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MareMaTHYeCKIEe MOJICH MOTYT 1aBaTh JIUIIh
MPHUOIMKEHHOE TIPEACTABICHNE O PEANBHBIX SBICHIIX
u porieccax. VIcXoaHbIe JaHHBIE U3BECTHEI JIUIIE C
HEKOTOPOH TOYHOCTHIO, MaTEMAaTHICCKHUE
3aBHCHUMOCTH BCET1a HECKOIBKO OTINYAIOTCS OT
peanbHbIX. [lo3TOMY H3ydeHHe yCTOHYMBOCTH
BBIBOJIOB OTHOCHUTEIILHO JIOIYCTUMBIX OTKJIOHEHUIA
HCXOJHBIX TaHHBIX U MPEANOCHUIOK MOJIEIN — OJUH U3
9TANoOB MMOCTPOCHUSI MATEMATUYECKOW MOJIETIH,
MpeIHa3HAYEHHON I IPaKTUIECKOTO
ncnonp3oBanusa. Hamu pa3paboTtan moaxon K
M3YYEHHUIO YCTOHYHNBOCTH BBIBOJIOB B MAaTEMAaTHIECKHUX
Mozeisax. LleHTpanpHOe MECTO B HEM 3aHUMAET HOBBII
MaTeMaTHIeCKUi 0OBEKT - 001Ias cxema
ycToauBocTH. OCHOBHOE COJIepyKaHHe HACTOSIIICH
CTaThH - U3YYCHHE MAaTEMAaTHIECKUX CBOMCTB 00IIeH
CXeMbl YCTOMYHUBOCTH. Tak Ha3bIBAE€TCS KOPTEK U3
ity anementoB {A, B, f, d, &, rae A —ipoctpancTBo
MCXOJIHBIX JAHHBIX; B — mpoctpaHcTBO pernenuii; f —
croco0 TMOTy4eHUs BBIBOJIOB, T.C. OJJHO3HAYHOE
orobpaxeHnue u3 A B B; HeoTpunatenbhas Gpynkuus d,
OTIpe/ieIICHHAasl Ha TIOJMHOXKECTBaX MHOXKeCTBa B,
HCTIONB3YeTCS IS OTIPENICIIeHUs TToKa3aTeneit
ycroitunBocTH; E - COBOKYIHOCTH JOITyCTHMBIX
OTKJIOHEHHH, T.€. CHCTEMa MOIMHOKECTB MHOKECTBA
A Takas, 9TO Ka)KIOMY 3JIEMEHTY MHOXKECTBa
HCXOJHBIX TAaHHBIX H Ka)XIOMY 3HAUEHUIO ITapaMeTpa
13 HEKOTOPOTO MHOXECTBA MapaMeTPOB
COOTBETCTBYET MOJAMHOKECTBO MHOKECTBA UCXOJHBIX
JAHHBIX (OHO HA3BIBAETCS MHOKECTBOM JIOMTYCTHMBIX
OTKJIOHEHUH B TOUKE NPU ONPEeIEHHOM 3HaU€HUU
napametpa). Crioco6 mosryyeHus BHIBOJAOB WHOTIA IS
KpPaTKOCTH Ha3bIBaeM Modelbio. Bo MHOTHX
KOHKPETHBIX ITOCTAaHOBKAX YCTOHYNBOCTH BBIBOJIBI
MTOJTYYaroT C TIOMOIIBIO OIPEAETICHHOTO METOIa,
OCHOBAaHHOTO Ha HeKOTOpoi Moaenu. C mpuKIagHOW
TOYKH 3pCHUS MOJEIH IIEPBIYHA, METO — BTOPHYEH,
MTOCKOJIBKY Pe3YNIbTaThl €r0 MPUMEHEHUS
OIPECIIAI0TCS CBOMCTBAMU Moienn. BBegena
cUcTeMa MoKa3aTesiell YCTOMUYMBOCTH BBIBOIOB,
[I0JIy4aeMbIX C IOMOIIbIO MAaTEMaTUYECKUX MOEIIEH.
OHHU onpeAensitoTCs ¢ TOMOIIbIO METPUKH,
MICEBJJOMETPUKH WM MOKA3aTes st pa3anyus (MephI
6JM30CTH) KaK JUaMeTp MHOKecTBa. B cepuu u3 7
TEOpEM IIOKa3aHO, YTO ONTUMU3ALMOHHBIE 3a/1a4H,

http://ej.kubagro.ru/2020/07/pdf/10.pdf

UDC 303.732.4 : 519.2

Mathematical and instrumental methods of
Economics

PROPERTIESOF THE GENERAL SCHEME
OF STABILITY

Orlov Alexander Ivanovich

Dr.Sci.Econ., Dr.Sci.Tech., Cand.Phys-Math.Sci.,
professor

Bauman Moscow State Technical University,
Moscow, Russia

Mathematical models can give only an approximate
idea of real phenomena and processes. The initial
data are known only with some accuracy, the
mathematical dependencies are always somewhat
different from the real ones. Therefore, the stofly
the stability of conclusions regarding the
permissible deviations of the initial data and mode
premises is one of the stages in constructing a
mathematical model intended for practical use. We
have developed an approach to the study of the
stability of conclusions in mathematical models.
Central to it is a new mathematical object - the
general scheme of stability. The main content i th
article is the study of the mathematical propenies
the general stability scheme. This is the namaef t
tuple of five elementsA, B, f, d, &, whereA s the
source data spacB;is the decision spacgis a
method of obtaining conclusions, i.e. unique
mapping fromA to B; the non-negative functiah
defined on the subsets of the Bets used to
determine the stability indiceE;is the set of
permissible deviations, i.e. a system of subsets of
the sefA is such that each element of the set of
source data and each value of the parameter from
some set of parameters corresponds to a subset of
the set of initial data (it is called the set of
permissible deviations at a point for a certairueal

of the parameter). The method of obtaining
conclusions is sometimes calledhadelfor brevity.

In many specific statements of stability, conclasio
are obtained using a certain method based on some
model. From an applied point of view, the model is
primary, the method is secondary, since the results
of its application are determined by the propenes
the model. A system of indicators of the stabidify
conclusions obtained using mathematical models is
introduced. They are determined using a metric,
pseudometrics or an indicator of differences
(proximity measures) as the diameter of the sed. In
series of 7 theorems, it was shown that optimimatio
problems corresponding to various stability indices
have solutions, i.e. exact upper bounds are acdthieve
with certain values of the arguments. A number of
other properties of the general scheme of stability
are considered.
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TpaHH JOCTUTAIOTCS MIPH OTIPEICICHHBIX 3HAUCHUAX
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1. Beegenue

Marematnueckue MOAETH MOTYT JaBaTh JIMIIb NPHOIMKEHHOE
NpPEJCTaBICHUE O pealbHBIX SBICHUSAX M Tpoleccax. McxomHble gaHHBIE
U3BECTHBI JIMIIb C HEKOTOPOH TOYHOCTHIO, MaTEMaTHYECKHE 3aBUCHUMOCTHU
BCEr/la HECKOJIBKO  OTIMYAIOTCS OT peanbHbIX. [lodTOMy  w3yueHue
YCTOMYMBOCTH BBIBOJIOB OTHOCHTENBHO JIOMYCTUMBIX OTKJIOHEHHM HMCXOJHBIX
JaHHBIX ¥ TPEANOCHUIOK MOJAETW — OJUH U3 OTaloB TOCTPOSHUS
maTemaTrueckoi moxenu (cm. [1, ¢.288-303], [2]u np.). Hamu paspaGoran
HOBBIA TMOAXOJ K H3YyYEHHI0O YCTOWYMBOCTH BBIBOJOB B MAaTEMaTHUYECKHX
MOJISJNIAX, MOAPOOHO paccMoTpeHHbI B [3 - 5]. LleHTpanbHOEe MecTo B HeM
3aHMMaeT T.H. "obOmas cxema ycroiumBocTH . (OCHOBHOE COJEp)KaHuE
HACTOAIIEH CTaThWl - HM3yYE€HHWE MaTEMaTHYEeCKHX CBOWCTB OOIIEH CXEeMbI

YCTOMYHUBOCTH.

2. O0mas cxeMa yCTOHYHBOCTH

[TpoGaemMbl ycTOMYUBOCTH OOCYKIAIMCh MHOTHMH aBTOPaMHU M C Pa3HBIX
TOYEK 3pEHUs, HAaUMHAsA, MO KpaWHeW Mepe, C YCTOMYMBOCTU MO JIAmyHOBY
pemieHust cucteMbl auddepeHanbHbIX  ypaBHeHuil. Hampumep, ciyuait
«OOIIETO TIOJNIOKEHHS» COOTBETCTBYET TEPEXOAY K <«MSITKOM MOJEIN» B
tepmuHoiornn B.M. Apnonbna [6]. B Hacrosiiei cratbe paccMaTpuBaeTcs

TOJIbBKO CUCTCMa HAYYHBIX PE3YyJIbTATOB, K KOTOPBIM aBTOP MMECT OTHOLICHMUC,
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ClIeIOBaTeNIbHO, OHA HE TPETEHAyeT Ha 0030p pa3IWYHBIX MOCTAHOBOK 3a1ad
WU3Y4YEHHS YCTOUYHUBOCTH.

HeoOxomuM MareMaTWdecKuil —ammapar JJid  ONHCaHUs MpodiieM
YCTOWYMBOCTH BBIBOJOB, IMOJIy9a€MbIX Ha OCHOBE MAaTEMAaTUYECKUX MOeNei
COLIMATBHO-9KOHOMUYECKUX SIBIIEHUH U TporieccoB. [Ipemnaraem ncnoiab30Bath
cnenyroiue 6a3oBbie moHsTHs [3 - 5].

