We make it visible.

MATEPHAJIBI
BTOPOH MEXJIYHAPOJHONU KOH®EPEHIIUU

"IIPUOPUTETHBIE HAITPABJIEHUS HAYYHbBIX
UCCJIEJOBAHUN HAHOOBFBEKTOB UCKYCTBEHHOI'O U
HPUPOAHOI'O ITPOUCXOXKIAEHUA"

"STATE-OF-THE-ART TRENDS OF SCIENTIFIC RESEARCHES
OF ARTIFICIAL AND NATURAL NANOOBJECTS"
STRANN-2011

25-27 mas 2011 r.

Cankr-Ilerepoypr



OpraHnn3anMoOHHbIN KOMHTET Organizing committee

IIpencenarenn Chairman

Brserixo O.@., 1.¢.-M.H., podeccop, Vyvenko O.F., St.Petersburg State
nupekrop MPLI «Hanotexnonorum»

CIiery

University, Russia

Organizing committee members
YJieHbl OPraHu3alliOHHOI0 KOMUTETA

Merpos F0.B., CII6I'Y Petrov Yu.V., SPbSU, Russia
YowriisoBk E.B., CIIOI'Y Ubyivovk E.V., SPbSU, Russia
Bosnecenckuit M.A., CIIOI'Y Voznesensky M.A., SPbSU, Russia
Kyty3oBa E.B., OO0 «OIITOK» Kutuzova E.V., OPTEC LLC, Russia

Jlursunosa H.C., 000 «OHTIK» Litvinova N.S., OPTEC LLC, Russia

ITporpaMMHBI KOMUTET Program committee
Chairman
IIpencenaresnb

Toprmunackuit LA, Tepssiit mpopektop L[-A. Gorlinsky, St.Petersburg State
1o yue6HO# 1 HayuHoi pabore CII6I'Y University, Russia

ITuxa ., Harmonain I X ) ) )
kapi /1 HHOHAIRHBH Pickard D., National University of
Yuusepcuter CunHramypa
Opymrropdep I1., Carl Zeiss NTS
Brisenko O.D., CIIOI'Y

VibsHeHkoB A.I'., 000 «OIITOK» Vyvenko O.F., SPbSU, Russia

Singapore, Singapore

Fruhstorfer P., Carl Zeiss NTS

Mypun U.B., CTIOI'Y Uljanenkov A.G., OPTEC LLC, Russia

Murin 1.V., SPbSU, Russia



OraBJjieHHne

AJICOPBLIMOHHBIE IIJIEHKH HA TIOBEPXHOCTHU BOIHBIX JUCIEPCHIA
HAHOYACTUL] OKCUJA KPEMHU A, COAEPXALINX
HU3KOMOJIEKVYJISIPHBIE TTAB

A.Axentnbes, I1.5xryp

THE ADSORBED FILMS ON THE SURFACE OF WATER DISPERSIONS OF
SILICON NANOPARTICLES WITH SURFACTANTS
A.Akentiev, P.Yazhgur

PREPARATION AND ELECTROCATALYTIC PROPERTIES OF PALLADIUM
NANOPARTICLES/POLY-3,4-ETHYLENEDIOXITHIO-PHENE FILM MODIFIED
ELECTRODES

Tatyana A. Babkova , Daria 1. Shevaldysheva , Veniamin V. Kondratiev

N3YUYEHUE BAKTEPUI HOLOSPORA OBTUSA, BHYTPUAJIEPHBIX
CUMBHUOHTOB MH®Y30P11 PARAMECIUM CAUDATUM, METO/IOM ACM
Benken K. A. Ca0Oaneesa E. B

BACTERIA HOLOSPORA OBTUSA, THE ENDONUCLEAR SYMBIONTS OF
THE CILIATE PARAMECIUM CAUDATUM, STUDIED BY AFM.
Benken K.A., Sabaneyeva E.V.

DISLOCATION STRUCTURE, ELECTRICAL AND LUMINESCENT PROPERTIES
OF HYDROPHILICALLY BONDED SILICON WAFER INTERFACE
A. Bondarenko, O. Vyvenko, 1. Isakov, V. Vdovin, and O. Kononchuk

OJIEKTPOHHASI MUKPOCKOIIHA VIIBTPAAWUCITEPCHBIX ITOPOIIIKOB WC U
7Z1B,, IIOJIVUHEHHbLIX U3MEJIbHEHMEM B

BBICOKOOHEPT'OHAITPSIDKEHHBIX MEJIBHUIIAX

I'.T. Yepnuk, A.A. Banun, H. Gocmez, A.B. I'o3usin, P.M. Kyumenos

SEM CHARACTERIZATION OF FINE POWDERS OF WC AND ZrB, PRODUCED
BY HIGH-ENERGY MILLING
G.G. Chernik, A.A. Vanin, H. Gocmez, A.V. Goziyan, R.M. Kuchmenov

HUTEBUHBIE HAHOKPHUCTAJUIBI ITOJIVIIPOBOJHNKOBBIX
COEJMHEHUNU 1II-V: CUHTE3, CBOUCTBA, ITPUJIOXXEHMA
B.I'. Iy6poBckuii

NANOWIRES OF III-V COMPOUND SEMICONDUCTORS: SYNTHESIS,
PROPERTIES, AND APPLICATIONS
V.G. Dubrovskii

OOTOAKTUBALUA PA3JIOXEHUA TUAPUIA AJTIOMUHUA AlH;
J.. Enen, M.A. Jlo6poTtBopckuii, U.E. 'abuc

PHOTOACTIVATION OF ALUMINUM HYDRIDE AlH; DECOMPOSITION
D. Elets, M. Dobrotvorsky, 1. Gabis

11

12

13

14

15

17

19



METO/I MOPO®OJIOTMYECKHUX TPAEKTOPUI JJIA UCCIIEJOBAHUA
KHMHETUKU PA3JIOXEHUA IT'NJIPUJIOB
E.A. EBapna, A.Il. Bour

“MORPHOLOGICAL TRAJECTORY” METHOD FOR STUDY HYDRIDE
DECOMPOSITION KINETICS.
E.A. Evard, A.P.Voyt.

AJITOPUTM BOCCTAHOBJIEHUSI TPEXMEPHOM ATOMHOM CTPYKTYPBI
NCCIIEAYEMOI'O OBPA3IA T10 I'OJIOTPAOUYECKUM NU30BPAXXEHU M.
H.B. Eropos, A.I'. Kapmnios, JI.1. AatonoBa, A.I'. ®enopos, B.B. Tpodumos.

ALGORITHM FOR RECONSTRUCTION ATOMIC STRUCTURE SAMPLES OF
HOLOGRAPHIC IMAGES.
N.V. Egorov, A.G. Karpov, L.I. Antonova, A.G. Fedorov, V.V. Trofimov.

HARD X-RAY PHOTOELECTRON SPECTROSCOPY AND HIGH-RESOLUTION
TRANSMISSION ELECTRON MICROSCOPY INVESTIGATION OF Ti0O,/SiO,/Si
AND Ti/Si0,/Si NANO-LAYERD SYSTEMS

E.O.Filatova, A.A.Sokolov, E.V.Ubyivovk, M.Gorgoi, F.Schaefers

TUAPUJT AJTIOMUHU S — HEPCIIEKTUBHBINA MATEPUAJI BOJIOPOIHOM
OHEPI'ETUKU
N.E.I'abuc, M.A.lo6potBopckuii, [{.1.Ener.

ALUMINUM HYDRIDE: PROMISING MATERIAL OF HYDROGEN POWER
ENGINEERING
[.Gabis, M.Dobrotvorsky, D.Elets.

HAHOCTPYKTYPBI 'TAJIOTEHM OB CEPEBPA B OJJHOCTEHHBIX
VI'JIEPOJIHBIX HAHOTPYBKAX: KOMIIBIOTEPHOE MOJEJIMPOBAHUE
N. 1O. T'otnu6, A. K. UBanos-11lun, U. B. Mypus, A. B. Iletpos, P. M. 3akantokun

NANOSTRUCTURES OF SILVER HALIDES IN SINGLE-WALL CARBON
NANOTUBES: A COMPUTER SIMULATION
I. Yu. Gotlib, A. K. Ivanov-Schitz, I. V. Murin, A. V. Petrov, R. M. Zakalyukin

OIIPEJIEJIEHUE KOHILIEHTPALIUU OPTAHUYECKHUX 3ATPSI3HEHUI HA
ITOBEPXHOCTH! ITOJIVITPOBOJIHNKOBBIX IIJTACTHUH ITPU
OGOPMUPOBAHUN JUDPPAKITMOHHOI'O MUKPOPEJIBEDA

Kommakos B.A., Usnmue H.A.

DETERMINING CONCENTRATION OF ORGANIC POLLUTION ON THE
SURFACE OF SEMICONDUCTOR WAFERS AT DIFFRACTIVE MICRORELIEF

FORMATION
Kolpakov V.A., Ivliev N.A.

21

23

24

27

28

29



CONTRAST MECHANISMS OF LOW LOSS-BSE ELECTRONS IN FE-SEM.
NEW CHALLENGES FOR LIFE SCIENCE
H. Jaksch

MEXAHU3M KOHTPACTUPOBAHU A MAJIOOHEPTETUYHBIX OBPATHO-
PACCESIHHBIX DJIEKTPOHOB B ABTOSMUCCHOHHOM CAOM. PELLIEHUE
CJIOXKHbBIX 3AJJAY B OBJIACTU BUOJIOTMYECKHMX HAYK

Xaitnep Ak

THE CONTRAST MECHANISMS OF LL-BSE ELECTRONS IN HIGH
RESOLUTION FE-SEM IN MATERIAL SCIENCE
H. Jaksch

MEXAHWU3MbI ®OPMHUPOBAHNA KOHTPACTA ObPATHO-PACCESHHBIX
OJIEKTPOHOB C MAJIBIMU [IOTEPAMU B ABTOOMUCCHUOHHOM C5M B
HAVYKAX O MATEPUAJIAX

Xaiinep Sk

N3MEPEHUE H_EEPOXOBATOCTI/I CBOBOJHOI'O T PA®EHA METOJOM
OJIEKTPOHHOU JUDPAKINA
Kupunenko [.A., Juneiikun A.T., I'. Ban Tennenoo

UCIHOJB30BAHUE METO/IOB ®JIYOPECIIEHTHON MUKPOCKOITUU JIJIs
AHAJIM3A B3AUMOJIEVICTBUS EIITUJIA Ay 1 PRION PROTEIN B
JHPOXIKAX SACCHAROMYCES CEREVISIAE.

Kopxosa B.B., CaiipuraunoBa A.®., I'ankun A.IL., PyGens A.A.

USING OF FLUORESCENCE MICROSCOPY METHODS FOR ANALYSIS OF
THE INTERACTION BETWEEN Ag PEPTIDE AND PRION PROTEIN IN YEAST
SACCHAROMYCES CEREVISIAE.

Korzhova V.V, Saifitdinova A.F., Galkin A.P., Rubel A.A.

JTABEPHO-UHAYIHNUPOBAHHOE COOCAXJIEHWE HUKEJIA 1 MEJI N3
PACTBOPOB DJIEKTPOJIUTOB.
Koctrokos A.IO.

LASER-INDUCED DEPOSITION OF NICKEL AND COPPER FROM LIQUID
ELECTROLYTES.
Kostyukov A.

YI'JIEPOA-MUHEPAJIBHBIE COPBEEHTHI JIJIAA XPOMATOI'PAOHUYECKOI'O
PA3JIEJIEHV A ®YJIJIEPEHOB
O.A.Kpoxuna, B.H.IToctHOB

CARBON-MINERAL SORBENTS FOR THE CHROMATOGRAPHIC
SEPARATION OF FULLERENES
0O.Krokhina, V.Postnov

MEXAHU3MBbI ITEPBUYHOI'O CEHCOPHOI'O KOAMPOBAHNMA B MEMbPAHE
HOIOMUEIITUBHOT'O HENPOHA: CO3IAHUE HEOIIMONZHOI'O

31

35

38

40

43

44

46



AHAJIBI'ETUKA «AHOULEIITHUH» nu «XOJIOAHOI'O» JIA3BEPA
NHO®PAKPACHOI'O JUATIA30HA «KAMEPTOH» JI1 KYIIMPOBAHUA BOJIN
Kpsuios b.B.

MECHANISMS OF PRIMARY SENSORY CODING OF THE NOCICEPTIVE
NEURON MEMBRANE: CREATION OF NON-OPIOID ANALGESIC
“ANOCEPTIN” AND “COLD” INFRARED LASER “CAMERTONE” FOR PAIN
RELIEF

Krylov B.V.

NANOSTRUCTURES ON LAYERED MATERIALS: FIB FABRICATION AND
PROPERTIES
Yu.l. Latyshev

HAHOCTPYKTYPBI HA OCHOBE CJIIOUCTBIX MATEPUAJIOB: HQHYIIEHI/IE
C IIOMOIIBIKO ®OKYCHUPOBAHHBIX NOHHBIX ITYUKOB 1 CBOUCTBA
1O0.U. JlaTei1eB

NEXT GENERATION IN LSM DETECTOR TECHNOLOGY IN COMBINATION
WITH SUPERRESOLUTION
Jorg Lindenau

[NOCJIEAHEE ITOKOJIEHUE CUCTEM AETEKIMHN B JIASEPHBIX
CKAHUPVYIOIIMNX MUKPOCKOITAX 1 CUCTEMA CBEPXBBICOKOI'O
PA3PELIEHUA.

Jorg Lindenau

AHAJIN3 CTPYKTYPHI CUHAIICOB HA CYBKJIETOUHOM YPOBHE I1PUA
IMOMOIIU MMEPEJOBBIX DJIEKTPOHHO MMWKPOCKOITMYECKNX METO/I0B
NCCIIEJOBAHUAIL 1 CUCTEM KOMIIBIOTEPHOI'O MOJIEJIMPOBAHN A
Noaxum JTroOke

ANALYSIS OF SYNAPTIC STRUCTURES AT THE SUBCELLUAR LEVEL
USING HIGH-END ELECTRON MICROSCOPY AND MODELING
Joachim Liibke

JIABEPHAA METAJUIM3ALIA KEPAMWYECKHUX U
CTEKJIOKEPAMWYECKHNX [TOBEPXHOCTE.

Jlorynos JI.C., Tymxun U.HU., Cadonor C.B., TBeprsanoBuu 10.C., KouemupoBckuit
B.A.

LASER METALLIZATION CERAMIC AND GLASS-CERAMIC SURFACES
Lev L. Logunov, Yury S. Tvery’anovcich, Ilya [.Tumkin, Vladimir A. Kochemirovskii

UCCJEJIOBAHUE ITPOTOHHOM ITIPOBOJUMOCTHU KOMITO3WUTA
HAHOIIOPUCTOE CTEKJIO - HA®MOH
H.A. Mensnukosa, B.H. IToctrnos, O.B. I'nymos, 1.B. Mypun

PROTON CONDUCTIVITY STUDIES OF NAFION — NANOPOROUS GLASS
COMPOSITE
N.A. Melnikova, V.N. Postnov, O.V. Glumov, 1.V. Murin

49

52

54

56

57



HAHOJUCIIEPCHBIE KPEMHE3EMHBIE HOCUTEJIA OJ151 CUHTE3A 1
NMMOBWJIN3ALINN BUOJIOTUYECKU AKTUBHBIX BEIIECTB.
[Tocthos B. H., Haymsimesa E.b., JIutBunoB A.C., I'anarynza M. M., Koposnes /I. B

NANOPARTICULATE SILICA AS A CARRIERS FOR SYNTHESIS AND
IMMOBILIZATION OF BIOLOGICALLY-ACTIVE SUBSTANCES.
Postnov V.N., Naumysheva E.B., Litvinov A.S., Galagudza M. M., Korolev D. V.

IMPOBEJJEHUE HATYPHOI'O SKCIIEPUMEHTA JJIA IIOCTPOEHU A
AJIEKBATHOM MOJIEJIU TOHKOIJIEHOYHBIX KATOHBIX MUKPOY3JIOB
BAKYYMHOM HAHODJIEKTPOHUKH

K.A.Hukudopos, H.B.Eropos

EXPERIMENT IMPLEMENTATION FOR DEVELOPMENT OF ADEQUATE
THIN-FILM CATHODE MICROCELLS MODEL IN VACUUM
NANOELECTRONICS

Nikiforov K. A., Egorov N. V.

COCTAB n HAHOKOMIIO3UTHAS CTPYKTYPA
KOCTHOHM TKAHMU PbIb
Hukonaes A.M., ®pank-Kamenernkas O.B., YowiiiBoBk E.B, Bo3necenckuii MLA.

COMPOSITION AND NANOCOMPOSITE STRUCTURE OF BONE TISSUE OF
FISHES
Anton Nikolaev, Olga Frank-Kamenetskaya, Evgeny Ubyivovk, Michail Voznesensky

SECONDARY ELECTRONS ENERGY DISTRIBUTION IN HELIUM ION
MICROSCOPE
Y. V. Petrov, O. F. Vyvenko

APPLICATIONS OF THE HELIUM ION MICROSCOPE TO THE BIO-
NANOTECHNOLOGIES

D.S. Pickard, H.C. Park, C. Fang, F. Musthafa, S. Swarup, L. Yu, W.Y. Ong, L. Kenney,
M. Sheetz, T. Venkatesan

PEILIEHME ITPUKJIAJHBIX 3AJJAY BUOHAHOTEXHOJIOT'U METOJIAMU
T'EJIMEBO-MOHHOU MUKPOCKOITUU
. Iukapa, X. [Tapk, C. ®anr, ®. Mycrada, C. Crapym, JI. FO,B. Onr, JI. Jlunei,
M.IIutn, T. Benkarecan

NANOSCALE PATTERNING WITH THE HELIUM ION MICROSCOPE
D.S. Pickard, V.Viswanathan, S. Mathew, X.Xu, Z.K. Ai, K. Zhang, X. Zhao, B.
Oezyilmaz, J. Thong, T.Venkatesan

®OPMUPOBAHUNE HAHOPA3BMETHBIX M30BPAXEHNUN METOAAMU
T'EJIMEBO-MOHHOM MUKPOCKOITUU
. Iukapx, B. Bucsanaran, C. Matsio, U. Kcy, 3. A, K.XKanr, 1. XKao, B. Oitzunsmac,
K. Tonr, T. Beakarecan

58

60

62

64

66

67



OOPMHUPOBAHUE VHOUPHIIO‘{EHHLIX CTPYKTYVYP IIOPUCTOI'O KPEMHU A
BO BHESQJIEKTPOAHOU ITJIASME
Kommakos B.A., Ilogmunaos B.B.

FORMATION OF ORDERED STRUCTURE OF POROUS SILICON IN OFF-
ELECTROD PLASMA
Kolpakov V.A., Podlipnov V.V.

LASER-ASSISTED Au-Cu AND Au-Ag DEPOSITION FROM LIQUID
METALLOORGANIC COMPLEXES.

Anastasia V. Povolotskaya, Margarita A. Lesik, Alexey V. Povolotskiy, Alina A.
Manshina

CO3JJAHME JHK-IHABJIOHHBIX CEPEBPAHBIX HAHOITPOBOJIOK
ITyukoBa A. O., Cokonos II. A., Kacesinenko H. A.

CREATION OF DNA-TEMPLATED SILVER NANOWIRES
Puchkova A. O., Sokolov P. A., Kasyanenko N. A.

OCOBEHHOCTHU AHAJIM3A HAHOOBBEKTOB B BUOJIOT'MYECKUX
OBPA3IIAX
H. b. Py6mioB

BOJHBIE JUCTIEPCUU YTIJIEPOJHBIX HAHOTPYBOK B [IPUCYTCTBUN
IIOBEPXHOCTHO-AKTHBHBIX BEI[ECTB: YCTOMUYUBOCTD, CTPYKTYPA,
OU3NKO-XUMUYECKHUE CBOVCTBA

E.A. Cagonona, A.C. Konesa, H.A. CmupHOBa

AQUEOUS DISPERSIONS OF CARBON NANOTUBES IN THE PRESENCE OF
SURFACTANTS: STABILITY, STRUCTURE, PHYSICOCHEMICAL PROPERTIES
E.A. Safonova, A.S. Koneva, N.A. Smirnova

CTPYKTYPHBIE UBMEHEHU A ITPUPO/JHBIX ®EPPUMAT'HETUKOB,
OOPMUPVIOUIME CITIEHUONYECKHWE MATHUTHBIE COCTOAHUA 'OPHBIX
IHOPOJ

CanoxxnukoB A.B., Cepruenko E.C., Cmupnosa P.B., [lpabkuna E.A., IIponeBuu A.b.

STRUCTURAL TRANSFORMATIONS OF NATURAL FERRIMAGNETICS
FORMING SPECIFIC MAGNETIC STATE OF ROCKS
Sapoznikov A.V., Sergienko E.S., Smirnova R.V., Drabkina E.A., Pronevich A.B.

HU3KOTEMIIEPATYPHBIN CUHTE3 DJIJIMIITUYECKUX HAHOYACTMI]
AHATA3A
J.C. lrapes, K.C. Makapesuu, H.®. Kapnosuu

THE LOW-TEMPERATURE SYNTHESIS OF THE ANATASE ELLIPTICAL
NANOPARTICLES
D.S. Shtarev, K.S. Makarevich, N.F. Karpovich

68

72

73

75

76

77

79



PHOTOLUMINESCENCE PROPERTIES OF GaAs NANOWIRE ENSEMBLES WITH
ZINCBLENDE AND WURTZITE CRYSTAL STRUCTURE

B.V. Novikov, S.Yu. Serov, N.G. Filosofov, I.V. Shtrom, V.G. Talalaev, O.F.

Vyvenko, E.V. Ubyivovk, Yu.B. Samsonenko, A.D. Bouravleuv, I.P. Soshnikov, N.V.
Sibirev, G.E. Cirlin, and V.G. Dubrovskii

OCOBEHHOCTMU 30JIb-T'EJIb METOJA TTIOJIYUYEHUA HAHOPA3SMEPHOI'O
OKCUIA AJIIOMUHUA
Monun A.B., 3emmora E.T'., [1Iseiikuna H.b., CmupHoB B.M.

FEATURES OF SOL-GEL METHOD SYNTHESIS OF NANO-SIZED ALUMINUM
OXIDE
Monin A., Zemtsova E., Shveikina N., Smirnov V.

SJIEKTPOHHAS MUKPOCKOIIVS KAK METOA IMAT'HOCTHUKH 3EJIEHBIX
[HOJEJIOYHBIX KAMHEUN
Cymnuk K. C., fucon C.1O.

KATOJO- 1 BJIEKTPOJIFOMUWHECHEHIUA CIIOEB Si0O, HA KPEMHU
Tumodeera K.A., bapabdan A.Il., [Terpos HO.B.

CATHODOLUMINESCENCE AND ELECTROLUMINESCENCE OF SiO, LAYERS
ON SILICON
Timofeeva K., Baraban A., Petrov Y.

MUKPO- 1 HAHOTPYBKU As,S; U AgAsS,, CAHTE3IPYEMBIE B VCJIOBUAX
“MAT'KON” XUMUN
JLb. I'ynuna, B.II. Toncroi

MICRO- AND NANOTUBULES OF As,S; AND AgAsS,
SYNTHESIZED IN “SOFT” CHEMISTRY CONDITIONS
L. Gulina, V. Tolstoy

HUTEBUAHBIE HAHOKPUCTAJUIbBI (1-x)In,O5 — xSeO,
Tomaes B.B., ITerpos 10.B.

NANOWHISKERS (1-x) In,O; - xSeO,
Tomaev V.V., Petrov Yu.V.

MEXAHOMOAUOUITNPOBAHUE HAHO®PAT'MEHTOB Agl
B.B. Tomaes, }0.C. Teeppsnosuu, M./l. banbmakoB

MECHANO-MODIFICATION OF THE Agl NANOFRAGMENTS
Tomaev V.V., Tveryanovich Y.S., Bal'makov M.D.

COBPEMEHHBIE U TPAJJUIIMMOHHBIE BO3MOXHOCTH ITOAI'OTOBKU
OBPA3O0B JIJI1 BPIIOM, JOCTOMHCTBA 1 HEJJOCTATKI.
Voriiisosk E. B.

82

84

86

88

91

92

94

97



PA3PABOTKA (U-Th)/He METOJIA TTPAAMOI'O U30TOITHOI'O JATUPOBAHUA
CAMOPO/JHOTI'O 30JIOTA
Axy6osuu O.B., sanos JI.B. u lllykomokos 10.A.

DIRECT ISOTOPE (U-Th)/He DATING OF NATIVE GOLD
Yakubovich O.V., Ivanov D.V., Shukolyokov Yu.A.

KOMIUIEKCHBIN [TOJAXO /1 UCCIEJOBAHMS HAHOPA3BMEPHBIX
I'ETEPOCTPYKTYVYP III-N JIOKAJIbLHBIMU METOJAMUA
S.B. Ky3uenoBa, M.B. baiinakosa, A.A. CutaukoBa, M.B. 3amopsHckasi.

HNCCIIEAJOBAHUE «IIOJIMMEPHU30BAHHBIX MULIEJLJT»
INOJIMAKPUJIIOMJIIAMUHOY AEKAHOATA HATPUS METOAAMMU KPHUO-ITOM
U ACM

I1. Bracos, U. 3opun, 1. Makapos, S. Butcher, V. Aseyev, A. bunmubun

CRYO-TEM AND AFM INVESTIGATIONS OF SODIUM
POLYACRYLOYLAMINOUNDECANOATE ‘POLYMERIZED MICELLES’
P. Vlasov, L. Zorin, I. Makarov, S. Butcher, V. Aseyev, A. Bilibin

JIN3AMH HAHOCTPYKTYPUPOBAHHBIX KATAJIMTUYECKUX CHUCTEM
JUII ®OTOUHAYLHMPOBAHHBIX ITPOLIECCOB

N.A.3BepeBa, U.A.Poguonos, O.N.Cumrokos, M.B.Yucnos, JI.M.MBaHtoxa,
10.B.Ilerpos

DESIGN OF NANOSTRUCTURED CATALYTIC SYSTEMS FOR
PHOTOINDUCED PROCESSES

[.A. Zvereva, [.A. Rodionov, O.I. Silyukov, M.V. Chislov, L.M. Ivanyukha, Y.V.
Petrov

10

98

100

101

103



AJJCOPBIIMOHHBIE IVIEHKHN HA IIOBEPXHOCTH BOJAHbIX
JTACHEPCUIN HAHOYACTUIL OKCUJIA KPEMHMS, COJEPKAIIIAX
HU3KOMOJIEKYJISIPHBIE ITAB

A.AxeHntbeB, 1. Sxryp

Canxm-Ilemepoypeckuii eocyoapcmeennulil yHusepcumem, Xumuueckuil paxyiomem

Mukpo— 1 HaHouacTulbl B pucyTcTBuu [IAB B mociennee BpeMs 4acTO MPUMEHSIOTCS
JUI CTa0WIIM3alMy MeH U 3Mysibcuid. [1o 3TON mpuumHEe M3ydeHue CTPYKTYpbl MOBEPXHOCTHBIX
CIIOEB PAaCTBOPOB CMECH 4YacTHUIl M HHU3KOMOJEeKyIsapHbIXx [IAB mpuobperaer Bce Oosnbliee
byHIaMEeHTaIbHOE ©  TIpakTHYeckoe 3HadeHWe. OIHUM W3 OCHOBHBIX IapaMeTpoOB,
OTIPEACTSIONUX JAUHAMUKY SKUAKO(GA3HBIX JUCIEPCHBIX CHUCTEM, CIYKUT JWHAMUYEcKas
MOBEpXHOCTHAsi ynpyroctb. OnHaKo, UIsI CUCTEM, COJEp)KallMX CMECH HaHOYacTHIl C
Hu3KoMmoliekysipaeie  [IAB, wuccnenoBanuii  1MHaMHUYECKOW TOBEPXHOCTHOM  YNPYTrOCTH
MIPAKTUYECKH HE MPOBOAMIOCH. MEXIy TeM, HW3MEpEHHE IOBEPXHOCTHBIX AMJIATAllMOHHBIX
PEOTIOTUYECKMX CBOMCTB CIOXKHBIX JKUAKOCTEH TO3BOJSET TMOJYYUTh HHGPOPMAIUIO O
B3alMOJICHCTBUM MEXJy KOMIIOHEHTAaMU B TOBEPXHOCTHOM CJIO€ M CTPYKTYpPE MOBEPXHOCTH.
Jlannas paboTa TpeACTaBiIsSeT MCCIEAOBAHUE JWHAMUYECKUX MOBEPXHOCTHBIX CBOMWCTB
pacTBopoB cMecu Hmu3KoModekyispHoro [TAB 6pomuma nermirpumerunammonus (IITAB) u
HaHouacTuil SiOs.

B pabore ¢ momompr0 METOJOB BHUCSINEH Kalii W OCIHHJUIMPYIOIIEro Oaphepa
MU3MEPSUINCh HUJIaTallMOHHAs JUHAMUYECKas MOBEPXHOCTHAs YNPYTOCTh M TMOBEPXHOCTHOE
HaTsbKeHHe pacTBopoB cMmecu yactull Si0, u ITAB.

[loBepXHOCTHOE HATSHKEHHWE M JUHAMHYECKash MOBEPXHOCTHAs YHPYrOCTh PacTBOPOB
cmecu vactul] SiO, u [ITAB B mmpokoii o61acTu KOHIEHTpalui (KoHIeHTparus yactui Si0, —
0,01+0,2 % wmacc.; kouuenrpauust [{ITAB — 5%10°+2*10° M) MeIJIeHHO MEHAIOTCS ¢ BO3PACTOM
MIOBEPXHOCTU U JIOCTUIalOT PABHOBECHBIX 3HAYEHWM JIMIIb B TE€YEHHE HECKOJIBKUX YacoOB I10OCIIE
Hayaja >SKCIEpUMEHTa. PaBHOBECHBIE ITOBEPXHOCTHBIE CBOMCTBA HCCIEAOBAHHOW CHCTEMBI
3aMETHO OTJIMYAIOTCS OT 3Ha4YeHWi s pactBopoB IIAB 0e3 noGaBieHHs YacTUI[ OKCHIA
KpemHusa. Ha KOHIIEHTpallMOHHOM 3aBUCHUMOCTH JWHAMHYECKOW IMOBEPXHOCTHOM YHNPYTrOCTH
HAOMIOIaeTCsl  JIOKAJIBHBIH ~ MaKCHMMyM,  YKa3bIBAalOIIUHA HAa  W3MEHEHUE  CTPYKTYpHI
MMOBEPXHOCTHOTO CJIOS MPU YBEJIIMYEHUHU KoHIleHTpauuu [TAB.

Pabora BeimonHeHa npu ¢uHaHCOBOM nojaepxkke POOU u HaunonansHOTro coBera mo
Hayke TaitBans (coBmecTHbIN TpoekT PODU-HHC Ne 09-03-92002-HHC-a u npoext Ne 11-03-
00801-a).

THE ADSORBED FILMS ON THE SURFACE OF WATER DISPERSIONS OF
SILICON NANOPARTICLES WITH SURFACTANTS

A.Akentiev, P.Yazhgur

Dynamic surface properties of nanoparticle/surfactant solutions have been measured in a broad
concentration range. The system is characterized by a long equilibration time. The surface
properties do not reach equilibrium values in five hours after the surface formation. The dynamic
surface elasticity as a function of the surfactant concentration has a local maximum indicating
strong changes of the surface layer structure.
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PREPARATION AND ELECTROCATALYTIC PROPERTIES OF
PALLADIUM NANOPARTICLES/POLY-3,4-ETHYLENEDIOXITHIO-
PHENE FILM MODIFIED ELECTRODES

Tatyana A. Babkova , Daria 1. Shevaldysheva , Veniamin V. Kondratiev

Department of Chemistry, St. Petersburg University, Petrodvoretz, 198504, Russia

e-mail: vkondratiev@mail.ru

The study of metal-polymer nanocomposites has received much attention due to both to
fundamental problems of structure and properties of composites and to their potential
applications. Composites of conducting polymers with inclusion of noble metal nanoparticles
can be used as a catalysts of different electrochemical processes, in particular, for elaboration of
new fuel cells and sensors. The development of such nanocomposite materials also lead to
decrease the need for expensive noble metals. The large active metal surface area is achieved in
this case by well dispersed metal nanoparticles in polymer matrix. One of the simple ways to
produce nanocomposite materials with inclusions of metal nanoparticles is the electroless or
electrochemical deposition of metals into conducting polymers, in particular, into poly-3,4-
ethylendioxithiophene PEDOT. Among different application of PEDOT-Pd materials the
catalytic reduction of hydrogen peroxide or oxidation of hydrazine seem especially important in
view of developing catalysts for fuel cells and nanoarray electrodes for voltammetrical sensors.

PEDOT-Pd composite films were obtained by electroless deposition of highly dispersed
palladium particles from solutions of palladium chloride into preliminarily reduced poly-3,4-
ethylenedioxythiophene films. X-ray photoelectron spectroscopy (XPS) data confirmed the
presence of metallic palladium into polymer. Morphology of the pristine and composite films, as
well as the size of Pd-nanoparticles and their distribution were characterized by using scanning
electron microscopy (SEM) and transmission electron microscopy (TEM). From SEM images it
was found that Pd particles decorate PEDOT globular structure as a quasi-spherical particles and
their mean size is dependent on synthesis conditions. The comparison between TEM images of
composite films PEDOT/Pd, obtained for different time of metal loading was made. A
remarkable effect of the loading time on the size of Pd particles has been established: the mean
size of dominated palladium particles was close to 6-10 nm for 30 s of metal deposition and it
was getting larger with deposition time (close to 15-30 nm for 120 s). It is most likely that with
the increase of synthesis time the further deposition of palladium predominantly proceeds on
initially deposited palladium clusters, resulting in extensive rise of their size.

The systematic study of test electrode processes (reduction of hydrogen peroxide and
oxidation of hydrazine) on Pd-PEDOT electrodes has been performed. It was shown that
proposed approach offer the possibility to synthesize thin film composite layer with reactive
three-dimensionally distributed palladium nanoparticles. The possibility of use such composites
for amperometric determination of hydrazine and hydrogen peroxides was demonstrated.

The authors are thankful to Drs. Anton Bondarenko, Evgeny Ubyivovk and Prof. Oleg Vyvenko
for the help with common SEM and TEM measurements. We also thank the Russian Foundation
for Basic Research (grant 10-03-00793) and the research grant St.Petersburg State University
(grant Ne12.38.15.2011) for financial support of this work.
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N3YUYEHUE BAKTEPUI HOLOSPORA OBTUSA, BHYTPUSIJIEPHBIX
CUMBHUOHTOB HH®Y30PUU PARAMECIUM CAUDATUM,
METOJ10OM ACM

benken K. A. CabOaneeBa E. B.

Canxm-Ilemepbypeckuii 2ocyoapcmeennbiil yHugepcumem, Ouo1020-no48eHHblU (haKyibmen,
Kageopa yumono2uu u 2ucmonocuu

B sapax un¢y3opuii Bctpedarorcss cumbnoTudeckue o6akrepun pona Holospora. J1nst aTux
OakTepuii XapakTepHa BHAOCTEHM(PUYIHOCTh W CHENU(PUIHOCTH KOMIapTMeHTa oOuTaHus. B
3aBUCUMOCTH OT BHJa OakTepuu NOJAEp)KaHHEe MHQPEKIUHM BO3MOXKHO JIMOO TOJIBKO B
TPaHCKPUIILIMOHHO AaKTUBHOM siApe (MakpoHyKjeyce), JuOO0 TOJIbKO B TE€HEPaTUBHOM
(Mukponykieyce). HTepec kK U3y4eHHIO 3TOTO pojia OakTepuil 00YyCIIOBIEH TE€M, YTO 1MOJ00Has
cUCTeMa SIBIISIeTCSl YAOOHOW MOJENBIO JJI M3YyYEHHUs B3aMMOOTHOIICHWH BHYTPUKIETOYHOTO
HHI00MOHTA U KIETKH-XO035IMHA KaK Ha PaHHUX 3Tarnax NPOHUKHOBEHHs OAKTEpHU B KJIIETKY, TaK
U Ha CTaJuM MOAJIEpKaHus CUMOMOTUYECKON cuctembl. IHTEpecHO, UTO crioco0 nepeiBUKEHUs
O0akTepuM MO LUTOIUIa3M€ HH(PY30pUHM NOJO0EH MEXaHU3My TpaHCIOpPTa MATOTeHHBIX IS
yeyoBeka Oaktepuil pona Listeria B 3apaxeHHBIX kieTkax. OmHOW M3 Hambojee WHTEHCHUBHO
M3ydaeMbIX MoJenel sBiseTcs cuctema uHY3opus Paramecium caudatum/6axTepus
Holospora obtusa, B KOTOpOW TOCJIEIHSSI BBICTYNA€T B KayeCTBE OOJUraTHOTO 3HAOOMOHTA
MakpoHyKJieyca. B 3aBUCUMOCTH OT CTaJ UM KU3HEHHOT'O LIMKJAa BHYTPH siipa OakTepusi MOXKET
OBITH MIpECTaBICHA IBYMs (JOpMaMH: BET€TaTUBHON M T€HEPATHBHOM.

TpaauMOHHO U3yYeHHE CTPYKTYP MAaKpOHYKJIeyca M HYKJICOHOHTOB MPOBOJIMIA METOIOM
TPAaHCMHMCCHOHHOW 3JIEKTPOHHOW MHKPOCKONHMH. DTOT METOJ| MO3BOJIET MOJYYUTh BBICOKOE
paspelieHne, OHaKO TpeXMEpHas PeKOHCTPYKIMS OAaKTEpUH M CBSI3aHHOTO C HEH XpoMaTHHA He
obuta cienana. Cpessl it TOM He maBanu moiHON HHPOpMaIun o popme OaKTEepHH.

HccnenoBanne MNpoBOAMIM Ha [JaBJIEHBIX IpenapaTax CTaOWIbHO HH(DULIMPOBAHHBIX
nHQY30puil U KJIETKAaX II0CJIe€ HEJAaBHEro SKCIEPUMEHTAJIBHOIO 3apakeHUsT CUMOMOHTaMHU.
JlaBneHble KJIETKHM BBICYIIMBAIM WU OTMBIBAJIM B JAUCTHJUIMPOBaHHOW Bojae. CkaHUpOBaHME
BoinoyHsun Ha ACM Integra Aura B MOJyKOHTakTHOM pexkume. Kpome MmoiaHOM TpexmepHOu
Tornorpagpuu MHPEKIMOHHON M PENpOIyKTUBHOM (GopM OGaKTepuH, Mbl HMOIYUHUIH BH3YalbHOE
MOJATBEPKICHNE TECHOTO KOHTAKTa  PENPOAYKTUBHBIX U JU((EpEeHIUpPYIOIUXCS B
MH(EKIHMOHHBIE (GOPMBI OAKTEpUIl C XPOMATHHOM MaKpOHYKJIEyca.
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Puc 1. ACM. Undekunonnas dpopma 6axkrepun Holospora obtusa.
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Puc 2. ACM. [duddepennupyromiascsa BereraTuBHas ¢opma Oaxrepun Holospora obtusa. BugHa cBsi3b ¢
XPOMAaTHHOM.

BACTERIA HOLOSPORA OBTUSA, THE ENDONUCLEAR SYMBIONTS OF
THE CILIATE PARAMECIUM CAUDATUM, STUDIED BY AFM.
Benken K.A., Sabaneyeva E.V.

Bacterium Holospora obtusa is an obligate endobiont of the transcriptionally active
nucleus of the ciliate Paramecium caudatum. This system is a good model for investigation of
the host cell-endobiont interactions. An infective and a reproductive form can be distinguished in
the bacterium cell cycle.

Analysis of bacteria was performed using the AFM Integra Aura in the semicontact mode.
Besides the full 3D reconstruction of infective and reproductive forms of bacteria we confirm the
close contact between bacterium and chromatin of macronucleus.

DISLOCATION STRUCTURE, ELECTRICAL AND LUMINESCENT
PROPERTIES OF HYDROPHILICALLY BONDED SILICON WAFER
INTERFACE

A. Bondarenko', O. Vyvenko', I. Isakov', V. Vdovin', and O. Kononchuk?
"'V.A. Fok Institute of Physics, St. Petersburg State University, 198504 St. Petersburg, Russia
? SOITEC, Parc des Fontaines, F-38560, Bernin, France

Dislocation networks (DN) at grain-boundaries have the particular significance in
modern multicrystalline-silicon solar cells industry since their electrical activity dramatically
influences the solar cells performance. From the other hand, there is a constantly growing
practical interest to DN due to a number of applications for microelectronics , which caused the
rapid development of silicon direct wafer bonding technology. Directly bonded wafers are
perfect artificial grain boundaries as they give precisely controllable and uniform over large area
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DN at a defined depth and parallel to the wafer surface. The common approach widely used for
estimation of electrical activity of DN and for solar cells express quality control is to measure the
photoluminescence intensity in the range 0.7 — 0.9 eV there the characteristics D-bands of
dislocation-related luminescence (DRL) are observed , despite the mechanism of DRL is not
completely determined.

We have reported in that D1-CL intensity and spectrum from DN close to the surface
is very sensitive to the surface potential (band bending). That is why well defined surface
potential conditions are needed to obtain the reliable data on luminescence properties that can be
compared with the data of electrical and structural characterization like DLTS and TEM.
Moreover it was shown that refilling of the traps with electrical pulses used conventionally in
DLTS experiments when applied for CL-measurements (Pulsed-CL) can provide direct
information about the electrical levels responsible for DRL.

In present work we investigated p-type and n-type bonded samples with twist
misorientation angle ranging from 1 to 6 degrees by means of DLTS, MCTS, EBIC, and Pulsed-
CL spectroscopy, surface potential was set by biasing the Schottky diode prepared on top surface
of all samples. According to TEM results samples were divided in two groups: in first group 60
dislocations are parallel to one set of screw dislocations and in second group 60 dislocations are
45 degree angled to screw dislocations.

We established and characterized levels in both upper and lower parts of the band gap
responsible for DRL for both groups of samples from Pulsed-CL investigations. We obtained
dependences on screw dislocation density for DLTS and CL. We found noticeable difference
between the shapes of both DLTS and CL spectra of these two groups and proposed the
dislocation conductivity model which explains that difference.

[1] M. Kittler, X. Yu, T. Mchedlidze, T. Arguirov, O. F. Vyvenko, W. Seifert, M. Reiche, T. Wilhelm, M.
Seibt, O. VoB, A. Wolff and W. Fritzsche, Small 3, 964 (2007)

[2] T. Trupke, R. A. Bardos, M. C. Schubert and W. Warta, Applied Physics Letters 89, 044107 (2006)

[3] A. Bondarenko, O. Vyvenko, N. Bazlov and O. Kononchuk, Phys. B: Cond. Matter 404, 4608 (2009)

[4] A. Bondarenko, O. Vyvenko, I. Isakov and O. Kononchuk, Phys. Stat. Sol. (c) 8, 1273 (2011)

SJEKTPOHHAS MUKPOCKOIIUA YIbBTPAIUCIIEPCHBIX
IMOPOINIKOB WC M ZrB,, INIOJYYUEHHbLIX WMU3MEJ/IBYEHUEM B
BBICOKOSHEPI'OHAIIPS’KEHHBIX MEJIBHUILIAX

I'T. Yepuuk', A.A. Banun', H. Gocmez®, A.B. T'o3usn’, P.M. Kyumenos®

! Canxm-ITemepbypackuii 20cydapcmeenulil yHueepcumem, XuMudeckutl paxyibmem, *
Dumlupinar University, Turkey, 7 340 Texmaw, Mockéa

Bo MHOTHX MeTOmax CHMHTE3a MaTepHasIoB JyIsl Mpou3BoicTBa kepamuku (CBC, 301b-Treinb
METO/IbI) TTOJTYYAIOTCS MMOPOIIKH, COACPIKAIIUE YACTUIIBI MUKPOHHBIX Pa3MEPOB U arperartbl
CyOMUKPOHHBIX YacTull. JJis mojydyeHus: KepaMHKH BBICOKOTO KayecTBa HEOOXOIMMO
MPOBEICHUE U3MENBUCHUS U IearIoMepaIiui MOPOIIKOB, TIOCKOIBKY pa3Mepsl, hopMa 1
MHUKPOCTPYKTYpPa YaCTHI] CYIIIECTBEHHO BJIMSIIOT Ha TEXHOJIOTMYECKHUE CBOMCTBA MOPOLIKaA, a
Tak)Ke TUIOTHOCTh, IPOYHOCTh M OJTHOPOAHOCTh KEPAMHUECKUX U3 U3 HETO.

B nanHoit paboTe mporiecchl AearaoMepany, U3MEIbYCHHIS U MEXaHUUYECKOW aKTUBAIINH
U3yYAJIUCh B IPUMEHEHUH K KEpaMUUECKUM MaTepuaiaM — Kapouay BoiabppaMa u Tubopumy
nupkoHus. 3BectHo, uTo Hanbonee 3pHEeKTUBHBIM U3MEITbYUTEIHHBIM 000PYI0BaHUEM

15



SBJIAIOTCS BBICOKOYHEPTrOHANPSKEHHBIE TUIAHETAPHBIE MEJIBHULIBI, UCIIOIB3YIOLINE BBICOKUE
yckopeHnus (Hanpumep, 20-28 g).

KapOun Bonbdpama (WC) sBiseTcsi OCHOBHBIM KOMIIOHEHTOM TBEP/IBIX CIJIABOB U IIUPOKO
MIPUMEHSETCS JUIS U3TOTOBJIEHUS TBEPJOCIIIIaBHBIX HHCTPYMEHTOB. MeXaHH4eCcKHe CBONCTBA
TBEPAOCIUIABHOI'O MaTepHasa 3aBUCAT OT pasmepa 3epeH WC, U psioM HccienoBaTeNnen
MPEINPUHUMAIOTCS TIONBITKY MOJIYYUTh TBEPAOCIUIABHBIN MaTepuall ¢ HAUMEHbBIIIUM
BO3MOKHBIM pa3MepoM 3epeH KapOua Boiabppama. CTeneHb U3MeIbueHUs] 1 MEXaHUUECKOM
aKTUBAILlMU TIOPOIIKOB BIMSIOT M Ha UX TEMIIEPATYPY CHEKaHUs, UTO BaXKHO ISl CHHYKEHUS
9HEpro3aTrpaT NPOU3BOACTBA.

B ucxoaubix nopoikax, noixydeHHbx MerogamMu CBC u 3051b-T€b TEXHOJIOTUHM, HAOTI0JalINCh
(OKECTKHE» arjioMeparthbl YaCTHILl pa3MepaMH J0 5 MKM /s kKapouaa Boib(pama u 10 20 MKM Juis
audopuaa HUPKOHUS. DTH arjoMeparthbl yJaloch YCIENIHO Pa3OUTh MyTeM KECTKOM
MeXaHUYeCKOi 00pabOTKH B IUTAHETAPHBIX MEIbHUIIAX C TIPUMEHEHUEM BBICOKUX YCKOPEHHH.
[IpoBeneHsl nccneI0BaHUs KHHETHKYU AUCTIEpTUpoBaHus. M3MenpueHHbIe TOPOLIKU
OXapakTepu30BaHbl METOIaMH (PU3UKO-XMMUYECKOT0 aHainu3a. BeiOpaHbl ycrnoBus
MEXaHUYeCKOi 00paboTKH, 0OecreyrBaroIe MEXaHMUECKYIO aKTUBAIINIO TIOPOIIKOB U
3HAYUTENIBHOE YMEHBIIEHUE CPEIHETO Pa3MeEpPa YacTULL. Y IEIbHYIO IJIOMAAb [IOBEPXHOCTH
yaasock moBbicuTh ¢ 0,8 10 3-4 xB. M/T 1151 mopomkoB WC u ¢ 2 1o 28 kB. M/T a1 ZrB,, 1to
COOTBETCTBYET YMEHBILIEHHUIO cpeHero pasmepa yacTtuil 10 94-130 um qiis WC u 35 um st
ZrB,. PazMepsl o0acTell KOrepeHTHOTro paccestHus yMeHbIUauch ot 180 uM g0 100 HM 1uist
WC u or 480 HM 10 20 HM HM U1 Z1B,.

Jlnia onpenenenust pasmMepoB, GOPMbI U MUKPOCTPYKTYPBI YaCTHULL OPOILIKOB, 00pabOTaHHBIX B
IUTaHETAPHBIX MEJIbHUIAX, B pab0Te OBUIM TaKKe MPOBEAEHBI MUKPOCKOUYECKHE UCCIICTOBAHMS
oOpa3noB. MccaenoBanusi IpoBOAUINCH METOAAMH ONTHYECKOH, MPOCBEUNBAIOIIEH U
CKaHHMPYIOILIEH 37eKTPOHHONW MUKPOCKONHUU. Mcronp30Baiicss MHOTO(YHKIIMOHATIBHBIN
aHAJIMTUYECKUI pacTpoBbIil a1ekTpoHHbIH Mukpockon Supra 40VP (Carl Zeiss NTS GmbH,
I'epmanus). [laHHbIE JIEKTPOHHON MUKPOCKOITUHU XOPOIIO COTJIACYIOTCS C pe3yIbTaTaMu JIPYTUX
METOJIOB M CBUJIETENIBCTBYIOT O IOCTHXKEHUH JIearioMepalliy arperatoB U 3HaYUTEIbHOM
YMEHBILIEHUH pa3Mepa 4acTull.

Pa6ora BemmonHena npu nogaepxke PODU B pamkax poccuiicko-Typenkoro npoekra (rpast 10-
08-91221-CT a).

SEM CHARACTERIZATION OF FINE POWDERS OF WC AND ZrB, PRODUCED BY
HIGH-ENERGY MILLING

G.G. Chernik', A.A. Vanin', H. Gocmez?, A.V. Goziyan®’, R.M. Kuchmenov’

' St.Petersburg State University, Dept. of Chemistry, ‘Dumlupinar University, *TechMash,
Moscow

Many techniques of the nanopowders production encounter a problem of the strong tendency of
nanoparticles to agglomerate due to their large surface area and high reactivity. The present work
is devoted to the study of deagglomeration of WC and ZrB, powders. High-energy ball milling in
planetary mills of high accelerations was employed. Electron microscopy, BET and X-ray
diffraction techniques data indicated that comminution down to nanoscale size of particles was
attained.
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HUTEBUJHBIE HAHOKPUCTAJLIBI HOJIYIIPOBOJHUKOBBIX
COEJUHEHMUWMU II1I-V: CHUHTE3, CBOUCTBA, IIPUJIOKEHUSA
B.I". ly6poBckuii

Canxm-Ilemepbypackuii akademuyecKutl ynusepcumem
Dusuxo-mexnudeckuti uncmumym um. A.@. Hogpgpe PAH

B nmoknane Oyner caenman 0030p METOMOB SIUTAKCHATIBHOTO CHHTE3a, MEXaHHM3MOB pOCTA,
¢bu3nueckux CBOICTB M Hanbosee NePCHEeKTUBHBIX MPUIOKEHUI HUTEBUIHBIX HAHOKPUCTAIUIOB
(HHK) nmomynpoBoanukoBbeix coenuHenuid III-V. IlepBas wacTh moKiIajga mOCBAIIEHA 0030pY
MeToA0B snuTakcuanbHoro pocra HHK mo mexanusmy «mnap-xugkocts-kpuctaimn (IDKK) [1]
Ha TIOBEPXHOCTSX, AKTUBHUPOBAHHBIX KaIUIIMH METAJUIMYECKOro Karajau3aTopa pocTa.
PaccmarpuBaroTcss ocHOBHBIE cxembl snuTakcuanbHoro cuHreza [II-V HHK, B uactHOCTH, €
ucnosp3oBaHueM Au u MetayioB III rpynmsl (Tak Ha3bIBaeMblil aBTOKaTAIMTHUYECKUM pPOCT).
byayr usnoxensl HekoTopble Teopermyeckue moznenn pocta HHK, Tumosslie 3aBucumoctn
mumesl - HHK ot pammyca, TemmepaTypbl IOBEpXHOCTM M JAPYIHX  XapaKTEPUCTHUK
SMMUTAKCUAIBHOTO POCTa, a TaKXKe pojb JByMepHOM Hykieauuu B (opmupoBanun HHK mo
Mexanusmy [DKK [2-4]. Byayt paccMmoTpensl ynopsaoueHHsle MmaccuBel HHK, monyuaemsbie 3a
CUeT NpeABapUTEIbHON OpraHu3aluu Au Kamelb C IMOMOUIbIO Pa3IHuYHBIX JIMTOrpadUuecKux
MeTOJIOB 00paboTkm moBepxHocTH (Puc. 1). 3atem OynyT H3II0KEeHBI (PU3UYECKHE CBOHCTBA
GaAs u apyrux I1I-V HHK wu, B yactHOCTH, yauBuTenbHbIi 3pdext popmuposanus [11-V HHK
B rekcaroHanbHOU BropuutHOU (asze (Puc.2) [3-7]. Bymyt paccMOTpeHBI ONTHYECKHE CBOWCTBA
GaAs HHK c paznuunoil kpucramnnueckoi ¢aszoil. byner oOcyxneHna Teoperndeckas MOAEIb
KpucTaiorpadgudeckux (pa3oBEIX MEPEeX0J0B MEXKIY KyOMUYECKOW M TeKcaroHaJbHOW (a3oil u
yCIOBME Ha MOBEPXHOCTHBIE SHEPrUM TpaHMIl pasfena pazauyHblX (a3, NpU  KOTOPBIX
IIPOMCXOJUT TaK Ha3blBaeMasl HyKJleallys Ha TpOoiHOU IuHuH [3,4].

4

Puc. 1. Perynsapunsrii maccus GaAs HHK, Puc. 2. Uzobpaxenne GaAs HHK (a) u II9M Bbicokoro
BBIPAILCHHBIX Ha YIOPSIOYCHHBIX KaIULiX AU, pa3peLIeHH s ¢ 3JIEKTPOHHBIME AU(PPAKTOrPAaMMaMH OT
CO3/IaHHBIX C TIOMOIIBIO METOJIAa FIEKTPOHHON BEPIIUHBI C KyOndeckoit cTpykrypotii (b,c) u Tena ¢

JUTOTPA(HH. TeKCaroHANBHOM CTPYKTYpOii (d,e).
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Puc. 3. IIOM uzobpaxenne GaAs HHK, Puc. 4. COM n3o0pakeHust U TeOpeTHIecKas MOJIENb,

BhIpameHHoro ¢ Ga KaTajau3aTopoMm, U JIEMOHCTPHUPYIOIIUE BRITIHYTYIO (hOpMy KaIuiu,
COOTBETCTBYIOIIAS KapTHHA MIEKTPOHHOH oxpyxatomteit Bepmnay HHK, npn Ga-karanurnaeckom
Judpaknuy, AEMOHCTPHUPYIOIIIE YHCTO POCTE METOJJOM MOJIEKYIIIPHO-ITYYKOBOH SMUTAKCHH [7].

