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NONYYEHWE HAHOMNOPOLLUKOB MOJINBAEHA
B YCNOBUAX SNEKTPUYECKOIO B3PbIBA NMPOBOAHNKOB

AN. NnbuH, O.b. HazapeHko, [1.B. Tuxoros, J1.0. TonbaHosa

TOMCKUA NOANTEXHNYECKUA YHUBEPCHTET
E-mail: ilyin@tpu.ru

WccnenoBaH ancnepcHbi v (ha3oBbIi COCTaB HAHOMOPOLLIKOB, MOMYYEHHbIX C TOMOLLbIO SNEKTPUYECKOTO B3PbIBa MOMOAEHOBbIX MPO-
BOZHWKOB. YCTaHOBJIEHO BAVSIHUE HA XapakTePUCTVKI HAHOMOPOLLKOB SHEP M [YrOBOV CTaAuM Pa3psaa v COCTaBa OKPYXaloLLey raso-
BOW cpefbl. VI3ydeHa Tepmmdeckas akTMBHOCTb MOMy4eHHbIX MOPOLLKOB MOMbAeHa Npy HarpeBaHum B BO3ayXe.

Kntoyesble croBa:

aﬂeKTqueCKMVI B3pbIB MPOBOLHNKOB, HAHOMOPOLLOK, MO}'IVI6,Q€H, ANCrepCcHOCTb, SHepr4, ,ﬂyl'OBOV? paspqa.

BeeneHue

MomubneH obamaeT TakKuMu CBOMCTBAMU KaK TYIO-
TUIaBKOCTb, BBICOKAS XKapOIPOYHOCTh, HU3KMIA KO3 hU-
LIMEHT TEPMUYECKOTO PaCLIMPEHHS1, KOPPOUOHHAS CTOM-
KOCTb, BBICOKME YIIPYTWEe CBOMCTBA [1]. YmauHoe coueTa-
HIE UEHHBIX (PU3MKO-XUMUYECKUX U MeXaHMISCKUX
CBOJCTB ITO3BOJISIET MCTIOIB30BATh 3TOT METAJIT B KAYECTBE
OITHOTO M3 OCHOBHBIX KOMITOHEHTOB ISl TIPOM3BOJICTBA
KOHCTPYKIIMOHHBIX MAaTepPUATIOB B MPOMBILILIEHHOCTH.
MonubneH 1 CIiaBbl Ha €r0 OCHOBE TIPUMEHSIIOTCS 1151
U3rOTOBNIEHMs] 00pabaThIBAIOIIET0 MHCTPYMEHTa, JeTa-

Jielt, paboTaloIIMX MPY BBICOKOM TeMIlepaType AT/ b
HOE BpeMsl, B YCJIOBHSIX PAAMAllIOHHOTO BO3NEHCTBIL
OCHOBHBIMHU 00JIACTSIMU TTOTPEOIEHMST MOTMOIEHA SIBIISI-
0TCS NIEKTPOTEXHNUECKAs], JIEKTPOHHAS!, aTOMHASI PO~
MBILIEHHOCTD, CAMOJIETO- M PAKETOCTPOEHHUE U IPYTHE.

TpanMIMOHHBIN METOM MTOJTyYEeHMSI MOJTMOIEHOBOTO
MIOPOIIIKA OCHOBAH Ha BBICOKOTEMIIEPATyPHOM BOCCTa-
HOBJIeHNM oKcumaa MonubneHa MoO, Bogopomom. Kak
MPaBUIIO, 3TUM METONOM IPAKTUUECKU HEBO3MOXHO
MOJYYUTh HAHOOUCIIEPCHBIM IOPOIIOK MOJMOAEHA.
CHIXeHMe pa3MepoB YacTHll 10 HAHOMETPOBOTO M-
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anazoHa (<100 HM) gBJIgeTCsl OMHUM M3 CIIOCOOOB TIpH-
JIaHMS1 BEILECTBY KaYeCTBEHHO HOBBIX CBOMCTB, MO3BO-
JISIeT 3HAUMTENTHHO YIYUYIINTh TEXHUYECKHE MapaMeTph
KOHCTPYKIIIOHHBIX MaTePHUAJIOB 1 OTKPBIBACT ITUPOKHUE
TIePCITEKTUBLI PAa3BUTHSI HOBOHM TeXHWKH. M3BecTHO,
9TO ¢ YMCHBIICHHEM Pa3MepoB YacTHIl CBOMCTBA IT0-
POIIKOB M3MEHSIOTCS: TTOBBILITAETCS MX XUMUUYECKast aK-
TUBHOCTb, CHIKAETCsI TEMIIEpaTypa CrieKaHusl, TOSIBIISI-
IOTCSI HOBBIE CBOMCTBA, HEe XapaKTepHBIe JJIST MaTepHa-
JIOB B MAaCCUBHOM (IpyboIMCIIEpPCHOM) COCTOSTHUH [2].

