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MaTpu4Hasi KOHBepCHsI YI1eBOIOPO/IOB: MPUHIMIBI, KHHETHKA, TEXHOJIOT S,
MepCcneKTHBBI.

Apymionos B.C.l’z, Lmenes B.M.l, Huxumun A.B.l’z, Cmpexosa JI.H.l,
Casuenxo B.I/I.z, Ceoos I/I.B.Z, Osepckuil A.B.l‘z, Sumun 1.C.12
1. ®UILL XD PAH, r. Mocksa
2. UTIX® PAH, r. YepHoronoBka

IIpencraBnens! 0a30Bble MPUHIMIBI HOBOW TEXHOJIOTHM HEKAaTAIUTHYECKOI
OKHCIMTEbHON KOHBEPCHU YTJIE€BOJOPOIHBIX ra30B B CHHTE3-Ta3, OCHOBAHHOM Ha
CBepXajMadaTHUECKOM  T'OPEHMH  OOraTtelX  YIJI€BOJOPOJ-BO3IYIIHBIX  WIH
YTJIE€BOIOPOA-KUCIOPOJHBIX CMecel BOIM3HM MOBEPXHOCTU MPOHUIIAEMON MaTpPUIIbI,
KWHETHKA ¥ MePCIEKTUBBI TEXHOJIOTHUECKON peasTi3anni mporecca.

B naHHOM NpHHOUNHANIBHO HOBOM TEXHOJIOTHMHM TEIUIO TOPSYUX IMPOAYKTOB
OKHCIMTEIbHONM KOHBEPCUM (CHHTE3-ra3a) peKylepupyercs B CBEKHI MOTOK
peareHToB HEMOCPEICTBEHHO B Mporecce puOpMHUHTA. DTO TO3BOJSAET MPOBOAUTH
MapIaJbHOe  OKHCICHHE YIJICBOJAOPOIOB B PpEeXHME CBepxaanabaTHIecKoro
TOPEHUs], 4TO pacUIMpsieT BEPXHUH KOHIEHTPAI[MOHHBIA MpeAen yCTOWYHBOIO
TOPEHUs, 3HAUUTETHHO MOBBIIIAst BEIXOJ] CHHTE3-Ta3a.

Pexymneparus Temia ropsYux MPOTYKTOB IMPOMCXOAMT 3a CUET MHTEHCHBHOTO
KOHBEKTMBHOTO M P3JAMallMOHHOTO  TeIIooOMeHa  (poHTa  IUIAMEHH,
CTa0MIN3UPOBAHHOTO TOPSUEH MOBEPXHOCTHIO MPOHUIAEMON ISl Ta30B MaTpPUIIbL, C
ee TMOBEepXHOCThI0. B pe3ynbraTte TeMmepaTypa BBIXOAAIIMX MPOAYKTOB CHHUKAETCS
npuMmepHo 1o 1500-1600 K, a temnepaTypa HOBEPXHOCTH M, COOTBETCTBEHHO,
MOCTYTAOMIEH OT Hee BO (PPOHT IUTAMEHHU CBEKeH cMecH moBbimaetcs mo 1200—
1300 K.

IIpomecc peann3oBaH Ha HECKOJBKHX JEMOHCTPAMOHHBIX yCTaHOBKAax
TIPOM3BOUTENBHOCTEI0 10 10 M'/a mo Bxomsmemy rasy. IIpoieMOHCTpEpOBaHA
yCTOIUMBasi KOHBEPCHSI IPHPOAHOTO M CXKMKEHHOTO Ta3a, MOAEIBLHOro Ororasa rnpu
KOHBEPCHU BO3YyXOM, OOOTAIlEHHBIM BO3JYyXOM U KHCIOPOJIOM C IIOJyYCHHEM
MIPAKTHYECKN MAaKCHMAaJIbHOTO BBIXO/a CHHTE3-Ta3a.

IIpoBenen KMHETHYECKUI U TEPMOJMHAMHUUYECKHH aHAIN3 MPOLECCOB B IMOCT-
IUIAMEHHOW 30HE pudopmepa. YcraHoBieHa Oonbiuas poib B (HOPpMHUPOBAHMU
KOHEYHOTO COCTaBa NMPOIYKTOB MPOTEKAIONINX B 3TOH 30HE ra30(ha3HbIX MPOLECCOB
MUPOJIN3a, MApOBOM M YIJIEKHUCIOTHOW KOHBepcuH. PaccMoTpeHa BO3MOKHOCTH
ONTUMM3ALUH COCTaBA MPOTYKTOB.

[IpuHIMNUATBEHBIMYA IPEUMYIIECTBAMU MATPUYHOM KOHBEPCHU MO CPABHEHUIO
C  U3BECTHBIMH  TIPOLIECCAMH  SBJISAIOTCS ~ OYEHb  BBICOKAas  OOBEMHas
MIPOM3BOJUTENBHOCTb, ABTOTEPMHUYECKHI  XapakTep Ipolecca, BO3MOXKHOCTh
nepepadaThIBaTh Ta3bl NPAKTUYECKH JII000TO COCTaBA M MPOUCXOXKCHUS, BKIIOUAs
MOMyTHBI Ta3 ¥ Ouoras. MaTpuyHas TEXHOJOTHS OTKPBIBAET pealbHbIE
MIEPCIEKTUBBl PACIIPE/ICIIEHHOTO MaJIOTOHHA)KHOTO TIPOM3BOJCTBA CHHTE3-Ta3a M
BOJIOpPOJA ISl DHEPTE€TUKH, aBTOTPAHCIIOPTA U Ta30XUMHU.



SInepHblii cIMHOBBIN KaTaJIN3 B OMOXMMHYeECKoil (pu3uke

Konvmogep B.K.
HIIX®D PAH, YepHoronoBka, MockoBckasi 0671acTb

MaruauTtHo-u30TonHble dPpext (MUI) B Qusuke W Xumunu 0O0mEen3BecTHH [1].
HemaBHo Obutn OTKpHITHL MWD B 9KCHEPHUMEHTaX C JKUBBIMH KICTKAMH,
00OraImEHHBIMH MATHHTHBIM H30TONOM MarHms, Mg [2]. Obuapyxen MUD B
IKCIIEPUMEHTaX C MHO3WHOM - OHOMOJIEKYJISIPHBIM MOTOPOM, HCHOJb3YIOIIUM
sHepruio AT® s BBIMONHEHUS MeXaHWdeckod paboThl. CKOpPOCTh THIPOIH3a
AT® MHO3MHOM C MarHUTHBIM H30TOIIOM, 25Mg, B 2.0-2.5 pasa Bble, 4eM C
HEMArHUTHBIME H30TOMaMH Maruus, - Mg wm “*Mg. O6napyxen MWD ruuka. Hon
Zn*" B KadecTBe ko(akropa Muo3uHa MeHee d(dekTHBeH, Yem Mg2+. Onnako
ckopocTth rusiponusza AT® ¢ MarHUTHBIM U30TOIIOM, 67Zn, Ha 40-50 % BEIIIE, YeM C
HEMATHUTHBIME m30Tonamu, *'Zn wmn *Zn. Katamnrmueckne sddextsr Mg
BBIABJICHBI B OKcrepuMmeHTax ¢ H -AT®a30if U3 MHTOXOHIApHil ApoXoKed W
ATda3oi TiazmMaTuieckoil MeMOpaHbl MuoMeTpHs [3].

MUD omHO3HAYHO CBHICTEIBCTBYET, YTO B H3y4acMOM IIPOIECCe HMEETCs
«Y3KO€ MECTO» - JIMMUTHPYIOIIAsi CTaausl, 3aBUCUMasi OT AJIEKTPOHHOTO CITUHOBOTO
coctossHUS (S), W YTO SICPHBIN CIMH MarHUTHOTO M30TOIA YCKOPSET ATy CTAJHIO
[1]. MoxHO mUpearnoIoXuTh 0o0pa3oBaHWE B AKTHBHOM IEHTpPE (QEepMEHTa HOH-
panukansHOH mapsl. Co3aaBasi CIMHOBBIN 3aMpeT, MATHUTHBIN U30TOM MPEMATCTBYET
HEeXXeNaTeIbHOIl oOpaTHON peakuuu cuHTe3a AT® mu, TeM caMbIM, CIOCOOCTBYeT
3aBepIueHuto0 peakiuu ruapoianza ATD u cBA3aHHOTO C HEIO XEMOMEXaHMYECKOTO
muKTa. ['UmoTesa o KIIFOUEBOW pPONIM BUPTYaIbHOW HOH-PAJMKAIBHOW Maphl B
cuntese AT® npu okucnurensHoM (ochopunupoBanun Obluia cHOpMyIHPOBAHA
okoso 50 mer tomy Hazaj [4]. AIbTEpHATUBHO, MOKHO TPEAMONIOXKUTH [S5], 9TO
sHeprus, BbemsseMas mnpu ruapormmse ATD (~0.54 »B), HemoctaTowHa I
AJIEKTPOHHO-KOH()OPMAIIMOHHOTO ~ MEPeX0/ia MAaKpPOMOJICKYJIBl B  CHHIJIETHOE
BO30YKICHHOE COCTOSIHME. OJTOH SHEpruu JOCTaTOYHO JUId Iepexofga B Ooiee
HHU3KOE TPUIUIETHOE cocTosiHue (S = 1), HO TaKOH mepexo.1 U3 OCHOBHOTO COCTOSTHUS
(S =0) 3ampemieH 3aKOHOM COXPaHCHHS CHIHHA. SIMEpHBIN CIIUH MarHUTHOTO
H30TOIA, YCTpaHss CIHHOBBIM 3amper, yckopseT (EepMEHTATHBHYHO PCaKIIHIO.
JleTanpHble MEXaHU3MBI SIIEPHOTO CIIMHOBOTO OMOKaTanu3a — 3a/add JalbHEeHIINX
HCCIIEJOBAHUH.

1. bygauenko A.JI. Ycnexu ¢us. Hayk, 2019, 189, 47-54.

2. Avdeeva L.V., Evstyuhina T.A., Koltover V.K., Korolev V.G., Kutlakhmedov
Y.A. Nucl. Phys. At. Energy, 2019, 20, 271-277.

3. Komerosep B.K., JIabwsianieBa P.J1., Kapannames B.K. bruodusuka, 2020, 65, 493-
503.

4. bmomendens JILA., Konstosep B.K. Moui. 6uon., 1972, 6, 161-166.

5. Koltover V.K. J. Mol. Liquids, 2017, 235, 44-48.



Pe3oHaHCHBII 3aXBaT 3JIEKTPOHOB U OMOJI0THYeCKas AKTUBHOCTh
KCEHOOMOTHKOB

TTwenuuniox C.A.L, Modelli A.23, Acanouapos HJLY, Paxmees P.T'Y,
Tarwonos M.M.l, Hagukosa E.H.l, Komonos A.C.4, Envxun 10.H.®
. UOMK YOUILI PAH, Yda
. Universita di Bologna, Bologna
. Centro Interdipartimentale di Ricerca in Scienze Ambientali, Ravenna
. CIIeI'y, Cankr-IlerepOypr
. TUBOX IBO PAH, BraguBocTok

DN AW -

Ha ocHoBe wuccrnemoBaHUil IUCCOIMATHBHOTO 3axBaTa AJeKTpoHOB (3D3)
MOJIEKYJIAMH ~ pPa3lIMYHBIX  KCEHOOMOTHKOB  (JIEKapCTBEHHBIE  IMpemapaThl,
o eHOTbHBIE AaHTHOKCHIAHTHL, OPraHUYECKHE 3arpsA3HHUTENN OKpPYKaroIlei
cpellbl) ClieNaHbl BBIBOJIBI O BO3MOXKHOW CBSI3U MEXIY DJEKTPOH-aKIENTOPHBIMU
CBOMCTBAMU yKa3aHHBIX COCIMHEHMH W WX OHOJIOTUYECKOH aKTUBHOCTHIO.
OO0pa3zoBanue M pacraj OTpuUlaTeNbHBIX HOoHOB (OW) wmcciemoBaHbl MeETOJaMU
CIIEKTPOCKONMM MPOXOASIIIUX 3JIEKTPOHOB M crekrpockonuu J13D. PesynbraTsl
9KCIIEPUMEHTOB MHTEPIPETUPOBAHBI Ha OCHOBE PACYETOB METOJaMH TEOpUHU
(yHKIIMOHANA TUTOTHOCTH M OOCYXXIAlOTCS B CBA3M C W3BECTHBIMH 3(ddexramu
HCCIJIEJOBAHHBIX COEAMHEHUH B KJIETKAX KUBBIX OPraHU3MOB.

OcHOBHBIC HIeH TaHHOW paboThl chopmynupoBanbl B 60-x romax XX Beka B
paborax A. Cenr-Upépmeun [1,2] m . JlaBmoka [3]. Ilpoucxoxaenue
KBa3UCBOOOJHBIX DIIEKTPOHOB, 3aXBaT KOTOPBIX MOJEKYJaMH KCEHOOHMOTHKOB
BO3MOXKEH B KIJIETOYHOH CpEIE, CBS3BIBAECTCS C LEMbIO IEPEHOCA HJIEKTPOHOB B
MUTOXOHJPUSAX U (pepMeHTaMu cucTeMsl ruroxpoma P450. Ilpennomnaraercs, 4to
oOpaszoBanne OU B KJIeTKE MPOUCXOAUT MO PE30HAHCHBIM MEXaHH3MaM aHaJIOTHYHO
IKCIIEPUMEHTAILHBIM HAOJIOJIEHNsIM B Ta30Bod (asze. CormacHo pe3yibTaTam
JJIEKTPOXUMHUUECKUX  HccaepoBanuit  [4,5], aumccoumamuss Takux OW B
KOHJICHCUPOBAHHOU CpeJie MPOUCXOUT, HECMOTPSI Ha BOZMOKHOCTD JHCCUTIAIINH HX
n30BITOYHON dHEPruu OKpykeHWto. ClenaHbl TMpenBapUTeIbHBIE 3aKIIOUEHHS O
KOPPEJSIIMU  3JICKTPOH-aKLIEITOPHBIX CBOWCTB C OHOJIOTHYECKOH aKTHBHOCTHIO
KCeHOOMOTHKOB [6].

Pa6ota nognepxana rpanrom PODU Ne 18-03-00179.

[1]. Szent-Gyorgyi, A. Bioenergetics, Academic Press, 1957.

[2]. Szent-Gydrgyi, A. Bioelectronics. A Study in Cellular Regulations, Defense,
and Cancer, Academic Press, 1968.

[3]. Lovelock, J.E. Nature. 189 (1961) 729.

[4]. Rotko, G.,Roma nczyk, P.P., Andryianau, G., Kurek, S.S. Electrochem.
Commun. 43 (2014) 117.

[5]. Brett, A.M.O., Ghica, M.E. Electroanalysis, 15 (2003) 1745.

[6]. Pshenichnyuk, S.A., Mo delli, A., Ko molov, A.S. Int. Rev. Phys. Chem . 37
(2018) 125.



Oco0eHHOCTH CTPOEHHUS M KATATUTHYECKOr0 MOBeeHUs] OMMeTANINYeCKHX
KaTaJu3aTOPOB, MOJTYYEeHHBIX Ja3ePHBIM 3JIeKTPOIUCIIEPTHPOBAHIEM

Pocmoswurosa T.H., ['onyouna E.B., Jloxmesa E.C., Tapxanoea U.I".,
Hlununa M.H.
Xumudeckuid pakynsreT MI'Y umenn M.B. JlomonocoBa, MockBa

OnHOCTAINITHBIA U yHUBEPCAIBHBIH METOH JIa3epHOTO 3JIEKTPOJUCIIEPrHPOBaHUS
(JIDJ) w™mertamnmoB mo3BONsIET 0€3 WCMONB30BAHUS XHUMHUYECKHUX PEAareHTOB U
pacTBOpHUTENIEH MONydaTh «KOPOUKOBBIE» OMMETATIIMYECKUE TIOKPBITHS, B KOTOPBIX
00a KOMIOHEHTA PaBHOMEPHO pacIpe/Ie/ICHbI 110 BHEITHEH MOBEPXHOCTH HOCUTENS B
BUJIE YaCTHL[ CTPOTro (PUKCHPOBAHHOTO pazmepa, cocrasa u Gpopmsl [1,2].

Jus  cuHTe3a  OMMETaUIMYECKWX  Karaiam3atopoB  Metomom  JID]]
HCTIONIb30BAHBI CIEAYIOIINE TOIXOBI:

- IOCNEJOBaTeIbHOE  HAHECEHHWE  JBYX  METalJIoB  Ha  IpUMepe
oumerammmuecknx NiAu/Al,O; karamuzatopos ruapoxexiopupoBanus (IIX) u
okuciieaus CO;

- UCIIONBb30BaHME B  KayecTBE MHWIICHHW JUIA  JIa3epHOH  abmsrun
METaJUTMUECKOro cIulaBa B cuHTe3e NiPd kaTtanM3aTopoB Ha OKCHIE aTIOMUHHS U
Cubynwnte 1uis ucnons3oBanus B I'IX u oxucnennu CO;

- HKCIONb30BaHME MHIIEHEH M3 NPEABAPHUTENILHO IUIOTHO CIIPECCOBAHHBIX
cmecell mopomkoB Ni, Mo wmum W Ui CHHTE3a KaTalu3aTOpPOB OKHCICHHS
CepOoyTIIeBOI0POIOB IIEPOKCHIOM BOJIOPOAA;

- coueranne Meroma JIDJ[ ¢ XuMHUeckod MomMGUKANNCH HOCHTENS
npomotupytonmu godaskamu. Tak PdCo u PtCo katamuzatopsr okucienus CO u
CH, mnomy4eHbl Kak IOCJIEAOBATEIbHBIM Ja3epPHBIM 3JIEKTPOAUCIEPTUPOBAHUEM
JIByX METaJUIOB, TaK 1 KOMOMHHUPOBAHHBIM METOJIOM, BKITIOYAIONIIM HCIIOIb30BaHNE
Co-MOTU(HUIINPOBAHHOTO IIEOJWTAa B KAa4eCTBE HOCHTENS JUIS  OCAKICHUS
Hanoyactull Pd nin Pt.

Ha BbIOpaHHBIX IIpHMepax CBONCTBAa OMMETATHUECKUX KaTaiau3aTtopoB JIDJ]
COTIOCTABIICHBI c MOHOMETAJUTHIECKIMHU aHaJoraMH W XUMHYECKH
CHHTE3MPOBAHHBIMHU 00pa3aMu CpaBHEHHs. PacCMOTPEHBI IPHYMHBI UX PA3THIHOTO
MOBEJICHUS B KaTanuse. BaxkHble mpenMyIiiecTBa KaTaau3aTopoB, CUHTE3UPOBAHHBIX
MetoznoM JID/I, 3aKimouaroTcss B UX CTAOMIBHOCTH U BBICOKOH A((PEKTUBHOCTH MPHU
cBepxHM3KOM (10 107 Bec.%) comepkaHun MeTasIIoB.

* Meron pazpadoran B @TU umenn A.®. Modhpe PAH (Canxr-IlerepOypr)
I'ypesuuem C.A., KoxxeBunbiM B.M. u SIBcunbiv JI.A.

[1] Rostovshchikova T.N., Bryzhin A.A., Golubina E.V., et al. ChemCatChem, 2020

DOI:10.1002/cctc.202000501
[2] Golubina E.V., Lokteva E.S., et al. Pure and Appl. Chem. 90 (2018) 1685.
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MouiekyJasipHbIii IM3aHH reTeporeHHbIX KaTaJau3aTopoB 1Jisl peaKkiuii ¢
y4yacTueM HOpOOpHaaneHa

@nuo B.P., Illamcues P.C., [{ypaxos C.A.
PTY MUPDA, HCTUTYT TOHKHX XMMUYECKUX TEXHOJIOTHH, MockBa

Karanmntnaeckue mponecchl ¢ ydactuem HopOopHamuena (HBJ/I) oTkpsiBatoT
HCKJIIOYHUTEIbHBIE BO3MOKHOCTH Ul CUHTE3a LIMPOKOr0 KPyra TPYIHOILOCTYIIHBIX
MOJUIUKINYIECKAX  YIJIEBOJOPOAOB.  D(PGEKTUBHOE  HCIOIB30BAHHE  TAKHUX
CHHTETHYECKHX NPHEMOB KaK TFOMOAMMEpPHU3AIMsA, COAUMEPH3ALHs, METaTe3nuC M
HETPaAMIMOHHOE  AUTMIMPOBAHME  INUPOKOTO  Kpyra  HOPOOpPHEHOB M
HOpPOOPHAIUECHOB MO3BONAET pa3paboTaTh YHHUKAIBHYIO CTPATETHIO MOIYYEeHUS
KapOOLIMKINIECKAX  CTPYKTYpP, COJCpP)KAIIMX METHJICHOBBIC, BHHIIIBHBIC U
METHIICHINKJI00yTaHoBble (pparMenTs! [1]. [Ipn ux peamusamun BaXXHO COXPAHSTH
HaNpsDKEHHYI0 ~ HOPOOPHEHOBYIO  CTPYKTYpY.  DBOJBIIMHCTBO  IeTEpOTeHHBIX
KaTajau3aToOpOB HE IO3BOJISIIOT CEJIEKTHBHO OCYLIECTBIATH TaKUE IPEBPAICHUS.
LlenenanpasieHHas pa3paboTKa KaTATNTHIECKUX CHCTEM JUIA PEaKknuil ¢ ydacTHEM
HaNpsHKEHHbIX ~ KapOOLMKIMYECKHX  COCAMHEHHH  IIPEACTABISCT  BAXKHOE
(yHIaMEHTaNbHOE U MPAKTHUECKOE 3HAYCHHUE.

ITpobieMsr N30MPATENEHOCTH B MHOTOMApIIPYTHBIX PEAKIUAX C ydacTHEM
HBJ/] n ero mpon3BOJHBIX TPHOOPETAIOT IEPBOCTENICHHYIO BaKHOCTh. Ha mpumepe
peaknuii  romoauMepm3auuM W amiupoBanus  HBJ[  u  HOpOOpHEHOB,
coguMepusaiun HBJ[ ¢ a¢dupamu akpuiaoBoi KHCIOTHI M METHIBHHUIKETOHOM,
BaJeHTHOM wu3oMepuzauuu HBJ[ B KBaZpuLMKIAH IOKa3aHa BO3MOXKHOCTb
yHOpaBlIeHHs CKOPOCTBIO W CENEKTUBHOCTBIO PA3IMYHOrO YPOBHs, B TOM 4YHCIIE
OCYLIECTBICHUS SHAHTHOCEJIEKTUBHBIX CUHTE30B. Hccenenosanbt yTH
KOHCTPYHPOBAHMUSI TETEPOTCHHBIX HHKEIIEBBIX, KOOAJTBTOBBIX M MAJIaJHEBBIX
KaTajau3aTopoB, CIEKTPAJIbHBIMM METOAAMU BbISIBICHbI KJIHOYEBbIE MHTEPMENUATHI,
IIPEJIOKEHBl HEIPOTUBOPEUHBbLIE MEXAHU3MBI.

Pa3zpaboTaHbl HOBBIE TEXHOJOTMYHBIE TI'ETEPOT€HHBIC KaTaaM3aTOPBl LIS
peaxunit ¢ yuactueM HBJl. YcrtanoBneHsI (hakTOpHI, BIHAIONINE HAa HANPaBICHUS
peakuuil U MO3BOJIAIOLIME KOJIMYECTBEHHO IMOJy4aTh WHAMBUAYaIbHbBIE MPOIYKTHI.
IIponemMoHCTpUpOBaHa  CBA3b  MEXKIY  CCJIIEKTUBHOCTBIO M KOJIHMYECTBOM
KaTaIUTUYECKUX LUKIOB OT COCTaBa KAaTAJUTUYECKOH cHUCTeMbl U 3(dexkTHBHOTO
3apsa Ha METaJuIe ¥ croco0a ero 3aKperieHUs Ha TOBEPXHOCTH.

Paboma evinoanena npu nodoepacke PH® (epanm Ne 18-13-00415).

1. Flid V.R., Gringolts M.L., Shamsi ev R.S., Finkelshtein E.Sh. Russ. Chem. Rev.,
2018, vol. 87, p. 1169.
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Konuenuus 3ppeKTUBHBIX COCTOSIHII ATOMOB-B-CO€ITHHEHHUAX,
TCEBIONOTEHIHATBI U MOTEHIINAIBI BHEAPEHHS /LIS MOIETHPOBAHUS
3JIEKTPOHHOH CTPYKTYPbI MATEPHAJIOB € JAHTAHUAAMHU U AKTHHUAAMU

Tumos A.B.", Jlomauyx FO.B.', Manvyes J1.A.", Illaxosa B.M."?, Mocsizun H.C."
! MerepGyprexwuit nuctutyT simepHoit pusukn HUL] «KypuaToBekuit
HHCTUTYT», ['aTunHa
: Cankr-IlerepOyprekuii rocynapcrennslii ynusepeurer, C.-IlerepOypr

BriewaTinistomue TOCTHKEHHS B CO3TaHUN METayCTaHOBOK IS SKCIIEPUMEHTAITFHOTO
W3y4YCHHS DICKTPOHHBIX (CyO)CTPYKTYp aTOMHOro MaciuTaba, TaKhX Kak
PCHTICHOBCKUE Jia3epbl Ha CBOOOIHBIX 3JICKTPOHAX U CHHXPOTPOHBI YETBEPTOrO
OoKoJIeHHs [1], OTKPHIBAIOT HOBYIO 3Py B HCCJICIOBAaHMHM MAaTEpUANOB U Je(PEKTOB,
COZCpPIKAIINX TsDKENBIE TIePEeXOAHBIe MeTautbl (d-DJIeMEHTHI), JaHTAHHIBl W
aktuHUAB  (f-omementer)  [2].  OpHaKO — TEOPETUYECKUE  BO3MOXKHOCTH
HEMOCPEICTBEHHOTO M3YYEHUS! DIIEKTPOHHBIX CTPYKTYp Ha aTOMHOM YPOBHE WIIH,
JIPYTHMH CJIOBaMH, CBOMCTB aTOMOB-B-coennHeHmsx (ABC) [3] Bce elie orpaHndeHbI
TPYAHOCTSIMH B KBaHTOBO-XMMHYECKOM OIMCAHUHU TaKUX CHUCTEM. BO-TIepBBIX, OHU
BKJIIOYAIOT ~ HEOOXOAMMOCTh  OJHOBPEMEHHOTO  yd4eTa  PEeISITUBUCTCKUX U
KOPPENSIHOHHBIX 3(PPEKTOB Ha cCaMOM BBICOKOM ypoBHE. Kpome Toro, coemHeHus
monuBajdeHTHRIX  d, f- 9SJeMeHTOB  9acTo  MMEIOT  SPKO  BEIPAKCHHYIO
MHOTOKOH()UTYPAIllMOHHYI0 ~ CTPYKTYpY  (KOTOpasi Jake Ka4deCTBCHHO  HE
OTIMCHIBACTCS OJHOJCTEPMHHAHTHONW BOJIHOBOW (DYHKIHMEH) M BBICOKYIO MIOTHOCTH
HHU3KOJISKAIINX MIEKTPOHHBIX COCTOSIHIH. B pesyibraTe, BO3SMOKHOCTH MPSIMOTO ab
initio MCCIIeOBaHUS MaTepHaoB, cojepkamux d, f- aIeMeHThI, ¢ HeoOX0aUMOH
TOYHOCTBEO MOTYT OBITH 3a0JIOKHPOBAHBI H3-32 HEMPUEMIIEMBIX BBIYHACIUTEIBHBIX
3aTpaT. AJBTEPHATUBHBIN CIIOCOO MCCIIEAOBAHUS TAKUX MAaTEPUAIOB COCTOUT B TOM,
YTOOBI CBECTH €r0 M3Y4YeHHUE K UCCIECJOBAHHIO MOJICKYISIPHOTO THITa HEKOTOPOTO €T0
¢parmMeHTa, Tmpemnonaras, 4YTO pelaKcalus OCTalbHOM 4YacTH KpHUCTala
(oxpy»xeHue pparMeHTa) npeHedpexkuMo Maja. B aTom cityyae MOKHO paccMOTPETh
BITUSTHHE CPebl Ha ()PATMEHT C TIOMOIIBIO MPHOIMKEHHOTO MOTEHITHAIA BHEIPESHUS
(BcTpanmBaHMsI) KJIacTEepa B KPUCTAILI, YTOOBI YIYUIINTH KAYECTBO OMMCAHHS CBOWCTB
U TPOIECCOB, JIOKATU30BaHHBIX Ha (parMeHTe, HCIOJIB3ys OoJlice IIMPOKUEC
BO3MOKHOCTH €T0 M3YUYECHHSI MOJIEKYISIPHBIMU METOIaMHU.

B nokmanme chopMynupoBaHEI OCHOBBI KOHIICTIIIHH aTOMOB-B-COCAMHCHHSX,
MIPUHIIMITEI IIOCTPOCHHUS MTOTEHIIMANIA BHEJPCHUS KJIacTepa B KPUCTAILT U €ro TeCHast
CBSI3b C TEOpHUEH nceBronoTeHnuana octopa. O0CyKIar0TCs NEPCIEKTUBBI PA3BUTHUS
9TUX TMOJXOJIOB KAk JJisi HCCIIEOBAHWUN MaTepHalioB C TOYECYHBIMHU jaedexramu,
colepKallMMHU  aKTHHUABI [4,5], Tak ¥ ¢ TEpUOIMYECKH pacioyiokeHHbIMU d, f-
anemeHTamu [6]. Tloka3aHo, YTO COBpEMEHHBIC METO/IbI PENIITHBACTCKOI KBAaHTOBOI
XUMHM ~ CTAQHOBATCS  HAQACKHBIM  WHCTPYMEHTOM  aHalnW3a  JOCTYIMHBIX
SKCTIEPIMEHTAIBHBIX TAHHBIX JUIS TAKWX MaTePHAaIOB Ha aTOMHOM YPOBHE.

Pabora BeImonHeHa 1pu nojyiepkke Poceuiickoro HayyHoro ¢onza, rpant Ne
20-13-00225.
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YcCTHBIE
TOKJIAABI



N3ydenne nopoumkoB OKCHHUTPH/IA AJTIOMUHHUS M IJIOTHBIX MATEPHAJIOB HA MX
OCHOBe, TOJY4YeHHBIX ¢ MpuMeHeHneM nponeccoB CBC n mevHoro cnexkanus

Axonoocansan T.F.l, Konoaxoe A.A.l, Pynacos C.H.z, Kosnosa A.H.Z,
bycypuna M1
1. ICMAH PAH, YepnoromnoBka
2. HUTY «MUCuC», Mocksa

OKCHHHTpUAHAS TOJUKPUCTAJUIMYECKass KepaMHKa MPEACTaBIsAeT  OONbIIOi
uHTEepec, Oarofaps COYETAHWIO BBICOKMX ONTHYECKHX M MEXAaHHMYECKHX CBOMWCTB.
DTO mepcreKTHBHas 3aMeHa MOHOKpHCTa/UIaM candupa M 3aKaJeHHBIM CTEKJIaM BO
MHOTHX O0JIaCTAX HayKU U TeXHUKH. OCHOBHYIO CIOXHOCTB IOJTYYEHHUS! ONTHUECKH
[IPO3payHOl M  NPOYHOM  KEepaMHMKM  IPEACTABISIIOT  IPOLIECCHl  CHHTE3a
BBICOKOYHMCTOTO OKCHHUTPHIA AIIOMUHHS KyOW4ecKOH MOAM(MUKALMH, MOTyUCHUST
MOpOIIKAa 3aJaHHOI  3€PHUCTOCTH, PEAKIHOHHOTO CIEKAaHUs MOpOIIKa JI0
GecropucToro coctosHUA. J{s YyCKOPEHHWS MJaHHBIX IPOLECCOB M TOBBIIICHHUS
ONTUYECKUX XAPAKTEPUCTUK KEPAMHUKH YACTHUIIBI MCXOJHOIO IMOPOIIKOBOIO CHIPbS
JIOJDKHBI ~ 00JIajaTh  KPUCTAUIMYECKOW M30TPOITHOH  CTPYKTYpOH ¥ y3KHM
¢pakuonHsM  coctaBoM (dsp =1-2  mkm). HMcmomp3oBaHHE MOPOIIKOB C
OMMOJATBHBIM  paCTpPEeNICHHEM TI03BOJISIET CYIIECTBEHHO COKPATUTh BpeMs
CIEKaHUsl.

MesKOo3epHHCTbIE MOPOLIKM W TOPOLIKM C OMMOJAIIBHBIM paclpesieieHHeM
MOJy4aloT TyTeM JAIUTEeNbHOro (Mo 24 d4ac) M3MENbYeHHsT B TUIAHETapHBIX
MeNBHHUIAX. JTO YAOPOXKaeT MPOIECC MPOM3BOACTBA, a TAKXKE BHOCHT B ITOPOIIKH
00IIBIIIOE KOJIMYECTBO MTPUMECEH OT Pa3MOJIBHBIX TEIl.

Jis monyudeHHs MOPOIIKOB OKCUHUTPUIA ATIOMUHHS HaMHM ObLT NPUMEHEH
CaMOpacIpOCTPAHSIONIMICS ~ BeICOKOTeMIepaTypuelii  cuHTe3 (CBC),  Kkax
(G QEKTUBHBI METON I TOJNYyYEHHsS IOPOMIKOB W IUIOTHBIX KEpaMHYECKHUX
MaTepHanoB, B YaCTHOCTU HUTPUAHON KEPAMUKH.

Panee ObLTH IpeACTaBICHBI PE3YIbTAThI IO PEryJINPOBAHUI0 MUKPOCTPYKTYPHI
mopommkoB B mpomecce CBC cunTe3a. B nmanHO# paboTe KpaTKo MpeACTaBICHBI
pe3yJIbTaThl M3y4eHHsl (QUIBTPALMOHHOTO TOPEHUS B a30T€ CMecel allOMHHUS C
OKCHJIOM AMOMHUHMS, a TaKk ke  (yHJAMEHTAIbHBIE  IPOLECCHI
CTPYKTYypoOOpa3oBaHUs OKCHHHUTPHJA AJIOMHHUS B BOJHE TOPEHUS B aTMocdepe
asora. IIpencTaBineHsl pe3yabTaThl CHEKaHUS MTOTYYEHHBIX TOPOIIKOB OKCHHUTPHIA
ATIOMUHMA U ONTHUYECKHE CBOWCTBA MONYyYEHHBIX MAaTEpUalOB, paBHO Kak
HOPOLLKOB, TaK U CIIEYCHHOM Kepamuku. lIpencraBieHbl ONTHYECKHE CBOMCTBA U
U3MEpPEHHs  CIEKTPOB  BO3OYXKIEHHS  JIIOMHHECIEHIIMH  CHHXPOTPOHHBIM
n3imydenueM. ONTHYecKoe MPOITyCKaHue U oTpakeHne Obum u3mepeHsl Ha UV-Vis-
NIR cnekrpomerpe Cary-5000 (Agilent Technologies). Hcnone3yst  criektp
OoTpakeHUsl MopomkoB 1o ¢opmyne KybOenku-MyHka OblTa paccuMTaHa MIMPHUHA
3alpelIeHHON 30HBI TOy4aeMbIX MaTEPHATIOB.

HccnenoBanre BBIMONHEHO NMpH (HHAHCOBOH Tojepkke PODU B pamkax
Hay4Horo npoekrta Ne 19-08-00655.
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Bausinne KOHIIEHTPAMM BOOPO/Ia HA 3a/IEP:KKY CAMOBOCIIAMEHEeHHsT MeTaH-
BOJIOPOAHBIX cMeceil

Apymionog A.B.l'z, bensies A.A.l, Tpowun K.}I.l, Hnosenxoe U.H.2
1. ®UIL XD PAH, Mocksa
2. MI'Y uMm. M.B. JlomoHocoBa, MockBa

B03MOXXHOCTh MCHOJB30BAHUIO BOAOPOAA U COAEpIKAIIUX €ro cMeced B KauecTBe
ABTOTPAHCIIOPTHOTO TOIUIMBA M MOBBINIEHHS 3@ CYET 3TOTO HKOHOMUYECKUX U
9KOJIOTHYECKUX XapPaKTEpUCTHK JBHUraTeleil BHYTPEHHErO CropaHusl JielaeT
HEOOXOMMBIM UCCIICIOBaHHE ICTOHAIIMOHHBIX XapaKTePHUCTUK METaH-BOJOPOIHBIX
cMeceil B YCIOBHSX, COOTBETCTBYIOIIMX BO3MOXHOCTH CaMOBOCIIIAMEHEHHUS B
mwmmHape JIBC ans ananmsza 3¢ ¢GekTuBHOCTH W 0€30MacHOCTH WX MPUMEHEHUSI.
Panee aBTOpaMH ObLTH MIPOBEEHBI AQHAJIOTUYHbIE HCCIIEIOBaHUS
CaMOBOCIIJIAMEHEHHUSI METaH-AJIKAHOBBIX CMECEH B BO31LyXe.

B pabote mpezacTaBieHB! pe3yibTaThl MCCIESTOBAHUS BIMSHUS KOHIICHTPAIUN
BOJOpOZIa HA 3aJepKKy CaMOBOCIUIAMEHEHHS T CTEXHOMETPHYECKHX MeTaH-
BOAOPOA-BO3AYIIHBIX cMecel. bbuln mpoBeAeHbl Kak HKCHEPUMEHTAJIbHBIE
HCCIEIOBAHUS, TaK U KHMHETUYECKOE MOJICTMPOBAHUE CAMOBOCIUIAMEHEHMS TaKHX
cMecel B Juana3oHe HaudanbHbIX Temmeparyp T,=700-1000 K u HauaibHBIX
nmaBneHuit Py=1-15 atm. DOkcnepuMeHTanbHO 3aJiep’Kka CaMOBOCILIAMEHEHUs
OmpeAesnsuiach B 3aMKHYTOM 00BbeME CTaTUYECKOM YCTAHOBKM NEpPENyCKHOTO THIa
(MeTon OOMOBI BBICOKOTO AABJICHHUS), KOTOpas MO3BOJSET NMEPEKPHITh YKA3aHHBIH
JMamna3oH. Y CTaHOBIEHO, 4To nobaBienne Menee 50% Bogopoma K MeTaHy cliabo
BIIMSIET HA CKOPOCTh TOPEHUS U 33JEPHKKY CaMOBOCIUIAMEHEHMSI TAaKUX CMECEH, 4To
CTaBUT BONPOC O MPAKTHUECKOH 1e1eCO00pa3HOCTH PUMEHEHUSI CMECEBBIX METaH-
BOJIOPOJTHBIX TOTLTHUB.

Kunerndyeckoe MOJENMUPOBAHNE CAaMOBOCIIAMEHEHUS CTEXHOMETPHYECKUX
cmecert CHy-H,-BO31yX ¢ pasimuuHbIM CONEPIKAHMEM BOJIOPOJIA B CMeCH &y, (% 00.)
MPOBOJMIOCH C UCIONb30BaHUEM KuHeTHYeckoro wmexanmsMm NUI Galway,
MoKa3aBIIero cedst HanboJee aJeKBATHBIM ISl OTIMCAHUS 3TUX MIPOIECCOB.

[Toxa3aHo CyIIECTBEHHOE pa3IWdHe B TEMIIEPATYyPHOH 3aBUCHMOCTH 3aIEPIKKN
CaMOBOCIUIAaMEHEHMsI MeTaHa M BOAOPOJAA, CBSI3aHHOE C NPUHUUIHAIBHBIMU
OTIIMYMSAMU B MEXaHM3MaX HUX OKHUCJICHHS, a TaKXkKe Xapakrep HW3MEHEeHUH,
npoucxoasnmx Bomm3u temmeparypsl 900 K, cymecTBeHHBIM 00pa3oM BIHUSIOIIMX
Ha Ipouecchl UX  caMoBocIUlaMeHeHus.  [loka3aHa  BO3MOXKHOCTb — Kak
MIPOMOTHPOBAHHSA, TAK U MHTHOUPOBAHUS CAMOBOCIUIAMEHCHHSI METaHA JH00aBKaMU
Bogopoza. Ilpemioxxena uHTEpIpETaLUs ATUX SIBJICHUM.

HccnenoBanre BBIMONIHEHO TNpH (GHHAHCOBOM Tojiepkke PODU B pamkax
HayyHoro npoekTta Ne 19-31-90022.
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DeMTOCEKYH/IHASI HIMPOKOTOJIOCHASI AaHTHCTOKCOBAsI crieKkTpockonusi Na+
PO/IONCHHOB

Atibyw A.B.l, Tocmes @.E.l, Tumos A.A.l, Focaues A.B. 2, Haomouenxo B.A.*
1. ®UI] XD PAH, r. Mocksa
2. HUN ®Xb um. A.H. benozepckoro MI'Y r. Mocka

CBeTo3aBHCHMBIH TMepeHoc HOHOB Na' M3 IMTOIUIa3Mbl BO BHEIIHIOW Cpely B
Mopckux (ruaBodakTepusix Krokinobacter eikastus 6but oGHapyKeH HECKOIBKO JIET
naszan. Mccnemosanne Na'-mommupyrommx mpoteopononcunos (NaR) BakHO He
TONBKO JUISl JICTAalH3alid HATPUCBOTO LUKJIA, HO TAaKXKE CIHOCOOHO NMPHBECTH U K
CYLICCTBCHHOMY TMPOrpecCy B MOHUMAaHUHM MeXaHu3Ma (YHKIHOHHUPOBAHUS
PETHHATB-COICPIKAIIMX ~ DHEPro-npeodpa3yonmmx  (EepMEeHTOB, YTO  SIBJISAETCS
aKTyalbHBIM C CBSI3M C Pa3HOOOPa3HBIMH NPWIOKEHHSAMH ONTOTCHETHKU.
HccnenoBanue nepBuyHbIX (oTomporeccoB NaR Obu1o mpoBeAeHO K HACTOSIIEMY
BPEMEHHM BCE €IIe JIUIIb B HECKOIBKHX padoTax. B mannoi pabote NaR m3ydammcs ¢
MTOMOIIIBIO (heMTOCEKYHIHOH MIMpOKoIoIocHO# criekTpockornuu (broadband CARS,
BCARS). B konebatenpublii ciektp NaR BHOCAT BKJIaJ CIEAYIOMIAE KOMIIOHCHTHI:
1) cobctBeHHO XpoModop; 2) CHUpaTd aMHHOKUCIOT BOKpYr Xxpomodopa; 3)
Jereprear DDM, o0BomakuBaromuii  CHOWpaqd  aMHHOKHCIOT.  BakHBIM
0OCTOSITETHCTBOM TYT SBISIETCS TO, YTO XPOMO(OpP TOTJIOMACT B BHIUMOM
[Uana3oHe [UIMH BOJH M 3TO JAeT BO3MOXKHOCTH «BBIICIHTE» XpoMopop u3
MHOXECTBA APYTHX MOJICKYJI TPe-Pe30HAHCHBIM 00pa3oM.
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CpaBHEHHE C albTCPHATHBHBIMU JIMTCPATYPHBIM JAHHBIMH IIOKA3bIBAaCT, 4YTO
OOJIBILIMHCTBO JICTEKTUPOBAHHBIX KOJIEOATENBHBIX I10JIOC OTHOCHUTCS HMEHHO K
xpomodopy. Ilpexne Bcero ato momocsl 1530, ~1175, ~1200, ~1275 1/ cm (puc.1).
[MokazaHo, 4TO MMEHHO B JTHX IOJOCAX MPOUCXOAAT Haubosee CylNIeCTBEHHbIE
M3MCHEHUS U MPH HCIOJIb30BAHHH BPEMsI-PAa3pPCIICHHON CXEMbI C JBOWHBIM pump
HMITYJIbCOM TIPH OTCTPOMKAX MOPS/IKA €AUHUL MUKOCEKYH . OTHOBPEMEHHO C ITUM,
JaHHble (PEeMTOCEKYHIHON pump-probe CHEeKTPOCKOMUH MMOKa3bIBAIOT, YTO HA ITHUX
BpPEMEHAX CHUCTEMa CIIle COXPAaHsCT aHM30TPOIHBIC CBOICTBA
Pabota nognepxana rpanrom PODU 18-03-01243 A.

Bosﬁymeﬂﬂme COCTOAHUSA (l)OTOCCHCI/IﬁI/UII/I?)aTOpOB Pa3/IMIHBIX KJIAaCCOB,
KOMHJIeKcooﬁpaBOBaHl/le C 6HOM2Kp0MOHeKyJIaMH U UX JeiicTBUE B PaKOBbIX
KJIeTKaXx

Kysomun B.A., Kocmwoxog A.A., Paouenxo A1, [llubaesa A.B., Ecopos A.E.,
Mecmepeasu M.A.
NBX® PAH, Mocksa

BrckapOonaHHHOBBIE KpPAaCHTENM IPEICTABIAIOT HMHTEpeC KaK HOBBIM KIIacc
¢dorocencudbmmazaropos  (PC).  bnaromapss  paclICIUVICHUIO  CHHIVIETHOT'O
BO30YXKJCHHOTO COCTOSIHUSI B CIIEKTpE IMOTJIOMICHUsI TMOSBISAETCS HOBasl MOJOCa,
CIBUHYyTass B  KpacHyl o0macTh, 4YTO akTyalbHO TIPpH  MPOBEIACHUHU
(oTOTMHAMIYECKON Tepamuy ¥3-3a BBICOKOH TPaHCIIAPEHTHOCTH OMOJIOTHYECKUX
TKaHell npu oOiydeHMH cBeToM KpacHoro/OmmwkHero WK nuanasona. beuin
MOJTyYeHBI CIEKTPATHHO-KHHETHYECKUE XapaKTEPUCTUKHA BO30YKACHHBIX COCTOSTHUN
piga  MOJEKyI (hoTOCEHCHOMIIN3aTOPOB. Metogamu (dbmyopecrieHTHOM
CHEKTPOCKOIUU YCTAaHOBJICHBI IApaMeTphl CBsi3biBaHUs Mojiekyn PC ¢ Takumu
OroOMaKpoOMOJIeKyIaMH Kak anbOyMuH. [TokazaHbl Mpolecchl mepeHoca IEKTPOHa B
CHUCTEMax C y4acTHeM JOHOpa dJEKTPOHOB. Ha MoenbHOM KIETOYHOH JTUHUH paka
HTC116 moxa3zano neiictBue ncciemxyeMsix (otoceHcnOmmm3aTopos. Vcenemopana
TEMHOBasi Y CBETOBas IIMTOTOKCUYHOCTh psijia COCHUHCHHWil. Merogamu
KOH(OKAJIbHOW MHKPOCKOIIMU TIOKa3aHa BHYTPUKIETOUYHAS JIOKATU3AIUS MOJEKYI
(oroceHcnOmIM3aTopoB. bhIMa IMOKa3aHa poNb CYNEpOKCHI-aHUOH paJuKaza B
MeXaHH3MaX T'HOEITN PaKOBBIX KIICTOK.

CrnekTpockonnyeckue wu3MepeHus mpoBeneHbl Ha 0Oase LIKIIT  «Hossie
Matepuansl u TexHonorun» NUBX® PAH. PaGora BwimonmHeHa mpu (puHAHCOBOH
noanepxke Poccuiickoro HaydHoro ¢onma 1o mpoekty Ne  18-13-00463
«MexaHu3Mbl  (POTOXMMHYECKUX IMPOIECCOB B KOMIUICKCAX ITOJIMMETHHOBBIX
KpacuTelel ¢ IByMsi CONPSHKEHHBIME XpoMo(opaMu U OSITKOBY.

18



®opmupoBaHNe 3AIIUTHBIX HAHOCTPYKTYPHPOBAHHBIX YIJI€POAHBIX MOKPBITHIT
HA THTaHe

benvmecos A.A, IIyxa B.E.
WITX® PAH, YepHoronoBka

bnaromapst  BBICOKOW — yJIEJNbHOM  HPOYHOCTH, THUTAH  SBISIETCS  ILIHPOKO
paclpOCTpaHEHHBIM  KOHCTPYKIMOHHBIM  MaTepUalioM JJs aBUAIMOHHOW U
KocMUYecKol — TexHuku.  [IpeBocxonHas ~ KOpPpO3UOHHAass  CTOMKOCTb U
OMOCOBMECTHMOCTH ITO3BOJISICT HCIIOJIB30BATH TUTAH M €TO CIUIABBI B XHMHUYECKOM
MIPOMBIIUICHHOCTH, TOIUTMBHBIX 31eMeHTax(TD) u B menunuHe. Takum o0Opaszom,
TUTAH YacTO UCTIONB3YIOT B KOHTAKTE C arPECCUBHBIMH CPEIaMU.

Koppo3znonHast CTOMKOCTb W OHOIOTHYECKasi COBMECTHMOCTh THTaHA B TIEPBYIO
ouepenb OOYCIIOBIICHa HAJHMYHEM TOHKOTO IPHPOAHOTO CIIOS OKHCIa Ha €ro
[IOBEPXHOCTH. DTOT CIIOM M ONpeessieT dJIEKTPOXUMUUECKUE U TPUOOJOrHUecKue
cBolicTBa TMoOBepxXHOCTH. llaccuBanusi MOBEPXHOCTH B KOPPO3HMOHHOH cpele
TOIUIMBHOT'O 3JIEMEHTA 3a CYUET YBEJIMYEHUs TOJILMHBI OKUCIA IPUBOIUT K POCTY
KOHTaKTHOTO COIPOTHBIICHHUS W K HECTaOMIBHOCTH padboThl TD. B Tpymuxcs mapax,
paboTaromux B Cpele >KUBOTO OpraHM3Ma MEXaHW4ecKas HEMPOYHOCTh OKHCINA
HIPUBOJUT K IOSIBICHUIO B CYCTaBHOW CyMKE IPOJIYKTOB U3HOCA, C IOCIETYOIUMU
BOCTIAINTEIILHBIMHA TIporieccaMu. Takum o0pazoMm, TS psizia IPHII0KEHUH BO3HUKACT
HEOOXOIMMOCTh MOAU(MDUKAIIMY TOBEPXHOCTH TUTAHA M 3aMEHBI IIPHUPOTHOTO OKCHIA
XUMHUYECKH MHEPTHBIM M 0oJiee MPOYHBIM MaTepuajoM. DTa mpolbiieMa penraercs
HaHECCHWEM Ha TOBEPXHOCTh METAJUIMYECKUX OHITONIAPHBIX IUIAT TOKPBITHA W3
Pa3IMYHBIX YIJIEPOAHBIX MaTEpUalOB UM HE YIVIEPOAHBIX MAaTEPUAJIOB.

JInst momy4eHus: yriaepoaHbIX HAHOKOMIIO3UTHBIX MOKPBITUN HCHOJIb30Ballach
OpUTHHAJbHAS BAaKyyMHasi YCTAHOBKA C T€TEPOMOHHOW Oe3MacIsIHHON OTKaukou u
6a3oBbIM faBiaeHneM 5*10° Tla. Monmslit myuok Cgy FeHEPHPOBAJICS TPH MOMOILIH
MOHHOTO HUCTOYHHMKA C CEUIOBUAHBIM DJIEKTPUYECKUM IOJEM IPH YCKOPSIOILEM
HanpspkeHHH 6 kKB. IToBepXHOCTh MOAIOKKH MPEABAPUTENIFHO YHCTUIACH ITyYKOM C
6oJree BEICOKOW SHEPTHEH.

Koppo3uoHHble HCHBITAaHUS TPOU3BOAWIM B TPEXDIEKTPOAHON KUJIKOCTHOM
siYeHKe, MOJACIHPYS YCIOBHs pPabOTBI AJIEKTPOAOB HHU3KOTEeMIeparypHoro TD.
OO6pasipl ¢ YriIepoJHbIM MOKPBITHEM JAEMOHCTPHPYIOT CHIDKEHHE KOPPO3HOHHOTO
TOKa, B YCIOBUAX PaOOTHI AJIEKTPOIOB TOIUIMBHOTO 3JeMeHTa, Oonee yeM B 10 pas.
[losnyueHHble TMOKPBITUS, B YCIOBUAX TPEHUS B JKUAKOCTH, JEMOHCTPUPYIOT
cHIKeHHe Kod(duimenta TpeHus B 4 pa3a U CHWKeHUe n3Hoca Oosee yem B 200
pas, o CPaBHEHHIO C TATAHOM 0€3 TIOKPBITHSI.

Pabora BeITIONTHEHA TTpH TTOIIepkKe rpanTta PODU 19-58-51016 HUD_a.

Pab6ota Bemonnsutack B Lenrpe xommnerenimid HTU 1o TeXHOJIOTUsAM HOBBIX U
MOOHMIBHBIX HCTOYHHUKOB 3Hepruu npu UITX®D PAH.
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KBaHTOBBIe TOUKH KaK MJIATGOPMBI LISl CAMOOPTAHU3YIOIUXCS
MYJIbTH()OTOXPOMHBIX CHCTEM, BBITOJHSIONINX QYHKIMH (POTOHHBIX
MOJIeKYJISPHBIX JIOTHYeCKUX BeHTHJIeil

byovika M.®.
UITX®D PAH, YepHoronoBka

OObIYHO B THOpUAHOM OpraHo-Heopranumdeckoi HaHodactune (I'HY), cocrosiueii n3
KoyToniHOH kBaHTOBOM Touku (KT) u xoopAMHHPOBAaHHOTO Ha HEl (HOTOXPOMHOTO
muranzaa (PJI), mocnenHuil BBIMOIHAET BCIOMOTATENbHYIO (YHKIHIO, & OCHOBHBIM
anemeHToM sBiserca KT, noMuHecneHnueid KOTOpOH — yNpaBIslOT IyTEM
nepeximtoyenuss  DJI U3 omHOrO  cocrosHMA B ApYroe IpU  peakuuu
(doronzomepuzanuu (ON).

C ngpyroit croponsl, ['HU mpencraBiser co0OH caMOOpraHHU3YIOIIYIOCS
myabTadoToxpoMHyt0 cuctemy (M®C), B kotopoii KT siBisiercst muatgopmoid st
koopauHarmu DJI, comeprkamero cnenuansHble "skopHbIe" rpymmnsl. Takas [HY-

M®C, conepxarasi N MOJIEKya GOTOXpOMa, TIPECTABIISACT
cobotii "cymep-poroxpoM", IMEIOIIUI KaKk MHHUMYM (N-+1)

\ l CTIEKTPAJIbHO pPAa3IMYUMBIX H30MEPOB, IEPEXOd MEKIY

KOTOPBIMHU TIPOUCXOIUT MO IEHCTBHEM CBETA.

Ilpu  oOnydenmn  OONBIIMX  aHCAMOJIEH  MOJIEKYJT
’/’ ‘\ (doToxpoma (pacTBOpEI, HOJIUMEPHBIE TIJIEHKH, KPHCTAILIBI)
/ l\ kBaHTOBBIH BeIXxOm DU (@) — 3T0 crarucTUdeckas
BEJIMYMHA, ITOKA3bIBAIOMIAsl JOJI0 H30MEPH30BaBIINXCS
monekyn. @Y ancam0as — 3TO JeTEpMHHHPOBAHHBIN IIPOILECC C MPEACKa3yeMbIM
KOHEYHBIM COCTOSTHMEM, T.K. IOJ JECHCTBHEM CBeTa B KOHIIE KOHIIOB JOCTHIAETCS
¢doroctanmonapHoe coctosiuue (PC), B KOTOPOM OTHOCHTEIBHOE COJEpKaHUE

HN30MEpOB MO’KHO BapbHUPOBATH, H3MEHSIS JUTHHY BOJIHBI JICHCTBYIOIIETO CBETA.

Ha ocHoBe oroxpomoB pa3pabareiBaroTcsi (DOTOHHBIE MOJICKYIISIPHBIC
nornyeckue BeHtwin (MJIB). ®oronusiii MJIB nomkeH ¢yHKIHMOHMpOBAaTH Ha
YPOBHE €IUHUYHOM MOJIEKYJIbI, & Ha 3TOM YPOBHE ¢ — BeposATrHocTh @Y omHoro
nzomepa B apyroid. OmHa Momekyna He obOpasyer PC. ®U moiekymsl — 3TO
CTOXaCTUYECKUI MPOIECC ¢ HEMPeCKa3yeMbIM KOHEUHBIM COCTOSIHUEM.
HcnonwszoBanne MOC B kauectBe MJIB mo3BosisieT pemuth mpodieMy BepOSITHOCTH
nepexnroueHnss MJIB u mepedTH OT CTOXacTHYeCKOro K AETEPMHUHUPOBAHHOMY
pexuMy paboTel. Hampumep, ecnu Uit OZHOH  MOJIEKYJIBI BEPOSTHOCTh
nepeximoueHust @ = 30%, o s MOC npu N = 10 BepOATHOCTh MEPEKIIOUCHUS
x0Ts1 Obl oHOU MoJneKynsl U3 10 @0 = 97%, a BEepOATHOCTH HecpaOaTHIBAHUS
Takoit MOC — 3% BmecTto 70% 15t 0THON MOJIEKYJIbI.

Paccmotpensr mpumeps! ¢pyukimonuposanus [ HU-M®C na ocroBe KT CdS u
JIMapUIIITUIICHOBBIX (pOTOXpOMOB B KauecTBe poroHHbIX MJIB.

Pa6ota BemonHeHa mmo IN'oc3akasy Ne AAAA-A19-119070790003-7.
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TepMorpaBuMeTpUYeCKHil aHAIU3 OKUCJIEHHOr0 rpad)eHOBOro0 MaTepuaJa,
TOJTY4YE€HHOTO B PA3HBIX YCJIOBHAX

Bonxosa H.H.l, FOpaxosa 0.10.1’2, Bbackakoe C.A.l, Komapos E.A.l, Anbynos AHUS
1. UTIX® PAH, r. YepHorosoBka
2. DODOXU MI'Y, r. Mocksa
3. BHUTU BII, r. lllenxoBo

B ycnoBusIX HENmpepbIBHOrO BaKyyMHPOBAHHUS MPOBEICH TEPMOIPaBUMETPUUCCKUN
aHaM3 00pa3IoB OKHUCIEHHOTO TPpa)eHOBOTO MaTepHaia, IIOJIydeHHOTO W3 BOJTHOI
CyclieH3uH okcuja TpadeHa B Buae: 1) Mopolika, IMOJYYCHHOTO BBICYIIMBAHUEM
CyCIeH3MHM Ha BO3ayxe; 2) adsporenst mocie JauoduibHOi cymku [1]; 3)
THOGUIN3UPOBAHHOTO TyOUaTOr0 MaTepHaa.

[Toka3zaHo, 4TO Ka)IbIii 3 00Pa3IOB COMEPIKHUT aJICOPOMPOBAHHBIC MOJICKYJIBI
BOJIbI, KOTOPBIC YIAISIOTCS B PE3yJIbTaTe BAKYYMHPOBAHUS YK€ MPHU KOMHATHOM
temneparype. HauOGomnbimee konndectBo Boubl (~20  mac. %) COHEPXKHUT
CBEXKEIPUTOTOBIICHHBIH JTHOMOUIN3UPOBAHHBINA OKCHI rpadena (puc. 1, xpusas 3).
[Ipu cymke o0pa3noB B BaKyyMe WIIM XpaHCHUH Ha BO3IYXE IPOUCXOITHUT ITOTEPS
OIPEICICHHOT0 KOJIMYECTBA aICOPOUPOBAHHON BOJIBI U BOCCTAHOBIICHHE KHCIOPO/I-
cozepKamux (YHKIHOHAJIBHBIX TPYII, HOPUYeM B HAWOOJBIIECH CTENeHH 3TO
OTHOCHTCS K JTHODWIH3HPOBAHHOMY OKcHIy IpadeHa (puc. 1, kpusas 1).

Macca, %
100

9041
80
70

60 -

T T T T T 1
50 100 150 200 250 300 350

I'emrepaty pa, °C

Puc. 1. TT'A nuoguruzuposannozo oxcuda epaghena nocne cywru 6 eaxyyme (1);
aspoeens (2) u moguiusuposanto2o ceedcezo oxcuoa epagpena (3). Ckopocme
nazpesa 0.8 epaolvun. Baxyym, P =1 Ila.

IIpu TI'A oxcmma rpadeHa B yCIOBHAX BaKyymMa IOMHMO Ta3000pa3HBIX
00pa3yroTCs KUJIKHE U TBEPABIE MPOYKTHI PA3TIOKCHHS.

Pabota BemoHeHa o Temam ["ocynapcrBenHoro 3amanus: 0089-2019-0005, Ne
roc. per. AAAA-A19-119101690058-9 u 0089-2019-0017, Ne roc. per. AAAA-
A19-119100800130-0

Jlureparypa
1. S.A. Baskakov, R.A. Manzhos, A.S . Lobacha, Y.V. Bas kakova, A.V. Kulikov,
V.M.Martynenko, A.G. Krivenko, Y.M.Shulga. Properties of a granulated nitrogen-
doped graphene oxide aerogel. Journal of Non-Crystalline Solids, 2018, V.498, P.
236-243
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Dochauukiaansl ¢ nepudepuitHbIMU THOIPUPHBIMYU TPYNNAMH B
acCHMMETPHUYECKOM MAJIAIHeBOM KaTajn3e

Taspunos K.H Sumapes B.C1, Yyuenxkun UBL Tyntokuna H.C?
1. PT'Y umenu C.A. Ecennna, T. Ps3ans
2. Xumuueckuii pakynsrer MI'Y umenn M.B. JlomoHocoBa, T. MockBa

[Tporpecc SHAHTHOCENEKTHBHOTO METAJUIOKOMIUIEKCHOTO KaTajn3a BO MHOTOM
orpezeNnseTcsl ycmexamMu B 00JacTH am3aiiHa M cuHTe3a (ocdopcopepKammx
HHIYKTOPOB XHPAIbHOCTU. OTO OOYCIOBICHO BO3pACTaOLIel MOTPEOHOCTHIO B
HOBBIX O((EKTHBHBIX JIMTaHAAX, YyAOOHO TOJYyYaeMBIX W3  JOCTYIHBIX
SHAaHTHOYMCTBIX HMCXOJHBIX COCIMHCHHUIl; HEOOXOANMOCTBIO YBEJIMUCHUS MacCHBa
9KCNIEPUMEHTAIBHBIX JIAaHHBIX, 3HAYMMBIX JUIS YCTaHOBJIEHHMS 3aKOHOMEPHOCTEH
MepeHoca XUPaIbHOCTH B METAIOKATATIN3e; BAXKHOCTHIO MPEOIOJICHUSI TAaTEHTHBIX
OTpaHMYCHHH Ha MCIIOJIB30BAHHE PAa N3BECTHBIX JINTAHTHBIX TPYIIL.

3HAYUTENBHBIA BKJIAJL BHOCAT XHpajbHble (ochannKiIaHbl, B IIEPBYIO OYepeab
¢dochurHol mpuponsl. Ot coeamHenus c¢ tpems P-O u (wm) P-N cBszamu
JIOCTaTOYHO HECIOXKHO M C BEICOKHM BBIXOJIOM ITOJTyHarOTCs ITyTEM OJJHOCTAIUIHOTO
dochoprpoBaHUsl PACIPOCTPAHEHHBIX AHAHTHOYUCTBIX IPEIIECTBEHHUKOB, HE
TpeOyIOLIero ux NpeaBapuTebHON Moaudukanui. COOTBETCTBEHHO, OCPEICTBOM
MPOCTBIX PEaKNUil KOHICHCAIIMM CTAHOBUTCSA BO3MOXKHBIM IOJNyY€HHE OOIIMPHBIX
JUTaHTHBIX CEpHi, B TOM 4YHCIE C TPHUBICYCHHEM IPHEMOB MapaIeIbHOTO
TBeprodazHoro cunTte3a. Kpome Toro, coenunenust (GocUTHOrO THIIA BHITOIHO
OTJINYAIOTCSl  YCTOMYMBOCTBIO K OKHCJICHHMIO, BBIPAKEHHOW M-aKLENTOPOHOU
CIOCOOHOCTBIO, xopoteit PacTBOPUMOCTBIO COOTBETCTBYIOIIIX
METaJUTOKOMITJIEKCOB B IMMPOKOM CIIEKTPE CPed AJIS MPOBEICHUS KaTAIHTHYSCKUX
peakIuii ¥ HEBBICOKOH CTOMMOCTBIO.

docaunknanbl ¢ nepuPEpURHBIMU  CyIbOUAHBIME  (YHKIUSMU BBITOJTHO
OTIMYAIOTCS OT APYTHX TeTepOOMICHTATHBIX (OCHOPCOmEPKANINX COSANHCHUIT
MSTKOH JIBIOMCOBCKOM OCHOBHOCTBIO CyJb()MIHOTO JOHOPHOTO LEHTpPA, €ro
6onpuM mparnc-3dpdextom mo cpaBHeHHI0 ¢ N- U O-TOHOPHBIMH LEHTPaMH, a
TaKXKe CIOCOOHOCTBIO O0ECHEeUYNBATh BBIPAKCHHYIO ACHMMETPUIO OKPYXKCHHUS
METAJUINYECKOTO ILEHTpa. TeM He MeHee, Ha CeroJHANIHMH JeHb 3TOT KJAacc
MHIYKTOPOB XHUPAJIILHOCTH HOJIydHJ MeHbllee pa3sutue, 4yeM P,N- u P,O-nuranusr.
[MpoananuszupoBan  Bkian  Qocdanukandeckux P,S-OMaeHTaTHBIX — JIMTAHIOB
¢docoutHOro THIA B acummMmeTpudeckne Pd-kaTammsupyemsle peakiuu alIriIbHOTO
3aMEIICHNS 1 UKIOIPHCOCANHEHHS.

X

ey

P—X R' X=0,NR
x/

HccnenoBanne BBITIONHEHO TIpu (uHAHCOBOW mojuepkke PH® B pamkax
HayyHoro npoekrta Ne 19-13-00197.
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Ampudunbubie NHC-muranabl Ha 0CHOBe NPOU3BOIHBIX Kalinkc|[4]apeHna:
CHHTE3 H M3Y4YeHHe KATAINTHIEeCKAX CBOWCTB MOJYYeHHBIX in situ KoMImiiekcoB

Tapunosa P.H.l, bypunos B.A.l, bozoanos H.M.l, Muponosa ﬂ.A.l,
Cynmanosa S.ﬂ.l, Conosvesa C.E.Z, Anmunun 1.C. Y
1. I'AOY BO K@V, r. Kazanb
2. NODX num. A. E. Apby3osa KasHIL] PAH, r. Kazanp

Kowmruiekcol NEPEXOAHBIX MCTAJLUIOB C N-FeTepOL{I/IKHI/I‘{eCKI/IMI/I Kap6eHOBI)IMI/I
JUTaHIaMH HaIUTH MIHPOKOE MPUMEHEHHE B KaTallM3e peakIuii KPocc- COYCTaHMS.
[o cpaBHeHHIO ¢ poCPUHOBBIMU JTHTAHIAMH, JUTaHABl Ha ocHOBe NHC yCcTOWYHBEI
K BBICOKMM TEMIICPaTypaM, K OKHUCICHUIO M 00JaJaf0T BBICOKON THAPOIUTHYCCKOI
CTaOUITBHOCTHIO.

OobpenuaeHne N-TeTepOIMKINIECKIX KapOEHOBBIX JHTAaHIOB C IUIaT(OpMOi
KaJHMKCapeHa, II03BOJNUT CYHIECTBCHHO pACIIUPUTH TOTCHIWAT I[PUMCHECHUS
TOJIYYCHHBIX Ha HMX OCHOBE KOMINIJICKCOB IIEPEXOAHBIX METAJIIIOB. Boraras xumus
MaKpOIMKIIOB TIO3BOJSIET CENEKTHBHO MOAMGMHUIMPOBATh KaK BEPXHHH Tak M
HIDKHUA ~ 000ZBI  Pa3sNUYHBIMH  (DYHKIIMOHAJTBHBIMH, HANpUMeEp a3UJIHBIMU/
IKUHWIBHBIMHA ~ TPYNIaMH, C HOCIEIYIOIUM (OPMUPOBAHUEM  ITOJMMEPHBIX
TPHUA30JBHBIX YACTHUI] C KOHTPOJIUPYEMOU MOP(HOIOTHEH.

B xome pabGore Obuta paspaboraHa cTpaTerusi cuHTE3a aMPUPHIBLHBIX
MPOM3BOIHBIX KajuKca[4]apeHa ¢ a3ui/ajJKHHCOJCPIKAIIMMI HMHUIA30IUCBBIMU
MPOM3BOJAHBIMUA HAa BEpPXHEM 000/ MAaKpOLHUKIA, TaK JK€ OBbUTH HCCIICIOBAHbI
HEKOTOPbIE (PU3UKO- XHMUYECKHIE CBOMCTBA HOBBIX COCTUHEHHN.

o o
hat ° ) o

Pabora BeImonHeHa npu GpuHaHCOBOH noajepskke rpanta PH® 19-13-00095.
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AKTHBAIUS IOBEPXHOCTH HAHECEHHBIX HAHOYACTHII 30J10TA 32 CUET
B3aUMO/1elicTBHS ¢ BOAOPOIOM.

T'amun A.K., I'puwun M.B., Capsaoui C.IO., [1Iy6 b.P.
NX® PAH, Mocksa

30510TO ABNIACTCA ApUAMIINM IPUMEPOM MaTepHanta HHEPTHOTO B MACCUBHOM (opme
n  o0majaromero  BBICOKOW  aKTHBHOCTBIO B HAaHOPAa3MEpPHOM  BHJIE.
DKCHEpUMEHTAIBHO XeMOCOPOLIMS BOJOPOAA Ha MOBEPXHOCTH 30JI0ThIX HAHOYACTHUI]
Obuta oOHapy)keHa cpaBHMTEIbHO HenaBHO [1,2,3]. B namei pabore [2] , ObuIO
nmokazaHo, 4tro oskcnosuids 2000 JI HaHOWacTHI] 30JI0Ta, HAHECCHHBIX Ha
MTOBEPXHOCTh BBICOKOOPHUEHTHPOBAHHOTO mupoiuTHdeckoro rpagura (BOIIT") B H,
OPUBOJUT K  TMOSBICHHIO HA TIOBEPXHOCTH  HAHOYACTUL[  30JI0Ta  CJIOS
XEMOCOPOUPOBAHHOTO BOAOPOJA, UYTO IETEKTHPYETCA IO CHUKEHHUIO JIOKAJIbHOI
[IPOBOJAUMOCTH HAaHOYACTUL.

Hanouactunpr (HY) 3070Ta ¢ XapakTepHBIMH JaTepaibHBIMUA pa3zmepamu 4-6
HM OBUTH CHUTHE3UpOBaHbI Ha moBepxHocTH BOIII' METOI0M HPOMUTKH MOAIOKKH
BOIHBIM pacTBOpoM mpekypcopa HAuCly ¢ mocrmemyromuMm ero TepMHYEeCKHM
Pa3iIokKEHUEM B YCIOBUSAX CBEPXBBICOKOIO BaKyyMa.

VYCTaHOBJICHO, 4YTO XEMOCOPOIMsS BOIOPOAAa Ha IOBEPXHOCTH 30JIOTHIX
HAaHOYACTHIl aKTUBUPYET MX JJIS1 B3aUMOJICHCTBHSI ¢ TaKUMHU ajcopOaramu kak O2,
CO u N;O, B TO Bpems Kak 0 B3aMMOJIeHcTBHS ¢ BomopoaoM HY 3omota nHEpTHEI
10 OTHOLIEHUIO K YKa3aHHBIM Ta3aM.

Okcno3unuss HY 3070Ta, Ha KOTOPBIX IMPEABAPUTENBHO OBUT alIcOpOMpOBaH
Bogopoa, B O, MNPUBOAUT K JUCCOIMATHBHOM aacopOIMM KHCIOpoJIa Ha
TTOBEPXHOCTH 30JI0Ta, OJHAKO TPH3HAKOB oOpazoBaHms Boabl i OH-rpymm He
HaOmromaercs. [lokasaHo, uto Boma obpasyercs Ha moBepxHoctd HY 3o0sora mocie
TPEXATAMHON HKCMO3UIMUA B razoo0paszHbIXx peareHtax mo cxeme H, — O, — H,.
Oxcmo3unmss HY 3o0mota, B H, m 3arem B N,O mpuBOAHT K XeMocopOImu
aTOMapHOTO KHCIOPOa Ha TIOBEPXHOCTH obpasma. DddekTsl, Habmo1aeMbIe B ITHX
JKCIIEPUMEHTaX, aHAJOTHYHBI TocienoBareiabHol aacopouuun H, wm O, Ha
nosepxHocT HY 30710Ta, OfHAKO MOJNHOE 3alOHEHHE aTOMAPHBIM KHCIOPOAOM
noBepxaoctTrt HYU HaOmomaetrcs mpu dKcno3unusx B N,O MpuMepHO Ha TOPSIIOK
MeHbIINX, 4yeM B ciaydae O,. [TocnenoBatensHas sxcnozuuuu B Hy 1 CO npuBoauT k
oOpaszoBanuto panukanos HCO, ancopbupoBanHbix Ha 3onote. llocnemyromast
sKkcro3urmsa obpasma B O, npusoaut k okuciernto HCO ¢ oOpa3oBaHHEM MOJICKYTT
H,0 u CO, koTopsie 3aTeM JiecopOoupyrorcs ¢ mosepxHocta HY.

Pabora BhImONHeHa TpH (UHAHCOBOW ToOAnepkke Poccuiickoro QoHma
¢dbynaameHTanbHbIX uccaenoBanuit (rpant Ne 18-03-00060)

1. Maela Manzoli, Anna Chi orino, Floriana Vindigni, Flora Boccu zzi, Catalysis
Today 181 (2012) 62— 67

2. AK. Tatun, M.B. I'puminn, A.A. Kupcankun, B.A. Xaputonos, b.P. 111y0,
Poccuiickue Hanorexnosnoruu, 1.8, Nel-2 2013, ctp. 39-45

3. I.P. Silverwood, S.M. Rogers, S.K. Callear, S.F. Parker and C.R. A. Catlow,
Chem. Commun., 2016, 52, 533
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HoBrble uMua30/1MeBble NPOU3BOAHBIE THAKATUKC[4]apena u NHC-
KOMILTEKCHI d-MeTaJI10B Ha MX OCHOBE: CHHTE3 H H3y4YeHNe KaTaJIuTHYeCKOM
AKTHUBHOCTH

Tagpuamynnun B.X* , Cynmanosa Qﬂ Muponosa ﬂA , Bypunoe B. Al
Cozlogbeea C.E2, Anmunun U.C.»
1. K&V, Kazann
2. IODX, Kazanp

[epcnekTuBHOU IaTPOPMOi JUIst CO3JIaHHus CaMOOPTaHHU3YIOIIUXCS
KaTaIUTUYECKIX HAHOCUCTEM SIBISIETCS THAKAIUKC[4]apeHOBBIH MAaKpOIUKI U €ro
TIPOHM3BOIHEIE. Moekyisl (THa)KaJMKCapeHoB MOTYT  OBITH  JIETKO

MOAM(MHUIUPOBAHBI PA3TUIHBIME  (YHKIMOHAJIBHBIMU TPYNIIAMH, YTO ITO3BOJISIET
CHHTE3UPOBATh  KOMOUHHPOBAaHHbIE  IPEIOPraHU30BAHHbIC ampuduibHbIC
CTPYKTYpHI, KOTOpPHIE B CBOIO oOYepenb MOTYT (OPMHUPOBATH pPa3IHIHBIC
(YHKIMOHANbHBIE HAHOCHCTEMBI, IIPUMEHSAEMbIE B MHIEIUIIPHOM KaTajH3e.
Y CTONYMBOCTh KOMIUIEKCOB K BJAare M OKHUCIIEHUIO KUCIOPOIOM BO3[yXa HMEET
pelaroliee 3Hau€HHE IPH BBIOOPE METAIOKOMIUIEKCHBIX COEAMHEHUI Jist
moimydeHust aMQUQPWIBHBIX  Katanu3aTopoB. CoONM  WMHIA307HMA  SBISIOTCS
IIPUBJICKATEILHBIMI KapOCHOBBIMH JINTAHAAMH, Ha OCHOBE KOTOPBIX BO3MOXKHO
nonydyenue cradmibHbIx NHC KoMIUIeKcoB najutajius, NPUMEHSCMbIX B KauecTBE
KaTalau3aTopoB.
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Pucynox 1. Cunmes ampughuronvixNHC-xomnaexcos nannaous na ocroge
muaxanuxc[4]apenosoti nramgpopmol.

PaboTa BeImoTHEHA ITpH oA Iepkke TpanTta PH® Ne 18-73-10033
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®oTodpu3zuKa KAPOTHHOMIOB iN ViVO U IN Vitro

I'pasnos A.A., Knenuna U.b., Maxnesa 3.K., Mocxanenxo A.A., [Ipockypsaxos U.H.
NOIIb PAH, ITyuuno

SIBeHHs CHHIJIET — TPHUILICTHOTO AEJCHUS BO3OYXKICHHS MPUBIEKACT OOJIBIIOE
BHUMaHHUE UCCIEIOBATEICH, TOCKOJIBKY €ro MCIIOIB30BaHUE, KaK MPEAIOaracTcs,
MO3BOJIUT CYIIECTBEHHO YBEJIMYUTh K.ILJA. (oTonpeoOpazoBaTeneil COMHEYHOU
sHeprun. Hamm 3TO SBJIGHHE HCCIIEIOBAHO HAa TPHUMEpE JCNCHUS BO30YKIACHUSI
mousekysr  kapotuHouzoB (Kap) B cBerocoOmparormmx komimiekcax (CCK)
MypIypHBIX OakTepwii W B IuleHKaX. MccienoBanwme mpoBommian metomoMm OIIP
BBICOKOI'O BPEMEHHOI'O pa3pelleHus, a TaKKe MOAYJSILUK BbIXoJa (IIyopecleHUN
MarHUTHBIM T0JieM. B 3THX IBYX OOBEKTaX MPOSBISAIOTCSA Pa3lHYHBIC MEXaHH3MBI
nenenus Bo30yxaeHus. Ilokazano, uro B CCK B 3TOM mpolecce y4acTBYIOT
MOJICKYJIBI 0aKTepHoXIIOPO(HUILIOB, yepes KOTOpBIC OCYILECTBIISICTCS
CynepoOMEHHOE B3aMMOJCHCTBUE, MPHUBOJSIIEE K JENeHUI0 Bo30yxmeHus [1].
MeTtomoM MOIYJSIHN BRIXOAA (DIyopeclieHINH MAarHUTHBIM TOJIEM MOKa3aHO, 4TO
neneHne Bo30yxaeHus kapotuHouaoB B CCK mMmeeT MeXMOIICKYIISIPHBIN XapakTep
[2]. B nnenxax OMM3KHI KOHTAKT MEXAY MOJIEKYJIaMHU KapOTHHOUIOB HMPUBOJUT K
peanm3anny MeXaHW3Ma JeNeHus 0e3 ydacTus mocpegHukoB. [Ipn 3ToM meronom
DIIP  BmepBele  3apeTHCTPUPOBAH  CIEKTP  TPOMEKYTOYHOTO  COCTOSHHSA
JBYTpHILIETHOro Kommiaekca [ Kap’Kap]. C HCIONB30BaHHEM —IJ100aTbHOTO
KMHETHYIECKOT0 aHaJIM3a YJaJoCh MPOBECTH aHAIU3 CTaAui, B pe3yibTaTe KOTOPBIX
BO3HHKAIOT TPUIUICTHBIE COCTOSHHS M30JIMPOBAHHBIX MOJIEKYJ KapoTHHOHUTOB. Kak
B mienkax, Tak 1 B CCK crexrper DIIP *Kap umeror Ty CIHHOBYIO TOISPH3ALIHIO,
XapaKTepHYIO JUIS POLecca CUHTIET-TPUILIIETHOTO JIENICHHS BO30YKACHUS.

Jlureparypa

[1] Knenuna U.b., Maxuesa 3.K., Mockanenko A.A., I'yakos H.J., bonbiakos
M.A., IlaBnoBa E.A., IIpockypsikoB .W. buoxumus, 2014, Tom 79, Beim. 3, c. 310 —
317

[2] Knenuna U.b., I'psasHoB A.A., Maxuesa 3.K., [IpockypsikoB N.W. Jloknaapt
Axanemun Hayk, 2019, Tom 485, Ne 4, c. 511-514
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Bbuoxumunyeckne MeXaHU3MbI IPOTHBOBUPYCHOI U MPOTUBOOAKTEPHAIBHOI
AKTHBHOCTH TeTePONOJIUKHCIOT

Jlanuouux CD.H.l, Koesanesckuii C.A. 1, Bbanawos E.M.l, Jlonamuna O.A.Z,
I'ywuna E.A.z, baxnanosa O.B.Z, Hcaesa E.I/I.Z, Meszenyesa M.B.?
Deooposa JI. C.S, HUsawkesuu H.M.4, Kynax Aut
1. ®UILL XD PAH, r. MockBa
2. HULI SuM um. H.®. T'amanen Munzapasa Poccuu, r. Mocksa
3. ®bYH HUU [le3undexronorun Pociorpedbuanzopa, r. Mocksa
3. IOHX HAH benapycwu, r. Munck

JlaBHO n3BecTHbIe Kak A(P(EeKTHBHBIE KaTAINU3aTOPbI, CErOJIHS IOJMOKCOMETalaThl
(ITOM), B Tom gmcie, rereporionukuciotsl (I'TIK), akTHBHO M3ydaroTcs Kak HOBEIE
MePCICKTUBHBIE HAaHOMATEPHAIbI, 00JAaCTh BO3MOXKHBIX NPUMECHEHHH KOTOPBIX
MPOCTUPACTCS OT HAHOMU3UKU M HAHOXUMHU JI0 HAHOOMOJIOTHH ¥ HAHOMCIUIIMHBIL.
[TpropHUTeTHBIMU 3/1€Ch OCTAIOTCS TPYAHBIC 33a7Ja4YMl IEJICBOM MOAOOPKM COCTaBa M
crpoenus [IOM, B wactHoctH, [IOM-coenuHenunii, MepCNEeKTUBHBIX ISl CO3JIAHUS
Ha WX OCHOBE HOBBIX IPOTHBOBHPYCHBIX H aHTHOAKTCPHUAIBHBIX IPEIApaTOB.
OpueHTHpaMH NIPH PELIeHNH 3TUX 33/a4 JODKHA CTaTh HH(OpManus 0 MeXaHU3Max
OMOXMMHYECKHX TPOIECCOB, WAYIIMX HAa PA3NUYHBIX 3Talmax  CIOXKHBIX
B3anmoelicTBuii [IOM ¢ OHOJOTMYECKUMH MHKPO- W HAHO- CTPYKTypaMH, C
KJIeTKaMH{, BUpycaMH WIM  OakTepusiMH. OTH  B3aUMOJAEHCTBUS  4acTO
OCYIIECTBIISIIOTCS MO0 MEXaHU3My OOpa3oBaHMSA M paspyLICHUS MPOMEKYTOUHBIX
PaBHOBECHBIX (IONTOXKMBYIINX) MOBEpXHOCTHRIX KomruiekcoB (1K), mpupoma
KOTOpBIX ompenensercs crpoeaneM [IOM-aHHOHOB ¥ BHEIIHHX 000JI0YCK
COOTBETCTBYIOLIMX Ouonoruueckux muiiened. s BupycoB (u kxnerok) IIK - ato
HAaHOCTPYKTYPBI, B COCTAaB KOTOPBIX BXOIAT JHUMHIBI BHEIIHUX BHUPYCHBIX (WIIH
KJIETOYHBIX) OWIMIMUAHBIX MeMOpaH. Tounee, nWUIMUAB padTOB - YYACTKOB,
00OTramEHHBIX XOJECTCPHHOM U CUHTOMHEINHOM. B ciydae rpaMoTpUIIaTeIbHBIX
6axtepuit 11K - 3T0 HAHOCTPYKTYpHI, KOTOPBIC 00Pa3yIOTCS MOCIEe MPOHUKHOBEHUS
aaroHoB [IOM mox BHEIIHIOIO (JIMITONONIMCAXapHIHyI0) 000M04Ky. B coctaB aTHx
CTPYKTYp BXOIST JHIUABI IUIa3MaTHYECKUX MeMOpaH OakTepwil, cpelu KOTOPBIX
HET XOJIECTepHHA.

IIpomeccamu  ob6pasoBanust u paspymenus IIK pasmuunHoro cocrasa
ONPEACISIOTCS LUTOTOKCHYHOCTH coenuHeHuid [IOM, wuX nOpoTHBOBUpPYCHBIE
aKTHBHOCTH, aHTHOAKTepHaJIbHBICE CBOWCTBA W T.I. lIpupoja MHOTMX W3 3THUX
MIPOLIECCOB CTala sICHAa TOJBKO MOCIIE OTKPBITHS (DYHIAMEHTAIBHOTO, Ul OMOXUMHUHN
ITOM, s>¢dexta - 3HaunTenbHOTO (10 50%) HAYaTBLHOTO UCTOILICHHS XOJIECTEpUHA B
OMJIMITUIHBIX TUIEHKAX KIJICTOYHBIX MEMOpaH MO BO3ICHCTBHEM MHOTO3apsIHBIX
annonos ['TIK [1]

XomnectepuH (XJI) - )KM3HEHHO BaXKHBIN JIUIU, BXOASIIUI B COCTaB JBOMHOTO
ciost kierouHblx MemOpan (KM), urparommii poib OCHOBHOTO peryisTopa eé
JKECTKOCTH, BSI3KOCTH U IPOHHULAEMOCTH. XOJIECTEpPUH YYacTBYeT BO BCEX
BaKHEHMIIMX KJIETOUHBIX IMpoueccax. B TOM uucie, B MaTONOIMYECKUX, BKIIOYAs
BBI3BIBAEMBIEC BUPYCHBIMH HHEKITHAMH.

27



PocT npoHuIIaeMOCTH KJIETOYHBIX U BUPYCHBIX MEMOpaH MpU UCTOIEHUH B HUX
OCHOBHOTO PEryIaTopa TEKy4eCTH M IPOHMI[AEMOCTH - XOJIECTEPHHA, CIOCOOCH
3almycKaTh KacKaJbl MHOTOYMCJIEHHBIX CTPYKTYpPHBIX HpeBpaiieHuil. CTaHOBSATCS
BO3MOKHBIMHU Pa3HOO0OPa3HbIC BTOPUYHBIC OMOXHMMUYECKUE MTPOIIECCHI:

- (a3oBbIe TEepexobl (Hamp., MePexXoIbl U3 KUAKOKPUCTALUTUIECKOTO COCTOSIHUS B
relb, KOTOPBIE CONPOBOKHAIOTCS 00Opa30oBaHWEM JIMITUAHBIX HOHHBIX —TOP
HAaHOMETPOBBIX Pa3MEPOB);

- KJIacTepH3alus U POCT 00pa30BaBIIMXCS MOP (BEAYIIHE K pa3pbiBaM MeMOpaH U K
MIOJIHOMY HX Pa3pyIICHHIO);

- o0Opa3oBaHHE TIOBEPXHOCTHBIX Je(EeKTOB BO BHEMIHEH OenkoBoif 00omouKe
BUPYCOB, (THIIa YaCTHYHOW WM TIOJHOW TOTEPH  TPAHCMEMOPAHHBIX
TIIUKOIIPOTEUI0B);

- TPOHHWKHOBEHHE NMPOTOHOB M3 OKPYIKAIOIIECH CPeIbl CKBO3b JIMIHIHYIO BUPYCHYIO
0007109Ky (C TOCIEIYIONMM TPOTOHUPOBAHHUEM BHYTPHUBHPYCHBIX OCJIKOB, WX
pacTBOPCHHWEM W BBITCKAHWEM C 00pa3oBaHHEM OOBEMHBIX NE(PEKTOB BHPYCHBIX
4acTHUI) U Jp.

KoHcTaHTBl CKOpOCTEH 3THUX MPOLECCOB, KaK 3TO MOATBEPKAAETCS pe3yJIbTaTaMu
HallUX 3KCIEPUMEHTOB IO H3YYEHHIO LHUTOTOKCUYHOCTH W NPOTHBOBUPYCHOMH
aktuBHoctu I'TIK Kerruna H3PW12040, H3PM012040, H4SiW12040, H4SiM012040,
H5PM0|0V2040, H4PMO]1VO40, H4PW|1VO40 B OTHOLICHUHN BHUPYCOB A/ Aichi/1/68
(H3N2) u A/California/ 07/09 (HIN1)pdmO09/ cymniecTBeHHO 3aBUCAT (B OTACITHHBIX
ciydJasiX, MEHSISICh Ha TIOPSAKH ) HE TOJBKO OT aHHMOHHBIX 3apsiiOB M Macc, HO U OT
BBIOOpPA KYJBTYPHI KIIETOK U IITAMMa BHpYyca.

Omnpenensiomas  poilb  HAYaIBHOTO  XOJICCTEPUHOBOTO  HCTONICHHS B
(dopmupoBannn Ouonorndeckord akTuBHOCTH [TIK B OTHOmICHWH KIIETOYHBIX
KyJbTYp M BHUPYCOB MOJTBEPIKAACTCS pe3ylbTaTaMH HAIIUX JKCIEPUMEHTOB IO
M3YYEHUIO0 OaKTEPULUAHBIX M TOKCHKoJormdeckux cmoiictB ['TIK B oTHOmEHWH
OCHOBHBIX TIPEJICTABUTEINIEH TPAMITOJIOKUTENBHBIX U TPAMOTPHUIIATEILHBIX OaKTepHid,
S.aureus u E.coli.

Pabora BbimonmHeHa mpu (uHAHCOBOW mozajepkke Poccuiickoro ¢onna
¢dbynmaMeHTanbHBIX nccnenoBanuil (rpant Ne 18-54-00004 ben a) u Benopycckoro
¢doHma pyHIaMEHTANBHBIX UccaenoBaHuid (oroBop Ne X18P-110).

1. Kopanesckuit C.A., I'ynun A.A., Jlonatuna O.A., Bacun A.A., Mesenuesa M.B.,
banamos E.M., Kynemun JI.A., Kymak A.W., Jamumunk .M. Poccuiickue
HaHOTEXHOJIOTHH 2019, TOM 14, Ne 9-10, I 77-84,
DOI:10.1134/S1995078019050082

28



Bapuauuu mopdosorun u xumudeckuii 1u3aiitn Mukponposoaos PrDy-FeCoB

Jleopeyxas E.B., Konnax O.B.
WuctutyT npobaem xummueckoit ¢pusnkn PAH, Ueproromoska

OJHUM M3 COBPEMEHHBIX HAIIPABJICHU MEIUIMHCKONW CIIMHTPOHUKH U OMODU3HKN
SBIISICTCS  yAepkKaHWe, aHAIW3 M MO3UIMOHHPOBAHHE  MAarHUTOMEYEHHBIX
Ouonornuecknx OOBEKTOB C MOMOINBI0 MAarHUTHBIX IIMHIETOB. B KauecTse
MIPOTOTHIIOB MOTYT OBITH HCIIOJIb30BaHBI MArHUTHBIE MUKPOIIPOBO/IA Ha OCHOBE 4f 1
3d anementor (PrDy-FeCoB) [1-3]. Cpeau npeumyiuects 3d-4f MUKpPOIIPOBOIOB -
HaJIM4ue MPSAMOYTOJIBHON METIHN THCTEepe3nca ¢ Y3KUM IoyieM nepeximoueHus (20 —
100 Oe) B mmpokoM muamazone temmeparyp (150 —300 K), xoHTpomupyeMsbIid
nuamerp (10—-100 Um), HU3Kasg HAMarHUYEHHOCTb HACBIIICHUS, BapHalluu
(a3oBoro cocraBa M COOTBETCTBEHHO MAarHUTHOW CHJIBI, HEOOXOIMMOM JuIsi
NpUKpEIJIeHNss MW oTpbiBa dacTunbl. KoHTakT ¢eppomarautHoro sgpa o-Fe c
(deppumarauTHOit  00omoukoil PrDy-FeCo-B B 9STHX MHKpOIpOBOZax MOXKET
co3naBaTh PPEeKTsl 0OMEHHOTO CMENICHUsI, YTO BBIMVISIUT MHOTOOOCHIAIOINM C
TOYKH 3pPEHNS KOMOMHHMPOBAHHWS MAarHUTO-MMIIETAHCHBIX M MarHUTOPE3NCTHBHBIX
CBOHMCTB. YCTAaHOBJIEHBI MapaMeTpbl TONYHYEHHs, IIPU KOTOPBIX JIHAMETD,
LWJIMHAPUYIHOCTD, TJaJKOCTh MOBEPXHOCTH MHKPOIPOBOAOB, OJHOPOIAHOCTH IO
JUIMHE, 00pa30oBaHHE MHKPOKPUCTAIUIMYECKOH MM aMOp(HOW CTPYKTYpbl U TII.
3aBHCUT OT CKOPOCTH OXJIQXKICHHS pacIliaBa.

Hcnonb3yss IMIMHIPUYECKHH MHKPOIPOBOX, ITyTeM XHMHUYECKOTO [H3aifHa
Obl1a noy4yeHa KoHycooOpasHas popma KoHIla MUKporposoza (puc.1). Onpenenena
coOTBeTCTByMOIass MarHuTHas cwia F= mVB =2000 nH, neiictByromas Ha
MHKPOYACTHUITy U3 TOTO K€ MaTephaja pagnycoM ~ 1 MKM.

Puc. 1. Onmuuecroe uzobpasicenue
mukponposoda a-Fe/PrDyFeCoB ¢
KOHYCOOOPA3HBIM KOHYOM, NOTYYEHHbIM
nocpeocmeom mpasienust cmecwio 2 ml
H,SO4 u 2 ml HNOg3, naepemoii 0o 60 °C.

10 mrm

MakcuMalnbHOE  PacCTOSIHME, OTrPaHHYMBAIONIEE  CIIOCOOHOCTh  NHHIETA
yaepxuBarh yactuiy Becom 200 nH paBHO ' ~5 MKM. I'pasineHT MarHuTHOTO MOJIS
BO/IM3H YTOHUEHHOTO KOHIIA MUKPOMPOBOa 6m30k k ~ 0,8 10° T/M uto mocTaTouno
JUTS BO3JCHCTBHSI Ha OHMOIOTHUECKUE MPOIECCH BHYTPHU KIICTOK.

Pabora nonnep:xana PODU rpant «CradbmnsHOCTEY 20-32-70025.

[1] O.B. Komtak u ap., @TT, 62 (4), 562 (2020).
[2] R.B. Morgunov u np., IMMM, 497, 166004 (2020).
[3]1 O.B. Komnak u ap., @TT, 61, 2090 (2019).
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Bansinue KoBaJeHTHO-CBSI3aHHOTO a30Ta B MOJIEKYJIaX B3PbIBYATHIX BEHICCTB
Ha BBIX0J HAHOA/IMA30B.

Jlonmamos B.FO.Y, Ozepun A.H.?, Myllymaki V.2, Vehanen A%, Annazosa H.C.*
" ®I'VIT «CKTB «TexHomory, Cankrt-IletepOypr, Poccust
2 ®I'BYH UCIIM PAH, Mocksa, Poccust
3 CarbodeonLtd. Oy, Baanra, ®unisaans

YBenuueHne KoIu4ecTBa 00JacTel MCMONb30BaHMs JCTOHAIIMOHHBIX HAHOATIMAa30B
(JIHA) nmpuBoUT K HEOOXOAMMOCTH TTOJTyUeHHS ¥ TpUMeHeH s 6e3a30THBIX JTHA.

Hamu moka3aHo, 4YTO yCIOBHS CHHTe3a W cocTaB BB wmamo Brmusror Ha
coxepxkanue azora B JIHA. Teopermueckn MOXHO HCIIOJIB30BAaTh HUTPOI(UPEI,
Hanpumep, TOH (memtaspurpurerparntpar) — C(CH ,0ONO,);, B KOTOpOM
otcyTcTByeT KoBasieHTHas cBs3b C-N. Oxgnako, Kb storo momuoro BB cocrasnser
yunib -10,1 %, T.e. OYeHb Majlo «CBOOOIHOIO» yIJIepoja, IPU TOM, YTO YICIbHas
MOIIHOCTb €r0 OdYeHb Bhicoka — 72370  xJbk/kr wc. JloGaBka B TOH
OE3KUCIIOPOAHBIX M 0€3a30THBIX OPTaHMYECKUX COCTUHEHUH 0 PEKOMEHIYeMOTO
KB, B03MOKHO, TT03BOJIMITA OBI TOTyYUTh O€3a30THBIC Win ManoazoTHeie JJHA (<0,5
% mMac.).

Z I SKOHOMITUECKIT TT" 60/40
¢ ” [ obocnopanmeit T€TPIL
. | eeoaJIHA THARA  ATT 50/50
S\ =
<7 [
ﬁ4 f THE
=2 THT &
S L
g2
g7 TH®

10 15 20 25 30 35 40

Conep:kanne N B MoJ1eKy1e, % Mac.
Puc. 3asucumocms vixooa JJHA om cooepoicanus azoma 6 unousudyaivbuvix BB u
cmecesbix 3apsaoax.

