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In the article are proposed recommendations including standard indicators
on training smoke divers for realization of fire — rescue works in a case of
fire take place in basements and ground floors. For this ground were used
the implementations of corresponding operations got as a result of statistic-
al analysis of results physical design of activity of Gas rescue service links
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Problem statement. Realization of fire-rescue works in case of fire take
place in basements and ground floors is provided by smoke divers, who are
able to execute put tasks in Respiratory Protective Equipment (RPE) in the
conditions of high smokiness limit visibility and limit space [1]. Hereupon
conformities of implementation of such activity have features that must be
taken into consideration both at planning and estimation of full complex
wrecking and in the process of rescuer training.

Analysis of recent researches and publications, showed that nowadays
for perfection of training for Gas rescue service staff mostly are used results of
investigation of psychophysiological qualities that require prior training [2,3].
Talking about training of smoke divers in basements [4] based on analysis of
expert opinion was found out that main attention must be focused on training
of endurance, ability to orient in space and perfection of unit cohesion. The
results that were got are used for creation of training base [5] but don’t allow
us to control the level of smoke divers training. For this are used standards but
in this case they evaluate only timing of performing of complex task con-
nected with passing of fire area psychologic training [6]. Relating to battle
deployment of rescue equipment is shown [7] that knowing laws of distribut-
ing time of performing operations or processes normative evaluations can be
divided:

- in a case of normal allocation as

tg=t+o-®(Ps); (1)

ty=t+o-® (P, +Ps); (2)

tg=t+o- @ L(P; + P, +I55), 3)
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where t54 3)— timing of task performing, if reached standard could be eva-

luated as «excellent» («good», «satisfying»), ¢; t, o - expectancy and standard

error of the mean, c; Ps,P4,P5,P, — average weighted ratings of share (fre-

quency) all possible results, corresponding to as «excellent», «good», «satis-
fying» and «not satisfying»; @ — meaning of inverse distribution of normal
allocation;

- in a case of skewed distribution as

t5 =tmin +F_l('SS)'(tmax ~tmin); (4)
t4 =tmin +F_1(|55+|54) “(trax —tmin); (5)
t3=tmin +F_1(|55+|34+|53) (tmax —tmin ) (6)

where F™ — inverse function B-allocation; tnin, tmax — Min and max timing of

task performing.

Wherein in [7] is marked that good training skills of staff corresponds
with positive skewness distributing time of performing operations and insuffi-
cient to negative one.

Thus, for the direct ground of the suggestions related to training smoke
divers for realization of fire - rescue works in basements and ground floors it
Is necessary to know distributions of timing of performing basic operations.

In addition, they can be used for realization of modeling imitation of Gas res-
cue service links activity.

Setting the problem and its solution. On the basis of above mentioned
were set tasks of discovering regulatory realization of fire-rescue works by
smoke divers in case of fire take place in basements and ground floors with
further explanation of recommendations for training.

The most exact regularities would be got as a result of statistical estima-
tion of results of implementation of separate operations during the rescue of
victims and extinguishing of the real fires in building that have difficult struc-
turally-plan decisions. However such approach it is practically impossible to
carry out, foremost, because it is difficult to differentiate separate operations
during operative work.

On this basis, for the design of the examined type of battle work were
used practical trainings of smoke divers in smoke and heat training facility
consisting of [5] areas allowing to design activity of smoke divers in an indus-
trial zone and dwelling apartment, basement labyrinths and trestle. Using a
smoke sword was provided the high concentration of smoke and accordingly
limited visibility. Using loud speakers was played noise connected with emer-
gency situation (bringing down of constructions, screaming of victims etc.).
On introductory info that was used during realization of experimental re-
searches, a fire happened at the ground floor of building. Smoke divers had a
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task to make a reconnaissance in this building and after a discovery a victim in
one of apartments (this role was executed by a model) to take out to a fresh
air. Depending on pointing of head of experiment victim can be as model as
one of members of link [8].

