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MaTPMATIK A

Matemfivuke: JindA'mickie reketi / Atb.red. A.Soetaks.
Kga: X7, 1992, ~ 576 s&j, - 211 Inp.

Krajumd  publicéti zindtniskd darbéd resultétl, kas jegiti
1990, « 1991.g. I patenAtikes katedru un W Yatematikes un
informi:tikas ingtitita doadtiju, darbinieka un espirantu dar-
bos. Kr&juud ir ieklauti ari daiu oitu lestéiu un sugstskolu
spenialiastu darbi, kas isgiiti cieS3 sadarbihi er 1l matemdii-
“kien. Keajung ietvertle reketl netiek recenzéti.

B cOOPHEK BEADIEHR peuyABTATH HEYYHHX LAGOT, TOJyueHHHX
COTPYAHMKALE 1t ACNHPAHTANA MATEUATWYECKNX Kafenp JaTeufickore
Yampepcurera 3a pepwon 1990 ~ I99T rr., Hucrwryra MareuarTsku w
WEpOpME THKE JlavpydcKoTo YRWBEpcHTeTa, B TaK¥e PE0OTH CUeREa-
AMCYCE ADYUHX BYSOB ¥ yepesACHWA, COTPYAEMY&DUNK © WATEMS TAKAMN
Jarpuscrorc vEgBepcATeTa, BRANYeREge B COODEME DYXOMUCH, KAK
TpaBHEe, He pemeRs¥pyDTCA,

Tne Trangaotions contain the resulte of the investigationa
made in 1990 -~ 1361 by lecturers, research workers snd post~gra-
duate studeats o7 the Department of Matheratios and the Insti-
tute of Mathematics and Computer Solsnces of the Latvian Urniver-
sity. Besides, in the Yrsusactions are included results of the
dnvzatigations made by gome specialists from cther Universlties
ard Inegtitutea uvollaharating with mathematicians of latvian
Univareity. Mie works included in the Pransactions generslly
arg not reviewed by referees.
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AUTOMATA'S SIMULATION AS A PARTIALLY ORUERED SET

J. Buls
" Summary. The relation - simulation of mutomaisa defines a
preorcéer. This precrder determimes the order in the guotient
set » Every finite poset can be =mbedded into the poset
(P , €). AM3 Subjest clemsaification 68D30.

We should like to remind one clegsical result. Every par-
tially ordered set (poset) (N, € ) can be ombedded into a fit
neturally ordered power-set, 1d est, a L.t of all sulsets of IN.

A poset (N, =2 ) in said to be embedded into & poset
(M, £ ) if there exists isomorphism

, £:(F, Q) — (w0, 4),
where M'= . Recall that each subset X' of a poget ¥ is cleo
ordered ¢ by the reatriction of the given crder.

The relation - simulation of autometa (see balow - denc-

- ted mas < ) in the set 7Y of finite dsterministic automats
defines 8 preorder, This preorder ae anyone [1] determinaes tne
order in the quotient set T3 . It turis out that every fimte
poset (¥, = ) can be embedded into the veset { T , €). Mai's
the ain of thie paper. An effective description of the eqiive-
lenos clagoes compiling Y ie given in (2]

How we review basic definitiona. 4n automaton (& Tialte
deterministic automaton) V is a five-tuple V = (9, 4, B, ¥y, V),
where Q, &, B - finite, nonenpty sets, : QA —Q,

Yy Qrh — B are mepa. The sels Q, A, B are oslled norres-
pondingly : a set of states, input apnd ovtpul slphabuts. Map



ig celled the trensition rumﬂ.un. but 1'.! « the ocutput
fun: tien.
' Thg got of (811 words over <3 (‘m:l.udang the espty word ) .
ig denoted by ik
" Leth 3+ @ — Q' be a mep, whtrea, O'Q-a}.phlbete g a
rmile We extend the map such that i1t is defined on 6*. We put.
- mle)= s, Blux)e= hCu) nlx}
for all (u,x)€8" x G. LR Bid
let V = (Q. A, Byy,y ) be an entomaton. We sxtend
¥ ry o= QX A" tme § d
¥ (qye) = g, ¥ Cgyux) = Y'C"-[’ Cgsud, =),
Y (,q,e‘ = g, \P(q.ux) = 'qJCq.u)‘ly ('f’ (q,u). x)
for 11 q GQ, s.u.::)i o de
Definition. Tet ¥.= (Q, A, B, ¥, '\F),""Cﬂl Ay Bi‘f ‘Y)
be automata. Then ¥ nmulatas v by

h, 3 Q'—-'(!,halv-—n\, :B-—*!'

3.
if diagram ¢
P - (B)
1 ‘ :
hl ] h;g | X .h5
: ¥ e e
QxA — B

3

is commutative. id est, if

# o “(t?) = & st Y Chl(q‘). h(u')))
for all (g',u') e Q% (ar ), we write V 7 ¥'(ny, bye by ifV
gimilates 7' by hl’ hz. h!'

Ve gay V simulates V' and denote V 2 V' 1r there exiets
meps h,, by, hy such that V2 ¥n, by, hj). Ctherwiee we say
that ¥ can't simulate ¥' and denote V 3} V', We may the eato-
rata V, ¥' are *noomparable If ¥ * ¥ aud W # L
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We say an autoraton V simulates the state g' € Q' of -the
automaton V' if thers exist a etete g € Q of the sutomaton ¥
and maps h,, h, guch that

Y‘(q'.u') = h,('\lf (q, h2(u'))}

for all words u' & (A! )’. Ctherwige we gay that ¥V can't plau-
late the piate ' of the automaton V'. iIf the sutomaton ¥V
can't gimulete a state q' of the automaton V' then V¥ i V.
I in addition the sutcmaton V' cen't simulate any stats q of

the autonaton V then the sutomata V, V' are incompardble.
Ve conpider the natomate '

= (qn_, {0}, lO.ll. ¥nr Ynls

vhers Q- {qo""'qh-l}’_ ¥uldgr 9 = 4141 )notn ».
0, if i=0,
?n(qiy 0) = \.1. ;f 140,

Lonmg 1. Por every n> m > 1 eutomats Y,, Y are incom-
parable. :

e proef by coniradiction goes as follows. let
V.2 1m('h1.h2,h3). Notice that V, simulates the state q, € Q.

Olearly h, is the identity map of the input alphebet {ol.
Therefore therc exists a state g, ¢ Q, suoch that
8 ’ 8
Y ulr 9 = Byl Yyl 0°0)
for z11 non-negative integers s (0% means a word of exsctly s
elementa 0). :
(i) If 4 = C, then
Ym(qn'oo} = 01.
Ym(qo.OOl» = 01.
It follows that h, - the identity map.
‘ Ym.( qg» 0'“.1) = 01&!—10.
vn(%l' olll'l-l) - olh-ll.
. o o +1 *1
Yalags O F = by (q,, ™)) (1)
is distarbed on the last symbol.
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(41) I£ 1 = n-1, then
Yalegs 00) = 01,
¥nlap_q» 00} = 10.
It followg ihat h3{0) = 1 and h3(1J = 0. But
Ym( ag» 0m+1) 1 01“"10,
Vel apqo o) = 10™ 0,
end squality (1) is dioturbed on the last symbol again.
(11i) It i # 0 and i # u-1, then

'\fm(qo, 00) = 01,
‘f'n( L 00) = 11.

LY

It follows that equality
Ym(qu. 00) = h3( \r'n(qt. 00))
is disturbed. Eotice that h3 - mep.
(iv) Otherwiss, 12V, 3 V,(h;, N, hj), then
'Yn(_qo, outly . 10"“’10
VYl ags 0™*1) = bwb, , ,
where (b,w) € 10,1} % {0,2)" . Tt for10ms _that hy(b) = 1
end h (b} = 0 - contradiction,
_.ﬁ._itt.’_-im' Let ¥ = (Q, A, B, Y ), V'=(Q} 4} B! \l’l"f")
e antomata and A = A', Let Q'' -~ & get which cerdinal equals
tna gardinel of the set Q' @'~ Q=@ andh : Q' — @
18 8 bijection, 4a automaton W = (a, A, B, ¥,y ) is said 4o
be a product of matomata ¥V, V' 4if 3
(1) Q= Qu@',d=A=4A", B=Bw B ;

~ 5 v (q a}. if q € Q,
(i1) ¥ (q,8) { i( ¢ (nlq),a)), iz g€ Q)

(114) ¥ (g,8) = { v (q,a), 1r q ¢ Q,
y'(a(q),a), 1f q € Q.
Ve define the product of sutomata for every firite col-
lectiun of automata in the same marnner.
Lot I - a finite, nonempty index set. The product of
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automata V,, 1 € I will be written L) V.,
1 jer 1

Legpng 2. Tet I, J - finite, nonempty sets of integers

greater then 1, Then

U Y. 2 L) v seex23,
1EL 3tJ3

?roof.!ntJGJ\InndUTig |l ¥,. Ten the
4 ie1 geg 3
sutomaten U 'i sinulates the automaton '3 » Olearly U '1

similates the atate 9, of the sutomaton 73 . This means thara

exist a state g of the automaton [_l '1 and maps hy, by
such that

YJ (qo. I-l) = h (."I" (q. hz(l-l)}
for each u ¢ [o} Hore, Y , Y - the output functions of
the sutomata Y, , U 71 raspaotivoly.
o

Hence, there o:d.uts i, € I such that an sutomaton Y
simulates the state q; of the sutomaton ‘3 « But this is cun-

0
tradicotion (see Lemma 1).
Jonversely, the proof is evident.

Mgoren. Fvery nonempty finite poset (¥, € ) can be em-
bedded into the poses ( W, & ).

Proof. Let (W, = ) be a nonempty finite poset. Without
further restrictions on (¥, € ) we oan assume that ¥ is a

subget of integers greater then 1,

Define an interval I = [kt llkdn} for all n € ¥,

Define amap £ t ¥ — Mt by letting, for sach n ¢ N,
an equivalence class contains an sutomaton 1UI V.
3 L 3
n

We may oconclude (Lemma 2) that f is an emhedding.
The author would like to erypress appreciation ¥ profsas-
sor Kudrjavizev V.B. for good disoussion on this mubjs=ot.
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fl.byac. MomerupoBsHHWe ABTOMATOB KAK HAOTHUHO ¥HnopanoueHHoe
NHONECTRO, !

Auworanusn. Yoxoswe : aBrowar V wonemwpyer aprowar V',
ONEEATHACT NPEANODANOK, ITOT MPEANOPANROK HA JAKTODMHONEC TBE

( WL . & ) sanaer wacTINENR NOpPRACK, JDGoe KOHEwHOE Re-
nycToe qadg}mﬂo. ¥NOopAOoOoYeHHOES MHONGOTEBO BAOEMNO B fl‘aﬁtﬂmﬂ—

zectee ( 92T , £ ). ¥AK 519,95 + 512,68 + 5I9.55

"Aviotdciis. Womacfjumg i sutomdts ¥ modeld sutomitu V'
defing priekgsakdrtojuwiu. Sig priekssskértojums faktorkopd

(MWt , € ) tikes dalsju sakdrtojumu. Katra galiga netukda
dajéjd eakaArfota-lopa leliekama Jai faktorkopd.
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. MOREYWPOBARME ABTOMATOB HE OBEPASJET NONYPENETEY
fl.byno

Amrorauya, WomermpoRanwge ABTOMATON KAK TACTETHD yHOPARC
weHH B0 K@ SAATETCH N¥ HuxHeR, HE BepxHed nolypeuer-
Kok, YAK 519,95 + 512.8 + 51°.55,

Hage WocZeZioRaHWe B OCHOBHEX WepTaX Tar0B0, W NoK&sSHBA-
' @M, YTO MONEIWDOPAHES ABYOMATOB (TOWHHE ONPElEXSEKMX REid Fi-
Xe) RaAK TECTHNHO JuopANOveRHoe wncweero ( VXL, 2 ) wreer
HamueHBMAR 2XeMeHT, 3T0 COCTOATEABCTRO HABOANT HA WHCKL, WTO
{7, > ) amnrercs moaypemeTio®, MM MOKASHDAEN, WTO BTO
sadaysnenwe 3 (I, 2 ) Be ABARETOR Ha HEXHER, HP Bepxuel
HoaypemeTRoA, -

oz asrowatox ( POVHEE ; HERHWHUAXEHHK KOHSWHHM ACTETMH-
EWPORARHEW aBTOMATOM THNA WANR) MoRpasyMeBaeTcs Hasdop
V=(Q ,A B yy), me Q, A, B - xosewsse renycmuc
WHOLECTES, ! AT —xl) y: QA —=R - orodpaxenns,
Mromeersa Q, A, P HasupaoTCk COOTRETCTBEHHO MHOREOTHOW
COCTOAHKR, BXOMEHY ANJABHTON 1! BHXONHHN BXJABRTON SBTCMETA
V . Orodpanexme ¥ nasupaeTcs QyHKUACR UEpexoAoE, & 070-
dpaxedue y - BypxoweR muxoros amvowara Vo,

fycrs C - mexoropun axgasur, Torzz C* - wkomacrso
BGGX CIOM ax@eRsTd  ; KaX SieMeRT MHOXeCTES (' ymorpes-
AASTOA TAHEE MYCTOE CAOBO, O00SHAWAENOe CHNBONOH &

Myes h: C — C ' = grodpazeHMe HEKOYODPOTO AADAE-
rs C 3B axfasnt C . B narapefluew, ecxu e OroBoperc npo-
TRBEO8, orodpaxesve h B& C” moompeAeaseTcA paBeHCTBOM

h(ui) = h(uyh(o
ana seex (U, )¢ C*C , Zar € noxooww h(e)= g ,
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Oyers V=(Q,A By y) an-.r_om.' SyniuEs mepexo-
Zos y ma wioxeorse Q«A" = AoONpENeARETCA DABEHCTBOM

w(q, LX) = @ (y(g,u),x)

AXR BoeX (w,k)¢ A"x A . Ixm € nozomuw
f’( Q. €)= q, . !

Uynxmus BHXONOF "y ‘EE MEoxecTme (* A A00TILeRERALTOH

' PABRAITBON
ViR UKyayig., 1) ‘l’lftq, wy, &)
Sexre Aam Beex (u,x)¢ A'x A . Aan & Noxorvw
Yiq. 2 moen

Qupeicemtuc. Anromar V'—'~(0 A, B, ¢ ) uoacanpyes
agTONEs Vi=( Q A B \|a v ) TIOCPENoTBON OToSTaNeH MR
h,- Q *"Q,hA—"A,hA'B-—i:} ecaz
ANATREuNS

“a) i (B

Q B

bid g o

! !
B

Y

. i
QA -

| <owyTaTHERE, B CHwtoxmueckoR samkex V ¥ V'(w, h,, hi).
Kpyrmin cropawk, nam amsux (g, u'y € Q' (A)"

vig uwh= h (yw(h(q), hosuhH),
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SETS OF FIXED LANGUAGES AND ENDOMORPHISM
SEMIGROUPS OF FREE MONOIDS

V. Shteinbulk

Abstract. It is shown that if the 'mdomrphim semigroups of

two free monoids are elementary equivalent then so are the ordered
under inolusion gets of fixed languages of these monoids.
ANS Bubjeot olaseification 20M20.

Iet A be a nonempty met, 4° denote a free monoid on the set
4, Bnd 4" be the semizroup of all endomorphimms of A°. A subset C
of 4" is- callsd an expsnded subalphabet [3] if for any word ZeC
there existe a symbol Qéd such that a ocours precisely onoe in T
and 3 ooours in no other word in (. This new type of codes was
introduced by T.Head [3]; in the same paper he has investigated
submonoids of A° generated by expanded subalphabets. Now we recall
the oharacterization of such submonoids due to T.Head.

Iet g be any endomorphism of a Tree monoid A". A set of a1l
Sixed points of g 15 called a fixed language of the endomorphism g.

A .mguagem na:nudlnwrormendmrphim
geknd 4" it and only if L iz a submonodd of 4" generated by some

expandcrl gnbalphabet Ced” [3).
By £, we. denote the set of all  fixed languages of

endomorphismas of & fmonoid AT, The set [:1 one may oconsider as a
partially ordered set with reepeot to inclusion. Iet “’-';'C) dencte
the corresprmding partially ordered set. The inoclusion relation on
tre sat of fixed languages was studied in [2].

It ie eaey %o see that the partially ordered est tEA.C} is

determined by the szemig—oup End 4" up to imomorphism. Recall that
twoe mo'delz: of the same gigrature (1 are called elementary
equivalent if every olosed formula of first order predioate
caloulus with equality in eignature 0 whickh ie frue for a given
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- mode! ie also trus for other model. There are many papers devoted
to investigation of relations between elmﬁtary properties
(i.e.properties whioh oan be expressed by a first order prediocate
caloulus formula) of oert in mathematiocoal etroture: and
algebraio objeots assooiated with fthose struotures. The problem
of elementary derinability is one of prinoipal in this direotion.
The aim of this note is to give an answer for the queatinn of
elementary definability of partially ordersd set (C‘h.cj by means
of the eemigroup End 4. . -

Ti.e result of this note has been announced in [4].

Theorem. Let 4,.,4, be nonempty sets. If the semigroups End J:

and End .l; are r'ementary equivaleut then the partially o1 ‘ered
sets 'ht:Jl ,€) and (L, ,c) are elementary equivalent.
1

A2
Proof. For any nonempty set 4 let RetA® denote the set of all

i{dempotente of the semigroup End 4°. Endomorphisms from Ret4® are
called retractions. Define a binary relation O in the set Retd"
as follows : g

(Vz,y € Retd") IOy <> LT = Z. i
We put p = ofNo™'. It 4is easy to see that the rela.tion g is a
quasiorder and p is an equivalence relation in Reta®.

The quasiorder O naturally induses a partial order relation
in the set of all p-olasses Ret;l'/p. This partial order relation
we denote by G. The set Renl /e endo'ed with the relation O ie
denoted by (Retd */0,0).

: A= it folloss from (3], we have
L= A7(8") | reRetd”).
For every fixed lﬂw I‘ECA we denote
{f € Retd” If(A ) = L}. .

It is obvioun that T4Fs= Tav Toly= Typ To= all [y,[5€ Ry
On the >ther hand, if [f,,f, are retractions and I\ Ja= Tav Tol= Ty
then J, (4*)= fztl ). Therefore

: Ret 4°/p = ( R (LeL,).
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mrmmamt&mmmvmc ontoﬁeu/p by
-lett:i.ng W(L)= !'IL Zor each LeL,. Take any two fixed languages
L.¥ £C, and ohoose J’,( R, Ta€ MH Ob diously, L < ¥ ifr Toly= 1,
. Using the definition of § we oonclude that L c M  1iff ®3 W,.
- Hence v is an ipomorphism of partially ordered sets (£,, <) and

(Retd'/p,0 ).

Assure now that the semigroups . M: mm;m
elementary equivalent. Then the partial groupoids Retd] and Retd)
of all idempotente of these semigroups are elementary equivalent.
Since the relation 0 is defined by a formula of first order
predicate ocaloulus with equality it follows that the quasiordered
geie EREM’:. g} and (Beu;_, g} are elementary equivalent. Henoe
aonording to Ehrenfemoht's [1) ° oriterion /of elementary
equivsience of model thm exists a wimning sirategy for the
player 1l in the game ;
- G, ((Ret4}, 0),(Ret43, ©))
for esvery natural n.

Using this etrategy let us show that there exists a winning
siratégy for the player II in the game

G ((Het.l /0, @), (5'9142 /P, U))
for every natural n.

For each [¢ Rets® we denote by J’ the olass of retractions

shich are p-equivalent to.J. : A
et us assume that in the move thaplthunhoumthz

model {Eem /¢, 0), 2nd an element J"" in it (f‘ € Ret.d‘ :

3-k
B, € (1,2} Tet ue denote by I, %, where ,r- ‘¢ Retdl,, m
eleraent chosien mthemovaf.moord:lngtot.he'immg strzteé for

4he player 1I in the game
G ((EetA,, al, [Renlz, o))

unuer*haoon&ition mttheplwurlmminthem(m
element )" ‘. fhen in the game
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G, ((Ret4}/p, G).(BstAZ,/0.G))
the player II must ohoose the element f © in the move f.
~  This etrategy is a winning one for the player II. Indeed, if

718 77 (15 t, Jo1) then according to the definition of O we have
f:af:._.ﬁinca the wirning sirategy for the player II in the game
C,((Retd], o), (Ret4;, o)) was usea, it follows 0 fj. Therefore
EEFJ : Inthsmwit,omhemdthntj‘faf}implic:
nar. :

Thus we have consiruoted the wimning strategy for the player
II in the oonsidered game. Therefore it follows by Ehrenfeuoht's
oriterion of elementary equivalense that the ordered sets

(_'Et-,t:/o. 0) and {ﬂqt‘; /p,0)are elementary equivalent. But
sinne, as it was shown above, the ordered Bgets “:A':’ and

(Ret4*/a,G) ave isomorphic, we ocomolude that the ordered sets
(L4 4<) and (£‘2,=) are elementary equivalent.
1
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V.Steinbuks. Nekustigu valodn un brivu monoldu endomorfis-
Dy _pusgrupas. '
e 3 ,

}mtz‘miga. Paradita, ka , ja diva brivu monoidu endomorfismu
puszrupas almt&:_i ekvivalontas, iad,sakartotas_atticoiba
pret Eo monoidu: nelustigu valcdu kopas 1aﬁr.uﬁbu. t&s ari ir’
elementari ekvivalentas.

_B.UrefuOyx. — MSoEecTEa  HerONEWEHME ASHKOE B TOAYrpymm
BHIOMODIWINOD CROGOIME MOHOUNOB . '

@m.m.mmmimmmm
OBOCOTENI MOHONAOE BJNEMEHTEPNC ORANBANEHTFM, TO JHIOPAJOYEHHNES

OTHOCSHTESJALHC BEXRACICIESA MIORCCTEA IeNOUINCIIX AIJMROD 0TAX MOHOMEDE
fRAANTCA BASMEHTADHO BREMsaneHTHMMEM. YK 512.534.

¥.Shteinbuk

Departament of Applied Mathematios
Riga Technioal University

226355 Riga, Iatvia
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SUPERDIAGONALS OF UNIVERSAL
ALGEBRAS

x *  Janis Ciralis

Abstract. Givena variety K and the free K-, gebra T on an enumerable set
of free generators X, by the superdiagonal of a K-algebra U we mean the func-
tion D that assigus to every "equation”(s,f) € T? the set of those "assignments”
¢ € UX which "satisly” it. We show that X-algebras and K-homomorphisme
can be characterized in terms of superdiagonals. We also present an axiomatic,
description of superdiagonals of algchras, together with & construction which

. converts guch an absiract superdiagonal into corresponding algebra.
B:;‘991 Mathematics Subject Classification: primary 05A62, secondary 03G135,
08820, 018C05

1. Setting the problem

In what follows, let K be a variety of algebras of an arbitrary sig-
nature (2, let T be a free K-algebra with a emumerable set X of free
generators, and let T be the carrier of this algebra. Elemeuts of X will
be called variables, those of T — K-lerms or just terms. We take the lib-
erty to derote the operation of T' corresponding to the operator w from
2 by the sarae syinbol 4.

Let us assume that a non-void set U is somehow converted iuto
algebra U frora K. Then every mapping ¢ € U¥ (an assignment) can
uniquely be extended te a homomorphism @ : T' — U. Tke fanction
D: T? — P(U¥), defined by

Day={pel”: ps=pt}
(we write D,, for D({3,1)), will be tenned the superdiagonal of U (with

respect to T). From it, all equations fulfilled in U can be “read”: these
are precisely the pairs (s, ) for which 1, = U*. In geneval, Dy may be
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y regarded as a validity measure of the equation (s,t) in U. It is easy to .
checkthatamperdmgamlcnntaimhllmfn:mahonaboutﬂwal;ehs
determining it. )

PROPOSITION 1 . Different algebras from K kave different superdia-
_ gonals. i &

_ Proof. Let U,V be two different algebras with a cominon carrier,
and let I, D" be their superdiagonels. Then, for some operator w, there
nnmtbeelementsul, <y Um in U such that '3

. Wty Um) 3y ),

where o, w”mopemtumofUdeoonuspondmgtothmopmtm
Seléct an assignment ¢ such that @z =1, ..., PZm =ty for suitable
variables z,, .., Zm. and denote by &', 3" the sxtatatons of % to homo-
morphisms of T into U and V' respectively. Then Pz, .o Tm) #
@211 Tm)-

Now, if y is a variable distinet from all 25 t_ = w(zy,..:;2m) and
¢y = ¢'t, then @ € Dy, but not v € Dy. Therefore, superdiagonals D
and D" ace really different. O

Given the superdiagonal D of an L—a.lgebra U only, we can easily
restore the operation w' of U corresponding to an operator w € { as
follows: :

) gy um) =0 @ 9 ¢ Dy,

where t, y, ¢ are selected as in the proof of the Proposition 1, except that
@y = v. Moreover, not only algebras themselves, but also homemeor-
phisms between them ran be characterized in terms of superdiagonals.

PROPOSIFION 2°. Let U, V be two K-algebras, and let IY, D" be
their m;mdmgomls The mapping \: U =V is a komumoryhum U—
V' 'if and only if, for any two terms s, L an all assignments ¢ € UX,

peD, = No€ D (1)

Proof. Suppose first thut A is really a homomorphism. Then (Ag)™ =
A for all p € UX, since both these homomorphisms U — V coincide vn
X, and we have: E

GED, > ps=pt = Aps)=Mpt) =

= (Ag)s = (AP}t = (Ag)s = (Ag)t = Ape D,
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- Now suppose that, conversely, (1) holds; we must show that
M(R], .y uili) J(‘\uli Aum)i

where o/, " are operations of algebras U and V' reapechvely, correspond-
ing to t.he operator w. We may assume that uy =z, ..., Un = @Tm.
w'(uy, ..., um) =gy for some assignment ¢ € U¥ and mutually dlsmnct
vmables Ty, nyZme Let, furthermore, £ := w(#;,. ‘s Zpm), and let &' be
-ﬂxeaxtenmonof:pboahomomnrph:sm'r—-n U; then ) = @'t. By (1),
“Apy = (Ap)"t, where (3p)" is the extension of A to a homemerphism
T — V, and the needed identity follows, O

Qur aim is to cheracterize abstractly those functions on 77 which
are superdiagonals of algebras, and to give a uniform method of recon-
structing the algebra which corresponds to such a function. Main results
of the paper were annonnced in [1] (see also footnote 3). They play a sig-
nificiant role in the proof of the representation theoren: for supercyhndnc'
algebras — cf, [2,3] ‘-

2. Superdnagonals

Given Y C X, we denote by T[¥] the carrier of the subalgebra of T
generated by ¥. We say that the texm { is independent of the variable
x if t € T[Y] for some ¥ not containing z, and denote by At the set

N{Y : ¢ € T[V]) of all those variables { depends on. Evidently, t.xe later -
et is always finite. :

Now let us fix soine nonvoid sei U and denote by A the power set
P(UX). For any a € A and z € X, we set

!

C.a={y; :pEa,ue U},

where (% is an assignment sv2h that oy = @y if y # z, and oz =u if
a function D : X? - A is defined by :

,y_{¢€Ux ‘91'_&’"5'}

then the algebra (A, U, N\, Cx, Diy)s yex, is the full eylindric sel algebra
wi.h base U m the sense ot [6]. We call such a function the prineipel
diagonal on U. By analogy, by a principal superdiagonal on IV we stali
mean the superdiagonal of any algebra from K with the carvier U

Every principal superdiagonal D posesses the following propertics:

*This paper is a slighty elaborated version of the one Ewritten a jiltle while after 12])
which had tu 2ppear in vol. 36 of Latvian Mativ-matical Yearbook (1962) and which we
have refereed to in [8l. However. thai velume doubtiully wili be publishe:! for finapiial
difiiculties, 50 we take Lhe apportuntiy to publish the paper here,
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D is an extension of the diagonal,
fb;CD,. UX, ify ¢ At, pnndpal
(¢) Dai N Dy C Day, if 7,y & AL,
Ed% Dg = C,(D ﬂDﬂ), il z g ASUA"
D;y C Dyojzyrys of = € As, where [s/z}mj;he edomorphism of T' that
takes z into { and is constant elsewhere on X. ‘
Any function D : T? — A having these properties will be called just a
. superdiagonal on U (of course, relatively to T. We shall omit, hmr
explicit references to the algebra T, since it is fixed.)?

By a support of a set a € A we shall mean any subset ¥ C X such
that, for all p, 9 € U¥,

v€a, p|Y=9v|Y = bEa.
or, what amounts to the same, \
Y| Y=y|Y = (cpEa#qbéq).

An almost word by word repetition of the easy proof of Lemma 3.7 from
[4] shows that S(a) is a filter of sets on X, perhaps, improper one. The set
a is said to be finitely dimensionalif it has finite supports. It is reasonable
to call a superdiadonal D finitary if all Dy are finitely dimensional. A
principal superdiagonal is always finitary, since in this case AsU At isa
support of D,.

We are now prepared to state the main result of the paper. As we
saw just above, the "only if” part of it is almost obvious. The proof of
its "if” part® will be postponed to the section 4.

THEOREM 3 . A superdiagonal is principalif and only if it is finitery.

3. Auxiliary lemmas.
We shall need éome_ further properties of superdiagonals.

LEMMA 4 . Suppose that D is a superdiagonal on U. If a term 1
does not depend on distinct variables y and z then, for all p€ U X and
uel,

’h_arLe2 \3], different, though equivalent, system of axioms for superdiagonals was cho-
scn present systerh somewhat weaker, but it has the a&vn?-gc that it dnu
wot involve elements of A not belonging to the range of I'. Theorem
below show, however, that the weakness is apparaut.

. 3The non-trivial part of the theorem has meanwhile appeared in & modificd form in
Ei as Theorem 4.3. In ﬁ:re“j outlines, proofs of both throrems are similar. However,

nitarity umd.itlun used here is simpler than that of regulasity in [3]. On the other band,
. the theorem in [3] is more suitable for needs of that paper.
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(f) o€ Dy gfnndonly if of € D,,

(8) pL € Dy if and only if g{ € Dy,
(h) there is exactly one sei v € U such that ¥ € Dy.

Proof. Assume that t,y and z are selected as indicated. By (d),
C:Dy = C.C:(Dyy N.Dy) = Co(Dsy NDy) = Dy, : (2)
for, evidently, C;C.a = C.a. Now, if p € Dy then o} € C,Dy = Dy, but
* if ¢ € Dy then ¢}, € C,Dy and, furthermore, ¢ € Dy. Therefore, (f)
- halds. Once again reiemng to (d), and using (a); (£), we obtain (g):
‘P: € D'g ﬁ- ol C:(D.,nﬂﬂ) & dve U(GP,‘: ED;, & :p:': E,D;u Lo

#B‘UGU(N"U&'P.E.D“)@P:ED“

~ As to (h), the assumption (b) provides, for any ¢ € UX, such an element
v € U that g} € Dy. In facl., it is anique: by (g), (f), (¢) apd (a) :

‘Piepﬂ ‘P’ED:: P ED L € Dy

SeheDy & 16D¢%W"ED,¢ND,;#¢§,E-',,¢&1:=Z.
Thus, thelemmasproved ()

Note that the property (¢) was not used in the proof. On'the sttength
of this lemma, the equivalence

o)=u & rpﬂ € D,‘, : i (3)

where y & At, correctly defines a function £ : UX — U for every term t.
Obviously, #(i) = 2. Morcover, by (d) and (3),

wED.‘QtpEC,ID,,ﬂD,;)ﬁEHEU(QJ,',ED,,&@"ED,.)#

@ Jue v(stw = u & i) = u) & 3(p) = i(p),
i.e, fo:alisand!

Du={pel* i) = &)} (4)
In particular, we conclude that 3 = if and only if D,y = UX.
LEMMA 5 . If the superdiagonal D is finitary, thén, for all assign-
ments , ¥, e %
wlAt=9 At = ) =1ty). (5)
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Proof. Assume that @ | At = ¢ | At. The: o | ({y}u At) =
¢ | ({y}uAt)forany yg Atand allue U. LetY besﬁmtesupport
of Dyy; without loss of generalii v, we may ass\: ae tha' ¢ | (X'\Y) =

Y[ (X\Y)andyg Y.

Therefore, ¢ and ¥ agree outside a finite set {zy,...,7,} =Y \ At;
we are only interested in the case n > 0. Now if ¢y € Dy, then ¢! €
Cy, - Cey Dy = D, (see (2)), and vice versa. So we obtain that, still for
all u, ¢¥ € Dy 4 % € D,. Now (3) leads to #(ip) = (1)), as needed. D

Of course, Az = {z}. It follows from the next lemma that
Au(ty... tm) C AHU ..U AL, (6)
LEMMA 6. IfALCY andY # 8, then t ¢ T[V].

Proof. Let S(2) be theset {¥Y C X :Va,f € X* (a]Y =5 | Y =
at = ,Bt)}, where @&, are the extensions of a, 8 to endomorphisms of -
T. S(t) is a filter of sets on X (cf. with S(a) in sect. 2). In particular,
every fini' : set Z such that ¢ € T[Z] belongs to S(t). Hence, At can Le
presented as a meet of a finite number of members of S(¢), viz., subsets of
suck Z. So S(t) contains At and, therefore, ¥ as well. Nowleta: X — Y
be any mappingsidentical on Y. Then 6X C Y, and t = at € T[aX] C
T[Y). B

4. Praoof of theorem 3

S ppose that D is a finitary superd.lago:lal on U, For eveqr operatnr
¢) € 1 of arity m, define an operation wp

on U by setting
| g,y = ), @
where { = w(7y,...,2n) with all z; mutually distinct, and p is an as-
signment which assigrs the value u; to every z;. This lefinition may be
rewritten in tae form
un(‘ch ssiny WIII) i 'i((P),
where p is already arbitrary, The operution w, does not depend on the

ghoise 0! @ if Y€ U~ and Yz = Pz ..oy YTy = I!'?Im then, b}' ;5)'
i) = i(y), for At c {@1,-...,2m} (€L(6)). 1t does not depend also on
the choise of zy,. : if oy = @Y1, ..oy PTm = PYm, then, by (a),

P € Dy 1+ anmu lmnce, by (e),p € Du'. where ¢ i=w(yr, .., Ym)-
Now i(p) = (i) according to (4).
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Therefore, U is turned into an Q-algebra U. Ve now want to show
that, for every assignment p, its extension ¢ : T —~ U defined by

@'t =1i(p) (8)

is a homomorphism T — U. Given a term 5 = w'ty,..., 1), select
mutually distinct variables z2i,..., fw on which the terms t ... ¢, do
not depend, and denote by # the term w(z1, ..., 2m). By (6), AcnAs = 0.
Nuwlet\bbean-assignm_emsuqh that, foralli=1,...,m,

¢ | A= ¢ | At bz = ti(p).

Then (%) = £i(ip) by (5), so ¥z = £i(), i.e. ¥ € Dy, for all & (see (4)).
Also, 5(¢)) = #(p) by (6) and (5). By multiple use of (e), ¥ € D, and,
furthermore, t(w) = §(). Hence, taking into account the definition (7),
we obtain;

@ w{th SRS 5(‘{’3 i 5(1’} i i"") =wp(zy,.. ¥ m) =

= wptifp),+ -, tml)) = wale" e - so‘tm}.
i.e., ¢* is really a homomorphism.

Thus, th= constructed algebra U has the following property: every
assignment ¢ can be extended to a homomorphism T — U. The class
K' of all such algebras is a variety [5, theorem 24.3], and T, being free
over itself, belongs to this ciass. 'Therefore, 77 furns out to be free on
an infinite set of generators both in X and X'. Hence, it generates both
these varieties (cf. [5 §66]), and we conclude that X' = K and U € K.
Moreover, * = @, sc D is the superdiagonal of U by (8) and (4). The
proof is completed. O

Let us denote by D the class of all finitary superdiagonals on ar-'
bitrary nonvoid sets. We have a mapping ® : K — D whick correlates
with every K-algebra its superdiagonal. According to Proposition 1, this
mapping is injective. Independently of that proposition the proof just
above provides another mapping ¥ : D — K. Evidently, for all U € X
and D €D, ¥&U =U and YD = D."So we get

COROLLARY 7 . Mappings ® and ¥ are mutually snverse and give
rise to a one-to-one correspondence between X and D.
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J. Cirulis. Universéio algebru superdiagoniles.

Kopsavilkums. Fiksésim varietati X un brivu algebru T taja ar sanumuréjamu
generatoru kopu X. Ar K-algebras U superdiagonili sapratisim tadu funkciju D, kas
katram parii (s, ¢) € T7 piekirto visu to novérts jurau (t.i., funkciju @ € UX) kopt:, surzs
“apmierina” "vienadojumu” & = {. Rakst& paridits, ka K-algebras un to homomorfismus
var reksturol superdiagondln terminos. Dots ari aksiomalisks superdiagonili apraksts
kopd ar algoritmu, ki péc patvaligas abstraktas superdiagonales konstruét tai atbilstofo
algetru. | ' :

Unpyauc A. CoepXAMAroHANM YHWMBEpCanbHEX 3arelp.
Al 10TaUMA. TiycTe T ~ CDODOAHAA B cefe naArefipa co CYeETHMM

HHOXECTRON CBOGOANLX o6palybuKx X , & X -~ nopoxdaence ep Huo-
rocBpaiue. floa rEepxaHaroHansn anreSpu U pa X uy-m NONHHATSE
eyYAXuUrD D, koTopan xasaony ''ypasHéeuuwy (s,t) € T conocranns-
T AHONMecTRro Tex npunucuBaMuMna” @ € Ux, xoTopue eny “yoomneyw-
sopapT”, [MokazaHo, 4Ta K-anrebpu W & ¢ CREePYAHATOHAAN noryT
OMTh XapEkTepHIOBaAHR B TEPHHHAX CB IMAaAMaroaneR. Oavu Taxae .
AKCHOMATHYSCKOE ONHCaNHE CHEPRAMArOHANER aAreBp W KOWCTPYK—
uMf, NOAROAADYAA NO TAKOR SOCTPAKTHOR CEEPXAHAIOHAAW aOLTPO~
UTh COOTRETCTBYRMY W anrelpy.
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UN EQUIVARIANT HOMOTOPY TYPE
S. M. AGHEEV

Abstract. With help of a new method we prove the conplete
gmeral 1zatlon of James-Segal theorem :'Let & be a compact
group, X and ¥ are metrlc G-ANE-spaces.Then N Y 1is

& G-homotopy equivelence 1ff i™:¥'———y" 1s a homotopy
equlvalence for every closed subgroup H<G "
AMS Subject classilfication 675156 .

1. Introduction s
I.M. James and G.B.Segal [B] bave proved a very lmportant
theorem : let G be a compact Lle group, Kand ¥ ® sre separable
metrizable G-ANE-spaces. Then G-map [:¥——Y¥ 18 a G-ho-
motopy equivalince Iff for all closed subgroups H in - G-maps

th o of Hfixed polnts are homotopy equivalence.

In this paper we obtaln compléte generallzation of this
theorem ( for arbitrary compact group ). Equivariant version of
one of the Hanner theorems [B] ( see thecrem B ) [B] was used as &
key to prove . Below we glve this generallizaillons . ;

Theorem A. Let G be a compact group, X and ¥ are reiric

™ Let's denote G-spaces as £, ¥ , 2, P, and 50 on ; their |

- orblt sr cesas ¥ , Y, 2, P . and so on
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spaces. Then G-map f:¥ ’l' is a G«hérrmopv equivalence
Lff for all closed subgroups H In G .so that GAi=ANE . the map
£ ¥ are homotopy equi valence.

‘_Imem B. Let G be a conpact group, ¥ Is a metric G-ANE-
space . . Then for every cover aecov( 0 there  exist
GLW<conmplex P eand Gamps [I-——P and g P———%
for which the composition g-f and 1! are G-homotopy related to
cover of

2. Preliminarles 2

Let. G be a compact group and we assume thal all spaces are
Hausdorff

Main concepts and facts of G-space theory can be found Ln
[5]. Let us remind some of them .

Definition {(2.1) G-mp F:A————K glven on a closed
G-subspace of fetric Gspace 2 we call a partial G-map
zaA—t—x . ; i

Definition (2.2) G-space X 1s called G-AlN]E-space ( In
symols . ¥G-AINJE ) If every partlal Gamp 2 2A—f ¥
can be extended 1o all Z ., e.g. there exists G-mp f 12—
—= % can be extended Lo some open G-subspace WU .

If in the definitlion (2.2) the extention of f 1s posible only
in case, when dim2)sSn . then the notion of G-A[NIE(n) ‘arlses .

Let’s note. that in the class of metric G-spaces the notlons
‘of G-AINIE and G-AINIR concide where G-A(NIR means equiva-
riant ' absclute (neighbourhood] retract for the class of all
metric  G-spaces ( see [4] ).

* Every point x of G-space X originates the followlng
objects ; an orbit Gy = g'x : geG 1} and stabilizer G.={ JeG:
g'x=x } which:is a closed subgroup in G . Each closed subgroup
H in G ( in symbols, H<G ) originates a set of iHmed points
l\"—('xd!: HSG, 3= % : H'x=x }. Gomap f carrles i' to WM

and therefore map flef | ;i ¥ 1s defined .
In the paper [1] the ronoﬂng cruracterl:n!lon of meiric
_/ANECD)-spaces has been proved.

