
OT3bIB ooHUlIAnbHOTO OnnOHEHTA
MacJlnBua An.apex HnKOJlaeBnqa

na ;tnccepTauuio CeMenoBon AnnbiMuxaRJionHbtna dewy:
(CuuTe3 H CBORCTBa QTopcoziep)Kaninx ;tuaiiKnJIKap6onaTOB>>,

npezlCTaBJlennyK) K 3awuTe na concKanne yKenoM CTenenu KanAnAara xnMnnecKnx nayK
no cneiluaJibnocTn 1.4.3. OprannqecKax XUMnX

/jnaiiKUJIKap6onaTbl(Z[AK), B TOM qncne $TOPCi)ziep)KaiHue zinaJIKniiKap6onaTbl(①/IAK),
3annMaioT Ba)KHOe MeCTO cpe;in: npaKTnuecKn 3naqnMbix coe;lnnennn. OHn aKTUBHO

nCnOJlb3yK)TciiKaK B oprannqecKOM CunTe3e n Me;jnUUnCKOn xnMnn, TaK n B MaTepnaJIOBe;lenny n
noilUMepmoH npOWbiUnJiennOCTn. OprannqecKue Kap6onaTbl cquTaioTcii 3KOJiornqecKn
6e30nacnbIMn ncTounnKaMn 3;leKTpo@nilbnoro Kap6onnila. llpu ATOM(D.leAK cpaBHnTeilbno MaJio

n3ywenbl, a naJinune @Topcozlep)Kanlnx 3aNlecTUTeiieA npnBO;jnT K CynleCTBenUOMy n3Menenum
$n3nKo-xnMnwecKnx CBORCTB oprannqecKnx Kap6onaTOB. B CBX3n c 3TnM, zlnccepTauux
(:eMenoBOH Annbl MnxaHJloBnbl <<C'hnTe3 H CBOUCTBa (bTopcoziep)Kaninx zona;lKHilKap6oHaTOB>>

6e3ycJiosno XBiixeTCX aKTyailbHon.
.ljuccepTalinomnax pa6oTa CleMenoBOH A.MI. cocTouT n3 BBe;lenox, JlnTepaTypnoro o630pa,

o6cy)K,qennii pe3yilbTaTOB, 3KcnepnMenTaJlbnoR qacTn, 3aKilnwennx, nepeqnit yCilOBnblX
o603naqenuR n coKpanienui, cnncKa unTnpyeMon ;lnTepaTypbi, BKh16qalomero 189
nanMenoBannR pa6oT OTevecTBennbix H 3apy6oKnbix aBTopon, npniiwKennii (aKT BnezlpenUX OT
000 HeoxnM). Pa6oTa n3JiuKena na 119 crpanuuax, BKJnoqaeT 35 Ta6ilnn, ll pnCynKOB n 53

BBeAeHne cozlepxnT o6ocnoBanne aKryaiibHOCTn TeMbi, naywnon nOBn3Hbi, reopeTnuecKon
n npaKTHqecKon 3HaqnMOCTn zlnccepTaunonnoj'o nCCJle;jOBanHX, ueJln n 3a;laq pa6oTbl, a TamKe
MeTOzlOJIOI'HK) H Moto;jbinccJie;lonaHZSln llOJIO)KeHUXX, BbIHOCUMblX Ha 3alljnTy.

I'JlaBa 1. AnaJlnTnqecKni o630$ ;inTeparypbi naqnmaeTciic paCCMO'rpennX i)6nlux CBezienui
o .ZJAK, o6;lacTxx ux npnMenennx, nx npenMyniecTBax nepe21 ;lpyrUMn ncToqnnKaMn