DJeKTpudecKuii B3phIB MpoBogHKUKOB (DBII) Ha-
XOIMUT IMPOKOE TMPUMEHEHHUE IS TIOMy4eHHs] HaHO-
aucnepcHbix opoukoB (HIT) MeTannos u ux xumuye-
CKUX COeIMHeHMI. B muTepaType mpakTyecku OTCyT-
CTBYIOT cBefieHUs1 0 rojtyueHu HIT monnGaeHa meto-
nom DBII. TToaToMy mpenactapisieT MHTEpeC U3ydeHue
0COOEHHOCTEH Tpoliecca 3MeKTPOB3PEIBHOTO MOMyYe-
Hust HIT monubaeHa u ¢akTopoB, MO3BOJSIOLIMX pe-
TYJAMPOBAaTh CBOMCTBA KOHEYHBIX MIPOMYKTOB.

B paborax [3—5] Obuta mokazaHa IPUMEHHUMOCTD
metona DBII mnst momygenns HIT takoro TyrommaBko-
ro MeTajula Kak Bojib(paM. BblIo ycTaHOBIEHO, YTO
JUCTIEPCHOCTD TIPOAYKTOB B3phIBa 3aBUCUT OT SHEPTe-
TUYECKUX XapaKTePUCTUK 3JIEKTPOB3PhIBA — OT BEJU-
YUHBI BBEICHHON B IPOBOTHMK 3HEPTHH U OT SHEPTUH
nocneytolei ayropoit ctanuu. B kauectse Haubonee
3HAYMMOTO TTapaMeTpa PeryJIMPOBAHUS JUCTIEPCHOCTH
HII Bonbthpama ObLIO IpeaIoKeHO UCII0Ib30BATh I10-
HUXEHME JaBIeHMS Ta3a BO B3PBIBHOM KaMepe U MC-
MOJIb30BaHME XUMUYECKU aKTUBHBIX I'a30B.

Llenbio maHHOI pabOThl SABISIOCH UCCIEIOBAHUE
BIMSIHMS BHIA TA30BOii CPeibl B pa3psiiHON Kamepe U
SHEPreTUYECKMX ITapaMeTPOB 3JIEKTPOB3pbIBA Ha
CBOMCTBA IIOPOLIKOB, 00Pa3YIONIMXCS IPH 3IeKTpUYe-
CKOM B3PbIBE MOJIMOIEHOBBIX TPOBOJHUKOB.

MaTepVIaHbI N MeTOANKN 3KCNepUMeHTOB

Hanomopomku MonéneHa MmoJTyJaiy Ha OTbITHO-
MpOMBbIILIeHHO yetaHoBKe Y/III-4I, paboTa KoTopoit
omucaHa B |5, 6].

