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Mema pobomu — BCTAaHOBUTH 3aKOHOMIPHOCTI I1HII[IIOBaHHS NE€PBUHHUX
CBITJIOUYTJIMBUX BHOYXOBHUX KOMIIO3UTIB BY3bKMMHU Ja3€pHUMHU ITyYKaMH sl
CTBOPEHHS €KCIIEPUMEHTAIILHOTO 3pa3ka ONTHUYHOrO JAETOHATOpa Ja3epHOI CUCTEMU
HILIFOBaHHSI.

06’exkm OocnidxncenHss — (GI3UKO-XIMIYHI TIPOLECH, L0 MPU3BOASATH JO
JeTOHAIlll  CBITJOUYTJIMBUX BHOYXOBHX KOMIIO3UTIB TIpH  Jii  JIa3epHOTO
BUIIPOMIHIOBaHHS.

IIpeomem Oocniddicennss — Ja3epHl CUCTEMHM IHIIIFOBAHHS J€TOHAIIIl 3apsiB
BUOYXOBHUX PEUOBHUH.

Memoou oOocnioxcensv. TlapameTpu nazepHOi il Ta 4acCOBl XapaKTEPUCTUKH
IpoLECy 3alallOBaHHS BHU3HAYAJIUCS KAJIOPUMETPUYHUMHU M ONTOEIEKTPUYHUMU
MEeTOoJaMH BHUMIipIoBaHHA. Ilpu BH3HAUYe€HHI TOPOTYy 3amajlOBaHHS BUOYXOBHUX
PEUYOBHH  BUKOPUCTOBYBAJIMCA  MMOBIPHICHI MeTOAM OOpOOKM  pe3ysbTaTiB
BUNPOOYBaHb. OKPIM LBOT'O 3aCTOCOBYBAJIMCA METOIM KOJIOIAHOI XIMIi Ta YMCEIbHUN
METO/I I/ BUBYEHHS BUTIAIKOBHX TIpolieciB — MeToa Monte-Kapio.

bynn mnpoanamizoBaHi po0OOTH, sKI NPUCBSIYEHI TpoOjemMaM IHIIIFOBaHHS
BUOYXOBUX PEYOBUH JIQ3€pHUM MOHOIMITYJIbCOM, Ta 3pO0JIeHI BHUCHOBKH, MWIO:
YYTJIMBICTh CBITJIOUYYTIMBUX BUOyxoBuX Komno3uTiB (CBK) go nii inimirorogoro
Ja3epHOr0 MOHOIMITYJIbCY B JIEKUIbKA pa3iB BUINA 32 YYTIUBICTh YUCTUX BUOYXOBHUX
pEYOBHH; 3HMWKEHHS nopory iHinioBaHHs CBK moxe OyTu 311iicCHEHO 301IbILIEHHSIM
IIBUAKOCTI BBEACHHS €HEprii Ja3epHOr0 BUIPOMIHIOBAHHS, NpU IHIIIIOBAaHHI

neronanii CBK cmig BpaxoByBaTH poO3MIpHHM e(pEeKT — 3alleKHICTh IOPOTY



HILIFOBaHHS BIiJl T€OMETpIi JIa3epHOTO My4yKa Ta JOBXKWHHU XBHJII BUIPOMIHIOBAHHS,
HITaTHI 1HiMiI0I041 BUOYX0Bi peuoBuHU (IBP) mposBisioTh BUCOKY UyTIMBICTD 10 il
Ja3€pPHOTO  IMIYJLCY NOpPH BHCOKMX THCKax mpecyBanHs (>1081Ia), mio
YHEMOKJIMBIIIOE BUKOPUCTAHHS 1X SIK IEPBUHHUX PEYOBHUH B ONTHYHUX JETOHATOPAX;
poboTH, cHpsSMOBaHI Ha MIABUIICHHA YYTJIMBOCTI IITaTHUX NepBUHHHX BP 1o
Ja3epHOTO BUIPOMIHIOBAHHSA, Ha BIAMIHY BiJl BTOpuHHUX BP, mnpoBoawmucs B
HE3HAYHIM KUIBKOCTI JTOCHIKEHb, €()DEKTUBHE BHUKOPWUCTAHHSA Ja3epHUX CHUCTEM
iHimiroBaHHsA 3apsaaiB BP mig wac macoBux BHOYXIB MOXJIMBE IPH 3aCTOCYBaHHI
CBITJIOUYTJIMBUX BUOYXOBHX KOMITO3UTIB.