Proposition (2.4 let X be a metric G-space. Then the
conditions (a) -(¢) are equivalent ‘ :

{a) WeANECD)
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(b) for every poinL x there exists Lhe convergent sequence
O such that &x)eANE and GG,

(c) for any point xe¥ and any £>0 there exist a point x
and G-mp @:U——=G(X) for which @ x.0<c . GOANE |,
dlanv_‘(i)a.

And finally we would like to remind some equlvarlant homotopy
notions.

Let X and ¥ be two G-spaces, w 1s a open covering of
K, f % ¥ ( 0stsl ) 1s a G-homotopy ( e.g. for every
tel0,1] f, 1sa Gimp ). Then f, is called w-G-homotopy, if
for any xe¥X can be found an element Ve so that rLeV for all

tel0.1] . It s quite clear that 4f w=p (@’) , where w’ecow(X) ,
hence w-G-homotopy induces on orblt spaces w’'-homotopy f£:K——
--—.Y ™

The following statement characterizes meirlc G-ANE-spaces by
w-G-homotopy ( see [10] )

Proporsition {2.5) If for every cover owcovk of a metric

there exlst a G-ANE-space ¥ and G-mps f: ¥ ¥ and
gy _ X so that g+f and 1 g are a-G-homotople ., then
HeG-ANE |

We introduce a notlon of G-homotopy equlvalence as usually,
If fiR ¥ 1s a G-homotopy equivalence then f:X )
and t‘":ll'l are ordinary homotopy equlvalence for any
subgroup H<G .

3. G-CW coplex and equlvariant theorem of Hanner
_ T.Matumoto (11,12] defined &  G-CW complex for general
topologlcal group and elementary properties of it. In this note
G-CW conplex will be defined as an ANE-space.

Definition (3.1) Let G be a compact group and H be a
closed subgroup of G so that G HeANE. A closed G-n-—cell 1s
defined to be the G-space & '=<GAD=A" ,where A" is n-simplex .

Definition (3.2 Apalr (KK} of Gspaces K and the fa-
mly of open G-cells In X , K=( €)=K, AelA } , Is called to be
a G-CW complex If : .

() R-lifey: AeA )} : (b) each G-n-—cell o has its
G-characteristic map of a closed G-n-—cell onto 1ts closure,

0 (G A) ¥A"————-&"sX , satisfylng
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(b} Gl an(ANSAM 1S equimorfismonto e
‘ {62 boundary 5e"=0(GASA™)  is contained in the
union of a finite number of G-cells e with ran |

(c) ¥  has the identification topology with respect to the
mto G-characteristic mps of X . dx:l.! {(GA-DHA-A: AeA )}
——¥ , where U denotes topologlicall disjoint union .

Iy 1s easy deduced Lhat orblt space X of G-CW conplex X
has a canonical CW complex structure. Suppose that these CW com-
plex KX represents polyhedron with some triangulation T . Then
G-CW complex X 1s called to be the G-polyhedron .

Using an analogy argument with the full polyhedron let's
introduce the notion of a full G-polyhedron. Let =l GAHy 1 Aeh
G/HheﬂHE } be a famly of homogenious spaces. An arblirary polnt
of GAly we shall denote as (gp] : G-n-simplex [91“}‘[911]‘-.--’

Egkn.'! with a glven finlte nunber of polnts [g)\k]'s’ﬂl Y is

‘called a set of forml sums
{ nk-tg'g)‘kl P tyel01) | D=l , g6 )

It 1s clear that (gkoi-.._ -{ckmlﬂtg%l-. .=kgy I when. men .
n

The set. FIZ]={ {g%l-...olgxnl e 1 X - R Akdl 2 R
all G-n-sinplexes having weak topology regarding to G-n-simplexes
1s G-polyhedron . F[E! 1is called a full G-polyhedron .

Let ‘s consider extensor propertles of G-CW conplexes.

Theorem (3.3) Any G-CW complex [P 1is A G-ANE-space.

The scheme of the proof of this statement 1s given bellow.

Lemma (3.4 Any flnite G-CVW complex is a G-ANE-space .

. Lemma (3.8) Let fA»-———-——-—-P be. G-map of metric G-space
orto  G-OW complex P . Then { f '(eM:e"P )} 1is the open
invariant local-finlte cover of A .

Lemma (3.8) Let 2 2A——f % be a partial s—uaprran
metric G-space 2 onto Hausdorf G-space X . Let m-u 7 ;
uxnk.s—m for any finlte colleciion of indexes . !.hera
exists such local-finite cover of A | o’-{\‘r} . 50 that for anv ¥
can be found (3 : f(v,,)ﬁ!ﬁ , then f may b= oqulvariant extended
on sore lnvariant nelghbourhocd .

Let ‘s devote the left part of thls Item to the <ciecussion
~and proof of equivariant Hanner thevrem - theorem B
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Let ¥eG-ANE. It is known [4] that

(1) X 1s equiveriant embedded onto some normed linear
G-space L , ¥ being closed In L ;

(11) for an open cover aecovk there exists an open cover
Becovk such,that as soon as  G-maps foifyi K X are
(3-closed , then there exist oa-G-homotopy F between f, and fy.

Since WKeG-ANE , hence G-retraction r;U————— X of some
invariant neighbourhood = U exists , where XUsl . Let's choose
such an open cover yecovll |, consisting of convex sets , whose
image 1s refinement of @ , r(p) (3@ . Let open covers o, decoWl)
satisfy the following conditions : oyw dy , dgn 7 ( design "w "
denote the star refinement ).

According to the proposition (2.4) there exists an open inva-
riant local-flnite cover (V.r).u-r . the famlly of G-maps { LY
Vg GA, ), and collection of poelnts {x,} such that
(1 G-c"Gx.‘ ( and thus, G,»Gx_:am‘i b i
(2 (@06 : TeT ) o, ;

&<))] x.cét.d‘(s.r)

Let us fix some invariant partition of the unity { Vi —
}xeT inscribed into cover V..

The famly Z={6G_ ). o of the homogenous spaces originates
the full G-CW complex FI[Z] . Let's conslder the following
G-CW subconplex INSF(EI] , H["-co]'-” '[91.',(1 - g“o'sfon' : ""gtk'sr
=2} . The continuous G-map’' f:¥—— N is correctly defined
by the formila f(x)-l!v.:(x)'pt()o : TelT } . G-mp h:N—X
‘can be given by the formula h(E tj'{g-g ..:J] : 3=0.1,... .k )=r(E t._,-

e

g-gtj-xrj: J=0.1,....k ) . Since m'g;:J'S.:J-' , then llc-g.c}'stj:
101,k deloelly W90y X § 30,1,k )y and, con-
sequently, nj‘ﬂ‘ﬂtjﬂl 2 :

Let's verify that h-facl frelal . By property (11) It is quite
enough to show that hef and 1y are f3-close. But h+f(% =
-h(nv.:(x)-pr(x)) =r{Dp (0 *g.. %) , vhere g..* t”’:{""ﬁ’&r' But
x and g.'X,. are [3y,close , x and Dp (0%, are y-close,

x and r(Dw (X -g,x%) are f3close . ®
4. Equivariant homotopy type
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Let’s enumerate some resulis, obtalned by T.Matumoto [10].
Prcporsition (4,1) Let  fif————— ¥ be & G-map of
< complexes, Then [ |is _G—honnft.opl.c to such G-mep " , Lthat

£ carries ‘r-skeleton ¥™ o n-skeleton Y™ for every n20.
Proporsition (4.2 Let [f—————Y¥ be a G-mep - of
G spaces. If for every subgroup H<G , GHeANE map H o or
H-fixed polnts be a weak homotopy equivalence, then for every palr
iLslK ' of G-CW complexes and for every commutative diagram :

) 2 4
ul by tv
there sxists a G-map WK——— K, Ulp=tt , Folngy .

Proporsition (4.5) Let f:R———Y¥ be a mp of G-CW com-
plexss. If for every subgroup H<G , GHeANE the mep fh:——
e ho' 8 homotopy equitmlencc.t.hen the G-map f be a
G-homot.opy equivalence .

Hotumoto proved the similar statement for G-meps of palrs
of G-CW complexes.

These results of Matumoto are used to prove that a metric
G-fNE-space has a G-homotopy type of G-CW complex. The scheme
of | proof 13 performed simiarly to  [101.

Proporsiticn (4.4) let X be a G-space. 11‘ =5 for some
subgrous H<G ., GHeANE . then there exists such a G-map f:P—
~————¥ of G-CW complex [P , that for every subgroup N<G ,GANe
 GANE. the map N e a weak homotopy equivalence

Proporsition (4.5) Let X bé a metric G-ANE-spaceé . Then
X be G-homotopy equlvalented to some G-CW complex .

 This proporsiticn is based on equlvarimt Hanner theorem {ses
{101},

and finally, everyithing 1s ready to prove the theorem A . Let
fi¥- ¥ be such a G-map of -G-ANE-spaces, that: [ b& .
honntopy equivalence for every H<G ., GAleANE. By (4.5) thsre
exist G-homotopy equivalences u:lP +K Cund v @——<t,
vhere P and Q@ aré G-LW coplexes. Then the G-map  hw=v’~Feu:
P————0 b& a weak homotopy equlvaience, where v':Y =0
and v are homctopic Lnverse . From (4.3 1t fcllows, that h be
4 G-homtlopy equivalence. Since [=vs+h=;" L where u’ 2nd ¢ are
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G-homotopic inverse, then f be a G-homotopy eéquivalence, and it
completes Lhe proof of the itheorem A.=

Coroliary (4.8) If & metric G-ANE-space X 1s such that X
<AE for every subgroup H<G , GAieBNE , then ¥eG-2E .

Proof. Apply (4.8) to the trivial G-mp f:¥——s (). &

Coroliary (4.7) Let the pairs of metric G-spaces (X, K and
(Y,¥y be such that X, ¥y, ¥. ¥, be G-ANE-npaces . Then G-mep
f:{R. ¥y ——(¥,¥,) be a G-homotopy equlvalence of G-pairs
1ff for every subgroup H<G , GHeANE map f" be a homotopy.
equlvalence of the corresponding pairs of spaces.

The proof s performed similarly to the proof of the theorem A
with maklng use of the verslons of (4.2),(4.3).(4.4,(4.5),(3.9)
for the pairs of 'G-spaces.

' 5, Concludling remarks
The equivarlant Hanner theorem has some more applications,

Theorem (6.1) If & metric G-space NeG-ANE , then

(§9) G-ANE for every H<G .

(2 KAHe(GH)-ANE for every normal subgroup H<G . \

For the G-CW complex ¥ this siatement be evident . In
the common case theorem (5.1 follows from the theorem B
and proporsition 2 .

Corollary (5.2) Let H<G be a subgroup of the Abellan group
G . If X bea metric G-ANE-space , ¥ be a meirlc H-ANE-space,
then the crossed product »{Hv be a G-ANE-space .

Proof. Consider the following actlon of group Gxf on X%
and ¥ : (g, h}-x-(g-h )X , (g,h)y=hy ., It is not difflcult to
verify that  Fe(GxH) -ANE , YdG'd'D_—HE,. But

R»m\i’x(!x\!)z({e}r}!}dﬁﬂﬁz{{a}wm . e.g, #HVeG-aNE -
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TOYARCS THE THEORY OF CONTINUITY DEFECT
AND CONTINUTTY ME!SURE FOR MAPPYNG® OF METRIC SPACES

M. Burgin, A. Sostak

Bummery. The concept of the concinuity defect and the re-
lated concept of the conticuity measurs for a mapping with values
in a metric space are introduced and the corresponding theory is
being initiated. We congider thie theory as a generalization of
thes classic theory of continuous mappings made in line with %he
ideas of tuzz{n:athom&tios.

AMS Subject Classification 5&A40

When dealing with s mepping of metric spaces, or more gene~ |
rally, with & mapping of topological spaces, of puramcunt ZMDO.o=
tence is usually the questicn whether this mapping is continuous
or not. This maturally leads to the classification of all map-
pings between metric (or tdpblogioul) spaces into "good" -~ con-’
tinuous, snd "bad" -disconvinuous ones. Notice, however, that
such a strict, criep clasgification being completely in accor-
dasrce with the traditions of mudern mathemitics, the reasonings
in which are usuzlly based on ths two-valued ("classic™) logic
and sre being carried out, explicitly or implicitly, din the set--
ting of the category theory, scems to be not always natural and
effective if one aims at applying o given mathemsticel theory to

 the stmdy. of models of systems and proc2sses in the real worle.

We mean here first of all .that when dealing with real processcs.
one can cpesk as s rule only about & koown approximation %o the

property of continuity. On the other hand one hes to distinguisi
different degress of disconiinuity - roughly speaki.p its negli-
gible and non-negligible exteuts.

Thua there nppears the necessily of mathemabical concepts
und Lheorias iwhich wonld be flexible' eanouyl te deel both with
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continuous and discontinuous mappings and to take into account
the degree of discontinuity in case of “he last ones. The ideolo-
giepl und mathemhtic:zl basis for these conespta and theories can
be Lukasievic logic (see e.g.[8),[2]) anda the fuzzy set theory
(see €.8.161,[1],[4]1,{5]) which has experienced a2 vigorous develop-
ment in tl> last twenty five years. In particular, the concept of
a fuzzy category introduced in [ 9], in which morphisms are allow-
ed to be such only to some extent, could siite to these merits.

The aim of this paper is to propose a concrete approach to
the problem of measuriﬁg the degree of (dis)continuity for map-
pings with valuaa in metric spaces end to some related problems,
to start to deve.lop the corresponding theory and Lo outline some
of its possible Applications.

onsg and basic’ properties.

It is well-known that 2 mapping f: X —Y where X and Y are
topological ‘spaces, is continuous iff £(M)c (M) for each subset
McCX. (A denotes the closure of & set & in the corresponding Sopo-

logical space) 'Phus, in case when the topology of Y is induced by
metric Q , the continuity of f just mesns that thevalue gL M):=

s ?(J’J(I‘T)) - m:ﬁ_?(a',f(h)) i equal to O. Moreover, for =
ye £1) st
discontinuous mapping £ the value _d'u-.n) can intwitively be inter-

preted as the pap at the border of the set M. This ressoning jus-
tifies the intrcduction of the next definition:

(1.1) Definition. Let (X,J ) be a topological space and (Y,$)
be a metrié space. By the defect of contimuity, or just by the
econtinuity defect, of & mapping f: X —Y we call the vailue

d(t) = sup S{f,M)  where J(i,h) = oup Q(£(x) ,1(¥))
5 McX xe M

(the case d(£) = co ie not excluded. 1)
In the secusl ‘in Seetions 1,2 «nd 3 symbols X, T ,7,¢ and
f always have the gone meaning as in the previous cefinition,
unless special stipulitions ure made.
Using elementary proparties of metrics one can 1mmediately
notiee the volidity of the nexn statement:
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(1.2) Proposition. d(f£,Mn) = sup inf @ (£(x),£(x')),
xeM x'cH

end hence d(f) = oy s me P (£0x),2(x'))

For practical purposes however it seems more convenient to
use another form of the definition of continuity defect (see Defi-
nition 1.1') which is based on the given below concept of the (lo-
onl) continuity defect of a wapping st a point.

(1.2) Defiuition. By the (local) continuity defect of a mapping

f at a point x €X we c2ll the vilue
&(L,x ) = sup { 9(2(x,), £(M)): MCX, xei).

(The case J(f.x Y=o is uot excluded.)
In other words,

J{I.on € 8 whers a20, iff for each MCX such that x e TR
and each €>0 there exists x€ M satii.ying the inequality
¢ (£(x), £(x)) < S

Notice that the continuity of a mapping £ at a noint x ek
just means that J(fyx ) =0.

(1.4) Remark. Notiee that in genarsl J(r,:o) ﬁd‘(r,{:oi).
Since cbviovsly supd(f£,x) = sap smp @ (£(x),£(M)) =
xeX xXeEX MCX

xeM
;2% :31 ¢ (£(x), t(M)) =, 8(£), ve can reformulate Definition

1.1 as follows:

(1.1') Definition. The continuity defect of = mapping f is
defined by the equulity
d = sngtf(r,x)
xe

Next we shall estublish some useful charocterizations of con-.
tinuity defect at a point. By setting J(f.xo) = 0 the reacer can
' eanily extract froi these staterments the well-lmown chirseterisa-
tions of contiunuvous mappings (vhich, by the way, served as proto-
types for our charscterizaciona).

tion. d(f,x ) = = inf f(x 3,200).
(1.5) Preposition. d(£,x,) chg HLH?( (x, )
x €M 1)ed
8]
In other werids,
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d(2,x ) < a, where a3 0, iff for each NCX such that. o€ F trere
exists & countable set NCM for which 9 (£(x,)£(N)) = a..
Prooi is obvious. )
Let now A (x,) denote the set of all neignborhoode of x eX.

-+ (1.6) Proposztion. d- fr.io) g avxﬁ' sup @ (£(x,),f(MNOU))
: il :e.i Um-‘fo)
f .=

Proot. Let A(r.x ) stond for the right part of the eguelity
‘to be proved. Since xe,d‘(xo}. it is clear thet d (f,x )< A(r.x s
Converaely, assume that a < A(f,x ) for some ae R, '1‘hcn there
exist 2 set M cuch tiat x € 1 and a neighborhood Ueg'f(z ) satie~
. fying the ineguality ¢ (£(x.),f(MNU)) > a. Noticing that xotl‘lﬂll :
. we conclude easily %hat 6(!.1 ) > a. Hence Jlf.x )= ﬂ(f,x Yo

Let (X yepr Ve a net in the gpace X. The entry (xr)“l.-uxo
or just (x,}-..xc will mean that this net converges o x . We
wpite lir x, to dencte the lower limit of (x,)rep i.e. the set of

¥

all its cluster points (ses e.g. [ 2]). Explicitly, :e}%m x, ire

for each Ue N (x) und sach Y & " there exists ¥ 2y such that x,e.l:l.
For a rusl valued net (d,)u,- we get Tim &, to denote its upper
limit, 4.0, 11_ Ry o= l%m sup {#: F r;’]. (The case I':Fﬁ oty = oo

is not excludad) -

(1.7) Provositior. J(fyx )< & , &2 0, iff for each net ()
converzing to %, for cach E>0, and esch YOE " there e.ists ¥ >

guch that ?(!(xo).f(z,)) ROk

Pugof. Assuws chev d (£,2)) > a. Then mccording to (1.3)
“there exist £>0 and M C X such that x.&F aus. @ (Blx, (M) 2 =0¢ .
Then having constiuci Jr.i +nat ("t)ut oon:.'ziued.' in B ang conversing
.tov:: we conuiude thal 9(r(x Jyrine l” > ‘Aeg foi 9l -‘ﬁf?

(-
Convaraoly, ‘lot lx;)yeprbo a Bpt LONVE

thoe ¢ (£0x, ), (%)) > 2 fora final pe r'- pE((rix, ¥)s then there

“Hiag ko z) aod sech

silat KQG.F and £207such £k © Lf'(xonf{x,)) & e for 214 '?rn'

'..' i x < 4
Iet I -‘x-, t -“)xu t JIt.ig eas¥ to nofice -.11’1'\? X, € ¥ nd
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@ (£(x,),£(M) > a+¢ and hence J(r.xo) > B+E> & .
The previous proposition can be reformulated as follows:

(1.7') Proposition. d'(:t,xo) < a, a>0, iff there exists
€7 O sach that for each net (x;) comverging to x, end each ¥ €l
there exists ¥ >y, such that Q(f(xo),f(x,J) < a=E .

Since in a compact space each net has & cluster point,
from Proposition 1.7 one can essily get the following

(1.8} Corollary. If the space Y is compact, then
d(tyx,) = sup @(f(x,), lim £(x))
&=z, gl

(1.9) Eroposition. J(£,x,) -(I‘I;?xa].%n 9 (£(x) 2(x,))
In other words ' _
d(f,x)) ¢ a iff for each met (X;)yer converging to x_ and each
€>0 there exists ¥ such that (f(x,),f(x)))< ace for all ¥>y,.

Proof.Set a(r,xo) to denote the right part of the equality
to be proved and assume that d'(r,xo):u a. Then acecording to (1.6)
there exist £>0, MC X with x e K and U eAN(x,) such that

Q(£(x,),£(MNU_) > atf . Obviously for each Ue Jl"(xo} contained

in U, the inequality ?(I(xo).t(ﬂﬂ O)) > &+& dis also vulid end
hence for each Be.fr(xo) one cun find a point x;e¥nU for whiah

9 (J:(xo) +£(xy)) > a+f « Thus 2 net (*U)Ue.l"(xo) is obtained where
the set /(x,) is directed by inclusion: U< U' iff U'C U. From
‘the aohs'tru.cti.on it is’ obvions that (zu) converges to x, and
9 (r(xo].:txu)) > a+f > a for each X,. .owever, this means that
¢ (£,%,) > & and hence A(f,x) > d(f,x,).

Conversely, assume that A (r.xo) > @; then there axist €>0
and & net (x;) converging to x, such that for every J, there
exists ¥ » ¥ satisfying the oondit.’t:on e (:(:0).1'(::,)) > uef

* Let W -{x': P(£(x,)42(x,)) > a+s}. Bince obviously x,€F  and

9(:(::0).1(“))34'5 it follows that d‘(f.xo) » 8 and therefore
J(:lxo) ) A(r’:°)¢
In cuse when the spece X is [irst countable (in pirticular

when it is metrizsble) one can ensily establish the following =
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A 'ﬁ?}siona of Propositiong 1.5 and “-9'.

(1.5%) ,r;m_go_g;éion. It X is tirst countabla, then
g (£yx,) = rup 1§ (2(x,),£(10): FeX, x e W, INl <X,

_ (1.9%) Proposition. If X is first countable, then
Blexy) = sup { TR g (00x,)020x))e (i) g %5}

(1.10) Examnls, Let X be the unit interval T [0,7] endowed
with the fopology T ={U: Uc (0,WIULI\G: 6 ¢ 1,161<k, | (thus
all point'sl of (0,1] are isolated and the point D is considered
with co-countebie topology), let ¥ be the same sat I but consi-
dered i_n its ususl teopology, and let £: X - Y be the identity
magping. It is easy to étot_ice that d(£,0) = 7 while no countable
set N contzins the point x_ in its closure, snd no sequence from

(0,11 converpes to O in che space X.

In ci:se when the metric §' is bounded, sometimes it may be

reagonnble 1o ccngider the norméd vergion of Definitions 1,% und

i 5 g 4
- " =

(1.%) Definition. The normed continuity defest of u funetion

£ at a point Xy is defined by the equality

A Ly
oy v C)

whera 4 i the diumercr of zheset £(X), i.e. d=sup! ¢ (y,7'):¥,7e0)

u ! -

Opviouslv, the wvailue d‘{f,xo},can vary from O (corresponding
to the susc swhen { is conhinuous at x, ) to 1 (eorresponding o
the misiral possible gup 2t X,)e

L

(4.1) Definitios. The mormed defect of contiaunity of & map=

ping ¥ ia defiuned by vhe equalisy d(I) = syp d(£,2) , or equi-
”~ J‘ ’ -

valently, by the formula &) = ——;—‘-l

‘Ja et =his sact.on by inbroducing the coacept of the centi-
nuity messire of vappinisy for us it will be s derivate of the

aoncept vl the continuity defect,
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(1.11) Definition. The local continuity measure A of a
mapping £ at a point x,€X is defined by the equality

h{f x ) - 1
AR T YRR
The continuity measure A of a mapping f is defined by
A(D) = 1;:)\(:,::} or equivalently, by

A(L) =

1
148(1)

In case when the diameter of the set £(X) is finite the fol-
lowing approach to the continuity measure could be preferable:

(1.12) Definition. The (local) continuity measure M
of a mapping £ at a point x € X is defined by the equality ]
,u(f,x ) =1~ 3(!,: e The » continuity measure X of a mepping /
f is defined by /ﬂ-(f) -1 - 6'(!) or equivalently, by
(f) = inf M (f,x). .
V3 b Gl

i reader can easily reformulate the statements of this mec-
tion in such a way that instead of the continmuity defect the
meagures of continuity A &nd /»'- are used,

2. On the behaviour of continuity defects under various
cperations 2

In this section we shall investigate how various operations
on mapping. - such as the restriction of a mapping, the diagonal
of a femily of mappings, the product of mappings e.s. can in-
fluence the continuity defect. To be more precise,we shall try
to estimate to what extent the continuity defect of the initiel
mapping (or meppings) determines the aontinu:lty defect of the
resulting mappiong.

" The proof of the first two statements is obvious and there-
fore omitted.

(2.1) Proposition. Let X' be a subspace of & space X and
£': X' - Y be the restriction of a mepping f: X —Y to X* .
Then &(£') < &(£).
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(2,2) Proposition. Let X, , €A, be a disjoint femily of .
topological spaceg, X = @& their direct sum and f: X-» 7 a
mapping, Then J(2) = sup &'(f,) where £, is the restriction of
T toX, . !
. (2.3) Proposition, Let (Y,,84), (I'a.?e) be metric spacss and
let (Y,9) be their product where ¢(y,z') = V§3(¥.,y})+ €% (32,3
(7=(34072)9 7' =(¥423%))e If £ = L, AL,: X1, x Y, ic tas diogonal
of muppings £.: X —»7¥;, i=1,2, then nax {J(f.‘,xo). J(Ia.:l:o)} <

. d'(r,xo) £V€2(11.10}+6’2(I2.x°) for each point x eX und
".lﬁ_x té-(r-‘)o J(tz)} "J(f)éva (fq)"’d_ (rz) .

Proof. Let' us denots 6'(;!1,::0) = biy i=1,2 and a u\(h%-o- bt .

1o sbow the inequality d'(f,x,) € Vi + b5 we can assume that
bhobs %0y a<d(f,x). Then from (1,3) iv is clear thet theve
exist MC X the closure of which ocnteins x, and a resl number €>0

/ Such that @ (r(xo),r(ll)) > a+€f . Choose now 6> C s tisfying the
inegrality \f(b1+d)£ - (beqé)zéa-te « On the other hand,
since :.Oeﬁ and J(r.‘,zo) = by, according te 1.6 for each neigh-

borirood U of x one can find a point xy; € MNTU such tiat
Q(£,(x,)24,05)) = B, +¢ . Comsider the set M, ={ x;: UeA(x )}
thus obtuined. Obviously, x € ¥, snd therefore, simce d(f,,x )<
. b3+6 aecording to 1.3 there exists a point x'€ M, such that
§ (£5(x,),2,(x")) % b, 46 .

It ie easy to notice now thetv P (t(xy,rf(K)) s ¢ (.t(xo},z(:'))

: ‘- V? ﬁrq(zo) qu(x. ))+ ? g(ra(zo) OI?(x' M= \f Cb.'-“"(’ )é;(ba‘f $ )2 <

< a+f . The obtained contradictioh means thut d (f,x.) <

:JJ rftinz)"‘a (1'2,1) . . are
The inequality max[tf(f,,,x e J(rz,:o) f £ 6'(:.: ) ronou

| "easily from the evident inequality @ ,(f; (x), 1.(x')) <

Q(2(x),1(x"')), i=1,2.
rmtu;, the inequalities estimuiing the defect d (L) “rllow
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easily from the evaluations of the locil defect d (£,x,).

(The equality J'(r.xo) - \fd" 2(11 ,x°)+d‘2(£2,x°) senerally
does not hold. To make sure of this one can ccneider the follow-
ing example. Let X = ¥ = R (t.s reul line endowed w' h the usual
metric), ¢€R be a fixed point and let functions £, XY be
defined as follows:

0, if x<c 0 if x<c
£4(x) . {1. if x> e axd  f,(x)= { 1 if x>c .
It is easy to notice that d‘(ri) - d'(ri.n} =1 for i=1,2,
and &(f) = I (L,0) = 1 (<¥3). )

Together with the metric @ wused in Proposition 2,3 the
product Y = T, x 7, ig often endoweu with other metrics com tible
with the product topology. Definite anulogues of P. sposition 2.3
are valid for these metrics, too. For example, rezsoning in a
manner quite similar to the one used in the proof of 2.3
it is easy to establish the following facts (X,¥, 100X, 8,,f, and
f have the same meaning as in Proposition 2.3):

(2.3°) Proposition. If Y is endowod with the metric §°
where 92(7,7') = ©,4(34,73) +9,(75,75), then mex|&(£,,x.),8(r,x )}
‘J(I.xo)‘. J(f_‘,: o)-+d'(!2.xo) for each point x € X and
max{9(2,), 9 (2,)}¢d(0) s I(r )+ (£,) .

(2.3™) Eroposition. If Y is endowed with the metriec Q%
where 9%(x,y') '1:’1::2 € 3(¥447})s then 6(£.xo)-i::a:2 I(2,,x,)
snd §(2) = mex J(£,) .

ie1,2

In an obvious way by induction Proposition 2.3 as well as
Propositions 2.3° and 2.3* can be extended to the case of an
arbitrery finite number of factors: f£;: X-+Y;, i=1,...,0. Hore-
over, patternmed sfter the proof of 2,3 it is not difficult to
establish the following infinite analoque of Proposition 2.2

(2.4) Proposition. Let (¥ ,9 ), neN, be a countable family
of metrir paoces such that l?nié 1, and let (Y,¢ ) be their pro-

duct whero . 3 =
Q (ry¥") -\! 2—.1235  alTnern)
n
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If f = a.rn= X-+7Y is the dismonal of the mappings In: L;-r#.
n

nel, then d(f,x ) <\= g ‘(rn.xo) for cach point x €X and
= = riale e S n B
3oy <NE 2782,
n X
(2.5) Proposition. Let (Y,,9,), (Y5,9,) be metric spaces,
X,,X, topological spaces and let f e L X XKy Uy T,
be the product of mappings £,1 Xy Y, i=1,?, vhere ¥, x X, is
endowed with the same metric ¢ as in Proposition 2.5. Then
d() = Va2 )+8%(,) «
Proof. Take a point x° = (x§,x3)€ X, x X, = X and let b, =
8(25ix0)s: By = J(ra,x‘;). We shall restrict ourselves in the

proof @ th the case when b.‘ and b2 are finite; the cuse wher one
" or botk of I:i ig infinite can be proved = similarly and with
obrious simplificationa.

To prove the inequalityd(f,s )< V b,z'i-bg = & assume thet

{(t.xo) s a and choose £>0 and €>0 such that d(£,x°) > 14+€ >

>\/(n,+d)?‘+ (b2+6 )2 - Then applying Proposition 1.9 we can

fine s net (x¥),.p in X converging to x° auch that 9(£(x°),r(x")>
2 +¢ . Beasides, as it is clear from 1,9 without loss of generality
we can sssume this met to be universal (see e.g. [6]1).

Since the image of a univers. 1l met is universal [e] , the
coordinate nets (x)yep and (x5),.p are universal and besides,

they obviously converge to points x.g and xg respectively. Recall-
ing tlat §(2£;,x7) = by, i=1,2 and applying sgain Proposition
1.9 we can conclude that there exist ¥,, i=1,2 such that

9(1‘1.(12).1’1(::'{)) < b,+6 ror sll ¥>¥ . Howsver, this will susi-
1y lesd to s consradiction ii oue ‘takes ¥»>y*, where ¥* >7¥, and

¥* > ¥, . Hence d(f,x)< Vo2 4 bg 4

To establish the opposite inequality essume that d(f,x°)<

V bE*hf snd choose £>0 and 6>0 in sueh a way that d(f,x°)+f<
V (54-€ )"+ (b= ¢ )° . Then for i=1,Z one can Tind & set W< Xy
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such that x;¢ M, and ?1(1(::2).:(111)) 3 by -6 . Let M= Moxh, .
It is easy to notice that Q(£(x°),f(r))> l/(b 8)°%; (b~¢ )2 >
> 0(2,x°)+€ > (£,x%), ané hence J (' VX,) > \/b1 402,

2
Mo ‘complete the proof notice that J (£) = g% d(L,x) =
XE

. 3 e :
sup \[6_2(:1,:.') + 4 “(f5,x5) - qx:31d~¢{r1 .x1)+1;:§25 2(‘2'*2) o

V62(2,) + 622,

Reasoning in & similar way one can establish the analogues of i
this proposition in case when the metrics 90 (2.3°%) ana 9" (2.3%)
are used instead of the metric © . ;

Pattern’ 1 after the proof. of Proposivion 2,5 it is not diffi- '
cult to establish alse itr infiite anzlogne:

(2.6) Proposition. Ie¢t X , me®, be a family of topologizal
spaces and ('!'n_.f_‘) be a family of metric spaces such that 1?n| = 14

Let ©(3,y') = \I% 2'“9:(:11,15) be the metrfc on the product
Y- lly , 26tz [1X and let £~ 12 : XY be the product

of mappings £, X —T,. Then J(£,x°) = VI 278Xz, a2 for
each pointx!‘ and d‘(r)- \‘ ; Z_nt‘fa(fn) é :

The continu defect ase of a no med algebra
In this section it is assmed additionally that (Y,N Il) is
normed algebrs.
; (3.1) Proposition. For any mappings f,g: X —»Y the inequalities
I(t 48, x )& §(2,x)+d(gix,) mmad I(£+g)s I(L)+8(2) hold,
Proof. Notice first that 9((f+ 8)(x),(2+g)(x')) =
= ML+ g) (X)-(L+g)(x"Ih £ NI(x)=2(x* )] + Ug(x)-g(x' V| =
=0 (2(x),£(x')))+ 9(gix),e(z'))s
Assunt now that there exists a;ﬁgt x € X such that
F(tregex,) > o >d(2,x)+ §(gx,)  2640r some a,¢> O.
Then acording to Pruposition 1.9 thure sxists 2 net (xy),., such
thet (x,) =+ x_ snd ¢ ((£+)(xp),(f+e)(x))) > & for all yer.
Besides, without loss of p;enoralit-y we uy asgume that the net ia
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universal [6 1, On the other hand according to 1.9 there exist
YW €l such that' Q(£(xy),f(2 )) 4a‘(r.zo)+s for all ¥7F, and

?(5{:,);5(:0))-’- 5(5,:91-6 for al® ¥ i fa. Teking now fe | such
that * ¥, and ¥>7V, we get QUL +g)(x,),(fr 8)(x >

§C0x,5,2(x)) + ¢ (lrg)se(x,)) dut this contradicts the inequa-

lity established st the beginning of the yroof. The obtained cont-
radietiun mesns that J'(.n-g,:c)_r. J{r.x°)+ d (gyx,)»

Taking in the lsst inequality the supremum when e X we
easily come to the inequality d(f+g) < ¢ (f)+ J(g).

Since obviously d(f) = d (.Qr) (see 8.g8. (3.6)), from Propo-
sition 3.1 follows eacily

(3.2) Corollary, d (f-g)» M(£)-d(g)l = for any mappings
_If.g: XI—+Y.
(3.3) Proposition. Por any f,8: X—+) ind any x ¢ X the in-

squality 6(£:g,x,) < 9(2,x.)- IE(x N +6 (8, x )4 £(x J+d (2% )9 (gx )
holds. 7

Proof. Notice fizst that for sach point xeX

UL g)(x, ) (£ g)(xD = H(£-g)(x)-(£ ) (x N < PL(x)-L(x )K-Ne(x)i+
NE(x)=glx ) I L(x )l = §(£(x),Fux))- ke(x)n+ ¢ (8(x) gz, DLzl
< 8C2(x) £(x ) -Pelx)y8(x ) + @ (£(x) ,2(x,)) - Helx ) +
€ (8(x),&(x,))-hex M«

To show the inequality &(f g,x) < §(f,x ) Jelx)i+d(g,x,)-
lz(:o)ldr_J(f.xo)-d'(s,xo) assume that there exist positiva
nusbers s, such that d(2-g,x,) > & » (I (£,x )+6 ) halx )+
T (Bx )46 ) A2(x Dh+ (I (£,x)+8)( I (gyx,)+8).

Then sccording to 1.9 there exists a net (xy) converging to X,

and such that for all L€I (£ g(xy) 2 8(x,))> a. Besides, without
loss of generality we may assume that (x,) is universal.

Now, applying 1.9 'nunin, we conclude that there exist ¥, and
¥ el such that 9(f(x,),2(x,)) < d(f,x )+6 for ¥ »i, end

§ (a(x,),8(x)) < d(8yx,)+8 for ¥ *¥, . Choose mow Y2U,, ¥2V, ,
Then, combining the obtained inequelities we eamsily get
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© ((2:8) (%), (£ 2)(x) > (2(x,£(x,))- 18(x M+ P(8(x) (%, ))mxom

9(2(x),2(x,)) * ?(8(x),a(x,)). However, this contradicts the dn~
equality ostablished at the beginning of the proof.

If f and g are bounded by constants « and respectively,
‘then from (3,2) easily follows that J (f.g) < J(I)fs+d'(g)q+ _
d(£) d(g). However,in +his ease resgoning similarly es in the
proof of (3.2) but with obvious changes one o,unmny establish
& more precise evaluation of §(f-g):

(3.4) Propoeition.Let f£,g: X » ¥ be mappings such that
HE(x)igo and 1s(x)u}; for all xeX (4,pck). Then
J(e-g) = J(r)f'*é'(s)a e

(3.5) Remark. It is easy to find meppings £,g: R »[R such
that d(£) = & (g) =o¢ (where = 1is an arbitrery positive number),
d(f+g) =2« and d(f+ (-g)) = O, Hence the estimation given by
Proposition 3.7 ies miwprovable. It is ulso not difficuit to scon-
struct exarples showing the nnimprovsbility of the estimations
glven by Fropositions 5.3 #nd 3.%, }

(3.6) Proposition. Por any majping f: X+ Y and any constent
“eR it holds d (x2£) =i«)f(2). In particular, §(-f) = d (£).

Proof is obvious and therefore omitted.

(3.7) Bemark, Since a function is continuour iff its sonti-
nuity defect eguals to zero, Propositions 3.1, 5.3 snd 3.4 Aimpmedia-
tely imply the well-known theorems cf classicel methematicsl ana-
lysis steting that = sum end a product of two continuous functions
are coutinuo's. 3

(3.8) Remark. Obviously, the analogues of stutements of this
section hold also for the normed continuity defect & ().

(3.9) Remark. An interested reuder can aasily reformulate '
the statements of this section in such & way that instead nf th:
continuity defect the continuity messures A and 4 are uesd.

Por cxample - 3t follows essily from Proposition 3.1, for a
two mappings f,g: X —» Y the following ine jur.l:lf-us hold:
plEr@) e pU,+4(E) - 1

and
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A (£)- M)
A(1) + Alg)= A(L) A(g)

AZ+e) >

&, The non--eﬂdibilitz defect and the measure of non-expandi-
bility

An essential chortage of the invariant J(f) 2s well as other
invarients discussed in the previous sections is that they can be
completely distroyed by the cperation of cowposition. For exsmple
let the mappings f,g! R —+R be defined by the esqualities f(x)=[x]
and g(x) = x°, Then, obviously, d(f) = 1, d(g) = O but d(gsL)=oo,

This observation means,in particular, that the class of all
metric spaces as the class of objects und the c¢lage of all map-
pings betwean them 2s the class of potential morphisms together
with one of the continuity defects ( d or @ ) can not be conaider—
ed as a fuzzy category in the sense of [9]. Essentially better
from this point of view behsves itself another inveriant - the so

¢alled non-expsndibility defect of a mspping, which is the sumct

'‘of thie section.

The standard situation in this section is as ronou. (x,?x).
(Y,9y) are metric spaces and f: X »Y is & mapping.

'Recall that a mipping f is culled non-expanding if
Q,(r(xo),r(x,‘))sex (xo.x.,l) for any x ,X,e X .

(4.1) Definition. A mapping f: X - Y is called E-non-expan-
ding (£20) if 9,(!(:0),1‘(:1))-& ?x(xo,x.])d-e for all x ,x,€ X.

Let B, = (€ : €20, £:X— Y is E&-non-expanding} . It is
easy to notice that
(1) it E€E, and £'>¢, then te Ec 3

(2) int B, « B, 4
,(3) 129,41, then 1€ E, .
(4.2) Definjtion. The value ¢V (f) = inf E, is cailed the
defect of non-expandibility of the m=pping f.

. (8.3) Remark. Obviously a mapping f is non-expanding ii‘t
J*t!) - o-
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However to our cpinion more perspective are relative ver-
sions of vhe non-expandibility defects one of which is presented
below:

;(4.2) Definition, The yalve dis) - {—'Lm where d ias

the diameter oi the set £(X) (i.e. d = smp{¢ (£{x),2(=*))1x,x"X})
is called the noi.ied non-expandibility defect of the mspping f.

(4.4) Remark, Having fixed the point X, € X'in the defini-
tions (4.1), (4.2) snd (4.2}, we can sxtract the local versions
of these definit’ ons: the notion of £ -nom-expandibility of a
mapping £ at a point x, and the defects of non-expandibility

el
d(f,z,) end J\i‘(r,xo) of a mapping £ at a point x, .

.(#.5') Proposition. V. (£) > d () =nd hence & ()2 ?(f]
for any mapping f: X—» Y.

Proor. It is sufficient to show that o'ﬁ(r,zo); J'(f,xo)
for en arbitrary point x e .

Assume, contrury, that thers exists x € X such thut
Jil”(t,:a} = a< J(I;xo-) and find €>0 and M < X such that xoeﬂ"
and {1 (:r.o)'.:l.’(ll)) > atE ’;J:’(f.xo}. Chovst &« point x,€ M subisiy-
ing vhe inequality §y(x ,x,)<E , then, since 'd)(f.xo) =& , it
follows that QY(I(xtI)‘:(;“I)} < a+f and hence ?.:{-f(xo),f(t%))s .

