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Abstract: In the article the statement of the problem of choosing the optimal
spatial arrangement of trails of the technological pipelines within the plant premises,
taking into account existing standards and design rules is considered.

For problem formalization we will make following assumptions: trace is made up
of the rectilinear fragments located to in parallel coordinate axes; initial and final points
of lines are combined with the centers of devices; points of transition from a floor on a
floor are combined with the centers of devices-sources of lines.

As a result of the decision of problems of a process equipments choice [1] and
placing [2] the initial information for tracing of technological communications is
received: N — quantity of devices; (x,-, y,-,z,-), i=1,2, .., N—coordinates of the centers

of devices; (ai,bi,ci), i =1, 2, .., N— overall dimensions of devices; (XC,YC,ZC) -

overall dimensions of an industrial premises.
Let's designate floor number through p . Then for a lining of pipelines parallel to

an axis OY level [U‘f*,UK ], and for the pipelines parallel to an axis OX level

[US‘*, US‘ ] is allocated. At each level of pipelines laid at no more than two rows.

Let's enter into consideration matrix F (3xL) for the characteristic of set of lines.
Here L — quantity of communications; fi; and f,; — numbers of the devices

connected by j -th line; f3; € {1,2,...,R} — number of a connecting network to which

possesses j -th line. We will characterize each line by a vector
T; = (x_,-o, Yj022j0sX 15V j15Z jlos X jk 1> Y jk ik )
where j=1,2,...,L — line number; (x 705V 052 jO) — coordinates of the beginning of a

line (i.e. coordinates of the center of the device f; j ); (xjk oYk jk; ) — coordinates of

the end of a line (i.e. coordinates of the center of the device f3;); (x jn>Y jnsZ jn),
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ne {1’ 2,5k _1} — coordinates of points of an inflection of a line; k; — quantity of

rectilinear fragments. Let’s consider conditions which should be executed at tracing of
pipelines. We will designate through m-number of a condition and we will unite all

lines for which the condition m in set M" is satisfied.

Condition 1. Lines from set M are laid within an industrial premise. Let d; —
diameter of the pipeline of j-th technological communications; /; — a thickness of
isolation of j-th pipeline.

Then for any jeMi and any n:O,1,2,...,kj there is

dj dj.
Sty Sxpy S Xty -lg -
J dj
7+lj+ld SyjnSYC_lj_ld_T; (1)
dj dj
Sty <z <zl -1y -

Condition 2. For any point of a inflection (xjn,yjn,zjn),n =12,...k; -1 of j-th

line ] e M~ , there is such number [o) that
[ ] [ py > ]
Zjn € Lp*’Lp U *’Lp . (2)

i.e. any point of an inflection of a line is in one of the levels allocated for a lining of
lines.

Condition 3. We take some horizontal fragment (xjn,yjn,zjn;xjnH,yjn+1,zjn+1)
of a line 7; e M 3. Then or x jn+1 # X, (the fragment is parallel to an axis), or

Yjns1 # Y ju (the fragment is parallel to an axis)

* *
ZjnZ jn+1 E[Uff*ﬂg ]A Zjns Z jus] E[US}*’US%/ ] 3)

This condition allows defining level of a fragment of a line depending on its
direction.
Condition 4. In lines possibility of occurrence of stagnant zones is excluded from

set M*. We will divide set M into two subsets: M f’ — pipelines on which liquids flow;

M g — pipelines for gases. If je M :,‘ then the pipeline line shouldn’t have local
minima; if jeM g then the pipeline line shouldn’t have local maxima. Hence, for any
jeM} and any m.m.n3 € {0’1’2’~--’kj} such that n; >n, >n3 that inequalities
zi —zi >0,z

Jny 2 jng jn3 = Zjny
This condition we will write down in the form of an inequality:

>0 can’t be carried out simultaneously.

, 4
zj,,l —zj,,2 > 0/\Zj,,3 —zjn2 >0,VjeM”,

Vn,ny,n3 e {0,1,2,..., kj}:n1>n2 > nj (4)
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Condition 5. A of condition not crossings of lines. Let j',j'"e M 3. We take any

points c'(xcv,ycv,zc-) € ij,c"(xcu,ycn,zcu) eln. We will define distance as

plc',c")= \/ (xp — xcn)2 +(yp - yc--)2 +(z0 — zcn)2 , then the condition 5 can be written
down in a kind
d ' d T
p(c',c")Z'];—']+ljv 1) e M. (5)

The condition 6 consists that lines from set M6 aren't crossed with columns of a
building construction. Let j € M 6 We take any point c'(xc. yc"Zc') € T;. The condition

6 can be written down in a kind

a;+d; _
( 2%+lj+ldJVUxK_J’c'

Condition 7. A condition of not crossings of lines with the placed devices. Let
j eM’. We take any point C'(xc',yc',zcv)e T;. Let further ie {1,2,...,N} — any of

b;+d

> > ! +1_,.+sz. (6)

X —Xq

numbers of the placed devices, excepting devices fi; and f,;, and S; — width of a
zone of service of this device. Then

a;+d; b +d
|xi—xc'|2 2 +S; 1+l v|y,~—ycv|2

5 f+si+zj+sz. 7

Condition 8. On conditions of production zones, forbidden for a lining of pipelines
should be provided. Let’s designate through (x,,, Vs Zy b7 =1,2,...,k,, — coordinates

of the centers of such zones; (am,l;m,Zm) — their overall dimensions. Then for all

je H® and any point c'(xc.,ycv,xcv) eT; itis had

ay +d; by +d;

Cp+d;
v(|§m—zc.|2%+lj+ld]. ®)

Condition 9. This condition is shown by safety precautions to pipelines with
explosive, combustible, inflammable and aggressive substances. Let Mgs (ds —
dungarees substances)— set of pipelines on which explosive, combustible, inflammable

substances are transported; M fa (aa — aqua’s aggressive)— set of pipelines on which
acids and other aggressive substances are transported. Let’s choose M = M3 UM, .

