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Analog computor for bent rods suggested by Corbatt and Calvert,
Trudy RISI no.l1:124~129 '58. (MIRA 13:5)

1. Taganrogskiy radiotekhnicheskly institut. )
(Elastic rodes and wires--Electromechanical analogies)
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Electric analyzers for beams and frames on solid eleastic basis
and rigid sunports. Trudy RISI 1o0.11:130-135 158, (MIRA 13:5)

1, Taganrogskiy radiotekhnicheskiy institut.
(Structural frames--Flectromechanical analogies)
(Girders--Electromechanical analogies)
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SOV/144459—1-2/21
AUTHOR: pukhov, G.¥€.» pr.Tech.Scles Professor

Purhot, ——
TITLE: Electrical Analogue of the Scalar product of ¥ulti~
Dimensional VectoTs

PERIODICAL: Izvestiya yysshikh uchabnykh zavedeniy,
Elektromekhanika, 1959, Nr 1, PP 11-12 (USSR)

ABSTRACT: In compubting techniques it is often necessary to evaluate
the expressions of the type:

al](l + a2x2 + 5 o o ® + aan = b (l)

where a1 and Xy can be either negative oT positive.

1t is seen from Eq (1) that the quantity b represents
the scalar product of two nrdimensional vectoTs, that 18

b = 2% . The product can be evaluated by means of a
simple electrical circuit showh in Fig 1. This consists
of two n-pointed stars whose star points aTe joined
tr.rough the conductance Bo- The circuit opeys the
relationship oxpressed DY Eq (3) provided all the switches
card Ty 7o, ...Tp 2are in the right—hand position. 1f one
ar

1/2 of the switchesS, for example Wy, is in the left-hand
position, the system 18 described bY BEq (). e
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P I Pukhov. G:Ye¢.. Dotor of Tethnical Sciences, Professor
- - S
TIFLE. The Conarrustion of Electrical Networks for Integrating

Difference and Differential Equations

PERIODICAL: Izvestiya vyssbikb nohebnykh zavzdeniy, Elektromekhanika,
1959. &r 2, pp 3 - 10 (USSR)

ABSTRACT: A peculiarity of so-called networks of the first kind is

hat for given boundary conditiens the distribution of
voltages (currents) in the netwerl is determined only by

the dstailed structurs of the modelling system and no
operatcr interveation is required, This is bhecause the
criginal s2t of equations resembles vary ciosely those of

the network itself. Where this is not so., 2s in Eq (1)

for exampls. the methcd encounters difficulties. [For such

an expression (an algebraic), unctworks of the second kind
must be used. A typiral instance is a root~sclver (Ref 5).
The present papar sxamines some theoretical topics and
illustratss the solutien of comparatively high crder
equations for wvarious hkoundary conditions, Figure 1 shows

a <ertain function y(x) and the simulating nestwork ‘
counsisting of a number of woltage dividers, The solutionvr//
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SOV/144.-59-2-1/19
The Construction of Electrical Networks for Integrating Difference
and Differential Equations

of the equation f[y(x)] = O may be found using a_syst
like the block~diagram o¢f Figure 2. The block £[ y(x)
is a scalar prodict analogue (ACT\ in the original or, here,
SPA) cousisting, in ths linear cass, of ohmic elements and
descritbed previcusly by the author (Ref 4#). The block OC
iz a feedback device. The entire loop forms a self-
adjusting system. Suppcse the linear difference squation
(5) is given and a solution is .required for the initial
conditions of Eq (6). The solution depends on Buler's
algerithm cr,; what is known in engineering as the method
¢f surcessive ordinates. Fcr the sake of definiteness the
Serresponding practical circuit of Figure 3 assumes n = 2 ,
The basic componenis are: 1) the nstwork y on which
the »equired functicn vk} is found as a result of the
asperations; L)  the network ¢ , sctting up the function
b i s) 0 the SPA representing bq (5)3; &) the null-
isdlicator NI “or rsgistering the deviation (k) in

(¢} for mn = 2 5 5) <commutator K with four moving
tonstaits. The preoredure is zs follews: a) sat up lJ//
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The Construction of Electrizal Networks for Integrating Differenca
and Differential Equations

2
F
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pik) on p 3 ®) set up ae(o)° al(o)- az(o) and A

on the SPA: «¢) 3et initial -onditions Yoo Y7 on ¥y

d) divider 2 on y is adjusted to give zerc-indication
{this gives ¥, } ; ) the moving contazts on K are

-l-“b, 7
displacsd one stap to the right and ao(l), a, (1), az(l)

ars szt on the SPA; f) divider 3 on y is set to restore
Zero—indication. thus finding 1y, . Operations ) and
f) are carried out again on dividsrs 4, 5, 6, .... finding

Y Ysu Y6 - ets, These operations could be automated,

The use of a digital voltmeter would enable the bulk

of y <o be reduced. The arrangement also simplifies

when the coeffitients of Eq {(5) are constants (independent
of k ) . The question of accuracy requires Special
consideration and it is merely stated that the srror is
reduced the higher the sensitivity of the null indicator,
the more auwcurately the initial values and a (k) are

set i1n. Ths use of the integrator is then deScribed f014//

CIA-RDP86-00513R001343610004-9"
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The Constructlion of Els.irical Networks for Integrating Difference
and Differential Equations

Solving the difference equation (5) within the interval

O £ k¥ &N subjezi te the teoundary ccnditions of Eq (9),
The additional tcmponents required, a network vy,
vommutater K-2, SPA (ACR..2) and null-indicator NI-2 are
Shown in Figure 4. When thare is an extended system of
=quations such as Eq (16), the vompinents must be organised
8s in Figure 5, After Setting in ordinate values there is
A precedure similar to the abovea for finding the yn .

The metheod moy alsc be extended io partial differential
€quations such as that for transverse vibrations of a
Straighi red. Eq (17). with boundary conditiens, Eq (18).
By quantizing the x ard % ccordinatas a substitute
difference sqration (19 a1s feu+d which can be solved by
interccnnearing K, sp¢ ad NI 3 ~"onsidered as building
blecks. as in Figure 6, The tondusztances in the SPA

are chesen proportional te the “oefficients of Eq (19)'D{/

CIA-RDP86-00513R001343610004-9"
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The Consztruction of Ei:ziirical Networks for Integrating Difference

snd Differential Equations

During the preccess of Solution thesc conductances are
cennected in turn by K to the points  y(x,t) 1in
accordance with the table of Eq (20), until a multiple
null 1s found., There are 6 figures and 5 Soviet
references,

ASSOCTIATION: Kiyevskiy institut grazhdanskogo voezdushnogo flota
(Kivev Civil Aviation Institute) v*//

SUBMiITTED: February 4, 1959
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Puimov, G.Ye., Doctor of Techinical Zciences,

fct' Oie iore Anelogue Scalar Liultiplier for n-Diszn:
Vacoors

PaaduoLoals r'uwlya. V:Y.JShl“.h “uchebnykn zave 'hi" sleztre-
we.nenika, 1959, Nr 5, pp 12 - 13 (U2 R

asoriacis  In an eavlier note, (Ref 1) the e:cpreswion (1) wasz
simulaved by volbtages for the x's and for b and by
conductances of 2 n-rayed stars for the a’x It is
that the even simpler circult of Figure 1 21z0 be
us;d. Egc relation between the individual divider currents
and tie difiercnce between those in the 2 bus-bare is
zq (2), where the a's zre the ratios of the parte into
shich each curient divider in separ ted by the slider,
t will be ceen that Eq (2) mey be uzed to- simulote
nbroculcin scale factors in igs (A-) and (5) the necs
boundary conditions to a and a are &gs (6) and (7) res-—
pe

I

ctively. 4n advantage is that the sign of,a may be

Cari 1/2
/2 2
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Scalar Lultiplier for n-Dimensional Vectors
changed without switching. A drawback is the use of
currents, amd not voltages, 0 simulate x anpd b,
i‘here is 1 figure and 1 Soviet reference,

A, OULAYION . Kiyevslkiy institut grazhdansk_orro vozdushnogo flota
(Kiyev Institute of the Civil Air Fleet

SuouliizsD: April 3, 1959.
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Pukhov, G.Ye., Doctor of Technical Sciences, Professor
A Pcssible Principle of Construction of Mathematical
Machines

PERIODICALs Izvestiya vysshikh uchebnykh zavedeniy,

ABSTRACT:

Card 1/3

Elektromekhanika, 1999, Nr 8, pp 3-11 (USSR)

It is suggassted that the simplieity and reliability of

the analogue computer can be combined with the accuracy
and "controlability" of the digital computer in a
“continucus-discrete” (NDD) machine., The basic operation
is that of finding the components of n-dimensional vectors
xpen thess are orthogonal (ses Refs 1 and 2)., The vectors

