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HIIBALIEHHS CTIMKOCTI ITPOLECY 'OPIHHA MMIPOTEXHIYHUX CYMIIIEN
HJIAXOM BBEAEHHA TOBABOK OPTAHIYHUX PEYHOBUH

Bemanosneno wiupokuil Knac opeaHiunux peuogut, 66e0eHHsL AKUX Y 8UNA0I HeGeIUKUX 000a60K
(0o 10 %) y cxknao nipomexuiuHux cymiwieli Ha OCHOBI NOPOUIKIB MeMAanesux NAlIbHUX Ma OKUCHIOBAYIE
npuBoOUMsb 00 3MEeHULeHHsl WBUOKOCMI ma Ni08UWeH s CIMIIKOCMI npoyecy ix 2opinHa 00 308HIUHIX
8NIUGIE (NidGUUeHT meMnepamypu Hacpigy, 308HIWHI MUCKU) O PI3HUX OIANA30HI68 3MIHU MEXHO-
N02IUHUX napamempie cymiuiell (Cnig8iOHOWIeHHs ma OUCHEPCHOCMI KOMHOHeHmis, Koepiyienma
yuinoHenus). 3i sMeHuweHHAM Koe@iyieHma HaoIuuKy OKUCHIOBAYA Y CYMIUT 3aNeHCHICINb WEUOKOCI
20PIiHHSA 610 8eIUYUHU Q0DABKU NIOCUTIOEMbCS, HE3ANEICHO 80 iT ducnepcrocmi. Jlobasku cmeapuny
ma miokony y cymiuii Al + NaNOs; ma Zr + NaNQOs;, nasnaxu, npuzeo0sams 00 30i1bleH sl WEUOKOCHI
2OPIHHA YuX cymiutell, o 0OyMo81eHo NiosueHHIM peakyitnoi 30amuocmi Al ma Zr y npucymnocmi
2a30n00iO6HUX NPOOYKMIE PO3KIAOAHHA CMeapuHy ma MiOKONYy npu NiOBUWEHUX MeMNnepamypax
Ha2pigy, AKi CHPUAIOMb PI3KOMY 3HUNCEHHIO mMeMnepamypu 3auUManHs YACMUHOK Memanesux naib-
HUX Ma Hpu3800amv 00 3HUNCEHHs CMINUKOCI npoyecy po3eUMKY 20piHHA cymiutell, 0cobnuso 6
YMOBAX NIOBUWEHUX 308HIUHIX MUCKIE (30i1bUleHHsl NOKA3HUKA V 8 3aKOHI 2OPIHHA 31 3DOCMAHHAM
seauuUHU 000ABKIL).

Knrouosi cnoea: nipomexwuiuni cymiwii, opeaniumi pewosunu, weUOKiCmob 20piHHS, CMIUKICMb
npoyecy 2OpiHHA, 306HIUIHI 6NIUBU.

Beryn. 3 xoxHUM pokoM B YKpaiHi Ta y
CBITI 3pOCTa€ KUIBbKICTh MOXKEXK 1 BUOYXiB B yMO-
Bax 30epiraHHsi, TPaHCIIOPTYBaHHsS Ta 3acTOCY-
BaHHS 3araJbHONPOMHUCIOBHUX MiPOTEXHIYHHX
BHpPOOIB, SKi  CIOPUYHHIIOTE  PYWHYBaHHSA
00’ €KTiB, JTIOJCHKI KEPTBU Ta 3aBIAIOTh 3HAYHUX
MarepianpbHUX 30WMTKiB [1]. AHami3 3a3HaYEHUX
BUMIAJIKIB MTOKA3Ye, IO 3arOPsHHIO 1 TOAAIBIIOMY
MOXEKOHEOE3EYHOMY PYHHYBaHHIO BUPOOIB, 5K
NpaBUIIO, TEPEAYIOTh 30BHIIIHI TEpMivHI Aii,
SKAM BOHM HiIAIOTHCS, HAIPUKIA, TIPH TTOXKe-
i y CKIIAJICEKUX MPUMIIICHHSX, JI¢ 30epiraroTh-
csl BUpOOH, B yMOBax iX TpaHCIIOPTYBaHHS NpH
3aiiMaHHi OJM3BKO pO3TalIoBaHWX OO0’€KTiB, a

TaKOX TIiJ] Yac MOCTPIIY Ta MOJBOTY BHUPOOIB B
yMoBax ix 3amycky Ttomo. lle mpusBoguTh 10
nepeayacHoro 3aiiMaHHs 1 BUOyXOHeOe3MeqHOro
PO3BHUTKY TOpiHHSI 3apsAiB Ha OCHOBI YUIJbHE-
HHAX CYMIIIeH 3 TOPOIIKiB OKHCHIOBAYiB (HiTpa-
TiB JTy)KHHX Ta JTy’)KHO3EMEIbHUX MeTaliB, (To-
pOILTACTIB, OKCHIIB METATIB Ta iH.) 1 METaJeBUX
nanpaux (Al, Mg, Ti, Zr Ta iH.), 1110 BXOAATH JIO
CKJagy BUpPOOiB, Ta MOJANBIINX TMOXKEKOHEOE3-
MEYHUX PYHHYBaHb.