M3mepeHune Toka B KOHTYpe MPOBOAMIOCH C TOMO-
11110 OMUYECKOTO IIYHTa U ocumuiorpaga C8-17. Ha-
NPSDKEHUE Ha B3pPBIBAIOIEMCS TPOBOJAHUKE W3MeEpsi-
JIOCh C UCTIOJIb30BAHUEM OMUYECKOTO IEUTENS Harps-
keHus. KomMMyTtalusi HakonuTessi SHEPTUK 1 B3pbiBae-
MBIX MPOBOJHMKOB IMPOBOAMIACH C MOMOILBIO YIIpa-
BJISIEMOTO pa3psiTHMKA. DIEKTPUYECKUil B3PBIB MPO-
BOIHUKOB OCYILIECTBJISIA B PeXKMe «ObICTPOTO B3pbI-
Ba» ¢ OECKOHEYHOM Tay30ii TOKA WX C AyTOBOM CTaau-
eii. DHepreTMYECcKKe napaMeTphbl 21E€KTPOB3PbIBA Pery-
JIMPOBATUCH MYTEM W3MEHEHUS 3apsTHOTO HampsiKe-
HUSl, BEJIMUMHBI 3apsSAHON eMKOCTU WM JJIMHBI B3DPbI-
BaeMOTo0 MMPOBOAHNUKA. BeanunHa yaenbHol BBeAEHHOI
B ITPOBOJIHUK 3HEPruu (e) mpuHKUMasa 3HaueHus ot 0,8
1o 1,0e, (e, — sHeprus cyoIMMaLuy MaTepuaa mpoBoI-
HUKA), 8 3Hepruu ayroBoii cramui (e,) — ot 0,2 1o 1,6e..
[TapameTpbl 37€KTPUYECKOTO KOHTYpa YCTAHOBKU: €M-
KOCTb batapen KoHaeHcatopoB C=2,32 Mxd; HampszKe-
Hue 3apsiaku Hakonutesst aHepruu Uj=12...29 xB; uH-
JYKTUBHOCTb pa3psiqHoro KoHtypa L=0,58 mMxIH.
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JLnis1 mojiy4eHus HAaHOTIOPOIIKOB B3pbIBAaIM MOJIMO-
JeHOBBIe MPoBOAHNKM TuameTpoM 0,3 1 0,2 MM, UTH-
Hoii 0,07 1 0,06 M. Coxep:kaHue MpuMeceil METAJUIOB B
MOJIMOIEHOBOM TIPOBOAHUKE cocTassio ~0,4 mac. %.

[MonykonuyecTBeHHBIM (Ha30BBI aHAIU3 COCTaBa
MOJTy9E€HHBIX IMOPOIIKOB TMPOBOAMUIM C ITOMOIIBIO
peHtreHoBckoro nudpakromerpa JPOH-3,0 ¢ uc-
nojb3oBaHueM CuK -uznyuenust tpyoku. Jlucnep-
CHOCTb U (hOPMY YaCTUIL ONPeNesiv ¢ TIOMOIIbIO pa-
CTPOBOTO 3JEKTPOHHOTO MUKpockomna JSM-840.
Omnpenenenne MIOWAIN YaeIbHOMA MOBEPXHOCTH (S,,)
TIOPOIIKOB OCYIIECTBISIOCH C TOMOIIBIO METOA HU3-
KoTeMIepaTypHoil afncopbuuu azorta (Meton BOT).
OyHKIMK pacipee/eHus] YacTUl TIOpoliKa 1Mo Axa-
MeTpy ObLIM MOJyuYeHbl C MOMOILbBIO aHajJM3aTopa
«Mastersizer 2000». XuMI4eCcKy10 aKTUBHOCTb ITOPOIII-
KOB HCCJICTOBAIH C TOMOIITBIO TEPMUUYECKOTO aHANN3a,
BKJtovaromiero tepmorpaBumerputo (IT) u nudde-
peHLManbHo-TepMuyeckuii aHamu3 (JITA). B pabote
ucnojb3oBatu TepMoaHanusarop Q-600 (CIIA) Ha-
YUHO-aHAJIUTUYECKOTO 1IeHTpa TOMCKOTo MOMUTEXHHU -
JeCKOTO YHUBEPCUTETa. AHAIN3 TIPOBOAMIIN B PEXIME
nuHeiiHoro HarpeBa B uHTepBaie 20...1000 °C co cko-
pocthio Harpesa 10 rpag/MuH B atMocepe Bo3ayxa.

PesynbTatbl U 06CyXAeHMe

Tl uiccenoBaHus! BIMUSTHUS SHEPTETUYECKMX Xapak-
TepuctiK DBII Ha AMCIIEpCHOCTD TOMyYaeMBbIX IIOPOIII-
KOB MOJIMOJEHOBHIE MPOBOTHUKHU AnaMeTpoM 0,3 MM 1
qmiHoit 0,07 M B3pbIBaIK B atMocepe aproHa. Peryiu-
pOBaHMeE SHEPIUM, BBEICHHON B MPOBOJHMK O B3PhIBA,
Y 3HEPTUM JIyTOBOM CTaIuM pa3psia OCYLIECTBISIIOCH 32
CUeT U3MEHEHUS 3apsTHOTO HAMpPSDKEHUsI. YCIOBMS MO-
JIydeHHsT TIOPOIIKOB MOJIMOIeHa 1 3HAYCHUS TLTOIIAIN
yIeJIbHON MOBEPXHOCTH MPEICTaBIEeHBI B TA0. 1.

