIOTHS.

Keywords: photocatalysis, air purification, closed system, ammonia, TiO,, kinetics,
metrology.
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BBegenue

®oToKaTaIUTUUECKOe OKHMC/IeHWe Ha auokcuze turtana (TiO,) npexcraenser coboi
TNepCrieKTUBHBIN MeTOJ, yia/ieHusi ra3000pa3HbIX 3arpsisHUTe el U3 Bo3/lyXa, ClI0COOHBIN MPOTeKaTh
Mpy KOMHATHOW Temriepatype [2]. OpHako cpaBHeHHe pabOT yacTO 3aTpyAHEHO pa3IuuYUsIMU
oObéMa peakTOpa, WHTEHCHBHOCTU CBeTa, MacChl Karajau3aropa M criocofa aHaJIWTHUeCKOro
KOHTpoJisi. CoBpeMeHHble MCC/Ie[il0BaHMSI PEKOMEH/yIOT COueTaTb KHWHeTWYecKue I10Ka3aTenu
¢ CADR, 5sHepretudyeckod  3((eKTHBHOCTbIO,  KOHTpPOJeM  TOOOUHBIX  TPOAYKTOB
¥ MeTpoJIoThuuecKoi orieHko# [3]. Llenb paboThl — MpPeIOKUTE MUHUMAJIbHBIM, HO [JOCTaTOUHBINA
Habop mpoLeAyp /11 KOM4eCTBeHHOW OIleHKM (POTOKaTa/IMTUUeCKOW OUMCTKU 3aMKHYTOro 06bEéMa
Ha npumepe NH, u CuO/TiO,,.

Marepuasibl 1 MeTOABI

Hnst cuntesa ucnone3osamu TiO, (Merck, >99,0 %), Cu(NO,),-3H,0 (Merck, >99,0 %),
NH,CI, NaOH u peakTuBbl [/Il CaJMLIAIaTHOTO oOmpefesneHuss aMMoHus (Merck/Sigma-Aldrich,
p.a.). K 5,0 TiO, nobasssii pacteop 0,1519 T Cu(NOa)Z-BHZO 8 10,00 M1 H,O 1 2,00 M sTaHoa;

nocsie 30 MUH TiepeMelvBanus oopaser] cywty nipu 105 °C 12 u u npokanuBamu ripu 450 °C 3 u.
Pacuér: m[Cu(NOS)z-3HZO]=0,0500-241,60/79,5520,1519 r, uto cootBercTByeT 1,00 mac.% CuO

oTHOcHUTebHO TiO,.

OcnosHo# pacteop 100,0 mr/n NH,-N rorosunu u3 0,3819 r Beicyuenroro NH,Cl B mepHo#
kosi0e 1000,0 mu1; pabounit 10,00 mr/n — pa3epenreM 10,00 vt mo 100,0 mut. [Ist rpafilyupOBKH
B Kosi6w1 25,00 M1 BHOCcKm 0,00; 0,20; 0,50; 1,00; 1,50 u 2,00 M pabouero pacteopa (00,800 mr/
1 NH;-N), nobasnsmi 1,00 min nurparHoro 6ydepa, 1,00 M canuupnatHoro pearenta u 0,50 mi
TUTOXJIOPUTA, JoBoAMIM A0 MeTku; uepe3 30 wmuH wusMepssii  A655. TlosmydeHo
A=(1,184+0,009)C+(0,006+0,004), R?=0,9998; LOD=0,010 u LOQ=0,034 mr/n1; BocCTaHOB/IEeHHE
nob6aBok 98,7-102,1 %.

VcnpiTaHuss TIPOBOAWIM B repMeTHYHOM OopocuiukaTHoi  kKamepe 100,0+0,5 7
¢ Bentunstopom 1,20+0,05 m3/mMuH u UVA-LED 365+5 M, 18,0+0,5 Bt; o6my4éHHOCTH Ha
obpasije 3,8+0,1 mBt/cm2. Ha mopyiokky HaHocwtu 0,5 T katanmsaropa (100 cm?). HauasbHas
koHueHrpauuss NH, cocrasmsna 20,0+0,6 ppm, T=25,0+0,5 °C, RH=45+3 %. Ilocie 30 muH
TEMHOM azicopOLMK BK/IIOYaIM CBeT U peructpuposani NH, 120 mun. KoHTposu: mycTas Kamepa,
(oTo/M3 1 Karanusatop B TeMHOTe; N=3. IPheKTUBHOCTL paccunThiBaam Kak n=(C ~Ct)/C,-100 %,
In(C/Ct)=kobst, CADR=V-kobs, EE=n(NH,,yzan.)/(Pt). Pacumpennyro HeonpenenéHHocts U
(k=2) paccuuTbiBaiM M3 BKIaJO0B KanmmubpoBku 2,0 %, moeropsiemoctd 1,5 %, o6wéma 0,5 %
u obmyuénnoctu 3,0 %.

Pe3ynbTarhl 4 00Cy)KeHHe

Meton penTreHoBckod gudpakiuu (XRD) mnoaTBepaun coxpaHeHue TperMYyIlieCTBEHHO
aHarasHOW CTPyKTyphl P25; pasmep kpucrauTtoB 1o nuky (101) cocraBun 22+2 uM. OTaesbHbIe
muk CuO mpu 1 mac.% He paspewmanuck. B UK-®ypoe-criektpax Habmoganucsk momocsi OH
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(3000-3600 cm1), H,O (~1630 cm?) u Ti-O-Ti (<800 cm?). Moaudukanus CuO ycuauBana
TOTVIOIeHWe B BUIUMOM o0sactu ¥ ymeHbinasia Eg ¢ 3,18+0,03 go 2,92+0,04 3B (puc. 1), urto
COIVIaCyeTCs C IAHHBIMU O TOBBIILIEHWH CBETONOIION|eH st Moauduipposantoro TiO, [6,10,8].

1.6 A —— TiO2 (P25)

—— 1 wt.% CuO/TiO:
1.4 A
1.2 A

0.0 T T T T T T T
300 350 400 450 500 550 600 650 700

NnnHa BOMHbI, HM

Pucynok 1. UV-Vis DRS: TiO, u 1 mac.% CuO/TiO,

C/Co

0.2 A

—— TeMHOBOI KOHTPOJIb
=== Mogenb: C/Co = exp(-0,0211t)
—&— CuO/TiO: + UVA (n=3)

0.0 T T T T T
0 20 40 60 80 100 120

Bpems, MuH

Pucynok 2. Kunemuka yoanenus NH,

Tabauya 2.
OcHoBHBbIe pe3yabTarhbl o1jeHKH 3¢ dekTuBHOCTH (N=3)
IToka3arenn dortokaranus KonTpo/ib Merposiornueckas onjeHKa
C120, ppm 1,58+0,14 19,2+0,5 (TEMHBIH); FTIR/UV-Vis pacxoxaenue <3,2 %
18,5+0,6 (dpoTonus)
n120, % 92,1+0,8 4,0£0,9; 7,5+1,1 U=4,8 %, k=2
kobs, Mun~1! 0,0211+0,0012 <0,0007 R2=0,993
CADR, n/muH 2,11+£0,13 — V=100,0+0,5 1
EE, mkmonb BT 1-y~1 2,09+0,14 — P=18,0+0,5 Bt
bananc N, % 96,8+4,5 — NO,™-N 18,5+1,6; NO;~-N 49,6+2,9
MKMOJTb
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Konnenrparust NH, cuwkanace ¢ 20,0+0,6 go 1,58+0,14 ppm 3a 120 mus (puc. 2), Torga Kak
TéMHast azcopbOumst u ¢ortomu3 paBamu vk 4,0 u 7,5 % ynanenus. IlceBnorepBblii MOPSZOK
onuchkiBan JaHHble ¢ R2=0,993; kobs=0,0211+0,0012 mua?* u CADR=2,111£0,13 na/mMuH.
He3aBucumoe criekrpodoroMerpuueckoe ompezenenue aas 0, 60 u 120 muu gano 19,6+0,7;
5,840,3 u 1,64+0,09 ppm, T.e. pacxoxzgeHuve c ra3oBbiM FTIR He mpesbiuano 3,2 %. Ilocne
120 muH yureHbl 75,3+3,7 MKMosib yaanéuHoro NH,, 18,5+1,6 mkmosb NO,™-N, 49,6+2,9 MKkMosib
NO,-N u 4,8+0,8 wmkmonb moBepxHocTHOoro NH *. BoccraHoBieHue asora 96,8+4.5 %.
CnenoBate/ibHO, OIMH TIOKa3aTesib 1| HeIOCTaTOUYeH: 0CTOBEPHAst OLleHKa TpeOyeT mapasijie/ibHOro
yuéta HabmofaeMoW KOHCTAHTbI CKOPOCTU peakiuM TiceproriepBoro Tmopsizka  (kobs),
MPOM3BOAUTENLHOCTU Tofaun uuctoro Bo3ayxa (CADR, Clean Air Delivery Rate), koHTposs
10OOYHBIX TIPOYKTOB M HEOTIPe/[e/IEHHOCTH, UTO COOTBETCTBYET COBPEMEHHBIM IMO/[X0/]aM K OI[eHKe
BO3Ayxoouuctureneii [1,2, 7, 5, 8, 9].

3ak/IIoueHue

Onsi  3aMKHYThIX  (DOTOKATa/JUTHYECKUX CUCTeM TpeJJioykeH KpaTKWUiMl  TPOTOKOJI,
00beJUHSIONUI  CTaHAAPTU30BAaHHBI PEaKTOPHBIM pEeXUM, He3aBUCHMBIM aHa/IUTHUeCKUN
KOHTPOJIb U TISITh TMOKa3areseii: 1, kobs, CADR, EE u 6ananc BeirjectBa. B MmogiesibHom orbite CuO/
TiO, obecrieun n=92,1+0,8 %, kobs=0,0211+0,0012 mua? u CADR=2,11+0,13 n/mMuH 11pu
BOCCTaHOBJIEHUH a30THOTO OasaHca 96,8+4,5 %. Takoii rogxo/ otAesseT cCO6CTBeHHO (OTOKaTaIu3
oT azcopbiuy, (oTonmM3a U TOTEPh Ha CTEHKAX M JieJlaeT pe3y/bTaThl Pa3HbIX JiabopaTtopuii
conocTaBUMbIMU. [IprBe/iéHHbIE UKC/eHHbIe JaHHbIe SIBJSIOTCS MOZE/JbHBIMUA W Tiepef Tojaueid
JIOJDKHBI OBITh 3aMeHeHbI (haKTUUeCKUMHU KCTIepUMeHTaTbHBIMY 3HAaUeHHSIMU aBTOpa.
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Cnoco6 koopanHanuu, 0e1KoBbie MuiieHd 1 ADMET-npoduns Kommniekca
nuHKa(IT) ¢ THoceMuKkap0a3oHOM (heHHIT/IMOKCHIOBOH KHC/IOThI

Axamoe XKasoxupxan Kamon yenu
O0oKmopaHm

Tepme3sckuli 20cy0apcmeeHHblIll yHuUgepcumem
Pecnybnuka Y3bekucmat, 2. Tepme3

Typaee Xatium XydatiHa3apoeuu

0-p Xum. Hayk, npog.

Tepmesckuli 2ocydapcmeeHHblil yHueepcumem
Pecnybauka Y36exkucmat, 2. Tepme3
Awypoe JKamwiud MenzHoposuu

0-p Xum. Hayk, npog.

HMHcmumym 6uoopeaHuueckoli Xumuu umeHu akademuka Obuda Codukoea
Akademust Hayk Pecnybauku Y36ekucmaH
Pecnybauka Y36exkucmaH, . TawkeHm

Abstract

Phenylglyoxylic acid thiosemicarbazone (H,L) binds zinc(Il) through the azomethine
nitrogen, the thione sulfur and a carboxylate oxygen. This work compares the infrared spectra of
ligand and complex, docks both into the ATP-binding domain of Escherichia coli DNA gyrase B,
and computes a target and ADMET profile. Loss of v(C=0) at 1670 cm™, carboxylate bands at
1610/1597 and 1390/1375 cm™ separated by Av = 220-222 cm™, and shifts of =27 cm™ in v(C=N)
and —15 cm™ in thioamide IV confirm carboxylate deprotonation and donation from N and S; the
magnitude of Av excludes symmetric bidentate chelation. In the coumarin-binding site the free
ligand and a mononuclear [Zn(L)(H,0)] fragment score alike (=6.71 and —6.75 kcal mol™) and
share hydrogen bonds to Asn46 and Thr165. Two independent ligand-based methods converge on
papain-family cysteine proteases — cathepsins L, K and B at 21.8, 10.4 and 8.4 % by
SwissTargetPrediction, cruzipain (P, = 0.641) and rhodesain (0.526) by PASS — the same N,S
donor pair that binds the metal. Six of the seven drug-likeness descriptors lie inside their published
limits; the single violation is Ghose, which follows from a WLOGP of —1.00. Mutagenicity is the
only hazard on which two independently trained servers agree. No biological testing was
performed; the calculations state testable hypotheses and name two experiments.

AHHOTaUA

Tuocemukapbason penunrnmokcunoBo kucnotsl (H,L) ceaspiBaeT nuHK(II) a30MeTHHOBBIM
a30TOM, THOHHOM Cepoli M KapOOKCHU/IaTHBIM KHCI0pojoM. B paborte comocraBieHsl UK-crieKTpsi
NUraH/ia U KOMILIeKca, mpoBejéH JOKUHT B AT®-cBs3biBatomuii fomeH JJHK-rupasel B Escherichia
coli, paccuntanbl BeposiTHbIe OesikoBble MutieHd U ADMET-nipodusib. McuesnoBenue v(C=0) nipu
1670 cml, mosiBneHre mosnoc kapbokcuiat-uoHa npu 1610/1597 u 1390/1375 cmt ¢ Av = 220—
222 cv! u cMmenenust V(C=N) Ha —27 cm! 1 THoOamuAHOU T0/10CkI [V Ha —15 cM™ moATBep>XAaroT
JIeTPOTOHUPOBaHKe KapOOKCW/IBHOW Tpymmbl ¥ yyactie N U S B KOOpAWHALMY; BeJUMUMHA Av
WCK/TIOUaeT CUMMETPUYHYI0 OWJeHTaTHYI0 XefaTalyio. B 1eHTpe CBf3bIBaHUS KyMapHWHOB
CBOOOAHBIN /IMTaHy, ¥ MOHOsZIepHbIk GpparmenT [Zn(L)(H,0)] nonyuatror Grmskue ouenku (6,71 u

—6,75 KKan/mMonb) U o0ie BogopoAHble cBsi3v ¢ Asnd6 u Thr165. /[Ba He3aBUCHMBIX JIUTaH/I-
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OpHEHTUPOBaHHBIX MeETOZla YKa3bIBalOT Ha LIMCTEMHOBbIE TIpOTeasbl I1arauHOBOTO CeMelCTBa:
karencunbl L, K u B (21,8; 10,4 u 8,4 %) no SwissTargetPrediction, kpyiumnaux (P,=0641) u
pogesanH (0,526) mo PASS — To ecTb Ha TOT )Xe [JOHOPHBbIM Habop N,S, KOTOpBIA CBSI3bIBAET
MeTasn. IllecTs W3 ceMu JIeCKPUIITOPOB JIEKAPCTBEHHOTO MOO00UST jie)kaT B OMyOJMKOBAHHBIX
rpaHulaxX; eJIMHCTBeHHOe HapyiieHre — mpaBuio Ghose, cnengytomee u3 WLOGP = —1,00. [IBa
HEe3aBUCUMO OOyYeHHBIX CepBepa CXOJATCS JIMIIb Ha OJHOM pHCKE — MYTareHHOCTH.
Buosioruueckre UCILITaHUSI He TIPOBOJU/IUCH; PacyéThl (HOPMYIUPYIOT TIPOBepsieMble TUIOTe3bl U
yKa3bIBalOT /IBa KOHKPETHBIX KCTIepUMeHTa.

Keywords: thiosemicarbazone, zinc(I) complex, infrared spectroscopy, carboxylate
coordination mode, molecular docking, DNA gyrase B, target prediction, cysteine proteases,
ADMET.

KawueBble cioBa: THocemukapba3oH, komriekc nuHka(Il), MK-cnekrpockonus, Crocob
KOOp/JMHAILIMM  KapOOKCHU/IaT-uoHa, MOJeKyasipHbli  gokuur, [THK-rupa3a B, mpenckasanue
MHULLIeHeH, LjucTenHOBbIe npoTea3bl, ADMET.

Introduction

Thiosemicarbazones remain useful ligands because the N-N-C(=S) fragment places a hard
nitrogen donor and a soft sulfur donor on adjacent atoms, and because deprotonation of the
hydrazinic nitrogen converts a neutral chelator into an anionic one without altering the donor set
[22, 5]. Attaching a carboxylic acid to the carbon that bears the azomethine nitrogen, as in the
thiosemicarbazones of a-keto acids, adds two oxygen donors: three of the four saturate one metal
while the fourth reaches a neighbouring one.

In the zinc(IT) complex of phenylglyoxylic acid thiosemicarbazone the doubly deprotonated
ligand chelates one metal through the azomethine nitrogen, the thione sulfur and one carboxylate
oxygen, and donates its second carboxylate oxygen to a symmetry-related metal, giving a five-
coordinate ZnNO,S chromophore (single-crystal X-ray diffraction; see Materials and methods).
Thiosemicarbazones of a-keto acids are much less studied than those of aldehydes and ketones, and
for this compound the binding mode has not been followed beyond the crystal structure.

Whether that mode is visible outside a diffraction experiment is the first question taken up
here: the separation of the two carboxylate stretching modes depends on whether the group chelates
one metal or bridges two, so the infrared spectrum should report on the binding mode directly. The
second is whether the molecular unit from which the coordination sphere is built can occupy a
defined protein site. The third, answerable only by methods that search chemical space rather than a
single pocket, is which protein families the scaffold resembles and whether the resulting profile is
worth developing. Vibrational assignment, docking, ligand-based target prediction and computed
developability follow in that order. No antibacterial or cytotoxicity measurements are reported, so
every computational result below is a hypothesis, and the applicability limits of each method are
stated where they matter.
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Materials and methods

Infrared spectroscopy

Infrared spectra of the free ligand and of the complex were measured under identical
conditions on one WQF-530A instrument (Beijing Beifen-Ruili Analytical Instrument (Group) Co.,
Ltd., Beijing, China) over 4000—400 cm™ at a resolution of 4 cm™, using a Specac Quest single-
reflection attenuated total reflectance (ATR) accessory with a diamond crystal puck (Specac Ltd,
Orpington, UK). Band positions were taken from the data rather than read off the plot: the
transmittance trace was inverted and its local minima located with the find_peaks routine of SciPy
1.18.1 [32] at a prominence threshold of 0.4 % transmittance, which returned 24 bands for H,L and
76 for the complex above 450 cm™. The sharp doublet at 2360/2341 cm™ in the complex spectrum
is atmospheric CO, rather than a sample band; signal below roughly 420 cm™ approaches the cut-

off of the optical arrangement and was left uninterpreted.

Ligand models, receptor and docking

Two discrete models were built from the refined atomic coordinates of the single-crystal X-
ray structure of this compound. The first is the metal-free ligand in its neutral form, connectivity
taken from the refined geometry, SMILES NC(=S)NN=C(C(=0)O)clcccccl, matching PubChem
CID 71951536 [19]; its three-dimensional structure was generated with the ETKDG algorithm [29]
and minimized with the MMFF94 force field [17] in RDKit 2026.03.6 [28]. The second is the
mononuclear fragment [Zn(L)(H,0)], obtained by cutting the bridging Zn—O contact and retaining
the symmetry-generated metal with its aqua ligand. Nothing was optimized and no atoms were
added, so the coordination distances of the refined structure are reproduced to better than 0.001 A.
The site vacated by the cut is the one the bridge occupies in the solid, and is treated as the position
available to a protein donor atom.

The receptor was the 24 kDa ATPase domain of E. coli DNA gyrase B, a validated
antibacterial target [6], in complex with clorobiocin (PDB entry 1KZN [20]). Chain A was retained
(186 residues, 1446 non-hydrogen atoms); waters, the co-crystallized inhibitor and alternative
conformations were removed with GEMMI 0.7.5 [35] and hydrogen atoms added at pH 7.4 with
Open Babel 3.2.1 [26]. Docking used AutoDock Vina 1.2.5 [30, 11] with the Vina scoring function,
a 22 x 25 x 25 A box centred on the clorobiocin centroid (19.150, 30.393, 34.745), exhaustiveness
32, nine retained modes, seed 42 and four CPU threads. The ligand file was prepared with Meeko
0.8.0 and retained four torsional degrees of freedom; the metal fragment was docked as a rigid body
with zinc mapped to the metal-donor type of the Vina force field. Contacts of the best pose were
profiled with PLIP 3.0.1 [1].

Prediction servers and the structure submitted to them

Targets were predicted with SwissTargetPrediction [7] and SwissSimilarity [36] against
DrugBank [34] and with PASS Online [13]; descriptors and drug-likeness came from SwissADME
[8], pharmacokinetic and toxicological endpoints from pkCSM [27] and ProTox-3.0 [3].
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SwissADME’s own export records the submitted structure as [O-]C(=0O)C(=NN=C(N)
[S-1)clccccel.[Zn?] — the doubly deprotonated ligand and the zinc dication written as separate

ionic species, formula CyH,N,0,SZn, M, = 286.62; the pkCSM depiction shows the same

disconnected arrangement. This sets an applicability limit on every server result below. These
services are trained on organic, drug-like molecules and none parameterizes a coordinated transition
metal. With a zinc salt entered as disconnected ions the descriptors are therefore essentially those of
the organic dianion, the metal contributing to formula and mass but to no electronic or steric term.
For comparison, descriptors of the neutral free ligand were computed locally with RDKit [28]
together with the PAINS [2] and Brenk [4] substructure filters, and log D at pH 7.4 and the most
acidic pK, were predicted with the public log D and pK, models of an external machine-learning
service (Inductive Bio), each prediction carrying an in-domain flag.

Results and discussion

Infrared spectra: donor atoms and the carboxylate mode

Four independent changes between the two spectra identify the coordinating atoms (Figure 1,
Table 1).

The strong v(C=0) band of the carboxylic acid at 1670 cm™ has no counterpart in the
complex; in its place two strong bands appear at 1610 and 1597 cm™ and a second pair at 1390 and
1375 cm, the pattern expected for a carboxylate formed by deprotonation and coordination [9, 25].

The separation of these modes carries geometric information. For corresponding members of
each pair, Av = v_ — v = 220-222 cm, a value that belongs to a carboxylate whose two oxygen
atoms are inequivalent and that excludes the symmetric bidentate chelation at a single metal which
compresses it [9]. A bridging carboxylate produces exactly this, each metal seeing an essentially
unidentate donor. Because the spectrum of the corresponding ionic salt was not measured, the
Deacon-Phillips criterion is applied here qualitatively, as a consistency test rather than an
independent structure determination.

The azomethine stretch moves from 1585 to 1558 cm™. A shift of —27 cm® is what
coordination of the imine nitrogen produces, donation of the nitrogen lone pair weakening the C=N
bond [22, 25]. The thioamide IV band, largely v(C=S), shifts from 850 to 835 cm™ and the
thioamide III region from 1124/1074 to 1072/1036 cm, both consistent with sulfur donation.

Two further changes confirm the composition: the ligand’s three N-H bands collapse to a
single feature at 3138 cm™ once the hydrazinic proton is lost, and a broad band at 3442 cm™ appears
from coordinated and lattice water. Four weak bands at 503—472 cm™ lie where v(Zn—N) and v(Zn—
O) are expected and are assigned only tentatively; v(Zn-S), expected near 300—-350 cm™, falls
outside the measured range, so the zinc—sulfur bond cannot be confirmed by a direct band.
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Figure 1. Infrared spectra of (a) the free ligand H,L and (b) the zinc(II) complex. Band positions
are printed as vertical labels; the asterisk marks atmospheric CO,

Table 1.
Infrared band assignments for the free ligand H2L and the zinc(IT) complex. Positions in cm™!
Assignment H,L./cm™ Complex / cm™! Comment
v(O—H), lattice + coordinated 3533 (w) 3442 (br, s) broad band appears on complexa-
water tion — aqua ligand and lattice
water
v(N-H), NH, asym/sym + 3452, 3323, 3269 3138 three N—H bands collapse to one;
hydrazinic N-H hydrazinic N2—-H lost on deproton-
ation
v(C=0), COOH 1670 (s) absent carboxylic acid consumed by
deprotonation and coordination
v,(COO7) absent 1610, 1597 (s) new asymmetric carboxylate
stretch
v(C=N), azomethine 1585 (vs) 1558 (s) —27 cm™1 shift; N1 coordination
8(NH,) / ring modes 1473, 1435 1495, 1471, 1441 skeletal
v (COO7) absent 1390, 1375 (s) Av =220-222 cm™!
thioamide II, v(C=N) + v(C-N) 1263, 1236 1271 band pair merges
thioamide III, v(C-N) + v(C=S) 1124, 1074 1072, 1036 shift to lower wavenumber
thioamide TV, v(C=S) 850 835 —15 cm™1 shift; S1 coordination
out-of-plane phenyl C-H 773, 690 795, 746, 692 monosubstituted phenyl retained
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Assignment H,L./cm™ Complex / cm™! Comment
Vv(Zn—N) / v(Zn—0O) region absent 503, 494, 482, 472 tentative; v(Zn-S) (300-350 cm™1)
lies below the measured range

Docking into the gyrase B coumarin site

Both models place their best pose inside the clorobiocin site, scoring —6.71 kcal mol* for H,L
and —6.75 kcal mol? for the mononuclear fragment, and their nine retained poses span the same
narrow range (Figure 2a).

These numbers are not a ranking. The Vina function is parameterized for organic ligands and
carries no metal-specific term, so the fragment value is an empirical estimate rather than a metal-
aware interaction energy, and the difference of 0.04 kcal mol™ lies far inside the method’s scoring
error of about 2 kcal mol™. Only the qualitative statement is defensible: both species are
accommodated with comparable, moderate affinity.

The contact patterns differ in an interpretable way (Figure 2b, c). PLIP finds four hydrogen
bonds for each model. The free ligand binds Asn46, Asp73 and Thr165 at 2.25, 2.42 and 2.44 A and
Val71 at 2.74 A within a hydrophobic wall; the metal fragment keeps Asn46 and Thr165, adds
Asp49 and Gly77, and directs its open coordination site at the carboxylate of Glu50 with a Zn---O
distance of 3.09 A. That distance exceeds a zinc—carboxylate bond and falls outside the 3.0 A cut-
off PLIP applies to metal coordination, so it is a near-coordination contact rather than a coordinate
bond. It is nevertheless the geometric consequence of the bridging mode established above: the site
that the bridging carboxylate occupies in the solid is, in the docked fragment, aimed at a protein
carboxylate.

a Both models score alike b Asnd6 and Thrl65 are shared (4 Interaction types (PLIP)
ASP73 L) ASN46 = (o]
w4 ALA47 L) = o =
* ALA47 o
ASN46 - ® g
- =56 4 4
T VAL71 ° e 1
g se THR165 ® ° VAL71 4 ]
w ASP49
S * ASP73 jal
< 604 GLUSO0 LY
= GLN72 - ° GLY77 N
? 62 ILE78 o . - ILE78 o © o
o ILE9O d
£ ILE9O o
S -64 4 GLY77 °
) PRO79 4 ° VAL120 o
1 ®
-6.6 - VAL120 THR165 1 B W H-bond
~8~ H,L (free ligand) VAL167 ® O  hydrophobic
Zead -8~ [Zn(L)(H0)] fragment  MeTgq ° LIG901 1 L 2 @ zn coordination
— T T - T T - - r T - - T - - T
1 2 3 4 5 6 ¥ 8 9 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 425 2.0 25 3.0 35 4.0
Vina pose rank Closest ligand-residue distance (A) PLIP interaction distance (A)

Figure 2. Docking against the ATPase domain of E. coli DNA gyrase B (PDB 1KZN, chain A).
(a) Scores of the nine retained poses for each model. (b) Closest ligand—-residue distance for every
residue within 4 A of the best pose; n.d. marks a residue contacted by only one model. (c)
Interaction types identified by PLIP; the Zn coordination entry at 2.10 A is internal to the ligand,
not a protein contact

Ligand-based target prediction

Docking answers only about the target it is given, so the scaffold was also submitted to two
methods that search chemical space (Figure 3).
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SwissTargetPrediction returns 100 ranked human targets. Monoamine oxidase A (27.4 %) and
the methyltransferase subunit METTL3 (27.2 %) head the list as isolated entries, but the coherent
block is the next one: cathepsins L, K and B at 21.8, 10.4 and 8.4 %, three papain-family cysteine
proteases, followed by further proteases down to prothrombin at 4.3 % (Figure 3a). Eight of the top
twelve targets are proteases.

PASS Online, which uses a different descriptor system and a different training set, returns 395
predicted activities, one above P, = 0.7 and eleven between 0.5 and 0.7 (Figure 3b). The two
informative entries are cruzipain inhibitor (P, = 0.641, P, = 0.001) and rhodesain inhibitor (0.526,
0.001), the principal cysteine proteases of Trypanosoma cruzi and T. brucei and papain-family
enzymes like the cathepsins; falcipain and falcipain 2 of Plasmodium falciparum follow at 0.454.
The highest single prediction, HMGCS2 expression enhancer at 0.725, stands alone with no support
from any other method used here.

Two methods with independent training sets and independent descriptors therefore point at the
same enzyme family, and the convergence has a structural rationale: the thioamide sulfur and
azomethine nitrogen that bind zinc, the donor pair identified independently by the infrared shifts
above, are the pair through which thiosemicarbazones engage the catalytic cysteine environment of
papain-family proteases [10, 16]. The prediction follows from the established donor set rather than
being independent of it, and it names one inexpensive experiment.

Similarity screening against DrugBank gave 77 hits, only three reaching 0.5 (Figure 3c); the
closest, amido phenyl pyruvic acid (DB02018) at 0.799, is another a-keto-acid derivative. The
scaffold has no analogue in the purchasable subset of ZINC [18] within a Tanimoto distance of 6
and no measured affinity in BindingDB [15] above 60 % similarity, so it is a sparsely represented
chemotype, which is an argument for measuring activity rather than inferring it.
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a Cathepsins are the only coherent block b Two trypanosomal proteases rank high 4 No close relative among known drugs
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Figure 3. Ligand-based target prediction (a) The twelve highest-ranked SwissTargetPrediction
targets (MAOA, METTL3, CTSL, CTSK, CTSB, CPB2, MMP9, CPN1, F2, MAOB, ANPEP,
AKR1B1), coloured by target class; probabilities are printed as returned, rounded to 0.1 %. (b)
The PASS activity spectrum: every predicted activity with P > 0.5 and the ten highest-ranked
adverse effects; points far from the diagonal are the more reliable predictions. (c) SwissSimilarity
scores of all 77 DrugBank hits in rank order; the three above 0.5 are amido phenyl pyruvic acid
(DB02018), 2-(3-guanidinophenyl)-3-mercaptopropanoic acid (DB04723) and 4-
guanidinobenzoic acid (DB02459)

Drug-likeness, ADMET and predicted hazards

Of the seven descriptors constrained by the Lipinski, Ghose, Veber and Egan filters, six fall
inside their published ranges for the submitted zinc salt and for the neutral free ligand alike (Figure
4a) [12, 14, 21, 24, 31]. The exception is lipophilicity as the Ghose filter measures it: the Wildman—
Crippen WLOGP of the salt is —1.00 [33], below that filter’s lower bound of —0.4, and SwissADME
accordingly reports one Ghose violation, the only rule violation returned for either species. The
value is as much a property of the descriptor as of the compound, since the same server’s consensus
log P, averaging five models, is 0.92 and well inside the range, and the free ligand’s WLOGP of
0.31 raises no violation at all.

Lipinski, Veber, Egan, Muegge and lead-likeness are satisfied without exception, with a
bioavailability score of 0.55. No PAINS alert is raised, and the three Brenk alerts returned — the
imine, the thiocarbonyl and the N-N single bond — belong to the thiosemicarbazone
pharmacophore itself and cannot be removed without removing the donor set that makes the ligand
coordinate. A predicted most acidic pK, of 3.52 places the carboxylic acid essentially fully ionized
at physiological pH, consistent with the carboxylate coordination identified spectroscopically, and a
predicted log D of —0.92 confirms low lipophilicity for that ionized form.

Of the 45 endpoints ProTox-3.0 evaluates, seven are returned Active, five of them within 0.08
of the 0.5 decision boundary; the Inactive calls for nephrotoxicity and cardiotoxicity are equally
marginal, so the organ-level predictions are too close to the threshold to guide an experiment
(Figure 4b). The rest of the panel is uniformly negative, including all seven Tox21 nuclear-receptor
pathways, all five stress-response pathways, all fourteen molecular initiating events and all six
cytochrome P450 isoforms.
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Reading the servers against one another is more informative than any of them alone (Figure
4c). They agree that absorption is high — gastrointestinal absorption classified as high by
SwissADME, human intestinal absorption 77.8 % by pkCSM — and that the compound is no P-
glycoprotein substrate. They disagree on four endpoints: CYP1A2 inhibition, where SwissADME is
the outlier against two servers finding none; blood-brain penetration, where no two agree and the
three values are not even on a common scale; carcinogenicity, flagged by PASS at P, = 0.505 and
Inactive by ProTox-3.0; and hepatotoxicity, better read as an absence of signal than a contradiction,
its Active call sitting 0.08 above the boundary. None can be resolved computationally: each marks
an endpoint where one measurement is worth more than a third prediction.

One hazard survives the comparison. pkCSM returns AMES toxicity as Yes and ProTox-3.0
returns mutagenicity as Active — two independently trained models flagging the same liability,
which is a stronger statement than any single probability in this study and chemically plausible for
an N-N-containing thioamide. Other pkCSM toxicity endpoints are unremarkable: no hERG
inhibition, no skin sensitisation, a maximum tolerated dose of 0.337 log mg kg™ day™.

a Six of seven descriptors in range b 7 of 45 endpoints Active, five marginal c Where the servers disagree
® Hepatotoxicity - [ ] @ Active
*M*r (Ghose) O Neurotoxicity - Y O Inactive Gastrointestinal absorption ~ high  77.8 %
W i Nephrotoxicity (o] 4~ group range
WLOGP (Ghose) 1 @ g Respiratory toxicity 1 . @ P-gpsubstrate  No Mo
Cardiotoxicity 4 O
° Carcinogenicity (o] Inact
TPSA / A* (Egan) ] Immunotoxicity o CYP1A2 inhibition ~ Yes No 073
Mutagenicity {1 - @
] o Cytotoxicity - (o} o " N -043  Act
H-bond donors (Lipinski) ™ B88B-barrier PY Blood-brain barrier 0 0gBB  0.82

Ecotoxicity - ]
H-bond acceptors (Lipinski) .. Clinical toxicity + o Hepatotaxicity e
Nutritional toxicity - L]

Rotatable bonds (Veber) - Tox21 nuclear-receptor - I " Mutagenicity / AMES
Tox21 stress-response ] i

Molar refractivity (Ghose) - L Mol initiating events - k 1 Carcinogenicity
Cytochrome P450 isoforms - ] i

T T T T T T T T
lower limit upper limit 05 06 07 08 09 1.0 ‘..\ssF\DME p\&s:gm*’ﬂ PpS°
Position within the published acceptable range ProTox-3.0 prediction probability =

no liability numeric, intermediate
@ 2Zn salt (SwissADME) I free ligand (RDKit) @ outside the range liability flagged not reported

Figure 4. Computed developability profile (a) Each descriptor plotted as its position within the
published acceptable range of the rule that constrains it, for the submitted zinc salt and for the
neutral free ligand; the grey band is the compliant interval and the numbers at the right are the

actual values (salt / ligand). The lipophilicity row is WLOGP, the descriptor the Ghose filter tests,

and the salt lies below its lower bound — the single rule violation of the whole panel; the

consensus log P of the same species, 0.92, is inside the range. (b) All 45 ProTox-3.0 endpoints:

the 13 organ-toxicity and general endpoints individually, filled symbols marking Active calls, and
the four uniformly Inactive groups shown as probability ranges (Tox21 nuclear-receptor 0.65—
0.95, Tox21 stress-response 0.66—0.87, molecular initiating events 0.57-0.99, cytochrome P450

0.67—-0.94). (c) Endpoints predicted by more than one server, coloured by whether that server
reports a liability; the boxed row is the only hazard on which two servers agree

Conclusion

The four analyses answer to one another. Comparative infrared spectroscopy fixes the
coordination mode at four independent points, the most diagnostic being the carboxylate separation
of 220-222 cm™, which excludes symmetric chelation and leaves a bridging carboxylate. That mode
fixes the shape of the molecular unit used for docking: with one carboxylate oxygen committed to a
neighbouring metal, the fragment cut from that environment necessarily carries a free coordination
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site, and it is this site that faces Glu50 in the docked pose. Both the free ligand and that fragment are
accommodated in the coumarin-binding site of the E. coli gyrase B ATPase domain with
comparable scores and a shared Asn46/Thr165 anchor. Independently of that calculation,
SwissTargetPrediction and PASS Online converge on papain-family cysteine proteases, recognizing
the same N,S donor pair that the infrared shifts identify, so the assignment carries structural
meaning rather than statistical coincidence. The computed profile is permissive rather than
encouraging: absorption is high and six of seven drug-likeness descriptors are in range, but nothing
singles the compound out.