1. BriepBhle ompenenena 3aBUcUMOCTh Beixoga JIHA oT comepkaHusi KOBaJICHTHO
CBSA3aHHOTO € YIJIEPOJIOM a30Ta B MoJieKysiax BB u onpenenén ontumanbHbIi
nuara3oH ot 23 10 28 % Mac.

2. PexoMeH/IOBaHO WCIONIB30BaHUE HUTPOI(DUPOB LIS MONYyUEHHS 0€3a30THBIX HITH
Manoa3oTHbIX (<0,5 % azota) JJHA.

PaboTa BBITIONHEHA TIPH 9aCTHYHOH (prHAHCOBOH moanepkke PODU B pamkax
Hay4Horo npoekra No 18-29-19112.
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HpOFH03l/lp0BaHl/le BbIX0JA I€TOHAIIMOHHBIX HAHOA/IMA30B B 3aBUCUMOCTH OT
CBOMCTB B3PbIBYATHIX BEIIECTB.

Jloamamos B.lO.l, Osepun A.H.Z, Bexanen A.3, Mionnomarxu B.3, Jlopoxog A.O.4,
Kosznos A.C.l, Byno A.H.S, Mapuykos B.A.l, Juoetixun A.T.5, Meiinaxc A.H.s,
Anmazoea H.C.

'®TYII «CKTB «Texuomnor», Cankr-IlerepGypr, Poccust
*®I'BYH UCIIM PAH, Mocksa, Poccus

3CarbodeonLtd. Oy, Baanta, ®uAIsHIAS

*AO "3asoy "I[lmactmacc", r. Komerick, moc. CoetoB, Poccust
*OI'BYH ®TH nm. A.®. Modde PAH, Canxt-Iletepbypr, Poccus

Ienb paboTsl — MporHo3Has orneHka Bbixona JIHA Ha ocHOBe paHee YCTaHOBJIEHHBIX
3akoHOMepHOCTeH. [IporHO3 ~ OBUT  OCYIISCTBICH B  OTHOIICHHH  IIOKa
HEJOOLIEHEHHBIX, HO u3BecTHbIX BB, Takux, kak: TATBH (1,3,5-rpmamuno-2,4,6-
TpunHuTpoOen3on), I1K, mukpuHoBas kuciota (2,4,6-rpuanutpodenorn), FHAB (6uc-
(2,4,6-TpuHUTpOGEHII)-THa3eH, TeKcaHuTpoazodenszon), bTd (6enzo-tpuc(1,2,5-
OKcagHaszommiokenn), Oenszorpudypokcan), Z-TAKOT (terpanmrpo-2,3,5,6-
mubenso-1,3a, 4,6a-terpazanenranen), THB (1,3,5-Tpunutpoden3on).

3Hast TOMBKO CKOPOCTH JIeTOHAIM BB MOXHO OpHEHTHPOBOYHO OMPEICIUTH,
Kak yJaenbHyr MomiHocTe BB, Tak m HemocpenctBenHo Beixon JIHA. A 3Has
yaenabHy0 MourHocTh BB n naBnenue B miockoctu YenmeHna-Kyre, MOKHO Takke
HE3aBUCUMO OmpeaenuTh Beixoa JJTHA.

Tabauya. Beixoo JTHA, onpedenénunulii epaghuyecxu, u npocHO3HbIU 8bIX00.

Hass. BB mwin Beixon JHA | Beixog JHA | Beixog JHA TporHosHsiii
rpadud. 1o | rpadud. 1o | rpadud. 1o

COCTaB cMecU BBIXO/]
MOIITH. JIaBIL. CKOp. JICT.

TATb 6,0 4,2 6,5 4,2+6,5

I1K 5,9 5,55,55,5+5,9

I'HAB 5.2 6,1 4,4 4,4+6,1

bT® 1,5 1,51,51,5

Z-TAKOT 4,9 5,6 4,0 4,0+5,6

[TomyuenHble MPOTHO3HBIE NaHHBIE O BhIX0Ay JIHA BIOIHE MOXKHO HCIOJB30BaTh
JII OPUEHTUPOBOYHON OIICHKM MEPCIEKTUBHOCTH npuMeHeHus BB, B wactHOCTH,
TPUHUTPOTPUAMHHOOCH30J1, TPUHUTPO(DEHOITA, TeKCaHUTPOa300eH301a,
oenszotpudypokcana, Z-TAKOT u tpuHHTpOOEH3011a.

PaboTa BBINONHEHA IPH YaCTUYHOH (prHAHCOBON moanepkke PODU B pamkax
Hay4Horo npoexta Ne 18-29-19112
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KonBepcus yriieBoaopoioB B CHHIa3 Npu NapuHaJIbHOM OKHCIEHHU B peKnMe
cBepxaanadaTHIecKoro puIbTPANHOHHOTO TOPEeHHs

THonuanuux E.B., [lopogeenxo C.O.
WuctutyT npobaem xumuueckoit pusnku PAH, UepHoronoska

KonBepcust yrieBogoOpoIOB B CHHra3 IIOCPEICTBOM MApPIHAIbHOTO OKHCICHUS
(POX) momxHa obecreunth MakcuManbHbIH Bbixon CO u H, IpH MUHHUMAJIBHOM
TerioBoM  dddexre  OpyTro-peakumu. T.e., peakius JODKHA — BKIIOYATh
SHIIOTEPMHUYECKIH OKHUCIUTENb, HAIPUMEp, BOAY, YTOOBI KOMIIEHCHPOBAThH
TEIUIOBBIJICIICHHE PeaKIuy Kuciopoaa. [ Mmerana 3To OpyTTO peakius

CH, + X0, + (1-2x)H,O0 — CO + (3-2x)H,

IIpu cootHomenun kuciaopoa/meran X* =0.426 OpyTTo TerwioBoH 3PdexT
CTaHOBHTCS HyJeBbIM. KOHBEPCHIO ClieyeT MPOBOIMUTE MPU BBICOKOH TeMIeparype,
MHAYe XMMHUYECKHUE PABHOBECHS B MPOIYKTaX MPHUBEIYT K OO0pa3oBaHUIO METaHa,
BOIBI M YIJEKHCIOTO Tasza. BeIcOKoTeMIlepaTypHBIE IPOMYKTHI YHOCAT TEIUIO,
BhIIEIIsIeMOe B peaknuu. [y BBICOKOH d((EKTHBHOCTH HEOOXOIUMO BO3BPATHUTh
¢u3nyuecKoe TEIUIO TOPSYMX MPOAYKTOB (CHHrasa) W MEpeAarh €ro HCXOIHBIM
peareHtam, T.e., IPOBOJHUTH IpoOIeCC B pekume cBepxanuabatudeckoro (CA)
ropeans. @unpTpanonnoe ropenue (OI) B mopucToil cpene aaeT BO3MOXKHOCTH
peamm3oBaTh mpomecc kak CA — mopucTas cpefa CIYXHT H TOBEPXHOCTBHIO
TeruiooOMeHa, u TeronocureneM. @I mpeaBapuUTENbHO CMEIIAHHBIX T'a30B UMEET
(yHIaMEHTaNbHOE OTpaHUUYCHME: I'a30Basi CMECh caMa «BBIOMpAETy» TeMIeparypy
TOPEHUS, OTpENeNsIeMyl0 KHHETHKON BocIUlaMeHeHHA. [IpeanmoeHHBIi aBTOpamMu
npouecc — @I" 0e3 mpeABapUTEIFHOTO CMEIIMBAHHUS, C TIPEIBAPUTECIHLHBIM HAIPEBOM
OJHOTO peareHTa OT MOPUCTOH cpedbl. DTO MOXKHO pPEaln30BaTh B PEAKTOpPE C
00paraeMbIM IIOTOKOM MJTH B IPOTHBOTOYHOM PEAKTOPE B TIOTOKE TIOPHUCTOH CPEIBI.
POX xonBepcusi ¢ HarpeBOM METaHOMAPOBOM CMECH B TOPUCTOW MAaTpHUIE HU
[OJJauei YHCTOrO KMCIOPOIa TEOPETUICCKU MOKET OBITh IpoBecHa Ipu X ~0.48.

[oBpimerne 3¢dexkTHBHOCTH nake AT 3a0aUTaCTHPOBAHHBIX Ta30B MOXKET
OBITH JOCTUTHYTO C IIPEBAPUTEILHBIM HAarpeBOM OOOWX PEareHTOB B PEaKTOPE C
IBIDKYIIUMCSL cioeM. [lpeaBapHTeNbHBI HarpeB MeTaHa W YaCTHYHBIA HarpeB
MapOBO3AYIIHONW CMecH 3a CYET TeIUla TBEPAOr0 TEIUIOHOCHTENs O0CCIeYHBaCT
KOHBEpPCHIO C XuMudeckuM kmj Beime 90% mpu x <0.55. Jlng mampHeHmIero
yiyameHuss POX  koHBepcnrn HEOOXOAWMO JOCTHYH IIOJHOTO HarpeBa 000mX
peareHToB. [lpemnokeHa NPHHIMIHANBGHAS CXEMa pPEakTopa, KoTopas IOKa He
peann30BaHa KOHCTPYKTHBHO, HO TIIOKa3bIBaeT (DU3UUECKYI0O BO3MOXKHOCTB
OCYIIECTBICHUS  ‘HeprodpQeKkTuBHOro mpomecca W AT  BO3MOXKHOCTD
MIPEABAPUTENBHO OLICHUTH ONTHMANIBHBIC YCIOBHS €T0 IPOBEICHUS.

PaboTa BeImonHeHa o Teme ['ocynapcTBeHHOTO 3amanusi, Ne roc. perucTpaiuu
AAAA-A19-119022690098-3  (tema  0089-2019-0018). PabGora  uwacTu4HO
nongepxkana PODU, npoexr 19-03-00405A, Ne roc. perucrpauuu AAAA-A19-
119011890155-5.
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Hccnenopanue peakuu KyJbTYp KJIETOK COJUIHBIX OMyXoJieil Ha
(¢oTonuHAMHIYECKOe BO3IeiiCTBHE MeTOJAMH roJIorpad)uuecKkoii MUKPOCKOIHHT

JKuxopesa A.A}, Berawos A.B.}, Asoonxuna H.A?, banoyesa H.A.Z,ﬂanwzoea A.B2
Tenvghono M.JT.Z, Hexaesa T..H.z, Cemenosa H.B.l, Baciomuncxuii O.C.
1. ®TU um. A. @. Nodde, Cankr-ITerepOypr
2. HMUL] onxonoruu um. H.H. ITerposa, Cankrt-IlerepOypr

B nacrosiiee Bpemsi OHKOJIOTHYECKUE 3a00JI€BaHUs, XapaKTepU3yIoIrecs O0NbIIon
9acTOTON PEIUINBOB, SBIIOTCS OTHOW W3 BaXHEHIINX MPOOIEM COBPEMEHHOM
onkoyiorun. Kak ObUTIO TIOKa3aHO B psiie padoT, UCCICIOBAaHIE PEAKIUH KJICTOK in
Vitro MOXXET T03BOJUTH 0Oojiee IPPEKTUBHO MOI00PaTh MPOTHBOOIYXOJICBYIO
teparmmto[ 1]. OmHako, W3ydeHHe OTKIMKA KIETOK, JETEKTUPOBAHHWE HX THOETH U
ONpeNeNiCHNe THUMAa  KJICTOYHOW THOENM  TNPEHMYIIECTBEHHO  IPOBOAUTCS
(iyopecleHTHRIME MeTolamMu. B cBoro odepenb LudpoBas royorpaduyueckas
MHUKpPOCKOIUSI He TpeOyeT BBEACHUS B KISTKH CTOPOHHMX BEIIECTB, 4YTO
MUHUMH3UPYET BIUSHUE Ha WCCIEIyeMble MpOIEecchl. Takke 3TOT METOJ TIpH
WCTIOJIE30BAHUU MaJION IUIOTHOCTH OOJyYCHHUS MO3BOIISICT MPOBOAUTH JITHTEIBHBIIN
MOHHUTOPUHT KIJICTOK M IOJIy4aTh YUCICHHBIC 3HAYCHUS UX MOP(OIOTHYCCKUX U
ONTHYECKNX mapameTpoB. Takum oOpasom, 1mdpoBas rojorpapudeckas
MHKPOCKOIIHSI SIBIISICTCS TIEPCIIEKTHBHBIM METOJIOM H3YUCHHS OTKIMKA KIETOK in
vitro[2]. OgHMM K3 METOJOB JICUEHHS 3JI0KAYeCTBEHHBIX 3a00JIEBAHUM SIBIISIETCS
(dboTtonrHaMUUecKas Tepanus, KOTOpas OCHOBaHAa HAa TEHEPAllMUu aKTUBHBIX (OpPM
KHCIIOPOJIa U MOYKET NMPUBOUTH K THOETH KJIETOK ITyTEeM arorTo3a WIH HEKPO3a.

B macrosmielr paboTe MeTromamu IU(PPOBOI Tronorpaduaeckoil MHKPOCKOIIHN
OBUIO MPOBEICHO HCCICIOBAHUE MOP(OIOTHUCCKMX M ONTUYCCKUX I1apaMeTpOB
KJIETOK COJIMIHBIX OITyXOJiel TAlMeHTOB C pPakoM TIOYKH, MENaHOMBI KOXH,
OCTCOTEHHOH, aTbBEOJIIPHON ¥ JIMITO- CApKOM. B Xo1ie aHamm3a SKCIIepruMEHTaTbHBIX
JTAHHBIX OBLIU TOJTyYCHBI TUHAMUKHI U3MEHEHUs cpeHero (pa3oBoro Habera u Cyxoit
Macchl KIETOK TMAalMeHTOB IMPH HEKPO3€, BBI3BAHHOM (POTOJMHAMHYECKUM
Bo3zmeiicTBreM. CpaBHHUTENBHBI aHAIN3 CKOPOCTH MPOTEKAHWS W3MEHEHUI
ONTHYCCKUX M MOP(OIOTUICCKUX XapPAKTEPUCTHK KIICTOK IAIlICHTOB MOKAa3aj, 4TO
KyJAbTYpbl KIETOK TAlMEeHTOB C MEJIaHOMOW HauMeHee UyBCTBUTEIbHBI K
HCIONB3yEeMOH J103¢ (POTOTUHAMUYECKOTO BO3ACHCTBUSI.

[1] Ferriss J. S., Rice L. W. The role of in vitro directed chem otherapy in epithelial
ovarian cancer //Reviews in Obstetrics and Gynecology. —2010. — T. 3. — Ne. 2. — C.
49.

[2] Marquet P. et al. Digital holographic m icroscopy: a noninvasive contrastimaging
technique allowing quantitative visualization of living cells withsubwavelength axial
accuracy //Optics letters. —2005. — T. 30. — Ne. 5. —C. 468-470
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Mexann3mbl (POTOMHAYIUPOBAHHBIX PeaKIUil MeK1y KUHYPEHOBOMH KUCJI0TOI
M TpUNTOo(aHoM B cBOOOJHOM COCTOSTHUM M B cOCTaBe OeJika

JKypasnesa F0.C.*?, Illepun I1.C.**
1. Mexnynapoanslit tomorpaduueckuii nenrp CO PAH, HoBocubupck
2. HoBocnOupckuii rocy1apcTBeHHbIN yHUBEpcUTET, HOBOCHOMpPCK

KunypenoBass xucinora (KNA)—-  sddekruBupiii YO ¢dorocencudbunmzarop
XpycTaluKa Iia3a 4eiloBeka. B cpene xpycrammka, 6oraToil OenkaMu, TPUILIETHOE
cocrosire KNA ( °’KNA) Tymmrcst oCTaTKaMH apoMaTHYeCKHX aMHHOKHCIOT B
cocTaBe OENKOBBIX Lieneil ¢ oOpa3oBanueM paaukanoB KNA u Genka. JlanbHeiine
peaKknuu paguKagoB MPUBOAAT K 0OPAa30BaHUIO KPOCC-CHIMBOK MEXKIY OEIKOBBIMU
MOJICKYJTaMH, a Takke MPUCOEAWHEHHIO aTOMOB KHCIIOpoJa K MOJeKylaMm Oelka.
benkn B Xpycramuke ria3a He OOHOBIISIIOTCS HAa HPOTSDKCHUM BPEMEHU SKHU3HM
MHIMBHIA W HAKOIUICHUE 3THX HEOOpaTHMbIX MoJu(UKanuu OSIKOB ¢ BO3PACTOM
IpeapacroyaraeT XpyCTaJUK K pPAa3BUTHIO KaTapaKThl — IIPOTPECCHPYIONIIETO
MOMYTHEHHsI XpycTanuka. Ha cerogHAmHuMi NeHb MOJIEKYJSPHBIE MEXaHU3MbI
Pa3sBUTHUS KaTapPAKThl HESICHBIL.

Cawmsiit 3¢ dexruHbIi TynmTens "KNA cpeu aMHHOKHCIOT — 5TO TPHITO(aH
(TrpH): komcTanTta ckopocTr peakuun Mexay "KNA u TrpH 61u3ka K BepxHeMy
npeneny i AU(GY3MOHHO-KOHTPOIUPYEMBbIX peakiuil.  OJHAKo MeXaHH3M
TyLIICHUS HAa CETOAHAIIHUI JAeHb HE H3yueH. 3HAHHE MEXaHW3Ma BaXXKHO s
MOHUMAHUS JAIBHEHIINX peaknuit Mexnay oOpasyromumucsa pagukagamMu KNA u
TrpH. B nmanno#i paGoTe ¢ MOMOIIBIO JIA3EPHOTO HMITYJILCHOTO (HOTONM3a OBLIO
ycraHoBieHo, uto Tymenne ~KNA  TpunToaHOM —IpEICTABISET  COBOI
JBYXCTYIIEHUAaThIi MpoIlecC ¢ MEepeHOCOM »HJIeKTpOHa Ha MEpBOM Iare U C
MIEPEHOCOM MPOTOHA B PAIUKAIBHOMN KIETKE Ha BTOPOM IIIare.

W3BecTHO, uTO pH KIIETOUHOM Cpeabl MOXKET MOHIDKATHCS MIPH OKHCIUTEIEHOM
cTpecce — TiaBHOM (akTope pasBuTHs KarapakTel. Takum oOpazom, KNA-
(OTOMHAYLIMPOBAHHOE TOBPEXKACHHE OEJIKOB CTOMT paccMaTpuBaTh HE TOJBKO MPU
HEHTpaNbHBIX, HO W TIPH MOHIDKCHHBIX 3HaueHWsx pH. B mannoit pabore ObuLTO
n3ydeHo BiussHUe pH Ha peaknmu mexnay pamukanamu KNA u TrpH, B cBoOogHOM
COCTOSIHUM M B cocraBe Oeyka juzoumma. B cimywae cBoGoanoro TrpH
TIPOTOHMPOBAHKE HEUTPaATLHOTO pajaukana Trp’ ¢ obpasosanuem TrpH™ mpusoauT K
ycKopeHHuto BoccTaHoBleHUs UcXoAHbIXx KNA u TrpH, uro cHmxkaer merpananuto
pearenToB (Dge,) B kuciolt cpene. B ciyyae Oenka 3nayeHus Py, He U3MEHAIHUCH B
mupokom auanazone pH. OnHako Obut OOHApPY)KEHBI 3HAUYUTENIbHBIC U3MEHEHHS B
COCTaBe MPOAYKTOB: YBEIMUYCHUE COJCPIKAHHS OKHUCIEHHBIX (OPM M yMEHBIICHUE
OCNKOBBIX KPOCC-CIIMBOK. OTO YKa3blBA€T Ha YCKOPEHHE OKHCIUTEIBEHOTO
TIOBPEX/ICHHS OCJIKOB NPH Pa3BUTHHU KATaPAKTHI.

PaboTta BbImonmHeHa mnpu (HUHAHCOBOM mojjepxke Poccuiickoro HaydHOTro
¢donna (mpoekt 18-73-10014).
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daxTopbl agcopouuun CO na nosepxnoctu Pd-X (X=Cu, Ag, Au)
KaTaJIH3aTOPOB

3asenes JI.E.}, Lloourkos M.B.*, Huxonaes C.A.*
1. THXC PAH, Mocksa
2. MI'Y, Xumnaeckuit pakyiaprer, MockBa

OfHUM M3 MEPCHEeKTUBHBIX MPOLECCOB MPOMBIIIIEHHON OpPraHN4ecKOd XUMHUM Ha
6a3e BO30OHOBIISIEMOTO CHIPBS SIBIISICTCS MPOIECC MOTYUYCHUS JTMHEHHBIX O-CIIHPTOB
n3 Owostanosna. OH MoxeT OBITh ocymiecTBieH Ha Pd/Al,Oj-katamuzatope ¢
koHBepcueil 24% wu cenekTHBHOCTBIO 70%, OFHAKO 3TOT KaTalu3aTop OBICTPO
nesaktuBupyercs. bumerammnueckuit PACu/ALO; B TOM ke peakuuy MOKa3bIBaeT
creneHb KoHBepcuH 41% u cenexktuBHOCTh 91%, OcTaBasChb aKTUBHBIM B TE€UYEHUE
JIOJTOTO BPEMEHH.

B pabore wm3yuena ancopbuus CO Ha mnosepxnocts (111) T'IK Pd wu
OuMeTaInIeckux TBepbix pactBopoB Pd-X, X=Cu, Ag, Au. Tlpeamnomnaraercs, 94To
JIE3aKTUBALMS KaTanu3aTopa HpoucxoauT u3-3a ajgcopbuun CO. Takum obpasom,
sHeprus agcopbiun CO Ha MOBEPXHOCTh CIYKHT KPUTEPHEM HACKOJIBKO JAaHHBINA
COCTaB OMMETAITMYECKON YaCTHIBI XOPOIIO ceOsi MPOSBUT B POJIH CTAOMIBHOTO
KaTaJln3aTopa CHHTE3a JINHEWHBIX 0-CITUPTOB M3 OMOATaHOIA.

Ancopbuns CO Ha METAJITNIECKYIO0 MOBEPXHOCTh n3ydeHa
KBaHTOBOXMMHYECKHM  MOJCIIMPOBAHUEM  COIJIACHO  TEOpUM  (DYHKIMOHAsA
miotHocTH (DFT). s pacueToB ucmonb30BaH makeT nporpamm Quantum Espresso
6.4.1. Pacger cruraBoB mpomsBeqeH B paMmkax mpubmmkerns VCA (virtual crystal
approximation).

Jlns ka0l OMMETaNTHUeCKON CHCTEMbI PACCMOTPEHBL: PsiJl COCTABOB BO BCEM
JMara30He KOHICHTPAIMH, BO3MOXKHBIC BapHaHTHl mocaaku Moiekynsl CO Ha
TTOBEPXHOCTb, 3HAUCHHSI SHEPTHHN aICOPOIINH U pa3sHOCTH MEXIy ypoBHeM Depmu u
LEHTPOM d-30HBI.

Bo Bcex paccMOTpEHHBIX CiIydasX HAOIMIONAeTCs pe3Koe MaJeHHE SHEepruu
ancopbumu CO (Ha 13-20 xxan/mMomnb 1Mo abCOMIOTHON BENMYMHE) NMPH pa30aBICHNN
Pd meramutamn X = Cu, Ag, Au nipu mMonbHOH none X Gonee 60%. AHanmOrMYHBIM
o0pa3oM BezieT ce0si pa3HOCTh Mexkay ypoBHeM PepMu u 1IeHTpOM d-30HBI B 3TOM
JMama3oHe COCTaBoOB, yBenuuuBasich Ha 0.6-1.2 5B.

Takum  oOpa3om, TMOKa3aHO, YTO HAOMIONAEMBI  AKCIEPHMEHTAIIBHO
MO3UTHUBHBIA 3(QGEKT NpH HCIOIb30BAaHUM OUMETAUIMYECKOTO  KaTajIu3aTopa
PdCu/Al,0; moxer ObITh cBsi3aH ¢ moaaBieHueM aacopoiuu CO, TOCTHUraeMbIM IPU
koHneHTpanuu Pd menee 40%.

Bompocamu Uil JanbHEHMIIEro HMCCIIENOBaHMS SBIAIOTCA, B TOM HYHCIE:
OIpeZieNieHHe HIDKHEH TpaHuIbl KOoHIeHTpanuu Pd, mpu koTopoil coxpaHsercs
KatanuTudeckass akTuBHOCTH (30-40% - BepxHss TpaHHUIlA), a TaKXKe MOUCK MHBIX
JIECKPUTITOPOB KaTATUTHIECKOH aKTHBHOCTH, TOMUMO ancopommu CO.

PaboTa BemonHeHa B pamkax ['ocymapcreennoro 3aganus MHXC PAH.
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Pacuer MOBEPXHOCTHOI0O HATHIKCHUSA KUIKOCTH — AP B MOPUCTBIX CUCTEMAX

Baiinesa E.C., Tosoun 10.K.
HNOHX um. H.C. KypnakoBa PAH, Mocksa

B cucteme CBsI3aHHBIX TIOP JTFOOOTO CEYEHUS M pazMepa MpH HATMYUH XUMHIECKOTO
paBHOBecHsl BEIICCTBa BHYTPH BCEH MOPOBOW cHCTEeMBbl (hopMa MEHHCKAa W €ro
MOBEPXHOCTHOE HATSHKEHHE 3aBUCSAT OT CBOMCTB TpeX (ha3: TBEpIBIX CTEHOK MOD,
mapa ¥ SKAIKOCTH BHYTPH IIOp, HAXOJSIIUXCS B MapO-’KUIKOCTHOM PaBHOBECHU.
[epexonHast 06macTh MeK(ha3HON TPAHHUIIBI KHUIKOCTh — ITap MEKIY CTEHKaMU TTOPEI
MPEACTABIACT COOOW CIIOKHYIO HEOTHOPOJHYIO CHCTEMY, B KOTOPOW IUIOTHOCTH
BEIIEeCTBA MEHSAETCsl KaK MO IIMPUHE MOPBI, TaK M BJONb HNEPeXOJHON 00macTa
MEXIy MapoM M >KHAKOCTBIO B 3aBUCHMOCTH OT IIMPHHBI MOPHI M MOTCHIHANA €e
creHOK. OT mosyyaeMbIX MOJIEKYJIIPHBIX —PAcIpeleleHni BEIECTBa MEXIy
CTEHKaMHU I10P 3aBUCSAT JIOKAJIbHbIE 3HAYEHHS KPUBU3HBI MEHUCKA U TOBEPXHOCTHOI'O
HATSKCHUS.

Pa3zpaborana MeTomMKa pacdeTa IOBEpXHOCTHOTO HATSDKCHHS MEHHCKAa B
Tpex(a3Hoi cucTeMe TBEpHOe — KUIKOCTh — ITap Ha 0a3e MOJIENH PeIIeTOYHOTO Tasa
(MPI') cuctemsl map — *KUAKOCTb B CTPOTOM COOTBETCTBUH C TEPMOJUHAMUUECKUM
ompeneneHueM, TaHHBIM 140 et Hazay ['mb6com st mr000H KPUBHU3HBI TPAHHMITHL.
MPI' obGecrieunBaeT pacyeT pacrlpeaeiieHH MOJIEKYJ B pacrpeaelieHHOH MOJeNn
nepexoAHON obylacti TpaHuibl pazjena ¢as. CocrosHue cocymiecTByromux (a3
JIOJDKHO YIOBJIETBOPATh TEOPUU KOHJeHcauuu SHra — Jlu, a BHYTpU NEpexoqHOU
001acTH paBHOBECHOTO MEHHCKAa Ha KaXKJOM JIOKAJTBHOM YYacCTKE JOIOJHUTEIBHO
HaKJIa/IbIBAlOTCsl YCIOBHUSI XUMHUECKOT'0, TEMJIOBOI'O U MEXaHUUYECKOTO PAaBHOBECHUI.

B pabote uccnenoBaHbl MOPUCTBIE CHCTEMbI Ha 0a3e LMIIMHIPUYECKUX MOP
MIEPEMEHHOT0 CEYCHNUS U C N3MEHEHNE OPUEHTAIIMN OCH MTOPHI.

[ocTpoeHs! pactipenieieHns TIOTHOCTH BEIlecTBa MO IHPHUHE TOPHI U B0
MEPEXOIHON 00JIACTH MEKIY CTCHKAMH IMIIMHIPUIECKor opbl. [1o HUM HaxoasTes
JIOKaJbHBIE 3HAUCHUS TTOBEPXHOCTHOTO HATSKEHHS MEHHUCKA.

ChopMynupoBaHbl KpUTEpUU Ha OpTaHU3alMI0 pacdyeToB B o0jacTu
Tpex(pa3HOr0 KOHTaKTa TBEPIOE — JKUIKOCTh — Map W HCCICIAOBAHBI Pa3MEpHBIC
9 QEKThl Uil BEIUYUH KOHTAKTHOTO yIJIa B 3aBHCUMOCTH OT CEUYCHHUS MOPHI.
Paccuntanbl 3aBUCHMOCTH pa3MEpHBIX 3()(HEKTOB U BEIUYMH MOBEPXHOCTHBIX
HaTSDKEHUH IpU Napo-KUAKOCTHOM PABHOBECUM MEXAY CTEHKAMHU LMIMHAPUYECKON
[Opbl B 3aBHCHMOCTU OT JIOKAJIbHOH TI'€OMETPUH CEUEHHUsl MOphl M IOTEHIMaIa
CTEHOK NOpBL. Pe3ynbTaThl pacyeToB COMOCTABIEHBI C AaHAIOTHYHBIMU PE3yJIbTaTaMU
JUTS IEJIEBUIHBIX TOP.

Pabora BeimonHeHa nipu noaepxkke PODU (kox mpoekra 18-03-00030a).
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CpaBHHUTEIbHOE HCCJIeJ0BAHNE TEPMUYECKOro pa3jioxenus 1,1-nmamMuno-2,2-
AUHUTPOITUJIEHA U ero Kapdouukianyeckux romosioros merogamu ICK u TT'

3axapos B. B., llacmun A. B., Yykanos H. B., Kopcynckuii b. H.
UITX® PAH, r. YepHoroioBka

Tepmuueckoe paznoxeHue 1,1-nuamuHO-2,2-TUHUTPOITUIIEHA (D), 2-
(nuHUTpOMETHIICH)- 1,3 -AMa3aluKIONeHTaHa (2), 2-(auHUTpOMETHIIEH)- 1 ,3-
nuazanukinorekcana  (3) w  2-(nuHUTpOMeETWIeH)-1,3-auazanukinorentana  (4)
n3yyeHo Merogamu JICK u TI' ¢ ucnonb30BaHMEM CHHXPOHHOIO TEPMHUYECKOIO
ananuzaropa NETZSCH STA 409C Luxx B TOke aprosa, B Juara3oHe TeMnepaTtyp
30-350°C, npu ckopoctsix Harpesa oT 1 10 15 °C/muH 1 Macce HaBecok 2.3-2.4 wmr.
Jlannable g oOpa3moB 2 w3 mpenacTaBieHsl Ha puc. | W 2. AHaJOTHYHBIC
HCCIICIOBAHUS ITPOBEICHBI IS coenuHeHuit 1 u 4 .

3

2 4
1 .
—

T ok ED e,
4
s 300 2 3

—
VY
T 1
Tewneparypa°C

Puc.l. JICK kpusvie 2 npu Puc. 2. JICK u JTT xkpuswie 3 npu ckopocmu

dQdt, mBTlr
o 3 8 8 &8 3

dlfmimo) 1D0)dT, %C

cKopocmu Hazpesa nazpesa (°Clmun): 1 - 2.0, 2 - 5.0, 3 - 10.0,
(Clmun): 1 - 2.0, 2 - 5.0, 4-15.0
3-10.0,4-15.0

C wucnonb3oBaHueM ypaBHeHHs Kuccunmxepa oOmpenencHbl 3HauCHUS
SHEPTrUM aKTHBAIMM TepMHUUYecKoro paszioxenus 1, 2, 3 u 4, paBHbIE,
cooTBeTCTBeHHO, 220.3 £ 12.0 x/Ix/Moub (r = 0.9971), 290.6 + 11.3 x/Ix/mounb (r =
0.9934), 264.0 £ 12.5 x/x/mons(r = 0.9978) 1 301.9 £ 17.6 xJlx/mons(r = 0.9911).
COOTBETCTBYIOIIME 3HAYCHUS IPEIIKIIOHCHIIMATBHBIX MHOXHTeNneH: k; = 10 1379%
043, 1, = 1022412 1 | = 1928204 1y =108 23 1 Yy ocHopannm
MOJIyYEHHBIX JaHHBIX YCTaHOBJEHO, YTO coeAuHeHUs 3 U 4 C CYyIIECTBEHHO
HEIJIOCKUMM CTPYKTypaMHu, C yIJIaMH MexXJIy miockoctsmu 1,1- n 22-
3aMeCTUTENeH, paBHBIMU, COOTBETCTBEHHO, 89° m 79° mMeroT Ooliee HHU3KYIO
TEPMHUYCCKYI0 CTa0MIBHOCTh, 4YeM coeAuHeHumss 1 W 2, 9TO coriacyercs ¢
TEOPETHUUECKUMU pacuerami [1].

PabGora BemomHena mo Teme l'ocymapcTBeHHOro  3amaHms,  NoeNe
rocynapctsenHoi peructpauuu 0089-2019-0013.

[1] Krisyuk B.E., Zakharov V. V., Chukanov N.V.Cent. Eur. J. Energ. Mater.
2020, 17(1): 20-30; DOI 10.22211/cejem/118513.
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MexaHU3M KOHBEPCHH MeTAaHA B YCJIOBHSIX MATPHYHOTO TOPEHUS

Bumun H.C.l‘z, Osepckutl A.B.l’z, Tumoghees K.A.Z, Huxumun A.B.l'z, Casuenxo B.M.*
1. UTIX® PAH, YepHoronoBka
2. ®UIl XD PAH, Mocksa

MarpuuHasi KOHBEpCHsI METaHAa B CHHTE3-I'a3 — 3TO T'OMOI'CHHBIH OKHCIMTEIbHBINA
MPOIIECC, B YCIOBUAX KOTOPOrO KOHBEPCHUSI PEareHTOB MPOTEKaeT Ha MOBEPXHOCTHU
MPOHUI[AEMOT0 JUIA Ta3a M JOCTaTOYHO TEPMOCTOMKOro Martepuana. TakuMmu
MaTepuajaMl  MOTYT CIyXUThb TiepopupoBaHHas KepaMHKa, pa3IMIHbIC
TYTOIUIABKHE  TEHOMETAJUIBI, IOJNPECCOBAHHAS  METaUTMYEeCKash IMPOBOJIOKA
(MeTamnyeckuil BOMIOK, METaJUIOPE3NHA) U Apyrue noaodusie mMarepuansi[1]. HUs-
32 MHTEHCHBHOTO KOHBEKTHBHOTO M PAJHAIIMOHHOTO TEINTI00OMeHa ()pOHTA TIAMEHH
C TIOBEPXHOCTBIO MAaTpHIBI TEMIEpaTypa HPOAYKTOB KOHBEPCHH CHIDKACTCS
npumepHo 110 1400-1600K, B To BpeMsi Kak BHYTPEHHsSI MOBEPXHOCTb MAaTPHUIIbI
paszorpeBaercs 10 900-1200K, i mpuMepHO 10 TaKOH e TeMIIepaTypsl HarpeBaeTcs
CBEXasi Ta30Basi CMECh, MTOCTYMAOMAs BO (PPOHT IITAMEHH.

HccnenoBanus mokas3aid, YTO TPOIECCHl BHYTPH MAaTPHUYHOTO OJOKa MOXHO
pa3fenuTh Ha ABE 30HBI— OKHUCIUTEIBHYIO U MOCT-IIAMEHHYIO. B okucauTeNnsHON
30HE OIpEACIISIONIMMH TPOIECCAMH SIBISIFOTCSI TPOLECCHl OKHCIECHHWS METaHa U
MIPOMEKYTOUHBIX TPOAYKTOB. OKOHYAHWE OKHCIHUTENBHOM 30HBI OINpEAeiseTcs
BpEMEHEM  TIOJIHOM  KOHBEpCHM  Kuciopojga. B mocr-miuaMeHHOH — 30He
OTIPECNAIOINUME TIPOLIECCAMHU  SBJISAIOTCS MPOLECCH MUPOJIH3a 00pPa30BABIIMXCS
YTIEBOIOPOJIOB M METaHa, a TAKXKE UX MAPOBAs U YTIICKUCIOTHAS KOHBEPCHH.

B nanzo#t paboTe KHHETHIECKHM MOJIEIMPOBAHUEM MAPIHAIEHOTO OKHUCICHUS
B YCIOBHSX MATPUYHOM KOHBEPCHM OOraThIX METaH-KUCIOPOAHBIX cMeceil
MIPOIEMOHCTPHPOBAHO, YTO OCHOBHOM MapIIpyT pacxXoJOBaHHWS METaHAa B IIOCT-
IUIAMEHHOW 30HE MPOXOAUT Yepe3 ero MOCIEJOBATENIbHbIH MUPOIU3 10 aleTWICHa,
3aTeM YK€ aleTWIICH pearupyer ¢ BOJIOH, YTO MPUBOJAUT K YBEJIMUYCHUIO BBIXO/a
IL[EJICBBIX MIPOTYKTOB MaTPUYHONH KOHBEPCHH — BOIOPOJa U MOHOOKCHIA YTIIEpOa.

PaboTa BBIMONHEHa TpHW (HHAHCOBOW momaep:kke MuHOOpHayku Poccuu
(Cormamenne o mpenocrasiennu cyocumun Ne 05.607.21.0311, unentudukarop
RFMEFI60719X0311).

Jluteparypa.

1. A.V. Nikitin, A.V. Ozersky, V.I. Savchenko, I.V. Sedov, V.M. Shmelev, V.S.
Arutyunov. Matrix conversion of natural gas to syngas: the main parameters of the
process and possible applications // Chemical Engineering Journal Volume 377, 1
December 2019, 120883. DOI: 10.1016/j.cej.2019.01.162
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Koutpoaupyembie ¢poTonpounecchl B KOMILIEKCAX KPaCUTeIb-0e10K-
HAHOYACTHIIA

3woun A.10., Mameeesa K.U., Anexcanopos K.IO., Camyces U.T". 1
OI'AOY BO «b®Y um. U. Kanray, Kanuaunrpan.

®DiryopeciieHTHOE MEYCHHE MIMPOKO UCIIONB3YETCs TPH U3YYCHUU MaKpPO- H MHUKPO
00BEKTOB: KJIETOK U MX KOMIIOHEHT, O€JIKOB, IIENTHA0B U T.J1. [Ipu aTOoM cymiecTByer
psin mpoOieM, CBA3aHHBIX C MCUEHHEM, TaKUX KaK TOKCHYHOCTh KpacuTeIeH, HU3KU
KBAaHTOBBI BBIXOJ METKM WM MHIICHH, 9YTO CYIIECTBCHHO 3aTPyIHICT WX
uccienoBanue. B Hacrosimee Bpems, yrpaBieHHE (OTOMpOIeCCaMH B CHUCTEME
MUIIEHb-METKa C BHEIPEHHWEM HaHOYACTHIl METaJUIOB, CIIOCOOHBIX TeHepUpOBaTh
KoyleOaHUs IUTa3MOHOB BONM3M WX TIOBEPXHOCTH, SBICTCS TEPCIEKTUBHOI
obOmacTpi0  mccrmemoBaHuil. Takod IMOAXOA IMO3BOJIAET YHPABIATH TaKUMH
napamMeTpaMd Kak HWHTCHCHBHOCTh (DIIyOPCCIICHIIMM W KBaHTOBBIH BBIXOA B
MOIOOHBIX CHCTEMAX.

B pabore mpuBOmATCS  pe3ymbTAaTHl  HCCIENOBAHUN  (HOTOIPOIIECCOB
KOMITJICKCAX, COCTOSIIUX M3 OBYBET0 CHIBOPOTOYHOIO albOyMHHA, KPacHUTEII
pomamuna 6XX (P6)K), manowactmnm cepebpa. IIpomeMOHCTpHpPOBAHO BIUSHUE
IJIa3MOHHBIX 3(PQPEeKTOB Ha (HOTONPOIECCH B TAKMX KOMIUIEKCAX. BBITIOTHEHBI
CHEKTpalbHBIE W BpeMs-pa3pelieHHble  (DIyOpecIHeHTHBIE  HCCIIEeIOBAHUS
TpunTo(aHOBBIX OCTaTKOB Oenka, P6XK. OmpeneneHsl AKCIEpUMEHTATbHBIC
KOHIIEHTpAIlMM KOMITIOHEHTOB KOMIUIEKca misi HaOmoneHus s¢dexra miaazMoH-
yCHIJICHHOU (piyopecueHIy. PaccuuTaHbl KOHCTAHTHI PE30HAHCHOTO TIEPEeHOCA
SHEPTHH, a TAK)Ke KOHCTAHTHI TYIICHU B KOMITIeKcax. [loka3aHa mepcneKTHBHOCTD
HCIIOJIb30BAHUS PE3YJIbTATOB UCCICIOBAHMI B IEISX MOBBIMICHUS d((HEKTHBHOCTH
(ITyOpecIeHTHOTO MeUeHHs OEIKOB.

+ Ag NP (C=0.45 nM) +R6G

2 NP (C=0.23 nM) +R6G
Ag NP (C=0.11 nM) +R6G
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Ag NP (C=0.028 nM) +R6G
R6G

SO0000 = —

400000 =

00000 -

]hkr\ul
200000

Fluorescence intensity, a.u.

100000

0 1 1 1 1 1
300 350 400 450 500 550 600
Wavelength, nm

Pucynox 1. Pe3ynomamul KOHOKANbHOU hryopecyeHmHol CReKmpOCKORUL Kaniu
P6K, oonuposannotui cepedpa pazmepom 50 nm npu sapvupyemom paccmosHuu om
NOONIOICKU.

HccnenoBanue OBIIO BBIIOJHEHO B paMkax TpaHTa IIpesmpgenta PD s
TTOJITIEPKKH MOJIOBIX KaHIuIaToB HaykK (mpoekt Ne MK-1056.2019.2).

39



Poap Co-Ce-0KCOKOMIJIEKCOB B KATAJIUTHYECKOM OKHCJIEHHH MOHOOKCH/IA
yriepoaa Ha MOAN(UIMPOBAHHBIX EOJUTAX

Hlununa M.H.l, Kpomosa H.H.l, Yoanosa O.B.Z, Hsanun M.AL
1. MI'Y um. M.B. JlomonocoBa, . MockBa
2. UX® PAH, r. MockBa

Karanmuzatopsr oxucienuss CO Ha OCHOBE OKCHJOB HMEPEXOJHBIX METANJIOB OBICTPO
TEpSIOT AaKTUBHOCTh B TPUCYTCTBUM TNpuMecei. Bo3mokHOe pelieHne 3Toi
MIPOOJIeMBI 3aKJII0YACTCSl B CO3JAHUM KaTaln3aTOPOB C HOBBIMH IO CPABHEHHUIO C
OKCHJIOM THIIaMH aKTHBHBIX IIEHTPOB, HANpPHMEpP, KATHOHHBIMH OKCOKOMIITIEKCAaMHU
MeTajuia, ChOPMHUPOBAHHBIMH B IIEOIUTHOM MaTpure [1].

B Hacrosimed paboTe paccMOTpeHa poOJIb CMEIIAHHBIX KOOAIbT-IEPHUEBBIX
OKCOKaTHOHOB B KaTanutuueckoM okucienun CO B otcyrerBue (cMmech 1% CO, 1%
0,, 98% He) u B mpucyrctBun Bojnopona (1% CO, 1% O ,, 98% H,) B npoTounom
peaxtope. Cepust KaTaau3aTOPOB C PAa3IMIHBIM COOTHONICHHEM KOOambTa W LEpus
Oblla CHHTE3MPOBAaHA C KCIONB30BAaHHEM LEOJUTOB ZSM-5 ¢  pazinyHbIM
cunukaTHeIM  Monyiiem (Si/Al =40, 27.5 u 15). CoctaB NOPUTrOTOBIEHHBIX
KaTaJn3aTopoB ObLT BBEIOpaH Tak, 4yToOs! oTHOImEeHHe (Co+Ce)/Al He mpeBbimao 1.
B sTom ciydae hopMupoBaHne 1 BO3MOXKHOE yJacTHE OKCHJTHBIX YaCTHI] B KaTaln3e
MunuMusupyercs. Kak 0bputo mokasano s eonuta ¢ Si/Al=27.5, ontumanbHOe
JUTSL KaTATUTHUECKOW aKTMBHOCTH MOJibHOE cooTHolnenue Co:Ce 6musko k 3:1 [2].
AKTHBHOCTb KaTanu3aTopoB ¢ Onuskumu coxepxkanusmu Co m Ce u OIM3KHM K
ontumanbHoMy coorHomeHneM Co:Ce, oueHeHHas 1o Temneparype 50%
kouBepcun CO (T50) Bo3pacraer ¢ ymeHblIeHHeM oTHoIIeHHs Si/Al:

Si/Al | Co,mac.% | Ce,mac.% | Co:Ce | T50, °C (B He) T50, °C (8 Hy)
40 2 1.6 3:1 157 160

27.5 1.7 2 2:1 135 165

27.5 2.5 2 3:1 98 140
15 2 2 24:1 80 145

Cxoxre TCHACHIMH IMPOSBIIIOTCS KaK B OTCYTCTBHE, TaK W B IPUCYTCTBHU
Bozopoaa. Habnromaemasi 3akOHOMEPHOCTh CBsI3aHa C TEM, YTO B KaTalM3aTope Ha
OCHOBE IICOJIUTA C HAUMEHBIINM CWJIMKATHBIM MOIYJIEM M OJHM3KUM K ONTUMYMY
cootHomenneM Co:Ce ¢opmupyercs HauOOJbIIee KOJHMYECTBO OKCOKATHOHOB
Co(IIl), BkmroYast cMmellaHHble, yTo MoxaTBepxkaaercs AaHHbIMH PODOC u UK-
cnektpockormu 1O agcopoupoannoro CO.

JIureparypa
1. Shilina M.I., Rostovshchikova T.N., Nikolaev S.A., Udalova O.V.
Chemistry and Physics. 2019, V. 223. p. 287-298.

2. Shilina M.I., Udalova O.V., Krotova I.N., Ivanin L.
ChemCatChem. 2020, V. 12. p. 2556-2568.

Materials

A., Boichenko AN .
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Bausinue coctapa Mg xC03-xO4 (x = 0-1) u moaudunupoanus Cs u K na
KATAJHTHYECKYI0 AKTHBHOCTH OKCH/IOB B PeaKIHH HU3KOTEeMIEPATYPHOT0
pa3io:xkenus N2O

Usanosa I0.A., Cymopmuna E.®., Hcynosa JIA.
MK CO PAH, HoBocubupck

3akuch azora (N,O) mapHukoBbiii a3 B 310 pa3 ¢ Oosiee CHIBHBIM MOTEHIIMATIOM,
gem CO,. CokpalieHrne BHIOPOCOB 3aKHCH a30Ta B IPOU3BOJICTBE a30THOM KUCIIOTHI,
C WCIOJIb30BaHUEM KOMOWHHMPOBAHHOW KaTAIMTHYECKOH CHCTEMBI Ha 0Oase
CYIIECTBYIOIIECTO arperara HU3KOTEMIIEPaTypHOT O KaTaJIUTUIECKOTO
BOCCTAHOBJIEHUSI OKHCIJIOB a30Ta, aKTyaJlbHO U ceroans [1].

BrIcoKO# KaTaTUTHYECKON aKTHBHOCTHIO B pa3noxeHns N,O B 001acTH HU3KUX
temmeparyp (250-300°C) oGmamaror cucremsl Ha ocHoBe Co3;04 mImUHENH,
3aMelieHHble Ha KaTuoHel Mg, Ni, Zn, Cu, Fe u Moau¢unupoBaHHbIle KaTHOHAMU
menouHsix  MetauioB  [2]. Ilems paboThl - yCTaHOBHUTH BIMSHUE COCTaBa
3amenieHHoi Co-Mg-mmuHenn u MoauduiupoBanus karmoHamu Cs m K Ha
KaTaJIMTHYCCKYK0 aKTHBHOCTh B PEAKI[MH PA3JIOKCHUs 3aKUCH a30Ta MPH HU3KHUX
temneparypax. Karammsatopsr MgCos;,O4 (x =0-1) momyuanu wmeToaoM
COBMECTHOTO OCaxkIeHUs 1 Moauduuponanu katuonamu Cs u K (1-4%). O6pa3imst
npokanuBaiu rpu remneparype 450°C B TedueHue 2 4acos.

[Monyuennsie o0pasusl uccienoaian Merogamu PDA, BOT, TIIB, TII/I-O..
Karanutudeckyio akTUBHOCTh B peakuuu pasioxenus N,O ompeaensuin Ha
¢paxmum 0.25-0.50 mm tipu Temrieparype 1o 430°C u Bpemenu konrtakta 0.5 ¢ B
cmecu 1500 ppm N,O B He. [lokazaHo, 4yTO 3aMellleHHE CHUYKAET DHEPTUIO CBSI3U
MIOBEPXHOCTHOTO KHUCIOpoaa, Kak u Mmonudpunupoanue Cs. [lpu temmepartype
250°C BbICOKasi akTUBHOCTH HaOmonanack y oopasua 1%Cs/Mgj 1C0,90;.

Ckopocrs peakunn (R), Moa/(v’*¢)

1004 1mac%Cs / Mg, .Co, 0, 60x10° - 0.15% N,O + He [J1% Cs/mg,Co,,0,
90004 %, 250°C Il vg.Co, 0,
80 50x10° - ﬂ

4,0x10°22
14x10°
70x10° |

7,50x10"
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404

Kounepeus N,0, %

20

0 1 2 3 4
Conepanne karnonos K / Cs, 0,00
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Puc. 1. Buusnue (A) — codeparcanus mooudpuyupyrowux kamuonos Cs/K na
cmenens pasnodicenusi N;O; (B) — cocmasa kamanuzamopa Ha cKopocmy
pasznooicerust N,O npu 250 °C.

PaboTa BBIMONHEHa B paMkax rocyaapcrseHHoro 3amanus ®I'bBYH MK CO
PAH (mpoext NeAAAA-A17-117041710090-3)

[1] Yymauenko B.A., u np. / Xumus B uHTepecax ycToHumBoro passutus. 2020.
T.28. Ne2. C.210-219
[2] Konsolakis M. // ACS Cataysis. 2015. V. 5 (11). P. 1-87.
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BudyHkumoHalIbHbIE 31eKTPOKATAIN3ATOPbI HA OCHOBE OKCH/I0B MepeX0IHbIX
MeTaJIJIOB H MHOTOCJIOHHBIX YIJIEPOAHBIX HAHOTPYOOK /151 eT0THBIX
TOIJIUBHBIX 3JIEMEHTOB

Kazaxosa M.AY?, Morales D. M., Tonyoyos I'B.}? Masa J?®, Schuhmann W. 2
1. Macturyt kartammsza CO PAH, HoBocubupck
2. HoBocnOupcKkHid ToCy1apCTBCHHBIN YHIBEpCcHTET, HoBOCHOMpPCK
3. Ruhr-Universitit Bochum, Bochum, Germany

Ha ceronusimauii 1eHb U1l COBEPIICHCTBOBAHUS 0OPATHMBIX BOJOPOAHBIX M IIMHK-
BO3JYIIHBIX TOIUIMBHBIX 31eMeHTOB (TD) OnHOM M3 BakHBIX 3amay sBIACTCA
obecrieueHre OBICTPOTO MPOTEKAHUS AIEKTPOJHBIX pEaKUMH MpU  HU3KUX
TIepeHATIPSDKEHNAX, KOTOpast PEeIIaeTCs ITyTeM pa3paboTKH aKTHBHBIX, CTAOMIIBHBIX U
CPaBHUTEIBHO HENOPOTUX 3JIEKTPOKATAIM3aTOPOB. [3BEeCTHO, 4YTO peaknuu
anekTpoBoccTaHoBieHus: kucinopona (PBK) u snekrpookucienuss Boast (POB)
HMEIOT  KHHETHYCCKHE  OTPaHMYEHHs W MIPOTEKAaloT ¢ 0o0pa3oBaHHEM
MIPOMEKYTOUHBIX MpPOAYKTOB. OmHOW W3 OCHOBHBIX IpoOieM Ipu pa3zpaboTke
oundynknronanbHeIX KatanuzatopoB POB u PBK sBrsiercst pasmiuue B aKTHBHBIX
LIEHTPAaX OTBETCTBEHHBIX 3a A(P(PEKTUBHBIC NMPOTEKaHUS 3THX peakiuil. Hanbosee
HCTIONIB3yeMble KaTanu3aTopsl B TO — 3to Pt-comepikamme cucrems! (uist PBK) u
CHCTEMBI HAa OCHOBE OKCHJOB Mpuams n pyTreHus (mast POB). Opgaako crommocTh
9TUX JJIEMEHTOB U OTIPAaHMYEHHOCTh HX 3alacOB HE MO3BOJAIOT HCIOIb30BATh
JTAaHHBIE KaTalIW3aTOPhI B MIMPOKUX MacITabax.

B nmamnoi paboTe mpemioikeHa IMpocTas cTpaTterus cuHTe3a 3(dexkTHBHBIX
OM(YHKIIMOHAIBHBIX JJCKTPOKATAIU3aTOPOB Ha OCHOBe cMemanHbeix Fe/Co/Ni
OKCUJHBIX ~ HAQHOYACTHL[ C BapbUPYEMbIM  COOTHOIIEHHEM  METaUIOB U
MHOTOCJIOWHBIX ~ YIIIepoAHbIX HaHOTpyOok (MVYHT), cmocoGHbIX —0OpaTHMO
ynpasiate PBK 1 POB B menounsix cpenax. O6pasipl cMemanHbx okcunos Fe, Co
u Ni roropuiu nponutkoit MYHT Bogueimu pactBopamu HuTpatos Co (1), Fe (1IT)
n Ni(Il) ¢ mocnexyomum mpokajiuBaHueM B MHEPTHOH arMocdepe. OOpasubl ¢
Pa3NUYHBIM COCTABOM M COOTHOIICHHEM METAJUIOB OBUIM AETAIBFHO HCCIECIOBAHBI
merogamu I1OM, POA u PODC.

[Tokazano, uro BapeupoBanue coorHomreHusi Fe:Co:Ni Ha cragum cuHTeE3a
KaTajn3aTopa NPHBOIUT K M3MEHEHHUIO (pa30BOTO COCTaBa M pa3Mepa OKCHJIHBIX
HAHOYACTHII, a TAKXKE K UX Pa3TUIHON JIOKAJIM3alNH, KaKk Ha BHEITHEH MOBEPXHOCTH,
Tak U BHYTpH kaHasoB MVYHT. Drto B cBo0 odepeab HNPUBOAUT K Pa3IUYHbIM
TEHJCHIMSAM B OM(YHKIMOHAJIBHONH aKTUBHOCTH. YCTaHOBJEHO, YTO CHCTEMBI Ha
OCHOBE OMMETAJUINYECKHX OKCHIHBIX 00pa3loB MpPOJEMOHCTPHUPOBAIH Oosee
BBICOKYIO OM(YHKIIMOHAIBHYIO aKTHBHOCTB 10 CPABHEHUIO ¢ MOHOMETATMUECKUMHU
obpasuamu. Hampumep, FeCo/MYHT o6pasier ¢ cooTHomennem Fe:Co, Oau3KiM K
1, mpoaeMOHCTpUPOBAIU caMble HM3kHe nepeHampsbkeHus mexay PBK u POB B
IIENOYHBIX DJEKTPOJIMTAaX W BBICOKYIO cenektuBHOCTH B PBK, a Ttakxke
cTaGmbHOCT B Tedenne 400 IMKIOB 3apsyIKH-paspsakd mpu 15 MA cM” B 6 M
KOH. Yro nenaer 3Tv cCHCTEMBI MEPCHEKTUBHBIMU JUIsi 00paTtUMbIX TD 1 Meram-
BO3AYIIHBIX OaTapeil.
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O noJry4yeHUH MOPHCTHIX KATAJUTHYECKNX AKTHBHBIX KEPAMUYeCKHX MeMOpaH
MeTOaMHU T€XHOJIOTHIECKOT0 TOPEeHHs U CIIeKAHMS.

Kanycmun P I, Yeapos B.M.*, Kupunos A.0.", ®edomos A.C.?
1.MICMAH PAH, r. Yepnoronoska, MO
2.MHXC PAH, r. Mockaa,

CTHpPONT HWCTONB3yeTCs Ul TONYYCHHS MHOTOYHCICHHBIX BHIOB ITOJHMEPOB,
HampuMep,  MOJHCTHPOJIA,  IICHOIDIACTA,  MOIU(HIUPOBAHHBIX  CTHPOJIOM
nonu3¢upos, miactukos ABC (akpunonurpun-6yraguen-ctupon) u CAH (ctuporn-
akpunorutpun) [1]. TIpousBoxactBo ctupona B 2018 1. B Mupe cocraBmio ~ 30
MiH,T. [Ipu atom 10 90 % cTupona MONTyYaroT ACTHIPUPOBAHUEM AITHIIOCH30JIA B
MPUCYTCTBUU TNApoB BoIbl [2]. OCHOBHO# MPOOIIEMOI MPOMBINUICHHOTO CHHTE3a
CTHpOJA SBJIAIOTCS MHOTOYHCJIEHHBIE TIOOOYHBIE peakuud ¢ 00pa3oBaHHUEM
ra3000pa3HBIX MPOAYKTOB MPEBPAIICHHS STHIOEH307a, TAKIX KaK TOIyOJ, OEH301,
9TaH, METaH, OKCHABI, KOTOpBIE NPH B3aWMOJCHUCTBHM O00pa3yloT OobIIoe
KOJIMYECTBO Pa3HOOOPAa3HBIX TOKCUYHBIX BelecTs [3].

Jns pemieHns yka3aHHBIX MpoOIeM mpejuiaraeMas HayqHO-HCCIeI0BaTeIbCKast
paboTa, mOCBSIIEHHAsT pa3padOTKe OPUTHHATBHOTO KaTaTUTHIECKOTO MEMOPaHHOTO
mporiecca JeTHIPUPOBAHUS ITHIIOCH30IA.

B pamkax pabotel meronamu npeccoBanus © CBC cuUHTE3MpOBaH MOPUCTHII
KepaMHUYeCKHH MaTeprajl M M3rOTOBICHa MeMOpaHa Ha OCHOBE KPYITHOAUCIEPCHOTO
mopormka SiC ¢ OTKpBITOH mOpHCTOCTBIO Topsiaka 41%. B kadecTBe CBS3KH
BBOJIWJICSL yIBTPAIUCIICPCHBI TOPOIIKOOOPA3HBIA 3BTEKTHYCCKHU COCTaB OKUCH
MarHus u kapouaa kpemHus. C IEeTbI0 YBEIUYICHUS MEX.XapaKTePUCTHK MEMOpaHbI
B HCXOJHYIO IIMXTY BBOIWJINCH TOOAaBKH KPEeMHEOPTaHWYECKHX CBA30K, KOTOPHIE
pu o0xwure 00pa3yroT akTHBHBIA SiO, W CBS3BIBAIOT YAaCTHIBI KapOHIa KPEeMHHUS.
Beima mcciaenoBaHa 3aBHCHMOCTH pa3Mepa IMOpP KEPaMHUUECKOro MaTepuana oT
JTABJICHUS TIPECCOBAaHMUSA. Pe3ynbTaThl HCCIEIOBAaHUN ITOKA3aJIM, YTO MPH JABICHISIX
ot 70 1o 120 MIla pa3mep nosrydaeMbIX TIOp HAXOIUTCS B mpeaenax oT 4 10 6 MKM,
YTO COOTBETCTBYET TPEOOBAaHMSAM JJIsI KEPAMHUUYECKOrO Marepuaia 3(QpeKTHBHOTO
JUId  TONy4YeHHs CTHUpOJIa JeTHAPHPOBAaHHEM JTwibeH3oma. B pesymprare
MIPOBE/ICHHBIX HMCCIICIOBAHUI MOTy4eHa BBEICOKOIIOPHUCTAs KepaMUIecKas MeMOpaHa
¢ mopaMHu HawmboJjee ONTUMAIBHOTO pa3Mepa s ACTHAPUPOBAHUS ITWIOCH30Ja B
CTUPOIL.

bnarogaproctn: lccnenoBaHue BBIIONHEHO INpH (DHMHAHCOBOW IOAICPIKKE
PO®U B pamkax Haygroro mpoekta Ne 20-08-00559\20

Jlureparypa
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Hccienopanue TpaHCOPTa HATPHEBOIO 3JICKTPOJIUATA HA 0CHOBE MeMOpaHbI
Haduon 111 MOCT-THTHEBBIX aKKYMYJISITOPOB

Katomos P.P., Paoaesa A.Il., Heuaes I'.B., [Jooposoasvckuti F0.A.
WITX® PAH, YeproronaoBka

bonbiioe BHUMaHHWE NPHBICKAIOT METAUI-MOHHBIE aKKYMYJSATOPBL, HambOoiee
N3BECTHBIMHU ITIPEJICTABUTEISIMU KOTOPBIX SIBISIOTCS JINTUI-MOHHBIE aKKyMYJISITOPBI
(JIMA). Opnako, y JIMA ecTh psia HENOCTaTKOB — 9TO JOPOTOBH3HA, MOXKApO- U
B3PBIBOOMACHOCTh B CBSI3U C POCTOM JCHAPHIOB, KOTOPBIE MPUBOASAT K KOPOTKOMY
3aMbBIKaHUIO AKKyMYJIATOpA.
K ToMy jke, KOJMYECTBO JIUTUS B 3EMHOH KOpE HEBEJIMKO, a C KaKIbIM T'OJOM
MOTPEOHOCTh B aKKyMyJISITOpax TOJBKO  yBEIMYMBAETCS, HYTO  BBI3BIBACT
HEOOXOIMMOCTh HCKaTh HOBBIE MaTepuabl IS YIy4IICHHS CYIIECTBYIOIINX
cucreM. PemenneM 3Toif npo0ieMbl MOTYT CTaTh HATPHH-MOHHBIC aKKyMYJISITOPBI
13-3a PacIpOCTPAHEHHOCTH W HU3KOH CTOMMOCTH KOMITOHEHTOB.

Iemsio paboTHI OBIIO yCTAaHOBIICHHE OOIIMX 3aKOHOMEPHOCTEH (OpPMUpPOBAHUS
(M3UKO-XMMHWYECKMX ¥ TPAHCIIOPTHBIX CBOMCTB MOJMMEPHOTO HATPUIl HMOHHOTO
JJIEKTpOJIUTa Ha oOcHoBe MemOpanbl Hapuon®115, mnacTuduumupoBaHHOrO
anpPOTOHHBIMHU pacTBopuTensiMu (dTrineHkapoonarom (EC), mpommienkapOoHAaTOM
(PC), numernikapoonatom (DMC) 1 X cMecsSIMU pa3InIHOTO COCTaBa).

ITpu temneparype 30 °C HanOosblIas BeIMYWHA TIPOBOANMOCTH HAOJIIOAACTCS
JUTst TIoMepHoro sextporuta Haduon-Na', nmactudumuposansoro EC (1.2x10™

Cwm/cm) u CMECHIO
o o > 0 2 0 © b < pactBoputeneir  EC/PC/DMC
B S 0,45/0,45/0,10 (1x10™* Cwm/cm)
2 bue (Puc.1). Tlocnennmii oGpaser
¥ EC/PC/DMC 0.45/0.45/0.1
s
14 »I\.
A
s \\\ [Tomyuenusle 3HAUCHHUS
E =0,543+0,018 5B
CPaBHUMBI KaK 1o
L NPOBOJUMOCTH, TaKk MW IO
3.0 32 34 36 38 40 42 4.4 46 48 5.0

ECPODMC035033033 TBEPAOTO  DJICKTPOJIUTA OBLT

MMPOTECTUPOBAH B Ka4yCCTBC

/T, 1000/K €MKOCTHBIM XapaKTEpUCTUKAM C
nutueBoi Gpopmoit Hadmona.

Inc, [Cm/em]

MeMOpaHBl B MaKeTaX HaTpHii-
HMOHHBIX AKKyMYJIATOPOB.

E, = 0434 0,001 5B

Puc. 1. Temnepamypuvie 3a8ucumocmu UOHHOU
nPOBOOUMOCTIU UCCTIeDYeMbIX 00PA3Y08

Pabora BeimonmHena mpu momaepkke PH® (doroBop Ne 17-79-30054) m
YAaCTUYHO MO TeMe ['ocymapcTBeHHOrO 3anaHus, No TOCyIapCTBEHHONW PErHCTpaliu
AAAA-A19-119061890019-5.
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dusuko-xumuyeckue ceoiicrsa H+, Li+, NH4+-dopm
memOpan Haduon, niacTupMuupoBaHHbIX AIPOTOHHBIMH PACTBOPUTEIAMHU

Kaiomos P.P., Caneunog E.A., Kapenun A.U., Jlooposonvcxuil FO.A.
WITX® PAH, YeproronaoBka

KoHzpeHcHpoBaHHBIE CHCTEMBI, OOJIA/AfONINe BBHICOKOH MOHHOM IMPOBOIMMOCTBIO,
IIMPOKO  HUCTONB3YIOTCA B KAauecTBE  JJEKTPOJIUTOB B Pa3IMYHBIX
EKTPOXUMHUYECKUX YCTPOHCTBAX — MEPBHYHBIX M BTOPUYHBIX XUMHUYECKHUX
HNCTOYHUKAX TOKA, TOIUIMBHBIX JJIEMEHTAaX, CYNEpKOHJICHCATOpaX, CEHCOpax,
3NIEKTPOXPOMHBIX OKHAX U JIp.

3HAYUTENbHBIE TEPCIEKTHBBI CPEAM MAaTEepPHUaloB C YHHUIIOISPHOW MOHHOMN
MPOBOAMMOCTRI0 HMEIOT TIOJIMMEPHBIE 3JEKTPOJINTHI HAa OCHOBE HOHOMEPOB,
cofepkamux nepdroprupoBanusle HoHoreHHsle Tpynmsl (-CF,SO5™ u T.11.), ogHN 13
caMbIX  CJa0bIX KOOPJMHUPYIOIIMX aHHUOHOB, O00OECHEYMBAIOIINX  BBICOKYIO
KOHIIEHTPAIMI0 MPOTUBOMOHOB B HEBOAHBIX cpegax. OTO, B CBOK OdYepenb,
67IaronpuUATCTBYET HOHHOMY TPAHCIIOPTY, OCOOEGHHO IPH BBICOKOW KOHIICHTPALIUH
JICKTPOJIUTA.

Hawnboinee BocTpeOOBaHHBIM MaTEpHAIOM B KaueCTBE MOJIMMEPHOH MEeMOpPaHbI
HU3KOTEMIIEpaTypHBIX T3, a Takke aKKyMyJIsSTOpPOB M OaTapeil okazancs MPOAyKT
xomnanuu DuPont, Belmyckaemblil 110 TOProBOi MapKoi Ha(i)HOH@.

B pabore mnpencraBieHBl pe3yNbTaThl SKCIEPUMEHTANBGHBIX M PacYETHBIX
METOJOB 110  HWCCJICAOBAHUIO  BIMSHMS  IUIACTU(GHKANMM  arpOTOHHBIMHU
PacTBOPHTENAMH KHCIIOH 1 coneBbIx hopM Membpan Haduon-M' (rne M = H', Li",
NH,") Ha uX (U3HKO-XUMUYECKUE U TPAHCTIOPTHBIE CBOMCTBA. Y CTAHOBJIEHO, UTO C
THoBBIIICHHEM cozepxannsa JJMCO B MmemOpanax Hapuon-M™ (M =H", Li", NH,"
MOHHAs TIPOBOJMMOCTH yBenuuuBaeTcs 10 2—-8 MCwm/cm. Jlna mem6pan B H', Li',
NH, -popmax oOHApyKeHO OOpa3OBaHHE KATHOHHEIX COJBBATHBIX KOMIUIEKCOB
H'(JIMCO),, Li" (IMCO); u NH, (JIMCO),, KOTOpBIE SBISIOTCS MHHHMATbHBIMA
TPaHCIOPTHEIMK enuHuIaMu. B cioyuae Hapuon-NH,  Bhepsbie oOHapyskeHO
CTYNEHYaToe H3MEHEHHE MOHHOM MPOBOAMMOCTH ¥ DSHEPrHMH  AKTHBALUH
MIPOBOJMMOCTH OT copepskanus mractudukatopa (JJMCO). ITokazaHo, 9To mpodHast
cosbBaTamys HabmoaaeTcst B 00acTu N < 6, MOCIe 9ero HOHHBIM TPAHCIIOPT PE3KO
uHTeHcHumpyercst. M3mMeHeHne mnpooaumocTH npu N = 12-14 obycrnoBieHO
HaOyXaHMEM MOJMMEPHOW MATPUIBI C M3MEHEHHEM TE€OMETPUH MPOBOASIINX
KaHaJOoB.

Pabota Beimonnena mpu noxaaep:xkke PH® (Horosop Ne 17-79-30054) u

YaCTUYHO MO TeMme ['ocynapcTBeHHOro 3ajgaHusi, Ne rocy apCTBEHHOW perucTpaiuu
AAAA-A19-119061890019-5.
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Pacnpenesienne cepbl B NPOAYKTaX (pHILTPALMOHHOTO TOPEHUS CEPHUCTBIX
OypbIX yrieit

Kucnoe B.M., [[eemxosa [O.10., [[semkos M.B., [Tununenxo E.H., Careancrkas M.B.
OI'bYH Uncruryt [Ipobdrem Xumnueckoit dusuku PAH, r. UepHoronoska

Cepa COHCPKUTCS BO MHOTHX TBEpPIBIX TOIUIMBAX M TEXHOTCHHBIX TOPIOYHX
orxoaax. ONHUM U3 TaKUX TOIUIUB SIBISIIOTCA HepreTnueckue Oypsie yrau. Ilpu
COKUTAHUH COJIEPXKAIIAACSA B HUX Cepa B BHJIE KUCIBIX TA30B TOMAgaeT B aTMOchepy
1 HaHOCHUT BpeJ OKpy’Karomiei cpene. Llempio maHHOI pa®oOTHI SABIAIOCH M3YUCHUE
pacrpenencHnsl COCIUHCHUH Cepbl NMPH CKUTAHUM CEPHHUCTBIX OypbIX yIJed B
(GUIBTPALIMOHHOM DPEXUME M HCCIECJOBAaHUE BO3MOXKHOCTH HEHTpaln3aluu cepbl
myTeM 100aBOK KabITMICOAEePIKAIIIX COPOCSHTOB.

OKCIIEpUMEHTHl  TIPOBOIIM  Ha  JTaOOpPaTOPHOM  KBapIeBOM peakTope
muametpoM 46 wmMm. HccnemoBaHa Bo3mymiHas Tasu(UKAIMs CMECCH YacTHIL
9HEPTEeTHYECKOTO CepHUCTOro Oyporo yris ITogmockoBHOrO yrompHOro OacceiHa
(5-10 mMM) w® TBepAOro TEIUIOHOCHTEIs. B OIHOW cepuH SKCIIEPHMEHTOB
TeroHocuteneM Obutn apdoposeie kombia Pammra (5-10 mMm), a B npyrod —
KpoIka mMpamopa (3-5 MM), criocoOHast XUMHUYECKH CBSI3BIBATh COCTUHEHUS CEpHI.
Boutn  ompeneneHBl: cocTaB 00pa3yrOIIETOCS 30JBHOTO OCTaTKa, Tra3000pa3sHBIX
MIPOTYKTOB, TEMITEPATYPHI U CKOPOCTH TOPEHHUS, a TAKIKE BBIXOJ I COCTAaB CMOJL.

DKCHEepUMEHThl  [MOKa3aldM, 4YTO TMpPU HCIOJIb30BAaHUM B  KauecTBe
TEIUIOHOCUTENS Kojen Pammra ¢ yBelWdeHHeM MacCOBOM JOJIM KOJIell B CMECH 0
50% TemnoTra cropaHusi ra3000pa3HbIX MPOIYKTOB CHIDKAETCS ¢ puMepHo 3.60 1o
2.75 MI[)K/M3, a JIoJs cephl, epexoasiend B 3051y cHmkaercs ¢ 12+ 1% no 1+ 1%.
Hob6aBka 10 50% Mpamopa MpPHUBOJUT K CHIDKCHHMIO TEIUIOTBI CTOPAHUS
ra3o00pasHBIX MPOAYKTOB ¢ mpuMepHo 3.60 10 2.55 MJDx/M’. Jloms cepsl,
TIepexoIAIIeil B TBEpIbIe MPOAYKTHI cropanms, mpu 50% mobaBke Mpamopa Io
CPaBHCHHUIO C ra3u(pUKalUei UCXOMHOTO YIS JIMHEWHO yBeimyuBaeTcs ¢ 12+ 1%
110 36+ 2%. BbIxoa CMOJBI B 00€HX CEpUAX IKCIECPUMEHTOB COCTAaBIISLT IPHUMEPHO §
+ 1.5% oT Macchl TOIIMBA, JIeMEeHTHBIA cocTaB cMou Obut: C = 74.5-75.5%, H =
6.8-8.4%, O =10.7-13.3%, N = 0.8-1.2%, S = 2.9-4.6%.

Hwxe B Tabimiie MpUBEICHO PaclpeaeICHUE Cephl B IPOIYKTaX ra3u(UKaIuu
B PsI/Ie XapaKTePHBIX TOUCK.

Tun razuduumpyemoro marepuaia 3ona CwMmona I'a3

Vromubs 6e3 106aBoK 12 10 78

Cwmecs yriig u 50% xonen Pammra 1 11 88

Cwmecs yruisg u 50% mpamopa 36 11.5 52.5
W3mepeHust  PIEMEHTHOTO  COCTaBa  HCIOIb3YyEeMBIX  MAaTe€pUaNoB U

obpaszyromuxcs mpoaykToB ropeHust BeinoaHensl B ALIKIT UTIX®D PAH.
VccnenoBanue BEHITONHEHO TpH (prHAHCOBOI mommepkke I ocymapcTBEHHOTO
3ananus Ne0089-2019-0018 Ne rocpeructpaunn AAAA-A19-119022690098-3.
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Hccaenopanue 1HCEepCHOCTH OPraHo30Jieii HAHOYACTHIL 30/10TA METOAAMH
CoOMun ACM

Konooun A.H.
OI'BYH MHX CO PAH, r. HoBocubupck

HanodacTuiipl  30J10Ta  aKTHBHO  INPHMCHSIOTCS  CETOJHS B Pa3IMYHBIX
BBICOKOTEXHOJIOTUYHBIX MPHUIOKEHHUIX KaTaau3a, MUKPOIIEKTPOHUKUA U MEIUIIUHBI.
JlucriepcHble CHCTEMBI YacTHIl 30JI0Ta HCHONIB3YIOT B  (DOTOJUHAMHUECKON
MIPOTHBOPAKOBOM Tepamuyl, B KadeCTBE CpPEACTB JOCTaBKH JIEKAPCTBEHHBIX
npenapatoB 1 HaHouepHII 1yt 2D u 3D neuarn.

Karanutuyeckass u OuoXxuMuueckas aKTUBHOCTH, a TaKXkKe arperaTuBHas
YCTOMYMBOCTD 30J1€H, BO MHOTOM OIIPENEINIIOTCS pa3MepoM HaHodacTwil. 1o 3Toit
MPUYHHE Ha JaHHBIH MOMEHT pa3paboTaHO MHOKECTBO METOIUK MOTYICHHS YacTHUI]
30JI0Ta C KHHCTUYECKU KOHTPOJIUPYEMBIM Pa3MepPOM C UCIIOIB30BAHUECM PA3IMIHBIX
HaHOPEAKTOPOB: MOJMMEPHBIX MaTPHII, IEOTUTOB, YITICBOIOPOIHOTO TeIlsl, MPIMBIX
1 00paTHBIX MUIIEIUT. [IprMeHeHne MUTIETUT IIPH CHHTE3¢ YaCTHUI] BIIIeTCS Hanboee
MePCIEKTUBHBIM. Pa3Mep MOJOCTH MHICIUIBI HEMPEPBIBHO MEHSETCS B IPOIECCe
poCTa dYaCTHI[, 4YTO TIO3BOJSET CO3AaBaTh CTAOWIBHBIC 30JM C Pa3IHYHON
JIUCTIEPCHOCTBIO.

Tem He Mmenee, mpuMmeHenne [IAB mpu cuHTE3e CyIIECTBEHHO OTpaHHYMBAET
BO3MOKHOCTH OTIPENICIICHHS Pa3MEPOB YaCTHIl B KOHEYHBIX JAMCICPCHBIX CUCTEMaX.
Ucnonp3oBanne xiaccuueckux wmeronoB COM um ACM 1npu  uccieOBaHWU
JIFICTICPCHOCTH OPTaHO30Jeld HEBO3MOXKHO BCIJICACTBHE (OPMHUPOBAHUSA Pa3BUTOTO
a/ICOPOIIMOHHOTO CJI0S U3 MOJIEKYJI CTaOMIM3aTOpa BOKPYT HAHOYACTHII.

B nmanHO#l paboTe mpeqIOKEHBI TOAXOABI KOCBEHHOTO — OINpEeeleHUs
JUCIICPCHOCTH 30JIel HaHOYACTHIl Au ¢ ucnoias3oBanneM COM u ACM. Jlng 3Toro
Ha OCHOBE KOHIICHTPHPOBAHHBIX OPTAaHO30JICH UYACTHIl 30JI0Ta  ITOJyYCHBI
xoMmmosutHele IUIeHKH Au-ITAB ¢ nomompro Meroma «Doctor Blade» ¢
nocienyomumM  tepmonm3oM  (250°C B Teyenme 2 uvacoB). Yactuipl  Au
CHHTE3MPOBAHBI B OOpaTHBIX MHUIEIaX Omnc-(2-3THITeKcnn)Cynb(OCyKITMHAT
HaTpust / H-ICKaH W CKOHIIGHTPHUPOBAHBI METOJOM HEBOIHOTO AJeKTpodopesa.
Crasiuu KOHIICHTPUPOBAHUS U TPOKATMBAHUS MO3BOJIMIMA YBEIUYUTH COJCPKAHUC
YacTUI TMPU CHIDKEHHM KOHIIGHTpaluu cradwinsaropa. Hammuume crabumuzaTopa
MO3BOJIMIIO COXPAHUTH IHCIEPCHOCTh MCXOJHOTO OPTaHO30JS IPH TEPMHUYECKOI
o0padoTke. M3ydenue kommo3utoB ¢ momompio COM m ACM mokasano, 4ro
cpenHue pa3Mmepbl yacTull cocTaBuwiu 1142 HM u 1243 HM COOTBETCTBEHHO U
KOppEeIUpOBAIM C  pE3ylbTaTaMH TPAJUIHOHHBIX METOJOB  HCCIIEIOBAHUS
opranosoiieii: ®KC (131 um), [IOM (742 um) u criektpodoTomeTpueii (15 aHm).

Pabota BeImonHeHa npu nozuepxke Poccuiickoro ¢onnma ¢yHmaMeHTambHBIX
uccnenosanuit (mpoekt Ne 20-03-0017).
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Buzyanuzauus HamarundenHoctu Fe/Fe;O4 nanHouyacTHIl HA MOBEPXHOCTH
maruurope3ucTuBHbIX CoFeB/Ta/CoFeB cTpykTyp

Konnax O.B., Mopzynog P.b.
UITX® PAH, Yeproroaoska

HoBbiM  HampaBnernweM B paspaborke GMR-martumkoB — «rabopaTopusi-Ha-
KPHUCTalJIe»  SBJISETCS  HCIOJb30BAHME MAarHWTOPE3HCTHBHBIX  IuIaTGOpM ¢
MEepHIeHINKYIIPHOI aHN30TpOoNHel B KauyecTBE MarHUTOCEHCOPHOTO 3JIEMEHTa M
0oOHapy>XKCHHS MarHUTOMEYCHHBIX KiIeTok [1-2]. B kauectBe mmraTtdopMbl OBLTH
HCTIOJIb30BaHbl MHOTOCIOMHBIE CTPYKTYyphl CoFeB/Ta/CoFeB/MgO/GaAs [3], Ha
MMOBEPXHOCTh KOTOPHIX HAHOCHIIM MAarHUTHbIC HaHodacTHibl Fe/Fe;O, ¢ HU3KOM
XUMHWYECKOH aKTHBHOCTHIO OKCHIHOH OOOJOYKH W BBICOKOH OMOCOBMECTHMOCTEIO.
Bumsyammzanuio obmacreit mmardopmsel CoFeB/Ta/CoFeB, Ha HamMarHWYeHHOCTH
KOTOPOIii BIHUSCT TOJIE paccesHust (peppomarHuTHOl yactuibl Fe/Fe;O4, mpoBoamm
¢ ToMOmIBI0 aToMHO-cuiioBoi (AFM) m marauro-cmimoBoif mukpockonun (MFM)
(puc.1).
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Puc.l. Uzobpasicenue unousudyanvnou yacmuywt FelFe;04 na nosepxnocmu
CoFeB/Ta/CoFeB niamgopmet, nonyuennoe 6 pescume AFM (a) u MFM (b).
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OmnpeneneHa IUIoOmans oOpaTHOW HAMAarHWMYEHHOCTH Ha  Imiatdopme,
nepeMarHMyYeHHasl MoJ1 JSHCTBIEM MarHUTHOTO 1ojist paccesinust Fe/Fe;O4 qacTuisl.
JlomoNHUTENbHOE TaI0 MepeMarHMYeHHON 00JacTH, MPEBHIIIAOIee OrPEIIHOCTD,
HabmroasIoch I KiactepoB Oomee 125 HM. Mcmomb3ys MeTOOWKY KaTHOPOBKH
MarHUTHOTO 30HJa HAWICH MAarHATHBIA MOMCHT WHIUBHIYaJTbHOW YaCTHUIIBI
Fe/Fe;04. IlpoBenena TeopeTHyeckasi OICHKA 3aBUCHMMOCTH pasmepa MFM
n3o0paxkenus: ot paszmepa AFM u300paxkeHus JUisi HAHOYACTHII, pa3MEIICHHBIX Ha
miarpopme ¢ momompio nporpammHoro obecrneueHuss OOMMEF. HMHuterpanbHas
HAMAarHMYCHHOCTh IIAT(GOPMBI C HAHCCEHHBIMH HAHOYACTHIIAMH TOIydYeHa C
nomonibto SQUID-maraeromerpa. JumonpHOE B3aUMOJEHCTBHE YAaCTHUI] U TUICHOK
BepHU(DUIIMPOBAHO TI0 CIICKTPaM (heppOMarHUTHOTO PE30HAHCA.

1. O. Koplak, et. al., Superlattices and Microstructures 121 (2018) 23-32.
2. R.B.Morgunov, et. al., Applied Surface Science 527, 146836 (2020).
3. O. Koplak, et. al., IMMM, 433 (2017) 91-97.
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CBoiicTBa PYHKIHOHAIBHBIX OKCUAHBIX HAHOYACTHII, MOJTYYEHHBIX Ja3ePHBIM
HCTapeHneM

Kocmioxos A.H.l, CHbimHUKO8 BJZ.H.Z, Cnoimuuroe B.H.?
1. HI'Y, HoBocubupck
2. UK CO PAH, HoBocubupck

B Hacrosiiee BpeMs CyIIECTBYET MOCTOSTHHBIN CIPOC Ha pa3padoTKy 3 deKTHBHBIX
METO/IOB CHHTE3a CIIOKHBIX MHOTOKOMITOHEHTHBIX OKCH/IOB B BI/Ie HAHOIIOPOIIIKOB C
BO3MOYKHOCTBIO YIPABICHHUS UX (PU3UKO-XUMHICCKIMHU CBOMCTBAMHU.

s monydeHussT OKCHIHBIX HAHOIMOPOIIKOB C pa3MepamMM 4YacTUL[ OT
HECKOJIBKHUX €IUHUI] JO AECATKOB HAHOMETPOB MBI IMPUMEHSEM METOJ Ja3epPHOrOo
HCTIapeHUs] KePaMUYECKUX MHUIIEHEH C MOMOIIbI0 H3nydeHus: HerpepblBHOTO CO,-
naszepa ymepeHHod morrHocTH (1o 100 BT). IlpenmymecTBaMu JaHHOTO METOJIa
CHUHTE3a HAHOIOPOILKOB SBISIOTCS KOHTPOJUPYEMOCTb 3JIEMEHTHOIO COCTaBa M
CTEeXHOMETPUYHOCTH  00Pa3mOB, BO3MOXKHOCTH IIOJyYCHHS MOHOAMCIIEPCHBIX
HAaHOYACTHI[ B BHAE CIOKHBIX MHOTOKOMITOHEHTHBIX CHCTEM, a TaKKe
peryJupoBaHue pa3MEpOB HAHOYACTHIl B IIMPOKOM JAHANa30HE OT EAMHUL A0
JIECATKOB HAHOMETPOB.

B xagecTtBe OOBEKTOB A JEMOHCTpPAIMH BO3MOXKHOCTEH JTa3epHOTO METOAA
CHHTE3a HaAMH BBIOpAHBI IIMPOKO NMpHMEHseMbIe OKCHABI Ha ocHOBe AlOs, ZrO,,
Y,0; u Gd,O;. B noknmane OynyT mNpHBEIEHBI pPe3yJbTaThl KOMIUIEKCHOTO
HCCIIeIOBAHUS (PU3NKO-XMMUYECKUX CBONCTB YHCTHIX OKCUAHBIX HaHouacTuil Al,Os,
710y, Y053 u Gd,O3 ¢ mpuMecsMu Ha ypOBHE E€CTECTBEHHBIX KOHICHTpAIMA WU
nerupoBaHHbIX 3d- u 4f- smementamu. Pa3sMmepbl CHHTE3MPOBaHHBIX HAHOYACTHI]
BapbHPOBAIIMCH 32 CUET M3MEHEHMsI cocTaBa Oy(epHOro rasa M €ro JaBJICHUS B
HCTIAPUTENFHON Kamepe. YacTHIBI C MEHBIIMMH pa3MepaMH IOIYJaloTCs TPH
HCTIONTE30BaHNU He BMecTo Ar, a Takke NpH MOHIDKCHHBIX JABICHHSIX Oy(epHOTro
ra3a. beuio mokasaHo, 4To J00aBICHHE KHCIOPOIa K OCHOBHOMY OydepHOMY Tazy
MPUBOIUT K HM3MCHCHMIO 3apAJOBBIX COCTOSHUM NHpUMecHBIX HOHOB 3d- u 44f-
JJIEMEHTOB, YTO pACIIMPseT MEepPCIEeKTUBY IPUMEHEHHS STHX MarepuanoB. B
Joknane OyayT Takxke OoOCYKIAThCs BOMPOCHI O BIHMSHUH pa3Mepa YacTHI[ Ha HX
CBOICTBA.

s cuctemsr CrOy/Al,Os, OTy4eHHOH Ta3epHBIM HCIapeHUEM, UCCIEOBAHBI
[IEPCIIEKTUBbI IPUMEHEHMSI B KQUECTBE MOJIEIBHOTO KaTalu3aTopa JIeruIpUpOBaHus
IpelenbHbIX aikaHoB. [lokazaHa BO3MOXHOCTb HCIIOJIB30BAHUSI HAHOIIOPOILIKOB
Eu*":Y,05 u Eu’":Gd,05 B kauecTse 3¢ GEKTUBHBIX KPACHBIX TIOMHHO(OPOB.

PaboTta BeImonHeHa npu (pUHAHCOBOW mojaepxkke PODU B pamkax HaydHOTO
npoekta Ne 19-32-60027.

49



Bansinue nBukeHust IrpaHMIlbI pa3jie/ia Ha pacnpeaecJeHUsd KOMIIOHECHTOB B
CHCTEeMAaX ¢ CHIIHKATHBIMHA l[H(l)(l)yiBHOHHLIMH HCTOYHUKAMH

Kpusenesuu C.A.
Spocnasckuii punuan GU3NKO-TEXHOIOTHYECKOro nHCTUTyTa M. K.A. Banuesa,
PAH, r. fIpocnasin

ToOHKONIEHOUHbIE HMCTOYHUKH JIETUPYIOUIUX IMpHMEced, co3JaBacMble Ha OCHOBE
CUJIMKATHBIX CTEKOJI, IIUPOKO UCIOJb3YIOTCA B COBpeMeHHOﬁ erMHHeBOfI MUKPO —
1 HaHOJEKTpoHMKe. HecMOTpsi Ha MHOrojieTHEe NPUMEHEHNUE TAaKUX UCTOYHUKOB,
BOIIPOC O PACHpEeIeHUH KOMIIOHEHTOB B UCTOYHHMKAX M KPEMHHUEBBIX MOUIOKKAX
TEOPETUUECKH HCCIEJOBalM OYeHb Majo. B 4YacTHOCTH, NpaKTUYECKH He
HCCIIEIOBAHHBIM OCTaJICS BOMPOC O PACTIPENENCHHH KHCIOpOJa B CHCTEMax C
MOJIBIDKHBIME TpaHUIAMH, AU((Y3HOHHBIH TMEPEHOC B KOTOPBIX COMPOBOXKIACTCS
XUMHYECKUMH PEaKIUSIMHU.

Jns pemeHus GaHHOH 3aJadll B HACTOSIIEH paboTe HCIIONIB30BA METOJ
mepexo/ia U3 WHEepIHaIbHONW 1abopaTOpHOI CHCTEMBI OTCUETa B HEWHEPIHAIbHYTO
CHUCTEMY, HAyaJO OTCYETa, KOTOPOM  HAaxXOAUTCAd Ha MOJBHXKHOW TIpaHULE
CHJIUKaTHOE CTeKI0 — KpeMmHuil. Iloka3zaHo, 4TO TpH HEOONBIINX YCKOPEHUSX,
CBSI3aHHBIX C HEJIWHEWHBIM ABUXKCHUEM T'paHUIIBI pasfciia CUIMKATHOE CTEKIIO —
KpEeMHMI, 3a7aya CTAHOBHUTCA KBAa3UCTALMOHAPHOH U CBOOUTCS K PELICHUIO
00BIKHOBEHHOT'O AU (hepeHIIMANTEHOTO YpaBHEHHs. B KauecTBe rpaHUYHBIX YCIOBUI
HCIIOJIb30BaJIN 3aKOH FerI/I 1 YCJIOBUE HETIPECPBIBHOCTHU IMMOTOKA KUCJI0POJa

HOJ’Iy‘{aCMBIC peUICHUA 3aJa4u, OITMCAHHOM BBIIIC, TO3BOJIAKOT ONPEACIUTH
3aBUCHUMOCTH CKOPOCTHM [BMKEHHS YKa3aHHOW I'paHHULBl pa3jena OT BPEMEHU U
TeMIepaTypsl. DTH Pe3yIbTaThl, B CBOIO O4Yepe/b, MO3BOJIIOT MEpeiTu K pacueTy
pacnpeneneHuii Jierupyoomeil mpuMecu (Hampumep, Oopa wim  ¢ochopa) B
CHJIMKAaTHOM UCTOYHUKE U B erMHI/ICBOﬁ IIOAJIOXKKE.

OpuuM u3 Hambosiee BaXKHBIX B NMPAKTUUECKOM OTHOUICHUU CIIy4aeB SIBIISETCS
quddy3us mpuUMecH U3 HEOTPAHMYCHHOTO HCTOYHMKA B IOIYyOECKOHEUHYIO
nooxkky. IIporecc maccomepeHoca B TOTJa MOXET OBITh OIKMCAaH CHUCTEMOU
YpaBHCHUH MapadoMIecKoro THIIA, B KOTOPHIE BXOIST Apei(oBBIe ciaracMele,
omnpeAessieMble  CKOPOCTSIMM  JIBMDKEHHSI  TPaHULBl  pa3liela  OTHOCHUTEIBHO
CHJIMKATHOT'O HMCTOYHHKA U IIOJJIOXKKH. B kauectBe TPpaHUYIHBIX yCJ'IOBI/Iﬁ MOKHO
HCIOJIb30BaTh YCJIOBUE HENPEPHIBHOCTU IOTOKA MPHUMECH Ha IpaHMIE pasjena u
YCIIOBHE TEPMOJMHAMUYECKOIO KBa3UpaBHOBecHsl Ha 3ToW rpanune. [Ipu Takoit
IIOCTAaHOBKEC 3aJa4yu npu peIeHun MOKHO HUCII0JIb30BaTh IIOACTaHOBKH
aHaJIOrMYHbIE MOJCTaHOBKEe bonblMaHa. AHanM3 penieHud 1OoKa3bIBaeT, 4YTO
JBIKEHME TIpaHUIbl pas3feia B IEPBYIO OUYEpelb CKa3bIBAeTCs Ha BEJIUYMHE
MMOBEPXHOCTHOM KOHILIEHTPALMU a TaK)KE€ H3MEHSET TPaJUeHThl KOHLEHTpalUu B
MMPpUrpaHUIHbIX obnactsax. Ecim HanpaBJICHUEC JABUKCHHUA TpaHULBl COBIAHACT C
HaTpaBJICHHEM Pe3yIbTHPYIONIETO MOTOKa, TO 00pa3yroTcs OoJiee MIOCKHE YIaCTKH.
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HoBgble innocomanbHble (pOPMYTUPOBKHU, MOAN(UIIUPOBAHHBIE
umuaazoaueBbiMH ITAB ¢ ruipokCHITHIBHBIM (PparMeHTOM, 1JIs1
MHKANCYJIMPOBAHUS U IOCTABKH JIEKAPCTBEHHBIX BelleCTB

Kysneyosa JI.A., I'atinanosa I'.A., Bacunvesa JI.A., 'ab6opaxmanos J[.P.,
3axaposa JI.A.
NODX um. A.E. ApOy3oBa — 000c0o0IIcHHOE CTPYKTYpHOE moapasaencaue UL
KasHI] PAH, Ka3anb

B mociegHme rToABpl aMIOCOManbHBIE (OPMBI  JIEKAPCTBEHHBIX IIPEIAPATOB
NPUBIEKAIOT 0co00e BHUMaHHME. JTO CBA3aHO C MX OHMOCOBMECTHMOCTBIO,
061Oopa31araeMocTbi0 1 YHHBEPCAIbHOCTEI0. Kpome Toro, TUnocomManbHbIE CHCTEMBI
MOYKHO MOJM(HUIIMPOBATE PA3TUYHBIME areHTaMH M YCTaHABJINBAaTh B3aMMOCBS3b
MEXKy CTPYKTYpOi MOJH(DUINPYIOMINX BEIIECTB U CBOHCTBAMHU CHUCTEM.

[TosToMy B pamkax AaHHOW paOOTHI OBLIM IMOJYYCHBI M OXapaKTepHU30BaHbBI

Pa3IMYHBIMU (DU3BUKO-XUMUYECKUMU METOJaMH HOBBEIE KaTHOHHEIE
MouDUIIPOBAHHBIS JIATIOCOMBI Ha OCHOBE JIANHAIA
JUIMATEMATOMI(POCHATHAMIXOTHHA (ATMDX) u TUIPOKCH-3aMEIICHHBIX

UMUAA30JMEBbIX aMUPUIOB C PA3NUYHON JUIMHON YTIEBOJOPOTHOIO pajHKaa.
Jis  TOoNyYeHusT ONTHMAIbHOTO COCTaBa YaCTHIl TPOBOJWIIOCH BapbHPOBAHWE
MOJIBHOTO COOTHOIICHHUSI KOMIIOHEHTOB [TAB/mummz. TTokazano, 9T0 MoauQuKaIusg
sunocoMm JI®OX umunazonueBsiMu amMmpupuiIaMu MOBBIIACT UX CTAOWIBHOCTH BO
BpPEMEHH.

