BicHuk YepkacbKoro gepxaBHOro TeXHOJNOri4YHOro yHiBepcurteTty 3/2022

YK 614.841:536.46

[0000-0002-2373-2429] €. 11 Knpnqemcol
s B .

e-mail: kyrychenkojp@gmail.com
[0000-0003-227779721 B, M. I'BO3AB', KaHO. mexH. nayk, npogecop,
e-mail: chipb@dsns.gov.ua
10. B. Kupuuenko', 0-p mexu. nayx, npogpecop,
e-mail: okskir@meta.ua
[0000-0002-9479-669X] B ") KomBaca’,
e-mail: victory101@ukr.net
I1B. A. Baluemcoz, 0-p mexu. Hayk, npoghecop,
e-mail: v.vaschenko@chdtu.edu.ua
[0000-0003-306557721 T 1, ByTenko®, kano. mexm. nayk, ooyenm,
e-mail: but82016(@gmail.com
[0000-0002-2805-572X) B "B [ [y Gy mima?
e-mail: tsybulin22@gmail.com
"Yepxacbknii iHCTHTYT MmoXkexHOI Gesrexu iveni I'epoi YopHobuis
HamionansHOTO YHIBEPCHUTETY IUBUIBHOTO 3aXUCTy Y KpaiHH,
Bys. OHoOMpieHKa, 8, M. Uepkacu, 18034, Ykpaina
*YepKachKuil IepaBHI TEXHONOTUHHIT yHIBEPCHUTET,
0-p LlleBuenka, 460, m. Yepkacu, 18006, Ykpaina

[0000-0002-0240-1807

[0000-0003-0722-9353

NIJIBUIIEHHA CTIMKOCTI ITPOLECY 'OPIHHSA MIPOTEXHIYHUX CYMIIIEN
HJIAXOM BBEAEHHA JTOBABOK OP'TAHIYHUX PEYOBUH

Bemanosneno wupokuil Kiac opeaHiuHux pedouHt, 66e0eHHs AKUX Y 6UeNAl HeGeTUKUX 000a80K
(0o 10 %) y cxknao nipomexuiunux cymiuieti Ha OCHOBI NOPOUIKI68 MeMAnesux NAIbHUX Ma OKUCHIOBAYIE
npuBooUMsb 00 3MEeHULeHHS WBUOKOCMI Mma NiOSUWeHHS CMIKOCMI npoyecy iX 2opinHa 00 308HIUIHIX
8NAUGIE (NidsuUUieHT memMnepamypu Hacpidy, 306HIUHI MUCKU) O PI3HUX OIANA30HI68 3MIHU MEXHO-
N02IYHUX napamempie cymiuieil (Cnig8iOHOWIEHHS MdA OUCNEPCHOCMI KOMNOHEHmMI8, Koe@iyicHma
yinoHeHnHs). 3i sMeHuweHHAM Koe@iyieHma HaOIUWKy OKUCHIOBAYA Y CYMIULT 3ANe)HCHICIb WEUOKOCI
20pIiHHA 610 8eIUYUHU Q0OABKU NIOCUTIOEMbCS, HE3ANedCHO 8i0 ii ducnepcrocmi. /{obasku cmeapumy
ma miokony y cymiuii Al + NaNOs;ma Zr + NaNQOj;, nasnaxu, npuzeo0sams 00 30L1bUieH sl WEUOKOCHI
2OPIHHA YUXx cymiutell, wo oOyMos1eHo niosuenHam peakyitnoi 30amuocmi Al ma Zr y npucymnocmi
2a30n00iOHUX NPOOYKMIE PO3KIAOAHHA CMEeapuHy ma MioKoNy npu NiOBUWEHUX MeMnepamypax
Ha2pigy, AKi CHPUAIOMb PI3KOMY 3HUNCEHHIO MeMnepamypu 3auManHs YACMUHOK Memanesux naib-
HUX Ma Hpu3800ams 00 3HUNCEHHS CTMIKOCTI npoyecy pO3GUMKY 20pinHA cymiutell, 0cobnuso 6
YMOBAX NIOBUWEHUX 308HIUHIX MUCKIB (30i1bUleH sl NOKA3HUKA V 8 3aKOHI 2OPIHHA 31 3DOCMAHHAM
seauduHU 000A6KU).

Knrouosi cnosa: nipomexwuiyni cymiwti, opeaHiuHi pewosunu, WeUOKiCmb 20piHHS, CMIUKICMb
npoyecy 2OpiHHA, 306HIUHI 6NIUBU.

