17 149 PasButne paKeTHO-KOCMH‘leCKOﬁ MPOMBIINIJICHHOCTH

YK 681.7.069.24:536.45 Y [IPOU3BOJICTBEHHBIX TEXHOJIOIUH

JIABEPHAS OIITUYECKAS CUCTEMA U1 HABJIIOAEHU A
BBICOKOTEMIIEPATYPHBIX ITPOLECCOB

JIn JInabs, MocToBuiukoB A.B., biaomkuna A 1.

Hayunsriii pykoBomuTens: A01eHT, K.¢.-M.H. D.A. I'ybapeB
HanuonanwsHbli nccneaoBarebcKuii TOMCKUM MOIUTEXHUUECKUM YHUBEPCUTET
Poccus, 1. Tomck, np. Jlenuna, 30, 634050
E-mail: wojiaolilin@mail.ru

B nactosmee Bpems OombIIol HHTEPEC YUEHBIX COCPEIOTOUYECH Ha IPOU3BOJCTBE HAHOMATEPHAIIOB.
YacTo 3TH TEXHOJOTHH NPOW3BOJCTBA OCHOBaHBI Ha B3aMMOJACHCTBHU MOIIHBIX IIOTOKOB SHEPTUHU C
BEIECTBAMH WJIM Ha mporeccax ropeuust [1-7]. OcoOblifi MHTEpEC MPEACTABISIET BCECTOPOHHEE
U3y4eHHE NPOLECCOB TOPEHHs HAHOMOpOUIKOB. ONHM M3 TaKMX IPOLECCOB SBISETCS TOPEHUE
tepmuTHOi cmecu Al-Fe,0;. Bricokas temmneparypa cropanus Al-Fe,O; n BricOKast CKOpOCTh peakuuu
SBJIAIOTCA TPOOJIeMaMH, KOTOPBIE YCIOXKHSIOT H3YYCHHE IPOIECCOB, IMPOUCXOMSIIMX B IpoOIecce
roperns. IlosTomy HeoOXommmo pa3paboTaTh HOBBIE METOIBI HCCICIOBAHUS M TEXHOJOTUH JUIA
BU3YaJIbHOTO KOHTPOJISI TAKUX HPOLIECCOB.

B mocnemnee Bpems ObUIM pa3paOOTaHBl Jia3epHBIE MOHUTOPBI JUIS CUCTEM BHU3YyaJbHOMN
JUATHOCTHKH, YTO PACHIUPUIIO WX MpakThdeckoe npumenenue [5—7]. [IpencraBieHHble B paHHEH
pabore [6] pe3yabTarhl TOKa3ajdW, YTO HAOIONCHHE IIPOIIECCOB OOpa30BaHUS MHUKPOCTPYKTYD C
MIOMOIIBI0 JTA3€PHOT0 MOHHTOpA BIOJHE pealbHO. B nmaHHOW paboTe MOKa3zaHO, YTO HCIONb3Ys
Ja3epHBIl MOHUTOP, MOXHO HaOmromath Takue ¢aszbl (POPMHUPOBaHUS CTPYKTYphI, KaK OKHCJICHHC
OKCH/Ia QTIOMHUHHS, 3aMEIICHUE KHCIOpOAa a30TOM W OXJIaXJECHWE HEMOCPEICTBEHHO BO BpeMs
roperus. M3ydasncs npoiecc ropeHusl CMECH, COCTosiied u3 2/3 HaHOMOpPOIIKa alroMUHHS U 1/3
HAHOIIOPOIIIKA OKcHja kene3a. lcmomp3oBasics HaHomopomok Fe,0Oz; momydeHHBIH HarpeBoM
HaHomopomika Fe mpu temneparype 550 °C B Bo3myxe, CO31aBaeMOM IJIEKTPUYCCKHM B3PHIBOM
JKeJIe3HOM TIpoBOJIOKM B aprone. Bec oOpasma BwiOmpasics Oomee 3 1, 9TOOBI 0OOECICYHTH
MPOIOJKUTEILHOCTD TOPEHUS, TOCTATOYHYIO I BU3YyallbHOM JUATHOCTHUKH.

