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HdodHEZOdz dz8 7 ftsdzdvHjtcdzr = G OteBBCMddzOls
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f sBtsydzsac ts fsdzd ! Isd dzj dtsMisO9 sSBteOL Iz
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C¢ts
{M
d dz
tsdz

19


mailto:nn@lashmanow.ru

DELEPATIbHBIN W KR LEHT [ idHEzdzOtesH dZOVY 2Ok ydzOw ¢t

h NPOB/EM XMMUYECKOA OU3NKK "wlltrfriléc MRIRY[ 48 0C WRIISRS M R RSR, MRJRR R IRJ[
W MEAULIMHCKON XUMUK f sfpo wOVodzgzlsd ¥ ARA I ma d [m t

MACKOR AKAZIEMHM HAYK 1517 dsdgv 2026 ¢

G. Yjtdtsetsdss O, ¢

I mMsB j dzdetsls s & COsOdzdIsdyj Ms 52 mdmlsj d3r
Cod3f dzj ¢ MO ydies sdzd W 9 silsdzd yd 4 tsls hiMm
ftesat)yHjdd] f(oBBydsets ftetsyj MHOEE@ @Y tfigtz o |
ftesyj My tddesdjtedL Oydd +Isddzj dz©O. wswtsH ] 6
19 d&oOMmMm %.

1 ZOc sH Ot (z®B st O 9" ff sdzdzj dzO fts ¢ sz HC
[ JdetsBtedzOES d t A, - ¢ tsfy. t8j e M@ Q-a g MAQ
dmMf sdz' L 59 Odzd § o5 g Aot o OEAdpdzj CIsd o desec 5
dej WisjmndBduimCdy ftetsyj i, §ddditd §j ¢
Im toér (- 77601).
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N3 Ne a:X=Y=Br
X X X X b: X=Y=Cl
c:X=Cl,Y=Br
N3 N3 N Ne d: X =Br, Y = SMe
Y * vy ° e:X=Cl, Y =SMe
f: X =Y =SMe

1a-f 2a-f
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CCMmy jtoddsj dalsr dz0 e OL dzd ydz m Cdzj Is
dsydlsr , fsC0OLO0dd dLSkzr ydsslhts
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tisBH tod O dz! dzr d&3d ydbtsftetsls j Clstste Ozd f sH
&z BbtsaotsdHted?2 d ydL dzj M shse datsfl

Hi OdzOdzdL O o L GOQScitstipe dzts fifls + g ) Iseie’ R ds
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I sdzzyj dede | tejL zdz IsOIsr fYtsHIse jtey HOE IS
Bdsdzsedud MSd OIBGYsdw Oty Mise Odzn ¢ iR yd &
ANz BOtOls fdtedH ¢ Mddo ftoj o sfyn tslstydsfy d 1 tets M1
tcOfmMlse stcd BBsMis* OdZlsd ¢ MdHOdzls dzOW OS¢ Isd o dats
utsjHddzjdzdj] BBEZOHOjIs o MsCdd f tsisj dayd Odzt
dzj ¢ Otefmlse j dzdz" 7 ftsj HMise Hdzv  f to efifisdiplz@iCdldist
LOBBdj 6 Odzd 2, Of BEE L Mte pHotker G&dz'tey HY Ols s dzs ¢ d

t OBBISO or ftsdzdgj 20 ftod GFBHHJBYSC] [ d
sSBteOL so OdzgdwY (A (CEtMmMikzHOtemilse-2 Yzdztfj f te®f ObzD
[1] RU 2851254C1
[2] 10kOSdd&zO® ¢. ¢. [d Hts. ], 245, 1% dzdz !
[ 3]zQC@ dz0 ¢ . ¢. [d Ht.], 20282, sdzjls. Isjqdz
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[ ilbtsH ®MtejHdzj degdV¥ "N dtetsCts dMmf sdz' L k] Is
Jtoj dzeshO o dzj SH detstetsH dg' - fMtej HOR . A jdz
fMtej H dzj dzdz" - ZtcOo dzj dzd 2 d Mtlse jlsMmiselze h
sdzzyd ddj wedzr n ddzd dzJWsdzf:Qtsﬂﬂw)qudzg’ﬂzh
tejHr, I1OCdn C0O¢C Cwi WWdydjdads HdWWkLdd oc

1 tod dzv Is ts mOL&duOBW)MW@g%@ﬂ&%ﬁ&%ﬂBQ;
CoBsE jded L COyxfpwi )j dgdddj dsfiPtej Hdzj dedj [ 2] dzsC O

q
ts
g
f

Boslk dzso MG d By o5 sk s HESE ZOH Mehissdls
ftsHjtey O dR, Meskejlsfise j dadzts, OdOdzdL Mt
ftod Bj dej dedd BJ IssH @ dsB¥e OHRuAER 1sG s@dd H(

Codzstesdzdtelzj 3" = t6j OCyd?2, dHEhdrn o &BIEtec
ftod HiNIs GOy deso’ §j toj L bkzdz SOIsT d tydteyd
cOLoadlsdw diBilstsHO Mtej Hdzgj dzgdWw H ¥ teOL dzd ydz'
d Bdtsdksedd.

I fjtweats? yoOfmbd, & dOhdd M j-bdaymntd
LOHOYk btejls! jets HOUJdESIRFEREOEZ SHEIHNCTHEED I
dLlstesfdf d©3d toj OcJj dzZlsOBBd d MmMslkse jlsMisealzjls
fsisOo dzj dgdets?2 Hdzw SddBBdud MSd OdedL slstetsy dzr
ftojHr HEN dr -6dQB i OrMIftBs e 5 H DAL dzdfiz] dagfly 5 d
B' teddzj dgj &z HOY ] HE&vW MdzEyow sHdksets 0O0CIsd:

l s olststets? yofmlilsd HsC dzOH O ftcj HMIsOo
COoMmos h dj MwB-u©indidwd do M) DjsedQiifistdts 2 fidzlz y 02 dz
L Of sdzdzj dzdzts 2 -dzte g Pls § @etBPBZd 1 5C OL Odzts, Yylsts
Mtej H daf &2V, My Jh dats dmfsdz L £2j &3OW -H dzw
Codzstesdzdtelzj 3" = toj OCyd?2 o dzj sctcOded yJj dedz -
fsojHjddy C Belpiffelta Oy d HdW W EL dsdzdes d3  fydz
Ctsdzj ydes?2 B dEZOMISd. [ d2v EMlstcOdzf tdaktsh ¢f s Ist
o] destcdzge ozt ff * 3" orojdzd dezsetsy Ht tsdzdzed |
fsctcOdegd ydesdz fazsy M Msslse jlsMmlseks h ddis kMmd
ZteOo dzj dzd J , BT dzd o' ydfdzj dzr A O teBng Gsfij ldecHap v
sBh d2, LOadmwh d?2 wilsdzleo tdylde el Ids + @b W@y d .

{t OLtcOBBIsOdzdzOY tsBh OV Isj sted™¥ HOMZO, o
o jdduyddsz Hdzddzr 1 CtcOdedtesoCd Cdzj sCOBRd, {1t
9jhimke d CdMzstcsHO H&Y Metsjcets MO, |
Mdzsy dzgzt OOHOQE, 1 s Hdzddr dBsckls 90! Jqoist
MeiHd ©WOLddqyde = Isdfse CdzjltsS, ls BOCI
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ddzj HizjIs lsd3dj sdls* , Yylsts o HEBCdZOH]
fpewL! BdyHE BIiSHOBR] o jten dshMisdse s 51
B ssHtsd3 Ao Odzyd e O.

1 06 dzj vy, dOBId HOds ftsMmistsy WdL dud Mm¢E
clsOddzmlse j dzdzsetse otsL dzd Cdztso j dzdWw ISOC dzOL T ¢
oL dzdC O N jes dedslsSEHOE [ 7] .

[1] DagdugL., J. Penal., PompaGarcial., 2024 Diffusion Under
Confinement. A Journey Through Counterintuition, Springer.

[2] Traytak S.D., 2013, Phys. Biol. 1045009.

[3] Traytak S.D., 1994, J. Phys. Chem. 98, 7Z421.

[4] Traytak S.D., 1995, Chem. Phys., 1927.1

[5] Piazza F., Traytak S.D., 2015, Phys. Chem. Chem. Phys. 17,
1041710425.