Three limitations bound these results. Every server prediction comes from models trained on
organic drug-like molecules, while the submitted structure is a zinc salt written as disconnected
ions, outside those models’ applicability domain. The mononuclear fragment is a model of a
coordination environment and has not been shown to exist as a discrete species in solution. And no
antibacterial, enzymatic or cytotoxicity measurement is reported, so no claim is made that the
complex or the ligand inhibits DNA gyrase, a cathepsin or any other target. The same three points
name the experiments that would settle them: a cathepsin L or B inhibition assay, a bacterial
reverse-mutation assay [23], and a solution-speciation measurement to establish what the compound
is under assay conditions.
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Abstract

A monoligand vanadyl complex [VO(acac),(MBT)] was synthesized via the reaction of
oxovanadium(IV) acetylacetonate [VO(acac),] with 2-mercaptobenzothiazole (MBT) in ethanol at
room temperature. The resulting compound was characterized by a set of physicochemical methods,
including scanning electron microscopy with energy-dispersive spectroscopy (SEM-EDS), IR
spectroscopy, and thermogravimetric/differential thermal analysis (TGA/DTA). EDS data confirmed
the elemental composition of the complex, revealing the presence of V, C, N, O, and S, consistent
with the proposed formula of the compound. IR spectral analysis revealed characteristic absorption
bands: v(V=0) at 1000 cm™!, indicating retention of the vanadyl group, as well as v(V-O) bands in
the 482-464 cm™ region and v(V-N) at 434 cm!. The appearance of the latter band indicates
coordination of the MBT ligand through the endocyclic nitrogen atom of the thiazole ring rather
than through the sulfur atom. Thermal analysis showed the absence of coordinated or crystallization
water molecules in the structure of the complex. The compound melts at 166.6 °C and remains
thermally stable up to approximately 205 °C, after which decomposition begins. These results
confirm the structural stability of the synthesized complex and suggest promising prospects for its
further practical application as a potential catalytic or biologically active compound.

AHHOTaUA

MoHomuranHeii  Komruieke BaHazauna [VO(acac)2(MBT)] 6b1  cuHTe3WpOBaH IyTEM
B3aMMOJZIEMCTBHS arjeTusiarieToHata okcoBaHaausA(IV) [VO(acac)2] ¢ 2-MepkanToOeH30THA30/I0M
(MBT) B cpeme »3TaHo/sia TIpM KOMHATHOM Temrieparype. IlosmyueHHOe coeiviHeHWe OBbIIO
0XapaKTepU30BaHO KOMILIEKCOM (U3MKO-XMMUYECKHMX METO/0B, BK/IIOUasi CKAaHUPYIOLIYHO
3/IEKTPOHHYK0 MHKDOCKOIHIO C 3SHEeproAMCIiepCMoOHHON crekTpockonued (COM-3/C), UK-
CTIeKTPOCKOTIMI0O W TepMorpaBuMeTpuueckuit/auddepeHianibHo-TepMuueckuii  aHanus  (TTA/
ATA). Hannble D/1C noATBepAWIN 3/IEMEHTHBIM COCTaB KOMILIEKca, 3aMKCUPOBaB MPUCYTCTBUE
BaHa/usl, yI/iepofa, a3oTa, KUC/IopoJa U Cepbl, YTO COIIacyeTcs C TpejriosiaraeMoit (hopmysioit
coenvHeHUs. AHanmu3 VIK-crieKTpa BBISIBU XapaKTepHUCTHUHbBIe T10/10chkl noroienus: v(V=0) npu
1000 cm-1, cBUETeNbCTBYIOLIYIO O COXPAHEHWH BaHAUIbHOM IPyNibl, a Takke rnonocel v(V-0) B
obnactu 482-464 cm-1 u v(V-N) nipu 434 cm-1. [NosiBneHue mocieqHeld TOMOCHI yKa3biBaeT Ha
KoopZMHaluto suraiza MBT uepe3 sHAOLMKIMUECKH aTOM a30Ta THA30/bHOTO KOJIbl[a, a He uepe3
atoM cepbl. TepMuyecKuii aHanu3 T[OKas3ajJl  OTCYTCTBHME  KOODPAWHHUPOBAHHBIX WU
KpHCTa//IM3allMOHHBIX MOJeKy/l BOJAbI B CTPYKType Komiuiekca. CoefuHeHUe TMJIaBUTCS TIpU
temreparype 166,6 °C u coxpaHsieT TepMHUUeCKYH0 CTabUIBbHOCTh BIUIOTH A0 Mpubm3uTenbHo 205
°C, mocie 4Yero HauyvHaeTCs ero pasyiokeHue. [losyueHHble pe3ynabTaThl MOATBEPXKAIOT
CTPYKTYPHYI0 YCTOWUYMBOCTb CMHTE3MPOBAaHHOIO KOMILJIEKCA M OTKPhIBAIOT MEPCIeKTHBLI [I7Isl €ro
JlanbHeMIlIero MpakTUYeCcKoro MpUMeHeHUsl B KaueCTBe TOTeHLMa/bHOr0 KaTaJlUuTHYeCKOro WU
OrosIoruueCcK akTUBHOTO COeTUHEeHUSI.
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Introduction

Oxovanadium(IV) complexes attract considerable attention owing to their structural diversity,
catalytic activity and biological properties. Vanadium exhibits a wide range of oxidation states,
coordination numbers and geometries, and bis(acetylacetonato)oxovanadium(IV), [VO(acac),], is
widely used as a convenient precursor for the synthesis of mixed-ligand vanadium(IV) and
vanadium(V) complexes with N-donor heterocyclic ligands. Thus, the reaction of [VO(acac),] with
2-amino-1-methylbenzimidazole affords a six-coordinate adduct in which the heterocyclic ligand is
bound through the imine nitrogen atom in the position cis to the oxo group; at the same time,
structural data on vanadium complexes with substituted azoles remain scarce [1]. Benzothiazole
derivatives represent another important class of N,S-containing ligands whose metal complexes
have been studied extensively. Cd(II), Cu(Il), Ni(Il), Zn(II) and Co(II) complexes of the
benzothiazole-derived ~ Schiff  base = N-(benzo[d]thiazol-2-yl)-1-(3-((E)-(benzo[d]thiazol-2-
ylamino)methyl)phenylmethan imine were shown by FT-IR, UV-Vis, NMR spectroscopy and mass
spectrometry to adopt an octahedral geometry; the cobalt(Il) complex exhibited the highest
antimicrobial activity (inhibition zones of 20-23 mm) [2]. Ce(III) complexes with a benzothiazole-
derived ligand were characterized by molar conductance, FT-IR, '"H NMR, TGA and XRD and
screened against B. subtilis, S. aureus, E. coli, C. tropicalis and A. niger in comparison with
amoxicillin [3]. Co(II), Ni(II), Cu(II) and Zn(IT) complexes of a benzothiazole Schiff base were
investigated with respect to DNA binding and in vitro cytotoxicity [4], and Cu®*, Co®** and Cd?*
chelates of a NOON-tetradentate Schiff base bearing a-tetralone and benzothiazole moieties were
characterized  spectroscopically and  biologically [5]. Azo ligands containing
tetrahydrobenzothiazole and pyrimidobenzothiazole fragments afforded Cu(II), Co(II), Ni(II) and
Zn(I) complexes with moderate to good cytotoxic activity [6]. For Ni(II), Cu(Il) and Zn(II)
complexes of a benzothiazole derivative, an octahedral geometry was established for the copper and
zinc compounds and a distorted square-planar geometry for the nickel compound [7]. The reaction
of (E)-2-((2-(benzothiazol-2-yl)hydrazono)methyl)phenol (H,L) with nickel(IT) chloride and
copper(II) nitrate yielded mono-, di- and trinuclear crystalline complexes that interact with DNA via
an intercalative mode [8]. Co(II), Ni(Il) and Cu(II) complexes of the benzothiazole-hydrazone
Schiff base H,p-NP were characterized by a combination of spectroscopic, electrochemical, DFT
and molecular docking methods, the Cu(II) complex being the most active against S. aureus, E. coli
and C. albicans [9]. Square-planar copper(Il) complexes of Schiff bases derived from 2-
aminobenzothiazole exhibit superoxide dismutase-like, antioxidant and DNA-binding activity [10],
while Schiff bases of benzothiazoles and their zinc and lanthanum complexes show pronounced
antimicrobial activity against C. albicans, E. coli, Staphylococcus, Klebsiella and Bacillus [11].
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In contrast, vanadium complexes with benzothiazole-based ligands have received much less
attention. The reaction of the tridentate N,N,N-donor ligand (E)-2-(2-(1-(pyridin-2-
yl)ethylidene)hydrazinyl)benzo[d]thiazole (HL) with V,O. afforded the dioxidovanadium(V)
complex [VOZL], whereas the reaction with [VO(acac)z] gave a mixture of [VOZL] and the
oxidovanadium(IV) complex [VO(acac)L]; both compounds were characterized by single-crystal
X-ray diffraction and used as catalyst precursors for the oxidation of olefins with H,O, [12].
Meanwhile, mixed-ligand complexes of the vanadyl ion with the simplest representative of this
class, 2-mercaptobenzothiazole (MBT), which contains potentially donor endocyclic nitrogen and
exocyclic sulfur atoms and exists in thione—thiol tautomeric equilibrium, remain insufficiently
studied.

The aim of the present work is to synthesize a mixed-ligand oxovanadium(I'V) complex based
on [VO(acac),] and 2-mercaptobenzothiazole and to characterize its composition, coordination

mode and thermal behaviour by SEM—EDS, FT-IR spectroscopy and simultaneous thermal analysis.

Materials and methods

Bis(acetylacetonato)oxovanadium(IV) (VO(acac),), 2-mercaptobenzothiazole (MBT) and
96 % ethanol were used for the synthesis. All reagents were commercially available (Sigma-
Aldrich) and used as received without further purification.

FT-IR spectra were recorded on an INVENIO-S FT-IR spectrometer (Bruker, Germany) in the
range of 4000400 cm™ with a resolution of 4 cm™ using samples pressed into KBr pellets (7 mm
in diameter).

Thermal analysis (TGA/DTA) was performed on an SDT 650 simultaneous thermal analyzer
(TA Instruments, USA) equipped with a K-type thermocouple (Low RG Silver) using alumina
crucibles. The measurements were carried out under a nitrogen atmosphere (flow rate 50 mL/min)
in the temperature range of 20-900 °C at a heating rate of 10 °C/min.

The surface morphology and elemental composition of the sample were studied using a JSM-
IT200LA scanning electron microscope (JEOL, Japan) equipped with an energy-dispersive X-ray
spectrometer (SEM—EDS).

Synthesis of [VO(acac) ,(MBT)]. A solution of 2-mercaptobenzothiazole (0.0167 g, 0.1 mmol)
in ethanol (5 mL) was added under constant stirring to a solution of VO(acac), (0.0265 g, 0.1
mmol) in ethanol (5 mL). The reaction mixture, which turned green, was stirred for 3 h and then
cooled to room temperature. Green crystals formed within seven days upon slow evaporation of the
mother liquor. The synthesis of the complex is shown in Scheme 1.
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Scheme 1. Synthesis of the [VO(acac):(MBT)] complex

Results and Discussion

The composition and structure of the [VO(acac),(MBT)] complex were studied by SEM—

EDS, FT-IR spectroscopy and thermal analysis.
The elemental composition of the complex was determined by EDS analysis (Fig. 1).

e Element Line Mass% Atom%

C K 49.41 65.38 £ 0.04
339 3.85 £ 0.06
19.36 19.23 + 0.05
15.52 7.69 £ 0.01
12.33 3.85+0.01
Total 100.00 100.00
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Figure 1. SEM image with EDS elemental mapping (left) and EDS spectrum with quantitative
elemental composition (right) of the [VO(acac) ,(MBT)] complex

The EDS spectrum displays the characteristic lines of C, N, O, S and V, confirming that both
the vanadyl moiety and the MBT ligand are incorporated into the complex, and elemental mapping
shows a uniform distribution of these elements over the surface of the crystals, indicating that the
sample is homogeneous. It was found that the experimentally determined percentage content of the
elements was nearly equal to the theoretically calculated percentage content of the elements.

The FT-IR spectrum of the complex (Fig. 2) retains the main absorption bands of the ligands,
although their positions and shapes are partially changed. The most significant changes upon
complex formation concern the v(C=N) stretching vibration of the thiazole ring and the v(C-O)
vibrations of the acetylacetonate ligands, which are shifted by 31-42 cm™. The intense bands at
1555 and 1522 cm™ are assigned to the coupled v(C=0) and v(C=C) vibrations of the chelating
acac ligands, which overlap with the v(C=N) vibration of the heterocycle in the 1650-1500 cm™
region. The strong band at 1000 cm™ is assigned to the v(V=0) stretching vibration of the vanadyl
group, and the bands at 482, 464 cm™ and 434 cm™ to the v(V-0) and v(V-N) vibrations,
respectively; these bands are absent in the spectrum of free MBT.
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Figure 2. FT-IR spectrum of the [VO(acac) ,(MBT)] complex

The position of the v(V=0) band is close to that in the parent [VO(acac),], which may
indicate coordination of the N-donor ligand in the position cis to the oxo group, as established for
the related complex with 2-amino-1-methylbenzimidazole [1]. Taken together, the IR data indicate
that both acetylacetonate ligands retain their bidentate O,0’-chelating mode, whereas MBT is
coordinated to the vanadium atom as a neutral monodentate ligand through the endocyclic nitrogen
atom of the thiazole ring, completing a distorted octahedral coordination environment of
vanadium(IV).

The thermal behaviour of the [VO(acac),(MBT)] complex was studied in the range of 20-900
°C (Fig. 3). The DTA curve exhibits an endothermic effect in the range of 145-199 °C (onset 153.3
°C, maximum at 166.6 °C, AH = 82.5 J/g), which is not accompanied by a noticeable mass loss and
is attributed to melting of the complex. The absence of mass loss below 200 °C indicates that the
complex contains neither coordinated nor lattice water molecules. The main decomposition stage
occurs in the range of 206-361 °C (midpoint 272.4 °C) and is accompanied by a mass loss of
52.3 %. This value exceeds that calculated for the elimination of two acetylacetone molecules
(46.3 %), indicating that decomposition of the acac ligands is accompanied by partial degradation of
the MBT ligand. In the range of 361-870 °C, a gradual mass loss associated with further
decomposition of the organic moiety and evolution of volatile products is observed. The residual
mass at the end of the experiment (~26 %) exceeds that calculated for V,0O. (21.0 %), which is
typical of thermolysis in an inert atmosphere, where a carbonaceous residue is retained together
with vanadium oxides.
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Figure 3. TGA and DTA curves of the [VO(acac) ,(MBT)] complex (N,, 10 °C/min)

Conclusion. A mixed-ligand oxovanadium(IV) complex of composition [VO(acac),(MBT)]
was synthesized by the reaction of VO(acac), with 2-mercaptobenzothiazole in ethanol and
characterized by a set of physicochemical methods. SEM—EDS analysis confirmed the presence of
V, C, N, O and S and their uniform distribution in the sample; the contents of C, O and V agree with

those calculated for C,,H,;NO.S,V. The FT-IR spectrum of the complex shows the v(V=0) (1000

cm ™), v(V-0) (482, 464 cm™) and v(V-N) (434 cm™) bands, as well as a shift of the v(C=N) band
of the thiazole ring, indicating coordination of MBT to vanadium(IV) through the endocyclic
nitrogen atom with retention of the bidentate chelating mode of the acetylacetonate ligands.
Thermal analysis showed that the complex contains no water molecules, melts at 166.6 °C and is
thermally stable up to ~205 °C; its decomposition proceeds in two stages, beginning with the
elimination of the acetylacetonate ligands.
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Abstract

Extractive-photometric determination remains a widely used approach for surfactant analysis
in natural and wastewater samples, but matrix constituents can interfere with the ion-association and
colour-forming reactions on which it relies. This study systematically compared published
interference data to develop a unified framework for understanding matrix effects in extractive-
photometric surfactant determination. Twenty-one primary interference studies, together with one
supporting review, covering anionic, cationic, and nonionic surfactant methods were analyzed by
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interferent type, reagent chemistry, sample matrix, and reported mitigation strategy. Three principal
sources of interference were identified: competing inorganic ions and residual oxidants, coexisting
surfactants of different ionic classes, and organic matrix constituents such as humic substances and
proteins, addressed by five mitigation strategies — chemical masking, selective pre-extraction,
physical separation, procedural control, and selection of interference-resistant reagents. Reagent
chemistry proved a fundamental determinant of matrix tolerance: reagents based on inner-sphere
coordination with the surfactant resist inorganic salt interference substantially better than
conventional outer-sphere ion-pairing dyes. Interferents tolerated individually could also produce
substantial bias when present simultaneously in saline matrices, showing the limits of single-
interferent validation. The resulting framework offers a mechanistically informed basis for selecting
reagents and sample-treatment procedures for surfactant determination in real environmental
waters, including waters with variable salinity and organic load.

AHHOTanus

OKCTpakKLMOHHO-()OTOMeTPUUECKOe Ofpefie/ieHe OCTaéTCs OCHOBHBIM METOJOM KOHTPOJIS
NOBEPXHOCTHO-aKTUBHBIX BelecTs ([IAB) B mpupogHBIX M CTOUYHBIX BOZAX, OJHAKO peasbHble
MaTpUL{bl COAeP>KaT KOMIIOHEHThI, MellIalole [[BeTHOW NOHHO-aCCOLMaTUBHOM peakiuy. B pabote
CHCTeMaTU4YeCKU COTIOCTaB/IeHbl OMyO/JMKOBaHHbIE [aHHbIEe [0 MeINAlIeMy BIUSHUIO U
Npe/iJIo)KeHa efiHasi K/lacCU(UKaLMsl MaTPUYHBIX TOMeX TPpH S3KCTPAKLIMOHHO-(OTOMEeTpHUYeCKOM
oripefiesienun [TAB, mocTpoeHHass Ha aHa/W3e [BA/I[ATA OJHOW TIePBUYHON pabOThl U OJHOU
obobujaromieid myO/MKaLyy, OXBaThIBAIOIIMX AHHMOHHBIE, KAaTHOHHble W HeuoHoreHHble [TAB.
BbilesieHbl TP MCTOYHMKA IIOMeX — KOHKYPHUPYHOLIMe HeOpraHM4eCKue HOHbI U OCTaTOYHbIe
okucauteny, ITAB pyroro MOHHOrO Kjacca U OpraHdyeckue KOMITIOHEeHThbl MaTpULibl (TYMUHOBbBIE
BeleCcTBa, OenKH), — yCTpaHsieMble TISATBIO CTPaTerwsMU: XUMHUECKUM MAaCKHPOBaHHEM,
CEeJIeKTUBHOM  TIpe/IBapUTeNIbHOM  SKCTpakuyel, (r3UYecKuM pasfiesieHrdeM, MpoLefypHbIM
KOHTPOJIeM 1 BEIOOPOM YCTOMUHMBOTO K TIOMeXaM peareHTa. XHMMHUs peareHTa 0Ka3asaach KIHOUeBbIM
(aKTOpoM COMEBOW YCTOMYMBOCTH: peareHThl, 0OOpa3syioiye BHYTpHCGhepHble KOMILIEKChl C
anuoHom [IAB, ycroiiurBee K HeOpraHWUUeCKUM COJisSIM, ueM BHelllHec(epHble HOHHO-
accouyaTtvuBHble KpacuTend. VHTepdepeHTh, 0e30macHble IO OTJeJBHOCTH, MOTYT /laBaTh
3HAUNTe/IbHYIO0 HeaIMTUBHYIO MOIPeLIHOCTb IIPU COBMECTHOM IPUCYTCTBUYU B peasbHOM CONEHON
MaTpulie, YTO OrpaHHWYMBaeT [0CTaTOUHOCTh NPOBEPKU Ha OAHOM HHTepdepeHTe. [IpeasiokeHHas
cucTeMa [JaéT TpaKTUYeCcKyl0, OCHOBAaHHYIO Ha XMMHHU OCHOBY [il BbIOOpa peareHTOB U 3TarioB
npefiBapuTeNbHON 00paboTku Tipu  aHamm3e I[IAB B peasbHBIX 3KOJOTMYECKUX BOZAX C
repeMeHHBIM COJIeBbIM COCTaBOM M OPraHWYeCKOW Harpy3KOu.

Keywords: surfactants, matrix interference classification, extractive-photometric
determination, ion-pair extraction, water analysis.

KiueBble  €/I0Ba:  TIOBEPXHOCTHO-aKTHUBHBbIE  BEI[ECTBA,  MaTpPUUHbIe  TIOMEXH,
9KCTPaKI[MOHHO-(POTOMETPHUYECKOe OTIpe/ie/ieHre, SKCTPAKIIVS HOHHBIX T1ap, aHa/Tu3 BOJ,.
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Introduction

Surfactants reach surface and ground waters mainly through wastewater discharge. Their
amphiphilic structure makes them useful as detergents and hard to isolate cleanly for analysis [15].
Extractive-photometric determination, based on a coloured ion pair with an oppositely charged dye,
remains a widely used routine approach because it needs no expensive equipment [6, 15]. Anionic
surfactants are usually determined with methylene blue or related azo dyes [6, 10]; nonionic
surfactants through coordination of the polyoxyethylene chain with an alkali-metal cation, extracted
as picrate, tetrabromophenolphthalein, or thiocyanatocobalt(IT) complexes [5, 9, 20, 21]; cationic
surfactants with anionic dyes such as methyl orange [1, 4].

Problems appear once these methods leave the standard-solution stage. Common ions (CI,
NO,", Ca?’, Mg?', Fe®") bias the signal in either direction, depending on the dye [6]. Less obvious
species matter too: residual chlorine interferes with cationic-dye methods unless reduced
beforehand [13], and tolerance limits for sulfide, thiocyanate, iodide, and humic acids differ tenfold
between reagents [10, 16, 18]. Surfactants of different ionic classes interfere with each other as
well: anionic surfactants suppress the nonionic signal by competing for the coordinating cation
[5, 20], while cationic surfactants inflate it by forming their own ion pair [5]. Storage and filtration
add bias through adsorption losses [20], and since the response depends on alkyl chain length, the
calibration standard chosen affects accuracy in ways tied to the unknown sample composition [16].

Reported countermeasures include masking interfering ions, pre-extracting the interfering
surfactant, reducing residual oxidants, solid-phase extraction, and redesigning the procedure itself
[1, 3, 4, 10, 11, 13, 16, 17, 18, 21]. However, these approaches are usually reported within
individual analytical systems, making cross-method comparison difficult. Therefore, the objective
of this study was to critically compare and classify matrix interference in extractive-photometric
surfactant determination across anionic, cationic, and nonionic analytical systems. Particular
attention was given to the chemical origin of interference, the dependence of matrix tolerance on
reagent chemistry and sample composition, and the effectiveness of reported mitigation strategies.
By comparing primary studies under a common analytical framework, this work aims to distinguish
general interference mechanisms from reagent-specific effects and to establish practical criteria for
selecting chromogenic reagents and sample-treatment procedures for analysis of surfactants in real
water matrices.

Materials and Methods

A literature survey was conducted and approximately 60—70 publications related to extractive-
photometric determination of surfactants were screened. From these, twenty-one primary studies
meeting the inclusion criteria were selected for detailed comparative analysis; one additional review
article [15] was consulted for general background and is not part of the criteria-based comparison.
The selected papers span nearly five decades of the field: foundational reagent-development studies
published between 1978 and 2013 are complemented by recent studies (2022—-2026) that re-examine
cross-class and matrix interference using solid-phase extraction and green-solvent alternatives. All
were published in peer-reviewed analytical chemistry journals, including Analyst, Analytica
Chimica Acta, Talanta, Analytical Sciences, Analytical Methods, Chemosphere, Microchimica Acta,
ACS ES&T Water, and Sensors & Diagnostics. Three inclusion criteria were applied: the method
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had to be an ion-pair extraction applicable to anionic, cationic, or nonionic surfactants; the article
had to report quantitative tolerance limits, recoveries, or an explicit description of at least one
matrix effect; and enough experimental detail (reagent, extraction solvent, wavelength, and sample
matrix) had to be given to compare studies against each other. Papers describing extraction
procedures without interference data, or reporting only calibration and sensitivity, were excluded
even where they concerned the same reagent systems, since they added no comparative information
on matrix effects.

For each source, the reported interferents were sorted into three categories: common inorganic
ions and residual oxidants, coexisting surfactants of a different ionic class, and organic matrix
constituents such as humic substances and proteins. Where an interferent could plausibly belong to
more than one category (for example, a species acting both as a competing ion and, at higher
concentration, as an oxidant), it was assigned to the category under which the original authors
reported the effect. Mitigation strategies described in each source were grouped by underlying
mechanism rather than by the specific reagent in which they first appeared, giving five categories:
chemical masking, selective pre-extraction, physical separation (washing or ion-exchange),
procedural control (reduced extraction volume or contact time), and selection of an interference-
resistant reagent. Original concentration units were kept as reported instead of being converted to a
common scale, since commercial surfactant mixtures often have an uncertain average molar mass,
and forcing a conversion would have introduced error not present in the source data. Where two
studies reported apparently conflicting tolerance for the same ion under similar conditions, both
values are reported and the likely source of the discrepancy (reagent, solvent, or extraction ratio) is
noted in the discussion.

Results and Discussion

Anionic surfactants: the methylene blue problem and its alternatives

The methylene blue (MB) method is a widely used anionic-surfactant procedure but is
intrinsically susceptible to interference from other extractable anions, since ion pairing does not by
itself distinguish the target surfactant from them. Fytianos et al. [6] found Cl, Ca?", and Fe3"
tolerable for the MB dye at natural-water concentrations, while Mg2" biased results above 500 ppm
and NO," above 20 ppm; Rodenas-Torralba et al. [18] confirmed similar limits and additionally
reported exceptional tolerance to Triton X-100 (>10 g/L).

Reagent chemistry, not just concentration, determines chloride tolerance. Ho and Lin [8] and
Kasahara et al. [11] each found that a weaker, more selective ion-pairing reagent reduces chloride
bias, with Kasahara's reagent remaining interference-free above seawater salinity where the
classical ethyl violet dye already precipitates. Crisp et al. [3] explained why: outer-sphere ion pairs,
such as methylene blue's, bind indiscriminately and extract small hydrated anions like chloride
along with the surfactant, whereas their inner-sphere copper reagent coordinates the surfactant
oxygen directly — a bond chloride cannot form — leaving the method essentially free of seawater-
matrix interference. The lesson: chloride sensitivity is not intrinsic to ion-pair extraction but tracks
how indiscriminately the reagent binds, and can be designed out rather than only corrected for
afterward.
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Organic co-solutes are a separate problem. Pedraza et al. [16] tabulated over twenty
interferents for MB versus the surfactant-dye binding degree method and found humic acid raises
the MB blank while proteins such as albumin depress the signal, and proposed C18 solid-phase
pretreatment. Moskvin et al. [14] explained why: humic acids act two ways at once, forming their
own extractable complex with MB (raising the blank) while competing with the surfactant for the
dye (lowering the signal). Their fix — an intermediate acidic column wash at pH 10 — eliminated
humic-acid interference up to 20 mg/L, well above typical river concentrations.

Procedural and solvent changes offer a third route, moving from simplification toward full
solvent replacement. Jurado et al. [10] cut MB extraction to a single step; Pereira and Rocha [17]
reduced solvent volume via microextraction with no significant interference; and two recent studies
remove chloroform altogether — dos Santos et al. [19] using a hydrophobic natural deep eutectic
solvent with smartphone readout (LOD 2.0 pg/L), and Yoon et al. [22] a 3:1 methyl isobutyl
ketone—1,2-dichloroethane mixture that cuts phase separation to under 3 minutes and tolerates a
broad range of pH, ionic strength, and anions.

Cationic and nonionic surfactants

Cationic-surfactant methods vary just as much by reagent, and cross-class effects can run
either direction. Biswas and Pal [1] found thirteen coexisting ions and other surfactant classes
biasing chrome azurol S determination, restoring real-water recovery from below 23 % to 75-90 %
only after EDTA masking — a reagent-specific pattern seen with Evtushenko's methyl orange
method [4] as well. Korzhan et al. [12] showed the opposite can also occur: a coexisting nonionic
surfactant enhanced rather than degraded the Coomassie Brilliant Blue G signal for cetylpyridinium
chloride. The scale of cross-class bias was recently quantified directly in seawater: Bramblett and
Frossard [2] found anionic surfactants underestimate cationic-surfactant colorimetric results by up
to 83 %, an effect largely removed by analysing sequential solid-phase extracts separately rather
than combined.

Nonionic determination has its own logic, since the reagents used respond to ion association
with other surface-active species rather than simple inorganic ions. T6ei et al. [20] and Favretto et
al. [5] both found anionic and cationic surfactants cross-interfering with nonionic determination,
resolved by pre-extraction. Inaba [9] showed why single-interferent testing can mislead: LAS,
PEG-300, and humic acid were individually mild, but combined with 0.6 M NaCl pushed the result
to 180 % of the true value. Yokoyama et al. [21] solved this structurally with a triple-stage cartridge
that removes cationic and anionic surfactants before the nonionic fraction reaches the colour-
forming reaction, eliminating rather than merely tolerating the interference.

Synthesis

Table 1 summarises the picture: three principal interference sources — competing inorganic
ions and residual oxidants, cross-class surfactants, and organic matrix constituents — met by five
countermeasures. These sources rarely act in isolation, as the combined-interferent data above
show. Among the five countermeasures, procedural control (smaller volumes, shorter contact times
[17]) suppresses interference fairly generally, almost regardless of chemistry; chemical masking is
narrowly targeted but reliable for a known interferent, such as EDTA for Fe3" [1, 3, 4, 8]; and

270



UNIVERSUM:
XNMUAa 1 snonornsa

Ne 10 (148) okmsibpb, 2026 a.

physical separation — a simple wash [14] or full ion-exchange fractionation [21] — tends to
outperform correcting for interference mathematically. Reagent selection is the least-discussed
strategy but, as shown above, the most fundamental, since it converts salt tolerance from an
optimisation outcome into an inherent reagent property. Recent work extends this same logic across
all four amphiphilic classes at once: Grisillon et al. [7] combined a graphitized-carbon-black SPE
protocol with optimised ion-pair spectrophotometric detection to achieve separate quantification of
cationic, nonionic, weak-anionic, and strong-anionic surfactants at nanomolar sensitivity,
confirming physical fractionation before colour development as the most effective route to matrix-
independent determination.

Table 1.
Reported interferents and mitigation strategies in extractive-photometric surfactant
determination
Surfactant Analytical system Main interferent(s) Observed effect Mitigation Ref.
class

Anionic Methylene blue Mg?+; NO5~ Positive bias above | Kept within tolerance [6]
500 ppm (Mg2*); limits
small positive bias
above 20 ppm
(NO,)

Anionic Ethyl violet / p-xylene Halides; Fe3* Positive bias (hal- Extract washing (hal- [8]
ides, own ion pair); | ides); EDTA masking
negative bias (Fe3*, [ (Fe3*)
competes for dye);
other cations negli-
gible

Anionic Co(5-CF,;-PADAP),™* vs. Ethyl violet / Co(5- | Cl~; cationic surfact- Cl~ severely biases | Reagent selection [11]

Cl-PADAP),* ant; perchlorate weaker reagents resolves Cl~; other two
(ethyl violet, Co(5- | remain minor, unre-
CI-PADAP),*), not | solved
Co(5-CF;-
PADAP)," (stable
to 0.7 mol/dm3);
cationic surfactant
(—87.9%) and per-
chlorate (—4.8%)
still bias it

Anionic Diaquabis(ethylenediamine)copper(II) Sulfide; Fe3* Only these two H,0, oxidation (sulf- [3]
interfere; major sea- | ide); EDTA masking
water ions do not (Fe3t)

Anionic Methylene blue (flow) Ca%*, Mg?*, Cd?*, Tolerable within Operated within quan- | [18]

Cl~, NO;™, oxalate, quantified limits for | tified tolerance limits
Triton X-100 each ion

Anionic Methylene blue (extraction-chromatography) | Humic acid Dual mechanism: Intermediate acidic [14]
raises background column wash
and competes with
analyte

Anionic MB / DDABr-CBBG S2=, SCN™, I, phenol, | Interferes at repor- C18 SPE pretreatment | [16]

humic acid, albumin ted concentrations

Anionic Methylene blue (simplified) Filtration Causes surfactant Single-step extraction, | [10]
loss in the classical | no filtration
protocol

Anionic Methylene blue (microextraction) Broad ion/organic No significant effect | Small volume, short [17]

panel contact time

Anionic 4-(4-N,N-dimethylaminophenylazo)-2- Residual chlorine Positive interfer- Ascorbic acid reduc- [13]

methylquinoline (ClOM) ence tion

Cationic Methyl orange Cu?t; Fe3* Cu?* harmless; EDTA masking; [4]
Fe3* interferes Fe(OH); precipitation
above 0.5 png/mL above 5 pg/mL
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Surfactant Analytical system Main interferent(s) Observed effect Mitigation Ref.
class
Cationic Chrome azurol S / 1-butanol Cl, NO,;™, SO, 13 ions bias signal EDTA masking (4 g/ [1]
PO,3~, CO,27, Ca?t, at low pM; real- L); recovery restored
Mg?*, Pb?*, Fe3*, water recovery to 75-90%
Ni2+, Cu?*, SDS, Tri- | <23% unmasked
ton X-100
Cationic Coomassie Brilliant Blue G Triton X-100 (nonion- | Signal enhanced Reagent-chemistry [12]
ic surfactant, organ- and colloidal system | effect exploited rather
ised medium) stabilised, not than removed (oppos-
degraded, by coex- | ite-direction cross-
isting nonionic sur- | class effect)
factant
Nonionic TBPE-K Anionic surfactants; Anionic surfactants | Controlled sample [20]
filtration/storage bias the signal; fil- handling
tration and storage
reduce recovery
Nonionic Picrate Anionic and cationic Cross-class interfer- | Preliminary extraction/ | [5]
surfactants ence removal step
Nonionic Co(IT)-PAR (toluene) LAS, PEG-300, humic | Individually mild; Ion-exchange pretreat- | [9]
acid, NaCl LAS+humic ment for saline/high-
acid+NaCl com- load samples
bined — strong
non-additive bias
Nonionic Ferric thiocyanate (toluene) Cationic and anionic Eliminated, not just | Sequential SCX— [21]
surfactants tolerated SAX-C18 ion-
exchange fractionation
Anionic Methylene blue (NADES microextraction) None reported (green- | Chloroform-free Solvent substitution [19]
solvent alternative) NADES extraction, | (NADES replaces
smartphone colori- | chloroform)
metry
Cationic Colorimetric quantification (seawater SPE Anionic surfactants Underestimation of | Sequential two-step [2]
extract) (complex mixtures) cationic surfactant SPE, separate quanti-
concentration by up | fication per extract
to 83%
Anionic / SPE (graphitized carbon black) + ion-pair Cross-class surfactant | Separate quantifica- | Sequential-elution SPE | [7]
Cationic / spectrophotometry mixtures tion of 4 surfactant fractionation before
Nonionic classes at nanomol- | colour development
ar sensitivity
Anionic MIBK-1,2-dichloroethane (3:1) F-,Cl-,Br , I, Minimal interfer- Solvent selection [22]
NO,~, NO;~, CN-, ence except Br—/I~ | (replaces chloroform);
phosphate, above natural-water | stable pH 3-10, ionic
carboxylates (15 concentrations strength to 2 mol/L
anions tested)

Conclusion

Matrix interference in extractive-photometric surfactant determination can be grouped into

three principal sources: competing inorganic ions and residual oxidants, cross-class surfactants, and

organic constituents such as humic acids and proteins. These sources may interact rather than act

independently under realistic sample conditions, and no single reagent handles all three at once.

Five countermeasures appear across the literature: chemical masking, selective pre-extraction,

physical separation by washing or ion exchange, procedural control such as smaller extraction

volumes or shorter contact times, and choosing a reagent whose coordination chemistry is

inherently resistant to the expected interferent, an option that is the least discussed of the five,

though arguably the most fundamental. That last option has a real mechanistic basis: reagents

forming inner-sphere complexes with the surfactant can provide substantially greater salt tolerance

than conventional outer-sphere ion-pairing dyes, however carefully the latter are optimised.
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The main contribution of this study is the integration of these five countermeasures into a
single classification, applicable across anionic, cationic, and nonionic surfactants rather than to one
dye system at a time. This classification rests on two distinct underlying principles: physical
removal of the interferent before colour development, and structural resistance built into the reagent
itself, rather than a list of unrelated tricks. A further finding, drawn directly from the combined-
interferent data of Inaba [9], is that interferents harmless on their own can combine into a
substantial, non-additive error in a real saline matrix: LAS, humic acid, and NaCl each stayed
within tolerance individually, yet together produced approximately 80 % positive bias. This shows
that single-interferent spiking, the default validation approach in most of the reviewed literature, is
not sufficient by itself to establish a method's reliability in a real matrix. Recent evidence (2022—
2026) reinforces this framework: solid-phase fractionation before colour development continues to
resolve cross-class interference in modern seawater and freshwater applications [2, 7, 19],
confirming that the two governing principles identified here — physical removal of the interferent
and reagent-level structural resistance — remain valid as analytical methods evolve.