After the training of link, operative verification and plugging in rege-
nerative respiratory vehicles (stage Ne 1) a link enters in smoke training facili-
ty and moving along a right capital wall [1] inside building, is making a re-
connaissance (stage Ne 2), disconnecting electro-knife-switches and warners of
fire, recovers pipelines (stage Ne 3). In living accommodation is making re-
connaissance (stage Ne 4.11 - executed in case if a victim is in a basement la-
byrinth) or search of victim (stage Ne 4.2). If victim is found in living accom-
modation of smoke and heat training facility a model (stage Ne 5.21) or one of
link (stage Ne 5.22) is taking out using the same way a link came in. In case
when victim is not found in living accommodation, a link, moving up farther,
Is searching a victim in a basement labyrinth (stage Ne 4.12). After a discovery
using like the stage Ne 5.21 and Ne 5.22 he is taking out to the fresh air (ac-
cordingly the stages Ne 5.11 and Ne 5.12). Difference consist of that a finishing
area a link passes on trestle that has grounds on different levels and containing
plenty of turns.

The results of statistical analyses of experimental results characterizing
timing of performing considered operations are shown in Table 1.

Using analogy with [9], taking into consideration (4+6) was evaluated
the possibility of using p-allocation for describing results. For getting parame-
ters a and [ basic data was set in diapason from O till 1 suing coding:

(ti —timin)
Xj :A—ti’ (7)

where At; = tjmax — timin -

Table 1. Results of experimental researches

Timing of performing of a stage, s
1 2 3 411 | 412 | 511 | 512 | 4.2 521 | 5.22
t 104,2 | 17,82 | 67,64 | 166,9 | 219,0 | 37,25 | 46,83 | 202,5 | 29,23 | 33,77
c 31,02 | 491 | 19,55| 73,63 |91,12 | 6,47 | 8,80 [99,05| 7,20 | 10,11
Sk 1,05 | 0,63 | -0,26 | -0,05 | -0,39 | 0,22 | -0,72 | -0,23 | 0,76 | 0,75
Ex 1,20 | 0,27 | 0,01 | -0,52 | -0,63 | 0,35 | 0,07 | -1,05 | 0,47 | -0,23
tmin | 62,00 | 10,00 | 24,00 | 30,00 | 25,00 | 26,00 | 30,00 | 25,00 | 20,00 | 20,00

tmax | 205,0 | 32,00 | 115,0 | 300,0 | 360,0 | 50,00 | 60,00 | 365,0 | 45,00 | 53,00

o 1,179 | 1,444 | 2,456 | 1,413 | 1,482 | 1,857 | 1,550 | 1,073 | 1,100
B 2,968 | 2,732 | 2,715 | 1,470 | 1,144 | 2,394 | 1,318 | 1,030 | 2,206

Link
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Looked for parameters (table.1) were found by the method of steepest
descent [10] by statistical application programs [11]. Estimation of degree of
concordance of theoretical and experimental distributions by means of crite-
rion of Kolmogorov K(x) [12] showed that with a 10% level of meaningful-
ness it is possible to talk about their convergence. It allows to lean on B-
allocation during analysis of received results (except the stage 5.22, distribu-
tion timing which has double-humped character).

The analysis of received results shows that typical operations (see a pic.
1) that are not connected with direct performing of rescue works differ in a
way that skewed character mostly comes out during training of link in un-

breathable area.

X1
1 0,179 1,968
X1:1179; 2,968)= . ' -(1-vy)"7"%dy, 8
B(X1 ) B(L905; 2.686) (I) y 1-vy) y (8)

it can be explained in a way that staff is well trained for performing this opera-
tion (practically the same actions are performed by them not rarer than 1 time
per a quarter [1]), as a result every link knows his actions very well and also
that it is performed on a security post on a fresh air.
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Pic. 1. Time allocation (in coding variables) of performing by smoke divers’
typical operations not connected with rescue woks

Existing of (4+6), (8) and also results described in Table.1, allows us
taking into account the requirements of frequency and  rememberabili-
ty [13], to offer (supposing by analogy with [14], that an excellent estimation
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can get about a 10% of examinee, and good and satisfactory - for 40%) next
standards for estimation timing of preparation of Gas rescue service link
(putting on special clothing and making operative verification of Respiratory
Protective Equipment) during training in smoke and heat training facility

t5(X1) =70 c; t4(Xq) =95 ¢; t3(X;) =140s. 9

Also skewed character have operations that differ from simple typical
actions. E.g., disconnecting of disconnecting electro-knife-switches and warn-
ers of fire