3JleKlpo@nilbnoro Kap6onnila, npnno/iiiTcx ;lannbie o6 OTJinunTeJibnbix oco6ennocTxx n
nepcneKTnBax ①,ljAl<1. 3aTeM . OT/jeiibno paccMOTpeHbi MOTO;jbl cnnTe3a .ZJAK H (1)ZJAK.
OT;leJibnbii no;lpa3zle;l o630pa iluTepalypbi nocBinuen xuMnvecKUM CBOMCTBaM

ne®TopnpoBannbix ZJAK(peaKijnu c O-, N-, S-, C- nyKneo@niiaMn). OT;leiibnblR no/lpa3/leJI
o630pa iinTepaTypbi nocsinuen xnMnuecKnM CBORCTBaM (DZJAK(peaKijnu TOJibKO c N-
nyKJTeo(bnJlaMn, nOCKOJlbKy B JluTeparype OTcyrcrBYK)T npnMepbl B3aUMO,nencTBH3i(D.ZJAK c O-, S-
, C- nyKJieo$nJiaMn). B Konue Jinteparypnoro o630pa npnBe/leno He6oJlbmoe 3aKinowenue-
o6o6utenne no xnMnuecKnM CBoiicTBaM ,ZJAK n (D.leAK, a TamKe o6ocnoBanne BOCTpe6oBannocTn
npoBezlenHX zinccepTaunonnoro nccJlezjoBanux. JlnTepaTypnbia o630p BHzjnTCX ;locTaTowno

llOJIHbIMs paCCMOTpeHbIHe TOJlbKO HayxIHble CTaTbH) HO H llaTeHTblH KHHI'H.

I'JlaBa 2. Pe3y:ibTarblu o6cy)i(zienue cocTonr n3 'apex nonpa3;leiioB(cnnTe3, peaKUHonnail
cnOCO6nOCTb, cnoco6nocTb OTBep)KzlaTb 3noKcnzinyto CMOJiy), KaHqlbl n3 KOTopblx pa3ZleJleH Ha
neCKOJlbKO qacTen, n co;iep)KnT neo6xozjnMbie ;jJIX ;iaccepTaunn 3JleMenTbl naylnloH HOBn3nbl n
npaKTnuecKou 3naqnMOCTn.

B pa3zleJle 2.1 CeMenOBOii A.MI. :onncbiBaeTcii pa3pa6oTKa MOTO/IOB cnnTe3a ①ZJAK.
llo;lpa3/leJT 2.1.1 nOCBilnlen cnnTe3y (i)/IAK peaKKnea nepe3Tepn4)nKaunn. BnepBbie

onncbiBaioTCX ncc;le210BaHnil oco6enuocTeM npoTeKanHX peaKunn apex MO/leilbnblx ;jAK c
2,2,3,3- Te'rpa®TopnponanoJtoM-l n OKTa@TopnenTanoilOM-l B npucyrcTBnn pa3Jln:mblx
KaraJin3aTopoB. ITozipo6HO n3yweno BllnxHne OTronKn o6pa3yloiunxcsi cnupTon na KonBepcHlo
ZJAK. ycTanoBJleno, qTO .ZJAK H o6pa3yloiunecx npn nepe3Tepn®nKaunn CiinpTbi o6pa3ytoT
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a3eoTponnble CMecn, TITO CynleCTBeHnO ocilmKnxeT npouecc CMeiuenuii paBnoBecHH peaKunn B
CTopoHy npo;lyKroB. B pe3yilbTaTe JleTa;lbnblx QH3nKo-xnMnqecKnx nccJlezjOBannR zlannoro
XBJiennx aBTopoM npe;IJIOxenbi onTnMaJibnbie ncxozinue coornomennx .ZJAK n ®TopnpoBannbix
cnnpTob n03BOJixtonlne noilyqnTb JlyqnnylO KonBepcnlo.

KpOMe Toro, aBTOPOM pa6oTbl npoBezien0 3KcnepnMenTaJlbnoe cpaBnenHe
nepeaTepn@nKaKnn. ①ZJAK c .ijAK B anaJlornqnblx yCJiOBnSTX. lloKa3ano, tuo npsiMasi

nepe3Tepn@nKaunx /IAK cooTBeTCTsyioujnMa cnnpTaMn o6ecneqHBaeT B03MUKnocrb
npenapaTnBnoro noJiyuennx KaK ne®TopnpoBannbix ,ZJAK, TaK n (D.leAK. llpn ATOM noJiyueHnbie
ne(bTopnpoBannble ZJAK MOXnO pa3AeiinTb 3@$eKTnBnee, no cpaBHennio c $Topco;lep)KanjnMn
aHanoFaMH.

