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YBakaemble KoJL1eru!

Mexnaynapoanas konpepennus HEMs-2016 «BricokosnepreTniueckne MaTepuabl: Jie-
MUJIMTapU3aLMsl, aHTUTEPPOPU3M U I'PaXKJaHCKOE MIPUMEHEHUE» — 3TO PETYJIIPHOE MEPONPUsI-
THE, 3aJyMaHHOE W peann3oBaHHOe mpu oOmiei unee ['enepanpHoro mupexropa AO OHIIL]
«Anraity, unen-koppecniongenra PAH A.C. XapkoBa, u 3amectutens nupekropa UIIXOT
CO PAH, mupextopa LlenTpa, noxTopa (pu3nKo-MaTeMaTHIECKHX HayK, rnpodeccopa Bopox-
oBa A.b. ¢ poccutiickoii croponst u ipodeccopa Luigi DeLuca (Politecnico di Milano, Italy)
u aupekropa no Hayke Herve Graindorge (Airbus Safran Launchers, France) ¢ 3apyOexnoit
CTOPOHBI.

Temarnka KoH(pEpEeHIIMN OXBATHIBAET KaK (PyHIaMEHTAIbHbBIC, TaK U MPHUKIAIHBIC MPO-
OnmemMbl TPAXAAHCKOTO TPUMEHEHHS BBICOKOIHEPTEeTHUECKUX MAaTepUaloB H HAy4IHO-
TEXHUYECKOTO 00ECTICYeHHsI aHTUTEPPOPUCTUIECKOMN NEeSTENbHOCTH, CUHTE3 (hapMaKoIOTuie-
CKUX CyOCTaHIIMU M WX HCCIEIOBAaHUE, COBPEMEHHOE COCTOSHHE W TEPCHEKTHBBI PAa3BUTHS
CJIEYIOLNUX HAIIPABICHUMN:

® IPOEKTUPOBAHUE BBICOKOIHEPIETUUECKUX MAaTEPUAJIOB, UX XapaKTEPUCTUKH, AUATHO-
CTHKa, TOPEHMUE;

® JIEMWJIMTAPHU3ANS / YTHIU3AIMUS / SKOJIOTHSI SHEPTETHUECKUX CUCTEM;

® PAaKETHBIE JBUTATENN JI1 KOCMUYECKHUX CUCTEM, Fa30I€HEPaTOpHI;

® HAaHOTEXHOJIOTUH (B TOM YHUCJIE€ B MEIULIMHE U (PapMaLIEBTHKE);

® BHICOKOIHEPreTUYECKUE MAaTEPUAIIBI JUIsl aHTUTEPPOPUCTHUECKUX LENIEH;

® XIMHUYECKHE CyOCTaHIINH JBOMHOTO HA3HAYEHHS U MEANKO-ONOJIOTHIECKHE MAaTEPHAIIBL.

Ot umeHn MexyHapoAHOTO HAyYHOro U paboydero OpraHu3alMOHHOI0 KOMUTETOB paj
npuBeTCTBOBaTh Bac, yuactHukoB MexayHaponnoit koHpepeniuu HEMs-2016, B Tomcke.
[Tonarato, uto mpoBeaeHne KOH(pepeHIH OyIET CIIOCOOCTBOBATh YKPEIIICHHIO COTPYAHUYE-
cTBA W OOMEHy UJIesIMH W3BECTHBIX YYEHBIX pa3HBIX CTpaH M  CIENHUAIHCTOB-
MPOU3BOJACTBEHHUKOB, pabOTAIOMNX HaJ CO3JaHHMEM BBICOKODHEPTETUYECKHX MaTEepPHaJOB U
XUMHAYECKUX CYyOCTaHLMN M WX MPAKTHYECKOTO HCIONIb30BaHus. JKenaro ydacTHHUKaM KoHpe-

PEHIINY TUIOAOTBOPHON pabOTHI, peain3alii HAMEUCHHBIX TUIAHOB M HOBBIX YCIIEXOB!

A.B. Bopoxuos,
wieH MexXAyHaApPOAHOr0 HAY4YHOIr 0 KOMUTETA,

npogeccop
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Dear Colleagues!

The International Workshop HEMs-2016 is a regular event conceived and implemented by
Corresponding member of RAS A.S. Zharkov of Federal Research and Production Center
«ALTAI», and Deputy director of Institute for Problems of Chemical and Energetic Technologies
SB RAS, Professor A.Vorozhtsov from the Russian side and Professor Luigi DelLuca (Politecnico
di Milano, Italy) and Director of science Herve Graindorge (Airbus Safran Launchers, France)
from the foreign side.

The subject area of the Workshop includes civil application of high-energy materials and
antiterrorist activities, modern state and perspectives of the following directions:

e high-energy materials engineering, their characteristics, diagnostics and burning;

e demilitarization / utilization / energy systems ecology;

e rocket engines for space system, gas generators;

e nanoscience and nanotechnologies (including medicine and pharmaceutics);

e high-energy materials for antiterrorism;

¢ double-purpose chemical substances and medical-biological materials.

On behalf of International scientific and organization committees I am glad to meet you
in Tomsk.

I believe that the conference will promote closer cooperation and exchange of ideas of
famous scientists from different countries and specialists working on the creation of highly
energetic materials and chemical substances and their practical use. I wish all of you fruitful

work and new success!

Alexander Vorozhtsov,
Member of International Scientific Committee,
Professor
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MECHANOCHEMICALLY PREPARED REACTIVE AND ENERGETIC MATERIALS
Edward L. Dreizin

New Jersey Institute of Technology
Newark, NJ, USA

Reactive and energetic materials are typically metastable, and are expected to transform into
thermodynamically favorable reaction products with substantial energy release. Preparation of such
materials by mechanical milling is challenging: they are easily initiated by impact or friction. At the
same time, milling offers a simple, scalable, and controllable technology capable of mixing reactive
components on the nano-scale. In most cases, for reactive materials milling should be interrupted or
arrested to preserve the metastable phases. Arrested reactive milling was exploited to prepare many
inorganic reactive materials, including nanocomposite thermite, metal-metalloid, and intermetallic
systems. Prepared materials are fully dense composites with unique properties, combining high densi-
ty with extremely high reactivity. Staged milling was used to prepare hybrid reactive materials with
different components mixed on different scales; it was also used to tune the particle size distributions
of metal-based reactive material powders. Metal-halogen composites were prepared, with metal ma-
trix stabilizing a halogen (I2,C12) at temperatures substantially exceeding its boiling point. Most re-
cently, nitrated organic compounds were synthesized as precursors for preparation of energetic mate-
rials. Work on mechanochemical preparation of reactive and energetic materials will be reviewed with
the focus on unique properties and ignition and combustion mechanisms of the mechano-chemically

prepared reactive materials.

DOI: 10.17223/9785946215596/3

CHUHTE3 ITPOU3BOJHbBIX OKCAA3ANU3OBIOPIIUTAHA
C.B. CrpicoasTun, A.J. IlapomoB
Dedepanvroe 20Cy0apcmeeHHoe DI0O0NHCEMHOE YUpelCcOeHUe HAYKU
Hucmumym npo0Oaem Xumuxo-3Hepeemuieckux mexHono2ui
Cubupckozo omoenenusi Poccutickou akademuu nayx, e. butick

HNHTEepec K COETMHEHUSAM, CONEPKALUM TeTpaI_[I/IKJIO[S,S,O,O3’1IOS’Q]I[O,Z[GKaHOBHﬁ Kapkac, mpe-
HMMYIIIECTBEHHO BbI3BaH UX BO3MOXHBIM HCIOJIb30BAHUEM B KAaYECTBE MEPCIEKTHUBHBIX BBICOKOIHEP-
IeTUYECKUX COEAUHEHMH. B HacTosiee BpeMsi U3BECTEH CUHTE3 Psiia BELIECTB COJEPKALIUX I'eKca-
a3aM30BIOPLIUTAHOBBIA U OKCAa3anM30BIOPLIMTAHOBBIN Kapkac. Tak OJTHUM M3 CaMbIX MOIIHBIX B3PbIB-
YaThIX BEIICCTB SBIIICTCS 2,4,6,8,10,12-reKcaHHTpo-2,4,6,8,10,12—reKcaa3aTeTpauI/H<J10[5.5.0.03 A1
0>’1nomexan (1) (TAB, CL-20) [1].

W3BecTHO, YTO 3aMeHa YacTH HUTPAMUHHBIX Trpynn B kapkace ['AB Ha >¢upHBIE TPUBOAUT K
CHIDKEHHIO YyBCTBUTEIHOCTU M PACTBOPUMOCTH 00pa3yeMbIX B3pPBIBUATHIX COCJMHEHUI 0e3 3HauM-

TeIILHOM MOTCPU IIJIOTHOCTH. HOBTOMy, MOJIYYCHUC HOBBIX HI/ITpOBaMeH_[éHHLIX MPONU3BOAHBIX OKCa-

9



a3aTeTpauHKno[5,5,0,03’ll,Os’g]noneKaHa (OKCcaa3am30BIOPIMTAHA) SBJSETCS  MHOTOOOCIIAIOIINM
HaIlpaBJIEHUEM B TMOMCKE MEPCHEKTUBHBIX MaJOUyBCTBUTEIbHBIX BBICOKOIHEPTrETUUYECKUX COEIUHE-
Huil. [ 1aBHOI po6IeMoii B TIOTyUYEeHUH TaKHX COSAWHEHHUH SBIISETCS CIO0KHOCTH MOJTYYEHHUS COeTH-
HEHUH coJeprKaluX KapKaca OKcaa3au3oBlopLuTaHa [2, 3].

Hamu Obiia M3ydeHa KUCIIOTHO KaTalnu3upyemasl KOHICHCAIHS Pslia 3aMEIEHHBIX CYTb(HOHU-
JIAMUJIOB C TJIMOKCAJIEM C LIEIbIO TOJIYYeHUsI COEAMHEHUM COJEPKAIUX U OKCaa3an30BIOPIUTAHOBBIN
Kapkac.

B pesynbrate xonmeHcanuu coneil cynbdamuaoBoit kucinotel (MeSO3;NH,, Me — menouHoi
METaJ1) ¢ TJIHOKcaJeM HaMu ObUTM MOJY4eHbl conu 2,6-muokca-4,8,10,12-TeTpaazareTpaiukio

[5,5,0,03’11,OS’Q]HOHeKaH-4,8,10,12-T€Tp00yﬂb(b0KI/ICJIOTLI (1).

MeO;$ 0aMe SO;Me
0 H,0, H' N NyN
4 MeSO;NH, + 3 /—// < 1
3 2
O/ 0)\1f)\0
SO3Me

B pesynbrare KoHAEHCAIIMN METaHCYIb(haMuaa ¢ TIIHOKcaIeM morydeHbl 10-meTancynbQoHuI-
2,4,6,8,12-nenraokca-10-a3arerpaukio| 5,5 ,0,03’“,05’9];[0):[elcaH (2), 4,10-mumeTaHCyIbPOHMI-
2,6,8,12-Terpaokca-4,10-quazarerpanukiio[S.5 .0.0*".0"1nonexan (3), 4,10, 12-TpumeTaHCynb(POHHMII-
2,6,8-Tprokca-4,10,12-tpuasarerpammkio[5.5.0.0™!".0°" | noxexan 4) u 8,10,12-

TpuMeTancynbhoruI-2,4,6-Tprokca-8,10,12-tpuazarerpamukio[5.5.0.0>" .0 nogexan (5).

SO,CH $O.CH; SO,CH;
OYNYOE H,0, H' H,0, H éOYNY N> 4
[e) )\ O/k fe) 1 [ [e) )\ N )\ O

|
/ SO,CH,
CH,SO,NH, -+ /—/
$O,CHy J HCOS $0:CH so,cmy
\ O~ NYO 0, 1 r 1 H,0, NYN N X

[e) )\ N )\ o [e) )\ O)\ 0

|

SO,CH,

AHaJIOTMYHO B PEAKIMIO KUCIOTHO-KaTaIU3UPYEMOM KOHJEHCAIMM C IJIMOKCAJIEM BCTYMAET
u3onponuicyibhoHuIamMua U peHucynbGoHmIamMua. B pesynbraTe KOHISHCAUN H30MPOIHIICYIIb-
donunamuga ¢ riIMoKcaneM — moiydeH  10-mzompommnicynsponun-2,4,6,8,12-nenraokca-10-
azareTpauukiofs,5 ,0,03’1 ! ,Os’g]noneKaH (6), 4,10-muusonponuncynbponmn-2,6,8,12-rerpaokca-4,10-
muasarerpanukio[5.5.0.0%".0> | nonexan  (7) u  8,10,12-Tpumsonponuicyibhoumn-2,4,6-TpHoKca-
8,10,12-Tp1/1a3aTeTpauI/ncno[5,5,0,03 10> nonexan (8). [TonyuynTh COOTBETCTBYIOIIEE ITPOU3BOIAHOE
2,4,6-tpuokca-8,10,12-Tpuazarerpanukio[ S .5.0.0"".0>"|noexana, He yaanock. [IpennosioxurensHo,

9TO CBA3AaHO € BO3POCHINMU CTCPUIYCCKUMU 3aTPYAHCHUAMU.
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SO,CH(CH),

H,0, H* OYNYO

= 7
§OZCH(CH3)2 |L O/I\lef)\o
N 0
) O\( \|/0 H,0, H' / SO,CH(CH,),
% ~———> (CH,),CHSO,NH, + [—
0)\0 g O/ (H;C),HCO,8 SO,CH(CH,),
N
HO, H 0 N
Lo Oy .
O)\NAO
|
SO,CH(CH;),

B pesynprare koHmeHcammu ~(eHWICYTbQOHMIAMHUAA C TJIHOKcaleM moiy4eHel 10-
(beHanyJIL(pOHI/IJI-2,4,6,8,12-HeHTa0Kca-10-a3aTeTpau1/H<no[5,5,0,03’1I,OS’Q]HOﬂeKaH 9), 4,10-
,Z[I/I(beHI/IJIchIB(bOHI/IJI-z,6,8,12-T6TpaOKca-4,1O-I[I/Ia3aTeTpaLII/IKHO[5.5.0.03’11.OS’Q]I[O,Z[GKEIH (10) u 6,10-
mdenmncynbhonni-2,4,8,12-rerpaokca-6,10-guazarerpanukiof 5.5.0.0°'.0° | roxexan (11). Tarxe
HaM HE y/1aJloCh BBECTH B KapKac OKcaa3zan3oBIOpIUTaHa Ooblie ABYX azarpymi. [lo-Buaumomy, 310
CBSI3aHO CO 3HAYUTEIFHO BO3POCIIMMHU CTEPHUECKUMHU 3aTPYTHEHHSIMHU, OKA3bIBAEMBIMU OOBEMHOM

(beHnITBPHON TPYNION Ha Mpolecc COOPKHU KapKaca.

80;Ph ” 0N 0

N O

O O H,0, H* SO,Ph
j/\ I = . = PhSO,NH, + //—//
(0] (0] 0

(0]

| H,0, H* - OY

Hutposm3 monydyeHHBIX COCIMHEHUN a30THOW KHUCIOTHI U CMECAMHU HA €€ OCHOBE IPUBOJHUT K
MOJIYYEHUIO PsAZla HUKINISCKUX HUTpaMUHOB. [Toka3zaHa B3auMOCBSI3b (DU3UKO-XUMHUUYECKUX U B3PHIB-
YaThIX XapaKTEPUCTUK U CTPOEHUS KaPKACHBIX HUTPOMHUHOB.

CUHTE3UpOBaHHBIE COCIUHEHUs MPEACTaBIIAIOT MHTEPEC B KAueCTBE BBICOKOIHEPTETHUECKHUX

COEIMHEHUI U ITPEKYPCOPOB JIEKAPCTBEHHBIX BEIIECTB.

Jlnteparypa

1. Ceiconmsitun C.B., JlobanoBa A.A., Yepnukosa }0.T., Cakouu [.B. Meronbsl cuHTe3a M CBOICTBa TeKca-
HUTporekcaazanzopropuutana // Yemnexu xumun. 2005. T. 74, Ne 8. C. 830-838.

2. Ceiconsatun C.B., Jlobanosa A.A., Cypmaués B.H., Uepaukosa 1O.T. [Tonyuenue 2,4,6,8,10,12-rekcanuTpo-
2,4,6,8,10,12—reKcaa3aTeI‘pauI/IKn0[5,5,0,03’1I,OS’Q]noz{eKaHa U €ro CTPYKTYpPHBIX aHajoroB // Marepuaisl
MEKAyHap. Hayd.-TeXH. 1 MeToA. KoH(]. «CoBpeMeHHbIe MPobieMbl TeXHUYeCKoH xumum». Kazans, 2004.
C. 333-337.

3. Sysolyatin S.V., Sakovich G.V., Chernikova Yu.T., Surmachev V.N., Lobanova A.A. In 37th Annual Con-
ference of ICT. Karlsruhe, 2006. P. 141/1.
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SYNTHESIS OF OXAAZAISOWURTZITANE DERIVATIVES

S.V. Sysolyatin, A.E. Paromov
Institute for Problems of Chemical and Energetic Technologies, Siberian Branch
of the Russian Academy of Sciences, Biysk

The interest in compounds containing the tetracyclo[5,5,0,0*''0>"]dodecane cage is basically
due to their potential application as promising high-energy materials. The synthesis of a series of
compounds that contain hexaazaisowurtzitane and oxaazaisowurtzitane cages is currently known. For
instance, one of the most powerful explosives is 2.4,6,8,10,12-hexanitro-2,4,6,8,10,12-
hexaazatetracyclo [5,5,0,0>''0°?]dodecane (1) (HNIW, CL-20) [1].

It is well known that substitution of ester groups for some nitramine groups in the HNIW cage
decreases sensitivity and solubility of the resultant explosives without significant loss of density.
Therefore, a synthesis of new nitro-substituted derivatives of oxaazatetracyclo[5,5,0,03 ’“05’9]d0decane
(oxaazaisowurtzitane) is a hopeful area in search for promising insensitive high-energy materials. The
major challenge in preparing such compounds is a complicated synthesis of compounds bearing the
oxaazaisowurtzitane cage [2, 3].

We have studied an acid-catalyzed condensation of substituted sulfonamides with glyoxal in or-
der to synthesize compounds containing the oxaazaisowurtzitane cage.

We have obtained 2,6-dioxa-4,8,10,12-tetraazatetracyc10[5,5,0,03 ’11,05’9]d0decane-4,8,10,12-

tetrasulfonic acid salts (1) via condensation of sulfamic acid salts (MeSO3;NH,, Me — alkali metal)

with glyoxal.
MeO;8 70sMe SO;Me
jomow o TN
4 MeSO;NH, + 3 //—/ _— W 1
0 07 >N~ 70
|
SO;Me

The condensation of methansulfonamide with glyoxal afforded 10-methansulfonyl-2,4,6,8,12-
pentaoxa-10-azatetracyclo [5,5,0,03’1 1,05’9]d0decane (2), 4,10-dimethansulfonyl-2,6,8,12-tetraoxa-4,10-
diazatetracyclo [5,5,0,03 )1 1,05’9]dodecane 3), 4,10,12-trimethansulfonyl-2,6,8-trioxa-4,10,12-
triazatetracyclo [5,5,0,03’1 1,05’9]d0decane (4), and 8,10,12-trimethansulfonyl-2,4,6-trioxa-8,10,12-
triazatetracyclo[5,5,0,0°"",0°”]dodecane (5).

80,CH, 80,CH 50,1,
/
N
R OY YO H,0, H H,0, H* OYNYN \
e} )\ O)\ e} 1| |L [0) )\ N )\ O
|
/ SO,CH,
CH,SO,NH, + /—/
SO,CH, U H,COz8 $0.CT SO,CH,
N N
, OY YO _ HOH |T ﬂ HOH NY YN s
O )\ N )\ o] [0) )\ O)\ e}
SO,CH,
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In a similar manner, isopropylsulfonamide and phenylsulfonamide enter into the acid-
catalyzed reaction with glyoxal. The condensation between isopropylsulfonamide and glyoxal eventu-
ally gave 10-isopropylsulfonyl-2,4,6,8,12-pentaoxa-10-azatetracyclo[5,5,0,0>'",0>?|dodecane  (6),
4,10-diisopropylsulfonyl-2,6,8,12-tetraoxa-4,1 O-diazatetracyclo[5,5,0,03 11 ,Os’g]dodecane (7), and
8,10,12- triisopropylsulfony1-2,4,6-trioxa-8,10,12-triazatetracyclo[5,5,0,03’11,05’9]d0decane (8). The
respective 2,4,6-trioxa-8,10,12-triazatatracyclo[5,5,0,03’11,05’9]d0decane derivate could not be ob-

tained. This is likely due to the grown steric hindrances.

S0,CH(CHy),
HOH OYNYO
SO,CH(CHy), ” o)\N)\o
) o YNYO HO . /_/7 éOZCH(CH3)2
5 )\O )\o ~ (CH;),CHSO,NH, i (H3C)2HCOZS}\I SOCH(CHy),
- OY YN
0Ny

|
SO,CH(CHs),

“ H,0, H*

8

The condensation between phenylsulfonamide and glyoxal furnished 10-phenylsulfonyl-
2,4,6,8,12-penta0xa—lO-azatetracyclo[5,5,0,03’11,05’9]d0decane (9), 4,10-diphenylsulfonyl-2,6,8,12-
tetraoxa-4,10- diazatetracyclo[5,5,0,0>!",0>"]dodecane (10), and 6,10-diphenylsulfonyl-2,4,8,12-
tetraoxa-6,10- diazatetracyclo[5,5,0,03’11,05’9]d0decane (11). It was also impossible to incorporate
more than two aza groups into the oxaazaisowurtzitane cage. It appears to be due to considerably

grown steric hindrances induced by the bulky phenyl group on the cage assembling process.

?OZPh ” 0N ~0
. OYN\l/O H,0, H*  PHSONH /O SO,Ph
= HNHy — +
S J

(0]

O

| HOH' OY

Nitrolysis of the resultant compounds with nitric acid and its mixtures produces a range of cy-
clic nitramines. A relationship has been shown between physicochemical/detonation characteristics
and constitution of the caged nitramines.

The synthesized compounds are of interest as high-energy materials and precursors of drug sub-
stances.
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SYNTHESIS, PROPERTIES OF AlH; FOR SPACE PROPULSION

Hervé Graindorge
AIRBUS SAFRAN LAUNCHERS
Research Center of Le Bouchet, France

Aluminium hydride or alane (AlHs;) is a very important and fascinating material that draws increasing at-
tention due to its potential uses: (i) as an energetic component in rocket propellants, (ii) as a reducing agent in
alkali batteries and (iii) as a possible hydrogen source for low temperature fuel cells. It exhibits a density of
1,48 g cm°, a volumetric hydrogen capacity of 0,148 g mL™', that is more than twice as much as that of liquid
hydrogen (0,07 g mL™"). Its hydrogen mass capacity slightly exceeds 10 wt.-%.

Moreover, only the pure phase of alane is known to be stable enough to be stored and used. This work
aims at developing cheaper methods for alane production while keeping a maximum selectivity towards the
formation of o phase. Preparation using a classical organometallic synthesis in ether was implemented. An
etherate complex was formed, the ether was removed under vacuum and finally an adequate thermal treatment
led to pure a phase of alane as identified by powder X-ray diffraction.

A toluene free synthesis method was implemented and resulted in a cost reduction of 25 %. The stability
of the material was characterized through thermal analysis (DTA-TGA). The morphology and purity of the
alane were characterized using TEM, SEM and ICP-OES. Alane was synthesized using doping compounds and
resulted in a significant increase in the decomposition temperature from ca. 160°C to ca.174°C.

DOI: 10.17223/9785946215596/5

NEPCIHEKTUBHBIE HAITPABJIEHUSA MOJAEPHU3ALIUU
TBEPJOTOIIJIMBHBIX 2JIEMEHTOB 1Y
A.C. Kapkos, U.U. Auucumos, A.B. JlutBuHoB, E.A. YammxuH,
H.M. Kapmanos, I'.I1. KoBanenko
AO «DHIIL] «Anmaiiy, e. buiick

CoBpeMeHHbBIE HANIPaBIICHUS MOBBINIEHUS d((HEeKTUBHOCTH TiepcrnekTuBHBIX m3aenuit PKT 6azu-
pYIOTCS Ha pa3pabOTKE HOBBIX TEXHOJOTHYECKUX U KOHCTPYKTOPCKUX PEIICHHUH 10 KOHCTPYKTUBHOMY
00NMKYy TBEPIOTOILTUBHBEIX 37eMeHTOB (TD), MO3BONSAIOMMX B TIOJHOW MEpe peaan30BaTh PECypC

HMCIOIINXCA BBICOKOOHCPICTUYCCKHUX TOINIMBHBIX MAaTCPHUAJIOB.
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CyiiecTBytomye TEXHOJOTUHA HU3roToBIeHUS TO OrpaHMuYeHbl UCIIOJIB30BAHMEM CIIOKHOM M3-
BJICKAEMOM TE€XHOJIOTHYECKON OCHACTKH, (OPMUPYIOIIEH KOHCTPYKIIMHM KaHAJILHOTO THUIIA C MPOJI0Ib-
HBIMH ¥ TIOTIEPEYHBIMU (30HTHK) IIEJICBBIMH dJIEMEHTaMH. Peanu3anus Takux TeXHOJIOTHI OrpaHuyu-
BaeT TeMIIepaTypHBIN JAHUANa30H MPUMEHEHHUs MapIieBbix T, orpaHnyuBaeT Ko UIMeHTh 00BEM-
Horo 3amosiHeHust 1Y (Ky < 0,88+0,92) npu onHOoBpeMeHHOM (OPMYTUPOBAHUH BBICOKUX TpeOOBa-
HUW K MEXaHUYECKUM XapaKTePUCTUKAM TOTUIMBHBIX COCTABOB.

B nocneanue rojipl NOSBHINCH HOBbIE S KOHOMUYECKH BBITOJIHBIE TEXHUYECKUE perieHus [1-6],
OCHOBaHHbIE Ha M3roTOBIeHUU TD (puc. 1), pa3meneHHBIX Ha CEKIHMH C TIOMOIIBI0 HEU3BJIEKAEMbIX
dbopmooOpazyromux snemerToB (HOD). [Ipu Takoli KOMIOHOBKE MPOILIECC TOPEHUS peau3yeTcs B
30HE KaHalla ¥ M0 TOPIIEBBIM MMOBEPXHOCTAM mepenHeit u (wim) 3aaHeit cekuuu TO. Ocobast mpusiie-
KaTEeJIbHOCTh CEKIIMOHHBIX KOHCTPYKIIMH CBsi3aHA C BOBMOKHOCTBIO 00ECIIEUEeHUs pas3rpy3KH (3a cuer

KarncynupoBanus) TO KopmycoMm Ha 3Tare JIUTEIbHOH 3KCIUTyaTaluy.

[lepennsis cexuust

Puc. 1. KOHC’I‘pyKTI/IBHaﬂ CXeMa u3acisd ABYXCCKIIMOHHOI'O TUIIA
C HCU3BJICKaCMbIM (1)0pM006pa3y10H1HM 9JICMCHTOM

3amaua MOBBIICHHUS YHEPTOBOOPYKEHHOCTH pa3padaTbIBaeMbIX U3JENUIl pemaeTcs 3a cueT 00-
Jiee palMoOHANIBHOTO pa3MeleHus: Mareprana T Bo BHyrpeHHeM o0béme IY. TlpemanoxkenHoe pere-
HUe o0ecreynBaeT BO3MOXKHOCTh CHIKeHHUs Beca T3II BcrmencTBUUM peanu3alid MaKCUMAJIbHOM 3a-
IIUTHl KOPITyca OT BO3ACUCTBUS BHICOKOTEMIIEPATYPHBIX MPOAYKTOB paboThl Y, MO3BOJISET pas3rpy-
3uTh TD OT AKCIUTyaTallMOHHBIX HArpy30K, CHU3UTH (B 1,3—1,4 pa3a) ypoBeHb TpeOOBaHHI K MEXaHU-
YeCKUM Xapaktepuctukam TD, obecreunTs onTUManbHbIN pexuM padotsl Y. [Ipumeneane HOD u
peanu3anys TexHosoruu GopmoBanus TO 3a OJIMH TEXHOJOTHUECKUH LIUKI MMO3BOJISIET CHU3UTH TPY-
TO0EMKOCTb U TIOBBICUTH 0€30IIaCHOCTb M3rOTOBIIEHH T 3a cueT ynpoleHus ¢a3 cOOpKH, MOHTaXKa U
pacrpeccoBKU AIIEMEHTOB TEXHOJOTMYECKOW OocHAcTKH. [losiBiseTcss BO3MOXKHOCTb 0OecrieueHusl He-
JOCTHXKUMBIX paHee mapameTrpoB BecoBoro coBepmeHcTBa JY (Ky = 0,95+0,97), 3HauuTenbHOTO
paciIupeHusl TEMIIEPATypHOTO Juana3zoHa dKCIUTyaTalluy 3a cueT pasrpy3ku TO u ycTpaHeHUs Lielne-
BBIX KOHIIEHTPATOPOB HAIPSKEHUH.

JIJ1s1 OLIEHKU BO3MOKHOCTU IIPAKTUYECKON peau3aliy MPEUIOKEHHBIX TEXHUYECKUX PEIICHUN
Obu1a pa3paboTaHa TEXHOJIOTHS U3TOTOBJICHUS JBYXCEKIIMOHHOTO m3aenus (puc. 1) 3a oauH TeXHOJIO-

TMYECKUN LIUKJI ¥ IPOBEAEH KOMILJIEKC 3KCIUTyaTallMOHHBIX HCTIBITAaHUH TO.
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[Iporpamma 3KCTIEpUMEHTAIBHBIX MCCIEIOBAaHUM BKJIIOYANa aHAIU3 OCOOEHHOCTEH MexaHWue-
CKOTO TIOBEJEHUS JIBYXCEKIIMOHHOTO TO INpu BO3IEHCTBUU TEMIIEPATYpHOW HArpy3Kud M BHYTpHKa-
MepHoro nasieHus. IIpoBeaeHHbIE UCIBITAHUS MOATBEPAWIN PEAIN3ALNI0 HETPAAULIMOHHO HU3KOTO
YPOBHS HAaIPsKEHHO-1e()OPMUPOBAHHOTO COCTOSHHS B pa3iM4HbIX 30HaX 1O mpu BO3AEHCTBUU BBI-
COKOMHTEHCUBHOU TeMIepaTypHO# Harpy3ku (B Tom yucie rnpu T, = —50°C). [lomoOHoe moBBIIICHHE
pecypca TMPOYHOCTHOH paboTOCnocoOHOCTH O00eCreueHo 3a CueT YCTPaHEHHs] KOHIEHTPAaTOpPOB
HanpspKeHUH U pasaeneHus TO Ha ceKUMU. DTO MO3BOJSET OTKA3aThCA OT TEPMOKOHTEHHEPOB INPHU
LITATHOM DKCIUTyaTallul HATypPHBIX U3ICIIHMN.

IIpu nmpoBeAeHUH CTaTUYECKOIO HAJlyBa 3KCIEPUMEHTAIBHO MOATBEPAKACHO PACKPHITHE MEX-
CEKLMOHHOTO 3a30pa npu aasieHuu P = 0,5-1,0 MlIla, rapanTupyromero mraTHoe BOCILIAMEHEHHUE
TOPLEBOM MOBEPXHOCTHU mepeaHelt (3agHeit) cekuuu TO. PacueTHble OLICHKU MOKa3aiM, YTO BO3JEH-
CTBUE OCEBBIX MEPErPY30K TAKKE IPUBOJUT K PACKPBITHIO MEKCEKIIMOHHOTO 3a30pa, rapaHTUpPYIOLIe-
ro mraTHyto padorty Y.

[Tocnenyromee MOJIOKHUTEILHOE OTHEBOE HCHBITAHWE MOATBEpAMIIO paboTocnocoOHOcTh TO
CEKIIMOHHOTO THIIa C HEU3BJIEKaeMbIMH (HOpMOOOpa3yIOIUMH IeMeHTaMU. [Ipuopurer 1 HOBHU3HA

00CyX/1aeMbIX KOHCTPYKIMKA T3 3auiieHbl maTeHTaMu U U300peTeHUsIMU.

BrIBOIBI

DKOHOMHYECKH IiefiecooOpa3Hble HampaBiieHUs mMoBbleHus (Ha 14-15%) sddexTuBHOCTH
TBEPIOTOIUIMBHBIX J[Y MOTyT OBITh peain30BaHbl 32 CYET UCIIOIB30BAHUS CEKLIIMOHHBIX KOHCTPYKIMI
TO ¢ HOD, no3Bosisiomux yBeIMuuTh KO03()(UIIMEHT BECOBOro coBepIieHcTBa J[Y, MakcuMallbHO
3alIUTUTH KOPIYC OT BBICOKOTEMIIEPATYPHBIX BO3ICHCTBHI M PaCIIUPUTh TEMIIEpaTypHBINA JUaNa30H

MIPUMEHEHHUSI CUCTeMBbI TI-KopIyc.
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ADVANCED DIRECTIONS TO UPDATE THE SOLID PROPELLANT ELEMENTS OF PS
A.S. Zharkov, L.I. Anisimov, A.V. Litvinov, E.A. Chashchikhin,
N.M. Karmanov, G.P. Kovalenko
JSC FR&PC “ALTAI’, Biysk

Modern directions to increase the efficiency of the advanced rocket-space articles are based on
the development of new technological and design solutions concerning construction of solid propel-
lant elements (SPE), which enables to implement the available resource of high-energy materials.

The existing manufacturing techniques of SPE are limited by the use of complex removable
shape element that forms the channel-type constructions with longitudinal and transverse (umbrella-
form) slotted elements. The implementation of such techniques restricts the temperature range of the
use of sustainer SPE, limits the propulsion system (PS) volume filling factors (Ky < 0.88+0.92),
meanwhile, forming high requirements to the mechanical characteristics of the propellant composi-
tions.

Recently, the new economically sound techniques [1-6], based on the manufacturing of SPE
(Fig. 1), divided into sections by means of nonremovable shape elements (NSE) are developed. This
SPE design allows burning process inside the channel zone and along the end surfaces of the front and
(or) back SPE section. Special feature of sectional construction is the ability to discharge (due to en-

capsulation) the SPE by means of case during long-term operation.

) Back section

Front section

Fig. 1. Construction diagram of the double-section type article
with nonremovable shape element (NSE)

The problem of increasing the power of the developed articles is solved due to the most reason-
able laying of SPE material inside the PS. The proposed solution provides the ability to reduce the
weight of insulation because of maximum protection of the case from exposure of PS high-
temperature products. Such construction also helps to relieve the SPE from operational loads, to re-
duce (1.3-1.4 times) the level of requirements to SPE mechanical characteristics and to provide opti-
mum operation control. The usage of NSE and SPE molding during process cycle reduce the com-
plexity and enhance the SPE manufacturing safety due to the simplifying of assembly and installation
phases, as well as the decompression of the tooling elements. Thus, there is a possibility to provide the
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unachieved before weight parameters of PS (Ky = 0.95+0.97), a significant expansion of operation
temperature range due to the SPE discharge and clearing of slotted stress concentrators.

Manufacturing technique of double-section article (Fig. 1) during one process cycle was devel-
oped to assess feasibility of the proposed technical solutions, and complex of SPE operational tests
was conducted.

Experimental studies included the analysis of the peculiarities of the mechanical behavior of
double-section SPE when thermal loading and intrachamber pressure. Tests have confirmed the non-
traditional low-level stress-strain state in different SPE zones when high-intensive thermal loading
(including when Tg=-50 °C). Such increase of strength efficiency resource was achieved by means of
clearing the stress concentrators and separation of SPE into sections. This excludes thermal containers
during normal operation of full-scale articles.

When static charging, the intersectional opening of the gap was experimentally confirmed at a
pressure of P=0.5-1.0 MPa, providing regular ignition of the end surface of the front (back) SPE sec-
tion. The calculated assessment showed that the effect of axial overload also leads to the opening of
intersectional gap, ensuring PS standard operation.

The next positive firing test confirmed the performance of sectional type SPE with nonremova-
ble shape elements. Priority and novelty of the constructions of SPE are protected by patents and in-

ventions.

Conclusions

Economically reasonable ways of increasing (14-15%) the efficiency of solid propellant PS can
be implemented through the use of sectional constructions of SPE with NSE, improving PS weight
factor, protecting the body from high-temperature impacts and expanding the temperature range of
SPE-case system.
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NEW SOLUTIONS FOR FUSE AND CIRCUIT BREAKERS

Gilles GONTHIER
AIRBUS SAFRAN LAUNCHERS
Innovative Business, France

Fuses and Circuit Breakers play an important safety role in electrical transportation systems.

Challenging new applications, especially in DC grids, have brought conventional current limit-
ing devices to their limits. Indeed, mechanical circuit breakers may be too slow to open for networks
with large DC fault currents.

On the other hand, fuses may be too slow to open with very low DC fault currents.

For AC applications, the natural zero crossing will help clear fault currents. In DC applications,
the no natural zero crossing makes clearing faults by conventional current limiting technologies difficult.

This presentation describes a new solution to protect DC transportation using a fuse and pyro-

switch hybrid system. This will apply to PV generation, energy storage, Electric Vehicles.
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SUCCESSFUL RESEARCH AND DEVELOPMENT OF HYDROXYL
AMMONIUM NITRATE THRUSTER
R. Amrousse', T. Katsumi’, K. Hori'
! Japan Aerospace Exploration Agency (JAXA), Japan
’Nagaoka University of Technology, Japan

Topic: 1. Development of HEMs, Their Features, Diagnostics and Combustion

Since 2000, Japan Aerospace Exploration Agency (JAXA) is involved in the research and de-
velopment (R&D) of hydroxylammonium nitrate (HAN)-based liquid monopropellant, SHP163 which
is composed of HAN, ammonium nitrate (AN), methanol and water. The thruster employed in the tests
is vertical 20 N type which is optimized after several failures. The historical evolution of the thruster
development was due to couple of problems that were resolved: i.e. lack of control of the catalyst-bed
temperature, heat soak back effect, vertical test thruster setting and lack of knowledge about the chem-
ical reaction of HAN/AN. In this paper, promising SHP163 as green space propellant is synthesized
and successively considered as candidate for small satellite missions scheduled by JAXA. In-depth
system studies in relation to the aforementioned propulsion, the design for advanced green propulsion
systems of the future is appreciated. The obtained results on thruster 20 N type demonstrate that
SHP163 is selected to be used as hydrazine alternative monopropellant for innovative satellite tech-
nology project in Japan.

In general, HAN based monopropellant consists of HAN, fuel, solvent and some additives. We
chose a mixture of HAN, AN, and water as a basic oxidizer, and employed methanol as fuel. The mass
ratio of HAN, AN, and water mixture are fixed at 95/5/8, and only methanol content varied. Control
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sample does not include methanol and is originally developed as a liquid oxidizer of which the freez-
ing point is below -10°C. SHP163 delivers the highest performance within these compositions be-
cause the methanol content of SHP163 is equivalent to stoichiometric ratio against the oxidizer, HAN
and AN.

Two categories catalyst shapes were selected for HAN-thruster tests; (i) granular Shell 405 cata-
lyst (S405 catalyst, i.e. 30% Ir/ALLOs; 25 um) and (ii) prepared honeycomb catalysts. Commercial
honeycomb supports with 400 and 600 channels per square inch (cpsi) were developed by NGK Com-
pany (Nihon Gaishi, Japan).

The 20 N thruster type was previously described [1, 2] and represented in Fig. 1. It was
developed by JAXA since 2000.

Piston HAN
tank

HAN
propellant line

Electromagnetic
valve

Catalytic T,
bed Ty
HAN

thruster

Te Py

Vacuum
pump e e e e e ———————————

<
)
e
=
=
=i
e
=
s
=
z
&
<]

Fig. 1. Scheme of 20 N thruster type

In this paper, we have shed light on SHP163 propellant. Findings from this study suggest that
SHP163 propellant developed by JAXA is constantly gaining an augmented interest as alternative
propellant candidate for future space applications. JAXA did similar concurrent effort by other
worldwide space agencies such as NASA and ECAPS in order to develop a low hazardous and re-
duced cost alternative to traditional monopropellant systems using hydrazine, with the goal of meeting
new requirements for small satellite missions. Recently, HAN 20 N-thruster chamber and correspond-
ing advanced monolith catalysts were developed and considered as the most promising technology to
replace the conventional hydrazine in Japan. In fact, HAN-based monopropellant mixture selected to

be used in "Innovative Satellite Technology" project which will be launched next year by JAXA.
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CHHTE3 Y CBOMCTBA KPUCTAJIJIOB IUKJINYECKUX HUTPAMUHOB
C BKUIOYEHUAMU METAJIVIMYECKUX YACTHUI]
I'.B. Tennios, H.B. Bbruun, FO.A. [TuBoBapos, B.H. Ilonok
AO «DHIIL] «Anmaiiy, e. buiick

Meraminueckre 4acTHUIlbl SIBJSIOTCS OCHOBHBIMHM TOPIOYMMHU 3JIEMEHTAMU MHOTHUX CMECEBBIX
SHEPreTUYECKUX MarepuanoB. [Iporecchl MX OKUCIEHUS U TOPEHUS PUBOJIAT K PE3KOMY YBEITUUCHUIO
00BEMHOTO YIETPHOTO UMITYJIBCA.

[Ipr KOMIIOHOBKE TBEPIBIX CMECEBBIX KOMIO3HMIMN OCHOBHOM 00BEM 3alOJHSIOT JUCIIEPCHBIE
KPUCTAILIBI OKUCTUTENS (TIEpXJIOpaT aMMOHHSI, HUTPAT aMMOHHUS U JIP.) U Pa3INYHbIC SHEPTeTUICCKHE
nobasku (okroreH, rekcoren, CL-20 u ap.), a 9acTUIIBI METaJlJIa C BRICOKOW KOHIICHTpAIel 3aHuMa-
IOT OCTaBIIEECs MEXKKPUCTATUIMUECKOE MPOCTPAHCTBO. Bee 3TO MPUBOAUT K BHICOKOMY CKOIUICHHUIO U
TECHOMY KOHTAKTy YAaCTHI[ METaJlJla JPYr C APYrOM, YTO MU SIBJISIETCS HEOOXOIMMBIM YCIOBUEM IS
Pa3BHUTHS TPOIECCOB ariioMepaIuu, XapakTepHBIX I OOJBIIMHCTBA COBPEMEHHBIX BBICOKOIHEPTe-
tuueckux CPTT.

Hacrosimmass pabota HampaBlieHa Ha CO3JIaHUE TPUHIUINUAAIBHO HOBOTO TOJXOJa B PEIICHUH
mpo0ieM, CBS3aHHBIX C HCIIOJIb30BAHHEM YaCTHUI[ METAJUIOB B COCTAaBAaX CMECEBBIX DHEPTETUUYECKUX
MarepuaioB. B pe3ynbrare ucclieOBaHUM MOTYyYEHbl KPUCTAIUIBI LIUKIMYECKUX HUTPAMUHOB, TAKUX
kak CL-20 1 oKTOreH, ¢ BKIIFOUEHUSIMU YaCcTHUIl aTFOMUHUS Win okcuza xkenesa (I1I) paznoro pasmepa.
JlaHHBII 1MOJXO0J MO3BOJIIET BHIBECTH YaCTh aKTUBHOTO METajula M3 MPSMOTO KOHTAKTa C KUIKUMU
CBSI3YIOIIMMHU KOMIIOHEHTAMU U T€M CaMbIM CHU3UTh KOHILIEHTPALUIO META/lJIa B MEKKPHUCTAILIINYE-

CKOM IIPOCTPAHCTBE KOMIIO3HIUH.

1@Pn WD27

Puc. 1. IToBepxHocts kpuctaimioB CL-20 ¢ BKIIOYEHUSIMU:
a, 6 — amomunnii Mmapku ACJI-6; ¢ — amomunnii mapkn ALEX

Ha npumepe kommiuekcoB CL-20 nokazaHo BIUSHME KOMIOHOBKH 3HEPI€TUYECKUX COCTAaBOB Ha
UX XapaKTepUCTUKU ropeHus. Pa3BuTHe AaHHOTO MOAXO0Ja B MOAM(DUIMPOBAHUM CYIECTBYIOLIUX

mratHeix KomrnoHeHToB CPTT 3a cuer BKIIIOYEHHS YaCTHUIl METAIJIOB MO3BOJIUT A(PPEKTUBHO PETYIIN-
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POBaTb OCHOBHBLIC MCXaHUYCCKUC, PCOJIOTUYCCKUC U OaJINCTUYECKHE XapaKTCPpUCTUKNU CMCCCBLIX Ma-

TEPUAJIOB, & TAKKE PEIIUTh P TEXHOJIOTUYECKUX MPoOIeM, BO3HUKAIOLINX P (POPMOBAHUU U3ICITHH.

Paboma evinonnena npu gunancosoii. noodepoicke Poccuiickoeo ¢ponoa yHOamenmanbHulx Ucciedo8anuti
(mon_Hp Ne 15-33-51156 u Ne 16-33-50120).
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SYNTHESIS AND PROPERTIES OF CYCLIC NITRAMINES CRYSTALS
WITH METALLIC PARTICLE INCLUSIONS
G.V. Teplov, N.V. Bychin, Y.A. Pivovarov, V.N. Popok
JSC FR&PC “ALTAI”, Biysk

The metal particles are the main elements of many mixed energetic materials. The processes of
oxidation and combustion leads to a sharp increase of volumetric specific impulse.

In a composite solid propellants the oxidizer (AP, AN, ADNA) and high explosive (RDX,
HMX, CL-20 etc.) occupies the major percentage of the weight and volume of the propellant and the
metal is located in the void spaces or interstices between the large particles. This arrangement concen-
trates the metal fuel in a relatively small volume of the propellant. All of this leads to high congestion
and close contact with each other metal particles, which is a prerequisite for the development of ag-
glomeration processes common to most modern propellants.

This work aims to create a fundamentally new approach to solve the problems associated with
the use of metal particles in composite energetic materials. The studies were directed to obtain crystals
of cyclic nitramines such as CL-20 and HMX with inclusions of aluminum or iron oxide (III) particles
of different sizes. This approach allows display portion of the active metal in direct contact with liquid

binders, thereby reducing the concentration of metal in the compositions intercrystalline space.

£997018KY WEBE  18Em WD27

Fig. 1. The morphology of CL-20 crystals with inclusions: a, b — aluminum ASP-6; ¢ — aluminum ALEX

As example complexes of CL-20 shows the effect of the layout of power structures on their
combustion characteristics. The development of this approach is to modify the existing staff compo-

nent propellants to include metal particles will effectively regulate the basic mechanical, rheological
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and ballistic performance of composite materials, as well as solve a number of technical problems in

the molding products.

This work is supported by grant Ne 15-33-51156 and Ne 16-33-50120 from the Russian Foundation for Basic

Research.

DOI: 10.17223/9785946215596/9

TEPMHUYECKAS CTABUWJIBHOCTDb U TAPAMETPbBI TOPEHUS HUTPOIIUPA30OJIOB
H.B. Mypasbes', A.A. Bparun', K.A. Monorapos', A.C. Hukudgoposa',
H.B. (I)OMeHKOBZ, A.H. lluBkuna'
IHHcmumym xumuueckou gpusuxu um. H-H. Ceménosa Poccutickotl akademuu Hayk, 2. Mockea
2HHcmumym opeanuvecxou xumuu um. H.J]. 3enunckozo Poccutickoul akademuu Hayk, 2. Mocksa

OpnHO U3 HanpaBiIEHUI MOMCKA HOBBIX BBICOKOIHEPTETUUECKUX MAaTEpPHAIOB — CUHTE3 U UCCIIE-
JIOBaHME BEILECTB C BBICOKUM COJIEP>)KAHUEM a30Ta, CPEAN KOTOPBIX IPYIIIA IOJIMHUTPOBAHHBIX MTHpa-
30JI0B 3aHUMaeT ocoboe mecto. B pabote uccnenoBansl 3,4- u 3,5-AMHATPONIUPA30JIBI U S-aMUHO-3,4-
muauTponupason (5-AZlII). CornacHo pe3ynbTaraM TEPMOJMHAMHYECKOIO PAacyeTa, JETOHALMOHHBIE
napametpsl 5-A/II1 6nau3ku k rekcoreny. UyBcTButenbHOCTh K yaapy S-A/JIIl cocraBuma 2342 JIx,
MaTepHuall MPaKTHYECKH HE YyBCTBUTENIEH K TPEHHUIO: NMPH MakcUMalibHOU Harpy3ke 360 H nabmiona-
noch Tolbko 40% cpabateiBanmii. Takum 00pa3om, MO YYBCTBUTEIBHOCTH K yJaapy U K TPEHUIO 5-
aMUHO-3,4-TMHUTPONIMPA30JI 3aHUMAET IPOMEKYTOUHOE MOJI0KEHUE MEXKTY TPOTUIIOM U FE€KCOTEHOM.
Tepmuueckas crabunpHOCTh cuHTe3upoBaHHOTO 5-A/JIIT onennBanace metonom TT'A/JICK ananuza.
[Tocne muaBnenus npu 195°C npoucxoaut pasznoxxenue ~40% Macchl BeliecTBa ¢ TEIUIOBBIM 3P dek-
toMm 2400 JDx/r, a MakcuMaibHas CKOPOCTh pasioxeHus nocturaercs npu 209°C. 3ateMm BeniecTBo
MeaeHHO TepsieT maccy, u npu 400°C ocrarounas macca oOpasua cocrasiser 15%. Tepmuueckas
crabunpHOCTh 5-AJlll, onpeneneHHas 1Mo pe3ynbraTaM aauabaTHUecKOil KaloOpUMETPUH, HECKOIBKO
Hwxke, yeM Uit CL-20. CkopocTh TOpeHUst MOHOTOIUIMBA S-aMuHO-3,4-muHuTponupasoia npu 7 Mlla
cocraBiser 14,3 MM/c, 9TO TIPEBBIIIACT 3Ty BETUUMHY JUIsl OKToreHa 11,3 MM/c mpu 3ToM MOKasarenb
CTETIEHU B 3aKOHE FOPEHHsI 3HaYUTENbHO HIke U cocTaBisieT 0.5. [Ipu nobaBneHnn nepxiopaTa am-
MoHus (I1XA) mokazaTenb CTeNeHU B 3aKOHE TOPEHUSI HE U3MEHSETCs, IPU 3TOM CKOPOCTh TOpPEHUs
o6unapuoro cocrasa 5-AII/IIXA mpeBbimaer 3Ty BeIWYHHY Ul kKoMmno3uiuu oktored/IIXA. Ilpo-
BEJICHHBIM KOMILJICKC AKCIIEPUMEHTOB IO OMpPEACICHUIO TePMUYECKON CTaOMIBHOCTH, YYBCTBHUTEIb-
HOCTH K MEXaHMYECKUM BO3ACHCTBMSIM, MAapaMETPOB FOPEHUS U XMMUYECKOW COBMECTUMOCTH C W3-
BecTHBIMH KoMmrnoHeHTaMu DKC mokasa, 4To 3TO cOeIMHEHUE 00J1alaeT CBOMCTBAMM, ITO3BOJISIOIIN-

MU T'OBOPUTH O €TI0 MEPCIHCKTUBHOCTHU JIs1 COBPEMCHHBIX KOMHOSHHHﬁ.
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5-AMINO-3,4-DINITROPYRAZOLE: THERMAL STABILITY AND COMBUSTION
N.V. Muravyevl, A.A. Braginl, K.A. Monogarovl, A.C. Nikiforova',
LV. Fomenkov’, A.N. Pivkina'
'N.N. Semenov Institute of Chemical Physics, Russian Academy of Sciences, Moscow
’N.D.Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow

Novel energetic compound 5-amino-3,4-dinitropyrazole (5-ADP) have been extensively studied.
Calculated detonation parameters prove the high energy content in this molecule. Thermal stability
has been assessed using various techniques. The onset decomposition temperature of 5-ADP, as has
been defined by accelerating rate calorimeter, was found to be lower than that one for CL-20. Com-
pound 5-ADP is insensitive to friction and possesses low impact sensitivity. Chemical compatibility
have been evaluated for binary mixtures of 5-ADP with some common energetic materials using
standard techniques. Small-scale DSC tests signified some problems with the active binder, whereas
the more sensitive ARC technique revealed the reasonable compatibility. Burning rate pressure expo-
nent for 5-amino-3,4-dinitropyrazole monopropellant was found to be 0.5, which is lower than the
typical values for explosives (RDX, HMX etc). The addition of ammonium perchlorate resulted in the
burning rate increases without change the pressure exponent. The whole set of experimental results

reveals 5-amino-3,4-dinitropyrazole to have positive perspectives as an energetic material.
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EXPLORING STRUCTURE-PROPERTY RELATIONSHIPS IN ENERGETIC MATERIALS
USING EXTREME CONDITIONS AND CRYSTAL ENGINEERING
Pulham Colin
University of Edinburgh, UK

Key properties of energetic materials include reliable performance under a range of environmen-
tal conditions, long-term stability, environmental impact, processability, and sensitivity to accidental
initiation through stimuli such as impact, shock, friction, and electrostatic discharge. Many of these
properties are affected by the crystal structure of the energetic material. Explosives experience ele-
vated pressures and temperatures under detonation conditions — such conditions often induce phase
transitions in the energetic material. Hence detailed studies of pressure-induced structural changes in
these materials are essential in order to understand and model fully their behaviour. At the same time,
there is increasing interest in the use of co-crystallisation to modify the properties of energetic materi-
als by altering the intermolecular interactions of energetic molecules in the crystal structure. This
presentation will describe some recent high-pressure structural studies on selected high explosives
(e.g. dinitroanisole, FOX-7, and TATB) using a combination of X-ray and neutron diffraction tech-
niques. Crystal structures of these materials accessed through pressure- and temperature-induced

phase transition, as well as their anisotropic response to pressure, will be correlated with the sensitivi-
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ty of these materials to impact and shock. Results will also be presented for a series of salts and co-
crystals of nitrotriazolone (NTO) that illustrate how crystal=engineering techniques can be used to
modify intermolecular interactions (e.g. hydrogen bonding) such that properties such as density, solu-
bility, and impact sensitivity of these materials can be tailored.

DOI: 10.17223/9785946215596/11

INPOU3BOJHBIE 'EKCAA3AN30BIOPIIMTAHA B KAYECTBE
HOTEHLHUAJIBHBIX UHCTOYHHUKOB

HOBBIX JIEKAPCTBEHHBIX CPEJICTB
C.I. Kpbmonal, T.H. HOBeTbeBal, E.IL 3yeBa1, E.H. AMocosal, TJI. Pa:mHal,

0.10. PblﬁaJIKI/IHal, K.A. .JIonaTmlal, H.N. Cyc.nonl, 10.B. HeCTePOBal, C.B. CLICOJIHTI/IHZ,
AN. Kanamﬂnxonz, B.B. Ma.JIbIXI/IHZ, A.M. Ilblraﬁl, B.B. )K;[aﬂonl, A.Bb. Bopomuonz,
A.C. Kykos®
IHaylmo-uCCJzedoeameﬂbCKuﬁ UHCMUMYM (DAPMAKOA0SUU U PEe2eHEPAMUBHOU MEOUYUHDBL
umenu E.J[. I'onvobepea, 2. Tomck
ZHHcmumym npo6ﬂeM XUMUKO-OHEpceEMUUECKUX mexHo02ull
Cubupckozo omoenenusi Poccutickou akademuu nayx, e. butick

[IpounsBoHbIE 2,4,6,8,10,12-F6K0aa3aTeTpaL[I/IKJIO[5,5,0,03’1I,OS’Q]HOHeKaHa (rexcaa3an3oBIOPIIH-
TaHa) TPEJCTaBISIIOT COOO0M TOMMA30TUCThIC TOJUIMKINYECKAE COSAMHEHHsI KapKaCHOTO CTPOCHHS,
00yCTIOBIMBAIOIIETO UX YHUKAIbHBIE CBOMCTBA. COEMHEHHSI ATOTO Psijia BIIEPBbIE ObLIM CHHTE3UPOBa-
HbI B 80-X T0o/1aX MPOILIOro BeKa, M ¢ TeX Mop mpobiemMa MoTydeHus] pa3IuyHbIX MPOU3BOIHBIX TeKca-
a3au30BIOPIMTAHA, KaK MEPCIIEKTUBHOTO KOMIIOHEHTA TBEPBIX PAKETHBIX TOTUTUB M KOMITO3UITMOHHBIX
B3PBIBUATHIX BEIIECTB, MPEICTABIISICT MOBHIIICHHBI HHTEPEC B 0O0POHHOI MPOMBINIIEHHOCTH. JIUh B
MOCTIETHUE TOJIbI COCTMHEHHU S TeKCaa3an30BIOPIIUTAHOBOTO CTPOSHUS HAYAIH PACCMAaTPUBATHLCS C TOYKH
3peHwHsi IPUMEHEHUS UX B MeAuIMHE. MIHTepec K JaHHBIM COSIMHEHHSIM KaK K TOTEHIIMATBHBIM UCTOY-
HUKaM HOBBIX JIEKAPCTBEHHBIX CPEJICTB 0OCYkKAaeTCsl B HAYYHO-MEIUIIMHCKON TUTeparype, HO MPHOPHU-
TETHBIC MYOIUKAIIMU HA ATY TEMY €CTh TOJbKO Y POCCHHCKUX ydeHBIX. [IporHo3 crekrpa Omonoruye-
CKO¥ aKTMBHOCTH METOJIOM KOMIBIOTEPHOTO MOJICIMPOBAHUS C UCIOIH30BAHUEM MPOTPAMMHOTO TMaKe-
ta PASS mo3BoimiI mporHo3upoBaTh OOJBIIOE YHCIO BEPOSITHBIX BUJOB OHMOJOTHYECKOW aKTHUBHOCTU
MoaM(UKAIMI TaHHOTO BEIIeCTBAa HA OCHOBE €r0 CTPYKTYpHOU (opmyibl. COrflacHO MPOM3BEACHHBIX
Hamu pacderoB BeposTHOCTH drug-likeness, pon3BoIHBIC I'eKCaa3aM30BIOPIMTAHA MIPEICTABISIOT CO-
00l HOBBIN KJIaCC OMOJOTMYECKH AKTUBHBIX COCTUHEHUH, 00JaJaloNnX pazHooOpasHOU creruduye-
CKOW aKTHBHOCTBIO. 3HAuUEHMsI pacdeTa BEPOSTHOCTH Haiauuus obOez0omnwmBaromiero neiictBus drug-
likeness amst uccrneayeMbIX COSIMHEHHUN TeKCAa3an30BIOPIIMTAHOBOTO CTPOCHUSI HAXOMWINUCh B JiHaria-
30He 50 - 90 %, 4TO rOBOPUT O MOTEHIIMATILHOM BO3ZMOKHOCTH CO3/IaHUSI HA OCHOBE JAHHBIX COEJIUHE-
HUH HOBBIX ()apMaKOJIOTHUECKUX MIPETapaToB ¢ aHATBI €TUIECKON aKTUBHOCTHIO.

B UIIXOT CO PAH cuHTe3upOBaHbl MOJEKYJbl — NEPCIEKTUBHBIE KaHAUAAThl B JIEKAPCTBEH-

HO€ CpPEICTBO Ha OCHOBE ITPOM3BOIHBIX 2,4,6,8,10,12-reKcaa3aTeTpau1/IKJ10[5,5,0,03’1l,Os’g]noneKaHa,
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U3 KOTOPBIX BBIOPAHO I ANBHEHIIEro uccienoBanus coequaenue 4-(3,4-muopomMTro-peHKapOOHI)-
2,6,8,12—TeTpaauemJ1-2,4,6,8,10,12-reKcaasaTeTpauHKH0[5,5,0,03’1l,Os’g]ﬂoueKaH (THOBIOPIIMH) Ui CO-
371aHKS HA €r0 OCHOBE KOHKYPEHTHOCIOCOOHOTO Tperapara, 00Naaromero coyeTanueM (hapMakoIory-
4yeckuX 3(h(eKToB, HEOOXOIMMBIX Ul TIPOSIBICHUS BBIPAKEHHOM aHaIbreTHYeCKOW akTUBHOCTH. [Ipmo-
PUTET MPE/ICTABICHHONW SKCIIEPUMEHTAIBHON pa3paboTKu MOATBEepkAeH maTteHToM Ne 2565766 PO «4-
(3,4-mubpomtrodenkapoonmn)-2,6,8, 1 2-terpaarermn-2,4,6,8,10, 1 2rexcaazareTpaxiio

[5,5 ,0,03’11,05’9]H0H6K3H B KQUECTBE aHAIBIETHUYECKOTO CPEICTBA U CIIOCO0 €ro TOTydSHUSD.

B HUM®uPM um. E.JI. T'onbnbepra npoBeaeHbl 3KCIIEpUMEHTAIbHBIE UCCIIEIOBAHUA in Vivo,
B KOTOPBIX BBISBJIEHO BBIPAKXEHHOE aHAJIBI€TUYECKOE JCHCTBUE THOBIOPIIMHA B OaTapee MOBeJeHYe-
CKUX TECTOB C pa3IM4HON cucTeMor Houuuenuuu («lopsuas miactuHay, «bpaJuKnHUHOBOE BOCIIa-
JeHUe», «YKCYCHBIE KOpuHn», «DopManuHOBOE BOCHAJICHUEY», «ApaxuIOHOBOE BOCIAJICHUE» U JIp.).
[TomydeHHbIe pe3yabTaThbl CBUACTEIBCTBYIOT B IMOJIb3Y MHTHOUPYIOIIETO BIMSHUS THOBIOPIIMHA Ha
nepugeprudeckre U LEeHTpaIbHbIe MEXaHU3MBI Pa3BUTHS U MOAEpKaHus 6ojieBoro cunapoma. Heoo-
XOJAMMO TIOJJYEPKHYTh, YTO aKTUBHOCTh THOBIOPIIMHA JIMIICHA PUCKA Pa3BUTHUS TOOOUYHBIX 3(PPeKTOB,
XapaKTEPHBIX JUISl aHAJIBI'€THKOB IIEHTPAIBHOIO JIEHCTBHS, MOCKOJIbKY B MPEIBAPUTEIBHBIX JKCIIe-
PUMEHTax J0Ka3aHO, YTO BEIIECTBO HE BBI3BIBACT JIEKAPCTBEHHON 3aBHCHMOCTH, YTHETECHUS IbIXa-
Hus. CoryiacHO MpeBapUTENbHBIM pe3yibTaTaM MCCIEIOBAHUS OCTPOH TOKCHMYHOCTH THOBIOPIIUH
COOTBETCTBYET TpeboBaHUsAM 4 Kilacca omacHOCTU «BemiectBa MainoomacHeie» (IOCT 12.1.007-76
«Bpennbie BemecTBay). KypcoBoe BBeneHHEe THOBIOPIMHA B 3()(EKTUBHBIX 033X HE BBI3BIBAJIO Yilb-
neporenHoro nospexaenus ciuzuctoi XKKT skcriepuMeHTaIbHBIX KUBOTHBIX.

Takum 00pa3oM, MO COBOKYIHOCTH PE3YJIbTaTOB 3KCIIEPUMEHTAIBHBIX HCCIIEAOBAHUM in Vivo
THUOBIOPLUH MO3ULIMOHUPYETCS B Ka4eCTBE HETOKCUYHOTO BHICOKOA()(HEKTHBHOTO aHAIBI€THUECKOTO
Cpe/CTBa, HE UMEIOILIETO aHAJIOTOB B MATEHTHON M HAYYHO-MEIUIIMHCKOM JTuTeparype.

CornacHo cTpaTeruu pa3BuTus papMareBTHUECKON MpoMbliieHHocTH Poccuiickoit deneparn
Ha niepuof 10 2020 rona, HEOOXOAMMO CTPEMUTHCS K YBEIIMYCHHUIO JOTU MPOAYKIIUUA OTEYECTBEHHOTO
MIPOU3BOJICTBA B 001IeM 00BbeMe MOTpeOIeHNsT Ha BHYTPEHHEM PBIHKE U M3MEHEHHI0 HOMEHKJIATyphl
JIEKApCTBEHHBIX IPENApaToOB, pealn3yeMbIX Ha Teppuropun Poccuiickon denepanuu, B TOM YUCIE
YBEITMUEHUIO JI0JIM MHHOBAIIMOHHBIX MpenapaTtoB. ClIoCOOHOCTH CTpaHbl pa3padaThiBaTh COOCTBEHHBIE
JIeKapCcTBa SBJSIETCS MMOKA3aTesIeM SKOHOMMYECKOW Pa3BUTOCTH TOCYAApCTBA, CBUJIECTEIHCTBOM €ro
MHHOBALIMOHHOTO TYTH Pa3BUTHA, rapaHTOM O€30MacHOCTH M 370pOBbsi Hauuu B 1enoM. Co3manue
COOCTBEHHBIX CYOCTaHIIMH JIEKAPCTBEHHBIX BELIECTB MO3BOJUT YAYUIIUTh 00ECIICUeHUE JICKAapCTBEH-
HBIMU CPEJCTBAMHU HACENCHHSI, CHU3UTh UMIIOPTHBIN U MOBBICUTH SKCIIOPTHBIN MOTEHIMAN (hapMarieB-
TUYECKOH mpoayKuuu. OZHUM U3 BOXHEUIIMX HANPABICHUN Pa3BUTHUS POCCHICKON (apmanuu sBiisi-
eTcs npoBesieHre (QyHIaMEHTAIBHBIX UCCIIEI0BAaHUM N0 pa3paboTKe HOBBIX METOJIOB HANPAaBJIEHHOTO
CHHTE3a U TEXHOJIOTHI MOJyYSHUSI MOJIEKYJ BBICOKOIHEPIe€TUYECKUX BEIIECTB U (DapMaKOIOTHUECKUX
MCCIIEIOBAaHUI € IENIbI0 U3YyYCHUS B3aMMOCBSI3U «CTPYKTYpPa — aKTUBHOCTBY» B PAIY 3THUX COCMHEHUH,
KaK IMOTEHIMATbHBIX KaHIUIATOB JUIS CO3JJaHHs HAa UX OCHOBE CYOCTaHIIMN HOBBIX BBICOKOI((HEKTHB-

HBIX U 0€30IIaCHBIX JICKApPCTBCHHBIX CPCACTB HOBOI'O IIOKOJICHUA.
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[lepcnexTuBHBIM (hapmMakodopoM Isl TOTyUYEHHUSI Ha €r0 OCHOBE HOBBIX MOJIEKYJ C Pa3HOO0-
pa3HOW 3aJaHHOM aKTHBHOCTBIO SBJISIETCS Tekcaa3ausoBiopiuTad. [IpousBoansie 2.4,6,8,10,12-
reKcaa3aTeTpauHKno[5,5,0,03’1l,Os’g]noneKaHa (rekcaazan30BIOPIMTaHA) MPEACTABISIOT COOOM TOTHa-
30THCThIE MOJMIUKINYECKUE COCIMHEHUs KapKaCHOTO CTPOCHHUs, 0OYCIaBIMBAIOUIETO UX YHUKAIb-
Hble cBolicTBa. COEIMHEHUS ATOTO psijia BIIEpBbIE ObUIN MOJTydeHbI B 80-X Toax MpOILIOro BeKa, U ¢
TeX Mop mpobieMa MOJy4YeHUs! pPa3IMYHBIX MPOU3BOIHBIX I'€KCaa3an30BIOPIIUTAHA MPEACTABISET 10-
BBIIICHHBIN MHTEepec BO BceM mupe. OJHAKO /0 HEJIAaBHErO BPEMEHW MHOTOUYMCIIEHHBIE MCCIIEH0Ba-
HUS, CBA3aHHBIEC C CHHTE30M IPOU3BOHBIX FEKCaa3an30BIOPLUTAHA, HOCUIHM MPEUMYIIECTBEHHO 000-
POHHBINA Xapakrep. JIuImb B mMocieAHHE TOJAbl COCAMHEHUS TeKCaa3an30BIOPLIUTAHOBOIO CTPOCHUS
HayvaId pacCMaTPHUBATHCS C TOUKH 3PEHUS MMPUMEHEeHUs X B MeaunuHe. CoriacHo pacdyeram, Mpou3-
BOJIHBIE T'€KCaa3an30BIOPLUTAHA IMPEJICTABISAIOT COOO0M HOBBIA KJIACC OMOJNIOTMYECKU-aKTUBHBIX CO-
eIMHEHM, 00JIaIalonIX pa3Hoo0pa3Hoi crennduieckoil akTHBHOCTBIO. MIHTEpeC K JaHHBIM COeJH-
HEHMSIM, KaK K MOTEHIMAIbHBIM MCTOUHUKAM HOBBIX JIEKAPCTBEHHBIX CPEACTB 0OCYXKIAETCsl B MHUPE,
HO TOKa IMyOJHMKAIMKA HAa 3TY TEMY €CTh TOJBKO y POCCHICKHX y4YeHbIX. B HacToOsSmMiA MOMEHT yxke
MPOAHAIM3UPOBAH CIEKTP OMOJIOTMYECKOW AKTUBHOCTH LIMPOKOTO Kpyra COEIMHEHHMH TeKcaasau-
30BIOPIIMTAHOBOTO CTpoeHus. O0mas noTeHuuanbHas hapMakoJIoTHYecKas akTUBHOCTh COEAMHEHUH
OLICHUBAJIACh C TIOMOIIbIO pacuéra BeposiTHOCTH drug-likeness. 3HaueHUs! STON BEpOSITHOCTH /ISl He-
KOTOPBIX coequHeHui npesbimani 90%, yTo TOBOPUT O MOTEHIMAIBHON BO3MOXKHOCTH CO3JaHMS Ha
OCHOBE JJAaHHBIX COEAMHEHUH (papMaKoIOrHUECKUX MpenapaToB.

