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Flat mechanical lift scissor type (parallelogram mechanism) is the General case
of n segments, each of them is formed by two hinged rods of length 1 (Fig. 1, 2). In prac-
tical implementation, the lift is designed to lift small loads, has two parts, connected
by horizontal bonds. Frequency of fluctuations of the cargo on the platform lift (not
shown) are synchronous. Thus, in this setting, the mechanism has one degree of free-
dom and one's own frequency of oscillations. To determine the stiffness of the system
will find the expression for vertical deflection of the structure, measured to the top.
We have the equation of Maxwell - Mohr considering Flexural and axial deformations

of rods.

Write the equations of equilibrium of rods and assemblies under the action of
forces P=1. The equation of moments of all forces applied to the terminal k with respect

to its middle has the form

DM, R h/2-Rh/2+2Pb/2=0, k=1,2,..n.

(1)
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Fig. 1. Lift, n=2 Fig. 2. Splitting. n=2

The equation of equilibrium of the nodes (Fig. 3, 4) in the projection on the co-
ordinate axis:

Node A:
Y F =S,sina—N,cosa—R,_, =0, (2)
D>'F, =S, cosa+N, sina—P =0, (3)
Node B:
> F, =-S,sina+N , cosa-R, =0, (4)

> F, ==S, cosa—N,sina+P =0,

R,,

Nt

Figure 3 k=1,...n Figure 4 Fig. 5.
The solution of the system (1-5) has the form
p((2k 2)cos® a —sin a)

Sy =(-1+2k)Pcosa, N,
sina

p(2k cos’ o —sin® )
sinx
The deflection of the structure will present consisting of two parts, deflection
due to longitudinal compression rods

3 2I/2 "N/ 2
AN 2 vk nk
(N)= Z EF kzll EF

N, = R, =2kpctga.
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and due to the bending A(M) = Zémk , where using Maxwell - Mohr and Veresh-
k=1
chagin' rule (fig. 6):

—4j—d| 12 |

JoEM =4—M M, =S /2.
2EJ 23 6EJ

By induction [1], it is possible to obtain a generalization of the result to an arbi-
trary number of partitions n:
AN)=— 6n(1+ (8n’ —2.2)c0505)PI2 AM) = n(4n® —1)I? pcosa
EF(cos” a -1) 18EJ
Thus, the oscillation frequency of the mechanism is determined by the formula
w=1/JmA,where A=A(N)+A(M) and P=1. In figure 8 the dependence of the os-

cillation frequency of the mechanism depending on the angle of the rods and the num-
ber of sections. The selected rectangular section (fig. 7) rods of steel (t=0.01 m, u=0.04

m): F=tu=0.0004, J =tu®/12=5.333-10°. Mass m=5 kg, modulus of elasticity
E =2.10°MIla (steel).

S # S
N T/m H‘\‘\ﬁ\ﬁ\\T -ya
Ve v
Fig. 6 Fig. 7
)
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0.044
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0.024
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Fig. 8

Analytical study of rigidity and vibrations of the lifts carried out in articles [2, 3].
Statics and dynamics of lifts, parallelogram mechanisms and pantographs are consid-
ered in papers [4-9].
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Derive the formula for the deflection of the truss (Fig. 1) as a function of the
number of panels. Earlier this problem was solved for plane trusses in [1 - 8] and spa-

tial [9 - 14].

Fig. 1. Truss at n=2
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The formula for the deflection of the truss will find in the system Maple, using
the method of cutting out nodes to determine the stresses in the bars and the formula

m-3
of Maxwell - Mohr A = Z:SiSiIi / (EF) to calculate the offset. Here EF is the stiffness of
i=1
the rods (same for entire truss), S; - the forces in the rods from the action of external
loads P, S;N; - the forces in the rods from the action of a unit vertical force applied at

the middle node of the lower belt, [; - the lengths of the rods. Summation is conducted
on the deformable member. In this structure, with n panels in half span, the number of
terminals, including the reference, is equal to m=6n+5. The summation is done only on
the deformable member (rigid support taken). To calculate the stresses in the bars we
use the algorithm [15] implemented in Maple system. Data entry into the program be-
gins with inputting the coordinates of the nodes in the truss. The origin is placed at the
left support. Here's the code

forito 2*n+1 do x[i]:=2*a*i-2*a: y[i]:=0:

x[i+2*n+1]:=2*a*i-2*a: y[i+2*n+1]:=b+c: od:

forito 2*n do x[i+4*n+2]:=2*a*i-a: y[i+4*n+2]:=c: od:

The structure of the lattice we define special vectors indicating numbers of
hinges at the ends of the rods. Stands are introduced by vectors

forito 2*n+1 do N[i+2*n]:=[i,i+1+2*n]; od:

The upper belt and braces have the following view

forito 2*n do

N[i]:=[i+2*n+1,i+2*n+2]; N[i+4*n+1]:=[i,i+4*n+2];

N[i+6*n+1]:=[i+1,i+4*n+2];N[i+8*n+1]:=[i+2*n+1,i+4*n+2];

N[i+10*n+1]:=[i+2*n+2,i+4*n+2];

od:

In the odd row of the matrix of equilibrium equations of nodes are introduced
guiding cosines of the effort on the horizontal axis, in even - vertical. Solution is found
in the symbolical form. The results from the two types of loads (main and unit) substi-
tute in the formula of Maxwell - Mohr.

Fig. 2. The deflection, L=20m
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Analyzing a series of solutions for trusses with different number of panels will
receive a sequence of coefficients, for which the methods of Maple will find the com-
mon members, the coefficients of the desired formula. Consider a special case, b=c. Ob-

tained the following expression: EFA = P(Ana3 + Bnb3 +F f 3)/b2, where a=L/(2n)

f2=a? +b? and coefficient A, =n(4n?-1)/3, B, =1-4n(L+n?)/3, C, =n(2n? +1)/3

The dependence of the deflection, referred to EF/(PL), the number of panels at
L=an=20 m is given in figure 2. [t is interesting to note self-intersection curves, which
demonstrates the ambiguity of the decision. At different heights farm deflection may
be the same as for the number of panels. A more complicated induction on two param-
eters is applied in [16-18]. In [19-20], the related works on the application of the
method of induction in the derivation of the analytical dependencies in the flat trusses.
The described algorithm can be used in optimization problems [21].
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PacueT ¢epMbl yallle Bcero npu CBOJAAT K aHa/IU3y YCUJIUN B KPUTHUUYECKHUX

(HauboJiee CXKAThIX UM PACTSAHYTHIX) CTEPKHAX U K BIYUCIEHHUIO Tporu6ba. Jlpyroi
Ba>XHOM XapaKTepPUCTUKOU depMbl SIBJISETCS 3aBUCUMOCTb CMellleHHsl MOJABUKHOMU
ONOpbI OT HAarpy3KH, pa3MepoB U uyucia naHeseid. PopmyJay AJisl TOPU30HTATBHOTO
CMellleHHS OMopbI MINpeHreJbHON pepMbl (puc. 1) HallgeM B cucTeMe Maple, npume-
HsIsl METOJ, BbIpe3aHUsl Y3JI0B AJisl ONpeJie/leHUs1 YCUIUN B CTEPXKHAX U POpPMYJy

m-3
MakcBeJsia - Mopa A = ZSi N.l. / (EF) nnsa Beruucienus cMelenus. 3aech EF - xecT-
i=1
KOCTb CTep>KHel (oArHaKoBasl JJisl Bcell pepMbl), S; — YCUIHA B CTEPKHAX OT Jlel-
CTBUS BHELIHEW HArpy3KU P, N; — yCUJIUS B CTEP>KHSAX OT JEUCTBUS €JUHUYHOU FOpHU-
30HTaJIbHOM CHUJIbI, IPUJIOKEHHOM K onlope, [; - AJIMHBI cTep>KkHel. CyMMUpOBaHMe Be-

JleTcs 1o e GOpMUPYEMBIM CTEPKHSM.
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Puc. 1. ®epma npu n=2