< a+f .

(4.6) Remark. The converse to the inequality stated iv 4.5
generally does not hold: there are plenty of continuous mappings
which are &-non-expandible for no £20 as well as plenty of
continuous mappiugs the non-expandibility defect of whicm &quals
to e prescribed value EJ 0.

A8 it wss memtioned above, an imporusnt advantage of the de-
fect or non-expandibility to compure with the defect of sountinu-
i y is its good behaviour in respect of the operation of composi-
tion. Here ic the precise stateuent ¢ What do we moan.

{4,7) Prop osktion. Let (I,?x), (‘I.?v) and (6,?9 be metric
spaces, £: X+ % 204 g3 ¥ —2 be meppinge snd let geI; L2 Do

their composition . Then JP(ge2) = dV(g)+ 4P () and hence



60

Vgt s S (@ +IV () .
Proof is obvious and therefore omitted.

Patterned after the definitions of continuity mesasures and
starting from the defects of non-expandivility we define the
non-expandibility measures in the following two different ways:

(4.8) Definition. The non-expandibility measure AJ(f) of a
mapping £: X —+7T is defined by the formula
TAV(L) = 2
()_ 1+dP(L) .

(4.9) Definition. The mon-expandibility measure u7(f) of
a mapping £¢ X —Y is defined by the equality /n"(r) -1 - cﬁ(r) -

_ (#.10) Proposition, AV(£) < A(f) and S0 (9) < p(1) for
an?' mapping £f1 X— Y,

Proof follows immediately from 4.5.

(4.11) The fuzszy category HETR,) . Let MEIR be the clags of
all metric spaces end for any X,Y< METR let !x denote the set
of all mappinga irom X to Y. Let /-u’: * - I-assign to each map~

ping f: X - Y its measure of non-expa.ndibi.].ity/d(f). Thus a
fuszy category mn).; is obtained with METR as the class of ob-
jects, with !x as the class of potential morphisms from X teo Y,
and with the measure of non-expandibility /1.) S I ag the
fuzzy set of morphisms from X to Y. s

(J?pr the definition of the fuzzy category and related _
notions see [9]) -
: Indeed, to conclude that nmﬁ is a fuzzy category one
has to notice only that /u-‘(idx) = 1 for every identical mapping
idy: X—=X and that md(gef) 'a/d(g)w/_uﬁ (f) - 1 for any meppingzs

'YX +»Y and g: Y»2Z (X,Y,2 € METR). Hovever, the first fact ias
evident while the second is an easy corollary of (4.7).

(++12) The fussy catepory FEIR»y . Starting from the class

METR of wetric sjaces and reasoning ii. the same Way &8 in 4.1
but using the measurs of hon-expandibility AD : Y — I instead
of /-D we receive cnother fuzzy category which will be denoted
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FETR)y
Indeed, the equality )u)(iax) = 1 for every {dentical map-
piug idgs X =X is evident and the inequality AV (g+£)2 AV(c)+

AV(f) - 1 where fe II, gs_z’ followsfrom (4.7) by elementary
algebraic transformations.

(4.13) The catepory HRER‘, . The subecategory or'r?.'mﬁ,; with
the same class of objects METR and the sets of morphisms defin« §.
by the equality Hom (X,Y) = teyt :/uh'r) = 1} in an obvious
way can be identified with the cutegory METRp of metric spaces
and uon-axpanding mappings. The category HETH ) can be obtained
also from the category METR,p if ore restricts himsell to t 4
sets of morphisms Hom (X,Y) = lte!x =AY I(f) =1}.

(4.14) On_ the behaviour of the nom-expandibility defect.
Patterned after the thcory of continuity defect developed in

SBections 1,2 and 3 one can work out an analogous theory of the _
defect of non-expandibility. Some of the crucial points
of this theory will be discussed in a subsequent paper.
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H. Burgins, A. 3ostaks. iietrisku telpu att#lojumu nepdrtrauk.
tibas defekta un méra teorijas pamati.

snot@cije. Darbd definBti metrisku telpu nepirtrauktibas
defelta un ar to saistit@ nepirtrauktibas méra jeduieni. Ir'
iesfkta 8o koneepeiju sistemitiska pEtiSana. Mes apskdtim iz-
siridito teoriju k3 klasiskds nepdrtrauktu attélcjumu teorijas
vispBricdjumu, kas veikts fazi-matemCtikas gard un tradicijis.
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WIEMIOTEHTHHE ¥ TIORYIIEFBUMHHE WIEAL]
B KOJBIAX HEIPEPHEHHY GVHKIM

E. M. BeyromoB, A. T'. [loBumes

Ammoraums. CTaThs MOCBANGHA TOODMM MEEANOR KOJeN

Ht!.!) mnpepm QYHKIME CO SHAYOHUAME B

BOMPOC O COBOSHCHMR MIeMIOTEHTHHX ¥
oonyme IRBBMB B c. Mﬂam, 970 l’IGp'BK‘IHHe
mocm naeam! Kojey € SBAADTCA EBEOCHHEE TIepBATHEME W
JABYCTODOHHMMM . OTH. DeSYJLTSTH NEPEHOCATCA W HA NOIKONBLO

Teaspasna C* xonsua C. Kpome toro, (C*)*=c*. yiK 515.122.3.

0. BeejeENe.

flycrs X - NPOMSBONEHOE TONOJOTMYECKOS MPOCTPAHCTEO M
oycts C=C(X,F) - KOJbLUO BCeX HENMpSpHEHHX OQyEKIMM Ha X 0O
SHAYOHWAMM B (MKCHDOBAHHOM HODMM[OBaHHOM Tese F. O
HOPMHPOBEHHHX  TeJaX CMCTPHTe B xEare  H.Bypoawu
[I,rneBa VI], TEe BMECTO CJOBA “HODMA" HCHONL3YSTCH TEDMEH
"adCcomoTHOe SHaUCHMe". Hopma sseMmeETa @ € F - 5TO ASACTBUTEJb-
HOE YMCHO, 0003HeuaeMmoe |a|. Ecam feC, TO mojaraem:

|F1(z)=|f(x)] BAA xaxnoB TomM TeX,

Z(f)=(xeX| f(2)=0) n cozf = X\E(S).

MroxecTBO C*=C*(X,F) Beex QWEHKUER f¢C, Takux, Y10 AR
JNCOTO MEKCMMARBHOTO Meaja M Kogbie C CYNMECTBYET SASMEHT
ac¥, AR KOTOPOro f-aeM, ABJAGTCA TONKOABLCM B C, HASUBSeMM
TIOAKONAUOM T'eNbpuEa KoIbila C. -
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Jepult mpean I Koasla C HASHBRETCA 2Z-HEB8I0M, €CIH
JeI,geC @ Z(F)=Z(g) BueRyT gel.

Jlepaft mpean I KOAbUA R HaSHBBOTCH:

- WeMnOTeHTHNM, ecam I°=I; :
~ CTPOr'o EASMITOTOHTHEM, OCMNH ENA BCAROro rcl HaREyTCA TAKHS
8,t¢R, 9ro r=st; _
- TOPBNYHEM, 6Cin rRs<l BNeveT rel WH 8¢l AAA JOOHX r,a8¢R;
~ PrOJES [EpPEWYHEM, eciE rs¢l BAedeT rel MM 8¢l NpH JOOHX
r,3¢R;
~ TIONYMEPBNYEEM, el rRrel BagdeT rel and Jmooro reR.
- BUOOJEHG TOJYNGPERGNM, OCJH r2el BaSWST rel AN JNOOTO riR.

JIByCTOPOHHES HZSANN OYAOM HASHBATE NPOCTO EESANAME.
‘HOpMADOBAHHHS 'feJid ReNCTEXTENBHHX MECON, KOMIDOKCHHX 9YMCeJ K
KBaTePHNUOHOB OOOSHAYAWTCH, K&K OOHYHO, R,C.H.

B padore [2] ZiAd a0COJNTHO BHNYKIEX MESAN0B KOJOH
C(X,R) Zoxazsis SYEMBANSHTHOCTb MOHATHA NASMIOTEHTHOCTH B UO-
AYrepEMuHOCTE. B 13] soxesano COBNENSHMS WIEMUIOTSHTEMX W HO-
AYTEPENYHEX HIS2IKEB B G(X,®). B AeHHOR oTATES BTOT POSYNLTAT
monyueH maa Kogen C=C(X,F) (Teopems 2,3) B Jid MX NOAKOJNEN
c*=C*(X,F) (reopems 5,6) A pasumvEux ¥. JBYOTOPOHHOCTH MAK-~
CHMANIBEHX. ONHOCTOPOHHMX EASANOB YCTAHOBNGHA OXHWM M3 ABTOPOE
[4]. TocasmHee yTBEPRASHRMS PACUDACTPEHSRO HEMM C MAKCHMANBHHX
HAa OOJYNSPEMYEHE KASaJH, 8 TAKES JIOKSSAHA BIOJHS [OJYNEpRAY-
HOCTh (BIONHE MEPBEYHOCTL) MOJNYNEDEWYHHEX (NOPBAYHEX) HESENCB-
(recpessl I ® 1'). OTHOCHTeJNbHO NoAWONen IeanfaEia xoxey ©
cMoTpuTe padory (5] W CEG/mOrpadwn K Heft.

T.liepewdaue Wueam
Jomva I. Ecom f,g¢C ®m Z(fj<Z(g), T0 B C Pa3pemmo

ypankerde
Ie=Xf (gf=f%).
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HoraasTeNECTRO. OUpefeswM Qymkgm hiX - F

[ 0 ua Z(J)
L ser* sa cozf.
fcao, 910 hf=fg. JoremeM HSOpepHBHOCTE N. HampepueHOCTE M HE
cozf ® 58 BRyTpaHiJoTH Z(J) osemwmHEs. Hycre TeZ([) NpEEEIESXET
rpamaaasj’x(zﬂ)«smpmmomnmzf. CXOZRmAascs K . |
Toraa

Pz =10z ) 18z T (x ) ~|g(z, )| » O=h(z),
OCKOABKY 1im z‘-a:sZ('f)SZ(g).

Teopema I. Mycte F - HOpMAPOEAHHOE Teno. Torms Ara
nopuEOoReCTSe I xoarus O SKEUBANEHTHH yCAOBMA:
(1) I - nepBuvEHEA Wiean;
(2) I ~ BoosHE NEPBAYHHE HIead;
(3) I - nepeuvENR NeBuR (OpsBHD) wHheak;
(4) I - BuosHe MepBANHHR NeBHR (mpaBuRl) Wasadn.

OK2SATEJECTEO NpPOESAeM H0 EKAY (I) = (2) = (4) =
= (3} = (I). VwumxauEe (2) = (4) = (3), OY6BAEHO, UNDAESLIKBE
ARA JOCONO HOASNUA C efuHunefl.

(I) = (). Nyere I - oopemumlt ufcsesr B 0 % Jgel paa
S.8¢C. B cuny newws I ane mooux c,reC maflme=cs NheC, iR
KOTOpOro : '

fcﬂ’fﬂ = NS,

OTKy A8 j‘cg'fcg_- hrgel. Baswwr, fOg=I. CromoBaTensro, [el wm
g=L. ! _ -
(3) = (I). Oyocre I - NEPRAYENR XOBHR Muesn 8 0, fel m
.gec.mmmcecmmlsc‘mpammmm
fsv.fs*-lf
Hocxonkity Xfel, T0 W fgel. CnasmoBaTensHO, I — MpaBuRt Ruean.
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Tak K8k [OJNYNOPBMIHEG (BROMNE MOJSYNOPBHYHHE) HNeal
KOJiell CyTh NepecedeHNA NePBATHEX (BIIOJHE NOPBWYHNX) HASalNoB,
TO K3 TeopemH I HOMONIGHHO BHTOKAST CHOIyIWAH

Teopewa I'. Iycrs P - HOpMHpOBSEHHOe Teso. Torja mAs
NojMHOXeCTBA I KoJybla C SKBHBAJOHTHH YCJOBHA:
(I) I = monynepsMYENE uuean;
(2) I - BOONHE TMOJyNEPBHYHHE MNead;
(3) I - monynepsHYELR JesHA (MpaBuf) Wheal;
(4) I - BnosHe NOAYNOPEMYHHR JeBuR (Tpasull) Hpead.

3.!E!EM§ HISMOOTEHTHHX HieanoB

Merma 2. Tyct. I —wgean B C, gel ¥ feC. W mycrs Ha

HEKOTOPOM OTKPHTOM' MHOKECTEE U <X, comepxameM Z(g),
BHEONHASTCA HEPaBEHCTHO

[r1<igl"s ™I,
Torma B C paspemmdo ypapHeHWe Ag=f ¥, CASHOBaTONLHO, fel.

Hoxasaresscrso. Ecum Z(g)=®¥, T0 g oOpamiM, I=C ®
X=fg*. Nycrs Z(g)*. N nycts ; :

S {0 Ha Z(J)
| 78 *6a cozy. .

- HeTIpepWBHOCTEL N HA C€0zg ¥ HA BHYTPeHHOCTH Z(g) OYeBHNHS.
lycrs wouka zeZ(g) NPMHENAEXAT  TDEHWLE COZ8 M (I,) -
HEOPABISHHOCTE B cozg N U, cionsAmascs K Touke z. Torjma

Ihzx ) |=1787"(x,)I<18 “(z )| 18" (z ))=Ig | - 0O,

a, cxem. b | h(x‘J — (.
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f

Sameyanme . mychmpsmmhmmzypamm'
Xg=f Oylen 0003HaYATH FE€ .

Teopema 2. Iiyets F - NOATENO HOPDMAPOBSHHOIDO TeJa ©
KBATOPHHUHOB, S8MKAYTO®  OTHOCHTENbHO OISpallME CONDAXCHMS.
Torxe B JofoMm komene C(X,F) ®axpuRl ANOMIOTEHTHMR JoBHR
(Upaku@t) wpes . ABNAETCH MOAYNEPRMUEHM YRSANCM.

JloxkasaTenbCTEO. BOSMAM TPOMGBOJLENE HIEMIOTOHTHHR JNeBH
. wpean I xomeua C B QEKMD f€C, AAR Kotopo ff¢ I. B omny

ROSMIOTEHETHOCTH I HMeeM
ISP 11T Ll € B 2 WG] € BULL I 1=
= ZI8, 1" ZIDe0, 1" € BEUR 17,17
=‘.§.t§|h,t‘)'<{§ glh,l‘)'.
T8 J\ od 308,39, oy h €1, CleJOBATONRHO,
A0 B LN
Hasme, mm;#m PacCyXReHES N R, BMBCTO g, UOMVuseM
ANISEE I G B R 0
tie hcl 2 im:x-- ¥ Qumams, compmwmsan gy h,.
nomzzi: mn‘z T0O MO JiemMe 2 ® fe¢I. SHawmT,

youTHBaA TeopeMy 1°', I - mOAYNOpBMTHER WEOSX.



3. TEHTHOOTE 8408,

Teopema 3. Tyers ¥ = R,C,H wm F - HOPMH[OBAHHOS TeNO,
SHAYOHHS HOPMU KOTOPOTO He - HCUEPIHESST MHONBCTBO BOEX
TDOJNOKHTENLHEX THCSM. Towm JmGoft namapm W8N  KOJBLE
C(X,F) crporo WIEMIOTERTEH . -

JoxasaTte .nvtm._r—mmpmqmtmmnt!l
JeI. Jlokexed TNPeNCTEEEMOCT: [ B HERS MNPOMSBEREHNS JBYX
dysxpan wz I, i .

Eoms P = R,€ wnd M, 10 f=(F171 *)71° (om. sewsay 2).

lycre Temspes K={rem|rz0J\|F|#5. HcHO, 4T0 MHONSCTEO H
BoOAy nAOTHO B (reR|rz0). Ecaw sOpde HA F TDHRMBALHA, T.0.
* ODUHHMBST TOMBRO [(JageEMs O ¥ I, To P MMCKPOTHO ¥, OYeBHIHO,
BCS Mpeass B € OTDOrO MASMNOTEHTHH . [OSTOMY OPOJIOSArEeM, 9TO
HBRZOTCS HOHYNSBOR ouemeHT aeP o |a|=p<I. Iyers (€ J-
MOCJie JORETEAEHOCTE uMces ®8 K, TarRad, YTo

.l I

.irnu

<k <p™

AEA EN0OrQ HABTYPAIRHOIO n.
Y Pagoleem X HA OTEDHTO-BEMKHYTHE MHONSCTBE CJSIYONHEM
oopasouM:
A=(z | |J(x)]|>E ) n
A=(r | € <|F(Z2)]|<€ )} AnA HATYPANRHEX n.

‘OnpegesuaM QyHKD ZiX -~

I, IEIUI.UI

‘[0, zez(r)
8=
e Czen, n>3.
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OuesmmHO, gEC ¥ Z([) = 'Z(g)- Ha A TpE 133 BHIOEABTCA
HOpPABBHCTEA

i
P~z <P,

2
P itz ™
OTKY I8

2 £
@) Pt g™ < 1 (2) . zed , n33.
CreJOBATeJLHO, H8 OTKPNTO-SAMKHYTOM MHOKSTEBS
’ =]
IN(AU AU A )=Z(f)U UA AMooM

171%<181%r1- )

Ws npasofl YaCTM HepaBeHCTBa (%) 7o Jyemme 2 g° € I W, B
cuny moaynepeagHocTH I, gel. MWs meBOf 9YaCTH HEpaEeHCTBa ()
mo JemMe 2 mosysaeM [g€C M fg'eC Haxomen, r'et =
= *'g°gel n, smawr, 7g'el. .

Mrak, f = (f8°)g mpe f2°.8 € I, YTO 3&RSpUBET
JOK&38TEJLCTEO TEOPEME .

Creacteme. Ecum P = R,C,H ®iR F — MOATE0 HOPMKPOBAHHO-

TO Tene M, BSaMKHYTOS  OTHOCHMTENBHO  CONPAMBHMA H TAXOE,
9o |PlA(r<®|r20), TO I8 BCAKOTC OFHOCTOPOHEENO uieana I
xonsua C(X,F) SKEHBANSHTHH YCJOBMA:

1) I - nosynepewiHUl ERean;

2) 1 - uAeMUOTEHTHUR JOBMR (Mpasuil) waesn;

3) I - WEeMIOTOHTHHRE MOSaA;

4) I - cTPOTO MAEMIOTGHTHHR ROBUR (UpsBER) MAeaR;

5) I - CTPOTO HASMIOTOHTHHR WEeal.

. SameuanMe. Teopema 3 BepHS  JAAA | TPOUSBOABHOTO
HEBDXMMBNIOBO HOPMADOBSHHOTO Tene F ® B caydae, Koras F -
HOPMMDOBHHHO® TOATEN0 B M, SEMKHYTO® OTHOCHTEALHO OlepaLuE
conpAxeHuA, W P N (rek|r20) SsvicyTO OTHOCHTONLHO OUSPaiM
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W3BJIEYOHMA KOLHA n—&ﬂ CreneHd mng EBRDTOPQI'CI HaTypajbHOI'O N,

HOK#3aTORCTBO BUOAHE AHAJNOTHYHO ITPUESNOHHOMY maaamcray
TeopeMH 3.

4. loxxoasuo Ienpfanns

JlnA HOPMMDOBEHHOTO Tesa F JoSOR MAKCEMANBHHE uzean M
Kogsia  C=(X,F) ABAAETCA MaKCHMaibHHM JIeBHM (R  TIDaBHM)
mreasioM. TosToMy QexTop-¥ossuo O/M ABASETCA TejoM. Yepes N
OylleM Tak¥s 00OSHAYATH KAHOHMYECKHR SIAMOpQMaM |

M:C - C/M, M(7)=F + M mna BCcex f¢C.

OrowgecTRJIAA a=a+M A aeF, cuatasM F < C/M.

fyers M=M(C) - MaKCUMBNBLHEI CHOSKTP KOfbla €, T.8.
| MHORGCTEO BCOX MEKCUMAAEHHX HAeasoB B C C Tonosoruef
Croyha-3apucckoro. ONpejeJeHiie HOAKOAbUa I'eibdenna c" KOJIBia
C npu STOM MOXET CHTH BHDAaMeHO TaK

C*=(7¢C | M(7)€F RIS Jwooro MeR).

Taopema 4. NiycTh F ~ HOPMHDORAHHOS TOJIO ¥ MAKCHMANBHHS
Rjcemu  wosblia . C(X,F) cyTh s-mmeand.  Toras  CHPaBeMMEH
CABAYUHMS YTBEPXISHNA: T g

& 1) lan ;ooux f,g¢C ecm feC”,greC” m  Z(f)SZ(g), 10
geCT,

2) EciM INA HATYPEALHOTO N KamiuR 9JeMoRT 3 F  WMesT
JiMb -KOHOYLOE 4YMCJIO KopHeR n-oft crenesd B F, -rofec" BIg'ieT
fe€" maa modoro feC. _ .

a)nmmc'mmusmmopsmll’na (ecum
BMeCTO C paccmarpupats C7). -

Eorasareaectso. [. Oycre geC, f.87<C” ® zrmzrsJ Jas
IPOHE3BOJBEOTO mxmm uzeena M 8 €

N(gr =M(gN(F) m (), M(&SIeP.
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bén H{7)=0,7.a. feM, 1O ¥ geM (DOCKOREXY M- Z-HESAN),
T.6. M(g)-OcP. Ecum ® M(g)70, 10 M(g)=M(g/IN(]) ¥,

2. llyors EMNONHSHCO YCONOBME JUHHOPG yTBepaiedds u J en"
pe feC. QUKCHpYyeM MAKCHMAJNEHHR Hueax M Kosgeua 0. Taorgs

J -a € ¥ pna sexotoporo acF. B cuny nemm 1(6]

- alg - (B ER | Jj'—ae_nu 3 M,
A8 HSBAA MACTE BCTH SemuKkamus Z(f - a) B WM, cogspasmes X npm
BaoxaEMM T = (geC | g(x) = 0). CABAOBATSAERG, zun~ aj # ﬂ
mms'n‘;...,qel - BCS KOpHM n-Of cTemsHd U3 a. Torus

n k "
2 -a)=U5( a,)-
OTryna

= AR e
e Z(f - ct)‘ = Uz " a, }‘.
AHAYHT, i

M Z(f - a)g = WIS aE N)
BAR BEKOTOpOro T<(<k. Tamwd oOpesow, [-a N mid acF @ 7eC%.

3. M3 yreepwieENs I ENTERAET LHPABOLMBOCTE Jowd I B 2 '
gnd 0. Nostowy B Kaseie C° mumomsapToR M TeopeMs I,1' m 2.
OTHOCHTSLHO TeopeMy 2 HEAO TOJEKG 3aMaTHie, wro €7 mesore ¢
KeRAoR  CcBOSM  JyHki@ed [  CONBPENT M OONpARGHHYD K NGl

Qyummnf maac'rsa'm\sau. secmm  f-a eM mpw acP op MeWl, TO

,r—n ,r~a:|| udo Z{J’ a)=Z(f-a) u M - z-ugean.
CapcTnke. Jfna P = ®,0.0 B Konre G BHIGAHEETCH

TeopeMa 3 4 ,_r \71 ¢, ecam Jeb”,
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TeopoMa 5. PaReHCTBO u"rx.n]'au"(x.r) FMOOT MBOTO AR
JDOOTO TONONOTHYECKOro Teda ¥, OOALAAKWSTO *)JHEM e
CP’ 1CTB:

I) ¥ - noxne, He sBAAMIEE(S ANre0paniscKd m

2) P - HOKOMMyTATHBHUE TeJI0, B KOTOPOM CYHecTByeT Taroft
SASMAHT @, 9T0 B F HepaspellMo YPAHHOHHE

Y ta =0
' [P HBKOTOPOM HATYPANBHOM T
3) Ceoficteo  KAamMAHCKOrO: CYyWeCTBYeT  HONp .pHBHEE
SIMHTHEHHA POMOMODJMSM ':F — F Taioft, 4ro '
an’+bd'=0 = a=b=0 JNA JOOUX a,beF.
Ka3aTeNbCTE0. JOCTATOMHO MOKASATH, YTO Misam MNC”,
NMeR, - 970 B TOUHOCTH BCE MAKCHMANBHHE * eamy B O,
flcro, yro MNCY - mpean B C¥. Ecum feC™\M, T0 f-a € M
AAA HEKOTOPOTO HeHyaeBoro a<P. Torua j
I = fa*-(f~a)a*e ¢"+ MIC*,
970 0SHAYAOT MAKCHMAJNBLHOGTE Eieesa MNC”.
OOpaTHO, MYCTh XAH MaKcHMaibHuE® Eisan M° B C*. Joxamem
CYmMECTBOBAHM® TaKro MeM, uro N = MOC*  (opM BEDOmEeHWN
KBRAoro 3 ychopm@ I)-3) mnd F). Paccworpsm z-umean I B 0,

TMCPOXAC HEEE. M7 . BmIfc.mInmnm-mua.nm
sero M = N'nc”.

Yoemmca, 4to I#C. JaA BTOrO HOCTATOWHO maa!h. 970
AR JOOHX f,8eC” maMmyTes Taxme @,PeC”, wro

CEIMECRI=E( forgh).
i 1) lycTs tha " t.. .40 140, - mm.len
| DOJOXMTSNEHOR CTONBHE ¢ KoSQMueHTAMM W3 F, HO MMenmd mopml
B nose F. Torxa nojaraes

n=4 n—a ‘n-l L |
p=r H¢=a J +...40f8 +wag .
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2) l'lnmasu :

L n—i
¢=r ub=ra08 .
3) JnR mpousboabHof QyHKUEN JeC niipepssuM QyHKIpD f'el
KaK KOMIOSH WD OTOOpaxeHER f ® ‘. Do v30fcTBy KammaHCROrO

Z(S*)=2(f) & Z(S1"+88" )=E(FINZ(8)

JNA XOOHX J,ge¢7. NoSTOMY BCS MAKCHMANGHIS HISaNR B C ARMAUTCA
 z-mmpaxeMs (cM.f4), Teopewa I). Torma NpAHA)  KHOCTE Irec”
Ris feC* HOXa3uBSETCH AHAN M'MYHO BRIDYSHED ,fsn" B OyEKTe 3
TeopeM: 4.

a_g_!mam_. I. B (4] paccMoTpea! oluMe YCJOBEA X1
TONOROTH4ECK PO Tena P, ©TpPH  HOTOPHX BCP  MAKCHMANBHWE
ONHOCTOPOHHME  Mpisamu = Jodoro  womeng  C(X,F)  ABnAwTCA
Z-WieanaM M, SHEYAT, OHM COBOAJAKT C NAKCHMANBHHMA MAeajani.
B 4ACTHOCTH, 8TO BODHO JUif HECBAIHNX F.

2. JcroBH( TYHKTA 2 TeopeMH 4 BHOOJHANTCA Qi JIOLOPO
noas F. Ecm!—mﬁpmadmmmmuf(c—mpeah
MHOTOWNOHE [, t"+...+f t+f, C RosQwnmmeHTOME [, .,f.....r €c”,
10 f¢C". B camom Zese, PaBEHCTBO

ML V) 4., M ONCT )M )=0
BaeYeT M(f)cF.

3. CeoficTBO HKannsHCKOTO HMEET MBCTC AJR MpOHS. JABHOIO
TONOAOTHYECKOTO NOATENA F < M, B0MKHYTOTO OTHOCHTEALED ONepa-
L CONPANSHUA (KOTOpaA WIpaeT poimb *).

BuGmsorpafureciu® COACOK
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. 2.%¥illiams D.R. Interseciions of primary idsal 1in of
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S02 = 515, z
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6.Bewrowor E.M.- 0 Hexovopux cBoflcTBAX HMAGANOB  KOJeL

HenpepuEEX JyEEE || Tomosor. NpocTpuHCTBE W EX OTOOR MeHMA.
— Pura, 1989. - C.40-49. j

E.M.Vechiomov, A.G.Povyshev. ldsmpotent and semiprime ideals
in of contimwus funotions.

Summary. Mmummdﬁthid;ealthaorym,

ring G(X,P) of contimucus funotions wi . values in a normed
(perhatz noncommutative) field F. We golve the question when
idempotent ideals with semiprime ideals in €. We have
proved that =all one-sidel 1daals in € are oomgietelx
prime ang two-s +« This results y-\# for 1fapd

C" of a ¢ also. Moreover, c") AVS Subjecé

- Anotécijs. Derbd apekatlta nepartrauktu funkeiju ar vér-

tibam normEtd leuks ¥ gredzems U = CO(X,F¥) idedlu ieorija.
Tiek atrisinfits jautlijums par ldempotenitu un puspriméru idaa-
Ju sekritibu gredzens C, Pieradits, ka viul primérie vi

g8jie idesall gredzemd C ir pimy. primérd un divpus@ji.

riml:.i:i ir an.i’i-arl gredzena B ¢ 1fanda puagrodz.mu



latvijas Univereitiites ZinAtniskie Reksti,576.883.(1092)
Matems tiks

CILIAZAH B TPOCTFARCTBAX HEOPEPHBEHX OYHEUMA
M. AT oxpxuas

ragus. P3OAWTCA NOHATHE CnIafEa B MPOCTPRKECTRAX Hempe-
yHH onpereleHHEX HA TONQAOIEYECKEX NPOCTPaHCTRAX,
31‘89!!0]51!!03!‘111‘0 CrjafHa yCcTaHaBAWBADCAH TEOPEMA ERHMHE-
cTBeHHOCTH (ABd aamtam\ TeopeMa CyMECTBOBAHNA H BHCTPEMASB~
Hoe cBoficreo. YAE SIS,

fyers L/ ,1?’, 'LU' — TONOZOTAYECKHS npocrpancm,x,\J, ik
NPOCTPARCTBA BCeX HenpePHP HX USmeCTBeHHNX ROWR, ONpEREAeHHENX
cooreercraenzo Ha U, %’ew (X"-C(U-] ¢HC(%. Z=Cu») ).
Oycrs, aaxee, §: U“-» L{ w U -~ genpepussue orodpa-
xenus, a 'l g 5( 'T - mes;ue onepar;ps 1}
Hue ancmn X=X X=Xe Xe 1.8, VVE
T @)= X(F, Pweld ?l, %vh S0, ¥ X5
Ha208eu CTAAREON, COOTRETCTRYDRRM ONEPATODAN 'T; E gy
apdyn fyskukn S5 u3 , RoTo OBAETBOPAET CXenyDwe C-~
AoRRD 3 VXEN(A;] Ts- Tyx= fnr.u pr‘e) n;:'o::p:mpn
A,. a B ~ ayn npocrpaaona ‘J (Yrve w)=0)
cmxmocn ncex CIAARHOB, cmz;os?gam?( ??'SJ] (-,P" ﬂf’
QB03HE Tax xa y
’t{(n)rr“h’f,,»ﬂ,‘i:{s!)(ibkeﬁ Youe f(U) saoxcu Wk 5
Sawevanwe. Baenerroe cefivAC NOHATHE CTEARHA ABIAETCA HEKO-
TOpHM SHAIOIOM DOHATMA CHEafiHa B PUABGEPTOBHX NPOCTDAHCTBAX,
onpepesAcuoro cxenyomww odpasow (oM., =anpswep, [I], ¢.20I, On-
pexexenwe 4,5.3), Oyors X ‘J Z ~ BemecTBenENe THARGEDTORH
npocrpascren, T: X—Y ¥ ALK 2 HenpepHBHNE memiua
omeparops, CnxafsouM, COOTB¢TOTBYDEWM oNepaTopaM |
paercs apooR saewent wionecrsa (T, A)‘iSEX'WeJﬁAI «Ts, 'Be} 03;
rae < , > - sugax cn.lmor'n NDCASBELERMS ,


http://Rakati.576.ee

76

HenocpeacTsenAo 3 cupenedenss wrorecrsa onaamion S(TjAg)
oxenyer, uro N(TN<S(T;, Ag) n qro)\?('f}.ﬂ,) ABIAETCH BEK-
P0PHEN TIOANDOCTDAHCTEOM MPOCTPABCTEA A . Jerko BEReTs, 4T0

Tt A! SANKHYTO B TONONOIEA INTOYESHOR CXOAMMOCTH WPOOT-
pancTEa’ A -

Pacouorpin nofsmee mareprosmuorroro cnsame 3 S (T, Ay).
fyors 2€ 5_( s e pPROAATHONRKY COZARKOM, COOTRETCTHYDRKM
Syniuun Z , HasuBieTeA CnEaME § . AR KOTOPOro g = Z.

Buacuun, npy KARUX YCIOBHAX UHTEPNOAAMORHEA Craais cyneu-‘
BYeT k NDR KaKuX JONOBWAX OR EAWHCTBEH, .

Boexes odossasense Uy=fusUil ¥x EN(Ap) XW=0].

TeoEm& I ‘{eANAITREHHOCTN WHTSDNOXALMOKHOr0 cmaaRua), Eoxu

). B
NTONCA={8 n §AP=Ug> 10 ¥2=AL) ISThADNA <4,

Loxasarexscrso. fiyors 5,,5165(11,}\1&5) AqZ | Torza
5~ 5 €N E,). 1,6,(5- S )UGWN=0 Ve W, foraxew, wro
§=5sN( T;). Rpexnosoxms, yro 810 e, 7aK. Toras Jnell:
(8= 5 )( (V)) 50 , Orcuza suTeRae?, MOCKOXERY §,~S5, &

E(S ('ﬁz A{.;) . umo VxeN(Ag) X(f(Va))=0, 310 uaaa;aer.
w0 f(v.‘weui LB U =ﬂ(u?') " c:enmraxmo,a%ﬂu}':fw

= q(Ws), & TaK ¥ax (5~ $2) ($(V))¥ 0, 20 nonyraew sepasencrso

(5-52) (gwa))#0 , mporneopesamee rouy, wwo (5,~8)(§(w))=0

Yiwe . Taxm ofpazod, S,—5 €N (T;)(IJTng) ={ 0§,

OTKYNA caepyer, 9T0 5= §p .

Aamn Hexoropue noscEerna mo momcay yowosmn ()= u, #

NCTONNCA={ 0, guryprpyomux » reopewe . Nerxo suners,

- %20 B ADgoM umeg(W‘)C g + Uro e xacaercs pasewcrsa
5(1,{}):: g+ TO OHO MMEET MECT0 TOPAS ¥ TOABKO TOFZE, ROLAA
g(u)') S6MRHYTO B X-TONOJOrKW mpocTpaEcTea U ([2], Teope-

wa 5, ¢,62), (Hanowrm, 970 mpeadasy  A-romonoruy e U cocwap-

X5DT BOE MHOXECTBA BiNa {ueUl_lx(u)—-x(m)ke‘}__ D OPOWd-

sosssux e, Xe X, £50 ), B cuyuse, roraa mpocrpaucTso U4

BTOIHE DEryIspHO, Q(W')= u; TOTAS M TONBKO YOCAA, HOTAA gﬂm .

SEWKAYTO B TONOAOCHH NPOCTDAHCTBA (W00 2A7 BROAHE DeryXADENE

NPOCTDARCES ZONOZOTHR HA cosnanaer ¢  X-ronoworwed wal{ ),

I Ecmm ~ KONTAKT:i0E GPOCTPEHCTEQ, 0 g(w}-—- § UpE yoaoe

B, 'ﬂ‘&u ~ QYRIIMORAABHG OTHeamMOE mpocrpancrso ([2], Cxea-

CTREE 3, 0, 02). i .
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SaweTtEd, 9TO NDPW BHUOOAREHEH yCIOBHA
¥eCTo DABEHCTBO 5(1? A,) [SGX'V“- 'l’%\ )"o
lolc HTEABHD, DYOTH SGS(Th s)=[‘4XIVx dN(A’) Yue

) S(H}X(u)“’} uef('l}."\g(Wka\u Tax Rax

u;é'u 20 IXs€N (23) XeCW#0 | Ho stu)x.(u).:o cxe-
;oumﬂ S(W)=0 , Irmu RoRasa®o, uTO S(T;,A‘}CISEXI Yue
€ [(‘U)\a('blﬂ §(w)=0 Dopamoe BKADYEHENE CHPABEAZN~

e St LT TS
Moxen san:cams (T}, A,)CS(fv 9 ), opmex ST Ag=5ChH 9);

ecEN 3

Pacouo uHOXE N(T)QN( ) IMKJ(( )“
=fxeX ﬁ(ﬁ?}»ﬁaﬁ"ﬁ N (A= xe}nxfsmmdoi
ro xe N (T )ﬂJ‘(A’)% X ('f('l} (W) = 0'}cm

cxenyer, nof[?})U%(W} =U=>N )ﬂﬂ(A:)“{

Noxaxes, 9T0 oGpaTHAR ummmu BeDHA, eCaM U w- ROu=
KTHHE OHAJLE

::nono uﬁ;:ﬁ;("ﬂu (W)-# ﬁ Bonuelo'r:?x;l““ S
weUN W ( X munl ByEKmID

? {(U)U ) {u.,j —-R cxenyommi 06DasOM : X/[UL,)=1

o Vue{ﬂ?)U (W) Xw=o0 @yRKMR X Henpepusha, Tax

KaKk MHOEECTBO (U)U’(W’)U ll-h] KOMRAKTHO, & npocTparcTso Y

$yHKUHOHAABHO OTACANMO, TOG GyHHUAA X wuomer Guws HeNpepuBHEY

06pasod NMpONOINEH& HA- BCE ([ 3], Teopewa I, 0.3-8). Nyors
X = ONHO ¥3 TAKEX MpoRoXNemw® Qymxumm X nocxmnr

erJ(Tm.N‘(Ag 9 X# 6, To WMeeN MMmINRAD
[9 ‘i ”@)&N(A‘}#{Ef mmm.rf()\,)=

OpsEnNas BO BEMMARNS TeopaNy I w TexcT, HONSHeHEHA nocxe
ee xmumom, MOXEM BHCKSS3ATH mmu pesyaLTaT.
i EcIn mpoCTPaRCTRE U W ROMIZZTEW, A
l;:ourpuom DYMKLHOBSABRO OTAGAXMO, TO TR JOZOBWH, 470

fVgah=U, VzaA,(X) ISChain Agzl<1.
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BHACHIL YCXOBRS, DK KOTODHX A, (X)=Z . Beexen o6o-
suaserme 2, _{?ez gomy=ga) = z ?m-z(m wy, Me Wi

Jerxo anau, €10 BCETZAR A,(X)c?, H, ECIH Q -~ WHBER~
uwn, 10 Zg= 7Z . Uto xacaeros pasescrsa A,O():Z, . 70 OHO
HMEeT MECTO, B CXYYEE DYHKUMOHAIBSOR OTACAMMOCTH NMPOCTPAHCTRA

, T0PI8 ® TOXBKO TOTA@, KOrZA (X ) saumnyro ® ronoso-
FEAE H0TOYETHOR cmmocu npoc-rpaxcma Z (2], Teopeua 2,
€.59) .
Crpsseaiuso caeayonee yreeprieswe. Ecam .,{)' -~ KOMDZRTHOE
ApOCTPAHCTEO, & ~ DYHEOHOHAZBHO OTAEANMOE WPOCTPAHCTEO,

0 A (Y} ZS ([3], Teopewa 2, ¢.5). Ecan np# 37OM g-— UHB~
e 10 AX)=Z: :
rlp:muuaa BO BHEMAHNE STOT DESYMRTAT M TeoDeMy 2, MOEEM

BHOKA3ATH CAEAYDUEE YTBEDNACHEE.
Teopewa 2° Ecki MDOCTDRHCTEA v' W KOMDEKTHHE, &

' POCTDAHCTEO PyELUMOZAAFHO OTHEAMMO, TO (f yozoBmY,
150

f(U}b’g(W)‘-'—" U = g - lnmmuﬂ,VEgiZ N A,il‘
Tlepefiiew X T60peNe OYWECTBOBAHEA BHTEDNOXAMMONHOTO CTAARAA,

Teopewe 3. Eonn U' zw - KOMMIKTHHE upec-rpanc'ma
- rbyamuonanuu OT/NHMOE NIDGCTDAHCTBO M MHOEECTBO

FON~ g(W) sanayro 3 U -, =0 Vze Ag(X) S9N Ly 242

lomsare.u,c-rno. Oyers X, ~ NPOMIBOABHO PUKCRPOBAHHEA
s.leuear ne . Odosnavymu uwepes X. DyHROED, onpeneaeanyn
He [(U)U (115') paBeroTRANK ! X, (W)=X,(u), ecan
t )\Q(U}) # Xo()=o0 , eoxn we g(W), Tax rax
(L)\g(u") # g(UW) - seuxayrue wioxecrsa, 1o X, - e~
LpepH3Haq (pyHEuns. Besay toro, gro KIHOHANLHO OTAE-
amioe mpoctpancrro, a uEoxecrso f(U)U 3(&") KOMTAKTHO,
fyuxuua X, NOLYCKAe! HEMPEDHBHOE NLOLOAXELHE HA: Mycrs
X, =~ ONHO W3 TAKMX loaxeHuR, TAK Kag X, {g(ﬂ})}‘“it (W)]=
=0 V"ew 70 - ) Mosrony, momaras § =X.
new MeeTH A:S A,x..-z mpavey S(W)=0 Vuef( U)~ ﬂ(l.l}}
(w60 X, & %, con‘m;u-r Ba {-kv.»‘”“ﬂ(w) ). Smaunr
se $(F,9)n A . Teopewa Rokavaua,



™

Crepyomas Teopeus ‘?mn&ﬁ;_ #a TeopeM 2 W 3.

