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The analysis of the causes, the development process of the catastrophic fire, including a series of subsequent explosions, is given.
The reason of the failure of the extinguishing operation is open — low efficiency in localizing and extinguishing the fire, despite the
dedicated work of more than 1,000 firefighters (21 fire brigades) with 150 power fire trucks. It is shown that the main reason for the
rapid and large-scale development of the catastrophe was the low range and scale of the delivery of extinguishing agents; inflexible,
slow change of modes of submission of agents; lack of technique for supply the gas-sprayed sand, inert dust, which became necessary
to extinguish burning chemical-active materials, in compatible with water, foam in agents and powder are ineffective. A new modern-
ization of impulse fire-equipment and automatic fire-extinguishing systems is proposed to localize and extinguish fires in terminals of
containers, coal, oil, gas warehouses, cargo-berths. The modernization consists in additionally equip in the existing automatic fire-ex-
tinguishing systems in the ports at the launching sites with multi-barrels modules (MM) of volley spray in creating a parallel executive
system of several MM place around the fire and explosion hazard site at distances from 50 to 200 m. This will make it possible to
improve the efficiency of fire-extinguishing and to provide effective light and thermal protection and prolong the life of expensive
start-up designs. The validity of the proposed project is confirmed by the results of the last successful demonstration tests of the MM
system, placed in a semi-circle around the target and focused their volleys on one local, powerful fire. Key words: catastrophic fire,
explosion, container’s terminal, fire-extinguishing equipment, impulse delivery, fire-extinguishing gas-liquid flurry, fire-extinguishing
gas-vortex, automatic extinguishing system, executive modules, multi-barrels modules, containers with fire-extinguishing compounds,
cartridges with spray gun-powder charges.

EdexTuBHMI 3aXHCT KOHTeliHepHUX TepMiHAJIB MOPTY Bil eKoJOriYHHX aBapiii, cipuYMHeHUX BHOYXOHeOe3NneYHUMHU
3aco6aMu, Ha OCHOBI aHaJIi3y KaTacTpodu B MopcbKkoMy nopty Micta Tsanbusine. 3axmato B./L., Bonnap O.1. [Ipoananizosawni
IIPUYUHU Ta TIPOIIEC PO3BUTKY KaTacTpodidHOl MOXKeXKi, a TaKoXkK BUOYXH, 10 SKUX BOHA IPHU3BENA. 3a3HaUEHO, III0 METa BOTHETACHHUX
orepaniii He JOCATHyYTa Yepe3 HU3bKY e(EeKTUBHICTB Jil 13 JIOKami3amii Ta TaciHHS TOXKEXKi, HE3BaKAIOUH Ha CaMOBiIIaHy poOOTY
nmoHax 1 000 moxexnux (21 moxexxHa Opurana) Ta BukopuctanHs 150 mokexxHux MamuH. [lokazaHo, M0 OCHOBHOIO MPHYMHOIO
LIBUIKOTO Ta MacIITaOHOrO PO3BHUTKY KAaTacTpO(H € By3bKHii Jiana3oH BOTHEraCHUX PEUOBMH; HETHYUKi, HOBUIbHI 3MiHH PEXKUMIB
MMoJIavi areHTiB; BIZICYTHICTh TEXHIKH IS TOJavi MICKIB i3 Ta30MOJiOHUM MOKPUTTSIM, IHEPTHOTO MUY, HEOOX1THOTO /ISl TACIHHS CIia-
JIIOBAJIBHUX XIMIYHO aKTHBHHX MarepiasiB. MozepHi3alis iMITyIbCHOT TIOXKEKHOI TeXHIKA ¥ aBTOMaTHYHNUX CHUCTEM IT0XKEXKOTaCiHHS
MIPOTIOHYETHCS JUIS JIOKATi3allii Ta TaciHHS MOXKEX Y KOHTCHHEPHUX TepMiHalaX BaHTAKHHUX MPUYATIB i3 ByTULUISM, HAPTOIO, Ta30M.
MonepHizamis MonsArae B JOAATKOBOMY 00JIaJHAHHI HasIBHUX aBTOMAaTHYHHUX CHCTEM TTOXKEKOTaCiHHSA MyIBTHMOYIISIMH IS 3aJIIOBOTO
pearyBaHHs Ha BUHHKHEHHsI IOXKexi 1 BuOyxy Ha Bifcrani Big 50 10 200 meTpiB. Lle 103B0UTH MiABUIINTH €()EKTUBHICTD MTOXKEKOTa-
CiHHs Ta 3a0e3neynTH e(EKTUBHUIM CBITJIOBUI 1 TEIJIOBUI 3aXKCT, TIOJOBKHUTH TEPMiH €KCILUTyaTallil JOPOrUX IyCKOBUX KOHCTPYKIIiH.
AKTyaJbHICTh 3alIPOIIOHOBAHOTO MPOEKTY MiITBEPIKEHa pe3ylIbTaTaMy OCTAHHIX YCHINIHMX AEMOHCTpALiHUX BHIPOOYBaHb CHC-
TEMH MYJIETUMOIYIIIB 31 CIIPSIMOBAHOIO JII€I0 Ha JPKEPENIO MOTYKHOTO BOTHIO, PO3TAIIOBAHUX HABKOJIO 1imi. Knouosi ciosa: KaracTpo-
(biuHMi moxkexka, BUOYX, KOHTCHHEPHUI TepMiHAaJ, YCTaTKyBaHHS MOKEKOTaCIHHS, IMITYJIbCHA JOCTAaBKa, TaCiHHS BOTHETACHOIO ra30-
BOIO PiIMHOIO, BOTHETaCHUKOBUI T'a30BUI BUXOp, aBTOMAaTHYHA CUCTEMa TOJKEKOTACIHHS, BUKOHABY1 MOy, Oararomaposi MoOxymi,
KOHTEHHEepH 3 BOTHETACHOIO CHCTEMOIO 3’€/THAHHS, TATPOHHU 3 HAITOBHEHHSIM ITyJIbBEpH3aTOpa.