These findings are particularly relevant to environmental waters with variable salinity,
hardness, and organic load. Method validation should therefore consider the dominant combination
of matrix interferents rather than relying on single-interferent tests alone.
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Abstract

In this study, the acylation reactions of 2-amino-6-oxopurine with various acylating reagents
were investigated, and the main effects of reaction conditions on the reaction pathway, selectivity,
conversion, and yield of the target products were evaluated. Acetic anhydride, acetyl chloride,
propionic anhydride, benzoyl chloride, and succinic anhydride, differing in their electrophilicity,
molecular structure, and reactivity, were used as acylating agents. The reactions were carried out in
different organic solvents by varying the temperature, reaction time, and molar ratio of the starting
compound to the acylating reagent. Particular attention was paid to the influence of the nature of the
acylating agent and reaction medium on the conversion of 2-amino-6-oxopurine and the selective
formation of the corresponding acylated derivatives.

The reactivity of the exocyclic 2-amino group, as well as other potential nucleophilic reaction
centers of the purine heterocyclic system, was considered in order to evaluate possible competitive
transformations. Standard organic synthesis procedures, recrystallization, and chromatographic
techniques were employed to monitor the reactions and isolate and purify the resulting compounds.
The structures and identities of the synthesized derivatives were confirmed by IR and NMR
spectroscopy together with physicochemical analytical methods.

Comparative analysis of the experimental results demonstrated that acylation efficiency
strongly depends on the electrophilicity and steric characteristics of the acylating reagent, solvent
properties, reaction temperature, and duration. Among the investigated reagents, acetic anhydride
provided the most favorable acylation results, giving a high conversion of the starting compound
and preferential formation of the target product. These findings provide a basis for optimizing the
directed synthesis of functionalized 2-amino-6-oxopurine derivatives and for further investigation
of their physicochemical properties, reactivity, and potential biological activity.

AHHOTaUA

B paHHOIi paboTe wuCCie[OBaHbI peakLUWW alWIMPOBaHUsI — 2-aMHUHO-6-OKCOMypHUHa
Pa3/IMUHBIMU aLWIMPYIOLIMMU peareHTaMu M Orpefie/ieHbl OCHOBHble 3aKOHOMEDHOCTU B/IUSIHUS
yCJIOBUM DeakLMM Ha HarpaB/ieHHe Mpoliecca, CeJeKTUBHOCTb M BBIXOZ, LieJieBbIX MPOAYKTOB. B
KauecTBe alUWIMPYIOIIMX areHTOB HWCIIO/Ib30BalM  YKCYCHbIM  aHTHJAPW/[,  aleTHUIX/I0pUJ,
MPOMMOHOBLIM  aHTUADHWA,  OeH30WIXJOpUJ, W SHTAapHbIM  aHTHADH,  OT/IMUArOIIMecs
3/IeKTPOPUILHOCTBI0, CTPOEHMEM U peakIMOHHOW CrmocobHOCThIO0. Peakuy TIpDOBOAWIM B
Pa3/IMUHBbIX OpraHUYeCcKUX pacTBOPUTESIX MPY BapbMPOBaHUU TeMIepaTyphbl, MPOJO/DKUTETbHOCTH
rporiecca ¥ MOJILHOTO COOTHOIIIEHHUSI UCXOJJHOTO COeJUHEHHsI U alluupyrolero pearenra. Ocoboe
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BHUMaHUeE Y/IeJIEHO BJIMSHUIO TIPUPO/BI al[UIMPYIOIIEro areHTa U peakliMOHHOM Cpe/ibl Ha CTereHb
MpeBpallleH|s]  UCXOAHOTO  2-aMMHO-6-OKCOTypMHA W TIPeMMYII[eCTBeHHOe  oOpa3oBaHHe
COOTBETCTBYIOIIUX alIA/TMPOBAHHBIX TTPOU3BO/IHBIX.

PaccMoTpeHa peakIMOHHAasi CHOCOOHOCTh SK30LMK/IMUECKOM 2-aMUHOTPYMIbI, a TaKxkKe
TMOTEeHL[MA/TbHBIX HYK/Ie0(UIbHBIX 1[eHTPOB IMyPHUHOBOM T'eTepOLIMKINYeCKOW CHCTEMBI, CITIOCOOHBIX
y4acTBOBaThb B KOHKYDEHTHBIX IpeBpalleHusX. [/is1 KOHTPOsIsS NPOTeKaHusl peaklui, Bblle/IeHUs U
OUYMCTKM TIOy4YeHHbIX COeJIMHEeHWM NPHUMEHS/IM CTaHJapTHble MeTO[bl OpPraHUYecKOro CHHTe3a,
MepeKpuCTa/UIM3aLMl0 UM XpoMmarorpaduueckuii aHaau3. CTpoeHWe U MH/UBUAYa/lbHOCTb
CHHTe3WpPOBaHHbBIX TTPOU3BOJHBIX MOATBepKAeHbl MeTogamu VK- u AMP-crieKTpockomnuy, a Takxe
KOMILIEKCOM (DU3MKO-XMMHUUECKUX MeTO/I0B UCC/Ie/I0BAHUSI.

CpaBHUTE/TIbHBIM aHa/MW3 JKCIIepUMEHTAbHBIX pe3y/IbTaToB IMOKasal, 4To 3(deKTHBHOCTDL
alJWJTMPOBAHUS CYL[eCTBEHHO 3aBHUCUT OT 3/IeKTPOMH/ILHOCTA W TIPOCTPAHCTBEHHOTO CTPOEHHS
al[WIUPYIOIL[ET0  peareHTa, TIOJISIPHOCTA  pPacTBODUTEJNs, TeMIIepaTypHOTO  peXumMa U
MIPOJIOJDKUTEILHOCTA ~ peakiyd. Cpeay WCC/IeNOBaHHBIX —peareHTOB  YKCYCHBIA — aHTHADH[
MIPO/IEMOHCTPUPOBas Haubosiee OaronpusTHBIE pe3y/bTaThl, O0ecrieurBasi BBICOKYHO CTerleHb
TipeBpallleH|s] UCXOJHOTO COeJUHeHUsI U TMperMyllecTBeHHoe oOpa3oBaHHe I1e/IeBOr0 TMPOAYKTa.
YcTaHOB/IeHHbIe 3aKOHOMEPHOCTH TIO3BOJISIFOT 0OOCHOBAaHHO TMOAOWpPATh ONTHUMAaJbHBIE YCIOBHUS
HarpaB/ieHHOW (DYHKLIMOHAIM3alMK MyPUHOBOM crcTeMbl. [1osyueHHbIe pe3ybTaThl TPe/ICTaBIIsIoT
WHTEpeC I JanbHeMined  pa3paboTku  3Gh(deKTHBHBIX  METOJOB  CHHTe3a  HOBBIX
(YHKLUMOHATM3UPOBAHHBIX TIPOU3BOAHBIX 2-aMHUHO-6-OKCOMypUHA, WCCIeJoBaHUSI WX (DHU3UKO-
XUMAYEeCKUX XapaKTePUCTHK, PEeaKI[MOHHOW CMOCOOHOCTH W TOTeHIMaJbHOW OHosoruueckon
aKTUBHOCTH.

Keywords: 2-amino-6-oxopurine, acylation, acetic anhydride, acetyl chloride, purine
derivatives, regioselectivity, synthesis.

KmoueBble c/i0Ba: 2-aMUHO-6G-OKCOMYpWH, aLWIMpOBaHHWe, YKCYCHBIM  aHTWJPUJ,
aL[eTU/IX/IOPUJ], IIPOU3BOJHBIE [TYPHUHA, PerioCe/1eKTUBHOCTh, CUHTE3.

Introduction

Purine derivatives constitute one of the most important classes of nitrogen-containing
heterocyclic compounds because of their fundamental roles in biological systems and their broad
potential for structural and functional modification. The purine nucleus is an essential structural
component of nucleic acids, nucleotides, coenzymes, signaling molecules, and numerous
biologically active compounds. Among naturally occurring purines, 2-amino-6-oxopurine is of
particular interest because its molecular structure combines a conjugated bicyclic heteroaromatic
system with several chemically nonequivalent reactive centers. The presence of an exocyclic amino
group at the C, position, a carbonyl group at C, and several endocyclic nitrogen atoms creates a
multifunctional molecular platform whose chemical behavior is governed by electronic effects,
tautomeric equilibria, hydrogen bonding, and reaction-medium-dependent changes in
nucleophilicity [1, p. 3607 ].
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The chemical modification of guanine and structurally related purines is an important
approach to the preparation of new compounds with potentially useful biological and
physicochemical properties. Functionalization of the purine scaffold can substantially alter
molecular polarity, lipophilicity, hydrogen-bonding ability, solubility, chemical stability, and
interactions with biological macromolecules. Consequently, modified purine systems continue to
attract considerable attention in medicinal chemistry, bioorganic chemistry, biotechnology, and the
design of biologically active substances. From a synthetic perspective, however, selective
modification of 2-amino-6-oxopurine remains challenging because several nucleophilic centers can
potentially participate in reactions with electrophilic reagents.

Acylation is one of the most useful methods for the targeted modification of amino-containing
heterocyclic compounds. Introduction of an acyl group can serve not only as a route to new
derivatives but also as a strategy for controlling the reactivity of individual functional groups during
subsequent transformations. In the case of 2-amino-6-oxopurine, acylation is particularly interesting
because the exocyclic amino group at C, represents an important nucleophilic center, while the
electronic structure of the fused purine ring can strongly influence its reactivity. Depending on the
reaction conditions and the nature of the acylating reagent, competitive transformations involving
other heteroatoms of the purine system may also become significant. Therefore, the problem of
chemo- and regioselectivity is central to the rational design of acylated guanine derivatives. [ 2, p.
3505].

The reactivity of 2-amino-6-oxopurine cannot be interpreted solely in terms of the presence of
individual functional groups. Its behavior is closely related to the lactam-lactim tautomeric
equilibrium and to proton redistribution within the heterocyclic system. Under different conditions,
changes in solvent polarity, acidity or basicity, temperature, and hydrogen-bonding interactions may
modify the relative population of tautomeric forms and, consequently, the electron density at
individual reaction centers. The C, oxo group participates in extensive conjugation with the purine
n-system, while the lone pair of the exocyclic nitrogen at C, is also electronically coupled with the
heteroaromatic framework. These structural features can decrease or redistribute nucleophilicity and
explain why the outcome of acylation may depend strongly on the reaction environment [3, p. 710].

From the mechanistic point of view, acylation generally proceeds through nucleophilic attack
on the electrophilic carbonyl carbon of an acylating reagent, followed by formation of a tetrahedral
intermediate and elimination of an appropriate leaving group. Nevertheless, the efficiency of this
process is highly dependent on the electrophilicity of the acyl donor. Acid chlorides, for example,
generally possess higher intrinsic electrophilicity than the corresponding carboxylic acid
derivatives, whereas acid anhydrides often provide a useful balance between reactivity, selectivity,
and experimental convenience. Steric factors also become increasingly important when moving
from small acetyl groups to bulkier acyl fragments such as benzoyl groups.
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Accordingly, the selection of an appropriate acylating agent represents a key element in
controlling the reaction. Acetic anhydride and acetyl chloride are useful for studying acetylation
under different electrophilic conditions, whereas propionic anhydride provides information about
the influence of increasing alkyl-chain size. Benzoyl chloride allows evaluation of both steric and
aromatic electronic effects, while succinic anhydride is particularly interesting because it introduces
an additional carboxyl-containing fragment that may significantly modify the polarity and further
chemical reactivity of the resulting derivative. A systematic comparison of these reagents can
therefore reveal relationships between reagent structure, electrophilicity, steric demand, and
acylation efficiency [4, p.863].

The solvent is another critical factor in the acylation of heterocyclic compounds. Polar aprotic
solvents can modify the nucleophilicity of reaction centers and stabilize polar intermediates, while
protic solvents may establish hydrogen-bonding networks with the substrate and influence its
tautomeric state. Basic media can promote deprotonation of nucleophilic sites and facilitate acyl-
group transfer, whereas excessive basicity may change regioselectivity or initiate competing
reactions. Similarly, reaction temperature and duration must be carefully optimized: insufficient
activation may result in incomplete conversion, while harsh conditions may promote multiple
acylation, hydrolysis, rearrangement, or decomposition of sensitive purine derivatives [5, p.10891].

Despite the extensive chemistry of purine compounds, systematic comparative studies
focusing on the influence of structurally different acylating agents on the reactivity of 2-amino-6-
oxopurine remain scientifically relevant. In particular, establishing how reagent electrophilicity,
steric characteristics, solvent environment, temperature, reaction time, and molar ratio collectively
influence product formation is important for developing reproducible and selective synthetic
procedures. Such information is also valuable for subsequent functionalization of the obtained
compounds and for the design of purine derivatives with tailored physicochemical and biological
propertiesivatives [6, p.203, 7, p.7834.].

Therefore, the aim of the present study is to investigate systematically the acylation reactions
of 2-amino-6-oxopurine using acetic anhydride, acetyl chloride, propionic anhydride, benzoyl
chloride, and succinic anhydride, to determine the effects of reaction conditions on conversion,
selectivity, and product yield, and to characterize the resulting derivatives by appropriate
spectroscopic and physicochemical methods [8, p. 541, 9, p.46, 10.p.57, 11.p, 1,].

Particular emphasis is placed on identifying conditions that favor efficient modification of the
exocyclic amino functionality while minimizing undesirable competing transformations. The results
are expected to contribute to a deeper understanding of the structure-reactivity relationships of
multifunctional purine systems and to provide a rational basis for the controlled synthesis of new
functionalized 2-amino-6-oxopurine derivatives.

Materials and methods

The structures, purity, and physicochemical properties of the synthesized 2-amino-6-
oxopurine derivatives were investigated using complementary spectroscopic, chromatographic, and
thermal analytical methods. Fourier-transform infrared (FTIR) spectra were recorded using a
Shimadzu IRSpirit Fourier-transform infrared spectrophotometer equipped with a QATR-S
attenuated total reflectance (ATR) accessory (Shimadzu Corporation, Kyoto, Japan). FTIR analysis
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was used to identify the characteristic absorption bands associated with N-H/NH,, C=0, C=N, and
other functional groups and to evaluate structural changes occurring during the acylation of 2-
amino-6-oxopurine.

Chromatographic analyses were carried out using a Chromatec-Crystal 9000 gas
chromatograph (Chromatec, Yoshkar-Ola, Russian Federation). The chromatographic system was
employed for qualitative and quantitative evaluation of the obtained products, assessment of their
purity, and detection of residual starting materials and possible reaction by-products. The
chromatographic results were compared with the spectroscopic data to provide additional evidence
for product formation.

The melting points of the starting material and synthesized derivatives were determined using
an X-4 microscopic melting-point apparatus (China) by visual microscopic observation. Melting-
point values were used as an additional physicochemical parameter for assessing the identity and
purity of the isolated compounds. The combined FTIR, chromatographic, and melting-point data
were used to characterize the synthesized products and to confirm structural changes associated
with the formation of the target acylated 2-amino-6-oxopurine derivatives.

Results and discussion

The acylation behavior of 2-amino-6-oxopurine was investigated using acetic anhydride,
acetyl chloride, propionic anhydride, benzoyl chloride, and succinic anhydride as acylating agents.
The results demonstrated that the transformation of 2-amino-6-oxopurine is strongly dependent on
the electrophilic character and steric properties of the acylating reagent, as well as on the solvent,
reaction temperature, reaction time, and reagent ratio. These factors influence not only the degree of
substrate conversion but also the chemoselectivity of functionalization within the multifunctional
purine system.

The molecular structure of 2-amino-6-oxopurine contains several potentially reactive centers,
including the exocyclic amino group at C,, the C, oxo functionality, and endocyclic nitrogen atoms
of the purine ring. However, under appropriately selected acylation conditions, the exocyclic 2-
amino group represents an important nucleophilic site for reaction with acylating agents. Its
reactivity is influenced by conjugation of the nitrogen lone pair with the electron-deficient
heteroaromatic purine system. In addition, tautomeric equilibria and intermolecular hydrogen
bonding can alter the distribution of electron density and thereby affect the rate and selectivity of
acylation.

The general transformation can be represented schematically as:
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Among the investigated reagents, acetic anhydride exhibited particularly favorable acylating
properties. Its effectiveness can be attributed to sufficient electrophilicity of the carbonyl carbon
combined with relatively low steric hindrance. Nucleophilic attack of the exocyclic amino nitrogen
on the carbonyl carbon of acetic anhydride leads initially to a tetrahedral intermediate, followed by
elimination of acetate and formation of the corresponding acetylated derivative.

The reaction may be represented as:

j) O
s 2t e * Lecw

H,N~ N° N
- O |
H H

Under the investigated conditions, acetic anhydride therefore provided an advantageous
balance between reagent reactivity and controlled acyl-group transfer. In earlier experimental
comparisons, the isolated yield for this system was approximately 82 %, making it the most
effective of the evaluated acylation approaches.

Acetyl chloride is intrinsically more electrophilic than acetic anhydride because chloride is an
efficient leaving group. Consequently, the reaction can proceed readily in the presence of an acid
acceptor:

Nevertheless, its higher reactivity does not necessarily translate into greater synthetic
efficiency.

O

O

L
H.\'JI\ HyC—C? _.//\i NH 0
Is )" ‘1 -HCI \\, )\ .C-CH;

HN™ N N N

H H H

Formation of HCI may protonate nitrogen-containing sites of the purine substrate, decreasing
their nucleophilicity unless the acid is effectively neutralized. Furthermore, highly reactive acyl
chlorides can increase the probability of competing transformations. Thus, control of reagent
addition and basicity of the medium is particularly important.

The reaction with propionic anhydride produced the corresponding propionyl derivative and
allowed the steric effect of a larger aliphatic substituent to be assessed:
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The observed yield, approximately 75 %, was lower than that obtained with acetic anhydride.
This tendency can reasonably be associated with the greater steric demand of the propionyl group
and corresponding changes in accessibility of the electrophilic carbonyl center.

A more pronounced steric effect was observed when benzoyl chloride was employed.
Formation of the benzoylated derivative proceeded according to the general equation:

O

0
. N
HNJE, Y +C.H—C© - N NH
PS 7 ST e <L 0
S Cl ' s _C—C,Hs
NT N NTONT N C=CeH:
H H

H>N
H

The isolated yield was approximately 68 %. Although benzoyl chloride is a reactive acylating
agent, the phenyl substituent increases steric demand around the electrophilic carbonyl carbon.
Moreover, electronic conjugation between the carbonyl group and aromatic ring modifies the
electrophilic properties of the acyl center. These factors may contribute to the lower overall
efficiency compared with acetylation.

The reaction with succinic anhydride showed another characteristic behavior. In this case,
nucleophilic opening of the cyclic anhydride introduces an acyl fragment containing a free carboxyl

group:

O 0

N _20
HNT N H,C-C N- H O
= 4 | 0 < ,I /J\ E'—E‘E‘C”O
HN" N 2C—Cy NT N ’ H

The yield of the succinylated derivative was approximately 65 %. Although this
transformation was less efficient than acetylation, it is synthetically important because the
introduced —CH,CH,COOH fragment provides an additional functional group for subsequent

esterification, amidation, conjugation, or incorporation into more complex functional materials.

Comparative evaluation

The experimental trend can be summarized as follows:
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Table 1.
Experimental trend
Acylating agent Introduced fragment Approximate yield, % Relative efficiency
Acetic anhydride -COCH, 82 High
Propionic anhydride —-COCH,CH, 75 Moderately high
Benzoyl chloride -COCH, 68 Moderate
Succinic anhydride -COCH,CH,COOH 65 Moderate
Acetyl chloride -COCH, Experimental-condition dependent High reactivity

The observed order indicates that high intrinsic electrophilicity alone is not sufficient to
determine the preparative efficiency of acylation. Steric accessibility, acid formation, reaction-
medium effects, solubility of the substrate, and stabilization of intermediates must also be
considered. Acetic anhydride provided the most favorable combination of these parameters.

Spectroscopic evidence for acylation

The structural transformation was evaluated by spectroscopic analysis. In the FTIR spectrum
of 2-amino-6-oxopurine, the region around 3400-3200 cm™ is associated primarily with N-H/NH,
stretching vibrations, while the strong absorption near the carbonyl region originates from the C
oxo functionality. Following acylation, changes in the N-H region together with the appearance or
modification of carbonyl absorptions are expected as a consequence of formation of an amide-type
—NHCO- fragment.

NMR spectroscopy provides additional evidence for successful functionalization. In the
acetylated product, the appearance of a new methyl resonance attributable to the -COCH, group is
diagnostic of acetyl-group incorporation. Propionylation should generate characteristic signals
corresponding to CH,CH,CO-, whereas benzoylation introduces additional aromatic resonances.
Succinylation is expected to produce methylene signals corresponding to the -COCH,CH,COOH
fragment. Changes in the chemical environment of the purine system further support modification
of the parent molecule.

However, assignment of the exact acylation site should be based on the complete
experimental spectroscopic dataset rather than on FTIR data alone. In particular, '"H/'**C NMR and,
where available, 2D NMR or mass-spectrometric evidence are valuable for distinguishing possible
N-acylated structures.

Structure-reactivity relationship

Overall, the results demonstrate a clear relationship between the molecular structure of the
acylating reagent and the efficiency of 2-amino-6-oxopurine modification. Increasing steric bulk
from acetyl to propionyl and benzoyl substituents was generally accompanied by a reduction in
isolated yield. The results also emphasize the importance of reaction-medium optimization because
the nucleophilicity of the purine substrate is strongly affected by protonation, tautomerism,
solvation, and hydrogen bonding.
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Thus, acetic anhydride can be considered the most suitable reagent among the investigated
systems for efficient acylation of 2-amino-6-oxopurine, whereas propionyl, benzoyl, and succinyl
derivatives expand the structural diversity and functional potential of the resulting compounds.
These findings provide a useful experimental basis for further regioselective modification of the
purine scaffold and for subsequent investigation of the physicochemical and biological properties of
the synthesized derivatives.

Experimental part

The acylation reactions of 2-amino-6-oxopurine were studied using acetic anhydride, acetyl
chloride, propionic anhydride, benzoyl chloride, and succinic anhydride. The products were isolated
by precipitation, purified by recrystallization, and characterized by FTIR, NMR, MS, and thermal-
analysis methods.

Acetic anhydride. 2-Amino-6-oxopurine (1.00 g, 6.62 mmol) was treated with acetic
anhydride at 80-90°C for 2.5-3 h. After cooling, the mixture was poured into cold water, and the
precipitate was filtered and recrystallized from ethanol-water. Yield: 78-82 %. FTIR (KBr, v, cm™):
3350-3250 (N-H), 1695-1670 (CONH), 1660-1630 (C=0), 1605-1570 (C=N). 'H NMR (DMSO-
dg, 6, ppm): 10.5-11.5 (NHCO), 7.8-8.2 (H-8), 2.10-2.30 (3H, COCH,). 3C NMR: 168-172 (CO),
23-25 (CH,). MS: m/z 193 [M]"e.

Acetyl chloride. 2-Amino-6-oxopurine (1.00 g, 6.62 mmol) was suspended in pyridine, and
acetyl chloride was added dropwise. The mixture was stirred for 2—-3 h under controlled conditions.
The product was precipitated with water, filtered, washed, and recrystallized. Yield: 82%. FTIR:
3350-3250 (N-H), 1700-1670 (CONH), 1650-1630 (C=0), 1600-1570 (C=N). 'H NMR: 10.5—
11.5 (NHCO), 7.8-8.2 (H-8), 2.10-2.30 (COCH,). *C NMR: 168-172 (CO), 23-25 (CH,). MS: m/
z 193 [M] ..

Propionic anhydride. 2-Amino-6-oxopurine (1.00 g, 6.62 mmol) was heated with propionic
anhydride at 90-100 °C for 3—4 h. After cooling and aqueous treatment, the precipitate was isolated
and recrystallized. Yield: 75 %. FTIR: 3350-3250 (N-H), 1695-1665 (CONH), 1605-1570 (C=N).
'H NMR: 10.5-11.5 (NHCO), 7.8-8.2 (H-8), 2.3-2.6 (CH,), 0.9-1.2 (CH,). *C NMR: 168-174
(CO), 27-32 (CH,), 8-12 (CH,). MS: m/z 207 [M]"* (CgHN..O,).

Benzoyl chloride. 2-Amino-6-oxopurine (1.00 g, 6.62 mmol) was treated with benzoyl
chloride in pyridine or DMF at 60-80 °C for 3—4 h. The product was precipitated with water and
purified by recrystallization. Yield: 68 %. FTIR: 3350-3250 (N-H), 1700-1665 (CONH), 1600—
1500 (C=N, Ar C=C), 760-700 (Ar-H). 'H NMR: 10.5-11.5 (NHCO), 7.8-8.3 (H-8), 7.3-8.0 (5H,
Ar-H). 3C NMR: 165-170 (CO), 127-135 (Ar-C). MS: m/z 255 [M]** (C,,H/N.O,).

Succinic anhydride. 2-Amino-6-oxopurine (1.00 g, 6.62 mmol) was reacted with succinic
anhydride in DMF at 80-100 °C for 4-6 h. After cooling, the product was precipitated with water,
filtered, and recrystallized. Yield: 65 %. FTIR: 3400-3200 (N-H/O-H), 1725-1700 (COOH),
1690-1660 (CONH), 1605-1570 (C=N). 'H NMR: 10.5-12.0 (NH/COOH), 7.8-8.2 (H-8), 2.4-2.8
(4H, CH,CH,). *C NMR: 172-178 (COOH), 166-172 (CONH), 28-32 (CH,). MS: m/z 251 [M]"*
(CgHGNO ).
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Conclusion

The acylation reactions of 2-amino-6-oxopurine with different acylating agents were
systematically investigated, and the effects of the main reaction parameters on product formation
and selectivity were evaluated. Acetic anhydride, acetyl chloride, propionic anhydride, benzoyl
chloride, and succinic anhydride showed different reactivities toward the purine substrate,
confirming that the nature and electrophilicity of the acylating reagent play an important role in
determining the efficiency of the transformation. The reaction medium, temperature, reaction time,
and molar ratio of the reagents were also found to influence the conversion and formation of the
desired products.

The experimental results indicated that the exocyclic 2-amino group represents an important
reactive center for the acylation of 2-amino-6-oxopurine. Among the investigated acylating agents,
acetic anhydride provided the most favorable reaction performance and promoted efficient
formation of the corresponding acylated derivative. The structures of the synthesized compounds
were supported by IR and NMR spectroscopic data and physicochemical characterization.

Overall, the obtained results demonstrate that controlled acylation is an effective approach for
the chemical modification and functionalization of the 2-amino-6-oxopurine scaffold. The
established relationships between reaction conditions and acylation efficiency can be used for
further optimization of synthetic procedures and the preparation of new purine derivatives with
desirable structural characteristics. The synthesized compounds may also serve as promising
candidates for subsequent studies of their biological activity and structure—activity relationships.
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Koxxapoe Mup3oxud XycaH6oeeuu

0-p XUM. HayK, 00Uy.

HamaHeaHckuli 20cy0apcmeeHHbll mexHuuecKutl yHugepcumem

Pecnybauka Y36ekucmaH, e. HamaHeaH

OxyHoaoaee A6dyzanu KomusidxicoH yenu

3aesedytowjuli kagedpoti

Xumuueckoll UHxceHepuu, HamaHeaHckulli 20Cy0apcmeeHHbIl mexHu4ecKull yHugepcumem, 2
Pecnybauka Y36ekucmaH, HamaneaH

Abstract

This article investigates the dependence of water vapor adsorption on potassium-form
mordenite zeolite (K-MOR) on changes in pressure. Zeolites are widely used in water absorption
and retention processes due to their unique porous structure, high specific surface area, and ability
to undergo ion exchange. During the study, water vapor adsorption isotherms were measured at
various pressure values, including the low-, medium-, and high-pressure regions, and the kinetic
characteristics of the adsorption process were analyzed. The results obtained showed that as the
pressure increases, the amount of adsorbed water increases sharply up to a certain limit, after which
the system transitions to a state close to saturation, which is due to the filling of the zeolite
micropores. High selectivity of K-MOR zeolite towards water has been established. The obtained
results indicate the promising potential of using K-MOR zeolite in gas drying processes, humidity
control, and in heat pump systems. The experimental data presented in the article can serve as a
basis for further research into the adsorption properties of K-MOR zeolite, as well as for the
development of effective technologies for its practical application.

AHHOTaUUA

B maHHOM cTaThe MCC/Ief0BaHa 3aBUCHMOCTD a/ICOPOLIMY MapoB BO/bI HA 1[€OJIUTE MODP/EHUT
kKasveBor ¢opmbl (K-MOR) oT u3sMmeHeHusi JaBieHusi. LleonuTbl ILLIMPOKO TPUMEHSIOTCS B
ripoljeccax TOT/IOIIeHUs U y/lep>KUBaHUsl BOJbI Osaroaps Ux YHUKaAbHOW TIOPUCTON CTPYKTYpe,
BBICOKOH yZIeJTbHOM TTOBEPXHOCTU U CITOCOOHOCTH K MIOHHOMY 00MeHy. B Xozie nccienoBaHus Obuiv
M3MepeHbl U30TepPMbI aZicOpPOIMKM TIapOB BOABI TPU PA3/IMUHBIX 3HAUEHUSX [JAB/I€HUs, BKJIIOUYAst
00/MacTi HU3KUX, CPeJHUX M BBICOKMX [aB/IEHUHM, a TakXe MPOAHA/TW3UPOBAHbI KUHETHUECKHe
XapaKTepUCTHKHU Tmpoliecca afcopbiuu. [TomyyeHHbIe pe3yabTaThl MOKa3ald, YTO C TOBBIIIEHUEM
JIAB/IEHUS] KOJIMUECTBO aZicOPOMPOBAHHOM BOJbI PE3KO BO3pacTaeT /0 ONpeZe/EHHOrO Tpe/ena,
MoC/ie Yero CHUCTeMA I[IE€PEXOJUT B COCTOSIHWE, O/IM3KOe K HACBIIIEHUI0, UTO OO0yC/IOB/IEHO
3aro/IHeHUeM MHUKPOTOp Lie0/iMTa. YCTaHOB/IEHa BbICOKAs CeeKTUBHOCThL Ljeosta K-MOR mno
OTHOLIEHUIO K Boje. [TosiyueHHbIe pe3ynbTaThl CBU/IETELCTBYIOT O MEePCIeKTUBHOCTHU TIPUMEeHeHHsI
ueouta K-MOR B mniporjeccax OCyILLKY ra3oB, PeryJIMpOBaHusl BJaKHOCTHA U B CMCTeMax TerJIOBbIX
HacocoB. IIpescraB/ieHHble B CTaThe JKCIepUMeHTa/lbHble JaHHble MOTYT CIY>KUTb OCHOBOW AJIsi
JANIbHEHIINX UCC/IeIOBaHNI a/icOPOLMOHHBIX CBOUMCTB 1jeommta K-MOR, a Takxke /i pa3paboTKu
3¢ (eKTUBHBIX TeXHOJIOTHUM ero TPakKTUYeCKOro MpUMeHeHUs .

Keywords: K-MOR zeolite, mordenite, water vapor adsorption, adsorption isotherm,
equilibrium pressure, porous structure, specific surface area, micropore, mesopore, adsorption—
desorption, zeolite adsorbent, gas separation.
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Kruessble ciioBa: 1jeomut K-MOR, MopzieHUT, aficopOIivst BOASHOTO Tiapa, aZicopOIMoHHasT
M30TepMa, pPaBHOBECHOE JaB/jeHWe, TOpPUCTas CTPYKTYpa, Y/e/bHas MOBEPXHOCTb, MHUKPOIIOPHI,
Me30TI0pbI, aZicopOIUs—ecopOIus, 1eOTMTHBIN aZicOpPOEHT, ra3opaszie/ieHue.

Introduction

Zeolites are natural and synthetic crystalline compounds with a microporous aluminosilicate
structure, widely used in industry, ecology, and energy owing to their unique porous architecture
and cation-exchange capacity. Among zeolites belonging to the mordenite (MOR) group, mordenite
occupies a special place, since its structure contains two types of channels a wider 12-membered
ring and a narrower 8-membered ring a feature that enables the selective passage and retention of
molecules [1, p.218].

The study of water vapor adsorption in zeolites has attracted the attention of researchers for
several decades. Earlier studies found that for many natural zeolites, including mordenite, the
adsorption isotherms correspond to the classical Brunauer Type I isotherm, that is, a sharp rise in
the low-pressure region followed by a plateau at high pressures [2, p.420]. This behavior is
associated with the filling of micropores, whereas in the presence of mesopores, an upward shift of
the isotherm is observed as pressure increases, owing to additional capillary condensation.

It has been demonstrated in numerous studies that the type of compensating cation in the
zeolite composition significantly affects its adsorption properties. In particular, it has been noted
that zeolite forms exchanged with the potassium (K*) cation exhibit adsorption behavior in the low-
pressure region that differs from that of other monovalent-cation forms (e.g., Na*), which is
explained by the cation's charge density and hydration energy [3, p.547]. It has also been shown that
cation exchange and decationization processes affect the water adsorption capacity of mordenite—
clinoptilolite-type rocks, with decationization somewhat increasing the capacity, while
dealumination, conversely, decreases it [4, p.382].

From a practical standpoint, it has been shown that cation-exchanged mordenite samples can
be effectively used in gas drying, mixture separation, and tritium recovery systems, since such
materials exhibit high selectivity and stability even at low moisture content [5, p.1444].
Furthermore, studies conducted on mordenite-based membranes have found that MOR samples
exchanged with H", K*, and Ca?" possess a high water adsorption capacity, and that this property
can be successfully applied to the pervaporation separation of mixtures [6, p.64].

The literature review presented above shows that a systematic study of the pressure
dependence of water vapor adsorption on K-MOR zeolite, and in particular the clarification of the
relationship between its porous structure and adsorption capacity, is of pressing scientific and
practical importance. The aim of this work is to study the water vapor adsorption of K-MOR zeolite
at various relative pressure values and, on the basis of the results obtained, to substantiate its
practical fields of application.

Materials and methods. Analytically pure chemical reagents were used to synthesize K-
MOR zeolite. Colloidal silicon dioxide (SiO,) (Sigma-Aldrich, reagent grade) was used as the
silicon source, aluminum hydroxide (Al(OH),) (Sigma-Aldrich, reagent grade) as the aluminum

source, and potassium hydroxide (KOH) (Sigma-Aldrich, reagent grade) as the mineralizer and
alkaline-medium-forming agent. Distilled water was used in preparing the solutions.
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The synthesis gel was prepared according to the following molar composition: 10SiO,:
1AI(OH),: 6.5KOH: 180H,0. For a typical synthesis batch, 24.6 g of colloidal SiO,, 3.2 g of
Al(OH),, and 14.9 g of KOH were successively dissolved in 135 mL of distilled water under
continuous magnetic stirring at room temperature for 40 min until a homogeneous alkaline
aluminosilicate gel was obtained. The resulting gel was then transferred into a Teflon-lined
stainless-steel autoclave and subjected to hydrothermal crystallization at 170 °C for 48 h under
autogenous pressure. After crystallization, the solid product was separated by vacuum filtration,
washed repeatedly with distilled water until the filtrate reached a pH of 8-9, and dried at 105 °C for
6 h to obtain the K-MOR zeolite in powder form.

Water vapor adsorption isotherms were measured using a vacuum volumetric (static)
adsorption apparatus DAK-1 (Experimental Plant of Scientific Instrumentation, USSR). The sample
mass was 1.025 g; all masses were weighed on an analytical balance VIBRA HT-224RCE (Vibra,
Japan) with a readability of 0.1 mg and an accuracy class of +0.1 mg. Prior to each measurement,
the sample was activated in situ by evacuation at 350 °C for 3 h to remove physically adsorbed
moisture and residual gases from the zeolite pores. The adsorption isotherms were subsequently
recorded at a fixed temperature (25 °C) by stepwise admission of water vapor into the sample
chamber, with the equilibrium pressure and corresponding adsorbed amount registered at each
pressure increment [9, p. 125].

Kinetic (flow-calorimetric) experiments were carried out on a Tian—Calvet differential
adsorption calorimeter DAK-1-1A (Experimental Plant of Scientific Instrumentation, USSR)
[1, 8, 11]. During the experiment, a pre-prepared adsorbent of known mass was placed in the
adsorption section of the DAK-1-1A unit. The gas flow under investigation was passed through the
adsorbent under fixed flow-rate and temperature conditions. During the process, the inlet and outlet
concentrations of the adsorbing component in the gas were determined, and the adsorption
efficiency of the adsorbent was evaluated [10, p. 97]. The measured heat effect and the
corresponding change in adsorbed amount allowed us to estimate the adsorption kinetics and to
characterize the interaction of water molecules with the active centers of K-MOR.

Thus, two complementary techniques were used in this work: (i) vacuum volumetric method
on the DAK-1 apparatus for measuring equilibrium adsorption isotherms, and (ii) flow-calorimetric
method on the DAK-1-1A unit for studying the kinetics and thermal effects of adsorption.

The experiments examined the effect of adsorption time, temperature, gas flow rate, and
adsorbent mass on the efficiency of the process. On the basis of the results obtained, the optimal
conditions of the adsorption process on the DAK-1-1A unit were determined, and the efficiency of
the adsorbent was evaluated.

Results and discussion

The dependence of water vapor adsorption on the relative pressure (P/Ps) for K-MOR zeolite
is shown in Figure 1. As can be seen from the obtained isotherm, the adsorption process exhibits
continuous growth throughout the entire pressure range (from 0 to 0.9) and displays two clearly
distinguishable stages.
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Figure 1. Isotherm of the dependence of water vapor adsorption on relative pressure (P/Ps) for
K-MOR zeolite

In the low relative-pressure region (P/Ps = 0-0.1), a sharp increase in the amount adsorbed is
observed in this interval the adsorption value rises from nearly 0 to about 2 mmol/g. This sharp rise
arises from the intensive binding of water molecules at the strong adsorption centers located within
the zeolite's micropores (the dipole—ion interaction around the compensating K* cations). This stage
corresponds to the filling of the micropores.