Tabnuya 1. [lnowanp yaenbHOV MOBEPXHOCTY 31EKTPOB3PbIB-
HbIX MOPOLLKOB MONMOLEHa B 3aBUCUMOCTY OT SHep-
reTu4eckux napameTpoB 31EKTPUHECKOrO B3pbiBa

Ne Uo, kB e/e e/e Syne M’/T
1 29,0 0,8 1,6 3,30
2 19,0 0,9 0,2 2,50
3 24,0 0,9 0,8 2,55
4 21,0 1,0 0,4 2,37
5 27,0 1,0 1.1 3,15

W3meHeHWe 3apsaHOTO HAMpSDKEHUS! B YCJIOBUSIX
MPOBOAMMBIX 3KcriepuMeHToB oT 19 o 29,0 kB cyme-
CTBEHHO YBEJMYWIIO SHEPTUIO, BHIAEISIEMYIO B IyTOBOM
paspsne: e,/e.=0,2...1,6. Benmunna e yaenbHON BBe-
JIEHHO! B TTPOBOIHUK SHEPIUH e/e, B JaHHBIX IKCTIEPH-
MeHTax MeHs1ach He3HauuTeabHO — oT 0,8 10 1,0. IToa-
TOMY YETKO# 3aBUCMMOCTH AUCTIEPCHOCTH TIOPOILIKOB OT
BEJIMYMHBI SHEPIUH, BBEIEHHOI B TPOBOMHMUK, B MCCIE-
JIOBaHHOM JIMara30He SHEPTyii yCTAHOBUTD He yIajloCh.

Ha puc. 1 moxazaHa 3aBUCMMOCTb ILUTOLIAIN YAEIb-
HOIi TIOBEPXHOCTHU ITOPOLIKOB MOJIMOAEHA OT SHEPTUM
JIYTOBOI CTaiMU pa3psiia. YBeJMueHue TUCIEPCHOCTH
MOPOIIKOB HAOMIONACTCSl TIOC/E TPEBBILICHUS 3HEp-
ruu ayropoii cranuu 1o 1,0e,. ITopoiku MoaudaeHa ¢
HauOONbIIEH IJIOMAAbl0 YAEIbHONW IOBEPXHOCTH
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(8,,=3,3 M’/r) nomyyeHsl 11 CIyyas, KOraa 3Heprus
JyTOBOIA CTaIUM MPMHUMAJIa MAKCUMAJIbHOE 3HAYEHUE
B YCJIOBMSIX TAHHOTO 3KCIepuMeHTa — 1,6e,.

[TonmyyeHHBIE TOPOIIKKM MOIMOAEHA MMEIOT TPeX-
MOAAJbHOE pachpenefeHne YacTHUI[ 10 IUAMETPY
(puc. 2), xapakTepHoe JUIs BCeX JeKTPOB3PHIBHBIX I10-
POIIKOB, YTO CBSI3aHO C MEXaHM3MOM pa3pyLIeHUs
MIPOBOJHMKA U TOCIEIYIONIEr0 OXJIaXACHUS TTepBUY-
HbIX mpoaykToB DBII [6]. TlepBBIii MAKCUMYM COOT-
BercTByeT auaMeTpy vactui 0,11...0,12; BTOpOil —
0,6...0,9; Tpetmit — 3...8 MKM.

S,

- m2r

3,5 1

251 x x

1,5 ‘ . :
0 0,5 1,0 1,5 e le;