1 o 1732
: [y** -yt Ptdy. (10)
B(1,444; 2,732)

B(X,;1,444; 2,732)=

In accordance,
t5(X2) =12 C, t4(X2) =17 C, t3(X2) =25s. (11)
But operation of recovering pipelines

1 2 1 456 1715
Xa.: 2,456; 2,715)= . L A-y)" dy, 12
B(X3 ) B(2.456: 2.715) Oy 1-y) y (12)

that requires co-operation between the members of link, who works in a copu-
la, orientation in space and presence of force is already better (with a 5% level
of meaning) is described by a normal law

(t3-67,64)°
f(tg)= m o 76441 (13)
In this case using (1+3) and (13),
t5(X,) =40s; t4(X) =65s; t3(X,) =90s. (14)

The analysis of operations focused on searching of victim (see pic. 2),
shows that time allocation of searching " victim" in a living accommodation

X
1 4.2

0,073 0,030
: T A-y) 15
B(1,073;1,030) ‘([y =) y (19

B(X45;1073;1,030)=

can be examined actually as continuous even, as a~p=~1 [15]. It is ex-
plained by casual character model placing.
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In case of searching " victim" in labyrinth distribution of time probabili-
ty closeness

X
1 411

X4 11:1413:1,470)= - [yP4B (1= y)2470g 16
B(X411 ) B(1,413; 1.470) {y 1-y) y (16)

actually is symmetric relatively x41,=1/2, that it can be explained by casual
large enough distance that passes Gas rescue service link, moving to the vic-
tim on a labyrinth.

Analysis of (15) and (16) shows that even during smoke divers training it
Is impossible to set standards in a time for searching victims. Basic attention in
this case must be spared to observance of safety and technology of realization
of searching works measures in the conditions of absence of visibility [16].

/ searching victim in living accommodation

0 0,2 04 0,6 0.8 I x

Pic. 2. Time allocation (in coding variables) searching of victims by smoke
divers

An analogical situation takes place and in case of performing by smoke
divers operations related to evacuation from the useless for breathing envi-
ronment of victims (see. pic.3 and pic.4). Its analysis shows that psychological
factor influences much on character of time allocation.

So, as a «victimy» is using a model, time allocation for taking him out
from living accomodation is

X
1 _ 5f21 JOL00 g (12064 (17
B(1,100; 2,206) !
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And in a case of taking out from labyrinth

X5.11
1

B(L857; 2,394) 1

B(Xs5.11; 1.857; 2,394) =

characterized by positive skewed, that can be explained by the good level of
endurance of examinee. Thus a higher index in case of taking out "victim"
from a living room is because a link returned on fresh air on a that route that
he already passed at an entrance, along a sleeve line. During taking out
"victim" from labyrinth except endurance additionally an important factor is

ability of head of link to orient in space.
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Pic. 3. Time allocation taking out victim to fresh air by smoke divers

Analysis (17) and (18), and also terms they were recieved, allow us to
offer the next standards related with carrying cargoes from living
accomodation and throuht labyrinth in smoke and heat training facility.

(19)

t5(X5.21) =22 C, t4(X2) =27 C, t3(X2) 2375;
(20)

t5(X5.17) =30 C; t4(X,) =35 C; t3(X,) =45s.
During taking out alive person throuht labyrinth time allocation will be
X512

1 0,550 0,318
. =R (1- ~%d 21
B(L550; 1,318) { y Amyrdy - (2)

B(X5.12;1,550;1,318) =
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negative because it can be caused by fear to damage a person that was playing
a role of victim, during moving on way where there are plenty of various
turns.

Must be marked (see. pic.4) case of taking out alive person by trained
smoke divers through very simple route (along a sleeve line, stage 5.22).

