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HccnenoBaHa 3BOJIIOLIMS 3JICKTPOHHBIX CIIEKTPOB MOIJIOLIEHUST 3aMellleHHOro Al-rajonnaHnHa, BHEI-
PEHHOIO B HAHOTIOPUCTYIO CUJIMKATHYIO T'eJib-MaTpULly. PasioxeHue KOHTypa JJIMHHOBOJHOBO Q-1010-
ChbI MOMIOIICHUS MOJIEKYJT Ha (DOMTTOBCKME KOMIIOHEHTHI BHISIBUJIO 3aBUCUMOCTb (DOPMUPOBAHUS pa3HbIX
TUIIOB IMIPUMECHBIX LIEHTPOB B HAHOIIOpAaX MaTPULIbI, KAK TBEPAOTEILHOM HAHOPEAKTOPE, OT BpEMEHU CyIII-
K# MaTpulibl. OGCYKIar0TCs BO3MOXHbIE MEXaHU3MbI BIUSIHUSI BHYTPEHHEI CTPYKTYPbl CUHTE3UPOBAaHHO-
ro CUJIMKATHOTO MaTepuaja B IMpoliecce Iepexoaa OT 30151 A0 BBICYIIIEHHOIO KCeporeis Ha CIIEeKTpabHbIe
CBOICTBa IIPUMECHbBIX MOJIEKYJI hTaloMaHuHa. PaccCMOTpeHBbI MOIEIM B3aMOACHCTBUS MOJICKYJI TIPUME-
CHU C TIOBEPXHOCTHIO HAHOIIOP MATPULIBI B IIPOLIECCE CYIIKY 1 BBIICHEHBI 0COOEHHOCTHU 3BOJIIOLIUU 00pa3sy-

IOIIMXCA ITPUMECHBIX HEHTPOB.

Karoueswie crosa: metainodTalloOMaHUH, 30Jb—Ie/Ib-MaTpUlia, HAHOPEAKTOP, MPUMECHBIM LIEHTP, 2JIeK-
TPOHHBIE CIIEKTPBI MOIIOIIEHHS, (PONTTOBCKME KOMIIOHEHTHI TTOJIOCHI
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CunuKaTHbIE MATPULEL, IOIYYeHHbBIC 30JIb—Ie/Ib-
cuHTEe30M [1], T.e. myTeM rmapoI3a U ITOJIUKOHICH -
cauuu TeTpasTtokcucwiana (TOOC), saBasgOTCS
TBEPIOTSIbHBIMM MaTepHUajlaMH C pa3BUTOIl CHCTe-
MOIi HaHOIIOp. 3anojHeHHe HaHOpa3MEPHBIX MOJI0-
cTeil pacTBOpaMu OPraHUYECKUX MOJIEKYJ, MPUBO-
JIUT K TOMY, YTO B OTpaHMYEHHOM O0beMe YCUJINBa-
€TCSI B3aMMONEKCTBHE MPUMECHBIX MOJEKYI C
MOBEPXHOCTHIO HAHOIIOP, MPUBOASIIEE K 3HAUUTEb-
HBIM M3MCEHEHMSIM UX XUMMWYECKMX U (PU3MIECKUX
CBOIICTB 110 CPAaBHEHMIO C TOMOIT€HHBIM PacTBOPOM.
B pabote [2] moka3zaHO, YTO aJIOMUHUEBBIA KOM-
IUVIEKC  (EHWITUO3aMEIIEHHOIO  (puaJolMaHnHa
(tetpa-(3-¢peHmnTno)-PprajoMaHuH TUAPOKCHA-
momunHuii — (PhS),-PcAIOH), BHenpeHHbIi B CUIU-
KaTHYI0O MaTpULy METOAOM IIPSIMOTO 30/1b—TI€lIb-
CHHTE3a WCHBITHIBAET CYIIECTBEHHBII THUIICOXPOM-
HBII caABUT Q-TIOJIOCHI O Mepe CYILIKU MaTpULbl C
coxpaHeHreM (IIyOopeCLieHTHOM MOHOMEPHOIi1 (op-
Mbl. OT™MeTuM, uto (PhS),-PcAIOH paHnee uccneno-
BaJICI B COCTaBE€ COJIHEYHOM TYENKU, KAK KOMIIOHEHT
aacopOMpoOBaHHbBIN Ha HaHOKpUcTaLuIMyeckoMm TiO,
IUICHOYHOM 3JIEKTpOAe, O00eCIeUYMBaIOIINII CEHCHU-
owiuzaiuio  GOTOMHAYLMPOBAHHOTO  IepeHoca
9eKTpoHOB B 0mxxkHet MK -obnactu [3], ucronb3o-
BaJICsI B KayeCTBE KOMITOHEHTa MHOTOIIEPEXOMHBIX
MOJIMMEPHBIX COJIHEYHBIX 3JIEMEHTOB [4], a Takke
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OBUI M3y4YeH B IUICHKE MOJIMBUHWIOBOIO CIIUpTa [5,
6]. IlepcrexkTrBa NpakKTUYECKUX MIPUMEHEHMI TBEP-
JIOTEIbHBIX MAaTePUAIOB, OKpaIIeHHBIX MOHOMEPHBI-
mu ¢opmamu (PhS),-PcAIOH, ctumynupoBana
CIIEKTpaJIbHbIE HCCJIENOBAHUS DBOJIIOLIMU JOMHUPO-
BaHHOI KoJulougHoO-cuJMKaTHOi TOOC-cucteMbl
IIpU €€ TIePeX0Jie OT COCTOSITHUS 30JI5I O IIPO3PpadHOi
TBEPIOI KCEPOTreabHOM MAaTPULIbl U €€ HaJbHEUIIei
cyuiku. ITppuMeHeHre METOIOB MOJIEKYJISIPHOM CeK-
TPOCKOIIMHU U YMCJICHHBIX PACYETOB IO3BOIMIIO U3y~
YUTh SBOJIOLUI0 (DOPMUPOBAHMS pPa3HBIX TUIIOB
MIPUMECHBIX IECHTPOB B HAHOMOPaX CUJIMKATHOM MaT-
pUIIbI, BBICTYMAIONINX B KA4eCTBE TBEPIOTEIBHOTO
HaHOpeakKTopa.