ToMy CyTTEBOrO MPaKTHYHOTO 3HAYCHHS
HaOyBa€e TOTNEPEDKCHHS BUMYIIECHUX TT0XKEXKO-
HeOe3NMeUYHnX pyHHYBaHb BUPOOIB y pasi BIUIUBY
30BHIIIHIX TepMiuyHHX [Iiii. Meroau mnomepe-
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JOKEHHSI MaloTh IPYHTYBATHCS Ha JOCIHIIKEHHSIX
NPOIIECiB PO3BUTKY TOPIHHSA 3apsAdiB MipOTEXHiu-
HHUX CyMillleil y pi3HUX 30BHILIHIX YMOBaXx.

HuHi muTaHHs BIUIMBY Pi3HUX TEXHOJOT1d-
HUX TapaMeTpiB (CITIBBITHOIICHHS] KOMITOHEHTIB
Ta IX AMCIEPCHOCTi, Koe]illieHTa YIIIIbHEHHS
Ta iH.) 1 30BHIIIHIX YMOB (TeMIepaTyp HarpiBy,
30BHILIHIX THUCKIB TOIO) HA MPOLECH PO3BUTKY
TOpIHHS 3a3HAYCHUX JTBOKOMIIOHCHTHHX ITipOTEX-
HIYHHX CyMIIIEH AOCTaTHRO AOCTimkKeHi [2-9]:
BCTAHOBJICHO 3aKOHOMIPHOCTI iX BIUIUBY Ha
MIBUJIKICTh TOPiHHS; BU3HAYCHO Jialla30HU 3MiHU
napameTpiB Ui pi3HUX 30BHIIIHIX YMOB, y Me-
JKax SIKMX CIIOCTEPIraeThcsl CTiMKM BHOyx00e3-
MEYHUN PO3BUTOK IIPOIIECY TOPIHHSA CyMIMieH B
YMOBax 30BHIIHIX TepMidHUX Miil. OMHAK BIACYT-
HI CHCTEMaTH30BaHI IOCIHIDKCHHS BIUIMBY Ha
MIPOIIEC TOPIHHS 3a3HAYCHUX CYMIIeH J00aBOK
PI3HUX OpPraHiYHUX PEYOBHH, SKi, K MOKa3ylOTh
OKpeMi JocHiKkeHHS uis 100aBoK mapadiny,
creapuny, Hadraniny, anTpaneny [9-17], copu-
SIFOTh HE TUTBKH MTOKPAIICHHIO TEXHOJIOTii BHTO-
TOBJICHHS iX 3apsiB, a # MPUBOAATH IO YITOBIIb-
HEHHS NpOIIeCy TOPiHHS CyMillell 3 MOAaJbIIO0
foro crabinmizariero.

Meta Ta 3aaaui gocaigxkenn. Mema po-
Oomu: BCTAHOBJICHHS 3aKOHOMIPHOCTEH BIUIMBY
006aBOK PI3HUX OPTaHIYHUX PEUOBUH Yy CKIIAJ
MIPOTEXHIYHUX CYMIIIIEH 3 TIOPOIIKIB OKUCHIOBA-
YiB Ta METAJICBHX NaJbHUX Ha IIBUJIKICTH Ta
CTIMKICTh TIpOLIECY PO3BUTKY iX TOPiHHSL.

3agauamu JOCIHIIKEHb €:

— BH3HAYCHHs CYKyIHOCTI 100aBOK opra-
HIYHUX PEYOBHH, IO NMPHUBOISTH JI0 3HUKEHHSI
IIBUIKOCTI TOPIHHSA CyMimield Ta ITiIBUIICHHS
CTIMKOCTI mpolecy iX TOPiHHA Ui Pi3HUX TEXHO-
JIOT1YHHUX TapaMeTpiB Ta 30BHIIIHIX YMOB;

— BCTAHOBJICHHS J100aBOK OpraHiYHUX
pPEYOBHH, BBEICHHS SKUX Y CYMIII MOXE IpH3-
BOJIUTH JI0 3POCTAaHHS INBUIKOCTI Ta 3HWKEHHS
CTIAKOCTI TIPOIECY PO3BUTKY iX TOPIHHSA B YMO-
BaxX 30BHIIIHIX Ail (MiOBHILEHI TeMIepaTypu
HarpiBy, 30BHIIIHI THCKH).

