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Abstract. The article is aimed at improving the process of processing scrap and lump waste of tungsten-cobalt
alloys. Tungsten carbide has high hardness and abrasion. Its crushing and grinding pieces of scrap requires a lot of
energy. Pieces of VK hard alloy are heterogeneous in local strength. With quasistatic loading, single cracks occur
connecting the least durable elements of the piece. At the same time, the equipment wears out significantly.

The mechanisms of the processes occurring during the explosive crushing and softening of pieces of solid
tungsten-cobalt alloys are considered. The parameters of the stress field required for their effective destruction are
recorded. It is shown in the work that at the considered pressures (p <10 GPa) a shock wave (SW) does not occur in VK
alloys. A strong compression wave (SHS) occurs, which differs from the shock wave in that the parameters are pressure,
density, mass velocity, entropy, etc. - Do not experience a jump at the wave front. The values of all SHS parameters
decrease from the wave generation surface to its front. If we use the Theta formula for shock compressibility of a
substance, then at pressures significantly exceeding the dynamic yield strength of a substance, one can use the
equations for compression and rarefaction waves in gases or compressible liquids. In this case, the initial parameters of
the SHS and HC coincide.

The estimation of the duration of the process of destruction in a given section of the explosive charge is carried out.
A method is proposed for calculating the A and m coefficients in the Theta impact shock compressibility equation for
tungsten-cobalt alloys and their value for the TC8 alloy is obtained. The parameters of strong compression waves in the
TC8 alloy and steel at pressures in detonation products of 5 and 1 GPa are estimated in cases of perpendicular and
tangential wave incidence on the surface of the piece. The processes occurring during an explosion in a steel pipe filled
with explosives and lumpy waste of tungsten-cobalt alloy VK8 are considered. The analysis of the processes occurring in
a steel pipe filled with explosives and pieces of TC8 alloy was carried out. The work obtained the results needed by
experimenters and explosives practitioners for developing designs of crushing charges for pieces of tungsten-cobalt
alloys.

Keywords: tungsten-cobalt alloys, scrap and waste processing, explosive crushing.

Introduction. In Ukraine cobalt and tungsten are not mined. Taking into account
their high cost, it is advantageous to process scrap and lump waste of tungsten-cobalt
(TC) alloys. Since tungsten carbide has high hardness and abrasiveness, crushing and
grinding scrap pieces requires a large amount of energy. At the same time, equipment
Is significantly worn out.
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Explosive destruction allows not only crushing pieces of TC scrap, but signifi
cantly weakening them. It is known that with the explosive destruction of pieces of
TC alloys the grinding time decreases at least 20 times.

The microstructure of tungsten-cobalt alloys (WC-Co) is two-phase. The alloy
consists of crystals of high-hard tungsten carbide (WC) and a cementing relatively
soft phase of metallic cobalt (Co). Therefore, during the regeneration of tungsten and
cobalt from secondary raw materials by an explosion, the main energy consumption
falls on the destruction of WC grains. Grain size WC 1-3 microns.

Pieces of hard TC alloy are non-uniform in local strength. Under quasistatic
loading, single cracks occur, connecting the least durable elements of the piece. As
the loading rate increases, an increasing number of cracks develop. There is a
destruction and softening of the sample. The minimum size of particles into which a
piece breaks down is proportional to the rate of increase of stress and their size.
Under explosive loading, the stress gradient modulus can reach a value of 10** Pa/m.

Methods. In solving this problem, the methods of explosion physics, continuum
mechanics, rock mechanics, gas and thermodynamics were used.

Results and discussion. In a compression wave in a substance on the surface
separated from the wave front at a distance rs, shear deformations occur and the
substance is cut off almost instantly. The minimum particles size ry, into which a
piece of hard TC alloy is destroyed can be estimated by the formula:

r ~o l(op/or), (1)

where o, -the ultimate strength of the alloy during the shear; p - the pressure in the
compression wave; r - the distance.

