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A. A KPYTEP

CTPOTHE ¢-IIOJYAHUPPEPEHIIHAJIBI
U JUOPEPEHIIHPOBAHHE MHOTO3HAYHBIX OTOBPAXKEHHHA

(pedcmasacro avadesmuxom H. B. ladwynoxs)

1. IMycts () — mMHOXecTBO B GaHaxoBoM npocTpaucTBe X, @ — PyHKUHA K3
QBR, xeQ €2 0. MuoxecTso

dzo(x) = {x" € x*:liT_)Tr ‘p(“}_w("':;]:fl‘!‘ Lin 2V 4 N
ue) J

Ha3biBAETCA HUNCHUM E-noaydudpepernyuarom PyHKUHH @ B TOYKe X. 31ech
cumBoa X* 0603HauaeT NpoCTPaHCTBO, TOMOJNOMHYECKH CONMpsKeHHoe K X.
Muoxectso (1), oueBnano, Beinykao U cnabo* 3amkHyto. I[lpn € =0 owuo
npeacTaBaseT coboil ectecTeHHoe obobuwenue (¢ TOUHOCTBIO 10 €) MOHSTH
npou3poaHord Ppewe n cydauddepenurana B CMbIC/AE BbINYKJIOro aHa/aH3a.

BeepeHHOMY NOHATHIO HUXKHErO €-nonyau(p@eperHunana 0TBeYalT COOTBET-
CTBYIOIWLHE reoMeTpuueckue oObeKThl: €-HOPMAJH K MHOXKecTBY, OB03HauKnM

NE(I!Q) e iy* e X" lim sup_{_x”_Lu —‘r‘)— e gl
U—Xx

(2)

H—x
uefd

MHoxectso (2) Takxke Boinykao ¥ caado® 3amkHyTo. Ha3osem ero muoxcecm-
BOM €-HOpMAAel K MHOXeCTBY € B Touke X. 3aMeTHM, uTo MHOxecTso (2)
npu € > 0 He aBasercs KoHycom. Ono cosnaanaet ¢ (1) 8 cayyae @ = 0. OtmeTum,
uto mHoxectsa (1), (2) 3aBucsaT oT KOHKPETHOro BUa HOPMbI NpocTpaHCTBa X.

PaccMoTpum Tenepb MHOMKECTBO

dro(x) = U[ag(ciim}(u): u € QN Be(x).|olbo(u) - o(x)] < g]. (3)

HasoseM ero cmpoeum nusxcrum g -noaydupgepenyuarom PYHKLHU P B TOUKe

!
x. CumBoa cl™@ o6o3HauaeT 31eCh NOAYHENPEPLIBHYIO CHH3Y 060A0UKY (YHKUHH
¢p. Cmpoeun sepxuuil €-noaydudeperyuas MOKHO ONPEAENHTL PABEHCTEOM

Ai— - S
9 9(x) = -9 (-0)(x).

Crporue €-nonyanddepenunans sseiersl 8 [1]. Ouu npeacrasasior coboi
HEKOTOPbI€ aHANOMH CTPOroH NPOM3BOAHOH. Byayun HeBbINYKJIBIMH, OHU ABJISIOTCS
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f0/ee TOHKMMH JOKAAbHBLIMH XapakTePHCTHKAaMH (DYHKUHH TO CPaBHEHMIO C
oGo6weHHbIM rpandenTom Knapka d-o(x) [2]. IIpu stom ouu mMoryT GuiTh Henyc-

THIMM OAHOBDEMEHHO M He COAepKaTbes OAMH B Apyrom. Odosnauum d.0(x) =

= a;{p{.\c)ua;@{x} 1 Ha30BeM BBENEHHOE MHOKECTBO cmpocum €-dupgepenyua-

A0M PyHKYUU @ B TOYKE X.
Cmpocoe MHOHNECMBO €-HOpMaAAEl ONPefesseTCs PABEHCTBOM

Ne(x]Q) = U[Ve(fclQ): u e clan BE(,\:)], (4)

Ceaxem ¢ QyHKuMed @ ee Haarpadux E((p]———{(x.p)eXXR:er,
@(x) S H} H pacemoTpuM CTPOroe MHOKECTBO E-HOpMadell K HeMy B TOYKe