Beryn. 3 xoxxHUM pokoM B YKpaiHi Ta y
CBITI 3pOCTa€ KUIBKICTh MOXKEXK 1 BUOYXiB B yMO-
Bax 30epiraHHs, TPaHCIOPTYBaHHS Ta 3acTOCY-
BaHHS 3arajbHONPOMHUCIOBHUX MiPOTEXHIYHHX
BHpPOOIB, SKi  CIOPUYMHSIIOTE  PYHHYBaHHS
00’ €KTiB, JTIOJICHKI KEPTBU Ta 3aBIAIOTh 3HAYHUX
MarepianbHUX 30WUTKIB [1]. AHami3 3a3HaYCHUX
BUIIAJIKIB TIOKA3Y€, 10 3arOPSHHIO 1 HOAAIBIIOMY
MOXEKOHEOE3MeYHOMY PYHHYBaHHIO BUPOOIB, 5K
NpaBUIIO, TEPEAyIOTh 30BHIIIHI TEPMivHI Aii,
SKAM BOHHM MiIIAIOTHCS, HAIPHUKIA, TIPH TTOXKe-
K1 Y CKIIAJICHKUX MPUMIIMICHHSIX, JIe 30epiraroTh-
csl BUpOOH, B yMOBax iX TpaHCIIOPTYBaHHS INPH
3aiiMaHHi OJM3BKO pO3TamoBaHUX OO0 €KTIB, a

TaKOX TIiJ] Yac MOCTPiIY Ta MOJLOTY BHUPOOIB B
yMoBax ix 3amycky Ttomo. lle mpu3BoauTh 10
NepeayacHoro 3aiiMaHHs i BUOyXoHEOe3MeyHOro
PO3BHUTKY TOpiHHSI 3apsAiB Ha OCHOBI YIIUIbHE-
HUX CyMilel 3 TOPOIIKIB OKHUCHIOBadiB (HiTpa-
TIB JYXXHHX Ta JIY’)KHO3EMEJIbHHX METajliB, (To-
pOIUTacTIB, OKCHIIB METATIB Ta iH.) 1 METaJeBUX
nanpHux (Al, Mg, Ti, Zr Ta iH.), 10 BXOAATH 110
CKJIangy BUpPOOiB, Ta MOJANBIINX TOKEKOHEOE3-
MEYHUX PYHHYBaHb.

ToMy CYTTEBOTO MPAKTHYHOTO 3HAYCHHS
HaOyBae TOMEPEKEHHST BUMYIICHUX TT0XKEXKO-
HeOe3MeUYHnX pyHHYBaHb BUPOOIB y pasi BIUIUBY
30BHINIHIX TepMiyHMX Jid. Meromu momepe-
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JOKCHHST MAalOTh TPYHTYBaTHCS Ha JOCIIKEHHIX
NpOIIECiB PO3BUTKY TOPIHHSA 3apsAiB MipOTEXHIY-
HHUX CyMilllel y pi3HUX 30BHILIHIX YMOBaX.

HuHi muTaHHs BIUIMBY Pi3HUX TEXHOJIOTiY-
HUX TapaMeTpiB (CITIBBITHOIICHHS KOMIIOHEHTIB
Ta iX JIUCIEPCHOCTI, Koe(ilieHTa YIIiTbHESHHS
Ta iH.) 1 30BHIIIHIX YMOB (TeMIIepaTyp HarpiBy,
30BHILIHIX TUCKIB TOILIO) Ha MPOLECH PO3BUTKY
TOpIHHS 3a3HAUYEHUX JBOKOMITOHCHTHHX IipOTEX-
HIYHHX CYMIIEH MOCTaTHRO AoCHimkeHi [2-9]:
BCTAHOBJICHO 3aKOHOMIPHOCTI iX BIUIUBY Ha
IIBUJIKICTh TOPIHHS; BU3HAUCHO Jialla30HU 3MiHU
napameTpiB Ui Pi3HUX 30BHIIIHIX YMOB, y Me-
Kax SIKUX CIIOCTEpiraeThcs CTiHKMiA BHOyx00e3-
MEYHUI PO3BUTOK IIPOIIECY TOPIHHSA CyMimied B
YMOBax 30BHIIHIX TepMiuHUX Miil. OqHAK BiACYT-
HI CHCTEMaTH30BaHI IOCIiHKCHHS BIUIMBY Ha
MPOIEC TOPIHHS 3a3HAYEHUX CYMIIed J00aBOK
PI3HUX OpraHiYHUX PEYOBHH, fKi, K MMOKa3ylOTh
OKpeMi JocmikeHHA Uia no0OaBok mapadiny,
creapuHy, Hadraminy, anrpaneny [9-17], copu-
SIFOTh HE TITBKH MTOKPAIICHHIO TEXHOJIOTii BHTO-
TOBJICHHS iX 3apsiB, a # MPUBOIIATH JO YITOBLIb-
HEHHS NPOLECy TOPIHHS CyMillled 3 MOAaJbIIO0
foro crabinmizarmiero.