JUist KaXKJI0TO U3 COCMHEHUN BBIMOJHEHO OIpE/iesieHue BEepOSTHOCTU Haluuus (hapMakoJIOoTH-
4ecKuX 3(h(PeKToB, MOJIEKYIISIPHBIX MEXaHU3MOB JICHCTBHS U TOKCUYHOCTH B JIMara30He BEPOSATHOCTEH
50-100%. ITporHo3upoBaHue OMOJOTMYECKOW AKTMBHOCTH IMOKA3aJ0 HAJIMYUE IMIMPOKOTO CIEKTpa
BEPOATHBIX (papMakojgornyeckux 3(PpekToB 1 MEXaHU3MOB ACUCTBUS ISl pSAa COSMHEHUH B TAHHOM
JMana3oHe BeposATHOCTeH. B pesynbrare mporHo3upoBaHus Oblila BBISBIEHA BEPOSTHOCTH IICHUXO-
TPOITHOTO JIeWCTBUS Yy, OoJiee ueM, TPUALATH COCTUHEHUH, J0 TOIYCOTHH COeIMHEHUH MOTYT o0Jia-
JaTh aHKCHOJIUTHUTUYECKUM 3(P(PEKTOM, MOTEHIUATBLHBIMU CTUMY/ISTOPAMHU aIIIETHTa MOTYT OBITH 00-
Jiee MATUACCATH coenuHeHui. Jlo copoka coeTuHeHH MOTYT 001a/1aTh MOTEHIIMATLHON HOOTPOTTHOM
aKTUBHOCTBIO, OOJIBIIOE KOJIMYECTBO COCAMHEHHUH TEOPETHUECKH MOTYT SIBJSATHCA INpernaparaMmu JUis
neueHust Oone3nu Anpireiimepa. Kpome Toro, y psaa coeimHEeHH 0TMeUYaeTcsi BEPOSATHOCTh HATTMYUHUS
AHTUHEHPOTOKCHYECKOTO JICWCTBUS, CIIOCOOHOCTH PACHIMPATH KPOBEHOCHBIE COCYbI IOJIOBHOTO MO3-
ra ¥ yMEHbIIATh €ro runokcuio. Cieayer OTMETUTh HaJIMYUE JOCTATOYHO BBICOKHUX BEPOSTHOCTEH
BIIMSIHUSL HA MEXaHU3MBbl OMMOUIHOM M aJIKOTOJIFHOW 3aBUCHUMOCTH Y Psiia UCCIIEJIOBAHHBIX COEIMHE-
Huil. OTMedaeTcss BEpOSTHOCTh HAJIMYMS LUTOMPOTEKTOPHOH, UMMYHOMOIYJIUPYIOIIEH U Ba30Ipo-
TEKTOPHOW aKTUBHOCTH Y OOJIBIIMHCTBA UCCIICAOBAaHHBIX KaPKACHBIX AMUHOB.

VY HccnenoBaHHBIX COCMHEHUH U3 ceMeicTBa KapKacHBIX aMUHOB BBISBJIEHA BEPOSITHOCTh T'eMaro-
TOKcH4eckoro dddekra (0ojee TPUIIATH COSTUHEHU), BEPOITHAS CIIOCOOHOCTh BBI3BIBATH TUIIEPXOJIC-
CTepUHUMHIO (60JIee TPUALIATH COeNMHEHUH). TakKe HEKOTOpbIe COSIMHEHUS] TEOPETHUECKH MOTYT IIPO-

SABJIATH TUIICPIIIMKEMHUYCCKOC ,Z[GI‘/JICTBI/IC, CIIOCOOHBI BEI3BIBATH APUTMHUIO U OBITH HCﬁpOTOKCH‘IHBIMH.
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Taxkum 06pa3oM, MPOTHO3 CHEKTpa OMOJIOTHYECKON aKTUBHOCTU COEAMHEHHH reKcaa3an30BIOp-
[IUTAHOBOTO CTPOEHMS MMOKa3aJl MX BBICOKYIO MOTEHIMAIbHYIO (hapMaKoJOTUYECKYI0 aKTHBHOCTb,
0COOEHHO B OTHOIIIEHUH HEPBHOM cUcTeMBL. VX nanpHeiiiee ncciegoBaHne Ha SKCIIEPUMEHTAIbHBIX
OMOJIOTUYECKUX MOJAECTISIX MPEACTABISIETCS TIEPCIIEKTUBHBIM.

MHorue ocTpble U XpOHHYECKHE 3a00JIeBaHMs, TPAaBMbl U MEAUIMHCKHE BMEIIATEIbCTBA CO-
NpsDKEHBI ¢ 00JIBIO, PE3KO CHMXKAIOIIEH KaueCTBO JKM3HM M TpeOyromell mpuMeHeHHUs aHaJbreTHue-
ckux cpenact. bonee 90% 3aboseBanmil acCOMUPOBaHbI ¢ 00JIBI0, UMEHHO OOJIEBOM CHHIPOM SBIIS-
eTcs OJHOM M3 MPUYHMH 0OpaleHus Jito/ei 3a BpaueOHoH nmomotbio. [1o 1aHHBIM SKCIepToB Mexty-
HApOJHOM accolMaIuy 1o u3ydeHuro 0oy okoino 20% yenoBedecTBa CTPaaeT OT XPOHUIECKOTO 00-
JIEBOTO CHHJpOMa B pe3ysbTare HU3KOH 3()()hEeKTUBHOCTH CUMIITOMAaTHYECKOW Tepanmuu XPOHUYECKOM
6omu. ExxenaeBHo cBbiie 30 MIIH. JTI0/1€H B MUpE MPUHUMAIOT KaKOH-THMOO0 aHaNbreTUK. AHAJIBI€TH-
KU JUIS JICUCHHSI CUJIBHBIX U OYE€Hb CHIIBHBIX 00JIel Pa3MyHOM 3THONOTHH (BKIIIOYast XpPOHUUECKHUE) U
AQHTAarOHUCTHI OINMUATOB MPEJCTABISIOT COOON CTPATErMUECKH Ba)KHbIE KATErOPHU JIEKApCTBEHHBIX
cpencts. Ilo craructuke, B Poccun B Takux cpeAcTBax HYXKAAIOTCA AECSITKH MWIIHOHOB YEJIOBEK.
Onxosoruueckue 00JbHbBIE U JIOAU C JUarHO3aMH OCTPOro MH(ApKTa MHOKap/a U HIIEeMHUYEcKoil 60-
JIE3HU CEpAlla, MALMEHTHI C Pa3IMUHBIMHU TPAaBMAMHU COCTABJIAIOT B rof A0 13 munmoHoB. Kpome To-
ro, 43 MWIIMOHA NAIMEHTOB INEPEHOCAT ONEPALUU PA3NUYHONW CTENEHM cI0XHOCTU. Ilo mToram
1 kBaprana 2015 rona dpapmaneBruueckuii ppiHoK Poccuu coctaBui nopsinka 349 mipa. pyo. B ieHax
KOHEYHOTO MOTPEOJICHUs, IPUYEM AaHAIBI'C€TUKU COCTaBWIM 32% MOJOKUTEIHHOTO MPHPOCTA B Jie-
HEXHOM BBIp@XXEHHMU. MeEXy TeM, 10 OLEHKaM CaMHUX aHECTE3MOJIOTOB M JKCIEPTOB-aHAIUTHKOB
poccuiickoro (papMpbhIHKa METUIIMHCKHAE MOTPEOHOCTH B MPOTUBOOOJIEBBIX MpenapaTax HOBOTO MOKO-
neHus (YCOBEpIIEHCTBOBAHHBIE ONMUOM[bI, KOMOMHHPOBAHHBIE AHAJIBICTUKU M JIp.) OOecreyeHbl He
6onee yem Ha 10%. Hecomuenno, Poccuiickas denepanus 10oJKHA MPOU3BOAUTH COBPEMEHHBIE Jie-
KapCTBEHHBIE CPEACTBA JAHHBIX (PapMaKOJIOTUYECKHX IPYII B IIUPOKOM aCCOPTUMEHTE, IPUYEM 00si-
3aTeJIbHO B Pa3HOOOpa3HBIX JIeKapcTBEHHBIX (opmax. s GecriepeboitHoro odecneueHus: CUCTEMBI
3/IPaBOOXPAaHEHHS 3TUMH IpernaparaMi He00X0AUMO UMETh Ha CBOEH TeppUTOPUH IPOU3BOJICTBO CO-
OTBETCTBYIOIINUX CYOCTaHIIUH.

CylecTBEHHBIM OTJIMYMEM MHHOBALIMOHHBIX BEIECTB — IIPOU3BOJHBIX I'€KCaa3an30BIOpLUTaHA
SBIISICTCS peaT3allysl MOJHOTO LIMKJIA UX pa3pabOTKH, HAUMHAs C KOMITBIOTEPHOTO MPOTHO3UPOBAHUS,
U JaJbHEMILEro HMCIHOJIb30BaHUs NEPEJOBBIX HAyYHO-UCCIIE0BATENBCKUX MTOAX0I0B U TEXHOJIOTHYE-
CKHX PELICHUH.

UITXOT CO PAH comectHo ¢ HUM®uPM um. E.JI. Tonpadepra 3anumMaercst pa3paboTKoit
METOJIOB HAIIPABJIEHHOTO CHUHTE3a, M3y4eHHEM (HapMaKOJIOTUH HOBBIX OMOJIOTMYECKH aKTHBHBIX CO-
€IMHEHUH, KOTOPbIE MOTYT IOCIYXUTb OCHOBOM [UIsl CO3/1aHUS MHHOBALIMOHHBIX JIEKApPCTBEHHBIX

npenaparoB U 3PPEKTUBHBIX TEXHOJIOTHH UX MOTyYESHHUS.

28



DOI: 10.17223/9785946215596/11

DERIVATIVES OF HEXAAZAISOWURTZITANE AS POTENTIAL
SOURCES OF NEW REMEDIES
S.G. Krylova', T.N. Povet’eva', E.P. Zueva', E.N. Amosova', T.G. Razina', O.Yu. Rybalkina',
K.A. Lopatinal, N.L Suslovl, Yu.V. Nesteroval, 0.G. Afanas’eval, S.V. Sysolyatinz,
A.L Kalashnikov’, V.V. Malykhin®, A.M. Dygai', V.V. Zhdanov', A.B. Vorozhtsov’,
A.S. Zhukov*
'E.D. Goldberg Research Institute of Pharmacology and Regenerative Medicine, Tomsk
?Institute for Problems of Chemical and Energetic Technologies of the Siberian Branch
of the Russian Academy of Sciences, Biysk

Derivatives of 2,4,6,8,10,12-hexaazatetracyclo[5,5,0,03,11,05,9]dodecane (hexaazaisowurtz-
itane) represent polinitrogenous polycyclic compounds of the skeleton structure, contributing to their
unique properties. Compounds of this series were first synthesized in 80-ies of the last century, and
since then, the problem of obtaining various derivatives of hexaazaisowurtzitane as a promising com-
ponent of solid rocket fuel and composite explosives is heightened interest in the defense industry.
Connections of hexaazaisowurtzitane structure began to be considered from the point of view of their
application in medicine only in recent years. The interest in these compounds as potential sources of
new drugs-funds is discussed in the scientific and medical literature, but the priority publications on
this topic is only for the Russian scientists. Prediction of biological activity spectra by computer simu-
lation using the software package PASS allowed us to predict a large number of probable types of bio-
logical activity of modifications of a given substance based on its structural formula. Derivatives of
hexaazaisowurtzitane represent a new class of biologically active compounds possessing diverse spe-
cific activity, as per our calculations the probability of drug-likeness. The probabilities of the anesthet-
ic drug-likeness for the studied compounds hexaazaisowurtzitane of the structure were in the range of
50 — 90 %. This factor indicates the potential for establishment of data connections of new pharmaco-
logical drugs with analgesic activity.

In the Institute for Problems of Chemical and Energetic Technologies synthesized molecules
promising candidates for a drug on the basis of the derivatives of 2,4,6,8,10,12-
hexaazatetracyclo[5,5,0,03,11,05,9]dodecane. Compound 4-(3,4-dibromofuran)-2,6,8,12-tetraacetyl-
2,4,6,8,10,12-hexaazatetracyclo[5,5,0,03,11,05,9]dodecane (thiowurtzine) selected for further research
to create on its basis of competitive drug that has a combination of pharmacological effects that are
necessary for the manifestation of a pronounced analgesic activity. The priority of this experimental
design confirmed by patent Ne2565766 RF  «4-(3,4-dibromofuran)-2,6,8,12-tetraacetyl-
2,4,6,8,10,12hexaazatetracyclo[5,5,0,03,11,05,9]dodecane as analgesics, and method for its produc-
tion".

In the E. D. Goldberg Research Institute of Pharmacology and Regenerative Medicine for exper-
imental studies in vivo, which showed pronounced analgesic effects of thiowurtzine in a battery of
behavioral tests with different system of nociception ("Hot plate", "Bradykinin-induced inflamma-

tion", "Abdominal constriction test", "Formalin-induced inflammation", "Arachidonic acid-induced
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inflammation", etc.). The data were spoken in favor of thiowurtzine inhibitory effect on peripheral
and central mechanisms of development and maintenance of pain. It must be emphasized that the ac-
tivity of thiowurtzine devoid of the risk of side effects typical for analgesics of central action, as in the
preliminary experiments proved that the substance does not cause drug dependence, respiratory de-
pression. Thiowurtzine meets the requirements of hazard class 4 "low hazard substances" (GOST
12.1.007-76 "Harmful substances"), according to the preliminary results of studies of acute toxicity.
Course introduction of thiowurtzine in effective doses did not cause ulcerogenic damage of the gastro-
intestinal mucosa of experimental animals.

Thus, thiowurtzine is positioned as non-toxic highly effective analgetic, which have no ana-
logues in the patent and scientific and medical literature, the aggregated results of experimental stud-

1€s 1n Vivo.
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NCCIEJAOBAHME TEYHEHUS TPOAYKTOB CI'OPAHUSA
AJTIOMHUHU3NPOBAHHOI'O TOIIVIMBA B COIIVIE PAKETHOI'O JIBUT'ATEJIA

A.B. Bopoxuos, H.H. [Ibsuenko, JI. Jle JIlyka
Hayuonanvuwiii uccredosamenvcxkuil Tomckuii 2ocyoapcmeennulii yrusepcumem, 2. Tomck
Munanckuii nonumexnuieckuti yuusepcumem, 2. Munan

B pabote uzyuaercs BAMSHUE HATMYHUS HAHOYACTHUI] ATFIOMUHHS B IPOAYKTaX CTOpaHUs Ha SHEp-
TEeTUYECKUE XAPAKTEPUCTUKHU TBEPAOTOITIMBHOIO PAKETHOTO JBUTATEIS.

JIponyKkTel cropaHusi TBEpAOrO PAaKETHOI'O TOILIMBA IIPEACTABIAIOT CMECh TIa3a U IOJIAIUC-
NepCHOro aHcaMOJIs yacTull KoHJeHcaTa. KoHneHcupoBanHas (aza mpeacTaBiseT aHcaMOiIb )KUIKUX
YaCTHUI] OKCH/IA aTIOMUHHMS, pacHpeaeseHne KOTOPhIX 10 pa3MepaM MOAYUHSICTCS JIOrapu(pMHUUECKH-
HOpMaJIbHOMY 3aKOHY. TedueHue B COIie CONMPOBOXKIACTCS Koaryssiiuen u apodnenuem yactun. Cu-
CTEMa ypaBHEHUH JJI ra30-KalleJIbHOM CPEJIbl 3allUChIBACTCA B paMKaxX MOJIEIN B3aUMOIIPOHUKAIOIIHX
MHOT'OCKOPOCTHBIX U MHOTOTEMIIEPATYPHBIX CIUIOIIHBIX cpel. IIpu ommcaHuu B3auMOAECUCTBUS 4Ya-
CTHUL[ APYT C APYIOM HCIOJIb3YETCs HENPEPBIBHBIM MOIXOI.

JUIsi 4MCIIEHHOIO MHTErPUPOBAHUS CUCTEMBI YPAaBHEHMM Ia3a HCIOJIb30BAICA CTALMOHAPHBIN
aHaAJIOI HELEHTPaJIbHOW KOHEYHO-pa3HOCTHOM cxeMbl Mak-Kopmaka, BTOpOro mnopsiika TOYHOCTH.
WHTerpupoBanue CUCTEMbl YpaBHEHUH (paKLMK YAaCTHUIl OCYLIECTBISUIOCH C MTOMOIIBIO HESIBHOM pas3-
HOCTHOW CXEMBbI, UMEIOLLIEH TAKKE BTOPOU MOPAAOK TOUYHOCTH.

Pesynbrarhl pacy€éTOB U3MEHEHHS CPEAHEMACCOBOIO pa3Mepa 4acTULl KOHACH CAaTa BJIOJb COILIa
II0Ka3aJIu MIPSIMYIO 3aBUCMMOCTb pa3Mepa 4acTHUIl Ha Cpe3e coIlla OT UX pa3mepa Ha Bxoze. Kak cnen-
CTBHE, AByX(ha3HbIe MOTEPH 3a CUET HEPABHOBECHOCTH MOTOKA MPHU HMCIIOJIb30BAaHUK HAHOPA3MEPHBIX
MIOPOLIKOB AJIOMHMHMS 3HAYUTEIIBHO HWXKE, YEM IIPU HCIOJIb30BAHUU PETYJISPHBIX IMOPOLIKOB, a

ynenbHblid umiynbe PIITT B nenom moxxet Bozpactu 10 1%.
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STUDYING THE FLOW OF ALUMINIZED FUEL COMBUSTION PRODUCTS
IN A ROCKET ENGINE NOZZLE
A. Vorozhtsov, N. Dyachenko, L. DeL.uca
National Research Tomsk State University, Tomsk
Politecnico di Milano, Milan

In the paper influence of presence Al nanoparticles in combustion products on energetic parame-
ters of solid rocket motor is investigated. For modelling the system of quasionedimensional system of
gas dynamic equation is used. The processes of coagulation, crushing, crystallization of particles are
take into account for modelling of processes. The dependences of two-phase losses and changes of spe-
cific impulce from averaged size of Al oxide on the entrance of nozzle are analyzed. It is shown that the
use of Al nanoparticles as fuel in the solid propellant can increase specific impulse for 0.5—1%.
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OCOBEHHOCTMU JA3EPHOI'O HHULIMUPOBAHUSA KOMITIO3UTOB TOHA
C BKUIOYEHUAMU YIbTPAJIUCIIEPCHBIX YACTUIL METAJIJIOB
B.I1. Anyes, /I.P. HypmyxameroB, U.1O. JIuckoB, A.A. 3BexoB, A.Il. Hukutun
Dedepanvublii ucciedogamenvekuti yeump yeas u yeaexumuu CO PAH, e. Kemeposo

B nnane pemieHus NpUKIaIHBIX 334a4 MPECTABISAET UHTEPEC UCIOJIb30BAHUE JIA3€PHOTO UHU-
UUPOBaHMS B3pbIBYATHIX BemiecTB (BB). B cBs3u ¢ aTuM akTyanbHa pa3paboTKa CBETOYYBCTBUTEIb-
HBIX KOMITO3UIIMHA C PETYIUPYEMbIMH ITapaMeTpaMu P TaHHOM CIIOCO0e MHUITMMPOBAHUSI.

HccnenoBanue KOMIO3UTOB HA OCHOBE TETPAHUTPOIIEHTA’PUTPUTA (T3HA) C BKJIFOUEHUSIMU Ma-
TEpUAIOB YIbTPAIUCIIEPCHBIX Pa3MEPOB MOIYYHIO PAa3BUTHE B HAIIMX MpEAbIIynuX pabdorax [1-6].
OKCNIEpUMEHTAIBHO M TEOPETUYECKHU MOKAa3aHO, YTO MOPOT JIA3€pHOTO MHULIIMMPOBAHUS MCCIIEI0BaH-
HBIX KOMIO3UTHBIX MaTepUAJIOB 3aBUCHUT OT psAa (akTOPOB: AIUHBI BOJIHBI M3Iy4CHHUs, TUIIA U KOH-
LEHTpaIMK BKIIOYECHUH, pa3MepoB BKIIOYCHUN NpU (PUKCHPOBAHHOM KOHIIEHTpauuu. [lokazaHo, 4To
MIOTJIOLEHUE U3JTyYEHUS! NMPOUCXOAUT HEMOCPEACTBEHHO BKJIIOUEHUSIMHU [5, 6], UTO IOJDKHO IPHUBO-
JUTh K UX HAarpeBY 10 BBICOKUX TEMIIEPATYP.

Lenpto HacTosimIeH pabOTHI sABIsETCS 0000IIEHHE SKCIIEPUMEHTAIBHBIX U TEOPETHUUYECKHX pe-
3yJIbTaTOB, MO3BOJIAIONINX BBIIBUTH (DAaKTOPHI, 00YCIaBIMBAIOLINE MUHUMAJILHBIN MOPOT Ja3€pHOTO
WHULIMMPOBAHUS TAHA C BKIIOUCHHUSIMU yacTull amoMuHus (100 am) u xxenesa (75 um).

Hcnonp30Bajcst HOPOLIOK TIHA ¢ pa3Mepamu 3epeH 1-2 MkM. B kadecTBe 100aBOK MCIONIb30Ba-
JIM TIOPOIIOK aJIOMUHMS, KaKk U B padorax [1, 3, 5], co cpennum paszmepom yactury 100-120 M u no-
POLLIOK 3K€Jie3a CO CPEIHUM pa3sMepOM 4acTHll 75 HM.

OOpas1pl TOHA C BKJIIOYCHHUSAMH H3TOTABIMBAINCH METOJIOM IPECCOBaHMA. MeETOJUKa MPHUTo-

TOBJIEHUSI OOPA3LOB C Pa3IMYHBIM COJIEPXKAaHUEM BKIIOYEHUH MOJpOoOHO ommcaHa B pabortax [1, 4].
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OO0pa3s1pl MpeccoBaIMCh B MEJHON TUIACTHHE TOJIIMHON | MM, B IIEHTpe KOTOPOH UMENOCh OTBEPCTHE
nmaMeTpoM 3 MM. B SKCIIepHMEHTaX HCIIOIb30BAIICH 06Pa3Iibl MIOTHOCTHIO p = 1.73 +0.03 r/em’.

B kauecTBe MCTOYHHMKA MHULMUPOBAHUS MCIIOJIb30BaJICS YAG:Nd** nazep, paboTaromuii B pe-
KHME MOIYJIMPOBAHHON TOOPOTHOCTH Ha OCHOBHOM 4actore (1064 HM) M Ha 4acTOTE BTOPO rapmo-
HUKH (532 HM) ¢ JUIUTENBHOCTHIO UMITYJIbCa Ha TIOJIOBUHE aMILTUTY b 14 Hc.

HccnenoBanyuch 3aBUCMMOCTH BEPOSITHOCTH B3pbIBa OT IUIOTHOCTH DHEPIMM MMITYJIbCA Jla3epa.
OO6ny4yaemasi MOBEPXHOCTh HAKPHIBAIACH ONTHUYECKUM CTEKJIOM TOJIIMHON 1 MM, 3aTpYyAHSIOUINM Ta-
30IMHAMHYECKYIO Pa3TPy3Ky 30HBI IOBBIIIEHHOTO AABJICHUS.

ITomyueHpl 3aBUCHMOCTH KPUTHUECKOM TUIOTHOCTH YHEPTHH, COOTBETCTBYIOIIEH 50% BEposATHO-
CTU MHULUUPOBaHUS Her 7151 TOHA OT MaccoBOTO MPOIIEHTA JOOABOK N HAHOYACTHI] AJIFOMUHUS U JKe-
J1€3a IPH BO3JICHCTBUY JIa3€PHBIX UMITYJIbCOB.

Iloxazano, yto H HE MOHOTOHHO 3aBUCHUT OT KOHLIEHTpalMM BKIIOYEHHM n. Kputuueckas
IUIOTHOCTh HEPTUM YMEHBIIAETCS MIPU POCTE JIMHEHHOT0 NoKa3aTess nomomenus. OqHako Ipu yBe-
JUYEHUU KOHIICHTPALIMKM BKIIFOYEHHI BBIIIE ONTUMAIBHOU (COOTBETCTBYET MUHUMAaIbHOU H ), TeH-
JEHIMSI MEHSETCS Ha MPOTHUBOIIOJIOKHYIO. YBEIUYEHUE MOKA3aTels MOIVIOIIEHUS BEAET K yBeJInYe-
HUt0 H,. [lonoOHBbIi pe3ynpTaT HabMI0gaNCcs Ha BCEX MCCIEIOBAHHBIX KOMIIO3UTHBIX MaTepuanax H
II0Ka HE MOJIY4HJI OJHO3HAYHON UHTEPIIPETALIUN.

IIpoBeneHO M3MepeHue aMILIMTYAb! JABJICHUS aKyCTUUECKHX BOJIH, PACHPOCTPAHSAIOIIUXCA U3
HarpeToro cjosi K ThUIBHOM MOBEPXHOCTH, C MOMOIIBIO MbE30JETEKTOPA, C LEIbI0 YCTAHOBIEHUS Xa-
paxkTepa KOHIIEHTPAMOHHON 3aBUCUMOCTH ISl aMILTUTY/bI 1aBJICHUS aKyCTHUECKHX BOJIH, (UKCUPY-
eMBIX Ibe30JIeTEKTOPOM. B 3TOM ciydyae oOpa3ibl HaXOAUIUCh B aKyCTUYECKOM KOHTAaKTe C IbE3-
onpeoOpazoBareneM Ha ocHOBe kepaMuku L[TC-19. [110THOCTH SHEpruM B UMITYJIbCE HA TOBEPXHOCTH
06pasios cocrasmsuia Bemuunay 0.05—-0.1 [x/cM>, 4TO TOCTATOYHO IS PETHCTPALMH CHIHATA C TThe-
30mpeoOpa3oBaTes U He BBI3BIBAJIO MOBPEXkKACHUE 00pasia.

Pe3ynbTarhl SKCIIEpPUMEHTOB MOKA3aJIM, YTO aMILIUTYa ONTOAKYCTUYECKOIO CUTHalla BO3pacTa-
€T 10 MAaKCUMAaJIbHOTO 3HAYEHMsI IPU YBEJIMYEHUH KOHIIEHTPAIMU BKJIIOUEHUH 10 ONTUMAJIBHOTO 3Ha-
yeHus. [Ipu nanpHeieM yBeTn4eHNH KOHLIEHTPALUU BKIIOUEHUH aMIUIMTy/ja 1aBJIEHUS [aiaeT.

IIpoBeneHbl pacyeTbl 3aBUCHMOCTH aMILIUTYAbBI JaBJICHUsI, BOSHUKAIOIIETO MPU BO3JIEHCTBUH HA
BEIIECTBO C TEIJIO(YU3MYECKUMH MapaMeTpaMu TIHA Ja3epHBIX UMITYJIBCOB C JITUTENBHOCThIO 14 HC
IIPY BapbUPOBAHUHU [10KA3ATENS MOTJIOIEHUS U3ITyUEHUS.

[TomydeHHble B paboTe AKCIEPHUMEHTANbHbIE M TEOPETUYECKHE JAaHHBIE CBHUICTEIHCTBYIOT O
TOM, YTO JIa3epHOE MHUIIMMPOBAHNE KOMIIO3UTOB HE CBOAMTCS TOJIBKO K HarpeBy oOpaslia A0 TeMIie-
paTypbl BCHBILIKH, HO CJIEIYET BKIKOYATh B PACCMOTPEHUE U YBEJIIMUEHHUE AABJICHUS B HarpPETOM CJI0€

" CBA3aHHBIC C HUM YJIApHO-BOJIHOBBIC IMTPOIICCCHI.
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FEATURES LASER INITIATION OF PETN COMPOSITES WITH INCLUSIONS
OF ULTRAFINE METAL PARTICLES
B.P. Aduev, D.R. Nurmukhametov, I.Yu Liskov, A.A. Zvekov, A.P. Nikitin
The Federal Research Center of Coal and Coal Chemistry SB RAS, Kemerovo

In terms of solving applied problems of interest to the use of laser initiation of explosives (ex-
plosives). In this regard, the development of photosensitive topical compositions with adjustable pa-
rameters in this method of initiation.

Study based on composites tetranitropentaeritrita (PETN) with inclusions of materials ultrafine
size was developed in our previous papers [1-6]. Both theoretically and experimentally shown that
laser initiation threshold composites studied depends on several factors: the wavelength of the radia-
tion, the type and concentration of the inclusions, inclusion size at a fixed concentration. It is shown
that the radiation is absorbed directly inclusions [5, 6], which should lead to them to high tempera-
tures.

The purpose of this paper is to summarize the experimental and theoretical results, allowing to
identify the factors that cause the minimum threshold of laser initiation of PETN with inclusions of
aluminum particles (100 nm) and iron (75 nm).

PETN was used a powder with a grain size of 1-2 microns. The additives used aluminum pow-
der as in [1, 3, 5] having an average particle size of 100—120 nm and an iron powder with an average
particle size of 75 nm.

Samples of PETN with inclusions were made by pressing. Methods of preparation of the sam-
ples with different content of the inclusions is described in detail in [1, 4]. Samples were pressed into
the copper plate 1 mm thick, in the center of which there was a hole with a diameter of 3 mm. In the
experiments, samples were used density p = 1.73 + 0.03 g/cm’.

As a source of initiation used YAG: Nd** laser operating in Q-switched mode at the fundamen-
tal frequency (1064 nm) and on the frequency of the second harmonic (532 nm) with a pulse duration
at half amplitude of 14 ns.
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We investigated the dependence of the probability of the explosion on the density of the laser
pulse energy. Irradiated surface covering the optical glass 1 mm thick, impairing gas-dynamic unload-
ing of high-pressure zone.

The dependence of the critical energy density corresponding to 50% probability of initiation He,
for PETN by weight percent additives n aluminum and iron nanoparticles when exposed to laser pulses.

It is shown that not Hcr monotonically dependent on the concentration n inclusions. The critical
energy density decreases with an increase in the linear absorption coefficient. However, when the
concentration of impurities higher than the optimum (minimum corresponds H), the trend is re-
versed. The increase in the absorption coefficient increases H,. A similar result was observed in all
the investigated composite materials and has not yet received an unambiguous interpretation.

A measurement of the amplitude of the acoustic pressure waves that propagate from the heated
layer to the back surface by piezoelectric transducer, in order to establish the nature of the concentra-
tion dependence of acoustic pressure waves amplitude latched piezoelectric transducer. In this case the
samples are in acoustic contact with a ceramic piezoelectric transducer ZEC-19. The energy density
per pulse on the surface of the samples was the amount of 0.05-0.1 J/cm®, which is sufficient for a reg-
istration signal to the piezoelectric transducer and the sample did not cause damage.

Experimental results have shown that the amplitude of the photoacoustic signal is increased to a
maximum value when the concentration of impurities to the optimum value. With further increase in
the concentration of inclusions pressure amplitude decreases.

Calculations based pressure amplitude, which occurs under the influence of a substance with
thermal parameters PETN laser pulses with a duration of 14 ns at a variation of the radiation absorp-
tion coefficient.

The results obtained in the experimental and theoretical data suggest that laser initiation of com-
posites is not limited to heating the sample up to the flash point, but should include consideration and

increasing the pressure in the heated bed and associated shock wave processes.
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TEPMOXUMUSA U MEXAHU3MbI TEPMOJIN3A DQHEPTETUYECKUX MATEPUAJIOB
O JAHHBIM BBICOKOTOYHbBIX KBAHTOBOXUMHNYECKHUX PACUETOB
N S3KCIIEPUMEHTAJIBHBIX METOJAOB TEPMUUYECKOI'O AHAJIN3A
B.I. Kuceaes" >, H.B. Mypaenes’, K.A. Monorapos’, A.H. [lupxuna’
"Hosocubupcruii 2ocyoapemesenmbiii ynusepcumem, 2. Hosocubupck
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[IpencraBnenHas paboTa MOCBSIIEHA H3YYCHHUIO TEPMOXUMHH M MEXaHHU3MOB TEPMHYECKOTO
pa3oKeHus1 3HepreTuyeckux MarepuanoB (OM) ¢ momMompio pa3pabOTaHHOTO aBTOpPaMU MOXOJa,
COCTOSIIET0 B KOMOMHAIIMK BHICOKOTOYHBIX KBAHTOBOXHMHUYECKHUX PACUETOB M COBPEMEHHBIX METO-
noB Tepmudeckoro ananusa (Hanpumep, [ICK u TT'A). [IpuBeneHs! aBa npuMepa NpUMEHEHUS TAKOTO
noaxona: (1) ams momydeHus: HaJleKHBIX 3HAYCHUN SHTAIBIMKA 00pa30BaHUsl YHEPrETHUECKUX MaTe-
pHanoB B TBEpIOH (aze McCHoib3yeTcs KOMOMHAIMS Ta30(a3HOM SHTAIBIUU 00pa30BaHUs, PAcCUu-
TaHHON KBAHTOBOXMMHYECKH, W SHTAJIBIUS CyONMMAINH, TOJTy4YeHHAss U3 TePMOTPABUMETPUYECKUX
HKCTIIEPUMEHTOB TpHU CyOIMMalMi B BakyyM. TakuM CIOCOOOM YTOYHEHA SHTAJIBIUS 0O0pa3oBaHMS
HOBOI'O HHM3KOYYBCTBUTEIBHOIO 3Hepreruyeckoro coeauHenus FOX-7, a Takxe HOJIydeHbl HE W3-
BECTHBIC paHee SHTAIBIIMK 00pa30BaHUs I Psiia HUTPOI(PHPOB U TETEPOIIUKIIOB.

Ha npumepe HoBoro okucinurens terpanutpoarerumuaon kucnotsel (THAK) nmokazano npu-
MEHEHHUE MOJX0/a K M3YYEHHUI0 MexaHu3Mma Ttepmoinza OM. DkcnepumeHnTtanbHble MeToasl JICK u
TI'A npu pa3nuYHBIX BHEHIHUX YCIOBHSX (HOPMaJIbHOE/TIOBBIIICHHOE JAAaBJICHHE/BAKyyM) MO3BOJIMIN
OTIPENIENIUTh KMHETHYECKYI0 CXEMY M MOJYYUTh KHHETHYECKHE MapameTpsl TNI00ANbHOTO IMpolecca
tepmosmza THAK. B cBoro ouepenp, pacueTsbl MOKa3aau BaXXHYIO POJb TAYTOMEPHBIX paBHOBECUN B
mexanu3me tepmonnza THAK, u no3Boauim onpeaenuts Haubosiee BaKHbIE KUHETHUECKH HHTepMe-

AUaThbl U MCXaHU3M IICPBUYHBIX CTa,[[I/Iﬁ PA3JIOKCHUA.
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INTERPLAY OF HIGHLY ACCURATE QUANTUM CHEMICAL COMPUTATIONS
AND THERMAL ANALYSIS TECHNIQUES IN THE STUDY OF THERMOCHEMISTRY
AND DECOMPOSITION MECHANISMS OF ENERGETIC MATERIALS
V.G. Kiselev" >?, N.V. Muravyev’, K.A. Monogarov’, A.N. Pivkina®
'Novosibirsk State University, Novosibirsk
Institute of Chemical Kinetics and Combustion SB RAS, Novosibirsk
ISemenov Institute of Chemical Physics RAS, Moscow

Thermochemistry, kinetics, and mechanism of thermal decomposition of energetic materials
(EM) are crucial for understanding their performance, compatibility, and storage properties. However,
the direct experimental measurements of both thermochemistry and kinetics are often hindered by

very complex nature of numerous fast physical and chemical processes simultaneously occurring dur-
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ing thermal decomposition of high-energy species. Modern highly accurate quantum chemical calcula-
tions are very powerful and promising complementary tool to experiment for the determination of
thermodynamics, rate constants of elementary reactions, and chemical mechanism of thermolysis. In the
present contribution, we show two typical applications of quantum chemistry in combination with experi-
mental thermal analysis techniques for particular problems of thermochemistry and kinetics of EM.

First, we proposed the convenient and facile procedure to determine thermochemistry of EM,
viz., the solid-state formation enthalpies. The latter values are obtained as combinations of theoretical-
ly calculated gas-phase formation enthalpies and sublimation enthalpies extracted from thermogravi-
metric (TGA) experiments with the aid of the Langmuir equation. The highly accurate quantum chem-
ical methods allow for the mean accuracy comparable to experimental one (~1-2 kcal/mol). In turn,
the mass loss measurements are performed under vacuum conditions to avoid thermal decomposition
of EM. Comparison with available combustion calorimetry values for well-studied high-energy spe-
cies justifies the high accuracy of our procedure. With the aid of this technique, we resolved the exist-
ing discrepancies in the formation enthalpies of several important EM (e.g., FOX-7) and proposed the
lacking values for a series of energetic nitroesters and heterocyclic species.

Quantum chemical calculations are also a very convenient tool for understanding the detailed
chemical mechanism of thermolysis of EM. As a typical example, we studied thermal decomposition
of tetranitroacetimidic acid (TNAA), a new chlorine-free oxidizer first reported in 2014. TGA and dif-
ferential scanning calorimetry (DSC) experimental techniques at atmospheric, vacuum, and elevated
pressures were used to obtain kinetics of the whole decomposition process. Computations, in turn, al-
lowed for understanding tiny details of mechanism: viz., the important role of tautomeric equilibria
was revealed, and several closely lying radical (C-NO; bond scission) and molecular (N,O elimina-
tion) channels occurring in various tautomers turned out to be dominating primary decomposition re-
actions. The theoretically predicted activation energies (~39 kcal/mol) are in perfect agreement with

experimental values.
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PREDICTION OF REGULATION TOXICOLOGICAL TESTS APPLIED
TO HIGH ENERGY MOLECULES
JA Chemellel, C. Alliodl, G. Jacobz, R. Terreux'
'"PRABI-LG / Laboratoire de Biologie Tissulaire et d’Ingénierie (LBTI)
Université Lyon 1. Institut de Biologie et Chimie des Protéines (IBCP)
?Centre de Recherches ASL, FRANCE

In collaboration with Airbus Safran Launchers Company (ASL), a research program was set up
to have, in the future, optimized tools for predicting the toxicity of High-Energy Molecules (HEM).
The European Union has adopted a legislation named REACh about chemical to ensure a high level of
protection of human health and environment and to encourage the use, in priority, of alternative re-
search methods such as cellular tests and predictive methods. A number of in vitro and in vivo test
systems have been developed to study the effects of chemicals on cells. Because of the number of mu-
tagenicity tests commonly use, a variety of internationally agreed testing protocols on chemicals ap-
peared, described by REACh and OECD test guidelines. In this study, the resources came from the
European Commission in-house service from the Joint Research Center (JRC) which structured its
information according to OECD validation principles. Several methods can be used to predict toxicity
such as Quantitative Structure Activity Relationship (QSAR). In this study, we want to compare pre-
dictions of QSAR and “on-the-fly” QSAR (OTF-QSAR). Two databases were used. The first contains
molecules experimental data for different mutagenicity tests from JRC and the second contains
54 HEM from ASL among which some are experimentally known from the literature for the different
tests. The two QSAR approaches were done with the first database as the training set. There are two
validations methods: by Leave-On-Out (LOO) on the training set and especially by the prediction of
the ASL known molecules. The difference for the OTF-QSAR is that the training set was a subset of
the molecules selected by various degree of similarity close to the HEM database. The Tanimoto coef-
ficient (T) has been used as the molecular similarity selection tool. Thus we obtained a database struc-
turally similar to the HEM database and composed of diverse compounds. It was found that the OTF-
QSAR predictions were more accurate and increased the efficiency of predictions. The precision in-
creases as the degree of similarity increased and the more the similarity measure increased, the more
the system made a good prediction. At the end of the study, we validate the OTF-QSAR on HEM
molecules evaluate the reliability of the on-the-fly QSAR prediction and similarity information.
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MEXAHOXUMHWYECKHM CIIOCOB NOBBIIIEHUS JJETOHAIIMOHHON
CIIOCOBHOCTHU ATIOMUHU3NPOBAHHBIX B3PBIBUATBIX COCTABOB
A.IO. JloaroGoponos” >, A.A. Illeuenxo”?, B.I'. Kupuienko', M.A. Bpaxuukos'

' Hnemumym xumuyeckoii pusuxu un. H.H. Cemenosa PAH, 2. Mockea
? Hayuonansmuiii uccnedosamensckuii adephuiii ynusepcumem « MUDHy, 2. Mockea
 O6weounennviii uncmumym svicokux memnepamyp Poccutickoti akademuu nayk, 2. Mockea

ITapameTppl JETOHALMK ATOMUHU3UPOBAHHBIX B3PHIBUATBIX COCTAaBOB C CYIIECTBEHHON Mepe
3aBUCAT OT pa3Mmepa yactull Al u cnoco6a npuroToBieHus. Pe3ynbTraTel CpaBHUTENBHBIX UCCIEI0BA-
HUH JETOHALMU COCTABOB, COJEPKAIIUX MOPOIIKH Al ¢ pa3snuuHBIMU pazMepaMu (OT HECKOJBKUX Jie-
CSITKOB HAHOMETPOB IO JIECATKOB MUKPOH) XOPOIIIO U3BECTHHI (cM., Hampumep, [1-3]). Haubonbiee
yBEJIMUEHHE MapaMeTPOB JACTOHAIIUH MIPH T0OaBICHUN HAHOPAa3MEpPHBIX yacTull nAl HaOmromaeTcs s
coctaBoB Ha ocHOBe BB ¢ nocrartouno 6omnbmmm kputnueckum auamerpom (THT, AJIH, nutporya-
HUAMH ¥ J1p.). Taxke 0TMEUeHO 3HAYUTENbHOE BIMSHUE CIIOcO0a CMEIIeHus YacTuIl nAl ¢ yacturiamu
BB. Ilpu mpocTtoM MeXaHH4YeCKOM IepeMennBaHuu nAl ¢ MUKpOHHBIMU yacTuliaMu BB ocHoBHas
gacTh nAl oOpa3yeT KOHTJIOMepaTbl MUKPOHHBIX pa3MepoB Mexay BB, u mpeumyiectBa BbICOKOM
YIEIBbHOU IIOBEPXHOCTH HAHOYACTHUL] HE PEAIU3YETCs B ITOJIHOU Mepe. [l yBenndeHus yaenbHou 1o-
BEPXHOCTH KOHTAaKTa KOMIIOHEHTOB COCTaBOB MOXXET OBITh HCIIOJI30BAaH METOJ IPEIBAPUTEIBbHON
00paboTKM B MEXaHOXUMHUYECKHX akTHBaTopax (cM. 0030p [4]). B manHo#i paboTe cmocod MexaHOXU-
MHUYECKON aKTHBAIlMM WCIOJB30BaH JUIA TOBBIIICHUS JETOHAIIMOHHON CHOCOOHOCTH COCTaBOB
AUVTIXA nHa ocHOBe mepxyopata aMMOHHS U Al pa3nuyHbIX pa3mepoB. [y mpUrOoTOBIIEHUS cMeceit
ucrnoab3oBanuch nopomku IIXA (20 + 50 mxm) u mopomku Al — myapa IIII-2 (wemryiiku
100+-200*1+2 mxm), Alex (150 + 200 um), nAl (100 aM). CMenieHne U aKTUBAIMsT KOMIIOHEHTOB TIPO-
BOJWJIACh B IJIAHETAPHOUM MeNbHUIE «AKTUBATOP-2SLy B jKHUIKOM cpene (TeKCaHe) cO BPEMEHEM ak-
tuBanmu oT 0,5 10 40 muH. [ToyueHHbIE 00PA3IHl AaHATH3UPOBAIKCH C TIOMOIIBIO AIEKTPOHHON MUK-
POCKOIINH, PEHTIeHO(A30BOr0 aHAIM3a, TEPMOTPAaBUMETPUH U U3MepeHHit ckopocTu ropenus. [o pe-
3yJIbTaTaM aHaJIM3a ONTUMAIBHOE BPEMs aKTUBALMH ¢, = 10 MUH, IPH 3TOM JOCTUraeTcs HauOoJIbIIas
TOMOT'€HHOCTh IEPEMEUIMBAHUS CMECH U CKOPOCTb T'OPEHMs. DKCIIEPUMEHTAJIBHO HM3Y4EH MPOLECC
IIPU TIepeX0/ia TOPEHHUSI BO B3PHIB B HU3KOIUIOTHBIX 00pa3Iiax, MOJy4eHbl 3aBUCUMOCTH CKOPOCTH Jie-
TOHAIMM OT IUIOTHOCTH M JUaMeTpa IPECCOBAHHBIX 3aps0B IIPU OTHOCUTENIBHOM IUIOTHOCTHU
A =0,5+0,95. MakcumanbHble ITapaMeTpbl AE€TOHALMU NOJYy4EHbl IPU COOTHOIIEHWH KOMIIOHEHTOB
AVTIXA 20/80.

CocraBbl Ha ocHOBe IIXA B cOOTBETCTBHM C MPHUHATON Kiaccudukanueil npuHamiexar k BB
rpynnsl 11, 3aBUCUMOCTh CKOPOCTH JE€TOHALMU OT IJIOTHOCTHU JUisl Takux BB nmeeT Bo3pacraromimii
XapakTep 10 AOCTM)KEHMs ONpPEAEIEHHONW IUIOTHOCTH M 3aTEM MAJaeT C NEPEXO0JI0OM B 3aTyXaroLuil
pexum (D(A)-3aBucuMOCTh UMeeT MakcumMyM D,,). B Hamumx skcrnepuMeHTax (3apspl IUaMeTpoM
d =25 MM) 1 MEXaHHYECKON CMECH U3 MUKPOHHBIX YacTull nmoiaydero D,, = 4,3 km/c ipu A ~ 0,70.
AxTtuBanus cMecu Ha ocHoBe MukponHoro Al(TIII-2) mpu #, = 10 MUH MO3BOJIMIIA CMECTUTh MAKCH-

MyMm 110 D, = 4,8 xm/c ipu A ~ 0,75. [{nst nAl ipu ¢, = 1 mun D, = 5,3 xm/c ipu A ~ 0,83, a gononHu-
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TeNbHask akTUBAIMA £, = 10 MUH Mo3BoMIa TOCTUTHYTH D, = 6,12 km/c ipu A ~ 0,91. C yBenuuenu-
eMm d 1o 50 mm s cmeceid Ha ocHoBe AI(ITI1-2) 3aBucumocts D(1/d) mMeeT MOHOTOHHO B3pacTaro-
muii xapakrep, ogHako it nAlV/ITXA mpu d = 20 + 40 mm D npaktudecku noctosinHa (''mceBronse-
anbHasg" neroHarus). Kputnaeckuii muametp anst nAl/ITXA cocrasnser menee 10 M.

B nenom pesynprarthl paboThl MOKa3ald, YTO MCIOJIb30BAHWE HAHOPA3MEPHBIX KOMIIOHEHTOB
COBMECTHO C MEXaHOXMMMYECKOW aKTHBAIMEH IO3BOJIET PErylupoBaTh JAETOHALMOHHYIO CIIOCO0-
HOCTb B3PBIBUATBHIX cMecel okuciurenb-roprouee. s cmeceit [IXA + Al Ha ocHoBe nAl ynaercs
CMECTUTh MAaKCUMYyM II0 CKOPOCTH JETOHAIMU B 00JaCTh CYIIECTBEHHO OOJIBUINX 3HAYCHHUH TUIOTHO-

CTHU 3apsi’KaHus 10 CPaBHCHUIO CO CMCCAMU HAa OCHOBC Al MHUKPOHHOTI'O pasMepa.

Paboma sevinonnena npu purancosoii noddepoicke npocpammvl GyHOAMeHMAanbHbIX ucciedosanuii Ilpezuouy-

ma PAH Ne [ 1311 «Tennoghusuxa evicokux niomuocmeti suepeuuy u npoekma POOU Ne 16-29-01030.
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MECHANOCHEMICAL METHOD OF INCREASING THE DETONATION ABILITY
OF ALUMINIZED EXPLOSIVE COMPOSITIONS
A.Yu. Dolgoborodov"*?, A.A. Shevchenko"?, V.G. Kirilenko', M.A. Brazhnikov'
'icp RAS, Moscow
’NRNU MEPHI, Moscow
SJIIHT RAS, Moscow

Method of mechanochemical activation was used to increase the detonation ability of composi-
tions based on mixtures of ammonium perchlorate AP with micron sized pAl and nano sized alumi-
num nAl. The optimum conditions of mechanical activation of mixtures were found so that the maxi-
mum homogenization of the mixture was provided in the absence of the reaction between reagents.
Mixing and activation of components was carried out in a planetary mill "Activator -2sl» with steel
balls and drums with water cooling. The activation time ranged from 0.5 to 40 min. Analysis by X-ray
diffraction and electron microscopy showed that under selected processing conditions, grinding and
mixing occurs without the chemical reaction. According to the analysis of optimal activation time =
10 min, while achieving maximum homogeneity of mixing and rate of combustion. The detonation
properties of explosive charges derived from a mechanically activated mixtures have been studied.
The dependences of detonation velocity on the activation time, density and diameter of charges were

obtained. The results showed that, the detonation ability of formulations can be substantially enhanced
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in comparison with conventional mechanical mixtures containing pAl. The activation and nAl sharing
has allowed to lower critical diameter (<10 mm) and to displace a maximum of detonation velocity in
area of high density charges (from 1.46 to 1.9 g/cc with a diameter of 25 mm). The maximum detona-
tion velocity = 6410 m/s of the composition with nAl was obtained with a relative density of 0.91 and

a diameter of 40 mm.
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STRUCTURE/PROPERTIES RELATIONSHIPS OF ENERGETIC SOLID
COMPOUNDS: IMPACT OF CRYSTALLIZATION
Guy JACOB
AIRBUS SAFRAN LAUNCHERS
Research Center of Le Bouchet, France

It has been known for a long time that morphology of granular fillers is a requirement for
achieving high content of energetic compounds in composite materials (propellants, explosives, gun
propellants) and also to lead to operational properties (burning rate for solid propellants, mechanical
behaviour) and lower the sensitivity of materials (ignition at defects).

Traditional procedure involves grinding and sizing through mechanical tools. Development of
new energetic solid compounds needs the control of the polymorphism and also the modification of
the crystal habits to achieve the right shape and size of crystals. New tools for processing of solid par-
ticles are needed.

This presentation shows the use and setup of new tools that are currently under evaluation at re-
search and pilot scale for some representative axes of new molecules.

¢ Rationalization of the study of crystallization, when applied to CL20, led to the total control of
particles range up to more than 250 microns.

e ADN is a special compound due to the low melting point. Prilling appears a candidate method
and indeed can produce round material, whose size can be adjusted by the process parameters. How-
ever, a new way of crystallization with additive to obtain improved shape of crystal was developed
with the aid of modelling and is now under study to be transferred to pilot scale.

e Reduction to nano scale is of course a challenge in energetic materials. Processes exist in other
sectors of chemistry like pharmaceuticals. The very high polarity of nitro compounds eliminates the
most practical way of expansion of a solution in supercritical fluids. Precipitation is achieved by rapid
addition of a non solvent (either liquid or supercritical or gaseous).

In parallel to better tailored made morphologies, improved properties in feasibility and safety
are forecast. The characterization of the properties of these particles is then required to understand the

effect of the process and the physical behaviour of the crystals.
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PE3YJbTATHI PASPABOTKH U BHEJIPEHUSI CPEACTB PEHTTEHOBCKOM
KOMIIBIOTEPHOM TOMOTI'PA®UM JIJISI HEPA3PYIIAIOIIEIO KOHTPO.IS
W3IEJUA U3 BBICOKOHEPTETUYECKNX MATEPHAJIOB

B.I1. Kapux, A.B. JlutBuHoB, A.I'. MuTuH, A.A. CKOKOB
AO «DHIIL] «Anmaiiy, e. buiick

B AO «@HIIL] «Anraii» pazpaboran GeTaTpoHHBIA ToMOTpad sl KOHTPOJIS U3AEIUNA TuaMeT-
pom 10 1000 MmM. McTtounnkom uznnyyenus siBisiercsi 0erarpon MUbB-10 ¢ sHeprueit TopMO3HOTO U3-
aydyenus 1o 10 MaB, npueMHUKOM H3iTydeHus — IeTEKTOpHas JUHEWKa Ha 256 KaHaJIOB.

B u3BecTHBIX 3apyOeKHBIX TOMOTpadax H3JAeNue 3aKpEeIUIieTCsl BEPTUKAIBHO HAa TIOBOPOTHOM
CTOJIE, UCTOYHUK M JIMHEWKa JETEKTOPOB YCTaHAaBJIMBAIOTCSA Ha OoNpeaencHHoW BwicoTe. Ilpu paspa-
00TKE OTEUECTBEHHOT0 ToMorpada npeanodyTeHle OTAaHO FOPU30HTAIBHOMY cKaHepy. M3nenue pac-
roJiaraeTcs Ha BpAIlalOIIMUXCs BaJIKaxX, a IETEKTOPHas JIMHEWKa PETUCTPUPYET U3JIyUYEHHUE, IepeceKa-
I0Illee BEPXHIOIO MOJIOBUHY ceueHus (puc. 1). HoBoe ckanupoBaHue MOBIEKIO pa3pabOTKy COOTBET-
CTBYIOILIETO aJITOPUTMA PEKOHCTPYKLIUH.

B Hacrosiiee BpeMst U3rOTOBIJIEHBI JiBa TOMOrpada, KOTOpbIe KCILTyaTUPYIOTCS Ha MpPEANpHsi-

TUSAX OTPACIIu.

Puc. 1. Koncrpykuus 6eraTpoHHOr0 ToMorpada 1 reoMeTpusi CKaHUpoBaHUs: | — u3imydarens OeraTpoHa;
2 — yCTPOWCTBO OpUEHTAIMH OeTaTpoHa; 3 — mIaThopMa-cKaHep Ha [IaroBBIX JBHUTATeNsX; 4 — IETEKTOpHAs JIMHEHKa;
5 — yCTpOHCTBO OPUEHTANH JETEKTOPHOM JIMHEHKH; 6 — 00BEKT KOHTPOJIS

Jlist MpOBEpKH YyBCTBUTEIBHOCTH TOMOTrpada Obul pa3paboTaH M M3rOTOBJIEH TECTOBBINA 0Opa-
3ell, KOTOPbI UMUTHPOBAJ Ae(EKTHl B BUAE PAKOBUH OIPENIEICHHBIX pa3MEPOB U TPEIIMHONOA00HbIE
nedexrel. Ha ocHOBe TomMorpammbl 00pasiia, MOMEIIEHHOTO B KaHAI M3AeTus auaMmeTpoM 750 mw,
TOJTydeHBI CICAYIOIINE JaHHBIC: TOMOrpad) MO3BOJIACT BBIABIATH PAKOBHHBI 00BeMoM 0,004 cM’, uTo
Ha JIBa MOPS/KA MPEBBIIIAET PE3yabTaThl PAAUNOMETPHUECKOTO METOa KOHTPOJISA, U TPELIMHOIOI00-
Hble AedekTsl ¢ packpsituem 0,03 cm.

JanbHeiimas orpaboTka Tomorpada MpoBOJMIACH HAa BBICOKODHEPIreTHUECKUX MaTepHaiax c
peanbHbIMU JedekTaMu. ToMorpaMMmbl OTYETIMBO OTOOpaXkanu Ae(eKThl CIIOKHOW KOH(UTyparuu.

Panee HabmonaTh cTOH MOAPOOHYIO HHPOPMAITUIO HE TPECTABISLIIOCH BOSMOKHBIM.
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B nepcnektuBe B AO «DHIIL] «Anraii» mocraBieHa 3aiada pa3paboTku Tomorpada s KoH-

TpoJst u3nenuit nuamerpom a0 2000 mm u Gosee.

DOI: 10.17223/9785946215596/18

RESULTS OF DEVELOPMENT AND IMPLEMENTATION OF X-RAY COMPUTED
TOMOGRAPHY MEANS FOR NON-DESTRUCTIVE TESTING OF ARTICLES
FROM HIGH-ENERGY MATERIALS
V.P. Karikh, A.V. Litvinov, A.G. Mitin, A.A. Skokov
JSC Federal Research & Production Center “ALTAI”, Biysk

The betatron tomograph to control 1000 mm diameter articles has been developed at JSC
FR&PC “ALTAI”. Radiation source is MIB-10 betatron with bremsstrahlung energy up to 10 MeV,
radiation detector is a line of detectors with 256 channels.

An article is fixed vertically on the rotating table in well-known foreign tomographs, the source
and the line of detectors are mounted at a specified height. Preference was given to a horizontal scan-
ner when developing a domestic tomograph. The article is placed on the rotating shafts, and the line of
detectors records radiation, cutting the top half the section (Figure 1). New scanning caused the devel-
opment of the corresponding improvement algorithm.

Nowadays, two tomographs operating at plants are made.

Fig. 1. Betatron tomograph construction and scanning geometry: 1 — betatron emitter; 2 — betatron orienter;

3 — stepper based platform-scanner; 4 — line of detectors; 5 — line of detectors orienter; 6 — object to control
A specimen, simulating the defects in the form of cavities with certain sizes and crack-like de-
fects, was designed and manufactured to test tomograph sensitivity. The following data was obtained
based on the specimen tomogram placed into the article channel with 750 mm diameter: the tomo-
graph allows detecting 0.004 cm’voids that exceeds by two orders of magnitude the radiometric con-

trol results, and crack-like defect with 0.03 cm opening.
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Further tomograph testing was performed with high-energy materials with real defects. Tomo-
grams clearly displayed defects of difficult configuration. It was impossible to observe such detailed
information previously.

In the near future, JSC FR&PC “ALTAI” should develop the tomograph to control articles with

diameter up to 2000 mm and more.
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I'OPEHUE MOJEJIBHBIX ATJIOMEPATOB U3 AJIIOMUHUSA U BOPA
INPU CBOBOIHOM NMAJIEHUHA B BO3JAYXE
O.I'. T'10o10B, I'.C. Cypoaun, O.H. ’KurHnukas
Hucmumym xumuueckoti kunemuxu u copenus um. B.B. Boegoockoeo
Cubupckozo omoenenus poccutickou axademuu nayx (MXKI CO PAH), e. Hosocubupck

WuTepec k mapaMeTpaM TOPEHHUs YacTHI KOMOMHUPOBAHHOTO METAJUIMYECKOTO0 TOpPIOYEro Ha
OCHOBE IOMHMHHUS M Oopa 00yclIOBIEH UMEIOLIelcs HHPOopMaIueil 0 TOM, 4TO MPUMEHEHHE KOMIIO-
s3unuu Al + B MokeT crocoOCTBOBATh MOBBIIICHHIO TMOJHOTHI CrOpaHusi 60pa B MPSIMOTOYHOM BO3-
IYIIHO-peakTUBHOM fBurarene [1]. B pabore skcrepuMeHTalIbHO HCCIEI0BAHO TOPEHNUE OJAMHOYHBIX
cpepruuecKuX MOJICIbHBIX YaCTUI-arJOMEPaTOB U3 aTOMUHMS U Oopa. s mosrydeHus ropsumx ya-
CTHILI-aTrJIOMEPaTOB KOHTPOJIMPYEMOTO pa3Mepa HCIOJIb30BaHbl CIielUaibHble 00pasubl. OHU Tpen-
CTaBISIOT c000i Oe3MeTaIbHOE TOTLTUBO-MATPUILY, B KOTOPOE MOMEIIEHO ONpPEAeIEHHOE KOJINYECTBO
OJIMHAKOBBIX MUHUATIOPHBIX KYCOUKOB-BKJIIOUEHUH, M3TOTOBICHHBIX U3 METAJUIM3UPOBAHHOTO CMece-
BOTO TOIUIMBA. B BOJIHE TOpeHuUs: MaTPHULbl KaX/10€ BKIIOUEHHE MPEBPAIIACTCSA B TOPAIIYIO YaCTHILY-
araomepar. Macca, coCTaB M CTPYKTypa arjloMeparoB MpPEONpeleNeHbl PeLenTypoil U pa3MepoM
BKIItOueHu# (2, 3]. B paboTe mpopoKeHbl CCIeI0OBaHMS, HauaThie B [4] ¢ MpUMEHEHUEM BKIIOUCHUI
cnenytomero cocrasa: 55% Al, 13% B, 32% ceszyromiero. B HacTosimelt pabote BappHpoOBaliu IUC-
nepcHocTh Al. Mcnonb3oBanu nopomok AC/I-4 ¢ dyz = 9 MM, 1100 BbIJIEIEHHBIE U3 HETO (ppakiuu
0,3-0,7 mxm u 0,5-1,5 mxM. Bop Bo Bcex ciydasix ObLT OJJMH U TOT k€ — aMOpHBIH ¢ di3 = 5,4 MKM.
BapuanTsl penentypsl BKIoueHui Oynem o6o3naqdats Al9B, Al05SB u Al1B B cooTBeTCTBHHM € Xapak-
TEpHBIMHU pazMepaMu yacTull anromMunus (9, 0,5 u 1 MkM) B ux cocrase.

Lenbto nanHO# paboTHI OBLIO MONMy4eHHE MH(OPMALIMU O CTPYKTYpE, BpEMEHAX FOpeHHs U 00
M3MEHEHHH MacChl M pa3Mepa MoJienbHBIX Al/B-ariomepaToB npu uX TOpeHUH B YCIOBUSAX CBOOOIHO-
ro MajeHusi B BO3JyXxe npu atMochepHoM aaBieHHU. VccrmemyeMble arioMepaTsl UMENU AUaMeTp B
nuana3one 320—-780 MUKpPOH. DKCIIEpUMEHTBI IPOBEAECHBI IO MeTOAUKE [3].

OcHoBHbIE pe3yJbTaThl. B Tabi. 1 Ha puc. MpeCTaBlIeHbl pa3MEepHBIEC 1 MACCOBBIEC MTAPAMETPHI
YaCcTHIl, a TAK)KE 3aBUCHMOCTH BPEMEHHU TrOpeHHs t, OT 1uamerpa yactull. Vcnonbp3oBaHel 0003Haue-
Hus: Dap — cpennmii HavanpHBIA auamerp Al/B-armomeparoB, Doy — cpemHuilt nuameTp 4acTuil-
OCTaTKOB, MaB M Mox — CPEAHUE MACCHI arjloMepaToB M OCTaTKOB, Nox — UMCIO 00pabOTaHHBIX Ya-
cTull. AOCOJIOTHBIE MOTPEIIHOCTH MPUBEAEHHBIX 3HaueHu# cneayrommue: +0.02 mis moyx/majs, £0.03

Ut Doy/Dag 11 £ 20 Mxm it D u £0.04 ¢ s ty,.

45



l'oprouee Mox/MaiB Dox/Dais Nox, 1IT. 3aBucHMOCTS ty(c) 0T D (MKM)
AI9B 0.95 1.04 61 (D) = (0.98+0.92)x 10"+ D!1:013
AllIB 1.00 1.04 41 ty(D) = (1.060.90)x 10 *- D'*1=013
Al0SB 0.89 1.03 49 (D) = (0.74£0.65)x 104 Dl-3+:014
B cpentem 0.95 1.04 151 ty(D) = (1.93+0.89)x107°- D! 77+007
254
20 - °

0.0

L L L T L
300 400 500 600 700 800
D, micron

Puc. 1. 3aBucumocty BpemeHu ropernst Al/B-arimomepaToB oT quamerpa it TpEX BapHaHTOB METAIIMYECKOTO TOPIOYETO.
ToukM — SKCTIEPUMEHT, JINHAYN — alpOKCUMAaINs

3aBucumoctu ty(D) onuckiBaroTcst crenennoi ynkiueit ¢ mokazarenem 1.5-1.8. CymecTBen-
HBIMH OCOOEHHOCTSIMH MEXaHU3Ma TOPCHHUS SBISIOTCS cllaboe M3MEHEHUE MACChl U TUaMeTpa 4acTu-

16l B TIPOLIECCE BHITOPAHUS, a TAKXKE crenuduyeckas CTpyKTypa YacTUILl B BHJIe OOPCOAEPIKaIIero -

pa, 3aKITI0YCHHOTO0 B 000JI0UKY, B KOTOPOM OTCYTCTBYET OOp.

Paboma svinonrnena npu noodepocke PODOU (npoexm Ne 15-03-04321).
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COMBUSTION OF ALUMINUM AND BORON MODEL AGGLOMERATES
FREE FALLING IN AIR
0.G. Glotov, G.S. Surodin, O.N. Zhitnitzkaya
Voevodsky Institute of Chemical Kinetics and Combustion
Siberian Branch of the Russian Academy of Sciences (ICKC SB RAS), Novosibirsk

Interest to combustion parameters of the composite metal particles based on aluminum and bo-
ron is inspired by information [1] that application of Al + B composite fuel may result in increasing
the completeness of boron combustion in a ramjet engine. The combustion of single spherical model
particles-agglomerates made of aluminum and boron mixture was experimentally investigated in the
present work. To obtain objective data on the coarse agglomerate combustion, we developed an origi-
nal approach, based on the firing the special samples, generating the burning agglomerate particles of
a given size. The samples consist of the metal-free propellant-matrix with inserted the finite number of
identical size miniature pieces-inclusions, made of heavily metalized composite propellant. In the
course of experiment each inclusion, consisting of a large number of micron size particles, transforms
into a burning particle-agglomerate in the matrix combustion wave. The agglomerates are of almost
the same size, mass, composition, and structure, predetermined by the size and formulation of inclu-
sions [2, 3].

The current work continues the investigations started in [4]. The following composition of in-
clusions has been chosen: 55 % aluminum, 13 % boron, 32 % energetic binder. The dispersion of Al
was varied. Three powders were used, namely: either the Russian commercial powder ASD-4 with
d43 =9 micron or narrow fractions of 0.3—0.7 micron and 0.5—1.5 micron isolated from ASD-4 with a
centrifugal classificator. The amorphous boron with ds3 = 5.4 micron was used in all compositions.
Three formulations of inclusions are further designated as AI9B, All1B and AlO5B, according to the
characteristic sizes of Al particles (9, 1, and 0.5 micron) in their composition.

The goal of work was to obtain information on structure, burning times and the change in the
mass and size of single model Al/B-agglomerates upon their combustion in free fall motion in air at
atmospheric pressure. The studied agglomerates had diameter in the range of 320-780 micron. Exper-
iments were made with use the technique described in [3].