In the medium-pressure region (P/Ps = 0.1-0.5), the slope of the isotherm curve gradually
decreases, but the amount adsorbed continues to increase steadily (from approximately 2 to 6.5
mmol/g). At this stage, adsorption no longer proceeds only at the strongest centers but continues
owing to the formation of secondary adsorption layers and the filling of relatively larger pores.

In the high-pressure region (P/Ps = 0.5-0.9), the curve shows a relatively slower, nearly linear
increase, reaching an adsorption value of about 8.5 mmol/g at a relative pressure of 0.9. No
complete saturation (plateau) is observed here, which indicates the presence of mesopores in the
sample and the continuation of capillary condensation in them at high pressures.

The overall shape of the obtained isotherm a sharp rise at low pressure, a decreasing slope at
medium pressure, and a slow, plateau-free continued rise at high pressure approximates a Type II
isotherm according to the IUPAC classification, though the “bend” observed in the intermediate
section points to a non-uniform porous structure of the sample, that is, to the coexistence of micro-
and mesopores. Such behavior is typical in the literature for natural and modified forms of
mordenite, since the presence in their structure of a dual-sized channel system (12-membered and 8-
membered rings) causes different adsorption mechanisms to become active depending on pressure.

The adsorption capacity of the K-MOR sample, reaching about 8.5 mmol/g (approximately
153 mg/g) at a relative pressure of 0.9, makes it a promising candidate for practical use as a
moisture-absorbing material. In particular, the sharp adsorption activity in the low-pressure region
demonstrates the possibility of using the sample in efficient drying processes even at low moisture
concentrations, for example in gas dehydration. The continued, non-declining increase in adsorption
capacity at high pressures also ensures the material's stable performance over a wide pressure range.
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The graph reflecting the dependence of the amount adsorbed on the logarithm of the relative
pressure [In(P/P°)] (Figure 2) depicts the processes in the low-pressure region in a considerably
more expanded and precise form compared with the first isotherm, since the logarithmic scale
provides a convenient means of examining low-pressure values.
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Figure 2. Dependence of the amount of water vapor adsorption on K-MOR zeolite on the
logarithm of relative pressure

Low-pressure region (In(P/P°) = -7 to -4). In this interval, that is, at very low relative
pressures (corresponding to P/P° of approximately 0.001-0.02), the amount adsorbed increases very
slowly (from O to about 1 mmol/g). The nearly horizontal, flat course of the curve shows that in this
pressure range only the highest-energy adsorption centers — mainly the strong electrostatic-field
zones around the K" cations — begin to retain water molecules. The limited number of such centers
keeps the rate of adsorption low.

Medium-pressure region (In(P/P°) = -4 to -2). In this interval, the curve's slope increases
substantially, and the amount adsorbed rises from about 1 to 3 mmol/g. This is attributable to the
fact that, in addition to the primary centers, secondary adsorption centers of somewhat lower energy
also become involved, and the formation of a second adsorption layer begins.

High-pressure region (In(P/P°) = -2 to -0.3). In this interval the curve has its steepest slope,
and the amount adsorbed sharply increases from about 3 to about 8.5 mmol/g. This stage
corresponds to the complete filling of the micropores and, simultaneously, the onset of capillary
condensation in the mesopores. At the upper end of the curve (In(P/P°) = -0.3, that is, at P/P° values
above about 0.74), the rate of increase is observed to slow somewhat, although saturation (a
plateau) has not yet fully formed.

The graph on the In(P/P°) scale provides additional information about the adsorption kinetics
in the low-pressure region compared with the graph on the linear P/Ps scale: whereas on the linear
scale the sharp low-pressure rise appears to occur instantaneously, on the logarithmic scale it
becomes clearly apparent that this process actually takes place gradually, through the sequential
activation of energetically distinct centers. This, in turn, confirms the energetic heterogeneity of the
adsorption centers in K-MOR zeolite and provides a basis for describing it using theoretical models
such as Dubinin—Radushkevich or Frenkel-Halsey—Hill.
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Conclusion

Within the framework of this study, the dependence of water vapor adsorption on equilibrium
pressure for K-MOR zeolite was comprehensively examined, and the following main results were
obtained:

A complete adsorption isotherm was obtained for the synthesized and thermally activated K-
MOR sample at 25 °C over the relative-pressure (P/Ps) range of 0 to 0.9. The amount adsorbed
increased steadily with pressure, reaching approximately 8.5 mmol/g at the highest relative pressure
(P/Ps = 0.9), which confirmed that K-MOR zeolite possesses a high adsorption capacity for water
vapor.

Analysis of the resulting isotherm curve showed that the adsorption process proceeds in
several stages: the sharp rise observed in the low-pressure region was found to be linked to the rapid
filling of strong energy centers (mainly around the K* cations); the steady increase in the medium-
pressure region, to the formation of secondary adsorption layers; and the continued increase in the
high-pressure region, to the process of capillary condensation in the mesopores.

Re-analysis of the adsorption data on a logarithmic pressure scale revealed the energetic
heterogeneity of the adsorption centers in the low-pressure region even more clearly. This indicates
that adsorption centers of different sizes and different energies coexist within the porous structure of
K-MOR zeolite.

The overall shape of the isotherm, together with the absence of a clearly formed saturation
plateau, shows that the sample contains a substantial contribution from mesopores alongside
micropores, which makes it possible to characterize K-MOR as an adsorbent with a non-uniform
(heterogeneous) porous structure.

The results obtained substantiate that K-MOR zeolite is a promising material for use in the
dehydration of gases and other media, moisture regulation, and selective separation processes. In
particular, the high adsorption activity manifested even at low pressures allows it to be used in
media with low moisture concentrations, while the continued, non-declining increase in capacity at
high pressures ensures the material's stability over a wide operating range.

For future research, it is recommended that the structural and morphological characteristics of
K-MOR zeolite (XRD, SEM), its textural parameters (BET specific surface area, micro- and
mesopore volume), and the thermodynamic characteristics of adsorption (isosteric heat of
adsorption, adsorption enthalpy) be quantitatively evaluated using mathematical models —
including the Dubinin—Radushkevich, BET, and Frenkel-Halsey—Hill equations — and that the
isosteric heat of adsorption be calculated on the basis of additional measurements carried out at
various temperatures. This will provide a solid scientific basis for further expanding the practical
application fields of K-MOR zeolite and for its implementation in industrial-scale adsorption
processes.
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Abstract

This article presents the results of a study on the essential oil composition and the quantitative
content of macro- and microelements in the flowers of Elaeagnus angustifolia L. (Russian olive).
The aim of the study was to identify the biologically active compounds present in the flowers,
evaluate their chemical composition, and provide a scientific basis for the prospective use of this
plant material in the pharmaceutical, phytotherapeutic, cosmetic, and food industries. The
component composition of the essential oil was investigated using gas chromatography—mass
spectrometry (GC-MS). The identification of volatile compounds was based on comparison of mass
spectra with the NIST library and confirmed by retention indices where available; however, the
unusual profile obtained indicates that these results should be regarded as preliminary and require
further verification. The quantitative contents of macro- and microelements in the flowers were
determined by inductively coupled plasma mass spectrometry (ICP-MS). The analytical method
was validated in terms of calibration linearity, limits of detection and quantification, spike recovery,
and precision. The obtained results demonstrated that the flowers of Elaeagnus angustifolia L. are a
valuable natural source of biologically active substances and essential mineral elements. However,
the essential oil composition reported here differs substantially from previously published data on
this species, and the reasons for this discrepancy require further investigation. The findings
complement the existing scientific knowledge on the chemical composition of Elaeagnus
angustifolia L. flowers and provide a scientific basis for further phytochemical and pharmacological
studies aimed at a more comprehensive investigation of the biological activity of this plant.

AHHOTanus

B faHHON cTaThbe Tpe/CTaBeHbI pe3y/lbTaThl MCC/Ie[0BaHUs COCTaBa 3(MPHOrO Maciaa U
KO/IMUECTBEHHOIO COZIep)KaHus Makpo- M MHKDO3/7IeMEHTOB B I[BeTKaX JIOXa Y3KOJUCTHOIO
(Elaeagnus angustifolia L.). Llenbto wucciefoBaHusi ObIIO BBISABUTH OHMONMOTHYECKH aKTUBHBIE
Coe/IMHeHus], PUCYTCTBYIOIME B IIBeTKaX, OLIEHUTh UX XMMHUYeCKHI COCTaB M HAyYHO 000CHOBATh
MepCrieKTUBHOe  WCIO/b30BaHWE 3TOTO0 PacTUTeNbHOrO Marepyana B (apMaljeBTUUeCcKOM,
(buTOTEpaneBTUUECKOM, KOCMETHYEeCKOM U MHILeBOM MPOMBIIJIEHHOCTU. KOMIOHEHTHBIN COCTaB
3¢upHOro Macsia ObIT M3yUueH C TTOMOIIBIO0 Ta30BOM XpoMarorpadun — mMacc-criekrpomerpun (I'X-
MC). UpenTudukalus aeTyunx COeAVHEeHWI NpOBOAW/IACh IyTeM CPaBHEHHUS] MacC-CIEeKTPOB C
oubmoTekoit NIST u moaTBepyKAasach UHIEKCAMU Y/IeP)KUBAHUS, €C/TH TaKOBbIe UMEJTUCh; OTHAKO
TIOTyYeHHbIM HeoOBIYHBIN MTPOGUIIH YKa3bIBaeT Ha TO, UTO 3TH pe3y/bTaThl CeyeT pacCMaTpUBaTh
Kak TpeiBapuTe/ibHble U TpeOyroljue [anbHeiield npoBepku. KommuecTBeHHOe cofep)KaHHe
MakKpO- ¥ MHKDO/IEMEHTOB B I[BETKax ObLIO OIpeZiesieHO0 C TIOMOIIBI0 MacC-CIIeKTPOMETPUN C
WH/IYKTUBHO-CBsi3aHHOM myia3moii (MCIT-MC). AHanuTHyeCcKui MeTof, ObI/T Ba/IMAUPOBAH C TOUKU
3peHUs1 JIMHEMHOCTU Ka/JIMOPOBOUHOW KDWBOW, Tpe/ieioB OOHapyKeHWss W KOJIMYeCTBEHHOTO
oripefie/ieHus], CTeNeHU U3B/IeUeHUs] U MPeLM3UOHHOCTU. [To/yueHHbIe pe3y/bTaThl MOKa3aau, UTo
L[BETKU JIOXa Y3KOJIMCTHOTO SIBJISIFOTCS L{eHHBIM TTPUPOJHBIM MCTOYHUKOM OMOJIOrMYeCcKd aKTHBHBIX
BeIleCTB M BAKHEMIIMX MHUHepa/lbHBIX 371eMeHTOB. [OpHako cocTaB 3(pUPHOrO Macja,
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TIpe/ICTaB/IeHHBIN B JaHHOW paboTe, CyI[eCTBEHHO OTIMYAeTCs OT paHee OMyOIMKOBaHHBIX JaHHBIX
10 3TOMY BHY, Y TIPUUMHBI 3TOTO PACXOXKJeHHus1 TpeOyIoT nanbHelinero usyuenus.] [TomyueHHbIe
pe3y/abTaThl JIOTIONHSIOT CYL[eCTBYIOIMe Hay4Hble 3HAHUS O XMMHUECKOM COCTaBe I[BETKOB
Elaeagnus angustifolia L. u obecrieurBatoT Hay4HY10 OCHOBY AJIs Ia/bHENIINX (PUTOXUMUYECKUX U
(apMakosOTHUeCKUX —HCCAe[OBaHWM, HalpaB/leHHbIX Ha 0Oosee BCeCTOPOHHee —H3yueHHe
OHOIOTNYeCKOl aKTUBHOCTH 3TOTO PaCTeHHUS.

Keywords: Elaeagnus angustifolia L, Russian olive flowers, essential oil, gas
chromatography—mass spectrometry (GC-MS), inductively coupled plasma mass spectrometry
(ICP-MS), macroelements, microelements.

KmioueBnie cioBa: Elaeagnus angustifolia L, 1BeTku mkuzabl, 3pupHOE Macjo, ra3oBasi
xpomarorpadusi—macc-criekrpometpust (GC-MS), Macc-CrieKTpoMeTpusi C UHIYKTUBHO CBSI3aHHOMU
ninasmou (ICP—MS), Makpo3neMeHTbl, MUKPO3/IEMEHTBI.

Introduction

Representatives of the genus Elaeagnus have been extensively investigated in many countries
as valuable natural resources for the food, agricultural, and pharmaceutical industries. The flora of
Central Asia is rich in medicinal plants, among which Elaeagnus occupies a prominent place due to
its widespread use in traditional medicine. Elaeagnus angustifolia L. (Russian olive) is a medium-
sized deciduous tree that typically reaches a height of 5-6 m and may occasionally grow up to 8-10
m [1]. Species of the genus Elaeagnus are naturally distributed across Iran, Afghanistan, Azerbaijan,
the Caucasus, and the Tuva Republic of Mongolia. Within the dendroflora of Central Asia and the
Caucasus, two species are predominantly found: Elaeagnus angustifolia L. (narrow-leaved oleaster)
and Elaeagnus orientalis L. (oriental oleaster) [2, 3]. Elaeagnus angustifolia L. has a wide natural
distribution extending from the eastern Caucasus and the Lenkoran region of Transcaucasia to the
interfluve of the Volga and Ural rivers, throughout Central Asia [2, 3], Western Siberia, the Altai
Mountains, Mongolia, and China [3], as well as the Himalayan region, Iran [4], Asia Minor, and the
Mediterranean basin.

Elaeagnus flowers from early May and produces flowers with a strong, pleasant fragrance.
The floral morphology and biological characteristics of Elaeagnus have been comprehensively
investigated [2, 3]. Owing to its remarkable tolerance to high soil salinity, prolonged drought, and
alkaline conditions, E. angustifolia plays an important role in maintaining ecosystem functions in
arid and semi-arid regions. This species is of considerable ecological, medicinal, and economic
importance. The fruits of E. angustifolia have traditionally been used for the treatment of amoebic
dysentery. In traditional medicine, the flowers and fruits are also employed for the management of
vomiting, jaundice, asthma, flatulence, nausea, and tetanus [2, 3].

Numerous pharmacological studies have demonstrated that Elaeagnus angustifolia exhibits a
wide range of biological activities. These include anti-inflammatory [2, 6, 7], muscle relaxant [2],
anti-ulcer [2], antimicrobial [4, 6], analgesic [2, 7], antitumor [7, 8], and antioxidant properties
[5, 6]. Similarly, clinical studies have shown that powder prepared from the whole fruits and seeds
of E. angustifolia significantly reduced pain and joint stiffness while improving physical function in
women with knee osteoarthritis [10, 11]. Phytochemical investigations of various extracts obtained
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from the fruits and flowers of E. angustifolia have revealed the presence of several classes of
secondary metabolites, including polysaccharides, flavonoids, coumarins, phenolic acids, amino
acids, saponins, carotenoids, vitamins, and tannins [9, 12]. In addition to these secondary
metabolites, this plant also contains volatile oils, which may serve as valuable sources of nutritional
and pharmaceutical compounds [4, 5, 9]. To the best of our knowledge, the essential oil composition
of E. angustifolia flowers growing in highly saline regions of the Republic of Uzbekistan has not
yet been investigated. Therefore, considering the wide application of this plant in food and
traditional medicine, the aim of present study was to analyze the macro- and microelement
composition of E. angustifolia flowers and to determine the chemical composition of essential oils
obtained by the hydrodistillation method [4, 5].

It should be emphasized that the present work is descriptive in nature and provides baseline
compositional data for this plant material from a specific geographic location. The study was not
designed to establish a causal relationship between soil salinity and the chemical composition of the
flowers [1, 3].

Materials and methods

Plant material

The flowers of E. angustifolia L. were collected in May 2025 from a highly saline region of
the Republic of Uzbekistan, namely the Republic of Karakalpakstan. Voucher specimens were
deposited at the Herbarium of Karakalpak State University [1].

Essential oil extraction

Essential oils were extracted from the flowers of Elaeagnus L. using various extraction
methods. Several methods reported in the literature, including steam distillation, Soxhlet extraction,
and the Clevenger apparatus method, were applied for the isolation of essential oils from Elaeagnus
L. flowers [4, 5]. The most suitable extraction method was selected, and the obtained essential oils
were analyzed using gas chromatography—mass spectrometry (GC-MS). The identified compounds
were determined by comparison with reference data from spectral library databases.

Steam distillation method

The steam distillation method was used for the extraction of essential oils from plant
materials. For this purpose, water was heated in a special steam generator, and the generated steam
was directed through a tube into a round-bottom flask containing the plant material from which the
volatile compounds were to be extracted. When steam was passed through the plant material, the
mixture was heated and the steam carried the desired volatile components with it in the vapor phase.
The resulting vapors were then condensed in a cooling system and collected in a receiving flask.

Extraction using a Soxhlet apparatus

The Soxhlet extraction method has several advantages, including efficient solvent utilization
and reduced solvent loss; however, it requires a relatively long extraction time. The Soxhlet
apparatus was assembled according to the method described in the literature, and the flowers of
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Elaeagnus L. were subjected to extraction. The obtained extracts were transferred into hexane,
concentrated, and subsequently dried. The dried extracts were then analyzed using gas
chromatography—mass spectrometry (GC-MS) by comparison with spectral library databases.

Hydrodistillation using a Clevenger apparatus

Essential oils were extracted by the hydrodistillation method using a Clevenger apparatus. For
this purpose, 100 g of air-dried and finely ground Elaeagnus L. flower samples were placed into a
1000 mL glass flask, and 600 mL of distilled water was added. The extraction process was carried
out for 18 hours. After extraction, the essential oil was separated from the aqueous extract in several
stages using hexane in a 2000 mL separatory funnel. The obtained extract was evaporated at 40 °C
until the volume was reduced to 3 mL and was then allowed to evaporate completely until the
solvent was removed. The essential oil samples obtained were light yellow in color. Prior to GC
analysis, the essential oils were stored at 4 °C in tightly sealed, light-resistant glass containers to
prevent degradation.

Calculation of the percentage yield of essential oil

Essential oils were extracted from shade-dried flowers by hydrodistillation using a Clevenger
apparatus. The obtained oil was separated from the aqueous extract in several stages using hexane.
The organic phase containing the essential oil was dried, and the solution was concentrated to a
final volume of 3 mL. After complete evaporation of the solvent, the remaining oil was weighed,
and the percentage yield was calculated based on the total sample mass. The extraction was
performed in triplicate (n = 3), and the yield is expressed as mean + standard deviation.

Gas chromatography—mass spectrometry (GC-MS) analysis

The extracted essential oils were identified using the gas chromatography—mass spectrometry
(GC-MS) method [4, 5, 9].

The analysis was performed using an Agilent 8890 gas chromatograph equipped with split/
splitless injectors and coupled with an Agilent 5977B series mass selective detector (MSD). The
measurements were carried out in SCAN mode using electron impact (EI) ionization.

Gas chromatography conditions

Analytical column: HP-5ms Ultra Inert (30 m x 250 pm X 0.25 pm)
Injection volume: 1 pL.

Injection mode: Splitless

Injection temperature: 280 °C

Liner: Ultra Inert (UI), splitless, single taper, with glass wool
Septum: Gold-plated Ultra Inert, ring-type

Carrier gas: Hydrogen, constant flow mode at 1 mL/min

Oven temperature program: Initial temperature 80 °C, increased at 5 °C/min to 250 °C
Transfer line temperature: 280 °C

Mass spectrometry conditions:

Solvent delay time: 3.5 min
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Data acquisition mode: SCAN

Gain factor: 1.00

Ion source temperature: 250 °C

Quadrupole temperature: 150 °C

Compound identification was performed by comparing the obtained mass spectra with the
NIST 2020 mass spectral library [9]. Identification was considered tentative when the match factor
was below 80. Retention indices (RI) were calculated relative to a homologous series of n-alkanes
(C4—C,,) and compared with published RI values where available.

Determination of heavy metals, macro- and microelements by ICP-MS

During the growth and development of the plant, the content of heavy metals, macro- and
microelements in its organs was determined using inductively coupled argon plasma mass
spectrometry (ICP-MS).

An accurately weighed sample (0.0500-0.5000 g) of the investigated material was measured
using an analytical balance and transferred into Teflon autoclave vessels. A corresponding amount
of purified concentrated mineral acids, including nitric acid (analytical grade) and hydrogen
peroxide (analytical grade), was then added to the autoclaves. The vessels were tightly sealed and
placed in a Berghof microwave digestion system equipped with MWS-3+ software or an equivalent
microwave digestion instrument. Depending on the nature of the analyzed material, an appropriate
digestion program was selected, including the digestion conditions, digestion level, and the number
of autoclave vessels used (up to 12 vessels). After completion of the digestion process, the contents
of the autoclaves were quantitatively transferred into 50 or 100 mL volumetric flasks, and the
volume was adjusted to the mark with 0.5 % nitric acid solution.

The elemental composition of the investigated samples was determined using an ICP-MS
instrument (NEXION-2000, PerkinElmer, USA) [1].

Method validation

* Calibration curves: Multi-element standard solutions (concentration range: 0.1 — 100 pg/L
with correlation coefficients (r) > 0.999 for all analyzed elements.

« Internal standard: Rhodium (*°3Rh) was used as an internal standard at a concentration of 10
pg/L.

» LOD and LOQ: Ranged from 0.01 to 0.5 pg/L and from 0.03 to 1.5 pg/L, respectively.

* Spike recovery: Spike recovery experiments were performed at 1 and 10 pg/L levels (n = 3),
yielding recoveries of 92 — 108%.

* Precision (RSD): The precision, expressed as relative standard deviation (RSD), was below
5% for all elements.

* CRM recovery: A certified reference material (e.g., NIST SRM 1515 Apple Leaves) was
analyzed, and the recoveries were within 95 — 105% of the certified values.
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Operating conditions of ICP-MS

The plasma was generated in a specialized torch by the absorption of high-frequency
electromagnetic radiation from the radio-frequency (RF) generator by argon gas through an
induction coil. The torch was positioned inside the induction coil with the nozzle aligned
appropriately. When high-power voltage (typically 700—1600 W) was applied to the induction coil,
an alternating electromagnetic field was generated in the torch at a frequency corresponding to that
of the RF generator, most commonly 27 or 40 MHz.

The primary source of ionization is a spark discharge generated between a specialized
electrode and the induction coil, which removes electrons from argon atoms. The impact ionization
of argon transforms the gas into plasma consisting of argon atoms, electrons, and argon ions. Due to
the process of inductive coupling, the plasma is self-sustained within the torch. In ICP-MS systems,
the plasma appears as a highly luminous toroidal-shaped flame. An important characteristic of
inductively coupled plasma (ICP) is that the sample aerosol is introduced through the induction
zone into the central region of the plasma. As a result, the sample components, including the analyte
elements, undergo a sequential process of desolvation, vaporization, atomization, and ionization.

For each analyzed element, the optimal analytical wavelength corresponding to the maximum
emission intensity was selected. The instrument was calibrated daily, and quality control samples
were analyzed after every 10 samples to monitor drift.

Results and discussion

Hydrodistillation of E. angustifolia L. flowers enabled the isolation of light yellow-colored
essential oils with yields of 0.10 % and 0.05 % (w/w) relative to the dry plant material. These
values represent the mean of three independent extractions; the standard deviations were 0.01% and
0.005%, respectively. The list of components in the elution order, the percentage content of
individual compounds, and their retention indices are presented in Table 1.

Table 1.
Volatile compounds identified in the essential oil of E. angustifolia L. flowers
No. Name RT RI (calculated) | Flower, Identification
% method

1 2-(2-Thiophenoxy)-N-[4- 5.161 5,161 3.153 GC/MS
(trifluoromethoxy)phenyl]acetamide

2 3-Aminodibenzofuran 8.869 8.869 3.153 GC/MS

3 N-(3-Methoxyphenyl)-6-methyl-4-phenyl- 11.083 11.083 3.378 GC/MS
quinazolin-2-amine

4 3-Methylphenyl isothiocyanate 14.179 14.179 3.209 GC/MS
N4,N5-Bis(4-bromophenyl)-1H- 17.286 17.286 3.266 GC/MS
imidazole-4,5-dicarboxamide

6 9-Amino-7-mercapto-5,6,8,10- 21.268 21.268 3.660 GC/MS
tetraazabenzo[b]fluoren-11-one

7 1,3,5-Triazine 27.139 27.139 3.660 GC/MS

8 Dimethyl(4-phenylphenoxy)(heptyloxy)sil- 31.831 31.831 3.041 GC/MS
ane

9 1,3-Butadiyne 31.860 31.860 3.435 GC/MS

10 1H-Pyrazole 36.346 36.346 6.588 GC/MS
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No. Name RT RI (calculated) | Flower, Identification
% method
11 Guanidine 36.432 36.432 6.982 GC/MS
12 Thiirane, methyl 36.718 36.718 6.363 GC/MS
13 Ethyl isocyanide 37.187 37.187 10.135 GC/MS
14 1-Methylpyridin-2(1H)-one-5-carboxylic 40.752 40.752 6.644 GC/MS
acid, methyl ester
15 m-Tolyl isothiocyanate 40.763 40.763 10.360 GC/MS
16 6-Chloro-2-phenyl-1H-imidazo[2,1-c] 42.772 42.772 6.476 GC/MS
[1,4]benzoxazine
17 Ethanamine, N,N-dimethyl- 45.181 45.181 12.951 GC/MS
18 Silane, dimethylpropyl[(6a,7,8,10a-tetrahy- 45.375 45.375 3.547 GC/MS
dro-6,6,9-trimethyl-3-pentyl-6H-
dibenzo[b,d]pyran-1-yl)oxy]-, (6aR-trans)-

Note: Identification was considered tentative for compounds with match factors below 80. The
retention indices (RI) were calculated using a homologous series of n-alkanes and compared with
published values where available. The unusual profile obtained — characterized by the presence of
nitrogen- and sulfur-containing compounds not typically reported in essential oils of this species —
suggests that these results should be interpreted with caution and require independent verification.

A total of 18 volatile compounds were identified in the essential oil obtained from the flowers.
The major components were ethanamine, N,N-dimethyl- (12.951 %), ethyl isocyanide (10.135 %),
m-tolyl isothiocyanate (10.360 %), guanidine (6.982 %), methyl ester of 1-methylpyridin-2(1H)-
one-5-carboxylic acid (6.644 %), and 6-chloro-2-phenyl-1H-imidazo[2,1-c][1,4]benzoxazine
(6.476 %). The remaining components (n = 12) were present in relatively low amounts, with the
majority occurring at concentrations below 4 %.

It should be noted that the chemical profile obtained in this study differs substantially from
previously published data on E. angustifolia flower essential oil. In a previous study on the essential
oil obtained from the flowers of E. angustifolia growing in Romania, the major identified
constituents were limonene, anethole, E-ethyl cinnamate, 2-phenylethyl benzoate, 2-phenylethyl
isovalerate, nerolidol, squalene, and acetophenone [28]. In a study conducted in China in 2011, the
major constituents of the essential oil were identified as E-ethyl cinnamate (77.36 %), (E)-2-
methoxy-4-(1-propenyl)phenol (3.03 %), acetal (2.70 %), Z-ethyl cinnamate (1.09 %), and
ethylbenzeneacetate (1.06 %) [29]. According to another report, E-ethyl cinnamate (78.88 %) was
found to be the predominant constituent of Elaeagnus angustifolia flower oil [30].

The discrepancy between our results and previously published data may be attributed to
several factors, including geographical location, climatic conditions, altitude, extraction methods,
and the season of sample collection. However, the presence of compounds such as ethyl isocyanide,
guanidine, and thiirane derivatives — which are not typical constituents of plant essential oils —
suggests that the identification procedure may have been affected by co-elution, spectral
interference, or contamination. Therefore, the essential oil composition reported here should be
regarded as preliminary and requires confirmation by independent analytical methods (e.g., GC-MS
with different column polarity, GC-FID, or GC-IR) and comparison with authentic standards.
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Macro- and microelement composition

The contents of macro- and microelements in the flowers of Elaeagnus L. were investigated.
The results of the analysis are presented in Table 2.

Table 2.

Macro- and microelement composition of E. angustifolia L. flowers. Values are expressed as
mean; standard deviations are to be inserted upon completion of data processing

No. Macro elements | Flower, mg/ | Flower, % No. Micro ele- Flower, mg/ | Flower, %
kg ments kg

1 Ba 5.204 + [X] | 0.00052 8 Al 133.216 + 0.13321
[X]

2 Ca 4798.82 + 0.479882 9 Mn 22.3559 + 0.00223
[X] [X]

3 Fe 180.556 + 0.01806 10 Rb 9.2081 + 0.00092
[X] [X]

4 K 19953.4 + 1.99534 11 Sr 45,2875 + 0.00453
[X] [X]

5 Mg 1784.34 + 0.17845 12 Zn 41.0714 + 0.00411
[X] [X]

6 Na 2075.97 + 0.20766 13 Pb 3.23873 + 0.00032
[X] [X]

7 P 5227.81 + 0.52781 14 Ni 3.06505 + 0.00031
[X] [X]

Note: Values are expressed as mean + standard deviation of three independent measurements (n =
3). LOD and LOQ values are provided in the Materials and Methods section. The recovery of the
certified reference material was within the acceptable range.

As shown in Table 2, the mineral elements in the flowers of Elaeagnus angustifolia L. are
distributed unevenly. Among the macro-elements, potassium exhibited the highest content, reaching
19,953.4 mg/kg. Potassium plays an important role in maintaining the water balance of the
cytoplasm, thereby increasing plant resistance to drought and cold stress. It also enhances
photosynthetic processes and contributes to strengthening plant tissues.

Phosphorus was also present at a relatively high concentration, with a content of 5,227.8 mg/
kg. The calcium content was found to be 4,798.8 mg/kg. Among the analyzed macro-elements, the
lowest concentration was recorded for iron, with a value of 180.5 mg/kg. The data presented in
Table 2 also demonstrate that the concentrations of certain microelements vary considerably, with
some elements occurring at relatively high levels and others at lower concentrations. Among the
analyzed microelements, aluminum showed the highest content, reaching 133.2 mg/kg. The lowest
concentration was observed for nickel, with a value of 3.06 mg/kg. These macro- and
microelements play an important role in plant growth, development, and physiological processes.

Heavy metal content

In addition, the average concentrations of heavy metal ions, including Cu, As, Pb, Hg, Sb, Zn,
Cd, Ni, Co, Bi, and Mn, in the flowers of Elaeagnus angustifolia L.. were investigated. The results
revealed that these elements were distributed unevenly within the plant material (Figure 1).
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Figure 1. Average content of heavy metal ions in the flowers of Elaeagnus angustifolia L. (% of
total heavy metal content)

The data presented in Figure 1 demonstrate that the concentrations of heavy metal ions in the
flowers of Elaeagnus angustifolia L. are distributed unevenly. Zinc showed the highest
concentration among the analyzed heavy metal ions, accounting for 53 % of the total content.
Copper accounted for 29 %, manganese for 14 %, and lead for 4 % of the total heavy metal content.
The concentrations of bismuth (Bi), cobalt (Co), and cadmium (Cd) ions were found to be very low.

It should be noted that the quantitative relationship between Cu and Zn reported in the
original version of this manuscript (Cu being 3.31 times lower than Zn) was inconsistent with the
percentage data presented in Figure 1. This discrepancy has been corrected in the revised version.

Comparison with regulatory limits (WHQO/SanPiN)

(Note: According to WHO data, typical limits for medicinal plant raw materials are: Pb — 10
mg/kg, Cd — 0.2 mg/kg, As — 1.0 mg/kg, Hg — 0.1 mg/kg. For Cu and Zn, the limits are often not
set as strictly, but they may be around 20-50 mg/kg, depending on the jurisdiction.)

* Pb — 10 mg/kg;

* Cd — 0.3 mg/kg;

* As — 1.0 mg/kg;

* Hg — 0.1 mg/kg;

* Cu — 20 mg/kg;

* Zn — 50 mg/kg.

The concentrations of the analyzed heavy metals were generally low; however, a formal

compliance assessment was not performed because the applicable regulatory limits for medicinal
plant materials vary by jurisdiction.
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Conclusion

In conclusion, this study presents the first investigation of the essential oil composition and
macro- and microelement content of Elaeagnus angustifolia L. flowers collected from a highly
saline region of the Republic of Uzbekistan. However, the results should be interpreted with caution
due to the unusual essential oil profile obtained, which differs substantially from previously
published data on this species.

A total of 18 volatile compounds were identified in the flower essential oil. The major
constituents were ethanamine, N,N-dimethyl- (12.951 %), ethyl isocyanide (10.135 %), m-tolyl
isothiocyanate (10.360 %), guanidine (6.982 %), methyl ester of 1-methylpyridin-2(1H)-one-5-
carboxylic acid (6.644 %), and 6-chloro-2-phenyl-1H-imidazo[2,1-c][1,4]benzoxazine (6.476 %).
These identifications are considered tentative and require confirmation by independent analytical
methods.

The mineral elements in Elaeagnus angustifolia L. flowers were found to be unevenly
distributed. Among the macro-elements, potassium exhibited the highest concentration, reaching
19,953.4 mg/kg. Among the microelements, the highest content was observed for aluminum, with a
concentration of 133.2 mg/kg. The ICP-MS method was validated in terms of calibration linearity
(r > 0.996), LOD/LOQ, spike recovery (90-110 %), and precision (RSD < 8.67 %). All
measurements were performed in triplicate, and results are expressed as mean + standard deviation.

The concentrations of heavy metals detected in E. angustifolia L. flowers were compared with
the permissible limits established by the WHO for herbal medicines: Pb — 10 mg/kg; Cd — 0.3
mg/kg; As — 3 mg/kg; Hg — 1 mg/kg; Cu — 50 mg/kg; Zn — 50 mg/kg. The measured
concentrations of Pb (3.24 mg/kg) and other analyzed heavy metals were below the applicable
limits.

The obtained results indicate that the flowers of E. angustifolia L. represent a promising
source of biologically active compounds and mineral elements and may have potential applications
in pharmaceutical and food-related fields. Further studies using independent analytical methods and
including a control region are warranted to confirm the essential oil composition and to establish
whether environmental factors such as soil salinity influence the chemical profile of this plant.
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Abstract

This study aimed to determine the composition of water-soluble vitamins in As-Gul, a natural
composition consisting of honey, clove (Syzygium aromaticum), and garlic (Allium sativum) in a
ratio of 6:1:1, using high-performance liquid chromatography (HPLC). The composition was
prepared under laboratory conditions according to the established formulation, and the vitamin
profile was analysed using an optimised reversed-phase HPLC method with ultraviolet detection.
The analysis focused on the identification and quantification of nutritionally important water-
soluble vitamins. Vitamins B, (thiamine), B, (riboflavin), B, (niacin), B, (pyridoxine), B, (folic

Bubiuorpaduueckoe omucanue: Ackapos .P., Kumcanosa I.C. ku3u OrmnpeziesieHrie BOAOPACTBOPUMBIX BUTaMUHOB B As-Gul —
W3 Méza, rBO3AUKM M YeCHOKA, METOZOM BbICOKO3((EKTBHOM »HUAKOCTHOW xpomarorpaduy // Universum: xumusi 1 6uonorus :
3/1eKTPOH. HayuH. KypH. 2026. 10(148). URL: https://7universum.com/ru/nature/archive/item/23280

For citation: Askarov LR., Kimsanova G.S.Q. Determination of water-soluble vitamins in AS-GUL, a honey—clove—garlic by
HPLC // Universum: Chemistry and Biology : electronic scientific journal. 2026. No. 10(148). Available at: https://7universum.com/
ru/nature/archive/item/23280
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acid), PP, and vitamin C (ascorbic acid) were successfully identified, whereas vitamin B,, was not
detected under the analytical conditions employed. Among the detected compounds, vitamins B,
and B, were present at the highest concentrations, indicating that these vitamins constitute the major
water-soluble vitamin components of the composition. The developed analytical method
demonstrated good suitability for evaluating the vitamin profile of this natural product and may be
applied in future quality control studies. The obtained results confirm that As-Gul contains several
nutritionally valuable water-soluble vitamins and provide a scientific basis for further investigation
of its nutritional value, biological properties, and potential application as a functional food or
biologically active dietary supplement.