Meta Ta 3apa4i gocaigxennb. Mema po-
Oomu: BCTAHOBJICHHS 3aKOHOMIPHOCTEH BIUIMBY
J00aBOK PI3HMX OPraHiYHHUX PEUYOBHH Y CKIIaJ
MIPOTEXHIYHUX CYMIITIEH 3 TIOPOIIKIB OKUCHIOBA-
YiB Ta METAJCBHX NaJbHUX Ha MIBUJKICTh Ta
CTIMKICTh TIPOLIECY PO3BUTKY iX TOPiHHSL.

3agauamu JOCIHiIKEHb €:

— BH3HAYCHHS CYKYyIHOCTI 100OaBOK opra-
HIYHUX PEYOBHH, IO MPHUBOASTH JIO 3HIKCHHS
IIBUIKOCTI TOPIHHS CyMiImIeld Ta ITiABUIICHHS
CTIMKOCTI mpolecy iX TOpPiHHS Ui Pi3HUX TEXHO-
JIOT1YHUX TapaMeTpiB Ta 30BHILIHIX YMOB;

— BCTAHOBJICHHS J100AaBOK OpraHiYHUX
pPEYOBWH, BBEIICHHS SKHX Y CYMIIli MOXKE TIPH3-
BOJIUTH JIO 3POCTAaHHS INBWJIKOCTI T4 3HWKCHHS
CTIAKOCTI TIPOIIECy PO3BUTKY iX TOPIHHSI B yMO-
BaxX 3OBHIIIHIX Aid (MiOBHINEHI TeMIEpaTypH
HarpiBy, 30BHIILIHI THCKH).

Bukiaaag ocHOBHOro marepiajiy. 3pasku
MIPOTEXHIYHUX CYMIIICH BUTOTOBIISUTHACS 3 BHKO-
pPHUCTaHHAM CTaHJAPTHUX METOJIB IpecyBaHHS
MOPOINKIB OKHCHIOBAYiB (HITpaTH JIY)KHUX Ta
nyxHo3emenpbHUX MeTamiB (NaNQs;, Sr(NOsj),,
Ba(NO;), ta in.), ¢ropomnactu (P-3 Ta in.),
okcuan MmetaniB (MnO,, BaO, Ta iH.)) Ta mera-
neBux nanpHUX (Mg, Al, Ti, Zr Ta iH.) 3 m006aB-
KaMH OpraHiuHUX pevoBUH (mapadiHy, CTeapuHy,
Ha()TaliHy, aHTpaleHy, TIOKOJY, YpPOTPOIiHY,
METAaJIBJIETi Ty, TeKCOreHy, KaHidoii Ta iH.) [7, 8].
CriBBiZHOIIEHHS KOMIIOHEHTIB y CyMimax Xxa-

pakTepu3yeThesi Koe(illieHTOM HaUIMIIKY OKHC-
HIOBaYa o, iX T'yCTHHAa — KOE(]Ii€HTOM YIIiNb-
HeHHA Ky, a IUCHIEPCHICTh BHKOPHCTOBYBAHUX
TIPOMHCJIOBICTIO TTOPOINIKiB OKHCHIOBAYiB Ta METa-
JIEBUX TAJBHUX — CEPETHIMH PO3MipaMi YaCTHHOK
OKHCHIOBaYiB d,, (MKM) Ta METAJICBUX NATBHUX d,
(MKM), SIKi pO3paxOBYBAIUCS 32 NPUHHITUMU Y
MpOTEXHIYHIA MPOMHCIOBOCTI METOANKAMH.
CepenHe 3HAYCHHS IIBHIKOCTI TOPIHHSA

. h
cymimieli BU3Hauanocs 3a (popmMysoro u=- (h -

BHCOTa 3pa3Kka, M; 7 — CEpeAHild yac 3ropsHHsI
3paska, C); MpU I[bOMY BiTHOCHA MMOXWOKA BHUMi-
pIOBaHHsA u He mnepeBuiryBana 5...7 %. Excre-
pUMEHTaIbHI KpHBI OymyBaaucs 3 BHKOPHUCTaH-
HAM CyYaCHHX METOIIB PErpeciiiHoro Ta Kopems-
[IHHOTO aHaMmi3iB.