Bukonanuii aHamiz (i3MKO-MaTeMaTHYHOI MOJENI PpO3CIIOBaHHA CBITJIAa B
CEpEelIOBUIII Ji€ BUKOPUCTOBYBABCS YMCENIbHUI MeTo MoHTe-Kapio jist BU3HaueHHs
3aKOHOMIPHOCTEH OCBITJIICHOCTI B JU(PY3HO-PO3CIIOI0OUOMY CEPEIOBHUIIl 3 BEIUKOIO
HIUTBHICTIO PO3CitOBaviB. 3aBASKH 1LbOMY 3pO0OJICHO KOPOTKE (OpMYJTIOBAHHS
G13UYHOT MOJIENI1 3aMajoBaHHsl BUOYXOBUX PEYOBHUH JIA3EPHUM MOHOIMITYJILCOM JIJIS
CTBOPEHHSI ONTUYHOTO JETOHATOPY: OCEPEIKOBE 3alallOBAHHS CBITJIOUYTJIMBUX
BUOYXOBUX PEYOBHH 3/IIHCHIOETHCSI B YMOBAxX 0araTroKpaTHOTO PO3CitOBaHHS ()OTOHIB
Ha TpaHax KpuctamB BP, ske 3nauHO migBuiiye 00'€éMHY OCBITJIEHICTH, a, OTXKE, 1
€(EeKTUBHICTh BBEJICHHS EHEPrii JIA3epHOTO IMIYJbCY B MIKPOHEOIHOPIIHOCTI
PEYOBHHM; MiJIBUIICHHS] OCBITIEHOCTI B TnOMHI BP € ognuM 3 HalieeKTHUBHIIINX
coco0iB  3HW)KGHHS  TOPOTY  3alajiOBaHHA  BHOYXOBUX  pPEYOBHH, IO
BUKOPHUCTOBYIOTHCSI B OITUYHUX JIETOHATOPAX 1 CBIIYUTH HA KOPUCTH 3aCTOCYBAHHS B
3acobax miapuBaHHS 3apsaiB BP mepBUHHUMH CBITIOYYTIWBUMH  BUOYXOBUMU
KOMIIO3UTaMH.

bynun mpoBenmeHi eKCHepUMEHTaNbHI JOCIHIIKEHHS 1HINIIOBAHHS JETOHAI]
CBITJIOUYTJINBUX MEPBUHHUX BUOYXOBHUX KOMITO3UTIB BY3bKHUMH IMyYKaMH JIA3€PHOTO
MOHOIMITYJIbCY. OTpuUMaHi pe3yJbTaT, sIKI CBIIYaTh, U0 MPHU 3MEHIIEHHI PO3MIpIB
Ja3epHOTO IMy4YKa (30HW B3aeMojii) miaBUIyeThcsa onTuuHa noTyxHicTh CBK. Ile
MOB'SI3aHO 13 3MEHILICHHSIM KUIBKOCTI TOMVIMHAIOUUX  MIKPOHEOTHOPIAHOCTEH
KPUTHUYHOT BEJIUYMHH, 1 CYNPOBOKYETHCS PI3KUM 30UIBIIEHHSM CTATUCTUYHOTO

PO3KHIly eKCIIEPUMEHTAIbHUX JaHuX. [lpu 3MeHIneHHi miamerpy mpomeHs d



KPUTHYHA CHEPTis 1HILIFOBaHHS a3Wy CBHHIIIO 3MEHIIYEThCS 1 B mutomy mpu d—0
KpUTHYHA eHepris iHimiroBaHHI Wy 3MEHIIYeTbCS 10 MIHIMAJIbHOTO 3HAYCHHS
Wi—Whin. Cratuctuunuii  po3kua  BenuunHu Wy HE 3aleXuTh BIJI  TUIONII
OTIPOMIHIOBAHHS.

