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IocTanoBka mpo6aeMu. MepexTiuBi, 200 MyJbCYI04i, TIPOTEXHIYHI BUPOOH, TOPIHHS SIKMX CYIPOBOKYETHCS
cepisiMM SICKpPaBUX ClajlaxiB, BUKOPUCTOBYIOTBCS B TEXHIll ()e€pBEPKIB Ul CTBOPEHHS OPUTIHAIBHHUX CBITIOBHX
KapTHH.

AHaJi3 monepexHix KocaiTKenb. Sk BUILTUBAE 3 BioMuX poOit [ 1-5], Aiana3oH XapaKTEPUCTHK TAKUX BUPOOIB
JIOCUTH IIUPOKHUHA. 30KpeMa, TPUBAIICTh IHTEPBAJly MIXK CllajlaxaMHi MOKE CTAHOBHTH SIK COTi YaCTKH CEKYH/H, TaK i
JIeKiTbKa cekyHA. Pa3oM 3 TiM, B JtiTepaTypi BiICYyTHI IeTaNbHi JaHi PO MPUPOJIY MyIbCYIOUOTO XapaKTepy TOPiHHS
1 KUIBKICHI XapaKTepUCTHKH IPOIECiB, MO NPH IIbOMY MPOTIKalOTh. BHACHIITOK BiICyTHOCTI TEOPETHUYHOI Oa3u
PO3pOOHHMKAM MMIPOTEXHIYHOI TPOAYKIIi JOBOAWTHCS HWTH EMITIPUYHHM INUIAXOM, CIHPAIOYUCh JIUIIEe Ha
eKCIIEpUMEHTAILHUN 10CcBiN. HeBupilieHo0 HayKOBOIO TPOOIEMOIO € BiCYTHICTh TEOPETUYHOTO IMiIXOAY IO
PO3POOKH MEPEXTIMBUX MPOTEXHITHUX BUPOOIB 3 33JTaHOI0 TPUBATICTIO IHTEPBAIY MiX CITaJlaXaMH.

JlocTipkeHHs, pe3yJIbTaTH SKOT0 BHKJIAJEH] Y CTAaTTi, TPOBEACHO BIIEpIIIE.

MeTo10 cTaTTi € OTPUMAHHS JAHUX NPO KiJIBbKICHI XapaKTEePHCTHKH IIPOLIECIB, 110 MPOTIKAIOTH 1]l 4ac TOPiHHS
MEpEeXTJIMBUX IIPOTEXHIYHUX BHUPOOIB, Ta PO3poOKa METOJUMKH, SIKa JIACTh MOXJIMBICTH CTBOPIOBATH BHPOOH,
rapamMeTpu TOpIHHS SIKUX — y MEpUly 4Yepry TPHBAJICTh IHTEpBally MDK cHajaxamMu — Oysnu OW 3a3janieriip
nepe10auyBaHUMH.

Buxnax ocHoBHOro martepiany. [lynbcyrounii xapakrep TOpPIiHHS € CIIJICTBOM IapajielIbHOTO IPOTIKaHHS
TIPOIIECIB 3 PI3HUMHU YaCOBHMHU MacmTabamu. €, MOHaMEHIIe, 1Ba BHIW TAaKUX MPOIECIB: MBUIKI €K30TEPMidHi
peaxiiii TOpiHHS 1 MOBUTbHA BTpaTa TEIUIOTH B HABKOJWIIHE cepemoBuine. IIIBHIKICTE OCTaHHBOI, KpiM I1HIIOTO,
3aJIeXKITh BiJl BEJIMIUHU MOBEPXHI TEIJIOBiNIa4i, Tka BU3HAYAETHCS AiaMeTpOM BUPOOY, SKIO TOW Mae GopMy Tija
obepTaHHs. 3MiHIOIOUHN JiaMeTp, BOYEBHIb, MOKHA BIUTUBATH Ha IIBUAKICTH TEIUIOBiANadi, a pa3oM 3 THM 1 Ha
XapakTep TOPiHHS. 3 I[LOTO MPUIYIIEHHS BUTUIMBAE 3a/1a4a JTOCHTIKSHHS] — BUBUNTH TOPIHHS MEPEXTIMBUX BUPOOiB
TWTHAPUIHOT GOPMH, SKI PO3PI3ZHIIOTHCS JIUIIE TIaMETPOM.

