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SYNOPSIS 

Underground stress waves from detonations of borehole charges have the capacity to desen­
sitize adjacent delayed borehole charges. Realistic simulation of this stress pulse­
charge interaction was achieved with a novel destructible nozzled pipe fixture in which 
the explosive under test is subjected to the stress pulse generated by an explosive 
charge in an adjacent chamber, the amplitude and duration being controlled by the charge 
mass, chamber ullage, and connecting nozzle diameter. Five explosives types were tested, 
representing the major categories of permissible explosives in the U.S.A., viz., semi­
gelatinous, water gel, emulsion, and granular sensitized with nitroglycerin and with a 
less sensitive nitrate ester mixture. Most of the explosives tested were desensitized 
under the recommended maximum pulse conditions of the fixture and by weaker stress pulses 
designed to match "worst-case" coal mine conditions. 

INTRODUCTION 

Dynamic pressure desensitization occurs 
when the underground stress wave from 
the detonation of an adjacent borehole 
charge results in the detonation failure 
of an unfired (recipient) borehole 
charge. Shock wave or quasi-static com­
pression techniques have the wrong wave­
form characteristics for a reasonable 
simulation of the recipient borehole 
interaction. A destructfble nozzled 
pipe fixture was developed that simul­
taneously generates the dominant wave­
form characteristics (pulse magnitude, 
pulse width, and the impulse). There­
fore, the nozzled pipe fixture more 
realistically simulates the dynamic 
interaction of the underground stress 
wave with the recipient borehole charge. 
Preliminary tests at the working limits 
of the nozzled pipe fixture generally 
resulted in explosive desensitization. 
Only permissible mining explosives were 
tested for their susceptibility to 
dynamic pressure desensitization. 
Charge detonation was synchronized with, 
or delayed with respect to, the trailing 
edge of the stress pulse maximum. Some 
mining explosives subject to transient 
stress pulse interactions can undergo 
desensitization and partially recover, 
if the deformation process is revers­
ible. For other mining explosives, the 
microstructure is less resilient and 
the desensitization more permanent. 

Complex underground stress waveforms be­
yond the fracture radius of a detonated 
borehole charge show microsecond-type 
shock spikes superimposed on a wider 
millisecond stress pulse. Irreversible 
processes like fracture work, in con­
junction with multimode nonlinear wave 
propagation, result in the rapid dissi­
pation and conversion of shock spike 
(high-frequency) components of under­
ground waves. For borehole separation 
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distances considered here, the stress 
wave (low-frequency) components have a 
higher impulse per unit area than do 
shock spikes. Though shock spikes regu­
larly exceed the ultimate strength of 
the charge's microstructure, the stress 
waves determine the relative motion and 
mixing of the microstructure, Waveform 
decomposition analysis over a range of 
dynamic interactions illustrates how 
different mechanisms affect the malfunc­
tioning of mining explosives. 

In order of increasing pulse widths, 
Drimmer [1964] demonstrated the desensi­
tization of military explosives when a 
detonation wave collides with an oppo­
sitely directed shock wave. For mining 
explosives, Mukerjee [1983] demonstrated 
that a subcritical shock wave traveling 
ahead of a supercritical (for detonation) 
wave will not desensitize the explosives 
if the wave retardation is less than 100 
microseconds (0.1msl.The nozzled pipe 
fixture that simulates the underground 
stress waveform without shock spikes 
yields detonation failures, as discussed 
later. For .still longer time frames, 
the quasi-static compression tests 
[Ruhe, 1982] resulted in the malfunction 
of mining explosives. Critical density, 
microstructure damage, sensitive-site 
reduction represent a few mechanisms 
that cause the explosive to malfunction. 
However, as is now obvious, the mal­
function results depend on the stress­
time profile and the delay interval 
until the charge detonator functions. 

Though stress waveforms [Blasters' 
Handbook, 1977] for granite and diorite 
are somewhat multimodal, they represent 
a useful starting point for the stress­
time pulse requirements for any simulator 
concept. The impulse, width-at-half­
hefght (WHH), and the rectangular-pulse 
-equivalent-pressure (RPEP) were computed 
for the reported traces: 



RPEP = IMPULSE/WHH.The duration (zero 
startup to zero return) is naturally 
longer than WHH. RPEP is normally com­
parable to the smoothed pulse maximum, 
though the difference is a function of 
wave shape. These pulse-shape require­
ments determined from the Blasters' 
Handbook [1977] provided the guideline 
design range ultimately fulfilled by the 
nozzled pipe fixture. Although no sim­
ilar data in coal strata could be found, 
such measurements were made and are dis­
cussed here. 