Teopeuz 4, Mycrs B = ROMTAKTHVE NDOCTDAHCIBA
U - pyuuuronassuo orzeasmioe rpocrpascrso, f( Dvgw)= U
wnoxeczso J(TH)N W)mym s U x R g — waexmua, Torza

YzaeZ IlseT(19):A gS==.

B oxeayomef .eopeMe YCTAEARAMBAETCH anc'rpemsaoe cnolc-
TEO WITSPNOAAUMOHHONO CRIafis,

Teopewa 5. Nyors gfw#u’ EEA,O() # §€ S(f Sm.A ‘
" torza Vore I} Vxe N (Ag) [T | (T, s+l |

oxasarexscrzo, Eoxu §(V)egq(W), e, §(V)=q(w)
DK n::lw'ropmr woz 'w 2 rfas( (1?))( .‘:’(Jg(l”‘\)ﬂt‘i 5)(w)3

. TO Hf('lﬂ)uznv} 3 ecam n {VH'-" \WJ,

10 s({-(mg-_—»o (nockoxsky s(w=0 Vue (1)~ g(U) )
YuuraBas, 910 ('HS\(’U) s(1(¥), noxyvaex (T )(W)= (W),
eoxn f(V)=qw) , u (T$)(V)=0 , ecan ;(v)#a(w ;
Raaee, VKG-N(A) "(g(“n"' nps andow WU | cae-
AOBATEXRHO, VxE.N(A (Tx)v)=0, ecan feg(W).
Takuw o6pa3ok, ('rs)m t'rtwnm ecar §(v)eq(W),
x [(Tis)W)|=0¢ l'!‘ (s+x))(v)|=i(‘r:r)(ml-lx (flufl,

ecan {(V) # g(W) . Teopesa moxasama,
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on U w raapmtivsls. Let £ : Y—>Uagand gt ¥ —> U be
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ela)x(u) = o} l.a ullad. the set of apmu corresponding o
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OF SOME CATEGORICAL PROPERTIES OF PROBABILITY WEASURES
M, Zarichnyi

Summary. It i3 prowed thst the probabili.y measure func-
tor ¥ 18 completely determined by its restriction to tre
subcategory of finite compactsa. The problem of ertension of
G-symmetric power functors to the Eleleli category of the
triple generated by P 18 considered. AMS Subject Classifi-
cation 54B30, IBC20,

The probabllity measure functor P ecting in the catego-
ry Comp of compapta is normal in the sense.of E.V.3hchepin
[X]. Recall that & functor P:Comp —>Conp is normel if it
is continuous, preserves weight, monomorphiems, epimorphisms,
intersections, preimeges, singletons, and empty set (sea [T]
for details). In the first section we prove that the functor
P 1s completely determinad within the class of normel func-
to=s by its restriction to the subcatezory of finite compzota,
A similer result for the hyperspace functor is due to E.V,
Shehepin [T]. In the second section the triple P=(P,m , )
with functorial pert P is defined and the problem of exten-
sion of G-symmetric powsr functors SEg to the Kleisli cate-
gory of P is investigated. The main result of thie ssction
18 announced in [2].

X, On a characterizetion of the functor P

Por eack natural number n let J{  be the fuil subcs-
tegery of Comp , whose objects are compact opsces of cardi-
nelity < n . : 3

We dafine (p+T)-dimensional simplex functor .\ 2+%;

xn-—-—r Gonp by the following memmer, Lat X be an object
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of K .. Then, by definition, A™IX 1s (Jx|31)-dizensio-
nal symplex whose vertices are identified with the points of X.
A morphism £:X —¥ in K * uniquely determines affine
map ARy ADIy o A . It is easy to check that
AL is normal functor. -

Theorem L Let F:Comp——>Comp be a normal 'unotor such
tmt P| K 2 A™T for each n € X. Then P73 P.

Proo!. It follows from continuity of the functers F and
P that :P]comp, & PlComp, (here Comp, denotes the full
subecategory of ° Comp whose objects are zero-dimensional com-
pacta). To simplify demotations, we assume that P|Coup, =
= BlComp,.’

Let X be an arhitrary compactum and f£:X' —> X bDea’
Milutin mep where X' 18 gero-dimensionsl compactum (sea
e.g. [3] for the uefinition and properties of Milutin maps).
Then there exists sn affine map &:PX —=PX' puch that
Pfos = I,y. Define the map ¢IX:FPX —>FPL as the composition.

PX S+ pyt = H'—E—hﬂ 2

In order to check that WX is correctly defined, re~
mark that pX 1is uniquely determined on the dense subset
{jl.i !IHsupp(_;.:.)]CLd} by normality of P and P ., It is
easy to see that @ = (?I) is a natural transformation ex-
tending the identity transformation of the restrictions of the
functors P end P onto Comp, .,

Show that for each compactum X the map ¢ X is injeo-
tive, Assuming the contrary, we obteain that there exist M
Mo € PX ﬁxﬁ_ﬂ-a.torwhich ?I(flIJ=rfI{f¢2).
It is not difficult to construct the map £:X -~ T = [0,1]]
" for which Pf(M.) 4 PE(p,) . Let A = I be a plosed subset
auch that g (A) # f‘z(” and g:I—>1 be a map such that
. g (1) = A . Then Pgorr(jzt) 4 I‘gnr(fa) . Qonsider the se-
- queace of meps hy:I —+I1, 1 € W , defined by the formula;

B(3) = t5, tex, 1€X,
it vil is a 1imit point of the sequence

(PnyoPgoBt(p4,)) r o 1 =12



a3

then evidently supp( v.) < {0,1}, ¥ 1 # ¥, but g
pI(vy) = gI(¥y) , %y zero-dimensionality of supp( VI)
and suppl 92) ; and we get a contradiction,
It .1- obvious that ¢ X d1s surjeciive, Theorem is
proved. !

2. Extensions o triec power funciors tn the
category Compy
Recall that triple W=(P,7 ,ja.) on & category ¢ ocon-
sists of endofunctor F:C "—'D'G and natural transformatlicons
M g —*F , piP° —>F such that tho diagrans

Paf R Py p PKE

)

o G wl . P

il ad g 4
are commutative (see [4]),

The Kleisli category. Gr of the triple ¥ 1isg definec
in the following manner: Ob{c )= 0x(C) , Cr (X,X) = C(X,FY),
and the composition gwf of morph:lsms b g GE (LX) , &€
Cp (¥, Z) 4is given by ' gef = MZoFgof .

We heve naturel funclor I:0——Cyqp which is the identi-
ty on objects end If = -apror for each fe C(XE,X).

: We say that funcior T: Cp -—g-a], is extens:lon of func-
tor T:0—>»C 17 TI = IT ,

Proposition (see [5]). There a::lstn a bijective corpes-
pondence between oxtensions of functor T:0 —=(C to the ca=
tegory end natural transformations & :TF —=FT such
that g‘o‘f T and Lof u= ATREoLF . '

Recall thnt the functor P determines the triple P=
= (P.q ¥) on the catasory Comp [}3 The natural trenafor-
mations % and (Y are defined as follows: 7 X(x) = &ixy |
(Direc meesure concentrated in x Yo XEX, N X(K)(Z) =
= M(ug(2)) , M€ FPX, where Wp(£)(p) = m(f) ) 1€ 0(X),
Ju.é s S : R : ;

See e.g. [1] tor a deacription of G-symmetric power
functors S‘Pn' We denote by xu:(-.\“wsr“ the cononical
natural tre..ns:l'mwa‘ion.
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Theorem 2, Por every asusgroup G of symmetric group 3
treve ‘exists unique extension of &l 3 functor S¥; « %o the ca-
tegory Gompn, . The natural tranaformriica co weapondins by
the 3bove Proposition, to this extension is definec by the
formula:

EXLpgreses fnglg = V161 ; PRG(H e (0)% Bl e (m-n)h
U pigeeson Mponle & SEGPE

Proof. It is easy to check that & = (& X):SPgP —>PSE;
is natural trensformation. Show that £ satisfies the condi-
tions of Proposition.

2 S i ¢ SR Tl U 8 A sP“x , then
g-XuSPn ‘lx[xo"""n-{]c = 51[3{103..... J'(xcu_j[)]
« BrEO/IGl J_ S(x 40P ®- @8y (g p))) =

= anx(i/lalg lg(xé{c"’.-...xétn_[))) ~
= 3{[:0,...,1!1_!]5) ke, .ﬁo&?&v = 1131‘3 v
It is sufficieit to prove the equality
& XoSEG yX[Mg, eu ¥ r]g = @ SEGEoPE Xo & BX[4g, 000 My o]
in the case when My,...,M , have finite supports with res-

pect ‘to the functor P° ). Tet suppp2(ll0}‘U... UsuppPZ(lln_I)v
= {xlo< 1 SN},

l.l. :dj(ilél(mj(l)} »

i{i)=0

»

") * £ Prcs1) 8 Gegan? + b

pxmy) -%;—;: %“nuf’m(m&’xtaﬂn’ v

¥ !’ll{l &(0)}0"‘ erx(‘a(n_!)) =

-ﬁ %—Z_ﬂ' & TN R Lol
Z(0))0 kG 2 0)N=0 (&) i(e (a-%))

${2 (n-1)=0k(3( 8 (n-:)))-ro
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8

* Pyciceiome - Peaea ety
This implies that

£XoSPY q:x[uo.....ln :]c .
= Bx X(1/{6] (wwo}&..& .pxmn ) =

%;m;:; X3y a(n-np’k(z(ow f’kf (n-m"

3 {(n-1j=0 k(3 {(n=1)=0

g([xk(i(m)"'"‘k(d(n—i)ljﬁ) & :
On the nther hand, ]
gy, ... M, gl

= Par PX(X/|G| § M &,..0u
G { & &(0)

(X (3¢ & (oM Tic(3 (& (1"

(n-1)) ™

RN

3 (n-1)=0
and, since

£Xmj(gyse-ermy (n-f)3d ¢

" Gt Peciton -+ Pcsn- :)}&(f‘mto))-

k(d (n-1))=0
(5 (a-1)> l6) » _
we immediately obtain the requirsd equ.alit_y

Now, show thst the natural transformstion & :SPLP —»

BSEQ is completely determined by the property <& oSPY 7 =
= -I'ISPn « Por each m 2> 1 denote by g,:a —» P(nxm) the '
mep defined by the formula: ;

ga(1) = I/m5 5(1 j) :



i

'Let & ESP“n and deg(n] = 5 . Denoting by p:-Irnnp
———=1u the projeciion, we cb:l:al.n ar"rpr{osn“gm(a) =
_alﬂ,?“;qn(a) , and therefore, g noﬂ?n!'prtoﬂi‘ggnifa) = :
A qSPEr.(a) By paturality of &7 , Hﬂ g’(nxm)o
03?‘3 {a) = qd?’én(a) . 8ince the' elenient g (nxm)eBzig (n)

is mmriant under the map3 of nxm dnto itself which pre-
gerva the firat cotrdinate, we obtain

£ (n nm}nSngm{n) B L’nm: 3 (sr"r(s))

where (1 {I in.——>nx ml pry n:f = :ld} Iniwediate calculf-ti—
onz show that the right aide is equal to .g (nxm)aﬁ?’é&m(a)
It ¢ é :mnrx is a point of the form ,r—- YT W [

whate “i 1s & measure with .tinite support, 16 4 , and

z .9313 guij) whare ol € Q@ » then for some
moZ 'I thepe exdats a8 usp .t:n X --*-*I sach thab c. =
= u“}t(.ﬂ"g (a)) . Hence, g X(c) =& £le)

:.'mce tae elesents in consideration Torm a dense subse!
iu ;F_!( LI, we ebtain that £7X < £ X jand conasguentky
é': _ﬁ Thioren is proved, : .

Let W '= (¥,%,p) be a'tviple on cetegory G and
B,2';0 >0 be gndolunstors admitiing extensiona to the ca-
tegory o Given natural tranuformations & ;2P PP,

&3 ——» PP corresponding,- by Praposition, tolthese sx-
tensicng, we dsy that catusal tranatormation b —+F is
F-conzordent 11 tad =& fotp

tieoren (ses;l6 ), Matucal transtorantion t:P—+T'
L8 alsp naturel transfoimetion of exlended Junsiord in tle
cagogery i if and only £t b f8 P-clucorient.

TPatt ¢, H e uﬁtgi‘aupa._ﬂl‘ dympetric group £, and S 6
venote Uy & o -.31"3 e SE‘ﬁ the anturt 1 trenafernation de-
ftwed oy the Torwula:

rﬁnlha!'"txn.- jc % [‘u----"} ’:: v E ek, g € X,



81
Thesres 3. Bhe nmburel trandfoviation | N, 8H e
is slso the netursl tr unafom.ution of extensions of funsters

;"E and, ﬂ,{p ta tl\e category uempﬁ...
gxeos Apply the ahove Emeorm.

SQM arka -

y (It is snuooauced in theb aach ham.l. r‘m':tor ol degriy
e u edmitting extmim to the ocategory Ouwpﬂ, ig focmor-
pLic to  G-symmetric power ,runut:ur T3 qpmé HUBgr oM 6'CS
'-!ﬁzar&rora. theve axists aomplete clussification of adt-:iaio_:.s
of functors &o the cutegory: Uompy, withdn the glaza of nor-
mel functors of finite degree. It is 5011l ufdinown whetbher
the functor P . aduits non-trivial extsusida Lo fhe patepery
Goup (& Erivia) one is determined by the netupel Arenaiors
wation qPMy} ;
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M, Sapaeud, O HOKOTODHX Ka' EMQQMM" OCTHHX

Anuoraunn, JIoRa3sHO, 9TO GYHKTOR B2) ORTHOCTHEX Mep P
N0, ICTHH OUPERSJBH CIOMM OrDAHWYEHHEW HA NOMKAIEIX Ph) KOHEG-
HH), ROMEAXTOB. PaccmoTIsHA SANDENA NMDOJOTREHWA gyuxmopon 6 -
CHMMATPHVECKON CTONSHR HA uaTeropnn Kaelfoxit MoHamH, NOpPORNAH-
HOR gymxTOopom P . YJK 5I5.12+512.58.

M Zaridaije. Pap dai8m varbifibas réra kategorijas fpadihiu.
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SOME ANALGGS OF THE ANAANGEL® GKII-PYTKEET
THEOR™ TN O, -THBORY

A. Torowin

urnary, In this paper it's pgiven ¢ characterizakion in
teras o a® such spacas X that any fipie Tychonoff yowsr
of X does “nov contsin an uncountsble closed and descrste
subsets. A¥3 Subject class’ Tication 80.54C35.

s | In_t:rodmtion

All spaces are agsumed to be TychonofI spaces in tbe puper,
- For any space I we consider the set C(X) :ongisting of 21l
real-valued continuwovs functions on X and the ssace O0_(X) which
is the space of real-valued continuous functions im the topolo-
gy of pointwise convergence. We also need the extent, thy Ido-
deldf nuamber snd She tightness of the space X denotel by 2(X);
1(X) and %(¥) respectively (for the definitions, s=e T13; £20):
. As 4n [1), for any cardinal-velued, invariait ¢ ue define
the following cardinsl-velued inverdant:
lp_'(X}-sup[i;‘(In)% n is £ natural number} :

(where X is a space). L

The first infinite cardinal pumber i3 denoted "y W .

Por ony space I, for each smdbaset A of the space X and for,
every cardinal number ¥ we use the ' llowing notions:

the cardinality of the set & whioh is denotad by IAl;

the closure of the set A in tne space X which i. denoted
oy [Algs

the first juccesor of the ocardinrl pumber ¢ which is des
noted by murns of 'I:';. :

¥e vl30 noed cue seta:
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[t]‘t B Bea l!l"ci '

[A] "{n: Becht |BISTY}
g %@ Bcar IBI=7}.

r any family 7° consisting of the space X and for each
point s€ X we consider the star of the family 7" in the polnt =
(denoted by 7°(z)) and also the following sets:

e T ={x: xeXs | p(@ie § 3

itr fooxel \p(x)lexl;

liay wf{x: xeX: 1]-'(:)‘ =T} .

ehnit;on 1. Let be & cardinsl number. A space - has T-
property (strong ~C-property) iff for any family 7~ consisting
. of open subsets of the space X comdition (1) (comdition (2)
respectively) is fulfilled:

Binrieatis e 8 : (1),

the set ki{‘r is open in X (2).

Definitiop 2. For any infinite cardinel number T we con-
sider the following classes of spaces:

Z(T)={X: X is a space: any set A€[X]"has a complate
sccumulation point in X}

ol and

P - )-{x: x%e Z(7T) for any number nec._:] .

Definition ‘3. Let A be & space, C be a subset of the space
Op(!). The set of functions C "well separates™ the space X ire
for aay open subset U of the space X and for esach finite subset
* K of the set U there exists a function f satisfying the follo-
wing condition: ’

£e0; r(x)-mma r(I\U}-{oi

2. Two enalogs of the Asanov theorem.

The Asanov theorem establishes that +~ (X)< 1(C_ (X)) for say
space X (see [1; Theorem I.4.1.5 o. 41]; [21),

~ We present two analogs of this theorim:

Theorem 1. Let X be & space, T be an infinite cardinal
' number, C be such a subspace of ‘the space G_(X) that e(C)sT
ané 0 "well separates” the space X, Then for any nuaber né @
the space X" has <'-property. ; ;

Theorem 2. Let X be a space, T De a regular infinite car-

.
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dinal’ number snd C be such & subspace of the space C_(X) that C
"well reparates™ the space X and C& '-Z.('C}. Then for each num-
ber new the space %" has strong T -property.

Proof of Theorem 1. Det negcwd , y be 2 family con-
uisting of open subsets of the space X and let w=(Xy5e00ix )e
€ 121".1" .

We shall find such an open aeighbourhood W of the point x
in the space X that the following sondition ) fulfilled:

¥climp .

ﬁmﬁ. propevty (1) will be proved epd it vill be shown
that the space X° hus ~<*-property.

Tet's pick such opan neighbourhoods ?1....;1' of the
points XyieeeiXy in the upace X that.

Vis¥y ‘f xjex, a0d VN Vie @ Af X wiy (2)
for any numbers i=1j...37 and }=1;...;in.

We conagider the neighbourhood V=V x...*? of the point
x=(x,4+++i%,) in the space -

: Let’s chocie some one-to-one pumerated subfamily

LU it det f} :
of the family y(x) and for aiy number A& =* deternine such
open neighbourhoods G "1;...;6 £ of the points e PEERTE S in
X that

{31;...,1)5(,0{1:... a-G .-.:(Ynud) (&),

We also find a function f € 0 sat:l.arying the following

conditions:

£y Clxginensx f)=f1l ' (5)
© . and
£, KNG (U006 )= (0} (6)4

that Zs possible beceuse ‘I:ha 2et of functions C "well separa-
tes" the space X.
We determine the seta
¥ 4 1=fy "0+ 92 )) AT, (uhere 1s1;...5n) (7
\ and the set
'd‘- =W 431 K oaek U
f"ondiciona (4) and {b) imply the following rroperties:
£, XNV UL, vy ))-{o} : (8)
and
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H‘C l!‘ v , (9)0
Let’s conuider the sst F =ff vl ex*} and its cardinality.
We have two casas: : ; ' ! :

Pirst case. | F| = tt. Since o(U) =T, we ean choose &
lim.s point £ for the set ¥ in the space C.

We now need the following sets: -

v «t7((0;492))A ¥, (where 1e1j...5n) (10)

and

Wall X u.. X W, : .

1t follows directly from condition (5) and from t e defi-
nition of the topology of pointwlise convergsnce that

£{{x 50 ee 13} )1,

Uging condition (10) and taking into consideration the
choice of the sets 71;...|?n it’s easy to prove that the set W
is a neighbourhood of the point x in the space X

Let” s show that Uclziz’ T - For any point y-(y_‘;...;yn)eﬂ
we conaider the set of functions

oy)eler €0 (XDt gly;)7 Ot dwtie.nin}
which is an open neighbourhood of the point f in the space
¢, (x). Bince f is a limit point for the set F , the set O(y)

is infinite. ;

Then the family

Guf0 s L € (X7) AT N lexT
is infiiite too (because the collection'{l!d_s A :-'r*'} is one-
to-one numerated). : :

Conditions (3); (7); (8) and (9) now imply that G ¢ f(y).

Thus, in the first case we have: 5 ¢ Velis 7.

Second case. |F| < v+ . For any function f € F we con-
sider the set

@it)=les de vt v tar ). .

Using the regularity of the cardinal number T we ¢an pick
such & function g € F that |&(e)l=vt. :

Condition (7) now implies that W &-H A for any numbecs
Le Rig) ama 3¢ & (o).

Lot WeW  for eose nusber A€ (X(g). Ten comdition (9) .
inplies tiue following property: '

V’_];ir‘zvf e 1:12.1 ¥

The proof of Theorem 2 id cimilnr %o Lhe proof of Theorem |I.
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3. Tus enalogs of the Arhangel”skii-Pytkeev thecien

Theoren 3 aud Theorem 4, the nein results of the paver axe
analogs of the Arkangel’ gkiY--Pytkesv thocrem establishing that
for nnz apace X the following equality is fulfilled:

% L (X)=1(C (X))
(see [1; Theorem I.4.1; p. 54 3 [21).

Theorem 3. Tor any space X and for each infinite cardinal
- nuaber 4 the following conditions are equivalent:

(a) eV =t

(b) the spacs cp(-x) has - T ~property. :

Theoiam %4, For any space X und for each rigilar uncounta-
ble cardinal number T the Yollowing conditions are equivslent:

(a) x& Z'7T)y

(b)  the space C_(X) hes strong T -proparty.

We use the following construction in the proofs of Theoren
3 and Theorzn 4; -

Por any space I we consider the reflexion mapping

xe I-oﬂp(cp.(!!)): x++ % (x); ¥ ()(B)=rix).

The mapping X ie contiruous.

Wo ulse nesd the mappings of pointwise sum, wmultiplication,
meximum and misinum determinad on the space Op(ép(}f}). Thece
mappinge are denoted by 91; .pa; q.a; l"'-._ raspectively. For sny
number i=1; 25 37 & the mapping

Y 3¢ 0,(0,(X)) *0 (G (X)) =0, (0 (X))
is (;amuﬁ continuous.

We consider the following subspaces of the spzce O (C_(X)):

Zex(Nu{x: §€0,(C (X))t § 2 a cometant function} ;

co; 1= "'-T(z x Z)l 3

On;i' v"i.(cn;i-'llongi-ﬂ) (where n€w ; i=2; 3; 4);

Oae131™ ¥4 00, % Oyry) (where n€ @ ).

We define the subspade

G-UEGH;;: new : ia1; 2; 3; 44
o” the space OP(GPCI)).

In the prools of Theorsms 3 and 4 we use the following
sinypie statement:

Proposition 1. Iat X be & space, T te an Infinite cosdi~ |
rel pumben, Then tie followinz comditions are fulfillad:
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{a) the subspace O of the space OP(O?(X)) "well sepsrates"
the spans C_(X); ;

(b) if eMX)<T then e(C)2 T 5

(¢c) 4if x is & regular uncountable cerdinal number and
e Z*x)menceé L (T

Proof _af Theorem 3. Proof (a)-=(b). It follows direcitly
from Provosition 9 and from eunditiou (a) of the theorem that
there exisis such = pubspace C of the space € (OPO:” that
e{C) =t =2nd C "well separates™ the sgpace Gptgj. Thaoves 1 uow
implies conditicn (b) of the theorem. +#

Proot (b)-=(a)., Let’s assume the contrary, Then we cer
choose & number n €« and a zubset P of the space ; 2 sagisfying
the fcllowing condition: ¥

¥ is a doscrets mnd closed in X° and |P|=77* (11,

W2 show ihat condition (1) isa®t fullfilled for the cardipal
purber T' and for the family ’J.-{U{x}l x-lx.,;...;anéTl
where ! ; ' : - F

vonsfer 260 (X £lxy3> 08 115,000} (12).

¥or any point Xe(Xyie..3%,) & X" we pick an open aeighbour-
hoods ?,‘{x);...;vn(x) of the points X, 5...3%, and the neighbour-
hood ?[x,\-?,l(le S -Yn(x) of the point x satisfying the fol-
lowiug condition:

FAV(x)= @ , if x¢ ? and PAV(x)={xf, 412 x€F (13).
Moreover, we choose such a funstion f &0 {X) that

rx({x,.;...xn&)-{ﬂ. rxtx)r:.[o;*l]

{ and : (%)

£ (XN (V402 U el UV () V)= {0}

Ye deterwine the set

?t -[rx: X€e Xn! (15}
gnd the et
Tm{max[r: sex}:xe[’?‘l]“"} . (16}, -

congisting of gointwise maxima of all finite eubsets of the set
o |
Joaditione (14), (15) and (‘i€) iwply that the conetans
function £, (51(}(}-{‘1‘,‘ i5 « limit voint for the set F in
tha space '3_.,(!(}. We hava .I’,,G'I‘!.?'_‘ZL Lesnuse + T (G U gnz
[TLl «=¥ {een contitions (11) and (12)). ;

=

Let’e show *hac F & lin 2L . Por any poing & e i
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* choose by means of (15) and (16) such a ficite seb
f25¢1)5.. 2@} S X° that
r-m{r‘ Ayirerifo0a) l.
Contition (12) implies that U()c Ulr ,))v...v
o U(t ) Since 'U(: Ms1 tor any point zex? {see conaiti-
ens (‘12). (13} aad (1), wa have:
12U (Dlen<w.
'mua, T c ‘.’u?,L and !6[?]0 {I)' i.e. the space c (x)
hasn’t T -property.
Using the scheae of the proof of Theorem 3 it’'s eaa;' te
prove Theorem 4. '

4. Sowe remarks - | i

The irpossibility to eliminate the condition of the unsp-
untability of the cardinal nusber ‘T in Theorew 4 follous from
Proposition 1 snd is sugpested by the Gul’ko-Hmylyove esumple
. showing the t-equivalence of the resl lice and the recl single

sogment (see [1): [3D).

' It foliows directly from Theorem 3 that for any infinite
cardinsl nusber #or the relation a.f t-cquivalanoe presurves tia
following proverty:

e*(X)=T.
At the first time the latter statement was proved by Okunev in
[s3.
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ON THE AFPPROXIMATION OF MULTIVALUED MAPS
U,Raitums

s The paper dlscugseg upper ssmicontinuous multi-
valued maps seﬁnad gnpa subget & i of Buclidecn space and
with convex closed (not necessary bounded) values in another
Buclidean space, It is shown that if such a map has an integ-
rable majorant then there exist single valued continuous ap -
proxiwative mays which have analogous majaranta. MSC 54%C60,

Introduction, In various fields of mathematics, for
instance, differentiel inclusions, eoptimal control, equationa
with discontinuoue nealinearities, the multivalued maeps are a
necessary instrument for investigation. And often here it is
neceseary to approximate multivalued maps by aingle valued
maps. The existence of such an approximation with continuous
funotions for the case of compact valued (with some additiomal
properties) maps is obtained, for instance, in nl .

On the other haud, in some situations there ies necessary
to introduce multivalued maps with convex but, in general, un-
bounded veluea. For these case ihere is important estimates

for approximating functions, <
In this paper the case of multivalied maps A
defined on & subsat of BEuclideen space,
&= {(Y,Zﬁ Xel) Ze &”} . , wiih valuecs
in the enother Buclidesn epace /& 1s discussed. We as-
sume that the map -uQ ia upper semicontinuous with

convex velues and that the eatimate

sup f1a1: 2e }E(r,z}}s ‘/'1(:)_2;}!'2) L xB)EQ,
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holds where the function r p is continuous and the func-
tion fi belongs to some Lebesgue space LP (.Q)

We show that there exist a sequence (fk of
continuous functions which in some sense approximate the
map A and for which an analogues estimats are valid,
In the last section of this puper we investigate proparti-
5 of weak limit elements b, of -uqunncﬁafx{; Ul U
wheve the secieice {Uk} converges atrongly in some
Lebesgues space , It is shown that under some
natural assumptions there is 5, (X)& A%, Ust))
tor a.a. Xe 00 (U —> Us )

1. Notetione and resulta. Let y be & lipear
topological space with elements g . We denote by FHSU
the fawily of all nonempty subsets of 9 « AT
is @ metric space with metric P thea for arbirary
given subsets ‘d [ & (.'J' 3 l:fl‘.c: 9 we donote

P9, %)= onf fpta, gari ey e 95,
d(g.,, ‘:};):= Sf-lf’ '[f’(: g "_) d1 € 'j., }
We nn.t.s that (7‘(9;, ‘j&) / : UE G s aq:;al to d(iﬁ‘g)

in generel.
et A /V /Mn be | .sd integers and

&n P N Qm be the corresponding Euclidean
spaces’ nith elements X, £ A respectively., Let
£ be a fixed bounded domein in /R  which
boundary has zero mesgure and let @ be closad sat
R = ﬂ R : with elements ?“ (X, 2N
We denote by ﬁ 8 multivalued map,

R*f_f"bnﬁ.J .Thtgraphcfthsmp-f

we denote by OVl 1.6,

Gadli= {(£2)e xR e A}
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If necesaary, for given subset @*C ("’ we de—
note by GQ.R It the restriction of the (?)Q ,Q
to the set Q; y LeBe

Gl 1@y = (50 Qx R™ Ae Aeg)}.

The spame notrtions we shall use for another multivalued
or single valued maps in Euclidean spoces.
For map A: @~ H{ Rn) we introduce
the following hypothsses.
H1, For evexry £€ Q . the value ﬂ(f) is 8
convex closed subset of A (not necesaary bounded).
H2. The map ﬂ is upper semicontinucus, i.,e.
for given £, € Q and given neighbourhood &7
o A f,) there axiut.- a neighbourhcod @'3 Fu
such that A(§)c @ for every _F'E @' -
H3. There exigt a number P, £<P< w0,
a funotion ;l Lp (.ﬂ.) nml continvous monctons
increaain.g nonnegative funciione : R R y et N,
such that for all $’ (x,2) e &
the eatimate

sc;leA!: xeQupls
h(xn;‘,(rz,m +fyGza)

holds, Here Z:(Z,.., y)o
BX. Far somn integar | £, AeHe N, ?sm

there evis. & continuonn monotone increasing function

fo: - R> R , with fo(0)=0
and an unirumly continuous function I
ﬁ Q Ra .

with valuee greater tha.n soms pouitiva constant such
that 7or given
M-€

Nel 2 {é.-ci 2" (1" ), 4:;’6)2 ,HQ; _

there exist
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Ne Je, ), Xe Al (d5D),
F ik Rk 4‘??

i

N30 (355
guch that
<aa"£u;ﬁmu9ﬁﬂwﬂh£U

Hers {+3+) denotes the scalar product in Bu- _

clidean spaces.

The main result of the paper :l.-:

Theorem 1. Let the map A: Q) - !'HfR i)
satisfies the hypotheses H1-H3>. Then there exist a !‘une-
tion 11 L (Q2) and a family {Y’xi -
of continuous runction.o ﬂ Q- ™ y K= 42,0,
such that d

(1)[5‘}(:(,21]511'(:)+J;(fi.l*ﬂk)+'-- v fuliZyl* 9k)
for a1l (% Z)e & ana ka4

(ii) for every chosen bounded anbn'ot @; 0
theres is

d(Cr iy, Gak]d, ) —30 an K3's0;
(ii1) if for some constants
Coda, 04U < Gidvo,  1<9: " (= tyoy M
there '13 ! - !
p= in {2‘/{2‘ Ve e N3,
folt) € 611 S, W

snd a sequgnce f,ax} - Lg(ﬂ) converges
strongly to an element ‘U, then the raquence
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.
-

: g ey _
Fbetri= el st}

is weakly compact in Lf LQ) and gvery wesk li-
mit point ¢ the sequence K hea the
fellowing property : :

6‘, (£) € JQ(JC, flsfa{)) for w.s. NELD.

Here by La (-Q) ' we denote the direct prodnuct

of /V spaces [- ) g A M
ard by l;‘,‘ (-Q] we dtnots the direct produc\. of
M spaces lp (€2) :
If additionaly the map d& has a messurable se-

lection which satisfies tho hypothesis H4 then all func-
tions ‘fk > X « 142, + have the sam¢ pro-

:
perty with function d‘; oy, /K inetead of f» .

2. Approximation, In this section we shall give the
proofs of the statemente (i) and (il) of the theorem,

ror X€Q , fe @ ana /- 12,..
we denote the eete

Blg):= {feﬂ?xﬂ f f}</! ¢ by, o M,

Bl l):= h"f R": J( - ¥y [</g oty 1) :

with hbeagu;_nemru | B(%,0)] . and 'B(XJF)’
respectively, : :

h!'or J;&onlly htaynblo' functiona l,ﬂ » defined
72 X @ &nd valueas from y We in-
troduce the averiging operators :
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(it i [ st
851

and analogical operatora for ‘7" (= [-ffor. (2 k)

s A ; [
(/g)}«)Ler_ (30l J ') dx.
B&p)

It is gbvious that the functions Sf %
75% are continuous and if 7" /— ( fp )
then TI)L -3 }f' as f’-a» oo atrons.ly in Zp{f’f)

for every bounded measurable set » The same
property have functions
Prom the fact that he Lpl2) it torlome
the axistence of closed seis _Qs S21:2, a4
such thats
T "Q < —()'54{ 3
- ‘&)l .—Q-,; belongs to tne 1ntarior ot L1 i
= ;) ()£ s on _!2_[ [
}l is continuous on ..f?.s -3
- naqu?_zca [7} } - converges uniformly
in 5 i
Jtor | lew i Ane QNRV hooss)
thera is 2

Meys .Q; < ..Z—s (SWf)-f
meas O\NQ, < & i, ”h.’b_fm).

Here and in what follows by /Meds E

we dencte the Lebesgue measure of the eut. £ 7ol s
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By virtue of the hypotheses H1-H3 there exists v
meusurable selection @ of the mep A ', i.e.
is a single valued measurable Tunction defined on

such that Qa (5“ ) & ﬁ (f) for evary
£ . Additionaly = [Q| € plec ().
Yot iy detins on . (Rit= T (43)e' Q" Jc’(—ﬂ }
Iunctions

< Sa, ity s, ...,

where the number i(sﬂ depends on the distance between
--Q-.s and the boundery of (2 (we nerd that /{’
is lese than this distance).
After thkat by means of the first operator of sxpan-
sion from Stein [2, ch. 6] we expand the functions

y’g from R s to Q as continuons fune-
tions }pf_s such that for chosen N S gl L2
there 18 8 X'€ 0 . such that

l-2'l< 4 d,Qy),
B (212 (h2) W=l

From the daﬂ.nitiun of, %, Yo A And pro-

perties of the operators s{ and | fp it
follows,that on G?;

1 (4, 2)] < (Toh) + h (,:g,;,%)f ~o il o).

(2)

Prom here and the construction of avts ._Q_s
and functions (ft‘ ‘we have Zhat
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f‘&(f,zﬂf hins hot) + Jgs +

PR o) evs elizgle Jy) . &2)eQ),

where 3
SH} J(& _(2'-1-J
X} =
}’5” 0, xe Q\Q,
and G’;, - 0 as /-bﬁo- :

By virtue of properties of ..Q,; values of the
function

A.t«l:-.—. Sup _-fA,(x}: Sa 42,...3

for a.e. X&) are equal to the maximum of only

a finite number of fl_, (x) . Hence, we have
_”A., Idy < E (s 1% (s ® < oo, 3
0 i |"" !

ik S Bt K ke e Zp Q)
Thereiore . F

[ tem] € hoos /1.(3)_ v dps +
. W

Pl fp) e+ fulizule % ), 2)el,
z‘ eﬁ,, /{4"{1---,'

whore {)2‘ ~ 0 as (’-5«.9



105

Now we choose . K= K(£), Kis)> s, so0 lerge
that C{;(g_c & f/s and define our sajuenca

er":} as
Gt= Preys , =42

Ther. from (4) it foilows immediatlely that the sequence
4 ‘fx} satisfies the property (i) (if necessery we
cen renunter th- seguence ‘ﬁti &nd’ start with
some ‘fg. ana 1 5 . .
The seguence < (fk] patiafies the property
" {41) too. The prooi is based on arguing by contradiction,
Lat us suppose that there are & boundad 2logad
set @y c and A scauence { 3k , = Qy-
euch that

Al ($e, Yel8) ;. Godh ]Gy )5 >

for all K= 12, ....

Withous locsa of zenerality we can assume that the se—

auence Tkl _ convergee to some o €
By the construction of the functions 7 the
valuea of ‘P .ﬁn depend unly on valucs of the
selection . (7 in the set
U

Bei- 18€Q: 1§-5l< ¢ 15 £l

whera the constent C | nlapsmis onliy oa "";
j M. amd Ih) « But for ?‘-‘

points al f ) belong to the set

- fxe®™  of(adighi< w3, &

Ly —> O 38 K-> oo,
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by virtue of the hypotiesis H2. The ests Di are
convex (hypcthesis H1) and Trom the definition of the
functiona V& and % we kave that

Yol Be) € Di. kit i, too.
Becauss g’g—) Al k = eo then
from (5) we get taat '

df’/fx,_% _?kl}) (5,4(.&})) >0 as k=%

whet vontradicts with the aesumption that J; > D,
So, tho property (id) is proved. ’

If the map has a selesctiom Q
Yor which the kypothsoie H3% holde then oa the selection

in the comstruction of functicne ¥s
we choose *his speclal psiection a’ « -ow, from
thae properties of the operatérs e it follows
that the funatious f:pg on (\).S bas the ssme mo-
rotonicity property. Besause the exiemsion of '-,ﬂ(
frow 5 to do not chenpre ths argument
e then the functions ‘;‘9& Lave the needed mo-

notonicity property.

Here we hava used :le uniform coptinuity of the

fux;otion ry which allowa to estimate valuss cof
g r ¥ . g
3. Convergence, 'How ,let f' Uk}C [ /_Q)
ana Ug = Uy, strongly as k' s W ?rom

the property (1) of the functioms ‘ﬁt it fol-
lows that the seausnce 2Ok (+)i= Y, U.t(-))}
is weakly sequentialy compact in 4‘_'. = ( ),
Without looge of generality we can snpfmso that the
sequence 1 Dk convergee weakly to some element
Da and that the segquence Ue'} convergas
pointwige for a.e. ¥ & Q2 5
To begin with let us anppose thai the function
Uo 1ie bounded and contiauous ¢n S2 and
that the mequence {UK converias caiforaly to ifp

e AR o A
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Let us define for €20  the sets

B = Jlonea B”
Xe At ut+2), 1z2i< el

Coi= 9 elsl0) i gure Al
for a.c. J(E--Q}-

By virtue of the hypotheses HE1-HZ and the continai-
ty of Us the set d is boundeé¢ convex and
‘closed.

It ig easy to see that Bolc B¢ for £c0
and that

d((Bg) 59} -2 O as £ =0 (8)

Indeed, if'the relation 6) doesn't hold then we
. have & convergeat scquence %xi Hg =5 Ay
as K-> o0 andasequenco {J‘z}C- R
such that (X, )u € 8¢ with
=Tk and ((Jl'x)g) R.) 2 dso
for a1l  K=42,... . But this contradicte with
toe upper semlicontinuiiy of the mad ﬁ end conti-
nuiiy of Us . Therefore, thu reletZonunip (6)
ie true.

The property (il) of the nqunnw !r (x; ond
*he uaifomm t..onvtrhuuu k= Us ag [Z-3 oo
give thet

CII(GQ!’}K, ,55) -3 ) as ‘:—’m
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Dtua.rwiu we Bhonld have a comvergent seguence
S= (xx, 2:)} with

Zi = Ue (k) " such that

d(f.?k lﬁc(f'x}) G'ZAH“’:,ZJ-'!Z~Z;¢I£ S'}a.o&o

what contradicts with the property (ii) o1 the functione
f,p;; and the upper sauicontinuity of the map -ﬂ .
These urguments give that

d(Giby, B,) — o0 w koo

From contimnity of Us and bypothesis H1 it
follows that froa the astinate

,d(@"! By B Jie® ks klE),

it follows that

A6y Tt b | B.) s d(T)

where Z 04'1: bx is a convex combination
of the elements ~ Dg with K = Kr’t}

But thia proporty to;othar with the weak conver =
gence of the ssquencs KJ to 6:; and the
convexity and closedness of (5,  4a enough for

the inclueion e € Gy
encral case of a convergent Bse8quence
fu;:% B U — Y as K-200,
we argue in the following way,
Tet >0 is chcsen, For this i
tiere axiaste 8 cloeed set Llg € L2 such
theta ;

- Meas (Q N\ £2¢)
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- Us = 1ia continmous on f2¢

- Ur = Up vmiformiyon (g as K—=o.

In the same way &s 3bove by using the first opeva-

tor of expansion we expand 3 from S2¢ to
ol an & continuous function g,
Ve (x) = Us () | X & fl¢ . Instead

of functions U« we discuse the functions

Whe () = e e ; Xe d2¢,

/VQ &) J(é'-’sl\ﬂg’

ke 420

Then for the sequence {0*3 we are in the same si-
tuation as above and have that

A{vs):—f - W om Y [ efxm)

K — oa

bin) e Glv;)

where the set G {u't) is defined'for Y€  in thu

same way as the set o for the function Uo
But -6 e) is equal to £° on the sget -
€ ~ « Hence, passing £>e we get

{:., € G,
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Y.Papryu. 06 a KC MHOTOSHEUHEX OToSpexeH:il.