X and 3 are defined in Eq (1) and the operation carried
out by the machine is Eq (2), This latter condition is
conveniently satisfied by the zirsuit of Fig 1 in which
eacll a 1is a controlled voltage divider and each B 1is

& controlled current divider., If the conductance G
Joining the dividers is smaller than that of the dividers
then Eq (4) is valid. The settings of the dividers for
each x and a 1is calculated from Eq (5). The block
dilagram of the complete, general-purposa machine is Fig 2
in which 3y 1is the stowre, uonsisting of the a~dividers,
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S0V/144..59.8-1/1)
A Possibie Principle of Construction of Mathema tical Machines
Ay 1s the arithmetic unit comprising the B-dividers, -
the conductanzes G and the cav— nf~difference amplifier
Besded to operate the trackiag system, KN is the
patehing panel, vy is the control unit, The store
Aacaepts and delivers values ir discrebs {(divider position)
form, The arithmetic unit aiso has a memnory function
finse it also holds the values of the 7ector components
o 2. The voltage dividers in Jy andé Ay are
Preferabiy helisal petenbicmeters driven by mchors excited
from the amplifier which negnifies tne current differencs.
The patching panei is in two paris,; cne of which connects
the store and the arithmatic unit. the other connects the
Latter tu thd control unit, In Sention 2 the wvarious
Portions describe possible operations with symbolis
botation as followss a) addition and subtraction;
6) linear forms; B) multiplication and division;
T} multiplication ard division of ilinsar forms;
Ay first and highsr derivaticas; 8) definite integrals;
M, legizal cpevaticns., The sokpiiation of a typical
Frogramme is illustrated using the ¢kample of a second

Card 2/3 he :
2/3 order differential aquation, Eq (30); which is solved by
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A Possible Principle of Construction of Mathematical Machines
finite differences, a typical iteration being Egq (33).
There are 2 figures and 2 Soviet references.

ASSOCTIATION: Kiyevskiy institut grazhdanskogo vozdushnogo flota
(Kiyev Institute of Civil Aviation)

SUBMITTED: June 5, 1999
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PEASE I BOOK EXPLOITATION SOV/5166

_Pukhov, Georgly ”Yr_g'{g_eqv'yey;l._ch i
Elektricheskoye modelirovaniye sterzhnevykh 1 tonkostennykh konstruktsiy
(Blectrical gimulation of Truss and Thin-Walled Structures) Kiyev, Izd-vo

AN UkrSSR, 1960, 149 p. 3,000 coples printed.
Sponsoring Agency: Akademiya nauk Ukrainskoy SSR.

Resp. Ed.: P.F. Fil'chakov, Doctor of Physical and Mathematical Sciences; Ed. of
Publishing House: N.M. Labinova; Tech. Ed.: N.P. Rakhlina.

PURPOSE: This book is intended for scientists, technicians, and students con-
cerned with the theory and epplication of electrical simulation methods in sclen-
tific and technical camputation.

COVERAGE: The book presents the theory of balanced electrical resistor networks
and discusses its application in solving problems of construction engineering
for such truss structures as beams, frames, and girders and for such thin-
walled structures as box-type shells and plates. Special electrical models

- Card—Y/4
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Electrical Simulation of Truss- (Cont.) S0V /5166

Mt

designed and manufactured for the purppse of camputing these systems, in par-
ticular the EMSS-T model designed at the Vychislitel'nyy tsentr AN USSR (Cam-
puting Center AS Uln'SSR), are described. The author thanks V.M. Glushkov,
Corresponding Member AS UkrSSR for his advice, and Engineers V.V. Vagil'yeva,
L.V. Konstantinova, and O.N. Tokareva for their assistance in preparing the

' manuseript for publication. There are 67 references: 61 Soviet (including
4 translations), and 6 English.

TABLE OF CONTENTS:

Foreword 3

Ch. I. Principles of Desigu and Operation of Electrical Simulating Net-
works 5

Ch. II., Simulation of Structures Described by Three-Term Equation Systems 21

Ch. III. Simulation of Linear Algebraic Equation Systems 40
Ch. IV. Electrical-Circuit Analogs of Trusses in Bending and Torsion 52
card 2/y_,
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2250 s/144/60/000/01/005/019
’ B192/B182
AUTHOR: Pukhov, G.Ye., Doctor of Technical Sciences, Professor,
Head-of—tne Chair
TITLE: Approximate Method of Calculating the Blectrical
Networks

PER[0UICAL: Izvestiya vysshikh uchebnykh zavedenly,
Elektromekhanika, 1960, Nr 1, pp 37-42 (USSR)

ABSTRACT: The method described is analogous to that employed in
mechanics for the design of frame structures. The
method is known as the method of the balancing of node
torques. By analogy, when applied to electrical networks
the method can be referred to as the node-current balance
method. It is assumed that if an electrical network
contains several nodes one of these is referred to as the
base node, while the remaining are the ordinary nodes.
The method is based on determining the actual currents
by balancing the currents successively from node to node.
By balancing the currents in the first node, the balance
currents in the neighbouring branches are found as well

Card as in the secondary short-circuited nodes. The unbalance
l/& current of the second node will be equal to the sum of
the initial and secondary short-circuit currents,

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001

T T R LT
“ s YT S A R S T e R T S RS I PR R TR TS ne i ST R
. ) R e O P

CIA-RDP86-00513R001343610004-9

A R SR .
i AR R T B I

NEE PR B T e

| B

79194

u/*++/60/000/01/005/019
E192/E182
Approximate Method of Calculating the Electrical Networks

Next, by balancing the currents in the second node, the
balance currents and the secondary currents are found

in the remaining no i i the second node).

The first balancing cycle 1is completed when the currents

in all the ordinary nodes are palanced once. By

repeating the balancing procedure several times, it is
possible i balance currents of successive
cycles and these will be very small. At this stage the
calculations can be terminated, since additional

balancing does no i pbstantial change of the
current distribution. 1 currents in the o
pranches are nov determined by adding all the shori- 71
sircuit currents and the balance currents of all the
cycles. It is now necessary bto show that the above
process 1is convergent. This is done by considering a
.etwork having 3 nodes (see Fig 1). The current I in

#ig 1 is the unknown, while Ka and Kp are the

surrent transfer coefficients from the nodes a and b
into a given branchj the coefficients Kab .and Kba

APPR :
OVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"
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Approximate Method of Calculating the Electrical Networks

represent the transfer of the currents from the node a
into the node b and vice versa. The superposition
of the balance currents and the short-circuit currents
is expressed by: :

I = I + KgIg + Kp(Kapla + Ip) + KaKpa(Kapla * Ip) +
+ . (1)

If KypKpa = My Bq (1) can be expressed as Eq (2), /
from which it follows that the process 1s convergent L/(///
provided {a1< 1. In applying the method to the
calculation of the currents in a practical system, it
is convenient to record the results in a specially
constructed table. The method of tabulating the
results is shown in the Table on page 40, which gives
the results for the bridge circuit shown in Fig 3.
From the Table it is seen that after four balancing
3,4‘ operations the method gives the values which are about
! 1% different from the actual currents.

R T e O SR
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Approximate Method of Calculating the Electrical Networks

There are 3 figures, 1 table and 3 Soviet references,

"ON: Kafedra teoreticheskikh osnov elektrotekhniki,
Kiyevskiy institut grazhdanskiy vozdushnyy flota
(Chair of Theoretical Fundamentals of Electrical
Engineering, Kivev Institute of Civil Aviation)

September 1, 1959

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001

u-f‘i‘ﬁlc*fa 5

CIA-RDP86- 00513R001343610004 9

T A R R R I TR

VO

red. .
LAl YAVEY, ,mwhy vasil'vevich; L-u 0V, G.Yel., otve Ted.;

e

L.“:JI Vity stediey ‘;Q. Ll AITK Z.b., red.

