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_ AUTHOR:

TITLE:

PERIODICAL:

ABSTRACT:

card 1/2
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SOV/20-124-320/67

Oscillation Properties of the Solutions of Linear Canonical
Systems of pifferential Equations (Ostsillyatxaionnyye svoystva
resheniy lineynykh kanonicheskikh sistem differentsial’nykh
uravneniy)

Dokiady Akedemii nauk SSSR,1959,Vol 124,8r 3,
PP 533-536 (USSR)

ovich;

The author considers the system

dx s
it JH(t)x, where x is &

2x-dimensional vector,

B(r) (), w=tfa T2

J -( 0 Ik) , I, unit matrix, H(t) = H(t)* 2 real symmetric
-1, 0 k

matrix. The author uses results of I.M. Gel!fand, V.B. Lidskiy,

I.M. Glazman, L.D. Nikolenko eto, in order to formulate seven

theorems after having introduced many definitions; these .

theorems overlap with well-knoan results of Sternberg [Ref 5/

CIA-RDP86-00513R001962010019-2';
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133 &

0scillation Properties of the Solutions of Linear 507/20-124-3-10/67
* canonical Systems of Differential Equations

. and others or, however, already implicitly oscur in other in-
vestigations.
There are. 10 references, 7 of which are Soviet, 2 Americen,
and 1 Portuguese.

ASSOCIATION: Nauohno-issledovatel'skiyinetitut matematiki i mekhaniki
feningradskogo gosudarstvennogo universitets imeni AJA.Zhdanova
(Scientific Research Institute for Mathematics and Mechanics

of the Leningrad State University imeni A.A. Zhdanov)

PRESENTED: September 22, 1958, by V.I. Smirnov, Academician
SUBMITTED: September 15, 1958

1

card 2/2
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AUTHOR:

TITLE:

BRE &
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R

Yakubovich, V.. S0V/20-124-5-9/6<
Conditinns for the Oacillation and Nonoscilliasion for Linear
Canouical Systems of Differentisl Equatlons (Uaioviya koleba-
telinosti 1 nakosiebatsl nosti diya linaynykh kwanonicheskikh
pistem differentsialinykn urarneniy)

PERIODICALs Doklady skademil nauk SSSR,1959,Vol 124,Nr 5,pp 994-997 (USSR)

ABSTRACT3

Card 1/2
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The author considers the system
(1) 1L . ym(4)x,

G v d"g % ‘
whére x 13 a 2k-dimensicnal vestor, B(t):(ﬂ.‘. 1), ol =L Y= s

O'Iﬁ
JsQI OL)S H(t)mH(t”) real aymmeiric 2k 2k matrix. Let X 5e¢

k
serfy D€ lipesriy independent solutions of ('), whare 1t is

; U
(ij;xh)moo Lst (y) be a k ¥ 2k matrix, the columns of which
are the vectors x,:»enuif,. Let X(t) be the matricant of (1),

see [Ret 1/ ; Arg X(t)-Arg let rU(t)niV(tj}ﬁ The equation (1)
1s czlled ossillating, if Arg x{t) for t-co is not bounded;

y
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Conditions for the Oscillation and Nonoscillation for S0V/20-124-5- /€2
Linear Canonicel Systems of Differential Equations
(1) is called nonoscillating, 1¢ Arg X{t) is bounded. In
eight theorema the author gl7es several conditions for the
oscillation and nonoscillation in the above sense, €«ge3
Theorems If starting from t&? 0 it is almost everywhere

.0, ¥'#0 (or conversely), then (1) is nonoscillating.

The resulis cveriap cr generalize the results of I.M.Glazman,
V.A.Kondrai'yev, L.D.Nikolenko.

Phers are 7 references; 5 of which are Soviet, and 2 Ameriocan.

ASSOCIATIONxHauchnG»ileedovatsl'akiy institut matematiki 1 mekhanikl
Lerningradskogo gosudaorstvaennogo aniversiteta imeni A.A.
zhdanova (Scleutifln Research Institute of Mathemntics and
Mechanica of the Lecingred State University imeni A.A.Zhdanov)

PRESENTED: September 22, 1958, by V.1.Smirnov, Acedemiclan
SUBMITTED: September 15, 1998

Card 2/2
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~ | " 69757
- (54560 16,3900 5/045/60/000/%708/011
"sUTHOR: Yakubovich, VoA lo B

- ik e , ]
TITLE: On Nonlimnear pifferential Equations of Automatic C ntroi . Systems
With One Control Unit

PﬁRIODICALx Justnik Leningradskcgs universiteta, Seriya matematiki,
: mekhaniki i astronomii, 1960, No.2, PP 120~153

TEXTs This ieg 2 jetailed representation of the results on the method of
A.I.lur'ye (Refcl) anncunced ty the euthor in (Ref.4,5). There sre
overlappings witn the bocks of A.M.Letcw (Ref.2) and P.V.Bromberg (Ref.3).

The author pentions V.M.Popovs V.A.Plaigs, AyZ.rma .5 Professor D.K.Faddeyev,
A.B.Konstantinova. Ye.A.Barbashin and N.N.Krasovakiy.

There is 1 figurs ard 17 references: 15 Soviel and 2 German. ¢><:/

Card 1/1
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YAKUBOVICH, V.A,

Nonlirear difforential equatione of automatic control sysieus

ti lement. Vest.LGU 15 no.7:120-153
v:é(t)h one rogulating e A 121 0)

(Automatic control) (Differantisl equationa)

3 A 24 :-..‘-m‘ft..i?;& S ug %;5&:‘1 - - ; Snd 2 h 3"«% g ” & Eiyﬁ :
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5/043/60/000/13/09/016
c111/c222

AUTHOR: __ Yakuhovich, V.A. B

TITLE: On Radius of Convergence of Series in the Small Parameter Method
for the Linear Differential Equationa\fith Periodic Coefficients

PERIODICAL: Vestnik Leningradskogo universiteta, Seriya matematiki,
' mekhaniki i astronomii, 1960, No. 13, pp. 81 - 89

TEXT: If the solution of a linear system of differential equacions with

periodic coeffigients is sought in the form X(t,€) = P(t,c)eK(E)t , where
the matrix K(¢&) and the periodic matrix P(t,£) are series iné&, where
K(£) = 1n %(1;€) , then in general there can appear different radii of con-
vergence for K(Z) because of the nonuniqueness of the logarithm. The author
proves a theorem which is partially known (compare (Ref. 10)) which to-
gether with some qualitative considerations permits to make the calculatiorn:
in the above mentioned method so that there results the greatest radius

of convergence.

card 1/2
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On Radius of Convergence of Series in the 5/043 60/000/13/09/016
Small Parameter Method for the Linear C111/c222

Differential Equations With Periodic Coefficients

The author mentions N.N. Bogolyubov, Yu.A. Mitropol'skiy, N.A. Arten'yev,
I.Z2. Shtokalo, N.P. Yerugin, and M.G, KXreyn.

There are 2 figures and 13 references s 12 Soviet and 1 Iteliean,

Card 2/2
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[6,6800 (1024, 1250, /344 ) 8L65S
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€111/C222
»APTHOR? 'Yakubovi?h, V.A.

TITLE: Stabilitzleonditions in the Large for Some Non-lLinear

Differential Equationg\ of Automatic Control
PERIODICAL:  Doklady Akademii nauk SSSR, 1960, Vol. 135, No. 1, pp 26-29

TEXT: The author considers the system

(1) Eoaray(6), i) -y (),

where x, a and b are vectors, A - matrix, (b,x) - scalar product and € (0)

is a real continuous function ; § >0 ; 0 <M <L i%ﬁ & AL+ o (64 0)‘\)(
Furthermore it is assumed that the eigenvalues of the matrix

(2) K = '3'5' (Ax-b 13- ba.*)

lie in/the left halfplane. For an arbitrary matrix H let H>O mean that H is
Card 1/ 5
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Stability Conditions in the Large for Some 8/020/60/135/001/006/030
Non-Linear Differential Equations of cit11/c222

Automatic Control.

symnetric and positive definite.
Theorem 11 Take an arbitrary matrix G >0 and define the matrices R >0,

M( 6°) and the vectors a  and n( 6”) by

0° 6 46
¥ : 1 ~
KHO+H°K --Go,ao-Hoa,M(G)-o exp[xsm]db, \)(
<
N 1
n(6) « —5—— k M(G)a
AL °

Assume that for an € >0 and 211 6 it holds

(3) 1 - (63! m(6),b)- VicZ! a(6),a(6))- (3! b0) 3.6, >0

For the stability of (1) in the large it is neoeséary and sufficient that
Card 2/ 5
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Stability Conditions in the Large for 8/020/60/135/001/006/030
Some Non-Linear Differential Zquations of C111/¢222
Automatic Control .

for all 6J, -wa 0< 4 o 1t holds
S -
(4) , ”2‘} (2y4( 07)a )a6” >/(H;1 u(6)s , M( 6a) .