AnoTanus. B pasoTe PACCMATDHEADTCE MHOTOSHAUHHE 0TO0pE-
K€l ONHOrO eBKIWIOBA NMPOCTPAHCTEA B IDVIO€ C DHIYYIE24M
saMrHyTIMM ansuerusM (He o6R3uTEenNBHO OPpaHuueHmam ). [o-
K838HO, YTO €CIH TAKOe OTOSpEXEHWe MOKYHCIPePHEHO CEE

H KMEET MHTETDHDYSMYD MamODBETY, TO/ CYUECTRYOT henpepwBHue
GyHmy, KOTODH® BCE KMEDT AHAIOTMH “AXIPAHTY B Tpadil-
KM KOTOpMX B Onpenens cuticne .:msng 5 &aqmcy HaufIb-
HOTO MHODOBHauHoro oToOpamesus. ¥.[.K. DI7.

U.Raitums. Par daudenozimigu attélojumu eproksimieiju.

Anoticija. Darbé aplilkoti attélojumi, kuri definéti viend
EFiklida telpd un kuru vértibas ir kepas citd Fiklids telpa.
ParSdits, ke,J2 Sie sttélojumi ir pusneplrtraukti no augdas,
to vértibas i> slégtas izliektas kopas un tiem etsisté integ-
réjamas maZorante~, ted 3adus attélojumus yar aproksimét er
nepartrauktin funkcjégin, kuraa ir 1idzige maZorsate.

UDK 517.98, MSC 54C
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Matemf tika ;

0B GLHOM SRCTPEMANLHOM CBUGACTSE CIUIAH-ZYHRU
EBYX NMEPEMEHRHX

G '.Acwca

Roxa38HD SKCTDENALRAOC CRORCTBO HHTEPNOASUEOH-
HHX CTEABEOB TIER30PHOPC NPOMABEHAEHWA NPOCTLAHCTE OAHOMEPHMYX :
NONMHOMVANSENX CHAAFHOB, OUDEASAAENHYX NDOHIBORBHHME ONCDATUDA-
M MHTEDNOAANNK, OZACOREDA WeMy NAHA BEDUANUOEHAA fOPHYANDODS
Ka 3anaqy nn*regnoxn.n (YEEUNA ARPYX NepeMeHEHX Taxid® cniasd-
unauu, VAL 517.5,

Ceoefl NONyXADHOCTH, Bo3dHVEmeR B 60-de roXu, Cnu&adsH o0
uHOroN ofasany odsapyreszomy Ax.Xoazmwmeex IRCITEMAALECUY
cBGHCTRY, OBR3aBMeny wybuysckue cmaatay i Bemdepra ¢ pemexmey
S27AYH O UWHMMYNe HODWH B L., BTopoRt NDORIBONEOR HE UHOTBCTIE
QyHiid, NPHEHMAONEX 3a.AHHHE SHEYEHNA B PUXCHDO SAHHEX TOWIAY,
87¢ CEOACTRO MOCHAYFHAC OTHPABHGR TOUKOR Irs COSHAEAA RADUANI-
SHEO® TEODWH CTAARHOP, B poMKex KoTopof (cx,, mampmeep, [I1)
NPOCTPAKCTEO ChxaiiioB S(T, A) , cootsercTsyn e mumepnuM He-
npepunesy oneparcpay | :h—=Y u A: X—=Z . acicraymmm
B BeWeQTBENKHX rmasdepromux mpocrpamcrsax X, Y, Z onperexs-
eTCH

TaxK : :
S(T,A):={seX| Ve N(A) <Ts,Ta>y =0}, - 62
rae J((A') - AZPO DmepaTopa A e “3+Dy = SHEK CRAJATIIOND
TPOM3BEZEHRE b UPOTTPARCTRE . VRTEDHONAUNOHANY CTXBZHOM,
COOTEBETCILYDMUM SABMEHTY Eﬁﬂ(A), HA3HBAETCA TaKeR onxaf:
SES(‘T,AT qT0 A3= 3 . Oxasupaercs, 4rT0 HRTEDNOARUXONEER
CIMaPH, eci oH CYmeCTRYeT, ABARETCA Dewe. ey BapHaIKOLHoR
sanave ol (s ;
iTsiy = ain 1Ty | ceX, Ax=2], RV

s i,y ~ Bopua 3 GDOCTPAECTAS
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Bepro ® odpaTHOE, nosTOMY (2) A2eT BKBHBRISHTHYD @opuynponn
3anaTH cmﬂa-uatepnomn

Jas oOpeAeAcHuA NONHAOMHAIBANX un.laan-@:rﬂmu BE& JTDO3KE
6,51 = (1) caexyer cumramn

X=HYa by, Y=H'ra,ba, ZR Te-2¥ »

rae H EL'LPJ ~ LDPOCTPARCTBO codo.lana ’ armasosannoe DYHKIHAUE-
x o b] R, npomszommag xeropux '&“5"1 .adcoxpTHO Hempe-
pusHa, & X 9 ynve HTerpapyens no Jedery B !mups-re. W saxcadA-

HOe CIAAZDHEM NDOYSE

enla! t, "
<X, ’.)C.)Hsm,b] % < Habdt.

oOmepatop A crpost a unncmwu 0T THNG METOPROAANUOHIHX
ycxosuR, Ecawm mpu srou
HAYNX(TY=(0}, _R(A)= Z, 05
TO ZX% KA¥ROTO BekTOpA L€ 7. oymectmyer ’ enmmcrBennR waTep-
NoJAAUNOHEHA Ccruags,
. SaperoneRZOBABENAN CefA ANTAPATOM cmin-nmpn

BysKUKd ABYyX NEDEHEEANX B NDPANOYTOABHOR ozacTe £ ‘[ﬁ-b‘]
ABAAETON BIMADET TEHIODHOTO mpoMIBEXeHMs. NycTs ﬁ" Al ) l-l 9.,-
NDOCTPAHCTEO MOXMEOMMANBHEX cmamx-@yamin W& oTpesEe [é
(3 -, 0' Q;,mem; ) 84 Su.. S ero gaswo, ooc-rom:ﬁ
¥s, cnnaiHon S rgpnomnum kT xmpO!
e* =( Biy. O w---- Etm‘JER i( saecs O- il - omuBox Epomexeps).
‘rnmm fynrn

s, B = (50 8 )(t‘t') S8 (B, EeE, LT iz,

4

oopasynn gasuc Tenaepaoro npousnexeaas Sﬂ“ A% S(T" A"),
& yuTeDIOAFUNOHENT Axn Sexrops % =(% i) )C—.R WMy cniafe §

NPOCTPARCTEA S(T" A‘)@ S(T" R’) aanlcmescs B BHRE
148 my 0
st th = > 2% 11th‘t"‘

B o aﬂem m noc'zpoeme TAKEX Cr 1AKHOB CBOANTCH K YHO~
POKPATHOMy PENEHHED COOTBETCTEYDMINX ONHOMEDHEX 38787, HCCESAO-
BaKAe WX BKCTPEMANSHHX CBORCTE SHAYNTEABEO JOAGRAAETCA MO
CPEBHEHMD & OAHOM2PHHW Caywaed, [lepsas (ICNHTKE AATH PATHWI(HIH-
HYD QOPMyAMPOBKY 38289H HHTEDNOLANWE O "2AHANE TeHIODEONO NpoO-
WsBelleHus duAA NpeANpHEATE asropaMy woHorpadmm [2), OBz sawap-
uasacsy B paccuorpenmu (2) aas ovevaropa | =PWYr  (agamun
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4acTH#OR TPOMSBOAHOR NODARKE q; mo neneNerH ok t‘, a=‘t,.’. )

B NPOSTPSHCTEE -, mmetcu TEHIODEHY TPONSBERSHHEN
H%ca!, b"]T H% ra* by . ommaxo mpw raxo mocTpoewin ‘sapo
OnepaTopa deugonmnuennu, A CASNOBATEeRBEG, GEeCKOHCYHOMED=
AC ¥ TOAY38eN0e NDOCTPHCTBO OTMafHOR (E& 5707 J2KT BOepRue
o6prrix puwMasue U.C.Bapsgmom [3]), Eac xe wHTEDECYeT 3KOTDG-
NAZBEOE CEORLIBO, NDHBELAENAmEE TONBKO CHXRAHAM TEH3OPHOIO
npovasenesra, OnmH NMORAXORX, cnot‘o:ﬁnun OT 3TOT'0 BEAOCTATRE,
mpensoxun D,C.8espazor [3 =77, OH ofecnesus epufcTeeHyoCTs
pemenys PapuanmopRof sansym (2) axm T = ‘ﬁq""uv"- S8 cuer BHa
Gopa DYHRIROHENBHOTO NPOCTDAHCTRE, XPJroR, -~ MPeANCHCHEHM

A Kuauopuw [8], - sanmnyeeTes B yCROXHEHHM ofeparcps
CpasHe¥e yKesaEHHX Tojixonos ¢ieasdo B [T] (9],

[Ip¥ BCex MX ROCTOMHCTBAX XoHUsDyKmuE A, Mwawvorpa n
D,C.253528088 RADT SADHAUKORRYD DODUYAXDOBKY TOABKO JLI# FEL8Y
CHASAH-WHTEPNOEALMK VIO, SHAMEHUAN (YEKQWE W, MOEeT OTh, ©€
MPOVSBORRUX B QRKCKDOBEHEHX Y3XIX DECYIADHOPO DasCKeH®A NpH-
uOYTeXpHOR odxacTH, OHR He WOrYT OHTH DEAAU2CBARH, GCAN B K-
QeCTBE HCXONHHX NSHHHX HCNOXBIYDTCH, HAGLRMED, JOKANBHHE
cpexpWe SHAaYyeMEs DyrxuAr AByX repewednux [TI07. B cBgam ¢ sTuM
BO3HMHAET RONDOC 0F: smrpeuannon CBORCTEE FEH"B]JHO-!!!II!!OHHRI
crzammos #3  S(T,AN®S(TLAY) s cayeae, xora: S(TLAY) &
S(T" A" Sa3ZIaDTCH MDONSEONLHEME OneparTopaMy mhepnom;u
A' ® A'. Onus ®3 ®oSuWONHHX 0TBe70D HA Hero Aafr namEam
crarss, 3 Koropod ¢ mowomsn O(T4 A') n QITEA) sa oconome
(I) orpeneseHo NPOSTPAHCTBO on:amcn S T,A , CoBnazavmes

o (T AY® S(TIA).

pyces HYP(E) - nposrpancrno pysxurn 303 E=-R,
NDOHSBONELE KOTODHX ‘ﬂ igate v fr=0,% ~A, 3 4,2, . - adcompr-
HO HempepuEEH Ba £ mo $ATAOR TepewerHoR," 8 b ine,

AWy b (.E) tl} =0, Qi js-s %, (nocaezuwe mo-
HWUEDTCA B oﬁoduensnu (no Codrueny) CMHCZE — CH,, Hampuvep,
LII], ©.I40), mezezemEoe CHAXZDHNM nss Aaaueu

$R,ED Laugue) 1= ;L‘ ﬁ g Ao i‘tx%)di‘di*_
Wanzomio, T Ho'"q"'(E) H‘*‘[&'E‘]ﬁ d"*[u (ssecs &) -
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3HaK TONONOTHIECKOTO TEHSOPHOTO MPOM3BEAeHKA).

.Onpen'e.nm Q 5 H%'%(E)*H%&(E). noxaran
Q= o aaityg, g, Edddd @

A IR e (2 L 2 2
Nim ——(t-1) =1 Q-D!
HeTtpyZHO yOeArThCHA, TTO Q = JHEESHHR HeNpepHBHHR onepaTop.

ToCKONBKY ﬂ"w%Q_(ﬂWu%_ . 10 QQ =Q , & JWAYFT, Q

apasercs oneparopow mpoexrwponanis 8 H¥ % (E) # odaacts
ero suavesud R Q) SAMKHYTA,

. Hycws reneps X""—.@L ,rne L== R(Q) , &

= (JTY0 S(HAY + ( S(TA) ® X(T)
h:, AL ={0), mexax L _cN (%) = J(Q)).
B omay sawkHytocT moampocrpamcysa | 3 X x KowesrouepHooTH L,-
(diml,= g, dim S(T4 A*) + dim S(T:R)g; 9,02 dimS(TLA=m)
upoc-rpaucmo‘ SAUKHYTO B ""'_ E). cxenorarexsno, omo $
aprgercA reasfeprossu, [ycrs, nazee, V= L,_(.E) B
T := Q'Z"‘hm Axz m‘éiﬁ . Jerro swaeTs, IO
YT e LCOLY), woo WAl (£ € Hac hyaman(E) »
BN TY=L 0. HTY= XX s & NQINRGI=(0Y
3) RATY=Y, uoo RITY=T(R(QY -RH{R@V=1kos{Hbde(E),
PAe TOCKerHee DABENCTBC CAeRyeT W3 PAINCKEHES

H¥H(E) = RIQ) + N(R¥h),

Eas TOTO, 4T00H S828TH MPOCTPAHCTBO CHAARHOE, S(T,A).
0CTEETCHA YHASETE ONEPATOD A . HOycrs lc,i: H%[ﬂ,‘,l}‘]-vg, }-{},—-
Audefiic HeupepunHue GyERuvWoRanw, Onpenesmy JyHxUMOHER
=K@ K, : HWWh(E) - R = cxexyomm oopasos. Bysew ouu-
rats, wro WKOAL ecTs DeSysRTAT MOCAENOBATENBHOTD ASACTRNS Ha
Pynxuun U fyakauorazos K, » l{:. » TDE KoTOpou I, ZefcTByew
Be L. ,'\:") TPK TPOESBOXEAO JWICHDOBAHHON 3HATEHHK - ,
K, ~ua ac({*,.) mpr dukc#pomanEon L' (6 Aer yoramorzemo,
ST0 0T NOPAARA WX ZEACTPWA PESYXBTAT Ho 3aZMCKT). Townze,. Xam
xe HW®(E) odosranau zepes '.”CK_ t{i-ceqeane frarmen X

3
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x, =26 b, Perdibh, mn:’c‘)sstc,mtt‘,.), Yera bh,

W onpeAelHM

(K@ K) W= K, Ly =K, Wie e (8)
Jziee nmoxaweM, 4TO 3T0 ONPeNEXEHHEe KOPPEeKTHO, 'T.8.
D e, x eH¥ b, )

2) = (6) uMeeT NECTO TOCAGANSE PABSHOTREOS (8)
K CHO sajlaeT H& aRHefENR HenmpepHBHHE (yHRUEONAN. :

XoHoTpPYKOHA TeHsopEoro mpouwsseaenus W, & K, amresnux
pyrrnosazon K, u W, , o0sacTs ompeAessHEA KOTOPOTO €07
aarefpamyecKoe TeH3IOPHO® MpoUSBEeAedHe ofiacrTell onpeAcNeHH .C‘
R |C,, , omucane ¥ [I2], U4 He MONEN BOCTOABSOBATHOR 8D HEHO=
CPeACTBEHHO, TEK K&K, BO-TIEDEHX, VWE AMeeN ASJN0 C TONOAOIHYEe-
KHM TEHSODHHM NMPOWSEEACHKEM, 8 BO~BTODHX, AIS HAC BAXHS Hempe~
pupnocTs K@ K, . Aokasarerscrny (7) = (8) npeimomxem OfEH
BCHOMoT&Tensuul pesyasTaT.

Jeuua, Beakud xwHefHuR HenpepHBHER PyHKHHOHEN

WcE Hw[ﬂ,.b}* R "NepecTaHOBOYERA" © WHTErPANRHHM OMEpaTODOM
:lq,: H° E[}.,b]—»Hn"[ﬂ.,ﬁ] s o

3
(Jyb= L ymy,  dode,
B CMHGAE nu'::uueam paBeRGTER :
\cﬂqvq b Sdgm USSR s
Seuegarue, JT2 (OPUYAMDOBXE HYEAAETCH B YTOMHEHNH, 10O

dys KunORan K} , Boofime TOoBODA, Be onpeielfH H& YCEYEHHOR GT8-
neHEON (yARIHY ‘L.,‘ﬂ. YCAOBHMCH CUHTATH, 9TO

KKP%“(.,%)==”¢?K({W(. ,t). : 3

€CEH TOABKO BHDANEHHe B NDABOR YACTH DABEHCTEE ONDEAEAEHO,

Yoeauuca, WTO ORO OMpEAeXeHO MOYTH NDH BCEX 1‘;6[&,51 K

C e7oft nessn mpeacraruu KK p Bute KA ={A_ XD (o
Hq : qu,hl

reopeve Pucoa Pyurnun XCE [ﬂ-,b] ONHOSHAYNO ONMDENCRALTCR

nocAenHwM CooTHOWenWeM), Toras

IKlfG‘(.,ﬂ - 5: by § LD dt -

t-0
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q_
o> 5 chq ot + (e - < .
Lo o Y

BocToAs30BaBmMECE TeODeoR o AnbPepeHUMpOBEHKK WETErpara, sa-
JHCSAWErs OT TADAWETPE, M ToXYWAeM, YTo BO BCeX TeX ToWKAX
orpeska LO, H], rae cymeczayer npousmoauas ’1‘,01) ByRKaER
KZ(.P( %) xw@epenunpyaua H € TDOMSBOAHAR

%@‘% ) ==y O iy i F)
CyMUNDYeMA B KBAXPATE HA Eﬂ,,b ¢

JoKasaTexEcTBO AEMUH C YYeTOM CRENAHHOPO SAMEYAHWA 34—
RIOY8eTCA B HENMOYHe PABRHCTS

cly =22 1 P (Tt -

55_. E t{)«éw)ﬂ'tg,.atﬂdtdug mgm&t-'

=0

(Lqéu) % Xaf.!,ml’c)ﬂ"" ’qt:)dt + ‘moft't))dft -
S qm((fr..,,qr ﬂ\H“r‘ ‘rﬂm)dﬂ'-suqcc) (- D),

Rax xouaaareuc'ma (7) = (B) BOCMIONBIFEMCT a;amt une:m-

HAbHHE TPEACTABACHEEM mr: '-{ ‘[-roan ﬁ#nunun
paccuorpnu p =m—Qm Tax rax
=Q - Harer‘pxpomuuen 81000 paneacna nn.lyqaeu

ptith P 5%_({' mfll{‘) + 2l:( o.)fbﬂc‘ ® -

" rae j’-i 2 aeuompue gywkans us  H [‘_D,‘ b‘] Mosrony

cd' =§’.t{‘ ¢) };&'%k( ) HE)+
%?f*“o“ @' ‘)q) #eh) Gl Eatyde'de®

OTKYIE B CUAY HEMNH HMeew



117 '
-+ RTEERA eha
T hhH= ;; UEE R0 + {Z—_omft[t"' s+

4+ Sg ﬂ%l:oﬂ.mm ‘t")% 1{{",‘?.}')&‘(?% 1{- ,‘t‘)d:f‘d"t’;
& : 4
-4 s
L, )= %lt Sy +%% UHE QL0+
# IESﬂoﬂ o m(x"fb )({IOIHL 't"t‘) n"%ﬂ‘" ;tl]fi'!.d't’:
Teeph JETKO BHAETSH, -9TO ’xﬂ‘ e qumq.‘%L],_mn"&Ho"[O:i)‘j,

T -4 A
X =K -.—.%;__?.! v L,o.‘mhﬁ ¥ %;0 u uc‘fnk,,(?!(- W)+

4
+ !{; Aty Rify, ‘(..,'t"))(:,‘l,i‘% Lahydebiet

Wraw, onpeaesenwe (6) KOPPeRTHO, YOemmues, 4WTo JyRKu#o- 4
rax KK menpepusen Ha . 7oTs NOCAENOBATENHROCTE i
(cnn,)neﬂc)( cxonurcd & wyxo, Opeacrasuw Jyuxamx L, » smxe
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Rn_& = ‘\ﬁah*-'l-,l;vi 3 B.' A'\.l Azm,ﬂg.-\f,, ) a"‘l\ LS.E)
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Rn,l. g (Azru-i,lgvt i B“An,g Azh;g,.g‘Vg) BM’. . (5.3}
R'f\,s i ( A!n*i.ﬁ.jv‘! FE B:“Aﬁ,; Ag‘“i‘-;s VJ) Q‘% > (5¢4)
80,0= 8,88, , Ba= Yol . 8w UR).

Bi: H’““% ) s BAQ'_' Wap (2-0) , BA;“ \\,A;(l"’“)s -
gns - \\)_A.:‘ (X=3y ), Ap= %R, Ag= t-i;, Ai'm““(&n,ﬂa}‘j'S}
Wy (%) B Yp (V) ubrane , Cecxosewno mfdepermupyersie Ha R
JyHKmr, TAKHE, TTO
i / g e kT2
.\!}a )= { 4 _
: > vx4i ( 5.6)

a sa mpomexyTRe Me(4/2 ;471 \Y()MOHOTOHHO BoapacraeT OT
HYXA 0 eIWHVNE 3 -

eltprpe gl Bl
Yalr) =

Ve X% 3a/4 ¢ 5.7)
a aa mpovexytxe xelarz ;34741 Yoo MOROTOHHO YOWBAET OF
ENEBUUE HO HYifl. 4

Budop dymrma? ) HeogHospawez. Ommexo Qysxmux Y  He mam-
ADT HA "KOAMNECTBERHYN CTOPORY" ulMpOKCHMAINM, 2 BRENleHH JummE
IAR pocturenuwA Gonee EsicoxoR crememw Tasprocts DAP ( 5.I) .

Ins Hopwyrponarns DAP ( 5.1 ) TpedyeTcs yxe MeHBNAA CTENEHSs
TAANKOCTE BXOEHEY: GyR<mafl samsws ( I.I ) , wew »T0 GEAO NpHEATO
BNme 1px nocrpoeawn BAP (8.29) — (3.51) .3reck ZOCTATOYRO AO-
nyctuTs, o P, ggc“"’n(iu,%l) s [,‘z"'“.(lu,%]) ( mox
n=0, qel (ta,%1) ) n 9, + 9 he(—‘,"‘““ H3 COOTRET-
oreynmEx mponexyTrax (em. (1.3))) . Onsaxo, RrExe Gymem cymrTaTs,
o p L 0 U e BN W naa N ae T Slgge O

. Crexymome pesyabTaTH XapaxrepdasyuT cBofcrea PAP u.(x,1),
onpenentusoro dopryroft € 5.1) .

Tegperz 2, Ipx X 0,3, b uali b C (o, e L),
M A= 0, %0 B UL e CT0 o) 5 uGt)e Q)
rxe odasers Q¢ {wela,8) k>0 ) . ' ; %
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0O Eem yuecrs donwyms (3.21)m (3.23) man dyry Tait ’ﬂ'f,‘s
® arwnoreuane dopmyan s fyaromid 'lr.f;m , TO TpemcTanRieHne
C4.70) §yuxmmm Am,zs\f;‘ MOXHO HECKONBKO BHIOWIMEHWTS:

4312 hid o K2 ~
A,y V; = t 'Ebu-,t) Vi (5g) +
. .
12 W2 A =
AMTZ Y Tps) | si=0 pHTE |, (5:8)
w=0
rne
- *‘;—'.e ol ~ — n 9‘; L8
TN SRR B 'WK’P,,LS)-*Z(-'L) %, .5 . (5:9)
neQ 3 A=l
Cicoma ywe Jerx0 oCOCHOESTE NPUINENEHHYD B TeopeMe 2  cre—
nmens raagkncTH DAP U, B Touxe A=X{ paspusa (QyHROZ §= &(&).
B wacrrocrs #3 ( 5.8) w (5.9 ) cnegyer, uTo
2 sl { 2 ot w2y
Q™ “lx--‘l; (Y™ 5 2_—:“(-?51.) Lm *
2nvl
By/2 :
RS E'_o @B P23 Y mana,2,0 ). (5:10)
W=

Aaénormo:
%2 2.1 H
™ _mit S @ %2 . u
Ry™ u'"\.t-'n (€5 % e e E (“SJI).

®=q
- o th Znsi

rs;m U‘-\\‘-g = (‘_'if‘ct‘t)mn;(_t‘t)mm:'m ¢ o {5.12‘)
Jowa 5. Tipr L# 0,3, 6 ¢

lim dan(x,t) = § (%) (n=t,. 432, .0, ). (5.13)
%0 . ’
Cawesanwe. B'odmem cayvse mpx X=8,%;,b fam wn b= 0o,
240

Onuaxo, nar modoR mempepuBHoR fyEEMIE P =\ (X) ¥ J0OOro HOCTE~

towso wrmo §>0 %48
T '&I.\u.,t)ds. = bm | Tacbydy =
t>40 O ¢ £-=40 ,1_5 :
= G TG A =0, TS L (B
t-=+g £-F : \

e ‘I“m,-’c)gw)(u.\(a,’c)-ﬁm)' o T80 B r&w.ax.x-n Ay Tk
féngntx.i} WMEET WHTErPUPYEMID OCOCEHROCTS ( Uw (X,t) mpm t—10
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BB CXCIMTCA K O~ DyHKIDE ) .
Jeswa 6. De¥n>0 2 ¥V E>0 mpm t = v 0 menr wecto
CleNyDUWEe ACHMITOTHIECKHE PASAOFSHEA:

A"‘ﬂ.hva = BI'A nA Azna\-i_"“ V‘ ~
' Z‘E{ Qg b s
e w=0 ’a-\ru-L e \ 'l\,i'_ Q)‘P_‘-h L Nz D+ E ) 5 Lo

Agu\bl i;v T ﬁ‘ AI\,I A!l\.&ﬁ.,l‘vl ™

2nil 40o t
,“
W=0 M=nel Ml (6= l)ﬂl‘"y“

Azn&l,l;v 8- Avnx Azm&,lsv", f

~

s bmg) it E5I6)

sl 400 t"
e (%—-%: = ¢
K= Henwl 94‘ (l-l&f'r i Fhod " X
e 2rad 02, M i
By £ (4-x2 £, - (5.17)

et . -f; -
wmd pa=net Pl (X5 ""-“-)I?‘ ’
HONyCKamptEe DOYRSHEOE m’mﬁepempome. _
Jewwn 7, sV nQr npe mocratowse wamsr t> 0 meor
MECTO CNEIyOmEe OLEHNH:

8 An U - BaBay A..,;Az.“.x 2o Va =
=.%(Tt$) o‘:}“:i)‘.&i mur(x-&)" +
v O] Casxsasl, )

B AL AU = BB An iy Adnis, 2z Ve =

(s (R-0)PtS e B g
_\,ﬂ(\r{" )Eﬂ K‘ (g x)ﬂ%{ ”i.b"i\)k,p‘ l-g_x)’ +

*_Uﬁil-iinft)] (B-Besx<€) , (513
1 GA“ gU Q.‘ Bﬂ l'l;, AZ“*&,E V

¢ ) d
= 9,5 h)')__(:‘t.;_:t)“[z MKr{x-u W4

=22

(5.18)

2




13 G .
* DLL=~ "")1 o | X5 & X< kts Byl (5.20)
S.A JU -.B' Bds'.Aﬂ,lA'!nvi 13\! 5
21 (%=X
- WUR) _n—,:,—;};%“[z W g+
* GKKK"H)MH') i (g -8, ¢ xaxy ), (52D

noTyCKRaNgMe nowiesHoe ruffepemmposanve, upmwieM §, = (x;-0)/Z,
E&'Ll’_x }12 E =mu\(E E() " M3 2ns2

Bammem pemeswe samaum ( L.1) = msage
u () = woety s, t)

TIE MF u...\:u.,\u t ),onpexeneno Popmyaolt (5.1 ) .. Torza
Teopems 3. i’V n%Q Hemmska 2,=72, (%,T) JIOBIETBODAGT
cuepynnelt sagage:

P:%:‘\ L t'\ = t“‘."'m Qu{l,t ) kse]ﬁ,:%[,t)n)‘

3 e

.L"\gzq.o‘ 0, n*t'\\;-mcn“?i{t} 2 A'z?'n\! 2 h‘ ‘ﬂ&) CEZY

rie % =min(d, @y, ;,'[5, 0) Qn(:[,t)ét .(xe[nt] t‘*ﬁ) S48 1
teso Q.\ll.‘\.‘r—‘ Q(4). parmomepno orrocaramsso. e lo, b1 ; npm
fihe= 0 (“1-’-3} Yy=10 (ﬂ’n) Ans Yt:=0 s 8 npE h'tl"n
(Ha#0) 9, = Dh t"*D2) Hovn  (y,'=
‘G(“ tn;(p&i.m) t=>+0 ) 4
Teopeya 4. I Vl\‘aﬁ ‘EMEET MECTO OlUEHRA:

T (X, t) 5 0(51‘t“*£+‘n) + D (s tmnpm) i

+0Lt““”a) v ; (6.3)

DEEHOMEDHAR GTHOCKTENBEO xefe, bl , mpugEm == i (o 3y o, f,0);
mE %,= 0 (H2=0) 5,20 (5,=0), 'um! ha# 0 (Ha#0)
51‘:\'\1;‘\1 \52"’“1;“ )

Ramevamve. Onemka (6.3 ) ocred7es B cmme w npwdmraa chg~
Oix TpedopaHWAX. K EXGNEEM fynxmiaM 3emsex (i.T) , uew 78, XCTO=
pue Ceam ApMRATY Bwwe (ew, TERST mepen Techeiol 2 ) . Hempimepn,
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: (2ns2) ]
AccTaTomO moTpedosats, Yrodk p , @€ C (Ta,81), .
g € i (8 W 50 e o -9x E Qe 8 S Soorser-
oTEyamI poKEXYTRAY (oM. (1.3) ) ( ‘mpE n=0 P,PE g, 81)
n g€ c*(Le;23)) .
Teopema 4 S2BEpIAeT OGOCHOBAHEE ACHMITOTHIECKOrO XapaKre— -
pa AP ( 5.T) samaw (I.I) .

7. Hexoropue mpioxerus

T'OMIMO HETIGCPEeNCTBeRHHY, OTMETHM €m# DA BOIMOXHEX MDMICHS~—
HER MOJNYYeHIEX EBUWE DE3yJIETATOR.
7.I. Acmmmrorusa (t = +0 ) paza Oypse:

¥ ol ke 3
Z k@ X Pely) = l.\“(x,b* Tnt")t) CREmpg L 7.1)
w=9 :

rze {\Pnr;? " lk‘r: ~— TOJHAS OPTOROPMADOBAHEAR CHCTIME
codcrrernyX GyHxmal M cOOTBETCTBYOMEX COOCTDEHHNX SHoYeHER 3a~-
aaur llrypve-lnyBanna:

KP‘PJ)F_‘.? "_'x??n 5) (xe_in.,%[). :

Rty v p'ay=10, How(B)r HowiB) =0 (7.2)
a
i %
Cg = }?U“} &U‘) Yo dx . (7.8)

Sgecs ¥ mnxe DymRmas Yn=Uw(Oht) onpexerena Gopmyaof ( 5.I),
4 UNeHKa 03TaTRA Lu=Ta(N,T) masa meopemofi 4 .
Dipmveep I, Pacomorpum 3amavy: '

3 :
%%=,’%1“-, (xele,BC  t>0)
r.ﬁa Wigaig =B oe 20 a0 ol COR fO -, (7.4)

I R CTE D PR A T C T RS B
f)= -0 - 3
LBzg ‘kifﬁ"*) 5 1_5‘.3(3 (p>-1) ('?..5}
Zreer px)=4 ,pL3y=14 U =0,8=0 wa=Ha=0,

\‘S-SH‘I-- N < fﬁjﬂd' ﬁ.aap 3 li‘-th__R ]
Jerko norasaTh, yTo MA: t > O
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w1y = 2 e clE) sta(F ) (xe0.81) , (7:6)
roe

: Sydl2
Cx= 2&’&31(%) : 51“ “’!J YC:-Hl) 3’-:.-»1}2 (,“S- B‘) +

4 L aPpri2 o KR (A=ED
v BT Tpnysin XSG (FEW)), (1)
JOREE L %376 .
Jas WY t>0 pag ( 7.6) cxomares afCoMOTHO ¥ paBHOMEDHO
_ orrocuremsio Xe(0, 81 . Umaxo we (7.7) caenyer, wro Cx =
=0@/x*™ )y E(i!«"* ), w—=4+9oo , Nosromy, Korme =< O :
E{wmm) B <0 , To BOUpOC npammecxoro cymvmpoparan pana (7.8).
mat=+0 gme c-mzxs TDUENANEH ¥ CTEHOBHTCA BOOSEE npodyeuam—
HEM mp K> ~L¥0 g (wm) p—o-1r0
Eomd e BOONOLL30BAYECH SCHMIOTOTEIecKaM pasioxerwmem ( 7.1) ,
ro noxyumw acmmromseckyn (£ — + 0 ) anmporcumarmm:

= BN s
7Gx Si.n(;‘i- = BebAnsU + Rt (n=0,1,2,...),(7:6)
wa

NCSBOJADIYYD TPAXTHYECKH NPOCYMMHDORATh pan ( 7.6 ) mpw wamx t .
s pesyn:sra'mn n.5 chsxyer, 9TO J

Anal'= E 49000 (xedo, BL, wnxp) ;) (7.9)

B, t)= \p,,(_:.."wl" )w.Lu-spfﬁ)%(ﬂrnlﬂ ), THe JyRRmuA cpe- .
sammd \J, (%) ompenexena ( 5.6) . Oymxman Q=Q.t) emnymipyer
- peryaspEyn acavmrotaky A, yU B oxpscrmocrax: Q¢ we¥t/2 |
hi-:l.,\‘rf?. ' § Dé%—aﬁr'{‘?. OCOOEX TOYER X =0 k6 X=¥ @ ¥=§
dyexmo §=§00) , gymupe mmusmie paspusos R = Qi pla.ty+
Rty s R,..,u t), rne

n.n(i*at)_ = (\Azms.,i.. L ‘i’n(ﬂr) 'ﬁ'!&.-l hﬂ.,‘.nvh )‘;\’hgu) > (7. IO)
Rn.}‘.&.t )= (&2\\& s,!l\ﬁ-.\l}oth'wvﬁ)hﬂ,! Ahti,ia\:l)w%@rip SO
Roa0=(Asnes, 2 - Qoue-x)rﬁ YArss Azns, 5, V)W, 610 (7.12)

Lasl
f‘r

Apnss; 2o = i(&u z,)-z\z‘@ z.))g,, u,—;; ), (7.13)

:h
Aznu,t‘vt i (-‘?:\Ps Iﬂ" 29 (p, l;)) 5? t&i (2= %) ), (7.14)
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Znel

L e E(‘ﬂ&y,!p i) 35T 4

T, B Y T
LT haizp i p gy 3 £F +

Znak | . 2
+val‘{y_.,3;\)‘3:t‘# y ¥y (= g:'T"‘)) _
Znsd ¥ W _ S y :
2l metp ARt sy ey SR L0 C9e15)

g : sawed 4,
D= TN IEEN RS 250y (716

Vxls, &)= %:.. Rsvrmi.‘)"@"("-‘-t-‘ﬁf ,.%- ST (7.31)

B 0 - L (7.
EK E:;K :\l:\:-d. 3 %K ::’l;“ “‘L;:m)“.g ~ Kss.ll({ . (‘? IB)

Ao s 1 Yo = Zl"‘"‘f_ "’_;:n..-:. Vgt (7.12)

w=g ACxiE

. - 7.20
An,; Azm-t,i;\h _o__ L% p h%. m“ A ( )

Kag ‘\‘K!z;
» ﬁn
% =X At :
2y (& 3{" “-a = ntl (xz33),

An.'tAam,a V; = z-m
4,2y . G S""E ;.*uu“ caze), (7.21)

R 'M_._’u—(:‘h W ade CPBuiin  (7.22)
A I e e M T TSR TS
A JYERTAE CDRIAERA \.)a(x)onpemaaa (5 7) upmeu Ay= a_s ,
Ag=6-3y |, Ay=min(Aq,4) -
) !eopem 4 cAenyeTr, ¥I0 TOPLeTHOCTE Tn ANNDOXCHMAINE
(7.8) meer omeiky: .= QUe™PT*2 ) t-s 0 | =
= min(d,B,0 ) peeroucpEyD oTecurensin Ye (v, b1,
lipoadamzspyen CXely BUTACASARA MO acawmToTHuecKof Jopmyse
Rl D=B0LDAL U+ RaGx,t) B oxrecTHoo™s TouMM $=0 .
Tpx v elo, 5] uwataty=An 3 Vo . Db xeldtrz Wk 1
IPCBOTATCS CACATING] PPYVIGINDOIKE UNATASMEX

Lal, )= Az\ws.‘l.w 3 qu'k*“‘?){.‘\n.au"ﬁn,x &suu,l,\"n ) - (7.23)

i3 memwa T cHEIyET, vTO

T+ o0 1;- e !l.

"
Faxt= AusAanii iz Ny = & :"‘—‘ g R
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Tax xax mpn xe WE2E] w=xevelane a1, 0
At U= An s Ao,z Vo = Q § sy ), £ 2+ 0. UsenoraTensiio, 2 (7._33) It
AOMREUDYET Ah!t;lnvb ’a H}“L‘H-{JKA!\.]U 3 R“f"'A'h\*l;lnvﬂ ) s
#AMEeT DODHAOK NOTPErHOCTH Z. B (7.8) , 9To ¥ UO3BONART He -
mpomeryTke %€ L8 ,VE/2] Boodme "cpesaT” 3TO cAArEeMOS ¢ HOMO-.
meo QyEKmE Yo (X/E ) . . _ :

_ Ha mpowexyTxe urVt  (Fg= W/ht) >80 )  mpa X GawzrEx
kNt mramcxenme AcsU = Any Aznii,z Ny PexeTes mO Jopwyxe
(7.24) . 3avem mpn E,~ 1 cmaraemse acmmrorERE U iXi1)
PPYNONDYOTCA AHAYE: | ' S
Uttty = AnsU+ (-Atm-l,_lnvo‘ An,x Ahrt,z‘\!n)@q}?‘)* R-u,:‘ (7.25)

vre AnxAaaa, Ve  BUUHCHAETCR corzacko Jopwyae (7.I2) .
Jlanee, corjacHo jnewme 6 , OpE Ty —r + o0

hZ\'\U"-;E'Vb = Ah‘" A‘lh*l;znvo Jik

nxd Tt Yoo o% i 'S
W ¥
E b'S E- .26
» ®=0 p:'\*t i\"* 3“- ig‘ 7 )

Taxkum ofpasom, mpd Z,— + 00 Az-wi,!uva" Anx Az’»\u,in Ve
BUUNCASETCA N0 acEMaToTHIecKeld fopmyne ( 7.26) . llprusm  uz
(7.26) caenyer, uro mpy %~ A (Fy ~ LAY} Agnia,io Vo~
= AnxAznai,z Vo = Du“ﬂ"),i’ 23D 1.6, Azair2oVe - .
e An.‘ A‘“L 3.Vy "MEET NOPANOK NOTPEwHOCTH Tw B (7,8) , %10
MOSBONAET B UANsHemeM "CpesaTs" 970 ciaraewoe dyMKmEeR W, (%).
CaegoBaremsto, mp# 4 ¢ w&¥%-1 » (7.25) nowwsupyer peryaapeas
‘acmvmrorara A,y U . : :
AraxermusEM ofpasoM BefETCH CHET mo scmanTOoTHUEecKO! fopuyae
wal¥,b)= Qu,b)A, U +Ra(x,t) % B oxpecTrOCTAX OCOONX TO%RR
A=x; B ¥=8&. :
7.2, X p. 7.1 nmpowkae? safeda HOCTDOSHEA PABHOMEDHOW
© BCHMNTOTZARI WHTEIPRACP BURa: :

L
Tty = e 60t imyds | tose  (7.27)
e > 4+no L t
“-"i*@f_‘)"i.f)““?*“) W (E) . (7.28)

lo MONMYEHHX BMLE PouyXBTATOB CRENyeT: v70- LOGH)= anix k)e
vZulx,t) ,t2+0 pasrovepso corocwremsmo yeln, B,
Upmiep 2, [Oyore serasa ( I.1) ‘wveer crexymundt pian:



i D 20 ’ .
¥ % ﬁ‘L*fg; (xela, 0L ,t20),
u\l A o “\:-i u‘t:o 3] '}[‘) : 7, 29)

3necs gau)=i.;1 pay=3", qu=0, a=4,a iy ARnEs g.i,u)
mma ( 1.3 ) . Torna Tpr £ 4 n(pamouerao o-raocuennonti &)
nweem:

&
1t)= “r(l.% 't\ “E)‘l‘i Wl t) & 2, t) i U.su)
NpEIEM SHECE

bOLE.Y = zﬁ z““‘!*«ti“')““}'uu--—)e o)

p=3kB /(8- 1) noxyqenne pasHoMepHOE 8CHMITOTHRY na-rerpa.ut
TAKOTO THNA mcmecm METONAMA OTHONE HE QYEEBHNHO.
7.3. Kak orweveno 2 | 3, npr umoxekuom pemeHum mapadommie-
CKHX 38189 BIHARAE TAANKOCTHE HEUANBHUX YCHOBHR DEChMA CYHECTBEH=
RO, Hanpumep, ecam ’
: : L, vela, a2l &
B R U (L T T N (=)

TO CKOPOCTH CXOZWMOCTH LIA EYOHYecroM KOHewRoanemenTHOR Z UATH -
I CewrToueuRO KOHEUHODESHEOCTHON CXEM CHWERETCA XO BTODOrO Mo~
PaAnxa. Ecow xe B KausCTBe HEYaNBHOI'O YCNOBNA NDAREMANOCE TOYHOE
pemeHne 34ieIm paxe niA "msemmx" T, T. CKOPOOTE CXOZNMOCTH BOC-
OTEHARTABANACE.