Pe3yabratu pociaigkeHb. Y pesynbTati
MPOBEACHUX JOCTIHKEHb BCTAHOBJICHO, IO y BHU-
naaky cyminn Mg + NaNQO; yci BUuBYeHi 100aBKH
OpraHiyHuX pe4oBuH (napadiny, cTeapuHy, Had-
TaJliHy, aHTPaIleHy) MPHUBOIATH TUTBKH JO 3MCH-
MIEHHS MBUIKOCTI TopiHHS. [Ipn ogHOMY ¥ TOMY
K 3HAYCHHI 0, Ta BMICTi 100aBKH & €()EeKTUBHICTh
3HIDKCHHS IMBHIKOCTI TOPIHHS 3pOCTae y psay
Hadramu — mapadin — aHTpareH — creapuH (pu-
cyrok 1). IIpu mpoMy HaAWOLTBIT CHILHO HA 3a-
JISKHICTD # = f{¢) BIUIMBAE KOEILiEHT HAUIUIIKY
OKHCHIOBaYa. Tak, Ha MpUKJIaAl cymimi 3 qobas-
KOI0 Ha(TaliHy BUIHO, IO 31 3MEHIICHHSM O
3QICKHICTE u = f(¢) miacumoeTses. Jlucrmepc-
HicTh n00aBkKM HadTadiHy Ha ii €PEKTHBHOCTI
MIPaKTUYHO He Mo3HadaeThes (Tabmuis 1). Kpim
poro, BBeAeHHs y cymim Mg + NaNO; no6aBok
OpPTraHIYHUX PEYOBHH Y NESIKHX BHITAJKaX IPHU3-
BOJUTH TaKOX 10 3MiHH XapakTepy 3aJe:KHOCTI
MIBUIKOCTI TOPIHHS BiJ IMapaMeTpiB BUXITHOI
CyMIIli Ta 30BHINTHIX yMOB (Tabiuis 2, pUCYH-
k# 2, 3). OcoOMBICTh BIUIMBY CTEAPUHY Ha Pi3Ke
3MEHIIEHHS IIBMAKOCTI TOpiHHSI  cyMmimuei
Mg + NaNO; moxe OyTH MOB’si3aHa 3 THM, IO
CO,, CO T1a H,0, axi BUOINAIOTHCS MPH PO3KIIa-
JaHHI cTeapuHy [2], 3MaTHI OKHUCHIOBaTH Mg 111e
1o mouatky poskinananHas NaNO; 3 yTBOpESHHSIM
Ha HOTO MOBEPXHI TOBCTOI OKCHIHOI IUIIBKH, IO
noripurye B3aemonito Mg 3 kucHeM. PesynbraTu
JOCHIDKEHHSI OKHCHEHHST Mg y BYIJIEKHUCIOMY
ra3i npu poskiagandi NaNO; [4] mokazanu, 1o
TIPOIIEC MiAMOPSIKOBYETHCS JIIHIHHOMY 3aKOHY W
eHeprisi akTHBamii gopiBHIOE 155,5 kJIK/MOJIb,
TOA1 SIK CHEprisl aKTUBAIlli OKUCHEHHS Y KHUCHI Ta
y moBitpi agopiBHioe 211,4 xx/monb. Ilopis-
HSHHS CHEPrid aKkTHBAIli TMOKa3ye, M0 IIBUI-
KiCTh OKHCHEHHSI Mg y BYTJIEKHCIOMY ra3i MoxKe
OyTH HaBITH BUINOIO, HIXK Y KHCHI Ta y TIOBITPI.
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Ta6mus 1. 3uavenns mBuaKocti ropinus u (107 m/c) cymimi 65 % MII®-4 + 25 % NaNO;
+ 10 % HadTaJgiHy A5 Pi3HOI IMCIIEPCHOCTI OpraHivHoi 100aBKH (IPH aTMOC(PEPHOMY THCKY)

Po3wmip gactuHOK HadTaTiHy, MKM Ky=0,9 Ky=0,8
450 ta Ginpme 14 16
250...450 14 17
150...250 14 16

[pumitka. d,, <

naneposa; Ky = 0,94.

