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NCCJIENOBAHUE INCIEPCHOT'O COCTABA
NPOAYKTOB JAZEPHOM CYBMUWIIMMETPOBOU ABJISIIIUHU
HEOPI'AHHYECKHUX HAHOCUCTEM

B pafore npenctaBneHs! METOAMKA M PE3ysbTaTbl MCCIEAOBAHUI QMCNEPCHOrO COCTAaBa NPOAYKTOB Na3epHoil cy6-
MMHIMMETPOBOM abnsuuy KIacTepos antoMUHUS Alsyg, yILTPAAMCIEPCHOIO a/IMA30yINIEPOIHOrO MOPOLIKA U YIALTPAIUC-
nepcuoro Si0O, nopotuxa. Mcenenosanus npoBoAMIKCh C NOMOLLBI0 AU dY3MOHHOrO cliekTpoMeTpa asposoneil. B kave-
CTBE MCTOYHHKA TEPare¢pLOBOrO M3JIyYeHHs HCMONB30BAICA nasep Ha cBOBOAHBIX dnmexTpoHax Cubupckoro wUeHTpa
boToxuMuyeckux uccnegopanuii. TlonyyeHHsle pe3ynbTaThl COMOCTABAEHbl C JAHHBIMU H3MEPEHU STHX xe 0bpasuos

APYTrUMU U3BECTHBLIMU METOOAMU.

Kniouesvie cnosa.: abnauus, TeparepLoBOe U3TyYeHHe, HAHOCHCTEMBI.

Beeaenue

BceBospacTaopii MHTEpEC YUYEHBIX K Ha-
HOOOBEKTaM TPeOyeT Ceroins CO3JAHUA HOBBIX
METOAOB AHANU3a HAHOCUCTEM, MO3BOJILIOLIMX
paboTarh C MHPOKUM KIACCOM OOBEKTOB, MPO-
BOJMTh U3MeEpPeHUs OpicTpee, BHOCA Ipobonon-
TFOTOBKOH MUHUMAJIbHBIC HCKaXKEHUS.

ITocne OOHAPYXKEHHUA SBJICHUSA MATKOH He-
paspyaioiier adnaiuyd OGUONOrMYeckux Max-
pomosiekyn [1] nosBunack BO3MOXHOCTH pas-
paboTKM NPUHLIMIHAILHOIO HOBOI'O MeToja
M3MEPCHUS Pa3MEPOB HAHOYACTHIL M HAHOCH-
CTEeM Pa3lIUuHON MPUPOJIBL

SIBnenue wmaArkoil Hepaspylaroweii abdns-
MY COCTOMT B IIEPEHOCE MAKPOMONEKYN C
TBEpAOH NOMJIOMKHM WM M3 PAcTBopa B a’po-
30M6HYI0 (azy non HeCTBUEM Na3epHOrO M3-
Jiy4eHHs TepareploBOro [uanas’oHa ¢ Coxpa-
HEHMEM MX CTPOEHUs M HCXOLHBIX CBOHUCTB.
OcCo0EHHOCThIO JTAHHOTO U3JLYUYEHUs SBISIETCS
Manast 3Heprus KBaHta, ~ 0,01 3B, uto cpag-

HUMO C 3Hepruefl BOAOPOAHRIX W BaH-zep-
BaanbcoBBIX CBsi3eH, OJHAKO MHOrO MEHbMie
SHEPTUH KOBAIEHTHIX cBA3ei. Taxum oOpasom,
TEparepHoOBOE U3MYYEHHUE HE CIOCOOHO OJHHM
KBAaHTOM Pa3pYLUHTh CHIIBHBIE BHYTPHMOJIEKY-
JApHbIE B3aUMOJEHCTBHA MU [UCCOUMUPOBATHL
MOJIEKYJIBI, YTO MO3BOJSET NMEPEHOCUTh UX B
a3po30iabHYH0 a3y 6e3 HapylIeHH NePBUUHOI
CTPYKTYPBL.