[6] Traytak S.D., Babushkin G.A., 2026, J. Chem. Phys. 164. 084109.
[7] Cioranescu D., Murat F., 1997, Topics in the Mathematical
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l fsmMzjHdedj GEBH' MYsttzdtcses OdzOMm:! tsftss
fMtsL HOdzd | Cdemistclz € yd tsdeder = d Wkdf ydsdzod
dmMf sdz! L soa Odgd? oBHBESHO 9 C Oy sk jcci def &
tej OcjdesO © "ddduimMets?2 Htesd " dzj dedesigls d,
o SHEStetsH dats § BOIsj ted Odztso j H jdaERjls.tc O (zOdztc ® B N €
fsCter Isd2 d B sOzzsd dHted H dz" R B@BOIs j ted O dzts
ntcOdzj dzad W d stcOdeMf steladletsg € e sBERAO2
ftosdzd yoj cssmisd, tej OCydesdzdes?2 MY smsBidasmilsd
OsskOtcdetsds MsMmisswdedd [ 1] .
9 0
d

Jrtelkzf yd dzd § d teOL tolz" j dad j Csdmistiz
atLHj2MIsad 9 BHBSKSHO YOMmilsts dzOL " 9 O Is ¢ 9
Bisdzj L dzg' ¥ & RLO jMlsdes dzj MSsdzt €5 Jtedydds L Is
9 MfdzOe OF (1) w©OMot] dzdetse s Ol RO G B
HdMmdzsC Oydw A d 9 ZOdtsf stc On sBteOL zj Isfmyw
HOo dzj dzdv; (2) OlssCdfpH £od, fr) dztsota sidOR t=fHddd? M ls o 2
sBOLs9aOded j 3 otsHT ; (3) EZedzjtesHO ddzd € Ofc
Bsckzls ©BKOL B9 Ols! B34 Is O dg; (4) dzj cdtclzs h d.
Fojdzdud dedets?2 1 dzj Bi-8lsOtedets?2 wyj2¢es2 [ 1

J s a3 dzjRABjSLOls 5t d 2 9P BHBIGSH &ZEE S
cOL tcOB Ols’ 9 O¢-PHQ Iz dpiedadtsh o j ROl j tod Odz '
BJLBYOMdzsets rteOdzj dzgd¥ MowW L OdedeSG 5 9 BHBKBE
teOL dzd ydz' | M dzOe' M) yYJazRdstc @izl 6€20dd € sdzfgls
BZOjOdzses d #f6kCt’ Isd2 [ 4

{ OBISO o' ff t5dzdjsdg@ O OB @5 -4)1 24013000 ¢

[1] vOwOfmtse 1 .1., [Bbyscd2 [.1., 202
L dgj eetslsjrdesdzsedd. ARA I man d [ m { O

[2] Wood D.A., 2025, FueB87. Art. 134394.

[3] Zhou C. et al, 2025, Materials Science & Technol@B0 21935.

[4] Tarasov B.P. et al., 2025, J. Alloys Coma@47 Art. 184886.

[5] Davids M.W. et al., 2025, J. Alloys Compt44 Art. 184425.

[6] Lototskyy M.V. et al., 2025, J. Physics: EnergyArt. 045016.
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sdzj2dzgd S 590 . ¢. 1, @, O¢WOdOM! joO 1. u. 1,
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BIHdYddemMEs2 nddBdd t 91

21 OydtsdzOdz! dzr 2 dMmmdzj Hse Olsj dz2 MEd2 s rn detsck
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dtsotoj dgj dadz | Cidsd eud MSdJ fd dhtst’
SHdSCtcOlsdsets HJ2Mlss dw wWasdwf s dzj edafity i j oflef
cOMsostcd 3" | -aj ag@stciutsfBdetsdyj yYyombkt
¥4 teted yd O dzdkB[Fe(CND d&d v, Clsster 2, IstsHEEQLGT2d U iH E
s OB d dz' dzgsfls & 9 OCIsdo desdz Mmdztsy , d md
ykefmlsodlsj d dasfls! §ted RtwOdzjdedd [ 1] .

17 dzs fsCOL Odets, yYlsts OF Is digjdal @ls tintekds W jdzet
5B ®ZOHOs s BEd " j2 MsOBdd dsmls' & ftod ot
Wijtctedyd Oded H COodzq w sB zOH O¢ Is Bdzd L € d &kd
fslsj dzyd Oz@ s s MO shdssj W jttktyj do
Odz sjtedzOlsdots?2 kxj Mmkhjmlsokshdd ftod Isjr
sBOLsd, daj btejBlkjlsMmw Hickotstyso devilslig@m Gisd.
Wjtttesyjdz dzgj cOMmMlsetstcdds © oHj, d {1t ftde
OtcrndlsjSlskztcz OCIkde dzgse s fzELe - Misz®o d iz
OCIsdodzsets Mdzsw dzgO tsfdeseo j WJtttetsyj dzO -9 He
fnj wejvedz” 2 f toslsd o wisdejted IStgts H.dzw] e Ofph dtoj ded W d
LOodimd BsMisd kSO s Stdyj desteOydd ¢&dzt S ts
dzj sBrSHdBS 99 jHjdd] o OCIsdoedz 2 fjdgSd dl dz
(tedMm:ste)j.Is'idr, 1 tej H o Odeteftise) @xzcfigts jW jHtefthy \j jlodzO d
)] fomdzjHiksh j2 GewOBslsSts? bkd SttOLokS
COMtejHj dzj dfjfH (@FBEOMN dZ0 o jteldtsmisd d
slC dzd ¢ 5o .

{ OBtlO orf fsdzdzj 20 s s j &) L EEH
CsfkzH OtcMmise oAzt B PA@MIS 000692
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[1] Zolotukhina E.V. et al., 2022, Chemosensdss. 298.
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tdHEBL j d3gj dz! dz' j tsH dztsdf)etatizaz j  (B@ztsdzd [ET | dzC
sfise’ 2 ddzsjtejf BEZOSBHOLY o' MsC 2 KOG dad
ftod i dej dzds o CoOdelstsor 7 EfMmltes2Mmlseo ©OF d M
SeteOdzd W dets Bf Mister &3d fesyd MMOKRd MY ddatse
ddels j c o Oy@df' dar jtoc EMlstecs2Mmlsa ©. 1 yOfMmlsdesmisd
o dzd w dad Mo jtern ftetso sHWh j2 ftej H ' dz0 Hdd
oL Bisy datsfls EftcOo dzj dedvw BOcdzdIlsdes? toj dzO
Ldzj Slstetsdzdz a5 S tsdzH j dzf Ols 5 8.

J 0B 515 dimdzj Hiso Odzsdzj © Ir @ tktze § B ) ls d
[ Er (HL) (L) ] L 4CHCI LH O ] BdCtetsyOfmlsdyodd
fl LOLodlts?2 BjyWOLds2 fojtendimls: &. [Bt
f&d md, BBJMﬂJudSGBhJGB tOo dats 3 tedzats§ tc OMt
ftso jton desfds'dr ddmfdls d y. dlstezClskztods | nOto
B lstsHOdB] toj dzls e j dzso 1) € 152 HAW oS yd(d,
j dzlsc j dzgsW slstst dzj Clstetsdzdats? MY j ClstetsMC sy dd
BOG ded Is dz" § Mos2Misea © dL kyd dzr-d30fg dzdffldnf dsjdds te d
fijto]j BFdedz f sissw dzade' 7 BOGded Isde = IR - 9 +

ViisOdetse dzj daets, ybsts fjtejnrtsH ddzHdw o Mo j
mMizh jMmise j dadels?2 BsHdW JSOyYydd yofmlstsisdess?2 L Oa d
d otj®jdd Mfddset? tej zOC By OV C f B3izgzg
Hsdizd ded telz¥ M d R COdOdzts © tej ZzOCMOydd o 5B C
1 sCOL Odets, ylsts o Mo jtrftesatsHWh jd3 Msists
toj ZOSCMOydd ls HBOcddlsdtscts {§ tsdzw dzd dav § Is
1L CtoOdzd tetso Odzd W  dfPes jozg Astlasts asts f sfdaf 7 dls s ¢ s dzO
Memisswdzd?2 t©jHSCEBL j&Bjd dsets disdz®. [ B dzOt
Bsdzji CEdzvtedzer 7 BOGdzdIstseo dz0O Mo s2fMilsa © Mo j tor
9 dL o3 daj dzd d Ctedlsduyj mcdna fOOdiRj stetso
Mo j ton ff tojsjo smtyfiils sw dad j .

