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ABSTRACT

Estimation of the view factors between two surfaces is an important problem in
radiation heat transfer with many applications in building physics. They are used to determine
the energy exchanged between various building surfaces. Examples that may be cited here are
emitting and absorbing walls of buildings, ceiling and floor areas, PV panels, horizontal and
inclined roofs. There are different approaches to solve this problem — some of them are
analytical, others — numerical. The examined surfaces can be parallel or non-parallel, that share
or not share a common edge. Some basic view factors for different geometries are included in
the online or printed catalogs. Other view factors can be derived from the basic VF with the
help of View Factor Algebra that includes some fundamental relations between view factors.
The aim of this article is to present equations for the most necessary derivative view factors
between parallel and non-parallel rectangular surfaces. The source of four VBA functions is
included to help in the calculations of view factors between rectangular surfaces in general
arrangements.

1. Introduction
Estimation of the view factors between two surfaces is an important problem in

radiation heat transfer with many applications in the determination of the energy exchanged
between various building surfaces.
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There are different approaches to solve this problem — some of them are analytical,
others — numerical. The examined surfaces can be parallel or non-parallel, that share or not
share a common edge. Some basic view factors for different geometries are included in the
online or printed catalogs [1]. Other view factors can be derived from the basic VF with the
help of View Factor Algebra that includes some fundamental relations between view factors.
The aim of this article is to present equations for the most necessary derivative view factors
between parallel and non-parallel rectangular surfaces.

2. Analysis

2.1. Radiation exchange between any two surfaces

For any two black surfaces the thermal radiation exchange is given by Eq. (1):

Q.= 0(114 _T24)A1F1—2 = cj(Tz4 _T14)A2F2—1 : M)

Within Heat Transfer terminology the term F_, is known as "configuration factor” (CF).
There are also other names for the latter such as "view factor”, "geometry factor”, "angle
factor" or "shape factor”. For any two elemental surfaces such as those shown in Fig. 1, Fy,is

given as Eq. (2):

1 cos ®, cos @
A, 22,[ I%d%d/ﬂ’ 2

where R is the distance between both differential elements dA; and dA,; A; and A, are the faces
of both surfaces; ®; and @, are the angles between the normal vectors to both differential
elements and the line between their centers.

!

[0}

~
=

fu

Fig. 1. Defining geometry for configuration factor [1]

In addition, to thermal radiation exchange, view factor also finds its application in the
assessment of building cooling load and the design of solar thermal collector and photovoltaic
systems where the amount of incident solar energy from the sun, sky and ground reflections
sought. The concept of view factors assumes that emitting is uniform (isotropic).

The fundamental integral for two rectangular surfaces A; with dimensions a x b and A,
with dimensions ¢ x d is Eq. (3):
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_1lca ¢b c d COS®, cosD,
F,= b Jxlzo Iylzo '[Xz -0 JYz -0 —anz Y, dx, dy; dx . 3)

2.1.1. Orthogonal case

One of the most revered sources of reference for configuration factor is the text of
Siegel and Howell [2]. It contains a catalog of configuration factor for different geometries.
The cases, which find ready application with respect to building services, are two rectangular
parallel surfaces and surfaces that are perpendicular to each other.

Fig. 2. Two orthogonal surfaces with one common edge

For two perpendicular rectangular surfaces with a common edge b (Fig. 2), the resulting
integral is Eq. (4):

1 qa b c b %%
F1_2 - EIXI:OJyI:OJXZ:OIyZ:O T[;I:xlz N )(22 N (yl . y2)2 :|2 ddexzdyld)& . (4)

The view factor — solution of this integral, is Eq. (5), where N=c/band L =a/b [3]:

41 11 . 1
Ltan 1(—)+ Ntan™ (—j ~ N2 5 2tan {—]
1 L N \IN2+L2

Ro=— - (9

L 2 2 2 2 2 2 2 2
T +E n 1+L)A+N%) 2 L“@+N°+L%) A N2In N1+ N°+L%)
4 1+ 12 + N2 1+ %)L+ N?) @+ N?)(N% +12)

2.1.2. Tilted surface

A more generalized version of the above case is, however, the one where the two
surfaces A; and A, are not perpendicular to each other, as shown in Fig. 3.