Onpeoenenue 1. O0mel cxeMoil yCTOWYMBOCTH Ha3bIBaeTCsl KopTex {A,
B, f, d, B, rue:

A — MHOXECTBO, HWHTEPIPETHPYEMOE KaK TMPOCTPAHCTBO HUCXOIHBIX
JaHHBIX;

B- MHO>KCECTBO, HA3bIBACMOC IIPOCTPAHCTBOM pCHICHI/Iﬁ;

f — cmoco0 mosydeHHs BBIBOJIOB, T.€. OJHO3HAYHOE OTOOpaKECHHUE
f:A- B;
d — mokaszarenb yCTOWYMBOCTH, T.€. HEOTpHIATEabHas (QYHKIHS,

Ompe/iesiCcHHass Ha MOJMHOXeCTBax YV MHoxkecTBa B um Takas, yro u3z Y, 0Y,
BeITeKaeT d(Y;) <d(Y,),

E={E(x,0),xUAE0G} — COBOKYNHOCTh JOMYCTHUMBIX OTKJIOHEHHWIi, T.€.
cucTemMa TMOJMHOXECTB MHOXKecTBa A Takas, 4YTO KaXIOMY DJJIEMEHTY
MHOYKECTBA MCXOJHBIX JTAHHBIX X[ A W KaXJIOMy 3HAYEHUIO MapameTpa 6 u3
HEKOTOPOTO MHO>KECTBA MapaMeTpoOB O COOTBETCTBYET MOJAMHOXKECTBO E(X,6H)
MHOXECTBa HMCXOJIHBbIX JaHHBIX. OHO HA3bIBAETCSI MHOXECTBOM JIOMYCTUMBIX
OTKJIOHEHUH B TOUKE X MPH 3HAYCHUH MapaMeTpa, paBHOM & .

Croco6 mosrydeHus: BBIBOJIOB WMHOTJA OyZeM sl KPaTKOCTH HAa3bIBaTh
Mmooenvto. BO MHOTMX KOHKPETHBIX ITOCTAHOBKAX YCTOWYMBOCTH BBIBOIBI
MOJIYy4al0T ¢ TOMOIIBIO OMNpPEISIEHHOI0 METOAa, OCHOBAHHOTO Ha HEKOTOPOM
Mozenu. C MPUKIAAHOW TOYKU 3pEHHUS] MOJEIb MEePBUYHA, METOJl — BTOPUYEH,

INIOCKOJIBKY PE3YILTATEI €T0 INPUMCHCHUA OIIPCACIAIOTCA CBOMCTBaAMH MOACIIN.

http://ej.kubagro.ru/2020/07/pdf/10.pdf




Hayunsriit sxxypaan KyoI'AY, Ne161(07), 202Gox 4

3T0 coOOpa)keHUE ONpaB/AbIBACT NMPHHATYIO HaMU B [4] TepMuHOIOTHIO 00IIEH
CXEMBI YCTOWYHUBOCTH.

Yacto mnokazatens ycroitumBocti d(Y) ompemensercs C MOMOIIBIO
METPHKH, TICEBIOMETPUKHU HIIM MOKa3aTess pa3nuuus (Mepbl OJM30CTH) O Kak
auamerp MHoxectBa VYV, T.e. d(Y)=sup{o(y,,¥,),y,OY,y,0Y} T.e. B
IPOCTPAHCTBE PEUICHHUM C MOMOIIBI0 MOKA3aTeNsd yCTOMYUBOCTH BOKPYT o0pasa
UCXOAHBIX JTaHHBIX C(POPMHUPOBAHA CUCTEMA OKpecTHOocTell. B mpocTtpaHcTBe
UCXOAHBIX TaHHBIX MOJ00HAsA cucTeMa —3TO E, T.€. COBOKYIHOCTb JOITYCTHUMBIX
OTKJIOHEHHH, E(X,6) - okpecTHOCTh paguyca 6 BOKPYT TOUYKH X.

Onpeoenenue 2. 1loxa3areneM yCTOMUMBOCTH B TOYKE X IPU 3HAYEHUU
rmapamMeTpa, paBHOM & , Ha3bIBAETCS YHUCJIIO

B(XE(x.8)=d(f(E(x,0)) -
- AuaMeTp o0paza MHOXKECTBA JOIYCTHUMBIX OTKJIOHEHHUH IpU OTOOPaKEHUH,
paccMaTprBaeMOM B KauecTBe MOeNH (Croco0a moryueHHs: BEIBOJIOB).

Onpeoenenue 3. AOCONIOTHBIM TOKa3aTejIeM yCTOHYMBOCTH B TOYKE X
Ha3bIBACTCS YUCIIO

B E) =inf{ f(x,E(x,6)),600)}.

PaccmoTpum 1Ba KOHKPETHBIX THUIIA MATEMATUYECKUX MoJenen. B Teopun
u3MepeHnid [7] OKpeCTHOCThIO MCXOJHBIX JaHHBIX SIBISIFOTCS BCE T€ BEKTOPA,
YTO MOJIy4al0TCA U3 UCXOAHOTO MyTeM NMpeoOpa3oBaHusi KOOPAUHAT C TOMOIIBIO
JIOMYCTUMOTO TPeoOpa30BaHusl KA, KOTOpOe OepeTcs U3 COOTBETCTBYIOLIEH
IpynIbl JOMYCTUMBIX MPeoOpa3oBaHuid. B cTaTUCTHKE MHTEPBAIBHBIX JAHHBIX
[8, 9] mox OKpecTHOCThIO MCXOAHBIX JAHHBIX €CTECTBEHHO NMOHUMATh — IIPH
ONMCAaHUU BBIOOPKH — KyO ¢ peOpamMu 2A U LIEHTPOM B MUCXOJIHOM BEKTOPE, T1e
A - MakcuMainpHas aOCOJIIOTHAs MOTPEIIHOCTh M3MepeHus. B oboux cimyuasx
MAaKCHUMAJIBHOE CY)KEHHE HE 03HAYAET CY)KEHUE K TOUKE.

Onpedenenue 4. AOCOMIOTHBIM IOKAa3aTeleM yCTOMYMBOCTM HA

MNPOCTPAHCTBE UCXOJHBIX JTaHHBIX A no MCPC [ HaA3bIBACTCA YUCIIO
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y() = [ B, E)du.

Onpeodenenue 5. MaxkcuManbHBIM ~ a0COJIIOTHBIM  MOKa3aTeieM
YCTOMYMBOCTH HA3bIBACTCS
y =supB(x,E),xUA =supy(4).
Onpeoenenue 6. Monens f Ha3piBaeTCst aDCOMIOTHO £—yCTOWYMBOU, €CITH

V<&, rne y —MakcuMaJbHbBINA a0COFOTHBIN MTOKa3aTeNb YCTOMYMBOCTH.

Ilpumep. Ecnu mnokazareiab YCTOMYMBOCTH (POPMUpPYETCS € MOMOIIBIO

MCTPUKHU L, COBOKYITHOCTb AOITYCTUMBIX oTKJIOHeHHi E — 310 COBOKYITIHOCTb

BCEX OKPECTHOCTEH BCEX TOYEK MPOCTPAHCTBA MCXOIHBIX AaHHBIX A, To 0—
yCTOMUMBOCTE Mojeian f dKkBuMBajeHTHa HempepblBHOCTH Mojenu [ Ha
MHOXeCTBE A.

Tunosass npobrema 6 obOweu cxeme yYcmouuusocmu — TPOBEPKA
a0COJIFOTHOM € —yCTOWYMBOCTH JaHHOW Mojeiar f OTHOCHUTEIIBHO —JTaHHOM
CHUCTEMBI IOMYCTUMBIX OTKJIOHEeHUH E.

Ilpoonema A  (xapaxmepuzayuu  ycmouuusvlx  moodenei). JlaHbl
POCTPAHCTBO MCXOJAHBIX JaHHBIX A, MpOCTpaHCTBO pemieHuit B, mokazarensb
yCTOMUMBOCTH O, COBOKYITHOCTH  JIOMYCTHMBIX  OTKIOHEHWH E
HEOTpUUATENbHOE 4Hcio &£. OnucaTe AOCTATOYHO MIMPOKHM Kiace & —
ycroiunBeix moxeneit f. Mnm: HaliTm Bce £—ycTOWYHMBBIE MOJETH CPEIH
Mojenel, o0JaJaloluX AaHHBIMM CBOMCTBaMH, T.€. BXOJSUIUX B JaHHOE
MHOKECTBO MOJIE/IEH.

Ilpobnema b (xapaxmepusayuu cucmem OORYCMUMBIX OMKIOHEHUIL).
JlaHbl TPOCTPAHCTBO MCXOAHBIX JaHHBIX A, MPOCTpaHCTBO peuieHuit B,
nokazarenb ycroitunBoctu d, monens f u HeoTpumarenpHoe yrcno €. Onucarb
JOCTATOYHO  IIMPOKUH  KJACC CHCTEM JIONMYCTUMBIX OTKJIOHEeHHH E,
OTHOCHUTEJIBHO KOTOPBIX Mojelb f siBiseTcst abcomoTHO €—ycToitunBoii. Wnu:

HalTH BCE TaKUE CUCTEMBI JIOIMYCTUMBIX OTKJIOHEHUU E cpeam coBOKymHOCTEM
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JOMYCTUMBIX OTKJIOHEHUH, 00JaJal0IINX TaHHBIMU CBOMCTBAMH, T.€. BXOSAIINX
B JJAHHO€ MHOKECTBO COBOKYITHOCTEN JONYCTUMBIX OTKJIOHEHUM.

SAcHo, uto mpobsembl A U b MOXHO paccMarpuBaTh HE TOJBKO IS
MoKasaTessi yCTOWUMBOCTH ), HO U 114 nokazareneut y(u), B(XE), B(X E(X6)).

S3bIK 00MIeH CXEMBbI YCTOMYMBOCTH IO3BOJIIET OMUCHIBATH KOHKPETHBIC
3a71a4¥ TEOPUH YCTOMYMBOCTH B PA3JIMYHBIX 00JIACTAX UCCICTOBAHMM, BBIACISIThH
OCHOBHBIE DJIEMEHThI B HUX, CTaBUTH IpobieMbl THIa A u b. Ha aTtom si3bike
Jerko  (GopmMymupyroTCs  3aJayd  TEOpPUM  yYCTOWYMBOCTH  pEIICHUN
nuddepeHnanbHbBIX  YpaBHEHUM, TEOpUU POOACTHOCTH CTATUCTHYECKUX
npolenyp, Teopud OcoOeHHOCTeH  muddepeHIpyeMbIXx  O0TOOpaKEHUH,
POOJIEMBI aJIEKBATHOCTH TEOPUH U3MEPEHUH U T.I.