KyOuueckyto ¢asy HHK [7].

Bbyzner nokaszaHo, 4To MOHM)KEHUE MOBEPXHOCTHOW SHEPIUHU KaIlIu (HampuMep, UCIOJIb30BAHUE
Ga Bmecto Au npu pocte GaAs HHK) npuBoguT k sHepreTHuecKkoMy 3ampery HyKJIealud Ha
TPOWHOM JIMHUY U, KakK ciencTBue, K Gopmupoanuio GaAs HHK B o6bemHol kyOuueckoil gaze
[7] (Puc. 3). [Ipu 3TOM Kamis UMeeT BBITAHYTYIO (popmy, oOBostakuBas Bepunny HHK (Puc. 4).
Byner o6cyxnarbes penakcanus ynpyrux Hanpsbkenuit npu pocre 11I-V HHK na noxnosxkax Si
U HOBBIE BO3MOXXHOCTM MOHOJMTHOM MHTErpPallUU IOJIYIPOBOAHUKOBBIX MAaTepHalOB C
Pa3IMYHBIMU MOCTOSIHHBIMU peleTKu. B 3axmtouennn 6yayt paccmorpensl npuioxenus 11I-V u
apyrux noaynpoBoaHukoBbix HHK B HaHO31meKTpOHMKE (TPaH3UCTOPBI, TYHHEJbHBIE IHOMABI),
HaHO(OTOHHKE (cBeTomuOmdbI, COJIHEYHBIE AJIEMEHTHI) u HAaHOOMOTEXHOJIOTHSIX
(BBICOKOYYBCTBUTEIBHBIE CEHCOPHI) [6].

[1] Wagner, R.S.; Ellis, W.C. Appl. Phys. Lett. 1964, 4, §9.

[2] Dubrovskii, V.G.; Cirlin, G.E.; Soshnikov, I.P.; Tonkikh, A.A.; Sibirev, N.V.; Samsonenko, Yu.B.; Ustinov,
V.M. Phys. Rev. B 2005, 71, 205325.

[3] Glas, F.; Harmand, J.C.; Patriarche, G. Phys. Rev. Lett. 2007, 99, 146101.

[4] Dubrovskii, V.G.; Sibirev, N.V.; Harmand J.C.; Glas, F. Phys. Rev. B 2008, 78, 235301.

[5] Dick, K.A.; Caroff, P.; Bolinsson, J.; Messing, M.E. ; Johansson, J.; Deppert, K.; Wallenberg, R.L.; Samuelson,
L. Semicond. Sci. Technol. 2010, 25, 024009.

[6] Ayoposckuit, B.I'.; Upipinun, I'.9.; Ycruros, B.M. ®TII 2009, 43, 1585.

[7] Dubrovskii, V.G. Cirlin, G.E., Sibirev, N.V., Jabeen, F., Harmand, J.C., Werner, P. Nano Lett. 2011, 11, 1247.

NANOWIRES OF 1III-V COMPOUND SEMICONDUCTORS: SYNTHESIS,
PROPERTIES, AND APPLICATIONS

V.G. Dubrovskii

Saint Petersburg Academic University & loffe Physical Technical Institute RAS

We present an overview of recent achievements in the field of epitaxial growth, modeling,
studying basic physical properties and applications of III-V semiconductor nanowires (NWs). In
particular, we discuss the vapor-liquid-solid growth of NWs by different epitaxy techniques,
wurtzite phase formation in III-V NWs, Au and Ga catalyzed growth of GaAs NWs by MBE.
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OOTOAKTUBAIUA PA3JTOKEHUSA TUAPUIA AJIIOMUHUA AlH;

J.W. Enen, M.A. Jlo6porBopckuii, U.E. 'abuc
Quzuueckuii paxyromem CIIOI'Y.

Opaun 13 HauboJee MPUBIEKATENbHBIX MAaTEPUATIOB JIS1 HY /I BOJOPOIHOTO TPAHCIIOPTA -
THJIPHUJI ATFOMUHUS (aJlaH), OTJIUYAIOIIUNACS BBICOKMM MaccoBbIM — 10 Macc.% U 00bEeMHBIM —
148r/n conepxanueM Bogopoza. KimroueBoit HemocTaTok Matepuana — MeJyICHHas: KHHETUKa
JNETUIPUPOBAHUS TIPU HU3KHUX TEMIlepaTypax. Y IOBJIETBOPUTENIbHASI CKOPOCTh JETHIPUPOBAHUS
HaOMroga0TCs TONbKO TipH Temreparypax 120 + 150°C u Boime. [l coznanus 3ppexkTuBHOTO
TOTUIMBHOTO 0aKa Ha THAPHUJIC ATFOMUHUS 3Ty TeMIIepaTypy Heo0Xoaumo cHU3uTh 10 90+100°C,
JUIS Yero B IaHHBIM MOMEHT pa3pabaThIBalOTCS pa3IMYHbIE CIOCOObI aKTUBAIIUY aJlaHa.

[IpoBeneHHbIC HAMU UCCIIEOBAHUS ITOKA3aJH, YTO HAYAIIO IECOPOIMH BOIOPOIa
JTUMUTHPYETCA MOSBICHUEM 3apobliiel Metainueckor dassl. Juddysus Bogopona uepes
METATUYECKYIO (pa3y aTrOMUHUS Ha MOPSIIKH BBIIIC, YEM Yepe3 HEMETAUNIMYSCKUN THIIPH/I.
Takum o0pa3omM, METAIIMYECKHE 3apOIbIIIYA Ha MOBEPXHOCTH YaCTHIl TUAPUAA SBIISIOTCS
00JIETYCHHBIM KaHAIOM JCTUAPUPOBaHUS. MOIeh pOCTa 3apOIbIIia C IOBEPXHOCTH BHYTPb
YaCTHUILIbI XOPOIIIO COTJIacyeTcs ¢ AKcrepuMeHToM. [Ipu 3ToM pocTom 3aposiiieii,
00pa3yIUXCs BHYTPH YACTHUIIHI U HE BBIXOSIIMX HA MIOBEPXHOCTh MOXKHO TIPEHEOPEYb.
Opnako, IpHU HEAOCTATOYHO BBICOKUX TEMIEpaTypax MOsBICHUE 3apoblia BOTU3U
MMOBEPXHOCTH — JOJITHIA CTOXAaCTUYECKHIA MPOIIECC, BBUIY YETO Mepe/ aKTUBHOU (azoit
necopOLry UMEET MECTO MPOIOJDKUTENIbHAS HHKYOAIHs, IPH KOTOPOIl BOJIOPO/I HE BBIIEISICTCS.
XapakTepHble BpeMeHa MHKybaiuu npu temneparypax 120°, 100° u 90°C - 4-10° cexk.,
1,5-10%exk. u 5-10%cek., COOTBETCTBEHHO. JlaHHBIE BpEMEHA CIIMIIKOM BEIMKHU JUIs
3¢ (HEeKTUBHOTO UCTIOIH30BAHUS aJlaHa B MOOMJIbHBIX MPUITOKCHHSIX.

HccnenoBanue npoueccoB, MPOUCXOIAIINX TPU UHKYOAIIMH, U TOHUMaHUE MEXaHU3MOB,
CHOCOOCTBYIONINX 00pA30BAHUIO METAITMYECKOHN (ha3bl — KITI0Y K YITYUIICHUI0O KHHETHYECKUX
CBOMCTB rujipujia aJlOMUHUS U CHIDKEHUIO TeMIepaTyphl 3(pPeKTUBHOTO EeruIpupOBaHUSI.

AHanu3 3NIeKTPOHHON CTPYKTYPHI ajlaHa, a TAKXKE MPOIIECCOB IEKTPOHHOTO 3a0poca u
nepexToo0pa3oBaHus, MPOUCXOISAIINX MPU O0TYUCHUH €ro YAbTPapHOIECTOM C AITUHON BOJIHBI,
CPaBHHMOMU C IIUPHUHON 3aNPeIEHHON 30HBI, TOKa3al, YTO HauboJIee BEPOSITHBIM MEXaHU3MOM
o0pa30BaHMs METAJUIMYECKUX 3apObIIICH SABIISETCS arjoMepalus BOJIOpOAHbIX BakaHcuil. Hamu
BBIJIBUHYTO U MOATBEPKICHO MPEANOI0KEHHUE, YTO UCKYCCTBEHHOE CO3/IaHUE METAJTMYECKUX
3apoJIbllel TEPMUYECKH, I CO3/IaHUE BOJOPOIHBIX BaKaHCHUI MpU (HOTOIHU3E MOKET
COKpATUTh BPEMsI HHKYOAIIMH B CHU3UTh TeMIEpaTypy 3(PpPeKTUBHOTO NETHIPHUPOBAHUS.

bbun mpoBeieHbl SKCIIEPUMEHTHI, B KOTOPBIX UCCIIEI0BANIACh KUHETUKA ETUIPUPOBAHUS
00pa31oB, MOJABEPTHYTHIX in situ TEpMUYECKOM MU (POTOAKTUBAIIMH. TepMOaKTUBAIIHS
3aKioyanach B IPeABApUTEIHHOM MIPOrPEBE ajllaHa B TEUEHHUE BPEMEH, CPAaBHUMBIX C BpEMEHEM
nHKyOamu. PoToaKTUBAIUS TPOBOAMUIACH 00IydeHrneM yiabTpaduonerom (ammna JIPT-220) B
teueHnd 30 mu60 60 MUHYT C TIOCIICIYIOIICH BBIIEPKKON B TEMHOTE OT 1 MUHYTHI 710 4 CYTOK.
AKTHUBUPOBAaHHBIHN MO00HBIM 00pa30M THAPU ATIOMHHHUS 3aTeM OBICTPO HAarpeBaICs 10
3aJJaHHOW TeMIepaTypbl U U30TEPMHUUYECKU pa3znaraics. [Ipu sTom peructpupoBaivch
KOJIMYECTBO M CKOPOCTh BBIJICTICHHS BOJ0poia. KnHeTHueckue KpuBBIe U BpeMeHa HHKYOaInn
JUI HEAaKTUBUPOBAHHOTO, TEPMOAKTUBUPOBAHHOTO U (POTOAKTUBUPOBAHHOTO THAPUIA
QJIOMUHUS TPUBEJICHBI Ha puc. 1.

[To pe3ynbraTamM JaHHBIX UCCIIEOBAHUM MPEATOKEHBI MOACIN U METO/bI TEPMO- U
(dboToaKkTUBALINY ACTUAPUPOBAHUS allaHa, COKpAIIAONINEe BpeMeHa nHKybanuu B 1,5+2 paza o
CpaBHEHUIO ¢ UCXOAHBIM 00pa3iioMm (rpu Temneparype 120°C). [To npenBapuTeIbHBIM OIICHKAM,
VIIy4IIEHUE METOAMKH, 10 KOTOPOW MPOBOAMIACH (POTOAKTUBAIUS, TIPUBEIET K JTOCTIKECHHUIO
a¢dexTuBHOTO OBICTpOTO AeruapupoBaHus yxe mnpu 90+100°C.
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Puc.1. a) xpusbie BrIEnEHNs BOOpPOaA M1 (POTOAKTHBMPOBAHHOTO M HEAKTUBUPOBAHHOIO THIPHUIA ATIOMUHHS,
n30TepMHUecKoe pasznoxkerue npu 120°C:

1 — HeakTUBHPOBAHHBIN (TEMHOBOE pasjiokeHHe); 2 — o0ayueHHbIH B TeueHne 30 MuH, 0€3 BBIIEPKKH Hepe
HarpeBoM; 3 — oOxydeHHsIi 30 MuH., BeIIepkKa 2 MuH; 4 — oOydeHHbIH 30 MUH., BRIAepkKa 10 MuH.,
5 — obmyuennsiit 30 MuH., Beiepxka 30 MuH, 6 — 00xydeHHBIH 30 MuH., BIAepKKa 60 MUH.
RF — reacted fraction, xon-Bo paznoxusierocs ruapuaa, 1 = 100%.

0) criekTpsI TEpMoIecopOLIIH 1St POTO-, TEPMO- ¥ HEAKTHBHPOBAHHOTO THIPUAA ATFOMHUHHUSL.

Mopdonorust 06pa3ioB MccaeI0BaHa ¢ MOMOIIBIO CKAHUPYIOUIEH 3JeKTPOHHOW MUKPOCKOITHH B
MPII-HT CII6I'Y (http://nano.spbu.ru). WMccnenoBanust noanaepkansl rpaHToM PODOU 09-03-
00947-A.

PHOTOACTIVATION OF ALUMINUM HYDRIDE AlH; DECOMPOSITION
D. Elets, M. Dobrotvorsky, 1. Gabis
Saint-Petersburg State University, Department of Physics

Aluminum hydride - AIH; (alane) is a promising material for hydrogen transport and
hydrogen power engineering due to it's high hydrogen capacity (10%mass., 148g/L). In our
researches we showed, that desorption of hydrogen is limited by metal phase nucleation on a
surface of a hydride particle. This limitation results in long incubation time (~10%sec. at
90~+120°C) during which hydrogen does not release from alane. Such incubation times are
unsatisfactory for technical applications. To realize how it is possible to activate, i.e. enhance
kinetics of aluminum hydride, we have to investigate the processes that take place before and
during incubation of dehydriding of AlHs;.

In this work activation mechanisms of aluminum hydride are studied: thermoactivation
and photoactivation in different regimes. Appropriate models and methods of alane activation
are proposed. In comparison with the initial hydride a 1,5+2-fold reduction of incubation time
was observed (at 120°C).

Research is supported by IRC-NT (http:/nano.spbu.ru) and RFBR grant Ne 09-03-00947-A.
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METO]] MOP®OJIOTHUYECKHUX TPAEKTOPUN IS
NCCIEJOBAHUA KUHETUKU PA3JIOKEHUA THIPUIOB
E.A. EBapn, A.IL. Boiit

Quzuueckuii ghaxynomem, Canxm-Ilemepoypeckutl 20Cy0apcmeeHHblll yHugepcumen

Pa3pabotka cucteM XpaHEHUs BOJIOPOJIa HA OCHOBE METAJUIOTUIPUIOB, TPEOYET aJleKBaTHOTO
KOJIMYECTBEHHOTO OMUCAHWS PEaKlUil THIPUPOBAHUS-ICTHAPUpOoBaHus. OTEHKH KHHETHYESCKIX
napaMeTPOB OOBIYHO MOIYYAIOT B PE3YJIbTaTe MaTOOPAOOTKH IKCIIEPUMEHTAIBHBIX PE3YJIbTATOB,
OCHOBBIBASICh Ha (PH3UYECKON MOJIEIH MPOIIECCOB.

CymiecTByroniee K HACTOSIIEMY BpPEMEHH MHOXXECTBO IIOAXOJOB JUIS MOJICITHPOBAHHUS
KHHETUKH TPOIIECCOB B METAJUIO-TUAPUIHBIX CHcTeMax [1] MOKHO pa3/ieluTh B JIBE TPYIIIEI, B
KOTOPBIX TPOMCXOIUT JTHOO0 MaKCHUMAaJbHOE YIPOIIECHHE BCEX IMPOIECCOB, JTHOO Ype3MepHas
neranu3anus. Hawmbosiee mMpoCTHIM B MPUMEHEHUU ¥ TIOMYJISIPHBIM B TIEPBOM TPYIIE SIBJISCTCS
noaxon Aspamu-EpodeeBa (JMAE) [2], kOTOpbId, OJHAaKO, B CHJIy CBOEH OOOOIIECHHOCTH
MpeIoiaracT HaJIMYUEe SIUHCTBEHHOW JTUMHUTHPYIOMICH PEaKIMM M B HEKOTOPHIX CIydasX He
MO3BOJISIET €€ OJIHO3HAYHO HICHTU(UIMPOBATh. METOABI BTOPOW TPYIIBI PAaCCMATPHBAIOT
MHOKECTBO OJTHOBPEMEHHBIX peakiuii: H-gecopOiuio ¢ moBepxHoctr, H-muddy3uio B meramie
W TWIpHUIE, HYyKIEalMr0 H pocT HOBOM Ga3el w 1.4, OpHAKO MOJEIHPOBAHUE U
MHOTOTIapaMeTpUUecKass TOJArOHKa JIIsi TMPOW3BOJILHON (OpMBI YacTHil W UHTEpdeiicoB
3arpynHeHo. Ha mpakTHke BBOAATCS  YOPOIICHUS, TPHUBOJAIIME K MOJEISAM  THIA
«CKUMaromieecs saapoy» [2].

Lenbro Hatrel paboOTHI ABJISIIACH pa3pabOTKa METO/a aHAIN3a KHHETHKH, YIOBJICTBOPSIOIIETO
HECKOJIBKUM TpeOOBAHHSIM: BO3MOXKHOCTh Y4eTa HECKOJbKHX OJIHOBPEMEHHBIX pEaKIuii;
HE3aBUCHMOCTh OT (OPMBI YACTHUIl; MPAKTHUECKash BO3MOXKHOCTh MaToOpaOOTKH JaHHBIX C
MIPUEMJIEMBIMH BEIYHCITUTEILHBIME 3aTPATaMH.

Bo mHOrEX ciyudasx pasiaoxenue ruapuaa (B—Q peaxius) OMHMCHIBAETCS Kak 0Opa3oBaHHE
Ha TIOBEPXHOCTH W POCT B 00BeM 3apojbliield HOBOW (a3pl. Ho aHamuTudeckoe pelieHue,
VYUTHIBAIOIIEE JECOPOIMI0O W/WIM PEakIUio Ha HWHTepdeiice, BOZMOXKHO IOCTPOUTh B OYCHB
OTPAaHUYECHHBIX CITydasiX.

B nameii pabote 3Ta mpoGiema pemaeTcsi B paMKax pacCMOTPEeHUSI MOP(HOIOTHH POCTa HOBOM

Ga3pl B TepMHHAX YACNBHBIX BenH4YMH oObema HoBo# aset (V, =V, /V,), BHewHel
NIOBEPXHOCTH, 3aHATOM HOBOWM Qazoir (S, = S /S,), mnoeepxHocTn wuHTepdeiica (

S™ = 8™ /S,) u ux cooTHOmEHUI («MOP(ONOrHUECKMX TpaeKTopuii»). 3aeck Vy u S, 06beM

BHEIIHSS TIOBEPXHOCTh YACTUIBL.  TouyHas ¢opmMa KPHBBIX 3aBUCHUT OT KHUHETHYECKHX
nmapamMeTpoB BKJIIOYEHHBIX B paccMoTpeHue peakuuid. Ho Bce pazHooOpasme 3aBHCHMOCTEH
MOJKET OBITh CBEJICHO K KJaccy (pyHKITHA

Qout _ 7 Qout - Qout -
QSa 'f(KJ)) Sa (0)_09 Sa (1)_1

Dgint - V §int(0) - 0 §int(1) - 0

Q o ~ 8V P R R -
N 510 BepHO 1151 11000 (hOPMBI YACTHUII, 3aPOJIBIIICH, JIFOOOH CKOPOCTH 3apObIIIe00pa30oBaHUs
U JJIs IIMPOKOTO KpyTa SKCIIEPUMEHTOB: U30TepMudeckoe pasioxenue, TJC, bapomerpust u T.1.

Jlis ycTaHOBIEHHUSI B3aMMOCBSA3HM YICJIbHBIX OOBEMOB U IMOBEPXHOCTEH OBLIO MPOBEACHO

KOMITBIOTEPHOE MOJAEITUPOBAHUE U PA3TUYHBIX (OPM YacTUIl U HHTEpPeEcoB, a Takke

pPa3IMYHBIX CKOPOCTEH 3apojblllie0oOpa3oBaHUs W JABWKEHUS uHTepdeiica. Yacty wu3
paccMOTpeHHBIX KOHUTypanuii npeacrasiena Ha Puc.1, a-e. [Tocine 06paboTku Bcero maccuBa

JIAHHBIX OBUIM TIPEIJIOKEHBI TPOCTHIE aHATUTHYeCKHe (yHkimu S = f (Va), S = g(Va ),

3aBUCALIME OT HECKOJbKMX [apaMETPOB U  YAOBIETBOPUTENIBHO OIHKCHIBAIOIIME BCE
paccMoTpeHHble ciydau. [lapamerpsl 3TUX (QYHKIMI OTpakarOT COOTHOIIEHHE CKOPOCTEH
3apojibleo0pa3oBaHus U IBIKEHUS HHTEpdeiica.
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Puc.1. CmoaenupoBaHHbBIE CXEMBI MPEBPAIIEHUS: a) chepuieckue 3apoaply B chepuieckor gactuiie, b) To xe B
KyOM4ecKoH JacThIle, ¢) cepuueckuii uatepdeiic, d) mmockuil mHTEpQEIiCc, €) BRITYKIO-BOTHYTHIA HHTEP]EIC,

f) obmas ¢popma mpeBpaeHus I TPOU3BOIBHOM (POPMEI YaCTHUI] 1 HHTEP(EHCOB, ONHACHIBaeMas
«MOP(OIOTUIECKOI TPAEKTOPUEH».

b9 9 o

Kunernyeckue ypaBHEHHs MOTYT ObITh 3alMCaHbl Kak Ui OOILIEro ciiydas OJHOBPEMEHHO
NPOTEKAIOIUX M KOHKYPUPYIOIIMX JecOpOLMH M peakuuu Ha wuHTepdeiice, Tak W s
Mpe/lelbHbIX CTy4yaeB JUMUTUPOBAHUS JIecOpOIMel Uil UHTepdeiicoM.

IIpumeneHue

Meron npumenwnu st uccienoBanus anaHa (AlH;) B yclnoBusSix HM30TEpMHYECKOTO
paznoxenus (353 — 423 K) u TAC (ckopoctu Harpesa 0.01 — 0.2 K/s; Temmeparypsl pa3noskeHus
390 — 470 K). SEM wuccnenoBanne TMoOKa3ajlo y3KO€ pacmpenesieHHe MOpOoINKa Mo pa3Mepam
(Puc.2). 310 MO3BOMWIO MPUMEHUTH OJTHOYACTUYHBIM MOAXOJ M OINMHUCATh pa3oKEHUE allaHa
OJTHOM «MOP(OJIOTHYECKON TpaeKTopuei». JIMMUTHpYIONEH CcTaauei SBISETCS peakius Ha
uHTepdeiice. Mopdosoruss mpeBpalieHnuss 3aBUCUT OT YCIOBUH OSKCIIEPHUMEHTA: Y€M BBIIIE
TeMIIepaTypa peakiiy, TEM MEHbILIE YHUCIIO 3apojibliieil HOBOM (a3bl. [lomyueHHble mapaMeTpsl
IIPUMEHHUMBI U K TEPMUYECKH AKTUBUPOBAHHOMY, U MOJIOTOMY ajaHy [3].

Puc.2. a) Ucxoausiit AIH;, b) Anan mocne 20% necopouuu, c) [ToJHOCTBIO Iera3upOBaHHBIN alaH.

PaGora 6bi1a BeimonHeHa npu noaaepxkke POOU (rpant 09-03-00947-a). SEM uccnenoBanus
nopoiukoB ajaHa nposeneHsl B MPL «Hanorexnonorumny», CII6IY.

Jlutepatypa
1. M.E.Brown, D.Dollimore, A.K.Galwey, Reactions in the solid state, in: C.H.Bamford, C.F.H. Tipper (Eds.),
Comprehensive chemical kinetics, Vol. 22, Elsevier, Amsterdam-Oxford-New-York, 1980.
2. Avrami M., J. Chem. Phys., 7,1103 (1939); 8, 212 (1940); 9, 177 (1941).
3. E.A.Evard, A.P.Voyt, J. Alloys Compd. (2011), doi:10.1016/j.jallcom.2010.11.194.

“MORPHOLOGICAL TRAJECTORY” METHOD FOR STUDY HYDRIDE
DECOMPOSITION KINETICS.

E.A. Evard, A.P.Voyt.

Hydride decomposition kinetics has been analyzed in terms of integral morphological
parameters as well as kinetic parameters of possible rate-limiting reactions. Morphology of new
phase growth in powder particle is described in terms of specific values of new phase volume,
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outer surface occupied by new phase, interface area and their interrelations (“morphological
trajectories”). The approach describes H-release kinetics for free-form shape of particles and
growing nuclei.

AJITOPUTM BOCCTAHOBJIEHUS TPEXMEPHOH ATOMHOM
CTPYKTYPBI UCCIIEAYEMOI'O OBPA3LIA I1O
I'OJOT'PAOUYECKUM U30BPAKEHUSAM.

H.B. Eropos, A.I'. Kapnos, J.1. AatonoBa, A.I'. ®enopos, B.B. Tpodumos.

CIIol'Y, @axynemem llpuknaonoi mamemamuKky — npoyeccos YnpasieHus.

3a mocinenHUe AECATWIETHS HayKa cjeliaja OrpOMHBIA IHIar MPakTHYEeCKH BO BCEX
00JIacTsIX HAayKH, pa3BUTHE 3aTPOHYJIO U 3JIEKTPOHHYIO MHUKpockomuio (OM) mpu u3ydeHuu
pa3iINuHbIX OOBEKTOB C MHUKPO- W HaHO- pa3MepamMu. HoBble MUKpOCKONBI ¢ Oojblei
pasperniaronieii cnocoOHOCThI0, HOBbIE MPOTrpaMMHBIE OOeCTIeYeHHs I pacdeTra IMOJy4YeHHbBIX
pe3ynbratoB. OgHUM U3 obsacteil OM sBisieTcs MPOCBEUMUBAIOIINN 3JIEKTPOHHBIH MUKPOCKOI C
HU3KUMH SHeprusiMu dekTpoHoB ([ID9MHDB3). D1o ycraHOBKa, B KOTOPOM M300pakeHHE OT
YIBTPAaTOHKOTO 00BbekTa (TommuHoM mopsaka 0,1 wMxMm) QopMupyercss B pe3ysbTare
B3aUMOJICHCTBHS Iy4YKa 3JIEKTPOHOB C BEIIECTBOM 0OO0pa3lia ¢ MOCIEIYIOUUM YBEIHYCHHEM
TOJIBKO 32 CYET TeOMETPHUYECKHX MPOEKIHM U peructpanuell Ha (QIyopecleHTHOM HKpaHe.
Onnum w3 rnaBHbIX 3amay [IDMHDOD sBasercs oOpaboTka MONyYEHHBIX PeE3yJIbTaToB, T.€.
BOCCTAHOBJICHHUSI TPEXMEPHOM CTPYKTYyphl HccienyemMoro oOpasna Mo rosiorpadguyeckum
N300paKeHUSIM. Pa3zpaborana Meroauka, MO3BOJISIONIAS BOCCTAaHOBHUTH Trojiorpaduyeckoe
n300pakeHue ¢ nocTaTouHbIM pazpemennem (200-600 dpi).

PeanuzoBan Meron OBICTPOH M TOYHOM YHCICHHOM PEKOHCTPYKIMU OOJIBIION
roJOrpaMMBbl, JTOCTATOYHO OOJBIION ISl MOTYYEHHs] MAaKCUMAJIbHOTO pPa3pelieHHs] — MOopsaKa
JUIMHBl BOJIHBl IEPBUYHOIO M3JIy4E€HUS. OTO JOCTUTAaeTCs C IOMOLIbI0 HEIMHEMHOTO
KOOpJAMHATHOTO NpeobpazoBanus ¢hopmyisl Kupxrodda-I'ensmronbia:

K= 1) explkd )%, (1)

S
rae /(¢ ) - MHTeHCHBHOCTH M300paxkeHusd, ¢ (X,Y,D) - paanyc-BeKTOp OT UCTOYHHMKA IO TOUKH

Ha 3KpaHe, X, Y — ropu30HTalbHbIE U BEPTUKAIbHBIE KOOPAMHATHI dKpaHa, D — paccTosiHue oT
MCTOYHHMKA JI0 OKpaHa, 7 (X, ), Z) - pamuyc BEKTOp.
ANTOpUTM YHCIEHHOW PEKOHCTPYKIIMHM COCTOUT U3 CIEIYIOIINX YacTei:
* [lomydeHune UCXOTHOTO U300pAKEHUS;
* [IpeoOpazoBaHue cucTeMbl KOOPIUHAT N300paKeHMS;
* Yucnennas peanuzaius popmyisl Kupxrodda—Iensmronbua;
* [IpocTpaHcTBEHHOE BBIpaBHUBAHHE U300pAKEHHUS;
* Peamuzauusa BeluucieHudt 1no ¢opmyne Kupxroga-I'enbmronbua Meronom
obicTporo npeoOpaszoBanust Oypee;
*  OrobOpaxeHrne peKOHCTPYHUPOBAHHOTO U300paKEHUS.
OcHOBHOW Heell, NPeyIoKEeHHOI0 METoJla 10 BOCCTAHOBJICHHIO 00Opasla, SBIISIETCS

peoOpa3oBaHne CUCTEMBI KOOPAMHAT:

XD .. YD
XZT,Y:?,R: D>+ X*+Y?. (2)
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Ho Ttakoe mpeobOpazoBanue BieueT mpoOieMy, pe3yiabTaToM KOTOPOTrO SIBIISIETCS HE
BO3MOKHOCTh HCTIOJB30BaHMs Metona beictporo IIpeobpazoBanus dypee. [IpocTpancTBeHHOE
BbIpaBHUBAHHE:

4 s D[X,+(N-DA] DX,
X N(D2 X, + (N- DA X]2)1/2 N(D2 + Xg)uz (3)
o DY, + (N-DA,] DY,

= 3 s
y N(DZ + [YO + (N_ I)A y]2)1/2 N(DZ + YOZ)I/Z ( )
JlaeT BO3MOXHOCTh 00x0/1a JaHHOM nipoosieMsl. ['ne Xo, Yo — KoopAMHATHI IIEHTpa N300pakeHus,
Ay, Ay — MHTEpBal MEXAY Y3JaMH PEIIETOK UCXOIHOTO N300paskeHHs.
Hamnbonee BakHble TpeOOBaHHS K MPOTPaMMHOMY KOMIUIEKCY, KOTOPOE YUYHTHIBAJIIOCH B
3ajJjaue BOCCTAHOBJIEHUS! OOBEKTOB 110 3KCIIEPUMEHTAIBHBIM U300paXKEHUSAM, CIIEAYIOIINE:
4. oOecnedeHre BO3MOXKHOCTH MapaJlIeNIbHbIX U PACTIPEIETICHHBIX BBIYUCIICHUN;
5. Kpocc-mIaTGpOpMEHHOCTb;
6. MOIYJIBHOCTD;
7. pacumpsieMOCTb;
8. BO3MOXXHOCTh peaju3alui CTaHJAPTHBIX aITOPUTMOB 00pabOTKH U300paKEHUH;
9. monanep:ka pazHOOOpa3HbIX (POPMATOB MPEACTABICHUS N300paKeHUI;
10. mpocToTa mporpaMMHOTO HHTEp(delica u nHTEepdeiica MoIb30BATEIS.

ALGORITHM FOR RECONSTRUCTION ATOMIC STRUCTURE SAMPLES OF
HOLOGRAPHIC IMAGES.
N.V. Egorov, A.G. Karpov, L.I. Antonova, A.G. Fedorov, V.V. Trofimov.

A holography microscope is developed for research and visualization of nanoscale objects like
thin metal films or macromolecules. In this paper we consider the algorithm by which is possible
to recover the sample.

The software for processing the interference patterns to produce a holographic image of nano-
objects.

HARD X-RAY PHOTOELECTRON SPECTROSCOPY AND HIGH-
RESOLUTION TRANSMISSION ELECTRON MICROSCOPY
INVESTIGATION OF Ti0,/Si0,/Si AND Ti/SiO,/Si NANO-LAYERD
SYSTEMS

E.O.Filatova', A.A.Sokolov', E.V.Ubyivovk', M.Gorgoi’, F.Schaefers*

ISt. Petersburg State University, St. Petersburg, 198504, Russia

’Helmholtz Zentrum Berlin fiir Materialien und Energie (HZB-BESSY II), Albert-Einstein-
Strasse 15, 12489 Berlin, Germany

X-ray photoelectron spectroscopy is a technique commonly used nowadays for surface
analysis. By measuring the electron kinetic energy it is possible to measure the binding energies
of various core electrons as well as those of the valence electrons involved in chemical bonding.
The analysis of the both the photoelectron energies and the intensity of each peak allows to carry
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out a quantitative chemical analysis of the sample. X-ray photoelectron spectroscopy of high
kinetic energies (HAXPES) has an additional bonus of extended probing depth given by the
large value of the photoelectron inelastic mean free path (IMPF), A; obtained by using hard x-
rays as excitation energies. Thus HAXPES is a non destructive depth sensitive method where the
bulk/interface electronic properties can be accessed by systematically changing the
photoelectron’s emission angle or/and its kinetic energy. HAXPES experiments were performed
using the HIKE station at the KMC-1 beamline at the BESSY II synchrotron light source of the
Helmholtz-Zentrum Berlin. The in-depth chemical analysis of the samples by HAXPES was
realized through the variation of photoelectron emission angle at the fixed photon energy
allowing systematic modification of the probing depth. As an example the Ti2p photoelectron
spectra from Ti/SiO,/Si system recorded at different excitation energies and different emission
angles are shown in the Fig.1. The analysis of all titanium core level spectra shows that due to
the strong oxidation of metallic titanium a thick TiO, film is created on top of the Ti. As a result
the sample can be presented as TiO,{TiOy} Ti/SiO,/Si.

A mathematical model taking into account the peak areas of all investigated core levels
was suggested to determine the individual thickness of both layer stacks. In the framework of
this model the recursion formula for the intensity of an HAXPES peak from an n-th layer was
derived and can be written as:

~d, n-1 ~d;

F;,(H ) - Aexp(e )0. nan ,,yn(l _ eA,, cosf )|-| eA, cos f
i=1

where n denotes the layer number (where n=1 corresponds to upper layer); o, is the
photoelectric cross-section of the material of the n-th layer; 4, is inelastic mean free path in the n-
th layer; ), is an orbital angular symmetry factor of the n-th layer; ¢, is the atomic concentration
on volume unit for the n-th layer, c(z)=const for each layer; d, is the thickness of the n-th layer;
Aep(0)=TAcosO; T is a geometrical function defined by the parameters of the experimental
equipment; 4 is the analyzed part of a sample. Using developed model was established that the
Ti0,/Si0,/S1 sample can be represented as the layer stack TiO,(10.1nm)/Si0,(2.3nm)/Si. The Ti/
Si0,/Si sample in framework of three layer model can be denoted as the layer stack
TiO4(13.3nm)/Si0(0.5nm)/Si and in a five layer model as
{Ti10,(3.6nm)/TiO4(4.4nm)/Ti(5.8nm)} (13.8nm)/SiO»(0.5nm)/Si.

The individual thickness of the sample was also determined using the high resolution
TEM (HRTEM) technique. The measurements were carried out with the Carl Zeiss Libra 200 FE
200keV equipment of Interdisciplinary Resource Center for Nanotechnology at St.-Petersburg
State University, Russia (http://nano.spbu.ru). Figure 2 demonstrates a high resolution TEM
(HRTEM) results. To reduce the possible errors associated with width gradients, the microscopic
and spectral measurements were conducted at the same point on the sample. One can see that the
sample parameters extracted from HAXPES correlate well with the HRTEM images.
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Figure 1. Measured and fitted Ti 2p photoelectron spectra from Ti/SiO,/Si recorded at different excitation energies
and different emission angles. (a) E=3010eV and 5°; (b) E=3010eV and 60°; (c) E=2010eV and 60°; (d) E=800eV
and 0°.
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Figﬁre 2. HRTEM of the sampls TiO, / iz/ S a) and T1/ SiOz/éi ().
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TUAPUJ ATIOMUHUS — TIEPCIIEKTUBHBIA MATEPHAI
BOAOPOJHOU DHEPTETUKH

N.E.TI'abuc, M.A.Jlo6poTtBopckwuii, JI.U.Ener.
Quzuueckuil ghaxyromem CIIOIY.

[Ipobnema xpaHeHHsI BOJOpOJa M €ro TPAHCHIOPTHUPOBKA B Oakax aBTOTPAHCIOPTHBIX
CPEICTB SBISETCS Y3KUM MECTOM Uil I[IMPOKOMACIITA0OHOTO TIOSBIEHUS BOJOPOJIHBIX
aBTOMOOWIIEH HAa MUPOBOM PBIHKE. [ MIPUIBI JICTKUX METAJUIOB SIBIISIOTCS BEChbMa BEPOSITHBIMU
KaHIuAaTaMd JUIsl €€  pelleHus, U, TMpexae BCero, TUAPUI allOMHUHUA  (alaH),
IIPUBJIEKATEILHOCTh KOTOPOIO ONPEEINIAETCS BBICOKUM MAacCCOBBIM COJAEpKAHMEM BOJOpPOAA —
okoiio 10 Bec%. OgHUM M3 HETOCTATKOB MaTepHalla BJISIETCS CIMIIKOM BBICOKAs TEMIlepaTypa
JETUPUPOBAHUSI, KOTOPYIO HEOOXOMMO CHU3UThH Ha HECKOJIBKO JIECATKOB TPATYCOB.

HccnenoBanusi, TpOBEICHHbIE C TUAPUIOM AaIOMHHHS, T[OKa3ald, 4YTO Hayaiao
necopOuuMy  TUMHUTHpPYeTCs  (OpMHpOBaHHWEM  3apOJBINICH  MeTautndeckod  (asbl.
Mertannnueckie 3apoJbIlId  HA MOBEPXHOCTHM YACTHUI[ THAPUAA CIYKAaT OOJEr4YeHHBIMU
KaHaJlaMH BBIJICJICHUSI BOJOPOJIa, KOTOPBIE PACHIUPSIOTCA IO MEPE €ro BbIACICHHUS. Mbl
OTpEeeNTIM KUHETHYECKHE TapaMeTpbl BBIJECICHUS BOJOpPOJA, a TaKkkKe HCCIeA0BaIn
(du3nyecKrue MPOIECChl, MPOUCXOJAIINEe BO BpeMmsi WHKyOanuu nerugpupoBanust AlH;. Ha
OCHOBAaHUM aHallu3a IUIOTHOCTU AJIEKTPOHHBIX COCTOSHUHN anaHa, M HCIOJb3ys BO3JIEHCTBUE
yIbTpaUONETOBOTO  OONydeHHsI, IIOKa3aHO, 4YTO Hauboiee BEpPOATHBIM MEXaHH3MOM
o0pa3oBaHMsI METAJUTMYECKUX 3apOJIbIIIEH SIBISIETCS arjoMepaiys BOJOPOJIHBIX BaKaHCHH.
[IpennoxxeHbl METOABI TEpMO- M (OTOAKTUBALMK JETUIPUPOBAHMS allaHA, CHIDKAIOIINE
TEeMIIEpaTypy BbIIEICHHS BOJOPO/IA.

Mopdonorust ¢a3oBeIX MEPEXOOB THIPHAA ATIOMUHUS ONpEAesiach C TOMOIIBIO
CKaHupyouien 35ekTpoHHoil Mukpockonu B MPII-HT. UccnenoBanus noaaepkaHbl TpaHTOM
POOU 09-03-00947-A.

ALUMINUM HYDRIDE: PROMISING MATERIAL OF HYDROGEN POWER
ENGINEERING
[.Gabis, M.Dobrotvorsky, D.Elets.

Studying of aluminum hydride showed that start of desorption is limited by nucleation of
the metal phase. Metal nuclei at the surface facilitate desorption. We have evaluated the kinetic
parameters of hydrogen desorption and studied the physical processes that take place during
incubation of dehydriding of AlHs. Using this, we have developed methods of thermal and
photoactivation of dehydriding.
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HAHOCTPYKTYPbBI 'TAJIOTEHU10OB CEPEBPA B OJHOCTEHHBIX
YIJIEPOJHBIX HAHOTPYBKAX: KOMIIBIOTEPHOE
MOJAEJIUPOBAHUE

U. 10. Totiu6', A. K. UBanos-11Iui?, Y. B. Mypun', A. B. Ilerpos',

P. M. 3akanokun’
' Canxm-IlemepOypackuii 20cy0apcmeentviil yHusepcument
* Uncmumym xpucmannozpaghuu um. A. B. [Ily6nuxoea Poccuiickoti akademuu nayx, Mockea

MetonoM  MOJIEKYJISIDHOM  JWHAMMKM  W3YY€Hbl  HAHOKPHCTANIMYECKHUE  CTPYKTYpBHI,
oOpasyrommecs: py 3aroJHEHUH HOIUAOM M OpOMHUIOM cepedpa yriepoJHBIX OJHOCTEHHBIX
Hanotpy6ox (OCHT) pasnuunoro muamerpa (ot 11.5A no 17.6 A). OcnoBy mnomyueHHBIX
ctpykryp Ag(L,Br)@OCHT, kak mpaBmiio, 00pa3ytoT CBEpHYThI€ IBYMEPHBIE TETPAarOHAIbHbBIC
WIA TEKCaroHaJbHble KPUCTAUIMYECKHE CETKH, MPUYEM pa3Iuuue MEXAY CTPYKTYpHBIMHU
npeanoureHusivu AgBr u Agl, oOycrnoBieHHOE pa3HOCTBIO paauycoB aHMOHOB Br  u I, B
TpyOKax IpOsBIISIETCSI HAMHOTO clladee, yeM B 00beMHOH (a3ze: ecim a1 Opomuaa cepedpa npu
OOBIYHBIX JABJICHUSIX TEPMOJNHAMHUYECKH CTa0MIbHAS KpUCTAILTHUYECKas (aza UMEET CTPYKTYpPY
NaCl (kybudeckyto), a ajis noauaa cepedbpa — CTpyKTypy BlopuuTa (rekcaroHanbHyr0) 10 420 K
U DPBIXJIYIO CTPYKTYpPY C OOBEMHOICHTPHPOBAHHOW KyOMUYECKOW PpEIIeTKOM M CYIepHOHHOU
MIPOBOAMMOCTBIO TI0O HOHaM cepebOpa mnpu Oosee BBICOKUX TEMIIEpaTypax, TO BHYTpHU
n3onmpoBaHHblX  yrieponubix OCHT o6a BemectBa B OOJbIICH CTENEHH CKJIOHHBI K
(bOopMUPOBAHNIO HAHOTYOYISIPHBIX CTPYKTYp Ha OCHOBE IeKCaroHajibHOU ceTkH. B To ke Bpems
npu MojenupoBaHuu 3anoiHeHus yriaepoansix OCHT Opomuaom cepeOpa B 3acThIBAIOIIEM
pacruiaBe HaO01aeTesl 3aMeTHO OOJbIas aedopmaius TpyooK, 4YeM B cilydae noamua cepedpa,
u B JepopMHpPOBaHHBIX TpyOkax AgBr uame o0pasyeT «TeTparoHajbHBIC» CTPYKTYpPbI

(HaHOTPYOKH HA OCHOBE TETPArOHAIBHON CETKM WU (PparMeHTHl OOBEMHOM CTPYKTYPhHI THIIA
NaCl).

B HaHoTpyOkax pjocratoudHoro auamerpa (>142A mna Agl@OCHT, >13.5A s
AgBr@OCHT) BHyTpeHHHE HAHOTYOYJSIpHBIC CTPYKTYPhI TaJOTCHHJIOB cepedpa IMepecTaroT
OBITh OJHOCTEHHBIMH, TOCKOJIbKY IOSIBIISIFOTCS JIOTIOJIHUTENIbHBIE MOHBI cepedpa M TajoreHa
BHYTPH TPYOKHU.

Pesynbratel  MJI-MonenupoBaHHsl ~ COTJAcCylOTCA € OKCIEPUMEHTAIBHBIMU  JTAaHHBIMU,
MOJATBEPKIAIOIUMH  BO3MOXHOCTh OOpa30BaHUS TEKCArOHAIBHBIX HAHOKPUCTAIUTHYECKHX
CTpyKTYp Kak Agl, Tak u AgBr BHyTpH yriiepoaHbIX HAaHOTPYOOK.

MopenupoBaHue MOKa3bIBAET, YTO B HAHOTYOYISIpHBIX cTpyKTypax Ag(I,Br)@OCHT Bo3moxHa
BBICOKAsI MOJIBIKHOCTh MOHOB cepedpa BO BHYTPEHHEM «KaHAJE», MOITOMY JIaHHBIC CHCTEMBI
3acIyKUBAOT 00Jiee MPUCTAILHOTO U3yUEHUs B KaYeCTBE BO3MOXKHBIX CYNIEPHUOHHBIX HaHO(Da3.

PaGora BeimonHena mpu nopanepixkke Poccuiickoro ¢gonma QyHIaMEHTANbHBIX HCCIEIOBAHUN
(mpoektsr  08-03-01039 wu 11-03-0875) wu Cankr-lIletepOyprckoro rocyaapcTBEHHOTO
yauBepcutera (HUP 12.37.135.2011 «HaHocTpyKTypHupOBaHHE MaTEPHAIOB MOHHKH TBEPJIOTO
TeJla KaK OCHOBA JIJIsl CO3JaHMs TBEPABIX 3JIEKTPOIUTOB HOBOT'O MOKOJICHUS ).
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NANOSTRUCTURES OF SILVER HALIDES IN SINGLE-WALL CARBON
NANOTUBES: A COMPUTER SIMULATION

I. Yu. Gotlib', A. K. Ivanov-Schitz?, 1. V. Murin', A. V. Petrov', R. M. Zakalyukin®
' Saint Petersburg State University

2A. V. Shubnikov Crystallography Institute of the Russian Academy of Science

Ag(I,Br) nanostructures in carbon single-wall nanotubes (SWNTs) are studied by molecular
dynamics. In most cases, when a carbon SWNT is filled in the silver halide melt, a nanotubular
structure based on folded Ag(I,Br) hexagonal or square net is formed. In the melt, the tube
deformation tends to be stronger in AgBr, and silver bromide forms “tetragonal” structures more
readily than iodide; however, in isolated tubes, both Agl and AgBr form mostly “hexagonal”
nanotubular structures. Nanotubular Ag(I,Br)@SWNT formations can have high silver ion
mobility.

ONPEJEJEHUE KOHIHEHTPAIIUU OPTAHUYECKHUX
3ATPSI3BHEHUI HA ITIOBEPXHOCTH HOJIYIIPOBOJHUKOBBIX
INJIACTHUH ITP1 ®POPMHUPOBAHUU JINPPAKIIMOHHOI'O
MHUKPOPEJ/IBE®A

Konmakos B.A., Biues H.A.

Hncmumym cucmem obpabomxu uzoopaxcenuti PAH
Camapckuii 2ocyoapcmeennblil aspoxocmudeckul ynusepcumem um. axademuxa C.I1. Koponesa
(HAYUOHANLHBII UCCTIE008AMENLCKULL YHUBEPCUMEN)

JudpakironHsle ontuyeckre neMeHTs (J103D) mupoko NpuMeHs0TCS B KOCMUYECKON U
aBUALIMOHHOM NMpOMBIIIUIEHHOCTH. VX TpuMeHeHHe TpeOyeT pe3KOro MOBBIILICHUS KaueCTBa
bopmupyemoro aupakIOHHOT0 MUKpopesbeda. OTHIM U3 MHOXKECTBA TEXHOIOTHUECKUX
MPOLIECCOB MOBBIIIEHUS KauecTBa MUKpopenbeda /103, n3roraBimBaeMoro BakyyMHO-
TUIA3MEHHBIMA METOJIAMH U METOJIaMH JTUTOTpaQ¥H, SIBISIETCS KOHTPOJIb KOHIIEHTPAIHN
OpraHUYECKUX 3arps3HEHUI Ha TOBEPXHOCTU MaTepuaos [1].

[Toka3aHo, 9TO OCHOBHBIM HCTOYHHKOM 3arpsi3HEHHUH MOBEPXHOCTH TUIACTHH, TPOIIEIITHX
CTaHAAPTHYIO XUMUYECKYIO0 OYMCTKY M MOMELICHHBIX B pab0ouyro KaMepy BaKyyMHOM
YCTaHOBKH, SIBIISTIOTCSI OTKauHBIE CpeCTBA. B mporecce paboThl OTKAYHBIX CPEICTB MPOUCXOHUT
BbIJICJICHUE 3arpsI3HEHUI OPTaHNYECKOM U HEOPTraHWYECKON MPUPO/IBI U OCAXKIEHUE UX Ha
MTOBEPXHOCTHU MOIOKEK [2].

B pa6ore [1] mpemioskeH cocod 3KCIpecc-KOHTPOIIS YUCTOTHI TOBEPXHOCTH HAa OCHOBE
TpUOOMETPUYECKOTO B3auMOIeHCTBUS Mo i10keK. Crocob npeaycMaTpuBaeT BO3MOKHOCTh
orpeesieHust Ko3((UIIMEHTa TPEHUS CKOJIBKEHUS ISl OLEHKH BETMUYMHBI KOHIIEHTPAIH
MOBEPXHOCTHOIO 3arpsa3Henus B quanazone 107 - 107" r/cm?, 4To cooTBETCTBYET
TEXHOJIOTUYECKH YUCTHIM TIOBEPXHOCTSAM, UCIOIB3YEMBIM ITPHU U3TOTOBICHUH ONITUYECKOTO
MHUKpopesbeda.

[Tommoxky, Ha TOBEPXHOCTH KOTOPOW HEOOXOIWMO HW3MEPUThH CTEIEHb 3arps3HEHUs,
pasMemaloT MOJ YIJIOM K TOPHM30HTY (O), a MOAJIOXKKY-30HA IO/ YIJIOM K HCCienyemMon
nozytoxke (3), GopMUpPyst TEM CaMbIM JBIIKYIIYIO CHIY M TOYCUYHBIH KOHTAKT C OMpPEACICHHBIMH
XapaKTePUCTHKAMH.

Vcnonb3oBaHue B KauyecTBE [JBWXKYIIEH CHJIIBI - CHJIBI TSKECTH, ISl HM3MEPEHHUs
Kod(uimenTa TPEeHUS CKOJIBKEHHUS, TMO3BOJISIET YNPOCTUTH MPUOOp, ONMUCAaHHBIM B [3] u
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YCTPAHUTh TMOTPEIIHOCTH MEXAaHWYECKUX VY3JI0B, 33JAI0IIUX CIABUIOBOE BO3ICIHCTBUE.
Hemoctatkom cmocoba 3KCIpecc-KOHTPOIISI, OMUCAHHOTO B [1], ABIISIETCST OTCYTCTBUE (PUBHKO-
MaTeMaTHYECKON MOJIENH KOJMUYECTBEHHOTO OMpPE/IeIeHNs KOHIIEHTpaluu aacopbara.

B Hacrosimieit paboTe ompeeneHa aHaIUTUYECKash 3aBUCHUMOCTh KOO(PQPUIIMEHTAa TPEHHS
CKOJIKEHUSI OT YHUCla aJCcOpOMPOBAHHBIX aTOMOB, OOYCIIOBJICHHAs HaIHMYMeM OOOPBaHHBIX
CBSI3€M Ha TMOBEPXHOCTH MNOMNOXKKH. Ecmm B OZHOM TOYKE NPOCTPAHCTBA KOHTAKTA
MOJIYITPOBOJIHUKOB OKQXXYTCSl JBa AKUENTOPHBIX IMOBEPXHOCTHBIX 3JIEKTPOHHBIX COCTOSHUS
(IT3C), To BO3MOXKHO 00pa3oBaHWE YCTOMYMBBIX XUMHUYECKUX cBsized [4]. C mo3uiuu Teopuu
pEaKIuu NepBoro MopsiaKa CKOPOCTh 00pa30BaHUs XUMHUUECKHUX CBSI3€H B 3aBUCIMOCTH OT YHCIIa
aTOMOB, BCTYITUBIIIMX BO B3aUMOJICUCTBHUE, paBHA [5]:

dN
_ce: W: (1)
5 N

rze f — 4actoTa KoiebaHusi aToMoB; N, — KOJTMYEeCTBO aTOMOB, BCTYIHBIIINX BO B3aUMOJICHCTBUE,
W — BeposSITHOCTh 00pa30BaHUsI XUMUYECKOM CBS3H.

Hcxons u3 Teopun aare3snoHHOTo TpeHus [6], BennunHa Kodh(UIMeHTa TPEHUS CKOJBKEHHS
OTIpe/IeNIeTCS U3 COOTHOLICHMUS:

- NC‘@ ECG’

Nd ° @)

H

rae E., —sHeprus aare3uu; d — nauHa 3JEMEHTAPHOTO aKTa CKOJIbKEHUS; N — cujia peakuuu
OTIOPBI.

Takum 00pa3oM, SKCHEPUMEHTAIBHOE OIpeNeIeHne 3HaueHHi KoddduumeHTa TpeHHS
CKOJIL)KEHUS Ha 3JIEMEHTAPHBIX aKTaX MepeMEeLIeHNs, T03BOJISET 0 KOJIMUECTBY 00pa30BaHHbIX
CBS3€M ONpeAeNuTh KOJUYECTBO AaTOMOB HEWTpaM3YIOIMX akTuBHblE LeHTpsl [I10C, u
NPEJOTBPALIAOIUX 00pa3oBaHWE KOBWIGHTHBIX CBA3€H MEXJIy MAaTPUYHBIMM aTOMaMU
ITOBEPXHOCTEH.

Pabora BemmonHeHa npu nojiepkke rpanta [Ipesuaenra Poccuiickoit @enepanuu s
MTOAJICPKKHA MOJIOJIBIX POCCHMCKUX yueHBIX — JOKTOpoB Hayk Ne MJ[-1041.2011.2 u rpanTa Carl
Zeiss Ne CIIBI'Y 7/11 K11
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DETERMINING CONCENTRATION OF ORGANIC POLLUTION ON THE SURFACE
OF SEMICONDUCTOR WAFERS AT DIFFRACTIVE MICRORELIEF FORMATION
Kolpakov V.A., Ivliev N.A.

Image Processing Systems Institute

Samara State Aerospace University (national research university)

In this paper describes the method for rapid assessment of surface cleanliness of semiconductor
substrates. Shown, that the most convenient for the rapid assessment of surface cleanliness is a
device based on the method by measuring tribometer sliding friction coefficient. As well as we
established an analytical relationship between friction coefficient and the number of adsorbed
atoms.

