RussiaRxiv

AT translation - View original & related papers at
russiarxiv.org/items/ru-196701.85348

Review of the book by E. A. Barbashin “Intro-
duction to the Theory of Stability”

Authors: Yu. S. Bogdanov, V. A. Pliss
Date: 1967-01-01T00:00:00-+00:00

Abstract
Full Text

Preamble

DIFFERENTIAL EQUATIONS, DECEMBER 1967, VOLUME III,
NO. 12 CRITIQUE AND BIBLIOGRAPHY

E. A. Barbashin, “Introduction to the Theory of Stability.” Nauka
Publishing House, Main Editorial Office for Physics and Mathematics Literature.
Moscow, 1967. 224 pages with illustrations. Circulation: 20,000 copies.

Review

The monograph by E. A. Barbashin is devoted to several central issues in the
theory of stability of motion, specifically those relating to the primary new
directions in the modern development of this vital field of applied mathematics.
Written by one of the leading researchers in the field and reflecting the most
recent results, the monograph is undoubtedly highly useful for all specialists—
mathematicians, mechanicians, physicists, and engineers—dealing with stability
problems. This is the first time the core material of the reviewed book has been
published in the form of a monograph.

The work is characterized by a broad perspective on the subject. The author
provides a sufficiently general and compact mathematical treatment of the prob-
lems and research methods under consideration. At the same time, practical
needs are carefully taken into account throughout the entire book. Both in
content and form, the material is naturally divided into three chapters.

The first chapter provides a general formulation of the problem of stability of
motion and a brief outline of the Lyapunov function method. Moving away
from the traditional presentation of stability theory based on first approxima-
tions and small parameter methods, the author transitions to the problem of
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the stability of nonlinear systems under arbitrary initial perturbations. This
problem constitutes the main subject of the first chapter. The author identifies
modifications of Lyapunov’ s methods—most of which were developed by the
author himself—that have played a significant role in the theory of stability of
motion as a whole. The importance of these theorems is well known: nearly ev-
ery successful attempt to construct functional Lyapunov functions for nonlinear
systems necessitates reliance on these modified criteria. These general criteria
are consistently accompanied by effective methods for constructing specific Lya-
punov functions; in particular, the author’ s elegant “method of separation of
variables” deserves special mention. The theoretical material is illustrated and
supported by substantial examples, each of which holds considerable indepen-
dent interest and originated from various engineering problems. The originality
of the presentation in the first chapter is noteworthy, as it remains accessible
to a very wide range of readers.

The second chapter is of particular interest from an applied standpoint. It ex-
amines the selection of control forces that ensure the stable and high-quality
operation of a regulated system described by ordinary differential equations in
normal form with discontinuous right-hand sides. Thus, this section presents a
branch of the general mathematical theory of optimal stabilization, which has
developed rapidly in recent years at the intersection of the calculus of varia-
tions and the qualitative theory of differential equations. The author considers
a limited range of tasks, primarily related to the synthesis of optimal systems
with variable structures characterized by sliding modes. The author succeeds
in providing a very deep analysis of the problem, which is attractive both for
its skillful overcoming of difficulties associated with the extreme irregularity of
discontinuous differential equations and for its definitive conclusions that allow
for effective numerical solutions. The latter is especially significant because the
systems under consideration, combining the advantages of optimality with fea-
sibility, find important applications in problems related to modern technology.

The third chapter is devoted to the stability problems of systems described by
an apparatus of a higher rank than ordinary differential systems. Here, the fo-
cus is primarily on linear and quasi-linear systems whose motions are considered
in Banach spaces. By interpreting a linear stable object as a system perform-
ing a bounded linear operation on an input signal, and naturally incorporating
relevant concepts from functional analysis, the author offers an exceptionally
successful interpretation of the entire problem. On this basis, a fruitful and
compact theory is constructed, unifying from a single perspective various con-
cepts that play a fundamental role in the theory of stability of motion. This sec-
tion includes the theory of stability with respect to instantaneous perturbations,
the theory of stability under constantly acting perturbations, and, finally, the
theory of implementing stable programmed motions. In the latter case, which
is highly important for applications, the author has developed effective solution
methods based on the requirements of the proximity of the corresponding differ-
ential operators. The third chapter will undoubtedly be of great interest to any
specialist working in the qualitative theory of differential equations and related
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fields of mathematics and mechanics.