ITomydenusie  GOPMYIMPOBKH  OBUTH  HCIIONB30BAHBI  JIJISL  3arpy3KH
THIPOQHUIBHEIX CYOCTPaTOB — (pIIyOpECIEHTHOTO 30HIA ponaMmuHa b, antnOnormka
xsopaM(eHUKOIa W TMPOTUBOPAKOBBIX BEIICCTB LHUCIUIATHHA U JOKCOPYOHIIMHA.
IIpoBeeH MOHHUTOPUHT BBICBOOOKICHHS JIEKAPCTBEHHBIX BEIIECTB W 30HAA U3
JIUIIOCOM B YCJOBHUSIX IN Vitro. Jns JIumocoMaibHOrO XjopaM(eHHKONa OIEHCHA
reMojJuTH4YecKass  aKTUBHOCTb, a  JJS  JUIOCOMAJbHOIO  IMCIUIaTHHA
LIUTOTOKCHYECcKoe JeiicTBue Ha paxoBele kierku Hela. Ilokazano, 4to
WHKAIlCyTUPOBAaHUE  LUCIUIATHHA B JIMLIOCOMBI  3HAYMUTENBHO  YCHJIMBAET
LIUTOTOKCUYECKOE JeiicTBUe BemecTBa. MeToJoM NPOTOYHOM LHMTOMETPUHM U
(ITyOpecleHTHONH MUKPOCKOIHH BBISBICHO, YTO MOAUGMHUIIMPOBAHHBIC JUIIOCOMEI,
3arpy’KeHHbIE TOKCOPYOMIIMHOM, B OOJBIIOM KOJMYECTBE HAKAIJIMBAIOTCS B
onyxoieBbX Kietkax (A-549, Hu Tu 80), BbI3bIBasS IpU 3TOM J0303aBUCUMBIH
ammonto3.  MeromoM  KOH(OKAaTbHOH  MHKPOCKONHMH  YCTaHOBICHO,  9YTO
HMMUIA30JIMEBbI KATHOH C THAPOKCHATHIBHBIM ()ParMEHTOM CIIOCOOCH MpPUAaBaTh
HaHOKOHTEHHEpaM TapreTHOCTh K MUTOXOHJIPHSIM KIIETOK.

Pabora BbImonHeHa pu (UHAHCOBOM TMOMAEPkKKe POCCHICKOro HAy4YHOTrO
¢donna, mpoekt 19-73-30012.
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HN3yuenue B3aumoeiicTBs MeMOPaH 3PUTPOLUTOB HEKOTOPBIX ;KUBOTHBIX €
TYMUHOBBIMH KMCJIOTAMH MeTOA0M a0copOuum.

Jlaspuk H.ﬂ.l, Hnvuuéea T.H.2
1. UHCTUTYT XMMHUYECKOW KHHETUKH U ropeHus uM. B.B.Boesonckoro CO
PAH, HoBocubupck
2. l'ocynapcTBeHHBIN Hay4YHBII IEHTP BUPYCOIOTUH U OMOTEXHOIOTUI
«Bexrtop», HoBocubupck

W3ydeHne B3anMOCHCTBHS SPUTPOLIMTOB ¢ MAKPOMOJIEKYJIAMU I'YMUHOBBIX KHCIIOT
I'K mpexacraBnsieTcs akTyadbHBIM B CBSI3H C TEM, YTO UMEIOTCS JAaHHBIC O OOJNBIIEM
KOJIMYECTBE KHUCIOPOAA, KOTOPOE AOCTABIAIOT SPUTPOIMTHI B KHUBBIE TKAHU MPH UX
no0aBIeHNU. XapaKTepHOH OCOOCHHOCTBIO MakpomodieKys 'K siBisieTcsi cBOMCTBO
MOJIMANCIIEPCHOCTH, KOTOpPOE€ O0yCJIaBIMBAeT HAJIMYME MHOroo0pasusi BECOBBIX
¢dpakuuii ['K B 00pasiie, BeiaeaeHHOM U3 0aHOM mouBsl (0T 1k/1 10 300 &/I).

B3anMopeiicTBIE 3PUTPOIMTOB C PAa3THMYHBIMHA MOJICKYJIaMH COTIPOBOXKIACTCS
nedopmanmeit popmer ux MemOpaH[1]. MoXHO TONIaraTe, 4T0 3TH U3MEHEHUS Oy IyT
BIMATh Ha CTPYKTYpPY MOJIEKYyl TIeMOIVIOOMHA, KOTOpBIe HAXOISATCS BHYTPU
spuTpouuToB. MVHpOpPMAIMIO O COCTOSHHM MOJIEKYJ TeMOTJIOOWHAa MOXKHO
MOJTyYHTh, U3y4as CIEKTPBI HOTJIOMECHUS (CIIEKTpalbHbIe TTapamMeTpsl rosockl Cope,
A =415-420 uM). UyBCTBUTECIBHOCTD JICKTPOHHBIX MEPEXOI0B MEXKIY OpPOUTAISIMHU
MOP(GHUPHHOBBIX KOJEI, KOTOphIe 00pa3yloT reM, K UX CTPYKTYPHBIM H3MEHCHHAM
HaJEXKHO yCTAHOBIICHA.

AnpuopH MOXKHO OBUIO OXHIATh, YTO B3auMoAeWcTBus spurpormt - ['K mis
PasHBIX SPUTPONUTOB M pasHbIX 00pa3noB ['K OyayT pasmuuartscs, uto Oyner
MPUBOIUTD K PA3IHYMIO B U3MEHEHHUH CTPYKTYPBI 3PUTPOIUTOB H, COOTBETCTBEHHO,
K Pa3JINYUIO CIIEKTPAIBHBIX MTapaMeTpoB mosockl Cope.

OKCIEepUMEHTHI MPOBOAMINCE Ha 00pasiax SPUTPOLMTOB W3 KpPOBU Tycs,
MeTyXxa M MOPCKOH CBHMHKHM M Ha JByX oOpasmax 'K, BBIZETCHHBIX MO pPa3HBIM
MmeToaukam u3 6yporo yris Kysueuxoro 6acceitna. (pH= 7.3.T = 24°C.)

OcHOBHBIE Pe3yJIbTaThl TAKOBBI:

1.IIpu B3aumoneticteuu sputpountos ¢ ['K momoca Cope nperepnenana
KOPOTKOBOJHOBOH CIBHT JUIS )PUTPOIIUTOB, BEIJICIICHHBIX U3 KPOBHU I'yCsl I MOPCKOIt
CBUHKH. J{JIsI 5pUTPOIIUTOB METyXa CIABUT OTCYTCTBOBAJ,

2. [Ipu B3aMMOICHCTBUH SPUTPOLIUTOB MOPCKOW CBHHKH ¢ oOpaszuamu ['K
pa3HbIX (pakIyii ObUIO YCTAaHOBJICHO, YTO KOPOTKOBOJIHOBOH CIIBUT 3aBHUCUT OT
Buaa obpasma I'K.

T.o., 3akmovaem, uTo gedopmarys KICTOK SPUTPOLUTOB IIPU B3aAUMOICHCTBUI
¢ MakpomoJekyinaMu 'K 3aBHCHT Kak OT KOHKPETHOT'O BU/A SPUTPOLHUTA, TAK U OT
xumuueckou npupoast I'K.

Jlureparypa
1. A.M.Chernysh, E.K.Kozlo va, V.V.Moroz, V.A.Sergunova. Nonlinear local
deformations of red blood cell m embranes. General Reanimatology, 2018,14(1),29-
39.
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HonnMeprle KOMITIO3UTHI ¢ HACBIIICHHBIM HAHOYACTHIIAMH
MPUIIOBEPXHOCTHBIM CJIOEM: METOABI MOJYYCHUA U XaPaAKTEePUCTHKH

Jle6eoes O.B.*?, A6nokoe M.FO.', I'ony6es E.K.", Kypxun T.C.}, F'onuapyx I'.I1.",
Oszepun AH!
1. UacturyT Cunrernueckux [lonmumepusix MaTtepuanon
um. H.C. EanxomonoBa PAH, Mocksa
2. Mockoscknuit @usnko-Texuuueckuit Mactutyt, JloaronpyaHsiii

B nmanHOIt paboTe Mccie10BanoCh SIBICHNE MATPAlUA HAHOYACTHIl HATIOJIHATENS Ha
MOBEPXHOCTH paciuiaBa MOJIMMEPHOI0 KOMIIO3uTa. bbuta n3ydena npupona sddexra,
a Takxke ObUIM pa3paboTaHbl METOIbl €ro AMArHOCTHKH. Pe3ynbTaTtel paboTh
TTO3BOJIMIIA KOHTPOJIMPYEMO TOIYYHUTh MaTepHAIIBl CO CBOMCTBAMH ITOBEPXHOCTHOTO
CJIOS, PE3KO OTIMYAIOMMMHUCSH OT HX OOBeMHBIX cBoHCTB. Takoro pona
KOMITO3UTHBIC MaTepualibl KJIACCU(PUIMPYIOTCS KAaK T'PAJMEHTHBIC KOMIIO3UTHI, B
MOCTEHAE TOABI MPUBIEKAIOMHKE OONBIIOC BHUMAHUE HCCIEA0BATEIHCKOTO
€000IIIeCTBa M MMPOMBIIIIICHHOCTH.

JA7st SKCTIepUMEHTAIBHOTO UCCIIEI0BAHMS TIPOIIECCa MUTPAIlU HAHOPAa3MEPHBIX
4acTHLl OBLIM IOJATOTOBJICHBI OOpa3Ibl KOMIIO3UTOB HAa OCHOBE ITOJIMMEPHOI
MaTpHUIbl PA3TUYHBIX THIOB (TONUIPONMICH, MOIMATHIICH, TTOJUCTHPON U T.JI.) U
YIIACPOIHBIX HAHOYACTHI[ pa3NUYHOW (QOpPMBI ¥  CTPYKTypel. CMemeHne
KOMIIOHEHTOB MPOBOJWIM B pacIlaBe IonuMepa Ui IIHMPOKOTO AHMana3oHa
3HAQUEHUH KOHIIGHTPAIMH HAMONHUTENS HIDKE U BBIIIE IIOpOra MEpKOJISINY,
OTIPEACTICHHOTO JIJIST KKIOW Taphl MAaTPUIIA/HATIOTHUTENb.

Jlnst KOHTpONS B PEXHUME PEalbHOTO BPEMEHM IIPOIecca MUTPAMU YaCTHI]
HAIOJIHUTEN Ha IOBEPXHOCTh pACIUIaBa KOMIIO3UTA IMPOBOJUINCH H3MEPEHUS
IEKTPONPOBOTHOCTH  00OpasnoB. B xome wu3MepeHuit Obui0  0OHApPYXKEHO
MOHOTOHHOE YBEJIWYECHHE IIIEKTPOIPOBOTHOCTH MaTepuaia C TCUYCHHEM BpPEMEHH,
HaOJro1aemMoe sl KaXkKJ0i KOMOMHAIMKM MaTpHIa/HaloIHNTENb. bbutn mposeneH
aHaM3 BIMAHUS T€OMETPUH HAIMOMHMUTENS HAa XapaKTepHbIE BPEeMEHA HU3MCHEHUS
JJIEKTPONPOBOJHOCTH, a TAaKXKEe OBUIM HCCICHOBAHBI 3aBUCHMOCTH JTUHAMHUKHI
mpolecca OT TeMIeparypbl paciuiaBa. llapaminensHo OBUIO  OCYIIECTBIEHO
YHUCJIICHHOE MOJICJIMPOBAHME MUTPALMH HAHOTPYOOK C HCIIOIB30BAHHEM METOJIOB
MOJIEKYJISIPHOI TUHAMUKH JJIsl Pa3INYHBIX 3HAYEHUIl MapaMeTpoB MOJEINPOBAHNUS,
TaKUX KaK 3HAUEHMs] CHIIbI B3aUMOJCHCTBHS MEXIy HAHOYACTHIAMH M CTEHKaMH,
TeMIlepaTypa, coJepkaHne HaHOYACTHI U T.JI.

VYnanenne ToHkoro cnos (<10 MKM) C TOBEpXHOCTH OXJaXIEHHBIX
KOMITO3UTHBIX 00pa3oB INPOAEMOHCTPHPOBATO, UYTO BBICOKAS MPOBOAUMOCTH
obecrieynBaeTcsi B KOMIIO3UTE IIPUIIOBEPXHOCTHBIM  CIOEM, OOOTaIEHHBIM
HAaHOYACTHIIAMH B TIpOIecCe OTKUra, 4YTO Takke OBUIO MOATBEPIKAECHO
TpUOOTOTUYECKUMH HUCHBITAaHUSAMU M PA3JCIbHBIM H3MEpPEHHEM OO0BeMHOH u
ITOBEPXHOCTHOM COCTABIISIONICH AIIEKTPOIIPOBOTHOCTH PACIIIIABOB KOMIIO3HUTOB.

HccnenoBanre BBIMOJHEHO NpH (HHAHCOBOH Tojyepkke PODU B pamkax
Hay4Horo npoekrta Ne 18-29-19112.
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Kaacrepusbie moaenun kcenoruma YPQO, u ¢pepemura CaNb,Oq

Jlomauyx FO.B., Manvyes /[.A., Mocsieun H.C., Ckpunnuxos JI.B., Tumog A.B.
[erepOyprckuii naCTUTYT sinepHoit pusuku HULL «KypuaToBCKuMil HHCTUTYTY,
I'arunna

Vcnonp3oBaHne MOTEHIMANIOB BeTpamBanusi Kiactepa B Kpucramwn ([IBKK)
MO3BOJIIET TPOBOAUTH C BBICOKOM TOYHOCTBIO pPACUETHI CBONCTB «aTOMOB B
COCAMHCHUIY, TAKUX Kak xuMudeckue caBUrH (XC) peHTTeHOBCKUX 3MUCCHOHHBIX
cuektpoB (POC) B 3¢h(ekTHBHOM KpHCTAIUIMIECKOM OKpYKeHHH. Vcrmomp3oBaHme
Merona [IBKK ocoOeHHO akTyaiapbHO Uit HM3YYCHHS XUMHYECKOTO COCTOSHUS
(M1eKTpOHHOW ~ KOH(pUrypauuu) InpuMecHbIX Tsokénbix d- u  f-ojemMeHTOB B
KpHCTaUIaX, JUII KOTOPBIX HE CYIIECTBYeT HAJECKHBIX METOJOB pacdera,
YUUTBHIBAIOILMX HEPUOIMYECKYI0 CTPYKTypy coeauHeHus. K umeny Takux
KPHCTAJUIOB OTHOCSTCS TaHTAIOHHOOAThl, KceHotuM YPO, w® 1p., KOTOpbIe
paccMaTpHUBAIOTCS B JINTEPAType KaK MPHPOJHBIC «MATPHUIBD U KMMOOIIH3AINN
(3aXOpOHEHNs) BEICOKOAKTHBHBIX SIIEPHBIX OTXO/I0B, B TIEPBYIO OYEPEIb AKTHHHIOB.

11 KBaHTOBO-MEXAaHHUYECKOI'0 pacyeTa COCTOSHUM YKa3aHHbBIX NpuMeceil B
KpHCTaJIax HEOOXOJMMO MOCTPOCHUE KIIACTEPHBIX Mojelneil. B HacTosmei padore
Ha mpuMepe kceHoTmMa YPO, m ¢epcmura CaNb,O¢ moxasaHa BO3MOMKHOCTB
noctpoenus [TTIBK nipu moMotu pa3ieneHns Kiactepa Ha Tpu 00JIacTH — OCHOBHOMN
KJIacTep — 2JIEKTPOHBI aTOMOB, BXOJSIIIMX B 3Ty 00JIacTh BKJIIOYAIOTCS B pacyer
SIBHBIM 00pa3oM, KpOMeE 3JIEKTPOHOB Ha CaMBIX BHYTPEHHHMX OOOJOYKAX TSHKENBIX
aTOMOB, KOTOPBIC MOJICIUPYIOTCS BBEACHUEM PEISITHBUCTCKUX MTOTCHIINAIOB OCTOBA
JUISL COOTBETCTBYIOMMX aToMOB [ 1, 2]; ci10ii KaTHOHOB Y ™5, GIIKHET0 OKPYKCHHS —
MOHBI, BXOJISIIIME B 9TY 00J1aCTh, MOJCIMPYIOTCS C UCIOJIb30BaHUEM 0-3JIEKTPOHHBIX
PEIATUBUCTCKUX MOTCHIIMAJIOB OCTOBA M JOMOJHHUTEIBHBIX 3JIEKTPOCTATHUCCKUX
3apsIOB Ha S/pax aTOMOB; TapaMeTpPhl 3THUX ITOTCHIMAIOB BEIYUCIAIOTCS W3
Pe3yNbTATOB PACUETOB MEPHOIMUYECKON CTPYKTYPhl KDUCTAIINA; CIIOM aHHOHOB O 04
OMIDKHETO OKPY'KEHHS MOJCIUPYETCS AICKTPOCTATUYECKUMH 3apsiiaMH Ha sapax
aTOMOB.

JomnonHuTenpHble 3apsbl KaTHOHOB M aHMOHOB pPaccMaTpUBAIOTCS Kak
napaMeTpbl MOTEHIMajda BCTPAUBAHMUSA B KPUCTAII, KOHKPETHBI BHUJ MOTEHIMAa
ONpEeACIACTCd U3 YCIOBUS MHHMMyMa CPEIHEH CHIIbl, ACHCTBYIOILEH Ha aTOMBbI
OCHOBHOTI'O KJIacTepa.

Ji1s mocTpoeHHON MOJIeNI KCEHOTUMA BBIYMCIICHBI AIUHbI cBsizell Y-O u P-0, a
TAK)KE YaCTOTHI COOCTBEHHBIX KOJIEOAaHMH CHCTEMBI, IPOBEJICHO COIOCTABICHHE C
9KCTIEPUMEHTAIBHBIMU JaHHBIMH. C MCIIOIB30BAHUEM JAHHOW MOJETH BBIYMCICHBI
cBoiictBa woHoB U, Th B kceHoTmMme. [IpuBeneHbI pacrpeiencHus dICKTPOHHONH U
CIIMHOBOM IUIOTHOCTEW B OKPECTHOCTH NMPUMECHBIX MOHOB U PE3YJbTaThl PACUETOB
XMMUYECKUX CJBUTOB PEHTTCHOBCKHX SMHCCHOHHBIX CIIEKTPOB OTHOCUTEIBHO
COOTBETCTBYIOIIUX CBOOOIHBIX HOHOB JUTS ONIPEACICHNS MX COCTOSIHHS B KCCHOTHME
[3]. Momyuens! 3HavueHns xuMudeckux caBuroB POC mis atoma Nb B depcmure
OTHOCHTENBHO HEHTPanbHOTO atoma. IIOKa3aHO, YTO MOHHBIE COCTOSHHS X
SHEPreTUIEeCKH 00JIee BBITOIHBI, YeM X4 (X=Th, U, AE ~ 5 3B) B KCEHOTHME.
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PaboTa BbImonmHeHa mpu mopjepxkke Poccuiickoro HaydHoro (oHAa, TpaHT
Ne 20-13-00225. PacueTsl MpOBEICHBI C HMCHOJIB30BAaHHEM O0OpPYJOBAaHHS IICHTpA
obmero mocrymna [TMK HULL KU I[TUAD.

1. Titov A.V., Mosyagin N.S. // Int. J. QuantumChem. 1999.V. 71. N. 5. P. 359-401.
2. Mosyagin N.S., Zaitsevskii A.V., Skripnikov L.V., Titov A.V.// Int. J.
QuantumChem. 2016. V. 116. N. 4. P. 301-315.

3. A.V. Titov, Yu.V. Lomachuk, L.V. Skripnikov// Phys. Rev. A, 90, 052522 (2014)

Mmuoroyacrornast AIMP cnexkrpockonusi kak 3G eKTHBHbIA HHCTPYMEHT
HCCJICI0BAHNS TeTePOCIIMHOBBIX KOMILIEKCOB B PaCTBOpPax

Quwman H.H.l‘z, Jlykzen H.H.l’z, Heanos K.ﬂ.l'z, Eoenesa M.B.s, Doxun C.B.l,
Pomanenko I'.B.*, Osuapenxo B.I."
1.Mexnaynapoanstit Tomorpaduyeckuii nenrp CO PAH, r. HoBocuGupck
2.HoBocuOupckuii rocyaapcTBEHHBIH YHUBEpCHUTET, T. HoBocHOMpCK
3.MucturyT oprannyeckoit xumun uMm. H. H. Bopoxmiosa CO PAH, r.
HoBocubupck

MpI coolmaemM 0 UCCIeTOBaHUN METOJIOM MHOToYacToTHOW SIMP cnexTpockonuu
rerepocnuHOBBIX KomIuiekcoB [Eu(SQ)3Ln], rme SQ mpencrasiser cobor 3,6-mu
(Tper-Oytmin) -1,2-cemuxunon, L - Terparugpodypan (THF), mupunun (Py) wim
nunupuani (Dipy) u n - KOIWYecTBO AMAMAarHUTHBIX JIUTAaHAOB. MHOTOYacTOTHBIE
SIMP-3KcIIepUMEHTHI TTO3BOJIIIN HaM OMpPERETUTh d((GEKTHBHBINA ITapaMarHUTHBIN
capur gurannoB (L = THF wiu Py) u KOHCTaHTY XMMHUYeCKOro paBHOBecHs s [Eu
(SQ)3 (THF)2]. Kpome Toro, Obul OOHApYKEH CHJIBbHBIM MarHUTHBIA 3((GeKT B
ymupennn Ui IMP Tetparunpodypana, ocodeHno mupoxue muHuN SIMP 65u1H
HaOJIOJCHBI I cydas BBICOKOMONBHOTO SIMP. MbI 00BsICHSIEM 3TOT 3PPEeKT
VIIUPEHHEM TpU  OBICTPOM  CIEKTpalbHOM OOMeHe, korma coektp SMP
ImpeAcTaBIseT  co0OH  OJHOPOJHO  YHIMPEHHYI0  JIMHHIO € IIHPUHOMH,
MIPOTMOPIIMOHANBHON KBaJpaTy pa3sHOCTH 4YacTtoT SIMP cBOOOAHON W CBsI3aHHOUN
¢dopmbl L, mOSTOMY MIMPHHA JIMHUH CHIIBHO YBEIHMYUBACTCS C MArHUTHBIM IIOJICM.
JlaHHOE YIIMPEHUS TIO3BOJISICT ONPEICIIUTh TAK)Ke KHHETUYCCKUI mapamerp, TaKou
Kak BpeMsi 0OMeHa MEXIy CBOOOJHON M cBsizaHHOW Gopmamu. CUIIbHOE yIIUPEHHE
muanii - THF  mosBosnsier mcnonb3oBath  komiuieke [Eu (SQ)3(THF)2] KaK
s dexruBHBIN IMP-mudT peareHT, KOTOPBIA HE TOIBKO CMEMIACT HEXKETaTeIbHBIC
auaun - SIMP  terparmapodypana, HO TakkKe YHIUpSET WX, OCOOCHHO B
skciepuMenTax mo SIMP B cuibHBIX monsx. MBI Taxke oOHapyxwiu, 9to [Eu
(SQ)3Dipy] SBISETCS ~ TEPMOJMHAMHUYECKH  CTAOMJIBHBIM  KOMILIEKCOM,
cieoBaTenbHO, MoxHO u3ydars [Eu (SQ)3Dipy] B pactBope 0e3 0coObIX Mep
IIPeA0CTOpOXKHOCTH. Hamu Takke MoydeHa peHTIeHOBCKasl CTPYKTypa KPUCTAJLIOB
[Eu (SQ)3Dipy] * C6D6, koTopble ObUTH BBIPANIECHBI HEITOCPEACTBEHHO B aMITyJie
SIMP. Takum oOpazom, MHOrodacToTHbie SIMP wuccienoBaHUs TeTepOCITHHOBBIX
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COCIMHECHUN HE TOJBKO o0ecreunuBaroT HaXO0XKJACHNUEC TEPMOANMHAMUYCCKUX U
KHHCTUYICCKUX TaHHBIX I T€TCPOCIIMHOBBIX COGI[PIHGHI/Iﬁ, HO TaK>XX€ MOTYT OBITh
MOJIE3HBIM JI1 palluOHAJIbHOT'O nn3aﬁHa CTaOMIIbHBIX TCTCPOCIIMHOBBIX KOMITJICKCOB
W TaKKE U1 OIITUMH3allu CHHTCTHYCCKUX ITOJAXO00B.

DauKKep-IIyM B CTPYKTYPHO-HEYOPSI04YeHHBIX MOJTYNPOBOTHUKAX

Maxosutivyx M.H.
SO OTUAH um. K.A. Banuesa PAH, fpocnasib

B enuHcTBEeHHOM O00IIEM TOX0/€ K OOBSICHEHUIO (IIMKKEp-IIyMa B CTPYKTYpPHO-
HEYIOPSIIOYCHHBIX IMTOJYIIPOBOAHNKAX, IPOTUB KOTOPOTO B HACTOSIIEE BPEMs HET
MPSIMBIX BO3PaKCHUI, MPEINONIAraeTcs, YTO B IOJIYIPOBOAHUKAX IPOUCXOISAT
pa3sHOOOpa3HbBIe PETAKCAIMOHHBIC TIPOIECCHl C IMHPOKHM CIEKTPOM BpEMEH
perakcanuu T, OXBATHIBAIOIIMM MHOTO TIOPSJIKOB W3MEHEHHs T. DTH MPOIECCHI

CBA3aHbl, HaOpumep, C KHHETUKOMN ,Heq)eKTOB, T.C. B KOHII€ KOHIOB — C
HEYNOPAAOUYCHHOCTBIO TBEPABIX TEJI.
EcrecrBeHHBIM MMPOAOJIKECHUEM OKCIICPUMECHTAIIbHBIX I/ICCJ'ICI[OBaHI/Iﬁ

MEXaHU3MOB (MIUKKEp-IIlyMa SIBJISETCS TOYHO JI03UpyeMasi TeHEpalusi Pa3IuIHOro
Tuna Ae(eKTOB B IOJNYNPOBOJHHUKE C IMOCICAYIOMIAM HCCICIOBAHUEM KHHETHUKU
(ITMKKEP-IIIyMOBBIX TIPOIIECCOB MPU UX MUTPALUU M B3aUMOJICHCTBUU C IPUMECIMH
W JIpyr ¢ APYroM, T.e. IpH 0Opa3oBaHWU W pacmaje KOMIUIEKCOB THIa edext-
npumech win  gedekr-medext. dnsg  co3maHus ITUX  IeeKTOB  Hamboiiee
3 PEKTUBHBIM C TOYKH 3PCHHUS yIPABISICMOCTH IPOLIECCa U TOYHOCTH JO3UPOBAHUS
MIPUMECH, BHEAPSIEMOW B IMOJYIPOBOJIHUKOBYIO MHIICHD, SBJSCTCS METOI HOHHOM
MMIUTAHTAIMK, KOTOPbIA MO3BOJISET IMOJydYaTh MPAKTHYECKA BCE HM3BECTHBIC LIS
MOJTYIPOBOIHUKOB THIIBI J1€(EKTOB.

BbIMOJIHCHHE  CHCTEMATHYECKUX  JKCIICPUMCHTAIBHBIX M TCOPETHUYCCKHUX
HCCIICMOBAHUM Me(EeKTO- W NIyMOOOPA30BaHUS B CTPYKTYPHO-HEYITOPSIOYCHHBIX
MOJTYIPOBOIHMUKOBBIX CHUCTEMAX, (POPMHUPYEMBIX METOJOM HOHHOW HMILIAHTALIMN
MO3BOJIMT YCTAHOBUTH (PYHJAMEHTAbHBIE 3aKOHOMEPHOCTH (DIMKKEP-ITyMOBBIX
MPOIIECCOB B TAKUX CHCTEMaX.

PerreHre MOCTaBICHHBIX 331a4 MPU3BAHO OOECIICYHTE CO3MaHUE HAYIHOU Oa3bl
JUTSL IEPOKOTO ¥ 3P ()EKTUBHOTO MPUMEHEHUSI (DIUKKEP-ITYMOBBIX METOIOB aHAIIM3a
B COBPEMEHHOH 3JICKTPOHUKE.

Ha mnacrosimee Bpemsi pa3pa®oTaH HOBBIM HCCIIEOBATENBCKHIA METOH IS

JIMarHOCTHKHA MOHHO-MMILUIAHTHPOBAHHBIX CTPYKTYP MHKPO- M HAHODJICKTPOHUKH —
Je(peKTHO-TIPUMECHAsI (biMKKep-1ryMoBast CIIEKTPOCKOITHUSI CTPYKTYpHO-
HEYIOPSIIOYCHHBIX MOJTYIPOBOJIHUKOB.
Paspaboranbl (h)U3NUECKHE OCHOBBI METOIMUYCCKOrO BaphaHTa (BIHKKEP-IIyMOBOI
CIEKTPOCKOMUH — a/ICOPOIIMOHHO-IECOPOIHOHHAS (buKKep-1ryMoBas
CHCKTPOCKOMUS, KOTOpasl TMpEUlaracTcs B KAueCTBE BBICOKOYYBCTBUTEIBHOIO
METO/1a M3Y4ICHUSI TOBEPXHOCTHBIX SIBICHUIN B ra304yBCTBUTCIBHBIX CTPYKTYPAX.
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DU3NKO-XUMHYECKHE H KaTAJTUTHYECKHEe 0CO0eHHOCTH
MHOTO(YHKIIMOHAIBHBIX MOPHCTHIX METAIUIOOPTAHNYECKAX EO0JTHTONOT00HBIX
MaTepHuaJioB

Mapkosa E.b., llInaxoea M.B., Konvinios B.B.
Poccwuiickuii yHUBEpCHTET IPYKObI HAPOA0B, MOCKBA.

Ha ceroausmHuii neHb Bce yalle W dalle MOJHUMAETCs BOMPOC 00 JKOJOTHUH U
OKpyKarlei cpene. Bech Mup cTpeMuTCsl IEpedTH Ha OE30TXOAHOE TOILIMBO, HA
MEHEE DHEPrOEMKYIO MPOMBIIIJIEHHOCTb, MPH KOTOPOH HPOM3BOJICTBO BEILECTB
OyZeT mpoBOAUTCS B HaHOOJIee MATKUX YCIOBUSX, a TNIaBHOE, 00JIee IKOHOMUYHOE 1
skonornyHoe. IlosBuiack noTpedHOCTH ajncopOeHTax M Karainuzatopax. Hambosee
MEpCHEeKTUBHBIME B OTHX  O0NMacTAX  SABIIOTCA  KapKacHBIE  CTPYKTYpPBI
OpPraHUYECKOr0 U HEOPraHUUYECKOTO MPOUCXOXKICHMSL.

BbumM cuHTE3MpOBaHBI LICOJIMTHBIE JKelle30coaepkalie cTpykrypsl ZSM-5(Fe)
n MOF(Fe) ¢ muakepowm 1,3,5-6en3ontpukapoonoBoii kuciotsl (BTC).

ITosrydenHsle CTPYKTYyphl ObUTH WccienoBanbl Metomamu PDA, POM, HK-
CIEKTPOCKOIINEH, HU3KOTEMIIepaTypHOil ancopOrmeii mapos azota mpu 77 K, a
Takke OblIa MPOBEJCHA KaTaTUTHUECKash HU3KOTEMIEpaTypHasl peakius KpeKUHra
IIPOTIaHa CHHTE3WPOBAHHBIX 00pa3max.

ITosrydenHbsle  00pa3ibl MPEACTABISIIOT COOOH OJHO(A3HBIE CUCTEMBI C
c(hOpPMHUPOBAHHOIN KPUCTAIIMYECKON pelIeTKo (pUcyHOK 1).

Otepuokpexiar  AZSM-5(Fe) ©MOF(Fe)
Hifgxng g : il - P
034 N SJ'!% = "%H .
o] CaHgayng =" €aHagen
(:Ié o 0f — Maex=Tocr
= o, Yo = T
=
= = M [mMkMons/rxc]
E neTnH
20.2 - [V
z e .- .
g P .
-~ - ’ e ‘ h o
0"0 W———@———-@“-‘-@
200 300 400 500

temneparypa, °C
Pucynoxk 1. Ocobennocmu npomekanus npoyecca HU3KOMemMnepamypHo20 Kpekunaa
nponana na kamaiumudeckux cucmemax ZSM-5(Fe), MOF(Fe)

YCTaHOBIECHO, YTO B HM3KOTEMIEpATypHOH OONAacTH KpEeKHMHra MporaHa Kak
CTPYKTYpbl OPIaHUYECKOIO M HEOPraHWYECKOI'O IPOUCXOXKIEHUS IPOSBISIOT
YCTOMUYHMBYIO KaTaTUTUYECKYIO AKTUBHOCTb.
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CrnieKTpoCcKonus 3JIeKTPOHHBIX BO30Y:KIEHHBIX COCTOSIHUI M MeXaHU3MbI
JHCCOLUALUM, TOPEHUsI, MHOTOCTYIIEHYATOH TPUILIET-TPUIIETHON HOHU3ALMH
U HOH-PATUKAIbLHON peKOMOMHALMN MHOT0aTOMHBIX N-,0-,S-coequneHuii
YIJIEBOJAOPOAOB B CAMOCOIIACOBAHHOM I10J1€e NPH Ja3epHoil Y Dd-Hakayke

Ob6yxo6 A.E.
DAY «25 I'ocHUU xummotonorun MunoOopoHs! Poccuiickort denepanumy,
Mocksa

Jis  pemmeHUs XUMMOTOJIOTHUSCKHMX 3a/1a4, HANpaBICHHBIX Ha yBEIHMUYCHUE
3(p(PEKTUBHOCTH TPUMEHCHHUS MHOT'OATOMHBIX COCIMHCHHU B KadecTBe: MO0ABOK,
MPHUCAJOK M MAPKEPYIOUIMX areHTOB JAJSl TOILUIMB, TOPIOYMX U CMA30UHBIX Macel U
CIIENUANTBHBIX JKUJIKOCTEH, TPUMEHSEMBIX B TEXHUKE s BOOpYKEHHBIX CHI
Poccmiickoit  @eneparmn (BC  P®), wMeTomamMum  aTOMHO-MOJIECKYIIAPHOM
unentudukamuu: pedpakiun, dypse-MK, CKPC, IMP 'H u "C, BIIP, Y-
MOTJIONICHHUS U JIIOMUHeCIIeHInH [1], a Taxoke Meronamu kBantoBor xumun JIKAO-
MO CCII pacumpennoe-KB UITJIIT/C wu3ydeHbl CTpOCHHE U CIEKTPaJbHBIS
CBOWCTBA TpPU JICTOHAIMOHHOM TOPCHUH B IIOJHBIX CIIEKTPAaX AJICKTPOHHBIX
CHUHIVIETHBIX M TPHUIUICTHBIX (IyOJETHBIX M KBApTETHBIX) BO30YXKAEHHBIX
COCTOSIHHSIX (S*iTjD*anEIExSt) («dmeMeHTapHBI aKT») B CaMOCOTJIACOBAHHOM
AJIEKTPOMArHUTHOM IT0JIe HEpa3phIBHOHN TU1a3Mbl Tipu Y d-na3epHoit Hakauke (puc.1)

[1].

Cnna ocnmaurapa, £¢

OcnoBnoe eHUTICTIOE COCTOINE

THO 0w S0 DO 1900

H| 184

B R
Puc. 1. (a) Mnocoyposnesas cucmema
UBTYHAMENbHLIX U Oe3U3TYHAMENbHbIX
MHO2OCHIYREHYAMbIX NepPexo008 6 NOIHOM
cnekmpe  dNeKMPOHHBIX — BO30YICOCHHBIX
COCmO}lHUﬁ S*iTJ'D*anEIEXSt Xumuuecknit capur, §,ppm
(““2nemenmapnoiii axm’). (6) Cnexkmpeoi.

Cxema MHOFO(I)OTOHHLIX IponeccoB Npu MOHOXpOMaTH‘ICCKOﬁ HaKa4dKe:

S,»>hv =S8 <=>T'~T >hv,  —>T ~1*~>D +e (AE* ) (1)

Sabvi €KYy

I

6036,1 6036,2

1.A.E. O6yxoB, Onm. u cnexkmp., 124, Ne 5, 662 — 668, (2018).
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AHaJIU3 CTPYKTYPHBIX 0COOEHHOCTEH M UX BJIUSIHUS HA MATHUTHBIA OTKJIHUK
BKJIIOYEHHIT aHTHMOHHU/IA MAPTaHIA B MAPUJIEHOBOIl MaTpHIle

Oseunuxos JY.H.M, 3asvanos C.A.l, Cmpenvyos ﬂ.P.l'a, Yymaros H.K.l,
Tpynvkun UH IIpyyxos B, JImumpsxos I1.B. ' Hecmenos A.A.", Yeanyn CH
1. Haumonanbublit uccienoBatenbekuii eHTp “Kypuarosckuit Uucturyt”,

MockBa

2. ®usnyeckuit uacTuTyT M. [1.H. JIebenesa PAH, Mocksa

3. IHCTUTYT CUHTETHYECKUX MOoNMUMepHBIX MaTtepruanos uM. H.C. Erukononosa
PAH, Mocksa

Bonbiias 4acTh UCCIIE0BaHUi MarHUTHBIX KOMIIO3UTOB C(hOKYCHPOBaHa Ha MOMCKE
MaTEepPHAIBHBIX CHCTEM, MOIXOMAMIAX JUIA FWCIIOJIB30BAaHUS B CHHHTPOHHBIX
YCTPOMCTBaX,  4YTO  MOApasyMeBaeT  HalM4ue B  HUX  HE  TOJBKO
BBICOKOTEMIICPATypHOro  ()EPPOMArHUTHOTO  COCTOSIHUS, HO W CHHHOBOU
MOJISIPU3AIMK HOCHUTENeH 3apsma. DTO ompenenseTcsd, B OCHOBHOM, MaTEepPHAIOM
MarHUTHBIX BKIIOYeHHH. OJHAKO, JUIl KOHKPETHBIX MPWIOKEHUH KpallHE BayKHBIM
SIBIISIETCS. MaTepuan MaTpulbl. Vcrnonb3oBaHHE MOIMMEPHOM MAaTpHULbl MOXKET
MO3BOJIUTh CO3/1aBaTh HE TOJBKO THMOKHE (YHKIMOHAIBHBIC YCTPOMCTBA, HO M
HCTIOJIE30BATh XOPOIIIO MacIITaOMpyeMble TEXHOJIOTHH MX TPON3BOJICTBA.

B pabote wuccaenoBamuch twieHkn noiu-n-kewmiena (IMIIK, mapuen) c
BKJIIOYEHHSIMH MnSb, cMHTEe3npOBaHHBIE METOJIOM ra30(ha3HON MOJIMMEPH3ALMU Ha
MOBEPXHOCTH. YMEHBIICHHE JONH (QHUUIepa COMPOBOKAACTCS yMEHBIICHUEM
KPUTHYECKOTO yIJIa PEHTTEHOBCKOTO OTPAXKCHUS IUICHOK, CBHICTEIBCTBYIOMINM 00
YMEHBIIEHUH WX HHTErPalbHOW IUIOTHOCTH, a TAKKE MOSBICHUEM CIIEN0B
kpucramudeckoil ¢asel IIIK. [laHHbIE PEeHTIeHOBCKON AU(DPAKIUK yKa3bIBAIOT Ha
HaJIMYME HAHOKPUCTAUIUTOB MnSb, pa3smMep KOTOPBIX YMEHBINAeTCAd TIPH
yBenuuenuu ponu IIIIK. C noMouipio 371€KTpOHHONM MUKPOCKOIHUH IOKa3aHo, YTO
uccuenyeMbie tieHkH, TommuHon 100-300 HM, He comaepKaT KPYIMHOMACIITAOHBIX
HEOJHOPOJHOCTEH, YTO yKa3blBaeT Ha PABHOMEPHOE paclpejielieHHe BKIIOYEHUI
MnSb B mienke. CeKTpsl KOMOMHAIIMOHHOTO PACCESTHUS CBETa IS HCCIIETYESMBIX
00pa3noB cojepkaT HECKOJbKO NMUKOB, XapaKTepHbIX it MnSb, a Takxe nukw,
MIPETIONIOKUTENBHO, CBA3aHHBIE C TOBEPXHOCTHBIMU OKCUAAMH, U CEPHUIO IHKOB OT
Matpunsl IITIK. Mccnemyemble MICHKH OKa3bIBAIOTCS (DEPPOMATHUTHBIMH TPHU
KOMHATHOH Temrieparype. B paMkaX JONOJHMTENBHBIX MCCIENOBAaHUN ObLia
oueHeHa Temmeparypa Kiopy maHHBIX IUIGHOK, KOTOpas OKasajach OJM3Ka K
3HaueHUsM i1 o0beMHoro MnSb. Opnako, HEOAHO3HA4yHAs KOPPENIALUL
HAaMAarHUYEHHOCTH M KOAPIIUTUBHOHN CHJIBI JAHHBIX IUICHOK, YKA3bIBAeT Ha BIIHSHUE
JIOTIOJTHUTENbHBIX ~ (pakTOpoB (HE TONBKO pa3MepHOro) Ha (opmupoBaHHe
MarHuTHoro otkiuka B cucreme [1TTK-MnSb.

Pabota Bbmonnena mnpu mnojaaepkke PODU  (rpant Ne 18-33-20240).
HccnenoBanus mpoBeaeHs! Ha obopynoBannn PLI «3nekrpodmsuka» un «Hano3oHmD»
HUILI «KypuaToBCKUII HHCTUTYT».
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CTpyKTYypa ¥ /IeTaId ONTHYECKOT0 OTKJIUKA TOHKOIJIEHOYHBIX KOMIIO3UTOB
noJu-n-keuaujien - PbTe

Oseunukos JZ.H.l'z, Hecmenos A.A.l, Rasvanos C.A.l, Cmpenvyos ﬂ.P.1'3,
bakupos A.B.1'3, Manaxose C.H.l, Boosuuenko A.IO.1‘3, Yeanyn C.HY
1. Haumonanbublit uccienoBatenbekuii eHTp “Kypuarosckuit Uucturyt”,
MockBa
2. ®usnyeckuit uacTuTyT M. [1.H. JIebenesa PAH, Mocksa
3. IHCTUTYT CUHTETHYECKUX MOoNMUMepHBIX MaTtepruanos uM. H.C. Erukononosa
PAH, Mocksa

Hcropudecky, OIHU U3 MEPBBIX CBETOTYBCTBUTEIBHBIX 3JEMEHTOB OBLTH CO3JaHBI
Ha OCHOBE XaJbKOT€HHIOB CBHHIA. [Ipym 3TOM, 0COOEHHOCTH 30HHOH CTPYKTYpBI
JTAHHOTO CeMEHCTBa MaTEepHUaIOB, ONPEJEISAIONINE UX ONTHYECKHE CBOWMCTBA, OBLIM
HaJe)KHO MHTEPIPETUPOBaHbI 3aMeTHO mnoxke. Ho nake celyac XalbKOT€HUABI
CBUHIIA OCTAIOTCSI OJHMMH W3 Hanboiee MEpCHEeKTHBHBIX MAaTEePHUAIOB B JAHHOM
obmactu. B wacTHOCTH, M3-3a JOBOJIBHO IMIMPOKHMX BO3MOXKHOCTEH YIIpaBICHHS
YHEPreTHYECKUM CIIEKTPOM TAKOH CUCTEMBI.

B pabore wuccrnemoBamuch CTPYKTypa U €€ KOpPpeIsiius C ONTHYECKUMU
CBOWCTBaMHU IUICHOK Kommo3uToB noiu-m-kcwmmwieH (IIIIK) - PbTe. O6pasusr
CHHTE3MPOBAINCh METOJIOM Tra30(a3HOW IOJMMEpU3alny Ha KPEMHHUEBBIX U
KBapueBbix nomnoxkkax. Jlobanenue IIIIK mnpuBoguT K 3aMETHOMY MaJCHHIO
MHTEHCUBHOCTH TUQPAKIMOHHBIX MHKOB PbTe B mccimemyeMbIx mieHkax. AHaIM3
GopMBI TIMKOB YyKa3bIBaeT HAa TO, YTO XapaKTEepPHBIE pa3Mephl BKIIOYCHHH
OKa3bIBAIOTCS MOPSAAKA HECKOJbKMX HaHOMeTpoB. Kpome Toro, mpu Ooibliem
cogepxkanuu [IITK marpuma oka3bIBaeTCsl YaCTUYHO KPHUCTAIIMYECKOH, O ueMm
CBHUJICTEIILCTBYET MOSBICHHE COOTBETCTBYIOIIETO AM(PAKIMOHHOTO MHKA. Takas
BapuaIys COCTaBa INICHOK TaK)Ke COMPOBOXKIACTCS YMEHBIICHNEM UX HHTETPAJIbHOM
IUIOTHOCTH, OLIEHEHHOM MO0 KPUTHUECKOMY YTy PEHTI€HOBCKOrO oTpaxkeHus. IIpu
9TOM, KOMITO3UIMOHHAs 3aBUCUMOCTh MOP(OJIOTUN MOBEPXHOCTU AAHHBIX IJIEHOK
OKAa3BIBACTCS BeChbMa HEOAHO3HAYHOW. CHEKTPHl KOMOWHAIIMOHHOTO pacCesHHS
HCCIEAYEMBIX IUICHOK COJep)XaT xapakTepHble miust PbTe moimocel. YBenudeHue
nosu TIIK nmpuBoanT K NOSIBICHNIO HA0Opa MOJIOC, CBSI3aHHBIX C MAaTPHIIEH, a TaKXKe
K mnoxasieHuto mnojgoc PbTe. Awunanoruubble TeHAEHUMM HAOIIOAAIOTCS A
00pasIoB, BBIPAIIEHHBIX Ha pasHBIX IOMIOXKKaxX. lcciaenoBaHWS ONTHYECKOTO
norsomieHust wieHoK [IITK-PbTe BBISBHIM HEMOHOTOHHYIO 3aBHCHMOCTH (DOPMBI
CHEKTPOB, a TAKXKe XapaKTePUCTUUYECKUX PHEPrui, oT KoMmo3uuuu obpasua. IIpu
9TOM, HaOTIONAeTCs OTYETNIMBBIA CHHUHM CIABHUTI Kpas TOTJIOIIEHHS, OTHOCHUTEIBHO
oobemHOro  Martepuasia.  OOpasmpl  00NamaroT  3aMETHOM  aMIUINTYAOH
(GOTONPOBOAMMOCTH,  KOTOpas ~ XapaKTepu3yloTcs  OOJbIIMMH ~ BpEeMEHaMHu
HACBIIECHNS U PEeIaKCaLlUH.

Pab6ota BemonHeHa npu noanepkke POOU (rpantsr Ne 18-33-20240 u Ne 18-
03-00582). UccnenoBanus nmpoBeaeHbl Ha obopyaoBanuu PLI «3nekrpodusmnka» u
«Hanozonmy HULL «KypuaToBCKUIA HHCTUTYT».

60



OxHCIUTeIBLHBI KPEeKUHT cMecei 3TaHa M 3THJIeHA

Osepckuil A.B.l'z, Cmapocmun A.ﬂ.1'3, Bumun H.C.l'z, Huxumun A.B.l’z,
Apymionog B.C*,
1.1IIX® PAH, r. YepHoroisoBka
2. ®UI] XD PAH, r. Mocksa
3. DODOXU MI'Y um. M.B.JIomonocosa, r. MockBa

Ha nedtenepepabaTeBalOmuX MNPEANPHUIATUIXB KadecTBE MOOOYHBIX MPOTYKTOB
obpasyrotcs HedrezaBoackue Tassl (H3I[), mpemmymiecTBEHHO COCTOAIIME W3
yraneBonoponoB C;-C4, H,, m osTunena. Bosneuenune H3I B mpomblluieHHYIO
nepepaboTKy 3aTPyJHEHO U3-3a CIOXKHOCTH MX pasaeneHus. CeleKTUBHBII
OKHCIUTENBHBI  KPEKHHT  yTiIeBomoponoB Cp MOXKET CTaTh IepBoOiicTaaneit
MIEPCIIEKTUBHOTO  crmocoba mepepabotkn  H3I'B  meHHBIE HepTEXUMHUYECKHE
npoaykThi[ 1].OxucaUTeNbHBI KPEKUHITIDOTEKAaeT B auana3zoHe temmepatyp 500 —
750 °C, COOTHOMICHHH TOIUIMBO/KHCIOPOJ BBHINIE MpEAEaa BOCILIAMEHEHHSL.
OcHoBHbIME ipoaykTamu sBisitoTcest CoHy, CO, Hy 1 CHy[2].

Opnnako B cocrae H3I' MoXkeT mprcyTCTBOBATH OOJIBIIOE KOJINYECTBO ATHIICHA,
MOSTOMYB  JaHHOH pa0oTe HSKCIEpUMEHTAlbHO  HCCIENO0Balach  CKOPOCTh
OKHCITIMTEIFHOTO KPEeKHHTa 3TaHa ¢ J0OaBKaMH dTHJICHA. BBIIO MoKa3aHo B3anMHOE
MHTHOMPOBAHUE OKHCIICHMSI 3TaHa M JTWJICHA TP COBMECTHOM OKHCIMTEIHHOM
KPEKHHIe JTaH-ITUIEHOBBIX CMECEH, KOTOpPOe NPUBOJAUIO K CYLIECTBEHHOMY
YBEIHMUCHHIO TEMIIEpaTyphl MpoLecca.

HccnenoBanne BBIOTHEHO 3a cUeT TpaHTa Poccmiickoro Hay4HOro Qonpma
(mpoext Ne 19-73-00291) B UTIXD PAH

Jluteparypa.

1.ITatent 2688932 (P®)

2. ApytionoB B.C., CaBuenko B.U., Cenos 1.B., Hukutun A.B., Maromenos

P.H., IIpormna A.1O. // Yenexu xumuu. 2017, T.86. Nel. C.47 —74.

I/I3yqune CTPYKTYPBI 1 JIaMl/IHapHOﬁ CKOPOCTH IrOpeHUus IJIaAMEH
NpeaABapUTEJIbHO MMEePpEMEIIaHHbIX cMmeceid Mypaanﬂoﬁ KHUCJIOTHI € 02 u Ar

Ocunosa K.H.*?, Capamu C.M.2, Kopobetinuues O.I1.*, [lInaxos A.I'**
1. UXKTI" CO PAH, HoBocubupck
2. HT'Y, HoBocubupck
3. KAUST, TyBan

Bomopon siBisieTcss TEPCIIEKTHBHBIM — OKOJOTMYHBIM — TOIUTMBOM, OJHAKO Ha
CETONHSAIIHUN JICHh CYIICCTBYIOT OIPEACICHHBIC CIOKHOCTH, CBS3aHHBIC C €r0
WCIONB30BaHUEM, XpaHEHHEM U TpPaHCHOPTUPOBKOW. OJHMM U3 BO3MOXKHBIX
pemeHnit  3TOW MpOOIEeMBI SBISIETCS HCIOJB30BAaHWE HOCHUTENEH BOJOPOAA,
HampuMep, Takux kak mypaBbuHas kuciora (HCOOH). B otmmume ot Bomopona,
YIIOMSIHYTBIC BBIIIC MPOOJIEMBI JJIsi MypaBBHHOW KHCIOTHI y)Ke pelneHbl. OIHAKO
IUTsl HaydHOTO 000oCcHOBaHUWs mepcnexktuBHOCcTH npuMmenennss HCOOH B kadectse

61



TOTUIMBAa HEOOXOIUMO JeTajJbHOE HCCIeIOBaHHE MPOIECCOB ee ropeHus. Llenbio
JAHHOH PaOOTHI SBISETCS MOJyYeHHE HOBBIX JTAHHBIX MO CTPYKTYpPE M CKOPOCTH
pacrnipoctpanenus uiamen HCOOH.

CrpykTypa  IUIaMEHHU crexuomerpuueckoit  cmecu  HCOOH/Oy/Ar
HCCIIEeI0BATIACh METOJIOM 30HJIOBOW MOJIEKYJISIPHO-ITYYKOBOH MaccC-CIIEKTPOMETPUN
C MATKOW HMOHM3AIEH SJCKTPOHHBIM yrnapoM. [lmams OpIO cTaOMiInM3npoBaHO Ha
miockoil ropenke npu P=1 arm, Temmeparypa ropenku coctasisuia 368K. s
H3MEpEHHs TEMIIEPAaTyphl HCIOIB30BATIHCh TOHKHE Tepmomapbl Pt/ Pt 10% Rh.
JlamunapHast ckopocts pacnpoctpanenus mnamenn HCOOH/O,/N, nzmepsiiacy ipu
HavampHOU Temmeparype cMecu 373K u 423K ¢ ucnosp3oBaHreM MeToaa OayiaHca
TEIUIOBOTO TOTOKA. KoadduimeHT M30bITKa TOIUIMBA U3MCHSIICA B quarna3oHe 0.5-
1.5, otnomenne Oy/N,=3/7. JInsg 4YHCICHHOrO MOJCIHPOBaHMs OBLI HCIOJIb30BaH
moayns PREMIX u3 nporpammuoro nakera CHEMKIN PRO. Jlna monenupoBanus
HCTIONIE30BAITICH TP MEXaHMU3Ma OKHCIICHHs MypaBbuHOH kucioTel: Glarborg et al
[1], Konnov et al [2] 1 oOHOB1eHHast Bepcust Aramco 2.0 [3].

[Tomy4eHHBIC pe3yNbTaThl MOKA3aIN, YTO MPOQUIN MOIBHBIX JOJNEH PearceHTOB
W OCHOBHBIX TPOJIYKTOB TOPEHHS XOPOIIO OTHCHIBAIOTCS BCEMH MEXaHW3MaMHU.
OcHoBHBIE pacxoxaeHus HaOmomarorcs ansi CH,O, mis kotoporo MexaHmsMm [1]
MIpeJICKa3bIBAEeT MUKOBOE 3HAUYCHUE HA 5 MOPSAKOB HUKE, UEM B OKCIIEPUMEHTE, B TO
BpeMsl Kak MexaHu3M [3] maet Hanbomnee OnM3Kui pe3ynbraT. B cnydae nmamMmuHapHON
CKOPOCTH TOpEHHs, MeXaHW3M [2] MpeicKa3blBaeT 3HAYEHUS B 3 pasa BEIIIC
IKCIIePUMEHTATIBHBIX. MexaHu3Mm [ 1] mydie cornacyercsi ¢ H3MEpPEHUSIMH CKOPOCTH
IJJAMEHHU, OJHAKO B o0iacTu OOTaThIX IUIAMEHH BCe Ke JaeT 0oJjiee BBICOKYIO
CKOpOCTH TOpeHus. Vcmonp30BaHme MexaHu3Ma [3] 03BOIACT TOOUTHCS HECKOIBKO
JIYYIIETO COTJIACHS PACUeTOB CKOPOCTH TOPCHUS C IKCIIEPHUMEHTOM.

[1] P. Marshall, P. Glarborg, Proc. Combust. Inst. 35 (2015) 153-160

[2] M. Christensen, A.A. Konnov, Combust. Flame 170 (2016) 12-29

[3] S. Mani Sarathy et al, Energy Fuels 34(6) (2020) 7564-7572

HaHocTpyKTypbI Ha 0CHOBE TPeXJIeNecTKOBBIX MAKPOTeTePOLUKJI0B

Taxomos F.ﬂ.l'z, Tpaskum B.B.z, Cmyorcun I1.4., ! Koexosa V.I1.
1. UdGM PAH, Huxuuit Hosropos
2. UT'XTY, UBa"OBO

TUIIMYHBIMU NIPEACTABUTEIAMH MaKpOT'€TEPOLMKIMYECKUX COCIMHEHUH SIBISIOTCS
NIPUPOJIHBIE  TTOPGUPHHOUIBI  (XJIOPO(MILUIEI, TPOTOTEMbI) M MPOMBIIIICHHbIE
MTUTMEHTHI-(QTaIONHaHUHbL. VX doTodu3nyeckne n 3IEKTPOXUMHIYECKHE CBOMCTBA
BO MHOTOM OIIPEEIISCT MOJTUCONPSIKEHHBIN YeThIPEXIENEeCTKOBBIN Makponuki u3 C
n N aroMoB, B IIGHTpE KOTOPOTO MOXKET OBITh KOOPAMHHPOBAH aToOM MeTaylla.
OpHaKo CyMECTBYIOT M HX AaHAJIOTH C COKPAIICHHBIM, TPEXJICHNECTKOBBIM
MakpouuKiioM — cyomopupuusl [1]. B HHX eIMHCTBEHHO BO3MOXHBIM
LIEHTPAJIbHBIM aTOMOM B KOHYCO00pa3HOM MOJIEKYJISIPHOM CKejieTe OyneT 6op, u 3To
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IPUBOJIUT K HMHTEPECHBIM OCOOEHHOCTSIM BHYTPH- M HaJMOJEKYJSPHBIX CBOWUCTB
9TUX COEAUHEHUN.

HenmaBHo Hamm ObIT CHHTE3HMPOBAH psiJi HOBBIX CyONOpQUPHUHOMIOB C
paznuuHoi mnepudepueid Makponukiaa [2]. Hexotopele W3 HHMX JIEMOHCTPHUPYIOT
KO3(DPUIIMEHTH SKCTHHKINHU, TEPMHUYECKYI0 M XUMHUYECKYIO0 CTaOMIBHOCTH HE
yCTyMNaomue KIAaCCHYECKHIM HE3aMEIIECHHBIM CyO(TaloMaHNHOBBIM MHIMEHTAM.
COOTBETCTBEHHO, HX MOXHO IPUMEHSTH JJIsI M3TOTOBICHHUS MOJICKYJISIPHBIX
TIOJTYTIPOBO/IHMKOBBIX CJIOEB METOZOM TEPMHYECKOrO MCHAapeHus B BaKyyMme W/WiN
HHTETPUPOBATH B  CIIOKHBIE MHOTOKOMIIOHEHTHBIC THOPHUIHBIC OPTaHHUKO-
HEOpraHnveckre HaHO(TeTepo-) CTPYKTYPHI [3].

B xone paGoTs! ObIIM TOJTydeHBI TIPOTOTUIIBI TOHKOIUIEHOYHBIX MHOTOCIIOHHBIX
(GOTOBONIBTANYECKHX sYEEK, Iieé B KauecTBe (oT0abCcOpOEpOB HCHOIH30BAIHCH
pa3NuYHBIC TPON3BOIHBIE CyO(pTaIOMaHnHa XJIopuaa 6opa ¢ MOTUPHUIIMPOBAHHON
nepudepuelt Juranga: Qrop-3aMECTHTEISIMH B OCH30JIBHBIX KOJNbBIAX JHOO
MIUPa3HHOBBIMH KOJIBIIAaMH BMeECTO O€H30JbHBIX. 3yuena wmopdormorust cioes-
(oToabcopepoB M KOHTAKTHPYIOIIMX MOJEKYJISAPHBIX M HEOPTaHHYECKHX CIOCB.
M3MepeHbl TEMHOBBIE U CBETOBBIE BOJIBTAMIICPHBIC XaPAKTEPHUCTHKN M PACCUNTAHBI
OCHOBHBIE TTapaMeTphI POTONPeoOpa3OBaAHHSI.

B nokmame o6cykmaroTcst cXeMbl (DOTOBOJNBTAMYECKOTO Ipeodpas3oBaTes,
croco0s!  (opMHpOBaHHSA (CTPYKTYPHPOBAHMSA) aKTHBHOTO MOJIEKYJISPHOTO FIIH
THOPHIHOTO TETEepOINepexoa, J[JOCTOMHCTBA M HEJOCTATKH HCIOIb30BAHHBIX
cyonopdupruHOHI0B.

Pa6oTa BeimonHeHa npu noaaep:xke PH® Nel7-13-01522.

[1] D. Prasannan, M Ravikanth, Coord. Chem. Rev. 407 (2020) 213172
[2] P.A. Stuzhin, I.A. Skvortsov et al., Dyes Pigments 162 (2019) 888-897
[3] P.A. Yunin, V.V. Travkin et al., Appl. Surf. Sci. 512 (2020) 145645

B3aumoneiicTBue MI0CKUX U chepryecKUuX yAAPHBIX BOJH €O CJI0IMHU
nmyJjiey/1aBJIUBaIONIero MaTepuana

Meoseoes C.H.l, AH@epoicaHer.K.l, Tyx H.B.z, Hesanyos A.H.l, Muxaiinun A.H.Z,
Iomasoe B.C.?, Cunbnuxos M.B.M?, Tepesa A.M.*, Xomux C.B.*
1.OULL XD PAH, MockBa
2.3A0 "HIIO CM", Carkr-Ilerepbypr

OKCHEepUMEHTAIbHEIM IIyTeM  BBIABICHBI 3aKOHOMEPHOCTH  B3aWMOJICHUCTBHA
IUIOCKUX M C(EPUYECKUX yIapHBIX BOJIH C JKECTKOH CTEHKOH, MOKPHITON CIIOSMH
IyJICyJIaBIMBAIOIIEr0 HETKAaHOTO MaTepuana M3 apaMuaHbIX BoJokoH (ITYM).
[Inockue yaapHBIC BOJIHBI TEHEPHPOBATIHCH B BEPTUKAIBHON ynapHOH TpyOe ITHHOI
1.5 M BHyTpeHHUM AuaMeTpoM 54 mm. [Ipu aToM uccieayemsble CiioM NOMELIATUCH
Ha Topie TpyObl M MOJBEPraNuch BO3AECHCTBUIO OTPaKEHHON yAapHOH BOIHBL. st
MOZIEINPOBaHUs ChepUUECKHUX yIapHBIX BOJH HCHOJIb30BANACh KOHMYECKas yiapHas
Tpyba ¢ yriioM pacTBopa 14° u OTKPBITOM € TOpLAa KOHUYECKOW KaMepoWl HU3KOIO
naBieHus JumHOHW 2 M. Ciionm pa3Memannuch BONb 00pa3yloled KoHyca U, TaKHuM
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00pa3oM, HCCIEeN0BaNTOCh UX B3aUMOJCHCTBHSA C NMPOXOAAIICH yIapHOH BOIHOM.
[ToxazaHo, 4yTO mapamMeTpsl yIapHO-BOJTHOBOH HArpy3KH, IepeaBacMoi depe3 CIou
[IYM 3aBHCAT OT MHTEHCHBHOCTH BO3IYIIHOW YAapHOW BOJNHBI W €€ TPOQHIL
JaBJeHUs. AHAJOTMYHO TMOKPBITHAM U3  HAchIIHOM  cpenbl  (mecka) U
MCHOTIONINypeTaHa, MpPU OTHOCUTEIBHO HEOONBIION TONIMMHE HCCIELyeMOTo
MaTepHaia B MpoQuiie TaBICHHUs Ha )KECTKOH MOMI0KKE MPUCYTCTBYET UMITYJIbCHAS
COCTaBJISAIOIIAs, aMIUIMTyJa KOTOPOM MOXKET B 2 pa3a NpeBblIaTh JAaBJICHHE B
yIAapHOH BOJIHE B OTCYTCTBUU TMOKpPBITHS. CpaBHHUTENBbHBIM aHAW3 MOKa3al, 4TO
ITYM saBnserca Gonee 3pQPEKTUBHBIM MaTEpHAIOM JUI CHIKCHUS HMMITYIbCHBIX
YAApHO-BOJHOBBIX ~ Harpy30K, YeM [I€HONOJUYpPETaH. Y4YeT  BbIABJICHHBIX
3aKOHOMEPHOCTEH HEOOXOANM MPH MPOCKTUPOBAHUH CHCTEM 3alUTHI OT (PyracHOTo
JICHCTBHS B3pbIBA.
Pabora BeimonHeHa 3a cuet rpanta PH® (mpoext Ne 19-19-00554)

YucjeHHOE MOIETHPOBAHIE CAMOBOCIIJIAMEHEHNSI M TOPEHHS MPOIYKTOB
MHPOJIN3a MOJUTPONNIeHA U ABTOMOOMIBHBIX IIHH

Aeagonos F.JY.l, Anoeporcanos 3.1(.1, bpuikos H.A.Z, Meoeseoes C.H.l,
Muxankun B.H.l, Ilempos C.K.z, Tepesa A.M.l, Xomux C.B.l, Yepuviuios M.B?
1.®UIl XD PAH, Mocksa
2.BI'TY "BOEHMEX", Cankr-IlerepOypr

OmHUM W3 TEPCHEKTUBHBIX HAMpaBICHUN YTHIM3alMsA MPOAYKTOB IMHPOIH3A
MOJIMMEP M KaydyK COJEpPIKAIINX OTXOJOB SBISETCS MX JCTOHAIIMOHHOE COKUTAHHE.
B pesynbrare mnpexpnonaraercst IOMydaTh MeEJKHE (PAarMEHTHl XMMHYECKHX
COeJIMHEHUH Masloif aTOMHOCTH. [yl BBISICHEHMs JETOHAIMOHHOW CHOCOOHOCTH
ra3o00pa3HbIX MPOAYKTOB nuponusa noiunponuiena (I[1I1) 1 aBToMOOUIBHBIX WH
(AIll) ObUTM TPOBENCHBI YHCIEHHBIE PACUEThl 33JEPKEK BOCIUIAMEHEHUS T M
HOPMaJbHOM CKOPOCTH IJIaMEHH U, JUI MX cMecell ¢ Kuciopoaom. M3 murepaTypbl
YCTAQHOBJIEHO, YTO COCTaB Tra3000pa3HbIX MNpoaykToB mwmponumsa [T u Al
MIPAKTUYECKH OJWHAKOB MO XWMHUYCCKHM KOMITOHEHTaM M OTJIMYACTCS TOJBKO IO
Jone ux cojepxaHus. PacdeTsl MPOBOAMINCH C HCIOIB30BAHHUEM IPOrPAMMHOIO
nakera CHEMKIN co cTeXuoMeTpruuecKiM CMECSIMHE IIPU HaYallbHOM aTMOC(EPHOM
naBieHuu B jauanaszone temmeparypbl 800K — 2000 K. VYcranoeneHo, d9To
TeMIIepaTypHbIEe 3aBUCHMOCTH T U U, OKa3alInCh OJM3KH AJISI UCCIEAYEMBIX CMeceh
[T u AILl. Ha ocHOBe JaHHOrO pe3yJjibTaTa B paMKaxX YMCIEHHOTO MOJEIMPOBAHUS
MOKA3aHO, YTO MHpU pa3paboTKe SKCHEPUMEHTAIBHOTO CTEHJa JETOHAI[HOHHOTO
CKMIaHUsI MOXKHO 3aMEHMThb npoaykrel nuposmza IIIT u ALl Ha cmecu
MIPOTIaH/BO3IyX WJIH METaH/BOJOPOJ/BO3IYX.

Pabora BbImonmHeHa mpu (QuHAHCOBOHM mojyIepkke MMHHCTEpCTBA HAYKH U
BeIciiero  obOpaszoBanus Poccmiickoii @enepanmm B paMkax  IIporpammsr
«HccnenmoBarnss W pa3pabOTKH MO TIPHOPUTETHBIM HANPABICHUSAM Pa3BUTHA
Poccuiickoro HayuHO-TexHHYEeCKOT0 Komruiekca Ha nepuoxa 2014-2020"; rpant Ne
075-15-2019-1843, unenrudukarop npoekra REMEF160719X0307.
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BricokodHepreTuyeckoe Bo3/ieiicTBIE YaCTHI HA CBOIICTBA MeTALJIMYeCKOM
nperpaasl

Ilempos E.B., Ceponsn C.A., Housx /[.B.
NCMAH, YepHoronoBka

B nacrosimee BpeMsi 0COOBI MHTEpEC MPEACTABIISIOT HCCIEAOBAHHS B 00nacTu
TEXHOJIOTHH 10 CO3/IaHHUI0 MAaTepUallOB C HOBBIMU CBOIICTBAMM IyTeM COBMEILICHUS
BBICOKOIHEPIeTHYEeCKOl 00pabOoTKM M BBEACHUS JETHPYIOMHX H00aBOK B 00BEM
Mmarepuana. [lomydyeHne MaTepHalioB C IIOMOMLIBIO  BBICOKOIHEPIETHUECKOTO
BO3JICHCTBHS HA MHKPO- M HAHOCTPYKTYpY TIIO3BOJISIET JOCTHUTaTh BBICOKHX
IIPOYHOCTHBIX U NEPCIEKTUBHBIX CBOMCTB y MaT€pPUANOB.

OnfHUM W3 TaKUX METOAOB SIBISETCS METOJ BO3AEHCTBHSA Ha METAJUTBI IIOTOKA
BBICOKOCKOPOCTHBIX YacTHI[ B PEKHME CBEpXITyOOKOro mnpoHukaHus. Ilpupona
JIAHHOTO SIBJICHUSI IO CHX IIOp HCCIIEAOBATEISIMU HE 0ObsicHeHa. CTPYKTypHBIE U
(ha30BbIC M3MEHCHHS B METAUIMYECKAX MaTepuasiaX M CIUIaBax, IMOCIE BO3ACHCTBU
MTOTOKOM YaCTHII, CKJIQABIBAIOTCS W3 ACHCTBHS YIAPHBIX BOJH TIPH COYAAPEHUH C
MIOBEPXHOCTBIO TIpErpajgbl M BO3IACHCTBUS YacTUI] IMOPOMIKA C ITOBEPXHOCTHBIM
CJI0eM Tperpajbl U MPeJCTaBISIOT HHTepeC MpU PelIeHNnH, Kak MPUKIAJAHBIX 3ajad,
Tak ® (QyHIAMECHTANBHBIX mpobmeM. K mepBoMy THIly 3amad  OTHOCSTCS
UCCIENOBAHUS 110 YHPOYHEHHWIO W HAHECEHMIO MOKPHITHH Ha IOBEPXHOCTh
MmarepuaioB. Ko Bropomy THITy 3a/1au4 OTHOCHTCSI U3y4€HHE MpoLecca BO3ACHCTBHS
YaCTHIl HOPOIIKA C TOBEPXHOCTHIO MPErpasbl.

[Ipn BEICOKOPHEPTETHYECKOM BO3ICHCTBUH IIOTOKA YaCTHI] HA METAITMYCCKYIO
mperpagy HauOOJbIIas YacTh 4YaCTHI[ MOPOIIKA OCTaeTCsl Ha MOBEPXHOCTH
nperpajsl, OpMUpYsi HEPAaBHOMEPHOE [0 TOJNIIMHE MOKpbiTHe OT 10 1m0 50 MkM, B
KOTOPOM MOTYT HaOIIOAAThCS MHKPOIOPHI W 0OPa30BBIBATHCS INEPEXOAHAs 30HA.
Mertamnorpadgudecknii aHaIH3 MHKPOCTPYKTYpPHI TIOJNyYCHHBIX OOpA3IOB ITOCTE
COyJapeHus BEICOKOCKOPOCTHBIM ITOTOKOM YacTHUI ITOKa3all, YTO YAApHO-BOJIHOBOE
Harpy’keHHe YacTUI[AM{ ITOPOIIKOB IPUBOJUT K M3MENBUYCHUIO, CIUTIOIIUBAHUIO H
BEITATHBAHUIO 3€peH ¢eppuTa ¥ TEpPIUTa B TPUIOBEPXHOCTHOM CIIOE€ B
MHCTPYMEHTAIbHOM cTanu Y 8.

HccnenoBanue pacmpefeneHuss MHKPOTBEPAOCTH IOBEPXHOCTHOTO — CIOS
HccleyeMol  Iperpajgpl  MOKas3ajlo, YTO  MHKPOTBEPJOCTh  MAaKCHMAaJIbHO
YBEIMYHMBACTCSI B NPUIIOBEPXHOCTHOM CJIO€ HA TIIyOnMHE 2—6 MM IO CPaBHEHHIO C
UCXOAHOW MHKPOTBEPJOCTBIO MPErpaabl. 3aTeM 3HAYCHHUS MHKPOTBEPJIOCTH
CHIDKAIOTCS MO Mepe yJaJeHUsl OT MOBEPXHOCTU U Ha NTyOuHe mpumepHo 15-20 mm
PaBHBI 3HAYCHHUAM HCXOJHONH MHUKPOTBEPIOCTH Mperpaasl. Takoe pacmpenerncHue
MHKPOTBEPJIOCTH MO TITyOWMHE Hperpajbl 0OBSCHACTCS YMECHBIICHUEM BO3JICHCTBUS
yZIapHOIl BOJIHBI, TNPOJYKTOB JETOHAMM M 4YacTHI[ MOpPOLIKOB Ha CBOWCTBa
HCCIIelyeMOro MaTepuara.

VccnenoBanue BEITONHEHO TIpH (hMHAHCOBOHM mojnepxkke PODOU B pamkax
Hay4Horo npoekTa Ne 19-08-00553 a

65



TexHoJiorus ra3uuKanum B pe;KuMe cBepXaguadaTu4eckoro
uabTpannoHHoOro ropenus Ais nepepadorku TKO

, THonuanuuk E.B.

WuctutyT npobaem xumuueckoit ¢pusnku PAH, UepHoronoska

lasupukamms OTXOJOB C HCIOJNB30BAaHHEM CBEPXaAHA0ATHUCCKUX PEKHMOB
¢unbTparmontHoro ropenust (PI) wummeer psn  npeumymiectB.  OCHOBHBIE:
¢unpTpanys rasa uepe3 TOIIMBO OOCCTICUMBACT YCIIOBHS Ul YACPXKAHUS MBUIH U
HEUTpaIM3aliy KHCIOTHBIX Ta30B, MPEOBIBAHHE 3076l B TOKE TOPSYETO BO3IyXa
o0ecrieurBaeT TOJHOEC OKHCJICHHEC OpPraHMYeCKHX BEHIECTB. PaccMoTpeHue
razuuKanuy KOKca B 3aBUCUMOCTH OT COOTHOIICHHUS YIIIEPO/A ¥ 30JIbI U BOJSIHOTO
mapa B ra3e-oKHCIUTEIIE T0Ka3aao, 9To J0OaBIeHHE K TOIUINBY TBEPAOTO HHEPTHOTO
terutonocutens moBeimaer KIIJ. O60opoTHBIH KyCcKOBOH MaTephai 00ecreyHBacT
peKynepanuio Terja M paBHOMEPHOE paclpellelieHne MOTOKa Ta3a MO CEUYEHHUIO
peakropa. Xumunueckuit (cold gas) knpa razuduxaym 6onee 90% ObLT TOATBEPK/ICH
B JTa0OPAaTOPHBIX  HCHBITAaHUAX. OTO TO3BOJMIO  IIOCTPOWTH  YCTAHOBKY
MpoMBIIUIEHHOTO  MacmTaba  (J1500  wmm).  VcmeltaHuss — TOATBEPIFUTH
3¢ GEeKTUBHOCTh Ta3U(UKAIMUA U BBICOKHE SKOJIOTHYECKHE IOKa3zaTelH Ipolecca.
HopmatuBsl 11 OKcmaa yriepoja, CaXH, XJOPHCTOTO BOJAOPOAa W (TOPHUCTOTO
BOJIOpOJIa OBUIH COOIIOICHBI 0€3 KaKOH-Tn00 OYHCTKY ra3a, OTpaHNYCHHS IS ITBLUTH
U TSDKENIBIX METAJJIOB, OKCHUIIOB Cephbl M JAMOKCHHOB CJIa00 MPEBBILICHBI, ABIMOBON
ra3 TpeOyeT JNUIIb He3HAUUTENbHON ounucTkH. OJHAKO MPOSBHINCH OTPAaHHUYCHHS,
CBSI3aHHBIC c MeXaHHYEeCKOI HEYCTOHYHNBOCTHIO mporecca. C
KYCKOBBIM/OpUKETHPOBAHHBIM TOILTHBOM IPOIIECC MPOTEKAN IITaTHO, C PEATbHBIMHU
TKO pasBuBanach HeyCTOHYUBOCTH (PPOHTA FOPEHHS U IIPOTAPY C OJJHOH CTOPOHBI.

OTO MOATONKHYJIO K pa3pabOTKe HAKIOHHOTO BPAIIAIOMIETOCS PEaKTopa,
KOTOpBIH MO3BOJIMI COBMECTUTH ME€PEMELIMBAHME TOIUIMBA, KaK BO Bpallarollencs
MeYn, U IUIOTHBIA clod ¢ 3 (eKkTUBHBIM MeK(pa3HBIM TEIIIOOOMEHOM, TUITHYHBIH
JUI  [IaXTHOM meun. Bpamenune Ha 2-3 00/MHH. 00eCeYmMiIo HICATIbHYIO
crabmmuzammio ¢pponta @I'. McrmeiTaHUS MPOMBIIUICHHOTO MTPOTOTHIIA HAKJIOHHOTO
Bpaimmaromierocss razorereparopa I'TT-9 Owstn  mpoBeaenst B 2019 T
lasudpuimpoBanm  xBoctel  coptupoBkn TKO MockBel mocie  a’3poOHOTo
KoMIocTupoBaHus. Bmaxsnocts TommmBa  ~35%, 3ompHOCTE  ~35% TS.
[TonTBepkaeHa YCTOWYMBOCTH 30HBI TOpeHHs Ha pabouem mauamerpe 1500 mm.
[Tomyuaemblit reHepaTOpHBIi ra3 uMen coctas (% 00.).

CO, (17.0); Ar (0.7); N2 (62.5); CO (8.8); C.H4 (0.7); CH,4 (1.8); H; (8.5)

Kpowme Toro, renepaTopHblil ra3z coepskal BOASIHON Nap U NUPOIU3HbIE CMOJIBIL.
l'az ycronumBo cropan B BuxpeBod ropenke. Coaepxanne I[IX/TIXID B
IeIMOBOM Tase (0e3 razoounctku!) cocraBmio 18.4 mr/m3 TEQ mpu mpenensHOM
Hopmaruee 100 mr/m’. CojepiKaHue JMOKCHHOB B 307€ COCTABMIO 28.6 MI/KT
(HOpMAaTHUB /ISt TIOYBHI HACETEHHBIX MeCT 50 MI/KT).

Pabora BBITNIOJIHEHA 1o TeMe T'ocynapcrBenHoro 3aaHusl,
Ne roc. perucrparun AAAA-A19-119022690098-3 (Tema 0089-2019-0018).
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JAunamuka rudenu kiaerok HeLa in vitro npu poroqunamuyeckom
BO3/1eiiCTBUH ¢ OMOUILIO SHA0reHHOTro PpIX, muayuupoBannoro S-ALA

Cemenosa H.B.l, Topbenxo ﬂ.A.l’z, Fenawos A.B.l, Bacromuncruii O.C.l,
bensesa T.H.3, Koprunosa E.C.3, Jlumeunoe U.K.2
1. ®usuko-rexandeckuii ”HCTUTYT UM. A.D. Mopde PAH, C-IletepOypr
2. Yausepcurer UTMO, C-IletepOypr
3. Unctutyt nuronoruun PAH, C-IlerepGypr

B paGore mpoBeneHO HCCIEAOBAHME pPEAKIWH KIETOK MOCTOSIHHOM KIETOYHON
muann Hela Ha (oroamHammueckoe BO3JECHCTBHE C HCIIOIB30BAaHUEM AHIOTCHHO
obpazosanHoro nporonopgupuna IX (PpIX) B xauectBe doroceHcuOmMsaropa u
mpH  pa3HBIX pgo3ax oOmyueHws. PplX cuHTe3smpoBamcs B KIETKax IIpH
aKKyMYJINPOBaHUHM S5-aMHUHOJIEBYJIMHOBOW KHCIOTHI (5-ALA, mpemapar AuaceHc).
Haxomnenne PplX koHTposMpoBaJloch 10O HMHTEHCHBHOCTH €ro  CHUTHala
(IIyopecIeHIInu ¢ perucTpanueil Ha KOHPOKaTbHOM (HIIyOpECIICHTHOM MUKPOCKOTIE.
MaxkcumanibHOe HakorwieHre PplX B KieTkax TOCTUTAIOCh TIPU X WHKYOHPOBaHUHU
B KyIbTypaJbHOU cpene, conmepxameid 5-ALA B koHmeHTpammu 100 MKr/mi, B
Te4yeHHue 3 9acosB.

doToarHAMHYECKOE BO3JCHCTBHE OCYIIECTBIISUIOCH NMPH OOTYYEHHH KIETOK
na3epoM Ha anuHe BosHBI 405 HM. JlMHamuka TmOeNd KIIETOK HCCIIENOBaNach C
nomomeo  1udposoit  romorpapuueckoid  tomorpaduu. Kak  u3BecTHO,
ronorpadudecKkue METOIbI SBJISIOTCS HEMHBA3UBHBIMU M HE TPEOYIOT MPUMEHEHUS
KpacuTened WM KaKUX-THOO APYTHX JOMOJTHUTEIBHBIX PEarcHTOB, YTO MO3BOJISIET
OCYILIECTBIATh HAOJNIIOIEHHE OOpa3IOB JKMBBIX KICTOK B TEUCHUE IIUTEIBHOTO
BpeMEeHH.  MOHHTOPUHI  KJIETOYHBIX  00paslioB B  TrojorpaduyeckoM
TOMOTPa(hUIECKOM MHUKPOCKOIIE MPOBOJMICS A0 OOIydeHHS M B TE€UYEHHE 2 4acoB
nociae Hero ¢ maroM B 10 muH. IlomydeHHbBlE TpexXMeEpHBIE pACHpPENEIICHUS
TIOKa3aTesIsl MPEeIOMIICHHUS TIO3BOJIMIIN TIOJTYIHTh JJAHHBIE O CEMH MOP(OIOTHYECKUX
mapamMeTpax KJIEeTOK, B TOM YHCIIe UX 00beMe, CyXoW Macce, IUIOMAAN MPOEKIINH,
BeicoTe u mp. Cratmctmueckas o0paboTka MaHHBIX MO 50 KIeTKaM B KaKIOM
oOpasie MO3BOJIMIIA BBISIBUTH OCOOCHHOCTH HM3MEHEHHS OSTHX I1apaMeTpoB,
XapaKTepHbIE /U Pa3HBIX MEXaHM3MOB I'MOEM KJIETOK. bbIIO mokasaHo, 4To mpu
03¢ 06myueHns 75 MBT/cM® IPOHCXOAUT GOTOXMMIHYECKH OMOCPEI0BAHHAS THOCITH
OITyXOJIEBBIX KJIETOK IyTeM HeKpo3a. HaOmiomanock 3HaYnMTEIbHOE yMEHBIICHHE
cpelHel BBICOTHI KJIETKUM U yBEIMUYEHHE €€ IUIOLAAU MPOEKLHH, YTO CBSI3aHO C
pa3pbIBOM MeMOpaHbl ¥ BBITEKAaHMEM BHYTPHUKIICTOYHOH cpeabl Hapyxy. I[lpu
yMeHbIIeHHH 70361 10 50 MBT/cM’ mpeoGragarommMM MeXaHH3MOM THOCITH
cTaHoBHJICA anonto3. IIpu 3TOM Ha TpEeXMEPHBIX pacHpefeieHUs X IOoKa3zaTems
NIPEJIOMJICHHST HAOIOJAaINCh BHYTPUKICTOYHBIE W3MEHEHUs, XapakTepHbIC JUIs
MHUTOINTO34.

[lomydennsle pe3ynbTaThl W pa3paboTaHHBIE METOAWKH MOTYT OBITh
UCTIONb30BAaHBl IIPU  Pa3padOTKE IPOTOKOJIIOB (OTOJMHAMUYECKON Tepamuu H
JUMarHOCTUKH.
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[onumepHbIe CTPYKTYPHI AJI5 AOCTABKH H YIPABJIAEMOro BHICBOOOKIEHUS
JOKCOPYOHIIMHA HA OCHOBE MPOM3BOJAHBIX Pe30PIHAPEHOB

Cepeeesa T.lO.l, Huszamees H.P.l‘z, Kaoupos M.K.l, Canynoea A.C.l,
Bonowwuna AJ1.}, Bueanwuna A.FO.2, Anmunun 1.C.*3
1. UnctutyTt opranuyeckod u ¢pusndeckoit xumun uM. A.M. Apoy3osa — OCII
OUI] KasHII PAH, Kazanb
2. Kazanckuil HallMOHAJIbHBIA TEXHUYECKUH YHUBEpCUTET, KazaHb
3. Kazanckuii (IIpuBomxkckuit) ¢penepanbHeiii yHuBepcuTeT, Kaszanp

AnpecHasi I0ocTaBKa M yNpaBisieMOE BBICBOOOJK/ICHNE JICKAPCTBEHHBIX BEIIECTB —
MepCIIeKTHBHAS 3a/1a4a B 00JIaCTH CO3/1aHMs M UCCIIEI0BaHHsI HAHOCTPYKTYp. OHUM
n3 obnacTtel MEOWIMHBI, TAE AaKTyajdbHAa JaHHAs IIeTb, SBISACTCA JICUCHUC
OHKOJIOTHUECKHX 3a0oyieBaHui. l3BecTHO Oonblnoe KOIMYECTBO 3(H(PEKTUBHBIX
IIPernapaToB, KOTOPbIC HAPYIIAIOT Pa3BUTHE MCTHHHBIX OIyXojeH (pak, capkoma u
ap.) u remo6aacto3oB — Jlokcopyourms, Hucnnatun, @topypannn u ap. OgHako
9TH TIperapartsl He 00Taal0T HANPABICHHOCTHIO JACHCTBHUS M OUYCHb TOKCHYHBI JUIS
Bcero opraHum3Ma. OJIHMM 13 IyTE€H YMEHBIUCHUS KOJHMYECTBA BBOAUMOIO B
OpraHm3M IpernapaTa M IOHW)KEHHSI OOIeH TOKCHYHOCTU SIBJSETCS BHEAPEHHE
cybcTpara B pa3iIM4HBIC CTPYKTYPBI, KOTOPBIE CHOCOOCTBYIOT aAPECHOH 10CTaBKE U
YIIPABIIEMOMY BBICBOOOKICHHIO JICKAPCTBA B LIEJICBOI KIIETKE.

B paboTe mokazaHbl MpUMEpPHI CO3/IaHMSI OJIMMEPHBIX HAHOKOHTEHHEPOB IS
HAIPABJICHHON JOCTAaBKH JOKCOPYOMIIMHA B pakoBbie KieTku nuHud M-Hela na
OCHOBE  TIPOM3BOJNHBIX  PE3OPIIMHAPEHOB,  (YHKIMOHANTM3WPOBAaHHBIX  N-
METWITTIOKAMHHOBBIMH U CyJb(DOHATONPONMIBHOJIOTCHOBBIME  TPYIIIAMH.
[TonyuyeHHble HAHOKOHTEHHEPBI pacIia/laloTCsl MPU TTOBBIMICHHON KHCIOTHOCTH WM
B IIPUCYTCTBHH H30BITKA TIyTaTHOHA C BBICBOOOKACHHEM HHKAIICYJIHMPOBAHHOTO
cyoctpara. Ilpm 5STOM HWHKanCymamuss B TOJIHMEpHBIE HAHOKOHTEHHEPHI
CIOCOOCTBYET TIOBBIIICHHOMY KJIETOYHOMY HPOHHKHOBEHMIO IOKCOPYOWIIMHA B
paKoBble KJIETKH, YTO IIO3BOJSIET KOHIICHTPUPOBATh JIEKAPCTBEHHOE BEIIECTBO B
IIENICBBIX TKAHAX.

{ [nyTaTtuoH
“ 8 MM

Pucynox 1. Cxema pacnaoa norumepnuix HaHOKOHMEUHEPOS ¢ UHKANCYIUPOSAHHBIM
00KCOPYOUYUHOM.

Pabora BbImosHeHa mnpu (QuHAHCOBOM mnomaepxke Poccuiickoro ¢onna
¢bynnamenTansHbIX nccaenoBanuit (PODU Ne 19-03-00429)
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Karaauzatopsl Ha ocHoBe cMemiaHHbIX Mn,Cr; (0,4 0kcH10B /171 IapoBoii
KOHBEPCHH YTAHOJIA

Cmans E.AM, Cumonos M.H.*?, Kpueep T.A*, Pozos B.A*?, Iasnesa T.C.*?,
Capaes A.A.l, Hwenko A.B.l’z, Epemees H.(D.l, Caooeckas E.M.l'z, Caovixoe B.AY?
1. UK CO PAH, HoBocubupck
2. HI'Y, HoBocubupck

B nocnegnue aecaTuieTrss MUPOBOE COOOIIECTBO MPOSBIISIET MOBBIIICHHBI HHTEPEC
K pasBUTHIO HHEPTeTHKA Ha OCHOBE BO30OHOBISEMBIX WCTOYHHKOB JHEPIHH.
Tpancdopmarys OHOTOILIMB B CHHTE3-Ta3 U BOJOPOJ PACCMATPUBACTCS KaK OJTHO M3
MEePCHEKTUBHBIX HAMpaBIeHUH B 3TOH o0macTu, NMpuUuéM B KauecTBE MOJEIBHOTO
TOTUTMBA JUIS MCCIIEJIOBAHMN YaCTO HCIOJIB3YIOT ITAHOJ, TIOCKOJIBKY OH SIBJISETCS
CaMbIM KPYIHOTOHHa)KHBIM OHOTOIUTMBOM. Ba)KHBIM Ka4eCTBOM, KOTOPBIM JOJDKHBI
o0nazaTh KaTajau3aTopbl mapoBoil koHBepcuu dtanona (I1KD), sBusercs Bbicokas
MOJIBIYKHOCTh KHCIIOPOJia HOCUTEINS, KOTOPBIM OyAeT y4acTBOBaTh B razu(ukaniu
MPEIIIIECTBEHHUKOB KOKCa W 00EeCTIeuynBaTh CTAOMIBLHOCTh KaTaIM3aTOPOB MPOTHUB
3ayIJIepPOXKUBAHUSL.

B nannoii pabote B kadectBe KartanuzatopoB I[IKD Obimu mccnemoBaHb
cmenranabie Mn-Cr okcuael ¢ HaHec€HHbIME MetamuiamMu (Ni um Ru). s
MIPUTOTOBJICHUSI HOCUTENICH HCIOIh30BaM MeToN [IeKnuHHM, HaHeceHWe aKTHBHBIX
KOMIIOHEHTOB B KOJIMYecTBE 2 BeC.% TPOBOAWIN IPOMUTKOW OKCHUAOB IO
Braroémkoctu. O6pasibl Obutu mpokaneHs! pu 500 u 900°C.

Cornacao naHabIM PDA, 00pa3ibl coepkaT B CBOEM cOCTaBe HECKOJIBKO (a3,
(aza kyomueckoir Mn-Cr IMINMHETH MOSBIISICTCS TIPU CoJiepkaHuu Mapranmna 10-65
at.%. CrnocoOHOCTh KAaTalu3aTOpPOB K BOCCTAHOBICHUIO ObLIa HCCIEIOBaHA
meronqoMm H,-TIIB. Hanecenue Ru mnpuBoanino K IOHMKEHHIO TEMIIEpaTypbl
BOCCTAHOBJICHHMSI TI0 CpaBHEHHIO C HcXomgHbiM okcugom Ha 40-80°C, uro
CBUJIETEIILCTBYET O CHJIbHOM B3aMMOJICHCTBUU MEXIY HAaHECEHHBIMU METAJUIAMU U
HocuteneM. COCTOSIHME TOBEPXHOCTH 00pasioB OBUIO HUCCIEAOBAHO METOAaMHU
P®OC n UK cnexrpockonuu ancopbuposanHoro CO. IToaBmKHOCTE KHCIOpOIa
KaTaJllM3aTOpOB ObUIa HM3yYeHa C IIOMOIIBI0 H30TOITHOTO OOMEHa KHCIopoa
Hocurenst ¢ C'*0,. Bbino Moka3aHo, 4To yBeTHUEHHE COAEPKAHUS Mn IPUBOIHT K
yBEeIHUCHHIO Kod(pdunueHnta anpdy3un KHCIopoaa H K 0Oomee BBICOKOMY
notpebnenuro H, B xone TIIB.

Ucnbitanus B peaknum [IKD mokas3anw, 9YTO HaWOONBIIYIO aKTHBHOCTB
MPOSIBIISICT KATaIM3aTOpP, KOTOPBIH CONEPKHUT B CBOEM cocraBe (pasy KyOMUYecKoit
mmraenn MnCr,Oy,.

PaboTa BeITIOTHEHA ITpH (PMHAHCOBOW ToepkKe poekta PH® 16-13-00112.
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CeleKTUBHOE JIa3epHoOe IJIABJICHUEC TUAPOKCHAIIATUTA

Tumkos A.U. 1, Bynuna H.B. 1, baes C.I'. 2, Maxkaposa C.B. 1, Bopobves A.M. 1,
beccmenvyes B.I1. 2, Jlaxoe H.3.*
1. UXTTM CO PAH, r. HoBocubupck
2. MUAuD CO PAH, r. HoBocubupck

I'uapoxcuanaTuT — NepCHeKTUBHBIN MaTepUal Ui co3AaHus duoxkepamuueckux 3D
cka(HoI10B, TOCKOIBKY SBIACTCS OCHOBHBIM MHHEPAIBHBIM KOMIIOHEHTOM 3YOHBIX
M KOCTHBIX TKaHEH dYelloBeka. B ocHOBe Bcex TexHoJormd 3D-TieuaTu u3aeiaui,
MMCIOIINX MOPHUCTYI0 BHYTPEHHIOI CTPYKTYPY, JICKHT MOCIOHHOE (POPMUPOBAHUE
u3ienus — nocnoiHas neuars. [lepcnekTuBHBIM criocoboM nocioitHoi 3D-nedatn
SIBIISICTCS CEJIEKTUBHOE JIa3epHOE IIIABIICHNUE.

B psme pabor cooOmanoch O BO3MOXKHOCTH IedaTth cKap@oimaoB wu3
CHHTETUYECKOI'0 T'MJIPOKCHANATUTA C HCIOJIb30BAHUEM TEXHOJIOTMM CEIEKTHBHOIO
JIa3epHOTO CIEKaHWs. DBBIIO MOKa3aHO, YTO 3Ta METOJMKAa IIO3BOJSIET CIEKATh
amaTUTOBBIC YACTUIBI 0e3 pa3ioXeHWs W, TaKUM O00pa3oM, OCYIIECTBIISATh
[OCJIOMHYI0 MedaTh TpexmepHoro wu3aeius. O BO3MOXKHOCTHU  ILJIaBJICHUS
IMJPOKCHANaThTa He COO0IaIoCh.

B manHO# paboTe moka3aHO, YTO MPH 00pabOTKe MOPOIIKA THAPOKCHAIIATHATA
nznyuenueM CO,-nazepa, B 3aBUCHUMOCTH OT PEXHMa, MOYKHO IPOM3BOAUThL Kak
CIIeKaHUe IMOpOIIKa, TaK €ro IasieHue. lccinenoBaHo BIUSHUE MOIIHOCTH
M3ITy4eHHs, AnaMeTpa ISITHA Jla3epa U CKOPOCTH CKaHUPOBAHUS.

YcTaHoBIEHO, UTO MPH 00pabOTKe Ja3epoM MOIMHOCTHIO 4 BT m amameTpom
nsaTHa 0.2 MM, MEHsISI CKOPOCTb CKaHUPOBAHUsI, MOYKHO IIPOM3BOJIUTh KaK CIIEKAHUE
YacTUL[ MOPOIIKA, TaK W OCYIIECTBIATh HX IUIaBJIeHHE. B 1aHHOM pexume
00pabOTKM  KOHTPY?HTHOE  IUIABICHHE  ITOBEPXHOCTHOTO  CJIOS  ITOpOIIKa
THIPOKCHANIATHTa HAYMHACTCSA TPU CKOPOCTH ckaHMpoBaHHH MeHee 600 mm/c. Tpu
cKopocTH CkaHumpoBaHusi MeHee 100 Mm/c HaOmrogaeTcs YacTHYHBIN pa3Baj
CTPYKTYpBl THApOKCHAmaTuTa B cieacTsuu mnotepu OH-rpymm B pesyiabTare
CIIHIIIKOM MEJICHHOTO TePEeMEIeHHS JTyda. Y MEHBIICHHE CKOPOCTH CKaHMUPOBAHUS
NPUBOJUT K YBEJIWYEHMIO BpEeMEHM 3Kcro3uiuu. CrienoBaTenbHO, AIUTEIbHOCTh
BBICP)KKM THUJPOKCHANATUTAa MpU TEeMIepaType ero IUIABJICHUS SIBIISETCS
OTIpeIeNAI0MNM (PAKTOPOM COXPAHHOCTH €r0 KPHUCTAIIMYECKOH CTPYKTYPHI.

PaboTa BeImonHeHa npu GuHaHCOBOHM moaaep:xke PODU B pamkax HaydHOrO
npoekra Ne 18-29-11064.

HeoprannuecKue Ja3epHO-aKTHBHBIE JKMAKOCTH, aKTHBHpoBaHHbIe Yb'':
CHHTe3 U CBOIiCTBa

Tuxownos I''.B., Cepéeuna E.A.
AO «'HII P® — ®DU», OGHUHCK

C menplo CO3JaHUS JKWJAKHX AaKTHUBHBIX CpeJl JIa3epoB C JMOJHOM HaKauKou
coenmaenust Yb(III) pacTBopsiin 4eThIpbMsi COCOOaMM B OMHAPHBIX alpOTOHHBIX
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pactBopurensix SOCL-MClIy, SO,Cl,-MCly u CCli—MCly (M: Ga, Sb, Ti u Si). dus
TECTHPOBAHMSA CIIOCOOOB CHHTE3a W METOAUK OMNPEACICHUS XapaKTCPHCTHK
PAcTBOPOB, aKTHBMPOBAHHBIX Yb’', MpM Tex ke YCIOBHAX TOTOBHIIM M 0OPA3Lbl
pacTBopoB, akTuBHpoBaHHBIX Nd’*. Takoil MOZXOX CMOCOGCTBYET MUHHMH3ALMH
CHUCTEMAaTHYECKUX SKCHEPHUMEHTAIBHBIX omn0ox u YCTaHOBJICHHIO
3aKOHOMEPHOCTEN U3MEHEHUS CBOUCTB.

