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B nacrosimee BpeMst HUTPH/] aTIOMUHHS 3apPEKOMEHIOBAN ce0sl Kak MaTeprall, 00JIaJaloMui OTIHIUTEIBHOH COo-
BOKYITHOCTBIO CBOMCTB. M3 psifa kepaMHueCKUX MaTepHaIoB CO CXOXKUMU XapaKTePUCTUKAMH (OKCHJ| MarHHs, OKCH]
Oeprumnst, HUTpUA Oopa) HUTPHUJL ATIOMUHHS BBLIEISIETCS] BEICOKOH TETIOIPOBOIHOCTEIO, BEICOKHM KOS (GUIIHEHTOM
YAENBHOTO 3MEeKTPHYECKOTO COMPOTUBICHUS U KOPPO3UOHHON CTOHKOCTBIO BO MHOTHX arpeCcCHBHBIX CPEIax, TAKxkKe
€ro OTINYAeT YMEPEHHBIH KO (UINEHT JIMHEHHOTO TEIIOBOTO PACIIMPEHHS U BBICOKast TEPMOCTOHKOCTb. [lonck Ho-
BBIX TEXHOJIOTHI TONyYeHHs JaHHOTO Marepualia sBISeTCS aKTyalbHOH 3agadell BO BceM MHUpe [7], TOCKOIBKY Ka-
YeCTBO HUTPUAA AJTIOMUHMS B 3HAYMTEJILHON CTEICHU ONpelesieTcs HaJIUuYheM IIpuMecel KUCIopoaa U yriepoaa, a
CYIIECTBYIONIHE ITPOMBIIIIEHHBIE CIIOCOOBI CHHTE3a HE MOTYT 00ECIICUNTh BBICOKYIO YHCTOTY KOHEUHOTO IIPOMYKTA.
ITomumo 3TOrO, BakHEHIIEH XapaKTepPUCTUKON I M3TOTOBIEHHS KEPAMHUYECKUX MaTepUasioB SIBIAETCS KPYMHOCTh
10JIy4aeMbIX [IOPOIIKOB HUTPHJIA allOMUHUS. BO3MOXKHOCTS BapbUpPOBaHUs JAHHOIO [apaMeTpa B IIpoliecce CUHTE3a
TIO3BOJIMT TIOMY4aTh MOPOLIOK ONTUMATBHOTO IPaHyIOMETPUIECKOTO COCTaBa, He TPeOyOmuil JOMOIHUTEIBHOTO 13-
MEJIBUCHUS, CTOJIb HEXKENAaTeIbHOTO ¢ TOUKHU 3PEHHUST YUCTOTHI MPOAYKTa U TEXHOJIOTMYHOCTH Tporecca. ['a3oda3Hblit
CHHTE3 SIBIISICTCS OHUM M3 HanOoJee NepCHeKTHBHBIX METOOB [UIS IIPOMBIIIUICHHOTO TOJIyYeHHsT BRICOKOYHCTOTO HU-
TpU/a alIOMUHMS C 3alaHHBIM Pa3MepOM 4acTull. B HacTosIelt cTaTbe OMUCHIBAETCS TEXHOOT U, @ TAK)KE pacCMaTpH-
BAETCSI MEXAHH3M IIPOIIECCa ITOIYYEHHS TOPOIIKOOOPa3HOTO HUTPH A AITIOMUHHS Ta30(a3HbIM CIIOCOO0M.
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Currently the aluminum nitride has established itself as a material with a unique combination of properties. From a number
of ceramic materials with similar characteristics (magnesium oxide, beryllium oxide, boron nitride), aluminum nitride differs by
high thermal conductivity, high coefficient of electrical resistivity and corrosion resistance under many aggressive conditions.
Also it is characterized by a moderate linear coefficient of thermal expansion and high thermal stability. The search for new
technologies for the production of this material is an urgent problem in the world [7], since the quality of the aluminum nitride
is largely determined by the presence of oxygen and carbon impurities and existing industrial synthesis methods cannot provide
high purity of the final product. In addition, an important characteristic for the manufacture of ceramic materials is the size of the
aluminum nitride powder obtained. The possibility of variation of this parameter during the synthesis allows obtaining powder
with the optimum particle size distribution that does not require additional grinding, which is undesirable from the standpoint
of product purity and efficiency of the process. Gas-phase synthesis is one of the most promising methods for the industrial
production of high-purity aluminum nitride with a specified particle size. This paper describes the technology and examines the
mechanism of the process of obtaining a powder of aluminum nitride gas-phase method.