JddekTUBHAA 3AIMUTA KOHTEHHEPHBIX TEPMHHAJIOB MOPTA OT JKOJIOTHYECKUX aBapHii, BHI3BAHHBIX B3PbIBOOMNAC-
HBIMH CPE/ICTBAMH, HA OCHOBe aHAJIN3a KaTacTpodsl B MopckoM nopty ropoia Tsubuzunb. 3axmartos B.J1., Boumaps O.H.
ITpoananu3MpOBaHbl IPUUMHBI U IIPOLIECC PA3BUTHS KATACTPO(YUUECKOTO T10XKapa, a TAKIKE B3PBIBbI, K KOTOPLIM OH NpuBei. OTMEUeHO,
YTO IIeJb CIIAcaTeNIbHBIX ONepaluii He JOCTHIHYTA M3-3a HU3KOH (P (EKTHBHOCTH NEHCTBUI 10 JIOKAJIM3AMU U TYIICHHIO MOXapa,
HECMOTpsI Ha CaMOOTBepkeHHYI0 paboty 6onee 1 000 moxapHbix (21 nmoxkapras Opurazia) u ucnons3oBanue 150 MOKapHBIX MalIvH.
OTMe4eHo, YTO OCHOBHOW NPUINHOM OBICTPOTO M MACIITAOHOTO PAa3BUTHUS KaTaCTPO]HI SBISETCS Y3KUI ANANa30H CPeICTB JUIs TyIIIe-
HUS T10)KapOB; HETHOKNE, MEJICHHBIC N3MEHEHHUS PEKIMOB MOIAYH ar€HTOB; OTCYTCTBHE TEXHHUKH JUIS MOJa9l MECKOB ¢ ra3000pas-
HBIM TIOKPBITUEM, HHEPTHOH MBIIM, HEOOXOAUMON IJIst GOPHOBI ¢ MOCIEACTBHAMHI BO3TOPAaHMS XUMUYECKH aKTHBHBIX MaTe€pUAasOB.
MoznepHu3zanus UMIYJIbCHOM MOXKapHOW TEXHUKM M aBTOMAaTHYECKUX CHUCTEM IOXKApOTYIIEHHs Ipelularaercst A JIOKaJlu3aluu
U TyIICHHs TI0)KapoB B KOHTEHHEPHBIX TEpPMUHATAX IPYy30BBIX IPHYAIOB C yriieM, He(TbIo, ra3oM. MojepHn3anus 3aKI04aeTcs B
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JIOTIONTHUTEIFHOM 000PYIOBaHUH NMEIOIIUXCS aBTOMAaTHYECKHX CHCTEM II0XKAPOTYILICHUS MYJIBTUMO/LYIISIMH JIJIsL 3aJITIOBOTO Pearupo-
BaHMS HAa BOSHUKHOBEHHE MOXapa 1 B3pbIBa Ha pacctostauu oT 50 10 200 MeTpoB. DTO MO3BOJIHT MOBBICUTH 3(GPEKTHBHOCTD MOXKAPO-
TyuieHus: 1 obecnednTs 3P PEKTHBHYIO CBETOBYIO M TEIUIOBYIO 3aIHUTY, IPOIUTH CPOK IKCIUTYyaTAI[HU JTOPOTUX ITyCKOBBIX KOHCTPYK-
L. AKTYyaJIbHOCTD HPEUIOKSHHOTO MIPOEKTa MOATBEPIXKICHA PE3y/IbTaTaMK MOCIIEIHUX YyCHEIIHBIX JEMOHCTPAlMOHHBIX NCIIBITAaHUH
CHCTEMBI MYJIBTUMOJIYJICH C HAIPaBJICHHBIM JCiICTBHEM Ha HCTOYHHK MOII[HOTO OTHS, PACTIONIOKEHHBIX BOKPYT Lieln. Kurouesvle crosa:
KaracTpouueckuil moxap, B3pbIB, KOHTCHHEPHBIH TEPMHUHAJI, 00OPYIOBAHHE MOXKAPOTYLICHHS, UMITY/IbCHAs JOCTABKA, TYLICHHE
OrHETYIIAIIEH ra30BOil KMIKOCTbIO, OTHETYIIANMIT [a30Bblii BUXPb, aBTOMATHYECKAsE CUCTEMA MOXKapOTYIICHHS, UCTIONHUTEIbHbIS
MOOYJIH, MHOTOCJIOMHBIE MOAYJIH, KOHTeﬁHepr C OFHeTyIJ.IaLHeﬁ CHCTEMOM COCAUHEHMS, ITAaTPOHBI C HAIIOJITHEHUEM ITYJIbBEpHU3aTOpAa.

The world entered a period of regular industrial
catastrophes to prevent which is almost impossible. The
saturation of large industrial facilities in hundreds and
thousands of tons of fire-explosive and toxic substances
has exceeded the critical limits controlled by traditional
fire-fighting technique. The various execiting devices for
automatic systems, extinguishers, Fire-machines are inef-
fective for the protection of modern chemical and oil and
gas enterprises, tank farms, port terminals, does not guar-
antee the prevention of the development of fires, arson
in a catastrophe. The main reasons are: low intensivity,
scale, area of extinguishing jet’s front when spray extin-
guishing agents. There are need for a qualitatively new
technique of rapid localization and elimination of the con-
sequences of accidents — first fires of the most destructive
consequences of almost any large sea-ports, energy and
industry objects [1].

On the night of 12 August, 2015 year in the con-
tainer terminal at one of the largest seaports in China
(Tianjin), containers with explosive-able, chemical sub-
stances (EaCS) caught fire and two powerful explosions
with TNT equivalent of 3 tons and 21 tons occurred (Fig.
1a). The metro station and a number of buildings in the
radius of 1-1. 5 km were destroyed, within a radius of
2-3 km all windows were completely knocked out,
2400 cars were parked outside the shock wave’s destroyed
zone, but the cars were burned by strong radiation from
great Fire-Ball, created by second Explosion; 112 peo-
ple were killed, more than 1 100 people were injured,
720 were hospitalized, 66 of them were seriously injured,
95 were missing, over 50 fireman’s died. Losses amounted
to several billion dollars — hundreds of burned contain-
ers, thousands damaged by explosions (Fig. 1b), a simple
port — the disruption of many contracts, the evacuation of
tens of thousands of residents [2].