Lfntf'mnucdan to the theory of digiial imegrazers;k,z—
G {iev, llauko

denie v Leor:lu tsifrovykh integratorov. ki ’

e
MIRA 17:9
dumka, 1964. 290 P. (MIRA ‘

‘N y o aon = -1 7 ) o
1. Chlen-korresponient abi Ukr.S4 (for Pukhev)

LT T A T TR - -
e SOt PR s R B e,

APPROVED FOR RELEASE: 03/14/2001

CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9

HE LI S SRR G A BN B B RS TR A T SRR RER A T IO Y S e R I AR AR R e e

69199 /019
Lo,/ 60/000/02/°%
1'2/1?‘182 professor?

of an
foT t;h%fgitiva Resls
asi-

K%_ zaVv 9%?‘.&3 {ussk)

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001

CIA-RDP86-00513R001343610004-9

39198
5/ 144/60/000/02/002/019
E192/E182

The Conditions of Convergence for the Balancing of an Electrical

Network containing Quasi-Negative Resistances
be possible to achieve situations in which the voltage
u 1is equal to O. In this case the bipole will behave
as a negative resistance TAB = —T. A similar result
can be obtained by means of the second network shown in
Fig 1, which consists of a resistance r and a current
source I. This case is described by Egs (3) and (4).
Again by changing the magnitude and the direction of I
it is possible to obtain the conditions whem i =0 and
the network will behave as a negative resistance. Since
the above networks do not in fact contain any negative
parameters, resistances are referred to as the quasi-
negative resistances., Such resistances can play an
important part in the solution, in particular the
synthesis, of electrical networks. However, the
application of such elements is not always possible.
This is due to the fact that while adjusting the electro-
motive force of a bipole in such a manner as to obtain
the negative resistances, the other elements of the
system may be misaligned and the process of balancing mayu/

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"
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The Conditions of Convergence for the Balancing of an Electrical
Network containing Quasi-Negative Resistances

not necessarily be convergent. It is now necessary to
consider the convergence conditions for the balancing
process in a network., The process results in the
reduction of the so-called deviation currents and
Voltages, of the type u and 1 to zero. For the
purpose of analysis it is assumed that the bipoles of

Fig 1 can be represented as shown in Fig 2, If the
network is not balanced, the deviation voltages Uj are
not equal to 0 and due to the linearity of the system,

can be expressed by Eq (5), where Py4 are dimensionless
coefficients depending on the configuration of the

network and the magnitudes of the resistances; are
the components of %he voltages uji which are determ}ne
by the electromotive forces of those sources which are not
being adjusted. Mathematically the balancing process
amounts to selecting the electromotive forces E; in such

Ca g a way that the deviations wuj are equal to 0. The
§7é convergence of the process will depend on the method of
balancing. It is shown that the condition sufficient for
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The Conditions of Convergence for the Balancing of an Electrical
Networi containing Quasi-Negative Resistances

the convergence is equivalent to the condition of the
diagonality of the matrix of the coefficients of Eq (5).
The condition is expressed by Eq (7). This can also be
expressed by the equivalent condition defined:

i-n
2hyl - §lyl>0 (G =1,..... , n), (6)
i=1

where Ej =1 while all the remaining electromotive
forces (as well as the current sources) are equal to O.
If the quasi-negative resistances are realised by means
of the current sources (see Fig 2), the system can be
described by (BEq 9). For this case the condition
sufficient for the convergence of the balancing process
is expressed by Eq (10)., If the above is checked
experimentally it is more convenient to employ

; i=n
i 2liyl =5 f1al > 0, (3 =1,....., n), “Wl)

i=1
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The Conditions of Convergence for the Balaneing of an Electrical

Network containing Quasi-Negative Resistances

where 14 = 1, while the currents of all the remaining
current Sources are equal to 0. In a practical
application of the networks with qQuasi-negative
resistances, it may be necessary to replace one type of
Negative resistance (with a voltage source) by another
type (with a current source), In order to determine if
such a transformation effects the convergence of the
balancing Process it is hecessary to determine the
relationship bestween the coefficients Py; and Qi j.
The circuits for determining these coefficients are
illustrated in Figs 3 and %4, The relationships between
the coefficients take form of Eqs (12), (13), (14) and
(15), where kij is defined by Eq (165. From the above

equations it is concluded that the replacement of the
resistances with Voltage sources, by the resistances with
current sources, or viece versa, does not influence the
ctonvergence of the balancing process. The above methods
of balancing can be Secured by minimising the sum of V{/

moduli of the deviations or the sum of the squares of
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The Conditions of Convergence for the Balancing of an Electrical
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deviations. The Sum of the moduli of the deviations can
easily be produced by employing a set of rectifiers and
an adding circuit; the resulting sum is then expressed

by Eq (18), The above balancing process is illustrated
by a practical which

The circuit is
h it follows that
Pij are given by Eq (21),
There are 5 figures and 10 references, of which 2 are

English and 8 Soviet. Two of the Soviet references are
translated frop Bnglish

. ..:ION: Kafedra teoreticheskikh osnbv'elekbtﬁtykhniki,
Kiyevskiy institut grazhdanskogo vozdushnogo flota
(Chair of Theoretical Fundamentals of Electrical
Engineering, Kiyev Institute of Civil Aviation) L{//

December 7, 1959
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TITLE:
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ABSTRACT:

Card 1/3

S/144/60/000/04/003/017
E194/E455

Pukhov, G.Ye., Doctor of Technical Sciences, Professor

The Analéézé Representation\of Three-and Five-Term
Equations of Structural Mechanics

Izvestiya vysshikh uchebnykh zavedeniy, Elektromekhanika,
1960, Nr &, pp 17-19 (USSR)

Many problems of structural mechanics involve the solution
of three- and five-term algebraic equations. The three-
term equations are of the form of Eq (1) with
coefficients satisfying the conditions given by Egq (2);
the five-term equations have the form of Eq (3), whose
coefficients satisfy the conditions of Eq (4). Articles
by other authors have shown that the system of equations
(1) with conditions (2) may be represented by an
electrical circuit consisting of 3n - 2 ohmic resistances.
When some or all of the auxiliary coefficients are
positive, the circuit has twice the number of loops than
when all are negative. The present article shows that

Eq (1) may be represented by an analogue which contains
not more than 2n - 1 resistances and examines the
conditions under which the analogue may also be used to
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The Aralogue Representation of Three- and Five-Term Equations of
Structural Mechanics

is then explained. It is shown that the five-term
equations can be solved provided that the moduli of the
main coefficients are greater than the sum of the moduli
of the auxiliary coefficients in each line of Eq (3).
This condition is frequently fulfilled in calculations
on various thin-walled or rod structures. There are

3 figures and 5 Soviet references.

ASSOCIATION:Kiyevskiy institut grazhdanskogo vozdushnogo flota
(Kiyev Institute of Civil Aviation)

SUBMITTED: September 20, 1959
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TITLE: Some Decign Principles foT Electrical Models of Frames

with Displaced Joints

PERTODICALs Izvestiya vysshikh'uchebnyk@ zavedeniy.
Elektromekhanika, 19603 N> &, PP 17-27

TEXT: Previously the use of the EMSS-1, -5 and -6 machines

for simulating strucrural problems of this kind hasg encountered
difficulties Tecause only part of the task would be loaded; the Lff
Tect was a mamual calculation. The present paper desceribes
msthods avoiding this disadvantage. Fig 1 shows the genaral case
of a fresely supported rzo0d subject to transverse 1oads at the
SUPPaLLE, bending moments at sither end and a cont1nuous,
a-bitrarily distributed external loading. The relations between
the mean and terminal clopes and the forces and moments are Bas (1),
{2) and (2). When the ends of the rod are rigidly fixed the
equations are Egqs (1), (5) and (€)., The ffree’ and i~gstrained’
equations are combined in Egs (7), (8) and (9). It is peinted out
st this stage that simolation is greatly facilitated by working 1in
rapmz of either sum OT differences of bending moments as 1l

Gard 1/%

v T T T e R T e I TS S P
S AR AT e S e T T T T T e A D
R Y e e P T Tt P -
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Some Design Principles for Electrical Models of Frames with
Displaced Joints

Eqs (9), (10). The equations may be generalized as in Egs (16),
(17), %to allow for the moment of inertia of the cross-section to be
wyariable along the length of the rod. It is also shown that these
latter equations can cater for longitudinal loadings as well as
continuous elastic support. The active T-circuit of Fig 2 is
described in Eq (23) and can be used to simulate the structural
problem if the resistance T is allowed to be negative. This
disadvantage may be overcome by three distinet methods: adding a
bridging element to the T.circuit; incorporating conditional
voltage or current sources which enable a positive resistance to
sppear negativs; changing the form of analogue., Figs 3 and L,
together with Eqs {10) and (23) show how the second method is used.
The first method has been described in Ref 3. The preferred
approach is to base the analogy on the fl-circuit of Fig 5. The
relevant set of identities are Egs (51), (42), If a structure is
made up of a number of members then the circuit analogue i3
similarly built up with circuit nodes corresponding to structural

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"
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Some Design Principles for Electrical Models of Frames with
Displaced Joints
joints., The two-storey, single-span frame of Fig 6 is represented
by the cirenit of Fig 7 when T- circuilt analogues are used, and by
Fig 11 when the fi-form is used. In order to work in terms of
moment~-differences the expression of Eq (47) must be represented
using the sub-circuit »f Fig 8. A more elegant soluticn is the Lf(
"warp-circuit" of Fig 10, The methods described have been used on
the EMSS-7 machine at the computing centre of the Ukr_ SSR AS.
There are 11 figures and 10 references: &8 Soviet and & English,
AGSOCIATION: Kafedra teoreticheskikh osnov elektrotekhniki
Kiyevskiy institut grazhdanskogo vozdushnogo flota
(Department: of Theoretical Electrical Enginsering,
Kiyev Institute of Givil Aviation).