~1 b 2
Let K (Ha. - —-é = - u, where H is the real solution of the inequation

- §(KH + HK*)-/wg K.-1 (Ha - —Qb—g-)(Ha. --~--213§)‘l ;* -1 f% (»a*H + Hav¥) - X

1
—;—z'bb'*>0
with |
(8) p2 = max ' (6)2 , -w<G<to .

Theorem 2: Assume that the conditional equationa (cf. (Ref.6))
Card 3/ 5
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Stabiltty Gonditions in the Large for 5/020/60/135/001/006/030
Some Non-Linear Differential Equationa of c111/c222
Automatio Control o

¥ 2 ¥ 1 4 _— ¢
(9) - e(xv+ ux") - p, uu + 3 (Kkub” + bu x%)
. 1)

a b
U + Ku +J§§~‘-“Q ’

where /“: 1a given by (8), have real solutions u, U = U* for all veotors b' \)(

being sufficiently neighboring to b. For the stability of (1) in the large
it is-sufficient-and necessary-that -

&
(10) vdo , [g+ 2(u,a)] ag p(2)aT > (077 u,u) y(6)°

is satisfied. '
Theorem ‘3: contains stability conditions for the case where the coefficients
of (1) depend on a parameter. ' :

Theorem 4 is a rougher modification of theorem 3 whioh 48 more convenient
for stability control. ,

The aesumpiions of the theorems 1 - 4 are always satisfied if € is
sufficiently large.

Card 4/5




"APPROVED FOR RELEASE: 09/01/2001 CIA-RDP8§-00513R001962910019-2

—_— 5 g

AN A e T R i TSR R g, HERERE RN g

8L655
Stability Conditions in the Large for 5/020 60/135/001/006/030
Some Non-Linday Differential Equations of c111/c222

Automatic Control

The author mentions Ayzerman, Ye.A, Barbashin, N.N. Krasovskiy and
Lyapunov. There -are Soviet references,

ASSOCIATION: Leningradskiy gosudarstvennyy universitet imeni A.A. Zhdanova
_(Leningrad-state University imeni A.A. Zhdanov)

PRESENTED:  June 6, 1960, by V.I. Smirnov, Academician X
SUBMITTED:  May 23, 1960

2

u:{;géx =

APPROVED FOR RELEASE: 09/01/2001  CIA-RDP86-00513R001962010019-2
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Coefficients?ﬂian systeus of linear differential equations with perlodic

report submitted for the Intl. Syrposium on Honlin 1
a2 Sop. 1561 P ear Vibrations, IUPAM

Aced, Sci. Ukr SSR
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AUTHOR s Yakubovich, V. A.

TITLE: S;gtems of linear differential equations of canonicel
form with periodic coefficients (Autoreview of the
dissertation)

PERIODICAL: Uspekhi matematicheskikh nauk, V. 16, no. 1, 1961,
223-234

TEXTs The dissertation has been maintained on June 11, 1959 at the
sesgsion of the uchenyy sovet natematiko-mekhanicheskogo fakul'teta
Leningradskogo universiteia (scientific Council of the Mathematical- .
Mechanical Faculty of the Leningrad Universitﬁ¢ opponentss V. J. AN
smirnov, Academicianj M. G. Kreyn, Corresponding Member of the 5
Academy of Sciences, UkrSSR; G. Yu. Dzhanelida boctor of Physico-
mathematical Sciences; x. A. Krasnosel'skiy, Doctor of Physicomathe-
matical Sciences.

The resultshave been published by the author in (Ref. 17: Otsenka
kharakteristicheskikh pokazateley sistemy lineynykh differentsial’
nykh uravneniy 8 periodicheskimi koeffitsientami é@stimates of
characteristic exponents of a system of linear differential equations
card 1/9
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with periodic coefficients ), MM 18, vyp. 4 (1954)); (Ref. 18:
Rasproatraneniye metoda Lyapunov opredeleniya organichennosti

.

resheniry uravneniya yo ¢ p(t.g y = Gy p{tew) = p(t)na sluchay

znaknperemsnnoy funktsii p(t ‘kxtension of Lyapunov's method of
determining boundedness of solutions of the equation y"+p(t) Y= 0,
p(t+w) = p(t) to the case of a function p(t) of variable sign,

PMM 18, vyp- 6 (1954)); (Ref. 19: O sistemakh differentsial'nykh
aravneniy kanonicheskogo vida s periodicheskimi koeffitsientami
poryadka bol'she dvukh [On gystems of differential equations of
canonical fcrm with periodic coefficients of order 3'2']DAN Au3,
¥o.6 (1955)); (Ref. 20: O zavisimosti sobstvennykh znacheniy
gamosopryazhennykh krayevykh zadach dlya sistemy dvukh differentsial’
nykh uravneniy ot krayevykh usloviy [ On the dependence of the
eigenvalues of the boundary problem for the system of two A:fferen-
tial equations on boundary conditions ] Vestn. 1.GU, ser. matem.

mekh. i astr., No. 1; vyp. 1 (1957)); (Ref. 21: Rasprostraneniye
nekotorykh rezul'tatav Lyapunova na lineynyye kanonicheskiye

sistemy s periodicheskimi koeffitsientami [ Extension of some
results of Lyapunov to linear canonical systems with periodic coeffi-
cientn7] PMM 21, Vyp- 4 (1957)); (Ref. 22: Zamechaniye k nekotorym
Card 2/ 9
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rebotam po sistemam lineynykh differentsial'nykh uravneniy s periodi-
cheskimi koeffitsientami [ Remarks on some papers on linear systems
of differential equations with periodic coefficients ), PMM 21, vyp. 5
(1957))s (Ref. 23: Stroyeniye gruppy simplekticheskikh matrits i

i struktura mnozhestva neustoychivykh kanonicheskikh sistem differen-
tsial'nykh uravneniy s periodicheskfuw® koeffitsientami [Structure

of the group of symplectic matrices and of the set of unstable

canonical systems with periodic coefficients |, Matem. 8b. 44 (86):
3(1958)); (Ref: 24s Kriticheskiye chastoty kvazikanonicheskikh sistem
{Critical frequencies of quasicanonical systems] , Vestn. LGU 13,
vyp. 3 (1958)); (Ref. 251 Ostsillyatsionnyye svoystva resheniy /
lineynykh kanonicheskikh uravneniy [ Oscillation properties of
solutions of linear canonical equations ], DAN 123, No. 3 (1959));
(Ref. 263 Method melogo parametra dlya kanonicheskikh sistem s
periodicheskimi koeffitsientami [Method of the small parameter for
canonical systems with periodic coefficients], PMM 23, vyp. 1 (1959) )3
(Ref. 27s Voprosy ustoychivosti resheniy sistemy dvukh lineynykh
differentsial'nykh uravneniy kanonicheskogo vida s periodicheskimi
koeffitsientami | Questions of the stability of solutions of a

card 3/9
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system of two linear differential equations of canonical form with
periodic coefficients], Matem. sb. 37 (79), vyp. 1 (1955)).

A report on the results was given among others in the seminaries of
V. J. Smirnov, Academician (Leningrad); N. G. Chetayev, Corresponding
Menmber of the Academy of Sciences USSR, Institut mekhaniki AN SSSR
(Institute of Mechanics AS USSR); L. S. Pontryagin, Academician
(MJAN); V. V. Nemytskiy, Professor (MGU).