OKCITEPUMEHTAJIbBHAA YACTb

denuntrno3amellieHHbIN Al-puanounanun (Al-
drich Chemical Company) kak Tetpa-(3-heHnITno)-
dranounanuH amomunusg xjaopun ((PhS),-PcAICl)
HCIOJIb30BaJIcs 6e3 JOMOJHUTEIbHOI ouncTky. Kak
nokKa3aHo B [7], HA cTaguM CUHTE3a U OYMCTKUA Me-
Tajuio¢TaJIolMaHUHOB, a TAKXKe B MPOLIECCE MPUTO-
TOBJICHUSI pab0OYMX PACTBOPOB, T.€. IPU UCIOIb30Ba-
HUU HEOCYIIEHHBIX PaCTBOPUTEICi, IPOTEKaeT IIPO-
LIECC UX TMAPOJM3a, NPUBOMSIIMKI K 3aMEIICHUIO
aHnoHHoro Juranaa Cl~ eHTpaJlbHOro MOHA METaJI-
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Puc. 1. Criexpsl nomioweHus (7), dbayopecueHLu npu
Aoss = 343 HM (2) 1 Bo3GYXIeHUsI (hIyopecLieHIIH NP1
K.per =735 uMm (3) (PhS)4-PcAIOH B AM®A npu 298 K (a).
CrexTps! nornomueHus ( /), GayopecieHInn Ipu Ay, =
= 353 um (2) u BO30yxkneHus (hIyopecleHIIUN TP Xper =
=693 um (3) (PhS)4-PcAIOH B TOOC-Marpuue npu

298 K mociie 49 cyToK CyIIKM; CHeKTp romiouieHus (4)
(PhS)4-PcAlOH B cMmecu sTaHoON : Bona : popMaMuL : co-

sstHast kuciota (5 :5:5: 0.1 moinp) (6). Ha BcraBke n3006-
paxkeHa MoJieKyJIsipHas cTpykrypa (PhS)4-PcAIOH.

Jna Ha OH-rpynny. MoxHo OBLIO MojiaraTh, 4YTO UOH
AJTIOMUHUS KCIIOJIb3yeEMOTO MeTanodTaloluaHnHA
Tak>Ke MoABepraeTcsl aHaJIOTMYHOMY IIpoleccy “Ie-
pEeUMTaHIuPOBaHUS” , TIO3TOMY B paboTe HMcCleaye-
Mblii pTaiouraHuH o603HaveH kak (PhS),-PcAIOH.
MonexynsipHas crpykrypa (PhS),-PcAIOH uzobpa-
>KeHa Ha BCTaBKe puc. la.

CuimkarHasi HaHOIOpUCTasi MaTpulla MojaydyeHa
KJIaCCUUYECKUM METONOM 30J1b-TeJIb-CUHTE3a, CBOISI-
1mmMcs K oopazobanuto 3055 u3 TOOC — (C,H;0),Si
— MyTeM ero TMApor3a U MoJUKOoHAeHcauu [7, 8].
Jnag cmHTEe3a MCIToNb30BaH Kommepdeckuit THOOC
(Sigma-Aldrich) 6e3 nonosHUTeNbHON ouncTKu. Mc-
XOJHasl peaklIMOHHAasi CMeChb MpeAcTaBisjia coOOoi
CMeCh KOMITOHEHTOB C MOJISIPHBIM COOTHOILIEHUEM —
TOOC : aranon : Boga : popmamung=1:5:5:5 moib.
BBseneHue B McXomHyr cMech (popMamMuaa odecrie-
YUJIO TIOJIyYeHUE CUJIMKATHBIX MaTpull 0e3 pacTpec-
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KMBaHUS MIPU UX CYLIKE, IPU 3TOM OH OTPULIATEIIBHO
He BJIMSUI Ha MPOLEeCC TUAPOJIM3a U TOJIMKOHAEHC A~
muu. s ycKopeHus IIpoliecca TUAPOJIN3a B peak-
LIMOHHBIE cMecu nobOaBisioch ~0.1 MOJb COJITHOM
kucaotsl. [Ipu aTom Mosekynbl TOOC B peakiiMoH-
HOI cpejie MpeTepreBaloT IMPOoliecC 0OMEHHOTIO B3au-
MoJieficTBUS ¢ BOJIOM, Koraa aTokcurpyrnmnsl —OC,Hj
3aMemaroTcs Ha TuapokcwiabHble —OH. IlomHbri
ruapon3 ogHoi MoyieKyibl TOOC TpedyeT yeThipe
MOJIEKYJIBI BOJBI M pEeaKILUsl OIMKCHIBACTCS CIIEMyIO-
IIUM ypaHEHUEM:

(C,H/0),Si + 4H,0 — Si(OH), + 4C,H,OH.

PeakionHast cMech iepeMellInBajiach B TeUCHUE
4 9 1o 06pa3oBaHUSI BEICOKOAMCIICPCHOIO KOJIJIOM -
Horo pactBopa. IloaydeHHbIN 30J1b, MPEACTABIISIO-
Uit aByX(a3HYI0 TBEPHO-KUIKOCTHYIO CHUCTEMY,
cojiepKalllyto ruipatupoBaHHbie yactulibl Si(OH),,
pa3IMBaIM B IJIACTUKOBBIE KIOBETHI M 1OOABJISIIN Ha-
coiieHHbIt pactBop (PhS),-PcAIOH B numerui-
dopmamuge (AMDPA) mipu ciaeayolieM 00bLEMHOM
COOTHOIIIEHMM KOMIIOHEHTOB — 3 MJI 3015 : 50 MKJI
HaCBIIIEHHOIO pacTBopa ¢rajounaHuHa. KioBeThl
IJIOTHO 3aKPBIBAIMCHh I€pMETU3UPYIONIEH TUICHKOMN
Parafilm M n ocraBisian 1pyu KOMHATHOI TeMIiepa-
Type B TeMHoTe. IIpoliecc mepeBoma 30Jis B Tejb
oOecrneunBajIcs peaklneil MoaInKoHIeHcauuu (IIpo-
TeKajla OOJHOBPEMEHHO C IIPOLIECCOM TMIOpPOJIM3a),
Korjga oOpa3oBaHHbIE TMAPATUPOBAHHBIE CUIMKAT-
HBIE TeTPas3aphl B3aMMOIEICTBYIOT MEXIY CO0OI1 IT0-
cpencTtBoM criaaHonbHBIX Tpynm =Si—OH ¢ obpaso-
BaHMEM CUJIOKCAHOBBIX MOCTUKOB =Si—0O—Si=:

=Si—OH + HO—-Si= — =Si—0-Si= + H,0,

¥ (OPMUPYIOT TBEPAYIO aMOP(HYIO IIPOCTPAHCTBEH-
HYIO CETKY.