Main results. The table and figure summarize the averaged values of the mass and dimensional
parameters and the dependencies of burning time on initial particle diameter, t,(D). Here Dag — aver-
age initial diameter of Al/B agglomerate, Dox — the average diameter of the final particle residue, majs
and m,x — the average mass of agglomerates and the residues, Nox — number of the processed particles.
Absolute errors of the values presented are the following: £0.02 for moy/mais, £0.03 for Dyy/Dais, = 20
micron for D, and +0.04 with for ty,.
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Metal fuel m,,/Mas Dox/Dais Nox, pcs Approximation
A9B 0.95 1.04 61 tp(D) = (0.98+0.92)x10 *- D' 1012
AllIB 1.00 1.04 41 ty(D) = (1.060.90)x 10 *- D'*1=013
Al05B 0.89 1.03 49 ty(D) = (0.740.65)x 10"+ D' -5+:0.14
Averaged 0.95 1.04 151 ty(D) = (1.93+0.89)x107°- D 77+007
2A5—.
20—: o,

All
= AlO5B
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Fig. 1. Burning time dependencies on diameter for the Al/B-agglomerates made of three different metallic fuels A19B,
Al1B, and Al05B: Dots — experimental data, Lines — power function approximations
Thus, the dependencies of the burning time versus diameter are described in terms of the power
function with an exponent of 1.5-1.8. The particular features of the combustion mechanism of Al/B-
particles are: (1) a weak change in particle mass and diameter upon combustion, and (2) a specific par-

ticle structure in the form of boron-containing nucleus, enclosed in the shell without boron.

The work is supported by the Russian Foundation for Basic Research (project # 15-03-04321).

References

1. Rocket ramjet motors on solid and pastelike propellants // Sorokin V.A., Yanovsky L.S., Kozlov V.A., Suri-
kov E.V. / Milyokhin Yu.M., Sorokin V.A. (Eds.). Moscow : Fizmatlit, 2010. [in Russian]

2. Glotov O. G., Zhukov V. A. The Evolution of 100-um Aluminum Agglomerates and Initially Continuous
Aluminum Particles in the Flame of a Model Solid Propellant. I. Experimental approach // Combustion, Ex-
plosion, and Shock Waves. 2008. V. 44, No. 6. P. 662—670.

3. Glotov O. G. Combustion of spherical agglomerates of titanium in air. I. Experimental approach // Combus-
tion, Explosion, and Shock Waves. 2013. V. 49, No. 3. P. 299-306.

4. Glotov O.G., Surodin G.S., Zhitnitsky O.N. Kiskin A.B. Combustion of monodisperse Al/B-agglomerates in
air // Proc. IX All-Russian conference «Propellant combustion: theory, experiment, applications», Novosi-
birsk, 2015. © Kutateladze Institute of Thermophysics of Siberian Branch of Russian Academy of Sciences,
2015 (8 pages). URL: http://www.itp.nsc.ru/conferences/gt-2015/Files/D1_S3-6.pdf

48



DOI: 10.17223/9785946215596/20

METOIUKA PACYETHO-9KCHHEPUMEHTAJIbHBIX HCCJIEJOBAHUN
XAPAKTEPUCTHUK I'OPEHUSA TBEP/JbIX TOIIJIUB B BBICOKOCKOPOCTHOM
IHOTOKE BO3YXA
B.M. 3Bernnnes, C.M. Ayiabuenko, C.B. Jlykamesuy, /I.I'. HaaiuBaiiuenko
Unemumym meopemuueckoii u npuxiaonou mexanuxu umenu C. A. Xpucmuanosuua CO PAH, e. Hosocubupck

Lenbto qaHHOM PabOTHI ABISETCS BHIOOP 0000IAIOIINX KPUTEPUEB U CO3/IaHUE SIMHON YHU(H-
LUPOBAHHON METOJUKH JKCIIEPUMEHTAIBHOIO UCCIIEIOBAHNS XapaKTEPUCTUK TOPEHUS TBEPAOIrO TOII-
muBa (TT) B BBICOKOCKOPOCTHOM IMOTOKE BO3ayxa. Ha ocHOBe Takol METOAMKH MOXXHO OyJeT peria-
MEHTHpOBaTh TpeboBauus Kk cozgaBaeMbiM TT st TIBP/] u, B TO ke Bpemsi, 00ecrieuuTh B3aUMOTIO-
HUMaHHE Pa3pabOTUYMKOB TOIUIMBA M MPSMOTOYHOIO JBHUTATElNs TI0 OCHOBHBIM XapaKTEPUCTHKAM T'O-
peHus TBEPIOTO TOILINBA.

Jlnst mpoBesieHusl SKCIIEPUMEHTAIBHBIX UCCIIEA0BAHUH Obljla CO3/1aHa YCTaHOBKA, BKIIIOYAOIIAs

KOPOTKYIKO KaMCpy I BOCIUIAMCHCHHA W HAYAJILHOI'O TOPCHUA TBEPAOIO TOPHOUCTO B BBICOKOCKO-

POCTHOM (JI03BYKOBOM ) ITOTOKE BO3/lyXa U JUIMHHYIO (10 1 M) Kamepy T0KUTaHHUS.

W3mepurenpabie

O6pazen TT

Kawmepa noxuranust

L=100+1000 mu

I'pebenka
ra3zoorbopa

B cocraB ycTaHOBKM BXOJAT aBTOMaTU3UPOBAHHASA CUCTEMA HArpeBa, OJAa4u U PEeryJIMPOBAHUS
pacxoja BO3/lyXa, CUCTEMa BOCIUIAMEHEHUS T'OPIOYET0 B KaMepe CrOpaHusi, CUCTEMa OTBOJA BBICOKO-
TEMIEepPaTypHBbIX MPOAYKTOB CrOpaHMsA. YCTaHOBKAa OCHAIlEHa COBPEMEHHOM OBICTpOJeHCTBYOLICH
CUCTEMOM U3MEPEHUM, MO3BOJISIOLIEN U3MEPATh PACX0J OKHMCIHTEN HAa BXOJE U Pacxol IPOIYyKTOB
CropaHus Ha BBIXOJC, HECTALlMOHAPHBIC 3HAYCHUs JABJICHUN U TEMIIEpaTyp, YHOC MAacChl TOIUIMBHBIX
00pa31oB, BbIICICHUE TEIJIa IPU TOPEHUH C YY€TOM TEIIOOTBOJA B CTeHKH. OCHOBHBIMU OCOOECHHO-
CTSIMH YCTAHOBKH SIBJISIOTCA IIMPOKHUM JUANA30H PEANM3YEMBIX YCIOBUN UCIBITAHUM, COOTBETCTBY-
IOIIMH yCIOBUSM HATYpHOTO TOJIETa, © KOPOTKOE BpeMs pabouero pexxuma (Mopsiika HECKOJBKO ce-
KYHJI), 4TO TIO3BOJISIET CYIIIECTBEHHO CHU3UTh CTOUMOCTb €€ CO3AAaHMS U IKCILUTyaTalluH.

B nporiecce sxcnepuMeHTa CKaThld BO3AYX MOCTYMAeT B (popkamepy YCTAaHOBKH depe3 oMHuue-

CKHUil mojporpesarenb, pazorpetsiii 10 800 K. Ilpu HeoOxonumocTu B popkamepe BO3AyX pazorpena-
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ercst 10 Temneparypsl < 1600 K ¢ momorisio oraeBoro nojaorpesa (Bogopoa+kuciopon). anee Bo3-
IyX MOCTYINAeT B KOPOTKYIO Kamepy, e 1o ocu ycranoBieH oOpaszen TT, nmpeacramisromuii co6oit
muHAp anuHo 40 MM U BHemHUM quameTpoM 20 mm. ['openue u yHOC Maccwl oOpasma TT ocy-
LIECTBISAIOTCS TOJBKO HA BHEIIHEW IOBEPXHOCTH LIWJIMHJIpA. B IIMHHON Kamepe N0KUTaHUs IIPOU3-
BOJIUTCS HCCJIENOBAHMUE IpOLecca AOTOPaHUs KOHJIECHCHUPOBAHHBIX 4acTUL TomuuBa. [IpoccenpHas
mraiiba Ha BBIXOJIE KaMmephl JOXKHTaHHs IO3BOJISICT PEryIHpOBaTh JaBJICHUE B JIO3BYKOBOM Kamepe
CropaHus,

B kaXJI0M 3KCIIEpUMEHTE BBIMOJIHACTCS M3MEPEHUE TAaBJIIEHUH C MOMOIIBI0 MajorabapUTHBIX
TEH30/1aTYMKOB JABJICHUS, U3MEpPEHHE TEMIIEpaTyp C MOMOIIBI0 TepMonap Bosb(pam-peHuit, oToop
ra3oBbIX P00 U3 MOTOKA Yepe3 MPUEMHHKH MOJTHOTO JaBJICHHUSL.

Ha ocHOBe nOJIydeHHBIX 3KCIIEPUMEHTAIbHBIX JAHHBIX O TEMIIEpAType, JaBJICHUU, KOHLIEHTpa-
LA KHUCIIOPOJa B KOHTPOJIBHBIX CEUEHHUAX KaHalla U CKOPOCTH MaccoBOro yHoca npu ropenun TT
YHCJICHHO peIIaeTcsi oOpaTHas 3a/laya BOCCTAHOBJICHHMS HEU3BECTHBIX MapaMeTpOB B 0OOOIEHHBIX
YPaBHEHUAX XMMUYECKOM KUHETUKH, MOJEIUPYIOLHUX Ipouecc ropeHus TT, Takux Kak CTEXHOMET-
puueckue K03(pUIIMEHTHI, KOHCTAaHTbI CKOPOCTH PEaKIH, SHEPrUsl aKTUBALIMU U TEIUIOBBIICICHUE.
s monenupoBanus ropenus TT ucnosb3yercs co3gaHHas MporpaMma pacdyera TeUeHHUs MHOTOKOM-
IIOHEHTHOM CpEZbl C YUETOM XMMHUYECKUX peakuuii, ocHoBanHas Ha KI'/[-anroputmax. Pacuer mapa-
METpOB, onpezenstomux ropeaue TT, ocymecTBisiercs MUHUMH3aMEN QyHKIMOHATIA, SIBISIOLIETOCS
CYMMOM KBaJpaTOB OTKJIOHEHUH SKCIEPUMEHTAIBHBIX M PacCUeTHHIX JaHHBIX. B pabore ncnonp3oBa-
HBI JIBa METOJa MHUHMMH3ALUUU (YHKIUU MHOTUX IMEPEMEHHBIX: HETPAJUEHTHBIA METOJl MOMCKA C
aZanTanyen U UCIOJIb30BAHUEM JJIEMEHTA CIIy4aHOCTH U METO/I IOKOOPAUHATHOTO CITyCKA.

Ilo pe3ynbpTaTam pacdeToB Ul BCETO QUAIa30HA SKCIEPUMEHTAIBHO UCCIIEIOBAHHBIX PEKUMOB
MOJTy4EeHbI 00001IAI0IINEe 3aBUCUMOCTH OTIPEACISIIONINX TApaMETPOB OT XapaKTEPUCTUK TEUCHUSI.

B nepBoii cepun 3KCriepuMEHTOB ObUIM pealn30BaHbl OCHOBHBIE PabOyYre PEeKUMBI YCTaHOBKH,
COOTBETCTBYIOIIME YCIOBUAM B Kamepax cropanus [IBPJ/] npu HaTypHOM mOJIeTe€ B AMANAa30HE OT
M=2moM=7.
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THE METHOD OF EXPERIMENTAL AND COMPUTATIONAL STUDIES
OF SOLID FUELS COMBUSTION IN A HIGH SPEED AIR FLOW

V.I. Zvegintsev, S.M. Aulchenko, S.V. Lukashevich, D.G. Nalivaychenko
ITAM SB RAS, Novosibirsk

The aim of this paper is to generalize the unified criteria and the development of unified meth-
odology for experimental investigation of the solid fuel combustion in a high speed air flow. On the
basis of this technique the requirements for ramjet solid fuels could be chosen and at the same time,
mutual understanding to be ensure between fuel developers and ramjet engine designers on the main

characteristics of the solid fuel combustion.

Measurement " T

protection

For experimental studies test facility was created that includes a short chamber for ignition and
the initial combustion of solid fuel in the high-speed (subsonic) air flow and a long (up to 1 m) post-
combustion chamber. The facility consists of an automated system of air flow heating, supply and
regulation, the ignition system of the fuel in the combustion chamber, the evacuation system of high
temperature combustion products.

Facility is equipped with modern high-speed measurement system that allows to measure air
flow rate at the input and the flow rate of the combustion products at the output, nonstationary pres-
sure and temperature, mass loss of fuel samples. The main features of the facility are: a wide range of
ongoing test conditions corresponding to the conditions of real flight, and a short time operation (the
order of a few seconds), which can significantly reduce the cost of its development and operation.

During the experiment, the compressed air heated to 800 K enters the pre-chamber system via
an ohmic heater. If necessary, this air flow can be heated to a temperature of <1700 K by using of the
heating fire (hydrogen + oxygen). Next, the air comes into the short chamber, where solid fuel sample
as a cylinder 40 mm long and 20 mm outer diameter is located along the axis. Burning and mass loss

of solid fuel sample are carried out only on the outer surface of the cylinder. In a long post-
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combustion chamber a study of the combustion of fuel burn-condensed particles is conducted. The
throttle at the afterburning chamber outlet allows us to adjust the required level of pressure in the sub-
sonic combustion chamber.

In each experiment, the pressure measurement with using of pressure strain gauges, measuring
the temperature with using of tungsten-rhenium thermocouples, gas sampling from a flow receivers
through the Pitot pressure probes are performed.

On the basis of experimental data on temperature, pressure, oxygen concentration in the control
sections of the channel and mass ablation rate during solid fuel combustion the reconstruction of un-
known parameters such as the stoichiometric coefficients, reaction rate constant, activation energy and
heat addition in the generalized equations of chemical kinetics is performed.

For modelling of solid fuel combustion the calculation program based on the KGD - algorithms
for multicomponent gas flow with chemical reactions was established. Calculation of the parameters
that determine the solid fuel combustion is performing by minimizing the functional, which is the sum
of squared deviations of the experimental and calculated data. We used two methods to minimize a
function of several variables: nongradient searching method with the adaptation and use of the chance
elements and a descent method.

The calculations make it possible to make a generalization of defining parameters in accordance
with the main air flow parameters for the whole range of experimental conditions studied.

In the first series of experiments the main operating regimes of the facility were realized (solid
points) that correspond to the conditions in the ramjet combustion chambers during the real flight
from M =2 to M =7 (colored area).
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JJISA OBPABOTKN HE®TAHBIX CKBAXKHWH
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B nocnennee Bpems i HHTEHCU(UKAITIN HEPTEAOOBIYM IIUPOKO HCIIONIB3YIOTCS METO/IbI Tep-
MOTa30XUMHYECKOTO BO3JCHCTBUS HA MPU3a00HHYIO 30HY C IOMOIIBIO BHICOKOAHEPTEeTHUECKUX MTUPO-
TEXHUYECKUX M MIOPOXOBBIX TOIUIUB. Y HUKAJIbHBIMH UCTOUHUKAMHU SHEPTUU U XUMHUECKUX PEareHTOB
IUISL peain3aluu 00pabOTKU CKBa)KUH SIBJISIFOTCSI SHEPTOHACHIIIICHHBIE MaTePHAaJIbl, PEICTABIIAIOINE
ra30reHepUpyIOLIHe MPH CrOPaHUU KOMITIO3UIIMOHHBIE MaTepHaibl U (OPMHUpPYEMBbIE B TBEPJOM BUIE B
KOHTEHHEPBbI — TEPMOUCTOYHMKH [ 1, 2].

OCOOEHHOCTBIO TEPMOMCTOUYHUKOB M3 KOMITO3UIIMOHHBIX MaTepHaiOB Ha OCHOBE aMMHUAYHOU
CENTUTPHI SBISETCA UX B3PHIBOOE30MACHOCTh U CIIOCOOHOCTH CO31aBaTh B 3a00€ B OJIHOM TEXHOJIOTH-
YeCKOH orepanuy OJHOBPEMEHHO BBHICOKHME WIIM TOBBIIICHHbIE IaBICHUS, TEMIIEpaTyphl U ra3000pa3-
HBIE MPOIYKTHI, B TOM YHCIIE, COCTOALINX MPEUMYIIECTBEHHO U3 aKTHBHBIX BBHICOKOTEMIIEPATYPHBIX
XUMUYECKUX pearcHTOB.

JlaHHBIE KOMIIO3MLIMH SIBJISIOTCS CHCTEMaMM «OKUCIHUTENb-TOPIOYee», B KOTOPHIX B KauecTBE
OKHCITUTENS MCIIOJIb3YEeTCsl HUTPAT aMMOHHMs. B KauecTBe roprodero UCIoib30Bai AMOKCUIHYIO CMO-
Jy U KOMIIO3UT «MarHUu-rpaut», KOTOPHIA MOJIYYHUIH METOJOM MEXaHOXUMHUYECKOH 00paboTKu.
OTH cOCTaBbI HE 001aJal0T B3PhIBUATHIMU XapaKTEPUCTHKAMH.

I'opeHune cocTaBa U3y4yaiau B peakTope Ui CKUTaHUs IpU aTMocdepHOM aaBieHuu. Temnepa-
TYpY TOPEHUS OTIPENIENISIIN ¢ IOMOIIBIO0 TMPOMETPA.

B pesynbrare mocioiHOro cropaHusi COCTaBa TEPMOMCTOYHHKA 00pa3yloIuecs BHICOKOTEMIIE-
parypHbie Ta3000pa3HbIe MPOIYKTHI CO3/AI0T B 00JaCTH MHTEpBasia 00paObOTKU MOBBILICHHOE JaBlie-
HUE U MIPOHUKAIOT B MIOPHI M TPELIUHBI MPU3a00IHOMN 30HbI. B pe3yinbrare rcciaenoBaHus ONpPEesIeHO,
YTO TEMIIEpPaTypa TOPEHUs MUPOTEXHUYECKOTO COCTaBa HA OCHOBE HUTpATa aMMOHHUS C KOMIIO3UTOM

«MarHui-rpagur» nossicuiack Ha 300°C, a cKOpoCTh TOPEHHUS MOBBICKUIIACH Ha 2 pa3a.
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Recently, for intensification of oil production are widely used methods thermogaschemical im-
pact on bottom-hole area by using high-energy pyrotechnic and propellant fuels. Unique energy
sources and chemicals for the implementation of well treatment are energy-intensive materials repre-
senting gas-generating the combustion of composite materials and formed in solid form in containers -
thermosources [1, 2].

Feature of thermosources of composite materials on the basis of ammonium nitrate is their ex-
plosion and the ability to create in the face in a single technological operation simultaneously high or
elevated pressure, temperature and gaseous products, including, consisting mainly of active high-
temperature chemicals. These compositions are systems of "oxidizer-fuel", in which as the oxidant
used ammonium nitrate.

As fuel used epoxy and composite magnesium-graphite", which was obtained by methods of
mechanochemical treatment. These compounds do not have explosive characteristics.

The combustion of the composition was studied in the reactor for the combustion at atmospheric
pressure. combustion temperature was determined using a pyrometer.

In the result of layer-by-layer combustion of the composition of the thermosource the resulting
high temperature gaseous products created in the field of processing interval increased pressure and
penetrate into the pores and cracks in the bottom zone. The study determined that the combustion
temperature of a pyrotechnic composition based on ammonium nitrate with a composite magnesium-

graphite" increased to 300°C, and the burning rate increased by 2 times.
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B HacTosmee BpeMsi TOpeHne METAUIMYECKUX YAaCTHI] paCCMaTPUBAETCs Kak BecbMa 3 (HeKTHB-
HBIA MeTo/1 peoOpa30BaHusl XUMUYECKON SHEPTUM PA3TUYHBIX HEOPTaHUYECKUX COCMHEHUHN B TEM-
JIOBYIO BHEPTUi0. MeTauindeckre YacTUIbl 001 al0T 3HAYUTENFHO OOJIBIIMM 0OBEMHBIM YHEPTOBBI-
JeTICHUEM, YeM TPATUIMOHHBIE YIIIEBOJAOPOIHBIE TOIUIMBA, IIPU 3TOM 0c000€ MECTO OTBOIMTCS AJIIO-
MuHHUIO [1]. OH BBOAUTCA B COCTaB pa3/IMYHbIX BUIOB TOILIMBA, B TOM YHCIIE€ pakeTHOro [2]. Meran-
JMYECKHE MOPOILIKH MOIY4aloT Pa3IndHbIMU METOAAMM, CPEAU KOTOPHIX MEXaHOXMMHUYECKOMY CIIO-
coOy B TocIieHee BpeMs yaensercs Bce Oolbiie BHUMaHUs [3, 4]. MexaHOXUMUYECKUI CHHTE3 TO-
PIOUMX CcMecell MpencTaBiseT 00padOTKYy B BBHICOKOCKOPOCTHBIX IJIAHETAPHBIX MENbHUIIAX, BHOPO-
MeJbHUIAX U APYruX ycTpoicTBax. IIpn MexaHn4eckoil akTUBAaLlMK YMEHBIIAETCS HE TOJIBKO pa3Mep
YacTHUIl, HO U YBEIMUYMBAETCS IUIOMIAb KOHTAKTA MEXK/y peareHTaMu, IPOUCXOIUT OYUCTKA OT OKCHU-
JHOM TUIEHKU U APYTMX IpUMeEcel, HaKaIuIMBAIOTCS Ae(PEeKThl KpUCTAIUIMYECKON CTPYKTYpPBI, KOTOPbIE
o0ecreynBaroT yBeTUYEHUE XUMHUECKOW aKTUBHOCTH COCTAaBA.

MexaHOXMMHUYECKUM METOJOM CHUHTE3UPOBAH IIUPOKUNA KPYr KOMIIO3ULIMOHHBIX CUCTEM [5, 6].
PazpaboTaHbl SHEPreTHUECKUEe KOMIIO3UTHBIE CUCTEMbI METAIIJI/OPraHMueCcKOe BEIECTBO, K IPUMEDPY,
Takue Kak alfoMuHMi/TedoH, Marauit/tedaon [7]. OT BeIOOpa OpraHMYecKoi 100aBKU MPH MEXaHO-
xuMudeckoit 06padotku (MXO) BO MHOTOM 3aBUCHT KakK CTENEHb JAUCHEPrHPOBAHUS AITFOMUHHUEBBIX
YacTHll, TaK U (OpPMUPOBAHUE UX CTPYKTYPHBIX OCOOEHHOCTEH, KOTOpPbIE ONMpPENEIsIOT CTEIEeHb aK-
TUBHOCTH METAJUIMYECKUX PEAr€HTOB B MOCIEIYIOIINX IPOLECCaX TOPEHMUSL.

B HacToseii pabote paccMaTpuBaeTCs pojb KOHKPETHBIX OPraHUYecKUuX 100aBOK U BBIOOp OII-
TUMAJIBHBIX peXUMOB MXO amoMuHUS B Pa3BUTHU MOCIEAYIOIIETO TBEPA0(pa3HOTO rOPeHHs B pe-
KUME caMmopacnpocTpaHstouerocs Beicokoremmneparypaoro cunreza (CBC). Meronom CBC moxHO
OuarHocTupoBaTh BiMsHHE MXO Ha TEpMOKMHETHUYECKUE XapaKTEPUCTUKH IPOIECCa FOPEHUS IO-
POILIKOBBIX CUCTEM.

OCHOBHBIM CBIPBEBBIM MaTepHaIOM ObLI aTFOMUHMEBBIH nopook Mapku [1A4. Jlnokcua kpem-
HUS UCTIOJIB30BAJICS KaK OKUCIIUTEIb B MpoLecce TBepao¢a3zHOro ropeHus. B kauecTBe opraHu4ecko-
ro MOJM(UIMPYIOUIETO peareHTa CayXuiau rpagur u creapuHoBas kucinoTa (CigHzcO»). Ilpu u3mens-
YEHUU BapbHPOBAJIOCH BPEMs U COOTHOIIECHUE HCIIOJIb3YEMbIX MaTepHalioB B cMecH 00padaThIBaeMbIX
MIOPOILIKOB.

YroObl TpeAOTBPATUTh OKHCICHHME YacTUI[ aTIOMHUHHUS KHCIOPOAOM Bozayxa mocie MXO u
OLICHUTHh M3MEHEHHUs, AEUCTBUTEIHHO CBSA3aHHBIE C MEXaHMUYECKUM BO3JEHCTBHEM, 00pa3lbl JUCTIEp-

FHpOBaHHOfI CMCCH Ha OCHOBC aJIIOMHUHHA H OpFaHquCKOﬁ ;[0621131(1/1 MaCCUBHUPOBAIINCH I'CKCAHOM.
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AKTUBHOCTb U3MEIIBYCHHOTO U MOJU(PHUIIMPOBAHHOTO B MEXaHMYECKOM PEAKTOpPE aFOMUHHS OIICHU-
BAJIA BOJIOMOMETPUYECKUM METOJOM I10 BBIJCIICHUIO BOAOPOAA.

N3yyeHo BIMAHME MEXAHOXMMHUUYECKOW aKTUBALMM HA MUKPOCTPYKTYPY U PEAaKLMOHHYIO CIIO-
COOHOCTh AKTUBHUPOBAHHOTO U MOAM(PULIMPOBAHHOTO amfoMHHHUA. [loka3aHo, 4TO MOBEPXHOCThH Ya-
CTHI] IOpOIIKa AIOMHUHUS, NojiydeHHoro npu MXO, mokpsiTa OpPraHM4eCKMM CJIO€M, KOTOPBIH
npefoTBpamaeT okuciaeHue. Mcmnonb3oBanue rpadura mpUBOAUT K YMEHBIIEHUIO WHAYKIIHOHHOTO
Nepro/Ia 3aKUTaHUs, a CTEAPUHOBAsT KUCJIOTA YAYYIIaeT KalCy/SIHI0 U CTAOMIU3UPYeT MpoIece Io-
peHHs cUCTeMbl. VI3MeHeHHe CTPYKTYphl U MOAM(UKAIMS YaCTHIl IIUXTOBOM CMECH B pe3ylbTaTe
MXO obecriednBaeT MOBBILICHUE YHEPIOEMKOCTH CUCTEMbI U M3MEHEHHE KMHETUYECKUX ITapaMeTpOB
CB-cunreza. KoHeuHbIM pe3ynbTaToM sIBiISETCS Oosiee MOJHAasi KOHBEPCHSI KOMIIOHEHTOB IIUXTHI U
¢dbopmupoBanue ($pa3zoBoro cocrana, 00ECIIEUMBAIOIIETO BBICOKHE MMOKA3aTeNH MPOYHOCTH CHHTE3UPO-

BaHHOI'O MaTcpuaja.
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At present, combustion metal particles is considered to be a quite effective method for conver-
sion of chemical energy of different inorganic compounds into thermal power. Metal particles are dis-
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tinguished by a quite greater intensive energy release compared to traditional hydrocarbon fuels, a
special place being occupied by aluminium [1]. It is introduced into composition of different kinds of
fuels including propellants [2]. Metal powders are obtained by different methods, among which more
and more attention has been paid to the mechanochemical one [3, 4]. Mechanochemical synthesis of
combustible mixtures is processing in high-speed planetary mills, vibratory mills and other devices. In
the course of mechanical activation, there take place not only the decrease in the size of particles but
also the increase in the area of contact between reagents, cleaning from oxide film and other impuri-
ties, accumulation of the crystalline structure defects which provide the increase in the chemical activ-
ity of the composition.

A wide range of composition systems was synthesized by the mechanochemical method [5, 6]. Power
composite systems metal/organic substance, for example, such as aluminium/Teflon, magnesium/Teflon,
have been developed. The choice of organic additive during mechanochemical treatment (MCT) influences
mush both the degree of dispersion of aluminium particles and formation of their structural peculiarities
which determine the activity level of metal reagents in subsequent combustion processes.

This work deals with role of specific organic additives and the choice of optimal conditions of
MCT of aluminium in the development of subsequent solid phase combustion under the conditions of
self-propagating high temperature synthesis (SHS). The SHS method allows to diagnose the effect of
MCT on thermokinetic characteristics of the combustion process of powder systems.

The main raw material was aluminium powder of the brand PA4. Silicon dioxide was used as
oxidizer in the process of solid phase combustion. Graphite and stearic acid (C18H3602) served as a
modifying reagent. When milling, the time and ratio of the materials being used in the mixture of
treated powders, were varied.

To prevent oxidation of aluminium particles by oxygen of air after MCT and evaluate the
changes actually related to mechanical effect, samples of the dispersed mixture based on aluminium
and organic additive were passivated by hexane. The activity of aluminium milled and modified in the
mechanical reactor was evaluated by the volumetric method according to evolution of hydrogen.

The effect of mechanochemical activation on the microstructure and reactivity of activated and
modified aluminium was studied. It is shown that the surface of aluminium powder particles obtained
in the course of MCT is covered with an organic layer which prevents oxidation. The use of graphite
results in the decrease of the induction period of ignition and stearic acid improves capsulation and
stabilizes in the combustion process of the system. The change in the structure and modification of the
charge mixture particles due to MCT provide the increase in the power intensity of the system and the
change in the kinetic parameters of SH-synthesis. The final result is a more complete conversion of
the charge components and formation of the phase composition providing high indices of the strength
of the synthesized material.
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DUAL USE - NOVEL APPROACHES FOR ENERGETIC MATERIALS TECHNOLOGY
Adam Cumming
University of Edinburgh, UK

Energetic Materials Technology is usually divided into two separate sections, civil or military
and even within those is often regarded as a separate discipline. Changes in technology and in the un-
derstanding of materials and their behaviour mean that there are both opportunities and challenges for
the area. Conversely, the depth of analysis and understanding in energetics can offer new insights into
issues experienced in other areas.

The best know example of dual use is that associated with rocket propulsion, which includes in-
gredients and materials, though the requirements for performance and properties do differ. This is
discussed together with the benefits to be gained from the deeper and more precise characterisation
developed for military use.

Novel Materials can be used for many applications and the design limits can be either more or
less constraining for civil applications, but here again understanding is key and prediction very help-
ful. This too is briefly discussed.

This same understanding, such as that produced in pursuit of Insensitive Munitions can be used
for the management of civil risks including their prediction and this is discussed with examples. These
risks may include ignition and output including the understanding of the growth of reaction with the
ability to predict damaging effects. Such an ability can be used to manage design and to mitigate ille-
gal operations. The earliest example is the use of prototype tool to analyse the Lockerbie bombing and
design improved containment technologies.

The use of traditional materials assessment and design technology can also be imported to im-
prove energetics technology and examples of this are given. This includes the use of graphene and

drugs assessment approaches.
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All these draw on developing understanding and its application in new and different ways and

require a greater breadth of awareness than was one assumed to be optimum.

DOI: 10.17223/9785946215596/24

IPUMEHEHUWE BBICOKOSHEPI'ETUYECKHNX BO3JIEMCTBUM
JJIA YBEJIMYEHUA YIEJBHOI'O TEILVIOBOI'O D®@®EKTA
OKUCJIEHUS HAHOITIOPOIIIKA AJIFOMUHUSA
A.B. MocToBumukos, A.Il. Unbun, A.M. I'pomoB
Hayuonanvuwiii uccnedosamenvckuil Tomckuii nonumexnuyeckuti ynugepcumem, 2. Tomck

B paboTte nccnenoBaHo BIUSHHUE OOJy4YEeHHUS HAHOMOPOILIKA ATIOMHHUS IMOTOKOM YCKOPEHHBIX
anekTpoHoB 1 CBU-u3nydyenus Ha yAeabHbBIN TEer10BoH 3(h(eKT OKHCICHUS HAHOMIOPOIITKA aTFOMUHUS
B Bozayxe. s uccnenoBaHuii Obl1 BBIOpaH HAHOTIOPOIIOK aTIOMUHUS MapKu «Alex», oydeHHBIH B
YCIIOBUSX 3JIEKTPUUYECKOTO B3pbIBAa IIPOBOJHMKA B MHEPTHOU cpexne. Pacnpenenenue yactui no pas-
Mepy OJIM3KO K HOpMaJIbHOJIOTapu(pMUIECKOMY ¢ MaKCUMyMoM 120 HM.

II10THOCTh MOIHOCTH BO3JEHCTBYIOLIETO HAa HAHONOPOILIOK 3JEKTPOHHOIO Iy4yKa HE NPEBbI-
mana 4 Br/cM’, KHHETHYECKas SHEPTHs EKTPOHOB B Myduke cocTaisiia 360 k3B. IInoTHOCTs MomI-
Hoctu CBY-u3nydenus cocranisiia 80 BT/CMZ, yactota cocrasisiia 9,4 I'Tu. MaterpansHoe 3HaYe-
HUE BBEJICHHOM B KaXKJbli 0Opa3zer sHepruu He npessimano 100 [Ix.

Y CcTaHOBIIEHO, YTO B pe3yiabTare 00MydeHHs YAETbHBIA TEIIOBOK 3(h(EeKT OKMUCIICHHUS MOBbIIIA-
ercst Ha ~ 20 % kak B pe3ynbrare CBY-u3nyueHus, Tak U 1Mocjae BO3IEHCTBUS JIEKTPOHHOTO MyYKa.
BeposTHO, BO31eHCTBUE U3ITyYEHMS IPUBOIUT K YACTUYHOMY Pa3pyLICHUIO U YBEINYEHHIO ITPOHULIA-
€MOCTH OKCHJIHO-TUJPOKCHIHOM 000JIOYKH HAa MOBEPXHOCTH HAHOYACTHIIBI M aKTUBUPOBAHHIO €€ Me-

TaJIMYECKON COCTABJISIONIEN.
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THE APPLICATION OF HIGH-ENERGY RADIATIONS ON THE ALUMINUM
NANOPOWDER FOR INCREASING THE THERMAL EFFECT OF OXIDATION
Andrei V. Mostovshchikov', Alexander P. Ilyin®, A.M. Gromov
National Research Tomsk Polytechnic University, Tomsk

It was investigated the influence of electron beams and microwave radiation on the thermal ef-
fect of the aluminum nanopowder oxidation. For the investigation was taken aluminum nanopowder
obtained by the electrical explosion of the aluminum wire in the argon atmosphere (trademark
“Alex”). The size distribution of aluminum nanopowder was close to lognormal with a maximum at
120 nm.

During irradiation of the aluminum nanopowder, the power density of the electron beam did not

exceed 4 W/cm® and the kinetic energy of the electrons in the beam was 360 keV. The power density
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of the microwave radiation was 80 W/cm” and the frequency of the microwave radiation was 9.4 GHz.
The total energy that introduced in the each sample did not exceed 100 J.

It was found, thermal effect of oxidation increased by 20 % after irradiation by microwave radi-
ation and electron beam. Apparently, irradiation was the reason destroying of the oxide-hydroxide

shell on the nanoparticles surface and activation of the metallic core in nanoparticles.
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PEAKIIMOHHAS CITIOCOBHOCTDB BO3J1YXA B YCJIOBUSAX 'OPEHUA
IIPU BBICOKUX TEMIIEPATYPAX
A.Il. Unbun, J1.O. Poot, E.B. lllunkeBuy, B.B. KpuBomeunna, P.E. Koruna, A.M. I'pomoB
Hayuonanvuwiii uccnedosamenvckuil Tomckuii nonumexnuyeckuti ynugepcumem, 2. Tomck

Panee u ceiiyac cuuTaercs, 4TO KHCIOPOJ BO3JlyXa OKUCIISET BEIIECTBA MPH OOBIYHBIX TEMIIe-
parypax U IpH HarpeBaHUH, B TO BPeMs KaK a30T SBJISIETCS MHEPTHHIM BEIIeCTBOM. B Toxke Bpems, Ha
(doHE ITHX MpPEACTABICHHUN IMOBBIIICHHAs XWMUYECKas aKTUBHOCTH a30Ta HaOMIOJalach Aaxe MHpU
KOMHATHOM TemIeparype: MpH OKUCICHUH METAJNTHYECKOTO JUTHS B BO3yXe B OCHOBHOM CTaOMIIH-
3UPOBAJICSI HUTPUJ TUTH. Tarke MpHU CrOpaHuU MarHusi B OrpaHUYEeHHOM 00beMe Bo3ayXxa o0pasyer-
Csl HapsAy ¢ OKCUAOM M HUTpUI MarHus. [Ipu HeGONIbIIOM HarpeBaHuu B BO3JyXe THTaHa Ha €ro Io-
BEPXHOCTH 00pa3yeTcsl IUIEHKa HUTPHUAA TUTaHA 30JI0THCTO-kKenToro npera. COrjJacHO TEpPMOAMHA-
MHUYECKUM pacueTaM IPpU FOPEHUH B BO3yXEe HAHOMOPOIIKA AJIIOMUHHS B KAUECTBE IIPOMEKYTOUHOTO
COCJIMHEHUSI MOKET 00pa30BBIBATHCS HUTPUJ AJTIOMHUHHS, KOTOPHIM HE COXPAHSAETCS U JOOKHCISETCS
1o okcupa. [Ipu ropeHnn Bo BpeMs TI00aTbHBIX MOKAPOB HAOIIONANNCH KOJebaTeabHbIe MPOIECCHI,
«oOpatHas TAra» U Apyrue sSBICHUS, KOTOPbIE TPYIHO OOBSICHUTH TOJIKO Ia30IMHAMUYECKHUMHU IPO-
LECCaMU.

Lenp nanHOi paboThI — onpeseneHre (pa3oBoro cocraBa MPOAYKTOB CrOPaHHs CMecei HaHOTIO-
pOIIKa aTIOMUHMS C OKCUJAMHU JIUTHUS, ATIOMUHUSA, TUTAHA, TUPKOHUS U TaHUS B BO3/IyXeE.

[TpoayKThl cropaHMs JAe3arperupoBajd M MOJBEpragu peHrreHogasoBomy ananuzy. llepen
C)KUTAaHMEM BCE CMECH aHAJM3UPOBAIU C MOMOILBIO JU(P(PEPEeHIINATFHOIO TEPMHUUYECKOTO aHAIN3a
(ATA) (tepmoanamuzarop SDT Q600). Ilo pesynpraTtam JITA paccunteiBasiiv 4 napaMerpa akTUBHO-
CTH UIsl ONPEJEIICHUs] YYBCTBUTEIBHOCTU CMecel K HarpeBaHHio. COIIaCHO IMOJIYYEHHBIM JIaHHBIM
cMecu He TUPO(OPHBI U MTPH UHUIIMMPOBAHUHU TOPEHHS HE B3PbIBAIOTCS. Y CTAHOBJIEHBI 3aKOHOMEPHO-
ctu (azoobpazoBanusi mpu GOPMUPOBAHUH MPOJIYKTOB CTOPAHHS: OMpPEENCHbl ONTUMAIBHBIE COOT-
HOIIEHHSI HAHOTIOPOILKA aJTIOMHUHHMS M COOTBETCTBYIOIIMX OKCHUJIOB, MPU KOTOPHIX BBIXOJ HUTPUIOB
MakcumaiieH. OOpa3oBaHHEe CaMOCTOSITEIbHBIX KPUCTAJUIMYECKUX (Da3 HUTPHUJIOB, & HE TOMOTEHHBIX
IIPOJIyKTOB CrOpPaHMsI BOZMOXKEH IIPHU YCIOBUM MPOTEKAHUS IIpOLECCa, KOTIa B3aUMOAEHCTBYET TOJIb-
KO a30T, a He kuciaopona. DopMHupoBaHHE HUTPUIOB MPOTEKAET HA BTOPOW CTaJWU TOPEHHUs, KOTJa
TeMIieparypa B 30He ropeHus npesbiaer 1800-2000°C. B yciioBHAX BBICOKUX TEMIIEPATyp MOJIEKY-

Jla KHCIopo/ia U3 Oupaaukana (TpUIIeTHOE cocTosiHue) nepexoaut B O=0 (CHHITIETHOE COCTOSHUE) U
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TEpSIET CBOI0 XUMHUUYECKYIO aKTUBHOCTb, B TO BpEMs, KaK a30T IPU BBICOKOI TeMIIepaType COXpaHsET
CBOIO PEaKIMOHHYIO aKTUBHOCTb. OOpa3zoBaHME HUTPHUAOB METAJUIOB CYIIECTBEHHO MEHSET 0O0Iie-

MPUHATBHIC IPCACTABIICHUSA O peaKHHOHHOﬁ CII0OCOOHOCTH BO31yXa IIPpHU BBICOKUX TCMIICpATYypax.
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REACTIVITY OF AIR IN THE COMBUSTION PROCESS AT HIGH TEMPERATURES
A.P. llyin, L.O. Root, E.V. Shinkevich, V.V. Krivosheina, R.E. Kotina, A.M. Gromov
National Research Tomsk Polytechnic University, Tomsk

Formerly and now it is believed that oxygen in air oxidizes substances at ambient temperature
and under heating, while nitrogen is an inert substance. At the same time, against these ideas, the in-
creased chemical nitrogen activity was observed even at room temperature: as a result of metal lithium
oxidation in air lithium nitride was mainly stabilized. Moreover, at magnesium combustion in a lim-
ited volume of air magnesium nitride is formed along with the magnesium oxide. With a slight heating
of titanium in air, a golden yellow titanium nitride film is formed on its surface. According to thermo-
dynamic calculations aluminum nitride can be formed at combustion of aluminium nanopowder in air
as an intermediate product, which does not remain and is oxidized up to oxide. Oscillatory processes,
“back draft” and other phenomena that are difficult to explain only through the gas-dynamic processes
are observed at combustion in global fires.

The aim of this work is the determination of the phase composition of combustion products
of aluminum nanopowder mixtures with lithium, aluminum, titanium, zirconium and hafnium ox-
ides in air.

The combustion products were disaggregated and subjected to X-ray analysis. Before combus-
tion all mixtures were analyzed by differential thermal analysis (DTA) (thermoanalyzer SDT Q600).
On the results of DTA the 4 activity parameters were calculated to determine the sensitivity of the
mixtures to heating. According to the obtained data the mixtures turned out to be not pyrophoric and
did not explode at combustion initiation. The regularities of phase formation during the synthesis of
combustion products, such as the optimal ratio of aluminum nanopowder and oxides, in which the
output of nitrides is maximal, were established. The formation of nitrides separate crystalline phases
instead of homogeneous combustion products is possible in case of reaction only with nitrogen instead
of oxygen. The formation of nitrides occurs in the second burning stage when the temperature in the
combustion zone exceeds 1800-2000°C. The biradical molecule of oxygen (triplet state) becomes at
high temperatures O=0 (singlet state) and loses its chemical activity. Whereas nitrogen keeps its reac-
tion activity at high temperatures. The formation of metal nitrides significantly changes the conven-

tional understanding of reaction activity of air at high temperatures.
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FEASIBILITY STUDY ON LASER IGNITION OF HAN-BASED MONOPROPELLANT
Toshiyuki Katsumi
Nagaoka University of Technology, Niigata

Green propellants attract a great deal of attention as alternative candidates of toxic hydrazine
that is a monopropellant of reaction control systems of rocket, satellite, and asteroid probe. In Japan,
hydroxylammonium nitrate (HAN) based monopropellant is focused on because it has not only low
toxicity but also has favorable features, such as high propulsion performance, high storability and
commercial availability. Togo et al. proposed the brand-new composition of HAN-based monopropel-
lant, named as SHP163, which consists of 73.6mass% HAN, 3.9mass% ammonium nitrate (AN),
6.2mass% water, and 16.3mass% methanol [1]. Toxicity of SHP163 is much lower and propulsion
performance of SHP163 is higher than that of hydrazine. In addition, thruster using SHP163 are re-
searched and developed for the practical use [2,3]. Catalyst has been employed to initiate the chemical
reaction of SHP163 in the same method as hydrazine thruster, and the hot gas produced by the chemi-
cal reaction is ejected through a nozzle and generates thrust. From these research, it was found that
catalyst tended to degrade owing to high flame temperature and oxidizing atmosphere caused by com-
bustion of SHP163. Because an ignition system which has long lifetime is necessary for the practical
use of the SHP163, the catalyst that has long lifetime under the combustion of SHP163 has been in-
vestigated [4].

In this study, we focused on a laser ignition that has long lifetime because there is no object for
the ignition in the combustion chamber. It has been reported that laser ignition could initiate the chem-
ical reaction of the HAN-based monopropellants which have different compositions from SHP163
[5,6]. However, the possibility of laser ignition for HAN-based monopropellant has not been shown in
thruster study. In addition, SHP163 has not been investigated. As a feasibility study, we performed
laser ignition experiments of SHP163 in order to obtain laser ignition characteristics of SHP163. In
the experiment, a droplet of SHP163 was irradiated with a laser in closed vessel assuming injected
propellants. At the same time, we measured inside pressure of the vessel and observed behavior of the
droplet by high-speed shadowgraph. As the results, the pressure rises significantly and the liquid jet
comes from the droplet and expands at higher incident laser energy than 20mJ. This fact indicates that
SHP163 can gasify partially by irradiation of a laser. In our full paper and presentation, we will pre-
sent detail of these results and discuss the ignition characteristics and the feasibility of laser ignition of

HAN-based monopropellant.
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OIITUMMU3AIUA TBEPJOTOIIVIMBHOI'O 3APAJIA
I'MbPUJIHOI'O PAKETHOI'O JIBUT'ATEJISA
B.A. Apxunos, C.C. bouaapuyk, A.b. Bopoxuos, A.C. ’Kykos,
H.H. 3oq0T10peB, b.B. IleBuenko, JI.A. CaBenbeBa
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocydapcmeentulii yrusepcumem, 2. Tomck

I'uGpuanbiii pakernsiii neurarens (I'PJ]) oTHocuTes K Kiaccy ABHUraTelbHBIX YCTaHOBOK Ha
KOMOMHHPOBAaHHOM TOIUIMBE M BKJIIOYAET 3apsi TBepaoro roprouero marepuana (TI'M), ropsiaiero B
MOTOKE Ta3000pa3HOTO WM PACHBUICHHOTO XUIKOTo okuchurens [1]. B nacrosimee Bpemst I'P/] B ka-
YECTBE CUJIOBBIX YCTAaHOBOK CEPUMHBIX JIETATENbHBIX allapaToOB MPAKTUUYECKU HE HCIOJIB3YIOTCS.
B cBs3u ¢ nHTeHCH(UKALIMEH KOCMUYECKUX MPOTPaMM B MOCIIEIHEE ACCATHIIETHE BO3POC 00BEM Iy0-
JUKaIMi B 006JaCTH MCCiIeJOBaHUsl pabounX MPOLECCOB B THOPHIHBIX CXeMaX PAaKeTHBIX JBHUTraTesei
[2-5]. Oto cBs3aHo ¢ Tem, uto ['P/] oOnamaer psgoM MpenMyIIecTB MO0 CPABHEHHIO C KIIACCHUECKUMHU
cxemami xxuakoctHoro (ZKPJI) u tBepaorornuBHoro (PATT) pakerHbix nBurareneil.

ITo cpaBuenuto ¢ JXKPJ] rubpunusiii n1BUrarens o0agaeT MpoCTOTOM KOHCTPYKIIUH, OTCYTCTBH-
€M CJIOKHOM CHUCTEMBI OXJIAXKACHMS KaMepbl CrOpaHus, HU3KOM CTOMMOCTBIO U KOPOTKUM LHKIIOM
npousBoAcTBa. 1o cpaBuennto ¢ PITT — HU3K0M CTOMMOCTBHIO KOMIIOHEHTOB TOIUIMBA U OTCYTCTBUEM
B3pBIBUATHIX BEIIECTB B cocTaBe TI'M, HEUyBCTBUTENBHOCTBIO K JeeKTaM TBEPAOTOIIIMBHOTO 3apsi-
na (HaIM4YUIo TPEUIMH WM PAaKOBUH), 0oJiee BBICOKMMHM 3HAUECHUSMH YAEIHHOTO UMITYJIbCa TATH, BO3-
MO>KHOCTH PEr'yIMPOBAHUS TSITU U MHOIOKPAaTHOTO BKJIFOYECHHUS.

OTMedeHHbIE PEeuMyIIECTBa MO3BOJIAIOT UCIOJIb30BaTh [ P/l B KauecTBe KOCMUUYECKUX JIBUTA-
TEJIbHBIX YCTAHOBOK PA3HOTO HAa3HAUEHUS — OT TATOBBIX JIBUraTelIel MEPBBIX CTYNEHEH pakeT 10 pe-
I'YJIUPYEMbIX JIBUraTENeld CUCTEM OPUEHTALMU, YIPaBJIECHUs, MITKOM nocaaku u Ap. g npakrtuye-
CKOM peanu3aluy JTAaHHOTO KJlacca JBUTaTeeld HeoOXOJMMO 00ECHEUUTh BBHICOKHE SHEPreTHYECKHE
xapakTepuctuku ['PJl, mo3BoJsIOIMINE CHU3UTH CTOMMOCTH 3aIllyCKa M BBIBOJIA HA OpOUTY KOCMMYE-
CKHUX aIllaparos.

JUid onTUMU3aLuu 3apsaa MpeasiaracTcs B COCTaB TBEPAOro TOIUIMBA HAPSALY C TOPIOUYMMU KOM-
IIOHEHTaMHU (TOPHOYEE—CBSA3YIOIIEE U MOPOIIOK AIIOMHUHMSI) BBOJUTH JOIOJHUTEIBHO TBEPABIM OKHUC-
JUTENb — NepxjiopaT aMMoHus. [Ipu 3TOM TBepIblii OKHCIUTENb pAaclpeAesseTcs Mo JUIMHE 3apsiia
TakuM 00pa3oM, 4TOOBI YMEHBIIAIOIIASACS 110 JUIMHE KaHala MIIOTHOCTh MOTOKA OKHCIHUTENS KOMIICH-
CHUpPOBAJIaCh BBEJACHHBIM B COCTaB TBEPIOTOIUIMBHOTO 3apsija TBEPAOro OKUCIUTENS [6].

I'uGpuaHbIil pakeTHBIH ABUraTelb C ONTUMH3UPOBAHHBIM 3apsAoM OOECIeYHBAaEeT paBHOMEP-
HOCTb Y BBICOKYIO IIOJIHOTY CTOPaHHs TBEPAOTOILUIMBHOIO 3apsiia, U, COOTBETCTBEHHO, BBICOKHUE 3HA-

YCHUA yHeHLHOﬁ TATHU ABHUTaTCIIA.

Paboma sevinonrnena npu punancosoii noodepaicke Munucmepcmea obpasosanus u Hayku Poccuiickoii @ede-
payuu 6 pavkax OLII «Hccnedosanusa u paspabomxu no npuOpUMemHsiM HAnPaAGIeHUsM pa3eumusi HayuyHo-
mexHonoeuueckozo komniexca Poccuu ma 2014-2020 200v1», coenawenue Ne 14.578.21.0034, ynuxanvhwii
uoenmugpuxamop IHHU RFMEFI57814X0034.
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OPTIMIZATION OF HYBRID SOLID-PROPELLANT CHARGE
OF THE ROCKET ENGINE
V.A. Arkhipov, S.S. Bondarchuk, A.B. Vorozhtsov, A.S. Zhukov,

N.N. Zolotorev, B.V. Petchenko, L.A. Savelieva
National Research Tomsk State University, Tomsk

Hybrid rocket engine (HRE) belongs to the class of propulsion systems working on dual fuel
and includes charge of solid combustible material (SCM) burning in a flow of gaseous or atomized
liquid oxidazer [1]. At the present time HRE is not use as power plants production aircraft. In the last
decade due to intensification of space programs has increased the volume of publications in the field
of study of workflows in hybrid diagrams of rocket engine [2-5]. HRE has many advantages com-
pared to liquid (LRE) and solid propellant (SPRE) rocket engines.

Compared to (LRE) the hybrid engine has a simple design, with no cooling of the combustion
chamber, low cost and short production cycle. Compared to solid fuels engine has low cost of the fuel
components and the lack of explosives in the composition. insensitivity to flaws in the solid propellant
charge (cracks or cavities), higher values of specific impulse of thrust, the possibility of traction con-
trol and multiple inclusion.

Advantages allow to use the HRE as a space propulsion systems for different purposes — from
traction engines to rocket engines regulated system of guidance, control, landing, etc. For the practical
implementation of the engine is necessary to provide high energy characteristics allowing to reduce
the cost of launching and sending spacecratft.
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To optimize the charge of solid fuel it is suggested to introduce an additional solid oxidizer,
ammonium perchlorate. Solid oxidizer is distributed along the length of charge. Hybrid rocket engine
with optimized charge provides a uniform and high completeness of combustion of solid propellant
charge and, accordingly, high values of specific impulse of the engine.

This work was supported by Ministry of Education and Science under the Federal Program «Research and de-
velopment on priority directions of scientific-technological complex of Russia for 2014-2020», the agreement
Ne 14.578.21.0034, unique identifier PNI RFMEFI57814X0034.
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JUHAMMUYECKHUE PEXXUMBbI 3AKUT'AHUS IIMPOKCUJIMHA
B.A. Apxunos', B.E. 3apko’, H.H. 3oa0topes’, A.I'. Koporkux’, B.T. Ky3nenos'
'Hayuonansmwii uccnedosamenscxuii Tovmckuii 2ocydapemeennviii ynugepcumen, 2. Tomck,
? Unemumym xumuyeckoti kunemuxu u 2openus um. B.B. Boesoockoeo CO PAH, 2. Hosocubupck
 Hayuonansnuiii uccnedosamensckuti Tomckuiti nonumexnuseckuti ynugepcumen, 2. Tomck

W3yueHne mpoiiecca 3aKUraHUs TBEP/BIX TOIIMB OOBIYHO NMPOBOAUTCS B MPOCTEHIINX YCIOBU-
X TMOJIBOJA TEIUIA: 3TO MOCTOSIHCTBO TEMIIEPATYpPhl WM TEIJIOBOTO IIOTOKA Ha IOBEPXHOCTH, TO €CTh B
TaK Ha3bIBAEMOM «CTAaTUYECKOM pexume» [1-5]. B peanpHbIX yCIOBMSIX, KaK IPaBUJIO, 3aKUT'AHUE
OCYILIECTBIISIETCS IIPU NIEPEMEHHBIX, 3aBUCSIINUX OT BPEMEHH, 3HAUEHUAX TEIUIOBOTO MOTOKa. Popmu-
pOBaHME IIPOrPETOro CJI0sl B JTAHHOM CJIydae OCYILIECTBISAETCS B YCIOKHEHHBIX IUHAMUYECKUX YCIIO-
BUSIX U CYILIECTBEHHO 3aBHCHUT OT PEKHMMa U3MEHEHHUS TEIJIOBOTO MOTOKA B IIEPUOJ HAarpeBa HCCIEay-
emMoro oOpasna (MHAYKIIMOHHBINA iepuon) [1].

XapakTepuCTUKH TUHAMUYECKUX PEXHMMOB 3aKUTaHMs UMEIOT MPAaKTUYECKOE 3HAUEHHUE IIPU HC-
[I0JIb30BaHUM MCTOYHHUKOB SHEPIUU C 33JaHHBIM €€ COoJAep)KaHueM. B kauecTBe MOJAENBHOTO TBEPAOTO
TOIJIMBA BHIOpPAaH MMPOKCHIIMH KaK HanOosiee M3y4eHHOE BEIIECTBO C M3BECTHBIMH KHHETHUECKHMHU U
TemIo(pU3NIECKUMH XapakTepucTikamu [2]. IlomyueHsl BpeMeHa 3a1epKKH 3aKUTaHUsI TUPOKCUIIMHA B
YCIIOBHSIX HAIPEBA BO3PACTAIOLINM TEMIOBBIM [IOTOKOM B auanasone ot 0,2 Br/cm® 1o 22 Br/em®.

OneITHl NPOBOAMIM C MCIOJIB30BAaHUEM ONTUYECKOW Ieud «YpaH-1». JluHaMUueckuil pesxum
TEIUIOBOTO MOTOKA 00ECTIEYNBAJICS ITyTEM NepeMEIIEeHHUs UCCIelyeMoTo o0pasiia B Iepro/l ero Harpe-
Ba CBETOBBIM MOTOKOM BJIOJIb ONTHYECKON OCH SJUIMITUYECKOIO OTPAXKATEINS, YCTAHOBKU «YpaH-1».
C 3TOM 1ENBI0 UCTIONIB30BAIN AIEKTPOMEXAaHUYECKOE YCTPONCTBO, MMO3BOJIAIONIEE IEpeMeEIIaTh uccie-
IyeMbIil oOpaser; co ckopocThio 4,75 cm/c. Temn u3MEeHEHHUs TEIJIOBOTO MOTOKA OTMPEIEIISIICS CKOPO-
CTBIO TepeABIDKeHMs o0Opa3ua. [lorpenHocTs u3MepeHus MIOTHOCTH TEIJIOBOTO MOTOKA HE IMPEBbI-
maina 10%.

IIpencraBieHbl pe3yapTaThl SKCIEPUMEHTAILHOTO UCCIEA0OBAHMS 3aKUTaHUs MMPOKCUIINHA TIPU
HATPEBE BO3PACTAIONIMM ITOTOKOM H3TydeHHs B auanaszone (0,2+22) Br/cm’. [IpoBeneHO CpaBHEHHE
BPEMEH 33/ICP’KKH 3a)KUTaHUs MPH HarpeBe o0pa3lioB MEPEMEHHBIM M MOCTOSIHHBIM TETJIOBBIM MOTO-

KOM. HOJIY‘-IGHHI:IG JaHHBIC ITOKa3zaJikd, 4TO B UCCIICJOBAHHOM AMAIIa30HEC IIJIOTHOCTH TCIIJIOBOI'O IIOTO-
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Ka BOCINUIAaMCHACMOCTb NHUPOKCHUIIMHA B JUHAMHUYCCKUX YCJIIOBUAX HArp€Ba BBIIIC, YCM B CTATHYCCKUX.

®duznyeckas UHTEPIPETAIHs MOIYYEHHBIX Pe3YJIbTaTOB TPEOYET IOMOTHUTEIbHBIX HCCIIEJOBAHUH.

Paboma sevinonnena npu purancosoii noodepocke Munucmepcmea obpazoeanus u Hayku Poccuiickou @ede-
payuu 6 pavkax LI «Hccnedosanusa u paspabomxu no npuUOpUMemHsiM HANPAGIeHUAM PAa3eumusi HayuyHo-
mexHonoeuueckozo komniexca Poccuu ma 2014-2020 200v1», coenawenue Ne 14.578.21.0034, ynuxanvhwii
uoenmugpuxamop IHHU RFMEFI57814X0034.
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DYNAMIC REGIME OF IGNITION OF GUN-COTTON
V.A. Arkhipov', V.E. Zarko?, N.N. Zolotorev', A.G. Korotkikh®, V.T. Kuznetsov'
'National Research Tomsk State University, Tomsk
*Institute of Chemical Kinetics and Combustion SB RAS, Novosibirsk
National Research Tomsk Polytechnic University, Tomsk

Studying of process of ignition of solid fuels is usually carried out in the simplest terms heat
supply: it is the constancy of temperature or heat flux at the surface, i.e. in the so-called "static re-
gime" [1-5]. In real conditions, as a rule, the ignition is carried out at a variable, time-dependent val-
ues of heat flux. The formation of the warm layer in this case is carried out in complicated dynamic
conditions and significantly depends on the regime of changes in heat flux during the period of heat-
ing of the investigated sample (the induction period) [1].

Characteristics of dynamic regimes of ignition are of practical importance in the use of energy
sources with given its content. Gun-cotton was selected as a model of solid fuel since it is the most
studied substance with known kinetic and thermal characteristics [2]. The delay times of the ignition
of gun-cotton in the heating conditions of increasing heat flux in the range from 0.2 W/cm® to
22 W/cn’ are obtained.
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The experiments were carried out using an optical furnace Uran-1. Dynamic regime heat flux
was provided by moving the test sample during its heating heat flux along the optical axis of the ellip-
tic reflector, the installation of "Uran-1". For this purpose, the electromechanical device was used that
moves the sample at a speed of 4.75 cm/s. The rate of change of the heat flow was determined by the
speed of movement of the sample. The measurement error of the heat flux does not exceed 10%.

The results of experimental study of ignition of gun-cotton at heating by means of increasing the
radiation flux in the range (0.2+22) W/cm® has been presented. A comparison of the delay times of the
ignition at heating of the samples with variable and constant heat flux was performed. The data ob-
tained has shown that in the investigated range of heat flux, the flammability of gun-cotton in dynamic
heating conditions is higher than in static. Physical interpretation of the obtained results requires addi-

tional research.

This work was supported by Ministry of Education and Science under the Federal Program «Research and de-
velopment on priority directions of scientific-technological complex of Russia for 2014-2020», the agreement
Ne 14.578.21.0034, unique identifier PNI RFMEFI57814X0034.
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IKCHEPUMEHTAJIBHBIE YCTAHOBKMU JIJISI UCCJIEJOBAHUSA 'OPEHUSA
BBICOKOSHEPTETUYECKUX MATEPHUAJIOB B BLICOKOCKOPOCTHBIX
BO3AYIIHBIX ITOTOKAX
A.B. JIHTBHHOBI, A.B. KypﬁaTOBI, JLJL. ARceHemcol, B.IO. Mnxa.m,uonl, J.H. Bay.lmﬂl,
B.B. XKapunos', B.A. Apxunos’, I.K. Kaposa®
! Akyuonepnoe obuecmeo «Dedepanvuviii HayuHO-NPOU3E0OCMEeHHbLIL YeHmp «Anmaiiy, 2. Buiick
? Hayuno-uccnedoeamenteKkuti UHCIumym npukiaoHoli MamemMamuku  MexaHuxu
Hayuonanvuoeo uccnedosamenvcrkoeo Tomckozo eocydapcmeentnozo ynugepcumema, 2. Tomck

[IpoBeneHbI HccaeI0BaHUs TOPEHUST BEICOKOHEpreTuYecknx Marepuainos (BOM) mpu ux oOxy-

B€ BBICOKOTEMIIEPATYPHBIMU ¥ HU3KOTEMIIEPATYPHBIMU TPAHC3BYKOBBIMU BO3AYIIIHBIMU IOTOKAMHU.
Cxema 3KcriepuMEHTAIbHOM yCcTaHOBKH (DY) mpencrasieHa Ha puc. 1.

[Tpuniun paboThl YCTaHOBKM OCHOBaH Ha 007yBe 00pa3noB BOC BbicOkOTEMIIEpaTypHBIM I10-
TOKOM BO31yXxa. HarpeBanue moroka Bo3ayxa, HOCTYMAIOMIET0 U3 0auloHa BHICOKOTO JIaBJICHUS B Ka-
Mepy cmerienus, 1o temneparypsl 1800 K ocymectBisercs kak 3a cuet ero cmemienus ¢ [1C TT, tak
U 3a CYET AK30TEPMHUECKUX peaklui okucieHus Bojgopona Hy u oxucu yrinepoga CO, npucyrcrBy-
rouux B [IC, KuCIopoaoM 13 BO3IYIIHOTO NTOTOKA.

3KCHepI/IMCHTaHBHO YCTaHOBJICHHBIC 3aBUCUMOCTH U3MCHCHHSA cpenHeﬁ TEMIICPATypPhbI I'a30-

BOW CMECH B KaMmepe CMeEIIeHUs [kcy U COACPKAHUSA B HEU KUCIOPOAA $p, OT COOTHOUIEHHS Pacxo-

1a Bo3ayxa u3 6amioHa k pacxony I1C u3 razoreneparopa Gric oka3aHbl Ha puc. 2.
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Puc. 1. Cxema OV nns uccnenoBanus ropenus BOM:
1 — razorenepaTop npoxykroB cropanus (IIC) TBeproro tormsa (TT); 2 — 6ayuioH co CKaTHIM BO3IYXOM;
3 —xamepa cmemenus I1C ¢ Bo3myxom; 4 — obpasens BOM; 5 — kamepa cropanust BOM;
6 — 0TOOp KOHJICHCUPOBAHHOM (ha3bl

Tuge K
KAC po, %

1800 ! ! | | 1 .

23
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200 | | | | |
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a) 6)

Puc. 2. 3aBucumocTs cpenHell TeMnepaTypbl B KaMEPE CMEILICHNS U COAEPKaHUE B HEH KUCIOPOAA
OT COOTHOILIEHHS (G. /G..)

T = 8
OXHO BHACTH, YTO 3aBUCHUMOCTH - G XapakKTepus3yerT HAJINYNUEC MaAKCHUM a
M , KCm f e y

T ey = 1750 K) B nuanazoHe 3HaueHuil aprymeHTa [(y ] oT 2,05 no 2,15. Dtomy xe auana3zony
Grue

M3MEHEHHsI apryMeHTa COOTBETCTBYET U MUHUMYM (DYHKLIUU Po, (~ 20 %).

Taxum 0O6pa3zom, cocTaB ra3oBoi cMecH Ha BXOJ€ B kKamepy cropanus BOM makcumanbHO npu-
ONMMKEeH K MmapaMeTpaM Bo3ayxa B BO3Iyxo3abopHoM yctpoiictBe (B3VY), u ero moiorpes 10 BHICOKUX
TeMIepaTyp ABISETCS caMbiM 3()(EKTUBHBIM U MAJIO3aTPAaTHBIM. DTO MO3BOJMIIO MPHUCTYIUTH K UC-
CJIEJOBaHUIO BOCIIJIaMEHEHMs U TopeHus BOM 1nipu BbICOKOTEMIIEpATYPHOM M HU3KOTEMIIEPATYPHOM
uX 00/1yBe BO3AYIIHBIMU OTOKAMH.

Pesynprathl HcnibITanuil ogHOTO M3 006pa3oB BOM npescraBieHsl Ha puc. 3.
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Pe3ynbrarsl ucnelTaHui NOKa3anu ycToiuMBOE BociuiaMeHeHne BOM npu BelcokoTEMIIEpaTyp-
HOM 00]lyBe U CTaOWJIBHBIN XapaKTep TOPEHHUs IMOCIe BOCIUIAMEHEHHS B PEXHMAax BBICOKOTEMIIepa-

TYPHOTO M HH3KOTEMIIEPATypHOTO 00yBa BHICOKOCKOPOCTHBIMH BO3AYLIHBIMU IOTOKaMHU B Kamepe
cropanust BOM.

P, i
Mna Mna

r"\ - Puc

2 0.9
s P (13 i
4 4 ! \ |

0.7

| \
1 \ . f Pucaom \E

| N\

'
0 35 fc

10 15 20 25 30 35 e 10 15 20 25

Puc. 3. Inarpammst P(¢): Prr — naBieHUe B Ta3orenepaTope; Picy — JaBJICHNE B KAMEpe CMELICHHS;
Pyc pom — aBiIeHUE B Kamepe cropaHus ¢ oopasiom BOM

BaxkHbIM 3Tanom B uccienoBaHuu ropenuss BOM sBisierca MoAenupoBaHMe CTPYKTYphI M Ma-
pPaMeTpOB BBICOKOCKOPOCTHBIX BO3AYIIHBIX IOTOKOB.

OkcnepuMeHTallbHOE UccaenaoBanue nposoauwiocs B HUM IIMM TT'Y ¢ ucnons3oBaHueM Mo-
JeTbHON a’poauHaMuyeckoil ycranoBku (MAY) paspabotku UTIIM CO PAH [1].

Cxema moaepHu3upoBaHHoi MAY nokaszaHa Ha puc. 4.

Puc. 4. Cxema MAY: 1 — cucteMa noasozaa Bo3ayxa; 2 — pama; 3 — OCHOBHOU KJIalaH AuaMeTpoM 19 Mm;
4 — GaILIIOHBI CO CIKATHIM BO3LYXOM CyMMapHBIM 00BeMoM 480 1m’;
5 — MeXaHWYEeCKHEe BeHTHIH; 6 — IMyNbT yIpaBieHus; 7 — paccekarens; 8 — muddy3op auamerpom 140 mm;
9 — pabouas xamepa; 10 — npodunrpoBanHsle comia quamerpom 100 mm;
11 — popramepa o6bemom 7 M°; 12 — dIIEKTPHUECKHIl HATPEBATEIIb;
13 — uCTOUHUK 3JIEKTpONUTaHUs MOITHOCTBIO 20 KBT; 14 — ympasistonuii ki1amnax

Jliis apanraiun MAY npuMEHUTENBHO K 3a/1a4aM UCCIIEIOBAHUM CTPYKTYpPhl MU OCHOBHBIX MapameT-
POB CBEPX3BYKOBBIX BO3JIYIIHBIX TOTOKOB M3rOTOBJIEHBI U MHTErPHUpOBaHbl B MAY 110CcKast U 0cecCUMMET-

puuHast Mozienu B3Y 1 mpoTouHO YacTi Kamepbl CropaHusi, TeOMETPHYECKOE MOA00HEe KOTOPBIX TTO3BOJIH-
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JI0 OCYIIECTBIISITh ONTUYECKUE CHEMKU CBEPX3BYKOBBIX TEUEHUH (IIOCKast MOJETb) U U3MEPATH NapaMeTphbl

BO3/IyIIHBIX IOTOKOB (OCECUMMETPHUYHAsI MOJEIb), COOTBETCTBYIOILIE CXEME Ha PUC. 5.