Bukiaaax ocHOBHOro marepiaiay. 3pasku
MIPOTEXHIYHUX CYMIIICH BUTOTOBIISUIACS 3 BHKO-
pPHUCTaHHSM CTaHJAPTHUX METOJIB IpecyBaHHS
MOPOIIKIB OKHCHIOBAYiB (HITpaTH JIYKHUX Ta
nyxkHo3emenbHUX MeTamiB (NaNQ;, Sr(NOs),,
Ba(NO;), ta in.), ¢ropomnactu (®-3 ta in.),
okcuau meraniB (MnQO,, BaO, Ta iH.)) Ta Mera-
neBux nanpHUX (Mg, Al, Ti, Zr Ta iH.) 3 m006aB-
KaMH OpraHIYHUX PedoBUH (Tapadiny, cTeapuHy,
Had)TalliHy, aHTpaIeHy, TIOKOJY, YPOTPOIiHY,
METaJIBJIETi Ty, TeKCOreHy, KaHidoi Ta iH.) [7, 8].
CriBBiAHOIIEGHHS! KOMIIOHEHTIB y CyMimax Xxa-

pakTepu3yeThesl Koe(illieHTOM HaJUIMIIKY OKHC-
HIOBa4a o, iX T'yCTHHA — KOE(ILi€EHTOM YIIiJb-
HeHHA Ky, a IUCHIEPCHICTh BHUKOPHCTOBYBaHUX
TIPOMHCJIOBICTIO ITOPOIIKIB OKHCHIOBAYiB Ta METa-
JIEBUX TAJBHUX — CEPETHIMH PO3MipaMi YaCTHHOK
OKHCHIOBaYiB d,, (MKM) Ta METAJICBUX NAJIbHUX d,
(MKM), SIKi pO3paxOBYBAIUCS 32 NPHUUHITUMU Y
MiPOTEXHIUHIH MPOMHCIOBOCTI METOAUKAMH.
Cepenne 3HAYCHHS IMBHAKOCTI TOPIHHA

. h
cyMilieii BuU3Hauasocs 3a (popmMysoro u=- (h -

BHCOTA 3pa3Kka, M; 7 — CEpeAHild yac 3ropsHHS
3paska, ¢); MpU ILOMY BiJHOCHA IMOXHUOKA BHUMi-
pIoBaHHSA u He mnepeBumyBana 5...7 %. Excne-
pUMEHTAIbHI KpHBI OymyBamwcs 3 BHKOPHCTaH-
HSM CyYaCHHX METOIIB PETpeciifHOro Ta Kopems-
LIHHOTO aHami3iB.

PesyabraTn fmochaigkeHb. Y pesynbTati
MPOBEJCHUX JOCTIHKEHb BCTAHOBJIEHO, 10 y BU-
naaky cyminn Mg + NaNQO; yci BUBYeHI 100aBKH
OpraHiuyHuX pe4oBuH (mapadiHy, cTeapuHy, Had-
TaJliHy, aHTPaIeHy) IPUBOIATH TUTHKH J0 3MEH-
MIEHHS MBUIKOCTI TopiHHs. [Ipn ogHOMY ¥ TOMY
K 3HAYCHHI 0, Ta BMICTi 100aBKH & €()EeKTUBHICTh
3HIKCHHS IMBHIKOCTI TOPIHHS 3pOCTac y PImy
Hadramin — mapadin — aHTpareH — creapuH (pu-
cyrok 1). [Ipu mpoMy HaAWOLIBIT CHIBHO HA 3a-
JISKHICTD # = f{¢) BIUIMBAa€ KOEQILIEHT HAUIUIIKY
OKHCHIOBaYa. Tak, Ha MpUKJIaAi cymimi 3 1o0as-
KOl Ha()TamiHy BUAHO, IO 31 3MCHIICHHSAM O
3QNICKHICTE u =f(¢) mimcumoeTses. Jlucrepc-
HICTh no0aBkM HadTamiHy Ha ii ePEeKTHBHOCTI
MIPaKTUYHO HE Mo3HadaeThes (Tabmurt 1). Kpim
poro, BBeAeHHS y cymimt Mg + NaNO; nobaBok
OpPTraHiYHUX PEYOBHH Y NIESIKHX BHITAJIKaX IMPHU3-
BOJUTH TaKOX 10 3MiHH XapakTepy 3aJeKHOCTI
MIBUIKOCTI TOPIHHS BiJ IMapaMeTpiB BUXITHOI
CyMillli Ta 30BHINTHIX YMOB (TaOiuIsl 2, pUCYH-
k# 2, 3). OcoOIMBICTh BIUIMBY CTEAPUHY Ha Pi3Ke
3MEHIIECHHS IIBUAKOCTI TOpiHHSI  cymimeit
Mg + NaNO; moxe OyTH MOB’si3aHa 3 THM, IO
CO,, CO ta H,0, sixi BUIIISIOTHCS MPU PO3KJIIa-
JaHHI cTeapuHy [2], 3MaTHI OKUCHIOBATH Mg 111e
1o moyatky poskiamanas NaNO; 3 yTBOpESHHIM
Ha HOTO MOBEPXHI TOBCTOI OKCHIHOI TUIIBKH, IO
noripurye B3aeMofito Mg 3 kucHeM. PesynbraTu
JOCHIDKEHHSI OKHCHEHHST Mg y BYIJICKHUCIOMY
ras3i npu poskiaganni NaNO; [4] mokazanu, 1o
MIPOIIEC MiAMOPSIIKOBYETHCS JIIHIHHOMY 3aKOHY W
eHepris akTmBaIlii mopiBHIoEe 155,5 x/[/MOIb,
TOI SIK CHEprisl aKTUBAIlli OKUCHEHHS Y KHUCHI Ta
y moBitpi apopiBHioe 211,4 xx/monb. Ilopis-
HSIHHS CHEPrid aKTHUBAIli TMOKa3ye, M0 IIBU]I-
KiCTh OKHCHEHHsSI Mg y BYTJIEKHCIIOMY ra3i MOKe
OyTH HaBiTh BHINOIO, HI)K Y KHCHI Ta y TTOBITPI.
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Tabmuns 1. 3uavenns meuaKocti ropinus u (107 m/c) cymimi 65 % MII®-4 + 25 % NaNO;
+ 10 % nHadTajginy A5 Pi3HOI IMCIEPCHOCTI OpraHivHoi fo0aBKkH (IpH aTMOCPEPHOMY THCKY)