The development of the consequences of the first two
explosions could not be quickly localized and eliminated,
despite the fact that the maximum possible forces for the
city of Tianjin were 21 fire brigades with 150 vehicles.
Due to the presence of explosive and active chemicals in
containers, it was impossible to extinguish traditionally by
supplying large masses of water and foam with compact
and sprayed jets. The possibilities for effective quench-
ing were limited only by remote and intensive feeding of
sand, inert dusts, in combination with high-precision sup-
ply of finely-dispersed water and gels to high-temperature
areas — the most powerful sources of re-ignition. Fire
trucks for intensive water supply and foam were idle.
Firefighters were forced to throw sand in a highly toxic

environment, as there are no fire trucks that supply sand
and inert dust to extinguish fires of active chemicals that
explode on contact with water or burning materials with
unknown chemical composition. Strong toxicity up to
8-10 times higher than the norm did not give an opportu-
nity to work as a fireman. Then 214 military chemical spe-
cialists worked with biochemical and nuclear substances
from the chemical industries of the People’s Republic of
China, but they did not have the experience and technol-
ogy to extinguish complex, explosive fires. Repeated igni-
tions began on August 15 and local fires in the epicenter
of the disaster burned until the active materials were com-
pletely burned out of containers [2, 3].

Analysis of operations to extinguish fires and prevent
explosions in chemical and oil and gas facilities over the
past decades has shown the low efficiency of modern
samples of powerful water supply systems with an inten-
sity of up to 330-500 liters per second for knocking out
the flame fires of gas jets and oil bottles to preserve expen-
sive technological equipment, tanks and , the main thing
is to prevent their explosions, which is most conducive to
spreading the fire and turning it into a catastrophic fire.
Even when the system of powerful fire barrels, the rate
of supply of 100 liters / sec and more (water cannons)
literally spew water falls — still does not provide timely
and effective quenching. Firefighters “water cannons”
are inertial — it takes several minutes from switching on
before starting the water supply and reaching the maxi-
mum feed rate [4, 5].

Currently, political tensions and local military actions
in Ukraine remain a high probability of terrorist acts and
sabotage at enterprises of Ukraine and Russia, primarily
in the storage and use of fire-explosive-dangerous, toxic,
radioactive products and materials, including storage
terminals and loading docks in sea and river ports, tech-
nological installations, lines and warehouses at chemical
and gas-oil objects, etc. For example, as a result of artil-
lery shelling and subsequent fire of industrial enterprises
of the Donetsk — Lugansk region, toxic, radioactive emis-
sions and smoke can almost freely spread to the territory
of most of this region and the border regions of Russia by
airflows [6, 7].

The low efficiency of traditional firefighting equip-
ment and TSA executive systems was revealed in the
1980s. Therefore, the fuel and energy complex, the chem-
ical industry, including terminals and warehouses in ports
and railway stations, was financed during the period
1982-1991. Right up to the collapse of the USSR research
into the creation of new fire engines and executive
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subsystems of the TSA with high parameters for range
and squaring area. The latter is mainly determined by the
area of the front of the extinguishing jet and the ability
of the operator to control the spray of the extinguishing
agent (EA) [8, 9].

The author offers new OS delivery systems and exec-
utive systems consisting of pulsed-spray devices and
multi-module pulsed, fine-dispersed, universal, flexibly
controlled spraying of various fire-extinguishing agents:
liquids, gels, powders, gases, and, for the first time, nat-
ural materials: sand, dust, capable of providing quench-
ing of chemically active materials. In addition, the new
technology can spray sea salt water and cloudy water,
unfiltered from any sources, quickly disabling pumps of
traditional fire trucks and ships [10].

The current state of the problem. The experience of
liquidation of industrial accidents in peacetime has shown
the low efficiency of modern, fire equipment, even its best
American and European models. In the modern period
of technical development, the most effective system for
protecting automated ports, for example, in Qingdao,
China, new sections of the port in St. Petersburg, indus-
trial enterprises are automatic fire extinguishing systems
(TSA). However, modern executive modules for TSA are
very expensive, complex, require long-term installation,
commissioning; highly qualified personnel for service.
Therefore, even the most expensive and perfect TSA and
fire engines produced in Germany, Austria, the US are not
able to effectively eliminate the consequences of sabotage,
explosions — to prevent their transition to secondary explo-
sions and catastrophic fires. Electronic blocks of TSA are
quite perfect and unified in different countries. The speed
and efficiency of the systems is determined by the execu-
tive part, consisting of pipelines, large, heavy, metal-inten-
sive high-pressure tanks, powerful pumps.

Industrial accidents suddenly arise, due to the direct
hit of a rocket, projectile, subversive or terrorist explo-
sion. Another cause of the catastrophe is hidden damage,
apparatus, pipelines and machinery, due to the destructive
impact of the shock wave, the debris is a delayed accident
that can occur suddenly in months and years for no appar-
ent reason, for example during repair or disposal.

Necessary and urgent measures to ensure the safety
of fire-explosive-toxic-hazardous facilities in Russia from
potential diversions that cause man — made accidents,
which cannot be eliminated in time with the help of tra-
ditional technology. Therefore, the only possible way to
quickly equip potentially dangerous objects of TSA with a
cheap, simple, easily and quickly mounted executive part
consisting of multi-barrel modules of volley spraying of
extinguishing, explosion-preventing, heat-lightning, and
localizing agents is proposed.