256

Puc. 5. Cxema miockoit 1 ocecuMMeTpuaHoi Mozeneit: 1 — kopmyc ¢ B3Y; 2 — BerxoqHol natpy0ok;
3 — Bkyaas uMuTatopa BOM; 4 — nprkuMHas maiida

Pa3paboranHas MeToaMKa 3KCHEPHMEHTANbHBIX HCCIIENOBAHUN anpoOMpoBaHA NPH MPOBEICHUU
ONITUYECKUX CHEMOK CBEPX3BYKOBBIX TEUEHMH M BU3YaJIM3aLUHM KOCBIX CKAYKOB YIUIOTHEHHUS B IPOTOY-
HOM TpPAaKTE IJIOCKOM Mozenu (puc. 6), U3MEPEHUH TEMIIEPATyPbl TOPMOKEHUS, TUHAMUYECKOTO U CTaTH-

YECKOTr0 JaBJIEHUI B 0CECUMMETPUYHOM Moienu npu unciie Maxa M = 5 na Bxoze B B3V (puc. 7).

t~0.00c t~023c

Puc. 6. Kanpsl BumeocbeMKkr 00TEKaHUS TUIOCKOH Moaemd pu M = 5

To.°C p.MMa p.MMa
150 0.4—

0.10—}
120—]

0.09—]
90—

0.08—]
0.2

0.07—]

tc

Puc. 7. Pe3ynbraTsl ©3MEpEeHHi: TEMIEPaTypbl TOPMOXKEHHUS (a); TMHAMHYIECKOro (0) ¥ CTaTUUECKOro JaBlieHNH (B)
B IIPOTOYHOM TPAKTE OCECUMMETPUYHON Mojenu npu M = 5
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Pe3ynbTaThl IpOBEAEHHBIX MCCIIEOBAHUN MOTYT OBITh MCIIOJIb30BaHbI IIPU pa3pabOTKe MaTeMa-

TUYECKUX Mozenell ropeHnss BOM B BBICOKOCKOPOCTHBIX BO3IYIIHBIX IIOTOKAaX.

Jlnteparypa
1. 3Berunues B.W. 'a3oguHaMuyeckrne ycTaHOBKH KpaTKoBpeMeHHoro aeiictBus. Yacts 1: YcraHoBku ams

Hay4HbIX HccnenoBanuii. HoBocubupcek : [apamiens, 2014. 551 c.
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EXPERIMENTAL FACILITIES TO STUDY THE BURNING OF HIGH-ENERGY
MATERIALS IN HIGH-SPEED AIRFLOW
A.V. Litvinov', A.V. Kurbatov', D.D. Aksyonenkol, V.Yu. Mikhaltsov', D.I. Vaulin',
V.B. Zharinovl, V.A. Arkhipovz, I.LK. Zharova®
'JSC FR&PC “ALTAI”, Biysk
?Research Institute of Applied Mathematics and Mechanics of TSU, Tomsk

Study on high-energy materials (HEM) burning while their blowing with high-temperature and
low-temperature transsonic airflow was carried out.

Experimental facility (EF) diagram is given in Figure 1.

ITI P\%%%fg ES T E\m

Gas extraction Gas extraction

— s L

Dosaging T
nozzle
\T |1l B —
f 10 o
Air supply lIMC T l‘TI-IEMCC
ID
P a—

2

b

Fig. 1. EF diagram to study the burning of HEM: 1 — gas generator of combustion products (CP) of solid propellant (SP);
2 — compressed air flask; 3 — CP mixing chamber; 4 — HEM sample; 5 — HEM combustion chamber;
6 — condensed phase extraction

The principle of operation is based on blowing the HEM samples with high-temperature airflow.
The heating of airflow, coming from high pressure flask into the mixing chamber up to a temperature
of 1800 K, is due to its mixing with SP CP, as well as the exothermic reactions of oxidation of hydro-
gen H, and carbon monoxide CO, being in CP, with oxygen from airflow.

The experimentally determined dependences of changes of gas mixture average temperature in

the mixing chamber 7Tyic and oxygen content in it Po, » from the ratio of air flow rate from the flask

to the consumption CP from gas generator Ggg, are shown in Figure 2.
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Fig. 2. Dependence of average temperature in mixing chamber and oxygen content in it from the ratio [ G /
GGG]

It can be seen that the dependence ;. _ | Gar defines maximum
e /GGG
(7,0 ~1750 K) in the range of an argument [Gm/ J from 2.05 to 2.15. The same is with func-

GGG

tion minimum Po, (~ 20 %).

Thus, the gas mixture composition at input into the HEM combustion chamber is close to air pa-
rameters inside the air intake device (AID), and its heating up to high temperatures is the most effi-

cient and cost-effective. This allowed study the ignition and burning of HEM under high-temperature
and low-temperature airflow blowing.

The study results of one of the HEMs samples are given in Figure 3.
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Fig. 3. Diagram P(f): Pgg — pressure in gas generator; Pyc — pressure in mixing chamber;
Pyem cc — pressure in combustion chamber with HEM sample

The results of tests showed a steady ignition of HEM under high-temperature blowing and stable

burning after ignition at high temperature and low temperature blowing modes with high speed air-
flow in HEM combustion chamber.
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Modeling of the structure and high speed airflow parameters is the important stage when study-
ing HEM burning.

Experimental study was conducted at RI AMM TSU with the usage of model aerodynamic plant
(MAP) developed at ITAM SB RAS [1].

The improved MAP diagram is given in Figure 4.
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']
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|

Fig. 4. MAP diagram: 1 — air input system; 2 — frame; 3 — main valve with 19 mm diameter;
4 — air compressed flasks with total volume 480 dm’;
5 — mechanical valves; 6 — control board; 7 — splitter; 8 — diffuser with 140 mm diameter;
9 — operating chamber; 10 — profiled nozzles with 100 mm diameter;
11 — precombustion chamber with volume 7 dm’; 12 — electrical heater;
13 20 kWt power supply source; 14 — control valve

Axially symmetric and plane models of AID were made and integrated in MAP in order to adopt
MAP in regard to the structure research and study of the main parameters of the supersonic airflow, as
well as the flow part of the combustion chamber, which geometric similarity allowed performing opti-
cal survey of supersonic flows (plane model) and measuring airflow parameters (axisymmetric model)

corresponding to the diagram given in Figure 5.
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Fig. 5. Diagram of axially symmetric and plane models: 1 — case with AID; 2 — outlet fitting;
3 — HEM simulator insert; 4 — clamp washer

The developed method of experimental research was tested during optical survey of supersonic
flows and visualization of oblique shocks in the flow channel of the plane model (Figure 6), as well as
during measuring of breaking temperature, dynamic and static pressure in the axisymmetric model at
Mach number M = 5 at input into AID (Figure 7).
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t~0.00 sec t~0.23 sec

Fig. 6. Images of plane model flow at M =5
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Fig. 7. Measurement data: braking temperature (a); dynamic pressure (b) and static pressure (c)
in flow channel of the axisymmetric model at M = 5

The obtained results can be used to develop mathematical simulation models of HEM burning in
high-speed airflow.
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HOJYYEHUE MOJIMMEPHOM KOMITIO3UIINU, COAEPKAIIEA
3-METAKPHJIOKCUCYJIb®OJIAH, 1JIA HAHECEHHUSA HA XUPYPI'MYECKHUE
QHAOIMPOTE3bI U HEPACCACBIBAIOIINECH ITIOJIMMEPHBIE HUTHU B BUJIE

HAHO- " YJIbTPATOHKHUX BOJIOKOH,
JIJISI PEKOHCTPYKTUBHO-BOCCTAHOBUTEJIBbHOMN XUPYPIT U

H.N. JIrvokmenko, B.B. Iloassmyk, P.I'. Hukutun
AO «DHIIL] «Anmaiiy, e. buiick

Jlnst mpeaynpexIeHus! TOCTaTOYHO YacTO BCTPEUAIOIIUXCS MOCICONEPALMOHHBIX PaHEBBIX MH-
(EeKIIMOHHBIX OCJIOXHEHUH HaMU OBbUIM CO3aHbI CeTYaThle MPOTE3bl ¢ AaHTUMUKPOOHBIMU CBOWCTBA-
MU, COJEpKalIie MOJTyCUHTETUYEKHEe aHTHOMOTHKY MEHUIIMIUIMHOBOTO Psijia, IPUMEHsIeMbIe JUIs Olle-
PaATUBHOTO JICUEHUS TOCIECONEePAIHOHHBIX BEHTPAIBHBIX I'PbiK. OJHON M3 MPOCTEUIINX KOMIO3HLIUI
JUIS. HAHECEHUSI Ha XUPYPTHUECKUE SHIOTPOTE3bI U HEPACCACHIBAIOINECS TTOJIMMEPHbIE HUTHU SIBJISCT-
Csl CIUPTOBOM PacTBOp CHUPTOPACTBOPUMOTO aHTHOMOTHKA WIJIM CMECH aHTHMOMOTHUKOB, HAIlpUMED,
SPUTPOMMIIMHA WX JIEBOMULUTHHA, TJI€ B Te4eHHE 22...24 4 IPOUCXOAUT UMIPErHALUS CUHTETHYE-
CKUX BOJIOKOH yKa3aHHBIMH XHMHOIpENapaTaMy, IOCcIe Yero TPaHCIUIAHTAT MPOCYIIMBAIOT HA BO3-
IyXe ¥ TIOMEIIAal0T Ha KOPOTKOE BpeMs B 7%-i1 alleTOHOBBII pacTBop MeauuuHCcKoro kiest «Cynbdak-
punaty. [Ipy UMIUTaHTAIMK IPOTe3a Ha paHy MOKPHIBAIOIIMN CUHTETUYECKHE BOJIOKHA MOJIUuMep Ou-
olerpaaupyer, oOecrneynBas JTUTEIbHOE MOPIHUOHHOE OCBOOOXKAEHHUE aHTHOMOTUKOB B OKPYKalo-
M€ TKaHHU, YTO CO3J[aeT MECTHYIO aHTHOAKTEepHAIbHYIO cpelly. OJJHUM U3 MPEUMYIIECTB aHTUONOTH-
KOB COCTOMUT B UX BBICOKOH aKTMBHOCTH, CHEUU(PUUHOCTH, PACTBOPUMOCTH B TKAHEBBIX KUIKOCTSX,
OBICTPOI BCACBIBAEMOCTH U PACHPEICICHUH MO0 OpraHu3My, 3¢ ¢deKkTuBHON onoTpanchopmanuu. Ox-
HAKO OJTHOOOpa3HBbIN «aHTHOMOTHUYECKHI MPECCHHI» SBIISETCS OCHOBHOM MPUUYMHOM OecrpeneaeHT-
HOTO HapacTaHUs YCTOWYMBOCTH MHKPOOPraHM3MOB, OCOOEHHO TI'pPaMOTPHIATENBHBIX, U COOTBET-
CTBEHHO CHIKEHHUS KIMHUYECKOH 3(PPEeKTUBHOCTH 0a30BBIX aHTHOMOTUKOB. [103TOMY OOJIBITMHCTBO
MEPEUYMCICHHBIX BBINIE MPEUMYIIECTB XMMHUOIPENapaToB MPH MapeHTEPaIbHOM BBEICHUU IpEBpa-
IIal0TCS B HEJIOCTATKHU MPU UX MECTHOM MPUMEHEHUH.

Taxkum 0Opa3oM, aHTUOMOTUKH MPUHLIUIHAIBFHO HE MOTYT HMCIIOJIb30BATHCS MPH W3TOTOBIICHUH
T000T0 MOJMMEPHOTO MEAMIMHCKOTO U3JENUs ¢ MPOTUBOMHKPOOHBIMH CBOMCTBAMH, B TOM YHCIIE
CeTYaToro MpoTe3a JJisi TEPHUOIIIIACTUKY C AHTUMUKPOOHBIMU CBOWCTBAMH.

B 3T0i1 CBSI3M aKTyaseH MOUCK BO3MOKHOCTHU MPHUIAHUS aHTUMUKPOOHBIX CBOMCTB JIFOOOMY TO-
JTUMEPHOMY MEIUIIMHCKOMY H3JIeNIMI0 0e3 MCIOJb30BaHMS aHTHOMOTHKOB. B nmanHO# paborte pac-
CMOTpPEHa TEXHOJIOTHSl TOJY4YEHHUS aHTHUMUKPOOHBIX DSHJOMPOTE30B IS PEKOHCTPYKTHUBHO-
BOCCTAaHOBHUTEILHOW XHUPYpPTHH, BKIIOUaromias B ce0s oOpabOTKy W CYIIKYy MpH TeMIiepaType
20...25°C ceTuaThIX MaTE€pUAIOB U3 CUHTETHYECKHUX MOJIMMEPHBIX BOJOKOH, BBHIPAOOTAHHBIX TPUKO-
Ta)XXHBIM CIIOCOOOM Ha OCHOBOBSI3AJIBHBIX MAIIMHAX, U3 MOJUBUHIINACHPTOPUIHBIX W MOJIUIPOIIH-
JICHOBBIX MOHOHUTeH. CeTyartslii SHIOMPOTE3 00padaTHIBAIOT MOJIUMEPHON KOMIIO3UIUEH, coaeprka-
IIe J1Ba BOJOPACTBOPUMBIX MTOJIUMEPA, OPraHMUECKUIA PACTBOPUTEIb M 3-METAKPHIOKCUCYAb(OTIaH —

IMPOTUBOBOCIIATUTCIILHOC, OGH&,Z[&IOH.[GG aHTI/IMI/IKpOGHBIM HeﬁCTBHCM BCIICCTBO. TexHonorus HaHe-
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CeHHs TOJIMMEPHOM KOMIO3MIIMU HAa CETYAThIi 3HIOMPOTE3 O0TpadaThIBANACh MO OCCKANMMIUIIPHOMY
merony kommnannn «ELMARCO» (Yexusi) Ha ycranoBke Nanospider' ™ NS 1WS500U (puc. 1). K
€ro JOCTOMHCTBAM MO’KHO OTHECTH BBICOKYIO MPOM3BOJIUTEIBHOCTh Ipoliecca 3IeKTpo(popMOBaHHUS,
OCYIIECTBIISIEMOTO JIMOO C TIOBEPXHOCTH JIEKTPOJIa, HAXOAIIETOCs B MPSIMIBHOM PacTBOpE, JIUOO0 C
BpaLAIOLIErocs AMCKa, KyAa IOJAeTCs PacTBOP IOJIMMEpa, KOTOPBIM IIPU CPBIBE C KPAacB AMCKA B
AIIEKTPOCTATUYECKOM I10JIe 00pa3yeT CTpyH pacTBOpa, Mepexoisiiue B moJMMepHbie BotokHa. [ToBepx-
HOCTb JJIEKTPOJAa HENPEPBIBHO OMBIBACTCS MPSAAWILHON IMOJIMMEPHOW KOMITO3ULIMEH, U IEKTPUYECKOE
T0JIE€ CaMOIIPOM3BOJIBHO PErYIUPYET KOJMYECTBO M B3aUMHOE PACIIONIOKEHHUE CTPyH HauOoJjee ONTH-

MaJbHBIM 00pa3oM. OTHAKO B 3TOM Cliydae BO3MOKEH HEOOIBIION pa30opoc BOJIOKOH 10 TUAMETPY.

Puc. 1. Ycranoska Nanospider™ NS 1WS500U

B pesynbraTe sKcrepUMEHTATbHBIX HUCCIEAOBAHMI HaMu Obula pa3paboTaHa TEXHOJOTHUS IO-
CTH)KEHHS ONTHUMAJIBHOTO COOTHOLIEHHS] KOMIIOHEHTOB B IOJMMEPHON KOMIIO3HUIMM, IO3BOJISIOIIAS
MOJIy4aTh BOJIOKHA auaMeTpoM oT 10 HM OeckanmuisipHbIM MeTonoM. Ha pucyHke 2 mokazaHa MHK-
POTIOBEPXHOCTh CETYATOr0 HHJOMPOTE3a 0 00pabOTKH MOIMMEpHO komno3unueit u nocie He€. Co-
CTaB  MOJUMEpHOM  Kommo3uiwmu, %  wmacc..  noduBuHWINUpponuaon  8...10;  3-
MeTakpuiokcucynbdonan 10...15; oprannyeckuii pactBopurens 82...75. BBeeHue B MOKphITHE CET-
4aToro mpore3a 3-MeTakpuiokcucynbdonana B koHeHTpauuu 10% c auamerpom BojokoH 10 Hwm
NPUIAECT MY BBIPDAKEHHYI0 aHTUMHKPOOHYIO aKTHBHOCTb. XOTS IpU OoJjiee TIIATETbHOM H3YyYCHHH
HaOmoaeTcs HeOOBIION pa3opoc AMAMETPOB BOJIOKOH.

AHTUMHUKpPOOHOE JIeHICTBHE HCCIEAYEMBIX CETYaThIX AHI0MpoTe30B oneHuBain B OO0 «Jlun-
teke» (r. Cankt-IletepOypr). beumn onpoOoBaHbI pa3aHyuHbIe BAPHAHTHI COOMPAIOLTUXCS TPSHIBHBIX
3MIEKTPOJIOB M Pa3IHuHble pexuMbl paboTsl Nanospider' ™ NS 1WS500U. OtpaGoTanbl CKOPOCTH
JBUKEHMSI KapETKH 3JIEKTPOJa, CKOPOCTh NOJAa4d MaTepuala Mo IMOJI0XKKE, Pa3HOCTh IOTEHIIMAJIOB

MEXAY JIEKTPOJIaMHU.
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Puc. 2. Ceruatslii 3HI0TPOTE3 10 00pabOTKH (@) M 1MOCIIEe HAHECEHN S TIOTMMEPHONW KOMIIO3UIHH (6)

I[aHBHCﬁHlHe HUCCIICAOBaHHA Mbl BUIUM, IMMPECKIAC BCCro, B IMOJTYUCHUH IMPOTUBOCIIACUHBIX MCM-

OpaH Ha OCHOBE MOJTMMEPHBIX KOMIIO3HUITHIA.
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OBTAINING POLYMER COMPOSITIONS CONTAINING
3-METHACRYLOXYSULFOLANE, FOR APPLICATION TO SURGICAL IMPLANTS
AND NON-RESORBABLE POLYMER FILAMENTS IN THE FORM OF NANO-
AND ULTRAFINE FIBERS FOR RECONSTRUCTIVE SURGERY
N.I. Lutsenko, V.V. Polasek, R.G. Nikitin
JSC "Federal research and production center "Altai", Biysk

To prevent a quite common cause of postoperative wound infection we have created a mesh
prostheses with antimicrobial properties, containing polusinteticheskie the antibiotic penicillin, used
for surgical treatment of postoperative ventral hernias. One of the simplest compositions for applica-

tion to surgical implants and non-resorbable polymeric filament is alcohol solution of alcohol-soluble
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antibiotic or mixture of antibiotics, e.g., erythromycin or levomitsetina, where for 22...24 h impregna-
tion of synthetic fibers specified chemotherapy, then the transplant is dried in air and placed for a
short time a 7% acetone solution medical glue Sulfacrylate. During implantation of the prosthesis into
the wound covering of synthetic fiber biodegradable polymer, providing a sustained release portion of
the antibiotic into the surrounding tissue, which creates a local antibacterial environment. One of the
benefits of antibiotics lies in their high activity, specificity, solubility in tissue fluids, quick absorba-
bility and distribution throughout the body, an effective biotransformation. However monotonous "an-
tibiotic pressure" is the main cause of the unprecedented increase of resistance of microorganisms,
especially gram-negative, and respectively decreasing clinical effectiveness of antibiotics underlying.
Therefore, the majority of the above-listed advantages of chemotherapy for parenteral administration
turn into disadvantages when they are applied topically.

Thus, antibiotics should not be used in the manufacture of any polymeric medical devices with
antimicrobial properties including mesh prosthesis for hernioplasty with antimicrobial properties.

In this regard, the actual search of the ability to impart antimicrobial properties to the polymer of
any medical product without the use of antibiotics. In this paper, the technology of production of an-
timicrobial implants for reconstructive surgery, including treatment and drying at a temperature of
20...25 °C net material made of synthetic polymer fibers, knit developed a way to warp knitting ma-
chines, of polyvinylidenfluoride and polypropylene monofilaments. Mesh endoprosthesis is treated
with a polymer composition comprising two water soluble polymer, organic solvent and 3-
methacryloxypropyl — protivovospalitelnoe with antimicrobial action stuff. Technology of applying
polymer composition on the mesh endoprosthesis buscapersonas worked out by method of the compa-
ny ELMARCO (Czech Republic) on installation NanospiderTM NS 1WS500U (figure 1). Its ad-
vantages include high productivity of the process of electrotorture carried out either from the surface
of the electrode in the spinning solution, or with a rotating disk, which served a polymer solution,
which with the disruption from the edges of the disk in the electrostatic field forms a jet of solution
into the polymer fibers. The electrode surface is continuously washed by spinning a polymer composi-
tion, and electric field spontaneously regulates the number and positioning of jets in an optimal man-

ner. In this case, however, there is a slight variation of the fiber diameter.

Fig. 1. Installation NanospiderTM NS 1WS500U

78



In result of experimental research we have developed the technology to achieve the optimum ra-
tio of components in the polymer composition, allowing to obtain a fiber with a diameter of 10 nm
buscapersonas method. Figure 2 shows micropowered mesh of the prosthesis before treatment with
the polymer composition and thereafter. The composition of the polymer composition, wt.%: polyvi-
nylpyrrolidone 8...10; 3-methacryloxypropyl 10...15; an organic solvent 82...75. Introduction to the
mesh coating of the prosthesis 3-methacryloxysulfolane at a concentration of 10% with a fiber diame-
ter of 10 Nm gives it a pronounced antimicrobial activity. Although a more thorough study, there is a
slight variation of the diameters of the fibers.

Antimicrobial action of the studied mesh implants was evaluated in LLC "linteks, OOO (Saint
Petersburg). We have tested different options for gathering the spinning electrodes and different
modes of operation NanospiderTM NS 1WS500U. Worked out the speed of movement of the carriage
and the electrode feeding speed of the material on the substrate, the potential difference between the
electrodes.

Fig. 2. Mesh endoprosthesis prior to treatment (a) and after application of the polymer composition (b)

Further research we see, first of all, in obtaining anti-adhesive membranes based on polymer

compositions.
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OCOBEHHOCTHU JE®OPMUPOBAHUA N ®OPMOUZMEHEHUSA TONNJIMBHBIX
3JIEMEHTOB ITPU SKCIIYATAIIMOHHOM HAI'PYKEHWU U31EJIUA PKT
A.C. Kapkos, A.B. J/lurBunos, U.U. Auncumos, E.A. Yammxun, B.U. Crenanos,
JI.C. lopabsikoBa

AO «DHIIL] «Anmaiiy, e. buiicx

OnpIT U3rOTOBJIEHUS M UCHBITAaHUM, CKPEIUIEHHBIX ¢ KOPIYCOM TBEPAOTOIUIMBHBIX 3JIEMEHTOB
(T9) m3nenuii pakerHo-kocmudeckoit TexHuku (PKT) mokaspiBaer, 4To (akTHUUeCKH peanu3yemas
JyarpaMMa M3MEHEHHs] BHYTPUKaMEpHOTO JaBlieHHs Ipu pabote aBurarenbHoi ycraHoBku (YY) mo-
JKET CYIIECTBEHHO OTJIMYATHCSA OT MPOEKTHOH. DTO MOTpedyeT MpOBEACHUS KOPPEKTUPOBKU T'€OMET-
pudecKkux napamerpoB TD M M3MEHEHMsI TEXHOJOTMYECKOM OCHACTKHU Ul €ro M3roToBieHUsA. B pe-
3yJIbTaTe YBEITUYMBAIOTCS CPOKU M CTOMMOCTHBIE TIOKA3aTeNN OTPaOOTKH U3EeTHSI.

PaccornacoBanue pacyeTHBIX U IKCIEPUMEHTAIbHBIX 3aKOHOMEpHOCTEH Bbiropanus TO [1] B
3HAQYUTEIILHON CTEIICHH CBS3aHO C TEM, YTO B IIPOLECCE IKCILTyaTal[uy U JIEUCTBUS BHYTPUKAMEPHOTO
JaBJICHUS MPOUCXoauT AedopmupoBanue T (nckaxeHue GOpPMBI MIENEBBIX IEMEHTOB, H3MEHEHUE
pa3MepoB KaHajla M ropsiuero cBoja). M3amenenue reomerpun TO B mpoliecce IIUTEIBHOTO XPaHEHUS
1 paboTel 1Y npu pacyeTHOM HMPOTHO3UPOBAHUN BHYTPUOAUTMCTUYECKUX ITAPAMETPOB, KaK MPaBUIIO,
HE YYUTBIBAeTCs. BMecTe ¢ TeM, SKCIIEPUMEHTAIIBHO YCTAaHOBIICHO, YTO JKCILIyaTallMOHHBIE HATPY3KH
BBI3BIBAIOT CyIEeCTBeHHbIE Aedopmanuu T (tabn. 1), KOTOpble MOTYT MPUBECTU HE TOJBKO K MU3Me-
HEHHIO (YBEIMUYEHHIO) YPOBHs, MApaMETPOB HECTALMOHAPHOCTH BHYTPUKAMEPHOTO JaBjieHus [2], HO
Y KaUeCTBEHHOMY M3MEHEHUIO PACXOJHO-TATOBBIX XapaKTepUCTUK npu padore JIV.

Haubounee cymectBeHHble 3(PPEKTH HEOAHOPOIHOCTH AehOPMUPOBAHUS U (HOPMOU3MEHEHUS

peaM3yIOTCSl B CKPEIUICHHBIX C KOPITYCOM KOHCTPYKIUAX TD KaHAJIBHO-IIIENeBOTro Tura (puc. 1).

L +AL;

Puc. 1. lepopmupoBanue TD npu qeliCTBUH SKCILTYaTallMOHHBIX HAIPY30K
U aBieHus (—— — — 1eOpMHUPOBAHHBIN KOHTYD)
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B 30Hax, npunexamux K pacKpeIuIeHHbIM TOpPLIaM, JAWaMETPaJIbHbIE pa3MEpPhl KaHala YMEHb-
marrces (001acTe CkKatusl), B CpeAHed mo JumHe 4yacTh 1D pasMepsl KaHaia yBeTU4MBaroTcs (00-

JacTh pacTsbKeHUs). PopMupyeTcs HEOAHOPOIHOCTh ropsmero ceojga TO no anuHe. B toncrocBon-
HBIX (M = —=4,5-5,5) u3genusx 3tu 3p(HEeKTbl CTAHOBATCS 0COOCHHO 3HAYUMBIMHU B YaCTH BIUSHUS
a

Ha YpOBEHb BHYTPHKAMEpPHOTO JaBiieHUs P M BpeMeHHBbIE XapaKTEepUCTHKHU Tmpouecca padoTsl Y.
Oco6oro BHUMaHH 3aCIIy)KHBaeT ydeT ocoOeHHocTel aedopmupoBanus TO B ciaydyae MCHOIB30Ba-

HUS MaTepHasoB, oonaaarommx 3 (ekraMu ra3oBbIAeICHIS TP JUIUTEILHOM AKCILTyaTaluH.

Tabnuma 1
IKCcHepuMeHTAIbHbIC OlleHKH 3G ekToB e opMmupoBanns U GopMOU3IMEHEHUs CKPEIUICHHOro ¢ kopmycom TJ
KAHAJIBHO-11IeJICBOr0 THUIIA NIPH AefiCTBUH OCHOBHBIX HATPY30K

XapaKTepucTuka Bapuanr 1 Bapuanr 2 Bapuanr 3
[Mapamerp otHOCHTENBHOTO CBOAIA (M = b/a) 4,19 3,97 5,56
V nnunenue L/b 3,44 4,69 5,13

Jebopmanny Kopryca npu JeHCTBUH BHYTPEHHETO
nmasienus (P=10,0 MITa):

— TaHTeHUManeHele AD/D , % 0,74 1,26 1,00

—oceBele AL, /L, ,% 1,98 1,63 1,68

Hedbopmanus xanama TD

B CpeliHeM ceueHuu €,(a) , %

— temmneparypa (AT = +20°C) +3,0 +3,43 +5,1
— napienne (P = 10,0 MIla) 9,72 16,25 20,9
YMeHbIlIeHre HavalbHOT'O CBofa mpu padore 1Y AW , % 10 3,0 10 4,9 1045
0
. AL
YMeHbIlieHre HavanbHOH JTuHEL T mpu padote Y L_ , % o 1,5 mo 1,8 no 2,4

0

W3 tabn. 1 BuaHO, 4TO reoMeTprudeckre mapamerpsl T3 npu ero neopMUpPOBAaHUH B YCIOBHAX pa-
60t1e1 /1Y ymenbinatores Ha 3—5%. B pesynbraTe CyIecTBEeHHO M3MEHSIOTCS BPEMEHHOW XapakTep U Ia-
paMeTpbl ra3onpuxoaa B nporecce roperus TO. B cBs3u ¢ uckaxeHreM (OpMBI IIETEBBIX JIEMEHTOB
KAQueCTBEHHO M3MeHseTcs BUJ 3aBucUMOocTH P(t). IToroBoe oTkinoHeHne (pakTUYECKOTo JABJICHUS B Ka-
Mepe OT PacYeTHOTO MPOTrHO3a MOKET gocturarh 15-20% [2].

Crenenp nedopmupoBanust TD 3aBUCHT OT €ro KOH(UrYpalluu, reOMETPUUYECKUX XapaKTepH-
CTHK (CBOJa, AJIMHBI), )KECTKOCTH M C)KMUMAeMOCTH TOIUIMBA, NOJATIIMBOCTU KOPILyCa, YPOBHS BHELI-

HUX HArpy3o0kK:

AW _ M, L/b, G, K, 22 ALy
W, D’ L

N,...).

K

IIpumep BIusSHUA HA U3MEHEHHE TOPSIIETO CBOJIa T'€OMETPUYECKHUX NapaMeTpoB (M) 1 OTKIIOHEHUS
PaBHOBECHOM TeMmmepaTypsl TD OT HOMUHATBHBIX YCIOBUM padboThl 1Y mpencraBieH Ha puc. 2. 3aBUCH-

MOCTH TOJYYEHBI PACUETHO-IKCIIEPUMEHTAIIBHBIM ITyTeM. [Ipr 3TOM y4HUTHIBAJIOCH COOTHOIIEHUE edop-

Maruit o6omnouxy (&, ) u kaHana (g,(a)) TO:
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Se(a):‘geK'Mz'(pa

rme @ = (p(L/b , chp/Lo ,M,G, K, ) — k03¢ dHULMEeHT pazrpy3ku T.

0,5

-05

a 9]

Puc. 2. Biiusnune paBHoBecHoi Temnepatypel (T,) 1 reomerpudeckux napamerpos (M) TO
Ha OTHOCHUTEJIFHOE YMEHBILCHHE TOPSIIEro CBOJIA IIPH ACHCTBUH TEMIIEpaTypHOH HarpysK (a)
1 BHYTpEHHEro 1aBieHus (0)

Jl1st TeopeTuuecKoro yyera o0Ccyx1aeMbIX 3QEeKTOB Ha ITane NpoeKTupoBaHust TO U pacyer-
HOM OIIEHKM BHYTpHOAIIMCTUYECKUX MapameTpoB /Y B HacTosiiee BpeMs CYLLECTBYIOT Pa3jIMUHbIE
MaTemaruueckue mozaenu [1, 2], Gazupyromuecss Ha PeLICHUH CONPSIKEHHOM 3a/jaud MEXaHUKH Jie-
(OpMUPOBAHHOTO TBEPAOTO TENA U ra30BOM AUHAMMKH.

OnpeneneHre KOJIMYECTBEHHBIX MMapaMeTPOB U BepU(UKALUS 3TUX MOJENEH OCYIIECTBIISIIOTCS
II0 pe3yJpTaTaM CIIEHUAIbHOIO HAaTypHOro skcnepuMenTa. [l atux nener B AO «@HIIL «AnTai»
CO3/1aHa METOJIMYecKas U u3MepuTesbHas 0a3a, MO3BOJIAIOLIAs MPOBOAUTE MOJIHBIM KOMIUIEKC TaKUX
UCTBITAaHUM, KOTOPBIM BKIIIOYAET pa3IuyHble peXKUMbl HarpyxeHus TD MHEepLHUOHHBIMU U TEIJIOBBIMU
Harpy3kamMy B KBa3UCTAaTUYECKOM U LIMKIMYECKOM PEKUMaX, KaHTOBaHHE, BUOPAIIMOHHBIE MCIIbITA-
HUS, IEHCTBHE CTALMOHAPHOIO U UMITYJIbCHOTO JaBjieHHs B Kamepe Y.

Jlns m3mepenns napamerpoB 1O u kopryca HCHOJb3YIOTCS KaK CTallMOHApHBIE, TaK Y TIEPEHOCHBIE
(MOOMITbHBIE) M3MEPUTENIbHBIE CHCTEMBI, OCHOBAaHHBIE HA PA3IMYHBIX (PU3WYECKHX MPUHLMUMAX (TEH30-
METPUUECKHE, MbE30MEXaHUYECKUE, MBbE30IIEKTPUUECKUE, IOTEHIMOMETPUECKHE, YIBTPa3BYKOBBIE, OIl-
THUUYECKUE U PAMOBOJIHOBBIE Cpe/iCTBa U3MepeHusi). Bee oHn cHaOXeHbl cpeicTBaMy aBTOMAaTU3UpPOBaH-
HOTO JTUCTaHIIMOHHOTO YIPABJIECHHUS M CHEUUATM3MPOBAHHBIM IMPOrpaMMHBIM OO€cIieYeHHEM, pa3pado-
TaHHbIM AO «DHIIL «Antaity.

VYka3zaHHast 3KCTIepUMEHTalIbHAs 0a3a MO3BOJISIET BBISBIATH OCOOEHHOCTH MEXaHHUUYECKOTO TOBe-
nenus TO npu aBTOHOMHOM U OJTHOBPEMEHHOM JIEHCTBHM OCHOBHBIX SKCIUTYaTAallMOHHBIX Harpy3okx B

paMKax TpaJuLUOHHOMN SKCIepUMEHTaIbHOM 0TpaboTku u3nenus PKT.
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BriBoabI

1. DOKCIIEpUMEHTAIBHO YCTaHOBJIEHO, YTO M3MEHEHHE T'€OMETPUUYECKUX pazMepoB 1D cospe-
MeHHbIX n3nenuii PKT B mpouecce skcruryaranuy M I€MCTBUM BHYTPUKAMEPHOTO JABJICHHSI MOXKET
nocturatb 5—8%.

2. Ydyer yka3zaHHbIX 3()(PeKkToB qepopMHpPOBAHUS IPU PACUETHOM IMPOTHO3UPOBAHUH MTPOLIECCOB
BbIropanus TO no3Bosiser cokparuth (B 1,5—1,8 pa3a) morpemrHocTd OLEHKH 3aKOHOMEPHOCTEH M3-
MEHEHHS PACXOIHO-TATOBBIX XapakTepucTuk npu padore Y. CokpalaroTcsi CpoKH U CTOUMOCTHBIE

nokazatenu mnporecca orpabotku T3 1Y mist nznenmit PKT.
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PECULIARITIES OF STRAINING AND DISTORTING PROPELLANT ELEMENTS
UNDER IN-SERVICE LOADING SPACE-ROCKET ARTICLES
A.S. Zharkov, A.V. Litvinov, LI. Anisimov, E.A. Chashchikhin, V.1. Stepanov,
L.S. Poddyakova
JSC FR&PC «ALTAl», Biysk, Russia

The experience of manufacturing and following testing case-bonded propellant elements (PE)
for space-rocket hardware reveals that the actual pressure-time curve of propulsion system (PS) can be
in sufficient discrepancy with the predicted one. This causes revising geometrics of PE and re-design
of shape-forming accessories for its production. As a result, the duration and the cost of developing
article rise unexpectedly.

Considerable disagreement [1] between estimated and experimental regularities of burning PE is
conditioned substantially by its deformation (distorting the slots, straining the core, change of web
burned distance) while service and pressurization of PS. Alterations in geometrics of PE during long-
term storage and operation of the article are usually not taken into account for computational predic-
tion of interior ballistics of PS on designing. At the same time the exploitation loads have found ex-
perimentally to generate sufficient strains in PE (table 1), causing variation (rise) of chamber pressure
as well as nonstationarity of pressure-time curve [2], and also qualitative change performance charac-
teristics of PS.

The most intensive non-uniformity of straining and distorting PE appears in case-bonded PE

with cylinder-with-slots port (Fig. 1).
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L+AL,

Fig. 1. Deformation of PE under storage loads and internal pressure (—— — — contour strained)

In the front and back end zones of PE port diameters are expected to diminish (region com-
pressed) while in the central sections they enlarges (region stretched). Thereby burning web nonuni-

b
formity along the length of PE comes into being. For thick-walled (M = ; =4,5-5,5) items this fea-

ture becomes of the most importance regarding to influence on chamber pressure and duration param-
eters of PS operation. Taking into account the peculiarities of straining and distoting PE deserves a
special attention for articles with gas-generation propellants.

Table 1
Experimental deformational data for case-bonded channel-and-slots PE under the general exploitation loads
Characteristic Variation 1 Variation 2 Variation 3
Wall thickness ratio (M=Db/a) 4,19 3,97 5,56
Length ratio L/b 3,44 4,69 5,13
Deformations of the case under internal pressure (P=10,0 MPa):
— circumferential AD/D , %
axial AL /L % 0,74 1,26 1,00
a Sl % 1,98 1,63 1,68
Deformations of the PE core in the middle cross-section €4(a) , %
— thermal loading (AT=£20°C) £3,0 +£3,43 £5,1
— pressurization (P=10,0 MPa) 9,72 16,25 20,9
Reduction of initial PE web on PS activation , % up to 3,0 up t0 4,9 up t0 4,5
WO b b b
Reduction of initial length of PE on PS activation , % up to 1,5 upto 1,8 up to 2,4
0

Table 1 shows the core geometrics to decrease by 3—5% due to PE straining while PS operation.
Hence, duration parameters and the rate of combustion gas generation are sufficiently alliterates while
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burning PE. Because of distortion of slots profile, the curve P(t) changes qualitatively. The overall discrep-
ancy between actual and estimated values of internal pressure comes up to 15-20% [2].

The intensity of PE deformation depends on its configuration and geometrics (thickness and
length ratios) as well as on hardness and compressibility of propellant, case deformability, actual ex-
ternal loads etc.:

AW M Lrb, G kA AL .
WO D K

Fig. 2 illustrates the effect of geometrics and reference (stress-free) temperature of PE on web altera-

tions. The relations are experiment-calculated. Here following correspondence of case (&, ) and core

(&,(a)) strains is taken into account:
Se(a) = SeK -M* P,

here @ = (p(L/b, L, /L0 ,M,G, K, ) — PE relieving function.

a b

Fig. 2. Dependence of PE web burned distance on its reference temperature (T,)
and geometrics (M) for thermal loading (a) and pressurization (b) of PS

For theoretical characterization of the phenomenon discussed and extend the accuracy of pre-
dicting interior ballistic parameters of PS at the stage of designing can be applied various mathemati-
cal models [1, 2] based on formulations of conjugated problems of deformable solid mechanics and
flow dynamics.
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Evaluation of quantitative parameters and verification of mathematical models developed are
accomplished on the basis of specialized full-scale experiment. For this purpose in JSC FR&PC
«ALTAI» methodology and test-measuring equipment are developed which allow to fulfill a com-
plete range of PE exploitation tests including various combinations of inertial and thermal loading
the article in quasi-static or cyclic modes, tilting and turning, vibrations, static and pulse pressuriza-
tion etc.

For estimation PE and case parameters during the test the stationary measuring systems are used as
well as the portable (mobile) ones, based on different physical principles (tensometric, piezo-mechanical,
piezoelectric, potentiometric, ultrasonic, optical and microwave sensors) These are all supplied by auto-
mated control and special software developed in JSC FR&PC «ALTAI».

The experimental base mentioned allows the developer to explore peculiarities of mechanical
behaviour of PE under individual or complex loading PS by general exploitation loads at the conven-

tional stage of experimental validation of article characteristics.

Conclusions

1. Alterations of geometrics of PE for up-to-date space-rocket hardware taking place during
the storage and operation of PS are found experimentally to reach up to 5-8%.

2. Taking into account the deformation effects discussed at the stage of computational projection
of PE burning parameters allows developer to diminish (by 1,5-1,8 times) estimation errors for per-
formance characteristics of PS. As a result, the duration and cost parameters of PE for space-rocket

articles are reduced.
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I'ABOXPOMATOI'PA®UYECKOE ONNPEJIEJEHUE CJIEJIOB MAPKEPOB
MNJMIACTUYECKUX B3PbIBYATBHIX BEHIECTB
B.M. I'py3nos, M.H. baaaun, M.B. IIpsimoB
Unemumym negpmezazosoui eeonozuu u eeogpusuxu um. A.A. Tpogpumyxa CO PAH, 2. Hosocubupck

B cootsercTBun ¢ Konsenuuein, npussaron B 1991 r. MexayHapoHO opraHu3anueil rpax-
nanckol apuanun (MKAQO), «O MapkupoOBKe MIaCTUYECKUX B3pPHIBUATHIX BEIIECTB B LENAX UX OOHa-
PYXKEHHUS» B COCTaB MPOMBIIUICHHBIX TUIACTHUECKUX B3pbIBUaThIX BellecTB (BB), B kauecTBe Mapku-
pyrouux BemectB (MB) BHOCsTCS nerkosieryyue no cpaBHeHuto ¢ BB 106aBku HUTpOCOeTMHEHMI:
4-uutporonyon (HT) u 2,3-mumerun-2,3-quautpodyran (JAMHB). Jloknan mocBsIeH BBISICHEHUIO
YCIIOBUH OIIPEAETICHUS CIEN0BBIX KoJndecTB MB ¢ MOMOIIBIO MOPTaTUBHOM Ia30aHATIMTHYECKOM all-
napaTypbl C UCHOJIb30BaHUEM aTMOC(EPHOIO BO3/yXa B KaUECTBE I'a3a-HOCHUTENS U KOHLEHTPUPOBa-
HUS 17151 TOCTH)KEHUS! HU3KUX TIOPOTroB 0OHapyxeHust napo MB.

Lenbto paboOThL: IKCIEPUMEHTAIBHOE MCCIIEI0OBAHNE 3aBUCUMOCTH OTKJIMKA Ia30BOr0 XpOMaTo-
rpada OT BJIQXKHOCTU T'a3a-HOCUTENS B MPEANOJI0KEHUN CUIBHOTO BIMSHUS MapoB BOJIBI Ha MPOLECC
MOHOOOPa30BaHMs B MOHU3ALMOHHOM XpOMaTorpapuueckoM JETEKTOpe, BbIOOP 3(h(eKTUBHBIX KOH-
LIEHTPATOPOB U PEKXUMOB KOHLIEHTPUPOBAHMUSL.

Hcnons3oBancs razossiit xpomarorpag 2XO-B-U/IIC ¢ atmocdepHbIM BO3yXOM B KauecTBE
raza-Hocurens [ 1], nomukanumnspaoit kononkoi (ITKK) u moHU3aIIMOHHBIM JETEKTOPOM IepecTpau-
Baemoii cenextuBHocTH (MIIC) ¢ nonmzanueit B-uctoyHMKOM 3N Bpewms ynepxuBaHus B3pbIBYa-
THIX BellecTB B uHTepBajue 5—30 c.

B nputop 2XO-B-UIIC Ob1 BcTpoeH crenuanbHblii GUIBTP IIyOOKOW OYMCTKU U OCYIIKH
aTMOC(EepHOro BO3AyXa OT MAapoB BOJBI /IO BJIQKHOCTH C TOYKOM pochl He Bhle MuHyc 62°C.
B ¢unbTpe peanuzoBana MHOroCTyleHYarTas ocijeioBaTeNbHasi OYUCTKA U OCYILKA BO3ayXa [2].

CrneoBble KOHIIEHTPAIMU NAPOB MApKUPYIOUIMX BELIECTB MOJydajdd NYTEM KOHTPOJIUpPYeE-
Moro pazbasiienus HacwineHHoro napa HT u /IHMBbB. B kauecTBe renepaTopa HachIIEHHOTO Hapa
MB wucnosp3oBaHa CTEKJIsIHHAas TpyOKa C BHYTPEHHUM AMaMeTpoM 3 MM U ainuHOM 220 MM, B
CpelHel yacTu KOTOpoi pa3mMenieHa npoOka u3 kpucramioB MB (miuno#t 5 u 10 cm qist HT u ans
JIMHB cooTBeTCTBEHHO), 3aMKCHpOBaHHAs ¢ 00EMX CTOPOH TaMIIOHAMH U3 CTEKJIOBOJIOKHA JUIH-
HOH 0KO0JIO 1 cMm.

VYnpasisemoe pa30OaBieHHE HachlleHHOro napa MB nocturano MakcCHManbHOTO 3HAuY€HUS
10 000 mpu OTHOCUTENBHOM BIAXXHOCTH B nuana3zoHe 50+78%.

KoHueHTprupoBanue napoB MapKUpYOIIUX BELIECTB OCYIIECTBIISIIM HA METAUNIMYECKUX CETKAX,
CIUIETEHHBIX U3 MPOBOJIOKH M3 HepkaBeroien cranu guamerpom 0.05 MM ¢ siuesimu pazmepom 0,08 x
0,08 Mm”. JTmameTp ceTok 7,5 MM. MICIOIb30Bai KOHIIEHTPATOPbI CIIEIyIONX KOHCTPYKIIHI:

— 6 CETOK, PacIIOJIOKEHHBIX OJHA 3a IPYTOM;

— CJIOM CTEKJIOBOJIOKHA, JE€3aKTHBHPOBAHHOTO auMeTuiaauxiopcuianoMm (glass wool, DMCS

treated), moMeIeHHBINM MEXIy IBYMS CETKaMH, TONIIMHA CJIOSl 3 MM, Macca CTEKJIOBOJIOKHA 39 Mr;
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— 5 CeToK, pacIoioKEHHBIX OJ1HA 3a JIPYroii, 3areM cioi copoenta Tenax-TA maccoit 7-10 mr u
¢bukcupyromas 6-s ceTka (anee KOHIEHTpaTop ceTku + Tenakc);

— 6 CeTOK ¢ HaHEeCEeHHOH HemoABMKHOU kuakon ¢azoit (HXK®D), pacnonoxkeHHBIX 0o/1HA 32 JIpy-
roii; Macca H)XK® Ha cetke 6bu1a B ipeaenax ot 0,05 mo 0,15 mr.

Bausinne BJIajKHOCTH ra3a-HocuTeNs Bo3Ayxa. Vcnonp3oBanu mmpuiueBoil BBOJ pacTBOPOB
MB B aueronutpuiie B ucnaputenb xpomarorpada. XpomartorpadupoBanue npooauian Ha ITKK
mmHoM 220 mm, coxepxkamed npuMmepHo 1000 xamwuisipoB auamerpoMm 40 mxm ¢ HXK® OV-1
(0,2 mxm). Temnepatypa pazaenenus 110°C, Temneparypa ucnapurens B ycrpoiictse BBoja 230°C,
nerektopa — 170°C, Bpemst go3upoBanus mpoosl 600 mc, pacxon raza-nocurtens 40 MiI/MUH, BBITSTH-
Baroniee Hanpspkenue [ 1] B UATIC munyc 20 B.

B xoze 3KCepMMEHTOB BBISIBJIEHA CHJIbHAS 3aBUCUMOCTh aMIUIMTYIbl XpOMaTOrpaduyeckoro
IIMKA MapKUPYIOLIMX BEIECTB OT BIAXKHOCTU BO3/yXa, HCIIOJIB3YEMOT0 B KaUeCTBE ra3a-Hocurensa. Ha
puc. 1 mpuBeneHs! npumepsl Takux 3aBucumocteit mpu BBoge 14 ur HT u 1 ar IMHB. Ilo ocu a6-

UCC OTJIOKCHBI 3HAYCHUA TOYKU POCHI.
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=
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=
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Puc. 1. Brusare BIa)XHOCTH Ta3a-HOCUTENSA Ha OTKIIMK MOACPHU3UPOBaHHOT0 XpoMaTtorpada IXO-B-UTIC
Ha 1 ur JIMHbB u 14 ur HT

W3 pe3ynbTaToB cieyeT, YTO Ha MPAKTUKE B KAueCTBE Ia3a-HOCHUTENS HY)KHO HCIIOJIb30BaTh
IITyGOKO OCYIICHHBIH BO3MyX 10 aOCOTIOTHOM BIAKHOCTH He Gonee 8,5 MI/M’, UTO COOTBETCTBYET
TOYKE pOCHI HE BbIIe MUHYC 62°C.

(P PekTHBHOCTH KOHIEHTPUPOBAHMUS OLCHUBAJIM 0 aMIUIUTYJE XpOMAaTorpapuyeckoro mu-
Ka. 3aBUCUMOCTH aMIUTUTY/bI MHKAa OT 00beMa MPOIMYILEHHOIO Yepe3 KOHIEHTPATop BO3AyXa Mpel-

CTAaBJICHBI HA pUC. 2.
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Puc. 2. 3aBucumocts amruintyas! muka JIMHB ot o6bema orOupaemoii ipoOb! JUTs pa3HBIX THIIOB KOHIIEHTPATOPOB

OmnpeneneHo, 4To Ui KaXJA0ro KOHIIEHTpaTopa CYLIECTBYET 0ONacTh JIMHEHHON 3aBUCUMOCTH
aMIUTUTY/IBI KA 0T 00beMa mpoOsl. Jlo o6beMa ororpaemMoii mpoosl, paBHoro 200 mi (BpeMst 0TO0pa
25 cexyHn), koHueHTpatopbl ¢ HK® u cetku + TeHake mpeBOcXosT Mo 3PPEKTUBHOCTU APYTHE.

B Tabmuue npusenensl noporu oOHapyxkenus xpomarorpada IXO-B-UATIC c rmybokoit

OUYHCTKOM BO3ayxa 1o omnpeneneHno MB. Bpems ananmsa 13 c.

IMoporu odHapy:xeHust

BBoj mpo0b1 6€3 KOHLIEHTPUPOBAHUS OT160p | 11 BO3ayxa Ha KOHIEHTPATOP
Tlopor oGHAPYKEHHs, Ir/cM’ Tlopor oGHAPYKEeHHs, Ir/cM’
HT JAMHB HT JAMHB
1500 2,7 22 0,1
Jlnteparypa

1. bangua M.H., I'py3aoB B.M. [lopraTuBHbIi ra3oBeiii Xpomatorpad ¢ BO3LyXOM B Ka4eCTBE T'a3a HOCHTEIS
JUIsl ONIPEZCIeHUsl CIIEIOB B3pbIBUATHIX BernecTs// JKypHan anHamutudeckod xumuu. 2013. T. 68, Ne 11.

C.1117-1122.
2. Bangua M.H., I'opoxos A.®., Kune A.H., Peioonosnes B.I". [Tat. P® Ne 2207563 ot 27.06.2003 T.
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GAS CHROMATOGRAPHIC DETERMINATION OF MARKING SUBSTANCES ADDED
TO INDUSTRIAL PLASTIC EXPLOSIVES
V.M. Gruznov, M.N. Baldin, M.V. Pryamov
Trophimyk Institute of Petroleum Geology and Geophysics (IPGG) SB RAS, Novosibirsk

In line with the ICAO Convention of 1991 “On the marking of explosives for the purpose of
identification” all commercial plastic explosives should be provided with marking substances (MS) as
highly volatile agents like 4-nitrotoluene (NT) and 2,3-dimethyl-2,3-dinitrobutene (DMNB). Determi-
nation of the conditions of trace detection of marking substances with portable analytical devices us-
ing air as a carrier-gas and concentration to achieve low limits of MS vapor detection is the objective
of the presentation.

The goal: an experimental investigation of the relationship between the gas chromatograph re-
sponse and carrier-gas humidity. It is assumed that water vapor strongly affect the process of ion for-
mation in a chromatographic ionization detector, choice of efficient concentrators and concentration
modes.

We used an EKHO-A-IDVS gas chromatograph with air as a carrier-gas [1], multicapillary col-
umn (MCC) and an ionization detector with a varying selectivity (IDVS) with a B-source “*Ni. Time
of the explosive detection is 5-30 s.

The EKHO-A-IDVS is provided with an embedded filter ensuring deep purification and dehu-
midification of ambient air to a humidity with a dew-point temperature not higher than - 62°C. The
filter provides multistage sequential purification and dehumidification of air [2].

We obtained trace vapor concentrations of marking substances through controlled dilution of
saturated vapor of NT and DMNB. We used a glass tube 3 mm in [.D. and 220 mm in length as a gen-
erator of saturated MS vapor. We placed a plug of MS crystals (5 and 10 cm in length for NT and
DNMS, respectively) secured by glass wool stoppers (1 cm in length) on both sides in the center of
the tube.

Controlled dilution of saturated MS vapor reached a maximum value of 10 000 with a relative
humidity of 50+78%.

We used metal grids from stainless steel wire 0.05 mm in diameter with a mesh size of
0.08 x 0.08 mm?” to concentrate MS vapors. The grid diameter is 7.5 mm. We used concentrators of
the following arrangements:

— 6 grids positioned one after another;

— A layer of glass wool (glass wool, DMCS treated) placed between two grids, layer thickness,
3 mm, weight of glass wool, 39 mg;

— 5 grids placed one after another followed by the Tenax-TA sorbent of 7-10 mg secured by
the 6-th grid (hereafter, grid + Tenax);

— 6 grids coated with a stationary liquid phase (of 0.05 — 0.15 mg) positioned one after another.
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Effect of air-carrier-gas humidity. We used a microsyringe to inject solutions of MS in
acetonitrile into the vaporizer. We separated samples on a MCC 200 mm in length containing
about 1000 capillaries 40 pm in diameter coated with OV-1 stationary phase (0.2 pm). Separa-
tion was conducted under the following conditions: separation temperature, 110°C, the tempera-
ture of the evaporator of the injection device and the detector, 230°C and 170°C, respectively;
injection time, 600 ms; carrier-gas flow rate, 40 ml/min; extraction voltage [1] in the IDVS, mi-
nus 20 B.

The experiments have revealed a strong dependence of the amplitude of the chromatographic
peak of the MS on humidity of air used as a carrier-gas. Fig. 1 shows the dependence for 14 ng of NT
and 1 ng of DMNB .Values of dew point are plotted along X-direction.

Amplitude, V|
35 @
[ ]

25

1 ng DMNB

20 ®

15

14 ng NT o9
10

|

Dew point, °C

Fig. 1. Effect of carrier-gas humidity on the response of a modified EKHO-V-IDVS chroamtograph upon injection
of 1 ng of DMNB and 14 ng of NT

It follows from the results that as a carrier- gas one should use air highly dehydrated to an abso-
lute humidity of 8.5 mg/m’ corresponding to a dew point of minus 62°C.

We evaluated concentration efficiency by chromatographic peak amplitude. Peak amplitude
versus the volume of air passed through the concentrator is given on Fig. 2.

It is found that for each concentrator there is a range of linearity between the peak amplitude and
sample volume. Concentrators with LSP and grids + Tennax surpass other concentrators in efficiency
with a sample volume of 200 ml (sampling time, 25 s).
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Fig. 2. DMNB peak amplitude versus sample volume for different concentrator types

Table gives the limits of MS detection with the EKHO-A-IDVS using highly purified air.

Analysis time is 13 s.

Detection limits

Direct sample injection

Sampling of 1 / of air on a concentrator

Detection limit, ng/cm’

Detection limit, pg/cm’

NT

DMNB

NT

DMNB

1500

2,7

22

0,1
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N3YYEHUE CITIOCOBHOCTHU HAHOCOPBEHTOB AICOPBUPOBATD
TOKCHUYHBIE BEHIECTBA
C.I'. Mabsico, U.P. AxmaneeB, U.P. [laBnenko, M.B. Tuan3o, M.B. Unkuna,
H.B. KopoBuna
Yupeacoenue Poccutickou akademuu Hayk Mucmumym npobiem XumMuKo-sHepeemuyeckux mexHoa02uil
Cubupckozo omoenenusi PAH, 2. Buiick

B HacTtosiee Bpemsi MOMCK TEXHUYECKUX PELICHUH, HEOOXOIMMBIX ISl CO3/IaHHs TeXHUUYECKUX
CpE/CTB HAa OCHOBE HAaHOCOPOCHTOB, MPEJHA3HAYCHHBIX VIS JIera3alii 00bEKTOB, HAXOAUBIIMXCS HA
MECT€ YpEe3BBIYAHOTO MPOMCIIECTBUS U 3aTrPSA3HEHHBIX TOKCHYHBIMU XMMUKATaMH, OTHOCSAIIIMMUCS K
XUMUYECKOMY OPYKHUIO SBISIETCS aKTyaIbHON TEMOM.

[IpoBeneHb! Hccae0BaHUs IO BEIOOPY M pa3paboTKe HAHOCOPOEHTOB ¢ COPOIIMOHHBIMU CBOM-
CTBaMM, JOCTATOYHBIMHU JUISl IeTa3allii 00bEKTOB, 3aTPSA3HEHHBIX TOKCHYHBIMA XUMHUKATaMH, TAKUMHU
Kak: aumsonporuiamerwidocoar (JUIIMD), manartuon, aumsonpomnmidropdpochar (AUIDD),
xaopaTaTIICYIbhua (X23C).

[Tokazano, 4T0 3QPEKTUBHBIMU COPOCHTAMU SIBIISFOTCS HAHOOKCHT aTFOMUHUS TI0 TIOTJIOIICHUIO

X93C, a takxe HaHOOKCH *kerne3a (I11) i HAHOOKCH MeIH' IO MOTTIOMEHHEO (ocHOPOPraHKy.
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Puc. 1. 'ucrorpaMma pacripeziesieHns CMaqYiBaeMOCTH XJIOPITHIRTHICYIbhHIa (XO33C)
B 3aBUCHMOCTH OT NPUPOJIBI HAHOCOpPOEeHTa

Jluteparypa

1. l'yasov S.G., Kazantsev L.V., Til'zo M.V., Sakovich G.V., Zaikovskii V.I., Prosvirin I.P., Tuzikov F.V.
ZAAC. 2013. V. 11.P. 2132.

95



DOI: 10.17223/9785946215596/33

STUDY INTO THE CAPABILITY OF NANOSORBENTS TO ADSORB TOXIC AGENTS
S.G. I’yasov, I.R. Akhmadeev, A.A. Pavlenko, M.V. Til’zo, M.V. Chikina, N.V. Korovina

Institute for Problems of Chemical and Energetic Technologies, Siberian Branch
of the Russian Academy of Sciences (IPCET SB RAS), Biysk

It is nowadays topical to search for technical solutions needed to develop nanosorbent-based
technical means intended for decontamination of objects that have been located at the site of a chemi-
cal event and contaminated with toxic chemicals referring to chemical warfare.

Research on selection and development has been performed regarding nanosorbents with sorp-
tion properties sufficient for decontamination of objects contaminated with toxic chemicals such as
diisopropyl methylphosphonate (DIMP), malathion, diisopropyl fluorophosphate (DIFP), and bis(f-
chloroethyl) sulfide (mustard gas).

Aluminum nanooxide has been found effective in absorbing mustard gas, and iron (III) nanoox-
ide and copper nanooxide' in absorbing phosphor organics.

Mustard gas wettability, g/g

Sorbents

Fig. 1. A bar graph showing wettability distribution of mustard gas versus nanosrobent nature:
(1) AIOOH, (2) TiOg, (3) Carbon, (4) MnO,, (5) MgO/TiO,, (6) MgO, (7) Fe,0s, (8) Al,O;
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OI'HE3AIIIUTA KOHCTPYKHPIFI ATOMHBIX 3JIEKTPOCTAHI_[I/II71
ITPU BO3I[EﬁCTBHH BOAOPOJHOI'O ®AKEJIA
B.JI. Ctpaxos, A.H. I'apamenko, A.A. Ky1bkoB
Lenmpanvuwlii HAYYHO-UCCAEO008AMENLCKUL UHCTUMYI CREYUAIbHO20 MAWUUHOCIPOCHUS,
2. Xomwvkoso Mockoeckoii 0611

Dkosornyeckas 1 noxapHasi 6€30MacHOCTh aTOMHBIX 3JeKTpocTaHuui (ADC) 3aBUCUT OT (ak-
TUYECKOM OTHECTOMKOCTH HECYIIMX METAJUIOKOHCTPYKLMH, KOTOpas OOecIeyrBaeTCsl OrHe3alluTon
TpeOyeMoil Tomuubl. OOpyIlIEHHE CTPOUTENBHBIX KOHCTPYKLIMH MAIIMHHBIX 3aJ0B MpPU aBapuu
HEN30€KHO MPHUBOAUT K KaTracTpouueckumM nociencTBusM. [loaromy npobiema paunoHaIbHOM Or-
He3amuThl KOHCTpYKIuit ADC BecbMa aKkTyallbHa.

BaxHo Taxke OTMETHTb, UTO MapaMeTpbl OTHEBOTO BO3JCHCTBUS Ha CTPOUTENbHBIE KOHCTPYK-
uy npu noxape Ha ADC MOTryT OTAMYaThCs OT CTaHAAPTHBIX apameTpoB. Tak, HanpuMmep, Ipu aBa-
pun typ6oreneparopoB cepuu TB, TB2, TBO®, TBB, TI'B, kopiyc KOTOpPBIX 3al0JIHEH BOJOPOAOM
BO3MOXHO 00pa3oBaHUe «BOJAOPOIHOTO (hakenay — BeicokoTeMneparypHoil ctpyH (10 2000°C). Oue-
BUJIHO, YTO B JAHHOM CJIy4dae MOJAXOJ K OTHE3aIIUTEe CTPOUTENbHBIX KOHCTPYKIIMI MAIIMHHBIX 3aJI0B
JIOJDKEH OTJIMYAThCs OT MOJX0/1a, TPAIUIMOHHO PUMEHSIEMOTO JUIsl OOBIUHBIX 3/1aHUI U COOPYKEHUH.

ABTOpamMu J0OKJa/a IpeyiaraeTcsi crnocod U CpeAcTBa OTHE3ALIUThI CTPOUTENIBHBIX KOHCTPYK-
1yl MammHHBIX 3a710B ADC, MO3BOJIAIONINE YI€CTh 0COOEHHOCTH PadOThl OTHE3AIIUTHI MPHU TEIUIO-
SPO3UOHHOM BO3JIEMCTBUU BOJOPOIHOTO (pakena.

B xone MHOroneTHux paboT aBTOpaMH HAKOIUIEH 3HAUUTENbHBIA OINBIT B 00JaCTH MCCIIEI0Ba-
HUH, IPOEKTUPOBAHUS, OTPAOOTKH M U3TOTOBJICHUS HA OTBETCTBEHHBIX OOBEKTAX TEIUIO3AIIMUTHI CTPO-
UTEJIbHBIX KOHCTPYKLMH pa3iMyHbIX TUMOB. Pe3ynbTaThl MPOBEAEHHBIX TEOPETHUECKUX U HKCIEPH-
MEHTAJIbHBIX HCCIeOBaHUNA 00001IeHbI B MOHOTpagu [1] 1 MHOTOUYHMCIEHHBIX KYPHAIbHBIX MyOIH-
Kalusx, HanpuMmep B paboTax [2—5]. Pa3paboTtansl 1 anpoOupoBaHbl Ha MPAKTUKE YHUKAIbHbBIE METO-
MKW U IIPOTrpaMMHBIE KOMIUIEKCHI [UIsl TEIUIOTEXHUUYECKUX PACUETOB [6], O3BOJIAIOIINE ONPENECIATh
MIPOEKTHBIE TOJILIMHBI PA3JIMYHBIX TUIIOB OTHE3AIIMTHI, 00ECIECUNBAIOIINE 3a/laHHbIE TIPEebl OTHEe-
CTOMKOCTU KOHCTpYKUMH. [1o 3TMM MeToAMKaM MOXHO MOJEIMPOBATH U MPOTHO3UPOBATH BIUSHUE
M3MEHSIOUINXCS TIPU CTAPEHUH TETIOPU3UMUECKHX XapaKTePUCTHUK, MOKa3aTeNlell TepMUUYECKOTo aHa-
JM3a U BCIIyYUBAHMs Ha OTHE3AUIUTHYIO 3()PEKTUBHOCTh MOKPBHITUH W Ha MpENenbl OTHECTOMKOCTH
METaJNIOKOHCTPYKLIUH.

HaxonneHHblil OnBIT 11€7€C000pa3HO NMPUMEHUTHh IMPH MPOEKTUPOBAHMM OTHE3AIUThl KOH-
CTPYKLHUH, OJBEPraroOIIUXCsl BO3AECHCTBUIO YIIIEBOJIOPOJHOTO (hakena.

B noknane nmpenacraBieHsl pe3yiabTaThl CEpUU PACUETOB, TIEMOHCTPUPYIOIIUE BIUSHUE BUIA OT-
HE3aIIUTHBIX MaTepUaloB M peXUMa MoKapa Ha NPOrpeB MeTaIoKOHCTpyKuuil. Ilokazano, urto
BCITYYHMBAIOIMECS TOKPBITUS, KOTOPbIE, B OCHOBHOM, MCHOib3ytoTcs Ha ADC, MoryT o0OecrnieuynBarh
3aJJaHHbIE MPEJeNIbl OTHECTOMKOCTH KOHCTPYKIMHA TOJIBKO MPH TaK Ha3bIBAEMOM «CTaHIAPTHOM I1O-
’Kape U HEe IPUMEHUMBI IIPU PEXKUME TOPEHUS YIIIEBOJIOPOAHOTO roproyero. [Ipu Bo3nelcTun yrie-

BOJIOPOJHOTO (pakena MeHOKOKC, 00Opa3yromMiics Mol 000rpeBaeMoil OBEPXHOCTHIO BCIYYHBAIOLIE-
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rocsl MOKPBITHS, YHOCUTCS Ta30BBIM MOTOKOM, YTO PE3KO CHIKAET 3(h(HEeKTUBHOCTD MOKPHITHI TaHHO-
ro tuna. B atux cioydasx MOXKET NIPUMEHATHCS TOIBKO KOHCTPYKTUBHASL OTHE3AILNTA.

[TosTOMy OBUIO NMPOBENEHO MOJIEIUPOBAHUE YPOBHS MPOTPEBa METALUIOKOHCTPYKLUN MPH UC-
M0JIb30BaHUU KOHCTPYKTUBHOM OTHE3aMThl U3 IIMT Promatect-H, a Takyke koMOMHMPOBAHHON OrHe-
3alIUTHl U3 3TUX IUIMT U 0a3aJbTOBOJIOKHUCTBIX IUIUT (BHYTPEHHUH CIOM), Y KOTOPBIX 3HAYUTEIBHO
HIOKE KOA(PPUIMEHT TETJIONPOBOIHOCTH M IJIOTHOCTH MO CpaBHEHHIO ¢ MaTtepuaiom Promatect-H. U3
MOJIyYEHHBIX Pe3yJbTaToOB CIIEAYET, YTO, BapbUPysl COOTHOIIEHUEM TOJIIMH ILUIUT, MOXHO o0ecrie-
YUTH 33/IaHHBIE NPEAEIIBl OTHECTOMKOCTH METAUIOKOHCTPYKIIMMA ITPM YMEHBUIEHUH CTOMMOCTH OTHE-
3aiUThI (0a3aJIbTOBOJIOKHUCTHIE IUIMTHI 3HAYUTEIBHO JielieBe mwinT Promatect-H).

