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S zOdz dzsfyls .

[Mdzso 52 dMMdzj Hise Odzd?2 o dzj stec Odzed yj MEts2 1~ dd
ftsdms detso ' 7 Mt Hdda dad 2, Colstster 2 M ewy,j dz
Isj edssH dZOB] ud MSCdr d SCddzi sdud MCdr HOESBHHED d BDY
Mtsd v d dig Qzeddzd ydz" di3d Md3j Usitsda! &z d § depidz B sied 3" = § e d € dzO
dzOf tod d3jftdg d dpadsj dedw o 1 dzj Slstetsdzd Cj, + dajtecjlsdCy,
sOSdn ®KROLjtedOdkse Ghte s Mds sk ih@Gdsd i s it dzdxf
dz0 dzd Asdp §s tf 2 o S H3dzs ¢ 5 ¢ tc O dzdz’ iyl f tod dettsidy dedd fifdsite Boj HAAE@
syd fmls¢d d fj dzj € Is d edziarsqj tic d @odrtte | dEjSARdVdzlz dzv Is ts te dz' n
f t5dzlz f to tpts HHOBOLERRE Quctiztzj Is f § g dzts o dzf o3 tsMtsB j dedets Myls W d3d
wodzwjlsiw dzj S OW BjnOdduyjmMtoOw 1 CMW¥sddoydwy d
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MeOMisOdzed v d dzd dzjfipticte Oz dylil td1dz€ ) Is B WidsT § Isdadmj Gis'ts O L d3
Holzd3j todz’ § TRPazlez) ts f e daf sdzr 3d Mo ts2Mmise OB k23 J
ML HOddY cjlsjtohisttkzC skt ff dff tdafdsisdzj BR{G ddg |tV i
i d dzls tg ts dzEQ Y€ d3j to, FeOSGejTed MMmdzj Hiso Oded W ML H OB Is
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std Mils Odzdzd yJ ) Shiptsid Higlley HEJIQEBEG L d3 L 2E89Xs ( ¢ 2 2dfisey) dzts
fto] H MO I dztsisdzj 20 d j obfifsOrflssovchod jO dfdits dedij M S sdz' § d A
odzzlsted Cwolststol DY of dedgatislofg®st Hted yj MSdj ddzd SISOt
CtodMlsOzdzfEERNS Rt [SOCdR Mt HJdzjlédiPdzts§ ®is o dazs
5CkOlHiedy MO Ckzyjddd, C(shktskoljddgimdpectd g Is
IsjlsteOt Hiedyj MStsds ddzd SOOI Htedyj MStsd ©Ctolzy j dzd
LOMmjEAjleaflz C Olsd sdede’j M HiZS BRABE D.d&3d twOMY tsdzsy j dzO o Oc
ZOdzd g stes? d ftowedvs sy ttOL dzdhds §tc dad ® &dzte® L
dMMmdzj Hiso Odzd W OC ¥ j s Bokishy das(ol ddgistL j strfinyaigs & fizis @rpis Bz¢ Is dz
fSHiglgBEMdeso 52 H AR eSS s jiac j ntsHde" 7 d3j IsOdzdzts o
dzj N Otcj dzdzr 7= + dzj Clstotsdatse , MAEERBlc d3j t6 o ' MsC MY d dzts
loduk jtemtj s donidan iygdatsf tnsjo dzd "W O dzdzOW" OB 5s
dzso ' - fisfOmjdHs j dzj 2 Istets2 dzr 7 MdzsdMmilsr 7 R Odz S5 j ded H
WdLrdyuyjmMSda Mos2Mmlses, EMlsOdtsodzj dedj oL Oddstsmaw L d
Ajdt OLtcOBSISCO oBj stsH 59  dgfodsldgjta 2@lz" HAdzW diftstsdiridsy jRdz
BOte @dzy @ i3 2 Miseo e BbezMtcO@PEdBedrn ~dBJUJ MEs2
L C MW tsdzdz@plsdddflzs o dzj dzed j d A StedMmlsOdzdzd yj MSdn Mmiseiz¢
Mddzisj sdyj MSd2 YtsdmMS dn o' Mhdmn coebd@sdzsetse &,
MstelzClskte sz yj dzdz' 7 MsjHddsj dzd2 o L OodfdBshlsd
1 OH Oud
1.adfisj BOIsdyud MS d2 Mt fsef ha@ti dadigds dsip@ bse ¢124¢e
fts MisddvABs, MABs (A=A |Gal B=S,SeTg 1 tsd NS coots djf diftna t
HOdzdz' 7 MM rEGRSiMGaS, MBAbSs. [ f Isd dsd L Oyd Vv Iz fiy dzts
Yyd dzj o' M whEpPdapIsdailtzd dzts ils d  d3is gaiz2 16§ dzdh @
HOdzdz' » M jHdsj ded?2 Bj stsHisds Addd yjMStsets
2. RHjdsdW JCoydy df & RisQf dzdzted] L @4 W d dz) deded y diz
WL eeBdud MSda B sSHEs9 ! SftcjHjdjddj W
s OB d dz' dzsls;df sdz@tsy s o ' § 5 dzdefndzds ozbiEtfye ¢
f s dzlz Y@e@atb® s j tc G Odziezaf Y dets 2 OB o 2 fijlso
Isj &3 jtcOlskztcdz = d ftsdzjorn LOsdMmdditsmisj 2 d
3. BHIWdSOYydw MtsMmis 0o O dL o j Misdets@ ts ftcjH
BOGC dzd IssOC Isd o dz' dts(d MED fs f 16 @D 39 (ts¥c BBN(G axC §)Ss,
MnCRGaS (x = 0. 25, OJB®j H jOdzj7dBd)j; BB &ZOMIS
fsddCtedMmlsOdzdzd ud M¢ d~ Mtsj Hddzj dad 2 MypgAdERP Ml
ftoj Hif sdzOG Oj d3' MEfA I 8 B&¢=-0. 0, 2, 0, O.
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4. {fwjH]j dicdds Odfdifbiig NS Iszte f sdzlz yj dzdzsd te jnis j ¢
5B d&zOMisd Mkh jMmlsotse Odzdw Mzsdfmlsr 7 fMistelzS Isk
LOC s3] tedetsMisj 2 o Mk lkztctssBtcOL 59 Odzed d
COdsddBREI(T d & OdO 6t & jadSE, T@) .