BcranoBieHo, 1m0 mpu 3MEHIICHHI JAlaMeTpy JIa3epHOro IydKa, KPUTHYHA
IIIBHICTh  eHeprii  iHimitoBaHHs 3apsaaiB CBK  Ha oOCHOBI  a3ujay CBHUHIIIO
3MeHIIyeThes. [lounHaroun 3 giaMerpy JasepHoro mydka 3x1073 ¢cm cocTepiraeTses
ACUMNTOTHYHE HAOJIVKEHHsS IIi€el KpUBOi 1O 3HAYEHHS Jeskoro MiHimymy. [lpu
niameTpi mpomens 2x10~° cm minbHiCTH eHeprii iHiniloBaHHA ckiagae 18x107°
Jlx/cm?,

[IpoBeneHi MOCHIKEHHS IIOJ0 CHOpAIIOBaHHSA J1TA0OPATOPHOTO  3pa3Ky
ONTUYHOIO JIETOHATOpa Ta BCTAHOBJEHO, IO YYTIUBICTh JociimkeHoro CBK Ha
OCHOBI a3MJly CBHHIIO 3aJ€XKHTh BIJI MacoBOi KOHUEHTpalii MoJiMepy: IpH
30UTBIIIEHH] MOTO BMICTY HIUIHHICTh €HEPrii 3alafoBaHHS 3MEHIIYEThCS 1 JIOCATAE
MIHIMQJIBHOTO 3HAYE€HHS, a MOTIM 3pOCTa€ MPH MOAAIBIIOMY 30LIBIIEHHI BMICTY
noyimepy.

Bcranosneno, mo uwytinuBicte CBK Ha oCHOBI a3way CBUHIIO 10 i
Ja3epHOT0 MOHOIMITYJIbCHOTO BUIIPOMIHIOBAHHSI 3aJI€KHUTh Bl pajlycy J1a3epHOro
nydyka: 4YMM MEHIIE pajalyc, TUM OUIbllla WIJIBHICTh €Heprii MmoTpioHa s
3araglOBaHHs.

HaiiBaxnuimmmu  akTopamMu, 10 BHU3HAYAIOTh PO3BUTOK MPOLECY
zanamoBanHs CBK nmazepHum MoHoiMmmysbcoM, € ocBiTieHICTh B 00’emi CBK i
XBUJI pO3BAaHTAKEHHS, 1110 TOIIMPIOIOTHCS 3 OOKY BUIBHOI (B1IKPUTOI) TOBEPXHI.

VYhepie eKCnepuMEHTaIbHO BCTAHOBJEHO 3aJICKHOCTI YYTJIMUBOCTI 10 Mii
Ja3€pHOr0 MOHOIMITYJIbCY CBITJIOUYTJIMBUX BUOYXOBHX KOMIIO3HUTIB Ha OCHOBI a3uay
CBUHLIIO BiJ MaCOBOiI KOHLIEHTpAIli OJIIMEpY.

VYnepiie BCTaHOBJIEHO, IO 3aTpuMKa yacy 3amamoBaHHd CBK Ha ocHOBI
a3uJly CBHUHIIIO 30UIBIIYETHCS SK MPU 3MEHILIEHHI MAaCOBOi KOHLIEHTpAIlii MOJIIMepY,

TakK 1 MPY 3MEHIIICHH] TOBIIMHU 1Iapy KOMITO3UTY.



Hayxkosi nonoowcenns, wo 6uHocamscs Ha 3axXucm

1. 3arpumka vacy 3anamoBanHs HOBoro CBK Ha ocHOBI a3umy CBUHIO i
nomimepy [IMBT-3M 3 konuenTpartiieto macu 5 — 25 % BiJ MOYaTKy Jii JJa3€pHOTO
IMITYJIL,CHOT'O BUIIPOMIHIOBaHHS ckiaaae (4—50) MKC, Ipu IbOMY, 3MEHILICHHSI BMICTY
nosimMepy Bix 25 1o 5% s 3anamoBanHs CBK moTtpebye y nBidi Oiibinoi eHeprii
BUIIPOMIHIOBaHHS, aJie, SKIIO BMICT MOJIMepy ckiaiae MeHie 5 %, To 3analtoBaHHA
CBK He BiaOyBaeTbcs, IO MpH 3aCTOCYBaHHI HaJa€ MOXKIUBICTh BHKOHYBAaTH
KepoBaHe 1 mperu3iitne iHimiroBanHsa aeronanii CBK B ontuaHoMy neroHatopi.