PaccmotpeH Takxke ciydaid BO31eHCTBHSI Ha KOHCTPYKLMHU BOAOPOAHOrO (akena. [IpuHsT runo-
TETHUYECKUI PeXHUM C MepBOHAYalIbHBIM Bo3JeicTBHEM (akena ¢ Temmeparypoit nopsaka 2000°C u
MIOCJIEYIOIUM U3MEHEHUEM TEMIIEpaTyphl Fa30BOM Cpebl 10 YIIIEBOJIOPOAHOMY pexumy. Pesynbra-
Thl MOJEJIMPOBAHUS INTOKA3bIBAIOT, HACKOJIBKO MOXKET IOBBICUTHCS YPOBEHb IPOrpeBa KOHCTPYKLUMN
[P TaKOM BapHaHTe BO3AeHCTBHA. OJHAKO IPUMEHEHUE KOMIIO3UIIMOHHOM OTHE3alIUThl U3 DPO3U-
OHHO CTOMKHX IUIMTHBIX MaTepHaJIOB MO3BOJISIET PEIIUTh JAHHYIO MPoOJIeMy palOHAIBHBIM CHOCO-

ooM.
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FIRE PROTECTION OF NUCLEAR POWER PLANT CONSTRUCTIONS
UNDER ATTACKING HYDROGEN TORCH
V.L. Strakhov, A.N. Garashchenko, A.A. Kulkov
Central Research Institute of Special Machinery, Khotkovo, Moscow Region

Ecological and fire safety of nuclear power plants (NPP) depends on the actual fire resistance of
load-bearing metal constructions, which is provided by fire protection of a thickness to be required.
Collapse of machine room constructions in an emergency inevitably causes catastrophic consequenc-
es. Therefore, the problem of rational fire protection of NPP constructions is of high priority.

It is also important to note that parameters of the fire action on building constructions during a
fire at NPP can be differed from standard parameters. For example, in the case of break-down of TV,
TV2, TVF, TVV, TGV series turbine generators whose cases are filled with hydrogen, it is possible
the formation of “hydrogen torch”, i.e. a high-temperature jet (up to 2000°C). It is obvious that the
approach to fire protection of building constructions of machine rooms in this case should be differed
from the approach traditionally used for usual buildings and structures.

The authors of the paper propose a method and means for fire protection of building construc-
tions of NPP machine rooms that allow features of operating fire protection under heat-erosion attack-
ing the hydrogen torch to be taken into account.

In the course of long-term work, the authors have stored a considerable experience in studies,
design, development and production at critical objects of fire protection of different-type building
constructions. Results of conducted theoretical and experimental studies are generalized in the mono-
graph [1] and numerous journal publications, for example, in papers [2—5]. Unique procedures and
software complexes for heat-engineering calculations [6] allowing us to determine design thicknesses
of different types of fire protection that provide specified fire-resistance limits of constructions have
been developed and evaluated in practice. Using these procedures, one can simulate and forecast the
effect of thermal-physical characteristics varying with aging, thermal analysis indices and intumes-
cence on fire-protective efficiency of coats and fire-resistance limits of metal constructions.

The stored experience is expedient to apply when designing fire protection of constructions be-
ing subjected to the action of the hydrocarbon torch.

The paper presents the calculation series results that demonstrate the effect of a fire-protective
material type and a fire mode on the warm-up of metal constructions. It is shown that intumescent
coatings, which are basically used at NPP, can provide specific fire-resistance limits of constructions
only in the case of so called “standard” fire and are not applied in the hydrocarbon fuel combustion
mode. When attacking the hydrocarbon torch, foam coke which is formed under the intumescent-
coating surface to be heated, is ablated with gas flow what strongly reduces the efficiency of this type
of coatings. In these cases, only the constructive fire protection can be used.

Therefore, the simulation of warm-up level of metal constructions when using constructive fire

protection from Promatect-H plates as well as combined fire protection from these plates and basalt
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ones (inner ply), the latter having considerably lower thermal conductivity and density in comparison
with Promatect-H material, was performed. It follows from results obtained that varying the plate
thickness ratio can provide specified fire-resistance limits of metal constructions when reducing the
cost of fire protection (basalt plates are considerably more cheap than Promatect-H plates).

Also, the case of attacking the hydrogen torch on constructions has been considered. A hypo-
thetic mode with initial attacking the torch having the temperature of the order of 2000°C and subse-
quent changing the gas medium temperature in the hydrocarbon mode has been adopted. The simula-
tion results show how far the warm-up level of constructions can be increased with such type of ac-
tion. However, the use of composite fire protection from erosion-resistant plate materials allows this

problem to be solved by the rational method.
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NEPCHEKTUBBI CO3IAHUSI NACCUBHOM AJAITUBHOM MYJILTUCEHCOPHOM
CUCTEMbI OBHAPYXXEHUSA 3KOJIOI'MYECKUX YT'PO3
AN. HOTeKaeBl, A.B. Bopomuonl, B.IL chyﬁonl, B.A. CBeT.nanblﬁl, I'.B. CakoBuy’
' Hayuonanvmwii uccnedosamenscruii Tomcxuii 2ocydapemeennuiii ynusepcumem, 2. Tomck
 Huemumym npo6uem xumuko-snepeemuyeckux mexnonoeuti CO PAH, 2. Buiick

OOcy»kmaroTcst BOIPOCHl CO3[aHMsl MACCUBHOM aJaiTUBHOM MYJIBTUCEHCOPHOM cHCTeMbl Ha Oase
CEHCOPOB PA3IMUHOMN MPHUPOJIBI IS 1ieNeil OOHApYKEHUS SKOJIOTUUECKUX YTPO3, 00YCIOBIEHHBIX MpHMe-
HEHHUEM B3pbIBUATBIX, OTPABJIIIOIIMX U XMMUYECKH OMACHBIX BEIIECTB B YCIOBUSAX MAacCOBOIO CKOIIIEHUS
mozeil. [peniaratorcs puznyeckue NPUHLUIBI U TEXHUYECKUE UIIEU, KOTOPhIE MOTYT OBbITh IOJIOKEHBI B
OCHOBY pa3paOOTKH TakOW BBICOKOUYBCTBUTEIBHON CHUCTEMbl. DOPMYIUPYIOTCS TPEOYIOIIME pEeLIeHUs B

JTOM CBSI3U 3a/1a49U, paCcCMaTpuBarOTCA ICPCIICKTHUBLI pa3pa60TI<I/1 HO,Z[O6HOﬁ CUCTCMBI.
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ClIOCOB NOBBIIIEHUA 3AHIUTHI B3SPBIBOOITACHBIX OB BEKTOB
oT BO3I[EﬁCTBHﬂ KYMVYJISATUBHBIX BOEIIPUIIACOB
LA, HayMOBl, B.N. B.JII/IHOBI, B.1O. Me.nelmcoz, B.I. .JIaanI, B.O. l“pelc1
'Boennas axademus PBCH umenu Ilempa Benuxoeo, 2. Mockea
 Unemumym xumuyeckoti usuxu umenu H.H. Cemenosa PAH, 2. Mockea

B Poccuu u psne npyrux rocyiapcTB UMeeTcs: 00JIbIIOE KOJIMYECTBO B3PIBOOIIACHBIX 0OBEKTOB
(BO), criocoOHbIX K BO30YKIAEHUIO B3pbIBYATHIX MpeBpaiienuil (BIT) mpu Bo3aelicTBUM Ha HUX MOpa-
KAIOIMX AJIEMEHTOB OObIUHBIX cpeAcTB nopaxenus (OCII), KoTopbIMU MOTYT pacroniaraTh pa3iny-
HBbIE TEPPOPUCTHUECKUE U 3KCTpeMUCTCKUE (popmupoBanus. CoBeplIeHHE AUBEPCUN WM TEPPOPH-
CTMYECKHX aKTOB Ha MOJIOOHBIX 00BEKTAX UpeBaTO KatacTpopuueckumu nocneactsusamu [ 1]. Haubo-
Jee onacHbIM nopaxkarommm Qaxkropom sBisercss KC, cnocoOHas He TOJIBKO TITyOOKO NMPOHHUKATh B
BBICOKOIIPOYHBIE NPETpajbl, HO U MHULMUPOBATh B3phIBYATHIE MpeBpalleHus B BM, Haxomsammmucs
3a 3TUMHU nperpagamu. [lostomy HeoOXxomumo ynenars OO0JbLIOE BHUMaHUE MMEHHO pazpaboTke
cpeacts 3aumThl BO oT kymynatuBabix 6oenpunacos (KBIT).

OtcyrcTBUE TOJDKHBIX CPEACTB 3alIUThl BO 0T mopaxxarommx 3JeMEeHTOB KyMYJISITUBHBIX 0oe-
npunacos (KBII) u coxpansromasicst BO3MOKHOCTh UX MOPAXKEHUS MOTPeOOBANO pa3padOTKU HAYYHO
000CHOBaHHBIX BBICOKO()()EKTUBHBIX MPOTUBOKYMYJISATUBHBIX 3AIUTHBIX YCTPOUCTB, UCKITFOYAIOLTUX
BO3MO’KHOCTB MOPAKEHUSI B3phIBOONIACHBIX 00BEKTOB Ipu Bo3aencTBuM KBII.

YcranosneHo, uro Haubosiee 3¢ pexkTUBHBIM cpeacTBoM 3auuThl oT KC sBnsercs coueranue
IIOPUCTOrO0 KEPAaMUYECKOTO MaTepuaa, opsl KOTOPOro 3aloIHEHbl XUMUYECKH aKTUBHBIM HAIOJIHU-
teneM (XAH) [2,3,8]. KymynaruBHas cTpys, Npoxos Yepe3 Mperpaay YacTHYHO YTPAauMBaeT CBOIO
CIUIOIIHOCTB, YaCTUYHO TEPSIET SHEPTUIO NMPOHMKAHMS U B3auMmonencTByeT ¢ XAH, Haxomsammmcs B
IIOpax KepaMU4ECKOro MaTepuasa, KOTOPbIN IPX 3TOM MCHBIThIBAET AasiieHue nopsaka 10...100 I'Tla
u temneparypy 6osnee 1500 K. IIpu 3tux yciaoBusx marepuan KyMyJIsSTUBHOM CTpyH BCTYyINaeT BO B3a-

PIMO,Z[CﬁCTBPIC C XUMHUYCCKHU aKTUBHBIM BCIICCTBOM, BXOIAIIINM B COCTAaB HOpHCTOfI KEepaMUKU [7]
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IIpencraBieHHbIE B CTAaThe IaHHBIE CBUJETEINBCTBYIOT O CyIleCTBEHHOM BimsiHMM XAH nopucroi
KEpaMUKU Ha TITyOMHY NMPOHMKAHUS KyMYJISITUBHOM CTpyH. IIpryeM HUTpaThl Kainusi U HaTpHsl OKa3bIBa-
10TCs O0Jiee aKTUBHBIMM HAMOJIHUTEISIMU, YeM cepa. ITO CBUJIIETENBCTBYET O TOM, YTO MPU MPOHUKAHUH
(parMeHTa KyMyJISITUBHOM CTPYH BO3MOXKHBI HE TOJIBKO XUMUYECKHE PEaKIIMU MEXIY METAIOM CTPYHU U
OKHUCITUTEJIHBIMUA HAIOJHUTEISIMA KEPAMHUKH, YTO YXK€ JI0Ka3aHO B MPEIIIECTBYIOMIUX paboTax, HO U
UCTIApEHNE MaTepHAIOB B 30HE KOHTAKTa, T.€. UMEET MECTO JIOTIOJHUTEIbHBIN (haKTOp, YBETUUHMBAIOIIUMA
pacxo]l KyMyJISATUBHOW CTpyH NP MPOHUKAHUU B MPErPajibl U CHIKAIOIINI NTyOUHy ee npoHukanus. Ha
OCHOBE IIOJIy4EHHBIX JIaHHBIX IPABOMEPHO CUYMTATh, YTO YEM BBIIIE TEMIIEPATypa pa3orpeBa B 30HE
KOHTAaKTa, TEM MHTEHCUBHEE PacXo/l MaTepHaia CTpyH.

IIpoBeneHHbBIE TEOPETUYECKUE U IKCIEPUMEHTAIbHBIE MCCIEAOBAHUS MTO3BOJIMIN pa3pa-
00TaTh pEKOMEH/AIINHU TI0 COBEPILIEHCTBOBAHUIO CPEACTB 3aLUTHI B3PHIBOONACHBIX OOBEKTOB OT
KBII, koTopble SBIISAIOTCS HaUOOJIEE OTTaCHBIMHU.

B oTnmuuMe oT 3alUTHBIX YCTPOUCTB, pa3paboTaHHbIX paHee [4-6], poib NPOTUBOKYMYISTUBHOMN
3aIUTHl B JAHHOM CJIy4ae UIpaeT CJIOW MOPUCTON KEPaMHUKH, HACBIILIEHHOW HUTPATOM Kallus, 3aKpell-
JICHHBIA HA BHYTPEHHEH CTEHKE COOPYKECHHSI.

Takum 00pa3zom, B LIEISIX MOBBILIEHHS 3aIIUIIEHHOCTH B3PHIBOONACHBIX OOBEKTOB OT KyMYJIs-
TUBHBIX 0OETPUIIACcOB, MPEJICTABIIEH HAYYHO 00OCHOBAaHHBIN cioco0 o0ecreyeHus qUCcCunaiy KuHe-
TUYECKON 3HEPrUM KyMYJISATUBHOM CTpyH, UCKIIIOYAIOIIUN BO30YXKAECHUE B3pPHIBYATOTO MPEBPAIICHUS

B (hopMme ropenust wiu geroHauuu B BO.
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WAY TO IMPROVE THE PROTECTION OF EXPLOSIVE OBJECTS FROM
THE FLUENCE OF CUMULATIVE MUNITIONS
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'Military academy of the Strategic missile force named by Peter the Great, Balashiha city, Moscow
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In Russia and some other countries have a large number of explosive objects (EO) that are capa-
ble of explosive transformations (ET) excitation when exposed to damaging elements of conventional
weapons (CW), which may various different terrorist and extremist groups. The commission of acts or
terrorist attacks on such objects is fraught with catastrophic consequences [1]. Affecting the most
dangerous factor is cumulative jet (CJ), able not only to penetrate deeply into the high-barrier, but also
to initiate the explosive transformation in the explosive materials (EM) that are behind these barriers.
Therefore it is necessary to pay great attention is the development of means of protection EO against
cumulative munitions (CM).

Lack of adequate protection EO from damaging element of the cumulative munitions (CM) and
continuing possibility of defeat required the development of science-based high-performance anti-
cumulative protective devices, excluding the possibility of defeat EO in when exposed to CM.

Found that the most effective means of protection against CJ is a combination of a porous ce-
ramic material, the pores of which are filled with reactive filler (RF) [2, 3, 8]. Cumulative jet passing
through several layers of barriers partially loses its continuity partially loses energy penetration and
interacts with RF located in the pores of the ceramic material, which in this case under pressure
10...100 GPa and temperature over 1500 K. Under these conditions, the cumulative jet material inter-
acts with the reactive substance, which is part of the porous ceramics [7].

Presented in article indicate significant effects RF porous ceramics to a depth of penetration of a
cumulative jet. Sodium and potassium nitrates are more active fillers than sulfur. This indicates that
the penetration fragment cumulative jet can not only chemical reaction between the metal stream and
the oxidizing fillers pottery that has been proven in previos studies, but the evaporation of materials in
the contact zone, that is, there is an additional factor that increases the rate of a cumulative jet with
penetration in the barriers and reducing the depth of its penetration. Based on the recived legitimate to
assume that the higher heating temperature in the contact area data, the jet material flow intensively.

Carried theoretical and experimental research allowed developing recommendations for improv-
ing the protection of explosive objects from the CM, which are the most dangerous.

Unlike the protective device developed previously [4-6] anticumulative protection role in this
case is porous ceramic layer saturated RF fixed to the inner wall of the structure.

Thus, in order to improve the security of explosive objects against cumulative munitions, it pre-
sented a scientifically based method for providing dissipation of the kinetic energy cumulative jet,

eliminating the explosive transformation of the excitation in the form of burning or detonation in EO.
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Y® CKP-JIMIAP NJIsA OBHAPY/XEHUS CJIENOB
BBICOKOSHEPITETUYECKUX MATEPUAJIOB
C.M. Bo6posuukos"?, E.B. Topaos"?, B.W. Kapkos'
! Unemumym onmuxu ammocepvt um. B.E. 3yesa CO PAH, 2. Tomck
? Hayuonansmuiii uccnedosamensckuti Tomckuii 2ocydapemeennviii yuusepcumen, 2. Tomck

Y@ CKP-nuaap nocTpoeH Mo KoakcuanbHoOU cxeme (puc. 1). B kauecTBe HCTOUHMKA U3ITyUEHHS
HCIIOJIb30BAaH DKCUMEPHBIN J1azep Ha cpene KrF ¢ y3koi nuHuel reHepanuu. PaccesHHoe uznydyeHue
MOTaaeT Ha anepTypy NPUEMHOTO TeNECKOIa, KOTOPbI CTPOUT U300paKeHHE PacCeUBAIOIIEr0 00b-
ema Ha BXojHoM menu cnektporpada (Shamrock SR-5001). Ha Beixone cnekrporpada B o6iactu Jjio-
KaJM3alM1 CIIEKTpa YCTAaHOBJIEH KaTOJ CTPOOMpPYEMON BUJEOKAMEPHI C YCUIIMTENEM SIPKOCTH, ITO3BO-
JSIOIIEN IETEKTUPOBATH CUTHAN KaK B pexXHMe c4éTa (POTOHOB, TaK M B PEXKUME HAKOIUICHUS 3apsija.
Mex 1y TenecKomoM U CHEeKTporpadoM yCTaHOBJIEH KpaeBoW (MIIBTP, OJOKHUPYIOIIMN JIMHUIO JIazep-

HOTO u3IydeHus 248,3 HM.

[TpuemueIit Teneckomn
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[IpesmMeTHOE CTEKIIO
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Jlazep
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Puc. 1. Ontuueckas cxema CKP-nugapa
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Ucnbitanus CKP-nupapa mo OOHApYXKEHHI0O XMMHUYECKMX COEIMHEHMH Ha MOBEPXHOCTAX
MPOBOJIMJIUCH B JIaDOPaTOpPHOM MOMEUIEHUM NpU CTaHAAPTHBIX ycioBusax. [Ipuemonepenaromas
cucrema Jmaapa GokycupoBaiack B 001aCTh MPOCTPAaHCTBA Ha paccTosiHue 10 M, r1e ObUT yCTaHOBJIEH
KPOHIUTEWH, B KOTOPBIN 3aKPEIUISITUCh 00pa3iibl, C pa3IMUHbIMUA MOBEPXHOCTHBIMH KOHIIEHTPALIUSIMU
CJIEZIOB XMMUYECKHUX COEIMHEHHH.

[HuprHa BXoaHOM e criekTporpada cocrapisiia 125 MKM, YTO COOTBETCTBOBAJIO CHIEKTPATBHOMY
paspemenmio ~ 15 cv . CurHan BIONh IIETH CIEKTporpaha MHTErpHpOBAiCA. Pervcrparys cHrHaza

MMPOU3BOAWIIACH B PCKUMC CUCTA (bOTOHOB P HAKOIUJICHUU T10 1000 JIa3CPHBIM UMITYJIbCAaM.

OranoHHbii cnekTp CKP Ha monekynax THT
—=— CnekTp CKP B cnegax THT ¢ noBepxHocTHOW koHUeHTpauven 500 mkr/cm
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Puc. 2. Dranonnstii cnexrp THT (yepnas xpusas) u HopmuposanHslii ciektp CKP B cieqax THT ¢ noBepxHOCTHOM
KoHLeHTpanuen 500 MKr/cm” 6e3 cnexktpoB CKP moanoxxkn u atMocdepHbIX ra3oB

JInist 9SKCepruMEeHTOB ObLTH MCIOJIb30BaHbI HEKOTOPBIE a30TOCOIEPHKAIINE BHICOKODHEPIETUUECKHE
BEIIECTBA, UMEIOIIME HU3KYIO JIETY4eCTh U coJiepkaruecs B 6ase qanHbix crekrpoB CKP. [pu BeiGope
BEIIECTB YUUTHIBATIACH AKTYAJTLHOCTD 33/1a41 UX JTUCTAHIIMOHHOTO OOHAPYKEHHS.

[Tocne upentuduxamuu nosoc crnekrpoB CKP, momydeHHBIX B SKCIIEPUMEHTAX W BBHIYMTAHUS
cnekTpa nmouiokku U crekrpa CKP oCHOBHBIX aTMOC(EpHBIX Ta30B, BBIIEISIICSA CIEKTP JUAAPHOTO
OTKJIMKA CJIEJIa BBICOKOYHEPIETUUECKOTO BELIECTBA, HAHECEHHOTO HA ITIOBEPXHOCTb.

Ha pucynke 2 mnokazano cpaBHeHue stasioHHoro cnektpa CKP tpunutporonyona (THT) u
cnektpa CKP B cnemax THT ¢ nmoBepxHocTHOM kKoHueHTpauuerd 500 MKT/cM [IOJIy4EHHOT'O I10CIIe
BbrunTanus criekTpoB CKP moamoku u 0CHOBHBIX aTMOC(EPHBIX Ta30B.

[IpenenpHO-00HapYXMMasi KOHIIGHTpAIMs cjela OIpeaessuiack B Mpoilecce OOHapyKeHUS
ciena € 3aJaHHOM MOBEPXHOCTHOW KOHIIEHTPALIME NpH MOPOTOBOM 3HAYEHUU COOTHOLIEHUS
CUTHAJ/IIyM 2.

Kak mnoka3pBaroT 3KCnepuMEHTH MO onpeaeneHuto uvyBcTtBUTeNnbHOCTH CKP nmpapa mo
OOHaApyXEHHIO CJIE0OB Ha MOJUIOKKAX M3 CHJIMKATHOIO CTeKJa (MIPEeIMETHOE CTEKIO MHMKPOCKOIA),
npenenbHO OOHapyKMMble KOHIEHTpauuu coctaBisitor — st THT — 0,5 mkr/em?, mis TOH —

2
25 MKr/cM” ¥ JUIsl HUTpaTa aMMoHus — 20 MKT/CMZ, COOTBETCTBEHHO.
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UV RAMAN LIDAR FOR THE DETECTION OF TRACES
OF HIGH ENERGETIC MATERIALS
S.M. Bobrovnikov"?, E.V. Gorlov"?, V.I. Zharkov'
!Institute of Atmospheric Optics SB RAS, Tomsk
?National Research Tomsk State University, Tomsk

The UV Raman lidar is constructed according to a coaxial scheme (Fig. 1). An excimer KrF
laser with a narrow lasing line is used as the radiation source. The scattered radiation reaches the
receiving telescope aperture that creates an image of the scattering volume on the entrance slit of the
spectrograph (Shamrock SR-5001). At the output of the spectrograph in the localization area of the
spectrum, the cathode of a time gated ICCD camera is set that allows to detect the signal in the photon
counting and charge accumulation modes. Between the telescope and spectrograph, an edge filter

blocking the laser line 248.3 nm is installed.

Telescope

Test sample

Spectral —] I e
selection |
unit —/ M ]

KrF laser J

Fig. 1. Optical scheme of the Raman lidar

The Raman lidar for the detection of chemical materials on the surface was tested in the
laboratory room under standard conditions. The lidar transceiver system was focused at a distance of
10 m, where the substrates with the samples having different surface concentrations of traces of
chemical materials were installed.

The width of an entrance slit of the spectrograph was 125 um, which corresponds to the spectral
resolution of ~15 cm™'. The signal along the slit of the spectrograph was integrated. The signal was
recorded in the photon counting mode at accumulation over 1000 laser pulses.

For the experiments, some high energetic nitrogen-containing substances with low volatility
contained in the database of Raman spectra were used. When choosing the substances, urgency of
theirs remote detection was taken into account.

After the identification of the recorded Raman spectra bands and subtraction of the Raman
spectra of the substrate and major atmospheric gases, the lidar response spectrum of traces of the
chemical substance deposited on the surface was selected.

Figure 2 shows a comparison of the Raman reference spectrum of trinitrotoluene (TNT) and
Raman spectrum of the TNT traces (500 pg/cm?) obtained after subtraction of the substrate spectrum

and Raman spectra of major atmospheric gases.
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Raman spectrum reference of TNT

—— Raman spectrum of the TNT traces (500 ugfcmi ) without background
1,04

Intensity, arb. unit

Raman shift, cm”

Fig. 2. The Raman reference spectrum of TNT (black line) and normalized Raman spectrum of the TNT traces
(500 pg/em?) without of the substrate spectrum and Raman spectra major atmospheric gases (red line)

The minimal detectable concentration of traces was determined in the process of detecting the
traces with a predetermined surface density at a threshold value of the signal/noise ratio 2.

Experiments on the determining the Raman lidar sensitivity using the data on the detection of
traces on the silica glass substrates (the microscope glass slides) show that the minimal detectable
concentrations are 0.5 pg/cm® for TNT, 25 pg/cm® for pentaerythritol tetranitrate, and 20 pg/cm?® for

ammonium nitrate.

DOI: 10.17223/9785946215596/38

PA3BPABOTKA METOJAUKU ONNPEJAEJEHUS JTUHAMUKU CPEJHUX PASMEPOB
YACTHUL CYBMUKPOHHBIX A9PO30JIBHBIX CPE/l B BBICTPOITPOTEKAIOILIIUX
N YCTAHOBUBIIUXCS NPOLECCAX
C.C. Turos, J.A. Menuep, A.A. IlaBienko, B.A. Apxunos

Hncmumym npobaem xumuxo-snepeemuyeckux mexuonozuii Cubupckozo omoenenus
Poccuiickoti akademuu nayx (MIIXOT CO PAH), . Buiick

B nacrosiee Bpemsi 00J1aCTH KCIIOJIB30BAHUS CYOMHKPOHHBIX a’pO30JIbHBIX CHCTEM Pa3HO00-
pa3Hbl OT MEAUIIMHCKOTO /10 BOCHHO-IIPOMBIIUICHHOTO TpuMeHeHus [ 1-2]. OqHO# U3 akTyallbHbIX 3a-
nad (GU3MKU a’3po30Jiel ABIsSeTCs pa3paboTKa METOJOB U CPEJCTB AUATHOCTUKH MHOTO(MA3HBIX Cpell,
MIPEICTaBISAIONINX cO00M 00siaka a3p0o30Jiel U MOTOKH Ta3a CO B3BEIICHHBIMH TBEPIBIMU WIIH >KUKHU-
MU YaCTUIIAaMU KOHJIEHCUpOBaHHOM (hazpl. Hanbomnee nmepcrneKTUBHBIMU OCTAOTCSI ONTHUYECKUE METO-
JIbl, KaK HE BHOCSIIME BO3MYILEHUN B uccienyemyro cpeny [3]. Ilpu 3Tom B caMmbIX pacrpoCTpaHEH-
HBIX Ha CETOJHSIIHUM JIeHb MPUOOpaxX aHAINU3 AUCIIEPCHOCTU MOXKET OBITh MPOU3BEICH TOJIBKO MOCTE
otOopa mpob u3 ucciexyeMoi cpenbl. B Takux mpubopax BakKHO 00€CIEUUTh MPEICTaBUTEILHOCTD

OTO6paHHOﬁ HpO6I>I, TO €CTh €€ COOTBETCTBHE pCaAIbHOMY O6’B€KTy HUCCICAOBAHUA, YTO JOCTATOYHO
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TPYIHO, @ MHOT/Ia HEBO3MOXKHO OCYIIECTBUTh, OCOOEHHO JJisi OBICTPOIPOTEKAIONTUX TpolieccoB. Jlis
KUJKOKAMENIbHBIX a3p030Jiel MeTo]1 0T0opa Mpod B OOJBIIMHCTBE CIy4aeB BOBCE HE TPUMEHUM.

Hcxons v3 BhIIEYKa3aHHOTO OCTAeTCsl aKTYalbHOW 3ajjaua CO3JIaHusl CPEACTBA AMATHOCTHKH,
YIOBIETBOPSIONIETO CIEIYIOIIUM OOLITUM TPEOOBAHUSIM:

— BO3MOYKHOCTh aHaJu3a in sifu (Ha MeCTe), a TakKe MPOBEICHIS U3MEPEHHI B TIOJIEBBIX YCIIOBUSIX;

— YHHBEPCAIbHOCTh (BO3MOKHOCTh aHaJIM3a JAUCIIEPCHBIX CPell KaK ¢ *KUAKOM, TaKk U C razoo0-
pa3Hol NUCTIEPCUOHHOMN Cpeioit);

— BBICOKOE BPEMEHHOE pa3pellieHue (ompe/esieHne JMHAMUKN U3MEHEHHsI TapaMeTpoB HeycTa-
HOBUBIITUXCS JUCTIEPCHBIX CUCTEM C BHICOKUMH CKOPOCTSIMU JBWKEHUSA);

— OoJibIIas IIMHA ONTHYECKOTO MyTH (10 HECKOJIBKUX METPOB);

— BO3MOYHOCTb PabOThI C ONTUYECKH IIOTHBIMU CPEIaMHU.

B pabote mpuBeneHa meToiMka 0€CKOHTAKTHOTO OMPEENICHUs CPEIHUX Pa3MEpoOB U KOHIICH-
Tpaly Y4acTHUIl MOJUIUCIEPCHBIX cpen. [laHHas MeTonuKa OCHOBaHA HA M3MEPEHHH CHEKTPATbHBIX
K03 (UIIMEHTOB OCIIa0JICHUs JIA3ePHOTO U3ITydeHUs TUCIIEPCHOM cpeioit (00IaKo a’dpo30s, CyCIeH-
3Wsl), ISl OTPAaHUYEHHOTO Habopa JUIMH BOJH JIa3epHOT0 UCTOYHHKA 30HAUPYIOIIErO U3IyUeHHUs U CO-
MOCTABJICHUS TIOTYYSHHBIX JAHHBIX C TEOPETUUYECKU PACCUUTAHHBIMH 3HaueHUsIMU. OCHOBOIIOJIATar0-
IIUM SIBJISIETCS YPaBHEHHUE JJIs1 CIEKTPAIbHOM ONTHYECKON TIOTHOCTH (T;) [4]:

_3Cml Q(A.D32)
2 p D33

T2
rjae A — AJIMHA BOJHBI 30HAMPYIOLIEro u3inyueHus; C,, — maccoBasi KOHIIEHTpaLus YyacTull; | — [uinHa
ontuaeckoro mytu; Q(A, Ds,) — yepeaHeHHsl pakTop s(dekTuBHOCTH Ocaabnenus; Ds, — cpeaHuii
00BEMHO-TTOBEPXHOCTHBIN JMaAMETp YacTUll; p — INIOTHOCTh MaTepHrala yacTull.

Ha ¢usnyeckoM ypoBHE MaremMaTuueckasl MOJIEIb OMUCHIBAET B3aUMOJICHCTBHE JIA3€PHOTO U3ITY-
YEHUs C MOJMIUCIIEPCHOM Cpeiol, Mcrob3ys Teoprio Mu. IIpu 3ToM MeToMKa OCHOBaHa Ha COXpaHe-
HUM UHBAapUAHTHOCTH YCpEIHEHHOTo (akTopa 3(p(peKTHBHOCTH OciIabieHNs OTHOCUTENBHO BUA (QYHK-
UM paclpeleNieHns] 4acTUI] Mo pa3MepaM. Taike MaTeMaTHUeCKHi anmapat METOJUKU ONpeaeiIeHus
CpeAHero pa3sMepa 4acTHLl YYUTHIBAET BIMSIHUE IIMPUHBI (PYHKIMU pacrpesieNieHHs YacTHLl IO pa3Me-
paM Ha ycpeIHEeHHbIH (akTop 3(PPEeKTUBHOCTU OCIAOIEHUS, YTO IMO3BOJISIET NMPOU3BOIUTH KOHTPOJIb
METOANYECKON OrPEITHOCTH ONPEETICHUS CPETHUX PAa3MEPOB YaCTHI] JUCIIEPCHBIX CPEI.

B pabote mpuBeneHO omnucaHHe SKCIEPUMEHTATLHONW YCTAHOBKHU IO OIPEIENICHHIO CPEIHUX
pa3MepoB M KOHLEHTPALMU YacTHILl MOJUAMCHEpPCHbIX cperd. [IpuBeneHbl pe3ynbTaThl 3KCIIEpUMEH-
TaJIbHOTO HMCCJIEIOBAHUS M3MEHEHMsI BO BPEMEHH MapaMeTpoB a’po30JbHbIX cped. C moMouibio pas-
pabOTaHHOM YCTAHOBKHM IIOKa3aHa BO3MOYKHOCTh HCCIIEIOBAHMS 3BOJIIOLMU a3pO30JbHOM Cpebl

6I>ICTpOHpOTCKaIOH_II/IX 1 YCTAHOBHUBIIUXCS IIPOLCCCOB.

Paboma svinonrnena npu gpunancosoii nodoepoicke PODU (epanm mon_np 16-32-50111).
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DEVELOPING A DYNAMICS MEASUREMENT PROCEDURE OF MEAN PARTICLE
SIZES OF SUBMICRON AEROSOLS IN FAST AND STEADY-STATE PROCESSES
S.S. Titov, E.A. Metsler, A.A. Pavlenko, V.A. Arkhipov

Institute for Problems of Chemical and Energetic Technologies, Siberian Branch
of the Russian Academy of Sciences (IPCET SB RAS), Biysk

At present, the application fields of submicron aerosol systems are diverse, from medical to mil-
itary-industrial uses [1, 2]. Among the topical problems of aerosol physics is the development of
methods and tools for the diagnostics of multiphase media that represent aerosol clouds and gas flows
with solid or liquid particulate matters of the condensed phase. The optical techniques remain the most
promising as non-intrusive methods [3], in which case the instruments currently in most common use
can analyze dispersity only after sampling of a medium under question. Those instruments should en-
sure that the sample collected is equivalent to the real object under examination — which is quite diffi-
cult and sometimes impossible to achieve, especially for fast processes. For liquid-droplet aerosols,
the sampling method, in most cases, is by no means applicable.

Proceeding from the above said, the challenge of devising a diagnostics tool meeting the follow-
ing general requirements persists being relevant:

* possibility of in situ analysis and measurements in the field conditions;

« versatility (analysis possibility of dispersion media with both liquid and gaseous particulates);

* high time-resolution (determination of parameter variation dynamics of non-steady dispersion
systems with high movement velocities);

* long optical length (up to a few meters);

* possibility of handling optically dense media.

The present study introduces a contactless procedure for measuring mean particle sizes and con-
centration in polydisperse media. This procedure relies on measuring spectral coefficients of laser ra-

diation attenuated by a dispersion medium (aerosol cloud, suspension) for a limited set of wavelengths
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of the laser radiation source and for comparison between experimental data and calculated data. The
equation for spectral optical density (7;) is fundamental [4]:

_ 3Cml Q(A.D32)
2 p D33

T2
where A is the probe radiation wavelength; C,,, is the mass concentration of the particles; [ is the opti-
cal path length; Q(A, D3,) is the averaged attenuation efficiency factor; D5, is the Sauter mean diame-
ter; p is the density of the particles material.

Physically, the mathematical model describes an interaction between the laser radiation and the pol-
ydisperse medium, by using Mie’s theory, the procedure being based on preservation of the invariance of
the averaged attenuation efficiency factor relative to the particle size distribution function type. In addition,
the mathematical apparatus of the procedure for measuring mean particle size takes into account how the
particle size distribution function width influences the averaged attenuation efficiency factor, allowing the
control of the procedural error in measuring mean particle sizes of polydisperse media.

The current work details a test setup for measuring mean particle sizes and concentration of pol-
ydisperse media. The results from the experimental study into the time variation of aerosol media pa-
rameters are given. With the setup developed, a possibility has been shown of examining the evolution

of an aerosol medium in fast and steady-state processes.
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PA3BPABOTKA KOMIIAKTHOI'O HU3KOTEMIIEPATYPHOI'O T'ABOTEHEPATOPA
HA OCHOBE BE3A3HJITHOI'O COCTABA JIUISI HAJUTYBA 3JJACTHYHBIX OBOJIOYEK
CPEJCTB ABAPUMMHOI'O CIHACEHUS JIOJEN

A.C. Kapkos, b.B. IleBuenko, JI.A. IInaorun
AO «DHIIL] «Anmaiiy, e. buiick

OnHoil u3 obnactelt mpUMeHeHHsI HU3KoTeMnepaTypHbix razoreHepatopoB (HTT'T) Ha TBEpabIxX
TOIUIMBAX SIBJISIFOTCSL CPEJCTBA CIIACEHHs MACCAXMPOB JIETATENbHBIX allapaToB MpPHU aBApUIHOM mMO-
caJlke Ha BOJly B aKBaTOpUsX (HaTyBHbIE IJIOTHL, JoAKH U T. 11.). HTT'T npennaznadens! 1yis 6b1CTpOro
HaJayBa 3THX cpeAcTB. K razoreHepatopaM Takoro Ha3Hau€HHs MPEIbSBIAIOTCS BeChbMa >KECTKHUE
TpeOoBaHUS MO0 0OECIEUEHUIO BBICOKOM ra30Mpon3BOAUTENBHOCTU (Kak mpaBuio, 6osee 350 Hi/kr),
HU3KOHN Temmeparypsl reHepupyemoro raza (menee 100°C), moxapo-, B3ppIBOOE30IIaCHOCTH CaMOTO
ra3oreHeparopa U reHepupyeMbIX ra30B, HETOKCHYHOCTH Hcnoib3yeMoro B [T TorumBa u renepupye-
MbIx I'T" ra3zoB, cpaBHUTENBHO OoJbIIOrO BpeMeHu padotel I'T (kak mpasuio, 6osee 100 ¢), mmpokoro
TeMIepaTypHOro auana3zona skcrryarauuu (ot munyc 50 go mtoc 50°C). Ipu 3roM 0coOeHHO KECTKO
CTaBATCS TpeOOBaHMS MO 00ECTIEYEHNI0 MUHUMAIbHBIX MaccOo-rabapuTHBIX MapaMeTpoB. JlocTmxeHue
TaKOr0 YPOBHS XapaKTepUCTHK B Komiuiekce npu cozganuu HTI'T Becbma mpobiematuyno. B HacTos-
el paboTe mpeacTaBiIeHbl Pe3ynbTaThl UCCIEIOBaHHUS BO3MOXHOCTH co3iaHus KoHcTpykuuu HTIT
Ha OCHOBE 0€3a3MJIHOTO CcOoCTaBa ¢ 00bEMOM reHepupyemoro raza 1400—-1600 ui1, ynoBiaeTBOpsroLIeit
yKa3aHHbIM TPEeOOBaHUIM ITPU MUHUMAJIBHO BO3MOXKHBIX Macco-rabapUTHBIX MapaMeTpax.

B mpoBenenHbIx uccnenoBaHusax Obuin paccmorpenbl koHeTpykimu HTIT Ha ocHoBe pasznuu-
HBIX CIIOCOOOB MOJy4EeHHUs! XOJOJTHBIX Ta30B: 1) Ha ocHoBe pazpaboTanHOro AO «DHIIL[ «Anraii»
crioco0a MoJydeHHs! XOJIOHBIX T'a30B NpU (QUIBTPAMOHHOM PEeXUME TOPEHUs 3apsja U3 Creluaib-
HBIX TBEPABIX TOMIUB [1], 2) HA OCHOBE U3BECTHOTO KJIACCUYECKOTO MPUHIMIA MOJTyYEHUs XOJIOIHBIX
razoB B HTT'T, cyliHOCTH KOTOPOTO 3aKIIFOYAETCS B TOM, YTO BBICOKOTEMIIEpATypHbIE ra3000pa3HbIe
MIPOIYKTBI CrOpaHus 3apsaa TBEPIOTO TOIUIMBA, TOPSIIEr0 B 0OBIYHOM pEXHUME TOCIOHHOIO rOpeHus,
IIPOITYCKAIOT 4epe3 MOPUCTBIA Ia30MpPOHULIAEMBIN ciiol oxnazutens [2-3]. B uccienoBaHusaX KOH-
CTPYKLMH ra3oreHepaTopoB BTOPOTO BUAA OBbLIM HCIIOJIB30BaHbI JIBE CYIIECTBEHHO OTJIMYAIOLIUECS
CXeMbl KOHCTPYKLUI: U3BECTHAs, UCIOJIb3yeMasi B mpakTuke cxema koHcTpykuuu HTTT — ¢ mpo-
JOJBHBIM pacnojoxenueM kamepsl cropanus (KC) u 6moka oxnanutens (bO) [2-3] u panee pa3pabo-
TaHHasi HalMM npeanpustieM cxema KoHcTpykiuu HTI'T, ocHoBaHHast Ha MpUHIMITE KOAKCHATbHOTO
pacnionoxenus KC u BO [4].

B paccmorpennbix koncTpykuusax HTTT O6buto nccnenoBaHo BAMSHUE UCHOIB30BaHUS pas3iny-
HBIX TOIUIUB U OXJIaJuTeNel, BBEICHUS Pa3IU4HbIX 31eMeHToB B koHCTpykimu KC u BO, ucnosnszo-
BaHUS Pa3IMYHbIX MAaTEpUANIOB B 31eMeHTaxX KOHCTpYKuui [T Ha OCHOBHbBIE XapaKTEPUCTUKHU ra3ore-
HEpaTOpOB U UX Macco-rabapuTHbIC MapaMeTphl.

B pesynpTaTe NMpOBEAECHHBIX MCCIENOBAHUN NPEUIOKEHA KOHCTPYKLMS ra3oreHepaTropa Cc uc-

nosib3oBanreM pa3padoTaHHbix AO «DHIIL «AnTtait» 6e3a3uaHOrO TBEPIOTO TOIUIMBA U OXJIa/IUTe-
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1. Pa3pabortannas koHctpykuuss HTI'T mo3Bossier obGecrieunts TpeOyeMblii YpOBEHb OCHOBHBIX TO-

Kazareyel npu CpaBHUTENBHO MaJloi Macce ycTpoiicTBa (45 Kr).
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DEVELOPMENT OF COMPACT LOW-TEMPERATURE GAS GENERATOR BASED
ON AZIDE-FREE COMPOSITION FOR THE INFLATION OF ELASTIC BAGS
TO RESCUE PEOPLE IN ACCIDENTS
A.S. Zharkov, B.V. Pevchenko, L.A. Pilyugin
JSC FR&PC “ALTAI”, Biysk

One of the application fields of low-temperature gas generators (LTGG) based on solid propel-
lants is rescue equipment for people in aircrafts in case of emergency water landing (inflatable boats,
rafts etc.). LTGG are used for their fast inflation. Strict requirements are presented to these gas gener-
ators such as high gas capacity (as a rule, more than 350 nl/kg), low temperature of generating gas
(lower than 100°C), fire- and explosion safety of the gas generator itself and generating gases as well,
nontoxic propellant used in GG and generated gases by GG, relatively long period of operation (as a
rule, more than 100sec.), wide temperature range of use (from minus 50 to plus 50°C). Assuring of
minimal mass and overall parameters is of special importance. To meet all these requirements when
developing LTGG is quite a difficult task.

The following report presents the study results of possible creation of LTGG construction based
on azide-free composition with 1400-1600 nl volume of generated gas, answering the specified re-
quirements with minimally possible mass and overall parameters.

LTGG constructions based on different methods of producing of cold gases were used during
the study: 1) on the basis of the developed at JSC FR&PC “ALTAI” method of producing of cold gas-
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es under seepage burning conditions of the charge from special solid propellants [1], 2) on the basis of
the famous classical method of obtaining of cold gases in LTGG, which main idea is the following:
high-temperature gaseous combustion products of solid propellant, burning under normal conditions
of laminar burning, are leaked through the porous gas-permeable layer [2-3]. The two substantially
different diagrams of construction were used when studying the second type gas generator construction:
one of them is the famous, used in practice, LTGG construction diagram — with longitudinally laid com-
bustion chamber (CC) and coolant unit (CU) [2-3], the other one is the early developed at our enterprise
construction diagram of LGTT, based on the principle of coaxial location of CC and CU [4].

The influence of using of different propellants and coolants, insertion of different elements into
the CC and CU constructions, different materials in GG construction elements on the main character-
istics of gas generator and their mass and overall parameters was studied.

According to the obtained results, the gas generator construction with the developed at FR&PC
“ALTAI” azide-free solid propellant and coolant was suggested. This construction allows ensuring the

required level of the main parameters with relatively low mass of the article (4-5 kg).
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INVESTIGATION OF NITRATE BASED ENERGETIC IONIC LIQUIDS
AS PLASTICIZERS
Uwe Schaller, Thomas Keicher, Horst Krause, Stefan Loebbecke
Fraunhofer Institut Chemische Technologie (ICT), Germany

Salts being liquid below 100 °C are defined as ionic liquids. They are receiving an increasing in-
terest due to their unique properties and they are also under investigation in the field of energetic ma-
terials. Combining nitrogen-rich cations and oxygen-rich anions, it is possible to obtain energetic ionic
liquids (EILs). Potential applications are plasticizers, high explosives, gun and rocket propellants. Be-

cause of the very low vapor pressure of EILs better storage and handling properties are expected.
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However, only few work has been done in the field of EILs which show a glass transition tem-
perature less than or equal to -40 °C, the so called low-temperature EILs (LT-EILs). Potential applica-
tions and limitations of LT-EILs based on 4-Amino-1-methyl-1,2,4-triazolium nitrate are presented.
Some compounds of this class are studied as plasticizers in energetic binder systems (nitrocellulose
and glycidyl azide polymer) and are compared to traditional energetic plasticizers like BDNPA/F and
TMETN/BTTN.

DOI: 10.17223/9785946215596/41

PA3PABOTKA ITOJIXOJOB K PEHIEHUIO OBPATHOM 3AJIAYY BHEIITHEN
BAJIUVIMCTUKU B PASJIMYHBIX YCJIOBUAX IPUMEHEHUSA
C.A. Kopoaes, I.T'. Pycsik, B.A. Tenenen
Hbicescxutl cocyoapcmeennuwiii mexuuueckul yuusepcumem umenu M. T. Kanawnuxosa, e. Hicesck

Bormpochl rpaxaaHCcKoro NpUMEHEHUST TEXHOJOTHI CIIEHUANIbHOIO HA3HAYEHHUS NPEICTABIIIOT
OTpe/IeNIeHHbIA NpakTuYeckuil uHTepec. Tak, Hampumep, /Ui pelleHus 3afadd ObICTPOil TOCTaBKU
HerabapuTHBIX IPYy30B Ha OOJIBIINE PACCTOSIHUS U B TPYIHOJOCTYITHBIE MECTa MOXKET OBbITh ITPUMEHE-
Ha apTWUIEpHiicKas TeXHUKA. [Ipy 3TOM TOYHOCTH JOCTAaBKH B ONPEICIIEHHON MEpE 3aBUCUT OT TOY-
HOCTH pELICHUs NpsAMON 1 00paTHOI 3a/1aun BHEIIHEH OalIMCTUKY.

[psimast 3a1aua BHEITHEN OAJUTMCTUKKM COCTOMT B BHIYMCIICHUN TPACKTOPUU JIBHKEHUS CHApsIa U
3a/IaHHBIX TapaMeTpax BBICTpeNia (XapaKTepUCTUKU CHapsa, KOOPIMHATHI OpYyAMs W HalpaBlieHHE
CTpeNbObl) U U3BECTHOM COCTOSTHUM arMoc(epbl (IaBlIeHUE, TeMIIEpaTypHble U BETPOBBIE MOKA3ATENN).

Maremarudeckasi MOJIENTb MPSIMOM 3a/1aull BHEIIIHEHW OaTMCTUKY onrcana B [ 1, 2].

B O6IJ_I€M cJIydyac o6paTHa;1 3alada 3aKJIII049acTCs B OIPCACIICHUN YIJIa CTpeJ'IB6BI 60 U JUPCK-
QUOHHOTO YTIJIa (lu IIpHU U3BECTHOM PACHOJIOKCHUU HECJIU U CKOPOCTHU €C ICPEMCIICHUS. Ba)KHYIO

POJIb IIPU OMPCACIICHUN 3TUX ITAPAMCTPOB UT'PACT YUCT a3POAUHAMHUYCCKOT'O B3aHMOﬂ€ﬁCTBHH CHap-
Ja € BO3AYyXOM aTMOC(l)epBI n FCO(l)I/ISI/ILICCKI/IX YCJ'IOBI/Iﬁ CTpeJ'IB6BI.

[Ipsimyro 3a1a4y BHEIIHEH OAITTMCTUKY IPEJCTaBUM B BUE IpeoOpa30BaHus
L=(P,t.)=®(Py,00,0,,A), (1)

roe Py = (X O’YO’ZO) — HayaJbHas TOYKa CTpenbOb! (KoopauHatel opyaus); P, = (X Y ZK) —

K> TK?
KOHEYHas TOYKa CTPEbObl (KOOPAMHATHI LieNH); T, — BpeMs IoJieTa cHapsana. Bektop A coxepxut
XapaKTEepUCTUKH CHAps/IA, OJIOKEHUE OpyIusl U aTMoc(hepHble JaHHble. TOYHOCTH pelieHus: IpsMoi
3aJaud BHEIIHEH OANTMCTUKU ONpENEeNsIeTcs, B IEPBYIO OUepelb, TOYHOCTBIO OMpEAEICHUs a3po/Iu-
HaMHUYECKUX KO3 (PULIUEHTOB CONPOTUBIIEHUS METaeMbIX Tell [3].

O6paTHa;1 3aJa4da 3aKJIr04acTCsa B HAXOXIACHUHN O6paTHOFO npeo6p3303aHI/I;1

Q=(09,0,, P, 7, )=®7'(P,, P, V,, A). @)
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0 0 0 0
rae Pu = (X e Yu ’Zu) — HaydaJlbHBIE KOOPIMHATHI LIEIIH; Vu = (I/lll’ V2u’ V3u) — CKOpOCTb Iiepe-

MCIICHHA LICIIN B FCOHCSHHGCKOﬁ CUCTCMC KOOPAUHAT. B JaHHOM CJIydac BpeMsd TK NpeaACTaBJISACT CO-

0011 CcyMMy BpeMEHH MOATOTOBKH JIaHHBIX, PEIICHUS] 0OpaTHOM 3a/1a4M U TOJIeTa CHapsia.

Jns yncneHHoro pewenus 3aaa4n (1), mpeacrasisoniei coboi cucreMy 0ObIKHOBEHHBIX TU}-
(bepeHIaNbHBIX YpaBHEHUH, TpruMeHeH Meto Pynre-Kyrra-BepHepa 6-ro nopsijika TOUHOCTH ¢ KOH-
TPOJIEM NIOI'PENIHOCTU BBIUMCIICHUH [4].

[Ipu pemenun oOpaTHOM 3amauu (2) paccMaTpuBarOTCs JBa MojaxoAa. B mepBoM moaxojae uc-
MI0JIb3YETCS] UTEPALIMOHHBIN METO]I MOCIIEA0BATENLHBIX MPUOIMKEHUH Ha ocHOBE MeToaa xopa. [Ipu

9TOM Ha KaXXIOM MIar¢ UTCPAllMOHHOTO aJlfOpHUTMa HCO6XO[[I/IMO pelaTth MpAMYIO 3a1a4y BHCIITHEH
OaJUIMCTUKH. HYTCM napajlyICJIIbHOTO IMOUCKaA YI'JIOB 90 u G,H yYAaCeTCd YMCHBUIUTDH 061_[[66 BpEMA pe-

HICHHUA 3aJaydu. I[aHHBIﬁ AITOPUTM TIO3BOJISICT HalTH peuicHrue 3aaavu Jid 3aJJaHHBbIX YCJ'IOBI/Iﬁ
CTpeJ'IB6I>I ¢ M00BIM Tpe6yeMBIM YPOBHEM TOYHOCTH. O,I[HaKO BpEMsA paCcu€TOB MOKCT OBITH HCTIpHUECM-
JICMBIM ITPpH UCTIOJIL30BAHUH B 00EBBIX YCJIOBUSAX.

BTOpOﬁ BapUaHT pCIICHUA O6paTHOﬁ 3aga4uu BHEITHEH OAJTTUCTHKHA OCHOBAH HA MCIOJIb30BaHUH
npeABapPUTECIIBHO pa3pa60TaHH0171 0a3pl 3HAHUM. COBpeMeHHLIe TCXHOJIOTHH HU3BJICUCHHUS 3HAHUU U3
AAaHHBIX TTO3BOJIAIOT NPUMCHUTbL MCTOABI JIS1 alllIPOKCUMAIINU HEJIMHCHHBIX 3aBHCUMOCTEH ¢ 0O0JIb-
MM KOJIMYCCTBOM BJIMAIOIINX (baKTOpOB. HNmes AITOPUTM HYUCJICHHOI'O PCHICHUS 3aaa4Un (1), MOKHO

MMpOBECTU 6OJ'ILIJ_IYIO CCPUIO paCUYCTOB IJIA paCCManHBaCMOﬁ apTHHHepHﬁCKOﬁ CUCTCMBI C U3BMCHCHU-

eM He TOJIBKO BemuuHbl 0y, HO U apaMeTpoB BeKTOpa A: HalpaBICHUs OL, U CKOPOCTH W BeTpa,
reorpaduueckoi MUpoTel B, IMPEKIMOHHOTO yria oL, u ap. Takum o6pasom, Uis aHau3a MoJtyya-

M Ta6nnuy JaHHBIX:

("1 )= (08, af ol wh, BY; X v Zh ) h=1,H,
rae H — oObeM BEIOOPKH.

[TomydyeHHast BbIOOpKA JEMUTCS HAa JBE YacTH: 00ydarollyro U TecToByro. Ha oOyuarorieil BbI-
Oopke MPOBOAUTCA 00ydeHHe anmpoKCUMaTopoB nepeMenHbix L= (X o YK,ZK,TK), a Ha TECTOBOU

BBIOOpPKE IPOBEPSAETCS aIEKBATHOCTH MOJIEIH.
PaccMaTpuBasioch HECKOJIBKO TUIIOB AIllIIPOKCHUMATOPOB: JIMHEHHBIM, MHOTOCJIOWHAs HEMPOHHAS
CETh, paAMAIIbHAS CETh, METOJ HEUETKUX JIEPEBLEB pelieHni [S]. JIydmme pe3ynbTarsl 10 TOYHOCTH U
CKOPOCTH BBIYMCIIEHUI NOKa3aJl alllIPOKCUMATOP Ha OCHOBE MHOTI'OCJIOMHOM HEWPOHHOM CETH.
PazpaGoTaHHble aNroOpuTMbI pELIeHUs TPSAMOM U 00paTHOM 3a/1a4 BHELIHEW OaJIIMCTUKU B 3aBU-
CUMOCTH OT HPEAbABISEMBIX TPEOOBAaHUN MO3BOJISIIOT OOECIIEUUTh BBHICOKYIO TOYHOCTh M OINEPaTUB-
HOCTb pEIIECHUs 33[aud U MOTYT ObITh IPUMEHEHbI KaKk B OOEBBIX YCIOBUSX, TaK U B CIydae KOHBEp-

CHUM BOCHHBIX TEXHOJIOT UM U TPAKAAHCKOTO IMTPUMCHCHUS.
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DEVELOPMENT OF APPROACHES TO SOLUTION OF INVERSE PROBLEM
OF EXTERNAL BALLISTICS IN DIFFERENT USING CONDITIONS
S.A. Korolev, I.G. Rusyak, V.A. Tenenev
Kalashnikov Izhevsk State Technical University, Izhevsk

Issues of civil application of special purposes technologies have certain practical interest. For
example, the artillery equipment can be applied in solving the problem of fast delivery of small-sized
cargo over long distances and at hard to reach areas. At the same time the accuracy of delivery de-
pends definitely on the accuracy of solving the direct and inverse problems of external ballistics.

The direct problem of external ballistics is to calculate the trajectory of projectile movement at
the given parameters of the shot (characteristics of the projectile, coordinates of the gun and shooting
direction) and the known state of the atmosphere (pressure, temperature and wind). Mathematical

model of the direct problem of external ballistics is described in [1, 2].

In general case the inverse problem is to determine the angle of the shot 0, and direction angle

O, at a known position of the target and its velocity. An important role in determining of these pa-

rameters is an accounting of aerodynamic interaction between the projectile and the atmosphere air
and geophysical conditions of the shooting.

The direct problem of external ballistics can be represented as a transformation
L =(P, )= ©(P),0,,0,, A), (1)
where Py = (X 0-Y0> ZO) is an initial shooting point (coordinates of the gun); P, = (X Y Z k) isa
final shooting point (coordinates of the target); T, is a time of projectile flying. Vector A contains the

characteristics of the projectile, position of the gun and atmospheric data. The accuracy of solving the
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direct problem of external ballistics is determined primarily by the accuracy of determining of aerody-
namic coefficients for the missile bodies [3].

The inverse problem is to find the inverse transformation
Q=(0,.0,P,. 7, ) =@ (P, P’,V,. A), @)

where PCO = (X 3 , YCO, VA 3 ) are initial coordinates of the target; Vc = (Vl I/Zc’ V3C) is velocity of the

co
target motion in geodetic coordinate system. In this case, time T, is a sum of time of data preparation,

solving the inverse problem and flying of the projectile.

The numerical solution of the direct problem (1), which is a system of ordinary differential
equations, uses 6th order Runge-Kutta-Verner method with the control of computation error [4].

We consider two approaches to solve the inverse problem (2). The first approach uses an iter-
ative method of successive approximations based on the chord method. Herewith each step of iterative
algorithm requires the solving of the direct problem of external ballistics. The parallel search of the

angles 0, and o, allows to reduce the total time for solving the problem. This algorithm allows to

find the solution of the problem for a given shooting conditions with any required level of accuracy.
However, the calculation time can be unacceptable for use in battle conditions.

The second approach for solving the inverse problem of external ballistics is based on the use
of previously developed knowledge base. The modern technologies of the knowledge extraction from
data allow to apply the methods for approximate non-linear dependencies with a large number of in-

fluencing factors. The numerical solution algorithm for problem (1) provides extensive series of calcu-

lations for the given artillery system with the change both the value 6, and parameters of the vector

A: wind direction o, and speed W, geographical latitude B, directional angle O, and others. Thus,

we obtain the following data table:

(x:1")= (00" 0" W, B X V) 28 ) h=1.H ,
where H is a sample size.

Obtained sample is divided into the two parts: training and testing. The training sample pro-
vides the study of variables approximators L = (X o Yoo Zys I‘k), the testing sample checks the ade-
quacy of the model.

Several types of approximators was considered: linear, multi-layer neural network, radial
network, the method of fuzzy decision trees [5]. The best results in accuracy and calculation speed are
shown by the approximator based on a multi-layer neural network.

Developed algorithms for solving direct and inverse problems of external ballistics with ac-
cordance to the imposed requirements ensure high accuracy and speed of solving the problem and can
be applied both in battle conditions and in the case of the conversion of military technologies to civil-

1an use.
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EMISSION SPECTROSCOPY ON PYROTECHNIC MIXTURES
S. Knapp*, A. Koleczko, S. Kelzenberg, E. Roth, A. Raab, V. Weiser
Fraunhofer-Institut fiir Chemische Technologie ICT, Germany

Pyrotechnic mixtures mostly consist of systems of fuel and oxidizer particles with defined mix-
ture ratios and particle sizes. After ignition by a defined energy input, they react highly exothermic
with a high energy release in a combustion process and produce a bright shining reaction zone with
light emission from UV till the far MIR. Especially for colorful emission and high temperatures, met-
als or metal compounds are used. Emission spectroscopy is a well-known experimental measurement
technique to examine the reaction zone and burning behavior of such mixtures. By analyzing the re-
sulting emission spectra, valuable information can be obtained: the intermediate and end product oc-
currence, the particles' surface and gas phase temperature, the emissivity, the radiation of energy, the
CIE-color, and the reaction mechanism. In the case of pyrotechnic mixtures, most of this information
can be received from the emitted light in the UV/VIS wavelength range. In the gas phase of the reac-
tion, the intermediate products, e.g. atoms and diatomic molecules, emit because of a stimulated elec-
tronic transition. In the UV/VIS wavelength range, they show atomic lines and diatomic molecule
band systems. The background emission is usually gray body radiation of the solid particles. Because
of the high temperature, the maximum of the gray body function is in the near-infrared wavelength
range and therefore, it is still visible in the UV/VIS range. By analyzing the received UV/VIS spectra
of experiments, the chronological occurrence of different species can be reconstructed. The gas phase
temperature and the molecules emissivity can be obtained by modeling the spectrum from the atomic
lines and the diatomic molecule band systems.
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HAHOCTPYKTYPHBIE 3JEKTPORPO3MOHHOCTOMUKHUE MOKPBHITHSI,
IHOJYYEHHBIE METOJOM 2JIEKTPOB3PBIBHOI'O HAIIBIJIEHU A

. A. Pomanos, B.E. I'pomos
Cubupckuii 20cyoapcmeenHblll UHOYCMPUALbHbLIL YyHUsepcumem, 2. Hosoxysneyx

CymectByer mnpoOiemMa MOBBIIIEHUS 3JIEKTPOIPO3UOHHOM CTOMKOCTH TSDKEIOHArPY>KEHHBIX
KOHTAKTHBIX MIOBEPXHOCTEN. DIIEKTPOIPO3UOHHBIN U3HOC — 3TO M3HOC METAINIMYECKUX U3AEIUH, ITPU
KOTOPOM O] BO3JIEUCTBUEM HCKPOOOPA30BaHMs U BOSHUKHOBEHHS JIEKTPUUYECKON AYTM BO3HUKAET
JIOKaJIbHOE OIUIABJIEHHWE W Pa30pbI3TUBaHME METajlUla, B PE3yJbTaTe 4Yero MeTaJUIMYecKoe H3JeNue
HapyllIaeT CBOIO IIeIOCTHOCTb, U3MEHSIET pa3Mmepsl U popmy. Ha kadenpe ¢puzuku numenu npodeccopa
B.M. ®unkens ®I'BOY BIIO «Cubupckuii rocy1apCTBEHHbIN WHAYCTPHATIBHBIA YHUBEPCUTET» pa3-
BHMBACTCs HAIPABJICHHUE JIEKTPOB3PHIBHOIO HANBUIEHUSI HAHOCTPYKTYPHBIX MOKPHITHUM HAa KOHTAKTHBIE
ITOBEPXHOCTH AJIEKTPOTEXHUUECKOTO HA3HAYEHUS.

ITockonbKy mpouece pa3pylieHus: MaTepuaia HAaYMHAETCS C €T0 MOBEPXHOCTH, VIS Psla MPAKTHYe-
CKMX IPUMEHEHHH, HAIIPUMED, 3aIlUThI KOHTAKTHBIX TIOBEPXHOCTEN CPETHE- U TSDKEIIOHAIPY)KEHHBIX BbI-
KJIFOUaTeIed M1 KOMMYTAlMOHHBIX anlaparoB, NEPCIEKTUBHO HAIIBUIEHUE HAHOCTPYKTYPHBIX MOKPBITHH,
IIOCKOJIBKY B 3TOM CIIy4ac BaXKHA 3JIEKTPOAPO3HOHHAS CTOMKOCTH TOJIBKO IOBEPXHOCTH KOHTAKTa, a HE
Bcero oObema. Peamu3oBaTh B OJHOM Marepuanie MHOTOOOpa3HbIi M HPOTUBOPEUMBBIN KOMILIEKC
CBOMCTB, KOTOPBIMHU JIOJDKEH 00J1a1aTh JIEKTPOKOHTAKTHBIA MaTepuall MO3BOJISIET UCTIOb30BaHUE METO/IA
AIEKTPOB3PHIBHOIO HANBUIEHHUST HAHOCTPYKTYPHBIX M3HOCO- U 3JIEKTPOIPO3MOHHOCTOMKHX MOKPBITUI Ha
MEJIHBIE NEKTPUIECKAE KOHTAKTHI.

YcraHoBKa, HCIOb3yeMast Ul AJIEKTPOB3PBIBHOTO HANBUIEHUS BKJIIOYAET JIBE OCHOBHBIE YACTH —
€MKOCTHOM HaKONMUTENb SHEpruu (Win Oarapes KOHJIEHCATOPOB) M MMITYJbCHBIN IJIa3MEHHBIA YCKOpPH-
Tenb. [Iponece HanbUIEHUs BKIIIOYAET 3apsil HAKOIMTEIA JI0 ONPENSIICHHOTO 3HAYEHUs U €T0 pa3psil Ha
MeTaJUIMUeCKyto (oiiery. B pesynbrare yero npoucxouT 3MeKTpUUecKril B3pbIB (Gosbru. B3pbiBacMbie
(oabru MOryT OBITh U3 PA3HBIX METAJUIOB — MeIH, MosubOAeHa U Jp. [Ipu 3TOM ¢ MOMOIIBIO TJIa3MEHHOTO
YCKOPUTEJIS IPOUCXOUT (POPMUPOBAHUE UMITYJILCHOM MIa3MeHHOU cTpyu. IIpoayKThl B3phIBa copepxat
Kak IUIa3MEHHbBIN KOMIIOHEHT, TaK ¥ KOHJCHCUPOBAHHBIE YAaCTULIbI, KOTOPBIE PACIIOIArAOTCS IPEUMYILIE-
CTBEHHO B ThUTy CTpyH. [Ipu B3aumopeiicTBUM 1a3MEHHOTO ()POHTA CTPYH C TIOBEPXHOCTHIO OHA Harpe-
BAaeTCs, MOCJE Yero KOHACHCUPOBAHHbIE YaCTULIBI OCAKIAIOTCS HA HEMl.

[Ipumepom opMupoBaHMs MOKPBITHH ¢ UCIOJIB30BAaHUEM (DOJIBI SBJISIETCS HANBUIEHUE METHBIX
MOKPBITUN HAa KOHTaKTHBIE MMOBEPXHOCTU ATFOMHUHUEBBIX KaOENbHBIX HAKOHEUYHUKOB. DTO MPOMBIII-
JICHHbII 00pa3el] — HAKOHEYHUK 0€3 MOKPBITUS U HAKOHEYHHUK C MOKPBITHEM (IEMOHCTpHpYIO). Mak-
CHMaTbHAs TUIOMAh 06paGaTEIBAEMO TIOBEPXHOCTH cocTapisier 30 cm”. MCrob30BaHie 9THX HAKO-
HEYHHMKOB C HANbUICHHBIM 3JIEKTPOB3PBIBHBIM HAHOCTPYKTYPHBIM MOKPBITHEM IO3BOJISIET YBEJINYUTH
UX JIOJITOBEYHOCTb.

JInst MaTepuasioB MEKTPUUECKUX KOHTAKTOB XapaKTEPHO COUETaHHE pa3HOOOpasHbIX M OHOBpE-

MCHHO HCCOBMCCTHUMBIX Tpe60BaHPII>i. I[JIH HUX, HaAIIpUuMeEp, HGO6XOZ[I/IMI>I BBICOKHC TBEPAOCTH, TCMIICPA-
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Typa IUIaBJIEHUS, IEKTPO- U TEIUIONPOBOAHOCTD, AIEKTPOIPO3UOHHAS U KOPPO3HOHHASA CTOMKOCTH. B
HacTosIee BpeMs, pa3paboTaHO OOJIbIIOE KOJIWYECTBO 3JIEKTPOKOHTAKTHBIX MAaTEPUAIOB I MX MpHMe-
HEHUsI B pa3HOOOPa3HBIX YCIOBHSX SKCILUTyaTaluy. Yepeayroleecs: HarblJIeHUE CII0EeB MOJIMO/IeHa U MeIU
M03BOJISIET C()OPMUPOBATH HE TOJIBKO €IMHUYHBIN CIIOW TMOKPBITHS, KaK B CIydyae C HAKOHEUHUKOM, a
(bopMUpOBaHHE YK€ KOMIO3ZUIMOHHBIX MOKPBITHH CO CIOMCTON CTPYKTYpOW. DTH MOKPBITHS MpecTaB-
JISTFOT COOOM uepeayroIuecs CJIou MoaudeHa U Mear. Menb, 001a1aeT BEICOKOM 2JIEKTPOIIPOBOAHOCTBIO,
a MOJIMO/IEH — BBICOKOM 3JIEKTPOIPO3MOHHOM CTOMKOCTBIO. TOJIIMHA CI0EB MEIU U MOJIMOJIEHA MOXKET
3a/1aBaThCsl C YYE€TOM TpeOOBaHUI IKCIUTyaTalluK AJIEKTPHUYECKUX KOHTAKTOB. Ha rpanuiiax cioeB Meau u
MOJMO/IeHa ¥ MOJMOJEHA C OCHOBOW BCIIEICTBUE TEPMOCUIIOBOTO BO3JCHCTBUS IIA3MEHHOW CTpyH Ha
MIOBEPXHOCTh, HAIPEBAEMYIO JI0 TEMIIEpATyphl IUIABIEHHs, (GOpPMUpYETCs BOJHOOOpas3HbIN penbed. [To-
3TOMY 3TH TOKPBITUS 001aAa0T BEICOKOM ajre3ueil, To eCTh OHM HE OTBAJIMBAIOTCS. AHAJIOIMYHbIE HAHO-
CTPYKTYPHBIE IOKPBITHSI CO CIIOUCTOM CTPYKTYPOU MOJTydeHsl 471t cucremsl W-Cu.