Ilpumep. Onpenenenue ycTOoMUMBOCTH 10 JIsimyHOBYy pemeHus ¢@(t, X)
HOPMAaJIbHOW aBTOHOMHOUM cucTeMbl nuddepeHImanpapIx ypaBHeHU Y =g(y) C
HavyanbHBIMU ycloBUSIMU @ (0,X) =X BBIpa3UM B TEPMHMHAX OOIIEH CXEMBbI
YCTOMYHUBOCTH.

351ech MPOCTPAHCTBO MUCXOIAHBIX JAHHBIX A — KOHEUHOMEPHOE €BKJINI0BO
IPOCTPAHCTBO, MHOYKECTBO JOMYCTUMBIX OTKJIOHEHUH E(X,6) - OKpecTHOCTb
paanyca 6 TOYKH X[ A, MPOCTPAHCTBO pelieHunit B — MHOXeECTBO QyHKITUN Ha
ay4de [0+e0) ¢ METpUKOH

P(Y1,Y,) = stgopl VAORRAOIE

Mogens f — oroOpaxeHue, mepeBoAsiee HaYalbHBIC YCIOBHS X B PEIICHHE
cuctembl auddepeHuanbHbBIX ypaBHEHUH C ATUMH HAYaJbHBIMH YCIOBUSIMU
o1, X).

B tepMuHax oOmiell cxembl YCTOWYMBOCTU IOJOXKEHHE PAaBHOBECUS d
Ha3bIBaETCA ycmouuugvim no Jlanynosy, ecmm [(a, E) =0.

Jis GopMynMpOBKU OMpENeNeHns aCUMITOTUYECKON YCTOWYMBOCTU IO

JIsmyHOBY HaJ10 BBECTH B IIPOCTPAHCTBE peleHuit B ncesnomerpuxy
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P Y2) =lim |y, () =y, ().

[Tonoxxenue PaBHOBECHUA a HA3BIBACTCA ACHUMIITOTHYCCKU YCTOﬁqHBbIM, €CJIn

B(a,E(a ) =0 mis HEKoToporo & >0, TAe MOKa3areiab YCTOMYHUBOCTH [
paccuuTaH ¢ UCHOJIb30BAHUEM IICEBIOMETPUKHU P, .

Takum oOpazom, oOmias cxema YCTOMYMBOCTH SIBISIETCSI 000OIIEHHEM
KJIACCUYECKHUX IIOCTAHOBOK 3aJa4 YCTOWYMBOCTM IO JIAmyHOBY B Teopuu
nuddepeHInanbHBIX ypaBHeHUH. COOTHOIIEHHE O0IIe CXeMbI YCTOWIMBOCTH C
MOJIXOJJaMH APYTruX aBTopoB oocyxkaaercs B [10, 111.8], [4, r1.1] u ap. OtmMeTum
TOJIBKO CTPYKTYPHYIO yCTOMUYUBOCTH (TpyOOCTh JTUHAMHUYECKHX CHCTEM),
BBeAeHHyI0 A. A. AnnpoHoBeiM u JI. C. Ilonrpsrunsim B 1937 1.,
UCCIICIOBaHMS TI0 OPraHU3alMOHHO-PKOHOMUYECKOW ycrowunBocTu [10, 11],
pabots I.A. MoJo/110Ba 10 YCTOWYMBOCTH HPUHIMIIOB ONTUMANIBHOCTH [12] 1
TEOpUU MATKUX MHOXeCTB [13]. Teopus MITKHX MHOXKECTB - 3TO JajbHEHIIee
pa3BUTHE TEOPUM HEYETKUX MHOXKECTB, B KOTOPOW 3HA4YCHHUS (PYHKIIUU
PUHAISKHOCTH HEYETKOTO MHOXKECTBA CaMHU SIBISIOTCS HeUueTKUMU. [loHsATHe
MSITKOTO MHO>KECTBa HMCIOJIb30BATIOCH B MEPBOM MOHOTpauu OTECYECTBEHHOTO
aBTOpa IO HEYETKMM MHOXecTBam [14], B MeTomonornyeckoi cratbe [15],
OJIHaKo 0e3 BBEACHHUSI CIIeMaIbHOIO TEPMUHA.

HenocpeactBeHHo u3 00mield CXeMbl YCTOMYMBOCTH BBITEKACT PAL
NPaKTUYECKH TIOJE3HBIX pekoMmMeHnmanuii [4, rin.l], B 4yacTHOCTH, HpuHyun
YPAGHUBAHUA NOZPeUtHOCHell, COTIIACHO KOTOPOMY LIeNIeCO00pa3HO ypaBHATH
BKJIAJ] TIOTPEITHOCTEH Pa3IMYHON MPUPOBI B OOIIYIO MOTPENIHOCTh. [IpuHInn
ypaBHUBAHHUS TOTPEITHOCTEH MO3BOJISIET YCTAHOBUTB!

- panMoHaJIBHBIM 00bEM BHIOOPKM B CTATUCTUKE WHTEPBAIBHBIX JTAHHBIX
[8, 9];

- YHCJIO Tpajanvii B aHKETaX, NPEeIHA3HAYCHHBIX JIs Ompoca

norpedurencii [4, 16];
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- HEOOXOIUMYIO TOYHOCTh OIICHMBAHHUS MapaMeTpoB (IUIATHI 3@ JTIOCTABKY
¥ TUIATHI 32 JeUITUT) B MOJICIISAX YIIpaBJieHus 3amacamu [4, 17].

B pabotax [3 - 5, 10, 1ll]paccMoTpeH psii KOHKPETHBIX IOCTaHOBOK
npo0seM YCTOMYMBOCTH B MAaTEMATHYECKUX METOJIaX M MOJIENSAX, B YaCTHOCTH,
UCIIOJIB3YeMBIX ~ MPU  YNPABICHWW  JICSITEIBHOCTHIO  MPOMBIIUICHHBIX
NPEANPUATAN U OpPraHU3alMid JPYrux OTpACIEd HApOAHOrO XO3sMcTBa. B
HACTOSIIEH CTaThe COCPEOTOYMM BHUMAHWE HA MAaTEMAaTHUYECKHX CBONCTBAX

00111e¥1 CXeMbl YCTOHYUBOCTH.

3. OcHoBHBIE MaTeMaTHYeCKHe CBoiicTBa oOmieii  cxembl
YCTOMYHUBOCTH

B mnactosmeit crathe o00mas cxemMa YCTOMYMBOCTH H3yYaeTcs Kak
MaTeMaTU4eCcKnii 00BEeKT. TOmoJorMuecKkue TEPMUHBI WCIOJB3YIOTCS B
cooTBeTcTBUH ¢ [18].

Teopema 1. [lycte A m B - Tomonormyeckue npocTpaHcTBa, NMpPUYEM
tonojiorust B A corjacoBaHa  C  TCEBIOMETPUKOMU p (T.c.
inf sup{o(y,Y,), YOW(y,)} = O, rme W(Yo) - mpousBoJibHAs OKPECTHOCTh TOYKHU
Y, JA, a inf Gepercst Mo BCceM OKPECTHOCTSIM Yo, M YKa3aHHOE COOTHOIICHHE
BBINMOJIHUMO TIpH Bcex Y, JA). Ilycth E(X,0) - Oukommakt u ortoOpaxkeHue f
HenpepsiBHO HAa E(x,6). Torma B(x, E(x6)) mocturaercs, T.e. HAWIYTCS TOYKH X
u X' u3 E(x,6) Takme, 9yTo

B EX,0)) = p(f (x), f(x")). (1)

Hokazamenvcmeo. Tlo Teopeme TuxoHoBa o mpousBeaeHuu (cMm.,
Hanpumep, [18, c. 194]) E(XO)XE(x,6) Taxxke SABISCTCS OMKOMITAKTOM.
HenpepbiBHast (yHKIMsS Ha OMKOMIIAKTE JOCTUTAET CBOETro cympemyma (CM.,
Hanpumep, [19, c. 95]), a moTomMy a1 JOKa3aTEIbCTBA TEOPEMBI JIOCTATOYHO

IIPOBEPHUTH HEMPEPHIBHOCTH 0TOOpaxkeHus h:E(x,8)xE(x,6) - R?, 3a1aBaeMoro

dbopmynont h(x',x") = p(f (x), f(x")).
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OtobpakeHue g:E(XO)%XE(x,0) - AXA, 3amaBaemoe  (popmyioi
g(x',x") =(f (x), f(x")), ABIseTCA HENPEPBHIBHBIM, IIOCKOJIBKY f HEIIPEPHIBHO H 1O
TeopeMe Yosuieca BHYTPU KaXIOM OKPECTHOCTH TOYKH U3 AXA €CThb
OKPECTHOCTbh, SBIJISIONMIASCS TpPOM3BEACHUEM OKpecTHocTedt 3 A (cm. [18,
¢.193], [20,rnaBa lll, 3agaua 76, c.144-145, 187])IIpoBepruM HEnpepbIBHOCTH

COTJIACOBAHHOM C TOTIOJIOTHEN MCEBAOMETPUKU O(ZU) Kak PyHKIMHU HAa AxA.

Vmeem
p(zu)-p(Z,u) ={p(zU) - A2, W} +H{ p(Z,u) - A2, U)} . (2)
TTocKOTIBbKY
p(zu) < p(z2)+p(Z'u), p(z,u)<p(z,2)+p(zu), (3)
TO
-p(z2)< p(zu)-p(Z,u) < p(22). (4)

AHAJOTUYHO JIETKO TOJIYYHTh, YTO
~pU,U) € p(Z,0) - p(Z,u) < pLU). (5)
W3 (4) u (5) ¢ moMoInpio TeopeMbl Yosuieca U YCIOBHS COINIACOBAHHOCTH O C
TOMOJIOTHEH B A BBIBOJUM HENPEPBIBHOCTh o . Ilockombky h  sBisiercs
CYIEpIO3HIIEl HenpepbIBHBIX (yHKIUH, h=pog, T0 h HempephiBHA, YeM U
3aBEpIIAeTCsl J0Ka3aTeIbCTBO TeopeMbl 1.
Kak u3BecTHO, MHOXKeCTBO G(X) Ha3bIBACTCS HEMPEPHIBHO 3aBUCSIIMM OT

X B TOUKE X, A, ecian

N Usk=U ) 6(x=6(x), (6)

WO%) XW(%,) WO%) XW(%,)
rae W(Xg) - okpectHOCTh W(Xo) BHEIIHSIS OIeparysi MPOU3BOJAMTCS IO BCEM
OKPECTHOCTSIM (4epTa -CHMBOJI 3aMbIKAHHS).