CumMeTpuyHas ¢pepMa COAEPNKUT N YCJOBHBIX MaHeJied B MOJIOBUHE MPOJIETA,
m=28n+4 cTepkHell BMeCcTe C TpeMs OMOPHBIMU ([Ba U3 HUX MOJIEJIUPYIOT IPaBYIO
HeINoJBU>KHYI0 IIIAPHUPHYIO ONIOPY, OAWH - JieBy10). B pepme 14n+2 y3/10B, AJ18 KOTO-
pPbIX MOKHO COCTaBUTb M ypaBHEHUN PAaBHOBECHS B MPOEKIMIX HA OCU KOOPJUHAT.
Jl/is1 cocTaB/IeHUS ¥ pellleHUsI TAKOUW CHUCTeMbl BOCOJIb3yeMcsl IporpaMMoii [1], anpo-
OMPOBAHHOM B psijJie pellleHUH aHAJOTUYHbIX 3a]a4 0 MPOorube maockux [2-15] u npo-
CTpaHCTBeHHbIX [16-17] pepmM. [IpuBenem pparMmeHT nporpamMmmsl AJis1 BBoJa KOOPAU-
HaT y3J10B pepMbl, HEOOXOAMMBIX [JIs1 BBIYUCJIEHUS HANPABJISIOUUX KOCUHYCOB YCU-
JIVM:

> forito 2*n+1 do x[i]:=4*a*(i-1): y[i]:=0: od:

> fori to 8*n+1 do x[i+2*n+1]:=a*(i-1): y[i+2*n+1]:=2*h: od:

> forito 4*n do x[i+10*n+2]:=2*a*(i-1)+a; y[i+10*n+2]:=h:od:

Cxema MINpeHreJbHON pelieTKU BBOAUTCS B MPOTrpaMMy IO aHAJIOTHUH C 3a/ja-
HUeM rpada B JUCKPETHOW MaTeMaTHKe YKa3aHUEM HOMEPOB KOHI[OB CTEPKHEN B

cnenuraabHbix BekTopax N[i]:
>forito 2*ndo N[i]:=[ii+1]; od:

>forito8*ndo NJ[i+2*n]:=[i+2*n+1,i+2*n+2]; od:
>forito2*ndo NJ[i+10*n]:=[i,2*i+10*n+1];
N[i+12*n]:=[i+1,2*i+10*n+2]; od:

>forito4*ndo NJ[i+14*n]:=[i+10*n+2,2*i+2*n+2];
N[i+18*n]:=[i+10*n+2,2*i+2*n];

N[i+22*n]:=[i+10*n+2,2*i+2*n+1]; od:

> forito 2*n+1 do N[i+26*n]:=[i,4*i+2*n-2]; od:

CucteMa ypaBHeHUH c MaTpulend G popMupyeTcs CIeAYIOIMMU ollepaTopaMu
> foritomdo

> Lxy[1]:=x[N[i][2]]-x[N[i] [1]]:

> Lxy[2]:=y[N[i][2]]-y[N[i][1]]:

> L[i]:= sqrt(Lxy[1]*2+Lxy[2]"2);

> forjto 2 do

> Jj=27N[I][2]-24:

> if jj<=m then G[jj,i]:=-Lxy[j] /L[i]:fi;

> j=27N[I][1]-24:

> if jj<=m then GJjj,i]:= Lxy[j] /L[i]:fi; od; od:
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Puc. 2

PemmeHnune mosiydeHHON cucTeMbl (S1-ycuansg oT eJUHHUYHOM HArpysku, Sp -
yCUJIUS OT Harpy3ku P) c momoibio ob6paTHoW MaTpuubl uMmeeT Buj G1:=1/G:
S1:=G1.B1: Sp:=G1.Bp: Uuaykuueit [2-11] no 10 pepmam nosiydyaeM caefayroliee 06-
mee pemenune EFA =8nP(8n” +1)a’ / (3h).

['paduk 3TOM 3aBUCUMOCTH NPUBeAEH Ha pUCYHKe 2 pu L=4na=10 m.

0630p aHAJIMTUYECKHX pellleHHH 3a/1a4y 0 nporube niaockux ¢pepM AaH B pabo-
Tax [18,19].
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The calculation of the stresses in the bars of the truss usually begins with deter-
mining the reactions of the supports. The exception is the case of externally statically
indeterminate structures [1] when finding the reactions of the supports must deter-
mine the forces in all bars of the truss (Fig. 1).