By a formula similar to (1), one can estimate the particle size in the unloading
wave (extension), i.e. observe breakaway. In spherical and cylindrical compression
waves, cracks grow, perpendicular to the wave front, the distance between which is
proportional to the projections of the stress gradient in the same direction. For
effective crushing and softening of pieces of hard TC alloy, you can write the
parameters of the stress field in the form:

1 GPa < p < 10 GPa; 10" Pa/m < dp/dr < 10" Pa/m;
10" Pa/s < do/dt < 10™ Pals, t = 20 ps. (2)

At the same time, it was assumed that the particle diameter d, on which a piece of
TC alloy is destroyed, should be within 1 um < d <5 mm, and the particles are not
weakened. It should be noted that with explosive crushing and subsequent grinding,
about 10 % of the alloy particles have high strength. They do not contain pores and
microcracks.

Consider the processes occurring in the explosive crushing of TC8, the most
popular WC-Co alloy containing 92 % of tungsten carbide and 8 % of cobalt.
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The alloy density is po = 14800 kg/m®, and the velocities of the stress waves in
tungsten carbide and cobalt, respectively, are C; = 4250 m/s, C, = 4630 m/s.

The speed C, of the longitudinal wave in the TC8 alloy can be found from the
formula obtained by the authors:

C, =(po(l_“ +-Z D " Z 4200 MU, 3)

pCl p,C,

where p;, p, are the densities of tungsten carbide and cobalt, respectively; o = 0.08 is
the mass fraction of cobalt in the alloy.

To calculate the parameters of the waves is convenient to use the equation of
shock compressibility in the form of Theta:

o-4(2] -

where p — pressure; A, m — coefficients; po, p are, respectively, the density of the TC
alloy at atmospheric pressure and pressure p.

The coefficients A, m can be determined using the experimental dependence of
the density p on pressure for tungsten carbide and cobalt [1], the formula for the
velocity of stress waves:

c= [MA (5)

and equations (4) for hard alloy:

( pmz +1j =(1—a{p+lj 1+a[p+1j 2, (6)
PoC A A

where indices 0, 1, 2 denote values for alloy, tungsten carbide and cobalt,
respectively.

From the tables (see [1]) and formula (4) it was obtained that m; = 4.04 and m, =
4.2. From formula (5) it follows that Ay = 6.46-10™ Pa.

It was shown that at the pressures under consideration (p <10 GPa), a shock wave
(SW) does not arise in TC alloys. A strong compression wave (SCW) arises, which
differs from the shock wave in that the parameters — pressure, density, mass velocity,
entropy, etc. — do not experience a jump at the wave front. The values of all the SCW
parameters decrease from the wave nucleation surface to its front. If we use the
formula Theta of the shock compressibility of a substance, then at pressures far
exceeding the dynamic yield strength of the substance, the equations for compression
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and rarefaction waves in gases or compressible liquids can be used. In this case, the
initial parameters of the SCW and SW coincide.

Let us determine the initial parameters of the SCW in the TC8 alloy with a
perpendicular incidence of the detonation wave (DW) on its surface from the
equations for the SW [1]:

us_L{lﬂ (p./p,)-1 J_ Ps 19— 1+(psj_l/mo :
n+1 Jn+1)(p/p,)+(n-1) P, A,

Ps = poUst- (7)

Here D is the explosive detonation velocity; us is the mass velocity of the TC
alloy and detonation products (DP); n is the adiabatic index of DP; p, — pressure DP
in the front; pp — TC8 alloy density; m,, Ag are the coefficients in the Theta equation;
ps IS the pressure in the front of the shock wave; Dy is the speed of the shock wave.

As a result of a numerical solution for the case D = 5000 m/s, p, =5 GPa, n = 3, it
was obtained that us = 171.7 m/s, ps = 10.73 GPa, Ds = 4220 m/s. If we consider that
SCW occurs in the alloy, the equations for the initial parameters take the form:

%
U, =—2(C(p,)-Cp) === | [14+ B | g |
m, -1 m, -1 A,

D p,/p, -1 (e
n+1£1 \%\/(n+1)(p/ps)+(n_l)],C(ps) C0(1+A0j ’

(8)

where Cy, C(ps) is, respectively, the velocity of the elastic wave in the TC8 alloy and
the velocity of the compression wave at pressure ps.

