CpaBHUTEJbHBII aHaJAN3 KadecTBa
BEPOATHOCTHBIX M BO3MOXKHOCTHBIX
MoeJieil I3MePUTEeIbHO-BbIYICINTEIbHbIX
mpeoOpa3oBaTeieit

JI. A. Bamakun, T. B. Marseena,
FO.II. IIerrees, O. B. ®axomkuna

PaCC]\lOTpeHbI KOMIIBIOTEpHOE MO/JIC/JIMPOBaHUE BEPOATHOCTHBIX
1 BO3SMOZKHOCTHBIX l\loﬂeﬂef/’l U3MEpUTE/IbHO-BBIYUCJIUTE/IbHBIX IIpe-
ob6pasosareseii (VIBIT) Ha 0CHOBE JIBYX BAPUAHTOB TEOPUU BO3MOK-
HOCTel n 3aBucuMocTn Kadectsa VIBII kak cpeacrsa m3aMepeHuii oT
KadeCcTBa M3MEPUTETHHOTO mpeobpasosarens. [IpoBemeno cpasHe-
nre kadectsa VUBII 11 BEposATHOCTHON M BO3MOYKHOCTHBIX MOJIE-
JIeil n3MepeHus, a TAKKe PelleHa 3a/1a9a PeLyKIIUI U3MePEHN JJIst
MO/IeJIn U3MEePeHusd, OITChIBAEMOIL BTOPBIM BapraHTOM T€OPHUUN BO3-
MOZKHOCTEH.

KoaroueBble ciioBa: m3MepHTENbHO-BBIYNCIUTEIbHBIE CHCTE-
MBI, PeJyKIHs, Ka4ecTBO JATYNKa, BTOPOIl BapUaHT TEOPUU BO3-
MOZKHOCTeI.

BBenenue

PaccvoTpuM xapakTepHYO I 9KCIEPUMEHTAJIbHBIX HUCCIeI0BaHUI
CXEMY M3MEPUTEJILHOIO IKCIIEPUMEHTa «U3MepPsieMbIil 00bEeKT — cpejia —
u3MepuTesbHbIN 1peobpazosarens (MI1) — BeraucaurenbHblil 1peodbpa-
soBarenb (BII)» [1]. Beiaenum B Heil cucremy «u3MepsieMblii 00bEKT —
cpera — Ulls», koTopyro HazoBeMm cucremMoii I, u BeITOMHSIONUN GyrKyuy
cpedemaa usmeperuli IBMEPUTETHHO-BBIIUCTUTEIHHBIN TPeobpazoBaTesb
(UBII), srmovaronmit VIIT u BIT; UIT sasasiercst npeobpazoBaresem crie-
uUIECKOro JIJisi U3MEPEHU BO3EHCTBUST — PAJIMAIHOHHOTO, TEILIOBO-
0, MEXaHUIECKOTO MJIU KAKOTO-JIM0O0 JIPYTOro [2] — B 3J1eKTpuyiecKuii cur-
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naj. B BII sjexkTpudecknit curnas mojaBepraeTcs mpeodpaszoBaHUIO, KO-
TOpOE JIOJIPKHO U3BJIEYb U3 HETO BCE TO, UTO MWHTEPECYET UCCJIEI0BATE/Is,
u 06Jiedb 9T0 B (pOpMY, YIOOHYIO KaK I IPEAMETHON MHTEPIIPETAIINH,
TakK U Jjisd auaJiora ucciaenosaress ¢ MBI

B pesynbrare B3anMoeiicTBust naMmepsieMoro oobekTa, cpeanl u Ul B
cucreme I Ha Bxoze UIT dopmupyercsi (n3mepsiemblil) curnad f, Hecymuii
uHopManuo 00 u3MepsieMoMm o0bekTe u cpejqe. MII mpeobpasyer f B
JIEKTPpUIeCKuil curHas £ (pe3yavmam usmepenus) 1Mo cxeme

E=Af+u, (1)

e A — omeparop, Mopenupyonmit pusndeckue mnporeccol B UIl, s3au-
MOOETCMBYIOWEM C USMEPAEMBIM 00BEKMOM U CO CPEdoti, OTIPEIEIISIIONTIE
npeobpaszoBaHue Bo3ueiicTBusa [ B sjeKTpudecKuil curnan Af, v — mo-
[PENTHOCTD [TPe00PA30BaAHUsI, Y M.