1 sdzkz yj dade § toj L zdz IsOIsT fMoedHjlsj dz' f
Y dzj dzOf tcOo dzj dedets G 5 EftcOo dzj dzd W M ddzse s
Bsdzj SEdvtedy 7 BOcddltse LO Myl da oL Od Bt
ftejHmMsOo dzwels dagsjtejfm HAW totd@dis®s fSfils € d O H
BOcdzdlsdz &3d d CoOdzssor d3d Mo 52 Miseo O3 .

52


mailto:kunya_kat@mail.ru

GELEPATIbHBIA UCCNEOBAT KAR LEHT [ idHEzdzOtesH dZOVY 2Ok ydzOw ¢t

k NPOB/EM XMMUYECKOA OU3NKK "wlltrfriléc MRIRY[ 48 0C WRIISRS M R RSR, MRJRR R IRJ[
W MEAULIMHCKON XUMUK f 5o wOYodzgzlsds ARKA I man d [m
POCCHIACKOM AKAZIEMMY HAYK 1517 dsdv 2026 ¢

G. Yjtdtsetsdss O, ¢

t OBBISO o' ff sdzdzgj dzO
L

d fBsHHjtY CJ G
ltesBdz &3 ~ddi3dud M2 Wd ¢

t6
d¢d d & Bdyddms s?

53



OELEPANLHBIA W KAR LEHT [ idHEzdzOtesH dZOVY 2Ok ydzOw ¢t

b NPOB/EM XMMUYECKOA OU3NKK "wlltrfriléc MRIRY[ 48 0C WRIISRS M R RSR, MRJRR R IRJ[
W MEAULIMHCKON XUMUK f sfpo wOVodzgzlsd ¥ ARA I ma d [m t

WACKOR AKATEMHM HAYK 1517 dsd 2026 ¢

G. Yjtdtsetsdss O, ¢

RYUVY[U1RL AJulrrdtoeoroArRrR P L[ RICEG frulr
s{fi¥t{rvrrv

oHBCddBEe dkzudz Ysted UIEP 1 . bu.
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Zyd dzdj tOLdzsy jdzd) (odzdd3jtcO® ftsH HJ
ssds fted MsLHOddd teOdduyimMédrs Mt
hjddvy fsLeotsdvjl dmMMmdzj HBso Ols! ftetsyyd
i d BlsmdziydeOls! HOYj] diswd hdj dLo
1 Oyomiskzs Hdzw dMmMmdzj Hse Odzddz! Cttsj GREUEQ[S Isg
sdzdz d dLEyO¥ls dL d3j dej dzdj tBflsdud Mt
. wOLdsyjdd) SddjkdSd eofmjet MY

wils mkh jMmlse j dds Edazyh dls! 0dzOdzdL ,

j zd o dzBOtcBE s 6y OCydd.
H GdzOodzr D (Cls3f cdapdaslss? MisOdzH Otsls
Cd MfJjSlsteOdz dz" = H Odzdz" = . Jdzo (L
Metsdz €5 dd3j dedets ftesd3d Y klssyder » ftesHEZCIsse
mdzlz yO2 dz" § € t5dzjsESO deqj YO dif telafsstistc @ o dsd 4 ME S 5
tOdajj ©® RIMA 1 0 B' dz tOLtwcOBBISOdz M
fls J dzH , fsLotsdzwe h d2 dL zyoOls+ d mls d dzdzlz &
fsdzd d&3j tetso . 1 sedztsh jdzadj o MsC st dgj tod j Isd yd
' yd < dzts fdte qiindsy hf@ap daftyc s §f ted Mtsj H d dz,
fsdzddi3jtede « yjgfi?2 [1]. 1 MmMeats ts°
dzd & & f dzj dets €, Yls s zieSts tjedMm
fjCltcse G dztsh jdadw.
dzj dzdzs d3 d30Is jaOfRfdzj Sefrdar IsfdtEtxfo JWHsls
n Iedzddjttse d3dj HsdZ ¢ dzZOo dzr 7 € &
dd. litodydse 2 O0dzOdzdL ft5¢ 0L C
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4N i RO 1. lBjHYBEOCO] GOV Mo j kO tj OCyd

1ts HOdzdz' '8 € fstlzd ud Miso j dadzts § s t3Asdzg h j da
mMsMisQodzw jIs 60 d 40%, Mmtstslse jIsMmise j dadats.

t OBtslsO orf fsdzdgj d&20 5 Isjd3j | MEzHOtemlse j
tej cdmMlstcOydd -22 M0 I OB G Gso Oded j B BB BEZHTS
YJ dzstcO0 Csdzdzj SIsdo e b mfitsdy f mo @deg W A

[1] Gavrishova, T.N., Petin, A.V., Shastin, A.V., Budyka M.F., 2026, Russ J Gen
Chem.96.1-6
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1EC€dyuidg HEeOBD g9O0pHdBOWLdj o0 1. R.

YsmSisoMCd2 ¢d¢odOyddedzr 2 rRdzfisdilskzls (1 Oyd
Eddoejtedlsjls), [ ¢Rr

2Bl jHddzj dedz’ 2 RdzMisdlslzls 1™ MsSdnr uj &

W H]tOENiEE2 Hse Olsj dz2 MCd2 yjdeste § tetss dzj

daisdd té1, ARA 1 mnan

BiHdyddmSs2 -
@ matveygaltso@gmail.com

fjtemf jSIsdade » MMttt  dz
G dzday fidzder estclsfmtse CO W dzw jIsfyw
sdzdL BIORO) [1], ftslsjsoshj
CO bjrndsdzsed?2 fdtesdzdL © d3j IsO«
fsmMetsd S v ted " 4 ded fsL ortsdzv §
et GOLO ftod Hesd hdzj dedets oz f oS
SHdsote] B3] dedets tsB J MY j ydo OW 1 € s5d

= A
&

0]
l diesdzd L &34 s ©dzO By jls sfkzh j mlse dzv Is!
Isd edsd ud M¢ d o3, f dZzOL i34 dedz’ W3 & j € B QA Istsfcyty f &
stcjBE® Isfw Isj &3 j eOkter o7 hj 1000 AC. Rrfy
fesotsHdl! ftesyjmm ftod Isj B jwOskzteORn L dzOL
dimfmdzj Hizj sy  COOddlsduiMsd2 fdetsddL dj
e OL dzdtfytetzct@ts Hr fq yj dz 8 sz yj dzdw k6 dzj tetsH dz
dzj Wlsw dzse s G OL O.

[ dzw ftotso j Hj ded W COOddlsdyuj MS e ts f c
Bddj lsOdzdzd yj MS d JN-HAEY dfttcs@iflazialy 2 oz ¢ ddje@dblH dzts 2
), §bwkzyojdj f§t teOdnisd vty Gdgzteio ¢y En
fodzddi3jtedL Oydd ot WitdlsOdz detsdz tej ) dd3j
lsjesdd]L sd3 [

tiLkzd OIr fdesddL O §SOL Odd SFIRO dz ks
JFENiC IsjtedisduyjMSsdklz twOLdsyjdds 1141 M B
e dzj osH dzs G 5 dzOdets B3OS j e dOdzO (tedfm. 18) . R
fMdfmisjd Fe/ Co d Fel/Ni ft5C0LOdks, ybt ftj]
13 dzlz Mtstslse jlsflse j dadats. VEdzj tesH dzr 2  dzOd
COOd&dL Ols stEQCD, MiffthjsHldREs OB a&s) Kdtse shls j dzdz
ZOdetslstelzB € .

Q) B)
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Bpewms, 4

bdis®) 1[ Bl j dsdgsj MESH Y Od() oGHEBEEHO o

t dfm

114 of otj dj ded HdzW CRastOskzd ( ©lsgstedsp 6 Y snisQ
fsmdzi Is]ted3tsddy &GY j @DOLE@DI0BYS (40h j oy &d) ;
JLBBtOY jddd kcodzjtetsHdz » ROdslstckzB 5€ .

t GBSO o ftsdzdej 2O ftod HtSHHjteSj [ ddzdflsj tofr
it sMMd2Me B2 AjHjtOydd (4 HIDAEEEPKp jodzdaOjdCL
csfmMizH OtcMilse j dedzse s L OHOdegdY ARA I ma d [ A
tjcdmlsteOydd 24013000757

[1] Dadestan M.Khan M.F., Salakhi M., Bobicki E.R., Thomson M.J. 2023, Int. J.
Hydrogen Energy48.1456514576.

[2] Lott P., Mokashi M.B., Muller H., Lichtenberg S., Shirsath A.B., et al.
ChemSusChem. 2022. €202201720.