CONTRAST MECHANISMS OF LOW LOSS-BSE ELECTRONS IN FE-
SEM.
NEW CHALLENGES FOR LIFE SCIENCE

H. Jaksch
Carl Zeiss NTS GmbH, Oberkochen, Germany

The extreme non linear behavior of BSE coefficients below 5 kV (Fig.: A") draw attention to the
author to

understand the contrast mechanisms of low voltage BSE interaction with the matter. Below a
landing energies of 5 kV, the backscatter coefficient becomes non linear and drops with
increasing atomic number stronger than that from elements with low atomic numbers. Confusion
is generated when scientist rely on linear increasing Atomic number contrast, because at certain
landing energies lower Z-number elements are brighter than higher Z-number elements (Fig. A).
In this graphical plot it is demonstrated that Chromium is brighter in contrast than Gold at
landing energies lower than 1kV. At a certain landing energy and element combination, we see
equilibrium of backscatter yield (Fig.: B) and no contrast. Electron interaction with shell
electrons and nucleus charge have identical contribution and hence we see no contrast. Due to
these facts and the problem, that the mean free path length of BSE electrons from low-density
materials, such as proteins or polymers becomes extremely small, new technologies were
introduced to visualize these low intensity signals coming from electrons with very small energy
loss. These here called low loss BSE electrons are now introduced in SEM and can be used for
the characterization of all kinds of materials in life science and material science.

To understand the new contrast mechanisms experiments with hybrids, polymers and all kinds of
different oxidization states of elements were made and will be shown and discussed. Essential
for the contrast at low landing energies is not any more the atomic number or density as contrast
mechanism, but only the bonding structure of the outer shell electrons. To get the information
from these electrons a double stage filtering is necessary to eliminate all secondary effects. In the
presented examples the obtained results are explained with the hybridization of carbon as sp? and
sp® hybrids. These hybrids with their different electron configuration are responsible for the
contrast in all polymer and protein and the technology is capable to differentiate all these
different materials. Unusual strong contrast is seen from materials with hybridization as sp” or
with band gaps or fluorescent materials. Their electron configuration is responsible for extreme
strong contrast due to the fact, that the primary electrons can easily replace band gap electrons or
electrons with very low bonding energy such as sp” electrons. This explains the strong signals we
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see from such materials or proteins (Fig. D, E). Graphite as sp” hybrid is always very bright in
contrast due to the delocalized n-bonding causing very small energy loss and hence a very strong
signal in the detector. This type of bonding (sp> & sp’) is important for the characterization of
polymer and protein. Several examples of polymer differentiation will be shown in the lecture.
So peptides, lipides, all kinds of (unstained) protein (Keratin, Chitin, Melanin etc.) co-polymers
down to 5-20nm structural size can be identified by contrast. In many demonstrated images we
can see that the molecular weight, density or the nucleus charge is not responsible for the
contrast. It is the outer electron configuration and the bonding structure of outer shell electrons.
The inner electrons do not contribute any contrast information. In the shown examples it will be
proven that density rules, molecular weight or z-number contrast fail in explaining the observed
contrast. Monte Carlo simulations also are unable to model the fine contrast mechanisms.

Furthermore the STEM detection in an FE-SEM can be a challenge for classical imaging of this
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Fig. B: Contrast reversal of backscatter coefficients
below 5kV landing energy plotted for the elements Cu
and Zn.

sections. Due to the ,low* energy of 15-30 kV we have a big advantage coming from the
scattering angles of elastic and inelastic electrons. These angles are much larger than in TEM
and hence we have with the bigger acceptance angle a much higher contrast even from unstained
samples. So staining with all these ,,healthy* elements (OsO4, Pb-acetate, etc) is not necessary.
Fig. F gives an example of unstained nerve junctions.

As an outlook the described technologies here will be a big step forward in the future for
the characterization of anything in life science and material science and especially in nano
structured materials.

Fig. A: Non linear behaviour and contrast reversal of
backscatter coeflicients below 5kV landing energy.

[

Reimer L.:Low voltage SEM, Springer Verlag, 1994

2. Jaksch H.:Contrast mechanisms of low loss BSE electrons in a field emission SEM, EMAS conference proceed-
ings, May 2011
3. Jaksch H.:Strain related contrast in crystalline materials. EMC 2008 Aachen, Poster, in conference proceedings.
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Fig. C: Unstained cells in resin at 840 eV landing energy. Fig. D: Super imposed image from GFP marked sample
At 200 eV energy loss, we see nice contrast of peptids andfrom a fluorescent microscope and SEM via correleative
lipids technology
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MEXAHMU3M KOHTPACTUPOBAHUSA MAJTIOOGHEPT'ETHYHbIX
OBPATHO-PACCESIHHBIX 3JIEKTPOHOB B ABTOOMHUCCHUOHHOM
COM. PEHIEHUE CJIOKHBIX 3ATIAY B OBJIACTH
BUOJIOI'HYECKHUX HAYK

XaitHep Sk
Carl Zeiss NTS GmbH, I'epmanus

Kputnuecku HenmHelHOe moBeieHHe Kod(puIeHTa 00paTHOTO paccessHHsI 3JIEKTPOHOB
IIpU HamnpsoKeHUW Huke S5 kKB (puc.: A) mpHBIIEKJIO BHUMaHUE aBTOpAa U MOBJEKIO M3y4eHUs
MEXaHU3MOB KOHTPACTUPOBAaHHUS OOpaTHO-pacCesHHBIX JJIEKTPOHOB B 00JaCTH HM3KHX
HanpspkeHud. Korga sHepruss myuka Hike 5 kB koadduument oOpaTHOro paccesHus
CTAHOBUTCSl HEJIMHEHWHBIM M CHIXKAETCS C YBEJIMYEHHUEM aTOMHOIO HOMEpPA CUJIbHEE, YEM Y
AJIEMEHTOB C HU3KHM aTOMHBIM HoMepoM. HeompeneneHHOCTh BO3HUKAET, KOI/a YYEHbIN
[I0JIaraeTcs Ha JIMHEWHBIM BO3pAcTalOLIMil KOHTPACT 10 aTOMHOMY HOMEpY, MOTOMY 4YTO MpHU
OTIpE/IETICHHBIX YHEPIHSIX MyUYKa 3JIEMEHTHI C HU3KUM aTOMHBIM HOMEPOM sIpUe, UM AJIEMEHTHI C
BBICOKUM aTOMHBIM HoMmepoMm (puc.A). Ha rpaduueckoil auarpamMme IMOKa3aHO, YTO XpOM
KOHTpAacTHEE, YEM 30JI0TO IPH IHEPTUU Iydyka MeHblue, yem 1 kB. IIpu onpenenennoi sneprun
ny4Kka ¥ KOMOMHAIIMM SJIEMEHTOB MBI BHJIUM PpaBHOBECHUE OOpPATHO-PACCESHHOTO W3IY4YEHUS
(puc. B) m orcyrcTBHE KOHTpacTa. B3ammomeldcTBHs AJIEKTpPOHA C DJIEKTPOHAMHU OOOJIOYKH U
3apsAA0M siipa UMEIOT OJMHAKOBOE BIIMSHHE W, CIEAOBATENbHO, MBIl HE BUIUM KOHTpacTa. B
CBSI3U C ITUMHU (PakTaMu U MPOOJIEMOH, YTO CpeaHsis JJIMHA CBOOOJHOrO mpodera oOpaTHO-
paccessHHBIX AJIEKTPOHOB U3 HU3KOW IJIOTHOCTH MAaTEpUANIOB, TAKUX KaK OEJIKU WM MOJMMEPOB
KpaiiHe Mana, ObUTM BHEIPEHbl HOBBIE TEXHOJOTMM JJisi BHU3YyalHM3alMd CUTHAJIOB HHU3KOH
MHTEHCUBHOCTH, HCXOJALIMX OT O3JEKTPOHOB C MalbIMU MOTepsMH sHepruu. OOpaTHO-
paccestHHbIE 3JIEKTPOHBI C MajJbIMU MOTEPSIMH B HACTOSIIEEe BPEMsI BBEJIEHBI B CKaHHPYIOIIYIO
MHUKPOCKOIHIO U MOTYT OBITh MCIIOJIB30BAHO JUIsl XapaKTEePUCTHKH BCEX BHUJOB MaTEpHaJiOB B
00J1acTy HayK O HU3HU U MaTepUAIOBEACHUH.

Jis Toro 4toObl MOHSATH HOBBIE MEXaHU3Mbl KOHTPACTUPOBAaHUS OBLTH TMPOBEICHBI
SKCIIEPUMEHTHI C THOpUAAMHU, MOJUMEPAMHU U BCEMHU BHUJAMH PA3IUYHBIX OKCHIIOB 3JIEMEHTOB.
ATOMHBI HOMEp WJIM IJIOTHOCTH OOJIbIIE HE SBIAIOTCA HEOOXOIMMBIM JUI KOHTpAcTa IpH
HU3KHUX JHEPrusix My4yka B OTIMYME OT CTPYKTYPHI CBSI3€H BHEIIHUX 3JIEKTPOHHBIX 000JIOYEK.
YroObl MOTYyYUTh HHPOPMAIIHMIO OT ITHX HJIEKTPOHOB HEOOXOIUM JIBYXCTYNEHUATHINH (QMIIBTP IS
yCTpaHEHHUs BceX BTOpUYHBIX J¢¢ekToB. B mnpencraBieHHBIX MpUMepax MOJyYEHHbIE
pe3yIbTaThl OOBSCHSAIOTCS € Sp2- M sp3- rHOpuau3anuelt yriaepona. T rHOpHUIBI pa3IMuHON
KOH(UTypaliy OTBEYAIOT 32 KOHTPACT BO BCEX MOJMMEpax M OeIKax M TEeXHOJIOTHs CrocoOHa
pasnuyath BCe ITH COCTaBHbIE 4yacTH. HeoOBIYHO CHIIBHBIM KOHTPAcT Jal0T MaTepHajbl C
rudpuan3anuen Kak sp2- Wid ¢ IMIHUPOKOW 3alpelieHHON 30HBI, JIOMUHECIIEHTHbIE MaTepUabl.
Wx xoH(puUrypaius 3J1eKTpOHOB AAaeT KpailHe CUJIbHBIN KOHTPACT B CBSI3U C TEM, UYTO IEPBUYHBIE
AJIEKTPOHBI MOTYT JIETKO 3aMEHHUTH 3JIEKTPOHBI 3allpPEIieHHON 30HBI JIU 3JEKTPOHBI C OYEHb
HU3KOHM SHepruer CBsI3M, TaKUX Kak SpP2 3JEKTPOHbI. JTO OOBICHAET CHUJIIbHBIC CUTHAIBI Ha
JETEKTOpe, KOTOpble Mbl BHAMM OT Takux marepuanoB uiau ot OenkoB (puc. D, E). I'padur
BCEr/la J1a€T BBICOKYIO KOHTPAaCTHOCTb, YTO CBSI3aHO C JEJIOKAJIM30BAHHBIMHU T-CBSI3IMH,
BBI3BIBAIOUIMMH OYE€Hb Mallble MOTEpU SHEPTUU U, CIeA0BATEIbHO, OUEHb CHJIbHBIA CHUTHAl B
JeTeKTope. DTOT TUM CBS3M (Sp2 U Sp3) MMEeT BaKHOE 3HAUECHUE /TSl TOJTyUEHHs XapaKTePUCTUK
nosmmMepa. Heckonmbko mpumMepoB auddepeHnnanuu moaIuMepoB OyAeT MOKa3aHO Ha JICKIIWU.
[lenTuasl, AUnNuabl, Bce BUIBI (HEOKpAIIEHHBIX) OENKOB (KepaTWH, XUTWUH, MEJIAHUH U T.I.),
COTIOJIUMEPHI ¢ pazMepaMu 10 5-20HM MOryT OBITh paclio3HaHbl [0 KOHTpacTy. B mpumepax
MO0Ka3aHO, YTO IJIOTHOCTb, MOJIEKYJIAPHBIA BeC WM aTOMHBIH HOMEp BHOCST OIIMOKY NpH
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OOBSICHEHHH Ha0JI0aeMOro KOHTpacTa. MojenupoBanue merogoM Monte-Kapno takxke He
JIaeT XOPOIIUX PE3yJbTATOB IMPH MOJICITHPOBAHIH MEXaHU3MOB KOHTpACTA.

Kpome TOro merektupoBaHHe B PEKHMME PACTPOBOM MPOCBEUMBAIOIICH SJIEKTPOHHOM
MUKPOCKOITUM B aBTOAMHUCCHOHHOM COM MoKeT OBITh CIOKHOW 3amauell B KIACCUYECKOM
ucnonHeHnu. B cBszu ¢ "Hu3kuM" sHeprus 15-30 kB mbl mMeeM 00bIIOe MPEUMYIECTBO,
noJrydas ”H(OPMAIHI0, OCHOBAHHYIO Ha YTJIaX PaCCEUBAHUS YIPYTUX U HEYIPYTHUX DJICKTPOHOB.
Ot yrael ropa3fno OoJbllle, 4YeM B MPOCBEUMBAIONIEM DJJIEKTPOHHOM MHUKPOCKOINE W,
CJIEIOBATEILHO, MBI C OOJIBIIIEH JOCTOBEPHOCTHIO MOJy4daeM Oo0jiee BBICOKYIO KOHTPACTHOCTH
Jake OT HEOKpalleHHBIX 00pasnoB. [lomywaercs, 4To OKpalIMBaHHUS BCEX ITUX "340pPOBBIX"
anemenToB (OsO4, Pb-amerata w T.1.) He sBisieTcs HeoOxomuMbiM. Ha puc. F mokazan
HEOKpAIlIEHHBI HEpBHBIM cuHarc. OmucaHHAas TEXHOJIOTHS - ATO OONBIION mIar Brepes B
pemeHuss MOOBIX 3amad B OMOJIOTMH, HayKaX O Marepuaigax U, OCOOCHHO, B 00JacTu
HAHOCTPYKTYPHBIX MaTE€PHAJIOB.

THE CONTRAST MECHANISMS OF LL-BSE ELECTRONS IN HIGH

RESOLUTION FE-SEM IN MATERIAL SCIENCE
H. Jaksch
Carl Zeiss NTS GmbH, Oberkochen, Germany

The extreme non linear behavior of BSE coefficients below 5 kV (Fig.: A') draw
attention to the author to understand the contrast mechanisms of low voltage BSE interaction
with the matter. Below a landing energies of 5 kV, the backscatter coefficient becomes non
linear and drops with increasing atomic number stronger than that from elements with low
atomic numbers. Confusion is generated when scientist rely on linear increasing Atomic number
contrast, because at certain landing energies lower Z-number elements are brighter than higher
Z-number elements (Fig. A). In this graphical plot it is demonstrated that Chromium is brighter
in contrast than Gold at landing energies lower than 1kV. At a certain landing energy and
element combination we see equilibrium of backscatter yield (Fig.: B) and no contrast. Electron
interaction with shell electrons and nucleus charge have identical contribution and hence we see
no contrast. Due to these facts and the problem, that the mean free path length of BSE electrons
from low-density materials, such as proteins or polymers becomes extremely small, new
technologies were introduced to visualize these low intensity signals coming from electrons with
very small energy loss. These here called low loss BSE electrons are now introduced in SEM and
can be used for the characterization of all kinds of materials in life science and material science.

To understand the new contrast mechanisms experiments with hybrids, polymers and all
kinds of different oxidization states of elements were made and will be shown and discussed.
Essential for the contrast at low landing energies is not any more the atomic number or density as
contrast mechanism, but only the bonding structure of the outer shell electrons. To get the
information from these electrons a double stage filtering is necessary to eliminate all secondary
effects. In the presented examples the obtained results are explained with the hybridization of
carbon as sp? and sp’ hybrids. These hybrids with their different electron configuration are
responsible for the contrast in all polymer and protein and the technology is capable to
differentiate all these different materials. So peptides, lipides, all kinds of (unstained) protein
(Keratin, Chitin, Melanin etc.)co-polymers down to 5-20nm structural size can be identified by
contrast. Semiconductors helped to understand and explain the contrast mechanisms due to the
clear defined structures. A complicated chemical verification of these samples is not necessary
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and Si, SiO,, Si;Ns and SiHN clearly can be differentiated by contrast (Fig. C). Due to the
demonstrated facts that the compositions of the metal-oxides or metal-nitrides are always darker
than the pure metal, we have to consider the bonding energy and the configuration of the outer
shell electrons as source of the contrast and not the nucleus charge. The inner electrons do not
contribute any contrast information in different oxidization states of metals. In the shown
examples it will be proven that density rules, molecular weight or z-number contrast fail in
explaining the observed contrast. Monte Carlo simulations also are unable to model the fine
contrast mechanisms.
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MEXAHU3MbI ®OPMHUPOBAHUA KOHTPACTA OBPATHO-PACCE-
SAHHBIX 3JIEKTPOHOB C MAJIBIMMU ITOTEPAMMUM B ABTOOMMUC-
CHUOHHOM COM B HAYKAX O MATEPHUAJIAX

XanHep Ak
Carl Zeiss NTS GmbH, I'epmanus

Kputndecku HenuueitHoe noBefieHne K03 PHUIHeHTa 0OpaTHOTO pACCESTHUS AIEKTPOHOB
IIpU HamnpsoKeHUW Huke S5 kKB (puc.: A) mpHBIIEKSIO BHUMaHUE aBTOpAa U MOBJEKIO M3y4eHUs
MEXaHM3MOB KOHTPACTUPOBAHHUS OOpPATHO-PACCESHHBIX JJIGKTPOHOB B 00JacTH HU3KHX
HanpsbkeHudd. Korma sHeprust myuka Hmwke S5 KB kodddunmeHT 00paTHOTO paccesHus
CTAaHOBUTCSl HEIMHEWHBIM M CHUXKAETCS C yBEIMYCHHEM aTOMHOTO HOMEpa CHIIbHEe, YeM Y
AJIEMEHTOB C HHU3KHM aTOMHBIM HoMmepoM. HeomnpeneneHHOCTh BO3HUKAET, KOI/a YYEHbIN
MoJlaraeTcs Ha JIMHEWHBIN BO3pACTAIONINil KOHTPACT MO aTOMHOMY HOMEpY, MOTOMY 4YTO TpHU
OTIpe/IETICHHBIX YHEPIHSIX MyUYKa 3JIEMEHTHI C HU3KUM aTOMHBIM HOMEPOM sIpUe, UeM AJIEMEHTHI C
BBICOKMM aTOMHBIM HoMmepoMm (puc.A). Ha rpaduueckoil muarpamme moka3aHO, YTO XPOM
KOHTPACTHEE, YE€M 30JI0TO TIPH SHEPTrUM Mydyka MeHblue, yeM 1 kB. [Ipu onpenenenHoit snepruu
Myyka U KOMOWHAIIMM DJIEMEHTOB MBI BHUJUM pPaBHOBECHE OOPATHO-PACCESTHHOTO H3ITy4eHUS
(puc. B) u orcyrcTBHE KOHTpacTa. B3ammomeldcTBHs AJIEKTPOHA C DJIEKTPOHAMHU OOOJIOYKH U
3apsAoM siipa UMEIOT OJMHAKOBOE BIIMSHHE M, CIEAOBaTENbHO, MBI HE BUIUM KOHTpacTa. B
CBSI3U C ITUMHU (PakTaMu U MPOOJIEMOH, YTO CpeaHsis JJIMHA CBOOOJHOrO Tpodera oOpaTHO-
PaCCesTHHBIX AJIEKTPOHOB M3 HU3KOW TUIOTHOCTH MAaTE€pPHAlIOB, TAKMX KaK OCNKH WM MOJIUMEPOB
KpailiHe Maia, ObUIM BHEIPEHbl HOBBIE TEXHOJOTMM JJIs BHU3yalM3alldd CUTHAJIOB HU3KON
WHTEHCHUBHOCTH, HCXOJAIIMX OT OJJEKTPOHOB € MaibIMU ToTepsiMu dSHepruu. OOpaTHO-
paccestHHbIE 3JIEKTPOHBI C MajJbIMU MOTEPSIMH B HACTOSIIIEEe BPEMsI BBEJIEHBI B CKaHHPYIOIIYIO
MUKPOCKOIIUIO ¥ MOTYT OBITh MCHOJB30BAHO ISl XapaKTEPUCTUKU BCEX BHUJIOB MaTepUATOB B
00J1acTy HayK O HU3HU U MaTepUaAJIOBEICHUH.
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Jis Toro 4toObl MOHSATH HOBBIE MEXaHU3Mbl KOHTPACTUPOBAaHUS OBLTH TMPOBEICHBI
AKCIIEPUMEHTHI C THOpUAAMHU, MOJUMEPAMH U BCEMHU BHUJAMH PA3IMYHBIX OKCHJIOB 3JIEMEHTOB.
ATOMHBI HOMEp HWJIM IJIOTHOCTH OOJIbIIE HE SBIAIOTCA HEOOXOIMMBIM JUI KOHTpacTa IpH
HU3KHUX JHEPIrusiX Mydyka B OTIMYHE OT CTPYKTYpPBI CBSI3€H BHEIIHUX 3JIEKTPOHHBIX 00OJIOYEK.
YroObl MOTYyYUTh HHPOPMAIIHUIO OT ITHX HJIEKTPOHOB HEOOXOIUM JIBYXCTYNEHUATHINA QUIBTP IS
yCTpaHEHHUs BceX BTOpUYHBIX »J¢dekToB. B mnpencraBieHHBIX MpUMepax MOJyYEHHbIE
pe3yIbTaThl OOBSICHSAIOTCS € Sp2- M Sp3- ruOpuau3anuen yriaepoaa. OTH THOPHUIBI PA3TUYHON
KOH(UTypally OTBEYAIOT 32 KOHTPACT BO BCEX MOJMMEpax M OelKax M TEeXHOJIOTHs CocoOHa
pa3nuyaTh BCE 3TH COCTaBHbIE 4acTH. llenTuabl, TUOHIBI, BCe BUJBI (HEOKpAIIEHHBIX) OENKOB
(kepaTuH, XUTHH, MEJAaHWH U T.A.), COMOJUMEpPHl C pazmepamu 10 5-20HM MOryT OBIThH
pacro3HaHbl 1o KoHTpacTy. [lonynpoBoaHUKH, 00J1afas YETKO OINpeNeIeHHBIMU CTPYKTYpaMH,
MIOMOTJIM MIOHSTh U OOBACHUTH MEXaHU3MbI KOHTpacTHpoBaHus. CloxHas XuMU4ecKasi IpoBepKa
X 00pa3ioB He sBiusercs HeoOxomumoir u Si, SiO2, Si3N4 u SiHn Moryr OBITH YETKO
muddepennrpoBanbl o KoHTpacTy (puc. C). CoriacHO NOKa3aHHBIM pe3yjbTaTaM, CMECh
METaJIJI-OKCHJIBl WJIM METAJUI-HUTPHUJIOB BCETAA TEMHEE, YEM YHCTBIM METAUI U MbI JOJKHBI
YUUTBHIBaTh DHEPIHU CBSI3U M KOHPUrypalued BHEHIHMX AJIEKTPOHHBIX O0OJIOYEK, a He 3apsl
Aapa, B KauecTBE HCTOYHUKA KOHTpacTa. BHyTpeHHHE 3JEeKTpOHBI HE HEeCcyT KakoW JH0o
nH(pOpMallMd O KOHTpPAcT€ B PA3IMYHBIX COCTOSHHUSAX OKHCIEHUS MeTaioB. B mpumepax
MO0Ka3aHO, YTO IJIOTHOCTb, MOJIEKYJIAPHBIA BeC WM aTOMHBIH HOMEp BHOCST OIIMOKY NpH
oObsicHeHNH HabmromaeMoro KoHtpacta. MonenupoBanue metonoM MonTte-Kapino Takke He
JlaeT XOPOILIUX PE3YJIbTATOB MPU MOJEIMPOBAHUHM MEXaHU3MOB KOHTpACTa.

UyBCTBUTENBHOCTh TEXHOJIOTUHM MPOJAEMOHCTPUPOBAaHA C€ IIOMOIIBIO  Pa3IUYHBIX
cocTossHUil ruOpuau3anuu  yriepoga. Ha puc. D MBI BuauMm coctossHMs sp2- U Sp3-
ruOpuaAn3aly Ha OJJHOM M300pa’KeHUH, U OHU MOTYT OBITh UICHTHU(QHUIMPOBAHBI 10 yriaM. Bece
cepble YaCTHIIbI Ha PUCYHKE - 3TO anMasbl. ['padut Bcerga IaeT BBHICOKYIO KOHTPAaCTHOCTb, YTO
CBSI3aHO C JIEJIOKAJIM30BAHHBIMH T-CBSI3SMH, BBI3BIBAIOLIUMHI OY€Hb Mallble MOTEPH HSHEPTUH U,
ClIeZIOBAaTEeNIbHO, OYEHb CWJIBHBIA CHTHAJ B JETEKTOpe. DTOT THUI CBs3M (sp2 M sp3) umeer
BAXHOE 3HAUEHUE I I[IOJIyYEeHHUs XapaKTepUCTHK nonumepa. Heckonbko mnpumepoB
middepeHIHaK NOTMMEPOB OyleT MoKa3zaHO Ha JieKuuu. OnucaHHas TEXHOJOTHS - 3TO
00JIbI1I0} 1Iar BHEepe]] B pelIeHus J00bIX 33/1a4 B OMOJIOrHH, HayKaX O MaTephajiax U, 0COOEHHO,
B 00JIaCTH HAHOCTPYKTYPHBIX MaTepHaJIOB.

W3MEPEHHUE HTEPOXOBATOCTH CBOBOJHOI'O I'PA®EHA
METO/JOM 2JIEKTPOHHOU TU®PAKIINHN

Kupunenxo JI.A."* qunetikua A.T.!, I'. Ban Tennenoo®
1. ®TU um. A.@.Hogpge, 194021, Canxm-Ilemepodype, [lonumexuuyeckas yu., 0. 26
2. EMAT, Universiteit Antwerpen, Groenenborgerlaan 171, BE-2020, Antwerpen, Belgium

I'paden, kak u3BecTHO, IByMEpHBI KpucTan. OTHAKO OH HE SBISETCS UCATbHO
TUIOCKUM, B OCHOBHOM, M3-32 MONEPEYHBIX TEIJIOBBIX KOJICOAHU aTOMOB, KOTOPBIE MOTYT
JOCTUTATh CPABHUTEIHHO OOJIBIINX aMIUTUTY/L (MOPSAIKA HECKOJIBKUX MEKATOMHBIX PaCCTOSIHUIN)
B CHUTy HU3KOpa3MepHocTH kpuctamia. [llepoxoBarocts rpadeHa BrepBbie Obliia MOATBEPKACHA
MeTOA0M 3JIeKTpoHHOU nudpakmuu [1]. TeopeTrndeckne pacu€Thl MOKa3ain, YTO MIEPOXOBATOCTD
CYIIECTBEHHO OTPAaHMYMBAET MOJBMKHOCTh HOCHUTENEH 3apsaaa[2], monepeuHbie KoineOaHus
UTPAIOT OTPEJEISIIONTYIO POJIh B Terionepeaade[3], a Takke MoryT ObITh TPHUUHON
OTpHLIATENIFHOTO KO3 PHLIMEeHTa TemreparypHoro pacuupenus [4]. B To ke Bpems, uéTkoe
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npescTaBieHue o (PU3MKe MIEPOXOBATOCTH €I HE CIOKUIIOCH, YTO MOXKET OBITh
MIPOMJUTIOCTPUPOBAHO PA3HOOOPA3UEM CYIIECTBEHHO OTIMYHBIX APYT OT Apyra MojeseH,
IIPEJICTaBICHHBIX B IUTEpaType, Hanpumep [5-7]. [TocTtpoeHne TeopeTHueckoi MOJIENH,
OIHCHIBAIOLIEH TOMOJIOTHIO IpadeHa, 3aTPyAHUTEIBHO U3-3a 3HAUNTEIbHON HETMHEHHOCTH
JMHAMUKHU KOJIeOaHUI aTOMOB PEIETKU U U3-3a B3aUMOJICHCTBUS UCKPUBIICHUH MOBEPXHOCTH C
(bIyKTyanusiMu 3apsI0BOM TUIOTHOCTH. Penienne 3Toi 3a1aui HEBO3MOXKHO 0€3
HKCHEPUMEHTAIBHOT0 METOJa U3MEPEHHUS TOIOJIOTHH rpadeHa.

3OH}10BI)IC MECTOABI, TAKHUEC KaK aTOMHO-CHUJIOBAA U CKaHHUPYIOIIAsA-TYHHCIbHAA
MHUKPOCKOIIHH, TIO3BOJISIIOT HETIOCPEACTBEHHO U3MEPATH TONOJIOTHIO rpadeHa [8], HO TONbKO,
€CJIM OH PacMoJIOKEH Ha HEKOTOPO MOAJIOKKE, U MOTEPEUHbIe KOJIeOaHHsI 3aMOPOKEHBI
B3aUMO/JIeHiCTBHEM C Hell. B aToM cityuae OTCYTCTBYET BOZMOXKHOCTh HaOJII0/1aTh U3MEHEHUE
HIEPOXOBATOCTH IIpH, HAIPUMED, U3MEHEHUU TeMIlepaTypsl. boiiee Toro, mepoxoBaTocTs B TOU
WJIA UHOM CTENEHH BOCTIIPOU3BOIUT peibed) MOATIOKKH, TO €CTh HE SBJISIETCS B IIOJIHOM CMBICTIE
CJIOBa «COOCTBEHHOI» XapaKTepUCTHKOM rpadena. B To BpeMs kak, mpocBeunBaromias
3JIEKTPOHHAsE MUKPOCKOMHS U AU(PaKIHsI TPUMEHUMBI JJIS1 HCCIIEJOBAHUS TONOJIOTHU
cB00OOHOTO TpadeHa, yTo, B CBOKO OYEPE/Ib, TAKKE MMO3BOJISIET U3MEPATH 3aBUCUMOCTD
Pa3IMYHBIX XapaKTEPUCTUK TOTIOJIOTUH OT TEMIEepPaTyphl, CKATUSA/PACTKEHUS U T. 1.

Kapruna snextpoHHON Tudpakuu sBIsieTcs M0 CyTH U300pakeHneM HEKOTOPOro cpesa
00paTHOrO MpOCTpaHCTBA HccieryeMoro kpuctamuia. Ha Puc.la npuBeneHo cxemaTuyHoe
n300pakeHHe UeabHO TIOCKOTO IBYMEPHOIO KPUCTaIa B 0OpaTHOM MPOCTPAHCTBE, a Ha
Puc.16 — BOHHUCTOTO ABYMEPHOTO KPUCTAJLIA.

Pucl. a — ungeanbHo miockuii rpadeH B 00paTHOM NPOCTPAcTBE, O — BOIHUCTHII rpadeH

Kapruna »nexTpoHHO# Tudpakuy 1IeaTbHOTO KPUCTAIa COCTOUT U3 TOUSUHBIX MSATEH
— pedexcoB. B cnydyae HemmeanbHOro Kpuctamia pediaekcsl OKpyKeHbl 1upy3HBIM raio, u,
Oosee TOTO, MPU JOCTATOYHO OONBIINX yIiIaX HAKIOHA PEQIICKCH HCYE3aI0T M OCTAETCS TOIBKO
JUCK, KOTOPBIN MIOCTENIEHHO YIIUPSIETCS PU YBEIUYEHUH yriia. OTCHSAB KapTHUHBI AJIEKTPOHHOMN
aupaKkIuy IPH Pa3IMYHBIX YTIax HaKJIOHaxX oOpasia, MbI oydaeM Habop cedeHuit 00paTHOTO
MIPOCTPAHCTBA, 10 KOTOPBIM MBI MOYXKEM BOCCTaHOBHUTH CTPYKTYPY KpUCTAJIA.

Puc. 2 mmmroctpupyeT cxemy Moiy4aeMbIX CEUCHHN U ABOJIONUIO TUPPPAKIIOHHOTO
MSTHA IPU CKAHMPOBAHUHU OOPATHOTO MPOCTPAHCTBA. TeopeTHyecKuii aHaTu3 TI0Ka3ajl, YTo IpU
NPOMEXYTOUHBIX yTJIaX HaKJIOHA, TU(PPAKIIMOHHOE TISITHO COCTOMT U3 SIPKOTO peduiekca,
OKPYXEHHOTO M300paXEeHNEM CIIEKTpa IIepOXOBATOCTU. IHTEHCUBHOCTD N300paskeHHsI CIIEKTPa
U3MEHSIETCS C YIJIOM HAKJIOHA, M ONPEETIUTh €r0 UCTUHHYIO aMIUTUTY Ty MOXHO 110 H3MEHEHHIO
WHTEHCUBHOCTH LIEHTPAIBHOTO peduiekca. A CpeJHEKBaIPATUIHBIN BOJTHOBOW BEKTOP
IIEPOXOBATOCTH MOYKHO 00JIee TOYHO U3MEPHTH TI0 YIIUPEHHIO ISTHA.
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Puc.2 a — ceuenus 0OpaTHOrO MPOCTPAHCTBA, O — COOTBETCTBYIONIHE AN(PAKIUOHHbIE TISITHA

Takum 00pa3oM IpeaIoKeH METOT I3MEPEHHS CIIEKTPATBHBIX XapaKTePUCTHK
[IepPOXOBATOCTH CBOOOAHOTO TpadeHa, MO3BOJISIONINI MPOBOIUTH UCCICAOBAHUS in-Situ TIPH
M3MEHSIOIINXCS BHEITHUX YCIIOBHsIX. TakuM 00pa3om Oblia onpeiesieHa TeMIiepaTypHas
3aBHCHMOCTbB CIIEKTpa MONepeUHbIX KojeOanuil. [loayyeHHble pe3yabTaThl UMEIOT BaXKHOE
3HAYCHHE JIJIs1 TOHUMaHUs U3k GopMUpOBaHUS TOMOJIOTHUHN TpadeHa.

* J.C. Meyer et al., Nature 446 (2007), p. 60

* E.V.Castro et. al., Phys. Rev. Lett. 105 (2010), 266601

* D.L. Nika et al., Appl. Phys. Lett. 94 (2009), 203103

* K.V. Zakharchenko et.al. Phys. Rev. Lett. 102 (2010), 046808
* D.R. Nelson and L. Peliti, J. Physique 48 (1987), p. 1085

* A. Fasolino ef al., Nature Materials 6 (2007), p. 858

* D. Gazit, Phys. Rev. B 80 (2009), 161406(R)

e M. J. Ishigami et. al., Nano Lett. 7, (2007). 1643

Measurement technique of free-standing graphene roughness is proposed. The technique allows
carrying out in-situ experiment under varying conditions. That provides fruitful information on
graphene ripples dynamics. Since ripples affect all the graphene’s properties, the technique
might be very useful for graphene studies.

HNCHOJIb30BAHUE METOJIOB ®JTYOPECHHEHTHOHN
MHUKPOCKOIINA AJIS1 AHAJIN3A B3AUMOJIEVICTBUS NENITUIA Ap
N PRION PROTEIN B TPOXKXKAX SACCHAROMYCES CEREVISIAE.
Kopxosa B.B.', Caiipuraunosa A.@.', Tankun A.IL."?, PyGens A.A."?

1 - Canxm-Ilemepbypeckuii 20cy0apcmeenHbviil YyHugepcumen,
2 - Canxm-Ilemepobypecxuti gpuruan Yupescoenus Poccuiickoii axademuu nayk Hncmumyma
obwei cenemuxu um. H.U. Basunosea PAH

bonee 20 HeusneunMbix Oosie3HEH YenoBeKa, Ha3bIBAEMBIX aMWJIOMI03aMM, CBSI3aHBI C
aHOMAJIbHOW YKJIAJIKOW M arperamyeil 0elKoB, B HOpPME SBISIONIMXCS pacTBOpuMbIMH. Hanbonee

40



M3BECTHBIMH aMUJIOU103aMH SIBIIsIIOTCS Oonie3Hb AublireiiMepa (BA) n npuonHble 3a00s1eBaHus
[1]. BA cBs3aHa C HaKOTUICHHEM B TKaHSAX TOJOBHOTO MO3Ta arperatroB IEeNTHIa aMUJIOHI-0eTa
(Ap) [2-3], mpuonHbIe 3a00eBaHMs CBA3aHBI ¢ 0oOpa3zoBaHHeM arperatoB Oenka PrP (ot Prion
Protein) [4]. WHrepecHoil ocobeHHOCThIO OenkoB Ag U PrP sBnsercs ux cmnocoOHOCTH K
B3aMMOJIEHCTBUIO: MOHOMEPHBIH PrP (PrP) sBusercs penentopoM ajis oauromepos Ag [5], 310
B3aUMOJIEMCTBUE 00ECTIEUMBAET TIPOBEICHUE CUIHAJIA B KJIETKE M YBEJIMYEHHE KonudecTBa PrP¢
Ha KieToyHoH MemOpane [6]. HemaBHue wuccinenoBaHMs Takke IOKa3alM, 4TO Ag MOXKET
CBS3BIBATHCS C HepacTBopuMmon ¢opmoii 6enka PrP B mosry GompHBIX BA [7], a mporeccs,
NPUBOJAILINE K HENPaBWIbHOM YKJIaJKe OJHOIO M3 JTHUX OEJIKOB, SBISIOTCS CEpPhE3HBIM
(dakTopom pucka i arperanuu apyroro [8]. OmHako BIUSHUE JTHUX SBJICHHM Ha pPa3BUTHE
aMMJIOUJIO30B OCTAeTCs CIOPHBIM BompocoM. [lo3ToMy HMHTEpecHBIM MpelcTaBisieTcss Ooiee
JETAILHOE NU3YYCHHUE B3aUMOJEHCTBHUS U B3aUMHOTO BJIMSAHUSA arperatoB PrP u Ag.

B Hacrosmiee Bpems pa3paboTaH psJl  METOJOB KOH(OKAIBHOM MHKpPOCKOIUH,
MO3BOJISIOIIMX MTPOBOJUTH UCCIIEOBAHMS Ha HAHOOOBEKTaX, KOTOPHIMU SIBJISIFOTCSI aMUJIOWTHBIE
arperatbl. OnauM u3 Takux MmeronoB sBisercs meron FRET (fluorescence resonance energy
transfer), mo3BossromMii M3ydath B3ammojerictBue OenkoB in vivo. FRET — 310 dusnueckoe
SBJICHHE, OOYCIIOBJIEHHOE Nepefadeil SHepruu Mexay AByMsl XpoMmodopaMH Ha pPacCTOSIHUU
MeHee 10 Hm. I mpoBeAeHNs UCCIEOBAaHUM MOJIYyYa0T KOHCTPYKIUHU, B KOTOPBIX U3ydaeMble
O€JIKU CIUTHI OJMH — C JIOHOPOM, a JAPYroi — ¢ akIenTopoM. B kadecTBe I0OHOpa U akuenTopa
HCTIONB3YIOTCA (prryopectupyrompe 0enku, Hanbojiee pacmpoCTpaHEHHAs mapa JOHOP-aKIENTop
— CFP u YFP. Ecnu uccnenyemblie OelKH TECHO B3aMMOJAEHCTBYIOT, Mex 1y xpomopopamu CFP
u YFP npoucxomut nepemaua sHepruu, 3GpPeKTUBHOCTH KOTOPOM MOXET ObITh OLEHEHa Mpu
CpaBHEHMM MHTEHCUBHOCTHU (DIIyOPECICHIIMH JOHOPA B MPUCYTCTBUU U B OTCYTCTBHHM aKIIETITOPA
[9-11]. Bonpmoe koau4ecTBO pPabOT YOEAUTENBHO JJOKA3bIBAET, UYTO JPOXKIKHU SIBISIOTCS
aJIeKBaTHOW MOJIENBIO JIJISl MCCIIEZOBAaHUS aMWJIOMIHBIX OenkoB miekonuTaromux [12]. Ilpu
3TOM B TakOH MOJENM BO3MOXXHO HCIOJIb30BAaHUE XHUMEPHBIX KOHCTPYKIMHA, B KOTOPBIX
n3ydaeMsblii 6enok cnuT ¢ prayopecuupyromuM 6enkoM [13], Heobxoaumsbix ans metoga FRET.

[enpro HamIeH pabOTHI SABISETCS aHATW3 B3auMoaecTBus Oenka PrP u mentuaa amumon-
O6era B Jpoxokax Saccharomyces cerevisiae. Mpbl TOIYYMIU JIPOAOKEBBIE IITAMMBI,
npoayuupytomue 6enok PrP wnu nentua Ag, cautble ¢ pasHbIMU (IIyOpeCcHUpPYIOUIMMHI OeTKaMu
— GFP, CFP u YFP. Metonom ¢iryopectieHTHOI MUKPOCKOIUHM MbI TOKa3adH, YTO MPOILYKIHS
oenkoB  Ap-GFP wu PrP-GFP npuBogur k ¢GopMHUpPOBaHHIO B JAPOXIKEBBIX KIIETKax
¢biyopecuupyrOmKUX arperaroB, KOTOpbleé HMEIOT IUTOIUIA3MAaTHUECKYIO JIOKAJIM3aIUio, HE
KOJIOKAJIU3YIOTCS C KJIETOYHBIMH KOMMApTMEHTaMH U OKpaIIMBAIOTCS CHEeHU(UIECKUM
KpacuTeleM, BBISBISIIOIIMM aMWIOHJIHBIE arperatbl — THO(IaBMHOM S. MbI mpoBenu
omoxumuuecknii  ananmu3  OenkoB  PrP-GFP  uw AB-GFP. C nomompio  MeTOI0B
middepeHInanbHOr0 HEHTPUPYTUPOBAHUS U TOJYIEHATYPUPYIOLIEro »ieKTpodope3a B
arapo3HoM resne ObUIO0 mokazaHo, uto Oenku PrP-GFP u AB-GFP dopmupyror B kierkax
JPOOKEeH KpyIHbIE arperatoB, ycroiuusslie Kk neiictButo 2% SDS. ArperaroB PrP-GFP u AB-
GFP Taxke SBISIOTCS YCTOMYMBBIMU K JIeHCTBUIO NpoTenHasbl K naxke B koHueHTpauuu 40 Mxr/
M. CxomHOW ycTOoW4YMBOCTBIO K mpoTenHaze K wu jerepreHtam o00JaJalOT arperatsl
aMUJIOMJIHBIX ~ OETKOB W3  MoO3ra  OOJNIBHBIX  MJIEKOMUTAIomuX. TakuMm  oOpazowm,
MHUKPOCKONUYECKHI U OMOXMMHUYECKUH aHaiau3 nmoAreepxkaaetr, uro Oenku PrP-GFP u AB-GFP
(GOpMHUPYIOT B IPOACGKEBBIX KIIETKAaX arperatsl, MPOsBIISIONINE CBOMCTBA aMUIOUIHBIX OEIKOB.

MBI moOKaszajau, 4TO B JPOXOKEBBIX KIIETKaX HaOIIOAAeTCsl KOJOKAJM3allus arperaTon
oenkoB A u PrP, ciuteix ¢ Oenkamu CFP u YFP. Bo3moXxHOCTh B3aMMOAEWCTBUS 3THUX
ruOpuaHbIX  OenkoB Obuta uccnenoBana ¢ nomombio Metoga FRET. 3OddexrtuBHOCTh
B3auMOJeHCTBUS TUOpUIHBIX OenkoB B mape Ag u PrP cocraBuna 5-30% wu 1octoBepHO
OTJIMYaNach OT KOHTPOJISL. DTU JaHHBIE CBUAETENIBCTBYIOT B I0JIb3Y TOTO, uTo Oenku Ap u PrP
B3alMOJICHCTBYIOT B Halleil MojenbHOU cucteMe. bonbiioit pa3dpoc 3HaueHui 3dexTuBHOCTH
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FRET, BeposiTHO, CBsI3aH CO 3HAUUTENHHBIM PAa3HOOOPA3UEM THUIIOB arperaToB, (GOPMHUPYEMBIX
9TUMHU OelnkaMu B KJIeTKax Japoxoke. s Oosee yOeauTeIbHOTO JI0Ka3aTeIhCTBA
B3anmojeiictBusi Ag u PrP HeoOxomumMo mpuBledYeHHE TOMONHUTEIBHBIX METOJOB aHAU3a.
Kpome Toro, B pnanpHeimed paboTe IIaHUpyeTCd H3Y4YeHHE ClNeuu(UIHOCTH JaHHOTO
B3aUMOJICHCTBUSA. DTOT BONPOC B HACTOSILIMNA MOMEHT SIBJIIETCS OYEHb AKTyalbHBIM, TaK KaK
pe3ynbpTaThl OJHOW W3 TPYII HCCIEAOBATENed CBUICTEIHCTBYIOT B IOJB3Y BO3MOXKHOCTH
B3auMoielicTBus PrPC ¢ pasHbIMM TUIaMu GEIKOB, 00OraIieHHbIX B-aucramu [14].

Pe3ynbraThl TIPOBENEHHBIX HAMH HCCIECIOBAHUW TMOMOTYT H3YYUTh HE TOJBKO
B3aMMOJICHCTBUS arperatoB 0enkoB Ag u PrP, HO U BO3MOXHOCTh WX BJIMSIHHUS Ha arperaruio
Opyr JApyra B OKHUBBIX KJIETKaX, a TakKKe IaTOreHe3 BBhI3BIBAEMBIX HMHU 3a00JIeBaHUM.
[TonyyeHHble 1aHHBIE PACIIUPAT BO3MOKHOCTH JJIsl IOMCKA TEPANIeBTUUECKUX MOAXO0B.

Pa6ora Brimonnena npu noanepxkke DL «Hayunsle u HayuHO-mearoruyeckue Kaipbl
nHHOBaMOHHOM Poccum» Ha 2009-2013 roast (I'ockontpakt Nell1067), a Takxke 3a cuer
cpenctB Temarndeckoro rana HUP CIIOTY.

Jlureparypa
1. Soto C. FEBS Lett. 2001. Vol. 498. P. 204-207.
2. Morishima-Kawashima M., Inara Y. J of Neuroscience Research. 2002. Vol. 70. P. 392-401.
3. Bayer T., Wirths O. P. Frontiers in Aging Neuroscience. 2010. Vol. 2. P. 1-10.
4. Prusiner S. B. Cell. 2004. Vol. 116. P. 109.
5. Gunther E. C., Strittmatter S.M. J Mol Med. 2009. Vol. 88(4). P. 331-338.
6. Caetano F. A., Beraldo F. H., Hajj G. N., Guimaraes A. L., Jirgensen S., Wasilewska-Sampaio A. P., Hirata P.
H., Souza I., Machado C. F., Wong D. Y., De Felice F. G., Ferreira S. T., Prado V. F., Rylett R. J., Martins V. R.,
Prado M. A. J Neurochem. 2011. Vol. 117(3). P. 538-553.
7. Zou W.-Q., Xiao X., Yuan J., Puoti G., Fujioka H., Wang X., Richardson S., Zhou X., Zou R., Li S., Zhu X.,
McGeer P. L., McGeehan J., Kneale G., Rincon-Limas D. E., Fernandez-Funez P., Lee H., Smith M. A., Petersen
R. B, Guo J.-P. J Biol Chem. 2011. jbc.M110.199356. [Epub ahead of print]
8. Morales R., Estrada L.D., Diaz-Espinoza R., Morales-Scheihing D., Jara M.C., Castilla J., Soto C. J of
Neuroscience Research. 2010. Vol. 30. P. 4528-4535.
9. You X., Nguyen A.W., Jabaiah A., Sheff M.A., Thorn K.S., Daugherty P.S. PNAS. 2006. Vol. 103. P. 18458—
18463.
10. Raicu V., Jansma D.B., Miller R.J.D., Friesen J.D. Biochem J. 2005. Vol. 385. P. 265-277.
11. Mallik S., Yang W., Norstrom E.M., Mastrianni J.A. J Biol Chem. 2010. Vol. 285(12). P. 8967-8975.
12. Tankun A. I1., Muponosa JI.H., XKypasnesa I'.A., Uare-Beutomos C.I'. I'enemuxa. 2006. Vol. 42. P. 1-13.
13. Green L. E., Park Y., Masison D., Eisenberg E. Protein Pept Lett. 2009. Vol. 16(6). P. 635-641.
14. Resenberger U. K., Harmeier A., Woerner A. C., Goodman J. L., Muller V., Krishnan R., Vabulas R. M.,
Kretzschmar H. A., Lindquist S., Hartl F. U., Multhaup G., Winklhofer K. F., Tatzelt J. EMBO J. 2011. [Epub ahead
of print]

USING OF FLUORESCENCE MICROSCOPY METHODS FOR ANALYSIS OF THE
INTERACTION BETWEEN A PEPTIDE AND PRION PROTEIN IN YEAST
SACCHAROMYCES CEREVISIAE.
Korzhova V.V, Saifitdinova A.F., Galkin A.P., Rubel A.A.

The present research considers protein misfolding leadind to pathogenesis in amyloidoses
and their possible influence on each other in Alzheimer and prion diseases. The experimental

system that allows to investigate the direct interactions between Ag peptide and Prion Protein is
described.
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JASEPHO-UHAYHHUPOBAHHOE COOCAKJIEHHUE HUKEJISA U MEJIA
N3 PACTBOPOB DQJIEKTPOJIUTOB.
KocTtrokoB A.1O.

cmyoeHnm, xumudeckuil (haxyiomem, Kageopa 1azeprHoi XUMuu U 1a3epHo20
mamepuanogeoenus,
K.(p.-M.H Manvwuna A.A.

B mHacrosmee Bpems pa3paboTaHO [OCTaTOYHO OOJBIIOE KOJIMYECTBO METOAOB
HAHECEHMsI JIOKAJIBHBIX METaVIMYECKUX TOKPHITMM Ha pa3Hble Marepuansl. Haubonee
MEPCTIIEKTUBHBIM M3 CYIIECTBYIOIIHUX CIIOCOOOB CYHMTAETCS METOJ JIa3epHO-UHIYLHPOBAHHON
METaJIJIN3al1K, MMO3BOJISIFOIIMN CO3/1aBaTh HEMPEPBIBHBIE TOKOMPOBOJISALINE JOPOKKH CIOMKHOU
aApPXUTEKTYPhl Ha TOBEPXHOCTHU JAUAJICKTPUKA.

JlaHHBIN METOJ] OCHOBaH, Ha BOCCTAHOBJIEHUU MeETajlla U3 pacTBOpa 3JIEKTPOJIUTA IOJ]
neiicTBreM c(hpOKYCHPOBAHHOTO JIa3ePHOTO U3NIyueHus. B pe3ynbpTaTe 1a3epHOro BO3IECHCTBUS Ha
IpaHuIly pasjesa MOAJ0KKa — 3JIEKTPOIUT IPOUCXOAUT 00pa30BaHUE KaTAIUTUYECKUX IIEHTPOB
Ha TIOBEPXHOCTH MOJUIOKKH M HMHULMAIUS XMMHYECKOM peaklMd BOCCTAHOBJICHMS METaia.
Pesynbratom Takoro mnpoiecca sBisieTcs (pOpMHpPOBAHUE JIOKAIBHBIX METAIIUNYECKUX CTPYKTYpP
mpuHoi 10-50 MKM, 9TO onpeaensieTcs! yCIOBUSAMHU Ja3€PHOTO BO3CHCTBHSL.

K HacTtosdmemy BpeMeHM MpPOJEMOHCTPUPOBAaHA BO3MOXHOCTh OCAXJIEHUS TaKUX
METAJIJIOB KaK HHUKEIb, MeJlb, 30JI0TO Ha MOBEPXHOCTh Pa3UYHbIX MaTepUaioB B TOM 4YHCIE, HA
I1acTMaccy, MoJIMypeTaH, JAepeBo, Mpamop, runc. [Ipu 3ToM NONBITOK cOOCaauTh /Ba METajia
METOJIOM JIa3epHO-UHIYLIUPOBAHHON MeTaliu3aluu euié He MpoBoAWiIoch. B maHHO# pabote
MIPEJICTaBJICHbl PE3yJbTaThl 10 COBMECTHOMY COOCaXACHUIO HUKENS W Meau. s mpoBeneHus
AKCIIEPUMEHTOB M0 JIa3epPHO-UHAYIIUPOBAHHOMY COOCRXKICHUIO MEOM W HUKeNs ObLin
MOJATOTOBJIEHBI 2 TUIIA PACTBOPOB COJEPKALME B CBOEM COCTaBE aMMHUAYHbIC WM TapTpaTHbIE
KOMIUTIEKChl MeTaiioB. CocTaBbl pacTBOPOB MPUBEIECHBI B TAOIUIIE:

Conu metasna)  KomrmekcoobpaszoBartenb BoccranoBurens [lemoun
CocraB Nel CuS0O4; KNaC4H406 CHOH NaOH
NiSO4
CocraB Ne2 CuS0O4; NH3*H20 CHOH -
NiSO4

B kadyecTBe MCTOYHMKA JTa3ePHOTO M3ITYUYECHHS MCIOJIB30BaJICs HEMpPEephIBHBIA Ar+ masep,
TeHEpUPYIOUINI M3JIydeHHe Ha anuHax BosiH 457.9, 476.5, 488.0, 496.5, 514.5 um. Ocaxnenue
M3 pactBopa mpoBoAwioch npu mMomHocTsax 300-700mB, ckopoctax ckanuposanus 0,01, 0,02,
0,05 MmM/c B 0JTHO- ¥ IBYKPATHOM PEXHUME CKAaHUPOBAHUSI.

B pesynbraTe ObUIHM MONTY4YE€HBI KaYECTBEHHBIE OJTHOPOJHBIE CTPYKTYPBI, COJEpKalIie B

CBOEM COCTAaBE M HUKEIb, U MEJlb, YTO MOATBEPkACHO AaHHbIMU SEM, EDX nonyuyeHHBIMU Ha
Zeiss SUPRA 40VP.

LASER-INDUCED DEPOSITION OF NICKEL AND COPPER FROM LIQUID
ELECTROLYTES.

Kostyukov A.

Laser-induced chemical liquid phase deposition (LCLD) is one of the methods for the
precipitation of the metal structures on the surface of materials. The most widespread metals to
be deposited by LCLD are copper, nickel, palladium and silver.

In this work essentially new problem of nickel and copper coprecipitation is considered. Ni and
Cu precipitation by the LCLD method was realized with CW Ar + laser on chemically cleaned
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Si02 microscope cover glasses. EDX analysis of the precipitated structures demonstrated that
depending on chemical composition of the electrolyte solution the deposits consist of Cu or Ni,
or Cu-Ni.