TloeTpoensNe ACHMITOTYYECKUEE DeleHMA NOIBOAADT B KaYecTse
HavansHuX yoromEdl ENGXDSTE He TOURNHE SHAEYeHHA [EmeHuH, & ACHMITO-
THYECKIIE SMNPORCAMEIMM A “mamux” t x rarmm ofipascom waderaTs
TEXRAYECHUX CCHORHEHMl MDY GWCAEHAOM CYéTe H5-34 Paspuso® B
BEYANBENX YONOIMAX.

“‘i-g

-5 o [ BB

_ PaceroTpi NMpuNEReHAe MOAYYEHHEX Bulleé ACKMUTOTHYECKHX pasno-
. 'meEmt IR noc*wemr ANTODUTNOE ycmi'umro CYMMIDOBARNA PATA

mu L‘J.)ﬂ i € (3 {\1g]n gL ) ] \8 I)

weq

,5m§= (%) ¢ peSpEEIME BTOPOrO pONE MO 1oXHOR OUTOHOPNWDO- |

Eaimoll cacTene coCcrRemme: dyMamatt senewm Lrypus—Tryneans (7. 2).
+ Ho uperTERe Koo(uum:mTs Pypre Cg , cmuenentamde fopMymo?

L 7.8 ) , oCHYEO He WSBECTHH, HO MIBECTIY WX TDUORIKEHENE 3HBYEe-
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" mEA Gy DPHIEM . ;
Cw = Coc o Ak Iy ' (8.2)
e A Cy — MOrPemHOCTE 38NaHud RosdfmuerToB @ypre.

.Bangga ®e CyMMRpOBanue DANOR Dypre OTHOCHTCA K KJACCY HEKOP-
panm { 27 . "Croxs yromeo wamse" Bapuanam BxonHof MHTopMAMS
MOTYT COOTBETCTEOBATS “KAR YrOABO GOABEM" WSMEHeHHsW Desynbra-
ra, ToaTomy MenocpexcTseREE! wwoaemmd cubr pama ( 8.1) seyorok-
4uB. — fgaxe "medomsume” morpemHocTE ACy B samaHWn ROSGWIMEHTOB
Typee Cy AOpuBopsT K Gorbuoft uorpemocm JECAGHHOTQ pe3yaprara
{ EnnoTs 70 TosHOR TOTEPH TOUHOCTH ) .

Jin® nooTpoeHns yoTORMMBOTO SATODHTME CYMMUDOBAHAR pANa
(8.1) mocneassyemos acmvmrorTmueckofl fopmyaoft ( 7.1)

o9
@u-,’c—,t“)atzncu.e' “t\fuu) = W (D4 2001 ,tos0 | (8.8)
K=

e GyExmua U, (i,t) onpexenena dopmynof (5.1) , a ouesra ocra-
TRE Tn(X;}) mAaEe Teopemoll 4 . Sneck ¥ HEXE UDPENNOJATAETCH, TIO0

- gymwoEa =) fyrrmm p=po, q=§x),p=PO) sanaun Wrypna -

. Jwysunas (7.2)) YAORKELEODADT JCNOBAAM, HEOGXOMIMEM OAA CUDPaA~ |
BemawsocTE Teopemn 4 (oM. gopuymm (I.2) , ( I1.3)n sanedamms K
reopeme 4 ) . B ( 8.8) smenemo odossauenme (%, t;Cy) mw
psna c;é’““ﬁ;;"q_n , KoTopoe OyHew HCIOABSOBATE ¥ B NasrHeR-
neM. w=0 i 32y . ]

B ommmue or ((8,1) pax » gopmyre ( B.3 ) comepmur ( mpe
‘£>0 ) "Oucrro yorBamumit™ ( IDH Kesoo ) MHOXHTENS Ly~ Mt ), TaK
pasusgems? cracmanaupyom?t meorsrens [ 2 | . Hamwume cracwmmsue
PyKiiero MHOYHTENs NDUBONKT K TOMY, 4T0 CYMMMDOBAHEE DAme B gop-
wyne ( 8.3) ycrofumso kx "meaum" Baprawimd Kosdfuuestor Bypse

Cx . Acmvprorrséckas we dopuyxa ( 8.3 ) mossoxser ouenwTs ( npw
mamx £ >0 ) wmepy yraowenus cysm P(x.4- 1 €x) OF fyammmr L(x)
® B HTOTe, COPXSCORE&B BHOOD t>0 ( sgetsr: *t sargercs napameTpoN
peryaapasami ® cmcxe | 2] ) ¢ dorpemsocTsn senamis Kooiimmm-
eBTCB Iypse, DOAYWMTE yoToRuMBE{l axropET™M wmu pn::n A '_

oypre (B.I) . -
Npeodpasvem ( 8.8 ) ¥ caexymmemy auny:
et = uhntye ok (,t) (oo, seln %_. n-o A
Tre.

oA s AR (e

e '!’-;»r
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Roa= CAzs iz Va -~ Anx Aznis,2.Vn ) Bag (1), (8.8)
R o= LAR'I“‘I.,Z.;Vg = Angz Agasaig V") gn; & SR (8.7)
R.n',; = LA:“**-‘:‘.\“":" Anyx Azm,z-, V‘;) ‘aa:.' W), (8.8)
Ao U= :é_o% i S S )
0% = Uy, b)- W Gy Ok R Y S (8.10)

Onpenencrue ¥ odosnauennd fysRuER, Exomsupx B DopMyr
(8.6) —(8.10) mano B 1.5 . '

Jerxo sameTnTh, T0 NpM Xocratowso Mamx t>0 (It < a3/2,
By=min(dq 8¢ ), 8g= %y~ 0 4= €-%; ) pasHEoCTE Memny (YHK-
meeft Un(,byr ui4,t) orurma or Eyas mms mpa de Ay By &

Dy, rme
i Av=la,ax{t1 , B =(0- Vi, 81,
D=0y, +Vt ] D=1t , i (8.1I)
YupruBas gemdy 7  Teopemy 4, momyuaew :
Teva 8. Ins ¥n» 0 dymeman %= On(%;t) samesnas dopuy -
ot ( 8.I0) , mmeer chemxy
o= O t™ ) [ teng |, aem)
parsomepayD orHocwrensho Xel, &7 , npiaen
ICR LS EAE AR SR ST Sar SR TS B
+{€:“1)9'X.3t(1)¥ (%= xﬁix,m‘(x) + (x:‘—s.)?;‘ X &), (8.13)

THe ¥ , Sy W 5, ompenesess B Tecpeme 4 , X,(X) — xapakre-
PHCTHYECKAR JYHRIMA MHOXECTBA A | re.

‘ A , xeA
fgtdal R T, (8.1¢)
a wioxectsa Ay , B, ¥ DY — onpemenems (8.II) .
B (8.9) nowmo gymxmmr §={ () mproyroreyer L, § | w=
L S TERR L O Ine wexmwdeHna iy axroait L: S BREENEM onepaTopH
o'%’ . meficreyraue ma Jymxm @~ (i) aprymenta t > Ocormeno
B sy

9 =29(t /) -¥X)  (mei,2, ) (8.15)
it OmepaTop - ' '
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»

: ¢ Pit) Al
.-G'l\ﬂi)‘ [’m G-""” l’m () who e
Jewae. 9. llycTs gllt)= i nKt — GPOW3BOJIBHEN MONIHOM

fv -ro no amxa. Torma g ey = Sp .
" QOrouga, yemrwsas (8.9) , Teopewmy I ® ompenm.aerme Eg Eg
W ¥, RauEve B cooromennax { 4,8) — (4.17) , nomyzaem
Jewwa 10. Ina¥n»0 = mpu xela, 80 wme - wmecro e el
COOTHOMEHHA? G*_ Au,;u £ GLAmx Aswes, 5 Ve = Tg_.wg, ),

G?An,xhn:t.,z;\ ‘ngu') 7 GtAn,:Asz,‘x,V;* znu.U-) TIe
TonealH)= i L -y Tm (:t:i".%_tt 3,(% Mo , (8.7
Jv\u- Znsd i
Timuﬁi_ 'ir bt—!,) * W,,Mu-)ﬂi.% L*,-i) » (8.18)

%

meecmaﬂo npm X>%y ¥ oOpe a.cx., s 8 ga, 9,,_
g onpexe.ens cootuouerwam (I.3) — Q.73 .

Teneps, noneficrsopad Ha ( 8.4 ) omepaTcpom G-t, TDOXYUEEM '

"

&byt = fon = Ko, DB PROGE L @9)
| . _
Ratt= r;Tz:v_s“)“ Tt Avnas,2a Va ) 84 00 ¥ (T, (00 -

g F G.‘ \2!\1 ‘L,E )Bb‘-\(&) r (.‘T:\‘t{” {f': Ab\yl,!‘\‘r‘) a. .(,‘) » La‘ 20)
B (6,100 = Fr 0t ) = E cubiE o) L (8.2D)

Gynmsm Rnt"-a*-') Gynem RA3NBATEH yExuMelt paapunon, ToXe
AJR*6E KOHCTPYRTHEHOT'O NOCTPOCHNS Tpedyercs AVEE HEROTODAS
AIpHOpHAS WHPOPNAIIA O CTPYRTYPe Paspuzos sy =50
_-‘m“ 5‘5 “".\’Panxin t&r-g suliﬂ.‘l.

2= 2-us. ( cM. fopmyam LI.B) —_ (I'?;J G
¥ s CB.IG) crefryeT, "TO G,u?t-xuth TR A
&tea?( Mt )= zex?t-x‘k:zj expl=d) Dy expl-2at) =

.-;llexpt-nuz )~ 2xp WEAZ) - 2e3p(c Mzz)wsP(.m)

fenva mVn»n szu " VttR WMEET MECTO
npa.uc'rannem :
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5 Yoo i ?‘ X t
S e e (8.22)
s RO N :
= - -
B et ,\:,\,1(& -9* Bt ) ,n>0. (8.23)
Cr3cTewe. NMpm n—4 oo gyuxmms Gy ehetiaid

PABHOMEDHO OTHOCHTENEEC 0 \dkt ) : T < +900 . !
Ws mocrpoesst! n,3 , pesyrerarom m.4 , fopmymm (5.8 )
zewn 6 Crefyer CUDABELINBOCTS CNENYLIMX IBYX yrEepwner dt.
" Hewwz 12, Mna ¥ nz 0 = V t>0 mwenr mecro nxemymume
Upenc TaRAeRRA: Bk ; :

“w? % v
B4 A aVa = £ LUl (G0 (- 7D, (820)
2Znrd

n e w2 .
by Azt e Vs = [ 2o ;‘( G t) U:',"(z‘ (&= t%-:-) Y LB.EG)

2nel
oy /2 w2
[’: Amt, 1“\}‘\ = oy .“Z:‘DLTEt) u:.lk,!‘" Ls;) *

. tP2 ZMLU' 19 R 1 (5) (5= = "i ' '
THE “=0 J “‘“‘)?} 3 3 U :i?‘;; ) 3 (.8'28)

Yoo
by = % 8 M
“_m-t.,q (&) Zi‘ An.&,gﬂ xu,;u j

: (8.27)
+ o0
*
v“§K,5L£)= ?‘-Q&E‘K,r‘ a‘“j‘h Zr‘z » (3.-28)
v’ 3 “f &“1 = oy 8.29
‘h’“"i(_ e f=0 e el x“:" £ » ( » )
& OO
Towp® = 7 cotall (el ar 0 (8.0)
a $=0 7

¥ {L , n=40
Al\.g = n _‘.‘. i =
:i‘" 2."" Q‘.(?_,znu‘*f- pM)-4 ) S

, (8.31)

La= ntd(m-w-g)@st2+,. v tn ¥t (8.32)

Sameuanwe, PANNYC CXOMMMOCTE CTENEHHHX PAAOE (8.27) —
(8.20 ) paBen decKOH24FCCTH.
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Jewwa 18. I Ya 7 () HMEXT MeCTO CHSINYLUME ACTMI ‘OTULECKHIE

2J1*. KEHHA: "W “
e {;' A?n«-t,l‘vﬂ. o' szu_ (") Py

w n L3

sowx Ty (2=0) \

o 7 —q P Saw = 22 - o0 8.33)
%=0 Sl pEnal fat @az YW > Ea Tat A N ;

n ¢ »
E‘t Anst I‘V; o Tanq-t &) ~

2ngd 2
% PSSt R 8.34)
:éo“’ X ?,...1 WETget 2 BT TEcE e pee, (B4

n
& Azuﬂ,l,\" Tmu. (o) o

il

2 syrk T ,ndﬁ LW Py amaRs ) _
éﬁ g 1“) ;\Z:-mx_ fA‘- 'Z';" 5;‘“ > A T’E? i)
o 2ned R et o
PPRST | Tron Aeiw R | (8.%)
Ci=%) 3 o Ay Pl -0, b
R e s e |

rIe @Ym-rhn. v Vapen 1 szL onpegesers B semme 10,
a Zg,w sagany gopmyzofl (8.23) .

Bamevanne. Us xsyx umtﬂnn JEMM CIEIyeT, UTO CXeMa BHHHC-
MeERA (yHKIMN paapuson'ﬁ., R“(.x 1) no cymectsy nospazaer co
cxemofl cuéTa mo ACHMITOTEUEeCKOR @opuyxu W= Wn(d, 1), pasodpan-
ROR B w.7.1 .

Temeps u3 ' (B. I9) » yustupaa ( 8.2) , nomyuaew

e = Lu,’th 9..Lt,t) (e Ln,ﬁl , >0 ,n-'n.-l,'z,...),(a.as)

e &,‘Ul,’() - =— NPEOMMRERHEE IHAReHNs HyHRImME §= %u.) » ROTODHE
onpuemms Popmyaofi;

& o= Py, t S+ Roax ’L) : (8.37)
lmpemofm. annponcnmm v T
gﬁ.\u,th B, 0ty a00=6% 9,\(1 { ) (8.88)

B nexseeftmen Oy veMm pomycraTs, 4TO norpemHocts A Cx  sampa~
HERR ErefdumeRTon Qypse' €k » YEOVISTBODHET OLPHKE

sup 140l 8 -, 23V (B.5e) s
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TA€ mapaMeTp & > 0 XapAKTepUayeT TONHOCTE onpenmnm Koofge—
mieiToR Pyppe  Ck -

Yaurasaa ( 8.21 ) m upeunuaraﬂ OOpEMENZHHYY CTONCHE LA
xocta Gyuemit p= Pix)y, p= Po&) i q :}{x) genase LrypMa-JuyeERn-
A (. ? 2 ) » HOIySaEM

I4. Oyeme pix) , PYE L"“{L n;%l) 5
‘Lr) e ((a,81) a syp\AaCel< & . Torpa
Bl ac )= [ (e NN 2 sy w00, £k i La.m)‘
_paBHOMEpHO OTHOCHTEABHO %€ L u, %_]

Orcrna, THEES ACMMy B M ‘Impuw.uy ( 8.38) , Jerxo moay-
SSEM CULEHEY [OTpellHCCTH ANDpOKCHManN pg-— P.\U.,t /X

Teopewa 5. Tyers Snplbﬂu\ <& . Torma gaa YnzD mueer
NECTO ONeHKA

'-’gS.‘u-,t>= Guf,&‘»mt“*‘-zmm,{«'w , (84D

pasaovepian otHocarersio xelo B Y » DHe dyikuua. Y = o(X, t)
onpenenens fopsyaol ( B.IR) .
Popayna ( 8,3€) comepInT napamerp t >0 . Ero nuaop
HEIU COTI2COE2TE € HOPPEWHOCTER QansHuft my]'ﬂt'_meu'ma Pyree.
Teopeuz 6, Tiyerr Sup\&CK\< €. Eony 5 (8 JB8)  noAGTUTE

b=ttty = e % ©, e 0)(2ain8)0 0 (5lad)
¢ fpe E-2v0 [ gm ¥n>0) mueer uecro CHBTYIAA OUEHKR
NOrpemsocTy anipoRchvanuy -

Pro= b fat oo s =

Q & t(m,.-ﬂi“ ,?'(.l;tkil) ) % (B-.‘iﬂ)

paBicuepuas ordocireaiae Xe VL, BT | txe Gymeans = 2(34{)
onpeyeseaqa fopuyacl ( 8.13) .

SamedsHitn 1. Hak npn Boakod acumirorayeckol  amoporcHus-
Tl C pootTeM ee NopAnEs ( T.e. © ¥BeNH9enieyd n )  HeoGXouamo
JBEARUNBATE TOUHOCTE SATTHIA X0 mped1oB $ypEe, T.8. YMEHB=
WATE £ ARk, NTodH

b= e g = aasievark) (8.4d)
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6HJI0. ROCTATOYHO MANe, TaxuM O0pasom, E€CHM TOYHOCTE SejaHmd Xesd-
jvnmenTor $ypee  HeBeMMKA, TO HOT CMHCHNA BHOWDATE CARUKOM GONb—
Woe N, A Ay9OE OrpaHNNMTECA Caydaem wn= QL

2. Bume npennosaTaXoCE CYMECTBEOBAHHE ARNE ONHGR TOUKN BHYT-
PEHHEr0 pA3pHBA .:L-&a]n,!.[. Fomm taxex Touek Heckomsxo  ( j=1,
2,...,M ) , mo B dopmyze ( 8.20) , ompexemmome? FyHKI@D pas—
puBoB R, , BEAAY OF TOYKW paspupa ¥ = Xj , 7.e. Gysxmm

(T mrluo G‘q A?.'\'t!. Ey Vi )953{1) ’

CAENYET SAMEHWTH HE CYMMY TAKAX mxa.e;ou 07 BCEX BHYTDEHRMX TO~
9ex paspusa Xy , 3=4,2,..5, M, onmpenemms:

Ay= min (X~ %4, Xpa-%3 ) (¥%g=0 3 Suer= b, X > %),

ﬁ"l‘ Q. At=’ t—xm

Wrax, nmqen ANTODHTM yeTOMABOrO CyMMEmpOBARNA pAna Jypee

no codernenHum dyHRmuaM zanavn Mrypme-doyswwmm (7.2 ) s dysk-—
mft §={(%) , umepmEx paapuBsy moporo poxa. B -Topwponam
trpnd.muﬁmm sHaverft

L) = $atit, Cu) + Rat¥, ’c)

prua dypee

fwy = '7:- Ci \PlX)
ucnomymca Rax mﬂogmam Q npmmnéarmx SHEYEENX Koajjuuen-
TOE Byphe Cx ( oywwa pama @.\Uk,t Cx )} , onpezesBBHOTC HopMy-
a0 (8,21)) Tax # EOTONARTENBHAH ( BNDHOPHAS ) AHATITUECKASN
uHEOPMAIMR © CTPYKTYpe paspuson dymkmmE &= §(x) ( fynxmms pas-
puBoB R (%t ), onpemenéunan fopmynol ( 8.20 ) ) . BeSop napa-
meTpa perympuzamm t > 0 coraacoman:

t=t(e)y=€" | m=2/2Zned)-

C OOTDeMHOCTHN sanadus Rosdfumtenton Sypre (suplaCe\ £ ¢).

Boenense B BWMACIMTEMbEN] ANTODUTM NONOJHETENHRON SHANHTHA-
qeckoll mAtopMAIM MOIBOXRET TMOAYHMTE DABHOMEDHOE HpHONMYeHFe K
dyuxms S‘=§g) HE TOABRO HA YYACTKAX HENDEPHBHOCTH, HO & B
ORDECTHOOTHZ TOWEK Pa3pHEA. _

Tarum o0pasom, 063 NPERNEWGHMR TAKO} NONOMHATeNHHRON amAL -
THAECRO! MRIOPMAIY HEBOIMOXHO NIOCTLORTE YOTOMSNER? AATOpIws
CYMMHDOLAHNA, Tuurl DABHOMEDHYD BITIPOKCHEVAIGIL LA [OCTETOYN

mMEPOKIX Kaaccor mysxumm#t ( uacuno-m, B Wm!. AR PJi!H
BH HEDHOTO WA BTODOTO PONR ) .
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Bax#o OTMETHTE, Y70 SCAMNITOTIYECKUE [ASJNOKEHMH ADASKTCH
3f1eCH TeM WHCTPyMEATOM, KOTOpE{ Haudojee eCcTeCTLeHHHM QGpasoM
BEOIORT B -MCJCHHUE S/ATOPHTM anpropLyln SHAMMTHEECKYD HHjopMalsm
0 CTPYRTYPE PpeleHnr,

" Bucmmorpaiuuecsult crmcox

I. Benoe M.A. AcAMITOTEYECKOe peweHMe cMemasHoN napacosmrdecxoft
aanau ¢ paspHBANMI HauaspaNwu ycnomwswmE., I // Yden, zam,

Jarenfickoro ysEmeepcmrera. - I991, - T. 562. - O. I28 - IGO0,
2. Tuxowos A.H., Apcenmnd B.A. MeTomy peuweHEA HeKODDEKTHHX 3&-
may, - M., IS78,
3. Zuetvep K, UncieHnre meToxH Ha ocHome werTona Tanépumes, -
il ¢ 1988,

M.5.Belovs. Jaulta veida parabolickas problémas ssimpbotisks
sbrisingjuns ar partrauvictém funkeijdm yexuma nosicijumos, 2,

Anotacija, Daxba 2, & pumatots CLormuleis asimptotis—
kals atrisinejums, kss konstruéts piruajs deje, Aplokotd le-
ghto rezullétnu pilelietojum! Wurje rindu un daiu integréju
vasimplotiskajes attistijumos, stabilosd Furj® rinduv ar otrd
veida pertraviamien suncidenas alsowsituwos, skaitliske algo-
ritmn nediliceé?nai purabolisko problamu ricinifans ar paArt-
rauktem funkeljew silnua nosasijucas.

K. Belov. The esymptotic solution ofa mixed purabolic problem
with discontinuous initial conditions, 2.

Dummary. In the second part of the work the justification
of the formal asymptotic solution constructed in the first
.part is given. The obtained results sre applisd: 1) to const-
ruct asymptotic decomposition of Fourier series nnd some inte-

alg; 2) to comstruct algorithms for stable summation of
gguria: geries of functions which muy have the second order
gapa; %) to construct possible wodificitions of ulgorithms for
a4 numsrical solution of purabolic problems with discontinuous
initial conditions. :
4MS S0 65M, €57, 65810,

V. Belov

Department of Mathemztics
. Latvisn University

Riga 226095

Latvia

.


http://nojaol.1ui.-os-

latvijeas Universitdtes Zinatniskie Rekati,576.s83.(1992)
- MatemAtika

ACUMITOTAYECKME MPEACTABIEHUA OCTATKOB
KBAZIPATYPHHX ®OPMYI TAYCCA

T.lupymac

oralEA. PacoMaTDMBADTCA 0CTATHH xaangawpaux fopuya
Taycod C, yaaau¥ 3 HYyAAX noaMEOMOB YeOuuspa. JCTAHEBIUBEETCH
CBH3h STOMQ OCTATKA ¢ SCHMNTOTUUECHUME MYSACTABNOHMAMN KO3J-

duuHesT0B PypLe MHTEr oMo DYHKUMM NpM PASIOXEHME €6 B PAA
no nomm‘zpqmmena?nyil 51‘??22. g ]

Tipx mténaua RHTErDAJA C MOMONBH KBAZPATYPHOH fopuyau
)= [ Fepedx =2 Af) t R (f) (x)

u Becorol gymuifuedt PX) >0 oueHH BAMHO ANA MPEKTUKM HAUTU ACHMN~
ToTHuecKyD fopuyny mia ocrarka K. (£) npu AV/2#%°. Boxm raxoe
BOMMNTOTHUSCKO® BupaKenWe XA K f) ASHECTHO, T.6.,

- Rf)~olf)  mm Nroo @)

TO BMECTO npulanzxenHod HODMYIH I ( f)"“’-SN[f) iMeen gonse
TOuHYyD opuyny 3

T =S +6f)s wo S =2 ASE), o

784 KaK RoOABNEHMe K KBAAPATYDHOH cyuMe SN({) SCUMNTOTHKA 0CTaT-
néﬁ BOOGWS® MOXeT yIyYNHTE TOUHOCTS NDUCARXERHA.

JIns KBSAPATYPHHX POPMYN NPAMOYTONBHLKOB, TpaneiMl MM ng-
paGon TaKie BCHMNTOYWYECKA BNDAXGHMA AR OCTATHA. Pﬂff) noxyr
YaHH B padore [I » s oTx Gopuyn Nerko ysmAerh, 4TO AONOAHN=-
TEeNEHOE NOBHUERWE TAGAROCTH GyHRIMA f ANE - 3THX KBSAPATYP BO-
00ue He MOBNES6T MOPAZOK MANOCTH 0CTETHA Jf) npu /V"_'f“’ -
9ro cpolicTBO B [2 HA3BAHO HACHUAEMOCTED METON8 M ABIASTCH
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CymecTBeHHHMM HeZOocTaTHOM aTON KBazparypHOM Qopuyau.

Ksazparypaue Qopumyns sucweld aarsdpauveckod TOUHOCTH UIM HBAA-
paTypane opuyas laycce He 00N378DT TAKAM CBOWCTBOM HECHEAEMOC-
Tl ¥ Ha nepeult BIrAA OONAAADT HEKOTODHM NPEHMYHEUTBOM Nepex |
KBAZPATYDHUMN POPMyJELE NPAMOYTOMAEBHAKOB, Tpaneumi wmM napadol.
OaHaKc Ha NPAKTHUKG B CAyYae CMIBHOOCUMMDYNIMX, EO TJASIKEX
QyExuud ouméKa npH rpUMeHeHHWE KBaApaTYPH T foouyn laycca uozar
OK834ThCH Gonbued,YeM, Hanpuuep, omuoxa B Qopmyne CummcoHa.
llenso HacToAmed CTATEM ABAAGTCA MCCAEZ0BAHME aCHMNTOTHYSCKMX
dopuyn ocraTHa E,ff] RBaApaTypEHX $opMyn I'aycca, B YACTHOOTH,
BHACHOHNE TeX 'CBOHOTE QVEERUMN B Qopuyne (I), KoTOpHE HEMO-—
CP8XCTBEHHO BIMADT HA EN

I. Cayualt noimeomos YeSumema I-ro poaa.

liyors p(x}=(( -JC“)"{, Q=-1,f=1. Torna cuorema oproromans~
HHX NONMHOMOB - TONBHOMN YeOuuesa I-To pozs /n (¥). B srou cay-

yae ysud X, W BeCOBINE ROSDIWUMEnTH f\‘ B (I) ocodesHO NMPOOTH:

X =003 2&%’1’), x’%' B zanpHelimex BCOAY CYABM CUMTETE, "TO

N2f, k=0,1, 000, N-T.
Zewua I, 9517, m=2Ws
Ry () ‘""[ 0, m#ans,s=4z... "

ma.}e” - OCTATOK KBaAparypEOW Gopmyznn , onpemenmemol us (I),
T = nomuuoM YeGuumesa I-ro poaa.
loxasareascrso. e woro, wro A, — 0c?aTOR KBAAPATYDH
_HawBHomedl axreSpamyecxoll rousoczu, noyuaew K, (7 )=0, ecxu
m<20-1, Haitzeu P,d 44,}. MR 9TOT0 BOCNOAB3YEMOH JUHEAHOOTEHD
oneparops Ky ‘M pexypPeHTHHM COOTHONSHMEM

Trem ) =2 T ) @) =T (4) (5)
Moxyuaeu npu nf_-msA/ z "T"(} :
) X
Ry () =2R(T) =) e &7 ®)

260’ gﬁ{x‘}-a. - Auanoruusio zan O0< (< 2N uz (5) .omy-

.Haeu )
Ry (Tt = 2Ry (T 70 ) =lTy) =&,
Ru (Ton) =2 Ry (3 T) ~ Rylg) = 7
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Roam A< <4, onars pﬁ(%)*ﬂ, 8 ev(?'gﬂ)=ﬁ"., ¢ nosousn
marTeuaruueckod MHAYKNUM NPOBEDHAEM NPABUAEHOCTE  DODMYINH (!_m)
Ens anowx M1 5, Jlewms  A0OK33aHE.

Toopewa I, Eomm fec F{,f] ® ua mpouexyrxe [-1, r] NOUTH
SODAY CYReCTBYET jix} OPpaHWuGHHOR BADARLMK, TO

R (f)=-#£ O Cop )
TAe C'“ - xoadﬁuunen'lu Oypse PAsSAOKSHUA rbymmnn f 3 pAA N0 fo-
AMHOUGM [, T.Cuy 2 s \
Ca™ éw_[%&a’% & {/ n#o, (6)
Faz B Qopuyne (7) a0COM0THO CXOAETCA.

EOMSGEEJIBGfBO TSODEMH nmmﬂ?ca nplMeHeEN el mig2giisoro one-~
paropa R” X oCeuy YAgTAM paBENOTBA

=TTl o

B HONOXLAOBAHHEM Jxem I.
AHGJIOTMYEEY O0DE3OM MOXHO HOHA38ThH Gm:ae o6uMid DesysBTAT.

Teopeua 2. Eoums f JAOBAETBOPAEED yc.nomm- TEOpSMH I, TO
LAA J0Goro nenoro HEOTPHUATEABHOPO S
£ 5
R (f'ffn =£’ZE”) Cornen "'C].tm;-w)f (10)

rie C,t onpeneaenu momxpll (8) u pax (I0) 86COXDTHC CXOUATCA.
lps m=0 (I0) cosnazeer ¢ (7).

Cuezcrsue 1. Npl BHNONHEHMM yoXOoBMA Teopewu I s ksazparyp-
HOR oyum S;Jf) waer MECTO0 irpexc‘zanneana
S f) =L [ m d'f 281 Bl o
F) = Z f(x )= T T %) (1)

_Gopuyns (I1) narlr.o nonyqao'zca u3a {'?), echn B Heil C-tm; 3aMBBATE
MATETDanoM (8) M WMIMEHNTH [ODHAOK CYMMUDOBAHHA M MHTEIDHDORA=-
HEfA.

Yenosua, HamoxzeHHue Ha f ,TIO-BUE/MOMY ;, MOXRO HICKOIEKO OGNE~
OWTH WM SEMEHMTE ADYTUMMN JOCTATOUHMMA VOXOBMAMK DISAOKAKOOZM

A pr1 (9) ¢ onenxod € =0(N"T), nrer, 0.

Ha nepaul BIDARA, TeOpeus T HaW 2 He 4a0T oyUBCTBaNEON wnfop-
HEUHN 00 CoTATKE Nfﬂ, 7a¥ KaK roagiuumertH $yDbS t_‘,.,, B OB
0Y6pELD, BNPaKADTCE WHTETpaNoM (B), He IpoHe BeCHaAye¥CIG. UFHaro
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AnA KoadfummenTon (,, CYMECTEBYOT OueHH HOPSHTMBENG ONMOCOOH mO-
znam aCHMITOTHYECKEX (QOpMynN, HanpuMep, B [3] . BameHfd B
(7) C KX SCHMOTOTHYECKWMHM QODMYZNaMN, HEXOAWM ACHNITOTHKY
f” j npu A/~ #20. s pesyrsrazos pacomu [3] murexaer
Tecpema 3. Eom - gHamWTVuecKas OYHKUMA ROMIUIOKCEOPO
nepemennoro » odxacts ), copepxamelt OTPE3oK [ 4,1], o pazu
(7) ® (I0) OAHOBPEMOHHO ABARNICA ACHKNTOTHYGCKEME mpH A/~#eo.
JoxasaTenb0TEO BTOR TOOpEMH CHEZyeT WA TOro, 4PO DM HAaAO-
EOHHHX YONOBMAX HE (yHKUMD f o,maotnyer* TEKOE WHCAQ 0424'1',-
410 Co=((2") npa h>+%°. §a sr0r0 yoomMa Butexaer, Wro
N0CASKOBATEAEHOCTE C.:Mt },xrf; .06PA30BNEAET SCHMATOTHYECKYD
wraxy mow A/ —>+°0, a ocrarox paza (7) uMeeT HEOCXOZMMYN OUGHKRY.
Eomn £ HeaHAZNTHYOGKAS HA [1,1], zorna pax (7) oodue He
8CHMNTOTHYECKMH, HO 6r0 JIITKO MOXHO NPeoGpasoBaTh B  ACHMATOTH
YyeuKull pax.
Teopeus 4. liycrs npu AN —=+o00 xodpduuserts Qyrse pada (9)
UMEDT BCHMIITOTUYSCKO® NPEACTALAEHME

c N}' A 1 “'m 3 {(/’(,(/‘v;<"-- 3 (12)
rae Q, e aaucnr orn Toras

R )~ J’?ZQ it e (13)

m-o -2!\0

W )= 2; M‘ =f-27m) EM,), (14)

‘A8 CCE) AseTa QyHKUMA PumaHa.

JioxasaTeNsCTBO TEOPEME 4 noaywaerTcs noxc!anonuoll aclum'r-
' paveckoro paAg (12) » (7) ¥ nEpecTEHOBHOM MOPALKA. CYMMHDOE.
HRA, He NpexTHKE 4aue BCero acuunroTHueckwe dopuynm muza (I2
BCTPEUBNTCA B CHEGAYDIMX CIYUBAX.

a) Koadguumentn ypse (), wmenr acumnroruxy (I2),ecms Qymk
ans -ﬁ WM ee TPOKHGBOAHHE HMEOT CHAYKM B HEKOTODHX TOYKAX HA
]-f 1[ Iia HaxomzeHuR pasihoEeHHA (I2) MOKHO NDPMMEHETH MeTOAN-
'Ky pacyetra, JaHAYL B KHUTE 4] AnA pazos Cypse b cayyae (GyHK-
v F(B)= f(ces6), -T< O< .

6) B cayuse, KOIEa f{x) B KCHue .KP!(t'-f’ MMEeT MHTErpHDY-
eMyD 0COGSHHOCTDH, EGCHMNTOTUYECKEE DP2BACESHWA KO3HIMIMEHTOR

C., MOZHO H8HTW 10 MATOAMKXe DAGOTH 3}.
#3 mprEeisHANX TECPaM EIZHO, YTO CHADHNA YNeHE ACHMATOTHKS
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P )dnpl N->+00 3 CAYYAN BHANHTHYEOKROM PyHIUNY 7( Ha
[-1,1] comnama.2 o #Cypy - Bomn gyumus f seasamumnvecas Ha
[-1,1],70 acmunroruxa B”(f) no mopaary cosmazaer ¢ Cy,, , Ho
MOXET orntm!cﬂ OF HETD YHCJOBHM MHOXWTEXeM. U3 aTux GopMyn
- TAK®8 BUJHO, m KAKUX CHABHOOCHRMAXNDYNHHX (YEKUMA OCTATOR PA/f}
KBa/[paTypy HE Ma..: WHCA0 ocumIuaumE BOOOHe® AOMEHO GHTH HO Me- |
Hee, ueM B ABa paaa Goasme wwema ysxos A,

2. Cayuall nomwsoMpB HeOH@esa 2-r'o PoOZa.

fiyerr @=-{, &g-/ phj*é‘- .Toraa cuoTEMa OVTOPOHANBHEX NOMH~
HOMOS ~ HONMHOM UeOnmesa I-To DOAS U, ®). B srox cayuae

yamu ‘X\'#Mﬂff ,@ BeCOBHS KODDPMIMEHTH A, ’%' &48%7&

Jeums 2. Jinn Jmmx HeJHX HEOTPHUATBABHHX MM ¥ §

(U’.J k , scmu - m = A{+)N+2s,

T, com m=2SH)N+28+2 (15)
B OCTANBHMX CHYYanX ,

nouaaarsnmm OTO NeMMH NDOBOZMTCH SHANOTWYHO ZOKA3ATEABOT-
By mesun I, TONBRO EMECTO PEEyppestof dopmymu- (5) uenonssywres

6 = 2 U, I Ty )~ 146,
Uy ) -2, 69+ Uy o), 052,

Aa (16) uaau

Ry lly)-2] Y ﬁc)m@aa—/amf-m z
ol (44,,,‘,) -zf U@, Wf-.? i =
Tk l.’!_'f" UNMT ‘:‘M ‘/ -Vﬂ_fig}dx=——

Inn 3</<2N
R (/‘24/#} ,2,:1 ((/ M-{)+ W("/f ) A
’-’f(/ ), 7 cfr)//—x*dﬁ.?fLL%ﬁz -é‘}-t_"x-'ﬁ,

4

(16)
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Inn {=2A+2  nomyuac EN(%”,&)=PN((4”}=§" :
aan (=244 nonyweu Ry (Uyyy) = Ry (oyes)=-F-
Auazorwuso znn IN+S<l<INe3 nomyuae ,?”(d(e”’e)=a.

C HOMOHEN MHEYKOMM N0 § yeTaHaBAWBAEM onpanemnocri‘ dopuyas
(I5). Jleuna mowasaHa. _
TeopeMa 5, Ecmd f YEOBAETBODAET YCHOBMAM Tecpeun I, T0

RPE 2 Coieg st

K=/

4= & /U Gety - aw)

KoapduimenTd Qyphe DASNONECEMA  JYHRLUMN f B pAX MO MOAMHOMAM
QeOumesa BTOpOro poja. Pax (I7) aGcoADTHO CXOAMTCR.
JoxasaTeALCTBO TEOPEMH S5 BHTEKAET M3 JNEMMHZ W JNHNEUHOCTH P”'.
- 03 TeopeMn 5 uOXHO HAWT¥ BCMMNMTOTHYECKOE DA3NOKEHHE O0TAT—
K8 QN(f} AHAJOTMYHO KEK ANR MONMHOMOB 7,;'3) B nyuxre I. Co-
OTBETCBYONME TOOpoMu M fOpDMY)H MH 37eCh HE TPHBOANM, )
Eczau “BMOCTO monmHOMOB YeOumesa GpaTh NOXMHOMH fiKOOH E: A (x);

70 WK RN{f) TaKKe MOXET GNTH MOOTDPOSH CXOAANMACA DAA BAMA

+oo
plgn )

RN'()‘) _xz-o C-fo -PN(QMIC pea (19)
H2 KOTOPOTO MOXHO ;ng ACHMITOTHKY ‘QNG[) npu /V-te0. op-
HAKO B BTOM cxmaf\gj ooy 1#0, K01 TloozoMy BCe dopuyas Goxee.
TPOMOSZKHE, W MH MX 346CH HE NDPUBOZHM.

e

3. Mpaueps.
i/ A1
B =l R[S A5 ).

Ans  wosffuunentoB C, PpaSIOXeHMA B DAA No noAusouman Yedume~
Ba I-ro posa acHMnroTHdIeckue HLOpMyJAH cOTHACHO [3] NOXYYaUTCA ©
YyueTOM BRASZE 0COOHX m_qn': yurunn ZLGF | nexauux #8 KoEdoxamp-
HHX BANKNCAX

_ # g i
z=z(z‘}=f~[‘~’o€ * g‘f ], le]-752] (20)
C MEHMMANBHHM :’oéjp,f[: BocnonesyeMcs CABLYOUIM DPE3VIBTATOM M3 '
[3]. nyers f(Z)- AHATMIUNOCKAR BHYTDY samunca (20) # He JrOM
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BAMUNCE MMEET 0COONE TOWKN

(%em "e te}_ !6- L) k=44,..,m , (21)
B OKPBCTHOCTH xauoﬂ #3 KOTOPHX mteem MECTO MPEeACTaBIOHNE
F&) = A E-2) T[4+ -5e)+--], AFO, AP0-1,...(22)
Toraa npu n*ﬂ” ]
~ _ﬁxs'l
Cn r/*(m.{) Z; A b LSl e
TRO 8= R eplix,), - :zr<z <
Ins ua:ersououuapa 2, *IZ‘ 2=M=1, ’4;; 3'1[5@2;1'%]-
—.-;g:'; 70‘,:13' ,/,g:‘- 1, %= =0,&=%. I3 (23) nomyuaeu
gl 1+E0T VE_ )" (24)
an
- _f ; P,
B v"’f’(m,{—h/% £ -( o

Mo Teopeue I

P(ﬂ 'w 3 ;ﬁ: /_72” 4_,,» /_')2(25)

"V Jan+£
f@ = Co’ax + Qcofue Touku E,z-—t = TOYKN BETBNGHAA,

S (*’" “thepl- f) 8.»,=s'=6F G-jexp(E], A=A, =L e,

ﬂ,—/’l& - llocne ;Eam DHUHH mqnaxenuﬂ nmryuaan
.2*’5 )2
Cp~ V'-' %)_)_aﬁf "f)Cos d (E?j wﬁ‘n (25]

RJ’()N )”.Z""”cﬁa (/—' f) 27)

30 f(-") -}a(x}, e ]o ~pyrxuus Becceni .
Tar xaw - Henas AHAJUTHYECKAE (YHKUMA nopajke I, 20 no Qopwy-
. nauM, pa:aexennun 3 3 , DoAydaeu
~n#g Qé’+n)f/’f(+£-1
(zf)l(nft’)f Qney -
rie a,,, - roaw-!uaeur prags TéPnops paEdNNEEHMA 7@)-.2,(-’5/ 3
oxpectuoctd X=0, loicrasms 3707 KOnpluuwemT B (28), moay-iaes

Cpu ™ :2"2" "3_' )" le2n)/ /T8 E) e
n " ;.o (<) f.inrﬂ’(ﬂn{){ﬁé”f
PAa B ::paso.ﬁ YaCTH 2COTC DABEHCTEE WUKKO DLeodpasosarts 3 TRNED-

(28)
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» TOCMETPUYECKYD DyHEMD . : )
9" [ negi 1] ENME
Con™ Femuap L net,anes T BT I
Taxux 06Da30M,

2
g7 ) f‘/—%‘f‘ ,‘j (x) %ﬁz”’ 1)

(30)
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T.Cirulis. Gausa tipa kvedratiru formulu atlikumu asimptotika.