The zuthor considers the systems

dx
33 - JE (t) x

where x is a column vector with the components p,jecsyPpy QqoeeerQy

/b"‘a’h i Bl
H(t) Jeh = 154005 k),
\ ”ﬂjh Il I\XJhlf

IS

CIA-RDP86-00513R001962010019-2
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I, == unit matrix. The o {5, ¥ are real functions of t and integrable
according to Lebesgue; ”‘”Jh(t) = ot.hj(t), xjh(t) = ‘,(hj(t) almost
everywhere.

Chapter I considers the structure of the space L = {H(t)’ of all
H(t) = H(t+T), to which there correspond solutions of (2; which
have certain properties. E. g. let JiL be the set of the H(t) for
which (2) possesses a certain number of bounded solutions for

t “»m , while the other solutions are estimated by

\x(t)l<c e®“* , these properties are said to be stable with respect
to small variations of H(t). It is stated that the sets ¥ thus de-
fined are either domains or are decomposed into at most depumerably
many domains. The author gives clear models of the space L for k = 1
and = 2.

In chapter II the author considers the convex properties of the
stability domains in Lj here A is a stability domain, if the
solutions of (2), the H(t) of which belongs to WY., are stable.
:PiA ¢ L is called convex in the direction of growth, if from

card 5/9
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B, & I, B, €W, By S H, it follows EENL, if i, £ H 4 H,
it is stated that all stability domains are convex in this sense for

k = 1,2. Under certain assumptions the stability domains can be

subdivided into convex subdomains for k 2> 2. These properties are
used for obtaining sufficient stability conditions for (2).

In chapter III the author extends the Lyapunov method for the in-
vestigation of the Hill equation

2
L5 4 p(x) y = 0y p(t +T) = B(¥) (4)
at

to more general classes of canonical equations.

In chapter 1V the author considers systems (2), the coefficients of
which are not periodic., He investigates oscillation properties of the
solutionsend degenerated self-adjoint boundary value problems. A
geometric definition of the oscillation character of the equation (2)
is given, where results of J. M. Gel'fand and V. B. Lidskiy

card 6/9
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(Ref. 10: O strukture oblastey ustoychisvogki kanonicheskikh line- !
ynykh sistem differentsial fitykh uravneniy 8 periodicheskimi koeffitsien-

tami [On the structure of the regions of stability of li.lear canoni-

cal systems of differential equations with periodic coefficients] 5

UMN 10, vyp. 1 (63); (1955), 3.40) are essentially used. Degenerated

self-adjoint boundary value problems are investigated for the

squation

L . 3(H,(8) + RE(8)) = . (6)

The author gives necessary and sufficient conditions for the
existence of at least one and of an infinite number of eigenvalues
tending to infinity.

Chapter V and VI have applied character. The author investigates

the equation N
%.-J[uo+eﬂ(et, £) ] x (8) A |

where & is the exciting frequency and H(s, &) = K1(s)+ E;Kz(s)+...' 3
Card ';’/a .
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especially the case of resonance is considered, where JHO possesses

eigen values which are congruent mod i . The author describes
parameter resonance and the construction of the dynamical instability
domains of (8). '

In & longer footnote the author rejects thc objections of N. P,
Yerugin who criticizes in (Ref.38: Metody issledovaniya sistem
lineynykh differentsial'nykh uravneniy s periodicheskimi koeffitsien-
tami {Methods of investigation of linear systems of differential
aquations with periodic coefficients [}, Inzh.-fiz. zhurn. AN BSSR 3 ,
No. 2 (1960) that the author uses results of other authors without
referense in chapter 5 of his dissertation.

A. M. Lyapunov, L. D. Nikolenko, J. M. Glazman, N..N. Bogolynhov,

Yu. A, Mitropolfskiy, J. Z. Shtokalo, J. G. Malkin and K. A. Breus

are mentioned. :

There are 44 Soviet-bloc and 2 non-Soviet-bloc references. The referen-

ce to English-language publication reads as follows:
Card 8/9
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- illation theorems. for sy-
R. Sternberg, Variational methods and non-osc¢
stems of dif;‘erential equations, Duke Math. Journ. 19, No. 2 (1952),

311-312.
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AUTHOR g Yakubovich, V.At

TITLE: Unbounded-stability conditions for a second-order
differential equation

PERIUDICAL: ILeningrad. Universitet. Vestnik. Seriya matematiki,
mekhaniki i astronomii, no. 4, 1961, 83 - 91

TEXT: Several theorems on unbounded stability of dymamical systems .
are proved. The equation Qﬁ

d2x dx
—_dtz +vgF + plet)x = 0 (1.1)

is considered,; where » >0, 8 >0, ¥(s + 21w) = ?Ss), the function
¢ being either continuous en--the interval [0, 23] or having a fini-
te number of singularities and

2 ,
S:/cr(s)/da <o
Card 1/6
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In the following, such functions are called 2y~periodic, pidcewise

linear and integrable. According to M.A. Ayzerman (Ref. 1l: Dostato-

chnoye usloviye ustoychivosti odnogn klassa dinamicheskikh sistem

-8 peremennymi parametrami. rMM, v. 15, no. %, 1951), a dynamic sys-

tem described by Eq. (1.1) has unbounded stability if for any posi- |

tive 8, the condition L%(
x(t) =0, L 50 for t =+ (1.2)

is satisfied. Another author considered Eq. (1.1) with piecewise-

constant functions

(s) v
8) =

¢ m2 for W <<t << 21
“ne arrived gt the conditiong — -~ oo T

¥

ve>%a-§

for 0 <t<<Y,

Card 2/6
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where 0% = % (m2 + Mz).

A more géneral result can be'derived from the author (Ref. 3: DAS

SSSR, 87, 3, 1952). This result is formulated as 'heorem 1: Denote

by ch o the set of 2M-periodic piecewise~linear, integrable func-
H

tions «¢(s) for which
2%

max ¢(s) = Mz, 5%7 lcp{s)ds = 0220 q/l/

are preassigned numbers. For unbouhded stability of Eq. (1.1) with
any function q(s)€i¢h g’ it is necessary and sufficient that in-
14

equality (1.%) hold. Below, a very simple direct proot of theorem

1l is given. An analogous result is formulated in a more elaborate

way, when min ¢(s) is pre-assigned instead of uay. ¢(s8), viz. theo-
rem 2: Denote by'wm,d the set of functions ¢(s) for which

card 3/6
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2%
win ¢(s) = m29 -2—15; lcf(s)ds e

are pre-assigned. In order that Eq. (L..) have unbounded stability u(r
for any function cp(s)e'_'\[lm e it is necessary and sufficient that
9

1) tor v<m, inequality
2 2
ch & + cos€ - ﬁ- (5’-2——“—%)gsin§ >0 (1.4)
m
<7

Va2 - 2 -y

.Vshouid nold tor any £, 0 << E<®; 2) for v = m, inequality

2 Yo 2
v > 1 + yo g = 0050547 e 02 (105)

should hotd, where Vo = 2x§ 'ng - l(xo - '\/xz - 1) and X, = 1.1996
«+sy 18 the solution of equation x = cthx; 3) for v»>n inequality
Card 4/6

APPROVED FOR RELEASE: 09/01/2001



"APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001962010019-2

T YT R R R SISO YL Y PR SRR BT R AT Bin

2902l
S/043/61/000/004/002/008
Unbounded-stability conditions ... D274/D302

"§2+eh —%(dz'mz)gsh§>0 (2.6)
m

v - m Vo=
holds for any & >0. Purthar, the analogous problem of evaluating

the characteristic exponents of equation (1.1) which belong to the
classes of functions QM o and 'zpm o’ is considered. As this problem
9 14 .

is equivalent to evaluating the characteristie ecponents for Hill's
equation

ch

2
‘_i_l + p(Qt)y = 0, (107)
dt?

the latter equation is considered, whereby the function P can also
take negative values. Two theorems are formulated. Theorem 3: In
order that for any positive © and p(s), the approximation

v = 0(ef), t > oo (1.8)
to ‘the solution of Eq. (1.7) should hold (}: > 0 being a pre-assi-
Card $/6
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gned number). it is necessary and sufficient that
P