NOZZLED PIPE FIXTURE CHARACTERISTICS 

Simulation of the rapid-charge com­
pression from an underground stress wave 
requires severe but controlled dynamic 
conditions. Techniques utilized in 
rocket motor design, reaction rate 
mechanics, and shock wave attenuation 
precipitated a workable design, shown 
in Figure l. The configuration utilizes 
a receiver chamber to house the sample 
charge, a connection nozzle, a genera­
tor chamber for the driver charge, and 
an exhaust nozzle. Machining, fabrica­
tion, and component costs were minimized 
by using a cylindrical symmetric config­
uration of commercial steel pipe fit­
tings. The generator (upper) chamber 
houses the wrapped detonating cord for 
developing the driver gas. The re­
ceiver (lower) chamber is oriented 
downward, as shown, and houses the 
sample charge submerged in water. The 
exterior delay line determiries the func­
ioning time (delay time) of the shrouded 
detonator protruding into the sample 
charge. 

Detonating cord is utilized in the gen­
erator chamber, since the shock wavelets 
are relatively incoherent, and this 
helps preserve chamber integrity. On 
the other hand, the cross-firing wraps 
of detonating cord function sufficiently 
fast so that fluctuations in the gas 
generation rate hardly influence the 
stress pulse developed in the receiver 
chamber. Flow contraction at the con­
nection nozzle and rarefaction in the 
re-expansion zone (ullage of receiver 
chamber) substantially inhibit shock 
wave transmission. The cork washer on 
the bottom cap and the thermoplastic­
and-cork piston further reduce shock 
wave transmission. The piston also in­
hibits the development of Taylor insta­
bility, whereby the reaction gas would 
form a penetration cavity in the water­
and-charge zone. The water reduces 
the resulting flow work from the reac­
tion gas and reduces (compared to air) 
the instantaneous stress gradient over 
the charge. The water region neutral­
izes (softens or masks) the mechanical 
reaction from different types of explo­
sive charges. This water reservoir, 
therefore, helps to preserve the shot­
to-shot reproducibility of the driver 
pulse, regardless of the explosive 
tested. 

The original fixture design incorporated 
an unshrouded charge detonator with the 
result that malfunctions occurred from 
mechanical buckling of the charge detona­
tor, and subsequent disruption of the 
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firing train. This undesirable complica­
tion resulted from the tremendous driv­
ing stress and rigid mechanical boundary 
condition at the bottom cap. The dif­
ficulty was resolved by shrouding the 
detonator with a steel pipe nipple to 
within 4 mm of the detonator tip. Deto­
nator lead plate tests, 4 mm and 7 mm 
thick, yielded puncture and depression 
results quite similar to the normal tip­
strength of bare No. 8 detonators. 

Charge detonation with respect to the 
pulse maximum is precisely controlled 
with a detonating cord delay train. 
Roughly 7 m of detonating cord is re­
quired per millisecond of delay. Gen­
eration and propagation of the stress 
pulse require roughly 1 ms or an ad­
ditional 7 m of detonating cord. For 
a given driver mass and fixture config­
uration, gauge measurements permit re­
producible synchronization to within a 
quarter of a millisecond. Delay de­
tonators or delayed firing circuits are 
utilized for longer delay times (>14 ms). 

THE GENERATOR CHARGE 

The design of the nozzled pipe fixture 
represents a number of structural and 
corifiguration compr6mises to develop 
the desired stress pulse, while min­
imizing shock transmission and reaction 
gas fluctuations. The fixture dimen­
sions naturally i.nfluence the risetime, 
droop, and decay time of the stress 
pulse. On the other hand, the generator 
mass tends to affect the pulse magnitude 
more than the characteristic time con­
stants. The generator charge consists 
of plastic-coated detonating cord 
wrapped in a coil and installed in the 
center of the generator chamber. The 
desired coreload mass M (grams) is re­
lated to the detonating cord length Z 
(centimeters) and the mass density G 
(grains per foot) specified by the manu­
facturer according to the relation; 

M(g}/Z(cm) = G(gr/ft)/470.4. 
Plastic-wrapped 40-gr/ft detonating cord 
is recommended for the nozzled pipe fix­
ture; 25 gr/ft was our second choice. 
For the identical charge mass, much 
higher coreload densities result in 
stubby charges that tend to fracture 
the generator chamber. Much smaller 
coreload densities are les� effici�nt 
because of the relative sheath losses. 

