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FOREWORD

This publication was prepared under comtract
by the UNITED STATES JOINT PUBLICATIONS RE-
SEARCH SERVICE, a federal government organi-
zatlion ésteblished to service the tranmslation

and research needs of the various gvernment

departments.
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while the vector funatinniyﬁﬁ§ can be chasern o thaet it will
satigfy the following differential equatlion _
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Cons ur*ﬂ,ly qlé,’t\) =Cg'Y (};} and we h'ave*
@4 > T htudr
P Px(t)- cq® &) Fpt) | W Pudre | ¥ £0
gince the functions W ix),&= Lo ™ are linearly in-
c‘:ef}emd@mta?‘?(‘k\)‘ﬁ 1o o nonmers solution of the linear ntho
order differential equation, and from the facl that gu(t)
iz an arbitrary rermissible variation af'tge'optiﬂml equa-
tion u(t), there foliows the equation

e :
w(E) = g%gmt{)(ﬁ?)-b_ . (1)
Ve have yet ﬂnu*hér consition whilch is sotisfied:

l{;(g) x(t w W’& ﬂ{t) + '?(; V.(t’)j const 2 0O, (3’\

X

: Conbining the egustions (13, (3

the theorem: ‘ ‘

A1 8T the optinmal controls ul(t) and the correspond=-

o nal looi %{t) whieh sctart out froem the point % at

t = 0 are cor tainhﬂ in the eontrels and corresponding loed
i rom the selution ol the follo wing systen of

eguations: e

,;,,M;;; %(9) = t}y«wﬁup w=sign¥6 (o)

3 = (53, we obtain
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The svaten of apuﬁiianﬂ (63 j"eczsclv expresaes the
Mominum Principle formulated in refevence (1),

4, The wroblen of pontinal syetens svnuheéiﬁ. The
theory of automatic econtrsl is concerned with opiimal’
pagsage along the locus of equation (1) from an arbiftrary
instial point = to the origim of the coordinnte system.

The set M of pointz % in panse space X from which it is
possible te reach the origin by means of a permissible,
and congsequently, an eniinal control, is an open convex set.
1f 4he transform A has siable proper values, the set M
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corresoonds to the sentire space X, .
There is not more than one locus of equaﬁion {1}

from an arblirary ynint ¥ to the origin of the coordinate

svsten which satisfies the Maxiwmun Principle (6),
Consequentliy, we have a unxﬂu&%y~detwrmzred real . *,

function ul{x) of the "9c?u&iw1 arpumnent ¥ which has the

property that in meving along the locus of the equation

A= Ax .'Qﬂ-'. Em{xﬁj

we will reach the origin of coordinates from any given
~initial position in the minimum length of time, provided
‘that the erigin can be reached from this point by means of
eny permissible eohtrel.

. The caleulation of a funcitlon u(x) is called the
synthesis of an optimal system (1), This caleulation can be
pnerforned on the basis of formulas {(6). Having set an arbit-
rary vglue‘yﬁﬁyfortP apd the dnitial wvalue x(0) = 0, 1t 4is
neeezsary to solve the system (6) along the seni~axig - 43'40
‘Since the function u(x) takes on the three values 1,0,
it iz surfieient for its determination to know the set cf
®transformation® points of the control u{x), 41,e,, the set
of values of x which satisfy the eguation u(x), as well the
rrrﬁnna irto whieh this set divides the space X,

in caze of a second=-ordar equation, transfa*mat*on
iines are forms in the phase plane whose determination on
the basis of equation (6) constitutes a perfectly elementary
problem, These lines were first obtained by Bushow (see ref,
If the trwﬁafurm A takes on real proper values, then
the set of transformation points of the control function
u{x) represents a hypersurface, The method oI constructing
this hypersurface was first indicated by A.A, Fel'dbaum (ref.

3). Cn the baszis ol eguations (6) it is easy to obtain a
parametric representation of this hypersurface. Let tl,t ‘ v
eet'tn;l e parameters subject to the sinwle condition

orb.2b =b%.. 2 b 3 then the pé;.:fanzetric representation
of the tfransformation hyperspace will be-

X(t”, uh\on) -
-e«eq’it.mzﬁ PR - {2 Pt T+ %.‘)"i\y Tdx) (7)

This h;persurfaae divides the sgaca into two adjoint regions}
in one of these the function tukes on the value +1, and a




value of ~1 in the other. .
¢ . In the general cage involving conplex romﬁg, the set
N of transformation points of theé contrel function u is a
" pseudona nifold, and ite paramefﬁﬂc repres cnt“ﬁian, which
is analogous to €7), is inpossible to obtain, It can, how-
 ever, be caleculated on the basis af equations (6} to any
degree of aceuracy.,
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