PesynbraTi OTpUMYBaNIM LUISIXOM HOPIBHSHHS EKCIEPUMEHTAIBHUX JAHHMX NP0 TPUBAIICTH IHTEpBAIY MiX
crajaxaMmu 3 JaHUMH, 10 OyJIM oJiepKaHl pO3paxyHKOBUM LIJISIXOM.

HocunixyBaics BUpoOM HacTymHoro ckiany (% mac.): HOPOIIOK aJIIOMiHIEBO-MAarHi€BOTO CIUIAaBY (pakiii
0,090,125 mm — 22, a3oTHOKHCHHH CTpoHIH — 50, cipka — 20, xjopar kauito — 4, 1ekcTpuH — 4 [6].

KommnonenTu ckiaay noapiOHIOBai B HOPLEISTHOBUX CTYIKax, IpociBaiy uepes cuta Priifsiebring 2 TGL 7354,
3MIIIyBaJH, 3 OTPUMAaHOI CyMili (JOpMyBaM LIJTIHIPUYHI 3pa3KK Pi3HOTO JiaMeTpy, sIKi MOTIM CYIIMIM Ha MOBITPi
MIPOTATOM J00H.

TpuBaicTs iHTEpBaTY MK ClaJlaxaMd BH3HAYaJIM HACTYITHUM YHHOM. 3pa30K BCTAHOBIIIOBAIHM BEPTHKAIBHO 1
i IATIOBAIA HOTO BepXHiit Topemb. [Iporiec ropiHHs (ikCyBasiu 3a JOMOMOTOI0 3aIaM'ssTOBYIOYOTo OcIutorpada
C8-12, mo Bxomy sikoro OyB MiAKIIOYCHUH (GOTOSIeMEHT. [HTepBall MiXK cliajlaxaMHi BU3HAYaJIM 3a IIKAJIOI0 eKpaHa
SIK BiJICTAHDb MiXK TIIKaMH OCITUIIOTPAMH.
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3a HaIMMU CIIOCTEPEKECHHSIMH B IIpOLiECi TOPiHHS 3pa3Ky BinOyBaeThcst HacTymHe. I1in yac 3amamoBaHHS Ha
JesKii HOTO MINSHIN 3aropsieTbcs HEMETalleBe NayllbHe — cipka. BoHa 3arops€Thcsl JIETKO, aje TOPHUTH IMOBiIBHO,
pO3irpiBarouy CKJIAJ Ha IiHl TISHIN O TeMIIepaTypy 3aiiMaHHs METaJIeBOro nabHOT0. OCTaHHE 3aropseThCs BaXKue,
aJje 3ropae MBHUIKO 31 CIaIaxoM.

Temmeparypa 3aiiMaHHS [OPOIIKY MeTaleBoro manpHoro ckmamae 410°C. Ii Bu3HAuMNM MUIAXOM HarpiBaHHS
aJIFOMiHIEBO-MArHIEBOTO CIIABY 3 A30THOKUCJIMM CTPOHIIIEM B THTJII, B SIKUH OyIa MmoMilieHa TepMonapa.

Pi3kwmit cnanax MeTaneBoro NajabHOTO CYMPOBOMKYETHCS PO3KHIAAHHIM PO3NEUCHNX MPOIYKTH 3TOPSHHS, Yepe3
110 BOHM HE MAIOTh MOJKJIMBOCTI 3allajIUTH HACTYIHY MOpLito Merany. [Ipore cipka npoJoBxKye ropitu, ToMy LUK
MIOBTOPIOETHCS.

TpuBaiicTs iHTEpBaTy MK CranaxaMy BU3HAYa€THCS 4acOM PO3IrpiBy AUISIHKM 3pa3Ka CipKOIo, 110 TOPHUTh, JI0
TEMIIEpaTypy 3aiiMaHHs METaJICBOT'O MaJbHOTO.

TeopeTnyHo 1ei yac BH3HAYaIM LUIIXOM PO3PaxyHKY TEIUIOBOrO OanaHCy IesiKoi ALISHKH aiamerpoM D i
JIOBXXHUHOIO / 3pa3ka NUIIHAPUIHOT (POPMH.

JudeperuianbHe PiBHAHHS, IO OMKUCYE IIPUXiJ TEMIOTH 32 PaXyHOK PEaKIii TopiHHs cipku B 06’ emi 7D?l/4 mae
HaCTYITHUW BUTJIS;

dQ, dcC, zD*
dr dr 4
ne dCy/dr — mBHAKiCTb peakuii TopiHHs cipku, Kr/(M>c);
q — TeTuoBuH eekT peakiii, JHK/Kr.

