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On the design of some devices for localization
and extinguishing wildfires of different intensities

Topicality of the study of natural fires and techniques to control them is obvious. About 18 000 people in the
Russian Federation lose annually their lives as a result of forest fires. Analysis is shown that forest fires are
particularly frequent in Siberia and the Far East of Russia, where the number of deaths from forest fires up to
10 000 people exceeds the same indicator in the European part of Russia by 4-5 times. General situation in
the world shows shortcomings in the existing system of monitoring forests and the low efficiency of the
methods used to localize and extinguish fires. Development of devices for localizing and extinguishing wild-
fires of various intensities is considered, based on knowledge of flame structure, including drying, heating,
pyrolysis and mixing with atmospheric oxygen zones, which can be affected by relatively low energy disturb-
ances (shock waves) minimizing environment damage. Theoretical and experimental studies show that shock
waves lead to increasing pressure in them at the time of interaction with unstable zones, which increases the
suppression efficiency further. It is shown that the practical use of considered technological solutions will
make it possible to increase the effectiveness and efficiency of measures to suppress wildfires.

Keywords: physical and mathematical modeling, natural and technological disasters, combustion suppression,
shock wave, ignition, experiment, localization and suppression.

Introduction

Wildfires occur around the world leading not only to enormous economic costs, but also threaten hu-
man health and life, destroy forest vegetation and biomass, which entails significant soil erosion under the
influence of water and wind. Experience has proven that the number of disparate sources of fire or large-
scale fires does not decrease year by year, despite the improvement of forecast systems for forest fire hazard
systems [1, 2]. Recently, fires have arisen in more remote and wetlands, which complicates the delivery of
equipment for their localization. This is partly due to the expansion of human economic activity, which in-
creases the risk of fire, as well as deforestation of available forest resources. The relevance of studying the
effects of seat of fire on peatlands and wood is explained by the need for an in-depth understanding of the
thermophysical processes that occur during the ignition and burning of peat and wood, as well as the study of
the mechanisms of transition of one type of fire to another in order to clarify existing measures to prevent,
localize and extinguish wildfires.

At present, the following main methods of dealing with wildfires of various intensities are known and
widely used: «overwhelming» the front of the lower wildfire; digging the edge of a wildfire with soil in order
to create a mineralized strip; water extinguishing using portable backpack forest sprayers, and using aviation;
forest fuel materials annealing; explosive methods [3].

All the listed extinguishing methods from the point of view of the mechanism of influence on wildfire
can be divided into three groups: a) physical and mechanical extinguishing; b) chemical suppression;
¢) localization and extinguishing of a fire using shock waves generated by detonation of explosive and pow-
der [2]. The first group (a) includes methods of «overwhelming» and mashing the edge of the fire with
branches of deciduous trees or brooms. These methods are used in case of weak burning and on light weakly
grassed soils in the absence of cluttering. At the same time, the width of barrier bands is at least 0.5 m [4].
Group (b) includes forest fuel materials annealing, that is widely used in practice before the fire front [3, 4].
More effective methods of localization and extinguishing using cord charges (v) type PZV-20 and ASH-1p
[3]. A significant drawback of these charges is the low efficiency of using the explosive energy of the explo-
sive, since the main energy is dissipated in the environment during the explosion [3]. Therefore, it is neces-
sary to increase the number of charges for the formation of a supporting mineralized strip, which leads to an
increase in material and technical costs and, accordingly, increases the cost of the performed work.
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Experimental

Issues related to the study of structure of the fire front are considered in [5—10]. It is established that in
the front of fire (in flame torch) there are several zones: heating of wildland fuel, drying, pyrolysis, mixing
pyrolysis products with oxygen, combustion of gaseous and condensed products. As shown in [6-8, 11-13],
the most unstable are the pyrolysis and mixing pyrolysis products with atmospheric oxygen of all listed
zones. Accordingly, if one will affect them during firefighting and destroy them, then the burning process
will stop. A similar approach to the problem of firefighting wildfires aimed at destroying unstable zones al-
lowing one to formulate requirements for new methods and devices: it should be the safety of firefighters,
environmental safety associated with the conservation of natural materials, simplicity, and reliability in the
devices design, high efficiency. Knowledge on the flame structure [4] can be used to create devices that al-
low small energy perturbations to destroy the most vulnerable part of flame — the pyrolysis and mixing
zone.