INapamienbHO ¢ 3TUM BO3MOXKHO B3aUMOIEeHCTBUE
CUJIAHOJILHBIX TPYIIIT C 3TOKCUTPYIIIAMU, B pE3Y/IbTa-
T€ 4Yero oOpas3yloTCsl aHAJIOTUYHbIE CUJIOKCAHOBBHIE
CBSI3U, HO YK€ C BhIASJICHUEM CIIUPTA:

=Si—OC,H; + HO—Si= —
— =Si—0-Si= + C,H;OH.

B utore, Hu3KoTeMIlepaTypHbIe IIPOLIECCHI TUI-
poJiv3a 1 NOJUKOHAEHCAlIMU IIPUBOIST K 0Opa3oBa-
HUIO B TeYCHME IBYX CYTOK TBEepPIOil HAHOIOPUCTOM
CWJIMKATHOI MaTpUIIbl — MaTepHalia BEICOKOTO OII-
TUYECKOTO KayecTBa, HAHOIIOPhl KOTOPOTO 3aIloJIHE-
Hbl MHOTOKOMITOHEHTHBIM PaCcTBOPOM, COJEepXKalllUM
mosiekynbl (PhS),-PcAIOH. CunukatHasg Marpula
TIpENCTaBIsIeT CO00i HAHOMOPUCTHIA TTOJIMMEPHBIN
KPEMHUA-KUCITOPOAHBI KapKac (aToMbl KpPEMHWMS,
COCOUHEHHBIE CHJIOKCAHOBBIMHM CBsI3sIMU =Si—O—
Si=) ¢ 00beMHOIT HAHOMOPUCTOM CTPYKTYPOii 1 0OJIb-
IO TUIOIIAAbI0 MOBEPXHOCTU, MOKPBHITO MHOXeE-
CTBOM CIaHOJABHBIX rpynn =Si—OH. Ha ocHoBaHuu
TOro, YTO CUHTE3UPYEMbIi CUJIMKATHBIA MaTepuai
Ne 6
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OBOJIOLIUA MTPUMECHDBIX HEHTPOB U SJIEKTPOHHBLIX CITEKTPOB

MMeeT HAHOIIOPUCTYIO CTPYKTYDY,
KJ1accy HaHOMaTepUaJsoB.

€ro OTHOCAT K

ITocne o6pa3zoBaHMs CUIIMKATHOM T'eJIb-MaTPULIbI,
ee CTPYKTypa M CBOMCTBA IMPOAOJIKAIOT U3MEHSIThCS B
TeUeHHEe BPEMEHU — CUCTEeMa MPOXOAUT CTaIUU CO-
3peBaHus U cyliku. C Leblo yaaJleHNsT 13 HAHOIIOP
MaTpPULBl KUIKUX KOMIIOHEHTOB (BOIbI, 3TaHOJIA,
dopmamun, JIMPA) B mokphiBatolleil mieHke Ghop-
MUPOBAJIM OTBEPCTUE JUAMETPOM ~1 MM U Tejib-MaT-
puLbl uTenbHoe BpeMs (mo 70 cyT) BblOepKuBa-
JIUCh TTPU KOMHATHOM TeMIiepaTrype U aTMoCc(hepHOM
nJasiaeHuu. Ilpoliecc cylky MpUBOINI K 3aMETHOMY
YMEHbIIEHUIO 00beMa reJist, B pe3yJibTaTe 4eTo CUJTU -
KaTHBIE MaTPUILILI TPETEPIIEBAIOT YCAAKY 10 ~35% ot
HUCXOIHOro 00beMa.

M3MepeHns1 23/1eKTPOHHbBIX CHEKTPOB IMOIJIONIE-
HUSI TPpOBOIUINUCH Ha ciekTpodoTtomeTrpe PB 2201B
(3A0 “Comap”, benapycb). Crekrpsnl piayopeciieH-
LIUU U BO30YXaeHUs (JIyOopeCcleHIIMU MOJTyYeHbl Ha
cnektpodayopumerpe CM 2203 (“Comap”, bena-
pych). Bce usMepeHus BBITTOJIHEHBI TP KOMHATHOM
TeMIiepatype. BeIBombIl 00 06pa30oBaHUM HOBBIX TH-
noB npuMecHbix HeHTpoB (PhS),-PcAIOH B cunu-
KaTHOM HaHOPEaKTOpe OCHOBBIBAJIMCH Ha pe3yyibTa-
Tax aHajlu3a CHEKTPAIbHOTO IMOJIOXKEHUS, MTPOodhuIs
U MOJYUIMPUHBI JJIMHHOBOJHOBOK (-T0JIOCHI MO-
[JIOLeHUsI, KaK HauboJiee YyBCTBUTEIbHOI K COCTO-
SHUIO  TT-2JIEKTPOHHOW CHCTeMbl MaKpOILIMKJIA.
Crpykrypa koHTypa Q-mnojiocsl (PhS),-PcAIOH Ha
pa3HBIX ATalax CYLUIKU MaTpULbl aHAJU3UPOBaach
YUCJIEHHBIMU METOJaMU TIyTeM €To pas3jioKeHUs Ha
GOMUTTOBCKIE KOMMIOHEHTHI. JIsT mmpenronaraeMoro
YuCJa KOMIIOHEHT (OT TpeX [0 IIECTH) UX MapaMeTphbl
(MHTEHCUBHOCTb, MOJOXEHNEe MaKCMMyMa WU MOdy-
IIMPUHA) ONIPEAETSIIMCH C TOMOIIbIO OPUTUHATBHBIX
CKPUIITOB, peaJM30BaHHBIX Ha SI3bIKaX W3BECTHBIX
MmatemaTtudeckux naketos [9, 10]. Ckpunrtbl conep-
JKaJIi BCTPOEHHBIE B MTAKETHI U JIUTEpATypHbIE arpo-
OupoBaHHbIe npoueaypbl [11—13], ocHoBaHHBIE Ha
XOpOIIO W3BECTHBIX TIpajiueHTHbIX (JleBeHOepra—
Mapxksapara) u 6esrpagueHTHbIX (Hennepa—Muna)
anroputMmax ontumusauuu. C 1eblo yBEJIUYEHUS
BEPOSITHOCTU HAXOXIEHUSI TJ100aJbHbIX ONTUMAaJlb-
HBIX PEILIEHU pacyeTbl MHOTOKPATHO MOBTOPSIJIUCH
(TUMTMYHO, COTHU Y THICSIYU pa3) C paHIOMHU3aLUEN
BCEX HayaJIbHBIX 3HAUYEHU 1 ONITUMU3MPYEMBbIX TTapa-
MeTpoB. ajiee mosydyeHHbIEe pe3yabTaThl OlLIEHWBA-
JIUCh CTAaTUCTUYECKU.