TopinHs eneMeHTapHOT CipKH — CKIIAHIA T€TePOTeHHUI MPoIIec, 10 CKIIATAEThCS 13 CTaii TUTaBICHHS CipKH, ii
BUIIAPOBYBAHHS 1 BJIacHe XiMi4HOI peakuii. 3a HU3bKHUX 3HaueHb TeMneparypH, 1o 200°C, BiH npoTikae B KIHETUYHIH
obunacri [7], ToMy Uit pO3paxyHKiB IOLIIEHO BUKOPUCTOBYBATH TIOJIOKEHHS (POpMalIbHOT KIHETHKH.

Cipka ropuTh y H/UIMIIKY KHCHIO, III0 HAAXONUTh 3 OKUCHIOBAaYa 1 HABKOJIMIIHBOTO MoBiTps. [Ipuiimatoun 3 miel
NPUYMHHY, 10 IIBHJKICTh peaklil BU3HAYAE€THCS TUIHKM KOHICHTPALIEIO CIpKH, 1 peakiis Mae MepIuui IOpsIoK,
JIOTyCKAK04 M, 110 TOPiHHS BiA0yBa€Thes y BeboMmy 00'eMi 7D%l/4, HanumeMo piBHSIHHS IBHAKOCTI

lq ,Br )

dC,

R —kCS s BT (2)
T

ne k — KOHCTaHTa MBUAKOCTI peakwii, ¢';  Cy — MacoBa KOHIEHTpALlisl CIpKH y 3pa3Ky, KI/M>.
KoncraHTy mBUAKOCTI peakuii po3paxyemo 3a piBHSIHHAM AppeHiyca
E
k =kyexp| ——— |, Bt 3
0P TR(1+273) ©)

ne ko — mepeieKCIOHeHIIanbHEIA MHOXKHUK, ¢'; E — enepris akTupauii, JIx/Moib; R — yHiBepcalbHa ra3oBa cTaa,
Jx/(monb-K); ¢ — Temnieparypa, °C.

Temnora, MO YTBOPIOETHCS, HATPiBa€ 3pa30K 1 YACTKOBO BTPAYA€ThCS B HABKOJIMIIHE CepeqoBHIE. PiBHAHHS
TEIUIOBOTO OaJaHCy MA€ BHUTIIS

40, _dg, , 40w,

,B 4
dr dr dr ! @)

KinbkicTh TemnoTu, sika HarpiBae 3pa3ok

2
Wu 7,07 4 gy )

c
dr 4 dr
Jie T — cepeiHd IMHUTOMA TEIUIOEMHICTh Matepiany 3pasky, Jx/(kr-K); p — ryctuna matepiany 3pasky, kr/m>. Jlns
nanoro ckiany ¢ = 840 Jlx/kr-K, p = 2533 xr/m’.
[Ipuiimaemo, 1o BTpaTa TEIIOTH BiAOYBAETHCS TIIBKKM 4Yepe3 OiYHy MOBEPXHIO LMITIHAPUYHOrO 3paska. Tonui
KiJIbKICTh TEIJIOTH, SIKA BTPAYa€THCS B HABKOJIMIITHE CEPEIOBUILE
dQBTpA
T
ne o — koedinmienT Ternosiggaun, Br/(M?>K); f. — TeMepaTypa HaBKOJMIIHLOTO cepenoBua, °C; ¢ — TeMnepaTypa B
30Hi1 peakiii, °C.
ITepeTBopennsM piBHsHB (1), (4) — (6) oTpUMy€eMO HACTyTIHE TU(EpEHIliaTbHe PIBHIHHS:

=arDI(t-t,),Br (6)
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dt _dC; q 4a

it dr cp cpD (1=t). Br ™
Crin 3a3Ha4MTH, IO BHACIIIOK 3pOOJICHUX MPUITYIICHb y i MOJEIi JOBXUHA JUISTHKH 3pa3ka [ 3HaUCHHS He
Mae.
Ha puc.1 nokazaHo pineHas cucteMu qudepeHmiansHuX piBHAHb (2), (3) 1 (7), oTpumane 3 gomomororo MathCad
Y BUTJISAI CIMEMCTBA KPUBUX IS 3pa3KiB Pi3HHUX JTiaMeTpiB.
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Puc. 1 — Po3paxyHkoBa qTuHAMiKa TeMIepaTypH AISIHKHY 3pa3Ka Ajs pi3HUX 3HAYeHb iioro giamerpa
(undpu Ha KpUBUX)