Teopema 2. Ilycts A - OukommakT, oToOpaxenue f HempepslBHO Ha

LHG(X), xOW, (%)} (o6bennnsiorcss MHOX)ecTBa G(X), COOTBETCTBYIOIIME X U3

HekoTopoir okpecTtHOCcTH Wp(Xg) Touku Xg. Ilycts G(X) - OMKOMMIAKTBI MU

xOW,(%,) 1 G(X) HenpepsIBHO B Xo. Torma pyuknus B(x,G(X)) HenmpepbIBHA B Xo.
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Jlokazamenbcmeo. Ilokaxkem cHayajla, 4YTO MHOXECTBO G(X)*xG(X)

HENPEPBIBHO 3aBUCUT OT X, T.€.

M UGH*G(x) = G(x)xG(%)) (7)
WO%) W (xp)
u
U ) G*G(x) =G(x,)xG() - (8)
WO%) XKW (%)
Hoxaxxem (7) u (8). Ilycthb
xxN0 N UJGH*G(9) - (9)
WO%) W (%)

Torma s mro6ori  okpectHoct W(Xo) HaimeTcs TOCIEIOBATEIIBHOCTD
(x,,X), n=12... Takasg, 4YTO (XX ) - (X,X') OpH N -0, [pUYEM

(x,,x.)OG(x,)xG(x,) rae x, OW(x,) . CinenoBaTenbHoO,

xO | J(G(X (10)

XOW(%g)

it moooit okpectHocTH W(Xo). BenencrBrue HenpepeiBHOCTH GG(X) B X iMeeM

xO () JG(x)=G(x,)- (11)
W( %) XIW(Xo)
AHaJIOTUYHO
x'0 () UG =G(x,)- (12)
W(%) XIW(X)

CnenoBarenbHO, (X', X")0G(X,)*xG(x,) U

N UGH)*G(x) 0 G(%)*G(x,) - (13)

W) XW(x)
OOpaTHOE BKJIFOUYEHHE OYCBHJHO, IOCKOJIBKY Xo JIGKUT B JHO00H CBOeH
okpectHocTH. CooTHOIIeHUE (7) TOKa3aHOo.

ITycTh
x,x)0J [) (G*xG(x)- (14)

W( %) XAW(Xo)

Torna cymectByer okpecTHOCTH W(Xo) Takasi, 4To

(x,x)0 [ (G(x)xG(x)) - (15)

XOW(Xg)
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[TockoibKy , TO B cooTBeTcTBHH ¢ (15)
(X, X") 0G(%) X G(Xp) .- (16)
Torma B cuny (6) m3 (16) cienyer, 4to cymecTByloT okpecTtHOoCcTH Wi(Xo) M

W;(Xo) Takue, 94To

xO (] G, x)O0 () G(x). (17)

XW, (Xo) XW;, (Xo)

Torma W, (%)W, (%,) =W,(X,) SBISETCA OKPECTHOCTHIO Xg M IJIs JHOOOTO

xOW,(x,) BeameactBue (17)umeem xXOW,(X,) 1 X'OW,(X,) , T-€.

(x,x)0 [ (G()xG(x))- (18)

XIWs (%)
U3 (16)u (18) caenyer (8).
[Ipennonoxum, 4To

lim B(x,G(x) > B, G(%,)) (19)

Torna CYHCCTBYCT ITOJOXUTCIbHOC YHUCJIO O WU MOCJIEIOBATEIBHOCTh TOYEK Xp,

n=1, 2, ...u3 Atakue, 94T0 X, » X IPHA N — 00, HO MPHU Bcex N

B(%,G(x%,)) > B(%,G(x)) + I (20)
B cuny Teopembr 1 B(x,,G(X,)) TpH JOCTATOYHO OONbImIMX N mocturaercs (a
UMEHHO, KaK TOJIKO X, JW,(X,), YIOMSIHYTO# B (hOpMyITUPOBKE TEOPEMEI 2), T.€.
CYLIECTBYIOT IOCIENOBATEIBHOCTA X, M X, TaKUE, 4YTO IPU JOCTATOYHO
00BIINX N CIPaBEIMBO PABEHCTBO

B(%, G(x,)) = p(T(x,), f(x,)) - (21)
[TocnenoBaTenbHOCTE (X, ,x.) JIEKUT B OMKOMIIAKTE AXA, a MOTOMY HMEET

npeaeabHyto Touky (X, X"') (reopema TuxonoBa u Teopema 2 u3 [19, ¢.93]). [Ipu
J0Ka3aTeabcTBe TeopeMbl 1 mokaszaHo, 4ro h - HenpepwiBHas (QyHKIUA, a
IIOTOMY CYIIECTBYET IOCIIEA0BATEIHLHOCTh HATYypabHbIX gncen K(n), n =1, 2, ...

, Takag, 4Tto K(n) — co mpu N - o u
M (T (X Xag) = AT (), T (). (22)

13 (20) - (22)cnenyet, 9to

http://ej.kubagro.ru/2020/07/pdf/10.pdf




Hayunsriit sxxypaan KyoI'AY, Ne161(07), 202Gox 12

PE(X), £(x") 2 B(%,,G(x%)) +0. (23)
Onnako Beaeactaue (7) (X', x")OG(X,)*G(X,) , a TOTOMY

B(%,G(x%0)) 2 p(f (x), T (X)) (24)
[Mockonbky (23) mpotuBopeunt (24), o npeanonoxenue (19)HesepHo, u

lim B(x,G(X)) < B(%, G(%)) (25)

Bcenencreue Teopembl 1 CYIIECTBYIOT X'UG(X,), X"'IG(X,) TaKuE€, 4YTO

B(%,G(%o)) = p(f (x), F(x")). (26)
B cuny (9) naitnercs okpectHocTh W(Xo) Takast, 4To
(X, x)0 ] (G(X)*G(x)- (27)
XW (%)

[Mockompky 1o (27) (X, X") O(G(X) xG(x)) mpu Bcex x OW(X,) , TO

BG(X) 2 p(f (x), £ (X)), (28)
9T0 BMecTe ¢ (26) MpUBOAMT K COOTHOIICHHUO
L[_Toﬁ(X,G(X)) 2 (%, G(x%)) - (29)

U3 (25)u (29) cnenyer, uto
Li[TQO Bx,G(X)) = B(%,G(X)) - (30)

Teopema 2 noka3zaHa.

B Teopeme 2 u B cnenyromeid Teopeme 3 peub HAET O Clydae,
napaMeTpuueckoe MHOXKECTBO © B OOIIel cCXeMe YCTOWYMBOCTU COCTOMT W3
OJTHOTO DJICMEHTA.

Teopema 3. Ilycts [(X,G(X)) HEMpepbIBHA B KAXKI0M TOYKE X 3aMKHYTOT'O
noamuokectBa C omkommakta A. Torma sup{8(x,G(X)),x0C} nocturaercs. B
JacTHOCTH, jgocturaercs (mpu C = A) MakCUMaTbHBIH a0COTIOTHBIN ITOKA3aTelh
YCTOMYHUBOCTH.

Jloxazamenvcmeo. 3aMKkHyTOE TTOAMHOXKECTBO C OnKoMItakTa A sBJISIETCS
OMKOMIIAKTOM. YTBEPKICHUE TEOPEMBbI 3 CIEIYyEeT W3 TOr0, YTO HEIMpEephIBHAS

(GyHKUHMS TOCTUTAET Ha OMKOMITAKTE CBOETO CYIIpEMyMa.
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Kpyr monsatHii, CBS3aHHBIX C OOIIEH CXeMOW YCTOWYHMBOCTH, TMOJIE3HO
CpPaBHUThL C KPYroM TOHSTUH, OSKCIUTMIUPYIOMNUX WACI0 HEMPEPHIBHOCTH.
HenpepbiBHast QyHKIIMS UMEET PsiJl MOJIE3HBIX CBOMCTB. Tak, oHa orpaHUYeHa U
JIOCTUTAET CylnmpeMyMa M HHPUMyMa Ha OUKOMIAKTe. DTH CBOMCTBA YacTo
OKa3bIBAIOTCS MOJEe3HBIMU. OIHAKO TpHU JO0KA3aTEIhCTBE HEMPEPHIBHOCTH
KOHKPETHBIX OTOOpaXEHUU OHM 3a4acTyl0 HE MOTYT OBITh HCIIOJb30BaHBI.
TouHno Tak xe oOOmIas cxemMa YCTOMYMBOCTH HUMEET PsJ TOJE3HBIX CBOWCTB,
HEKOTOPBIE U3 KOTOPBIX OOCYXXIAIOTCS U JOKA3bIBAIOTCS B HACTOSIICH CTaThe.
DTH CBOMCTBA UCIIOJIB3YIOTCS MIPU UCCIICIOBAHUN YCTOMUYHMBOCTH B KOHKPETHBIX
NoCTaHOBKax (cM., Hampumep, [4, 82.1,rn.5], [5], [9]), omHako, Kak mpaBuUIIo,
OIIEHKM OTKJIOHCHHH pelIeHUH B 3aBUCUMOCTH OT OTKJIOHEHHH MCXOIHBIX
JTAHHBIX TIPUXOJMTCS B KaXKIOM ClIydae MCKaTb OCOOBIM METOJIOM,
MPUCTIOCOOJICHHBIM K paccMaTpUBaeMOl MOJENIH, KakK H JI0Ka3aTeIbCTBO
HEMPEPHIBHOCTH OMNpEIeICHHON (YHKIIUHU TPOBOJIUTCS METOJIOM, HCXOJSIIUM
U3 ocoOeHHOCTeW »Toi (GyHKIMU. B03MOkHO, MOM00HOE TMOJIOKEHUE €CTh
CJIEACTBUE HEIOCTATOYHOTO MOKA Pa3BUTHSI OOIIEH TEOPUU YCTOMUUBOCTH.