Tabmuus 2. 3anexHicTs mBuAKocTi ropinns cymimeid NaNO; + MII®-4 + opraniuna

n00aBKa Bil mapaMeTpiB BUXiZAHOI cyMilli Ta 30BHIIIHIX YMOB

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

JloGaBKa Buict 106aBox, % a Hianason 3aKOH HMIBUIKOCTI TOPiHHA
(monazn 100 %) BUXIJTHOI cyMirTi 3MiHH THCKY (u, 107 m/c)
10 0,35 0,1...1,0 MIla u:14,7ﬁ0’13
Ha¢ranin 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 L1 13,3...101 kITa u=020""
TeapuH

P 10 0.35 13.3...101 xIla =045

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

niametp 3paskis — 1,8 102 M; BHCOTa 3pa3KiB — 5,5- 107 M; obostonka meranesa; Ky = 0,98.

u u
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Pucynoxk 1. 3anexuicTh BiTHOCHOT INBUAKOCTI ropinust # (u=—, ne uy=u),—y) cymimi Mg + NaNO;
up

npu arMoc(hepHOMY THCKY BiJl MACOBOI YaCTKH OPraHiuHoOI 100aBKH

(Ky=0,9; MI1®-4; d, = 74,5 mxm; d,, = 100...140 mxm; T, =293 K):
a) Hadraniny (1), mapadiny (2), aurpaneny (3), creapuny (4) npu a = 0,3;
6) vadraniny npu o = 0,7 (5), 0,37 (6), 0,21 (7)
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Pucynok 2. BniiuB no6aBku napadiny Ha 3ajie:kHicTh IIBUAKOCTI ropinus cymimi Mg + NaNOQO;
Big qucnepcHocTi mopomky Mg (a = 1,0; d,,. = 250 mxm; Ky = 0,8):
1 — 6e3 mobasku; 2—-5 % nobasku; 3—10 % nodasku; 4—15 % gobaBku
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Pucynok 3. Bluins cniBBifHOIIeHHss KOMIOHeHTIB y cymimi Mg + NaNO; Ha 3a/1e:KHiCTh IIBUAKOCTI
TrOpiHHSA Bil MacoBoi yacTKu opraHiuHoi fo6asku (Ky = 0,9; MII®-2; d,, = 182 mkm; d,, = 250 Mmxm):
a) ypotpomit (1); metanbaerin (2); rexcoren (3); xanipons (4); iquron (5)

(———cymim 58,3 % NaNO; + 41,7 % MII®-2; — - — - — cymint 40 % NaNO; + 60 % MII®D-2);
6) mapanirpobenzonbueriz (6); [IIMAB (7); rekcaxnopbenszodn (8)
(— — cymimr 58,3 % NaNO; + 41,7 % MIID-2; — - — - — cymimt 40 % NaNO; + 60 % MIID-2);

B) crexiomerpuuHa cymim Mg + NaNO; 3 go6aBkoto igurony (9) (d,, = 94 Mxm; d,,. = 260 MKm);
creapuny (10) (d,, = 94 mxwm; d,, = 260 mxm); imurony (11) (d,, = 94 Mxwm; d,,, = 54 MKM);
creapuny (12) (d,, = 94 mxwm; d,. = 54 MKM)

Oo0roBopenHsi pe3yiabTaTiB. BcraHosie-
HO, 1110, Ha BimMiHY Bix cymimi Mg + NaNOs,
nobasku cteapuny y cymim Ti + NaNO; Bruiu-
BalOTh Ha MIBUIKICTh TOPIHHSA 3HAYHO CIIa0Ie.
Ile mMoxHA TIOB’SI3aTH 3 BiJACYTHICTIO XIMIYHHUX
peakuii mixk CO, Ta Ti ax no 973 K. Kpim 1po-
ro, nobGaBku creapuny y cymim Zr + NaNOs,
HABIAKH, MOXYTh BUKJIHMKATH 3POCTAHHS IIBH/I-
KOCTi TOPiHHSL.

AHoMmasnpHe 30UIBLIEHHS MIBUAKOCTI TO-
piHHS cyMileli IpH BBEJCHHI 100aBKH CTCapUHY
00yMOBJICHE TIABUIICHHSIM PEAKIIHHOI 3IaTHOC-
Ti Zr y TPHUCYTHOCTI Ta30MOiOHMX MPOAYKTIB
PO3KIIQJaHHs CTEapUHY, IO CIPHUSIOTH PI3KOMY
3HUKEHHIO TEMIIEpaTypu Horo 3aiiMaHHs. Takum
YHUHOM, NPUPOJIa METAIECBOrO MAIBHOTO TIOMITHO
3MIHIOE XapakTep BIUIMBY OPTraHIYHHUX J00aBOK
Ha MIBUAKICTH TOPIHH.