- p
“Bax ___¢cp
Q'W/pmax for ppoy + Pop>0 (1.9) l*{
V- Ppax for Ppax * pcp‘:'O

hold. 'theorem 4 is analogous to theorem 2. In the following, the
4 theorems are proved. There are 10 references: 9 Soviet-bloc and
1 non-Soviet~bloe.
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AUTHOR: Yakubovich, V-4, (Leningrad)

TITLE: Arguments on a group of simplectic matrices

PERIODICAL: Matematicheskiy sbornik, v. 55, no. 3, 1961, 255.-280

TEXT: The group of simplectic matrices is related to the linear
system of canonical differential equations

_ GH_ - . 9H _
pj—gad 9 qJ = 70'53' (J— 1g swayg k) (001)

where H is a quadratic form of pj” qj' with real coefficients. "The

concept of argument on a group of simplectic matrices was intro-
duced by I.M. Gel’fand and V.B. Lidskiy in connection with the
gtructure of ~tability regions of Eq. (0.1) with periodic coeffi-
cients (Ref. 1: O strukture oblastey ustoychivosti lineynykh kano-
nicheskikh sistem differentsial'nykh uravneniy s periodicheskimi
koeffitsiyentami, Uspekhi matem. nauk, v. 10, no. 1 (63), 1955, 3
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- 40), Various definitions of the argument are given, esch of the
detinitions reading to some new interpretation of the number of
stability- and instability regions of BEq., (0.1) with perlodic co-
efficients. ‘fThe main application of the arguments consists 1n stu-
dying the oscillatory properties of the solutions 10 Lg. (0.1);

this however, is the subject of a later article by the author. The
present article is devoted to defining the various arguments, thelr
properties and their equivalence. Let ArgX be a real function (of .
even sign) of the matrix X€G, satisfying the conditions: 1) '"he \)(
function Argx is defined for any matrix X€G, 2) It mrgx)o denotes

one of the values of ArgX, then the other values are
(ArgX) = (Argx)o e om7 (mo= % 1, % 2500505

%) Each of the values (Argx)m is a contvinuous function of X£G;

4) There exists a closed curve U(t) £G with index unity, 8o that
A ArgU(t) = 2sr. Any function which satisfies the above 4 conditims
is called argument on the group of simplectic matrices. This defi-

Card 2/6
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nition can be rephrased: Assume a continuous mapping is given of
the group G on a circle, whereby a cloged curve U(t)€G, 0t
of index unity exists, so that if t varies frcm 0 to 1, tke corres-
ponding point traverses the circle once in the positive sense; by
definition, ArgX is the argument (in the ordinary sense of the
word) of the point on the circle, onto which the matrix X is map-
ped. A theorem is proved which shows that the various argunents
defined above are equivalent in a topological sense. Assunme, fur-

ther
k
Arg X = }:: Arg p§+); (1.7) »X(/

3=1
the matrix X is divided into 4 k x k -matrices:
1 2

; (1.8)

the notations
Card 3/6
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Arg,X = Arg det (U1 - 1V1),
Arg,X = Arg det (U2 - iV2),
Arg X = Arg det (Uy + 1U5), (1.9)
Arg4X = Arg det (V, + iV2),
are introduced. It is also possible to take as arguments the func- QX
tions ' ( )
Arg,oX = Arg det gt - ivi),
AB | (1.11)
Arg, X = Arg det (UO" + 1V"),

Theorem 3. Each of the functions defined by tormuias (1.7), (1.9)
and (1.11), satisfies the conditions of the definition and can;
therefore, be considered as an argument on the group of simplectic
matrices. The equivalence of various definitions is then examined.
Let Arg'X and Arg"X be two different arguments, i.e. two functions
on G which satisfy the 4 conditions of the definition. The argu-
ments Arg'X and Arg"X are called equivalent if a positive constant

Card 4/6
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C exists, so that for any continuous curve X(t)€ G, the inequality
/AArg X(t) - AArg"X(t)/<<cC

holds, Further, a model is constructed which shows that various
arguments, both equivalent and non-equivalent can be introduced
which satisfy the 4 conditions of the definition. Theorem 4. The
above-introduced arguments

Argjx (J = O’ 1g 2, 5, 4)9 ArgABXg ArgKBX9 Al‘g*x,

are equivalent. This theorem is important for studying the oscilla-
tory properties of the solution to Eq. (0.1). Its proof is compli-
cated and involves several lemmas. There are 3 figures and 20 re-
ferences: 14 Soviet-bloc and 6 non-Soviet-bloc, (including 3 trans-
lations). The references to the English-language publications

read as follows: R.L. Sternberg, Variational methods and non-os-
cillation theorems for systems of differential equations, Duke
Math. Journ. 19, no. 2, 1952, %11-%22; W.T. Reld, The theory of

the second variation for non-parametric problem of Bolza, Amer.

¢ard 5/6
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Journ. Math., 57, 1935, 573-5863 W.T. Reid, A matrix differential d(
equation of Riccati type, Amer. Journ. Math., 68, 1946, 257-246.

SUBMITTED: January 7, 1960
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AUTHOR: Yakubovich, V. A. (Leningrad)

TITLE: Oscillation properties of the solutions of canonical
equations

PERIODICAL: Matematicheskiy sbornik, v. 56(98), no. 1, 1962, 3-42

TEXT: The author studies the oscillation properties of the solutions of
the canonical system Jdx/dt = H(t)x, where

and H(t) = H#(t). The mothod applied is a geomotric rather than an

analytic one. It is based on the fact that each fundamental solution

matrix_X(t) is a symplectic matrix: KIX = J. The symplectic group ‘
¢ = {x} has the topological structure of a multi-dimensional torus. This
result’is due to I. M. Gel!fand and V. B. Lidskiy (Uspekhi matem. nauk,

t. X, vyp. 1(63) (1955), 3- 40.). The canonical 'system considered is said
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to be of the oscillation type if the fundamental matrix X(t) "rotatas"
without limitation on the torus G for t-» +o00o . The equivalence of
different definitions of oscillation is shown. A series of criteria are
derived for whether a given canonical system is of the oscillation type
or not. G. A. Bliss (Lektsii po variatsionnomu ischisleniyu, Moscow, IIL,
1950.), I. M. Glazman (DAN SS5R, t. 118, No. 3 (1958), 423 - 426., t. 119,
No. 3 (1958), 421 - 424.), V. A. Kondrat'yev (Uspekhi matem. nauk, t. XII,
vyp..J (75) (1957), 159 - 160., Trudy Hosk. matem., o-va, t. 8 (1959),

259 - 282.), L. D. Nikolenko (Avtoreferut dissertatsii, Kiyev,1956.;

DAN S8SR, t, 110, No. 6 (1956), 929 - 931.), M. G. Kreyn (DAN SSSR, t. 73,
No. 3 (1950), 445 - 448.), V. B. Lidskiy (DAN usuu, t. 102, le. 5 (19557,
877 - 880.) are referred to. There are 4 figures and 34 references: 26
Soviet and 8 non-Soviet. The four most recent references to Xnglish-
language publications read as follows: R. L. Sternberg, Variational
methods and non-oscillation theorems for systems of differentianl equa-
tions, Duke Math. Journ., 19, No. 2 (1952), 311 - 322; J. H. Barrett,

A Prifer transformation for matrix differential equavions, Proc. Amer.
Math. Soc., 8, No. 3 (1957), 510 - 518; W. T. Eeid, The theory of the
second variation for non-parametric problem of Bolza, Amer. Journ. Math.,
57 (1935), 573 - 586; . T. Reid, 4 matrix differential equation of
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Riccati type, Amer. Journ. Math., 68 (1946), 237 - 246,

SUBMITIED: January 7, 1960
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AUTHOR ; E_z_n_&u_t_:ggioh. V. A .

TITLE: Solution of a few matrix inequalities in the automatic

ocontrol theory

PERIODICAL:  Akademiya nauk SSSR. Doklady, v. 143, no. 6, 1962, 1304-1307

.