Ha yposae cucremsr I 6ce npoueccor konmpoaupyromes puduieckumu
3aKOHAMU CO CBOMCTBEHHBIMU UM XOPOIIO M3BECTHBIMHU OrPAHHYCHUSIMU
U 3alpeTaMu: TEPMOJMHAMUYICCKUME, JU(DPAKITMOHHBIMU, KBAHTOBBIMU
u T. 1., Ha yposue BII permaroryio posb urpaioT mMamemamuieckue ceoti-
CMBA UCTLOABIYEMOT, PUSUMECKOT MOJEAU U AAOPUMMA PEWEHUS 300a-
wu npedmemmots unmepnpemayuy udmepenud. Ilocaennnit, Kaxk mpaBmio,
pU3BaH U3BJIeYb U3 & U U3 JIPYroi JOCTYIIHOM nHpoOpManun o cucreme |
KaK MOXKHO 00Jiee TOUHbIE 3HAUEHUS MPEICTABIAIONINX HHTEPEC XapaKTe-
PUCTUK OOBEKTA, TPUIEM — HE UIMEPAEMO20, XAPAKTEPUCTUKU KOTOPOT'O
HCKaYKeHBI, & UCCAedyemo20, He NCKAYKEHHOTO U3MEPEHEeM B BUPTYaJIbHOM
cucreme I «mccememyembrit 00beKT — cpesiay, 0003HATUM HUX 7).

JLnst periieHus 3871271 HHTEPIIPETAIIMYA U3MEPEHUN HEOOXOIUMa Mame-
MATMUNECKAA MOOJeAD, CBI3BIBAIOIIAsT (PU3NIECKUE TIPOIIECCHl B cucTeMax |
u 1T u mosBossiomast (pyu ONpeJIe/IeHHBIX YCJIOBHSIX) BBIPA3UTH BasKHbBIE
JUIsl MOJIeJIbepa-uccieoBaTes (M.-i.) XapaKTEePUCTUKHU 1) UCCIIE/LyeMO-
ro oobekra B cucreme 11 uepes msmepsiembrii B (1) curnan f ¢ yuerom
JIOIOJIHUTENIbHOf (anpropHoii) uHdopManuu o cucreme 1.

HaszoBeM wmodeavto (cxremovl) usmeperus mMamemamuieckyto MoOess
UII, BzamMoIeiicTBYIONIEr0 ¢ U3MEPSIEMbIM OOBEKTOM M CO CPEJIOii, CBsI-
3BIBAIOIIYIO0 €ro BXOJHON f W BBIXOJHON & CUTHAJIBI, U JOMOJHUTETHHYIO
nndopmalmio o cucreme l.

Modeawvro unmepnpemayuu 6xodnozo cuenasa V11 HazoBem mamema-
MUYECKYIO MODEND, CBSI3BIBAIOILYIO CUTHAJ f, CPOPMUPOBAHHBIN B CHUCTE-
Me [, u xapaxkTepucTuku 7 uccaegayemoro oobekra B cucreme 11. Monenn
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U3MepeHus, CBsi3bIBafommast £ u f, U MOJeJTb MHTEPIPETAIN BXOIHOTO
curaaja Ull, cBaswiBatomast f u 1), MO3BOISIOT MOJIYYUTb MOOJEAL UH-
mepnpemayuy usmeperus, ceaspiBaontyto £ n n. Hakomern, mamemamu-
YECKYIO MOOEAb, CBA3BIBAIONIYIO 3HadeHusi &, f u 7, Ha30BeM M0JeAbIo
UBMEPUMENDHO20 FKCNepumerma (M.U.3.), CPEJCTBOM U3MEPEHUsT B KOTO-
pom saBisierca VIBII.

[IycTb, HalpUMep, MOJIE/Ib UHTEPIPETAIINA 33/[aHA PABEHCTBOM 1) =
U f, B koropoMm omepatop U olpeneser Mamemamuieckyro Modeab ude-
anvroeo UII, B3amMomeiCcTBYIONIErO C U3MEPAEMbIM OOBEKTOM M CO CPe-
noit Touno tak ke, kak VII B cucreme I |1, 3|. Ilosromy ma Bxoge U —
curtaJji f, HO Ha €ro BBIXOJE — XapaKTEPUCTUKU 1) UCCAEIYeM020 0O0bEKTA
B cucteme II.