Perform this calculation in an analytical form using the computer algebra system
Maple. Enter data into the program [2] starts by defining the coordinates of the nodes

(Fig. 2).



HayuHblii anbmaHax - 2017 - N 2-3(28) | duzuKko-Mmamemamuyeckue HayKu 261

> >

> >

a a a a
+ . +

;,, {p ;pu },,“ ;1’“ }p VP

Fig. 1. k=3, n=5
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Fig. 2. The numbering of nodes and rods

The coordinates of the nodes and their connections with the rods set in cycles by
the number of nodes and rods. Just truss with n panels consist of 10n+6 rods and 5n+3
nodes. Obviously, the whole truss is statically defined. However, the kinematic of its im-
mutability from the experience of the calculations depends on the parity of the number
of panels. With an even number n is the determinant of the system of equations becomes
zero. This confirms the kinematic diagram of possible speeds of nodes (Fig. 3).

L (:1

Fig. 3. Scheme of possible speeds (n=2)

As aresult, we take n=2k-1, k=1,2,.... The method of induction gives the following
result

_PA1a3h2/hl+Cnc3+th1(hl+h2)2+ f°h +M a*+K f°h,/h +B f°

EFA, .
2(h, +hy)

)

where the coefficients:
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A =4k(1-k)—2(-1)%(8k* +10k +12k? +3) /3-2,
C,=(-1D*(4k —2) +4k(k —1)+2, H, =4k -3, K, =—2(-1)*(2k -1),
M, =2(-1)*(8k* —12k? +10k —3) / 3+ 4k (10k® — 20k® +17k —7) / 3+ 2,

B, =4k(k-1)+1, f=4a’+h’, c=a?+h?, n=2k-1, L=2an.

The result generalize the solution [1] for the case of different heights h;, h,. This
allows to choose the optimal size at a constant altitude truss. The figure 4 shows that
for smaller h, the curve more smooth, and the results A'=AEF /(PL) alternate de-

pending on the parity of k.
Simultaneously with forcess in rods was found and the reactions of the supports.

The reaction of the vertical supports is obvious S, =(2n—-1)P /2, The values of the
reactions the horizontal lateral supports are independent of the number of panels n
and height h,: S, ., =Pa/(2h),

Earlier, the induction method was used in problems on the deflection of planar
[3-12] and spatial [13] trusses. In [14] provides an overview of the analytical solutions
obtained using program [2]. In [1] the problem is solved for the case of h =h,.

A

h=4M h=1M

80+

h=1M h=4M

60+

T T T
6 H 10 12

Fig.4. a=L/(2n), L=40m

The degeneration of the system of equilibrium equations for a truss with an odd
number of panels was noted also in [7] and also confirmed by the corresponding kin-
ematic scheme. The case of the kinematic variability of the spatial truss (axisymmetric
dome) found for even number of terminals of the circuit in [15].
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Truss, shown in figure 1, have not a horizontal spacer reactions and can only
conditionally be treated to an arched truss. Consider the load on the upper zone of the
truss. The forces in the rods we find using cut nodes in an analytical form by the pro-
gram [1] written in the language of computer mathematics Maple.

The deflection is determined by the formula of Maxwell - Mohr A = PZ

where EF is the stiffness of the rods (the same in this formulation), S,

3S.sl.

= EF
- the forces in

the rods from the action of external loads, s, the forces in the rods from the action of a
unit vertical force at Midspan, |, - the length of the rods. In this structure, panels with
n number of terminals, including the reference, is equal to m=12n+4.
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Fig. 1. Truss, n=3

The summation is done only on the deformable rods (supports are assumed to
be rigid). From the analysis of a series of solutions for trusses with different numbers
of panels were obtained of a sequence of coefficients, for which the methods of com-
puter algebra system Maple was found common members, the coefficients of the de-
sired formula. Used operators rgf_findrecur and rsolve. Obtained the following ex-
pression:

A =P(Aa®+Bb®+Cc®) / (12EFb?),

where ¢ =+/a? +b?. The coefficients are found by induction from the analysis of
the sequence of the twelve trusses:

A= (5n° +10n + 6)(n +1)? , B=n(n-1)(5n° +7n-4) ,
C=(n+1)Gn*+3n*-2n+6).