TEXT:  The author derives a necessary and sufficient condition under which
a Hermitean matrix H = H* exists for a given matrix i and for given
vectors a and b, so that the matrix ¢ - gg*X, where G = -(#¥H + HA), and
g = -(Ha+b), is positive definite. This condition reads
T + 2Re ((A-iw) ='a,b)>0 for -w<W< +oa. The formulation of the problem is
connected with problems concerning the optimum conditions of stability
_for nonlinear differential equations. The most important English-language .
{reference is: §. Lefschetz, RIAS techniocal report 60-9, 1960,

PRESENTED : December 11, 1961, by V. I. Smirnov, Academician
SUBMITTED: December ‘11, 1961
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AUTHOR: _Yakubovich, V. A, - . oo S3

differential equati@\b

{ TITLE: Two-sided estimates. of the solution of a homogencous gecoad order

'SOURCE: ZLeningrad. Universitet. Kafedra vychislitel'noy mztematiki {
,,_A,Vychislitell»nyyA»t'se,ntrr.—AMetody*vych1sleniyr,-*no':‘*1';*1963;*'30:44“ T

| TOPIC TAGS:  differential equation , inequality, upper bound, lower bound, |

e '\ reglon —of parameter value . -

ABSTRACT: The author considers the 'eqix‘at:ion -

_ .'d; e URTTI TTT »
o o @ HPOFEA0x=0, o
~ Bubject to the initial conditions x(0) - ¥o, x(0) = Xo, where the coefficlent -
functions in :{ 1) depend upon paramcters A1l,.v0,0m. He wishes to find a set
-of parameter values for which . N .

iCord 1/6 °"
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He also would like to Eind an 1m.reaeing gequencg of euch sets whose unicn is the
set of all such parnmeter points. By the usual reduction, he transfars (1) and

, (2) RO - : -

y(O)—-a. o= a:_", N O

'-lle at:tempcs to accompush the desired tesult by the nat:ural use of sequences
ALY N sacisfying _

[

i v<-)t)<y'(i)<f«o<~'(t) - o :
El)l) v*"((t)<vm(t)<.‘ .w‘"(t)>w(t)>.... e

-

aatiéfied dn)(t)_,y(t), m‘"(‘)—#y({),l L :- ‘

Such sequences are constru:ted typically by che uae of T!.eorem 1 Aaaimg p(;')_,_rtqi_r ]
be the form - . A

“ ,~~—-("l) f°f»"—**~m-~ unifomly_m* té(o T)_.mtheAfr lloving-ia .

/ P (g) ...p,(t) +P| (f)- .

-¢°r3-.:.?(§_,..1. do

B N e T
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whete po(c), pl(t)sz(O T), and auch that: the fc;liovvtilng-con-di;tions- are satisfied:
a) py(t) >0 for 0 £ t < T and the measure ‘of the get " {’t:: 0 5 pl(t) <5‘) o

‘tends to 0 as £ -»0;
b) ve know the fundnmental syutem of solutions ul(c), uz(c) of the equation

with Initial conditions |
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Ty Theorem 1, - Assume that: (n), (b). and (c) are sacisfted and that y,(t) >0 on (0 'l‘) :

1B

—.any funccion P (t)-=-¢; where the constan.. ¢ s subject to-the- condicion R
. c<mln[c., :vm o o)

As the "zero apptoximat:ion" the author cakes the aolution us= yo(t) of equation
1) with init:ial conditions(lo)

then the conditions (a), (b) (c) ‘ean be satisfied taking, for example as po(t),

B anainkiady

Sequoncially d-ftnu tho funcuom yl(:), yz(c),... !rom cm uquaciom

s +p.(t)7;;.’:m (O3 Yui (°)‘=°;' yu._” _
o l 2' ’; ” - I.'.v':,»

and et
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Then for 0< t: <T- :

b yn(t)>0 n-12,..,,"

’nf(')
. Yn (‘)

3) there exists an 1nteger m = m(t:) > 0 such that :

y‘(t) <y‘(t) St <ym(t,| .-
Yu(t) > y,.,.(t) >y..,,(f)> .,-.

4) if t! < t", then m(t )¢ m(t")

5 for che eolution y(t:) of (3) with initial conditions (4)

"i,'y(t)'<y°;?‘(t), " for ev'en,‘.-:’-. n>m(t)--l }
VAU sor oad T s md=1,)
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6),_if for eve_’}f_‘f,,_)i_(n) (t), < y (t) or gpf_ oddf_n, y(“) (t) S Yy (t), !.:.len

RS as n - + @ unifomly m :ep ﬂ

L Y""’(‘)*}'(f)u W"”’U)-*y(l) r; , o L
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jﬁ,f_TITLE: Machines learning to recognize images .

iiﬁ;SOURCE: Leningrad. Universitet. Kafedra vy*chislitel'noy matematiki
"1 vy*chislitel'ny*y tsentr. Metody* vy*chisleniy, no. 2, 1963, 95- :'
131 : , :

© TOPIC TAGS: image recognition machine, selflearuing computer.‘com- :

;"., puter, perceptron, character recognition machine, vowel recognition |
" » machine, linear perceptron : o
' ) . i

<1 ABSTRACT: The characteristics of image recognizing machines (per-
-} ceptrons), (the basic elemerts of which are identified as the retina,|
;| the associative element, the summing element, and the logical ele-
‘! ment), are described by methods of set theory with mathematical
{?‘rigor. but-tha treatment is made understandable’'to the non-mathe=-

I
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‘?matician. The subject headings are: Introduction. 1. Schematic
»diagram of the perceptron. 2. Diagram of the recognition block.
'1Linear perceptron. 3. Perceptron with one summing element. 4. Con-

cepts that can be distinguished by a perceptron with a single sum-
ming element. 5. Concerning one algorithm for the separation of ]
convex sets. 6. Separation of an arbitrary number of generally non- |
convex sets. Learning block of a perceptron with many summing ele-

;ments. 7. Description of the experiments performed. These cover ;

the recognition of convex and concave functions, recognition of hand=

written numbers, recognition of profiles, and recognition of vowel
phonemes. "The aathor is grateful to the students M. Persiyanov,

T. Bogdarin, and N. Belyayev for much work done in the experiments, ._;

and to Prof. G. V. Gershuni and Prof. L. A. Chistovich, who supplied |- ..

the graphs for the vowels." . Orig. art. has: 14 figures and 47 for- .

‘mulas. v : o :

~ 'ASSOCIATION: Leningradskiy gosudarstvenny*y universitet (Leningrad
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-vr—TITLE:'; Absolute stability of nonlinear controlled systems in critical cases.. 2. . . .

SOURCE: Avtomatika i telemekhanika, v. 24, no. 6, 1963, 717-731

TOPIC TAGS: ‘stability of controlled systems, nonlinear controlled systems,
- Lyapunov's functions in automation

L+ .. _ABSTRACT: _A theorem is proved that yields effective, necessary, and sufficient H
' ‘conditions for the existence of the Lyapunov's function -- "quadratic form plus an
integral of nonlinearity" -~ with a least degenerated derivative. Possibilities are
. . .explored of using such Lyapunov's functions in the prcblems with fixed nonlinearity.
‘ Pertinent formulas are given in Enclosure 1. Orig. art. has: 60 formulas.

1 ASSOCTATION: none
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e 7' Automatic control system is described by these equations:

o Ty
—5=Ax+a(p(a).i G =bz—po(s),

where ‘the matrix A has. eigenvalues 4n the left closed sexiplane; any number
‘of them can be on the imag;nary axis. The cont inuous funetion

‘satisfies the inequality :
<"‘°’<u (60, 0<uo<+°°)

“'which would encompass all conditions expressed by a Lyapunov function oi‘
‘this type : : } o

=(Hz,'z)—l- (h x)a—}-xc’ 0 (e)de e

0 R
with a 1ea5t degenerated derivative. Here H h- »:9 - are some parameters.

iy 2/{\4 lw -

FC LR R S P Pl ROt a
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AUTHOR:® .- Yakubovi R LI :
LE - 'I‘raquency oonditions ‘for abaolute 9tab111ty of controlla.ble o
“pystems with hyatoreoio non-linenritiou :

EPERIODICAL"‘Akadem@u nauk- 355K, 'DOklndY: v. 149, no. 2, 1963, 266-291

o TEXT: Hyateresis operatoru ‘S[o,f]t are considered which satisfy the

following conditions: (1) For any a, thore exists o oet f(o } of initial

fivalueo ‘of -hystereniu function. (2) The . nat )lf ('c oty ) of tne continuous . §

"functlons a(t\ with d(t Y = g, is mapped into the set C(t ot ) by the

: ,operator -

. The equation.