This generalized case once again has many applications such as solar energy reflected
off ground and incident on a sloping roof, solar thermal water or air collectors or indeed
photovoltaic modules.

The integration of Eq. (2) for the case under discussion is rather involved. It does not
lead to an exact solution, as was provided for the special case of ® = 90° — see Eq. (5). It rather
leads to a partial, analytically integrable, one part, and the other part that is only numerically
obtained.
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Fig. 3. Two rectangular surfaces with one common edge and included angle of @

If we apply Eqg. (3) to two rectangular surfaces A; with dimensions a x b and A, with

dimensions ¢ x b, with angle ® between them (Fig. 3), then p =z — ® and the resulting integral
is Eq. (6):

L2
1 b b sin“
Fio :Ejzzojy :o.[i :ij -0 v Sy, ddyydx . (6)
L 1r[><12+x22+2x1x2 cos[3+(y1—y2)2J

The solution of this integral is Eq. (7),
C=A24+B2_2ABcos® and D =1+ AZsin? & [4]:

—ssz(D{ABsindH(g—fbj(Az + BZ)+ B2 tan_lt—A_ B°°S®j+

where A=c/b,B=alb,

Fip=

i Bsin®

_ .2 2 2
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The last part of Eq. (7) is unsolvable integral. This explains why a complete analytical

solution of Eq. (6) does not exist. The view factor F., can be estimated partially analytically,
partially numerically.
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2.1.3. Parallel surfaces

For two parallel directly opposite rectangular surfaces (Fig. 4), Eq. (3) will have to be

modified  with  these values of R= \/(xl %)+ (-, +(z-2,)*  and
cos®, =cos®, =c/R . The resulting integral for the estimation of VFy, is Eq. (8):

b 1
] dy,dx,dy,dx . (8)
nabjxl ijl I Iyz0[()&_)(2)2+(yl_y2)2+(21_22)2f 2 1

Y‘_“’_’\

Fig. 4. Two parallel directly opposite rectangular surfaces

The configuration factor — solution of this integral, is Eq. (9) [5], where X = a/ ¢ and
Y=b/c:

. X ) Y
X 1+Y2tanl[—]+Y 1+X2tan1£—J
E g L2 V1+Y? NG )
RO axy 1 1 (1+x )1+Y?) .
~Xtant (X)-Ytand (Y )+ In| S22
1+ X°+Y

2.2. View factor algebra

The view factor algebra is a combination of basic configuration factors between
surfaces with different geometries and some fundamental relations between them [1]:

Superposition rules: Two superposition rules could be defined for the view factors to
surfaces. They help to estimate the view factors which cannot be evaluated directly.

Rule 1: The product of the view factor F;_; from a surface i to surface j and the area A;
of surface i is equal to the sum of the products of the view factors from the parts of surface i to
surface j and their areas.

N
Raif =2 RoiA, (10)
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Rule 2: The view factor F;_; from a surface i to surface j is equal to the sum of the view
factors from the surface i to the parts of the surface j.

N
R :Z:l':i—jk : (11)

Summation rule: The sum of the view factors from a given surface in an enclosure,
including the possible self-view factor for concave surfaces, is 1.

Reciprocity relation: A reciprocity relation between two opposite view factors of two
isotropic emitting / receiving surfaces exists and allows the calculation of a view factor from
the knowledge of its reciprocal:

AF_j=AF- (12)

Bounding: View factors are bounded to 0 < F;_; < 1 by definition.

3. Analysis of configurations

The aim of this article is to present equations for the most necessary derivative view
factors between parallel and non-parallel rectangular surfaces. Thus we will study different
configurations of two rectangles, which are parallel or non-parallel.

3.1. Configuration 1

Let us have two rectangular surfaces i and j with a common edge and let each of them
have three rectangular parts: A,,=A+A +A; and A., 5 =A. +A. + A (Fig. 5). Let us

apply VFA to estimate view factors between the parts of both surfaces — separately or in
combinations.

Fig. 5. Configuration 1 — two rectangular surfaces, subdivided into 3 parts,
with one common edge

If we apply the Eq. (3) to the surfaces in this configuration, we could represent view
factors F,_;- and Fy.,- as quadruple integral in Egs. (13) and (14).
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If we compare last two Egs. (13) and (14) we could see the relationship between these
view factors — Eq. (15):

bF, ;. =eF .. (15)

This relationship, added to the other relationships between the view factors, can help us
to compute derivative view factors like F,, -, etc.