OBCYXIEHMWE PE3VJIIbTATOB

Cnexrtpsl normotnienus (PhS),-PcAIOH B IM®A
(puc. la, criextp /) u cunukarHoit TOOC-matpuiie
BBICYIIIEHHOU B TeueHue 49 cyt (puc. 16, criekTp 1),
UMEIOT BU/, XapaKTePHbIA ISl CIIEKTPOB MOIJIOIIIE-
HUs1 MeTautodTatouaHuHOB. CIIeKTp MOTIOIIEHUS
B IM®A umeet nnreHcusHyio Q(0—0)-moaocy npu
723 HM, KOTOpasi COOTBETCTBYET IMepexodaM B JIBa-
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Kbl BRIPOXIECHHOE 3JIEKTPOHHOE cocTostHuEe. bosee
ciabeie mosiockl B o6aactu 600—700 HM SIBIISIIOTCS
TCHETUYECKUMU €M BJIEKTPOHHO-KOJIeOaTeIbHBIMU
noinocamu. Ilonmocy B OmmkHeir Y®D-obigactu npu
343 um (B-110J10Ca) MO aHAJIOTUM C METaUIonopdupu-
HaMM HasbIBaloT Itojiocoii Cope. Ilojioca HU3KOIT MH-
TeHcMBHOCTA B ob6iacty 400—480 HM COOTBETCTBYET
n—m*-mepexonam, OpMeHTUPOBAHHBIM ITOYTU MEPITCH-
JTUKYJISIPHO TUIOCKOCTY Makpolukia [14]. Kak BunHO
n3 puc. 10 (cmexkrp /) MONOCHI IIOIJIOLICHUS
(PhS),-PcAlOH B BbICyIlIEHHOII HAHOTIOPUCTOU CU-
JIMKaTHOM MaTpulie MpeTepreBalT CYILIeCTBEHHbIC
CIIeKTpaJibHbIe cMellleHus (Hampumep, (-Iiojioca
cMelleHa TMIICoXpoMHO Ha 40 HM), ¢ coXpaHEHUEM
o0l11ero BUaa CIeKTpa.

I1pu Bo3OyxneHuu B nosocy Cope HabaogaeTcs
uHTeHcuBHas dayopecueHuus (PhS),-PcAIOH kak
B AM®A (puc. la, cnekrp 2), Tak u B TDOC-matpu-
e (puc. 16, criextp 2). [lomobue cneKTpoB BO30yXK-
neHus iryopecueHIUu (puc. 1a,0, crieKTphl 3) CIieK-
TpaM MONJIOIIEHUSI CBUIAETEIBLCTBYET O MOHOMEPHOI
¢dopwme (PhS),-PcAIOH B pacTBOpe 1 B CUIIMKATHOM
MaTpulle.

DBOJIIOLMS KOJJIOUIHO-CUINKATHON CHCTEMEI
OT COCTOSIHUS 30Jis1 10 MPO3pavyHOl HAHOTIOPUCTOM
TBEPION CUIMKATHON MaTpULIbl MPEACTaBIsSIET CO-
001 CJIOXKHBIHM ITPOIIeCC UCHAPEHUS XUIKNX KOMIIO-
HEHT peaklMOHHOW CMECH M3 HAHOIIOp, yCalaKy U
yBeJIWUEHHUE ee MeXxaHnYecKoi mpouyHocTu. Kak mo-
Ka3aJl 3KCIIEPUMEHT, 3TU IIPOILECCHl CYIIECTBEHHO
BJIUSIIOT Ha CHEKTpajibHble CBOMCTBa IIPUMECHBIX
monekyn (PhS),-PcAIOH. Ha puc. 2 (cniektp 1)
n3o0paxeHa IJIMHHOBOJHOBAsl II0JIOCA IMOIJIOIIe-
Husi (PhS),-PcAIOH B cuiukatHoO# reib-mMaTpulle,
3aperucTpupoBaHHas nociae 4 cyT ¢ MoMeHTa ¢Gop-
MHUPOBaHMsSI TBEPIOTO Kapkaca. Ilo OTHOIIEHMIO K
pactBopy B JIM®PA HabJiogaeTcsd He3HAYUTEIbHBIN
(~1 HM) GaToxpoMHBIN caBuUr Q-moaockl (724 HM),
00yCJIOBJIEHHBIA MHOTOKOMIIOHEHTHBIM COCTaBOM
XKUIKOI Cpelmbl, 3allOJHSIONIe HaHOIIOpEL. B 1mpo-
1Ilecce CyLIKU MaTpULIbl MccleayeMas Mojoca UCbI-
ThIBa€T KaK CHEKTPAJIbHBIA TMIICOXPOMHBIII CIBWT,
TaK M 3aMeTHyIl0 TpaHcGhOpMallMi0 €€ KOHTypa
(puc. 2, cnektpsl [—4). BugHo, yto mocie 49 cyr
CYILIKM (CHEKTP 4) TUIICOXPOMHBII CIBUT ITOJIOCHI JO-
cruraet AA = 41 um (Av = 820 cm~!). Tlpu 3TOM BUA
CIIeKTpa IOIJIONIeHMS ¥ HaOMomaeMasi MHTEHCUBHAS
¢yopeclieHIIMSI CBUIAETEIbCTBYIOT O COXpaHEHUU
MOHOMEPHOI (hOPMBI MTPUMECHBIX MOJIEKYJ, T.€. MO-
Jiekysbl (PhS),-PcAIOH He B3auMoaeicTBYIOT JpyT C
npyroM. bonee namrenpHas cyimka (6oiee 50 cyT) He
BJIUSICT Ha CIIEKTPaIbHOE MOJIOKEeHUE U (hopMy TT0JI0C.