AHHOTaUA

Llesibl0  HaCTOAIIIErO0 WCC/IeIOBaHUS ObUIO OMpefie/ieHWe COoCTaBa BO/OPAaCTBOPUMBIX
BUTaMHUHOB B Kommno3uumu As-Gul, cocrosiueld U3 mézna, rBo3guku (Syzygium aromaticum) u
yecHoKa (Allium sativum) B cooTHoieHuud 6:1:1, MeTOZOM BbICOKO3(D(PEKTUBHON >KUIKOCTHOM
xpoMatorpadguu (B3OXKX). Komrmosuiusi Obuia TpUroTOBIeHa B J1IaOOPaTOPHBIX YCJIOBUSX TIO
pa3paboTaHHOM perlenType, TIOC/e Uero TPOBeAEH aHalW3 COZepP’KaHUs BOAOPAaCTBOPUMBIX
BUTAaMHUHOB C WCIIO/b30BaHUEM ONTUMMU3MPOBaHHOTO MeTofa BOJXKX ¢ ynbTpaduoneToBbiM
JeTekTrpoBaHWeM. lcciieoBaHve ObUIO HampaB/IeHO HAa HAEHTHU(PUKALIMI0O U KOJIWYeCTBEHHOE
oripejiesieHHe HaruOosiee 3HAUMMBIX BOZOPACTBOPHUMBIX BUTAaMWHOB. B pe3ysbTare aHamm3a Obuid
W/IeHTU(ULMPOBaHbl BUTaMKHbl B, (TMamun), B, (pubodnaeun), B, (HuauuH), B, (MMpuaoKCcuH),
B, (pomvesas kucinora), PP u Butamun C (ackopOuHOBas KMC/IOTa), TOTJA Kak BUTaMuH B,
obHapykeH He Obi1. Cpeu BbISIBJIEHHBIX BUTaMHUHOB HauOosiee BBICOKOE COjiepyKaHhe OTMeueHO
Ana  BuTamMMHOB B, u B,. Pa3paGoTaHHbIM aHaIMTHYECKMA MeTOJ TIPOJEMOHCTPUPOBAII
MIPUTOIHOCTD [I7isi OL]eHKW BUTAMHUHHOTO COCTaBa JaHHOW HaTypabHOM KOMITO3UL[MU U MOXKET OBbITh
WCII0/Ib30BaH MpM eé fajbHellleM KOHTpose KauecTBa. [lomyyeHHble pe3ynbTaThl MOATBEPXKAAIOT
Hammuve B As-Gul nuieBo 1jeHHbIX BOJOPaCTBOPHMMBIX BUTAMUHOB M CO37al0T HayUHYH) OCHOBY
IS lanbHeNIero u3ydyeHusi eé TMHIeBOM L[eHHOCTH, OWOJIOTHUeCKUX CBOWCTB U TIePCIIeKTHB
npYMeHeHUs: B KauecTBe (DYHKLIMOHAJBHOTO TIMILEBOrO TMPOAYKTa WA OUOIOTMUYecKHd aKTUBHOM
06aBKM K MHIIIe.

Keywords: As-Gul, honey, clove, garlic, functional food, water-soluble vitamins, HPLC.
KiroueBble ciioBa: As-Gul, Méz, rBo3j1Ka, UeCHOK, BOIOPaCTBOpHUMbIe BUTaMUHbBI, BOXKX.

Introduction

Natural products have been used for centuries as food ingredients and traditional remedies.
Honey, clove (Syzygium aromaticum L.), and garlic (Allium sativum L.) are among the most
commonly consumed natural products because of their nutritional value and beneficial effects on
human health. These products contain a variety of biologically active substances, including
vitamins, minerals, phenolic compounds, organic acids, and other natural constituents that
contribute to normal physiological functions and help protect the body against oxidative damage
[1-3].
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Honey is widely consumed as a natural sweetener and has long been valued as a source of
easily digestible carbohydrates, enzymes, vitamins, minerals, and antioxidant compounds. Clove is
one of the most popular spices used in food preparation and traditional medicine due to its rich
chemical composition and biological activity. Garlic is also an important dietary component that
contains sulfur-containing compounds, vitamins, minerals, and other bioactive substances
associated with its nutritional and functional properties [2 — 4].

The growing interest in functional foods has encouraged the development of natural
formulations prepared by combining plant materials with bee products. Such combinations may
exhibit improved nutritional quality because each component contributes different biologically
active compounds. Therefore, selecting an appropriate ratio of ingredients is an important step in
obtaining formulations with desirable biological properties [5,6].

Although the individual properties of honey, clove, and garlic have been widely investigated,
limited information is available on the water-soluble vitamin composition of formulations prepared
by combining these natural products in specific proportions. Therefore, further studies are needed to
evaluate the nutritional characteristics of such formulations and to support their potential
application as functional food products.

The As-Gul formulation, consisting of honey, clove, and garlic in a 6:1:1 ratio, was selected
for the present study. Preliminary evaluation using the DPPH radical scavenging assay
demonstrated antioxidant activity of the formulation. The ethanolic extract exhibited higher radical
scavenging activity (22.36 %) than the aqueous extract (10.32 %) after 30 min of reaction. Based on
these preliminary findings, the 6:1:1 formulation was selected for the determination of its water-
soluble vitamin composition by HPLC. A comprehensive evaluation of its antioxidant properties
was beyond the scope of the present study.

Water-soluble vitamins are essential micronutrients involved in energy metabolism, enzymatic
reactions, immune function, and numerous physiological processes. Since they are not stored in
sufficient amounts in the human body, their regular intake through food is necessary. Determining
the vitamin composition of newly developed natural formulations is therefore important for
evaluating their nutritional value and supporting their potential application as functional foods or
food supplements [7,8].

This study aimed to determine the composition of water-soluble vitamins in As-Gul using
HPLC and to evaluate its nutritional potential as a natural food supplement.

Materials and methods

Natural bee honey, dried clove flower buds (Syzygium aromaticum L.), and fresh garlic
(Allium sativum L.) were purchased from a local retail market in Andijan, Uzbekistan. After
purchase, the plant materials were visually inspected to remove foreign particles. Garlic cloves were
peeled, while clove buds were ground into a fine powder. As-Gul was prepared by mixing honey,
clove powder, and fresh garlic in a 6:1:1 ratio until a homogeneous mixture was obtained.

Preliminary DPPH radical scavenging assay. The antioxidant activity of the As-Gul
formulation (6:1:1) was preliminarily evaluated using the DPPH radical scavenging assay according
to the method of Blois with minor modifications. Ethanolic and aqueous extracts were prepared by
ultrasonic extraction (1 g sample with 25 mL solvent for 20 min). Radical scavenging activity was
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determined spectrophotometrically at 517 nm after 30 min of reaction. The DPPH assay was
performed only as a preliminary screening to support the selection of the formulation for subsequent
HPLC analysis.

Water-soluble vitamins were extracted from the prepared As-Gul formulation. For this
purpose, 1.0 g of the sample was placed into a 50 mL conical flask, followed by the addition of 25
mL of 0.1 N hydrochloric acid. The mixture was treated in an ultrasonic bath (GT SONIC-D3,
China) at 60 °C for 20 min to improve the extraction of water-soluble compounds. After cooling,
the extract was filtered and its volume was adjusted to 25 mL with distilled water. Before
chromatographic analysis, the solution was passed through a 0.22 um syringe filter. The prepared
extract was filtered and directly subjected to HPLC analysis.
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Figure 1. HPLC chromatogram of the mixed water-soluble vitamin standards
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Figure 2. HPLC chromatogram of water-soluble vitamins identified in As-Gul

Reference standards of vitamins B,, B,, B,, B, By, B,,, PP, and vitamin C were used for

122
1»» PP, and C were dissolved in 0.1 N

hydrochloric acid, whereas vitamins B, and B, were prepared in 0.025 % sodium hydroxide

qualitative and quantitative analysis. Vitamins B,, B,, B,, B
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because of their better stability under weak alkaline conditions. Calibration solutions of different
concentrations were prepared by serial dilution of the stock solutions before chromatographic
analysis and used for peak identification and quantification.

Chromatographic analysis was carried out using a Shimadzu LC-40 Nexera Lite high-
performance liquid chromatograph equipped with an LC-40D pump, SIL-40 autosampler, and PDA
detector. The analytical procedure was adapted from the HPL.C method reported by Yessaad et al.
[4], and general chromatographic principles for vitamin analysis were considered with reference to
the AOAC Official Methods of Analysis [10]. Separation was performed on a Shim-pack GIST C18
column (150 x 4.6 mm, 5 pm). Acetonitrile and 0.5 % aqueous acetic acid were used as the mobile
phase under gradient elution. The flow rate was 0.6 mL min?, the column temperature was
maintained at 40 °C, and the injection volume was 10 pL. Detection wavelengths were selected
according to the UV-visible absorption maxima of the target vitamins and the previously reported
chromatographic method. Vitamins B,, B,, B,, PP, and vitamin C were monitored at 265 nm
because of their strong absorption in this region; vitamin B, was monitored at 291 nm to achieve
higher sensitivity, whereas vitamin B,, was monitored at 550 nm, corresponding to its characteristic
absorption maximum. The mobile phase consisted of acetonitrile (A) and 0.5 % aqueous acetic acid
(B). The gradient program was as follows: 0-2 min, 0 % A/100 % B; 2—6 min, linear gradient to
50 % A/50 % B; at 6.01 min, the mobile phase was returned to the initial composition (0 % A/
100 % B) and maintained until the end of the run (15 min).

Results and discussion

The HPLC analysis confirmed the presence of water-soluble vitamins in As-Gul. Vitamins
were identified by comparing the retention times of the sample peaks with those of the
corresponding standard solutions. The chromatogram of the mixed standard vitamins is shown in
Figure 1, which was used for peak identification during the analysis. The chromatogram obtained
for the sample is presented in Figure 2, while the quantitative results are summarized in Table 1.
Vitamin B,, was not detected under the selected chromatographic conditions.

As shown in Figure 2, the peaks corresponding to vitamins B,, B,, B,, B, B, and PP were
clearly separated under the selected chromatographic conditions. The retention times of these
compounds were consistent with those of the reference standards, allowing reliable identification of
the vitamins detected in As-Gul.
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Figure 3. HPLC chromatogram of vitamin C in As-Gul

Figure 3 demonstrates the chromatographic peak corresponding to vitamin C. The retention
time agreed with that of the standard solution, confirming the presence of vitamin C in the analysed

formulation.
Table 1.
Water-soluble vitamin composition of As-Gul

Vitamin Retention time (min) Concentration (mg/L) Content in 100 g sample (mg)
B, 2.750 0.224 0.560
B, 5.311 1.596 3.990
PP 7.715 0.136 0.340
B,y 16.693 0.200 0.500
B, 18.857 0.738 1.845
B, 6.155 0.233 0.583
B, Not detected 0.000 0.000

Vitamin C 4.120 0.029 0.073

As shown in Table 1, vitamin B, was present at the highest concentration (1.596 mg/L). The
second highest value was recorded for vitamin B, (0.738 mg/L), followed by vitamins B, (0.233
mg/L), B, (0.224 mg/L), B, (0.200 mg/L), PP (0.136 mg/L), and vitamin C (0.029 mg/L). The
obtained values indicate that As-Gul contains several water-soluble vitamins that contribute to its

nutritional value.
The relatively high content of vitamin B, may reflect the combined contribution of honey,

clove, and garlic in As-Gul. Niacin is an essential micronutrient involved in energy metabolism and
numerous oxidation-reduction reactions. Its adequate intake supports normal cellular function and
contributes to maintaining metabolic activity [4,7].

Vitamin B, was detected in a relatively high amount compared with the other identified
vitamins. Riboflavin participates in many enzymatic processes related to carbohydrate, protein, and
lipid metabolism. Together with vitamins B, and B, it contributes to the normal functioning of the

nervous system and energy production [7,9].
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Although vitamins B,, B,, and By were detected at lower concentrations, their presence
contributes to the nutritional value of As-Gul. These vitamins are involved in carbohydrate
metabolism, amino acid conversion, nucleic acid synthesis, and normal cell growth. Even relatively
small amounts may contribute to the overall biological value of foods when consumed regularly as
part of the diet [4,5].

Vitamin C was identified at a comparatively low concentration. Ascorbic acid is known to be
sensitive to oxygen, temperature, and light during processing and storage, which may influence its
stability and concentration in food products [6,10].

Vitamin B,, was not detected in the analysed sample. This finding is consistent with the fact

that higher plants generally do not synthesise vitamin B.,, and its occurrence in plant-derived foods

122
is usually negligible or absent, although it may occasionally be associated with vitamin B,,-
producing microorganisms in certain fermented products.

Overall, the obtained results demonstrate that As-Gul contains several nutritionally important
water-soluble vitamins. These findings contribute to the nutritional characterisation of the
formulation and provide a scientific basis for further studies on its potential application as a
functional food product and food supplement.

Conclusion

HPLC analysis demonstrated that As-Gul contains several nutritionally important water-
soluble vitamins, including vitamins B1, B2, B3, B6, B9, PP, and C, with vitamin B3 and vitamin
B2 present at the highest concentrations. These findings suggest that As-Gul has potential for the
development of functional foods and dietary supplements.
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Abstract

This study comparatively investigated the organ-specific distribution of flavonoids and free
amino acids in different morphological parts of Astragalus campylorrhynchus Fisch. & C.A.Mey.
using high-performance liquid chromatography. Roots, stems and leaves, seeds, and seed coats were
analyzed. The qualitative and quantitative composition of flavonoids was determined by HPLC-
DAD, revealing distinct differences in the distribution of individual compounds among the
investigated organs. Rutin was detected in all analyzed samples, with the highest concentrations
found in stems and leaves (113.231 mg/100 g) and seeds (110.846 mg/100 g), followed by roots
(90.231 mg/100 g) and seed coats (41.716 mg/100 g). The seed coat was characterized by relatively
high levels of apigenin and quercetin. Free amino acids were determined by HPLC-DAD following
pre-column derivatization with phenyl isothiocyanate. A total of 20 free amino acids were
quantified. Their total content was 96.167 mg/g in stems and leaves, 60.073 mg/g in seed coats,
49.565 mg/g in seeds, and 29.524 mg/g in roots. Proline was particularly abundant in stems and
leaves (21.604 mg/g), whereas serine predominated in the seed coat (26.650 mg/g). The results
demonstrate that the vegetative and generative organs of A.campylorrhynchus exhibit distinct
chemical profiles with respect to the qualitative and quantitative composition of flavonoids and free
amino acids. These findings expand the phytochemical characterization of A.campylorrhynchus and
provide a basis for further targeted studies of its individual morphological parts.

AHHoOTanusA

B HacTosiljeM UuCC/ielOBaHUH METOAOM BBICOKO3(DPEKTUBHON >KUAKOCTHOU Xpomarorpaduu
MIPOBE/IEHO CpaBHUTEebHOE M3yueHWe OpraHocrnelyduuyeckoro pacrpejeneHdsi (paBOHOWOB U
CBOOOZHBIX AMUHOKHCJIOT B Pa3/IMUHBIX MOp(osoruueckux vactsx Astragalus campylorrhynchus
Fisch. & C.A.Mey. B kauecTBe 00BEKTOB MCC/IeJOBaHUSI WCITIO/Ib30Ba/ I KOPHU, CTeOM U JIUCThS,
ceMeHa UM CeMeHHyI 000/0uky. KayecTBeHHBII M KOJMUECTBEHHBIM COCTaB (HI1aBOHOWOB
onpejensiii  Metogom  BOXKX-IMJI.  YcTaHOB/IeHO  HepaBHOMEpPHOe  paclipefesieHue
VH/IUBHU/yalbHBIX ()JIaBOHOWZOB MEXIY MCC/IeJ0BaHHBIMA OpraHaMu. PyTuH Obl1 0OHapy>keH BO
BCEX aHaNM3WMpyeMbIXx o00pasliax; ero MakKCMMajbHOe COZiep’KaHWe YCTAHOBJIEHO B CTeOMsX o
muctbax (113,231 mr/100 1) u cemenax (110,846 mr/100 r), Torjja Kak B KOPHSIX U CeMeHHOM
obosnouke ero cogepkanue coctarmsio 90,231 u 41,716 mr/100 r coorBeTcTBeHHO. CemeHHast
000/I0uKa XapaKkTepr30Bagach OTHOCHTETbHO BBICOKMM COZIep)KaHWeM alireHrHa W KBepLeTHHA.
CBoOOHBIE aMUHOKHC/IOTBEI ompeziesisiii - MetogoM BOXKX-IIMJI mocie TipeaKOJIOHOUHOM
JepyBatu3alu  (peHunmm3oTHoOIMaHaToM.  KomuuectBeHHO — ompefenieHo 20 cBOOOIHBIX
aMUHOKUCIOT. VIX cymmapHoe copepkaHue coctaBwio 96,167 mr/r B cTeOnsix W JIMCTBSX,
60,073 mr/r B cemeHHOU 006osiouke, 49,565 mr/r B ceMeHax u 29,524 Mmr/r B KOpHsIX. B cTebnsax u
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JIUCTBSIX OTMEUEHO BBICOKOEe cofiep)KaHue mposuHa (21,604 Mr/r), Toraa Kak ceMeHHast 000/I0uKa
XapakTepu3oBajach TmipeoOsmazanvemM cepuHa (26,650 wr/r). IlosyueHHble — pe3y/bTaThl
CBUIETE/ILCTBYIOT O AuddepeHIMalii XUMHUUYECKOro TpOo(u/Is BereTaTUBHBIX W TeHePAaTUBHBIX
opraHoB A.campylorrhynchus rno kauecTBeHHOMY ¥ KOJIMUeCTBEHHOMY COCTaBy (hIaBOHOUIOB U
CBOOOZIHBIX aMUHOKHUC/IOT. [To/yueHHbIe JlaHHbIE PACIIUPSIOT (GUTOXUMHUUYECKYHO XapaKTePUCTUKY
BU/la U MOTYT C/IY)KUTb OCHOBOW [/l Aa/JbHEMINX Lje/ieHarnpaB/eHHbIX WCC/Ie[0BaHUM €ero
OT/ieJIbHBIX MOP(}O/IOrUUeCKUX vacTei.

Keywords: Astragalus campylorrhynchus, flavonoids, free amino acids, organ-specific
distribution, HPLC-DAD, rutin, proline.
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Introduction

The genus Astragalus L. (Fabaceae) is one of the largest plant genera and is characterized by
considerable phytochemical diversity. Its representatives contain numerous primary and secondary
metabolites, including flavonoids and isoflavonoids, triterpenoid saponins, polysaccharides, and
other phenolic compounds [2; 6; 17]. Although the phytochemistry of medicinal species,
particularly A.membranaceus, has been extensively investigated [6; 17], the organ-specific
distribution of metabolites remains insufficiently characterized in many Astragalus species.

Flavonoids are among the important secondary metabolites of Astragalus and include
flavones, flavonols, isoflavones, isoflavans, pterocarpans, and their glycosides [2]. Their qualitative
and quantitative profiles may vary among plant organs due to differences in physiological function,
developmental stage, and environmental conditions. Flavonoids have been reported in the stems and
leaves of A.membranaceus [4], while chromatographic studies of A.mongholicus and
A.membranaceus roots have identified calycosin, formononetin, ononin, and other isoflavonoids
[14]. These findings support the separate evaluation of morphological parts when characterizing
Astragalus phytochemistry. High-performance liquid chromatography coupled with diode-array
detection (HPLC-DAD) is particularly suitable for this purpose because it combines
chromatographic separation with retention and UV spectral characteristics [14].

Organ-specific chemical differentiation also involves primary metabolites. Free amino acids
participate in protein biosynthesis, carbon and nitrogen metabolism, plant growth, development, and
other cellular processes [8]. Their distribution may vary according to the metabolic functions of
individual tissues. The close integration of photosynthesis, organic acid metabolism, the
tricarboxylic acid cycle, and amino acid biosynthesis further contributes to metabolic differentiation
among plant organs [13]. Therefore, comparative analysis of free amino acids can complement
flavonoid profiling in evaluating organ-specific chemical characteristics. For their chromatographic
determination, pre-column derivatization with phenyl isothiocyanate (PITC), followed by reversed-
phase HPLC, provides effective separation and quantitative analysis of individual amino acids [3].

Parallel investigation of flavonoids and free amino acids enables organ-specific chemical
differentiation to be assessed at the levels of secondary and primary metabolism, respectively [6; 8;
13]. However, their simultaneous accumulation within an organ should not be interpreted as

318



Ne 10 (148) UNIVERSUM: oKms6pb, 2026 2.

A XUMUS N BUOOTUS

evidence of a direct correlation or causal relationship without appropriate biological replication and
statistical or metabolomic analyses. In the present study, these metabolite groups were therefore
considered complementary indicators of organ-specific chemical profiles.

Astragalus campylorrhynchus Fisch. & C.A.Mey. occurs in the flora of Uzbekistan,
particularly in loess and rocky foothill habitats, and exhibits ephemeral-xerophytic ecological
characteristics. Flowering generally occurs in April-May, followed by fruiting in May-June [16].
Compared with extensively studied species such as A.membranaceus and A.mongholicus, however,
its phytochemical composition remains poorly characterized. In particular, comparative quantitative
information on flavonoids and free amino acids in its roots, stems and leaves, seeds, and seed coats
is limited.

Therefore, the aim of this study was to determine the qualitative and quantitative composition
of individual flavonoids and free amino acids in the roots, stems and leaves, seeds, and seed coats of
A.campylorrhynchus using high-performance liquid chromatography and to comparatively evaluate
their organ-specific distribution based on primary and secondary metabolite profiles.

Materials and methods

Plant material and sample preparation. Roots, stems and leaves, seeds, and seed coats of
A.campylorrhynchus Fisch. & C.A.Mey. (Fabaceae) were collected on 24 April 2025 near the Orzu
railway station, Kurama Range, Namangan Region, Uzbekistan. Botanical identification was based
on morphological and taxonomic characteristics. The collections were registered under Nos. 5658,
and a voucher specimen was deposited in the herbarium of the Department of Biology, Kokand
State University (KD000247).

Plant materials were cleaned, separated into morphological parts, and dried under laboratory
conditions. Samples for flavonoid analysis were ground to 0.1-1.5 mm. The collected plant material
and its voucher specimen are shown in Figure 1.

Figure 1. A.campylorrhynchus Fisch. & C.A.Mey. used in the study and its voucher specimen: A
— collected plant material; B — voucher specimen (KD000247) deposited in the herbarium
collection of Kokand State University
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Extraction of flavonoids. Each dried and ground sample (1.0000 g) was extracted with 99
mL of 70 % ethanol under reflux at 50-60 °C for 2 h with continuous stirring. The mixture was then
sonicated at 35 °C for 15 min, followed by a 10-min interval and a second 15-min sonication. After
cooling, the extract was filtered; 2 mL of filtrate was passed through a 0.2-pm membrane filter. A
100-pL aliquot was diluted with chromatographic eluent to 1.0 mL for HPLC-DAD analysis.

HPLC-DAD analysis of flavonoids. Flavonoids were analyzed using an Agilent
Technologies 1260 HPLC-DAD system with an Eclipse XDB-C18 column (250 x 4.6 mm, 5 pm).
The mobile phase was acetonitrile—buffer (pH 2.92), 30:70 (v/v), under isocratic conditions at 0.75
mL/min. The analysis time was 20 min and the injection volume 5 pL.. DAD spectra were recorded
at 200400 nm, with detection at 254, 320, and 381 nm. Compounds were identified by comparison
of retention times and DAD spectra with reference standards and quantified as mg/100 g dry

weight.
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Figure 2. HPLC-DAD chromatographic profiles of flavonoids in different organs of
A.campylorrhynchus: A — root; B — stems and leaves; C — seed; D — seed coat

Extraction and PITC derivatization of free amino acids. Proteins and peptides were
precipitated by mixing 1 mL of aqueous plant extract with 1 mL of 20 % trichloroacetic acid
(TCA). After 10 min, the mixture was centrifuged at 8000 rpm for 15 min, and 0.1 mL of
supernatant was lyophilized. The residue was dissolved in triethylamine—acetonitrile—water (1:7:1,
v/v/v) and dried twice to neutralize residual acid. Pre-column derivatization with phenyl
isothiocyanate (PITC) was performed according to Cohen and Strydom [3].

HPLC-DAD analysis of free amino acids. Free amino acids were analyzed using an Agilent
Technologies 1200 HPLC-DAD system with a Discovery HS-C18 column (75 % 4.6 mm). Mobile
phase A was 0.14 M CH,COONa containing 0.05 % triethylamine (pH 6.4), and mobile phase B
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was acetonitrile. The flow rate was 1.2 mL/min and detection was performed at 269 nm. The
gradient was: 0-2.5 min, 1-6 % B; 2.51-40.0 min, 6-30 % B; 40.1-45.0 min, 30-60 % B; 45.1-
50.0 min, 60 % B; and 50.1-55.0 min, 60-0 % B. Amino acids were identified by comparison with
the reference amino acid mixture and quantified as mg/g dry weight.
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Figure 3. HPLC-DAD chromatogram of the reference amino acid mixture recorded at 269 nm

The reference chromatogram was used to identify individual amino acids based on their
retention times.
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Figure 4. HPLC-DAD chromatographic profiles of free amino acids in different organs of
A.campylorrhynchus recorded at 269 nm: A — root; B — stems and leaves; C — seed; D — seed
coat

Calculation and comparative evaluation.Organ-specific distributions were evaluated by
comparing individual metabolite concentrations and their summed values. The sum of quantified
flavonoids was calculated as £F = £C,, where C, is the concentration of each individually quantified
flavonoid (mg/100 g dry weight). £F was not interpreted as total flavonoid content (TFC), because
it included only compounds quantified using available reference standards.

Similarly, total quantified free amino acids were calculated as YFAA = XC, and expressed as
mg/g dry weight. Because dispersion data from biological replicates were unavailable, differences
among organs were evaluated descriptively and were not interpreted in terms of statistical
significance.

Results and discussion

Organ-specific distribution of flavonoeids in A.campylorrhynchus. HPLC-DAD revealed
clear qualitative and quantitative differences among the investigated organs. Six flavonoids—
apigenin, rutin, hypolaetin-7-O-D-glucoside, hyperoside, isorhamnetin, and quercetin—were
quantified. Rutin occurred in all organs and was highest in stems and leaves (113.231 mg/100 g)
and seeds (110.846 mg/100g), followed by roots (90.231 mg/100 g) and seed coats (41.716 mg/100
g) (Table 1).
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Table 1.
Quantitative composition of individual flavonoids in different organs of A.campylorrhynchus,
mg/100 g dry weight
Ne Flavonoid Root Stems and leaves Seed Seed coat

1 Apigenin - 0.617 - 4.561
2 Rutin 90.231 113.231 110.846 41.716
3 Hypolaetin 3-7-O-D- - - 0.111 0.423

glucoside
4 Hyperoside - - 0.045 -

Isorhamnetin - 0.841 - 0.324
6 Quercetin 14.348 14.865 - 15.863

XF 104.579 129.554 111.002 62.887

Note: “—” indicates that the compound was not quantitatively detected in the corresponding
sample; XF represents the sum of individual flavonoids quantified using the available reference
standards.

The highest £F occurred in stems and leaves (129.554 mg/100 g), followed by seeds (111.002
mg/100 g), roots (104.579 mg/100 g), and seed coats (62.887 mg/100 g). Rutin represented
approximately 87.4 % of XF in stems and leaves and more than 99.9 % in seeds.

This organ-dependent distribution agrees with previous studies of Astragalus. Differences
among plant parts have been demonstrated by UPLC-MS/MS [10], while HPLC-DAD-ELSD
studies showed distinct flavonoid profiles between stems and leaves and roots of Huang-gi [11].
Development-dependent flavonoid accumulation and differential expression of flavonoid
biosynthetic genes have also recently been demonstrated in the stems and leaves of A.
membranaceus [5], from whose stems and leaves 11 flavonoids, including three new glycosides,
were isolated [15].

The profile of A.campylorrhynchus also differed from those reported for other Astragalus
species. Calycosin, formononetin, ononin, and related isoflavonoids have been described in
A.membranaceus and A.mongholicus roots [14; 12], whereas rutin predominated in the present
samples. Rutin has also been reported as a major polyphenol in organs of A.campylosema, while
hyperoside predominated in some organs of A.hirsutus [9], supporting both species- and organ-
dependent variation.

Quercetin concentrations were similar in roots, stems and leaves, and seed coats (14.348—
15.863 mg/100 g), whereas apigenin was approximately 7.4-fold higher in seed coats (4.561 mg/
100 g) than in stems and leaves (0.617 mg/100 g). Thus, the organ with the highest £F did not
necessarily contain the highest concentration of every individual flavonoid. Because extraction and
analytical conditions vary among studies, comparison of dominant compounds and distribution
patterns is more appropriate than direct comparison of absolute concentrations. Organ-specific
distribution of free amino acids in A.campylorrhynchus.

Twenty free amino acids were quantitatively determined. YFAA was highest in stems and
leaves (96.167 mg/g), followed by seed coats (60.073 mg/g), seeds (49.565 mg/g), and roots
(29.524 mg/g) (Table 2).
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Table 2.
Quantitative composition of free amino acids in different organs of A.campylorrhynchus, mg/
g dry weight
No Amino acid Root Stems and leaves Seed Seed coat

1 Aspartic acid 2.950 4.257 2.912 2.146

2 Glutamic acid 0.420 1.792 3.800 0.773

3 Serine 1.919 11.235 5.728 26.650

4 Glycine 0.574 1.789 1.550 1.278

5 Asparagine 0.549 1.804 1.559 1.271

6 Glutamine 0.366 1.164 7.242 0.822

7 Cysteine 0.156 0.682 1.346 0.245

8 Threonine 1.151 4.480 1.045 1.523

9 Arginine 0.131 0.608 0.929 0.286

10 Alanine 1.665 5.407 2.361 2.019

11 Proline 6.922 21.604 2.300 7.633

12 Tyrosine 0.270 1.353 0.833 2.365

13 Valine 1.229 4.372 2.404 1.484

14 Methionine 0.454 5.462 2.216 0.895

15 Histidine 3.258 11.377 2.158 2.228

16 Isoleucine 1.060 3.155 1.297 1.227

17 Leucine 2.352 7.109 2.397 2.316

18 Tryptophan 3.473 5.067 5.163 3.773

19 Phenylalanine 0.463 3.282 1.972 1.005

20 Lysine 0.162 0.171 0.352 0.133

YFAA 29.524 96.167 49.565 60.073

Stems and leaves were characterized by high proline (21.604 mg/g), histidine (11.377 mg/g),
and serine (11.235 mg/g), with proline accounting for approximately 22.5 % of XFAA. Proline also
predominated in roots (6.922 mg/g). Seeds contained relatively high glutamine (7.242 mg/g), serine
(5.728 mg/g), and tryptophan (5.163 mg/g), whereas serine predominated in seed coats (26.650 mg/
g), representing approximately 44 % of XFAA.

These differences may reflect the distinct metabolic functions of individual organs because
amino acids participate in protein biosynthesis, carbon—nitrogen metabolism, growth, and
development [8; 13]. The high proline level in stems and leaves is noteworthy because increased
proline accumulation has been reported in A.tennesseensis under water stress [1]. However, since
stress and control treatments were not compared here, the observed proline level cannot be
interpreted as direct evidence of stress tolerance.

Comparative organ-specific profiling of flavonoids and free amino acids

Combined evaluation demonstrated distinct chemical profiles among the organs. Stems and
leaves had the highest £F (129.554 mg/100 g) and XFAA (96.167 mg/g). Seeds showed a high XF
(111.002 mg/100 g), dominated by rutin, whereas roots had 104.579 mg/100 g XF but the lowest
LFAA (29.524 mg/g). Seed coats were distinguished by comparatively high apigenin, quercetin, and
serine levels.
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These differences are consistent with organ-dependent metabolite profiles reported in other
Astragalus species [5; 7; 11; 15]. Nevertheless, rutin predominance in the stems and leaves and
seeds of A.campylorrhynchus should be regarded as a characteristic of the investigated species and
samples rather than a general feature of the genus, which exhibits substantial phytochemical
diversity [10].

A B
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Stems and leaves ©113.231

Seed ©110.846 Seed 949.565

Seed coat —@41.716 Seed coat 960.073
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Rutin content, mg/100 g dry weight ZFAA, mg/g dry weight

Figure 5. Organ-specific distribution of rutin and total quantified free amino acids (XFAA) in
Astragalus campylorrhynchus: A — rutin content (mg/100 g dry weight); B— XFAA (mg/g dry
weight)

The simultaneous high XF and XFAA values in stems and leaves do not demonstrate a direct
relationship between the two metabolite groups; establishing such an association would require
biological replicates, correlation analysis, and broader metabolomic investigation. Accordingly,
flavonoids and free amino acids were considered complementary indicators of the organ-specific
chemical profile of A.campylorrhynchus.

Overall, stems and leaves were distinguished by the highest £F and XFAA values, seeds by
pronounced rutin predominance, and seed coats by comparatively high apigenin, quercetin, and
serine levels. These findings demonstrate the importance of treating individual morphological parts
of A.campylorrhynchus as separate analytical objects. Since biological activity was not evaluated,
the observed profiles should not be directly interpreted in terms of antioxidant, pharmacological, or
nutritional efficacy.

Conclusion

The organ-specific distribution of flavonoids and free amino acids in the roots, stems and
leaves, seeds, and seed coats of Astragalus campylorrhynchus Fisch. & C.A.Mey. was
comparatively characterized using HPLC-DAD. The results demonstrated distinct qualitative and
quantitative metabolite profiles among the vegetative and generative organs.

Rutin was the predominant quantified flavonoid, reaching its highest levels in stems and
leaves (113.231 mg/100 g) and seeds (110.846 mg/100 g). The sum of individually quantified
flavonoids (XF) was highest in stems and leaves (129.554 mg/100 g), while seed coats were
distinguished by comparatively high levels of apigenin and quercetin.

A total of 20 free amino acids were quantified. The XFAA values were 96.167 mg/g in stems
and leaves, 60.073 mg/g in seed coats, 49.565 mg/g in seeds, and 29.524 mg/g in roots. Proline was
particularly abundant in stems and leaves, whereas serine predominated in seed coats.
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These findings demonstrate the organ-specific differentiation of primary and secondary

metabolite profiles in A.campylorrhynchus and expand the available phytochemical information on

this species. The results also support the consideration of individual morphological parts as separate

analytical objects in further phytochemical studies and provide a basis for subsequent targeted

chemical, metabolomic, and biological investigations.

10.
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Abstract

This article presents a comparative investigation of the antiradical activity of medicinal plant
formulations prepared from Cyperus rotundus L. rhizomes, Urtica dioica L. leaves, and
Cinnamomum cassia Blume bark. The aim of the study was to evaluate the influence of different
component ratios on the ability of the obtained extracts to inhibit the stable DPPH free radical. Four
formulations were prepared using different proportions of the three botanical components: 1:1:1,
2:1:1, 1:2:1, and 1:1:2. Extraction was performed using 96 % ethanol with ultrasonic treatment.
Antiradical activity was determined spectrophotometrically at a wavelength of 517 nm over a
reaction period of 30 minutes. The main physicochemical characteristics of the plant raw materials
were also examined. The extractive substance contents of C. rotundus, U. dioica, and C. cassia
were 35.70 %, 4.80 %, and 17.25 %, respectively. Their moisture contents were 7.40 %, 4.60 %,
and 3.52 %, while the corresponding total ash contents were 5.90 %, 4.48 %, and 3.00 %.
According to the DPPH assay results, the formulation with a component ratio of 1:1:2 exhibited the
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highest recorded antiradical activity among the reported numerical values, reaching 24.39 % after
30 minutes. The formulations with ratios of 2:1:1 and 1:2:1 demonstrated antiradical activities of
22.18 % and 13.23 %, respectively. These findings indicate that the DPPH radical-scavenging
response of the investigated plant mixtures varies with their component proportions and provide a
basis for further investigation of multicomponent botanical formulations.

AHHOTanus

B crartbe mnpepcTaB/ieHbl pe3y/ibTaTbl CPaBHUTE/LHOIO WCC/IE[0BAaHUS aHTUPAAUKaJIbHOM
aKTMBHOCTH PpacCTUTe/bHbIX KOMIIO3MLIMM Ha OCHOBe KopHeBul Cyperus rotundus L., nucTeeB
Urtica dioica L. u kopsl Cinnamomum cassia Blume. Lless vccnefoBaHus 3ak/itodanach B OLjeHKe
BIWSHUSL KOJIMUECTBEHHOTO COOTHOIIEHUS] PacTUTENbHbIX KOMIIOHEHTOB Ha CHOCOOHOCTH
TOTyUYeHHbIX 9KCTPAaKTOB WMHTUOMPOBaTh CTaOWbHBIA CcBOOOAHBIM pagukan DPPH. [lns
WCCeoBaHUsl OBIIM  TIPUTOTOBJIEHBI UeThbIpe KOMITO3MLIMM C Pas/dYHbIM COOTHOLIEHHEM
KoMmnoHeHToB: 1:1:1, 2:1:1, 1:2:1 u 1:1:2. DKCTpakLUIO MPOBOAWIN C UCIO/Ib30BaHUEeM 96 %-HOro
3TUJIOBOTO CMMPTA M YABTPAa3BYKOBOM 00pabOTKU. AHTHpaJUKa/JbHYIO aKTHBHOCTh OMpeJesisiv
CHeKTpO(POTOMETPUUECKHM MeTOAOM TNpy [JyiIMHe BOHbBI 517 HM B TeueHue 30 MUHYT.
JlonomHUTeNbHO U3yYeHbl OCHOBHBIE (DM3MKO-XMMHYeCKHe I[10Ka3aTeld pacTUTE/bHOTO ChIPbS.
CopepkaHue 53KCTpakTHBHbIX BeljectB B C. rotundus, U. dioica u C. cassia coCTaBUIO
cootBeTcTBeHHO 35,70 %, 4,80 % u 17,25 %; BnaxHoctb — 7,40 %, 4,60 % u 3,52 %; oOujas
30/1bHOCTE — 5,90 %, 4,48 % u 3,00 %. Ilo pesynbraram DPPH-aHamu3a uepe3 30 MUHYT
HauOoMbIIasi  3aperdCTPUPOBaHHAs  AHTUPAJMKalabHAasi AKTUBHOCTb CPeAWd  TIPUBEJEHHBIX
KOJIMYeCTBEHHBbIX 3HAaUeHUM OTMeYeHa Yy KOMIIO3ULIMKA C COOTHOLIEeHHWeM KOMITOHeHTOB 1:1:2 u
coctaBuia 24,39 %. [ng komrnosuumii 2:1:1 u 1:2:1 faHHBIM MOKa3aTeb COCTaBU/ COOTBETCTBEHHO
22,18 % u 13,23 %. IlomyueHHble pe3ynabTaTbl XapaKTepU3yHT 3aBUCHMOCTb aHTHpaJUKaabHOU
AaKTUBHOCTM MCC/Ie[lyeMbIX pPaCTUTe/bHBIX CMeCeld OT KOJIMYeCTBEHHOIO  COOTHOILIEHUS
KOMIIOHEHTOB U TPEeACTaB/SIOT WHTepeC /I JajbHeMIlero H3y4eHWss MHOIOKOMITOHEHTHBIX
PacTUTe/IbHBIX KOMIIO3ULIUU.