Ccard 1/2
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- Frequency condltions for absolute RO B112/

dz/dt + Pz + q;E"}o]t ’ ¢ a (z'r) - o (1)

"'j,jis shown to be solvable if "la, 1 is a continuous operator. The case
:wharc- ’..}' J is discontinuous iu an unuolvod muthemnrical problem,

v,1 Cond1tionﬂ of absolute atability of Eq. 1) are dorived; One of them 10
“the follow;ng. 0ga(t) \fac j’o} o (t)%y {G,‘J"Jt =0 for g(t) = 0,

B = 1/ + R (10)7 0 for 05em({(N) ((P ) q.r)).
- _-af, limfz f (n)) 0.' ‘I'here ia 1 figure. f: o

f;f'-PRE.;FN’l‘ED September 18;, 1962, by V. I. Smirnov, Academician ;

i;sunulwwbn
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DERGUZOV, V.I.; YAKUBOVICH, V.A..

Existence of solutions to linear Hamiltenian equations with ,
unbounded operator coefficients. Dokl, AN S3SR 151 no,631264-1267
Ag '63. (MIRA 16310)

1, Predstavleno akadenikom V.I.Smirnovym,

\Eb
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AUTHOR:\&ubovich, V. A. {(Leningrad)
et TISLE: Method of matrix inequalities in the theory of stability of nonlinear
“ i controlled systems. Partl — Absolute stability of forced oscillations
. SOURCE: Avtomatika i telemekhanika, v. 25, no. 7, 1964, 1017-1029
‘, TOPIC .'AGS: automatic control, nonlinear automatic control, automatic control :*
{ theory, au.omatic control stability =

it ABSTRACT: The existence and absolute stability of forced periodic and quasi- o’
. periodic oacillations in a controlled system having one nonlinearity are analyzed.
‘{ This set of equations is considered: 3

i dz[dt = Pz + go(o) +/(1), o=12, ()

f
!Ewhere £(t) is a vector function limited within (~c04w); (o), generally a !
!discontinuous function, has only isolated points of discontinuity of the first kind. !
JiAny function x(t) can be a solution of the above set (1) provided a function Y- (t)

. ’ satisfies these conditions;
;l-r‘;‘--,‘. . . : S T o
i;ﬂzd_!; l /2' UoTIoImIIIT T Rt T T "‘.’f.i'“‘l" s LT LTS ',f::.:','....";‘.",."‘:«'.' Asinnl .".;.". . e e ..l.«lé ;

e a o
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* defdt =Pz ap(t) +10),
p-lo()] < v() <oslo()],  o() = rz(e). . L

I

Under certain assumptions regarding the roots (Theorem 1), the solution x, (t) is:
exponentially stable im grossea with the exponent exceeding o , f.e., such &
numbers B3>0 ¢>0 exist, that for any t>t_  and any solution x(t), this
inequality holds true:

|2 (8) = 2 ()| < Beta* -0 | 2 t) — Zo ()

' Further, forced oscillations are investigated assuming that the solution x, (t) is ' -
known. Among other things, it is found that, in the absence-of external mﬂuences. .
the condition of absolute stability with a specified decrement is similar to V. M. ;
Popov’s rondition. Orig. art. has: 50 formulas. . 5
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STARZHINSKY, V.H.(Moscow); YAKUBOVICH, V.A. (Leningrad)

"Contribution to the Lyapunov method of determining periodic solutionc"

Report presented at the 2nd All-Union Congreas on Theoretical and Applied
Mechanics, Moscow 29 Jan - 5 Feb 64.
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{AUTHOR:  Yakubovich, V. A.

TITLE: A solution for certain matrix inequalities encountered in a nonlinear
jcontrol theory

' !BOURCE: ‘AN SS6RP Doklady*, v. 156, no. 2, 1964, 278-281
‘ |

'TOPIC TAGS: matrix inequality, nonlinear control, Lyapunov function, matrix
'gpectrum, closed halfplane, absolute stability, Lurie method, quadratic form

ABSTRACT: This paper deals with special systems of differential equations (e.g., for
i’automat:lc control) and a bounded class of the Lyapunov function (e.g., quadratic
: ;forms). The existence of this function was converted into a purely algebraic prob-
i lem involving the existence of a solution to certain specialized matrix inequalities.
i Through a series of wathematical arguments and the construction of theorems, a
isolution was presented. In his third theorem, the author assumes that ko po, ' S
)

Therefore, in order to have a matrix H = I* in which F(p,H) > 0O when 0 s s = Bos it

{1s necessary that in the case of a certain T = 0 and all ® 2 0, the following
§equltion be cdrried out: :

[PV R n r et ——————— e W

o
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condition, Lyapunov funct (

TRANSLATION: The controlled system is studied: x = Px « q (;)(6) s where ¢ = r%x,
P ig a constant Hurwitz matrix, q and r are constant colums, and the functicn

satisfies the condition 0 \<® (6) 6 £ ijdz, b+ ®., The siluvicn of o,

¥ . .

netrix [ re: leis . PelTLLAleI, Jr Lne casie L f oy S e 3 M rissar e

Ve r. 0N for Lo ansiiune Svabiniby vi tne jnvestigated system are derived by
! analysis of the I rapunov function e T i—;,éfli;?_ (d 15 e positivedefinits
) ‘o : . ; g
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‘TITIE: Some general theoretical principles for the construction of learning percep-
tion systems.
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tsentr. Vychislitel‘?ﬁya Tekhnika i VOprosy programmirovaniyn, no. 4, 1965, 3-71

i

Z

l

!

'g

s"Z'OPIC <AGS: information theory, perceptron, automaton !

‘ 1

IABSTRACT General principles are given for the construction of automatic systems v.m_ich".
model human perception and identification processes. A large class of models of the

i‘pez'ccp'cron type is discussed, A general introduction is given, de~cribing the general

;propcr«ties of a perception gystem, The general formula for such a oystem is \

l' . N - .
' s(=Y xa,(x).
- I 1 . .

“whew a:a. are cortain nunerical coafficlents, 8(z) is an elementary “concept” presulting

'erom the perception of image &, and a; are certain so-called na-elemonts"--functional |__

i

o
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elements which react on incoming images. The method for choosing these g-elements is
discussed. It is shown that the collectio

n of furctions representing g-elements is
complete in the field of images under certain sufficiently general assumptions regard-
ing the functions given on the receptor field ("retina"). It is shown also that for

an optimal choice of coefficients xJ. the probability of error in perception will be-

come arbitrarily small providing the number ¥ of a-elecments is sufficiently large,
along with the number m of elements of the learning sequence. The requirements for an

algorithm of learning and perception are discussed. Systems are studied which are bas~
jed on the defined notions of L~ and C-optimality.

jretically superior but extremely unwieldy and hence
jalgorithms satisfying C-optimal requirements
values of ¥, are quite simple and can be circuit-programmed. These algorithms are re-

gurrence solutions of linear inequalities and equations. Orig. art. has: 225 formu-
las, 9 figures, 1 table.

unguitable for circuit form; while
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\ TTTLE: The method of matrix fnequalities in the theory of stability of nonlinear
Vcontrolled systems. I11. Absolute stabfilfitw {n a class of nonlinearities with
derivative condftion

SOURCE: Avtomatiks { Lelemekhanika, v. 26, no. 4, 1965, 577-590

TOPIC TAGS: control system ach};;ggx noal tnear class stability, derivative
condition, absolute nonlinear system stability, matrix {nequaltly

ABSTRACT: The author studiad the system

dz .
§=Pz+w(a). g=r'c,
uhem(’(?;) ig a function differentiable at every point and satisfying
o< oplo) S mot (S 4 00),

(.