PesynpTatn exkcriepuMEHTANBHUX —JOCIi-
JUKEHB MO0 BIUTMBY J00aBOK OPTaHIYHUX pPedo-
BHWH Ha MBHUAKICTH TOPIHHA 1HIIHX CyMIIIeH Me-
TaJCBUX MaJIbHUX (MATHIIO Ta TUTAHY) 3 OKHCHIO-
BayaMu (HiTpaTaM¥ CTPOHIIIO Ta Oapito, MepeKu-
caMd Maprafmio Ta 0apito, (TOpOIIaCTaMM)
HaBeneHo y Tabmuil 3 1 Ha pucyHKax 4—7. 3 1ux
JAaHWX BUIHO, 1[0 OPTaHiYHiI JTOOABKHM MOXYTh
ICTOTHO BIUIMBATH HE TUTBKY Ha BEIWYHUHY IIBH/I-
KOCTI TOpIHHSA, ajie W Ha XapakTep ii 3aJIe’KHOCTEH
BiI pi3HUX MapaMeTpiB. 3a Ji€l0 Ha IIBUIKICTH
ropiansa cymimi Mg 3 @-3 opraniuni n00aBKH
MOXYTh OYTH pPO3TallOBaHI B PS. CTECapHHOBA
KHCJIOTa, ceOalMHOBa KUCIIOTa, CCUOBHHA, YpO-
TpomiH, (TaneBa KUCIOTa, HITPOTyaHiAWH, mapa-
¢in. IIpu upomy mist mapadiny crmocrepiraeTbes
CYTT€BA 3QJICKHICTD Bl BMICTy M00aBKH &: TpH
£<8,5% BiH 3a epeKTHBHICTIO OCTaHHIH y 3a-
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3HAYCHOMY psy; nipu ¢ > 8,5 % i#oro edekrus-
HICTBH Pi3K0 3pocTtae. JIoOaBKK OpraHIYHHX pedo-
BUH y cymimi Mg 3 ®-3 pi3ko mocnabiroroTh
3aJIeKHICTD LIBUIKOCTI TOPIHHS BiJ THUCKY, NPHU-
YOMY Y JICSKHX BHIAJKaX Peai3yeTbCs 3aKOH
ropiaas 3 v = 0. L{ikaBo BiJi3HaYNTH, 110 OpraHiy-

HIi nmo0OaBku (mapadiH, cTeapuH, aHTpalEH Ta
HadramH) 3a3BU4yail TMPUBOAATH MO 3HIDKCHHS
mBHAKOCTI ropiHHA cymimeir Al + NaNO;, a
NO00ABKH TIOKOJTy B THX K€ KUTBKOCTSIX, HABITAKHY,
MOXYTb MTPHU3BOJAMUTH JIO IMiJIBUIIEHHS IBUIKOCTI
TOpIHHS.

Ta6nuus 3. 3Havennsi mBHAKoCTi ropimas u (107 m/c) HiTpaTHO-THTAHOBHX cymimeii
3 pi3HMMH Opra”HiyHuMH Jo0aBKaMu (MacoBa YyacTka 106aBku ¢ = 0,065 THck aTMocdepHMii)

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

Ti—41% Ti—59 % Ti—32% Ti—52%

Hob6aBka =~ ) - ) = ) =~ )

= S S = S = S
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
Tiokoun 6,8 4,9 10,2 7,4 6,6 6,7 10,1 7,3
Byrtnikaydayk 5,9 4.6 8,9 6,3 6,2 5,4 10,4 7,6
Yporponin 4.8 34 7,2 5,9 5,4 43 9,1 7,9
TToniBiHUTXIIOPHT 6,3 4.8 8,3 6,4 7,1 5,6 10,7 8,8
I'excaxyopnapakcHiIon 6,9 4.7 7,1 5,1 7,6 6,1 11,2 8,5
[MenTaxnopdeHon 472 33 6,2 5,9 5,3 4.1 7,3 6,1
dropormtact 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 ([1TM) S, = 222 MZ/KF; d,. <