TpeboBanue HempepbiBHON 3aBucumoctd G(X) oT X sABIsieTCs, BOOOIIE
TOBOPSI, JOCTATOYHO OTPAaHUYUTEIHHBIM. B psifie €CTeCTBEHHBIX TOCTAHOBOK OHO
HE BBINOJHEHO. [IpuBeneM napyroe JI0CTAaTOYHOE YCIOBUE HEMPEPHIBHOCTH
B(x.G(X).

[Iycte X; U Xy - mpou3BojbHBIE dJeMeHThl A. IlycTh cymecTByroT
npeodpa3oBaHUs

Uy, (A A (31)
TaKue, 4TO MPHU JIFOOBIX X1, Xp JJIS MPOU3BOJBHOTO X[IG(X,) HaWaeTcs TOdYKa

X'0G(x) Takas, 4to g, , (X') =X

Teopema 4. Ilycts A - TOmOJOrHYECKOE MPOCTPAHCTBO, OToOpakeHue f

HEINPEPBLIBHO B U{G(x),xDWO(xo)} (oObenuHEHHE OepeTcs Mo BCEeM dJIeMEHTaM

HekoTopoir OKpecTHOCTH Wo(Xg) Toukm Xp). Ilycth G(X) - OMKOMIIAKTHI MpU
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XOW, (%), byHkuuu g, .(z) 1pu GUKCHUPOBAHHOM Xo U XIW,(X,) HEIPEPBIBHBI
1o Z,

lim sup{o((9,,.(2), 1(2)),. ZD& ¥} =0. (32)
Torna dpyaknus S(x,G(X)) HempephIBHA B Xo.

Jloxaszamenvcmeo. BenenctBue teopembl 1 [B(x,G(X)) nmocruraercst npu
XxOW,(%,) . CnenoBatenbHO, s KaKA0ro x[OW,(X,) CYIIECTBYIOT Y,(X)0G(X) u
Y,(X) JG(x) Takue, 4To

BX.G(X) = p(F (), f (1)) - (33)

[Tockosbky

Bx,G(x) 2 p(f (9, (Y1(%))): (95 1 (Y2(%:)))) 5 (34)
a mpaBas 4acTh (34)B cHiTy HEIIPEPBIBHOCTH OTOOpaxkeHuit g, f u p crpemmres k
P (Y(%)), T(¥206))) = B(%,G(%)) TpH X — X;, TO
LL_TOﬂ(X,G(X)) 2 B(%,G(%)) - (35)
ITockosbKy
B(%, G(%)) 2 p(f (9 (Y1(3))), T, . (¥2(X)))) (36)

(B mpaBo#i yactu (36) B kauecTBe aprymeHToB B f(*) moOJCTaBICHBI 00pa3bI

TOYEK, Ha KOTOPBIX pocturaetcs [(x,G(x))), To
B(%,G(%)) 2 @p(f (9, x(Y2(3)). T (9, x(V>(X)))) - (37)
Ecmu

P(F(9, (Vi (), F(Vi(x)) - 0, i1=12 (38)

IpU X — X,, TO CTPEMHUTCS K HYJIO Pa3HOCTh MEXKAY NpaBbiMu dacTsmu (33) u

(36), cnenoBarenbHoO,
B, G(x)) 2 ImB(x,G(x)) , (39)

gT0 BMecTe ¢ (35) mokaspiBaeT HenpephIBHOCTL [(X,G(X)) B Xo. CripaBeyIMBOCTH

xe (38) ciienyer u3 (32). Teopema 4 nokaszana.
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HenpepreiBHocTh S(X,G(X)) MOKET OBITH MOJIE3HOW BO MHOTHX CUTYaIIUX.
Tak, U3 Hee CIeayeT, UTO MHOXECTBO &-yCTOMYMBBIX Touek {X:[(X,G(X))< &}

3aMKHYTO.

Ilepeiinem k paccMmoTpenuro L[B(XE) - abOcomoTHOro mnokaszaTens

YCTOMYMBOCTHU B TOUKE X A.

Teopema 5. Ilyctp nns moboro 6,00 cymiectByeT oKpecTHOCTh Wo(Xo)
TOYKU Xo Takasi, 4ro sl jaro0oro Xx[OW,(x,) Haimercs 60O, mpu KOTOPOM

E(x,6) O E(x,,6,) . Torna
ﬁ(xo,E)z@ﬁ(x, E). (40)

,ZZOKas’ameﬂbcmeo. Bcnencreue OIpCACIICHUA a0COJIFOTHOTO IOKa3aTems

YCTOMYMBOCTH JOCTATOYHO MOKA3aTh, YTO
B(%, E(X,6) 2 @ﬂ(x, E) (41)
s aoboro 6,00 . 3 yciaoBusl TEOPEMBI CIEAYET, YyTo It Tr000ro X OW,(X,)
cymiectByeT E(x,60) O E(x,,6,). Torna
B(%,E(%,6,) 2 B(X,E(x,8) 2 B(XE) (42)
Ut Beex XOW,(x,) , oTkyna u cieayet (41). Teopema 5 nokasana.

OTMeTHuM, 4TO YCIIOBHS TE€OpEMbI O BBINOJHEHBI, ecnu {E(x,6),006} -
COBOKYITHOCTh OKpEeCTHOCTeM Touku X[JA, a A - perymspHoe IpPOCTPaHCTBO
(BmpoueM, MOCTATOYHO BBIMOJIHEHHS akcUoMbl T3 u3 [19, ¢.89]). Ilycts o -
METpPHKa, a TOMOJOTusl B A, Kak 00BIYHO, COTJIACOBaHA C p . Toraa u3 yClIOBUS
B(%,,E) =0 cneayet HenpepbIBHOCTH f B Xo. [IockobKy CcylIecTBYIOT (yHKITUH,

HeTIpephIBHBIE BCIOAY, KpOME OJHON TOYKH, TO HepaBeHCTBO (40) MokeT OBITH
CTPOTHUM.
B teopemax 1, 2, 4 orobpaxenue f mpemmonaranoch HENpEpHIBHBIM.

[Ipeanonoxum, 4to st JiIOOOM OKPECTHOCTH TOYKU Xo CYIIECTBYyeT 6,00

Takoe, 4To E(X,,6,) JIeKHUT B TOH OKpecTHOCTH. Torma u3 HempepbiBHOCTH f
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cienyet, 4To (X, E)=0. Takum oOpa3zoM, noHsATHE aOCOMIOTHOTO MOKA3aTENs
YCTOMYMBOCTU B TOUKE Xg HETPUBHAILHO JHOO B ciiydae paspeiBHOCTH f, 1100
TOT/1a, KOTIa HEKOTOpast OKPEeCTHOCTH W(Xo) JIEXKHUT BO Bcex E(X,,6).

Teopema 6. Ecriu (40) BeimonHeHo nipu Beex x, A, To B(X, E) mocturaer
CBOETO CylnpeMyMa Ha Jitooom oukomiakte C [0 A.

Hoxazamenvcmeo. Beimosnnenue (40) BiieyeT mogyHENPEPbIBHOCTh CBEPXY
¢ynkuun f B Touke Xg, T.e. IS JIHOOOTO &£>0 CYIIECTBYET OKPECTHOCTH
W, (X,) TOUKHU Xg Takasi, 9T0 AJisi 10boro x OW,(x,) uMeeM

B(XE) < B(x%,E) +¢. (43)
3akroueHue Teopemsl 6 ciaemyet u3 Teopemsl 86 [19, ¢.97].

Teopema 7. [Tycth A - GUKOMITAKTHOE TOIOJIOTHYECKOE MPOCTPAHCTBO, f
HenpepbiBHA, W, (Y) ={y,: (v, ;) <&} . [lycts E(X,6) 3aMKHYTHI IIpu Bcex 01O, a
MHO>KECTBO

G, = W.(NN F(A) y=f() (44)
oTkpbITO. Ilycth ©O={f} - HampaBIEHHOE MHOXECTBO, a COBOKYIHOCTb
JIOMYCTUMBIX OTKJIOHEHUW TakoBa, 4To E(x,6) 0 E(x,6,) tnpu g, =86,. [Ilpn stux
YCJIOBUSIX HEPABEHCTBO

B(x.E) =inf B(x,E(x.0)) <& (45)

BBITIOJIHCHO TOTJa M TOJBKO TOraa, Korja

G=(E(x6) OG,. (46)

Jokazamenbcmeo. HeodxomumocTh: mycTh (46) He BbimoaHeHo. Torma

CyHIeCTBYET X,[JG Takoe, 4To x,UG,. CnenoBarenbHo, p(f(x,), f(x)=e. U3
onpenenenust G cienyer, 4To
B E(X,0)) 2 p(f(x), (X)) =€ (47)
npu Jr00oM 6, u S(x E) = & Borpeku (45).
JlocratouHOCTh: TIOKaxkeM, 4YTOo E(x,6)) G, T1pHu HEKOTOPOM 6.

[Ipennonoxkum, 4To 3TO He Tak. Torma s Jrob6oro A0 CylIecTBYeT
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X, JE(x,6) Takoe, uto x,0A\G,. Ilockonbky A - OHKOMIIAKTHOE
TOTMOJIOTUYECKOE MIPOCTPAaHCTBO, TO B cliydae OeckoHeyHoro A 'y
TI0CNIEOBATENBLHOCTH X, CYLIECTBYeT MHpejeibHas Touka X. Tak kak A\G,
3AMKHYTO, TO X JeXHT B A\G,. (Ecam A COCTOMT M3 KOHEYHOIO YHCIIa
3JIEMEHTOB, TO B KAYECTBE X BO3EMEM X, ITPU MAKCUMAIILHOM 6).