The pipelines entering into set M ? settle down as follows: if the distance between
points c'eT; € Mj, c"e T, e M, doesn't surpass the set size Iy, then z. > z.. Thus

for any points c'e T} eMj,c'e T, e M, itis had
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(ple'.c) <l ) A (2o 2 20 ))v (ple' ) 2 Ly, ). ©

Condition 10. The length of the pipelines united in set M 10" shouldn’t exceed in

advance set sizes o ;. Thus for any je M 10

k

<

+ )<, (10)

qxjnn —Xjp +‘yjn+1 ~Vin

0

Zln+1 ~— Zjn

n

As criterion of economic efficiency of the design decision we will consider cost of
capital expenses for a lining of pipelines

L
1= (510, +55,K,). (1)
J=1
where §j; — cost of unit of length of j-th pipeline; ¢; = Z ijn +1 X |+
n=0

) — length of j-th pipeline; S,; — expenses for technical

+‘yjn+l_yjn +‘Zjn+l_zjn

realization of one turn of the pipeline of j-th line; K; — quantity of turns in

J
J-th line.
Thus the problem of trace of technological communications can be formulated as

follows: to find Tj:(ijsijstO;le’yjl’Zjl;-~-;xjkj:yjkj’zjkj)sjzlaz’m’L S0

that conditions (1) — (10) have been satisfied and the criterion (11) reached a minimum.
The developed model is used by working out of information system of support of
design decisions on configuration multiassortment manufactures [3].

The work was carried out under a state contract Ne 02.740.11.0624 Federal
Target Program "Research and scientific-pedagogical personnel of innovation Russia
in 2009-2013".
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HNudopMannoHHO-I0rHYecKast MOJIeIb TPACCUPOBKH
TEXHOJIOTHYECKUX TPYOONPOBOI0B

C.A. Eroponl, K.A. ]J_Iapmmnz, nu.c. (I)ypcOBl, K.B. Hemrunos®

Kageopwi: «Asmomamusuposannoe npoekmuposanue mexHoaiocuyecKoeo
obopyoosarnusy (1); « Cucmemvl asmomamusupo8anHo20 npoekmuposanusy (2),
I'OY BIIO «TI'TY»; egorov@mail.gaps.tstu.ru

KuioueBble cjioBa U (ppasbl: aBTOMATH3UPOBAHHOE MPOCKTUPOBAHHE; HH(POP-
MAaIMOHHO-JIOTHYECKasi MOJIENIb; MaTeMaTHIeCcKasi MOJIeITb; TPACCUPOBKA TPYOOIIPOBOIOB.

AHHOTauMsA: PaccMOTpeHa MOCTAHOBKA 3a7a4d BHIOOpA OMTUMATIBHOTO MPOCT-
PAHCTBEHHOTO DACIOJIOKEHUS TPacc TEXHOJIOTMYECKUX TpyOOHmpOBOJOB B Ipenernax
MPOU3BOJICTBEHHOTO IIOMEIIEHHS C YyYETOM CYILIECTBYIOIIMX HOPM M IIPaBWJI MPOEK-
THPOBaHMI.

Informationslogisches Modell der Trassierung
der technologischen Rohrleitungen

Zusammenfassung: Es ist die Aufgabestellung der Auswahl der optimalen
Raumanordnung der Trassen der technologischen Rohrleitungen im Betriebsraum mit
Riicksicht auf die existierenden Normen und Projektierunsregeln betrachtet.

Modzéle logique informatique du tracé des pipe-lines technologiques

Résumé: Est examinée la mise du probléme du choix de ’arrangement spacial
optimal des lignes des pipe-lines technologiques dans les limites du local industriel
compte tenu des normes existantes et des régles de la conception.

ABtopbl: Ezopoe Cepezeii fIkosnesuu — TOKTOp TEXHWYECKHAX HAYK, Tpodeccop,
JIOLIEHT Kadeapsl « ABTOMaTH3UPOBAHHOE MPOEKTHPOBAHNE TEXHOJIOTHIECKOTO 000py-
nosanus»; llaponun Kupunn Anamonveguu — crynent; @ypcoe Hzops Cepzeesuu —
maructpant; Hemmunoe Kupunn Bnaoumupoeuu — crynent, [OY BIIO «TT'TY».

Penensent: Manvieun Eecenuiit Huxonaeeuu — NOKTOp TEXHUYECKUX HAYyK, IPO-
(eccop xadeapsl «ABTOMATU3UPOBAHHOE MMPOSKTUPOBAHUE TEXHOJIOTUUECKOTO 000py-
nosanus», [OY BIIO «TT'TY».
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