Henp nanHoi paGoTsl — OpoBepka NpuUMme-
HUMOCTH MSTKOH abisAnuu IJis MCCIIEA0BaHUAL
JUCNEPCHOI0 COCTaBa HEOPraHUYECKUX HAHO-
CHUCTEM C HOMOWBI AUDPY3HOHHOrO CreK-
tpoMmeTpa asposzonel (JJCA) [2]. Pesynsrarn
UCCNIEROBAaHMA 00pa3LOB, MOIYYEHHBIE METO-
JIOM MATKO abisaLuu, ObUIM COMOCTABIEHAI C
PE3Y/IbTATAMH UCCHENOBAHUA ITUX JXKE CHCTEM
ABTEPHATUBHBIMY CYIECTBYIONIMMM METONa-
MH — METOIOM [JMHAMMYECKOrQ CBeTopacces-
Hus ((POTOHHO-KOPPENALUUOHHAA CIEKTPOCKO-
), METOJIOM CKaHMPYIOLEH 3JIEKTPOHHOI, a
TaK)XKe aTOMHO-CHJIOBOH MUKPOCKOMUH.
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JKcnepuMeHTAAbLHANA YACTh

B kadecTBe 06pa310B HCIONL3OBAIKCH Kia-
crepbl Alyg, YABTPaguCIiEpCHblE anMa3oyrie-
pomuble, a Tawke Si0; mopomxu. Knactepst
Al ObUT CHHTE3HpPOBaHBI B PacTBOpPE HEIIO-
CPEICTBEHHO Nepe] NCCAeHOBAaHHEM HX METOIOM
IMHAMITIECKOTO CcBeTopaccesHus. B Metone
MSATKOH abNALMK HCIIONL30BajIcs CyXoi Mmopo-
IIOK. YNBTPaJUCIEPCHBIN anMa3oyriepoaHbIi
nopomok 6v1n mpousseaen B HIIO «Anraii»
METOIOM JACTOHALMYW TBEPABIX B3PHIBUATHIX
BemiecTB. COrnacHO MaHHBIM NPOU3BOAUTENS,
JaHHbIH opomok conepxur 40—60 mMaccoBBIX
NPOLEHTOB YILTpaJCIepCHOro anMasa. Pas-
Mep dacTul coctasiseT 5-20 HM. YiabTpaauc-
nepcusiii  SiO; mopowok «Tapxocum» Obix
npousBeneH B WD CO PAH metomom anek-
TpoHHOrO yaapa [3].

[Ipu nposenennu abnsAlMK B Ka4yecTBE HC-
TOYHMKA W3IYYEHUS WCIONB30BAJICA Na3ep Ha
cBoOOIHBIX 3nekTpoHax CHOHpCKOrO HeHTpa
¢poToxummueckux uccnenosanmuii [4]. Ilomy-
YaeMOe H3ITyYeHHE SBIAETCA HMIYJIbCHBIM, C
JUTATENBHOCTBIO UMITYJIbca B 50 mc, yacToToi
chnefoBaHuA uMnynncoB 5,6 MI'm u  mepe-
CTpaMBaeMoOl JIMHOH BONHBI H3Ny4YeHHS B
Iuanaszone ot 120 no 240 mx. B nanHo# pabo-
T€ WCTIOJL30BANAach JUIMHA BONHB! 130 MK.

B xozne pabot 1o abiaiuy HEOPraHHUECKUX
nornomanux o6pasos ObUT 0OHApYKEH M-
NIMPHYECKHH (PaKT NPeROTBPAICHHS CTIeKaHUs
obpazna npu J00ABNCHUM K HEMY BOJBL

