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PagjuanmonHble CBOMCTBA ropsSiliuX 00J1aKOB METAJINYECKON MbIJIN.
3. Moaupukanus CrieKTpa u3ry4eHus

HUccneoosanvl cnekmpbul uznyuenus NpoOyKmos c2opaHusi Malo00bEMHbIX Nbliedblx 00.1a-
koe (V = 5 1) amomunus (ACH-4), a maxoice cmecegblx cocmagos antoMuHus ¢ Heopeanuye-
ckumu  nopowxooopazuvimu okucaumensimu (NaNO;, NaCl, Na,CO; 10H>O, Sr(NO3),,
Ba(NO3);, KNO;, CuSO4 CuSO4 10H;0) u coproyumu (B, AlB,, Cu). Paccmompenst 603-
MOJACHOCMU YeNIeHANPABIeHHOU MOOUPUKayUuy cnekmpa usiyderus 6a308020 cocmaesa ¢ no-
MOWbIO PA3IUYHBIX UHEPMHBIX U ONMUYECKU AKMUBHBIX OUCNEPCHBIX 000AB80K, CMeujaroujux
MAKCUMYM CHEeKmpa U3JIy4eHus 20proye20 cocmaesa 8 0o1acms 6ojiee OJIUHHLIX GOJIH UTU Bbl-
3616AIOWUX TIOKAILHOE UBMEHEHUe CHeKmpa U3NYHYEeHUs. 8 COOmMEemcmeylouux ooaacmsx
cnekmpa. Ycemanogneno, umo @gedeHue 000a80K 6 6A306bill COCMA8 OUCNEPCHO20 20PHUe20
CYUjeCmeeHHo He MeHsem OUHAMUYeCKUe Xapakmepucmuku 636ecu, OOHAKO NPUBOOUm K
cHudcenuto memnepamypsi (npumepro Ha 100+200K npu naruuuu dobasxu oo 25 % no mac-
ce) u K coomeemcmeylowemy CMeweHur0 MaKkCuMyma CneKmpa usiydyeHus. IKCnepumeH-
MANbHO NOKA3AHA 803MOICHOCMb CYULECNEEHHOU JIOKATIbHOU MOOUGUKAYUL CNeKMpPa 8 JHCENl-
Mol 001acmu ¢ NOMOWBIO HEOP2AHUYECKUX 00DABOK K 20pIo4eMy COoJlell Hampus ¢ He@blCOKOU
memnepamypou pa3znodcenus (0obasku Na,CO; "10H>0). K 3nauumenvHoMmy yeenuueHuro
ceemuMocmu nAaMeHy 8 3e1eHOU 0bnacmu cnekmpa ¢ MakCUMyMOM U3TYYeHUs 8 OUAnasone
AN = 530+580 um npusoosm 0obasxku 6opa u coeounenuii 6opa (B, AlB;). [Ipusedenwvt cee-
MOmexHuyecKue Xapakxmepucmuku (Cuivl ceemad, ceemocymmsl) Oonrvwux oonraxos (V >
10 Mg) cMecesblX cOCmasos Ha ocHoge antomunuesol nyopsl 11AII-2. Yemanosneno, umo ese-
OeHue HeopeaHuyeckux 000asoK K 0A3080My 20plodeMy He NPUBOOUM K 3aMemHOMY UMeHe-
HUIO C8EMOMEXHUYECKUX XAPAKMePUCMUK, HO HeCKOIbKO Yy8eaudueaem epems ceedenus oona-
Ka KaK 6 8UOUMO, MakK U 8 UHPPAKPACHOU Yacmu cCneKmpa.

Knrouesvie cnoea: copswue obraka memannios, CneKmpaibHulll AHAIU3, C8eMOmexHuye-
CKUe XApakxmepucmuku NiamMeHu, paouousiyyeHue 20psauux 001aKo8, mepmodIMUCCUOHHAS
nvliesas nuama

B nepBoii yactu [1] maHHOTrO IUKIa pabOT MpeACTaBlIeHa METOAUKA UCCIIeI0Ba-
HUSI paIMallMOHHBIX XapaKTEPUCTUK TOPAIIUX 00JIaKOB METAJUTMUYECKOMN IMbLIU, BKIIIO-
Jaromnas OJHOBPEMEHHOE M3MEPEHUE pajuyca 30HbI TOPCHUS, TEMIIEPaTyphl IIamMe-
HH, HTHTETPAJIbHOTO MOTOKA U3JIyYEHHUs B [rana3oHe 2+2(0 MKM U CHJIBI CBETA.