Previous application. Since the early 80s of the last
century, a number of multi-barreled MM modules on
biaxial carriages and runners have been developed pro-
actively and then within the framework of state military
and economic programs. These MM were created, man-
ufactured in large quantities and have been sufficiently

tested at landfills and in a number of operations to elimi-
nate the various consequences of accidents and disasters.
The first 4-barrel module (MM-4) was manufactured at
the Moscow Higher Engineering Technical School of the
Ministry of Internal Affairs of the USSR and success-
fully tested at a training ground near Moscow, under the
author’s scientific guidance in April 1981. In September
1982. MM-8 on runners (Fig. 2b), made according to
sketches and under the guidance of the author during the
day in the repair shop of Kiev regiment of Civil Defense.
As the barrels used oxygen 200 liters cylinders with an
cuted bottom. The hemispherical head of cylinders with
a vent hole was used as a loading chamber into which
a spray cartridge with a charge of gunpowder was laid.
Within the framework of the demonstration part of the
All-Union Collections Civil Defense, MM-8 success-
fully extinguished a pile of wood from a distance of
50 m at the Civil Defense training ground in Koncha-
Zaspa in 2 seconds. In Fig.1 shows a full volley of 8-bar-
rel pulse-pulverize 120 kg of extinguishing powder (EP)
in the form of a gas-powder vortex with a range up to
60m, with a shock front expanding from 1m to 8m in
width and in height from 0,5 m to 3 m. The front of the
vortex has covered an area of up to 350 m? in the form
of an elongated longitudinal section of the drop along its
trajectory [7].

The only competitor at that time and still single-bar-
reled, pneumatic-pulse-pulverizing installation on the
skid (Fig. 1a), designed by Prof. Abduragimov I., asso-
ciate professor Makarov V. pulse-pulverizing of 200 kg
of fire extinguishing powder (EP), with a small muzzle
velocity and not more than 15-20 m. Therefore, it is able
to extinguish only low-pressure gas fountains from a dis-
tance of up to 10 m in a hard-to-reach zone along heat
fluxes and flame tongues. It’s export to the position of
hard-labor and dangerous. The level of the pullback force
is greater than the rollback at a salvo ejection of the same
mass from several barrels by 20-35% [8].

In May —July 1986, up to thirty MM-9 and two MM-16
were manufactured at the pilot plants of the Research
Institute of the Academy of Sciences and the Arsenal-2
military repair plant. MM from this batch was effectively
used in the Chernobyl zone as the executive modules of
the TSA, quickly put on the position and put into standby
waiting mode. They protected transformer stations near
the destructed building of the reactor’s 4-unit and sections
of the 3—4th blocks [6].

In May — June 1989. MM-8, MM-9, MM-25 were suc-
cessfully used for multiple extinguishing attacks from a
distance of 50-100 m along a burning “bush” of 14 Oil
wells at area of Oil Rocks in the Caspian Sea. MM on
the two-axle carriage carried on the wide, aft deck of the
emergency ship, and then on one side of the high deck of
the Finnish crane in a row in the adjacent compartments.
The directory sights of the barrel packs had a certain con-
vergence angle so that the vortices formed by neighboring
MMs converged at a distance to 80—100 m, which made
it possible to achieve the maximum quenching efficiency
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when a powerful, turbulent total fountain of fire was shot
from a distance relatively safe by thermal radiation from
a burning fire bush. A volley of 40 barrels created a pow-
erful squall with a range of up to 140 m, a front width of
up to 20 m, a height of up to 5 m. The ship with deck MM
quickly and reliably knocked down the flames, ensuring
the landing of workers on the deck of the platform to
block wells and insuring people against re-ignition. The
PMMM worked synchronously with the ship’s, water
trunks of the firefighters of the Kaipiisko-Volzhskaya flo-
tilla, considerably exceeding their total effect on the range
and scale of the fire-extinguishing flurry [9, 10].

In the period up to several days of preparation of
the next fire-extinguishing attack (the MM itself was
recharged per hour), MM were effectively used to local-
ize oil spills from the emergency platform by large-scale
spraying of sorbents — peat chips on the filling film. MM
on the decks (Fig. 2¢). Rescue and fire ships stationed
only in large ports will ensure rapid localization and neu-
tralization of large oil bottles with the most efficient use
of bio-sorbent with a specified specific consumption of
10-100 g/m?. For example, a volley from 5 barrels per
Isec evenly sprayed 7,5 kg of bio-sorbent pellets over
an area of 450 m? (Fig. 2c). When bottling oil products
on rivers, as was the case with an accident at the Ufa
Refinery — bottling along the Belaya River, these bottles
can be liquidated by spraying the sorbent from mobile
MM from the river sides (banks) [8, 13].

A powerful and long-range 9-barrel module on a biax-
ial carriage (Fig. 3a) sprays a volley from all the trunks up
to 180 kg of EP for a range of up to 90 m with an extin-
guishing area of up to 500 m?. We developed even more
powerful non-range spraying systems, and in the number
of 8-10 barrels, for example, a 25-barrel MM, spraying
volleys of 89 barrels of 120-135 kg EP for a range of
up to 60—70 m and extinguishing up to 350400 m? for
volley, in the sum up to 1 200 m? at volleys with large
intervals and up to 2 500 m? at volley with intervals of up
to 3—5 sec. A more simple 30-barrel recoilless MM with
(removable) barrels of 152 mm cartridges was created
and successfully tested. It was sprayed with volleys from
5—6 barrels at 75-90 kg OP for a range up to 4045 m and
extinguished to 150-200 m? for a volley [6, 7].

Within the framework of the project, with China, the
new design of the fixed, stationary, designed for mounting
on a baffle with a biaxial or ship deck, a vessel, a tanker
was developed, taking into account the identified short-
comings in testing the above-described structures. For the
first time, sealed containers have been developed for fast
reloading of the barrels (Fig. 4a) for water, liquid, gels.
Containers are strong enough for transportation, over-
loading and loading, long stored, quickly and conven-
iently loaded into the barrel bore. Containers are easily
destroyed by a propulsive wave of propellant gases into
small, light fragments that do not have a damaging effect
and fly beyond the trunk not further than 10 m. Spray
charges are manufactured in the most convenient and safe
for charging option — metal cartridges with an electro-cap-

sule, based on the cartridges manufactured industrially
in China. The last stage of the tests showed that 2 times
higher values were achieved than on the above-described
structures. For example, 60 liters of water were volley-
shot-sprayed from the 3barrels, creating a flurry that flew
to a range of L =70 m (Fig. 4b) and created a trace along
the spray trajectory with respect to the uniformly sput-
tered water (determined by the appearance of the track
and the time it dried). The width of the track is from
2 to 8 m, the total area is S = 300 — 350 m?, which, with
a certain approximation of + —10-20% [13] (based on the
analysis of previous experiments) can be equated to the
quenching area.