YIJIEPOA-MHUHEPAJIBHBIE COPBEHTBI JIJIAA
XPOMATOI'PA®UYECKOI'O PASJIEJIEHUA ®YJIJEPEHOB
O.A.Kpoxuna, B.H.IlocTtHOB

Canxm-Ilemepbypeckuii I'ocyoapcmeennviii Yuueepcumem, xumudeckuil ¢paxyromem, Cankm-
Ilemepoype, Poccus

B nacrosimee Bpemsi (yisiepeHbl SBISIOTCS OAHUM M3 BOCTPEOOBAaHHBIX IMPOIYKTOB
YIJIEPOJHBIX HAHOTEXHOJOTHH. OHM MCMONB3YIOTCA AJS CO3/1aHUS KOMIO3UTHBIX MaTepHAalIOB,
aJIMa3HbIX IUICHOK, MTOJIMMEPHBIX MMOKPHITHH, a TaKKe B OMOJIOTHH, B MeIUIIMHE, B (hapmarmu [1].

[IIupokoe MpaKTHUECKOE UCIOJIb30BaHHE (YIEPEHOB OTPAHUYUBACTCS UX CTOMMOCTHIO,
KOTopasi 00ycJoBJieHa OCOOEHHOCTSMM TEXHOJIOTUM HUX CHHTE3a, pa3feNeHUs U OYUCTKH.
Paznenenue ¢ymiepeHOB NMPOBOAAT METOJIOM YKHMIKOCTHOW XpoMaTorpaduu, IJe B KauecTBE
COpOCHTOB, HCIOJB3YIOTCS KPEMHE3eMbl, XHUMHUYECKH MOIU(GUIMPOBAHHBIE Pa3IUYHBIMU
OpPraHUYECKUMH TpynnamMu (MeHTadpoMOEH3MIbHBIMH [2], MUPEHUIBHBIMHU M (eHUIbHBIMHE [3] 1
ap.). Craemyer OTMETHTb, YTO O3TU COPOEHTHl MMEIOT JIOBOJIBHO BBICOKYIO CTOMMOCTD,
00YCJIOBJICHHYIO CJIOKHOCTHIO MX IPHUTOTOBJICHUS M 3aTpaTaMd Ha CHHTE3 HCIOJIb3YEMBIX
MoaudukatopoB. [loaToMy akTyalnbHBIM SIBISIETCS pa3pabOTKa HOBBIX 0oJjiee TEXHOJIOTHMYHBIX
METOJOB TOJIY4YEHHUSI COPOCHTOB, KOTOPbIE HE YCTYMAalOT MO XpOMAaTOrpaMuecKuM CBOMCTBaM
copOEHTaM M3BECTHBIX MTPOU3BOIUTEINECH.

[TockonbKy yriepoja - MUHepalibHble COPOEHTHI, COUETAIOT B ce0e MOPUCTYIO CTPYKTYPY
HEOPraHMYECKUX MATPHUI] C XUMUYECKONH MPHUPOJIOi MOBEPXHOCTH YTIAEPOAHBIX MAaTEPHAIIOB, HX
1es1ecoo0pa3Ho  MCMONb30BaTh KAk — XpoMaTorpaduueckuid MaTtepuan Al pasfeleHHs
GbynnepeHos.

Jlnst cuHTe3a yriiepo - MUHEpaJIbHBIX COPOCHTOB MCIONB3YIOT aBTOKJIABHBIN MeTox [4],
BBICOKOTEMIIEpATYpHBIM MHponn3 OeHszona [5], MHoOrocraguiiHyr0o 00pabOTKy IOBEPXHOCTH
HOCHTEISI XJIOPCOAEPKALMMU COEAMHEHUSIMU U MeTaHOM [6,7]. Takxke mpUMEHSIOT BBEJCHUE Ha
MOBEPXHOCTh HOCHUTENSI METAIOB, KaTATM3UPYIOIIMX o00pa3oBaHue mupoyriepona [8] u
HaHEeCEeHHUe JIeMEHTOKCUIHBIX cioeB (Ti, Zr u p.) METOOM MOJEKYJISIPHOTO HAclauBaHHs Ha
MOBEPXHOCTh CHJIMKAressl ¢ MOCIEAYIOIUM TUPOJIM30M YTIIEBOAOPOAOB [9].

ABTOpamH pa3paboTaHa METOAMKAa CHUHTE3a YIJIepoJ - MHHEPAJIbHBIX COPOCHTOB C
HCIIOJIb30BAaHUEM METOJIa XMMHYECKOTO OCaKeHus U3 razoBoit (azel (CVD- meton) [10].

B xadecTBe OCHOBBI HAaHOCTPYKTYPHUPOBAHHBIX YIJIEPOJ - MHHEPAIBHBIX COPOEHTOB
WCTIONB30BaIM  MAaKpPOMOPUCTBIA KpeMHe3eM - cujoxpoM C-120. CuHTe3 npoBOIWIM HaA
ycraHoBke, ¢ kurmsammM cioeM npu 800°C, a B KadecTBe CyOCTpaTOB HCHOJIb30BAIH
MPOMAPTUIIOBBIN U OEH3UIOBBIN cUpThl. OOpa3Ibl ¢ pa3TUYHBIM COAEPKAHUEM YIiiepoJa ObLIu
II0JIy4€HBI IIyTEM BapbUpPOBAaHUS BpeMeHU cuHTe3a (5,46 - 40 macc.% yraepoaa).

[Tony4yennsie 00pa3ibl COPOCHTOB OBUIM HMCCIENOBAaHBI B TIpoliecce Xpomartorpaduu
cmecu ¢ymiepeHoB Cq ,C79 Ha KOTOHKaX MpoTodHoro tuma, oobemom 30 mu (H:D = 30:1). B
KayecTBE DJIIOEHTA HCMOJIb30BAIM TOJYyOJ. Xpomartorpaduio MPOBOIWIM B TPABUTALMOHHOM
pexxume. Brixozsiiue 13 KOJIOHHBI pacTBOPHI aHATU3UPOBAINCH Ha cofiepkaHue (yuIepeHoOB Ha
KHUJKOCTHOM  XpoMarorpage  mapku  «Jlromaxpom» ¢ cHeKTpOodOTOMETPUUECKUM
JeTEKTUPOBAHHEM.
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[TonydeHHble yTIIepOJ - MHHEpalbHbIE COPOEHTHI OBLIM WCCIIEOBAHBI METOJIOM
CKaHMpYIOIIeH d7eKkTpoHHOW MuKpockonuu B MPI] mo nampaBnenuto "Hanotexnosmoruu" Ha
Zeiss Supra 40VP - ckanupyromem 3mekTpoHHOM Mukpockore ¢ moieBbiM (Field Emission)
KaToJoM, KoJIoHHOW 3nekTpoHHOM onTuku GEMINI u momHOCTRIO O€3MacissHHONW BaKyyMHOM
CUCTEMOM C pexxruMoM paboThl Ha HU3KOM Bakyyme (VP) (puc.1, puc.2, puc.3, puc.4).

[Ipu HaHeceHWH yriiepoJa Ha TIOBEPXHOCTh KpEMHE3eMa METOJOM XHUMHUYECKOTO
OCaXKJIeHHsI M3 Ta30BOil (a3pl Ha oOpaslax ¢ HU3KUM COJAEp)KaHHUEM YIiepojaa Halogaercs
cTpykTypa ucxoaHou matpuilsl (Puc.1, Puc.2). [Ipu yBenuuenun conmepkanus yriepoaa (6osee

10 % wmacc.) o6pa3yroTcs mukpokpuctamisl (Puc. 3, Puc.4).
Puc.1. Mcxonnslii cunoxpom Puc.2.Copbenr, 5,46% yrieposa, NpOnapriioBblii CupT

XUMHUYECKOE OCaXKJIEHUE M3 Ta30BOH (a3bl JaET BO3MOXKHOCTH MOMyYaTh COPOCHTHI IS
XpomaTorpaduueckoro paszaeneHus ¢yiepeHoB, ¢ BbIxogoM Cqy ¢ unctotoit 98 % B oTnIENbHYIO
bpakmuio 10 76 % (copOeHT ¢ ~.8% yrmepona). [lpu »ToM, mpu yBENMUYEHUH COACPKAHUS
yraepona Beime 10 % wabmrogaeTcst CHIKeHHE BbIxosa 9ucToro Cq;y B OTAEIBHYIO (PpPAKITHIO,
BEPOSITHO, CBSI3aHHOE C OOpa3OBaHUEM MHKPOKPUCTAIIMYECKHX CTPYKTYpP Ha MOBEPXHOCTH
KpeMHe3eMa, KOTOpPbhIE€ CITOCOOCTBYIOT CHJIBHOMY yaepkuBaHuio ¢ymnepeHa C;o U CHUKEHHUIO
CYMMapHOT0 BbIXoja uucToro ¢ymnepena Cs.

JIOCTOMHCTBOM METO/a CHHTE3a XMMHYECKOTO OCAXKIEHHs M3 Ta30BOW (ha3bl SBISETCS
CpPaBHHUTEIHHO HEOOIBIINE 3aTpaThl BpeMeHH (2 yaca), 4TO JENaeT €ro MPHUBJICKATEIbHBIM B
TEXHOJIOTUIECKOM IIJIaHe.

Pab6ota Bemonnena npu noaaepxke PODOU (mpoext Ne 09-03-00350-a)
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CARBON-MINERAL SORBENTS FOR THE CHROMATOGRAPHIC
SEPARATION OF FULLERENES

0O.Krokhina, V.Postnov

Saint-Petersburg State University Chemical Faculty, Saint-Petersburg, Russia

The ability of using the nanostructural carbon-mineral sorbent as the sorbent for separation mix
of fullerenes Cg/C7y are shown. This sorbents combine porous structure of inorganic matrixes
(silica) with the chemical nature of a surface of carbon materials. Some methods of drawing of

carbon on a surface matrix were investigated.
In the course of separation of fullerenes by liquid chromatography, with carbon-mineral sorbents as a stationary
phase, the fractions have been obtained: fullerene Coo with purity of 99 %; Cy - 98 %.

MEXAHU3MbI IMEPBUYHOI'O CEHCOPHOI'O KOIUPOBAHUS B
MEMBPAHE HOIMUIEIITUBHOI'O HEHPOHA: CO3JJAHUE
HEOIIMOUJIHOI'O AHAJIBI'ETUKA «AHOLEIITHUH» n
«XOJIOJHOT' O» JIABEPA NH®PAKPACHOI'O JAUAITA3OHA
«KAMEPTOH» UISA KYIIMPOBAHUSA BOJIN

Kpsuios b.B.

HUnemumym ¢uzuonocuu um. U.I1.11asnoea PAH, Canxm-Ilemepoype, Poccus

Kaxnp1ii WMOHHBIH KaHad BBIMOJHSAET CBOIO (YHKIMIO B IpOIEcce IMEePBHYHOTO
ceHcopHoro koaupoBanus [Somjen, 1972; Krylov, Makovsky, 1978; Akoev et al., 1988; Krylov,
2002]. B orHomeHnM MeMOpaHBl HOIMIENTHBHOTO HEHpPOHAa CyTh HAIIETOo HCCIIEeIOBAHUS
3aKIJIIOYAETCSl B TOM, YTO PSIJi ar€HTOB, MPUMEHEHHBIX B YPE3BBIYAHO HU3KUX KOHIIEHTPALIMIX
(umum  2Heprusix) crnoco0eH MOJYJUPOBaTh MOTEHLUUATOYYBCTBUTEIBHOCTh  MEIJIEHHBIX
HATPUEBBIX KaHAJIOB. OTH MeEXaHM3Mbl OOHApy)XeHbl Onaromaps MoAM(HUKAIMK MeEToJa
JIOKaJIbHOM (PMIKCALMU TOTEHIIMAA, YyBCTBUTEILHOCTh KOTOPOTO, KaK U3BECTHO, OYEHBb BBICOKA
[KpbioB u np., 1999]. Hamu Taxke Obljia OCYyIIECTBIICHA yJaadHasl MOIBITKA BBIICHEHUS POJIH
TOM MOJIEKYJISIPHOM CTPYKTYpbI, KOTOpas y4dacTBYEeT B TpPaHCAYKIMHM CUTHajla B MeMOpaHe
HOIIMIIETITUBHOTO HelpoHa. OObyHO 3Ty (yHKIMIO BHIMONHSIIOT G-Oenku. B uccnemyemom
CEHCOpPHOM HeWpoHe (GYHKUIMIO TPAaHCIYKTOpa CHUTHANA, T.. CTPYKTYpHI, IMepenaromend u
YCUJIMBAIOIIUN CUTHAT MEMOpPaHHBIX PELENTOPOB, MOXKET BBIMOIHITH OJHA H3 u3odopm Nat,
K+-AT®a3wr [KpbutoB u ap.,1999]. Panee Obuin paccMOTpeHBbI MOIXOJbI K BBISICHEHUIO POJIU
MEMOpaHHBIX HOHHBIX KaHAJIOB B IpOLIECCe MEPBUYHOIO CEHCOpHOro konaupoBanus [Krylov,
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2002]. IIpu 3ToM OBLITIO OTMEUYEHO, YTO 0cO0YI0 (PYHKIIMIO B 3TOM MPOLIECCE JOJKHO BBIMOIHATH
B3alMOJIeicCTBE MEMOpaHHBIX PELENTOPOB U MEMOpaHHBIX MOHHBIX KaHajoB. B oTHomeHuu
HOLIMIENITUBHOW CHUCTEMBI YAaloCh OOHAPYKUTh PELENTOP-OMOCPEAOBAaHHBIH U TPaHCIYKTOP-
OTIOCPEIOBAaHHBI MEXaHU3Mbl MOJYIALMUA BO30YAMMOCTH MeMOpaHbl CEHCOPHOTO HEHpOoHa.
W3BecTHO, 4TO MeUIeHHBbIe HaTpueBble KaHaibl (Navl.8) OTBeTCTBEHHBI 32 BO3HHUKHOBEHHE
OoseBoro omrymeHus Ha cucteMHoM ypoBHe [Gold et al.,1996]. bnarogaps paszpabotanHOMY
HaAaMH METOAY OIEHKH >(PQPEKTHUBHOTO 3apsijia AaKTHBALMOHHOTO BOPOTHOTO YCTpPOMCTBa
MEJIEHHBIX HATPUEBBIX KaHAJIOB OB BBIICHEH MEXAaHM3M BIUSHUS MEMOpaHHBIX PELENTOpPOB
Ha TIPOLECC HWMMYJIbCHOTO KOJMPOBAHUS HOLMIENTUBHOW uH(popmanuu. Hamu Obuta
oOHapy)XeHa CBSI3b MEXIY MEJUICHHBIMH HATPUEBBIMU KaHalaMH M ONHUOMI0NOJ00HBIMU
MEMOpaHHBIMHU pPELENTOpaMH, MPUYEM OTIMYUTEIHHONH OCOOCHHOCTBIO 3TOr0 MEMOpPaHHOIO
MeXaHu3Ma SIBIJIOCH BbIONTHeHHE Na+, K+-AT®daz0if QyHKIIMU TpaHCAYKTOpa CHTHaja. JTa
HOBas TPaHCAYKTOpHas (YHKIMs HATPUEBOI'O Hacoca Obula oOHapyKeHa Takke U B MeMOpaHe
kapaunomuonutoB [Xie, 2001]. B pe3ynpTaTe CIOXWUIOCH HOBOE HANpPAaBIIEHUE HCCIIEIOBAHUM.
Ilepenaua curnana oT TpaHCIYKTOpa Ha TeHoM Oiaronaps aktuBaun MAP-k1Ha3HOM crcTeMbl
3acTaBJsieT UCCIE0BaTh (PU3MOJOTUYECKHE MOCIEICTBUS aKTHBAIlMU YKAa3aHHOTO KAacKaJHOTO
mpouecca A KJIETOK Pa3JIMYHBbIX TKAaHEH, a HE TOJIbKO B OTHOIIEHWH HEPBHBIX KIETOK WIH
KapaAuoMUOIMTOB. C MOMOIIBI0 METOJla OPraHOTUIMYECKOW KyJNbTYpbl TKaHU HCCIEIyeTcs
MMEHHO 3Ta TPAaHCAYKTOpHas (yHKUMs pazauuHbix n3opopMm Na+, K+-ATdazsl psna Tkanei
[Jlonatuna u ap., 2008; Ilennusiinen u np., 2008]. Oka3zanoch, 4TO aKTUBAIMS TPAHCAYKTOPHOMN
(YHKIIMM HATPUEBOTO Hacoca NMPUBOIUT K MOAYJALMHU HPOLECCOB Mpoiudepanuu U pocra
SMOpPUOHANIBHBIX KJIETOK pa3inyHbIX TKaHed. Takum oOpa3oM, pa3paboTaHHbIE HAMU MOJXOJbI,
OCHOBAaHHBIE TJIABHBIM 00pa3oM Ha MeToJax JIOKAIbHOM (QUKcaluu MOTEHIHada |
OpPraHOTUIMYECKOTO KYJIbTHUBHUPOBAHUS, IO3BOJIAIOT I0-HOBOMY MOJOWTH K mpobieme
KOAUPOBAaHUS HOLMIENTHBHBIX CHUTHAJIOB. YMEHBUIEHHE IOTEHLUATOYyBCTBUTEIBHOCTU
MEJJIEHHBIX HAaTPHEBBIX KAHAJIOB BCJEACTBHE AKTHBAI[MM MEMOpPAaHHBIX PELENTOPOB CHHKAET
4acTOTY NOBTOPHBIX OTBETOB HOLMIIENITUBHOIO HEHpOHA. DTO, B CBOK OYEPE]b, IPUBOJUT K
KyIUpOBaHUIO 0O0JIEBOTO CHHIpOMa pa3inuuHoil stuonoruu [KapsimoBa u np.,2008]. Ha stom
MEXaHU3ME OCHOBAHO JIEHCTBME pa3padOTAaHHOIO HAMM HEONHOMJHOTO  aHAJIreTHKa
«AHOLENTHH», YCHEIIHO NpOoIIeauIero TMepBylo ¢a3zy KIMHUYECKUX HCCIEAOBaHUN C
paspemienuss denepanbHoi ciayxObl MO HAaA30py B cdepe 3ApaBOOXpAaHEHHS M COLUAIBHOTO
pazButus N 185 ot 03 05.2007 roga. Coxeprkarasicss B HEM KOMEHOBasl KHCIIOTa, CyOCTaHIIUS
HEMENTUAHON MPUPOJbI, AKTUBHUPYS COOTBETCTBYIOLIMM MeMOpaHHBIN pelenTtop, 3amycKaer
MEXaHM3M CHIKEHUS! MOTEHIMAJIOUyBCTBUTEIBHOCTH MENJICHHBIX HAaTPUEBBIX KaHAJIOB. DTOT
MEXaHU3M MOXKET ObITh 3alyIIeH U JPYTUM CIOco0OM, Onarojaps akTMBALlUU TPAHCIYKTOPHOM
¢byakun Na+, K+-AT®a3pl HU3KOMHTEHCUBHBIM (HE W3MEHSIOIIUM TeMIlepaTypy MeMOpaHbl)
undppakpacupiM (MK) nazepHbiM u3nydeHneM. MeToJIOM JIOKaJbHOM (HUKCAllMU TMOTEHIIHANA
HaMH OBIJIO KCCIIEIOBAHO B3aMMOJICMCTBHE HU3KOMHTEHCHUBHOTO wm3nydeHus CO,—maszepa ¢
MeMOpaHO#l KyJIbTUBUPYEMBIX JHUCCOLUHPOBAHHBIX HOIMLENTHBHBIX HEWPOHOB CIMHAIBHBIX
TaHIJIMEB KpPBICBL. YCTaHOBJEHO, 4YTO  HHU3KOMHTeHCcHBHOe WK-u3nydenwe  ymeHbllaer
MIOTEHLUAJIOYyBCTBUTEIbHOCTh  aKTHBAIMOHHOTO  BOPOTHOTO  YCTPOMCTBA  MEIJIEHHBIX
HaTpueBbIX KaHanoB (Na,1.8), npuuem yabauH, 6J10KaTOp Kak HACOCHOM, TaK M TPAHCAYKTOPHOM
¢ynkuun Na', K'- AT®asbl, ycTpaHseT OeWCTBUE H3NydeHHs. MOJEKYJSIPHBIA MeXaHH3M
B3aumojecTBuss m3nmydeHus: CO,—mazepa ¢ MeMOpaHOM 53TOTO CEHCOPHOTO HEHpOHa,
3anyckaercsi nornomeHneM  WK-  wm3nyuenus  wmonekynamu  AT®. BzaunmonelictBue
Kose0aTesbHO-B030yk1eHHbIX MoJekyn AT® ¢ Nat+, K+-ATdazoi, comnpoBoxaaemoe
ruapoan3oM Mojekyn AT®, npuBoAMT K aKTUBAUMU TpaHCAYKTOpHOH ¢yHkimum Na', K'-
AT®a3p1, 4TO, B CBOIO OUEPE/lb, ABIACTCS MPUYNHONW CHUKEHHS MOTEHIIMATI0YyBCTBUTEIBHOCTH
MEUIEHHBIX  HAaTPUEBBIX  KaHAJIOB. OJTOT MEXaHM3M, OTJIMYAIOIIMKCA  BbICOYaiIen
YYBCTBUTEIBHOCTHIO, MO3BOJISIET OOBSICHUTD «HETEIIOBOE» B3alMOJIeIicTBHE
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HuzkouHTeHCUBHOTO UK-m3nmydenus ¢ memOpaHodt ceHcopHoro Heiipona. CormacHo
MOJIYYCHHBIM JIAHHBIM,  AHTHHOIMIICTITUBHAS PEaKIUs MeMOpaHbl CEHCOPHOTO HEWpOHa
BO3MOKHA JIUIIh B OTHOCUTEIHHO Y3KOH 00JaCTH SHEPTUu MaJaroliero Ha MeMOpaHy U3IydeHHs
CO,-nazepa, KOoTOpasi B HAIIMX JKCIMEPUMEHTAIBHBIX YCIOBHSIX COOTBETCTBYET JHAIa30HY OT
3.05x10"® JIx (163 dorona) no 3.41x10"7 JIx (1824 ¢orona). DTh JaHHBIE YKa3bIBAIOT HA TO,
9TO CYMECTBYIOT JBa TOPOTOBBIX OIPAHWYCHHS XapPaKTECPUCTHK MEIUIIUHCKOTO W3S,
KOTOPOE MOKET OBITh MPUMEHEHO B (u3uoTepanuu AJs KyNUPOBAHHS XPOHUUYECKOH Oonu
[Topobernr m ap., 2010]. OgHO OrpaHMuYEHHE OMPEACNSIETCS MOPOTOBONM UYYBCTBUTEIHHOCTHIO
MeMOpaHbI HelipoHa k neicTButo UK-u3nyuenus, a ipyroe — TemrepaTypoi ero MeMOpaHsbl, Ipu
KOTOpOW HaOJI0/1aeTCsd yCWJICHHE HOIMIICTITUBHOTO OTBETa. JTH OCOOCHHOCTH OBLIM YYTCHBI
HAMU TIPU CO3JAaHUHM METUITMHCKOTO JiazepHoro mpubopa «KamepTon», KOTOpbIi o0ecrieunBaeT
aHasreTHueckud  3pdext mnpu  (U3MOTEpaneBTUUECKOM JIEYEHHM psja  IaTOJIOTHH,
COTIPOBOXKAAFOIIUXCS XPOHUYECKOH OOJIBIO.
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MECHANISMS OF PRIMARY SENSORY CODING OF THE NOCICEPTIVE NEURON
MEMBRANE: CREATION OF NON-OPIOID ANALGESIC “ANOCEPTIN” AND
“COLD” INFRARED LASER “CAMERTONE” FOR PAIN RELIEF

Krylov B.V.

LP.Pavlov Institute of Physiology, Russian Academy of Sciences, St.-Petersburg, Russia

Slow sodium channels (Na,1.8) play crucial role in regulating the excitability of nociceptive
neurons and, consequently, behavior of nociceptive sensory system. We report here that voltage
sensitivity of these channels resulting in the changes of effective charge transfer of their
activation gating system is under the control of newly found opioid-like receptors. It is well-
known that opioids act via receptors associated with G-proteins. Our data led to the alternative
hypothesis that there is an interaction between new opioid-like receptors, Na, K'-ATPase which
(but not G-proteins) is involved in this process as a signal transducer, and the activation gating
machine of the Na,1.8 channels. We demonstrate that comenic acid is a potent and highly
selective modulator of this signaling system due to its ligand-receptor interaction with an opioid-
like receptor. Ionic mechanism of ceasing of impulse firing of nociceptive neuron membrane is
based on the decrease of the value of effective charge transfer of Na,1.8 channels. The pre-clinic
tests of comenic acid as a pharmacological substance of the new non-opioid analgesic
“Anoceptin” and tests of low-power infrared laser “Camerton” were very effective in clinics for
chronic pain relief without negative side effects.
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NANOSTRUCTURES ON LAYERED MATERIALS: FIB FABRICATION
AND PROPERTIES
Yu.l. Latyshev

Kotelnikov Institute of Radio-Engineering and Electronic RAS, 125009 Moscow, Mokhovaya 11-
7, Russia

Many highly anisotropic conducting materials can be considered as a vertical stack of
atomically thin metallic layers separated by insulating layers. They have metallic in-plane
conductivity and tunneling type of the out-of-plane conductivity. At relatively high temperatures
some of them can undergo phase transitions to superconducting or charge density wave ground
state with long range order coherence, others, like thin graphite accumulate some features of
graphene single layers with massless carriers of extremely high mobility. Those layered
materials are considered as a basic for a new generation of nanoelectronic devices.

Last years we developed FIB technique for a fabrication of nanostructures to study quantum
coherence in those materials. The first type of structures, so-called mesas, has been used for
interlayer tunneling spectroscopy of the energy gap and the subgap excitations in the condensed
states of these materials. They became also the basic structures for the exploration of intrinsic
Josephson effects in layered high temperature superconductors. We describe different methods
for mesas fabrication using FIB as well as demonstrate their unusual transport properties.

Fig.1. The stages of double sided FIB processing technique for fabrication of mesa type structure on thin single
crystal of Bi;Sr,CaCu,Os.x (a, b, ¢) [1]. SEM picture of mesa structure (d).
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Fig. 2. Demonstration of DC (a) [1] and AC (b) [2] intrinsic Josephson effects on Bi.Sr,CaCu,Og:x mesa-type
structures. (a): Fraunhofer type dependence of the mesa critical current on parallel magnetic field corresponds to
periodicity of flux quantum per elementary Josephson junction, (b): peaks on the differential IV-characteristics of
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the mesa under microwave irradiation =100 GHz correspond to modified Josephson relation V=Nnhf/(2¢) with N
the number of the intrinsic junctions in the mesa.

Another type of nanostructures containing nanoholes has been developed for studies of the
quantum interference effects of Aharonov-Bohm type in the ultrathin NbSe; and graphite. The
nanoholes have been produced by irradiation with heavy ions or by using FIB technique.
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Fig. 3. Nanohole with diameter 24 nm fabricated on nanothin single crystals of graphite by heavy ions irradiation
(left panel). Aharonov-Bohm-type oscillations of magnetoresistance on nanothin graphite samples with nanoholes
[3]. The period of oscillations corresponds to flux quantum /Ac/e per nanohole (right panel).

The work have been supported by RFBR grant No 11-02-01379-a, program for fundamental
researches of presidium RAN No 21 and the state contract No 16.740.11.0146.

[1] Yu.I. Latyshev, “Interlayer tunneling in stacked junctions of high temperature superconductors, CDW materials
and graphite”, In a book Electron Transport in Nanosystems, ed. by J. Bonca and S. Kruchinin, Springer, 2008, pp.
155-177.

[2] V.N. Pavlenko, Yu.l. Latyshev, J. Chen, M.B. Gaifullin, A.V. Irzhak, S.-J. Kim, P.H. Wu, "Collective responses
of Bi-2212 stacked junction to 100 GHz microwave radiation under magnetic field oriented along the c-axis", JETP
letters, v.89, p.291-294 (2009).

[3] Yu.l. Latyshev, A.Yu. Latyshev, A.P. Orlov, A.A. Schekin, V.A. Bykov, P. Monceau, C. van der Beek, M.
Konczykowski, I. Monnet, “Field-periodic magnetoresistance oscillations in thin graphite single crystals with
columnar defects”, JETP Lett., 90, 480-484 (2009).

HAHOCTPYKTYPbI HA OCHOBE CJIOUCTBIX MATEPHUAJIOB: IIOJTYYEHHE C
IHOMOIBIO POKYCHPOBAHHBIX NHOHHBIX ITYYKOB 1 CBOUCTBA

IO.. Jlatelmes

HUncmumym paouomexnuxu u snexkmponuxu um. B.A. Komenvnuxosa PAH, Moxosas 11-7,
125009 Mockea, Poccus

MHor#e CuIIbHO aHH30TPOIIHBIC MPOBOASAIINE MAaTEPUAIIbI TPEACTABISIOT
MOCJICIOBATEIBHOCTh YePEIYIOLIMXCSI AaTOMHO-TOHKAX METAJUTHUECKUX W U30JIHUPYIOIINX CIIOCB.
OHH UMEIOT METAITMYECKYIO TIPOBOAMMOCTD B INIOCKOCTH CIIOEB M TYHHEJIBHYIO - ONEPEK
cioeB. [Tpu 70CTaTOUHO BBHICOKUX TEMIIEpaTypax HEKOTOPHIE M3 HUX MPETEPIIEBAIOT (a30BbIe
HEPEXO0/Ibl B CBEPXITPOBOJISIIEE COCTOSIHUE WITH COCTOSIHUE C BOJTHOM 3apsi/I0BOi INIOTHOCTH,
ApyrHue, Kak, HalpuMep, TOHKHH rpaduT, MpOsBISIIOT CBOMCTBA Tpadena, 00J1a1aro1iero
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0€3MacCOBBIMU HOCUTENISIMU C OUY€HBb BBICOKOUM MOBUKHOCTHIO. DTH MaTepHAIIbI
paccMaTpuBaOTCS KaK OJTHU U3 OCHOBHBIX JIJISl CO37aHUsI TPHUOOPOB HAHODJIEKTPOHUKHA HOBOTO
ITOKOJICHUS.

B nocnegnee Bpemst HaMu pa3BUBaAIach TEXHOJIOTHS MOTYUYSHUSI HAHOCTPYKTYP C
UCTIONIb30BaHUEM (HOKYyCHPOBAHHBIX HOHHBIX My4koB (FIB) mist nuccnenoBanust KBaHTOBOM
KOTE€PEHTHOCTH ATUX MaTepuanoB. CTPYKTYphI THIA «ME3bD» UCIIOIH30BAIUCH JJISI MEKCIIOEBOM
TYHHEJIBHOM CHEKTPOCKONHMH KOHJAEHCUPOBAHHOI'O COCTOSIHUS B 3TUX MaTepuaiax. ITH
CTPYKTYpPBI CTaIM TaKke 0a30BBIMHU I UCCIIEIOBaHMs BHYTpeHHUX 3P dekToB J[>xo3edcoHa B
CIIOUCTBIX BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOJIHUKAX. MBI OMHUIIIEM HECKOJIBKO CIIOCOO0B
MMOJIYUYEHHS ME3 C UCIIOJIb30BanneM FIB u npouimrocTpupyeM X HEOOBIUHELIE CBOMCTBA.

Puc.1. Cragun nomydenust Me3bl Ha TOHKOM Kpuctaiie Bi,SroCaCu,Os:x ¢ TOMOIIBIO ABYCTOPOHHETO TPABJICHUS C
ucnoip3oBanueM FIB (a, b, ¢) [1]. SEM-u3o6paxenune me3sl (d).
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Puc. 2. JlemoncTparus cranponapaoro (a) [1] u Hecrarmonapsoro (b) [2] adhdexror Ixo3edcona Ha mese u3
Bi,Sr:CaCu,0s:y. (a): PpayHrodepckas 3aBUCUMOCTb KPUTHYECKOTO TOKA ME3bI OT MAapaJUIEIbHOI0 MArHUTHOTO
T10JId € IIEPUOA0M, COOTBETCTBYIOIIIMM KBAHTY MarHuTHOT'O ITIOTOKa Ha 3HeMeHTapHBIﬁ )I)I(O?)eq)COHOBCKI/Iﬁ Mepexoa.
(b): Iuku Ha auddepeHInaIbHON BOJIBT-aMIEPHOI XapaKTepUCTUKE Me3bl TIpH Bo3aeiicTBur CBY-u3mydenust
gacroroit =100 I'Tu. [ToroxkeHue MUKoB 1m0 V COOTBETCTBYET MOAM(PHUINPOBAHHOMY COOTHOMIEHHIO [Iko3edcona
V=Nnhf/(2e), rae N 4ncio 37eMeHTapHBIX IEPEX00B B ME3e€.

Jlpyroi THII HAHOCTPYKTYP, CTPYKTYpPbI C HAHOOTBEPCTUAMH, ObLIT pa3paboTaH At
uccienoBanuit 3ppexToB kBaHTOBOM MHTEephepeHnnu tuna 3gdexra AapoHosa- boma Ha
yIABTPATOHKUX KpucTauiax NbSe; u rpagura. HaHOOTBEpCTHS MOITYyYAINUCh C TIOMOIIBIO
00ydeHus TsDKEJIBIMH MOHAMH WIIH ¢ UCTiob3oBanueM FIB.
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Puc. 3. AFM-u300pakeHre HAHOOTBEPCTHUS C AUAMETPOM 24 nm Ha TOHKOM rpaduTe, IMOITyUYSHHOTO 00IydeHHEM
TSOHKEITBIMU HOHAMH (JieBast maHeb). OCIMUISAIUN MarHeTOCOPOTUBIICHNUS THIla AapoHoBa-boma Ha TOHKHX
MOHOKpHCTaJUIax rpaduta, comepxanmx HanootsepeTus [3]. Ileproa ocummIsAImiA COOTBETCTBYET KBAaHTY
MarHUTHOT'O TIOTOKA Ha /ic/e Ha ILIoNIaab OTBEPCTHS (1IpaBas MaHeb).

Pabora nonnepxana rpantoMm PODU Ne 11-02-01379-a, nmporpammoit hyHIaMEHTATBHBIX
uccnenoanuii [Ipesuguyma PAH Ne 21 u roc. kontpakrom Ne 16.740.11.0146.
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NEXT GENERATION IN LSM DETECTOR TECHNOLOGY IN COMBINATION
WITH SUPERRESOLUTION

Jorg Lindenau

Carl Zeiss Microlmaging GmbH, Carl-Zeiss-Promenade 10, 07745 Jena, lindenau(@zeiss.de

The LSM 780 is designed to combine an innovative light efficient beam path with a confocal
detector of the next generation, providing ultimate sensitivity. The heart of LSM 780 is the new
GaAsP spectral array detector with Peltier cooling. Considering that the sensitivity of standard a
PMT drops from the green to the red part of the spectrum, the GaAsP detector fills this gap
perfectly by offering double the quantum efficiency in the green/orange range of the spectrum.
At the red end of the spectrum a Peltier cooled PMT provides an improved performance as well.
In conclusion the Quasar detection unit of the LSM 780 is designed in such a way that each part
of the visible spectrum (371-758 nm) is covered by the most sensitive detector. For the blue part
of the spectrum a conventional PMT provides the best quantum efficiency. The green/orange
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range is covered by the cooled GaAsP array detector. Finally the red part of the spectrum is
covered by cooled PMT.

Elyra SP 1 is a superresolution microscopy system, combinig structured illumination microscopy
(SR-SIM) with single molecule localisation microscopy techniques (PAL-M and dSTORM). For
SIM, a periodic pattern is projected into the specimen plane leading to moiré fringes and
therefore improving

resolution by capturing high-frequency information of the sample. SIM allows a resolution of
100 nm (xy) and 250 (z). PAL-M and dSTORM rely on the localization of single fluorescent
molecules per time. To obtain spatially resolved images, cycles of illumination-detection-
bleaching are used. Here, resolution is only limited by statistical significance and values below
20 nm are possible. Combined on one microscope stand the LSM 780 and the Elyra SP 1 the
system provides a most flexible system, offering superresolution and utmost sensitivity.

HOCJIEJHEE ITOKOJIEHUE CUCTEM JETEKIHNMH B JIABEPHBIX
CKAHUPYIOLIUX MUKPOCKOIIAX U CUCTEMA
CBEPXBBICOKOI'O PASPELIEHUA.

Jorg Lindenau
Carl Zeiss Microlmaging GmbH, Carl-Zeiss-Promenade 10, 07745 Jena, lindenau@zeiss.de

B naszepHoMm ckanmpyromem Mmukpockorne — LSM780 coderatoTcsi yCOBEpIIEHCTBOBAaHHAS
OINTHYECKAasi CUCTeMa M KOH(OKAIbHBIM NETEKTOp MOCIEAHEr0 IMOKOJeHUs, 00ecreunBaromnit
HEMPEB30MICHHYI0 UYYyBCTBUTEIBbHOCTh. KitoueBas neranb MUKpockona — HOBbIM GaAsP-
CIEKTPAJIBHBIM AETEKTOp ¢ cucTeMoil oxnaxiaeHus llenpre. Kak u3BecTHO, 4yBCTBUTENBHOCTH
CTaHJIAPTHBIX (POTOYMHOXKHUTENEH CHUXKAECTCS MO0 MEPE YBETUUEHHUS JJIMHBI BOJHBI OT 3€JI€HOM K
KpacHO# yactaM cnekTtpa. GaAsP nerekrop, obnamas BaBoe OONbIICH YYBCTBUTEIBHOCTHIO B
JMana3oHe JUIMHHBIX BOJIH, YCTPAHSET 3TOT HEAOCTATOK.

. BJIoK NeTeKTOpOB CKOHCTPYHPOBAaH TaKUM OOpa30M, YTO KaxK[as 4acTh BUIAMMOIO CIIEKTpa
(371-758 BM) aHanmm3upyeTcs HanbOojee YyBCTBUTEIHHBIM MMEHHO B TOM JUAIa30HE THUIIOM
natynka. B cuHedl uwacTu crekTpa HauOOJNbIIeH YYyBCTBUTEIBHOCTBHIO 00JIaAal0T OOBIUHBIC
(hoTOYMHOXKHUTENH. 3eIeHas U OpaH)KeBasi YaCTH aHATU3UPYIOTCs MaccuBoM GaAsP- matumkos, a
KpacHas — OXJIKJAeMbIMU (DOTOYMHOXKHUTEIISIMHU.

Elyra SP 1 — cucrema CBEpXBBICOKOTO pa3pelieHHs] B MUKPOCKOIUHU, COYETAOIIas MPUHITUT
CTpykTypupoBaHHoro ocBemieHuss (SR-SIM) ¢ TexHojorueid BU3yalM3allud €IUHUYHBIX
Monekys (PAL-M u dSTORM). [IpuHium cucteMbl CTPYKTYPUPOBAHHOTO OCBEIICHHSI COCTOUT B
MPOSKIIUKA HU300paKEHHsI OMPEIESIICHHOTO IMA0IoHa B IUIOCKOCTh O0pasia, 4YTO BBI3BIBAET
MOSIBJIICHHE MHTEP(EPEHIIMOHHBIX MOJIOC U YIIyYIIaeT pa3pelieHne 3a cueT NOodydeHHs O0IbIIero
KoJinyecTBa nHpopManuu u3 obpasna. CTPyKTypUpOBAHHOE OCBELICHHE IMO3BOJISET MOIYYUTh
M300pakeHHs C JIaTepaibHBIM paszpenieHueM 10 100 M u 10 250 HM 110 ocu Z.

Metonuku PAL-M u dSTORM ocHOBaHBl Ha OMNpENEICHHH JOKAIM3AIUHA EIUHHUYHBIX
(GII0OpECIUPYIOMUX MOJIGKYJ BO BpeMmeHH. [l monydeHuss H300pakeHUs ¢ OOJbIIUM
JaTepaibHbIM paspenieHueM HCIIONB3YIOTCA LUKJIbI «OCBELICHHE- JETeKIUS-
doroorOenuBanue». B 3TOM cioyyae paspelieHHE OTpaHMYEHO TOJBKO CTATUCTHYECKOM
JIOCTOBEPHOCTBIO U TocTUraeT 20 HM.

Coueranre B OJHOM CHUCTEME JIa3€pHOr0 CKaHupyromero mukpockona LSM 780 u cuctemsl
CBEPXBBICOKOI'O pa3peLICHUs Elyra SP 1 mno3Bonser peanu3oBaTh UIMPOKHNA CIIEKTP
HCCIIEA0BAHUI C HEMPEB30MACHHBIM Pa3pEICHUEM U YyBCTBUTEIBHOCTBIO.
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AHAJIN3 CTPYKTYPbI CUHAIICOB HA CYBKJIETOYHOM YPOBHE
nPHU IMMOMOIIH ITEPEAOBBIX

QJIEKTPOHHO MUKPOCKOIIMYECKHUX METO/10B
NCCIEJOBAHUIl U CUCTEM KOMIIBIOTEPHOI'O
MOAEJIUPOBAHUASA

Hoaxum JTro6xke

Uccneoosamenvckuil yenmp FOnuxa, Unemumym Hetipoouonocuu u Meouyunul, I'epmanus

I'pynnma "CtpykTypa KOpPTHKalIbHBIX MHKpOCXeM'" UCCIENyeT CTPYKTYpHbIE H
(GyHKLIHMOHAJIbHBIE AaCMEKThl CHHONTHYECKOH Imepenaud M IJIACTUYHOCTH B HOPMANbHBIX U
MATOJIOTUYECKH M3MEHEHHBIX TKaHSIX MO3ra, HAauMHas C YPOBHsS HEWPOHHOH CETHU U 3aKaHYMBAas
peuenTopHbiM ypoBHEM. C NOMOIIBIO 3JIEKTPOHHO-MHUKPOCKOIMYECKUX METOIOB BBICOKOIO
KJlacca U TOCJIENYIOIIEro KOMIbIOTEPHOTO KOJMYECTBEHHOIO aHalIM3a Mbl M3ydaeM KIIIOYEBbIC
AJIEMEHTHI B TPAHCIYKLMU U MOJYJISIIUN CUTHAJIOB OT CHHAIICOB B PA3JIMYHBIX OTAEIaX MO3ra.

EnvHCTBEHHBIM METOJOM aHajdu3a U KOJUYECTBEHHOM OLIEHKH CTPYKTYpPbl CHHAIICOB
ABNsieTcd NoapoOHass 3D-pekoHCTpyKLus CTPYKTypbl Ha OCHOBE LU(POBBIX 3JIEKTPOHHO-
MHUKpPOCKOIIUYECKUX H300paKeHU Ccepuu YIbTPAaTOHKHX cpe3oB. B wactHocTH, yaensercs
OomblIOe  BHUMAHUE  MapaMeTpaM,  XapaKTepU3YIOLUIUM  CTPYKTYPHYIO  KOPPEJISLUIO
CUHOIITUYECKON IMepeayu U IUIACTUYHOCTH, TAKUM KakK KOJMYECTBO, pa3Mep U paclpe/eicHue
aKTUBHBIX 30H, pa3Mep W OpraHM3alus pas3In4HbIX IYJIOB CHHONTHYECKUX ITy3BIPHKOB
(HEeTOCPECTBEHHO pealn3yeMblil My, MyJl peUUKINHra U pe3epBHbIN myi). Co3aaHue peanbHOM
MOJIETIM C aJICKBaTHOW Iepefadyell CTPYKTYPHBIX M KOJIMYECTBEHHBIX IAaHHBIX, KOTOpas MOKET
OBITh MCIIOJIE30BAHbI [Tl YUCICHHOTO MOJICIIMPOBAHUS PA3IMYHBIX TAPAMETPOB CHHONITUYECKOM
nepeaayd U IUIaCTUYHOCTH - 3TO €JUHCTBEHHBIH CIIOCOO OnMucaTh CHUHAICHI B TaKUX JETaJX,
KOTOpBIE paHbllie ObLIIM HEJOCTYIHBI HKCIIEPUMEHTAIBHO.

Kpome Toro, Obuta ucnosib3oBaHa MOArOTOBKa o0OpasuoB MmeronoM'"Freeze Fracture
Replica" B coderaHun ¢ BBICOKOUYBCTBUTEIbHBIM OJHOKPAaTHBIM MM MHOTOKpPAaTHBIM
UMMYHHBIM  OKpallMBaHUEM 30J0TOM JUIsl HCCIENOBaHUS M  YHMCIEHHOTO IOJIyYeHUs
OTHOCHUTEJILHOTO COJEP:KAHUS, IUIOTHOCTH M BO3MOXKHBIX MECT COBMECTHOM JIOKaJIU3aLUu
rnyramata U1 [AMK-penentopoB M HX CyObEOUHMII B 30HaX AaKTUBHBIX CHHANCOB. OTH
pELEenTopbl, COBMECTHO CO CTPYKTYPHBIMU IapaMeTpaMM, TaKUMHU Kak pa3Mep, KOJIMYECTBO U
pacrpeelieHne akTUBHBIX 30H, pasMep M OpraHu3alus IIyJIOB CHHONTHYECKUX ITy3bIPHKOB
SIBIISTIOTCS peIIaloNIMMU (haKTOpaMH HE TOJBKO Il BO3OYKICHHS, HO TaKXkKe /Ui 00eCTieUeHHS
CHUHOITUYECKON Iepelauy U IUIACTUYHOCTU B TKAHAX MO3Tra.

KonunuectBennsie 3D-peKOHCTPYKIMK U "OTHEYATKN PELENTOPOB" CHHAICOB MO3BOJISIOT
HanpsIMyl0 CPaBHUTb CTPYKTYPHBIX (YHKLIMOHAJIbHBIX AaCHEKTOB CHHONTHUYECKOH mepenauu u
TUTACTHYHOCTH, YTO BEZJET K ropaszio 0osee riry0bOKoMy NOHUMaHHIO (PYHKIMI HEHPOHHBIX CeTel
B HOPMAJIbHBIX M NTATOJOTMYECKH U3MEHEHHBIX TKaHIX MO3ra.

ANALYSIS OF SYNAPTIC STRUCTURES AT THE SUBCELLUAR
LEVEL USING HIGH-END ELECTRON MICROSCOPY AND

MODELING
Joachim Liibke
Institute of Neuroscience and Medicine INM-2, Research Centre Jiilich GmbH

The group “Structure of cortical microcircuits” is interested in structural and functional aspects
of synaptic transmission and plasticity in the normal and pathologically altered brain from the
network down to the receptor level. Using high-end electron microscopic techniques and
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subsequent computer-assisted quantitative analysis we investigate the key elements in the
transduction and modulations of signals from the sensory periphery, structures called “Synapses”
in different regions of the brain.

To describe synapses in sufficient detail 3D-reconstructions based on serial ultrathin
sections and digital electron microscopic images is the only way to analyze and quantify these
structures. We particularly focus on parameters representing structural correlates of synaptic
transmission and plasticity such as the number, size and distribution of active zones (transmitter
release sites) and the size and organization of the different pools of synaptic vesicles (readily
releasable, recycling and reserve pool). This is the only way to describe synapses in such details
to provide adequate structural and quantitative data for realistic structural models that can be
used for numerical simulations of various parameters of synaptic transmission and plasticity still
inaccessible to experiments.

Furthermore, we use “Freeze Fracture Replica” preparations combined with high-
sensitive single or multiple postimmunogold-labeling to investigate and quantify the abundance,
density and possible co-localization of glutamate and GABA-receptors and their subunits at
active zones of synapses. These receptors, together with the structural parameters such as the
size, number and distribution of active zones and the size and organization of the pools of
synaptic vesicles are critical factors not only for the induction but also for the maintenance of
synaptic transmission and plasticity in the brain.

The quantitative 3D-reconstructions and “receptor fingerprints” of synapses will allow to
directly compare structural with functional aspects of synaptic transmission and plasticity thus
leading to a much better understanding of the function of cortical networks in the normal and
pathologically altered brain.

Left figure: 3D-reconstruction of a Mossy Right figure: Postsynaptic density showing the
Fiber Bouton in the Hippocampus. The distribution of the AMPA receptor (visualized by
postsynaptic target dendrite and spines are postembedding immuno-histochemistry as black
highlighted in blue, active zones in red, gold grains) at the active zone of a cortical
mitochondria in white and the pool of synapse.

synaptic vesicles in green.
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JIABEPHAS METAJUIM3AIIUA KEPAMUYECKUX U
CTEKJIOKEPAMHUYECKHWX ITOBEPXHOCTEM.
Jlorynos JI.C., Tymkun U.U., Cadonos C.B., TBepbsnosuu 10.C.,

Kouemnposckuii B.A.

Xumuueckuil ¢haxyrbmem
CIIoI'yY, Cankm-Ilemepbype, Poccus

Pa3paOoTka 0JHOCTaIUIHBIX METOJIOB METAIN3ALMH, TAKUX KaK Ja3epHOE OCAKICHUU MeTallla
U3 pacTBOpA SIBJSETCS MEPCIEKTUBHBIM CIIOCOOOM MOJTYYEHHUS! YCTPOWCTB MUKPOIJIEKTPOHUKH 5
1 0oJiee BBICOKHMX KJIaCCOB TOUHOCTH.

B ocHoBe MeTona JNEXHUT peakius, MPOTEKawollas IpU HarpeBaHUM JIOKAIbHON o0sactu
pacTBopa chOKyCHPOBAHHBIM JIa3epHBIM JiydoM [ 1,2]:

Cul'™ + 2HCHO+ 40H - Cu’+ L" + H,+ 2HCOO +2H,0L-0603HaueHne  OJHOTO  WIH
HECKOJIbKUX JIMTaHJI0B KOMIUIEKCOOOpa3oBaTes

Llenpto naHHOW paboOTHI OBLIO MCCIEAOBAHHWE MEIHBIX JIOPOKEK Ha MOBEPXHOCTH KEpaMHK
[Tonmukop BK-96, nomukop BK-100 u crexnokepamuku cutaimn CT-50-1, mpencrasisirommx
c000¥ MOJIMKPUCTAIUITMIECKHE U CTEKIIOKPUCTAIUTNYECKHE MaTepuaibl Ha ocHoBe AlL,Os u SiO,.
CrpyKkTypa MEIQHBIX JOPOKEK Ha MOBEPXHOCTH CTEKIOKEPAMUKH HCCIIEOBaHA HA 3JIEKTPOHHOM
MHKpOcKore ¢ npucrtaBkod mit EDX, a Takke M3MEepeHHEeM CONPOTHBIICHHS HA IEPEMEHHOM
TOKe Ha u3Mmeputenn umnenanca z-2000 B nmanazone uactor 20 I'm-2 MI'n. DnextpoHHO-
MUKpPOCKOIIUYECKOE  MCCIEJOBAHHWE I[I0Ka3ajJ0 BO3MOXHOCTb  IOJIyYE€HHUS  OCAJKOB C
YIIOBJIETBOPUTEIBHOM TOIOJIOTHEM.

[TosyueHnue HenmpephIBHBIX AOPOXKEK, 00Ia1al0IIUX IEKTPUUECKON TPOBOAUMOCTHIO, BOZMOKHO
Ha JAMINIEKTpHUYECKUX MoBepxHOCTIX cutauia CT-50-1 npu ckopoctu ckanupoBanus 0,001 mm/c
1 KoHIeHTparuu MmeaHoro komruiekca 0,01 M. Panee ananoru4siid pe3yibTaT ObUT MOJIYYCH HA
IIOJIMMEPHBIX IIOBEPXHOCTSAX Ha OCHOBE cTekyoTekcTonuTa FR-4.

[Ipu sToM dopma ronorpadoB UMIIeaHCa JOPOKEK MEAU Ha CTEKIOKEPAaMUKE COOTBETCTBYET
II0CJIEZI0BATEIBHOMY COEIMHEHUIO EMKOCTHOM M aKTHBHOM COCTAaBIAIOLIEH, B TO BpeMs Kak Ha
MOJIMMEPHOM MaTepHajie OHa COOTBETCTBOBAJNA IMapalieIbHOMY COEIMHEHUIO. BennuuHbl
YIEIBHOIO  JJEKTPUUYECKOTO  CONPOTHUBIEHUS  JOPOKEK  3HAUYUTENbHO  IPEBBILAIOT
CONPOTHBJIEHUE YNCTOU MEH.

ITo pe3ynbratam paboThl 00OCHOBaHa II€ECOOOPA3HOCTh MPEIBAPUTENBHON aKTHBALUU
IURJIEKTPUUECKUX OBEPXHOCTEH Mepes J1a3epHbIM OCAKICHUEM.

Jlureparypa:

[1] A. Manshina, A. Povolotskiy, T. Ivanova, A. Kurochkin, Yu.Tver’yanovich, D. Kim, M. Kim, and S.C. Kwon
Glass Physics and Chemistry, 33, Ne.3, 209-213 (2007)

[2] J1.C.Jlorynos, U.1.Tymkun, C.B.Cadonos, FO.C.TepbsinoBuy, B.A . Kouemnposckuii. PazpaboTka u
ONTUMU3AIHS METOJIOB JIA3EPHOT'0 OCAXK/ICHHUS MEIHBIX CTPYKTYpP Ha KEPAMHUUECKHE U CTEKJIOKEPaMHYECKUE
OTOKKH. Tezucst doxnaoos Ilamoii cmyoenueckou Kongepenyuu « Xumus, u3uKka u Mexanuxa Mamepuaiosy,
CIIor'y, Canxkm-Ilemepoype, 2010.