1 e b
E == E ion+——FE .. ——F, . |.
1,2-1 2( 12102 T oy ' et p 2—2)

The view factors Fi, 1:5, F1 ;- and F,,- are basic view factors, they can be estimated
with Eqg. (7). The equations of the other derivative factors are estimated with the help of K
terms, which are defined by K, = A, F,_,, - The results, expressed in K term, are arranged in
Appendix Table Al. On their base the equations of derivative VF, presented in Appendix Table
A2, are prepared.

(16)

3.2. Configuration 2 — generalized case for non-parallel rectangles

Let us have two rectangular surfaces with a common edge, separated by given angle ¢,
and let each of them have six rectangular parts: A,sse =A +A +A+A +A +A; and
Aogase =A+A+A+ AL +A+ A (Fig. 6). We applied the resulting equations from
configuration 1 and view factor algebra and proved in [6] the Eq. (17) for the estimation of
derivative view factor Fy_3- for an inclined receiving surface. There term K(m)2 = AnFnem

Fig. 6. Configuration 2 — generalized inclined-rectangle arrangement. The VF of part 1 of surface
Aoas56 to part 3’ of surface A;»:3:45¢ Can be estimated with the help of view factor algebra
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K(123456)2 a K(1256)2 - K(2345)2 * K(25)2 ~Kuse-a2zase)
1] TKe6)-2'5'6) + Kas)—(2:34'5) ~ Ks_(2'5) ~ Kir23as6)—(a'5'6)
AR =5k +K -K +K ' (17)
(1256)-(5'6) * (2345)-(4'5) ~ (25)-5' T 1 4 5 62
Koo ™ Fasp T p

This equation is presented in [7] for two perpendicular surfaces.

3.3. Configuration 3 — generalized case for parallel rectangles

Let us have two directly opposite rectangular surfaces and each of them has 9
rectangular parts in three rows with the same size for both surfaces: A =A., A, =A,. etc.

(Fig. 7).

b/
o
/4@ As As:
1 A Az
/b ) A-—'r' ) A4’
| Az A1
a A5 ‘A ;AF
: 9 As’
A ,
/f ° As As As’
,% A7 A7

p" c —

Fig. 7. Configuration 3 — two parallel surfaces subdivided horizontally and vertically into 9 parts

The final result for the view factor F; , is as follows in Eq. (18) [8], where all
participating variables are basic view factors:

K ,—K ,—K , +K ,—K 2
(1234567897 (2345897 (1256787 (2587  (4567.89)
P37 = Ay Kassor T Keore?  Nee? Kuzaaser TN eaas? TKuaser 12010

“Kesp TKaser Kusz ~Kesr o2

This result is given in this final form in [7] also and can be useful for uniform emitting
and reflecting surfaces.
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4. VVBA source code

The Egs. (7), (17) and (18) were used to develop VBA source code to estimate view
factors in any configuration of parallel or non-parallel rectangular surfaces. The contents of the
VBA functions are listed below.

4.1. VBA source code for estimation of VF for non-parallel rectangles in
generalized arrangement

Two VBA functions for estimation of VF for non-parallel rectangles in a generalized
arrangement are presented below. The first of them (Function VF_Incl_Rect To Hor_Rect)
estimates the view factor from a rectangle to an opposite rectangle with an included angle of ©
between them (Fig. 3), using Eq. (7). The next function (Function VFactorl3) calculates the
view factor between rectangular surfaces in a generalized arrangement, as described in section
3.2 (Fig. 6), using Eq. (17).

For arguments al=0 and c1=0 the view factors, as described in section 3.1 (Fig. 5),
could be calculated.