llo/ipad;leJI 2.1.2 nOCBSlnlCn noJlyqenHm (P.ZJAK nocJle;lOBaTeilbnoR nepe3repnQuKalinei
aJIKOKcn;lOB TnTaua(IV). ABTopoM npezi:io)Ken BOBbIn 6ec@ocreHnbla no/jxo;jK (PZJAK ua ocHOBe

npeBpanlenuM KOMMepqecKn zion'rynnblx pearenTOB. }lcciiezjOBanbl peaKljnn apex TeJIOMepnblX
®TopnpoBannbix cnnpTOB c aJIKOKcn;lama TnTana. ycTanonJieno, qro nan6o:lee paunona;ibnbIM
6y;ieT renepHpoBanne nepe3Tepn®nunpoBannbix a;lKOKcnijOB TnTana in si/z/. 3aTeM nOJiyUeHHble
CMeniannble aJiKOKcnZjbi TnTana nonBepraJln peaKunn c ziu(bennJIKap6onaTOM. yCTanOBJleHbl
3aBncuMOCTn o6pa3yloiunxcx (P,ZJAK OT cocTaBa CMeuiannoro aJIKOKcn21a TnTana n CTpoemnx
aliu@aTnqecKoro cnnpra. .HeTaJibno u3yweno Biiniinne o6pa3yloiunxcx a3eoi:ponoB na CMenlenne
paBnoBecHX peaKHua, ncc;le,KOBano :BJiniiHUe copacTBopHTeJleM na 3Tn npoueccbi. C yueTow
3KcnepnMenTaJlbnblx ilanmbix MacmTa6npoBan cnHre3 cnMMeTpnqnoro Kap6onaTa 2,2,3,3-
TeTpa@Topnponanoila-l /lo KniiorpaMMOBbix KOJinqecTB n napa6oTan cnMMerpn'inbla Kap6oHaT n
KOJinnecTBe > 30 Kr 2jJIX norpe6nocTeM pocfnRcKoro pblnKa) qTO CBn;tete;ibCTByeT o 6o:lbnnoM
npaKmu ecK0 3 avzzwocmu JluccepTaHnonnon pa6oTU. llOJiynen aKT nne;ipenux (npnJIUKenne I).

B pa3neJle 2.2 o6cy)KzlaK)Toil peaKunu(D,ZJAK c N- n O- nyKJleo®unawn. I)TOT pa:3;jeJI
pa:szleJlen na 5 uacTei.

B uacTU 2.2.1 onncano n3anMo;ieacTnne (O/IAK c nepBnqnbIMH H BTOPUqnbiMn aMnnaMU.

}lCCJle;jOBanbl KaK CnMMerpnqnble, TaK n ne cuwMerpnqnbie (PZJAK. KpoMe Toro, npnBOzlilrCil
;lannbie nccJle;jOBanHX ne@TopnpoBannbix ZJAK n cpaBnenHe nx peaKuuoHno$i cnoco6HocTn 'c

B 3To$i )Ke qacTn npUBO;jiiTCX pe3y;lbTaTbi nccJle;lonannx B3aHMozlencTBnx c nMnjla30:10M.
ABTop o6napy)KnJia, qro UKnzlaeMbie npo;lyKTbl anKUJlnponauux nMujla30ita ne o6pa3yloTcx npn
ncnoJlb30Bannn B peaKKnn(D.ZJAK.

B wacTU 2.2.2 onncano B3anMozleacTBne .ZJAK H (P.ZJAK c noilnMepnbIMn aMnnaMU

(noiln3TnJiennoJtuaMunbi(11311A)). /lxix ycTanoBJlennx nanpaBnenHH peaKKux c ll)lIA 6bun
nccJlezlOBanbl peaKUHn /IAK c MO;le;TbnbIMH aMnnaMU(Zj:yl'A), c021epxanlnMn nepBnqnble n