1 Ok ydzOv detOmdsibdzOi O dzdzs 2 OB SIS § sdkzyj dr dase
sfftej HJ dzj dg' dm ¢ tcd Mmils OMziZe g jMMAdSie Ml €Sk € sz tels O € Y |
mMdzsd Mis Ow or MsCtslsj 3 j tc ONGrid tgRiEO W te j dgtoiEtsciiWj AEC0 y ddats o ¢
CedmMlsOdzazd yj MCMBRAMN B tczEisptz] dzO MistelzC Islkzte MG aSa J
lfjteor j ftesdLojJHjdets L Oy N jdad | 9 C Ols d ts dzdzts &3
~ndd3d yd MOV MilsOB d dz' Mm@ &ES  MRD 58S L @ ZEPSC Vo f j oo T
MmMd &3J 2 Mlse  sdzlz yg dz’ LMV sdzdOydj 2 d BrOtOCIs] tod L
dmMmdzj Hs9 Odz B0 ¢ dad IdmiE Cits Is fi) a3 B | B fdMo) d5 & 0O O
Odzgd L slstetsf dz | 5 deOf teOo dzj ded® BOcMmiGaSE | [ finw jsH i
5B &ZOMIs: MEh j flse 5o O detyAS s oz @ dsk fpdiass fizls s qH1© = d Bg

1 60C Ui M&Pste) sz M BEMBOdzdzs? ©OBKIS] § 56 C
f sz yj dzd ¥ &OdetsyOfmlsdy tOL &z ydzs?2 sl sdesedd: d
Bsckls Bris! Mittddtess Od cjljteshistezSkzter ) fts
slsdsidlsj d dts f§tsilsovw Ok 1 @dgh usidigayd vy kbH CusAnsdal -
nddiduj MSOY MlsOBddz detsfyls! dz®@ etLHER] o Isj @Qj da
o jddudeOjls fjtehtifjCilsdodasiis: ftoddztsyjddw H Odzadz

[ Odzdz’ | BOCGdedlsdzs? otsmMtedddBudetsmisd ks Isj oY
ftoddjdej dzedd d BIi jBdzr 2 YOL LO fyjl 1%¥%¥jCkte
Hobdsjtodzgs? © HOdzder 7 MsjHddsj dedw s, ftod {btsd d
nOEOC s e tHeH 5 j dedzts G 5 s fiyls 5 W dty I fighote @ag dsciizts 2

stz Clsbkteds | HOddz j ftLotdvels tyjddls: fkzf
Masdmisr j MsjHdd dY 5 0L GMyASd MIASHS e H dzvih i 18 te
LSy jteddej dzlst f) lsojteHr i3 ©OMsotsteOdd L Odj " j dac
Btsdz s ddzlsjteo Odzj mdaBduj MSdn MmMsOete, (st
BOIjtedOdzse ) dsHdW dydtetse Odzdz’ dsd ¥ dL d yiH il § 3¢ 1 |
ddzd O dzdls dzr Bq .

1 sdzsy Jdgdw, or desfpddzr 4 dz2O0 L Oh dlskz.