LASER METALLIZATION CERAMIC AND GLASS-CERAMIC SURFACES
Lev L. Logunov, Yury S. Tvery’anovcich, Ilya [.Tumkin, Vladimir A. Kochemirovskii

We proved the possibility of obtaining continuous conductive tracks on the surface of the glass-
ceramic. The structure of the copper traces was investigated by electron microscope with an
attachment EDX and measuring the resistance of the ac.
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WCCJEJIOBAHUE MPOTOHHOM IMPOBOJAUMOCTH KOMITIO3UTA
HAHOITIOPUCTOE CTEKJIO - HA®NOH
H.A. MenbnaukoBa, B.H. [ToctHos, O.B. I'mymos, U1.B. Mypun

Canxm-Ilemepoypeckuii 2ocyoapcmeennulil yHusepcumem, Xumuveckuil paxyiomem
198504 Poccus, Canxm-Ilemepbype, [lempoosopey, Ynusepcumemckuii np., 0. 26

Kommo3uTtHble MaTepualibl Ha OCHOBE MOJUMEPHBIX MPOTOHIPOBOISIINX TBEPAbIX
JIEKTPOJIUTOB B  HACTOSIILIEE BpeMsl HAXOAAT IIMPOKOE NPUMEHEHHE B  pa3lIMYHbIX
ANEKTPOXUMUYECKUX YCTPOMCTBAX, TAKMX KaK TOIJIUBHBIE DJIEMEHTHI, CEHCOPBI BJIAXXHOCTU U
T.4. OfHYy M3 JUAMPYIOIIMX TMO3UIHUH B 3TOM HANpaBIECHUU 3aHUMAIOT NEep(TOPHUPOBAHHBIE
MemOpanbl tunia Hagwmon [1,2]. OmHUM U3 CrOCOOOB ONTHUMH3AIUN CBOWMCTB, PACIITUPSIIOIIAX
00J1aCTh UX MPAKTHUYECKOTO MPHUMEHEHHUs SABJSIETCS CO3JaHMe KOMIO3UTOB. Tak HCHoIb30BaHUE
KPEMHE3EMHBIX MaTpull (a3pOCWJIOreNb, CTEKJa M T.[I.) TMO3BOJSET pPELWUTh MNpoliIemMy
YBEIMUEHUS] MEXaHUYECKOM MPOYHOCTH KOMIIO3UTHBIX MaTtepHuajiaoB Ha ocHoBe Haduona st ux
cTaOMIbHON pabOTHl B TEUEHUE JAJTUTEIILHOTO BPEMEHHU.

B nanHolf paboTe B KauecTBe MaTpHLbl Ui MOJyYEHHs] KOMIIO3UTa HCIOJIb30BalOCh
HAHOTIOPUCTOE CTEKJIO, XapaKTEpU3YIOIIEe CPEIHUM pajuycoM MOp ~2 HM U BEIUYUHOMN
YIEIbHOM MoBepXHOCTH ~136 M*/r. MeTo10M aIcOpOLUH TIOTyI€HbI KOMIIO3UTHBIE MaTEPUAIBI C
conepxannem Haduona 116 mr/r SiO,. MccnenoBanne mpoTOHHOM MPOBOAUMOCTH TTOTyYEHHOTO
MaTepHala BbIMOJIHEHO METOJ0M MMIEIaHCHOM crnekTpockonuu (auana3oH yactor 1 MI'n - 100
['m), obpasmpl mjis M3MEpeHHH MpencTaBIsuld coOOil IMIAaCTHHBI, B KayecTBE D3JIEKTPOAOB
UCIOJIb30BaIachk cepeOpsiHas MacTa. BBIMOMHEHO HCClIeoBaHUE BIUSHHUS OTHOCHUTEIIbHOU
BIaXHOCTU (puc.l) W TeMmmeparypbl Ha TPAaHCHOPTHBIE CBOMCTBA KOMIIO3MTAa HAaHOIOPHUCTOE
creko — HapuoH u 1aHa oOIEHKa BO3MOXKHOCTH MPAKTUYECKOTO UCIIOJIB30BAaHUS B
ANEKTPOXUMUYECKUX YCTPOICTBAX.

Ig 0 (Cm*cm)
(o]
T

20 40 60 80 100
RH (%)

Puc.1. 3aBUCUMOCTh TPOTOHHOW MPOBOJAUMOCTH KOMIIO3UTa HAHOMOPHCTOE cTekio — HaduoH ot
OTHOCHMTENLHON BIaKHOCTH BO34yXa IpH Temueparype 25 °C.

PabGora BeImonHeHa mTpu (uHAHCOBOW moxanepxkke mnporpammbl  «IIpoBenenue
@yHOamenmanvhblx UCCIe008aAHUll NO NPUOPUMEMHbIM HanpaeneHuam lIpoepammuvl pazeumus
CIIoI'Y », mpoekt Nel12.37.135.2011 u PO®U, rpant Ne 11-03-00327-a.
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Jumepamypa:

[1] SIpocnasues A.B., Hukonenko B.B., 3a6omnoukuit B.U. / Yenexu xumuu. 2003. T.72. Ne5. C. 438-470.
[2] Hob6posonbckmii FO.A., BonkoB E.B., IlucapeBa A.B., ®enoroB l0.A., Jluxauer [I.}O., Pycano A.JI. /
Poc.xum.x. (K. Poc. xum. 00-Ba um. JI.M.Menneneesa) 2006. T.L. Ne6. C.95-104.

PROTON CONDUCTIVITY STUDIES OF NAFION — NANOPOROUS GLASS
COMPOSITE
N.A. Melnikova, V.N. Postnov, O.V. Glumov, I.V. Murin

This paper presents the results of a study of proton conductivity of Nafion - nanoporous glass
composite. Using a silica matrix (aerosilogels, glass, etc.) can decide the problem of increasing
the mechanical strength of Nafion-based composite materials for stable work during a long time.
The composite materials were prepared by adsorption of Nafion and contained 116 mg Nafion /
g Si0,. Glass matrix was characterized by average pore radius of 2 nm and the value of specific
surface area ~ 136 m?/g. Investigation of the influence of relative humidity and temperature on
the transport properties of composite nanoporous glass - Nafion performed by impedance
spectroscopy.

HAHOJUCINEPCHBIE KPEMHE3EMHBIE HOCUTEJIA JIJIs1 CUHTE3A
N KIMMOBWJIN3AIIUUA BUOJOI'MYECKHN AKTUBHBIX BEIHIECTB.
*[ToctaoB B. H., *Haymseimiea E.b., *JIutBunoB A.C., **T"anarynza M. M.,
**Kopones /1. B.

*Canxm-IlemepoOypeckuii 20Cy0apcmeenHblll yHugepcumem, Xumuieckuil ghaxynvmem
198504 Canxkm-Ilemepoype, Cmapuouii I[lemepeog, Ynusepcumemckuii np. 26

**DIY «Dedepanvhviil yenmp cepoya, Kposu u dHOOKpunoio2uu um. B. A. Aimazosa»
190000, e. Canxkm-Ilemepoype, Akkypamosa ya., 2

Ha cerogusiHuii J1eHb MEPCHEKTUBHBIM HANpaBICHUEM HAHOMEIHUIIMHBI SBIISETCS MOMCK
pelieHus 3aaa4 OBICTPOH M TOYHOW JOCTaBKU JIEKAPCTB B Mpeleiax OpraHu3Ma. JTO BaXKHO
MMEHHO B T€X CIIydasix, KOrja Hy»KHO JIOKaJIbHOE BO3/IeCTBHE Ha oyar 3abosieBaHus (Harpumep,
B CIydyae HIIEMHUHU, BOCHAJICHHM, PAKOBBIX OIyXOJe€il), /i€ BEIIECTBO CMOXET NPUHECTU
HauOOJBIIYI0 TOJb3y, HE TOBPEAUB OCTAJIbHbIE CHUCTEMbl OpPraHOB, HE HYKIAIOUIUXCA B
JEYCHUHU. OITO MOXKET OBITh JOCTUTHYTO C TIOMOIIBIO CHCTEM aapeCHON JIOCTaBKH
JeKapcTBeHHbIX MpemnaparoB [1]. Haubonee pacnpocTpaHeHHBIMU TaKUMU CUCTEMaMU SBIISIOTCS
MEPEHOCUYMKN OWOJIOTMYECKH AaKTHBHBIX BEIIECTB HAa OCHOBE JIMIIOCOM, (DYJIJICPEHOB,
JNCHIPUMEPOB, MarHUTHbIX HaHowacTull U Ap. Cpeau HUX HAHOAMCIIEPCHBIE KpPEMHE3EMbI
o0JIalaoT pAIOM MPEUMYLIECTB: OMOCOBMECTUMOCTBIO, CHOCOOHOCTBIO K Ouonerpamamiu B
KUBOM OpraHu3Me, a TakKe HEBBICOKOM CTOMMOCTBHIO. Takxke cienyeT N00aBUTh, YTO XHUMHUS
MOBEPXHOCTH  KPEMHE3EMOB  XOpOIIO  HU3y4€Ha, YTO  OMNpEACNIieT  BO3MOXKHOCTH
MOAU(DUIIMPOBAHUS UX CIIOKHBIMU OMOJIOTUYECKU aKTUBHBIMH BEILIECTBAMHU.

Lenpro maHHON paboOTHI SIBISUIACh pa3padOTKa METOJWKH CHHTE3a HAHOJUCIEPCHBIX
KPEMHE3EMHBIX MATpHIl, MpeJHa3HAUYECHHBIX [JIs CHUHTEe3a U HMMOOWIM3aluU OHOJOTUYECKU
AKTUBHBIX BEIIECTB W MAapKEPHBIX COCIUHCHHI, MO3BOJISIONINX (DUKCHpPOBATH pacrpeieiicHue
HAHOYACTHII B )KUBOM opranusMe. Taxke B JaHHOU paboTe MccienoBaiach OMOCOBMECTUMOCTh
KPEMHE3eMHBIX HAHOYACTHII W WX CHOCOOHOCTh K Owmonerpamammu. OpHOW W3  3amad
UCCIIEIOBaHMs SBJSUIaCh pa3paboTKa KpPEMHE3eMHBIX MAaTpHIl s TBepAo(da3HOro CHUHTE3a
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MENTUO0B, MO3BOJISIIOIIMX MPOBOJUTH OTAENEHUE LEIEBOTr0 MPOAYKTa MOJ JACHUCTBHEM MSTKHUX
KHUCJIOTHBIX PEareHTOB.

B kadyecTBe MCXOJHOTO HOCHUTENs HUCHONb30Banu a’spocun  A-380. Meronuka
Moau(UIMpOBaHUS ~ KpeMHe3eMa  BKJIOYalla HECKOJbKO  CTajuil:  xemocopOuuio  3-
aMUHONPOMUITPUITOKCUCHIIAHA, TUAPOIHN3 HEeIMpopearupoBaBIINX AIIKOKCUTPYIIIL,
npucoeanHenrne 3-(Boc-aMMHO)OKTaHOBOM KHCIIOTHI B KadecTBe creiicepa, Ne0I0KHpOBaHUE,
JIETPOTOHUPOBAHUE. XeMOCOPOIHI0 3-aMHUHONPONMITPUITOKCUCHIIAHA TPOBOJIUIA B PEAKTOpe
MIPOTOYHOTO THUIA CO CTALlMOHAPHBIM CJIOEM HOCHTENS B CPElle CyXOro a3oTa Ipu TeMmIeparype
220°C, mpu 3TOM OBUI HCIIOJB30BaH METOJ MOJICKYJSIPHOTO HacjaawBaHus. J{ns co3maHus
crieficepa TPUMEHSJIM METOAMKUA TBEPAO(A3HOTO CHHTE3a TMENTUIOB Ha KPEMHE3EMHBIX
Marpuniax [2]. OOpa3oBaHHWe TENTHUIHOW CBSI3W TMPOBOAWIA KapOOJUUMHUIHBIM METOIIOM,
UCTIONB3YS PACTBOP TUITMKIIOTEKCHIIKapOotuuMua B tuMerwidgopmamue. [lonydeHHbIE TaKUM
o0pa3oM HaHOAMCIIEPCHBIE KpEMHE3eMbl C TPUBHUTHIMH CIeiicepaMl UCTHOJIb30BAIM IS
UMMOOUIM3aIuu (PIIyOpecIieMHa U KapUOTPHUHA, KOTOPhIE IMUPOKO MPUMEHSIOTCS B Ka4eCTBE
MapkepHbIX coequHeHuil. [lpucoenunenue ¢dayopeciienHa MPOBOIWIA KapOOJAUUMUIHBIM
METOAOM, a KapauorpuH ¢usmyeckorr copbumeii. Kpome Toro, Oblna oOCylIecTBICHA
UMMOOUIIM3AIUsl  KapAUONPOTEKTOPOB aJ€HO3MHA METOJOM ajcopOoumMu U OpaTuKWHUHA
[JIyTapalibIETUAHBIM METOIOM.

Kpemuuitioprannyeckass Marpuma Aias MOJy4eHUS U HMMMOOWIM3ALUK OHOJOTUYECKU
AKTUBHBIX COCJMHEHWH ObLa CO3/1aHa [0 OPWUTHHAIBLHOW METOJIMKE, BKIIOYAIOIIYI0 B CeOs
MHOTOCTAIUHHBIA MPOLIECC XMMHUYECKON COOpKHM Ha MOBEPXHOCTU UCXOAHBIX KPEMHE3EMOB, B
KayecTBe KOTOpbIX Hcnonb3oBaHbl cuiukarenb KCK u cunoxpom C-120. IloBepxHocTh
KpeMHe3éMa Oblla MpeAeNbHO TUAPOKCHIMpPOBaHA JJIS  JIOCTIDKEHUS  MaKCHMajbHOU
(GyHKIMOHAMM3AIMA B TOCIEAYIOMIEH CTaauu, TPEICTaBISAIONIeH co0oi XxemocopOuuioo 2-
benmwmdTUITpUXTOpcHIana.  ChoeAaylomuM — IIaroM  [POBEIHW  HOBTOPHYIO  00paboTKy
MOBEPXHOCTH HOCHUTEN BOJOW JUIsi THUAPOIN3a XPOCWIMIBHBIX TpPYII, a 3aTeM —
XJIOPMETHUJIMPOBAHHE apOMATHYECKOTO KOJIbIla COPOMPOBAHHOTO CHJIaHA XJIOPMETHUIMETUIIOBBIM
a¢pupom B mpucyrctBuu SnCls. [locrmenHeit cramueit cuHTE3a MATPUIBI  SBISIIOCH
MPUCOEANHEHNE T-THIPOKCUOEH3UIOBOTO CIUPTA, B3aUMOJICHCTBYIOIIETO C XJIOPMETUIHLHBIMU
rpynnamMu. bBmIIO ycTaHOBJIEHO, 4YTO B JaHHYIO peakuuio Bcrymaer okono 50% Bcex
XJIOPMETUIIBHBIX TPYII.

Co3nanHble TakuM 00pa3oM KpPEMHE3EMHBIE MaTpUIlbl OBLIM MCHBITAHBI B MPOIECCE
CHUHTE3a IunenTujaa raunuiarauinuHa. CreayeT OTMeTHTb, YTO CHeiicepbl Ha OCHOBE TUIMIIMHA
HIUPOKO UCTIONB3YIOTCS 111 UMMOOMIIU3AINN OMOIOTUYECKU-aKTUBHBIX COSTUHEHUH.

[Tonmyuenue nunenTHIa MPOBOJWIOCH IO KIACCHYECKOW METOAMKE TBEPAO(DA3HOTO
cunTe3a. [lepByt0 aMUHOKUCTIOTY MPUCOEAUHSIIN METOI0M aKTUBUPOBAHHBIX 3QupoB. [Ipu s3Tom
ucrnonp3oBajcs mneHtadpTopheHnnoBbit 3pup Fmoc-raumnuna. 3ateM 1oJ  BO3AEHCTBHEM
pacTBopa Mop(oJIMHA B AUMETUI(POpPMAMUJIC MPOBEIH JIEOJOKUPOBAHNE U IMOBTOPUIIH CTATUIO
MIPUCOEIMHEHHSI CO BTOPOW aMHUHOKHCIOTOW MO TOW ke cxeme. CHUHTE3UpPOBAHHBIN TaKuUM
o0pa3oM JUIENTHI OTACISIIN OT HOCHTEIS TOJ JEHCTBHEM MSITKOTO KHUCIOTHOTO peareHTa
(TpupTOPYKCYCHOM KUCIIOTHI).

[ToydeHnHbie 00pa3nbl ¢ UMMOOUIN30BAaHHBIMUA OMOJIOTHYECKH AKTHBHBIMHU BEIIECTBAMU
(OpamuKWHHMH, aJ€HO3WH, (IyopecleuH U KapJUOTPHUH) HCCIEAOBAIUCh COBMECTHO C
corpynaukamMu  OIICKD wum. B.A. Anma3oBa Ha TOKCHYHOCTh, OHOCOBMECTUMOCTH U
CHOCOOHOCTh K OMozerpajaiiy HaHOYACcTUIl KpeMHe3eMa. bbiio moka3aHo, 4YTO BHYTPHUBEHHOE
BBEJCHUE KpbICAM HAHOAMCIEPCHBIX YACTUIl HE BBI3BIBAET CYIIECTBEHHOIO W3MEHEHUs
reMOJMHAMHUYECKHUX IMapaMeTpOB, TaKUX KaK apTepHalbHOE JaBJICHHE U 4YacTOTa CEepPACUHBIX
COKpAIIIEHH, 4YTO KOCBEHHO CBUETEIILCTBYET O XOPOIIEH MEPEHOCUMOCTHU JIaHHBIX MIPEenapaToB.
AHanu3 copepKaHHusi KpEMHUSI METOJI0M aTOMHO-aJCOPOLIMOHHON CIEKTPOCKOMHH MOKa3aj, YTO
3a 30 mHeH u3 opraHu3Ma KphIC B pe3yJibTaTe mpoliecca Ouoaerpaganuu BeiBoauTcs okosio 90%
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BBEJICHHOTO KpEMHe3eMa. BBIJIO yCTaHOBIIEHO, YTO aJcopOlMs aJeHO3MHAa Ha HAHOYACTHIIAX
KpeMHe3eMa TMPUBOJAUT K JOCTOBEPHOMY OCIAOJEHUI0 €ro TUIOTeH3UBHOro 3¢dekra.
PesynbTaThl  NpOBENEHHBIX  AHAIM30B  MOKa3aJd  MNEpPCHEKTHMBHOCTh  MCIOJIb30BaHUS
HAaHOOHUCIICPCHBIX KPEMHE3CMHBIX MATpPUI] B Ka4dCCTBEC HOCHUTENeH JJIA a)IpeCHOﬁ JOCTaBKH
JIeKapCTBEHHBIX MPENapaToB.

[1] HampaBneHHass nocTaBKa JIGKAPCTBEHHBIX IPEIApaToOB — WTOTH TIOCIEAHUX JIeT U IIePCIIEKTUBHI /
lanarynsa M. M., Kopones /1. B., Conun [I. JI. u ap. / HanorexHnomoruu 3koyiorust npoussozactso, 2010, Ne 1. —
C. 132—138.

[2] ToctHor B.H. MaTpuuHblii CHHTE3 MPUBUTHIX ITOBEPXHOCTHBIX COCIMHEHMH Ha KpEMHE3EeMe, €ro
HUCIIOJIb30BAaHUEC IJIA CO3JaHUA (byHKIlI/IOHaJ'H)HI)IX MaTe€praioB U NEPCIEKTUBLI IPUMCHECHNS B HAHOMEIUIIUHE. // B
¢0.: Hanorexronoruu B Ononornu u mexummee (mox pex. npod. E.B. Hlmsaxro), CII6.: JIrob6aBuy, 2009.— C. 253-
302.

NANOPARTICULATE SILICA AS A CARRIERS FOR SYNTHESIS AND
IMMOBILIZATION OF BIOLOGICALLY-ACTIVE SUBSTANCES.
*Postnov V.N., *Naumysheva E.B., *Litvinov A.S., **Galagudza M. M., **Korolev D. V.

Application of nanoparticulate silica as a carriers for synthesis and immobilization of
biologically-active substances has good outcomes in sphere of the targeted drug delivery.

The aims of present study were both obtaining of modified silica and testing of resultant
material as a chemical matrix for solid-phase synthesis. During a series of experiments p-[(4-
ethylphenyl)methoxy]benzyl alcohol and amino silica-based carrier have been obtained. As
demonstration of their valuable properties - dipeptide glycylglycin and nonapeptide bradykinin
have been synthesized with application of these carriers.

HNPOBEJEHUE HATYPHOI'O DKCIHIEPUMEHTA JJIAA IIOCTPOEHUA
AJIJEKBATHOM MOJIEJIM TOHKOIIJIEHOYHBIX KATOJHBIX
MUKPOY3JIOB BAKYYMHON HAHODJIEKTPOHUKHU
K.A.Huxkudopos, H.B.Eropos

Cankr-IlerepOyprckuii TOCYyAapCTBEHHBI YHUBEPCUTET

MOHO CKa3aTh, YTO BCSl BAKYyMHasi MUKPO/HAHOAJIEKTPOHHUKA Pa3BUIIACh U3 TEXHOJIOTHU
M3TOTOBJICHUSI TOHKOIUIEHOYHOI'O MOJEBOI'0 3MMCCHOHHOIO Karoja, pazpaboraHHoro Yapmiazom
CnuHaToM U ero cotpyaHukamu [1-2]. OTa U monoOHbIE €l CTPYKTYpHhl SBISIOTCS 0ObEKTaMU
MOJICJIMPOBAHMs B HACTOsIIEH paboTe.

Pazpaboran  mporpamMMmHbIi  KOMIUIeKC  [3],  TMO3BOJSAIOIMIMA  MOAETUPOBATH
(GYHKIIMOHUPOBAHUE JUOAHBIX U TPHOAHBIX CTPYKTYP CO CJIIOKHOM CYOMHUKPOHHOM reoMeTpuei,
UX BOJbT-aMIIEPHBIE XAPAKTEPUCTUKH, PACCUUTHIBATh PACHPEICIICHUS IJIEKTPUUYECKOTO OIS,
IPOBOJUTH OLIEHKY pPa0OThl YCTPOHCTBA B 3JEKTPUUECKOM LEMU M €ro 3JIEKTPUYECKOro
B3aMMO/JICICTBUS C BHEIIHUMU LIETISIMHU.

Ilenp  moknama —  BO-NEPBBIX, ONUCAaTh  (U3UKO-MATEMATHYECKYI0  MOJEIb,
BBIYHMCIUTENbHBIE METOJbl W aIrOPUTMbI, JIEKAlME B OCHOBE pPAa0OTHl MPOTrPaMMHOIO
KOMILJIEKCa, MTPOAEMOHCTPUPOBATH PE3yJIbTaThl €ro padoThl. J[s 03HAKOMIICHHS ¢ KOMILJIEKCOM
npeularaeTcsl JeMOHCTPAIlMOHHAs BEpCUS TPWIOKEHUss ¢ rpaduyeckum uHTEpdericom
nonb3oBarens, pazpaborannas B MATLAB.
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Bo-BTOpBIX, BCE pe3ynbTaThl MOAEIUPOBAHUS NPEICTABIISIIOTCS 34€Ch B OCHOBHOM Kak
Ipe/IBapUTeNbHbIE, TOATOTOBICHHBIE JJIsl COTIOCTABIICHUS C JAaHHBIMU HATYPHOT'O SKCIIEPUMEHTA.
CriocoObl mosTydyeHHs 3TUX JaHHBIX, BO3MOXKHOCTH IIPOBEAECHUSI COOTBETCTBYIOLIETO HATYpPHOTO
skciepumenta B MPLI-HT CIIOI'Y sBasitoTCs OCHOBHOM TEMOM JOKIaaa ¥ OJHOBPEMEHHO
BaXHEUIIIMM BOIIPOCOM, KOTOPBIH IUTAHUPYETCS Pa3pelIuTh B paMKaxX y4yacTHs B KOH(QEpEHIINH.

JlocTmkeHre STOW WENIM U CONOCTAaBIEHHE PpACUYETHBIX pE3YyJIbTaTOB C JIaHHBIMH
HaTYpPHOTO JKCIEPUMEHTa TMO3BOJAT CKOPPEKTUPOBATh (PU3MKO-MATEeMaTHUECKYI0 MO/IEb,
OLICHUTH €€ aJIeKBaTHOCTb, ONPEAETUTh PAMKU MIPUMEHUMOCTH U HCIOJIB30BaTh JUIS Pa3paboTKu
HOBBIX IEPCHEKTUBHBIX TOHKOIUIEHOYHBIX IIOJIEBBIX SMHUCCHOHHBIX KATOAHBIX MAaTpHIl U
onTUMHU3aLMK cyulecTByomux (poccuiickue mnpousBoautean OAO "Curponukc", OAO
"HUNM?D u Mukpon"u np.).

B nanHoit pabore MoAENUpPYIOTCS SUEHKH C aKCHaJbHO-CUMMETPUYHBIMU KaTOJHBIMH
y3JIlaMU C HIMHUTTEpAMHU OCTPUIHOTO U JIE3BUMHOTO LMJIMHAPUYECKOTo TUNOB (Katoabl CHMHATA,
HATUHAPUYECKHE KaTOJBI C OCTPOM KpoMKou [4]), HO Mojenb MOXeT ObITh 0e3 Tpyda
aJanTHpOBaHAa K pacyeTy MHUKpOy3Ja C JIe3BUHHBIM MpPsIMOJMHEHHBIM KaTtogoM (0e3 yuera
KpaeBbIX 3 ¢ekToB). B ycTpoiicTBax BakyyMHOW MHUKPO/HaHODJIEKTPOHUKH MPUMEHSIOTCS Kak
MAacCUBBl TaKMX S4€€K, TaK M OAMHOYHBIE Y3JIbl, HAIpUMEp Ui MHUKPOJUCIUIEEB BBICOKOTO
paspelieHusl.

Jl1s onncaHus MpoLECCOB IEKTPOHHOIO TPAHCIIOPTAa B MEKIIEKTPOJAHOM IIPOCTPAHCTBE
MCIIOJIb30BaHbl 3JIEKTPOCTATHUECKasi MOJENIb U aHAJOr TUAPOAMHAMUYECKON (YHKIMH TOKa C
KOHEYHORJIEMEHTHbIM pemeHreM Ha ocHoBe MATLAB PDE Toolbox.

[lepBoHayanpHas TpoBepKa MOJENM IPOBEIEHA MO JIUTEPATYPHBIM JaHHBIM JJIs
M3TOTOBJICHHOTO O MHUKPOTEXHOJOTHH (3JIEKTPOHHO-ITy4YeBOe HambuleHHe) karona CrnuHara
(mpom3BosicTBa MaccadyceTckoro TexHosiornuaeckoro nHctutyTta, CIIA [5]).

OCHOBHBIE CI0KHOCTH, BO3HUKAIOIINE MTPH MOJECITUPOBAHUHU, 00YCIOBICHbI CIENN(UKOIM
OMHUCCHOHHBIX cucteM [6]. Bo-mepBbIX, MeTaJUIMUeCKHe TOJEBbIE AMUTTEPHl SBISIOTCA
NOJUKpUCTAIUTMYECKUMH. CTpPYKTypa IOJIy4aeMbIX KaTOJOB HMEET CTOJOLIOBBIA Xapakrep,
HaOJI0/IaeMBblil Y BCEX TOHKUX IUICHOK, MPUYEM KpHUCTaNIMYEeCKasi CTPYKTypa MOBEPXHOCTH Ha
BEpIIMHE SMUTTEpa HM3MEHsAeTcss oT oOpas3ma K o0paslly, B 3aBUCHMOCTH OT OpHEHTaluu
KpUCTAJZIOB M TeoMeTpuueckod ¢GopMbl, a Takke cocraBa BemlectBa. Kak crencrtsue,
¢usnueckue yCIOBHS HAa HSMHCCHUOHHOM MOBEPXHOCTH KaroJa O4YEeHb HEOJHOPOJHBI:
IIEpOXOBATOCTh, U3MEHEHUS pabOThI BBIX0O/Ia (BbI3bIBAEMbIE TAK)KE ajcopOaTaMu) U Mp.

Bo-BTOpBIX, BEIUMCIUTENBHAS 007aCTh CIIOKHOW (POPMBI BKIIOYAET IPAHUILYy SMUTTEpaA C
00JIbIION KPUBU3HON MOBEPXHOCTU U MAaJbIMH pa3MepaMH, YTO MPHUBOJIUT K 3HAUUTEIHLHOMY
pa3dpocy XapaKkTepHBIX pa3MepOB B OJJHON reoMeTpudeckoi KOH(Urypauuu.

OnHOBpEMEHHO C MEPEYUCIICHHBIM BBIIIE, SKCIOHEHIMAIbHAsA 3aBUCHMOCTb IIOTHOCTHU
TOKa OT HANPSKEHHOCTH IOJIsi TPeOYeT MOBBIIIEHHON TOYHOCTH MPH ydeTe IPaHUYHBIX YCIOBUN
Ha MOBEPXHOCTHU AMUTTEpaA.OTH U JApYyrue npoOieMbl MOIECIUPOBAHUSA U SKCIIEPUMEHTAIBLHOTO
HCCIIeIOBAaHMsI OCBEIIAOTCA B HacTodAulle pabdore. OOCyxaaeTcs Takke BOIPOC O HATMYUM U
CTETNICHU BIUSHUS 00BEMHOTO 3apsia.

[1] Shoulders K. R. Microelectronics using electron beam activated machining techniques // Advances in Computers
1961, vol. 2, pp.135-293.

[2] Spindt C. A. A thin film field emission cathode // J.Appl. Phys. 1968, vol. 39. pp.3504-3505.

[3] Huxudopos K. A., Eropos H. B. Hay4uHo-y4eOHbIII mporpaMMHbIi KOMIUIEKC IJISI KOHEYHODJIEMEHTHOI'O
MOJICTIMPOBAHMsSI TUOAHBIX W TPUOJHBIX CTPYKTYp BaKyyMHOW MHKpoO/HaHodnekTponuku // Tpymer V
MexnyHaponHoit HaydHoW KoH¢epeHuun IIpoekTHpoBaHHE HHXKEHEPHBIX M HAyYHBIX NPUIIOKEHUIl B cpele
MATLAB, 2011, Xapskos (YkpanHa) (B me4yatn).

[4] Hsu D. S.Y., Gray H. F. Vertical thin-film-edge field emitters fabricated by chemical beam deposition //
Technical Digest of 8-th International Vacuum Microelectronics Conference, 1995,

pp.222-226.
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[5] Jensen K. L., Zaidman E. G., Kodis M. A. et al. Analytical and semi- numerical models for gated FEA’s //
Technical Digest of 8-th International Vacuum Microelectronics Conference, 1995, pp.216-220.
[6] Eropos H. B., lllemmn E. I1. ABToamextponHas smuccus. [Ipuanumns! u npudopsl. M. MaTemnexT, 2011, 528 c.

EXPERIMENT IMPLEMENTATION FOR DEVELOPMENT OF ADEQUATE THIN-
FILM CATHODE MICROCELLS MODEL IN VACUUM NANOELECTRONICS
Nikiforov K. A., Egorov N. V.

Saint-Petersburg state university

The device modeling and experimental study are discussed. The modulator or extractor electrode
is often used to control field emission process from cold cathodes. Although simple diode system
is sufficiently to start electron emission, triode configuration with field emitter as cathode,
extractor electrode as gain and distant anode as collector is used for many applications. This
configuration is selected for modeling of thin-film field-emission Spindt-type cathodes.

COCTAB U HAHOKOMIIO3UTHASI CTPYKTYPA
KOCTHOM TKAHMU PbIb

HuxomaeB A.M., ®pank-Kamenenkas O.B., YouiiiBoBk E.B, Bo3necenckuit M.A.
CIIoI'Y, Canxkm-Ilemepbype, floijan(@gmail.com

Pa3Butre MeTONOB 3JEKTPOHHOW MHUKPOCKOIHU OTKPHIBAET HOBBIE BO3MOKHOCTH IS
M3Y4YEHUs] HAHOKOMITO3UTHOW CTPYKTYPhl KOCTHOM TKaHU >KMBBIX OPTraHW3MOB M pa3paOOTKU Ha
3TOW OCHOBE METOJOB CHHTE3a OHWOCOBMECTUMBIX MaTEpHUajOB MEJAMIMHCKOrO HazHayeHus [1,
2].. B Hacrosimedi paboTe mpeAcTaBlIeHBI PE3yNbTAaThl HM3YyYEHUS OCOOCHHOCTEH cocTaBa W
CTPYKTYPBI KOCTHOM TKaHM CEMH BHJIOB IPECHOBOJHBIX PBIO (TOJICTOIOOUK, COM, IIIyKa, IUIOTBA,
JIMHb, OKYHb, 5I3b).

OO0bekTaMu JaHHOTO HCCJIEOBaHMS ObUIM MOKPOBHBIE M 3aMEUIAloIIMe KOCTH PbIO,
OTJIOBJICHHBIX B: Bojoemax JleHuHrpajackoil obGmnactu, UYepHOOBUIS M TEXHOJIOTUYECKHUX
Bogoemax IO «Mask» (YensOunckas 0011.). B kauecTBe OCHOBHBIX METOJOB HCCIIEIOBAHUS
WCIIOJIB30BAJIM: MPOCBEUMUBAIOLIYIO JJIEKTPOHHYIO MuKpockonuio (IIOM), ckanaupyromyto
AJIEKTPOHHYI0 MUKpockonuto (COM) m ontmdueckyro mukpockornuio (OM). HccnenoBanus
NPOBOJWIA C HCIOJIb30BaHUEM 000pynoBaHus MEXIUCIUIUIMHAPHOTO PECYpPCHOTO IIEHTpPa
«Hanorexnosnorun» ¢ npuMmeHeHrneM MuKpockonoB Carl Zeiss: Libra 200 FE, Merlin u Axio
Imager. JlonmosHUTENbHO OBUI  HCIOJIB30BAHBI CJIENYIOIMEe METOJbl: TMOPOIIKOBAs
pentrenorpadus, UK-crnekrpockonus u METOJ, Macc-CIEKTPOMETPUU C UHIYKTUBHO CBSI3aHHOMU
aprOHOBOM IUIA3MOM.

B pe3ynbrare peHTreHOBCKHX HCCIEAOBaHUN ObUIO YCTaHOBJIEHO, YTO MHHEpallbHas
KOMITIOHEHTa KOCTEW pBIO MpeAcTaBlieHa IUIOXO OKPUCTAITU30BAHHBIM amaTUTOM (pa3mep
OKP=10 — 15 M) Meton UK-cnekTpockonuu Mmokaszai, 4To OMoamaTuT SBISETCS KapOoHaT-
cogepkamM anatutoM-OH  B-tuma (kapOonaTt-noH 3ameniaer ¢ocdar-uoH), B KOTOPOM
MO3UIMH THAPOKCUII-MOHA YaCTUYHO BAKAHTHBI, U MOATBEPAMII, UTO OpraHUYecKas KOMIOHEHTa
KOCTH TIpe/ICTaBlieHa OCTKOBBIMH COCTUHEHUSIMHU

Ha cHuMKax MOJy4eHHBIX B ONTHYECKOM MHUKpockone mnpu yseauwdeHuun 1000x
OTUETIMBO BUJIHBI OCTEOLUTHI KOCTHOM Tkanu (Puc 1), mpuyem pa3mep KIETKH COBHAIAET C
pazMepoM YepHbIX 30H Ha COM-n300paxkeHHUsIX MOMNEPEeYHOro cpe3a KOCTH, YTO IO3BOJISIET
TOBOPHTH O COOTBETCTBHH 3TUX (PparMeHTOB.
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Ha COM-u300paxkeHusx (pexum bse) BUIHBI YepEeaAYIOIIUECs] TEMHBIE U CBETIIBIE TSXKH,
PaCIOJIOKEHHBIE MapauIeIbHO TOBEPXHOCTH KOCTH (Puc 2). OCHOBHOM COCTaB MCCIIETOBAHHBIX
KOCTEH MO pe3yapTaTaM PEHTIC€HOCHEKTPAIbHOrO MukpoaHanusza: Ca — ot 17 no 28, P — ot 6 1o
14, Na u Mg — o 0,6 macc%. B HexoTopsix 0Opasiax oOHapykeHsl Takxke ciensl S, K, Cl u Sr,
coJiepKaHue 3TUX >JeMeHOB He mpesbimaer 0,3 macc%. JlaHHble MHKpoaHanHu3a (OTHOLICHUE
CYMMBI aTOMHBIX KOJIMYECTB KaTHOHOB K CyMMe cepbl W Qocdopa, CpeHHI aTOMHBIH Bec,
CyMMapHasi Macca ONpe/esieMbIX 3JIEMEHTOB, OCHOBHbIE 3neMeHThl - Ca, Mg, P, K wmm C)
MO3BOJIIIOT MPEANOJIOKHUTh, YTO TEMHbIE W CBETJIbIE TSKM OTJIMYAIOTCS IO COOTHOLICHHIO
MUHEpaJIbHOW M OPraHNYecKOil KOMIIOHEHT (B CBETJIBIX 30HAaX amaTuTa OoJiblie). DTOT BBIBOA
MOJTBEPKAACTCS  PE3yNbTaTaMH, TIOJYYEHHBIMH B  PEXKHME
TONOrpauyeckoro KOHTPACTa, COIJIACHO KOTOPBIM CBETJIbIE TSDKU
SIBIISTEOTCS
MOJIOKUTETHLHBIMHU
dbopmamu penpeda Ha
MOBEPXHOCTH  00pa3ia
(Puc 3), yto no3Bossier
TOBOPUTH 00 ux
OOJIBIIEH, o
CPaBHEHHMIO C TEMHBIMHU
; 30HaMH, MEXaHHYECKOI
JEGEN TEcpIOCTH.

Ha [1BM
N300pakeHUsIX  KOCTeH
pei0 (Puc 4a) BungHbI
M30METPUYHBIE HEYMOPSAAOYEHHO OpPUEHTUPOBAHHBIE KPUCTALUIUTHI alaTuTa, pasMep KOTOPBIX
(10 — 15 #m) coBmamaer c¢ pasmepom OKP, paccuuTaHHBIM MO JaHHBIM PEHTTEHOBCKOM
mudpakiun. HeynopsioueHHOCTh pacipeneseHus] KPUCTAUNIMTOB MHUHEPATbHOW KOMITOHEHTHI
MOJTBEPKIACTCS JTAaHHBIMH  DJICKTPOHHOW MHKPOTU(PPAKINU, KOTOpas JaeT KapTHHY,
XapakTepHYIO Ul NOJUKpUCTaIUIHYeckux cucteM (Puc 46).

Puc 1: Ocmeouyumsi

Kocmu Puc 2: 3oHanbHocmb KOcmHoU mKaHu

! ‘ o

Puc 3: MamepuarnbHbit Puc 4: a. lMpoceeyusatrowasi Mukpockonusi kocmu. 6.
(espxy) u KapmuHa anekmpoHHoUi dugbpakyuu om Kocmu.
moroepaguyeckul Jannble ICP-MS mnokasaiu nOpuCyTCTBHE B KOCTAX
(8HU3Y) KOHMpPacm penkosemenbubix dnemeHToB, Co, Cs u Sr. CoaepaHue 3THX

aneMeHToB MoxkeT jgocturath 0,39 ppm, a wux cymMmapHoe
conepxanue — 0,67 ppm. Ilpu 3TOM, KOHIIEHTpalus YKa3aHHBIX JJIEMEHTOB B 3aMEIIAIOIINX
KOCTSIX OJHOW 0coOM B 2 — 5 pa3 HUXKe, 4eM B MOKPOBHBIX. [lo pe3ymbraraM KIIacCTEpPHOTO
aHaJIM3a 10 JJIEMECHTaM-TIPUMECSIM OTUYCTIIMBO BBIJCIISAIOTS JIBa KJIAcTEPa, COOTBETCTBYIOIIHE
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3aMeIIaloNIMM M TOKPOBHBIM KocTsM. Haunbonee OMM3KMMHU MO COCTaBY OKa3aluCh 0Opa3Ilbl
KOCTEH OJHOIO THIIA.

PaGoTel 1o  Hccien0BaHUIO HAaHOKOMIIO3UTHOM  CTPYKTYpbl KOCTHOM TKaHU
MIPECHOBOJIHBIX PBIO MPOIOIKAIOTCSL. .

Pabora BbINOMHEHA NMPH YaCTMYHON (PMHAHCOBOU mojzepxke npoekroB PODU Ne 10-
05-00881-a, 11-05-90425-ykp ¢ _a.

1. Melvin J. Glimcher. Bone: Nature of the Calcium Phosphate Crystals and Cellular, Structural, and Physical
Chemical Mechanisms in Their Formation // Reviews in Mineralogy & Geochemistry. Vol. 64, pp. 223-282, 2006.
2. Simon P., Rosseeva E., Buder J., Carrillo-Cabrera W., Kniep R. Embryonic States of Fluorapatite-Gelatine
nocomposites and Their Intrinsic Electric Field Driven Morphogenesis: The Missing Link on the Way from Atomistic
Simulations to Pattern Formation on the Meso-Scale / Advanced Functional Materials, 2009, Vol.19, N 22, P. 3596-3603.

COMPOSITION AND NANOCOMPOSITE STRUCTURE OF BONE TISSUE OF
FISHES

Anton Nikolaev, Olga Frank-Kamenetskaya, Evgeny Ubyivovk, Michail Voznesensky

The regularities of composition and nanocomposite structure of bone tissue of fishes, obtained
by the modern electron microscopy methods, have been regarded.. The mineral component of
researched bones is presented by bad-crystallized calcium deficiency apatite of B-type. Apatite
crystallites (~10 nm) are randomly disoriented. Alternating of zones with apatite and albumen
prevalence is observed. The element composition of the chondral and achondral bone of one fish
has essential differences.

SECONDARY ELECTRONS ENERGY DISTRIBUTION IN HELIUM ION
MICROSCOPE

Y. V. Petrov, O. F. Vyvenko

St. Petersburg State University

Helium ion microscope (HeIM) is a novel and rapid developing imaging and lithography
technique [1]. The most of imaging characteristics are determined by SE excitation parameters,
such as secondary electrons (SE) yield and SE energy distribution (SEED) of every particular
target material.

In this work, SEED in HeIM was investigated experimentally for three metals of (Mo, Ni,
Pt) by means of retarding potential technique with hemispherical geometry. It was found that the
width of ion beam excited SEED for all investigated materials in HeIM was significantly
narrower than that of SEED excited by electron beam in scanning electron microscope (SEM)
and even more narrow than predicted by previous numerical simulations [2]. The energy of the
SEED maximum increased with the increase of the material work function value.

SEED shape was analyzed using modified Chung-Everhart model [3] when the SEED inside the
solid, S(E), was approximated by the power dependence:

where a=2 for SEM. The fitting of SEED obtained in HeIM using this model gave a significantly
larger a=3.3 for all investigated materials.

The reasons of the lower energy transfer efficiency in ion-electron interaction are
discussed. It is concluded that the discrepancy between measured results and simulation data [2]
might be explained taking into consideration two additional mechanisms of ion-induced SE:
Auger neutralization of He ions and kinetic excitation by fast neutrals. Neutralization of He ions
was experimentally confirmed [4].
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Impact of thin foreign surface layer on SEED was investigated as well and it was shown
how the energy selective imaging in HeIM might be used in applications.
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Fig.1. SE energy distribution in HeIM for clean and contaminated by hydrocarbons deposition Mo surface.
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Fig. 2. Energy selective images: a) - ordinary SE image , b) - 1V retarding bias image , c) - difference.

Ion-induced surface contamination results in SE yield decreasing due to low energy
electrons yield reduction (fig.1).
Energy selective images are shown at fig. 2. Ordinary SE image - left, 1V retarding
potential image — middle, difference — right.
Right image is formed by secondary electrons with energy below 1 eV. Contrast between
contamination film and Mo surface is enhanced due to low energy electrons yield reduction.
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APPLICATIONS OF THE HELIUM 10N MICROSCOPE TO THE BIO-
NANOTECHNOLOGIES
D.S. Pickard, H.C. Park, C. Fang, F. Musthafa, S. Swarup, L. Yu, W.Y. Ong, L.

Kenney, M. Sheetz, T. Venkatesan
National University of Singapore, Singapore

The Helium Ion Microscope (HIM) is a new imaging
technology based on a high brightness and stable Gas
Field Ion Source (GFIS). The GFIS employed exhibits a
low energy spread (<1 eV), small virtual source size (<
0.3 nm) and a high brightness > 4 x 10° A/cm’.sr [1].
This, in conjunction with the shallow escape depth (<1
nm) of the secondary electrons generated by the incident
30 keV helium ions, contribute to the HIM’s primary

advantage in the imaging of solid samples: its high J&8 vl

spatial resolution (0.25 nm) [2]. We have applied this
novel technology across a broad spectrum of Figure 1. A single pseudomondas bacteria
multidisciplinary applications (from basic materials attaching to a lung fibroblast cell

science and semiconductor applications to the biological sciences) to assess its utility and possible
advantages over alternative techniques.

One area where our investigations have gained significant traction is in the imaging of
biological specimens. The utility of this instrument in addressing topics of the biological sciences
is due in part to the HIM’s high spatial resolution. However, in the context of biological
specimens, it is the ability to image non-conductive samples without the application of a metal (or
other conductive) overcoat and without the need of a background gas (both of which degrade
resolution and surface details), which has proven to be a distinguishing attribute. This opens up a
whole new range of biological problems that can be solved rapidly and with less risk of artifacts.
We discuss our experiences with this novel imaging technology as applied to the biological
sciences.

[1] B. Ward, J. Notte, and N. Economou, J. Vac. Sci. Technol. B, Vol. 24, No. 6, Nov/Dec 2006
[2] Application Note, Carl Zeiss SMT, “Ultra-High Resolution Imaging in ORION®PLUS”, PI No. 0220-2008-ENG,
Nov. 21, 2008

PEIIEHUE MMPUKJIAJHBIX 3AJAY BUOHAHOTEXHOJIOT Ui
METOJIEMHU IT'EJIUEBO-UOHHON MUKPOCKOIIUA
J. Mukapna, X. [Tapk, C. ®aur, . Mycrada, C. Crapyn, JI. FO,B. Onr, JI. JIunei,

M.IIuth, T. Benkarecan
Hayuonanvnwiii ynusepcumem Cuneanypa, Cuneanyp

I'enmueBo-nonHBIN Mukpockor (HIM) siBiasieTcss HOBOM TEXHOJIOTHEH BU3yaIM3allid, OCHOBAHHON
Ha BBICOKOH SIPKOCTH U CTAaOMJILHOM MCTOYHHUKE MOHOB B IpucyTtcTBuM raza (GFIS). Ilpumenenue
GFIS nemoHcTpupyeT HHU3KO3HepreTuueckoe pacrnpeaeneaue (<1 »5B), wmanwli pasmep
BUpTyanpHOro ucroynuka (<0,3 HM) u BbICOKYIO spkocth > 4 x 109 A/cm2. [1]. Dro, B
COYETaHMM C MaJlol TiyOuHOM BbIXxOAa (<1 HM) BTOPHYHBIX 3JEKTPOHOB, TE€HEPUPYEMBIX
nocpenctBam 30 k9B MOHOB renusi, CHOCOOCTBYET TOMY, YTO OCHOBHBIM npenmymiectsoM HIM B
cllydae BU3yallM3allMd TBEPIBIX OOpa3loB SIBJISETCS BBICOKOE MPOCTPAHCTBEHHOE paspelleHue
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(0,25 ©um) [2]. Mbl DOpUMEHMIM ATy HOBYIO TEXHOJOTHMIO B IIMPOKOM  CHEKTpe
MEXIUCUUIUIMHAPHBIX 3a7a4 (0T ¢pyHIaMEHTabHOM HAyKU U MOJIYIMPOBOAHUKOBBIX MaTepHallOB
70 OHMOJOTMYEeCKHX HayK), 4TOObI OLEHHTh €ro IMOJb3y M BO3MOXKHBIE NPEUMYILECTBA IO
CPaBHEHHUIO C aIbTEPHATUBHBIMU METOJIaMHU.

OpnHoil u3 obnacTel, Tie HAIllM UCCIIEAOBAHMS TIOKA3aJl 3HAUUTENIbHBIE Pe3yabTaThl, cTajga
BHU3yalHu3anusi OMOJOrMYecKHX 00pa3loB. Brirona Mcroib30BaHUs 3TOT0 METOJAa B PELICHUU
3a7a4 OMOJIOrMYECKHX HAyK OTYACTH CBs3aHa C BBICOKOM MPOCTPAHCTBEHHBIM pasperienuemM HIM.
OnHako, B KOHTEKCTE OHMOJOTHYECKUX OOpa3IOB, CIIOCOOHOCTh TMONYYEHHUS HM300paKeHUs
HEMPOBOAIUX 00pa31oB 0€3 MPUMEHEHUS] METAITMUECKUX (MIIM APYTUX MPOBOSIINX ) TOKPBITHIA
u 0Oe3 HeoOXoaMMOCTH TIpUMEHEHHUsi (OHOBOro raza (006a MeToma, KOTOPBIE YXYIIIAIOT
paspelieHre U pa3pylialoT MOBEpXHOCTh 00pasia), SIBISAETCS OTIMYUTENbHBIM CBOMCTBOM. OTO
OTKPBIBAET LIEJBIA Psii HOBBIX OMOJIOTMYECKUX 33/1a4, KOTOPhIE MOTYT OBITh pELIeHbI OBICTPO U C
MEHBIIUM PUCKOM MOTPEHIHOCTH. MBI 00CyXJaeM Halli ONBITHl C 3TOW HOBOM TEXHOJOTHEH
MOJIyYeHUsl N300paxKeHU MPUMEHUTETHHO K OMOJIIOTMYECKUM HayKaM.

NANOSCALE PATTERNING WITH THE HELIUM ION MICROSCOPE
D.S. Pickard, V.Viswanathan, S. Mathew, X.Xu, Z.K. Ai, K. Zhang, X. Zhao, B.

Oezyilmaz, J. Thong, T.Venkatesan
National University of Singapore, Singapore

Recent technological breakthroughs with the Gas Field Ion Source (GFIS), have enabled
researchers to push imaging technology into the deep sub-nanometer regime with focused helium ion
beams. The Helium Ion Microscope (HIM), able to resolve nanoscale features on solid samples with
an edge resolution of a mere 0.25nm, has a number of attributes which make it attractive for the
imaging. Even more compelling is the ability to directly modify materials, through surface
sputtering, enabling direct pattern transfer for the fabrication
of sub-10 nm devices. It also provides a mechanism for
high resolution patterning on non-conventional substrates
(such as suspended graphene membranes), where resist
based lithographic techniques are not feasible. We have
observed sub-10 nm pattern transfer on both supported (Si -
bulk, 300 nm Si0,) and suspended graphene structures, with ! 10nm width
nano-ribbons of 5 nm width being demonstrated. Further, we R
have extended the patterning to sub-10 nm features on S Snm width
optically thick metallic films. Our demonstration explores |
fractal apertures, which feature higher order structures
requiring critical dimensions on the order of 10 nm.

Nevertheless, this technique is not without issues. Under
typical conditions, the balance between ion beam induced
deposition from residual hydrocarbons and surface
sputtering weighs in favor of deposition. Techniques to
eliminate the hydrocarbons prior to beam exposure are
necessary to enable surface sputtering at the fluences
required for the finest features. Additionally, the spatial dimensions of our finest patterns are still
substantially larger than the expected beam probe size (<1 nm). The sources of this discrepancy are
currently under investigation and we are exploring the fundamental limits of direct patterning with
the HIM.

Figurel. Controlled patterning of graphene
ribbons of various widths

Vertical
FOV 700nm
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®OPMUPOBAHUE HAHOPA3BMETHBIX NU30BPAKEHUN
METOJAMMU I'EJIMEBO-UOHHON MUKPOCKOIIUA
. Iuxapna, B. Buceanartan, C. Marsto, 1. Kcy, 3. Ait, K.JKanr, 1. XKao, B.

OiizunpMmac, XK. Tonr, T. Benkarecan
Hayuonanvnoui ynusepcumem Cuneanypa, Cuneanyp

[TocnenHue TeXHOIOTHYECKHE JOCTHKEHNS B 001aCTH UCTOYHUKOB HOHOB B MIPUCYTCTBUU Ta3a
(GFIS), mo3Bonmin Mccae10BaTeIsiM CMECTUTh TEXHOIOTUN BU3YaTH3alMH B PEKUM TITyOOKOTO
CyOHaHOMETPOBOTO JTMaNa3oHa B CIy4asx MPUMEHEHUS! (POKYCUPOBAHHBIX HOHHBIX ITyYKOB
renus. ['enreBo-nonHoi mukpockon (HIM), criocoGHbIN pa3nuuuTh HAHOPA3MEPHBIE
0COOEHHOCTH Ha MOBEPXHOCTH TBEPBIX 00pa3LoB pazmepoM 0.25HM, 00s1aAaeT psioM CBOUCTB,
KOTOpBIE JIENIal0T €ro MPUBJIEKATEIbHBIM Ul 3a/1a4 BUu3yanu3auuu. Eule 6o1ee yoequTenbHbIM
SBJISICTCS BO3MOKHOCTh HAIIPSIMYIO U3MEHATh MaTepHalibl, IIyTeM METaJUIM3allii TOBEPXHOCTH,
YTO MO3BOJISIET IPUMEHATH NPSIMOE HAHECEHNE PUCYHKA IIPU U3rOTOBIEHUH cy0-10 HM
yCTpOHCTB. MUKPOCKOII TaK)Xe pealu3yeT MEXaHU3M HaHECEHUs] pUCYHKA Ha HENPOBOAIINE
CyOCTaHIIH C BBICOKMM pa3penieHneM (HampuMep, B3BEIICHHbIE MeMOpaHbl rpadeHa), riue
HEBO3MOXXHBIM SIBJII€TCS HCIOJIb30BAHNE TEXHUKH C MCIIOJIb30BAaHUEM pe3rcTa. Mbl HabIoaamu
npoiiecc HaHeceHus cy0-10HM mabioHa B ciydae ucnonb3oBanus nmopioxku (300 um Si0,) u B
cllyyae B3BEIIEHHBIX CTPYKTYp rpadeHa ¢ HaHOJIeHTaMH IIUPUHON 5 HM, KOTOpbIE MIOKa3aHbl Ha
pucynke. Kpome Toro, Mpl pactipocTpaHwii HaHeceHue cy0-10 HM pUCyHKa HA ONITHYECKH
TOJICTBIE METAJIIMYECKHUE MIeHKH. B Hameil paboTe ecTh nccieqoBaHus ppakTalbHBIX anepryp,
KOTOPBIE IMOKA3bIBAIOT CTPYKTYPHI 00JIee BBICOKOTO TOPSIKa, TPEOyomIue mpeIeTbHbIX
pazmepoB 0kos10 10 HM.