2. 31 3MEHIIEHHSM J[laMeTpPy JIa3epHOTO MPOMEHS 3 TOBXKUHOIO XBWI1 1,06 MKM
3 TpHBalicTIO MoHoimMmyimbca 22x10° ¢ moBepxHeBa INIIBHICT MiHIMAJIBHOI
MOBEpPXHEBOi eHeprii iHimiroBaHHA Wy HOBOrO CBITJIOYYTIUMBOTO BHOYXOBOI'O
xoMiio3uty (CBK) Ha OCHOBI a3uay CBUHIIO 3MEHIIYETHCS, P bOMY, ITOUMHAIOYU
3 mgiamerpy 1,5%x10% M, KpuBa 3a]€KHOCTI AaCHMMIOTOTHYHO HAOIMKACTBCA JI0
MiHiMaJIbHOTO 3HaYeHHs 18 MJI/cM?, a OporoBa IIiIbLHICT eHeprii iHililoBanHa Ex
cranoButh 85 MmJIx/cM? mpu mgiamerpi mydka 0,5 MM, IO J03BOJSE BHOpATH
palioHaJIbHI TIapameTpu JazepHoro mydka [ iHimitoBanHs CBK y 3acofax
iIpUBAHHS.

OcHo6HI HayKo6l pe3yTbmamu ma ix HO8U3HA

1. OTrpuMana nmojagbIIfi PO3BUTOK YKCEIbHA MOJIENb MOIMIUPEHHS Ja3epHOTro
BUIIPOMIHIOBaHHS B 00’€MI1 CBITJIOUYTJIMBOTO BHOYXOBOI'O KOMIIO3UTY Ha OCHOBI
a3uy CBUHIIIO, IO JO3BOJMWJIO BIIEPIlE OTPUMATH BIPOTIAHI PE3yJbTaTH PO3MOILTY
OCBITJIEHOCTI MO TJIMOMHI BHUOYXOBOTO KOMIIO3UTY Ta 3pOOUTH BUCHOBKU OO
ocepeKoBOro MexaHizMy 3anantoBaHHss CBK Ha 0CHOBI a3ujly CBUHIIIO.

2. VYmepuie eKCIepUMEHTAIbHO BCTAHOBJICHO, IO 3MEHIICHHS TOBIIUHU
3pa3zkiB. CBK Ha OCHOBiI a3ujy CBUHIIO a00 3MEHIIEHHS MacoBOi KOHIIEHTpaIlii
NOJIIMEPY 3HMXKYE OCBITIIEHICTh B 00’emi mapy CBK 3a paxyHok BTpatu (HOTOHIB Ha
MPOTUJICKHIN TPAHUIl KOMITO3UTY, TOOTO dYacTka (OTOHIB CTa€ HE 3aJISHOI0 B
3arajJbHOMY TIpoleci (OpMyBaHHS OCEpEAKIB 3alalioBaHHsA, W0 NOTpedye

301JIbIIEHHS €HEPTii JTa3epHOTO BUIPOMIHIOBAHHS.



3. Ymepuie BCTaHOBJIEHO, IO 3aTpuMka vacy 3anamoBaHHs CBK Ha ocHOBI
a3ujy CBUHIIIO 30UIBIIYETHCS SIK IPH 3MEHIIIEHHI MAacOBOi KOHIEHTpaIlli MoJiMepy,
TaK 1 IpY 3MEHILIEHH] TOBUIMHU IIapy CBITIOYYTJIMBOTO BUOYXOBOIO KOMIIO3UTY Ha
OCHOBI a3U/1y CBUHIIIO.

4. VYmuepiie eKCHEpPUMEHTAIbHO BCTAHOBJICHO, IO TapaHTOBAHWN MiAPUB
NEPBUHHOTO CBITJIOYYTIMBOIO BHUOYXOBOTO KOMIIO3UTY B 3aco0ax IMiJpUBaHHS
Ja3epHUX CHUCTEM 3IIHCHIOETHCS 3a YMOB OOOB’SI3KOBOTO TIEPEBHINCHHS TEBHUX
MIHIMQJIbHUX 3HA4€Hb TOBIIMHU MIapy nepBuHHoro CBK, MacoBoi koHieHTparlii
nomimepy B CBK Ta eHepreTuuyHux 1 T€OMETPUYHUX XapaKTEPUCTUK Ja3epHOTro
myJKa.

Ipaxmuuni pesynomamu pobomu

Po3pobieHo  eKClepuMEHTAIbHY  TEXHOJIOTII0 OTpUMaHHS MEPBUHHOTO
1HILIIOI0YOr0 CBITJIOUYTJIMBOTO BHOYXOBOTO KOMIIO3UTY Ha OCHOBI a3W]ly CBHHIIIO
JUTs BUKOPUCTAHHS B 3ac00ax MiJpUBAaHHS 3aps/iB BUOYXOBUX PEUOBUH JIA3€PHUMHU
CUCTEMaMHU.