1.1 so f jsdzlkz y jipsds" HjdVdAn dss, M n AS & M A bSs, MnbA S § M nG aSs, d

Mnl 86 Stod fls Ocdzazd L z 8 Is fyw ) MOtAS @ Isoz idpA BS & Is

Mstslse jlsMise j dzdats. | CtedMmlsOdzdzd yj MSda fistek

i h Odzdz@w L Ofj dzj dzdets fyls COddzdz’ 7 5L (
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sjlsteOl Hiecdyd MEts2 L dydd Hdzv o Mj&0 % dphis
ffzh j Mise so Odzd W Mdzsd mis™ = Myt cdg Galzd U jndzO fisd
tcOL 3] tc dzts g g WWOQ JSlsstictOO Is s dzf tc © @ls BEMIsd) wslis

2 . utsj HJBNBEEdMmnpl 8ev o dzw s Isfpw 2 ddBd yd MSd MlsOB d
otcj 3w MK &y, Mn A% & MnA S, MRA S € G d H to s dzd Lr lfsHIE fitpvn.Is d
L CMW szl © 4B, "Mn ASed MnGaSS f sL osdzv jIs f sdzkz yOls!
tcOL dzd ydets?2 dhsteW sdzsedj 2: dzOdetsdzd fplsr d dzOdzsf
CzZOHC B2 {ftso jtondetsmlis! & d ftedetsHM § H&Y H
Emistets?2 Mise M ddzlstetsdzd € d .

3.1 el Likzdz Oy yYyOfmlsdydesets L Od3d " J dzdMnGdse tc ¢
sBtOL Iz jIsmw so j toH " 2 tcOMmlseo ste L Od3j M j ded v,
ftodctsH dzr 2 H dzw HOdz' dzj 2 h § 2 BsHdW JSOydd c
Msd Hddzl dzd W .MnA ISfigg ) lezPagflzt H O s  § teslsw ) j dzdsts
fted dLdj dzgj dzedd Mtsslsdetsh j dedwy COlsddetse o yYd «

4 Rsdzr BOGEOdZYO o Ctodfls Odzdzd yM iEasSs2q M 18k S Is
ftoesWoedzwels Mmddz detsy oLOdBsHj2MIsad Odzlsd W .
memissw dad d, fted It Msftew)yjddeov ndhlsj
L dz2Oydlsj dz' dets?2 Mmbsjf jded WkMmisted tctso Odzdzts?2

glilsj  J dz H 5 ) ly oy ldasiatsifridsddts ) Is - fsdzz yj dede” = toj L

f sd3tsh 1 8 or MsCslssyds B3 stsH 59 M COdzdBtetso C Od3
dL d3j tej dedW 3 o j dzdydde tOL dzd ydzs?2 WdL duj mMecs2 fted
tcj dzlsG j dztseo MG 52 fstesh CfstotiscPL o ofiVyf dA0A Yyd do  tc @ cdze ¢ &
1o dzZlsOdzetsZ fftee)) BWicOL dzd ydzr d3d H Jj ey Olsj dzw d&3d ( S OF d
MejHyd (oeBLHEAR, Ottetdz), dqL GCtltste’' = dLodzj $ OdzOM
[ Oz 2 d3j IstsH HBY tsdzdzgw d&zO 1 dzj € stetsdzgdzOW ff tetsfe j ydoe O
dzj L OadmMddids ftsHlse jcHdIs! GBOLtSoOdedy yjdzjora f
L dzj CltetsdzdzOW RBJStesMEsfdw d dzgj eetsH MY J tefd tsdzd
sftej Hydzdls! MeMls©e d BGHMSttsHdsMIS! ttoOMYfted HJ dzj
mMtej H J sO¢ Y J fsLosdzddzO Y tsHIse jtoH dIs! MtsmisOo fn
COdzsted di3j Istedw o d3j MisJ M cwOaddjlstedj?2 Lo dzd
f saltcy HOdzd M H O dzdz’ d3qd Isj td3tstej dzlsc j dztso MC 52 Hd
S§ e HJdzj dzdzOV B 4fcfiiatsedss 2 O lsdscfifdass MC s d d fHIse
ZOBd&ZzE HOj 3" di3gd M T sdish ! 8 fHtosme jydeOsh j2 1 dzj Clste
tcOM toj HJ dzj dzdock Is 3@z &z Ist€ Ols d s dzts © COyd Mlse j dzdzts

sj i3 j cOlskztcdzr = d fYtsdzjor n dBOGdedlsde = dL d3j toj dad:
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ftsedOmEzjlsMw M ddlsj tOktdy &3 HOddz & & M5y

tiLkd O, Ytdzyjdd j ® HOddksS?2 OBy, B’ d
BBy Y HzdzOtetsH dz" - Cedet j toj dzyd v A, O OS¢y s zB dzd
) dgO dzO 7 .