Ha panHblif MOMEHT (pU3HUYECKME MEXaHU3-
MBI MATKOH a0igiuy 10 KoHua He fcHel. Oaun
U3 MperoyaraeMbIX (HH3MYECKUX MEXaHU3MOB
MATKOH abnsLuy — MOTIOIEHHE TEeParepLioBO-
ro M3MyuyeHus Bogo#. Boaa, npucyrcTByromas
Mexay yactvlamu obpa3ua, nornomaer JICO
M3TyYeHUEe BO BPaIyaTEeNLHOM 4YacTH CHEKTpa.
IMornomexHas 3HEprug NEPEeXONUT M3 Bpalla-
TE/bHOM B MOCTYNATENbHYIO SHEPTHIO IBHME-
HHUS MOJIEKYJI, YTO BeeT K YBEJIHUYECHHIO TEM-
nepatypel. B KOHEYHOM CueTe MOBBIICHHE
TEeMIIEpATYphl BEIET K €€ MMITYyJbCHOMY HCHa-
PEHHIO, YTO BBIBOAMT B Ta3oBylo a3y JacTh
MakpoMonekyn o0pa3ia BMecTe C BOASHBIMHA
napamu. PaccMOTpHM HekoTOpslit 3neMeHTap-
Hbill 00beM B 0Opasne. Micxoas w3 caenaHHbIX
OLIeHOK, JocTarouHo 0,05 00beMHBIX NMpPOLICH-
TOB BOJbl B HEM, YTOOBI 0Opa3yromIuiicsa map
3aTI0JTHUN BeCh 00BbeM. Tak e MOXKHO OLIEHHUTh
TEMJIOBYIO SHEPrUi0 ONHOHM MOJEKYNbl BOJHI,

Harperoit 5o 373 K. Ona cocrasur 7- 1072 lI[)K

Kk )
MOITIb
Ecnm yyects, uto sueprus BJ/IB cea3u coctas-

(8 mepecuere Ha 1 mons BewmecTBa 4

kx .
nset 48 , @ BOIOPOAHOH CBA3M BapbHpy-
MOJIb
KJhx
er or 8 mo 30 , MOXHO 3aKITIOYHTh 4TO
MOJIb

MOJEKYNbl BOABI 0ONAafaloT YHEPIHeH, IO Io-
pAAKy ONM3KOM K 3HEPTHAM cabbiX MEXMOIe-
KYJISIPHBIX CBs3eH B o0pasie.

C 9Toil MO3UIKKM YCTAHOBICHHBIN sMOnpu-
9JecKrit (paxT BIHSAHUA BOABI HA TIpoLecc abms-
UMK cTaHOBUTCSA OoJiee MOHATHBIM.

OKCHEepPYIMEHT OCYUIECTBILUICA CHEAYIOMNM
obpazom. OOpasen ToMelNancs B TOPH3OH-
TadbHON KioBeTe (puc. 1), Kyma ¢ H3OBITKOM,
HEOOXOAUMBIM JUIS MCKITIOYEHUs MONaJaHus
a’pO30Ns  CHApYXW, TOKABANCA (UILTPOBAH-
HBIH razoo0pasHelii azor. HeoOxoaumas s
Havana abniluy IIOTHOCTh MOILHOCTH H3ITy-
YEeHUs Ha TOBEPXHOCTH obpasua ycTaHaBIHBa-
Jack JIOCPEINCTBOM MepeMelleHnsa obpasia 1o
(oKanbHON OCH CEKTOPHOTO 3¢pKana ¢ QoKyc-
HBIM paccrosaueM f= 10 cm. Ilepen mposene-
HHEM a0nmauuu NpoGONOAroTOBKA MPAKTHYECKH
OTCYTCTBOBaNa, o0O0pasupl pasMeIlaiuch Ha
oy10%Ke ¢ nodapneHneM Boapl (~ 50 BecoBhIX
NPOLICHTOB). BpeMs SKCHO3HLUU TIPU 3TOM CO-
cTaBAno cekyHapl. [lonydeHHpIH B pe3ybTaTe
a’3po30Jib YHOCHICS IMOTOKOM a3ota B Oydep-
HYI0 €MKOCTh 00BeMoM 25 1, OTKyAa 3aTeM
gopasancs Ha RUQDY3MOHHBIM crnekTpomerp
aspo3oieit.

TIpn ucnonb3oBaHWM ANBTCPHATHBHBIX Me-
TONOB H3MEpEeHHs NpoBoamiIack Gonee WHTEH-
cuBHas1 npobonoarotoBka. Jna pacuneHeHus
arperatroB 4acCTHI] HCIIONB30Balach YIbTPa3By-
koBas Oana. [lepen mccienoBanueM MeETOJaMU
aTOMHO-CHJIOBOM ¥ CKAHMPYIOWEH 3NeKTPOH-
HOH MMKPOCKOIIHMHM 3TH 00pasibl Takke ObuH
obpaboranst CHAC (sodium dodecyl sulfate —
JOIenuiICcyndaT HATpuA) O BBIACTACHHUA OT-
[ENBHBIX YacTUL, YIOOHBIX Il U3MEPEHHS.

