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The problem of planning of technological processdspreflight service of aircrafts is
considered. It is proved that planning of technaagprocesses of preflight service of aircrafts in
the conditions of limitation of resources demantds tlecision of two problems: planning of
complexes of works as a whole and variations ahseof performance of separate works within
their reserve of time. For the named problems reargsconditions and functional dependences are
formalized, algorithms of their decision are resdlt

Poszenanymo 3adauy nnianyeanus mexwonoiduHux npoyecie nepeononimnHo20 00C1Y208Y8aHHS.
aimanvHux anapamis. Jlogeoeno, wWo NIAHYBAHHSA MEXHOIOCIYHUX NpoYecié NepeonoiimiHoco
00C1Y208)8aHHS TIMANILHUX ANApamie 8 ymo8ax 0oMexiceHoCcmi pecypcie umazae po36’ A3aHHs 080X
3a0ay4. NIAHY8AHHS KOMNAEKCI@ poOim 8 Yilomy ma 6apito8aHHs CMPOKI6 SUKOHAHHA OKPEeMUX
pobim y medscax ix peszepgy uacy. /[na po3é’ a3anua yux 3a0a4 opmanizosano HeoOXioHi ymosu ma
@yukyionanvhi 3anexcnocmi. Hageoeno aneopummu po3s’ A3anns 3a0ay.

Paccmompena  3a0aua  nnanuposanusi  mexwonocuyeckux — npoyeccoé  NpeonoNemHo20
00CIydCUBaHUs lemamenbHblX  annapamos. J[lokazano, umo NAAHUPOBAHUE MeXHONO0SUYECKUX
npoyeccos npeonoaemHo20 00CIYHCUBAHUSA IeMAMeNbHbIX ANNAPamos 8 YCI108UAX 02PAHUYEHHOCHU
pecypcog mpebOyem peuleHuss 08YX 3a0ay. NIAHUPOBAHUS KOMNIEKCO8 pabom 6 yeiom u
8apbUPOBAHUSL CPOKOB BbINOJIHEHUS OMOENbHbIX pabom 6 npedenax ux pezepea epemeHu. [[ns
Ppewenuss Imux 3a0ay Gopmanuz08ansl Heobxooumvle YCi08us U GYHKYUOHATbHbIE 3A8UCUMOCTIU.
IIpusedenvl aneopummul peuieHus 3a0ay.

Statement of purpose to start (technical positions on which separate
works are performed, direct executors of works

The problem of planning of technologicaland etc.), does a problem of planning of

processes of preflight service dares in Situatio’g'ocesses of preflight service aircrafts not ttivia

when there is a necessity of preparation @&hd multiple, that demands automation of its
group of aircrafts to start during the sefecision.

moments of time. Preflight services of everyone
aircraft are regulated to the typical technological
schedules depending on type of aircraft and a The problem of automation of planning of
kind of its preparation (preflight preparationjand service of aircrafts is deeply enough
preparation for a repeated start, etc.). investigated [1-3]. However, the specificity

Formally  technological schedule ofinherent in technological processes of preflight
preparation aircrafts to start is represented tfgeparation of aircrafts demands working out of
network model displaying sequence ospecial methods, which differ from applied, for
performance of a certain set of operations. ~ €xample, in civil aviation. _

Any limitation of the resources necessary for For some half-open interval of timfd,t)
performance of technological operationghe setl of board numbers of aircrafts, which
provided by schedules of preparation aircrafisre necessary for preparing for start, and

The analysis of a condition of a problem
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the moments of timet® of end of preflight @, ={,(K; jOI; k=1A},

service of each of them is s&f; ([t ,t) ; iO1 . , , _ ,
For each aircraft the kind of preflightWhere A is quantity of half-open intervals in
preparation defining network model oftime period during which according to the
corresponding  technological  process itechnological schedule preparatiosth SBA to
specified. Each technological operatiortart is carried out;

provided by network model, the category of its o (k) is the step-function, which values
potential executors (experts) is compared. !