3aBUCUMOCTbD MOJOXEHUSI MaKCUMyMa Q-TI0JI0ChI
noriomeHusi  (PhS),-PcAIOH ot mnutenbHOCTH
CYLIKM CUJIMKATHOM MaTpUlbl UMEET XapaKTepHbI
S-00pa3Hblii BUI (BCTaBKa puUC. 2), KOTOPBIN SIBJISIET-
Csl UTHIMKATOPOM M3MEHEHUSI COCTOSIHUSI CHUCTEMEL.
B manHoM cnydae S-KpuBasi CBUACTENLCTBYET O ITe-
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Puc. 2. InnnHoBOMHOBAs 00;1acTh criekTpa nomioeHus (PhS),4-PcAIOH B TOOC-Mmatpute nocne 4 (1), 10 (2), 25 (3) 49 (4)
CYT CyILUKU Kceporess. Ha BcTaBke — 3aBUCMMOCTD IOJI0XXKeHU MakcuMyMa Q-nionocsl nontouienus (PhS),-PcAlOH ot in-

TECJIBHOCTU CYILIKH KCEPOTEJis.

pexXole CUCTEMBI U3 OMHOIO CHEKTPATILHOTO COCTOSI-
HUS B ApYyroe, T.€. yKa3blBaeT Ha BpeMeHHOI Impoliiece
CTPYKTYPHBIX ITIEPECTPOEK IPUMECHBIX 1LIECHTPOB B
CUJIMKATHOM HaHOMOPUCTOM Martepuaie. ITockomb-
Ky XUMMYECKHE MPEBpalllcHUS OCYIIECTBISIOTCS
IMPOU3BOJILHO B MOJIOCTSIX HAHOPAa3MEPHOTO MacCIlTa-
6a (HaHOITOpax), TO OHU UTPAIOT POJIb HAHOPEAKTO-
poB, TAe GOPMUPYIOTCS KAUECTBEHHO HOBBIE COCTOSI -
HUSI TIPUMECHBIX MOJIEKYI.

B paGorax [15, 16] ycTaHOBIIEHO, YTO TeTpa-Kpa-
yH-(pramounanuHar Al(III) crmocoben B3ammoneii-
ctBoBaTh ¢ aHMoHaMu OH™ u F~ B pa3ianuHbIx opra-
HUYECKHUX CpeJiax c 00pa3oBaHUEM 1IECTUKOOPIUHU -
pOBaHHOIO KOMILIEKCa C ABYMsI aKCHaJIbHO
CBSI3aHHBIMU MOHaMU. Takue KOMILUIEKChI MPOsIBJIS -
IOT TUTICOXPOMHBIN CABUT CIIEKTPOB MOIJIOLIEHUS U
MMEIOT MHTEHCUBHYIO (iiyopecleHlno. B HacTosi-
et paboTe BBITIOJHEH TECTOBBIM IKCMIEPUMEHT 110
KUCCEAOBAHUIO  CIIEKTpa MOIJIOLIEHUS  CMeCcHu
3TaHOJI : Boja : ¢bopMaMu/ : COJIsTHAasI KUCIOoTa (COOT-
HouieHue 5:5:5:0.1 monb) ¢ pgob6aBkoit (PhS),-
PcAIOH B IM®A, T.e. aHayiora peakllJMOHHOI cMe-
cu (0e3 TOOC), ucrnonb3lyeMoii 1j1si CUHTe3a CUJIM-
KaTHOM MaTpulibl. PacTBOp XpaHUJICSI B TEMHOTE LIS
HUCKJII0OUYeHUs (oTompeBpallleHUuil Mpu KOMHATHOM
TeMmIlepaType 1 nmokas3ajl CTabMJIbHOCTh CIIEKTpa I0-
mromeHus B TedeHue 20 cyT. CreKTp n300paxkeH Ha
puc. 16 (criexTp 4), 13 KOTOPOIro BUAHO, YTO O-10JI0-
ca caBUHYTa 6aTOXpOMHO (728 HM) OTHOCHUTEJIbHO
noyiockl B JIM®A (723 um). Ha S-06pasHoii KpuBoii
3TOMY MOJOXEHUI0 MaKCUMyMa (Q-10JI0ChI COOTBET-
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ctByeT “0” Touka — MaKCUMyM Q-TI0JIOCHI B IIEPBbIE
yachl mocjie GOopMUPOBaHUS CHUTMKATHOTO KapKaca
reJib-MaTPUIIBI.

st ycTaHOBJIEHUSI CBSI3M BPEMEHHOIO TUIICO-
XPOMHOTO CIEKTPAJIbHOIO CABUTa MaKCuMyMa Q-110-
JIOCHI TIOMIOIIEHUS, a TaKxKe U3MeHEeHUsT (OPMEL ee
KOHTYpa, ¢ MeXaHU3MaMU 1 3BOJIIOLIEi B3auMonpe-
BpalllEHUl TPUMECHBIX LIEHTPOB (HOPMUPYIOIINX
JaHHYIO TOJIOCY, OBLIO BBIITOJHEHO pAa3joXKeHUe
KOHTYypa Ha (DOMTTOBCKHME KOMITOHEHTHI U onpeaesie-
HbI UX MapaMeTphl IJIs1 Pa3HbIX 3TaloB CylIKHU. Pe-
3Y/ILTAThI Pa3JIOKEHUS TIPeICcTaBIIeHbl Ha puUC. 3.

Ha wnavanpHOiT cTamuu mpoiiecca Cymku (oo
10 cyT) cmemieHMe MakKCHMMyMa IJIMHHOBOJHOBON
MOJIOCHhl TONJIOLIECHUSI He3HauyuTeabHOe (puc. 2).
[IpenmonoXuTeIbHO CMEIIeHe BHI3BAaHO YILUIOTHE-
HUEM CTPYKTYPHI T€JIsI U YaCTUYHBIM BHITECHEHUEM
KUAKUX KOMIIOHEHT M3 HaHomop Matpuilbl. I[lpu
cymke 10 20—25 cyT TMIICOXpOMHBII cABUT (Q-T0JI0-
¢l mocturaet ~30 HM, 9YTO MOXKET OBITh CBSI3aHO C
MHTEHCUBHBIM HCIIapeHUEM pacTBOpuUTeneil (Bona,
staHoi, ¢opmamun, JIMPA) 13 HAHOIIOP MATPUILIBI
M, KaK CJIEACTBHE, C Pa3pylLIeHNEM MCXOMTHOI COJIb-
BaTHOI o0osouku mosekyn (PhS),-PcAIOH. Tlpu
9TOM, KaK MOKa3blBAIOT Pe3yJbTaTbl Pa3IoXeHUs
KOHTYpa, BO3HMKAET HOBasl cHeKTpajibHas dopmMa,
TUIICOXPOMHO CABUHYTAS 10 A, = 699 HM (pHc. 3a—T,
KpuBbIe J3), MaKCUMaJlbHOE coAep>KaHUE KOTOpoit
HabJrogaeTcs mocie 25 ¢yt cymku (puc. 38). MoxHO
rmojaratb, 4TO 3Ta CHEKTpajbHas (opMa COOTBET-
Ne 6
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D, otH. en.