250 mMm; Ty = 293 K;

miamerp 3paskiB — 2107 M; BucoTa 3paskiB — 2-10™ M; 060/I0HKa TanepoBa.
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PucyHoxk 4. 3ajeskHocTi LIBUAKOCTI ropiHHs cTexiomeTpuunux cymimeit Mg + Ba(NQOs), (a)
Ta Mg + Sr(NO;), (6) Bi1 MacoBoi YacTKH opraHiuyHoi 100aBKH
(Ky=10,9; d,, = 94 MmxM; 000;10HKa NanepoBa):

a) cymimt Mg + Ba(NO;), + iguron (1) (d,, = 260 mxm); cymimn Mg + Ba(NO;), + creapus (2) (d,, = 260 Mxm);
cymim Mg + Ba(NO;), + imuton (3) (d, = 54 mxm); cymim Mg + Ba(NOs), + cteapun (4) (d,. = 54 MKkM);
6) cymimt Mg + Sr(NO3), + iguron (5) (d,, = 260 mxm); cymimn Mg + Sr(NOs), + iguron (6) (d,. = 54 MKm);
cymimt Mg + Sr(NOs), + creapus (7) (d, = 260 Mmxm); cymimn Mg + Sr(NO;), + creapuH (8) (d,. = 54 Mkm)
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Pucynok 5. 3aneskHocTi IIBUAKOCTI rOpiHHsA cTexioMeTpu4Hux cymimeii Mg + MnO, (a) ta Mg + BaO, (0)
Bil MacoBoi yacTku opraHiunoi no6asku (Ky = 0,9; d,, = 94 Mxm):
a) cymimt Mg + MnO, + igutoi (1) (d,. = 260 Mxm); cymimn Mg + MnO, + creapun (2) (d,, = 260 Mkm);
cymimt Mg + MnO, + iguroi (3) (d, = 54 Mmxm); cymimt Mg + MnO, + creapu (4) (d, = 54 Mxm);
0) cymim Mg + BaO, + iguton (5) (d,,. = 260 Mxm); cymimn Mg + BaO, + creaput (6) (d, = 260 MKm);
cymimt Mg + BaO, + iguroin (7) (d,. = 54 Mmxm); cymimn Mg + BaO, + creapus (8) (d, = 54 MkM)
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Pucynoxk 6. 3ajexsocti mBuAKOCTI ropinas cymimi 75 % MII®-3 + 25 % @-3 Bia 30BHIIIHBOr0 THCKY
npu pizHoMY BMicTi opraniunoi no6asku (Ky = 0,9; d,, = 135 Mmkm):
a) BimHOCHUH BMicT enmokcuaHoi cmoiu EJI-5: =0 (1); €= 0,05 (2); e=0,07 (3); €= 0,1 (4); €= 0,13 (5);
0) BimHOCcHUH BMicT Kayuyky CKH-10-1: £=0 (5); £= 0,05 (6); €= 0,07 (7); £=0,1 (8); £=0,13 (9);
B) BiqHOCHUI BMicT Tiokoay: €= 0 (10); = 0,05 (11); £=0,07 (12); £=0,1 (13); £= 0,13 (14);
r) BigHOCHHI BMICT J00aBok: £= 0 (15); £= 0,05 IIT'H (16); £= 0,07 IIT'H (17); £¢= 0,1 TIT'H (18);

£=0,13 TITH (19); &= 0,07 [1-9 (20); &= 0,1 T1-9 (21); £= 0,13 [1-9 (22)
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B)

Pucynox 7. Bniius BMicTy creapuny (a), napadiny (0) Ta yporponiny (B) cymimi 75 % MII®-3 + 25 % ®-3
HA 3aJ1eKHICTh WBUIKOCTI ropiHHsA Bi 30BHIIHBOTrO TUCKY (Ky = 0,9; d,, = 135 MmkMm):
a) e=0(1); €=0,05(2); €=0,07 (3); £=0,1 (4); e=0,13 (5);
6) £¢=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 ocHOBI mpoBelneHUX eKc-
MEPUMEHTATBHIUX JOCIIKEHb 3aKOHOMIPHOCTEH
BIUIMBY ITHPOKOTO Kiacy J00aBOK OpTraHIYHHX
PEYOBHH Ha IIBUAKICTH TOPiHHS MipOTEXHIYHUX
CyMiIlIeii Ha OCHOBI IOPOIIKIB OKHCHIOBAYiB Ta
MeTaJeBUX MaTbHUX OTPHUMAHO TaKi HOBI PE3yIib-
TaTH:

1. Ilpu BBenOeHHI y cKiax Cymillel 3 Mo-
POIIKIB MeTalleBUX MAJbHUX Ta OKHCHIOBAYiB
O1TBIIOCTI 3 AOCHIIKEHUX 100aBOK OpPraHiYHUX
peuoBuH (HadTamin, napadid, aHTpaleH, YpOTpo-
IiH, METaNbJCri, T'eKCOreH, KaHioyb, iTUTOII,
napaniTpooensonbaeria, [IJIMAB, rekcaxiopOeH-
3011, enokcuaHa cmona EJI-5, kayuyk CKH-10-1,
IIT'H, 19, ceyoBuHa, (TangeBa KUCIOTA, HITPOTY-
aHiguH, cMoma 214, HiTporIiBKa, TiOKONI, OyTHII-
Kay4yK, HOMIBIHITXJIOpHU, TeKCaxIOpIapaKcuiIod,
nenTaxyopdenon, ¢propormtact 32-JI, propkayuyk
CK®-32), mo BUKOPHUCTOBYIOTHCS Y TIPOTEXHIU-
HOMY BHUPOOHHMIITBI, BiIOYBAEThCS 3HUKCHHS
IIBUJIKOCTI TOpIHHS Ta TiJBUINCHHS CTIHKOCTI

MpoIiecy TOpiHHS B yMOBaX 30BHIIIHIX BIUIUBIB.
[Ipu 1pOMy 31 3MEHIICHHSAM KoedillieHTa Hal-
JIATITKY OKMCHIOBAYa y CYMIIIli 3aJIe)KHICTh IITBH/I-
KOCTi TOPIHHS BiJ] BEIUYMHHU JTOOABKU IIiICHITIO-
€THCSI, HE3AJIECKHO BiJl 1i AUCIICPCHOCTI. Y AESIKUX
BHIIQJKaX 3MIHIOETBCS XapakTep 3aleKHOCTI
LIBUAKOCTI TOPIHHS BiA mMapamMeTpiB BHXiJHOI
cyMinr (koedillieHTa YIIUTFHEHHS, AUCISPCHOCTI
METAJICBOTO IMaJhHOTO) Ta 30BHINTHIX YHHHHUKIB
(TemmepaTypH HarpiBy, 30BHIIIHBOTO THCKY).

2. Jo6aBKH cTeapuHy Ta TIOKOJIY Y CyMi-
i Al + NaNOs ta Zr + NaNQ;, HaBaku, npus-
BOJATH 1O 30UTBIICHHS IBUAKOCTI TOPIHHS ITUX
CyMiIle#, mo OOYMOBJICHO ITiJIBUIIICHHSM peakx-
miHOI 31aTHOCTI Al Ta Zr y IpHCYTHOCTI Ta30-
MOAIOHMX TPOMYKTIB PO3KIIAaHHS CTCAPUHY Ta
TIOKOJTY TIpH MiABHIICHUX TEMIIepaTrypax Harpi-
BY, SIKi CIIPUSIIOTH Pi3KOMY 3HIDKCHHIO TEMIIepa-
TYpH 3aiiMaHHs YaCTHHOK METAJICBUX MaTbHUX Ta
MPU3BOMATh JIO 3HIDKEHHSI CTIHKOCTI MpoIecy
PO3BUTKY TOPiHHS CyMIIllieii, 0COOJIMBO B yMOBax
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MIJBHUIIEHUX 30BHIIIHIX THCKIB (301IBIICHHS
MOKa3HUKa V B 3aKOHI TOpiHHS 31 3pOCTaHHAM
BEJIMYMHU TOOABKH).

IlepcnieKTHBU MOAANBIINX JOCTiTKEHb.
Hapani mnnaHyeTbcsi TPOBEACHHS JTOCIIKCHb
IIO/I0 PETYJIFOBAHHS IIIBUIKOCTI TOPIHHS MipOTEX-
HIYHUX METaTi30BaHUX CYMINIEH IUIIXOM BBE-
JIEHHS y 1X CKJIan M00aBOK HEOPTraHIYHHUX pPedo-
BUH (HampuKial OKCHIIB MeTajliB, (TOpUiB
METaJliB Ta iH.), SIKI MOXYTb OyTH 1Hri0iTOpamMu
Ta KaTajlizaTopaMd TOPIHHS 3a3HAYCHHUX CYyMi-
IeH, poOJITYH CYTTEBUI BILIUB HA YaC 3TOPSHHS
Ta, B KIHIIEBOMY MiJICYMKY, Ha 4Yac Jii mipoTexHid-
HUAX BHUPOOIB PI3HOTO MpPHU3HAYCHHS B yMOBax
00HOBOr0 3aCTOCYBaHHS.
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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.
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