It is necessary to define terms of performand@daracterize - quantity of —experts ofj -th
of works on preparation for start of eatith category necessary for performance of works on
aircraft, i 1 , in the conditions of limitation of Preparationi -th aircraft to start ork -th interval

structure of technical positions and direcd¢nder the account. _
executors of works. 6) the description of an available manpower

The considered period of timié,,t) breaks (Présence of experts ofj-th category),
. —  represented by set of step-functions
as A equals half-open intervaldt,, k=14,

renumbered by numbers of a natural number, F ={f,(K; jOJ; k=1)\},

since 1, and standard units of time playing ah £ 1h tessional .
role. The length of such pieces should b¥nereJ are set of the professional categories

multiple to standard durations of performance giecessary for per_fc_)rma_nce of the t.aSk on
works and technological intervals betV\Ieeﬁreparatlon all specified aircrafts to start:
them. J=UJd;

Based on real technological schedules of o
preparation aircrafts to start, length of pieces it f,(k) is the step-function, which values
is possible to choose equal 30 seconds. Th

) . . éﬁaracterize guantity of experts ofj-th
time characteristics of technological process g

. . . category, which can be involved in performance

preparation aircrafts to start qre defmid bgf works on preparation specified aircrafts to

number of the half-open intervalk™, giart on k-th interval of the considered

corresponding to the moment of the beginningplanned) period of time.

of performance of works ortth aircraft,i (11 . It is supposed that(TJiOl)(A<A) as
The initial data for the problem decision are:gtherwise the task a priori cannot be executed in
1) the initial moment of time, associable witharget dates.

the beginning of performance of works on Planning of technological processes of

preparation aircrafts to start and set by numbgfeparation for start of group of aircrafts

k, of a half-open interval; provides the decision of two primary goals:
2) setl of board numbers aircrafts, which are — Planning of performance of complexes of
necessary for preparing for start; works on preflight service of group of aircrafts

3) numbers of half-open interval® in asawhole;
— a variation of terms of performance of

which it is necessary to finish preparation eacfhnarate works within their reserve of time.
i -th aircraft to startj U1 ;

4) set J of the professional categories Algorithm of thedecision of aproblem
participating (according to corresponding of planning of complexes of works
technological schedule) in the course of Preliminary the sel of board numbers of
preparation -th aircraft to start; aircrafts, which are necessary for preparing for

5) the technological schedule of preparatiot@rt, is ordered in process of increase of the set
i -th aircraft to start, set by set of step-functionsnoments of time” :
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<t <.<t°<.<P<t’ f(k) is the step-function defined in a

h : ity of such aircraftn= range of values of discrete argumeatfrom 1
wherem |s'quant|tyo suc? alrcrgm—|||. _to A inclusive and characterizing quantity
To avoid two-level indexation, we will of experts of j-th category, remained not

consider that board numbers of SloeC'ﬁegsvolved in process of preparation aircrafts to
t

aircrafts -are initially ordered in process o art after consideration of all aircrafts previous
increase of the moments of time of their start. £ 1 -th

does not influence in any way progra . . .

realization of algorithm and results of DY consideration of the first under the
calculations, but will allow to present the giveffccount aircraft

sequence and the further constructions in more fOK) = f (K

simple form: J I

St s st=s.stU<t. . _
L For performance of operation of subtraction
Further in a cycle on parameteér=1,m of step-functions the third (built in) cycle on
following operations are carried out. parameterk is organized. However, unlike the
1. Gets out next (not considered still) aircraftraditional scheme of the organization of cycles
with a board numbei;1<i<m. On a board the given cycle provides change of values of

numberiand a current condition of aircraft isparameterk from the top border of a rande’

defined a kind of the technological scheddle 0 the bottom bordek® -4 +1 inclusive with

of gs pl\lri;r)nagztr|ocr:ffcz Sr:ZIrft-'open intervak® to negative step -1 (t'hat is, towards decrease of
- . _values of a loop variable).

which possesses set time of end of its gych approach is caused by that at the given

preparation for start is fixed,” O At,; . statement of a problem is logical and expedient
3. The subsetJ of the professional to make a start from set time of the termination

. of performance of works on preparation
categories necessary for performance of Woriéslrcrafts to start, instead of from possible (and
on preparation -th aircraft to start is defined. ’ P

4. The subset of the step-functions describin;é:géeesincertain) time of the beginning of this

presence of executors of works (expertsy, h | f th
necessary for preparationth aircraft for startis - For €ach value of the parar.n.etekr.
formed. changed fromk® to k° —A +1, the condition is