Kak npasmio, takoit NIl He MoxkeT OBITH peain30BaH <«B KeJIe3e»,
ITOCKOJIbKY €ro JeificTBue, BOOOIINE TOBOpsi, ITPOTUBOPEYUT (PUBMIECKUM
3aKOHAM, HO IIPU HEKOTOPBIX YCJIOBHUAX OH MOXKET OBITH CUHIME3UPOSHH
WBII, ero BBIXOmHOM CHUTHAJ MOXKET OBITH «BbrumciaeHs BlI, Haznauenune
KOTOPOI'0 — MOJeAUPOBATIG NPOUECCHL, CEOTCTMBEHHDBIE BUPMYAALHOT CU-
cmeme 11, na ocrose usmeperuti, 8vINOAHAEMOIT 8 Peasvhoti cucmeme 1
U dOnoAHUMEALHOT, UHPOPMAUL.

[Momuepkuem, uro B obiem ciaydae uneaabubiit UIT U u UIT 8 VUBII
CYyTb CPeACTBa MU3MEPEHUs Pa3HOrO Ha3HAUEHHUS.

CorytacHO TOYKe 3peHUsi Ha MAaTEMATHYECKOE MOJE/JIMPOBAHUE KaK Ha
UHPOPMAYUOHHYIO METHOA02UIO NOAYHEHUA HO6bT 3Hanul |4, 5], psimoe
MOJIETUPOBAHNE, KAaK NCTOYHUK HOBBIX 3HAHUI, IO3BOJIAET YTOYHUTH Ma-
TemMaTuIeckyo Moaeab UII, B3amMomeiicTByOMEro ¢ n3MepsieMbIM 00b-
€KTOM U CO CPEJIoi, MPOTHO3UPOBATH PE3YIbTATHI M3MEPUTEIHHLIX JKCITe-
PUMEHTOB, B TOM YHUCJIE «BUPTYAJbHBIX», KOTJIA UX «TeXHUIECKAsT» [TOCTa-
HOBKa HEBO3MOXKHa, U T. 7. O6paTHOEe MOJIE/IMPOBAHIE — UCTOTHUK HOBBIX
3HAHUN O HEIOCTYIHDLIX JJIsT U3MEPEHUsT XapPaKTEPUCTUKAX HCCIIETyeMO-
ro 06bEKTa, M3BJIEKAEMbBIX U3 PE3yJIbTaTa U3MEPUTEJIBHOTO YK€ SKCIIEPU-
MEHTa; KaK MPaBUJIO, UMEHHO C 3TOW IEJbI0O CTABUTCI MU3MEPUTETLHBII
9KCIIEPUMEHT, CPEeJICTBOM M3MepeHusI B KoTopoM siBiistercss TBII.
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1. Pemenne 3agavum peayKIun JJisi BEPOSITHOCT-

HbIX 11 BO3MO2KHOCTHBIX MO,Z[eJIeﬁ n3MepeHnumAa

YenosuMest cunTarh B gasbHeiimem A @ F — X, U : F — U u orob-
paxenne R(-): X — U, HasbiBaeMoe Jlajiee ONEHNBAIOIINM PABHJIOM.

B pabore uccrenoBannt caemyrorme momesnn WUIT(kak Momenn cxembr
usmepenust (1)) u UBII.

1)

Ecmn f — mpomsBOIBLHBIN BEKTOD, HPUHAIEXKANUN EBKIINJIOBY

MPOCTPAHCTBY JF, V' — CJAyYalHbII BEKTOD, MPUHUMAIONINNA 3HAYTE-

HHSI B €BKJIMJOBOM IIPOCTPAHCTBE X, MMEIONMI MaTeMaTHIecKoe

oxuyanre Ev = 0 u u3BeCTHBIN KOPPEJIAIMOHHBINA OIepaTop X,

Vee X ¥,x=Ev(z,v), to omubka unrepnperamun [1] R(§) xak

onenku Uf ects sup E|R(¢) — Uf|?, u ommbka Munmmaibaa u
fer

pasra tr(U(A*S;1A)"U*) mpu! R, (€) = U(S, 2 4)5, %€, cc-
mu U(I — A~ A) = 0, u paBHa 6ECKOHEYHOCTH, €CJIM ITO YCJIOBUE HE
BBITIOJTHEHO.