Po3mip gacTiHOK HadTamiHy, MKM Ky=0,9 Ky=0,8
450 ta Ginpime 14 16
250...450 14 17
150...250 14 16

[pumirtka. d,, <

K —

marieposa; Ky = 0,94.

280 mxm; T, = 293 K; miamerp 3paskiB — 0,145 m; Bucora — 0,230 m; obOomoHka

Tabmuus 2. 3anexHicTb mBuAKOCTI ropinns cymimeid NaNQO; + MII®-4 + opraniuna
a00aBKa BiJl mapaMeTpiB BUXiZHOI cyMillli Ta 30BHIITHIX YMOB

JloGaBka Buict 106aBok, % a Hiamna3zon 3aKOH HMIBUAKOCTI TOPIHHS
(monan 100 %) BUXIJTHOI cyMirmi 3MiHH THCKY (u, 107 m/c)
10 0,35 0,1...1,0 MIIa u:14,7ﬁ0’13
Hadranin 20 0,38 0,1...1,0 MIla u=117""
40 0,85 0,1...1,0 MITa u=59P""
; 10 0,35 0,1...1,0 MITa u=142P"2
Mapadin Zial

35 0,54 0,1...1,0 MITa u=73P"
C 5 11 13,3...101 kITa u=02""
TeapHH

P 10 035 13.3...101 xITa w= 04"

Ipumitka. szi (P — norounuit THCK, P, — armocthepHuii TuCK); d, < 280 mMrm; T, = 293 K;

niamerp 3paskiB — 1,8 102 M; BUCOTa 3pa3KiB — 5,5- 107 M; o0oaoHKa MeTanesa; Ky = 0,98.
04 \ 04
3 1S
\< 6
0.2

T

0
0 4 8 12 e % 2 4 6 8
a) 6)
. . o . . — = u . .
Pucynoxk 1. 3anexuicTh BiTHOCHOI IUBUAKOCTI ropinust u# (4=—, ne uy=u),—y) cymimi Mg + NaNO;
up

u u

0,2

0
0 g, %

npu arMocepHOMY THCKY BiJl MaCOBOI YaCTKH OPraHiuHoi 106aBKH
(Ky=0,9; MI1®D-4; d, = 74,5 mxm; d,, = 100...140 mxm; T, =293 K):
a) HagTaniny (1), mapaginy (2), aatpaneny (3), creapuny (4) mpu a = 0,3;
6) Hadraniny npu o = 0,7 (5), 0,37 (6), 0,21 (7)

u,
107 m/c

25

20 S~ —
\ 2 : 1
15 E—
\\
10 3
\<
5 4 —
S—
L\\
|
0
0 50 100 150 200 250 du, MM

Pucynok 2. Bniius 1o0aBku napaginy Ha 3ajieskHicTh IIBUAKOCTI ropinus cymimi Mg + NaNO;
Big nucnepcHocTi mopomky Mg (a = 1,0; d,,. = 250 mxm; Ky = 0,8):
1 — 6e3 mob6asku; 2—5 % nobasku; 3—10 % gobaBku; 4—-15 % nobaBku
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Pucynok 3. Biuins cniBBifHOIIeHHs KOMIOHeHTIB y cymimi Mg + NaNO; Ha 3a/1e:KHiCTh IIBUKOCTI
TrOpiHHA Bil MacoBoi YacTKu opraHiuHoi no6asku (Ky = 0,9; MII®-2; d,, = 182 mkm; d,, = 250 Mkm):
a) yporporiH (1); metansnerin (2); rekcoren (3); kanihons (4); iguro (5)

(— — cymim 58,3 % NaNO; + 41,7 % MIID-2; — - — - — cymim 40 % NaNO; + 60 % MIID-2);
6) mapanirpo6enzonberia (6); [IJIMAB (7); rekcaxsiopoensoin (8)
(— — cymim 58,3 % NaNO; + 41,7 % MIID-2; — - — - — cymim 40 % NaNO; + 60 % MIID-2);