[3] Fincke J.R., Anderson R.P., Hyde T.A., Deterhg. Ind.Eng.Chem.Res. 20021.
14251435

[4] Gulsara D. Kugabaeva, Kamila A. Kydralieva, Lyubov S. Bondarenko, Rose K.
Baimuratova, Dmitry Yu. Karpenkov, Ekaterina A. Golovkova, Pavel N. Degtyarenko,
Nina D. Golubeva, Igor E. Uflyand and Gulzhian |. Rrfimalieva.
Magnetochemistry2023.9. 213.
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2fJvuo dd3 1.6 1 Ok BOdO
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v edzd IsdzOw fmd3y M+ ¢ te HijlSOSdZWJls ddzls j 6§ M
U ed3d s dalz ® fd3d ! fts Eu ¥ Is ftod fpdsd M4
Hdl dz Stedyd MEtsets sEMdHO, dOftedddte, € Md
yomlsdy ftstesh s s teOLd34tGIzd34ﬂJdZd{thGd3yadk‘c
dzf BHdzStesH dzOW  f stcd Mis OW fr]lstslzglslztso 0¢dd
M2 Mdztsy dzlz ® Cisd3q’ Y dtL HcfidZJQlStGdW

sLd
O defs d3F€ Biusdzj tc dz' n d31;’15dz;dz.lslsa. Il Mz yoj
mdsj Md dthil}lsdztstelss(Digde CedfsLdydd L OHOYIs d
fOOR stetse YWistddtetse Odzgd™w d o' Hj dzj dzgd W 1 dzj
Cdzj Clted Uj M§ @&Mls § & @ls dzts ¢ Gz’ B ish ¢ & IsW
~ddB3dud Mecdn fesyjmmtse o ¢jls] tetseay dadakq Is jf d=
Cdzj Clstedyuj MS ks dMStek djcSt MddntesddL 50 0O
Emstes2fiso O ftodd dej ded™ Isj tedidlsdets? fd3j fd .
Cdzgj eedw + dzj Slstedud MSs2 dMCter sSHdzts o to
sCMdHO ®BIilsOdzd&zZO g orHjdjddjdr SdhdastesHO
Wwhisdy Odzs dzddedw. | twjLbkdz O] ftesdmntsHd
sBteOL ks hdjimw ddzlsjtedsi Hd Olsr d ftesHEZzCIsT
L dzgjteedd HdzY HOd dzgj2h jcets tOLadlsdwy ftesyd f
vOCddz tBELOL tsd3, ddzd yddtetse Odzad j e OC yc
s to Ve jlsdnw Efmdzse dWwdd 1 dzj o tse’ Wy dzj deg iylsas z@
Yyomlsdy Stdikftsdej delstso d Cddzj sdSts?2 BBteOL 59 C
CCif jted i dels Oz’ datsj dzdyddtetse Odedj toj OF
¢) smzh;msamwaq 2O o dzlstej dzdzgPBO s Y S  H3eC
Ldzj Slsteduj MStsds OLEBYH,) dBiyHE § dsmsdhd I
HJO®Y stetsds 1, 5 B3R 1 stedipsmis! Mmdj mMd Mmisl
RBYEZd i L dzj Ctedyuj MStsets Is5CO Hddlsj d
Wstcdsdteso Odzd ftod t©OL teW H jO ta O@bmlY]j ydg' ddelztg?  tgjj dg ¢
qdzHzCIlsdodsz yjfd, M dmStser & fotsdj yzlsCt
LCMY jted d3 dels Odz! dzr o3 sMyd dzdzts ¢ tc O BBOC
cqw, d3ts dzts fy Is d Mofteslsde dzj dedd 1+ dzj ¢
yisse o  Mtsj H W Matllabe thetOhHsRe i jsde O dz i ls O'ls
tejHJdzjded™w 1 dzgjteedd, dBsh dshmisd, Meftsls
j Cdodatsfylsd MmdMmisj 5 dddyddtese Odedw o 1

=3

@

100


mailto:yiy2004@mail.ru

OE[IEPATILHBIA MCCNEOBATENLCKIAR LIEHTP [ iNHEZdZOtesH dZOY dOEZ ydzOw ¢t
NPOB/EM XMMUYECKOA OU3NKK "wlltrfriléc MRIRY[ 48 0C WRIISRS M R RSR, MRJRR R IRJ[

W MEAULIMHCKON XUMUM f 5o wOYodzgzlsds ARA 1 ma d [m

POCCUACKON AKALEMIM HAYK 1517 dvdev 2026

Q. Yjtedetsetsdzso € O,

CraTuctnyeckue pacnpepeneHus napametpoB (KDE)

é Pacnpepenenve BeposiTHOCTU: JHEPrusi NepBOM NMOJNyBONHbI
Sk : T T T 1
4
3
8 10f 1
3
8 0 1 1 L
E 0 0.02 0.04 0.06 0.08 0.1 0.12
OHeprus W.‘ [
@ 52 10° Pacnpepenexue BepoaTHOCTU: MOWHOCTL NEpPBOIA NONYBONHbI
= T T T T T T T
=
)
=
[&]
<)
P
5
c0
C 4 5 6 7 8 9 10 1 12
MouwHocTb Pr Bt <10°
3 Pacnpeaenenue BeposiTHocTU: ConpoTUBNEHne NepBoii NONYBOMHbI
< T T T T T T T T
~
")
5 0.5+ A
o
=
=
8 I I L ! " 4
c -05 0 0.5 1 1.5 2 25 3 3.5 4 4.5
Conpotuenexue RI. Om
X Pacnp 1eHne BeposATHOCTH: DhheKT Th
= 01 T T T T
)
5}
§0.05 1
X
=
2 o L : |
= 0 5 10 15 20 25 30

S pekTuBHOCTL, %
l jeswisdtshisdy | ©OMYtejHjdddv 0Ok Ist
Z' L s @dz dzgp AV jdts tstejHjdzjdedWw WEkdeC ydts

dmy
6] Od dzscts ! dzjedor Hjdzj dgdW T R OwLOCIS] tod il

101



OELEPANLHBIA W KAR LEHT [ idHEzdzOtesH dZOVY 2Ok ydzOw ¢t

b NPOB/EM XMMUYECKOA OU3NKK "wlltrfriléc MRIRY[ 48 0C WRIISRS M R RSR, MRJRR R IRJ[
W MEAULIMHCKON XUMUK f sfpo wOVodzgzlsd ¥ ARA I ma d [m t

WACKOR AKATEMHM HAYK 1517 dsd 2026 ¢

G. Yjtdtsetsdss O, ¢

lfRC1R[ va[ [IRE GCsul

[t
gr1edto 19 furllr vifr
IRrti{ser[OfRL O

stsmMOtej dad'&0O [Mdfdz® 1 . 1 .
Wkd MCd2 ctmbkhHOkmiss jddr 2 kdedo j
@ mari.kosarenin@mail.ru

Py
— 4

10 106 yYyuvlwul
rvam sfves 1/

ldHECMHddZzOBddz BBtOL 2] Isw dtL O d3d3ts dzd
ftesHECISO © ntsH] Heokrm sidsedy » ftesyj Mise
sCdmdzj dedv OBRBsdzd ¥ d dedlstedW dCOydd. [ dHte
fMr tcv v 9o tOL dzd ydg' » fslstc OMikzzO y jfaclasr o .dzj slzdze
CdHES Mdd&ZzZOBBddz weo dzv j Isw BBz Is O j dedzr d3, Is 5
sStce Odzd L d3ts © 9Jhjmlse 503, 9T LT 90 h dd s
vdLdtasedud MEdy dLdjdjddw [1]. vOCdd ¢t
LHBEs9 ! W, tcOL tc OB t5ls 820 dzdudzdoujlsip s tz! dgts & ts H C
ffzj Hso ' B CdzdujMmlse CdHESS Md OB dz0 d d3j j k
1 jtemf jSIlsdoe dzr o3 O e 0o dzj dzd j o3 wo dz

ndBdui MSdn M dhstess  dz@ tshdese j
sOB ddz dzsfylsd, 1B &) fsdedsdetylyld dsts fij Is
s Sty ddv, LU fsLotdwse s [
ZjChtesndBduj MSsets Mdec zOdkO [ 2]
LT 90jls, Yls ts 0Oz Isd yj ME dJ A0 O¢
so dlsj dz' desMleZOtelz )t tdzgdw j dz Mgiszfn& B8 ¢ dndzi fj sz
I dtekzs sy o LOesdmMddiisMmisd ls Ekmdtse d2
SO 1Isdr OO lstetse dzj o 5L sy des H sMisc
zdL s Ols! fslsjdzydod mj stec® HEY Ok
vsO0Cddz g @z t5d3,H Odzdzs?2 OB SIsT weo dzw j Isfn
dz¥ yjer n L ey J ted d3d dels Odz! dzr = WOClsstots¢
dZj ShtesndBduj MSsets M) dsted® &0 thdtss j
dH
dz

- ONGI2 g &

FNOLEHNFIIO ~

S Mg ZOBd dz0  d fsHBGE Ekihdsed?, s
Odzd Is o y g f)Cobrttts fiylst . j S Is ¢

] SHBGSt bkMdsed?2 HE ftese jHjddY 1 djtlst
Ctdzyj delsteOyds {cdzj ChtesndBduj MStSES L tsdzH O,
ftesosHddzd f dMftsdy L soOdedj BB BjssHO ydes d
] rBtste BERYjteds?2 MdMlsj ddydzds{ lp O sHsE Hs
tcj cdMmistcOydd Al ¢-1lol HEBY OL bdgslstlsdIsj dz dats
(AgCl/Ag) tOL destsBtcOL da' 7 { dzj Cstesdzdlstse ftod f
&zl /M & HdOfOLBd pH s 0 HEB 14.