BTopnqnble aMnnorpynnbi, noKa3an6, tuo pearnpyeT TOJlbKO nepBnqnax aMnnorpynna, qTO
KOppeJinpyeT c JinTepa'rypnbiMn flannbiMn. lice;lezloBana ana;iornqnax peaKuusi(D.ZJAK c ,Zj3TA,
ycTanoBJienbl OTJiUqniiB peaKllnonnoH cnoco6nocTn OT /IAK. }'lcciienoBanblpeaKuuu ilByx Bn;lOB
ll:)lIA c pa3Hoo6pa3nbiMn CnMMeTpnqnbIMn n necnMMeTpnuHbiMn /IAK n (P.ZJAi<i. llpoBe;leno
cpaBnenue peaKunoHHoR cnoco6noc'rn .ZJAK n (D.leAK. lloKa3ano, In'o(D.ZJAK XBJIXIOTCX 6oJlee

aKTnBnbIMn B 3Tux peaKuuiix. llpoBezieHO nonpo6noe cpaBnenne }lK n .51MIP cneKTpoB

o6pa3ymninxcx noJlnMepnblx npO;lyKIOB.
B qacTn 2.2.3 onncamo B3anMojleRCTBne CnMMerpH'inbox (D.Z].AK c ;jnMeTniiaMnnocnnpTawn.

rlo;io6panbl yCilOBnX ;nix cnnTe3a KaK CnMMerpnUnbiX) TaK n necnMMeTpnqnbix npO;lyKTOB.
B uacTn 2.2.4 onncano n3anMozleacTsne ZJAK n (PZJAK c @enoJiaMn B npnCyrCTBHn

nMnzla30;ia. }lCCJle;jOBano BJlnxnne 3aMecTnTeJleM B $enoJie n .ZJAK na ncxozl peaKunn. 3rn
pe3yJlbTaTbi 6bLJln ncnoJib30Banbi ;lila z1 3aHHa 3KcnepHMenTOB B uacTn 2.2.5.

①;jAK
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B nacTn 2.2.5 onncano B3anMOAeRCTBne .ZJAK n a)/IAK c no.nuBunnii@enolioM. llpose;ieu
n0;16op KaTaJln3aTopa Bnx 3Toro npeBpaiHennx, JlyqEnHe pe3y:ibTaTbi 6bLJln nOJlyqeHbl .c
nMnzla30iioM. lloKa3ano, tuo B pe3yJib'rate peaKuuu /IAK n (P.ZijAK c nOJIHBnHHJl®enOilOM
nponcxo;inr ne rOJlbKO Kap6aJiKOKcniinpoBanue, no n cunuBKa nOJlnMepnblX uenei. llo;ipo6no
o6cy)K.naioTcx }lK cneKTpblH TepMorpaMMbi npOzlyKTOB. ycTanoBJleno BJinXHne CTpoenux .ZJAK n
(P.ZJAK na npoTeKanne peaKljnH, H xapaKTepHCTnKn o6pa3ytoiunxcx noJlnMepnblx npo;lyKTOB.

B pa3zleJle 2.3 o6cy)K;iaeTCX cnoco6nocTb cnnTe3npoBannbix @Topconepxaillnx Kap6amaTon
K OTBep)Kzienni0 3noKcnzjnon CMOJibi :).Zl-20. 11oKa3ano, qTO nccJie/IOBannbie coe;lnnennsi MoryT
ucnoJib30BaTbCX BJIX OTBep)iqzlemnx 3noKcn;jHblx CMOJI.

B I'JlaBe 3 -- 3KcnepuMenTaiibnou wacTU zinccepraiinn npnBezlenbi Moto;lnKn cnnTe3a
noJlyqennblx coe;lnnennn. Bce CHnTe3npoBannble BenlecTBa oxapaKTepn30BaHbl neo6xo;jnMbiM
na6opoM ®n3nKo-xnMuqecKnx n cneKTpaJlbnblx /iannbix(TeMnepaTypa nJiaBJlenux, 3JleMenTnblR

anaJiu3, cneKTpocKonHsl }'lK, .HMP IH, .HMP 13C). HaJlnqne nozipo6nbix CBe;lenny o cnoco6ax
cunTe3a n noJinoTa xapaKTepHCTliK CBn;leTenbCTBylOT o Bake)KnocTn n ;lOCTOBepnoc'rn

no;lyqennblx pe3yJlbTaTOB.
B 3&KJUOtlCRUU npHBellenbl ocnoBnble zlocTn)Kennii aBTopa) ripen;imKenbi nepcneKTnBbi

AaJlbneRnnen pa3pa6oTKU TeMbi. CTonT oco6o OTMeTnTb, :no MnOTUe @Topnposannble

npoH3Bozjnble CHHTe3npoBannble aBropoMjlpe;jCTaBJixlor nnTepec ;l;lx OI(enKH 6HoilornqecKon
aKTHBHOCTH.