You can see that in examined case the extreme situation related to
the necessity to warn damage of alive person sometimes sharply worsens
the smoke divers results of implementation of such operation (about 10%)
at the same time they are well trained for this operation without extreme
load.

N

N _ S

27 34 41 48 t.c

Pic. 4. Histogram time allocation of taking out alive person by smoke divers to
the fresh air

But we can’t say that presented at pic.4 double- humped distribution can
be examined as a sum of two independent distributions because module of
excess (Exg 9o =—0,23) is less than two [15].

Conclusions:

— it is shown that training of smoke divers with using standards for rea-
lization for realization of fire — rescue works in a case of fire take place in
basements and ground floors it is desirable to perform by Gas rescue service
links on fresh air, performing concreate operations not connected with rescue
works and also providing taking out material and technical values from un-
breathable zone. Taking about smoke and heat training facility where it is per-
formed training of staff in National University of Civil Protection of Ukraine,
was described the list of standards;

— it is marked that during smoke divers training the situations related
with searching of victims and also taking out them to fresh air special attention
must be focused on questions related with observance of safety measures, in-
cluding in relation to a victim.
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I1.A. KoBanes, B.M. Ctpenen

Pa3paboTka npeasioskeHHH MO MOATOTOBKE Ira3oAbIMO3AIIUTHHKOB K MPoOBe/e-
HHMIO MOKAPHO-CNACATEIBLHBIX PA0OT B MOABAJbHBIX MOMEIEHUsIX U HOKOJIbHBIX Ta-
JKax 31aHui

[Ipemyioxensl peKOMEHIAIMHY, BKIFOUass HOPMAaTUBHBIC TIOKA3aTelH, 0 TTOITOTOBKE
ra30/IbIMO3AIIMTHUKOB K MPOBEICHUIO aBapHIHO-CIIacaTeIbHBIX paboT B cilydae Mmokapa B
MOJIBAJIBHBIX TTOMEIIEHUSIX W MOKOJIBHBIX dTa)kax 3aaHui. JJist nX 000CHOBAaHMS MCIIOIb30-
BaJICh 3aKOHOMEPHOCTU BBHITIOJHEHHUSI COOTBETCTBYIOLIUX OMNEpalUi, MOJyYeHHbIE B pe-
3yJIbTaTe CTATUCTHYECKOTO aHAM3a PE3yJIbTaTOB (DM3MYECKOTO MOCIUPOBAHUS JICATEIb-
Hoctu 3BeHbeB ['J13C.

KiroueBble cjioBa: ra3obIMO3AIIMTHUKH, TOJBAJ, 3aKOHOMEPHOCTH JACITCIBHO-
CTH, 3aKOH pacIpe/IesiCHuU .

I1.A. KoBansoB, B.M. Crpineup

Po3poOka npono3uniii moa0 miiroTOBKM ra3oAMMO3aXUCHHUKIB /10 NPOBEACHHS
MOKEKHO-PATYBAJBLHUX POOIT B MiABAJLHUX NMPUMILIEHHAX Ta MOKOJLHUX MOBEpXax
OyniBesb

3anporoHoBaHl PEKOMEH/AIll1, BKIOYA0OUYd HOPMATHBHI MOKAa3HUKH, MO0 MiJIrO0-
TOBKM Ta30/IMMO3aXHCHHKIB JI0 MPOBEACHHS aBapiifHO-PATYBAIBHUX POOIT y BUMAJAKY IO-
KEXKI B MiIBAJIbHUX NPUMILIEHHSAX Ta LOKOJBHUX NoBepxax OyniBenb. s ix oOrpyHTy-
BaHHS BHKOPHCTOBYBAJIMCh 3aKOHOMIPHOCTI BHKOHAHHS BIANOBITHUX ONepaliid, oTpuma-
HUX B Pe3yJbTaTi CTATUCTUYHOTO aHATI3y pe3yabTaTiB (hi3HUHOTO MOJEITIOBAHHS JisSUTBHOC-
11 marok ['JI3C.

KurouoBi cjioBa: ra3o1MMO3axiCHUKY, MiJBaJ, 3aKOHOMIPHOCTI AisTBHOCTI, 3aKOH
pO3MOLTY.
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