" View Factor from a rectangle to an opposite rectangle with included angle of @ between them
Function VF_Incl_Rect_To_Hor_Rect(bb As Double, cc As Double, _
aa As Double, Fi As Double) As Double
Dim a As Double, b As Double, ¢ As Double, d As Double, VF As Double, Pi As Double
Dim Sum As Double, i As Integer, Nz As Integer, stepB As Double, z As Double
Dim CosFi As Double, SinFi As Double, Sin2Fi As Double, t As Double
If bb <> 0 And aa <> 0 And cc <> 0 Then
Pi = Application.Pi()
CosFi = Cos(Fi): SinFi = Sin(Fi): Sin2Fi = Sin(2 * Fi)
a=cc/bb:b=aa/bb
c=a”2+b"2-2*a*pb*CosFi:d=Sqgr(1 +a”2*SinFi”2)
VF =-Sin2Fi/ (4 *Pi*b) * _
@*b*SinFi+(Pi/2-Fi)*@"2+b"2)+b"2*Atn((a-b*CosFi) _
/(b * SinFi)) +a” 2 * Atn((b - a * CosFi) / (a * SinFi)))
VF=VF+SinFin2/(@4*Pi*b)*_
((2/SinFin2-1)*Log((1+a”2)*(1+b"2)/(1+c))+_
br2*Logb™2*(1+c)/c/(1+b"2))+ar2*Log@a”2*(1+an2)"Cos(2*Fi)_
/c/(1+c)”Cos(2*Fi)))
VF=VF+1/Pi*Atn(1/b)+a/(Pi*b)* Atn(1l/a) - Sqr(c) * Atn(1/ Sqgr(c)) / (Pi * b)
VF = VF + SinFi * Sin2Fi / (2 * Pi *b) *a *d * (Atn(a * CosFi / d) + Atn((b - a * CosFi) / d))

Sum =0: Nz = 1000: stepB =b / Nz
Fori =1 To Nz 'unsolvable integral
z=(i-0.5) *stepB
t=Sgr(1 +z "2 *SinFi " 2)
Sum = Sum + t * (Atn(z * CosFi / t) + Atn((a - z * CosFi) / t))
Next
Sum = Sum * CosFi * stepB / (Pi * b)
VF_Incl_Rect_To_Hor_Rect = VF + Sum
Else
VF_Incl_Rect_To_Hor_Rect=0
End If
End Function
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Function VFactor13(al As Double, a2 As Double, c1 As Double, c2 As Double, _
e As Double, b As Double, f As Double, Fi As Double) As Double
Dim VF As Double
VF=0
VF=VF + (e+b+f)*(al +a2) * VF_Incl_Rect_To_Hor_Rect(e + b +f, c1 + c2, al + a2, Fi)
VF=VF +b*al*VF_Incl_Rect_To_Hor_Rect(b, c1, al, Fi)
VF=VF +b*(al +a2) * VF_Incl_Rect_To_Hor_Rect(b, c1 + ¢2, al + a2, Fi)
VF=VF- (b+f)*al*VF_Incl_Rect_To_Hor_Rect(b + f, c1, al, Fi)
VF=VF- (b+f)*(al +a2) *VF_Incl_Rect_To_Hor_Rect(b + f, c1 + c2, al + a2, Fi)
VF=VF-b*(al +a2) * VF_Incl_Rect_To_Hor_Rect(b, c1, al + a2, Fi)
VF=VF-b*al*VF_Incl_Rect_To_Hor_Rect(b, c1 + c2, al, Fi)
VF=VF + (b +f) *(al + a2) * VF_Incl_Rect_To_Hor_Rect(b + f, c1, al + a2, Fi)
VF=VF + (b +f) *al * VF_Incl_Rect_To_Hor_Rect(b + f, c1 + c2, al, Fi)
VF=VF-(e+b+f)*al *VF_Incl_Rect_To_Hor_Rect(e + b +f, c1 + c2, al, Fi)
VF=VF-(e+b+f)*(al +a2) * VF_Incl_Rect_To_Hor_Rect(e + b +f, c1, al + a2, Fi)
VF=VF- (e +b)*(al +a2) * VF_Incl_Rect_To_Hor_Rect(e + b, c1 + ¢2, al + a2, Fi)
VF=VF + (e +b)*al * VF_Incl_Rect_To_Hor_Rect(e + b, c1 + c2, al, Fi)
VF=VF + (e +b)*(al + a2) * VF_Incl_Rect_To_Hor_Rect(e + b, c1, al + a2, Fi)
VF=VF+ (e+b+f)*al*VF_Incl_Rect_To_Hor_Rect(e + b +f, c1, al, Fi)
VF =VF - (e + b) *al * VF_Incl_Rect_To_Hor_Rect(e + b, c1, al, Fi)
VFactorl3=VF/(2*a2 *e)
End Function

4.2. VBA source code for estimation of VF for parallel rectangles in
generalized arrangement

Other two VBA functions are presented below. The first of them (Function
VF_Vert_Rect) estimates the view factor from a rectangle to a directly opposite parallel
rectangles at distance ¢ between them (Fig. 4), using Eq. (9). The next function (\VVFactor_v13)
calculates the view factor between two parallel rectangular surfaces in generalized
arrangement, as described in section 3.3 (Fig. 7), using Eq. (18).