E. A. Barbashin’ s monograph, Introduction to the Theory of Stability, contains
exceptionally well-selected and organized material presented with great skill.
The book provides important new results and offers a unified presentation of
refined results previously published disparately in journals. This work represents
a new milestone in the modern theory of stability of motion.

Yu. S. BOGDANOV, V. A. PLISS
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E. A. Barbashin, “Introduction to the Theory of Stability”. Publishing House
“Nauka”. Main Editorial Office of Physies and Mathematics Literature.
Moscow 1967. 224 pages with illustrations. Circulation 20,000 copies.

Review

Monographic E. A. Barbashina nocaruiena pray NeHTpansHMX BONPOCOB TEOPON YCTOfi-
NIUBOCTI ABINHENNR, OTNO K 0C] nogeEIM 0 pasﬂll-
THR 3F0fi arTyansnoil o6aacrn npnkma;noil maremarnka. Hanncannar ofnnm n2 Bepymnx
HCCNEJloBaTENeii 1 OTPARAWWNR CcaMsie NOCASAHRE  pesyauTarw, monorpagmr Geccnopno
BECKNA NOMEARA JUIN BCEX CNEUNajncYof: saremMaTnxos, vexanuos, dazngoe, muaenepoe,
RMEIOUMX AER0 C 344 o6 ycroii m. Beco oc ii xarepnan penenanpyewoil
KHOTH Rsfan B copme monorpadnn snepoma.

Monorpadnn npncycra mnpora BST/IRjlA HA NpPeAMer. Asmp NPNAAET PACCMATPHBREMKIM
npobnesam n MeroaaM NX HCCAEAOBRRAR JIOCTATONNO ofWMyl0 N ROMNAKTRYI0 MARTEMATRVE-
cxyw tpasroagy. Hwecre ¢ TeM Ra nporrKannn sceil nnarn ENNMATENkNO YARTHIBAIOTCR
npasTnXecAne nyaasi.

Marepnan Knnarn H No coAepKanHHIo H no ¢opme ceTecTseln0 PA3AENRETCR HA TPH ua-
CTH—T/Iasu.

B nepeoii cnaae anuu ofuwia’ nocranoska 3ajatn of ycroiimmeocTi ABHXEHHR K KpyTKuii
ovepe neroda dynsgunii Jinnynosa. [anee, yaI0ouaNck o7 TPAINUNONNOrO RIIOKERNA TEOpPon
ycrofixraocri no mepeoviy npolimiKemio n MeTOAO8 MANore NapaMeTpa, ABTOP RepexojnT
k gpobneme ycroiismaoctn nemmneiimax cncrem npn noGWX NAnansnUX BOSMYWENNAX., JTa
npeGiaema n cocrasnaer raaeneiii npeamer nepeofi cnasm. AeTop yrasmBaerT Moanduraunn
merogoe JInnynoea, a Gonsweii wocTn npnnajne)Ramne camoMmy AsTOPY H CEITpaBwine sma-
wnTencnylo pons B Teopun ycroibinaocrn jemwaennr B neamn. Bamnna pene smnx rteopox
OGGHCHRETCR Eax nseecrao, TeMm, NTO nourn moGan YAarRmwanCR NONUITaX NOCTpoenna paﬁo-
TocnocoGnux dynxunii Hnnynosa AnR il cneroM np T K neolx n one-
pEThCN na y e zplrrepuu. OSII.[llE npurepnn nocroanno CDl’ll]O-
BOJKJIAKOTCR B Nnoro adderTnnnunm merojjamn nocrpoennn aonnperncx ¢ynannii /Innynosa,
NpiNMieM CAEJlyeT Cneanansno ynovinnyrs naamunaii mero aeropa, nasaannmil nm cnocoGow
pazjienenny nepeuelmux Beco Teoperuvecanil mMaTepuan TA:KT NPONMOCTPUPOBON N NOR-
)(ﬂll}][ulll ns u[)'mpm nwvieer nemaneil camocrsa-
Tesnwii NNTepec H BOANEK na Toil nan nnofi nnmenepnoii npoGneviel. CAeAyeT OTMETRTL
OpOrnNNanLNOCTs NXIOKENNR NEPBoii Casul, COBETAIOUIYIOCR € AOCTYNNOCTHIO € AR CAMOrO
WNPOROro Kpyra wwrareneii.