ITosyueHsl SKcliepUMEHTAJIbHBIE JAHHBIE O PACTBOPHUMOCTH COEAMHEHUI
Yb(IIl) u cnexkTpanbHO-TIOMUHECIIEHTHBIX CBOHCTBaX Yb'' B HEOPTraHUYECKUX
ANpPOTOHHBIX PACTBOPUTENAX. PacCMOTpeHO BIHMsSHHE YCIOBHM CHHTE3a Ha
IITapKOBCKOE PACIICIICHHe OCHOBHOTO H BO3OYXIEHHOrO cocTosHmii Yb'', Ha
CIEKTPAJILHO-JIIOMUHECIICHTHBIE U JIA3€PHbIE XapaKTEPUCTUKU XKUIKUX CPENl.

Haiinensl cnocoObl CHHTE3a W U3TOTOBIEHBI 00Pa3lbl YCTOWYMBBIX JIA3€PHO-
aktHBHBIX KuK0CTelt SOCL-GaCli-Yb™, SOCL-SbCls-Yb'", SO,CL-GaCl;-Yb**
u CCL—GaCl-Yb"" ¢ tpebyembiMu kommenTpammein [Yb’']>0.1 Mons/n  u
KBAHTOBBIM BBIXOJIOM JIOMHHeCHeHIH Yb' 1> 0.5.

Ipencrapnensl  CHEKTpabHbIE 3aBUCUMOCTH CEYeHMsl ycuieHus og(A) B
xuaknx  cpemax  SOCL-GaCli-Yb®', SO,Cl,-GaCli-Yb'", CCl,—GaCli-Yb*" u
POC1;—ZrCl,~Yb®" nmasepHOro kauectsa NpH pa3HBIX 3HAYECHHAX OTHOCHTEIBHOI
MHBEPCHON HACEIEHHOCTH BEPXHEro Ja3epHOro ypoHs Yb'' B mpouecce mmomHoi
Hakaukd. JocTaToO4uHO OOJBIINE CEYECHHs YCHICHNS B IIMPOKOH 00IaCTH JIMH BOITH
(~ ot 970 no 1040 HM) MO3BOJISIOT MOJXYYHTh Ja3ePHYIO T€HEPAIUIo TIPU JTHOTHOMN
HAKa4Ke UTTCPOUNCOICPIKAIINX KUIKUX CPEI.

HccnenoBanuss mpoBeAeHbl mpu  (UHAHCOBOW mojumepxkke POOU n
IMpaBurenscrBa Kamysxckoit obnactu (Hayunbiid mpoekT Ne 19-43-400004).

CoHoTpu60/110MUHECHIEHIIUS CYCIIeH3MH CyJib(aTa TepOust B OeH3MHe

Tyxoamynnun A.A., A6opaxmanos A.M., Lllapunog I"JI.
WuctutyT HedTexmmun n katammza Y OUL PAH, r. Va

HenaBHo HamMu oOHapy»XeHa HOBas Pa3HOBHIHOCTH CBEUCHUS IIPH YIBTPAa3BYKOBOM
BO3/ICHCTBHU HA CYCIICH3HH KPUCTALIOB (coHOTpHOOMIoMuHeceHnus, CTJI) [1, 2].
CTIJI cycnieH3uii HEOpraHMYECKUX COJIEH JTaHTAaHUI0B ObLIO MCCIIEOBAHO B aJIKaHaX
U apoMaTHYeCKHX YIIEBOAOpPOJAaX. B mpomomkeHne 3THX pPabOT MPOBEACHO
nccnenosanne CTJI cycneHsnm KpucTayuioB cynbdaTa TepOus B OCH3WHE MaKpH
AUN-92.

[Tokazano, 4To ynpTpa3ByKkoBas oOpadoTka cycrensuii B 6ensnne mapku Al-
92 mBmmser Ha ero (U3MKO-XMMHUYECKHE CBOWCTBAa, a HMMEHHO IPHBOJUT K
PACILEIUIEHUIO TSDKENbIX COEQUMHEHHH B COCTaBE€ H3TUX IPOAYKTOB, a TaKKe
BBITECHEHUIO PACTBOPEHHBIX M YIJIEBOJOPOAHBIX Ta30B. OOHapykeHa MHTEHCUBHAs
JIOMHHECHeHIN OeH3uHa Mapku AM-92 ¢ makcumymom ~345 HM, peructpupyemas
IIPH COHOTPHOOJIM3E CyCIEH3WH CcynbhaTa TepOMs B ITaHHOM HEPTENpPOIyKTe.
Habnromaemass ~ momoca,  HO-BHIUMOMY,  OOYCIIOBIICHAa  JTFOMHUHECLCHIIUCH
apOMAaTHUECKHUX YTJIEBOJOPOAOB, BXOAAIIUX B COCTaB OeH3MHA. B Toxke Bpems HaIo0
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OTMETUTh, N0 JAAHHBIM XpOMaTOrpauyeckoro aHaau3a B COCTaBE apOMATUUYECKHX
yriaesomopooB B OeHsuHe AM-92 mpeobragaror OEH30J, TONYON W KCHIIOJHI.
Opmnako, B cmekrpax CTJI cycmemsmm u @DJI Oensuna AM-92 momockr
COOTBETCTBYIOIIUEC OCH30Jy, TONYOIy M KCHIOJAaM (MakCHMyMaMH B IIOJIOCAX
cBedyenus 280-290 um) He HaOmromaetcs. M3BeCTHO, YTO JUIMHHOBOJHOBBINA CIBHUT
MOJIOC JTFOMUHECUCHIINK apeHOB XapaKTepeH B OCHOBHOM JUIS 3aMCEUICHHBIX FITH
nojuapomMatudeckux yrieomoponoB (ITAY), Ha psagy ¢ 3TuM HaOogaercs
yBEJIMYEHHE KBAaHTOBOTO BbIX0Ja. [103TOMY MHTEHCHUBHYIO JIOMHUHECLEHIMIO TaKHX
I[TAY wMoxHO HaOmoOIaTh AaXe TP HEOOIBIIUX KOHIEHTpalMsIX, Tem Ooiee,
BO3MOKEH 3(P(EeKTHBHBIA MepeHoca YHEPTUH OT OCH30Ila, TOIyoja W KCHJIONa Ha
aktuBatop (ITAY), xKOoTOpBId, MO-BHIUMOMY, TaKXe coaepxkurcsi B OeHzumHe. C
y4eToM 3TOro, HoAoOHBIH mporecc nepeaun 3Hepruu odeBugHo u npu CTJI
CycIleH3nHu B OCSH3WHE.

Pabora BeImosTHEHA TIpH (PUHAHCOBOM Mmoaep ke rpanta PH® Ne 19-73-00017

1. Tukhbatullin A.A. et al. // Ultrasonic. Sonochem. 2019, V.50, P.251.
2. Tukhbatullin A.A. et al. //J. Mol. Liq. 2019, V. 289, P.110973.

Perynupyemblii nepeHoc BOA0OPoOAa NPU KATAJIUTHYECKOM
aJUINJIMpOBaHNUHOpPOOpHaaeHa. CBsI3b MeK1y FOMOTreHHbIM M
reTeporeHHbIM KaTaJaIu3oM

@nuo B.P., [{ypaxos C.A.
PTY MUPDA, HCTUTYT TOHKMX XUMHUYECKUX TEXHOIOTUH, MockBa

BaxxHoe mecTo B Tpymme peaknuii o oOpa30oBaHMIO HOBBIX YIIIEPOA-YTIEPOIHBIX
CBsi3el 3aHMMAIOT MpEBpalleHUs ¢ ydactueMm HopOopraameHa (HB). Omnoi w3
Haubonee wuHTepecHbIXx peakuuid HBJ[ W ero mNpoWM3BOAHBIX  SIBISETCS
ATMIINPOBAaHNE, IO3BOJITIONICE  pa3padoTaTh  YHHWKAJIbHBIE CTPAaTeTHH IS
MOTy4YEeHUS KapOOLUKIIMYECKUX CTPYKTYP, COJACPIKAIUX METUICHOBBIC, BUHWIBHBIC,
QUTMIIBHBIE M METHUIICHIMKIIOOYTaHOBBIE ()PArMEHTBHI.

OCOOEHHOCTBIO 3TOH pEaKIMH SBISCTCA pPErylnupyeMas BapHaTHBHOCTH
xapakrepa nupucoenuHenus k HBJ[ ammmmpHOro (¢parMeHTa, KOTOPBI MOXKET
IpeTepreBaTh 3HAYUTENbHBIE H3MEHEHNUS, BILIOTH 10 pa3pbiBa C-C—cBsa3u:
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a
i
+ AN OR ——
I m/\,Jr 0,
B, Coflsm

MG, Pd

72



IIpunuunuansHoe ornuuue Mexay HanpasieHusmu I u I 3akinrogaercs B TOM,
4YTO B IIEPBOM Cllydae ajulMjbHas Ipymnmna, npucoenunssacs k HBJI, tepser arom
BOIOpOJa (OKHCIMUTENBHOE AJUTMIIMPOBAHUE), @ BO BTOPOM - HPUCOEAUHSET €ro
(BOCCTaHOBHUTENBFHOE AJUIMJIMPOBAHKE). VICrosb30BaHNeaTIGOPMHUATAIOZBOISIET
pean3oBaTh 00a HAaIPaBICHUS OJHOBPEMEHHO.

Karanmutnueckoe amnunupoBanne HBJl xapakrepusyeTcsi BBICOKOW aTOMHOM
5(Q(EeKTUBHOCTEI0O M OTCYTCTBHEM IOOOYHBIX NHPOAYKTOB. Pa3zpaboraHbl HOBbIE
TeTepOreHHble HUKENeBble U TaUIafAueBble KAaTaTUTUYECKUE CHUCTEMBI, HeE
YCTYHAKOUIME 10 TEXHOJIOIMYECKUM II0KA3aTeIsIM IOMOIEHHBIM M II03BOJISIOIIUE
COXPaHUTh B XOJI€ PEAKINM HAPSDKCHHBIH HOpOOpHEHOBBIN Kapkac. Ha mpumepe
anmumuposanuss HBJl moka3zaHa BO3MOXKHOCTb —PEryJlUpPOBAHUS CKOPOCTH U
CEJIEKTUBHOCTH Pa3JIMYHOTO YPOBHS JUIS PeaKIUid 3TOro THUIIA.

[MompoOHO wmccnmenoBaHsl MyTH ()OPMHUPOBAHHMS HUKENEBBIX M ITaJUIaIHEBBIX
KaTaJlu3aTOpOB, YCTAHOBIEHBI KHHETHYECKHE 3aKOHOMEPHOCTH, IPEIOKEHBI
HENpOTUBOPEUMBBIE ~MEXAaHM3MBL.  YCTaHOBJEHBI  (DaKTOphl, BIMSIONME HA
HaIpaBlICHUs  peakuuil M MO3BOJSIOLIME  KOJMYECTBEHHO  I10JIydaTh
HHIUBUyaIbHbBIE CTEPEOH30MEPBI.

Pa6ora BeimonHeHa mpu noanepxkke PH® (rpant Ne 18-13-00415).

OT HecTaOMIBHBIX (PYJIJIEPEHOB K UX CTA0MJIbHBIM NMPOU3BOIHBIM

Xamameanumos A.P., Kosanenxo B.H.
NO®X mm. A.E. Apbyzosa — OCIT ®UII KasHI] PAH, Kazaus

Pa3BrBaeMblif TIOX0X MOJENHPOBAHUSA (QYIUIEPEHOB [1], MO3BOJISAIONINIA BBISBUTH
O0COOCHHOCTH MX JJIEKTPOHHOTO CTPOCHUS, IO0Ka3al OINPEAENSIONyI0  pOJlb
CTPYKTYpPBl MOJEKYJ HCXOAHBIX (YIICPEHOB B (OPMUPOBAHUU CTPYKTYPHI HX
MpoM3BOAHBIX. [IpoBeeH aHaNW3 JNUTEPaTypHBIX TAHHBIX (KaK PAaCUeTHBIX, TaK U
SKCIICPUMEHTANIBHBIX) 110  HPOW3BOAHBIM  (YJUIEPEHOB -  9HOOIOPAILHBIM
¢dymiepeHam ¢ aToMoM(M) BHYTpU (YJUIEPEHOBOH KIETKH M 3K3090pPANbHbIM
GbynnepenaM, agaeHAb! B KOTOPBIX KOBAJCHTHO CBA3aHBI CHApYXXH C MOJEKYIOH
¢dynnepena.

[Tokazano, 4ro HanboJIee BaXKHOH OCOOCHHOCTBIO YH0IPAILHBIX (yJUIEPESHOB
0Ka3aJI0Ch TO, YTO B BHJIE€ HUX CTAOWIM3HPYIOTCS Aaxe Te (yJUIepeHbl, KOTOpbIe He
MOTYT OBITH IOJYYEHBl KaK COOCTBEHHO (yJIepeHbl, B T.4. W (yJIIEpeHbl, He
MOJUUHSIOIMECS TPABHITY M30JIHPOBAHHBIX IEHTarOHOB.

Pa3BuBaemblii TOAXOJ oOKa3alcs TakKe MOJE3HBIM ISl 3K309ApalibHbBIX
(byniaepeHOB, B YAaCTHOCTH, Ul ONpEJeNeHUs] Hauboyiee PeakMOHHOCIIOCOOHBIX
cyOCTpYKTYp QyIUIepeHOBOM Chephl.

OtaenbHO 00CyXIaeTcss BO3MOXKHOCTh CTAOMJIM3ALMU PAAHUKANI-(yIUICpPESHOB
myteM oOpa3zoBaHMsl MoJdMMepHbIX (opM. [Ipum 3ToM moOsBAsSETCS BO3MOXHOCTBH
JIETKO TEPeXOAUTh OT MONUMEpPHBIX (opM 00paTHO K HHIUBHIYAIBHBIM
panuKaIbHBIM MOJIEKYJIaM (yJIUICPEHOB.
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OO6cyxeHbl MPAKTUYECKUE U MPOTHOCTUYECKHUE BO3MOXKHOCTH UCIIOJIB30BAHUS
pa3BUBAEMOr0 TOAXOJA, B YAaCTHOCTH, OIICHKA TIEPCICKTHB CTaOMIH3aIuN
(ynaepeHOB B BUJIE PA3IMIHBIX IPOU3BOAHBIX U BO3MOXKHAS HX CTPYKTYypa.

Pabota BeImoTHEHa Npu prHAHCOBOU moaaep:xke PODOU Ne 18-29-19110MK.

1. KoBanenko B.M., Xamarramumos A.P. CTpoeHue u cTaOMIBHOCTb BBICIINX
bynnepenoB. M.: H30-60 Poccuiickoil akademuu nayx, 2019. —212 c.

OneHka BO3MOKHOCTH NPOM3BOACTBA JeTOHAIIMOHHBIX YIJIEPOIHBIX
HAHOCTPYKTYP

Hlanosanosa O.B.
OULL XD PAH, r. Mocksa

B nHacTostiee BpeMst 00JIbI10€ KOJIMYECTBO OOSTPHUITACOB € HCTEKIINM TapAHTUIHBIM
CPOKOM XpaHEHHUs HaXOJUTCS Ha BOEHHBIX 0Oa3ax u apceHamax MO P® u ux
HCTIOJIB30BAHUE TI0 IPSIMOMY Ha3HAUCHUIO CBA3AHO C OOJIBIINM PUCKOM BO3MOXKHBIX
HE3aIUIAaHWPOBAHHBIX B3PBIBOB. XPAaHEHHE TAaKOH TEXHWKH COMPOBOXKIACTCS
3HAYUTENILHBIMU 3aTpPaTaMH, HAJIMYMEM OOJBLIOTO KOJIMYECTBA OOCIYKHBAIOLIETO
MepcoHala, U TIJIaBHOE, IOBBIIIEHHEM COIMAIbHOM HAMPSKEHHOCTH B MECTax
XpaHEeHUs M TMOJBEpraHHEeM pPHCKY JKH3Hb M 3/10pOBbe HaceneHus. Bce 310
HEOCTIOPUMO 00yCIIaBINBaeT HEOOXOMUMOCTh UX 00e3BpexxuBanus [1].

Yrunuszauus B3pbiBuaThiX BeuiecTB (BB) m Goenpumacos siBAseTCs CIOXKHON
TEeXHUYECKON M IKOHOMHUUYECKON MpoOIeMoii, oHa TpeOyeT KOMIUIEKCHOTO pelIeHUs
MHOTHX 3afa4, TJTaBHBIMH W3 KOTOPBIX SBIAIOTCS 3aJadH CO3JaHUS OEe30MacHBIX
TEXHOJIOTHH 110 u3BJIeueHUIo BB 13 6oenpumnaco u Mx BTOpUIHON nepepaboTKe.

CaMbIM IPOCTBIM METOJIOM SIBJISIETCS YHUUTOXKEHHE JIAaHHBIX OOENpUIacoB Ha
CHEeNHAIBHBIX MOJIUIOHAX IOJAPHIBOM, HO 0OJee 3KOJOTHYHBIM M IKOHOMHUYECKH
1e7IeCO00Pa3HBIM SIBISIETCS MX YTHIM3AIMsA C MaKCHMaJbHBIM HCIIOIb30BAHHEM
BXOJAIIMX B HUX KOMIOHEHTOB - COXpaHEHHbIX BB.

Haubonee mporpecCUBHBIM HANpaBIEHHEM SIBISIETCS HMX HNpPUMEHEHHE IS
IOy ICHHS JICTOHAITMOHHOM IIAXTEI, cozeprkareit YTIEPOIHEIC
HAHOCTPYKTYPUPOBAHHBIE OOBEKTHI.

B xo01¢e paboTh! ObIIIM IIPOBEICHBI HAYYHO-TEXHUUECKUE UCCIIE0BAHMS CBOMCTB
YTIACPOAHBIX HAHOCTPYKTYP M TporieccoB ux (opmupoBanus. OCyIIECTBICH MOUCK
Han0OoJiee pPalMOHAIBHOTO TEXHUYECKOrO OOJIMKA IEPCHEKTUBHBIX YCTAHOBOK IIO
CHHTE3y JETOHAMOHHBIX HAHOCTPYKTYyp. OTmpeneneHsl OCHOBHBIE HAIPaBIECHUS
CO3/aHMsA TEXHOJIOTUM MOJIYYEHHUs HAHOCTPYKTYPHPOBAHHBIX OOBEKTOB IS
COBEPIICHCTBOBAHS (PU3UKO-XUMHYECKUX CBOHCTB MEPCIIEKTUBHBIX
KOMITIO3WIIMOHHBIX MAaTepHaloB M TOKPBHITHI Ha uX ocHoBe.  [logoOpamsb
ONTUMAJbHbIE HAYaJIbHbIE YCIOBUS U BEKTOP AalbHEHIINX HCCIEeA0BaHUH.

Crucok TuTeparyphl:
1. Yaiika T.B., T'aspum B.M., JlepbacoBa H.M., Bacumber JI.M. VYrtumuzamms
B3pBIBUATBIX BELIECTB M OOCTIPUIIACOB MHUKPOOHOJIOTHYECKHM CHOCOOOM ¢
ABTOMATH3MPOBAHHBIM KOHTpPOJIEM IapaMeTpoB mpouecca. // CHUcTeMbl KOHTPOJIS
okpy:xaromeit cpenpl. —2017. — Nel0 (30). — C.144-149.
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MoaeanpoBaHue 3JIeKTPOHHOI MJIOTHOCTH MaTepuasoB ¢ f-a1ieMeHTamMu B
NepuoAnYecKoOi CTPYKTYype

Llaxoea B.M.l’z, Jlomauyx IO.B.Z, Manvyes ,ZZ.A.Z, Tumoe A.B.?
1. CIIoI'y, Cankr-IlerepOypr
2. HUIT «Kypuarosckuit unctutyt — I[INAD, N'aTunna

Marepuainsl, cojepaiue f-3eMeHTsl (JIaHTaHUIbI U aKTUHHBI), KaK 4acTh CBOCH
MEPUOMYIECKOIl CTPYKTYpPBl HCHONB3YIOTCA JUISL CO3JaHUS JTIOMHHECLEHTHBIX
MaTepHaloB, MONTHEHIINX MOCTOSHHBIX MAarHWTOB M T.I. Takxke OHM 00JamaioT
OONBIIMM  HEM3yYCHHBIM  TOTEeHnuamoM. TakuM  oOpa3oM,  TEXHOJOTHUS
TEOPETHYECKOT0  HCCIIEAOBAHMS  TAKUX CHCTEM  MOXET OBIThb  MOLIHBIM
HHCTPYMEHTOM, HOMOTAOIIMM pelIaTh MHOXECTBO M HAyYHBIX, M HMPAKTHYCCKUX
mpoOsieM, OCOOEHHO KOTrZa SKCIIEPUMEHTBl He Bcerja JOCTymHbl. OpHako
TEOPETUUECKOE HCCIEJOBAaHME PAa3IMUYHBIX CBONCTB TaKUX CTPYKTYp SIBISETCS
CIIOJKHEHIeH KBaHTOBO-XUMHUYECKOH 3amadeil, n3-3a BHICOKUX TPeOOBaHUIl K y4ueTy
KOPPEJILMU U PEIATUBUCTCKUX d(P(EKTOB, XapaKTepHBIX s f-3J1eMEHTOB M HX
COEIMHEHUN.

OcHOBHasl LieNb JAaHHOTO MCCIIEAOBAHUS 3aKIIOUaeTcs B pa3paboTke MeTona
MMOCTPOEHUST TIOTeHIMana BcTpamBaHus kiacrtepa B kpuctanmn ([IBKK) [1,2], ¢
TIOMOIIBIO KOTOPOTO MOJEIHMPYETCSI 3JEKTPOHHAsI CTPYKTypa (hparMeHTa Kpucramuia
(Ha3pIBaGM «KJIACTEPOM»), TaK KaK M3BECTHBIE CIOCOOBI pacuera MepUOANYECKHX
CTPYKTYp HE BCET/1a KOPPEKTHBI /IS TAKUX CIOKHBIX CHCTEM.

OOBeKTaMH  WCCIEOBAaHUA BBIOpPAHBl KPHCTAJUTBI, OOJaJgarolIfe HOHHO-
KOBAJICHTHBIM TUIIOM CBSI3U U COJEpPIKAIINE MEPUOTUYECKH PACION0KEHHBIE aTOMBI
nantanuga (YbF,, YbF;, YbCl,, YbCl;), HeKOTOpBIC M3 KOTOPBIX UMCIOT OTKPBITYIO
4f-o6osouxky. Mojenb Kiactepa JIOJDKHA TOYHO —OIUCHIBATH  DIEKTPOHHYIO
IUIOTHOCTh B MHTEPECYIOIIEH HAac 00IacT, a TakKe BOCIIPOM3BOAUTH CTPYKTYPHBIE
mapaMeTpbl HUCXOJHOro Kpuctaia. IIpoBefeHbl HcCleNOBaHHUA CTPYKTYPHBIX
napameTpoB ¢ paznuunabiMu Tuniamu [IBKK u ncegonorennmanos (I111) na aromax
nttepbus. ITokazaHo, 9To pacueTsl kpuctamwioB merogamu JIOT He Bcerma maioT
TOYHYIO0 ONTHMHU3UPOBAHHYIO TEOMETPHIO M, B CBOIO OYe€pedb, KIACTEPHBIE
BBIUUCIICHUS TI03BOJISIIOT BHOCUTD B HEE TIOIPaBKU.

PaboTta BeImonHEHA TIpH mojaepikke Poccuiickoro HaywHoro ¢oHga (rpant Ne
20-13-00225). Mu1 6maromapusl AbGapenkoBy U.B., 3aiinesckomy A.B., Mocsruny
H.C., Cxpunuukoy JI.B. 3a mi1o10TBOpHbIE IUCKYCCHH.

Jlureparypa

1. D.A. Maltsev, Y.V. Lomachuk, V.M. Shakhova, N.S. Mosyagin, L.V. Skripnikov,
and A.V. Titov, (2019), arXiv:1907.06947.
2.Y.V. Lomachuk, D.A. Maltsev, N.S. Mosyagin, L.V. Skripnikov, R.V. Bogdanov,
and A.V. Titov, (2019), arXiv:1911.00365.
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«Hexksaccuyeckniiy KoonepaTUBHbIN MeXaHU3M KATAIN3a B KJIaCCUYECKOI
peakmnn Cy3ykn-Musiypol

LImuom A.®, Kypoxmuna A.A., Jlapuna E.B., Buosiesa E.B., Jlacooa H.A.
OI'BOY BO «UTI'Y», UpkyTck

Peakumst Cy3yku-Mustypel — COYCTaHME apPWITAIOTCHUJIOB C apWIOOPHBIMU
KHUCJIOTaMH — B TeueHue mnocineanux 20 JeT SBIsSeTcsS OJHOM U3 CaMbIX «TOPSUUX)
oOmacTelf maytagueBoro karammsa. IIpm 3TOM ¢ MOMEHTa OTKPBITHS PEaKIUU ee
MEXaHU3M, 3aKJIOYAlOIIMICS B IOCIEJOBATEIBHOCTH XOPOILIO H3BECTHBIX B
KaTalu3e  JJIEMEHTapHbIX  CTaAuil  «OKUCIMTENbHOE  IMPUCOCAMHEHHE  —
TPAaHCMETAIIUPOBAHUE —  BOCCTAHOBUTEJIBHOE  JIMMUHHMPOBAHHE»  HUKOT/A
[I0JIBEPrajics COMHEHHUIO.

OpHako, B XO0J€  KHHETHYECKHX  MCCIEAOBAaHMH  3aKOHOMEPHOCTEN
T depeHIMaIBHON ceNeKTUBHOCTH peakuny Cy3yKu-MHusiyphl ¢ apriIXJIOpuiaMy B
YCIOBUSIX KOHKYPEHIMHM JBYX apHIOOpHBIX KHCIOT OBUIO OOHApy:KeHO, dTO
BesIMuMHA U] (epeHINaTbHON CeIEKTUBHOCTH 110 KOHKYPHUPYIOLIUM cyOcTpaTaM He
3aBHCUT OT TPHUPOJBI APWIIBHOTO 3aMECTHTElNst B apwixiopuzae. bomee Toro, 6bu10
YCTaHOBJIEHO, 4TO qud(depeHIranbHas CeIeKTUBHOCTh HE 3aBHCUT U OT MPUPOJIBI
aToMa rajoreHa B apuirajoresuze. Takoll pe3ysbTaT COBEPLIEHHO HE COIVIACYETCs
¢ OOIIETIPUHATON THIIOTE30H KaTAIUTHYECKOTO IMKIIA PEAKIMU, COTIIACHO KOTOPOH,
apwiIOopHasi Kuciota JMOO 0oOpasyromuiics W3 Hee B YCIOBHAX peakiuu (0e3
ydJacTusl KaTalu3aTopa) MHTEPMEINAT BCTYMAIOT B PEAKIMIO C MPOIYKTOM CTaJuu
OKHCIIHTENFHOTO  TPHCOEAWHEHHs  apwirainorenuma k  Pd(0) ( cramms
TPaHCMETAJUINPOBAHMS), COAEPKAIIUM APWIBHBIH M TaJOTeHUAHBINH (parMeHTsI
ucxonHoro apwiranoreHuga (ArPdX). HesaBucumocts muddepeHunanbHo
CEJEKTHUBHOCTH OT IPHUPOJbl  ApWITaJIOI€HUAA IO03BOJISIET  IIPEAIOJIOKUTH
aKTHUBALUIO apMIIOOPHON KHCIOTHI MHBIM COSIMHEHHEM HaJUIais, HE COAEpKaIIeM
B CBOeM cocraBe (parMeHTOB (B TOM 4HCIE apWILHOIO) HCXOJAHOTO
apuiragoreHnaa. I[IpoTekaHue CTaguM OKHUCIUTEIBHOTO IPUCOCAMHCHHSA C
oOpazoBannemM mpoxykra Thnma ArPdX B ycHOBHSAX peakIMil KpOcC-COUCTAHUS
apWITAJIOTCHUIOB HE MOJXKET IOIBEPraThCsi COMHEHHIO, MOCKOJIBKY OHO OBIIO
MHOTOKPAaTHO TPOAEMOHCTPHPOBAHO KaK B MOJENBHBIX, TaKk M B PEalbHBIX
KaTaIUTHYEeCKUX  ycnoBusX. IlosTomy Hambonee TPOCTBIM — OOBSICHEHHEM
HabIroIaeMoro (eHoMeHa He3aBUCHMOCTH Jn(PepeHINANBEHON CEeKTHBHOCTH OT
OPUPOABI  apUITAJIOTEHHAA  SABISETCS  aKTUBAlMA  apUIOOPHOM  KHMCIIOTHI
COCJIMHEHHEM Nayutaaus, oTindHbiM oT ArPdX. B takom ciydae B KaTaIuTHYECKOM
mukne peakun Cy3ykn-Musypsl y49acTBYIOT [Ba Pa3IMYHBIX THIA MaJUTaIHEBBIX
YacTHIl, AaKTHBHPYIOIIMX apWITAJOTeHHA W apWIOOPHYIO KHCIOTYy 1O T.H.
KOONEPaTUBHOMY MEXaHHM3My, IPEANOJIOKEHHOMY paHee JAisl POACTBEHHBIX
nponeccoB npsmoro C-H apunuposanust (reTepo)apoMaTHIECKUX COSAUHEHUI.

Pabora BeimonHena npu nojyiepxke rpanra PH® Ne 19-13-00051
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CynepocHoBaHMA KaK OM(PYyHKIMOHAJbHbIE KATAJIN3ATOPHI B COBPEMEHHOM
XHMUH aneTHIeHa

L Imuom E.FO., Tpogpumos b.A.
Upxkytckuii unctuTyT Xumuu uM. A.E. ®asopckoro CO PAH, UpkyTtck

CoBpeMeHHasi XUMHMsI alleTWICHa OCHOBAaHAa Ha €ro JBOWCTBEHHOW pPEaKIMOHHOW
CIOCOOHOCTH, @ UIMEHHO, CIIOCOOHOCTH alleTHJIeHA IIPUCOECIUHATD HYKICO(UIbHbIC
peareHTsl, T.e., BBICTYHAaTh B POJH 3JeKTpodmia (peaknus BUHWIMPOBAHUSA), a
TaKkKe K TIPHCOCTMHEHHUIO AaleTHICHOBHIX KapOAaHWOHOB K JICKTPO(UIEHBIM
LeHTpaM (T. €., ObITh HyKJICO(DHIOM, PEeaKkiys dTHHWINPOBAHMS). DTH JIBE pa3HbIe
[0 CBOGH XHMMHUYECKOH CyTH (QyHJaMEHTalIbHbIE pPEAKUUH OCOOEHHO JIETKO
MIPOTEKAIOT B MPUCYTCTBUU CYHNEPOCHOBHBIX CHCTEM TaKMX KaK THIPOKCHT
(a7KOKCHA) INENOYHOTO METaUIa/TIOISAPHBI  HETHAPOKCHIBHBIN  PacTBOPHUTEID,
BBIIIOJIHSIONMX ~ POJIb  OM(YHKIMOHAIBHBIX  KaTajlM3aTOPOB,  [OBBIIAIOIINX
PEaKIMOHHYIO CIOCOOHOCTh Kak HyKJIeO(HIOB (3a CYET AecOoNbBaTalMu), TaKk U
areTmiieHa (32 CYeT KOMIUIEKCOOOpa3oBaHMSA TPOMHOM CBA3M C KAaTHOHOM
IENOYHOr0 MeTana).'

B nokmage OymyT paccMOTpPEHBI IOCHIEIHHE JOCTHKEHUSI B HM3YYCHUH
KaTaJM3UPyEMBIX CYMEPOCHOBAHHUAMH DPEAKIMAX HyKICOPHIHBHOTO IPHCOCTTHEH
KETOHOB K aleTHIeHaM,” HyKJIeO(QHIBHOTO TPHCOSIMHEHHS AUETHICHOB K
KapOOHWIBHBIM COCIMHEHHSM® M COeIMHEHHsM co cBs3bio C=N,* kackaHbix
COOPOK  CIOKHBIX ~ MOJEKYJN, B KOTOPBIX pPEaKIUH BHHWIMPOBAHHUA U
STHHWINPOBAHUS PEATU3YIOTCS KaK IIOCIeOBATENbHBIE WM  YePEIyIOIHecs
cramm.'

Byner paccMoTpeHa [IEHTAaCcOJIbBAaTHAS MOJIeNb (B2PLYP/6-
311+G**//B3LYP/6-31+G*) cymepocHOBHBIX KaTanuTuHuecknx cucteM KOH
(KOBu')/DMSO, B KOTOpOH CYNEpOCHOBAHHE MPEACTABICHO KOMIUIEKCAMH
KOH-5DMSO (KOBu"5DMSO) 1 XOpoIIO OMUCHIBAET DIEMEHTAPHbIE CTaAUU
YKa3aHHBIX PEAKLMM.

1. Trofimov B.A., Schmidt E.Yu. Acc. Chem. Res. 2018, 51, 1117.

2. (a) Trofimov B.A., Schmidt E.Yu., Zorina N.V., Ivanova E.V., UshakovI. A.,
Mikhaleva A.I. Adv. Synth. Catal. 2012, 354, 1813; (b) Trofim ov B.A., Schmidt
E.Yu., Zorina N. V., Ivanova E.V., Ushakov I.A. J. Org. Chem. 2012, 77, 6880.

3. Schmidt E.Yu., Cherimichkina N.A., Bidusenko I.A., Protzuk N.I., Trofim ov
B.A. Eur. J. Org. Chem. 2014, 4663.

4. (a) Bidusenko L.A., Schmidt E.Yu., Ushakov [.A., Trofim ov B.A., Eur. J. Org.
Chem. 2018, 4845; (b) Schm idt E.Yu., Bidusenko I.A., Protsuk N.I., Dem yanov
Y.V., Ushakov I.A., Trofimov B.A., Eur. J. Org. Chem. 2019, 5875; (¢) Schm idt
E.Yu., Bidusenko [.A., Protsuk N.I., Dem yanov Y.V., Ushakov I.A., Vashchenko
A.V., Trofimov B.A. J. Org. Chem. 2020, 85, 3417.

5. Vitkovskaya N.M., Orel V.B., Kobychev V.B., Schm idt E.Yu., Trofimov B.A.
Int. J. Quantum Chem. 2018; €25689.
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Bausinne npupoabl reTepononcoeTHHeHNii HA MPOTOHHYIO MPOTOBOIHMOCTh
3J1eKTPOJIMTOB HA UX OCHOBE

HImvienesa JI.B., Yrwe A.E., Jleonosa JI.C., @peiiman B.M., Yepusx A.B.,
Jlobposonvcxuil FO.A.
UITX®D PAH, YepHoromnoBka

[ToMck HOBBIX MaTepHAIOB JUISi HCIIOJNB30BAHMS B KadeCTBE OIIEKTPOJUTA B
TBEPJOTEIBHBIX MOTEHIIMOMETPUYECKUX Ta30BBIX CEHCOpaxX SABISETCS aKTyaJbHOMN
3amaveif, T.K. pa3paboTka  JEIMIEBBIX, OBICTPOJACHCTBYIOMINX, CTaOMIBHO
paboTalomuX CEHCOPOB Ha BOAOPOJ M MOHOOKCHA YIiepoia craja ocobo
BOCTpeOOBaHA B CBSI3H C PEIICHUAMH 3a/a4 aIbTEPHATUBHOM YHEPTeTUKU.

B moxmane OyayT mpeacTaBiIeHBI CPaBHUTEIBHBIC PE3yIbTATHl MCCICIOBAHHN
(M3UKO-XMMHYIECKHX CBOMCTB JIBYX THIIOB KOMIIO3UTHBIX TBEPIbBIX IEKTPOINTOB Ha
OCHOBE  BOJIOPACTBOPUMBIX  KanukcapeH[4]cyiabpoHOBOW  KuCIOTHI ©  12-
dhochopHOBOIBDPAMOBOIT KUCIOTHI M €€ BOJOHEPACTBOPUMON aMMOHHWIHOMN COJH

(puc. 1).
» K

Puc. 1. Cmpyxkmypa anuona ¢pocogpprosonvghpamosoii kuciomot (cresa) u
kanuxc[4)apencynopokuciomer (cnpasa).

Byner nokazano, 4yTo HOBE€HHE JBYX TUIOB OTJIMYaeTCs APYT OT APYra, uTo
MOATBEPKIACTCA  pe3y/IbTaTaMM, IIOAYYEHHBIMM C IIOMOLIbI) CHHXPOHHOIO
TepMuueckoro aHanmmza, WK crmekrpockonuu, peHTreHo(a30BOTO — aHAIW3a,
CKaHHMPYIOIIEH 2JIEKTPOHHOH MHUKPOCKOIHUHM, SIAEPHOTO MAarHUTHOTO pPE30HAHCa U
HMMIIEIAHCHON CIIEKTPOCKONMHU B IIMPOKOM AnarnazoHe remmeparyp (ot +70 mo -70 °
C). st omucaHusl TaKUX CHUCTEM IIPEJIOKEHAa TEOpEeTHYecKass MOJENIb Ha OCHOBE
TEOpPUH TPOTEKaHWH, a Takke II0Ka3aHa HUX anpodamus B TBEPAOTENBHBIX
MOTEHIIMOMETPUUECKHX BOAOPOIHBIX CEHCOPAX.

Pabota BeImonHeHa npu (uHAHCOBOW mojuepkke PODU B pamkax HaydHOTO
npoekTa Ne 19-08-00566.
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duzuko-xuMuUeckue u Karaaurundeckue ceoiicrea MoVSbNbCeO,/SiO,
KaTaJIH3aTopPa B PeAKINN OKHCIUTEIHHOTO TeTHIPUPOBAHUS 3TAHA B 3THIIEH

Hlymunog A.A., 3enxosey I'.A.
OUIL Unctutyt katanusza um. I'.K. Bopeckosa CO PAH, HoBocubupck

B Hacrosimiee Bpems MEPCHEKTHBHBIM METOIIOM IOJMYYCHUS OSTHIICHA SIBISICTCS
OKHCIHMTENBHOE JeruapupoBanue stana B 3twieH (O/]3). Ilpu nocTtaTtouHO HU3KHUX
temneparypax 400-500 °C B mpHCYTCTBHM B PEAKIMOHHONH CMECH KHCIOpOja
obecrieunBaeTcss JOBOJBHO BBICOKMI  BEIXOJ OTHIeHA. [ 3Toro mporecca
MoTeVNDbOy katanuzatopsl sBsioTcst Oosiee 3P(EKTHBHBIMU TI0 CPaBHEHHUIO C
MoVSbNDbO,. OCHOBHBIM HEJIOCTATKOM HCIIOJIb30BaHUS MoVNDbTeO,
KaTaJM3aTOPOB SBISAETCA BBICOKAs JETydecTh 1€ MpH WX TEpMOAKTHBAIMH H B
YCIIOBHAX KaTATUTUYCCKOW Peakiu. ITO 00yCIOBICHO BOCCTAHOBICHHUEM TEILTypa
JI0 METAJIMYECKOr0 COCTOSIHHS, YTO NPHBOJUT K Pa3pyLICHHIO aKTUBHOW (asbl n
JIe3aKTHBAIINH KaTaInu3aTopa.

Sb-conmepxkamme MoVNDSbO,  KaTtamu3aTOpbl  paccMaTpUBAIOTCS — Kak
nepcriekTuBHas  anprepHatnBa  MoVNbTeO, karaimmzaropam B OJID  mpu
o0ecredeHNH HMX BBICOKOH KaTaJUTUYECKOW aKTUBHOCTH. OMHAKO TOCTOBEPHBIX
IAHHBIX O BBICOKOM KaTaJWTHYECKOH aKTUBHOCTH M cTabmiabHOCTH MOVNbSbO,
katanuzaTopoB B OJ1D He nonydeHo.

Lenbto manHOM pabotsl siBisiercst paspadorka MoVNbSbCeO, kartammzaTtopa
st OJID ¢ BBICOKOH KaTaaTUTHUYECKOW aKTHBHOCTBIO.

Karammzatop momydanm pacTbUTUTENBHOW CYIIKOM CYCHEH3MH BOIHBIX
pacTBOPOB COJICH MPEIIECTBEHHUKOB C TIOCIIEAYIONIeH TepMoodpaboTkoii B He mpu
350 u 600 °C.

[loka3aHo, dYTo KaTaJUTHYECKHE CBOWCTBA MOJYYEHHOTO KaTaln3aTopa
COMOCTaBMMBI ~ cOo  cBoWictBamMu  Jydmmx  MoVTeNbO,  karamm3atopos.
MaxkcumanbHbiil Beixos 3tiiieHa Ha MoVNbSbCeOy katamusarope nocturaer 74%
(xouBepcust 3taHa 91%, cenekTHBHOCTH MO »TwieHy 81.5%), 9To 3HAYMTETHHO
MPEBBIIIACT BBIXOJ OJTWJIEHA Ha W3BECTHBIX B JHTEpaType Sb-comepxkarmmx
katanu3aTopax. CKOpocTH 00IIero MpeBpamicHus 3TaHa W 00pa3oBaHUS ITUIICHA B
pacuere Ha 1T aKTHBHOI'O KOMIIOHEHTAa Ha Sb-CoepiKallleM KaTalu3aTope BBIIIE 0
CpPaBHEHHUIO C TakoBbIMM Ha Te-conmepxkameM kartanusarope. Karamuzatop
JUTHTETTPHOE BpEMsl YCTOHYMBO paboTaeT B PEaKkIHOHHOH cMecH 0e3 YXyAIICHUSI
KaTAIUTHYCCKUX CBOWCTB.

I[lo nmaHHBIM  peHTreHo(a30BOrO  aHalIM3a  OCHOBHBIM  KOMIIOHEHTOM
KarajJmsaTtopa ABJIAIOTCA MI(MO|V0_24Sb0_09Nb0'|1CC(),()]OX) u M2 (M01V0'2gsb0'31ox)
(a3pl, crabun3npoBaHHbie Ha ToBepXHOCTH Si0,. lanHbie [I9M moka3pIBaIOT, 4TO
CTPYKTYpHOI OCOOGHHOCTBIO KaTanu3aTopa SBJIAETCS Hanmuuue Mexdas3Hoil
rpaHuUIBl, 00Pa30BAHHON KOTEPEHTHO CPOCIIUMHUCS MEXIy coOor kpuctammamu M1
u M2 ¢as.

PaboTa BbINONIHEHA B paMKax TOCYIapCTBEHHOTO 3a1anus VHCTUTYTa KaTanu3a
CO PAH (mpoext Ne AAAA-A17-117041710090-3)
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TOKJIAbI



Pacuer nusmmux P’ PE€30HAHCHBIX COCTOSIHUIA aTOMa JINTUS MeTOAaAMU
CTAOMIIM3ALMHM U KOMILIEKCHOT0 A0COPOMIOLIEro MOTeHHAaIa

Aoamcon C.0.%, Xapnamnuou /1.2
1. ®UI[ XD PAH um. H.H. CemenoBa, MockBa
2. MIII'Y, MockBa

C 1menblo BBUIBJICHUS NapaMeTpoOB BBIYUCIUTENBHOM CXEMbl, BIHMSIOIINX Ha
TOYHOCTH PacyeTa YHEPrHM M IIMPHHBI PE3OHAHCA, MPOBEACH pacdeT Husmmx P
pesomnancos [1s(2s2p) °P] u [1s(2s2p) 'P] aToma nUTHS MeTOfaMH CTaGHIN3AINH I
KOMILUIEKCHOTO — abcopOupyromero moteHimana (KAIT). Jlns  moctpoeHus
TPEXAJICKTPOHHOW BOJHOBOW (DYHKLIMH OBUI MCIOJNB30BaH TOT K€ ITOJXOJ, 4YTO U
paHee A HM30371E€KTpOHHOM cucteMbl He [1]. B kauecTBe HpOCTpaHCTBEHHBIX
gacTed OJHOYACTUYHBIX (QYHKIMHA (aTOMHBIX oOpOwWTaiei), ObLIM BBHIOpAHBI
OPTOHOPMHUPOBAHHBIE yHKuIHM ZLam(F)=N, (br) e L2 (br)Y,, (F) c
MacmTabupyomuMa  MHOKUTEsIMA - 3.1<b<3.9. Bce pacueTsl TpPOBOAMINCH B
(5s4p3d21£/22s22p) Oasucax aroMHbIX opOutaneit [1]. B pacuerax npuMeHsITHCH
acumnrotnueckue motenmmansl (B a.e.) V,(r)=V,(1-R,/r) ¢ V,=4 (7<R, <18)
(crabwmmsamusa) u W(r;R,)=75(r—15) (-8.9<Iny<8.0) (KAI) [2]. i
U3BJICYCHUSI PE30HAHCHBIX OSHepruu Eps u wmpuusr [ w3  #-TpackTopuit
HCTIONIB30BAJIOCh ycpenHeHne mo obmactu 3akpyuuBanus (KAII, A) u momck
muHUMyMa pyHkiun f (7]): ’ndE(r])/ dr]| B obnactu 3akpyuuBanus (KATIL, B).

HaiizieHo, 4TO MpH MUCTIOIb30BAHUH OJJHOTO M TOTrO 0a3nca aTOMHBIX OpOHTAaJIeH,
meron cradbmwmmsamuu U (KAII, A) maioT SHEpruu pe30HAHCOB, IPAKTHYCCKU
COBMAJAIONINE MEXIYy c000i. DKCIIepUMEHTAIbHOE 3HAUCHUE IIHUPHHBI HU3IIETO MO
9HEPrMM pEe30HAaHCAa IUIOXO COIJIACYeTCsl C PacueTHbIM 3HAYCHHEM, MpHYEM
mocieHee OJIM3KO K He3aBHCUMBIM TeopeTndeckuM otieHKaMm [3]. Illupuaa BTOporo
pe3oHaHca JIydle olieHuBaercs Merogamu cradmimsamm u (KAIL, A), uem meTtomoM
(KAII, B). Hampumep, npu b=3.5 waiinens! ciemyomiie 3Ha4YCHHS SHEPTHH H
IIHPHUHBI HH3IIEro pe3oHaHca
(-Es/T*10°, B a.e.): 5.312082/14.33 ( crabmmmsaumsi), 5.312070/11.70 ( KAILA),
5.312001/14.08  (KAILB). [ns  BToporo  pe3oHanca:  5.256039/43.36
(crabunmzanumst),  5.256063/34.58 ( KAILA),  5.255900/22.91 (  KAILB).
OkcriepuMeHTanbHble  3HadeHus:  5.31307(3)/9.6(4) [4], 5.2585(1)/- [5].
Teopermueckue: 5.31183/13.5, 5.25624/34.5 [3].

1. Aoamcon C.O., Xapramnuou /. JI., IIpeoopascencrkas A.A., Hemenmves AH. |/
Xum. pmsuka. 2017. T.36. C.3.

2. Jolicard G., Leforestier C., Austin E.J. / J. Chem. Phys. 1988. V.88. P.1026. 3.
Cardona J.C. et al. // Phys. Rev. A. 2010. V.82. P. 022501 u CChIIKH B HEH.

4. Mannervik S., Cederquist H. // Phys. Scr. 1985. V. 31. P. 79.

5. Cantu A.M., Parkinson W.H., Tondello G., Tozzi G.P. // J. Opt. Soc. Am. 1977. V.
67.P. 1030.
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KBaHTOBO-XMMHYeCKHUIl pacyeT HU3MIUX BO30YKAEHHBIX COCTOSTHMII XJI0pUHA

Tonbexsn JIK.Y, Xapramnuou 1]}, Adamcon C.02
1. MIII'Y, MockBa
2. ®UI] XD PAH um. H.H. CemenoBa, MockBa

XJIOpHH 4YacTo HCIOJB3YeTCs B KadecTBE MpeKypcopa (hOTOCCHCHOMIN3AaTOPOB
(®C), mnpumensitonmxcs B (OTOAMHAMMYECKOH TEpalud  OHKOJOTMYECKHX
3a0oneBaHnid. JlaHHBIA MeETOJ OCHOBaH Ha pPa3pyLIEHHH PAKOBBIX KIETOK
BO30YKJICHHBIMA MOJICKyJIaMH KHCJIOposia. B Hacrosmee Bpemst HanOOIbIIMN
unTepec nposeisercs Kk ®C, crumymupyromum obpasosanue 'O, B COCTOSHHSIX alAg
u b12+g. DKCHEePUMEHTAIBHO YCTaHOBJIEHO, 4To 3(dektruBHOCT PC 3aBHCUT OT
OMM30CTH SHEPTHH BO30YKICHHS B HHU3IIEE TPUIUICTHOE COCTOSHHE K JHEPTUH
BO30YX/JICHHUS 3alpelieHHoro X—a Mepexosia MOJeKysbl kuciopoaa. Ha ocHose
9TOro HaOMoAEHHs OBbUIM TIPEUIOKEHBI JBa BO3MOXKHBIX MeXaHM3Ma mporecca [1,
2]. B mepBOM U3 HUX MpeIoNaraeTcs, 9ro Bo30yxaenHas Monekyiaa @C ucmyckaer
KBaHT CBETA, BO30Y KAAIOIINI 3anpelieHHble X—a Wi X—b nepexoasl B MOJICKyIIe
kucnopona. Bo Bropom — csazeiBanne mMoinekysn ©C n KHCIOpoJa B TPUILIETHBINA
KOMITJIEKC, pacmaj KOTOPOTO B BO30YKIEGHHBIX COCTOSHHSAX IPHUBOAUT K
00pa30BaHMIO MOJIEKYJT KHCIOPO/Ia B CHHTIIETHBIX COCTOSTHUAX.

C menbio BEIOOpA ONTUMAIBHOTO MOAXOAA JUIS TIPOTHO3UPOBAHMS ONTHYECKUX
CBOUCTB MPOU3BOJAHBIX XJIOPHHA MPOBEIEHO CpPAaBHEHUE MAOCTYNHBIX KBaHTOBO-
XMMHYECKHX METO/OB Ha MpHUMepe MOJEKYJBbl XJIOPHHA. DHEPrUM BEPTUKATBHBIX
MepeX0/I0B M3 OCHOBHOTO COCTOSIHHS B CHHIJIETHBIE S)—S, W TPHUIUICTHBIC
BO30YXKACHHBIC cocTOsTHUSA So— T, oneHuBanuch B nmpubmmwkenusx TD-DFT u CIS.
Ha cragum pacuera paBHOBECHOM TIe€OMETpUM IpUMEHAIUCh Meroasl DFT
(pynxmmonanst B3LYP u PBE), PM6 u RHF. Pacuetsr npoBoanince B 6azucax 6-
31G u 6-311G THTIOB C JONMOJHUTEIHHBIMU (DYHKIIUSMH W3 CTaHIApTHOIO Habopa
GAMESS US [3]. Haitinennsle B Metogax RHF u DFT paBHOBecHble mapameTpsl
XOPOILIO COTJIACYIOTCS C JIUTEPaTypHBIMH JAaHHBIMU. DHEPTHH IMEPexoioB Sy—S,,
nosyueHHsle MetogoM TD-DFT, nyume coriacyloTcss ¢ HE3aBUCUMBIMU
SKCIICPUMEHTAIIBHEIMH M TEOPETHYECKUMHU 3HAYCHWSIMH [4], dYeM oHepruw,
nonydeHHsle MeTooM CIS. OTKIOHEHHUS OT 3KCIIEPUMEHTA JJIs IEPBO TOJIOCH! He
npesbitaoT ~2000 CM'I, IUISL COCTOSIHHHM S,—Sg OTKIOHEHHE JICKHUT B JHAIIa30HE
100-1700 cm™'. Mcronp3osanne dyukimonana PBE B 6asuce 6-311G** npusoxut K
Ooyiee TOYHBIM JHEPIUsAM IEepexogoB Sy—S, u Sp—T, THIIOB MO CPaBHCHHUIO C
B3LYP [4,5].

1. Robertson C.A. et al.//J.Photochem. and Photobiol.B: Biology. 2009.V.96.P.1.
2. Kobzev G.I. et al. // Rus. Chem. Bulletin, International Ed. 2013.V.62.P.1442.
3. Schmidt M.W. et al. // J. Comp. Chem. 1993. V. 14. P.1347.

4. Wojcik J. et al. / JCP. 2015. V.142. P. 034302 1 CCBUIKH B CTaThe.

5. Petke J. D. et al. //J. of Mol. Spectr. 1978. V.73. P. 311.
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Koaebarensnas cnekrpockonusi GFP 6esnkoB npu ¢porokoHBepcuu.

Aiibyw A.B.}, Tocmes ®.E*, Illaxoe A.M.", Fouenxosa A.B2 Haomouenxo B.A.
1. ®UILL XD PAH, r. Mocksa
2. Xumnueckuil paxynsrer MI'Y, 1. MockBa

dayopecunpyromue OeIKH MIMPOKO HCHOJIB3YIOTCS B KadecTBE (DIIyOpECLCHTHBIX
30HJIOB B KJIETOYHOW M MOJIEKYyJsipHOH Omosnoruu. Ilo tumy duyopecueHuuu B
HaCTOsIIIee BpeMsi U3BeCTHHI 3eneHblit (green fluorescent protein, GFP), xentwiii u
KpacHBIN (uryopeciieHTHbIe Oeku. Panee Ob110 IOKa3aHo, 9To (uryopecueHims GFP
MOYKET MCHBITBIBATH CIICKTPAJIbHBIN CIBUI IpH 00aydeHnu Oeska YO wim cMHUM
cBeroM. Takoil caBur npu oOJIydeHHH CBSI3BIBAIOT C YaCTHYHOM (hOTO-KOHBEpCUen
GFP B okucieHHBIE COeIMHEHNS (TaK Ha3bIBaeMBbIe KpacHbIE (POPMBI) CO CIBUHYTOI
¢ryopecrieHer Ha BennarHbI Topsaka 100 HM. BakHBIM CBOICTBOM Takoit GpoTo-
KOHBEPCHHU SBJISETCS €¢ 00paTHMOCTb, YTO IMO3BOJISIET W3y4YaTh BHYTPHKIECTOYHBIC
mporeccsl BO BpeMeHH. [IpomyKThl (OTOKOHBEPCHH B HACTOAIIEE BpEMs elie
n3ydeHbl HeA0CTaTo4YHO. MccnenoBanne KoseOaTenbHBIX CBOWCTB TAKOM CHCTEMBI
MIPENOYTHTENIFHO TPOBOJAWTH B AHTHCTOKCOBOH 0O0JacTH B BHIY CHIBHOU
¢ryopecuenin GFP, a, 4To0bI pa3pennTh BpeMEHHYIO 9BOJIIOLHUIO KOJIeOaTEIbHBIX
CHEKTPOB IpH penakcanuu nocie obmydenns GFP - HeoOXoamMo MCIons30BaTh
ObICTpBIC METONWKH (CHSTHE CIIEKTpa 3a BpPEMEHa MEHbIIEC 1C) NPOBEICHUS
n3mepenuid. [loy 00a 3THX yCIOBHS MOJIXOAMIO MCIOJIB30BAaHHE (PEMTOCEKYHIHOU
BCARS cnexkrpockomnum.
GFP spectra, normalized to peak 1540 1/cm

1 T

——EGFP; Ye et al, Biophys Rep 2018
—CARS med to before irr
08k | CARS transformed to Raman: avg during 6 sec after irradiation 4
[ \ |~ CARS transformed to Raman: avg during 12 sec after irradiation)
| \ e
| \ 3
0.6 .‘ ‘.l ‘ . / .:\ i
. / :
3 04 ‘_// [ B % : 1
Al T A
0.2+ / o LY e
0" = B
02 . I I I L 1 L I

L |
1520 1540 1560 1580 1600 1620 1640 1660 1680 1700 1720
wavenumber, 1/cm

Puc. 1. GFP BCARS cnexmpur (npeobpazosanmvie k pamano8cKum CneKmpam)

Ha puc.l mokxa3ana o07acTh BOJHOBBEIX YHCEN TA¢ HAaOMIOMAIOTCS Hamboiee
cuiibHBIC M3MeHeHus B obpasnax GFP no u mocne oOmydenust cuauM cBeToM. Bee
CIIEKTPHI OBLTH HOPMHUpPOBaHBI Ha moisiocy ~1540 1/cm (imidazolinone, BasieHTHBIE
konrebanms C=C). BugHo, uTo 00IydeHHe MPUBOIUT K YBETHICHUIO HHTETPAJILHOTO
curHana nojoc B auanazone 1600-1700 1/cm; oTHOIICHHE MMOJIOC OOIYYCHHOTO U
HEOOMydeHHOro o0pa3la B JAaHHOM JHala3oHe OOHApY)KMBAaeT MaKCHMyMBI Ha
~1630 1 ~1650 1/cM KOTOPYIO MPEAITOIOKUTEILHO OTHOCST K KpacHoi ¢popme GFP.

Pabora nojyiepkana rpaarom POOU 18-03-01243 A.
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HN3MeH4YHBOCTH K0J1€0aTeIbHbIX M0JI0OC JUIMHIHO-0eJIKOBbIX KOMIIO3ULIMIA NPU
XUMHYecKOi puKcaumu.

Atibyw A.B., T'ocmes ®.E.}, Tumos A.A.%, Tynun AAL Ilozcopenos A2
Haomouenxo B.A.*
1. ®UILL XD PAH, r. Mocksa
2. UTDb PAH, MockoBckas 0011, T. [Tymuso

B nocnenHee pecstuiieTne B MUpE aKTUBHO HAOWPAIOT MOMYJISPHOCTH MOAXOJBI,
ocHOBaHHBIe Ha Oe3merounHoM (label-free) wccnenoBaHrM OMOJIOTUYECKUX CHCTEM:
Macc-CIeKTPaIbHbIE METOJIBI M TPYIIIBI METOIOB, OCHOBAHHBIX Ha JICTCKTUPOBAHUHU
KoJie0aTeNIbHBIX T10JIOC U3Y4aeMbIX 00BEKTOB cpean Kotopbix MK-criekrpockonus n
Pa3HOBUAHOCTH PAaMaHOBCKOH CHEKTPOCKOMUH/MHUKPOCIIEKTPOCKOMUH. [10CKOIbKY
MHOTHE M3 3THX METOIOB IT0/IPa3yMEBAIOT IIPEIBAPUTEIBHYIO ITOITOTOBKY 00pasma
(TKaHu, cpe3a TKaHH U JIP.) YTO B OOJIBIIMHCTBE CIIy4yacB O3HAYacT (PUKCAILUIO €ro
NPWKU3HEHHOTO  COCTOSIHHSI, TO aKTyaJlbHbIM  SIBISIETCSL BOIPOC — CTENEHU
COOTBETCTBHS XapaKTEPUCTUK oOOBekTa 10 ¢ukcanunm u mocie Hee. Cpemn
XAMUYECKHX  (DUKCATOPOB, IIHUPOKO  HCIOJB3YEeMBIX B  THUCTOJIOTHUECKOMH,
LIUTOJIOTUYECKOH  MPAaKTHKE BBIACISIIOTCS — (UKCATOPBI  albJIETHUIHOTO  psijia
(popmanmpmerna, TAyTapambAeTHA) W 00€3BOKHBAIONME  (KOAryJIHPYIOIIHE)
¢ukcatops! (CUPTHI, areToH). GUKCaTOPB! aANBACTUIAHOTO Psia GUKCHPYIOT TKAHH
IyTeM XHMHYECKOro IIpeoOpa3oBaHMsi MaKpOMOJEKYJ, o00pasyst BHYTpU- U
MEKMOJICKYJISIPHBIE CIIMBKM MEXIY aMHHOKUCIOTAMH, MEXIYy HYKICHHOBBIMU
KHCJIOTAMH, a TaKKe MEXKIy aMHHOKHCIOTAaMH W HYKJICHHOBBIMH KHCJIOTaAMH.
CrupTel W aneToH (IPUMCHAEMBIX 3a4acTyl0 B KOMOHWHAIMH C (QHKcATOpaMu
QJIBJICTUIHOTO psijia) 00E3BOXKMBAIOT TKaHb, IPHMYEM 3aMEICHHE MOJIEKYJ BOJIbI
MOJIEKYJIaMH CIIUPTA WM alleTOHa pa3pyluaet rugpo(oOHbIe U BOJOPOIHBIE CBSI3H,
9TO BEJIET K ICHATYpanni OeIKOB, MOAU(UKAIIH MEMOpaH KIIETOK.

——Control
0.8} Glu
——Glu+Alc
0.6 Glu+Alc+Ac
=
® o4l

0.2 //\\ / &
of M\‘-\cﬂw—/ ! :
1000 1100 1200 1300 1400 1500 1600 1700
wavenumber,1/cm

Puc. 1. BCARS cnexmpuwi (npeobpaszosarnvie Kk pamano8CKum CneKmpam) JunuoHo-
0eIKOBbIX KOMNO3UYUL NOCIe NOCAe008aAMENbHOU PUKCaAyuu paooM Geuecms.

)

Y

B nanHOU paboTe MPOaHAIM3UPOBAHO BIUSIHUAC MTOCICI0BATCIILHON (DUKCAIIH B
rmotapanpaeruae (Glu), sranone (GlutAlc) un anerone (Glu+Alc+Ac) MoxenbHOI
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JIUTUIHO-0EIKOBOM KOMITO3UIIUH, COCTOSIICH M3 MOJIOUHBIX KUPOB U IKEJATHHA.
[TockonmbKy Ha MHUKPOCKOIIMYECKOM YPOBHE Takas CHCTeMa HErOMOTeHHA, a TaKKe
U3 paHHHUX padoT M3BeCTHO, uTo (hukcanus B Glu BBI3BIBacT aBTOMIFOOPECIICHITHIO
00pa3noB, TO aHAIN3 ObUT BBIIOJIIHCH B paMKaX ()eMTOCEKYHIIHOM IIUPOKOIOIOCHOH
aHTUCTOKCOBOM BCARS MHKPOCHEKTPOCKONHUH, IIyTeM HAKOIICHUS OONbIIOi
craructukn (~10* ycpeaHeHHBIX CHEKTpOB) ¢ pasHbIX Todek o6pasmoB (Puc.l).
[ToxazaHo, uTO (puKcaIys B TNIFOTapalbACTH/IC B 3HAYUTEIFHON CTCIICHH COXPAaHSCT
KoJIeOaTebHBIC TTOJIOCH (M UX COOTHOILICHHMs) 00pa3ioB B fingerprint nuamasoHe mo
CPaBHEHHUIO C KOHTPOJBHBIM OOpa3lloM, XOTS W BHUIHBl MHUHOPHBIE W3MEHEHUS
nosocax Amide II (~1550) u Amide III (o6macts 1250-1350 1/cm). B 10 ke Bpemst
nocieayromas (Gpukcalys B COUPTE U alleTOHE BEJCT K 3HAYUTEILHOMY OOCIHEHHIO
KHUPOBOTO cozepxkanust oopasios (nonocsl C-C aununos BOxm3u 1100 1/cm, C=0
kosebanus 3pupHBIX rpym Ha ~1740 1/cMm, cooTHOmMEeHHe MeX Ty obmactsmu ~1260
n ~1300 1/ cMm). M3 mony4eHHBIX JaHHBIX MOXHO CJejaTh BBIBOJ, YTO B 3ajadax
CHEKTPOCKOIUYECKOr0  aHAllM3a  JIMIUIHO-OCIKOBBIX CHCTEM  IMPHEMIIEMBIMHU
(uKcaTopamH SIBISIOTCS TOJBKO (PUKCATOPHI ANTJETHAHOTO Psa.
Pabora moanepxana rpantom PODU 18-03-01243 A.

Kunernueckue mapaMeTpsbl TepMH‘leCKOﬁ AECTPYKIUUA HOBOT'O MPOU3BOAHOTO
NOoJTHAHUW/IMHA

Anopusnosa A.H., Mycmagun A.T.
baml'V, r. Ya

[onmanunua (ITAHW) sBisercs MMPOKO WCCIEAYEeMBIM M MHEPCIEKTHBHBIM
ANIEKTPONIPOBOIAMNM ToauMepoM. OJHAKO, OH JEMOHCTPHPYIOMIAM HHU3KYIO
PacTBOPUMOCTS, JJIs YIAYYIICHUS KOTOPOU OBLIO MOJIYYEHO €ro HOBOE IMPOU3BOIHOC
— nonu-2-(muKiiorek-2-eH-1-un)anuaue  (C4). B mpencraBieHHol pabote ObLIO
BBITIOJTHEHO HWCCIIEJIOBaHUE TepMUYecKol crabmibHOCTH C4 mpu pa3HOW CKOPOCTH
narpesa 5,10,15 u 20°C mun'. YCTaHOBJNEHO, YTO TEPMHUUYECKAs ACCTPYKIHS
roJiuMepa MPOTEKaeT B HECKOJbKO H3TanoB: Ha mnepBod craguu 80-200°C (I)
MIPOUCXOAUT MOTEps BIArW, PAaCTBOPUTEINS M JOMHPYIOIIETO areHTa, BTOPOM JTare
200-300°C (II) mpoucxomut paspeiB C-C CBSI3M MEXIy OCHOBHOHM TOJIMMEPHON
Lenblo U 3aMmecTtuTeneM, Ha TpetbeM 3tane 300-600°C (I1I) naunHaeTcst AeCTpyKUus
OCHOBHOH monmMepHOil nenu. J[aHHbIE TEPMOTPABUMETPHUYECKOrO aHaIM3a OBLIH
WCTIOJIB30BAHBl JUIS  OMpPEHETCHUS KHHETHYCCKHX IapaMeTpoB TEPMHUYECKOTO
pas3loKeHHsT ToNMMepa ¢ wucnonb3oBanueM Merona Coats-Redfern. 3Hauennms
SHEPruM AKTHUBALUHU U IMPEIIKCIIaHCHIUAIBHBIX MHOXHUTEleH (Tabnuua 1) Obuth
paccuYNTaHEl HA OCHOBE rpaduK THHEIHOM 3aBucuMocTH In{—In(1 — a)/T*} ot 1/T:

o (-2972) - (22)1-289) - ()
T2 - E, E T
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Tabnuya 1. KuHemuquKue napamempbl MepMUECKo0 pasnodiceHus C4.

Orarn AecTpyKIuu f, g min”’ E. (kJ mol™) A, min”' R®
5 22.20 35.82 0.9959
I 10 29.08 61.59 0.9939
15 25.35 114.50 0.9948
20 22.23 129.98 0.9959
5 21.75 3.71 0.9983
I 10 29.17 37.12 0.9956
15 30.22 66.53 0.9912
20 28.63 68.54 0.9954
5 28.92 6.40 0.9913
I 10 30.85 15.53 0.9914
15 31.22 23.12 0.9931
20 30.30 28.57 0.9913

W3 panHbIXx Tabmumbsl | BHAHO, YTO € POCTOM CKOPOCTH HarpeBa
MPEAPKCIIOHCHIIMATIBHBI ~ MHOXUTENb  yBenuuuBaercs. OJHAKo, C  Kaxaou
nocneaytomeid craauedt [— II—-IIl ero 3Hauenue cHmxkaercs. s BeIUUMHBI
SHEPrUH aKTUBAIMKU HE ObLIO yCTAHOBIEHO KAKOW-THOO0 KOPPEISIUN OT CKOPOCTH
HarpeBa. B To Bpems kak, HaOmromaeTcsl yBenuueHue F, ¢ POCTOM TeMIIepaTyphl
peakiuu, T.€. B psly YCTAaHOBJICHHBIN cTaauid pasnoxenus [— [1—III.

IMoaBM:KHOCTH JIM301IMMa, MMMOOM/IH30BAHHOI0 HA CMEIIAHHBLIX THTAH-
KPEMHUEBBIX OKCUAHBIX CUCTEMAX

Anmonos /1.0., Kosanesa E.I'., Tambacosa JI.11.
Yp®V um. b.H. Enpuuna. r. EkatepunOypr

B mHacrosmee Bpems B KadecTBE HOCHUTENCH IS MMMOOWIHM3AINKM (DEPMEHTOB
HIMPOKO UCIIOJB3YIOT MOPUCThIE MaTepHanbl. Mcrnonp3oBaHue ONTHYECKUX METOIOB
UCCIIEA0BAHUS ISl M3YyUCHUSI MOJIEKYJT (pepMEHTa, UMMOOHMIM30BaHHBIX B TIOPHCTHIX
MaTepHuanax, 3aTpyAHEHO, B TO BpeMs Kak crekTpockornus OIIP mo3Bomser
HaOJIIOaTh NMapaMarHUTHBIE MOJIEKYJIbI, HAXOMSIINECs] BHYTPH HE IapaMarHUTHOU
Marpunpl Jr000i Mopdonoruu. llenplo paHHOrO HccieqOBaHMS OBUIO H3ydEHHE
HNOJBIDKHOCTH ~ MOJIEKYZ — JHM30IHMa, aJCOPOMPOBAHHOTO HAa  IOBEPXHOCTH
CMEIIaHHBIX TUTAaH-KPEMHHEBBIX OKCHIHBIX HOCHTEIAX.

[Ipu ancopOumm JU30IKMMA, CHUH-MEYeHOro B monoxkenne His-15[1],
HaOmoatorest aBa DIIP curHama ¢ pasyiMuHOM MOJBMIKHOCTBIO HUTPOKCHIIBHOTO
(parMeHTa, ONUCAHHOTO Kak KBaswiauOparuu. JlaHHBIC pa3au4us, MO Bceil
BUJIUMOCTH, CBSI3aHBI C PA3IMIHON OpHEHTAIMEH MONEKyl (pepMEHTa Ha OKCHIHOM
Hocutene. V3 naHHBIX, NpUBEACHHBIX B TaOMMLE 1, BUJIHO, YTO IPH HEOOJIBIIOM
BpEMEHHU cOpOIMM, MOJEKyJbl Jm3omuma | Tuna obGsajatror Oosiee BBICOKOH
BpAIllaTEJIbHOM IMOABMIKHOCTBIO 110 CpaBHEHUIO ¢ Mouekyinamu Il tuna. Ilo-
BUIIUMOMY, JAHHBI THII MOJIEKYJ cIa00 CBSi3aH C MOBEPXHOCTBIO W HMEET
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BO3MOXKHOCTb IlepeOpucHTHpOBaThCs B Moulekyinsl tuna II.  Ilocnenyromee
CHIDKeHHE Kod(h¢urmmeHTta BpamarensHod auddy3sum MokeT HaOMIOAATHCS
BCJIC/ICTBUE YBEJINUCHHUS YHUCIIA MOJIEKYJT (pepMEeHTa Ha TIOBEPXHOCTH.

Tabnuya 1. IHapamempovr cnexmpos OIIP cnun MmeuenHo2o auzoyuma,
adcopbuposannozo na Ti0,-Si0,

Koadpdunuent KBasunubpannonnoe
Bpemst BpallaTeIbHOM JBIKCHHE
copouuu, Tun muddysun Jlons curnana

q curmama | 10°+0.5x10°¢" | Lx 3" | Ly+3° | Lz +6° £6%

I 44 61,9 33,6 45 30

1 I <1 24 24 24 70

I 3,6 61,9 33,6 45 33

4 I <1 24 24 24 67

I 1,5 61,9 33,6 45 32

16,5 I <l 24 24 24 68

I <1 61,9 33,6 45 38

42 I <l 24 24 24 62

I <l 61,9 33,6 45 33

48 11 <1 22 22 22 67

Ms1 OmarogapuM 3a pUHAHCOBYIO TOANCP)KKY rpaHT PODU 18-29-12129mxk

1. R. L. Artyukh, G. S. Kachalova, B. A. Samaryanov, and V. P. Timofeev, Mol.
Biol. 29, 87 (1995).

KBaHTOBO-XMMH4YecKoe HCCiIeI0BAHNE PeaKIMU AJTKUJIUPOBAHUS aJaMAHTaHA
NMPONUJIEHOM

Bapanos HH., Cagpup P.E.*, Bazpui E.M3, Boocenro K.B*2, Yepeonuuenxo A"
1. PYJIH, Mocksa
2. MHXC PAH, Mocksa
3. UTIX® PAH, r. YepHOrosioska

C rmoMOmpBI0  KBAaHTOBO-XMMHYECKHX  pPACUCTOB  HCCICIOBaHA  PEaKIIHs
ANKUJIMPOBAHUS aJjaMaHTaHa MpOMwiIeHOM. JlaHHas MoJAenbHas peakius MOXKET
paccMaTpUBaTBCS  [UIA  OIEHKH BO3MOXKHOCTH TPEACKA3aHUs PEaKIMOHHOU
CIIOCOOHOCTH W HamOoJiee BEPOSTHBIX HANpaBICHHHA NpPEBpAIICHHUs aJlaMaHTaHa
UCKITIOYUTENIFHO TEOpeTHUeCKUMH MeTogamu. OOpasyromuecs MpH aJKHINPOBAHUN
aJlaMaHTaHa aJKeHbl MOTYT TIPUMEHATHCS B JaibHEHINEH MONMMepH3amny.
OCHOBHBIMH TPOIYKTAMH SIBISIFOTCS |-H-TIpormmiI- W |-H-TIpOTICHWIIafaMaHTaHBbI,
MpUYEeM COJCp)KaHWE ITOCICIHEr0 B PEaKIMOHHOW CMECH 3HAYHTEIFHO MCHBIIIC.
[IpenmymiecTBeHHOE O00pazoBaHue |-H-TponMiIafaMaHTaHa MOXHO OOBSICHUTH
TEPMOTMHAMHYECKIMH OCOOCHHOCTSIMHA PACCMOTPEHHBIX PEaKIIUi.

Pacuersl BeimostHeHbl B mporpamve Gamess US B npuoOmmxennn B3LYP/6-
31G*. B xauecTBe KaTaau3aTopa pacCMOTPEH XJIOPU aTFOMHHUS.
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OOpazoBaHKe NpeNeNbHBIX W HENpPEeIeNbHBIX NPOAYKTOB IPHCOCANHEHUS
[IPOUCXOMT Yepe3 CTa/ANI0 00pa30BaHMs TPETHYHOTO alaMaHTHIIKATHOHA.

Cxema oOpasoBanusi |-H-miporuiagaMantana (B CKOOKax yKa3aH TeIIOBOM
sddekT peakyn):

1) AdH — Ad" + H (AH = 267.9 kkan/monb),

2) Ad" + C;Hg — Ad—CH,—C 'H-CH; (AH = —8.2 KKkan/Mois),

3) Ad-CH,~C'H-CH; + AdH —Ad-CH,- CH,~CH3-Ad"

(AH =-13.9 kkan/moJb),

4) Ad<(CH,),~CH;-Ad"” — Ad-CH,-CH,~CH; + Ad"

(AH = 2.8 xkan/moib).

Cxema o0Opa3oBaHus |1-H-poreHmIaaManTana (B CKOOKax yKas3aHbl TEIIOBOM
s dexT peakuu 1 SHEPTUs AKTHBALINH):

1) AdH — Ad™ + H (AH = 267.9 xxan/Monb),

2) Ad" + C;Hg — Ad—CH,—C 'H-CH; (AH = —8.2 kKkan/Mois),

3) Ad-CH,~C'H-CH;+ AICly — Ad-CH,—C'H-CH;-AICly

(AH =—88.2 xxan/mons) ,

4) Ad-CH,~C 'H-CHj;-AICl; — Ad—C 'H-CH,~CH;-AICly

(Eaxr = 15.4 xxan/monb, AH = 14.9 xxan/monb),

5) Ad-C'H-CH,-CHj: AICly— Ad~CH=CH-CH3 + AICl;- HCI

(AH = 10.6 xxan/mMoib).

JleTeKTHpOBaHHMe CHHIJIETHOTO KHCJIOPO/IA NPH €ro
(oToceHcHONIN3UPOBAHHOI TreHepaLllMH B CTPYye a3P030.1s

benawos A.B.l, Baciomunckui O.C.l, Tenvpono M. JY.Z, JKuxopesa A.A.l,
Cemenoea U.B.
1. ®TU um. A. . Uodde, Cankr-Ilerepdypr
2. HMUI] onkonoruu um. H.H. Iletposa, Cankt-IletepOypr

[ToMUMO aKTHBHOTO HCIHOJB30BaHHSA (DOTOAMHAMUYECKOW TEpamHu IS JICYCHUS
OHKOJOTHYECKUX 3a00jI€BaHHUI ATOT METO[ CETOoJHsI BCEC YallC HCHOJBb3YyCTCA IJid
JedeHHsl BUPYCHBIX 3aboneBanmit [1]. Ilpm 3ToM B psme ciydaeB mpeaiaracTcs
UCIIOJIB30BATH  a3pP030Jb  (POTOCCHCHOMIM3AaTOpa C €ro  HEMmOCPEICTBEHHBIM
OCBEIICHUEM JIa3epOM WM CBETOHMOJOM. Ha ceromHsimiHuWii 1eHb Onaromaps
JICTeKTUPOBAaHHUIO CHUTHANA (POCHOPECIEHIMH CHHIVIETHOIO KHCJIOPO/A C BBICOKHM
BPEMCHHBIM Pa3spClICHUEM YIA€TCsA TMPOBECTU €TI0 06Hapy>1<eHHe B BOJHBIX
pactBopax (OTOCEHCHOMIM3aTOpoB [2], a B OTHCNBHBIX CIIyYasX W B IKHBBIX
KJIETKaX. B TO e BpeMsi IETEKTUPOBAHUE STON XMMUYECKH aKTUBHON MOJICKYJIBI B
adpo30isiX  (poToceHCHOMNIM3aTOpa TAaKKEe MOXKET MPEACTABISATh CYIIECTBEHHBIN
HHTEpeC Kak ¢ TOYKH 3peHHs (QyHIAMEHTAIBHBIX HCCIIEIOBAHMI TSI 000CHOBAHUS
9(pPEKTUBHOCTH IMPOTHBOBHPYCHOH  (OTOAMHAMUYECKOW Tepamud B  BHIC
WHTaJSIIUM, TaK ¥ B NPHUKIAJHBIX LEJSAX JUIS  OINpPEACNICHUS ONTUMAIbHBIX
IapaMeTpoB, CHOCOOCTBYIONIMX IIOBBIIICHHIO KOHIIEHTPAIMH TEHEPHPYEMOTO
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CHHIVIETHOTO Kucjopoaa. Ilpu aTom perucrpanusi CUHIJIETHOTO KUCJIOpOJa B TaKUX
YCIOBUSIX TPEICTABISET OCOOBIE TPYMHOCTH B CBSI3M C Mallol 0OBEMHOMN
KOHIIEHTpanueil OTOCeHCHOMTH3aTOpa B a3p030JIX, a TAKXKE CHIIBHOMY PacCEsHUIO
CBETa HA C€ro MHKPOCKOIHMYCCKMX KaIlUlsiX. B  mpeactaBieHHOW pabore ¢
HCHOJB30BAHMEM  MOHOXpOMaropa  H (hOTODNIEKTPOHHOTO ~ YMHOYKHTEISI
nHppaKpacHOTO  IHWama3oHa  ObUla  TPOBENEHa  PETUCTpalus  CHUTHAJIOB
(dochopecleHIIMY  CHHTIICTHOTO KHCJIOPOJAa, HM3MEPEH €ro CHEKTp, a Takke
MIPOBEJICHO U3MEPEHUE €r0 OTHOCUTEIBHON KOHLEHTPAIMH B PA3IMYHBIX 00JacTIX
cTpyn a’posonsi. Kpome Toro, Hamm OBUIO TPOJEMOHCTPHUPOBAHO, HUTO
WCTIOJIE30BAHME  YHCTOTO  KHCIopoga i (OPMHPOBAHHS  adPO30JIL
(oToceHcHOMIM3aTOpa CIOCOOCTBYCT ITOBBIINICHHIO KOHIICHTPAIIMA CHHIJICTHOTO
Kuciopona B crpye. Ilpm 3TOM OCHOBHOW mpuymHOW HaOmomaemoro 3ddexra
SIBJISIETCS IOBBILIEHUE KOHLIEHTPALUN KUCJIOPO/1a PACTBOPEHHOIO B )KUKOCTH.

CIuCOK JIMTepaTypsl
[1] Fekrazad R. Photobiom odulation and antiviral photodynam ic therapy as a
possible novel approach in COVID-19 m anagement. // Photobiom odulation,
Photomedicine, and Laser Surgery — 2020. - T.38. - NoS5.
[2] Belik V. P. et al. Phosphorescence  Kinetics of Singlet Oxygen in HeLa Cells
Suspension //Technical Physics Letters. —2019. — T. 45. — Ne. 9. — C. 936-939.

H3mepenne HeTUHEHHBIX MOYJI€li YIPYTrOCTH KOMIIO3UTHBIX MaTePHAJIOB €
BKJIIOYEHHSIMHU FaJUTya3uTHHIX HAHOTPYOOK, HAHOYACTHUI JUOKCUAA KPEMHUSI U
Texyrjaepojaa

Benawos A.B.l, Benvmioxos H.M.l, Mockaniok O.A.Z, Cemmnosa U.B.*
1. ®TU um. A. ®. Uodde, Canxr-IlerepOypr
2. CII6I'YIITA, Caukr-IletepOypr

B Hacrosmiee BpeMsi KOMIO3UTHBIE MaTe€pHanbl ¢ HAHOBKIIIOYEHUSIMM BCE 4Yallle
UCTIONIB3YIOTCS. B MEXAHHYECKH TIIPOYHBIX, JIETKHUX MATEpHaioB IS CO3MAHUS
M3HOCOCTONKM KOHCTPYKIHHA. HeoqHOKpaTHO OBLTO MPOIEMOHCTPHUPOBAHO, YTO TIPH
HaJUICKAIeM BBHIOOpPE MaTepHalioB M TEXHOJIOTHH HEOOIBIIOE YHCIIO HAHOYACTHUIL B
OCHOBHOH MaTepuasl MOXKeT MPUBOJUTH K 3HAYUTEILHOMY H3MEHEHMIO JIMHEHHBIX
YOpyTux Moayjiei. B To ke BpeMs M3MEHEHUE HEJIMHEHHBIX MOAYJIEH yIpyrocTu
pHu A00aBJICHUM HAHOYACTHUI[ MOXET OBITh TOpa3lio CHIIbHEE, YTO 00yCIaBINBACT
HEOOXOJIMMOCTh  HMCCIICIOBAHMSI TaKMX XapaKTEPUCTUK B HAHOKOMIIO3UTHBIX
MaTepuanax.

Jns  wccnemoBaHWsA — HETMMHEHHO  YHOPYTHX — CBOMCTB  HAHOKOMIIO3HTOB,
M3TOTOBJIEHHBIX Ha OCHOBE ITOJUCTHPOIIA, OBLT HCTIOIB30BAH METO/I, OCHOBAHHEIH Ha
HU3MEPEeHUN 3aBUCHUMOCTH CKOPOCTH PaclpOCTPAHEHHs MPOJOIbHBIX M MOMNEPEYHBIX
aKyCTHUYECKUX BOJIH OT CTAaTHUYECKOTO JaBIIEHUS, MPUKIAbIBaeMOro Kk oopasiy [1].
Jlannas Meroamka ObUTa NPHMEHEHA JUIS WCCIEIOBAHUS  HAHOKOMIIO3HTOB,
M3TOTOBJICHHBIX HAa OCHOBE IOJMCTUpPONAa ¢ JoOaBieHneM HaHodacTHn SiO,,
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raurya3utHeix HaHoTpyOok (HNT) u Ttexyrmepona (CB). B pesynbrate paboTh
OBUTO yCTAQHOBJIEHO, YTO BCE TPH BHJA HAHOBKIIOUCHWH BBI3BIBAIOT 3aMETHOE
yBEIMYEHHE MOAyJel ympyroctn Broporo mnopsaka (A um w). Ilpu stom Juis
HENIMHEHHBIX MOAyJeH ynpyroctu HabmomaeTcs Oosiee CIOXKHBIA —XapakTep
N3MEHEHHUH, XOTS B IEJIOM MM BCEX HCCICAOBAaHHBIX O0pa3IoB H3MCHEHUS
HEIIMHEHHBIX MOAyJiel Obuth Oojee 3HAYMTEIBHBIMH, YEM H3MEHEHHS JIHHEHHBIX
MoxyJeit ynpyroctu. Ilpu 3ToM, cpeny HenuHeiHbIX Moaynel ynpyroctu (I, m, n)
HanOoJbIee U3MEHEHNE TTPOUCXONUT, KaK MpaBuio, s BenuduHsl |. [TomydenHbie
JTaHHBIE XOPOIIIO COTJIACYIOTCS ¢ pa3paboTaHHOI Teopuei [2], XOTs B IKCIIEPUMEHTE
HaOJIIOIAI0TCSl HECKOJIBKO OOJIbIINE 3HAYCHUS YNPYTUX MOJIYJNEH, 9TO 00BACHAETCS
BiIMsiHMEM HeaQUHHBIX AedopManuii Ha HAHOMETPOBBIX MacmiTabax, KOTOpPbIE
YCUJIUBAIOT BO3EHCTBUE HAHOBKIIIOUECHUH.
Pabora BeImoTHEHA B pamkax nipoekta PH® No 17-72-20201.

CIHCOK JIUTEePaTyPhI
[1] Hughes D. S., Kelly J. L. Second-order elastic deform ation of solids //Physical
review. — 1953. - T. 92. — Ne. 5. — C. 1145.
[2] Semenov A. A., Beltukov Y. M. Nonlinear elastic m oduli of composite materials
with nonlinear spherical inclusions dispersed in a nonlinear matrix //International
Journal of Solids and Structures. — 2020. — T.191. — C. 333-340.

CuHTe3 1ManeTHJIeH-IPOU3BOAHBIX KAIUKC[4]apeHOB — NIpeKypcopoB
MOJIHIHALCTHICHOB U 230TCOACPKAIMNX IeTePOIUKIIOB

benos P.H.l, bypunos B.A.l, Conoevesa C.E.Z, Aumunun 1.C*?
1.®I'AOY BIIO «Kazanckuit (IIpuBomkckuii) penepaabHbI yHUBEPCUTETY,
Kazanp
2.M0DX um. A. E. Apbysosa KasHI[ PAH, Ka3zaub

Kamukc[4]apeHsl pencTaBisiioT co00i KiTace MaKpOIUKIIOB, KOTOPBIM YJIEISIeTCs
oco0oe BHIMaHUE Oiarogapsi BO3MOKHOCTH (DYHKITHOHATH3AINN KaK BEPXHETO, TaK
u  HWKHero  o0oma.  BO3MOXHOCTP  KOHBIOTAIIMM  JUAICTUICHOB  C
KaJukc[4]apeHOBBIMI MaKpOUMKIAMHU IMTO3BOJSIET CHHTE3WPOBATh IPEKYPCOPHI IS
Pa3IMYHBIX cOeTUHEHNHA. B yacTHOCTH, 1,3-IMUHBI IPUMEHSIOTCS IS TIOJTYYCHHUS TT-
COMPSKCHHBIX  AllEeTWJICHOBBIX  IMOJUMEPOB, a TaKKe TIeTePOIMKINIECKUX
COEIMHEHUH.

3a cuer 00pa30BaHUS COMNPSDKCHHOW NONMMEPHOH I[EMHM W BO3MOXKHOCTHU
U3MEHSITh OOKOBBIC 3aMCCTUTCIH IOJUAUAICTHICHOBBIC MOJIMMEPHI 00JalaloT
pa3IMYHBIMA XPOMATHYECKHMH CBOWCTBaAMH. B CBOIO ouepelb MEepCHEKTHBHBIM
SIBIISICTCSI KOHBIOTAIMS TIONHIUAIICTUICHOBOW MATpPUIBI € (QYHKIIMOHATHHBIMHU
MIPOM3BOAHBIMU KalHKc[4]apeHa, TIOCKOJBKY TaHHBIE MOJEKYJBl HCHOJB3YIOTCS B
CO3IaHUU JKCTPArCHTOB M MOJICKYJISAPHBIX YCTPOUCTB, CHOCOOHBIX CBSI3BIBATH
MOJIEKYJIbI Pa3TMIHON TIPUPOJIBL.
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JuaneTuieHbl  TakKe CHOCOOHBI  B3aMMOJICHCTBOBATH C  Pa3IUYHBIMHU
HyKIeopmIaMu ¢ 00pa30BaHNEM TETEPOIMKINYSCKUX coeAnHeHnil. Moaudukarus
KaJHukc[4]apeHOB a30TCOMEPKANIMMH TeTEPOIMKIMYSCKIMU TPYIIIAMH TO3BOJISIET
MOJIY4aTh MAKPOIMKIMUYSCKHIE KJIACTEPhl U3BECTHBIX TEPAIIEBTUUCCKHX IIPEHapaToB,
a TaKk)Ke TePCIIeKTUBHBIE JIMTAHIBI JJIs1 METAJUIOKOMITJIEKCHOT'O KaTaln3a.

B xome pabGoTte ObUTM TOJMYYEHBI HOBBIE TPOHM3BOJHBIC KaluKc[4]apeHa ¢
a3WJHBIMU TPYNIAMH Ha BEpPXHEM 000/1¢ W CIOXKHOXUPHBIMH TPYIIIaMH Ha
HUYKHEM, a TaK)Ke IM3aMEIICHHBIN 10 HHKHEMY 0001y KaJluKc[4]apeH ¢ AMMHOBBIMU
rpynmamMu. [TomydeHHbIE TPEKYPCOPBI UCTIONB3YIOTCS ISl TIOCIEIYIOIIEro CHHTe3a
MTOJIMAMANIETHICHOBBIX U TETEPOIMKINICCKHX COSIMHEHUH HAa MaKpOIMKINISCKON
miatopme.

R, R, R,
="\ ="\ ="\
Ry Ry Ry
Bu +BugBu B
1 ¥ Y
R;- S f\ Ry - CyiHz
! Y
O OHOH O
8 q)x

Pucynox 1. Cxema cunmesa noauouayemuienosbix u 2emepoyuKiuieckux
COeOUHeHUl Ha MAKPOYUKIUYeCKoU niamgopme.

Bnaronapum 3a ¢puHaHCOBYIO IOmIep KKy TpaHT PH® Ne 19-13-00095.

BiiusinMe mapamMeTpoB CHHTe3a HAa MOP(0JIOTHIO H YJIEKTPOXHUMHUYECKH e
CBOICTBA KHCJIBIX Le3HeBbIX coJieil (ochopHOBOIbL(PPAMOBOIl KUCI0THI

benbemeco A.A.l, Bbapanos A. A.l’z, Jleonosa JI.C.!
1. UTIX®D PAH, YepHoronoBka
2. MT'Y um. M.B.JTomonocora, Mockpa

bnaromapss CBOMM KHCIOTHO-OCHOBHBIM M  OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIM
cBoiicTBaM (ochopHOBOIBPPaMOBasi KACIOTa U €€ COMU IIMPOKO MPUMEHSIIOTCS B
OpPTaHMYeCKOM  KaTallM3e W JJICKTPOXMMHYECKMX  YCTpoiicTBax: Ui
MOAM(DHULIUPOBAHNS MOHIIPOBOASIINX MEMOpaH, HOCHTENEH 3JIEKTPOKATaIN3aTOPOB
n B ceHcopax. Kucnble uesueBsie comun @DBK oco0eHHO WHTEpeCHBI st
MIPAKTHYECKOTO TPUMEHEHHS: U3-3a WX HEPAaCTBOPUMOCTH B BOJE, TEPMHUCCKOI
CTa0MIIBHOCTH, BBICOKOH KHCIIOTHOCTH M HPOTOHHOW TPOBOAMMOCTH. OTH
COC/IMHEHMsI TIPEJCTAaBISAIOT Cco00M cdeprueckue ariomeparsl U3 CEpHUECKUX
KPHCTAJUTUTOB, 00Iaaome O0IbIION yaeabHO IIOaabpio TTOBEPXHOCTH. Pa3Mep
1 00BEM TIOp, yAETbHAS IUIOMAAb TIOBEPXHOCTH, BIArOCOACpKaHNe, IPOBOANMOCTD
U JIpyrue, BasKHbIC IS 2JIEKTPOKATaIN3a CBOMCTBA COJIEH, CYIIECTBEHHO 3aBUCST OT
yCIOBUH CHHTE3a MOAO0OHBIX CTPYKTYp. IloaToMy B maHHOI paboTe ObUTH H3yuUeHBI
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n3MEHeHus: B MOpPQOJOTMM M DIEKTPOXMMHYECKMX  CBOMCTBaX  COJICH,
MIPOMCXOAAIINE NTPH BapbUPOBAHUH TAKUX yCIOBHHM MX CHHTE3a, KaK KOHIICHTPAIU
peareHTOB U TeMIleparTypa.

TemnepaTypa cUHTE3a W KOHLIGHTPALUs PEareHTOB HE MOBJIMSAJIM HU Ha
MEPBUYHYIO CTPYKTYpY coueil (annoH Kerruna), Hu Ha BTOPHYHYIO CTPYKTYpY - BCE
CHUHTE3UPOBAHHBIE COJM MUMEIOT OJMHAKOBYIO MPOCTPAHCTBEHHYIO Ipyniy Pn3-m, a
CUJIBHO MOBJIMSITM Ha TPETUUHYIO CTPYKTYPY COJIEH.

[oBbleHNe KOHLIEHTPALUU UCXOJHBIX PAcTBOPOB OT 1 10 28 MM mpUBOAUT K
YMEHBIIEHHIO pa3Mepa ariaomepaToB ¢ 450 no 120 am ans cuntesa npu 25°C, u ¢
700 mo 160 um ms cunteza npu 100°C. CpenHuii pa3mep KpPUCTALIIUTOB, M3
KOTOPBIX COCTOST ariioMepaThl, TaK ¢ yMeHbInaeTcsa. OOpa3yloTcs YacTHIBI C
GONBIINM KOTMUECTBOM MOP M YENbHOM IIOMAABI0 TOBEPXHOCTH 10 140 M*/r. IIpu
yBenmmueHnn Temreparypbl cuHTe3a oT 0 mo 100°C  cdepuueckne dYacTHITBI
MIOCTETIEHHO OTPAHSIOTCS M IPHOOpETaoT poMOO0I0IdKaeAPHUYECKyI0 (hopMy, TPH
9TOM MPOUCXOAUT MOHOTOHHOE CHIKEHHUE YJIeIbHON IO U oBepXHOCTH co 140
M2/T 10 1 M/T.

Boma B comsx sBIseTCS ancopOIMOHHON: yaenbHas IUIOINAAb MOBEPXHOCTH U
BJIArOCOJCPIKaHIE HM3MEHSIOTCS cuMOaTHO. MOHHAas NPOBOIMMOCTH COJICH IIpU
temneparype 25°C msmensiercss ot 107 g0 107 CM/CM M CHIBHO 3aBHCHT OT HX
yIeIBHOH IIJIOMIAI TOBEPXHOCTH U BIarOCOAEPKAHMS.

Pabora BeIONTHEHA TTpH TTOIIepKKe TpanTta PODU 19-08-00566 A.

Pabota Beinonzsnace B Llentpe kommneteniuii HTU mo TeXHOIOTHUsAM HOBBIX U
MOOWMIIBHBIX HCTOYHHUKOB 3Hepruu npu UITXD PAH.