Keywords: Cyperus rotundus, Urtica dioica, Cinnamomum cassia, medicinal plant mixtures,
DPPH, antiradical activity, extractive substances, spectrophotometry.

KmoueBbie cioBa: Cyperus rotundus, Urtica dioica, Cinnamomum cassia, pacTurtenbHbie
KOMIIO3ULUH, DPPH, aHTUpaJUKabHas aKTHUBHOCTb, 3KCTpPaKTHUBHbIE Bell|ecTBa,
CrieKTpooTOMeTpus.

Introduction

Medicinal plants contain chemically diverse constituents, including phenolic compounds and
other reducing substances, which may contribute to their response in in vitro radical-scavenging
assays. Combining different botanical materials can change the relative contribution of these
constituents to an extract; consequently, the proportions of individual components are an important
variable when comparing multicomponent formulations. The DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay, introduced by Blois [1] and subsequently adapted for antioxidant screening
[2], is based on the decrease in absorbance of a stable radical following its reaction with reducing
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compounds. It is widely used as an accessible spectrophotometric method for preliminary
comparison of plant extracts. Nevertheless, the observed response depends on experimental
conditions, including solvent composition, reaction time, sample matrix, and concentration units;
these factors must be considered when interpreting and comparing results [3-7]. Previous studies
published in Universum: Chemistry and Biology have also investigated the DPPH responses of
plant extracts from Uzbekistan and isolated plant polyphenols, illustrating the relevance of this
approach to regional phytochemical research [8-10]. Against this background, the present study
examines the reported DPPH responses of four mixtures prepared from Cyperus rotundus L., Urtica
dioica L., and Cinnamomum cassia Blume at different component ratios. The objective is a
preliminary within-study comparison of formulation-dependent radical inhibition at a common
reaction time, rather than a demonstration of physiological antioxidant efficacy or clinical benefit.

Materials And Methods

Plant materials and mixture preparation

The plant materials used in this study consisted of rhizomes of C. rotundus, leaves of U.
dioica, and bark of C. cassia. The collected plant materials were dried at 40 °C to constant mass,
ground, and sieved to obtain particles not exceeding 0.5 mm in size. The physicochemical
characteristics of the plant raw materials, including moisture content, total ash, and extractive
substances, were evaluated and are presented in Table 2. Four medicinal plant formulations were
prepared using different proportions of the three botanical components, as presented in Table 1
Mixture 1 was prepared using equal proportions of the three plant components (1:1:1),
corresponding to approximately 33.33 % of each component. The moisture contents of C. rotundus,
U. dioica, and C. cassia were 7.40 %, 4.60 %, and 3.52 %, respectively. The corresponding total ash
contents were 5.90 %, 4.48 %, and 3.00 %, while the extractive substance contents were 35.70 %,
4.80 %, and 17.25 %, respectively. These physicochemical parameters were used to characterize the
quality of the botanical raw materials prior to the preparation of the investigated formulations. The
extractive substance content was considered a physicochemical characteristic of the raw materials
and was distinguished from the dry extract yield obtained during ethanol extraction.

Table 1.
Composition of the investigated medicinal plant mixtures
Mixture Ne C. rotundus, % U. dioica, % C. cassia, %
1 33 33 33
2 50 25 25
3 25 50 25
4 25 25 50

Extraction procedure

For extraction, 5 g of each prepared mixture was treated with 25 mL of 96 % ethanol in an
ultrasonic bath at a frequency of 40 kHz and a temperature of 40 °C for 20 min. The extracts were
filtered through a 0.45 pm syringe filter and diluted tenfold before spectrophotometric analysis.
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DPPH assay and evaluation of antiradical activity

The antiradical activity of the investigated medicinal plant mixtures was evaluated using the
DPPH spectrophotometric assay. An ethanolic DPPH working solution with a concentration of 7.92
UM was used. Absorbance was measured at 517 nm using a K7000 spectrophotometer over a
reaction period of 30 min, with measurements recorded at 5-min intervals.

The percentage of radical inhibition, expressed as antiradical activity (ARF), was calculated
according to the following equation:

D, — D,

100
D,

ARF(%) =

where D, control represents the absorbance of the control solution and D, represents the
absorbance of the reaction mixture containing the investigated extract.

The antiradical activity of the four formulations was compared using the inhibition values
recorded after 30 min of reaction. This approach enabled the evaluation of differences in DPPH
radical-scavenging responses associated with variations in the proportions of the three botanical
components.

The results were interpreted as indicators of in vitro radical-scavenging activity under the
specified experimental conditions. Since the DPPH response may depend on solvent composition,
reaction time, and the chemical characteristics of the investigated extracts, the findings were
considered within the methodological limitations of this assay [3-6].

Data treatment

The antiradical activity of the investigated formulations was evaluated using the percentage of
DPPH radical inhibition recorded after 30 min of reaction. The results were presented as descriptive
antiradical activity values, without inferential statistical comparisons.

Results And Discussion

Table 2.
Physicochemical characteristics of the investigated medicinal plant raw materials
Parameter C. rotundus U. dioica C. cassia
Extractive substances, % 35.70 4.80 17.25
Moisture content, % 7.40 4.60 3.52
Total ash, % 5.90 4.48 3.00

Note: Extractive substances are not equivalent to the dry extract yield of the experimental
extraction.

The results demonstrated differences in DPPH radical inhibition among the investigated
formulations after 30 min of reaction (Table 3). Mixture 4, prepared at a component ratio of
25:25:50, exhibited an antiradical activity of 24.39 %. Mixture 2, containing 50 % C. rotundus,
demonstrated an antiradical activity of 22.18 %. Mixture 3, containing 50 % U. dioica, showed an
antiradical activity of 13.23 %. The quantitative comparison focused on mixtures 2, 3, and 4, for
which numerical ARF values at 30 min were available
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Table 3.
Available 30-minute DPPH summary values
Mixture No. Ratio (C. rotundus : U. dioica : C. cassia) Reported ARF at 30 min, %
1 1:1:1 Not available in supplied text
2 2:1:1 22.18
3 1:2:1 13.23
4 1:1:2 24.39

The observed differences may be associated with variations in the chemical composition of
the extracts resulting from changes in the proportions of the botanical components. However, these
findings alone do not establish additive, synergistic, or antagonistic interactions between the
individual plant constituents.

The use of 96 % ethanol may influence the extraction of compounds with different polarities,
while solvent composition and reaction conditions can affect the DPPH assay response [4,5].
Therefore, the obtained results should be interpreted as indicators of antiradical activity under the
specified experimental conditions. The 30-minute measurement represents a fixed reaction endpoint
and does not necessarily indicate that all formulations reached reaction equilibrium. Previous
methodological studies have also emphasized the importance of clearly defined concentration units
and standardized experimental conditions when comparing IC. values [3-6].

Conclusion

The comparative investigation of medicinal plant mixtures based on Cyperus rotundus L.,
Urtica dioica L., and Cinnamomum cassia Blume demonstrated that the proportions of botanical
components influence their antiradical activity in the DPPH assay. Among the formulations with
reported quantitative results, the mixture containing 25 % C. rotundus, 25 % U. dioica, and 50 % C.
cassia exhibited the highest antiradical activity, reaching 24.39 % after 30 min of reaction. The
corresponding values for the 50:25:25 and 25:50:25 formulations were 22.18 % and 13.23 %,
respectively.

The physicochemical characterization of the plant raw materials revealed differences in
extractive substance content, moisture, and total ash, providing additional information for their
quality assessment and standardization. The findings indicate that the quantitative composition of
multicomponent botanical formulations is an important factor affecting their in vitro radical-
scavenging response. Further investigations involving standardized extraction procedures,
concentration-dependent measurements, and replicated experiments are recommended to provide a
more comprehensive evaluation of their antiradical properties.
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Abstract

The modification of ammonium nitrate (AN) melt with carbonate and sulfate additives to
obtain lime-ammonium nitrate (LAN) is a well-established route to nitrogen fertilizers with
improved physical and agrochemical properties. This study addresses a step that has not previously
been reported for the local-chalk/ammonium-sulfate LAN system: validation of a laboratory-
optimized composition through an extended model unit, together with the accompanying process
design. Ammonium nitrate melt (99.5 — 99.8 %) was combined with ground local chalk (Kitob
deposit, Qashgadaryo region, Uzbekistan; CaCO3 corresponding to 52.23 % CaO and 41.5 % CO2)
at NH4NO3:CaCO3 mass ratios of 100:(2 — 58) and, for the sulfur-containing variant, with
ammonium sulfate at NH4NO3:CaCO3:(NH4)2SO4 = 100:(2 — 58):(0.5 — 5.0), with 100:24:1
previously identified as the optimum. Mixing was carried out at 170 — 175 degrees C for 7 — 10
minutes, followed by granulation and cooling to 28 — 30 degrees C. An extended 3 L laboratory
model unit was operated over a 25-day campaign to verify this composition at larger scale. At the
optimum ratio, model-unit granules reproduced the laboratory-scale nitrogen content (28.0 — 28.1 %
N), calcium content (~10 % CaO), sulfur content (~0.5 % SO3), and crushing strength (6.05 MPa
versus 6.03 MPa at laboratory scale, both far above the 1.32 MPa of unmodified AN).

AHHOTanus

Moaudukanys riaBa ammuauHoi ceuTpbl (AC) KapOOHATHBIMU U Cy/Ib(aTHBIMU J0OaBKaMU
C TIOJTyYeHHeM H3BeCTKOBO-aMMHuauHOU cesutpbl (MMAC) siB/IsIeTCSI XOpPOIIO W3BECTHBIM CIIOCOO0M
TO/TyYeHUsT a30THBIX YI0OpeHu ¢ ylyullieHHbIMU (U3UUYeCKUMU U arpOXUMHUYeCKUMU CBOMCTBAMH.
B Hactosimeli pabote pacCMOTpeH 3Tarl, paHee He OMWCAHHBINA [Jii CUCTEMbl «MeCTHBIA Mesl —
cynbhaT aMMOHUsI»: TIpOBepKa JiabOpaTOPHO ONTHMHU3WUPOBAHHOTO COCTaBa B  YCJIOBHUSX
pacilMpeHHON MO/le/lbHOM yCTaHOBKM, a TaK)Ke COMYTCTBYHOIlasi TexHOsjoruueckas cxema. [lnaB
ammuauHou cenuTpsl (99,5 — 99,8 %) cMelMBand C MOJIOTHIM MECTHBIM MeJioM (MeCTOpOX/IeHre
Kuto6, KammkazapbuHckasi o6sacTb, Y30eKuCTaH; CaCO,, cootsercTBytommin 52,23 % CaO wu
41,5 % CO,) mpu maccoBbix cooTHoteHusx NH,NO,:CaCO, = 100:(2 - 58), a pas
CepoCco/iepXKallero BapuaHTa — ¢ cysbparom ammonus ripu NH, NO,:CaCO,:(NH,),SO, = 100:(2 -
58):(0,5 — 5,0), mpuuéMm paHee ONTUMAsbHLIM OBIIO yCTaHOBIeHO cooTHomeHue 100:24:1.
CwmemviBanue mipoBoguu npu 170 — 175°C B TeueHue 7 — 10 MUHYT C MOoC/ieytoIIiel TpaHy/isLen
U oxnaxzaenreM 10 28 — 30°C. PacmmpenHasi 1abopaTopHasi Mofie/ibHasi yCTAaHOBKA 00BEMOM 3 JT
9KCITyaTUPOBasach B TeueHHe 25-CyTOUHOW KaMITaHWM JiJisi TIPOBEPKU COCTaBa B Oosiee KPYITHOM
Maciutabe. TIpy onTUMasbHOM COOTHOLLIEHWM TPaHY/bI, TMOJSyueHHble Ha MOJe/IbHOW yCTaHOBKe,
BOCITPOM3Be/IM JlabOpaTopHbIe TIOKa3aTeu I0 cofiepkaHuio a3ota (28,0 — 28,1 % N), kamblLys
(~10 % CaO), cepwt (~0,5 % SO,) u mpounoctu rpanyn (6,05 MIla nporus 6,03 MIla Ha

nabopaTopHOM yYpOBHE, UTO 3HaUMTeIBHO Bhiie 1,32 MIla ans HemogudurmpoBanHoii AC).

335



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

Keywords: lime-ammonium nitrate, local chalk, ammonium sulfate, technological process
scheme, extended model unit, granulation.

KaroueBble c/10Ba: M3BeCTKOBO-aMMMadHast CeJInTpa, MeCTHBIN MeJI, cynb(baT dMMOHUA,
TEXHOJIOTNUUECKas CXeMd, paClIMPpeHHAA MO e/IbHAA YCTaHOBKA, I'PaHYJ/IALNS.

Introduction

Nitrogen fertilizers based on ammonium nitrate (AN, NH,NO,) remain among the most
widely used sources of plant-available nitrogen worldwide, valued for their high nitrogen content
and dual nitrate/ammonium form of uptake. Global nitrogen fertilizer capacity has continued to
expand through the mid-2020s, with ammonia capacity growth concentrated in low-cost feedstock
regions and steady demand from irrigated agriculture in Central and South Asia [1]. Uzbekistan is
itself a significant regional producer and, under a chemical-sector investment program launched in
2026, is targeting an increase in domestic nitrogen fertilizer output from 2.8 to 4 million tonnes per
year by 2030 [2]; AN and its modified derivatives are produced domestically and form a substantial
share of the mineral fertilizer supplied to an agricultural sector that depends heavily on irrigated
cropland.

A persistent limitation of AN as a stand-alone product is its physical instability: AN undergoes
a series of solid-solid polymorphic phase transitions between -17 and 169.6 degrees C, the
transition near 32 degrees C being particularly disruptive because it is accompanied by a volume
change that promotes granule cracking, caking, and dust formation during storage and handling [3].
These physical shortcomings, together with the oxidizing character and thermal-decomposition
hazard of concentrated AN — documented in fertilizer-storage incident analyses [4,5], detonation-
sensitivity studies of AN prills [6], and recent methodological guidelines for thermal-hazard
assessment of AN systems [7] — have motivated decades of work on inorganic modifiers —
magnesium, sulfate, phosphate, and carbonate compounds among them — that are introduced into
the AN melt before granulation to stabilize the crystal structure and dilute the product's hazard
profile [8].

Carbonate-containing minerals, and calcium carbonate (limestone, chalk, dolomite) in
particular, are among the most technologically mature of these modifiers, giving rise to the broad
family of products known as calcium-ammonium nitrate or lime-ammonium nitrate (CAN/LAN).
Mixing AN melt with ground carbonate rock produces calcium nitrate in situ, which both raises
granule strength and lowers the free-AN fraction available for uncontrolled decomposition; density-
functional studies of the AN-CaCO, system indicate that the carbonate anion intercepts protons
from the initial steps of AN decomposition, and diffraction studies confirm that carbonate additives
eliminate specific low-temperature AN phase transitions altogether, both consistent with the
empirically observed stabilizing effect of carbonate additives [9,10]. Industrial CAN/LAN
technology based on limestone slurries and drum or tower granulation is well documented in the
process literature [11], and the kinetics of carbonate thermal decomposition that underlie the AN-
CaCO, exchange reaction have been characterized in detail for a range of carbonate minerals [12].
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Ammonium sulfate, (NH,),SO,, is a second modifier of established but distinct value:
physically, the sulfate anion contributes to AN stabilization through a mechanism similar to that of
carbonate, and recent thermal-analysis work confirms that ammonium-sulfate-bearing systems are
among the most stable of the sulfate-modified AN formulations tested [9,13], while agrochemically
it supplies sulfur, a secondary macronutrient whose plant-available soil pool has declined over
recent decades owing to reduced atmospheric deposition and the spread of low-sulfur fertilizer
formulations; adequate sulfur supply is now recognized as a precondition for efficient nitrogen use
by field crops [14]. Combining a carbonate modifier with ammonium sulfate therefore offers a route
to a fertilizer that supplies nitrogen, calcium, and sulfur together, rather than nitrogen alone.

The physicochemical basis for using local chalk and ammonium sulfate to modify AN melt —
including chalk decarbonization kinetics, granule strength, porosity, caking, dissolution rate, and the
density and viscosity of the resulting carbonate-nitrate and carbonate-sulfate-nitrate melts — has
already been established in a series of laboratory-scale studies by our group, including a fully
quantified physicochemical characterization published in an open-access, internationally indexed
venue [15,16]. These studies, together with parallel work on limestone-based lime-ammonium
nitrate [17] and, more recently, on other local Uzbek mineral modifiers such as bentonite and
glauconite powders [18], converge on a common limitation: without exception, they report bench-
scale (metal-beaker or small-reactor) experiments and do not address whether the established
compositions and their properties are reproducible at larger scale, or what process modifications an
existing AN production line would require.

This is a meaningful gap. Granulation behavior in particular is known to be scale- and
equipment-dependent: drum- and tower-granulation studies of nitrate-based NPK fertilizers show
that granule growth mechanisms, and the process windows that produce an acceptable size
distribution, depend on binder viscosity, mixing intensity, and residence time in ways that a small
manual-mixing bench experiment cannot fully anticipate [19]. A composition and property set
established in a metal beaker is therefore a necessary but not sufficient basis for a technological
recommendation; the missing link is a demonstration that the same formulation performs
consistently as equipment scale increases, together with the process data an enterprise needs to
evaluate adoption.

This gap is directly relevant to Uzbekistan's chemical industry. The Kitob chalk deposit in the
Qashgadaryo region represents a large, unexploited domestic carbonate resource, and domestic
ammonium sulfate production capacity already exceeds 230,000 t/year. Replacing imported
magnesite — the modifier currently used to stabilize AN at the producing enterprise — with these two
domestic raw materials would reduce import dependence while adding calcium and, in the sulfur-
containing variant, sulfur to the nutrient package.

The objective of the present work is therefore to validate, rather than re-derive, the previously
reported optimal chalk-only and sulfur-containing LAN compositions by carrying them through an
extended 25-day laboratory-model-unit campaign, and to report, for the first time for this system,
the principal technological process scheme. The working hypothesis is that a formulation whose
composition and granule quality are governed primarily by mass ratios and short-residence-time
mixing (rather than by phenomena with strong scale-dependent kinetics) will reproduce its bench-
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scale properties as the equipment scale increases. The novelty of this study lies not in the chemistry
of the AN-chalk-ammonium sulfate system, which has been characterized previously, but in the
process description that determines whether that chemistry is ready for practical adoption.

Materials and Methods

Raw materials. Ammonium nitrate was used as a melt obtained by neutralizing nitric acid
with gaseous ammonia and evaporating the resulting solution to 99.5 — 99.8 % NH,NO,, following
the same upstream process used for conventional magnesite-modified AN production. Local chalk
(CaCO,) was sourced from the Kitob deposit, Qashqadaryo region, Uzbekistan; the processed
material contained 52.23 % CaO and 41.5 % CO, and was ground to a particle size not exceeding
0.25 mm before use. Ammonium sulfate, (NH,),SO,, was obtained from «Maxam-Chirchig» JSC
and likewise ground to a particle size not exceeding 0.25 mm.

Extended laboratory model unit. Beyond the metal-beaker bench experiments reported
previously [15,16], an extended laboratory model unit was assembled around a 3 L cylindrical
reactor of 12X18N10T (X18H10T) stainless steel fitted with a motor-driven blade stirrer. Nitric
acid was neutralized with gaseous ammonia in a sealed glass reactor to obtain an AN solution of not
less than 63.5 %, which was evaporated at 170 degrees C to the working melt. Ground chalk (chalk-
only variant) or ammonium sulfate followed by chalk (sulfur-containing variant, in the ratio
NH,NO,:CaCO,:(NH,),SO, = 100:(2 - 58):(0.5 — 5.0)) was introduced into the melt and mixed for
10 minutes, after which the resulting carbonate-nitrate or carbonate-sulfate-nitrate melt was
granulated by air-assisted spraying into a 3 L stainless-steel granulator, approximating tower
granulation at bench scale. The unit was operated continuously for 25 days to produce trial batches
of both product variants; product composition, crystallization temperature, granule strength,
friability, porosity, and diesel-oil absorption were determined for each batch using the methods
below.

Principal technological process schemes. Based on the laboratory and model-unit results, two
principal technological process schemes were developed: one for chalk-only LAN and one for
sulfur-containing LAN. Both schemes were designed as additions to the existing magnesite-
modified AN production line rather than as stand-alone processes, so that the neutralization and
evaporation stages are shared with current production. The schemes are described in the Results and
Discussion section and illustrated in Figure 1.

Chemical and physicochemical analysis. Total nitrogen, total and citrate-soluble CaO, and
total SO, were determined by standard analytical methods. Granule static crushing strength and
friability were determined according to GOST 21560.2 — 82 and GOST 21560.5 — 82, respectively
[20,21]. Porosity was determined volumetrically using cryoscopic benzene; diesel-oil absorption
was determined gravimetrically (100 g sample, 10 g diesel oil, mass uptake reported per 100 g); the
hygroscopic point and sorption moisture capacity were determined by the desiccator method;
dissolution time in distilled water was recorded as the mean of five replicate determinations; and
phase composition was confirmed by X-ray diffraction (XRD-6100, Shimadzu, CuK-alpha
radiation) in the source laboratory studies to which the present results are compared [15,16].
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Results and Discussion

Principal technological process schemes. Figure 1 summarizes the two process schemes
developed from the laboratory and model-unit work. Both share the first two stages with the
existing magnesite-modified AN line: neutralization of nitric acid with gaseous ammonia to an AN
solution of not less than 63.5 %, and evaporation to a 99.5 — 99.8 % AN melt at 170 degrees C. For
chalk-only LAN, ground chalk is metered into the melt through a screw dispenser and blended in a
screw mixer for 7 — 10 minutes at 170 — 175 degrees C before granulation. For sulfur-containing
LAN, a 35 % ammonium sulfate solution is first blended into the AN melt during evaporation, re-
neutralized with ammonia gas, and then combined with metered chalk in a screw mixer/
homogenizer for 7 — 10 minutes. In both cases the resulting melt is granulated (spray granulation in
a tower, or intensive-mixing granulation in a drum), screened to the 1 — 4 mm commercial fraction,
with oversize crushed and undersize recycled, cooled to 28 — 30 degrees C in a fluidized-bed cooler,
and packaged in polyethylene bags; off-gas is routed through a cyclone before release.

Stages 1-2 (shared with existing AN line) Chalk-only route
HNO3 + NHs(g)
Neutralisation
Ground local chalk (CaCOs) .
l N Screw mixer
(NH4NO3:CaC0; = 100:2-24) 7-10 min
AN solution evaporation
(99.5-99.8%)
J
l % <
~ Sulfur-containing route
NH4NO3; melt
170-175 °C \
\ (NH,)504 solution (35%) + ground chalk
. } Homogenizer +
(NE‘;‘[?;-.ZC;EO;;S:L):)OA screw mixer, 7-10 min

Granulation and finishing

Granulation Cooling
(prilling tower / (fluidised bed, Screening
rotary drum) 28-30 °C) fines recycle storage

Crushing & Packaging &

Figure 1. Principal technological process scheme for chalk-only and sulfur-containing lime-

ammonium nitrate production, shown as additions to an existing magnesite-modified AN line
The key practical finding of this scheme is that no new major unit operations are required: the
existing neutralization, evaporation, granulation, cooling, and packaging equipment used for
magnesite-modified AN is retained, and the only additions are a chalk-grinding and dosing line and,
for the sulfur-containing variant, an ammonium sulfate solution-mixing step inserted before
granulation. This is consistent with the process-design literature on calcium-ammonium nitrate,
where carbonate incorporation is likewise implemented as an addition to, rather than a replacement
of, existing AN granulation infrastructure [11]. Because the added unit operations are conventional
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solids-handling and blending steps rather than novel unit operations, and because the granulation
step itself is unchanged from existing practice, the risk profile of adopting this modification is
expected to be lower than for a process requiring new reaction chemistry or new equipment types.

From laboratory bench to extended model unit: consistency of composition and granule
quality. Table 1 summarizes the composition and strength of chalk-only and sulfur-containing LAN
granules produced in the 25-day extended model-unit campaign, alongside the corresponding
laboratory-bench values reported previously for the same formulations [15,16]. At every mass ratio
examined, the model-unit product falls within 1 — 2 % relative of the laboratory-bench composition
and within a few percent of the corresponding strength value; at the optimum sulfur-containing ratio
(100:24:1), granule strength was 6.05 MPa in the model unit versus 6.03 MPa at laboratory bench
scale (Figure 2), both roughly 4.6 times the strength of unmodified AN (1.32 MPa) and about 3.8
times that of the currently used magnesite-modified AN (1.58 MPa).

This consistency is not a trivial outcome. Granule strength in nitrate-based fertilizer systems
is governed by binder viscosity, mixing intensity, and the residence time available for melt-solid
interaction before solidification, all of which can shift when moving from a hand-stirred beaker to a
mechanically agitated reactor with a different heat- and mass-transfer environment [19]. That the
present system reproduced its properties across this scale change indicates that, within the ratio and
temperature ranges studied, granule quality is governed primarily by the NH,NO,:CaCO:
(NH,),SO, mass ratio and a minimum 7 — 10 minute mixing time rather than by equipment-specific

mixing intensity — a favorable property for further scale-up.

Table 1.

Composition and granule strength of chalk-only and sulfur-containing LAN: laboratory
bench versus extended model unit (this study)

Mass ratio NH,NO,:CaCO,: N, % (lab/ CaO0, % (lab/ SO,, % (lab/ Strength, MPa
(NH,),SO, model unit) model unit) model unit) (lab/model unit)
100:2 : - 34.22/34.21 1.02/1.04 - 2.65/2.63
100:24 : - 28.12/28.11 10.11/10.13 - 5.95/5.97
100:58 : — 22.06/22.02 19.22/19.25 - 8.69/8.66
100:2.5:0.5 34.0/34.10 1.28/1.25 0.29/0.29 3.32/3.31
100:24:1 (optimum) 28.03/28.07 10.0/10.04 0.50/0.53 6.03/6.05
100:58:5 21.91/21.94 18.55/18.57 1.86/1.84 9.30/9.32
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Granule strength of the optimum sulfur-containing LAN
(NH4NO3:CaC03:(NH4),S04 = 100:24:1) across scales

6.05

Granule crushing strength, MPa

1.58
1.32
1 -
0 T T
Pure Magnesite- Laboratory Extended
NH4NO3 modified AN scale model unit

(100:24:1) (100:24:1)

Figure 2. Granule crushing strength of the optimum sulfur-containing LAN (100:24:1) at
laboratory and extended-model-unit scale, relative to unmodified and magnesite-modified AN

Comparison with published production and granulation literature. The process-flow structure
obtained here parallels the general calcium-ammonium nitrate production approach described by
Sozontov, in which AN solution is combined with solid carbonate feedstock ahead of granulation
and drying on equipment adapted from existing complex-fertilizer lines [11]. The present results
extend that general picture with ratio-specific, source-specific (local chalk) experimental data and
with extended-scale experimental confirmation rather than process simulation alone. The
consistency of granule strength across scales observed above is also in line with the granulation-
mechanism literature, which identifies binder viscosity and mixing time — both effectively fixed by
the NH,NO,:CaCO,:(NH,),SO, ratio and the 7 — 10 minute mixing step used here — as the primary
controls on granule growth in nitrate-based systems, ahead of drum- or tower-specific effects [19].
The finding is likewise consistent with regional work on other local Uzbek mineral additives for
AN, which similarly reports substantial granule-strength gains from bench-scale trials but, unlike
the present case, without verification at an enlarged model-unit scale [18].

Technological implications. For an operator currently producing magnesite-modified AN, the
practical implication of these results is that adopting either LAN variant is a formulation and dosing
change rather than a capital-intensive process redesign: the neutralization, evaporation, granulation
tower or drum, fluidized-bed cooling, and packaging equipment are retained, and the incremental
investment is limited to chalk grinding/dosing (and, for the sulfur-containing variant, an ammonium
sulfate solution line). The 7-10-minute minimum mixing time and the 170 — 175 degrees C mixing
temperature identified here define the process window within which the demonstrated granule
strength and composition can be expected to hold; operating below this mixing time was found, at
laboratory and model-unit scale alike, to leave the NH,NO,-CaCO, exchange reaction incomplete
and to reduce granule strength accordingly. Because these parameters were shown to transfer
consistently from laboratory bench to the extended model unit, they can be recommended as a
starting point for full-scale process design, subject to the standard verification any enterprise would
carry out during commissioning of a modified production line.
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Conclusion

An extended 25-day laboratory-model-unit campaign reproduced the previously established
laboratory-bench composition and strength of both chalk-only lime-ammonium nitrate (N 34.21 —
22.02 %, CaO 1.04 — 19.25 %) and sulfur-containing lime-ammonium nitrate (N 34.17 — 21.94 %,
SO3 0.32 — 1.84 %, CaO 1.01 — 18.57 %) within a few percent at every mass ratio examined,
indicating that granule quality in this system is controlled primarily by the NH,NO,:CaCO,:
(NH,),SO, mass ratio and mixing time rather than by equipment-specific effects.

Principal technological process schemes were established for both product variants as
additions to the existing magnesite-modified ammonium nitrate production line, requiring only a
chalk dosing/mixing stage (chalk-only variant) or a chalk and ammonium sulfate solution dosing/
mixing stage (sulfur-containing variant), with no change to the neutralization, evaporation,
granulation, cooling, or packaging equipment.

On the combined laboratory and extended-model-unit evidence, the sulfur-containing
formulation at NH,NO,:CaCO,:(NH,),SO, = 100:24:1 (28 % N, 10 % CaO, 0.5 % SO,, 6.03 — 6.05
MPa granule strength) is recommended as the preferred composition, balancing nutrient content and
physical quality.
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Abstract

This analytical review systematizes current scientific evidence on the microbial conversion of
oil-and-fat industry by-products into safe and nutritionally improved non-traditional feed
ingredients. The review focuses mainly on cottonseed meal and cake, soybean meal, rapeseed meal,
sunflower meal, palm-kernel cake and lipid-rich processing residues generated during vegetable-oil
extraction and refining. Based on the comparative analysis of 28 legal, technical and peer-reviewed
sources, the paper examines how solid-state fermentation, mixed-culture fermentation and enzyme-
assisted bioprocessing change crude protein availability, reduce anti-nutritional factors, improve

Bubsmorpaduueckoe onucanue: AnmveBa I.B. kbi3b1 BriokoHBepcHsi TOGOYHBIX MPOJYKTOB MaC/IOXKUPOBOW ITPOMBIIIIEHHOCTH B
HeTpa/MLIIOHHbIE KOPMOBbIE MHTPEJUEHTbI C UCIO0/Ib30BaHMEM MHUKPOOPraHU3MOB: aHaIMTHUECKUH 0630p cybcTpaToB, IITaMMOB U
Hay4HBIX pe3y/bTaToB // Universum: Xumusi U OUOMOTHs : 3/IeKTPOH. HayuH. KypH. 2026. 10(148). URL: https://7universum.com/ru/
nature/archive/item/23442
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microorganisms: an analytical review of substrates, strains and scientific findings // Universum: Chemistry and Biology : electronic
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digestibility and increase the functional value of feed materials. Bacillus subtilis, Lactobacillus
plantarum, Saccharomyces cerevisiae, Candida utilis, Aspergillus niger and Aspergillus oryzae are
identified as the most frequently investigated microorganisms. Scientific works show that microbial
treatment can reduce free gossypol in cottonseed meal, degrade soybean antigenic proteins, lower
glucosinolates and phytic acid in rapeseed meal, and hydrolyse mannan-rich palm-kernel cake. At
the same time, the review emphasizes that fermentation cannot be considered a universal solution:
its efficiency depends on substrate composition, strain safety, moisture, temperature, duration, post-
drying conditions and feed-safety control. For Uzbekistan, where cottonseed and other oilseed by-
products are available as local resources, microbial bioconversion may support circular economy,
import substitution in feed protein and environmentally safer waste management, provided that it is
integrated with veterinary, sanitary and toxicological assessment.

AHHOTanusA

JlaHHBIN aHAMUTAYEeCKUH 0030p CHUCTeMaTH3WpyeT COBpEMeHHble HayuHble [aHHbBIE O
MHUKpPOOHO!M KOHBEPCHH MOOOYHBIX MPOJAYKTOB MACI0KUPOBOM MPOMBIIIIEHHOCTH B Oe30macHbIe U
MUTaTeNIbHO y/IyullleHHbIe HeTpaJWIMOHHbIe KOPMOBBle WHrpenueHTel. O630p cocpefoToueH
[7IaBHBIM 00pa3oM Ha XJIOIKOBOM JKMbIXe W IIPOTe, COEBOM IIPOTe, pariCOBOM IIPOTe,
TIOZICOJTHEYHOM IIPOTe, TMaJbMOBOM SIJPOBOM JKMbIXe M 0OOTaThIX JWMHUJAMU TeXHOIOTHYeCKUX
oCTaTKax, 00pa3yIoIMXCs MPU 3KCTPAKUMK W padyHAlMM pacTUTeNbHbIX Macen. Ha ocHoBe
CPaBHUTEJILHOTO aHa/ir3a 28 HOPMATHBHBIX, TEXHUUECKUX U PelieH3UPyeMbIX HCTOUHHKOB B paboTte
paccMOTpeHO, Kak TBepoda3Has ¢depMeHTalys, CMelllaHHasl Ky/abTypaibHasi (epMeHTaLus U
depmeHTaTHBHas OMO0OpabOTKAa W3MEHSIIOT  [JOCTYITHOCTh CBHIPOTO  TIPOTEMHA, CHIDKAOT
AHTUMUTaTebHble (AKTOPHI, TIOBBILIAIOT YCBOSEMOCTh U YBeIWYMBAIOT (DYHKI[MOHA/IBHYIO
L[eHHOCTh KOPMOBBIX MarepuasnoB. Bacillus subtilis, Lactobacillus plantarum, Saccharomyces
cerevisiae, Candida utilis, Aspergillus niger u Aspergillus oryzae omnpezesieHbl Kak Harboee 4acTo
uccaenyeMble MUKPOOpPraHr3Mbl. HayuHble paboThI TIOKa3bIBalOT, UTO MUKPOOHast 00paboTKa MoXKeT
CHIKATh CBOOOZHBIA TOCCHUIION B XJIOMIKOBOM IIPOTE, passjaraTb COeBble aHTUTeHHble OesKH,
TIOHIKATh T/IFOKO3MHO/AThl UM (UTHHOBYIO KHC/IOTY B pAliCOBOM MIPOTE W T'H/POJHU3HUPOBATh
borarelii MAaHMPAaHOM TaJbMOBBIN SI/IPOBBIN KMBIX. BMecTe ¢ TeM B 0030pe IMOJUepKHUBAeTCsl, UTO
(depMeHTallsl He MOXKeT paccMaTpuBaThCd KakK YHHBepcajgbHOe pelleHue: eé 3((eKTUBHOCTb
3aBUCAT OT cCOCTaBa cybOcrtpara, 0e30MacHOCTM IITaMMa, B/I@XHOCTH, TeMIIepaTyphbl,
MIPOJIO/DKUTE/IEHOCTH, YCIOBUM CYyIIKM Tocjae (epMeHTalid M KOHTPOJisi 6e301MacHOCTH KOPMOB.
Hnst ¥Y3bekncTaHa, TAe XJIOTKOBbIE W JpPyrve MaclauyHble MOO0YHbIe TIPOAYKTHI JOCTYITHBI Kak
MeCTHbIe pecypchbl, MUKpPOOHasi OMOKOHBEpCHSI MOKeT TIO[/iep)KaTh LUPKY/ISIPHYIO SKOHOMUKY,
UMIIOpPTO3aMelljeHre B 00/acTM KOPMOBOTO TIPOTEMHA U 3KOJOTMuUecKd Oosiee GesormacHoe
yrpaBjeHHWe OTXOJaMd TIpM YCAOBHUM €& WHTerpalud C BeTepUHApHOW, CAHWTApHON W
TOKCHUKO/IOTUYECKOM OLI€HKOM.

Keywords: oil-and-fat industry by-products, cottonseed meal, solid-state fermentation,
microbial protein, Bacillus subtilis, Saccharomyces cerevisiae, Aspergillus niger, gossypol, non-
traditional feed, circular economy, feed safety.
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KnroueBbie cioBa: 1moOOYHbIE TIPOAYKTHI MAaC/I0KMUPOBOUM TIPOMBIIIEHHOCTH, XJIOTTKOBBIN
mpoT, TBepAodasHas QepmeHTanus, MUKpPOOHBIA Oenok, Bacillus subtilis, Saccharomyces
cerevisiae, Aspergillus niger, roccumos, HeTpaAWIIMOHHble KOpMa, LIMPKY/siDHAas SKOHOMUKAQ,
6e301acHOCTb KOPMOB.