Bropon raasa npegcrasnser ocobuil nnrepec ¢ Toukn spennn npunomannil. 3pece pas-
Gupaercn aonpoc o BuiGope ynpaanmiowux ca, koropue ofiecnewnaainr ycroibmnyio n amco-
kaxauecreenﬂym paiiory peryanpyemoii cncressi, bi
pengna vin 8 nopmansnuu lilophe C PpaspsIansivMn npaassin Jacrasin.
Tarnm oSpasw, agecs nagarae'rcn nann ng pa:me}wa ofujeii waremarnveckoil reopun onrn-
mansnoil cr ypno TOAM Na CTMEE NNPNNUNONNOro
nevmenenna n kKawecreennoit Teopnn nmi:d)epenullanenelx ypalnenml Aerop paccmarpnsaer

orpannuenneiii Kpyr sanas, il cnnreza onTEmant-
neIx cncrem c nepemennoil c'rpyu'rypoil xapaurepnsyeuux cooneromnm: pemnmasin. [Ipn
3TOM aBTOPY Y/la0Chb JIaTh BEceMma Iy ananns nay ofi np aTens-
nelii Kax ncxycnnm npeojonenuem TPyAnocreii, X ¢ Kpaiineil neperyanpnocruio
pazp nenax Yy Tag N OROIMAT NO3BOINO-

npsn nosecm “squpexrmane peulennm ap wacna. Iocieanee ocofenno cyuiecrsenno anro-
MY, NTO paccMarpngannele CNCTYeMu, COeaAnnny AECTONNCTS8A ONTHMAAENOCTE C peanusyemo-
CTOI0, HAXOANT BaJRNEIE NpnMenenna B 3afg9aX, CORSAnANMX ¢ nosofi Trexnnrofi.
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The third chgg:er is devoted to problems of system stability, described by an
apparatus of a higher rank than ordinary differential systems. Here we are mainl
talking about linear and quasi-linear systems, whose motions are considered in Banacl

ing a linear stable object as a system performing a bounded linear
peration o1 put signal, and attracting the corresponding concepts from frn-
unctional analysis in a natural way, the author proposes an extremely successful
nterpretation of the entire problem. On this basis,  fruitful and compact theory is
uilt, uniting various concepts that play a major Tole in the theary of motion stabilty
om' a single point of view. Here are given the theory of stability with respect to
nstantaneous perturbations, the theory of stability under constantly acting pertur-
ations and, finally, the theory of realization of stable program motions. In the
atter case, very important for applications, the author has developed effective
methods_of solutions, relying on the requirements of proximity of corresponditing
differential operators. The third chapter will undoubtedly be very interesting for any
specialist working in the field of qualitative theory of differential equations and in
adjacent areas of mathematics and mechanics. i

The monograph by E. A Barbashin “Intioduction to Stability Theory” contains
extremely successfully selected and composed material, presented with great tact. The
book presents new important results, as well as presents improved results previously
published separately in journals from a single point of view. The book constitutes a
new stage in the modern theory of motion stability.

Yu. S. BOGDANOV, V. A. PLISS
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