Co31aHne npoa0/IbHOI HAMATHHYEHHOCTH NAPAMATHHTHBIX HOHOB B TBEPAOM
TeJie pazoBo-mMoayaupoBanubIMu CBU-umnyabcamu

Apugyanun M.P., Bepounckuii B.JI.
Openbyprekuit yausepcutet, OpeHOypr

IIpenckazan >QdexT co3maHusi MNPOJOTHHOW HAaMAarHWYEHHOCTM M B HYJIEBOM
MarHuTHOM moJjie ¢ nomouipio CBU-UMIyIbCHBIX MaHUITYJISIMA 3JIEKTPOHHBIMHU
CIIMHAMHM HOHOB METaJJIOB, MMEIOIIUX HECKOJIbKO HECIApEHHBIX 3JEKTPOHOB M
9NeKTpoHHbI criuH S> 1. Jlng sTol menu mpemaraercs ucnoib3zoBatb CBY-
HMITYJIBCHI, TIOJISIpU30BaHHbIe BIOb oceit OX u OY ¢ pasnuyHoil HavambHOH (a3oi
¢. Bo3moxHo wucnonbs3zoBanne CBY-uMmynbcoB pasiuyHOM  JUIMTEIBHOCTH.
[TonpoOHO wW3ydYeHBI W OMMCAHBI PE30HAHCHBIC ciy4yad, Korga dacrora CBU-
HMMITYJIbCOB COBIMAJIAET C YaCTOTON pacCIlEIUICHUs] TPUIUIETHBIX YPOBHEH B HYJIEBOM
MarHuTHoM Tmosie. [loka3aHO CXOJCTBO OMHCAHHOTO J(PQeKTa C TepexoaoM
“BBICTpaviBAHUE-OPUECHTALIHS, KOTOPBIH HaOJTI01aJICS B OTITHYECKHX
JKCIIEPUMEHTAX.
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CBepXTOHKOe B3aMO/IeliCTBHE B MOJIEKYJISIPHBIX (hepMeHTATUBHBIX
KOMILJIeKCaX.

bepounckuii B.JI., Kaenxynosa 3.U., Jlemyma V.1I".
OpenoOyprckuii yausepcutet, OpeHOypr

[TokazaHo, 4YTO MW3-3a AHTHCHMMMETPUM IIOJHOW BOJHOBOM (yHKIMM IBYX
JJIEKTPOHOB TAMUIIBTOHHAH CBEPXTOHKOro B3ammojencteus (CTB) momxeH uMeTs
BUJL

Hep = a(§1 - §z )r >

rae xoucranta CTB  a=(87/3)9/0,8,0,(1)e, (1)), ¢,F,) u @,(F)) — BOJIHOBBIE

(GYHKIMH TPUTUIETHOTO M CHHTIIETHOTO COCTOSIHHS B MECTE PACIIOIOKEHUS siapa [y .
Takoe CBEpPXTOHKOE B3aMMOJCHCTBUEC CIOCOOHO CMCIIMBATh CHHIVICTHBIC U
TPUILIETHBIE COCTOSIHUSI B OOJIACTH KBA3WUIIEPECEUYCHHUS] TPUILICTHBIX W CHHTJICTHBIX
SHEPreTHYCCKUX YpOBHEH. l3-3a aHTUCHMMETPHH TOJHOW BOJHOBOW (DYHKIUU

CHHIJIET TPUILICTHAS SBOJIIOLIMS 00s13aTeNIbHO COIPOBOXK/IACTCS
nepepacipeieacHueM JJIEKTPOHHOMI MJIOTHOCTH (hepMeHT-CyOCTpaTHBIX
KOMILIEKCOB.

Takum o0Opas3om, coBMmecTHOE neiicTBue marHuTHoro moisti 1 CTB ¢ MarHUTHBIM
AAPOM H30TOMAa Mg CIOCOGHBI OOBACHHTD JKCIEPHMEHTAIBHO HAOITIOLACMBIC
0ocobeHHOCTH MarHUTHO-IIOJIEBBIX 3aBUCUMOCTEN 3 PeKTHBHOCTH
BHYTpHKJIeTOUHOrO cunte3a ATD B kierkax E. coli.

®opmupoBanue (a30BOYHCTHIX IeKCAATIOMHUHATOB JAHTAHA IPH YMePEeHHBbIX
TemnepaTtypax MeroaoM Pechini ¢ ucnonb3oBannem yriepoanoro core-shell
TeMIiaTa

becnanxo FO.H., Cmosnoeéckuii B.O., Beosieun A.A., Bonooun A.M.
MK CO PAH, HoBocubupck

CroxHble OKCHJIBI Ha OCHOBE AQIOMUHHUS CO CTPYKTypaMH MarHeToruiromMOnTa
MIPUBIIEKAIOT BCe OoJbllleeé BHUMAaHWE OJArojapsi CBOMM YHHUKAJIBHBIM (DU3HKO-
XUMHYECKUM CBOMCTBAM M BBICOKOH TepMHUECKOM ctadbmimbHOCTH [1]. CHcTeMBbl Ha
OCHOBE TCKCAaJFOMHHATOB JIAHTAHA IIPEICTABISIFOT 3HAYUTEIBHBIA HMHTEpPEC IS
KaTaJIUTUYECKUX MPUMEHEHUH: BBICOKOTEMIIEpATYPHOE KAaTaTUTUYECKOTO CIKUTAHUE
CHy, paznoxenue N,O, napuunansaoe okuciienne CHy n C3Hg.

CranmapTHBIH TBepa0(ha3HBIIH METO CHHTE3a (pa30BOYUCTHIX TEKCAaTFOMHHATOB
JIaHTaHa M3 MCXOAHBIX OKcumoB La,O; u Al1,0; Tpebyer Bbicokux >1400°C
TeMIIEpaTyp W JUIMTEIBHOTO BpeMeHH. Kpome TOro, marepuanbl IMOJyYaloTcs ¢
HU3KON moBepxHOCThIO Syxa. <10 Mr. C MIOMOIIBIO )K€ TPATUIIMOHHBIX METOJI0B
CHHTE3a, TAKMX KaK 30Ib-Tellb U COOCAKICHUE, IMO3BOJLIONINX IPOBOJUTH CHHTE3
IpHu yMepeHHBIX TemmepaTtypax no 1300°C He ymaercst mosy4daTh (ha30BOUHCTHIE
reKcaaaTlOMHUHATHI.
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[TosToMy OJHON W3 BaXKHBIX NPOOJEM IOCIEAHUX JIET SIBISETCS HOMCK M
pa3paboTKa METOJIOB CHHTE3a ITHX COCAMHEHHI IPU YMEpPEHHBIX TeMIeparypax ¢
MalbIM pa3MEpOM YacTHI[ H OOJIBIION IUTOMIAIbI0 ITOBEPXHOCTH, KOTOPBIE
pacupuii Obl 00JIACTh TPUMCHEHHS TeKCAATIOMHUHATOB B KaTaJM3e, TIC JOCTYITHAS
MOBEPXHOCTH U (ha30Basi YUCTOTA SIBISETCS BAKHBIMU (PAKTOPAMH.

OnnH w3 Hamboiiee TPHUBJICKATENBHBIX TPAIWIHOHHBIX METONOB CHHTE3a
SIBISICTCSL  30JIb-T€IIBMETOJ] C HCIIONB30BAHUEM YIJIEPOJa B KAauyecTBE TEMILIATA,
T03BOJISIIONIMI TI0/Ty4aTh ATIOMHHATEI C MOBEPXHOCThIO Sym. ~40-80 wm*/r. B
JTAaHHOM paboTe MbI XOTHM AaKLEHTHpPOBaTh BHMMAaHHE Ha BO3MOXHOCTb
MpeAOTBpaIleHnsT 00pa3oBaHMs MPUMECHBIX (a3 MoHoamomMuHaTa #u 0-AlLO;,
CTaOMIM3UPYysT pa3Mep YacTHI[ B XOJE CHHTE3a MOJH(DUIMPOBAHHBIM METOIOM
Pechini ¢ wucnonb3oBanueM yriepogHoro core-shell temmara (yriaepomaHoro
HaHopeakTopa [2]).

C momompio psifa (HU3HKO-XMMHUYECKHX METOJOB TPOBEIACHO CPaBHHUTEIHFHOE
uccnenoanune oopazosanus dasz LaAlOs; n LaAl;;O;5 B yrieponHoit obonouke npu
temmeparypax n0 1300°C. TlomydeHHbIe JaHHBIE YKa3bIBAIOT HA CYIIECTBOBAHHE
MHHHMAIIFHOTO pa3Mepa TePMOAMHAMHYECKON CTaOMIBHOCTH IS (pOPMHUPOBAHUS
¢da3er LaAlO; mopsaka D~10 BHM. OOHapykeHo, 4yrto mpu cuHTe3e LaAl; O3 u
PrAl; 05 B yraeponHoii obonouke B quanazone temmepatyp 1200-1300°C umenHo
YIJIEPOJHOE  TMOKPBITHE CTa0WIM3UPYIOIIEe pa3Mep YacTHIl  MPEIsITCTBYET
00pa3oBaHMIO TpPUMECHBIX (a3 MoHoamomuHata U 0o-AlLO; u peammsyercs
MEXaHU3M  OJHOCTaJUHHOTO  CHHTE3a  TeKcaaJloMUHaTa W3  HCXOIHOU
BBICOKOAMCIIEPCHON  okcuaHoi  (das3pl.  [IpemnoxkeHHas  MOIUQHUIIMPOBAHHAS
MeTtonnka Pechini mo3Bomser momydate (pa3oBOYHMCTBIE T'€KCAANIOMHHATHI C
XapakTepHoii S yi1. ~ 100 M*/r mocie BBDKMraHHUs yriepoia.

HVccnenoBanue BBITOJIHEHO NpH (uHAHCOBOH moanepxkke PODU B pamkax
Hay4HOTro mpoekta Ne 19-03-00660a

[1] M. Tian, X.D. Wang, T. Zhang,Catal. Sci. Technol.6 (2016) 1984-2004.
[2] A.M. Volodin, A.F. Bedilo, V.O. Stoyanovskii, V.I. Zaikovskii, R.M. Kenzhin, L.V.
Mishakov, A.A. Vedyagin, RSC Adv. 7 (2017) 54852-54860.

Kypnaa "U3sBectus Axanemun Hayk. Cepusi xumudeckas' (Russian Chemical
Bulletin): BO3M0OKHOCTH M NepPCHEeKTHBBI

boeanosa JI.U., Konnosa I'.H.
MOX PAH, Mocksa

Kypuan "Usectuss Axagemun Hayk. Cepusi xumudeckas" — €XKEMECSYHOE
n3ganue Poccuiickodl akagemMuu HayK. YUpeAMTEISIMM KypHala sIBISIOTCS
Poccuiickass axkamemuss Hayk U MHcturyr oOpraHudecko xumumu um. H. I
3emuHckoro PAH. Xypran Obur ocHoBaH B 1936 . m ¢ 1952 r mepeBomuTcs Ha
aHMIMACKUE s13bIK. M3/aHue aHIIMICKON Bepcuu JKypHauia 1moj] Ha3BanueM «Russian
Chemical Bulletin» ocymecteisier usnarensctso Springer and Business Media, Inc.
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XKypnan BritoueH B crucok xypHanoB BAK, unnekcupyercst u pedepupyercs
Science Citation Inde x, Science Citation Index Expanded (SciSearch), Journal
Citation Reports/Science Edition, SC OPUS, Chemical Abstracts Service (CAS),
Google Scholar, ChemWeb, EBSCO Academic Search, INIS Atomindex, OCLC
WorldCat Discovery Service, ProQuest Materials Science & Engineering Database,
Reaction Citation Index, Reaxys u qpyrumMu HayqHBIMU 0a3aMH TaHHBIX.

B  xypHaime TyOJIHMKYOTCS  MaTepHalibl,  COIACp)KAIMe  Pe3yJbTaThl
OpPUTUHANIBHBIX HCCIEJOBAaHUH (HE3aBUCUMO OT HAllMOHANBHOW M BEIOMCTBEHHOI
MIPUHA/UIEKHOCTH aBTOPOB) B BHAEC 0030pOB, cTareil AaHAIUTHYECKOTO U
MIPOTHO3HOTO XapaKTepa.

Temarnka >XypHajga OXBaTbIBA€T BCE HAIpaBICHHS XUMHUYECKOH HayKH |
CMEXHBIX oOmacTell. Bpicokoe KadecTBO cTaTeil mocTUraeTcss B pe3ynbTare
TIATETILHOTO OTOOpa MaTepHaja IMyTeM IBOHHOTO PELEH3MPOBAHHUS W HAYYHOTO
pEeIaKTHPOBAHMUS B XOJIE IMOJTOTOBKU PYKOITUCH K ITyOIHKAIHH.

Kypuan umeer ummnakt-dakrop, paBubiid 1.014 3a 2018 r. (S-netruit — 0.9) u
BBIXOIUT B MEYaTHOM M IIEKTPOHHOM BHAAX. DJIEKTPOHHBIC BEPCHU JOCTYITHBI Ha
caiite e-library (www .elibrary.ru, pycckosi3piaHasi Bepcusi, OITHOCTRIO ¢ 1966 T.) u
SpringerLink (https://link.springer.com/journal/11172, anriosi3el4Hast Bepcus, ¢
1952 ).

Bropo Peaxommnernn xypHana IIaHUPYeT U3aTh CHEIHATH3UPOBAHHBIN BBITYCK
1o marepuainam, kotopsie npencraBieHsl Ha XXXII Cumnosuyme «CoBpeMeHHas
XUMHYEcKas PU3HKaY.

IIpurnamaem y4acTHHKOB CHMIIO3MyMa, KOTOPBIE MOTYT IIPEICTaBUTH
WHTEPECHBIN MaTepHall, OTpakKaroIui (pyHIaMeHTaIbHbBIC HCCISIOBAHUS B XUMHAN 1
MEKIUCIUILTHHAPHBIX 00TAaCTSIX, IPUHATH y4acTHE B IOATOTOBKE ATOT'O BBITYCKA.

Pykomucu ciegyeT HAmpaBIATh B PENAKIUIO JKypHajla 10  aapecy:
incoming@jioc.ac.ru; Ten. pegakuuu: +7(499) 137-6997.

KBaHTOBO-XMMHYECKOE HCCIeI0BAHNE PeaKIUii B3aUMO/IeiiCTBUSI OKCH/IOB
:keqie3a Fey, Fe,0, u Fe, 04 ¢ mostekynamu H,, O, u N, B razopoii ¢gaze

Tyyes JY.F.l, Tyyes F.JY.Z, Anoowun C.M. 1, Fooicenxo K.B.l, Vmenvies A.H.*
1. UTIX® PAH, Yepuoromnoska
2. Florida A&M University, Tallahassee, Florida 32307, United States.

Hemsto paboThl sBiIsIeTCS TOMCK mepexomHblx coctosHui (I[IC) peakumit
B3aUMOJEHCTBUS OKCUAOB kene3a Fe,, Fe,O, u Fe,O4 ¢ monexynamu H,, O, u N, B
razoBoil (asze, Bemymux K WX JUCCOIMAIMKA Ha IIOJyYEHHBIX YacTHUIIaX.
OrnpezenieHne PHEPTUil CBSI3M ATUX MOJIEKYyJN ¢ kimacrepamu Fe,, Fe,O, u Fe,O4 u
CpaBHEHUE CITUHOB OCHOBHBIX COCTOSTHMM MPOJYKTOB M MCXOJHBIX KOMILUIEKCOB. B
CBSI3M C OTHM BBITIOJHEHbI KBAaHTOBO-XUMHUECKHE PACUYEThl T€OMETPUYECKUX U
AIEKTPOHHBIX CTPYKTYp KimactepoB Fe,, Fe,O, u Fe,O4 co BceMn BO3MOKHBIMHE ISt
HUX 3HAYEHUSMU CIHMHOBOW MyjbTUILIETHOCTU. Paccumransl IIC peakumit ux
B3aumMozelcTBusl ¢ Mmojiekynamu H,, O, u N, B rasoBoil ¢aze. Paccuuransl
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TEOMETPUYECKHE U DJIEKTPOHHBIE CTPYKTYPBI IIPOLYKTOB JAHHBIX peakuui - Fe,H,,
FGQOQ, FezNz, Fezosz, Fe20202, FeQOZNz, F6204H2, F620402 u F6204N2 TaKXeE CO
BCEMHM BO3MOXHBIMH JUIi HHMX 3HAU€HHMAMH CIIMHOBOM MyJIBTHIUIETHOCTH. Bce
pacueTsl BbIoMHEHb! B pamkax merona DFT (npubmmxenne BPW91/6-311+G*) o
nporpamme GAUSSIAN-09. Ilokazano, uro AQ (Fe;H, — Fe, +H,) < AQ
(F6202H2—> F6202+ Hz) < AQ (F6204H2 — Fe204 + Hz) , AQ (FCzOz — Fez + 02) >
AQ (Fey0,0, — Fe,0t Oy ) » AQ (Fey040, — Fep,O4 + O,). st peakmmii ¢ N, AQ
(FezNZ — Fez + Nz) < AQ (F6202N2 — F6202 +N2) > AQ (F6204N2 — FezO4 +N2).
Pabota BemonHeHna mo mporpamme PAH Ne roc. perumcrpammm Ne AAAA-A18-
118030290068-6.

Buausinue renoB waxy, amilosa extender u sugary Ha TepMOAMHAMUYecKHe U
(pusuKo-xMMHYeCKUE 0COOEHHOCTH KPaxMaaoB KYKypy3bl (Zea mays L.)

Baccepman ./Y.A.l, Tonvowmerin B.F.z, Xamegos 2.5.°
1. UbX® PAH, Mocksa
2. BHU KpaxmanonpoaykTtoB, MockoBckast 0061acTh
3. BUP, Cankt-IletepOypr

W3ydeHbl (U3NKO-XUMUYECKHE W TEPMOJMHAMUYECKHE CBOWCTBA KpaxMasoB,
SKCTPAarupoOBaHHbIE W3 HECKOJIBKUX COPTOB KYKYpPY3bl, OTHOCALIMXCS K Pa3sHbIM
reHotunaMm. Cpeay HCCIEIOBAaHHBIX KpPaxXMajoB KYKYPY3bl BBIIENEHO 4 TpyIIbI
KpaxMaJjoB, OTHOCSIIUXCS K WX-, ae-, SU- ¥ CMeIIaHHOTO TeHoTumnam. [Tokazano, 4To
KpaxMajbl SU TEHOTHIIA XapaKTepU3YIOTCSl  CAMBIMH MeEJIKaMHu TI0 pa3Mepam
rpaHyjiaMM Kpaxmaja [0 CPaBHEHHUIO C KpaxMajiaMu WX U ae TeHOTUIIoB. MeTtoaom
nuddepeHIranbHOM CKaHUPYIOLIeH MUKPOKaJIOPUMETPUH [IOJTyYEHBI
TEPMOJMHAMUYECKIE TapaMeTPhl TUIABJICHHS MCCIEAYEMBIX KPaxMalloB KYKYpPYy3bl.
VY CTaHOBIIEHO, YTO YBEJIMUYEHUE COJEPKAHUS aMUIIO3bl B KYKYPY3HbIX KpaxManax WX
1 ge TUIOB CONPOBOXKAAETCS YMEHbLIEHHEM TEPMOJUMHAMUYECKHX MapaMeTpoB HX
[UTABJICHUS, 4YTO COIPOBOXIACTCS HAKOIUICHHEM Je(PEeKTHBIX CTPYKTYp B
HCCIIeTyeMBIX Kpaxmanax. [Ipu 3ToM kpaxmais! a€ 1 SU TeHOTHITOB 001anaroT 6osee
YHOPSIAOUEHHOM CTPYKTYpOH, 4eM Kpaxmajbl WX reHoTuna. TepMoanHaMUYecKue
napamerpbl aucconuauuu (temmeparypa (T,m) u sHranenus (H ,y)) amuioso-
JUTHUIHBIX KOMIUIEKCOB JUII @€ W WX TEHOTHUIIOB KYKYpPy3HBIX KpaxMayoB
MPaKTHYECKH OJIMHAKOBBIC, B Ciy4yae SU TCHOTHIA IIOJyYeHBI Ooliee BBICOKHE
3HAYEHMUs] TeMIepaTypbl M HSHTAJIBIOMM  JUCCOLMALMU  aMHJIO30-JIUIUAHOTO
KOMIUIEKCa [0 CPaBHEHHMIO C COOTBETCBYIOIIUMH 3HAUEHUSIMH JUIsI @€ U WX
TeHOTHUIIOB KYKYPY3HBIX KpaxMayioB. TommmHa Kpuctayummueckux jamemiend (Lg)
IS BCEX HCCIIENYEMBIX TEHOTHUIIOB KpaxMaJlOB TMPAKTUYECKH HE 3aBUCHUT OT
coJlepKaHUsl aMUJI03bl M TeHOTHIA KpaxMaia. Takum o6pazom, TEpMOINHAMUYECKHE
napaMeTphl IJIaBJICHUS UCCIEAYEMbIX KYKYPY3HBIX KPaxMallOB OMPEAEISIOTCS Kak
colepKaHUeM aMWIOo3bl B HHX, TaK M OCOOCHHOCTSAMH TEHOTHIIA Kpaxmaia
Bsi3kocTHbIE XapaKTEpUCTHKM B M3YYEHHBIX KpaxmajaX yMEHbUIAJUCh NpU
YBEJIMYECHUH COJICPKAHUS aMHUJIO3bl U HE 3aBUCAT OT TEHOTHUIIA Kpaxmara.
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DoToaKTHUBHBbIE OUC-CTUPHUIOEH30XUHOJINHOBBIE IMA/IbI: TPEUMYIEeCTBA U
HEIOCTATKH CHMMETPHYHOI 1 HeCHMMETPHYHOI apXHTEKTYPbI IOCTPOECHHS
MOJIEKYJ THaj

byovixa M.d).l, laspuwosa T.H.l, Jlu B.M.l, TIomawosa H.I/I.l,
Lozmopos CA? Deoynosa 1047
'MITX® PAH, r. YepHOronoska
*OOOXU MI'Y um. JlomonocoBa, Mocksa

DoToXpoMBI — TIPOoU3BOIHBIEC 3-cTHpHIIOeH30[ f[xMHONMMHA (SBQ) 005Ma1ar0T peaxum
COUETaHMEM CBOHCTB — OHU HMEIOT BbicOkHe (>(.1) KBaHTOBBIE BBIXOABI Kak
¢dorouzomepusanun (OU), Tak u QIyopeclUeHIMU mpaHc-u30MepoB. BcenencTaue
9TOT0 OHM WCTIONB3YIOTCS ISl Jn3aiiHa OM(OTOXPOMHBIX JHaJ, KOTOPHIE MOTYT
BBINTONHATE (QYHKIUH (DOTOHHBIX MOJICKYJSPHBIX Jormdeckux BeHTmieH (MJIB).
I[Ipu 3TO BO3MOXHBI JIBE AapPXUTCKTYphl MOCTPOCHUS MOJICKYJbl JUAABI —
CHUMMETpUYHAsl, B CIydae HCIIOJb30BaHMS  OJMHAKOBBIX  (OTOXPOMOB, U
HECUMMETpPHYHAs, eclu 1Ba (oroxpoMa paszHele. Oba BapHaHTa HMMEIOT CBOHU

MIPEUMYIIECTBA ¥ HEJTOCTATKH.
B mmane D44N nBa oaumnakoBbix SBQ ¢QoToxpoma coeauHEHBI C
Ha(THICHOBBIM KapKacoM JIByMSI MOCTHKaMH 1O 4 METWICHOBBIX TPYMIBI B
kaxmoM. Ilom melicTBmeM cBeTa B Jauanie

%_:N\J_@o-[mzt HaOJII0/1a10TCsl KOHKypeHTHbIe peakiun PU u
Wo{w;}zo z [2+2]-poronuknonpucoequuerust  (DPIIIT),

D44N 0o0e peakmum  SIBISTIOTCS  OOpPaTHMBIMH.
[IpeumymiecTBOM  CHMMETPUYHOH  JTHAJBI
D44N sBnsercs oOpasoBaHMe OHKcuMepa Mexnay aByms SBQ ¢doroxpomamuy,
(ITyopecIeHIInI0 KOTOPOTO MOXHO OBUIO ObI MCIOJB30BATh B KaYECTBE BHIXOJIHOTO
curnaina MJIB, onnako Hajwuaue modouHoi peakun PLIT sBuseTcs: HEIOCTATKOM,
KOTOPBI MEIIaeT TAKOMY MPUMEHCHHUIO.
B nuane D2 nBa pazubix CBX ¢ortoxpoma, SBQ1 u SBQ2, coequHeHbl MEKITY
€000 IByXaTOMHBIM MOCTHKOM, TTPHYEM MOCTHKOBBII aTOM KHCIIOPOJa BXOJIUT B TT-

‘ cuctemy SBQ2. Crpykrypa nmuanmsl paspaboraHa
O N SBQ1 TakuM 00pa3oM, UTOOBI MPEMATCTBOBATh PEAKIUU
N O o ®IUII. [eiicTBUTENBHO, B JaMane OTCYTCTBYET 5Ta
@ peakiys, 9TO  SBISETCS — NPEUMYIIECTBOM, a
D2 | HEJIOCTaTKOM SIBJISIETCSI OTCYTCTBHE (DIIyOpECLEHIINU
N
[ [ sBqz OKemmiexca. Kpome TOTO, BCJIC/ICTBUE
O‘ HECUMMETPMYHOM  CTPYKTYphI, B nmane D2

HabOmogaercss nepenoc sueprun or SBQ1 Ha SBQ2,
YTO MPHUBOAUT K TYLICHUIO IIEPBOTO M CEHCHOMIM3anuu BToporo. Haiineno, 4yro npu
JUTUTETHHOM o0nydyeHun JTAa bl MIPOUCXOIUT nobouHas peaxius,
MIPEIOJIOKUTENHHO, poTonukmusamus SBQ2.
Pa6ota BemomnaeHa mmo 'oc3akasy Ne AAAA-A19-119070790003-7.
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IlpouHocTHBIE U TenJI0(pU3NYECKUE CBOICTBA MOJMMEPHBIX KOMIIO3UTOB HA
ocHoBe rpadeHa nojryuyeHHnle MmetooM 3D neyatu

Bosnaxoeckuii A.A.l, Bosuaxoeckuil A.H.z, Kuoanos C.B.l, Kanawnuxosa E.A.°
1. ®TU um. A.®. Uodde, Canxr-IletepOypr
2. ®I'YITI HUUCK, Cankr-ITetepOypr
3. CITIOI' TU(TY), Carkr-IletepOypr

3D meuaTh Bce AaKTHBHEH BHEAPSETCS B COBPEMCHHYIO IPOMBIIMIJICHHOCTH. 3a
nocinenare 10 et mommmepHbie 3D pUHTEPHI U3 JOPOTOCTOSIIETO 000PYyIOBaHUS
MPEBPATUIIUCh B JOCTYIHOE Ui IIMPOKUX MAacC YCTPOWCTBO, ITO3BOIISIOIICE
M3rOTOBJISATH BBICOKOTOYHBIE JeTanu y ceds jgoma. OpjHako, HPOYHOCTHBIE W
Tertou3nIeckne CBOWCTBa KOHEUHBIX M3ICIHHA HE BCET/Ia MOTYT YAOBICTBOPSATH
NpeAbsABIIEMBbIM  TpeOoBaHUSAM.  Vcmonb3oBaHHWE KE€  MpHEMa  CO3TaHUSL
KOMITO3UIIMOHHBIX MatepuanoB (KM) mist yaydmieHus: CBOWCTB HM3ICIUI KpanlHe
3aTPyIHEHO U3-3a CJI0KHOCTH MOIYyYCHUSI TOMOTCHHOTO PACTIpE/IC/ICHHs JOOaBKH.

B nanHoit paboTe OblTa pa3paboTaHa TEXHOJIOTHS MOTYYEHHS MoTMMepHBIXx KM
c MAJIOCIIOHHBIM rpadeHOM (MDD), MOy YCHHBIM METOZOM
CaMOPaCIPOCTPAHSIONIETOCS BBICOKOTEMIIEPATYpPHOTO CHHTE3a ¢ momombsio SLA
Merona 3D mewarn. OOpasuer KM ObIM  TONy4YeHBI TyTEM OTBEPIKICHUS
ycroiumBbIX cycreH3uid MIT B mpo3padHOil  (OTOMOIMMEpHOW cMolie B
KoHIEeHTpanuk 2 macc. %. CycneH3uu ObIIM M3TOTOBJICHBI TyTEM YJIBTPa3ByKOBOU
o0Opabotkn B TeueHne 10 MUHYT B yIbTpa3BykoBoif BaHHe. Ha pucynke |
MIPEACTABICHBl PE3YNBTAThl HCCICAOBAHWN TBEPAOCTH W  TEIJIOMPOBOIHOCTH
oOpasna u3 ucxoaHon (oTtomonumepHoit cmoibl 1 KM Ha 6aze ¢doromnonuMepHoOn

cMobI ¢ 2 Mace. % MI', H3roTOBNIEHHBIX IPH OJUHAKOBBIX yCIOBUIX 3D medaTu.
16 08 ¢

14 |
12

0,7 F
06 F
10 F 05
04 |
03 f
02 F

Teepaocrs, HB

01 f

Tenaonposoanoctes, Br/(m*K

[=T I -]

, o ,
Hex 2% MI’ Hex 2% MI
a 0
Pucynox 1. Pesyromamor usmepenuii meepoocmu (a) u menionposoonocmu (6)
amanonHoeo oopasya u KM ¢ MT.

Kax Bugno u3 pucynka 1 BBenenue 2 macc. % MI npuBeno kK IByXKpaTHOMY POCTY
TBEPJOCTH U POCTY TEIUIONPOBOJHOCTH Ha 67%, YTO CBS3aHO C pPaBHOMEPHBIM
pacrpenencareM MI™ o o6semy KM.

Pabora nognepxana rpantom PODU Ne 20-58-00056.
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TeepaonminamenHblii cuHTe3 2D HaHOYT/IEPOA0OB U MX NPUMEHEHUE NMPHU
(opMupoBaHHE B3PHIBYATHIX COCTABOB MOBBHIIIEHHON 6€30MacHOCTH

Bosnaxoeckuti A.Hl., Hnrowun M. .AZ., Boszusaxoeckuti A.A.°
1. T'YIT «HUUCK», Cankr-Iletepbypr
2. Cankt-IleTepOyprckuii TOCyJapCTBEHHBIN TEXHOIOTHYECKUI HHCTUTYT
(Texuuueckuit yausepcuret), Cankt-IlerepOypr
3. ®TU um. A.®. Uodde, Canxr-IlerepOypr

BaxxHbIM TpeOOBaHMEM K B3pPBIBYATHIM BEIIECTBAM, HMPUMEHSIEMBIX B IIpoLeccax
TIOPOJIOPA3PYILCHUS, SIBISCTCS O0OECIeUYeHHe MaKCHMAJIbHOM 0€30MacHOCTH HUX
UCTIONB30BaHUA. [ JIOCTIDKCHMS TIOBBIIICHHBIX IapaMeTpoB 0e30MacHOCTH
UCTIONB3YIOT JIBA IOJXOJA: HCKIIOUEHHE HCIONB30BAHMA ~ MHUIMHPYIOMINX
B3pBIBUATBIX CHCTEM M3 COOpKH 3apsiia M HCKIIOUCHHE 3JIEKTPHUECKOTO METOza
BO30yX/JIeHUsT B3pbiBa. K HacTosmeMy BpeMeHHM OIyOJMKOBaH psii paboT, B
KOTOPBIX MIPOJIEMOHCTPHUPOBAHO, 49TO obecriedeHne ITHUX JIBYX
B3aHMOJIONOJTHSIONINX TPEOOBAHNUI MOXKET OBITH PEATM30BAHO IIPH MCHOIB30BAHUN
JIa3epHOT0 HMHHUIMHMPOBAHUS HHEPrOHACHIMICHHBIX KOMIIO3UTOB IIPOMOTHPYEMBIX
BKJTIOUEHHEM B COCTaB 3apsaa 2D HaHOyTIepo 0B [HampuMep, paboTa 1 ¥ CChIIKH B
Hei]. TakuM 006pa3omM, CYIIECTBEHHBIH HHTEPEC KaK ¢ TOYKH 3PCHUS MPAKTUKHU, TaK
U Hay4YHOH TOYKM 3pEHHUS SBISCTCS pa3padOTKa METOAMKH momydenus 2D
HAHOYTJICPOJIOB B KOJMYECTBAX JIOCTATOYHBIX JUIsi 0OECHEeYEeHUs B3PBIBHBIX PaldoT.
JUis  pemeHust 3TOM 3amauM MBI IpelaraeM moiay4date 2D HaHOyTIIepos!
KkapOoHM3aIMell ONOITOIMMEPOB B YCIOBHAX MPOIecca TBEPAOIIIAMEHHOTO TOPCHHSI.
Kak HaMu 1oka3zaHO B XO/€ BBIIIOJHEHUS JaHHOW paOOThI, C ATON LEIBbIO MOKHO
HCTIOJIB30BATh KAaK MHIUBUIYaJIbHBIE OMOMOMUMEPHI (Kpaxmal, LEeJUII0N03a), TaK U
CIIO)KHOOPTaHM30BaHHbIC ~ OMO000BEKTH  (iurHUH).  [lodydeHHBIE  MPOIYKTHI
XapaKTePU3YIOTCS CXOTHBIMA MOP()OMETPUIESCKUMH TTapaMeTpaMHt, XapaKTepHBIMU
it 2D rpadeHoBBIX CTpYKTyp. BiMsHHMe TpHpOABI HMCXOAHOrO OuoOINOINMEpa
Haubojee 4eTKO MPOCICKUBACTCS HA BEIMYMHAX YJEIbHOI MOBEPXHOCTH, KOTOpast
BapbHpyeTcs oT 436 M/ 11 KapboHm3MpoBaHHOro kpaxmana (SC) 1o 621 m*/r ams
KapOOHM3UPOBAHHON LIEJITFOJIO3I (GO). Joist IKCTICPIMEHTOB c
HHEPrOHACHIIICHHBIMH BEIECTBAMHU (PHEProHACHIEHHast coib KobanbTa — DHK)
ob11 ucnosib3oBan SC. B npescraBieHHol padoTe ObLIO M3yueHa (OTOMHUIIMALUS
nazepHoro m3mydenus (976 um) Ha 3apsn komrurekca DHK (97% ) + 3% SC. Ananu3
COBOKYITHOCTH TMOJIyYEHHBIX B XO0Jie palbOThl 3KCHEPUMEHTAIBHBIX JaHHBIX
MO3BOJIAET MPEANONOXKUTh, UYTO WHHUIUUPOBAHUE B3PBIBYATOIO PA3TIOKEHUSL
kommo3unuonHoro Matepuana DHK/SC mpomcxomut BcieacTBHE BO3SHUKHOBEHUS
¢doToTOKa B rpad)eHOBON KOMIOHEHTE I10]] BO3/ICHCTBHEM KOT'€PEHTHOTO JIa3€PHOT0
M3Iy4YEHUs! ¢ JJIMHON BOJIHBI 976 HM.

[1] T.I'. 3erps, I'.T. CaBenxoB, A.I'. 3erps, B.A. bparun, U.A. Ocbkun, Y.M.
[Mo6epexnast // KKTD 2020, 90, (10), 1718
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HUccaenoBanue agcopouuy opraHnyecKux coeJuHEeHU U3 BOJHBIX PACTBOPOB
TEePMHUYECKH paclIMpeHHbIM rpagurom metonom SAMP 'H CIIEKTPOCKONNH

Boumaw A.A.l’z, Parxwa E.B.l, bepecmnesa lO.B.z, Casocvrun M.B.
1.TY «<MH®OVY», r. JloHenk
2. ®HII arposkonorun PAH, r. Bonrorpan

B pabote BBIIIOIHEHO HCCIICIOBAHUE TIPOLECcCa aJCOPOLIUK alleTOHA, al[CTOHUTPHUIIA,
1,4-1roKcaHa W3 WX BOJHBIX PAaCTBOPOB YIVICPOTHBIM COPOCHTOM — TEPMHYECKH
pacmmperHsM rpadutoM (TPT'). Beibop copOupyempIx coeqnHEHHH 00YCIOBICH UX
XOpOILEH PAaCTBOPUMOCTBIO B BOJC, IIMPOKHM IPOMBINUICHHBIM IPUMEHCHUEM U
MIPOCTOTON nAeHTUUKauu Mmetongom SIMP 'H CIIEKTPOCKOITHH.

SAMP 'H CHIEKTPOCKOTIMYIECKIE WCCIEOBAaHUS BBIMIOJHEHBI Ha Tpubope
Bruker Avance I1400 (400 MI'm — 'H). Bo Bcex SKCIEPHMEHTaX B KadecTBE
BHEIIHETO CTaHIapTa HCHONB30BaU anetoH-dg (6 =2,74 m.a.). [Ipu oOpaboTke
9KCIIEPUMCHTAIBHBIX IaHHBIX HCIIOJIb30BAIN BEIMYMHY W3MCHCHHS XHMHUYCCKOTO
CJIBUTA TIPOTOHOB COOTBETCTBYIOIIETO BelecTBa B pacTBope (Ad, M.x).

[lonmy4eHHBIE B pe3yibTaTe  HCCICAOBAHWN  W30TEPMBI  aJCcOPOIHU
oOpabateiBain ¢ momompblo  Mmonenedt  Jlearmropa um  @peitminxa.
TepMoAMHAMHYECCKAE TAPAMETPhl ISl yYKAa3aHHBIX OPTraHMYECKUX COCAMHECHUI
(KoHCTaHTHI ajicopOumu 1 dHeprun ['md0ca) mpuBeAeHBI B TadIUIE 1.

Hazpanue VYpasuenue Opeitnyunxa | YpaBHenue JleHrmiopa AG,
BEIIlECTBA o, MOJIB/T | 1/n rA m MOIs/T | K r | kJK/Monb
Aneron 0,49 0,49 | 0,99 0,97 1,08 | 0,93 -0,20
ALETOHUTPUI 0,71 0,17 | 0,96 1,06 2,03 10,90 -1,75
1,4-nmokcan 0,17 0,39 | 0,97 0,29 1,49 |1 0,98 -0,99

Tabnuya 1. Koncmanmul ypasuenuii Jlenemwopa u @peinoauxa oas uzomepm
aocopoyuU OpeaHUYecKUX 6ewecms

Jns onmcaHus aacopOLUHM HCCIEIYyEMBIX BEIIECTB MOAXOMAT KaK MOJEIb
@peitnunxa, Tak 1 MoJIelb JIeHrMIopa, MOCKONBKY JUIS TAaHHBIX MOJIENICH 3HauUCHUS
C u A 00saiatoT CHIIbHOU Koppelrsiiuell. 3HadeHus SHepruu [ mboca oTpuIaTeNIbHbI,
4TO CBUJETEIBCTBYET O CAMOIIPOM3BOIBHOM MPOTEKAHUHU TIpoLecca aJCoOPOIHH.

[IpenensHble 3HaYCHHUS COPONMOHHONW eMKOCTH (A, I/T), OIpEAeNeHHBIE IO
monenu JIeHrmropa, coctaBistoT 56,35 1/r, 43,51 /r m 25,55 /v nns aneroHa,
areToHUTpUIa U 1,4-1M0KCaHa COOTBETCTBEHHO.

HccenenoBanue BbITONIHEHO TipH ntojiepkke PODU B pamkax HayqHOTO
npoekrta Nel19-33-50154.
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HN3meHeHHE CKOPOCTH TEPMHUYECKOH JeCTPYKIHUHU MOJMKAPOOHATHBIX MJIEHOK B
MPUCYTCTBUH HAHOYACTHUII 30J10TA H CIJIABA MAJIATHUS ¢ cepedpoM

Bonkosa H.H.l, Bonkos B.T.l’z, Fozoanosa JT.M.l, Cnupun mrt
1. UTIXD PAH, r. YepHOrosnoBka
2. UIITM PAH, r. UepHoroioBka

HccnenoBana KHHETHKA TEPMHUYCCKOW JECTPYKIMH IOJUKAPOOHATHBIX IUICHOK,
CoJIepKalIMX HAHOYACTHIIBI 30JI0Ta W CIiaBa MaIaJus C cepedpoM. MeTaylIbl
HAHOCHJIM PACIBUICHHEM COOTBETCTBYIOIIMX MHUIICHEH B IUIa3Me aproHa, CpexHsst
TOJIIMHA HAHECEHHOTO CJI0Si HAHOYACTHI] MeTaa cocrasimsia 15, 10,6 u 3 A. 3a
KHHETUKOW pa3loXKeHHs CIeAWIM 10 YMEHBIICHHI0O MacChl 00pasloB IMpU
temrniepatype 327°C B YCIOBHUSIX HENPEPHIBHOIO BaKyyMHUPOBAHHS peaKkTopa.
HU3MEpPEHHs MPOU3BOIIIN C TIOMOIIBIO 3JICKTPOHHBIX aBTOMATHYCCKAX BaKyyMHBIX
BECOB. C IIOMOILNBI CIIEKTPOB IOBEPXHOCTHOTO IUTa3MoHHOro pesonanca (I1I1P)

OLICHEHBI Pa3Mephl U (popMa HAHOYACTHII.
) 0.4 -
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Puc. 1. Cl’leKmpbl HOBEPXHOCMHO20 Puc. 2. Kunemuueckue Kpueble
NIA3MOHHO20 pe30HaHca OMmMHOCUMEeNIb-HO20 YMEHbUEHUSA MACCbL

NOAUKAPOOHAMHBIX NIACHOK, NOKPbINbIX npu mepmooecmpyK-yuu
cnoem 3onoma momwyunoi 15 (1); 10 (2);  noauxapbonammwl nienok, cooepicaux:
6 (3); 3(4) u0A(5), wu 0.06 (1); 0.04 0.06 (1); 0.025 (3); 0.01 (4) u 0 macc. %
(2); 0.025 (3); 0.01 (4); 0 macc. % (5) (5) nanouacmuy 3onoma. Temnepamypa
327°C

IMoka3aHo, YTO HAIMBUICHHBIC HAa MOJHKapOOHATHBIC TIUICHKA CIIOH 30J0Ta
coctoAT W3 chepuueckux HaHodacTHIl. CKOPOCTb Pa3lOKEHUS TOJMMEPHOTO
HAHOKOMITO3UTA YBEIUUYMBACTCS C POCTOM KOHIIEHTPAIMM HAHOYACTHI[ 30J0Ta, HO,
YTO YJMBHUTEIBHO, MAgacT C yBEIMYCHUEM KOHIICHTPAIMHA HAHOYACTHII, COCTOSIIHX
n3 cruaBa 80% Pd u 20% Ag.

Pabora BeimonHena o Temam ['ocynapcrBennoro 3ananus: 0089-2019-0005,
Ne rocynapctBenHoii peructpamun AAAA-A19-119101690058-9 u 0089-2019-0017
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JAuamunopochurHbie npousBoanbie 1,4-TH03(UPOCHUPTOB KAK JUTAH/IBI A
IHAHTUOCETEKTHBHOTO Pd-KaTaau3upyemMoro auimanpoBaHus

T'aspunos B.K., Maxcumosa M.I".
PT'Y umenu C.A. Ecenuna, 1. Ps3anb

P.,S-OunenTtatHpie nuraHgsl (GocUTHOTO THITA COCTABISTIOT HEMHOTOYHCICHHYIO
IPYIIY XUPATBHBIX HHAYKTOPOB, MIPHUMEHICMBIX B METAJUIOKOMIUICKCHOM KaTaln3e.
Bce wusBecTHble XupanbHble P,S-OujeHTartHble JUranabl (OCHUTHOW MPUPOJIBI
pacroyararoT OJZHOTHIHBEIMHA (HOCHOPHBIME IIEHTpaMH Ha OCHOBE OWCHa(]TOJOB,
ouchenonoB b0 GpeHona; mpumepsl P,S-0uneHTaTHEIX quamMuaohochuToB KpaiiHe
HEMHOT'OYHCIICHHBI.

[psveM pochoprnmpoBaHreM pasTHIHBIX 1,4-THO3(UPOCITUPTOB TTOTyUYCHA
OuOIMOTEeKa HEM3BECTHBIX paHee P,S-OMaeHTaTHBIX AHaMUI0()OCPHUTHBIX JIUTaH/IOB,
B TOM YHCIIC PACIOJIATalONIMX aCUMMETpUYecKuMu atomamu (ochopa B cocraBe
1,3,2-nnazadochomuanHOBBIX IUKIIOB.

R ™
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P—O—tC4-SR

N\R R,

\ 4 J

HoBble nuraHmpl JIETKO OYHINAKOTCS METOAOM  (ummi-xpomarorpadum,
CIOCOOHBI K JUIMTENBHOMY XpaHEHHI0O B CyXOW arMmocdepe M MOTYT OBITh
HapabOTaHbl B KOJIMYECTBE HECKOJIBKUX TpaMMOB. X cTpoeHHe OBLIO JOKa3aHO C
MpUBJICYEHUEM JaHHBIX crekTpockonuu SAMP IH, 13C, 3p (B T. 4. METO/IOB
nBymepHoii SIMP-criekrpockornu 'H-'H COSY, 'H-'H NOESY, 'H-"C HSQC u
'"H-""C HMBC) 1 s1eMeHTHOro aHamsa.

OHm  wccnenoBanbl B Pd-karanms3mpyembIX — peakmusX — aJUTMIIBHOTO
ankuiaupoBanus W amuHupoBanus (E)-1,3-audenunamimianerata ¢ ydacTuem
JMUMETUIIMAJIOHATA U MUPPOJIMINHA, a TaKKe B Pd-Katain3upyeMoM alKuInpOBaHUU
[IMHHAMMJIAIETaTa ATHII-2-OKCOIUKIOTeKCAHKApOOKCHIIATOM W JTHII-2-alleTaMHUI0-

3-okcoOyTaHoaToM.
o

CO,Et
Nu * P
/\)\ "
Ph ;0 * “Ph EtO,C  NHAc
[0 94% ee n079%ee Ph no 80% ee

HccnenoBanne BbIMONHEHO npu (uHaHCOBOi mojuepxke PH® B pamkax
Hay4HOTO mpoekta Ne 19-13-00197.
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HUccaenoBanue d1exkrpodorodpusndeckux xapakrepuctuk UK-poroaerekropon
HA OCHOBE KOLUIOMJIHBIX KBAHTOBLIX TO4YeKk PbS

bpuuxun C.5.*? I'ux B.JO.M?, Cnupumn M.I'M, T'adomcekasn A.B.*2,
Bouaposa C.H.Z, Pazymos B.p 1?3
1. UTIX® PAH, YepHoromnoska
2. HUY M®TU, donronpyaHblit
3. DOOXU MI'Y, Mocksa

doronerekTopsl HHPpakpacHoro auamazona (MK®JI) B HacTosmee BpeMs IIUPOKO
UCTIONIB3YIOTCS Ul NPHOOPOB HOUHOTO BHICHUS, CHCTEM CBSI3H, MEIULUHCKOI
BU3yaJIM3allud, 30HJUPOBAHHUS aTMOc(epbl, KOHTPOJISL OKpY’Kaloleld cpeasl, B
CHEKTPAJIBHBIX HAy4HBbIX TnpuOopax u T. A. OnHONW W3 BaxHEWMX 3a1ad
paspabotunkoB MK®J/] HOBOro MOKOJICHHS SIBJISICTCS IOBBILICHHE UX padodeit
TeMmeparypsl. 3a MOCIEAHUE JBa JECATHICTHUS MOSBUIOCH MHOTO HOBBIX
MEPCHEKTUBHBIX CTPYKTYP, CIOCOOHBIX CHH3UTH CTOMMOCTh HK-meTexTopoB u
YIYUIINTh XapaKTEpPUCTUKH pPabOTBl TpH BBICOKHX TemmepaTrypax. K Takum
crpykrypam otHocsiTess UK®J[ Ha ocHoBe kommougHblX KBaHTOBBIX Toyek (KKT).
®doronerexktupoBanne B MKDKKT ocHoBaHO Ha (HDOTONPOBOIMMOCTH TBEPJBIX
IUTEHOK, COCTOSININX W3 HAHOYACTHI[. [T HUX MOXET OBITh JOCTHTHYT BBICOKHIT
KO3(QUIIEHT TOKOBOH YyBCTBUTEIBHOCTH.

Llenbto nanHOM pabOTBI OBLIO HCCIEIOBAaHUE INEKTPOPOTOPHUZNIECKUX
xapaktepuctuk sadopatopubix obpasnoB UKD/ na ocmoBe KKT PbS naByx
paznuyHbBIX cpeaHux pasmepoB — 3,0 u 4,4 HM, HAHECEHHBIX Ha 30JI0ThIE
rpebeHyatbie d1eKTpoasl MeTonoM «dip-coatingy. ToumuHa KaXaoro HaHOCHMOTO
CJI0s1 COOTBETCTBYET mpuMepHo 7—10 HM, TO ecTh 2—3 CJOSIM IJIOTHO YIaKOBAHHBIX
KKT ¢ nurangHoW 0007049K0i. MOJNEKYJIBl OJEHMHOBOW KHCIOTHI, 0Opasyrolne
nuranaHble 00onouky cuHTe3npoBaHHEIX KKT, MOTHOCTRIO 3aMEHSUTNCH HA MOHBI
S* B mporecce 006pabOTKM HAHECEHHOrO CJosi B pactBope Na,S B dopmamuie. B
pe3ynbTaTe 00pabOTKKU MPOBOAMMOCTH CIIOSI Pe3Ko Bo3pactaeT. M3 manHbix ACM-
HCCJIEJOBAHUN CIENyeT, YTO IIOJYYEHHBIH CJIOH [NOCTaTOYHO PAaBHOMEPHBIH, HE
COJEPKUT IyCTOT U TPELIUH.

W3mepeHsl  BOJBT-aMIEpPHBIC  XapaKTEPUCTUKH  00pasloB B  Ipolecce
nocnoinoro Hanecenuss KKT u 3aMeHBI MX NTHraHgHOW 000JOYKHU I KaKIOTO U3
CII0€B, IIPU JEWCTBHH CBETA FaJIOTEHHON JaMIIbl WIIA MOTYIPOBOJAHUKOBBIX J1a3€POB.
[Tonyyensl 3HaueHUst  (POTONPOBOAMMOCTH  OOpa3LOB, IPOJAESMOHCTPHPOBAHA
BO3MOXKHOCTh co3nanus (oromerekropoB Ha ocuoBe KKT PbS, oGmamarormmx
BBICOKOM  uyBcTBUTENBbHOCTBIO K MK-cery. Ilo Mmepe  HapaluuBaHus
(OTOYYBCTBUTENBHOIO CIIOSI BEJIWYMHA NpHBeIeHHOW (oTompoBogumoctn G/D
CYILIECTBEHHO BO3PACTaeT. DTO SBJIsETCA MOKa3aTeleM yIydlIeHNs] KauecTBa CIIOs.

Pabora BeimosHeHa npu (QUHAHCOBOM moanepikke npoekra PODU Ne 18-29-
20062, o Teme rocyaapctBeHHoro 3aaanust AAAA-A19-119070790003-7, a takxke
npu nojuepkke [IpaButenscrBa Poccuiickoit @enepanuu (Homep cornameHus 074-
02-2018-286).
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HccaenoBanue ocodeHHOCTel aKTUBALMY (POTONMPOBOAUMOCTH TOHKHX MJICHOK
TeJLUTYPUIa KaJMHUSI CMeCSIMH TaJI0OTeHHI0B MarHUs

Tananosuu M.B.l, Jhyyenxo /1. C.Z, Pabenox E.B.l, Tpuyesa A.H.3, Hosuxoe I.®.**
1. UTIX® PAH, r. YepHorosnoBka
2. MI'Y um. M.B. JloMmoHOCOBa, XUMIYECKHH (aKyIbTeT, T. MOCKBa
3. MI'Y um. M.B. JlomonocoBa, ®OD X, r. MockBa

B pabGore wnccinenoBaHa BO3MOXKHOCTB CHIDKCHHSI TEMIICpaTypbl aKTHBAILMN
¢dorompoBoaAUMOCTH TOHKUX (1+4 MKM) IJICHOK TeNIypuaa KaaMus, IpUMEHIEMBIX
JUIA CO3JIaHMS COJTHEYHBIX Oarapeil, cMecsMHU TajloreHHI0B MarHus. [lnenkn ObutH
MOJy4eHbl METOAOM BakyyMHoro wucrapenust (PVD) Ha moanoxkax CTEKIo U
crexiio/Mo. Ha nomyuennsie o0pasipl Hanbuisui cioun 6e3soaubsix MgCl, u MgBrs,
IIPU 3TOM COOTHOILIEHHE UX TOJIIUH BapbUPOBAIOCh. OTHKUT MOIyUYCHHBIX CTPYKTYP
MIPOBOJIMJICSI B MHEPTHOM aTMocdepe B TeueHue t=30 MUH B IUana3oHe TeMIIEpaTyp
T=200+450 °C, mocne 4ero oOpasmbl IPOMBIBATHCH JCHOHU3NPOBAHHOW BOHO IS
ylaJeHus  TaJOTeHUAOB ~ MarHMs W BBICYHIMBaNIuUCh.  VccriemoBaHue
(OTOIIPOBOMMOCTH TIPOBOIMIOCE B (DOTOINEKTPOXUMHUYECKOH sueiike [1] mpwm
OCBEILCHNH 00pa3lioB MMITYJIECHBIM CBETOM MeTalrajloreHHoi yammsl. Ha puc. 1
npezcranieH 3d-rpaduk aMIUIMTY /bl IVIOTHOCTH (POTOTOKA OT TEMIEPATYPhl OTKUTA
U COCTaBa AaKTUBALIMOHHOM CMECH.
Cootnomenne CdTe x axTtuBaTOpy
obuto 1:6. V3 prcyHKa BHIHO, YTO Ha
3aBUCHUMOCTH HAOJIONACTCS MAKCUMYM
IUIOTHOCTH  (DOTOTOKA JUII  COCTaBa
u’::‘\\\\\ ¥ ) akTuBalMoHHo cmecu 40 Moub.%

i MgCl, u 60 monb.% MgBr, u T=400
°C. IIpu 3TOM CTaHAapTHAs
Temreparypa akTuBanun mieHok CdTe
T=430-450 °C [2]. WccnenoBanue

4
=
RN

00pasIoB METOAOM BpeMsi-
paspenieHHon MUKPOBOJIHOBOM
P e (OTONPOBOIMMOCTH  ITOKA3aJl0, YTO
MO, % o 100 BpeMeHa KU3HH (POTOreHePHPOBAHHBIX
z ~
HOCHUTEJIEW TOKa MpPHU 3TOM HE 3aBUCHT
Puc. 1. 3aeucumocme OT COCTaBa aKTHBAI[MOHHOM CMecH U
Gomonposooumocmu om memnepamypbl  cocTaBISIOT T~5 HC.
u konyenmpayuu MgBr; 6 cuecu. PabGora BBITIOJTHEHA C

ncnonb3zoBanneM YHY «MukpoBomHoBast ¢portonpoBogumocts 36 I'TL» B pamkax
roc3aganus Ne0089-2019-0003.
Jlureparypa
1. Damodar Das V., Damodare L. // Mate rials Chemistry and Physics. — 1998. —
N. 56. P. 116-124.
2. A. Luque, S. Hegedus, «Handbook of Photovoltaic Science and Engineering.
A John Wiley and Sons Publication. 2011. 1128 p
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Hccaenoanue npoueccos rudesu u30bITOYHBIX HOCHTEJ/IEH TOKA B YeTBePHbIX
coenuuenusix meau Cu, sNiSnSe, (0<d<0.2)

Tananosuu M.B.}, Pabenox E.B.L, Ypxanos 0.0, Ceonosey ,ZZ.M.Z,
Hoguxos I.d.*3
1. UTIX® PAH, r. UepHoroioBka
2. UTITM PAH, r. YepHoronoBka
3. MI'Y um. M.B. JlomonocoBa, DDODXMH, r. Mocksa

B mnocnenune gecsTmieTHst Ul CO3/AHMSI OKOJOTMYECKM YHCTBIX JEIICBBIX
TOHKOIUICHOUHBIX COJHEYHBIX 3JIEMEHTOB IIHPOKO HCCIEAYIOTCS MaTepHaloB CO
cTpykTypoii kectepura Cu,.sZnSnS4,Se,. OqHako, HECMOTPs Ha TO, YTO JaHHBIE
MaTepuanbl 00JaJaloT PSIOM MPEUMYIIECTB, K HacTosimeMmy BpemeHn KIT/]
COJIHEYHBIX JJIEMEHTOB Ha MX OcHOBe He mpesbimaer 13%. Mwmeercs
IPEIIIOIOKEHHE, YTO M3-3a ONM30CTH HMOHHBIX paadycoB wuEka Zn’ u Cu’
obpasyercsi OOJBIIOE KOJIMYECTBO AHTUCTPYKTYpHbIX JedextoB Cuz, u Zncy,
KOTOpbIE SIBJISIIOTCS JIOBYIIKAMHU JUIs HOcuTene Toka. [losTomy cyliecTBeHHBIN
HAyuyHbId U IPAKTUYECKUN HHTEPEC NPEICTABIACT 3aMEHAa HOHOB B KaTHUOHHOMU
MOZIPEIETKE JaHHOTO MaTepHalia HOHaMH ¢ OonbmuM paanycoM. OTHUM M3 TaKuX
MaTepuaioM MOTYT OBITh YETBEpHBIC COEAMHEHUS Memu ¢ obmel gopmymnoit Cu,.
sNiSnSe4., Sy [1].

Oobpazubr  Cu,sNiSnSe; (CNTSe) (0 <0<0.2) moXyYeHBI  METOJOM
TBepaodazHoro cuHTe3a u3 AeMeHTHBIX Cu, Ni, Sn n Se [2]. CocTaB HONMydeHHBIX
00pa3IoB MOATBEPXK/ICH METOJOM paMaHOBCKOW criekTpockonuu (“Bruker Senterra
micro-Raman system”, uzinydenue 532 HM). AHAJIN3 TaHHBIX TIOKA3aJl, YTO 00PA3IIhI
¢ 8=0 u 0.1 omHO(a3HkbI, Toraa Kak maust 6=0.2 HapsAy C JHMHUSMH, XapaKTCPHBIMHU
st CNTSe HaOmr01a10TCS JIMHUM IPUMECHBIX (a3.

Jnst ucenenoBanus NporeccoB rudenn GpoToreHepUpOBaHHBIX HOCUTENEH TOKa
MIPUMEHEH METOJ] BpEeMsA-Pa3pelIeHHON MHKPOBOIHOBOW (DOTOIPOBOJMMOCTH B
guanasone uactor 36 ITu (t,,,=5 HC) npu xomuaTHOH Temmeparype [3].
@oTOoIpPOBOIMMOCTD BO30YXIaIH A30THBIM JIa3epom
JITU-21(L =337 M, tu=8 Hc, [=10" doron/cm® 3a MMIL). AHaTM3 JAHHBIX
MOKa3aJl, 4To oOpaTHOE BpeMs Moiycrana (OTOOTKIMKA ObLIO MHOTO MEHbIIE
CKOpPOCTH THOETH HM30BITOYHBIX HOCHTENICH TOKa, Y4TO HE IMO3BOJMIIO HAMPIMYIO
M3MEPHUTh HMX BPEMEHA >XHM3HHU. 3aBUCHMOCTH aMIUTHTYIbl (OTOOTKIMKa OT I
MIPAaKTHYECKH IUIS BCEX OOpasIloB OBUTH HENWHEWHBIE, YTO CBUACTEIHCTBOBATIO 00
WHTCHCUBHOW THOGNM HOCUTEJICH TOKAa BO BpeMs HMIIyJbCa TE€HEpalHH.
[TomyuenHble OIIEHKH BpeMeH >Ku3HU Hocutenel Toka B Cu, sNiSnSes okazanmch
CpaBHHUMBI C BpeMEHaMU >KU3HU AJist kecteputoB CZTS [3].

PaGora  BeImOMHEHa ¢  ucmoms3oBaHmeM  YHY  «MuxpoBomHOBas
¢dorompoBoaumocts 36 I'T1]» B pamkax roczamganus Ne0089-2019-0003.

Jluteparypa

1. S. Rondiya, N. Wadnerkar, Y. Jadhav, S. Jadkar, S. Haram, M. Kabir, // Chem.
Mater., 2017, V.29, P. 3133-3142

2. T'ananoBua M.B., Pa6enok E.B., Ypxanos O.10., u. ap. // ®usnka u TexHUKa
MOJTYIPOBOAHUKOB, 2020 (B medaTH)

3. I'.®. HoBukos, M.B. I'ananoswu, B.®. I'pemenok u ap. / ®usuka u TeXHUKA
nosynpoBoAHukos, 2017, T. 51, Bein. 1. C. 22-25
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HccaenoBanue HHTEPKAJISIINUA KATUOHOB JUTHA B eppoueHu-gpochunHoBbie
KOOpAUHALMOHHBIE nouMepbl Ha ocHoBe Co(1I) u Mn(II)

T'epacumosa T.I1., Xpuzangopos M.H., Illexypos P.I1., Kayrba C.A.,
Munioxog B.A., Byonuxosa FO.I".
NODPX um. A.E. Ap6ysosa @I KasHI[ PAH, r. Kazans

PasButne B mocienHee ECSATUIETHE COBPEMEHHBIX YCTPOWCTB — MOOMIIBHBIX
Tene(oHOB, HOYTOYKOB, KaMep M T.J. — TpeOyeT COIyTCTBYIOIIETo Iporpecca B
007acTH WCTOYHHMKOB THUTaHUWA. JIuTHi-noHHBIE akkymyssaTopel (Li-ion batte ries,
LIB) mnpuBiekaroT OONBIIOC BHUMAHUC JUIA JITUX LEINCH, SBISACH YHIOOHBIM,
MOPTATUBHBIM, IEpe3apsKaeMbIM U JCHICBBIM HaKOMUTeneM 3Heprud. OmHuUM u3
KIIIOUEBBIX OOBEKTOB HCCIEOOBAaHWS Uil mpoekTupoBaHus LIB  sBmsiorcs
koopauHaruoHHbie momMepsl (KIT), koTopelie codetaroT B ce0¢ BRICOKYIO TUIOIATh
[IOBEPXHOCTH, XOPOULIYIO 3JIEKTPONPOBOAHOCTb, MHIAMBHIYaIbHBIA pazMmep Mop ¢
KOHTpONUpyeMoi Mop¢osorueil 1 MHOro()yHKIIMOHANBHOCTBIO M, TAaKUM 00pa3oM,
MOTYT HCIOJB30BaThCS MU ANEKTPONHBIX MarepuanoB. Pabora LIB ocHoBaHa Ha
UHTepKaysuu/nennTepkansiiua  nonos nurtus B KII. [loHumanue mporeccoB
untepkanamuun LiT B KIT MoxkeT 6BITh JOCTMTHYTO C TIOMOINIBIO KBaHTOBO-
XUMHUYECKHX PAacdeTOB.

HenaBHo Obutu cuHTE3MpoBaHbl HOBBIE moym(M-1,1'-depponennnmn-ouc(H-
¢docounarsr)), rne M = Co(Il), Mn(Il) ( puc.1l), npeacTapisSrOIUE TEPCICKTHBHEIC
00BEKTHI A1 KoHCTpynpoBanus LIB Ha nx ocHOBe.
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Pucynox 1. @paemenm xpucmannuueckou ynaxosku KII.

B naHHOU paboTe MeTomamMu TEOpHUU (PYHKIIMOHATA TUIOTHOCTH OBbLTa OLICHEHA
BO3MOKHOCTh MHTEPKAIALMKM HOHOB Li~ B momyueHHble nouMepsl. Bblio nokasaHo,
YTO KJIIOYEBYIO pOJNb B MHTEPKANAIMH HOHOB Li~ wWrparoT (epporeHoBbie
dparmenTsl. CBA3BIBAHME JTUTHS MPOMCXOAMT B pe3ynbTaTe B3amMosencTsus Li' ¢
LUKJIONCHTAJUCHIWIOM, BO3MOXKHA TaKXKe HMHTCPAKILIMS 10 TaK Ha3bIBaeMOI
«IUTaHEeTapHOI» MOJENN — K aToMy JKeje3a. BKIroueHHne MOHOB JIMTHS TPHUBOJUT K
BocctanoBiienuto uoHOB Co(I)/Mn(Il). Paccmorpennble B paboTe OusiepHbIE
MOJIeNH CBOGOHO MOTYT BKJIIOYATh 2 KaTHOHA, BKJIIOUEHHE OOnbIrero umcia Li’
MPUBOAUT K 3HAYUTEIBHBIM HCKaXXCHUEM CTPYKTYPBI.

PaboTta BeImonmHeHA TpH moanepikke Poccmiickoro HaygHoro ¢onma (rpant Ne
18-73-10139).
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OnpenesieHue XapakTepucTuk aMopQHbIX (eppoOMArHUTHBIX MUKPOIIPOBO/IOB
JJIS1 MATHATHBIX CEHCOPOB

Ipebenuyuxos 0.}, JTiobumos 5.5 ITonosa A.B.l,O()uHLIOB B
Mawepa B.C.2, I'voownuros C.A.*>,
1. UISMHWPAH, r. MockBa
2. ®UHAHCOBBIA YHUBEPCUTET NpH npaButeabcTse PO, r. Mocksa
3. HUTY «MHUCuC» r. Mocksa

B amopdHBIX (eppoMarHUTHEIX MHKpONpOBOJaxHa ocHoBe Co, TOKPBITBIX
CTEKJIIHHOM 000110uKOH, HaOmonaercst 3PQEeKT IMraHTCKOro MarHUTOMMIIEAaHCca
(MU sddexr). Takne MHKPONpPOBOJA BEChbMa IEPCHEKTHBHBI JUIS CO3JAHUS
MUHUATIOPHBIX BBICOKOYYBCTBUTENBHBIX MarHuTHbIX I'MU npatumkoB [1]. s
n3roToBieHuss MarHutHoro I'MM naTumka XoOpollero KadecTBa MHKPOIIPOBOJ,
JIOJDKEH OBITh TIIATENIBHO OTOOpaH IO psiiy TapaMeTpoB, BKIIOYAIOUIMX €ro
MarHuTHele (TOJIe aHWU30TPOIMH, KOHCTaHTa MAaTHUTOCTPHUKIMH) U paboune
XapaKTepUCTHKN (HyJIeBOE CMEIEHHE, THUCTepe3nuC, JUHEHHOCTh W ap.). B
npenplaymmx padorax, [2], ObUIO TMOKa3aHO, YTO MOAU(DHUIIMPOBAHHBIA METO.X
MaJIOYTJIOBOTO  BpallleHHs BekTopa HamarHmdeHHoct (MBBH) mno3Bomser
OTpeNeNUTh TOJe AaHW30Tporuy, Ha, W KOHCTaHTY MAarHUTOCTPUKIIUH A
MHUKpPOIPOBOJIOB 3a CUET MU3MEPEHUs BTOPOM FapMOHMKM CHUTHANA HaBOJMMOIO B
N3MEpHUTENBHON KaTyIke B obsacty noseit H>Ha.

B nmanno#t pabore Metrom MBBH pacmmpsiercss M uCHONB3yeTcs UL
TECTUPOBAHUS MUKPOIIPOBO/a Kak B obnactu noneit H >Ha, tak u B o6nactu Maibix
nonei H < Ha. Bo Bpems »skcnepuMmeHTa uepe3 MHKPOIPOBOJ IPOTEKAET
MUIMAMIIEPHBI [IEPEMEHHBI TOK 4acToTOW 5 kIl M u3MepseTcs aMILIUTyJa
BTOpOM TrapMOHHWKH diekTpoaBkymed cuiel  (DJIC), wacroroir 10 xI,
BO3HMKAIONIEH B HM3MEPHUTENBHONW KaTyIIKe, B 3aBHCUMOCTH OT MPUIOKEHHOTO
BHEIIHET0 MAarHUTHOTO TOJsA, MPH PAa3HbIX BO3JEHCTBYIOIMIMX MEXaHHMUYECKHUX
pacTIruBaroUIMX HanpspkeHusxX. [lonydaeMble 3aBUCUMOCTH MO3BOJISIIOT ONPENEIUTh
CMEIIEHNE HYJISL, INHEIHOCTD, THCTepe3nc U Koadduiuent nepenaun ' MU natunka
B 00yacT Mayblx MarHUTHBIX moned H < Ha. /lnsg mHTepnperanny MmoiydeHHBIX
pe3yiabTaTOB  NPEANOKEeHa YHPOILIEHHAas HU3KOYAaCTOTHAas MOJENIb OTKJIMKA
MUKpoIlpoBoAa. Mogenb 103BOJISIET HArsJAHO IPOAHAIU3UPOBATh BIIHUSHUE
pa3NNYHBIX MapaMeTPOB MUKPONPOBOAA M AEHCTBYIOIIUX MOJEH Ha MPOLECC €ro
nepemMarHiuuuBaHus. CONOCTAaBIEHUE OKCIHEPUMEHTANBHBIX U TEOPETHUYECKHUX
JTAHHBIX, TPEACTaBICHHBIX B paboTe, IMO3BOISET BHIOPATh MHKPOIPOBOJAA C
mapamMeTpaMH, HEOOXOMUMBIMH U  HM3TOTOBICHHS  BBICOKOKAYECTBEHHBIX
marHuTHeIX ' MU naTynkosB.

[1] S. Gudoshnikov, et al., Phys. Status Solidi A 211 Ne 5 (2014) 980- 985.
[2] S. Gudoshnikov, et al.,.J. Magn. Magn.Mater. 387 (2015) 53-57.
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TepmopacmupeHHblii rpaguT Kak npeJecTBeHHUK YIVIePOAHbIX HAHOYACTHIL
pa3im4Hoii Mopdoaoruu

Jlasvioosa A.A.l, bepecmuesa IO.B.Z, Paxwa E .B.l, Ockonkosa O.H.l,
Tnamosckas B.B.l, Cyxo6 H.B.l, Iazynosa B.A.3, Cacocvrun M.B.
1.TY "MH®OVY", JoHemx
2. ®HII arposkonorun PAH, Bonrorpazg
3. Hou®TU, louenk

[TpemnoskeH MeTOX TOIYYEHHs YIJIEPOJHBIX HAHOYACTHI] IIYTEM pacClIOCHHs
tepmopacumpentnoro rpagura (TPI') B cmecn N,N-mumermndopmamus : Boza (9 : 1
1o 00beMy) MoJ| JeHCTBUEM YIBTpa3ByKa C pPa3iMYHOW YacTOTOH W MOIIHOCTBIO.
Jlnst peanmzanmuy 3TOW 3a1auul ObLI CHHTE3MPOBAH M HMCCIEIOBAaH HUTpAT rpadwura,
COMHTEPKAUPOBAHHBIN STHI(OPMHATOM H YKCYCHOH KuciaoToi. [lomydeHHbIi
MHTEpKAJIAT MPOSIBISIET BBICOKYIO CIIOCOOHOCTh K TEPMUYECKOMY PACIIMPEHUIO: €T0
KOX(PQUITMEHT BCITyYWBaHUS cocTaBisier 378 e . TPI, oOpasyrommiics u3
COMHTEpKanara HUTpara rpadura c 3>TwiGOPMHATOM M YKCYCHOM KHCIOTOH B
ymnapaom pexxume HarpeBa (900 °C), ucmosp30Baiiyl Ui MOMYYCHUS JUCICPCHA
yraepoaHsx HaHowdacTun. OOpa3oBaHHME YIVICPOIHBIX HAHOYACTHUI[ MOATBEPHKICHO
MIPOCBEYMBAIOIIEH dIEKTPOHHON MuKpockornuei (ITOM).

VYcranosieHo, uro npu pacciaoenuu TPIT B ykasaHHOH cpene moj aelcTBUEM
yinpTpa3Byka (1 uac, 40 x['m, 70 Br) oOpa3yroTcs MajnociioiHble rpad)eHOBBIC
gacTUnbl (puc. | —a), TIOCKOCTHBIC pa3Mepbl KOTOPBIX JOCTUTAIOT HECKOIBKHX
JIECSITKOB  MUKpOMeTpoB. It  oOpa3zoBaBImIMXCS TpadeHOBBIX JIMCTOB OblIa
MOJTy4YeHAa MHKPOICKTPOHOTPaMMa, MpEJCTABICHHAass Ha puc. 1. —a, Ha KOTOpoH
BUJIHBI TOUYCUHBIC pedEeKChl. DTO CBUJICTENLCTBYET O TOM, YTO IIOJy4YCHHBIC
HAHOYACTHIIB HAXOATCS B KPUCTAJUTMYECKOM COCTOSIHUU. [Ipy n3MEHEeHNH yCIoBHit
yibpTpa3BykoBod oopadotku (1 wac, 22 kl'm, 315 BT) Habmomaercss yMeHbIICHHE
IUIOCKOCTHBIX pa3MepoB rpadeHOBBIX JUCTOB (puc. 1 — 6) n oOpa3oBaHuE B cUCTEME
HaHOCKPOJUIOB, JHaMeTp KOTophix cocraBiseT 30 — 80 HM, a mmuHa — oT 140 1mo
200 uM.

/ e ) ; ‘
Puc. 1. — Tunuunvie [IDM-muxpogpomoepaguu yenepoonvix Hanouacmuy,
noayuennvix nymem paccioeruss TPI" noo oeticmeuem yiompaszeyka
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HccaenoBanue NIa3MOHHBIX CBOHCTB HAHOCTPYKTYPHPOBAHHBIX 3010THIX
OCTPOBKOBBIX ILIEHOK TEPMOOCAKIEHHBIX HA KBAPIEBYI0 MOBEPXHOCTb.

Hemuwresuy E.A., Mameeesa K.U., 3100un A.IO., Camyces U.I'.
OI'AOYBO «b®Y um. U. Kanray, Kanuaunrpas.

Hanouactunpr (HY) 3070Ta SBISIOTCS paclpoCTpaHEHHONW OCHOBOW CEHCOPOB JIIS
OMOMEIMIIMHCKUX MpHMEHeHUH. Takue 4YacTUIBl O0JaJalT  CIIOCOOHOCTHIO
ycuneHus: (ayopecueHnnu Onarojaps HHAYIHPYEMOMY BOJH3H MOBEPXHOCTU
METAJUTMYECKOH YaCTUIBl SIBICHWIO MOBEPXHOCTHOTO IUIA3MOHHOTO pE30HaHCa,
SIBISTFOIAMCS.  BaXKHBIM ~ NPAKTUYCCKAM  HHCTPYMEHTOM JUISL  HMCCIICAOBAHUMN
MOJICKYJISIDHOM ~ CTPYKTYphl M JCTCKIMU  Pa3HOOOpa3HBIX  BEHICCTB B
(dbyHIaMEeHTaNbHON U MPUKIATHON HayKe.

B npencraBmsemoil paboTe OTpakeHBI pe3yIbTATHl HCCICAOBAHUI MO
pa3paboTKe METOIOJOTHH CO3MaHHSA MOAW(MHUIMPOBAHHBIX THIPO30ISIMU 30JIOTHIX
HAaHOYACTHUIl pa3MepoM 32 HM OCTPOBKOBBIX KJIAcTePOB Ha KBaplLEBBIX
moBepxHOCTAX. [loka3aHo, YTO MOPSNOK YCHJICHHS CHIHaJla KOMOMHAITMOHHOTO
paccesiHUs CBeTa IMOBEPXHOCTHBIMH TUIA3MOHAMH HAHOYACTHI] 30JI0TA JUIS MOJICKYJT
Kpacutens pogaMuHa 62K MOKeT JOCTUraTh 10*-10° pa3. /s co3nanus HaHOYACTHUIL
30J10Ta B pabOTE UCIOIB30BANICS KOHTPOIUPYEMBIN CHHTE3 UX THAPO30JICH METOA0OM
BoccraHoBieHus u3 comn HAuCly,. Pa3smep modydeHHBIX dacTWI] W CBOMCTBa
IUTa3MOHHOTO IOTJIONICHUS THAPO30JIeH OBUIM MCCIIEIOBAHBI C IMOMOIIBIO METOJIOB
(OTOH-KOPPEISIIMOHHON CIIEKTPOCKOIMU U CHEKTPOPOTOMETPHN COOTBETCTBEHHO.
3001 ascopOMpOBAIMCH, HAa XMUMHYECKHE OUHINEHHBIC KBapleBble cTekna. Jlims
HCCIICTIOBAHUS CIIEKTPOB THUTaHTCKOTO KOMOWHAIIMOHHOTO paccestHAs
UCIIOJIB30BAJICS CHEKTpOMETp KoMOuHaronHoro paccestuust Centaur U HR ( OOO

«HanockanTexHomorus,
Poccus m 3A0 «SolarLS»,

Gt ) Pecniybnuka bemapyce), Ha

! | KOoTOpoM, TomoIbio  DPSS
‘. “ Jasepa Cobolt Samba

8000 ‘ | (A=532 M) MomHOCTBIO 50

‘ MBT ObLTH MOy 4CHBI

‘ | “ CIIEKTPBI TUTaHTCKOT'O

| KOMOHMHAITMOHHOTO

2000 - I ik |‘1M‘ paccesiHus MOJICKYJI

AL A I L Y L UYL ponamuna 6K (CZS-IO'S)

260 4(‘]0 560 860 |DIDD 12‘00 14‘00 ‘IGIOU |8IDO ZOIUD aﬂcop6l/lp0BaHHbIX Ha CJIOEC

Vs af TEPMHUYECKH HAHECCHHBIX Ha

10000

Raman Intensy/Arbitr. Units

Puc. 1. Cnexmp eueanmckoeo kombunayuonnoeo  KBapUEBOE CTCKIIO
paccesnus kpacumensi podamuna 6K na rujposoneid. Jlng - kaxzaoro
NOBEPXHOCU OCMPOBKOBOU naenKu 3010ma (cumnsis obpasia  ObuT  paccumTaH
AUHSS) U KOHMPOJs pooamuna 6K na nogepxnocmu  NOPANOK yCHICHHA CHIrHaIa

keapyeso2o cmekna (Kpacuas aunust). KOMOMHAIOHHOTO
paccesiHus.
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B pabGore 1moka3aHa MEPCIEKTUBHOCTh HCIONB30BAHUS MPEIOKCHHOTO
moaxoma Kak 3GQGEKTHBHOTO MeEToHa Ui HCCIICAOBAHHS INMHPOKOrO Kpyra
COEIMHEHUH C TIOMOIIBI0 CIEKTPOCKONMUHM T'MIAHTCKOTO KOMOWHAIMOHHOTO
paccesiHus CBETA.

HccnenoBanue BBIMOIHEHO 3a CUET CPEACTB MO I[IporpamMme IMOBBINICHHS
KoHKypeHTocrocoonoctn b®Y mm. U. Kanra (5-100)

O npumennmoctu popmyasl Ciatepa nius ouenkn T, H-cBa3aHHbIX
cerHerodieKTpukos tuna KDP

Honun C.I1., Muxaiinosa T.FO., bpecrasckas H.H.
MNOHX PAH, Mocksa

PaccMOTpeHO BIMSHHE TOCIEIOBATEIFHOTO PACHIMPEHUS MOJEIBHOTO KacTepa Ha
OLICHKH KPUTHUYECKOH TemIiepaTypsl T, CErHETO3IeKTpHIecKoro (pa3oBOro mnepexoaa
B KDP. ITokazano, uto ¢ 90% TounocTsio T, 3aBHCHT OT pa3HOCTH 3HEPTUil 6a30BBIX
koH(puryparmii (CO nu ACD) ynopsao4eHust IPOTOHOB BHE 3aBUCUMOCTH OT pa3zmepa
KJacrepa.

Pabora BeITIONTHEHA TTpH PHHAHCOBOH Moepkke rpanta PODI 19-03-00443.

KoMmno3ursl «ﬂ)]po—OﬁO.]'lO‘lKa» Ha OCHOBC HAH0AJ/IMA30B JI€TOHAIITMOHHOI'0O
CHHTE3a.

Cywes B.IY Honmamos B.IO.!, Oszepun AH? Myllymaki V.2, Vehanen A},
Manvieun A.A.°, Jlopoxos A.0.°, Mapuyxoe B.A.*, Anmazoea H.C.*
" ®I'VIT «CKTB «TexHomory, Cankrt-IletepOypr, Poccust
2 ®I'BYH UCIIM PAH, Mockga, Poccus
3 CarbodeonLtd. Oy, Baanra, ®unnsaaans
* CIIGI' TU (TY), Cankr-Iletepbypr, Poccus
> AO "3aBog "Tlnactmacce", T. Komeiick, moc. CoBetos, Poccust

Llenpto paboThl sBAsETCS pa3pabOTKa METOJOB IIOMYYEHHs TpymIbl rpadur-
anmasHbix HaHokomno3uToB (I'AHK) Buma «igpo — o0omouka» Ha OCHOBE
JIeToHAIMOHHOTO HaHoanmasza ([IHA), dbopmupyrommMcs 3a CHeT CEIeKTHBHOTO
OKHCIICHUST TpaduT-rpaeHOBOTO CIIOS  B3pBIBHOW anmMasHoil mmxtel (AL,
MIEPBUYHBIA TIPOJIYKT JICTOHALIMOHHOTO CHHTE3a) BOJHBIMH PAacTBOPAMH a30THOU
KHCJIOTHI MO TaBJICHHUEM.

1) UccnenoBano oxucnenue AlLl BOTHBIMU pacTBOpaMu a30THON KHUCIOTHI MO
JaBlieHHeM B auanazode temmneparyp 120-230°C mpu pasiuyHbBIX COOTHOLIEHHSX
peareHToB. OmnpezeneHpITemMneparypa, H30bITOK ¥ KOHIEHTPALUsI 30THOH KHUCIIOTHI,
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MO3BOJISIFOLIME OCYIIECTBUTH CEJIEKTHBHOE OKHCIIEHHE TpadUTOBOH 00O0JIOYKH [0
3aJIaHHOTO COOTHOIICHUS aIMa3HOU U TpadeHoBoi (a3.

2) IlpemnoxkeHa BeposiTHas CXeMa MPOTEKaHUsI PEAKIMM, KaK paJuKaIbHOTO
LIEMHOr0 Ipoliecca, BKJIIOYAOMmAs B ce0s MEXaHW3Mbl 00pa3oBaHHMs LENU U
HUCTOYHUKH €€ PAa3BUTHS B XOJC OKUCIUTEIBHOTO IIpoIecca C ydacTHEM
PaauKaIono00HON IBYOKHCH a30Ta.

PaboTa BbITIONHEHA TIPH YaCTHYHOH (prHAHCOBOU mouepkke PODU B pamkax
Hay4Horo mpoexta Ne 18-29-19112.

IlepeHoc 3Hepruu ¢ BLICOKUX 3JI€KTPOHHBIX YPOBHEI MOJIEKYJT
CeHCUOUJIM3AaTOPOB B pacTBOPax 0aKkTepuii

Hopogees /].B., Llioprxo /I.E.

OpenOyprckuii rocyJapcTBEHHBII YHUBEPCHUTET, I'. OpeHOypr

B pabote mpexacTaBieHbl pe3yibTaThl WCCICAOBAHUM IOBPEXKICHUH OakTepuid,
WHHIUAPOBAHHBIX 0e3bI3ITydaTebHbIM [IEPEHOCOM SHEPrun c
BBICOKOBO30Y)K/ICHHBIX ~YPOBHEW MOJIEKYJl CEHCHOWIIM3aTOPOB, CBSI3aHHBIX C
MeMOpaHaMH KJIETOK WIIM BHYTPHKJICTOYHBIMH OpPTaHEeIIaMH.

OObekTaMu HCCIIE0BAHUM CIY)KWIIM MAJIOYKOBH/IHBIE IPAaMOTPHLATENILHBIE U
rpammosoxuTenbHbie Gaktepun Escherichiacoli u Bacillussubtilis. B kagectse
CEHCHOMIN3aTOPOB BHIOPAHBI KCAHTEHOBBIE KPACHTENN-aHUOHBI ¢ 6ombmmM (0.70 —
0.98) KBaHTOBBIM BBIXOIOM B TPHUIUIETHOE COCTOSIHHE M KPAaCHTEIH-KATHOHBI
POAaMHMHOBOW TpYINbI C KBAaHTOBBIM BBIXOJOM B TpPUIUIETHOE COCTOSIHHE HE
npeseimatonieM  0.01. Bo30ykmeHHe MOEKysl B OCHOBHOH Sy—S; mosoce
MOTJIONICHUST TMPOU3BOAMIOCH BTOPOH TapMOHWKOW Jsazepa Ha YAG:Nd. s
3acelIeHUs] BBICOKMX CHHIVICTHBIX S, WIN TPHUIUIETHBIX T, COCTOSIHHUH MOJIEKYI
UCIIOJIb30BAJIOCh U3JIyUYeHHE Jlazepa Ha Kpacurelsix. YacTora M3JIydeHus Jlasepa Ha
KpacuTelsix BblOMpanach MeHblie, deM uacrtota 0-0 mepexoma B HcCiienryeMbIX
KpacHUTelsIX, TO3TOMY MOJIEKYJBbl B OCHOBHOH Sp—S; mosoce moromieHus 5THM
M3JIy4eHHUEM He BO30YXKJIajlKCh, ¥ OHO MCIIOJIL30BAIOCH TOJIBKO JJIs O0ecredeHHs
S1—Sy u T;— Ty nepexonoB. DPPEKTUBHOCTD MEpeHOCA IHEPTUH OLIEHUBAIM I10
KMHETHKE 3aMe/UIEHHON (piyopecneHnnu 1 (HocdopeceHIINN KpacuTene, a Takxke
10 KMHETHUKE 3aTyXaHWS HaBEJICHHOTO TPHIUICT-TPHIUIETHOTO IOTJIOMICHHUS WIIN
CHHIJIET-CUHIJTIETHOTO NPOCBETIICHHSI 00pa3IoB.

Ha mnepBom orame ucciefoBaHa JAWHAMHUKA 3aCEJICHHOCTH — Pa3JIMYHBIX
SHEPreTHYECKUX COCTOSIHUM MOJIEKYJ IPH BO30Y>KIACHWH MHTCHCHBHBIM JIa3€PHBIM
M3JIy4CHUEM U OIpPEIENICHO, KaKoi M3 KaHAJIOB - CHHIVIETHBIH WJIM TPUILUIETHBIN -
JlaeT OCHOBHOI1 BKJIaJl B ITOTJIOLIEHHE IIPH 3aJIaHHBIX YCIOBHUSX OOIyUYECHUSL.

OOHapyXeHO  CKauKoOOpa3HO€ yMEHbBIICHHE WHTCHCHBHOCTH CHIHAJIOB
JUTITENIFHOTO TIOCJIECBEUCHUSI W HABEJCHHOTO TIOTJIOLICHHS IIOCIe BKJIIOYEHHMS
Ja3epa Ha KpPacHMTENsIX, YTO YKa3blBaeT Ha PE3KOE COKpAIEHHWE KOHIEHTPALMN
TPUILIETHBIX COCTOSIHUE Mosiekys. OJHAKO TaKoW XapakTep M3MEHEHHS! KHHETHKU
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CUTHAJIOB HAOJII0JJaeTCsl KaK B YHCTHIX PAacTBOPaX, TaK U B PaCTBOpax ¢ OaKTepusiMu
1 HE 3aBUCHT OT KOJIMYECTBA MUKPOOPTAHN3MOB B CpeJie.

B ycnoBusix Hammx SKCIEpUMEHTOB A(P(EKTHBHOCTH IEpeHOCa DHEPIUH C
BBICOKMX CHHIVIETHBIX WM TPUILIIETHBIX YPOBHEH MOJIEKY] CEHCHOMIM3aTOPOB B
IITAHKTOHHBIX PACTBOpAX GakTepuii He mpesbimana 10°. DTOT KaHAT HHAKTHBALHK
MHKPOOPTaHU3MOB MOKHO HE YUUTBIBATh P ONMCAHUN MEXaHU3MOB TOBPEKACHHS
OakTepuil TPy COBMECTHOM JACHCTBUM KpacuTenei u cBera.

HccaenoBanue JMHAMUKH AUCCUIIATUBHOM Z[ByXypOBHeBOﬁ KBaHTOBOM
CHCTEMBbI B KBA3BUMOHOXPOMATUYECCKOM IJIEKTPOMATHUTHOM I10J1€

Jlyouna’ FO.M.
UITY PAH, Mocksa

1.Be16op monmenn DQS2

Ha Pwuc.l mpencraBiena cxema ypoBaeit DQS2,

9TH ypOBHH, OOO3HAuUEHHBIE CHMBOJIAMHU |1> u

|2>,  SKCHOHEHIMAIBPHO  pAacCIagaloTcsi  Co
RS CKOPOCTSIMH Yy, Y2 Oyarofapsi B3auMOAEHCTBHIO
C BHEIUIHEH Cpeoil, YTo W SIBISIETCS MPUYHUHOM
JIICCHIIANNK, TO ecTh, DQS2 siBisieTcs: OTKPBITOM
CHCTEMOM. [Tepexoabl  MeXIy YpPOBHSIMHU
HPOUCXOJAT NPH OOJNYYCHHH KIACCHYSCKUM
Y, Ja3epHBIM MOJIEM, MMEIOLUIMM 4YacToTy O
N OnM3Kyl0 K COOCTBEHHOM 4acToTe — s,

2>

[1>

Puc. 1. Cxema yposuneri DQS2

- |I> wm 2>, uwacmoma
nepexo008 medcoy KOmopvlmu
- wo1, napamempul
perakcayuu ypogrei — y1, a2 ,
yacmoma Pabu - O,
napamemp, 603HUKAIOWULL npu
83aUMOOeCMEUU DQS2 ¢
00HOMOOOBLIM noiem
uzIyuenusl, UMEIOWUM

yacmomy — @,

XapaKTePHU3YIOIIEH Tepexosl MEKITYy BEPXHUM H
HIWKHUM coctosiHusiMu DQS2. Ilapamerp Qg —
yactoTa Pa0u, BO3HHMKaeT MpU B3aUMOICHCTBUU
DQS2 ¢ ynpapisoiuM BHEITHAM BO3ICHCTBUEM
— 2JIGKTPOMArHUTHBIM IOJIEM C aMIUTUTYI0H E( u
YacTOTOH ).

Ionuerit ramuwisTonuan DQS2, muarpamma
YPOBHEH KOTOpO# npejcTaBiena Ha Puc.1, nmeer

-, —-Q_coL
BHJI: H’:l _0 ZCEL R > (1
2[7R “21
ito +y| -ilto, +y
rae coLEZcos(twL+;()=e( L )+e ( L ), a

E, iZe y
Qq :d?— gactota Pabu, e,=d-e ©— MaTpu4YHBIA 3JEMEHT 3JCKTPUIECCKOTO

muronsHOro MoMeHta DQS2 ¢ HavyanpHOM (ha3oif e, KOTOPYIO MBI IIOJIaraeM paBHON

HYITI0, U MOLyJsieM d.
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Cnenyst [1], 3anumem moandunupoBanHoe ypaBHenue JlmyBmiuisi-Heiimana,

OTHUCHIBAIOIIEE JBOJIONMUIO OIepaTopa IwioTHocTn DQS2: %—f:—%(i[H, pl+{T.p}),

H' 0
rone H =?, a Marpuia F=|:};)l i| (beHOMeHOﬂOqueCKH YYUTBIBACT BJIMAHUC
72

okpyxkatome cpeapl. IlpencraBuM 3TO ypaBHeHHME B cieayomei  ¢opme:

d 1

4 =5 (Co+ D) @),

e _ ;/l_fia)21 fiQchoL e
—iQgcol  y, +iw,,

| ntie, iQgcoL
“|iQgeol g, —im,,

}. ()

IIpeoOpasyem cructemy (2) ¢ TOMOIIBIO MTPHOIMKEHHS «BPAIIAIOIICHCST BOTHBDY
[1] B MmaTpuuHyto cuCTEMY C TOCTOSHHBIME KO3 PUIIHEHTAMH:

dp 1
L_-_~(A , 5
o~ (Aot rB) Q)
e A 7 —iA iQ, . B 7 FIA —iQg _ A 6)
iQ, gy, +iA|’ -iQ,  y,—iA ’

3nech A=wm, —w, — OTCTPOHKA YACTOTHI MOJISI OOIYUIEeHHUsI OT COOCTBEHHON YacTOTHI
DQS2. braronapst HezaBucuMocté Matpurl A U B ot BpeMeHH, penieHne ypaBHEHHS
(5) popmanbHO IPEICTABUMO CIIEYIOIIUM 00pa3oM:

ta oA
p(t):e 2 p(O)e . (7

2. Pemienue cucremsl (5) u ero Bepudukanms

t
——A
B pesynbTaTe peaibHOTO BHIYMCIEHHS MATPHUHOMN SKCIIOHEHTBI € 2  TIoJTydaeM, C
yuétom hopmysl (7), TOUHOE PELIeHHe MaTPUYHOTO YpaBHEHHUS (5):

plt)=exA, - p(0)-(xa, ) e, (8)
ch(%fj—y:[msh[%f} —i%sh[%fj

,i%sh(%f} ch(%fj+7:[msh[%f)

a | =ifQL+N ) 12A=5Q, A=z, -0, y=0Z0 =0l oy

2 2
SQ =sqr+i-sqi, re SQr u SQi — AeHCTBUTENLHbIE YUCTIA, 3aBUCUMOCTH KOTOPBIX OT

Jai+a’ —a Ja; +al +a
mapamerpoB DQS2 nmerot Bu: sqr = —\/ T sqi —\/ L

2 2

riue exA =

)

s

a =Q)+N -y a =2)A.
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Ucxons u3 dopmyinsl (8), mocie TPyAoEMKHX I[peoOpa3oBaHUil, ITOIYYUM
BBIPOKCHHSA, OTPAXKAIOIINE TIPOLECCHI 3aCENEHHUs] COCTOSHHUS |2> W paccelIeHUs
COCTOSIHUS | 1>, COOTBETCTBEHHO :

QF -SS(t) -tr
Pz(t): Rz o€ > (10)
sqr’ + sqi

R(t)- {Cc(t)+(7”&)53(t)‘R(t)]etl", (11)

2 2
sqr’ + sqi

e SS(t)=%[ch(t-sqr)—cos(t~sqi)], CC(t)=%[ch(t‘sqr)+cos(t~sqi)], u

R(t)= {7/ : sh[% sqr) +A- sin[% sqiﬂ -sqr + [y . sin(ésqij —A- sh(% sqrﬂ -sqi

Bripaxxenust (10) u (11) moxydeHsl Ha OCHOBAaHHH TOYHOTO AHAJTHUTHYECKOTO
pemieHuss MaTpuyHOl cucTeMsl auddepeHmanbHbIXx  ypaBHeHHH (5).  [ns
Bepudukarmu Beipaxkenuit (10), (11) pa3paboTana KOMIBIOTEpHAs MPOTrpaMMa,
MOZEIUpYIOIIasl pelIeHne cucTeMsl (5), 3alMcaHHOi B BEKTOpHOW Qopme. Drta
IIporpaMma u300pakaeT 3aBUCHMOCTU OT BpeMeHH 3acenéHHocTed P, u P, B Buae
CIUIOIIHBIX JMHUM Ha rpaduxax Puc.2. Kpome TOoro, Ha »Tux sxe rpaduxax
MIPECTABICHBI, B BHJAE OTICIBHBIX TOYEK, T€ YK€ 3aCENEHHOCTH, BBIYHMCICHHBIC
cormacHo Qopmynam (10) m (11). Ilapamerpbl, mpu KOTOPHIX MPOU3BOIUINCH
BBIYHCIICHUS X MOJICIIMPOBAHUE, ITPEACTABICHBI B BEpXHEW CTPOKE PUCYHKA.

Jluteparypa

1. Cxamm M.O., 3y6aiipu M.C. KBanToBas ontuka. — M.: ®usmariur, 2003. —
512 c.
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ITpoueccnl nepeHoca 31eKTPOHA M MEPEHOCA IHEPTUHU € yYACTHEM MOJIEKY.JT
(oTOCEeHCHOUIN3ATOPOB H HX KOMILIEKCO00Pa30BaHUe ¢ MOJIEKYIAMHU
aJbLOyMHUHA.

Ezopos A.E.l, Kocmiokoe A.A.l, Onvuwesckas B.A.z, Ky3vmun B.AL
1. UBX® PAH
2. MIH50C PAH

Hapsiny ¢ mmmpoko H3BECTHBIM KJIACCOM TETPAMPPOIBHBIX COSANHEHNH, HAIIEAIITNX
CBOC TIpUMEHEHWe B TOM uucie B (GoroaumHamuveckoit Tepanmuu (DAT),
OINpEICNICHHBI HHTEPEC NPEJACTABISIOT TaKXKe Kiace OHCKapOOLUMaHUHOBBIX
kpacurenieif. OTHUM M3 MEXaHM3MOB JEHCTBUS MOJIEKYJ (OTOCEHCHOMIN3ATOPOB
(®C) sBusercss (HOTOAKTUBUPYEMBI IEPEHOC OJIEKTPOHA, MPHBOSIIUAN K
00pa3oBaHMIO aHMOH-paUKalia M JIPYTUX BBICOKOPCAIIMOHHOCIIOCOOHBIX YACTHII.
OKHUCITUTEIBHBIA CTPECC MPUBOJMT K THOCIH KJICTKH KaK [0 MEXaHHW3MaM aronTos3a
Tak W Hekpo3a. [loaydeHsl KOHCTAaHTHI TYIMICHUS TPUIUICTHBIX COCTOSIHHN MOJICKYI
¢dorocencnbmmm3aropos. [loka3zaHo 00pa3oBaHWE CHHIJICTHOTO KHCIIOPOAA IIPH
¢oroaktuBanuu Mosiekynl ®C W 3amucaHbl €ro CIEKTPAIbHBIC XapaKTCPUCTUKH.
IIpomeccs! mepeHoca 3IeKTPOHA MPEACTABISIOT HHTEPEC, TaK KaK SBISIOTCS OJHUM
73 MEXaHU3MOB ITUTOTOKCHIECKOTO AecTBUS MOseKkya DC.
KommnekcooOpa3oBanus ¢ albOyMHHOM HWIPacT BaXHYKO pOJb B MPOIECcCcax
JIOCTaBKM MOJIEKYJ (OTOCEHCHOMIIN3aTOPOB B pakoBble KIeTKH. M3ydeHue
KUHETHKN BPEMEH KHU3HU (IyOPECHEHIINH U CHEKTPOB (DIyOPECIeHIIUH MO3BOISIET
YCTaHOBUTHh HAIMYUE KOMIUIEKCOB MEXIYy MOJIEKylIaMu (OTOCEHCHOMIU3aTopa U
anp0ymuHOM. Hamu OBLTO TTOKa3aHO 00pa30oBaHUE KOMIUICKCOB MEXKIY MOJICKYIAMH
¢doToceHCHOUAN3aTOPOB, B TOM UHCIE OUCKApOOIMAHUHOBBIX KpacuTesledl u
OBIYBMM  CHIBOPOTOYHBIM aTbOYMHHOM. B MomenpHOW cucTeMe B TPHUCYTCTBHH
JIOHOpa DJIEKTpOHa (aCKOPOMHOBOM KHCIIOTHI) MPOHMCXOAUT MEPEHOC DIEKTPOHA C
YYaCTHEM TPHILICTHOTO COCTOSHHS MOJICKYJbI OHMCKapOOLMAHHMHOBOTO KPACHTEIIS.
Wzyuena pexomMOuHanmuss oOpasylomuxcs aHHOH pajnukanoB. IlomydeHHble
pe3yIbpTaThl YKA3bIBAlOT HA TO, YTO MOJEKYJBI OMCKapOOIMaHWHOBOTO KPACHUTEII
00pa3yroT KOMILUICKCHI MOJICKYJIaMHU allbOyMHUHA M TaKKe CIIOCOOHBI y4acTBOBATh B
npoueccax  (oroceHCMOMIM3AaMKM [0  MEXaHM3MYy  IepeHoca  JIIEKTpPOHa
00pa3oBaHNEM CYNIEPOKCH]] AaHHOH paJuKaa.