(x,q}(x))_ CienytoluMe COOTHOIIEHHS OMpPEAENsIOT COOTBETCTBEHHO cmpoeatil
2EOMEMPUUECKULL X CMPO2ULL CUHEYARPHBLL € -noaydudgheperyuiansl:

-~

oy o(x) = {x* € X*:(x*.—l) € fffs(.t.{p(x)lE((P])}.
3% o()= {x* c X"(x".0) e P:’E(x.(p(x)‘f(tp))}

QyHKUMM @ B TOuKe X.
Teopemnmal. () E};(p(\:) o a:?(p(x)
(1) Hdas aw6oeo y>0 cywecmeyem makoe wucao f>0, umo

A . -
y o0 N[v8" | < del(x).

OcHosbiBasich Ha NoHsATHAX (3), (4), MOXHO ONpeNen|Ts HEKOTOPHIE NPeLe/lb-
HBIC KOHCTPYKUHH: 06obujennbie Oughgheperiyuaio. 1 0000WEHHbIE HOPMAALL,
KOTOpbie HCRoJsb3oBanuck B [3—12] ans uccaenopanus NokanbHBIX CBOWHCTB
HErNajukKuX QYHKUHMH H DOPMYNHPOBKM YCJNOBHH ONTHMAJNBHOCTH B HerJaaKux
IKCTPEMaNbHbLIX 3afa4ax.

2. Huyke npHBOAATCS HEKOTOPbLIE PE3YNbTATE UCHUCAERHSA g -NoNyaH(depen-
uuanoe. [Tpoctpanctsa X, ¥ cunrtaores raagkuMu (B npocTpaHcTBax CylecTsyoT
3KBWBAJEHTHbIE HOPMEL. AHpPepeHunpyemble no Ppewle Bo BCEX HEHYJEBLIX
touykax). [lns mpoctoThl POPMYIHPOBOK BCe PYHKIMH NPEANONATalOTCs JHILULIHLLE-
BbIMH.

Teopema 2. [lycme 9. 09 — Qynryuu ns X 6 R, 0 = 9, + ¢y. Tozda
das at0doix € > 0, g5 > 0 cywecmsyem makoe € >0, umo

2. 0(x) c é;!tpl(x) + égg(pz(x).

Teopemad [lyemp @0, — pynxyuu uz X 6 R, @(x) =0,(x),

@ = max(@;.¢y). Toeda das at0bbix g, > 0, £, > 0 cywyecmsyem maxoe ¢ > 0,
Ymo

e

Geol)e U M)+ had, 02(3)]
A >0,ho>0
}\J+12=l
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Teopema 4. [lycmo [, g — pynkyunuz X6 Y uus Y 6 R coomsemcmeenno,

=gof:X = R Toeda das awdetx €, >0, €, > 0 cywecmsyem maxoee >0,
=g ! 9 Yy Y
ymo

-

2. 9(x) c U[E); (' Hix):y" e F;‘;zg(f(r])]

B Qopmynnposke Teopems 4 cumsoaom {y .f) oGo3Havena QyHKIHS

x =y f(x) xeX.
Canencteuedl [llyecmsv [, g — pyuxyuu uz X 8 Y uus Y 8 R
coomeemcmeeHHo, @ = go [1X — R u ¢pynkyua [ cmpoeo dugppepenyipyema

8 mouke x. Tozda dazn awbvix € > 0, €y > 0 cywyecmeyem makoe € >0, umo

o~

9e9(x) © (F'(x)) 95, &(/(x) + &8

Cneancteued? [lyemov f, g — pyrnxyuu us X 8 Y u u3z 'Y 8 R
coomsemcmeenHo, @ = go [:X = R u yrkyus g cmpoeo dugpepenyupyema
& mouke [(x). Toeda dan awboeo § > () cywecmsyem maxoe € > 0, wmo

3z o(x) a5 (g"(F(x)). F)(x).

Teopewmabd [Mycmv ¢ — gynkyus us X 8 R, x,,xy € X. Toeda cyuwye-
cmeyem maxKas mouka X € [xl,xg), umo oas 2:06020 € >0 moxHO ykazame

snemenm x* € A29(x) maxoti, umo
(p(:-:-)_) = (p(xl) = (x*.x-.z — Xp).