Two generators were designed with sub­
stantially identical internal dimen­
sions, and hence had similar perfor­
mance characteristics except for their 
maximum charge limits. The recommended 
working limit of the regular-duty gen­
erator was a charge mass of 4.7 grams 
(55 cm of 40-gr/ft detonating cord)� 
The recommended working limit of the 
heavy-duty generator was a charge mass 
of 10 grams (117 cm of 40-gr/ft detona­
ting cord). 

WORKING LIMIT TEST RESULTS 

To determine whether or not the fixture 
stress pulse range was sufficient to de­
sensitize mining explosives, single-shot 
tests were conducted at the recommended 
working limits for the generator mass. 



Table 1. Working Limit Test Results 

Charge Generator Reaction 
Type Charge ( g) Result 

Granular 0.0 DET 
(NG) 4.7 NR 

10. 0 NR 

Granular 0.0 DET 
(no-NG) 4. 7 RUPT 

1 0. 0 NR 

Emulsion a.a DET 
4.7 W-DET 

1 0. 0 NR 

Semi-Gel 0.0 DET 
(NG) 4. 7 DET 

1 0. 0 DET 

Water-Gel 0.0 DET 
4.7 NR 

1 0. 0 NR 

Zero generator charge masses (no stress 
pulse) were run on charges that malfunc­
tioned to confirm charge performance for 
water-submerged conditions during the 
nominal set-up time (roughly 20 minutes). 
Test results were categorized as no-re­
action (NR), fixture rupture (RUPT), de­
flagration (DFLG), weak detonation 
(W-DET), or strong detonation (DET). 
When there were four or more cylindrical 
wall receiver-pipe fragments, the result 
was recorded as a strong detonation (DET). 
For two or three such fragments, the re­
sult was recorded as a weak detonation 
(W-DET). For a split-pipe or blown-off 
cap, the result was recorded as a tube 
rupture (RUPT) or a deflagration (DFLG). 
Tube rupture indicates there was still 
some unreacted explosive, while defla­
gration indicates no residual explosive. 
No-reaction (NR) was reserved for cases 
where the cylindrical pipe was intact 
and no reaction was observed. Explo­
sives with nitroglycerin or explosive 
oil type sensitizers are designated NG. 

With the exception of the semi-gel, all 
the explosives tested showed reduced per­
formance or were totally desensitized. 
Further testwork with smaller generator 
charge masses determined the critical 
level for which the various explosives 
retained their detonability. The two 
granulars retained strong detonation 
characteristics for generator charge 
masses under and at 3.3 grams. The 
water-gel criterion was 2.2 grams and 
the emulsion criterion was 1.5 to 2.2 
grams generator charge mass. In retro­
spect, the stress pulses thus far were 
not realistic simulations. The stress 
was 75% too high and the pulse duration 
100% too short. 

The workirig limit results and the re­
duced charge tests showed that most 
permissible mining explosives would be 
desensitized within the working range 
of the nozzled pipe fixture. Rationally 
content with the preliminary fixture 
design, our next imperative was to 
measure actual stress-time waveforms 
in coal strata under typical or worst­
case conditions suggested by scheduled 
regulations. 
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COAL MINE CRITERIA 

Realistic stress time waveforms for dy­
namic desensitization analysis were ob­
tained with four shots in the Bureau of 
Mines Bruceton coal mine. Shooting con­
ditions were discussed with MSHA (Mine 
Safety and Health Administration, U. S. 
Department of Labor) and worst case con­
ditions permitted under Federal Coal Mine 
Regulations (CFR, 1983) were selected in­
cluding shooting-off-the-solid. Two 
parallel boreholes were drilled 4.45 cm 
in diameter and 274 cm long with a hori­
zontal center-to-center separation of 
45.7 cm (minimum "burden"). The out­
side borehole closest to the drift 
wall(s) was charged with 1360 grams of 
water-gel explosive (maximum weight). 
Four resistance-type pressure gauges 
were submerged in separate waterbags 
and installed in the uncharged borehole 
at depths matching the charge column. 
Both boreholes were clay-stemmed to 
�ithin 25 cm of the charge surface. 
Table 2 shows the impulse (WHH) and 
the rectan�ular pulse equivalent pres­
sure (RPEP) for the seven worst stress 
pulses recorded during the four shots 
(four gauges each time); 
RPEP = IMPULSE/WHH. 