B kadecTBe ycuiuTens sIpKOCTU MPUMEHSIICS aKTUBHBINA 3JIEMEHT Jia3epa Ha mapax OpoMuia Meu.
ComnracHO JKCIEPUMEHTAIBHBIM JIaHHBIM, ITOMYYSHHBIM paHee C YCUIUTEIeM SPKOCTH Ha Mapax
Oopomuaa meau [7], mapameTpsl paObOThI TPYOKH BBHIOMPATNCH ONM3KMMH K ONTHMAaIbHBIM. TpyOka
renepupoBana 20 Mk/[k UMITyTpCHOE YCHIICHHOE CIIOHTAHHOE M3MydeHWe Ha JuimHaX BoiH 510,6 m
578,2 uM u paboTtana ¢ 4acTOTOH NOBTOPEeHUs UMIYIbcoB 20 kI 1.

Ha puc. 1 nokazansl n300pa>keHHsI CKOPOCTHON 3aIHCH MPOILiecca TOPEHUsI B COOCTBEHHOM CBETE.
s mpenoTBpalieHrs HACHILICHUS KaMephl HCIIOIb30BAINCH HEHTpabHble cBeToGuibTpel. Ha kagpax
BBICOKOCKOPOCTHOW 3almyicH MOXKHO HaONIOAATh MPOIECC 3aKUTaHWA, PAcIpOCTpaHEHHE TOPEHHS U
oxnaxnenune. lopenue cmecu Al-Fe,O; mnpoucxomauT 3HauMTENFHO OBICTpEE, YeM TOpEHHE
HAHOIOPOIIIKA AIIIOMHUHUS B BO3/IyXe, HaOmomaemoro B padore [7]. B ommuune ot ropenust nanoAl,
npu ropernn Al-Fe,O; B BO3myxe HEBO3MOXHO OTIHYHUTH JIBE CTAIUH BBICOKOTEMIIEPATYPHOTO
ropeHusi, HabroaeMble B COOCTBEHHOM cBeTe. MbI TakKe BHAMUM, YTO CTOpaHHE HAHOMOPOINKOB Al-
Fe,O3 compoBoxnaeTcs OBICTPBIM BBUIETOM HNPOAYKTOB. M3-3a sipkoro ()OHOBOTO OCBEIIEHHUS OLIEHUTH
BPEMEHHbIE XapaKTEPUCTUKH IPOLIECCOB C HCIIOJNb30BaHMEM H300paXeHHMH B COOCTBEHHOM CBETE

OYCHB CJIOXKHO.

a)0c 0) 57 mMc B) 120 mc r) 258 McC ) 377 MC e) 490 mc

Puc.1. Kagpbl BBICOKOCKOPOCTHBIX H300paxeHH ropenus HaHomopotikoB Al-Fe;03 B cOOCTBEHHOM CBeTe
B pPa3HbIE MOMEHTBI BPEMEHH, OTHOCHTEIIEHO MOMEHTA 3)KUTraHus (a).
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Bcepoccuiickas Moo KHAsSI HAYYHO-TIPAKTHYCCKask KOH(EPECHIUS
«OpbuTa MOIOAEKHU» U IEPCTICKTUBBI PA3BUTUS POCCUHCKON KOCMOHABTHKH)

Ha puc. 2 nmoka3ansl Kaapbsl BBICOKOCKOPOCTHOM 3aIllMCH, MOJYYEHHBIE C TOMOIIBIO JIA3€pHOTO
MoHuTOpa. Ha pucyHkax siCHO BUIHO 0Opa3oBaHHE MaJIeHbKHUX IIAPUKOB. MOXKeT ObITh MHTEPECHO,
YTO BOJIHA HAarpeBa HE MPHUBOIUT K 3aMETHOMY M3MEHEHHIO CTPYKTYphl IOBEPXHOCTH OOpasla Wiu
MU3MEHEHUIO KO3 HUIHMEHTa OTPaKEHHsI, BOJIHA MOXKXET ObITh OOHapy>KeHa TOJBKO B JUHaMuKe. Bonna
ropenus nosisiercs 3a 40-100 Mc 0 Hagama cropaHus B TOM ke MecTe oOpasiia. CKOpOCTb BOJTHBI
HarpeBa BapbHpyercs oT 17,4 mo 36,1 mm/c. Ucnonb3ys pe3ynbTaThl BBICOKOCKOPOCTHOW CHEMKH C
MOMOILBIO JIA3€PHOT0 MOHHUTOPA, MOXHO OLIEHUTH CKOPOCTh PACIPOCTpPaHEHHs BOJH TopeHus. s
9THX SKCIEPUMEHTOB OHa BapbupyerTcs oT 35,2 1o 85,6 mm/c.