Y
3. PaccMoTpuM MHoTO3HauHoe oToGpaxenune F:{2 — 27 co 3naveHunmu 8
Ganaxosom npoctpanctse V. Ero rpaduk o6osHauaercs cumsonom G(F). Beesem
MHOXECTBO :

dcF(x.uy) = {x" e X*i(x =) € Ne(m 0 F))} 5)

3neck (x,y) e G(F), y* e¥Y", £ 2 0. Pasencreo (5) onpenenser cmpozoe €-

A & *
conpajxcenHoe MHOro3HaHoe otobpaxkenue d F(x,4) 1Y — X k otobpaxe-
uuto F B Touke (x, y).

[lpeanoxeununel. Ecau % e éEF(x,y;ym), mo —y € ;‘ffg(yJF(x}).
B cayuae o6piuvoro (ogHo3navHoro) otobpamenusn [ = Y Gymem nucars
def (x;y*) BMECTO égf(x.f(x);y*).
[Tpennoxenue?2 Cnpasediuso CoOOmMHOUEHUE
0 (y", P(x) < 9f(x: ")
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Ecau ¢pynkyus | ydosremeopaem ycaoswo Jdunusuya ¢ koncmanmou C >1 8
OKPECMHOCMIL MOUKW X, MO

ézf(x; y'] e éEE (y . F)(x).

Co ckaaspHod QyHKunen @:Q — R M0okHO cBfi3aTb MHOro3HauHoe otodpaxe-
Hue (x) = o(x)+ R, = {p. € Rg(x) < p}. x € Q. Ero rpaduk, oueBHHO, coBna-
naet ¢ vajirpa@HKoM (QYHKUHH .

Mpenanoxenued [Mycme O(x)=@(x)+ R, x e Q. Tozda

-

I el 7 J
E)L.(D(.r.fp(x}; Y ) = d, ¢(x).
PaccmoTtpum (pyHKUHIO

o(u) = inl{g(u,v) :(u.v) € Qy, ve Flu)f. ueNpryQy. (6)
vey

3aecy Q,Q, — MHoxecTBa B X U XXY COOTBETCTBEHHO, F — MHorosHauHoe
orobpakeHne U3 €, B 2V, g — dyHKuMA u3 Q, B R

Teopemab. [Tycmo X, Y — 2aadkue n.pocmpauémsa, muozncecmea Q,,Qy
JaMKHYymMbl, MHO203HauYHoe omobpamxcernue F noaynenpepoiéHo ceepxy, a
ynkyun g u 9 — cnusy. Mycme, kpome moeo, x € Q, NpryQq, mrnonecmaa

M(u) = {u €Y :(u,0) € Qo, ve Flu), olu)= g{u,a}}

ne nycmor das ecex u € Q NpryQyNB,(x) makux, umo 1o(u) - @(x) <€, u

BbINOAHACMCA CAeOyouee Yciosue:
(1) cywecmeyem maxoe wucao 8 >0, umo

E)qu(.r.y}ﬂ[‘ﬁfa(x.yQG(F))] B,
Toeda das arboix v >0, g, >0, ey >0 cywecmsyem € >0 makoe, wmo

égtp(x)ﬂ['yB*] o U[lf + x5 x| € QEIF(,\'.y;y*),(,r;.y*) B ég,_,g(x.y).y € ,";ft(x}] )
2de
Jﬁg{x) = U[M(u) :u € pryQN B, (x), |cp(u) - tp(:c)l < E]. (7)

Cnenyouwee yTeepxaeHre GOpMYAUPYETCH A5l YACTHOTO CJyUas, KOTLA (PyHK-
uns g B (6) He 3aBHCHT OT NepsBoro aprymeHTa, T.e. pacCMaTPHBaETCH (PYHKUHS

o(u) = inf{g{v) v € Qy ﬂF(u)}, e, ﬂg_l(ﬂg),
veY

rae Q, c ¥, g:Qy = R.
Cnepcreueb.l lTycme X, Y = caadkue npocmpancmsa, muoxcecmeaa
Q,,Qy 3amruymot, MHO2O3HAHOE omobpadcerue F noaynenpepviéno ceepxy,
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a Qynkyus g — cuuay. llycms, kpome moeo, x € L ﬂg_l(ﬂg) , MHONCECMBA
M(u) = {a e QN F(u) 1o(u) = g(a)}