Bo BTOpoit yacTu [2] nukia paboT MpecTaBieHbl PE3yIbTaThl U3MEPEHUN yKa-
3aHHBIX BEJMYMH JUIS 0OJIAKOB ¢ HAYAIBHBIM 00b&MoM Gosiee 10 M. OJHUM W3 BbI-
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BOJIOB 3TUX HMCCJICIOBAHUMN SIBIIAECTCS TO, YTO PAUAIMOHHBIC XapaKTEPUCTUKU OOJIb-
IIUX 00JIaKOB COOTBETCTBYIOT TAKOBBIM JIJII Mallo0ObEMHBIX 00jakoB (V' = 5 ). 310
MO3BOJISIET M3y4aTh JAHHBIE XapPAKTEPUCTHKU B JIAOOPATOPHBIX MaTOOOBEMHBIX YC-
JIOBUSIX.

BaxxHBIM BOTIpOCOM, KacaromUMCS TOPEHHUS TBUICBBIX OOJIAKOB, SBISICTCS BO3-
MOYKHOCTD IIEJICHANPABICHHON MOIU(UKAITIN CIIEKTPa U3TydeHHsI 0a30BOTO COCTaBa
C TIOMOIIBIO PA3IMYHBIX THUCIIEPCHBIX JTOO0ABOK. 37€Ch UMEIOTCS JIBE BO3MOYKHOCTH.
Bo-niepBbIX, BBeIeHNE HHEPTHON T00ABKYM B IPUHITUIIE CHIDKAET TEMIIEpaTypy rope-
HUs 0a30BOTO COCTaBa M, CICIOBATEIBHO, JOJKHO CMEIIATh MAaKCUMYM CIICKTpa W3-
JydeHust 0a30BOro cocraBa B 001acTh 0ojee JJIMHHBIX BOJH. BO-BTOpBIX, BBEJAECHHUE
ONTHYECKH aKTUBHBIX JOOABOK (CIIOCOOHBIX K BO30OYXKICHUIO ONTHYECKUX TIEPEXOI0B
B ITUIaMEHHM 0a30BOT0 COCTaBa) JIOJDKHO MPOU3BOAUTH JOKAIBHOE U3MEHEHUE CIIEKTpa
U3IIy4eHHS B COOTBETCTBYIOIIUX OOJACTSIX.

C 1enb0 TPOBEPKH YKa3aHHBIX BO3MOXHOCTEH MPOBOIWIMCH HCCIEIOBAHUS
MaJI000BEMHBIX TOPIOYMX KOMITO3UIIUNA HAa OCHOBE 0a30BOr0 TOPIOYEro (ATIOMHHHIMA
ACJl-4) u 106aBOK HEOPTraHWYECKUX MOPOIIKOOOPA3HBIX OKHCIUTENEH, IIHPOKO
MPUMEHSEMBIX B MUPOTEXHUUYECKUX coctaBax [3] — NaNO;, NaCl, Na,CO; 10H,0,
Sr(NO;),, Ba(NO3),, KNO;, CuSO,, CuSO,; 10H,0 u roprouux B, AIB, Cu, Nb. Jlo-
0aBKM MpPEIBAPUTEIBHO U3MeENbYaNUCh A0 pa3MepoB 10+30 mxM. OnbITel NPOBOAU-
JIMCh C MalIo0OBEMHBIMU OOmakamu (V' =5 m).