Solution of equations (8) gives us= 171.7 m/s, p; = 10.73 GPa, C (ps) = 4257 m/s.

The difference in the D, and C(ps) values is explained by the fact that Ds does not
change, and C(ps) decreases almost to C; in the front of the SCW. At a pressure of p
= 1 GPa, the SCW parameters are equal: ps = 2.34 GPa, us= 31.37 m/s, C = 4058.5
m/s.

In the case when the DW moves parallel to the surface of the TC8 piece, the SCW
parameters are found from the equations [1]:

U 2nD [1_(iyn]_\/£[1_(1+ﬂjllmo}. 9
n2 -1 pa po Ao

The solution of equations (9) gives u =77 m/s, p = 4.66 GPa, C (p) = 4115 m/s.
When p =1 GPa, the parameter values are equal
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u; = 16.5 m/s, p; = 9.85-10° Pa, C, = 4028 m/s.

Usually, pieces of TC8 are placed in a steel pipe, so it is necessary to know the
parameters of SCW in steel. According to formulas (8), it is possible to determine the
parameters of the SCW in the case of a perpendicular drop of the DW on a steel
surface (A = 2.11 10" Pa, m = 5.5, Co = 5000 m/s, p = 7840 kg/m°).

In this case, us= 293 m/s, ps = 9.93 GPa, C= 5937 m/s with p, =5 GPa.

If we assume that p = 1 GPa, then

Uy = 73.4m/s, pyy = 2.28 GPa, C; = 5234 m/s.

According to formulas (9), the parameters of the SCW are determined when the
DW moves parallel to the pipe surface. In the case when the pressure in DP is equal
to p =5 GPa, the mass velocity of steel

Uy = 110 m/s, p, = 4.52 GPa, C, = 5452 m/s.
If we assume that p = 1 GPa, then
Uys = 24.6 m/s, pys = 9.78:10° Pa, C3 = 5102 mis.

Thus, the parameters of the SCW in a given pressure range are obtained, which
allows us to consider the mechanisms of the processes of destruction of TC8 pieces.

Consider the processes occurring in an explosion in a steel pipe filled with
explosives and lumpy waste of tungsten-cobalt alloy TCS.

Let the pipe diameter d; = 100 mm, explosives occupy a part B of the pipe
volume, and pieces of hard alloy TC8 are evenly distributed throughout the volume.
Obviously, in this case, explosives will detonate in a non-ideal mode. If B = 0.3, the
cross-sectional area of the

explosive will be S, = 23.56 cm? which corresponds to a solid charge with a

diameter of 54.77 mm. The time for establishing the pressure DP in the pipe, E:%,

where p, is the pressure at the Jouget point, will be within 10-20 ps.

When a DW propagates behind its front, a rarefaction wave moves, which is
bounded by a gap. The gap moves at a speed approximately equal to D/2. Behind it,
the DPs are at rest and their pressure is 0.3 pq. If we take into account that pieces of
TC8 alloy are placed in explosives, it can be concluded that they are in a highly
inhomogeneous unsteady stress field (10* — 10' Pa/m, 10* — 10" Pa/s).

We will approximate a piece of hard alloy with a ball, and EX - Amonite #6 GV
(pa = 2.5 GPa, D = 4500 m/s, p, = 1000 kg/m®). Consider the processes occurring
when a DW is falling on a ball. At the point of tangency of the DW of the ball
surface, a SCW arises in it, and in the DP a reflected SW. The initial mass velocity of
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the substance of the ball will be approximately equal to 60 m/s. Since behind the DW
front the pressure decreases according to a power law (for a plane wave, the exponent
Is 3, and cylindrical — 6), this leads to the fact that in a few ps the mass velocity
decreases several times. In the process of propagation of the DW, the angle of its fall
will increase, and the reflection of the SW will become irregular at first, and then
Mach. The initial pressure at the front of the SCW will decrease from about 5 GPa to
2.4 GPa. The vector of mass velocity during the passage of a wave through the ball
will turn to the angle =. A piece of hard alloy will be destroyed mainly due to cut and
shear. The time of destruction is almost independent of the rate of growth of cracks.
The minimum size a the particles into which the piece is destroyed can be estimated
by the formula:

A~ Gsh’ (10)

where h is the width of the front of the DW.