B peuen3npyeMOR Haywno-Kmann@nKauuonnoR ' pa6oTe conep)KnTcii pennenue HayqnoA
3a;laHR -- pa3pa6oTKe 30@eKTnBnbix MOTO/IOB HanpaBJlennoro cnnTe3a coe;lnnennu c 3azlamnbiun
c'rpyKTypon H CBOKCTBaMn (na OCnOBe npOn3BO;jnblX Kap6onnJla), nMeioiueH 3Hauenne ;l;u
pa3BnTnx oprann'lecKoa XnMnn. KpOMe Toro, B pa6oTe n3;imKenbi npe;iBapnTeJibnbie bOBbie
nayqno o6ocnoBanHble pa3pa6oTKn (;lanHbie o cnoco6nocTn OTBep)i(ZleHnX 3noKcu;inbox CMOJI,

MOTO;jHKH cunTe3a npowbiulnienn0 3naqnMblx /IAK n (D.ZJAK), UMeionlne cyuiecTBennoe 3navenue
/l;lx pa3BnTnx CTpanbl(BnKHO zl;lx Ma\'epuaJIOBe;lenox, npon3BO/lcrBa nOiinMepO4 oprannqecKoro
cunTe3a, XnMnqeCKOM npoMblnnJleHnocTH).

Bonpocbln 3aMeuannx no /inccepTaunn :
1. Ta6iinua 2.1 (a raK}Ke ocTaJibnble Ta6;lnubl c onmMn3aunsIMn): B KaKnx MacmTa6ax

npOBOzjHJlnCb peaKHnu, KaK n3MepxJln Bbixozl? KpoMe Toro, 6bLno 6bl nal'JIH,qno, ecJin 6bl
pesyJibTaTbl no KaTaiin3y onncannoR peaKunn KncJioTaMU BKJnOUnJin 6bl TaKZKe B Ta6:lnuy 2.1.

2. C qeM CBii3ana 60ilEunax 3@QeKTnBnocTb nepe3Tepu(bnKaHnn ,ZJAK 2.2
OKTa@TopnenTanoilOM-l B cpaBnenHH c 2,2,3,3- TeTpa®TopnponanoJiow-l?

3. PucynoK 2.1 -- 21annbie HCcile;lOBannH npOBO,nnJIUCb 6e3 KaTaJIH3aTopa?
4. .nyqine 6bl.JIO ucnoJib30BaTb MOJibnbie %, a ne BecoBble ;jJU onucannsicocTaBOB CMeCen.

5. B peaKunn (P/IAK c nMwla30JloM ne o6pa3yioTcsi npo;lyKTbl ailKHJlnpoBaHHX UMuzla30iia,
a -no )Ke o6pa3ye'fcx BMeCTO nnx? lloqeMy B peaKunslx neQTopnpoBanublx .ZJAK npo;lyKTbl
aJIKHJlnpoBanHX o6pa3yK)Tcx, a B CJly'iae c ①ZJAK neT?

6. PucynoK 2.4 -- K remy ornocnTcsicnrnaJI c nnTerpaJibnon nnTencuBnocTbio 0,0489?
7. PncynoK 2.6 -- CTOnJiO npnBeCTn yCilOBnX perncTpaunn HK cneKTpa (B Ba3eiiunoBOM

Mac:le, TonKoR niTenKe HJln KBr nJln tHo-TO ence).
8. KaKyto po;ib urpaeT Tpn3TniiaMnn B KaTaJin3e B3anMo;lencTBnsl a).ZJAK c

zxnMeTnJiaMunocnnpTamu?
9. CxeMa 2.12 H 2.13 -- KaKne TeMnepaTypbi 6bIJln ucnoJib30Banbi? He Moriio-Jin yBeiiuuenqe

npeMenn n TeMnepaTyp npOBeitennX peaKHn$i npnBecTn K o6pa30BanHK)" npe/jnoJlaraeMbix
npO;iyKTOB?
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lO. lloCKOJlbKy KaTaJlu3aTopbi LiOR, NaOR, KOR, CsOR renepnpoBaiiu in si/u 3
npOn3BO/lnblx 3Tnx nleiioqnblx MeTaJLJiOB(i72pem-6yTnJlaT KaJinx, XJIOPU;l ue3nx n npoqee), ne
MorJin liu nOBJinXTb na ncxo;l nccilez(OBannblx peaKljnn Ho6oqnble npo;lyKTbi OT cunTe3a