A full-scale experiment on the volley-spraying of
200 kg of powder with a volley of 910 barrels created a
gas-powder vortex flying at a range up to L = 240 m and
along the flight path, creating a band of increasing width
from 1,5 m to 20 m with a relatively uniform coverage
of the area to S = 1200-1500 m?, potentially an area of
effective extinguishing. This is confirmed by the fact that
the large 10 x 3 x 2 m model fire of class A has been extin-
guished from a distance of 150 min 1,5 sec., while a pow-
erful gas-powder vortex literally penetrated the source
and traveled to a distance of L1 = 230 m. Subsequent
with an interval of 10 sec., two volleys of 10barrels from
other modules MM-20 and MM-30 have already passed
through the extinguished focus, with the range of spraying
L2 =220 mand L3 =240 m.

Sufficiently convincing demonstration tests were car-
ried out in December 2014 to demonstrate the possibilities
of the total operation of the three MM subsystem to cre-
ate multiple protection of the dangerous area with a series
of three volleys with intervals of 5 sec.: MM — 20-first
volley from the distance L1 = 150 m; MM-30 — second
volley with distance L2 = 140 m; MM-9 — the third volley
from the distance L3 = 125 m (Fig. 5). The focal point
of the model from the distance L1 = 150 m was again
extinguished by the first volley, the subsequent two vol-
leys demonstrated a technically not complicated and
not expensive real possibility of multiple, reliable, trou-
ble-free; programmable and flexibly controlled protection
of a given hazardous area. Protection can be a combined
series of three volleys: 1 — extinguishing powder, most
long-range blow flame & smoke, inhibiting fumes of fuel
+ 2 — spraying water or wet sand destroying and cool-
ing the char, high temperature burning surface + 3 — gel,
spraying an adhesive film — insulating from access to heat
flow and oxygen — programmable spraying of various ES
by serial of volleys at predetermined intervals.

Special containers for spraying liquids are designed and
manufactured only in China. In this case, the difficulty in
creating the container consisted in the real possibility only
of an experimental selection of the thickness of the poly-
ethylene container wall, in order to determine the approx-
imate optimal combination of uniform destruction of the
container under the influence of a “soft-impact” wave of
powder gases in the barrel channel and sufficient strength
of the container for long-term storage, transportation,
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reloading. On the basis of a standard cartridges with an
electro-capsule sleeve, a production of a spray charge is
created, more powerful, stable and reliable, in compari-
son with the previous charge, on the basis of a nonstand-
ard cardboard sleeve and pyro-igniter. In China, you can
order containers and spray cartridges, high quality and
long-term storage.

These containers are suitable for the first time for
highly effective, spraying a wide range of extinguishing
agents: liquids, gels powders and natural environmen-
tally friendly materials — sand, ground, dust, water, dirty.
This allows for the combined, effective extinguishing of
all classes of fires and multi-faceted protection: locali-
zation and deactivation of toxic emissions and spills of
oil and petroleum products, for example, by spraying
microbiological preparations in the form of sorbents or
living cultures of various types of action for the biological
destruction of oil and oil contamination, for 3—10 years,
biological remediation, restoration, reclamation of dis-
turbed ecosystems.

In 1986, in the Chernobyl Zone, the technology of
localization of radioactive dust on various surfaces, first
of all on hard-to-reach ones, has been worked out. The
real possibility of precipitation of radioactive and toxic
clouds in the first period after their release from emer-
gency technological devices, reactors, tanks, pipelines
is shown. This is the first time that allows creating an
effective technology to prevent the release of active, haz-
ardous emissions outside the industrial site of the plant
and nuclear power plants. A real reliable automated sys-
tem for preventing accidents of the 7-category with the
help of an executive subsystem of MM, placed around a
potentially dangerous object and capable of providing a
multi-localized localizing effect by a series of gas-water
squalls — precipitation and then gas-gel sticky squalls to
fix radioactive dust on a local site, which greatly facili-
tates its subsequent disposal — loading into containers and
removal to cemeteries.

MM stationary or MM on the carriage (trailer) for
mounting on the industrial site of chemical and gas-oil
refineries, reservoir parks around the most fire-explo-
sive-dangerous technological installations, buildings,
structures. MM-trailers executive part extinguishing auto-
matic system of suppression of fires and fires, prevention
of explosion of leakage of vapors, gases; installation of
light and heat shielding curtains to ensure the evacuation
of the facility’s personnel. Experimental installations — 7,
8, 9, 10, 25 bar were made on the basis of 2-axle trays,
mine carriages, trailers, sleds and effectively tested in
the Chernobyl zone, in mines, a burning aircraft on the
runway, etc. The simplest in production and mounting on
the protected object, but the high-performance monolithic
design of the MM (Fig. 2a) is safe, since it successfully
extinguishes the powerful return of the volley of the shafts
by a small pullback of the installation for 1-3 m at least.

MM-trailer does not require servicing except for
monitoring by the standard device with a low-current
impulse of the integrity of the initiating circuit. Once a

year for the control can shoot back 1-2 barrels, if the
spraying is normal, it is allowed to recharge only these
barrels. The qualitative assembly of containers with ES
and spray cartridges with proper loading can guarantee
trouble-free operation of the MM for up to 5-10 years
of standby. Ammunition traditional keep suitability up
to 15-20 years. Fire extinguishing containers, equipped
with viscous, frost-resistant gels or powders, spray pow-
der charges can be eventually brought to the same level
of reliability. The big advantage of the MM— trailer is
that, in case of an emergency, the modules can be quickly
placed around a hazardous area.