In the process of propagation of SCW, the center of mass of the piece will begin
to move only after a wave passes through it. The speed of movement is determined
by the average mass velocity of the substance behind the wave front. When a
compression wave is excited in the piece (there is no flow of matter), the center of
mass begins to move after the wave passes through the piece twice.

In the considered processes, it is necessary to estimate the residual pressure DP in
the pipe. In pieces TC8 spread SCW. Due to the destruction of matter and internal
friction, they are heated by the internal energy of DP, which can be determined by the
formula [2]

y - Pva-b (11)
n-1

where b — covolume DP, referred to 1 m°.

If we take into account that with a steady-state pressure of 25 GPa, the TC8
density increases by 49 %, the heating process can be considered isochoric. The
decrease in pressure can be determined by the formula

«m/a—pyﬂa<m’ (12)
n_

(L B)pVe, AT =

where p is the TC8 density, ¢y is the specific heat capacity of the alloy, AT is the
decrease in the DP temperature, V is the volume of the TC8 pieces.
From formula (12) we obtain:
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P, . (1—,3)([’1—1),0CVAT ] (13)
2 pA-b)

p:

Covolume b can be determined from the formula [2]

__r 14
n=r (14)

where vy is the adiabatic index of DP at atmospheric pressure.

In [1], it was shown that in SW with pressures at the front from 1 GPa to 5 GPa,
tungsten carbide is heated from 15 to 199 °C. According to the formula (13) when the
alloy is heated at 20 — 40 °C, the pressure p will be respectively 0.76 —0.26 GPa.

When a sufficiently powerful explosive is initiated in a pipe filled with pieces of
TC using a detonation cord, then if there is an air gap 4-5 mm thick or 15 mm sand
layer between the concrete fence and the pipe, a discharge wave occurs in the pipe.
At the same time, the quality of crushing increases, and the concrete is not destroyed.

Sometimes a pipe with pieces of TC is surrounded by a layer of explosives. Using
blasting explosives would cause the pipe to break. Indeed, when the DW reaches the
section of the pipe with a piece of TC adjacent to its walls, a SCW arises in the latter
with a mass velocity of about 30 m/s in it (with p, =5 GPa).

In the absence of TC, the pipe walls acquire an initial velocity of about 200 m/s
(when SCW is reflected from the wall, the velocity increases by about two times),
which leads to the wall breaking.

If dynamones are used as explosives (blasting agents), then the average mass
velocity of steel is several m/s. The pipe is crimped, and pieces of TC are destroyed,
mainly from quasi-static loads. At the same time, the quality of crushing and
softening is low. Especially low quality crushing and softening is observed in the
case of using an open charge. Calculations show that in this case only a quarter of
explosives (the active part of the charge) is used for destruction.

Conclusions. For explosive crushing and softening of pieces of solid TC alloys, it
IS necessary to create fields in them with stress of 1-10 GPa, inhomogeneities of
10"-10"2 Pa/m, and a rate of change of stress of 10'°~10" Pa/s. The most effective
crushing of pieces of hard alloys in the case when the explosive is inside them.

If the alloys contain Ni, Mo, and other metals, the A, m coefficients in the shock
compressibility equation can be determined using table 13 in [1]. The velocity of the
stress waves in such alloys is found by the formula (3), which in this case can be
written for several components.

The work obtained the results needed by experimenters and explosives
practitioners for developing designs of crushing charges for pieces of tungsten-cobalt
alloys.