Curves of the dimensionless deflection to the number of panels n, if L=40 m,
a=L/(2n) given in Fig. 2. It is assumed that the total load on the truss is fixed:

P'=(2n+1)P . The dependence on the number of panels has minimum and strongly
depends on the height b.

140
120

100+

1
2 4 6 8 10 12

Fig. 2. The dependence of the deflection of the number of panels
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The analytical form of the obtained solution allows us to trace the asymptotic

behavior of the dependence of deflection from the number of panels. The calculated
~limAY/n®=5b/(12L)
limit no= .

Similar studies and the derivation of the formula for deflection under the pro-
gram [1] provides for flat trusses in [2-12]. In [13-15] in the derivation of analytical
expressions for influence lines were applied to a more complex method of induction
on two parameters. In [16-19] obtained solutions for space trusses. The applied algo-
rithm can be used in more complex problems of optimization of trusses [20]. In [21]
gives the derivation of the deflection of the considered truss under load on the bottom
belt.
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Symmetrical truss includes n panels in each of the parts (Fig. 1). The truss con-
tains m=8n+8 rods together with three support (two of them simulate stationary pivot
bearing right, and one - left). In the truss 4n+4 nodes, for which you can make m equi-
librium equations in projections on coordinate axes. To compose and solve this system
we use the program [1], proven in a number of decisions of similar problems on de-
flection flat [2-16] and spatial [17-19] trusses.

Fig. 1. Truss, load, n=4

We give the fragment program to enter the coordinates of the nodes, necessary
for the calculation of the guides of the cosines of the forces (Fig. 2):
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> forito 2*n+2 do

> x[i]:=a*i-a: y[i]:=0:

> x[i+2*n+2]:=a*i-a: y[i+2*n+2]:=h:
> od:

Fig. 2. Truss, node numbers, n=3

Lattice of truss is introduced in the program by the numbers of the ends of the
rods in special vectors N[i]:

>foriton+1do

> N[i]:=[i+1,i+2*n+2];

> N[i+n+1]:=[i+n,i+3*n+3];

> od:

> forito 2*n+2 do

> N[i+2*n+2]:=[i,i+2*n+2];

> od:

The matrix of the system of equilibrium equations is formed in a cycle by the
number of rods. The solution of the system yields the expressions for the forces sym-

m-3
bolically. For calculation of deflection the integral Maxwell - Mora A = ZSi N.l. / (EF)
i=1
is used, where EF is the stiffness of the rods (same for all elements), S, - is the forces
in the rods from the action of external loads P, s; - the forces in the rods from the ac-

tion of a unit vertical force applied to node n+1 in the lower zone (closest to mid-span),
|, is the length of the rods. Summation is conducted on the deformable rods only.

Fig. 3. Dependence A = EF A | P on the number of panels, L=an=10m
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By induction, we obtain the following solution

EFA=P(Aa’+C_(h’+c%)/h’,
where A =n(5n*/4+4n*+13n/4+1/2)/3,C =n*/2+n*+n/2, c=~va’ +h’.

The coefficients obtained using operators rgf_findrecur and rsolve the computer
algebra system Maple. A graph of the deflection of the number of panels with constant
length of the span shows the presence of extrema.

Overview of analytical solutions for flat trusses can be found in [20-21].
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The studied truss (Fig. 1) externally statically indeterminate. To determine the
reactions of supports of the three equations of equilibrium of the structure is not
enough. Despite this, the algorithm presented in [1] allows not only to obtain the solu-
tion for the stresses in the bars, but to find the deflection and displacement of the sup-
ports in analytical form for arbitrary number of panels.

The same exact solutions were previously obtained for deflection and displace-
ment of the supports of the flat [2-18] and space trusses [19-21].