[ quds 2 oS dzOH .1 P o) dfvts dzdz 2O f)! Msd S Ols j dzj
bolssiosd ©hkh jMise dzv zOM' ©OL©OBEICO d ©flsdddL
tcOBtslsj Mddelsj L tse, O dd3j dadats, Bsdes € tod Mls O dzdzts @
f sz yj dedz’ & dL sdezs  wfdster fdmdedzj dzts  d Mfydzj H 59 Odzq
Irfsdzdzj d ofmj LCMijteddsjddst d GBtOBskOd toj
tOMlsteso 2 1 dzj Shtsdedzs? BJCtesmSsidd. I toddks
Ldzj € Is to B50zfizte M S 5§ -y fllztlsstshBdasd C tesMS s i, o f tsdzdzj ¢
fsdzyj dzdzr = M fsdiish 8 HOdzdzr » B IssHtse; BtOB SIS
I yOfmkdshisd, fttsdLejHjd' bktydj ddY §O0LO®B] ISt
flstelkz ®ls Wis,dzdzj dz¥ tOMyjlsr GhNdssd - §OLOKj stetss  h |
Ctcdoar n. sdMmlsj BOIsdL Jtctso Odgr d tBicOBTBIsOdz H Odz
sftcjHjdzj dzdw B dZOMIsd Mkzh j Mlsetseo Odedw Mmdzsd milsr = M
Mo d3jfif IsigisO 0 Isste O d3d dz2Okzydz' § MISOIs! d o Y EZtedzOdzO~

lzdzdcOydd d OfwfEhdegdd OBl d { tsdtsy | dzd
3MisOIs! w4 PisBfBsdE o tojyJder dqtokzj @3 n dzOkzydz" »
LOMdIsT o HdMMjtlsOydoddsdt Mo jlsj fuvkdlsi B O g
tcOB SIS Brdzd ftojHMs O dHddOBSE dza®d ' d@dyds?2 ¢
OMf JcOdsse d EBsdksH' & GUCZER2Y &) § EaEOmEsiE & § ©
ofMjtesMmMd2MCts? Cdat jtojdzydd dBsdsH' 8 Eyy df 5 & ¢ ¢
(2022 steE@BH s ts, [ tsiHCdfoddO Wl tifBfuidzY, |5 fo dzdizy ff d  d3ts dzt
fts tB"Mj2 d daj t5tcc(@dAd0pB), f) SHE2e4D Y B 3§ 58 PH d & galritz)
Ctedmls Odzdzts = d d3d yJ M S(=220 2 9 1s @z pipd Gz iffifd 2 M C 2 CtsdzW J |
Isoy tHSEB Isj &zO d Wk dzl (y2f G20 @dafslyitg sopQdssj tod O dz" e
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1 Ok ydzr J mMisOIs' d, s B dzd € 59 ©dgdaizy 59 dzdp'lzdc dz@ a
HdMMJ els Oy tsdadets d3 ) ts ¢f jslsigts dits|fruts odds jif disd dffrf ttsjis deco@ndiz d dztsiAol
1.Verchenkoqo, KA.niYol®hesrkn oyu k WAa vCW.d,r. e dvnA .c,h «
BogacW. /A Znamnkowokwl, evGlAaskovarledni a
Shevel.Wolvayrered van der Wa aSgs Ni#all ang
MnA$e Atomically thin tri amgtudlarh taamgan
Chemiitorzi®..al 62.. 1@Pp 7-Bb5HG5.
RBYI OCIs W3QI()sROtg § /s dzv  Eyofmisdw 3 0 %.
EDN: NVPZMZt ps: //doi .org/10.1021/ acs. i
2.ChernoukhovBdgacwh A. V. , Ch e@Gadmiiguleln
SheveAXov Verche MnGaSVand AMBe van der
Chal cogeni des: A Source of MAL emuZ@%i4 .y
vao29. . i®. 2026.
RBY OCIs W2QICNSAOB F 4 dasdzv 2 yOfmilsdw 7 5 %.
EDN: GMOCIGIOt ps: / / doi . org/ 10. 3390/ mol ec
3.ChernoukhovRyrleu,V.A. D.,, SAzmarra wni cAh, NA.,
Znamenkov K. o. , ShevelukHo vgTlreAmp eV .a,t uYer
Modi f i cail uboeh Mo If e MuRIOE2685%.0l BO0.9TRP 1904.
RBY OCIs W2QCNSAEtE. gasdzv . yOfMmisdw 75 %.
EDN: CTOTIOtSt ps: // doi . org/ 10. 3390/ mol ec
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