The MM volleys create vortices with a wide, shock
front that rapidly and scale destroy and cool the combus-
tion zone, preventing destructive explosions. The whirly
& Squalls extinguish from distances up to 200 m, in areas
of 1 000 m? and more in 1-2 sec. volley and 30-60 sec.
with a series of sprays — a shot or volleys. MM can be
used in automatic fire extinguishing systems as executive
elements on trailers and carriage carriers in order to create
or reinforce extinguishing systems around different stacks
of containers in a timely manner as the situation in the
warehouse changes.

Algorithms of programs for the order of the triggering
of lines and groups of MM are compiled during the study
of the patterns of combustion on the protected objects, the
dynamics of possible fire development options depending
on a number of factors — technological lines and their oper-
ation modes; variants of disconnection of the main raw-ma-
terial and energy lines, separate apparatuses, ventilation,
etc. Study of the ways of occurrence and development of
fires differentially in different protected areas will allow
to determine the optimal extinguishing tactics — the order
(algorithms) of the triggering of groups and individual
MMs. The effectiveness of management of the executive
subsystem MM is determined by the ease of reconfigura-
tion of the quenching algorithm and correction of control
programs, depending on the change in the current param-
eters of the protected objects. This is especially true when
extinguishing arsons affecting the main, technological
lines, changes in the operating modes of which, associated
with fire and extinguishing, must be quickly associated
with the state of the object as a whole.

The use of MM for the first time in the practice of
automatic quenching systems makes it possible to obtain
the correspondence of the time scales of the set of succes-
sive processes: fixing the stage of development of a fire
(arson), processing information, making decisions and
effectively implementing them. This means the possibil-
ity of timely extinguishing during various arson attacks.
The correspondence of the times of decision-making,
their implementation, control and correction of subse-
quent impacts is the main condition for the effective use
of automatically, extinguishing systems. MM stand on
the same quality level with sensors, analog and command
blocks of modern automatically, extinguishing systems,
and therefore for the first time can extinguish arson and
rapidly developing fires. Versatility of automatically,
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extinguishing systems designs is provided due to differ-
ent layout of typical, interchangeable MM, for example
MM-9 — the best module for today, and typical electronic
units interacting in a single functional scheme.

The reliability, speed of the system, reduction in the
probability of false triggering is achieved by the follow-
ing ways: increasing the resistance of sensors to interfer-
ence due to the optimal structure of the sensor network,
their duplication or the introduction of a subsystem that
distinguishes interference from fires; the use of sensors
operating according to logical schemes that confirm the
reliability of the occurrence of a fire; use of centralized
collection of information on changes in the parameters of
the state of the object and its environment. The speed and
quality of MM volley extinguishing, volume explosive
prevention, localization and eliminate the Oil-spreads at
water and seaside compensates for the loss of time for the
reliability analysis of the sensor network.

Economically of automatically system modernization
is achieved by the universality and cheapness of MM,
their inclusion into an existing automatically system or
object management system, the use of standard nodes and
devices, simple maintenance, the implementation of trial
launches without processing the protected object with a
fire extinguishing agent; ensuring the safe evacuation of
the facility’s personnel from the emergency rooms and
the safety of materials and equipment with the minimum
necessary vortex quenching, volume explosive preven-
tion, localization and eliminate the Oil-spreads at water
and seaside. The proposed modernization of the TSA in
quality is superior to other possible options, therefore it is
the MM that is promising for rapid, enhanced protection
of ports, chemical, gas-oil, nuclear power plants, oil and
gas, military enterprises and facilities.

As aresult of these studies in the USSR, Russia, Ukraine,
China, the results obtained are extremely topical for carry-
ing out operations to eliminate the emergency-dangerous
consequences of rocket and artillery shelling of chemical
and radiation facilities in the territory of the Donetsk —
Lugansk region. It way of ensuring the safety of industrial
and energy facilities in China are actually possible and real
realize the quickest and cheapest way — produce MM and
special fire-extinguishing ammunition for them in China
and equipping them with existing safety extinguishing sys-
tem at potentially hazardous facilities or creating on their
basis new inexpensive systems for eliminating the conse-
quences of sabotage. Unfortunately the creation of MM
production and fire extinguishing ammunition for them in
Ukraine requires significant, organizational efforts to allo-
cate large financing and organization of production in the
defense industry plants — now it’s real, despite of it’s only
single way for protect ammunition depots, energy, chem-
ical, Oli-Gas objects and river-sea-ports at Ukraine now.
Protection of the most dangerous region of the Ukraine
requires a detailed survey of all potentially hazardous facil-
ities for the development of a specific rehabilitation pro-
gram with the prevention and rapid elimination of the con-
sequences of possible environmental disasters.

The offered essentially new executive subsystem for
automatically systems on the basis of MM is highly effec-
tive, safe, universal, qualitatively superior to the best in the
world fire-saving automatically systems and machines:

— the cost of fire extinguishing compounds is 10-100
times lower, which makes it possible to extinguish auton-
omously — only the ES reserve in MM barrels;

— flexible and simple adjustment of the type, power
and scale of the impact;

— increasing in proportion to the number of volley-fir-
ing trunks, modules without reducing reliability and
effectiveness of the impact;

— low cost of production and service;

— environmentally friendly quenching and provision
of evacuation;

— the small size of high pressure vessels, the life time of
high pressure of 0,05 sec., the 10-fold safety margin of public
parts of the trunks — summary practically excludes their rup-
ture, ensuring safety of work;

— simple design — no gas cylinders, compressors,
pumps, reservoirs and pipelines, hazardous containers
with long high pressure, supply hoses ES — provides high
process ability and low cost of mass production, simple
repairs and maintenance;

— maintenance of a stationary MM requires only the
control of an initiation trigger;

— reliable and stable spraying in a wide range of
temperatures — 50°C + 50°C, climatic conditions, wind,
humidity, dust;

— prevention of explosions of gas-steam-dust-air envi-
ronments indoors and outdoors;

— localization of oil spills on rivers, lakes, the sea, the
ocean;

— stopping terrorist attacks and guaranteed not deadly,
non-toxic, safe, but effective, fast and large-scale control
of riots;

— range up to 10 times — work with almost safe dis-
tances, in light protective overalls;

— for the first time there are no restrictions on the
aggregate state, density, viscosity of the ES and natural
materials, effectively spraying turbid fresh and sea water,
soil, dust, sand, dirt, providing the required duration,
combined quenching without the supply of OS reserves.