Ecin ¢ u v — He3aBuCHMbIe CilydaiiHble BEKTODBI, TPUHUMAIOIINE
3HAYEHUs] B €BKJIMJIOBBIX IIPOCTpaHCTBaX JF u X, COOTBETCTBEHHO,
nmerone MmareMarndeckue oxujganus Ef = 0, Ev = 0, u ussecr-
Hble KoppeJsiuontble oneparopsl F: Vf € F Ff = Ep(f, ),
Y, Ve € X ¥,x = Ev(z,v), f — usmepsiembrit curnasn (pe-
ajmsanust @), To omubka mHTepnperarun [1| R(£) kak oneHKn
Up ectv E|R(E) — Uy||?, n ommbka MuHIMATLHA U B CIydae
HEeBBIPOXKIeHHbIX F 1 ¥, pasna tr(U(A*Y, A + F~H~1U*) npn
R.(§) =UFA*(AFA* +%,) .

[Tycrs @ u v — HeveTKue (B CMBICJIE TIEPBOIO WJIM BTOPOIO BAPHAH-
TOB TEOPUH BO3MOXKHOCTEI [4]) 971eMEeHThI, IPUHUMAIOIINE 3HAYCH ST
B €BKJIMJIOBBIX IIPOCTpaHCTBaX JF u X COOTBETCTBEHHO W MMEOIIne
pacipe/eseHus HeobxomMocTeil coorsercrento he (f) =0, f € F
u b (y) = b(HE;l/Qsz),y e X, e ¥, : X - X — HOI0KHUTEb-
HO oupejiesieHHbIil oneparop, b(-) : [0,00] — [0,1] — HenpepbiBHAas
CTPOro MOHOTOHHO Bo3zpacratormasi dbyuknus, b(0) = 0, f — u3me-
psieMblil curnan (peasmsanus ), Heobxopumoctsb norepsb nl(U f, v)
upu onenuanun U f 3uadennem v takosa, 9ro nl(U f,v) = 0 upu

13ech 1 asiee T — omepars ICeBI00GPAIEHIS.
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Uf =vunl(Uf,v) > 0 upu Uf # v. Torga HEoOGXOMUMOCTH 1O~
Tepb NPH HCIOJIB30BAHUU OlleHHBalomero npasuia R(-) ects [4]

NL(R()) = _inf_ max(h (@ — Af),nl(Uf, R(@))) (NL(R()) =

)

inf (1—(1—h"(z—Af))(1—nl(Uf, R(x))) s1s Broporo Bapuan-
zeX,fEF

Ta Teopun Bo3MOKHOCTEH). OnTuMaNIbHOE OIEHUBAIONIEe TPABUIIO,
MUHUMU3UPYIOIIee HeOOXOMMMOCTh 10Tephb, ecThb Ri(+) : Ry (§) =
U(E;1/2A)_E;1/2§ +Ua(§),z € X, e a(-) : X = N(A) — upo-
usBosbHas gynknus. NL(R,(+)) = 0.

IIycts ¢ u v — He3aBUCHMBIE HedeTKHe (B CMBICJIE IIE€PBOrO Ba-
pHaHTa TEOPUM BO3MOYKHOCTE(l) 9JIEMEHTBI, IIPUHUMAIOIIME 3HAUE-
HUsI B €BKJIMJIOBBIX IpOCTpaHcTBax F u X' COOTBETCTBEHHO U UMe-
fOIIIEe PACIpeIe/IeHIsT HeOOXOINMMOCTEH COOTBETCTBEHHO 7#"( f) =
b(IF2F1%) m B (y) = b(IS PylP)y € X, e F o F o
F. X, : X - X — NOJOXKUTEIbLHO OIPE/Ie/IEHHbIE OIIEPATOPHI,
b(-) : [0,00] — [0,1] — cTPOro MOHOTOHHO BO3pACTAIOIIASI, HEIIPE-
poiBHO s depenipyemas dbyukius, b(0) = 0 (coBmecTHOE pac-
npeieseHne HeobXOMUMOCTE! 3HAYEHU (© U UV €CTb hewv (f,y) =
= max(b(|FY2f)%),b(|5 ?yl?)), | — usmepsiemsii curman
(peasmmzanus @), zHeobxoaumoctb norepb nl(U f,v) npu oneHuBa-
wuu U f snavennem v takosa, uro nl(Uf,v) = 0 upu Uf = v n
nl(U f,v) > 0 upu U f # v. Torga Heo6XouMOCThb [I0TEPH NP UC-
HOJIb30BaHUK olleHnBaromero mnpasuiaa R(-) ecrs [4] NL(R(-)) =