B) crexiomerpuuHa cymimr Mg + NaNO; 3 nob6askoto iaurony (9) (d,, = 94 MxM; d,,, = 260 MKM);
creapuny (10) (d,, = 94 mxw™; d,,. = 260 mxm); imurony (11) (d,, = 94 Mxw™m; d,, = 54 MKM);
creapuny (12) (d,, = 94 MxMm; d,,. = 54 MKM)

OO0roBopenHsi pe3yiabTaTiB. BcraHosie-
HO, 1110, Ha BimMiHy Bix cymimi Mg + NaNOs,
nobasku creapuny y cymim Ti + NaNO; Brum-
BalOTh HAa MIBHIKICTh TOPIHHA 3HAYHO CIIalIme.
Ile mMo)xHA TIOB’SI3aTH 3 BiJICYTHICTIO XIMIYHHUX
peaxuii mixk CO, Ta Ti ax no 973 K. Kpim 1po-
ro, nobGaBku creapuny y cymim Zr + NaNOs,
HaBIAKH, MOXXYTh BUKJIMKATH 3POCTAHHS IIBH/I-
KOCTi TOPiHHSL.

AHoManpHe 301IbLIEHHS I[MBUIKOCTI TO-
pIHHA CyMilIel py BBEJCHHI TOOABKU CTEApUHY
00yMOBJICHE TIABUINICHHSIM PEAKITIHHOT 3IaTHOC-
Ti Zr y TOPHUCYTHOCTI Ta30MoJiOHUX MPOAYKTIB
PO3KIIQJIaHHs CTEApUHY, IO CIPHSIOTH PI3KOMY
3HWKEHHIO TEMIIEpaTypHu Horo 3aiiManHs. Takum
YMHOM, MPUPOJIa METAJIIEBOTO HaJbHOTO MOMITHO
3MIHIO€ XapakTep BIUIMBY OpPraHiYHHUX A00aBOK
Ha MIBUIKICTH TOPIHHA.

Pesynprat eKCIEpUMEHTAIBHHUX  JIOCITi-
JUKEHB 00 BIUIMBY J00ABOK OpTaHIYHUX pPedo-
BHWH Ha MBUAKICTH TOPIHHA 1HIIUX CyMIIIeH Me-
TaJCeBUX MaJTbHUX (MATHIIO Ta TUTAHY) 3 OKHCHIO-
BayaMu (HiTpaTaMu CTPOHLIIO Ta Oapito, MepeKu-
caM{d MapraHmio Ta 0Oapito, (TOopoIUTacTaMm)
HaBelIeHO y Tabnuil 3 1 Ha pucyHKax 4—7. 3 mux
JAaHWX BUJHO, 1[0 OPTaHiYHI JTOOABKH MOXYTh
ICTOTHO BIUIMBATH HE TIJIbKH Ha BEIWYHMHY IIBH/I-
KOCTI TOpIHHSA, ajJie W Ha XapakTep ii 3aJIe:KHOCTEH
BiI pi3HUX MapaMeTpiB. 3a Ji€l0 Ha MIBHIKICTH
ropins cymimi Mg 3 @-3 opraniuni n00aBKH
MOXYTh OYTH pPO3TaIlOBaHI B PSN CTECapHHOBA
KHCJIOTa, ceOaliHOBa KUCIIOTa, CEYOBHHA, YPO-
TpomiH, (TaneBa KUCIOTa, HITPOTyaHiAWH, Mapa-
¢in. IIpu upomy mst mapadiny crocrepiraeTbes
CYTTEBA 3aJICXKHICTh Bil BMICTY JH00aBKHU &: MPH
£<8,5% BiH 32 epeKTHUBHICTIO OCTaHHIN y 3a-
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3HaYEHOMY pAMy; mpH ¢ > 8,5 % #oro edexTus-
HICTh pi3K0 3pocTae. JJ00aBkM OpraHiyHUX peyo-
BUH y cymimi Mg 3 ®-3 pi3ko mocnabirooTh
3aJIeKHICTh LIBUJIKOCTI TOPIHHS BiJ TUCKY, NpU-
YoMy Y JICSKHX BHITJKaX peayi3yeTbcs 3aKOH
ropiaas 3 v = 0. L{ikaBo Bif3HauWTH, 10 OpraHiy-

HI mo0aBku (mapadiH, CTeapuH, aHTpPAalEH Ta
HadramiH) 3a3BUYail TPHBOMATH M0 3HIKCHHS
mBHAKOCTI ropinHa cymimeir Al + NaNO;, a
N00aBKH TiOKOJIy B THX K€ KIIBKOCTSIX, HABITAKHY,
MOXYTb MTPHU3BOJAMTH JIO IMiJBUIIECHHS IBUIKOCTI
TOpIHHS.