One of these devices is considered in [14]. Focusing can be carried out using nozzles having a different
profile, for example, an ellipsoid of revolution.

The technique is implemented in the following manner. In the zone of a forest fire, operator determine
its intensity and classify it by the type: weak, moderate-intensity, and strong. Thereafter they assess the
height of the flame and, at a fi re-safe distance ahead of the front, install a reference stake on the ground cov-
er (Fig. 1).
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1 — is the explosive charge; 2 — is the flame torch; 3 — is the a cover of natural combustible materials;
4 — is the pyrolysis zone; 5 — is the plot burned natural combustible materials; 6 — is the shock wave;
7 — is the remaining foci of flame; § — is the disintegrator

Figure 1. The combined method and scheme of action

A pole with a flag can be used as the reference stake. Then, on the ground cover 3, there is arranged a
superimposed pull-cord charge / at the distance A from the stake. To eliminate the destruction of the material
of the charge container by the action of the thermal wave and to prevent unauthorized detonation of the
charge, we determine the distance A from the following relation:

(T, = THNT,— To) < NH < (Ty— THNT' - Ty),
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where T} is the temperature of the flame, 7" is the temperature of destruction of the charge container; T} is
the environmental temperature, H is the height of the flame, and 7" is the temperature of the pyrolysis zone.

Once the reference stake is reached by the front’s leading edge, the charge is electrically detonated. The
detonation of the charge / and the explosion of the pyrolysis zone 4 by the shock wave 6 lead to a stall of the
flame and a destruction of the fire front. The remaining small combustion sources 7 are extinguished com-
pletely using disintegrators §.

.‘Iu

fire front direction

a — is the a general view of an overhead cord charge; b — is the charge design;
¢ — is the a diagram of action of the explosion products on the front of fire; / — is the external elastic shell;
2 — is the groove; 3 — is the explosive cartridge; 4 — is the paper cup; 5 — is the power threads;
6 — is the braid; 7 — is the charge at the time of the explosion; § — is the ground cover of natural combustible
materials; 9 — is the flame torch; /0 — is the range of the jet; 1/ — is the scope of the shock wave;
12 — is the burned area on the underlying surface; /3 — is the mineralized groove

Figure 2. Overhead cord charge

At the site of the lower forest or steppe fires localization towards the approaching fire front, the pro-
posed cord charge unfolds on the ground cover §. It is laid so that groove 2 (Fig. 2) is oriented towards the
front of fire. When the front approaches the charge, the latter is detonated by the electric detonator remotely.
The gases 7 generated during the explosion of charge create a pressure of hundreds atmospheres [15], as a
result of which the structural elements of the charge are destroyed. The outer elastic shell / will collapse first
in the region of groove 2 (Fig. 2), the remaining structural elements (Fig. 4) — the braid 6, the power strands
5, the paper cup 4 is destroyed belatedly. The products of the charge explosion and the resulting shock wave
initially rush through the groove 2. A jet is formed in this case, directed towards the burning center on the
underlying surface 8. The directional action of a shock wave ensures the failure of a flame 9, and the burning
wildland fuel, drying is discharged towards the heated section /2. The reflected shock wave further enhances
the shear of burning natural combustible material. Thereby, the combustion front is destroyed and a mineral-
ized groove /3 is formed.