OdeBuaHO, MO 31 30UIBIICHHAM JiaMeTpa 3pa3ka 3pOCTa€ MIBHIKICTH HOTO pPO3irpiBy, IO IMOSCHIOETHCS
3HI)KEHHSIM TNHTOMHUX BTpaT TEIUIOTH B HABKOJMIIHE CEPEIOBHINE 4Yepe3 3MEHILICHHS BIIHOLICHHS BEIMYMHU
30BHIITHKO{ MMOBEPXHI AUITHKY 3pa3Ka 0 ii 00'eMy (BUCXiIHI AUITHKH KPUBHX ).

OCKUTBKY TaHa MOJIEIh BPaxXOBY€ TIJILKW TOPIHHS CipKH, ajle He 3aiMaHHs METaJIeBOr0O MajJbHOT0, KpUBI MAIOTh
CHaJiHI AIISHKY, 00yMOBJICHI IPUPOIHUM OXOJIOXKCHHSAM 3pa3Ka.
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TnrepBan Mix cranaxamu, ¢
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Puc. 2 — Po3paxyHKkoBa Ta eKCIIepUMEHTAIbHA 3a/1€KHOCTI TPUBAJIOCTI iHTepBaJly MizK ciajjaxaMu Bil
AiaMeTpa 3pa3ka

Ha puc.2 noka3zana 3aj1exHiCTh Yyacy po3irpiBy AUTSHKH 3pa3ka 10 Temneparypu 410°C (nepeTiH KpUBHX Ha PHC.
1 3 rOpU30OHTAIBLHOIO JIHIEIO) BiJl BEIMYMHK HOro jAiamerpy. Tam ke HaBe/JeHa eKCIIepHMEHTallbHAa KPHBa, KOXKHA
TOYKa K01 oTpuMana ycepeHeHHsM 10—12 pe3ysbrartis.
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OueBHIHO, W0 NPUIYIICHHS NP0 BIUIMB BEJIWYHMHH JiaMeTpa MEPEXTIMBOrO IPOTEXHIYHOro BUpPOOY Ha
XapakTep Horo TOpiHHS, MiATBEPANIOC. 30UTBIIEHHS JiaMeTpa Maike BYETBEPO JO3BOJISIE 3MEHITUTH 1IHTEPBAIT MiXK
cHajgaxaMmu y TpHU pasi.

Benmnauna miamerpa 11 MM Ui 3pas3kiB JOCTIDKEHOTO CKIAAy BUSIBIUIACS TpaHUYHOIO. Binbmii 3pasku He
«ITyJBCYIOTH» — TOpsITh Oe3nepepBHO. OHAK TOPHUTH HE BCS IX MOBEPXHS, a JIUIIE OKPEMI IUISHKH, IIPHUOMY 30HA
ropiHHs 6e3mepepBHO NMEPEMIIalOTHCS MO Hil.

B xoni po3paxyHkiB 3HaueHHs kKoedimieHTiB piBHAHB (2), (3) i (7) yMUCHO 3amaBaiucs TaKAM YHHOM, 00
JIOMOTTHCSI MAKCUMaJIBHOTO CITIBIAJiHHS PO3PaxyHKOBOI KPUBOI 3 EKCIIEPUMEHTANIbHOI0. MaeThCsl Ha yBasi, 1110 came
Taki 3Ha4EeHHsI aIeKBaTHO ONMCYIOTh PeasbHi IIPOILECH 1, BIIaCHE, € THMHU KUIBKICHUMH XapaKTepUCTUKAMH TPOLIECIB,
10 TNPOTIKAIOTh MiJl Yac TOPIHHS MEPEXTIMBUX BUPOOIB, 3HAXOKEHHS SIKUX OYJIO METOIO JOCIikKeHHs. BoHu €
TaKUMH.