[TockonbKy asis m000r0 6, BCE WIEHBI MOAMNOCIEAOBATEIBHOCTU {X,},
BBIICISIEMON YCIIOBUEM 626, nexaT B E(x,6) B CHIy YCIOBHUS TEOPEMBI, TO
xOE(x,6,) u3-3a 3aMKHyTOoCcTH E(x,6). CrnemoparensHo, x(1G, T.e. (46) He
BBINOJIHEHO. MTak, u3 crnpaBemmuBocTH (46) ciieayeT, 4To MpU HEKOTOPOM 6,
CIpaBe/UIMBO  BKJIOUeHHE E(x,6)0G,. TMOAMHOXKECTBO OHUKOMITAKTHOTO
POCTPAHCTBa OMKOMIIAKTHO, CJIE€IOBAaTEIbHO, E(X,6,) OHMKOMIIAKTHO, W TIO
teopeme 1 [B(x,E(x,6,)) AocTturaercs B CHIy HenpepslBHOCTH f, mpuuem
BXEX8))=p(f(x), f(x")<eu3-3a GOG, (3mech XX'UE(x6,)) Ilockonbky
B(X,E) < B(X,E(x,6,)), To (45) nokazaHo.

Teopema 7 maer Teopetnueckoe peuieHue mnpodnemsl b. OnHako BO
MHOTHIX TPAaKTUYECKH BAKHBIX CIIydasiX MPOBEPHUTH BbINodHEHHUE (46)
3aTPyAHUTENBHO.

IToBeeHHbIE BbIIIE TOKA3aTeIbCTBA TEOPEM 1 - 7 1al0T MPEACTABICHUE O
METOJaX, NPUMEHSEMbIX B 0Omeil Teopun ycroitunBoctu. [loaToMy MBI
nepeiaeM K Oosiee  OeraoMy  H3JIOKEHUIO, IPENOCTAaBIssl  YUTATENIO

BO3MOXKHOCTh CAMOCTOSTEIBHO JJOKa3aTh GOPMYIUPYEMbIE HUKE YTBEPKIACHUSI.

4. lanbHeiimue cBOMcTBA 001Iel cXeMbl YCTOHYHBOCTH
OmnuiiieM HEKOTOPBIE ONEPAIlUH HaJl CXeMaMU YCTOWYMBOCTH.
Ilononnenuem cxemsl ycroiunBoctu {A, B, f, d, E Ha3wiBaeTcs cxema

ycroiunBoctu {A, B, f, d, B, rme E(x68)=f"(f(E(x0)). Ilokazaremu
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YCTOMYMBOCTH JJIsl CXEMBI U €€ MOMNOJHEHUs coBnaaaroT. Ecin A - OMKOMIIaKT,
E(x,6) 3aMKHYTBI, oTOOpaxenue f HenpepbIBHO, TO E (X,6) Takke 3aMKHYTHI.
Komnosuyus cxem ycronumBoctu {A, B, f, di, E} u {B, C, §, 0, E}
OnpezesieTcss MO0 AHAJIOIMM C KOMIIO3MIMEH MHOIO3HAYHBbIX OTOOpa)KeHUM
f(E(x6E) un f,(E(x6)),0006,i=12, y4yacTBYIOIIUX B OIPEIACICHUH
paccMaTpuBaeMbix cxeM. MiMeHHo, koMmno3unuel HasbiBaercsi cxema {A, C, §,

dz, E3}, rae f3(X) = fz(fl(X)), E, ={ ES(X, 33), xOA, 63 0 @3} , 0©,=0,x0,,
E.(x(6.6,)= (J i (E(,(x).6,).

XOE, (x,6,)
IlepenneM K pacCMOTPEHUIO OTAEIBHBIX TUIIOB CXEM.

ITycth A - MeTpHruecKoe POCTPAHCTBO, W, (X) €CTh &£-OKPECTHOCTh TOUKHU
xOA. Ilyctrb ©=Cx(0), Tme C - HEKOTOpOE MHOXECTBO,
E(x,6) = E(x,(c,€)) = E(x,c) NW.(x) . Toraa

liminf 5(x, E(x.c) "W, (x)) =inf lim 5(x, E(x.c) "W, (X)) = S(X.E) . (48)

B 3KkoHOMHYECKMX MOZENSX, B YAaCTHOCTH, B MOJEINAX YIPABICHUS

3amacamu [21], mpW W3yYEHUW YCTOHYMBOCTH PEUICHUH K HM3MEHEHUIO

TOpPU30HTA IUIAHUPOBaHUS [22] oOKa3bIBaeTCS IMOJIE3HBIM  PACCMOTPETh

IIOCJIEI0BATEIbHOCTh MOJEIEH f,:A, - B,n=12..., rae A, OpEACTaBIISICTCSA B
Buse A, =P, xP,x..xP, npu HEKOTOpbIX P; n ananormuno B, =Q, xQ, x...xQ,, B
B, umeercs nceBmomerpuka p,. s HU3ydeHUS YCTOMYMBOCTH MOJEIHU f,

OTHOCHUTEIIbHO WCXOJHBIX NaHHBIX Ay, rae K < N, eCTECTBEHHO BBECTH CXEMY
ycrorunBoctd { Ay, By, fak Gk, End, T frk - cyxenue f, Ha By (Tounee, ecim f,(X)

= (by, by, ....10), e b OB.i=12,...n, T0 fudX) = (On, by .oy b)), En = {EX),
xOA}, x= (¢, .. xX"), XOR,i=12,....n,

E (X, %%, X") ={( X", X%,..,.x, 2,...,2"),0Z OP,i =k +LKk +2,...,n} .
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[Mycts Py, Q, i =1, 2, ...,n, - OukommakTsl, f, - HenpepsiBHas GyHKIMA. Toraa
MOKa3aTeab YCTOWYMBOCTA [(X,G,(X)) B ONHUCAHHOM CXEME JOCTUTaCTCH.
[Toka3zaTeneM yCTOMYMBOCTH OTHOCUTEIIBHO €CTECTBEHHO HA3BAaTh

o(f., ., (x...x)) =sup{o (f  (X"...x"), f (x4,....x*)), X OP,i =k +1,...,n} (49)
B ykazauHbIxX BbIe yeinoBusax o(f,, f,,(x',...,x)) mocTuraercs.

B pasnuuHbIX 00acTAX MaTEeMaTHKH PacCMaTPHUBAIOTCS KIACCHU(PUKAIIUU
MOBEJICHUS AHAIUTUYCCKUX OOBEKTOB B OKPECTHOCTAX OCOOBIX TOYeK (CM.,
Hanpumep, [23]). [Toaxox ¢ TOYKHM 3peHUss OOIIeH CXEMbl YCTOWYHBOCTH JIaeT
HOBBIN c1oco0 kinaccudukanuu. iMmenHo, paccMoTpuM rpanuily I OKpeCTHOCTH
Majoro  paamyca  ocoborr  Toukm. llepeceuenue & -OKPECTHOCTEN
paccMaTpuBaeMbIX 00BEKTOB ¢ [ MOPOXKIACT TOJEPAHTHOCTh Ha I (0 TOHATUH
TOJICPAHTHOCTH CM., Hampumep, [24]), TpaH3UTHBHOE 3aMbIKAaHHE KOTOPOH U
€CTh TOT O0OBEKT, KOTOPBIN MpeasiaraeTcs u3ydarb nIpu £ — 0, B TO BpeMs Kak
MaJbIli pagnyc OKpecTHOCTH Takke ctpemutrcs kK 0. B mocrarodHo rimamkmx
CIy4asiX yKa3aHHbIH OOBEKT C TOMOJOTUYECKOW TOUKH 3PEHHS HE 3aBUCHUT OT
MaJIOTO pagnuyca OKPECTHOCTH, TPaHUIIEH KOTOPOU sBIsieTcs [ .

[IponsmmtocTpupyeM CKa3aHHOE Ha TMpUMEpe JHHUA YpOBHSA (YHKIIUU
IBYX HEHCTBHTEIBHBIX MepeMeHHbIX f(X, ) = X - 4y7. Jiunmsmu yposas f(X, Y) =
O sBmstoress npsmbie X + 2y =0 u X - 2y =0, ocobas touka - (0, 0). IIpu
NIEPEeCeUCHUM STUX JIMHUK YpOBHA ¢ Tpanureil okpectHoctd todyku (0, O)
pamnyca R monmydaem detbipe Touku Ai(2a, @), Ax(2a, -a), Ax(-2a, a), A4(-2a, -
a), Tie a=R/+/5. PaccMOTpHM €BKIHMIOBBI &-OKPECTHOCTH IMHHI yPOBHS.
Ecau £>2R/+/5, To Bce yeThipe TOUKU A;, Ay, Az, A4 Hepaznuuumbl. Ecnu
R/+/5 < e<2R/~/5, To mapsl (A1, Ay) u (A, As) HEpa3IUUUMEIL, 4 BCE OCTAIbHbIE
naphsl pasnmuuuMbl. Ecim ke &£ <R/+/5, To Bce 4eThpe TOUKM pasauuuMbl. B
OTJIMYME OT OOBIYHOTO MOJX0/a, IPU KOTOPOM BCE YeThIpe TOUKU Ap, Ay, Az, A4
paBHOINPABHBI, C TOMOIIBIO HAEH OOIEeH CXeMbl YCTOWYMBOCTA MOXKHO

BBIICTUTH Tapbl (A, Ap) U (Ag, Ay) Oostee "Oim3kuXx" IpyT K Ipyry TOYEK. bbuto

http://ej.kubagro.ru/2020/07/pdf/10.pdf




Hayunsriit sxxypaan KyoI'AY, Ne161(07), 202Gox 20

OBI HHTCPECHO IIOJIYYHUTHh OIIMCAHHBIM MCETOJ0M KJ'IaCCI/I(I)I/IKaHI/II/I AJI1 ClIydacB,

paccmoTtpeHHbM B.1. ApHonbiaom B [23].