Anotacija. Tiek agskatltas Gausa kvadratiru atlikume locek-
38 asﬂﬁtotgsﬁﬁs izteiksmes, kad mezglu punitu skaits neierobe-
zoti sug, un pieradits, k@ 3is asimptotiskas izteiksmes ir sais~
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PACYET COBCTBEHHMX YACTOT W ®0PM OPTOTPOHHMX
KOHWYECKMX  OBONOYEK

‘T.llupymsc, B.HeHuanuo

PaccuOTDSHE MOTOX BNMNPORCHMAIMY ¢ MOMOKBEY NONMHOMOY

387496 ZNA OTHCK4HMA OOGCTBOHHHX uwacTOT ¥ Jopu yce-
yeHHOM ROEWYecKOM O0ONOYKE, WIrOTOBIEHHON M2 OPTOTPOMHOrO ME=-
TépHana, 10 XOCTATOUHO TOYHON MATOMATHYSCKOM MOZenmu THMONSHKO,
yuMTHBaDNER KaR nOnepeyHu#® CABMI, TAK M MHEDIMD BpANEHHR 36—
MOHTa o0DNOYEM. MeTox 063 OYNeCTBEHHHX YCHOXHeHHR uoxeT GHTH

NPUMEESH ¥ K OoJjee OAOXHHM OCONOWOUHHM KOHCTDYHUWAM.
Ig'SIB.GB : 5393

~I. MaTeNaTHuEOKAa® MOCTSHOBKA 3848TH M BHOOD
Oe3pasMePHEX BOJHYHE,

lyoTs CHCTOMA HPEBOAMHENHHX ROODAMHAT (aﬂ, ‘P)_ KOHW9eCKOHN
CpezMuEON NOBEpPXHOUTH 00ONOUKM BHODEHA, KGK NOK838HO HE puc.l.

Puc. I.
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Torse nepaueqaane axausa!a 0G0ZIOYKM XBPAKTEDASYETCR NATH~
wepHuu Bexropon (| CQ 7 g TAe ({‘ , Uy 5, W~ DasuepRue
n&pﬁxﬁﬂﬁﬂm TOYeK Gpmﬂﬂoﬂ. ﬂQBe HOCTE B HENPSBIGHEAX HKOOPAR-
saTHol MmERM of, KoopAwnamHo# mimnu % W no BEyrpeHHOY HOpMEM:
06 0m0yuKY coornarcrneaao. a "};' u"f;-' ~ YPAM NOBODOTA HODMANh=~
HOTO 2JHCOMEHTS O0O0JA0UKH.

Kax norasaso @ [I] no meopus Tumomesxo sazeua xoneCasud
Ko¥uuecKo#t o0OJNOUEM C HeOCSCHMMBTDPRYHMM HarpyxeduneM OBOAWTCA K C
one; (:ﬁnueﬂ CHCTEME 5 YpaBHEHWH C YACTHHME MDOM3IBCIEHME.

2 ® D
%‘5# 22 (M) - "'f' .fu;." a};‘" tphce P

ct gt‘ o«( a('() smy; ay' C’?l‘ 4, * 3 f?c&Psr
& arl’ mé‘a} "?‘”V *&nn g *Fﬁ‘z‘?» )

% LE -2 s S gy - B2
o 'Y, _ 2 ST 3 Al
c* ot (“M'v) s:::r?g T d@a
THe ( P.c 5 Ps' i 9 } - p;_auepﬁuﬁ BEKTO]D BHENWHEI'O E@rpykeHns,
P c ’ ‘)ﬂ' ”JP':
M’“’““+d (om-&"'*i‘” %% )

/V q’ *‘#(«m *'+—-t +’%-";w'ﬂ

Sow' d (aw *og’?'_k aw )
“"' (%t w) 44 (@)
Q. -4 ( % of-i‘mr asﬁ Tég!'; «;)

AR ot (.,f.,(,,,;g e %)

4. =¢'(a"“? r X)rq 5K
i M (mr?r 3&;“_ "% 37‘1)
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a’,,q’, c{, (4 a;. - napaweTpu (wawdvecxux cBoHoTS oprorpomoﬂ

000XOYKN, BHPARANUMOCA YOPe3 MOLYAR nu'a. MOZAYAM OZBMIE ¥
xoaﬂ-nleﬂ:ru [lyaccora casaymomum O0pasSOM:

d, -i d;=p,, dy= L&L’.’uﬂ,’ dj= _.g._(g_i’al’{_)
2 y ()
d; = £ KCoy (1-0a%) | E} » Ei= by,

a K" ~= HOO(jMOEGHT CABATE, LNA KOTOPOr0 B SaBUCHMOCTH 0T
Budpanlol MOZOHM MOX6T OHTE NDEHHATO OXHO M3 ONEAYOWAX 3H&EYGHHN:

K ‘-’Jgg

Nloone nepexoas K (eapasuepHEM BEAWYUHAM MO @opuy.uan

e-fin - £-4(R1R).

( R < R_'_ e paauopmm NH}'OH mnonamm mnnqecmn [OBEPXEOCTH)
X » U= $ 1" ‘?' _E_
ek—f;/q B ”””P.:..P,.-M 9,‘9!;{0

12ARE, © 1ARE, 4 (4)
(f s Ve r P Z‘c _t
S P95,

cicren (I). (2) uomes dnu aamcana B ua:pluou BHAD
1

ar‘ @ax ] er oy T 5)
-l .
939’ +A U+xQ

A"" axa'f
rxa J=luvw,b ) — uckouud GeapasuepEul mexTop-cronden,
Q=(Px:Py.9. f" Gespasuepunli RBEKTOP-CTONGEN BEENHSI'Q HArpy=e-
RuR, 8 A, A, A_L, s ,,A - KBaZpaTEN® MaTpuuy ( 5 X 5) omexy-
0UEr0 BUAS:

0 0de.0 0
Gre0 00 0 do 0
 Fig qu i e N )
° 0.4 2 0 0-dX 0 -0 |:
d, 00 0 00
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N XSing; Of"ff #24pi0 00al,
d 00040/ @y
0 -q 0 0 0
/ aQ o0 oz (0 0
- = o 0 dr X
Aq X 0 -qz=x 0 s"?n'f; )
i 3 0 -Q, (8)
00 % %0 1
A e |10 10
0 -(a’,ft‘-rai 0 0 dex
Afa‘? S 2800 S Lokt g 0N L)
i o 0 0 Hdtax) 0 |

g abex N80 0 —(agrq’a{

B MATpHUAX : (6) - (9) B=menenu ;unonl!ennué 0003HaYeHNA

2 Sing,
! Jns sajsId HA COOCTEULEHZ YACTOTH u ain}mu HOHAYEOKO: 0G0XO0Y-
s2 nonarane = ypamaesws (5) (=0 «u /= -/, The @ —

9403078 RanodaguR. QA yrzodcraa rancHeRuuY DAGYSTO® MDMMBLNMM
3Weé poNSTaHOBLY A=EW . ¢ DOMOWBL HOTODOR M M3CEBAAEGMCH
0% Magoro ugpauerps €, Bueoro (5) moayvaew ypaBHeHAa

LU~ -axl, (z1)
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IAé OmepaTop

9‘ 3 2
L=~ ABfe) AT+ Asge *Ay xapt My oy A5 (12)
K ypassesno (II1) a2szapres emé I, iHMYHHE youOBER. B Teopud

C.0[l.TEMOHEEKO BOE BEAYYMHH, B&/JaBAOMHE HA TODHAX, BHDAXaWTCA 46—
Pés NMHEUHYD KOMOMHADNN NEDEMENeHWM M MX NePBHX MPOMZ BOZHHX MO
KOODAMHATAM. JUYMTHBAA 370, B NPOrpDaMMaX pacueTs COCCTBEHHHX XO=
Je0aHuil -B HOOCECHMMETDHUHOM CIyyae Uenscoo0p 'HO BHGDPAThH HE-
KOTODOe UMCNO HAMGOXE® yNOTPEOMTENBHHX PDAHWYH:. . yCnOBM#, nepe-
HYM8PCBATH HX, W DN NOIS30BAHMM NpOrpaMMoil cuéra yKasae®h JMEEL
HOMSPp THN8 TpaEuMyrux ycnomml, ByzeM cudTaT™e, YTC Nocne nepexo-
A8 K (e3pasMepHHM ROOPAMHETAM MO POpMyZaM (4) Ha KaxZOM TOpHE
X=X, .-.-dl-‘&.'e),ﬁ;’z,q:o COOTBETCTBYST YDPa.HEHHD B DaaMeDHHX KOOp-
AMBATEX o = 7/, MOTYT GMTH 38ABHH S5 W3 CAGAYOMMX ZSCATH OA-
HODOAHHX TPaHMYHNX YCAOBM' 3

W=0,4=0,-0,4-0, 8,0, A{-a #7055 M5 0 (13)

=Yl 2]

| M, - 38 +2l (5w xwar 2, |
x?"a;(ﬁi *m%% =& (14)
Moy=( 52+ Sz, 55 - )
Q-4(6+%)

Hywepauus .HandoNes BAKHHX HB NpaxTHKe 8 c©nocoGos 3aKpen-
NGHEA KAXAOro M3 ABYX TODLUOB nNpuBezesa B rTadaune I.

Texuu 00pasoM, 387848 CBOAMTCA K HAXORAEHMD COCCTBEHHHX
sHavensl A ypanHesus - (II), YAORNETBOPANWErO HE KAENOM KOH-
B9, %.8.,0p" X=X, u X=X, oxHok H3 CHCTeM 5 IpaHWTHHX
yonossll, npuseseHHNX B Taldruue I.
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Taczwma I,
IpenuunRye YCXJIBHA H& TOpUS
| i 'azBaHMe cnocofa kpemnesus. |KpaAasue yomOBMA [ MW X=X, .
-—1 ’
1.| HomHooTEn sameMisHHuM Kpail U=t"=W .=5.!t =9v =0
2.| Bausunexuulf kpall, cBOGOLHHA pd A ¢ B L T
il -B aaupannaan:p&x' /== Q‘ -9., -—A{' =0
3.| Oneprult xpail, cBoSOREuE B p I h b2
'ranreun.uggnm HANpa BASHBAX W "M f{; wa M_;“, 0
&,| Onopruli menozmuzuu#i Kpak U=t=w=M,-= /l{xyzg
5.| Onepralt CBOCORHNE B ey Wi SV =
sa:ppaua:g:n'x =W Mx /.x %ﬁf o
6.| Samewnensud kpall, cBoCOAENM ) - = o
B mreﬂﬂlaaﬁ%‘n&mnﬁ:ﬂun w'“&x ’V.x 'iw A{w 0
7.| SameumenHull it, cBoGOoRHuMR ol o B - =
B aanpamnan:p;' m =W Q( 'S.'l'/ %f o
8. Cmosonmuh xpait Q=M =l = Sy =My ™0

972 AByuepHanR 3838498 CBOAWICA

CTaHOBKH U:W{E}n"}a iy The m to}f,l, e

B yPABHGHMAX OT MEWMOR GAMBWUN (

E=a’faj(f,;l‘, 1, f,-"“), V‘-'(z;!%;"‘a 7{7)7:

K OZHOMEDHOH C MOJOWBN MOA-—
Ans lﬂﬁfﬂaﬂll

NPUMGHKM B8MEHY Ui =£V, rae

(15)

Torae BwecTo (II) nomyusM yparHeHue

LV=-axV,

r-e

{16)

i gi(‘ % ) +é4'+mj;'J£ —h:#f,-mﬂz *As. ()




a59- .

-~ » “...‘ g . L $-ai et 1
M A, ETAE, ASETAE, (18)
a Ax ,Kzo;g..‘)s; — onpefenesn  fopuynamu (A) - (9). _

PacoMoTpuM, KaK MEEANTCA OT JTHX 38M6H TDOHWYEHE )AOBWA.
flocne BHWEBBEAGHHNX 3aMEH NepeMeHHNX BuecTo (opuya (I4)
(§:] KOTOPHX ONyWeH MHOXMTSNB ey:ﬂ'm?) ) mweou:

N, =-~'+€d("??a‘r fait; *'?;;
ﬁzx ’-—**d(.mnz; ”
5 "‘"Zd (a‘li ;m_]‘- a}_%) (79)

c,o— _“1 ( .x.S'm:; i .%:b)
a Q’ (V '’ ‘1’-5)

I‘pannme YONOBE® K ypasaaam (16) moxsO nony‘mrb a3 vadmun I,
saMenus Qymxuuum L, VW5, 9, M”MMSWJ ey Q,

we U, U9, ﬁ/\‘ s .w:ﬁ-w 8 é; 000TBOTOT~

BOHHO. B zaneHedmeM TAONMLY ¢ TAK SAMOHOEHHMM OyHRUMAME GyieM
HaauBaTh radumuel 2.

2. JloxasaTeAbCTEO BELECTBOHHOOTH COGCTDOMUNX -
4= .
aHaveHui .

OmpezemuM ¢“axapkoe npou_ueneno ABYX BeKTOP-yHKIEA
Uz{u"’u‘v g}u V{4, % V} o MOMONED CrexyDgeR (JopMyas

(UU’) LU Vs, e
{U v} Zux(xj Uk(%), e ¢« &

:,F(,,,J._ dynruma, mmamno-conpﬁxennan e Us(x)

Teopewa I. JMas Toro, YTO0M OmepaTop L onpexeIACMuit pa-
seHoTBOM (I17), OHA CAMOCONDREXOHHHM, T.6., 4TO0H WMERo paBsHCTEO

LUV)=(U.LV) (22)

B KASCCe ABAXIH HENPEPHBHO ZAM(HEPEHNMDYEMNX BEKTOD~DyHZW.W,



‘W0
AOCTATOUHO muom!ean YOROBRA

S= ({Ap-" VU A°x§x }+{(A +m/, U Vj) =0.(23)

Jorasarenscsso. Henoissyda onpeAsaaHde cmxﬂpaoro H3Beze-
EMf, o6osHavenwe (2I) m mpexacramnenwe (I7) omeparopa noc-

Me COOTBETCTBYDNEro WHTEPDUDOBAHMA TO W8CTAM, MOXyYaeM (popuy-
ay ([ {jwﬁs +(Ij LV) ¥3 xoTopolt caemyer (23).

Tsopema 2. Bee COGCTBSHHHE SHAYGHVA JA BONACTBEHE ANA
ypassenun (I16) O TDAHMYUHEME YONOBMAME M3 TACnMuu 2 ( 970 Tad-
muns I, 3 Koropodl Dysknum £, VW, 63. 9:./\& P -5';9 » Myp M Qy
aaweneny 88 Uy, ¥, Y, 7, U5, N, Mh o, M ”Q 0007BETOT-
BEHHO). .

RAfi Z0KA3ETENBCTBA STCTO YTBOPXACHNA HEOOXOAMMO MPOBEDPHTS,
YT0 ANA MOGHX ABYX BeKTODp-PyHKOnH U H V, HOTOpHE YAOBAETBO=
DAOT rDa (YHHM YCHIOBHAM TACNMIH 2, MMeeT MeCTO paBeHerBo (23,,
M3 KOTODOTO CHEAYeT CAMOCONPAXSHHOCTH oneparopa / ®, OXeA0-
BaTeNBHO, BENBCTBEERHOCTE A, [IpoBepKy paBeHCTEa (23) HEOGXOAHMO
NpPO3ECTH OTAGNBHO ANA KEXAOTO W3 BLIBMM CNOCOOOB SAKDEIISHES
TODUOB.

I8 mepsoro cayyas, PAe HOHUN OGOMOYKE MONHOUTHD 38UEMNGHH,
npu x:x,‘,x-f,.'t,, HMMEeT MECTO DaBEECTEA U-V'-“O ¥ (23) same~
AOMC bdNOABAETOA. JUIA KPATHKOCTH WSJNOXGHMA AOKAXEM BHNONHOHHA
pasescTBa (23) TOMBXKN AmA ONyuas 2 (SamewneHEuM xpaid, cpoSon-
Wull 3 HENpABAGHMM X) M cnydas 8 (CEROSOAHMM Kpall), TEK KaK
P OOTANBHHX ORYYAAX MPOBEDKA BHAS Y. MYHE.

lposepka oxyuas 2. Oyors (/ » V » zouxex x=x,,Kk=12,
YAOBRETBOPAD:  YCAOBMAM a“sl?' =Uy === =Us =U;=0.
Hs yomosmks /V =0 u fopuyan (I9) BuTexRanT xu pnnenczsa B
TOUHAX X=Xy :

_z +d, U du{ dy =0 (24)
U ele xna SHANOTHYHHX paneﬂona O! foCUTANBHO mmamno-conpn—

xeFENX Qysxmait. HemocpeACTBEHHHM BHYMCJIEHMEM HAXOZMM, 9TO I
TOUKaX X =.x‘

{A x"m; V} —{UA,, dx "‘(d“'” “d—’}
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fozoramuAs ® npasoli gacty fopuyau (25) BMECTO npousBOAMEX WX |

SEeYeHAA M3 (24), noxyusem, ¢rO npasam uwaces (25) R TOURAX Xy,
K=1,2, oOpanantca B hyis. AHANOTHYHHM PECYSTOM MONY'aoM, urQ |
‘B TOURAX X=Xy 5

{(Af«wA)UV}ﬂnq‘[(u& U )+ - u, )]+
- wd, 2(UT -4, B dx (U T - U T) =0,

6o & =U=0 ana K=2347, Pamstcrse (23) m [ ACEL '2'-.1:0—
Ka3&HY .

_ [OpoBepks cayuad 8. Ha pasencrs A, "‘M S.w ‘Afw ax=0
axg Gyt (&, U, @, u!),_‘,rzs t-f.‘8345‘ ncayusen
TaBeHCTBE (summnaau HX TONBRO ns u‘,oomnﬂua AHATOTH =

LEC)) au p /:fi.‘,
aix + (vt F+ HE ¢ -0

__' +d(m “’J‘ =+ &-4‘) =0
a’u m 25 PR

a{x “xsinnth ~x*=0
dU S i~ g_f =

Zx‘.i XS iRy

(i‘fi-r- u, =0.
Hanorpe.ucrnanuun pacueTauy no gsay, 970
D= {Ao & Vi-{U4.x5 } =xA,Z, , (28)
rae A, - AMATCOASHAR MATDANA, Hy TAuBHON AMATOMAIW Kozopott |
HaxozarcA Gyarugan da*z?’— & g!* k=123 1,5 chmqaa M3

npesofl gacTe (28) NPOM3BOAEHE ¢ NOMOWSD D2BEECTB (27), MOMYyudasw
NOCAe HECHCKEEX ,HC HECKONBXO I'DOMO3 AKX BHYKCIEHUM

P=ami - paeli - T Ty parT 47 )

Cpuznusad (29) o {26), HEXOZMM, %20 (DK K= \
P =~{(A+mA ), V] (30
PaseictB0 (30) axmmsamenTs0 (23). TeopeMa AOKasaHa. ;

Tag ka¥ oAHOoMepsud onepaTop CANOCONDAREH ANH JOGOT'O
m=0/ ..., 2 cOSCTIOEHNE 3HEUEHMA XBYMepRoM sazamw (11} ¢ rpa-

(26)

(27)

i

HUYHEMM JCNODMEMM M3 TAOXMOH I Tanru 3uecTBOAH,S DBAHLM Cofo-
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THeHHHM SHAUGHMAM COOTBETOTBYDWE® COGCTBEHHWE BOKTOP-JYHRUME Op-
. TOT'OHANBHH ¢ BECOM X HA NPOMBXYTKE [.x,,.x_l] B OMHOZ® nmmpaaro
NpOU3 BEAGHNR (zﬂ)

3. Ilas-oxanupomnam YoOumesa ANH DSWOHES
sajagu  (I6).

Fes OpraHAyeNuf OGHEOOCTH, Momycews, wro X, =~/ m X =1,
O6mnit onyuad x 9TOMy NPHBOAWTCH noACTAROBROM
x=%Xy 4 %z, ye[-1,1]. (31)
MaTpuuHOe ypannsnne (16) Ans yaoOcrea, B maneﬁlw npex-
CTABAM B me

AL, B+ CEV/-o, o
3 - BB) = £ (Aot A mA,) el ey
C) =L (As—m mA,-m*A,) Ak, (34)

& IpaHMuYHHe YCHOBMA -
(x}( UK, %), U, B dx *d'é)rfx-—; i (35)
(00,509, 56, G, )] 0,

rze /(%) w ,(t}-narplm nOpAAKa 5 x 10, cOCTaBNGHHNe M3 OTDO-
oK cxezymon KBazpaTuusol meTpuun I0 nopazxa:

4590 5 Dt i ey D B Ry a0 1O
{o fodyigene 0 0 D TR O
0 il e 005008 10 0
0 0 o R IR g o el ¢ J - gl LR
0 0 O s ¥ otif sl i -0 0

e _ (36)
%x’.ﬁ%‘gﬁ;od‘fﬂ' Q@ S
0, 0 ngmo 00 {4 0
2% o o do 0 0]
XN - % -mdio-a el
0" 0 0 xmy S0 0.0 0 74
o a0 d, oo-ood,c/,
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Tar R4K Kaxzad CTPORA COOTBETCTBYET OXHOMY W3 pasnoxePmii dyHK~
will U ), ..., Uh(x), N, M, ,4,,2‘7 @ mo Vilx) w %"ﬂ' K=t2. .8
corzscHo Jopuyaam (I9), TO mcop uuwxewunywxx CTPOK B xarpx-
nex /7(x) u /)(X) ocynectannerca » SamkCHMOCTX OT BWis IDAEWSHOTOC
- yonosua mo raﬁnue 2. Hampuuep, MaTDHIW f-' tfx'} f' (Sd COCTEEBNGHN B3
¢ I =5 crporn MaTpuun (36), ecau Ha oGOMX :opnax BUNONHANTCR
r'paHMYENE YONOBWA I; sarTpuua nﬁ) cocraBnesa u8 I - 5 cTpoxm
warpuun (36), & .4(:‘&)—- M3 2 - 6 crpoKw MaTpWum (36), ecau Ha
popue X=—71 ENNONEAETCA xononne I, a na Topie X ={ —ycnosWu 2.

Pemarus V)= (i), W"},"-:lﬁauan (32) m (35) Gymeu ucxars
B NPROIMECHHOM BHZAO

vcx):-v &) =", v, - o), G7)

"y sl AL M
Quesy i (J;égou%(ﬁd A Mnuee-r MECTO PaBeHorHe

V(~‘6eJ=l byl 12, iy

rze U (x j 3HAYSHUS WOKOMEX QyHKUMA B ay.nax nonuEOMa YeCHuwsERa

77(:") v\:fz'('cdw d'( £, (40)

Qyuxuun ¥ xl K=1.. 5!={ ,f1 BUGEDADTPCA TaX, Wrosu uoa:emaoa—
aCH rpamﬁnue yanopus (35). Hanpuuep, ecim ‘r" (x) nckars B e

‘f (&) =x *Pa‘r/'x*’?/r » (47)
20 nsooxo,anha Haftry I0 /1 HeWaBECTHUX px, ) Gxg W3 CHCIONN
anredpauuecKux yparHeHnl, nonyienuaﬁ npnpesz{manau Hyao KOad-
Quunenron npr U, (x) B cucTexe (35).
' Ecmu Ha 0foMX sropuax BUNONHANTCA T'DaHHuHDE yonomue 1,
na AnR seex K=/12 ...,.0 hJ £4,...,N nonyuaen :
Pej =Cs Guj =4, f{, (o) = x* 1, (42)
Eemm H3 Topue X=-/ BuUmnrHseTcs ycrome I, @ Ha ropue
X=+f — youosue 2, 1o
Py =0 Gy =71 4 -(x,”-v"‘-", KS3347, [=14,0,n,  (43)

“‘("' 4
ng (xu; r)‘ﬂ rtlt &) S
5:5"} f‘-.x"’f/J_‘.l,X e 1 (45)
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Jm;}cpmsnpyn aazauy (32), Oy WM CHOTEMY '

As 07t Y (x*')-f-B(i ng—/@} +C(.x() Vix)=o, (%) .
rae f=12,.,n By u C(t‘)-ua'rpmu (33) ® (34), BHUNGAGHENE B
:{oqit,e X=Xy ; 1/(_;;) BHWMCNIEHA coraacHo fopuyme (39); %ﬁt "

“ — MATDUOH - nonﬁm.. snemenTH KOTODHX ONpEAeNneHH CHORyD-

wu Oﬁpeauu-
v Go(%), X Vi) .) Tl
ng Z;()?[S;f;;z,}:ﬂ x,l]*,;;,_‘%)m(?(m
d’r % ? ( ) J(f- f
s %[1?} @)*?—z-b L. o) - é_ y(_?] (48)

" Cucroka (45 zon 3 5N IUHEHHHX OZHO zm anredpa-
| HUeCcHMX ypaauennﬂ OTHOGHTEABHO HEWBBOCTHHX
Uy, ooy Ul ), o6y <o) U], ooo 5 Ty, -, Vs ().
Hocxonuy uaTpuua (34) COZEDEMT CAATAEMOE .ZE TC OHOTEMY
(46) !‘I“DUIOMO pelaTh Kax aana!ty H8 OTHCKaHWE coﬁcuanaux 3Ha~
veunt A, 8=/5...5n u coonetczn codousmmx nempoa

(Fﬂ‘i’xf) eery Us @f); vy by xh)) TAe
AMCKPETHUE FHAUCHMA MCKOMHX cﬁynmn ” x) n n yar.onui TOYRAX
.-f A
= cor o, K13 G2y S=43, .., O
flocne daxoxzeHus GeapasMepPHHX codcrnenm asanemm pasMep-
uue gacToTH g B /Y xOHWUSCKOR OGONOUKM BHUACAADTCH MO HOP-

Myne /—"—‘“'-—-E X
. Cc.)s 1‘% f ) 1’4{ 6.2'1 S Sn. (42)

71

4, YuciaeHHHE pe3yABTATH

Jlns Demerus oMCTEMH (46) MO BHUEM3IOXEFHOMY MOTOZY C MCNONB-
30BandeM MHOTOUNEHOB YeOHWeBa COCTOBIGHH iIPOTLAMMH pacusTa Ha
9BM tuna EC e A3uxe "Qoprpan". lpeABapuTeNsHHe pacydTH Nposese-
HH A0 xomﬂecxoﬂ 000NOYuKH CO uxanyn'wuu c[nanqaomn napaMeTpaun:
Ers B, = 0,20-10° wro/ou 5 Gip= b,, Gas= 0,769 :10°%kre/ ou®;

Y, = ;4, = 0,30; P =0,000 wr/ex’ 3 = 1.

1

B MEpB0M BapUEHTE TPAHWUHHEe yONOBMA Ha OOOHX Topuax -~ It I
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coraacyo PaCAMNE 2; (NOMHOGTHD BAUSWNEHRHE KD&R) @ BO BTOPOM
BapugaTe I'DAHRYHOS YCNOBME HA NeBou Topue npuw X=—{ - I, a Ha
npasou ropue (npr X=1 ) - k2 taau&wmauuk Kpalt, cBodoauud 3
Hanpasaenan X ),
TeoueTpUteciue MApaMeTpH CHeZynuue: BHCOTE 060NOUKH
- H = 305,0 su; pazuye ¥wxsero. ocuoBani ofonowH R, = 78,669uu;
T0NMMEE 00 ONOUKY = £,25 uu; Jrom roxypacraopa 3; = 1° umm
! 5°: MHCAO BOXIE B OKPYEHOM HAMpanAGHUM [ = 55 O°spazuepuuft
napamexp ToHKOSTW odonoumi | & = 0,90I6+I077; umeno mMcrmeTHEX
3Havennmil aprymenta CorracHo xauEoMy wmerony fl= 20 Amx 30.
PagigpHue vacTory We (5 T ) xawy B radnsue 3. [JOAYUEHHES
Pe3yanraTh OTAMYARTCR OT NPHBEACHHUX B [2] ¢ OTHOCHTEABHUA
omnOxoi He Sonee,yeu 0,5%. i

Tadasug: 3.
Pasuepyue uacToTd g (B TM) KoHUECKOK OCOAOURA.
! T
I napian? i 2 BapusHT
! : ¥ I
a1 oz Ty Nese G
Ry = 78,669 = 76,669 v R = 78,6694
h = 0,25m i1 =0425 ux VA= 0,25
e N 7.5 ) =5 i m=5
- 3 II -
\ € =0,9016-1C8| £=0,1220-10° | . ‘€= 0,1220-307°
V=200 "n=30"" =200 1= 30 = 30
FER e f ol N QU G
T |se2,5 | ssr.m | osew,1i | 559,3 | au0y0
2 1262, . 12604 |II67,5 | II64.6 i 1013,4
3 |2155,4 | 2I54,2 {1996,6 | 1393,5 '} I857,3
4 |3118,8 | 3118,6 |2932,3 2931,6 il 2832,9
5. lao7e,4 | 4o075,6 |3e0r,4 | sor,9 | ses1,e
6 |4965,6 | 495%,6 | 4846,7 4845,5 4513,3
7 Is759,1 | 5759,4 |5725,0 5726,1 5711,2
8 les45,7 | 5445,6 |6517,0 6316,7 6510,%
s [030,7 | 7029,9 |72iI,¢ 9211,7 7210,0
I0 [7524,5 | 7525,0 |7814,6 | 78I3,1 [ 7812,3




‘166
llpozonxesue TadAMUH 3.

Xl e 3 A s | 6

II [7953,2 | 7943,0 | 8320,7 | 8328,8 8328,7
12 | 8269,3 | 8299,2 | 8847,5 | 8772,3 8772,0
I3 | 8758,9 | 8605,0 | SI08,5 | 9I53,9 9153,3
I4 [ 9059,I | 8869,8 | I0073,2 | 9488,6 9487,8
15| 9987,7 | 9103,6 | 10470,9 | 9786,9 9786, 2
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?.Cirulig, V:Neimanig Calculstion of eigenvalues and eigenfinc-
tions for orthotropk coniec 11

Abstract. This paper discusses calculation of eigenvalues and
elgenfunctions for cutted orthotroph conic hull using approxima-
tion with Chebishev polynomials. This is done by means of Timc-
shenko's model the® counts on shiff of hull's element as well
as on the rotation. AMSSC 65N25

T.Cirulis, V.Keimanis., Ortotropu konisku faulu ipaSfrekvendu un

ipadformn aprékinadana.

Anotdcija. Rakstd ir aplikots ortotropas koniskas &aulsz Ipa-
rekvency un ipasSformu atradana, izmantojol aproksimacijas me-
todi ar CebiZeva polinomiem. Minéto konisko &asulu pietiekami .

precizi apreksta Timodenko matematiukais modelis, kura Zaulas
elementam ievérota parbide un rotécijess inerces moments.

T.Cirulis, V.Neimanis
Latvijas Universitate, Riga 226098, Latvija



Tatvijas Universitites Zinftniskie Raksti,576.88].(1992)
Matemdtika

WCCHEJOBAHVE HEABHOW JMHEAPMSOBAHHOW PASHOCTHOM CXEMH
14 HECTALJIOHZPHOM SAJMIAYM HABHE-CTOKCA

C. . Menpan..

« Jokasara  ycTofluMECCTB, MOAYueHa  OLSHKA

cmmc cxomnc‘n HesBHOR Jmneapnaoaarmon SHOCTHOR CXeMu

AN HecTallWOHapHoRf 3sagaym  Harme-Crokca p%?m ens20d
peuweHR Moiyyanueics CHCTOMH ypabBhermft. VY, 5.

HacTosmad padoTa NOCBAMEHA aARANMAY HeABNOR MuHefHOR
pasHOCTHOR CXeMM JNE HecTaluWoHapHof# sajaws Hamwe-Crokca,
onucHBADNER ABHXeHWe BAIKOR HecwunueMOo# XWAKOCTHE B OdOmacTH
1 , seraomefics oObelMHEHWEM KOHSUHOTO MHCNA NPAMOYTONbHEKOB
C CONSMEDHMHMA CTODOHA!™, NapayNeNbHHMH OCH#M KOODAMHAT, ©
YONIOBKAMH HeNDOTEKAHNA ¥ MPRMUNAYAS Ha rpanuue a0 [1]

du
T-véui- 5 !l,kllx +qradp='l",

k=t
divu = 0, (1

u|‘m_- G, u|t=0 U,

TIe u = (u, u) - BOHTOD CKO R, p = PyHKIRS
z - D pocTe;
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THAPOCTATAYSCKOTO JaBMeHWS, v - KOaSdwWUMeHT = KHHeMATHYecKOR -
BAINOCTH.

OnemeM mponecc NOCTPOSHHS PasnoCTEOR cxemy. [liyers U -
NPOCTPAECTBO GOTOVHEX BexTOP-$yIKUMA CKOPOCTH, P -
NPOCTPARCTRO CRTONHMX  QyKuMR  BaBNeHAd,  OPTOrOHANLHEX
" enwmuue. Bpe)eM pasHOCTHNe aHANOTH oneparopos grad, div m Ar

grad® tP U, A1 U—P, A =3 A)tU—U,
TaK, YTOOH BATIONEMNNCH CNSAYDENE CBORCTBAS

i
a). oneparop (-A ) caMOCONDSXSHE F MONORETENLHO ONpPeRencH)
b). Cg, div" W =~(grad®q, ¥ Yvel gech;

cle YvelU Cvi*s VIl < Cp™ vl*,
rae h = Chf+h2)' ", € m C_ - KOHOTAHTH, e Sapucamie or h;
; ICg, div® W]
d). gl <C sup YqeP, rue
J eul:’ Hull,

€, — xoHCTaHTa, He BaBEcsmaf or h ® h,. a Tomexo or
ormouesms h /b, a ful, = C-A"w, W'7* C(raxaz ouesxa A%
WHDOKOTO KNacca CoTOK moKazaka B [2], wre B odOCHOBNBAET 3TO
Tpedonanuel.

Beonen CwmpefEn? omepatop N = (N ,N2: U x VU — U,

amnpOKCAMHDYDUMI BNDAZeHEe ) u.u,t.odnmanexywn

k=1
cBORCTBAMMAS

e) oot div' u=0, 10 ¥V v, w € U
' NCu, v, %) = = CNCu, w), ¥)s
D, ICNCg, ¥), w2 | < € fJuli, Bvil, =l : |

L@ N, v SC ful vl bWl ,
rre xoncrasra C we zamueur cT h ® h,. B aAnfgeponumamHOM
¢cTyyae mopodsNe cBOACTSa uMepT Mecto (3.
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Jance OyiieM BCIONB30BATE OCOGHAUOHMS, ODHEATHE B [4) :
v = V00 = vix, ned, ¥ = VOO v, = Cr- /T, TRE T Y O
- @ar no spemeHH. Kpowe Torc, OyleM NONBIOBATHCH HOPMAMM:
(v, @ L
M, =sup——; i} =) V1"
wev  flufl,

N N g
WE =3tV M, =) T, e TeNg
t6..d

5 :
T 7 .
':"—an.'l' X [ IT"":‘J
1=t
PAcCMOTDEM DasEOCTHYD CXeNY
- h X AA

v, =v A v =Ny, v)-grad"g+f, -
A 2)
div' vy = 0,

MomyusM HeKOTODHE ANPKOPHNE OUEHIH € DeNeHES.
Jesmwa 1. llna pesieHds PpaSHOCTHOR CXEMH HNEDT MECTO
OUeHKR

ik sk Y 1<i2<N 3

rae K'-m[|v°|‘; -axlf’lﬁg];

¢ g

L

1 1
Wiz s - [wr e 5o, |
JlokasaTenbeTBO. YMHOXHM neppoe ypasHeEme (2) cxanspro
BUBa2ey Tr div’ v=0, 10 CNCv,¥),¥) = 0 ¥

Cgrad” :I: ¥) = 0. Ouemwzas, NDHEONHM K REPaBeHCTBY
-~ ~ p = o
ii® o+ o v S vi® + — MK, (&)
v

CYMMAPOBAHWE KOTOPOTO MO CNOAM EaeT ouenxy (4).
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s (3 BHTEKAGT COOTHOUSHHS
I C1 o+ Crw ) S VP + — BKE.
\ v

1 A
Cnesopatensio, ecmx [Ivi® < —‘—:-—;_-—lflf‘, TO H |3|' £
L

o :
< ifNZ, . w0 ¥ zoxasweaer ouemxy (3). Jewwa goxasama..

2R

i

liokaxeou Telleph yCTofuMBOCTEL pasHocTHOR oxemy (2), Pac-
CMOTDEM. Pa2HOCTHYD Jaxauy C HAPYTHMM JaAHsME (r..v:);
oboanatkk ee pewemwe (v,,q.) W BBeJeN CeTOYENe IR
I B S 1 ¥=V¥=-v, Fr=gq-q, YICBICTBODADINE CHCTEME
YpaBHEEUR .

f e A ~ Y ~

v, =v A w-grad®r - CNCw,v) + NCv,,w)) + p,

€6)
av v =0 ;

Bynew cugrars, dea NOTEDH OGRHOCTH, wro ymwmwd v, ®

TaKOBH, YTC BHINOMHAGTCH COOTHOWSOHKE l(: < K5, rge

max I
7 L, o

Teopewa 1. Muear MecTO ouesHka i i

ct 1 ]
l"l* £ exp {-;-:-—-[l“r +—;)—.f':"1.] e

K = max [ il

N

1
% [l-"l‘i-_..lylf..r] Yy 112N
P sl £
lokasaTennCcTB0. YmuoxsM Depmoe ypamHemwe (6) ckanapro
2 U Ha 21:‘ T, l‘ll(v_,:].;) =2 0, TO B DEIYNLETaTe {CLVHMM

~ ) ~ A~ ~ A
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THE EYAMPIE ILLUSTRATING SOME P OPERTTES OP SOLUTION
OF THE SYSTEM OF BLLIPTIC EQUATIONS IN A MUSIY REGION

A.Cibulis

g%%g. The simple system of elliptic equetions with
discontinuous nonlinearities in the main coefficlents has
bean constructed with property: its solution is elther

%ﬂg; J:; not depending upon the coneept of the solutions

It must be menticned that the exhavstive answer to the
question how to define the solution for systems with discon-
tinuous nonlinearities is unknown.

Let -
__Q:(Q'f};,fﬁ.i: A Jc 612(""2/)
J € CRINL (L) ; Q= {(Lr) kR T #900) ],
functions  O; 1t be of the class & -*H.,J;]) '
and with the finite limite : )
o (") = f’e‘;n Oﬁ-(l/,f/} (=42,

»Tx0
For the systenm

(o (0, ) &) =17,

: (&P
o)== ,%l)=8, , 12,

we introduce the follawing concspte of solution.
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Definition 1. The patr (&, &, ) € #/42) 1 /(2]

. im ssad o be the solution of the system (1) Af the WMJ
conditicng are satisfied and functione ¥, % € /, (2)
with values on [9,1] exist such that

H )L =0 Wy ety

)

whare M‘(;{./: Q_/,-'/é’,, %/fff O({"/(/',%}/,_ V;)f

=92, .
In such & treatmsnt the class of the exlstance of the
solution is too wide. To make it more narrow one can require
v, > ¥ are oonnacto'd din a certain functional way.

Definition 2. The pair (&, 4, ) € A (4] x V)
i= #3id to be the solution of the unt&m (1) aggociated
with'e Mine Z( (47}, BT)) =

1 the boundary comditions, variational 'oqusnt: (2) and
if oY, ( (x)} p(z"rg(xjy; ﬁ, ,(.-_c‘_p_,

are satisilied,

1% turao out that also & restriction of a class of *he
exigtance does not gusrantee uniqueness even if
ie & smocih and monotons,

o prove i.t let us take the uylt-u (1) with

)r T "31 ?‘.r o f; "?0 / (7 S J//:/h 2 :
' / r«t’
Q-!/{',?'/ :D(/F'-t"/ ='{ @ - )2

d
o () = (1) = {‘3 §

@ad  1s¥ e choose tha line (0/“’, /"/‘ = b _'_(_""’z:ﬁv
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Such a line arises if 6ne approximates the coefficients

%, =% 2, ondconsiders G - limit.
let , > O Dbe an arbitrary number such that

o) 8t 7,
2(p) = 169 + (108~ t44p) br[2L / >0, &
7 =73 i

=

?W’W & Gt

70 (x1 2]
Pr+ Fp +3

Fip) = €[12) xepa) '

For example, /2 =7 and some mélghbourhood of
it ave fit to. '
Xu | AT 0L (=2 = 2(‘{! < ( and inequalities

SOferr) = 2 PGy,
7o0Wve) >  Pr+ L+ g0

hold for all X € [OQ ¢] then the requirements (3)-
(5) are satisfied in some neighbourhood of the point

S = e » becaude of the continuity of the

funotions <, ¢, /° . -

: The variational eguality (2) holds for

7 2 . f /_._.._"r"é }
= = L A7t (269 /¥v2)K # # -
«, =4, e / 724 grvsp)xt g =3 / :

_ AR AT Bk
Gty Bt ¥z




" 188
Indeed,
R AT ¢ o E

E¥
ot 4G 31 K)eITE

- v -

and therefore [f"‘"' P / = 0.