CriekTpocKkonueckne u3MepeHus: mnpoBeneHbl Ha 0Oaze I[IKIT «HoBbie
Matepuanbl u TexHonorum» WBX® PAH. Pabora BeimosnHeHa Tpu (UHAHCOBOI
nognepkke  Poccuiickoro Hayynoro ¢onga mo mnpoekty Ne  18-13-00463
«MexaHM3MBI  (POTOXMMHUYECKHX IIPOLECCOB B KOMIUIEKCAX IOJMMETHHOBBIX
KpacUTEIeH ¢ IByMsI CONPSHKEHHBIMH XpOMO(opaMH U OSITKOBY.
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Pacuer NoBepXHOCTHOIO HATSI’KEHHUS ;KHAKOCTb — NIap B OTPAHUYEHHBIX 10
pa3Mepy NOPUCTBIX CHCTEMAX

3aniyesa E.C., Boponyos I1.H, Tpanesnuxog A.E., Tosoun I0.K.
HNOHX um. H.C. KypnakoBa PAH, Mocksa

B orpaHm4eHHBIX TIO pa3Mepy IOpaxX BO3MOXKHBI J[BE OCHOBHBIC CHUTYAllHU II0
pacrpesiesieHuIo  aJICOPOMPOBAHHOIO BELIECTBA B 3aBHCUMOCTH OT CBSI3aHHOCTH
nopsl ¢ okpyxatouieil cpenpoil. Eciau Becs mopucras cucrema JOIMYCKaeT MOJIHBIN
0o0OMEH MOJIEKyJl ¢ BHEIIHEH ra30Boi (a3od, TO B CHCTEME €CTb XHMHYECKOE
paBHOBECHE, KOTOPOE OIMPEICISICT YCIOBUs 3allOMHCHUS CaMOW IOpPBI U XapakTep
BHYTPEHHET0 paclpeAeIcHUs BELECTBA, 3aBUCAIIUMI OT MOJICKYJIIPHBIX [1apaMETPOB
B3aMMOJICHCTBUS ajcopbar — agcopbar u aacopbat — aacopdent. Ecim mopsr He
HMCIOT CBSI3W C BHEMIHEH Cpeloi, TO XapakTep paclpeieiIcHUs BelecTBa
JIOTIOJTHUTENIPHO ~ 3aBUCHT  HE  TOJNBKO  OT  MOJCKYJSIPHBIX — MapamMeTpoB
B3aMMOJICHCTBUS amcopdar — ajcopOaT u afcopObaT — ajcopOEHT, HO M KOJHUYECTBA
BEIIIECTBA, HAXOAAIIETOCS BHYTPH OTPaHHUECHHOTO 00heMa MOPHI.

Pa3zpaborana meromuka pacdeTa TOBEPXHOCTHOTO HATSHKCHUS MCEHHCKAa B
OrpaHUYEHHOU MOPUCTOH Tpex(asHoil cucTemMe TBepaoe — KUAKOCTh — Map Ha Oase
Momenu pemerodHoro raza (MPI') cumctembl map — JKHIKOCTE B CTPOTOM
COOTBETCTBHH C TEPMOIMHAMHYCCKHM OIpeAeiIcHueM, MaHHBIM 140 et Hazazg
I'mb66com Juisi  mr000i  KpuBU3HBI TpaHuibsl. MPIT  oOecrieumBaer pacuer
pacnpeneneHuii MOJEKYJ B paclpelesieHHOW MOAENH MepexonHoi o0xactu
rpaHns! pasaena ¢as. CocTOsHHE COCYIIECTBYIONINX (a3 TOIDKHO yIOBIETBOPSTH
Teopun KoHAcHcanmu SHra — JIu, a BHYTpH HEpeXOIHON 00JacTH PaBHOBECHOTO
MCHHMCKAa Ha Ka)XIOM JIOKaJIbHOM YYaCTKE AOMOJHUTEIIbHO HAKIIAAbIBAOTCS YCIOBUA
XUMHUYCCKOI'0, TCIIJIIOBOTO U MECXaHHUYCCKOI'O paBHOBeCHﬁ.

B pabore wmccrmemoBaHBl MOPHCTHIE CHCTEMBI Ha 0a3e MIIMHIPUYECKUX U
KyOUYecKuX Mop mepeMeHHOH reoMeTpur. [1ocTpoeHsI pacrpeesicHus INIOTHOCTH
BCHICCTBA IO IMHPHUHE IMMOPHI U BAOJb HepeXO,Z[HOfI obmacT MCXKAY CTCHKaMH MOPLI.
ITo num HaXOJATCA JIOKAJIIBHBIC 3HAYCHUA ITOBEPXHOCTHOT'O HATAKCHUA MCHHUCKA.

CdhopmynupoBaHbl KpPUTEPUH HA OpPraHU3AIMI0 pacyeToB B  0O0IacTu
Tpex(a3HOro KOHTaKTa TBEPIOE — >KUAKOCTb — Iap W HCCIEJ0BAaHBI pa3MepHbIC
3¢)¢)CKTLI UL BCJIMYWH KOHTAKTHOTO YIJjla B 3aBUCUMOCTU OT CEYCHHSA TIOPHI.
Paccuntanbl 3aBHCMMOCTH pa3MEpHBIX d(PQPEKTOB Il BEIHMYNH KOHTAKTHOTO YTJIa
MCHHCKAa BEIIECTBA B  MApO-KHIKOCTHOM pPAaBHOBECHH MEXKAY CTCHKaMH
HHHHHI[pH‘ICCKOﬁ IOpHI B 3aBUCUMOCTH OT JIOKaJILHOM TEOMCTPUU CCUCHUS TIOPBI U
MOTCHIMAaJIa CTCHOK ITOPHI.

Pa6ora BeimonHeHa pu ojaaepxkke PODU (kox mpoekra 18-03-00030a).
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BiiusiHne orpaHuYeHHOCTH CHCTEMbI HA KPUTHYECKYIO TeMIepaTypy
YHOPSII0YeHHsI, PACCYUTAHHYIO B MO/IETH PELIeTOYHOT0 Ta3a
MOAM(UIHPOBAHHBIM (hparMeTHBIM METOI0M

3aiinena E.C., Tooun 10.K.
MOHX um. H.C. Kypnakosa PAH, Mocksa

[Tpouecc ynopsiioueHHs: B PETYJSPHOM CTPYKType OMHApHOW cucTeMbl AgsBgs
paccMoTpeH B paMkax wmojenu pemrerouyHoro raza (MPI) mpu coBMecTHOM
UCTIONB30BaHUM (hparmMeHTHOro Merona (PM) m KBa3MXMMUYECKOTO MPUOIMKEHHS
(KXII). Brmaget  KXII  oTpaxaioT  mpsiMble  KOppeNsLUd  MEXIY
B3aUMOJACHCTBYrOIIUMY  vyacTunamMu. OM  gaer TOYHBIA pacueT CTaTCyMM
KOH(QUTYpAI[MOHHBIX BKJIAJO0B MOJEKYJ Ha MajloM (parMeHTe, BKIIIOYAIONINH
HenpsiMble Koppessiuuu. Bausuue monekyn, onucbiBaeMblx B KXII, Ha cocrosHue
3aHATOCTH Y3JI0B ()parMeHTa YUUTHIBACTCS Uepe3 JOKaIbHbIE BHEITHNE MOJIS.

HcnonwzoBannas Bepcus ®M+KXII noaxona paccMaTpuBaeT BHEUIHUE 110JI B
KauyecTBE KaIMOPOBOYHOW (DYHKIMH, OOECIEUMBAIOUICH IIOBBIMICHHE TOYHOCTH
pacdeTa TepMOJMHAMUYCCKUX (DYHKIMH C y4ETOM HENpPSIMBIX KOppEIsLuil BO BCel
obOmactTu mioTHOCTEH W Temmeparyp. lMcciaeqoBaHBl W3MEHEHHS KPUTHUYECKOI
TEeMIepaTypsl yrnopsaodeHus B MoanudunrpoanaoM @M mo cpasrenuto ¢ KXII, a
TaKKe €€ 3aBUCHMOCTh OT pa3Mepa OrpaHHuCHHOM 001acTi JoMeHa B opme Kyoa.

I'panuma ky0a 3agaeTcss BHEIIHMM IIOJIEM, KOTOPOE MEHSeT XapakTep
pacnpenencHysi KOMIOHEHTOB CHCTEMBl IO CPAaBHEHHUIO C UX PAacCIpElelIEHUEM B
o0BeMe (asbl, 9TO JenaeT OOy CHCTEMY HEOHOPOIHOM.

PaccmarpuBaeTcs nmpocTeiiinast yropsiiodeHHasi CUCTeMa, KoTopasi o0pasyercst
13 JIByX B3aUMONPOHUKAIOIUX MOAPEIIETOK 0L M Y B MPOCTON KyOU4uecKoil perieTke
(z=0).

IlomydeHo, 4YTO HempsAMBIE  KOPPEISIIMA  YMEHBIIAIOT  KPUTHYECKYIO
TemIieparypy (pa3oBoro rnepexojaa BTOporo poja o cpaBHeHHIO ¢ pacueTrom B KXII.
Taroke TONyuyeHa 3aBUCHUMOCTh JIOTIOJHUTENIBHOTO TOHMXKCHUS KPUTHUYECKOI
TEeMIIepaTypsl YIOPSIOYCHUS IPH YMEHBIICHHH CTOPOHBI Ky0a.

OOcy>xaaeTcst posib CTCHOK JJOMEHOB B POJICTBEHHBIX CHTYaIUsX: MArHETHKAX H
CerHerodekTpukax. TexHuka mnocrpoeHust ypaBHenuidk B MPIT ¢ BbicOkoH
TOYHOCTBIO OTPA’KAET BCE TUIIBI HEOJHOPOJHOCTEHM, KOTOPBIE MOTYT CYILIECTBOBATh B
peanbHBIX KOH/ICHCHPOBaHHBIX (a3ax.

Pabota BrimosHeHa nipu puHAHCOBOI noanepxkke PODU (kon mpoekra 19-03-
00443a).
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CamopacnpocTpaHsIOUIUiics BHICOKOTEMIIEPATYPHBIH CHHTE3 KOMIIO3UIIMU
AIN-Y,0;-AL,0; aj1s1 no/1y4yeHus1 BbICOKOTENI0NMPOBOIHON ANIIeKTPHYECKOI
KepaMHKHU

3axoporcesckuti B.B., Kosanes U./[., Myxuna H.U.
NCMAH, r. YepHoronoBka

[IpoBeneHsl uccineqoBaHUs MO BIUSHUIO 100aBKH OKCHJIA UTTPUS M TeMIEpaTypbl
CHHTE3a Ha XapaKTePUCTUKY HHUTPHUIA ATIOMHHUSA. DKCIEPUMEHTHI IMPOBOJMIN B
MIPOMBIIUIEHHOM peaktope ¢ pabounm oobemoM 30 mmtpoB. HaBecka mHXTHI —
3,0xr. HauampHoe paBnenme aszotra 3,0MIla. PeakimuoHHas cmech s CHHTE3a
KOMIIO3HIIUU COCTOSJIa W3 TOPOIIKOB AalOMUHUS, HUTpUAA ATIOMHHHS, OKCHIA
uttpus. ConepkaHue OKcHIa WUTTpUs B Kommos3uuuu cocrasisuio 5,0% wmacc.
ConepxaHue TIOpOIIKA aTIOMHHHUS B PEAKIMOHHOW IMMXTE H3MEHsu oT 1§ 1o
24%macc. B uccneqoBaHHOM Auana3oHe TeMIIepaTypa ropeHus Bo3pacrana ot 1553
mo 2132°C. O6pa3mpsl NOIydeHHBIE NMpH Temreparype ropenus 1553 m 1750°C
MIPEACTABIAIOT COOOH TOPHUCTBIC, CIA0OCIIEYCHHBIE CTPYKTYPBI, COCTOAIINE W3
4acTHIl OKpYyTIIoi Gopmbl pazmepom 1-3MkM. OxcuiHas ¢a3a UMeeT HEOTHOPOTHOE
pacmpeneneHre MeXay 3epHaMu HUTpHuna amoMmuHus. llpu comepxkanmu 22 u
24%mMacc. aTIOMHHHS B IMUXTE TeMIepaTypa ropeHus coctaBmia 1966 u 2132°C.
MHUKpPOCTPYKTypa TMPOIYKTOB CHHTE3a COCTOWT W3 CIICUCHHBIX YACTHI[ HUTPHIA
anromuans. OkcuaHas paza UMeeT OJHOPOIHOE PACHPEACICHUE MEKIY YaCTHUIIAMU
HUTPUJA ATIOMUHUS. A caMu 3epHa HUTPHUA aTIOMHHHS MPUOOPENTH OrpaHKy, YTO
SBISIETCS TIPU3HAKOM TIPOTEKAHHS TIPOIIECCOB PEeKpUCTAIITH3aIINH.
Pentrenoda3oBeiii aHATN3 KOMITIO3UIIMOHHBIX TIOPOIIKOB TTOKA3aJI, YTO KOMITO3HIIUT
MPE/ICTABJICHBl OCHOBHOW ()a30ii HHUTpHUIA aTOMHHUS W BTOPUYHBIMU (Dazamu
amromuHaToB UTTpUsS AlYOs, Al,Y40y. KomudecTBO ¥ COOTHOIIEHNE OKCUIHBIX (a3
HU3MEHSIIOCH B 3aBUCHIMOCTH OT TEMIIEPaTyPHI CHHTE3a. Y CTAHOBIICHO, UTO MIPU POCTE
Temneparypsl cuHTe3a oT 1553 mo 1960°C, oOmee conepxaHue KUCIOpPOAa B
OKCHIHOH (ha3e yBEIMUYMBACTCS. 3HAYCHUC MapameTpa KPUCTALTMYCCKON PEIICTKH
(KP) ¢ taxxe BospactaeT oT c¢=4,9786(2)A mpu 1553°C no ¢=4,9797(4)A npu
1960°C 9TO CBHICTENBCTBYST O CHIDKCHHH cojepykaHus kuciopoma B KP AIN.
MakcumanpHOoe 3HaueHHe mapamerpa ¢ ¢=4,9798A nocruruyTo mpu Temmeparype
cunTe3a B uHTepBane 1850-1900°C. DTo COOTBETCTBYET COJACPIKAHUIO KHCIOPOJIA
pactBoperHoro B KP AIN 0,3-0,4%macc. BBenenue B cocTaB peakIIMOHHOMN IITUXTHI
(AI+AIN) oxkcuma UTTpHS T[O3BOJMJIO IIPU CHHTE3E YaCTHYHO peajH30BaTh
MPOLECCHl  MPOTEKAIOUIMEe MpPU CIEKAaHUMW M CHU3UTH COJEp)KaHUE MPHUMECH
kucnopoga B (KP) cuHTesupyemoro wuTpuma amomuHus. [lo pesyabratam
HCCIICIOBAHUH TTONyYCH aKTHBHBIA K CIICKAaHWIO KOMITO3UIIMOHHBIN Topommok AIN-
Y,0;-Al1,0; ¢ OTHOPOTHBIM pacipeieIieHUeM OKCUIHOM (a3bl.

HccnenoBanue BBHINOJNHEHO Npu (UHAHCOBOM mojnepxke PODU B pamkax
Hayy4Horo rpoekta Ne 20-03-00053.
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MepBolii P*,S-ouaentaTHblii 1HaMu10(pocHUTHBIN JUTaAHT B
Pd-kaTraan3npyeMoM acCHMMETPHYECKOM AJITHJINPOBAHUH

3umapes B.C., I'vnioxuna H.C.
MocKkoBCKHI TOCYJapCTBEHHbIN yHUBepcuTeT nMeHu M.B. JlomoHocoBa, r. MockBa

Cpemu  XupalbHBIX  (QocopcolepKallx  JIMTaHAOB  AUaMHI0(pOCHUTHI
MIPE/ICTABIISIIOT COO0M MHOrOOOCIIAIONIYIO I'PYIITY ACHMMETPHYECKUX HHIYKTOPOB
CO 3HAYUTEIBHBIMH TIPEHMYyIIECTBAMU (IO CpaBHEHHIO ¢ (ochunamm). OTH
COCIMHEHHS MOTYT OBITh MOJIYYEHb C TIOMOLIBIO MOMIYJIBHOTO MOAXOMA
B3aMOJICHCTBUEM XHMPAIbHBIX JMAMHHOB M CIIUPTOB C rajoreHugamu Qocdopa, a
TOHKasi HACTPOMKA UX JOHOPHO-AKLENTOPHBIX U CTEPUUECKUX CBOMCTB MOXKET OBITh
OCYIIECTBIICHA ITOI00POM COOTBETCTBYIOIINX MCXOTHBIX coemuennii. Beenenne B
COCTaB JIMTaH/A JONOJHHUTEIBHOTO S-JIOHOPHOTO IEHTpa OTKPBIBAET HOBBIC
BO3MOKHOCTH, TIOCKOJIBKY P,S-nurans obnanaror BBIPAXKEHHOU
XeIaTooOpasylomeil  CIoCOOHOCTBIO,  PA3THYAIONIUMHUCT  mpanc-3(PHEeKToM |
CTEpPUYECKHMH TPEOOBAHUSIMU P- M S-IOHOPHBIX IEHTPOB, a S-aTOM CTaHOBUTCS
XHPATBHBIM TIPH KOOPIMHAIHH C METAILIOM. >

W3 10oCTyIHBIX UCXO/HBIX COSMHEHUH HAMU TOJy4eH IEPBbIA NPE/ICTaBUTEh
P*,S-6mnenraTabix murannos— L, conepxkamuit tuaMuaohochUTHEINA P*-T0HOPHBIH
IEHTP M DK30IUKINUeCKUd (parmenTom THodpupa. XKectkuit (55)-3-penmn-1,3-
nuasa-2-¢pochadunmkio-[3.3.0JokTaHOBBIH UK 00ECIIEYNBACT 3aKPEIUICHHE aToMa
¢docoopa B (R)-koHUTYpaIHH.

1. PCl3, Et3N, CgHg N

N - _P.
C\’I:H 2. HO” S~ PhMe N0 ™S

L

Jlurann L obecrieunBaer no 86% ee B Pd-karanmsmpyeMoMm alKWIMpOBAaHUH
rac-(E)-1,3-audennnamnunanerata JUMETUIMAIOHATOM (MIPOAYKT S;), a TaKkKe 0
73% u 75% ee Tpu aMHHHMPOBAHMM JTOTO CyOCTpaTa NHPPOIHIMHOM HWIH
nuaTHI(aMuHoMeTT ) hochonaToM (MpoaykTel S, U S3 cooTBeTcTBeHHO). B Pd-
KaTaJIM3UPyeMOM aJKWINPOBAHUU LUHHAMIIAeTara -keTodGupaMu JOCTHTHYTHI
3HaueHuss A0 76% ee (mpomykTwel Sy, Ss U Sg). Bo Bcex ciydasx B KadecTBe
npenkaranu3aropa ucronb3osaics [Pd(n-ammn)Cl],.
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MeO,C.__CO,Me ) HN™ > P(O)(OE),

N
Ph/\/\[ Ph Ph/\/v\ - Ph/\A\ Ph

S,, 86% ee S,, 73% ee S3, 75% ee
0]
CO,Et
=
Ph Ph
S4, 55% ee Ssn=1,62% ee

Sgn=2,76% ee

Jlureparypa:
1. M. J. Bravo, R. M. Ced er, A. Grabulosa, G. Muller, M. Rocam ora, M. Font-

Bardia, J. Organomet. Chem., 2017, 830, 42
2. J. Margalef, C. Borras, S. Alegre, E. Alberico, O. Pamies )

Dieguez,ChemCatChem, 2019, 11, 2142
Pabota BeinonHeHa 1pu mojyiepxkke Poccuiickoro Hayunoro ¢osrzaa (mpoekt Ne 19-
13-00197).

M.

JHepreTHyecKHe BO3MOKHOCTH MPON3BOAHBIX S-TeTPa3uH N-0KCHI0B KaK
KOMIIOHEHTOB CMeCeBbIX TBEP/IbIX PAKETHBIX TOIIUB

3w3un U.H., I'voxosa U .IO., Jlemnepm /[.b.
UITX®D PAH, YepHoronoBka

PaCCMOTpCHBI OHECPTCTUYCCKNUEC BO3MOXKHOCTHU IIATH HM3BECTHBIX ITPOMU3BOIHBIX S-
TETpa3uH N-OKCI/I,Z[OB B Ka4CCTBC KOMIIOHCHTOB CMCCCBBIX TBEPABIX PAKCTHBIX

toruuB (CTPT) 6e3 MeTanInueckoro roprovero.

\Né /N\ \N = \(
P W L
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2701
265+ =
260
2551
2504
24517
24077
235

AOHA 1] v HMX X Xl \ ®TAO I

Puc.1l. Makcumanvno docmueaemvle 6eutuHbL IPHEKMUBHO20 UMNYILCA HA
mpemoux cmynensx pakemnvix cucmem leg(3) onmumusuposannvix cocmasos «l, l,
1 unu oxkmozen + ceaszyiowee (18 06.%) + IXA» u «IV, V, X, XIl, @T]O unu
AITHA + ceasyiowee (ne menee 18 06.%)» npu oepanuuenuu T, <3800 K.
Cessyrowee 0ns ecex Hanoanumenet kpome AJJHA, @T/O u XI| — axmuenoe, ons
AJTHA, @T/[O u Xl — yenesooopoonoe

B cocraBax ¢ akTUBHBIM CBSI3YIOLIMM JIydlle BceX okaszaloch coeaunenue 1I. Ho
HamOoJee MePCHeKTHBHBIM BBINIAAWT COSAMHCHHE V, KoTopoe oOmamaer OGoisee
BBICOKOW TEPMHYECKONH CTaOMIBHOCTBIO M MEHBIICH YyBCTBHTEIBHOCTHIO K
MEXaHUYECKUM BO3JICHCTBUSIM.

Pabota BeimonHeHa Ha cpeactBa MIIX® PAH B pamkax BBINOJHEHUS
roczananus (Ne rocpeructparm AAAA-A19-119101690058-9).

Bausinue TomuHbI HAa cTPYKTYPY ieHok CdS u IIK

Heanosa 0.17.1, Kpunuunas E.H.l, Kpusanoun A.B.l, 3asvanos C.A.Z,
Kypaesnesa T. o
1. UbX® PAH, Mocksa
2. HUIT “KypuaToBckuil HHCTUTYT , MockBa

[TpoBeseHbI HcceOBaHUS CTPYKTYPBI OJTHOKOMIOHEHTHBIX TOHKUX TIeHOK CdS
tomuuaoi d < 0.2, <1, >1 mkwm u mrerok [IK rommmuoii d = 0.5 u >1 MkM npu
KOMHATHOH TemIepaType METOIOM pEHTI'€HOBCKOH Iudpaknuu B OONBIINX
yrinax. [lneHku nmomydeHsl MeToIoM TBepA0(pa3HOrO0 KPUOXUMHUYECKOTO CHHTE3a
Ha TTOJUTOKKAX M3 ONTHYECKOT0 KBapia u kpeMHus. Ha nudpakrorpaMme mieHKH
CdS (d < 0.2 MkM) HaOMIOMAIOTCS Yy3KHE, XOPOIIO pPa3pelICHHbIE MHKU
KPHUCTATMIECKOH CTpykTyphl Bropuuta. s tenku CdS(d < 1 mkm)
3apETUCTPUPOBAHBI JBa MIMPOKHUX MUKa TpHu 20 =~ 27.83° u 47.69°, aHaIOTHIHbBIE
IMKaM, KOTopble Habmrogamuch st gactur; CdS pasmepom He Gonee 2.5 uam [1],
a uist renkd (d > 1 MKM) - Tpu WHPOKKX mHKa mnpu 20 =~ 26.2°, 43.6 u 51.3°,
yka3pBatomux Ha QopmupoBanne CIIY-cTpyKTypsl, KOTOpas XapakTepHa Ui
gactur, CdS B HaHOCOCTOSTHUM [2].

Ha mudpakrorpamme miéuku ITIIK (d ~ 0.5 MkM) HaOI0qar0TCs IIHUPOKHIA
nuk npu yrie 20 ~ 19.4° u 1Ba MalOMHTEHCUBHBIX MHKa mpH 20 =~ 13.5°, 27.1°,
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YTO yKa3blBaeT Ha 00pa3oBaHUE HU3KOYHOPAJOYEHHOH CTPYKTYphl NJICHKU U
¢dopmupoBaHHe B HEH HEOONBIIOrO KOJIMYECTBA HU3KOMOJICKYJISIPHBIX
coeMHeHNH (IUKIMIECKUX OMuromepoB), a s mwienku IIIK (d > 1 mxm) —
y3KUIl MHTCHCUBHBIN NUK npu yriie 20 ~ 19.8°, KOTOphI HaKIagbpIBacTCs Ha
IIMPOKOEe aMop(dHOE Tamo M CBHJCTEIBCTBYET 00 OOpa30BaHMM B IUICHKE
KPUCTAIUTHYECKON 3 — (hOPMBI.

[IpoBeneHHbIe HCCIEAOBaHUS OAHOKOMIOHEHTHBIX IieHok CdS w IITIK
BBISIBUJIM BIIMSHUE TOJIIMHBI IUICHOK HAa UX CTPYKTYPY.

1. Herron N., Wang Y. and Eckert H. Synthesis charact erization of surface-capped,
size-quantized CdS-clusters. Chemical control of cluster size // J. Am.Chem. Soc.
1990. V. 112. P. 1322-1326.

2. KoxesnukoBa H.C., Bopox A.C., Ypunkas A.A. Hanowactuusl cynbduma
KaJMHUs1, TOyYCHHBIE METOIOM XHMMHUYECKOTO OCAKICHHUS M3 PAcTBOPOB. // Ycmexu
Xumuu. 2015. T. 84. Ne 3. C. 225-250.

Pa6oTta BemmonHeHa npu nopaepxkke PODU (rpant Ne 18-03-00582) B pamkax
rocynapcrBennoro 3aganust UbX® PAH (Ne01201253312).

HN3MeHeHUs CIEKTPAJIbHBIX CBOMCTB, TONOrpaduu M CTPYKTYPbI TOHKHX
mieHok INITK—CdS ¢ pocToM copepxaHus HAMOJTHUTEJIA

Hesanosa O.H.l, Kpunuunaa E.H.l, Kpusanoun A.B.l, 3aewsnos C.A.Z,
JKypaenesa T.C.!
1. UbX® PAH, Mocksa
2. HUIT “KypuaToBckuii HHCTUTYT , MOCKBa

[IpoBeneHbl HCCIENOBAHHUS ONTHYCCKUX CHEKTPOB IMOIJIOMICHUS, TOMOrpaduu
noBepxHOCTH (ACM-MeTOo) U CTPYKTYpPHI (PEHTTEHOBCKAsT TU(PPAKIHS B OONBIINX
yrinax) tuieHok [ITIK-CdS mnpu koMHATHOW Temrieparype B 3aBUCUMOCTH OT
conepkanust Haronmuutenss CdS (C = 0-100 06. %). [IneHkn moay4eHsl METOIOM
TBepa0(ha3HOT0 KPUOXMMUYECKOTO CHHTE3a Ha TOATOKKAX U3 ONTHYECKOTO KBapIa
u ux TouuHa He npesbimana d < 0.2 MrM.

C pocToM cojep)KaHUS HAMONHHUTENS B HAHOKOMIIO3MTaX HaOIFOIAeTCs
HEMOHOTOHHBIA CIBUT CIEKTPOB TMOTJIOUICHHUsS B [IMHHOBOJHOBYIO 00JacTh C
MakcuMyMoM Tipu KoHIeHTparuu Cox11 00.%. CIBUTH CIIEKTPOB MOTJIOIIEHUS, TI0-
BUAMMOMY, OOYCIIOBJICHBI pa3MEpPHBIMU S(PPEKTaMUM, KOTOPBIC COIPOBOKIAIOTCS
CTPYKTYpHBIMU H3MeHeHussMu. MeTtogoM ACM B pexumMe KOHTAaKTHOH MOIBI
MIPOBEJICHBI MCCIICIOBAHNS TIOBEPXHOCTH M yCTaHOBJIEHA IMEPECTPOHKa CTPYKTYPHI
MTOBEPXHOCTH C POCTOM KOHIICHTPALIMH HAIIONHHUTENS: (HOPWUIIpHAs CTPYKTypa
MepexXoauT (GpUOPMILIIPHO-TIIO0YISIPHYIO, a TIOTOM - B MIOOYJsIpHYI0. OnpeneneHbl
M3MEHEHUs] XapakTepucTuk miepoxoBatoctd (Rq m Rmax), mpoBeneHsl OlleHKH
3aBHCHIMOCTH PACHpeieIeHIs TI00yII MaTPHUIIBI TI0 pa3MepaM U yCTAHOBIIEHO, UTO C
YBENIMYCHHEM KOHIeHTpauun HanomHuTedss CdS mpoucxomsT HEMOHOTOHHBIC
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U3MEHEHHUS Pa3MEpoB TIJI00YN MATPUIBI C OSKCTPEMaIbHBIMU 3HAYCHUSIMHU IMIPHU
kounentpammu C ~ Cy.

HccnenoBanust  CTpyKTypbl IOKasald, 4YTO C POCTOM KOHIIEHTpaluu
HAMOJIHUTENS OAHOBPEMEHHO MPOHMCXOAAT H3MEHEHUs] KaK CTPYKTYpPhl MaTpPHUIIBI
(vacTM4HAs WM TIONMHAs MOTEPs OPHEHTAUUH M KPUCTALIMYHOCTH), TaK M
HAHOYACTHI] - Iepexo/] U3 aMop(HOI (a3bl B TeKCaroHaNbHYIO CTPYKTYPY BIOPLIUTA,
XapaKTepHYIO JUIsl KPYNMHOKPUCTAIUINYECKOTO Cyibduna KagMmusi. DTH M3MEHEHHS
CTPYKTYphl mpoucxoawnmu npu kouuentpamuu C ~ Cyp > 10.5-11 00.% CdS.
O6pasyromasics crpykrypa B tuieHkax [I[IK—CdS mnpu >THX KOHIEHTpammsx
COBII&JIaeT CO CTPYKTYpoii Biopira B rienke CdS rommgunoi d < 0.2 MKM.
IIpoBenieHHBIE MCCIIEAOBAHUS YKa3bIBAIOT Ha KOPPENALUIO U3MEHEHHH B CIEKTPax
HOIVIOUICHUSI C U3MEHEHUSIMU IIOBEPXHOCTU U CTPYKTYpbl HaHokommo3utos ITITK-
Cds.

Pa6ota BeimonHeHa npu noanepxke PODU (rpant Ne 18-03-00582) B pamkax
rocynapctBeHHOTO 3aganns UBX® PAH (Ne01201253312)

A30TI/IPOBaHHe CMEINAHHBIX Kceporeﬂeﬁ U3 AIKOKCH/I0B KPEMHHUA U AJTIOMUHUSA

Usuuesa C.H., Oscannuxos H.A., Jlvicenkog A.C., Knumawun A.A., Kapeun 10.D.
NMET PAH, Mocksa

B cucreme Si-Al-O-N wm3ydeHBl 0COOCHHOCTH CHHTE3a CHAJIOHOB, ITOJNyYCHHBIX
obxurom mpu 1600-1700°C B armocdepe a30Ta BHICOKOAUCIEPCHBIX CMEIIaHHBIX
Kceporesei U3 aTKOKCHI0B KPEMHUS 1 alTIOMHIHUS.

ITo pesymbraTam HccienoBaHUN (TEPMHUYECKOTO aHaNIM3a B aTMocdepe as3ora,
WK  chnexrpomerpuu W Ta3oBOH  XpoMaTtorpaduu) — yCTaHOBJICHO,  YTO
B3aUMOJICHCTBHE MEXKJTy CMEIIAaHHBIMHU KCEpPOTEISIMU M3 AJIKOKCHIOB KPEMHHS H
ATIOMUHHUA W MOJCKYISPHBIM a30TOM OTHOCATCS K PEAKIMSIM BOCCTaHOBIICHHS—
a30TUPOBAHUSA, B KOTOPBIX HMHHUIMATOPAMHU OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MIPEBPALICHUI! SIBISIOTCS OPraHMYECKHUEe MPOTYKThI THAPOJIN3A ATKOKCHOB KPEMHUS
1 aJIOMHHHUS, @ UMEHHO CIIMPTHI, aJICOPOMPOBAHHBIC U XEMOCOPOHPOBAHHBIE Ha
MTOBEPXHOCTH THAPATHPOBAHHBIX OKCHIOB.

V3BecTHO, Y4TO MUPOIUTHYECKOE pas3iioKEHHE CIHMPTOB B aTMocdepe a3oTa B
MPUCYTCTBUU TIHHO3eMa mpennonaraer obpasosanune CO, H, u HempeaenbHBIX
yraeBomopoaoB. [loaToMy oOpa3oBaHMEe OKCOHWTPHIA KPEMHHS W ATIOMUHHS U3
CMEIIAHHBIX KCEpOrened MOKHO HPEACTaBHTh, KAK «KJIACCHYECKHM) MPOLIECCOM
KapOOTEpPMHUUECKOr0  BOCCTAHOBIEHUSA-a30THUPOBAHMA C  Y4acTHEM yriepoja
(xOTOpPBIF MOXKET 00pa30BaThCS NMPH KATATUTUYECKOM MHUPOJIHM3E CHHPTOB), TaK U
peaKnny BOCCTAHOBICHUSA—A30THPOBAHMA C YYAaCTHEM Ta3000pa3HBIX, YIaCTHHKOB
OKHCJIUTEIFHO-BOCCTAHOBUTEJIBHBIX peakiuid. CxeMbl NpeBpalieHnii B armocdepe
a30Ta PpEaKIMOHHBIX CMecell ¢ YYacTHeM CMEIIaHHBIX Kceporeineid MOXKHO
MIPEACTaBUTh B BUJE:

(6Si02+3A12O3)(cmemaHHw}i ,-em,)"'SNzT(l")"‘l5C—>2$i3A13O3N5 + ISCOT(F) 500040
(6S10,+3A1,0;)+5N,1(1)+COT(r)+28H,1(1r) — 2Si3Al30;N5 + CO,1(r) +14H,01(r)
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IIpu »TOM creayeT y4MTBHIBaTb, YTO BOAOPOJA M YrapHbId ra3 MOTYT
y4acTBOBaTb M B JIPYTUX OKHCIHTEIHHO-BOCCTAHOBUTEIBHBIX  IPOIECCAX:
Harpumep, BoccTaHaBiIMBaTh SiO,, 10 razoodpasnoro SiO, ucrnapeHne KOTOpOro
n3mensier crexuomerputo B— SizAl;0sNs. Kpome Toro, B ycioBusix SKCriepuMeHTa B
HCXOJHBIX CMEIIAHHBIX KCEPOTeisIX MPH KaTAIUTHYECKOM IMHUPOJIH3E CIHPTOB MO
JICHCTBUEM  BBICOKOJMCIEPCHOTO  OKCHIA  QIIOMHHHUS, HE  HCKIIOYaeTcs
BOCCTQHOBJICHHE OKCHJAa KPEMHHS 10 KPEMHUs, AKTHBHPYIOIIETO HE TOJBKO
MIPOIECC Aa30THPOBAHUS, HO M POCT HUTEBUIHBIX KPHCTA/UIOB CHAJOHA IO
MEXaHM3MY «Iap-KHIKOCTh-KpUCTAID. KOMIIIEKCHBINH XapakTep MpearoIaraeMbIx
OKHCJIUTEIbHO-BOCCTAHOBUTEJIBHBIX ~ PEaKIMi €  ydacTHEM  Kceporeined u
pasiokeHHe MPOJYKTOB MX T'MApONM3a B aTMocdepe a30Ta OOBSCHIET M3MEHEHHE
crexuomeTpuu f-cuasnona (otHorrenust 3A1:3S1) u odpazosanue 15R (Si:4Al) n 21R
(Si:6Al) TOMUTHTIOB CHATIOHOB.

HccnenoBanue BHIMONHEHO NMpH (UHAHCOBOW mopanepkke PODU, npoekr No
20-03-00455a.

CprKTypa U CCHCOPHBbIE cBoiicTBa HAHOKOMIIO3UTOB, IMOJYYE€HHBIX METOAOM
UMIIPErHUPOBAHUSA

Hrum MY, Tpomos B.®@.2, Iepacumos I'H.", Cnupudonosa E.FO.*?,
Tpaxmenbepe JI1.H.*
1. ®ULL XD PAH um. H.H. Cemenosa, Mocksa
2. AO «<HUOXU um. JI.A. KaprioBa», MockBa

B nmanmHolf pabore METOAOM  HWMIIPETHHUPOBAHUS  OBIIM  C(OPMHUPOBAHBI
HaHOKOMITIO3UTHI, COCTOSIIIME W3 HaHOKpuctamwioB In,O; pasmepom 30-40 HM B
coueTaHUM ¢ HaHokjactepamu SnO, pazmepoMm 5-8 HM. McciaenoBaHsl CTpyKTypa,
JIEKTPONPOBOJHOCTh  NOMYYCHHBIX  HAHOKOMIIO3UTOB W HX  CCHCOpHBIE
XapaKTepUCTUKH TIpH JECTCKTHPOBAHWH BOAOpOJa. BecbMa 3aMeTHas ceHCOpHas
YyBCTBHUTEIIFHOCT JIOCTUTACTCS MpPHU MPOTCKAHWM TOKAa 4Yepe3 arperatel H3
HaHOKIacTepoB SnO, u OOYCIIOBICHAa CTPYKTypoil HaHOKiIacTepoB SnOy,
COJICPIKAIINX NOHBI HHTHSL.

CBoiicTBa 00pa3yroIerocsi KOMIIO3UTa 3aBUCIT OT colepkaHusi B HeM SnO,.
[pu copmepxxanuu oxcupa onoBa Menee 20 Bec.% KOMIIO3HTBI  SIBIISFOTCS
0HO(DA3HBIMH U COCTOST U3 HAHOKPUCTALIOB In,O;, conepkalux pacTBOPEHHBII
SnO,. B Takux KOMIIO3UTax TOK MpPOTEKaeT uepe3 Kpuctamwisl In,O;, n mobaBku
SnO, MOBBIIIAIOT TPOBOJAUMOCTh KOMIIO3HTOB, a TaK)Xe CHIDKAIOT CEHCOPHBIN
OTKJIMK TP €TEeKTUPOBAHUU BOJOPOJa B Bo3ayxe. [Ipu conepaxaHun okcuaa oiaoBa
6omee 20 Bec.% KOMIIO3WUTHI coAepikaT 1ABe (ha3pl: HaHOKpUCTAWIBI In,O; U
HaHoKyacTepel SnO, pazmepom 5—7  HM. B aByxdasHbIX KOMIO3HWTaxX TIpH
yBemrueHun SnO, ot 20 10 40 Bec.% NpoucxoauT nepexol OT NPOBOJAUMOCTH Yepe3
KpUCTaJUIbI In,0; K IIPOBOJIUMOCTH yepes HaHOKJIaCTEePbl Sn0O,,
COTIPOBOXKIAIOINMIICA TIaJCHHEM MPOBOAWMOCTH ¥ YBEIHUYCHHEM CEHCOPHOTO
OTKIIMKa Ha BOMOpoj. CEHCOpHBIH OTKIUK JOCTHTacT MAaKCHMAIBbHOTO 3HAYCHUS
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npu 40 Bec.% SnO, u pe3ko magaeT npu JanbHeIeM yBenudeHHu 10 60 Bec. %.
Pesynbrater uccnenoBannit XRD, EDX u XPS mo3Bosnmim caenath BBIBOJ, YTO
BBICOKHI CEHCOPHBIH OTKIMK HaHokoMmosnuta 40% SnO; — 60% In ,0; oOycioBieH
BKJIIOYEHHEM HOHOB In B pemetky kiactepoB SnO,, 4TO NPUBOAUT K Je(opMaliisiM
pemetku. IlafeHne CeHCOPHOTO OTKIMKA IMPU YBEIUYECHUH OKCHA ojoBa 10 60 Bec.
% MOXXHO OOBSCHUTH Pa3pyIICHUEM HANpPSHKCHHBIX CTPYKTYP M BBIICICHUEM HOHOB
In U3 pemeTky KacTepos.

Pabora BbimonmHeHa 3a cuer cyOcumuu, BeigencHHoir OUI[ XD PAH Ha
BBINTOJTHEHNE TOCYJapCTBEHHOrO 3amaHus mo Teme 45.22 « DyHnaMeHTalbHBIC
OCHOBBI  CO3J[aHHMSI HAHOCTPYKTYPHPOBAHHBIX CHCTEM HOBOTO IIOKOJICHHS C
YHHUKAJIbHBIMU JKCIUTyaTalMOHHBIMU cBoMcTBamMu» (AAAA-A18-118012390045-2),
u ipu puHaHcoBo# noanepxkke PODU B pamrax npoektoB Ne 19-07-00251, 19-07-
00141, 18-07-00551 n 20-07-00158.

Cop0eHThl, coep:kamue KpayH-3pupbl, 1JiA H3BJIeYEHUS KATHOHOB CBHHIIA U
M€ U3 BOIHBIX PACTBOPOB

I'pomos B.d).l, I'epacumos F.H.l, Hrum M.I/I.l, Cnupuoonosa E.lO.l’z,
Tpaxmenbepe JI1.1.*
1. ®UILL XD PAH um. H.H. CemenoBa, MockBa
2. AO «HUDOXHU um. JI.A. Kapnosa», Mocksa

Jlannass paboTa TIIOCBSIICHA M3YYEHUIO YCJIOBUI TOJIydEHHs ITOJMMEpPHBIX
copOeHToB, conepxkammx 18-kpayH-6, nubenzo-18-kpayH-6 wmimm 15-kpayH-5, a
TaKXKe MCCIEOBAaHUIO AKTUBHOCTH 3THUX COPOCHTOB ISl M3BICUEHHUS KaTHOHOB
CBHHIIA U MEJIM U3 BOIHBIX PaCTBOPOB.

CopOeHTBl ~ TONMy4ald B  pe3yidbTaTe paJHalMOHHOW  ITOJMMEpPU3aLUH
aKpuiIaMuaa B BOJAE NMpH KOHIEHTparuu MoHoMmepa 40 Bec.% B mpucyrctBuu 18-
KpayH-6, nubeH30-18-kpayH-6 wimm 15-kpayH-5. B mpomecce ramMma-oOirydeHus
PEaKIIMOHHON CMeCH, CojepXKalleil MoOHOMep U  KpayH-3(QUp, IPOUCXOIST
OJTHOBPEMEHHO HECKOIIBKO MPOLECCOB: MOJMMEPH3aLUs IPUCYTCTBYIOETO B CMECH
MOHOMEpa, paIHallOHHO-XUMHYECKOEe CIIWBAaHHE OOpa3yIOUINXCS MOIMMEPHBIX
merne M pajAnanMOHHO-XMMHYECKas MpPUBHBKA KpayH-3¢upa K MOJEKyJIaM
nommepa. [lo okoH4aHMM OOIydYeHUS! MONTYYSHHBIH MPOAYKT HMPOMBIBAIM BOIHO-
CIMPTOBBIM PACTBOPOM AT yJaJICHHS HEMPOPEarupoBaBIIErO MOHOMEpA, a TaKxKe
KpayH-3(upa, HE CBA3aHHOTO C TIOJUMEPHBIMH [emsIMH. Jlnd MoIydeHust
BBICOKOMOJICKYJISIPHOTO ~ CHIMTOTO HaOyXalomIero B BOJAE IIOJHAKPUIAMHIA,
COZIepIKaIlero MMMOOMIIM30BaHHBIE MOJIEKYJIbl KpayH-3(upa, MHOJIMMEPU3ALNI0
aKpuIaMuAa B TPHCYTCTBHM KpayH-3(upa MPOBOAWIN TaKXKe IOA JAeHCTBHEM
nepcynbdara xanmms u 1-2 Bec.% CIIMBAOIIETO areHTa MeTHIeH-Onc-akpuiamua. B
MOJyYEeHHOM TakuM 00pa3oM MpOJYKTe MOJEKYJbl KpayH-a¢upa Kak Obl
«3aXOPOHEHBD) BHYTPHU MOJIMMEPHON CETKH, OJHAKO OHU HE CBS3aHBI XUMHYECKHUMHU
CBSI3SIMH C TTOJMMEPHBIMH LIETISIMH.
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W3ydeHo BiMsiHUME pa3IMYHBIX I[apamMeTpoB Ha OS(GQPEKTUBHOCTH COPOIHU
METaJUIOB M3 BOAHBIX PAacTBOPOB. [loka3aHo, 9TO COPOIMOHHASA CHOCOOHOCTH ITHX
COpOEHTOB PE3KO BO3pACTaeT NPH YBEINYECHHHU COJCPIKaHUs B HUX KpayH-3(UpOB OT
3 no 6 Bec.%. IIpu BbLIEpKUBAHUHM COPOEHTOB, coaepkamux 6 Bec.% 15-kpayH-5
unn 18-kpayH-6, B BOJHOM pacTBOpe XJOpPHIa MEOW WM aleraTa CBHHIA
COOTBETCTBEHHO KOHIIEHTPAIWs COJM B PAcTBOPE yMEHbIIAeTCs Ha 3-4 mopsijika
BeJIMUMHBL. [Ipn BbIIepKMBaHUM COpOEHTOB Ha OCHOBE |8-KkpayH-6 B pacTBoOpe,
coJiep:kallieM YKBUBAJICHTHbIC KOJTMYECTBA alleTaTa CBUHIIA WM CEPHOKUCION Meny,
KOJINYECTBO abCcOpOMpPOBAaHHOM Meau He TpeBbmano 5% OT KOJIMYecTBa
9KCTPAarnpoOBaHHOTO CBHHIIA, YTO CBHJETEIBCTBYET O BBICOKOH CEIEKTHBHOCTH
TaKMX COPOCHTOB.

PaboTta BbImomHeHa 3a cueTr cyOcumuu, BeigeneHHod ODUI[ XD PAH Ha
BBITIOJTHEGHHWE TOCYJapCcTBEHHOro 3amaHuss 1o Teme 45.22 (AAAA-A18-
118012390045-2) u npu ¢punarcoBoit nognepxke POOU B pamkax mpoekra Ne 18-
29-25038 MK.

Hogble koMno3utHbie HOcuTeH HAa ocHoBe MYHT u y-ALO; nist CoMoS
KATAJM3aTOPOB T'HAPOOYUCTKH

Kaszaxoea M .A. 1’2, Bamymuna [O.B.l'z, Kazakos M.O.l, Knumos O.B.l, Hockos A.C.*
1. MuctutyT katamusa CO PAH, HoBocubupck
2. HoBocubupckuii rocyiapcTBeHHBIN yHIBEpcUTeT, HoBOCHOUpCK

IMpoueccsl ruppoounctkn (I'O) B OCHOBHOM OCYIIECTBIISIIOTCS Ha CYJIb(OHIHBIX
Co(Ni)Mo karanuzatopax, HAHECEHHBIX Ha OKCHUJ| aJIOMHUHHS, KOTOPBIH oOnamaer
XOPOIIMMH TEPMUYECKHMH, MEXaHHYECKUMH M TEKCTYPHBIMH XapaKTEPHCTHKAMH.
OnHaKO OCHOBHBIM HEJOCTAaTKOM OKCHJA QJIOMHHHUS  SIBISIETCS  CHJIIBHOE
B3aUMOJICHCTBHE C  HAHECEHHBIMH  MPEALICCTBCHHUKAMHM  METaJIOB,  4TO
MIPEMATCTBYET TOJIHOMY CYIb(QHUINPOBAHUIO W YMEHBINAET KOJMYIECTBO aKTHBHBIX
LEHTPOB. 3HAUUTENbHBIH HHTepec npeacTaBisioT CoMoS karanuzaropsl 'O Ha
yraepoaHbIx Hocutensx. OAHAKO yriepoAHble HOCHUTENIHM HMEIOT CYLIECTBEHHBIE
HEIOCTaTKH, TAaKMe KaK HH3Kasg HACBIMHASA IUIOTHOCTh M HM3Kasg MPOYHOCTH, UTO
OTPaHMYMBAET WX HUCIOIBb30BAHUE JUIA  IPUTOTOBICHHUS  NPOMBIIUICHHBIX
kataanzatopoB 1'O. Takum o0pazoM, pa3paOOTKa KOMIIO3UTHOTO HOCHTENS C
YITy4IIeHHBIMU (U3UKO-XUMHYECKUMHU CBOWCTBAMH, 00BEIUHSIONIETO
MPEUMYIIECTBA YIJIEPOAHBIX MAaTepHAlOB W OKCHIA AaJIOMUHHS, SBISIETCS
aKTyaJIbHOW 3aJjauel UIsl oJIy4eHus! HOBBIX KaTanuzatopos ['O.

B nmanHO# paboTe WCCIeqOBaHO BIHMSHUE pa3IHYHbIX Hocutened (y-AlOs,
MHOTOCJIOWHBIX yTIepoAHbIX HaHOTPYyOok (MVYHT) m KOMMIO3UTHOTO HOCHTENS
MVYHT-y-ALL,O3) Ha cBoiictBa CoMoS kartamuzatopoB ['O. OcHoBHas nnes paboThI
COCTOsIIa B TOM, YTOOBI OOBEIMHUTH MPEHMYIIECTBA OKcuaa amoMuans 1 MYHT B
omHOM Hocutene mnyrtem cuHTesa MVYHT-ALO; kommosuta wmeromom CVD
pasznoxenus oSTwieHa mnpu Temmeparype 680 °C  ma FeCo xartammsaropax,
TIPEABAPHUTENBHO 3aKpEIUICHHBIX Ha moBepxHOCTH y-Al,Os;. Ha ocHOBe pa3mmaHBIX
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HocuTenel 6butu npurorosiaeHsl CoMo kartanuzaTopsl (12,0 mac.% Mo u 3,2 mac.%
Co). Karammzaropel B  cyabQuaHOH  (opMe  HCCIENOBAIM  METOJaMHU
HU3KOTEMIIepaTypHOll aacopbumu azora, P®OC wu IIOM. KarammzaTopst
TECTUPOBAJIM B peakuusix  ruapoodeccepuBanusi  anOeHsoTnodeHa u
THIPO/ICa30 THPOBAHHSI XMHOJIHMHA.

ITokazano, uro ruapoodeccepuBaromas M T'MAPOACA30THPYIONIAs aKTUBHOCTh
CoMoS kartanu3atopoB, MoiNy4eHHBIX Ha ocHOBe MVYHT-AL,O; KOMITO3UTHBIX
HOCUTeNeH, IPeBOCXOAUT akTUBHOCT, COMOS KaTalnu3aTOpoB Ha OCHOBE MCXOMHBIX
AlLO; n MVYHT. IlonoxutensHbiii 3(dexkrT ncrmonb30BaHUS KOMIO3UTHBIX
HOCHUTENEeH JOCTHUraeTcs 3a CYeT CHIDKCHUS B3aMMOJACHCTBHS —«aKTHBHBIN
KOMITOHEHT-HOCHTENb» M YBEIWYEHHs IMUCIIEPCHOCTH CYJIb()UIHOrO KOMIIOHEHTA
IpU TPEUMYIIECTBEHHOM COXPAaHEHHH TEKCTYPHBIX XapaKTEPUCTHK HCXOTHOTO
OKCH[Ia ATIOMUHHS.

Pabota BeImonHeHa B pamkax npoekta PH® Ne 19-73-00069.

Buausinue pH cpennt Ha kiaerku Paramecium caudatum npu Bo3aeiicTBum
HU3KOTEMIEPATYPHOI MIIa3MbI aTMOC(EPHOr0 1aBJIeHHUs

Kanununa H.F.l, Kapnyxuna O.B.l‘z, Psabwvin B.A. 3, Casunos B.H.4, AKyHuH B.F.4,
Hnozemyes A.H.Z, Heanoe B.B.
1. ®ULL XD PAH, Mocksa
2. buonornueckuii pakynsrer MI'Y umenu M. B. JlomonocoBa, MockBa
3. MAU, Mocksa
4. Omnueckuii Gpakynsrer MI'Y umenu M. B. JlomorocoBa, Mocksa

[IpumeHeHnne HHU3KOTEMIIEpAaTypHOU TuIa3Mbl arMocdepHoro masienust (HTITAJT)
SIBIISICTCSL OJTHAM U3 3(P(PEKTUBHBIX, HO OJTHOBPEMEHHO M SKOJIOTHUCSCKH OE3BPEIHBIX
croco0o0B 0opbrOBI ¢ MHKpOOpraHuzmMamu. [IepCreKTHBHOCTh 3TOTO HAIPABICHUS
MIPOIEMOHCTPHPOBAHA B psific pabOT BKIIFOYAS M BO3MOKHOCTH ITOJTHOTO TIO/IaBICHUS
KHU3HEACATSIIFHOCTH MHOTHX TIATOTCHHBIX OpraHm3sMoB. OIHAKO MeEXaHH3MEI
JIEHCTBUS TIIa3Mbl OCTAIOTCSI TUCKYCCHOHHBIMU. OCHOBHAsSI LIENb JaHHOU pabOTHI —
kuHeTnueckui aHanmu3 BoznedcTBus HTIIAJl Ha KIETKH OJHOKJIETOYHOTO
opranusma Paramecium caudatum u oreHKa BIMSHUS W3MCHEHHUS O] JICHCTBUEM
TUTa3MBI OKPYIKAFOIIEH Cpe/Ibl Ha €ro JKU3HECITOCOOHOCTD.

HcTOYHMKOM TJIa3MBbl SIBISIJICSL DJIEKTPOAYTOBOM TJIa3MaTpPOH TOCTOSIHHOTO
TOKa HOBOTO THIA C BBICOKHM pECypcoM pabOThl M CBEPXYHCTOH IUTa3MEHHON
cTpyeii. B Xome ombITOB OBIIO YCTaHOBICHO, YTO JCWCTBHE IUIa3MEHHOW CTPYH
MPUBOIUT K YMCHBIICHUIO KOJMYECTBA YKH3HECIOCOOHBIX KIIETOK, IPHU 3TOM
BBIPAKCHHOCTh ~HETAaTMBHOTO 3¢¢eKkTa MmIasMbl 3aBUCUT OT BpPEMEHH €&
BO3/eHCTBHA. KOnMn4ecTBO JKM3HECTIOCOOHBIX KIIETOK, ONpEeeNsieMoe cpasy ITocie
MPeKpalICHUs] JEHCTBUS IUIa3MbI, OTHOCHUTEIBHO CJIa00 3aBHCHUT OT BPEMEHH
BO3JICHCTBUS, HO TIpU JalbHEHIIEeM HaONIOJEHUH CKOPOCTh THOENH KIETOK
BO3pacTaeT NMpU YBEIWICHUU 03Bl 00mydeHus. TakuM 00pa3oM, HaOIOJaeTcs SIPKO
BEIPOKEHHBIH A(PQEKT IMOCIENCHCTBHUA: KISTKH MPOJODKAIOT ITOTHOATh IIOCie

127



MPEKpAILeHUs] BO3/ICHCTBHS AaXke NPH HeOOJIbIINX BpeMeHax 00pabOTKM IUIa3MOM.
Kunernueckue KpHUBBIE HMEIOT BBIPAXKECHHBIM «CTYNEHYATBI» XapakTep: Ha
HAYaIbHBIX CTaIUAX TOCIIE IPEKpaIleHHs BO3ICHCTBUS TIa3Mbl THOCIH TPOUCXOANUT
CYIICCTBCHHO ObICTpee, 4YeM Ha Ooyiee MO3IHMX CTaausAX (Tak HasbBaeMas
KHHETUYECKas  OCTaHOBKa  mpoiecca). Hauwbomee — HarmsimHoW — opmoit
KOJIMYECTBEHHOTO aHAJIN3a Pe3yIbTaTOB OSKCICPHUMEHTOB SBISETCS 3aBHCHMOCTD
BBDKHBAGMOCTH OT 103kl Bo3jeiicTBus. [Iporecc onmchiBaecTCs KHHETHYECKUM
YPaBHEHUEM peakuuu IepBoro mnopsaka. Ilmasma B JaHHBIX — yCIOBHAX
HETIOCPEACTBCHHO HA KJICTKU BJIMUACT MajlO, TaK KaK IMOAABIIAIOIICE OOJBIIMHCTBO X
HAXOIUTCS JAJeKO OT MOBEPXHOCTH THTATeIbHOW cpenbl. OmHako, eiicTBhe
IUTa3MBbl, [O-BUAMMOMY, BBI3BIBACT M3MCHCHHUS CpEIbl, KOTOPBIC MPHUBOIAT K
CYIIECTBEHHOMY CHIDKCHHIO JKH3HECIIOCOOHOCTH KJIETOK, W OTH H3MEHEHMs
OTHOCHTETFHO TeM Oojiee 3HAYMMBI, YeM OOJbIIEe BpeMs, TPOIIEAIIee IT0CIe
BO3/CHCTBHA TUTa3Mbl. [loka3zaHo, 4TO B pe3yibTaTe M3MEHCHUS BHEUIHUX YCIOBUI
(MOHHOTO COCTaBa pAacTBOpa) MEHSCTCS XapakTep [BMKCHHS W YMCHBIIACTCS
KOJIMYECTBO JKM3HECTIOCOOHBIX KIIeTOK. JKH3HecrmocoGHOCTh KiieTok Paramecium
caudatum 3aBUCHT OT BPEMEHH BO3ACHCTBHS [U1a3Mbl U KOPPEIUPYET C H3MEHEHHEM
pH cpenpr. IlpoaHamm3upoBaHbl OOHApY)KCHHBIE B padoTe KHHETHYCCKHE
0COOCHHOCTH TIPOIECCOB: MOCT-3()(EKT BO3ACUCTBHS IUIA3MbI, CTYICHYATHII
XapakTep THOENN KIETOK W KOPPENSIns M3MEHEHHUs KU3HECTIOCOOHOCTH KJIETOK U
pH cpenpr.

Pabora BbImonHeHa B paMkax (uHaHcupoBaHus ['OcylapcTBEHHOTO 3a/aHuUs
OULl XD wum. HH. CemenoBa PAH NeI'3 -0082-2019-0008 ( AAAA-A20-
120030590042-8) u I'3 MI'Y um. JlomorocoBa (AAAA-A16-116021660055-1).

Jannbie UK — @ypbe — CIEKTPOCKONNHU 0 KPUCTANLIU3ALMHU BOAbI B HaQUOHe
NPH HU3KUX TeMIepaTypax

Kapenun A.U., Karomos P.P., JJobposonscxuii FO.A.
WITX® PAH, YepHoronoBka

Mem6pansl  Hajuonma — H'™ ¢ 106aBKaMi  TSKeIoro M30TONa  BOAOPOJIA,
Haceimennele Bogoit (H,O/H' =12.5), IpH TOJNIIMHE Closi 25 MK ObuiH
uccienoBanbl MeronoM MK — ¢ypbe — CHEKTPOCKONMHMU TOTJIOMIEHUSI B IIMPOKOM
HHTEpBaJIe TEMIIepaTyp OT Hyiist 10 - 192 °C B gmamasome 400 — 4000 cM™' ¢ memnbio
OMpEeNICHHUsT MPUPOAbI KPUCTAIIOB JIbJA, BBIICISIOMINXCSA MPU OTPULATEIBHBIX
TeMIeparypax. Y CTaHOBJICHO, YTO Ta 4acTb BOJbI, KOTOpas HE CBsA3aHA IIPOTOHOM
(ycmoBHO cBOOOIHA), KpUCTATM3YETCs B KaHAax MmeMOpansl Hmxke — 30 °C B BuIe
0co00if (aspl, CTPYyKTypa KOTOPOH CYIIECTBEHHO OTIMYACTCS  OT CTPYKTYpPBI
reKCaroHaJbHOTO W KyOHUYecKoro Jipaa. HekoTopble NMpU3HAKH yKa3bIBAIOT Ha TO,
9T0 3Ta (ha3a ABISIETCS TUIACTHUECKON MITH e POJICTBEHHA TUIACTHUECKOH (ase.

Pabota Bemomnena mpu mnomnepxkke PH® (Horoop Ne 17-79-30054) mu
YaCTHUYHO MO TeMe ['0CyIapcTBEHHOTO 3amaHusi, Ne TOCYAapCTBCHHOH pPErHCTpaliii
AAAA-A19-119061890019-5.
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Marunurokanopuyeckuii 3¢ et B TOHKUX nmiaenkax Gd

Kawun C.H*?, Konnax O.B.*
1. UTTX® PAH, YepHoronoBka
2. VIBaHOBCKUII rOCy1apCTBEHHBIN YHUBEPCUTET, IBaHOBO

WHTepec K HUCCIEIOBAHUIO MATHUTOKAJIOPUYIECKOro ¢ ¢eKTa B CIUIaBaX Ha OCHOBE
Gd obycnosnen tem, uto Gd mMeer TemmepaTypy nepexona B (peppOMArHUTHOE
coctosiHue Onm3Kyro kK koMmHatHOW (7, =293 K), a Takke Tem, 4TO COCIAWHCHUS,
copepxkamye Gd, AEMOHCTPUPYIOT TMIAHTCKMH MarHUTOKalIopHyecKuil 3(Qexr.
Dto mo3BossieT paccmarpuBaTh Gd B KkauecTBe pabouero Tema MarHUTHBIX
XOJIOJMJIBHBIX MalMH. B Hamiel paboTe MCIOIb30BaINCh MHOTOCIIOIHBIE 00pa3Ibl
W/Gd/W/MgO(100), kotopble OBUIM MHOJYYEHBI C MOMOIIBIO MAarHETPOHHOI'O
HambuieHus. TomumHa raqonuaus Bapeuposaiack d =100 - 300 Hwm.

3HaYeHUS] MATHUTHOM SHTpOIHHU —4SMax it oOpasiia ¢ TOJUHON ci1os d =
100 aM coctamsuto -AS = 5 Jlx/krK B marauTHOM 1onie H = 5 T HampaBieHHOM
BJIOJIb ITOBEPXHOCTH 00pa3ua. YBenuueHue TomuuHel mieHkn Gd B 1.5 pasa
MIPUBOJMIIO K yBenmdeHuto -AS Ha = 35 % (puc. 1).

8 T T T T T
=@ (100) 100 nm
7 k =@-(100) 300 nm ) J
6F E
ol 1]
g

4 st .
2F r
1 r

1 2 3 4 5

H, T

Puc. 1. Hzmenenue maxcumanvho2o 3nauenus Maznumno snmponuu —ASmax
ons obpaszyos WIGA/W/MgO(100) ¢ morwunoii cnos 2adorunus d =100 v (1) u
300 e (2).

OTtHOcuTenbHass MOITHOCTE oxJaxaeHus RCP B oopasuax W/Gd/W/MgO(100)
¢ rommuuol cnost ragoiuaus d =300 M gocruraetr 380 JDK/KT, 4TO GJIM3KO K
3HaveHMsIM st 00beMHOro Gd (410 JIx/kT). YCTaHOBICHO BIHMSHUC BHYTPEHHHX
MUKpOHAIPSHKEHUH Ha MarHuTokaiopuueckuit sddexr B W/Gd/W/MgO(100)
MHOT'OCJIOMHBIX CTPYKTYpax.
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IMouck onTUMANBHBIX KOHUEHTpauuii nupodeodopduaa-a B JIUNOCOMAIBLHOM
dopme 115 poToaMHAMHUYECKON Tepanuu onmyxoJiei

Knumosuu M.A.*, Cascuna H.H.", Ezopos A.E}, lIlu6aesa A.B., LlIxupoosa A4.04,
Mapkosa A.A.z, Samunayxoe I/I.A.3, Cnupudonos B.B.4, Kysbomun B.AlY
1. UBX® PAH, Mocksa
2. UHO0C PAH, Mocksa
3. U®XD PAH, Mockga
4. MT'Y, Mockga

[Monycunrernueckuit nupodeopopoun-a (PPP-a) Ha ocHOBe xnopodmmia a,
BBIICNICHHBI W3 Bomopociu  Spirulina  platensis, -  mepcrmekTHBHBII
¢dorocerncudbmmmzarop (PC) mia poronuHammueckort Tepanmuu (DT) omyxomeii.
JlaHHOe coeqMHEHNe UMeeT MOJI0Cy MOINIOIEHHs B KpacHOH obnactu crekTpa (673
HM). Jlna noBemmenus  OmomoctymHoctH  PPP-a Obima BBIMONHEHa — €ro
JurocomanbHas Gopma. JINIOCOMBI (OPMUPOBATIH U3 COSBOTO JICIUTHHA MapKh L-
a- Phosphatidilcholine “Sigma-Aldrich”. B cycnensuto nemutuHa B (ochaTHOM
Oydepe mobamsim pactBopsl PPP-a B Tonmyone ¢ pasHOW KOHIEHTpamueil u
MOJIBEpPTald yIbTPa3ByKOBOMY BO3ACHCTBHIO NpH TeMmeparype cmecn okoio 0°C,
MOJyYCHHYIO0 ~ JAWCIIEPCHIO  JIMIIOCOM  IeHTpu(yrupoBaad. BpemeHa >Ku3HM
¢yopecueniun PPP-a, BKIIOYEHHOTO B JIMIIOCOMBI, M3MEPSUIM Hpu 678 HM Ha
BpemsipaspenicHHOM criektpodayopumerpe Fluotime 300 PicoQuant ( 'epmanus),
(hotoBo30y)eHue ot nazepa Solea mpu 507 HM. BpemeHa KU3HU JTIOMUHECIICHITUH
CHHIJICTHOTO KHCIIOPOAa W3MEpPsUIM Ha OSTOM ke mpubope mpu 1275 HM,
(hoTOBO30YKICHHE OT KCEHOHOBOI amnbl mpu 543 Hm. [l pacuéra KBaHTOBOTO
BBIXOJ]a CHHIJIETHOTO KHCJIOPOJa aHAJOTHYHBIC M3MEPEHHs OBUIM CHACNaHbl U I
pactBopa Po3bl OeHrambckoif B TsDKENOM Bome. MakcuMmalbHass MHTEHCHBHOCTB
(IryopecieHIIH Ha [UTHHE BOJHBI 678 HM Ha0II0Aa1ach Mpyu KoHIeHTpauuu PPP-a B
aunocomax 32,9 MkM/r nunupos. B UK cmekTpe nmIocom, HarpyKeHHbBIX
MonekynamMu PC mocie oOaydeHHs WX KPacHBIM CBETOM, OBIIO OOHApYKEHO
00pa3oBaHME HOBBIX I0JOC IIOTJIOLIEHHS, COOTBETCTBYIONIMX — aJbJECTHIHBIM
rpymmam (1740 cm™'). Mertomami  KOH(OKATBHOH MHKPOCKOIMHH  ONpeie/ieHa
¢dorounnynupoannass PPP-a okucnurenbHas aerpaganysi MEMOpPaHHBIX CHCTEM
KJIETKH, 9TO BHJHO II0 OCTAaTKaM 3HAOIIA3MAaTHYECKOTO PETHKYIyMa M JH30COM.
[locne cyroyHOM WHKyOamumu KIETOK KapuuHOMBI ToicTod kumkd HCT116 ¢
CYCHEH3UAMH JHIIOCOM, conepxammmMu PPP-a, obmydenus kpacHeiM cBetoM (30
)I)K/CMz) BBI3BIBANIO THOENb KIeToK, [Cso=1,3uM, 3TO Ha TOPSIOK HIKE, YeM B
«TE€MHOBOM) BapHaHTE SKCIIEPUMEHTA.

CrnekTpockonmyeckne w3MepeHust mpoBenenbl Ha 0Oase LIKIT  «Hoswie
marepuaibl U texHosornn» MbX® PAH. PaGora BbimonHeHa npu (UHAHCOBOU
nonnepxke Poccuiickoro HayuHoro ¢onma 1o mpoekty Ne  18-13-00463
«MexaHu3Mbl  (POTOXMMHYECKHMX TIPOIIECCOB B KOMIUIEKCAX ITOJMMETHHOBBIX
KpacuTeliel ¢ AByMs CONPSDKEHHBIMU XpOMO(pOpaMu 1 OEJIKOBY.
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Oco0eHHOCTH MOJIEKYJISIPHOI CTPYKTYPHI ABYX H30MepoB (y.iepenoB Crs u
Cs, He TOTYMHSIONIAXCS MPABUJIY H30JHPOBAHHBIX IEHTATOHOB

Kosanenko B.U. .1, Ezoposa A.C.Z, Ilemposuuesa U. .B.z, Xamameanumos A.P.
1. IO®X um. A.E. Apby3osa — OCIT ®UI] KasHI[ PAH, Ka3aus
2. ®I'bOY BO «KHUTVY», Kazanb

Xopomo W3BECTHO, YTO (yJulepeHbl, KOTOpblE HE MOAYMHSIOTCS IPaBIILY
n3onupoBaHHbIX neHTaroHoB (ITUII), HectabunbHbl. ITo 3TON mpuYMHE MX HETH3S
MOJyYUTh B BHJE COOCTBEHHO (DYJUIEPEHOB, OJHAKO HEKOTOpPBIE MX HUX YJIaeTcs
BBIJICIIUTH TOJIBKO KaK IPOM3BOJHBIC (3K303/palibHble WM 3HA03ApajibHble). [Ipn
9TOM MPAKTUYECKH HHUKOTJa HE IIPOCIEKHUBACTCA CBA3b CTPOCHHS MOJIEKYJIbI
HEeCTaOMIBHOTO (yJUIepeHa U ero CTAOMIBEHOTO TPOU3BOIHOTO.

Ha ocHoBe HaIero moaxosaa K TEOPETHYECKOMY MOAEINPOBAHHIO HIIEKTPOHHOMN
CTPYKTYpBI MoJeKysl ¢ysuiepeHa [1] MBI HONBITaNMCh BBISICHUTH OCOOCHHOCTH
CTPOEHUS MOJIEKYJI HEKOTOPBIX (yJuiepeHoB, He nmoxunHstomuxcs [TUI1. B kagecTse
00BEKTOB HCCIENOBaHUS OBUIM BBIOpaHBI JABa M30MeEpa HU3KOH CHMMETPHH
¢ynnepenoB C76 u C80, cTpyKTypa MOJICKYJ KOTOPBIX OblIa MICHTA(DHUIIMPOBAHA
meroqom PCA B Buae »sHaoddpanbHbiXx  ¢dymiepenoB  U@17418(C,)-Cre,
U@?28324(C,)-Cso 1 Th@28324(C,)-Cs [2]. Kakasit u3 3THX H30MEPOB COAEPIKUT
110 OJJHOMY TIEHTAJICHOBOMY ()parMexry.

BrniepBble mpeAcTaBICHbI JaHHBIE O PACIpPENeNeHUM MPOCTHIX, JBOWHBIX U
JICIIOKAJIM30BAaHHBIX T-CBA3EH B HCCIEIyeMBIX (yiIepeHax, a TaKkKe MpPUBEICHBI
CTPYKTypHBIE (GOpMynsl WX Moyiekysl. OOHapyXeHO, 4YTO MOJIEKYJIbl 000UX
N30MEPOB COJepKaT CMEXKHbIE (peHaJICHUII-paJUKalbHbIe CYyOCTPYKTYpBI: IIECTh B
Cso 1 yerbipe B Cy6. [TokazaHo, 4TO HECTAOMIBHOCTh M3YyUEHHBIX (YJUIEPEHOB, HE
nogaussrontuxcst [INI1, o0ycioBieHa X OTKPBITHIMH 00OJIOYKAMHU H JOKAIBHBIMH
MEpPEHANPSDKCHUSIMU. BakHBIM  (pakTOM SIBIISIETCSI TO, YTO SKCIEPUMEHTAIBHO
OIpe/IeNICHHBIC MO3UIMU HA03PalbHBIX aTOMOB BHYTPH 3THX (yiuiepeHoB [2],
KOTOpBIE CTAOMIM3UPYIOT MOJIEKYJIy B IEJIOM, ONHM3KH K BBIIICYHOMSHYTHIM
paaWKambHBIM KJIacTepaM, TeM CaMbIM MOATBEpXKAas HANly apryMEHTAIHIO.
OOcyxaercsi cxema Iepexosia OT OTKPHITOH O0OOJOYKH MOJICKYJBI K 3aKPBITOH
obosouke B mporecce (GOpMHUPOBAHMS IIPU CUHTE3E Mapbl: aHHOH-QYJUIEpEH U
KaTHOH HI0METaJlIa.

Pabora BeimonHeHa npu GpuHancoBoi noaaepxkke PODIU Ne 18-29-19110MK.
1. Kopanenko B.M., Xamarramnmmo A.P. CtpoeHme M cTaOWIBHOCTH BBICIINX

¢ynnepenoB. M.: Uzn-Bo Poccniickoit akagemuu Hayk, 2019. — 212 c.
2. Cai W., etal. J. Am. Chem. Soc., 2018, 140, 18039-18050.
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Kondurypaunonnslii cnuHoBbIi nepexon B Mukponposoaax a-Fe/PrDyFeCoB

Konaax O.B.*, Konmakos A.O.*, Jleopeykas E.B.", Kopones J].B.%, Banees P.A.?,
Tuckopckuii B.I1?, Mopeynos PBY?
1. UactuTyT pobieM xummdeckoi ¢pusukun PAH, UepHoromoska
2. Bcepoccuiickuii MHCTUTYT aBUALIMOHHBIX MaTepuaioB, Mocksa
3. IlepBblil MOCKOBCKHIf TOCYNapPCTBEHHBIN MEAUIIMHCKUIN YHUBEPCUTET HM.
M.M.CeuenoBa, Mocksa

HoBslil THI MHKpONpOBOIOB ¢ siipoM o-Fe u amopdnoii obonoukoit PrDyFeCoB
SIBISIETCS] TIEPCHIEKTUBHBIM OOBEKTOM ISl HAHO- M MHKPOMAHHITYJISITOPOB, TaTINKOB
MarHuTHOro mois [1-3]. OOHapykeH CHHH-TIEpEOPHUCHTAIIMOHHBIA IEepexon B
mukponposoaax o-Fe/PrDyCoFeB mpu 245 K, npuBomsmmii Kk ckaukooOpasHOMY
M3MEHEHHIO MAaTHUTHOM aHU30TPOINHU, OCTAaTOYHONH HAMAarHWHYEHHOCTH U MarHUTHON
BOCIIPMMMYHBOCTH. YBEIMYEHUE BHEIIHETO MArHUTHOIO TOJIS, COMPOBOKAAIOMIAECS
HarpeBaHueM MHUKponpoBoja oT 2 K, NpuUBOAUT K CMEIIEHHIO TEeMIEeparypbl
mepexoga or 245K (0 T) mo 70K (1 T), mpu 5TOM BeIUYMHA CKauka
HAaMarHWYEHHOCTH YMEHBIIAETCS MMPAKTUIECKU 10 HynA (puc. ).
b

goee—e 2 H1 D al .3

HIE \
5 \

Hnﬁk_._
1

1 2 4 6
H, kOe H, kOe
Puc.1. (a) 3asucumocmo Kpumuueckoil memnepamypul nepexood T it O GHeWHe2o
MazHumnoz2o nons npu Haepese oopazya om 2 K; (b) 3asucumocms senuuumu
ckauxa Hamaenudennocmu AM om maznumnozo noas.
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KoH(HTypallMOHHBI CIIHOBBIN IMEPEX0J COOTBETCTBYET MEPEXOIY MEKIY
BBICOKOTEMIIEPATYpPHBIM  COCTOSHHEM  Kjaccudeckoro  I'eii3eHOeproBcKoro
(eppoMarHeTHKa W HHU3KOTEMIIEPAaTYPHBIM COCTOSIHHEM V3MHTOBCKOTO CIMHOBOTO
cTekya. Takodl CHHMH-TIEPEOPUCHTAIMOHHBIA TIEPEX0J] OYEHb INPHBICKATENICH I
MarHUTOKAJIOPUYECKUX TNPUIOKEHUH. 3aBUCHUMOCTb KPUTHUECKOM TemmepaTypbl
Iepexo/ia OT MArHUTHOTO TOJIS TIOAYMHACTCS KIACCHUECKON TEOpHH IS IIepexo/ia B
CHJIBHO  HEYNOPSIOYCHHOH aMop(pHOW CHCTEME C BBICOKOM  MarHUTHOH
AHU30TPONHUEH.

Pa6ota BemmonneHa npu nognepxke PODU npoekt 20-32-70025 «CTabHIBHOCTY.

[171 O.B. Komnax u ap., @TT, 62 (4), 562 (2020).
[2] R.B. Morgunov u np., IMMM, 497, 166004 (2020).
[3] O.B. Komnak u ap., @TT, 61, 2090 (2019).
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DHeprus aKTUBAIUH TEPMHYECKOT0 Pa3JI0:KeHHs IHEPreTHYeCKHX MAaTepPHAT0B

Mameees A.A.l, Konmenos A.A.l,Konmeﬂoe H.A.Z,Poeoauna AAr
1. ®I'VIT «®UAT «Coro3», r. JI3epkuHcKuit
2. OAO «M1l1] «bappukans, Mocksa

[Ipn HarpeBaHWW B JHUHAMHYCCKOM PEKUME B YCIOBHAX 3aMKHYTOTO o0beMa B
yenousix JICK Tepmuueckoe pas3inokeHHE MHOTHX JHEPreTHUECKUX MaTepuasioB
(BM) mpoTekaeT €  YCKOpPEHHEM U  XapaKTepU3yeTcs  3HAYUTEIbHBIM
TerutoBbIeieHHeM. D(QeKkTUBHYIO (KaXyIIyocs) SHEpTHI0 aKTHBAaMu £ Uit
mpouecca  pasjoXKeHHs  pPacCUMTBHIBAIOT  pa3IMYHBIMH  METOJAaMH [0
9K30TEpMUYECKMM mHKaM. [lo ompeneieHHIo HSHEPrusi aKTUBAUU—  3TO
MUHUMAaIIbHAS SHEPTHsI, KOTOPOI TOJKHBI 00J1a/1aTh pearupyromife YacTHIIb, YTOOBI
MPeO0IeBaTh NOTCHIUANBHBIN Oapbep. Jnsd TpoTeKaHWS JK30TCPMHUYCCKHUX
peakiuii aBTOKATAIUTUYECKOTO U IEMHOTO THIMA JOMOJIHUTENbHAs DHEpPrus He
HyxHa. OfHAKO JUIA «3aIycKa» TaKuX peaknuii B DM NMOTeHIHATBHBIM 0apbepom
CITy’)KaT 3aTpaThl JHEPTHH, HEOOXOIUMBIC IS INEPBHYHBIX pPa3pPHIBOB MOJEKYIL
[Tooromy, ompepensisi E 1o HavaibHbiM craausMm nukoB JICK, wmbl B
JIEUCTBUTEIBHOCTH HAXOJWM OHEPrUI0 aKTHUBAllMU TEPBHUYHBIX pPa3pbiBOB. B
HACTOsIIIIee BPeMsI MPAKTHYECKU OOIIETIPUHATHIM SIBJISIETCSl TPEICTABICHAE O TOM,
YTO TEPBHYHBIM (JMMUTHPYIONIMM) aKTOM TEPMHYECKOTO Pa3IOKEHHS TaKuxX DM,
KaK BTOPUYHBIC HUTPAMHHBI ¥ HUTPOX(UPHI, SBISIIOTCS pa3pbiBbl cBsizell N-NO, n
O-NO;,.

[lonmy4deHHBIe B pa3HBIX JTa0OPAaTOPHAX pa3IMYHBIMA METOZaMH Hamboiee
JIOCTOBEPHBIE AKCIEPUMEHTATIbHbIE 3HauUeHUs! dSHEpruucBs3u N-NO, i OKToreHa
nexkar B mpenenax or 150 mo 190 k/[x/mosb. PacueTHble BEIMYMHBI 3HEPIHU
nucconuaryu 3toi cBszu (BDE), momydennsie a1t MOJIeKyT B Ta30BOH (a3ze Win Ha
MTOBEPXHOCTH KPHCTAJUIa C TIOMOIIBI0 pa3HBIX BapuanToB MeToma DFT (kBaHTOBas
Teopus (HYHKIHMOHAJA IUIOTHOCTH) B U3BECTHBIX HAM PabOTaxX HaXOISTCS B IpeaeIax
155-179 xJIx/Mob.

Jns auTpornuuepuHa skcnepuMentainbibie onleHkn BDEO-NO, cocrasnsor
160-175 x/Ix/M0b, pac4eTHBIC OICHKH JUTS OOJNBIIOHN TPYIITEI HUTPOY(HUPOB JISKAT
B mpexaenax 137-177 xJx/monb. B HacTosiiee BpeMsi HEBO3MOXKHO TOYHO OICHUTH
norpemHoctd MetosoB DFT u Bkimanm B 3KCHepUMEHTaJbHBIE JAHHBIE TaKUX
MoOOYHBIX APPeKToB, Kak AU(PPy3Hs, WCHapeHUe, BTOPUUYHBIC PEAKIIMA BHYTPH
KpuctaiutoB u ap. C y4eToM 3THX (aKTOPOB COTIIACOBAHUE OIBITHBIX U PACUCTHBIX
3HAYCHHUN PHEPTUU aKTUBAIUM MOXKHO TPU3HATH yIOBJIETBOPUTEILHBIM. 3HAUCHUS
BDE, nony4yeHHbIe pacU€THBIM IIyTEM, MOTYT CIIYKUTh OPUEHTHUPOM JJIs1 BBISIBIICHUS
SIBHBIX [TPOCYETOB B METOJIMKE MPOBEIECHUS SKCIIEPUMEHTOB.
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NuayuupoBaHHble XUMHYECKOH peaKiueil akTUBHbIE EHTPbI B POCTOM
PelIeTOYHO MOIe/ I HAHECEHHOT0 HAHOKATAIN3aTOpa

Kopobos A.H.
XapbKoBCKHI HanmoHanbHbIH yHUBepeuTeT uMenu B.H. Kapasuna, Xapbkos

HckyccTBO — co3maHHMs —~ HAaHECEHHBIX ~ OCTPOBKOBBIX — HAaHOKATallM3aTOPOB  C
KOHTPOJIMPYEMBIMH pa3MepoM, (POPMOii M COCTAaBOM HAXOJUTCSl HA OYEHb BBICOKOM
ypoBHE. ToMy €CThb HEMaJ0 BIEYATIIONINX MPUMEPOB, YHCIO KOTOPBIX OBICTPO
pactet. Ho Hapsaay ¢ 3TUM MOsIBIIsieTCS BCe OOJBINE CBUACTENBCTB TOTO, YTO TaKOH
COBEPILICHHBIA MaTepHal MOXKET ObITh CIIeTKa HAPYIICH MM JaXe ITOJHOCTHIO
paspylleH B YCIOBUAX XUMHUYIECKOH peakunu. YeM MEHbIIEe OCTPOBOK, TEM CIIOKHEE
00eCTIeInTh €ro CTAOUIBHOCTE.

Ha mepBeni B3rasan, HawOoJjee JIOTHYHBIM —SBJISAETCS TOMCK KOHTPMED,
CHOCOOHBIX O00ECIEeYHTh TOCTOSHCTBO YKa3aHHBIX mMapamerpoB. Ho aOcomrorHas
CTaOMIBHOCTD WILTIO30PHA, U TI0 CYTH BOIPOC 3aKIFOYACTCA B BO3MOYKHOH CTENEHU
CTaOMIIBHOCTH U IICHE 3TOH cTabmiIpHOCTH. K TOMY ke He UCKITFOYEHO, 9TO B KaKHX-
TO KaTaJIUTHYCCKUX CHCTEMax TOABIKHBIC KAaTAIUTHYCCKHE LIEHTPBI 00pa3yroTCs
HETOCPEICTBEHHO B XO/€ Peakiiu. Bce 3T0 MOABOAUT K BOIPOCY O BO3MOXKHOCTHU
B3STh MOJ KOHTPOJH JIAOWMIbHBIC HAaHECCHHBIC HAHOKATAIN3ATOPHI, MPEKAE BCETO
00eCTIeYnTh HX YCTOWYHBYIO padoTy.

[IpuBeneHbl OTBETHI, KOTOpPBIC NaeT MpEMIOKEHHas paHee [l] pelrerouynas
MOJIeNTh O0pAaTHIMOr0 M3MEHEHHS (OPMBI JBYMEPHOM HAHOYACTHIBI METa/la Ha
MO/JIOKKE B YCIIOBUSIX XMMHUYECKoW peakiuu. Peakuus A +B — P mporekaer mo
MexaHm3Mmy JleHrmropa-XuHIIENByAa. PeareHTsl MOTYT ancopOMpoBaThcs U
nuddyHIIpOBaTh KaK HAa HAHOYACTHUIIC, TaK W HA IOJUIOKKE, 32 HCKIHOYCHUEM
mupdysun A Ha momnoxky. Ilpomykrt necopbupyercs MraoBeHHo. Popma
HaHECCHHOW HAHOYACTHIIBI JTaOMIIbHA W 3aBHCHT OT CTCIEHH €€ MOKPBITHS
agcopbatoM. M3HayampHO HEaKTHBHAs HAHOYACTUIA OOpETaeT aKTHBHOCTH B XOJIE
peakumu.  Mopenb — AEMOHCTPHPYET  pa3lHYHBIE  PEKUMBI  IMTOBEJCHUS
KaTaTUTUIECKOH CUCTEMBI, 00YCIOBIICHHBIE BEICOKOH MOIBMYKHOCTBIO aTOMOB Me u
KOMIUIEKCOB Me-A.

AHanmu3 MOJENH C HUCIOJIb30BAHMEM KHHETHdeckoro Meroma Monte Kapio
CBHUJICTETILCTBYET O TOM, YTO BBICOKAS IOJBIDKHOCTh KaTAJUTHYECKUX IICHTPOB HE
OKa3bIBAaCT HEMOCPEACTBEHHOTO HETAaTHBHOTO BIMSHUS Ha A(PPEKTHBHOCTH
HaHOKaTajmu3aropa. OHa MOXKET COITyTCTBOBATh /CIIOCOOCTBOBATH Pa3HBIM PEKUMAM
MIOBEJICHUS CUCTEMBI B 3aBHCUMOCTH OT COOTHOIIICHHSI BCEX PEIEBAHTHBIX (DAaKTOPOB.
Cama 1o ce0Oe BBICOKass MOOMIBHOCTh HUKOMM 00pa3oM HE HapyIlIlaeT CTaOMIbHOE
MOBEJICHHE ¥ MOXKET CIIOCOOCTBOBAaTh €r0 YCTAHOBICHHIO B ONarOmpHATHBIX
ycnoBusix. OOCykIaeTcsi MPaBOMEPHOCTh PACIPOCTPAHCHHUS MOTYYCHHBIX BBIBOJIOB
Ha 6oJjiee CIIOKHbBIE CHCTEMBI.

[1] Korobov A. J. Stat. Phys. 163, 576-592 (2016).
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BoicTpbie poTOXHMHUYECKHE MTPOLECCHI KOMILJIEKCOB OMCKAPOOIUAHMHOBBIX
KpacureJieil ¢ 0MOMaKpOMOJIeKyJJIaMH.

Kocmiokog A.A., Paouenxo A.ILl., [llubaesa A.B., Ecopos A.E., Mecmepeaszu M.A.,
Kyszomun B.A.
NBX® PAH, Mocksa

[[uaHuHOBBIE KpacUTENH, COAEPIKAIIUE B CBOEH CTPYKType [BE CONPSKEHHBIC
XpoMO(OpHBIE CHCTEMBI, OO0JIAZIAIOT paclIeTVIeHHeM CHHIJIETHBIX TEPMOB, B
ciaenctBue dddexra JlaBpimoBa JUIsl  AWIONEH. AKTHBHOCTD — KpacHUTEIEH.
PacuienyieHue MpUBOMUT K TMOSBICHHIO JBYX HOBBIX IIOJIOC TOTJIOMICHHS, TaKKe
cMeriaer nosiocy (uryopecleHun Kpacutens. JlaHHble mpolecc COnpoBOXKIAACTCS
MCUE3HOBEHHEM TIIOJIOCHI MaTepHHCKOro kpacutens (M) m oOpazoBaHHeM IBYX
HOBBIX TIOJIOC TOTJIOMICHUS, CMEIIEHHBIX B KOPOTKOBOJIHOBYIO U JJIHHHOBOIHOBYIO
obuacth (brc) OTHOCHTENIBHO MaTEPHHCKOTO KPaCUTEIsI.

Bnaronapsi pacuienIeHHI0 CHHTJIETHBIX YPOBHEH, TMPONUCXOIUT CYIIECTBEHHOE
YCKOpPEHHE HWHTEPKOMOWHAIIMOHHONW KOHBEPCHH W3-32 OJU30CTH CHHIJICTHOTO H
TPUIUICTHOTO YPOBHS JHEPrHH B OWCIMAHWHOBBIX KpacHUTENSAX. VMITyThCHBIMU
METOJaMH  HU3Y4YCHbI  (POTOXMMHUYCCKHUE  XAPAKTCPUCTUKUA  OMCIMAHUHOBBIX
kpacuteneil. [TokazaHo oOpa3oBaHHE TPUIUIETHOTO COCTOSHHUS B OPTaHUYECKHX
PacTBOPHUTEISIX u B MOJICKYJISIPHO-OPTaHU30BaHHBIX cucremMax c
61OMaKpPOMOJIEKYIaMH. DIryopeclieHTHBIMU MeToAaMHI HOJTBEPKACHO
KOMITJIEKCOOOpa3oBaHNe, II0Ka3aHO OOpa3oBaHWE JBYX THIIOB KOMIUIEKCA C
anpOymMmuHOM. Ha MopmenbHOW KIIETOYHOW JIMHWM TIPOBEACHBI SKCICPHUMEHTHI,
MTOJTBEP K IAOIIIHE MTOTEHIIAAIT OHCIITaHUHOBBIX KpacuTemnen Kak
(hoTOCEHCUIU3aTOPOB.

Crektpockonueckne wu3MmepeHusi mnpoBeneHbl Ha ©0aze L[KIT «Hoseie
Matepuanbl u TexHosornn» NBX® PAH. Pabora BeimomHeHa npw (UHAHCOBOM
noanepxkke Poccuiickoro HayyHoro ¢onma mno mnpoekty Ne 18-13-00463
«MexaHu3Mbl  (OTOXMMHYECKUX MPOIECCOB B KOMIUIIEKCAX ITOJIMMETHHOBBIX
KpacuTeneH ¢ TByMs CONPSHKEHHBIMHA XpoMo(opaMu U OEITKOBY.

HoBble caMmoopraHu3youiuecsi CHCTeMbl HA 0CHOBE HMH/1a30J1CO/IePIKAIIMX
am$upuIoB c OuopasiaraeMbiM (pparMeHTOM AJS CO3TAHUS
MoJay(pyHKIMOHAIBLHBIX HAHOKOHTEHHEPOB

Kysneyos J{.M., Kysneyosa J].A., l'abopaxmanos /I.P., Jlykawenko C.C.,
3axaposa JI.A.
NO®X um. A.E. Apby3oBa — 060cobieHHOE CTpYKTypHOE noapasaenenue OUIL]
KasHII PAH, Kazanb

B mnacrosmiee BpeMsd aM(l)I/I(l)I/IIII)HI)Ie COCAUHCHMS MIUPOKO BOCTpeﬁOBaHI)I BO MHOI'MX
obnacTsax TIPOMBIIIUIEHHOCTH, YTO 00CCIICUMBACT MX BBICOKOE TIPUKJIaAHOC 3HAYCHUC.
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Heo0xomMoCTh COOTBETCTBHSI KPUTEPUSIM «3EJICHON XUMUID) U TIPUIAHMUST KOMITO3HLIMSM
HAa WX OCHOBE YyBCTBUTEILHOCTH K BHEITHUM HMITYJILCAM CTHUMYJIMPYET TTOUCK HOBBIX
aM(UQUITBHBIX COCTMHEHHH C 3aTaHHBIMH ()YHKIIMOHAEHBIMI CBOHCTBAMH.

B pmaHHOW paboTe CHHTE3MPOBAaHBI HOBBIC KATHOHHBIC aM(pUPIWIBI  C
OnopaznaraeMbIM ypeTaHoBbIM (hparmenToM (Puc. 1), nccnenoBansl UX arperaiyoHHbIC
CBOICTBA, aHTUMHKPOOHASI aKTUBHOCTB, CONOOIITN3AIMOHHOE ISHCTBHE TI0 OTHOIIICHHIO
K TUIPOPOOHOMY KPACHUTEIF0, MEMOPAHOTPOITHAS aKTUBHOCTH U CIIOCOOHOCTB
(opmuposats komruiekesl ¢ JIHK (mumoruiekcer).

2 =\ o o =\ o7
Et NN Bu 9
\NJI\O/\/ N “CrHan4 \NJJ\O/\/N\?N\Cn Han+1

Puc. 1. Xumuueckas cmpyxmypa amgpugpunos MAK-n u UAK-n(by) (n = 14,16,18).

MeTomamu TEH3MOMETPHH, KOHIYKTOMETPHH M (DIIyOPECIICHTHON CHEKTPOCKOITNH
TIOKA3aHO, YTO BBEJCHHE YPETAaHOBOrO ()parMeHTa C STHWIBHBIM WM OyTHIBHBIM
3aMECTHTENIEM B MOJIEKYJy HPHUBOJUT K CHIDKCHHMIO KPHTHYECKOH KOHLEHTPALUN
muremiooopazoBanus B 3 n 10 pa3 COOTBETCTBEHHO, MO CPAaBHCHHIO C aHAJIOraMu 0e3
kapOamatHoro (parmenra. Jlnst Bcex aMpuGWIOB XapakTepHO (HOPMHUPOBAHKE
cepryecKuxX arperartoB ¢ THAPOIMHAMHYCCKUM muamerpom 4-10 HM. OreHka
AQHTUMUKPOOHOW CIIOCOOHOCTH BBISIBHJIA, YTO BCE HCCIEAyeMble aM(HU(IIbI TPOSBISIOT
BBICOKYIO OaKTepHOCTATHYECKYIO U OAKTePHIMIHYI0 aKTHBHOCTh IPEHMYIIECTBEHHO B
OTHOIICHUM TPAMITOJIOKUTEIBHBIX OaKkTepuii M TpH JICHCTBYIOMIMX KOHIIEHTPAIMSX
aMpuduIoB 0013 1AI0T HU3KOW TeMOJIMTUYECKON AKTUBHOCTBIO. JIaHHBIC COCIMHEHHs
CIIOCOOHBI 00PA30BBIBATH JUIOILIEKCHI ¢ AekaMepoM JJHK B HaHOpa3sMepHOM auamnasoHe,
TPIYEM B3aUMOJCHCTBHE KOMIIOHEHTOB HOCHT TPEUMYIIECTBEHHO KOOTEPaTHBHBIN
XapakTep.

PaGota BbImonHeHa npu (hrHAHCOBOHM mojiepxkke Poccuiickoro HaydyHOro (oHma,
nipoexT 19-73-30012.