Knowing the structure of the flame, we can use models of an energy-perturbation source in accordance
with the new concept of fighting of forest fires to create devices making it possible to destroy, by energy per-
turbations, the most vulnerable part of the flame: the zone of pyrolysis and mixing of combustible pyrolysis
products with the air oxygen. Focusing of shock waves is known to be used in various fields of science and
technology. It is seen that the amplitude of the focused shock wave grows with the length of ellipse / (Fig. 3).
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Figure 3. Amplitude of the focused shock wave vs. distance to the focusing zone
for three versions of a focusing ellipse of various lengths

In accordance with the new concept of firefighting wildfires and knowing the structure of a flame, you
can create devices that allow small energy disturbances to destroy the most vulnerable part of a flame — the
pyrolysis and mixing zone. One can use the device considered in [16] for these purposes. Focusing of shock
waves is known to be used in various fields of science and technology [17-20].

This effect was tested under natural conditions on a proving ground. The device is a modified version of
small arms unsuitable to be used for its original function (Fig. 4). A shock wave is formed due to the nozzle.
A gunpowder charge / is ignited; the formed high-temperature products traverse barrel 2 and enter nozzle 3.
Due to the nozzle shape, an enhanced shock wave forms, which acts on the pyrolysis zone. It should be noted
that the exit diameter of the nozzle ranges within 1.8- 107 < d,< 40-107 m at the diameter of the critical cross
section 3-10° < d; < 6:10° m. These values have been selected from the results of the experiments on the
proving ground under nearly-actual conditions.

] b
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1 — is the gunpowder charge; 2 — is the barrel; 3 — is the nozzles;
d, — is the nozzle inlet diameter; d; — is the nozzle outlet diameter

Figure 4. Device for localization and extinguishing of lower wildfires [12]

Results and its discussion

An experimental verification of the action of small energy source model disturbances with a focusing
nozzle on the front of a lower wildfire is shown in [21]. The experimental results are presented in Table 1.
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Table 1
Field test data [21]
Type of lower wildfire | Cross-sectional Capture depth, [m] Capture width, [m] Effective range L, [m]
disintegrator diameter, [mm] | o= 30° o=45° o= 30° o =45° o= 30° o= 30°
Cone-type 5 0.75 0.55 0.4 0.4 1.2 1.2
Parabolic 5 0.8 0.6 0.55 0.45 1.2 1.2
Parabolic 3 0.5 0.35 0.3 0.3 1.2 1.0

Three types of nozzles were tested. An analysis of the tests results conducted on the territory of the
Timiryazevsky forestry in Tomsk of Tomsk region and in Krasnoyarsk showed that nozzles with a parabolic
internal cavity and a diameter of critical section d;, = 5-10 m have better characteristics than cone-shaped
with the same critical diameter section or with a parabolic internal cavity, but with a diameter of the critical
section d;, = 3-10° m. It was determined during the experiment that one person armed with n a disintegrator
extinguishes up to 10 m of the fire front in 1 minute using 30 rounds. A group of four with ammunition
equipped in four magazines (120 rounds) can extinguish up to 160 meters of the front fire in 4+5 minutes
[22].

Table 2 shows the results of measuring the braking pressure of various designs [22].

Table 3 presents spent time estimation, people/min (machine/min), for some work to extinguish a 100-
meter edge of the lower wildfires [23].

The experiments confirmed the possibility of using this device for extinguishing low and medium inten-
sity lower wildfires.

In addition, as a result of experimental studies of the probability of ignition of plant combustible mate-
rials from a lower wildfire [22, 23-24], a knapsack motorized fire extinguisher is proposed as a means of
suppression a low-intensity lower wildfire, which structural diagram is shown in Figure 5 [25].

Table 2
The experiment results on measuring the braking pressure of various designs

Type of nozzle Gain ratio Pressure measurement values, P,,, V- 10-°

L=0[m] L=0.5[m] L=1[m]
Parabolic D, = 36 [mm)] 1.15 67 49 41
Cone-type Dy = 36 [mm] 1.09 63 46 39
Ellipsoidal D, = 36 [mm] 1.1 64 47 40
Parabolic D, = 36 [mm)] 1.26 73 54 45
Cone-type Dy = 36 [mm] 1.25 72 53 45
Without nozzle D, = 36 [mm] — 58 42 36