Purthermore, :
4loy=0 , 4 (Y5 3,

Y e 0)° 5 26 g (hp2) g° (e fo rg}f?frylfﬂv?j
= ’

be! =
£ €0 (Ary) 6cl¥yp)
o * = &0 'f‘r’ﬂ/
4 1P¥+ 18pr g
and

* l;'a_ / v r ".
/G(, {/:/' _\3 ? 'q:r (./J/ 3 J"

And thus there is a continuum of the solutions of
th= systen v

A y v iy T BN
(¢ tv-wji’) =3,
6
(4 (rape) s 2, . ©
aley=vin=0, &ly=viy=3,
all of wuich are associated with a smooth, monotone line

8¢

Gl
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It is known [1] that &1l the diecontinuous coeffi-
clente in & cage of one equation may be defined im a uni-
fied way, 1.e., by means of one and the same function. For
the system (6) there also exists & solution which  is cha-
recterized by the one and the ssme function ) [0 I_]
in both coeffiocients ¢, /3 . It 1g associated with
& straight line f/“,/ﬁ') = B =2
golng through the points {w, , % )= (7, p7)= (4,3)
and (5,06, ) = (%, 87) = (2. 4).

The equality (2) and the gi.nn buundm values are hald in
thie case for

T _}
C{=V—;Ay )
S RSN
g SR

Theorem 1. let (¥, V) be the solution (in the
sense of the definition 1) of the system (6). Then &=V

Proof. Iet W= V-u
510 [xe_Q : i-wx}>oj’
i {x €. rwix)<0}

l§ puppose that /#7eéas _,!2, )0.
Then the variational equalities

n

]

.

f@’ﬂ'-aw'j’ ij)a/! =0 576/;‘;" o
2
[l ayhieo per

2
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for 7 = __mor_ { W‘, O] yield

(2w’ s 3w )dr =

e

I (v’ 4 ,Plltn'/}ﬁ'- & 0 ;
L1 1A %3
Hence
j (2w 7% + h’/d& Q
o 5

thet ceutraddcts #7€0S 2, > O,

Thus €S .AQ; £ O,
Purthermore, let us suppose that 2770 .f?

Then equalities (7)-(8) for ;’:- Vel {j'/? c ]
imply ' ' :

(L'« 3w}k =0

Hance .
et ~ {vj.ﬁ,z
b %

wrat ccrtpmdict  EAS LD T O
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Uppag  E€QS .'f-?ﬁ e and the proof
ie complete.

Remark 1. The solution of the eyntem (6) associated
with a gtraizht lin~ 7 AL s ie unique,
It follows immediately from the systom

fee'# Yur)=3
(3utr Yo' ) = &

and .b’ounﬂary conditions ,

: Remark 2. The system (5) has the solution in tha
sense of the definition 2 for any given continuous line
oonnecting the points (1, 3) and (2, 4 ).

As the system (&) ‘has the sgolution W= for

any o >0 and A = Ix L3 then this as-
pertion follows from the fact that such a line interescts
a straight line e i I e I | in some podint

('Va ; £/ 3 ) where  G/F =00, = 32

References
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ON STRICT CONVEXITY

I-neso Galin'a

n this ork we'll show soma kin dafinition of

o o ve Soce £ U a JtTistly convex °
- 3 gc 5 ace pgove SBAE of éi p oints is L wvex im
su ne‘ ans ve aml give  naw,

charact rfaat on t ccnv Ban
AMS Suﬁhect ol assi%icat c 125 ei?ﬂloac sp ity

0. Iutroduction,

Sclving the probiem what properties of spares and its
subsets are neces ary to grarantee the fixcd poiart preparry
mostly we deal with Banach spaces. Intuitively it seems that in
res] life more 'mportant are wetric spaces. Therofore w: want to
ascertain what properties of metri: spaces are essentiai for
nonexpansive mappings to have fixed poinlts. In this articie we
don't solve these guestions, but we get to knew some things for
metric spaces important An the fixed voint theory.

Looking through W.A.Kirk article series on fixed point (for
example, [1,2,3])) we can observe that on® of the most importdnt
properties o1 sets 1s convexity. But thesa articles ware
concerned with subsets of Panach spaces.Turning attenticn to
matric spaces one have possibility to use the concen¢ of
convexity introduced with applying closaras operatcrs [4].
However, to ny mind, these results are difficult to look through
and probably have litlle pragmatic value, But wiat does mean ths
concept of a convex set in a metric space? We try to give answer
on this quesiion. .

I :his section we want to remind probably known facts, We' .
shall do it with purpose to compare new concepts with known £a:.t:i
and see the diference. :

Let X e & Banach space ard .y, yeX .
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Pefinition 1.1, The set o points z=tx4 1-':}7. t [0,1], is
gaid to be a closeé straight l.ae joining x,

mu;, A set Kex Ais said to be convex 1if for
evary x,yeX% the closed straight line joining ¥,y belongs to K.

Every closed ball B(x,r)=lyex||x-ylsz), xex, reR,, . is convex
and on intersection of convex sets is convex. However, as it will
be seen afterwards both properties don't hold in metric spaces. >
Therefores we conside: more special condition - strict convexity.
In the fixed point theory with this conception we meet in for
example [2], this article inspired this attempt to form this
concept in a metric space.

Definition 1.3. A Banach space X is said to be strictly
convex if all the points of an wnit sphera are not inner points
2f arvaight lires in an unit ball.

Assertion 1.1.05]) In a Banach space X the following
conditions are eguivalent: '

1. ¥ 1s strictly convex;

2. Y, yeB(0,1) (o) sbxayi<z

3. Vi, yeXs esvislxl rl=( (3AeR,, s x=Ay) Vx=ONy=0) ,

Nite iLhat dilbert space, 1, and L,, pr1, are strictly convex.
THe moet exeiting is that im strictly convex spaces one can
Frive

Thaorem 1.1. et X be a strictly convex Banach space and C
is a convex subset of X. If selfmapr £ is nonexpansive, then the
gat of fixed points of £ is conve .

What dojs these concepts look like in a metric space?

2.Convex sets and strictly convex wetric gpaces =
Let (X,4} Le a metyic space with a distance d.
pefinition 2.1. A set IcX 15 said to be convex if for esch

¥,¥ & ® and for 2ach t ¢ 0,1] there exnists z ¢ X satisfylng:
dix,z)=td(x,y) end s, y)=(1-tid(xn,¥).

mwote that in a mean of the Defimnition 2.1. in general cloced
ballz aren't cunvex sets and the ‘tatrrsection of convex gecs alsc
1En't always convex.
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_;xm].g_z_._x_,_ Examine X as discrz=te metric space :
d{x,y)=0 if %=y and d(x,y)=1 1f x » y for each x,y = X. Then
Bfu,r)={u} 1f r<1 and Bfu,r)=X 1f r 2 1 for each u ¢ X and in the
second case balls aren't convex sets.

R Exemple 2.2, Examine R? with
1 the maximum metric;:
Clil e d(x, y) =maxl]y, -x,| |i=1,2],
\ VX (%,,5) 7= (¥;, v,) €R2.
= B(1.5,05) Then break  Yine BABC, (1) s
- x
/ convex end cloged straight line AC
— is convex too, but the intersection
A(O:j) ; R {A,C} isn't convex.

pPefinition 1.2, A metric space X is said to he stric 1y
convex if for eash X,y € X aad for eusch t € [0,1] ere exists
unique z ¢ X satisfying: .
: dix,z)=tdlx,y) aud d(=,y)=(1-t)d(x,¥).

From ‘he previous: Definition 2.2. it follows that R? with
Buclidean metric ls strictly ~onvex, but with the maximum metric
isn‘'t.

We can prove following:

snevrem 2,1, If K 1is a family of convex sets in'a strictly
vonvex metric space X, then [UKk|xeKr 1s convex.

Proof. Let x,y<(XkjxeK) and t € [0,1]. Then x,y € K for .
each gxeK and there exists such a point z ¢ K satisfying:
d(x =)=td(x,y) and d(z,y}=(1-t)d(x,y). :
Since X is strictly civex, quch a paint = is wnigue. Theaefae zelK xeK)
and the result follows.

In strictly convex metric spaces the following generalizing
©f Theorem 1.1. is true.

fheorem 2.2, Suppose X is a strictly convex metric space.Let
selfmap £ of X is nonexpansive: d(f(x),fly))sd(x,y},Vx,yex.
Then the set of all fixed pointe of £ 18 convex.

Proof We choose freely twe points x and vy in tke grt ¢f all s
fixed po! s of f ¢ X,y € Fixf. Let t ¢ [0,1]), Ve find the
corresponuing z X i d{x,z)=td(x,y) and alz,y)=(1-t}d(x,y),
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which 1s unique by strict conv-xity of X. 5 Lt e
Examine the distance bet ‘en images o/ x and z under £:
dif(z), £ix)) ed(z, %) = td{x,y) v
hs x € Fixf, d(f(z),.c)sed(x.y).
Similarly:
A(flz), £(y))sd(z. y)=(1-t)d(x,¥) .
d(£(z),yls(1-6)d{x y) .
Exemine the distance between x and y;
dix, y) sdix, £(2))+d(£(2) ,y) std(x,y) + (1-t) d(x,y) =d(x,¥) .
It Tollows: d(x,£f(z)) = tdlx,y) and
a(f(z),y) = (1=t)d{x,y).
Strict convexity of X impiies that z=f(z) and z ¢ FixE.

In the Definition 2,2. of a strictly convex metric spaces
we don't use the concept of a ball. Therefore we propore to
define trictly convex Banach spaces similarly.

Definition 3.1. A Banach space X is said to be strictly
convex 1f: Vx,yexveelo,1131zulx-z]= -yl lz-yi= (1-8) Ix-¥i.

Indesd, Definition 3.1. 18 equivalent with the previous
Defl\ition 7 \

MM!-MJ.L In a Banach space X the fo].lw:l.nu conditions
are eguivalent:

1. ¥, yed: boayl=Ixl+17l=( (3. El.. x-ly)Vx-OVy'-oh
2. Yz, yexvee(o, 1)1z fx-zf=tix-y), Jz-vi= (1- &) Px-y].

Proof. We prove that the first condition implies the second.
We choose freely x,ye X and t e [0,1]. If z=(1-t)x+ty,
then: 3
P-yl=lx- ((1-£) x+ty) f=thx-y]
il 1z-¥i=1(1-t) x+ ty-yi=(1-t) |x-¥].
-such ©« point z is unique. Really, suppose that there exist
two pulnts z,,2,(2, ,°X,c, ,»¥) satisfying:
Ix-z, JI=tix-yi iz, ,-yi=(1-£) Ix-¥1. (1)
Ohserve that:
bt pheb-2, 50 3, 7Sz, 2 ooy isEl-yle (- 6) Byl
Therefire  |(x-z; ,) +(2, ,-¥) I=Ix-z, ,1+1z; -¥1.


file:///z-y/-
file:///x-y/-/x-y/
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We conclude that:
JAER,, 1 x-2,~A(z,~y) V-7, 20V, - =0,
Jp R, i x-z=p l2-y) Y 2,-0Vz, -5-0.

. : - o A
Frum (2} it follows tmat glamx+my

and from (3) - x,-f‘a-x+$%3f-

{2)
(3)

Both 3 and gz, satisfy the cendition (1) therefore

-z e bx- (Lo 'i%'i'","'r% tx-yl=tix-y1,

It fcllows that A=—L.
i-C

Ll L *

Slni_larly p-_i_:.;:..

We conclude that 1l=p , consequently z.-z,.

1zl ooyl beyis (126 ey

Mo we Dprove that the second condition implies the iirst,

We eramine x,yei:lxryi=lxi+ivl.

Let 2z ¢ X, nu=24z and V¥=2Z-y. Then =XZ=su-z and y=g~v.

Hence, li-zpjz-vi=ju-z+z-vl=u-v].
There exists such ce[0,1] that: lu-z]=tlu-vi,
Jz-vi=(1-t] ju-vi.
1f z,=(1-clurlv , cthen for A th_a previous
hold. Therefore z=z =(i-t)ustv.
Hence, z=!1-t}u+tv=!1—t}(x?zht{z-—yh
=(1=t)u+(1-t)z+z-ty=({1=-t)R~Ey+zZ.

It follcws that O=(1-t)y-ty and x-.;"gy,

equalities also

Tf t=0, then z=u »nd %=, if r=1, then z=v and y=0.
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ON FIXED POINTS OF MAPPINGb

i.Kapra'ne, A.Llepin's’

mp‘-‘f—‘- Existence of fixed points for mappings of
. Kann T metric space is 5
AMS %ul:- iass?ffcatmn S1h55 oy

He extend the results of [1,2] similarly as the results of
£3,2) in [4]).

We need the following kasic definitions and ncotations.

Let X be a metric space with a distance d. Let EX be a setl
of all subsets of X. Bix,rj:=lyex|dly,x) <z} [Eor each x ¢ X and
't em,.

pefivition., A closure operator on X is » mapping W: Ex - EX
fer each A,B € EX satisfying:

1) AcB-W(A)<H(B);

2) AcW(A);

3) WW(A))=W(A). /

Let W he a closure operator on }' A subset A of X is sa:l.:‘
to be S-cloused if A=W(A). W-compactness of X 1Is defined in the
game manner as in the case of a topolocical closure operatcr. |

Let £ be a selfmap of X. Let x ¢ X and
Alx):+(BEEX xcB & B=U(B) & f(B) ¢ B).

. Theorem. Suprose X 18 a metric space and W 1s a closure
aperator on X. Suppose the following holds:
1) X is W-compact;
2) Blx,r! is P-closed for each x ¢ X and ;eR, .
Let £ be a sellimap of X and the fellewing condivions
ave catisfied:
3) 3gelo,1[Vx, yEX: :
d{£{x), Z(y) ) maxld (x, £(x)) ;d(y, £1y) ) sqdian(aixUalyi )l
1) VxeXixef(x)):x(x) = sup Wy, £() |yea(x) Kdlama (x) .
Then F has a fixed point,
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Proof. Using Zorn's Axiom and W-compactness of X (condition

1) we ccneclude that there exiets a minimal nonempty u-:loud and
invariant under f subset M of X.

Let x € M and x ¢ £(X). Since M=A(x), r(x) < diam M by 4.
Let v':= g dism M and max { r(x), r') =:%. ;
Let B:=B(f{x).r) N M. B is nonempty (f(x) ¢ B) and
W-closed by 2. Let y ¢ B. By 3:
difixj. £(¥)) s max { A(x,£{x)); d(v,£{y)); qdianM } <
s wax { r(x);r(y):ir'} ¢ r and £(y) € B.Hence, £(B) ¢ B, B=M,
M e B(E(xi,r), £(x) eXs{y,r)MMyeM=:C»a and £(M} c C as x e M
was arbitravy. Therzfore £{(C) c C and C=M as C ies W-closed by 2
and M is minimal.
At tha same time: diam C ' ¢ r < diamM.
The Tesul: follows,

Pamgrk. The fixed point of the mapping satisfying the third
condition of our theorem is unique 1f W((x))={x) for each x € X.
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CB ATNPCCINAINE PEUEIN CLHCOPCLHCI'O YPABHEIIMS.
f,’-le&PUHHﬂI CEEPLHN U.MAKC!HAEIBIIHK MHANTATOPOM

. 1. Kaansus

Anzoraunn. 3 NOHEOCH BAMETKE DPECCMATPUIAEYCA CHHCLONHCE
YPeBHEHRE g ~CLOUCHHEH CBCPTEM ¢ MAKCIMA bENWM WEANKATODOS. B
npeiofoze ity NOAHOH DPEIYNAPHOCTY DOCTE XapakiepHeTRYBCKOR
QyHKLAN YPEDHOHNA BROAL JAyuell M3 HEKOTODUX MHOEOCT? HINBOZUTCA
OnucaHie CALOCHASHEX OCNACTEl annpoxKciMaliit peteditid 220ro ypa=
§H§H§f?ngcpancmm THK HASWBAEMH. 3JEMEHTADRNX pPEWeHAN.-

A O

B HOCTORWEH CTATHE YCHAOBIMCH MCTONBSOBATH TOPMUHOACTHMD M
oGoaravemng pacor [11-13].

I. [locTalioBka 2axa%l

liyers G'= zunjxaas 0GIEcTEs E EOMTAGKCHOH NAOCKOCYH (, B
. — MPOCTPEHCTEO TONOMOPIHLY B BTOH OGRACTH JYHRUMA C GO~
1ol roncnoruei parui:m‘ep:;on CXOIMOCTH KA KOMIIARTaX [ npo-
ctpanorso, accommposaimoe ¢ (¢ ;'S - amamermuscuul Pyxup-
oHaN ¢ kxomaxrHwy Locuzenem B (5 . Hsmecrno, yro & jonyoka-
87 hpe;CTABMGHES B BHIE LHTEPQSAQ NG Mepe

<8, = Staydu, feH, (1)

rae K - soxczopuit xgma:c: 5 odnsers (G , M~ wovmasKeH3s
KOHBYHC BAANTHBHEA Mepa OrpPAaHMuEHHEOH BapMadui, COCPBAOTCYEHHRR
va K . i npexcrasmenun (I} cxenyer, uwo jysrumosan S wox-
HO NpiveHATS U8 TONBKO X Jysxmuam { w3 wpocrpancrsa H ., Eo u
¥ "wamw cxamran | (2 v h)  srTux GyEKUuA, npH KOTOPHX ORM
COTENTCA AHATUTHUSCKAMH HE K -« OYHRLKD '

o 4@y, | a,eC (@

TS

K=o
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rae W=exp{2ai/¢9} , Oyaew naaupars 9~CTOPOHKIM CRBUIOM
pyaxuur § wua f , npuuem camEr (2) HasoBew paRHOMEDHEM, ecCIN
A, =@y = w = @g_y » B HOPABHOMOPHNM - B NPOTMRHOY CAyYae,
OYHEIID 2

L B! %
F =< S, 3 acdzew by,

rze & zoerazcuio "mano", Oyaes Ea3uBATH ¢ -CTOpOHHAN cpspTHOl
gynsnuouana S u gyuxpm £e H oSosasvars, cxsays [27,
(S® f y(J.) . Pacoworpie OAHOpDOA:NOe ypeBHEHU® t;-mopom!
OBOPTEA :

Sol -0 (deH) . (3)

lipuBesiem 2Bemtertos B [3] nousrue mupuxeropa ypasusuus (3).
Qupezesprne. Noxuadop (= { PisPasee P} Hadopa uemx
vucent {0,4,4.,9-1] , ynosnersopsMEME yoTOBMTM
1) OLPy<m<Pm < q-45;
2) QL:‘: o' 4 0, ecnn P~ el,
0 ) ,
EZ.L a,‘w.‘&""o' ecad P }{f)
HESHBEATCA WRAMKATOPOM YLASHSHAA (3).

B macYoaued padoTe me GYAeM NpeANCIaraTh, NTO0 YPABHOHUE
(3) mveer marcivaxbinl BEzukazop € = 0,4, ., 3115,

¥uoxecreo W pewsumi { e |  ypasuemmum (3) oSpasyer
SaMIHYTOS NOANPOcTpPeHCTS0 B | . CHO, B OMAy TOrO, uTO Onepa-
Top ¢ ~0TOPONHGH CBUYTKM KOMMYTHPYeT C OUSPATOPON KPATHOrO :
auidepsuuyupopanns D) 1 ¥ =4 |, xe 2/ , ssaserca mupa-
PHAETHIM OTHOCHTAAEHO oneparopa D7 . DxcnoHeEnHaNsHHS DONM-
BOMd BMAS Ty %

: o Yo'z

e BT L (Zgine ]y,

e A€ € v 3e(B) » K= 0400009-4 , - tyaxmus, rono-
mopdnue 3 Touke A 3 n € A/ U 10}, HuSHBADTOR JABMERTAENHEME
SKCNOREHIMANBHEMA [IONEHOMaN 1. DIOMEHTAPHNE BXCIOISEILBIEHNE
nomsHona s W , cre;ys [3], Oyaew HeauBe?s 8 A ewe H -
YapHEHMHK pemenHAMY ypuHeHHs (3). Usvecrho
{3, ¢.71], urc xaxmoo pewenwe 4 ¢ W ypasmenua (3) moxuo
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annyCKCHMAPOLATE B TONOJOTHR H smnelimens KOMOiHALMAME SAeME H-
TEPHUYX peleHul. HacTORNGR DPACOTE NOCBALGHA HCCIENOBAHND CHSAY-
pileH aaJdaun: NYcTh poilgHie { € H ypapHeHHA (3) ZOnyokaeT OXF-
HO3RAYHOE SHANNTUYECKO0E NPORONXEHWE B: OJHOCBRIAYY 00AECTH G" s
G Gf « [pn KERIX yJCACBURX { | MOXHO 8IITPOKCHMHJOESTH KOMGH-
HELUDM SNEMSHTAPHNX DeWeHM{ B TONOXOPUX npocrpascssa H , ac-
comuposaiioro ¢ osascrsn (o 7 ' /.

=~ B crepypdcr OYERTE B iIpSINONORGHNM NONHOK DeryAAplocTH po-
€18 Xaparyepacriveckol §yHxRnuM lflia):-.z\S)e £ ypasuenns (3)
BAOAH Jyuell us HEeKOTOQUX MHOKECTD NPHBOANICH ONUCLEMY ULUOCBA3-
max oonacresi (G’ , ZiA ROTOPEX DACCMATDHBASMAR 3&ZANE HMEST 10—
MOEMLeABHO0S DPEUIHIS. JNOMARYTHO OALOCBA3HHG OOGIECTU ip8ACTEBAA-
0T coGop BBejcHEMe apropom B [I , c.202] "@maromse" o(nacTi,
ABNANUMECH CYNECTBEANO HOELIYKIME.

2. CoHOBHON DE3YALTAT -

liyers Ea Ipaumie o0nacTy G ¢yaecrByRT fenyeriems (1] or-
HOCUTENBIO CONPRECHHON AHAT pAMME XADAKTSDUCTENSCKOR JyHKINL
geh)y myra T, ye.ea T, {WsA ). TpoHNOnOREM, YTC WH-
PepBaNy HanpaBXsHulfol,, ] o--‘-'b'mh.l » BCCOUEPOBALINS
111 ¢ smuvn jyraww, nonapio He Mew: OCWX Hanparjenii. (Opa-
ayem Jaarosyp ofaacts (ow. (Il , opeyxa (2))

n
GULU 8., ) .
NOPUXTEHHYD AYTaMI r‘ ....,-r,-,- . DXa S‘_ - (d(.j&‘)—nanpaa-
nensuli gaar (11 , npzerpoermsl k xopae, crarusepuell KoMy Ayru
T - Cmepym 1] , guar S, Oymew Hesupars yarme, eCik Ayra
I_‘ - waaag [I , ¢.2011 . CrpaBesmuss cleaypile Teopemy
Teouera 1. [lyoTs XapgKTepHCTUYECKER DyHKLUA t{ ypasHaHiun
(3) weeer MONUYD PEDYAAPHOCTH DOCTA BAOUB Ayyel

g 7 = -0, Belig, A pe, Patl; k=t u i E>0,
W pemoHuE { < H 210I'0 ypaBHeRMA AONycKaeT OAHOSHAVKUE Sha-
JIATHYECHOs NI0AORAGHNE M2 oONacTh G B QiIocBASHYD 00R3CTH

G’ , COZGpzamyiocs B o0nacTd (4). Torza { MOXHO 86 POKCH=
MitpoBal b MHelEEE KOVOMHAUNAMK STeveHTapUENX POOSLIA P L0UGAG-
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/ t o

TER Gpocepazcersa H y accuquuponaanoro ¢ G &

Lsopor@ Z. IIyeTh XeuakTepHCTMueckan (VHKOAR 'ypa;uemm
() wreur nOAHYD POTYAAPEOCTH POCLP BROAB Ayuel Qrg Z = -dg,
kg A = = 3 K= l,e.0, My M Dedsine fec H azore
yOARHSUKR AONyCs2eT CANO3RAYHOS nnamsuqacme NPOROINGHNE K2
geracry ooB CHAOCHATHTR OUHECTE G , copepsauynch £ (4),
byl nce ety ;:,i ey Sn. = YeKue. Torza yuBepajienns 0=
fevil L, Rade ihaer w3000. :

HykseeEsne feopeny WORHO CHOIMYIMPOBETE B TepMuaX DAC—
APOCT PHHEE CUA CUGKE PANEEOrD CHETE38.! [BBECTHO, YI0 NPCCTPAHCTRO
W ssseant 4 e W ypasremas (3) RONyCKaeY Cilext paEEpl
streus (ow. 13, ¢.71). locaenues o3HasaeT, YTO W cosnaxaet
¢ sawakeTioM B W amrelisod gOOJONKR BNeyeHTApHX ancuonamn-

QABYER RONUEOMOB, NpuneAzexasux W . Nyers W'= WD 4t

rpe |4' - tjpgcipalelEO, GCCOUMADOBREHHEOB C OZHOCBRUHOH oﬁ.nacrm
ot S B @&/ ). Yenosweca roTopESh, YTO OZ POCT PANCTED
\W/  rcrpesaeT HecnpUCTPAREHNS CRERTPaNBHOIC cnnmeaa ¢ ofnacTE
G sa cemaere G, ecau rompoerpascene W' C H/ . ek~

e dniycnasd chekrpeiMbHel cimres. Teopomy 1 R 2 9xBEBAIEHTHH

COCTAETOTEEINGC TR YIRe DXAGHUs

perd 3. [l¥CLE XSpakTEPUCTUYBCKAR QYHENAS {f ypasseuss
(3) lese? nolkyn pECYARGROCTH DOCTA BAONL Myded |
are, &= -0 BEfelg~€ dicll) [33-,<,3;.,;+e.1, K=dyiriy My €77,

AR SR A o (f_‘" ) = CaliocnAsHAN 0GALCTH, CCHEDEAUAHCH
B olnaety [4). Toppa nIfupecrpanctno W/  MonyekneT Dacnpoctpa-
MRS CRUAYPSILHOTG CHNTESE ¢ comacTe (5 ua odmanrs G .

Togbers e LyoTS XGpAnTEpHCTERUCKAA GyHELMR (f yyapucnun
{7) Prues noMMyn PeTYARPEOCES POCTU BIOB yuel

L T "JI\‘ > {.;l"':?f' i —Pp\' 3 K= 0, - »

AT A T R gl ) = opuocminHan OONACTH, CONGBPHEMANUA
P ouicery (4), ¥ scropoll see duark - yasme. Torga yroe jkieude
Foopek. t coXDaHAETCH.

Garatior, S10 fhrypupyncie B cdopewsx 1,3 - odacet {Z‘,"
goiee MgnouiEns Hezeud B Teopema 2,4, N0 B LocHeiRlX chadce
GUPANSNE SR J0 NYPAKTE PRGNS CKYD QY dRIHMI. ;
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“ Teopewy 3 4 4 XOMOURAWT UNTHPOBAKHNE BUle peayisTaT A.b.
lMikaNs O CrenTpanmniow CuNTese B npoctpamcrss W pomemsh ype-
FHOEMA (3) C MAKCHWANEBHEM EHANKATODOV.
liokaasa®eXscT B O Yeoyew 3 1 4 (a 3nauur, M
zeopen T u 2 ) ocnorupaeTcs HA Tow gamrs (ow.[3], RUEANONE EHY
2.4.2), 420 anyasropiue nopwoayax [21-{3] rpocrpamcts pemexiit
W ¥ W' nopoxpantes wezamucHWON onCTeMOM QYHEQ K

Fw(&) i “ch) .

CNeACBAT6AbHO, B VACTHOCTH, AHHYNATOPHN nanvun,m I NoZApo=
crpaucree W ! npejcreBnssr ¢oGon 3@ wRAMKE B '}3" WIHCHOCTEA

T hyaruell suza f"&} -Lf{fy s P8 P' - KAACC BCBX UEIMX HYik-
MW SKCHOHEAUMANBEOrO TUNA, ¥ KOTOPHX accm,uuponaanue no Sopeimn
GYHROUK FANAITCH AMeIMTANecKMey Wa Xomomwemmt (3 zo pacmmpen-
HOM KOWINERCHOM RIEQCKOCTH, HBAGNOHHNE OTAeMMrOH norazmno LHOYE-
aoll ronoxoraed, nwunposannon 43 npocTpaHcTRa H" (crinKoro
CONPAZeiNOro X H )ozoGpamotnew

T: S_"Lf(‘fl —-<5&‘>

f. ) ~ wihorouaci. Taxce CTpoee I G c.:xy AIMEULHNR K
Qeopsw 5.1 padory [41. rosopur o Tow, wro npocrparcTio W/
COBEN&TEEeT ¢ n PoCTpAECTROM peueHEk oﬁmaora ORHOpPORHCTO Y pEBHe—

HER CBEPTRY .
I 20 SRR 48

8 BHEYUMT, APARETCH LOZN{OCTDAHCZBOM TPOCTUAHCTIA H "y, HHDA-
. pHAHTHEM OTHOCHTENEEO ONepaTopa |)  OGHYEOTO JuddepeRUNOBARLA.
'Ho B yonorusx Teopew 3 u 4, B culy Teopim A i B padorw [11, W'
K85 NOANDPOCTPAHCTRO, UHBAPAGRTHOS maocmann'to oneparcpa’ 1)
EONYCKGBE CNOX?paibiull cuuTsa. Suauaw, nnmpowpannmau Woone-
NYCKSET PACHPOCTPAHEENG CHENTDANEHOTO. CHETESA C NCKOKNON: BEMYH—
noit oongern & Ha oonacrs C_}' v QUEYILPYNEYD B (OIMYyAKPOL-
Kax wTeopen 3 M 4. \ :

-

3. Hmmespalis Tepiem 3
P&CCIOR PN, OINI0pOAH0T jpa;‘uﬁuﬂa ABYyXaTGUONHE CPauTHY

'_' : {':‘;J 12‘{('5--.-21}-\-{.13 i(.%'fﬂ.":—: : (5)
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¢ xapazopaoravecrol gymsuselk Y(h)= sinwh | sanamuce 3 wonvco
Ceize(: Re2\<, O <22} . Kergya#o suzess, uT0 970
vpanusane 03;:&; S.‘ﬂ:"b YBKCHMITBHRI - Wa:up TCI78 4 TOABKO 2O~
rra, RorzEa a-‘ qa, Z 0O . [lpemnonozew, 9To saa (5) aro yo-
LUYNE BHO/HASTCA. TOPAA MO TeCpewe 3  npoCTpaECTBO porend W
grazesung (5), roac:opjuex B nosoce (G, zonycxaer pacupocy-
FA35.LC GllMEL JRARAUTO GXITERA O G . na somkyp osnscrs G/ =
= QLI roe T1 = {2e €1 g 0)oT2 Iz g oo TynnRegle |
KpevonsMelieR nonocd, noyomCKHan Henpepushoi wa T Jymmuzedt
ala) .

Sedmsorpadmieckull cmIcoK

L. Hpasdes C.l.  E.u0npocy 00 SRNPUSCEMALKE LEUSHMA CHEOUOAROLD
JiATECEUR CDEPTIL KOCUSLOTHEOM 3IEMEHTADHNX// K82SY. aNOTKT.~
1832, = 132+ = Tunag. - C.198-21T,

2. Evecavics-Tennopexal Me0., Bumiun A.B. Cnexzhensnuil onutes
qnf QuepstOpa EFSTHOrC. aufiopeRuMpopanua// FAR CECP. - .1989.

= TLBgE. =it 1. ~0.24=27.

S kil mebe  HEDAPHEHTHOY TOATPOCYTJEECTHE- OLE[I9TOPE LEATHODG
AiGCO0RINAPOSIRARS JHO .0 x KAUL. dUa;-raR. 5BYKS OL.ODWGI. =
Ney 1950, = .35 ©. v

%a J:yc:.m-:un-?'.;;ao:ac:;as‘. Heys LHSApRARSHNG LOIT PUCTPaHCTEE Cila-
nsvunecuyy gyzxiai. I11. Cnexrpaiissui CAETES K& DHAYKIALX 00—
racenx// Lanow.cbaa - 1972, = T.68. = B 1. =C.3-30.

S.7,00lindn, n ths spproximation of the solutions of homoganc-

o d min

5 kountien of the g-iatersl convolttion aith the maximua indi=

us
[~ e
———

I4
Summary. Vhis article dealu with the homogenovs equaticn cf

Ahs qeiateral conybletion with the -naxinun ipndicator, The res-~
cription of & wingleconnection rngicns of epproximation of the
spuation solutxins Oy moans of the so-celled elementary solufiona
ary giver in % suvppcsition of tha full rufulnrity of & charact: .
ristic functiecn growth cf this equetion s ong ‘the rays from gone
seto),

A4S Subynet clessification
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0 JTESHHOMIAKTHHX OINEPATOPAX
B.lloxomapen

ne, Tlpuso A HOCTaTOMHHE YCAOBRA LAd NeMUROMIISY?—
nmrn%an.p ¥, 517.988.5 ¥ i

B CBASH C MIYYEHMEM HENONBUXHHX TOYEK ONEepATODHHX YDaBHe—
Rt B TRAB0SPTOEOM NDOCTDAKCTBE Petvyshyn | I| =Ben moks-
THE NEMEKOMOAKTHODO OnepaTopa. STO NMOHATHE TAKEe NPUBENO X ME-
TepecHuM peaynanratam (ooOmamupm pAx mapecTHsx, o, | 271 ¥ yxa-
SAHHYD TAM AWTEPATYPY) B TEOPHM KDAEBBEX Jamayu [2-—41.

H pacTosmel! padoTe NPUBONATCA YTBEDXNEHRA, NAKUMe HOCTA-
TOUHHE YCACBMA NEMEKOMNAKTHOCTH ONEpaTOope.

fiyers E , & - mopwwposamme TpocTpancTsa ¢ Eopuaws e g |
k-\lg . Beemewm onpenenenue.

_ ggggexeuu . OnepaTop (o'roﬁpmm)f E-> G  gazosew

JNEMMKOMIAKTREM, eCll M JCRORMK:
1) nocnemomarensuocTs (2.) onewenrtoR ws £  orpamnuesa,
2) natzerca he & TAKOE, HTO

B Vi —0lle =0,

- 00
cnenyer, uro y nocremosatenseocTn (i) CymecTByeT mOILOCHE-
saroisuoeTs (W, ‘3 u 'r.E E  macwe, uto
Avve (] 'h‘_- -~ Lo ll
Y™ U nenymuEt npmmep ummae'r YT0 GVUKIUOKANEHO-KUGHeDEH—
OAAKbHOE yparsesue (B WBCTHOCTH, OCHEHOReHHOEe Eulfepesunaibuoe
yuaBHew:I2) 0DU BeCEMA eCTeOTBEHHOM YOAOBME CipeNefieT NerEKoM-
naxTERl opeparop.
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Dpryen. Onpenemm orodpaxenme F:ACCIR*) > L(I,R")
¢. sy opagom: oA apcux x € ACCE,R™Y 1 tel mo-
TORWY

)= =) - () 8 (1)

me §ACCE, RY-L(T,RY)  weln2,. Yy I=Tat] |
~asn< <voo  ALGLR"Y) - npocrpanctso adcomwrHo Hempe-
pumrax gymamit 22 T> RN o Hopmoft | el = hma.{l;;(-k)l \
CLENEls . Y T R RS IPOCTLAECTRO CYMMupya—
vix no Nedery dymaudt Y I>R"™ ¢ zopwoft

1 h, = woed Yiw cntdal teds,. ntl,
1 A

}um&’x_'é R MONATESM l_'!-‘r\=(\‘-’c,l,., o \Xnl) , Uxlh=
(2 e * )% | Tioraxew, UTO €CA¥ JNE NRCOT'O OPPEHENEHHODO
wroncerna  AC ACCT,R™)  mtnercs cy apyevMes GyHRIMS
-3€L(.T9R“) TAKaf, °TO K&-v‘.‘:(ﬂ\S%Cﬂ Ans nnoEx
e A % nours wu scex te€l , T0 oroOpexemwe ¥+
onpenengHAce nodpsacaBom (1), MeMEKOMIAKTHO.

JeficrputensEo, NyeTs (X )y OPpAHMYEHHAR HOCHEKOBATENb~
#octs snenenton ne ACCT, R™) raxas, wro nocremosaressuocts
CFxeL) CXONNTCA ¥ HEROTODOMY ‘SNEMEHTy O € L(I,R")

T.0.

g-r"uwx_, “ F‘LK" Q.“.‘_ = 0_

L= 5 &
Oupenensga €t ¥~ L(I, Q“) e andoro W 6-\‘4&,..&
CACI/ ETe CGpATOM

Ey=(Fx M ~a &),

1Cem . =
hw\. il E'“"“L =0y

| S Y

'-"l/.;(t.u NG L R G R A ACH L €. GE)
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Nocae LOBATENRHOC TS ("-’(‘.m‘; PABHOMEDHC OPpaHKyera ¥ DABHOCTe—
NeHHO Henpepunng, [epBos OMEBEIHO, 2 BTODOE CAGIYET L CleIym-

meft oneuRu,cnpaBeanimot WA Anoux Kei1,2 ., 7_.‘ e
‘&'. Qt‘tq,&l “;
b=, )~ 2 el S m;'cmd;t
s il S
j\(&'r-.aﬂ:}«r w(&)* g an| dk <
T %
{" oy £} |

T

-J:e GL(I R\) GVHKILE, CYUSCTBYRWEA COrNacKHO ycmsnr'm
mmcm{'nn wein2 Lty

Covnecuo TeoLeme Acaum (r.7.5.7 us Lu}} cywscTSyer nox-
nosaenoparenticers (L)  rnocmezosaremsrootn (), oxo-
wwares ¥ Lo . By onerrt (2) cremyer, wio X. & ACCL ,R™),
uTG ¥ TPeCORSNOCH UOKLEATS. : i

Teopent 1. lyers F:E= G 1 [;,.‘f‘ & & mmomiarr-
Cfl YCAGRIA: :

1) Fex)+ e JFCE) 0 wotord L A e By g
2) ngoodpas ¥ CA) andero kommaxmioro iHowecTBA Ac FCE)
NIpE OTOOpAseME v  SB.ACTCE OTHOCHTEABNQ KOMESKTKEM MHO—

2BCTBOM,
Torga. o1odpamesve X.—> Fixy v % © TeMVKOMIAKTHG.,
Lok sa-:enm-'::._ig. [y21e HAHE JOUDENMNEFRHAR NCCTeNoBaTeNLHeCTh

(W)  2ncwentcs 9 E & smement W € ‘tax#s, 4TO
’nm i FL'&...,} “ r{ = ‘ 3 (2)
wSoy

Gnenmremo.ndmnenoaaremocn = (% <) cxepmen ®
angterTy (L— Ao - o
3 owry yonomns T, min anocre w €442, . 4§ matgescs
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%E\h Tanos, vio

Fl4)= Lc-am«fs... ‘ @)

Ha (3) nomyuaen, 49T0 MHOZECTBO

A=1F(3.0-8e \uc—u.z,..,l.‘;ula QB

xownaxrao n Ac F ( 3 ([087OMy NG YCAOBED 2 inees:, UTO MHG-
xeCTHO :

L GAN | ' (5)

OTHOCYTENBRO KOMIZRTHO, Tax Xax jna andoro K €44,2,...% . co-

macHO (4), sremcHTN Uy - Opwamrexar maorecTdy (5), TO HS

NOCASIOPETSNBEICTH % ¥ D MOXHO BEAEKTTE NONGOCHSH0SA—

TONBHOCTS \ AW, CXORAWYRCA K HEKOTODONY VAEMSETY X, €& ¢
L 9T0 B ”peciccaaxoch JAoxazars.

Teopern 2. Niyets oroCpasemme F: € - & OMEKTHERO M
ofpatece oTudpaXCHES F HEenpe DaBEn, &;,G . Torra oTo-
Opexeime X —» F ) + ko mewmonnantHo. . & '

Loz arentcyso. Y3 onpsextussoctd ¥ cremyer mumommi-
NCCTH vcmana I 7eopemat 1, %8 OMOLTHBHOCTE Y- CACLye? CYNGCT-
soane V', XOTOpOe, OYAVM 1O YCROBED HENDOUELEM, TEpeBO-
TP OTEOCUTEMLHO ROMmaxTHOS MuoxecTEO (Tecpera 3.17.9 us[S]}
B OTHCCHTEAREO KOWIAKTHOS MHORECTBO, & CABASBATENLEO, 1O ME0-

pene I nﬁrymem 'rnedyauoe. ! &
Peopemm 2. ﬁ}' Ax £ - Q nuHeH0S, HenpepdEHOe ,
CHPEEYTEAHOE «rrodpax:emte N.(.A’} X‘K.GE_ \ A'x. ofe 5,0’;_ i

$oc
lorma oToGrerenue X ->A% ¥ ‘Eo RENAROMIAKTEO
loxs3arefLoYE0. Tak ek MEONeCTBC Wynelt onmepatopa A - co-
CTOMT OREKD %3 HYMGBOrO JNEMEHTA, TV OH MmizerTiBeE (Teopens [
n.J2.1 #a LS'I\ ¥ 1o 1eopeme Esuaxe od ofSpartHoM oneparops (Te-
opaa 4 1.12.1 a3 Lu]) cymacme'r odpaTEEl NUReRH) HeLpepHBHBE
olepaTop, UTO CODISCHO TEOREMe 2 o OSHAYAST TPRIyEMCE.
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