Heo6xo1uMo 0TMETHUTB, UTO BBEAEHUE JOOABOK B 0A30BbIN COCTaB CYIIECTBEHHO
HE MCHSIET TMHAMHYCCKUX XapaKTePUCTHK B3BECH, OJHAKO CHUKCHHUE TEMIIEPATYPhI
(nmpumepno Ha 100+200K npu Hamuuuu g06aBku 10 25 % 1mo mMacce) NpUBOJIUT K CO-
OTBETCTBYIOIIEMY CMEIICHUIO MaKCUMyMa criekTpa uzinydeHus (puc. 1-3). Takxke He-
3HAUYUTEIHHO, TI0 CPABHEHUIO C 0a30BBIM TOPIOYMM COCTABOM, MEHSIOTCS M WHTE-
rpajibHbIE CBETOTEXHUYECKUE XapaKTEPUCTHUKUA CMECEBBIX COCTaBOB. boiee cyect-
BEHHBIM OKAa3bIBAETCS JIOKAIBHBIN 3P dekT Monudukanuu crektpa. CeKTpbl perucT-
PUPOBAIUCH CKAHUPYIOIIMM MOHOXpomaTopoM (dactora =~ 100 06/c) Ha OCHOBE JIBYX
UHTEepGEPEHIIMOHHBIX KIIMHBEB CO CIIEKTPabHBIM HHTEpBaIOM AL = 400+1000 uHM 1
Al = 680+1200 um [5].

Hampumep, ayig 106aBOK Ha OCHOBE HAaTPHUsl MAKCUMAJbHBIN 3((EKT Mpou3BO-
mutT Na,CO; 10H,0 (puc. 1). BBenenue ykazaHHOU J10OaBKU MPUBOIUT K CUJIBHOMY
VIIUPEHUIO aymuieta Na, 4To 00yCIOBIEHO 3HAaYUTENBHOU peadcopOIeil He TONbKO
B IIEHTPE JTUHUH, HO M Ha e€ KpbUIbIX. OMHOBPEMEHHO HAOMIOAACTCS U TIepepacipe-
JICTICHNEe WHTEHCUBHOCTH B CIUIOIITHOM CITEKTpe, O0YCIIOBICHHOE CHIDKEHUEM TeMIIe-
paTypbl TOPEHHUSI.

W3mepennsi OTHOCUTENHFHOTO M3MEHEHHS WHTEHCUBHOCTH B 00JIaCTH JKENTOTO
nymiera Na (A = 588 HM), mpoBeZIcHHBIE C MOMOIIIBI0 MOHOXpomaTopa JIMP-4 ¢ ¢o-
Torpaduueckoi peructpanueit curnana ®OY-62, mokazanu, 4To sl yKa3aHHOTO CO-
CTaBa MHTEHCUBHOCTh M3JIyYCHHS BO3PACTaeT B BOCEMb Pa3 IMPU MACCOBOM COJIepKa-
Huu no6aBku 20 %. OOpamaer Ha ce0s BHUMAaHHE TO OOCTOSITEILCTBO, YTO CpeIu
MCIIBITAHHBIX COCIMHEHUI HA OCHOBE HATpHUsl (COCTaB JKENTOTO OTHS) MAKCUMAJIbHBIM
3¢ (}PexT Mpou3BOIUT coeAMHEHUE, 00agat0NIee HU3KOM TeMIepaTypoi Gpa3oBbIX 1me-
pexozoB (tak st Na,CO;-10H,0 temneparypa miasienns £ = 32.5 C).
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Puc. 1. CnexkrtpanpHasg u3Iy4yaTenbHas

crocoOHocTh coctaBa Al + Na,CO510H,0
C KOHIEHTpauuew amoMuHua By =
200 r/m’. Kpusre: 1 — ACJI-4;
2 — Al + Na,CO;3 10H,0 (20 %)
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Puc. 2. CnexrpanpHas W3IydaTeabHas
crocoOHocTh coctaBa Al + AIB, (30%) ¢
KOHIIEHTpaUue  amoMuHus By, =
200 r/m°, ACJI-4

AHaJIoTH4YHasl CEpHsl ONBITOB, MPOBEJCHHBIX C IEJIbI0 MOJU(PUKAIINU CIIEKTpa
u3IydeHus B cuHer oomactu (kommnosuumu Al+Cu, CuSO, CuSO, 6H,0, no6aBku B