B oGnactu B3phIBa (OJBIY MOXKHO TaKKe MOMEIIATh MOPOIIKOBbIE HABECKU TOTO WM MHOTO
BEIIECTBA, KOTOpbIE MEPEHOCATCS Ha O0JIydaeMylo MOBEpXHOCTb. Hampumep, ecnu pa3zMeTuTh Ha
MeHOH (posibre MOPOLIOK BOJb(paMa UM MOJIMOJEHA, TO OyayT (OPMHPOBATHCS KOMIO3UIIMOHHbIE
ITOKPBITUS C HAIIOJIHEHHOM WU MO-IPYTOMY JAHUCIIEPCHO-YIIPOUYHEHHOM CTPYKTYpoi. Takas cTpykrypa
MPEJCTaBISET COO0N METAJUIMYECKYI0 MaTpHUIly C PACIOJIOKEHHOM B HEW HAaHOpa3MEpHBIMU YIIPOY-
HSIOUIMMH BKJIFOYEHUSMU — B HAIllEM CIIydae 3TO HaHOpa3MEpHbIE BKJIKOUEHUS BOJIb()pama WM MO-
nubaeHa B MeJHOU MaTpule. Pazmep 3TUX BKIIOUEHUN HAUMHAETCSA OT HECKOJIBKMX HAHOMETPOB. DTO
IIO3BOJISIET TOBOPUTH O TOM, YTO IOJIy4a€MbI€ TIOKPBITUS OTHOCSTCS K HAHO MaTepuaiaM, a TEXHOJIO-
T'Us DJIEKTPOB3PBIBHOIO HAIBUICHHS K HAHO TEXHOJIOTHUSIM.

JInist 3MeKTpUYeCKUX KOHTAKTOB CHMIJIOBOTO LIAXTHOTO OOOPYIOBAHUS MOMHUMO 3JE€KTPO3PO3UOH-
HOW CTOMKOCTU TpeOyeTcs MOBBICUTh U3HOCOCTOMKOCTh NOKpbITHH cucteM Mo-Cu u W-Cu. [oBbie-
HUE U3HOCOCTOMKOCTH JOCTUTaeTCs CUHTE30M IPU HAbUIEHMHM HAaHOPAa3MEPHBIX KapOua0B MoIHOIeHa
WK Bosib(hpama. IT0 JOCTAraeTcs MyTeM pa3MelleHus] B 00JaCTH B3pbIBa IOMHMO MOPOILKA BOJIb(pa-
Ma ropouika yriepoja. Ilpu HanbuieHHH Boib(paM WM MOJIHOAEH B3aUMOJECUCTBYIOT C YIJIEPOJOM B
pe3ynbTaTe 4ero (GopMHUPYHOTCS MU3HOCOCTOMKHE HaHOpa3MepHble KapOuabl MOIMOIeHa WIU BOJIb(pa-
Ma. TpeboBaHueM 3TUX IEKTPUUECKUX KOHTAKTOB TAKKE OTBEYAIOT HAHOCTPYKTYPHBIE MOKPBITHS TO-
Jy4eHHBbIE C UCIOJIb30BaHUEM MOPOIIKOB FOTOBBIX COEIMHEHHH, HanpuMep aubopuaa Tutana. Bee pe-
3yJIBTAThI 110 AJIEKTPOB3PHIBHOMY HalbUICHUIO HAaHOCTPYKTYPHBIX MOKPBITUM HA KOHTaKTHBIE NIOBEPX-
HOCTH DJIEKTPOTEXHUYECKOTO HAa3HAYECHHUs, IOIYYEHHBIE K HACTOSAIIEMY BPEMEHM SIBIIIETCSI HOBBIMU,
IIPOPBIBHBIMU pE3yJbTaTaMH, HE MMEIOLIMMH aHAJIOTOB B MUPOBOM IpakTHKE. Ilepeuncnennslie cnoco-

OBI 3allUIICHBI 30 mareHTaMH Ha I/1306peTeHI/IH.

HUccredosanue svinonneno npu punancogou noodepicke PODHU ¢ pamxax nayunoeo npoexma Ne 16-32-60032
MON_a_Ox, npu gunancosou nodoepoicke I panma Ilpezudenma Poccutickoii @edepayuu 0ist 20Cy0apCcmeeHHOU
ROO00EPICKU MOJIOOBIX POCCULUICKUX YUeHbIX - KaHouoamos Hayk MK-4166.2015.2, zoczadanuti Munobprayku
NoNe 2708 u 3.1496.2014/K na svinonnerue HAyuHO-UCCIe008amenbcKkoll pabomul. /lanuas paboma 6viia 6vi-
NOTHEHA C YaCMUYHLIM UCTIONb308aHUeM 000pyoosanus Llenmpa Konnexmugno2o nonvzosanus « Mamepuano-
seoenuey Cubl’ V.
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NANOSTRUCTURE COATINGS RESISTANT TO ELECTROEROSION OBTAINED
BY ELECTROEXPLOSIVE SPRAYING

A.D. Romanov, V.E. Gromov
Siberian state industrial university, Novokuznetsk

There is a problem of increasing electroerosive resistance of heavy duty contact surfaces. Elec-
troerosive wear is metallic details wear expressing as local melting and scattering under the influence
of sparking and occurrence of electric arcing, causing metallic product breach, changes of its size and
shape. Department of Physics named after Professor V.M. Finkel of Siberian state industrial universi-
ty 1s providing research in electroexplosive spraying of nanostructure coatings on contact surfaces of
electrical function.

As long as material wear process starts with its surface, nanostructured coatings spraying is
promising for a number of practical applications, such as protection of contact surfaces and medium-
and heavy loaded circuit breakers and switching devices, since in this case electroerosive resistance of
the contact surface only, but not of the overall volume is important. Using method of electroexplosive
spraying of nanostructure wear and electroerosively resistant coatings on copper electrical contacts
enables creation of diverse and contradictory set of properties in one material that electrocontact mate-
rial should possess.

Electroexplosive spraying installation comprises of the two main parts - capacitive energy stor-
age (or capacitor battery) and pulse plasma accelerator. Spraying process involves charging of storage
device to a certain value and its discharge on the metal foil. As a result, foil electric explosion takes
place. Exploding foils can be made of different metals - copper, molybdenum, etc. At this time, plas-
ma accelerator forms pulse plasma jet. Explosion products contain a plasma component and con-
densed particles, which are located mainly in the rear of the jet. Interacting with the surface plasma
front of the jet is heating, after that condensed particles settle down on the surface.

Copper coatings spraying on contact surfaces of aluminum cable lug is an example of coatings
production using foils. This is an industrial sample — an uncoated lug and coated lug (demonstration).
Maximum area of treated surface is 30 cm’. The lugs sprayed by electroexplosive nanostructure coat-
ings have increased durability.

Combination of diverse and incompatible requirements is typical for electrical contact materials.
For example, high hardness, melting point, electrical and thermal conductivity, electroerosion and cor-
rosion resistance are required. At the moment, large number of electro-contact materials for variety of
operating conditions is developed. Alternate spraying of molybdenum and copper layers do not only
allow creation of one layer coating, as is the case with the lug, but also enables generation of compo-
site coatings with lamellar structure. These coatings comprise of alternating layers of molybdenum
and copper. Copper has high electrical conductivity, and molybdenum has high electroerosion re-
sistance. Thickness of the copper and molybdenum layers can be set to meet electrical contacts opera-
tion requirements. At the borders of the copper and the molybdenum layers, the molybdenum and the
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base layers undulate relief is formed due to thermal power impact of plasma jet to the surface heated
to the melting point. Therefore, these coatings have high adhesion, and do not fall off. Similar
nanostructure coatings with lamellar structure are obtained for the W-Cu system.

It is also possible to put powder charge of any substance to be transmitted to irradiated surface
in foil explosion area. For example, placing tungsten or molybdenum powder on copper foil allows
generation of composite coatings with filled or disperse-strengthened structure. The structure is a met-
al matrix with hydrochloric reinforcing nanoscale inclusions, in this case, nano-dimensional molyb-
denum or tungsten inclusions within the copper matrix. The size of these inclusions starts from several
nanometers. This enables suggestions that the resulting coatings are nano materials and technology of
electroexplosive spraying refers to nanotechnology.

For electrical contacts of mining power equipment in addition to electro-erosion resistance it is
required to increase wear resistance of the Mo-Cu and W-Cu coatings systems. Increased wear re-
sistance is achieved by synthesis at spraying of nano-size carbides of molybdenum or tungsten. It is
achieved by placing carbon powder in addition to tungsten powder in the explosion area. During
spraying tungsten or molybdenum react with carbon and form wear-resistant nanosize carbides of
tungsten or molybdenum as a result. Nanostructure coatings produced using finished powders of com-
pounds such as titanium diboride also meet requirement of these electrical contacts. All results ob-
tained so far for electro-explosive spraying of nanostructure coatings on contact surfaces of electrical
function, are new, breakthrough results that have no analogues in the world practice. All the described

technologies are protected by 30 patents for inventions.

The study was sponsored by RFBR in the framework of research project number 16-32-60032 mol_a_dk, with
the financial support of the MK-4166.2015.2 Grant of the President of the Russian Federation for the state
support of young Russian scientists with academic degree of Candidate of Sciences, the state orders of the Min-
istry of Education Ne 2708 and 3.1496.2014/K for R&D work. Current work was carried out partially using
equipment of the SibSIU Material science sharing center.
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PA3ZPYHIEHUE I[ETAJIEﬁ CIIYTHUKOB, OTPABOTABHIUX
HA OKOJIO3EMHOM OPBUTE
K.A. Monorapos', A.H. ITuskuua', H.B. Mypasses', A.A. Bparun', F0.B. ®po.ios’,
. Tuabsin®
Unemumym xumuuecrou puzuxu um.H.H. Cemernosa Poccutickoti akademuu Hayk, e. Mocksa
 Hayuonanvhoiii Leump Kocmuueckux HUccredosanuiti (CNES), @panyus

KonnuyectBo 00BEKTOB Ha HU3KOM OKOJI03eMHON OpOHUTE, B TOM YMCIIE, OTPAOOTABIINX CITYTHU-
KOB, HEYKJIIOHHO Bo3pactaeT. OTpaboTaBIive COYTHUKU (MM MX YaCTH) HEKOHTPOJIUPYEMO MaJaroT,
MOMAJAl0T B IUIOTHBIE CIIOM aTMOC(EpHl, U, Kak MpaBuio, cropatot. OJHaKO OTIAEIbHbIC YACTU CITYT-
HUKOB HE CrOPAOT UM CrOPAIOT HE MOJHOCTBIO, YTO HEXEIATeIbHO KaK C TOUKU 3peHHs Oe3011acHO-
CTH, TaK U IO KOJIOTUYECKUM IpuurHaM. Tak, ynasmume Ha 3emitto 06aoMku Skylab B 1979, cnytau-
ka Kocmoc B 1978, u BTOpoii crynenu Delta 11 B 1997 nokazanu, 4yTo, HECMOTpPS Ha TO, YTO JieTaTelb-
HBIH anmapaT 3HAUUTENIbHO pa3pyllaeTcs MpH BXOJE B IUIOTHBIE CIIOM aTMOC(hepbl, 3aMETHOE YHUCIIO
00JIOMKOB JI0JIETAIOT JI0 3eMJIU. DTO 00YCIOBIEHO, TEM, YTO JAETAJIM CIIyTHUKOB, HAllpUMep, TOTLIIUB-
Hble 0aky, M3rOTAaBJIMBAIOT U3 MATEpUAJIOB C BBICOKOW TEMIIEpaTypoil IJIaBJIEHUS — HeprKaBeroulast
CTaJIb, TUTAH.

[Ipu nBUKEHUU B IUIOTHBIX CIOSIX aTMocdepsl Ha BbicoTe OoKojio 60 kM mpu naBienun 60 Ila
TemnepaTypa TuTaHoBoro Oaka nocruraer 1000°C. TemnepaTypa MHULIMMPOBAHUS TOPEHUS TUTAHO-
BOro crasa Ha Bo3ayxe — 1200°C, a remnieparypa masienus — 1660°C. BocruiaMmeHeHne THTaHOBO-
IO CIUIaBa OCJIOXKHSETCS HaJIMYMeM OKCHIHOro ciosi TiO, Ha MOBEPXHOCTH, KOTOPBIA OrpaHUYMUBAET
1 @y31r0 aKTUBHBIX ra30B K TUTaHy. J(ONOJHUTENBHO TOPEHUE TUTAHA OCJIOXKHEHO TEIUIONOTEPSIMU
Ha u3inydeHue (Ko3pGuuueHT nu3nydeHus 3Toro Mareprana O4eHb BHICOK) U TEIUIOINPOBOJHOCTD.

OnHuM U3 crnocoOoB peleHus MpoOJIeMbl SIBISETCS MPUMEHEHUE MUPOTEXHUYECKUX COCTABOB
JUI. THULIMMPOBAHUS U MOAJEpKaHUs Mpoliecca TOPEHHs WK TUIABJICHUS OTPa0OTaBILIUX TUTAHOBBIX
6akoB. Llenbro paboThl ABISETCSA IEMOHCTPALMS BO3MOKHOCTH MCIOJIB30BAHUS TEPMUTHBIX COCTABOB
IUIsL pa3pylleHUs] TATAHOBBIX TOIUIMBHBIX 0aKOB IPHU BXOJIE B IJIOTHBIE CJIOM aTMOC(hepbl MyTeM HHH-
LIMPOBAHMSI TOPEHUS WU TUIABJICHUS TUTAHOBOTO CIIJIaBa.

OT100p TEPMUTHBIX COCTABOB IpOBEJIEH B Tpu 3Tana. Ha mepBoM 3tame u3 U3BECTHBIX TEPMUT-
HBIX COCTABOB OBLIM OTOPOILIEHBI UMEIOIUE B COCTABE JIETKOJIETYUHE, PAJUOAKTUBHBIE, ILEIOYHbIE U
pPEAKO3EMENBHBIE KOMIIOHEHTHL. B pe3ynbpTare TepMOAMHAMUYECKOTO pacdera Juisl ocTaBIInXcs 38
COCTaBOB IOJIy4eHa ajuabaTHuecKasi TeMIepaTypa CropaHus, onpeeseHa TemI0EMKOCTh IPOTYKTOB
U 707151 KOHJeHcupoBaHHOU (a3bl. Ha cienyromem 3tane oTO0pa MpeiosKeHO UCIOIb30BaTh OTHO-
IIEHWE MAacChl MUPOTEXHUUYECKOTO 3apsiaa, He0OXOAUMOM /sl HarpeBa IJIACTUHBI JIO ONPEIEeTICHHOM
TeMIepaTypbl K Macce TUTAaHOBOM muacTHHbI (M). OueHka BenuyuHbl M, mpousBeneHa Ui ABYX
CJlyyaeB: HarpeB IUIACTUHBI J0 TeMIepaTypsl BociuiameneHus Turada (1200°C) u g0 miaBneHus miia-
ctunbl (1660°C). B pesynbTare, it TpeTbero 3rana otoopansl 16 coctaBoB, 11t KoTopbix M < 1,05.

Ha Tperbem 3Tane npoBenéH TepMOIMHAMUYECKUN Pacu€T ropeHust TEpMUTOB Iipu nasieHuu 60 Ia u
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0TOOpaHbl 6 KOMIO3ULIUH, YIOBIETBOPSIOMIMX KPUTEPHIO CaMOTIOAJep KuBaroerocst ropenus (7,4 >
1800 K) u coneprxaiye MakCUMaJIbHOE KOJIMYECTBO KOHJCHCUPOBAHHBIX IPOJTYKTOB CTOPAHUSI.

st 0TOOpaHHBIX KOMIIO3UIMM OIpeiesieHa TeMIeparypa BOCIUIAaMEHEHHUsT TEPMHUTHBIX COCTa-
BOB U MCCJIEIOBAHO UX BO3/AECHUCTBUS Ha TUTAHOBBIE IUIACTUHBI pazMepoM 20x20 MM B aTMOcdepe BO3-
nyxa npu aasiaeHuu 60 Ila. J{ns Bcex sKCIeprMEHTabHO MCCIIE0BAaHHBIX COCTABOB MPOBEACHBI Te-
CThl HAa BaKyyMHYIO CTaOMJIBHOCTh, XUMHUYECKYIO COBMECTHUMOCTh C TUTAHOBBIM CIUIABOM M Ha 4YyB-
CTBUTEIBHOCTb K TPEHUIO, yapy M 3JIEKTPOCTATUYECKOMY Pa3psly. Y CTAaHOBJIEHO, YTO COCTABbI yJ0-
BJICTBOPSIFOT HEOOXOAMMBIM TPeOOBaHUSAM M MOTYT MCIIOJIb30BaThCsl B KOCMHUYECKHUX YCTPOMCTBax.
OnHako, KaK MOKa3aly dKCIEPUMEHTHI, TpeOyeMoe pa3pylIeHne TUTAHOBOW IJIACTUHBI JOCTHraeTCs
TOJIBKO MpH Ucnoib3oBaHuu coctaBa Al/Co30y.

Taxkum oOpa3oM, B paboTe NMPOAEMOHCTPUPOBAHA BO3MOXXHOCTh ABTOHOMHOTO Pa3pyLIEHHs TH-
TAQHOBBIX 0aKOB MyTEM UX IUIABJICHUS MPH BXOJE B IUIOTHBIE CIOM aTMOC(Ephl MPU MOMOIIY TEPMHUT-

HOro cocCrana.
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UNCONTROLLED RE-ENTRY OF SATELLITE PARTS AFTER ITS MISSION ON LEO:
DESTRUCTION BY THERMITE REACTION ENERGY RELEASE
K.A. Monogarovl, A.N. Pivkinal, N.V. Muravyevl, A.A. Braginl, Yu.V. Frolovl,
D. Dilhan®
ISemenov Institute of Chemical Physics, RAS, Moscow
’Centre national d'études spatiales, Toulouse, France

The use of pyrotechnic compositions, i.e., thermites is proposed to reduce the risk of the fall of
thermally stable parts of deorbiting end-of-life LEO satellites on the Earth. The main idea is to use
passive heating during uncontrolled re-entry to ignite thermite composition, which reacts with energy
release sufficient to burn out holes in the titanium cover. It is supposed, that thus destructed satellite
parts will lose their streamline shape, and will be definitely burned out being aerodynamically heated
during further descending in atmosphere. With a baseline of 132 pre-selected thermite formulations by
applying 3 levels of exclusion parameters including toxicity, volatility, non-solid reaction products,
etc.. Thermodynamic calculations at ambient and at re-entry temperatures and pressure, alone with the
calculated mass ratio efficiency have allowed to select six compositions for further manufacturing and
experimental testing using the programmed laser heating source and vacuum chamber. Finally, the
possibility of the only one of thermite compositions, i.e., Al/Co30;4 to initiate and maintain the phe-
nomenon of titanium plate melting has been demonstrated. Special tests reveal the proposed thermite
composition to meet the safety requirements according to corresponding standards. Thus, thermite

compositions are perspective to destruct the after-mission LEO satellite structures.
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METHOD FOR DETERMINING EXPLOSIVE REACTION RATE PARAMETERS
Christelle COLLET
AIRBUS SAFRAN LAUNCHERS
Research Center of Le Bouchet, France

In the early 80’s, E. L. Lee and C. Tarver developed the Ignition and Growth model, an homogeneous
description of the explosive reaction rate, able to improve the reliability of detonation calculations. According

to its three @,P" stages, this model can be seen as the description of the £ = f (F , P ) equation into a pressure

base.

A least squares method coupled with LS-DYNA simulations of some chosen Pop plot run distances al-
low us to adjust its significant parameters in a domain covering low to high pressures.

The resultant fitted [ (F , P ) model capacity to predict other classical detonation transitions is demon-
strated on Failure Diameter, different Gap Test scales and Flying Plate impacts.

The method is successfully used on three different explosive compositions, including various aluminium,
ammonium perchlorate, and RDX concentrations. It confirms that the Lee-Tarver Ignition and Growth model is
able to predict the explosive reaction rate from low to high pressures with the same parameters.

A meshing rule is also developed and validated to satisfy both 1D identification simulations.
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METO/IUKA OHEHKUA ITAPAMETPOB B3AHMOI[EP1CTBHH KYMYJIITUBHOM
CTPYHU C MATEPUAJIAMH MHOI'OKOMITIOHEHTHOM INPET'PAIbI
J.A. Ha MOBI, B.IO. Me.nelmcoz, B.N. B.JII/IHOBI, B.I. .JIaanI, B.O. l“pelc1
Boennas axademus PBCH umenu Ilempa Benukozo, 2. banawuxa
 Unemumym xumuyeckoti usuxu umenu H.H. Cemenosa PAH, 2. Mockea

Jln1st coBEpILIEHCTBOBAHMSI CPEACTB MPOTHUBOKYMYJISITUBHOM 3alIUThl HEOOXOIMMO 3HAaHUE Napa-
METPOB B3aUMOJIEMCTBUS KyMYJISITUBHOM CTPYH C MaTepralaMd MHOTOKOMIIOHEHTHOM ITPETPAJIbl.

[Ipennaraemas Ui 3TOro METOAMKA BKJIKOYAET TpH 3Tana. Ha mepBoM arane BBINOIHSIETCS pac-
YeT JaBJICHUA B 30HE KOHTAKTa (parMeHTa KymyasTUBHOU cTpyu (Cu) u maTtepuana nperpais [1].
B kauecTBe MarepuanioB Iperpajapl pacCMaTPUBAINCH: MEAb, CTallb, KEpAMHMKAa Ha OCHOBE OKCHJIA
amoMunus A/,0z kepamuka Ha OcHOBe kapouaa kpemuus SiC, kapouna 6opa B,C, HUTpHIa KPEMHHUS
Si3Ny, HuTpuga 6opa BN. Kepamuueckue Matepuanbl MPeCTABISAIOT OOJBIIONW MHTEPEC B KauecTBE
MaTepualia IPOTUBOKYMYJIASTUBHOM 3aIllUTHI 3@ CUET UX OUYEHb BBICOKOM TBepAOCTH (OJIM3KOM K aMa-
3y), BBICOKOM MPOYHOCTH, HU3KOH TIIOTHOCTH [2].

B kauecTBe XMMUYECKH aKTMBHOT'O HAIIOJHUTEIS IOPUCTON KEPAMHMKHU HCCIEIOBAINCH: cepa S,
Hutpat kanmusa KNOs, Hutpart Hatpust NaNOs.

Pe3ynbTaThl pacuera nokasanau, 4yTo B ouare koHTakra ¢pparmenra KC ¢ nperpanoii B 3aBUCUMO-
cTH 0T ckopocTH coynapenus ot 2000 go 8000 m/c peanuzyrorcs gasienus ot 47 no 362 I'Tla B maTte-

puane ctpyu (Cu); ot 44 no 271 I'lla B kepamuxke; ot 12 no 108 I'Tla — B okucauTenbHO cpene.
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Bropoii sTan mMeTonuKku — pacueT TeMIepaTypbl B 30HE KOHTAaKTa ()parMeHTa KyMYJISITUBHOMN
CTPYH C IIPErpajiaMyi OCHOBAH HA TEOPETUUECKUX NonokeHusx f.b. 3enpaosuuya [3].

KoHKpeTHBIN TepMOJIMHAMUYECKUN METOJ OLICHKH TEMIIEPATyphl yIApPHOI'O CXKaTHsl KOHJICHCH-
poBanHoO# cpenpl npeaioxked B.C. Tpodumossim [4].

* 193
Cnauaja PaCCUHUTHIBACTCA OCTAaTOYHAA TEMIICpATypa T , 10 KOTOPOH Pa3orpeBacTCsi BCIICCTBO B

pe3yiabTare MPOXOXKACHUS 10 HEMY yJAapHOro (poHTa ¢ aMIUIMTYION P; U mocaenyome pasrpy3ku
710 UCcX0qHOTO nasienus P = 0.

Hcnonw3ys uaero, BbIcKazaHHYo B [3], ompezensieTcs TeMeparypa Ha yaapHoi aauadare 7 mo
Temneparype pasrpy3ku I .

Jlnst pacyeToB TeMIeparypbl M0 3TOW METOAUKE ObUT pa3paboTaH aJrOpuUTM U Mporpamma Ha
sa3bike Turbo — Passcal. Mcnonb3ys mporpammy, ObUT BBIOJIHEH OLIEHOYHBIM pacdyeT OCTaTOYHOMN
TEMIIEPATYPhl, 10 KOTOPOM pa3orpeBacTCsl BEIECTBO B PE3YNIbTATE MPOXOKACHUS N0 HEMY YJApPHOIO
(bpoHTa ¢ aMIUTUTYI0U P; ¥ MOCNEeAyIoIel pa3rpy3Ku 10 KCXOJHOTo AaBieHus P = 0 u TeMneparypsl
B 30HE KOHTaKTa, KoTopsle coctaBuin ot 1486 no 9078 K s menn; ot 402 o 6800 K mst xepamu-
ku; oT 590 no 1500 K — nnst cepsl.

Tpetuii sTan METOMKU pacyera mapaMeTpoB COyJdapeHHs (pparMeHTa KyMYJISTUBHOU CTpyH C
Nperpazoi 3akiroyaeTcs B OLIGHKE BKJIaJa TEMIOBOro 3¢d@dexra XMMHUECKOM peakuuu B3auMojei-
CTBHs (TOpeHUs) MaTepualia KyMYyJISTUBHON CTPYH C XUMUYECKU aKTUBHBIM HAIOJIHUTENEM, o0saza-
IOLLUM OKHCIIUTEIbHBIMU CBOMCTBAMH.

Cnenyer oOpatuTh BHUMaHUE Ha TO, YTO JaBJieHHE HA ()POHTE YIAPHBIX BOJIH B KYMYJISATUBHOMN
CTpye M MaTepuanax cpelpl Ha TpaHULE pa3jiena JOCTUIaeT OYEHb BBICOKMX 3HAueHUil (OT
HECKOJIKUX TUranackajiei 10 COTeH rMramnackajiei) B 3aBUCMMOCTH OT CKOPOCTH y/Aapa M CBOMCTB
MarepuanoB. IIpuuem 5TH naBieHMs B MaTepuanax Mperpaj TEM BBIIIE, YEM MEHBIIE YyaapHas
C)KMMAeMOCTh MaTepuana, KOTopas ONpeessiercs TIJIaBHBIM 00pa3oM CKOPOCTbIO 3BYKa B HEM.
B cBO0O 0oYepenp CKOpPOCTH 3ByKa OINPEAEISAETCS MOIYJIEM YIPYIOCTH CPElbl, OT 3TOrO IapaMmerpa
3aBUCHUT TEMIIEpaTypa pa3orpeBa cpell B 30HE KOHTAKTA, YTO U OTPAKEHO B pe3yJIbTaTax pacuera.

Ha ocHOBe noJry4eHHBIX JaHHBIX IPABOMEPHO CUMTATh, YTO YEM BBIIIE TEMIIEpATypa pa3orpesa
B 30HE KOHTaKTa, TEM HMHTEHCHBHEE pacxoj] Marepuana cTpyd. B cBow ouepenp temmepaTypa
paszorpesa siBisieTcst QyHKLIMEH aKyCTUUECKOM KECTKOCTH.

Takum 00pazoM pe3yibTaThl PacyeTOB IO OLIEHKE MapaMEeTpOB B3aWMOJIEHCTBUS (parmMeHTa
KYMYJSITUBHOM CTPyHM C HperpajaMyd B 30H€ KOHTAKTAa IIO3BOJIUIM BCKPBITH JOIOJIHUTENIbHbBIE
(baxkTophl, BIUAIOINIME HA MEXaHWU3M MPOHUKAHHUS KyMYJISTHUBHOW CTPYM B MHOTOKOMIIOHEHTHBIE
nperpaapl. B uyacTHOCTH, BBISBICHHBIE BBICOKHE TEMIIEPATYphl B 30HE KOHTAKTa, MPEBBILIAIONINE
TeMIepaTypy KUIIEHHs MeTajula CTPYH, CBHJIETENIBCTBYIOT O (DaKTOpe BO3MOKHOIO HCIAPEHUs
MeTajyla HapsALy C XUMHUYECKMM B3aUMOACUCTBHEM €ro C OKHCIUTEIBHOM CpeAod Nperpajsl.
EcrecTtBeHHO, 3TOT (hakTOp, KOTOPBI 10 HACTOSILEr0 BPEMEHH HE YUUTHIBAJICS JOJDKEH ObITh
HCIIOJIB30BAH MPU KOHCTPYMPOBAHUHU MTPOTUBOKYMYJISITUBHBIX IIPETPAJl C LIEIBIO MOBBIIIEHHS pacxoaa

KYMYHHTPIBHOﬁ CTPYyH IIpU €€ MPOHUKAHWU U, TCM CaAMBIM, YMCHBILICHU FHY6I/IHLI €C IMPOHUKAHUS.

128



Jluteparypa
1. baym @.A., Opnenko JI.IL., CrantokoBudu K.II. u np. ®usmuka B3peiBa. M. : Hayka, 1975. 704 c.
2. KonoBanoB A.B. u np. BzaumozelicTBue KyMyaSaTUBHON CTPYH C HEKOTOPHIMH THUIIaMH MHOTOCJIOMHBIX Ipe-
rpax // boenpunacel. 1982. Beim. 7.
3. 3enpnosuu f.b., Paiizep K.II. ®u3nka ynapHbIX BOJIH U BEICOKOTEMIIEPATYPHBIX THAPOJUHAMHYECKUX SIBJIE-
Huil. M. : Hayka, 1966.
4. Tpodumos B.C. // ®uzuka ropenus u B3poBa. 1973. T. 9, Ne 4. 45 c.

DOI: 10.17223/9785946215596/46

TECHNIQUE OF THE ESTIMATION PARAMETERS INTERACTION
OF THE CUMULATIVE STREAM WITH MATERIALS
OF THE MULTICOMPONENT BARRIER
D.A. Naumov', V.I. Meleshko’, V.I. Blinov', V.G. Larin', V.O. Grek'
"Military academy of the Strategic missile force named by Peter the Great, Balashiha city
?Institute chemical physics of a name of N.N.Semenova of the Russian Academy of Sciences, Moscow

For perfecting of tools of an anticumulative guard the knowledge of parameters interaction of a
cumulative stream with materials of a multicomponent barrier are very necessary.

The technique offer for this purpose included three stages. At the first stage calculation of pres-
sure in a zone of contact of a fragment of a cumulative stream (Cu) and a material of a barrier are ful-
fill [1]. As materials of a barrier consider: copper, a steel, ceramics on the basis of oxide of aluminum
ALOj; ceramics on the basis of carbide of silicon SiC, a carbide of a pine forest B4C, nitride of silicon
S13N4, nitride of a pine forest BN. Ceramic materials represented a great interest as a material of an
anticumulative guard at the expense of them to very high hardness (close to diamond), high durability,
a low denseness [2].

As reactive filler of porous ceramics investigate: sulfur S, nitrate of potassium KNOs, nitrate of
sodium NaNO:s.

Calculation results show that the locus of contact with the target fragment CS depending on the
collision speed of 2000 to 8000 m/s implemented pressure from 47 to 362 GPa in the stream material
(Cu); from 44 to 271 GPa in ceramic; from 12 to 108 GPa — in the oxidizing environment.

The second stage of a technique - calculation temperature in a zone of contact a fragment cumu-
lative stream with barriers is base on Ya.B. Zeldovich theoretical positions [3].

The concrete thermodynamic method of an estimation temperature shock compression of the
condense medium are offer V.S. Trofimov [4].

At first the residual temperature 7~ to which the substance as a result of transiting on it the shock
front with amplitude P; and the subsequent unloading to initial pressure P = 0 are warm up paid off.

Us the idea stat in [3], we will define temperature on a shock adiabatic curve 7 on temperature
of an unloading T’ ",
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The algorithm and the program have been develop for calculations of temperature by this tech-
nique in language of Turbo — Pascal.

Us the program, estimating calculation of residual temperature 7~ to which the substance as a
result of transiting on it the shock front with amplitude P; and the subsequent unloading to initial pres-
sure P=0 and temperatures in a zone of contact are warm up had been fulfill which amounted from
1486 to 9078 K for copper; from 402 to 6800 K for ceramic; from 590 to 1500 — sulfur.

Third stage of engineering design procedure parameters of impact fragment cumulative stream
with a barrier. It consisted in estimation of the contribution thermal effect chemical response of inter-
action (combustion) material cumulative stream with reactive filler possesses oxidizing properties.

It are necessary to pay attention that pressure at the front shock waves in a cumulative stream
and materials of a medium boundary of section reached very high values (from several giga pascal to
hundreds giga pascal) depending on velocity of blow and properties of materials. And these pressure
in materials of barriers themes was higher, than less shock compressibility material who are defin
mainly by a velocity of sound in it. In turn the velocity of sound are defin by the module of an
elasticity of a medium. The temperature warming up of media depended on this parametre in a zone of
contact, as are reflect in outcomes calculation.

On the basis of the receiv data it are lawful to consider that the temperature warming up in a
zone of contact, the more intensively the expense material of a stream are higher. In turn the
temperature of warming up are function of acoustic rigidity.

Thus outcomes calculations according to parametres of interaction fragment cumulative stream
with barriers in a zone of contact had allow to open the additional factors influence the mechanism of
permeating cumulative stream in multicomponent barriers. In particular, the reveal high temperatures
in a zone of contact, boiling metal stream exceed temperature, testified to the factor of possible
evaporation metal along with chemical interaction it with oxidising medium of a barrier. Naturally,
this factor who were not consider till now should be us when designing anticumulative barriers for the
purpose of a raise expense cumulative stream at it permeating and, thereby, diminutions of depth was

more its than permeating.
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KOHCTPYKIUM U3AEJUN JJII SHEPTETUYECKNX YCTAHOBOK IOBBIIIEHHON
IOPEKTUBHOCTU C HEU3BJIEKAEMBIMHU ®OPMOOBPA3YIOLIIUMHU
IJIEMEHTAMU
A.B. JInTBuHoB, A.B. Kyp6aTos, I'.H. Hectepos, A.K. Bopooses
AO «DHIIL] «Anmaiiy, e. buiick

PeakTuBHbBIE 3HEpreTUyYeckre YCTaHOBKU (DY) ¢ U3AETUAMH U3 BICOKOIHEPIeTUYECKUX MaTe-
puanos (BOM) Moryt umeTs rpaxaaHcKkoe NpUMEHEHHUE, HallpuMep:

— METEOPOJIOTMUECKUE PAKEThI sl UCCIIEOBAHUS aTMOC(EphI Ha OOJIBIIMX BbICOTAX;

— IIPOTHUBOTPAJOBBIE PAKETHI, IPEIOTBPALIAIOIIME BBINTAJCHNS TPaJa HAa CEIbCKOXO3S1ICTBEHHbIE
TUTAHTALIH;

— pakeThl, 00eCreynBaloIINe KOHTPOJIUPYEMbIN CXOJ] CHEXHBIX JaBUH B TPYAHOAOCTYITHOM TOp-
HO# MECTHOCTH;

— DV, ucnonb3yeMble B KOCMMUECKON TEXHUKE.

s DY Hapsiny ¢ pa3paOOTKON HOBBIX PELENITYp, MOBbIIeHHE 3()()EKTUBHOCTH CBSI3aHO C YBe-
auueHneM kospduuuenta 3anonnenus (K3) kamep cropanus. s coBpemenHblx DY 3HaueHue K3
cocrasister 0,7...0,8. IloBeicuTh k03 dunment 3anonnenus kamep cropanus a0 0,90...0,95 moxHO
3a CYET UCMOJb30BAHUS TEXHOJOIMYECKOW OCHACTKH C HEU3BJIEKaeMbIMH (POPMOOOPA3YIOIIUMU HJie-
MeHntamu (H®D3). Ilpu cropanuu HOD dopmupyrorcs Tpedyemble reoMeTpUYecKHUe MapaMeTphbl
BHYTPEHHUX KaHAIOB M3JETUi /Ui o0ecriedeHus 3aJaHHOro pexxuma padoTsr DY.

[TpousBoycTBo DY ¢ ucnonbp3zoBanueM uznenuii u3 BOM npenbsasiser cnenudpuyeckue Tpedo-
BAaHUS K TEXHOJOTHYECKOMY IIPOLIECCY UX M3TOTOBJIEHUS. B CymiecTByromel TEXHOJIOTUN U3rOTOBIIE-
HUS U3JeNui OOJIbIIME 3aTpaThl BPEMEHU CBS3aHBI C MOJTOTOBKON TEXHOJOTMYECKOM OCHACTKH, ee
cOOpKH ¢ KopriycoM DY U U3BJIEUEHUEM OCHACTKH MOCTIE 3aM0IHEHUs Kopryca DY BBICOKOAHEPIeTH-
YeCKUM MaTepHajoM (Tak Ha3blBaeMasi «pacmpeccoBka» uznenus). Kpome Toro, takas TeXHOJIOTHs
3a4acTyIO HENIPUTOAHA Ul HOBBIX BOM.

Ucnonw3oBanne HO®D B3aMeH TpaaAUIIMOHHON U3BJIEKAEMOIA (hopmooOpa3zyroiiel 0CHACTKH
IIO3BOJIMT CYLIECTBEHHO YMEHBIINUThH TPYA03aTpaThl, COKPATUTh BPEMs M3TOTOBIEHUS U3ICINN U TMO-
BBICUTh 0€30IIaCHOCTb MTPOU3BO/ICTBA 32 CUET YIPOLICHUS ONEPALUU PACHPECCOBKH.

B paGote npuBeaeHbl MpuUMepbl KOHCTPYKIIMHM MOJIENIbHBIX u3aenuii ¢ HOD, npeacrasisoniu-
MU COOOH MIACTHUHBI U3 AIFOMUHUS, TOKPBITHIE OBICTPO CrOPAIOLIUM COCTABOM.

Ucnwiranus, npoenenusie B AO «DHIIL «AnTait», moarsepauinu pabOTOCIIOCOOHOCTh MO-
nenbHbIX OV ¢ nanHsiMu HOD. [IpoBeneHO cpaBHEHUE DKCIIEPUMEHTAIIBHBIX M PACUETHBIX XapakTe-
PUCTHK MOJIENBHBIX DY,

Takum oOpazom, nmokazaHa NpUHIMIIKANBHAS paboTocrnocoOHOCTh u3nenuit ¢ HOD, npumene-
HUE KOTOPBIX MO3BOJUT MOBBICUTH 3((HEKTUBHOCTH DY .

B nanpHeiiiem tpeOyeTcst COBEpLICHCTBOBAHUE METOIOB pacyera Xapakrepuctuk Y ¢ HOO.
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PRODUCT DESIGNS FOR POWER PLANTS OF IMPROVED PERFORMANCE WITH
NONREMOVABLE SHAPE ELEMENTS

A.V. Litvinov, A.V. Kurbatov, G.N. Nesterov, A.K. Vorobyov
JSC FR&PC “ALTAI”, Biysk

Reactive power plants (PP) with products of high-energy materials (HEM) can have civilian ap-
plications, for example:

— meteorological rockets to study the atmosphere at high altitudes;

— antihail rockets to prevent hail on crops;

—rockets, providing controlled snow avalanching in remote mountain areas;

— PP used in space technology.

Along with the development of new formulations, the improved performance for PP is connect-
ed to the increase of the filling factor (FF) of the combustion chamber. The filling factor for modern
power plants is 0.7...0.8. The usage of nonremovable forming elements (NRSE) can increase the fill-
ing factor of the combustion chambers up to 0.90...0.95. During NRSE burning the required geomet-
ric parameters of the product inner channels are formed to ensure the specified mode of PP operation.

The PP production using HEMs products requires special technology for their manufacture.
Nowadays manufacturing technology takes a long time for preparation of technological equipment
(shape element), its assembly with PP casing and removing it after filling the case with high-energy
materials (so-called product “pressing off”). Besides, this technology is often unsuitable for the new
HEM.

The usage of NRSE instead of traditional REMOVABLE one will significantly reduce labor
costs, manufacturing period and improve production safety by simplifying the operation of pressing
oft.

Examples of design model of the products with NRSE, presenting aluminum coated plates with
a rapidly combustible composition are given in the following study.

Tests conducted at JSC FR&PC “ALTAI”, confirmed the efficiency of modeling PP with the
given NRSE. The comparison of experimental and calculated characteristics of the modeling PP is
performed.

Thus, the principled performance of the products with NRSE has been shown. The usage of
such products allows improvement PP performance.

Further the upgraded development of calculation methods for PP characteristics is required.
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3AKOHOMEPHOCTHU BE3I'A30BOI'O 'OPEHUSI CUCTEMBbI AL-TI-B
B.B. HpOMaXOBl’Z, H.A. KyxkosB 12 Bopoxuos C.A.%, M.X. 3uaraunos’, SL.A. I[yﬁlcona2
' Hnemumym npo6rem xumuko-snepeemuyeckux mexrnonoeuii CO PAH, e. Buiick,
? Hayuonansmuiii uccnedosamensckuti Tomekuii 2ocydapemeennviii yuusepcumen, 2. Tomck

B pabote npoBeeH aHa3 AaHHBIX O KUHETUYECKUX 0COOEHHOCTSIX TOPEHUS «Oe3ra30BbIX» CH-
creM Ha ocHoBe Ti-B. IlokazaHo, 4To mepCHeKTUBHBIM HANpaBICHUEM B 00JIACTH Pa3pabOTKH HOBBIX
OBICTPOTOPSAIIKUX COCTABOB SIBJSIETCS UX CHUHTE3 M M3yueHHe 3aKoHOMepHocTell ropenus. [Ipoananu-
3UpPOBAaH TEPMOJAMHAMHUYECKUI MOTEHIMAaN pa3pabaTeiBaeMbiXx cocTaBoB cucteMsl Al-Ti-B. M3ydena
CTPYKTypa U MOP(OJOTHUECKOE CTPOCHUE MCXOJHBIX MOPOIIKOB. [IpoBeseHa cepusi 3KCIIepUMEHTOB
10 U3MEPEHUIO JTUHEHHON CKOPOCTh TOpeHUsi 00pa3lioB ¢ pa3IMYHbIM COJEpKaHUEM aTOMUHMS. Bbl-
SIBJIEHBI TPUHLIUIHATIBHBIE 3aKOHOMEPHOCTH TopeHus «0e3razoBbix» cucteMm Al-Ti-B. ITomumo storo,
MIPOAHAIN3UPOBAHO CTPYKTYPHO-(PA30BOE COCTOSHHUE MPOJYKTOB pPeaKkiMu, KOTOPbIE, B CBOIO OYEPE/b,

MOT'YT SBJIATBCA BCI)CI)CKTI/IBHLIMI/I JiuraTypaMu JJisd JICTKUX CIIJIaBOB.

Uccredosanue svinonnerno npu punancogou noodepicke PODHU ¢ pamxax nayunoeo npoexma Ne 16-38-60028

Moa_a_Ok.
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GAS-FREE COMBUSTION REGULARITIES OF AL-TI-B SYSTEM
V.V. Promakhov"?, L.A. Zhukov"?, S.A. Vorozhtsov’, M.Kh. Ziatdinov’, Ya.A. Dubkova’
!Institute for Problems of Chemical & Energetic Technologies of the Siberian Branch of the Russian Academy
of Sciences, Biysk
?National Research Tomsk State University, Tomsk

The paper analyzes kinetic aspects of the combustion of gas-free Ti-B-based systems. A promis-
ing way to develop new fast-burning compositions is their synthesis and research into their combus-
tion regularities. In this paper, we analyze the thermodynamic potential of the Al-Ti-B system compo-
sitions under development and explore the structure and morphology of initial powders. A set of ex-
periments aimed at measuring the speed of flame propagation in samples with different aluminum
content helped us detect principal combustion regularities of gas-free Al-Ti-B systems. Furthermore,
we analyze the structural and phase state of resulting products, which, in turn, can serve as effective
dopants to light metal alloys.

This study was financially supported by the Russian Foundation for Basic Research as part of scientific project
No. 16-38-60028 mol _a_dk.
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I'OPEHUE TBEP/JbIX PAKETHBIX TOIIJINB
B BBICOKOCKOPOCTHOM IIOTOKE I'A3A
B.A. Apxunos, U.K. ’Kaposa, E.A. Ko310B

Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocyoapcmeennulii yrusepcumem, 2. Tomck

B pakeTHbIX JBUraTelIbHBIX YCTAHOBKAaX IOpEHHE TBEPAOTOIUIMBHOIO 3apsijia MPOUCXOIMUT B
YCIOBHSX UHTEHCUBHOIO 00/1yBa MOTOKOM HPOJYKTOB CropaHusi (TBEPJOTOIJIMBHBIN PaKETHbIN IBU-
rarenb), ra3000pa3HOr0 OKUCHAUTENS (TMOPUIHBIA paKeTHBIA JABUraTellb) MM BO3AyXa (pakeTHO-
NPSIMOTOYHBIN U BO3JYIIHO-PEAKTUBHBIN JBUTaTenn). PacueT OCHOBHBIX BHYTPHOAIIIMCTUYECKUX Xa-
PaKTEpUCTUK JBUTATENbHBIX YCTAHOBOK 0a3UpyeTCsl Ha 3aKOHOMEPHOCTSIX TOPEHUs TBEPIOro TOIIMBA
B BBICOKOCKOPOCTHOM Ta30BOM MOTOKE. MeXaHU3Mbl TOPEHUs] TBEPAbIX PAKETHBIX TOIUIUB, COJAEpKa-
LIMX TOpIOYee U OKUCIUTENb, U TOPEHUS TBEP/IbIX TOPIOYMX MATEPHAJIOB, COAEPKAIIMUX TOIBKO TOpIO-
Yyye KOMIIOHEHTbI, B MOTOKE ra3a OCHOBaHbl Ha aHAJIM3€ KOMIUIEKCA B3aUMOBIMSIOIUX (U3UKO-
XMUMUYECKUX MPOIIECCOB. DTU Mpoliecchl (M3MeHeHue (a3oBOr0 COCTOSHUS, MEPEHOC MACChl U DHEP-
T'MH [IPOAYKTOB CrOpaHusi, TypOyJI€HTHOCTb U Jp.) SABJSIOTCS CIOXHBIMHM U 3aBUCIT OT MHOTHX (pak-
TopoB. Ilpu neTambHOM HM3yd4eHUM MEXaHU3MOB TOPEHHsI HEOOXOIMMO ONMHUPAThCS Ha OOBEKTHBHYIO
MH(GOPMAIIHIO, IOJYYEHHYIO SKCIIEPUMEHTAILHO U1l KOHKPETHOM TOIJIMBHOM KOMITO3UIIMH U PEKUMA
TEUEHUsl.

B nacrosieit pabore mpeacTaBieH KpaTKUW aHAIWM3 MOJXOJOB K MOJEIMPOBAHUIO U MOJIyYe-
HUIO SKCIIEPUMEHTAIbHBIX TaHHBIX 110 TOPEHUIO TBEPbIX PAKETHBIX TOIUIMB B YCIOBUSAX 00/yBa razo-
00Opa3HbIMHM MPOJYKTaMU UX FOPEHUsS] U MO FOPEHUIO TBEPJBIX TOPIOUMX MATEpUAOB B BBICOKOCKO-

POCTHOM IIOTOKEC Ira3a, COACPKAICM OKUCIIUTCIIb.

Paboma nposedena npu unancosou noodepoicke Munucmepcmea obpazosanus u nayku Poccuiickoii @ede-
payuu 6 pavkax LI «Hccnedosanusn u paspabomku no npuopuUmemubiM HanpagieHusIM pa3eumus HayyHo-
mexHonoeuueckozo komniexca Poccuu ma 2014-2020 20061, coenawenue Ne 14.578.21.0034, ynuxanvhwii
uoenmugpuxamop IHHU RFMEFI57814X0034.
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COMBUSTION OF SOLID ROCKET PROPELLANTS IN A HIGH SPEED GAS FLOW
V.A. Arkhipov, LK. Zharova, E.A. Kozlov
National Research Tomsk State University, Tomsk

Combustion of solid propellant takes place under conditions of intense blowout by stream of
combustion products (solid rocket motors), or of oxidant gas (hybrid rocket motors) or air (rocket-
ramjets and air-jet motors) in rocket engines. Calculation of the main internal ballistic characteristics
of rocket engines is based on the laws of solid propellant burning rate in a high speed gas flow. Mech-

anisms of combustion of solid propellants containing fuel and oxidizer, and the combustion of solid
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propellants containing only the combustible components in the gas flow are based on the analysis of com-
plex mutually influencing physical and chemical processes. These processes (changes in phase state, the
transfer of mass and energy of the combustion products, turbulence, et. al.) are complex and depend on
many factors. It's necessary to base on objective information obtained experimentally for a particular pro-
pellant composition and flow regime, for a detailed study of the combustion mechanisms.

A short analysis of approaches to modeling and to obtainment of experimental data on combus-
tion of solid propellants under conditions of blowout by gas stream of combustion products and on
combustion of solid fuels in a high speed gas flow containing an oxidizing agent are presented in this

paper.

This work was supported by Ministry of Education and Science under the Federal Program «Research and de-
velopment on priority directions of scientific-technological complex of Russia for 2014-2020», the agreement
Ne 14.578.21.0034, unique identifier PNI RFMEFI57814X0034.
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BJIMSIHUE CBOBOJHOI'O OB BEMA KAMEPBI CTOPAHUS HA YCTOMYHUBOCTD
PABOTDBI PATT AKTUBHO-PEAKTUBHOI'O CHAPS A
B.A. Apxunos, C.C. bouaapuyk, A.W. KonoBanenko, K.I'. IleppuiabeBa
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocydapcmeennulii yrusepcumem, 2. Tomck

[Ipu BeICTpeEne akTUBHO-peakTUBHOTO cHapsiaa (APC) u3 apTuiepuiickoro opyaus OH mojBepra-
€TCsl BO3/ICHCTBHUIO BBICOKMX IE€PENAN0OB JNaBleHUA. [l MCKIIOUEHUS JEHCTBUS NOPOXOBBIX I'a30B Ha
3apsi TBeporo paketHoro TormBa (TPT) akTMBHO-peakTUBHOIO CHapsiaa MpeaiaraeTcst cxema aBTo-
HOMHOTO BOCIUIaMEHUTENs, nzoaupyromas 3apsag TPT oT mopoxoBsIx ra3oB MeTaTenbHOro 3apsaa. s
storo B comioBoMm Onoke P/ITT ycranaBiamBaercs 3ariyiika, B KOTOpPOH pa3Meliaercsi MUupoTeXHUuYe-
CKUM BOCILJITAMEHHMTENb MHULMUPYEMbIH KarctoiaeM. CpabaTblBaHUE BOCIIJIAMEHUTEINS POUCXOAUT T10-
clie BbUIETa CHapsia U3 crosia opyaus. Ilpu cOpackiBaHuM 3arimymiku nocie 3axxuranus 3apsina TPT
IIPOMCXOJUT PE3KOE YMEHBILIEHUE JABJICHUS B KaMEpe CrOpaHus, KOTOPOE MOKET NPUBECTU K moraca-
Huto 3apsaa. OJHUM M3 MapaMmeTpoB, BIMSIOIIMX Ha YcioBus noracanus 3apspa TPT, sasisercs cso-
001HBI 00beM KaMmepbl cropanus. B paboTe, Ha OCHOBe aHaiM3a ypaBHEHMs COXpPAHEHUs SHEPruH B
KaMepe CropaHus, onpeesercs MUHUMAIbHOE 3HaueHHe ee cBOOOIHOro o0beMa, obecreunBarolee
YCTOMUMBOE ropeHue 3apsaa B 3aBucuMocty ot Buaa TPT u napamerpos neurarens. [IpuBoaurcs mpu-
Mep pacyera 3aBUCUMOCTH MUHUMAJIBHOTO 0ObeMa Kamepsl cropanus ot napamerpoB PTT u otHo1e-
HUSl AaBJIEHUI NpU cOpoce 3ariIyllKu Uil CMECEBOro U OaumMcTuTHOrO TorumB. [IpoBenen anamus s¢-

¢dextuBHocTH BiusiHus P/ITT Ha nansHocTh nonera APC.

Paboma nposoounace npu punarcosoti noodepocke Munucmepcmea obpazosanus u Hayku Poccuiickoii @ede-
payuu 6 pamxax PedepanrvHoil yenegou npocpammvl «HMccnedosanus u paspabomxu no Npuopumemuvbim
HANpAGNeHusM pas3sumusi Hay4Ho-mexuHonrocuyecko2o komniexkca Poccuu na 2014-2020 200vl» coenawenue
Ne14.578.81.0034 (ynuxanvhoii uoenmuguxamop REFMEFI57814X0034).
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INFLUENCE OF FREE VOLUME FOR COMBUSTION CHAMBER STABILITY
OF WORK SOLID PROPELLANT ROCKET-ASSISTED PROJECTILE
V.A. Arkhipov, S.S. Bondarchuk, A.I. Konovalenko, K.G. Perfilieva
National Research Tomsk State University, Tomsk

When firing rocket-assisted projectile (RAP) from a gun it is exposed to high pressure differen-
tials. To exclude the action of the powder gases on the solid rocket propellant (SRP) grain of the ac-
tive-reactive projectile the scheme of autonomous igniter are proposed that isolates the charge SRP
from powder gases of gun charge. To do this, in the nozzle block solid propellant motors is installed
the cap in which is placed a pyrotechnic igniter initiated by a percussion cap. Actuation of the igniter
takes place after the departure of the projectile from the gun barrel. While the cap removed after igni-
tion of the SRP grain a sharp decrease in pressure is in the combustion chamber, which can lead to the
cessation of burning of the propellant grain. One of the parameters influencing the damping of the
SRP grain, is the free volume of the combustion chamber. In this work, based on the analysis of the
equation of conservation of energy in the combustion chamber, is determined by the minimum value
of its free volume, which provides stable combustion of the grain depends on the type of SRP and en-
gine parameters. The example of calculation according to the minimum volume of the combustion
chamber from the parameters of the SRP and relationship pressures when the cap is removed for mix-
ture and ballistite propellants. The analysis of the effectiveness of the impact of the SRP on the range
of RAP was conducted.

This work was supported by the Ministry of Education and Science of the Russian Federation under the Feder-
al Target Program “Research and development on priority of scientific-technological complex of Russia for
2014-2020", the agreement 14.578.21.0034, unique identifier PNI RFMEFI57814X0034.
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MNPOBJIEMBI U NEPCIHHEKTUBbBI UCITOJIB3OBAHUS HAHOIIOPOLIKOB
AJITIOMUHUSA B COCTABE BOM
B.A. Apxunos, A.b. Bopoxuos A.C. Kyko
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocyoapcmeennulii yrusepcumem, 2. Tomck

COBpCMCHHBIC COCTaBbl BBICOKOOHCPICTUUCCKUX MATCPHUATIOB (BBM), HCIIOJIB3YIOIIUXCS B Ka-
YCCTBC TBCPABIX PAKCTHBIX TOIIWB, 6831/IPYIOTCH, B OCHOBHOM, Ha TPCX KOMIIOHCHTAX: OKUCIIUTCIIb —
Nnepxyiopat aMMOHUS, TOJIUMMEPHOC TOPHOUYCC-CBA3YIOUICC U ITOPOIIOK AJIFOMHUHUA MUKPOHHBIX pa3Mce-
POB. I[aHHLIC KOMIIO3HUIIMH B5M MPAaKTUYCCKU HCUCPIIAIM CBOU IMOTCHIUAIBHBIC BO3MOXKHOCTU B
IJTaHC MMOBBIICHUA SHCPICTUYCCKUX XaPAKTCPUCTHK. B MOCJICAHEC NCCATHUIICTUC B PALC Opl"aHI/I?)aLII/Iﬁ
KaK B POCCI/II/I, TaK M 3a pY6e)KOM, MMpOBOIATCA IJ_II/IpOKOMaCH_ITa6HBIe HUCCIICAOBAHUA XAPAKTCPUCTUK

BOM, B cocTaBe KOTOPBIX UCHOJB3YIOTCS HAHOMOPOIIKH almtoMUHus. B noknane npencrasiieH 0630p
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PE3y/IbTaTOB HMCCIIEAOBAHUN XapaKTepHUCTUK BOM ¢ HaHOMOpOUIKaMU aJrOMHHUS, MPOBEICHHBIX B
HaYYHO-UCCIIEJOBATEILCKOM MHCTUTYTE NMPHKIAJIHON MaTeMaTWKd W MEXaHUKH TOMCKOTO Tocynap-
CTBEHHOTO YHUBEPCHUTETA:

— YCCIIEeZIOBaHNE TEPMHUYECKOTO PA3JIOKECHUS;

— MCCIIEZIOBaHHNE XapaKTEPUCTUK 3KUTaHUS KOHIYKTUBHBIM U JIy4HCTHIM TETUIOBBIM ITOTOKOM;

— YCCIIEZIOBAaHKE CTAIIMOHAPHOW CKOPOCTH FOPEHUS B IIMPOKOM JIMAINa30HE JIAaBJICHUH, BKIIIOYAs
cybarMocdepHble;

— MCCIeZI0BaHNE HECTAIMOHAPHOW CKOPOCTH TOPEHUs MpH cOpoce TaBIICHUS;

— MCCIeZI0BaHUE DPO3HOHHOTO TOPEHUS;

UCCIIeIOBaHUE aKyCTHYECKOH MPOBOJMMOCTH TOBEPXHOCTH TOPEHHS.

[TpoBeneH aHanM3 MOJy4eHHBIX PE3YIbTATOB, a TAKKE PE3YJIBTATOB APYTUX aBTOPOB, KOTOPBIHA
TIO3BOJIMJI ONPEICIIUTh MEPCIIEKTUBHBIE HANIPABICHUS MpUMeHeHHss BOM ¢ HaHOMOpOIIKaMu airoMu-
Hust. ChopmynupoBaHbl TPOOIEMHBIE BOIIPOCH], TPEOYIOIINE PELICHUS HA OCHOBE JOTOJHUTEIBHBIX

CIICNUAJIbHO CINIAHUPOBAHHBIX PICCJ'IC,I[OB&HPIﬁ.

Paboma nposedena npu unancosou noodepocke Munucmepcmea obpazosanus u nayku Poccuiickoii @ede-
payuu 6 pavkax LI «Hccnedosanusn u paspabomku no npuoOpuUmMmemuviM HanpagIeHusIM pa3eumus HayyHo-
mexHonoeuueckozo komniexca Poccuu ma 2014-2020 200v1», coenawenue Ne 14.578.21.0034, ynuxanvhwii
uoenmugpuxamop IHHU RFMEFI57814X0034.

DOI: 10.17223/9785946215596/51

PROBLEMS AND FUTURE DIRECTIONS OF ALUMINUM NANOPOWDERS USE
AS HEMS COMPONENTS

V.A. Arkhipov, A.B.Vorozhtsov, A.S. Zhukov
National Research Tomsk State University, Tomsk

The modern compositions of high-energy materials (HEMs) which are used as the solid rocket
propellants are based, generally on three components: an oxidizer — ammonium perchlorate, polymeric
combustible-binding and aluminum powder of the micron sizes. These compositions of HEMs practi-
cally exhausted the potential opportunities in the increase of power characteristics.

In the last decade in a number of the organizations as in Russia, and abroad, large-scale re-
searches of characteristics of HEMs with aluminum nanopowders are conducted.

The review of results of researches of characteristics of HEMs with aluminum nanopowders
which are carried out Tomsk state university research institute of applied mathematick and mechanics
dishwasher are presented in the report:

— research of thermal decomposition;

— research of characteristics of ignition by conductive and radiation heat flux;

139



— research of stationary burning rate in wide pressure range, including subatmospheric pres-
sures;

— research of nonstationary burning rate at a fast depressurization;

— research of erosive burning;

— research of an acoustic conductance of combustion surface.

The analysis of the received results, and also results of other authors which allowed to define the
perspective directions of application of HEMs with aluminum nanopowders is carried out. The prob-

lematic issues requiring the solution on the basis of the special researches are formulated.

The work was financially supported from the Ministry of Education and Science of the Russian Federation
within the framework of the Federal Target Program. Agreement No. 14.578.21.0034 (RFMEFI57814X0034).
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PA3BPABOTKA ITOPOIIKOBBIX KOMITIO3UIIUIA BOM
C BBICOKOI CKOPOCTbIO 'OPEHMS
H.A. Kyxkos, B.B. [Ipomaxos, M.X. 3uataunon, A.C. Kykos, S.A. /lyokoBa
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocyoapcmeennulii yrusepcumem, 2. Tomck

Co31aHne NepcrneKTUBHBIX ABUIaTeNIbHBIX YCTAHOBOK PA3IMYHOIO Ha3HAueHUs TpeOyeT MOBbI-
IICHUs] YPOBHSI SHEPreTHYECKUX M HKCIUTyaTallMOHHBIX XapaKTEPUCTUK MPUMEHSIEMbIX TBEPIOTOMN-
JUBHBIX 3apsA70B. OAHUM U3 cIOCOOOB PEryIMpPOBaHUS CKOPOCTU TOPEHUS TBEPAOTOIUIMBHOTO 3apsaa
SBJISICTCSL €0 aPMUPOBAHUE METATIMUYECKUMH MPOBOJIOYKAMU C BBICOKMM KOA(PQPHUIIMEHTOM TEMJIOo-
poBOJIHOCTH. [lepcreKTUBHBIM HampaBiI€HUEM MOBBIIIEHHUS YHEPreTUUECKUX XapAaKTEPUCTHK TaKUX
3apsi/I0B SBJISIETCS MCIOJb30BAHUE BMECTO MPOBOJIOYEK TOIUIUBHBIX JIIEMEHTOB CO CKOPOCTbIO rope-
HUS, IPEBBIIAIOLIEH HA MOPSJIOK CKOPOCTh TOPEHUSI OCHOBHOT'O TBEPIOTOIIMBHOTO 3apsijia.

B HacTosieit pabote mpoBeeHO MCCIIEOBAaHUE MO MOA00PY OBICTPOTOpSIIEro COCTaBa, MpHU-
TOJIHOTO JJIS M3TOTOBJICHUSI TOTUIMBHBIX 3JIEMEHTOB C BBICOKOH (60see 70 MM/C) CKOPOCTBHIO TOPEHUSL.
B xauecTBe MCXOHBIX MaTepHAJIOB ObUIM BBIOpPAaHBI M M3YY€HbI MOPOLIKK OOpa W TUTaHA PA3IUYHOM
mucniepcHoctd. [Ipoenen moadop roprouero — cssytouero (I'CB), obecnieunBaroiiero tpedyemyro
MIPOYHOCTbH MOPOUIKOBOM CUCTEMBI MOCHIE (POPMOBAHUSI.

C yuetom BbI60pa ['CB U3 nMopomKOBEIX KOMIIO3UIIMHA MPU pa3HOM JIaBI€HUU MIPECCOBAHUS Obl-
T TOJy4YeHbl HKCHEPUMEHTAJIbHbIE OOpa3libl TOIUIMBHBIX 31eMeHTOB. OrmpeneneHbl 3aBUCUMOCTH
CKOPOCTH TOPEHHUS OT IUIOTHOCTH MOJIy4aeMbIX 00pa3lioB U AUCIEPCHOCTH UCIMOJB3YEMbIX B UCXO-
HOM HIMXTe MOpPOUIKOB TUTaHa. [Ioka3aHO, YTO CKOPOCTh TOPEHUS MOITYUYEHHBIX TOIJIMBHBIX 3JIEMEH-
TOB HE3HAYUTEIbHO 3aBHCUT OT JUCIEPCHOCTH MCXOJHBIX MOPOILIKOB TUTaHa W JUIsl cUCTeMbl 69%
Ti— 31% B cocrasnser 70-80 mm/c. Ilpu noGaske k cucreme 69 % Ti-31 % B 2,5 mac. % noporika
QJIFOMUHUS CO CPEAHUM pazmMepoM dacTull ~100 MKM CKOPOCTh TOPEHUs] CUCTEMBI, ITOJIy4aeMOoM Mocie
¢dopmoBanus ¢ 1 mac. % I'CB, cocraBnsier ~120 Mm/c nipu BHewHeM JaBienuu g0 6 MIla, B To Bpems

KaK CKOPOCTb I'OPCHUSA OCHOBHOT'O TBEPAOTOIINIMBHOTO 3apsa COCTABJIACT ~ 10 mm/c.
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Paboma nposedena npu unancosou noodepoicke Munucmepcmea obpazosanus u nayku Poccuiickoii @ede-
payuu 6 pavkax LI «Hccnedosanusn u paspabomku no npuopuUmemubiM HanpagieHusIM pa3eumus HayyHo-
mexHonoeuueckozo komniexca Poccuu ma 2014-2020 200v1», coenawenue Ne 14.578.21.0034, ynuxanvhwiil
uoenmugpuxamop IHHU RFMEFI57814X0034.

DOI: 10.17223/9785946215596/52

DEVELOPMENT OF POWDER HEM COMPOSITIONS WITH HIGH BURNING RATE

I. Zhukov, V.Promakhov, M. Ziatdinov, A. Zhukov, Y. Dubkova
National Research Tomsk State University, Tomsk

Creation of advanced propulsion units for various purposes requires an increased level of energy
and performance characteristics of solid propellant grains used. One of the methods of adjustment of
burning rate of a solid-propellant grain is its reinforcement with metal wires having a high heat trans-
fer coefficient. The advanced method of improvement of energy characteristics of such grains is to
replace such metal wires with fuel elements having the burning rate exceeding the burning rate of the
main solid-propellant grain by an order of magnitude.

This paper describes a research dedicated to selection of a fast-burning composition suitable for
production of fuel elements with a high (more than 70 mm/s) burning rate. Boron and titanium pow-
ders with various dispersity were selected as source materials and studied. A fuel-binder providing
required strength characteristics of a powder system after molding was selected.

Experimental samples of fuel elements were produced from powder compositions at various
molding pressures taking into account selected fuel-binder. Dependence of burning rate on the density
of samples and dispersity of titanium powders used in initial mix were revealed. It was indicated that
burning rate of produced fuel elements does not significantly depend on dispersity of initial titanium
powders and for the "69%Ti1— 31%B" system comprises 70—-80 mm/s. The burning rate of the system
obtained after molding of "69%Ti — 31%B" system with the admixture of 2,5 wt% of Al powder with
an average particle size of ~ 100 um and 1 mass% of fuel-binder comprises ~120 mm/s at external

pressure of up to 6 MPa. The burning rate of the main solid-propellant grain comprises ~10 mm/s.

The work was financially supported from the Ministry of Education and Science of the Russian Federation
within the framework of the Federal Target Program. Agreement No. 14.578.21.0034 (RFMEFI57814X0034).
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AJJAIITUBHOE CIJIA’JKUBAHUE PE3YJbTATOB CTEHJOBBIX U3MEPEHUI
ITAPAMETPOB 2Y
A.I'. Mutun, B.I1. ®uaunnos, JI.JI. o
AO «DHIIL] «Anmaiiy, e. buiick

[Ipenyoxken anropuT™ CIVIKHBAHUS PE3YJILTATOB M3MEPEHUH NapameTpoB DY Ui CHHKEHUS
YPOBHSI CITy4aifHBIX IITYMOB Tipy 00paboTke curHaioB. [IprBeaeHbl pe3ybTaThl TECTUPOBAHUS ATTOPUTMA
Ha MOJICTIbHBIX U pealIbHBIX TaHHbIX. [loka3aHbl mpeumyIecTBa NpeagoKEHHOrO alrOPUTMA.