Table 3

Spent time on various extinguishing of the 100-meter edge of the lower wildfires

Type of work - Cost - -
people/min | machine/min
Laying of a barrier strip 0.5 m wide: 80-100 23
— 5 tractor plow brigade 10-15

Using a removable fire truck 6 3
Using explosive materials with wells through 1 m 100-200
Chemical solutions 1 m wide 15-18
While extinguishing the fire edge with two fire jets of water

. . . . 40 15
with processing a strip 10 m wide by a team of 6 people
Ignition of the cover from the finished support strip 5.10
by two teams of 5 people each with a guard
Extinguishing using the device for localization 10
and extinguishing of lower wildfires 1 person
Team (2 people with the device for localization and extinguishing 45

of lower wildfires and 1 person with a knapsack forest sprayer)
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The fire extinguisher is used as follows: before carrying out the work, a firefighter fixes on the back
with the help of straps a motorized backpack fire extinguisher and goes to the place of work. Upon arrival,
presses the «start» button on the control panel /3 and starts the hydraulic pump /6. Fire extinguishing fluid
through the adapter 6 enters the pump /6 and is fed into the pressure hose §. The firefighter operator opens
the crane 9, and the extinguishing fluid from the tank / through the pipe /2 and the pressure hose & is fed to
the control panel /0 and rushes through it to the fire. Perforated protective cover eliminates accidental me-
chanical damage to the control panel.
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1 — is the capacity for extinguishing fluid; 2 — is the frame support; 3 — is the fixing collars; 4 — is the platform;
5 — is the instrument compartment in a perforated protective casing; 6 — is the capacity adapter;

7 — 1is the fire extinguishing liquid; 8§ — is the pressure head sleeve; 9 — is the crane; /0 — is the a hydraulic console;
11 — is the electric control cable; /2 — is the output pipe; /3 — is the control panel; /4 — is the a protective wall;
15 — is the cover; 16 — is the hydraulic pump; /7 — is the current source (battery); /8 — is the console;

19 — is the neck

Figure 5. Knapsack motorized fire extinguisher,

The application of proposed technical solution in practice will increase the trouble-free life, improve
serviceability, which will more quickly localize and extinguish wildfires.

A device dropped from an aircraft and having a drop-shaped skeleton with the center displaced down-
ward, which is manufactured from an easily destructible material, e.g., paper, is used at almost inaccessible
sites of suppression. The ends of the skeleton are hermetically sealed with plugs whose material can be a
polymer incombustible material. The skeleton shape and the presence of a stabilizer and of the rounded-off
end of the lower plug improves the accuracy of arrival of the device at the combustion zone, whereas the
presence of cells ensures a uniform spraying of the seat of fire (Fig. 6).

The operation of the device is as follows: before departure for the site of fi re-fighting work, one installs
plug 4 into skeleton 1 and fixes it with binding 3. Pyrocartridge & in a water-resistant container 9 and thermal
fuse /0 are installed through the channel 77 of the plug 4. Then one installs plug 6 and fastens it to the skele-
ton / with the binding 3. Water is poured through entrance 7 into the cavity of the skeleton. In filling the cav-
ity of the skeleton / with water, the entrance 7 is shut by a stopper with stabilizer 5. Stiffening ribs 2 prevent
the destruction of the material of the skeleton 1 in filling with water and transporting further. Once the device
is delivered to the site of work, it is dropped over the combustion source. Since the skeleton 1 is drop-
shaped, the displacement of the center of gravity ensures orientation of the device along the gravity vector.
As the combustion source is approached, a heat flux from it begins to act on the thermal fuse 10. The thermal
fuse comes into action and initiates the pyrocartridge 8. It is detonated, the container 9 is destroyed, and the
gases begin to act on the water in the cavity of the skeleton 1. The skeleton 1 is destroyed due to the increase
in the cavity pressure; the shock wave beats the flame off and the water, via the cells formed by the stiffening
ribs, rushes to the smoldering source.
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1 — 1is the skeleton; 2 — is the stiffening ribs; 3 — is the fixing bandages; 4 and 6 — are the plugs;
5 — is the stabilizer; 7 — is the entrance; § — is the pyrocartridge charge; 9 — is the water-resistant container;
10 — is the thermal fuse; // — is the channel

Figure 6. Scheme of the device

Shock-wave generation and water spraying above the source make it possible to considerably increase
the suppression area compared to the prototype, which raises the efficiency of action on the combustion
source. Furthermore, using the device proposed, one can actively suppress crown forest fires, too.