CTBOpEHO EKCIepUMEHTabHI 3pa3Kd ONTUYHUX JIETOHATOPIB MUTTEBOI i,
MPOBENICHI BUMPOOYBAHHS 1HIIIIOI0YOI CIIPOMOKHOCTI 32 METOJUKOI0 BUITPOOYBaHHS
HITATHOTO KamcCyJsi-A€TOHATOPA.

PexomeH0BaHO TpU BUKOPUCTAHHI TEXHOJOT1i OTPUMAHHS CBITIIOUYTIMBUX
BUOYXOBHUX KOMIIO3UTIB 3aCTOCOBYBATH BUXIJAHI MIKPOKPUCTAIM a3UAy CBHHIO 3
nedeKTaMu KpUCTaaiqHoi OyJOBH 1 MIKPOHEOAHOPITHOCTSIMU Ta MIKPOBKIIIOUEHHSIMHU
PI3HOT'O TIOXO/KEHHSI, OCKIJIBKH TIPH I[OMY 301IBIITY€E€THCS BIPOT1IHICTH 1HIIIFOBAHHS
JIA3epPHUM IMITYJILCOM 13 33JIaHOI0 CHEPTIEIO.

OTtpumaHi B po0OOTI pe3yabTaTH MOXKYTh OYTH BUKOPUCTAHI Y TAKUX TaTy35X SIK
ripHU4oBU00yBHA, KOCMiYHA, MalIMHOOY1IBHA, BilicbkoBa, Oy/iBelibHA, a TAKOXK 1 B
TaKuX, J€ 3aCTOCYBaHHS TPAIULIMHUX CHUCTEM IHIIIIOBaHHS a00 MPUHIIMIIOBO
HEMOJKJIUBE, a00 MOB’s3aHE 3 BETUKUMH TPYAHOIIAMHU TPAKTUIHOTO XapaKTepy.

Obrpynmosanicms | 00OCMOBIPHICMb  HAYKOBUX NOJONCEHb, BUCHOBKIB |
peKomenHoayitl pobomu MiTBEPIKEHI KOPEKTHICTIO 3aCTOCYBaHHS

(byHIaMEHTAIbHUX 3aKOHIB (PI3UKHM, Y TOMY YHCII, XIMIYHOT (Pi3UKH, IMITaIliitHO-



MaTEMaTUYHOTO MOJIETIOBaHHS, PE3yJIbTaTaMH EKCIIEPUMEHTAIbHUX JIOCHIIJIKEHD 1
3aJI0BITLHOMY 30iry pe3ynbTaTiB YUCEITHHOTO MOJICITFOBAHHS 3
eKCIIEpUMEHTAIbHUMU.

Hayxose 3nauennss pobomu monsra€c y BCTAHOBJICHHI 3aKOHOMIPHOCTEH
MOIIMPEHHS JIA3€PHOTO IMIYJIHCHOIO BHIPOMIHIOBAHHS B 00’€Mi CBITJIOUYTJIMBOTO
BHOYXOBOTO KOMITO3UTY Ha OCHOBI a3W/ly CBHHI[IO, @ TAKOXK Y BCTAHOBJICHH1 (Pi3UKO-
XIMIYHOTO MeEXaHI3My YTBOPEHHsSI OCEPEHAKIB 3amajiOBaHHS, 10 MNPU3BOJIUTH [0
1HIIIFOBAHHSA CTIMKOI JeTOHAII].

Ilpakmuune 3HaueHHs poOOmMu TONATAE y BCTAHOBJICHHI Ta OOIPYHTYBaHHI
(13MKO-TEXHIYHUX MapaMeTpiB 1 FEOMETPUYHUX XaAPAKTEPUCTUK JTa3€pHOr0 MPOMEHS
Ta 1HIIIOIOYOr0 CBITJIOYYTJIMBOIO KOMIIO3UTY, BHUKOPUCTAHHS SIKUX JO3BOJIAJIO
CTBOPUTH W BHUNPOOYBaTH MPHHIIMIIOBO HOBHM 3pa30K ONTHYHOTO IETOHATOPY M0
Ja3epHUX CHCTEM IHIL[1FOBaHHS 3aps/iB BHOYXOBHX PEUOBHH.