(2)
Q)
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ion for the absclute stability of the nonlin-

ad an additional cendition

e

t and derived a new frequency condic
gattefuing (2) and (3)., or (2} and (4} &
T cati - (1Y tarts ca, -, denote matrice-, small Tatter-
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matrix inequalities discussed eariier (Doil. AN §5SR, v. 143, nc. ©, 1lyvey. Ao
- -appendix contains the prect o£ four ;neon:ms uscé ian Lhe text, 1rig. art. hae’

= 86 formulas and 1 figure.
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TITLE: Method of matrix inequalities 1n the theory of stability of nonlinear
controlled systems. Part 3 — Absolute etability of systems having hysteresis-type
nonlinearities

STy
eSS

SOURCE: Avtomatika i telemekhanika, v. 26, no. 5, 1965, 753-763

TOPIC TAGS: nonlinea- automatic contrcl, automatic control, automatic control
4
design, automatic control system, automatic_gontrol thﬁory ‘ I

"ABSTRACT: The article proves &at the V. M. Popov £requenéy condition holds
tiue in the case of a hysteresis-type nonlinearity if the parameter that enters the
above condition hae a definite sign that depends on the direction of following the
hysteresis loop. An automatic-control system is considered which can be

deegcrites by these squations: 42: = Pr + g7 (a. gole. g == r'r where P- ¥V x v ots a
¢ .

:Curd l/Z
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‘constant matrixi q. ¥~ J x1i are constant vectors ’(cif:;é 0, F2 0} r¥x is a geatar
product; glo, gl 82 hysteresis function. For a backlash-type nonlinearity,

the condition of absolute stability is determined. Orig. art. has: 3 figures aad

55 formulas.
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TITLE: Freguency criteris for abgolute stahilf.tx‘ 'and aigaipativity of control
systems vwith one di fferentiable narilinearity

. AUTHOR: Yakubovich, Y. A. ’

TactmcE: AN 66SR. Dokledy, v. 160, no. 2, 1965, 298-301

i TOPIC TAGS: chsolute etability criterion, aieaipativity criterion, nonlineer
; control systes, global asymptctic stability

ABS'I‘RACI‘ 4 study is made of the gtability of nonlinear control systems degcrived
' by the system of di frerential equations

‘ dr | dt = Pz 4 ¢olo). (1}

vhere 0 = r¥x, B is e Hu rvifs omatrix, q is e vector, and @{c) ts a aifferen-
tiable function sstiaefying the folloving conditions:

L8 0 oglo) ks ) —ar < o) o (2)

B o
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' vhere u,, o, and a, are finite numbers. An expression «{w) containing certain

8, and the transfer function of the linear part of the system
,"(LQ,: {s introduced whirh iz asad frr defiatng criteria of the absoluie stability

of the system (1). Conditione which parameters t; » U, Ty 3 Uy § and sile; DuSC
setisfy that the zolutfon x = 7 of system {1} be asymptotically steble in the large

are presented {n the form of tvo theoremz. For the control syste=m described by
equations

perameters T;, T,

de/dt = Pr 4 qu(e) + f(t. £}y o =r'c (3)

~f x and t and

1} {s a continuoua fun<tion

lim}/(t, #V] /x|

HE IR, -]

where ',

~t bn

ronvergan Leward zern anifHormly with respe ¢, and under the same agglmptione
es for system (1) except for conditiun < Zao which 18 replaced »y a veaker e
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TITLE: Recurrence finitely convergent algorithmé for golving systems of
inequalities C . : )

SOURCE: AN SSSR. Doklady, v. 166, no. 6, 1966, 1308-1311

TOPIC TAGS: algorithm, Buclidean space, Hilbert space, set theory, vector,
" | real function V2 '
- | ABSTRACT: The infinite system of ine_qua_l_i_mg__m_
| p@,a) >0 U= 2 v |
is examined, where x is the unknown vector of the euclidean or real Hilbert space i~ -
Ry; a4 are arbitrary vectors of some set M of a suclidean or real Hilberi space
- Rp; and (? (x, 8). 4s & real ‘function. The derived algorithms have a number of
common characteristics with relaxation algorithms, Besides being simple, they

loware oo weeses B
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| have high reliability. Five theorems are proved, Superposition of the algorithms
lox5 .1 fjﬁj’ cj(xj’ a,), Y;j(xj’ a.)/ for x; € G will be a finitely converga't% |
_“algorithm for solutidn of the inequalities (x, aj) > O. Simple finitely : i
~convorgent algorithms for solution of the inequalities Y 4 + Z(hj, x) + (HJ, X, B
i | x) D0, where Hy = Hj >0, can be easily obtained by this mothods “"The author H
“>| thanks V. I, Smirnov for a mumber of valuable comments." - This paper was presented: , Il
s by V. I Smirnov, acsdemician, on 11 Juhe 1965, Orig. art. hass L equations, , | '
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' ORG: Lithuanian Scientific Research Institute for Forensic Examinations, Vilnius e
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TITLE: Criminalistic examination of similar handwriting by means of electronic computers
SOURCE: AN 8SSR, Doklady, v. 167, no. &, 1966, 1008-1011

TOPIC TAGS: computer application, adaptive pattern recognition, electronic computer,
digital computer : '
ABSTRACT: One of the most difficult tasks in criminalistic examination is the identification

. of similar handwriting. The present t&hors developed a program for a learning digital
computer which bases the regggnmgd&srocess on learning according to the algorithm which
follows a training sequence, The graphical object is first converted into digital form by
means of characteristic features. The processing of data is carried out by associating to the | ¥

= stereotype of the handwriting of a given person a sampling of convex sets. Computer recogni-| g
| tlon of trie Ard tprgad signatures of the personnel of the Lithuanian Scientific Research :
37 S .. “xaminatlons (Litovekly nauchno-issledovatel'skly institut sudebnoy

- Exupe . wo) Yas compared with the reeults of 1dentifications by experts of the Leningrad - -

1" Scientific Rescarch Laboratory of Forensic Examinations (Leningradskaya nauchno- - =

boratoriya sudebnoy ekspertizy), of the scientific technical department

_"issledovatel'skaya la

RN
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il of the UM UOOPLO (nauchno-tekhn!cheskiy otdel), and the sclentific-technical group of the . -

- highway department of the militla MOOP RSFSR (nauclmo-tekhntchesknyu gruppa dorozhnogo
- otdela militsif), Results are shown In Table 1, ‘ ,

Table 1 Handwrlﬂng recognition

i

: —Recognition, percent ' G
Signature Experts Machine .
y | Metsyavichyus 58.3; 68.3; 70 88 ' N
1 | shtvomas 75.4; 78, 9; 80,7 91.2 | ‘
ey Chyapas 75.0; 80 " 84,2
1 Poshkyavichyus 90, 0; 92 100

- A more detailed account of the investigation wil1 appear in Symposium No, 2 of the Lithuanian
3 Sclentiﬁc'-Research Institute for Forensiq_ Investigation which planned the study in conjunction |

N - with the Yerelty (Vychislitel'nyy tsenter Leningradskogo
) - universiteta), The authors express thelr gratitude to the experts of abovementioned

* " Institutions, The paper wag presented by Academ clan_Smlrno_v, V. L, 20 Jul 65, Orig, art,
: l_l.as: ltabl_e.ﬁ, SRR o ——= Ve L | .
{ " BUB CODE: 05,
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| TITLE; Handwriting récognltiox\x and discrimination by means of electronic computers

SOURCE: Moscow, In;af;titﬁt avtomatiki 1 fclemckhaniki. Samoobuchayushchlyesya
- | avtomaticheskiye slsten’}}' (Self~instructing automatic systems). Moscow, Izd-vo Nauka, 1966,
21-28 P ' T

id
L

| TOPIC TAGS: pattern recognition, automaton, character recognition, computer application
ABSTRACT: The general problem of machine recognition and diserimination of handwriting,
the development of the hecessary algorithms, and the theoretical principles underlying the
process of teaching an automaton handwriting analysis are discussed, The discussion is baged
primarily on certain theoretical work in this area that has been carried out at the VT's LGU.