Conclusion

The development of localization and extinguishing of upper, lower wildfires and steppe fires is consid-
ered in current work. Application and accounting of the presented methods and techniques will improve the
efficiency and effectiveness of measures to combat natural and technological disasters.

This approach directed to the destruction of unstable zones allows the new technical methods and de-
vices to be created for providing the safety of fireman-operators, the environmental safety through conserva-
tion of natural resources, and the high efficiency. Similar requirements are met by blasting methods: com-
bined method of localization and suppression of ground forest and steppe fires; line charge for localization
and suppression of fires, as well as a disintegrator of a ground forest fire front.

This work was carried out with financial support of the Program of Increasing the International Com-
petitiveness of the Tomsk State University for 2013-2020.
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. Kaceimog, O. I'anbrieBa

Op TYPJli KAPKbIHABLIBIKTAFbI OPMaH 6PTTEPiH OKIIAYJIAyFa
’K9He COHJIpyre apHAJFaH Kel0ip KypbLIFbLIAPABI )K00aIay

Taburu epTTepai >koHE OJapBI Kajai JKOI0 KEePEeKTiriH 3epTTeyIiH ©3eKTiIiri Mans3abl. Peceit ®eneparms-
ChIHOa OpMaH epTTepiHeH kbUI caiibiH 18000-ra neifin agam Kaiiteic Oosampl. Tamgay kepceTkeHIeH,
Peceiine opman eprrepi acipece, Cibip men Kubip IlIbirbicTa K1 Ke3aeceai, MyHIa OpMaH epTTepiHeH Ka3a
tankaugap cansl 10000, Peceiiniy eyponansik Oeirinaeri kepceTkimren 4—5 ece acaapl. OneMIeri Kaimbl
JKargaii OpMaH MOHHUTOPHHIIHIH KOJIIAHBICTAFbl JKYWECIHIH KeMIIUTIKTEpiH KoHEe TaOWFU epTTi epLIiTIey,
COHJIIPY YIIIH KOJITAHBUIATHIH SAICTEep/iH THIMIUITIHIH TOMEHIITiH kepcereni. JKanbIHHBIH KYpbUIGIMBIH,
OHBIH IIIIHAE KENTIipy, KBUIBITY, BIIBIPATY, aTMOC(EpaIbIK OTTErIMEH apajacThIpy, CalbICTBIPMANBI TYpAE a3
SHeprusi Oy3bUIbICTapbIHA (COKKBI TOJKBIHBI) oce€p €Tyl MYMKIiH, OpIITHEY JKOHE COHAIpyre apHairaH
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KYPBUIFBLIAp/bI d3ipiiey, KenTipiireH 3aiajigsl OapblHIIA a3aiTyra MyMKiHIIK Oepeni. TeopHsuiblk jxoHe
TOXIPUOCIIK 3epTTeyNep KOPCETKeHIeH, COKKbI TOJIKBIHIAPBI TYPaKChI3 aliMaKTapMEH OpEKeTTeCKEeH Ke3[e
KBICBIMHBIH JKOFapbUIaybIHa dKele/i, Oyi1 epTTi Gacy/IbIH THIMAUIITIH ofaH api apTThipansl. KapacTeipburan
TEXHOJIOTMSUIBIK HICMIIMIEepAl IiC KY3iHIEe KOJIaHy TaOWUFH ©pTTepMEeH Kypecy[iH THIMAIITIH apTThIpyFa
MYMKIHJIK OepeTiHi KopceTinreH.