ArperanuoHHble CBOCTBA M (YHKIHMOHAIbHASI AKTHBHOCTH HOBOTO TPHAJLIMII-
3aMelleHHOro KaTHOHHOTO ITAB ¢ 10oaeuIbHBIM paIuKAIOM

Kysneyos J].M., Kysueyosa /[.A., ' abopaxmanos /].P., 3axaposa JI.A.
NODX um. A.E. ApOy3oBa — 060cobIeHHOE CTPYKTypHOE Topasaeneane O]
KasHII PAH, Ka3aub

IToBepxHOCTHO-akTHBHbIC BemecTBa (IIAB) HaxomaT mMpoKoe MpPaKTHIECKOE
IpUMEHEeHHe  BO  MHormx  obOsactsix.  OpHako — mpoOsieMa  co3paHMs
CYIPaMOJICKYJISIPHBIX CHCTEM C KOHTPOJIMPYEMBIMH CBOWCTBaMH, MOpQosoruei
arperaToB M (YHKIHMOHAJIbHOW aKTHBHOCTBIO JIO CHUX IOp He pemieHa. [loaTomy
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MOUCK HOBBIX aM(pU(UIBHBIX COCIUHCHUI C 3aJaHHBIMUA (DYHKIIMOHAIBHBIMU
CBOMCTBAMH SABJIIETCS aKTyaJbHOM 3a/1aueil.

B pamkax maHHOH pabOTHI CHHTE3MPOBAHO HOBOEC KATHOHHOE TPHAJUTMIIEHOE
IHAB c¢ poneumneueiM  pagukanom (TAJI-12) (Puc. 1) u wuccnenoBana ero
arperamyoHHas CrocoOHOCTh M COJIIOOMIIM3AIIMOHHOE JICHCTBHE MO OTHOIIEHHUIO K
rUIpo(HOOHOMY KPaCHUTEIIO.

\\_\@ Br@
AN

I\

Puc. 1. Xumuueckas cmpyxmypa nogoco mpuainuivrozo I11AB ¢ dodeyunvuvim
PAOUKATIOM.

W3yueHne arperamyioHHOM CIIOCOOHOCTH MaHHOTO aMbuduiIa TPOBOININ
METO/IaM¥ TCH3MOMETPUH, KOHAYKTOMETPHH H (PIYOPECIIEHTHOH CIIEKTPOCKOIIHH.
IToka3zano, uro st TAJI-12 Ha rpadukax H30TepMbl HOBEPXHOCTHOI'O HATSHKEHHS U
3aBUCHMOCTH YAETBHOM AJIEKTPONPOBOJHOCTH OT KOHIEHTpauuu aMpuduia
HaOJoJaeTcss Ba meperuba: mepBblii B obmactu 1 MM, a Bropoit mpu 10 MM.
Ilogo6Hoe moBegeHNME HETUMUYHO Al KJIACCHUYECKUX aMMOHHMMHBIX aHAJIOrOB, U,
BEPOSITHO, SIBJISETCS CIEACTBHEM MOP(HOJIOTHYECKUX MEPECTPOCK, MPOUCXOASIIINX B
cucreme. CTemeHb CBS3BIBAaHUA C OpPOMHUIHBIMH TNpOoTHBOMOHaMH miusi TAJI-12
BapbUpOBallaCh B 3aBUCHUMOCTU OT KoHUeHTpauuu ITAB u He mpeBbimana 35 %.
MeTosoM AMHAMHYECKOIO M AJIEKTPO(GOPETHUECKOTO PACCESIHUSI CBETA BBIIBIICHO,
9YTO MaKCHMAaJIbHOE 3HAUEHHE J3eTa-MoTeHIana s faaaoro [TIAB cocrasiser +90
MB, a pasmeper Bapeupyrorcs B auamazone 100-120 um. Jlume B obmacti
koHUeHTpauuid 8-10 MM ruapoguHaMUYecKuil AuaMeTp yacTull He npebimaer 10
HM.

CMelaHHbIe MHIIEJJIbI HA OCHOBe rekcaienuarpudenniigocdonnii 6Gpomuaa u
HenOHHBIX ITAB: arperanuoHHbIe CBOMCTBA U COTIO0MIN3ANMSA HHIOMETAMHA

Kysneyosa JI.A., I'atinanosa I'.A., Bacunvesa JI.A., Bareesa @.I'., 3axaposa JI.A.
WuctutyT opranndeckoit u puzndeckort xumun uM. A.E. ApOyzosa O]
Kazanckwuii nayunsiii ientp PAH, Kazanb

Henonnsie ITAB mmpoko BocTpeOOBaHBI B IMPOU3BOJACTBE MOIOIIUX CPEACTB, B
HedTeno0bIBaONIe MPOMBIIUICHHOCTH W SBJIAIOTCS TIEPCIEKTHBHBIMH C TOYKH
3peHHsT OMOMEIWIIMHCKOTO TPUMEHEHHs, Onaromapss WX HH3KOH TOKCHYHOCTH.
OaHaKo M3BECTHO, YTO Ha MPOIECC COMOOMIM3AIMA MHOTHX CyOCTpaTtoB, KpoMme
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ruApOGOOHBIX B3aUMOJICHCTBHN, MOKET BIMSATH JIEKTPOCTATHYECKOE MPUTSIKEHHE
MEXTy HocuTeneM u cybcrparoMm. IlosTomy (opmupoBaHME CMENIAHHBIX
KOMITO3UIIMH Ha OCHOBE HEHOHHBIX M KaTHOHHBIX [IAB sBnseTcss mepcrieKTHBHBIM
nyTeM (OPMHPOBaHHS HAHOKOHTCHHEPOB IS JICKAPCTBEHHBIX IPEIIapaToB.

B kagectBe xatmonHoro ITAB wHamm ObIT BBIOpaH TPEACTABUTENbL psifa
ankwitpudenmipochornii OpoMUIOB - TekcanerunTpruheHmIGocHoHnit OpoMuT
(TODB-16), Tak Kak B WHIMBHIYAIbHOM pAacTBOpe OH OOJNAgaeT HU3IKUMHU
3HAYCHUSIMU KPUTHYECKON KOHIEHTparuu muneiuioodpazosanus (KKM), Beicokoi
COTFOOMIN3AIIOHHON €MKOCTBIO 10 OTHOIIEHHWIO K THAPO(POOHBIM cyOcTparaMm, a
cam TpudeHm1hocHOHNEBHII KaTHOH IIMPOKO MPUMEHSETCS ITPH KOHCTPYHPOBAHUH
TapreTHBIX HAHOKOHTCHHEPOB.

B mnacrosimieit pabore copMHUpOBaHBI CMELIAHHBIE MHIIEIBI Ha OCHOBE
rexcagenmiTpupermnpochonmnii 6pomuna n Henonueix [TAB (TBun-20 u Bpumk-
35) mpu MOIBHOHM Hoie KOMIIOHEeHTOB, paBHou 0,0.3,0. 5, 0.7, 1. Komrutekcom
(U3MKO-XMMHUYECKHX MeToJoB ompenenensl 3HadeHus KKM. Paccuunransi
COTIOOMIIN3AIIIOHHBIE €MKOCTH C(hOPMIPOBAHHBIX HAHOPA3MEPHBIX arperaToB IO
OTHOIICHUIO K JICKAPCTBEHHOMY BEUICCTBY HMHIOMETAIMHY. YCTaHOBICHO, YTO B
cucreMe TODb-16/bpumk-35 HabmromaeTcss CHHEPreTHYECKHH APQPEKT TP
MoJabHOH none katuoHHOro ITAB 0.5 u 0.7, uro BeIpaxkaerca B cHmxeHun KKM u
BO3PAaCTaHUM 3HAYCHUH COMIOOMIM3AIMOHHON €MKOCTH TI0 OTHOIIGHHIO K
WHIOMETANMHY 10 CPaBHEHMIO C WHIMBHIyalbHBIMH pacTBopamu [IAB. Takum
o00pasom, hopmupoBanue cMerranHoi komnosuipu TODB-16/bpumk-35 mo3posser
CHHU3UTh TOKCHYHOCTh CHCTEMBI C COXpaHEHHEM BBICOKON (YHKIIHOHAIBHOI
AKTUBHOCTH.

PaboTa BemonHeHa npu (uHaHcOBO# moamepxke PODU wu I[lpaBurenbcrBa
Pecnybmuxu TarapcTtan B paMkax HayqHOTo mpoekta Ne 18-43-160015.

HN3meHeHUe JIOKAJIBbHOI HAMATHUYEHHOCTH (DepPOMATHUTHBIX MJIEHOK HA
ocHoBe CoFeB noj neiictBueM moJist paccesiHusi KJIacTepOB HAHOYACTHIL
Fe/Fe3O4

Kynuywvina E.U., Annaapoe P.C., Konaax O.B., Mopeynos P.b.
NITX®D PAH, YepHorosioBka

JlaTuukoB TUTaHTCKOI'O MarHUTOCOIPOTUBIICHUS (GMR) SIBIIIIOTCS
MEepCIeKTUBHBIMU UIaTGOpMaMK UIsl perucTpauun (GpeppoMarHUTHBIX MHKPO M
HAHOYACTHI[ M MAarHUTOMEYEHHBIX KJIeTOK. OHHM COBMECTUMBI CO CTaHIapTHOU
TEXHOJIOTHEH KPEMHHUEBBIX HHTETPAIBHBIX CHCTEM U MOTYT OBITh MHTEIPHPOBAHBI B
UHIUBUIYaJIbHO aPECHYI0 MaTPHIly OUYCHb BBICOKOH MIOTHOCTH [8§, 9].

B namreit pabote mpeacTaBIeHbl SKCIEPUMEHTAIBHBIC PE3YIIBTATHl H3MEPEHUS
MepEeMarHMYCHHBIX ~ o0JlacTell  TOHKOIUICHOYHBIX  cTpykTyp  CoFeB  u
CoFeB/Ta/CoFeB ¢ mnepneHIuKynsspHOH MarHUTHOH aHU30TpONMEdl M HuX
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Mojenuposanue. Ilox nelcTBHEM [AWUMONBHOTO MAarHUTHOTO TIOJISL PAcCEsHUs
nanouactull Fe/Fe;O4 HaHECEHHBIX HA TIOBEPXHOCTH CTPYKTYD.

MarnutHoe Tmone paccesHus HaHouactur] Fe/Fe;O, cmBuraer moie
MEPEKITFOYCHUST HAMATHUYCHHOCTH CITHHOBBIX BCHTHIICH M MOHOCIIOWHBIX IIaT(HOpM
(puc. 1). C momomp0 aTOMHO- M MarHUTO-CHIOBOH MMKPOCKONHH IOJYYEHBI
JTAaHHBIE O pa3Mepax oOiacTeil mepeMarHHYMBaHUSA (EPPOMATHUTHOH TIaT(OpPMBI
mon  Hanouactunamu  Fe/Fe;O,.  Pasmepbr  oOmactedt  mepeMarHHYMBaHUS
(GeppoMarHUTHON IUIATOPMBI MO HAHOYACTUI[AMH IPEBBINIAIOT  Pa3MepsI
HAaHOYACTHUI[. ~ MOJEJMPOBAaHME  TO3BOJIJIO  pAcCUMTaTh  paclpeiercHue
HaMarHWYeHHOCTH TOHKHX IUIEHOK B retepoctpykrypax CoFeB/Ta/CoFeB u B
OJIMHOYHBIX YIBTPATOHKHX IUIcHKaXx CoFeB B mpHCyTCTBUH KIIacTEpOB MarHUTHBIX
HaHOYACTHII Ha UX MIOBEPXHOCTH.

M, 10 emu
6
L
4} e 2

3

-1.5 -1.0 -05 0.0 0.5 1.0 1.5
H, kOe

Puc. 1. l'ucmepesucer macnumuozo momenma npu memnepamype 2 K obpaszya
CoFeB/Ta/CoFeB: 1 — 6e3 nanouacmuy, 2 — niameopma ¢ HameceHHbIMU Ha
nosepxnocms Hanovacmuyamu FelFesOq, 3 - cymma eucmepesucos, usmepeHHwIx no-
omoenbHOCmu 0Ji HaHOYacmuy u OJis NAAM@OopMm.
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MexaHu3M peakuuy JHOKCHTeHAMH OKCH/IA 230Ta CyOJMMHPOBAHHBIMH
caosamu Mn-me3o-Terpaapanop¢pupnHos

Aiipanemsn B. A.,* Kypmuxsn T.C.1, Mapmupocan I'. ', Ozanecan A. A,
Ozanecsan I'. 111, Upeyxuii A. B2

1. HenTp uccnenoBaHusi CTpoeHUs MoJieKysl HaydHO-TeXHOI0rn4ecKoro

LIEHTpa opraHmyeckoii u Gpapmanestuyeckoit xumuu AH PA, EpeBan, Apmenus

2. Department of Chemistry, Lake Superior State University, Sault Sainte

Marie, MI 49783 USA

HuszkoremnepatypHoe B33aUMO/IeiicTBHE 0,("*0y) c [TOPUCTBIMHU
cy6mumupoBannbvE criosmu Mn'(Por) ((Por — meso-TerpadeHuI- i me30-TeTpa-p-
TOTHI-OP(UPHHATO JMAHHOHBI) BeAeT K oOpasoBanmio m3sectHbix Mn'"(Por)(*n-
0,) KOMIUIEKCOB ¢ OOKOBOW KOOpIMHAIIMEH MOJICKYJISPHOTO KHCIOPOAA.
HeGonbume mopuun NO ( °NO, N'0)  Gbimn 106aBieHsl B KpPHOCTAT HpH
KPHOTEHHBIX TEMIepaTypax M 3a XOAOM MOCIEAYIOMNX PEeaKIuid CICTUIN
mmepennsmu - Pypre MK-cnexktpos. Ilpu mnossimenun T or 80 go 120 K
pacxoIOBaHHE KOJIHMYECTBA KOOPAWHHPOBAHHOTO O, COMPOBOXKIACTCS POCTOM
KOPPEIUPYIOMNX MO HHTCHCUBHOCTH IIOJIOC HHTEpPMEAnaTa. OKCIEPUMEHTHI C
msotonueME *0,, "NO u N'®0O comecTHO ¢ pacuyeramyn MeTonoM (yHKIHOHATA
IUTOTHOCTH JTAaIOT OCHOBAHUS OTHECTH WX K MEPOKCHHUTPUTHOMY KOMILIEKCY
(ON)Mn(Por)(ln—OONO). HarpeB no RT npuBoauT xk 0Opa3oBaHHIO HUTPATHBIX
KOMILJIEKCOB Mn(Por)(ln—ONOZ), JIEMOHCTPUPYSL ~ CIOCOOHOCTH ~ OTMEUYEHHOM
CHCTEMBI TPOMOTHPOBATh pPeakIuio auokcureHarmn NO 1o Bceil BEepOsTHOCTH
MTOCPENICTBOM pa3pbiBa IMepokcHaHoi O-O cBs3M M 00pa30BaHHS MaHTAHMIHLHOTO
Mn=0 kommiekca. B To xe camoe Bpems UJeT 00pa30BaHUE CPABHUMBIX KOJIIMUECTB
HUTPUTHBIX KomiuiekcoB Mn(Por)('n-ONO). Cieyer OTMETHTb, YTO €CIH Harpes
CHCTEMBI an(Por)(zn-OQ) + NO mpoUCXOJUT B MPUCYTCTBUHU CIA0BIX G-TOHOPHBIX
muraunoB (TI'® u JIMC) npoaykr peakuuun Ha ~90% mpencraBiseTr coOoi
HUTPATHBINA KOMILIEKC.

Pabora BeimonHeHa npu GpuHaHCOBOH noaepskke Komurera no Hayke PecrryOunku
Apwmenus (I'pant # 18T-1D242).

[1] Kurtikyan T. S., Hayrapetyan V. A., Mechrabyan M. M., Ford P. C. Inorg. Chem.
2014, 53, 11948.

[2] Martirosyan G., Azizyan A., Kurtikyan T.., Ford P. C. Chem. Commun., 2004,
1488.
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Konuenrpanusi Mmosieky/1 npuMeMOPaHHOT0 reMOTJIOOMHA B JPUTPOLIUTE

Jlaspux H.JI.
Wueruryt xumuueckoii kunetnku u ropenuss CO PAH, HoBocuGupcek

Moszexymnsl remoriodnna Hb B spuTponuTax MOTYT HaXOJUTHCS B IBYX COCTOSTHHSIX:
B 00béMe u B MeMmOpaHocBs3aHHOU (opme (MBHb). laHHBIC TOCHEIHUX JIET
[IOKa3bIBAIOT, YTO CBsi3biBaHME Hb ¢ KoMIOHeHTaMHM MeMOpaHbl HMEeT OuYeHb
Oompioe Omosormueckoe 3HaueHHe. B wacTHOCTH o00pa3oBaHHE KOMIUIEKCa
reMOrJIOONHa C BHYTPCHHEH MMOBEPXHOCTHIO MEMOpAHBI BIHSCT HA PETYIIIHIO
MeTa0oIM3Ma TIIFOKO3bl, CTPYKTYpHBIC CBOWCTBAa IIMTOCKeNeTa. I[loBBIIIEHHOE
konmyectBO MBHb MoskeT OBITH CBSI3aHO CO MHOTUMHU OOJIC3HSIMH CHCTEMBI KPOBH,
BBI3BAHHBIMH HE TOJBKO HAPYIICHHUSMH CTPYKTYPBI MOJICKYJIBI TEMOTTIO0NHA, HO U
HapyIOICHUSIMH B CHCTEME AHTHOKCHIAHTHOW 3alIUTBl W JCHCTBHEM Pa3IMYHBIX
KCEHOOMOTHUKOB, OKHCIUTEIIFHBIX U TINKUPYIOIIUX ar¢HTOB.

BennumHBl KOHIIEHTPAMM MOJEKYJI TEMOTJIOOMHA, KOTOphIe HAXOAATCS B
mpruMeMOpaHHOH 007acTH KIETKH SPUTPONUTA, O MAaHHBIM pasHBIX aBTOPOB
3aMeTHO pasnnyarorcs. Tak B pabote 1 ata BenmunHa ornennBaercs B 0.5% 1 MeHee
0T 00IIero KoIM4ecTBa reMoryiodnHa, a B padore 2 — 3-4% ot 00Iero KoanuecTsa
remornobuHa. CicayeT 3aMeTHTh, YTO METOIBl OMPEACTCHUS KOJIWYIEeCTBa
MPUMEMOpPaHHBIX MOJICKYJ TEMOIJIOOMHA OBUIM pa3MuYHBIMH: B pabore 1—
Pamancnerpockonusi (HEMHBAa3WUBHBIA), @ B 2 — BbIICJICHUE M aHAIM3 TEHEH
SPUTPOLUTOB (MHBA3UBHBIN).

Lempto HacTosAmel pabOTHl ObUTa KOJMMYSCTBEHHAs OICHKA BO3MOYKHO
MaKCHMAJIbHOW KOHICHTPAI[MH MOJIEKYJI TeMorjoOomHa N, KOTOpbIC HaXOISTCS B
nprMeMOpaHHOI 06JacTH 1 MOTYT 00pa30BaTh CHEKTPHHOBBIM KoMIUIEKC. [ 3Toit
OIICHKH HYXHO OLEHHTh KOJMYECTBO MOJIEKYJ] TEMOIJIO0MHA, KOTOPBIC MOTYT
Pa3MeCTHTHCS Ha BHYTPEHHEH MTOBEPXHOCTH MEMOPAHBI SPUTPOLINTA

Jiisi OUeHKUOBLIH KUCIIONB30BaHbl HAIEKHO YCTAHOBICHHBIC U OOIICHIPUHSTHIC
3HAQUEHHUs] [apaMeTpoB KJIETKH DOPUTPOIMTOB U  MOJIEKYJIBl TeMOIVIOOHHA.
[ToBepxHoCTh 3puTpoOIIUTa cocTaBiser 1.45 10°cm? (OTa BenMuUMHA OTHOCHTCS K
BHEII[HEH TIOBEPXHOCTH MEMOpaHBL. BHYTpEHHss IOBEpXHOCTh MEMOpaHBI OynmeT
MEHbIIIE, MOCKOIbKY HYKHO Y4YeCTh TOJIUHY MeMOpaHbl U CHEKTPHHOBOIO CIO,
KOTOpBIE B CyMME COCTAaBIIAIOT Okono 15 HM. Dta BenmunHa Oosnee geM B 200 pa3
MEHBIIEe PaJnyca dPUTPOIXTA M MOITOMY 3a BEIUYMHY BHYTPEHHEH ITOBEPXHOCTH
SPUTPOLUTA MBI IPUHUMAECM BEJIMYMHY BHEITHEW MOBEPXHOCTH). Pamuyc MOJICKyIbI
remornoOuHa cocrasusier (.34 HM, YTO, COOTBETCTBEHHO, NA€T 3aHUMAEMYI0 UM
momans 3.6-10"°cm’. Otcioma N =4-10 * mryk. Drta BenmumHa oueHb GIH3KA K
YHCITy MOJICKYJ T'eMOIJIOOMHA B DPHUTPOIHTE 3.4-10° mryk. Takum 06pasom,
TEOPETUYCCKU BCE MOJIEKYIBl Hb MOTyT «pa3MecTuThCs» Ha BHYTPCHHEH CTOpOHE
MeMOpaHBI 3PUTPOIIUTA.
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HOTeHHl/lpﬂBaHl’le XWHOJIOHOB C IMIOMOIIIbI0 MATHUTHOT0 M30TOIAa MAarHus stg

Jlemyma ¥.I'.
OrI'Y, OpenOypr

MarHuTHBIH H30TOII MarHus > Mg yBEIMUHBACT XKH3HECTIOCOOHOCTh GaKTEPHAIBHOI
KyJBTYPbl 110 CPABHEHHIO C HEMATHHTHBIMH H30TOMAMH - *Mg: pacTéT cKOpOCTh
pocta, konuuectBo KOE, BHyTpuxierounas xonnentpamus AT [1]. Mexanusm
BIMSHUS MAarHUTHOTO H30TOMA HAa OHMOJIOTHUECKHE MPOIECCH CBSI3aH C y4acTHEM
MarHUTHOTO sifipa B (PePMEHTATHBHOM IIpOIlecCce C IEePEHOCOM 3IIEKTPOHOB [2-3].
OpHo u3 OCHOBHBIX (hu3nOoIOTNIEeCKUX CBOWCTB Oaktepuit —
aHTHOMOTUKOPE3UCTEHTHOCTh, — TaKXKe OKa3aJloCh MAarHUTHO-UyBCTBUTEILHBIM [4].
CoBMecTHOE JIeicTBHE aHTHOMOTHKOB M H30TOIIOB MarHus Ha OaKTepUH MIPUBOIUT K
YBEIUYCHHUIO MJIM YMCHBIICHUIO 3(D(EKTUBHOCTH aHTHOAKTEPHAIBEHOTO Ipenapara.
Haobnromaembie 3¢pekTsl 3aBUCAT OT MUIICHU ICHCTBUS aHTHOMOTHKA M HAJMYUS
MarHUTHOTO MOMEHTA Y sS/Ipa H30TOMa MarHusl.

Lems manHOH paboTBl — W3y4YEHHE BIMSHHAS WM30TONOB MarHUs Ha
0akTepHaNIbHYIO 4yBCTBUTEIBHOCTD E. COli K aHTHOMOTHKAM W3 IPYIITBI XUHOIOHOB.
Morekyna XMHOJIOHA B3aUMOJAEHCTBYET ¢ (pepMEHTAMHU THpa30i U TOMOU30Mepa3oil
IV, mpeBpamias uX B TOKCHYHBIE, YTO MPUBOIUT K TOBPEKICHUIO OaKTEpHATBHOMN
XPOMOCOMBI ¥ THOETH MUKpOOa.

B pabote uccieqoBaHO COBMECTHOE BIMSHHE XMHOJIOHOB U M30TONOB MAarHUs
Ha pocT u Mopdomoruto Oakrepuid. IlodydeHBI 3KCIEPUMEHTAIbHBIC JTaHHBIS
kuHeTukn pocta, KOE, cBumeTenbCcTByOMME O TMOBBIIIEHHON YyBCTBUTEIHHOCTH
OakTepuii K HEKOTOPHIM XWHOJOHHBIM aHTHOMOTHKAM B NPHCYTCTBHHA MarHUTHOTO
n3orona Maruusi. MUHUMalbHas MHMTMOMPYIOLIAsi KOHIEHTPALMs UITpodIoKcaHa
ObUTa MEHBIIE B CIydae I00aBICHHS MATHATHOTO MAarHUs B IHUTATEIBbHYIO CPEAdy.
OO6CYXIAIOTCS MEXaHH3MbI MATHHTHO-M30TOMHOTO 3(h¢ekta > Mg: ero BIHsSHHE Ha
(epMCHTATHBHYIO aKTUBHOCTh MAarHHWii-3aBUCHMBIX (DEPMEHTOB, YYacCTBYIOIIUX B
3aIIUTe KJIETOK OT AeHCTBUS aHTHOMOTHKOB. IIpennokeH crocod MOTEHIMPOBAHUS
UIpOodIOKCaHA € UCIOIb30BAaHIHEM MarHUTHOTO N30TOIIA MarHHs.

Pabora BhIMONHEHa TIpH (PUHAHCOBOW TMOIACPKKE COBETa IO TpaHTaM
IIpesunenta Poccuiickoit @enepanuu, Ne CI1-225.2019.4.

[1] U.G. Letuta, V.L. Berdinskiy, Bioelectromagnetics, 2017, 38, 581-591.

[2] A.L. Buchachenko, Magneto-Biology and Medicine, Ne w York: Nova Science,
2014, p. 248.

[3] U.G. Letuta, V.L. Berdinskiy, C. Ud agawa, Y. Tanimoto, Bioelectromagnetics,
2017, 38, 511-521.

[4] U.G. Letuta, A.S. Vekke r, T.A. Kornilova, A.A. Gryaznov, [.A. Cheplakov,
Doklady Biochem. Biophys., 2016, 469, 281-283.
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CrnekTpajibHble 1 (pOTOXUMHUYECKHE CBOMCTBA CTUPMJIOEH30[f]xnHOIMH-
MHPEHNIXHHOTNIITHIEHOBOM TUATBI

JIu B.M., Byovika M.®.
UITX® PAH, r. YepHoroioBka

Panee Hamu OBIIO MOKAa3aHO, YTO CHMMETPHYHbIE OMXpOMO(OpHBIC AMAABl Ha
ocHoBe (QparmeHtoB 3-ctupmwibenso|f]xunomnaa (SBQ) wu  2-[(2-(nmpen-1-
nn)sreHwn|xunonuaa (PQ) Berymator B peakmuu E-Z-dporonzomepmsannu (OU) u
[2+2]boTomuknonpucoenunenns (PLIT) ¢ obOpazoBanmeM TeTpa3aMelCHHBIX
mukno0yraHoB.  Peakmums OLII  o0bryHO — MemaeT  (QYHKIMOHHPOBAHHIO
JUApUIATUIEHOB B KAa4deCTBE MOJICKYJSPHBIX IEpeKIrouaTe]ed U JIOTHYECKUX
BEHTWJIEH, MOITOMY MBI TIPEINONOXKWINA, YTO TPOCTPAHCTBEHHOE pa3ZecHNe
JIBOMHBIX CBsi3ed B (DOTOXPOMHBIX (pparMeHTax IHaabl ¢ MOMOIILIO KOPOTKOTO
KapOOKCHMETWJICHOBOTO MOCTHKAa IO3BOJIHUT coxpaHuth DU  PoToXpoMHBIX
¢parmMeHTOB 1 “oTKIIounTh” peakmuio OIIIT.

Jinst TIpOBEpKHM 3TOTO TPEANOJIOKEHHs, B HAcTOsIIed paboTe wnccieqoBaHa
HecuMMeTpuuHass Ouxpomodopnas muama SBQPQ, B xortopoit PQ um SBQ
(dparmenTbl cBsizaubl apyr ¢ apyrom mocpeactBom CH,OCO-rpymmsl, a Taxke
MOHOXpOMO(OpHBIE MOJIENTbHBIE coequHeHnss M1 u M2.
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[loka3aHo, dYTO BCe HCCIEIyeMbIe COCTUHEHHUS 0] JCHCTBHEM CBeTa
MOJIBEpraroTcst 00paTuMoii (hoToH30MepH3aluy 1 He BeTymaroT B peakimro DL B
muane SBQPQ Habmomae-Tcsi CHIIbHOE TyIIEHHE (IIyOPECIICHIIMH U TPAHC-IIC
¢dorouzomepuszannu SBQ-pparmenra mo cpaBHEHHIO ¢ M1, 4TO MOXKHO OOBSICHUTH
HaJIMYUEM CHIIBHOTO (epcTepoBCKoro nepeHoca sneprun ¢ SBQ na PQ xpomodop.

Takum o0Opazom, oowenuHeHne SBQ u PQ-dparMeHTOB B enuHyIO cHcTEeMy
MIOCPEACTBOM KapOOKCUMETUIICHOBOTO MOCTHKA IMO3BOJISIET “OTKIIOYUTL PEAKIUI0
OIIIT mo cpaBHEHHIO ¢ CHMMETPHYHBIMU JHAJaMHU Ha OCHOBE 3THUX (DOTOXPOMOB,
OJTHAKO, IPUBOJHT K 3HAYMTEIEHOMY CHIDKEHHIO (poToaKkTHBHOCTH SBQ-dparmenra
M3-3a CHJIBHOT'O MEXXPOMO(GOPHOTO MepeHoca IHEpPrun o Mexanusmy depcrepa.

Pabora BeimonHeHa o ['oczakazy Ne AAAA-A19-119070790003-7.
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DdoToXHUMHYECKHE CBOIMCTBA 3aMellleHHbIX B CTHPWJIBHOM ¢parMeHTe
3-crupuiiden3o|f]xuHoIMHOB

byovika M.®D. Y Jlu B.MY, Taspuwosa T.H. L Jlozmopos CAZ?
1. UITX® PAH, r. YepHOrosnoBka
2. DODXU MI'Y um. JlomonocoBa, MockBa

[pousBoaubie  3-ctupuinOens3o[f]xunonmuua (SBQ) o00nagaroT  MHTEPECHBIM
COYCTAHHEM CIICKTPAIbHO-TFOMUHECIICHTHBIX U (DOTOXUMHYCCKUX CBOWUCTB —
BbICOKMMH (0.2 — 0. 5) KBAaHTOBBIMH BBIXOJIAMH TPAHC-IIUC () ¥ IHUC-TPAHC ()
¢doronzomepuzanuu (PU) U cpaBHUMBIMH IO BEIMYMHE KBAHTOBBIMH BBIXOJIAMH
¢uryopecteHiun (Qq) TpaHC-U30MEPOB. DTO TOBOJILHO PEIKOE KAYECTBO, TOCKOIBKY
¢bayopecniennuss 1 ®U Ttpanc- (E-) m3omepa JIAD — 3TO JBa KOHKYPEHTHBIX
mporiecca, MPOUCXOAANINX C YY9aCTHEM HH3IIETO CHHIJIETHO-BO30YKIeHHOTO (S1)
cocrosiaust (OU MOXKET MPOUCXOIUTD U MOCIIC NHTEPKOMOUHAIIMOHHOW KOHBEPCHH B
TPUIUIETHO-BO30YKICHHOE COCTOSIHHE), IOITOMY CyMMa KBAHTOBBIX BBIXOIOB
dortopusndeckoro U (HOTOXMMHUIECKOTO IPOIECCOB HE MOXKET OBITh OOJIbIIe
equHuubl. C Lenbl0 pacllupeHuss M JONOJHEHMs pAga HOpousBOAHBIX SBQ,
00T afoMX MOJE3HBIMUA CBOWCTBAMU, B HACTOAIICH pabOTE MBI HCCIICAOBAIU
(hoToxuMuIecKne CBOICTBa Tpanc-3-(2-meTokcucTupmin)oen3o[ f[xuHonmmHa
(2MSBQ) u TpaHnc-3-(4-meTokcumeTriaeHcTupwi )oen3o| fIxunonuaa (4AMMSBQ).

Rl R R}
SBQ H H H
2MSBQ OMe H H
4MMSBQ H H  CH,0OMe

R3

HccnenoBanust mokasanu, uTto o0a mpous3BoAHBIX SBQ moxaseprarorcs
obparumoit poromsomepusannu (PN) ¢ kBanToBBIME BEIXxogaMu 0.2 — 0.5, mpu 3TOM
AMMSBQ sBisiercst Takke JromMuHOPOpOoM ¢ @ > 0.1. Jlns 2MSBQ ¢ crerka
Mmenbite 0.1, kpome Toro, mpu obmydenun 2MSBQ nocturanock He UCTUHHOE, a
KBa3U-(OTOCTALIMOHAPHOE COCTOSHHE, MOCKOJIBKY MPH JUINTEIBHOM OOIydeHUHN
MIPOMCXOAMI TTOCTENICHHBI POCT MOTJIONICHNS B BUAMMON obmactu 430 — 440 =M.
[osinenne JIBIIII B BumuMmoil 00NacTH, MPEIIIONIOKUTEIBHO, CBS3aHO C
NPOTEKaHUEM peakuuu (GOTOLMKIM3ALUKN B yuc-uzomMepe (oTroxpoma, KOTopas
SIBIISIETCS] TOOOYHOM 1O OTHOIIEHUIO K uc-Tpanc U storo m3omepa. [Ipu ananusze
COBOKYITHOCTH ITOJTYYCHHBIX paHee M B HACTOSMIEH paboTe JaHHBIX OOHAPYKEH psil
HHTEpecHBIX 3()(PEKTOB 3aMeCTUTENIEH Ha CBOHCTBA IPONU3BOIHBIX.

Pa6ora Beimonuena o I'oczakazy Ne AAAA-A19-119070790003-7.
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Biinsinue MoBepXHOCTHOIO 3apsi/ia M Pa3MepOB HAHOYACTHIL 30J10Ta HA
¢oTonpouneccsl OpraHoIIOMUHOPOPOB

Mameeesa K.H., 3i06un A.IO., Jemuwresuu E.A., Ocnedox A.A., Camyces U.I".,
Meoseockas I1.H.
OI'AOY BO «b®VY um. U. Kanray, Kanuaunrpan.

B mHacrosimiee BpeMs HaHOYACTHLBI 30JI0Ta LIMPOKO HCIOIB3YIOTCSI B OITHKE,
Oono¢usnke, XUMHUU. B 3aBUCIMOCTH OT MMOCTABICHHBIX 3a/1a4 KOJIJIOWIHBIE 30JI0ThIE
HAaHOYACTHIBI MOTYT HCIOIB30BaThCs KaK Ul YCHIICHHS WHTCHCHBHOCTH (METaslI-
ycuiIeHHast (IyopecleHIrs1), Tak U Ui TymieHus: (uryopecueHuun. B nuteparype
OTpaKeHBI HCCienoBaHusl MO BiusHWI0O HY 3070Ta pasnuuHBIX pa3MepoB Ha
(doTonporiecchl psjia Kpacurenel npu Komruiekcooopazosanuu ¢ HY.

B mHactosmieit paboTe NpeacTaBiIeHBI Pe3yibTaThl HCCICIOBAHHS BIMSTHAS
HAHOYACTHI[ 30JI0Ta KOHTPOJIUPYEMOro pa3mepa Ha (oTomporecchl (GpIyopoOHOBOTO
kpacurens ponamuHa 6)K (P6)K). BuimomHeH XUMHUECKHUH CHHTE3 CHEpUIECKHX
HAHOYACTHI[ 30JI0Ta BapbHUPYEMOT0 pa3Mepa C OTPHLIATEIBHBIM U MOJIOKHUTEITEHBIM
MMOBEPXHOCTHBIM 3apsfoM. Meronamu (OTOHHO-KOPEISIIMOHHOW CIIEKTPOCKOITH
(®KC) n ckanupymomiei 3MeKTpoHHON MuKpockonuu (COM) Obutn HCCIeI0BaHbI
pa3Mepbl CHHTE3MPOBAHHBIX HAHOYACTHI, a TaKKe€ PACCUUTAHBI KOHIICHTPALUU
3ooTeIXx HY B xommonze. Ontnueckne cBoiictBa HY Oblmm nccieqoBaHbl METOIOM
cnekrpodoromerpuu. Taxke ObUIM NPOBEJCHBI (IIyOPECLEHTHBIC HCCIICIOBAHMS
KOMIUIeKca HaHovacThla-kpacutenb (Au-P6)K). IlokazaHo BIUSHHE OJMHOYHBIX
c(epuIecKuX YacTHI] U AUMEPOB Ha (POTOMPOIIECCH B KOMILIEKCAX.
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Puc.1l. Cnexmpul nocnowenust cghepuneckux 3010mulx HAHOYACMUY, 8APLUPYEMO20
pazmepa (om 25 nm 0o 59 um) u COM ghomoepaghus aznomepayuu 3010mvix
nanowacmuy (=25 nm)

HccnenoBanue OBUIO BBIIONIHEHO B paMKax TIpaHTa Poccuiickoro ¢onpma
¢byHnaMeHTanbHBIX HccnenoBanuii (POOU) mis moaiaepKKU MOJOABIX YYCHBIX,
oOyuaromuxcst B acupanType («AcmupanTtsl») (mpoekT Ne 19-32-90087).
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IMonyyenune koMno3nuMOHHBLIX MaTepuaaoB B cucreme Fe-Cr-Ti-B meTogom
CBC-meTtajiypruu

Munocepoos I1.A., 'opuxos B.A., Xomenxo H.FO., Munocepoosa O.M.
NCMAH PAH, r. YepHorosuoBka

B nanHOIT pabore mcciienyloTcss TEpMHUTHBIE CMECH HA OCHOBE XPOMATOB KalIbLIHs
CaCrO4 u CaCr,O; qiis nonyyenus Mmetogqom CBC-metamnypru KOMIO3HIIMOHHOTO
MaTepHania: Gopuasl  Xpoma,  THTaHa, AWOOpHA ~ THTaHa-XpomMa U
JKEJIE30aTIOMUHHIEBAs CBSA3KA.

Kepamuka Ha ocHOBe OOpHIOB XpoMa, 00JaJaeT YHHKIBHBIMU CBOMCTBaMU:
BbICOKast TBepAocTh (20-22 I'Tla), BeICOKOM TemmepaTypoil miasnenus (2200 °C),
xopomid Moaynb ynpyroctu (211 T'Tla), xopormield CTOWKOCTHIO K OKHCIICHHIO,
BBICOKOW  TEIJIONPOBOAHOCTBIO,  HHU3KMM  KOO(DQOHUIUEHTOM  TEPMHUYECKOTO
pacuIMpeHus, BbICOKass HM3HOCOCTOMKOCTh M XUMMYECKas HHEPTHOCTb. JlubGopun
THUTaHa O00JaJaeT WCKIIOYUTEIFHO BBICOKOH TBEpmocTh (~25-35 TITla mpm
KOMHATHOH TeMIiepaType), BBICOKOW TeMmepatypoii miasienus (3225 °C), BbICOKOH
TEIUTONIPOBOJHOCTEIO0 H 3JEKTpHUYecKoil mpoBoanmocThio. Cucrema Ti-Cr-B mmeer
TBEPJOCTH BBIIIE MHIAWBHUIAYAIBHBIX COCIUHECHUH M, C HEJAaBHUX IHOpP, UHTCHCHUBHO
HCCIIEyeTCsl, KaK IEpCIEeKTHBHBIM Marepuan il siaepHOW »Hepretuku. Ilo
cpaBaennto ¢ TiB, u CrB, mmbopun TtHTaHa-xpoma oOnamaeT OoJiee BBICOKOH
TBEPJOCTbIO, CTOMKOCTBIO K OKHCIEHHIO M H3HOCOCTOHKOCTBbIO. OJHAKO, XOTS
nubopun (Ti,Cr)B, uMeeT MHOXKECTBO XOPOIINX CBOWCTB, €r0 BBICOKAs XPYIKOCTh
OTPaHMYUBAET €TO MCIIOIH30BAHUE B UUCTOM BHJIC.

Jlis uccnenoBaHuii MHCIONB30BAIN 3 CXEMbI XMMUYECKOTO MPEBPAILEHHS:

CaCrO,4 (mmu CaCr,07) + Al + B — CrB, + Al,O5 +CaO 1
T102 +A1 +B —>T1B2 +A1203. 2
FeO + Al — FeAl + Al,O4 3

Jis TepMOIMHAMHUYECKUX PACYETOB M IKCIEPUMEHTOB B HCXOJHBIX CMECSX
BapBUPOBAIIU COJIEpKaHUe cMeceil | U 2 B 3aBUCHMOCTH OT 0, T1e o =[M, / (M, +
M,)] x 100 %, M; — macca cmecu 1, a M, — Macca cmecu 2. Cmech 1o cxeme 3
00aBISUIM B UCXOMHYIO W3 pacuera Ha moiydeHue 15 macc.% FeAl or wmacchl
OGOPUIHBIX MPOAYKTOB.

OKCIEPUMEHTHI TIOKa3alld 4TO CMECH CIIOCOOHBI K TOPEHHUIO MpH JIF0OOM
COOTHOIIICHUH 0, TIpeAessl mo (azopa3ieieHuro HacTymaloT Ha cMecsx ¢ CaCrOy
mpu o =40 %, Ha cmecax ¢ CaCr,O; mpu o =50 %. Hcnons3oBanue CaCr,O7,
MIOMHMO PacCHIMUPEHHS MPENesoB (a3zopasaesieHus], MO3BOJIMIO YBEIUYNUTh BBIXOJ
[IEeIeBOTO TPOIyKTa. IlodydeHHbIE MPOAYKTHI MPEICTABIAIOT COOOH, COTJIACHO
anam3am, cmech OopumoB (CrB, CrB,, TiB,, CrysTipsB,) pacnpeneneHHbIX B
HHTepMeTa/UInAHON MaTpulie FeAl.

HccnenoBanue BEIMONHEHO NpH (uHAHCOBOW mojnepxkke PODU B pamxax
HayyHoro npoekrta Ne 18-08-00804.
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MojaeanpoBaHue JUHAMUKU BTOPUYHBIX (poTopeakumii

Mopo3zos B.A.
WnctutyT oprannueckoit xumuu uM. H.JI. 3enunckoro PAH, Mocksa

B KkadecTBe MaTreMaTH4ecKoro MOJCIHUPOBAHUS HEKOTOPHIX XapaKTEpHBIX YepT
JTUHAMUKY BTOPUYHOH (POTOXMMHYECCKOI peakiuy, IPUBEICHO OMMMCAHUE TUHAMUKI
3aCEICHHOCTH COCTOSIHMM JIByX CBSI3aHHBIX JUHAMHUYECKHM B3aUMOICHCTBHEM,
Pa3NYHBIX IBYXYPOBHEBBIX MOJICKYJ (PacCMaTPHUBAEMbIX KaK MOJICKyJa “peareHra”
W MOJEKyJda “TIpOAyKTa”  peaknuu), KOTOphIE  CIIOHTAaHHO  H3JIyYaloT
(uryopecleHIo mocie Bo30YXKICHHUS OJHON W3 HHUX (MOJIEKyNbl pearcHra). Ha
OCHOBE HCIIONIB30BaHUs pemleHus ypasHenus Llpenunrepa 11 MOTHON CUCTEMBI U3
9THX MOJIEKYJl W KBAaHTOBAHHOTO IIOJII UX CIIOHTAHHOW (PIIyOpEeCIIeHINH MOTydeHa
CHCTEMa U3 IIATH YPaBHCHUH, TPH U3 KOTOPBIX OTPaKalOT TUHAMHUKY 3aCCICHHOCTH
U KOT€PEHTHOCTh KOJUIEKTUBHBIX BO30YKJEHHBIX COCTOSIHUI MOJEKYII, a Kax10€ U3
JIBYX JPYTUX YpaBHEHUII OMHCHIBACT AWHAMUKY OCHOBHOTO COCTOSIHHS OTHOHM M3
MOJICKYJ TIPH PETHCTpaniy (OTOHA COOTBETCTBYIOIIEH (IyOpecleHIHH, T.e. 3TH
JIBA YPaBHEHHSI OIHCHIBAIOT CEICKTHBHYIO IUHAMUKY 3aCEJICHHOCTH KOHEYHOTO MPU
paccMaTpuBaeMoOl peakiMH COCTOSHUSL MOJIKYJN aHcaMOunisl. 3HaHME TaKon
JTUHAMHUKH HEOOXOAMMO s OUeHKH 3(PQeKTHBHOCTH 3ToH peakunu. IlomyueHHas
CHCTEMa YpaBHCHHH OTIMYACTCs OT OOBIYHO HCIIONB3YeMOW MpPU PACCMOTPCHUU
JUHAMHKH PAcCMAaTPUBAEMOIl peakluy MOTYKIACCHUECKOH CHUCTEMBI ONTHYECKHUX
ypaBHeHni broxa. OTiudme COCTOUT B TOM, YTO BMECTO JIBYX OTMEUCHHBIX BBIIIC
MOJYYeHHBIX YpaBHEHHWH cHcTeMa bioxa coaepkKHT OXHO ypaBHEHHE, KOTOpOe
OTpakaeT INHAMHUKY 3aCCIIEHHOCTH OCHOBHOTO KOJUICKTHBHOT'O COCTOSHHUS MOJICKY I,
T.C. HECEJIEKTUBHO OINUCHIBACT JUHAMHKY 3aCEICHHOCTH OCHOBHOTO COCTOSIHHUS
MOJIeKy T aHcamOms. [IpuBeZeHBI XapaKTepHbIE MPUMEPHI, ITOKAa3BIBAIOIINE
9 PEKTUBHOCTh TIONYYCHHOTO CEJICKTHBHOTO OIMCAaHWSA JWHAMHUKHA BTOPHYHOM
(OTOXUMHUYECKOH peaKIyu.

HOKpblTl/lfl JId KOHCEPBAlMHU NAMATHUKOB MUCbMEHHOCTH HA OCHOBE NMMOJIU-TI-
KCHUJINJICHA, IIOJTYYEeHHbIC B MIOTOKE a30Ta.

Hecmenos A.A.2, 3aevsinos C.A.l,Cmperbt;oe JI.P.* Manaxos C.H.",
Jmumpsxos H.B.l, Yeanyn C.H¥
1. HUIT «KypuatoBckuii HHCTUTYT», MockBa
2. UCIIM um. H.C. ErukonomoBa PAH, Mocksa

B mnocnennee BpeMs MOTUMEpHbIE OKPHITHS BCE Yallle UCTIOIB3YIOTCS JUIs 3AIUThI
HCTOPUYECKHX NOKYMEHTOB Ha OyMasKHBIX HOCHTENISIX OT BHEIIHMX BO3ICHCTBHM.
[oxpertust n3 nomu-napa-kewniera (I11K) u ero npou3BoAHBIX, CHHTE3UPOBAHHBIC
METOJIOM MOJIMMEPH3aLK U3 ra3oBoil Gasel Ha nosepxHoctu (I'TIIT), npencrasisor
c000H TONMMMEpHBIE MOKPBITHS CO CTPOTO KOHTPOIMPYEMOH TOJIIMHOM, BBICOKOI
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CIUIOITHOCTBIO U PABHOMEPHOCTBIO HAHECEHMS HA TOMJOKKH CO CJIOKHBIM
pensedom. IIpoBenenne mpomecca B yCIOBHSAX BaKyyMa MPHUBOANUT K OTCYTCTBHIO B
CHCTEME KHCIOPOJA, KOTOPBIII HEraTUBHO BIMSET HA MPOLECCH MOIMMEPU3AIHN.
OpHako B mpollecce KOHCEpBAIllMM APXUBHBIX JOKYMEHTOB HE BCErJa BO3MOXKHO
[OJIBEPraTh HUX BAKYyMHUPOBAHMIO. AJbTepHATUBOM siBiserca noaydenue ITITK-
TIOKPBITHH B TIOTOKE MHEPTHOTO ra3a. B Hacrosmeil paboTe npeAnpuHsTa MONbITKA
MOJYYHTh TOKPBITHS Ha OCHOBE HEe3aMeIeHHOTo U xiop3amernennoro [TTIK (TTITK-
Cl) B moToke a30Ta, a Tak’Ke NPOBECTH UX CPABHEHHE C TIOKPBITHAMH, TT0JIyYeHHBIMU
B BaKyyMHBIX YCIIOBHSX.

Toukoruienounsie TITIK wu TITTK-Cl NOKpBITHS CHHTE3HMpPOBAHHBIE B TOTOKE
a30Ta U B BakyyMe OblTu HccienoBanbl MmetoaoM MK-cnekrpockonuu (puc.l).

_ A :

2 2

35‘00 30‘00 15‘00 10‘00 5(‘)0 35}]0 3dUU 15‘00 10‘00 5(’]0
Wavenumbers (cm™) Wavenumbers (cm’)
Puc. 1. UK-cnexmpuwr obpasyos IIIK (a) u HTIK-Cl (6): noryuennvix «é nomoxe»
(1) u 6 saxyyme (2)

Uccnenoanne MK-cmektpoB mokazano, uto mokpbitus Ha ocHoBe IIIIK-CIL, B
OTJIMYME OT aHaJIOrMuHbIX NOKpbITHM u3 IIIIK, nomyueHHsle B BakyyMe U B IIOTOKE
a30Ta, HEe UMEIOT 3HAYUMBIX Pa3jIMyuil 10 COCTaBy U CTPYKTYpe U MOTYT YCIIELIHO
INPUMEHATBCS AN 3alIUTBl U KOHCEPBALUMM HCTOPHUYECKHX JOKYMEHTOB Ha
OyMa)KHBIX HOCUTEIISIX.

Pabora BeimoHeHa Tipu (puHAHCOBOW moanepkke PODU (mpoektsr Ne 18-00-
00427 n 18-03-00582) ¢ ncnonezoBanuem odopyaosanus PLI HUL] KU1

Monennponaﬂue KOHq)OpMalIl/IOHHLIX NMEPEeCTPoEK ancopﬁnponaﬂﬂoﬁ Ha
MeTAJIMYEeCKO HAHOYACTHIIe MAaKpPOMOJIEKYJbI BO BHCIITHEM 3JICKTPUYECKOM
moJie

Kyuepenxo M.I'., Hesacos I1.11., Kpyuunun H.FO.
Hentp nazepHoii n nHGOopMannonHoH Onopusuku, OpeHOyprekuit
rocyapCTBEHHBIN yHUBepcuTeT, OpeHOypr

B nacrosmee BpPEMSA OCYIICCTBIIACTCA MHTEHCHUBHBIM ITOMCK CITOCOO0B YpaBJICHUA
KOH(bOpMaI.[I/IOHHBIMI/I HepeCTpOﬁKaMPI MaKpOMOJICKYJI JId HUX HIPUMCHCHUA B
SJICKTPOMEXAHNUYCCKUX HAHOCUCTEMaAX. B nannoit pa60Te HCCJIeIOBaHbl CBOMCTBA
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CHELHaIbHO CO3JaHHOW aHaIUTH4YecKoH Mmonenu [1-2]  KoH(OpMaIMOHHBIX
MepecTpoeK aJCOPOMPOBAHHON Ha METAUIMYECKOW HAHOYACTHUIIE TayCCOBOH
MaKpOMOJIEKYJISIpDHOH LIeNM BO BHELIHEM 3yieKTpuueckoM mnouie [3]. IlpencraBnens
pe3yabTaThl PacyeToOB CTPYKTYphl Ieneil MOIMANEKTPOJIMTOB Ha OCHOBE OTOH
MOJENH, a TakXke MOJEKyIIpHO-TuHamuueckoro (MJ)  MoaemmpoBaHUs
MTOJIUTICTITU/IOB BOJIM3H 30J10TOW HAaHOYACTHIHI [1].

Puc. 1. Ilpocmpancmeennvie pacnpedenenus nIOmMHOCU 36€HbEE 3aPANCEHHOL
maxpomonexynvt N(Y, Z) npu paziuunom s¢pgpexmusrom 3apsoe 3eéena €’: 0.1 (a), 0.5
(b). (¢) -pezyromam MJ]-mooenuposanust Kongopmayuii 0OHOPOOHO 3APANCEHHO20
noaunenmuda Ha NOEePXHOCHIU NOJAPUI0EAHHOL 30]I0MOTL HAHOUACTUYbL.

VCTaHOBIEHO, YTO YBEIWYEHHE HAMPSKEHHOCTH BHENIHETO OJIEKTPUYECKOTO
nouisi, MO0 3apsa 3BEHBEB, IPUBOJUT K CMENICHUIO 3BEHLEB MAKPOMOJIEKYJISPHOM
OTIYIIIKU Ha OJTMH W3 TOJFOCOB TIOJSIPU30BaHHON HAaHOYACTHIIHI (puc. 1). PesymbraTsl,
MOJyYeHHBIE B paMKaxX MOJENH, KAueCTBEHHO COBNAJAIOT ¢ pesyibratamu MJI-
MOJIETUPOBAHMS, YTO  IO3BOJIAET TOBOPUTH O  XOPOIIMX  TEPCIEKTUBAX
UCIIOJIb30BAHKS BHEIIHETO JIEKTPHYECKOTO MO AJIsl YIIPABJIEHUsS KOH(QOPMALUSIME
HOJMMEPHBIX MOJIEKYJI B TAKOM HAHOCHCTEME.

HccienoBanye BBINOIHEHO IPU (PMHAHCOBOM MoAepkKe MUHUCTEPCTBA HAYKH

u BhIciiero odopasoanus Poccuiickoit denepanyu B paMKax HaydHOro mpoekrta Ne
FSGU-2020-0003.

1. Kpyuunun H.IO., Kydepenko M.I". // Komnmownnusiii xxypuan. 2020. T. 82.
Ne 2. C. 177-185.

2. Kpyunnun H.IO., Kyuepenko M.T"., Hesico ILII. // XK. ¢usna. Xumun (B
reJartn).

3. I'pocoepr A.1O., XoxsoB A.P. Cratuctuueckas (puU3MKa MaKpOMOJIEKYIL.
M.: Hayxka, 1989.
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Posib BuCMyTa B CTPYKTYPHO-XUMHU4YeCKOii xapakTepuctuke Fe/C
kataau3atopoB ruapupoBanus CO: UK- cnexrpockonus q1uddy3Horo
OTpa:KeHusl.

IHankuna I'.B., Xapnanos A.H.
Xumnuecknit paxynsrer MI'Y um. M.B. JIomonocoBa, . Mocksa

ITomyuenne yrineponnelx MarepuanoB (YM) Ha OCHOBE BO30OHOBISIEMBIX
HCTOYHUKOB PACTHTEIBHOIO MPOUCXOXKICHHUS MM OMOMACCHI CErOJHS JOCTATOYHO
LIMPOKO pacrocTpaneHo [1-2].

B xauectBe Hocureneil Fe/C- kaTanm3aTtopoB, IIpOMOTHPOBAaHHBIX Bi,
ucrosb30BaH YM Ha ocHOBe apeBecHHBI KyctapHUKa UPTH (Cap). Crextpsr POA
karanu3aTopoB Fe/Cpy, u FeBi/Ca, TMOKa3amu OpUCYTCTBHE MarHeTUTa Y)KE Ha
CTaJ UM NMPUTOTOBJICHUS, TPUYEM CYIIECTBEHHO BBIIIC MX OOHAPYKEHO JUIST CHCTEMBbI
FeBi/C.

CocTosiHnEe KaTHOHOB M aTOMOB MOBEPXHOCTH HccienoBamu meronom MK-
CTIIEKTPOCKOIIUH C MCHOIb30BaHUEM MOHOOKCHJA YIiepoja B KaueCTBE MOJICKYJIbI-
3ou1a (Puc.l). Amamns MK-criekTpoB MokasbIBaeT, 9TO Ha MOBEPXHOCTH oOpasia
Fe/Cam GoOpMHpYIOTCS OJHOBPEMEHHO YaCTHIBI OKCHJA JKEINe3a, M30JIMPOBAHHBIC
kaTHOHBI Fe”' M KIacTephl, COCTOAIIME M3 OJHOTO MM HECKOJBbKHMX KATHOHOB
xenesa. [Ipu BBenennu Bucmyra B Fe/Cay, GOpMHUPYIOTCS TONBKO YacTHUIIBI OKCHIA
xKeJie3a, a BKJIAJ M30JIMPOBAHHBIX KaTHOHOB M KJIACTEPOB HEBEIHK. Takne JacTHITBI
3HAYUTENIFHO JIerde BoccTaHasimBaroTcsi B atMocdepe CO. Tak, ecnm mocie
npoxkanuBanus npu 200°C Ha noBepxHocTH oOpasua Fe/Cy, He HaOmonaercs cyo-
KapOOHWIBHBIX U MOCTHKOBBIX (popm azcopOumu, To miist oopasua FeBi/Cy, Takue
(OpMBI TPHUCYTCTBYIOT YK€ ITOCTIE BOCCTAHOBIICHHS TIPH JTAHHOW TeMIeparype.

CrenoBarenbHo, mpomMoTuposanue obpasna Fe/Cy, BucmyTom (0.6 mace. %)
YCWIIUBAET aCOPOILIMOHHYIO CIIOCOOHOCTD 10 OTHOILCHUIO K MOHOOKCHJLY yIIiIepo/ia,
YTO MOJIOKHUTEIIFHO BIMSACT HA MIPOIECC BOCCTAHOBICHHS YaCTHIl OKCHAA JKee3a.

[lo wHamemy MHEHHWIO, TIPUCYTCTBHE BHCMYTa, JIOKQIM30BAaHHOTO Ha
MOBEPXHOCTH HOCHTES, ynpouHsieT cBsi3b Fe-C u npu aToM ocnadinsier cesi3b Fe-H,
YTO B Tpolecce Npu BoccTaHoBieHHss B atMochepe CO cymiecTBEHHO oOnerdaer
dopmupoBanne y — KapOHIa, BBHITOIHSIONIETO POJIb AKTHBHOW (pa3bl B CHHTE3E
Ouiepa-Tpomniua.
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Puc.1. Pasnocmuvie UK-cnexkmpul nocie éoccmanosnenus 6 CO: a) - Fe/Cap,
0) - FeBi/Camnpu P=50 Topp 1 - npu 200°C, 2 - npu 300°C, 3 - npu 400°C.

Jluteparypa
1. Marquez-MontesinosF., CorderoT., Rodriguez-MirasolJ., RodriguezJ.J. /Sep. Sci.
Technol. 2001. Vol. 36. P. 3191
2. Faug B.// Microporous and Mesoporous Materials. 2013. Vol. 182. P. 1.

Biausinve BHelIHEr0 MATHUTHOI'O MOJISI HA KMHETHKY BoccTaHoBaeHus: Fe/SiO2
BO/I0PO/IOM.

Yepuasckuii I1.A., [lankuna I'.B., Maxcumos C.B.
MI'Y um. M.B. JlomoHOCOBa, XuMudecknii pakynpTet, r. MockBa

Ha cerogusmnuii 1eHb MEXaHW3M BOCCTAHOBJIEHHS HAHECEHHBIX OKCHIOB Kele3a
M3YyYeH HEeIOCTATOYHO, YTO UX O0YCIOBICHO BBICOKOW PEAKIIMOHHOMN CIIOCOOHOCTHIO
1 KOHKYpPEHIMEH MPOLECCOB BOCCTAHOBICHUSI U B3aMMOJACUCTBUS ¢ HocuTeneM [1-
2].Metonom HENPEPBIBHOTO M3MEpEeHHUS HaMarHU4eHHOCTHU insitu B
HEM30TEPMHUYECKOM pPEXHMe HCCIe0BaHa KMHETHKa BoccTaHoBIeHHS Fe,0;/Si0,
BojopoaoM s pazmepoB vactul Fe,Os;:5uM u 15HM. BHemnee mnoctossHHOE
MarHuTHOE T0JIe M3MEHSUIH B Tpezenax oT 60 D mo 5 kD. Ha ocHOBaHMM JaHHBIX
COM 1 MHUKPOCKOIIMH TIOCTPOSHBI paclpeeNIeHNs] YaCTHUI] 1o pa3mepaM (puc.1)
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Puc. 1. Muxpogomozpaguu u eucmozpammul pacnpedenenus 4acmuy 2eMamuma 8
obpasyax: a) 5% FelSiO, u 6)15% Fe/SiO,.

[Toxazano, uro mpu BoccTaHoBieHHH Fe/SiO, Bo BHEIIHEM MarHHUTHOM IIOJIE
HMEET MECTO pa3MepHblii apdekr. Tak, s YacThl] pa3MepoM ~3 HM Ha MEpBOI
CTaJUM BOCCTAHOBICHMS HE HAOMIOAeTCS CTATUCTHYECKNM 3HAUYUMOTO BIIMSHHA
BEJIMYMHBI MAarHUTHOTO TONIA (puc.la). YBenmdeHue pa3MepoB 10 15 HM MPUBOIUT K
3HAYATEIFHON 3aBUCHMOCTH KHHETHKH(KaKyIIeHcss »Hepruum axTuBamum E*) ot
MarHuTHOro mnoJs (puc.106).

[lo-BumnMOMy, BHEIIHEC MAarHWTHOE IIOJIC MOKET BIHATH Ha CHHHOBYIO
CTPYKTYpy TOBEPXHOCTH, KOTOpas B CBOIO OYepeqh BIHSIET Ha TEpPeHOC 3apsia
MEXJy MOBEPXHOCTbIO U aacopbaTroM, M, Kak CIEACTBUE, HA TUCCOLUATHBHYIO
ancopbuuio  Bomopona[3]. C yMeHbIIEHHEM pa3Mepa 4YacTHIl pacTeT poJb
Ne(eKTHOTO ITOBEpXHOCTHOTO CJOS, YTO CKA3bIBaeTCd HAa MAarHUTHBIX CBOWCTBAX
yactui [4].

E, k/li/vorms

” 300 4
PO I R, S

j?lﬁif{"\fﬁs“ 3%%#ffi¥ﬁﬁ+w ;;;;;;

140 4

120 4

T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 1.0

Creneis npespaitieni Crenen, npespamenms

a) 6)
Puc.2. E* om cmenenu npespawenus 6 peaxyuu 3Fe;03 + H, = 2Fe;04 + H,0O
ons: a) 5% Fe/SiO, u 6)15% Fe/SiO,

Taxum 06p2130M, YCTaHOBJICHO BJIMSAHUE BHCIIHCTO MArHuTHOIO TIIOJIA Ha
KHHCTUYCCKHUC IMapaMETPhI IMPOLCCCa BOCCTAHOBJICHUA OKCHUIOB JKCJIC3a.
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JIureparypa
1. WielersA.F.H., KockA.J.H.M., HopC.E.C.A., GeusJ.W., vanderKraanA.M. // J.
Catal. 1989. V.117. P.1.
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3. Melander M., Laasonen K., Jonsson H.// J. Phys. Chem. C 2014. V.118. P.15863.
4. Dobrynin A.N., Ievlev D.N., Temst K., Lievens P., Margueritat J., Gonzalo J.,
Afonso C.N., Zhou S.Q., Vantomme A., Piscopiello E., van Tendeloo G. // Appl.
Phys. Lett. 2005. V.87. P. 012501.

KonBepcus KHAKUX yIJIeBOAOPOIHBIX TOIJIMB B peakTope (PUILTPAIOHHOTO
ropeHust

. 15 - 1 1 . 1
Toonecnvitt JI.H.”, 3aiiuenxo A.FO.”, [{[eemkxoe M.B.”, Caneanckuii E.A.",
12
Caneancrasn M.B.
1. MactutyT npodiem xumudeckoii pusuku PAH, r.UepHoronoska

2. MTI'Y umenu M.B. Jlomonocoga, r. MockBa

B Hacrosiiee Bpemsi OueHb akTyalbHa MpoOiieMa NepepadoTKH Pa3iIMYHbIX JKUJIKUX
TOpIOYNX OTX0A0B Ha mpemmpuarusx. [ua  sddextuBHOl  mepepaboTku
HEKOHJIMLMOHHBIX TOPIOYMX JKMIKOCTEH MOXKET OBITh MCHOJIB30BAaH MPOLECC
(GUIBTPAIIMOHHOTO TOPEHMS B IIPOTHBOTOYHOM PEXKHME, CXeMa KOTOpOro
IpejicTaBlIeHa Ha puc. 1.

quartz reactor

heat wave
propagation

opeanuzayuu
npoyecca
Gunbmpayuonnozo
20PEeHUSL HCUOKUX
MOnus.

hydrocarbon liquid combustion zone

|
|
|
|
|
|
| Puc.l. Cxema
|
|
|
|
|
|

inert cooling zone

inert solid moving

[epepaboTka rOprOYNX KHUIKOCTEH B (PHIBTPAIMOHHOM PEXHAME CTPOHUTCS IO
IBYXCTQAUHHON cxeme. Ha mmepBoM 3Tame TPOUCXOMUT KOHBEPCHS HCXOIHOTO
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TOPIOYEr0o B PEXKHME HEIOJHOr0 OKHCICHHUs, C 00pa3oBaHMEM TOPIOYUX
razoo0pasHeix npoaykToB Oorateix CO u H,. Ilpu 3TOM OAMH W3 pEareHTOB
(>KMIKOE TOpIoYee MM I'a3-OKUCIHUTENb) MOAASTCs ¢ TOPIa PEakTopa 3aMOoIHEHHOTO
IIOPUCTON HEroprovell 3achIlKOW, a APYrod B CPEIHIOI €ro 4acTb. B aTom ciydae,
MHEPTHBIM MaTepuall, 3arpy’KaeMblil B BEPXHIOK 4acTb PEaKkTopa IPU KOMHATHON
TEMIIepaType, HarpeBaeTcs B MPOTUBOTOKE TPOJAYKTOB TropeHus. MHepTHBII
MaTepuaj, BBITPYKaeMblii U3 peakTopa (M OJHOBPEMEHHO AOTPYy’KaeTcs paBHBINA
00beM B BEPXHIOIO 4YaCTh, YTOOBI CJIOIl B peakTope IMOJJIePKUBAJICS MOCTOSIHHBIM)
HarpeTelii B BEpXHEH €ro dYacTH OTHAaeT TemIo Tra3000pa3HOMY pEareHTy,
MOJaBacMOMy CHHM3y. TakuM 00pa3oMm, HMHEPTHBIH MaTepHal BBITPYXaeTcs W3
peakTopa OXJIaXICHHBIM, a ra3000pa3HbIii peareHT, MojJaeTcs B 30Hy Peakiuu Mpu
BBICOKOH Temmeparype. [lono6Has cxema TermooOMeHa MOXKET OBITh HCIIOIb30BaHA
B peaKkTope C TMOJBIKHBIM CIIOEM TBEPJOTO TEIJIOHOCHUTENS, YTO TO3BOJIUT
obecrieunts paboTy B HENMpephIBHOM pexnme. Ha Bropom srame, IMoiydeHHbIE
ra3000pa3HbIe MPOJIYKTHI CKUIAIOTCS B CTAHAAPTHOM SHEPIeTHIECKOM YCTPOUCTBE C
MOJy9EeHUEM TETUIOBON /WM 3IICKTPUUECKON SHEPTHH.

JlabGopaTopHbIe HCCIIEIOBAaHNS ITPOBOIMIINCE B BEPTHKAIEHOM MIAXTHOM
KBapILIEBOM PEAKTOPE KBa3UHENPEPBIBHOTO JIEHCTBUS ¢ BHYTPEHHUM JUAMETPOM 66
MM U urHOHN 400 Mum. TosmumHa cTeHKH peakTtopa cocTaBisiia 3 MM (cm. Puc.2.).
O06beM peakTopa ObLT 3aMOJTHEH HHEPTHBIM MaTepUaIoM. B kauecTBe HHEPTHOTO
MaTepuaia uctoib3oBanuch mapuknu Al,Oz tnametpom 5-7 mMm. B kauecTBe
yTJIE€BOJIOPOAHOrO TOILUINBA B HKCIIEPUMEHTAX UCIOJIb30BATIN BEPETEHHOE MACIIO C
opyTTo popmynoit CoH,.

4 syngas
- T 1 .
HK& e 12 Puc. 2. Dxcnepumenmanvhas
.. yemanoska: 1 — IIK, 2 — ALII, 3 -
B 5 JIATP, 4 — keapyesuvlii peakmop, 5
11 — nepucmansmuieckue Hacocol, 6 —
- HE . T xonba ocuoxkoco monaued, [ —
© OyHKep-HaKonumeib — UHEPMHO20
- mamepuana, 8 — epawarowulics
. : Konochuk, 9 —  9neKmpomHmHbIl
pacxooomep, 10 — xomnpeccop, 11
— JuHUA nooauu monauga, 12 —
3 610K ynpasienue HacoCAMU.
3
2

B pabore mnpemnoxkeH HOBBII cIOCOO KOHBEPCHUH TOPIOUUX IKHUIKOCTEH B
CHHTE3-Ta3 B pexuMe (UIbTparuoHHOro TopeHmsa. Co3maHa yHHKaIbHas
nabopaTopHasl yCTaHOBKA C KOHTPOJIMPYEMOI CHCTEMOH IMOJAYM KHIKUX TOILIUB.
OTpaboTaHbl PEXKUMBI ITOJTYYCHHS TOPIOYHX Ta3000pa3HbBIX MPOJYKTOB.

Pabota BemmonHeHa B pamkax ['ocynapctBerHoro 3aganus NeAAAA-A19-119-
022690098-3.
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Bausinue meI09HBIX METAJIOB HA TeMIepaTypsbl IJ1aBJCHUSA 30161 0TXO0/10B
pPacTeHueBoOACTBA

Lsemros M.B.*, [loonecnwiii J.H.*, Llsemrosa 0102, Dpetiman B.M*,
Kucnos B.M.l, Bioxun I/I.B.l’z, Saiienxo A.FO.
1. ®T'BYH HacTUTYT IpobaeM XuMudecKor Gu3nku, YepHOTOIOBKA
2. MI'Y um. M.B. JlomoHocoBa, MockBa

B Poccum exeromHo obpasyercs He MeHee 100 MIH T./TOX  OTXOMOB
pacTeHHEBOJCTBA, KOTOPbIE MOTI'YT OBITh HCIIOJIBb30BaHBl B KadecTBE TOILIMBA. B
HACTOSIIIeEe BPEMs OJTHMM M3 MEPCIIEKTHBHBIX METOJI0B TEPMHUYECKOW NepepaboTKu
OTXOJIOB sIBIIsieTCsl rasudukanust B pexuMme (QuIbTpalMOHHOIO TOPEHUsl, KOTOpas
mpennosaracT  TBEpAOe  3o0JOoydaleHWe. B 3aBucmMocTH  OT  BHzA
CeIIbCKOXO3SHCTBEHHON KyJIbTYphl B HEH COIEP)KHUTCS Pa3INYHOE KOJIMYECTBO
LIET0YHBIX MeTa/uloB (10 38 macc%), KOTOpble CHUXKAIOT TeMIEpaTypy IUIaBICHUs
3011BI.

Lenpto paboTel SBISIETCS W3YYEHHWE BIMSHHME INETOYHBIX METAIOB Ha
TEMITepaTypy IUIABJICHHS 30JIbl CEIbCKOXO3SHCTBEHHBIX OTX0/I0B PACTCHUEBO/ICTBA.

HccnenoBanu creAyromye THIHYHBIE BHABI C/X OTXOAOB: JIy3ra CeMsH
ITOJICOTHEYHHKA, PUCOBAs IIeNTyXa, MIICHUIHAS COJIOMA.

XUMHYECKHI COCTaB 30J1bI 0TXO00B, Moiy4eHHble pu 550°C (IOCT P 54185-
2010), npencrasieH B TabaHLe (B IepecyeTe Ha OKCUIBI).

COCTaB, % SIOQ A1203 Fe203 CaO MgO NaZO Kzo P205 Ash
Jlysra 17.8 | 145 |64 14.6 |85 0.1 21.1 |94 1.9
IIOJCOJTHCYHHUKA

PucoBas 89.39 1022 |04 1.3 1057 035 |5.04 [0.87 |20.6
mreiayxa

[MmennuHas 36.6 |0.8 0.6 102 |25 23 35.6 | 1.1 5.2
COoJIOMa

C yBeJIMYCHUEM COJIEPIKAHUSI MICTOYHBIX METAJUIOB CHI)KAIOTCS TEMIIEPATYPhI
IUTABJICHUS 30Jbl. DKCIEPHUMEHTAIBHO OMPEACICHBI TEMIIEPaTyphl aedopManuu
305161 JyIs1 pucoBoi tenyxu (1430°C), mist nmmeHuaHOo# coiombl (860°C), mis my3ru
cemsiH nozacoaHevnuka (1170°C).

TakuMm 00pa3oM, 30i1a CEIbCKOXO3SHCTBEHHBIX OTXOIOB PACTCHHUCBOICTBA
CKJIOHHA K IIDTAKOBAaHMIO M OOPACTaHWIO HA CTEHKaX peakTopa. I MCKITIOYeHUs
mpo0JeM co MNUIAKOBAaHHEM 30JIbI TeMIIepaTypa TOPCHHS B pPEakTope HE JOJDKHA
MPEBBIIATH TEMIIEPATYPhI Ae(HOPMALIUH 30JIbI.

HccnenoBanne BBITOJNHEHO TpH (UHAHCOBOW momnepxkke PODU B pamkax

HayyHoro mnpoekra Nel9-08-00244 u Tl'ocynmapctBenHoro 3amanust Ne0089-2019-
0018 (Ne roc. peructpaunu AAAA-A19-119022690098-3).
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OnTuMu3anus NapoBoO3AYIIHON ra3uuKanum yrojibHoO| NbLIM B pesKuMe
cBepxaanadaTHIecKoro puIbTPAHOHHOTO IrOPEeHHs

Tonuanuux E.B., Jlopogeenxo C.O
WuctutyT npobnem xummaeckoit ¢pusnkn PAH, Ueproromoska

TeopeTHyeckn paccMOTpeHa TMApOBO3MYIIHAS Ta3U(pUKAIMs MBIICBUAHOTO YIS B
MIPOTHBOTOYHOM peakTope (IIBTPAIIMOHHOTO TOPEHHS C TIOJBMKHBIM CJIOEM
TBEPIOTO TEIIOHOCUTENS. PaCIBUICHHBIA yrojb IOTOKOM TPAaHCIIOPTHOTO Tasa
MOJIAl0T B CPEIHIOI0 YacThb PEAaKTOpa MJsl CMEIIMBAaHUS C BO3AYXOM U MapoM,
MpeBapUTEIbHO  HATPETHIMH  TOCPEJICTBOM  TEIUIOOOMEHa € TBEPIBIM
TEIUTOHOCUTEIIEM B HIDKHEH JacTu peaktopa [1] (puc.1).

Granutar sofid Puc. 1. [Iapamempuueckas  obnacme  0ns
@ VAPAGIAIOWUX — NApamMempos,  00eCnequsarouux
agppexmusnyio easugurayuio 6e3 cooepaicanus

Fuel yenepoda 8  NpoOyKmax, — onpeoeisiemcs 8
* NPUOIUNCEHUU MEPMOOUHAMULECKO20 PABHOBECUS

nPOOYKMOaE. IIpeonooicena npoyedypa
onmumusayuy O 3A0AHHO20 COCMABA  V2IA.
il OcHogHble — napamempuvl — onmumuzayuu -

OmMHOWEHUE PACX00a KUCIOPOOa 8030yXad U Napa K
pacxody monausa. Onmumym no Xumu4eckomy Kno
eazugpuxkayuu  docmueaemcsi  npu - pacxooe
meépooco  MmenioHocumens MaKkom, UYmMo —e2o
MenioéMKocms — gvlule,  YemM  Meni0EMKOCMb

J NOMoOKa  2a3a-OKUCIUMes, HO MeHblue, uem
Granular sofid MenioémMKocmyb npooyKm-2asd.

Air+Steam
—

brnaromapst >QQexTuBHONH pekymepanuu Temia B IMPOIECCe  BBICOKAS
TeMIeparypa TOpEHHs OOCCIleunBacTCs TIPH MajoM TETUIOBBIICIICHUN u
OKa3bIBACTCSl JOCTHKMM BBICOKMA XUMHYECKAH KII Ta3sU(pHUKALUH, [PH ITOM,
MOJTy4yaeMblii MIPOAYKT-Ta3 CBOOOJEH OT MUPOJM3HBIX CMOJI. B TO ke Bpewms,
BBICOKasi pPEaKIMOHHAs TOBEPXHOCTh YTOJBHON TMBIIM TO3BOJSET O00ECTeunTh
BBICOKYIO CKOPOCTb PEAKLINHU U YAEIbHYIO IPOU3BOAUTEIBHOCTD IIPOLECCa. .

W30bITOUHOE TEMao, HAKOIUIGHHOE TEIJIOHOCUTENEM, JaeT BO3MOXHOCTh
WCIapsATh BOAY BHYTPH peakTopa; TaKuM o0pa3zoMm, Tojada rnapa MOXeT ObITh 0e3
JIOTIOTTHUTENFHBIX 3aTpaT TeIUla 3aMeHEeHA JKUIKOW BOMOW, Yiydlias OOIIyIo
9HEPreTHYECKYI0 3 (PEKTUBHOCTD ra3u(hUKaIIUH.

PaccmaTtpuBaemblii  MeTOA B HauOOJbIIEH CTENEHH TPUMEHHM IS
ra3uuKaIuy Majgo30JIbHbBIX TOTUIHB.

[1] Salgansky E., et. al. // Fuel. 2017. V. 210. P. 491-496.

Pa6oTa BemonHeHa no Teme I'ocynapcTBeHHOTO 3a1aHus, Ne roc. perucTpanun
AAAA-A19-119022690098-3  (tema  0089-2019-0018). Pabora  wacTuuHO
noanepxxana PODU, mpoekr 19-03-00405A, Ne roc. perucrpaunn AAAA-A19-
119011890155-5.
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JnHaMuKa TenJao0Boro JBHKeHHs IBYX HAHOBKJIIOUYEeHUI kuakoro Pb na
3aKpenJieHHOM auciaokauuu B Al maTpuue

Ipokogpwes C.H.", Honcon .
1. UDTT PAH, YepHoronoska, Poccus
2. Center for Quantum Devices, NBI, Copenhagen, Denmark

C ucnonp3oBanueM in-situ IIDM HaOIIOneHN HCCaeA0BalIach JUHAMUKA TEIIOBOIO
JIBIKEHHS JBYX HAHOBKJIIOUEHHUH >KUAKOro Pb Ha 3aKperyieHHON TUCIOKAIlMH B
criaBe Al ¢ 0.65 ar. % Pb. Iloka3aHo, 4TO TEIJIOBbIE OCLMJUISIIMKM BKIIFOUCHUH
MPOCTPAHCTBEHHO  KoppenupoBaHHbl  [1].  OpHako, aHamu3  BPEMEHHBIX
3aBHCUMOCTEH WX TEIUIOBBIX OCHWUISIUA HE TMOKa3zal MPUCYTCTBUE OOIIei
KonebaTenpHOW MOJBI. Torga Kak B IIEMOYKax, cocTosmmx u3 4 [2] u 12 [3, 4]
HAaHOBKJIFOUCHHH JKUAKOTO Pb, CBS3aHHBIX € 3aKpEIUICHHBIMH JTUCIOKAIMSIMHU,
M3y4YaBIIUXCS HAaMHU paHee B cCIIaBaxX OJM3KOro cocTaBa ObUIM OOHapyXKeHbl U
MIPOCTPAHCTBEHHASI M BPEMEHHAsl KOppessiuu. Takke ObLIO MONIYyYeHO yKa3zaHUe Ha
MIPUCYTCTBHE B TEIIOBBIX OCIMJUIAIUAX BKIIOYCHHN 0OIIel KoebaTeaIbHOH MOJIbI.
Uro yka3bIBaeT Ha HEKOTOPYIO CTENEHb CUHXPOHU3ALUH TEIUIOBBIX OCLMJUISALUN
BKJIFOUCHH.

Paznuane CTeIeHU CUHXPOHU3AIIH TEIJIOBBIX OCIMILISALIUAN B
paccMaTpHBaeMBIX CIyYasiX, BEPOSTHO, CBSI3aHO C Ooiiee cabbIM B3anMOICHCTBHEM
JIByX BKJIIOUYEHUH MO CPaBHEHUIO C B3aUMOJICHCTBHEM MEXAY BKIIOUCHUSIMH B
Henoykax u3 4 u 12 BKIIOYCHUIH.

1. Prokofjev, S.I., Johnson E., Correlated thermal motion of two liquid Pb inclusions
attached to a fixed dislocation in an Al matrix, J. Phys. Commun., 2017, 1, 055001

2. Tpokodses C.W., Honcon D., TermoBoe ABIKEHHE IEMOYKH HAHOBKIIOUSHHMIT
JKUJIKOTO CBMHLA Ha JUCJIOKAMM B QIIOMHHUEBOM MAaTpHle: BpPEMEHHbBIE
koppemsauuy, XXII  MexayHapoAHbI — MEXIUCLMIIMHAPHBIA  CUMIIO3UYM
“Ynopsouenne B MuHepanax u cmiaBax (OMA-22)”, HUU ®uzuku IOV, 2019,
143-145.

3. Ipoxopreer C.U., Honcon ., Hamen VY., TemioBoe IOBeICHHE IICIOYKU
HAHOBKJIFOUCHUHN Kuakoro Pb, cBs3aHHBIX onHOW auciokaimedl B Al marpuie,
XXIX Cummnosuym «CoBpeMeHHas xummuueckas ¢usuka», 17-28 centsops 2017 r.,
Tyarnce, 229.

4. TIpoxodses, C.1., Moncon J., [lamen Y., Binsuue Temneparypsl Ha TEIIOBbIE
OCLWUISIIIAY I[CTIOYKH HAHOBKIIFOUCHUH uakoro Pb Ha nucnokamuu B Al marpuie,
XXXI Cummosnym «CoBpeMeHHas XuMudeckas gpusukay, 16-25 cenrsdps 2019 r.,
Tyarce, 234.
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Pagukan-TpunieTHble B3aMMo/IeiicTBHSI B PeaKIIHOHHBIX LIEHTPax
¢oroTpodubIX GakTepuii

Ipocxypsikos U.H., Knenuna U.B., @yguna T.FO., Bacurvesa JI.I., I paznoe A.A.
N®DIIb PAH, Ilymuno

HccnenoBanussmMu B 00JIACTH OPraHUYECKOM MOJICKYJISIpHOH (OTOGHU3UKH  ObLI
IIPOEMOHCTPUPOBAH MEXAHU3M TYIICHUs TPUILIETHBIX COCTOSHUM MOJIEKYJI 3a CUET
WX B3aUMOJICHCTBHSI CO CBOOOTHBIMHU panukaiamu [1]. DTo TylieHue mpoTeKaeT B
pe3ysibTaTe BO3HMKHOBEHHS paaukan-tpuruietHeix mnap (PTII), B koropbix
CHMMAETCsl CIIMHOBBIN 3aIllpeT Ha AE3aKTUBALUIO TPUILIETOB. TyIIEHUE TPUILIETHBIX
COCTOSIHHMM XJIOPO(UIIIBHBIX MUTMEHTOB (DOTOCHMHTE3a MMeEeT OONbIIoe 3HAUYCHUE
JUIA TIPEAOTBPAIICHNS TEHEepalMyd BBICOKOAKTHBHOTO CHHIJICTHO-BO30Y)KICHHOTO
KHCIJIOPOJla, CIIOCOOHOTO K OKHCICHHIO OWOJIOTHYECKH BaXKHBIX MOJICKYN [2].
OCHOBHBIM MEXaHHW3MOM TyLIEHHsS B (OTOCHMHTETHYECKHX CTPYKTYpax SBISCTCS
TPUIUIET-TPUIUICTHBIM TIEPEHOC PHEPTHH C XJIOPO(HIIOB Ha KapOTHHOHUIBL. Takoi
MIEPEHOC HEBO3MOXKEH B OJHOM M3 BaKHEHIINX KOMIUIEKCOB ()OTOCHHTE3a —
PEaKIIMOHHOM HEHTpPEe (OTOCUCTEMBI 2, OTBETCTBEHHOM 3a OKHCICHHE BOJBI W
BBIJICNICHHE KHUCIOpoAa. TeM He MeHee, M B O3THUX KOMIUIEKCAX MPOUCXOAUT
9pe3BbIYaiiHo d(Hh(HEeKTUBHOE TyNIEHHE TPUILIETOB XjIopoduiia. HamMu mpomomkeHo
n3ydeHue peanmzanuum  Mexanusma PTII Ha mnpumepe Onuskoro aHasora
¢dorocucrempl 2 — peaknuoHHbIX HeHTpoB (PLI) dororpodubix Oaxrepmii. B
GaxtepuanbHeix PIl B pomM paguKagbHOTO COCTOSIHHSI BBICTYMAIOT OJHOKPATHO
BOCCTaHOBJICHHBIC MOJICKYJIBI T.H. NMEPBUYHOTO AKIENTOpPA AJIEKTPOHA, XWHOHBI B
ceMUXHHOHHOH ¢opme. C ncnonb3oBaHneM 3(PPEKTOB MarHUTHOTO IO HaMHU
MoIy4eHO moxaTBepxkaeHue yuactus PTII B HaOmrogaeMoM — yCKOpPEHUH
JIC3aKTHBAIMM B OCHOBHOE COCTOSHHME. B dYacTHOCTH, OOCYXKHAaeTCsl BIUSHHE
JIBOTHOTO BOCCTaHOBIICHHUsI IEPBHYHOTO AaKIENTOpa Ha MarHUTHbIC 3(dEKTHI.
PesynbTaTsl MccnenoBaHMsA MO3BOISIOT CIENAaTh BBIBOJ O pealu3allid MeXaHU3Ma
PTII B peakI[MOHHBIX LIEHTPax (POTOCUCTEMSI 2.

PaboTa yacTH4HO BBITIOTHEHA TIPH (PHHAHCOBOHU Mojiepkke rpanta PODU 17-
00-0207.

[1] Swenberg C.E., Geacintov N.E. Exciton interactions in organic solids. Ch. 10 In:
Organic Molecular Photophysics. J. Birks, ed., Wiley, 1973

[2] Di Mascio P., Cadet J. et al. Singlet Molecular Oxygen Reactions with Nucleic
Acids, Lipids, and Proteins // Chem. Rev., 2019, vol. 119, p. 2043
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CTpyKTypHBIE MEePerpynnupoOBKH KaK MEXaHHU3M CTAOMIH3AIHHT
JTOJITOKHBYIINX OTPHIATEIHHBIX MOJIEKYISIPHBIX HOHOB

TTuenuuniox C.A.l, Acganouapos H.ﬂ.l, Paxmees P.F.l, Taronos M.M.l,
Komonos A.C.2
1. UOMK YOUIL PAH, Yda
2. CIIoI'y, Cankr-IlerepOypr

MeTo0M CHEeKTPOCKONUU JIUCCOIMAaTUBHOTO 3axBaTa dyekTpoHoB (/I3D) [1] B
ra3oBoil (aze HWCCIENOBaHBI MOJEKYJBl JBYX OpPraHHYECKUX KHCIOT —
LI[aBEJICBOYKCYCHONH M (-KeTOrNyTapoBoil. [IoMHUMO HMHTEHCHBHOH (hparMeHTanuu
MOJIEKYJT 3THX COEJMHEHHH NpH pEe30HaHCHOM 3axBaTe MeaneHHbIX (0-15 3B)
JNIEKTPOHOB, B  MAacC-CIIEKTPOMETPUYECKOM  SKCHEPUMEHTE  HaOIIOTAI0TCs
JOJTOKUBYIIME (HAa  MHKPOCEKYHIHOW INKajle BpPEMCHH) OTPUIATCIbHBIC
MonekynsapHble aHnoHbl (OMU), o6pa3oBaHHbBIE 3aXBAaTOM TEILUIOBBIX AJIEKTPOHOB
HEHTPaTbHBIMHA MOJIEKYJIaMH. DKCIIEPUMEHTAIBFHO ONpPEICNICHBl CPEIHUE BpeMEHa
BEIOpoca (aBTOOTIIEIUICHHS) 3NeKTpoHOB m3 OMU. 3aperncTpupoBaHBl MTHKH
METacTaOWIIBHBIX OTPUIATEIBHBIX HOHOB, CBHICTEIBCTBYIONIME O MEUICHHOMN
(MukpocexyHabl) aucconuaru OMU.

Metonmamu Teopuu (pyHKIHOHANA ITIOTHOCTH, B ocHOBHOM B3LYP/6-31+G(d),
paccYMTaHbl TEPMOIUHAMHYCCKHE ITOPOTH TMOSBICHUS (parmMenTtoB mpu 133,
CPOJACTBO  HCCIEAOBAaHHBIX  MOJEKYI K  JJEeKTPOHy U CTPYKTypHBIE
MepeTpyNIHUPOBKH, OTBETCTBEHHBIC 3a TpaHC()OPMANNIO TEOMETPHUH HCXOIHBIX
MOJICKYJI TIpH 3aXBaTe AJIeKTpoHa M obpazoBannmn OMU. Kpome Toro, BeTHIMHBI
CPOJICTBAa K DJIEKTPOHY OICHEHHI IO SKCIECPHIMEHTATHHO H3MEPCHHBIM BpEMEHAM
aBTOOTILEIUICHUSI C HCIOJIb30BaHUeM MpocToii Monxenu [2]. OOoOumienue panee
MOJY4YEHHBIX JAHHBIX, CBHACTENBCTBYIOMINX O BHYTPHMOJICKYJSIPHOM pa3pbIBe
cBs3eil [3], a TakkKe O pErucTpanuy KOMIUIEKCHBIX OTPHUIATEIBHBIX HOHOB
TaJIOTCHCOJICPIKAIIAX COCAMHCHUN [4], NPUBOIUT K BBIBOAY O BaKHOH pPOJIU
CTPYKTYPHBIX MEPETPYNIHPOBOK B Mporecce ctabmnmuzanuu OMU.

Pa6ora nognepkana rpantom PH® No 19-13-00021.

[1] XBocrenko, B.M., Macc-cnekTpoMeTpHsi OTPULATENbHBIX HOHOB B
opranmueckoit xumun, M.: Hayka, 1981.

[2] Asfandiarov, N.L., Pshenichnyuk, S.A., Vorob'ev, A.S., Nafikova, E.P., Modelli,
A. Rapid Comm. Mass Spec. 29 (2015) 910.

[3] Asfandiarov, N.L., Pshenichnyuk, S.A., Vorob’ev, A.S., Nafikova, E.P.,
Lachinov, A.N., Kraikin, V.A., Modelli, A. J. Chem. Phys. 142 (2015) 174308.

[4] Asfandiarov, N.L., Pshenichnyuk, S.A., Rakhmeyev, R.G., Tuktarov, R.F.,
Zaitsev, N.L., Vorob’ev, A.S., Kocisek, J., Fedor, J., Modelli, A. J. Chem. Phys. 150
(2019) 114304.
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Cunre3 ampupUIbHBIX CoJIeil UMUIA30/14sl, COEePKAIMUX TONOJHUTEIbHbIE
MoJIsIpHBIe GPAarMeHTHI B TOJIOBHON YAaCTH MOJIEKYJIbI HA IIaT(GopMen-TpeT-
OyTuaTHakajdukc[4]apeHa U X KATATUTHYECKAs AKTUBHOCTDH B PeaKIUsIX
Kpocc-coYeTaHus

Paaaeeﬂ.ﬂ.l, Taguamynnun E.X.l, Cynmanosa 9.,[?.1, Muponosa ﬂ.A.l,
Bypunos B.A.*, Conosvésa C.E.2, Aumunun 1.C.H*
1. KOV, Kazanb
2. IODX, Kazanb

Karanu3zatopsl, obnanatomue aMGuPpUIBHBIMU CBOMCTBAMH, IPUBICKAIOT OOMIBIIOE
BHHMAaHNE HCCIEAOBATENCH, TaK KaK OTKPHIBAIOT BO3MOXHOCTb IIPOBOJIUTH
TPaANIMOHHBIC OPTaHUYECKNE PEAKIMU MEXIY BOJIOHEPACTBOPUMBIMHU pearcHTaMu
B BOJIC U BOJHO-OpraHUUECKUX cpeax. [Ipon3BoaHble THaKaIUKC[4]apeHa SBISIOTCS
MIpUBJIEKATENBFHON TUTaThopMoit anst co3manmsa aMmpuomisaerx NHC-nmuranmos,
CIOCOOHBIX K 00pa30BaHUIO CAMOOPTaHU3YIOMINXCS KaTaINTHIecKux cucteM. Comn
MMHA30JIHs, COJICPIKAIMe OJIMIOITHIICHIJINKOJIEBbIE ()parMeHThl, ObIIIM MOJIYYECHBI
myTéM MPSIMOTO AJKWIMPOBAaHMUSA AUOPOMIPOMU3BOAHBIMU THakamukc[4]apeHa N-
3aMENIEHHBIX MMHAA30JI0B, KOTOPBIE, B CBOIO OYEpEb, OBLIN IMOTYyYEHBI METOIOM
IKWINPOBAHMS HMMHA30j1a OpPOMIIPOM3BOJHBIMU TPH- M TETPAITWICHIIIMKOIb
MOHOMETHJIOBBIX 3(upoB. [lamee Juisi MOJIyYeHHBIX COJICH WMHAazoius Oblia
HCCIIeIOBAHA KaTaIMTHIECKast aKTUBHOCTS IN SitU B peakIisx Kpocc-COYeTaHMsI.

L f( \/g\ \_/ NaH e LO\/;Z\N @N

TT®, 66°C

H;C s H3C =

S (S

u O\/\%
r But B H3cf( h N\/:/N +/> <\ +

r-Bw Bu

S/
MeCN, 130°C
- Bu 9«3» 4 1-Bu
6' z=34 Sfﬂj
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* Bu % 0,5, -Bu
\ﬁ}x
7

Pucynox 1. Cunmemuuecxas cxema coneii mpu- u
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Bausinue Bpemenu oTkura Ha (pa3oBblii cocTaB KecTepuTHBIX IJIeHOK CZTS,
NnoJiy4eHHbIX MeTogoM MPS

Paxumun B.B.l, Deoxkmucmosa J1. C.z, Hoesuxoe I'.d.**
1. UTIX® PAH, r. YepHOroyioBka
2. MI'Y umMm. JlomoHOCOBA, T. MOCKBa

OnHMM M3 JIelmeBBIX JKUAKO(A3HBIX CHOCOOOB CHHTE3a KECTEPUTHBIX ILUICHOK
cocraBa Cu,ZnSnS, (CZTS), mo3BONSAIONMX MOAyYaTh TOHKHE CJIOW Ha OOJBIIMX
TUTOIIAIAX, SIBIISICTCS METOJ MOJIEKYISIPHOTO MpPEeKypcopHOro pactBopa (molecular
precursor solution (MPS)) [1]. OmHako, Ha CETOTHSIIHUNA MOMEHT MaKCHMAJIbHOE
3Hauenue KIIJ[ conHedHOro 3meMeHTa Ha OCHOBE MOTJIONIAIOIIETO CIOsl KeCTepHTa,
MTOJTYYEHHOTO KHUIAKO(A3HBIM CIOCO00M, OCTaeTcs 4yTh Oombine 12%, 94To mamexo
OT TEOPETHYECKH BO3MOKHOTO 32% [2]. BeposTHO, OOHON U3 NPHUYUH SBIAETCS HE
JI0 KOHIIA M3YYCHHBIH MeXaHU3M (OPMHPOBAHUS KOHEYHOW KECTEPUTHOW IUICHKH.
OnmauM w3 (akToOpoB, BIMAIOMMX HAa Mpouecc (OPMHUPOBAHMSA KECTCPUTHOM
CTPYKTYPBI, MOKET CITY>KUTh BPEMS OT)KUTA MpeKypcopHoit meHkn Cu-Zn-Sn-S.

B Hacrosimei paboTe M3ydeHO BIMSHHE BPEMEHH OTXKHIa Ha (pa30BBIN COCTaB
kecTepuTHBIX MIeHOk CZTS, momyuennsix mMetomom MPS. Ipenmonaranocsk, 4to
pa3NuYHOE BpeMs OT)KUra MPEKYypPCOPHOW IUIEHKH MOXKET MOBIHMATH HAa COCTaB U
HEKOTOPBIE CBOWCTBA MOTYYaeMOro MaTepHaa.

B ochnoge cunrtesa mienok CZTS merogom MPS nexut meTonuka, onucaHHas
B pabore [3]. Paboumii pacTBOp BKIOYaN B ceOs ameraT Meau, XJIOPUIBI 0JI0OBa U
IIMHKa ¥ THOMOYEBHHY, pAacTBOpeHHbIe B muMmeTwicyiabpokcuae (JIAMCO).
[IpexypcopHBIi pacTBOp HAHOCHJICS HA ITTOMIOXKKH (CTEKIIO FUIM CHTAIDI) METOIOM
neHTpudyrupoBanus co ckopocTbio BpamieHus 1500 06/muH B Teuenue 60 c. 3atem
MOJy4YeHHBIC IUICHKH OTXHTramuch B meun mpu 550 © C B TeyeHHe pasziIHIHOTO
Bpemenu: 1,2,3,5 wu 10 MuH. DTOT mpoiiecc MOBTOPSIICA A0 MATH pa3 C LEIbIO
MOJyYCHUS] TOJNIIMHBI 00pasioB mopsmka d = 2-3 MKM, THUOHYHOH JUist
MOTJIOIIAOIIHX CIOEB COMTHEYHBIX 3JIEMEHTOB.