The mean WHH ts determined by averaging 
reciprocal WHH results. The last row of 
results determines the "in-water" cri­
teria for setting up the simulator. 

Coal mine tests [Mainiero, 1984] with 
multiple borehole charges and differ­
ent time delays were fired under similar 
conditions, except that the boreholes 
were shorter and the distance from the 
collar to the charge was smaller. Mal­
functions from no-reaction to weak 
reactions were noted for certain explo­
sives, time delays, and hole separa­
tions. The charged borehole with zero 
time delay removed substantially more 
coal than observed in our criterion 
measurement tests. Nonetheless, the 
results [Mainiero, 1984] strongly 
suggest that the requisite conditions 
for marginal performance were created 
by stress waveforms similar to those 
recorded in the instrumented borehole 
tests. Utilizing the above results in 
Table 2, the nozzled pipe fixture was 
reconfigured to deliver similar stress­
time waveform characteristics. 

THE STANDARD "WORST-CASE" PULSE 

Standard pulse waveforms were obtained 
by modifying the nozzled pipe fixture to 
yield the worst-case coal mine waveform 

Table 2. Worst Stress Pulses From Coal 

MEAN 

Mine Shots. RPEP IMPULSE/WHH 

Impulse WHH RPEP 
(bar-ms) (ms) (bar) 

113 l . 350 84 
126 1. 175 104 
186 0.475 393 
138 0.525 264 

62 0.250 248 
72 0.225 319 

206 0.425 484 
129 0.427 271 



-------------------- -- -
------------- -- - -- --- - -

--- - - - - - - - - - -� 

WATER 

SHROUDED 
DETONATOR 

CORK WASHER 

Figure l. Nozzled Pipe Fixture 

characteristics. The receiver chamber 
was filled with water only (no sample 
charge), corresponding to the criterion 
measurement conditions. The nozzled 
pipe fixture with a 17-cm receiver was 
reconfigured (nozzles, chamber, ullage 
dimensions) and the receiver pipe in­
creased to 44 cm. The generator charge 
required to develop the simulation 
stress pulse was 4.0 grams. Reflected 
waves and reflected wave times were 
weaker and more dispersed in the 44-cm 
fixture, while the dominant (first) 
pulse had a more rectan�ular profile. 
The resulting waveform (first pulse) 
simulated the worst-case coal-mine cri­
teria. Unfortunately, the updated hy­
draulic characteristics weakened the re­
lationship between waveform characteris­
tics and generator charge mass. There­
fore, comparisons of data from dissimilar 
fixtures with similar driver charges are 
not warranted. The final configuration 
results were tabulated as means and 
relative deviation (standard deviation 
divided by the mean). 

The mean impulse was 120 bar-ms with a 
relative deviation of 24%. The width­
at-half height (WHH) was 520 µS or 0.52 
ms, with a relative deviation of 10%. 
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The rectan9ular pulse equivalent pres­
sure (RPEP) was 230 bars, with a rela­
tive deviation of 7.3%. The resulting 
means compare reasonably well to the 
impulse = 129 bar-ms, WHH = 0.427 ms, 
and RPEP = 271 bars for the coal shots. 
The relative deviation of waveform 
parameters under simulation condi-
tions were substantially smaller than 
the relative deviation of waveform 
parameters from the coal mine data. 
Further refinements to the fixture 
were not warranted. The database is 
still rather small and additional coal 
mine shots could yield somewhat dif­
ferent criteria. Nonetheless, the 
results provide magnitude estimates 
representative of the more severe blast­
ing conditions consistent with MSHA 
regulations. 