Kinm co30ep: GU3HMKaIBIK-MaTeMaTHKAIBIK MOJENbACY, TaOHFH KOHE TEXHOJIOTHSUIBIK araTrrap, COKKEI
TOJIKBIHBI, TYTaHy, SKCIIEPUMEHT, OPILITIICY XKHE KaHy/AbI 0acy.

J1. KaceimoB, O. I"anibrieBa

(0] KOHCTPYKIUHA HEKOTOPLIX yCTpOﬁCTB A JIOKAJTU3ANUU U TYHICHU S
JICCHBIX IT0KapoB pasnnqnoﬁ HHTCHCHUBHOCTH

AKTyaJbHOCTh U3Y4EHHS IIPUPOAHBIX MTOKAPOB U CIIOCO00B O0prObI ¢ HUMU o4yeBUAHA. B Poccuiickoit dene-
paluu B pe3yibTare JICCHBIX M0XKapoB exeronHo norudaet 10 18 000 yenoBek. Kak mokaspiBaeT aHajims, B
Poccun ocobeHHO YacTo JiecHBIC MOKaphl BO3HUKAOT B Cubupu u Ha JlaneHeM Bocrtoke, rie uucio morud-
IIUX OT JIeCHBIX NoxapoB Ha 10 000 yesnoBeKk MpeBBIIIAET ATOT Ke ITOKa3arelb B eBponeiickoi yactu Poccun
B 4-5 pa3. O0mias cuTyanusi B MUpPE TIOKa3bIBaCT HEJJOCTATKU CYNICCTBYIOIICH CHCTEMBI MOHHTOPHHTA JIECOB
U HU3KYIO0 3((GEKTUBHOCTh HCHOJIB3YEMBIX METOAMK JIOKANIM3ALUK M TYLICHHs MMPUPOTHBIX MMOKapoB. Pac-
CMOTpEHa METOJMKA [0 YCTPOUCTBAM JIOKAIMU3AMK U TYLICHUS MPUPOAHBIX MOXKAPOB PA3IMYHON HHTEHCUB-
HOCTH, OCHOBAHHBIX HA 3HAHUU CTPYKTYpHI IUIAMEHHM, BKIIIOUas 30HbI CYILIKH, HATPEBa, MUPOJIN3a, CMEIICHHS
C KHCJIOpPOJIOM BO31yXa, BO3JICHCTBHE HAa KOTOPBIE BO3MOXKHO OTHOCHUTEIBHO MAJIBIMH IHEPreTHYECKUMHU
BO3MYIICHUSIMA (yIapHBIME BOJHAMH), YTO TO3BOJISICT MHHUMH3HMPOBATH BpPEJ, HAHOCHUMBIA OKpYKatomen
cpene. TeopeTnueckue U HIKCIEPUMEHTANIbHBIE UCCIIEIOBAHUS [TOKA3bIBAIOT, YTO YIapHbIE BOJHBI IPUBOJIST K
YBEIUYCHHIO JIABJICHHUS B HUX BO BPEMs B3aWMOJICUCTBHS C HECTAOWJIBHBIMU 30HAMH, YTO JOMOJIHUTEIBHO
yBenmuuuBaeT 3¢ dexkTuBHOCTH moaaBieHus. [loka3aHo, YTO MCIOJIh30BaHHE HA MPAKTHKE PACCMATPUBACMBIX
TEXHOJIOTMYECKHUX PEIICHUH AaCT BO3MOXHOCTH MOBBICUTH 3()(EKTUBHOCTh U ONEPATUBHOCTH MEPOIPHSITHI
1o 60psOe ¢ MPUPOAHBIMU MTOKAPAMHU.

Kniouesvie crosa: (uznko-mareMaTH4eckoe MOJCIMPOBAHUE, NPUPOJHBIE W TEXHOTEHHBIC KaTacTpodbl,
ylapHasi BOJIHA, 3a)KUTaHNE, SKCIIEPHMEHT, JIOKANU3aLUs U T10JaBIeHHE TOPEHHS.

References

1 Grishin, AM., Zima, V.P., & Kasymov, D.P. (2014). Methods and Devices for Fighting Natural Fires Within a New Concept
of Control of Natural and Man-Made Disasters, Journal of Engineering Physics and Thermophysics, 87, 782-789, doi:
10.1007/s10891-014-1072-7.