SUBMITTED: November 11, 1959
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PUKHOV, Georgiy Yevgen'yevich, doktor tekhnicheskiy nauk, prof.

Simulation of girders by means of balancing electric netse.
Izv. vys. ucheb, zav.; elektromekh. 3 no.9:6-10 '60.
(MIRA 15:5)
1, Zaveduyushchiy kafedroy f#ereticheskikh osnov
elektrotekhniki Kiyevskogo instituta grazhdanskogo
vogdushnogo flota.
(Electric networks) (Girders——-Models)
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AUTHORS . Pkl itk . DOCtor OFf Technical Sciences. Professor
and Borkovskiy. B A. . Post-graduate Student

TITLE On the Blectrical Simulation of a Systenm of Linear
Algebraic Eguations with Arbitrary Coefficient Matrix

PERIODICAL- Izvestiya Vysshikh Uchebnykh Zavedeniy. Elektromekkan-
1ka 1960,%No 11. pp 36-37

TZXT - It 1s usualiy assumed (Ref. 1) that electrical
analogues consisting of the elements R. L. and C can only te
constructed for systeas of linear algebraic egquations with
symmetric matrices of coefficients. while systems of eguations
with unsymmetric matrices can be simulated by electrical circuits
only 1f transformers and amplifiers are used (Refs. 1. 2. 3).

The present article aims to extend the domain of usefulness of
models for symmetric algebraic systems constructed from the
elements R L and C. and to show how to apply them to the soluticn
of systems of algebraic equations with arbitrary matrices. In
order to sclve the system AX = F with artitrary matrix A on an
electrical model . an electrical analogy of the following algebraic«

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"
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On the Blectricai Simulation of a System of Linear Algebraic
Fguations with Arbaitrary Coefficient Matrix

system- LA | 1z

._,!:
|
i
i

s_rii
: ____%_.J l\’( o,
muist be constructed. X and F are the vectors of the unknowns and
right hand sides of the system (1). A”® is the transpose of A. E
1s an arbitrary symmetric matrix and Z is a vector of spurious
(undetermined) unknowns. This is always possible since the matrix
of the system (2) is symmetric and no other restrictions are
1mposed on systems simulated by electrical circuits containing E.
I, and C elements (Ref. 1). One of the possible methods of con-
structing an electr:ical circuit simulating the system (2) is clear
from Fig. 1 Fig. 1 represents an electrical circuit descrited ty
the following system of Z2n equations:

( 0-‘ - &‘ + i { V 2’ - § =
\YlOA{11+Y12. : ’flk+"”“ Yln)Ul+YllUl+Yl2U2+’”'+‘lkLk'” ‘+Yann Il?
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On the Electrical Simulation of a System of Linear Algebraic
Equations with Arvitrary Coefficient Matrix

(YnO*Ynl+Yn2* '+Ynk*“ +Ynn)Ur-i*YnlUl’YnQU?*”“"*YnkUk‘"' +¥

Y U1+Y Ui+Y, U+ +YlkUk+"”“*Yanh+(Yll+Y12+' +Yln)U

11 122771373 1

YQIUL Yn2U2,I 5U5+n . YnkUk§ . YnnUn+“Ynl+Yn2+ Ynn)Un (%)

- eyt c 5 7 3 $ R ‘ = i = 1 e 2}
If the equations [1o+f11+[12'““"+Y1k' 2 S 0 (i 12 n)( Z%(

are sati1sfiod then the system (3) can be written shorrly as
=2 i I ne
i | | .
‘ A €5}
M

0 | Y e
¥ y] o
By comparing eguations (2) and (5) it follows that the cir-uir

(Fig. 1) simulates equations (2)." The elements a_ ,of The matrix
A orte simulated by the conductivities Y the coméonents F, of
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On Lthe Electrical Simulation of a System of Linear Algebraic
Equations with Arbitrary Coeff:icient Matrix

the vector of the right nand sides F are s:mulated by the currents
I and the components X, »0f the vertor of unknowns ¥ are rep-
résented by the voltages U, . The conductivities of capacitors
simulate the positive eleménts of A, and the conductivities of
nductors simulate the negative elements of A. The conductivities

are checsen sc that the Zquations (&) are satisfied. 1.e. so
A8t the particular conductivities of the ncdes 1°. 2°. . 1. K

N at which the current I representing the right harnd side Vv
of the equations are introducéd are zero. By measuring the
components of the vector U in amplitude and phase the values of
the urnknown vector ¥ in Eguations (1) may be obtained in scme
scale. The circuit (Fig. 1) requires n“+r L and C elements to
simulats a system of the n-th order with an arbitrary matr:ix.
There are % 3oviet references.

i
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[Calculus of complexes and its application] Kompleksnoe ischi-
slenie i ego primenenie, Kiev, Izd-vo Akad.neuk USSR, 1961, 229 p.

(MIRA 14:12)
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(Complexes) (Calculus, Operational)
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AUTHOR: Pukhov, G.Ye., Corresponding member AS UkrSSR, Doctor of Tech-
nical sSciences, Professor, Head
TITLE: Foundations of the general theory of quasi-analogue systems
o
PERIODICAL: Izvestiva vysshikh uchebnykh zavedeniy. Electromekhanika,fno.
9, 1961, 3 - 21

TEXT: This article was written from a report, submitted at the ses-
sion of the Physico-Mathematical Section AS UkrSSR on March 29, 1960. The
author describes methods of mathematical representation of some complex sys-
tems by equations which could be set on electronic computers leading to qua-
litative and quantitive solutions. Quasi-analogue systems are defined as
systems, whose representing models have different structures and equations.
A quasi-analogue model of an equation (a) is such that it is & model of dif-
ferent equation (b) which may be partly different from a given equation (a),
but such that it satisfies some determined conditions (the criteria of equi-
valence) and all, or some of the unknowns of the Eq. (b) coincide with the
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unknowns of the initial Eq. (a). If the conditions of equivalence are such
that their representation does not require the use of the unknowns resulting
from model (b), then the quasi-analogue model does not differ from an analo-
gue model. These models are called by the author, models of the first kind,
or unbalanced models. If the conditions of the equivalence require the use
of the resulting quantities, then it is necessary to introduce a special pro-
cess, called by the author 2 balancing model process to satisfy the above
stated conditions, these models are called quasi-analogue models of the sec-
ond kind, or balanced models. Fig. 2 shows the classification of Mathemati-
cal models. Basic problems in a quasi-analogue system are: (a) Deduction

and construction of quasi-analogue models of the first kind, and of quasi-
analogues and balancing systems 0i models of the second kind; deducting sigrs
of mathematical equivalence of an initial object and that of & model, and
obtaining criteria of equivalence; (b) detection of and obtaining methods of
study of convergence, establishing the criteria of convergence; (c) working
out ideal systems of quasi-analogue models applicable for the typical ob-
jects. (d) solving the problems of accuracy, automation of balancing, stabi-
lity of the models. The purpose of introducing a quasi-analogue is that by

Card 2/15
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introducing known vectors F, G and of a known balancing vector 4), the value
of the unknown vector X could be obtained. The balancing system is used to
transform the vectors Z and H into(ﬁ . It is practically convenient that vec-
tor 7 obtains, apart from the unknown X, and & vector of auxiliary unknown Y,
also the difference factor £, whose conversion to zero would mean the full-
fillment of the condition of equivalence. The requirements with respect %o
operators are formulated by the author as follows: (a) The operators B and C
should allow for the possibility of construction of a model continuing given
elements., b) The operators B and C should be such that the equation of a qua-
si-analogue model should be found without calculations. This applies also to
operator K and vector £ used to determine vector G = K (Z) which, if possib-
le, should be found without long calculations. ¢) The operators C and D should
satisfy the conditions of convergence. The author then examines a particular
case the construction of models of equations in which there are no auxiliary
unknowns, and also of equations in which the conditions of equivalence are
not directly obtained., Also examples of quasi-analogue models of the first
kind are given. The difficulty of the problem is in obtaining a quasi-analo-
gue system. The balancing of this system is effected either by hand, or by
simple detecting schemes. Depending on the method of introducing the error

Card 3/ 13
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vector £ and of the balancing vector ¢ there could result different equiva-
lent equations which are suggested by the author. A simple way of construc-
ting mesh guasi-analogues is of the type

AX = F + A€, (24)
where)= 15 a diagonal matrix, dependent on the structure of the electric cir-

cuit. Modeis of bg. (24) are called (A-analogues. In Fig. 9 the equations
are of the form

tak, pagk, v rag X = Fod A8,
8, X+ ay,X, 1 vo ray K= Fy v AL £,y
+a X, a + = P - € =
- “nt i - n2x2_ Ban®n T fn v Tng o 125)

-

D
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In the above scheme the unknowns are represented by the voltages X; and the
error functions by the voltage(; . The condition of equivalence is E,= 0.