Koegiyiecnm mennogiodauu ma nepedekcnonenyianbhull MHOJCHUK. BTpara TEIUIOTM B HABKOJHIIHE
CepeIOBUIIE BiIOYBAETHCSA HE TUTHKH 32 paXyHOK BHIPOMIHIOBAHHS TEIUIOTH TMOBEPXHEIO 3pa3Ka i KOHBEKTHBHOTO
pyXy TOBIiTps, O ii 00TiKae, ajge TaKOXK 3 MACOBHM IOTOKOM Ta30MOAIOHUX MPOAYKTIB 3rOpsHHS. 3HAXOKEHHS
koedimieHTa o I MHOTO HETUIIOBOTO BHITAJIKY TEILUIOBiAAadi [8] € TeMOIO MOJAIBIIOTO MOCHiIHKEHHS, TOMY IS
JIaHOTO PO3paxyHKy Horo mimbupanu. Texx came MoKHA cKa3aTH i MPO BEIMYHUHY MEPeNeKCIIOHEHIIAIEHOTO
MHOYKHMKA. BHKOpHCTaHI 3HAYEHHS CKJIaNy, BianosigHo, 0=5514 Br/(M?K) i k=0,125 ¢’

Iouamxosa xonyenmpayis cipku Cs=545 xr/mM> 6yna 3aBHILEHA B TIOPIBHAHHI PO3PAXOBAHOKO IS 3a3HAYEHOTO
cknany 506 kr/m3, Lle 6iib1 BiNOBiNa€ peabHOMY CTaHy PEYEH, TOMY LIO YACTHHA CIPKHU ITPY HArPiBaHHI IIABUTHCS
1 BUTIKA€ Ha MMOBEPXHIO 3pa3Ka, JIe 1 TOPUTb.

Tennosuii eghexm peakyii. HacTuHa TEIJIOTH TOPIHHS CIPKM BUTPAYAETHCS HA PO3KIIaJaHHs HITpaTy CTPOHIi0. 3
i€l IPUYMHN B PO3paxyHKY BUKOPHCTaHA BEJIMYHMHA TeIUIOBOTo edexTy ¢g=8,47 MIK/Kr, sika MeHIe BennunHu 9,28
M/x/kr, HaBeneHOI B [6].

BucnoBkmu. 1106 3MiHIOBAaTH TpUBAJICTH IHTEPBANTY MDX CHajJlaxaMid MEPEXTIMBHX IIPOTEXHIYHUX BUPOOIB B
MEBHMX MEXKax JIOCTATHHO 3MIHIOBAaTH BEIUUUHY iX JiaMeTpy.

IIpakTHyHEe 3aCTOCYBaHHS OINHCAHOI METONUKH JOCHIPKEHHS ATl CTBOPEHHS CIPKOBMICHHX MEPEXTIIMBHX
MIPOTEXHIYHUX BHUPOOIB 3 3aJaHOI0 TPHBAIICTIO IHTEPBATY MK CHallaxaMH € TakuM. HeoOXigHo oTpumaTH
eKCIIEpUMEHTANIbHI 3HAYCHHS IHOTO 1HTEepBay IS 3pas3KiB OJHOTO CKIaLy, ayne 2—3 pisHuX miametpis. [Ilmsxom
CYMIIIIeHHS Pe3yJIbTaTiB pO3paxyHKiB 3 IMMU AAaHUMHU 3HAWTH KoedimieHTn piBHAHB (2), (3) 1 (7), a mOTIM 3 TUMHU
KoedilieHTaMn po3paxyBaTH BEJIMYNHHM AiaMeTpa BUpoOiB, 110 3a0e31euyIoTh iHIy, OakaHy, TPUBAIICT IHTEPBAITY
MIiX CHaJaXaMu.

IlepcneKTHBH MOAANBINNX TOCTIKeHb. Y TOYHEHHS OIIMCAHOT METOJUKH [IUISIXOM JIOCITI/PKECHHS MEPEXTIIMBHX
MIPOTEXHIYHMX BUPOOIB IHIIOIO CKJI[y Ta BUTOTOBJICHHX 3@ IHILOI0 METOJMKOIO. Y TOUHEHHSI OKPEMUX PE3yJIbTaTIB
3 3aCTOCYBaHHS He3aJle)KHUX MeToAiB. JloCiijpKeHHs TOpiHHS 3pa3KiB NP OOJyBaHHI MOBITPSIM, IO BiINOBigae
peajJbHUM yMOBaM CIIpALtOBaHHS (peepBEpKOBUX BUPOOIB.
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Podzhars’ky’j M. A., Yarly'kova V. O.
RESEARCH OF COMBUSTION OF FLICKERING PYROTECHNICAL PRODUCTS

The process of combustion of flickering pyrotechnic products containing metallic and non-metallic fuel was
investigated. A research method based on the comparison of experimental and calculated data is proposed, which
allows the creation of flickering pyrotechnic products with a given duration of the interval between flashes.
Flickering pyrotechnic products, the burning of which is accompanied by a series of bright flashes, are used in the
technique of fireworks to create original light paintings.