npenenax 10+40% mo Becy) u 3en&HOM
obnactu (A/+Ba(NO;), o Becy 5+30%),
MOJIOKUTENBHOTO 3 (deKTa HE BBISBUIIA.
OTMeTuM, 4YTO YyKa3aHHBIE COCIUHEHUS
00J1a1at0T JOCTATOYHO BHICOKUMH TEMIIE-
patypamu (a3oBbIX NEPEXO0JOB. 3aMeT-
HYIO 3€JIEHYI0 OKPAcKy IUIAMEHH yN1ajoCh
noinyuuth B kommnosunusax Al (ACH-4 +
B(20+40 %)). Ilpu xonHmeHTpanusx Oopa
cebiie 30% HaOmM0Mamach U3YMPYIHO-
3enéHas OKpacka, 0OyCJIOBICHHAs Xapak-
TEPHBIMH MOJIEKYJISIPHBIMH TIoJIocamu (AL
= 490+580 HM) NpOAYKTOB cropanusi 0o-
pa BO, B,O, u BO, [6] ¢ makcumymoM
usnydenus (AL = 530+580 um) (puc. 2).
Komnoszummu Mg(d;) = 7 mMxm) +
B(d;p= 2 MKM) Takxe IPOU3BOIMIIN 3€JIE-
HYI0 OKpPAcKy IJIJaMEHU MpHU KOHIIEHTpa-
uuu 6opa > 30 %. Ilpu koHUEHTpauuu
6opa cBbilie 50% MMENO0 MECTO TOJBKO
JaCTUYIHOE PACTIPOCTPAHCHUE TUTAMEHH.
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Puc. 3. CriekTpasibHas U3iry4aTesnbHas CIo-
cobHocTh coctaBa A/ + Sr(NOj3), ¢ KOHIICH-
Tpaumeit amomunns B, = 200 r/m’. Kpu-
Boie: 1 — ACII-4; 2 — Al + Sr(NO3), (20 %)
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Ta6auna 1. CBeTOTEXHUYECKNE XapAKTEPUCTUKU TOPSIINX 00JIaKOB

BpeM}I*
Bpewms VY neapHas
* CBEYECHUS Cuita

Macca | Bpems 0011 cBeueHus | o CBETO-

TCoprouee cocra- | ceedeHms | 1O L max B UK ¥: cymMMa

MIPU OCTHI- 1,107, 03

Ba, KT' | 10 Iy, C AL o0JjacTy, Kt L-107,

c c Ku-c/r

[TAII-2 + Na,CO;3-10H,0 2.8 0.1 0.8 2.0 8.9 2.50
[TAII-2+ Ba(NO3), 2.8 0.12 0.9 1.9 7.8 2.50
TTAII-2+NaCl 3.0 0.1 1.0 1.8 7.4 2.46
[TAII-2+B 2.2 0.1 0.7 1.4 7.0 2.0

* 30ecb noo epemenem ceeuenus 00 0.1 I, noopazymesaemcs 8pems NOIHO20 CEeYeHUs, BKIIO-
yaroujee cmaouro OCMul8aAHUs.

Pe3tomupysi onucaHHbI€ BBINIE UCCIEAOBAHUSA MO MOJAU(PUKAIIUU CIIEKTpa 0a30-
BOI'0 COCTaBa, OTMETUM €lI¢ pa3, 4TO B YCJIOBUSAX OOBEMHBIX a’dPOB3BECEH TOJIBKO
OTPaHUUYCHHOE YUCJIOo coequHenu (Takux kak Na,CO; 10H,0 B KOMIO3ULUIX KET-
TOT'O OTHS, 00JIAAONIMX HU3KOW TEMIIepaTypoil IUIaBJACHUs £, ¥ B MCHBIIIEH cTere-
Hu Sr(NQOj3), (puc. 3) B KOMIO3UILMAX KPACHOTO OTHS WM B nwin AIB, B KOMITO3UITHSX
3eJIEHOTO OTHS, KOTOPHIE CaMH IMPHU CTOPAHUH 00pa3ylOT MPOAYKTHI, TAIOIINE XapaK-
TEpPHBIE TOJOCHl B CIIEKTPE) CIOCOOHBI BBI3BATH CYIIECTBEHHYI0 MOJU(PUKAIINIO
CIUIOILITHOTO CIEKTpa U3Ny4yeHHUs MPOAYKTOB cropanusi 6a3oBoro cocrana. B 3Toi cBs-
3M 3aMETHUM, YTO C HaIllell TOYKU 3peHus, HauboJjee MepCreKTUBHBIM JIJIs 1IeJIe MO-
nudUKaIK CIeKTpa (a TakKe U JJIsl TEMJI0BOM BO3TOHKU PEAreHTOB B YCIOBUSX TPO-
nocdepsl) ABIAETCS HAHECEHUE T100aBOK B KAUECTBE MOKPBITHS HA YACTULBI 0a30BOT0
roprodero (Ipou3BECTH KarcyaupoBanue) [4].