(a)

847

Seome,

o

720 740

A, HM

Puc. 3. Paznoxenue nimHHOBONHOBOM nosocs nomowmenud (PhS),-PcAlIOH B cunukatHoM Keeporese (KpuBble /) Ha hoIr-

TOBCKHE KOMIIOHEHTHI (KpuBble 2—5) nocie 4 (a), 10 (6), 25 (B) u 49 (r) cyT cyliku Matepuania.

ctByeT mosekysiam (PhS),-PcAIOH B oTHOocuTENbHO
CBOOOIHOM COCTOSTHUM (aHaJIOT Ta3000pa3Hoit (a-
3bl), TIOCKOJIBKY ITOPHl MaTPUIIbI YK€ MPaKTUIECKU
MOJHOCTBIO OYUIIEHBI OT XWUIKWX KOMIIOHEHTOB
(BO3MOXHO, 3a MCK/IIOUeHUEM (opMaMmuaa, TeMIie-
paTypa KMIEeHHUsI KOTOPOTO JOCTaTOYHO BBLICOKAas) U
3¢ HEKTUBHO MPOSIBIISIIOTCS COPOLIMOHHBIEC CBOMCTBA
MoBepxHOCTH HaHorop. IloaTBepxXneHueM 3TOMY
CIYXXUT MCUYE3HOBEHUE MCXOIHOUN CIIEKTpaibHOM
¢opMmbl (puc. 3a—T, KpuBbie 2) KaK pe3yabTaT Ie-
Ne 6
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CTPYKLMU €€ UCXOTHOTO COJbBATHOTO OKPYXECHUS B
HAHOIOpax MaTPUIbl. AHAJOTMYHOE CIIEKTpaJbHOE
MoBelleHUe HabJIogaeTCs, HAIIpUMep, IJIsT MOJICKYJ
CBOOOIHOro OCHOBaHMs (rajlonuaHnHa, Q-Imoioca
MOTIJIOLIEHUSI KOTOPOTO B SKUIKOM XWHOJIMHE U B 1-
xJopHadTaanHe pacnoiaoxeHa nmpu 698 um [17], To-
IJa KaK B CTaTUYECKOIT ra30Boil (paze oHa cMeleHa
110 686 HM [18], a B cCBEpX3BYKOBOI1 CBOOOIHOM CTpye
10 661 uMm [19]. YoaneHue CoOabBATHOIO CJIOsI, KOTO-
poIii 00ycIioBieH (chopMUpOBaH) cIabbIMU (pU3MIE-

2023
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CKMMH BaH-IIep-BaaIbCOBEIMA B3aMMOACHCTBUSIMH
MOJICKYJI TIPUMECH U PACTBOPUTEJISI, HE UBMEHSIET XU-
Muueckylo cTpyktypy (PhS),-PcAIOH.

OIHOBPEMEHHO C TOLECCOM yAaleHUsl U3 HaHO-
MOp KMAKWUX MPOAYKTOB TUIPOJMU3A TPOUCXOMUT
YIUIOTHEHUE CTPYKTYPbl HAHOIOPUCTOU MaTpHUllbl,
MPUBOJSIIEE K 3HAUUTEIbHOMY YMEHbIIEHUIO pa3-
MepoB 1nop. [1pu 3Tom cBo6oaHbBIE MOIeKYbI (PhS),-
PcAIOH npubmxaroTcss K MOBEPXHOCTH HAHOIIOP,
B3aMMOJICMCTBYIOT C HEM, 4TO JaeT Hayayuo GpOpMHU-
pOBaHMIO HOBBIX TUIOB IpPUMECHBbIe HEeHTpbl. Kak
MOKa3bIBAIOT Pe3yJbTaTbl pasioXeHUs (-MOoJOChI
MOIJIOIIEHMSI, YKe Iocie 25 cyT cymiku (puc. 3B) B
CJIOXKHOM KOHTYpE TI0JIOCHI MOSIBJISIOTCS IBE 3aMeT-
HbIe KOMITOHEHTHI Ipu 685 1 673 HM (KpuBble 4 1 5,
COOTBETCTBEHHO). [lanbHeillnass cylika MaTpUIIbI,
MpUBOAsIIAs K 00pa30BaHUIO KCEPOreJis, MOKa3blBa-
€T, YTO 3T KOMIOHEHTbl YCUJIMBAIOTCS C OMHOBpE-
MEHHBIM 0CJIabJIeHEM KOMITOHEHTHI 3 (puc. 3r). O0-
pazoBaHue, HaKOIJIEHHWE M CTaOuInM3alMs HOBBIX
cHeKTpalbHbIX dopM Tipu 684 u 674 um (puc. 3r,
KpUBBIE 4 1 5) MOXHO CBSI3aTh C IIpoliecCaMU XUMHU -
yeckoro B3auMogeiictaust Mojekyn (PhS),-PcAIOH
C PEaKLIMOHHBIMU LIEHTPAMU TTOBEPXHOCTU HAHOTIOP
cwirMKaTHO# MaTpulibl. [To Mepe 3anosHeHUsI TaKUX
pEaKLMOHHBIX LEHTPOB CKOPOCTb CIIEKTPaIbHOIO
CMeEILIeHUs] SKCTIEpPUMEHTAIbHOI MHOTOKOMITOHEHT-
HOIT Q-TIOJIOCHI 3aMeIsIeTCsI, 1 S-o0pa3Hasl KpuBasi
rocye 40 cyT CylllKM JOCTUTaeT CTallMOHApHOTO CO-
CTOSTHUS (CM. BCTaBKy pUC. 2).