Puc. 1. 3aBucMMOCTb MAOLYaAN YAETbHOM MOBEPXHOCTY 3J1eK-
TPOB3PbIBHbIX MOPOLIKOB MOMBAEHA OT 3HEPrN [yro-

BOY CTagum

AHaM3 CHUMKOB, TIONYYEHHBIX C TOMOIIBIO pa-
CTPOBOTO 3JIEKTPOHHOTO MMKPOCKOMNA, MOKa3aj, YTO
MIPOAYKTHI 27E€KTPOB3PhIBA MOIMOAECHOBBIX TPOBOAHM-
KOB TMPEACTaB/SIIOT COO0I MOPOIIKY, YaCTUIIbI KOTO-
PBIX NMEIOT cpeprueckyro hopmy (puc. 3). Cpenn da-
CTUILI MUKPOMETPOBOTO Iuana3oHa (puc. 3, a) UMeloT-
Cs1 YaCTUIIbI, IMAMETP KOTOPHIX MeHbIe, yeM 100 HM
(puc. 3, 6). YacTuiiel HAHOMETPOBOTO AMATNa30Ha MO-
KPBIBAIOT MOBEPXHOCTb OOJIBIIMX YACTUL U 00Pa3yIOT
WHIVBUAYaAJIbHbIE arIOMepaThl.

Taxum 06pa3oM, pe3yabraThl 3KCIEPUMEHTOB IO/~
TBEP:KIAIOT BbIBOJ, MOJYYEHHBIN TPU U3YYeHUU TIPO-
JYKTOB 3JIEKTPUYECKOTO B3pbIBa BOJIB(PPAMOBHIX MpPO-
BOIHUKOB [5], 4TO Heprus, BblAesieMasl B IyrOBOI
CTalny paspsia, SBJISETCS MapaMeTpoM PerylTupoBa-
HUS TUCTICPCHOCTH TIOPOIIKOB.

Jns viccnenoBaHusl BIMSHUS COCTaBa ra3a Ha JucC-
MEPCHOCTh MOPOIIKOB MOJIMOAEHA MPOBEACHBI IKCIIE-
PHUMEHTBI IO 3IEKTPUIECKOMY B3PBIBY MOJIMOICHOBBIX
MpoBOIHUKOB arameTpoM 0,2 MM u mmHo# 0,06 M B
CIeOyIOLINX cpenax: 1) apro, 2) apros ¢ no0aBKOI
10 06. % a3ota, 3) a3or, 4) a30T ¢ 106aBKOi 5 00. % BO-
J0poja. YCIoBUS SKCIIEpUMEHTOB U 3HAUeHMS TLIOIIA-
I YAENbHOI TOBEPXHOCTU MOJYYSHHBIX MOPOIIKOB
IpecTaBiIeHbl B Tabu. 2. JlaBneHue ra3a Bo Bcex Cly-
yasx cocrasisuio 1,5-10° I1a.

—_
o N

Honga yactuu, % o06.

O N B~ O Co

0,01 0,1 1

100
80
60
40
L 20

[Lona vactuu, %

10 100

HOuameTp yactuu, MKM

Puc. 2.  PacripeneneHve no auameTpy 4actvl nopoLka monnbaena, nonydeHHoro npw 3BI1 8 aprove npu e/e.=0,9 u e,/e.=0,8 (06-
paset Ne 3, 1abn. 1)

ReMM

ReMM SEI

100nm WD 10.0mm

10.0kV

Puc. 3. Mukpogotorpagumm nopoluka mommbaeHa (obpasew Ne 3, tabsn. 1)
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Tabnuuya 2. [1nolyane yaenbHOV MOBEPXHOCTY 371EKTPOB3PbIB-
HbIX MOPOLLKOB MOSIMOAEHa B 3aBUCUMOCTY OT JJ1eK-
TPUYECKMX NapaMeTpoB 1 COCTaBa ra3a BO B3PbIBHOM
kamepe npy Uy=12,4 kB

Ne e/e e/e las Syne M?/T
1 0,6 0,6 Ar 3,4
2 0,7 0,5 Ar+10 06. % N, 3,5
3 0,7 0,5 N, 4,9
4 0,7 0,5 N,+5 06. % H, 2.4

ITopomky MonubaeHa ¢ HauOOJbIIEH IJIOIIANbIO
yaeJIbHOIA ToBepxHOCTH (S,=4,9 M’/T) B yCI0BUAX 1aH-
HOTO 3KCTIEPUMEHTA TOJyYeHbI MPU UCTOIb30BaHUU B
KauecTBe OKpY:Kalolliei cpenbl a3ota. JJaHHBIH pe3yib-
TaT 00bsICHIETCS (hOPMUPOBAHKEM B IIPOLIECCE pa3ieTa
Y OXJIaXIEHUS TIEPBUYHBIX MPOIYKTOB B3phIBA XUMMU-
YeCKOro COeAMHEHMs, MpeAnonoxuTensHo Mo,N, Ha
MOBEPXHOCTU YaCTULl MOJMOJEHA, TPEMSITCTBYIOIIErO
CIUSIHMAIO YacTUIl M YBEJWYeHUIO uX pasmepoB. Ha
PEHTTeHOTpaMMe TIPOIYKTOB B3phIBa pedIeKCOB, COOT-
BETCTBYIOLIMX HUTPUAHBIM (ha3aM, He OOHAPYXEHO.