] 5COL Odzs, vylsts Hdw 1 dzj S lsstalsHieds H deisskdd Wsds
BOdBBsdz hd2 tlsCdzd¢ Brdz HBMisdedidzls o ydlk
dmMdzj Hise Odzdj HEEZEHRE BEY ) o0 € O Odasd d
ftseojterdasmisd ftd pH > 5. ghde¢0O M BacCl
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5B &ZOMisd ( & 4iB)JeEza® CpsH §55Ctr sdj daj MisOs d dz'
hjdzsyder @ MejHOR. [ dv ©OMhdejddy HJOf
BOSC fid BOdz dzf 2 bkts¢ HtsMsdeOdhw o Mddz desC d
COwBdOIdy 2 BEWjte (R @S @MisdOyddddy
tj Odz dz7 7 G®BOLYOR. | tjLizd Oj HdY H
BSteOlsdzr 2 BEWjte i pH=9, BijMfjydesOshd2
hj dzts ydalz ® fftej H I fted SHdztso toj d3j dadats 2 s C
1L dzj StesHO d BlsMmizlsMmise d d dfdwe. ts U dz" drls ety ts WH jdhy fi
ttOBtsSls o' BteOdz BtsStcOIsdzr 2 BRZWjte (pH 9), B
slsmizlsMlsedi tMOYHjddw o M jdsydts?2 MtejHJ.
L dzj ClstetsH | : ZOdB sdz! h d2 sls ¢ dzd € Hisfplsd ¢ Od
Codpyd delsstls@ydsd sMis Qo Odzimw  dzj dL 34 deder &3, yYlbsts -
Yd dzstetse dzO ff tseo | to AL dds flsidh j1CdRiCE 19 t€ a0z dats 9 O dz
f dztsh OHd { dzj SlstetsH O.

RMMdzj Hso Odzdj of ftsdzdej des fted W dzOdemtso s
d orfhjet BicOREODddEnlmote i) dadzt2628 L O}
0003.

[1] Mohammadzadeh Jahani P., 2022, Applied Sciences. 12. 15. 7485.
[ 2] Mazurk-w J. M., 230 2228, Sensor s. MD

103



OELEPANLHBIA W KAR LEHT [ idHEzdzOtesH dZOVY 2Ok ydzOw ¢t

b NPOB/EM XMMUYECKOA OU3NKK "wlltrfriléc MRIRY[ 48 0C WRIISRS M R RSR, MRJRR R IRJ[
W MEAULIMHCKON XUMUK f sfpo wOVodzgzlsd ¥ ARA I ma d [m t

WACKOR AKATEMHM HAYK 1517 dsd 2026 ¢

G. Yjtdtsetsdss O, ¢

IRt Rt LI O v R [ I ddserr ¢ vif-rtdro 14
sdbudf RY O ¢FeNusQo-Mb
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@ otnelchenk@®icp.acru

ltesyj M ivdifc® (Av) ftcj HMMlsOo dzv jIs
ftol otcON j deef OL B dels jldzd M- Fecdd OIsH stsHBdass ¢
B des  § sdzz yOls gL cOL dzsec s Mr g g Ow.C dzf
slsCter 9 Oj Is oL 3y dets M ls ¢ ftosdL o sH dIs ud f
fsmMdzij HEZEh jes dMfcdz L soOdedw o dzj Wisj tf j o] t

[ Jicse OW zdlsj cOlkztc® MtsHjteydls ¢ teisdzdeal
cOLtcOBtsIsC ] COIsOdzdL Olsstetse mwdzwlz flisd H Otfcts tstatsj
f sdzd d3j Is Odzdzd yj M< dn COOkzdL Olsstetso dzo s
ddzls j ted3j s Odzdzd H 5 9 fitcintsHdz R B3j Is Odzdzts @ .
ZOdtsMistczC Iskz tcd tets 9 O dzdzts 2 ftsojten dztsflss & d
sCdmdzdIsj dz¢ dz' 7, sO¢ dr  otsj ® &d)k D dzts o s
CsBOdz! stsa ' n d dzd € jdzjor n COlOdzdL Olstste
ftosH | Bsdhistedtose Odz0 » w©OBI] [ 1].

] HOdzzs?2 tOBKls] ftoj HiMlsOo dzj dzf WO L P ks
s flF®ONI-Go-Mn. 1 5 MElsd, 1 It d&tsdzs dzd Is dz@vdzda2mn Is
fso jtorndesfls! 8 (EHj dz dzgOW f dztsh OH! HB HJ Mywk
d dqdzlsjtcd3i sOdzdzdHdzr § WOLM. sOOdzdL Olstste B
¢/ ftod HOodzjdedd 1 [ ¥300Qf Asyi.d3tlj teOdsdzdo@fj 2€
sy MMO Auv, sz Pdzor &EGud WO ydd mMfdte
Jlsd3j yj des, ybsts or MsCOWw Isjf dzsf totso sH dzsfls
sls CazOmMMdud MSdr dzOdzj iy dzdz" =+ MdMmMlsj &3 dzO
ZsC Odz dz" 2 fitjcteio d HJjLOSIsdo Ofgif®On 0 I8
MOzr &3 ko j dzd yde O MmtesS dnr fdzizy BEDS 1 ttenj ¢4, ks
fsCOL Odzts, Yylsts dz0 oo jtemdesfisd LY tejdz GO
NddzjL O, O LOkedzjtesydoOdzgdw ftso jterm dztsfls(d
1l ZHEOWO dzf ftetsdL sh dzts.

[1] 1 steh .., { dzdfmd J o .7 ., rze H
fsdzd 3j sOzdzd yj MSdr S OlOdzdL Ols ts te ts pdzCh dsthisdkts o
gl efdzlsjted3j sOzdzdHtse [/ [ CdEZOHT ¢S OHJIB]J
414.
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mMsmikzh jMmMsoalzj s d3dztsy J Milse ts cOL dzstetsH dzr n CC
Fded COdz? dz" 3 WEkdzC ydsdzOdzr dzr 3 Mo 52 Milse O .

[dsdpo Wjittedls (LiFe O ) ftedo dzj §C Ols
bj B jteObkztey W ,jtttodBOcdzdldzsets ki SteWHBY  d
MisOBddz! detsisd fted yYydeédzdtesoa Odzdd [ 1] . J[HJC
Jjes nOLOCkjtedfmisdSs O®d L Od3 M jLdelfj a3 dis@zsh iz fiy
LOWHEBHR, Yyt eoddwjl dO fsekzSkkztdsy d d&
2O CBdzj ydzr § Mots2Mmise O.

I dofsswh jd& dhmdj Hise Odzed 2 Q& thy © @ d
fMshis Qo O 1 dzj Clstiz®H dEsiPdzs iy gz e HO o' MESC 54 dal
Li Fe Zn T™n O s MitezCliztets2 h o ddzj dzq .
MsMsOo O L otddds yYjdj zZOf s dj ddzts s
ftsojHjded] dRBOIJ tod OdzO.