REFERENCES
1. Stanyukovich, K. P., Baum, F. A., Shekhter, B. I., (2013). Phizika vzryva. Ripol Classic
2. Kurinnyi, V. P., Garkusha, I. P., (2012). Adiabatic equation for detonation products of explosives and explosion products
with additives. Geo-Technical Mechanics, 104, 112-119



80 1SSN 1607-4556 (Print), ISSN 2309-6004 (Online) 'eotexniyna Mexanika. 2019. Ne 147

CMNCOK NITEPATYPU
1. CraHiokoBuy, K.I. ®usuka B3psiea / K.M. Ctanokosuy, ®.A. Baym, B.W. Wextep. — M.: Punon Knaccuk, 2013 - 806 c.
2. KypenHon, B.IN. Aguabatuyeckoe ypaBHeHWe NS NPOAYKTOB AETOHALMM B3pbIBYATbLIX BELLECTB M MPOAYKTOB B3pbIBA C
pob6askamu / B.IM. KypenHon, W.IM. Fapkywa // F'eoTexHuyeckas mexaHuka: Mexeed. c6. HayuHbix Tpynos ITM HAH YkpauHbl. —
[OHenponeTposck, 2012. — Bbin. 104. - C. 112-119.

About the authors
Kurinnyi Volodymyr Paviovych, Doctor of Technical Sciences (D. Sc.), Professor, Professor of Physics Department, National
Technical University Dnipro Polytechnic (NTU “DP”), Dnipro, Ukraine, nmu@nmu.org.ua
Harkusha lhor Pavlovych, Candidate of Physical and Mathematical Sciences (Ph. D), Professor, Head of Physics
Department, National Technical University Dnipro Polytechnic (NTU “DP”), Dnipro, Ukraine, nmu@nmu.org.ua
Musiienko Serhii Petrovych, Candidate of Technical Sciences (Ph.D.), Senior Researcher, Senior Researcher in Department
of Rock Mechanics, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine (IGTM,
NAS of Ukraine), Dnipro, Ukraine, mspdop@i.ua.
Mpo aBTOpIB
KypinHuli Bonodumup lMasnoeguy, fOKTOP TEXHIYHUX HayK, npodecop, npodecop kadeapu isvku, HaLioHanbHW TEXHIYHWIA
yHiBepcuTeT «[JHinposcbka nonitexHika» (HTY «4M» MOH Ykpaiuu), OHinpo, YkpaiHa, nmu@nmu.org.ua
lapkywa leop Maenoeuy, kaHanaaT isnko-MaTeMaTUUHUX Hayk, npodecop, 3aBigyBay kadeapn ¢isnku, HauioHanbHui
TEXHIYHWNA yHiBEpcUTET «[IHinpoBcbka nonitexHikay (HTY «OM» MOH Ykpainu), OHinpo, YkpaiHa, nmu@nmu.org.ua
Mycienko Cepeill [lempoeuy, KaHAUAAT TEXHIYHUX HayK, CTAPLUNA HAyKOBMIA CMIBPOBITHMK, CTapLUMA HAYKOBWI CMIBPOBITHUK Y
BiAAINI MexaHiku ripHu4mux nopig, IHCTUTYT reoTexHivHoi MexaHiku iM. M.C. Monskosa HAH Ykpainm (I'TM HAH Ykpainu), OHinpo,

YkpaiHa, mspdop@i.ua.

AHorTauif. CtatTa CcnpsiMoBaHa Ha BOOCKOHAmNEHHs npouecy nepepobku foma i KyCKOBWX BigXOAiB BOMbdpam-
kobansToBux (BK) crnasie. Kap6ia Bombdpamy mae BMCOKy TBepmicTb i abpasvBHicTb. Moro apobrenHs i momen
LuMaTKiB nioma Bumarae binblunx Butpat eHeprii. LLimatku TBepgoro cnnasy BK HeoaHopiaHi no nokanbHii MiuHocTi. Mpu
KBa3iCTaTUYHOMY HABAHTAXEHHI BUHUKAOTb OAMHWYHI TPILLWMHK, WO 3'€OHYIOTb HAUMEHLL MiLHI enemMeHTH wmartka. Ipu
LIbOMY 3HAYHO 3HOLLYETLCS YCTaTKYBaHHS.