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B ®H3HMKO-TEXHOIOTNYECKOM HHCTHTYTE JIOKa3aHa BO3MOKHOCTB OCYIIIECTBIICHHS MPOMBIIILICHHOTO Crocoda noyye-
HUS HUTPUJIA JIOMUHUS ITyTeM ra3ogasHoro cunresa. OJHAKO B HACTOSAIIEE BPEMs HE NPON3BEICHB! TCPMOIMHAMUYECKHE
pacyeThl BceX BO3MOXKHBIX XUMHIIECKHX PEaKINi, CIIOCOOHBIX IIPOTEKaTh BO BPeMsI IIpoliecca ra3o(hasHoro CHHTE3a, BKIIFoJast
BO3MOXKHBIE B3aMMOJICHCTBHS MEXK/TY HCXOIHBIMH KOMITOHEHTAMH, & TAKKE MEK/Ty MCXOIHBIMM KOMIIOHCHTAMHU M MaTepHaia-
MM peaKOHHON 30HbI. He0OX0MMO HOTHOCTBIO MOHSTH KHHETUKY U MEXaHH3MBI IIPOTEKAHHS XHMUUYECKUX PEaKIHH, 4TOObI
IPOBECTH ONTHMH3ALMIO H YCOBEPIICHCTBOBATH KOHCTPYKIIMIO YCTAaHOBKH M TEXHOJIOTMYECKHIT ITporiecc B 1esiom. Kpome Toro,
Halleil 3aja4eii BIETCs He TOJBKO MOTyYeHHe HUTPHIA ATFOMHUHUS, HO M M3TOTOBJICHHE M3 HEr0 KepaMHUSCKHX U3/IeIHid, 00-
JIaIAOIIMX HOBBIIIEHHON TEIUIONPOBOAHOCTEIO. [ToaTOMY GOMbIIIOE BHUMAHHE JODKHO OBITH YAEICHO TePMOAMHAMUIECKIM
pacyeTam U BBIOOpY CIIEKAOIINX JOOABOK, KOTOPbIE MOTYT OBITh BBEICHBI B IPOLIECC HA CTAMH HOTyYEHHUs OPOLLIKOOOpas-
HOTO HUTPHZA aTIOMUHHMS JUIS TIPSOTBPAICHHS] COPOLMH HEXKeNaTelIbHOW MPUMECH KHCIIOpOJia Ha TOCHEIyIOIeH CTaaun
CIIEKAHMI TTOPOLLIKA. B pesysibrare npeicTaBleHHbIX TePMOIMHAMUYCCKMX PACUETOB ObLIa TOTy4YeHa ONTUMAIIbHAS HCXO/HAS
THOPOLIIKOBAs] CMECh JULSI CHHTE3a HUTPHU/IA AIFOMUHUS, TOIHOTO JUTSI CHIEKaHHsI BBICOKOTEILIONPOBOAHBIX KEPAMUYECKUX H3/ie-
JIMH, a TaKKe BRIOpaH HanboJIee TTOXO/ISIIMI MaTepyall sl H3TOTOBJICHHUSI PEaKLIMOHHOM 30HBL.
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Aluminum nitride powder was produced at the Institute of Physics and Technology using the unique industrial
gas-phase approach through a monofluoride buildup step. However, no thermodynamic calculations of all the possible
reactions between the materials in the reaction chamber and the furnace feed were performed. It is now feasible to
completely understand the kinetics and mechanisms of the chemical reactions to optimize and improve both the design
of the apparatus and its materials. However, the final goal is not only to produce aluminum nitride powder but also
sintered bodies. Therefore, special attention should be given to the thermodynamic calculations and the choice of
sintering aids added during aluminum nitride synthesis to avoid absorption of unnecessary oxygen during the sintering
step. In conclusion, a sintering mixture was produced that can be used to produce an aluminum nitride-sintered body
with high thermal conductivity using a minimal amount of energy during production.