CocraB MOTy4eHHBIX IJICHOK KOHTPOJIMPOBaics KoMOnHarwel metooB POA n
crnektpockonuedr KP. Amnanu3 mnokaszan, urto mnoiydeHHble IuieHkn CZTS
YIOBIETBOPSIOT MO COCTaBY MOTIIOIIAOIIUM CIIOSIM B TOHKOIUIEHOYHBIX COTHEYHBIX
JJIeMEHTaXx.

Pabora BeImosTHeHa B pamkax roc3aganus Ne0089-2019-0003.

Jlureparypa
1. V.V. Rakitin, P.E. Varushkin, Hao Xin, G.F. Novikov, EPJ Photovoltaics 10,
6 (2019).
2. V.V. Rakitin, G.F. Novikov, Russ. Chem. Rev.2, 99 (2017).
3. Xin Hao, John K. Katahara, lan L. Braly, and Hugh W. Hillhouse // Phys.
Chem. 23859-23866. (2015).
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Kanu6poBka runepcnekTpoMerpa, HCHO0JIb3yeMOro B UCCJII0OBAHMSIX
MPOLECCOB FOPEeHHs U B3PbIBA

Bunoepaoos A.H.l, Ezopos B.B.z, Kanunun A.H.3, Poouonos H.,ZZ.l, Poouonos A.I/I.l,
Poouonosa U.I1*
1. AO «HTL] «Pearent», Mocksa
2. KN PAH, Mocksa
3. UTIMex nm. A.}O.Mmnunckoro PAH, Mocksa

W3yueHnio TakWX MUHAMHYECKHX IIPOIECCOB KaK TOPEHHWE M B3pPHIB BO MHOTOM
CIOCOOCTBYET TIPUMEHEHHE COBPEMEHHBIX THMIIEPCIICKTPAIBbHBIX CeHCOpoB. OHHM
MO3BOJIAIOT PETUCTPUPOBATH MOPSAKA COTHH CHEKTPOB B CEKYHIY, Pa3BepThIBas BO
BpPEMEHH IPOTEKAHHE IPOIECCOB, HOCSIMMUX CYry0O HECTalMOHApHBINA XapakTep.
Ciemyer OTMETUTb, YTO CHEKTpP CHTHAJA, IPUXOISIIETO Ha BXOJ MPHUOOpPA, CITY>KHUT
JIOCTaTOYHON MH(OpMaIMel HccleryeMoro mnpolecca. BakHO OTMETHTb, 4YTO
paccMaTpuBaeMBIii B JIOKJIQAE€ TUIEPCIEKTPOMETP SBISACTCS  METPUYECKUM
npubopoM W TO3TOMY K BONPOCaM  €ro  KamHOpOBKM  (CHEKTPAJIbHOM,
pagMOMETPUYECKOH, IIPOCTPAHCTBEHHOH) JOJDKHO OBITH  yJeJeHO OoJbluoe
BHUMAaHHUE.

IMporecc kanMOpOBKHM BKIJIFOYAN B ceOs CIEAYIONINE ONEpalnu: IOCTHPOBKA,
3aKJII0YAIOIIasicss B IPOBEPKE TOTO, YTO CIEKTPAJIbHBIC JIMHUH, COOTBETCTBYIOIIHE
KpasiM TIaCIIOPTHOIO CIIEKTpa NPHOOpA, IMOJHOCTHIO IIONANAET Ha JICTEKTOPHYIO
MaTpHIly; CIEKTpajbHas KaIMOpOBKa BKJIIOUaJa B ce0s CpaBHEHHE CIIEKTPOB,
MTOJY9YEeHHBIX THUIEPCIIEKTPOMETPOM TI0 M3IYYEHHIO ITAJOHHOTO MCTOYHHKA, C €T0
MACHOPTHBIMU  JIaHHBIMM;  HPOCTPAHCTBEHHAs KaJIMOpOBKA M  ONpEACICHHE
IIPOCTPAHCTBEHHOTO PA3MbITUS TOUKH; PaANOMETpHUYEcKast KAIMOPOBKa. peaan3aiys
KOTOPOH COCTOSJIa B HCIIOJNB30BAHUHM HHTETpHpYIOMIeH chepbl ¢ mepeMenieHneM
UCTOYHMKA M3Iy4YEHHs Ha Pa3HbIC PACCTOSIHUS OT €€ BXOAHOTO OKHa M ITIepecuera
BXOJIHOH SIPKOCTH IO 3aKOHY KBaJpaToB paccrosHud. Kpome Toro, mpoBoamioch
CpaBHEHHE CIEKTPOB W3Iy4eHHH, PACCeIHHBIX TU(PQY3HBIM OTpaxareleM M|
M3MEPEHHBIX THIIEPCIIEKTPOMETPOM H CIIEKTpa KaJTHOPOBAaHHOW KCEHOHOBOH JIaMITOH

Oo0pa3oBanue e kos1edaTe1bHO BO30yskAeHHbIX MoJ1eky]1 HF npu
WHTHOHPOBAHUM TOPEHHsI BOJOPOAA M METAHA B KHCJIOPO/e H BO3/IyXe
ao0aBkaMu JuxJIopaugTopMeTana

Pyobyos HM?Y, Bunoepaoos A.H.Z, Kanunun A.H.3, Poouonos A.M*,
Poouonos U JI.*, Tpowun K.A.°, Leemkos I'1.", Yepuviu B.1.", Cennspcruii 5.C.*
1. ICMAH um. A.T'. Mepxanosa PAH, Yepnoronoska
2. AO «HTI] NePearent», Mocksa
3. UTIMex nm. A.JO.Mmunckoro PAH, Mocksa
4. ®UI] XD num. H.H.Cemenosa PAH, Mocksa

C uCnoyb30BaHUEM TUTIEPCHOEKTPOMETPOB BUAUMOI'O U OJIMIKHETO I/IH(l)paKpaCHOFO
AuamnasoHa B MPOAYKTax peaKuHﬁ OKHCJICHUA BOAOPOJa W METaHa B IPUCYTCTBUU
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mudropauxIopMeTaHa  BIEpBbIE  OOHApY)XEHbl  KOJeOaTelIbHO-BO30YkKIEHHbIE
monekynsl HF (v=2, 3). Iloka3aHo, 94TO MPUMEHEHNE ONTO3JICKTPOHHBIX YCTPOUCTB
obecrieynBaeT CyIIECTBEHHOE MOBBIICHHE HH()OPMATHBHOCTH MOJTy4aeMbIX
pe3ysbTaToB. YcTaHoBieHO, uto Monekynsl HF ( v=3) mpu ropeHum MeraHa
00pa3yloTcsi B MOMEHT JOCTHXKEGHHS MAKCHMAJIbHOH CKOPOCTH XHMHYECKOTO
npeBparieHus, T.e. peakumn ¢ ydactuem Moiekyn CF,Cl, koHkypupyor
HETIOCPE/ICTBEHHO € MPOIIECCOM PA3BHUTHS PEAKLMOHHBIX IeNel. DKCIepUMEHTAIBHO
MOKa3aHO, YTO MakcuMaibHble nHTeHcuBHOCTH moioc HF (v=3) u HF ( v=2) npu
TOPEHHM METaHa B KHCJIOPOZAE BBINIE, YEM IIPHM TOPEHHWH TpeMydeldl CMecH B
MIPUCYTCTBHUH TAKOT'0 K€ KOJINYECTBA XJIaJ0Ha. JTO o3HavaeT, uyTo peakius ¢ CF,Cl,,
npuBojsmas k oopasosanuto HF (v=2,3) nmpu ropeHnn MeTaHa, 10DKHA BKIIOYATH
aKTUBHBIA IIeHTp TopeHust Merana. Kpome Ttoro, mockombky CF,Cl, sBnsercs
s¢dexTuBHEIM MHrHOUTOPOM (€ro padouas KoHIEHTpanwmsi cocrasiser ~ 10 % or
TOPIOYEro), TO STOT aKTUBHBIM IIEHTP JOJDKEH ydacTBOBATH B AJIEMEHTapHOM aKTe
Pa3BETBIICHUS WM MPOIOIDKEHISI PEaKIIMOHHON IIETH B COJIEpKaTh aTOM BOJOPOAaA,
9T00BI 00pa3zoBatTh MosieKyy HF.

VYcTaHOBIEHO, YTO KOHLEHTPALMOHHBIM Ipeiesl BOCIIAMECHEHUs 3apaHee
nepeMelIaHHoN  BOJ0poo-Bo3aymHol cmecu B npucytetBun CF,Cl, mpu 1 atm
npesbimaer 10%, npu 3TOM Ipenen BOCIUIAMEHEHUS 3apaHee IepeMellaHHON
MeTaHo- Bo3xaymrHOH cmecu coctaBisieT 1% CF,Cly. D10 03Hayaer, 4TO aKTHBHBIC
LEHTPBI TOPEHMsI BOJIOPOJIa M METaHa, ONPEJIEISIONINE Pa3BUTHE TOPEHUS, UMEIOT
Pa3HyI0 XUMHYECKYIO IPHPOY.

Xapakrtepuctuku ¢pochaTuanIX0IUHOBBIX JUIOCOM € BCTPOECHHBIM
dorocencuduau3aTopom nupodeodopouaom-a 1js GpoToaIMHAMUYECKON
Tepanum.

Caorcuna H.H., Knumosuu M.A., I'epacumos H.IO.
NBbX® PAH, Mocksa

®oromunamuueckas Tepanus (OJIT) sBisieTcst B HACTOAIIEE BPEMS OJHUM U3 CaMBIX
NEPCIEKTUBHBIX METOAOB JIEUEeHUs 3110KauecTBeHHbIX omyxoneid. GAT ornuyaercs
OT TPaJULIHOHHBIX METOJOB JICUCHUS OIyXOJeH BBICOKOH H30MPaTEIbHOCTHIO
BO3JCHCTBUSA U OTCYTCTBUEM PHUCKA XMPYPrHUECKOro BMelarenbersa. Ilornomenue
sHeprun cBera (oroceHcHOmmM3aropoM (PC) mpuBoanT K (hoTOXMMHUECKOI
peaxuuu ¢ 06pa3oBaHKeM aKTHBHBIX (opM kuciopoa ('O,, O,), AelicTBHE KOTOPBIX
Ha OITyXOJIEBbIE KJIETKH BeJeT K ux rubemu. OnHuM u3 nepcrnekTuBHbIX PC juis
OJIT, ssusercs mupo-peodopbua-a (PPPa). Opgnako 5TO0 coenuHEHHE
HEpAaCTBOPUMO B BOJHOH CpeAe, 4YTO 3aTpPyAHSET TPOXOXKIEHHE €ro Io
KPOBEHOCHOMY pYyCIly A0 ONyXOhH. /[l 10CTaBKM HEpPacTBOPUMBIX B BOJE
cyOCcTaHIMIT HCHONB3YIOTCS pa3lUuHble OMOHAHOKOHTEHHEpPHl, B UYACTHOCTH
JIMIIOCOMBI Ha OCHOBE IPHUPOJHBIX JELUTUHOB, KOTOPHIE XOPOIIO PacTBOPUMBI B
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OMOJIOTMYECKUX KUIKOCTSX, 3amumarT O@C oT pa3pylieHHs U HE TOKCHUYHBI JUI
OopraHusma.

B Hacrosmei pabote H3y4eHbl (GPU3NKO-XUMHUYCCKHE XapaKTEPUCTUKHU JIUTIOCOM
u3 ¢pocparummnxonnna (OX) ¢ BriroueHHsiM B HuX ®C mnopdupuHOBOTO psiza
PPPa. M3MmepeHbl CHEKTpbl IOIVIOLIEHUS JIUIIOCOM, pa3Mepbl U Z-NOTEHUUAI,
BA3KOCTh ~ MeMOpaH  smmocoM.  VccnmemoBaHo — Takke — MHHIMHPOBAHHOE
BOIOPACTBOPUMBIM a30-UHUIIMATOPOM OKUCIIEHUE JTUTIOCOM.

VYcraHoBIEHO, UTO CHEKTphI morjoleHus aunocoM ¢ PPPa cocrtoar u3s nByx
nosioc: Cops ¢ MakcuMyMoM Ha A=417 HM U IOJIOCHI B KPAaCHOI 00sacTh CHeKTpa ¢
MaKCHMyM Ha A=673 HM, koTopas ucrons3yercs st OJT. 3aBHCHMOCTH BBICOTHI
[IUKOB TOIJIOLEHHSI TMHEWHBI OT KoHUeHTparuu PPPa.

VHNnnupoBaHHOE  OKHCJIEHHE JIMTIIOCOM —MOKaszalo  J0303aBUCUMOE  OT
koHneHTpanmn PPPa wHrnOmpoBanwe oOKHCIeHUs, T.e. TposiBieHne 3TuM DPC
AHTUOKUCIUTENbHBIX cBOMCTB. Conepkanue PPPa B munocomax BiIMsET TakKe Ha X
pa3Mep u Z-NOTEHIHA: YeM OOJIbIle HArpyeHbl JumocoMbl @C, TeM MEHBbIIE UX
cpemanit guamerp. Ilo-Bummmomy, PPPa 3HaunTenpHO CTPyKTypHpyeT OHCiOi
JUIOCOM, O 4YeM TakKe CBUACTEIbCTBYIOT JAaHHbIE [0 MHKPOBA3KOCTH
[IOBEPXHOCTHOI'O CJIOSI JIMIIOCOM, KOTOpasi 3aMETHO PACTET [0 CPABHEHUIO C 3TUM
mapaMeTpoM A «IUCTBIX» JUNOCOM. Takas yIIOTHEHHas CTPYKTypa YMEHBIIAeT
MIPOHUKHOBEHHE KHUCIOPOAA B JMIIOCOMY M 3aMEUIICT OKMCIICHHE JIMITHIOB B HEH.
YBenuaeHne abCOMOTHOW BETMIMHBI OTPHLIATEIBHOTO Z-ITOTEHIIHANA CIIOCOOCTBYET
YMEHBIICHHIO arperaluy JIUIOCOM ¥ YBEINYUBAET X CTAOMIILHOCTb.

IIpoueccsl mepeHoca 3apsa B CHCTEMAX, COIEPKAINX HHKJIIO3HBHbIE
KOMILIEKChI KYKypoOuT[7]ypuia ¢ ko0aabTOLEeHOM

1 1 2
Csupuoosa JI.H.”, Cmenuna E.B.”, Cmenun B.®.

1. MockoBckuii rocygapcTBeHHbI yHUBepcuTeT nMeHn M.B. JlomoHOCOBa

2. MeXBeTOMCTBEHHBIN IIEHTP aHAINTHYEeCKUX nccaenosanuit MITAW PAH

Metogom nukianueckoii BA  (HBA) wu3yueHO pelOKC-TIOBEACHUE CHCTEM
CB7<Co(Cp),”" (xobanst-GucimknonenTamuenni - Co(Cp), (Coc)) . CranmapTHbiii
norerrman  cucremer Co(Cp),”" (-1.155 B (x.c.3.)), TO €CTh, PEIOKC-IIPOLECC
MIPOTEKAET NPU OTPULIATENILHBIX 3apsiax aJieKTpoja. PaHee HaMM yCTaHOBJIEHO, UTO
¢dopmupoBaHHEe CclI0eB ajacopbaTa M HX CTPYKTypa B CHCTEMaxX, COJEpKaIlnx
CyIpaMOJIeKyJIIpHbIE KaTHOHHbIE KoMIuiekchl CB7, 3aBUCAT OT mOTeHIMaia
anekTpona. B o0macTH  OTPUIIATENBHBIX  3apsiIOB IMTOBEPXHOCTH  JIIEKTpPOJa
a7COPOLIMOHHBIN CIION B 3HAUUTENBHOI CTeneHu (GopMHpyeTcs MOJ BO3AEHCTBUEM
JNIEKTPOCTATUYECKUX CHJI W HMEeT OWCIOWHYI0 CTPYKTYpy. AACOpOIHOHHBIE
SIBIGHUSI OKa3bIBAlOT CYILIECTBEHHOE BIIMSHUE HA IPOTEKAHUE DSJIEKTPOIHBIX
npomeccos. Cucrema CB7cCo(Cp), ”" mpencrapiser ocoGblii MHTEpeC, MOCKOIBbKY
snexrpoaxTuBHble uactuisl Co(Cp), " mpucyTcTByoT B hopMmHpyromemcs Ha
AIIEKTPOJIE aJCOPOIIMOHHOM CJIOE, COCTaB M CTPYKTypa KOTOPOTO 3aBHUCAT OT 3apsiza
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MIOBEPXHOCTHU AMIEKTPOJA U OT 3apsijia HHKIIOAUPOBAHHON BO BHYTPUMOJIEKYIAPHYIO
mosocts CB7 smekrpoakTWBHOW dwacTumbl. Ha OCHOBE MOMYYEeHHBIX JaHHBIX
NPOBEAEHA  OIEHKa KOHCTAHT CKOPOCTH  PEJOKC-TIPOIIECCOB B CHUCTEME
CB7CC0(Cp)20/+ Ha MOJAEIBHOM PTYTHOM O3J€KTpojae ([sg KOTOPOro HMMETCs
JaHHBIE MO aJCOpPOIMOHHOMY ToBefeHuio Komiuiekcos CB7cCo(Cp),) u
CTEKJIOYIJIEPOTHOM DJIEKTPOJIE, YCJIOBHUS aJCOpOLMM HAa KOTOPOM MOTYT (M3-3a
HaJIM4Msl TIOBEPXHOCTHBIX (DYHKIIMOHAIBHBIX I'PYMII) CYLIECTBEHHO OTJIMYATHCS OT
TaKOBBIX Ul  WACAIBHO  IOIAPU3YEMOro, OOJIAJAIOUIEro  JHEPreTUYECKU
OJTHOPOZIHON ITOBEPXHOCTHIO PTYTHOTO JIEKTPOIA.

Bapuanmum MHOr0OI0MEHHOTO COCTOSIHAS B (DePPOMATHUTHBIX MHKPONIPOBOIAX
o-Fe/(PrDy)(FeCo)B

Cuodopos B.l’z, Konnax O.l, lawxos U2
1. MactutyT npobiem xumudeckoi pusuku PAH, YepHoronoska
2. MI'Y umenu M.B.JlomoHocoBa, MockBa
3. Mucrutyt Gusnku tBepaoro tena PAH, YepHoronoska

B kauecTBe 4YyBCTBUTENIBHBIX CEHCOPOB MArHUTHOTO IOJIS, JaTYMKOB TEMIEPATypbl
U JAp., MOTYT TNPHUMEHSITHCS MHKPONpPOBOAAa U3 cmiaBoB nepexofusix (IIM) u
penxozemenbHBIX MetamuioB (P3) [1,2]. Ilpu sTom 4TOOBI OOECIEYHTh TOYHOCTH
JATYMKOB, BaYKHO NMOHMMATh MEXaHH3MBI UX TEPEMAarHUYMBAaHHUA M OOpa30BAHUS
MArHUTHOW IOMCHHOW CTPYKTYpbl. C OJHOW CTOpPOHBI, NPUOIMKCHUE TUaMeTpa
MHKPOTIPOBOJIa K TOJNIIMHE JOMEHHOW CTCHKH OOECIeYnBaeT MAarHUTHYIO
MOJYJISIINIO, ONTUMH3HPYS MarHUTOCTaTH4YecKylo sHepruio. C apyroit - dopma u
pa3Mep IMOBEPXHOCTHBIX MAarHUTHBIX JIOMEHOB KOHTPOJMPYIOTCSI MarHUTHON
KPUCTAJUIMYECKOW U MarHUTOYIPYroil aHu3oTponusaMu. IIpu 3TOM mooKUTEIbHAS
MarHUTOCTPHUKINSA B MHUKPONPOBOJAX, MPUBOIUT K PaTHAIbHON HaMarHMYCHHOCTH
JIOMEHOB OOOJIOUKH, a OTPHIaTeNbHAas MaTHUTOCTPUKIHS OOCCIIEYMBACT KPYTOBYIO
HAMarHWMYCHHOCTh. B Hamield paboTe Mbl PEICTABISICM PE3YJIbTAThl UCCICIOBAHUS
noMeHHOH cTpykTypsl (PrDy)(FeCo)B MuKpompoBOJOB, MONTy4eHHBIE METOAOM
MAarHUTOONITHUECKUX  WHAWKATOpHBIX  TuieHok  (MOWII).  MuoromoMeHHas
MarHUTOMOJIYJIUPOBAaHHASI CTPYKTypa MOBEPXHOCTHBIX JIOMEHOB ObLTa OOHapykeHa
B MIPOAOJIHHOM BHEIIHEM MAarHUTHOM I1oJie (puc.1).

a o 6
Puc. 1. MOUII - uzobpasicenus 0omenHol CmpyKmypbl MUKPORPOBOOOE
ouamempom: a- 60 ymxm, 6- 105 ymrcm, 110 mxm 6 none 140 Oe. Muxponpoeoo (8)
nocie 1a3epHo2o npoPUIUPOSAHUSL.
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OmnpeneneHsl pa3Mepbl 3aMBIKAIOMIUX JOMEHOB M BHU3yalHM3HPOBaHBI 00JacTu
nepemaranunBanus B (PrDy)(FeCo)B MukpompoBoiax B 3aBUCHMOCTH OT JHaMeTpa
MHKPOIPOBOJOB, MEXaHHYECKOTO MPOMMIMPOBAHUS M HMX (Ha30BOr0 COCTOSHHS.
MukpornpoBoja pa3nuuHbIX AuaMeTpoB (20-120 MKM) JIEMOHCTPHPYIOT CIOXKHYIO
MHOTO/IOMEHHYIO CTPYKTypy B MarHutHeix moisx 100-350 Oe (puc. 1 a-6).
JlazepHoe  mpoduMIMpOBaHWE ~ MPUBOAWT K  M3MEHECHHIO  [TOBEPXHOCTHOM
HAMarHMYCHHOCTH U IOMEHHOH CTPYKTYpHI (pHc.1 8).

Cnucok JIuTepaTyphl:
1. Morgunov R, Koplak O, Materials Letters 273, 127954 (2020).
2. Morgunov RB, Koplak OV, et al., IMMM 497, 166004 (2020).

Bumsinue pacTBopuTens Ha KaTanuTuieckue xapakrepuctuku MOF(Cu) ¢
JuHkepoM 1,3,5-6eH30JTPUKAPOOHOBOI KHCIOTHI

Cynuna A /1., Mapxosa E.b, CaguenkoA.C., Mywmaxos A.1"., Kosmyn C.O.,
Yepeonuuenxo A.I.
Poccuiickuii yauBepcuret Apyx0bl Hapo10B, MOCKBa.

VccnenoBanus 1O TONTYYEHHUIO CTPYKTYP C METaUI-OPTraHWYEeCKUMH KapKacaMH C
BBICOKOW yJIEIbHOW MOBEPXHOCTHIO M ()a30BOM UYHCTOTOH, a TaKXkKe ONpereeHHe
yCJIoBHH (OPMHUPOBAHUS CTPYKTYpPbl C OJHOTHITHOM TOIOJOTHEH, M H3y4deHHE
(akTOpOB, BIUSIOIIMX HA BOCHPOM3BOAMMOCTH CHHTE3a, HMMEET CYIIECTBCHHOE
3HAUCHHUE IS IPAKTUIECKOTO UCTIOIb30BAHUS ATUX CTPYKTYpP B Kau€CTBE HOCHTEIIEH
a/ICOPOEHTOB U KaTalM3aTOpPOB.

W3MeHeHne MONSPHOCTH PACTBOPUTENS OKAa3bIBAaeT CYLIECTBEHHYIO pOJb Ha
KOJIMYECTBO TIOMY4aeMOTO METaI-OPTaHWIeCKOro coeanHeHus. CTpouTenbHbIe
OJOKH—MOIYIM W3 HOHOB HEOPTraHMYECKHX METaJUIOB W OPTaHWYECKOH
CTPOUTEJILHOM €IMHUIIBI U3 MOJIMAESHTATHOTO JIMTaHAa UMEIOT BBICOKOE CPOJICTBO K
MOJISIPHBIM MOCTHKOBBIM MOCPEAHUKAM, KOTOpPBIE BBICTYMAIOT B POJHM IOMOITHUKOB
B cranoBieHn MOF-cTpyKTypsI (prCyHOK 1).
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Pucynox 1. 3asucumocmo vixooa MOF(Cu) om ¢usuueckux xapakmepucmux
pacmeopumerns: a — OUINeKMPULECKol NPOHUYAeMocmu, 6 — OUNOIbHO20 MOMEHMA,
6 — 00HOPHO20 YUCIA, 2 — UHOEKCA NOJAPHOCTIU.

O6pazeny MOF(Cu), mony4YeHHBI C HUCHONb30BAHMEM B KAueCTBE CHUCTEMBI
pactBopureneit cmecu H,O/C,HsOH (10:1), nmeer Hamboee pa3BUTYIO yASTbHYIO
moBepxHOoCTh (319 M’/r), IEMOHCTPHPYET MHKPOIOPHCTBIH  XapakTep ¢
OTHOCHUTEJILHO MaJIOH J10J1eil BHEIIHENH TOBEPXHOCTH.

Hosplii oucainamugodochuTHbIii JIUranja cajieHoBoro Tuna B Pd-
KATAJIH3UPYEMbIX aCHMMETPHYECKNX PeaKIHsIX.

Tpynuna B.M., Maxcumosa M.T".
PT'Y umenu C.A. Ecenuna, 1. Ps3anb

P,P-6unenrtatHeie OucanamMuo(GocGUTHBIC TUTaHIB! SBISTIOTCS HEMHOT OUHCIICHHOM
U B TOXXE BpeMsl KpailHe MEepCIeKTUBHOM IpyMIol WHIYKTOPOB XUpadbHOCTH. OHU
YCHEITHO MPUMEHSIOTCS B peakiusix Pd-kaTanmuznpyemMoro aluinjabHOTO 3aMEeleHHS,
mporeccax — JepaneMHu3alud W JecUMMeTpu3annu, B Rh-karanmsupyemom
THIPUPOBAHUU W THAPQOPMHIMPOBAHWM, a Takke B peakmuax [3+2]-
LUKJIONPUCOANHEHUs. M3BecTHa MOCTaTOUHO OO0IMpHAs OWMOIMOTEKa CaJeHOBBIX
JIUTaHJI0B, KATAJTUTUIECKHE aHCaMOIT Ha 0a3e KOTOPHIX JIEMOHCTPUPYIOT BBICOKYIO
pe3yIBTATHBHOCTh B PA3IMYHBIX ACHMMETPHUYCCKHX MpeBpalieHusx. [loatomy
MPECTABIIACTCS EPCICKTUBHBIM TOTyUYeHHE OUCIUaMUA0(POCHUTHBIX HHIYKTOPOB
XUPATBHOCTH C POJICTBEHHBIM CTPOSHUEM OPTaHMYECKOTO OCTOBA.

IpsimbIM (hochoprupoBaHreM THIPOKCHIICOACPIKAIIETO OucHMHHA
CHHTE3UPOBaH HOBBIH  OucanamMuao(OCUTHBIA  JIMTAH[A,  pacIoararolluii
acumMmeTpuueckumu aromamu Qocdopa B cocrase 1,3,2-nuazadochonnanHoBbIX
nukI0B. [loydeHHbI TUrana oxapakTepu30BaH C UCIOJIb30BaHUEM MeTo10B SIMP
3p,'"Hu BC CIIEKTPOCKOIIHH, TIOJIIPUMETPUH U DIIEMEHTHOTO aHaJIH3a.
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HoBelif mmrang mpoTecTHpoBaH B Pd-karanmmsmpyeMoM — alIMIbHOM
AJTKWINPOBaHUU U amMmMuHHpoBaHuu (E)-1,3-mudeHmnanmmianerara ¢ ToOCTHKCHUEM
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IToBepXHOCTHO-AKTHBHbIE BELIECTBA € PEAKIHOHHOCIIOCOOHBIM TPOTHBOMOHOM
B npoueccax pasioxenus ®OC

Typosckas M K., I[Ipokonvesa T.M., Muxaiinoe B.A.
I'Y «MaCTHTYT DU3HKO-OPTaHIMYECKON XUMUHU U YTIICXUMHH HM.
JL.M.JIutBHHEHKOY, T. JloHEIK

[enenanpaBneHHOe pPa3BUTHE HCCICAOBAHMHA TBEepAO(a3HBIX HOCHTENEH Opoma,
packpblBacT BO3MOXKHOCTH HX IPUMEHEHHMS B OPraHWYECKHX IPEBPAIICHUSX:
OpoMHpOBaHUE, CO-raJIOTeHUPOBAHUE, OKUCIICHNE, IMKIIN3ALMs, PACKPBITHE IMKIIA,
peakiuii 3aMeleHus], TUIPoan3a. V3BeCTHbI OpOMHPYIOIIME H OKHCIHTEIbHbIC
CBOMCTBA YETBEPTUYHBIX AMMOHHEBBIX TPHOPOMHUIOB.

[lepcriekTHBHOCTH U3Y4EHHs JOpoMOpoMaToB ITAB: LETHI-
TPUMETHJIAMMOHUS,  ITAHUMI-OUC-TUMETHIIOACHMIAMMOHHUS,  ITaHMHI-OUC-
JMMETHIITETPAICIIMIAMMOHUS,  OyTaHIUUI-OUC-IMMETHIATETPAICHUIAMMOHHSL B
peakumsax — pazuokeHus  4-HUTPO(EHHIOBBIX  AGUPOB  AMAITHIPOCPOHOBOI,
TATIIGOCHOPHOH U 4-TOTYONICYIb(OHOBOM KUCIOT COCTOUT B TOM, YTO B BOJHBIX
pactBopax »tu IIAB nmuccoummpyior ¢ obpa3oBaHHeM TpHOpoMHI-aHHOHA Brs ,
KOTOPBIH B 3aBUCUMOCTH OT KHCJIIOTHOCTH Cpezibl 00pa3zyeT OpOMHUJI- ¥ THIOOPOMUT-
AQHMOHBI, OPOMHOBATHCTYIO KHCIIOTY, U (POPMUPYIOT MHULEIIIPHYIO TceBrodasy.
[Tonaras, uro kak B Boje (B.), TAK U B MUIICIUIIPHON TiceBrodaze (M.) pa3ioKeHne
cybcTparoB (S) MPOMCXOAUT MO IBYM MapauUIeIbHBIM MapIIpyTaM — IIEJIOTHON
THAPONN3 U B3aUMOJEHCTBHE ¢ aHHOHOM BrO™, o01mast cxema mporiecca MoXXeT ObITh
NIPE/ICTaBIICHA B BUJIE:
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KonmdecTBeHHBIE 3aKOHOMEPHOCTH PEaKIUi C Y4eTOM pacIpelelicHus: cyocTpara,
rUMOOPOMHUT- W THUAPOKCHA-MOHOB  OIKMCAaHbl B  paMmkKax IceBaodasHoi
pacipenenuTensHOR MoAenu. MakcuMallbHOE YBETHMYEHUE CKOPOCTEeW peakiuid
OTMEYEHO Ui AUOpoMOpoMaTa IETHITPUMETHIAMMOHHUS (~ B 10° pa3s).
[IpeumymiectBo nukaTHOHHBIX [IAB — aHOMajdbHO HU3KHC KPUTHYCCKUC
KOHIIGHTPAIlMH  MMIE/UI006pazoBanus  (~107°,  Momb/1),  obecreunBarolie
paznoxenne ®OC npu kouneHTparusx [1AB ~ B 10 pa3 (u 6oiee) HU3KUX, YeM JIIs
MOHOKATHOHHOT'O [ICTePreHTa.

KBaHTOBO-XHMHIYECKOE MO/1€JIUPOBAaHNE PCAKIIUU
romMoJia3a mpem-6yTnﬂnep0KcnaueTaTa

Typosckuii H.A., Bawkosa M.B.
I'OY BIIO «/loHenkuit HAlIMOHATBHBIN YHUBEPCUTETY, JloHeIK

Tpem-OytunnepokcudGupsl  KapOOHOBBIX KUCIOT 3()(EKTUBHBIE paJUKalbHbIE
MHULOUATOPHl TTOMMMEPH3Allii BUHWIOBHIX MOHOMEpPOB B Macce, pacTBope,
CYCIICH3WH,  BBICOKOTEMIIEPATYPHOTO  OTBEPXKICHHS  TONMMI(PHUPHBIX  CMOII,
OTBEPIKJIEHUS AJIaCTOMEPOB M AKPUIOBBIX CMOJ. MOJEKyIsIpHOE MOJIEIUPOBAHUE
peaxiuu pacrana mpem-0yTHITIEpOKCHareTaTa nmposeaeHo Ha yposae DFT Teopun
KBaHTOBOW XUMHH C HCIoJib3oBaHeM B3LYP morenmnuana u 6a3ucHbIX (QyHKITHIL:
6-311G(d,p), 6-311+G(d,p), 6-311++G(d,p), cc-pVDZ, cc-pVTZ.
CeyeHre TOBEPXHOCTH IOTCHIMAIBHOM DHEPTUM  TOMOJIM3a  mpem-
OyTwimepokcHaneTata IOIY4YeHO  MpHU
Ewnae M3MEHCHUH JUTHHBI IEPOKCHIHOMN CBS3H OT

o 13 A mo 245A ¢ marom 0.1 A, a B
6L objacth MUHUMyMa ¥  MaKCUMyMa
461 56 sHepruu ¢ marom 0.05A. Ha myrm
461 58
46160 -GS

l4 16 18 20 22 24
Koopansarta peakmH (I.gwmo.. A)

peakiun roMoJju3a mpem-
OyTHiIepoKcuanerara JIOKAJIN30BaHO
LUKIHYECKass ~ CTPYKTypa  HEPeXOIHOro
COCTOSIHHE (TS). B HK-cnektpe
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MIEPEXOTHOTO COCTOSIHUSL HaONrofaeTcss TOJNBKO OJHAa MHHUMas dYacToTa st
MouiekynsipHoro @gparmenra -Oqee*Ogee*O,-. B TS peaxuuu npossusercs >pdext
COTJIACOBAHHOTO paciajia MepoKCHIHON cBs3H ¢ oTmierieanemM CH; rpymmsr mpem —
OyTwipHOro  ()parMeHTa, 4YTO  COOTBETCTBYeT  OOpa3OBaHMIO  AIlCTOHA,
AlETUJIOKCUIIBHOTO M METWJIBHOTO CBOOOIHBIX  pPaguKaioB. BapbupoBaHue
pasnuuHBIX 0a3uCHBIX (yHKIMHA B coderanun ¢ B3LYP mnorennmanom He
CKa3bIBaeTcs Ha KoopauHaTtax TS peakiuy ¥ BeIMYHHE SHTAJIBIINU aKTUBALIHH.

B3LYP/ 6asuc GS (r, A) TS(r,A;v,em ) AH",
I00-0p- | F-0pe0y- | F-0qeee0B- | I-0Beee0y- | V-Opee+0pe-0y KH)K/MO,Z[L
6-311G(d,p) 1.450 | 2.633 2.277 2.277 -377 179.8
6-311+G(d,p) 1.450 | 2.632 2.296 2|282 -363 177.7
6-311++G(d,p) | 1.450 | 2.632 | 2.296 2.282 -363 177.7
cc-pVDZ 1.449 | 2.628 | 2.258 | 2.258 -396 184.8
cc-pVTZ 1.448 | 2.625 2.282 2.282 -384 186.0

BinsiHne cTPYKTYPHO - pa3MepHOro (pakropa Ha KaTaJuTHYeCKHe CBOHCTBA
MeMOpaH CHHTE3HPOBAHHBIX € HCMOJIb30BAHHEM TEXHOJIOTHYECKOT0 TOpeHNsl.

Veapoe B.H.l, Anvimos M.H.l, Jlopsn B.3.1, Kanycmun P.,Z]l, Kupunnos A.O.l,
Deoomos A.C.Z, LJoouxos M.B?
1. ICMAH, r. YepHoroJioBka,
2. UHXC PAH, r. Mockaa,

PaboTa mocssimieHa HCCIICAOBAHUIO BIUSHUIO CTPYKTYPHO - pa3MepHOro (akTopa Ha
KaTaIUTUYECKHE  CBOHCTBAa  MeMOpaH Ha  OCHOBE  KapOuaa  KpPeMHHUS
CHHTE3UPOBAHHBIX C HCIIOIH30BAHUEM TEXHOJOTHYECKOTO TOPEHHS M MPUMCHEHHS
WX I TOJyYeHHs anb(pa-METWICTHpPOJa IyTeM JeTHAPHPOBAHUS KyMolia
(uzompormiibeH3ona). B IPOMBINIIEHHOCTH — a-METWICTHUPOJ  HOJIy4aioT
JNETHUIPUPOBAHMEM KyMOJNa Ha IaUTAJUH-HUKEIEBBIX KaTalu3aTopax IpH
temneparype 600-650 °C. TTorpeGHOCTh Banb(pa-METUICTHPOJIE HEOOXOAUMA LISt
MIPOM3BOICTBA JHUBHHUII-a-METUICTHPOIBHBIX KaydyyKOB U JaTekcoB. OOumii 00bemM
MIPOM3BOACTBA CHHTETHYECKHX HMYJBCHOHHBIX KaydyKoB Toilbko B Poccun
cocraisieT 6onee 315 Thic. T B oA, B Mupe - 6onee 4000 ThIc. T B rox. Kpome Toro,
U3 W30MPONMIOEH301a Yepe3 THIPOIEPEKHCh OCYIICCTBISICTCS CHHTE3 (eHOIIa,
alleToHa, aleTo(eHOHA, TAKXKE IOJYYaloT CYJb(OHAIbI - BBICOKOI(P(EKTHBHBIC
Morommue cpenctsa. [1,2]. TlepceKTHBHBIM CITOCOOOM MOBBIIICHHUS YPPEKTUBHOCTH
MIPOIIECCOB JIETUAPHUPOBAHUS W CHIDKCHHS CTOMMOCTH SIBJISIETCSI WCIIONIB30BAHUE
MeMOpaHHBIX PEAKTOPOB Ha OCHOBE IMOPHCTHIX KEPAMUUYCCKHX KATATUTHYCCKHX
KOHBEPTEPOB 110 CPABHCHMIO C TPAAUIMOHHBIMHU PEAKTOPAMH CO CTAI[HOHAPHBIM
CJI0eM TpaHyJIHPOBAHHBIX MaJUTaJNi-HUKENEBBIX KaTann3aTopoB. CHHTE3MpoBaHa
MOpHCTasi, KaTAIATHYSCKH aKTHBHAas MEMOpaHa Ha OCHOBE KPYITHOIHCIICPCHOTO
nopomka Kapouga kpemHus. B wucxomgueidi  mopomok  SiC  BBOAWIIMCH
yIBTPaJUCIIEPCHBIE TOOABKM OKHCH MarHms W KapOmuaa KpPEeMHHsS, KOTOphIE B
TpoLiecce CreKaHmMs IpH TeMieparypax B obmactu ot 1100 xo 1450 ‘C o6pasyior
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XKUAKYI0 (asy B Bujie KInHodHcTaTuTa — MgSi0;, KoTopast cMaunBaeT yactuisl SiC
KpyImHOH ¢pakimuum u o0pa3yeT MOPHUCTBI TNPOYHBIA Kapkac MeMOpaHBI.
HccenenoBana 3aBHCHMOCTB pa3Mepa MOp KepaMHUecKOro MaTepuaia OT JaBICHUS
[IPECCOBAHMS, YTO TIIO3BOJIWJIO TOJYYUTh BBICOKONOPUCTYIO KEPAMHYECKYIO
MeMOpaHy ¢ mopaMu HauOojee ONTHUMAJIbHOTO pa3Mepa AT JACTHAPUPOBAHUSL
KyMosia  (M3ompommiaOeH30a) B a-MeTHICTHpod. OOHapyKeHO, YTO Ha
CHHTE3MPOBAHHOM KapOHMJI0 KPDEMHHEBOM KOHBEpTEpe, MOIU(DUIIMPOBAHHOM PEHUH-
BOJIb()PAMOBBIMH aKTHBHBIMH KOMIIOHEHTaMH C HCIOJIb30BAaHHEM aJKOKCO-METO/Ia,
npu temneparype 600 °C gocruraercs HauOOJbIIAs CEJIEKTUBHOCTH 10 ajb(a-
MeTHICTHPOIY (~60%).

Bbnaronaproctn: VccnenoBanue BRIOTHEHO IpH (prHAHCOBOI moanepxke PODU B
paMkax HayqHOTO mpoekta Ne20-08-00559\20

Jluteparypa
1. Oprannueckast xumus 3. I'ayntman, 0. I'pede, X. Pemane. M.: 1979
2. Amghizar, Vandewalle L. A., Van G eem K. M., & Marin G. B. (2017). New
trends in olefin production. Engineering, 3(2), 171-178,
http://dx.doi.org/10.1016/J.ENG.2017.02.006

HN3meHeHue rpynmnoBoro cocraBsa yrieBoa0opoaAHbIX PAKETHBIX TOIIJIUB B
npouecce JJIMTEJIbHOI0 XpaHeHUus

Bypsax A.K., Manxcenuii E.A.?, Ilpokonenxo O.A.%, Co6onesa O.MZ, Yivanos A.B.!
1. U®XD PAH, Mocksa
2. DAY «25 I'ocHUU xummoTosorun MO PdDy, Mocksa

VYrneBo1opoiHbIE TOIUIMBA IIUPOKO NMPUMEHSAIOTCS B Pa3iIMUYHBIX OTpaciisix, B TOM
yucie KaKk pakeTHble TOpIoYMe Ul PaKeTHO-KOCMHYeCKOH TexHUKH. OT MOMeHTa
MPOMU3BOJACTBA TOIUIMBA JO MOMEHTA 3alpaBKU €ro B M3JEJIUE MOXKET MPOXOAUT
JIOCTAaTOYHO OOJBIION MPOMEXKYTOK BPEMEHH, IO3TOMY ITPOTHO3HPOBAHHE CPOKOB
COXPaHIEMOCTH TOIUIMBA SIBIISIETCS BaKHOM NMPAKTUYECKON 3a1a4eil.

CyuecTByolye NoKa3zaTead KauecTBa PAaKeTHBIX TOIIMB, a TAKXKE METOMABI UX
ompesieNieHNs pa3pabaTHIBAIUCh B CEPEMHE MPOIUIOro BeKa U HOCST yCPETHEHHBIH,
HHTErpaibHbIi XapakTtep. OnHAKO, BCe TH MOKA3aTeIH HEMOCPEICTBEHHO CBS3aHbI
C XUMHMYECKMM COCTaBOM TomuMBa. OmpeneneHre XHMHUYECKOTO —COCTaBa
YIJIE€BOJOPOAHBIX TOIJIMB CYIIECTBEHHBIM 00pa30M 3aTPyAHEHO CIO0XHOCTBIO HX
cocraBa M OTCYTCTBUEM JAHHBIX O BIUSHUM COLEpPXKAHHUA TOrO WIM HMHOIO
KOMITOHEHTa (7100 Kilacca KOMIIOHEHTOB) Ha SKCIUTyaTallMOHHbBIE CBOMCTBA.

DAY «25 T'ocHUU xummoronorun MO P®» u UOXD PAH Ha npoTsbxeHUN
JUINTETBHOTO BPEMEHH Yy4acTBYeT B paldoTax IO ONBITHOMY XPAaHEHHIO TOILTUB
Pa3sNNYHBIX TPOM3BOJMUTENEH C IIEIbIO ONpENENIeHHs AWHAMUKHA HM3MEHEHHs HX
9KCILTYyaTallMOHHBIX CBOWCTB TOIIMB M CPOKOB XpaHeHus. Il IMpOrHO3UPOBAHUS
cpokoB coxpansemoctu TommuB B DAY «25 I'ocHUU xummotonorun MO Pdy
CO37aHa YCTAHOBKA JJISI MOJCJIMPOBAHUS JJIUTEIBHOIO XPAaHEHMsI TOIUIUB U
pa3paboTaHa METOIUKA MPOTHO3UPOBAHNUS IOITYCTUMBIX CPOKOB XpaHEHHs TOTUINB B
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COCTaBe H3JENUKA PAKETHOIO BOOPYXKEHMsS B PA3JIMYHBIX YyCIOBUAX. MeTtoauka
3aKJIF0YAcTCsA B pacdyére 3HAYCHUH KPHUTEPUEB MOAOOMS AN W3ACTHS PAaKETHOTO
BOOPYXXEHHS W HCIBITHIBAEMOIO TOIUINBA, OINPEEICHUN 3HAYCHUS IIOKa3aTeleh
KayecTBa TOIUIMBAa HamOoJiee CKIOHHBIX K M3MEHEHHMIO B XOJAE IPOBEACHHMS
HUCIIBITAHUH C YCTaHOBJICHUEM 3aBUCUMOCTU UX UBMCHCHUA OT INPOAOJIKUTCIBHOCTU
UCTIBITAHUH, ¥ ONPEJEIICHNH JOMyCTUMOTO CPOKa XpaHEeHUs TommBa. OfHAaKoO 3Ta
METOJMKa HE I03BOJISIET M3YUYHTHh INPOIECC KOMIUIEKCHOTO M3MEHEHHsSl COCTaBa U
CBOMCTB TOILIMBA npu MOACIMPOBAHUU JIUTCIBHOTO XPaHCHUS. Hosz06H0e
oIpejielieHHe XMMHUYECKOTr0 cocTaBa o0paslia IMO3BOJHUT BBIIBUTH COCIUHEHMS
HanboJiee CKIOHHBIE K XHMHYECKOH TpaHc(hopManuu ¢ 0o0pa30oBaHHWEM BELIECTB,
HEraTUBHO BIMAIOIIMX Ha KIIOYEBbIE MOKAa3aTesId KayecTBa, B TOM YHCIE
KHCJIOTHOCTb U COJIepKaHue (haKTHUECKUX CMOJL.

Ilo JIATEPATYPHBIM HAaHHBIM B COCTaB IPAKTUYECKHU BCEX CYIIECCTBYIOMINX
YIJIEBOJAOPOJHBIX ~TOIUIMB BXOASAT alKaHbl HOPMAJIBHOTO U  HM30-CTPOCHUS,
LUKJIOAIKaHbl (HaTeHb) W apoMaTHdeckue coenuHeHus. [lpm  stom 1o
temneparypbl  300°C  orromsercs 98% o6pasua. T JaHHBIE [O3BOJSIOT
UCTIONB30BaTh [UIS aHAM3a TOIUIMB Ta3oBYyI0 Xpomartorpaduro. B nanHoit padote
UCIIOJIb30BaH METOJ TIa30BOM Xxpomarorpaguu ¢ Macc-CIIEKTPOMETPUYECKHM
nerektupoanueM (I’ XMC).

Ilo pe3ynbTaTaM IpOBEAECHHBIX HCCIEI0BAaHUNA MOKHO YTBEPKIaTh, YTO:

- HaMMEHee YCTOWYMBBIMU M CKIOHHBIMH K XMMHYECKUM TpaHC(opMmausMm B
X04€ YCKOPCHHOT'O CTapCHUS ABIAIOTCA NOJIUIHUKINYCCKUEC COCANHECHMSA.

- COACPIKAHUC TMOJUIUKITNICCKUX COGIII/IHGHI/II\;I B YIJICBOAOPOJHBIX PAKECTHBIX
TOIUIMBAX MOXKHO pacCMaTpHBaTh B KauecTBE MapKepa M Ha 3TOM OCHOBAHHU
CTPOUTH TMPOTHOCTUYECKHUE MOJCIH /IS YCTAHOBJICHHSI CPOKOB XPaHEHHS TOIUIMB B
Pa3IMYHbIX YCIIOBUAX.

KBaHTOBO-XxHMHYecKOe H3yYeHHE HEOOBITHOT0 CTPOEHHS XeJIaTHBIX
komiuiekcoB Pd(II), Ni(Il) ¢ azomuranzamm.

Ymenviwes A.H., Trkaues B.B., boocenxo K.B., I'vyes JI.I'., Anoowun C.M.
UITX® PAH, YeproronoBka

Lenpio paboOTHI SIBISAETCS BBIICHEHHE NPUUMHBI HEOOBIYHOTO KYIOJIBHOTO CTPOCHUS
XEJIaTHBIX KOMIUIEKCOB 6uc-(2-ruapoxcu-3,5-1u-TpeToyTHiI-N-
(denmnazodenzosro)-Pd(Il) u ouc-(2-ruapokcu-3,5-1u-TpeToyTri-N-
¢dennnazodenzonnTo)-Ni (II) KBaHTOBOXMMHMYECKMMH METOJIAMH M HM3YyYCHHE HX
JJIEKTPOHHOI'0 cTpoeHus. Bcee pacdersl BbIIONHEHBI B pamkax Mmeroga DFT B
npubmwkeann TPSSh/6-311+G* mo mporpamme GAUSSIAN-09. ITokazano, 9To
HEOOBIYHOE CTPOCHHE HCCIEAOBAHHBIX KOMIUIEKCOB HETOCPEACTBEHHO 3aBUCUT OT
pasMepa 3aMeCTHTENs IpPU aTOMax a3oTa U ONpeAenseTcs CTepHUECKUMU
BHYTPUMOJICKYIAPHBIMA KOHTaKTaMHu. TakuM o00pa3oM, HaileHa BO3MOKHOCTb
yOpaBJieHUS TE€OMETpHeil JaHHBIX KOMIUIEKCOB W TE€M CaMBIM BIHATH Ha
JNIEKTPOHHOE MX cTpoeHue. Pabora BeimonmHeHa mo nporpamme PAH Ne roc.
peructpanun Ne AAAA-A18-118030290068-6.
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IepsBolii P,S-onaentaTubiii iuamuaodochut B Pd-kataausmpyembix
aCHMMETPUYECKUX PeaKIHAX

Dupcun M.}, 3umapes B.C.2
1. PT'Y umenu C.A. Ecenuna, Psi3anb
2. MI'Y umenu M.B. JlomoHOcoBa, MockBa

BzaumoneiictBuem 2-(MeTHATHO)3TaH-1-01a (2) ¢ (HOCHOpUIHPYIONIMM peareHTOM
(1) B cpene Tonyouia mosryueH HOBI P,S-6unenrarueiii nuamugodochur (3).

HO, Et;N, PhMe

N + N\ e

~p—Cl N O,
P~ S— P
(S&N’ (séN’ \/\s/
2
3

1
DTOT JIMTaHJ OBII MPOTECTUPOBAH B PEAKIUAX ALIHILHOTO AIKHIUPOBAHHS
(BE)-1,3-nudenunammianerata guMeTuiaMaioHaroM (10 86% ee), aMUHHPOBaHHS
(E)-1,3-mudpenmnanmmnanerara nupponuanHom (o 73% ee), a  Taxke
amunupoBanus (E)-1,3-mudennnammmnanerata AudTHIAMHHOMETHI(OCHOHATOM
(mo 75% ee).
(D

N
‘O h ‘O
Q / 73%
ee
MeO,C__CO,Me Ok ’
— o

N
86% ee HN™ “P(O)(OE),

75% ee

OH Takxe ObUI HCIIONB30BaH B PeakMu Pd-kaTalu3upyemMoro aKHiInpOBaHUs
LIMHHAMUJI anerara -keTodupom, riae ObIUIo TOCTUTHYTO 10 76% ee [1].
0]

76% ee

JIureparypa
1. Gavrilov K.N., Chuchelkin 1.V., Zheglov S.V., Firsin [.D., Zimarev V.S.,
Gavrilov VK., Maximychev A.V., Perepukhov A.M., Goulioukina N.S. Mendeleev
Commun., 2020, 30, 31-33.

Pabota BemonHeHa nipu ¢puHaHCOBOU moanepkke PH® No 19-13-00197.
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CTpyKTypa MoJIeKyJ1 Qy/liiepeHOB onpe/iessieT HX HeCTA0UIbHOCTh:
TPHU NpuMepa rurantckux gymnanepesos C, (n>100)

Kosanenko B.H.l, Tupghanosa JI.E .2, Xamameanumos A.P.*
1. NODX um. A.E. Apbyzosa — OCIT ®UL] KasHI PAH, Kazaun
2. ®I'bOY BO «KHUTVY», Kazanb

DKCIIEpUMEHTAIbHBIE  HMCCIEIOBAaHMS  KPYIHBIX  BBICIIMX  (YJUICPEHOB,
MOJUYUHAIONINXCA MNPaBUIY HW30JHMpOBaHHBIX meHTaroHoB (ITHMII), Becema
OCIIO)KHEHBI MX HU3KHM COJepKaHHeM B (yuiepeHoBoM caxke. Hu onun n3 HUX 10
cuX mop He ObLI BBLAEIEH KaK COOCTBEHHO (yJulepeH; HO HEKOTOpble ObUIM
cTabUIM3UPOBAaHBI KaK MPou3BoAHbIE. Tak, n1Ba n3omepa dymiepena Cip 1(Dsq) u
450(Ds) Obum BBIDENEHBI W W3Y4YSHBI B BHAC OK3031paimbHOTO [1], ™
SHJ09IPAILHOTO  MPOM3BOJHBIX  [2], cooTBeTcTBeHHO; wm3oMep 1771(D,)
¢dymnepena Ciog ObUI MCCIEOBAH B BHJE JK303]PAIBHOTO XJIOPIPOU3BOIHOTO
Ci0sClys [3.,4]. TIpu >TOM He ObUIM Ha3BaHBI MPUYHHBI TaKOTO moBeneHus: [TUTI-
¢bynneperoB. Ilo3ToMy TEOpEeTHUECKHE HCCIENOBAHUS CTPYKTYpPBI MOJEKYI
GynepeHoB HEOOXOOMMBI JUIsI aHalInM3a SKCHEPUMEHTAIbHBIX pPE3yJIbTaToB,
OIICHKH CTaOMIBHOCTH (DyNJIepeHOB M MPOTHO3UPOBAHHS HOBBIX CTPYKTyp. Ha
OCHOBE pa3pabOTaHHOTO HaMH IIOAXO0Ja MOACITHUPOBAHHUS T'€OMETPUYECKOH W
UIEKTPOHHOHW CTPYKTYpbl MOJEKYJN (yUIepeHOB [5] BHEpBBIC IPEACTaBICHBI
JITaHHBIE O pacIpeAeICHUU CBS3eH Ha MpUMepe H30MEPOB T'HTAHTCKUX (PYIIIEPEHOB
Cioo u Cjog ¥ yKazaHel TpuuuHbl HecTabumpHOCTH HTHX [IUII-dynnepeHos.
BoisBiaeno, uro mosekyisl oboux [IUIT-mzomepoB Cigy (KOPOTKHE 3aMKHYTHIE
HAHOTPYOKHM) coOzepkaT Ha IOJI0cax 10 JIBE HJAGHTHUYHBIX CyOCTPYKTYpHI
KOHJICHCHPOBAHHBIX (eHaJeHMI-paauKanoB. OHU MMEIOT OTKPBITYIO DJIEKTPOHHYIO
0007109Ky, 4TO ompenenseT ux HectabmisHOCTE. Vzomep 1771 (D,) dymnepena Cigg
UMEET  3aKpPBITYI0  3JIEKTPOHHYIO  OOOJIOUKY, OJHAKO KOHAECHCHPOBAaHHBIC
KOPOHEHOBBIE CYOCTPYKTYphl HA DKBATOPE MOJIEKYJbI BBI3BIBAIOT H30BITOYHBIC
JIOKAJIbHBIE HANIPSDKCHUS MOJIEKYIIBI, TIPEIOTIPEeNss ee HecTaOMIbHOCTb. I1okazaHb!
HanboJee BEePOSTHBIC MECTa MPHCOCTNHEHIS aIICHAOB B MMPOAYKTaX PaTUKAIHLHOTO
MIPUCOCMHEHNUS U MO3UIIMHU SHI0aTOMOB METAJIIa, KOTOPBIE XOPOIIO COTIIacyloTcs ¢
pe3yibTaTaMH SKCIEPUMEHTOB [1-4].
[Ipu dpuranCcOBOM Moanepxkke PODU Ne 18-29-19110MK.

1. Fritz M. A., Kemnitz E., Troyanov S.I. Chem. Commun., 2014, 50, 14577-14580.
2. Beavers C.M. et al. J. Am. Chem. Soc. 2011, 133, 15338-15341.

3. Cai W. etal. J. Am. Chem. Soc. 2015, 137, 10292-10296.

4. Wang S., Yang S., Kemnitz E., Troyanov S.I. Inorg. Chem. 2016, 55, 5741-5743.
5. Koanenko B.M., XamatramumoB A.P. CtpoeHHe u CTaOMIBHOCTH BBICIIUX
¢bymnnepeHoB. M.: H30-60 Poccuiickou akademuu nayx, 2019. — 212 c.
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XapakTtepHble ocodeHHocTH cTpoeHusi I9C MexaHn4ecKH 0OHOBJISIEMOT O
rpa¢gpuTOBOTO JIEKTPOIa B MPONMIEHAPOOHATHBIX PacTBOPaX

Yoba M.A., Cagonos B.A., Anewun IO.K.
MI'Y umenu M.B. JlomonocoBa, Mocksa

VccnenoBanue SICKTPOXMMHYECKOTO IIOBEICHUS DJICKTPOJOB U3 rpadura —
CIIOKHAsl SKCHEpUMEHTalbHas 3afada. Pe3ynpTaThl TaKMX HCCIEHOBAHMNH M HX
HHTEpIpETaIisd BO MHOTOM 3aBHCSAT OT METOMWKH IIPHUTOTOBICHUS (CHHTE3a) U
YCIIOBUI NpeABApUTENbHON MOATOTOBKH 3JEKTPOIOB K U3MEpeHUsiM. B 31oil cBs3u
MPUHLMINAIBHO Ba)KHOM 3a7ayeil sBiseTCs CO3JaHUE YCIOBHMA, MPHU KOTOPBIX
yAaeTcs peasn30BaTh XOPOIIO BOCHPOM3BOAMMOE OT H3MEPEHHS K H3MEPCHHUIO
HavalbHOE (CTAHIAPTHOE) COCTOSIHUS TIOBEPXHOCTH AIIEKTPO/IA.

IlepcrieKTHBHOM B STOM OTHOILEHUM SIBJISIETCSl MCIIOJIb3yeMasi B HACTOSALIEH
paboTe MeTOAMKa IIEKTPOXUMHUYECKUX H3MEPEHUH Ha 3JIEKTpOoJaxX, MOBEPXHOCThH
KOTOPBIX  OOHOBIAETCS CpPe30M TOHKOro cimos Martepmana (~10  Mkm)
HETIOCPE/ICTBEHHO B PAacTBOPE DJJIEKTPOJHWTa 0€3 pa3phiBa LENH  IMOJSAPU3AINM.
Mexanndeckoe 0OHOBJICHUE TOBEPXHOCTH — 3P PEeKTUBHBII CIIOCOO CTaHTapTH3AIUI
mponecca (GOPMHPOBAHUS UCXOTHON MOBEPXHOCTH 3JIEKTPOJA, KOTOPBIA MO3BOJIET
MIOJy9aTh BOCTIPON3BOIMUMEBIC TAHHBIC.

C moMomp0 3TOTO MeTOAa OBUIM TOJyYeHB JaHHBIE, XapaKTepPH3YIOIIHe
HoBeJieHne rpauToBOro 3JeKTpojga B pacTBopax mnpormieHkapbonara (I1K). C
ucnonp3oBanneM [IBA w©  wWMIegaHcHOTO MeToja  OmpezaeNieHa  001acTh
MTOTEHIINAJIOB, B KOTOPOW MEXaHHYECKH OOHOBISEMBIH TPaUTOBBIA JIEKTPO] B
koHtakrte [IK pacrBopamm LiClO; MOXeT paccMaTpuBaTbCs Kak HICATBHO
nosisipusyemMbiii. [lokazaHo, 4TO MUHMMYM €MKOCTH, HaOnrogaeMblii Ha KpuBbiX C
vs. E, cooTBeTcTBYeT nmoTeHnmany Hyaeoro 3apsaa (PZC) rpaguroBoro snaexTpoa.
Baxxno ormeTuth, uto C vs. E kpuBbie B ob6mactu PZC, a takke nmpu MOTEHIHAIAX,
OTBEYAIOLIMX IOJOKUTECIBHBIM 3apsiiaM [MOBEPXHOCTH, XapaKTePH3YIOTCs Ooliee
HU3KUMH 3HAQUEHUSMHU €MKOCTH TI0 CPaBHEHHIO C MOAO0OHBIMH 3aBUCHMOCTSAMH Ha
PTYTHOM D3JIEKTpPOAE M DJEKTpoJax W3 Jpyrux S,p-metayuioB. Mcexonms wu3
MIPEAIIONIOKECHUS, YTO 3Ta OCOOCHHOCTH TPaUTOBOTO AIIEKTPOJAA CBs3aHA C €ro
MOJIYNIPOBOIHMKOBBIMKM ~ CBOWCTBaMM,  pa3paboTaHa  MeToJqMKa  00paboTKu
9KCIEPUMEHTAIBHBIX ~ pe3ynabTaToB.  llomyueHHbIE  pe3ynbTaThl  MO3BOJHIIH
KOJIMYECTBEHHO OLEHUTh CJEAYIOIIME IOJIYIPOBOJHUKOBBIE XapaKTEPUCTUKU
rpadura: MOTEHIMAT IUIOCKHX 30H W KOHIICHTPAIIMIO HOCHUTENCH 3apsaa B 30HE
nposouMocTH. Crienan 1 000CHOBaH BBIBOJI O BEChbMa CJIa00OM XEMOCOPOLIMOHHOM
B3aNMOJICHCTBHHN TPaUTOBOTO AMEKTpoaa ¢ Mosekyaamu 11K.

Pa6oTa BemoaHeHa pu puHAHCOBOH noanepkke PODU, npoekt Ne 18-03-00616A.
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HccaenoBanue npouecca noJjydyeHus napa-amxJaopoen3osa u3 6eH3oJia u
XJop0eH3o0J1a

Illanosanosa O.B., [lrobanos M.B., [lluanosea K.M., Powun A.B.
OUILL XD PAH, r. MockBa

Co3laHue COBPEMEHHOM aBHALlMOHHO-KOCMUYECKOM U JIpyrod coenuaibHOH
TEXHUKH, a TaKXKe H3JENUHA MHKPOAJIEKTPOHHUKM HEBO3MOKHO 0€3 NpUMEHEHUSs
TEPMOCTOWKHUX TOJMMEPOB M MaTepHAIOB Ha WX ocHoBe. OaHMM w3 Hamboiee
BAXHBIX TEPMOCTOMKHUX IOJIMMEPOB  CHELMAIbHOIO Ha3HAUYEHUsl  SIBJISAETCS
oM EHUICHCYIbGH (I1DC). Henocpencreennoe [IOJIyYeHHE noC
OCYIIECTBIISIETCSl ~ IIyTeM  B3aUMOACHCTBHA  mapa-auxiopOensona  (m-JXb)
¢ cymbpHUIOM HATpUs B cpelae pacTBopuTens. Takum oOpa3om, OpraHHW3aIus
mpoMbIIUIeHHOTO  mpou3BoacTBa IIDC  Tpebyer obecrevenus ero 1m-/Xb.
[1I-AXb B KauecTBE CaMOCTOATENBLHOTO NPOoAYyKTa B Poccun He BbImyckaeTcsl.

B cBs3m ¢ O9TUM BO3HUKIA HEOOXOIUMOCTH MONYUYEHHS] HAJACIKHBIX
HCCIIeIOBATENFCKUX JNAHHBIX 10 MapaMeTpaM IIpollecca XJIOPUpOBaHUSA OCH301a M
ximopOeH30da ¢ IpeHMylIecTBeHHBIM  monyderneM  1n-JAXB, a  takke
B pa3paboTKe HAYyYHBIX OCHOB Tporiecca BoiaeneHus n-AXb u3 peakiimoHHoNl cMecH.

OcHoBHOIT cmoco6 momydennss JIXB 3axmiodaercs B XJIOpHPOBaHUHU
xJIopOeH30a (MM OeH301a) Ta3000pa3HbIM XJIOPOM B NMPHUCYTCTBUM KaTalll3aTopa
[1] (ypaBHeHu: 1 —4):

CeHs + Cly — CoHsCl + HCI (1)
CeHsCl + Cl, — n-C¢H4Cl, + HCI 2)
C(,Hscl + Clz — 0- C(,H4C12 + HCl (3)
C6H5C1 + C12 — M- C6H4C12 + HC1 (4)
CsH4Cl2+ Cl2 — CeH3Cl3 + HCI %)

B mepByro ouepenp oOpasyercs xiopOeH3on (ypaBuenue 1). Korma cremeHn
npeBpauienust 6enszona gocruraetr 20 %, xJopOEH30]1 HAYMHACT pearupoBaTh C
razo00pa3HbIM XJIOPOM ¢ 00pa3oBaHUEM CMECH OpTO-, MeTa- u mapa- JIXb, a Takxke
TpuxiopOer3onoB (ypaBHeHHs 2 — 5). Ckopocts obOpazoBanus JXb n3mensercs B
3aBUCHMOCTH OT KOHLIEHTpPAIMU XJIOpOeH30J1a B peakMOHHOM pacTBope. Ilo mepe
€e YBEIMYEHHUS PAacTeT U CKOPOCTh peakuuili obOpaszoanust mzomepoB HAXb. Ilpu
obpazoBannu JIXb mpeobnanaroT mapa- ¥ OpTO-U30MEPHI, COOTHOIICHUE KOTOPBIX
MOXKET PEryJIMPOBATHCS PA3TNIHBIMU TEXHOJIOTHIECKUMH TIPHEMaMH.

BakHo# mpakTHYeCcKOW 3a/1aueii TaHHOTO MCCIIEOBaHUS SBISETCS YBEINUCHNE
BbIXO/Ia IeneBbiX mpoaykTtoB (m-JXB) u momaBneHue mMOOOYHBIX peakIui
IITyOOKOTO XJIOPHPOBAHMUSL.

CIUCOK JIUTEepaTyphl:
1. 3anaBeckun JI.H., Andepoa E.A., IIgen; B.®. CenektuBHOE MoJTyueHUE
napaauxiopoensona (dacth 1). / Xumudeckas MpOMBIIIICHHOCTh ceromHs. — 2009.
-Ne3.-C.9-16.
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HUccaenoBanue npouecca nojyyeHus 3,4-1uxa0opoyreHa skuakopazHbIM
XJopupoBaHueM Oytaauena-1,3

Llanosanosa O.B., [llo6anos M.B., luanosa K.M., Tpeeep 10.A., Powun A.B.
OUILL XD PAH, r. MockBa

XJIOpONPEHOBbIE KaydyKH OTHOCSTCS K TpPYINIE CINEIHAIbHBIX CHHTETHYECKUX
KaydyKoB, O0OJaJaroliX BBICOKOW Macio-, OCH30-, arMoc(epOCTOUKOCTHIO,
CTOMKOCTBEO K JIEHCTBMIO arpecCUBHbIX Cpei, Heropwodecteto. B PO
XJIOPOTIPEHOBBIN Kaydyk He mpomsBoxurcs. [lorpedHocTn PXD B XI0poIrpeHOBBIX
KaydyKaX COCTaBJISIFOT OKOJI0 3—4 TbIC. ThIC./T0Jl. OCHOBHOW IPOMBIIIIIEHHBINA
CHoco0 MOJyYeHHUs! XJIOPOMPEHOBBIX KAaydyKOB — AMYJBCHOHHAS IMOJMMEPU3AIUL
XJIOpOTNpeHa. XJIOPONPEH, B CBOIO OdYEpedb, MONYyYalOT W3 aleTWICHA WIIH
Oyragmena. [IpoMbIIICHHBIM — OyTaAMEHOBBIM  METOJ  BKJIIOYAECT  CTAAMIO
xsopupoBanust Oyraguena npu 290-300 °C ¢ BeixonoM auxiopOyTeHoB 85-95 %,
cooTtHommenueM 3,4-nuxiopOyrena-1 u 1,4-nquxnopOyrena-2 (30—40):(60-70).

HccnenoBanus NPOBOAWIINCHE C LENBIO OIPENECICHUS YCIOBUH, KOTOpBIE
JIOJDKHBI 00€CIIeunBaTh BBICOKHE CEJIEKTHBHOCTH 00pazoBanus 3,4-muxinopOyTeHa-1
U CyMMapHBIH BBIXOJ AUXIJIOPOYTEHOB.

IIponiecc mpowmsBoacTBa 3,4-muxinopOyTeHa-1 3akimodaercs B KUAKO(DA3HOM
xJjopupoBanuu Oyraguena-1,3 B cpene xmopodopma. [Ipu 3TOM IpoTeKaroT peakun
aIUTUBHOTO M 3aMECTUTENBHOTO XJOpuUpoBaHUs. TakuM 00pa3oM, MPOLYKTHI
XJIOPHPOBAHUS MIPECTaBIIAIOT coboit MHOTOKOMIIOHCHTHYO cMmech
XJIOPCOICPIKANTNX YTIeBOTOPOI0B Cy.

CenexTuBHOCTH 00pa3oBanus 3,4-1uxiaopOyTeHa-1 3aBUCUT OT psja (pakTopos
U BO3PACTAET:

- IIpY TIOHIKSHNH TEMIIepaTypsl mporiecca [17];

- P yBEINYEHUH MOJBHOTO N30bITKA OyTaJreHa 0 OTHOIIEHHUIO K XJIopy [2];

- TIpU CHU)KEHUM BPEMEHH NpeObIBaHUS MPOIYKTOB PEAKLIUMU B 30HE KOHTAKTa C
xyiopom [3].

KonBepcus xiopa B peakTope TpejiaraeMoil KOHCTPYKIIMH ObUTa OU3KOH K
100 %. W3-3a B3aumojaeilcTBHA XJopa HE TOJNbKO C OyTaJiMeHOM, HO U C
MEePBUYHBIMU MPOTYKTaMH XjopupoBanus (3,4-nuxiaopOyren-1 u 1,4-muxnopOyTen-
2), xoHBepcusa OytaaueHa npu 20 % MOIBHOM H30BITKE MO OTHOIICHUIO K XJIOPY
cocTaBisieT 0koio 77 %.

Bb10 HaiieHo, 4To npuMeHeHHe OOIBIIOro N30bITKA OyTajeHa He T0aBIsieT
o0pa3zoBaHue MOOOYHBIX TETPAXJIOPOYTAHOB, MOATOMY XJIOpUpPOBaHUE OyTaaueHa
MOJKeT OBITh IPOBEICHO MpH M30BITKE OyTaaneHa He Boie 20%.

[NonoxxurensHOE BIMSHIE HA CEJIEKTHBHOCTH 00pazoBaHus 3,4-1uxaopOyTeHa-
1 oka3pIBaeT MPUMEHEHUE KaTAIN3aTOPOB Ha OCHOBE YETBEPTHUYHBIX (HOCHOHNEBBIX
1 aMMOHHUEBBIX cojiel. BrIxoa AuxyiopOyTeHOB IpH 3TOM COCTaBisieT He MeHee 90
%, ¢ IpeNMYyIIECTBEHHBIM 00pa3oBanueM 3,4-muxinopoyTeHa-1.
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Biansinue cTpyKTYpbI 11€0JIMTA HA aKTUBHOCTHL Pd-kaTaausaropos,
MOJTYy4YeHHBIX METOAO0M JIa3ePHOI0 3JIeKTPOANCIIePIHPOBAHUS,
B okuciaenuu CO n CH,

Hlununa M.I/I.l, Pocmoswurosa T.H.l, Kpomosa U.H. 1, Yoanosa O.B. 2,
Typesuu C.A. 3, Koocesun B.M.s, Hecun ﬂ.A.3
1. Xummueckuit pakynprer MI'Y umenn M.B. JlomonocoBa, MockBa
2. ®UIL xumnueckoit pusukn umenn H.H. Cemenosa PAH, Mocksa
3. ®usnko-rexuuyeckuit THCTUTYT UMeHH A.D. Modde PAH, Canxr-IlerepOypr

®opmupoBaHEe TOKPBITHH C ONTHMAIbHOW MOBEPXHOCTHOH IIOTHOCTBIO YacTHIL C
HCTIONIb30BaHUEM METOJa JIa3epHOro anekTpoaucneprupoBanus (JID) mos3somnser
Ha TIOPSIKYM TIOBBIIATH AKTHBHOCTh HAHOpPa3MEpHBIX Karanu3aTopos [1]. B pabore
IIPOBEAEHO CpaBHEHUE KaTann3aTopoB JID /I, MoIydeHHBIX OCaKAEHHEM HAaHOYACTHI]
Pd na amomocunukarhsie 11€0auThl ZSM-5 (¢ pa3In4HBIM CHIMKATHBIM MOJYJIEM
Si/Al =40,27.5 wu 15) u BEA (Si/Al=19), wucnons3oBanu npoToHHble (HOPMBI
neomutoB. Oxucnenne CO um CH, mpoBommim B TPOTOYHOM pEAKTOpE TIPH
temneparypax 50-500°C, ucnonssys cmecu 1%CO, 1%0,, 98 % He u 0,4%CH,,
24%02, He. AKTHBHOCTh KaTaIM3aTOPOB OTPa)KarOT IPHUBEJCHHBIC HIKE
temmneparypbl B (°C) st 10 u 50% KOHBEpPCHU PEareHToB:
Hocurens ZSM-5 BEA
Si/Al 15 | 27.5 40 19
Pearent | Ty | Tso Tio Tso Tio Tso Tio Tso
CoO 110 | 170 180 193 188 198 200 | 215
CH,4 260 | 320 | 265 325 280 350 290 | 360
OOHapy)XeHO 3aMETHOE BIMSIHHE TPUPOABI IIEOJIMTa HAa aKTUBHOCTb
karanu3aTopoB B okucieHun CO u Mertana. Bugno, uto katamusaropsl ¢ 0.01%
conep:xanueM Pd Ha meonmmnre ZSM-5 ¢ cunnkaTHBIM MOIyJIeM 15 XapaKkTepu3yroTcs
HaWMEHBIIMMHU 3HaueHuWsIMH Tip U Tsp B 00eMX peakuusx OKHCICHHS U
obecneunBaroT BeICOKYI0 KoHBepcHuio CO yixke mpu 190-200°C u merana npu 350-
380°C. AxruBHocTh Pd/ZSM-5 yMeHbIIAETCS C yBEAUYEHHEM CHIMKATHOTO MOJYJIst
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neosra. [Ipu stom aktuBHOocTh PA/BEA KaTannszaTopoB okas3ajach CyIIECTBEHHO
HIDKE, 4eM Ha IeonuTtax ZSM-5, BKIOYas HOCUTEIU Oaxke C 00Jie€ BBICOKUM
otHomernueMm Si/Al. TTockonbky pasmep wactuil Pd Ha Bcex meonmrax OIMHAKOB U
COCTABIISICT 2 HM, pa3jii4dsi B KATAJUTHYCCKOW CIIOCOOHOCTH CBSI3aHBI C pPa3HBIM
9JIEKTPOHHBIM CTPOSHUEM aKTHBHBIX IIEHTPOB, 00YCIOBICHHBIX B3aUMOJICHCTBUEM C
HocuteneM. [To nanupiM PODC Ha Bcex HOCUTENAX MPUCYTCTBYIOT METAJUIMYECKOE
U OKHUCIICHHOE cocTostHue Pd, a Takke ¢opma, 00ycIoBICHHAs B3aMMOJICHCTBHEM C
HOCHTEJIEM.

Pabota BeimonHeHa npu noanepxkke [Iporpammel pazsutus MI'Y.

[1] Golubina E.V., Rostovshchikova T. N., Lokteva E. S., et al. Pure and Appl.
Chem. 90 (2018) 168

BiausiHue ycJ10BUil cHHTe32a aMMOHUITHOM cos1u docdopHoBOIBLPpamMoBoii
KHCJIOTHI HA ee CBolicTBa

LImwvienesa JI.B., Jleonosa JI.C.
NIIX® PAH, YepHoronoska

AKTHUBHOCTh TETEPOIOIMKUCIOT €O CTpykTypoil Kerrmna (takux kak 12-
dbochoproBonbppamoBast kuciaora (OPBK) u ee comeif) B kaTammze BO MHOTOM
orpezenseTcs: 0cOOCHHOCTAME MOP(OJIOTHY, B TOM UHCIE, BEIWYNHON yAeIbHON
TIOBEPXHOCTH U mopuctocTu. HanGonsumit untepec npencrasnsmor NH,', Cs', Ag”
u ap. HepactBopumble B Boje cosm ®BK m3-3a mx cnocoOHOCTH 00pa3oBbIBaTH
YHOPSI0YEHHYI0 MHKPOCTPYKTYPY, 9TO BEJET K 3HAYUTEIBHOMY (Ha 2 TOpsAAKa)
YBEIIMYEHHUIO YIENBHON MOBEPXHOCTH YACTHL[ COJIM OTHOCUTEIBHO YIENBbHON
nosepxHocTn ucxonuoii ®BK u ee BomopactBopumbix comeii (Li', Na™ u ap.).
W3BecTHO, 4UTO yCNIOBUS CHHTe3a (TeMmeparypa, KoHIeHTpanus, pH u ap.) Biusior
Ha CBOMCTBA TAKUX COCAMHEHUM.

OCHOBHOI#1 Tpo0IeMOii B CiTydae aMMOHUHHOMN COJTM OBLITO TMOJTy9IeHUE UMEHHOM
ee KHCIOH comu (B OTJIMYME OT II€3UEBBIX COJIeH, e CTeXHMOMETPUYEecKoe
no0aBICHUE INEIOYM IPHUBOAUT K OOpa3oBaHMIO COJNEH COOTBETCTBYIOIIETO
coctaBa). He cMOTpst Ha TO, 9YTO B JMTEpaType MPHUBEACHBI JAaHHBIC 1O H3YUCHHIO
KHUCJIBIX aMMOHHUMHBIX COJIEH Pa3HOro COCTaBa, Mbl MOJy4Yald B OCaJKe TOJBKO
cpenHue conu (0cazoK UEHTPU(YrHpOBajdM W HPOMBIBAIM JUCTHIUIMPOBAHHON
BOJION).

OpHako NpUBEIEHHbIE B MHOCTPAHHOW JIUTEpAaType METOIUKH CHHTE3a
amMMOHMHHBIX conet @BK mojpa3ymeBaloT He OTMBIBKY MOJIY4E€HHOIO OCajika, a
MEJIEHHOE yNapuBaHHE PacTBOPA 10 CYXOTO COCTOSIHUS ¢ MOCJIEAYIOIUM OT)KUTOM
nosrydeHHoro BemiectBa npu Temmepatype oT 200 mo 400 °C ( puc. 1). [Tostomy
1enbio paboThl OBUIO MCCIIENOBAHME BIMSHHS TEMIIEpaTypbl OTKHra 3a (H3MKO-
XUMHYECKUE U poToHIpoBosime cBoiictBa (NH4),HPW/,04.
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Puc. 1. Muxpoghomozepaghuu nonyuennvix 06pazyos.

Pa6oTa BemonHeHa no TeMe ['ocynapcTBeHHOTO 3a1aHus, Ne rocy1apCTBEHHOMN
peructpanmu AAAA-A19-119061890019-5.

BJIeKTPO(l)I/ISI/l‘leCKI/le mapaMeTpbl IJIa3Mbl € 3aPAKEHHBIM IIbIJICBBIM 00J1aK0M

Llymosa B.B.l'z, Tonsxos ,ZZ.H.l, Bacunsx JI.M.*
1. OUBT PAH, r. MockBa
2. ®UILL XD PAH, r. MockBa

Adpo30bHBIE 00pPa30BaHMs, COCTOSIINE U3 MUKPOUYACTHUI] B PA3IMYHOM arperaTHoOM
COCTOSTHHH, IIUPOKO PACTIPOCTPAHEHBI B MPUPOIHBIX CPEAaX W 00pa3yroTcs B XOJE
psiia TEXHOJIOTMYECKHX HporeccoB. M3BecTHO 0Opa3oBaHne B HOHOC(EPE CIOCB U3
3apsDKEHHBIX a3PO30JIBHBIX YAaCTHIl, MOTJIOMCHUE U PACCESIHUE DIEKTPOMArHUTHBIX
BOJIH B KOTOPBIX CO37aeT MpOOJIeMbl ISl JIOKAIMU TOBEPXHOCTH 3emuu [1].
[osiBneHne 3apsHKEHHBIX MUKPOYACTHI (TIBUICBBIX YAaCTHI) B HEPaBHOBECHOH
I1a3Me NMPHUBOAUT K HM3MEHEHHUI0 ee CBOICTB. IIoCKONBKY OCYIIECTBUTH INPSIMOE
HCCIIeIOBAHUE BIIUSHUA 3apsSOKEHHBIX MUKPOYACTHUI[ HA CBOMCTBA BEPXHHUX CIIOEB
aTMocdepsl, MO0 TIIa3Mbl TOKAMaKOB, BeCbMa CIIOKHO, B KadeCTBE MOJCIHHOI
CHCTEMBI HCIIOIB3YeTCs TIa3Ma ra30BBIX Pa3psaoB.

B nanHOll pabore wuccienyercss BIMSHHE TBUIEBBIX YacTHIl HA IUIa3My
TJCIOMIETO pa3psijfa B HEOHE C IENbI0 ONpeNesieHHs O0JacTH CyIIEeCTBOBAHHUS
MBUICBBIX ~ 00JAaKkoB,  Hamboiee  CHIIBHO  BIUSIOIIMX  HAa  HM3MEHCHHUE
AEKTPOPHU3UMICCKUX TApaMETPOB IIOJIOKHUTEIBHOTO cTo0a. Heon BeIOpaH B
KauyecTBE IUI1a3MO00Pa3yIoLIero rasa, MOCKOJIbKY B HEOHOBOH IIa3Me 00pasyroTcs
Hamboyiee TUIOTHBIE W IPOCTPAaHCTBEHHO-CTAOWIbHBIC TBIICBBIE OOJNaka. beutn
HCCIIeIOBaHBI O0Jlaka, oOpa3oBaHHBIE B paspsme npu masieHuu 0,3 +0,9 Topp u
toke 0,1 +3,5 MA MOHOAMCHEPCHBIMM YaCTHLAMM JHAMETPOM 2,55 MKM.
MoyienupoBaHue MIa3Mbl ¢ MUKPOYACTHIIAMH TIPOBEJICHO HA OCHOBE AU (PY3HOHHO-
npeiidoBoit Mogenu [2]. MoaenupoBaHHe C WCIOJB30BAaHUEM JKCIIEPUMEHTATHHO
OTIpENIeNICHHBIX [MapaMeTPOB MBUICBBIX OOJAKOB TIOKa3alo, YTO HaMOOJbIIee
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BIUSHUE Ha pa3psa] OKa3plBalOT 00laka, B KOTOPBIX OTHOIICHWE 3apsija,
COCPEIOTOYEHHOTO Ha IMBIICBBIX YaCTUIAX, K CYMMapHOMY 3apsily 3JEKTPOHOB, B
SAMHUIIC [UIMHBl OJHOPOJHOTO TIOJNIOKUTEIBHOTO CTOJ0A TIICIOMIETO pa3psa,
MPUHUMAET MaKcUMajbHble 3HaueHus. [loka3aHo, 4YTO B MbUIEBOM oOOJaKe
o0pasyercst H30BITOYHAS KOHIICHTPALUSI HOHOB, KOTOpPasi MOXKET OBITh B HECKOJIBKO
pa3 BBIIIE, YeM B pa3psae 0e3 YacTHIl IPHU TOM e TOKe paspsma. [lomydeHo, 9To
pU cpesHeii o 0GbeMy paspsiaa KOHIEHTPALMH IeKTPOHOB, Grmm3koii k 10° ev™,
00pa3yroTCs MBUICBBIC CTPYKTYPHI ¢ HanOoJee BBICOKMM OTPHUIIATCIBHBIM 3apsiaoM
Ha NbUIEBOM KOMIIOHEHTE.

HccnenoBanre BBIMOJIHEHO NpH (HHAHCOBOH Tojyepkke PODU B pamkax
HayyHoro nmpoekTa Ne 19-02-00454.

[1] Tomybkos I'.B., Mamxkenuit M.U., bepauna A.A., JlymaukoB A.A., Dmenbsoaym
JL.B. // Xum. ¢pusuka. 2018. T. 37. Ne 7. C. 33.

[2] Shumova V. V., Polyakov D. N., Vasilyak L. M. // Plasma Sources Sci. Technol.
2017. V. 26.P. 035011.

3apsia MUKPOYACTHI] H XHMHYeCKHUIi MOTeHINaJ cepHIecKHX NMbLIeBbIX
00JI1aK0B NPH KPHOTEHHBIX TeMIIEpaTypax

Tonsxos ﬂ.H.l, Llymosa B.B.l’z, Bacunsax JI.M.*
1. OMBT PAH, r. Mocksa
2. ®UILl XD PAH, r. Mocksa

Mukpo4acTuIpl  SBJISIFOTCST  OJIHAM M3  KOMIIOHEHTOB  a’pO30JbHBIX  CJIOEB,
MIPUCYTCTBYIOINX B MoHOC(epe [1] M HIDKHUX CIOAX aTMOoc(epsl. 3apsKasch MO
BO3/ICHCTBAEM KOCMHUYECKOW pajHalii B HOHOC()EpPe U HHBIMH Pa3TUYHBIMU
mporeccaMu B aTMocdepe, OSTH  MHUKPOYACTHIBI  KATaTU3UPYIOT  MPOIECCHI
o0pa3oBaHHs CTPYKTYyp M3 a’posoieil 3ddexkTuBHEe, deM SIEKTPOHEUTpaTbHBIE.
[TmasmMa Ta30BBIX pa3psOB SBISCTCS YIOOHOW MOJCNBHOM CHCTEMOW IS
HCCIICIOBAHUS MIPOIIECCOB B IJIa3ME C YYaCTUEM 3apsDKCHHBIX MHUKPOYACTHIL. Tak B
nabopaTopuu TpH KOHJCHCAIlMM TMBIJIEBBIX YacTUI[l B Ta30BOM paspsijie Tpu
oxNaxaeHnn [2], HaOmromaroTCs KIAcTepbl W3  3apsHKEHHBIX  MHKPOYACTHIL,
aHAJIOTHMYHBIC KlacTepaM, HaOIoIaeMbIM B aTMOC(EpHBIX o0Nakax u TyMaHax [3].
A, B I1a3Me TJCIOLIET0 pa3psja HU3KOTO JaBJIeHHS B HEOHE BO3MOXKHO
HCCIIeIOBAaHUE IIPOIECCOB CaMOOPTaHM3AIMH OOJAaKOB W3 YaCTUI] M KIACTEPOB
MUKPOHHOT'O pa3Mepa C 3apsaoM 10°-10* e [2], 4To 61M3KO K pasMepy W 3apsiLy
a’pO30JIBHBIX YacTHIll B HoHOc(epe [1]. B nanHOi paboTe ucciemyercs cBs3b 3apsaa
M aHalora XMMHYECKOTro TOTEHIMaja KOMIIOHEHTOB, 0oOpa3yromux chepuueckue
MBUIEBBIE O0Jlaka B KPUOTCHHOW IUTa3Me TIICIOIIETO pa3psiia HU3KOTO IAaBJICHUS B
HEOHE, C MapaMeTpaMy IUIa3Mbl 110 [aBICHHIO W TEMIeparype OJM3KUMH K
ycloBusM, HaOiromaeMbiM B HoHOc(epe. PaccuumTaHsl mapamerphbl IUIa3Mbl, TPU
caMOOpraHm3anui CHEepUIecKrX IHUIEBBIX O00JAKOB, COCTOSIIUX W3 OTIEIBHBIX
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MHUKpPOYACTHUI], MPOCTHIX M CJIOXKHBIX KiacTepoB. OOHApyKEHO, YTO YBEIMYCHUC
JIOMM TPOCTBIX KJIACTEPOB B CMECH CO CIIOKHBIMH KJIAacTepaMH MPHUBOIUT K
YBEUUCHHUIO  3apsiia MBUICBBIX  YacTHl. OOHAapyXEeHO, 4YTO  yBEIHYCHUE
KOHIICHTPAIIMU IbIJICBOMl KOMIIOHEHTHI OrpaHUuYMBacT ¢€ 3apsAKy H Harpes.
OOHapy>KEHO, 4YTO MaKCHUMYM BEJIMYHMHBI YJCIBHOTO MPUPOCTA TEMIICPATYPhI
meIIeBON cephl (M30BITOYHON yIENbHON CBOOOTHOW SHEPTHH), KOTOPBIH CBSI3aH C
o0OpazoBaHHEM C(EpPHYECKOTO TBUICBOIO 00JaKa, HAXOMUTCA BOJM3W JIHHUH
(a3oBOro mepexoma MEPBOTO poJa M COINPOBOXKIACTCS IUIABICHHEM CIIOKHBIX
KJIACTEPOB U MEPeXoay K 0HO(}Aa3HOMY TOMOT€HHOMY COCTaBY B IBLIEBOM OOJIaKe.

HccnenoBanre BBIMOJIHEHO NMPH (GHHAHCOBOH Tojiepkke PODU B pamkax
Hay4Horo npoekta Ne 19-02-00454.

[1] Tomyoxkos I'.B., Mamkemuit M.U., bepaua A.A., JlyniaukoB A.A., Dnmenbpbaym
JL.B. // Xum. ¢pusuka. 2018. T. 37. Ne 7. C. 33.

[2] Polyakov D.N., Shumova V.V., Vasilyak L.M. // Plasma Sources Sci. Technol.
2019. V. 28. P. 065017.

[3] TaBnoB A.B., Coxonos U.B., Pomantok C.H., hxymanmku B.A. / Kpuochepa
3emun. 2014. T. 18. Ne 1. C. 39.

Bausinue mogudpuxauun Al,O; okcugamu merasioB Ila rpynnst Ha
AKTHUBHOCTH B KOHBEPCHH 3TAHOJIA B LieseBoi (0yTaHo/-1) 1 mo0oYHbII

(3¢ upbI) NPOAYKTHI

Dsorcenenko ﬂ.H.l, Huxonaes C.A.l,qucm}lkoe A.B.Z, Yucmsaxosa IY.A.Z,
Loouxos M.B.2

1. Xumunueckuit pakynsrer MI'Y umenu M.B. JlomorocoBa, Mocksa
2. MuctutyT Hedrexumuueckoro cuate3a umeHu A.B. TomuueBa PAH, Mocksa

B Hacrosimei padote m3ydeHo BimsiHHE Momudukamun Hocutens Al,O; okcumamu
MeTasuioB [la rpymmel Ha aKTHBHOCTh B KOHBEPCHH dTaHOJNA B OyTaHOI-1, a Takxke B
3¢HUpPE — OCHOBHOM MOOOYHBIA MPOTYKT. METOIOM NPOMUTKH OBUIM TTOTyYCHBI
cuctembl MO-AL,O; (M = Mg, Ca, Sr, Ba). CtpykTypa 00pasloB H3y4YeHa C
nomoipo Merorgos COM, BJIA, AAC u TIIJI-NH;. AKTHBHOCTH KOMIIO3UTOB
U3MepeHa B CTaHAapTHBIX yeosusx (275 °C, 2 4, 25 mn C,HsOH (cBepxkputuka), 2
T Kart.).

Hocutens Al,O; momudummpoBanueiii MgO mokas3pIBaeT caMylO BBICOKYIO
aKTUBHOCTh B meneBoM mporecce (Puc.l.). A ALO; u MgO/ALL,O;, B oTimume OT
OCTaJIbHBIX CHCTEM, IPOSBIISIOT BBICOKYIO aKTUBHOCTH B 00Opa30BaHUHU (PHUPOB.
[Tomyuyennsie maHHBIE KOPPETUPYIOT C KUCIOTHOCTHIO cuctem. [lo manaeim TIIJI-
NH; ALO; u MgO/Al,0; 1noka3bIBatOT OONBINYI0 KHCIOTHOCTh, Y€M OCTallbHbIE
cucrembl. Mcxoas U3 MEXaHU3MOB peaknuii oOpa3zoBaHus OyraHona-1 u 3¢GUpoB B
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JIAHHBIX YCJIOBHSAX, WMEHHO CHJIA KHCJIOTHBIX IIEHTPOB BIHSET HA AKTHHOCTh
KaTaIn3aTopOB.

1.80 r 7

1.60

- 6
1.40 D AKTHEHOCTE 00 GYTaEONY
130 O AKTHEHOCTE IO 3(HEpaA - 5
1.00 - 4
.80 L 3
0.60

- 2
0.40
N ’
0.00 -0

Al203  Mg/A1203 Ca/AI203  SrfAl203  Ba/Al203

Puc. 1. Akmusnocme cucmem MO-AI203 (M = Mg, Ca, Sr, Ba) ¢ xonsepcuu
amanona 8 oymanon-1 u sgpupul.

ARTREHOCTH(OYTARDY),
Moe//r* g (*10000)

AXTHBHOCTS (3 RPRL),
MOR 3 (M LO000)

Just cucrem AlLO; momudunmposanusix CaO, SrO m BaO nabmrogarorcs
ClIeIOBbIE  KOJNMYECTBA IOOOYHOrO IPOAYKTa, II03TOMY JUlil JalbHEHIero
HAHECEHHS aKTUBHOW METaJUTMYECKON (ha3bl OHU SIBIISIOTCS ONTHMAIIbHBIMU.

Pab6ota BemmonHeHa npu nogepxkke PODU (I'pant Ne 20-33-90011).
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Bpemsa asuxeTtcs Bnepén,
Hall ypoBeHb cepBuUca - Toxe!

B 2015 rogy komnaHusa Sigma-Aldrich ctana yacteto Life Science
noapasaeneHus KomnaHum Merck.

Life Science noapa3saeneHue komMnaHun Merck o6beguHuno B cebe NpoayKThbl 1
YCAYrd MMPOBOTO KNacca, MHHOBALMOHHbIE BO3MOXHOCTU U MCKNKYNTENbHbIA
TanaHT koMnaHui Merck Millipore n Sigma-Aldrich, cTaB 0AHMM W3 MUPOBBLIX
nuaepos HanpasneHus Life Science.

Mbl NOAARPRIKMBARM

DTRURC TBRHHYIO HAUKy M

NPRADC TABMSIEM TKMAKY A0 30%
ORPIKATR/ISIM FPAHTOB, BbIARSIEMbLX

Ha NPOBRARHMR HAYYHbLLX MTT/RQOBAHMM

lpw 3aKka3e NpocuM Bac
CCbINaTbCA Ha KoA Uiu
HauMeHOBaHUE MPOEKTa

MERRUK
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MpeumywecTtea paboTbl C HaMK:

e 3axkasaTb npoaykunio 6peHaa Sigma-Aldrich MOXHO He TonbKo Yepe3s
AUCTPUOBLIOTOPOB, HO M HAaMNpPAMYIO - Yepe3 POCCUMNCKUIA oWC KoMNaHun
000 “Curma-Anapuy Pyc”;

® Cpok nocTaBKu C Hawero cknaja B lepMaHum — Bcero 4 Hepenu C MOMeHTa
3akasa. [ina peakTnBoB co cknaaa B CLUA cpok nocTtaBku yBenuynsaeTcs
Ha 2-3 Hepenu;

® Bbl MOXeTe 0(hOpMUTL CBOIM 3aKa3 Ha NPoAYyKLUMIO Ha HalleMm caiiTe www.sial.com.
[ns 3Toro Heob6xoANMO 3apermcTpMpoBaTLCA Ha CaiiTe U OTNPaBWTbL 3anpoc Ha
NpUBA3KY Ballero NOrMHa K opraHusauunn. Bel cMoXeTe BUAETH LieHbl 6e3 yyeTa
HAC v dopMupoBaTk CBOM 3aKa3bl HE OXWUAAA KOMMEPYECKOro NpeanoxeHus;

» C 6104XeTHbIMW OpraHn3aumMsaMi Mbl 3aKNKYaeM A4OroBOpLl C OnaaToin no daxkry
noctaeku. Tak npoue n 6biCTpee cornacoBaTb AOrOBOP.

Mbl rapaHTUpyem ﬂh

e Perynsapble noctaBky Halwei

NPOAY KUK pr e il T = =
®  CobnioeH1e TeMnepaTypHOro ¢ ©®6s . 48 o
pexuMa npy TPaHCnopTUPOBKe
. KauecTso Hawen npoayKumnm LR
000 "Mepk"
115054, r. Mocksa, yn. Banosas, 4. 35 /"]
Ten: +7 (495) 937-33-04 (obwmin) | |
E-mail: ruorder@merckgroup.com/ /j
mm.russia@merckgroup.com J

www.sigmaaldrich.com / www.merckmillipore.com

B CLUA n Kanage Life Science noapasaenenvne Merck pa6otaet noa HaumenosaHuem MilliporeSigma
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