FIFTEEN-MILLISECOND DELAY SHOTS 

There was considerable interest in test 
results for which charge detonation was 
delayed 15 ms, roughly half of the delay 
time of the first-period delay detonator. 
Maintaining coal mine simulation, eight 
permissible explosives were tested four 
times for statistically probable mal­
functions. The results recorded in 



Table 3. Dynamic Pressure Desensitization 
Results ( l 5-ms Delay) 

Explosive Shot#l Shot#2 Shot#3 Shot#4 

Water-Gel W-DET W-DET W-DET W-DET 
Emulsion RUPT W-DET RUPT DET 
Emulsion W-DET NR NR RUPT 
Emulsion W-DET W-DET RUPT W-DET 
Granular W-DET W-DET W-DET W-DET 
Granular DEFL W-DET W-DET W-DET 
Semi-Gel W-DET W-DET DET DET 
Semi-Gel DET DET DET DET 

Table 3 indicate that some explosives 
are desensitized more readily than 
others. The classification DET, W-DET, 
DFLG, RUPT, and NR, and no-reaction 
is the same as in Table l. There were 
no other results except for two mal­
functions where the shroud was not split 
(trifurcated .or worse) in the usual fash­
ion; the two questionable shots were 
redone. There was a fifth shot in each 
case for zero driver charge mass (no 
stress pulse); the results were strong 
detonations. 

Taking the results in four groups, the 
semi-gels were the hardest to desensi­
tize, the water-gels and granulars were 
next, and the emulsions were most prone 
to desensitization. 

CONCLUSIONS 

The nozzled pipe fixture has successfully 
produced stress-time waveforms repre­
sentative of the underground coal-mine 
stress waves from an adjacent borehole 
blast. The nozzle pipe fixture not 
only has filled the gap between shock­
wave techniques and quasi-static tech­
niques but most importantly enables us 
to study desensitization phenomena 
under realistic interaction conditions. 
Both the prototype configuration and 
the modified configuration generated 
sufficiently severe worst-case stress­
time waveforms to totally or partially 
desensttize most of the permissible 
coal-mine explosives tested. Only one 
semi-gel continued to function normally. 
The nozzled pipe fixture design and 
working range appear sufficiently flex­
ible to study a range of coal mine 
blasting conditions, including worst­
case adjacent borehole conditions (our 
interpretation); maximum charge 1.36 
kg and minimun separation 45.7 cm. 
Our worst case criterion was determined 
by the seven strongest results measured 
tn four shots in a coal seam with four 
pressure gauges in each shot. The 
mean impulse, width-at-half-height 
(WHH), and their ratio to the rectangu­
lar pulse equivalent pressure (RPEP) 
were 129 bar-ms, 0.427 ms, and 271 
bars, respectively. The modified 
nozzled pipe fixture yieldes a mean 
impulse, WHH and RPEP of 120 bar-ms, 
0.520 ms, and 230 bars, respectively. 
Considering the large deviations of the 
experimental coal mine results, further 
adjustments were not warranted. 

When the dynamic desensitization results 
from Table 3 are combined with those of 
Table l, ignoring the zero driver masses 
cases, there are 42 results: 9 strong 
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detonations, 19 weak detonations, l de­
flagration, 5 tube ruptures, and 8 no­
reactions. Tube ruptures probably oc­
curred when some explosive close to the 
charge detonator functioned but the 
remote portion did not. They resembled 
no-reactions most closely. The desen­
sitization was regarded as severe 
when there was residual unreacted ex­
plosive, which occurred for 31% of the 
shots. The weak detonations (and 
single deflagration) represent a milder 
form of desensitization which was observed 
for 48% of the shots. This was rather re­
markable considering the restricted con­
ditions (2 or 3 fragments) defining our 
results. The remaining 21% were recorded 
as strong detonations indicating that any 
desensitization was not critical to per­
formance. 

The nozzled pipe fixture has a distinct 
advantage over field tests when the 
desensitization is marginal and substand­
ard (weak) detonations occur. The 
nozzled pipe fixture distinguishes the 
reduced performance, whereas field tests 
would be difficult to resolve, since 
weak detonations fracture and move coal. 
Furthermore, the nozzled pipe fixture 
has the design range to investigate prob­
lems involving severe desensitization. 
The severe desensitization results might 
explain the unreacted or partially burnt 
cartridges occasionally noted in mucking 
and recovery operations. Perhaps most 
importantly, the nozzled pipe fixture is 
a useful tool with the potential for 
evaluating different types of explosive 
performance characteristics under a 
wide range of controlled conditions at 
a cost substantially smaller than cor­
responding field tests. 