Knrouosi cnoea: CBITIOUYTIMBI BUOYXOBI KOMIIO3UTH, ONTUYHUIN JETOHATOD,
Ja3epHa CHCTEMa 1HILIIOBAaHHA, 3aTPUMKa 4Yacy 3alallOBaHHs, JIA3€PHUI MPOMiHb,

(b13UKO-TEXHIUHI TapaMeTPH, MOTIMED.
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ABSTRACT

Kulivar V.V. Substantiation of the parameters of certain components of the
blast-initiation laser systems involving light-sensitive composites in the process of
rock breaking. - Qualifying scientific work as a manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 184 Mining. -
Dnipro Polytechnic National Technical University, Dnipro, 2021.

The purpose of the work is to establish the regularities of initiation of primary
light-sensitive explosive composites by narrow laser beams to create an experimental
sample of a laser initiation system optical detonator.

The object of study - physico-chemical processes that lead to the detonation of
light-sensitive explosive composites under the action of laser radiation.

The subject of research - laser systems to initiate detonation of explosive
charges.

Research methods. Laser action parameters and time characteristics of the
ignition process were determined by calorimetric and optoelectric measurement
methods. While determining the ignition threshold of explosives, probabilistic
methods of processing test results were used. In addition, the methods of colloid
chemistry and the numerical method for studying random processes - the Monte
Carlo method - were used.

The works devoted to the problems of initiating explosives by laser monopulse
were analyzed, and it was concluded that: the sensitivity of light-sensitive explosive
composites (LSEC) to the action of the initiating laser monopulse is several times
higher than the sensitivity of pure explosives; lowering the initiation threshold of the
LSEC can be done by increasing the rate of energy input of laser radiation; when
initiating the detonation of the LSEC should take into account the dimensional effect
- the dependence of the initiation threshold on the laser beam geometry and the
wavelength radiation; standard initiating explosives (SIE) show a high sensitivity to
the action of the laser pulse at high compression pressures (> 108 PA), which makes it

impossible to use them as primary substances in optical detonators; work aimed at
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increasing the sensitivity of regular primary explosives to laser radiation, in contrast
to secondary explosives, was carried out in a small number of studies; effective use of
laser systems to initiate explosive charges during mass explosions is possible with the
use of light-sensitive explosive composites.

An analysis of the physico-mathematical model of light scattering in a medium
where the numerical Monte Carlo method was used to determine the patterns of
illumination in a diffuse-scattering medium with a high density of scatterers was also
performed. Due to this, a brief formulation of the explosives ignition physical model
with a laser monopulse to create an optical detonator was performed: focal ignition of
light-sensitive explosives is carried out under conditions of photons multiple
scattering on the faces of explosive crystals, which significantly increases the bulk
illuminance and, consequently, the laser pulse energy efficiency in the matter
microhomogeneity. Increasing the illumination in the depth of explosives is one of
the most effective ways to reduce the ignition threshold of explosives used in optical
detonators and in favour of the use in means of detonating explosive charges with
primary light-sensitive explosive composites.

Experimental studies of initiation of light-sensitive primary explosive
composites detonation by narrow beams of a laser monopulse were carried out. The
results obtained show that when the size of the laser beam (interaction zone)
decreases, the optical power of the LSEC increases. This is due to a decrease in the
number of absorbing microhomogeneities of critical magnitude, and is accompanied
by a sharp increase in the statistical scatter of experimental data. As the beam
diameter d decreases, the critical initiation energy of lead azide decreases, and in
general at d—0 the critical initiation energy Wy decreases to the minimum value
Wi—Whin. The statistical scatter of Wy does not depend on the irradiation area.

It is established that as the diameter of the laser beam decreases, the critical
initiation density energy of lead-based azide charges decreases. Starting from the
diameter of the laser beam 3x107 cm, an asymptotic approach of this curve to the
value of some minimum is observed. With a beam diameter of 2x10° cm, the

initiation energy density is 18x107 J/cm?,
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Studies on the operation of an optical detonator laboratory sample and found
that the sensitivity of the studied LSEC based on lead azide depends on the polymer
mass concentration: with increasing its content, the ignition energy density decreases
and reaches a minimum value, and then increases with further increase in the polymer
content.

It is established that the sensitivity of lead-based azide to the action of laser
monopulsed radiation depends on the radius of the laser beam: the smaller the radius,
the greater the energy density required for ignition.