Tabmuig 3. 3HaYeHHS IIBHAKOCTI TOPiHHS U (107 wm/c) HITPATHO-TUTAHOBHUX CYyMilleil
3 pi3HMMH Opra”HiyHuMH Jo0aBKaMu (MacoBa 4yacTka 100aBku ¢ = 0,06; THCK aTMOocepHMii)

NaNO; + Ti Ba(NO;), + Ti

Ti—41% Ti—59 % Ti—32% Ti—52 %

Job6aBka ™~ ) - ) = ) ™~ )

o () (a) (e} (e} (e} (an)
be3 nobaBku 11,8 | 7,2 18,1 12,8 12,3 10,3 24,0 20,8
Cwmona 214 8,5 5,9 12,0 9,7 8,9 7,1 13,6 11,7
Inuron 6,7 5,6 11,4 7,9 7,4 6,2 11,7 10,1
HirporutiBka 9,6 7,2 14,1 10,1 10,7 8,9 15,3 13,8
Tiokomn 6,8 4,9 10,2 7,4 6,6 6,7 10,1 7,3
Bytnnakayayk 5,9 4.6 8,9 6,3 6,2 5,4 10,4 7,6
Ypotponin 4.8 34 7,2 5,9 5,4 43 9,1 7,9
IToniBiHUTXIIOPHT 6,3 4.8 8,3 6.4 7,1 5,6 10,7 8,8
I'excaxopnapakcuIon 6,9 4,7 7,1 5,1 7,6 6,1 11,2 8,5
[MenTaxnopdenon 472 33 6,2 5,9 5,3 4.1 7,3 6,1
droporutact 32 — JI 6,8 5,4 8,5 7,0 8,8 7,2 14,7 12,0
droprayuyk CKD — 32 5,9 4,6 7,7 6,7 8,1 6,7 12,7 10,9

IIpumitka. ITutoma moBepxHs nopomky Tutana (ITTM) S, = 222 MZ/KF; d,. <

250 mrm; Ty = 293 K;

miamerp 3paskiB — 2107 M; BucoTa 3paskiB — 2-10™ M; 060/10HKa TanepoBa.
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PucyHoxk 4. 3ajexHocTi LIBUAKOCTI ropiHHs cTexiomeTpuunux cymimeit Mg + Ba(NOs), (a)
Ta Mg + Sr(NO;), (6) Bi1 MacoBoi yacTKH opraHiuyHoi 100aBKH
(Ky=10,9; d,, = 94 MxM; 000;10HKa nanepoBa):

a) cymimt Mg + Ba(NOs;), + iguron (1) (d,, = 260 mxm); cymim Mg + Ba(NO;), + creapuH (2) (d,, = 260 MKM);
cymim Mg + Ba(NO3), + imuton (3) (d, = 54 mxm); cymimn Mg + Ba(NOs), + creapus (4) (d,. = 54 Mxm);
6) cymittr Mg + Sr(NO3), + iguron (5) (d,, = 260 Mxm); cymimr Mg + Sr(NO3), + iguron (6) (d,. = 54 MkM);
cymimt Mg + Sr(NOs), + creapus (7) (d, = 260 Mxm); cymim Mg + Sr(NO;), + creapuH (8) (d,. = 54 Mxm)

© €. I1. Kupuuenko, B. M. I'Bozas, O. B. Kupuuenko, B. O. Kosbaca, B. A. Bamenko, T. I. Byrenko, B. B. {uOyunin, 2022

DOI: 10.24025/2306-4412.2.2022.263233

77



ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

u,

10° m/c

6 3

a)

4

g, %

u,
10 m/c
10

9
8

7

6

[ —
.
\
\\
—
5
—
6 —
0 I 2 3 T %
0)

Pucynok 5. 3aneskHocTi IIBUIKOCTI FOpiHHSA cTexioMeTpu4HHUX cymimeii Mg + MnO, (a) ta Mg + BaO, (0)
Bil MacoBoi yacTku opra”iunoi 1o6aBku (Ky=0,9; d,, = 94 Mxm):
a) cymimt Mg + MnO, + iguton (1) (d, = 260 Mxm); cymimn Mg + MnO, + creapun (2) (d,, = 260 MkMm);
cymimt Mg + MnO, + iguroin (3) (d, = 54 Mkm); cymimt Mg + MnO, + creapuH (4) (d,, = 54 MKkM);
0) cymimr Mg + BaO, + iguton (5) (d,, = 260 mxm); cymim Mg + BaO, + creapu (6) (d,, = 260 MkMm);
cymimr Mg + BaO, + iquton (7) (d,. = 54 Mmxm); cymitn Mg + BaO, + creapus (8) (d,. = 54 MkM)

u,

10° m/c

14

T
NL

T
IS

9]

0 2 4 6 8 10 12 14 P, MIla
a)
u,
10° m/c //
12
10
10
8
11
/ 14 13 L~
6
L—]
//
4 I —
——
2
0 2 4 6 8 10 12 P, MIla
B)

u’
107 m/c
14

0

//
NS
N
L—
]
|
0 2 4 6 8 10 12 14 P, MIla
0)
/
/
5
/ ‘-ng— 1 b 16
[ —]
———
— EYN 22
AY 21
| —
/
0 2 4 6 8 10 12 P, MIla
r)