1 WUanyyerue
%

nopava
a30Ta

iz BbIXOA,
O6pazey

aspo3ons

Puc. 1. JkcnepuMeHTaNbHasA KIOBETA
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Pe3yanTaTsl H 06CyKAeHHE

B xozxe BeimosHEHUs paboOTHI I BCEX HC-
clenyeMbIX BewiecTs (kmactepnl Alj, ymeTpa-
JHCTIEPCHEIE anMa3oyIiepoaHsle, a Takke Si0;
HOPOIUKU) OBUTH HOJYYCHB! PACHpPEAETCHUS IO
pasMepaM, H3MEpEeHHbIE METOJOM MATKOH al-
JAUMYA W APYTHMH METoAaMM (JMHAMHYIECKOE
CBETOpaccesHue, CKAHMPYIOmAs 3IeKTPOHHAS
¥ aTOMHO-CHJIOBAas MUKPOCKOITHA).

Tlonmy4eHHbIE faHHBIE AT Kaxgoro obpasna
IPEACTABIICHE! Ha puc. 2—4.

Ha puc. 2, 3 npeacrapieHs! pacipeneieHus
0O pa3MepaM Uil YIbTPaJuCIEPCHOTO alIMa3o-
YIAEPOAHOTO [IOPOMIKA U YJIBTPagHCHEePCHOrO

HopmupogsaHHble pacnpegeneHus, dN/dLogD

SiO, mopouika, MOMyYeHHBIC Pa3IHYHBIMUA Me-
TOJAAMHU U3MEpeHUs. YKa3aHbl CpefHUE pa3Me-
pbl OCHOBHOH (IpakiMM YaCTHL, M HMIMPHHA KX
pacrnpeneneHus. B ocHOBHOH (pakuuy MbI BH-
UM XOpolliee COBIAJCHHE Pe3yIbTaTOB, HOTY-
YEeHHBIX METOAaMHM MATKOM abnsauuM, cKaHH-
pyloLIeH 3EKTPOHHOM W  aTOMHO-CHUIOBOM
MHKpockonuH. B npaBoil wacthm rpaduxos
BUJHB KOMIUIEKCHI KPYIHBIX arperatoB 4ac-
THL, 33PErMCTPHUPOBAHHBIE METOJAMH MATKOH
abmAMK W IUHAMHYECKOTO CBETOPACCESHHS.
Ha puc. 3, B neBoit yacTH rpaduka, TaKxKe BUA-
Ha HH3KOMONeKyJlsapHas (pakimsa, KOTOPYIO
YHANOCh 3aperHCIPHpOBaTh JIMIIL METOIOM
MATKOH abnsuuu.

v —o—SEM
X,=13.5 w=0.21
—0=—AFM
X,=12.8 w=0.36
- - Ablation
X,=8.44 w=0.18
—v—DLS

AuameTp Yactuy, Hm

Puc. 2. Y npTpagycriepcHsIN aMa3oyTiaepoaHbIH MOPOILIOK

1 | —o—sEMm
1.0+ X,=20.59 w=0.32
Il —o—arm
084 | X,=21.29 w=0.19
] | — — Ablation
X,=21.35 w=0.29
0.6
' —v—DLS

0,04

0,4 - . i
| 4 L
"] \ / & / vi \ \7
AN J"’ RN

HopmuposatHsie pacnpeaenenusn, dN/dLogD
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fOvameTp yactuu, Hm

Puc. 3. Yastpagucnepcustit SiO, nopoiiok
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Puc. 4. Knacteps: Alyg