2 Johnson, E.A., & Miyanishi, K. (eds.) (2001). Forest fires: behavior and ecological effects. National Center for Ecological
Analysis and Synthesis. Cambridge, Massachusetts: Academic Press, doi: 10.1016_B978-012386660-8_50018-0.

3 Kurbatskii, N.P., & Valendik, E.N. (1970). Lokalizatsiia lesnykh pozharov nakladnymi shnurovymi zariadami [Localization
of Forest Fires by Superimposed Pull-Cord Charges]. Krasnoyarsk: ILiD SB AS USSR [in Russian].

4 Grishin, A.M. (1997). Matematicheskoe modelirovanie lesnykh pozharov i novye sposoby borby s nimi [Mathematical model-
ing forest fire and new methods fighting them]. Tomsk: Publishing House of the Tomsk State University [in Russian].

5 Mell, W.E., Manzello, S.L., Maranghides, A., Butry, D., & Rehm, R.G. (2010). The wildland-urban interface fire problem —
current approaches and research needs. International Journal of Wildland Fire, 19(2), 238-251, doi: 10.1071/WF07131.

6 Grishin, A.M., & Kovalev, Yu.M. (1990). Ob usilenii udarnykh voln pri ikh vzaimodeistvii s frontom lesnoho pozhara
[Strengthening of blast waves during interaction with the front of forest fires]. Doklady Akademii nauk SSSR — Reports of the Acad-
emy of Sciences of the USSR, 312(1), 50-54 [in Russian].

7 Anufriev, LS., Golovanov, A.N., Tsimbalyuk, A.F., & Sharypov, O.V. (2009). Dinamika udarnykh voln v
osesimmetrichnykh kanalakh s konfuzorami [Dynamics of shock waves in the cylindrical channel with confusers]. Vestnik NGU.
Seriia Fizika — Bulletin of the NSU. Physics Series, 4(2), 13—18 [in Russian].

8 Hevko, 1., Lyashuk, O., Sokil, M., Slobodian, L., Hud, V., & Vovk, Yu. (2019). Resonant oscillation of vertical working part
of conveyer-loader. Bulletin of the Karaganda University. Physics Series, 2(94), 73-81, doi: 10.31489/2019Ph2/73-81.

9 Gulyaev, V.I., & Ivanchenko, G.M. (2002). Focusing and Scattering of Plane Shock Waves at an Interface between Aniso-
tropic Elastic Media. Journal of Applied Mechanics and Technical Physics, 43(5), 654-660, doi: 10.1023/A:1019875400067.

10 Perminov, V. (2015). Mathematical simulation of the origination and propagation of crown fires in averaged formulation.
Technical Physics, 60(2), 180-187, doi: 10.1134/S1063784215020176.

11 Zima, V.P., & Kasymov, D.P. (2016). Investigation of the Effect of the Combustion Site on Wood Specimens with the Use of
IR Diagnostics. Journal of Engineering Physics and Thermophysics, 89(2), 466—470, doi: 10.1007/s10891-016—1397-5.

12 Loboda, E.L., Kasymov, D.P. & Yakimov, A.S. (2015). Modeling of Thermophysical Processes in the Ignition of a Small
Wooden Plank. Journal of Engineering Physics and Thermophysics, 88(1), 113—123, doi: 10.1007/s10891-015-1173-y.

Cepusa «dusmka». Ne 1(97)/2020 123



D. Kasymov, O. Galtseva

13 Grishin, AM., Zima, V.P. & Kasymov, D.P. (2015). Primenenie vzryvchatykh veshchestv v ustroistvakh lokalizatsii i
tusheniia prirodnykh pozharov [Using explosive materials in devices of localization and extinguishing of wildland fires].
Pozharovzryvobezopasnost — Fire and Explosion Safety, 24(7), 52—60, DOI: 10.18322/PVB.2015.24.07.52—60 [in Russian].