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B crarbe 0003HaueHa MpobneMa, CBA3aHHAs ¢ HEyYEeTOM aHAINTUUECKOH 3aBUCHMOCTH, alIIPOKCUMUPYIOIIEH KpH-
BOJIMHEHHYIO AMarpamMMy ¢ HHUCHAJAIONIMM Y4aCTKOM MTHOBEHHOTO Je(opMHUpOBaHUs OETOHA, PU IOCTPOSHHUH YpaB-
HEHHH T0I3y4ecTy OETOHA, a TAKXKE IIPU PACUETe CHKATHIX HKeJIe300€TOHHBIX MEMEHTOB Ha YCTOHYMBOCTD TPU BHICOKUX
YPOBHSIX 3arpy’KeHHsI, KOT/Ia TIPOSIBIISIIOTCS HEIMHEHHBIE IehOpMAaIiH 1TOJI3y4eCcTH. YCTaHOBJIEHO, YTO IIPHMEHEHHE 3a-
KkoHa ['yka Juis omucaHus CBS3M MEKIy MTHOBEHHBIMH Je(OpMalMsIMU U HANpPsHKEHUSAMH B OSTOHE NPU YPOBHSX 3a-
rpyxxeHust 6onee 0,45R NPUBOIUT K HECOOTBETCTBUIO TEOPETHUYECKHX BBIKJIAJIOK M MPOBEJCHHBIX AKCIEPUMEHTOB. B
JTAHHOHM Hay4HOW paboTe MPEAIoKeH Croco0 Mo pa3pelIeH o 3TOH NpodieMbl myTeM npuBeacHus Gpopmynsl CapikuHa,
OIHCHIBAIONIEH CBSI3b«Gb— by, puBenenHol B EBpokozie 2, k ynoOHOMY BHY JUIS IPAKTHIECKOTO IPUMEHEHHS (I0JIH-
HOMY IISITOH CTETECHH) M €€ BHEAPEHHS B CYIIECTBYIOIINE YPaBHEHUS MOI3Y4EeCTH BMECTO 3aKoHa ['yka. B manbHelimem
9TO TI03BOJIMIIO NONYYNTH AaHAJIUTUYSCKOS YpaBHEHHUE JUIS ONpeieIeHNsT Kod(D(QUIMeHTa 1T0I3ydecT OeToHa, KOTOPbIH
HOPMHPYETCSI B POCCUICKHX U €BPOMEHCKUX MpaBUIax MPOEKTUPOBAHNS OETOHHBIX U JKEI€300€TOHHBIX KOHCTPYKIMH 1
HCIIONB3YETCs B pacueTax CHKaThIX XKeJIe3006TOHHBIX MIEMEHTOB Ha JUTUTEIIBHO JICHCTBYIOIINE HATPy3KU.
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The article specifies a problem related to the neglect of analytical dependence that approximates a nonlinear diagram
with a falling section of the instantaneous deformation of concrete when making the concrete creep equations, as well as the
stability calculation of the compressed reinforced concrete elements at high stresses, when the nonlinear creep deformations
occur. It was found out that the use of Hooke’s law to describe the connection between the instantaneous deformation and
stresses inside the concrete at the stress level of more than 0,45R leads to a mismatch of theoretical calculations and the
experiments held. This research paper presents a method to resolve this problem by bringing in the Sargin formula to describe
the relationship “ob —eb”, given in Eurocode 2, to a convenient form for practical use (quintic polynomial), and integrate them
into the existing creep equations instead of Hooke’s law. Subsequently, it has enabled the obtaining of analytical equation to
determine the coefficient of concrete creep, which is regulated by the Russian and European design codes for concrete and
reinforced concrete structures and is used in calculation of compressed concrete elements for continuous stress.
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[IpoBenen aHamu3 paMaHOBCKHX CIIEKTPOrpaMM IOIHIPUPHBIX BOJIOKOH, 00pab0TaHHBIX 1 HEOOPaOOTaHHBIX Ha-
HOYACTUIIAMH 30J10Ta. YCTAHOBICHO Pa3InyKie B MHTCHCHBHOCTH PAMaHOBCKUX CIIEKTPOB 00Pa3I0B ¢ HAHOYACTULIAMHU
30s10Ta 1 6e3 HUX. Pa3paborana MeTOIMKa MaTeMaTHYECKOrO MOJICIMPOBAHUS COCTABIISIOIINX PAMAHOBCKUX CIICKTPOB,
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