KaTaJiu3aTopoB?
11. KaK npOXOZjnJIO MacmTa6upoBanne cnnTe3a CnMMerpnVnOTO Kap6onaTa 2,2,3,3-

TeTpa@TopnponanoJia-l?
12. Heniloxo 6bmo 6bIB 3aKnioueHnn c;(eJlaTb o6o6iuennyK) ra6iinqKy nJin cxeMy, rAe 6bi

cpaBnnBanncb CBORCTBa ZJAK n ①ZJAK B HccileMOBannblx peaKUHxx n ®enoMenax.
BbicKa3annbie 3aMeqamux me cnu)KaK)T ileHHOCTn llpOBe;jennOro uccJiellOBaHUX.

MaTepnan u3JiO)Ken XCnbiM n rpaMOTnbiM x3biKOM, aKKypaTno O@OPMJleH n
nponJiJnocTpnponan JIOCTaToqubiM KOJiUqeCTBOM pncynKob cxeM n Ta6JlnK. Hayqnbie no;io)Kenux,
BblBo;jbln peKOMen;launu, c;jeJiannbie .unccepTanTOM, B ueJioM o6ocnoBanHble n npasnJibHble.

AsTope$epaT nolinocTbK) cooTBeTCTByeT co;lepxan m zl ccepTaunn.
MaTepnaJI ;lnccepTaunn CeMenoBoii A.M. ony6;lnKOBan B 17 Hayqnbtx ny6ilnKallnnx, n3

nnx 6 CTaTbeR B peuen3npyeMbix )Kypnaiiax) peKOMen;lOBaHnblx BAK P(D n ArrecTaunonnbiM
COBeTOM ypⓕy zhu pa3MeluenHX MaTepnaJIOB AnccepTaunii, 3 naTenra P(D, 8 Te3ncoB AOKnazjOB

Kon@epenunR. Ony6iluKonaunble pa6oTbl;jocTaToqno no:lno orpa)KaK)T cyTb ucc;le;loBannx.
B store MWKnO c;leiiaTb BbIBO;(, qTO npe;lCTaBJlenHailK 3anlnTe nnccepTaunonnax pa6oTa

<<ClnnTe3 H CBOMCTBa $Topcozlep)Kalunx zona;iKnJIKap6ouaTOB>>('eMemoBOU Annbi MnxaR;loBnbl no

coziep)Kannio n o6beMy npoBe/leHnblx HCGJle/(OBannn nOJinOCTbiO coorBeTCTByeT Tpe6oBannxM,
npe;jbsiBJlxeMbIM K ;lnccepTailnonnbIM pa6oTaM na concKanne CTenenu KanzlnzlaTa xuMnuecKnx
nayK no cneunalibuocTn 1.4.3. OprainqecKax XUMnX, a TaKxe rpe6onanniiM n. 9 11OJIWKennx o
npucyxzlennu yueHbix CTeneneH B ypailbCKOM $e,nepaiibHOM yHnBepcuTeTe, a ee aBTop CeMenoBa
Anna l\4nxaHJioBna necoMnenm0 3acJiy)KUBaeT npucy)K;john en yuenon CTeneHn Kan;ju;late
XnMnUeCKnX nayK no cneKHaJlbnocTH 1.4.3. OpranuqecKasixuMnx.

OQnuuanbHbla onnoHeHT:
3aBe;lyionlni Kale;lpoM opranHqecKoi XnMnU
(1)enepaJlbnoro i'ocy;lapcTBenuoro aB'ronoMnoro
o6pa30BaTeJibnoro y'ipe)Knennx Bbicnlero o6pa30Banux
<<TlepMCKnu rory;lapcTBennbln H811nOn&JlbHbln

uccJlezjOBaTeilbCKnii ynnBepcnTeT)>,
zjoKTop XnMnUeCKnX HayK no cneuuaJlbnocTn
1.4.3. OprannqecKax XnMnX,
npo®eccop MacJIHBeu AnzlpeH l:lHKOJlaeBnq
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