Pucynoxk 6. 3anexsocti mBuaKoCTi ropinasa cymimi 75 % MII®-3 + 25 % ®-3 Bix 30BHIIIHBOI0 THCKY
npu pisHoMy BMicTi opraniunoi noé6asku (Ky = 0,9; d,, = 135 mxm):
a) BigHOCHMI BMIcT erokcuaHoi cmonu EJI-5: =0 (1); €= 0,05 (2); £=0,07 (3); €=0,1 (4); €= 0,13 (5);
0) BimHOCcHHMH BMicT kKayuyky CKH-10-1: £=0 (5); £= 0,05 (6); €= 0,07 (7); £=0,1 (8); £=0,13 (9);
B) BilHOCHU# BMicT Tiokoay: €= 0 (10); €= 0,05 (11); £=0,07 (12); £=0,1 (13); £=0,13 (14);
T) BigHOCHHI BMIcT 106aBok: £= 0 (15); £= 0,05 I1T'H (16); £= 0,07 IIT'H (17); £¢= 0,1 TIT'H (18);

£=0,13 IITH (19); &= 0,07 [1-9 (20); &= 0,1 T1-9 (21); £= 0,13 [1-9 (22)
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Pucynok 7. Bniius BMicTy creapuny (a), napaginy (0) Ta yporpomniny (8) cymimi 75 % MII®-3 + 25 % ®-3
HA 3aJ1eKHICTh IBUAKOCTI ropiHHsA Bix 30BHIIHBOTO THCKY (Ky = 0,9; d,, = 135 Mmxm):
a) e=0(1); €=0,05(2); €=0,07 (3); £=0,1 (4); £=0,13 (5);
0) £=0 (6); €=0,05(7); €= 0,07 (8); £=0,1(9); £=0,13 (10);
B) £=0(11); £=0,05 (12); €= 0,07 (13); €= 0,1 (14); £=0,13 (15)

BucnoBku. Ha oCHOBiI mpoBelIeHUX eKC-
MEPUMEHTATBHUX JOCIHIKEHb 3aKOHOMIPHOCTEH
BIUIMBY IIHPOKOTO Kiacy J00aBOK OpraHidYHHX
PEYOBHH Ha IIBUAKICTH TOPIHHS MipOTEXHIYHUX
CyMiIllell Ha OCHOBI TOPOIIKIB OKHCHIOBAJiB Ta
METaJIeBUX MATBHUX OTPUMAHO TaKi HOBI pe3yib-
TaTH:

1. Ilpu BBeneHHI y cKiax CyMilled 3 Mo-
POIIKIB METalleBUX MAaJIbHUX Ta OKHCHIOBAYiB
O1TBIIOCTI 3 AOCHIIKEHHX 100aBOK OpraHidYHHUX
peuoBuH (Hadranin, napadid, aHTpaleH, YpoTpo-
IiH, METaJbJeTil, TeKCOTeH, KaHi(oJb, 1ITUTOI,
napanitpooerzonpaeria, [I/IMADB, rekcaxmopOen-
30711, enokcuaHa cmona EJI-5, kayuyk CKH-10-1,
III'H, T1-9, ceyoBuHa, (TaneBa KUCIOTA, HITPOTY-
aHiauH, cMoia 214, HiTporIiBKa, TiIOKON, OyTHII-
Kay4yK, HOMiBIHIIXJIOPU/, TeKCaxJIOpIapaKchion,
nenTaxyuopdenon, propomiact 32-JI, propkayayk
CK®-32), mo BHUKOPUCTOBYIOTHCS Yy TPOTEXHIU-
HOMY BHUPOOHHMIITBI, BiJIOYBAEThCA 3HWKCHHS
IIBUJIKOCTI TOPIHHS Ta TiJBUINEHHS CTIAKOCTI

MpoIeCy TOpPiHHS B YMOBaX 30BHIIIHIX BIUIMBIB,
[Ipu 1mpOMy 31 3MEHIICHHSM KoedillieHTa Hai-
JIATITIKY OKHFICHIOBAYa y CYMIIlli 3aJICKHICTh IITBH/I-
KOCTi TOPIHHS BiJ] BEIMYMHHU JTOOABKU IIiJICHITIO-
€THCS, HE3AJIEKHO BiJI 1i AWCIIEPCHOCTI. Y HESIKUX
BHIIQJKaX 3MIHIOETBCS XapakTep 3alIeKHOCTI
LIBUAKOCTI TOPIHHS BiA MapaMeTpiB BHXiTHOT
cymimn (koedilieHTa YIIIIbHEHHS, AUCTIEPCHOCTI
METAJICBOTO IMaJbHOTO) Ta 30BHINTHIX YHHHUKIB
(TemmepaTypu HarpiBy, 30BHIIIHHOTO THCKY).