Find a formula for the horizontal displacement of the support of the truss, apply-
ing the method to cut nodes to determine the stresses in the bars and the formula of

m-4
Maxwell - Mohr A = ZSL'I' to calculate the offset. Here EF is the stiffness of the rods

i=1

(same for all rods in the truss), S; - the forces in the rods from the action of external
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loads P, s, - the forces in the rods from the action of unit horizontal force applied to

the support, [; - the lengths of the rods. Summation is conducted on the deformable
member.

h

h

Fig. 1. Truss, k=3, n=5

The support rods are assumed to be rigid and in sum are not included. In this
structure, panels with n number of terminals, number of rods is equal to m=10n+6
(supports are included) . It is seen that for even n the equations of equilibrium degen-
erates. Suppose that n=2k-1. In the program [1] in the language of Maple shall contain
the following node coordinates (Fig. 2):

for i to 2*n+1 do x[i]:=a*i-a: y[i]:=0:

x[i+2*n+1]:=a*i-a: y[i+2*n+1]:=2*h: od:

for i to n+1 do x[i+4*n+2]:=2*a*i-2*a: y[i+4*n+2]:=h:od:

Fig. 2. Numbers of nods, k=2, n=3

Fig. 3. Offset support
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From the analysis of a series of solutions for trusses with different numbers of
panels were obtained of a sequence of coefficients, for which the operators of Maple

found common members, the coefficients of the desired formula. Obtained the follow-

ing expression: EFA = P(a?(2k? = 2k(1+ (-1)*) =1+ (=1*)) / (4h). Curves offset A'= EPA

to the number k that determines the number of panels, and L=50 m, a=L/k given in
Fig. 3.

In [22] an overview of some results of applying the method of induction to the
derivation of the formula for flat trusses is given.
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CmelwieHue onop ABYXNPONETHON Hepa3pe3Hoi pepmbl,
3arpy»XeHHoOM cocpeaoTOYEeHHOMN CUIoN

Shirokov A.S.
The displacement of the support of the two-span
continuous truss, loaded with a concentrated force

IIpusodumcsi 861800 popMy1bl 01 CMeujeHUs ONopbl
cmamuyecku onpedeaumotl nA0ckoli 6aa104HOU pepMbl
€ 00HOIl npoMexNcymo4HoU hodeuxcHOU onopoll. Ycuaus
8 CMEePAHCHSX HAX00Mcsl MemodoM 8blpe3aHus Y3108,
cMewjeHue — ¢ noMouwbio uHmezpasaa Mopa. Jjas
0600UjeHUs peuleHUs1 Hd hPOU3B80/IbHOE YUCA0 NaHeaell
npumensiemcsi Memod UHAyKyuu U onepamopbwl
cucmemwl Maple

Kawuessie cno8a: hepma, npozub6, popmyaa Mopa,
Maple

Hlupokoe AsnekcaHdp Cepzeesuu

Cmydenm

HayuoHaabHblll uccaedogamenvckull yHugepcumem
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2. Mockea, ya. KpachokaszapmenHas, 14

Deduce the formula for the offset supports are
statically determinate flat girder, with one
intermediate movable support. The forces in the rods
are found with method of cutting of knots,
displacement - using the Mohr's integral. To
generalize the solution for an arbitrary number of
panels the method of induction and operators of
Maple are used