5. In the second (internal) cycle on parameteonsistently checked:

jDJIi subtraction of step-functions is 5. (k)2 0. (1)
consistently made: :
T ) If the condition (1) is carried out for
O (k)= fk)-d (k=K +A);
()= 170070, (k= K+A) everythingk O{k® =\, +1,...,K} after end of
k=k®-A +1k®, all iterations of the third (built in) cycle step

: : _ _ function is formed:
where J; (k) is the step-function, defined in a

range of values of discrete argumehtfrom fj(')(k)‘CE(k)

k®-A +1 to k® inclusive and characterizing ' for KO{KE=+]..., &
difference between available and necessary (for f'”(K)={ .
performance of works on preparation-th fOK) ’
aircraft to start) quantity of experts of -th for k1 }I}\{Kg_ )+ 8

category;
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then the second (internal) cycle for the Reduction of valuek® on 1 can repeatedly

following parametej0J; Is realized. be made. The fourth (built in) cycle on the

If the second (internal) cycle is realized fop, 3 meterk’ which values can change in limits
everything j 0J; transition to the first (external) from k® to with A, step—1 is for this purpose

cycle for the following parameten Il is .
carried out. organized.

If the first cycle is realized for everything The further reduction of valuek® is
i01 the conclusion of results of the decision ofhadmissible, as it will lead to an exit of the
a problem then computing process comes to thitoment of the beginning of performance of
end is carried out. works on preparation for staitth aircraft for

7. If for any value of parametek the the bottom border of the considered (planned)
condition (1) is not carried out, it means that operiod of time.

k-th interval of time the necessary quantity of Tha first (maximum) valuek' of a loop

experts ofj -th category exceeds available.  \5iaple at which the condition (1) is satisfied,
In this case following actions are carried outcan pe demanded at a conclusion of results of
The four of target messages is fixed angycylations. Therefore it is necessary for fixing

broughtin a special file: in the form of parametek® to which before the

{i", 1, kl,éi'y( K)} first realization of the fourth (internal, built)ia
wherei' is board number of aircraft considere&yCIe It 'CS apEropnated maximum of possible
at present time: values: kK~ = k" . If for the minimum value of a

j' is considered professional category; loop variable k' = A the condition (1) is not

k' is number of an interval of time, on whichcarried out, on the screen the message on
9, (k') <0. impossibility of performance of the task with

This information subsequently (if it will instructions of the reasons is deduced. On it
appear what to carry out the put task in targépmputing process comes to the end. The
dates it is impossible, and it will be necessary @ffered numbering of cycles not absolutely
specify the reason of it) it can be demanded féprresponds to logic of algorithm. After all in
formation of the target message under the formsituations wheng, (k) <0, the next value of
«At scheduling on preparatioii-th aircraft to

; ¢ parameterigC which then acts as the top border
start on an interval of tim&t, shortage of

N } , f of a range of values of parametkr at first is
experts of j'-th category in quantit,. (k) of  fixed. Therefore it turns out that the third cycle

the person was found out». Hemdt,— an (onk or k') is built in the fourth (ork®).

interval of time corresponding t&' half-open Computing process comes to the end in two
interval. cases:

Number of a half-open intervdt® in which — after a binding of technological schedules
it was supposed to finish preparationth ©Of Preparation of all aircrafts specified in the

aircraft to start, decreases on 1 then the secdfgk, by real time within the set period (positive

is repeatedly realized (internal, built in) a cycleg®sult); _
since point 5. — after an establishment of the fact of

The logic of the given action is that. Ifimpossibility of performance of works on
because of limitation of number of experts it i§reparation for start of one of aircraft, specified
not possible to prepare aircraft for a statft the task, within the set period of time
precisely by set time, it is possible to try tdnegative result).
begin spadework before the maximum term to The positive result is characterized by
avoid "peak" employment of technicians. following mathematical objects:
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— set of numbers of half-open intervals of Algorithm of avariation of terms
time {k®;i0I} to which should possess the Of performance of works
moments of the termination of performance of The problem of a variation of terms of

works on preparation aircrafts to start; performance of separate works dares after on
— a set of step-functions some k-th half-open interval of time shortage
L of experts of j-th category necessary for