The balancing of a scheme shown 1n Fig. 9 could be solved by Seidel's method.
This method consists of the consecutive equating to zero of the error func-
tions £, by the matching of the values of 43i (for scheme in Fig. 9,45 = X;)-
This is feasible if the system is convergent. The method consists of construc-
ting an equation linking the vectors‘$ and £ by an analysis of a matrix of
coefficients of this equation.

Pb+ £ =0 (28) ‘4+///

For C-analogue models it follows from (24) and (28) and @ = X, that the ma-
trix P is

By = M0 A (30)

Wheun changing in differential equations with ordinary, or with partial deri-
vatives, it may appear that some of the members of the matrix A repeat. Then
the model could be substantially simplified. It would then consist of source

Card 5/ 13
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of voltage Xi, source of current F, and & change over switch. If the matrix
P« does not satisfy Seidel's condition then the balancing of ti-analogues
should be fouund differently. It is possible to apply the relaxation method
~f balancing. The author considers a system shown in Fig. 12, which he calls
a j-analogue, The part M is represented by

MK = F ¢, (34)

and the part D by

DX =D + AF . (35)

M~as+ D
s a diagonal matrix. To deduse the condition c¢f coavergence in the

me+hod of balancing. eliminating the unknowns frem (%} and (35);

(37)
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As long as D = M . A, the matrix determining the convergence is

-1 -1
P - SAT A T, (38)
14

The convergence is quicker the nearer matrix M is to matrix A, A gamma - ana-
logue model is illustrated by a mesh model of a differential equation

=V Lok 4 s¥x = q, (39)

This model permits the solving cfa number of two-dimension differential
equations with partial derivatives of a higher than the second order by sa
pure machine manner. Such problems are solved on the known mesh electronic
integrators. The author also considered a two member analogue represented by

MX = F +d, (43)
pY =&, (Lehe)

where M is determined from (36) and the matrix D isselected so that there

Card 7/ 13
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are analogue models (43) and (44). The condition of equivalence is at ¥ = X.
£F=X-X (45)

which is zerc. This model <s called Sanalogue ty the author. As a last ex- \
ample the suthor considesred a model with quasi-analogue models with gquasi-
negative resistaunces (Fig. 14) The resistance of this type are used in a
modernized mesh mathematical machine 5MC¢-7{EMSS.7)for calculating beams
and frames. The link S consis*%s of ohmic resistances; and R , R, ... R§ are
such that the negative madel is a total aralogue of the equations of the o0b-
ject. The magnitudes and signs <f the p.d. E E, ... E, ar= cbtained by the
change over arithmetic structure, consisting of %wo equ§1 resistances R =

= R and of a zerc indicator. E, is set so that the indicator shows z&ro
deviation £ aud all p.d. are seldcted in this manner. The auxiliary unknowns
are current I., voltages T at the pcints of function of two.terminsl ret-
works, The author quotes mény other applications. Thers zre !5 figures and
mest recent o

- O

s

29 references: 23 Soviet.bloc and & ucn-Soviet-bloc. The
Buglish-language publicaticns read as foilows: W.J, Karpius, Analog. Sirmule-~
+i10onm solution of field problems. New York. '958; R.H, Mac ¥eal, the sclution

t
T
4
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of elastic plate problems by electrical analogies. Journ. Appl. Mech. V.18,
pp. 59 - 67, 1951; W.T. Hussel, R.H. Mac Neal. Improved electrical analogy
for analysis of beams in beinding. Journ. Appl. Mech. v. 20, pp. 349 355,
1953; G.W. Swenson. T.J.A. Higgins direct-curren. network analyser for solv-
ing wave-eguation boundary-value problems. Journ. Appl. Physies. v.23, 1952,
no. 1

ASSOCIATION: Otdel analogovykh matematicheskikh mashin vychislitel'nogo
tsentra AN USSR (Analogue Computer Section, Conmputer Center
AS UkrSSR)

SUBMITTED: March 3,1961 (Initially)
May 3, 1961 (After revision)

Card 9/13

T R A s

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FO

P
(=

R RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9

7%, o B e I A A S R S PN A S R S ST

FE{OFYAN, K.K., prof., doktor tekhn. nauk, red.; I'UKLOV, GXe.,
prof., doktor tekhn, nauk, red,; UGODCHIKCV, A.5., rrol.,
adcktor tekhn, nauk, red.; SADETGY, S.Ya., cois,, xand, ieknn,
nauk, red.; GUNKIL, I.I., assistent, red.;CEEGOLIN,:.i.,d>ts.,kend,
texhn.nauk,red.(Minsk)

[Froceedings of the Inter-University Conference on Electric
Modeling of Froblems of Structural Mechanics, Theory of
Elasticity, and Strength of Materials] Trudy Fezhvuzovskoi
nauchno-tekhnicheskoi konferentsii po elektricheskomu moceli-
rovaniiu zadach stroitel’noi mekhaniki, teorii uprugosti i
soprotivleniia materialov. Pod red. K.K.Keropiana i A.G.
Ugodchikova. Novocherkassk, Rostovskii inzhenerno-stroitel'-
nyi in-t, 1962, 176 p. (MIRA 17:4)

oW

1. Mezhvuzovskaya nauchno-tekhnicheskaya konferentsiya po
elektricheskomu modelirovaniyu zadach stroitel'noy mekhaniki,
teorii uprugosti i soprotivleniya materialov, 2d, Rostov-na~Domu,
1962. ¢ 2. Rostovskiy-na~-Domu inzhenerno-stroitel'ryy-in-
stitut (for Keropyan,.Sadetov, Gunkin). 3.Chlen-icrrespondent

A Ukr.SSR i Vychislitel'nyy tsentr AN SSSR (for Pukhov).

L. Gor'kovskiy inzhenerno-stroitel'myy institut (for Ugodchikov).
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AUTHOR. Pukhov, G.Ye., Doctor of Technical Sciences; Professor,
Corresponding Member of the AS UkrSSR

TITLE. Iteration method of integrating differential equations on
electronic computers

PERIODICAL: izvestiya vysshikh uchebnykh zavedeniy. Elektromekhanikag
no., 1, 1962, 3-9 .

e

TEXT: The suggested method of treating linear differential squations l

consists in lhﬁ reliminary computing of an approximete matrix G or its

inverse one B=G7* which is set on an electronic computer, and of subse=

quent feeding into .the computer of a correcting equation. The author

derives conditions for convergence of the iteration process and expreas=

sions for obtaining the necessary accuracy in determining the comporents

of the correcting matrix.The auther states that a special device {iterator)

has bsen developed and connected to an existing industir ial type of elec-

tronic computer, Automatic solution of a boundary problem was achieved.

Owing te rap.d convergence of the process of iteration the suggested

Card 1/3
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instead of a zero. This permits calculation of the correction vector

5. Z, y, and the new value of vector 2=Z, . is found. Vector
(1) (i+1)

Z. .y obtained as result of i-order iteration coul. be expressed in

1+l
terms of a vector Z(o) selected initially: ’%://
i1 2 i, 72
Z. S F's Z(O) ~(E+F +F + oo. #+ F*)Bg (14) where E is unit
Lo A
matrix, and FS-BG. The condition of convergence requires that

‘P - '#.1., The initial differential equation could be transfoermed
s that the known components of the final vector, instead of those of the
initial vector, are used for the integration. The iteration method is
applicable to problems with given boundary conditions for several pointsc
A rumerical 2xample of an equation ddx (t) = _1V Y. is considered

—W— X (L,—'—’,‘

in detail, There are 1 table and 5 Soviet-bloc references.
AS30CIATION:. Vychislitel®nyy tsentr AN USSR (Computer Center, AS UkrSsR)
SUBMITTED . December 9, 1960
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AOBO/Al126 R
AUTHOR: Pukhov, G.Ye.
'TITLEz - Theory and use of an invertible operational amplifier

PERIODICAL: Referativnyy zhurnal, Avtomatika, telemekhanika 1 vychislitel'naya i

. .. tekhnika, no. 3, 1963, 15, _abstract 3883 (Dokl. 4-y Mezhvuz. konfe- ;. ‘-
rentsii po primeneniyu fiz. i matem. modelirovaniya v razlichn. ot
otraslyakh tekhn. Sb. 3, Moscow, 1962, 63 - 72)

TEXT: " The author notes the possibility of extending the capabilities of
analog computers in the case of utilizing besides directed components also un- .
directed components. The circuit of an invertible operational amplifier is de-
seribed, the output potential on any terminal of which may be obtained by set- :
- ting potentials at all the remaining terminals of that amplifier. Special cases ' -
of a circuit of an invertible amplifier are considered which may be used with
various versions of combining the two-terminal components of the external net-
work of the amplifier as an {nvertible multiplier-divider, invertible integra- -
tor-differentiator, and a function generator. The possibility is indicated of .