OpHo¥ U3 BaXKHBIX 3aja4, KOTOpasi JOHKHA OBITh PEIIeHa MPU MOCTPOCHUU CUCTEM M3MEPEHUS
MapaMeTpoB MpPHU OTHEBBIX CTEHJAOBBIX HCIBITAHUSX, SIBJIAECTCA 3ajJada yCTpaHeHus wmymoB. [lpu
HA3eMHBIX OTHEBBIX CTEHJIOBBIX UCHBITAaHUSAX DY 3Ta mpobiema cTOUT 0COOEHHO ocTpo. OOBEKT uc-
MBITAHUS, BBUY €0 MOTEHIUAIBLHON OMACHOCTH, HAXOAUTCS HA 3HAUUTEIIbHOM YAAJIICHUU OT CPEJICTB
pErucTpamm, UMeeT IJIUHHBIE U3MEPUTEIbHBIC JIMHUU, SBISIOIIMECS HEIJIOXOM aHTEHHOU Ui Ipue-
Ma MOMeX, JAMIIUX CYIIECTBEHHYIO IEKTPOMAarHUTHYIO J00aBKY K MyJbCalldsM U BHOpaIusm, mo-
poxknaeMbiM (pU3MKOI camoro mporecca ucnbiTaHuss DY. M3MepeHHbI CUTHAI, TPEACTABISIOMIUN
co00il aJIMTUBHYIO CMECh TMOJIE3HOTO CUTHAJNA U MOMEXHU, TpeOYyeT MpenBapUTelIbHON 00paboTKU C
LEIbI0 MAaKCUMaIbHO BO3MOYKHOTO TOJIABJICHUS CIy4aifHOM COCTaBJISIONICH CUTHANIa, 4TO oOecreyu-
BAETCsl IPUMEHEHUEM PA3IUYHbIX AJITOPUTMOB CTJIKHBAHUS.

W3nokeHHBI B JIOKJIAJE alrOpPUTM OCYIIECTBISIET OOpPaOOTKY CHUTHAlla C MCIOJIb30BAaHUEM
B3BEIICHHBIX CKOJIB3SIIUX CPEAHUX C aaNTUBHBIM OKHOM (DMIIBTPAIIMU U OLICHKOW YPOBHS IITyMOB Ha

KaXXJIO0M 1Iare CriiaXkxuBaHHs.
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ADAPTIVE SMOOTHING OF THE RESULTS
OF SPRM TEST-BENCH CHARACTERISTICS
A.G. Mitin, V.P. Filippov, L.D. Tsoy
JSC Federal Research & Production Center “ALTAI”, Biysk

The smoothing algorithm of the results of SPRM test-bench characteristics is proposed in order
to quietize during signal processing. Testing results of the algorithm with simulating and actual data
are given. The advantages of the suggested algorithm are presented.

One of the important problems to be solved when creating parameters measuring system is silenc-
ing. This problem is especially nagging in case of ground firing test-bench. The object to be tested, due to
its potential hazard, is moved away from recording system at a quite long distance. Thus, it has long meas-
uring lines, being a good antenna for noise and giving essential electromagnetic addition to pulsations and
vibrations, caused of the physics of SPRM testing process itself. The measured signal, being an additive
mixture of the desired signal and noise, need to be processed beforehand in order to suppress signal ran-
dom component that is provided by the usage of different smoothing algorithms.

The described in the following report algorithm processes signal by using weighted moving av-

erages with adaptive filtration window and noise rating at each smoothing stage.
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OCOBEHHOCTHU 3AXKUT'AHUA U TOPEHUS BOM
C BUMETAJVIMMECKUMHU ITOPOLIKAMUA
A.T'. Koporkux"?, B.A. Apxunos’, O.T. I'10t1oB’, B.E. 3apko™*
"Tomexuii nonumexnuueckuii yuusepcumem, 2. Tomck
? Hayuonansmuiii uccnedosamensckuti Tomcekuii 2ocydapemeennviii yuusepcumen, 2. Tomck
3 Unemumym xumuyeckoti kunemuxu u 2openust CO PAH, 2. Hosocubupcxk

B paboTte mpencraBneHbl pe3yabTaThl SKCIEPUMEHTATBHOTO MCCIIEOBAHMSI MIPOLIECCOB 3aKHUTa-
HUS U TOPEHUs BEICOKOIHEpreTuiyecknx Marepuanon (BOM) Ha ocnoBe [1XA, OyragreHOBOTO Kaydy-
Ka ¥ MOPOIIKa aTIOMUHUSA, COJEpKalMX J0OABKU METalIOB, a TaKXKe METOJAUKA JJIsi ONpeAeTeHUs
MapaMeTpoB 3aKUTaHUs U TOPEHUS: BPEeMEHA 3a/IEP>KKH ra3u(uKaIuy 1 3aKUraHusl, peakTUBHAs cujla
OTTOKa MPOYKTOB razu(ukaim, CKOpOCTh TOPEHHs 00PA3IIOB, a TAKKE KOJIUYECTBEHHBIN U (ha30BbIii
COCTaB, JUCIEPCHOCTh KOHJACHCUPOBAHHBIX MPo1ykToB ropenus (KII1C).

UccnenoBanue BnusiHUs 100aBOK MeTamuia B BOM mpoBoAWUIU € KCIOJIB30BAHUEM YCTaHOBKHU
JTy4ucTOro HarpeBa Ha ocHoBe COj-nazepa U MpOTOYHOM OOMOBI CropaHusi ¢ 0TOOPOM KOHACHCHUPO-
BAHHBIX YaCTHII.

[Tomyueno, yTo yacTU4HAasi 3aMeHa HaHOTOpoIlika Alex Ha *ene30 B MOoJenbHOM cocTaBe BOM
YMEHBILIAET BpEMEHa 3aJIepKKu 3axxuranus B 1,3—1,9 pasza B cpege Bo3ayxa B IMana3oHe MIOTHOCTH
IOTOKa u3nydeHus 55-220 Br/em” u YBEIMYUBACT PEAKTUBHYIO CUIIY OTTOKA MPOJYKTOB razuguka-
LMY C MOBEPXHOCTH TopeHust oOpasua Ha 27% npu cTaunoHapHoM ropenun BOM B Bo3nmyxe 3a cuet
BO3MOYHOTO KaTaIUTU4YEeCKOTo 3(dekTa, yMEeHbIIAIONIEro TeMIepaTypy Hadaia UMHTEHCUBHOTO pas-
noxenus: [IXA B peakimonHom cnoe tormnuBa ~20°C, a Takke B3aUMOACHCTBUS TEPMUTHOM CMECU
YacTUIl aTFOMUHUS U JKeJie3a C JIOTOJIHUTENbHBIM BbieneHneM Teruia. [Ipu yactuunoit 3amene Alex
Ha amMmop(dHBII 60p B MOJIEIBHOM COCTAaBE BpeMEHa 3aJCPKKU 3a)KUTaHus yMeHbInaroTcs B 1,2—1,4 pa-
3a, peaKTUBHAs CUJIa OTTOKA MPOIYKTOB ra3u(uKaIMK OT MOBEPXHOCTU ropeHust oOpasiia yBeIndnBa-
ercst Ha 9%, npu 3TOM TemImeparypa Hadajaa MHTEHCUBHOIO pasiioxkeHust BOM He u3meHsiercs u co-
craBisieT ~310°C.

[Ipu ropennn BOM uvactuunas 3ameHa Alex Ha jkeJe30 B COCTaBe TOIJIMBA MPUBOJIUT K YBEJIH-
YEHHMIO CKOpocTH ropenus B 1.3—1.4 pa3za B nuanasone nasienus asora 2.0—7.5 MIla 3a cuer BO3-
MOXHOTO JIOTIOJIHUTENBHOTO 3K30TepMudeckoro 3¢ ¢dekra U yBelauueHus TemmepaTypsl razodazHoin
30HBI XUMUYecKuX peakiui. [Ipu yactuunoi 3amene Alex Ha 60op B coctae BOM ckopocTh ropeHus

o6pasua HC U3MCHACTCS 110 OTHOIICHHUIO K 6a30130My COCTaBy B YKa3aHHOM JJHAIIa30HC HaBHeHHﬁ.

Uccnedosanue evinonneno npu @uuancosoii noodepicke PODU ¢ pamxax nayumozo npoexma Ne 16-03-
00630a.
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FEATURES OF IGNITION AND COMBUSTION OF HEMS WITH BIMETAL POWDERS
Alexander Korotkikh" 2, Vladimir Arkhipovz, Oleg Glotov3, Vladimir Zarko>?
"Tomsk Polytechnic University, Tomsk

?National Research Tomsk State University, Tomsk
SInstitute of Chemical Kinetics and Combustion SB RAS, Novosibirsk

This paper presents the experimental data of ignition and combustion processes of high-energy
materials (HEMs) based on AP, butadiene rubber and aluminum powder, containing metal additives,
and the methods for determining the set of ignition and combustion parameters: the gasification and
ignition times, the recoil force of gasification products outflow, the burning rate of samples, and the
quantitative and phase compositions, the size distribution of particles of condensed combustion prod-
ucts (CCPs).

The study of metal additives effect in HEMs was carried out using a set up for the radiant heat-
ing on the basis of CO»-laser and a blow-through sampling bomb.

It was found that the partial replacement Alex by iron in HEMs decreases the ignition time by
1.3-1.9 times under initiation by CO,-laser in air at the range of heat flux density 55-220 W/cm?” and
increases of the recoil force of gasification products outflow from burning surface by 27% at station-
ary combustion of propellants due to possible of the catalytic effect, which reduces the beginning
temperature of AP high-temperature decomposition in the reaction layer of propellant by ~20°C, and
interaction of thermite mixture of aluminum and iron particles in the reaction layer of propellants. Up-
on partial replacement of Alex by boron in HEMs the ignition times are decreased by 1.2—1.4 times,
the recoil force of gasification products outflow from burning surface is increased by 9% while the
beginning temperature of high-temperature decomposition of HEMs does not change and equals to
~310°C.

At the burning partial replacement Alex by iron in HEMs leads to 1.3—1.4 fold increase in the
burning rate in the pressure range of 2.2—7.5 MPa due to possible additional exothermic effect of the
increase of temperature of chemical reaction gas phase zone. Partial replacement Alex by boron the
burning rate is practically unchanged with respect to the basic propellant with Alex.

The reported study was funded by RFBR according to the research project No. 16-03-00630 a «Study of effect

of the bimetal powders on the characteristics of ignition, combustion and agglomeration of high-energy mate-

rialsy.
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BJIUAHUE BUBPAIIMOHHBIX HAI'PY30K HA JE®OPMUPOBAHHUE
N PASPYIIEHUE MHOI'O®PAKIITMOHHBIX BBICOKOHAIIOJIHEHHBIX
KOMIIO3UTHBIX MATEPUAJIOB

N.A. Anucumos, P.B. Tyukos, A.B. lllemeannnn, P.A. 3aropogunkos
AO «DHIIL] «Anmaiiy, e. buiick

[Iporuo3upoBaHue U MOJECTUPOBAHUE IKCILTYyaTALIMOHHON paboTOCIOCOOHOCTH MHOTOCIOMHBIX
MOJIMMEPHBIX KOHCTPYKLUN MpU BUOPOYIAPHBIX BO3IACUCTBUSX, SBIISAETCS aKTyaJlbHOM 3ajaueil MHO-
I'MX OTpaciiell MPOMBILUIEHHOCTH (MAIIMHOCTPOEHNE, KOCMOHABTHKA, PAKETHAs! TEXHUKA, aBUa- U aB-
TOCTpOeHHE U Jip.). KiltoueBbIM 371€MEHTOM pelleHus TOJOOHBIX 3a/1au ABJSETCS UCCIeIOBaHUE 3aK0-
HOMEPHOCTEW Je(pOPMHUPOBAHUS U PA3PYIICHUS MAaTEPUAIOB, U3 KOTOPHIX M3TrOTOBJIEHBI paccMaTpu-
BaeMble KOHCTPYKLIMU B YCIOBHSX CTALIMOHAPHBIX U HECTALIMOHAPHBIX BUOPALIMOHHBIX HArpy30K. s
U3JIENTMN PAKETHO-KOCMHMUYECKOTO Ha3HAuYeHUsl 0COOBI MHTEpeC MpPEeCTaBISAIOT, pacCMaTpPUBAaEMbIE B
HACTOSIIEM COOOIIEHWU BOIPOCHl MPOTHO3UPOBAHUS CTPYKTYPHOM LIETOCTHOCTH BBICOKOHAIOJIHEH-
HBIX (¢ = 75-85%) MHOrO(paKIMOHHBIX MOJIUMEPHBIX KOMIIO3UTOB, SKCIUTYaTUPYIOIIUXCS B TEUCHUH
JUTeNnbHBIX (2025 1eT) rapaHTHIHBIX CPOKOB.

OKCIIEpUMEHTAIBHO YCTAHOBJIEHO, YTO IIPU TPAHCHOPTUPOBKE CKPEIUIEHHBIX MHOIOCIOWHBIX
W31 KOCMUYECKOI0 Ha3HAYEHUs, HAIIPUMEDP, BBICOKOHAIIOJHEHHBIN KOMIIO3UT HAXOJUTCS B YCIIO-

BUSIX MHOTOCJIOMHOTO IIMPOKOTIOJIOCHOTO CIIeKTpa BUOpoyckopenuit (puc. 1).

Py mlc? : ay, mic?

3,0 k “‘I[‘ | ‘ 16 |
20 T f!'.«‘-.' - 12
| TR
|

o g‘-.f"w" i1 e o i

it RIRRTRH -y B
= CHAE Sy =04 -
-1.0 “| IR l.“!:jlw [ e -08 |
| | BIRR; ] ¥ B
=20[ i I i L -1,2 |
—
=301 — P
| | f,c =20 |-

-4,0 g

Puc. 1. Tunuasslii pparMeHT cnekTpa BUOPOYCKOPEHHH IPH TPAHCIIOPTUPOBKE (5K/1, aBTO)
MHOT'OCJIOMHBIX W3ICITHH

HporpaMMa BH6pOHCHLITaHHﬁ HUCCIICAYEMOI'0 KOMIIO3UTA MpCAyCMaTpuBajia pCain3aluto pery-

napHBIX (BUOpomom3ydects, wactota f=0,1+1000 I'm, K, = 2™ = (0 <+ 0,7) ¥ IIHPOKONOIOCHBIX

a Omax
(=10+1600 I'r) Harpy>xeHuil B pexrMe YCKOPEHHBIX (POPCHUPOBAHHBIX UCIBITAHUM, MOIACTUPYIOLIUX

yCa0BHS JUIMTeNbHOU (=20 51eT) TpaHCTIOPTUPOBKU HATYPHBIX U3ZCITHI.
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Puc. 2. OcobeHHOCTH MEXaHNYECKOTO MTOBEACHHS BEICOKOHAIIOIHEHHON TTOIMMEPHON KOMITO3HIH
TIpY BUOpOHArpy>KeHNH (PEKUM BHOPOITOI3yIECTH)

Pe3ynbTaThl ucnbITaHuil OKa3aiu (PUCYHOK 2), 4TO K HauOoJiee CylECTBEHHBIM 3aKOHOMEPHO-
CTSIM 1e()OpPMUPOBAHUS U PA3pPYLICHUs P BUOPOHATPYKEHUH HCCIETOBAHHOTO MOJUMEPHOIO MaTe-
puana cieyer OTHECTH:

— CHWKEHHME aMIUTUTY/bl peanu3yromuxcs aedopmanuil (€,) U CKOPOCTH MOJ3YYECTH MPU yBE-
JMYEHUH 4acTOThI (® = const) B pexxume BUOpononzydecTH (6(t) = 6o+o, sin(mt));

— 1oJI00Me KPUBBIX JIUTEIBHON MPOYHOCTH (PEXUM MOJ3y4ecTH o(t)=const U BUOpoMoI3yye-
CTH) IIPU Pa3JIUYHBIX YaCTOTAaX;

— CHIDKEHHUE BPEMEHHM JI0 pa3pyLICHUs B pEKUME BUOPOIOI3YUECTH MIPU HATTMUUU YIAPHBIX UM-

ITyJIbCHBIX Harpy3oK;
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— IIMPOKOTOJIOCHBIE CIIEKTPAJIbHBIE PEXUMBI BUOPOHArpYKEHUI MPUBOJAT K YBEIUYEHHUIO Ma-
paMeTpoB (BpeMEHH 10 pa3pyIICHUs) [UIUTEIbHOM MPOYHOCTH KOMIIO3UTa (110 CPaBHEHMIO CO CTaTu-
YECKUM Harpy>KEHHEM G¢r = (Go+Ca)suop)-

Haubonee cymecTBeHHOE BIMSHUE NpPEIBApPUTEIbHbIE TPAHCHOPTHbIE BUOPOHArpY3KU OKa3bl-
BaroT Ha cHkeHue (B 1,3...1,4 pa3za) KECTKOCTHBIX XapakrepucTuk (3pdexr Mannunsa). U3menenue
NpEeNbHBIX XapaKTePUCTUK MOCie BO3JEHCTBUS Harpy30K, COOTBETCTBYIOUINX YCIOBUSIM TPAHCIOP-
TUPOBKU He npesplmaeT ~10%.

[Ipu Ha3HAuUEHUH PEXUMOB (POPCUPOBAHHBIX UCIBITAHUM, MOAECTUPYIOLIUX YCIOBUS TPAHCIIOP-
TUPOBKH, MOKa3aHa 11e€7eco00pa3HOCTh UCIOIb30BAHUS HEIMHEHHOTO KPUTEPHS JUTUTENBHOM MPOYHO-
ctu (1), B KOTOpOM YpOBEHb HaKOIUIEHHOM MOBpexaaeMoctu napametp «ID» onpenensiercs u3 uccie-

JIOBaHUH B pexxume BHOpononzydectu [1]

[(t) = n fotq’ [(t ST a(r, T, Ku)a(1+n)] dt (D

B’n.+1

Pe3ynbTaThl mpoBeEHHBIX UCCIEI0BAaHUM MO3BOIUIN CHOPMYITUPOBATH OCHOBHBIE MOJIOKEHUS
METOJIOJIOTMH Ha3HaYeHUs (OPCUPOBAHHOTO (110 BPEMEHH) PEeXUMa MOJCTUPOBAHMS YCIIOBUHM TpaHC-
MOPTUPOBKU HATYPHBIX M3JEIMNA, Oa3upyromMecs Ha MCHOJb30BAHUU TEOPHM UTUTENBHON MPOYHO-

CTH.

BriBoabI

[Ipu crekTpaJbHOM HECTAllMOHAPHOM CHIJIOBOM HArpyXEHHM TBEPAOTOIUIMBHBIX MaTEpUaOB
3aperucTpUpOBaH eI Psii 0COOEHHOCTEN NePOPMUPOBAHUS U pa3pyILIEHUs, CYILIECTBEHHO BIIUS-
IOLIMX Ha MapaMeTpbl BUOPOIIPOUHOCTU CKPEIUIEHHBIX C KOPITyCOM TOIUIMBHBIX 3nemMeHToB Y. Ilo-
Jy4eHHBIE PE3y/bTaThl UCHOIB30BAIUCH Ul Pa3paboTKH (POPCHPOBAHHBIX METOJOB MOJIEIUPOBAHUS
BJIMSIHUSI BUOPOHArpy30K Ha Pecypc MEXaHW4YecKoWl paboTocrnocoOHOCTH cucTeMbl TOD — kopryc B

mponecce ,ZLJIHTCHBHOﬁ TPAHCIIOPTUPOBKU U SKCIUTyaTallUW HA TOABUKHBIX HOCUTCIIAX.
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INFLUENCE OF VIBRATION STRAINS ON DEFORMATION AND FAILURE
OF MULTI-FRACTIONAL HIGHLY FILLED COMPOSITE MATERIALS
LI. Anisimov, R.V. Tuchkov, A.V. Shchemelinin, R.A. Zagorodnikov
JSC FR&PC “ALTAI”, Biysk

Prediction and modeling of multilayer polymer constructions under vibroimpacts is an important
task in many branches of industry (mechanical engineering, cosmonautics, rocketry, aviation and mo-
tor industry, etc.). A key element of such problems solving is a study on regularities of deformation

and materials failure, from which the studied constructions are made under stationary and nonstation-
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ary vibration strains. The considered in this paper problems of prediction of structural integrity of
highly filled (¢ = 75-85%) multi-fractional polymer composites, used for long-term (20-25 years)
warranty periods, are of interest for space-rocket articles.

It was experimentally determined that during transportation of the bonded multilayer articles for
space applications, for example, a highly filled composite is under condition of multilayer broadband

spectrum of vibration accelerations (Figure 1).
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Fig. 1. Typical fragment of spectrum of vibration acceleration during transportation (train, car) of multilayer articles

The vibro-testing program of the studied composite included the implementation of regular (vi-

brocreep, frequency =0.1+1000 Hz, K, = Imin — () + (.7) and broadband (£=10+1600 Hz) loadings

Omax
under operating conditions of extreme tests, simulating long-term (t=20 years) transportation of full-
sized articles.

The test results showed (Figure 2) that the most significant regularities of deformation and fail-
ure when vibration loadings of the studied polymer material include:

— amplitude decay of the realized deformations (g,), as well as creep rate in case of frequency
increasing (w=const) at vibrocreep mode (o(t)=c¢+0c,sin(mt));

— similarity of long-term strength curves (creep o(t)=const and vibrocreep mode) at various fre-
quencies;

— reduction of time up to failure in the mode of vibrocreep with impact mometa;

— broadband spectral modes of vibration loadings lead to the parameters increasing (time up to
failure) of long-term strength of the composite (in comparison with static loading 6s=(60+04)vibr.)-

The most significant influence of pre-transport vibration loadings have on the reduction
(1.3...1.4 times) of stiffness characteristics (Mullins effect). The change of limiting characteristics af-
ter loadings corresponding to the transportation conditions does not exceed ~10%.

The expediency of using the nonlinear long-term strength criterion (1) is shown when choosing
modes of extreme tests, simulating the transportation conditions, where the level of accumulated dam-
age parameter “P” is determined from studies in the mode of vibrocreep [1]

I(t) = 241, fotq’ [(t sT) - a(r, T, Ku)a(Hn)] dt (1)

B’n.+1
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Fig. 2. Mechanical behaviour peculiarities of highly filled polymer compositions
when vibration loadings (vibrocreep mode)

The study results allowed formulation the basic methodology provisions for the extreme (in
time) simulation mode of the transportation conditions of full-sized articles based on the usage of

long-term strength theory.

Conclusions

A number of deformation and failure features, significantly affect the vibration strength parameters
of the bonded with case propellant elements of power plant, is registered. The obtained results were used
to develop the extreme simulation methods of vibration loading impacts on the mechanical performance

of PE system — case during long-term transportation and operation on the moving carriers.
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MATEMATHYECKOE MOJEJNPOBAHUE I'OPEHUS IIOPOXA H
C JOBABJIEHUEM ITIOPOILIKA AJIIOMUWHUA B ITIOJIE MACCOBBIX CHJI
B.A. Ilopsizos, A.JO. KpaiinoB

Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocyoapcmeennulii yrusepcumem, 2. Tomck

[IpencraBnena maTemaTuueckas MOJIENb TopeHus mopoxa H ¢ mobaBieHreM 4acTull amrOMUHUS
B TI0JIE MacCOBBIX CUJI, YUUTHIBAIONIAS TEIUIOBOH 3 (EKT pa3noKeHus: KOHICHCUPOBAHHOU (a3bl, IK-
30T€PMHUUECKYI0 XUMUYECKYIO PEAKIIMIO B ra30BOM (haze, KOHBEKIMIO U AU(PPYy3UI0 peareHra, Harpes
Y TOPEHUE YaCTUIl AIFOMUHUA B MOTOKE Ta3a, IBKEHHE MTPOJIYKTOB CrOpPaHUs, OTCTABAHUE CKOPOCTH
JBUKEHUS YaCTUIl OT ras3a, BIUSHHUE IMOJIsI MAaCCOBBIX CHJI, HAIIPABJICHHBIX 10 HOPMAJIU OT MOBEPXHO-
CTU TOPEHHUSI, HA XapaKTep JBM>KEHUs yacTull amomMunus. [IpeacraBieHHas Moieiab CTpOUIIach Ha OC-
HOBE MOJIETH, MpecTaBieHHoN B padoTe [1]. CkopocTs ropeHus onpeaensiachk mo mojaenu bensena-
3enbaoBuua [2].

[IpoBeneHo uccnenoBaHusi BAUsIHUE YCKOpeHus B quanazone oT 0 go 700g, HampaBieHHOIro Mo
HOPMaJi OT MOBEPXHOCTU TOPEHMS, HA BEIMYMHY CKOPOCTU TopeHus mopoxa H ¢ mobaBneHuem ua-
CTUL aIFOMUHMS paguycoMm oT 1 1o 100 mxm B nuanazone nasnenuit 20 — 100 amm. B pamkax npose-
JICHHOTO HWCCIIEJIOBaHMs MOKa3aHO, YTO 4YeM OOJbIlle pa3Mep YacTHIl, BBUICTAIOIIUX C MOBEPXHOCTH
TOPEHHUS, TEM BBILIE BIUSHUE YCKOPEHHS HA BEITMYUHY CKOPOCTH FTOPEHHSL.

[TomyueHHble pe3ynbTaThl KAUECTBEHHO COTJIACYIOTCSI C 3aBUCHUMOCTSIMU, ONUCAHHBIMU B pabo-
Tax [3.4].

HUccredosanue svinonneno npu gunancosoti noddepocke PODU ¢ pamxax nayunozo npoexma Ne 15-03-02578 A.
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MATHEMATICAL MODELING OF COMBUSTION OF N POWDER
WITH MICRON-SIZED ALUMINUM IN THE FORCE FIELD

V.A. Poryazov, A.Yu. Krainov
National Research Tomsk State University, Tomsk

The paper describes a mathematical model for combustion of N powder with addition of alu-
minum particles in the force field, taking into account a thermal effect of decomposition of the con-
densed phase, an exothermic chemical reaction in the gas phase, convection and diffusion of the re-
agent, heating and combustion of aluminum particles in the gas flow, a flow of combustion prod-
ucts, a velocity lag of the particles compared to the gas, an effect of the field of mass forces directed
along the normal to the burning surface on the motion of aluminum particles. The model was built
based on the one presented in [1]. The burning rate was determined following the Belyaev-
Zel’dovich model [2].

The study conducted was focused on examining an effect of acceleration (in the range of 0 to
700g) directed along the normal to the burning surface on the burning rate of N powder with addition
of aluminum particles with a radius from 1 to 100 pm in the pressure range of 20 to 100 atm. It was
shown that the larger was the size of the particles emitted from the burning surface, the greater was
the effect of acceleration on the burning rate.

The results obtained are in qualitative agreement with the relationships described in [3, 4].

The study was financially supported by the RFBR, research project Ne 15-03-02578 A.
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MOIEJIMPOBAHUE ITPOUECCOB OIITUMU3ALIUU CTPYKTYPbI
U MEXAHMYECKHNX CBOUCTB BBICOKOHAIIOJTHEHHBIX KOMITIO3UTOB
JJISI U3EJINAU PKT
P.A. 3aropoanuxkos, U.1. AHucumoB
AO «DHIIL] «Anmaiiy, e. buiicx

Cozlanne KOHCTPYKIIMOHHBIX MaTepUalioB € 3aJaHHBIMU IKCIUTYaTallUOHHBIMHM CBOMCTBaMH -
3TO KJII0YeBast MpobaemMa OOJIBIIMHCTBA TEXHUUECKUX OTPACiel MPOMBIIIJICHHOCTH. PakeTHast TeXHU-
ka u kocmoHaBTHKa (PKT) He sBnstorcs uckmoueHneM. Pa3BuTue 3TUX MaTepHalOEMKHX OTpacie
CBSI3aHO C TOCTOSIHHBIM TOMCKOM U pa3pabOTKO HOBBIX BBHICOKOTPOUYHBIX, IPO3UOHHO U TEIUIOCTOM-
KUX KOHCTPYKLMOHHBIX MaTEpUaJOB JJsl KOPIIyCOB, PHEPrOEMKHX MaTepHaOB TOIJIMBHBIX JIEMEH-
TOB JBUTaTEIbHBIX YcTaHOBOK (V).

B Hacrosiiiee BpeMsi IPUMEHUTENBHO K PELICHUIO 337a4 CO3/aHUS M ONTUMHU3ALUU MEXaHU4e-
CKUX XapaKTepUCTHK H3AEIHHA PAaKETHO-KOCMHUYECKOTO HA3HAuUCHHs aKTMBHU3HPOBAIHMCH pa3pabOTKU
YHCIICHHBIX METOJIOB MOJICIIMPOBAHMS MPOIECCOB Ae(hOPMUPOBAHMS U Pa3pYIIECHUS B CTPYKTYpE BbI-
COKO?HEPreTUYeCKUX KOMIO3UTHBIX Marepuanos [1] (BKM). OcHOBHOe BHUMaHUE OPUEHTHPYETCS Ha
COKpalleHue 00beMOB, JITUTEIBHOCTH U CTOUMOCTHBIX MTOKa3aresaei MHOro(aKTOPHBIX JIAOOPaTOPHBIX
HKCIIEPHUMEHTOB, B KOTOPBIX BapbUPYIOTCA MapaMeTpbl CTPYKTYpbl HamoJHHUTENsS (dopma, pasMepsl,
KOHLEHTpaIysl, (PPaKIMOHHOCTH U JIP.) C LENbIO0 YIYUIICHUS MEXaHUYECKHX XapaKTEPUCTHUK BBICOKO-
HAIlOJHEHHOTO KoMIo3uTa. PeanpHas CTpyKTypa, COCTOSAIIAs U3 MOJIMMEPHONH MaTpUIbl U MEJKOIUC-
NEPCHOTO HarmoyuHuTeNs (puc. 1, a), 3aMeHseTcsl pacCueTHON MOJEIbIO, KOTOpasi JOJDKHA aJJeKBaTHO OT-
pakaThb 3aKOHOMEPHOCTH Je(OpPMHUpPOBAHUS MaTepHaja HATypHOTO W3JENUsl MPU BO3JIEHCTBUM pas-

JIMYHBIX CUJIOBBIX U TCMIICPATYPHBIX HAI'PY30K.

Ol ‘
Puc. 1. PeanbHas cTpykTypa BEICOKOHATIOHEHHOTO (¢ = 75—85%) MHOTO(ppaKIIMOHHOTO KOMITO3UTA
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DOopMUPOBAHUE PACUECTHOM MOJIETN — KIIFOUEBOM 3JIEMEHT KOMIIBIOTEPHOUN TEXHOJIOTUU PELICHHS
3aauu ONTUMU3auuu CcTpykTypbl u cBoicTB BKM. CoBpeMeHHbIE MOAXOABI K MOJEIMPOBAHMIO
CTPYKTYpbl HAIOJHEHHBIX KOMIIO3UTOB B OOJIBIIMHCTBE CIIydaeB Oa3MpYIOTCS Ha MCIIOJIb30BaHUU
IUIOCKUX MOJeNieil, B KOTOPBIX pPeau3yloTCsl YCIOBHs IUIOCKOM Jie(hopMallii WIM TUIOCKOTO Harpsi-
JKEHHOTo coctosiHusl. OpHako ucnoiyib3yeMble B Marepuanax usfenuit PKT uactuibl HamosnHuTens
HMMEIOT TPOCTPAHCTBEHHYIO (CPEepUUIECKYIO, AIIUNTUIECCKYI0, MHOTOTPAHHYIO U T.I.) KOH(MUTYPALIUIO
(pucyHok 1, a). MoaenupoBaHue CTPYKTYpbl M HAIPSHKEHHOTO COCTOSIHUS B 00bEeME TaKUX MaTepua-
JIOB MpeaonpeaessieT HeoOX0AUMOCTb UCMOJIb30BAHUS MPOCTPAHCTBEHHBIX MOJIENEH, MO3BOJISIOMINX
OTPa3UTh HE TOJILKO MAPAMETPhI U CXEMY PACHOJIOKEHUS HAIOJHUTENS], HO U 0COOEHHOCTH MPOLIECCOB
B3aMMOJICHCTBUS YaCTHL], CKPEIJICHHBIX C MOJTUMEPHON MaTpuLeit [2].

K pa3pabarbsiBaeMoii MOJeNH NPeIbsIBIAIOTCS TpeOOBaHUS a1eKBaTHOCTH peanbHomy BKM mo:

— KOHIEHTpaluy, GpaklMOHHOCTU U (POPME HAMOIHUTEIIS;

— YCIIOBUSIM KOHTaKTa Ha rpaHuIle HanojgHuTenb — [IM B mpouecce cuinoBoro Harpy:xeHus (zae-
(dbopmHpoBaHus);

— KECTKOCTHBIM XapaKTepUCTUKaM HanoaHutens u 11M;

— 3aKOHOMEPHOCTSM Pa3BUTUS 00beMHBIX U3MeHeHul (AV/Vj) B mporecce 0HOOCHOTO pacTs-
JKEHUS.

MexaHndeckoe MOBEIEHUE CBA3YIOIIEro (MOJMMEPHONW MaTpHLbl) MOAETUPOBATIOCH YIPYTroi
MO/IEJIBIO, HAMOJIHUTENh MPUHUMAJICS a0COIIOTHO KecTKUM. [lapaMeTpsl ynpyroil Mosienu cBs3yrolie-

o OIPEACTIAINCH OKCIICPUMCHTAJILHO.

Puc. 2. Pa3mepHble YpOBHH MOAEIN MHOTO(GPAKIIMOHHON CTPYKTYpHI HAIIOMHEHHOTO KOMIIO3UTa: a) | ypoBeHb
(¢ =25-30%); ©) II yposens (¢ = 75-80%)

B coOTBETCTBUU C COBPEMECHHBIMU TEXHOJIOTHUSAMH [3, 4], uIsl peayn3aliii BHICOKOTO YPOBHS
(¢ = 75-80%) 3amonmHeHUsI MOJIMMEPHON MaTpPHULIbl HAOJIHUTEIEM MPeayCMaTPUBAIOCh HCIIONB30Ba-

HUE JABYXYypPOBHEBBIX PACUETHBIX CXEM.
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[lepBoiit ypoBens (puc. 2, a) mogenu BKM — ogna menkozepHucrtas (5 MkM) (pakius 4acTuiy
HAaIlOJIHUTENISA, KOTopble ckperuieHsl ¢ [IM, oobemuoe Hanonnenue 25-30%. Ilapamerpsl MexaHuue-
ckoro cocrostHus [IM (E(I)CB, u(l)CB) aJICKBaTHO OTPAXKAIOT XapAKTEPUCTUKH PEATBHOTO CBSI3YIOIIETO
BKM.

Ilo pe3ynbraTam pacuera KpuBO# pactsbkeHus 6 = f(e) monenu 1 ypoBHs, onpeaenstorcs napa-
METpPbl MEXAaHUYECKOTO COCTOSHUS MOJENU (E(l)acb, p(l)acb), KOTOpbI€ B JaJIbHEHIIIEM UCIONb3YIOTCS B
KaueCTBE XapaKTepucTHKU cBssyromiero (IIM) monenu 11" yposus (E(H)HM = E(I)a(b, p(H)HM = pa)a(b). [lo-
CTpoeHue auarpaMmbl aedopmuposanus ¢ = f{e) mogenu I ypoBHS MPOBOAMIOCH IO pe3yabTaTaM
pacueta aepopmupoBanus moaenu metoaom (MKD).

Bropoii ypoBens (puc. 2, 6) monenu BKM — Tpu KpymHO3epHHCTbIE (paKLUU HAOJIHUTE,
(950, 120, 200 mxm). CymMapHO€ 00bEMHOE HAMOJHEHHE JABYX YPOBHEH COOTBETCTBYET PEATILHOMY
BKM (¢ = 80%).

IIpu pacuere HanpsokeHHOTO coctossHus B Mojenu BKM II ypoBHA BBeneHO ycnoBue peanusa-
MU OTCJIOCHUH HAMOJHUTENSA MO JOCTHKEHUU ONPEAETICHHOTO YPOBHS HANpsDKEHUM Ha IpaHule
HanonHuTeNb-11IM Bo Bpemst nedopmupoBanus (puc. 3). ITO MO3BOJIUIO OTPE3aTh IKCIIEPUMEHTAILHO
peructpupyemblie 3hdexTsl GrU3nuecKor HEMMHEMHOCTH UCCIEAYEMOro Marepuana npu aedopMupo-

BaHHH.

-

JedhopMupoBaHHOE COCTOSIHUE

Hcxoanoe cocTosiHuE

Puc. 3. KapTunsl peanu3aniy OTCIOSHUN HATIOIHHUTEIS OT CBA3YIOIIETO B CTPYKTYpE PacueTHOW MOJIEIH TIPU PACTSHKEHUN

C uenbio BepU(HKALMU MOTYYEHHBIX PE3YJAbTaTOB pacyera ObLIa MOCTPOEHA AMarpamma Jie-
dbopmupoBanus ¢ = f(g) s peaM30BaHHON MOJIENIU, KOTOpasi YAOBIETBOPUTEIBHO COBIAIAET C IKC-

NEePUMEHTAIbHBIMU IaHHBIMU (pHC. 4).

154



c, 3,5

Krc/cm? BKM pacuer \
2,5 .
' BKM

2 . IKCIEPUMEHT
1’5

1 o
0,5

0

0 5 10 15 20 25

£,%

Puc. 4. PacueTHas 1 SKcIiepHMEHTAIbHAs qUarpaMMbl aepopmuposanms BKM B pexunme pactskenus & = 107 ¢!

BrIBOABI

1. ChopmynupoBaHbl IPUHLMIBI TOCTPOEHHS pacueTHOM Moaenu MartepuanoB uznenuit PKT,
MO3BOJISIONIME ONITUMHU3UPOBATh MapaMeTpPhbl CTPYKTYPHOTO COCTOSIHUSI MHOTO(PAKLIMOHHOTO HAMoJI-
HUTEJS U3 YCIIOBUN MOJIETMPOBAaHUS MeEXaHU4eCcKoro noseaeHus BKM;

2. Ilposenen 3D pacuer monenu cepuitHo msrorasinaemMoro BKM. IlomyuenHsle pacueTHble
JAHHBIE COTJIACYIOTCS C DKCIIEPUMEHTOM;

3. Ilpeanoxxennas moaens cTpykTypsl BKM mno3BosisieT BBISBUTH (PAKTOPBI CTPYKTYPBI, OKa3bl-

BaroHue MMpuopruTCTHOC BJIMAHNEC HA MCXAHUYCCKUEC XaPAKTCPUCTUKU HaIlOJIHCHHOU KOMIIO3HIIHUH.
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MODELING OF STRUCTURE OPTIMIZATION PROCESSES AND MECHANICAL
PROPERTIES OF HIGHLY FILLED COMPOSITES FOR RC ARTICLES

R.A. Zagorodnikov, I.I. Anisimov
JSC FR&PC “ALTAI”, Biysk

The creation of structural materials with desired performance properties is a key problem of
most technical industries. Rocketry and Cosmonautics (RC) are not exception. The growth of these
resource-demanding industries is connected to the constant search and development of new high-
strength, erosion- and heat-resistant structural materials for cases, energy-intensive materials of pro-
pellant elements of power plant (PP).

Currently, the developments of numerical modeling methods of deformation and failure pro-
cesses in the structure of high-energy composite materials [1] (HCM) have intensified in relation to
the problems of creation and optimization of articles performance characteristics for rocket and space
applications The main attention is focused on reducing of volumes, duration and cost parameters of
multifactorial laboratory experiments, where the parameters of the filler structure (shape, size, concen-
tration, factiousness, etc.) very to improve performance characteristics of highly filled composite. The
actual structure, consisting of polymer matrix and fine-dispersed filler (Figure 1, a) is replaced by the
simulated model, which should adequately reflect the material deformation regularities of the full-

sized article under various power and thermal loads.

el El NN

Fig. 1. Real structure of highly filled (¢ = 75-85%) multi-fractional composite

The formation of simulated model is a key element in computer technology to solve the problem
of optimization of HCM structure and properties. Modern approaches to the modeling of filled com-

156



posites are in most cases based on the use of two-dimensional models, where the conditions of plane
strain or plane stress state have implemented. However, the materials used in RC particles have spa-
tial/three-dimensional (spherical, elliptical, polyhedral, etc.) configuration (Figure 1, a). Modeling of
the structure and stress state in the volume of such materials requires the use of spatial (three-
dimensional) models, allowing reflection not only the parameters and layout of the filler, but the pro-
cesses peculiarities of particles interaction, bonded with a polymer matrix [2].

Adequacy requirements to the real HCM are put for the developed model. Here are the follow-
ing:

— concentration, factiousness and shape of the filler;

— contact conditions on the boundary of the filler — PM under loading (deformation);

— filler and PM stiff parameters;

— regularities of volumetric changes (AV/Vy) during uniaxial stretching.

The mechanical behavior of the binder (polymer matrix) was simulated by the elastic model, and
the filler was taken to be absolutely rigid. The elastic model parameters of the binder were determined
experimentally.

b)

Fig. 2. Model dimensional levels of multi-fractional structure of the filled composite: a) Level I (¢ = 25-30%);
b) Level IT (¢ = 75-80%)

According to modern technologies [3, 4], 2-level design models should be used to implement
high-level (p=75-80%) filling of polymer matrix by the filler.

The first level (Figure 2, a) of HCM model — one fine-grained (5 pm) fraction of the filler parti-
cles, which are bonded together with PM, the volume filling is 25-30%. PM mechanical state parame-
ters (E"s, n"g) adequately reflect the actual characteristics of HCM binder.

Mechanical state parameters of the model (E(l)ef, u(l)ef,) are determined based on the calculated
results of stress-strain curve 6=f(g) of the I*" level model, which are then used as binder characteristics
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of the II"* level (PM) model (E(H)pm =EV, u(H)pm = nPp). The construction of the deformation curve
o=f(g) of the I*" level model was carried out based on the calculated results by FEM method.

The second level (figure 2, b) of HCM model is three coarse-grained fractions of the filler (050,
120, 200 um). The total volume filling of two levels corresponds to the real HCM (¢=80%)).

When calculating the stressed state in the HCM model of the II level, the condition of possible
filler delimination by reaching a certain level of stress at the boundary filler-PM during deformation
was introduced (Figure 3). This allowed removing the experimentally recorded effects of physical
nonlinearity of the studied material during deformation.

v

Initial state Strained (deformed) state

Fig. 3. Separation of the filler from the binder in the structure of calculated model under tension
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Fig. 4. Prediction and experiment curves of HCM during tension ¢ = 10 ¢!
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Deformation curve 6=f{¢) for the implemented model was constructed in order to verify the ob-

tained results of calculations. It satisfactorily coincides with the experimental data (Figure 4).

Conclusions

1. The principles to construct the simulated model of the materials of RC articles allowing opti-
mization the structural state parameters of multi-fraction filler based on the modeling of HCM me-
chanical behavior are formed;

2. 3D calculation of the model of serial produced HCM is performed. The obtained calculated
results agree with the experiment ones;

3. The proposed model of HCM structure allows to identify the structure factors effecting most-
ly on mechanical characteristics of the filled composition.
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JTUCTAHIIMOHHBIN JETEKTOP CJIEJOB B3PBIBUATHIX BEIIIECTB
C.M. Bo6posunkos"?, A.B. Bopomuonz, E.B. FOp.JIOBl’ 2 B.M. }KapROBI, E.M. Makcumos®,
10.H. Manuenko’, I'.B. CaxoBuy®
" Hnemumym onmuxu ammocghepor um. B.E. 3yesa CO PAH, e. Tomck
? Hayuonansmuiii uccnedosamensckuti Tomekuii 2ocydapemeennviii yuusepcumen, 2. Tomck
S ®edepanvran cryocba besonacnocmu PD
*Uncmumym cunvromounoii snexmponuxu CO PAH, e. Tomcxk
> Hncmumym npo6nem xumuxo-snepeemuyeckux mexnonoeuii CO PAH, 2. Buiick

OCHOBHOM 11€7IbI0 TOCYIaPCTBEHHOM CTpaTeru MPOTUBOACHCTBUS TEPPOPU3MY sABIsieTCs o0ec-
NEYEHUE HAAEKHOU 3alUThI IPAXKAaH, OOLIECTBA U TOCYAAPCTBA OT TEPPOPUCTUUECKUX YIpO3 IIyTEM
YIIPEXICHUS TEPPOPUCTUYECKUX aKTOB U MAKCUMAIIbHO 3(P(PEKTUBHOTO MX mpeceueHus. JlaHHas 1enb
MOJKET ObITh JOCTUTHYTa B pe3yJbTaTe pelIeHus] KOMIUIEKca 3a/1a4, OAHOM U3 KOTOPBIX SBJISIETCS IO-
BBIILIEHHE YPOBHS TEXHHUUYECKOW BOOPYKEHHOCTH CIIy»KO 0€30MacCHOCTH MyTEM OCHAILLEHHs UX HOBEH-
IIMMHU CPEACTBAMU Pa3BEIKU U OOHAPYKEHUS TEPPOPUCTHUECKON OMACHOCTH.

OnHUM U3 NPUOPUTETHBIX HANPABIEHUI HAYYHO-TEXHHUUYECKUX MCCIEIOBAHUN U pa3pabOTOK B
00J1aCTH MPOTUBOJCHCTBUS TEPPOPU3MY BUAUTCS PA3BUTHE TEXHUYECKUX CPEICTB U 3(PPEKTUBHBIX
METOJIOB OTIEPATUBHOTO OOHAPYKEHHsI B3PbIBUATHIX BEIIECTB, B3PbIBHBIX YCTPOICTB U JIPYTUX B3pbI-
BOOIACHBIX ITPEIMETOB.

B npoBenennsix panee uccienoBanusx [1-3] aBropamu Oblia 3KCIIEPUMEHTAIBHO Jl0OKa3aHa
BO3MO’KHOCTh JJUCTAHIIMOHHOTO oOHapyxeHus: BB no nx mapam ¢ momolsio MeToa 1azepHoit ¢par-
MEHTAallUK/Ta3epHO-UHyupoBaHHOU ¢uryopecueHumu (JIO/JIND). [lansHocTh OOHApYKEHUS COCTa-
BHIa Gosee 10 METpOM MpH UyBCTBUTEILHOCTH OOHApyxkeHus mopsiaka 1072 r/em’.

JanbHelme paboThl Mo uccaenoBaHuio BosMoxkHocTel JID/JIND-merona no3Bosimnm 000CHO-
BaTh MPUMEHUMOCTb 3TOM TEXHOJIOTUH JJ1s1 OOHApyKeHUs ciedoé BB u copMynrpoBaTh HanpaBieHUs
WCCIIEIOBAHUM ISl peLICHUs 33/1a41 CO3AaHUsl JUCTAaHLIIMOHHOTO OOHapyXuTens cieqoB BB.

B pesynbrare, B nepuoa ¢ 2012 mo 2013 rr. Obl1 pazpaboTaH ¥ U3TOTOBJIEH 3KCIIEPUMEHTAIIb-
HBII 00pasell Ja3epHOro CKaHUPYIOLIEro NMCTaHIMOHHOTO fetekropa cienoB (JI1C) BB. Ouenounsie
ucnsitanus [1JIC BB npoaeMoHcTprupoBaiy BO3MOXKHOCTh JUCTAHIIMOHHOTO OOHApPYKEHHUS CIEIOBBIX
konuyecTB BB B oTneuaTkax manblieB, OCTaBICHHBIX Ha MOBEPXHOCTH oOcieayemoro oobekra. [JJI1C
JOCTOBEPHO PETMCTPUPOBAN OTKIMK HAa HAJIMYME TPOTWIA U FEKCOI€HAa B COTOM OTIEYATKE MaJbla,
9YTO COOTBETCTBYET MOBEPXHOCTHOMN KOHIEHTpAIMHK YacTiil BB Ha ypoBHE eIuHHIL Hr/cMm’.

[IpoBeneHHbIE HCCIEIOBAHUS MTOKA3aIM NepcrieKTUBHOCTh MeTona JID/JIM®D st co3nanust nerek-
TOPOB, KOTOPBIE MO3BOJIAT TUCTAHIIMOHHO HA PACCTOSIHUM HECKOJIbKMX METPOB OOHApYXHUBaTh CIIEI0BbIE

koimuecTBa BB ¢ BO3MOXKHOCTBIO BU3YyAJIM3AllMU MECT UX JIOKAJIIM3AINU HAa MTOBCPXHOCTAX IMPCIAMCTOB.
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REMOTE DETECTOR OF EXPLOSIVE TRACES
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?National Research Tomsk State University, Tomsk
The Federal Security Service of the Russian Federation (FSB)
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’Institute for Problems of Chemical & Energetic Technologies SB RAS, Biysk

Main purpose of the state strategy to counter terrorism is to ensure reliable protection of citi-
zens, society, and the state from terrorist threats by forestalling the terrorist attacks and the most effec-
tive their suppression. This aim can be achieved by solving a complex of problems, one of which is to
improve the level of technical equipment of the security forces by providing them with the latest tech-
nical tools for intelligence and detection of terrorist threats.

One of the priority directions of scientific and technological researches in the field of counter
terrorism 1s the development of technical facilities and effective methods of operative detection of ex-
plosives and explosive devices.

In previous studies [1-3], we experimentally proved the possibility of remote detection of va-
pors of explosives using the laser fragmentation/laser-induced fluorescence (LF/LIF) method. The de-
tection range was more than 10 meters and the detection sensitivity was about 107% g/cm’ .

Further works on studying the possibilities of the LF/LIF method allowed us to justify the ap-
plicability of this approach for the detection of the explosives traces and to formulate the research di-
rections to solve the problem of creating a remote detector of explosives traces.

As a result, between 2012 and 2013, an experimental model of the scanning laser remote detec-
tor of traces of explosives was designed and built. Evaluation tests of the remote detector demonstrat-
ed the possibility of the remote detection of trace amounts of explosives in fingerprints deposited on
the surface of the inspected object. The remote detector reliably recorded the response to the presence
of TNT and RDX in the 100th fingerprint, which corresponds to a surface density of explosives parti-
cles of about 1-10 ng/cm®.
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The investigations have shown that the LF/LIF method is promising for the creation of detectors
capable of remote detection of trace amounts of explosives from a distance of several meters with the
ability to visualize places of their localization on the surfaces of objects.
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YTUIN3ALUA CUJIMKATHBIX OTXOA0B ITPU ITPOU3BO/JICTBE MUHEPAJIBHbBIX
BOJIOKOH C IOMOI IO SHEPTUM HU3KOTEMIIEPATYPHOM IIJIAZMBI
I'.I. BO.JIOKI/ITI/IHZ, H.K. Clcpmmmcosaz, AN. HOTeKaeBl, O.r. BO.J'IOKI/ITI/IHZ, B.B. IllexoBuos'
'Hayuonanvmwii uccnedosamenscruii Tomckuii 2ocydapemeennuiii ynusepcumem, 2. Tomck
?Tomekuii 20cydapcmeennbiii apxumexmypHo-cmpoumeisulii yuusepcumen, 2. Tomck

Ha tepputopun Poccun HaxoOsTCsi COTHU ThICAY TOHH CHJIMKATHBIX OTXOJIOB, B TOM YHCIIE U
OTXOJIOB 3HEPreTUYECKUX MPOU3BOJICTB, MPUTOHBIX JJIs1 CO3/IaHUS HA UX OCHOBE KaYECTBEHHBIX Ma-
TEepHAJIOB OTBEYAIOIINX COBPEMEHHBIM TPeOOBAaHUSAM. YPOBEHb YTHIIM3AIMKM TEXHOTEHHBIX OTXOJIOB B
Poccuu cocrasnsier okono 4—5%, B EBponie 10 70%. YTunuzanusi TEXHOT€HHBIX OTXOJI0B HUCKIHOYAET
OTPOMHBIE (PMHAHCOBBIE 3aTPATHI, MOJOKHUTEIHLHO BIUSET HA HKOJIOTHMUYECKYI0 OOCTAaHOBKY MECT pas-
MEILEHHUS 30JI00TBAJIOB U TMO3BOJISIET MPOU3BOAUTH MATEPHUAIIbI C MOBBIIIEHHBIMU 3KCIUTYyaTallMOHHBI-
MH CBOWCTBaMH.

Lenbto HacTosMIel pabOTHI ABISETCS — MPOBEACHUE UCCIENOBAHUN MO MOJYYEHUI0 MUHEPATh-
HBIX BOJIOKOH W3 PacIliaBa 30JIOIUIAKOBBIX OTXOJO0B M MPOIYKTOB CHKUTAHUSI TOPIOYUX CIIAHLIEB, UC-
CJIEIOBAHUE CBOMCTB MOJYYEHHOT'O BOJIOKHA.

XUMHUUYECKUN aHATU3 MCXOJHBIX MaTtepuayioB (Tabn. 1) mokassiBaeT, uTo MpeoOIaaarouMU B
WX COCTaBE SIBJISIOTCS OKCHIBI KPEMHHUS M aIIOMHUHMSL. PacruiaBel ¢ BeICOKUM cojaepkanueM SiOs, mo-
JIyYEHHBIE TIPU BO3JCMCTBUU HA HUX BBICOKOTEMIIEPATYPHBIX UCTOYHUKOB SHEPTUU MPHU OXJIAKIACHUN

NEepexXo T B CTCKHOO6p83HOG COCTOSAHHUC.
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Taonuma 1
XuMHn4yecKuil COCTaB MCXOAHBIX ChHIPbEBBIX MATEPHAJIOB

Martepuan Si0, Al)O3 Fe O3 CaO MgO [Tpoune
ITpomyKTHI CXUTAHUS CIIAHIICB 61,59 23,36 7,91 1,60 1,27 4,27
30J101ITAKOBBIC OTXOJIBI 51,16 34,57 3,62 8,33 0,91 1,41

Amnanu3 fganHHbIX (Tabn. 1) mokasan, 4To MoBbILIEHHOE coAepkaHue SiO; B 30J0LUIAKOBBIX OT-
X0/IaX M MPOAYKTaX CKUTAHHS CIAHIEB OMPEACISICT BRICOKYIO TEMIIEPATYPHYIO U XUMHUYECKYIO CTOM-
KOCTb TMOJY4aeMbIX M3 HUX MHHEPAIbHBIX BOJOKOH, a TaKXKE IMOBBIIICHHBIE SKCIUTyaTallMOHHBIE Xa-
PaKTEPUCTHKH.

HccnenoBanusi Mo NMPUMEHEHUIO HU3KOTEMIIEPATYPHOU TUIA3Mbl JUISl MTOJYYEHHS CHIIMKATHOTO
pacruiaBa MpH MpPOU3BOICTBE MUHEPAIBHBIX BOJIOKOH BBISIBWIH Psifi 0COOCHHOCTEH MpU KOHCTPYHPO-
BaHUU IJIABUIIBHOTO arperata. C y4eToM 3TuX 0coOeHHOCTel Oblia pa3padoTaHa SKCIIEPUMEHTATbHAS
TUTAaBWIIbHAS TI€Yb IS TIOJTYYSHHUSI BHICOKOTEMIIEPATyPHBIX CHIIMKATHBIX PACIUIaBOB TUIA3MEHHBIM Me-
TOJIOM.

MOHOBOJIOKHA, MOTYYEHHBIE U3 PACIIABOB 30J1bI U MPOAYKTA CKUTAHMSI CIAHIIEB, OTINYAIOTCS
10 JUITMHE U JUaMETPY, YTO CBSA3aHO C Pa3IMYHBIM XUMHUUECKHM COCTaBOM CHIPbSI, & TAKXKE BSI3KOCTHIO
MOJYy4aeMOT0 M3 HEro paciulaBa MpH OJWHAKOBBIX YCIOBUSIX IUIABJICHHS W BBIPAOOTKH BOJIOKOH
(puc. 1). Xapakrep pacrnpeneneHrsi MOHOBOJIOKOH B MUHEPAJIOBATHOM KOBpE I10 AUAMETPY TOBOPHT O

CTaOMJIBHOCTH MPOIIECcca pa3ayBa U HAJICKHOCTU pabOThI UCTIONIb3YEMOW CXEMBI.

Puc. 1. MukpodoTtorpadun MuHEpanbHbIX BoJIoKoH (X 300):
a — 30JI0IUTAKOBBIE OTXOAB! d = 9 MKM; O — IPOIYKTHI CKUTAHUS ciaHmeB, d = 11 MxM.

Tabnuma 2
XapakTepruCcTHKH BOJOKOH U CBOIICTBA MHUHEPAJIbHOH BATHI

Crojictsa MusnepanbHOe BOJTOKHO xﬁgiaﬁiizecz?ﬁ;iﬁ BM-B I'OCT
13 301161 4640-93
CJIAHIIEB
1. Monynb KHCIOTHOCTH <9,28 <29,59 <14
2. CpenHuii TaMeTp BOIIOKHA, MKM, He Oolee 9 10 12
3. JlnvHA BOJIOKHA, MM 50-90 60-90 40-60
4. TemmiepaTypa JeCTpYKIMH BOJIOKHA 765 790 -
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B PE3YIbTAaTC MPOBCACHHBIX SKCIICPUMECHTOB C MCIIOJIb30BAHUEM SHCPIUA HHSKOTCMHCPaTypHOﬁ
IJIa3MBl ObLIN MOJIYYCHbI CHUJIMKATHBIC PACIUIaBbl M3 30JIOINIJIAKOBBIX OTXOJOB U OTXOAOB TOPHOYHUX
CJIaHIICB, 06.]]3,[[3}0]]_[1/[6 HCO6XOHHMOﬁ TeMnepaTypoﬁ N BA3KOCTBIO JJIA BLIpa6OTKI/I KauCCTBCHHBIX
MHUHCPAJIbHBIX BOJIOKOH. I/ICCJ'IC,Z[OBaHI/IC XapaKTCPUCTUK TOJTYUYCHHBIX MUHCPAJIbHBIX BOJIOKOH IMO3BO-
JIAIOT CACIaTh BBIBOJ: IIOJIYYCHHBIC BOJIOKHA o6nana}0T MOBBINICHHBIMHA 3KCILUTYTAllMOHHBIMU CBOII-
CTBAMHU, 4TO IpCANojJaract ux J0JroBCUYHOCTDb. HOHY‘IGHHLIG Ha OCHOBC MUHCPAJIbHBIX BOJIOKOH TCII-
JIOU30JIAIUOHHBIC MAaTCpHAJIbl MOTYT OBITh MCIIOJIb30BAaHbLI B arpC€CCUBHbBIX CpCaax C MOBBIIICHHBIMHA

TeMIICpaTypaM, B TOM YUCJIC IS TCIIJIONU30JIAINN AACPHBIX PECAKTOPOB.
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SILICATE WASTE UTILIZATION IN CASE OF PRODUCTION MINERAL FIBERS BY
MEANS OF ENERGY LOW-TEMPERATURE PLASMA

G.G. Volokitinz, N.K. Skripnikovaz, A.L Potekayevl, 0.G. Volokitinz, V.V. Shekhovtsov'
National Research Tomsk State University, Tomsk
*Tomsk State University of Architecture and Building, Tomsk

In the territory of Russia there are hundreds thousands of tons of silicate waste including waste
of the energy productions suitable for creation on their basis high-quality construction materials meet-
ing the modern requirements of a construction industry. Utilization level of technogenic waste in Rus-
sia constitutes about 4-5%, in Europe to 70%. Technogenic waste utilization in case of production
construction materials excludes huge finance costs and positively influences an ecological situation of
ash dumps locations.

The purpose of this work is — carrying out researches on receipt fusion from the refractory silica
raw materials representing ashes waste and products of slates combustion, research properties of the
received mineral fiber.

The chemical composition of initial materials shows that oxides of silicon and aluminum are
prevailing in their structure. The fusions with the high content of SiO, received in case of impact to

them high-temperature power sources when chilling pass into a vitreous condition.

Table 1
Chemical composition of raw materials HCX0AHBIX CBIPbEBBIX MaTePHAJIOB
Raw material SiO, Al)O3 Fe O3 CaO MgO Other
Products of slates combustion 61,59 23,36 7,91 1,60 1,27 4,27
Ashe wastes 51,16 34,57 3,62 8,33 0,91 1,41

The analysis of data (tabl. 1) has shown that the increased content of SiO, in the ashe waste and
products of slates combustion determines high temperature of fusions receipt and development of fi-
bers. Temperature of destruction fibers is supposed to increase.

Researches on use low-temperature plasma for silicate fusion receipt in case of mineral fibers

production have revealed a number of features when designing the melting aggregate. Taking into ac-
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count these features the experimental melting furnace has been developed for receipt high-temperature
silicate fusions by a plasma method.

The monofibres received from fusions of ashes and a product of slates combustion differ on
length and diameter that is connected with various chemical composition of raw materials, and also
the fusion received by viscosity from it under identical conditions of melting and fibers development
(fig. 1). Nature of distribution monofibres in a mineral-cotton carpet on diameter speaks about stabil-
ity of blowing process a and reliability of the used scheme.

Fig. 1. Microphoto of mineral fibers (x 300):
a — ashe wastes d=9 mkm; b — products of slates combustion, d = 11 mkm

Table 2
Characteristics and properties of mineral fibers
. Mineral fibers from Mineral
Properties Mmzrseﬁeﬁ‘szrsiefrom products of slates fibers GOST
combustion 4640-93

1. Module acidities <9,28 <29,59 <1,4
2. Average diameter of fiber, mm 9 10 12
3. Fiber length, mm 50-90 60-90 40-60
4. Temperature of destruction, C 765 790 -

As a result of the conducted researches, high-temperature silicate fusions from the ashe waste
and waste from slates combustible having temperature, necessary for development high-quality chem-
ically resistant mineral fibers, and viscosity are received. It is established that the specified fusions can
be used for receipt mineral fiber with use of low-temperature plasma. It is established that capacity of
the plasma generator has enough for receipt high-temperature silicate fusions. The researched charac-
teristics of the received mineral fibers allow to draw a conclusion that the fiber received from energy
productions wastes is characterized by the increased chemical stability that assumes the greatest dura-
bility. For reduction of fibers diameter it is necessary to increase fusion temperature in case of blow-

ing.
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MNOJIUTUYECKOE NO3UIIUOHUPOBAHUE NHHOBAIIMOHHBIX TEXHOJIOT U
JTBOMHOI'O HABHAYEHUS B OIIK KAK THCTPYMEHT HAITMOHAJIBHOI'O
BPEH/IUHT' A U TJIOBAJIBHOI'O MEXKXAYHAPOJ/JIHOT'O COTPYJJHUYECTBA

E.A. JannaoBa
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocydapcmeennulii yrusepcumem, 2. Tomck

BBuny pocra riao0ajibHEIX BBI30BOB, B TOM YHCJE YTPO3bl MEKIYHAPOJIHOTO TEPPOPU3MA, OCTPO
aKTyaJbHbI 33/1a41 KaK MOJIepKaHKs HATMOHAIBbHOM 0e30macHoCcTH 1 000poHOococobHoctu Poccuii-
ckoit denepanyu, Tak U paclIUPEHHs] MEXIyHAPOJAHOTO COTPYAHUYECTBA B 3TOM o6nacTu. bonibiryio
aKTyaJbHOCTb UMEET TeMa MHHOBAIIMOHHOTO Pa3BUTHUS POCCUHCKONW 0OOPOHHON MPOMBIIIIEHHOCTH B
CBSI3U C €€ POJIbIO KaTalau3aTopa MHHOBALIMOHHBIX IPE0Opa30oBaHUil B APYTUX OTPACIIAX S3KOHOMUKH 32
cueT TpaHc(epa MepeloBbIX TEXHOJOTHM B TPa)KAaHCKUH CEKTOP SKOHOMUKH M BO3MOXKHOCTEH
yri1yOJeHHs BHEUIHMX MAapTHEPCKUX CBsi3ed B 3ToM HampasieHud. KitoueBbie cyObekTsl OIIK, pea-
JM3ysl THHOBALIMOHHYIO TOJUTHKY, OKa3bIBAIOT CYLECTBEHHOE BJIMSHHME HE TOJIBKO HAa Pa3BUTHUE OT-
paciiy, HO U Ha MOJUTUYECKOE NMO3ULIIMOHUPOBAHUE FOCYAAPCTBA B MUDE.

B xoze ananu3a npuMeHeHNs: MHHOBALMOHHBIX HHCTPYMEHTOB KaK CI10c00a NO3ULMOHUPOBAHUS
CyOBEKTOB HAI[MOHAJILHOTO OpeHAMHIa B Pa3UYHBIX peroHax P® BbISABIEHO, YTO NPUMEHEHUE UX
ONTUMAJILHOTO Habopa crnocoOcTByeT (OPMUPOBAHUIO OpeH/Ia Kak CyObeKTa MHHOBALMM, Tak U Tep-
pUTOpUH, KOTOPYIO TOT MPEACTABISAET, B TOM YHCIE, HA HAIMOHAJILHOM ypoBHE. Poccuiickue «MHHO-
BallMOHHBIE MO5ICa», KOHLIEHTPUPYIOIIUE B ce0e MHHOBAMOHHBINA MOTEHLIMAN Pa3BUTH Ul 3aIlyCKa
HAyKOEMKHUX MPOM3BOJCTB IO CTPATErMYeCKUM HampaBieHusM pa3Butus P®D, npencrasnens! Llen-
TpanbHbIM, [IpuBoinkckumM, CeBepo-3anaanbiM 1 CuOUpCKUM pernoHamu. KiroueBble UIpOKH «MHHO-
BAllMOHHBIX MOSCOB» CHOCOOHBI BBICTYIMUTh 3PPEKTUBHBIMU CYOBEKTaMH MOJUTUKH TEPPUTOPHAIIH-
HOTO Y HAllMOHAJBHOTO OpEeHIMHTA.

AHanu3 NpaKkTUYECKOW MOJEIM MOJUTUYECKOrO MO3ULMOHUPOBAHMS M KOMMYHHMKAllMOHHOTO
B3aMMO/ICHCTBUSI MHHOBAIIMOHHBIX CYOBEKTOB HAIIMOHAILHOTO OpEHMHIra C y4acTUEM IpeIIpUsTUil,
BY30B U Hay4HbIX YUpexJIeHUN B paMkax Cubupckoro perrona (B yactHoctu, OHIIL «AnTaii», Un-
CTUTYyTa MPOOJIEM XUMHUKO-3HEPreTHUECKUX TEXHOJOrui, TOMCKOro rocy1apcTBEHHOIO yHUBEPCUTE-
Ta, BUICKOro TEXHOJIOTMYECKOr0 MHCTUTYTA U JIp.) yKa3bIBaeT Ha 3()(EeKTUBHOCTH HMCIIOJIb30BaHUS
MHCTPYMEHTOB M MHCTUTYTOB MHHOBAIIMi KaK peruoHajbHOro (0OOpOHHBINA Kiactep TI. buiicka, ai-
Talickuil OuodapManeBTUUECKU KiacTep), Tak U (eaepabHOrO (TEXHOJIOTHYECKHE IIaTPOPMbI
«MozenupoBaHUE M TEXHOJOTHMU JKCIUIYaTallUd BBICOKOTEXHOJIOTHMYHBIX CUCTEM», «lIpomsbliuien-
HOCTb Oy/yIIEero»; rocyaapcTBeHHbIe GoHIbI (prHaHCHpOBaHUS Hayku «DoHA conelcTBUS Pa3BUTHIO
ManbIX (OpM MpEeAnpUATUN B HAYYHO-TEXHUUECKOH cheper, «Poccuiickuil GoHA TEXHOIOTMUECKOro
pa3BUTHS» U Jp.) YpoBHEH. VIHHOBallMOHHBIN MOTEHLIMAN JAaHHOM MOJIENN TOBOPUT O BO3MOKHOCTH
BKJIFOYEHHUS €€ CYOBEKTOB B CTPATETHIO HALIMOHAIBHOTO OpeHAMHIa U 0 HEOOXOJAUMOCTU €€ TUPaKH-
pOBaHUs Ha JPYTUX CyObEKTOB OTPACIIH.