ITo aHanoruu ¢ MoBepXHOCThIO KpeMHe3eMa [20,
21], MOXHO ITOJlaraTh, Y4TO IMOBEPXHOCTh HAHOIIOP
CWIMKATHOI MaTpUILIBI UMEET JABa TUIA LIECHTPOB X1~
MUYECKOi1 aicopOLIMY IPUMECU — KOOPAMHAIIMOHHO
HEHACBIIIEHHBIE aTOMBI Si CUJIOKCAHOBBIX =Si—0—
Si= rpymI U TUOPOKCUIIBI CHMJIAHOJBHBIX =Si—OH-
rpynmn. B [20, 21] npeamnonaraercsi, YTO MOBEPXHOCT-
HbIe aTOMbl METAJJIOB, O0JafalolIre KOOPIUHAIIU-
OHHOII HEHACHIIIEHHOCThIO, SBJSIOTCS LIEHTpaMU
XUMUUYECKOl anacopObiuu. B yacTHOCTH, aTOMBbI
KPEMHUS UMEIOT CBOOOIHKIE 3d-0pOrTaiv, KOTOPhIE
MOTYT aKIIeNTUPOBaTh (Y4aCTBOBATh B 00pa30BaHUU
JIOHOPHO-aKILIETITOPHOM CBSI31) HETOICJICHHYIO TTapy
P-2JEKTPOHOB BHEIIHEN 3JIEKTPOHHOI 000J04YKU
(3s?3p*) aroma cepbl IIPUMECHOI  MOJIEKYJIbI
(PhS),-PcAIOH. Takum mnyteM oOpa3yeTcsi HOBBII
TUIT IpUMECHBIX LIeHTpoB MoJekys (PhS),-PcAIOH
IIPU UX B3aUMOJAECUCTBUM C KPEMHUI-KUCITIOPOIHBIM
KapKacoM MaTpHlbl. B aTOM ciiydae MOXHO yTBep-
XKIaTh, YTO MOPUCTAsI CTPYKTypa HAHOPa3MEPHOTO
MaciiTada 30Jb-rejib-MaTpUIbl BHICTYMNAeT B Kaye-
CTBE HAaHOPEaKTOpa, B KOTOPOM 00pa3yloTCs HOBbIE
XUMHUYECKUE CBI3U C MIPUMECHBIMU MOHOMEPHBIMU
MOJIEKYJIaMU.

Ilpy yBeIMYEHUM KOHLIEHTPALMU MOJIEKYJ
(PhS),-PcAIOH y noBepxHocTH HaHOTIOP (MO MEpeE
CYLIKHW MaTpUllibl) aKchaJibHble aHMOoOHHbIe OH-nu-
raHjbl MeTaaaodTaiolMaHMHA MOTYT Yy4acTBOBaTh

KYPHAJI ®U3UYECKOU XUMUU

B 00pa3oBaHUM APYTrUX MO MPUPOIE TUIOB MPU-
MECHBIX IEHTPOB. AKcuanbHbie OH-nuranmbl mpu-
MECHBIX MOJIEKYJ CIIOCOOHBI BCTYNAaTh B peaKlUIO
KOHJEHCALIMU C U30JUPOBAHHBIMU ITOBEPXHOCT-
HbIMU cunaHonbHbiMU H—O-Si=s,,, -rpynnamu,
CBSI3bIBAsICh 4Yepe3 KUCIOPOAHBIA MOCTUK C IMO-
BEPXHOCTBIO HAHOTIOP CUJIMKATHOTO KapKaca U BbI-
nensiss mosaekyJisl H,O:

(PhS),-PcAl-O—H + H-0O-Si= -

MaTp
— (PhS),-PcAl-O-Si=,,., + H,0.

Takue MexaHU3MbI B3AUMOJEHCTBUS C TOBEPXHO-
CTBIO MMEIOT XMMUYECKYIO TIPUPOIY, TOCKOJIbLKY 00-
pasyeTcsl HOBasl XMMUYecKasi CBSI3b MEXIy ITpUMe-
cblo 1 Matpulieit. [Ipy 3TOM CTPYKTypHBIE U3MEHE-
HUSI HE IPUBOMST K arperaliui IIPUMeECHBIX MOJIEKYJI.

Kak ormeuanock B [2], OTHEeNbHBIE MOJIEKYIBI
(PhS),-PcAIOH criocoGHbI yyacTBOBaTh U B peaKLIMU
MTOJIMKOHICHCAIINN aJIKOKCHCUJIAHOB Ha HaYaJbHOMN
cramuu (OPMHUPOBAHUS TPEXMEPHOM CHIIMKATHOM
CeTKM, KOTJa TuApaTUpOBaHHbIC CUJIUKATHBIE TeTpa-
SIpBI B3aMMOIEUCTBYIOT ¢ aKcUadbHbIM OH-nuraH-
IIOM MOJIEKYJIBI, B pe3ybTare 4ero Al-dratornmaHnmH
o0Opa3yeT eAMHBIN KapKac ¢ MOJUMEPHBIM CUIKAT-
HBIM MaTepHaJIOM M pacliojlaraeTcs Ha TIOBEPXHOCTH
HaAHOIIOP B BUIe 60KOBOTO 3aMECTUTE]IS.

MoxXHO Tonarath, 4YTO KOJWYECTBEHHOE 3acelie-
HHUE pa3HBIX TUIIOB IIPMMECHBIX IIEHTPOB Ha MTOBEPX-
HOCTH HaHOTIOP 3aBUCUT U OT Ipoliecca Jeruapara-
IIUU TIOBEPXHOCTU BO BPEMSI CYIIIKH, KOTOPHII TTpO-
TeKaeT MyTeM KOHIEHCAIIMK OJM3KOPaITOJIOKEHHBIX
CWJIAaHOJIBHBIX TPYII ¢ 00pa3oBaHWEM HOBOM MpPoOY-
HO# CUJIOKCAHOBOM CBSI3H M BbIIEJICHUEM BOJIBI:

=Si—OH + H-0—Si=,,,,
— =8i—0-Si= + H,0,

YBEJIMUMBasi KOJIWYECTBO LIEHTPOB XMMUYECKOM a-
CcOpOLIM TIepPBOro TUIIA U YMEHbIIIAsI BTOPOTO.