As a fire fighting vehicle for extinguishing explosive
fires, it is most effective and provides a high degree of
safety for the crews of the technique, which the author
created in the USSR on the instructions of the Main
Missile and Artillery Directorate for firefighting at arse-
nals, bases, ammunition depots, production facilities and
explosive stores. These are armored fire trucks with sys-
tems to protect them from toxic and radioactive gases,
dusts, aerosols, dispersing and dispersing any fire extin-
guishing compounds autonomously solving large-scale
tasks of extinguishing, localization and decontamination
Oil spreads at sea and seaside, evacuation. “Impulse-3M”
with 50-barrels module on the chassis of the T-62 tank
(Fig. 5a), with sparks and volleys, sprays liquids, gels,
foam, sand, dust, dirt. “Impulse-3M” repeatedly increases
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the scale and power of the impact, reducing its time to
fractions of a second. The coefficient of useful use of the
fire-fighting system is 40—70% for multi-barrel modules
of spraying with shots and volleys (MM); 3—5% for tradi-
tional fire-fighting machines with a compact jet, 10% for
a sprayed jet.

In 1991 year the 30 vehicles were developed and man-
ufactured by the experimental-industrial party — the fire,
caterpillar, armored machine “Impulse-3M” MM-50 on
the T-62 chassis is operated in the quantity of 7 machines
in Ukraine, 12 in Russia since 1992. “Impulse-3M” is
simple, reliable, all-weather at temperatures of — 500C —
+ 500C. The range of extinguishing one volley from 10
barrels, spraying 250 kg of fire extinguishing powder at a
range of up to 110 m (Fig. 6), the extinguishing area with
a series of 5 volley of 10 barrels up to 5 000 m?, without
recharging. Impulse-3M has no analogues in the world
in terms of efficiency, speed, safety of work in explosive
industries and warehouses, in toxic and radioactive areas,
where speed, accuracy, reducing costs of special and pro-
tective compounds, the use of environmentally friendly,
natural materials — dirt, sand, dust.

“Impulse-3M” is the first fire engine capable of pro-
viding a multifunctional, effective effect: extinguishing
class A, B, C, D fires, setting light and heat shielding cur-
tains to create evacuation corridors (Fig. 6), deposition
and neutralization of toxic clouds, deposition and local-
ization of radioactive clouds, localization and liquidation
of oil spills, control of riots, stopping terrorist attacks and
disarming them. For the first time, with the use of a tank
chassis for installing a fire installation for the supply of
ES, the thick armor and crew protection systems from
fragments, collapses, toxic and radioactive vapors, gases,
dust have been preserved. “Impulse-3M” is the most pro-
tected fire engine in the world. The

rels tower, modules on the T-62 chassis since the 1990s
and still successfully work in the object, fire departments
of Russia and Ukraine, guarding the Chernobyl nuclear
power plant, chemical and gas-oil objects [11].

After the collapse of the USSR, despite numerous
appeals by the author, work on further improvement of
MM and other samples of pulse-spraying fire equipment
was not funded in Ukraine and Russia. Currently, the
work continues under the scientific guidance of the author
in China, Estonia and Finland. The greatest funding and
pace of work in China, which allowed to achieve in the
last two years the unique results analyzed in this article. In

a b

Fig. 2. A-pneumatic-pulse single-barrel module is used to arm
Gazprom s emergency squads to extinguish gas wells. b-first
8-barrel module on skids, spraying with shots and volleys, in-volley
of 8 barrels, spraying 120 kg of powder at a range of up to 60m with
a quenching area of up to 350 m?

versatility of spraying for the first
time provides combined extinguish-
ing, flexibly controlled by the form,
scale and intensity of the ES flow
from a single fire installation — mul-
ti-module pulse impulse. Fine dis-
persion in the form of a vortex with

a large area front, resistant to aero-
dynamic resistance, provides a fast,
uniform coverage of the burning
area and, as a direct consequence,
minimum ES costs. This ensures
the safety of equipment, materials,
buildings, safety for personnel who
have fallen under fire extinguishing
effect, as well as the possibility of
stopping and disarming terrorists on
the perimeter and inside the facility.
Even the first samples of MM sta-
tionary and on the carriage showed
high efficiency and allowed to obtain
a number of unique practical results.
For example, pilot-industrial 50-bar-

Fig. 3. A-recoil spraying 9-barrel module on a biaxial gun carriage, spraying up
to 180 kg of OP for a range of up to 90 m with an extinguishing area of up to 600 m?,
a 10-barrel deck module, spraying 12,5 kg of biosorbent with a volley from the barbs,

a range of 53— 55 m, area of 450 sq. m

Fig. 4. A — a one-time container with a capacity of 20 liters
in the barrel channel of the multi-barrel module, b — spraying 60 liters of water
at a range of up to 70 m with a volley from the canals
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recent years, there has been a progressive increase in the USSR, after the successful participation of prototypes of
scale and quantity of man-made disasters in industrialized pulsed-spraying equipment in the liquidation of the con-
countries, the local focus of the civil war in Ukraine and sequences of the Chernobyl disaster, Russia and Ukraine
non-state armed groups throughout its territory, and the are again awakening interest in this direction of fire engi-
growing danger of terrorist attacks in Russia. As in the neering. For example, a series of catastrophic fires in