2. Jo6aBKH cTeapuHy Ta TIOKOIY Y CyMi-
i Al + NaNOs ta Zr + NaNQOs;, HaBnaku, mpus-
BOJAITH 10 30UTBIICHHS IIBUAKOCTI TOPIHHS ITHX
cyMimel, mo oOyMOBJIEHO MiJBUIIEHHSIM peak-
miHOI 37aTHOCTI Al Ta Zr y IpHCYTHOCTI Ta30-
MOAIOHUX MPOAYKTIB PO3KIaJaHHsA CTCapUHy Ta
TIOKOJy TP MiJBUIIEHUX TeMIIeparypax Harpi-
BY, SIKi CIIPHUSIOTH Pi3KOMY 3HM)KEHHIO TeMIlepa-
TypH 3aiiMaHHs YaCTHHOK METAJICBUX MaTbHUX Ta
MPU3BOAATH [0 3HIDKEHHS CTIHKOCTI Tpouecy
PO3BUTKY TOPIHHS CyMiIlleii, 0COOJIMBO B YMOBax
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MIIBHIIEHUX 30BHIIIHIX THUCKIB (301IbIICHHS
MOKa3HWKa V B 3aKOHI TOPIiHHSA 31 3pOCTaHHAM
BEJIMYMHU JT0OABKH).

IMepcnekTHBY MOAANBIINX JAOCTITKEHbD.
Hanami mnnaHyeThcsl TPOBEACHHS JTOCIIKCHb
IIO/I0 PETYJIOBAHHS IIIBUKOCTI TOPIHHS MipOTEX-
HIYHUX METaTi30BaHUX CYMINIEH IIIXOM BBe-
JIEHHS y 1X CKJIaj M00aBOK HEOPraHIYHUX PEUo-
BUH (HampuKkjal OKCHIIB MeTaliB, (TopuuiB
MeTaJiB Ta iH.), sIKI MOXYTh OyTH iHTiIOITOpaMm
Ta KaTaj3aTopaMd TOPIHHSA 3a3HAYCHHX CyMi-
e, pOOJITYM CYTTEBUM BILIUB HA YaC 3TOPSHHS
Ta, B KIHIIEBOMY MiJICYMKY, Ha 4ac il mipoTexHiu-
HUX BHUPOOIB PI3HOIO IPU3HAYCHHS B yMOBax
00HOBOT0 3aCTOCYBaHHSI.
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INCREASE OF THE STABILITY OF THE PROCESS OF PYROTECHNIC MIXTURES
COMBUSTION THROUGH THE ADDITION OF ORGANIC SUBSTANCES

Ignition and subsequent fire-hazardous destruction of products are usually preceded by external
thermal effects to which they are subjected. This leads to premature ignition and explosive develop-
ment of burning charges based on compacted mixtures of oxidizing powders and metal combustibles
and further fire-hazardous destruction.

Prevention of forced fire-hazardous destruction of products in the event of external thermal ef-
fects becomes of significant practical importance. Prevention methods should be based on studies of
the development processes of the combustion of pyrotechnic mixture charges in various external con-
ditions.

Prevention of forced fire-hazardous destruction of products in the event of external thermal ef-
fects acquires significant practical importance. Prevention methods should be based on studies of the
development processes of the combustion of pyrotechnic mixture charges in various external condi-
tions.

Currently, the issue of the influence of various technological parameters and external condi-
tions on the processes of development of combustion of two-component pyrotechnic mixtures has been
sufficiently investigated. However, there are no systematic studies of the influence on the combustion
process of the indicated mixtures of additives of various organic substances, which, as shown by sepa-
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rate studies for paraffin, stearin, naphthalene, anthracene additives, not only contribute to the im-
provement of the technology of manufacturing their charges, but also lead to a slowdown in the com-
bustion process of the mixtures with further its stabilization.

The purpose of the work is to establish the regularities of the influence of additives of various
organic substances in the composition of pyrotechnic mixtures of oxidizing powders and metal fuels on
the speed and stability of the development of their combustion.

A wide class of organic substances has been established, the introduction of which in the form
of small additives (up to 10%) into the composition of pyrotechnic mixtures based on powders of metal
fuels and oxidizers leads to a decrease in the speed and increase in the resistance of their combustion
process to external influences (increased heating temperatures, external pressures) for different rang-
es of changes in technological parameters of mixtures (ratio and dispersion of components, compac-
tion coefficient). With a decrease in the coefficient of excess oxidant in the mixture, the dependence of
the burning rate on the amount of the additive increases, regardless of its dispersion. Additions of
stearin and thiocol in the mixture of Al + NaNOj; and Zr + NaNQOs, on the contrary, lead to an in-
crease in the burning rate of these mixtures, which is due to an increase in the reactivity of Al and Zr
in the presence of gaseous decomposition products of stearin and thiocol at elevated heating tempera-
tures, which contribute to a sharp decrease in ignition temperature of metal fuel particles and lead to
a decrease in the stability of the combustion process of mixtures, especially under conditions of in-
creased external pressure (an increase in the index v in the combustion law with an increase in the
amount of the additive).

Keywords: pyrotechnic mixtures, organic substances, burning speed, stability of the burning
process, external influences.

Cmamms naoiviuwna 19.08.2022
Hputinamo 09.10.2022

© €. I1. Kupuuenko, B. M. I'Bozas, O. B. Kupuuenko, B. O. Kosbaca, B. A. Bamenko, T. I. Byrenko, B. B. {uOyunin, 2022
DOI: 10.24025/2306-4412.2.2022.263233
83



	Список використаних джерел