FO={f"K; jO0J k=1A}, performance of works on preparation for start

i -th aircraft is found out. The fact of shortage of
where f{™(k) — the step function defined in aexperts is reflected by condition default:
range of values of discrete argumeatfrom 1 9;(k)20.
to A inclusive and characterizing quantity of Let R— set of works which should be
experts of j -th category, remained not involvedexecuted in the course of preparation of group
in technological processes of preparation fdif aircrafts to startk” and ki~ numbers of
start of all aircrafts specified in the task. half-open intervals to which possess the

The set{k®;i01 }allows defining numbers moments of time of the beginning and the
’ termination of performance ofr-th work,

k™ of half-open intervals to which should;gRr, a - quantity of the half-open intervals
possess the moments' of the beginning of characterizing standard duration of performance
performance of works on preparation off -th work, b — quantity of the half-open

everyone aircraft to start; intervals defining a reserve of time of-th
work.
k" =k —A, +1; t" DA, . The algorithm of a variation of terms of

performance of works provides consecutive
On valuest™; il and on the basis of performance of following actions.
technological schedules time parameters of eachP€finition of a subset of the work,; (k),
separate work are calculated. which are carried out in the course of

On the basis of sgE™ is defined set preparationi -th aircraft to start by experts of
L | -th category ork -th interval of time:
G={g(R; jOI k=1}

R(K={rOR :k' < k< K},
of step-functions, each of which is defined in , ,
a range of values of discrete argumkntrom 1 Whe.re R s set of works, which sho‘gld be
to A inclusive and characterizes quantity ofarried out in the course of preparatiorth
experts of j-th category which should pedircraft to start experts of -th category.
involved in performance of works on Allocation in R;(k) subsets of the works

preparation aircrafts to start: RjC(k), which terms of performance can be
K= f(K)- f™(K: jOI: k=14 . shifted .(at the' expense of an available reserve)

g]( ) '( ) ! (K: ] . along time axis to the left so that these works
At reception of negative result on the screep@me to the end otk -1)-th interval:

the message on impossibility to plan C L) = ‘bh> K — K+

performance of works on preparation for start of R (k) ={r0 R( ¥ b= K k3.

all specified in the task aircrafts in the set t&yrm Check of potential possibility to eliminate

and also the information concretizing theleficiency of experts ofj -th category onk -th

reasons of such conclusion (listed in point 7 dfterval of time by change of terms of
the given algorithm) is deduced. performance of works.
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If ‘Rf(k)‘ <|8; ()|, such possibility does not ~ Conclusion
exist. It is proved that planning of technological

In this case realization of the given algorithniProcesses of preparation for start of group of
stops. aircrafts generally consists of two stages.

Otherwise the following point of algorithm is , ON the first of them planning of performance
carried out. of complexes of works on preflight service of

The choice of the works, which terms ofoUP of aircrafts_ as a whole is ca_rrieq out.
performance are subject to ch’ange erms of the beginning and the termination of
o . ) performance of all necessary technological

If | R (k)| =[5, ()|, (to shift to the left along gnerations are as a result established. At the
time axis) terms of performance of all worksecond stage realized in case of deficiency of
r ORC(K) are subject to change. resources, demanded for timely end of preflight
’ preparation of group of aircrafts to start, is

If \ch(k)\ >| 8, ()|, those get out of a carried out procedure of a variation of terms of

subseR°(k) such WOI’kS‘ 5 (k)‘ which to the Performance of separate works within their
! ! ’ reserve of time. The considered problems

greatest degree satisfy to the set criterion. belong to the class of problems of decision-
Possible criteria of a choice of works for thenaking and, hence, have optimizing character.

subsequent shift (to the left along time axis): Computing experiments have proved that the
— a minimum of size of shift: resulted algorithms allow finding close enough
min{kX —k+1‘ rORC(W)} ; to optimum admissible decisions of the

considered problems in all cases, when such
decisions objectively exist. However multiple
rDRf(k)}; character of a problem of planning of

— a maximum of a reserve of an operatin chnological processes of preparation for a start

time which remains after change of terms of it f group of alrc_rafts bas!ng gives the grounds to
performance: consider expedient continuation of researches in

— a maximum of a reserve of time:
max{b,

a direction of working out of the mathematical
max{b, - (k ~k+1)| r ORF (K} - models focused on application to the decision of
Updating of terms of performance of works listed problems of effective optimizing
e algorithms, realizing strategy of the directed
rORj(k): k' =k-a; search of variants.
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