Fig. 5. Indicative tests in China, December 2014 on the protection
of a particularly dangerous area by the concentrated action of three modules 9, 20 and 30 barrels

e

a C

Fig. 6. A — caterpillar, armored, fire engine “Impulse-3M " with a 50-barrel tower module on the chassis of the Soviet tank “T-62",
83 120.000; b — two-barrel “gun’ IFEX-30x on the chassis of the German tank “Leopard-1", 1.400.000 $; multi-barrel module on the
chassis of the Czech wheeled tank “Dana”, 950.000 $

Fig. 7. Field-range experiments to provide light and thermal protection and create an evacuation corridor for a group of
people caught in the ring of fire-extinguishing, gas-powder vortex, created by the machine “Impulse-3M ",
spraying 200 kg of fire extinguishing powder with a volley of 10 barrels
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Ukraine’s arsenals made the leadership of the relevant
department of the armed forces of Ukraine consider the
issue of restoring the release of “Impulse-3M” — a 50-bar
module on the T-62 chassis at the Kiev or Lviv tank repair
facilities. The reason is that there are no real alternatives
to pulsed-spray equipment in extreme situations, espe-
cially in the absence of sufficiently powerful water pipes
and reservoirs in the vicinity of the fire. Also, the urgency
of equipping emergency rescue vessels of seaports with
effective localization systems and liquidation of oil spills
that occur in large, intensively operating ports almost
daily, while large bottles are relatively rare, although they
account for up to 60% of losses [11, 12] .

The nearest competitor, “Impulse-3M”, is a double-bar-
reled, air-impulse, water cannon on the armored chassis of
the Leopard-1 tank (Fig. 5b), spraying two 20-liter barrels
at a range of up to 40 m at a range of 20-30 liters, with
an effective quenching range of up to 20-25 m. This fire
engine is inferior to “Impulse-3M” in terms of protection of
the crew; range, scale, quenching efficiency, light-thermal
protection, deposition of toxic clouds; can not contain radi-
oactive dust, control riots and counter terrorists. At present,
there are 6 machines on duty in firefighters, object units: the
plant “Azot” in Cherkassy, the fire department in the city of
Chernobyl (2 machines), the Poltava part for the liquidation
of oil and gas fountains (2 machines), the Gnedinsky refin-
ery, the Chernigov region. In Russia 4 machines are located
in Bashkortostan, 3 in Norilsk, one at Syzran Refinery, one
at Balakovo NPP. The machines have well-trained crews.

However, until now, money has not been allocated to
eliminate one of the main drawbacks — the development
and manufacturing of special containers of the original
design and spray cartridges in standard sleeves with an
electrocob sleeve. It should be noted that the design of
the trunks, require a simple and inexpensive revision of
public parts of the trunks. The above is how this problem
is solved in China.

Variant MM on the chassis of the wheeled tank
“Dana” (Fig. 5c¢) with armored protection of the crew,
engine compartment from large fragments and protec-
tion systems against radioactive and toxic dusts, gases,
vapors, aerosols. The Dana-Suzanne chassis, carrying a
155 mm long-range, long-barreled cannon with a power-
ful recoil, is potentially capable of carrying MM from 70
(5 rounds per 14 barrels) — 90 (6 x 15) barrels with volleys
of 1215 barrels can provide advantages in comparison
with “Impulse-3M”:

1. To increase the range of the gas-powder vortex in
2 times from 120 m to 240 m, the gas-water squall in 3,2 to
30 m to 70 m, to increase the area of impact 23,5 times.

2. Increase the speed of movement from 60 m to
120 m, freely move along highways and other roads
where heavy tracked vehicles do not start up.

3. The scale, range of extinguishing and small inter-

vals between volleys can effectively protect objects from
the effects of incendiary and thermobaric ammunition.

4. The parameters of paragraphs 2 to 3 allow timely
arrival at the accident site of tankers with toxic or explo-
sive products and precipitate smoke, toxic or explosive
clouds, localize and eliminate bottling of oil and oil prod-
ucts, localize radioactive dust in the air and on various
surfaces.

5. Non-toxic, guaranteed non-fatal control of riots and
stopping terrorist attacks on the perimeter of the facility.

Taking into account a number of topical tasks of pro-
tecting container warehouses, nuclear power plants, chem-
ical, gas and oil, government, military facilities, railway
accidents, tunnels, and quality lines, MM will undoubtedly
ensure their success in the fire market in Europe, Asia,
America and Australia. Such a project to ensure a broad
market is most expedient to implement it in cooperation
with one of the European countries (Czech Republic,
Slovakia, Serbia, Estonia) at a sale price no higher than tra-
ditional airfield fire trucks 1,5-2 million dollars. The new
machine surpasses them by fire-fighting range up to 3 times,
in scale (quenching speed) up to 1050 times, according to
the feed rate to 100 times and reduces the extinguishing
agent costs by 10-100 times, ensuring environmentally
friendly quenching in the shortest possible time and from
safe distances. This machine for the first time will solve a
number of topical above-mentioned tasks not available for
modern fire-fighting equipment, for example, quenching
of port terminals, warehouses and productions with toxic
and explosive materials, localization and liquidation of Oil-
spreads at port-harbor, sea-area and seaside.

Conclusions

1. The new equipment will allow to solve for the
first time a number of actual above-mentioned tasks not
available for modern firefighting equipment, for example,
quenching of port terminals, warehouses and productions
with toxic and explosive materials.

2. The new technique is the only one known to be
able to remotely extinguish sand extensively and, as
shown in the port of Tianjin, was the only extinguish-
ing compound able to extinguish the fire of chemically
active materials. In addition, this technique can also be
extinguished for the first time remotely and extensively
by dust, soil, inaccurate water, sea water.

3. The implementation of this project in China’s ports,
chemical and gas-oil facilities will significantly improve
the safety of not only industrial facilities, the population
and the environment of the surrounding areas, but also the
security of the Chinese state as a whole.

4. This technique is high perspective for protection
sea ports, chemical, Oil-Gas, power objects in China and
other countries, therefore China financing this Project
may & can get Profit in China and abroad in numerous
countries, including industry countries primary.
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