' View Factor from a Vertical Rectangle to Opposite Vertical Rectangle
Function VF_Vert_Rect(a As Double, ¢ As Double, d As Double)
' ¢ is distance between both rectangles
Ifa<>0Andc<>0Andd<>0Then
VF_Vert Rect=2/(a*d* Application.Pi()) * (a* Sqr(c*2+d"2) * _
Atn(a/Sqr(cr2+d"2)+d*Sgr(@”2+c”2)*Atn(d/Sqr(a”2+c”"2))_
-a*c*Atn(@/c)-c*d*Atn(d/c)+c”2/2*Log((@”"2+c"2)*_
(cr2+dnr2)/cr2/(@r2+cr2+dN2)
Else
VF_Vert_Rect=0
End If
End Function

Function VFactor_v13(al As Double, a2 As Double, a3 As Double, _
bl As Double, b2 As Double, b3 As Double, ¢ As Double) As Double

Dim VF As Double

VF=0

VF=VF + (al + a2 + a3) * (b1l + b2 + b3) * VF_Vert_Rect(al + a2 + a3, ¢, bl + b2 + b3)

VF=VF - (al + a2 +a3) * (b2 + b3) * VF_Vert_Rect(al + a2 + a3, c, b2 + b3)

VF =VF - (al + a2 + a3) * (b1 + b2) * VF_Vert_Rect(al + a2 + a3, c, bl + b2)

VF=VF + (al + a2 + a3) *b2 * VF_Vert_Rect(al + a2 + a3, c, b2)
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VF =VF - (al +a2) * (b1 + b2 + b3) * VF_Vert_Rect(al + a2, ¢, bl + b2 + b3)
VF =VF + (al + a2) * (b2 + b3) * VF_Vert_Rect(al + a2, ¢, b2 + b3)
VF =VF + (al + a2) * (b1 + b2) * VF_Vert_Rect(al + a2, ¢, bl + b2)
VF = VF - (al + a2) * (b2) * VF_Vert_Rect(al + a2, c, b2)
VF =VF - (a2 + a3) * (b1 + b2 + b3) * VF_Vert_Rect(a2 + a3, ¢, bl + b2 + b3)
VF = VF + (a2 + a3) * (b2 + b3) * VF_Vert_Rect(a2 + a3, ¢, b2 + b3)
VF =VF + (a2 + a3) * (b1 + b2) * VF_Vert_Rect(a2 + a3, ¢, bl + b2)
VF =VF - (a2 + a3) * (b2) * VF_Vert_Rect(a2 + a3, c, b2)
VF =VF + (a2) * (b1 + b2 + b3) * VF_Vert_Rect(a2, c, bl + b2 + b3)
VF =VF - (a2) * (b2 + b3) * VF_Vert_Rect(a2, c, b2 + b3)
VF =VF - (a2) * (b1 + b2) * VF_Vert_Rect(a2, c, bl + b2)
VF = VF + (a2) * (b2) * VF_Vert_Rect(a2, c, b2)
VFactor v13=VF/ (4 *al *bl)
End Function

5. Conclusions

This article presents the equations for the most necessary derivative view factors
between parallel and non-parallel rectangular surfaces. They are based on the basic view
factors between parallel or non-parallel rectangles and on the superposition rules and
reciprocity relation that are parts of View Factor Algebra. The source of four VBA functions is
included to help in the calculations of view factors between rectangular surfaces in general
arrangements. These view factors can be used to estimate exchanged energy between the
emitting and absorbing walls of buildings, ceiling and floor areas, PV panels, horizontal and
inclined roofs.
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APPENDIX