5. O pemenusix nmpoodaembl b

OObruHO wWHIyT ycToWumBhle Moxenu f, T.e. pemaror mpobinemy A.
[ToaToMy mnpuBenaeM HECKOJbKO MPUMEPOB, KOIJa TMOJE3HbIM OKa3ajoch
pemenue npodiemsl b. Tak, cmoco0 OOpbOBI ¢ HEKOPPEKTHOCTHIO B TEOPUU
ypaBHEHHWI C YaCTHBIMH IPOU3BOJHBIMH, MPEIOKEHHBIH B [25], cocTouT B
OTpaHUYEHUN MHOKECTBA JIOMYCTUMBIX OTKJIOHEHHUH, T.€. KaK pa3 BO BBEJACHHUU
noaxoasmero E. [Tpu Hamu4nm KOHEYHOTO YKClia BOSMOXKHBIX pelieHuil B [26]
npeajiaraeTcsl peuaTh 3ajady paloHUpPOBaHHUS, T.€ I KaXKIOTO pEelIeHUs
UCKaTh 00JacTh, AJII BCEX TOYEK KOTOPOH OHO SBISAETCS ONTHMAJIbHBIM.
Jpyrumu cioBaMH, HaJ0 MOCTPOUTH pa3OnMeHue Ha 00IacTH, IpU KOTOPOM BCEM
TOYKaM OJHOW 00JIaCTU COOTBETCTBOBAJIO Obl OJHO M TO K€ pEIIeHHE, T.€.
0TOOpaxKeHue, MEPEeBOISIIee TOUYKY B ONTHMAIIbHOE ISl Hee pelIeHHE, JOKHO
ObITh O-ycTOuMBBIM Ha 00JacTH, KyJa BXOAMUT 3Ta Touka. Wrtak, B 3TOM
MOCTAaHOBKE HA/J0 HAWTH CUCTEMY JOIMYCTUMBIX OTKJIOHEHHH E, OTHOCUTEIHHO
KOTOPOH COOTBETCTBYIOIIee oOToOpakenue siBhsiercss O-yCTOWYWBEHIM, T.€.
peumnTh 3amauy b. IlpoBenenue pailoHHpOBaHUS MPUBOJUT K TOMY, YTO JUJIS
OPUHATHSA pEIIeHHs HaM HaJI0 3HATh JIMIIb, B Kakyl oO0JacTh MOMAJaroT
HayaJlbHbIC JIAHHBIC, HO HE MX TOYHbIE 3HAYEHUS, YTO MPUBOJUT K IKOHOMHHU
CPENICTB Ha U3MEPEHUE UCXOAHBIX JaHHBIX.

[Ipumensiemble asl KiIacCU(PHUKAIMH MHOTOMEPHBIX JAHHBIX aJrOPHUTMBbI
4acTO 3aBUCAT OT MapameTpa, HalpuMmep, MoporoBoro 3HaueHus a. Ilyctb
JaBa€MOE€ AJITOPUTMOM pPa30MEHHE MEHSETCS B MOMEHTHI 8, &, ..., Qnel.
[Ipennaraercss B KauecTBE OKOHYATENBHOTO pa30oueHust Opath TO, sl KOTOPOTO
MPOMEXKYTOK U3MEHEHHUs TapameTpa, COOTBETCTBYIOIIMI €My, SBISETCS
MAaKCHUMAaJIbHbIM, T.€. BBI6paTB K Takoe, 94TO i1 - 8 MAKCUMAaJILHO cpeau a; - Ay,

a - A, ..., 81 - &, (THe 8 - MUHUMAJIbHOE 3HAYCHHE TapamMeTpa), U B3STh
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pa30ueHHe COOTBETCTBYIOIICE MPOMEKYTKY k1 - 8 [27, 28]. Takum obOpa3om,
npejjaraeTcs pemars 3agady b u ucnonp3oBaTh TO pasOueHue, A KOTOPOTO
007acTh yCTOWYMBOCTH MaKCUMaJbHa.

"MaccuBHOCTB" 00JIACTH yCTOMYMBOCTH, HAWJIEHHOW B pe3yibTaTe
perieHus 3anauu b, sIBASETCS CBUAECTETHCTBOM B TIOJIb3Y aJIEKBATHOCTH MOJIEIIH.
Tak, aBTOpOM OBUTH PACCMOTPEHBI JIBE MATEMATUYECKHUE MOJAEIH OTAEIbHBIX
CTOPOH OOy4YeHHs MaTeMaTUKe - MOJENb ONTHUMAJIbHOTO paclpeaeieHus
BPEMEHHU MEXIy OOBSICHEHUSIMH M pelieHrueM 3aiad [29] u Mmozens i pacueTa
ONTUMAJILHOTO 4YKcla mpenozaBareiein kpyxka [30]. B mepBoit u3 Hux B
TE€YEHHE OCHOBHOT'O MEpHOJa Y4eOHOro Mpoliecca ONTUMaIbHOE paclpeiesieHue
BpeMeHH Mexay oObscHenusM (1/3 Bcero Bpemenm) u pemienuem 3amay (2/3)
SBISICTCS. OJTHAM W TEM € JJIA BCEeX ydJamuxcs. ITOT (PakT yCTOWYHUBOCTH
MOKAa3bIBA€T  BO3MOXKHOCTb  OpraHW3alMi  OOy4YeHHs,  ONTHUMAJIbHOTO
ONIHOBPEMEHHO /I BCeX ydamuxcs. Bo BTopoil M3 HHX HalOIomaeTcs
YHUCJIEHHAs yCTOMYMBOCTBH. HCIIOJIb30BaHWE B KadecTBE IMapamerpa Jro0oi
BEJIMYMHBI W3 WHTEpBaJia, B KOTOPOM JIeKAT BCE JIKCIEPTHBIE OIICHKH 3TOTO
napaMeTrpa, TPHUBOJUT K OJHOM M TOW JK€ YHUCICHHOCTH ONTHMAIBHOTO
KOJUIEKTMBa  mpenojasaresieii. (OTMEYEHHbIE  CBOWCTBA  YCTOMYMBOCTH
MOBBIIIAIOT JBPUCTUYECKYIO IIEHHOCTh YKA3aHHBIX TPyObIX Mojenell mpu
OpraHu3aluy rmporecca o0y4eHus (THOCEOJIOTUYECKas POjb IPyObIX MoJenel
BeisiBieHa B,B. Haaumoseim [31, ¢.12-38])).

BroxxeHne pa3nuYHBIX KOHKPETHBIX 33Jad YCTOWYMBOCTH B OOIIYIO

CXeMy MPOBOJUTCS MOCTOSHHO Ha MPOTsHKeHUU KHUT [4, 5.

6. 3akiI0UNTeIbHbIE 3aMeYaHUs
Bo3nukaer xenanne o0OOHIMTH OOIIYyI0 CXEMy YCTOWYMBOCTH, BBEIS
OTKJIOHEHHUSI HE TOJIBKO UCXOJHBIX JaHHBIX, TO U 0TOOpakeHus f, uim ke, 3amaB

Mepy B E(X6), mNOKa3pIBaollyl0 BEPOSITHOCTh OCYIIECTBIEHUS JaHHOTO

oTkJIoHeHus. OQHAKO JIETKO ITOKa3aTh, YTO ATH "0000IeHua" BKIAaAbIBAIOTCS B
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OOIIyI0 CXeMy YCTOMYMBOCTH TIPH COOTBETCTBYIOIIEM H3MCHCHHH €€
cocrasisironux A, B, f, d, E
YactueiMu ciaydasmu mpoctpanctBa {A, E} sBiasercs Tomosnormueckoe

npoctpaHcTBo (korma {E(x,8),600} - COBOKYIMHOCTh OKPECTHOCTEH TOUKH X) U
IIPOCTPAHCTBO TOJIepaHTHOCTH (Korjma E(X)=E(X,6) - COBOKYITHOCTh BCeX X
TaKWX, 4TO X U X' CBS3aHbI OTHOIIIEHUEM TOJIEPAHTHOCTHU - 00 ATOM TIOHSITHH CM.
[24]). [IpuBenem erie NMpUMeEpshI, CBSI3aHHBIC ¢ KOHKPETHHIMU MOCTAHOBKAMH B
YaCTHBIX TEOPHUSIX.

a) E(x,0) = E(X) ={x:¢(X) =@ X)},Tae ¢ - HeKoTOpas QyHKITUS,

0) E(x(c,9)={x:h(x,c)=hxc)}NU,(x), tme C = {c} - MHOXKeCTBO
napameTpoB, h(X, O - cemelicTBO PyHKIHMIA, U (X) - OKPECTHOCTh paauyca o
TOYKHU X METpHUYECKOro npocrpanctea A, © =Cx (0, +w).

B  oOmyr  cxeMy  yCTOMYMBOCTH  BKJIQIBIBACTCS  H3y4YEHUE
acUMNTOTHYEeCKUX Mojenel. [lycTh Hac WHTepecyeT MOoBeAeHUE OTOOPAKEHUS
0,:Z -W, tOT, mpu t » o. PaccMmoTprM CXe€My yCTOMYMBOCTH, B KOTOPOU
A=Zx(TU{x}), B=W, mozaens f nepeBoaur (z, ) B g«(2), a (z,©) - B 3HaUeHUE
npeaenbHoit pynkuun g, (z). [lycte p - meTpuka B B. YcroituuBocts Oynem
M3y4daTh B TOYKaX (z,00) . OxkpecTHOCTH UMEIOT BU/]I
E((z,0),s0OT) ={( z,t),t = s}. Tornma B((z,«), E) =0 3KBUBaJICHTHO

lim g,(2) = 9..(2).
B  psme  ciywaeB  mpeACTaBisSIeT  MHTEPEC  CKOPOCTh  yOBIBaHUS
B((z,0),E((z,),s)) kak pyakmuu S (cMm. pasmgensl 2.1 - 2.4, 5.2voHorpadun
[4]).