Takum 06pa3oM, 106aBKY XMMUYECKM aKTUBHBIX T'a-
30B B MHEPTHBII ra3, a UMEHHO, UCTIOJIb30BaHKE a30Ta B
KauecTBe OKPYXaloIlel Cpeibl MPH MOTyYeHUH TIOPOILI-
KOB 3JICKTPHYECKUM B3PBIBOM IIPOBOTHUKOB MO3BOJISI-
10T TOOUThCSI MOBBILICHMS MX IUCHIEPCHOCTU Ha 44 %.

ITo pe3ynbraTtam MpoBeAEeHHBIX KCTIEPUMEHTOB MOX-
HO OTMETUTbH, YTO YMEHBILIEHUE T1MaMeTpa B3phIBAEMOTO
MoymbaeHoBoro npoBogHuka ¢ 0,3 mo 0,2 My pu DBI1 B
aprose u mapiaeHuu raza 1,5-10°Ia He mpuBerno K cyie-
CTBEHHOMY M3MEHEHMIO MIMCIIEPCHOCTH (Tabi. 3) mpu
3HAYMTEILHOM CHIDKEHMM paboyero HampstkeHus (¢ 29,0
10 12,4 xkB). CrenoBareibHO, TIOPOIIKK TOM K€ JCIep-
CHOCTH MOXHO TTOTY4YUTh ITPY MEHBIIMX 3HEpro3aTparax.

AKTHBHOCTb TIONYYEHHBIX ITOPOIIKOB MOJMOIEHA
(obpazerr Ne 1, Tab1. 2) onpenensiii ¢ MOMOIIbIO Tud-
(bepeHIIMaTbHOTO TEPMUIECKOT0 aHAIM3a TTPY HarpeBa-
HUM B Bo3ayxe. [Ipouecc okucieHusl mopoiika npore-

KaJ B aBe cTanuu ¢ Makcumymamu 441 u 517 °C (puc. 4)
C YBeJIMUeHHEM Macchl obpasiia. Hanmuuue aByx Makcu-
MYMOB TEILIOBBIAEIEHMS CBSI3aHO ¢ OMMOIANBHBIM pa-
cripefie/ieHMeM YacTUIL TI0 MaMeTpy: CHavajaa OKMCIIS-
eTcs (paKIs Oosee METKMX YaCTHII, a 3aTeM — KPYII-
Had ¢paxiys. [1pu ganpHelieM HarpeBaHUY, HAYMHAast
¢ 784 °C, nabmonancs 3103 deKT 1 pe3Koe yMeHblIIe-
HME Macchl 00paslia, CBSI3aHHbIE C BO3TOHKOI OKCUIA
monubaeHa (VI). Ha repmorpamme HIT Mmonu6aeHa npu
temneparype ~307 °C Hadmonancs 3¢ eKT BblIeIeHUS
tera (~8 xJIx/Momb), He COMPOBOXIABILUIACS U3Me-
HeHHEeM Macchl oOpasua. Takoil TerioBoi 3¢geKT
00DBSICHSETCS TIPOTEKAHUEM PENaKCAllMOHHBIX MPOIIEC-
coB B cTpykType HIT MmommbaeHa.

Tabnmuuya 3. [Tnowane yAEIbHOV MOBEPXHOCTU 371EKTPOB3PbIB-
HbIX MOPOLLKOB MONMBAEHA B 3aBUCUMOCTY OT ANa-
MeTpa B3pbIBaGEMOro MPOBOAHIIKa

Ne dvm | Lvm | U kB e/ec e/e | Sp M/
1 0,3 70 29,0 0,8 1,6 33
2 0,2 60 12,4 0,6 0,6 3,4
3 0,2 60 15,1 0,8 1.1 3,5

ITo pesynbratam A TA OblIM paccyuTaHbl MapaMe-
Tpbl aktuBHOCTM HII MonubaeHa: TeMmepaTypa Haya-
na okucieHust T,,=350 °C; creneHb OKMCIEHHOCTH
a=42,3 %; MakcuMajbHas CKOPOCTb OKHCIIEHUS
V.x=0,007 Mac. %/c; ynenbHblii TeroBoi 3¢dext co-
crapysiet 3299 JIx/r.