A detailed explanation is glven of the manner in which the handwriting or ""graphic" material g —
converted Into a system of numbers suitable for computer processing, and several different
metrization techniques are described, The principle of the "dynamic stereotype of writing"
(a fundamental assumption of the method proposed) is infroduced as a means of neutralfzing
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. 1
\ random or deliberate handwritiné deviations from an established and quantized standard. The }

necessary and gufficient conditions for the validity of this hypothesis are gtated, and it 18 shown
that algorithms based on this pesumption are in all cases much gimpler than those which disre—‘
gard it . Examples are given and an analysis is made of the results of certain machine,experl-‘
ments using the geneml, techniques outlined, including a comparison of the algorithm adopted

with others founded on different approaches. The theoretical considerations and experiments

described gubstantiate the poseibility in principle of employing computers for the diﬁercntiation
of similar handwriting styles. orig, art. bas: 8 figures., '
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TITLE: Regions of dynamic instability in Hamiltonian systems
SOURCE: Leningrad. Universitet. Kafedra vychislitel'noy matematiki i Vychislitel'nyy
jtoentr. Metody vychisleuiy, no. 3, 1966, 51-59

;TOPIC TAGS: linear differential equation, Hamilton equation, dynamic stability
ABSTRACT: The system ctudied is: + ,dx_ ; t 5, 3)] x.
| JEE=(C () el (t, 8, D)) (0.1)

vhere x is a vector solution, J is a non-degenerate real skew-symmetric matrix, and’
matrices € and H are real-valued, symmetric for recal ¢, 0, and depend analytically on
’the parameters in the region

! e <ULV <o, el <o <m  (q.2)

‘A point of instability is defined as follows: a point (ey, 0y) in region (0.2) is a
point of instability if for ¢ = €yy ® = 6y cquation (0.1) has solutions unbounded on )
i(o,w). Regions on the plane (€,0) into which an open set, obtained fromw the set M of -
all instable points by discarding boundary points, falls are called regions of dynamic

{ Cord 1/2
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{nstability of equation (0.1). The value gy is called critical for equation (0.1) if'z

i

lpoints of instability can be found arbitrarily close to the point (0,6y). The general

* iform of such regions of jnstability is studied, and an algorithm is given for calculat-

\ing the boundaries of regions of dynamic instability for emall values of €. Orig. art.
‘has? 76 formulas, 5 figures.
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Lgnxnprad. Universitet. Kafedra vychislitel'noy matematiki i Vychislitel'nyy
. Metody vychisleniy, no. 3, 1966, 76-104

“TOPIC TAGS: linear differential equation’, dynamic stability, approximate solution

fABSTRACT: An cquation is derived for determining the characteristic exponents of the
.system

¥ LA =[C+eD(t %,

iFor € = 0, they reduce to a given characteristic exponent ay of the unperturbed equa- i
tion g i .
i . i~ .
{Formulas are also derived for the calculation by successive approximations of charac- |
tcrlstlc exponents for perturbed systems with periodic coefficients, for a vector equa-
'tzon of degree m, and for systems with multi-parametric perturbations. Some concluzuonsI

. -
.
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‘are. made concerning the effect .of . combinatory resonance.on.the .stability.of elastic
lgystems. Orig. art. has: 175.formulas.
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AUTHOR: Yakubovich, Y..A,

ORG: Leningrad State University im. A. A. Zhdanov (Leningradskiy gosudarstvennyy
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TITLE: Periodic and nearly periodic limiting states of control systems with certain,
generally speaking, discontinuous nonlinearities

SOURCE: AN SSSR. Doklady, v. 171, no. 3, 1966, 533-536

TOPIC TAGS: control system, automatic control system, systen analysis, differeatial
equation :

ABSTRACT: Consider the differential equations of a control system with ¢ nonlinear
units Py = <p3(aj)

dr/dt=Pz+qolo) +/(), o=r'z

The matrices ‘P, q, r, z, [(t), @(a) = llg;(as) 1. are real and have respective orders
¥ X v, va.vXu, in vX1i,xxfs)x x1, and o==|lgjliis £ x 1. It is assumed
that ¢;(0)) is a piecewise continuous function heving only first-order points of
discontinuity and that , 4 '

0< A(p;/AG;\].I.;. ]——l AP

where Ag; = gy(0; + Agy) — @y(0y), —oo Zo< oo, —00 < B0y < oo a0d 01 9+ A
i Card 1/2
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i
are points of discontinuity of the function ¥i(9)).  Subject to other definitions and !
i constraints, it is shown that the solution of this syotem is an arbitrary, absoluteiy
continuous v X1 matrix function x(t). Then for a certain 1 X 1 matrix function
() = lip;(¢)]l. (summed at each interval) and also for the function ¢[o(f)], the
relationship "drjdt = Pz - G9(t) -+ /(t),' slos(t) — 0] < vi(t) < @slo5(t) 0], where
9(1) =g}l = r'z(t) » 18 nearly always satisfied. Four theorems are stated and
proved in demonstration of the existence of an exponential convergence of the system
solution. Parts of the proof were presented by the author in an earlier paper
(Avtomatika k telemekh., 25, No. 7, 1964). This paper was presented by Academician

L. S. Pontryagin on 24 January 1966, Orig. art. has: 5 equations,
/3
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ABSTRACT: The author describes a mathematical basis for the development of learning,

SOURCE: Moscow. Institut avtomatiki i telemekhaniki, Samoobuchayushchiyesya avtomati= .

pattern recognition machines. 1In addition, the results of certain experiments carri-

A learning machine functions by association of the stimulae presented with previously
acquired and stored information. The training process therefore consists of feeding
into the machine the inputs to be recognized, as well as the corresponding correct

outputs (responses). The amount of required information can be substantially reduced
and performance improved by giving the machine the ability to recognize the inputs by

ed out using a machine constructed in accordance with the proposed theory are reported.
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classifying them as belonging to a set of similar, familiar inputs. An input can be
considered in mathematical terms to be a set S. This set can have certain general
properties which can be used for its classification as a preliminary to its recogni-
tion. The set § may be open, connected, and in many cases, convex. The author does
not postulate that biological systems function in accordance with this principle; he
suggests, however, that during the process of evolution, living organisms sensed and
utilized the general properties of sets. Consequently, the proposed method appears
reasonable. A mathematical basis for systems designed to differentiate between vari-
ous types of convex and non-convex sets is given and related to some olfactory, audi-
tory, and visual stimulae. An artificial retina of 10 x 10 em was constructed and
operated in conjunction with a computer. The inputs were in terms of coordinates for
25 points of an image. The experiment of recognition of handwritten numbers consist-
ed in presenting the retina with five numbers "2" and five numbers "3". All numbers
were different in shape, size, and their location on the retina. This constituted
the training phase. Thereafter fourteen images (seven "two's" and seven "three's")
were presented, of which the machine correctly identified twelve. The experiment of |
human profile recognition had the criterion of classifying a profile either as an "up-
turned nose" or as 4 "iong nose". After an initial training phase the machine cor-
rectly recognized all forty-two profile images presen&ed. Two other experiments deal-
ing with recognition of sounds and random terms are also described. The sounds were
translated into curves of spectral densities and presented to the retina. The author
expresses his gratitude to Prof. G. V. Gershuni and Prof. L. A. Chistovich for the use.
of spectral density recordings. Orig. art. has: 11 figures. [
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‘ reSOnant systom, instability area boundary

e n ‘e, E

‘dx :
o TRANSLATION The authors analyze the equatlon systcm’ _ m=let 54(01)) x  where
C is a constant 2k x 2k malrix with pure imaginary eigenvalues - ju, (v= £ 1L .00 £R)
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while A (g) is a 2 9% = periodic matrix, All critical frequencies are given for some classes
“(i.e. t-invariant, canonical) of systems of type (1). These assumc the form i
) : . ’}.h?—!;tl'nl'.i,‘v_ § '

L 00892-66 . L L o
g

L ; o ;x'_{}‘o:: li.)lim,,lluli ( [I;fl;ﬂ 1-_25- ~)-
LA formulation of the M.G. Krein theorem for canonic systems 18 presented, cmploying the
’ concepts of first and second order frequencies. Formulas are given for canonic equation
gystems to define boundaries of instability arcas in plane E¥with an accuracy ranging to k .
amall O (£) inclusive, The importance of a study of combination resonances in system & B ]
(1) are emphasized and the feasibility of expanding combination resonance regions by intro-
ducing minor friction is indicated. Calculation results are cited to clarify the failure of
the Takomskiy bridge. Formulas are given for first approximations of characteristic ¢x- -
_ponents of systems similar to canonic. The results derived are applied in a study of the
gtability of forced periodic oscillations in the quasilinear system o
O g Pe= [ egltont) o
R IO R 0.9:8)
nt formulations, - K. G. Valeyev.
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