-1
He nycmel 0aa gcex e (g (QQ)HBE(a:) MaKux, ¥mo |(p(u)— tp[,\:)| S e
PAEHOMEPHO 02PAHUUEHD! I BbINOANACMCA CAedyouee yciosue:
(I1) cywecmeyem makoe uucao 8 >0, umo

é;g(y} ﬂ{y* S }{*: 0e éSF(x,y;y:?)} = B*.

Tozda das rwboix v >0, €, > 0. € >0 cyuecmsyem ¢ > () maKkoe, umo
agtp(,t)ﬂ[}’B*] = Uliat.lF(,t,y;yih) 'y e de,&(y). v e ML(L):I

ede MHOXCeCmao ,"':'IE(,!;} onpedeasemcs popmyaoi (7).

ChopnynupoBanHoe yTBepaeHHe Npeactapnset cofol HekoTopoe obobie-
nie Teopembl 4 0 "AM(ppepeHUHPOBAHHH CVNEPTNO3HIHH HETIAAKHX (YHKUMH
Ha cyvaid. Koraa oaHa U3 OYHKUHH 3aMeHeHa MHOT03HauHbIM oTobpaxenuem. C
OPYTOH CTOPOHLI, Teopema 6 1 caeactsue 6.1 naloT npencrasiaedune Aag HUXKIHETO
¢ -noaynuddepeHunana MapreHanbHOH GYHKUHK H3 TEODHH 3KCTPEMAILHBLIX 3ajay
(cm., nanpumep, [14]).

4. Tlpu BoiBOae (hOpMY.J HCHHCIEHHS g-nonyaxddepeHUnanos LEHTPaAbHY O
poJib UrpaeT Tak Ha3biBaemas meopema o Hakpueanuu [10], [11], npeacrasasio-
was codol HeKoTopoe 0000LLIEHHe KIaCCHUECKOH TeopeMbl 08 OTKPLITOM oToOpa-
MEHHHW Ha cay4Yald MHOro3HauHoro otodpakeHus. OHa Taike o6obliaeT ¥ ycuau-
BaeT COOTBETCTBYIOWMH pe3yabtaT padotn [13].

PaccmoTtpum nosyHenpepbiBHOe CBepXy MHOTO3HauyHoe oToOpaxeHHe

Y
F:QQ — 2" co 3nauenusmu B GaHaxoBOM npocTpaHcTse V.
Bynem roBopnTh, 4To MHOro3nauHoe otobpaxeHHe F HaKkpbiBaeT B OKpeCTHOC-

™™ (x,y) € G(F), ecaun cywecTryeT Takoe uneao ¢ > 0 u oxkpecrhocth U n V

TOYEK X M § COOTBETCTBEHHO, YTO aas aobuix u € QNU, v e Flu)NV moxHo

yKazaTtb Takoe yucao r > 0, uto F(Elﬂ Bp{u.)) = Bap(u} ans Beex p, O<p<r.
st XapakTepHCTHKY CBOWCTBA HAKPLIBAHHA MCIOAL3YETCS KOHCTaHTa

=

Teopewmal7. [llycmo Y — caadkoe npocmparcmso. Omobpancenue F

*
X

bp(x. y) = sup inf{ X € f)EF(x. ;j:yﬁ"'}. ||y

>0

e

nakpoieaem 6 okpecmuocmy mouku (x,y) € G(F) moeda u moavke moeda,

xozda bp(x,y) > 0.
Pa6ora Buinonnena npu noguepxke @oHta GyHLIAMEHTANBHBIX HCCAESN0BAHKHMA
Pecnydnuku benapycs.

Summary

A notion of strict ¢ -conjugate sct-valued mapping is introduced on the basis of the notions
of strict ¢-semidifferentials and strict g-normals. The main formulas of calculus of strict &-
semiditferentials arc stated. The results concerning “differentiating™ a superposition of set-
valued mappings and a marginal function, and also the covering theorem are formulated,
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