B oboux cayuasx MeToJ AHHAMHYECKOrO
CBETOPAcCessHUA cMOr' 0OHApPYXUTh JHUIIL KOM-
[UVIEKCHI W3 arperipOBaHHBIX YacTUI], HECMOTpPS
HA MONBITKH MX AWCArperaliid YIbTPa3BYKOM.
OTO CTOHT OTHECTH K OCOOCHHOCTAM NaHHOI'O
METOJa, TAK KaK YPOBEHb CHWTHaJia B HEM IIPO-
nopuHoHaneH macce. TakuM oOpa3zom, HHU3KO-
MOJIEKYIIPHBIE  (PAKIUM MOTIH  OCTATBHCA
HEBUIMMBIMU B NPUCYTCTBUM MAaCCHBHBIX ar-
peraToB yacTHul. B cBA3HM ¢ 3TM Obi NpoBeaeH
9KCHEPHUMEHT, pEe3yIbTaTEl KOTOPOTO IIpel-
cTraBneHsl Ha puc. 4. Knactepst Aly, Obmu cus-
TE3UPOBAaHEl B PpACTBOPE HEIOCPECTBEHHO
fepe/ UCCNEOOBAHMEM X METOAOM AUHAMUYE-
CKOT'0 CBETOpACCESHHS, YTO MO3BONMIO u3be-
’Katb (QOPMHUPOBAHHSA  ArperaToB  YacCTHILL
OcraBuinecs mocine U3MEpPEHUs KacTephbl Obl-
JU OCKIEHBI W HMCCIEAOBAHBI METOAOM MSr-
KOH aOJIAIMH U3 MOPOIUKa MO OMHUCAHHOM BEIIE
MeToarke. MeToa MATKOM abisiyy HE TOIBLKO
MPOJEMOHCTPUPOBAIL  XOpollee COBMAaACHUE
CPEOHUX pa3MepoB YacTHI, HO M oka3aics 0o-
nee vHPOPMATHBHBIM, TIO3BONUB OOHApYXHUTh
Hanu4gue Apyrux ¢pakuuii 4yacTuil.

3akjouenue

HccnenoBanne 06pa3toB METOAOM MATKON
abnsuMy [ano COMOCTABMMbIE PE3yNLTATHI C
METOAAMH JTMHAMMYECKOTO CBETOPAcCEsHHUA,
CKaHMPYIOIIEN 2NEKTPOHHOH M aTOMHO-CHIIO-
BOH MHKPOCKOTIUU.

Metoa msarkoil aOnsumy, B CpPaBHEHHH C
BHIIEYKA3aHHBIMH HOIXONAMH, MOKa3zam cebs
KaK Oomnee omepaTUBHHIA W WH(OPMATHBHEIH

CrIoco6 aHanM3a HAHOCHCTEM, BCICACTBHE YEro
TPEACTABIACTCH IEPCIEKTUBHBEIM €r0  Jallb-
Helllllee pa3BUTHE.

Ilpennokena pabGoyad runoresa Quznye-
CKOT0 MeXaHH3Ma MATKOH aONsuuy, cIenaHbl
COOTBETCTBYIOIIME OlleHKH. B mambHeiiuiem
IUIAHUPYETCS elle paclIdpUTh KpyT HCCIeRye-
MBIX 00pa3loB, NOOABHTh HOBBIE METOIBI, HC-
NONB3yeMble IMis KOHTPOJNS (HampuMep, Mano-
YIJIOBOE PEHTTEHOBCKOE paccesdue), Oonee
HOAPOOHO pacCMOTPETh TMIIOTE3B! (PH3HIECKIX
MEXAHHU3MOB aliAUuy, NOCTaBMTL MOAENbHbIE
9KCIIEPUMEHTHI C IIE/IbI0 BBLICHEHHMS HMX IpH-
MEHHUMOCTH.
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INVESTIGATION OF FRACTIONAL COMPOSITION OF AEROSOL PRODUCTS
OF SUBMILLIMETER LASER ABLATION
OF INORGANIC NANOSYSTEMS

Results of investigation of size distribution of aerosol products of submillimeter laser ablation of nanosized aluminium
clusters, carbon-diamond and SiO, nanopowders are discussed. Diffusion spectrometer of aerosols was used for detection
of the particle formed. Free electron laser of Siberian center of photochemical research was used as the source of terahertz
radiation. Intercomparison with the results, obtained with other popular methods (dynamic light scattering, atomic-force
and scanning-electron microscopy) is presented.

Keywords: ablation, terahertz irradiation, nanosystems.