OCHOBHBIMU 1I€JIEBBIMU ayIUTOPUSIMH B CTPAaTETMH HAMOHAIBHOTO OpEHAMHIa, B aJipec KOTO-

PBIX HOJIZKHA OBITh HaIlpaBJICHA CHUCTCMHAAd KOMMYHHUKAIIMOHHAA IIOJIMTHUKA, ABJIAIOTCS HACCIICHHUC
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crpanbl, npeanpustus OIIK, naunonansueie By3bl OIIK, Hayunsie yupexnenust OIIK (Ha Havanb-
HOM 3Tarle C LIeJIbI0 UX BOBJICUEHHS B PEATU3ALMI0 CTPATEruy HALIMOHATILHOTO OPEHIMHIa U YCUJICHHUS
MHHOBALIMOHHOM aKTUBHOCTH), MHpPOBasi OOIIECTBEHHOCTb, MEXJyHapOJHblE 00pa3oBaTeibHbIE
CTPYKTYpPBI, MEKIYHAPOIHOE HAYUHOE COOOIIECTBO, MEXKAYHAPOIHbIE BIACTHBIE CTPYKTYPHI, JTUAEPHI
crpas. [lpu ycnoBuM pa3BUTOM MHHOBAIIMOHHOM AEATENBHOCTH U €€ 3(P(PEeKTUBHON KOMMYHHKAIIMOH-
HOM peIpe3eHTallMy MPEANpPUATHS, By3bl U HayuHble yupexnaeHus OIIK craHoBsATCS aKkTMBHBIMU
CyObeKTaMH CTpaTeruy HallMOHAJIbHOTO OpeHJMHra, Hapsay ¢ rocyaapcTBoM. Peanmsanus coBMmecT-
HBIX MPOPBIBHBIX MHHOBALMOHHBIX MMPOEKTOB B MHTEPECAX BCEr0 MEXKIYHAPOIHOIo cooduiecTa Oy-
JIeT CIIOCOOCTBOBATh CMSTYEHUIO ME€ONOJUTHYECKON HANPSKEHHOCTU U FapMOHU3ALMHU OOIIEMUPOBON

00CTaHOBKU U PCIICHU A r100aJIbHBIX 3aaad.
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POLITICAL POSITIONING OF INNOVATION DUAL TECHNOLOGIES IN DEFENSE
INDUSTRY AS AN INSTRUMENT OF NATIONAL BRANDING
AND INTERNATIONAL COLLABORATION
E.A. Danilova
National Research Tomsk State University, Tomsk

In view of global challenges increasing, including international terrorism threat, tasks of nation-
al safety and defense capacity support and international collaboration extension in this area are sharply
actual. The theme of Russian defense industry innovation development is very important because of
its role of the innovation catalyst in another economics sectors due to the transfer of high technolo-
gies to the civil sector of economics and possibilities of external partner links intensification in this
direction. The key defense industry subjects realizing innovation policy influence not only on industry
development but also on political positioning of the state in the world.

In the course of the analysis of the innovation instruments application for positioning of national
branding subjects in different Russian regions we’ve found out that the usage of their optimal set pro-
mote of forming both of the innovation subjects brands and territorial brands, which they represent, in-
cluding national level. Russian “innovation belts”, which concentrates innovation development potential
for initiation of knowledge-intensive productions for strategic directions of Russian Federation devel-
opment, are represented of Central, Volga, North-Western and Siberian federal districts. Key players of
“innovation belts” could be effective subjects of territorial and national branding policy.

The analysis of the practical model of political positioning and communicative interaction of na-
tional branding innovation subjects including enterprises, universities and academic institutes in the
Siberian district frames (in particular JSC “Federal Research and Production Center “Altai”, Institute
for Problems of Chemical & Energetic Technologies of the Siberian Branch of the Russian Academy
of Sciences, National research Tomsk state university, Biysk technological institute and so on)

demonstrates an effectiveness of using of innovation instruments and institutions both on the regional
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level (Biysk defense cluster, Altai biopharmaceutical cluster) and on the federal level (technological
platforms “Medicine of the Future” and “Simulation and exploitation technologies of high-
technological systems”; state funds “Foundation for Assistance to Small Innovative Enterprises”,
“Russian Foundation for Technological Development”, “Advanced Research Foundation” etc.). Inno-
vation potential of this model is evidence of the capacity of its actors including into the national
branding strategy and of the necessity of its replication for another subjects of defense industry.

The basic target groups in the national branding strategy, in the address of which the system
communication policy should be direct, are population of the country, defense enterprises, defense
universities, defense academic institutes (at the start stage for their involvement in realization of the
national branding strategy and their innovation activity strengthening), international community, in-
ternational education structures, international science community, international power structures,
leaders of the countries. Advanced innovation activity and its effective communicative representation
are the conditions for including of key actors of defense industry in fulfillment of the national brand-
ing strategy as well as the state. Realization of cooperative breakthrough innovation projects in the
interests of the whole international community will promote for softening of geopolitical tension and

harmonization of international climate for solution of global tasks.
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OCOBEHHOCTHU DJIEKTPOB3PBIBHOI'O JIETUPOBAHUS U HAIIBIJIEHUSA
J.A. Pomanos, E.A. Bynosckux, B.E.I'pomos
Cubupckuti 20cyoapcmeenHblll UHOYCMPUALbHbLIL YyHUsepcumem, 2. Hogoxysneyx

OnHUMU U3 EPCTIEKTUBHBIX METOI0B 00paOOTKU MOBEPXHOCTH, MOJYYUBIIUMHU PA3BUTHE B MO-
CIIEZIHAE TOJbl, SBJIAIOTCS AJIEKTPOB3pbIBHOE JierupoBanue (OBJI) u 31eKTpoB3phIBHOE HAIbUICHHE
(OBH). lnarpamMMa peanu30BaHHBIX TEXHOJOTHYECKUX MPOLIECCOB 00pabOTKU MOBEPXHOCTH Ha ycTa-
HoBKe DBY 60/10 nokazana Ha pUCyHKe. 3JieCb ¢ — IUIOTHOCTh MOIITHOCTH, TOTJIOLaeMast MOBEPXHO-
CTbIO IIpU 00paboTKe M orpejensseMas SHepruei 3apsija, m — Macca B3pbIBAa€MOI0 MMPOBOAHUKA U T10-
POILIKOBO HABECKH, IOMEIIAEMO B 00JIaCTh B3pbIBA.

B repBoii 06/1aCTH TPH 3HAYCHNH TIOTHOCTH MOIIHOCTH mopsiaka 10° BT/cM” B 3aBHCHMOCTH OT
Macchl B3pbIBAEMOTO MPOBOJHUKA BO3MOKHO HaHECEHHE MOKPBITUH YaCTUIIAMHU MOPOILIKA, HAHECEHUE
MOKPBITUH KOHJEHCHPOBAaHHBIMU MPOAYKTOB B3pbIBAa, HAHECEHHWE TOHKHMX IUIEHOK W3 MPOAYKTOB
B3pbIBa, 3aKallka U3 TBEPJIOTO COCTOSIHUSA. Macca B3pbpIBaeMoro npoBoaHuka nopsaka 100 mr obecre-
YMBAE€T HAHECEHHE MOKPBHITUN YacTHIIaMH IOPOIIKA. YMEHBIIEHHE MAacChl /10 3HAUEHUH HOpsaKa
10 Mmr oGecrieurBaeT HaHECEHHE MOKPHITUN KOHJACHCHPOBAHHBIMHU NMPOJAYKTaMH B3pbiBa. [Ipu nanb-
HellllleM YMEHBIUIEHUH MacChl B3phIBAEMOI0 MPOBOJHHUKA COJIEPKAHUE U JUCIIEPCHOCTh KOHJEHCUPO-
BaHHBIX YaCTHI IPOJYKTOB B3pbIBa B CTpye YMEHbIIAaeTcs. B 3TOM ciiydae oka3bIBaeTcs BO3MOYKHBIM

HaAHCCCHHC Ha o6nyqaeMy10 MNOBCPXHOCTb TOHKUX IIJICHOK.
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Puc. 1. lnarpamMmma TEXHOJIOTMYECKUX MPOLIECCOB TOBEPXHOCTHOIO
JIETUPOBAHUS U HAHECEHHUS 3al[UTHBIX IOKPBITUI C UCTIOIb30BaHUEM
MHOro()a3HBIX IUTa3MEHHBIX CTPYH, pealn30BaHHbIX Ha ycraHOBKE DBY 60/10

[Tpu ManbIX 3HAYEHUSX MACCHI B3PHIBAEMOTO IPOBOAHUKA MOJIOKUTENBHBIN 3 dekT 06padoTku
MOJKET OBbITh JOCTUTHYT TaK)Xe BCIEACTBUE UMITYJIbCHON 3aKaJIKU MOBEPXHOCTHBIX CJIOEB U3 TBEPJIOTO
cocrosiHusl. Bo BTOpoit o6nactu, rae moriomiaeMasi TNIOTHOCTh MOITHOCTH TIOPSIKA 10° BT/CMZ, 00-
paboTKa C MCMOJIB30BAHUEM IOPOILIKOBBIX HABECOK IO3BOJISIET NMPOBOJUTH apMHUPOBAHUE OILIaBIIsC-
MBIX TTOBEPXHOCTHBIX CJIOEB YaCTUI[AMH pa3IMYHBIX BellecTB (KapOMI0B, OKCHUIOB, OOPHIOB H JIp.),
MOMEIIaeMbIX B 00J1aCTh B3pbIBa U MIEPEHOCUMBIX Ha 00JIydaeMylo MMOBEPXHOCTh. B cirydae, koraa mo-
POILIKOBBIE HABECKH HE MCIOJB3YIOTCS, BO3MOKHO OCYILIECTBIEHHE Takoro Buaa DBJI, mpu koTopom
pacriaB, 00pa3yIoIMNCs Ha TTOBEPXHOCTH, HACBIIIAETCS MPOIYKTaMH B3pbIBa IIPOBOJIHUKOB, B Kaue-
CTBE MaTepHaja KOTOPBIX MOTYT BBICTYIAaTh, HAIpUMep, TOHKUE (POJIBI'M METAJUIOB U CIIJIABOB, YTIJie-
rpadUTOBBIC U IPYTHE BOJIOKHA.

[lepcneKTHBBI JaNbHEUIINX HAYYHBIX MCCIEIOBAaHMM M MPAKTUYECKUX Pa3pabdoOTOK B 001acTH
OBJI 1 OBH cBs3bIBatOTCA € 3IEKTPOB3PHIBHBIM (POPMUPOBAHUEM HA MTOBEPXHOCTH METAJUIOB U CILIa-
BOB HOBBIX CTPYKTYPHO-(Da30BbIX COCTOSHHI C MCIIOJIb30BAHUEM TEPMOPEArupyromnux KOMIOHEHTOB.
B stom cnyyae HaOmogaeTcss yCKOpeHne (pU3UKO-XMMUYECKUX MPOIIECCOB B3aMMOACHCTBUS JIETUDY-

IOLIUX 3JIEMEHTOB C MAaTEPHAIIOM TOJUIOKKHU U APYT € APYroM, CONPOBOXKIAIOIIEECS CUHTE30M yIIPOU-
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Hsroumx (az. Ilpu BeIOOpE HOMEHKIIATYphI JeTajeil 1 UHCTPYMEHTOB Uil 00pabOTKH CileayeT UCXo-
IMTh, TIPEXKIE BCEro, U3 pa3MepoB U (OPMBI YIIPOUHSEMOM MOBepXHOCTU. Hawmmydiiue pe3ynbTaThl

AOCTUT'AIOTC Ha IIJIOCKUX ITOBCPXHOCTAX JUMCTPOM 10 30 MM.

HUccredosanue svinonneno npu punancogou noodepicke PODHU ¢ pamxax nayunoeo npoexma Ne 16-32-60032
MON_a_Ox, npu gunancogou nodoepoicke I panma Ilpezudenma Poccutickoii @edepayuu 015t 20Cy0apCcmeeHHOU
ROO00EPICKU MOJIOOBIX POCCULICKUX YUeHbIX - KaHouoamos Hayk MK-4166.2015.2, zoczadanuti Munobprayku
NoNe 2708 u 3.1496.2014/K na svinonnerue HAyuHO-UCCIe008amenbcKoll pabomul. /lanuas paboma 6viia 6vl-
NOJHEHA C YaCMUYHLIM UCNONb308aHUeM 000pyoosanus Llenmpa KonrexmugHo2o nonvzosanus « Mamepuano-
seoenuer Cubl’ V.
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HIGHLIGHTS OF ELECTROEXPLOSIVE ALLOYING AND SPRAYING

D.A. Romanov, E.A. Budovskyh, V.E. Gromov
Siberian state industrial university, Novokuznetsk

Electroexplosive alloying (EEA) and electroexplosive spraying (EES) are among the promising
methods of surface treatment, developing in recent years. Diagram of technological processes of sur-
face treatment implemented using EVU 60/10 facility is provided on the picture (Fig. 1). Here ¢
stands for power density absorbed by the surface during processing and determined by the energy of
charge, m is mass of the exploded conductor and powder charge being placed in the area of explosion.

In the first part at value of power density of 10° W/ecm?® depending on the weight of exploded
conductor possible methods are as follows: deposition of coatings with powder particles, with con-
densed products of explosion, deposition of thin films made of explosion products, solid quenching.
Mass of exploded conductor of about 100mg provides coating spraying with powder particles. De-
creasing mass to 10 mg provides coatings deposition with condensed products of explosion. With fur-
ther decrease of exploded conductor mass content and dispersion of condensed explosion products
particles in the jet decreases. In that case, deposition of thin films on the irradiated surface is possible.
For small mass values of exploding conductor positive processing effect can be obtained as a result of
impulse hardening of the surface layers from the solid state. In the second part where the absorbed
power density is about 10° W/em?, treatment with powder charges enables reinforcement of fused sur-
face layers with particles of different substances (carbides, oxides, borides, etc.), placed in explosion
area and transferred onto irradiated surface. In case when the powder charges are not used, it is possi-
ble to implement the type of EEA, in which the melt formed on the surface is saturated by the conduc-
tors explosion products, represented by thin foils, of metals and alloys, carbon-graphite and other fi-

bers.
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Fig. 1. Diagram of technological processes of the surface alloying and protective coating deposition
using multiphase plasma jets produced at EVU 60/10 facility

Prospects for the further research and practical developments in the field of EEA and EES are
associated with electroexplosive formation of new structure and phase states on the surface of metals
and alloys using thermo active components. In that case, acceleration of physical and chemical inter-
action processes between the base surface material and alloying elements are observed, accompanied
by synthesis of hardening phases. When choosing a range of parts and tools for processing the size
and shape of hardening surface should be taken into account primarily. Best results are achieved on
flat surfaces with diameter up to 30mm.

The study was sponsored by RFBR in the framework of research project number 16-32-60032 mol_a_dk,
with the financial support of the MK-4166.2015.2 Grant of the President of the Russian Federation for the state
support of young Russian scientists with academic degree of Candidate of Sciences, the state orders of the Min-
istry of Education Ne 2708 and 3.1496.2014/K for R&D work. Current work was carried out partially using
equipment of the SibSIU Material science sharing center.
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PACYHETHO-2KCIIEPUMEHTAJIBHOE NCCJIIEJOBAHUE TOPMOKEHUSA CTPYHU
IIPU EE OPOLIIEHUHA BOJIOM
B.B. JIykun, A.C. Jledenes, A.1O. llleBbipun
AO «DHIIL] «Anmaitiy, 2. butick

B HacTos11ee BpeMsi akTyallbHOM siBiseTcst mpo0ieMa oOecreueH st 3K0JI0rMYeckoi 6e30macHo-
CTH OKpPY)KAIOIIEH CpeAbl NMpU IMPOBEIECHUU CTEHIOBBIX MCIBITAHMNM u3Aenui. Kak mokasan OmbIT,
HauboJiee MpUeMIIEMbIM CIIOCOOOM HEWTpaiu3aliy MpOyKTOB CrOpaHus, MOMAJAl0IUX B OKpPYXKato-
LIYI0 Cpely, ABJIAETCS OpOILIEHUE CTPyM BOAOW. Boga mpUBOIMT K TOPMOMKEHHUIO M OXJIAXKICHHIO
CTpyHU U O00ecreunBaeT yAep:KaHUe BPEAHbIX BEIIECTB Ha UCTIBITATEILHOM CTEH/IE.

B noknazne npuBoAsTCsS pe3yibTaThl UCCIEIOBAHUM, MOJyYEHHBIE aBTOpaMH IIPU UCIOJIb30Ba-
HUU OpOLICHMS BOJON CTpyH ManorabapuTHOro msnenus. PacnonoxeHue uszienus U OpOCUTEIbHOMN

YCTAHOBKHU Ha CTCHAC MPUBCACHO HA PUC. 1.

IMm
Tran farme VlaMepiTes CKOPOCTH
" Ha TEMIEPATYDE! mworoxa (3 wr.)
YPE! YPHL| (2 o) s

Hanenue JI-63

0200 x 200

o T o |
L | =
Cramens #a erankHolt Paseoasmyit IracTina ¢ naTIKOM
Kaprouxe KouexTop oT Wa Ma § | OCEBOIO yomma T

Cexun opocurenshol

Har=mk [Turo

Or nfa Na6

Puc. 1. Cxema PaCnoIOKCHUS U3ACJIUA U OpOCPITeJ'H:HOﬁ YCTAHOBKH

OpocurenbHas ycTaHOBKa IpeAcTaBisieT coOOi pacrosioskeHHbIe JpYyr 3a Apyrom, 4 crupaiib-
HBI€ CEKLMH, BBIIOJHEHHbIE M3 METAJUIOMIACTUKOBOM TpyOsl D16 MMm. Jlnametp cnupanu 1 M, mar
cnupanu 0,25 m. [lomaya BoAbl K OCH CTPyM IPOAYKTOB CrOPAaHMsI IPOU3BOJUTCS YEPE3 OTBEPCTHS
@3 mm. CymmapHbIil pacxoa BoAbl cocTaBisieT 14,5 kr/c, KOTopblii obecreunBaeTcss HACOCOM M KOH-
TPOJIUPYETCSl paCXOJOMEPOM, YCTAaHOBJIEHHBIM Ha BXOJIE pa3BOIALIETO KoJuiekTopa. Pacxon mpoayk-
TOB CrOpaHUsI COCTaBJIsIET B cpeaHeM okoio 0,17 Kr/c, auameTp KpUTUYECKOTo ceueHus coria 12 mw,
BBIXOJIHOTO ceueHUs 32 MM, 4yTO o0ecreurBao Oe30TPbIBHBINA PEKUM UCTEUCHMSI.

IIpu npoBeaeHNN NCIIBITAHUI MCTIOJIB30BAJIACH CIEAYIOIIAs N3MEPUTENbHA anaparypa:

— TpyOka [1uTo, pacnosiokeHHast Ha OCH CTPYH Ha pacCTOSHUM 1 M OT coILia;
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— JaTYUK CWJIbL, AEUCTBYIOIIEH Ha macTuHy 20%20 cM Ha pacCTOSAHUHU 2,5 M;

— TAPUPOBAHHBIA JATUMK THUIA «BEPTYIIKA» JJIsi U3MEPEHUsI CKOPOCTH MOTOKA HA OCU CTPYH U
Ha paccTosiHuU 30cM OT OCH Ha PacCTOSIHUM 7 M OT COILA.

[TonyueHHble MO pe3ylbTaTaM HU3MEPEHUN JaHHBIE MO CKOPOCTU CTPYH NpUBEIEHBI B TaOi. 1.
31ech ke MPEeJICTaBICHbI Pe3yNIbTaThl PACUETOB M0 pa3pabOTaHHOMY paHee YUCICHHOMY METOMdY, OC-
HOBAHHOMY HAa COBMECTHOM PEILICHUH YPABHEHUW JIBUKECHHS MPOJYKTOB CrOPAaHUS U YAaCTHI] BOJIbI

[1] BI/I,Z[HO, 4TO UMECTCA XOPOHIEC COOTBETCTBUC PACUCTHBIX U OIIBITHBIX IMTApaMETPOB.

Tabnuma 1
CpaBHeHUe ONIBITHOI M PacyeTHOI CKOPOCTH CTPYH, B M/C
ITonoxxenue narunka L=10wm L=25wm L=70wm
Opomienue Her Ectp Her Ectp Her Ectp
OmnebIT 55-180 96-192 28-53 18-28 12-15,5 5,0
UucneHHsIN pacdeTr 136 136 35-39 20-30 9,5-14 5-7
[TpnbmmxenHsIil pacyer 130 130 54 20 20 9,6

I[J'IH MMPOBCACHUA OLICHOK TOPMOKCHUA CTPYU BO,ZLOﬁ, ABTOpaMU MPCIAJIOKCHA IMOJTyUCHHAs C UC-
MOJIb30OBAHUECM 3dKOHA COXpPaHCHHA HMITYJIbCAa HpI/I6HI/I)KGHHa${ (bopMyna, MO3BOJIAONIAA paCcCUUTATH
OCPCAHCHHYIO 11O CCUCHUIO CTPYU CKOPOCTH IIOTOKA B 3aBUCHUMOCTHU OT HpO[[OJ'ILHOﬁ KOOpAUHATBI U
MacCChbl nonaBaeMoﬁ BOJBI. Kak CJICAYCT U3 Ta6J'II/II_IBI, HpI/I6J'H/I)KeHHaSI (bopMyna MO3BOJIACT IMOJIYYaTh

AOCTOBCPHBIC OLICHKHU I10 BEJIMYNHE CKOPOCTU CTPYU ITPOAYKTOB CrOpaHusl.

Jluteparypa
1. esbipun A.1O., JleGeneB A.C. UucneHHbIe HCCIEAOBAHUS OPOILIECHUS BOJIOW CTPYH MPOIYKTOB

CrOpaHUs YHEPrOYCTAaHOBOK J1JIs1 00eCIIeUeHuUs HKOJIOTMUECKOM 3aluThl OKpyXarorei cpeap! // Te-
3ucel V Mexnynapoanoit koHpepeniru HEM’s-2010 (8—10 centsiopst 2010 r., r. buiick). buiick :
HUzn-Bo AatI' TV, 2010. C. 70-73.
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NUMERICAL-EXPERIMENTAL INVESTIGATION OF JET DECELERATION WHILE
WATER SPRINKLING
V.V. Lukin, A.S. Lebedev, A.Yu. Shevyrin
Joint Stock Company “Federal Research and Production Center “ALTAI”, Biysk

Nowadays, the problem of ensuring of environmental safety, when bench testing, is the urgent
one. As experience has shown, water sprinkling of the jet is the most acceptable neutralization method
of combustion products, getting into the environment. Water decelerates and cools the jet, keeping the
harmful substances on the testing bench.

Study results, obtained while water sprinkling of the small-sized article jet, are given in this re-

port. Places of article and sprinkling machine are presented in Figure.
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Fig. 1. Installation of the article and sprinkling machine

Sprinkling machine consists of 4 spiral sections. Each of them is made of @ 16mm metal-plastic
tube and placed one after another. Spiral diameter is 1 m, spiral pitch is 0.25 m. Water feed to the jet
axis of combustion products is performed through @ 3mm hole. Total water discharge is 14.5 kg/sec,
provided by the pump and controlled by the flowmeter, placed at distribution collector input. Combus-
tion products discharge is about 0.17 kg/sec, nozzle throat diameter is 12 mm, output section — 32mm
that made it possible to provide continuous outflow mode.

The following measuring equipment was used when testing:

- Pitot tube, placed on the axis jet at a distance of Im from the nozzle;

- strain-gage sensor, having an effect upon the 20x20 cm plate at a distance of 2.5 m;

- calibrated sensor “propeller’-type to measure the flow rate on the jet and at a distance of 30 cm
from the axis at a distance of 7 m from the nozzle.

The obtained data on flow rate is given in Table. The results of the numerical method, devel-
oped before, and based on the control of the combustion products and water particles are also given

here [1]. It is obvious that the calculated and experimental parameters have good correspondence.

Table 1
Comparison of experimental and calculated rates of jet, in m/sec
Sensor position L=10m L=25m L=70m
Sprinkling Absence Presence Absence Presence Absence Presence
Experimental 55-180 96-192 28-53 18-28 12-15.5 5.0
Numerical computation 136 136 35-39 20-30 9.5-14 5-7
Approximate computation 130 130 54 20 20 9.6
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To assess the deceleration of the jet with water, the authors suggested the approximate formula,
obtained with the usage of momentum conservation law, allowing calculation the average flow rate
depending on the longitudinal coordinate and input water mass. As it is seen from the Table, the ap-

proximate formula allows obtaining actual assessment of the jet rate of combustion products.

References
1. Shevyrin A.Yu., Lebedev A.S. NUMERICAL INVESTIGATION OF SPRINKLING COMBUSTION
PRODUCTS JET OF PROPULSION SYSTEMS WITH WATER TO PROTECT THE ENVIRONMENT -
Proceedings of the 5-th International Conference HEMs-2010 (September 8-10, 2010, Biysk). Biysk:
AItSTU Press, 2010. P. 70-73.
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HOBBI CBAPOYHBIN MATEPHAJI JIJISI U3TOTOBJIEHUSA
METAJUIOKOHCTPYKIIMMA OTBETCTBEHHOI'O HASHAYEHMUS,
IKCIJIYATUPYEMBIX ITPU HU3KUX TEMIIEPATYPAX
P.E. Kproxkos, H.A. Ko3bipes, B.E. I'pomoB, O.A. Cemuna, E.B. 3ennna
Cubupckuii 20cyoapcmeenHblil UHOYCMPUAIbHbLiL yHUsepcumem, 2. Hosoxysneyx

[IpuBeaeHo onmucaHue UCCIENOBATENLCKUX PA0OT MO U3YUEHHUIO BIHMSHUS HOBBIX MAaTEPHAIIOB U
TEXHOJIOTUM HAa KQUECTBEHHBIE XaPAKTEPUCTUKU CBAPHBIX IIBOB METAINIOKOHCTPYKLIMM, SKCILTyaTUPY-
embIx B ycnoBusx Kpaitnero Cesepa.

PaccMmoTpeHbl TeXHOIOrMUeCKre NPUEMBbl CBAPKU PE3EPBYAPOB CEBEPHOTO MCIIOIHEHUS C MPHU-
MenenueM ¢rocoB AH-348, AH-60, AH-67 u yrnepoadropcoaepxaiiei 100aBKU.

Ha ocHoBe pe3ynbTaToB T€OpeTUUYECKUX UCCleqoBaHU 00 A((EKTUBHOCTH MPUMEHEHHS yriie-
pona u ¢TopcoepKaIlUX COSTMHEHUN MPU aBTOMATUYECKOM cBapke moj (rocoM pa3paboTaHa HO-
Bas ¢uroc-go6aska mapku OJI-YOC.

[Tokazano nonoxurensHoe BausiHue npuMmeHeHuss OJ[-YDC Ha ra3oHaCHIIIEHHOCTh U MEXaHU-

YECKHE CBOIICTBA CBApPHBIX IBOB IIPU HU3KUX OTPULIATCIIBHBIX TCMIICPATYpaX.
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NEW WELDING MATERIAL FOR MANUFACTURE OF CRITICAL METALWORKS
BEING USED AT LOW TEMPERATURES
N.A. Kozyrev, R.E. Kryukov, V.E. Gromov, O.A. Semina, E.V. Zenina
Siberian state industrial university, Novokuznetsk

The description of researches on investigation into the effect of new materials and technologies
on qualitative characteristics of metalwork weld seams used in the conditions of the Far North is pre-
sented.

The technological procedures of welding of storage tanks for northern climates using fluxes
AN-348, AN-60, AN-67 and carbon- and fluorine-containing additions are considered.

Based on the results of theoretical researches on the efficiency of carbon- and fluorine-
containing compound application in submerged are welding the new flux-addition of grade FD-UFS
was developed.

The positive effect of FD-UFS application on gas saturation and mechanical properties of weld

seams at low negative temperatures is shown.
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JEKTPOCTATHUYECKHWH 3APS ] YACTHUIL IIOPOIIKA
N UX COPBIHIMOHHASA CIIOCOBHOCTD

0.b. Kyapsmoa, M.IO. Ctenkuna
Unemumym npobaem xumuxo-suepeemuueckux mexronoeuitt CO PAH, e. Butick

CymiecTByeT nmpobiieMa OYMCTKU BO3yXa U MOBEPXHOCTEH B MOMEUICHHUSIX OT BPEIHBIX, OIac-
HBIX BEIIECTB U MUKPOOPraHU3MOB. Takas 3ajaya BOZHUKAET B CBS3U C TEPPOPUCTUUECKUMU aTaKaMH,
a TaKk)Ke ¢ BO3MOXKHBIMH aBapHsMH Ha MPOU3BOJICTBE UM CTUXUMHBIX OCICTBHI, COMPOBOKIAOIINX-
Csl BPEHBIMU a3pO030JIbHBIMHU BbIOpocamu. Kpome Toro, maxke B pa3BUTBHIX CTPaHAX MHUpa OCTAETCS
OTACHOCTh BHYTPUOOJIBHUYHBIX MH(EKIINH, BBI3BIBAEMBIX PE3MCTEHTHBIMU IITAMMaMU MHKPOOpPTa-
HHU3MOB [1].

OpuH U3 cnocoOOB OYMCTKY BO3yXa U MOBEPXHOCTEH — 3TO paCIbUICHUE U MOCIEIYIOMUX cO0p
MOPOIIKOBBIX HAHOCTPYKTYPUPOBAHHBIX cOopOeHTOB [2]. [Ipu 3TOM 3MeKTprudecKuii 3aps MO3BOJISIET
MOBBICUTH COPOIMOHHYIO CHOCOOHOCTH TOpoikoB [3]. [nst copOuum yacTuil BPEAHOTO a’po30Jsd
MIpejIaraeTcsl MCIOJIb30BaTh PACIBUICHHBIA 3JEKTPOCTATUYECKUM CHOCOOOM HH3KOpPa3MEpHBINA MO-
POILIOK COpOEHTa, YaCTUIIBI KOTOPOTO B pE3yJbTaTe TAKOTO PACIBUICHUS MPHOOPETYT AIEKTPOCTATH-
4yeckuil 3apsia. 3apsHKEHHbIC YaCTULIBI IPUTATHBAIOT U COOMPAIOT HAa CBOEH MOBEPXHOCTH Mellbyaiiiie
gacTUllbl (Kariu) ¢ MPOTHUBOIOJIOKHBIM 3apsioM, OO 3IEKTPOHEHTpaIbHbIe, U3 BO3/yXa U C MO-
BEPXHOCTEM MOMEILICHHUS.

B paboTte uccnenoBano nusmMeHenue GU3NKO-XUMUYECKUX CBOMCTB YACTHI] MOPOIIKA COPOESHTOB
MIPH AJIEKTPOCTATUUECKOM PACHBUICHUH U TEOPETHUUECKU OIMMCAH MPOIecC COPOIUMU YaCTUIIAMH 3apsi-
YKEHHOTO MOPOIIKA MEITKUX YacTHI] (Karelb) BpeIHbIX BElIecTB. B yacTHOCTH:

— MPEeJUI0KEHA MaTeMaTH4ecKasi MOJIENb MPOLIECcca AIEKTPOCTATUIECKOTO B3aUMOACHCTBUSA Ya-
CTHII 3apsKEHHOTO MOPOIIKA ¢ MEbYANIIIMMU YaCTULIAMU BPEIHBIX BEIIECTB;

— MPOBEJIEHBI MOJIETIbHBIE SKCIEPUMEHTHI JIJIs1 BU3YyaJIU3allMK JaHHOTO MPOIIeCcCca;

— SKCIIEPUMEHTAIILHO OMpEETIeHa BEIMUMHA U 3HAK 3apsa pa3lUyHbIX IMOPOLIKOB MPHU AJIEKTPO-
CTaTUYECKOM PACMbUICHUH — BEIMUYMHA 3apsia OJHOM YaCTULIbI COCTABIISIET OKOJIO 107-10"® Kn, 3nak
3apsia B OOJBIIMHCTBE CIIy4aeB MOJIOKUTEIbHBIN;

— SKCHEPUMEHTAIBHO HCCIEAOBAHO M3MEHEHHME KPAaE€BOrO YIJia CMAYMBAHUS NPH 3apsiiKe Mo-
BEPXHOCTEM.

[TokazaHo, 4TO MpHU CO3JaHUU 3apsi/ia HA YACTULAX C MOMOILIBIO ANEKTPOCTATUUECKOIO PaCIIbI-
JUTENs BpeMsi COMMKEHHS YaCTHIl COCTABIIACT ACCATKH MUHYT. CMaunBaeMOCTh TBEPJOU MOBEPXHO-
CTH B OOJBIIIMHCTBE CIIY4aeB CYIIECTBEHHO BO3pacTaeT (KpaeBOM yroy yMEHbIIAeTCs B JBa U OoJjee
pa3) mpu HAIMYUU AJIEKTPOCTATUYECKOTO 3apsjia, UTO BaXKHO, €CITU BPEIHBIN a3p030Jb MPECTaBIICH
xuakoit ¢azoil. [lomydeHHble pe3yabTaThl MO3BOJSIOT OLEHUTH BPEMsl COPOLIMM TOCIE PACIBLICHUS

Iopo1IKa B Cpeac, co;[epxcameﬁ BPCAHBIC a3PO30JIbHBIC 3arpA3HCHUA.

Paboma evinonnena npu gunancosoui noddepoicke PODU (epanm mon_a 16-38-00581).
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ELECTROSTATIC CHARGE OF POWDER PARTICLES

AND THEIR SORPTION CAPACITY
0. Kudryashova, M. Stepkina
Institute for Problems of Chemical & Energetic Technologies of the Siberian Branch
of the Russian Academy of Sciences, Biysk

There is a problem of purification of air and surfaces in rooms from harmful, dangerous sub-
stances and microorganisms. Such task arises in connection with terrorist attacks, and also with possi-
ble accidents on industry or the natural disasters which are followed by harmful aerosol emissions.
Besides, even in the developed countries there is a danger of the hospital infections caused by resistant
cultures of microorganisms [1].

One of the ways of purification of air and surfaces is a spraying and the subsequent collecting
the powder of nanostructured sorbents [2]. Electric charge allows to increase sorption capacity of
powders [3]. We offer to use the low-dimensional powder of a sorbent sprayed in the electrostatic way
for sorption of a harmful aerosol. Powder particles as a result of such spraying will get an electrostatic
charge. Charged particles attract and collect on their surface the smallest particles (droplets) with an
opposite charge, or electroneutral, from air and from room surfaces.

We have investigated change of physical properties of powder particles of sorbents at electro-
static spraying and we have theoretically described sorption process by charged particles of small par-
ticles (droplets) of harmful substances. In particular:

— the mathematical model of process of electrostatic interaction of the charged particles with the
smallest particles of harmful substances is offered;

— model experiments for visualization of this process are made;

— the value and a sign of a charge of various powders at electrostatic spraying is experimentally
determined — the value of a charge of one particle is about 10"7-10"® C, the charge sign in most cases
is positive;

— the change of a contact angle of wetting at charging of surfaces is experimentally determined.

It is shown that during creation of a charge on particles by means of an electrostatic sprayer the

time of closing in of particles is about tens of minutes. Wettability of a solid surface in most cases
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significantly increases (the contact corner decreases in two and more times) in the presence of an elec-
trostatic charge. This is important if the harmful aerosol is presented by a liquid phase. The obtained
results allow to estimate sorption time after spraying of powder in the environment containing harmful

aerosol pollution.

The work was financially supported by the Russian Foundation for Basic Research (agreement No mol-a 16-
38-00581).
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EXPLOSIVE COMPACTION SYNTHESIS OF AN MG;SI POWDERS
S. Vorozhtsov', A. Vorozhtsov', A. Averin®
'National Research Tomsk State University, Tomsk
’Federal Research & Production Centre "Altai", Biysk

In this paper the method of explosive compaction was used for synthesis a powder material
Mg, Si, used for converting thermoelectric energy. A 30-mm layer of TNT explosive (pad) compacted
to p = 1.25 g/cm’ was poured into a cardboard cup (40 mm in diameter). A tube was positioned onto
the pad using a centering cardboard ring. The gap was also fitted with the compacted explosive. The
powder Mg,Si was then placed in a 10-mm diameter aluminum (99.7% Al) tube that was sealed from
both sides with aluminum stoppers. The tube with powder mixture was centered by means of a second
ring, and then compacted explosive was put into the cup 50 mm above the tube. A standard electric
detonator was installed in the middle of this layer at the 20-mm depth. The total mass of explosive
was 860 g. The assembly was put into the blast chamber on a metal plate, detonator was connected to
initiation circuit, the chamber was closed and the assembly was detonated. It was found that the mate-
rial has the necessary density and retains a predetermined size. The structure, phase composition and
crystal structure parameters of materials Mg,Si, produced by shock-wave compaction was studied. A
metallographic analysis has disclosed that in the material Mg,Si grains with distinct faces and average
size of 15 um are present on the sample surface. X-ray analysis of materials after explosive compac-
tion, showed that the material mainly contents magnesium silicide phase. Nevertheless it was shown

that a material contains small amounts of Si and MgO in free form.
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HNOBBIINEHUE YWYBCTBUTEJIBHOCTU U CEJIEKTUBHOCTHU
NOJYINPOBOJHUKOBBIX 'A30BbIX CEHCOPOB
A.W. Ilorekaes, B.I1. SAxkyoos, H.K. Makcumosa, E.}O. CeBacTbsiIHOB,
C.9. llunuios, I'.B. CakoBuu
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocydapcmeennulii yrusepcumem, 2. Tomck

B paMKax JIMHCHHOU MOJACIN Ha OCHOBC O6pa6OTKI/I JAaHHBIX IMPSAMBIX KaJ'II/I6pOBOLIHLIX U3Mepe-
HUI MOJIYITPOBOAHUKOBBIX MYJIIBTCECHCOPOB 000CHOBEIBACTCS METO UX KaJ'II/I6pOBKI/I Ha CTaHAApTHBIX
YPOBHAX KOHICHTPAIIWU ra3a C LECJIbIO ):LanLHeﬁmero HUCIIOJIb30BaHUA IJId MaJIbIX ypOBHCfI KOHIICH-
Tpaluu. Ha OpuUMEPC NAaHHBIX I JUOKCHUA a30Ta IIYTEM UMHUTALMOHHOI'O MOJCIMPOBAHUA 000CHO-
BbIBACTCA BO3MOXKHOCTDH IOBBIIICHUA YYBCTBUTCIBHOCTU U CCIICKTHUBHOCTH My.]'ILTPICCHCOpHOﬁ CHUCTC-
MbI Ha HECCKOJIBKO MOPAAKOB II0 CPABHCHUIO C CYHICCTBYIOIIUMU allllapaTHBIMHU MCTOJaMH 3a CUCT UC-
IIOJIb30BaHHUA MaTCMAaTHYCCKHNX MCTOI0B COBpeMeHHOﬁ anre6pLI U TCOPHU PLryJIApU3aliiu.

Hpe;LnaraeMHﬁ noaxod K MCETOOUKC OIIPCACICHUA KOHHGHTpaHHﬁ ra3oB Aac€T BO3MOKHOCTb
CYIICCTBCHHO (Ha 2-3 nopsmKa) MOBBICUTH YYBCTBHUTCIIBHOCTD U CCIICKTHUBHOCTL I'a30BbIX MYJIbTUCCH-

COpOB ¥ BBIUTH HAa KOHIIEHTPALIMU TOPSIKA €AUHUIL Ppt.

DOI: 10.17223/9785946215596/66

INCREASE IN THE SENSITIVITY AND SELECTIVITY
OF SEMICONDUCTOR GAS SENSORS
A.L Potekaev, V.P. Yakubov, N.K. Maksimova, E.Yu. Sevast’yanov,
S.E. Shipilov, G.V. Sakovich

National Research Tomsk State University, Tomsk

Within the limits of a linear model based on processing of data of direct calibration measure-
ments with semiconductor multisensors, a method of their calibration by standard levels of gas con-
centration is substantiated for its subsequent application for small concentration levels. On an example
of data for nitrogen dioxide, the notion of the normalized surface density of the gas is introduced, and
its relationship with the volume concentration is established. On this basis, the feasibility of increase
in the sensitivity and selectivity of the multisensor system by several orders of magnitude compared
with the existing instrumental methods is substantiated by imitational modeling using mathematical
methods of modern algebra and regularization theory.

Our investigations have allowed us to conclude that the suggested approach to the procedure of
determining the concentration of gases will make it possible to increase significantly (by 2—-3 orders of
magnitude) the sensitivity and selectivity of the gas multisensors and to detect the concentration of the
order of several units of ppt.
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IKCHEPUMEHTAJIBHOE UCCIIEAJOBAHUE METOAOM KOPPEJALIUU
I PPOBBIX N3OBPAKEHUN
HAIIPA) KEHHO-IE®OPMUPOBAHHOI'O COCTOSHUSA TIOBEPXHOCTHU CTAJIBHO-
'O YI'OJIKA ITPM HEHEHTPOCUMMETPUYHOU JE®OPMAIINU PACTSIKEHUEM
AN. HOTeKaeBl, JLT. Konafmuaz, A.M. YCTHHOBZ, I0.A. Aﬁsaenz, A.A. Kionoros®
'Hayuonanvmwii uccnedosamenscruii Tomexuii 2ocydapemeennuiii ynusepcumem, 2. Tomck
?Tomexuii 20cyoapcmeennbiii apxumexmypHo-cmpoumeisblii yuugepcumen, 2. Tomck

[Ipu mMTenbHON FKCIUTyaTalluy COAEPIKAIMX METAJUIMYECKUE YTOJIKM KOHCTPYKIHMM B HUX 00-
pasyeTcsl IUPOKHUM CrIeKTp Ae()eKTOB. ITO MPUBOIUT K U3MEHEHUIO MEXaHUYECKUX CBOMCTB MaTepu-
aJia, KOTOPbIE HAYMHAIOT 3HAUUTENBHO OTJINYAaThCA OT MCXOJHBIX 3HAaUeHUH. B HOBOM cocTosiHUM Me-
TaJJTMYECKUE YTOJIKU ellle 00JalatoT HEKOTOPBIM 3alacoM Hecylled cnocoOHocTu. B HUX MexaHuue-
CKHE CBOMCTBA ONPEAEISAIOTCSA B3aUMOAEHCTBIEM 001acTell MaTepuana ¢ pa3IMyHbIMU Ae(eKTaMH, UX
KOJIMYECTBOM B PAa3HbIX CTPYKTYPHBIX 3jeMeHTax mnpoaedopmupoBaHHoro marepuana. CioxHble
npouiIn, KOTOPEIMU 00JIaAAI0T METAUNIMYECKUE YIOJIKH, SIBJISIFOTCS CJIOXKHBIM OOBEKTOM JUIsl UCCie-
JIOBaHUI Ha CTaJWU YNPYrocTH, IJIACTUYECKOHN nedopmaliui U Mpu pa3pylleHHH Matepuana. B stoii
CBSI3M aKTyaJbHBIMHU SIBJISIFOTCS] MCCIIEJOBAHMsI, HAITPABJICHHbBIE HA ITIOUCK 3aKOHOMEPHOCTEN B IIOBEJIE-
HUU METATMYECKUX YrOJIKOB Ha YIPYTrOi M 3aKpUTUYECKON CTaausaX AehOopMUPOBaHMs MaTepuUaa.

Lenp nanHOM pabOThHI - MPOBECTU UCCIIEAOBAHMS in Situ 3BOJIIOLMU pacipeneseHus: oonacTei
JIOKaJIbHOU JiepopMaliii B IPUIIOBEPXHOCTHBIX CIOSIX CTAJbHBIX YTOJIKOB IIPU HE HEHTPOCUMMETPHUY-

HOM epopMaLiuy pacTsHKEHUEM.

PY

Puc. 1. Cxema sKcTiepUMeHTa TIPH PacTsDKEHNH: ¢ — CTAIBHOM YTOJIOK M CXeMa NPHIIOKEHHOH Harpys3KH;
6 — pacronoXeHne Buieokamep. 1 — Metamdeckue yronku; 2 — Buneokamepsl K1 n K2;
A — Harpyxaemas IIJIaCTUHA yrojka; B — He Harpy:kaemasi INTaCTUHA yrojiKa
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Puc. 2. /IlnarpaMmma HarpyXeHus! CTaIbHOIO YT OJIKa

B pabote npeacraBieHbl pe3yabTaThl SKCIEPUMEHTATIBHBIX UCCIEJOBAHUMN, OJYyYEHHbIEC HA HC-
neitarenbHOM MarmmHae «INSTRON 3389y ¢ ucnonb3zoBanuem nudpoBoii ONTUYECKON cucTeMbl Vic-
3D, no ompeneneHuo AeOPMAIOHHOTO COCTOSIHUS MPUIIOBEPXHOCTHBIX CIIOEB CTAJbHBIX YTOJIKOB
IIpU HE LIEHTPOCUMMETPUYHOM Jedopmanuu pacTsukenueMm. Ha puc. 1 mpezacraBiena cxema UCHbITa-
HUN npu JepopMalvy pacTsLDKEHUEM CTallbHBIX YrosikoB. [lockonibky oOpaszer] MMeeT He IUIOCKYIO
KOH(UTypaluio, MpruyueM JJIs MOTy4YeHUs] TOUYHBIX PEe3yIbTaTOB MEePEMELICHUH He00X0IMMO MOIYyYUTh
YeTKHUE U300pakeHUsl MOBEPXHOCTH 00paslia BO BpeMsl UCIBITaHUSA, TO 3TO MOTPeOOBaIO MPOBEICHUE
0c000i1 rocTUpOBKU Kamep. i1t 3Toro uccneayemast IiOCKOCTh PacroJiaraeTcs B INyOMHe Pe3KOCTH
o0oux kamep (puc. 1, 0).

Hcnonb3oBanue uudpoBoit ontuyeckor cucremsl Vic-3D U opuruHangbHast FOCTUPOBKU BHJIEO-
KaMep MO3BOJIMIIO YCTAaHOBHTH, YTO Ha MOBEPXHOCTU 0Opa3loB B mpolecce Aedopmanuu Ha Me30- U
MaKpOYPOBHSIX 00pa3zyroTcs MPOCTPAHCTBEHHBIE CTPYKTYPHBIE AJIEMEHTHI 1e(hOpMalHH.

bbun nonyyens! Takxke 1eopMallMOHHbIE KPUBBIE CTAILHOTO YTOJIKa, HA KOTOPHIX MOKHO BbI-
JIETTUTh YEThIPE XapaKTEPHbIX CTauM (pHc. 2).

Cranus I xapaktepusyet ynpyryto aegopmaruio. ITOT y4acTOK O4eHb He OOJIbILOMH.

Cragus II sBisercs nepexonHOM, Ha KOTOPOM HAUYMHAETCS HEJIMHENHBINA XapaKTep W3MEHEHHUS
¢bynkunonanbHOM 3aBucuMocTy P = f{g).

Ha cramuu 111 nedopmannonHoit quarpaMmbl HaOI0JaeTCsl TMHEWHBIN XapakTep Ha 3aBUCHUMO-
ctu P = f(€), npuyem 3TOT yyacTok ynpyro-riaacTuueckoil aedopmanuy 3akaHuuBaeTcs Ha edopma-
uuu 0.027 npu Harpyske 60 kH. OBosronns cTpykTypHBIX 31eMeHTOB Ha craguu Il mo3Bonser BbI-
JEJIUTh Pa3HbIM XapaKTep PaclpeleicHM Ha HAarpy)KaeMOM IUIACTUHE YroJiIka U Ha HEHarpyXaemou
IIJIACTHUHE.

Ilepexon ot cramuu 11l x ctanuu VI conpoBokaaercst ymeHblueHreM KoagduimenTa aedpopma-
IMOHHOTO yrpouHeHus 0 = 0P/og (puc. 2) npu aedopmaruu 0.027 1 conpoBOKIAETCS KAUECTBEHHBIM

HU3MCHCHUCM XapaKTCpa PACIIOJIOKCHUS CTPYKTYPHBIX 9JICMCHTOB.
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APLLICATION OF DIGITAL IMAGES CORRELATION METHOD
FOR AN EXPERIMENTAL STUDY OF A STEEL ANGLE SURFACE IN A DEFORMED
STATE UNDER A NONCENTROSYMMETRIC TENSILE DEFORMATION
A.L Potekaev’, D.G. Kopanitsa', A.M. Ustinov', Y.A. Abzaev', A.A. Klopotov"?
"Tomsk State University for Architecture and Building, Tomsk
? National Research Tomsk State University, Tomsk

A wide specter of deformation occurs after a long operation of constructions that contain steel
angles. This leads to the major change in mechanical parameters of a material in comparison to the
initial state of the construction. However, steel angle provide a margin of carrying capacity in this new
state where the mechanical parameters are defined by an interaction of the material with various de-

fects in different structural elements of the deformed material.

a p b N
l’ \\

\\

,

~

PY

Fig. 1. Experimental scheme: a — steel angle and a load direction; » — camera positions.
1 —steel angles; 2 — Cameras K1 and K2; A — loaded plate; B — not loaded plate

Complex profiles of steel angles are a hard to study on the elastic, plastic and destruction phas-
es. This makes important the studies that investigate regularities in the behavior of steel angles on
elastic and super-critical phases of deformations

The goal of this research is to study in situ evolution of distribution of local deformation regions
in the near to surface layers under a noncentrosymmetric tensile deformation

The paper presents the results of experimental study using a «INSTRON 3389» test bed together
with a digital optical system Vic-3D to investigate in situ evolution of distribution of local defor-

mation regions in the near to surface layers under a noncentrosymmetric tensile deformation.
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PACYET XAPAKTEPUCTHUK
CONPAXKEHHOI'O KOHBEKTUBHOI'O TEIINIOMACCOOBMEHA
B. . I'oasaun, B.U. JlaeBa
HUU npuxnaonoii mamemamuxu u mexanuxu, 2. Tomck
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocyoapcmeennulii yrusepcumem, 2. Tomck

[Ipu NpOEKTUPOBAHUYU SHEPreTUYECKUX YCTAHOBOK PA3IMYHOIO THIA YacTO TpeOyeTcsl paccuu-
THIBaTh TEIJIOBOE COCTOSIHUE TBEPIBIX TeJl, 0OTEKaeMbIX MOTOKOM ropsyero rasza. B cmyuae, xorga
TemmnepaTypa 00TEKaeMOro Teja CYIIECTBEHHO MEHSIETCS BJIOJIb €ro MOBEPXHOCTH, BO3ZHUKAET HE0O-
XOJAMMOCTb ONPEAETATh MPOLIECC PACHPOCTPAHEHUS Terjia B HEM OJIHOBPEMEHHO C pacuy€TOM I0JIs Te-
yeHus. Ecnu TeueHue siBhsieTcs yCTOMYMBBIM OTHOCUTENBHO BO3MYILEHUI TeMIepaTyphl, a Xapakrep-
HO€ TUAPOJMHAMUYECKOE BpPEMsi MHOTO MEHBIIIE BPEMEHU PACHpPOCTPAaHEHHs TEIJIOBOM BOJIHBI, TOJIE
TEUEHHUsI MOXHO ONpPENENATh U3 CTAlMOHAPHBIX YPaBHEHUH, a TEIJIOBOE I0JIe B TEJE - U3 HECTAIlUO-
HapHBIX.

B pabote npearaercs OpuruHagbHBINA arOPUTM YHCICHHOTO PEIleHuUs MOI00HBIX 33/1a4. B kave-
CTBE MpHMepa paccMaTpUBaeTCs 3a/1a4a 00 00TEeKaHUHM TUIACTHHBI MOTOKOM I'a3a MpH HAIMYUM ByBa C €€
noBepxHoCTHU. [losie TeueHust onpenensercss U3 ypaBHEHUH MOTPaHUYHOTO CJI0s1. 3HAUSHUE TEIIOBOIO 10-
TOKa Ha MOBEPXHOCTH TeJla BBIPAXKAETCSA B BUJIE Oleparopa OT paclpeiesieHus] TeMIeparypbl HOBEPXHO-
CTH BBepX 0 NOTOKY. [lomydeHHslit onepatop siBisiercst 00o01eHueM kordduimenta remnoodmeHa. Ec-
JIM TEUEHUE HE 3aBUCUT OT TEMIEPATYphl, TO 3TOT ONEPATOpP SBIACTCS JIMHEHHBIM U MOXKET ObITh BbIUHC-
JIeH OJMH pa3 3a Bc€ BpeMs pacuéra. [Ipu HamMuuu BIMSHMS TEMIEpaTypbl HAa TEUEHHE NP PELLICHUU
NPUXOJUTCS MPUMEHATH JIMHEAPU3ALIUIO OIIEepaTopa, a TEIUIOBOM MOTOK MPE/ICTaBIATh B 3aBUCUMOCTU OT
BO3MYLIECHHUI TeMIiepaTypbl MOBEPXHOCTH U MAaCCOBOM CKOPOCTH ByBaeMoOro rasza. JInHewHsIi oneparop
OTIPEIEIISIETCsl B MPOLIECCE MPSMOTO 3Tana BEKTOPHOU MPOTOHKH, OCYLIECTBIISIEMON OT BHEIIHEH I'PaHULIBI
MIOTPaHUYHOTIO CJI0sI 10 00TeKaeMoi MoBepXHOCTU. B HacTosieil padote Uit ero nojydeHus: UCHOIIb3YeT-
cst mero M.B. TleryxoBa, nmeronuii 4-i NOpsIIOK almpOKCUMAIMK IO HOPMAJIBHOM K T€1y KOOPINHATE.
[lorydeHHbIe BbIpa)ke€HUs /1Sl TEIUIOBOTO MOTOKA MOXKHO HMCHOJIb30BaTh KaK IPAHUYHBIE YCIOBHS JUIS
HECTALMOHAPHOTO YPaBHEHUs paclpoOCTpaHEHUs TeIia B TBEPIOM Tele.

Pe3ynbTaThl pacu€TOB MOKA3bIBAIOT, YTO MCHOJIb3YEMBbIH MOAXOJ CYILECTBEHHO YTOUYHSET TEM-
nepatypy ooTrekaemMoro Tena. B ciyuyae, eciau Te0 COCTOMT U3 MAaTEpUANIOB € Pa3IMYHbIMU TEILIO(H-
3UYECKMMH XapaKTepUCTUKAMHU, PACCUUTAHHbIE 3HAYEHUs TEeMIIEpaTypbl MOTYT OTJIMYaTbCcs B He-

CKOJIBKO pa3 110 CpaBHCHHUIO C TPAJUTTHUOHHBIM ITOAXOJ0M.

Paboma evinoanena ¢ coomsemcmesuu ¢ coczaoanuem Ne 9.1024.2014/x Munobpnayxu P®.
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CALCULATION OF CHARACTERISTICS OF CONVECTIVE HEAT
AND MASS EXCHANGE

V.D. Goldin, V.I. Laeva
Institute of Applied Mathematics and Mechanics, Tomsk
National Research Tomsk State University, Tomsk

In the designing of energy plants of various types it is often need to calculate the thermal state of
solid bodies which streamlined flow of hot gas. In the case where the temperature varies significantly
along the body surface, it's necessary to calculate the process of heat propagation in it together with
the calculation of the flow field. If the characteristic hydrodynamic time much less than time of ther-
mal diffusion but the flow is stable with respect to perturbations of surface temperature, the flow field
can be determined from the steady-state equations but the temperature in the body - from the non-
stationary equations.

We propose an original algorithm for the numerical solution of such problems. As an example,
consider the problem of flow around a plate of gas flow in the presence of gas blowing from its sur-
face. The flow field is determined by solving the boundary layer equations. The value of the heat flux
at the surface of the body is expressed as an operator of the surface temperature distribution of the up-
stream. This operator is a generalization of the heat exchange coefficient. If the flow does not depend
on the temperature, such operator is linear and it can be determined once for all the time of calcula-
tions. If temperature affects the flow field then in calculations one should apply linearization of the
operator, and the heat flux will be depended on perturbations of the surface temperature and the mass
velocity of the injected gas. The operator is calculated at first stage of vector sweep method (tridiago-
nal matrix algorithm) which carried out from the outer limit of the boundary layer to the streamlined
surface. For these calculations we used the finite difference scheme having a 4th order of approxima-
tion on the normal to the body coordinate (method by 1.V.Petukhov). The resulting expression for the
heat flux can be used as boundary conditions for the non-stationary equation of heat propagation in the
body.

The calculation results show that the presented method gives more accurate values of the body
temperature. If the body is made of materials with different thermal characteristics, the calculated

temperature values can differ by several times compared to the traditional approach.

This work was financially supported by the Ministry of Education and Science of the Russian Federation: pro-
Jject No. 9. 1024. 2014/k.
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IMOJYYEHUE MOJIEKYJISAPHOI'O KOMILIEKCA
[1,2,5]0OKCAANA30J10(3,4-E][1,2,3,4]-TETPA3UH-4,6-1U-N-OKCHUIA
C 24-ITUHUTPO-2,4-TUASAIIEHTAHOM U3 PACTBOPA
H.N. JIioxmenko, II.A. Kanmbikos, B.H. Ilonok

AO «DedepanvbHblii HAYUHO-NPOU3BOOCMEeH b Yyeump «Armaily, e. Butick

1,2,3,4-Terpa3un-1,3-quoKcu bl ObUTH TOTYYEHBI CPABHUTENBHO HEeNaBHO. OTHUM U3 UX SIPKUX
npencraButenein  sisiercsa [1,2,5]okcanuasono|3,4-¢][1,2,3,4]-teTpazun-4,6-au-N-okcua (MpoayKT
FTDO), obnanaronuii yHUKaIbHBIMU SHEPT€TUUYECKUMH XapaKTEPUCTUKAMU: BBICOKUMH 3HAUYEHUSIMU
SHTaNbIUU 0Opa3oBaHus, kucIopoaHoro 6ananca (o = — 10,25%), mioTHOCTH MOHOKpHUcCTaIa (p =
1,84r/cM’), OTHOCHTENBHO BHICOKOH (ITO JAHHBIM TEPMHUUYECKOTO aHATH3A) TEMIIEPATYPOH MIABICHHUS
(T = 110...114 °C) [1-4]. Onnako Takue npoOreMbl, KaK BbICOKAs UyBCTBUTEIbHOCTh K MEXaHHUYE-
CKUM BO3JICMCTBUSAM, HU3KAs TEPMHUUECKAsI CTOMKOCTh, HEYCTOMYMBOCTh TOPEHUS (IIEPEXO] BO B3pHIB
U JICTOHAIINIO), BHICOKAs XMMHUYECKasi aKTUBHOCTb B CMECSX, BIUIOTh JI0 HECOBMECTUMOCTH, CKJIOH-
HOCTb K 00pa30BaHUIO MOJIEKYISIPHBIX KOMIUIEKCOB C COCIMHEHUSIMH Pa3IMYHbIX KJIACCOB — OTPaHU-
YHMBAIOT €r0 MPUMEHEHHE U TPeOyIoT MPUEMIIEMOr0 pelleHus. B kauecTBe nmociaeHero npeagaraercs
WCIIOJb30BATh MOJIEKYJISIPHBIE KOMILUIEKCHI C HU3KOM Temmeparypoi ruiaBieHus Ha ocHoBe FTDO u
2,4-nunntpo-2,4-nquazanentanom (npoaykt AHII) [5]. U3 nuTepaTypHbIX JaHHBIX M3BECTHO, YTO Ta-
KHE MOJIEKYJISIPHBIE KOMILJIEKChl UMEIOT OTHOCHUTENBHO HEBBICOKYIO UYBCTBUTEJIBHOCTh K MEXaHHUYE-
CKUM U TEIUIOBBIM BO3JCUCTBUAM U HU3KYIO CKIIOHHOCTB K JETOHALMH 110 CPABHEHHIO C COSMHEHUEM
FTDO, nerxo o0Opa3yroTcsi U3 paciulaBa WM pacTBOpa KOMIIOHEHTOB B yJalliEMOM DPAaCTBOpHUTENE
(t.e. ¢ mocnenyroueit orronkoit pactsoputens). [lo nanubmm JICK (ATA), ero Ty, = 60...62 °C B 3a-
BHUCHUMOCTH OT CKOpOCTH HarpeBa. OnHako mnpu obpa3oBaHuM MoJeKylsipHoro kommiekca FTDO —
JIHIT npu Temmeparype, BbIllI€ €ro TeMIepaTyphl IJIaBICHUS WM OJM3KOHM K HEH, OH pa3pyllIaeTcs C
ucnapenueM yactu FTDO [6].

B sT0il cBsi3uM akTyanbHa pa3paOoTKa TEXHOJOTMM TMOJYYEHHs MOJIEKYISPHOTO KOMILIEKca
FTDO-/IHII B pacTBOpe Npu OTHOCHUTEIBHO HU3KUX TEMIEPATYPAX, YTO MO3BOJUT HCKIIOYUTH pas-

pymienue FTDO, ero ucnapenue u o6pazoBaHie IpUMeCeH.

PactBopurens PactBopumocts OT /1O mpu 20°C, % macc.
Juxnopatan 18
MetuneHxsiopun 28
Terpaxmopmeran 17
Xiopohopm 23
TI'excan 0,1

[IpaBuabHO BBIOpATh PACTBOPUTENM JJISl MOJYYEHHUs KOMIUIEKCa HEBO3MOXKHO O€3 3HaHW o
noseaeHnd OT/IO B opraHM4ecKUX pacCTBOPUTEISAX PA3IMYHON NpUpoasl. M3 IMTepaTypHBIX JaHHBIX

n3BecTHO, 4To pactBopuMocts OTJIO mpu 20 °C Bapsupyercs ot 0,01...0,10% B HenmossipHbIX pac-
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TBOpUTEIISAX (TekcaH, Terpaxiopmeran) 10 40...70 % B nossapubix (AMCO, cnupt, Boja 4 T.1.) (M.
Tabmuiy). Tak Kak 3a cueT XapaKTepHOW OKPACKU COEMHEHMS €ro PacTBOPHI UMEIOT JKEIThINA WU
OpPAaHXXEBBIN LIBET, €r0 M3MEHEHHMs YacTO YKa3bIBAIOT HA B3aUMOJIEMCTBUE CO CPEOH, B KOTOPOU pac-
TBOPEH MPOJYKT.

Hns uzydenus noseaenuss FTDO, JIHII u nmonydenus koMmiuiekca ObLIM BbIOpaHbI OpraHuye-
CKHUI1 pacTBOPHUTEh METWICHXJIOpU, XJopodopm u rekcan (Tak kak IHII takxe xopoio pacTBopuM
B HUX). Ha mepBom stame Mbl uzyumnu pactopumoct FTDO — JIHII B kaxaom pacTBopuTene B
MoOJIbHOM cooTHowieHuH 1:1. IlombiTku BbICaAUTH KOMIUIEKC TrekcaHoM (pactBopumocts FTDO u
JHIT 0,1% wmacc.) nocne noaHoro pactBopenust FTDO u /IHII B x10prcToM MeTHIIEHE OKa3alluCh
HEyJa4HbIMH, KOHEUHBIE pe3yabTaThl NoKazanu Hanuuue KpucrtawuioB FTDO u JIHII Ilpu pactso-
PEHHUU B CMECH METHJICHXJIOPU] — XJIOPO(GOPM BbICAKMBAHUE KOMIUIEKCA UIET B MIOJHOM 00beME U €O
100%-M BbIXOZOM. Hemaiyto posib npu ero o0pa3oBaHUU UIPaeT TEMIIEPATypPHBIN PEKUM, TaK, MaK-
cUMalibHBIN BbIXo gocturaics npu 7'=10...15°C. B pe3ynbrare Obu1a pazpaboTaHa TEXHOIOTHS T10-
ay4yeHus MonekyisipHoro kommuiekca FTDO — JIHII ocaxnennem u3 pactsopa FTDO u JHII B ak-
BUMOJISIPHOM COOTHOILIEHUM KOMIIOHEHTOB B CMECHU IOJISIPHBIX TaJOr€HONPOU3BOIHBIX AIPOTOHHBIX
pacTBOpHUTENEH. 3aT€M PACTBOP KOMIIOHEHTOB CMEIIMBAOT C HEMOJIIPHBIM YIJIEBOJOPOJHBIM OCAIH-
teneM. OCoOEHHOCTh 3aKio4aeTcst B ToM, uyTo pactBop FTDO mnomydaror ¢ MConb30BaHUEM CMECH
MOJIIPHBIX TaJIOT€HONPOM3BOIHBIX aPOTOHHBIX pacTBopuTeneil, B Hero notasmstor JHII, nepeme-
muBaroT npu 7'=11...15 °C u 3aTemM NpuanBarOT HEMIOISAPHBIN YIIEBOAOPOIHBIA OCATUTEND.

Takum oOpa3oM ObUT BbIAETIEH MOJEKYISpHBIA KoMmIuieke (ypazaHo|3,4-e]TreTpa3un-4,6-
mokeua — 2,4-nuHutpo-2,4-nua3anenTad (1:1 MOJBH. ), U3ydeHUE €ro KPUCTATUIMYECKON CTPYKTYPhI
PEHTTeHOAU(PPAKIIMOHHBIM METOJIOM IOKAa3aj0, YTO OHA TOJHOCThIO COOTBETCTBYET OIyOJIMKOBAH-

HOU B nuTteparype [7].
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OBTAINING THE MOLECULAR COMPLEX [1,2,5]OXADIAZOLE|3,4-
E][1,2,3,4]-TETRAZINE-4,6-DI-N-OXIDE WITH 2,4-DINITRO-2,4-
DIAZAPENTANE FROM THE SOLUTION

N.I. Lutsenko, P.I. Kalmykov, V.N. Popok
JSC "Federal research and production center "Altai", Biysk

1,2,3,4-Tetrazine-1,3-dioxides were obtained relatively recently. One of their brightest repre-
sentatives of is [1,2,5]oxadiazole[3,4-¢][1,2,3,4]-tetrazine-4,6-di-N-oxide (FTDO product) with
unique power characteristics: high values of enthalpy of formation, oxygen balance (o = — of 10.25%),
the density of the single crystal (p = 1.84 g/cm3), relatively high (according to thermal analysis) melt-
ing point (TM = 110...114°C) [1-4]. However, issues such as high sensitivity to mechanical stress,
low thermal resistance, instability of the combustion (explosion and transition to detonation), high
chemical activity in mixtures, up to incompatibility, the tendency to form molecular complexes with
compounds of different classes — limit its use and require an acceptable solution. As the latter is pro-
posed to use molecular complexes with low melting point on the basis of FTDO and 2,4-dinitro-2,4-
diazapentane (product DNP) [5]. From literature data it is known that such molecular complexes have
a relatively low sensitivity to mechanical and thermal influences and a low tendency to detonation in
comparison with the compound FTDO, are easily formed from a melt or solution of the components in
the removed solvent (i.e., followed by Stripping of solvent). According to the DSC (DTA), its TM =
60...62 °C depending on the heating rate. However, during the formation of the molecular complex
FTDO — DNP at a temperature above its melting point or close to it, it is destroyed by evaporation of
the FTDO [6].
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In this connection development of technology of receiving molecular complex FTDO-DNP in
solution at relatively low temperatures, which will eliminate the destruction FTDO, its evaporation
and the formation of impurities.

To choose the right solvent to obtain a complex is impossible without knowledge about the be-
havior of FTDO in organic solvents of different nature. From literature data it is known that the solu-
bility of FTDA at 20°C varies from 0.01...0.10 percent in non-polar solvents (hexane, carbon tetra-
chloride) up to 40...70 % in polar (DMSO, alcohol, water, etc.) (see table). As due to the characteristic
color of the coupling of the solutions are yellow or orange color, it changes often indicate interaction

with the environment in which the product dissolved.

The solvent The solubility of FTDA at 20°C, % wt.
Dichloroethane 18
Methylene chloride 28
Carbon tetrachloride 17
Chloroform 23
Hexane 0,1

To study the behavior of FTDO, DNP and receive complex were selected as the organic solvent
methylene chloride, chloroform, and hexane. (since DNP is also well soluble in them). In the first
stage we have studied the solubility of FTDO — DNP in each solvent in a molar ratio of 1:1. Attempts
to land the complex with hexane (solubility FTDO and DNP 0,1% wt.) after complete dissolution of
FTDO and DNP in the methylene chloride was unsuccessful, the final results showed the presence of
crystals FTDO and DNP. When dissolved in a mixture of methylene chloride — chloroform planting
complex is in full swing and with 100% output. A significant role in its formation plays a temperature,
so that maximum output was achieved at T = 10...15 °C. the result was developed the technology of
receiving molecular complex FTDO — DNP deposition from solution FTDO and DNP in equimolar
ratio in a mixture of polar aprotic solvents halogenated derivatives. Then the solution component
mixed with a non-polar hydrocarbon precipitant. The peculiarity lies in the fact that the solution
FTDO get using a mixture of polar aprotic solvents halogenated derivatives, it is added NAM, was

stirred at T =11...15 °C and then pour the nonpolar hydrocarbon precipitator.
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Thus was isolated molecular complex furazane[3,4-e]tetrazine-4,6-dioxide — 2,4-dinitro-2,4-
diazapentane (1:1 meaulnes.), the study of its crystal structure by x-ray diffraction method showed

that it is fully consistent with published literature [7].
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