Po3rnsiHyTo MexaHiamu npoueciB, WO NpoTikaloTb Npu BUOYXOBOMY APOBMEHHI i 3HEMILHEHHI LUMATKIB TBEPANX
BONMb(pam-ko6anbTOBKX CMaBiB. 3amucaHi NapameTpu Mons HanpyXeHb, sike HeobxigHe Ans iXHbOro edeKTUBHOTO
pyiHYBaHHs. Y poboTi nokasaHo, Lo npu po3rnsHyTux Tuckax (p < 10 Ina) yoapHa xeuns (YB) y cnnasax BK He
BUHUKAE. BuHukae cunbHa xsuns ctuckanHst (CBC), wo BigpisHsieTbes Big YB TuM, Wwo napameTpu - TUCK, TyCTUHA,
MacoBa LUBMAKICTb, EHTPOMiS i T.4. - HE MaKTb CTPKUOKa Ha (OPOHTI XBuMAi. 3HaueHHs Bcix napameTpiB CBC ameHLyoTbes
BiZ MOBEPXHi 3apOKeHHs XBUNi A0 Ti poHTY. AKLO ckopucTaTics hopmynoko TeTa yaapHOro CTUCKaHHS PEYOBUHM, TO
MpM TUCKaX, L0 3HAYHO NEPEBULLYIOTb AUHAMIYHY FPAHULIO TEKYHOCTi PEYOBUHI, MOXHA BUKOPUCTOBYBATM PIBHSHHS ANS
XBUMb CTUCKAHHS | po3pigeHHs B razax abo piguHax, Wo ctuckatoTtbes. Mpn Lbomy nodatkosi napametpu CBC i YB
3biratoTbes.

MMpoBeaeHo OLHKY TPUBANOCTI NPOLECY pyiHyBaHHA B 3afaHOMy nepeTuHi 3apsgy BP. 3anponoHoBaHo MeToA
PO3paxyHKy koedqilieHTiB A i m y piBHAHHI yaapHOro CTuckaHHst TeTa ans Bonbgpam-kobansToBMX CMlaBiB i OTpUMaHe
iXHE 3HauyeHHst ans cnnaey BK8. OuiHeHO napameTpu CUMbHUX XBUMb CTUCKaHHS B cnnasi BK8 i crani npu Tucky y
npogykTax getoHauii 5 i 1 Ma y Bunagkax nepneHanKynspHoro i AOTUYHOMO NafdiHHS XBUMb Ha MOBEPXHIO LIMATKa.
PosrnsiHyTo npouecy, Lo NpoTikarTb Npu BUOYXy B cTanesii Tpybi, 3anoBHeHoi BP i kyckoBuMY Bigxogamu Bomnbdpam-
kobanbToBoro cnnasy BK8. MpoBeaeHo aHania npoLecis, Lo NpoTikakoTb y cTanesii Tpy6i, 3anosHeHoi BP i umaTtkamu
cnnasy BK8.

Y poboTi oTpumaHi pe3ynbTati, HeoOXiaHi dhaxiBUsM-ekCnepUMeEHTaTopam Ta TUM, XTO 3alMaeTbesl BUByxoM Ans
pO3poBKK KOHCTPYKLiN 3apsgis ApobreHHs WmaTkiB BoNbgpam-kobansToBKX ChnasiB.

KntouoBi cnoBa: Bonbthpam-kobanbTosi cnnasw, nepepobka noma i Bigxoais, Bubyxose ApobneHHs.

AnHoTauusa. CtaTbs HanpaBrneHa Ha COBEPLUEHCTBOBaHWE mpouecca nepepaboTki floMa U KyCKOBbIX OTXOAOB
Bonb(pam-kobanbToBbIX (BK) cnnasos. Kapbug Bonbgpama obnagaet BbICOKON TBEPAOCTLIO U abpa3nBHOCTLIO. Ero
ApobrieHne 1 nomon kycko noma Tpebyet Gonblumx 3aTpat aHeprim. Kycku TBepgoro cnnaea BK HeogHopoaHb! Mo
NOKanbHOM MPOYHOCTU. [lpW KBA3UCTATUYECKOM HArPYKEHWW BO3HWKAKT E€OMHWYHbIE TPELUMHbBI, COEAMHALLME
HauMeHee NPOYHbIE 3NeMEHTbI Kycka. py 3TOM 3HaYUTENbHO U3HALLIMBaETCS 0BopyaoBaHMe.