14 Grishin, A.M., Zima, V.P. & Kasymov, D.P. (2017). Ustroistva dlia tusheniia prirodnykh pozharov [Devices of extinguishing
of wildland fires]. Pozhary i chrezvychainye situatsii: predotvrashchenie, likvidatsiia — Fire and emergencies: prevention, elimina-
tion, 4, 39-45 [in Russian].

15 Orlov, B.V., & Mazing, G.Yu. (1968). Termodinamicheskie i ballisticheskie printsipy proektirovaniia tverdotoplivnykh
raketnykh dvihatelei [Thermodynamic and Ballistic Principles of Design of Solid-Propellant Rocket Engines]. Moscow:
Mashinostroenie [in Russian].

16 Grishin, A.M., Zima, V.P., & Samoilov, V.I. (2000). Ekspluatatsiia dezintehratorov pri tushenii nizovykh lesnykh pozharov
[Operation of disintegrators in fighting ground forest fires], Proceedings from Conjugate Problems of the Mechanics and Ecology,
Mezhdunarodnaia konferentsiia — International Conference. (pp. 85-87). Tomsk: Publishing House of the Tomsk State University
[in Russian].

17 Jessen, C., Gronig, H., Watanabe, M., & Takayama, K. (1995). Navier-Stokes Simulation and Measurement of Cone Drag at
Moo = 7.9. Shock Waves @ Marseille I. Springer, Berlin, Heidelberg.

18 Yang, J., Li, Z., Zhu, Y., Zhai, Z., Luo, X., & Lu, X. (2016). Shock Wave Propagation and Interactions. Advances in Me-
chanics, 46 (1), 541-587, doi: 10.6052/1000-0992—16-009.

19 Duan, Q., Xiao, H., Gong, L., Li, P., Zeng, Q., Gao, W., & Sun, J. (2019). Experimental Study of Shock Wave Propagation
and its Influence on the Spontaneous Ignition during High-Pressure Hydrogen Release through a Tube. International Journal of Hy-
drogen Energy, 44(40), 22598-22607, doi:10.1016/j.ijhydene.2019.06.166.

20 Takayama, K. (2019). Visualization of Shock Wave Phenomena, Berlin: Springer International Publishing, doi: 10.1007/978—
3-030-19451-2.

21 Woodard, P.M., & Niederleitner, J. (1983). Forest Fire Prevention Data: A Change in Perspectives. The Forestry Chronicle,
59(5), 229-234, doi: 10.5558/tfc59229-5.

22 Grishin, A.M., Zima, V.P., Mishovich, A.L., & Samoilov, V.I. (2000). Eksperimentalnye issledovaniia vzaimodeistviia
udarnoi volny, initsiirovannoi tochechnymi zariadami, s kronami derevev [Experimental trial of the disintegrator model on the front
of a ground forest fore]. Proceedings from Conjugate Problems of the Mechanics and Ecology, Mezhdunarodnaia konferentsiia —
International Conference. (pp. 83—85). Tomsk: Publishing House of the Tomsk State University [in Russian].

23 Makhanov, K.M., Ermaganbetov, K.T., Chirkova, L.V., Kasimov, A.O., Maukebayeva, M.A., Arinova, E.T., &
Turdybekova, K.M. (2018). Noise immunity of radio and mobile communications. Bulletin of the Karaganda University. Physics
Series, 4(92), 82-87.

24 Kasymov, D.P., Fateev, V.N., & Zima, V.P. (2017). Methods and devices used in the wildfire localization for the protection
of forest ecosystem. Proceedings of the XXIII International Symposium, Atmospheric and Ocean Optics, Atmospheric Physics,
10466, 1-4, doi: 10.1117/12.2287438.

25 Zima, V.P., Kasymov, D.P., & Fateev, V.N. (2017). Rantsevyi motorizovannyi ohnetushitel [Knapsack motorized fire extin-
guisher]. RF Patent 170469, Bulletin, 12 [in Russian].

124 BecTHuk KaparaHgmHckoro yHusepcurteTa