AHaM3 NOJNYIIMPUH (POUTTOBCKMX KOMITOHEHT
KOCBEHHO MOATBEPXKIAET MPEIIOXKEHHBI MEXaHU3M
npespaileHuit npuMmecHbix MoJiekyn (PhS),-PcAIOH
B CWJIMKATHOM HaHOpeaKTope. Tak, IOJyIIMpHHAa
JUIMHHOBOJIHOBOII  (DOMITOBCKOM  KOMIIOHEHTBI
Q-noJyocwl (puc. 3a—r, KpUBbIE 2) UMEET BEINUYNHY
Av = 600 cm~!, 4TO XapaKTepHO U1 HEOTHOPOIHOTO
VIIUPEHUS CIIEKTPaIbHBIX MTOJIOC MOJIEKYJI B XKUIKOM
pactBope. 1o Mepe pa3pyllleHUsI COIbBAaTHOM 000-
JIOYKr (CyllIKa MaTpulibl), AV yMEHBIIAETCSI 0
~500 cM~! — MoJIeKyIIBI, HAXOASCh B OOBEME HAHO-
Top, NepexXoAsT B CBOOOTHOE MapooOpa3HOE COCTOSI -
Huu (puc. 3a—r, kpuBble 3). [Ipu B3aumoneiicTBuu
mosnekyn (PhS),-PcAIOH ¢ noBepXHOCTbIO HAHOTIOP
00pa3yroTcsl KOPOTKOBOJHOBBIE IIPUMECHbBIE II€H-
TPpbl, HEOMHOPOOHOE YIIMPEHHE II0JIOC KOTOPBIX
yMmeHbluaercs 1o ~400 e~ 1 ~300 cm~! (puc. 3a—r,
KpuBble 4 U 5 COOTBETCTBEHHO). YMEHblIeHUEe AV
JIJISI KOPOTKOBOJTHOBBIX (POMTOBCKMX KOMIIOHEHT MO-
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XKET OBITHb CBSI3aHO C TEM, YTO JIIOOOM aKTHUBHBIN
LIEHTP MOBEPXHOCTU HAHOMOP (CUIAHOJbHBIE U CU-
JIOKCAaHOBBIC TPYMIILI) MOXET B3aMMOJIEHICTBOBATh
TOJIbKO ¢ oaHoi monekysoit (PhS),-PcAIOH, B pe-
3yJbTaTe€ YEro IOBEPXHOCTb ITOKPBIBAETCS OIHUM
CJI0eM MPUMECHBIX MoJyieKy/. [TocKoabKy B cuIKaT-
HOI1 MaTpulle UMeET MECTO AMaIla30H pa3MepoOB Ha-
HoMop (B 3TOM CMBICJIE UX TOBEPXHOCTb HEOTHOPOI-
Ha), TO aKTUBHbBIE LIEHTPHI He SIBJISIIOTCS AOCOIIOTHO
HE3aBUCUMBIMU IpYr OT Apyra. B pesyinbrate Heon-
HOPOIHOE YIIMPEHUE CHEKTPaJbHBIX I10JIOC aACcop-
OHMPOBaHHBIX HA MOBEPXHOCTU MOJIEKYJI TTOJTHOCThIO
HE CHUMAaeTCs.

3AKJIIOYEHHME

M3ydena 3BoMIOLMS 3JI€KTPOHHBIX CIEKTPOB I10-
TIOIIeHUS MOJIeKyn Al-dramonmnannHa, BHEIPEH-
HBIX B HAHOIOPUCTYIO CUJMKATHYIO TeJib-MaTpUILy.
CrnekrTpajbHOe IIOJIOXKEHHE MaKcuMyMa (-TIOJIOCHI
MOMJIOIIEHUSI B 3aBUCUMOCTU OT BPEMEHM CYIIKU
MaTpULbl ONUChIBAETCS S-00pa3HOil KPUBOIA, KOTO-
pasi oTpaXaeT 3BOJIIOLIMOHHEIN II€peXom OT COCTOsI-
HMS IIPUMECHBIX MOJIEKYJI B 00beMe HAaHOIIOP, 10 UX
B3aMMOCHCTBUSI C CUJIMKATHBIM KapkacoM. Pasjo-
XKeHHe KOHTypa (Q-M0J0Chl Ha (DOMITOBCKME KOMIIO-
HEHTHI I0KAa3aJ0 BPEMEHHYIO 3aBUCUMOCTb (DOpMU-
pOBaHUSI pa3HBIX TUIIOB IPUMECHBIX LICHTPOB B Ha-
HOmopax MaTpUlIbl, BBICTYHAIOIINX B KadecTBe
TBEPIOTEIbHOr0 HaHOpeakTopa. [[JIMHHOBOJIHOBBIM
y4acTOK S-KpUBOI1 OTpaxkaeT Mpolecc ASCTPYyKUMU
COJIbBAaTHOM 000JIOYKM IIPUMECHBIX MOJIEKYJI (bTajI0-
LIMaHWHA, a KOPOTKOBOJIHOBBIA — B3auMOAEHCTBUE
MOJIEKYJ C TIOBEPXHOCTBIO HAHOIIOp, MPUBOAIIEe K
(GOpMUPOBAaHUIO YCTOMYMBEIX BO BPEMEHHU CIIEK-
TpaJIbHBIX opM. PaccMoTpeHBbl BO3MOXHBIE MeEXa-
HU3MBbI B3aMMOJACKCTBUS TIPUMECHBIX MOJEKYJ
(PhS),-PcAIOH c moBepxHOCTbIO HAHOIIOP Heopra-
HUYECKOTO CIMJIMKATHOIO KapKaca MIpHU Iepexone OT
30J1s1 K BBICYILIECHHOMY KCEPOTeJto, a TAKXKe 00CyKaa-
€TCsI IpUpPOoJa 00Pa3yIOIINXCS IPUMECHBIX LIEHTPOB.

ABTOpPBI BEIpAXKarT 0JIaromapHOCTh IIpodeccopy
Opcoaiickoro MHCTUTYTa MOJIEKYJIsIpHbIX HaykK Clau-
dine CREPIN-GILBERT (Institut des Sciences
Moléculaires d’Orsay, France) 3a mpemocrtaBieHue
Al-dpranouyaHvHa UM IUIOOOTBOPHOE OOCYXICHUE
MMOJYyYeHHBIX pe3yabTaToB. PaboTa BEIMOJIHEHA IIpU
JacTUIHOUM (PMHaAHCOBOU moaaepxke bemopycckoro
pecrnyoirukaHckoro ¢oHaa ¢gpyHaaMeHTaJIbHBIX MC-
ciaenoBaHuit (moroBop Ne @21MC-017).
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