BbiBogpbl

1. YcraHOBIEHO, UTO MpPU BIEKTPUYECKOM B3PHIBE
MOJIMOIEHOBBIX TPOBOJHUKOB B Ta3ax M 00pa3oBa-
HUM chepruecKrX YaCTUIl AUCIIEPCHOCTh HAHOIO-
POLIKOB YBEJIMYMBAETCS C POCTOM 3HEPIUU AYTO-
BOTO pa3psijia: Ipu yBenueHuu e,/e, ot 0,2 1o 1,6
IIOIIAAb VASIbHOM TIOBEPXHOCTH BO3pacTaeT ¢ 2,4
1o 3,3 M*/L.

25 6
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441,16 °C 3,468 me
. 2227% |4
204 472,61 °C
=
324,22 °C 2 @
15 — £
5 306,74 ° 783.87 ° 6
= 82,86 fIn/z 452,79 °C Toy e Lo E
g 3299 Ox/z ’ S
0- 867,21°C &
L&
706,94 °C 2
5_
855,04 °C \[ -4
791,82 °C
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Temnepartypa, °C

Puc. 4. Tepmorpamma HIT monnbaeHa, nony4eHHoro B aTMocgepe aproHa npv €/e.=0,6 n e,/e.=0,6

34



Xumms

2. TlokazaHo, YTO MpU 3aMEHE aproHa Ha a3oT BO
B3pbIBHOI Kamepe (e/e.=0,7; e/e,=0,5) mnomanp
yIeIbHOI MOBEPXHOCTH HAHOMOPOIIKA MOJIMOAEHA
MakcumaibHa — 4,9 M*/T. Ha moBepxHOCTH YacTHil
MIPU B3pbIBE MPOBOJHUKA B XUMUYECKU aKTUBHOIA
cpele — a3oTe 00pa3yoTCs TYrOIIaBKHAE HUTPUIBL,
MPETISITCTBYIOIINE YKPYITHEHUIO HAHOYACTHII.
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YK 546.16:182

3. Ilpu HarpeBaHMM HAHOIOPOILKAa MOJMOAEHAa Ha
Bo3ayxe mpu 280...340 °C HaO1r01a10Ch BHIIEICHUE
3allaCeHHON  SHEPTUU: TemIoBoi  3ddeKT
8 KJIX/MOJIb HE COMPOBOXIAJICS U3MEHEHUEM Mac-
CBI 00pasiia, 4To 00YCIOBIEHO PelaKCAlMOHHBIMU
MpoLecCaMy B CTPYKTYpe HAHOYACTHII.
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Tlocmynuaa 11.02.2009 e.

CTPYKTYPA, CBOWCTBA U NPOBNEMbI ATTECTALMW HAHOMOPOLLKOB METAJIJIOB
AN. UnbuH, A.B. KopyHos, J1.0. TonbaHosa

TOMCKMN NOAMTEXHNYECKUN YHUBEPCUTET
E-mail: genchem@mail.ru

PaccMOoTpeHbl OCHOBHbIE XapakTepuCTUKU HaHOMOPOLLKOB METasIoB. opMa, Pa3Mepbl 4acTuL, COAEPXaHNE METANIMHECKON COCTa-
BAISIOLLEN, NaPaMETPbl XMMUYECKOM aKTUBHOCTY, SMEKTPOXUMUYECKUE XapakTepUCTUKI, TePMOAMHAMNYECKOE COCTOSIHME HaHoYacTuL U
HaHOMopoLLKOB. [lprBeReHb! IKCIePUMEHTAaNIbHbIE PE3Y/bTaTbl MPUMEHEHMS CTaHAAPTHBIX METOAOB aHaM3a 1 0COBEHHOCTU UX UC-
1071b30BaHWs NPV ONPELENEHAN XapaKTePUCTK HAHOMOPOLLKOB. [Toka3aHo, 4TO /151 aTTeCTaLmmn HaHOMOPOLLKOB Kak MeTacTabuibHbIX
cucTemM Heobxoamma pa3paboTka KOMIIeKCa METOAOB M METOAMK aHaNM3a, yYnThbIBAIOLUMX X METACTabUIbHOE CTPYKTYPHO-IHEPreTH-
yeckoe COCTosHMe.