Table Al. Equations of derivative view factors in K term

Derivative view factors Equation
Fir, Fao, Faz, Fio, Faszr s, Fioar2s and the opposite Fioyq, Fyo, Fios,
Fi 212, Fa 323 Fiop 3123 are basic view factors, estimated with Eq. (7).
1
Ky = E( Kioao —Kig - K2—2') (A1)
Kig = (K123 123 Koz oy Koot Kz-z') (A2)
Kog = (K1212 K1—1"K2—2') (A3)
1
Koz = E(Kz,s—z',ex —Kg g = Kz-z') (A4)
K 1
31 5( Koz Kogog ~Kiogot K2—2'> (AS)
1
Ky o = §(K2,3—2',3' Ky g - Kz—z') (A6)
1
Kppo = 5( K212t Kpg— K2—2') (A7)
Kiog = (K123123 Koz2:3: K11) (A8)
Kogor =5 (K1212 K11+K22> (A9)
Ko 23 (Kzs 213~ N33 +K272'> (A10)
Keao = (K123123 K212~ K3—3'> (A1)
1
Ks 213 = 5( Koz23 Kz~ Kz—z') (A12)
1
Kiroa = E(K1,2,3—1',2',3' Kozt K1—1') (AL3)
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1

Korrng = 5( Kioao Koz 00g —Kig = K3—3') (A14)
Kaq23 = %( Kiza123 ~Kiaaot K373') (A15)
Ko = %( Kio1o+ Ky — Kz—z') (A16)
Koo = %( Koo —Kig Kz—z') (AL7)
Koz = %( Ki2z123 Koo = K3—3') (A18)
Koga = %( Kigsr23 Koz~ K1—1') (A19)
Koga = %(Kz,s—zze,' —Kgpt Kz-z‘) (A20)
Kozg = %(Kz,s—z',a' +Ky g - K2—2') (A21)
K23 = %( Kigza2a K +Kp - K3—3') (A22)
Koga2 = %( Kioga2 ~Kig +Kp o - Ks—s') (A23)
Kio123 = %( Kios 1,23 TKiogo — K3—3') (A24)
Koga23 = %( Koz 123 +tKog 213~ KH') (A25)
Ki231 = %( Kioz123 ~Kogpat K1—1') (A26)
Kioz2 = %(Ki,Z—l‘,Z' Koz 003 Ky - K373') (A27)
Ki233 = %( Koz 123 —Kiogot K3—3') (A28)
Ki2a12= %(K1,2,3—1‘,2',3' +Ki g - K3—3') (A29)
Ki2z23= %( Ki2a123 Koz 203~ K1—1') (A30)
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Table A2. Equations of derivative view factors

Derivative view factors Equation

Fi1, Faoy, Fasy Fiogop, Fazas, Fiosrrps and the opposite Fiog, Faoo, Fiog,

F1 212, Fo 323 Fiop 3123 are basic view factors, estimated with Eq. (7).

Ao = %(% Flogo—Fy _% Fzz'j (A31)
R 3= %(% Flosqg23~ b; f Fa 23 _¥ oo +% Fzz'j (A32)
Fop = %(% Flogo _E Fy- Fz-z) (A33)
F g = %(b; f Fo3 23 _% F3 3 - I:2—2'j (A34)
F3y = %[% Flosg2a b: f Pz 23 _eLfb oo +$ Fz-zj (A35)
F3 5= % ( bj; f Foz 23 —Fa _2 Fz-zj (A36)
Fyo= % (ﬂ Flogo+hy _E Fz—z'J (A37)
Rog = %(% Fosq12.3 _% Fo3 23— Fl—l'j (A38)
Fopo = %(% Floao _E 11 T Fz—z'j (A39)
F 23 = %[bz f Fo3 23 ‘% F3 3+ Fz—z'j (A40)
F3q2 = %(% Fos12.3 _e+b Foao— F3—3'J (A41)
F3 503 = % ( d : f P23 tha _2 Fz-zj (A42)
Ry = %(% Fos123~ b:, f Pz o3t Fl—l‘j (A43)
P13 = %(% Flogo+ % Fo3 23 ‘% Ry ‘% F3—3') (A44)
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F31',2',3':;{(: Rosi123 ‘# 12-1'2" +F3'J (A45)
Fioa —%(':12—1 2 eib 11 e_k:b 2-2 J (A46)
oo _%(F12—12 eib 11 e_t:b 2—2} (A4T7)
Floa = %(e(:_b Flos12a—Foae _ﬁ F3—3'J (A48)
Foa- _%(bff Fos12sFsogs bjf Fl—lj (A49)
Foz o —%(Fm 2.3 b:f 3-3 +bEf Fz—zj (A50)
Fo33 —%(F2,3—2'3 b ff 3-3 th:f Fo J (AS1)
Foog = l(eib Ros12.3 e-e+b Ry +eEb FZ‘Z'_lerb I:3—3') (A52)
Fosa2 l(bff Fos12.3 bff Fl*1'+b4t:f Fzz"ﬁ':?,?,'j (A53)
Flogo3= 1(eib':123123+|:1212 leer33) (A54)
P13 = 1[bff':123123+':2323 bffFllj (AS5)
Flosq = %(':1,2,3—1',2',3' _¥ Pz 23 +§ ':1—1') (AS56)
Flos o :%(e%b Floao +b;f F32:3 z R :; F3—3j (AST7)
Fos s :%(':1,2,3—1',2',3' e;—b EPEIPY +; F3 3 j (AS8)
Flos12 = ;(F123 123" +e;r_b|:12 12 %F?;S‘j (A59)
Flos 23 = %(':1,2,31',2',3' +% P23 _2 Fll'j (A60)
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MMPOU3BOJHU U3I'JIEJHU ®PAKTOPU MEKAY YCIHOPE/IHU 1
HEYCIHOPEJIHU IMTPABOBI'BJIHUA ITIOBBPXHOCTHU