REFERENCES 

BLASTERS' HANDBOOK (1977). 16th Edition 
E. I. du Pont de Nemours & Co., 
Wilmington, DE, 221 pp. 

CODE OF FEDERAL REGULATIONS (CFR) 
(Revised July 1, 1983). Mineral 
Resources No. 30, 78 pp following 
15.24. 

DRIMMER, B. E. and LIDDIARD, T. P., JR. 
(1964). Propagation failure in 
Solid Explosives Under Dynamic 
Pre-Compression, U. S. Naval 
Ordnance Laboratory, White Oak, MD, 
NOLTR64-6-1964. 

MAINIERO, R. J. (1984). Personal 
Communication. Available upon re­
quest from R. J. Mainiero, Bureau 
of Mines, Pittsburgh, PA. 

MUKERJEE, A. E. (1983) Personal 
Communication. Available upon re­
quest from J. Edmund Hay, Bureau of 
Mines, Pittsburgh, PA. 

RUHE, T. C. Personal communication, 
1982. Available upon request from 
T. C. Ruhe, Bureau of Mines, 
Pittsburgh, PA. 

·' 

I 

_ __... 



LA SENSIBILITE RELATIVE DES EXPLOSIFS DE SECURITE A DESENSIBILISATION PAR PRESSION DYNAMIQUE 

M.S. Wieland (Etats-Unis) 

RESUME Dans le tir � retard, les ondes de contrainte produites par la detonation des charges dans les 
trous de mine peut desensibiliser les charges voisines. On a simule cette interaction de pression - charge 
au moyen d'une tube a tuy�re destructible dans laquelle on soumet l'explosif essaye a l'impulsion de 
pression produite par une charge d'explosif da.ns une chambre voisine, tant en controlant l'amplitude et 
la duree de l'effet par la masse de la charge, l'espace libre dans la chanibre et le diametre de la tuy�re 
de liaison. On a etudie cinq types d'explosif. 

RELATIVE EMPFINDLICHKEIT VON ZULASSIGEN SPRENGSTOFFEN BEI DER DYNAMISCHEN DRUCK-DESENSIBILISIERUNG 

M.S. Wieland (VSA) 

ZUSA_I.IMENFASSUNG Druckwellen von Detonationen von Bohrlochchargen konnen neben verzogerten Chargen 
desensibilisiert werden. Die Simulierung dieser Druckil!Ipuls-/Chargenwechselwirkung wurde roit einero 
zerstorbaren D\lsenrohr erzielt, bei dero der geprU�e Sprengstoff dero von einer Sprengstoffcharge in einer 
benachbarten Kammer erzeugten Druckiropuls ausgesetzt ist, wobei Amplitude und Dauer von Chargemnasse, 
T{amroerleerraum und Durchroesser der Verbindungsdlise bestimmt werden. Es werden funf verschiedene 
Sprengstoffe geprU�. 

OTHOCIITETibHASI 'IYBCTB!ITETibHOCTb IIPE.!10XPAHTEJibllblX B3Pb!B'IATb!X BEillECTB K .QECEHCHBHm!3AJ.1HH OT /lHHAMH'IBCKoro 

MBTIEHHSI 

M.C. YanaH,II (C!IIA) 

BonHbI aanp1u1CeHHH oT BspbIBaHHH mnypoBbIX sapsp;oB ·cnoco6Hb1 p;eceaca6anasapoBaTb cocep;HHe saMe,11,lleHHble sapsp;bl. 
3To B3aHMop;eHCTBHe MeJKAY HMIJYnbCOM Hanpg�eHHg H sapgp;oM 6b1J10 Mop;enapoBaHo C IlOMOfilb!O paspymaeMoH Tpy6o�HOE 
ycTaHOBKH, caa6�eHHOH connoM. B STOH ycTaHoBKe accnep;yeMoe BB nop;BepraeTcH HMnynbCY Hanps�eHHH, cosp;aHHOMY 
B3PblBaHHeM sapgp;a B CMeJKHOH KaMepe. Bena•rnHa H npop;o=TenbHOCTb HMIIYnbca o6ycnoBneHbl BeCOM sapgp;a, 
Bena=HOH aesanonaeHHoro 061,eMa KaMepbI a AHaMeTpoM coo6maiomero conna. Bhlno accne,[loBaHo 5 THnoB BB. 
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