Tem He MeHee, 3TOT METOJT UMEET CBOM OCOOCHHOCTH. B OOBIYHBIX YCIIOBUSAX OamaHC MEKIY
MHYLIUPOBAHHBIM HOHHBIM IIYYKOM OCaX/I€HUEM U3 OCTATOYHBIX YTJIEBOJOPOIOB U
MeTaJlJIn3aluel TOBEPXHOCTh NEPEBEIINBAET B MOJIb3Y OCAXKAECHUSA. MeToAbl yCTpaHEHUS
YTJIEBOIOPO/IOB MEPEl HAuaIoM JIy4eBOI'0 SKCIIOHUPOBAHUS HEOOXOIUMBI, YTOOBI O3BOJIUTH
HaAIBUIATh C TAKON IUNIOTHOCTBIO SHEPTUH, KOTOpas HE00X0auMa J1JIsl OJTYUYEHUS] HAMTy4YIINX
xapakTepucTUK. CBepX TOro NPOCTPAHCTBEHHBIE pa3Mephl HAIIUX JYUIINX PUCYHKOB I10-
MIPEKHEMY CYIIECTBEHHO OO0JIbIIIE, UeM OKUIaeMblil pa3mep npobHoro jiyda (<1 am). McTounuku
JAHHOTO PACXOX/IECHUS B HACTOsALIEE BPEMsI UCCIIEAYIOTCS, U Mbl U3y4aeM (hyHIaMEeHTaIbHbIX
IIPEJIEIOB MPSIMOTO HAHECEHUS PUCYHKA C MIOMOIIBIO [EJINEBO-MOHHOTO MUKPOCKOTIA.

OOPMHUPOBAHUE YHHOPAAOYEHHBIX CTPYKTYP IOPUCTOI'O
KPEMHMUSA BO BHERJIEKTPOJHOM IIJIABME

Konmakos B.A., ITognunuos B.B.

Hncmumym cucmem obpabomxu uzoopaxcenuti PAH

Camapckuii 2ocyoapcmeennblil azpoxocmudeckui ynusepcumem um. axademuxa C.I1. Koponesa
(HAYUOHANLHBIL UCCIE008AMENLCKULL VHUBEPCUMEN)

B paborax [1, 2] noka3aHa NepCHeKTUBHOCTb NPUMEHEHHUS] BHEIIEKTPOJHOM I1a3Mbl
BBICOKOBOJIBTHOTO ~ Ta30BOTO0  pa3psAa B TEXHOJOTUSAX  (OPMHUPOBAHUS  ONTUYECKOTO
MHUKpOpenbeda, MOCKOIbKY OHa CBOOOJHA OT TAKMX HENOCTaTKOB Kak 3(deKT 3arpysku,
HEOOXOIUMOCTh  KOHTPOJS  OOJNBLIOrO  KOJMYECTBA TEXHOJIOTMYECKUX  I1apaMeTpoB,
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CBOMCTBEHHBIX TPaJUIIMOHHBIM METOJ[aM TeHepaliy Iia3Mel. Kpome Toro maHHblid BUJI I1a3Mbl
HAaIleJ IIMPOKOe MPUMEHEHUE B TEXHOJIOTHAX MalKH MOJYIPOBOJHUKOBBIX 3JIEMEHTOB, OUUCTKU
MOBEPXHOCTH MaTepUaiOB, YBEIMUEHUN aJIr€3UMM TOHKUX IJICHOK. B 1anHON paboTe nmpoBeaeHbI
MUIOTHBIE MCCIIEOBAaHUS MPOLECCOB (POPMHUPOBAHUS YIOPSIOYEHHBIX MOPHUCTHIX CTPYKTYp B
KPEMHUH C IOMOILBIO BHEAIEKTPOIHOM I1a3Mbl, IOCKOJIBKY CTPYKTYPBI U3 IIOPUCTOTO KPEMHUS
00aialoT 1EeNbIM PSAOM YHUKAJIbHBIX CBOWCTB, JIENAIOMIUX €ro MEePCIEeKTUBHBIM MaTepHalioM
JUIE ONTHKM W HaHO(DOTOHUKH, 3JIEKTPOHUKH, B KaueCTBE MHKpPO- M HAHOCEHCOPOB JUIf
OTIepaTHUBHOIO aHAJIM3a COJEPKAHUS PA3IMYHOIO POJa XUMUYECKUX BEIECTB U razos [3].

Jlis mpoBesieHHsT UCCeI0BaHUI UCTIONIb30BAIMCH CIIEUATBHO MOATOTOBJICHHBIE 00pa3LIbl
MOHOKPUCTAJIJTMYECKOTO  KPEMHHMs,  NOBEPXHOCTh  KOTOPOTO  OPHEHTHUPOBAaHAa IO
kpuctaiorpagpuyeckoir  miockoctd  (100). Ha  moBepXHOCTM  MIAacTUH  METOAAMHU
¢dotonurorpadun  popmupoBanack 6MHapHas (pOTOPE3UCTUBHAS MacKa C IepruoaoM JuHU 3,5
MKM " BbicoToi 700 HM (puc. 1, a). KoHTpons napaMeTpoB pe3UCTUBHOW MACKHU M TOJTY4YE€HHBIX
CTPYKTYp Tociie 00paboTKH B IJjIa3Me OCYHIECTBIISUICA C MOMOIIBIO PACTPOBOIO 3JIEKTPOHHOTO
mukpockona (POM) Carl Zeiss Supra 25. Ilocne omepanuu TpaBi€HHS BO BHEIJIEKTPOIHOMN
IJIa3Me Ta30BOTO pa3psaa, ObUT MOIYYeH MHKPOpEnbed, MPeICTaBIIONINN CO00M TPEYroJIbHBIC
BbICTYIIBI BbICOTOM 300 HM. TpaBieHue ocymecTBisiock B pexume HanpsokeHuss U=2kB, Toka
[I=150MA, naBnenne pabodero raza B kamepe noaepxkuBanoch Ha yposHe 0,2-0,25 mbap (20-25
[Ta). KoHTpoibp mapaMeTpoB NOJIY4YEHHOTO MHUKpopeiabeda  ObUT MPOBEACH C IOMOIIbIO
ckaHupyroriero 30u10Boro Mukpockona NANOINK, Bug npoduns nmokaszan Ha puc. 1, 0.

98 63 nm

/ 99.31 nm

a
Puc 1. M300pakeHnst MOBEpXHOCTH KPEMHUS: @ — KPEMHHH ¢ (POTOPE3NCTHBHON MAaCKOH Ha TIOBEPXHOCTH; b —
nocJie TpasieHus B miazme BI'P.

3areM mMoyyueHHbIE OO0paslbl JOMOJHUTEIBHO OO0padaThIBAIUCh BO BHEDJIEKTPOIHOU
IJ1a3Me Ta30BOr0 pa3ps/ia BBICOKOBOJIBTHOIO TUMA 5 MUH B pexkuMme: Hanpsikenue U=1,8 kB, Tok
[=20MA B cpene B cmecu pabouero raza CF, ¢ O,. B mpomecce o0paboTku Ha BBICTYyMax
MHUKpopenbeda ObUIH TOTYyUYeHBI ME30TIOPhl B KPEMHUH, 00pa3yrolne JTHHUIO MUAPUHON SOHM,
riyounoit 150uMm (puc. 2).

OCHOBHBIM MEXaHU3MOM Tpu (OPMUPOBAHHUU JAHHBIX TOP SBISIETCS AJIEKTPOHHO- H
MOHHOCTUMYJIMPOBAHHOE O00pa30BaHME HEYCTOMYMBBLIX HOHOB Si** B pe3ysnbrare CHIBHOM
HEOJIHOPOJHOCTH 3JIEKTPUYECKOTO MOJsl Ha BBICTyHmax MuKpopenbeda. [lanee oOpazoBaHHbBIE
MOHBI CIIOCOOHBI y4YacTBOBaTh B PEaKIHMU JUCTIPOIOPIUOHUPOBAHHUS C 0OOpa3oBaHHEM
BTOPUYHOIO KPEMHHUS, KaK NpaBuio, aMopdHoro, u noHos Si'" 00pasyromux BIOCIENCTBHH
JIETKOJNIeTY4Yrne coeAnHeHus SiFs B MPUCYTCTBHM TPaBSIIMX PAIUKAIOB padOyero rasa, JaHHBIC
MPEIOIO0KEHUS TaKKe COTJIacyroTes ¢ [2, 3].
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a - b e

Puc 2. N300paxkeHus cTpyKTyp nopuctoro kpemaust Ha POM: a — ysenmuenne 10000 pa3; b — ysenmuenne 50000
pas; ¢ — u300pakeHUe CKoJia 00pasiia.

Takum oOpa3oM, uUCHOIB3ys TexHoJoruu ¢oronurorpadud U TPaBJICHUS BO
BHEIJICKTPOJHON  IJJa3M€  BBICOKOBOJBTHOTO  Ta30BOTO  paspsiia, ObUIH  TIOTYYCHBI
YOOPSAOYCHHbIE CTPYKTYphI, MpEeACTaBIsomMe Cco00i JIMHUU TMOPUCTOrO0 KpeMHus, 0e3
WCIIONIb30BaHUS JICKTPOJIUTOB M XUMHYECKUX PACTBOPOB, UTO TO3BOJISET JAHHOW TEXHOJOTHUHU
ObITh COBMECTUMOM C IUIa3MEHHBIMU TEXHOJOTUSIMHU, TEXHOJOTHUSMU MHUKPOIIEKTPOHUKU U
texaonorun MOMC. TIloka3aHa BO3MOXXHOCTh W3TOTOBJICHHUS YIOPSIOYEHHBIX CTPYKTYP
MIOPUCTOTO KPEMHUS, KOHPUTYypalIuI0 KOTOPBIX MOXHO (hOpMUPOBATh, CO3/1aBasi CTaHAAPTHBIMU
METOJIaMU MUKPOIJICKTPOHUKH U HAHOMH)XCHEPUU MACKHPYIOIINE CJIOU HE00X0UMOM (HDOPMEI.

PaboTa BemmosHeHna npu noauepxkke rpanta IIpesuaenta Poccuiickoit @enepanuu s
MOJIEP’KKH MOJIOJIBIX POCCHICKHX y4eHBIX — JOKTOpoB HayK Ne M/JI-1041.2011.2 u rpanTta Carl
Zeiss (norosop Ne CIIBI'Y 7/11 KLI).

CIIMCOK HCIIOJIb3OBAHHBIX NCTOYHMKOB

1. Kazanckuit H.JI., KonmakoB A.U., Konmakos B.A. VccinenoBanne ocoOeHHOCTEH mporiecca aHM30TPOITHOTO

TpaBJIEHUS IUOKCHA KPEMHUS B IIa3Me Ia30BOT0 pa3psia BEICOKOBOJIBTHOIO THIIA // MUKpPOAIEKTPOHHUKA. —
2004. - T.33.—Ne 3. - C. 218-233.

2. Kazaucknit H.JI., Kommakos B.A. @opMupoBaHie ONTHYECKOTO MUKpOpenbeda BO BHEIIEKTPOIHON TIa3Me
BBICOKOBOJIFTHOT'O I'a30BOT0 pa3psina. Monorpadus. — M.: Paxgno u csze, 2009. — 220 c.
3. J. H. T'opsiues, JI.B. bensiko, O.M. Cpecenu. O Mmexanusme oopa3oBanus nopucroro kpemuus // OTII,

1.34, Ne9, C. 1130-1134, 2000r.

FORMATION OF ORDERED STRUCTURE OF POROUS SILICON IN

OFF-ELECTROD PLASMA

Kolpakov V.A., Podlipnov V.V.

Image Processing Systems Institute

Samara State Aerospace University (national research university)

In papers [1, 2] great perspectives of off-electrod plasma highvoltage discharge gas in the
technology of optical micro-relief are shows, because it is free from such drawback as the effect
of load, the need to control a large number of technological parameters of traditional methods of
plasma generation. Besides this kind of plasma is widely used in soldering technology
semiconductor components, surface cleaning materials, increasing the adhesion of thin films. In
this work, preliminary study of the formation of ordered porous structures in silicon using off-
electrod plasma is carried out, since the structures of porous silicon have a number of unique
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properties that make it a promising material for optics and nanophotonics, electronics, as micro-
and nanosensors for rapid analysis of the content various chemicals and gases [3].

For research, we used specially prepared samples of monocrystalline silicon, whose
surface is oriented along the crystallographic plane (100). On the wafer surface a binary
photoresist mask is formed by photolithography with a period of lines 3.5 microns and a height
of 700 nm (Fig. 1, a). Parameters control of the resistive mask and the structures obtained after
plasma treatment was performed with a scanning electron microscope (SEM) Carl Zeiss Supra
25. After the etching process in off-electrod plasma was micro-relief obtained, which is a
triangular projection with height of 250 nm. Etching was performed in the mode of voltage U =
2kV, current I = 150 mA, the working gas pressure in the chamber was maintained at 0,2-0,25
mbar (20-25 Pa). The control parameters of obtained microrelief was conducted using a scanning
probe microscope NANOINK, the profile view is shown in Fig. 1 b.

98 63 nm

a
Figure 1. Images of the silicon surface: a - silicon with photoresist mask on the surface;
b - after etching in the off-electrode plasma.

Then the obtained samples were additionally treated in off-electrode plasma for 5 min time
in the mode: voltage U = 1,8 kV, current [ = 20mA in the medium of working gas mixture CF,
with O,. In the course of processing of the microrelief mesopores in silicon were obtained,
forming a line with width of 80-nm, 200 nm depth (Fig. 2).

The main mechanism for the formation of these pores is formation of Si* * ions by the
electron and the ion stimulating in the strong heterogeneity of the electric field at protrusions of
the microrelief. Further formed ions are able to participate in the disproportionation reaction with
the formation of secondary silicon, usually amorphous, and Si* * ions forming volatile
compounds SiF, later in the presence of etching radicals of working gas, these assumptions are
also consistent with works [2, 3].

a b c

Figure 2. Images of the structures of porous silicon on the SEM: a - 10000 times increase; b -
50000 times increase; ¢ - image cleaved sample.
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Thus, using the technology of photolithography and etching in off-electrode plasma
ordered structures were obtained, which represent the line of porous silicon, without the use of
electrolytes and chemical solutions, allowing this technology to be compatible with plasma
technology, technology, microelectronics and MEMS technology. The possibility of production
of ordered structures of porous silicon is shown, a configuration which can be formed, creating
of microelectronics and nanoengineering masking layers of required form by the standard
methods.

This work was supported by the President of the Russian Federation for young Russian
scientists - doctors number MD-1041.2011.2 and the grant of Carl Zeiss (contract number
SPBGU 7/11).
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LASER-ASSISTED Au-Cu AND Au-Ag DEPOSITION FROM LIQUID
METALLOORGANIC COMPLEXES.

Anastasia V. Povolotskaya, Margarita A. Lesik, Alexey V. Povolotskiy, Alina A.
Manshina

Physics faculty, St. Petersburg State University, 3, Ulianovskaya st., 198504, St.Petersburg,
Russia

Since the very beginning the laser-assisted methods have become of critical importance for
the metal deposition. Various laser techniques allow metal precipitation on the different kinds of
the materials. One of them is the Laser-induced chemical liquid phase deposition (LCLD), which
is considered among the others to be the most promising and efficient. Indeed, the LCLD method
offers convenient way of the metal precipitation with rather high uniformity of the morphology
and good electrical properties of the deposits [1-4]. In spite of the achieved high quality of the
metal structures the ongoing attempts are undertaken for the improving of the deposition
efficiency and the quality.

In the LCLD method the laser initiates the chemical reducing reaction and the laser focal
volume determines the volume of this reaction what results in the localized submicron metal
deposition. Also this method permits controling width, morphology and resistance of metal
structure as a result of variation laser power, temperature of solution and other parametrs of
deposition. The laser-assisted photochemical reaction yields deposition of the structures on the
substrate with high degree of adhesion. This method is characterized by technological efficiency,
chemical safety and low-price equipment.

Up to now the LCLD method was successfully realized for precipitation of such metals as
Cu, Ni, Pd, Ag on several kinds of semiconductors and insulators such as Si, Ge, GaAs,
polymers and so on. But a question about alloys deposition using this method has been never

risen.
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In the present work the possibility of alloy precipitation was investigated. The deposition
process was carried out from metalloorganic complexes witch consist of the [AusCus] and
[AusAgio] clusters ‘wrapped’ in the [Aus(diphosphine);]** triangles [5,6]. Possibility to change
Au-Cu and Au-Ag ratio in the initial solution allow controling composition of the deposited
metal structure.

This metallization technology can be successfully used in the microelectronics industry for
the creation of the electrodes the metal conductors on the microchips, in the display technologies
for the production on flexible polymer monitors and keyboards, creation micro thermocouples
and so on. Creation of different combinations consisted of several kinds of metals (alloys) will
open new application field of this technique in microelectronics industry and for creation
metamaterials.
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CO3JAHUME JHK-IMTABJOHHBIX CEPEBPSAHBIX HAHOIIPOBOJIOK
[TyukoBa A. O., Cokonos I1. A., Kacesinenko H. A.

Kageopa monexynaprou 6uogpusuxu gusuuecrxoeo gpaxyremema Canxm-Ilemepoypeckozo
T'ocyoapcmeennozo Yuusepcumema

CrpeMuTenbHOe YMEHbBILIEHHE Pa3MEpPOB CXEM TBEPAOTEIbHOM 3JIEKTPOHUKU OOS3bIBAET K
MIOUCKY M pa3paldOTKe HOBBIX METOAOB CO3/IaHHs HAHOpPa3MEPHBIX KOHTAKTOB. Perienue 3Toi
npo0jaemMbl BHUIUTCA B IPUMEHEHMH MPOLECCOB CAMOOPraHW3alM{, MPHCYIIUX MHOIMM
OuonorndyeckuM Mosiekynam. B uwactHocTH, wMonekyma JIHK o6mamaer yHHKambHBIMU
CBOMCTBaAMM: MEXaHM3M caMoOopraHuzanuu (mpumep «bottom-up» Hmoaxona WIM caMOCOOPKH),
OOJIBIIYIO JKECTKOCTh MOJICKYJISIPHOHM IIETH, BBICOKYIO ITUIOTHOCTH 3apsiia W, HaKOHeIl, pa3Mep,
MOpsiIKa HAHOMETPOB. DTH CBOMCTBA OTKPHIBAIOT OOJIBIIME BO3MOKHOCTH JJISI M3TOTOBJIECHHUS
HOBBIX YCTPOMCTB HAaHOAJIEKTPOHHMKH. Bricokoe conporusnenue JHK 3arpynnser ee
IIPUMEHEHHE KaK TaKOBOM B 3JEKTPOHHBIX cxeMmax. Moaudukanus JJHK meraniom no3sosser
3HAYUTENIbHO MOBBICUTH MPOBOAUMOCTb. Takum 00pa3oM, MOXKHO M3TOTOBJISATH YJIbTPAaTOHKHE
(ImamMeTpoM MopsAJKa JECSITKOB HAHOMETPOB) HAHOIPOBOJIOKH W3 PA3IMUYHBIX METAJUIOB, WU
HaHOKJIAacTepel Ha moBepxHOcTH Monekynbl JIHK. D10 HaswsBaercs JHK-mabmonHoM
camocOopkoil. Ilomydaemble Takum 00pa3oM HAHONPOBOJOKH, HampUMeEp, MOIYT ObITh
HCIIOJIB30BaHbl HE TOJBKO IPU M3TOTOBJIECHUU KOHTAKTOB B HAHOXJIEKTPOHHBIX CXE€MaX, HO TaK
K€ U B KayeCTBE BBICOKOUYBCTBHUTEIBHBIX OMOCEHCOpOB. /[ BBIMONHEHUS TakuX (yHKIMH
HaHOIIPOBOJIOKHU JOJKHBI UMETh PaBHOMEPHYIO, XOPOLIO OpPraHU30BaHHYIO CTPYKTYpy. B cBs3m
C 3TUM MOCJEIHHE ToJIbl BEJETCS MHOIO paboT Mo u3ydeHHro npouecca merammmsanuun JJHK.
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[IpoGyrotcst paznuunbie MeToabl MOKphITUS JIHK MeTanmamu, uieTcs BO3MOKHOCTh KOHTPOJIS
pa3MepoB, a Tak k€ PaBHOMEPHOCTHU MOKPBITHSI.

B pabGore omnuceiBaeTcst yHuKanmbHBIA MeTon co3manus JHK-mabmoHHBIX cepeOpsHBIX
HAHOMPOBOJOK. OH OCHOBaH Ha AJIEKTPOXHUMUYECKOM BOCCTAHOBICHUU HOHOB Ag’, CBSI3aHHBIX C
monekynamu JIHK, coOpaHHBIX B <GKT'YThI» Ha TOBEPXHOCTH KpeMHHs n-THma. B pesynbrare
MOJIy4aOTCS BBITSIHYTbIE HAHOIPOBOJIOKU JITMHOM 10 HECKOJIBKHX MUKPOMETPOB, COCTOSIINE U3
kinactepoB Ag’ nuamerpom okono 30 HM. HoBH3HA ONUCHIBAEMOIrO METOJA 3AKIKOYAETCS, BO-
MEPBBIX, B UCIOJIb30BAHNUE BOCCTAHOBUTEIBHBIX CBOMCTB KpeMHUs npu Metaiu3anuu JHK, uto
MO3BOJIIET 3HAYUTENIBHO YIPOCTUTH TMPOLEAYPY H J0OUThCA Oomnbinei 3(PPeKTUBHOCTH.
[IpennoxxeHo 0ObsICHEHHE BO3MOKHOTO MEXaHW3Ma METAJUIM3aliH, U, IS €ro JoKa3aTellbCTBa,
CpaBHHUTENBHBIA aHanmn3 Mmetaummsanuu moiekyn JIHK, 3adukcupoBaHHBIX Ha MOBEPXHOCTAX
CIIO/IBI, CTEKJa M KpeMHHUs p-Tuna. Emé oJHuM OTIMYMEeM YKa3aHHOIO MeToja OT
MPEJIOKEHHBIX B JIUTEpaType paHee, SBISIETCS HCMOJIb30BaHHWE B KAayeCTBE MATPHIIBI ISt
MeTauh3auun  He eauHuyHod wmousekynsl JIHK, a menoro maccuBa BBITSHYTBIX H
OPUEHTHPOBAHHBIX MAaKpPOMOJIEKYJ, Tak Ha3biBaeMbix «JHK-bubpumny Ha mnoBepxHOCTH
KpeMHHUS. DTO TMO3BOJSET MOBBICUTH KayeCTBO IOJIy4a€MbIX CTPYKTYp U J0OUThCs Oosee
TUIOTHOM MOCAJIKH CepeOPSHBIX KIAaCTEPOB.

3adukcupoBanapie Mosekynabl JIHK, a Ttaxke JIHK-mabnonnesle HaHOTPOBOJIOKH
HAOMIOIaNNCh TPU TIOMOIIM aTOMHO-CHJIOBOTO MHKpockonma NanoScope 4am Veeco,
ckanupyronux saekrpoHHoro Zeiss SUPRA 40VP u wonnoro remmeBoro Zeiss ORION
MuKpockornoB. Ocobast mporeaypa uxcanuu MOJIEKyN, MpuBonsAas K obpasoanuio «JIHK-
¢bubpr» W UCHOJIb30BaHHE TOJIYMPOBOAAIIEH TMMOAJNOXKKH M CHENaTd  BO3MOXKHBIMU
HaOmoieHust HenekopupoBaHHBIX JIHK B HOHHBIN U JIEKTPOHHBIN CKAaHUPYIOIIHE MUKPOCKOTIBL.

splay) A

I Ma i 1y
Puc.1. Meramuusupoannas JJHK Ha moBepxHOCTH KpeMHUS n-TUMa. M300paxeHue MoIy4eHo ¢ IOMOIIbIO
CKaHMPYIOIETO HOHHOTO T'€JIMEBOI0 MUKPOCKOIIA.

N3mepenus ¢ momoIisto ckaHupyromux dnekTporHoro Zeiss SUPRA 40VP u nonHoro
renueBoro Zeiss ORION MUKPOCKOIIOB MPOBOAUINCH B MEXAUCIUITMHAPHOM HAYIHOM IICHTPE
CIIoT'Y no nanpasnenuto «HanotexHomorum.

Jluteparypa:
Puchkova A. O., Sokolov P. A., Petrov U. V., Kasyanenko N. A. Metallization of DNA on silicon surface // Journal
of Nanoparticle Research (2011): 1-9, February 16, 2011
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CREATION OF DNA-TEMPLATED SILVER NANOWIRES

Puchkova A. O., Sokolov P. A., Kasyanenko N. A.

The unique method of creation of DNA-templated silver nanowires was carried out in our work.
The electrochemical reduction of silver ions fixed on DNA molecule provides the forming of of
tightly matched zonate Ag’clusters with diameter about 30 nanometers. Silicon surface serves
like reducing agent in this method. The best result of metallization was obtained for fibrils of
oriented DNA chains generated on silicon surface. Samples were examined by the atomic force
and the scanning ion helium Zeiss ORION and electron Zeiss SUPRA 40VP microscopes.

OCOBEHHOCTHU AHAJIU3A HAHOOBBEKTOB B BUOJIOI'MYECKUX
OBPA3IIAX
H. b. Py6uios

Llenmp KonnexmueHno2o no1b308anUsL MUKPOCKORUYECKO020 AHAIU3A OUON0SUYECKUX 00BEKMO8,
CO PAH, Hncmumym yumonocuu u cenemuxu CO PAH, Hoéocubupck, Poccus

PaccMoTpensl 0coOO€HHOCTH IPOBEACHHSI MUKPOCKOITMUECKOT0 aHAIN3a CTPYKTYp, UMEI0-
IIMX HaHOpa3Mephbl, B OMOJIOTNYECKUX 00beKTaxX. B KauecTBe OCHOBHBIX XapaKTEPUCTUK METO-
JI0OB MUKPOCKOIMYECKOT0 aHAJIN3a YUUTHIBAINUCH MIPeieIbHOE MPOCTPAHCTBEHHOE U BPEMEHHOE
pasperieHue, TpeOoBaHUs K U3ydyaeMoMy 00pasily, HEOOXOJMMBbIE YCIOBHS, COOI0/IEHHE KOTO-
PBIX HEOOXOAMMO JJIsi IPOBEACHHSI MUKPOCKOIHMH, CITIOCOOBI BU3YyaIM3al[il HHTEPECYIOLINX HUC-
CJIEIOBATENS CTPYKTYP, BO3MOKHOCTh COBMECTHOI'O UCIIOJIB30BAHUS Pa3HBIX METOJOB MUKPO-
CKOTIHH, MOBPEKIAtoIIee BO3ICHCTBIE Ha 00pasell B MPOLECCe MUKPOCKOITUH U CIIOCOOBI
KOMIIbIOTEPHOI 00paboTKH monyuyeHHON HHpopMaruu. OTAEIbHO paCCMOTPEHBI METO/IBI CBETO-
BOW MHUKPOCKOIINH, 00€CTICUNBAIOIINE YPOBEHDb pa3pelieHus, IPeBbImamui npeaen A6oe, n
BO3MOKHOCTH UX MCIIOJIb30BaHUS B OMOJIOTHUECKUX MCCIIEJOBAHUSIX.

[IpoBenieH CpaBHUTENBHBIA AaHAIN3 BO3MOXHOCTENW U OTPAaHUYEHU METO/IOB ICTEKIIMU U
ornucaHus 00BEKTOB C MCIIOIb30BAaHUEM JIEKTPOHHOM, aTOMHOM CHIIOBOW M CBETOBON MHKPOCKO-
MU B PA3JINYHBIX OMOJIOTHYECKUX dKcrepuMeHTax. Ocoboe BHUMaHue yJeIeHO METoAaM Mpu-
TOTOBJIEHUS 00PA31OB JJIsi MUKPOCKOIINH, TPOBEACHUIO PUKU3HEHHBIX HCCIIEJOBAHUH, onpeie-
JICHUIO OPraHU3allMd HAaHOOOBEKTOB U aHAIM3Y X B3aUMOJICHCTBUH C HCITIONIb30BAaHUEM JIa3ep-
HOUW CKaHUPYIOLIEH MUKPOCKOIIUH.

O6cyxnaroTces npo0aeMbl BEIOOpa METOI0OB MUKPOCKOITUH, ONTUMH3ALUH TPUOOPHBIX U
MIPOrpaMMHBIX HACTPOEK MUKPOCKOIIUU MPU MPOBEACHUH HCClIeJOBaHUM. PaccMOTpeH ombIT
MIPOCTPAHCTBEHHOM JIOKAIM3AIMKU B XPOMOCOMaX 3YKapHOT KOHKPETHBIX MOCIEA0BATEIbHOCTEN
JTHK, 6enkoB, mpobaemMbl KOTOKaTu3aluu 00BEKTOB M CTPYKTYP B sIpax dyKapuoT, MPUUHHBI
BO3MOXKHBIX OIIMOOK B UCCIIEOBAHUAX MPOCTPAHCTBEHHOW OpraHU3aluy sApa U XpOMOCOM IpH
IIPOBEEHUH JIEKTPOHHON U J1a3€pHOIN CKaHUPYIOIIEH MUKPOCKOIIHH.

Attributes of microscopy of nanoparticles and structures in biological studies are dis-
cussed. As the important characteristics of methods in microscopy analysis were considered the
resolution limits, temporary leave, specimen properties, necessary condition during microscopy,
technique compatibility, damage of the specimen during microscopy, possibilities for the bioin-
formatic analysis of obtained data. The area of special attention was the methods of light micro-
scopy that improved the resolution limit beyond Abbe diffraction limit in optical microscopy and
application of these methods in biology.

Analysis of possibilities and limitations of modern methods of detection and description
of biological objects with electronic, atomic force and light microscopy in different types of bio-
logical experiments was carried out. Different approaches and techniques of specimen prepara-
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tion were compared and particularities of vital microscopy were considered in comparison with
microscopy of fixed specimens. Laser scanning microscopy for analysis of configuration of pro-
teins, nanostructures and interaction of nanoparticles were estimated as useful techniques in bio-
logical research.

The problems of the choice of microscopy techniques and optimization of device and
software in practical research were discussed. The experience of the studies devoted to the local-
ization of DNA fragments and proteins in chromosomes and interphase nuclei of eukaryotes was
used for consideration of the possible mistakes in studies of localization and colocalization of the
objects with electronic, conversional light and laser scanning microscopy.

BOJHBIE ITUCITEPCHUHA YIJIEPOJHBIX HAHOTPYBOK B
NPUCYTCTBUU NIOBEPXHOCTHO-AKTHUBHbBIX BELHIECTB:
YCTOMYUBOCTD, CTPYKTYPA, ®PU3NKO-XUMUYECKHUE
CBOVCTBA

E.A. Cadonona, A.C. Konesa, H.A. CmMupHOBa

Canxm-Ilemepbypeckuii 20cy0apcmeenHvlil YyHusepcumen, Xumuieckutl (paxyivmem

«Msrkue» HAHOKOMIO3UTHBIE CHCTEMBI Ha OCHOBe yriaepoiHslx HaHoTpyook (YHT) B
MOCJICIHAE TOJIbl TPHUBJIEKAIOT TMOBBIIIEHHOE BHUMAHUE HUCCienoBaTeNied U MpakTUKOB [1-3].
OHU NEepCNeKTUBHBI IS psiia TPUMEHEHUM, B UMCJIE KOTOPBIX: CO3JAaHHE dHEpro3amnacarommx
YCTPOWCTB,  AJIEKTPOXMMHUYECKUX  CEHCOPOB, BKJIOYash OHMOCEHCOpPBI, BBICOKONPOYHBIX
HAaHOKOMITO3UTHBIX IUIeHOK [4]. B BoaHbix pactBopax opHocnoiHeix YHT (OYHT)
3aukcupoBaHbl A(P(PEKThl ONTUYECKOTO OTPAHMYEHHUS, KOTAAa TMPH OJHOMOMEHTHOM pOCTE
WHTEHCUBHOCTH U3JIy4€HUS, ONITUYECKas MPO3PAYHOCTh pacTBOpa nagaeT nmoytu B 100 pas [5].
Kputnuecku BakHON mnpennocbuikoil nmpumeHeHns YHT sBnsercss pasneneHne HaHOTPYOOK,
KOTOpBIE B HCXOJHOM MaTepuaje o0pa3yloT «CPOCTKH», U CO3/IaHHWE YCTOMUYMBBIX TUCTIEPCUI
WUHAVBUAYAJIbHBIX HAaHOTPYOOK B pe3ysbTaTe Je3arperaluu «CpocTkoB». MMeHHO nucnepcun
MOTYT BBICTYNAaThb KaK MaTepHalibl g TNPUIOKEHHHA. [[Is NpakTUYeCKUX MNpUMEHEHUN
TpebyroTcs aucnepcun YHT, coxpasstonme oJTHOPOJHOCTh B T€UEHUE HECKOJIBKUX MecsIieB. B
KauecTBe 100aBOK, CIIOCOOCTBYIOMUX aucnieprupoanuto YHT, 3auacTyro mpUMEHSIOT HOHHbBIE
U HEHOHHBIE IMMOBEPXHOCTHO-akTHBHBIE BeulecTBa (IIAB), mommcaxapuibl, BOogOpacTBOpUMbIE
nonuMepsl U 1p. [6]. Mexanusm nerictBus aMmpuUIBHBIX TUCHEPTHPYIONINX areHTOB OCHOBaH
Ha B3auMOJIeHcTBUU TUAPO(YOOHON YacTH MX MOJIEKYJ C TIOBEPXHOCTHIO HAHOTPYOKH, TOTJa KaK
rUIpOo(UIBbHBIE YACTH OPUEHTUPYIOTCS B HAIIPABJICHUU TMOJISIPHOTO PACTBOPHUTENS U Pa3AEISIOT
HAHOTPYOKH, pa3pylas «CPOCTKN.

[Tonyyensl mepBble pe3yJabTaThl, CBUIETEIBCTBYIOIIME O MEPCHEKTUBHOCTH HCIOJIb30BAHUS
noHHBIX >kuakoctedl (MXK) kak pacTBOpHUTENsl WM TOBEPXHOCTHO-aKTHBHOM 100aBKM IS
nosrydeHust qucniepcuit YHT [7, 8]. MK auankunumuaa3zonreBoro psaaa o01aaar0T BEIPAKEHHON
MOBEPXHOCTHOW AaKTHBHOCTBIO M IO XapaKTePHCTUKAM MHUIIEIUIO00pa30BaHMs B PacTBOpax
OJIM3KHA K COJIIM QJIKWJITPUMETUJIAMMOHUS (TUMIMYHBIM KaTHuoHHBIM [TIAB). B pabote [9] nman
0030p TaHHBIX 00 arperaTUBHBIX cBOMcTBax Takux VMK m ux cmeceit ¢ [TAB.

brnarogaps cBoell MIOCKOW CTPYKType U CIOCOOHOCTM K 0Opa3oBaHUIO TMH- CBsI3ei
umunazonueBelid  Gparment VXK sddextuBHO B3ammopeiricTByeT ¢ moBepxHocThio OVYHT,
crocoOcTBYsl MX aAucneprupoBanuto. Mcmonp3oBanue kopotkouenodeyHo MXK B kauectBe
pactBoputens a1 YHT oTkpbuio HOBBIE Bo3MOkHOCTH npuMmeHeHus: MK kak moanukaTtopos
YHT npu co3naHuu MOJUMEPHBIX KOMIIO3UTOB € YIIYYIICHHBIMH (DU3UYECKUMHU CBOMCTBaMHU [8].
B3anmopeiicteue MXX-YHT He nHapymaer nu-conpsbkeHHyro crpykrypy YHT, coxpanss
YHUKAJIbHbIE CBOMCTBA MaTepuaa.
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Ilenbto HacTosimiel paOOTHI  SIBISETCS IOJIyY€HHE BOJHBIX JUCIEPCHNA  OJHOCTEHHBIX
YTJIEPOAHBIX HAaHOTPYOOK C MCHOJIb30BaHHEM LieJoro psaa aMpuduibHbIX 100aBOK, BKIIOYas
WXK. Ouenena 3¢ ¢GeKTUBHOCTh CMEIIAaHHBIX J100aBoK nMuaazonueBoit VDK un nonemmncynsgara
Hatpus (aanuonHoro ITAB) B xauecTBe nucneprupytomero arenra. Ocoboe BHUMaHUE YACICHO
KOHTPOJIIO YCTOWYMBOCTH JUCTIEPCUI.

Paboma evinonnusemces npu ¢punarcosoti noooepoicke PODOHU (epanm 11-03-01106-a) u CII6I'Y
(npoexmot 12.0.21.2007 u 12.37.127.2011).
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AQUEOQOUS DISPERSIONS OF CARBON NANOTUBES IN THE PRESENCE OF
SURFACTANTS: STABILITY, STRUCTURE, PHYSICOCHEMICAL PROPERTIES
E.A. Safonova, A.S. Koneva, N.A. Smirnova

Saint-Petersburg state university, Department of Chemistry

Low solubility of carbon nanotubes (NT) in water and in many other solvents hampers often
their applications, and various methods are proposed to obtain NT dispersions. Addition of
surfactants is an effective way to stabilize the dispersions. In the present work imidazolium-
based ionic liquids (IL) and their mixtures with ionic surfactant are tried as dispersing additives
to NTs in aqueous medium.

CTPYKTYPHBIE USMEHEHMUS ITPUPOJIHBIX PEPPUMATI'HETUKOB,
OOPMUPYIOIIME CHEHHIU®OUYECKUE MATTHUTHBIE COCTOSAHUA
I'OPHBIX ITIOPOJ

CanoxnukoB A.B., Cepruenko E.C., CmupuoBa P.B., [lpabkuna E.A., [IponeBuu
A.b.

Canxm-Ilemepbypeckuii cocyoapcmeennviil yHugepcumem, guzuveckuil haxyivmem

[Taneomaraurosnioruss — Hayka, M3ydarollas JpPEBHEE MarHUTHOE TMOj€ 3eMJIM, AENAcT CBOU
YMO3aKJIFOYCHHSI Ha OCHOBE pacmm@poBKHM HHPOpManuu, 3amucaHHOM B 3EpHaX
(beppyMarHUTHBIX ~MMHEPAJOB TOPHBIX Topoa. HeoO0XoauMbIM  yclIOBHEM  MOTyYEHUS
KOPPEKTHBIX MaJl€OMArHUTHBIX JAHHBIX SIBJISIETCS BBIIIOJIHEHHE OCHOBHBIX MPEANOCHUIOK
NaJlecOMarHeTu3Ma, a HMMEHHO, TUIOTEe3bl (UKCAIMM M THIOTE3bl COXPAHEHUS IEePBUYHON
€CTeCTBeHHOI ocTarouHoil HamarHuueHHocTH (NRM) ropubeix mopon. CoxpanHocts NRM B
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TEUEHHUE Ie0JIOTMYECKON KU3HU TOPO/bI MPEANOJIaraeT He TOJIbKO CYIIECTBOBAHUE T'€HETUYECKU
0OyCJIOBIICHHOW HaMarHWYEHHOCTH (WM €€ YacTh), HO M BO3MOXHOCTh €€ BBIJICIICHUS B
mpolecce J1abopaTOPHBIX HCCieqoBaHud. [[JIsi 3TOT0 MCHONB3YIOTCS MPOLEAYPHl MarHUTHOMN
YUCTKHA, KOTOPBIE 3aKIIOYAIOTCS B TPOBEICHWM HEOJHOKPATHBIX CTYINEHYATHIX HArpeBOB
o0pa3ioB BILUIOTH A0 Temnepatyp Kiopu (7,) comepkamuxcs B HIX MarHUTHBIX MHHEPAJIOB. JTO
MOXET TPHUBOJUTh K HEOOPATUMBIM CTPYKTYPHO-XUMHUYECKUM H3MEHEHUSM (epprUMarHUTHON
(bpakiuy, BOZHUKHOBEHUIO CHENU(PUUECKUX «Iapa3UTHBIX» KOMIIOHEHT HAMAarHUYeHHOCTH W,
KaK CJEJICTBHE, K HEBO3MOXXHOCTH JaJbHEHITHUX JAa0OpPAaTOPHBIX JKCIEPUMEHTOB U
MHTEPIPETALNH MOTYy4YECHHBIX TaHHbIX.

CyirecTByeT  MHOXKECTBO  CHOCOOOB ~ KOHTPOJS  CTPYKTYpHO-(a30BBIX  W3MEHEHUH,
UCTIONB3YIONINX  MarHUTHBIE  CTPYKTYPHO-UYBCTBUTENIbHBIE  TapaMeTphl, TaKuWe  Kak
HaMarHM4€HHOCThb HACBIIICHUA, ocTaroyHass HaMarHudyc€HHOCTh HACBIIICHHWS, MarHuTHas
BOCIIPUUMYHUBOCTG W Jp. [l HE3aBUCHMOTO U3YyYeHHUs MHUHEPaJIOTHYECKOr0 COCTaBa U
CTPYKTypBI MAaTrHUTHBIX 3epeH nu HpOBepKI/I nux CT&6I/IJ’II—;HOCTI/I MArduTHBIC I/I3MepeHI/I$I JOJIDKHBI
COTMPOBOXAATHCA ~ ONTHKO-MUKPOCKOTIMYECKUMHU  W/WIH  AIEKTPOHHO-MUKPOCKOMUYECKUMU
HaOJIFOJEHUSIMH.

B paGote uccienoBaHbl 1Ba (PU3MKO-XMMUYECKHUX TpoLiecca, KOTOpble, Oyaydn 0OyCIOBICHBI
celU(PUKON KOHKPETHBIX TOPHBIX MMOPOJ, MOTYT CYHUIECTBEHHO TMOBJIHMATh Ha PE3yJIbTaThbl
MaJICOMAarHUTHBIX JKCIIEPUMEHTOB. BO-NEpBBIX, M3y4aJMChb CBOMCTBA MAarHETUTCOJAEpIKAIIUX
00pa31oB pyA U3 30HbI rUneprenesa AHrapo-MiaumMcKkoro MecTopokKaeH s, KOTOpble HHTEPECHBI
TE€M, 4TO OOHApPY>KUBAIOT SBJICHHE BBICOKOTEMIIEPATYPHOM MAarHUTHOM MaMITH OCTaTOYHOM
HAaMarHWYEHHOCTU Pa3IMYHBIX BUJOB, TaKKe HazbIBaeMol anb(a-namsaTbio. OQHON U3 THIOTE3
MexaHu3Ma 00pa3oBaHuUs anb(a-MaMsATH SBISAETCS TUIOTE3a TOHKUX IUICHOK, MPEAIOXKEeHHas
N.H. ITerpoBeim. Ilpenmomnaraercs, uto anbda-mamsaTe B MarHeTuTe OOyCIOBICHA OOMEHHBIM
KOHTaKTHBIM B3aMMOJEHCTBMEM MarHeTura c remMaturoM. CocTaBissi C 3€pHOM MarHeTura
€IMHYI0 OOMEHHYI0 MarHMTHYIO CUCTEeMY M Oyaydyd HaMarHMYEHHOW BMeCTE€ C HUM, Takas
IUIEHKAa COXpaHseT NpU BBICOKMX TEMIIEpaTypax CBOIO HaMarHMYEHHOCTb. Aub(da-mamsrhb
BO3HHKAET BCIIEJICTBUE OOMEHHON aHM30TPOIUH, BOSHUKAIOIIEH MPU B3aUMOACHCTBUU CHUCTEMBbI
MarHeTHT-reMaTuT. B cBOIO o4epenpb, cUCTEMa MarHeTUT-TeMaTUT o0pa3yeTcs MpU OKUCICHUU
MarreMmuTa, IepexosIero B JaMeabHbIi reMaTuT. OnTrdeckast U AJIEKTPOHHAsE MUKPOCKONUS, a
TaKXKe PEHTTeHOBCKUN aHalM3 IOKa3ald HaJlu4yhe B HCCIEIyeMbIX o00pa3lax HECKOJIbKUX
MarHuTHBIX (a3. [Ipu uccnenoBannuy 10 BEICOKOTEMIIEpAaTypHOU 00paboTKu (HarpeBa o0pas3iioB
no temreparypsl Kropum marHerurta) ObITM OOHapy)KeHbl MAarHeTHUT, a TaKKe PETHKTOBBIN
reMatut B Buae KpymHbIX (15—40 puM) 3epeH. MarHeTuToBble 3epHa HMEIOT CTPYKTYpHBIE
0COOEHHOCTH B BHJIE TOP pa3MepoM mopsiaka 1 puM, a Takke coAeprkaT IIMHUHEIb U BKpaIUICHUsS
marremuTta. MccnenoBanusi oOpa3noB Mocie HarpeBa MokasajiH, YTO BeCh MarreMUT IMepelien B
Mmenkue namenu rematura (0,1—0,5 um). DTOT pe3ynpTaT MOATBEP)KIAET HaIM4YHE Iepexojna
MarreMuT-TreMaTUT, OTBETCTBEHHOT'O 3a (HOPMHUPOBaHHE KOHTAKTHBIX YaCTHUII.

Bo-BTOphIX, = MPOBOAMIOCH  HW3y4eHHE  Ipolecca  BO3HUKHOBEHHUS  J1abOpaTOpHOU
TEPMOXMMHUYECKOH HAMarHM4eHHOCTH. Bo MHOTMX cioyyasx TMpH  NaJleOMarHUTHBIX
OINpENeNIEHUsIX ~ MCCeoBaTeNd HMMET Jeno He ¢ Tepmoocrarounoi (TRM), a ¢
tepmoxumudecko HamarHudeHHOCTBIO (TCRM). Tlocnenusis o6pasyercs n1ubo B pe3yibrare
XUMHUYECKHUX pEaKLUi NP BTOPUYHOM NPOTpPEBE MOPOABI 10 yMEpeHHBIX Temneparyp I < T,
100 B IMpoliecce OYEHb MEJIEHHOTO OCTBIBAHMSI B MOJISAX MOPSAJIKA 3€MHOTO, NPH YCIIOBUH, YTO
HOBOOOpPAa30BaHUE I )K€ TpaHC(hOpMalMsg MarHUTHBIX MHHEPAJIOB MPOJODKAaeTCst U Huxe 7.
TRM u TCRM umerot pa3Hblii MEXaHU3M 00pa30BaHuUs, HO MPU 3TOM MOTYT UMETh OJJMHAKOBYIO
CTaOMJIBHOCTh K TEPMOpPA3MarHW4YMBAaHUIO, a B 3TOM CIy4dae UX HEBO3MOXKHO Pa3lU4YHUTh MPHU
BBINIOJTHEHUH JKCIEPUMEHTOB, YTO HEMHHYEMO NpUBENET K ommbke naneoomnpeaeneHuit. C
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TOYKH 3pEHHs TEOpHM, €AWHCTBEHHOM pa3paboTaHHON Mojensio obpazoBanus TCRM
MPEJICTaBIsIeTCsl CXeMma, IO KOTOpPOM OcCTaTOyHasi TEePMOXUMHYECKass HaMarHWYeHHOCTh
npuoOpeTaeTcs 3a cyeT pocTa pazMmepa 3epeH. B paboTe ObuiM MPOBEIEHBI HKCIEPUMEHTHI IO
co3ganuto TCRM Ha oOpasmax OaszambroB ['py3um wmenoBoro Bo3pacta. Hocuremsimu
€CTECTBEHHON OCTaTOYHOM HAMAarHMYEHHOCTH JTHX MOPOJ SABISAIOTCA TUTAHOMArHEeTUTHI C
toukamu Kropu (200-350)°C, KOTOpbIE COXPAHSIOT IEPBUYHYIO TTAJICOMArHUTHYIO WH(OPMAIIHIO
npu HarpeBax 110 300-350°C. [TockoabKy THTAHOMArHETUTHI HECTAOMIBHBI B YCIIOBHSIX M30BITKA
KHCIIOpO/a, TO pu nocienyroumx Harpesax A0 300°C u BbllIe B OpoJax pa3BUBAeTCs MPOLEce
0IHO(}A3HOTO OKHUCIEHHS W/WIM pacnana. MOXXKHO TpeArnoyiaratb, 4TO B HCCIEJOBAHHBIX
o0pa3lax MPOMCXOJUT pachaja MEePBUYHOTO TUTAHOMArHeTUTa HAa MAarHeTUT-YJIbBOIINHHENb.
MHUKpPOCKOTIMYECKHE HCCIEeIOBaHMs TOKa3ajdd, YTO TUTAHOMAarHETUT B «CBEXHX» o0Opasiax
IPUCYTCTBYET B BUJE CKEJIETHBIX 00Pa30BaHUM, MPEICTABISAIOIINX COOOH KPUCTAIIIBI MarHeTUTa
Ha paHHel ctaguu popmupoBanus. [Ipu nporpese o6pasuos g0 600°C HabII0KaETCS POCT 3€pPEH
MarHuTHBIX MUHEPAJIOB, IPUBOIAIIMI K BO3HUKHOBeHHIO TCRM.

HccnenoBanust aHIUIM(OB TOPHBIX MOPOJI MPOBOAMIOCH B «MEXAUCHUIITUHAPHOM PECYPCHOM
ueHTpe no HampasieHuto «Hanorexnomorum» CIIOIY. Hcmonb3oBanuchk crepeo MUKPOCKOI
Zeiss Axio Imager W CKaHHpYIOUIMI 3JeKTPOHHBIA MuKpockon Zeiss Supra 40VP c
JIOTIOJTHUTENIBHOM CHUCTEMOW 3HEProJUCIEPCHOHHOTO PEHreHOBCKOro MukpoaHanmuza Oxford
Instruments INCAx-act.

STRUCTURAL TRANSFORMATIONS OF NATURAL FERRIMAGNETICS
FORMING SPECIFIC MAGNETIC STATE OF ROCKS

Sapoznikov A.V., Sergienko E.S., Smirnova R.V., Drabkina E.A., Pronevich A.B.
St.-Petersburg state university, Department of Physics

Two different physicochemical processes are investigated in the work. The processes, being
determined by specific features of certain rocks, can have a great influence on results of
paleomagnetic experiments. Structural-phase changes of magnetic minerals acting like carriers of
natural remaining magnetization during laboratory thermal treatment were studied. Using the
samples of Georgian basaltic rocks of the Cretaceous period it was shown that the formation of
thermochemical remaining magnetization was concerned with a fast enlargement of magnetite
crystals. The mechanism of creating high-temperature magnetic memory by forming contact
particles were also shown for magnetic rocks from hypergene zone of Angaro-Ilimsk ore deposit.

HU3KOTEMIIEPATYPHBIA CUHTE3 DJUIMIITHYECKHUX
HAHOYACTUI AHATA3A
J1.C. IllTapes', K.C. Makapesuu®, H.®. Kapnosuu®

! — lanonesocmounbiii 20cyoapcmeentviil yHueepcumem nymei cooOujeHus.;
? — Unemumym mamepuanoeedenus Xabapoeckozo nayunozo yenmpa JBO PAH

Hanowacturpr quokena turana (TiO,) paznuuHbix GOpM U pa3MepoB SBISIFOTCS OJHHUMU W3
HanboJee MePCICKTUBHBIX M H3y4aeMbIX MaTEPHAJIOB, TaK KaK CIIEKTp o0JacTel UX MPUMEHCHHSI
ype3BbuaitHo mmpok [1-3]: ¢oTokaranus, coNHEUHBIC AJIEMEHTHI, CEHCHUOWIM3HUPOBAHHBIC
kpacutenssmu (DSSC), anektpo- U (HOTOAIEKTPOXPOMHEIE YCTPONCTBA, XpaHEHHE BOAOPOJA B
TOIUTMBHBIX DIJIEMEHTaX, CEHCOpBL. TakkKe XOpOIIO M3BECTHBI JIFOMHUHECIICHTHBIE CBOMCTBA
JTUOKCUIa THTaHa [4]. DTo JeiaaeT BO3MOXKHBIM HCIOJIB30BaHUE KBAHTOBBIX Todek Ti0, B
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MOJTHOIIBETHBIX JKpaHaX Ha OCHOBE KBAaHTOBBIX Touek [5]. KoHCTpykuus U XapaKTepUCTUKU
MOJIOOHBIX SKPAHOB MOXET OBbITh YCOBEpPUIEHCTBOBAHHBI, €CIM B HUX OYIyT HCIIOJIb30BAHBI
AJUIMNITUYECKHE KBAHTOBBIE TOUKH [6-7] ¢ pazmMepamu nopsiaka 10 HM.

OCHOBHBIMH CIOCOOAMHU TIOJIYYCHHUS HAHOTIOPOIIKOB KpHUCTayindeckoro Ti0, sBiseTcs
THJIPOTEPMAITbHBIH [8],  rHUAPOTEpPMAaTbLHO-MUKPOBOIHOBBIA WM  THUAPOTEPMAaIbHO-
yIbTPa3BYKOBOM [9] MeTO/bl, MO3BOJISIONINE MOTyYaTh YACTULIbI JUOKCHIA TUTaHa pa3MepaMu
1o 10 am. Ho nanHbIe METOMKM HE TO3BOJSIOT KOHTPOIUPOBATH (DOPMY MOTYIAEMbIX YACTHII.
ConsBoTepmanibHast TexHosiorust [10] mo3BomsieTr S(PPEeKTUBHO KOHTPOIUPOBATH (OpMy
MOJTy4aeMbIX HAHOYACTHII 32 CYET BHIOOpPA COOTBETCTBYIOIIETO OPTaHUYECKOTO PACTBOPHUTEINS U
pH. OnHako B X0/ COIBBOTEPMATIBHOIO CHHTE3a 3a4aCTYI0 MPOUCXOAUT CUHTE3 HAHOYACTHUIL C
pa3MepaM B COTHM HAaHOMETPOB, YTO Ha TOPSAOK OOJbIle, YeM HEOOXOAUMO AJIs PEIIeHUs
chopMyTUpOBaHHOM 3a7a4H. Taxxe CYIIECTBEHHBIM HEJIOCTaTKOM TUMTUYHOMN
CONBBOTEPMATHHON TEXHOJIOTHH SBJISETCS TO, YTO OHA TPeOYyeT BHICOKOTEMIIEPATYPHOTO OT)KHUTa
JUTSL TOTO, YTOOBI MEPEBECTH MOTydaeMble HAHOYACTUIIBI B aHATA3HYIO WU PYTHIBbHYIO (GOpMY U3
amMopQHOH.

Puc. 1 TOM wu3o0paxenue Hanouactuil Ti0,. Ha BctaBke — ayieKTpoHOrpamMMa MoJTy4eHHBIX HAHOYACTHIT

Taxum 00pa3zom, 3a/aua MOMyYSHHs 3a/a4a MOJIYYEHHs SJUIMITHUYECKUX KBAHTOBBIX TOYEK
TiO, (pa3mepamu mopsaka 10 HM) sBiseTCS aKkTyalbHOM M 3HAYMMOM KaK C TOYKU 3PEHUS
(byHIaMEHTaIbHOW HAYKH, TaK U JJISl PEIICHUs TPUKITATHBIX 3a/1a4.