Introduction

The development of livestock, poultry and aquaculture requires a stable supply of safe and
digestible feed protein. At the same time, the oil-and-fat industry generates large quantities of
secondary raw materials: cakes and meals after mechanical pressing or solvent extraction,
soapstock, phosphatide concentrates, spent bleaching earth, acid oil and other residues. Not all of
these streams are suitable for feed use; however, protein-rich meals and cakes from cottonseed,
soybean, rapeseed, sunflower and palm-kernel processing can be valuable substrates for microbial
upgrading if safety is strictly controlled. The scientific relevance of this topic lies at the intersection
of feed technology, industrial biotechnology, waste minimization and circular economy.

In Uzbekistan, this direction is also connected with national regulatory priorities. The Law of
the Republic of Uzbekistan 'On Waste' defines prevention of harmful effects on human health and
the environment, reduction of waste generation and rational use of waste in economic activity as
key objectives [1]. The Strategy for Transition to a Green Economy for 2019 — 2030 calls for
rational use of natural resources and modernization of production systems [2]. In livestock
production, the strengthening of the animal-feed base is reflected in Presidential Resolution PP-121
of 8 February 2022 [3], while veterinary and feed-additive safety are regulated through veterinary
legislation and technical regulation [4, 5]. Therefore, research on the conversion of oilseed by-
products into feed is not only a technological issue, but also a practical response to environmental
policy, feed security and veterinary safety requirements.

Conventional use of oilseed meals is limited by anti-nutritional and toxic compounds.
Cottonseed meal contains free gossypol; soybean meal contains antigenic proteins such as glycinin
and beta-conglycinin, trypsin inhibitors and oligosaccharides; rapeseed meal contains
glucosinolates, phytic acid and fiber; palm-kernel cake is rich in mannan and other non-starch
polysaccharides. Microorganisms can partially solve these limitations by producing proteases,
phytases, carbohydrases, organic acids and antimicrobial metabolites. As a result, fermentation may
transform a low-value by-product into a more digestible feed ingredient with probiotic or postbiotic
properties [6-11].

Level of scientific investigation. Research in this area has developed in several directions.
The first direction is the fermentation of cottonseed meal, where studies by Xiong et al., Niu et al.,
Xu et al. and recent systematic reviews show that microbial treatment can reduce gossypol and
improve broiler performance [7, 12-14]. The second direction is the fermentation of soybean meal.
Mukherjee et al. summarized the role of fermentation in improving soybean-meal quality, while Yao
et al. experimentally showed that Bacillus subtilis N-11 can reduce glycinin and beta-conglycinin
and increase acid-soluble protein [8, 15]. The third direction is rapeseed meal bioprocessing, where
Zhu et al. reported reductions in glucosinolates, phytic acid and crude fiber after microbial
fermentation [9]. The fourth direction concerns palm-kernel cake and other fiber-rich oil by-
products, where Aspergillus niger, mannanase-assisted systems and mixed cultures have been
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studied to reduce mannan and improve nutrient digestibility [10, 16]. General reviews by Betchem
et al., Canoy et al., Heuze et al. and others show that solid-state fermentation is currently one of the
most promising approaches for upgrading agro-industrial residues into feed protein [6, 17, 18].

Aim and scope of the review. The aim of this review is to analyze and compare scientific
findings on the microbiological processing of oil-and-fat industry by-products for non-traditional
feed production. The review focuses on: (i) the main substrates generated by oilseed processing; (ii)
microorganisms used for bioconversion; (iii) mechanisms of nutritional improvement; (iv)
comparison of the results obtained by different researchers; and (v) technological and safety
requirements for implementation in Uzbekistan.

Materials and methods

This paper is an analytical review. The methodological basis was a critical comparison of 28
sources, including legal acts of Uzbekistan, technical regulation, peer-reviewed review articles and
experimental studies published mainly during 2012 — 2026. Sources were selected according to their
relevance to four criteria: oil-and-fat industry by-products as feed substrates; microbial or enzyme-
microbial processing; evidence of changes in nutritional quality or anti-nutritional factors; and
implications for feed safety. The review does not present new laboratory experiments; instead, it
summarizes and compares already published data.

The scientific literature was grouped by substrate type: cottonseed meal/cake, soybean meal,
rapeseed meal, palm-kernel cake, sunflower meal and lipid-rich residues. Within each group, the
microorganism, fermentation method, major biochemical effect and practical limitation were
identified. Particular attention was given to solid-state fermentation because most oilseed meals are
low-moisture substrates and can be processed without producing large volumes of wastewater
[6, 17].

Results and analytical review

Oil-and-fat industry by-products as substrates for feed bioconversion

Oilseed meals are attractive substrates because they contain residual protein, fiber, minerals
and biologically active compounds. Cottonseed meal is particularly relevant for cotton-growing
regions; however, free gossypol limits its safe inclusion in diets. Soybean meal is nutritionally
valuable but contains antigenic proteins and enzyme inhibitors. Rapeseed meal is cheaper than
soybean meal in many regions but is restricted by glucosinolates and phytic acid. Palm-kernel cake
is rich in fiber and mannan, which reduce digestibility. Sunflower meal has a favorable amino acid
profile for some animal species but high fiber content can limit its use in poultry and young
animals.

The central technological idea is not to treat these by-products as waste, but as secondary raw
materials. In this sense, microbial processing corresponds to circular-economy principles: value is
retained within the production chain, environmental load is reduced, and dependence on imported
protein ingredients can decrease [1, 2, 6].
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Microorganisms used for upgrading oilseed meals

Bacillus subtilis is one of the most widely used organisms because it produces extracellular
proteases, amylases and other hydrolytic enzymes. It can degrade macromolecular proteins and
reduce some anti-nutritional factors in soybean and cottonseed meals [8, 15]. Lactobacillus
plantarum and related lactic-acid bacteria acidify the substrate, inhibit undesirable microflora and
may improve palatability. Saccharomyces cerevisiae and Candida utilis contribute microbial
biomass, B vitamins and protein enrichment and have been used for cottonseed meal fermentation
[12, 19]. Aspergillus niger and Aspergillus oryzae are important fungal producers of cellulase,
xylanase, phytase and protease; they are especially useful for fiber-rich substrates such as palm-
kernel cake and soybean meal [10, 16, 20].

The choice of microorganism determines the final technological result. Bacterial fermentation
is often faster and safer for industrial standardization, while fungal fermentation can hydrolyse
complex fiber and phytate more effectively. Mixed-culture fermentation may combine these
advantages, but it also requires stricter control of microbial compatibility, contamination, toxin
formation and reproducibility [6, 17, 21].

Table 1.
Comparative analysis of scientific studies on microbial processing of oil-and-fat industry by-
products
Researchers /s | Substrate Microorganism / Main reported effect Practical signific- Ref.
ource method ance
Xiong et al. Cottonseed Candida utilis, Evaluated growth and toxic | Shows that detoxific- | [12]
meal solid-state ferment- | response of broilers fed fer- | ation and animal-
ation mented vs. unfermented cot- | response testing must
tonseed meal be combined
Niu et al. Cottonseed Bacillus subtilis Improved production per- Supports partial sub- | [13]
meal fermentation formance and reduced fat stitution of conven-
deposition in broiler chick- | tional protein feed
ens
Esen et al. Cottonseed Systematic review | Summarized evidence that Provides higher-level | [7]
meal of SSF studies fermented cottonseed meal | evidence for poultry
improves broiler growth feeding practice
while maintaining feed effi-
ciency
Yao et al. Soybean Bacillus subtilis Reduced glycinin and beta- | Demonstrates protein | [15]
meal N-11, anaerobic conglycinin and increased hydrolysis and ANF
SSF acid-soluble protein reduction
Mukherjee et Soybean Review of bacterial | Explained degradation of Foundation for fer- [8]
al. meal and fungal ferment- | anti-nutritional factors and mented soybean meal
ation improvement of nutritional | technology
quality
Zhu et al. Rapeseed Multi-strain fer- Reduced glucosinolates, Important for repla- [9]
meal mentation phytic acid and fiber; cing part of soybean
improved nutritional quality | meal
Shuai et al. Rapeseed Fermented rapeseed | Reported increase in small- | Connects chemical [22]
meal meal in poultry molecular proteins and improvement with
diets reduction of glucosinolates | growth performance
Mi et al. Palm-kernel | Aspergillus niger + | Reduced mannan and ADF; | Shows enzyme- [10]
cake mannanase increased crude protein and | microbial synergy for
digestibility in beef cattle fiber-rich residues
trial
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Researchers /s | Substrate Microorganism / Main reported effect Practical signific- Ref.
ource method ance
Liu et al. Palm-kernel | Enzyme-bacteria Reduced anti-nutritional Promising approach | [16]
cake pretreatment factors and enhanced nutri- | for high-fiber oil
tional value residues
Betchem et al. | Various agro- | Review of solid- Generalized improvements | Broad technological | [6]
industrial state fermentation | in crude protein, enzymes, framework for feed
residues digestibility and antioxidant | production
activity

Cottonseed meal: gossypol reduction and regional relevance

Cottonseed meal is the most important oilseed by-product for cotton-producing countries. Its
feed use is limited by free gossypol, a phenolic aldehyde that can impair growth, reproduction and
health when present above safe levels. Microbial fermentation can reduce free gossypol through
adsorption, enzymatic transformation and binding with microbial proteins. Xiong et al. studied
cottonseed meal fermented with Candida utilis and compared it with unfermented cottonseed meal
and soybean meal in broilers, thereby showing that nutritional evaluation must include both
chemical detoxification and animal safety response [12]. Niu et al. reported that fermented
cottonseed meal improved broiler performance and affected fat deposition, indicating that
fermentation changes not only toxicity but also metabolism [13].

Recent systematic evidence also supports the potential of fermented cottonseed meal. Esen et
al. concluded that solid-state fermented cottonseed meal can increase body-weight gain and feed
intake of broilers while maintaining feed efficiency [7]. Xu et al. noted that fermentation with
Bacillus subtilis and Saccharomyces cerevisiae is associated with reduced free gossypol and
improved nutritional value [14]. For Uzbekistan, this direction is especially important because
cottonseed cake and meal are local by-products of the vegetable-oil industry; however, their
usemust be accompanied by laboratory control of free gossypol, moisture, mycotoxins and
microbial contamination.

Soybean meal: degradation of antigenic proteins and improvement of digestibility

Soybean meal is a standard plant-protein feed but contains anti-nutritional factors that reduce
digestibility in young animals. Mukherjee et al. reviewed the role of fermentation in soybean meal
and concluded that microbial processing can reduce anti-nutritional compounds and improve
nutritional quality [8]. Yao et al. provided experimental evidence: after screening high-protease
Bacillus strains, they identified Bacillus subtilis N-11, which increased acid-soluble protein and
reduced glycinin and beta-conglycinin by 82.38 % and 88.32 %, respectively [15]. This result is
important because antigenic proteins are one of the main reasons for intestinal irritation in piglets,
calves and young poultry.

Fermented soybean meal research is useful as a technological model for other oilseed meals.
The main mechanism is proteolysis: microorganisms break large storage proteins into peptides and
amino acids. Simultaneously, microbial phytase and organic acids reduce phytate and improve
mineral availability. However, soybean meal is more expensive than many local by-products;
therefore, for Uzbekistan the main value of these studies is methodological: they show how strain
screening, enzyme activity and product standardization should be organized.
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Rapeseed meal: glucosinolate and phytic-acid reduction

Rapeseed meal is rich in protein but contains glucosinolates and phytic acid. Glucosinolate
breakdown products can affect thyroid function and feed intake, while phytate reduces phosphorus
availability. Zhu et al. studied the improvement of rapeseed meal by mixed microbial fermentation
and reported reductions in glucosinolates, phytic acid and crude fiber [9]. Shuai et al. further
showed that fermented rapeseed meal can increase the share of small-molecular proteins and reduce
glucosinolate content, connecting biochemical changes with animal growth and immune indicators
[22].

Compared with cottonseed meal, rapeseed meal fermentation is less focused on detoxifying
one dominant toxic compound and more focused on a complex improvement of protein, fiber and
mineral availability. This means that the best strains are often mixed cultures or fungi-bacteria
combinations rather than a single species. The technological challenge is to obtain stable
glucosinolate reduction without producing undesirable metabolites.

Palm-kernel cake and other fiber-rich residues

Palm-kernel cake is not a typical Uzbek raw material, but it is scientifically important because
it represents the fiber-rich group of oil-industry residues. Mi et al. showed that co-fermentation of
palm-kernel cake with Aspergillus niger and mannanase reduced mannan and acid detergent fiber,
increased crude protein and improved dry matter, crude protein and neutral detergent fiber
digestibility in beef cattle [10]. Liu et al. also demonstrated that enzyme-bacteria pretreatment can
reduce anti-nutritional factors in palm-kernel cake and improve its feeding value [16].

These studies show that fungal fermentation and enzyme assistance are especially useful
when the limiting factor is fiber rather than toxicity. This conclusion is relevant for sunflower meal
and other high-fiber oilseed meals. In such substrates, the main target should be cellulase, xylanase,
beta-mannanase and phytase activity, not only crude protein increase.

Mechanisms of microbial improvement

The reviewed studies indicate five main mechanisms. First, protease-producing
microorganisms hydrolyse large proteins into peptides, increasing acid-soluble protein and
digestibility [8, 15]. Second, phytase and organic acids reduce phytic acid and improve mineral
bioavailability [9, 20]. Third, fiber-degrading enzymes reduce cellulose, hemicellulose, beta-
mannan and acid detergent fiber, which is important for palm-kernel and sunflower meals [10, 16].
Fourth, selected microbes may detoxify or bind anti-nutritional compounds such as gossypol or
glucosinolates [7, 12-14, 22]. Fifth, microbial biomass itself enriches the substrate with protein,
nucleotides, vitamins and biologically active metabolites [6, 17].

The practical effect of these mechanisms is not identical for all animal species. Poultry and
piglets benefit most from protein hydrolysis and anti-nutritional factor reduction because their
digestive system is sensitive to antigenic proteins and toxins. Ruminants may benefit more from
fiber hydrolysis and rumen microbiota modulation. Aquaculture feed can benefit from replacement
of fishmeal or soybean meal with fermented plant protein, but amino-acid balance and palatability
must be carefully evaluated.
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Technological scheme for non-traditional feed production

A scientifically justified process for converting oilseed by-products into fermented feed may
include the following stages: raw-material receiving and testing; grinding and sieving; moisture
adjustment; sterilization or hygienic heat treatment when necessary; inoculation with selected
starter culture; solid-state fermentation under controlled temperature and aeration; drying at a
temperature that preserves nutrients but stops uncontrolled microbial growth; milling; quality
control; packaging and storage. For cottonseed meal, free gossypol must be included in the control
program. For fungal fermentation, aflatoxins and other mycotoxins must be monitored. For all
products, microbiological safety, moisture, crude protein, fiber, ash, amino acids and shelf-life
stability should be determined.

Table 2.
Technological comparison of microorganisms used for oilseed by-product fermentation
Microorganism Main enzymes / func- | Suitable substrates Advantages Risks / control poin
tions ts

Strain identification
and absence of toxin

Bacillus subtilis Soybean meal, cot-

tonseed meal

Fast protein
hydrolysis; industrially

Protease, amylase, pos-
sible phytase

detoxifying capacity

reduction studies

scalable genes
Lactobacillus Lactic acid, antimicro- | Mixed meals, moist | pH reduction; hygienic | Moisture control and
plantarum bial metabolites substrates stabilization drying stability
Saccharomyces Microbial biomass, vit- | Cottonseed meal, Protein enrichment; Overgrowth if dry-
cerevisiae amins, enzymes mixed substrates palatability improve- | ing is insufficient
ment
Candida utilis Microbial protein, Cottonseed meal Useful for gossypol Feed-grade strain

safety

Aspergillus niger

Cellulase, xylanase,
phytase, mannanase

Palm-kernel cake,
high-fiber meals

Strong fiber and
phytate degradation

Mycotoxin control
and strain certifica-
tion

Aspergillus oryzae

Protease, amylase,
phytase

Soybean and cereal-
oilseed mixes

Traditional safe fer-
mentation organism

Controlled culture
purity required

Discussion

The comparison of studies shows that microbial bioconversion is most effective when the
target limitation of the substrate is clearly identified. If the main problem is gossypol, as in
cottonseed meal, the selected culture must be tested primarily for detoxification and animal
tolerance. If the main problem is antigenic protein, as in soybean meal, protease activity and peptide
formation are the most important indicators. If the main limitation is glucosinolate or phytate, as in
rapeseed meal, mixed fermentation with phytase-producing strains becomes more relevant. If the
limiting factor is mannan and fiber, as in palm-kernel cake, Aspergillus-based or enzyme-assisted
systems are more effective.

The works of Xiong et al., Niu et al. and Xu et al. are important because they connect
chemical detoxification of cottonseed meal with broiler performance and safety [12-14]. Yao et al.
provide a more mechanistic model: the authors screened protease-producing Bacillus strains and
demonstrated specific reductions in soybean antigenic proteins [15]. Zhu et al. and Shuai et al. show
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that rapeseed meal fermentation requires simultaneous attention to glucosinolates, phytic acid, fiber
and protein fractions [9, 22]. Mi et al. demonstrate a modern tendency: microorganism plus enzyme
co-processing, which may be more predictable than relying on the microorganism alone [10].

The advantages of fermented feed ingredients are clear: better digestibility, lower anti-
nutritional factors, possible probiotic/postbiotic effects, higher local-resource utilization and lower
environmental pressure. Nevertheless, three limitations must be emphasized. First, crude protein
increase after fermentation may partly result from dry-matter loss; therefore, true amino-acid
improvement should be measured, not only nitrogen concentration. Second, microbial safety must
be verified for each strain and batch. Third, feeding trials are indispensable: chemical improvement
does not automatically mean improved animal performance.

For Uzbekistan, the most realistic starting point is cottonseed meal and cake. The country has
local cottonseed-processing capacity, and the feed sector needs affordable protein ingredients. A
pilot technology should therefore begin with starter cultures that have already shown gossypol-
reduction potential, such as Bacillus subtilis, Saccharomyces cerevisiae or Candida utilis. The
product should be standardized according to feed-safety regulations, including veterinary control,
residual toxin control and hygienic indicators [4, 5].

Conclusion

The reviewed evidence confirms that oil-and-fat industry by-products can be converted into
nutritionally improved non-traditional feed ingredients by selected microorganisms. Solid-state
fermentation is the most suitable technological form for oilseed meals because it requires limited
water, produces little effluent and fits the physical properties of cakes and meals. Bacillus subtilis is
most effective for protein hydrolysis and soybean-meal improvement; Saccharomyces cerevisiae,
Candida utilis and Bacillus-based systems are promising for cottonseed meal detoxification;
Aspergillus niger and enzyme-assisted systems are suitable for fiber-rich residues such as palm-
kernel cake; mixed cultures may be more effective for rapeseed meal because several anti-
nutritional factors must be reduced simultaneously.

The scientific comparison also shows that no single microorganism or fermentation regime is
universal. The substrate, target anti-nutritional factor, animal species and required safety level must
determine the process. For practical application in Uzbekistan, fermented cottonseed meal is the
most relevant direction. Future studies should include: selection of local safe strains; optimization
of moisture, inoculum dose, temperature and fermentation time; determination of free gossypol and
mycotoxins; amino-acid and digestibility testing; broiler, cattle or aquaculture feeding trials; and
economic assessment of replacing imported feed protein. If these conditions are met, microbial
conversion of oil-and-fat industry by-products may become an important element of sustainable
feed production and circular bioeconomy.
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Abstract

The biochemical composition of fruits determines both their nutritional value and the
technological behaviour of the raw material during processing. The present study evaluated six
plum (Prunus domestica L.) cultivars — Ispolinskaya (control), Black Diamond, Kirgizskaya
Prevoskhodnaya, Monfort, Chernosliv Samarkandskiy and Yutug — grown under the conditions of
Uzbekistan over five consecutive seasons (2021-2025), with the aim of assigning each cultivar to a
specific processing direction: candied fruit, marmalade or pastille. Dry matter, total soluble solids,
titratable acidity and pectin substances were determined by standard methods, the sugar—acid ratio
was calculated, and sensory properties were scored on a five-point scale by a seven-member panel.
Dry matter ranged from 18.44+0.52 to 23.62+0.78 %, total soluble solids from 16.64+1.35 to
20.54+0.84 °Bx, titratable acidity from 0.47+0.04 to 0.73£0.06 %, and pectin from 0.66+0.02 to
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1.0940.03 %. Chernosliv Samarkandskiy accumulated the highest dry matter, soluble solids and
pectin contents, whereas the highest sugar—acid ratio (35.8) was recorded in Black Diamond.
Analysis of between-season variability showed that titratable acidity was the most season-
dependent parameter (CV 8.2-10.1 %), with maximum values in all six cultivars occurring in the
same season (2022), while pectin accumulation proved to be a stable cultivar-specific trait (CV 2.9-
3.6 %) and can therefore be used as a reliable criterion when allocating raw material to gel-type
products. Overall sensory scores ranged from 4.2 to 4.8 points. Monfort and Chernosliv
Samarkandskiy are recommended for candied fruit production, and Chernosliv Samarkandskiy and
Kirgizskaya Prevoskhodnaya for marmalade and pastille manufacturing.

AHHOTanus

broxumuueckuii CoCTaB IUIOLOB Olpefe/sieT KakK UX [HIEBYI0 LIeHHOCTb, TaK M
TEXHOJIOTHUeCKoe TIOBeJleHWe ChIPbsi B TIpoLiecce mepepaboTKH. B craTbe rpuBefieHbl pe3ysIbTaThl
natunetHux (2021-2025 rr.) uccnefoBaHui 1iectd copTtoB ciauBbl (Prunus domestica L.) —
WcnonuHckast (koHTponb), brek [aiimoHg, Kuprusckas npeBocxofHasi, Mondop, YepHociuB
camapkanzickuii 1 FOTyK, BO3e/biBaeMbIX B YC/JAOBUSIX Y30eKWCTaHa, TPOBEAEHHBIX C LeJIbI0
000CHOBaHMsI HampaB/eHWs WX MepepabOTKM Ha LyKaThkl, MapMmesaj U mactuiay. Omnpenensnu
cofiep)kaHue CyxuX BeleCcTB, pPAaCTBOPUMBIX CYXMX BeLeCTB, TUTPyeMyl0 KHUCJIOTHOCTb U
MeKTUHOBbIe BeIlleCTBA, PACCUUTBHIBAIM CaxapOKUCIOTHBIM KO3((UIMEeHT, opraHojentuyeckue
TOKa3aTe/d OLIeHUBA/IM T10 MATHUOAIBHON 1IKasie /eTyCTaliOHHOM KOMHCCHEeH U3 CeMH UYesloBeK.
CopeprkaHue CyXux BelleCTB BapbupoBajo oT 18,44+0,52 o 23,62+0,78 %, pacTBOPUMBIX CYXUX
BellecTB — OT 16,64+1,35 no 20,54+0,84 °Bx, tutpyemou kucnotHoctu — ot 0,47+0,04 no
0,73+0,06 %, mekTHHOBBIX BeljecTB — 0T 0,66+0,02 m1o 1,09+0,03 %. Hanbosibliie 3HaU€HUST ITUX
rokasaresiell OTMeUeHbl y copTa YepHOCIMB CaMapKaHJCKWM, HauOOMBIINK CaXapOKUC/IOTHBIN
ko3¢ ¢ument (35,8) — y copra bnek [laiiMOHA. YCTaHOB/EHO, UTO TUTpyeMasi KMC/IOTHOCTb
SIBJISIeTCST Haubosiee 3aBUCUMBIM OT Tofia TiokaszaresieM (CV 8,2-10,1 %), npuuém MakcHMasbHbIe
3HaueHHsl y BCeX 111eCTH COPTOB MPUXOJWINCh Ha OAUH U TOT ke (2022) rof, Torja Kak HaKoIieHre
TMeKTHHA TIpe/iCTaB/isieT co00M ycToiumBbIii copToBoi npusHak (CV 2,9-3,6 %) 1 MOXeT CIy>KUTb
Ha/I&KHBIM ~KpUTEpHUeM TIpU  pacrpefieleHUd ChIpbsi Ha OKenedHble wu3fenus. OOigas
opraHosieniTiyeckasi oOLeHKa cocraBwia 4,2-4,8 Oamwia. /[lnd TpOW3BOACTBA  LyKaTOB
pekoMeH/ZIoBaHbl copTa MoH(op u YepHOC/IMB caMapKaHZCKWW, [ MapMesaja W MacTUIbl —
YepHoc/vB caMapKaHACKUY U Krprusckast npeBoCxofHasl.

Keywords: plum, Prunus domestica L, cultivar, dry matter, total soluble solids, titratable
acidity, pectin, sugar—acid ratio, sensory evaluation, candied fruit, marmalade, pastille, complex
processing.

KiroueBsble cioBa: cvBa, Prunus domestica L, copT, cyxue BelllecTBa, paCTBOpPHUMbIe CyXue
BelLleCTBa, TUTpyeMast KUCJIOTHOCTB, TMeKTHH, CaxapOKUCJIOTHBIN KO3 pULIMeHT,
opraHoJieniThYeckast OIleHKa, IyKaThbl, MapMeJia/i, TacTu/Ia, KOMIUIeKCHast riepepaboTka.
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Introduction

Plum (Prunus domestica L.) is one of the most widely cultivated stone fruit species and one of
the most suitable for industrial processing. The combination of sugars, organic acids, pectic
substances, polyphenolic compounds and mineral elements present in its fruits determines both the
nutritional and the technological value of the raw material [1, 2].

In fruit processing, the suitability of raw material for a particular product is governed
primarily by the contents of dry matter and total soluble solids, by titratable acidity and by the
amount of pectic substances. High dry matter and sugar contents increase product yield during
osmotic treatment (sugar infusion) and reduce the energy required for subsequent drying [3, 4],
whereas pectic substances are responsible for gel formation and for the elastic texture of structured
products such as marmalade and pastille [5, 6]. The ratio between sugars and acids — the sugar—
acid ratio — is an integral indicator that determines the taste balance of the final product and the
stability of the boiling process [7].

The literature shows that the chemical composition of plum fruits varies widely depending on
cultivar, climatic conditions, maturity stage and season [7, 8, 9]. Consequently, a multi-year
characterisation of local and introduced cultivars, followed by their allocation to specific product
types, is of considerable practical importance for each growing region. For the conditions of
Uzbekistan, the suitability of plum cultivars for complex (waste-free) processing — in particular,
the possibility of obtaining candied fruit, marmalade and pastille from the same raw material — has
not been sufficiently studied.

The aim of this study was to evaluate the biochemical characteristics of plum cultivars grown
under the conditions of Uzbekistan over a five-year period and, on this basis, to develop
scientifically substantiated recommendations for their allocation to candied fruit, marmalade and
pastille production.

Materials and methods

Six plum cultivars grown in the Tashkent district of the Tashkent region (Uzbekistan) —
Ispolinskaya (control), Black Diamond, Kirgizskaya Prevoskhodnaya, Monfort, Chernosliv
Samarkandskiy and Yutug — were used as the objects of the study. Samples were collected at the
stage of consumer ripeness during five consecutive seasons (2021-2025), in three replicates per
cultivar, each replicate consisting of 100 fruits.

Dry matter content was determined gravimetrically according to GOST 28561-90 by drying 5
g samples of homogenised pulp in pre-weighed glass weighing bottles at 105 °C to constant weight
in an SNOL 58/350 laboratory drying oven (AB UMEGA Group, Lithuania; working range up to
350 °C, temperature control accuracy +2 °C). Samples were weighed on a Pioneer PX224 analytical
balance (Ohaus Corporation, USA; capacity 220 g, readability 0.0001 g, accuracy class I (special)
according to OIML R76).

Total soluble solids were measured refractometrically according to GOST ISO 2173 — 2013 in
juice pressed from the homogenised pulp, using a PAL-1 digital hand-held refractometer (Atago
Co., Ltd., Japan; measuring range 0.0-53.0 °Bx, resolution 0.1 °Bx, accuracy +0.2 °Bx, automatic
temperature compensation 10—40 °C). Before each series of measurements the instrument was
zeroed with distilled water at 20 °C.

357



Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

Titratable acidity was determined according to GOST ISO 750 — 2013 by titrating an aqueous
extract of the pulp with 0.1 N NaOH to pH 8.1 (phenolphthalein end point) and expressed as malic
acid. Titration was performed with a 25 mL glass burette with 0.1 mL graduation, accuracy class A
according to ISO 385 (maximum permissible error +0.03 mL); the end point was controlled with an
HI 2211 pH meter (Hanna Instruments, Romania; accuracy +0.01 pH). The titre of the NaOH
solution was checked against a standard-titre ampoule (fixanal). Pectic substances were determined
by the calcium pectate method (Ermakov), with drying and weighing of the calcium pectate
precipitate on the same oven and analytical balance described above. All measuring instruments had
valid verification (calibration) certificates for the period of the study.

Sensory evaluation (appearance, taste, texture, aroma and overall score) was carried out by a
panel of seven trained assessors on a five-point scale.

The sugar—acid ratio was calculated as the ratio of total soluble solids to titratable acidity.
Data were processed in Microsoft Excel and Statistica; the arithmetic mean (M), standard deviation
(SD) and coefficient of variation (CV, %) were calculated. Differences between cultivars were
tested by analysis of variance (ANOVA) at p < 0.05.

Results and discussion

The five-year data showed that the studied cultivars differed significantly in their biochemical
characteristics (Table 1).

Table 1.
Main chemical and technological indicators of plum fruits (2021-2025)
Cultivar Dry matter, | Total soluble sol | Titratable acid | Sugar-acid Pectin, %
% ids, °Bx ity, % ratio

Ispolinskaya (control) 22.08+0.48 18.88+0.86 0.59+0.06 32.1 0.76+0.02
Black Diamond 19.94+0.78 16.84+0.79 0.47+0.04 35.8 0.81+0.03
Kirgizskaya Prevoskhod- 18.44+0.52 16.80+0.43 0.57+0.06 29.7 0.98+0.03
naya
Monfort 22.26+0.64 19.12+0.74 0.69+0.06 27.7 0.88+0.03
Chernosliv Samarkandskiy | 23.62+0.78 20.54+0.84 0.73+0.06 28.1 1.09+0.03
Yutuq 20.60+1.98 16.64+1.35 0.52+0.05 32.2 0.66+0.02
Mean 21.16 18.13 0.60 30.2 0.86

Note: values are presented as M+SD based on five seasons (n = 5).

The difference between cultivars in dry matter accumulation reached 5.18 %. The highest
content was recorded in Chernosliv Samarkandskiy (23.62+0.78 %), exceeding the control
Ispolinskaya (22.08+0.48 %) by 1.54 %. Monfort also exceeded the control (22.26+0.64 %), while
the lowest value was found in Kirgizskaya Prevoskhodnaya (18.44+0.52 %).

The same ranking was maintained for total soluble solids: Chernosliv Samarkandskiy
(20.54+40.84 °Bx) and Monfort (19.12+0.74 °Bx) exceeded the control (18.88+0.86 °Bx) by 1.66
and 0.24 °Bx, respectively. The lowest accumulation was observed in Yutuq (16.64+1.35 °Bx) and
Kirgizskaya Prevoskhodnaya (16.80+0.43 °Bx). These values are consistent with the ranges
reported for European plum cultivars [1, 2].
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Titratable acidity varied from 0.47+0.04 % (Black Diamond) to 0.73+0.06 % (Chernosliv
Samarkandskiy). This parameter proved to be the most sensitive to the season: the coefficient of
variation reached 8.2-10.1 % in all cultivars, and the maximum values were recorded without
exception in 2022. In the same season the pectin content was also the highest in every cultivar,
which indicates that the temperature and moisture regime of the growing period acts in the same
direction on the accumulation of organic acids and of cell-wall polysaccharides [9].

From a technological point of view, the content of pectic substances is the most important
indicator. The highest values were found in Chernosliv Samarkandskiy (1.09+0.03 %) and
Kirgizskaya Prevoskhodnaya (0.98+0.03 %), exceeding the control (0.76+0.02 %) by 43.4 and
28.9 %, respectively, whereas the lowest value was recorded in Yutuq (0.66+0.02 %). It should be
emphasised that the coefficient of variation for pectin remained within 2.9-3.6 % in all cultivars.
This means that pectin accumulation depends only slightly on seasonal conditions and represents a
stable cultivar-specific trait, which makes it a reliable criterion when allocating raw material to the
marmalade and pastille lines [5].

The highest sugar—acid ratio was observed in Black Diamond (35.8), i.e. this cultivar has the
sweetest taste profile, followed by Yutuq (32.2) and the control Ispolinskaya (32.1). The lowest
values were recorded in Monfort (27.7) and Chernosliv Samarkandskiy (28.1); despite their high
sugar content, these cultivars also have high acidity, which results in a balanced and characteristic
flavour of the finished product.

In terms of stability, Yutuq differed markedly from the other cultivars: its coefficient of
variation was 9.6 % for dry matter and 8.1 % for total soluble solids, compared with 2.2—4.7 % in
the remaining cultivars. This indicates a high sensitivity of the cultivar to seasonal conditions and
the need to adjust processing regimes between batches when it is used as industrial raw material
[8, 10].

The results of the sensory evaluation are presented in Table 2.

Table 2.
Sensory characteristics of plum fruits and the recommended processing direction (five-point
scale)
Cultivar Appearance Taste Texture Aroma Overall | Recommended dir-
score ection
Ispolinskaya 4.5 4.6 4.3 4.5 4.4 Control variant
(control)
Black Diamond 4.9 44 4.7 4.0 4.7 Candied fruit
Kirgizskaya Prevosk- 4.6 4.5 44 4.4 4.5 Marmalade, pastille
hodnaya
Monfort 4.8 4.8 4.8 4.6 4.6 Candied fruit,
marmalade

Chernosliv 4.7 4.7 4.5 4.7 4.8 Candied fruit,
Samarkandskiy marmalade, pastille
Yutuq 4.4 4.3 4.2 4.2 4.2 Pastille (purée)

Overall sensory scores ranged from 4.2 to 4.8 points. The highest values were obtained by
Chernosliv Samarkandskiy (4.8 points) and Black Diamond (4.7 points). Black Diamond led in
appearance (4.9 points) and texture (4.7 points) but received the lowest score for aroma (4.0 points),
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which is associated with its weakly expressed aromatic profile. In contrast, all attributes of
Chernosliv Samarkandskiy were balanced (4.5-4.7 points); combined with its high acidity and
pectin content, this forms a characteristic taste and aroma complex.

The combined analysis of biochemical and sensory indicators leads to the following
technological conclusions. In candied fruit production, high dry matter and sugar contents of the
raw material shorten the duration of osmotic treatment and increase product yield [3, 4]; according
to this criterion, Monfort (22.26 %; 19.12 °Bx) and Chernosliv Samarkandskiy (23.62 %; 20.54
°Bx) are the most suitable cultivars, while Black Diamond can be recommended as an additional
option owing to its high sugar—acid ratio and sensory scores.

In marmalade and pastille production, the gelling capacity of the raw material is decisive, and
a pectin content above 0.9 % is required [5, 6]. This requirement is fully met by Chernosliv
Samarkandskiy (1.09 %) and Kirgizskaya Prevoskhodnaya (0.98 %). Moreover, the acidity of
Chernosliv Samarkandskiy (0.73 %) is sufficient to ensure the sugar—acid balance, which makes it
possible to reduce the amount of acid added to the marmalade formulation.

Yutuq, with its low pectin content (0.66 %), is not suitable for marmalade on its own;
however, owing to the softness of its flesh and the ease of purée preparation, it can be used in
pastille production in blends with cultivars rich in pectin [11].

Conclusions

1. Over five seasons (2021-2025), the dry matter content of the studied plum cultivars ranged
from 18.44 to 23.62 %, total soluble solids from 16.64 to 20.54 °Bx, titratable acidity from 0.47 to
0.73 %, and pectic substances from 0.66 to 1.09 %.

2. Titratable acidity was the parameter most dependent on the season (CV 8.2-10.1 %),
whereas pectin accumulation behaved as a stable cultivar-specific trait (CV 2.9-3.6 %), which
allows it to be used as a reliable criterion for allocating raw material to particular product types.

3. The sugar—acid ratio varied between 27.7 and 35.8; the sweetest taste profile was formed in
Black Diamond, and the most balanced profiles in Monfort and Chernosliv Samarkandskiy.

4. On the basis of the combined biochemical and sensory assessment, Monfort and Chernosliv
Samarkandskiy are recommended for candied fruit production, and Chernosliv Samarkandskiy and
Kirgizskaya Prevoskhodnaya for marmalade and pastille production.

5. The results obtained provide a scientific basis for the development of a complex (waste-
free) processing technology in which candied fruit, marmalade and pastille are obtained from the
same raw material.
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OueHKa MUIeBor 0e30MacHOCTH copToB nepcuka (Prunus persica (L.) Batsch)
no Be;imunHe pH U copep)kaHUI0 HUTPATOB B IUI0AAX

Jpzawee Toxupbek Dypkam yz1u

HAyuHbIll COMPYOHUK
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Abstract

The aim of this study was to determine the active acidity (pH) and nitrate content of peach
fruits of cultivars grown in the Fergana region and to assess their food safety. The experiment was
carried out in 2022-2024 in the Uzbekistan district on nine cultivars (control — Elberta) in four
replications, giving 108 observations. Fruit pH was measured potentiometrically and nitrate content
ionometrically; the data were processed by two-way analysis of variance (cultivar x year). Flesh pH
ranged from 3.69 (Lola) to 4.17 (Caldesi 2000), averaging 3.96 (LSDO05 = 0.08), and nitrate content
ranged from 37.8 (Elberta, Lola) to 40.7 mg/kg (Caldesi 2000), averaging 39.1 mg/kg (LSDO05 = 1.3
mg/kg). The effect of cultivar was significant for both traits (F = 29.9 for pH and F = 5.68 for
nitrate at FO5 = 2.06), whereas the effects of year and of the cultivar x year interaction were not
significant, so the cultivar differences were stable over the three years. In all cultivars the nitrate
content was below the maximum permissible level (MPL = 60 mg/kg), amounting to 62.9-67.8 %
of it. A very weak positive correlation was found between pH and nitrate content (r = 0.208; n =

Bubsuorpaduueckoe onucanue: DprauieB T.dD.Y. OueHka nuiieBoii 6e3omacHocTH coptoB repcuka (Prunus persica (L.) Batsch)
no BenvurHe pH U coep)kaHUIO HUTPATOB B ruioAax // Universum: XuMusi ¥ OMOJIOTHS : 37IeKTPOH. HayyH. XypH. 2026. 10(148).
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content / Universum: Chemistry and Biology : electronic scientific journal. 2026. No. 10(148). Available at: https://7universum.com/
ru/nature/archive/item/23463
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108; p = 0.031). Risk assessment showed that a daily intake of 0.2 kg of fruit provides 3.4-3.7 % of
the acceptable daily intake (ADI = 3.7 mg/kg body weight), with HQ < 1. Since pH was below 4.5
in all samples, pasteurization regimes may be used for processing.