OCHOBHBIE CBETOTEXHUYECKUE MapaMeTphl (Cuiia cBeTa /, yAenbHas CBETOCyMMa
L uctoyHuKa U3My4eHUI ) N3y4aluCh B MOJIEBBIX YCIOBUIX JJI1 00J1aKOB a3pOB3Bece
(06BEMOM > 10 M°) [2] kak 6azoBoro (amomunueBas myapa [TATI-2), Tak 1 cCMeceBbIX
COCTaBOB. XapaKTEpPHbIE CBETOTEXHUYECKHUE TapaMeTPphl MPUBEIACHBI B Ta0OuIe 1.

Kak BugHO 13 TabNuUIIbI, BBEJIEHHE HEOPTaHUYECKUX T00aBOK K 0a30BOMY T'OpPIO-
YeMy He MPUBOAUT K 3aMETHOMY U3MEHEHHUIO CBETOTEXHUYECKHUX XapaKTEPUCTHUK,
XOTS ¥ HECKOJIKO YBEJIMUMBAET BpeMs CBEUSHHUsI 00Jlaka KaK B BUJIUMOM, TaK U B
nH(ppaKpacHON YacTH CIICKTpa.

BoiBoabl. [IpoBeneHne uccnenoBaHuil MOATBEPKIAET BO3ZMOXKHOCTh MOJIU(DU-
KallMM CIEKTPa M3JIy4eHHs] 0a30BOr0 MBUIEBOIO T'OPIOYEr0 C MOMOUIBIO PAa3IMYHBIX
JUCIEPCHBIX J00ABOK HEOPraHMYECKUX MOPOIIKOOOPA3HBIX OKUCIHUTENEH W/ WU CO-
equHeHu 6opa. JlanbHeiee u3ydeHue JaHHOW MPOOJIeMbl, ¢ HAIlleH TOYKH 3pEHUS,
JOJDKHBI BKJIFOYATh B ce0sl, MPEXAE BCEro, MCCIEAOBAHUS BIUSHUSA JHUCIEPCHOCTH
n00aBKHU (C TOYKHM 3pEHHUS COTJIACOBAHUS BPEMEH BO3TOHKHM YacTHI] JOOAaBKU U Bpe-
MEH UX NpeObIBaHUS B 30HE F'OPEHMSI), & TAK)KE FOPEHUS TMOPUJIHBIX MBUIEBBIX CHUC-
TEM, YaCTHUI[bl KOTOPBIX KaIlCyJIUPOBAHbI (IOKPBITHI) COOTBETCTBYIOIIEH JOOABKOM.
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AHOTANIA