Hanoxpucrannndeckue MOPOLIKM TUOKCUAA THUTaHAa OBUIM CHHTE3MpPOBAHBI U3 PacTBOpa
terpausonpomnanona Tutana (TUIIT) ¢ ucnons3oBanuem tpustanonamuua (TOAM) B kauecTBe
pacTBOpUTENISA, TUAPOKCUAA HATPUSI U XJIOPHOW KUCIOTHI JUIsl KOHTpoJis pH Bo Bpemsi cuHTE3a.
st xapakTepu3aliu TONYYeHHBIX HaHodacTHl Ti0O, HCHONB30BajCsS TPAHCMHCCHOHHBIN
aMeKTpoHHBIH MuKpockon Libra 120. CunTe3 mpousBoauics Mo u3BecTHOM TexHonoruu [10] B
Te(IOHOBOM aBTOKIJIaBe B TeueHue 44 yacoB. Ha mepBoii cTaguy aBTOKIIAB BBIACPKHUBAJICS TPH
100 °C B Teuenue 24 gacos; 3areM — 20 yacos mpu 80 °C.

Tabmuma 1.
MeSKIUIOCKOCTHbIE PACCTOSHUS IMOKCHIA TUTaHa, A
OKcHeprMeHT OtanoH (aHaTa3) OtasnoH (OpykuT)
349 A 352A 346 A
- - 3,22A
242 A 237A 2,45 A
2,11A - 2,12A
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1,87 A 1,88 A 1,88 A
1,72 A 1,70 A -

- 1,66 A 1,65 A
1,49 A 1,48 A -
128 A 126 A -

Ha puc. 1 mokasansl mojlydeHHbIE HAaHOYACTHIBI TUOKCHAA TUTaHa. M3 puc. BUIHO, 4TO
CHUHTE3 IO OMUCAaHHOW TEXHOJIOTMU MPUBOIUT K (POPMHUPOBAHUIO DIUTMINTUYECKUX HAHOUACTHIL
auokcuja tutaHa ¢ pasmepamu oT 30 1o 70 HM U ¢ COOTHOLIEHHEM paauycoB 3:4. AHanus
IUpaKkuy  AIEKTPOHOB HAa TMONYYeHHbIX oOpa3nax (BctaBka Ha puc. 1, Tabn. 1)
CBHUJIETEIILCTBYET O TOM, YTO 00pa3ylonIrecs HAHOYACTUIBI TUOKCHIA TUTAaHA UMEIOT CTPYKTYPY
aHatasza u OpyKuTa.

[IpoBenieHHbIE HCCIEN0BaHUS MOKA3ald, YTO ONMMCAHHAsl TEXHOJIOTHS MO3BOJISET MOJIyYaTh
HAHOYACTHIIBI JMOKCHIA TUTaHa pa3MepaMH TMOpsAIKa HECKOJIbKHX JECATKOB HAaHOMETPOB,
3 PeKTUBHO ympaBisATh HOPMON MOTydyaeMbIX HAHOUYACTHII, & TAKXKE MO3BOJISIET OTKA3aThCA OT
BBICOKOTEMIIEPATYPHOTO  OTXKUTA  JUIsl  TOBBIMICHUS  KPUCTAJUIMYHOCTH  TMOJIYy4aeMBbIX
HAaHOMAaTEpHAaJIOB.
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Bmarosemtenck. 2010 ron.
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THE LOW-TEMPERATURE SYNTHESIS OF THE ANATASE ELLIPTICAL
NANOPARTICLES
D.S. Shtarev', K.S. Makarevich?, N.F. Karpovich?
! — Far Eastern State Transport University,
? — Institute of the Material Science of the Far Eastern Branch RAS

The low-temperature technique of the titanium dioxide nanoparticles in the anatase form
production was described. It allows refuse an high-temperature annealing. The characterization
of the getting TiO, powders was made by TEM. It was shown that the described technique allow
to receive the anatase nanoparticles with average size from 30 to 70 nm with radius ration
approximately 3:4.
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PHOTOLUMINESCENCE PROPERTIES OF GaAs NANOWIRE
ENSEMBLES WITH ZINCBLENDE AND WURTZITE CRYSTAL
STRUCTURE

B.V. Novikov', S.Yu. Serov', N.G. Filosofov', I.V. Shtrom”, V.G. Talalaev', O.F.
Vyvenko', E.V. Ubyivovk', Yu.B. Samsonenko™*, A.D. Bouravleuv*>, I.P.

Soshnikov??, N.V. Sibirev?, G.E. Cirlin**, and V.G. Dubrovskii**
ISt. Petersburg State University, Physics Faculty, St. Petersburg, Russia

’St. Petersburg Academic University RAS, St. Petersburg, Russia

‘Joffe Physical Technical Institute RAS, St. Petersburg, Russia

‘Institute for Analytical Instrumentation RAS, St. Petersburg, Russia

Introduction. Study of optical properties of III-V NWs is paramount for a better understanding
of their structure as well as for applications. It is well known that, depending on the growth
conditions and the diameter, the crystal structure of GaAs NW can be either cubic ZB or
hexagonal WZ [1-4]. In most cases, the crystal structure is not stable and highly faulted ZB/WZ
mix-ups exist. It has been found previously that the exciton PL spectra of GaAs NWs depended
on their diameters due to the quantum confinement effect [5]. However, given the
abovementioned phase mixing, not all of the recorded PL lines can be identified reliably.

In this work, the ensembles of GaAs NWs with different crystal structure are studied by TEM
and low temperature PL techniques. From TEM measurements, the samples featuring dominant
ZB or WZ structure are selected for PL studies to identify the exciton PL bands related to ZB or
WZ GaAs.

Experimental.

NWs were grown with molecular beam epitaxy (MBE) on the GaAs(111)B and Si(111)
substrates using gold droplets as precursor. Other details of the NWs growth technique, their
electron-microscopic characteristics and PL measurements can be found elsewhere [6].

Results and discussion

GaAs NWs usually exhibit a mixed ZB-WZ phase so that the lattice changes with the NW length
[1-5]. Our optical studies confirm such structural instability in most samples. However, we were
able to find the NW ensembles with predominantly WZ and predominantly ZB phase. This is
demonstrated by TEM images in Figs. 1. Figure 1a) shows pure WZ structure in Sample 1,
where no ZB NW sections can be found. Sample 2 presented in Fig. 1b) contains predominantly
ZB NWs; however, some WZ sections and stacking faults can be clearly seen.

We now turn to the results of optical studies of GaAs NWs having different structure. In Fig. 2a),
we present the PL spectra from the NW sample with predominantly ZB structure. Free exciton
spectrum from NWs having the maximum at 1.519 eV (EZBex) is 5 meV shifted to a higher
energy with respect to the PL peak from bulk GaAs at 1.514 eV (Ebulkex). We attribute this shift
to the size quantization effect in ~ 40 nm diameter NW. The peak EZBex relates to the direct
exciton transition in ZB N'Ws. In spectra shown in Fig. 2a), the impurity peak Ic is associated
with carbon (the zone-acceptor transition), most probably diffusing from the substrate during the
growth. Fig. 2a) shows that the EZBex peak persists in the spectrum up to 100 K, while the Ic
peak disappears already at 20 K. This confirms the impurity-induced character of Ic.

Figure 2b) shows PL spectrum at 5K from the sample with WZ. In addition to the Ic peak,, the
line at 1.478 eV is clearly seen. As follows from Fig.2b), this peak is present up to 160 K at 10
mW. When the excitation power is increased up to 50 mW, the line persists up to 250 K. The
position of the line is independent on the excitation power. We therefore attribute the 1.478 eV
peak to the direct exciton transition in WZ GaAs NWs (EWZex).

Conclusions and outlook We have grown and analyzed two types of GaAs NW samples with
predominantly ZB and WZ crystal phases, as identified by TEM analysis. The observed PL band
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with the peak at 1.519 eV is associated with exciton luminescence in ZB GaAs NWs. The direct
exciton luminescence in WZ GaAs NWs is redshifted to 1.478 eV. The both bands exhibit strong
inhomogeneous broadening due to the size dispersion. In recent paper [7], the authors studied PL
spectra from individual heterostructured GaAs NWs with different content of WZ phase. The PL
lines were found to shift towards 1.43 eV with increasing the percentage of WZ structure.
However, the authors attribute the 1.43 eV line to indirect transition in ZB-WZ type 11
heterostructure. Since our WZ N'Ws does not contain heterostructures, the 1.478 eV line
observed here is attributed to the direct exciton transition in WZ GaAs. The obtained results also
confirm the red shift of PL lines from WZ GaAs NWs.

Finally we note that, due to similar diameters of our NWs, the observed 41 meV energy
difference between ZB and WZ should pertain for bulk GaAs. We now plan to develop a

theoretical model for the PL spectra behavior described in this work.
[1] A.L Persson ef al., Nature Mater. 3, 677 (2004).

[2] J.C. Harmand et al., Appl. Phys. Lett. 87, 203101 (2005).

[3] L.P. Soshnikov et al., Phys. Solid State 47, 2213 (2005).

[4] K.A. Dick et al., Semicond. Sci. Technol. 25, 024009 (2010).

[51]1K. Hiruma et al., J. Appl. Phys. 74, 3162 (1993).

[6] V.G. Dubrovskii et al., Phys. Rev. B 71, 205325 (2005).

[7] D. Spirkoska et al., Phys. Rev. B 80, 245325 (2009).

Fig. 1. a) High resolution TEM (HRTEM) images of GaAs NWs detached from Sample 1.
HRTEM image and the corresponding diffraction pattern from single NW shown in the insert
demonstrate pure WZ crystal phase. Diffraction from the NW ensemble produces identical
pattern. b) Same as in a) for Sample 2. HRTEM image and the diffraction pattern show ZB-
WZ mix-ups.
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Fig.2 a) Temperature dependence of PL spectra from the sample with dominant ZB phase; excitation power of 10 mW ; b) Same
as in a) for WZ NW sample.

OCOBEHHOCTU 30J1b-I'EJIb METO/JIA ITIOJTYUYEHU S
HAHOPA3MEPHOI'O OKCHUJIA AJIFOMUHUA
Monun A.B., 3emuona E.I'., [IIselikuna H.b., CmMmupnoB B.M.

Canxm-Ilemep6ypeckuii I'ocyoapcmeennwitl Ynueepcumem, Xumuueckuu ghaxyiomem

Hcnonb3oBaHue 307b-T€b METOJA JUISl TOJYyYEHHUS  JTUCHEPCHBIX  MOPOLIKOB
NpUMEHSIeTCs YK€ JaBHO. V3BeCTHO, YTO B 4YAaCTUIBI 305 HMEIOT pa3Mepbl OT EIUHMIL
HAHOMETPOB JI0 MUKPOH, CJIEOBATEIbHO, METO/ SBJISETCS MOTEHIIMATBLHO UHTEPECHBIM C TOUKU
3peHUS MOTYUYESHUS TOPOILIKOB HAHOYACTHUII.

OrpannunBaomuM (HakTOpOM MPHU CUHTE3€ HAHOYACTHII SIBJISETCS arperanys 4YacTHIl Ipu
Nepexo/ie B Iefib-COCTOSHUE M Jajiee MpH JalbHEHIIeM yIaleHHHM 4acTul pacTBopurens. Ha
yCTpaHeHHUE 3TUX (aKTOPOB U HAIIPABIICHO TaHHOE UCCIIeI0BAaHUE.

B kadecTBe OAHOrO W3 BApWMAHTOB pEIICHHS 3aJauyd HaMHU IpEJUIaraeTcsi BBEICHHE
CTAOMIIM3UPYIOIICH 30JIb-Teh CUCTEMY J00aBKH, MPEICTABISAIONICH COOOM BOIOPACTBOPUMBIN
nosuMep Ha ocHoBe nonudTHieHrnukonen (I1910). ConocraBnenne pe3yabTaToB, IOIy4aeMbIX B
Pa3IMYHBIX YCIOBHSIX MO3BOJIUT BHISIBUTH ONTHUMAJIbHBIE YCIOBHUS JJI CHUHTE3a HAHOPAa3MEPHBIX
YaCTHII.

brina ucnonp3oBaHa paspaboTtaHHas B Jiaboparopuu Kadeapbl XHMHH TBEPIOTO Teia
CIIoI'Y wmetonmka 307b-T€lb CHHTE3a HAHOJUCIIEPCHOTO OKcHAa amoMuHus [1], cormacHo
KOTOpPOM B PEaKLMOHHYIO CMECh, COJIEPXKAIIYI0 CTAOMIU3UPYIONIYIO 100aBKY M 3apOJIbIIlIeBbIE
YaCTHUIBl OKCHJA AIOMUHUS, OJHOBPEMEHHO J00ABISUIMCH PEAareHThl (HUTpAT aJIOMHHUSA U
KaJiueBas IIeJI04b); CKOPOCTH J00aBIEHUS peryirupoBaiuch ¢ yuetom pH pactBopa.

beun mpoBeneHs! cepun CHUHTE30B ¢ J00aBiieHueM terpastuieHriaukons (TOIY), I191-
20000 u ¢ mo6asnenrem m3onpomnmioBoro ciuprta (MIIC). Pesynbratsl uccnenoBanusi o0pas3ion
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C pa3IHyYHBIM pazMepoM yacTwil, mporpeTsix mpu 250°C, 500°C u 900°C, OblTn HccIeT0BaHbI C
nomotbio COM (Zeiss SUPRA 40VP) u npencraBnens! Huxe (pucyHok 1-6).

JlaHHbIE BU3yaJIbHOTO aHajau3a pe3ysibTatoB COM MO3BONSIOT CYyJUTh O MPEBPAIICHUSIX,
KOTOpBIE MIPETEPIICBAIOT YACTHUIIBI OKCHJIa aTIOMHUHHS TIPU TEPMUIECKON 00paboTKe.
OueBunno, uro [13I'-20000 oxa3zancs H00aBKOM, MO3BOJISIONICH CHHTE3HMPOBATH YACTHUIIBI C
MUHUMaJIbHBIM (B0 HM) pa3mMepoM 4YacTHIl, COXPaHSIOIIUE CBOM pa3Mepbl B HAHOMETPOBOM
muanaszone (mo 100 am) BmwioTe 10 900°C. Ilpm ucnonb3oBanuu TOI yacTHIBI TIpETEpPIICBAIOT
TEPMHUECKYIO0 arperanyio, BBIBOJALIYI0O WX Mpu mnpokanmuBaHuu A0 900°C 3a rpanumy
HaHOpa3MepHoro auanaszoHa. M3onpomunossiii ciiupt (UIIC) oka3piBaeT HEraTUBHOE BIUSHUE
Ha pa3Mep YacCTHII, CIIOCOOCTBYsSI BHICAKMBAHUIO HEOPTAaHUIECKHUX COJICH, KOTOPBIEC BBIMAAIOT U3
pacTBopa, co3naBas arperatsl cMemanHoi cTpykTypsl (AIOOH+KCI).
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Pucynok 5. II2T 20000, Temmepatypa 900°C

BBIBO/IbI:

1. Cradwmsupyromas qo6aska [191-20000 mo3BoJII€T CHHTE3UPOBATh OKCUJI ATFOMUHUS C
pazMepoM ydactul okoJsio 50 HM, YaCTUIBl UMEIOT TEHACHIUIO K YKpynHeHuto 10 100 HM
npu npokanuBanuu odpasma npu 900°C.

2. TeTpa’TUICHIJIUKOIb MOXET MPUMEHSTHCS JUIs TMOJY4YEHHs HAHOPA3MEPHOrO OKCHJIa
QTFOMUHHSI, OJIHAKO, UMeeT MecTo arperaius 10 150-200 HM npu npokaIuBaHUKM 00pa3ia
ipu 900°C.

3. V30mponuioBblii CIUPT OKa3bIBAE€T HETAaTUBHOE BIMSHUE HA pa3Mep 0Opa3yroluxcs ya-

CTHII, CIIOCOOCTBYsI BEICA)KUBAHHIO HEOPIaHMYECKUX COJICH, CO3/aBasi arperaTbl CMellaH-
Hoii cTpykTypsl (AIOOH+KCI).

Jlureparypa:
1. Monun A.B., 3emuosa E.I'., [lIeiikuna H.b., Cmupno B.M., CuHTE€3 MUKpPO- U HaHOYA-
CTHII OKCHJIa JIFOMHHHUS 30JIb-Telib MeTofoM, Bectauk CIIOIY, cepus ¢usnka-xumus,
BoIn. 4, 2010, 150-153.
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Pabora BeimomHena mpu ¢unancoBor momnepxkke DIIT «ccnemoBanust u pa3pabOTKH 1O
MPUOPUTETHBIM HAMPABICHUSAM Pa3BUTHS HAYYHO-TEXHOJIOTMYECKOTO KomIuiekca Poccun Ha
2007-2012 roapr» , roc. koHTpakT Ne 16.513.11.3028.

FEATURES OF SOL-GEL METHOD SYNTHESIS OF NANO-SIZED ALUMINUM
OXIDE
Monin A., Zemtsova E., Shveikina N., Smirnov V.

The investigation described in the abstracts presents the ability to obtain nano-sized aluminum
oxide by sol-gel method using different stabilizing units such as tetraethylenglycole and
polyethyleneglycol. It was shown PEG-20000 to possess the best stabilizing properties while
synthesis and during sintering process at 900°C.

JJIEKTPOHHAA MUKPOCKOIINA KAK METOJA AUATI'HOCTHUKMU 3E-
JEHBIX NOJAEJOYHBIX KAMHEN

Cymnuk K. C., fncon C.IO.
CIIT'Y, I'eonocuueckuti gpaxynomem, Kristina939@yandex.ru

OmauM u3 HamOoJiee APEBHUX W TOMYJISPHBIX TonaenouHbix kamHed B XVIII Obur, Tak
Ha3bIBAEMBIN «#cad», KOTOPBIA TOJYy4MJ Ha3BaHHWE OT HcmaHckoro «piedro de jade» —
OYKBaJIbHO «IOSICHUYHBIM KaMeHby». JKaa cuuTancs TaJIUCMAaHOM, HW3JICYMBAIOIMIMM OO0Je3HU
noyek. «XKaod» OBUT IIMPOKO H3BECTEH NEPBOOBITHOMY YEIOBEKY M TNPHUMEHSIICS UM JUIs
W3TOTOBJICHHS JIEKOPATUBHBIX W3JeNui W yTBapu. JKamomM Ha3bIBIOT JIBa OYEHb TOXOXKHX
MuHepana: HehpuT u xkaneut. Kpome 3T0ro, Ha3BaHUE «Kall» MPUMEHSETCS JUIsi 0003HAYCHUS
LIEJIOTO PsAZia HEMPO3PAYHBIX 3€JIEHBIX MOJEIOYHBIX KaMHEH: MUHEPAJIOB TPYIIbI CEpIICHTHHA,
THJIPOTpaHaTa, OPUKAIBINTA, CKPHITOKPUCTAINIMYECKOTO Be3yBHaHa, oM(anuTa U HEKOTOPBIX
Ipyrux. BHENIHEe OTIWYUTE APYr OT Apyra 3TH MHUHEpaJbl ObIBA€T OYEHBb CJIIOXKHO, & TIOPOH U
HEBO3MOXKHO, OCOOCHHO €CIIH HCCIIEIOBATENb UMEET JIEN0 C U3JIEIHEM, [EeJIOCTHOCTh KOTOPOTO
HEJIb3sI HAPYIIIUTD.

HecMmoTpst Ha MHOTOBEKOBYIO H3BECTHOCTD <COKaJ[a», TUATHOCTUKE MHUHEPAJIOB, TIPEICTABIISIFOIIIX
JTAHHYIO TPYIIy, YAEISI0Ch HEOOOCHOBAHHO Majio€ BHHUMAHHE W OOJBITMHCTBO MY3CHHBIX
AKCIIOHATOB M3 ATHX KaMHEW He WACHTU(UIIMPOBAHBI. AKTyalbHOCTh TaKUX HCCIEAOBAHUN
CBs3aHA TAK)KE W C TEM, YTO HAa PBHIHKE MOSBHJIOCh MHOKECTBO HM3JCIHA W3 MPOCBEUYUBAIOIINX
Pa3HOBUIHOCTEH OIaropogHOrO CEpPHEHTUHUTA, KOTOPbIE AaKTUBHO NPEUIaraloTcs TMOJ
Ha3BAHUSIMU: «XYHAHCKUM Ka/1», «HOBBIN kKa» WIN «KKOPEHUCKUH Ka» U APyTHE.

JluarHocTuka MUHEpalia B W3JACTUH MPEABABISET ocoOble TpeOoBaHus. Kamenp Hemb3s
napamnaTth, TPaBUTh KHCIIOTOW, BBIHUMATh W3 OMNpaBbl W T.A. TakuMmM oOpa3oMm, I HX
UACHTU(DHUKAIIMY TOAXOAST TOJBKO HEPA3PYIIAIOIINE METO b TUATHOCTHKH.

Jlnst BBIOOpa TMOIXOMANIMX METOAOB HEpaspylalolied JUarHOCTUKM Oblia mojgo0paHa
KOJUIGKIIHSA, TPEICTABNISIONIas OCHOBHBIE PA3HOBUIHOCTH 3€JICHBIX TIOJEIIOYHBIX KaMHEH,
00BbEIMHIAEMBIX 110 Ha3BaHHEM <0Kady. M3 TaOJMIBI BUAHO, YTO B KAUSCTBE JUATHOCTHKH MOYKHO
UCIIONIb30BaTh Takue (U3MUYECKHE CBOMCTBA KaK XMMHUYECKUN COCTaB, IUIOTHOCTh M TIOKa3aTelln
MIPEJIOMJIEHUSI, KOTOPhIE MOYKHO OTIPEISTIUTh HE pa3pylnas odpasia.

MHHepaJ Xumunueckas popmyia Teepaocrs | IlitoTHOCTH Ng Np Ng - Np
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CepneHTHH (Mg,Fe);(Si,05)(OH)4 2,5-4 2,6 r/em’ 1,566- 1,558- 0,007-
(aHTHTOpHT, (MoXxeT 1,575 1,567 0,009
XPHU30THII, JIOCTUTaTh 1,553- 1,545- 0,007-
JTU3aPINT) 6) 1,560 1,552 0,009
1,555- 1,545- 0,008-
1,575 1,567 0,010
Hedpur Ca,(Mg,Fe)sSisOx(0OH), 6-6,7 2,90-3,20 r/em® 1,627- 1,600- 0,027-
1,641(55) | 1,640(88) | 0,017
Kaneur NaAl(Si,O) 6,5-7 3,30-3,36 r/cM® 1,665- 1,640- 0,012-
1,693 1,669 0,015
BesyBuan CajoAlig Mgs(SiO4)10 6,5-6,8 3,32-3,47 1,712- 1,700- 0,001-
(S1207)sx (OH)1o 1,716 1,721 0,006
I'uaporpoceyasip | CazAly(SiO4);% (OH)ux 6,5-7 3,36-3,57 U30TPOMHBINA MuHepan N=1,767 —
MUHEPAJIBI 1,73
THOOIINT-KOTOUT
Ombanut (Ca,Na)(Mg,Fe,Fe,Al)(Si,O) | 5,0-6 3.29-3.39 1,685- 1,670- 0,022-
Pa3HOBHUIHOCTh 1,723 1,712 0,023
JHOTICHIA
[pennt Ca,Al(AlSi;010)(OH), 6,5 2,9 1,632- 1,610- 0,016
1,673 1,637

1. CaMBIM MPOCTHIM U JICMIEBBIM W3 HUX SBJISCTCS METOJ THAPOCTATHYSCKOTO B3BEITUBAHUS,
T.K. TUIOTHOCTh 3TUX MHHEpAIOB pa3nuuyHa. HemoctatkoM mMeTona sBIsIeTCS HEBO3MOKHOCTh
ONpEEICHUS ONPABJICHHBIX KAMHEH.

2. Ilokazarenu mpenomieHus B OONBIIMHCTBE CIy4aeB SIBISETCS XapaKTEPHBIM MPU3HAKOM
ompesereHUs] MUHepasia B HeOobmoM u3fennu. OMHAKO OnpeIesieHue MoKa3aTels MpeaoM-
TIeHUs Y KaMHel, 00pa00TaHHBIX KaOOIIOHOM, MOKET /1aBaTh OIIUOKY.

3. C nomompio MKC uccnenoBanmii 1 peHTreHO(a30BOr0 aHAIM3a MOYKHO PEIIUTh MpooIie-
MBI TMaTHOCTHKH 3€JICHBIX MOJENIOYHbIX KaMHel. HegocTaTkoM 3TUX METO/IOB SIBISIETCS Orpa-
HUYEHUE TI0 pa3Mepy.

4. DeKTPOHHO-30HI0BBIEC MCCIIEA0BAaHUs BBINOIHEHBI Ha cucteme Quanta 200 3D (FEI, Hu-
JepAaHabl) C HYHEProJUCIEPCHOHHBIM PEHTeHOCTIEKTPAIbHBIM aHATU3aTOPOM KOMITAHUHU
EDAX (CIHA) u anexkrponnom mukpockorne Hitachi TM-3000 (SInonus). KauectBeHHbIi Xu-
MUYECKHI cOCTaB 00pa3IoB OMPEEIISICS C TTaJAKUX TTOBEPXHOCTEH MOTUPOBAHHBIX H3ACTUI
B YCIIOBUSX HH3KOTO BaKyyMa ¢ HEHAIbJICHHOW MMOBEPXHOCTH IperapaTa Mpu yCKOPSIOMEM
Hanpspkenuu 15-20 KV. DHeproaucnepcnoHHbIe peHIeHOBCKHUE CIIEKTPHI TAI0T OJTHO3HAYHBIN
OTBET O XapakTepe ucciemyemMoro obpasua (pucynox). Creayer Takke OTMETHTH JIOJBHO
O0JIBIIYI0 KaMepy 00pa3IoB, MO3BOJISAIOIIYIO IOMECTUTH Mpenapar pa3MepoM 10 7X7x5 cM.
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WSupp 163\shareddatalj 120114 i snc

sum of_bolshoy serp_ural nef plastinka

cr Fe

0.60 120 180 240 3.00 3.60 .20 430 540 6.00 keV

Pucynok: DueproaucnepcoHHbIe CIIEKTPBI 3€ICHBIX MUHEPATIOB: CEPIICHTHHA (3eNeHBbIi), HeppuTa
(po30Bblit), xanenta (FKENThIN ), OQUKATBINT (KOPHIHEBBIN)

Takum 00pa3oM, TMpPOBEIEHHBIE UCCIEAOBAHUS MO3BOJIMIM ONPENENIUTh psAJ METOJIOB,
MO3BOJISIOIINX, B OOJBIIMHCTBE CJIy4aeB, OJHO3HAYHO JAMArHOCTUPOBATH M3JENUS M3 3€JEHBIX
1o/1eJI0YHbIX KaMHel. Hanbosiee ObICTPBIM U TOUHBIM METOJIOM SIBJISIETCS 3JIEKTPOHHO-30H0BbIE
UCCIIEIOBaHMS.

KATOJO- A DJIEKTPOJIOMUHECHEHIUSA CJIOEB SiO, HA
KPEMHUUN
Tumodeena K.A., bapa6an A.Il., Ilerpos 1O.B.

Canxm-Ilemepbype, Poccus, Canxm-Ilemepoypackuii 20cyoapcmeenHblil yHugepcumem

B Hactosimee Bpemsi OCHOBOM IIMPOKOrO KJlacca IOJYNPOBOJAHUKOBBIX MPUOOPOB
SBIIAIOTCS  CTPYKTYpPHI MOJIYTIPOBO/IHUK-TUAIIEKTPUK, B  KOTOPBIX B KaudecTBe
NOJYIPOBOJHUKAa HauboJiee YacTO HUCHOJb3yeTCs KPEeMHHUH, a JAUdJIEKTpHUKA —
IBYOKHCh KpEMHHUS. OTO ONpEeAe]eHO HHU3KOH ce0ecCTOMMOCThI0 MPOU3BOJICTBA
JaHHBIX MaTEepHaJIOB U MCKIIOYUTEIbHBIMU CBOWCTBAMH CTPYKTYp Si-Si0,, a UMEHHO
MeX(pa30BOW TIpaHUILBl MOJYNPOBOJAHHUK-AUIIEKTPUK, TaKUX KakKk Majas TOJIIIMHA
IIEPEXOJHOr0 CJI0sA, HHU3Kasd IUIOTHOCTh IOBEPXHOCTHBIX COCTOSIHHUH, BBICOKAs
MOBEPXHOCTHAS MOJABHMXHOCTb U Jpyrue. B cBow ouepenp AUIIEKTPUK oOiamaer
TaKUMHM CBONCTBAMH, KaK BBICOKOE yJEJIbHOE CONPOTHUBIEHHE, HU3KAs MOPUCTOCTH,
BBICOKOE IOJie Mpo0os, Majiasg KOHIEHTpAlus JOBYLUIEK M He3HAYUTElIbHAs BEJIHWYHHA

BCTPOCHHOI'O 3apsiana. Bmecte ¢ Tem pAA BHCHIHUX BOBHCﬁCTBHﬁ, TaKUX KaK HWOHHAasd
UMIIIaHTaluA, I1I0JICBOC BOSﬂCﬁCTBHG, paaruanuoOHHOC BOSHeﬁCTBHe u Jap., IMIOPpUBOIAT K
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U3MEHEHHSAM 3apsA70BOTO COCTOSHHUS ~ TaKUX CTPYKTYp Kak MpH CO3JaHMHM MPUOOPOB Ha MX
OCHOBE, TaK M B TIPOIIECCe WX TMOCTeAYomIer sKkcruryatanui. OTHa U3 OCHOBHBIX MPOOJIEM B 3TOM
CBSI3U 3aKJIIOYAETCs B U3yYCHHM CBOWCTB W NMPHUPOJBI  AKTUBHBIX IEHTPOB, 00pa3ylolINXcs B
MpoIECcCce BHEIIHUX BO3ACUCTBUUA. Cpeld ASTHUX MCCIEAOBAHUM MOYKHO BBIJEIUTh TOUCK
METO/IOB, MO3BOJISIOMIMX OTHOCHUTENBHO OBICTPO W MPOCTO OTCJIEKUBATh M3MEHEHHUS CBOMCTB
ctpyktyp Si-SiO, kak B Tpollecce WX H3TOTOBJEHHUS, TaK W B pe3yJabTaTe BO3JACHCTBUM,
COIIPOBOXAAIOIINX UX MOCIEIYIOIIYIO KCIUTyaTalHo, T. €. OCYIIECTBIATh UX AMATHOCTUKY. B
ATOM IIJIJaHE HECOMHEHHBIH MHTEPEC MPECTABIIAIOT METOAbI KaTOAO- U AJIEKTPOIIFOMUHECLEHIIUU
B 1mpokoii (250-800 M) obnactu criekTpa.

[lenp maHHOM pPabOTHI 3aKiioyanach B IOJYYEHHH HAa OCHOBAaHMM CpPaBHUTEIBHOTO
aHajM3a BHJA CIEKTpaJbHBIX pacmpeneneHuit karono- (KJI) m snexrpomomunecuenuu (3J1)
ctpykryp  Si-SiO,  momosHUTENRHOM — WHGOpPMAIMU O  Tpoleccax — BO3OYXKIACHHS,
IIPOCTPAHCTBEHHOM TOJIOXEHUM M IPHUPOJAE LEHTPOB JIIOMHUHECLEHLNHU, MPOSBISAIOLUINXCA B
ynbTpaduoneroBoit (Y®) o6nacTu CriekTpa, U U3y4eHUH BO3MOKHOCTH MCTIOJIB30BaHUSI METO/1a
KJI pgna pauarHocTuku CTpyKTyp Si-SiO, ¢ ydeToM BO3MOXHOCTH MOJUGPHUKAIMU UX
ouorpauyecKkux CBOMCTB 3JIEKTPOHHBIM ITYYKOM.

g noctmxeHus IIOCTaBJIEHHOU LEH ObuH HCIIOJIb30BaHbI METO]
AJNIEKTPOJIIOMUHECLIEHIINY,  Pealln30BaHHBIM B CHCTEME€  DJIEKTPOJIUT-IUIIECKTPUK-
nonynpoBoauuk (D/I1) [1], u meTon katomomomunecteHimu. Crektpsl DJI peructpupoBanuch
MpU TOJIOKUTEJIBHOM CMENIEHWH KPEMHUEBOW MOJUI0KKKM B auanazone 250-800 HM Ha
aBTOMAaTH3MPOBAHHOM yCTaHOBKE Ha 0aze CBETOCHIIBHOIO MoHOXpomaTtopa MJIP-2 B ycnoBusx,
HE MPUBOAAIIMX K Pa3BUTHIO Mpo0O0si B 00bEME OKUCHOTO cj0s. B kauecTBe 3ieKTpoiuTa
ucnoas3oBaics 1 H Boxueii pactBop Na,SO,. Bece u3mepeHns BBINOIHEHBI IIPU TEMIIEpAType
293 K. lna peanuzanuu Merona KJI ncrnonb3oBancs CKaHUPYIOIIMA JIEKTPOHHBI MHKPOCKOII
Zeiss SUPRA 40VP c cucremoii peructpanuu karopomoMmuHecueHuun Gatan MonoCL3+.
Perucrpamus cnexrtpoB KJI nmpoBomunace B auanazone 250-800 HM B pexuMe HENPEPHIBHOTO
CKaHMPOBAHHUS JJEKTPOHHBIM IIYyYKOM IO TOBEpXHOCTH oOpasua. Kaxapiii crnekrp
perucTpupoBajics Ha HOBOM MmecTe obpasma. [Ilupuna obmactu ckanupoBanus 30 mxMm. Bpems
CKaHUPOBaHUs OHOM cTpokH 1,67 c. PaccTosiHMe Mexay CTpOKaMu CKaHUpOBaHUsA 293 HM.
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Puc.1. Cmektpsr KJI (1) u 3JI (2) crpykryp Si-SiO,, HOpMHUpPOBaHHbIE Ha HHTEHCHBHOCTH IOJOCHI
nmoMuHecteHImu 1,9 3B.
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http://www.nano.spbu.ru/index.php/ru/equipment/supra/31-gatanmonocl3

Bpewms peructpanuu ogHoi TOUYKM Ha cnekTpe 2 ¢. CHekTpallbHOE pa3pellieHue — 2 HM.

DHeprus MEKTPOHOB, BO30OYKIAFOIINX JTFOMUHECIIEHITNIO, cocTaBiisiia S, 10, 15 k»B. Tok my4ka
coctaBisii 2,8 HA. B pabote uccnenoBanuchk CTpykTypbl Si-SiO, , MOTyYeHHbIE TEPMHUUYECKUM
OKHCJIEHMEM MOHOKpucTamumueckoro kpeMHuss KJIb-10 mo cTaHgapTHBIM TEXHOJIOTHSIM.
TONIMHBI OKUCHBIX CI0EB  ONPEEISUINCh  AJIUICcOMeTpuueckn | cocTtaBisui 100-150 Hwm.
Ha puc.] npuBeneHbl TUNUYHBIE CHEKTPHI JIOMUHECHEHLIUU CTPYKTYp Si-Si0,, moimyuyeHHbIE
metonamu KJI u OJI Ha cTpykTypax OIHOTO THIIA.
ConocraBieHHe NaHHBIX CHEKTPOB IMO3BOJMIO TOJIYYUTHh JOMOJHUTENIbHYI0 HWH(OPMALUIO O
Impoueccax M IEHTpax JIOMUHECHEHIIMM B HCCIENYEMBIX CTPYKTypax, a TaKXe BBIIBUTH
Bo3MokHOCTH MeToaa KJI mpu uccrnenoBanun Ouorpaduueckux medextoB cTpyktyp Si-SiO,.
Cnextp KJI crpykryp Si-SiO, conepKHUT YeThlpe XapaKTepUCTHUECKHE MOJIOCHl W3IY4EHHs,
XOpOIIIO aNMpPOKCUMHUPYEMBbIe TayccoBbIM pactpeneneanem. Crektp DJI crpykryp Si-Si0,, kak
ObUIO yCTaHOBIIEHO paHee [1], Take coaep HUT HAbOp MOJOC MIIYyUEHHs, alllPOKCUMHUPYEMBIX
rayccoBBIM paclpeieIeHUEM.

[TonmyyeHHble HaMU Pe3yabTATBl MOTYT OBITh MHTEPIPETHPOBAHBI CIETYIOIIUM 00pa3OM.
Hannuue B cnektpax KJI ctpyktyp Si-SiO, mnonoc wusnyuenuss 4,3 u 2,7 3B cBszaHo ¢
00pa3oBaHHEM CHIJIMJICHOBOI'O LIEHTpPa HEMOCPEICTBEHHO B MPOILECCE PErHCTPallii  CIEKTPOB
KJI u naunbiii nedexkt He sBisuics OuorpaguueckuM Aias — JaHHBIX CTPYKTyp  Si-SiO..
OtcyrcerBue B ciektpax KJI B Y®-o061actu ciekrpa Habopa 1ojioc U3My4deHuUsl, TPOSIBIISIOLIIXCS
B crnektpax IJI ctpykryp Si-SiO,, Mbl 0OBSICHSIEM TEMH € MPUUMHAMH, YTO U HaOJII0JaeMoe
ramenue Y®-obnactu cnekrpa DJI B ciydae ero peructpanuu BOJIHM3M MOpOra pa3BUTHS
mpolecca ylapHoi HoHu3auuu. B 3ToM ciyyae reHepanus 3J€KTPOHHO-IBIPOYHBIX Map 3a CUeT
TOpS/YUX 3JIEKTPOHOB COMPOBOXKIAJIACh 00pPa30BaHMEM CHJIMJIEHOBOTO LieHTpa B ciioe SiO,,
PacroI0KEHHOM BOJU3U MOBEPXHOCTU KPEMHHUS (ITPAKTUUYECKH B MIEPEXOTHOM CJIOE), B KOTOPOM
JIOKAJM30BaHbl M LEHTPHl JIIOMHHECHEHIIMM, OTBETCTBEHHbIe 3a Y®d-001acTh cCHeKTpa.
[TosiBeHHE CUIMIIEHOBOTO LEHTPA, IS BO30YKIEHHUS KOTOPOrO HEOOXOIUMBI AIIEKTPOHBI C
9HEprueil ~5 3B, NpUBOAWIO K NEpepacnpeesIeHNI0 KaHAJIOB JAUCCUIIAIMU DHEPIMH TOpSYNX
anekTpoHoB. [lpu sTOM JOMHHUPYIOIIUM MPOLIECCOM  CTAaHOBWJIOCH  BO30YXKIEHHE
CHJIWJIEHOBOTO LieHTpa (mosBieHue monockl DJI ~2,7 3B), a Bo30yxkaeHue Ouorpaduveckux
LIEHTPOB JIIOMUHECUEHIINHM, OTBETCTBEHHBIX 3a Y®d-o0macth cnektpa 3JI, mnpakrtuyecku
npekpamanocs [1].

1 - bapaban A.Il.,, [mutpues B.A., IletpoB 10.B. DieKTpoiIrOMHUHECHEHINSI B TBEPAOTENBHBIX CIOUCTHIX
cTpykTypax Ha ocHoBe kpemuus. CII6.: Mzn-Bo C.-Iletep0. yn-Ta, 2009. 195 c, un. ISBN 978-5-288-04985-9

CATHODOLUMINESCENCE AND ELECTROLUMINESCENCE OF SiO, LAYERS ON
SILICON

Timofeeva K., Baraban A., Petrov Y.

Based on comparative analysis of luminescence centers spectral distribution in Si-SiO, structures
derived by means of cathode luminescence and electroluminescence, excitative processes and
localization area of luminescence centers emerging in the ultraviolet (UV) part of the
electromagnetic spectrum have been investigated. The fact that electroluminescence in this
spectral range is caused by excitation of luminescence centers located in close proximity to Si-
SiO; interphase is described. In case of cathode luminescence, emission bands with peak points
at energy values equal to ~4,3 and ~2,7 eV observed in the spectrum are related to emerging of
silicon centers in the area of Si-SiO, interphase.
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MHUKPO- U HAHOTPYBKMH As,S; U AgAsS,, CUHTE3UPYEMBIE B
YCJIOBUSAX “MAT'KON” XUMHUHN
JL.b. I'ynuna, B.I1. Tosncroit

Xumuueckuu ghaxynomem Canxkm-Ilemepoypeckoeo I'ocyoapcmeennoco Ynusepcumema

MHuKpo- ¥ HaHOTPYOKM HEOPraHMYECKHX BELIECTB, KaK M3BECTHO, UMEIOT YHUKAJIbHBIN
Habop psna (U3UKO-XMMUYECKHX CBOWCTB M WX MPHMEHEHHE HA TPAKTHUKE OTKPHIBACT
BO3MOKHOCTH Il CO3JJaHHsl HOBBIX MaTepuasioB. Cpenn METOJ0OB MX CHHTE3a 0c000€ MECTO
3aHUMAIOT METOJIbl, OCHOBAHHBIE Ha MpoIleccax ‘‘CBOpauMBaHus”’ TYOYISPHBIX CTPYKTYp H3
HAHOIUIOCKOCTEH COOTBETCTBYIOLIMX BELIECTB. B 4acTHOCTH, NaHHbBIE YCIOBUS JOCTUTAIOTCS
IIPU TUAPOTEPMAIIBHOM CHUHTE3€E IPU NOBBIIIEHHBIX TEMIIEPATYPAX U JABICHUM.

B Hactosmiell pabote npeiuioKeH psii METOJUUYECKUX MPHUEMOB, MPU HUCIIOJIB30BAHUU
KOTOPBIX MHKPO- U HAHOTPYOKH MOTYT OBITh MOJIyY€HBI B YCIOBHUSX “‘MATKOW’ XUMHHU IIPH
KOMHATHOW TeMIIepaType U C UCIOJIb30BAHUEM BOIHBIX PAacTBOPOB peareHToB. OcoOGeHHOCTH
CHHTE3a IOKa3aHbl HAa MPUMEpPE MOJYYCHHUS MHKpPO- M HAHOTPYOOK As:S; m AgAsS,. Ilpu
BbIOOpE YCIOBUI UX CHHTE3a BapbUpOBAJIM KOHLEHTpaluu U pH pacTBOpOB peareHTOB U BpeMs
o0paboTku umu. VccnenoBanue CHHTE3UPOBAHHBIX COCIMHEHUH BHIMOMHUIM MeTonamMu COM,
PEHTI€HOCNEKTpaIbHOIO MHKpoaHanu3a, MK-Dyppe CHEKTPOCKONIUMM U CIEKTPOCKOIINHU
KOMOWHAIIMOHHOTO paccesHusi. M300pakeHHe OJHOW U3 CHHTE3UPOBAHHBIX MHKPOTPYOOK
AgAsS; nokaszaHo Ha puc. 1.

Puc. 1. U3o06pakenne Mukpotpyoku AgAsS,, momyuenHoe merogom COM.

B pesynbrare BBINOIHEHHON paOOTHI OBLIM HAWAEHBI YCIOBUS CHHTE3a MHKpPO- U
HaHOTPYOOK As,S; 1 AgAsS, ¢ TonmuHoi cteHok 50-200 HM, TUamMeTpoM OT HECKOJIbKUX
COTEH HaHOMETPOB 710 30 MKM U JJIMHOM 10 HECKOJIBKUX MUJUIUMETPOB.

MICRO- AND NANOTUBULES OF As,;S; AND AgAsS, SYNTHESIZED IN
“SOFT” CHEMISTRY CONDITIONS
L. Gulina, V. Tolstoy

For the first time the conditions of synthesis of As,S; and AgAsS, micro- and nanotubules were

defined. Investigation of the synthesized scroll-like structures was carried out by SEM, EPMA,
FTIR and Raman spectroscope.
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HUTEBHU/IHBIE HAHOKPUCTAJLIIBI (1-x)In,0; — xSeO;
Tomaes B.B.', ITerpos I0.B.?

I Canxm-Ilemepbypeckuii 20cy0apcmeennvlii  yHUGepcumem, XumMudecKuti hakyibmen,
Kagheopa nazeproil xumuu u Jnazeproco mamepuanosedenus, 198504, Canxm—Ilemepoype,
Ilempoosopey, Ynusepcumemcxuii np. 26.

2 Canxm-Ilemepbypeckuil 2ocyoapcmeennviti  yHuéepcumem, @usuyeckuil (axyibmen,
Kageopa snekmponuxu meepooco mena, 198504, Canxm-Ilemepoype, Ilempoodsopey,
Vavsanoeckas 1.

MeTo/10M BaKyyMHOT'O HaIlbICHUS! Ha CTEKJISTHHbIEC MOJJIOKKU MOCIEA0BATEIHLHO HAHECEHbI
wienku PbSe u In.

[Toxazana BO3MOXKHOCTh (POPMHUPOBAHUS HUTEBUIHBIX HAaHOKpUCTALIOB (1-x)In,0; — xSeO,
Ha TIOBEPXHOCTH 3TUX TUICHOK TIOCJIE OKUCIICHHS B aTMOC(Epe CyXOro BO3ayXa Mpu TeMIepaType
550° C.

BBenenmne. [ToBbilieHHBIN UHTEPEC K HAHOHUTSM U3 OKCHIHBIX MOJYIPOBOJHUKOB CBSI3aH C
HaJIMYUEM YHUKaJIbHBIX (PU3UKO-XUMUYECKUX CBOMCTB, OOYCJIOBIEHHBIX MX KPUCTAJUIMYECKUM
cTpoeHneM u pasMepHbIMU (akTopamu [1-8]. CooTHOlIEHHE [IMHBI MOHOKPHUCTAIIOB K
nonepeyHoMy pasmepy nocturaer 10* nmpu qumamerpe xpuctamios He 6onee 50 M. OTcyTCTBHE
CTPYKTYPHBIX J1e(hEKTOB B HAHOHUTIX OMpeleiseT OMU3KHe K MpeneibHbIM XapaKTePUCTHKH,
TaKHle KaK MeXaHW4ecKasi IPOYHOCTb, [TOJIBHKHOCTh HOCUTENEH 3apsija.

JKcnepuMeHTalbHas 4yacTh. [lnenku (PbSe) u unaus (In) ObLIM MONTYYEHBI B BAKYyMHOM
yctanoBke YBH-7111-3 meTo/10M HanbUIeHUs HAa CTEKJISTHHBIC MTOI0KKHA Mapku C-29.

[Tnenxu oxucnsanucek B atMochepe Bo3ayxa npu temneparype 550° C u BpeMeHH OKUCICHHUS
60 u 120 muH.

MeTo10M CKaHUPYIOLIEH 3IEKTPOHHOW MHKPOCKOMHMH OBLIU HCCIIEIOBaHbl MOBEPXHOCTH U
CKOJIBbI, KaK MCXO/IHBIX IJICHOK, TaK U OKHCIICHHBIX.

MeToioM PEHTTeHOBCKOTO MHUKpOAHAlW3a NpPOBEJCHAa KAyeCTBEHHass U KOJIMYECTBEHHAS
OIICHKA JIEMEHTHOTO COCTaBa B MIPUIIOBEPXHOCTHOMN 00JIACTH BCEX MCCIIETYEMBIX TICHOK.

Ha puc.1 npeacrasnensl Mukpodororpapuu IByX MOBEPXHOCTEH MCXOAHOW JIBYXCIIOWHOMN
IUICHKW Ha Pa3HBIX CTaJHUSIX HaHeceHUs cioeB. Ha puc.la m3o0paxeH (parMeHT MOBEPXHOCTH

IUICHKH TI0CTIe HAHECEHHUs CeJIeHH 1a CBUHIIA, a Ha puc.10 pparMeHT nmoBepXHOCTHU IMJICHKHU MOCTe
HAHECEHUS UH]IUA.

Puc.1. TToBepXHOCTb UCXOIHON ABYXCIIONHOM IJICHKH:
a — IocJIe HaHeCEeHUs CeleHUa CBUHIA; O — [OCIe HAHECEeHU S UH]HS.

Ha puc. 2 npexacraBiensl MukpodoTorpapuu MOBEPXHOCTEH IBYXCIOWHOW IJICHKH, B

pe3ynbrate okucicHHs mpu Temmepatype 550° C B arMocdepe Bo3Aayxa NpH BpPEeMEHAX
okucieraus 60 u 120 MUH COOTBETCTBEHHO.
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[lo cpaBHEeHMIO C MOBEPXHOCTHIO MCXOAHOW IJIEHKH (puc. 10), HA MOBEPXHOCTH IUICHKU
okuciaennot mpu 550 °C, B Teuenume 60 MuH (pHc. 2a) MOXHO HaONIOJATh TOSBICHUE
1apoo0Opa3HbIX BBIACICHUN, MOXOXKHUX Ha KaIuld, pa3Mep KOTOPbIX HM3MEHSEeTCs B Juana3oHe
150+250 um. Ha noBepxHocTH ieHKH, okucieHHoi npu 550 °C B teuenue 120 muH (puc. 20),
HaJl IOBEPXHOCTBIO TUIEHKH, MO>KHO Ha0JIF0JaTh HUTEBUHBIE KPUCTAILIBI.

3
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Puc. 2. IToBepxHocTH okncieHHBIX ripu 550 °C, B reuenue 60 (a) u 120 (6) MHUH MIIEHOK.

3akioueHue.

[IpennoxxeH, OTAWYHBIA OT TPAAULIMOHHBIX METOAOB Tra3o(a3HON AIUTAKCUU U
MOJIEKYJISIPHO-ITYYKOBOW SMUTAKCUU METOJ BhIPAILIMBAHNS HUTEBUAHBIX KPUCTAILJIOB.

[TonydyeH mnepcHeKTUBHBIA [UIsI TPAKTUYECKOW peanu3aliil TUICHOYHBIM KOMITO3UTHBIH
Marepuas, HAaHECEHHBIM Ha CTEKIISTHHYI0 Tomnoxky C-29. Marepuan cCOCTOMT M3 MHOXKECTBA
Pa30pUEHTUPOBAHHBIX HUTEBUIHBIX HAHOKPHUCTAILIOB cocTaBa (1-x)In,O; — xSeO, ¢ nuanazoHoM
m3meHeHus 1o X ot 0,10 1o 0,15, koTOpbIe OCHOBAaHUSIMU BMOHTHPOBAHBI B MATPHILy KOMIIO3UTA,
COCTOSIIIIETO U3 OKCUA MH/IUS, CEICHUTAa U OKCHA CBHHIIA.

[Tonepeunslii pa3mep OOJBITMHCTBA HUTECBUIAHBIX KPUCTAILIOB COCTaBIISACT ~50 HM.

Pabora BeImosiHEHA TIpH (PMHAHCOBOM Toaepkke Poccuiickoro ¢goHna (yHIaMEHTAIBHBIX
uccnenoanuii (mpoekt Ne 08-03-00452).

Pabota BEITIOTHEHA ¢ UCIOJB30BaHUEM 000pymoBaHUs MeXIuCIUIUIMHAPHOTO PecypcHoro
LeHTpa 1o HanpasieHuto «Hanorexuonorun» CIIOIY.
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° Hyopoeckuit B.I'., Upipmua [.3., VYcruaoB B.M. [lomympoBOoIHUKOBBIE HUTCBHIHBIE
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NANOWHISKERS (1-x) In;O; - xSeO;

Tomaev V.V.!, Petrov Yu.V.?

ISt. Petersburg State University, Department of Chemistry, 198504, Saint-Petersburg,
Petrodvorets, University Ave 26.

? St. Petersburg State University, Department of Physics, Department of Solid State Electronics,
198504, St. Petersburg, Petrodvorets, Ulyanovsk 1.

The PbSe and In films were successively deposited by vacuum deposition on glass substrates.
It demonstrated the possibility of the forming of nanowires (1-x) In,O; - xSeO, on the surface of
these films after oxidation in dry air at a temperature of 550° C.

MEXAHOMOIUPUIINPOBAHUE HAHO®PAI'MEHTOB Agl

B.B. Tomaes, 10.C. TepbsnoBuu, M./l. banbmakoB

Canxm-Ilemepbypackuii 20cy0apcmeenubili yHusepCcumem, XuMuieckuii (paxyibmen,
198504, Cankm—Ilemepbype, [lempoosopey, Ynusepcumemckuii np. 26.
e-mail:tvaza@mail.ru

CuHTe3upoBaH HAHOCTPYKTYPUPOBAHHBIA TOPOIIOK cocTaBa Agl, TOJXy4eHHBIA C
UCTOJIb30BaHUEM OOMEHHOHM peakiuu BoaHBIX pacTBopoB AgNO; m KI. Ompenenen pasmep
KPUCTAJZIUTOB METOJIOM CKaHUPYIOIIEH 371€KTPOHHOW MUKPOCKOIIHH.

Hanomnopomok Agl, MoauduuupoBaHHBIH B [MIAPOBOW BUOpAIMOHHOM  MEJbHHIIE
VIBRATOR GM-945B, cocroutr u3 wMenkux (30+70 um) u kpynsbeix (5001000 HM)
HAaHOKpUCTAUIOB. IIOBEpXHOCTh NOCIHEAHMX XapaKTEPU3yeTCs BBIPAXKEHHOM OrPaHKOM,
TUIMAYHOW Il TeKcaroHanbHOM (asbl [B-Agl. BOJBIIMHCTBO MEJKHX paCIOOKEHO Ha
ITOBEPXHOCTU KPYITHBIX.

[lonmy4yenHnbie pe3ynabTaThl OOCYXKNAIOTCS B paMKaX MOJENBHBIX IPEICTAaBICHUH,
OIMCBIBAIOLINX MUKPOCKONNYECKUH MEXaHU3M 00pa30BaHUs HAHOKPUCTAJIOB MOJuAa cepedpa
B IIPOIIECCE MEXAHOMOAUPHUITPOBAHUS.

Beenenne. OnHONM M3 BaXKHBIX 3a/1a4 B MaTEpUAIIOBEIECHUM SIBISIETCS Mpo0iieMa CO3/1aHUs
HOBBIX CYIIEPUOHHBIX MaTEPHAJIOB, elle Oosiee BBICOKOIIPOBOIAIINX, YeM cymecTBytomue [1,2].

3HAYUTEIIBHBIX PE3YJIbTATOB IPHU MOJyYEHUN CYIIEPUOHHOTO IPOBOJHUKA HA OCHOBE MO
cepebpa TpH KOMHATHBIX TEMIIEpaTypaXx MOXHO JOCTHYb, €CIH HCIIOJIb30BaTh METOJ
MexaHomoudupoBanus [3-6].

Lenbto paboThl ABISETCS MOTYyYCHHE METOJJOM MEXaHOMOAU(PHUIIMPOBAHKS HAHOMATEPHUATIOB
Y UCCIIEJOBAHUE UX CTPYKTYPHBIX U3MECHEHHH.