PaccmoTpeHbl MexaHu3Mbl MPOLECCOB, NPOTEKAIOWMX MpW B3PbIBHOM ApOGNEHNN M pas3ynpouHEHWM KyCKOB
TBEPALIX BONb(MPaM-koOanbTOBbIX CNMaBoB. 3anucaHbl NapameTpbl MOMS HanpshkeHuid, HeobXoaMMoro ansa ux
3hheKTMBHOIO paspyLueHus. B paboTe nokasaHo, 4To npu paccmatpueaemblx gasneHusx (p < 10 [MTla) yaapHas BonHa
(YB) B cnnaeax BK He BosHukaeT. BosHukaeT cunbHas BonHa cxatus (CBC), kotopas otnnyaetcs ot YB tem, yto
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napameTpbl — AaBneHue, NMOTHOCTb, MAccoBast CKOPOCTb, AHTPOMUS U T.4. — HE UCTILITBIBAKOT CKayka Ha (PPOHTE BOMHbI.
3HaueHnst Bcex napameTpoB CBC y6biBalOT OT MOBEPXHOCTM 3apOXOEHUS BOMHbI 0O ee (poHTa. Ecnm
BOCMOMNb30BaThCs HOPMyIoit TaTa yaapHOI CXMMaEMOCTH BELLECTBA, TO NpU AABMNEHNSX, 3HAYUTENBHO NPEBbILLAKLLMX
AVHAMWUYECKUIA NMpeden TeKyYecTu BELecTBa, MOXHO WCMONb30BaTb YPaBHEHUS 4N BOMH CXaTUS U pPas3pexeHuns B
rasax unu cxumaembix xugrocTsx. Mpu aTom HavanbHble napametpbl CBC 1 YB coenagator.

MpoBefeHa OLeHKa ANUTENBLHOCTM NpoLecca paspyLleHus B 3aJaHHOM ceuyeHuu 3apsaa BB. MpeanoxeH meton
pacyeta Ko3a(huUMEHTOB A M M B YpaBHEHWN YAAPHOM CKUMAEMOCTH TaTa Ans Bonbdpam-kobanbToBbIX CMaBOB U
nony4yeHo ux 3HaveHne ans cnnaea BK8. OueHeHbl napameTpbl CUMbHBIX BOMH cxatus B cnnase BK8 w ctamu npu
AaBNeHnsX B npogyktax getoHauun 5 u 1 Tla B cnyyasix nepneHAuKynspHOro 1 KacaTeNbHOro NafeHus BOSH Ha
MOBEPXHOCTb Kycka. PaccmoTpeHbl Mpoueccsl, NpoTekalowmue npu B3pbiBe B CTanbHOW Tpybe, 3anonHeHHoi BB u
KyCKOBbIMI OTX0Aamm Bonbtpam-kobanbtoBoro cnnaea BK8. MposeaeH aHann3 npoLeccos, NpoTeKatoLwmx B CTanbHOMN
Tpybe, 3anonHeHHoit BB u kyckamu cnnasa BKS.

B pabote nonyuyeHbl pe3ynbTathl, HEOOXOAMMbIE CNEeLnUanMCTamM-aKCnepuMEHTaTopam W B3pbIBHUKAM NpakTUkam
ANs pa3paboTku KOHCTPYKLMIA 3apsgoB ApobneHns Kyckos BoNbpam-kobanbToBbIX CMNaBoB.

KntoueBble cnoBa: Bonbdpam-kob6anbToBbIE CaBbl, NnepepaboTka oMa M 0TXO40B, B3pbIBHOE ApobreHue.
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