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needs to solve the task by having chosen earlgorihm. Also in the program, there is a test medth
disabled tips, but there is a time limit for théusion of the task, and by the end of solving thsktthe number
of errors and the full course of solutions are show

In the program includes both the generation otk tith a certain level of complexity and the laaglof
a previously created task.

The screenshot of the program is shown in Figure.
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Fig. Screenshot of program
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IMITATION OF THE BREATHING APPARATUS OPERATION
ON CHEMICALLY BONDED OXYGEN AFTER THE CHANGESIN ITSOPERATION MODE

E. POTAPENKO, S. ALSHANIKAU, SERGEI EKHILEVSKIY
Polotsk State University, Belarus

Recordkeeping of the initial clogging of the regenerative cartridge [1, 2] is necessary to imitate real
situations that arise at the exploitation of the mine rebreather. Among them are the following items: the change
of the air filtration rate at the variation of work load, reverse of the air flow if there are pendulum or combined
junctions of the airway, and so on.

In this paper we will consider the operation of treathing apparatus after the change in its ojperat
mode due to the decrease in the filtration rat¢hefair recovered. Since in the problems consideredw
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structure of the working sorbent layer is formedhére is its initial contamination, we will usestformalism
offered in [2]:

-, (1) =wE, )€ {U(E,O)+j[e‘oo(i T )dr}, 120 1)
u(E,T)=e‘T[u(E,O)+j[erw(E,r)dt), 120 2)

where w(§,1) and u(§,t) are the reduced volume concentrations (9, molecules and fixed carbon
respectively,& and t are the dimensionless coordinate and time condegtih the depth of penetration into
the filterx and the operating period of the apparatinsough the ratios

E=Px/v, T=pwt, @)

wherev is the rate of filtrationf3 andy are phenomenological constants characterizingateeand resource of
the reaction ofCO; fixation
In the offered arrangement(&,0) is the known initial clogging of the cartridge, isth influence on the

sorption dynamics is the purpose of the presentystu
According to [2], the solution of (1) can be reneted as a series in powers&of

(A)(E,T) - efti fn (T)

n=0 n!

&, 4
which variables coefficients are determined bycursive procedure
fn(D) = ug”) (o, 0)+J. f,@)dt—-f, (@), n=0,1,2.. (5)
0

which start is provided by the relation which fell® from (4) with§ =0
f,(1) = 'w(0,1), (6)

providing the influence of a variable boundary dtind on the dynamics of sorption activity. The dagence

of w(§,1) on the initial cloggingu(§,0), in accordance with the Maclaurin’s formula, wasliided in (5)

through its derivatives at the filter inlet

0 uén)(oyo)zn
n! '

UE =) ™

Relations (4) - (6) allow to findo(€,T) by the knownw(0,1) and u(,0), when we substitute the result
in (2) we can calculatel(§, 1), thus completing the solution of the heterogenemusnon-stationary problem of

sorption dynamics.
In particular, if there is no initial cloggingi(¢,0) = 0) the relations (1), (2) will take the form

~w, (§,1)= w(E,T)—e"JT'eT(o(E,T)dT, ®)

u(E,T):e'TIe‘w(E,T)dT. (9)
0
Performing integration by parts in (8) we obtain

o €1 =] W0+ [edwED)|. (10)

It follows from (10) wheret =0

W(E,0) = w(0,0)e™. (11)
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Considering this, it is convenient to look for geution of (10) in the form

N f(T)

WwE )=y (12)
n=0
BbLJICIIUB 87E B Ka4CCTBC MHOXHUTCIIA. Bnaroaapa YeMy HUCYE3aCT MOoCJICAHEC CllaracMoOC B (5)10
having singled out™ as a multiplier factor. Thereby the last summaisdmpears in (5)
fra(D = [ £, (D dT. (13)
0

With & =0 condition (16) follows from (12), which at a coast concentration of the solute at the filter
inlet (w(0,1) = 1) will take the form
f (1) =¢€". (14)

The solution of the recurrence relation (13), (54)

nlk

f(r)=¢ Z—,n =1,2.. (15)

Substituting (14), (15) into (12) we obtain the degence ofCO, breakthrough on time and coordinate
with zero initial clogging of the cartridge and @nstant concentration @fO, at the filter inlet

o n 5 n n-1 -k
wl@,1)=e*" fo(r)+zz— f@|=¢e? 1+ZE— eT r (16)
perlly] na Nl o k!
Using (9) we will find the corresponding (16) clagg of the cartridge
_—EwEn —-1_ 1 —EWEnT
ul€,1)=e*> =g, (1) =1-¢"| 1+e Z—Z— (17)
n=0 n! n=1 n =1 kI
wherein
n Tk
gn(0 =1-e"> 0 (18)
k=0

We will assume that before the change in the oferanode of the apparatus the clogging of the
cartridge evolved in accordance with the formulbg) @nd (18). Then, at the point in tim#& the filtration rate
a has changed. At the same time, in accordance(®@jtithe dimensionless length of the cartridge walilhnge

at a™. That is, if we imply& as a dimensionless coordinate after the changkeeirmode of breathing, it is
necessary to substituté(a &,1) as the initial clogging in (1), (2). For the re@nt procedure (5) the derivatives
of this function by& will be required at the inlet of the cartridge

2"ul(a E,t)|
n &=0
0g
According to (17) we have the equations

=q" mh_o ] (19)

w0z T g e El), @,

uL; (0,1)=-g, (1)+g, 1),

o0

a6 D=6 30,021 S, et Y S, )

uL, (0,1)=g, @)~ 29, )+, ().