a)0c B) 7 McC r) 9 MC ) 12mc

e) 17mc xK) 19 mc 3) 21 Mc n) 24 mc K) 27Mc

Puc.2. Kagpbl BBICOKOCKOPOCTHOM 3aIMCH TopeHust HaHOHopoIukoB Al-Fe,0Os, monyueHHbIe ¢ MOMOIIBIO
JIa3epHOr0 MOHHUTOPA B pPa3Hble MOMEHTbI BpeMeHU. PUCYHOK (a) - MOMEHT mepes Moan(uKauei ToBepXHOCTH.

Wcrnonp30BaHWe  Ja3epHOTO  MOHHUTOpPA,  yOEIWTENPHO  JTOKa3blBa€T  BO3MOXKHOCTH U
MEPCIEKTUBHOCTU BU3YaIM3allUU CTOPAHUS TEPMUTHBIX CMECEH C MOMOIIBIO JIa3epHOr0 MOHUTOPA, U
MO3BOJISICT HAOIIONATh PACHpPOCTPAHCHUE BOJHBI TOPEHUS, M PaACIpPOCTPAHCHHE BOJIHBI Harpesa.
Wcmone3ya nazepHbId MOHHTOpP, MOKHO H3yYHTh BpPEMEHHBIE MapaMeTphl Ipolecca ropeHus. B
YaCTHOCTH, pa3Mep NIAPUKOB, UX (OPMUPOBAHUE M OTIIET MOXKHO TTOJIPOOHO U3YYHTh B Oy/IyIIeM.

CIIUCOK JIUTEPATYPBI

=

Kharatyan S.L., Merzhanov A.G. Coupled SHS Reactions as a useful tool for synthesis of
materials: An overview // Int. J. Self-Propag. High-Temp. Synth. — 2012. - T. 21. — Ne 1. — C. 59—
73.

I’in A.P., Mostovshchikov A.V., Root L.O. Growth of aluminum nitride single crystals under
thermal explosion conditions // Tech. Phys. Lett. — 2011. — T. 37. — Ne 10. — C. 965-966.

llyin A.P., Root L.O., Mostovshchikov A.V. The influence of aluminium nanopowder density on
the structure and properties of its combustion products in air // Key Eng. Mater. — 2016. — T. 685. —
C. 521-524.

Buzhinsky R.O., Savransky V.V., Zemskov K.l., Isaev A.A., Buzhinsky O.l. Observation of
objects under intense plasma background illumination // Plasma Phys. Rep. — 2010. — T. 36. — Ne
13. - C. 1269-1271.

Gubarev F.A., Evtushenko G.S., Trigub M.V., Shiyanov D.V., Torgaev S.N. High-speed process
visualization using metal vapor brightness amplifiers // 11 European Conference on Non-
Destructive Testing. — Prague, 2014. — Ne 41. — C. 1-8.

Gubarev F.A., Mostovshchikov A.V., Klenovskii M.S., Il'in A.P., Li Lin. Copper bromide laser
monitor for combustion processes visualization // Progress in Electromagnetic Research
Symposium, PIERS. — Shanghai, 2016. — Ne 7735091. — C. 2666—2670.

Gubarev F.A., Li L., Klenovskii M.S., Shiyanov D.V. Spatial-temporal gain distribution of a CuBr
vapor brightness amplifier // Appl. Phys. B: Laser and Optics. — 2016. — T. 122. — Ne 284. — C. 1-7.

N

w

e

o

S

~

160