Key words: truss, deflection, Mohr’ formula, Maple

Shirokov Aleksandr Sergeevich
Student

National research university "MPEI"
Moscow, Krasnokazarmennaya st., 14

[lon pelicTBMeM Harpy3ku ¢pepma noJjiydaeT He TOJIbKO BEPTUKaAJIbHbIN POTUO,

HO ¥ CMelleHHWe NOJBUKHBIX OMop. B uccienyeMoil ABYXNpOJIETHOM CTaTHUYECKHU
onpefelMMON KOHCTPYKUUU uX ABe. UHopmanusa o cMeleHUHd Omop BaKHa i
NpakTUKU. HeKOHTpo/iMpyeMoe cMellleHHue MOXKeT BbI3BaTh KaTacTpoduUUeCKUE TO-
CAeACTBUSA JJis1 KOHCTPYKUUU. JlJisl onpefesieHHs] TOPU30HTAJIbHOTO CMELEHUs O/ -
HOW M3 omop (HampuMep, JieBoH) ompenesuM ycuaus B depMe Mo JeHCTBUEM
Harpy3Ky Y yCUJIUSA OT €JUHUYHOM CUJIbl B HAllPaBJIEHUU HUCCIAEAYEMOTO CMEIEHUS.
Bce npeobpasoBaHUsi BbINIOJHHUM B CUMBOJIbHOU popmMe B cucteMe Maple mo mnpo-
rpamMme [1]. PaHee aHa/ilorM4YHbIe aHAJIMTUYECKUE PElIEeHUs M0 3TOM Ke MporpaMme
ObLJIY NMOJIyY€eHbl AJIs MI0CKUX [2-12] 1 npocTpaHcTBeHHbIX pepMm [13-15].
O603Ha4YuM N, YUCJIO TaHeJed B KaXJoM npoJieTe. PacyeT ycuaui nokasads,

4yTo UcciaeyeMass cxema depMbl 00J1aJlaeT CKPbITOM 0C06eHHOCThIO. [Ipu yeTHOM
4ucJie naHesJed N, onpeje/JuTe/b CACTeMb] ypaBHEHHUH obpalaeTca B HOJb [16].
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b } t t t t |

Puc. 1. ®epma npu k=2

[IpumeM n, = 2k —1. T'opu3oHTa/ILHOE NepeMelleHre JIeBOX ONOPbl HAXOJAUM C
m—4
IIOMOIIbI0 HHTEerpasia Mopa: A = ZSi N.l. / (EF), rae S, - ycuinsa B cTep:KHAX GepMbl
i=1
OT JIeMiCTBUS BHELIHel BepTUKaJIbHOM Harpy3ku P B cepefjuHe npoJieTa, N; - ycuaud
B CTEP>KHSAX OT AEWCTBUS €JUHUYHOU FOPU30HTAJTbHOU CUJIbI, IPUJIOXKEHHOU K I10-

JBYDKHOU omope, |. — AJMHBI cTep>kxHer, m=8K + 2 - YUC/I0 CTepKHEN BMecCTe C ye-
ThIPbMsI CTEPXKHSAMU, MOJIEJTUPYIOIIMMH ONOPhI (Ba - HENMOABXKHYIO MPABYI0 U JIBA
CTep>KHsI Ha MOABWXHbIE). OMOPHbIE CTEPXKHU MPE/NOIArAITCA KeCTKUMH, TO3TOMY
CyMMHUpOBaHUe BefeTcs A0 m-4. [locienoBaTe/IbHO yBEJUYMBAs YUCI0 TIAaHeJ el B
bepme, noaydyaem psj koapdunuenton 1, 5, 13, 25, 41, 61, 85, 113 npu BbipakeHUHU
Pa?/h B ¢popmyse st nepemernenus. C MOMOILbIO ONepaTopa rgf_findrecur cu-
cteMbl Maple BbIBOJUM peKyppeHTHOE YpaBHEHUE JJisi HCKOMOTO 06II[ero 4jeHa mo-
ciepoBarenbHocTu: A = 3A | —3A ,+ A ,.Pelenue 3Toro ypaBHeHus JaeT olne-

paTop rsolve. B utore umeeM pabouyw bopmMmyy:
AEF =P(2k* -2k +1)a*/ h.
Kak ¥ ciefoBasio 0XXHJAAaTh, C YBeJWYeHHEM BbICOTbI pepMbl h cMmeleHUe

yMeHbl1aeTcs. Ha prucyHke 2 kpuBble 3aBUCUMOCTH (1) nocTpoeHbl npu a=10 M. Bee-
JIeHO 0003HaYeHue A/ OTHOCUTEJIbHOro cMeleHusa A'=AEF / P.

Puc. 2. 3asucumocmeo npoeu60 om Kosu4yecmea nposiemoe
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0630pbl HEKOTOPbIX AHATUTUYECKUX PellleHUH MOJyYeHHbIX C MOMOIIbI0 MPO-
rpaMmbl [1] 1 MeToia MHAYKIUU cofepaTcs B [17-18], pacueT depmbl «IIaTUTrOpCK»
no ¢opmysae Kauypuna - B [19].
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