] OB SIS Mddzls j L Jteso Odz' h g d
Li Fe O |, Li Fe , Ti , Zn , Mn ,TiO,, ZihiF
Li Fe Ti . Zn Mn o , Li Fe Ti Zn Mn
dmimdzj Hso Odadz" | o UdeIzidz;ds;dzlsOn sdf O ¢co
[JbsHOBd yd&dzduj i otsdz sOMiY j tetsdzj-Isted d
tcOL toW H @z dud3g GOdzd L 3" dzorlsqtstsaOdzo[W/H;dzo[lsqtg
Ckdztsdzso MC OW lWWJ sde detsmis! d ydqd<&dzdyj m¢ ow

I sdkzkyj deder | tojL Edz O Lot dzwIs MHj dzC
dzO Ldzj Slstesndd3dud MSdJ ftosyj M 9 O dzts |
Yd dzj Msthests OHdEz! dzj 2h j 2 SfkdBdL Oydd 1 dzj €lIsH
nOOCIsjdmMisdS [ RO

[1] Youzuo Hu, 2023, Mater. Sci. Eng.B. V. 297.P. 116792
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CsflznOtfhlse j dzdzs?2 o] ¢ s @ ylsf@S 240130006 ¢
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1
{ 4UR: GAArSsSU3Z (1 RYIJUtJIRR

10BEhNGddz 1. ¢.1,2, @, uvKO2I0¢ ¢
IARA mda&dyimeés2 ¥dLded dd3. 1 1. #Jdd
2 smMC o MC g ~Wafrug M€ d 2 q’tor]lsq’lslzls [ t5dzG t
@ georgbabu2912@gmail.com

Mmtstetsh ts dL o j misdats, Yls tsH d W Weisiyd in,inr  df jistg IOF
seteOded Yj dedzr = 5B dZOMlsw 3, Yyofmts oaMmilstej yos I
Bdtsdzscdd ( Oftdkjite, o BdsdscdyjmSdns ¢ d
q’tQan’dzts dzj sBrsHdBs EZydlsr 8 Ol tj OC yd tsdac

I HBCdZOH] ©OMMdBsstj dB j e j fndfdzdsi s diatsd
1 jtee® [1], HftjHftsdzOcOsh jj, vyl Bwtslkzdase fr
8 MY jtdud MEts?2 fodsmisd, O dm ftsedtsh jdd]
Odzq’LislsteistjdzBQ yomlsdyr (dz@aj;mcﬁoBJIsttzstGGj)BSJtG:d

W tstc 3z dzd tc 5@ jCadpO WL QHEO YO HAWWELdd toj h
@;ssHo fOtedzy ° MkBBOtEd - zmoauguqz [ :
BjMCtdz ydzets?2 MmdMmisj di3j dzddzj 2dzr & OczejBteOdn
ejhjddw ftdkzyj dds?2 fdhsj K kteOs dj dd2 ¢
ePslsj [3] Brdzs fsCOL Odets, ybts dBjlstsH tcjHLE
f) dsB?2 bjBbkj®Bs?2 Mjfjd 5 Iydshlsd. |
stciBljls LdOydlsjd dets dzgi dz' " jeéts otej dzgi dzed MM
yd mdzj dedz” 3 d3j stsH OREO] B3zl OL O Y Mt Is d ts dzdets 2

stesd3] bets, IkisttjlduimMséd dqLEkzyd 20 O
Wdzetstej Myd deydd dz© OSIsdodetsds Iskzh dlsj dzj , tc G
fsdzsmisd. 1 tdkzzyjdeder § tjLkzd sOIr 5L 9 tsdzd
CoOgssoH2do BHELOOCE § € &zOMmMmd wl HE&sdizt @

[1] Berg H.C., 1993, Random Walks in Biology.

[2] Traytak S.D., 1995, Chem. Phys., 1927.1
[3] Traytak S.D., Babushkin G. A., 2026, J. Chéthys. 164. 084109.
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[ Jdzsmj tHts9a O [ . [ . ~ro9adH J.RrR., [
AJHJjtoOdz dets GleI]IZHOthI]ISSJ dz.1s; BY HY J Isdat
MstczC bkztedzs?2 BOCtsCddzj sdSd d ftesedzy d3 B3O
it smMmd2ME 2 OCOH B dzOEE
mola@ism.acru
sOteBdHT fJitedntsHdz A B34 Is O dzdzts o ftei HMNIS O

B@BOIsj tedOdzsea, o Ctlstster a Mtsmikh jMseoksls dils
ftecdosHdls ¢ o' M2 bkjtedkduy ME2 d IsAfd By
CstetetsL d d, 0 -MfsC Xz Isljtf sitfistcts o tsH detsfyls d yls
ftodcBH datsls Hdzv d3dets e dn.  Izfdds ety Adal R el d3
B dzd B Mp 2@ B dZOH O jIs o MtsC 52 so j oH BMIs! & |
f dzOo dzj dzd v , ftol osMatsHdE?2 Ijfdsftetso t5H dztsf
Clsd Mo s2Mlse O fMH Jj dzOdzd J o Edzdo j eOdz d
g3 dzgj ded 2, o€ dzs yow HtsBOOCd HdW MmlsOdzj ff c
tetsydgy 6 h cf; Q¢ j dzlsr f ts deldf tc s ods H ISz dj
dzj o sHBtetsSHdZ » t6j OCyd?2. glzh jmlse EMolE: tcOL
dsﬁJm@lﬁsﬂstGdE@dsdsdtGIZstOW ey OCydw, ~didydf
Lr, o' Ml sl i3 j cOlskzteds 2 fdesdzdlsdyi M
dzlSJL B SSH A ~OAMs aftsiieftag) i) ¢ Jdd fddzls § L
®Bjdz yjddjd d iz dd sydetsd. 1 ¢
fsdizyj ddv ¢OtsdHO BEkgdstdiddzds cdfjds MiQHSAK it
MgdC. | 1kt BjbtsHj ndddud M ]y gty joted®in g
Oolstsosdzdzso sy e Y dad3d (tiyddsd ctstej dedvw) .

Ajdz 8 HOddsets dhmdzj Hse Odegdw W o dzv j Isfyw
COteBdHO dodz Hsijsde® dizj bsl0Ozdzz e v dL Mmd3j i 2
ai3ts dzd B MQOelzO

1T dzO 9" BteOdzO B Ot BSb OMg M3 @izONDPFIsB®j OFC 1

MoOs+ Al + Mg + Guy+HMIeO+MgO

] Colbtstes?2 9 0te! qtoso Odzdu) ftisHsj tay Owlay j 7 % G ¢
u4ssls dzts Aljdddd ffs is Oo dzw dzts 6 0/ 4 0.

CEMfjtedj dals™ o M3 Mwa M MsHjtey Odzd j &3 |
Yylsts Mdzi Md cotewbdoed wwided Bisf sfisdtetsfils HO
HsSatBHdIs H 6 [1 0. stdzgjyder J ftesHlkzCIlr fto]
cOMmf dzOo , Cslstster 2 f sH - P2 fiplOa dzfdg dzs £ @0 dzlsi G
B sdzj delstse t6OL HJ dzv | sy dzPo Md@J Lf§ dE4 3 ¢
f dztslsdzgr 2 i sk jintg Hddal 2051 MO. Al

-Q\SEEUTN'N"‘:%
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]
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20 ' 30 ' 40 ' 5|0 60 ' 70 ' 80
2Q ,deg.
t dzdisfL Bdz sOIr toj dzlse j dztsW OL 59 56

I tjLizd SOOd twj dzlscj dzsW OL soatse s OdzO¢C
fsHjtey Oded™ bkedzjtesHO o dmMAasHds?2 Mdind
WOoLBsotsets MEMEOSO faesABlksOr. 1 td fMtsH jtey C
o Misd M yYjdlgtsIORQYtsY eMiizismiseolzjls o s
ysts ECOLT90jls O dzgj HsMsOES bkcdjtesHO |
Wstedsy COteBdHO. 1ted ko jdzd yj ded d MAscOddzste w[HsA
Mo.C. (hy BB Nji EkRoejddyjddd MmMtHjty Oddw
HozoW OL dzs @ 5 .0f tafs HMEROs, 0 WMots ZCOL T 9 Oj s dz® W

VilsOdzs o dzj dats, YlsMoOmAsMgd § sitsh 6tsy dzs  d
Hdzv  f sdzlz yj ded W HEj @EEB dMoO Y Id3ts dzd L d3j dzj dzd 4 © ts dzc
mMdsd Md odzdwjls dzO@ OO Ister MddelsjL©® d W
RLEZYJ dzr BdCtesMsickzS skt d WOoOLtser 2 MmMsfMmlsoO
ftesHEZSl dBsyjls Mazydls: shdsets? HEstHEL g
sojtHT 7 M zOsse dO thdzsej COwBdHO sdzd E
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I1ARA lTtesBdzjd3 nddBBduimMets?2 WdLdSd d d&BiHdy
t sfdw