JKcnepuMeHT. MeronoM oOMeHHON peakuuu BoaHbIX pacTBopoB AgNO; u KI nmomyuen
HCXOJIHBI MEJIKOKpUCTAUTMYECKUH mopomok Agl, a B mapoBoil BHOpallMOHHON MeEJILHUIIS
IIPOBEJIEHO €r0 U3MEJIbYECHHUE.
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Puc.1. Mukpodotorpaduu nmopomkos Agl:

0 MO,Z[I/I(i)I/II_II/II)OBaHI/IH IoCJIC MOJ_'[I/I(l)I/II_II/IPOBaHI/ISI

Puc. 2. Mopdomnorus yactun B-Agl nmocne
MEXaHOMOAU(PUIMPOBAHMSI.

MeToiIoM CKaHHMPYIOIIEH 3JIEKTPOHHOW MHUKPOCKONHUHU MCCIIEIOBAHO JBa THUMA IMOPOIIKOB:
00pasibl UCXOAHOTO mopoinka Agl; 00pasiubl mopoika Agl mocie JucrneprupoBaHus B MIapOBOM
MenpHule. Ha puc.l mnpencraBimensl Mukpodororpadum >THX THIOB 00pas3oB. MOXXHO
3aMETUTh, 4YTO JHala30H M3MEHEHHs pa3Mepa 4YacTUI[ [OpOIIKa II0CIE€ HM3MEIbUYEHUs
MPAKTUYECKU HE U3MEHWIICS U cocTaBisieT no-npexuHeMy 5001000 um. Takxke, Ha TOBEPXHOCTH
YaCTHUI] MOXXHO HAOJI0AaTh MOSIBICHUS 00Jiee MENIKUX KPUCTAIUIMTOB, C XapaKTEPHBIM pa3MepoM
mopsinka 40 HM. X KOJWYecTBO A0CTaTOYHO BeMMKO. OHHM TOKPHIBAIOT OOJBIIYI0 YacTh
MOBEPXHOCTH KPYIHBIX KPUCTAILTUTOB (CM. pHC. 2).

Ha puc. 2 npuBenensl Takxe Kpuctaummueckue crpykrypel Agl. Ilpm xomHaTHOM
TeMIepaType 1 HOPMaJIbHOM aTMOCc(epHOM JaBJIEHUH CYIIECTBYIOT JBe (ha3bl moauaa cepedpa:
B-Agl co cTpykTypoil BiopuuTa M MeTacTaOWibHas Y-pa3a co CTpyKTypoil cdanepura [5,6].

Spectrum 1
DIIeMEHTHBIN
COCTaB MOopolIKa:
Ag - 48+4%;
Agl 1-47+£5%.
10 Electron image 1 —
1 2 3 4 5 6 7 8 9 10
Full Scale 284 cts Cursor: 0.098 (9 cts) ke
Spectrum 2
DIeMeHTHBIN
COCTaB IMOPOIIKa:
" Ag - 47+4%;
1-47+£5%.
6’ Electron uage1 5
3 4 5 9 7 8 9 10
Full Scale 284 cts Curgor: 0.098 (9 ctg) eV

0

Puc. 3. Pe3ynbpTaThl peHTT€HOBCKOTO MUKpOaHaIH3a: 10 (a) u nocie (6) MexaHoMoauduIupoBaHus mopomka Agl.
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BricokonpoBogsmas O-monudukanus Agl , HMeeT TIpaHEleHTPUPOBAHHYIO KyOHYECKYIO
pelieTKy, ycToWuuBa Mpu Temmeparypax Beime 146 °C, 4TO CYIIECTBEHHO OIrPaHUYUBAET
BO3MOXKHOCTH €€ MPaKTUYECKOro UCIob30Banus. [Ipu 00— nepexoje HOHHAS MPOBOAUMOCTD
CKaukoM yMmeHbInaercs B 10° pas.MccnenqoBanne MUKPOCTPYKTYPbI 00Pa3oB ObLIN JIOMOJHEHbI
PEHTTE€HOCTIEKTPAIbHBIM MUKPOAHAIN30M, MO3BOJISIIOIIUM ONPEAENATh XMUMHYECKUH COCTaB
BbIIeIeHHBIX obOnacteil. Ha puc. 3a m 30 mnpuBeneHbl JaHHBIE PEHTI€HOCIEKTPAIHLHOTO
MUKpOaHajau3a AJis ABYX TUIIOB MOPOIIKOOOPA3HBIX IJIEHOK: a — 00pa3libl HCXOIHOTO MOPOIIKa
Agl; 6 — oOpasupl nopomika Agl mocie aucneprupoBaHus B IIAPOBOW MeNbHHUIE. Pe3ynabTaTsl
IUIs 000UX THUIOB IUIEHOK (a U 6) OOpPMIIEHBI B BUJE CHUMKOB MHKPOCTPYKTYP HCCIEIyEeMbIX
obmacteil 00pa3lOB, PEHTI€HOBCKUX CHEKTPOB (MHTETpajbHBIA OTKIMK OT BCEH IUIOaan
BBIJICIEHHOTO  MpPSIMOYTOJIbHMKA) W TaOJMMI] JaHHBIX B  aTOMapHOM  COOTHOIICHUU
IIPUCYTCTBYIOIINX 3JIEMEHTOB.

3akJiroueHue. B pe3ynbTaTe MeXaHOMOIU(ULIUPOBAHNUS HCXOJTHOTO
MEJIKOKPHUCTANINYECKOro  mopomka Agl, wumeromero auana3oH M3MEHEHHMs pas3Mepa
kpuctaumToB 5001000 HM, MPOUCXOIUT OTpaHKA YACTHI] MOPOIITKA O6€3 3aMETHOTO MU3MEHEHUS
pasmepa, cooTBeTcTBYyIOIee (aze [-Agl u oOpazoBaHHe HAa MOBEPXHOCTH BCEX KPUCTAJUTUTOB
OoJiee MENTKUX KPUCTAIIOB, UMEIOIINX XapaKTepHbIi pazmep (U0 HM.

OJIEMEHTHBI  COCTaB, OLEHEHHBI METOJOM  KOJIMYECTBEHHOI'O  PEHTIE€HOBCKOIO
MHUKpOaHajiu3a ¢ BbIOOPOM aHAIM3MpPyeMOH OO0JACTH MO IUIOIIAAM, KaK HCXOJHOTO IMOPOIIKa
Agl, Tak ¥ U3MEIbYEHHOT0, COOTBETCTBYET CTEXHUOMETPUUECKOMY coeTMHEHNI0 Agl.

Pabora BeimosnHena npu ¢unancosoii nognepxke MAC HUJL: 12.0.49.20009.

PaGora BeImONTHEHA ¢ MCHONB30BaHUEM o0OopynoBaHus MexauciuminHapHoro Pecypchoro
HeHTpa 1o HanpasieHuto «Hanorexuonorun» CIIOIY.
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MECHANO-MODIFICATION OF THE Agl NANOFRAGMENTS
Tomaev V.V., Tveryanovich Y.S., Bal'makov M.D.

St. Petersburg State University, Department of Chemistry, 198504, Saint-Petersburg,
Petrodvorets, University Ave 26.

It was synthesized nano-structured powder composition of Agl, obtained by using the exchange
reaction of aqueous solutions of AgNO; and KI. And it was defined the size of the christalines
by scanning electron microscopy.

Nanopowder of Agl modified in a ball vibrational mill named VIBRATOR GM-945B
consist of small (30+70 nm) and large (500+1000 nm) nanocrystals. The surface of the last is
characterized by a severe cut typical for hexagonal phase of [3-Agl. Most minor nanocrystals is
located on the surface of the large ones.

The results are discussed within the framework of model concepts that describe the
microscopic mechanism of formation of nanocrystals of silver iodide in mechano-modification.
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COBPEMEHHBIE U TPAAUIIMOHHBIE BO3MOXHOCTHU
HHOATOTOBKH OBPA30B Ui BPIIOM, JOCTOUHCTBA "
HEJOCTATKMN.

VoriiisoBk E. B.
Cliel'y

In the report will be presented of the equipment MRC "Nanotechnology", to prepare samples for
HRTEM and STEM.

Onmnaxnel I'epec Tomac, Oynyum paupektopom HanumonansHoro ILlenTpa DOnekTpoHHOMR
Muxkpockonuu, Kamudophuiickoro YuuBepcurera B bepkiau ckazan: «Y Hac J0CTaTOYHO
XOPOIIUX MHKPOCKOIIUCTOB, Hpobiema B Xopommnx oOpasmax». OH umen B BHIYy, YTO
MHTEPECHBIM, KAaueCTBEHHO CJEJIaHHBIi oO0pas3el] — 3TO 3aJlor XOpOIIETro pe3yibTara.
JIeCTBUTENIBHO, MpOIecC MOATOTOBKM 0Opas3lia JOCTaTOYHO TPYAOEMKUH, TpeOyeT 3HaHHIA,
OTIbITa, U IOJ{YAaC BE3CHMUSI, IPU 3TOM MPOLIEHT OTOPAKOBKU OYEHb BBICOK.

Ha ceroguamuuii JeHb CyIIECTBYET MHOXKECTBO METOAMK IOJrOTOBKM 00pa3oB, MHOTHE
UCCIIeIOBaTeNN MPUOEraloT K CTapblM IPOBEPEHHBIM METOJaM U JI0OMBAIOTCS OTIMYHOIO
pe3yibTara, TpaTs Ha IMOATOTOBKY oOpa3lia Henelu, Jpyrue JoOMBarOTCS pe3ysbTaTa 3a
HECKOJIBKO 4acoB, MCHOJb3Yys Oojee CI0KHOE U Joporocrosiinee odopynoanue. Uto kacaercs
MIOATOTOBKH IOJIYIIPOBOJHUKOBBIX CTPYKTYp, HAalIpUMEp, [UIsl U3YyUEHHsI TIONIEPEUYHOro Cpe3a, TO
paHee mpuberaau K BechbMa CTaHAAPTHBIM IpoLIEaypaM: CKIIeHKa, MexaHuueckas NUIM(pOBKa,
IIOJINPOBKAa, MOHHOE TpaBieHue. C TOSABIEHUEM BO3MOMKHOCTU BBIPE3aTh  («JIAMEIN»
¢oxycupoBaHHbIM HOHHBIM myukoM (FIB) Bpemss Ha wusroromienust ojgHoro oOpasna
COKpaTUJIOCh 10 OAHOTo yaca. OHaKo B pe3yibTare cnelu(rUKy HOHHOTO TPaBJICHUS U MOHHOM
MOJIMPOBKU MPOMCXOJUT MOBPEKIACHHE Marepuaja B BUIE aMOpPPHOro ciosi, KpOME TOro B
OonpumHcTBe cucremax FIB B mpoiecce MOATrOTOBKM MPOUCXOAUT UMIUIAHTALMS Taliius B
oOpazen. TosmmHa MOBPEKIESHHOTO CJIOSI MOKET BapbupoBaThes B mpenenax 10-30 HMm u ero
Hamuue B [IOM He mo3BOJSET MONYyYUTh YEeTKOe H300pakeHHEe B (Pa3oBOM KOHTpacTe MU
CYIIECTBEHHO HCKaxkaeT wuHpopmaimio. CoBpeMeHHOE O0OpyAOBaHHE IIO3BOJIACT YIAJSATh
MOBPEXXICHHBIH CJI0M, UCIOIb3Yys HU3KOAHEPTeTHUECKUH (POKYCUPOBAHHBIN MTyYOK HOHOB.

B noknmane Oynyt mpencrtaBieHsl Bo3MOxHOCTH oOopymoBanus MPLl «Hanotexnonormy, mis
0AroToBKU 00pasuos 111 BPIIOM u PITEM.

BPIIOM H306pa>i<eHe reTepOCTPYKTYPBI GaAsAlGAs,(cnpaBa) C TMOBPEXICHHBIM cjoeM, (cneBa )
MOBPEXKICHHBIN CII0U yJajeH.
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PASPABOTKA (U-Th)/He METOIA T1IIPSAMOI'O M30TOIIHOI'O
JATUPOBAHUA CAMOPOJIHOI'O 30J10TA
Sky6osuu O.B.', UBanos I.B.' u Illykomokos 10.A. '

1 - - .
Canxm-Ilemepoypeckuii  T'ocyoapcmeennviii  Yuusepcumem, [ eonocuueckuil  ¢ghaxynrvmenm,
Yuusepcumemcxas na6.7/9

2HHcmumym T'eonocuu u I'eoxpononocuu /loxemopus PAH, na6. Maxaposa, 2

[lepBrie mombITku ompenenenus Bo3pacrta muHepaioB (U-Th)/He meromom u3oTOmHOrO
JTATUPOBAHMS OBLIN IIPEANPHUHATHI emie B Hayase XX Beka [1]. B ocHOBe 3TOro Meroaa JIeuT O-
pacnan *°U, **U u *’Th, oguuM u3 CTabWIBLHBIX TPOAYKTOB KoToporo ssisercs ‘He. ITo
KOJIMYECTBY HAKOILJICHHOT'O PAJMOr€HHOTO Teiusl ONpEIeNsiioT «IeMEBbI BO3pacTy» MHUHEpaa.
OpHako u3-3a BEICOKOW CKOPOCTH MUTpAIIMU T'elivs 3HadYeHus Bo3pacta, nonydeHusie (U-Th)/He
METOJIOM, OKa3bIBAJIMCh CUJILHO 3aHMKEHHBIMHU (OTHOCUTEIBHO JAPYTUX U30TOIHBIX cUcTeM) [2],
MIO3TOMY €T0 MpUMEHEHHEe ObIJI0 orpaHudeHo. [lake He3HAUYUTEIbHOE YBEIHMUECHHE TeMIepaTyphl
(100-200°C) nprBOAMUT K YaCTUYHOU WIIH TTOJTHOU MOTEPE TeIUs MUHEPAIOM.

OpnHako cCylIecTBYeT TpyIlla MHUHEpPAJIOB — CaMOPOAHbIE METaIbl — B KOTOPBIX
ycroitunBocTh (U-Th)/He H30TONMHON CHCTEMBI MOMKET OKa3aThCsi aHOMAJbHO BBICOKOH. B
MOCIICAHUE TOJbI ObLT JAETAaThbHO M3YYCH MEXaHU3M MUTPAIUHU TeIUs W JPYTHX OJIarOpPOTHBIX
ra3oB B TEXHHUECKHUX METailjiaX, U Oblla OTKPbITA OCOOCHHOCTh, U3-32 KOTOPOI MUTpAIUs refus
B HUX CWJIBHO 3aTpyJHEHAa — 2 UMEHHO 00Opa30BaHUE I'€IMEM aTOMHBIX KJIACTEPOB — My3bIPHKOB
HAaHOMETPOBBIX W OOJIBIIUX pa3MepoB [3-4]. ATOMBI HMHEPTHOTO Ta3za  TeIus HMEIOT
CUMMETPHYHYIO ¥ TIPOYHYIO 3JIEKTPOHHYI0 00050uKy (1s’)u He 001amarT CroCOOHOCTBLIO
TPUCOETUHATHY) UYKHWE WM JIETKO «OT/AaBaTh» COOCTBEHHBbIE »dJeKTpoHbl. [lomamas B
KPUCTAJUIMYECKYIO PEHIETKY METaJUIOB, TeIMil CHUJIBHO W3MEHSIET pacipe/ielieHue BaJeHTHOU
3aps0BOM TUIOTHOCTH B Heil. PaccunrtanHble 3HAUEHUS] SHEPTHU PACTBOPEHUS TeIHs B METaJlIax
MOKa3aJIi, YTO TeINil MPAKTUYECKU COBCEM HE PACTBOpSAETCS B HHX [5].

AHanM3 TMONYYEHHBIX JJI TEXHUYECKHMX METAJUIOB HKCIHEPUMEHTANIbHBIX JaHHBIX U
TeopeTUYecKasi MHTEpHpeTanusl NPUBEIM HAC K BBIBOAY O BO3MOXXHOCTH OYEHb XOpOIIEH
YCTOWYMBOCTHU TeNUsl B CTPYKTYpPE TaKUX METAJJIOB BIUIOTH /10 TEMIIEpaTyp UX miaBieHus. Ha
3TOM OCHOBAHUH MBI TIPEATIOJNIAraeM, YTO U CAMOPOIHbBIE METAILIbI JOJDKHBI 001a1aTh 1M0100HBIM
)K€ CBOMCTBOM COXPaHATh pajuoreHHsiii msoron ‘He u mosromy ciyxuts xopoummu (U-
Th)/He n30TOMHBIMU T€OXPOHOMETPAMH.

B cpeHeM B caMOPOIHOM 30JI0TE COZIEPKAHUE ypaHa cocTaBiseT nopsaka 107r/r. Tem He
MEHe€e, KOJUYECTBO TeJMsl, HAKOIUIEHHOTO 32 MUJUIMOHBI - COTHU MUJUIMOHOB JIET B PE3yJIbTaTE
pPaZMOaKTUBHOTO paclaja, BIIOJHE JOCTATOYHO [Js HAJAECKHOTO M3MEPEHMs] JaKe U3 MHKPO
I'PaMMOBBIX HaBECOK.

OaHuM W3 BaXHBIX S3TaloB pa3pabOTKHM MeTo/a MPSMOT0 H30TOIHOTO JaTHUPOBAHUS
CaMOpPOJHOTO 30JI0Ta W JPYTUX CAMOPOJHBIX METAJUIOB SIBISETCA OnpeAeieHne (OopMbl
HAXO0XJICHUS ypaHa U Tejus B MHHEpae.

Ypan B camopoaHom 3oJi0Te. HecMOTpsi Ha OrpOMHOE KOJMYECTBO JIUTEPATYphl O
CaMOpOJIHOM 30JI0Te, 00 ypaHe, a TouHee O (opME ero HaxOKIEHHUS B 30JI0T€ MPAKTUYECKH
HUYEro HEe U3BECTHO, KPOME TOTO, YTO OH pacIpe/iesieH KpaitHe HeoAHOpoaHO [6]. B pe3ynbrare
MIPOBEJICHHOTO HAMU pagrorpadUyecKoro UCCiae0BaHusl yIaloCch JONOJHUTEIFHO YCTaHOBUTS,
9YTO B CaMOPOJHOM 30JI0TE€ BBIJEISAIOTCS KaK 30HBI OOrarble YpaHOM, TaK M TOJHOCTBIO €ro
nuiieHHble. VI B HEKOTOPBIX cly4asx ynaercs HaOmogaTh MeJKHe, MeHee MUKpOHa, OoraTbie
YPaHOM BKJIFOUEHHS.

Ienunii B camopoaHoMm 30J10Te. KOCBEHHBIM JJ0Ka3aTEIbCTBOM HAJIMYHSI MUKPOITY3bIPEKOB-
KJIACTEPOB TeUsl B CTPYKTYpE TEXHUUECKHX METAJIJIOB, SIBJISAETCS KMHETHKA MUIPALUU T'elus B
Heil. Ee BaxHeilmas 0COOEHHOCTh — MHTEHCHBHOE BBIJICJICHHE Telidsi TOJBKO MPU BBICOKHX
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TeMIepaTypax, MpUOIIKAIOIIMXCS K TOUKE MJIaBJICHUS METaJlla, U B3phIBOOOPA3HOE BBIJCIICHHUE
renmust BOMM3M Temmeparypsl TuiaBieHus (burst-agdext) [7]. [loatomy mns wucciemoBaHus
(GopMBl HAXOXIECHUS TeNusi B CTPYKType CaMOPOIHOTO 30JI0Ta HaMHM OBLIM TPOBEJCHbI
JKCIIEPUMEHTBl [0  CTYNIEHYaTOMY  OTXKHIY (macc-ciektpomerp MCVY-I-01-M ¢
YyBCTBUTENLHOCTHIO mopsiika 10° atomos *He). B pesysnbrate 3THX DKCHEPUMEHTOB ObLIO
MOKa3aHo, YTO JCHCTBUTEIHHO OOJBIIAsT YAaCTh TeJIHS BBIICISETCS U3 30JI0Ta TOJIBKO MOCIE ero
IUIaBJICHUS, @ 3HAUEHHMs] MUIPALMOHHBIX XapaKTEPUCTHK (YaCTOTHOTO (akTopa M HHEPTUU
aKTHBAIMK) JOCTUrAalOT KpaiiHe BeICOKMX 3HaueHuit (E=160 xxan/moins, ko =6 10* - Gosblre
TEOPETUYECKH BO3MOYKHOTIO).

Taxast 0cOOCHHOCTD BBIJICIICHUS PAHOTEHHOTO TeNIUS U3 CAaMOPOTHOTO 30JI0Ta XapaKTepHa
MPAaKTUYECKH JUIs BceX 00pas3IoB — AaXke JJIS TeX, B KOTOPBIX CO/Ep)KaHUE PaIHMOTeHHOIO refius
oYeHb MaJio, nopsika 10° cM’/T — TpyHO MpPEACTaBUTh, YTO JIaKe TAKHE KOJMYECTBA TeJds HE
MOTYT pacTBOpUTCS B Meraiie. [loaToMy €IMHCTBEHHBIM JOCTOBEPHBIM JI0Ka3aTEIbCTBOM
MMEHHO KJIaCTePHOH (POPMBI HAXOXKACHUS T'eNnsl B CAMOPOAHBIX METAJIaX SIBIISETCS UX TPSMOE
HaOJI0IeHNEe, CKOpee BCEro METOJaMH MTPOCBEUNBAIOIIECH JIEKTPOHHONH MUKPOCKOITHH.

[1] Rutherford E., (1906) Radioactive Transformations. N.Y.: Charles Scriber’s Sons. 180. p.

[2] Tepaunr D.K., (1961) CoBpeMeHHOE COCTOSIHHE aprOHOBOTO METOJa OIpelesIeHUs] aOCONIOTHOTO BO3pacTa U
ero npuMmeHenue B reonorun. M.-J1.; U3a-8o AH CCCP, 130 c.

[3] Trinkaus H., Singh B.N., (2003), Helium accumulation in metals during iiradiation- where do we stand?, Journal
of Nuclear Materials, v. 323, no. 2-3., p.229-242.

[4 JKmaeur O.B., Huxomaes B.U., CmmproB Bb.M. , Xabapun JI.B., Uepnor IO.M., Ilneiisman B.B.
(2008).Mexanonunamudeckass nudQy3ust aTOMOB Telusi B IOPUCTy0 Menb. Pusmka TBepporo tema. T. S0,
BbII.S,c.794-797.

[5] Koporeer FO.M., Jlonatuna O.B., Uepuos W.I1., (2009) CtpykTypHas CTaOMJIBLHOCTh U DJICKTPOHHBIC CBOMCTBA
cucreMsl Zr-He:pacueTs! U3 nepBrIx npuHIunoB. @u3nka TBepaoro tena, T. 51, c¢. 1509-1516

[6]Eugster O., Niedermann S., Thalmann C.et al.,(1995), Noble gases, K, U, Th, and Pb in native gold, Journal of
Geophysical Research, v.100, no. B12, p.24677-24689.

[7] Kommanwuen; K., (2009)., K mpobneme BbIOOpa craneit mis peakropa JJEMO. Bompocsl aToMHOW HaykH |
texHuku. Cep. TepmosinepHslii cunTes, BoI. 3, c. 16—24

DIRECT ISOTOPE (U-Th)/He DATING OF NATIVE GOLD

Yakubovich O.V., Ivanov D.V., Shukolyokov Yu.A.

Relatively quick migration of helium from crystal structures has been known for a long time.
However, there is a group of minerals — native metals — where the stability of helium can be
anomalously high. Helium, due to its very low solubility in technical metals, assemble in atomic
clusters - “bubbles” of nanometre size. Migration of helium “bubbles” as a whole from the
crystal structures needs relatively high temperature near the melting point of technical metals.
One can expect the similar behaviour of helium in native gold as well.
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KOMILIEKCHBIN NHOJAXO0J AJ1s1 HCCIEJOBAHUS
HAHOPA3MEPHBIX 'ETEPOCTPYKTYP III-N JIOKAJIBHBIMHA
METOAAMHU

S1.B. Ky3uenoBa*, M.B. baitnakosa, A.A. CutaukoBa, M.B. 3amopsHckast.

Yupexknenue Poccniickoit akanemun Hayk OU3NKO-TEXHUYECKAA HHCTUTYT UM.
A.®. Uopdpe PAH.

Llenpto naHHOM paboThl OBLIO M3yueHHe CTpYKTyp Ha ocHoBe InGaN/GaN, ompenenenue
COCTaBa M TOJIIMHBI HAHOPA3MEPHBIX CJIOEB, UX KPUCTAUIMYECKOTO COBEPLICHCTBA, a TAKKE
YCJIOBUI MOJTY4EHUS JOCTOBEPHOTO HEMPOTUBOPEUMBOI0 HAOOpa SKCIIEPUMEHTAIbHBIX JAHHBIX.

Jlnst  uccnenoBaHusl  CTPYKTYpP — MCIOJB30BAIMCH  METOJABI  PEHTTEHOCHEKTPAIBHOIO
mukpoananuza (PCMA), nokanpHOU karopomtomuHecteHmuu (KJI), mpocBeunBaromeit
anekTpoHHOM Mukpockomnuu (IIDM), pentrenosckoil nudpakromerpuu (Pl) u pedpaexromerpun
(PP).

3ajaya ONpEeNeNeHUsT COCTaBa HAHOPA3MEPHOIO CJOsS B CTPYKTypax € OJUHOYHOW WM
MHOKECTBEHHBIMM KBAHTOBBIMM sIMAaMH SIBJISIETCS HETPUBHMAIBHOWU. Jlaxke 1 CTIPyKTyp
XOpoImMMHU HHTep(delicaMu JaHHBIE O COCTaBE M TOJIIIMHE HAHOPA3MEPHBIX CIIOEB HEBO3MOXHO
U3BJIEYb U3 JJAHHBIX OJHOTO METOAA, HAallpUMeEp, PEHTTeHOBCKOM nudpakuuu. J{ins KoppeKTHOro
OTIpe/IeIICHUS] TONIIMHBI U COCTaBa HEOOXOMMa JIOTIOJIHUTENbHAsE HH(OpMaIs 0 cocTaBe W/Win
TOJIIMHE CJIOEB, TOJY4YeHHass JpyruM MeTtonoMm. /[l omnpenencHuss TOJLIMHBI MOXHO
ucnoip3oBath [1OM, ogHaKo ¢ yuyeToM MoJisl HallpsDKEHUH, AAlOIIKUM BKIIAJ B 1U(PaKLIMOHHBIN
KOHTpAacT, 3Ha4YeHHE TOJIIMHBI 0 JaHHBIM [IOM Oyzner 0oObIuHO 3aBBIIEHHBIM. B cBs3u ¢ 3TUM
HEOOXOJUMO TpUBJIEYb €€ OJWH METOJ, KOTOPHIA IO3BOJIMT OIPEAEIUTh COCTaB BHE
3aBUCUMOCTH OT HAJIMYMS HanpsbkeHUH B cTpykType. Takum meronom Obln BeIOpaH PCMA. Kak
ObuT0 TIOKa3aHo panee, PCMA mo3BOJIsIeT onpeaessaTh COCTaB KBAHTOBBIX SIM I HAHOPA3MEPHBIX
CJIOEB, TOJIMIMHON OT 3-5 HM. OTHOCHTENBHAS TOTPEIIHOCTh ONPEAEIICHNs COCTaBa COCTaBIISAET
He 6onee 10% oTHOC.

Hannbsie PJl ays CTpyKTypbl C MSThIO KBAHTOBBIMU siMamMu IpuBelaeHbl Ha Puc. 1. Jlna
TaHHOW CTPYKTYpHl OBUIM TOJYYeHBl CHMMETPUYHAs W aCHMMETPUYHAs KpPUBBIC KadaHUS.
Hannume ocowisAnuii BBICOKMX IOPAJKOB CBHIETENBCTBYET O TOM, YTO CTPYKTYpPHOE
COBEPIIECHCTBO CJIOEB O4YeHb BbICOKOE. [lo nmaHHbIM PJI MOXHO oOmNpenenuTs MNEepUOX
MIOBTOPSIEMOCTH CJIOEB (KBAHTOBAs siMa M OapbepHBIN CIIOM), a TaKkKe HAJIUYUE HAMPSHKEHUI.
[ToaTomMy, B mepBOM NpUONM)KEHUHM TOJIIMHA KBAHTOBBIX SIM Obla OIpeneieHa W3 JaHHBIX
I[I9M, ona cocraBuia 4 uMm. Jlnsg onpenenenus coctaBa ¢ nomombio PCMA B nepBom
NpUOIMKEHNN MCIIOJIb30BaJIach TOJIIMHA KBAaHTOBOM sAMbl Mo AaHHbIM [IOM. IlomyuenHoe
nepBoe npuOmmkeHue coctasa M (1o faHHbIM PCMA) 1 TonmuHs! cioeB (o naHHbM [19M)
WCTIONIB30BAIMCh /ISl MOJICNIMPOBAHUS IU(PPAKIIMOHHBIX KPUBBIX KadaHUSA. YTOYHEHHBIC
3HAYEHMs TOJILIMH CIOEB MCIIOJIBb30BAINCH Ul IOBTOPHOTO pacyera coctaBa Metogqom PCMA.
Takol uTepanMoOHHBI METOA MO3BOJIMII ONPEIEIUTh TOJIIUHBI CIOEB U COCTAB KBAHTOBBIX 5IM,
IIpUYEM TIOJIy4E€HHBIE 3HaueHus cocraBa MetogoM PCMA mnonagaroT B OBEPUTEIbHBIN
nHTepBan PJI.

B nanHoil paGoTe OBLIO MOKa3aHO, YTO MAJs JOCTOBEPHOIO ONpEAETCHUs MapaMeTpoB
HaHOpa3MepHbIX ciioeB Ha ocHoBe III-N HeoOXxoauMo mocTpoeHne MOJEH, YAO0BIETBOPSIOLIEH
Ha0Opy OSKCIEPUMEHTAIBHBIX JAaHHBIX, IOJYYEHHBIX COBOKYIHOCTBIO 3KCIEPUMEHTAIbHBIX
MeTonoB. TONBKO TakoW mMOmXoi oOecredrnBaeT TMOMyYeHHE OJHO3HAYHOW HHpOpManuu o
CTPYKTYpPE, COCTaBE U TOJIIMHE CJIOEB KBAHTOBBIX SIM B HAHOPA3MEPHBIX I'€TEPOCTPYKTYPAX.

Astops! 6narogapsat B.H. JKmepuka 3a npenocraBienHble cTpyKkTypbl. PaboTta Obla crenana
B LIKII "MatepuanoBeeHue B nepeoBbIX TexHonorusax" npu noanepxke [Ipasurenscrsa CII0
(TpaHT 11l MOJIOABIX YUEHBIX).
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COMPLEX METHOD FOR STUDY OF NANODIMENSIONAL III-N
HETEROSTRUCTURES
Ya.V. Kuznetsova, M.V. Baidakova, A.A. Sitnikova, M.V. Zamoryanskaya

loffe Institute, Polytekhnicheskaya Street, 26, 194021, St. Petersburg,
phone. +7(812)2927382, e-mail: yana@mail.ioffe.ru

In this paper a complex of methods was applied for study of heterostructures with single and
multiple quantum wells. The main aim of the work was to show that a number of methods should
be used simultaneously for determination of quantum wells content, thickness of the layers and
quality of the structure. Otherwise obtained information cannot be construed unambiguously.

Authors proposed to use x-ray diffraction and reflectometry, transmission electron
microscopy, cathodoluminescence and electron probe microanalysis for evaluation of
composition of quantum well content. Such measurement can be carried out with relative
accuracy up to the 10%. Other important parameters, such as layers thickness, degree of
relaxation, piezoelectric fields, and presence of quantum dots can be obtained as well.
Importance of supplemental diagnostic is emphasized.

NCCIEJOBAHHUE «I1IOJIMMEPU30OBAHHBIX MUIIEJLID»
MMOJIMAKPUJTIONJIAMUHOYJAEKAHOATA HATPUA METOAJAMHU
KPUO-IIOOM U ACM

I1. Bnacos', 1. 3opun', . Makapos', S. Butcher’, V. Aseyev?, A. bunu6un'

'Canxm-Ilemepbypackuii I'ocyoapcmeennuiii Ynueepcumem, Xumuueckuii Daxynvmen,
’University of Helsinki, Department of Chemistry

SUniversity of Helsinki, Institute of Biotechnology

198504, C.-Ilemepb6ype, [lemepzog, Ynusepcumemckuii np. 26 e-mail: ivan_zorin@mail.ru

SIBieHHMss camoopraHuzallid B pacTBOpax aM(pUQUIbHBIX BEIIECTB, OOYCIOBICHHBIC
MEXMOJICKYJIIPHBIMU B3aMMOJICUCTBUSIMU PA3IMYHON MPUPOJIBI, MPUBOAAT K (POPMUPOBAHUIO
accolMaTOB HAHOMETPOBOTO U CYOMHUKPOHHOTO pa3Mepa — MUIIEIUT Pa3IMYHOTO TUIIA, BE3UKYT U
T.1. OCOOEHHOCTBIO TAaKMX HAHOOOBEKTOB SIBIIACTCA WX JUHAMHYECKAsh MPHUPOAA — accolUat
IIOCTOSIHHO HAXOJUTCSI B COCTOSIHUM JUHAMHYECKOI'O PABHOBECHUS C MOJIEKYJSPHO IUCIIEPCHBIM
pacTBOpPOM, MMEET MECTO HENPEpPBIBHBIH OOMEH MOJEKYJ MEIy acColMaTaMH M PacTBOPOM.
B0o3MOXHOCTH MaHHUITyTHpPOBaHUS TAKUMH OOBEKTaMHU CHJIBHO OTPAHUYEHBI YCIOBHSMH HX
YCTOMYMBOIO CYIIECTBOBAHUS, OAHAKO MHIIEJUISIPHBIE CHCTEMbI HAXOAAT IIHUPOKOE MPUMEHEHHUE
B Pa3IMYHBIX 0071ACTAX HAYKH U TEXHUKH.

[TonuMepuszanuss U XUMHYECKas CIIMBKA SApa MHUUEUIBI MOXET pPAacCMaTpUBAaTbCA B
KauecTBE HWHCTPYMEHTAa, TMO3BOJsIONIero 3adukcupoBaTh (GOpMy U pa3Mep accoluara.
[TocTpoenHbie TakuM 00pa3oM HAHOOOBEKTHI, C OJTHON CTOPOHBI, MPEJCTABISAIOT COOOW CIIUTHIC
B sIp€ HAHOYACTHUIIbL, a C APYrOM CTOPOHBI, SBIISIIOTCS MAKpPOMOJIEKYJAMH COOTBETCTBYIOIIMX
noymmMepoB. CIIMTHIE B AIpe TOJIMMEPU30BaHHBIC MUIIECIIIBI MOHHBIX [IAB B nanmpHelieMm MOTyT
UCIIONB30BAaThCS B KadecTBE OCHOBBI M (OPMHUPOBAHHS TOCIOMHO-OPTaHU30BAHHBIX
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HAaHOYACTHI[ 32 CUET HOHHOTO CBS3bIBAHMSA CJOEB ¢ mNepupepudeckuMu (HyHKIIMOHATBHBIMU
rpynmnaMHu, JOKaJIU30BaHHBIMU Ha TOBEPXHOCTHU CIIUTON MHIIEIUIBI.

Peanuzanust  sroro moxxoda TpeOyeT CHEMUATBbHOIO  MOJEKYJSPHOTO  Ju3aiiHa
MHUIIEIUIO00PA3YIOIINX BEIIECTB, CIOCOOHBIX BCTYyMaTh B PEAKIUU TMOJUMEPHU3ANNUA  HIIH
CIIMBAHMUS ¢ OOpa30BaHMEM KOBAJCHTHBIX cBsi3eil. CoMOOMIM3AIMs CIIMBAIOIINX areHTOB B
MUIEIJIaX MOXKET paccMaTpUBAaThCsl B KA4e€CTBE JOIMOJHUTENBHOIO (HOPMOCTAOMIH3UPYIOLIETO
¢aktopa. Hamu Obuld CHHTE3MPOBAaHBI IOJMMEPU30BAaHHbIE MUIEUIBI  N-akpuiaoni-11-
AMHUHOYHJICKAaHOBOW KHCJIOTHI M €€ MTPOU3BOIHBIX, UMEIOIINE MOJIEKYJIsipHbIe Macchl oT 10000 mo
1000000. beuta paspaboTaHa MeTOJMKAa BHYTPHUMOJEKYJISPHOH CIIMBKH IMOJUMEPU30BAHHBIX
MU, TO3BOJIAIONMIAs (PUKCUPOBATh MULEIUIAPHYIO KOH(GOPMALIMIO MOJTy4aeMbIX MOJIUMEPOB.
Cmtele MONMMMEPHU30BaHHBIE MUIIEIUIBI XapaKTepU3yIOTCs TOCTOSHCTBOM (POPMBI U pa3MepoB B
pa30aBiIeHHbIX pacTBOpaxX, B YACTHOCTH, HE TMPOSBISIIOT 3(PQeKTa MOIUIIEKTPOIUTHOTO
HaOyXaHHs, B OTJIMYKME OT HECITUTHIX aHamoroB [1].

Pemaroniyto posib B UCCIEAOBAHUN «IIOJTMMEPU30BAHHBIX MULEID UTPAET BU3yaU3alUs
MOJIyYeHHBIX MAaKpOMOJIEKYJISIPHBIX OOBEKTOB, TOCKOJIbKY TOJBKO MpPSAMOE BHU3yaJbHOE
HaOJI0/IEHUE MO3BOJISIET aJeKBAaTHO M 0€3 NpPUBJIEYEHUS MOJAEIBHBIX MPEACTAaBIECHUN OLIEHUTh
peanbHyIo (hopMy U pazMepbl yacTull. [Ipu 3ToM Hanbosee xenaTesIbHbIM SBJsIeTCsl HaOIro1eHue
00BEKTOB HCCIIEOBAaHUSI B HATUBHOW CpeJie, @ MIMEHHO — B BOJHBIX pacTBOpax.

B nannoii paGore Hamu Obula TMPEANPHHATA TOMBITKA CPABHUTEIHHOTO HCCIEIOBAHUS
«TONMMEPU30BaHHBIX MHULED» METOJaMH KPHUOTE€HHOW MPOCBEUMBAIOIIEH MHMKPOCKOIHH U
aTOMHO-CHJIOBOM MHMKPOCKOIIMM B COYETAaHUU C METOJAMH CBETOPACCESHUS B pacTBope. bplau
nosrydeHsl [I9M n300pakeHusi ¢ MCTOI30BaHUEM PACTBOPOB PA3TUYHONW KOHIICHTPAIIUM H C
n00aBKaMM  KOHTPAaCTHPYIOIIMX AareHTOB, B  Pa3IMYHBIX pEXHMax, B TOM YHCIE
cTepeon3o0pakeHus (C pa3TUYHBIMH YIJIaMU HakjIoHa o0pasia).

B MrHOBEHHO 3aMOpPOKEHHOM BOJHOM pPacTBOPE «IIOJUMEPHU30BAHHBIX MHULEII»
BBISIBJICHBI HE MEHEe 4X THUIOB CTPYKTYp, MMEKOLIMX BUAUMBIN pasmep oT 3-5 HM 10 60 HM
XapaKTEPU3YIOIINUXCS Pa3INYHbIM KOHTPACTOM, a, CJIEJOBATEIbHO, M IJIOTHOCTHIO YIIAKOBKH.
HccnenoBanne MeTOAOM CBETOpaccesHUs I[IOKa3ajo HajJM4yhe B pacTBOpe YacTUIl C
THIpOAMHAMHYECKUM paguycoM 19-35 M. Ha m3oOpakeHHsx, moidydeHHbBIX MeTogoM ACM
BUJIHBI MaKpOMOJIEKYJIbI B KIIyOKOOOpa3HOU KoH(popMaluu, ux Mopdoiorus nojgodHa Haubosnee
KpPYIHBIM arperaTam, HaO1r01aeMbIM MeT010M kpuo-I1OM.

CumTble  «IOJMMEPHU30BAHHBIE MMIIEUIBD)  XapaKTEPU3YIOTCSI MEHBUIMM  HabOpoM
CTPYKTYp — TpaKTHUECKH OTCYTCTBYIOT KOHTpacTHble cepuyeckue M CTepKHeoOpa3Hble
00beKkThl nuameTpoM 3-5 HM. OIHaKO KOHTpAacTHblE OOpa30BaHMSA B PACTBOpPE MOSBISIOTCS
MOCJIe CEJEKTUBHOTO TMAPOJIN3a (PparMEHTOB CIIMBATEINS, YTO MO3BOJSET CBS3aTh MX HAJIWYME
MMEHHO C HaJM4YMeM CIIMBOK, HE IO3BOJIIOIIMX MaKpOMOJEKyJaM (WM HUX OTIEIbHBIM
y4JacTKaMm) IpUHUMATh KOH(GOPMALUIO C MJIOTHON YIaKOBKOW 3BEHBEB.

MeTtogamMu CTaTHYECKOTO M JUHAMHUYECKOTO CBETOpaccesHus ObLIO IOKa3aHo, YTO
MOJIMMEpH3aIHsl B MPUCYTCTBUU CHIMBAIOIINX areHTOB MPUBOJUT K (POPMHUPOBAHUIO OJTMMEPOB,
oOnagaronux BABOE OOJBINEH MOJEKYISIPHOM Maccod, 4yeM B CiIydae MOJUMEpH3alnuu 0e3
ciBarens. CeneKTUBHBIM THAPONM3 CIIMBAIOIIMX CBA3€H NPUBOJUT K CHUKEHHUIO 3HAYEHUN
MOJIEKYJISIPHOM Macchl 10 YpPOBHS HECHIUTHIX mnonuMepoB. (CrenoBaTeslibHO, HOMHUMO
BHYTPHUMAKpPOMOJIEKYJIIPHON CLIMBKH (B SApE «HMOIMMEPH30BAHHONW MHIIEIIBI»Y) UMEET MECTO U
MEXMOJIEKYJIIpHas CIIMBKA, MPEUMYILIECTBEHHO 0 JBE MaKpPOMOJIEKYJbl. JDTH JaHHbIE BIOJHE
COIJIaCYIOTCS C pe3yIbTaTaMH MCCIIEJOBAHUS MOAOOHBIX MOJIMMEPOB B OpraHUYecKux cpenax|2].

Pa6ora BeinoHeHa npu puHancoBoil noanepxkke PODU, rpant Ne 09-03-00968a

1. LM. Zorin, T.S. Reznichenko, A.Yu. Bilibin // Polymer Bull. 2006, 57, 57-60
2. ILM. Zorin, 1.A. Makarov, T.S. Ushkova, A.B. Melnikov, E.A. Antonov, A.Yu. Bilibin //
Macromol. Symp. 2010, 296, 407-415
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CRYO-TEM AND AFM INVESTIGATIONS OF SODIUM
POLYACRYLOYLAMINOUNDECANOATE ‘POLYMERIZED MICELLES’
P. Vlasov, I. Zorin, I. Makarov, S. Butcher, V. Aseyev, A. Bilibin

Polymerization in micellar aggregates of amphiphilic monomers may be considered as a tool in
design of new macromolecular systems based on covalent, ionic and hydrophobic bonding.

In present work several samples of ‘polymerized micelles” of sodium 11-
acryloylaminoundecanoate and cross-linked analogue were investigated with cryo-TEM, AFM,
dynamic and static light scattering.

TU3ANH HAHOCTPYKTYPUPOBAHHBIX KATAJIMTUYECKHUX
CUCTEM JJIsd ®OTOUHAYIHUPOBAHHBIX IMTPOLHECCOB
N.A.3BepeBa, .A.Poauonos, O.1.Cumtoko, M.B.YHucnos, JI.M.MBantoxa,
10.B.ITetpos

Canxkm-Ilemepbypeckuil 20cy0apcmeenHblll yHUgepcumem

B Hacrosiiiee BpemMsi B CBA3M C BO3PACTAIOUIMMHU HKOJOTHUYECKUMH MPOOJIeMaMy B IICHTpPE
BHUMAaHHS IIUPOKOTO Kpyra HccienoBareieid HaxomsaTcs (OTOMHIYIUPOBAHHBIE IMPOIECCHI C
MCTIOJIb30BAaHUEM KaTallM3aTOPOB JJISl pealu3aliy JeCTPYKTHBHBIX METOJIOB OYUCTKH BOJIBI H
METOJZIOB TOJYYCHHs BOJOPOAA IIyTeM pa3IoKEHUs BOJBL. B KauecTBe KaTaau3aTopoB
UCTIOJIB3YIOTCSl TIOJYIPOBOJHUKOBBIE MaTepHalibl, KOTOPhIe A(PPEKTHUBHO TMOTJIOUIAIOT CBET U
HAIMPaBJISIFOT €r0 SHEPTHI0 Ha JECTPYKIIMIO COPOMPOBAaHHBIX HA TMOBEPXHOCTH MOJIEKYN. Takue
(OTOKAIMTHYECKUE MPOLECCHI IPUBIICKATEIbHBI HE TOJIBKO C YKOJOTHYECKONW TOYKH 3PEHHUS, HO
U CTaHOBSTCS DHEProcOEperaliMMi B CiIydae WCIOJIB30BaHMs B KAayecTBE HWCTOYHHUKA
M3JIY4EHUS! COJHEYHOTO cBeTa. s BHeApeHus (HOTOKATATUTHYECKUX TEXHOJIOTHH HEOOXO0IMMO
noydeHue A(GOEKTUBHBIX  (OTOKATAIM3ATOPOB, pa3pabOTKa CHOCOOOB HMMOOWIHM3AIUN
(oToKaTaTN3aTOPOB U CO3AAHUE PEAKTOPOB IS T€TEPOTreHHO-KATATUTU3HPYEMBIX IPOLIECCOB.

B noknane OymyT mpeacTaBieHbl pe3ysibTaThl:

- WCCIeIOBaHMUM, HANPABICHHBIX HA CO3/aHUE MPUHIHUIIHMAIBHO HOBBIX (POTOKATATMTUYECKUX
CHCTEM Ha OCHOBE HaHOCTPYKTYPHPOBAHHBIX KATHOH-YIIOPSIIOUYEHHBIX CIIOUCTBIX OKCHIIOB;
- pa3paboTku 3¢PHEeKTUBHOTO CrIoc00a UMMOOHUITU3aU (OTOKATATH3ATOPA;
- UCTBITaHUH (HOTOKATATUTHYECKONW aKTHBHOCTU KAaTaJIM3aTOPOB M KATATMTUYECCKUX MOKPBITUH
ISl peaKUil pa3ioKeHUs BOJbI M OPraHMYECKUX 3arps3HUTENCH B peakTopax pa3IMyHOro THIIA.
doTOKaTAIN3aTOPBI CO CIOMCTHIM TUIIOM CTPYKTYPBI, IPEACTABIISAIONINX OO0 YyepenoBa-
HUE CJI0EB CO CTPYKTYpPOH MEPOBCKUTA HAHOMETPOBOW TOJIIIUHBI M OJIOKOB IPYTUX CTPYKTYPHBIX
THUIIOB, OBUIM CHHTE3UPOBAHBI METO/IaMHU BBICOKOTEMIIEPATYPHOTO TBEPI0(A3HOTO CHHTE3a U Me-
TOJIAMH «MSTKON XUMHM» (30J1b-T€JIb CUHTE3, HOHOOOMEHHBIE PEaKIMK B pacTBOpax M paciuia-
Bax, TOIMOXUMHUYECKOE pacuierieHne). OObEKThI UCCIICIOBAHUS BKIIFOUAIN CII0KHBIC OKCHIBI
IIEJIOYHBIX, IIET0OYHO3EMENbHBIX, PeIKO3eMeNbHBIX U d-311emMeHToB. Kpome Toro, 1ist yBennue-
HUSL POTOKATATUTUIECKON aKTUBHOCTH OBUTH TOJTy4eHBI 00paslibl KATATM3aTOPOB C MMOBEPXHO-
CTBI0, MOJU(PHUIIMPOBAHHON POCTHIMU OKCHIIAMH 3d-3JIEMEHTOB.
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OO0pa31iibl KaTaIu3aTOPOB OXaPAKTEPU30BAHBI METOJOM PEHTIeHO(a30BOro aHanmusza. Mop-
(hosorust YaCTHIl M KX pa3Mephl ONPEACIICHBI METOIaMH YJIEKTPOHHOW MUKPOCKOTIUHU U ()OTOH-
HOU KOPPEISLMOHHONW CIEKTPOCKONUH. ISt psiia CIIOUCTBIX OKCHIOB IIPOBEAEH PEHTIEHOCTPYK-
TYDHBIN aHAIN3.

200 nm EHT = 15.00 kV Signal A =SE1 Date :26 Nov 2007

WD = 45mm Photo No. = 545 Time :19:07:16 w

Yactus! cnoxaoro okcuna NaNdTiO,, momydeHHOTO B O6pazer cioxHoro okcuna Gd,SrFe,0, g
XO0Jle BEICOKOTEMIIEPAaTYPHOro TBEpAO(a3HOro CHHTE3a YEHHOrO MO 30JIb-I'eIb TEXHOJIOTUH

Oco06oe BHIMaHUE y/I€JICHO HCCIIEIOBAHUIO IPOIIECCOB, MTPOTEKAIOIINX B CTPYKTYpPE CIOH-
CTBIX (JOTOKATAIN3aTOPOB B BOJIE U BO BIAXKHOI aTMocdepe (MHTepKaSIIH MOJIEKY BOJIbI B
MEXCII0€BOE MPOCTPAHCTBO M MPOTOHUPOBAHKE) M UX BIUSHUA HA (POTOKATAIUTHIECKYIO aKTHB-
HOCTb. VIMEHHO CITOCOOHOCTH K MHTEPKAJISILIMU BOJIBI B MEKCIOEBOE MPOCTPAHCTBO MOBBIIIAET
3G PEKTUBHYIO TUIOMIAAb KOHTAKTa (POTOKATATN3ATOPA C BEIIECTBOM H BBIIEISIET KATHOH-YIIOPSI-
JIOYEHHBIE CIIOUCTBIE CTPYKTYPHI B OCOOBIH KJIacC KaTATUTUYECKUX CUCTEM.

75030

hitp://nano spbu.ru

PacciioeHre 9acTHI] CIOXHOTO MPOTOHHPOBAHHOTO OK- DOTOKATAIUTHYECKOE MOKPBITHE mocie
cuna Na,H, \NdTiO, Bo BinaxxHo# armocdepe rujipoMexaHnieckor oopaborku (Macur. — 100 HM)

Metoauka UIMMOOMIIM3AIMK KaTanu3aTopa pa3padoTaHa Ha MpUMepe HAHOKPUCTAIIU-
YECKOro JUOKcHia TuTaHa. K riaBHBIM JOCTOMHCTBAM ATOM METOJMKH OTHOCATCS COXpaHEHUE
pa3Mepa HaHOYACTHIl UCXOTHOTO TIOPOIIIKa KaTaau3aTropa U ero pa3oBoro cocrana, 0oJbIlas of-
HOPOJHOCTh U CIUIOIIHOCTh HAHECEHHBIX MOKPBITUN M UX YCTOMYHBOCTH K THIPOMEXAHUYECKOU
oOpaboTke. Co3anHbIi MO pa3paboTaHHONW METOAMKE (POTOKATANTUTHUECKHI HAHOKOMITO3UT HC-
MOJIH30BAJICS JIJIsl 3aMOJTHEHUSI TPOTOYHOTO PEAKTOPa, B KOTOPOM MPOBOIAMINCH SKCIIEPUMEHTHI
M0 PAa3NOKEHUIO0 MPU OOTYyYEHUH YJIbTPa(UONETOBBIM CBETOM MOJEIBHBIX OPTaHMYECKUX 3a-
rpsA3HUTENEH BOBI (METHIIOBOTO OPAH)KEBOTO U (hEHOIA).

TectupoBanue QpoToKaTATUTUUECKOW aKTUBHOCTU JMOKCHIA TUTaHA M CIOKHBIX THUTa-
HATOB, TAHTAJIATOB, HUOOATOB (B TOM YHCJI€ M C HAHECEHHBIMU Ha TTOBEPXHOCTh HAHOYACTHUI[AMU
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OKCHJIOB MEJIH, HUKENS U ApP. METAJUIOB) OBLIO MPOBEIEHO B CYCIIEH3UPOBAHHOM COCTOSIHHH B
CTAaTHYECKOM PEAKTOPE JUIsl MCCIIEIOBAHUS (POTOMHIYIIMPOBAHHOTO PA3TIOKECHUS BOJIBI.
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Bpemsa, MUH

CreneHbp pas3ioKeHHs METHJIOBOrO opaHxkeBoro B KuHeTHueckue KpuUBBIE BBIICNIEHHS BOAOpOAa U3
3aBUCHMOCTH OT BpEMEHHM OOJIydeHuss M ckopoctd  cycneHsuid TiO, 1pH  pazivyHOM  COJEpKaHHU
MOTOKA (MCXO/IHAsT KOHIICHTPAIHMS - 6 MI/I1) HaHECEHHBIX Ha ero NoBepxHocTh HaHovacTul NiO

UccnenoBanne  mopdomorun  yactull  (POTOKATaIu3aTOpOB U IOBEPXHOCTH
(OTOKATATUTHYECKOTO TIOKPHITHS TPOBOJWIOCH METOAAMH CKAHHPYIOMICH JJICKTPOHHOW U
nonHoi mukpockonuu B MPL[ CIIOI'Y no Hanpasiennio « HaHOTEXHOIOTHIY.

PaGora BemmomHeHa mpu  (uHaAHCOBOW  moanepxkke Poccuiickoro  ¢donma
dbyaaamenTanpHbIx uccienoBanuid (rpant Ne 09-03-00853) m ®LII «Hayunbie m HaydHO-
negaroruyeckue Kajapel nHHOBarmoHHou Poccun» Ha 2009-2013 roast (konTpakt Ne T158).

DESIGN OF NANOSTRUCTURED CATALYTIC SYSTEMS FOR
PHOTOINDUCED PROCESSES

ILA. Zvereva, I.A. Rodionov, O.I. Silyukov, M.V. Chislov, L.M. Ivanyukha, Y.V. Petrov
St. Petersburg State University

Growing environmental concerns and increasing energy demand force scientists to
research photoinduced processes that are promising for destructive water purification and
hydrogen production from water.

The current report presents results of the development of the photocatalytic systems
based on nanostructured cation-ordered layered oxides, the development of the effective
technique for photocatalyst immobilization and investigation of the catalysts activity and
catalytic coatings activity in the reactions of model organic water contaminants degradation and
in photocatalytic hydrogen production.
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