Cr. UBanosa', T. Mynup®

Knrwuosu oymu: paduayuonen moniooomen, uzeneoHu hpakmopu, ompazena paouayus

PE3IOME

OmnpenenstHeTo Ha U3TJICTHUTE (PaKTOPH MEXKIY IBE TIOBBPXHOCTH € BaXKECH MPOOJIeM B
pamualMoOHHUs TOINIOOOMEH 32 MHOT'O MPHUJIOXKEHHS B cTpouTenHata Gusuka. Te ce u3mon3sar
3a OMpeIeNsHEe Ha CHePTUsiTa, KOSATO Ce OOMEHS MEX/y Pa3InYHUTE CTPOUTEIIHH MOBBPXHOCTH.
TakuBa MMPpUMEPH Ca U3JTBYBAIINUTE U NMOTTbIIAIIN TOIIJIMHA CTCHU HAa CrpaJav, TaBaHU U MMOJAO0BE,
q)OTOBOHTaI/I‘IHI/I MaHeJIn, XOPU30HTAJIHN U HAKJIOHCHH IMOKPUBH. Hwma pa3JIMuHu MoAXoAu 3a
pcuiaBaHe Ha TO3U npo6neM — HAKOM OT T4X Ca aHAJIUTUYHHU, APYT'U — YUCIICHU. I/I3CHCZLBaHI/ITe
MOBBPXHOCTU MOTaT ga 6'])}12[T yCnnop€aAHU WU HEYCHIOPECOHH, KOUTO MMAT WU HAMAT 061_112[
npeceyHa JUHUS. HKOM OCHOBHM W3IiieqHM (pakTopH 3a pasiMYHU IE€OMETPUYHU KOHDUTY-
palyy ca BKJIFOUCHH B OHJIAHH MM TIEYaTHU KaTajao3u. Jpyru usriaensHu (akTopu Ha U3LIena
Morar Ja ObJaT omnpe/elicHn Ha 6a3a Ha OCHOBHHTE M3IJCIHU (aKTOPH C MOMOIITA HA T.HAp.
View Factor Algebra, KosATO BK/IIOYBA HSKOM OCHOBHHU 3aBHCHMOCTH MEXIy H3IIICAHUTE
¢axtopu. Llenra Ha Ta3u CTAaTHs € Ja M3BEIC U NpeaocTaBu (GOPMYIIH 3a ONpEENsHE 3a Haii-
HEOOXOAUMHTE MPOU3BOAHHU (HAKTOPU MEKAY MapalieliHi W He-NapajelHU MPaBOBI'BIHU MO-
BBPXHOCTH. BKITIOUEHH ca M KOJOBEeTe Ha HAKOJIKO VBA QyHKIMM 3a u34MCisBaHEe HA pas-
rIeKAaHUTe 0a30BU M TIPOU3BOHU M3TJIEIHU (PaKTOPH.
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