Lo etecrmemmeremrice -
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Theory and use of an invertible operational amplifier ' AC60/A126 :

e when tnd

- applying the invertible operational amplifier to the solution of systems of 1i-
near algebraic equations and the conditions of stability for a network contain-
ing the operational amplifiers are formulated. The author also considers the
application of invertible operational amplifiers to the solution of systems of
ordinary differential equations. There are T figures and 3 refersnces.

I.V. L é : /»

[Abstracter's note: Complete translation] SR s
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esistances (cons ©
ter. b) A reversible

Reversible operat;onal amplifier
ant or va-

where A = R1/R2
=R one obta

riable)). If Ry 0
—differentiator. In this casé one

being ohmic T
ins a sign inver
obtains

(R1 and Ry

integratolr

R g
1(t), one obtains at

pole the function X
X1dt (with RC

~ains at the first P
be also used for nonlinear

_ or slgebraic equations of

= 1); applying to the

by applying at one
ole the deri-

Hence,
the other the integral X2 = - S

second pole the tunction X

vative X1 = dXz/dt. The simuls
voltage transformations. 1f differential

tne type
i=n

3

i=1, llc,n

a. . =
ij71
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‘Pukhov,'kae., Corresponding I'ember of the AS UkrSSr

TITLZ: Simulation of system} of linear algebraic equations
Akademiya nauk Ukrayins'koyi RSR. Dopovidi, no. 6,
1962, 739 - 742

TEXT: The author attempts a solution of the problem of simulating
a homogeneous system of equations
Ax = 0 (1)

vhere A is a rectangular matrix having m rows ang n columns. The
autnor shows that it is possible to solve the problenm with the aig
0 the inverted Operational transducer proposed in ais earlier wOork
(DAY UkSR, 466 /1862/). (1) is put inte partitioned form

*(m) *(m) * Aam) F(nog) = O 2)

and A represented as the difference of two matrices naving non-nega-

tive components, Hence an equivalent system giving tne roots x5
Card 1/2
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D

(1) is found. A simulstion scheme for transforming the vectors
-n) into vectors X as is required for the solution, is proypo-

b

+3 O
s R A
@ £t

&)

feN]

using an inverted operational linear transducer, Transducers
ting in varallel and in series are considered, It is shown that
th cases the process of transforming the vectors .is stable,

ere 2 figures,

Moo

WO

(48]

SCCI TION: Obchyslyuval'nyy tsentr AN URSR (Computer. Center of
the AS UkrSsz)

December 22, 1961
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AU . Pukhov,H.Ye. Asuociate Membey: ASUkrs:uu

~— —

T1T0as 91~
. Quasi-annlogue elcegtronic computor for the solutiun of the general

problew of watheatical prograuding
PutJUDICAL: Akaderays naus Uk.rnyus'koy Rt Dopovidd, nu.7.1962.8634370.

rla - @ ge p 4 e b . 3 <
¢ 4 f . .
Ry Ell > . llcx..l 29 Ublw o ol o atldcal pro, Imlk,’ 13 de[lnetl !

: G 2¢] 10110"5-

w =¢ x a )
o= ¢ Co%y ""‘cn"n' (1)

whare the variable ' i
ablenm xl. see & arc not ncgative ani salisfy a set of lincar suation

nllxl + 1(121:: + see *Mllxn
............ {3)
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(utsi-annlogue electronic,.,

C, anda b are const: ic ey ape .
g b, ¢ constants which may Le POSAtive, negative or zero. The coefficients n
1J

are ngt ncgative. The wodel of a computor for the solution of this problem i
descrLbé?. The method of solution is similar to the wimplex wethod psgnc:nths

has @ unique golution, this wethod gives a velue closcly appronchi' h ‘ GtPTOblem
Jolution in & cegtuin finite number of steps. The operations npplizg ;netﬁxac 3
gomputor are described. The: value of a given vsriable iy changed until no ;u:iﬁe:! e
1;c;:;:§efor decrease) of it changes the value of im the desired dircction. There is

Yy .
ASSOCIATION:  Obchislyuval'niiteentr AN URGR (Coaputing Centor, AS UKrSSR)

SUBMITTuD: Decewber 22,1961
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VASIL'YEV, V.V. [Vasyl'iev, V.V.]; PUKHOV, G.Ye, [Pukhov, H.IE.]
e e T e

Reversgible electronic models of strictural frames, Dop, AN URSR

no.9:1153-1161 162, {MIRA 18:4)

1, Vychislitel!'nyy tsentr AN UkrSSR. 2, Chlen-korrespondent AN
UkrSSR (for Pukhov),
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PUKHOV, Georgiy Yevgen'yeyich, doktor tekhn.nauk, prof.

-— P

Inertial method for integrating differential equations using

electronic computers, Izv.vys.ucheb.zav.; elektromekh. 35
no.1:3-9 ‘62. (MIRA 15:2)

1. Chlen-korrespondent AN USSR, zaveduyushchiy otdelom analogovykh
matematicheskikh mashin Vychisglitel®nogo tsentra AN !‘SR.
(Differential equations) (Electronic calculating machines)
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PUKHGV, G.Ye., prof., otv. red.; LABINOVA, N.M., red.; DAKHNO,
Yu.B., tekhn. red.

[Mathematical modeling and slectrica’” metworks] Matemati-
cheskoe modelirovanie 1 elektricheskie tsepi; trudy. Kiev,
Izd-vo AN Ukr.SSR. No.l. 1963. 24 p. {MIRA 16:10)

1. Seminar po metodam matemativheskojo modelirovaniya i te-
orii elektricheskikh tsepey. 2. Chlen-korrespondent AN
Ukr. SSR (for Pukhov).
(Electric networks--Mathematical models)
(Electronic computers)
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LFresuency transforization] Feretvcrennia chastoty
Terzhtelnvydav Ui, 1363, &7 p.
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S/144/63/000/002/001/00%
A055/A126 - -
AUTHOR: Pukhov, G.Ye. -
TITLE: Reversible gquasi-analogue mode.ls,’ ‘their theory and some applica-.
tions ’
'PERIODICAﬁE"-’"'EIek{cromekhanika,{no. 2, 1963, 158 - 173 v
TEXT: The theory of the reversible 'operational amplifiers is briefly stat- §

ed and some of their possible applications as computing and controlling devices
are examined. All the models described in the article belong to the quasi-ana-

—

1
1

logue category. The balancing amplifier has a sufficiently high negative ampli-

fication factor; 1, ..., n are the main two-terminal networks (TTN) whose in-

ner structure and elements are determined by the required mathematical links be-. :

tween the variables X;, ..., X (simulated by vgltages);. 1', ..., n' are

auxiliary TIN through which the exterior poles 1, ..., n of the device are
connected tc the balaneing amplifier output; & and & are, respactively, its
input and output voltages. The auxiliary TIN are so designed that the TIN 1
and 1' (1 = 1, ..., n) should be similar. Owing to symmetry, the device as a

card 1/3
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Reversible quasi-analogue models, their ....

whole is reversible with respect to the exterior poles;
of these poles, w4 obtajn, at the remaining pole, a
voltage determined by the inner structure ang the nature of tihe elements of. the
ig ayfficiently high,
the main TTN being linear, the basic equation 1s:

ages to any of the n - %

" main TIN. If the amplification factor

Zys - Zn
ferent manners the ‘main TTIN,
ble solving elements; ‘for instance,
-pole amplifier
whichs:

The formula giving the output voltage iéx .

f@w@%

2y
2
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applying certain volt~

e e e s e s b

¢ is small and,

(1)

being the operator impedances of the main TN. By choosing in dif- .
it is possible to obtain the corresponding reversi-
the choice of 23 = Ry,
(n= 2) permits obtaining a reversible multiplier-divisor for

Z in a two-
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Reversible quasi-analogoue models, their .... A055/A126 :
Zi’ being the i-th pole-to-ground impedance. The author describes next some ap--% )
plications of the reversible amplifiers. He deals first with a reversible line- i~
ar converter consisting of m reversible operational amplifiers parallel-connect- |
ed with respect to the exterior poles to which can be applied n-m voltages and ;
obtained m voltages; he proves that the operation of this "parallel action"
converter is stable when n-m voltages are applied to any of the poles. The op-
‘eration of the "series-action" reversible linear converter, obtained by replac-
ing the amplifiers 4y, ..., Ap by memory vathode-followers and using one bal-~ - ;
ancing amplifier, is next described. The application of the reversible convert- - !
ers in the following problem is examined: simulation of linear algebraic ob- = |
Jects; design of an electric model for the solution of linear planning problems; |
solution of differential equations. There are 10 figures. .