OnumemM NpeacTaBisSIOMIMNACS aBTOPY PallMOHAJIBHBIM CIOCOO OLICHKU
HEOOXOMMMOW TOYHOCTH OIpPEACNICHUS OJHHMX TapaMeTpoOB IO W3BECTHOM
TOYHOCTH OIpPENEIICHUA IPyrux. PaccMoTpuM Iyl MPOCTOTHI 3alUCH Cly4yau

JBYX mapameTpoB. O =[0,0)%x[0,0) u E(x,a)=E(X,(£,90)), tne &€ u 0
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0003HaYaI0T TOYHOCTH OIPEJEICHUS COOTBETCTBYIOIIMX MapaMeTpoB. [Ipumem,
410 CIIpaBEIINBLI BKJIFOUEHUSA E(x (&,9)) UE(X(&,,9,)) pu
£ <&, 0,<0,Ilycth € 3amaHo, a & MBI MOXEM BBIOpaTh, MpUUYEM

yMEHBIIIEHUE J CBSI3aHO C YyBenWueHueM pacxoioB. [Ipeacrammsiercs
€CTECTBEHHBIM  'YpPaBHATH'  OTKJIOHEHHUS, IIOPOXKJICHHBIC  Pa3IMYHBIMU
napaMeTpamH, T.€. ONPEIENATh 0 U3 YCIOBUS

B(X, E(X,(£,0))) = B(X, (X, E(X,(£.0))) = B(X,E(X,(£.0))) . (50)
CrneBa CTOMT TpHpalIeHHE I[IOKa3aTes YCTOWYMBOCTH, COOTBETCTBYIOIICE
BapbUPYEeMOW TOYHOCTH O OTMPEICIICHUs TOYHOCTH BTOPOTO MapameTpa, a
crpaBa 3HAYCHHWE TIOKA3aTellsi YCTOWYMBOCTH OMNPEACIIeMOe  3aJaHHOU
TOYHOCTBIO £ ONPEICIICHUs TEepBOTO mapamerpa. Eciu 3arpaThl TOYHO
U3BECTHBI, TO O MOXHO OMNPEACNITh MyTEM pPEIICHUS COOTBETCTBYIOIICH
ontumu3anuonHoi 3amaun. CoortHomenue (50) mpemnmaraercs NpPUMEHATH B
KauyecTBE OBPUCTHUECKOTO TMpaBuja B TPOTUBHOM ciydae. HazbiBaem
paccMaTpUBaeMbIil MOAXO "TPUHIMIIOM ypaBHUBaHUA MorpemHocten . 13 ero
NPUMEHECHUH YKaXXeM OTpeJesieHne palMoHaJbHOrO 00bheMa BBIOOPKH B
CTaTHCTUKE WHTEPBaIbHBIX HaHHBIX [7-9, 32, 33],BpIOOp umcia rpaganuii B
COIIMOJIOTHYECKHUX aHKETaX IyTeM H3ydeHHWs aCUMITOTUKMA KBaHTOBaHUs [16],
pacdeT HEOOXOAMMON TOYHOCTH OTpEICIICHUs MapaMeTpPOB B KIIACCHYCCKOU
MoJieni Bunibcona ynpasienust 3anacamu [17].

[IpuBenemM mpuMep HCIONB30BAHUS HEYCTOWYMBOCTU. PaccMoTpum 1Be
obmme cxembl ycronuuBoctn {A;, B, £, d, B} u {A;, B, & d, B} - ¢

MaKCUMAJIbHBIMU a0COJIOTHBIMH IOKa3aTeNsIMU yCTOHYMBOCTH ), U V), (CM.
ompeneneHne 5 Beime) coorBeTcTBeHHO. Ilycte A O A, u f; sBusercs
cyxxenuem f, Ha A, mpudyem E,(x,6) O E,(x,8)N A npu Bcex xOA. ScHO, 4TO

TorHa ), < Y, .
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3HAYUT, U3 HEYCTOMYMBOCTU IpyOOH MOJEIU CleayeT HEYyCTOMYMBOCTD JIFOOOM
BKJTFOUAIOIIEH ee Oosiee ToHKOU. [IpuBeneM ucnonp3yromuii 3ToT GakT mpumep,
oTHoCsIMICS K aemorpaduu (cp.[33,¢.427-438]u [34,1:1.8)).

PaccmoTpum mpocteiinnyro Moaens. B cOOTBETCTBHM € CIIOKHBITUMUCS
TPAAWIMSIMU W PENICHUSIMH OPTaHOB BJACTH OOIIECTBO MOXKET TO-Pa3HOMY
pacropspkaTbCsl UMEHOIIMMU pecypcamu  (paboduM BpeMEHEeM, TPUPOIHBIMH
Onmaramu, mMaTepualbHbIM OoraTtcTBoM). OCHOBHOW pecypc - pabodee Bpems,
MOCKOJIbKY, KaK M3BECTHO, 'HCTOYHUKOM Bcex Oiar siBiseTcss Tpyn'. Pabouee
BpeMs WIEHBI OOIIECTBA PACXOIYIOT JIMOO HA MPOU3BOJACTBO MPOAYKIINHU, JTHOO
Ha coJiepKaHue, BocUTaHue, o0yueHnue aeteit. [lycTs 001mecTBo TpaTuT 1010
BpeMEHH U Ha MPOW3BOJICTBO MPOJYKIMHU, a Jaojito BpemeHu (1 - U) - Ha
MOJITOTOBKY (CojpepikaHue, BOCIHTAaHWE, OOYYEHHE W T.IM.) HOBBIX YICHOB
obmiectBa. [TycTb X - YMCIEHHOCTh HAcelleH!s B K-if MOMEHT BpeMEHU |

X1 =bx+a@-ux,k=1,2,.. (51)
IJie TepBOE CjaraeéMoe COOTBETCTBYET TEM, KTO XHWJI W pabotan eme B
NpeIbIAYIINA MOMEHT, a BTOPOE - HOBBIM 4ieHaM oOmiecTBa (B MpPeIbIAyIIHiA
MOMEHT OHH HE YYacTBOBaJIM B IPOU3BOJCTBE H3-32 MaJOr0 BO3pacTa).
Heobxoammo mMakcMMHU3HUPOBATH MPOHM3BOACTBO 3a N MEPUOAOB, BHIOpaB U u3
yCIIOBUS

ud a'x - max, (52)

1<i<n

rae a - koddouiueHt auckontupoBanus. [lycts U(2) u U(3) pelrenus 3agadu

(51) - (52)npu N = 2 N = 3cooTBeTCTBEHHO. HEeTpyIHO NOCUHTATE, YTO

u@ _2 1_1\/1_[ij2 , (53)

u 3| 4 m+ 0,5

rae m=a(a+b).3Hauur,

1.u@_2

2 u@) 3’ (54)
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T.€. BBIOOp JeMorpaduueckoi MOJIUTUKU (B JaHHOW MOJETH - BEJIUYUHBI U)
CYILIECTBEHHO 3aBHCHUT OT TOPU30HTA MIaHUpOBaHUA. OTMETUM TaKXke, YTO MPHU
HEKOTOPBIX 3HAYEHHUSIX IapaMeTpoB omntuMaibHas, B cMmeicie (51) - (52),
MOJINTUKA MPUBOAUT K BBIPOXKACHUIO Momyisiiuu. Crenyer yTBEp»KIaTh, UTO
00a oOHapy>KEHHBIX CBOMCTBA UMEIOT MECTO U JJisi 00Jiee TOAPOOHBIX MOJIETIEH,
BKJIFOYAIOIINX PACCMOTPEHHYIO B KQUECTBE YaCTHOTO CIIyYas.

OOmmii MOIX0a K YCTOWYMBOCTH Pa3BUBACTCS TaKke B MOHOrpaduu [35,
ri1. IX]. YcToHYMBOCTh TOHUMAETCS B TOMOJIOTMYECKOM CMBICIIC, TIOHSATHS THIIA
"Mmokazareiab YCTOMYMBOCTM HE BBOJATCA. Hamr moaxon MOXHO CUHTATh
IIPOMEXYTOUYHBIM MEKJy TOMNOJIOTMYeCKMM mnoaxoaom M. Mecaposnua n .
Takaxapa [35] u merpuueckum - B.M. 3omorapea [36, 37]. Mbl He Oyaem
IPOBOAUTDH Pa3BEPHYTOTO CPABHEHUS ITHX TPEX MOAXO/I0B.

Urak, B HacTosimield CTaTh€ MOJIYYEH PsiA PE3YJIbTATOB, KAaCAKOUIUXCA
MaTeMaTHYECKUX CBOMCTB OOIIECH CXeMbl YCTOWYMBOCTH. HadalbHBIA MYHKT -
pabora [38]. C MaTeMaTH4eCcKOW TOYKHU 3PSHUS PACCMOTPEHBI TAKKE HEKOTOPHIE
BO3MOXKHBIE HaIlpaBieHUs OOIIe CXeMbl YCTOMYMBOCTHM W €€ CBOWCTB IpH
peuieHun 3a7ad SKOHOMUKH U VYIOPABJICHHS HAa OCHOBE MCIOJb30BaHUS
IKOHOMHUKO-MATEMaTHYECKUX  METONOB W Mopenei.  [IpumeneHusm
paccMmatpuBaeMoii Teopun (0OHmICH CXEeMbl YCTOWYMBOCTH) TIPU aHAJM3E
KOHKPETHBIX TPHUKJIAJHBIX CUTYaIMi TOCBSIIEHBI, B YaCTHOCTH, MOHOTpadum
[4, 5]. OrmeTuM, 4YTO MEJaecOOOpa3HO JaybHEMIee H3ydYeHHE OOIICH CXEMbI
YCTOMYMBOCTH KaK MaTEMaTUYECKOro OObEKTa Hapsiiay C pa3BepThIBAHUEM
pa3IMuYHBIX BapUAHTOB €€ MPAKTUYECKOrO0 HCIOJIb30BAHUSA KaK C LEJbI0
MOJICpHU3AIIMU CUCTEM YIPABJICHUS MPEANPUATUIMHU, TaK U IMyTEM BHEJIPEHUS B
CaMbIX pa3HBIX OO0JACTSIX COIMATIbHO-3KOHOMHYECKONW TEOpUU U MPAKTUKHU.
ScHo, uTO 00MIAsi cXeMa YCTOMYMBOCTH JOJIKHA PACIIUPUTH CBOE MPUCYTCTBHE
B TEOPETHYECKOW, y4eOHONW W NPUKIAAHOW NEATETbHOCTH CHEIUATNCTOB B

MHOFOO6p33HbIX COINAJIBbHO-3KOHOMHUYCCKHNX o0acTsX.
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