Knio4eBble cnoBa:
HaHoropoLLKu MeTasioB, MeTacTabuibHbIe CUCTEMbI, HAHOYACTHLIbI, PA3MEPbI YaCTULI, SIEKTPOXUMUHECKME XaPaKTePUCTVKI, TePMO-
AMHaMUYECKoe COCTOSIHME, CTPYKTYPHO-3HEPreTUYeCcKoe COCTOSHIE.

BeepeHune

OnHO 13 TIPUYMH Pa3BUTHSI TeXHUKH W TEXHOJIO-
Uit IBJISIETCS CTPEMIIEHIE K CHIDKEHHIO MAaTePUATIOEM-
KOCTU U 3HEPro€éMKOCTH. YMEHbBIIEHUE XapaKTepPHBIX
pa3MepoB YACTHIL MOPOIIKOB B MaTepUaoBeNEHNN Ha
MePBBIX ATarax He MPUBOAMIIO K KaUeCTBEHHOMY M3Me-
HEHHUIO UX CBOMCTB, HalIpUMED, TMOPOIIKU aTIOMUHUS
ACI-1 (a;=100 mxm), AC[1-4 (a,=9 mxm) u ACJI-6
(a,=2,5 MKM) uMeIoT OM3KUe 3HAYEHUS] HACHITHOM
TUIOTHOCTH, TOJIIMHBI OKCUAHOW 000JI0UKH, CONEpXKa-
HUSI cOpOMPOBaHHBIX Ta3oB U Ap. [1]. CoBpeMeHHBII
aTan pa3BUTHS TEXHUKU U TEXHOJIOTHIA XapaKTepu3yeT-
Csl TIepeXooM K CYOMMKPOHHBIM W HaHOMETPOBHIM
00BeKTaM, U KOTOPBIX HAOTIOMAaeTCs KaueCTBEHHOE
M3MEHEHHE X XapaKTePUCTUK M CBOICTB.

Poccuiickoe Ha3BaHMe «yIBTpaguCIepPCHBIE CUCTe-
Mbl» (YIC) nepBoHayaabHO OTHOCUIM K COBOKYITHO-

CTM YacTHIl METAJUIOB, HaXOISIIUXCS B CPejie ra3os,
JavameTp KoTopbix cocTaiasier ot 10 mo 100 vm [2].
DTOT AMana3oH COBMAAAeT C IMaMeTpaMu KOJUTOMIHbIX
yacTul 1o kinaccudukamuu OctBanbaa [3]. B pamkax
KOJUIOUIHON XUMUU COCTOSTHUE CUCTEMBI, COCTOSIILEN
13 XUMUYECKU MHEPTHBIX YACTHULL B Ta3e — KOJJIOMIHAS
CHUCTEMa «TBEPAOE TEJIO — Ta3»: TBEpAAs QMCIEpCHas
(basa v razoo0pasHas aucnepcuoHHas cpeaa. Brocnen-
cTBUM TepMUH «YIIC» cTaiu NpUMEHSTb U K HEMeTal-
JyeckuM nopoikam. [Topoiku, tuameTp yacTuil Ko-
TopbIx MeHee 10 HM, oTHOcAT K Ki1actepaM. CocTosHMe
BCEX JIMUCTIEPCHBIX CUCTEM SIBJISIETCS] HEPABHOBECHBIM, T.
K. BEILIECTBA B TAKOM COCTOSTHMM XapaKTepU3yIOTCsI T0-
BBILIEHHOW 3HEPTMEN TOBEPXHOCTH 32 CYET 0COOOTO
MOJIOKEHUSI CTPYKTYPHBIX €IMHUI] B MMOBEPXHOCTHOM
cnoe (aHeprus mosepxHocTu E). Ilpu ymeHbIIeHUN
JMaMeTpa YacTUll J0Js aTOMOB Ha MOBEPXHOCTU U B
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