SUBMITTED: January 5, 1962 -
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_ ACCESSION NR: AP3006952 8/0021/63/000/008/1006/1009 |
" AUTHR: Pukhov, G. Ye. (Cor. Member, Acad. Sci. UKrsSR) |

S i

TITILE: Linear Algebreic transformer
', SOURCE: AN UkrSSR. Dopovidi, no. 8, 1963, 1006-1009

.TOPIC TAGS: analog computer, linear algebraic transformation, matrix algedra,
...vector transformation

A4

>0 i ABSTRACT: An analog computer is proposed for the transformation of an n -
! dimensional vector y into an m - dimensional vector x (= can be grester or less

_ than n), corresponding to the system of equations Ax ¢+ By = 0, vhere A i{s a

~ non-singular mxm matrix and B is an mxn matrix. The elements of A and B are

" simulated by ohmic conductors such that the conductance aij (or bij) 1is pro-
portional to the element aij (bij). The vectors x and y are simulated by elec- i
trical voltages. Memory function is provided by capacitors. ;
It is proved that the process of the transformation of the vectors for any -
matrix A will be convergent, Orig. ert. has 8 numbered equations and 2 block ;

diagrams.
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Direct metnod for calculating electrical networxs. Elektrichestvo
no.10:1-4 0 '63. (MIRA 16:11)

1, Institut kibernetiki AN UkrSSR. Chlen-korrespondent AN UkrSSH.
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ACCESSION NR AMLOl7288 : ~ HOOK EXPLOITATIN - s/ ? o

Pukhov, Georgly YEvgen'yovich - O -
— —_— ~ N B

Selected problems on the theory of eléctroﬁic computers (Izbramnyye voprosy
teoril matematichesicdkh mashin), Kiev, Izdewo AN USSR, 196k, 263 p. illus.,
btiblio, L,000 coples mriunted, - R , o A

. : | _

~.9IC TAGS: computer, computer engineering, sutomatic control system, ‘modeling,
iifTerential equation 16 R R : o

PUR20SE AND COVERAGE: - This book discusses certain problems in the theory of . - bl
continuous astion mathematical machines and their use as computer and control -
installations. The book is intended for a broad audieunce of researchers, -
enginec.'s, students and graduate students interested in mathematical machlues.

ABLE OF CONTENTS (abridged)s

Fareword == 7 e o
Ch, I, Methods of solving algebraic and differential tions == 11
Ch., II, Methcis of calculating electrical circults == 67. SRR
Ch. III. Analog and quasi-analog modeling methods —= 120

cCh; 11‘;5 Modeling of mathematical operations == 136

. ar i . T
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Ch, V. Methods of synthesizing electrical circuits of nathemtical machines
for the modeling of algebraic objects == 155
Che VI, Principles of building mthematical machinea for solution of ].i.near
planning problems == 206
*he VII, ' Theory of equl;mant fom' 1ntegrating ardimry differentm
equations =~ 219 S
Che VIII, Problems of synthasizlng cirouits of grid eleotmintegratera ~- 235
Ch, DI. Mothod of synthexrlzing control systana — 25h S

SURMITID: 20ov$3 . - " . SuB conE- nP, M P
omesmon  ommak

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9

}‘9‘333{«"’ SR N e B e R Sy S e N R T R AR T e )

LZ0Lt, Oleg Valentirovich; FUKHOV G JYe., otv. red.; NDL'KIE,
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{Matheratical models for tie calculation of electrizal and
mapnetic fields 1] Matenaiicherkie medeli dlin rascheta elek-
Veiebeskibh 1onopenitiykh poleil.  Elev, houkova dumka, 1964.

s [ {IHA ]',’:8)

L Chlen-korresrondent A Ukr.osi (for Tukhov).
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LY.L STERNIK, L.A., otv, red.; VOLYNSKIY, B.A., kanc. tekhn. nauk,
zar. otv. red.; LUK'YANOV, V,S., doktor tekhn. nauk, red.;
PUXHOV, G.Ye., red.; TETEL'BAUM, I.M., doktor tekim. nauk,
red.; MEL'NIK, T.S., red.

[Analog methods and techniqies for solving boundary value
problems; transactions of the All-Union Conference, Moscow,
October 1942] Analogovye metody i sredstva resheniia krae-
vykh za-ach; trudy Vsesoiuznogo soveshchaniia, Moskva, ok-
tiab-® 1962 g. Kiev, Naukova dumka. 1964. 354 p.

(MIRA 17:12)
1. Chlen-korrespondent AN SSSR (for Lyusternik). 2. Chlen-
korrespondent AN Ukr.SSR (for Pukhov).
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PUKHOV, G. le., otw, red.; LAzINUVA, N.M., red.; nil'NIK, T.5.,

R
red.

[Mathematical rmoceling and electr zal circuits; trans-

actions] Fateraticreskce modelircvanie i elektricheskie

tsepi; trudy. Kiev, Heukova dumka, DNo.,2. 1964. 395 p.
(MIRA 17:€)

1. Serinar po metodam matematicheskogo modelirovaniya i

teorii elektricheskikh tsepey. 2. Chlen-korrespondent AN

Ukr. 38R (for Fukhov).

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



V"APPROVED FOR RELEASE' 03/14/2001 CIA-RDP86-00513R001343610004-9

2 s L A P e e e R Y N O B A 5wt
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I At

"circuit analysis over terminal internal."

report submitted for Intl Conf on Microwaves Circuit Theory & Information Theory,
Tokyo, T-11 Sep 6h.

Inst of Cybernetics, AS UkSSR.
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AUTHOR: Pukhov, G. Ye.

- TITLE: One method for the éynthesis>df;control systeméjn

L4 B

 SOURCE: Vsesoyuznaya konferents:Lya—senu.nar po teorii i metodam.
matematicheskogo modelirovaniya. 3d, 1962. Vychislitel'naya tekhnlka

v upravlenii (Computer technology in control engineering); sbornik
trudov konferentsii. Moscow, Izd-vo Nauka, 1964, 59-63 '

- TOPIC TAGS: control system synthe51s, control simulatorffaufomafié:-
- control research . : U . T

- ABSTRACT: The author conslders a method for synthes:.zlrg a control
system for an object described by an equat:.on : ,

X=¢ﬂm¥b?  '  ff Wijﬁ¢

.Vngrd 1/43
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~where ¢; —-— operator determining the connection between the vector Y
of the controlling quantities;  the vector X of the obtained quanti-" -
ties, and the vector F whose components conistitute the external dis- . -
turbances. It is assumed that the control problem consists of find- -
‘ing a vector Y such that X satisfies the condition R

cmox) @

where ¢, is an operator defining- the connection between some specified
vector H, the vector X, and the vector representing the error g, .
. which does not exceed a certain definite value m. The method em~
‘ployed, which is called by the author the method of inverse operators,.
‘consists in constructing the control system in the form of an aggre- ...
gate of units that realize transformations that are inverse to those -
performed on the corresponding variables in the object and in a unit
‘that serves as the mathematical analog of the constraints (2). This
method was described by the author in several papers, starting with -

Card
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- Izv. Vuzov, Elektromekhanika, No. 9, 1961. Such operators are
realized by means of irreversible, rever51ble, and qua51-rever51ble :
decision elements, and it is assumed that reversible or qua81—rever—A
‘sible mndels can be constructed -for both the object equatlons (1)

‘and for the constraints (2). The- operating principle of the system,
which is shown schematically in Fig. 1 of- the enclosure,’ ‘is. descrlbed
briefly. Orig. art. has: 3 flgures and 11 formulas. IR

ASSOCIATION: None
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| ACCESSION NR: AT4045640 I SI2943/64/000/002/0066/0085 B-QHV 5

: AUTHOR Pukhov G Ye. (Correspondmg member AN UkrSSR) Borkovskly, B. A. R
i RSt '

TITLE Method of constructlon of reversible and quas1- revers1b1e electromc

; models- B
| SOURCE: Seminar po metodam matematlcheskogo modehrovamva i teoru elektr

: cheskikh tsepey. Matematicheskoye modelirovaniye i elektrlcheskxye tsepi~

. (Mathematical modeling and electrical c1rcu1ts) trudy* semmara, no. 2, Kxev, -
! 1zd-vo Naukova dumks, 1964 66- 85 ' x . ' e

TOPIC TAGS: electronic model reverS1b1e electronic model, éﬁtbmatioh, com-

i puter EEN
ABSTRACT: The usual electromc modelmg arrangements are 1rrever51b1e, '

i that is, the poles of these models are differentiated as input and output. If, for

i example, in the model of the equatmn Q_%‘_ + x = f(t), the input pole is fed the

. voltage which corresponds to the function f(t), the voltage x(t) will be obtained at
' the output. It is not possible to obtain the voltage f(t) at the fir st pole by. feedmg if

H
H

»
A
'2

I
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;!vthe second pole with x(t), because of the irreversibility. Thus, in these models, |

. the transformation of the information flux can go only in one direction. The pre- -
: sent paper describes methods for construction of models in' which the information:

{ can be transformed in any direction. In these reversible and quasireversible mo= -
; dels, the external poles are equivalent.. This can be accomplished in reversible | -
| models without commutations, inthe quasireversible ones it is achieved with sim® -
, ple switching arrangements. 'Orig. art. has: 12 figures and 37 equations.