@ TumanovalLV@yandex.ru

s dy MEtsd ¢ dMmdzd dzd a3 Is © dzO s
BICtosstee OdzdL &3 o OL tesBdg' » d OdzO! totsB dz' n
fOtcdzed S s0" 7 GOL 5o . JSdMmdzw Is a3 Is¥O jlze disidadls C
B sOdedzststs S Md e j dzOL T (frfrf). Clssls W tcdgi dzls
(sMMO) d i BBtcOdegsmo WL Odgdz" 2 ( pMMO) . 1 HC
Met hyl ococcus capsul atus ("lsOdBd3 [ ) . |
Widtedsd dzlsj e ¢ dzS 23 2 [ tc@ei fptsDdeiy®icis fztsP tc d3d Idzj
sz s¢d BIHjdvdd yjdstdWizcdteso Odzdj d3 o Is
Br dzd tOL k" j dz dzO H5] L df dzlsizj wOO szt j dage’s J
SlsHjdzjdzm yjdestedWzedteso Odzedj a3 © Isj yddedd 1
ftsdglzdgy HoB2dzr d@3 yJ destedW¥ e dtoso Oded § d3 f tsdzlz y
fted 45000 g. [ jdksBteOdzder j MbtelkzSlskzter RteOdz
tef [ ] fi dMmf sdz’ L 59 Odzd § d3-b-DHA3UE tdseiRiLdAflH@D . H 13 Ht
sCdMmdzj degdv d&3j sOdzO B ' dzd fsdf e b detzd dzf tc BREO I B &
nlesBOsete®OY § [ mf

VMMlsOdzso dzj dets, ybsts tf [ [ © MtsMmisOej d3j d3Bt
NADH, d HEztetshr ddzsdzO o COyd mso j o sMmis ©
COL i3stcOy do Odzedd 3 BB Odz M. capsul atus
d C hiplds! t6j OCydd BSdmdzj dzgdw d3j sOdzO IsOC Y j§
Wi tedzd dzls d tef [ [ . VvMlsOdzs o dzj dzts, Ylsts d3gj H!
OCIsdo dzsfls! tef [ [ . 1 sC 0L Odzts, ylsts twff [ d
swy jdzr d3 d3j lsO@Ldaof3. tsB tcOL ts503, st toj H g dg
odzdweshdj dO OCIsdoedesmis: tf [ [ dL M. capsu

t OBBISO o' ff sdzdzj dzO 9o t6 O BL@EAC0GA)S L OH Oded W
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IsrRef 1R fruvor o 1 frihtrdoadds efrae?d |
lt Revuvuwul REGOFA U

| Btso Odzso © w. ¢. 1, 2zkted¢ (.1.1, ¢ob3 io0O
ZiMlsOCB9 ¢.A. 1@
I1ARA 1TtesBdZidZ nddBduimMEs?2 WdLdSd d d&BiHJdY

t smfdw
2Zhengzhou Research Institute, Harbin Institute of Technology, Zhengzhou, China
@ a.s@icp.acru
stseo Odzj dzls dzr | sStec Odzd yd A dsjs T @OMEM "  tS(
fcdzd d&3j etso , Clsster § W dzw s Isfmw fdtemfdiClilsd

WedCydv d. | HOdks?2 tOsslk] dO i shdse
GOl jted @DF) Aud fteso jtoj g0 J ¢ 15 tsflOls O dzd lsafjud)
S5Cqmdzj dedv (BjlsOdO. wddzsjL CoBisLdkO
(C606L8H2O0) - 5§D 043RS B | dzL 5 dzO s j |
(C6H4( NH2) 4L4HCI) f) HsBOodzj dzdj o5 cOMlso Gt
OttetsdzOMy REIster dMA SH dEORSY L®AAs d 1y Mud dH
ftojHjd&OR dL Bjte] dadztsGEs0 -HifB® Y @SB @Y OdG PO L t
) sz yj dzdzr 2 StRfsLdls fseojtcOdhY tOL & dt
HJOW®) Iste yoOfmisdy f§sdi dL i d' ydddy Mshisos
fotso SHJ dEddz@o OFo It G SHG U MSBEE HJ2Mlso gw.
AI-COF (5.2 ®&c/ &gdz) fGsdjhOdd o OslsC dOs,

H2/ oetsLHEAR/ 414 (2.5/5/30 Oldd) d ddeSkzedts
f4dtej &3j " doOdedj 3. mddduj mMOEyd HazizlsBo tc©@Pk ¢
NdHEEE WOLE o tj0OCkite) OdzO degQiffitfcisD [Otdae d3 e
MmMitedd ¢Thermo Scientific | SQe.

1 s fydzj ftotso j HJ dad W toj OCyd2-vi s¢ dmtizj Szk
skWdd stetso Odadets?2 Y dHSC 82 MtejHT dgj- 6 3] deds,
MOteOCIsjtedatsj HdzWw 1y Au ddzd dzOdetsC dzOfls j ot
ECOLMr 90jls dz20 ftesydetsj MowLr oOdzadd i IsOdzdz
dzOB dzs HO8 Isfw HEf sdzddlsj d d' | § sdsig 0 o sddgzt
ftedtesHE Ctlstster n dzj OO dHjdsdW dydtet

4 fsdigsh s v Isdlstetseo Odzgd” Ce( SO4) 2 (54 dzOte

[) ©® Ctdalstetsdz: dz' » S jtoeddkj delsOR BjL d3j IO
fjtes¢MmMdHO otSHBWSH O fMded 1 O4 Isfmw 9 -3AMMtc ©
M j ClstcOdz dese s OdzOzd L O NPBIR 52 WndlLZz 4s6s, dzON
MdedzOdz, M Eyjbtsdk LOwjedmistcdtetseo Odadz" = m/ z
CdmMddsfiste sHizZC ISO S dMmdzj dedw d3j SOdzG3 [ jL GsH §
tej OSydd. 1d¢ g m/z 73 Mmsistsfply ®lindsksdzlifBdgisizs
dhMfsdz? LEj 3seéts ats 9tr54d3W mMddzsj L ©. 10 d¢
ftesHECI BEdMmdzy dzedvw tteeOdzdyd MEisets COLEO
fJjtesCMdHBd o BSH SKEEHHIQ. ¢ Sficdz® dzdeLOL A5G fisfd W OL '
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ECOL" 90jIs dzO ftetslsj COdzd) JGEt5 cdzEzBtSEBEt ¢
17 dz OS] dmmdzj Hsa Odz S BB sL dIs, 9
HtsBOo dzj ded § d3 Awu | ® natHy MmMddzsjL O, 0O fEklis
MsOddzdL detkbE O®@ddz BEdzsdz. s OOd&Zdlsdyud M OW  to
BOIjtedOdzO fJtwdotsHdls & GBteOL o Odzd® B s O
sCdmdzj dzedv BJ IsOdzO, BHAOCB jets 0OCIsdeo dzsmlis!
dLEyj ddes?2 OSCIsdo desmis’ 8 9o sHdas CtsC defPdglsdedsic Oc

LIsdms Y4 EMmzsedwa.
t OBtslsO o' f sdzdzj O o tc O BR@F0M)S L OH O dzd
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srt o1 {euvRrRY[usRE 1 [U1ARG] OfARAR[-24ZIMm
reRoYy I rRUSISEAREOYRLULS fOLLRC R ARL SO

fdmdyr & R. ¢. 1,2, @ 4 BdH' 6] odzQW. tas 81Q 2u,. 5
LOLOCOdse 1. 0.2, [dhjdSts ..
Ingofuv 1 [ S dojfifCdfd?y JVpCidd?S of dzijls d Iszls  ( «
dmmdzj Hs Olsj dz' MSC 2 Ekdzdoe jtefmdlsils), [ tdet
2A1 101 AJHjOd dzr 2 dMmMmdzj Hsea OIsj dzt MEd2 .
B HEdgM S 52 "ddidd t ¢1, VYitedetsetsdztseo C O, |
A1 Ju 1] [BMSBaMSd2 ctmkzuOteMmise j dzdz” 2 L
[8MCo 0O, [(BMMd2MSOY AjHjteOYydw
419 [ A A dJuv 1] 1 MmMEHOmise jdadzr 2 Ekdzd o j tof

t simd2MCOY AjH]jteOYdw

@ lisitsynivan79@gmail.com

1 sdmMe deseor n WsltsmjdhdedddL Olktstetss dz
ftesBdzj &3 Mot d3j dgdels?2 AT U : dzdL S 52 fd dzj € |
Bf Mistets?2 HJjGteOHOYdd fHtojtf OcOP. OdzDtizsfyid o |
stcjBlztls or MsCdr HBtL, yYbt ko jddydeOjl te
dimidzj HIz¥ Ismw ftesdL o sH dg" | fsteW dteOL d dzO
sBdZOHOs M dj MyJjydWdud mMeddd WelssWdLdud m¢
H Odzdz" n MisjHddz] dzcp? | s |0 Csta rdpsO) jdists )zt H dzw i 1
odLEZOddL Oydd d dL d3j daj dzd v flosltsC sdzse
LWWjCldodesmis: owLHj2Mlsoadwy ftod d3d ded d©zOdz! ¢