According to the known works, the range of characteristics of such products is quite wide. In particular, the duration
of the interval between flashes may range from hundredths of a second to several seconds. However, in literature
there are no details of the reasons pulsating nature of combustion and quantitative characteristics of the processes
that occur at the same time. Due to the lack of a theoretical base, pyrotechnic product developers have to go
empirically, relying only on experimental experience. An unresolved scientific problem is the lack of a theoretical
approach to the development of flickering pyrotechnic articles with a given duration of the interval between flashes.
The purpose of the article is to obtain data on the quantitative characteristics of the processes occurring during the
burning of flickering pyrotechnic articles, and to develop a methodology that will allow to create products whose
combustion parameters - primarily the duration of the interval between flashes - would be predictable in advance.
The pulsating character of the combustion is a consequence of the parallel course of processes having different time
scales. There are at least two types of such processes: fast exothermic combustion reactions and slow heat loss to the
environment. The speed of the latter, among other things, depends on the size of the heat transfer surface, which is
determined by the diameter of the product, if it has the shape of a body of rotation. By varying the diameter obviously
can affect the rate of heat transfer, and with it the nature of combustion. From this assumption follows the task of this
study - to investigate the burning of flickering products of cylindrical shape, which differ only in diameter.

The results were obtained by comparing experimental data on the duration of the interval between flashes with the
data obtained in the calculated way.

The temporal characteristics of the combustion of the samples were determined using a storage oscilloscope, to which
a photocell was connected. The interval between flashes was determined by the screen scale as the distance between
the peaks of the waveform.

According to our observations, the following occurs in the process of sample burning. During ignition, non-metallic
fuel - sulfur, is first lit. It lights up easily but burns slowly, warming the composition of the site to the ignition
temperature of the metal fuel. The latter lights up harder but burns quickly with a flash.

The sharp flash of metallic fuel is accompanied by spreading hot combustion products, because they are unable to
ignite the next batch of metal. However, the sulfur continues to burn, so the cycle repeats. The duration of the interval
between flashes is determined by the heating time of the sample portion of the burning sulfur to the ignition
temperature of the metallic fuel. The study confirmed the assumption that to change the duration of the interval
between flashes of flashing pyrotechnic products within certain limits, it is enough to change their diameter.

Keywords: flickering pyrotechnic product, burning, fireworks, heat balance.

References:

1. Shidlovsky A. A. (1964), «Fundamentals of pyrotechnics”, M: Mechanical Engineering, 300 p.

2. Pyrotechnic composition of the white light: A.S. 241269 USSR, IPC S 06D. No. 1206743 / 40-23; declared
12/28/1967; publ. 04/01/1969, Bull. No. 13.

3. Pyrotechnic composition of a white fire with periodic flashes of flame: A.S. 390053 USSR, IPC C 06D 1/00. No.
1630472 / 40-23; declared 11/26/1971; publ. 07/11/1973, Bull. No. 30.

4. The pyrotechnic composition of the pulsating burning of colored fire: Pat. 2448936 Russian Federation, IPC
C06D 5/00, C06B 31/02, C06B 33/04; declared 12/06/10; publ. 04/27/12, Bull. Number 12.

5. Pyrotechnic composition of white fire with periodic flashes of fire: Pat. 2331619 Russian Federation, IPC CO6B
33/04, C06B 31/24; declared 04/23/07; publ. 08.20.08, Bull. Number 23.

6. The method of visualization of the technical charge of a pulsating burning: Pat. 116901 Ukraine IPC 8 F 24 B
4/30, C 06 B 31/02, C 06 B 33/04. No. u201510356, head 10/23/2015; publ. 05/25/2018, Bull. No. 10.

7. Vasiliev B. T. (1985), Technology of sulfuric acid, M.: Chemistry, 384 p.

8. Handbook of a chemist (1968), Volume 5 / Ed. B.P. Nikolsky, M .: Chemistry.

21