ASSOCIATION: None

SUBMITTED: 19Jan62 P ,ENCL;? 60_" .

SUB CODE: DP, EC NO REF SOV: 011 OTHER: 001
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AUTHOR:. Eglghov, G. Ye 5 Grezdov, G I
v

ig
TITLE: The electronic dewce ”Iterator 1" for the solution of ordinary dlfferentla.l
equations with boundary conditions on- contmuously operatmg machines

\ 2
SOURCE: Analogovyye metody i sredstva reshemya krayevykh zadach (Analog methods and -
means of solving boundary value problems); trudy Vsesomnogo soveshchamya Moskva.» Lo
1962 g. Kiev, Naukova dumka, 1964, 306-311 ' _ S

. TOPIC TAGS: 1terat10n, differential equatlon, boundary value problem, ordmary
_ differential equation, analog computer, -electrosimulation T

ABSTRACT: The paper describes the analog computer "Ite'ratur -1, a.nd 1llustrates its
application to solving systems of linear dxfferentlal equations of the first order of the o

form i .
B e A C B
with the boundary conditions ' '

Card 1/2
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_ where X, Xi, Xo are vector functions of time, A is a matrix function of time, Siare .-

- constant matrices and F, yo and ¥ are vector functions of time. 'The paper describes
" the iteration procedure used to solve such systems. Up to 4 conditions; as in equation * : *
. (3), are permitted. There are 17 operational amplifiers. The boundary- conditions ean’- - . -
~ be specified to within 3%. An example of the use of "Iterator-1" to solve a problem on :
' the deformation of a cylindrical shell is given. Orig. art. has: 4 figures, 1 table, and =

T

ASSOCIATION: None
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| AUTHOR: Pukhov, G. Ye. (Cq_xfx'aapornding member)

o ey a e AT AT

' PITLE: Variable structure algebraic transformers

. SOURCE: AN UkrRSR. Dopovidi, no. 2, 1964, 181-184

TOPIC TAGS: computer, algebraic transformer, vector transformation,
Seidel iteration process ) .

ABSTRACT: Methods for the simplification of algebraic transforver circuits

of contirnuous voltages are considered. Numerically controlled conductances

are applied in the methods in question. Absolute convergence for the trang=
formation process is proven. The problem is to cbtain a device for transforming
an n-dimensional vector y into an n-dirensional vector x with linear '
" 1imitations Ax + By = O. The iteration process of Seidel is realized in the :
transformer, which should always @nverge when limitations are placed on .
matrix. The methods of simplification of transformers can be simplified even
more if matrices A and B contain a large number of zeros. B :

Association: Instyttut Kibernetywky, AN URSR (Institute of Cybernetics. m Ukr. SSR, .
Card 11@ | ;; -
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VITENBE®G, I.M., doktor tekhn, nauk, red.; PETROV, G.M., kand,
tekhr nauk, red.; PUKHCV, G. Ye., red., GUTChINﬁ N.Ya., red.

_....__....._ e,

[Problems of the theory and application of mathematical model-

ing] Voprosy teorii i primeneniia matematicheskogo modeliro-

vaniia. Moskva, Sovetskoe radio, 1965, 646 p.
(MIRA 18:4)

1. Chlen-korrespondent AN Ukr,.s3SR (for Fukhov).

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9

2SR R S A R T e LA S R SR i T

YERDDETRPE
e B

| 9760865 EHT(d)/BR0()-2/BVP(1)/EED-2  Po-ly/Pa-l/Pe-b/Pi-h  1UP(c)  BB/GG ©
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AUTHOR: Pukhov, H, Ye. (Pukhov, 6. Ye.) .(Corre"apéhdtngizmember. L
AN UKrSSR) | — N £
30

L ":TITLE: A design for hatheﬁlat_i;alimaghines
'SOURCE: AN UKTRSR. Dopovidi, mo. 1, 1965, 31-32 =

| TOPIC TAGS: analog computer, linear capacitor, honlingar:capactfqt;
capacitive memory o RN o A - S

" ABSTRACT: A design of a d-c-analog computer utilizing linear and -

nonlinear capacitors is proposed. Operation is based. on..the ability
- of the capacitors to serve as meuory elements./plThe advantage of =~
Wcagacitive computers and devices consists in thelr simplicity and
\ fow power consumption. ' Practical utilization depends . to a consider~
abk extent on the quality of the switching elements, which must ex=
hibit low conductivity in the open position., Orig. art. ~has? - li;figP"

(Ins titute of ;'Cyberhei;;.i'é"é A

Bl

 ASSOCIATION: Imstytut kibernmetyky AN URSR"
AN UKESSR) . o i

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9

S E TR TR S T R R S A T R RO T I 1 T T R T O L ST L PR TS RO R SO

2 NO REF SOVi < 002

" L 27628-65. - R T — : @
-ACCESSION NR: AP5004243 . - ... ... . . U/

' SUBMITTED: 16Apré4 . ' ENCL: 00 ..~ - SUB CODE: = DP

ATD 'PRESS$ 31

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"

R
' d



"APPROVED FOR RELEASE 03/14/2001 CIA-RDP86-00513R001343610004-9

N2 el e L R el e T T B B R R R AR T R R TR T L A b R

-;

_.PUKHQV, Georgly Yevgen'yevichj GREZDOV, Gennadly Ivanovich;
VERLAN!, Anatolii*F"Horovich. MEL'NIK, T.S.; red.

[Methods for solving boundary value problems usin, enalog

computers] Metody resheniia kraevykh zadach na elektro:

nykh modeliakh. Kiev, Naukova dumka, 1965, 144 p.
(MIRA 18:3)

1, Chlen-korrespondent AN Ukr.SSR (for Pukhov).

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001343610004-9"



"APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R0

L ETU T SN A R R A DR T e B R

01343610004-9

TET R

AT VPSSR

L sasg2-65 ‘E‘Nf(d)/f:'iiE(’Jl)/E"ﬂPv(Qlﬁﬁﬁ(ﬁ)/ﬁ?{é{;.ﬁ_I—:f{.?lr,,_;__L_';_v.._p..,__; o

| ACCESSION NR: AP5012126 ~  UR/0378/65/000/001/0083/0091
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} | AUTHOR: _Puihov, G. Ye.; Vasil'yev, V.V.

TITLE: Theory and application of 2 giethod of _veliect"ric _'éircdit control .

SOURCE: Kibernetika, no. 1, 1965, 83-91 |
TOPIC TAGS: electric circuit cdntrol;_’ zero f)otenti' pqirit, parametric cif;éuit contrbl, i
control theory, voltage equilizer, voltage inverter, analog computer ' e

ABSTRACT: During the design and use of various measuring, computing, and gjntrol de-
vices containing electronic circuits as elements, one must often choose control inter- = "
actions in suck a way that the potential becomes zero at definite points of the circuit. This
article describes a particular method (which the author calls parametric), which is dis-
tinguished by the use of the circuit proper not only for the production of the error signals
but also for their transformation, aiming at a convergent control process. ~The voltages of -
the control sources are chosen in such a way that they make the changes in current within
the sources caused by the introduction of variable ohmic or other conductances zero at -
points which should be at zero potential. The article shows several illustrative examples -

v

- | card 1/2
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- TOPIC TAGS: analog computer, simulation, mathematical modeling

- PURPOSE AND COVERAGE: This book presentsdzhe present state and
development of Soviet analog compyter/{‘te hnology and its signifi-
cance in various brances of Soviet science and national economy,
Problems of the theory of analog computers and mathematical mod~-
eling of systems described by partial differential equations and
ordinary differential equations are discussed, Readers are famil=~ -
iarized with experience gained in operating modern computers, The !
book contains articles by several well-known specialists in com~ ‘
puter technology which are based on material from the First All-

—....Union Conference on Analog Computer Technolggz. ,Ihis book is T
i
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