The most important factors that determine the development of the process of
ignition of the LSEC by a laser monopulse are the illumination in the volume of the
LSEC and the unloading waves propagating from the free (open) surface.

For the first time, the sensitivity dependences to the action of a light-sensitive
explosive composites laser monopulse based on lead azide on the mass concentration
of the polymer were experimentally established.

It was found for the first time that the ignition time delay of LSEC based on
lead azide increases both with a decrease in the mass concentration of the polymer
and with a decrease in the thickness of the composite layer.

Scientific statements submitted for defense

1. The delay of the ignition time of a new LSEC based on lead azide and
polymer IIMBT-3M with a mass concentration 5 — 25 % from the onset of action of
laser pulsed radiation is (4-50) us, while reducing the polymer content from
25 to 5 % requires to ignite the LSEC twice as much the radiation energy, but, if the
polymer content is 5 % or less, the ignition of the LSEC does not occur, which in use
makes it possible to perform controlled and precise initiation of the detonation of the
LSEC in the optical detonator.

2. With decreasing diameter of the laser beam with a wavelength of 1.06 um
with a monopulse duration 22x107° s, the surface density of the minimum threshold
energy of initiation Wy of a new light-sensitive explosive composite (LSEC) based on
lead azide decreases, while starting from a diameter of 1,5x10* m, the dependence
curve asymptotically approaches the minimum value of 18 mJ/cm?, and the threshold
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energy density of initiation Ey is 85 mJ/cm? with a beam diameter of 0,5 mm, which
allows you to choose the rational parameters of the laser beam to initiate the LSEC in
the means of detonation.

Main scientific results and their novelty

1. Numerical model of laser radiation propagation in the volume of light-
sensitive explosive composite based on lead azide has been further developed, which
allowed for the first time to obtain reliable results of light distribution along the depth
of the explosive composite and to draw conclusions about the focal mechanism of
ignition of LSEC based on lead azide.

2. For the first time it was experimentally established that reducing the
thickness of the LSEC samples based on lead azide or reducing the mass
concentration of the polymer reduces the illumination in the volume of the layer due
to loss of photons at the opposite boundary of the composite, that is, the fraction of
photons becomes not involved in the overall process of ignition cells formation,
which requires an increase in the laser radiation energy.

3. It was found for the first time that the ignition delay time of lead azide-based
LSEC increases both when the mass concentration of the polymer decreases and
when the layer thickness of the light-sensitive explosive composite based on lead
azide decreases.

4. For the first time it was experimentally established that guaranteed
detonation of primary light-sensitive explosive composite in means of laser systems
detonation is carried out under obligatory exceeding conditions of certain minimum
values of primary layer thickness, mass polymer concentration in LSEC and energy
and laser beam geometric characteristics.

Practical results of research

An experimental technology for obtaining a primary initiating light-sensitive
explosive composite based on lead azide for use in means of detonating explosive

charges by laser systems has been developed.
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Experimental samples of instantaneous optical detonators were created, tests of
initiating ability were carried out according to the testing a standard detonator capsule
method.

It is recommended to use the source microcrystals of lead azide with defects of
crystal structure and microhomogeneities and microinclusions of different origin
when using the technology of obtaining light-sensitive explosive composites, as this
increases the probability of initiation by a laser pulse with a given energy.

The results obtained in this work can be used in such areas as mining, space,
engineering, military, construction, as well as in those where the use of traditional
initiation systems is either fundamentally impossible or associated with great
practical difficulties.

The validity and reliability of scientific statements, conclusions and
recommendations are confirmed by the correct application of the fundamental laws of
physics, including chemical physics, simulation and mathematical modelling, the
results of experimental research and the satisfactory coincidence of the results of
numerical modelling with data of experiments.

The scientific significance of the work is to establish the patterns of
propagation of laser pulsed radiation in the volume of light-sensitive explosive
composite based on lead azide, as well as to establish the physicochemical
mechanism of ignition centres, which leads to the initiation of stable detonation.

The practical significance of the work is to establish and substantiate the
physical and technical parameters and geometric characteristics of the laser beam and
the initiating light-sensitive composite, the use of which allowed creating and testing
a fundamentally new model of optical detonator for laser systems initiating of
explosives.

Key words: light-sensitive explosive composites, optical detonator, laser
initiation system, ignition time delay, laser beam, physical and technical parameters,

polymer.



