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Cmpykmypa 3HepeOHACHIUEeHHO20 KOMNO3uyuoHHozo mamepuana (OKM) dopmupyemcs 6 npoyecce
CMeWUBAHUA NOPOUIKOBLIX KOMNOHEHMO8 8 cCpede NOIUMEPHO20 C8A3YIOWe20 U onpedesidem OCHOBHble e20
IKCHILYAMAYUOHHBIE CEOUICMBA: NIOMHOCMb, YOEIbHOe 3HAYEHUe UMNYTbCA HA eOUHUYY 00beMd; NPOYHOCHI-
Hble Xapakmepucmuxy uzoeaus, uzeomogiennozo us IKM; ckopocmu copenust u Op. dmnupuyeckoe nomyue-
HUle MexXHOI02UUECKUX PeNCUMO8 CMEWUBAHU, 00ecne usaoyux mpeoyemylo CmpyKkmypy mamepuana, npu-
800UM K CYWECMBEHHbIM BPEMEHHbLIM U Mamepuaibivlm 3ampamam. Menee 3ampamuvim aeisemcs
Modenupoganue smux npoyeccos. Llenv uccredosanusi — pazpabomka mMooeau cmpykmypooopazo8aHus.
OKM, ocnosannoll Ha opmanuzayuu npoyecca cMeuusanus Ha npumepe YCi08HO NPUHSMOU dleMeHmap-
HOU AYeliKu, KOMopas yYCPeOHeHHO XapaKkmepusyem cmpyKmypy noay4aemo20 Mamepuaid.

Ipu paspabomxe moodenu UCHONBLIOBANU IBPUCIUYECKULL AT2OPUMM, MEMOO0 «omaicuea Mmemainay. Mo-
deb hopManu308ana ¢ yCiosuem yYCpeOHe s pasmMepos Yacmuy GHympu Kaxcool Qpaxyuu, a maxice mMop-
Gonocuu ux nosepxnocmu. B xauecmee npedcmagumenbHo20 31eMeHma MoO0enu NPUHAMA 1eMeHMAapHas
AueliKa 6 ude 2eKCA2OHANbHO NIOMHO YNAKOBAHHBIX YACMUY B0KPY2 00HOU b0aee KPYNHOU, 88€0eHHOI 8 CO-
CMag KOMROZUYUOHHO20 MAMEPUAd 8 Heboabuux Koauvecmsax, 00 5%. Ilycmomul @ suelike 3anonHeHbl
HCUOKOU (PA301l — NOIUMEPHBIM CEA3YIOUUM. 3a OCHO8Y NPUHAMA Yere6ds QYHKYUs, Komopasi npeonoaazad-
em noyueHue pasHOMEPHO20 PAcnpedeneHiss KOMROHEHMO8 ¢ mpebyemoli NIOMHOCMbIO UX YKIAOKU, cmpe-
MAWeUCA K MAKCUMATILHO 803MOMCHOIL, U 3ANOJHEeHUe NYCmMom NOAUMEPHbIM CE8A3VIOWUM NPU MUHUMUSAYUY
OnUmenbHOCmuU nepemeuiu8aHusl.

Pezynomamor mooenuposanuss mocym Ovblms UCNOIBL30BAHBL NPU NOODOPE MEXHOAOSUUECKO20 000PYOO-
8aHUs1, ONpeOesieHUL PeNCUMO8 €20 pabomul 05 NoAyYeHus 3a0anHblx xapakmepucmux KM ewe na smane
paspabomxu mexronozuu IKM. B mom uucne, npu paspabomie aooumugnvix mexuonoeuti (3D-nevamu) us-
eomoenenust uzoenuti uz IKM.
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DEVELOPMENT OF A MATHEMATICAL MODEL
OF THE STRUCTURE FORMATION OF ENERGY-SATURATED
COMPOSITE MATERIAL

A. K. KRYVANOS', A. PH. ILYUSHCHANKA!, YA. YA. PIATSIUSHYK?, V. M. BULOYCHIK?

IState Research and Production Powder Metallurgy Association, Platonov St., 41, 220005, Minsk, Belarus
2Military Academy of the Republic of Belarus, Nezavisimosti Ave, 220, 220057, Minsk, Belarus

One of the main stages of producing an energy-saturated composite material (ESCM) is mixing of pow-
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der components in a polymer binder medium. In the process of mixing, an ESCM structure is formed, which
determines its main operational properties. These properties are the density of the material and, accordingly,
the specific value of the pulse per unit volume; strength properties of a product made of ESCM; burning rate,
and etc. The empirical obtaining of technological mixing modes that provide the required structure formation
of the material leads to significant time and material costs. A less costly method will be to determine the
technological modes of mixing using the ESCM structure formation model.

The purpose of the study is to develop a model of the ESCM structure formation based on the for-
malization of the mixing process using the example of a conventionally accepted elementary cell, which
characterizes the structure of the material.

To develop a model of the structure formation process of ESCM in the process of mixing its compo-
nents, represented by liquid and solid phases, one of the heuristic algorithms was used: the “metal anneal-
ing”” method. The model is formalized with the condition of averaging the particle sizes within each fraction,
as well as the morphology of their surface. As a representative element of the model, an elementary cell in
the form of hexagonally densely packed particles around one larger particle introduced into the composition
of the composite material (in small amounts, up to 5%) is adopted. The voids in the cell are filled with a lig-
uid phase represented by a polymer binder.

The objective function is taken as the basis for modeling the ESCM structure formation, which involves
obtaining a uniform distribution of components with the required packing density (tending to the maximum
possible one) and filling the voids with a liquid phase while minimizing the duration of mixing.

The results of the study obtained in the course of modeling can be used in the selection of technological
equipment and in determining the modes of its operation to obtain the specified properties of the ESCM, as well
as in predicting the possibility of obtaining the required properties in the process of mixing its components.

Keywords: energy-saturated composite material, modeling, structure formation, a polymer binder, polydisperse

powder components.
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