By analogy,
UL (0,1)=-g, (1)+ 39, )~ 3, € )+ 9, € ).
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which allows to observe a common pattern

W O1)=) 17 Chg, ), (20)

where C¥ are the numbers of combinations framof objects ofk .
That is, in accordance with the above stated amdaitmulas (19), (20) and (18) we shall replacéin

u"(0,0)=ug” @& 1), = ag € 1)”(::( re‘lio%n;) . (21)

At the same time, to start the iteration procedtignecessary to use the formula (14) for a ckanghe
filtration rate does not change the contenf6% at the expiration.

We have considered a situation where a three-felcblération of the air flowd =1/3) increases the
dimensionless length of the cartridgente 10. According to [3, 4], this corresponds to the selcuer with the
mass of the oxygen containing product of 1 kg dutime transition from the f0Obreathing mode (close to the
maximum load during the rapid evacuation of a minem the accident area) to th& @ower than the average
load during a quiet exit of the miner from the degit area).

It can be seen (Fig. 1) that a deceleration inréhe of air filtration done at the momerit= 2.077 of
CO;critical breakthrough @il(n,t1)= 0.37%) has led to a longer stay of carbon dioxide mdk=in the layer of

the chemisorbent and, as the result, dec;ine af tatent in the regenerated air (curve 2). Thisuns almost
instantaneously 1=0) (during the flow of the slow front through thdtdr). Then a gradual (evolutionary)
growth inCO, concentration begins due to the further graduahestion of the regenerative cartridge absorbing
resource. Finally, at momernt=12=2.078 a critical breakthrough of O, is achieved again (curve 3) in the
already weakened operation of the breathing aparsife shall note that thus the time of the protediction

of the apparatus increases by 1008z/¢1= 1).
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Fig. 1. The change @O, critical breakthrough (curve 1)
after air deceleration: 2+=0;3 -1=12

It is essential that curve 3 is more convex thanwveed which describes the reduced concentratidgheat
critical breakthrough, but before the flow decdi@ra This means the formation of a new structufehe
working layer of the sorbent after the change efliiing mode. SlowarO, molecules fix at the same time to a
narrower layer of the absorbent. In the resultftbat part of the working sorbent is loaded andrésource is
exhausted more quickly. For this reason, the dedaincurve 3 in the front layer of the cartridgesigwer than
that of curve 1. At the end of the cartridge theves intercross, the working sorbent layer becaaneower after
the filtration speed deceleration.
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This can be seen by considering the evolution effiked carbon distribution in the cartridge (Fa). In
contrast toCO, breakthrough the change of clogging does not wudlarleap at the moment of the deceleration
of the airflow (ul(a &,11)=u(,0)). Both of these functions describe curve 1.
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Fig. 2. The evolution of the cartridge workout attee criticalCO,
breakthrough (curve 1) with the deceleration ofalifow 2 — 1 =12;
3 — 1 =5 and without it (curve 4)

Curve 2 corresponds to the momear when the second critical breakthrough is achie@lviously,
when there is a change of the device mode the mibafighe critical breakthrough (increase in lifeéjrcannot
be used to measure the protective action growthoting to [5] the average clogging of the carteiddpould be
used for that. In this case, its growth is 28.3%icW is equal to the relative difference of theagrander curves
1 and 2.

Curve 3 corresponds to the momart 5 after the change of the device mode. To compare Hig. 3
shows curve 4 which corresponds to the same nuwbéO, molecules, entered into the cartridge aftér
which works in the former modeil(§,t1+ a [5). Due to the higher speed of filtration the breattigh is higher,

and the degree of the oxygen containing produckeutris lower. At this, curve 3 is more convex tltamve 4,
which confirms again the narrowing of the workiagér of the sorbent.

Thus, we have developed a formalism which allows$niitate air regeneration in the rebreather after
changing its mode of operation.

REFERENCES

1. Kpummreitn, A.A. Pemenue 3amaud M30TEPMHUYECKOM AWHAMHMKHA COPOLUHM TNPH NPOU3BOJIBHBIX T'PAaHUYHBIX U
HavanbHbIX ycnoBusx / A.A. Kpummireitn // Tp. 14i Hayu.-rexH. koH(p. THUXU «/IuHamuka copOumu u ee
IIpaKkTH4ecKoe nonoxkenue», Tam6os. — 1974, -C. 3 — 8.

2. Exwunesckuii, C.I'. Biusinne Ha4qaapHOM 3arpsiI3HEHHOCTH PEreHepaTHBHOIO MAaTPOHa Ha pabOTy MIAXTHOTO pecnupaTopa
Ha xumudecku cBszanHoM kuciopoxe / C.I'. Exunesckuii, E.IT. ITotanenko, O.B. ToxyGesa // 13B. By30B. ['opHbIit
xypHai. — 2014, — neyarn).

3. 3HayeHHs (EHOMEHOJOIMYECKHX IapaMETPOB MOJEIM XEMOCOPOLMH B DEreHEpPaTHBHBIX IATPOHAX IIAXTHBIX
pecniuparopos / B.B. ITak [u ap.] // 13B. By30B. ['opHbIii )xypHair. — 1998. Ne 11 — 12. -C. 108 — 112.

4.  Jupenko, H.C. PereneparuBHble pecruparopsl s ropHocnacarenbHeix pador / H.C. Quaenko. —M. : Henpa, 1990. —
160c.

5. Ouenka nosbinieHns: 3pHEKTHBHOCTH HCIOJIBb30BaHUS pecypca IbIXaTeIbHOIO amapaTa Ha XHMHYECKH CBS3aHHOM
kucinopozne / C.I'. Exunesckuii [u ap.] // U3s. Jloneuk. roproro uu-ta. — 2013. Ne 2. —C. 113 — 120.

162