Hocniooiceno cnekmpu GUNPOMIHIOBAHHS NPOOYKMIE 320PSAHHA MAN000'€EMHUX NUTOBUX
xmap (V =35 1) anominiro (ACH-4), a maxooic cymimesux ckiadie antoMitito 3 HeOpeAHIYHUMU
nopoutkonodionumu oxucnosavamu (NaNO;, NaCl, Na;COs 10H,0, Sr (NO3), Ba(NOj3), ,
KNO;, CuSOy4, CuSO410H,0) i eoproyumu (B, AIB,, Cu). Pozensanymo modxcausocmi yinecn-
PAMOBAHOT MOOUGhiKayii cnekmpy SUNPOMIHIOBAHHS 0A308020 CKIAOY 34 OONOMO20I0 DI3HUX
IHEpMHUX | ONMUYHO AKMUBHUX OUCNEPCHUX 000ABOK, WO 3MIWYIOMb MAKCUMYM CREeKmpa 6U-
NPOMIHIOBAHHA OUCNEPCHO20 NATLHO2O 8 001ACMb DLNbU 0082UX X6UTbL ADO GUKIUKAIOMb J10-
KajbHe 3MIHA CNeKmpa SUNPOMIHIOBAHHA 8 8ION0GIOHUX obnacmsax cnekmpa. Bemanoaneno,
wo 88edeHHst 000a8OK 00 6A306020 CKIAOY OUCHEPCHO2O NANbHO20 ICMOMHO He 3MIHIOE Ou-
HAMIYHI Xapakmepucmuky CyCneH3ii, npome npu3go0ums 00 3HUICEHH memnepamypu (npu-
onuzno Ha 100+200°C npu naasnocmi 0obasxu 0o 25 % no maci) i 00 8iON0BIOHO20 3MiUjeHHS
MAKCUMYMY CHeKmpa 8UnpoMinoeants. Excnepumenmanvrno nokaszana moxciugicms icmom-
HOI I0KaIbHOL MOOUGhikayii cnekmpa y s#cosmitli 001acmi 34 00ONOMO20K HEOP2AHIUHUX 000a-
60K 00 NAIUBA COJlell HAMPIIO 3 HEGUCOKOW memnepamypoio poskiadanus (0obasxu Na,CO;
10H0). [lo 3naunoco 30inbuienHss ceimHocmi noym's 6 3eienitl oonacmi cnekmpa 3 Makcu-
MyMOM 8unpominosants 6 dianazoni AL = 530 + 580 um npusoodsme dobasku 60py i 3'eOHanb
oopy (B, AlB;). Hagedeno ceimnomexniuni xapakmepucmuxu (Cuiu ceimia, C8imiocymmu)
senuxux xmap (V> 10 m’) cymiwesux cknadié na ocnosi anominiesoi nyopu [IAI1-2. Bcmano-
8lIEHO, WO 86€OCHHS HEOP2AHIYHUX 000AB0OK 00 OA308020 NAILHOMY He NPU3BOOUMb 00 HOMi-
MHOI 3MIHU CEIMIOMEXHIYHUX XaAPAKMeEPUCTNUK, dJle 0ewo 30LIbUYE Yac C8IMIHHA XMaPU, K Y
BUOUMIL, MAK I 8 IHOPaAUepB8OHil YACMUHI CNEeKmP) .
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Shevchuk V.G., Poletaev N.1I., Nimich A.V., Shynharov G. L.

The radiation properties of burning clouds of metal dust.
3. Modification of the emission spectrum

SUMMURY

In this work we studied the emission spectra of the combustion products of low-volume
dust clouds (V =5 L) from aluminum (ASD-4), as well as clouds from mixed compositions of
aluminum with inorganic powdery oxidizing agents (NaNO3, NaCl, Na;COs-10H,0, Sr(NO3),,
Ba(NO3),;, KNO;, CuSOy4 CuSO4 10H0) and combustible (B, AIB,, Cu). This article discuss-
es the possibilities of purposeful modification of the emission spectrum of the base composi-
tion using various inert and optically active dispersed additives that shift the maximum of the
emission spectrum of the fuel composition to the region of longer waves or cause a local
change in the emission spectrum in the corresponding spectral regions.

In the course of the experiments, it was revealed that the introduction of additives into the
basic composition of dispersed fuel does not significantly change the dynamic characteristics
of the suspension. However, the additives lead to a decrease in temperature (by about 100-
200°K in the presence of an additive up to 25% by weight) and to a corresponding shift in the
maximum of the radiation spectrum.

The possibility of a significant local modification of the spectrum in the yellow region with
the help of inorganic additives to the fuel of sodium salts with a low decomposition tempera-
ture (additives Na,CO3; 10H,0) was shown experimentally. Boron additives and boron com-
pounds (B, AlB;) leads to a significant increase in the luminosity of the flame in the green re-
gion of the spectrum with a maximum radiation in the range AA = 530 +~ 580 nm. The article
presents the lighting characteristics (luminous intensity, light sum) of large clouds (V > 10
m’) of mixed compositions based on PAP-2 aluminum powder.

It was found that the introduction of inorganic additives to the base fuel does not lead to a
noticeable change in the lighting characteristics, but somewhat increases the time of the
cloud glow both in the visible and infrared parts of the spectrum.

Key words: burning metal clouds, spectral analysis, lighting characteristics of a flame, ra-
dio emission from burning clouds, thermionic dusty plasma
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