Ajdz tOBslsr : CcOo dzdIsj dz' dzOw tsyj dz€ O |
WtslssH ddzOd3d yd & § 2 detsiini detse ' A ftesdL o tsH d
yj delsteOdz' dz' d3d OlssBOBd Mg d Zn| .

fObjtedOd d &jltsu’: CCMY | efeRfudsy dfda
BDF1 M doHSCBYydts fjtelodlsts? OHj dzs € Oteyd ¢
1l dsteOMmy tcoj Hj dzj ded d d&z0¢ s dzgidzd iS & el it Gzt Ot
fsdgtsh s 8 fmdmlsj o3 i n  vi v mVive $mdrl@rdpdiewarksd d
Sy deOw ststejw) . 1 dzv Ctsdzdyj Mo j dedesc s O dzO dze
CleVue, Version 4.1.0. P (o\siLedwdrindss,d jo xdz
dz0 oL j etk j HF@rr (t sfdwY) fm  Hddds?

f dzslsdetsfylss 8 L dzgj teedd 300 rry/ mMd3l . 1 GCOydfm
CABISBSHdISOL d dzé .

tdJLbkd IsOIsT : RL zyd dedzr | fsteW dtcOL d dz
sfkzrsdzj o ts2 Is ¢ Odz] , ylsts sB j M) yddtOQ dzd 1

dZso ssBteOL 59 Odad W . ViisOdets o dzj dats, Ylsts otej o
HOdzdzr 7 M jHddzj dzd2 o Bfkotdd mMhsOs dvjls
CASIsBHdIOL ddzOe L Issls fsCOLOIsjdzr dzaj ftejor

[ Ocded jor 2 CoBf RRPAR) (MOLOSkJLfsR
ksCMdydsmls: s (LD50 > 150 &c/ Sc¢) d ddabs.
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dzd, BH®ROCE dai ftoswedw jls orf tcOy j dzdztsc
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tOHdEOdz 1 wWodzwjlkMmw dOdeBBdzij o 0Oy dz d3
WOLOR bttsfsmWjtr . RLEZYJ dzr tej O¢ydd w©OHJ
ZCMmMEezmdzts 2, ftoetstf Jsdatso 52 . v ¢ Mk Mid®d3r "] frpidets IS
fhr ! § o3, Colsstets g 9 shdtsodtsds fJtetsdL 9 s5HJ!
ftodicsHdsEGts GOL O, ltotsf disdzso OwW ¢ d Mdztsls ©
Btosy jdedd LkcedzjotsHEso. VHOdzj dedj S dMmdztsls o
' n g} GdHEBSC Mddz dsgdefegffl 5 dgs O H SOOI
dH jcteOHOYdj2. ABltsdzdL oL O00NtkOBBGHBO Fc
WM S HdOfOLBdzj. 1 oBHdZ n ttOMlso stcOn ofs
Jd3 it Cdmd oBHBKSHO. | dHEtsddL
sl edHtesdzdL 24 di3F A WkdS ydsdzOdz' dz
&zt dz" &3d wLOHJSCOZOBBd d BdBHJjGOHO
9 Odzj degdv CdMmdzsls o btesf smMWjted,
te rn kmazsedwa t1 oK, (GBI B3
e OCydd ttOHdCOdztses 1 M S d
1 M tbdBd SCdmdsksodd dLEzyod
sdz' L soOdedj &3 dzOL jtedetse s d o3t
f s5dz UsOHORO@EZO tf J Cofftpdsdis § G T
8, pH 5). 10fLtddjte, ftd t
dztsIs ¥ adZ8f B UWetsd 6 4 %.
OH+CHCOOH Y 1tetsHEzCIsT
OH + (SCN) Y 1tetsHECIsT
ltestsyds 2 toj OCktstey@L ¢ stizls b tizj daddd 27  GfiEfd© ¢
Hdzd 2@ 7 M ds. t OHd ¢ Odzr i GJ dzj cdtctso Odzd f
oBHBeSHO f§tod € Sdigtpiddzls tdd y R IsE LA Ik fipazl B O
(cOLBoOY MjHO KrF, | & = 248 dgy) . wtcj
fiicMis Qo dzv dzO tCtsdzs 150 d3r y, dtejHdWWw Ctsday, ¢
"Bsdz! / dz, bsEHO C0O0¢ dZzZOWRQorZ dAD ¥ iR dx@H(Idrs c Oy
(248 dag) = 2
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10 &z dstsigkr ¥ 4 B EH e ( dstscdzj 1) dBBH
0.92 N (R zdz' fdz 7.04;6.95 ANzl Wslssdzd L,
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Thomas 1965 | Vis-UV OH Mtsts | ddzH Eydtetse O©d
Wk stej Myd da
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Thomas, 1965 t©OH d tsdzd L , Huang Yiwen gdzH E ydtetse Od
Vis-UV O H fyts te | 2010 Wz stej My da
2.3 pH1.0 R &3 Iz dz Mz 7.47, t L t5dzOdziy dzOw
Adams, 1965 tcOH d sdzd L Vimal, 2006 Wz sted Myd da
1.7,pH1.0 8.50 Khamaganov, A dzi-W slstsdzd L ,
Ogata, 1981 2006
1.7, 6.57 [ Offif j Cltets
[ OdzdzOW Butkovskaya 2004

Thomas JK., Trans. Faraday Soc. 1965. 61. 788ams, G. E., Boag, J. W., Michael
B. D. Trans. Faraday Soc. 1965. 61. 1683gata Y., K. Tomizawa, K. Takagi. Can. J.
Chem. 1981. 59. 1. 1#8. Berasategui M, Amedro D., et al, Atmos. Chem. Phys.,
2020, 20(21) 135411.3555.Huang Yi-wen., Dransfield, T.J., Aderson J.G. J. Phys.
Chem. A, 2010, 114(43), 1153811544.Butkovskaya N.I.; Kukui A.; et al. J. Phys.
Chem. A, 2004, 108, 702Y¥imal D., Stevens P. S J. Phys. Chem. A, 2006, 110(400.
11509 11516 . KhamaganovV. G., Bui V. X., et al, J. Phys. Chew, 2006, 110(470,
12852 12859.

CCMy Jteddzd des Oz dzr = B ssHise Y o HJ dzj dzo

9 fSH dzj fMzh jMmseokzjls, f st psdgOMigPls 2O B s IaiE
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BjROdedL 30 CARRAM { iy d[siOdadz j L dzOyj dad v
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20 ®BstemC d A l]’tctsfr]lststco.-..
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mMestesMmisd tj O¢yd?2 B" dzs B tcj H jdzj dets o toj dgv

] tejLEzdz s0OIsj cOfMyjlsO B" &zt EMlsOdzse dz
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l " oaBHS SdzMis Odzls T MEstesmisd tj O yd?2 ¢d
ECmEmdes?2 CdMmdztslsts?2 BF dzd dL dijtej der f f sd3tsf
9 Mtsyiloddd f € tsdef ko] adzlsWaBQj f§lsfadg] IsidI€ Gk dgd
CCMy jtedd3j delsr  ff tetse sH d dzdSin! Is tots fadrfipidtsjotafde ~dz (B
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9 CEtesHMEdr EMdzseodwid o@®sY sews Tl Cd® tstwH d C
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COHJCOZOBd © otHAdEER ttOMsotte] Ctdlikztcdtolzs
stsdzMls Odalsr MECtstetsMmisd ftsdzjLde@ Hdzw tsyjdeCd o
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Morozov |., Gligorovski S., Barzaghi P. et al. Hydroxyl radical reactions with
halogenated ethanols in aqueous solution: Kinetics and thermochemistry // Int. J. Chem.
Kinet. 2008. V.40. P.17488.
Herrmann H., Schaefer T., Tilgner A. et al. TroposjzthAgueousPhase Chemistry:
Kinetics, Mechanisms, and Its Coupling to a Changing Gas Phase // Chem. Rev. 2015
36.
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