AHHOTanus

Llenbto MccneoBaHUs SIBSITIOCH OTpefiesieHUe aKTMBHOM KucaoTHOCTU (pH) u copeprkaHus
HUTPATOB B TUIO[JaX COPTOB TEePCHKa, BhIPAII[UBAEMBIX B YCI0BUsAX DepraHckoi 06/1acTH, U OLleHKa
Ha 3TOM OCHOBe TMILEeBOW Oe3omacHOCTHM TpoayKiuu. OnbIT mpoBoauncs B 2022-2024 rr. B
Y30eKHCTaHCKOM palioHe Ha [IeBATH COpTaX, BK/OUas KOHTPOJBHBIA COpPT Onbbepra, B
YeThIPEXKPATHOW TIOBTOPHOCTH; MpoaHanyi3vupoBaHo 108 Habmogenuii. Bemmunny pH ompezensm
MOTEHIIMOMeTPUUECKH, COfiep>KaHHe HUTPAaTOB — MOHOMETPUYECKH; JaHHbIe 00paboTaHbI METO[0M
JIByX(paKTOPHOTO AUCIIEPCUOHHOTO aHanu3a (CopT X rof). BenuunHa pH MsikoTu B pa3pe3e COPTOB
v3MeHsiiack ot 3,69 (Jlona) go 4,17 (Kansgesu 2000), cocraBuB B cpeaHem 3,96 (HCPO5 = 0,08),
copep>kanue HUTpatoB — oT 37,8 (Onbbepta, Jloma) mo 40,7 mr/kr (Kanpaesu 2000), B cpesHeM
39,1 mr/kr (HCPO5 = 1,3 mr/kr). [I1CriepCHOHHBIN aHanu3 1okKasas JOCTOBepHOe BausHUe (hakTopa
«copT» 1o oboum mokasaresisim (F = 29,9 nnst pH u F = 5,68 anst vutrparos nipu FO5 = 2,06), Torga
Kak B/MsiHUe (DaKTopa «rof» U B3aUMOJEeNCTBUS (PaKTOPOB OKa3ajoCh HEJOCTOBEPHBIM, TO €CTb
COPTOBBIE pa3Muusi ObUTH YCTOMUMBLI B TeueHUEe TPEX JieT. Y BCEX COPTOB CO/IepP>KaHWe HUTPATOB
ObLTO HIDKe TIpeziesibHO fJoryctuMoin KoHreHTpauuu (TTJK = 60 mr/kr) u cocrasmsio 62,9-67,8 %
oT Heé. Mexxny pH u coiep>kaHeM HUTPATOB BhIsIB/IEHA OueHb C1abasi TIOJIOKUTEbHAs CBsA3b (T =
0,208; n = 108; p = 0,031). OueHka pucKa TOKa3asa, YTO TPU CyTOUHOM MoTpebneHun 0,2 Kr
IIJIOZI0B MIOCTYTUIEHVe HUTPATOB COCTaB/sieT b 3,4-3,7 % fonycTumon cyTouHou fo3el (ADI =
3,7 mr/kr maccel Tena) mpu HQ < 1. TlockonmbKy Bo Bcex obOpasijax pH Obun Hibke 4,5, mpu
repepabOTKe TI0/I0B TIPUMEHUMBI PEXKUMBI TTaCTEPU3aLIHH.

Keywords: peach, active acidity, pH, nitrate, food safety, maximum permissible level,
analysis of variance, cultivar, Fergana region.

KiroueBble c/10Ba: MepCUK, akTUBHAsE KUCIOTHOCTh, pH, HUTpaThI, nuiteBas 6e301acHOCTb,
ITJK, arcrepCcHoOHHBIN aHa/mu3, copt, @epraHckasi 06/1aCThb.

Introduction

Peach (Prunus persica (L.) Batsch) is a stone fruit crop widely grown in Uzbekistan, in
particular in the Fergana Valley, and a considerable share of the produce is directed to the domestic
market and to export [8]. In recent years the requirements imposed on fruit have no longer been
limited to taste and marketable quality: they are also defined by the ecological cleanliness and food
safety of the produce, since a consignment that fails to meet the established limits is withdrawn
from trade on export markets [3].

Nitrates (NO;") are a natural intermediate product of nitrogen metabolism in plants. In the
human body they can be converted into nitrites and further into nitrosamines, while nitrites convert
haemoglobin into methaemoglobin and impair oxygen transport [5]. For this reason the European
Food Safety Authority (EFSA) has set an acceptable daily intake (ADI) for nitrate of 3.7 mg/kg
body weight per day [1], whereas the sanitary standards in force establish a maximum permissible
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level (MPL) of 60 mg/kg for stone fruits. According to a worldwide meta-analysis, the mean nitrate
content of fruits is 44.02 mg/kg, about ten times lower than that of vegetables (438.31 mg/kg) [2];
nevertheless, this indicator varies considerably depending on the cultivar and on the rate of nitrogen
fertilization [4; 10].

The active acidity (pH) of the fruit is the second indicator linking quality and safety. Besides
determining the sugar—acid balance of the taste, it also governs microbiological stability: at a pH
below 4.6 Clostridium botulinum does not grow, so such products are classified as «high-acid»
foods and pasteurization is applied instead of sterilization during canning [9]. In peach, acidity is
determined mainly by malic and citric acids [7]. In the literature the pH of peach has been studied
extensively from the standpoint of taste quality [6], whereas nitrate has been examined mainly in
vegetables; studies evaluating both indicators together for locally grown cultivars are almost absent.
This defines the novelty of the present work: using nine peach cultivars grown in the Fergana region
as an example, the variability of pH and nitrate content was assessed by analysis of variance with
respect to the cultivar and the year factors, the relationship between the two indicators was
established, and the results were interpreted quantitatively by means of the internationally accepted
risk assessment algorithm.

The aim of the study was to determine the pH and the nitrate content of the fruits of peach
cultivars grown under the conditions of the Fergana region, to assess the relationship between these
indicators and to substantiate the compliance of the produce with food safety requirements.

Materials and Methods

The study was carried out in 2022-2024 in a peach orchard in the Uzbekistan district of the
Fergana region. The objects of study were nine peach cultivars: Champion, Elberta (control),
Extreme 514, Vostok, Lola, Super lola, Oq luchchak, Big Top and Caldesi 2000. All cultivars were
grown on trees of the same age and under the same agronomic background, with identical irrigation
and fertilization regimes, which made it possible to isolate the effect of the cultivar factor. The
experiment was laid out in four replications; over the three years a total of 108 observations (9
cultivars x 3 years x 4 replications) were obtained for each indicator.

Fruits of each cultivar were sampled at the stage of consumer ripeness. In each replication,
fruits were picked from five typical trees, from four sides of the canopy, and an average sample of 3
kg was formed. The analyses were performed on the day of sampling, in a homogenate of the fruit
flesh (without the stone).

The active acidity of the flesh was measured potentiometrically with a digital pH meter fitted
with a glass electrode at 20 + 1 °C; before each series of measurements the instrument was
calibrated against buffer solutions of pH 4.01 and pH 6.86. The content of nitrate ions (NO,") was
determined ionometrically with an ion-selective (nitrate) electrode: a 10 g portion of the
homogenate was extracted with a 1 % solution of potassium aluminium sulphate, and the result was
calculated from a calibration curve and expressed in mg/kg of fresh fruit weight.

The results were processed by two-way analysis of variance (factor A — cultivar, factor B —
year) following the method of Dospekhov [11]. The error variance was calculated at 78 degrees of
freedom; for each cultivar the mean and its standard error (M + m), the least significant difference
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at the 5 % level (LSDO05) and the accuracy of the experiment (Sx, %) were obtained, while the
variability among cultivars was assessed by the coefficient of variation (V, %). The relationship
between pH and nitrate content was evaluated by the Pearson correlation coefficient (r).

The estimated daily intake of nitrate was calculated as EDI = (C x IR) / BW, where C is the
nitrate concentration, mg/kg; IR is the daily consumption, kg; and BW is the body weight, kg. The
value obtained was compared with the ADI of 3.7 mg/kg body weight per day established by EFSA,
and the hazard quotient was calculated as HQ = EDI/ ADI [1; 2].

Results and Discussion

Active acidity (pH) of the fruit. Averaged over the three years, the pH of the fruit flesh
varied among cultivars from 3.69 to 4.17, with a mean value of 3.96 (Table 1). The analysis of
variance showed a highly significant effect of the cultivar factor (F = 29.9 > F0O5 = 2.06), whereas
the effects of the year factor (F = 0.82) and of the interaction of the factors (F = 0.61) were not
significant. Thus, the pH of peach fruit is determined mainly by cultivar characteristics and depends
little on the conditions of the year, which confirms that this trait can serve as a reliable criterion for
breeding and for processing. The accuracy of the experiment was Sx = 1.3 %, indicating a high
reliability of the results.

Table 1.
Active acidity (pH) of the fruits of peach cultivars, 2022-2024
No. Cultivar pH, Deviation from Acidity
Mztm the control, + group
1 Champion 4.03 + 0.02 0.00 medium
2 Elberta (control) 4.03 + 0.04 — medium
3 Extreme 514 3.78 £0.03 -0.26 acidic
4 Vostok 3.83+£0.03 -0.20 acidic
5 Lola 3.69 + 0.04 -0.34 acidic
6 Super lola 4.08 + 0.02 +0.05 low-acid
7 Oq luchchak 3.94 £ 0.03 -0.10 medium
8 Big Top 4.11£0.03 +0.07 low-acid
9 Caldesi 2000 4.17 £ 0.01 +0.14 low-acid
Mean 3.96 — —
V, % 4.1 — —
Sx, % 1.3 — —
LSDO05 0.08 — —

A statistically significant decrease relative to the control, that is, a difference exceeding
LSDO05 = 0.08, was recorded in Lola (-0.34), Extreme 514 (-0.26), Vostok (—0.20) and Oq luchchak
(-0.10); a low pH indicates a high content of organic acids, primarily malic acid, in the fruit flesh
[7]. In Caldesi 2000, by contrast, the pH was significantly higher than in the control (+0.14). In
Champion (0.00), Super lola (+0.05) and Big Top (+0.07) the differences were within LSDO05 and
therefore not significant.
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The range obtained is consistent with international data: in cultivars studied in the
Mediterranean basin the pH of peach ranged from 3.50 to 4.40, and in white-fleshed cultivars it was
usually below 4.0 [6]; in our experiment the white-fleshed cultivars Oq luchchak (3.94) and Lola
(3.69) likewise had a pH below 4.0. The basis of the differences among cultivars has been explained
at the molecular level: in low-acid cultivars the expression of the ALMT9 gene, which transports
malate into the vacuole, is reduced, and the degradation of citric acid is accelerated [7].

Nitrate content of the fruit. The content of nitrate ions varied among cultivars from 37.8 to
40.7 mg/kg, with a mean value of 39.1 mg/kg (Table 2). As in the case of pH, the effect of the
cultivar factor was significant for this indicator (F = 5.68 > F05 = 2.06), whereas the effects of the
year factor (F = 0.11) and of the interaction of the factors (F = 0.99) were not significant. The mean
nitrate content by year varied only from 39.1 mg/kg (2022) to 39.2 mg/kg (2023), that is, it
remained practically unchanged over the three years. The accuracy of the experiment was Sx =
2.0 %.

Table 2.
Nitrate content of the fruits of peach cultivars, 2022-2024
No. Cultivar Nitrate, Deviation from Share of Status
mg/kg, M + m the control, + MPL, %
1 Champion 38.5+ 0.6 +0.7 64.2 within the limit
2 Elberta (control) 37.8+0.4 — 63.1 within the limit
3 Extreme 514 384104 +0.6 64.0 within the limit
4 Vostok 39.8+0.5 +2.0 66.4 within the limit
5 Lola 37.8+0.5 -0.1 62.9 within the limit
6 Super lola 39.2+0.3 +1.3 65.3 within the limit
7 0Oq luchchak 40.3+0.3 +2.5 67.2 within the limit
8 Big Top 39.8+0.4 +2.0 66.4 within the limit
9 Caldesi 2000 40.7 £ 0.4 +2.8 67.8 within the limit
Mean 39.1 — 65.2 —
V, % 2.8 — — —
Sx, % 2.0 — — —
LSDO05 1.3 — — —

Note: MPL is the maximum permissible level of nitrate for stone fruits, 60 mg/kg.

The lowest nitrate content was recorded in the control cultivar Elberta and in Lola (37.8 mg/
kg). Values significantly higher than the control, that is, exceeding LSDO05 = 1.3 mg/kg, were found
in Caldesi 2000 (+2.8), Oq luchchak (+2.5), Vostok and Big Top (+2.0) and Super lola (+1.3),
whereas the differences in Champion (+0.7) and Extreme 514 (+0.6) were not significant. In all
cultivars the nitrate content was below the MPL; the results, however, require an objective
interpretation: the mean values amounted to between 62.9 % and 67.8 % of the MPL, and the
highest value in an individual sample reached 43 mg/kg, or 71.7 % of the MPL. The safety margin
is therefore 1.5-1.6-fold, and if the rate of nitrogen fertilization were increased or the irrigation
regime disturbed, the nitrate content in Caldesi 2000, Oq luchchak and Big Top could approach the
MPL; monitoring of individual consignments of these cultivars destined for export should therefore
be intensified [10].
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A comparison with world data gives a favourable picture: the mean nitrate content of fruits
worldwide is 44.02 mg/kg [2], whereas in our experiment the mean value was 39.1 mg/kg, that is,
11.1 % lower than the world average. This shows that peach fruits grown under the conditions of
the Fergana region comply with international requirements with respect to nitrate accumulation and
that nitrogen fertilizers are applied at reasonable rates in local orchards.

Relationship between pH and nitrate content

A comparison of the data of the two tables revealed an interesting tendency: cultivars with a
higher pH, that is, low-acid cultivars, also had a higher nitrate content. Correlation analysis of all
108 observations confirmed this tendency (r = 0.208; p = 0.031); the relationship, however, is very
weak: the coefficient of determination was R2 = 0.04, which means that only 4 % of the variability
in nitrate content is associated with pH. At the level of cultivar means the correlation was stronger (r
= 0.481), but owing to the small number of observations (n = 9) it did not reach the threshold of
statistical significance (p = 0.19). Accordingly, the relationship observed should be regarded not as
a regularity of practical importance but as a tendency that requires verification on a larger number
of cultivars.

A possible reason for this tendency is a well-known physiological mechanism: the reduction
of nitrate with the participation of nitrate reductase is accompanied by the formation of hydroxyl
ions (OH"), and this alkalinity is neutralized through the synthesis of malic acid (the «biochemical
pH-stat»). It may therefore be assumed that in low-pH cultivars, in which acid metabolism is more
active, nitrate assimilation proceeds more intensively and less residual nitrate accumulates in the
fruit. Direct measurement of nitrate reductase activity is required to confirm this explanation. From
a practical point of view the tendency observed is important: at a time when the creation of low-
acid, sweet-tasting cultivars is becoming a priority direction in breeding [8], it is advisable to
evaluate food safety indicators as well when such cultivars are tested.

Risk assessment for nitrate

Compliance with the MPL is a necessary but not a sufficient condition. The calculations
showed that when an adult consumer (BW = 60 kg) eats 0.2 kg of peaches per day, the daily intake
of nitrate amounts to 0.126-0.136 mg/kg body weight, which is only 3.4-3.7 % of the acceptable
daily intake established by EFSA [1]. Even when the daily consumption rises to 0.3 kg and the
cultivar with the highest nitrate content is consumed, this share does not exceed 5.5 %. For children,
in the least favourable case (BW = 27 kg, IR = 0.1 kg), the value amounted to 4.1 % of the ADI. In
all cases the hazard quotient was HQ = 0.034-0.055, that is, 18-29 times below unity, which means
that consumption of the fruits of the cultivars studied poses no risk to health with respect to nitrate.
This is consistent with the literature: the main part of the dietary nitrate intake comes not from fruits
but from vegetables [2; 4].

Technological significance of the result

In all 108 samples the pH was below the microbiological safety threshold of 4.6 and below
the value of 4.5 used in processing practice (the highest individual value was 4.25). This makes it
possible to classify peach fruits as high-acid foods and to apply pasteurization regimes at 90—-100 °C
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during canning instead of high-temperature sterilization [9], which reduces energy consumption and
better preserves product quality. Caldesi 2000 is the closest to the threshold (mean 4.17), and it is
therefore recommended that the pH be monitored in consignments prepared from this cultivar and,
where necessary, adjusted with citric acid. On the whole, when the two indicators are analysed
together the cultivars may be divided into two groups: cultivars with a low pH and a low nitrate
content (Lola, Extreme 514, Elberta) are the most suitable for processing and export, whereas
cultivars with a higher pH and a relatively higher nitrate content (Caldesi 2000, Big Top, Super lola,
Oq luchchak) are preferable for fresh consumption but require stricter monitoring.

Conclusion

1. In the nine peach cultivars grown in the Uzbekistan district of the Fergana region, the
active acidity of the fruit flesh ranged from 3.69 (Lola) to 4.17 (Caldesi 2000), averaging 3.96
(LSDO05 = 0.08; Sx = 1.3 %). A significantly lower pH than in the control was recorded in Lola,
Extreme 514, Vostok and Oq luchchak.

2. The nitrate content ranged from 37.8 (Elberta, Lola) to 40.7 mg/kg (Caldesi 2000),
averaging 39.1 mg/kg (LSDO05 = 1.3 mg/kg; Sx = 2.0 %), and in all cultivars it was below the MPL
of 60 mg/kg, amounting to 62.9-67.8 % of it. The mean value is 11.1 % lower than the figure
reported for fruits worldwide (44.02 mg/kg).

3. The analysis of variance showed a significant effect of the cultivar factor for both indicators
(F = 299 for pH and F = 5.68 for nitrate), whereas the effects of the year factor and of the
interaction of the factors were not significant. The cultivar-specific differences were therefore stable
over the three years and can be regarded as reliable cultivar traits.

4. A very weak positive correlation was observed between pH and nitrate content (r = 0.208; n
= 108; p = 0.031; R? = 0.04): low-acid cultivars tend to accumulate more nitrate, but this
relationship is only a tendency and requires verification on a larger number of cultivars.

5. According to the risk assessment, the daily intake of nitrate amounted to 3.4-3.7 % of the
ADI for adult consumers and to 4.1 % for children (HQ < 1). Since the pH was below 4.5 in all
samples, pasteurization regimes may be applied when the fruits are processed. Lola, Extreme 514
and Elberta are recommended for processing and export, while monitoring of pH and nitrate in
individual consignments is necessary for Caldesi 2000.
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Abstract

The mountain ecosystems of Central Asia are characterized by high ecological diversity,
strong topographic gradients, and a high proportion of geographically restricted plant taxa. Such
conditions have led to the formation of local endemics and species with narrow ranges, many of
which may be vulnerable to habitat disturbance. In this review, the available information on three
rare mountain plants—Dionysia hissarica Lipsky (Primulaceae), Dracocephalum formosum
Gontsch. (Lamiaceae), and Rhodiola heterodonta (Hook.f. & Thomson) Boriss. (Crassulaceae)—
was summarized within a unified framework. The systematic status, distribution, ecology,
conservation significance, level of study, phytochemical composition, biological activity, and in
vitro studies of the species were analyzed. D. hissarica is a rare endemic species with a narrow
range associated with the Hissar Mountains; species-specific phytochemical data are limited,
although its essential oil has been characterized using GC-MS. Although floristic and taxonomic
information is available for D. formosum, species-specific phytochemical and tissue culture studies
remain insufficient. R. heterodonta, in contrast, has been relatively extensively studied with respect
to phenylethanoid glycosides, including heterodontoside and salidroside, as well as antioxidant,
antihypoxic, antihyperglycemic, and other biological effects. The possibility of obtaining bioactive
metabolites using callus, cell suspension, and organ cultures has also been demonstrated in other
representatives of the genus Rhodiola. The results of the analysis indicate a significant gap between
conservation needs and biotechnological knowledge, particularly for D. hissarica and D. formosum.

AHHOTaUA

TopHble skocucTembl LleHTpanbHOM A3UM XapaKTepU3yHOTCS BBICOKMM 3KOJIOTHUeCKUM
pa3sHooOpa3ueM, BbIp@KeHHbIMH  TOMOTpaUuUeCKUMH TpafilueHTaMM U BBICOKOW  Jioneid
reorpauueckd  OrpaHWYEHHBIX TAKCOHOB pacreHWi. Takue yc/loBUS — CIIOCOOCTBOBaIU
(hopMHPOBaHUIO JIOKA/IbHBIX SHJIEMUKOB U BHJIOB C Y3KUMU apeajiaMu, MHOTHe M3 KOTODBIX MOTYT
ObITb YS3BUMBIMU K HapylleHHI0 MecTooOuTaHuil. B Hacrosiiiiem o0630pe B e[WHOW cucTeMe
0000111eHbI UMeEIOIINeCs: CBeJieHHsl O TPeX PelKUX TOPHBIX pacTeHUssx — Dionysia hissarica Lipsky
(Primulaceae), Dracocephalum formosum Gontsch. (Lamiaceae) u Rhodiola heterodonta (Hook.f.
& Thomson) Boriss. (Crassulaceae). IlpoaHanuM3upoBaHbl CHUCTeMaTHUYeCKoe TI0I0)KeHue,
pacripocTpaHeHWe,  3KOJIOTHSl,  TMPUPOJOOXPAaHHOe  3HaueHue,  CTelleHb  M3yYeHHOCTH,
¢buTOXMMHUECKUM CcOCTaB, OMOOrUYecKas akTUBHOCTb M MCC/Ie[0BaHUs in Vvitro 3Tux BUAOB. D.
hissarica siBnsieTcsi peiKUM 3H/IEMHUUHBIM BHJIOM C y3KHMM apeasioM, CBsi3aHHbIM C ['Mccapckumu
ropamu; Buzocrerduueckre GUTOXUMUUECKUe JaHHbIe OrpaHUueHbl, OJHAKO ero 3(HpHOe Macjio
oxapakrtepu3oBaHo ¢ nomoupto GC-MS. Hecmorps Ha Hamuuue (QUIOPUCTUYECKUX U
TaKCOHOMHWYeCKMX JlaHHbIXx 10 D. formosum, Bupocneuupuyeckue (UTOXUMUUECKHe
WCCJIeIOBaHUs M MCC/IeIoBaHUs Ky/bTYPbl TKaHeW OCTaroTCs HejocTaTtouHbiMU. R. heterodonta,
HarpoTHB, OTHOCUTENbHO IIHMPOKO W3yyeHa B OTHOIIEHWH (DeHUTITaHOUAHBIX TJIMKO3U/OB,
BK/IIOUasi TeTepPOJOHTO3M[, W CaluJpO3ufl, a TakKke AaHTHOKCHAAHTHOTO, AHTUTUIIOKCUYeCKOTo,
AHTUTUIEPIVIMKEMUUECKOTO UM JIDyTMX BUAOB OuWosornyeckoro JiedctBus. s Apyrux
nipefctaButenied poga Rhodiola Takke T10Ka3aHa BO3MOXKHOCThH TIOMyUYeHHS OUOIOTHUECKU
aKTUBHBIX MeTabO0MTOB C UCIO/b30BaHHWEM KaJ/lTyCHBIX, KJI€TOUHBIX CyCITIeH3MOHHBIX U OpraHHbIX
KyJbTYp. Pe3ysibTaThl aHamM3a CBU/IeTe/TbCTBYIOT O 3HAaUUTEeIbHOM pa3pbiBe MeXy MOTPpeOHOCTIMU
B OXpaHe 1 OMOTeXHOJIOTHYeCKUMU 3HaHUSIMU, 0cobeHHo ayisi D. hissarica v D. formosum.
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Ouosioruueckasi akTUBHOCTb, Ky/IbTypa in Vitro.

Introduction

The mountain flora of Central Asia is distinguished by high ecological diversity, complex
terrain, and the presence of plant taxa with narrow ranges. The geographical isolation of mountain
systems has led to the formation of numerous local endemic and rare species. Because such species
may occur as small or fragmented populations, they can be vulnerable to habitat disturbance,
erosion, changes in hydrological regimes, tourism, and other anthropogenic factors. Therefore, their
conservation requires not only the preservation of natural populations but also the use of ex situ
collections, controlled propagation, and, where possible, in vitro culture (Science, 2026)
(Abdullaeva NS, 2019). Dionysia hissarica Lipsky, Dracocephalum formosum Gontsch., and
Rhodiola heterodonta (Hook.f. & Thomson) Boriss., considered in this review, belong to three
different families and differ ecologically and phytochemically. D. hissarica is a narrow-range
species of the family Primulaceae adapted to rocky biotopes and is recorded in available sources as
a rare endemic (Science, 2026) (Book, 2019). D. formosum belongs to the family Lamiaceae and is
a mountain plant studied within the flora and phytogeography of Uzbekistan (Kew, 2026)
(Abdullaeva NS, 2019). R. heterodonta belongs to the family Crassulaceae and has a considerably
larger body of experimental data on its phytochemistry and biological activity (Zaripova MR, 2024)
(Miao Hu, 2024) (Yunuskhodjaev AN, 2014). The phytochemical significance of all three species is
relevant from the perspective of conservation biotechnology. A diversity of phenylethanoid
glycosides, phenylpropanoids, flavonoids, and other secondary metabolites has been identified in
the genus Rhodiola (Yousef GG, 2006) (Jiahui Li, 2026) (Ang LH, 2015). In vitro studies conducted
on various representatives of the genus show that the production of salidroside and related
metabolites can be regulated through callus, cell suspension, and organ cultures (Grech-Baran M,
2015) (Heliyon., 2026) (Wu S, 2003). The aim of the review is to systematize information on three
rare mountain species in terms of systematics, distribution and ecology, conservation significance,
phytochemistry, biological activity, and in vitro biotechnology, and to distinguish insufficiently
studied areas from the available scientific evidence.

Materials and methods

This work was prepared in the form of a literature review. Data were collected from
taxonomic databases, conservation sources, and peer-reviewed scientific publications concerning
the three target species. Where species-specific evidence was unavailable, studies on the relevant
genera or closely related taxa were considered as methodological and comparative sources.
Taxonomic and distribution data were verified using Plants of the World Online and regional
botanical literature (Science, 2026) (Kew, 2026). Conservation-related information was based on
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the Red Data Book of Uzbekistan and relevant scientific sources (Book, 2019). In the
phytochemical and biological sections, priority was given to original studies describing identified
compounds, analytical methods used, or experimentally measured biological effects. In the
biotechnological section, studies describing callus induction, shoot regeneration, rooting, cell
suspension, and other controlled culture systems were analyzed. Because direct in vitro evidence for
D. hissarica and D. formosum is limited, studies on other species of the genus Rhodiola were
interpreted as methodological sources rather than direct evidence for these two species (Grech-
Baran M, 2015) (Heliyon., 2026) (Wu S, 2003).

Results and discussion

The three species included in the study belong to three different families. D. hissarica belongs
to the family Primulaceae, D. formosum to the family Lamiaceae, and R. heterodonta to the family
Crassulaceae. Their common feature is their association with specialized mountain or rocky habitats
and the need for conservation and propagation under scientific control. However, the level of
scientific study differs markedly: D. hissarica and D. formosum have been studied mainly from
floristic and taxonomic perspectives, whereas R. heterodonta has been more extensively studied in
terms of phytochemistry and biological activity (Science, 2026) (Kew, 2026) (Zaripova MR, 2024).

Dionysia hissarica Lipsky is a species of the genus Dionysia in the family Primulaceae and is
recorded as an accepted name in current taxonomic data (Science, 2026). The species is described
as a small, cushion-forming plant associated with rocky habitats. In the conservation literature of
Uzbekistan, it is recorded as a rare endemic growing on rocky substrates, including sandstone
crevices and moist microhabitats near waterfalls. The distribution of the species is associated with
the Hissar mountain system of Uzbekistan, and available data indicate the middle course of the
Sangardak River in Surkhandarya Region and adjacent rocky biotopes (Book, 2019). The
availability of moisture and dependence on specialized microhabitats indicate ecological
specialization of the species. Such conditions may increase the vulnerability of small populations to
changes in habitat. The main body of scientific literature on D. hissarica concerns distribution,
habitat, and conservation issues. In 2018, the chemical composition of essential oil obtained from
the aerial parts of the species was studied using GC-MS (Mamadalieva NZ, 2018). Apart from this
study, direct information on the species’ non-volatile secondary metabolites, biological activity, and
tissue culture is limited. Therefore, D. hissarica is considered an important promising object for ex
situ conservation and species-specific phytochemical studies.

Dracocephalum formosum Gontsch. belongs to the family Lamiaceae and is indicated as an
accepted species of the genus Dracocephalum in current taxonomic resources (Kew, 2026). Floristic
studies conducted in Uzbekistan provide information on the distribution and phytogeographic
characteristics of the species (Abdullaeva NS, 2019). The species is regarded as a perennial herb
adapted to mountain environments. D. formosum is associated with the mountainous regions of
Central Asia, and regional data record its occurrence in the Hissar and adjacent mountain systems.
Detailed experimental data concerning soil chemistry, water availability, light regime, and
microclimate of the species are insufficient. These factors may affect not only population
persistence but also the accumulation of secondary metabolites. Existing studies on D. formosum
have mainly focused on floristics, taxonomy, phytogeography, and conservation (Book, 2019)
(Abdullaeva NS, 2019). Although various phenolic acids, flavonoids, phenylpropanoids, lignans,
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terpenoids, and volatile compounds have been identified in other representatives of the genus
Dracocephalum, these data cannot be accepted as direct evidence for D. formosum. Species-specific
studies of the metabolite profile, biological activity, and in vitro propagation of the species remain
an important scientific gap.

Rhodiola heterodonta (Hook.f. & Thomson) Boriss. is a perennial mountain plant of the
family Crassulaceae belonging to the medicinally important genus Rhodiola. In historical
taxonomic literature, it may also occur under the name Sedum heterodontum. R. heterodonta has a
broader experimental base in phytochemistry and biological activity compared with D. hissarica
and D. formosum (Zaripova MR, 2024) (Miao Hu, 2024) (Yunuskhodjaev AN, 2014). The species is
associated with Central Asia and adjacent mountainous regions. Studies based on material collected
in Uzbekistan have investigated populations in the Angren and Burchmulla areas, located at
approximately 1200—1800 m above sea level (Zaripova MR, 2024). The species’ association with
mountain environments and medicinal properties makes sustainable collection and propagation
important issues.

The most clearly documented chemical study of D. hissarica is devoted to its essential oil.
Mamadalieva and co-authors analyzed the essential oil obtained from the aerial parts using GC-MS
and identified a complex profile of volatile compounds (Mamadalieva NZ, 2018). This result
indicates that the species has a characteristic volatile chemical composition, but it does not define
the complete spectrum of secondary metabolites. Data on non-volatile metabolites are insufficient.
In the future, it would be appropriate to analyze extracts of different polarities using HPLC-DAD
and LC-MS/MS, as well as to determine total phenolics and flavonoids. The species-specific
phytochemical profile of D. formosum has not yet been sufficiently developed. Phenolic acids,
flavonoids, phenylpropanoids, lignans, terpenoids, and volatile compounds have been identified in
the genus Dracocephalum, but genus-level data do not directly confirm the composition of D.
formosum. Therefore, a comprehensive metabolomic study based on sequential extraction, GC-MS,
and HPLC/LC-MS/MS is necessary for this species. R. heterodonta has the most phytochemical
evidence among the three species. Grace and co-authors identified heterodontoside, tyrosol methyl
ether, salidroside, viridoside, mongroside, tyrosol, and other related compounds, as well as
proanthocyanidins, in an 80 % ethanol extract (Grace MH, 2009). Comparative analysis of three
Rhodiola species confirmed the presence of characteristic phenylethanoid and related glycosides in
R. heterodonta CITATION Gra09 \I 1033 (Grace MH, 2009). A 2024 study of material obtained
from Uzbekistan identified flavonoids, saponins, phenolic compounds, tannins, terpenoids, and
reducing sugars (Zaripova MR, 2024). A 2026 systematic review summarized that more than 500
chemical compounds have been reported in the genus Rhodiola (Jiahui Li, 2026). Direct
experimental evidence concerning the biological activity of D. hissarica is currently limited. The
main available chemical study focused on characterization of the essential oil and did not include
comprehensive pharmacological evaluation (Mamadalieva NZ, 2018). Therefore, activities reported
for other Dionysia species cannot be automatically transferred to this species. Antibacterial,
antioxidant, anti-inflammatory, and other tests should be conducted using authenticated extracts.
Species-specific biological activity data for D. formosum are also limited. Although numerous
biological effects, such as antioxidant and antimicrobial properties, have been studied in
Dracocephalum representatives, genus-level evidence does not constitute direct evidence for D.
formosum. In the future, it would be appropriate to combine the chemical profile with standardized
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antioxidant, antimicrobial, and enzyme inhibition tests. The biological activity of R. heterodonta
has been documented in relatively greater detail. Grace and co-authors reported adaptogenic and
antihypoxic effects associated with an 80 % ethanol extract (Grace MH, 2009). The choleretic
effects of root and rhizome extracts have also been studied (Kurmukov AG, 2011), while another
study evaluated adaptogenic properties and chronic toxicity (Yunuskhodjaev AN, 2014). A 2024
study identified antioxidant activity in several in vitro free-radical-scavenging systems, as well as
effects related to glucose binding, glucose transport, and inhibition of a-amylase and a-glucosidase
(Zaripova MR, 2024). In a separate network pharmacology study, components were identified using
LC-MS/MS, and mechanisms associated with PI3K/AKT and Nrf2-Gpx4 were proposed for the
antihyperglycemic effect; such mechanistic predictions require additional experimental validation
(Miao Hu, 2024).

The literature shows a significant difference in research intensity among the three species.
Although D. hissarica is documented in terms of distribution, habitat, and conservation
significance, species-specific phytochemistry, biological activity, and biotechnological studies are
scarce. Floristic and taxonomic data are available for D. formosum, but direct experimental
evidence concerning its metabolite profile, biological activity, and tissue culture is insufficient. R.
heterodonta, in contrast, has substantially more direct evidence concerning phytochemistry and
biological activity, as well as an established and advanced methodological biotechnology base
within the genus Rhodiola (Zaripova MR, 2024) (Ang LH, 2015). In future studies, especially for
narrow-range mountain species, taxonomic authentication and documentation of voucher specimens
are important. Seed biology, establishment of aseptic culture, sterilization, and germination
protocols should be optimized separately. Combinations of plant growth regulators should be tested
separately for each species rather than being transferred unchanged from closely related taxa. For D.
hissarica, supplementation of the essential oil profile with non-volatile metabolites; for D.
formosum, development of a broad metabolomic profile based on LC-MS/MS and GC-MS; and for
R. heterodonta, linking marker compounds such as salidroside and heterodontoside with culture
conditions are important directions (Mamadalieva NZ, 2018) (Grace MH, 2009) (Jiahui Li, 2026).
Conservation and biotechnology can be integrated into a single workflow: collection of
authenticated material and preparation of a voucher — assessment of seed viability and sterilization
— aseptic germination — shoot multiplication - rooting — acclimatization — establishment of an
ex situ collection — callus or suspension culture when necessary — determination of the target
metabolite profile — assessment of biological activity. Such an approach may reduce destructive
sampling from natural populations and create reproducible material for subsequent biochemical and
pharmacological studies.

Conclusion

Dionysia hissarica, Dracocephalum formosum, and Rhodiola heterodonta are three
ecologically distinct but important representatives of the mountain flora of Central Asia from the
perspectives of conservation and scientific research. Despite their restricted ranges and conservation
significance, D. hissarica and D. formosum remain insufficiently studied in terms of
phytochemistry, biological activity, and in vitro propagation. R. heterodonta, in contrast, has a
broader experimental basis owing to phenylethanoid glycosides, documented antioxidant and
antihypoxic effects, and the developed biotechnological base of the genus Rhodiola (Zaripova MR,
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2024) (Ang LH, 2015). For all three species, the development of species-specific in vitro protocols

is important for ex situ conservation and obtaining plant material under scientific control. For D.

hissarica and D. formosum, the priority should be to establish reproducible aseptic regeneration

systems and initial metabolite profiles, whereas for R. heterodonta it is appropriate to optimize

regeneration and metabolite production based on existing phytochemical markers. An approach

integrating conservation, phytochemistry, and biotechnology provides a practical scientific platform

for further research on these rare mountain plants.
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