= inf b([F~Y2£112), b(||=5 2y 12). nl(U £, R :
xe;{r}fefmaX( (Il F1I1),6(| ylI?),nl(Uf, R(z))), omrn

MaJIbHOE OIEHMBAIONIEE TMPABUJIO, MUHUMU3UPYIONEe HEOOXO/Iu-
MOCTbh [IOTEPb, ecThb [4]:

o R.(:): R(2)=UFA*(AFA*4w(z)%,) 'z, t€ X, rne w(x) —
KODEHb ypaBHEHHUsI w2H(E;1/2AFA*E;1/2 + w712 )2 =
IFY2 4%, Y2 (2 AR A P 4wl 1SS |2, ecnn 6(z) =
[T 2 A 2 4) )8 e (2 P AFY2) 78, P
<0,

o R.(\): Ru(z) = UFY2(3, 2 AFY2) =5, 22 ecom 6(z) = 0,

o R.(") : Ruz) = UFV2(x,2AFY2)-5,"% 1 Ua(z), tre
a(z) : X — N(A) — npoussosbHast GOyHKIWS, YIOBIETBO-
psiontag yesosmio || FY2 a(z) |2 < 6(x), ecmm 6(z) > 0,

npuuem NL(R,(+)) = 0.
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Teopema 1. [lycmv ¢ u v — He3a8ucCuMble HEYEMKUE (6 CMBICAE 61MO0-
PO20 BAPUAHMA MEOPUL BOZMOHCHOCTNET) IAEMENMbL, NPUHUMAIOULUE
aHanenus 6 e6KAudoeur npocmpancmear Fou X coomeemcemeenno u
umerowue pacnpedenenus neobrodumocmet coomeememeenno he(f) =
bIE2AP), f o€ Fou k) = b5 PylP)y € X, ede F

F = F, X : X -5 X — nosooicumesvno onpedesernvie onepamopot,
b(-) : [0,00] — [0,1] — cmpoeo monomonno eospacmarowan, Henpe-
poieho dugdepernyupyeman dynryua, b(0) = 0 (cosmecmmoe pacnpede-
aenue neobrodumocmet snavenut @ u v ecmov h¥V(fiy) = 1 — (1 —
—b(|FV2 11201 = b(1S0 Pyl12)), f — usmepaemndi cuznan (peasu-
sayus @), neobrodumocmv nomepv nl(U f,v) npu oyenusanuu U f 3na-
wenuem v maxosa, wmo nl(U f,v) =0 npu Uf = v u nl(Uf,v) > 0 npu
Uf # v. Toeda neobrodumocms nomeps npu UCnosb308AHUY OUEHUBAIO-

wezo npasuaa R(-) ecms NL(R(+)) = me/ivl}]fef(l—(l—%‘p’y(fa r—Af))(1-

—nl(Uf, R(x))). Onmumanvroe oyernusarouee npasuio, MUHUMUSUPYIO-
wee HeobToIUMOCTND NOMEPDL, ECMb

R.(\): Ru(2) = UA*S A + w(z)FH A"y L,
2de w(x) — pewenue 3adavu

(1 =b(|F~Y2A* S A+ wF D ass b)) (1—
— (=20 — AA S A+ wFH T A S 2] ?)) ~ max,  (2)

w=0

npuwem NL(R.(-)) = 0.

2. NamepuTeIbHO-BBIYUCANTEILHBIN MpeodOpa-
30BaTeJIb IEPBOTO MOPAIKA

3MepuTesbHBI IpeobpasoBaTesieM IepBOro IMOpsiJjiKa Ha3bIBACTCS
TaKo u3MepuTebHBIN TpeobpasoBaresib [6], 9TO MaTeMaTHUECKOe OXKMU-
Janve u(t) curHasa Ha ero BbIXOJE B KaxK/[blii MoMeHT Bpemenu t € [0, 7T
ompejiesigeTcss Kak penienue sagaan Komm st udpdepeHnuaibHoro
ypaBHEHUsI IePBOro HOPsIKA,

{ (Du)(t) 2 aTu(t) + Bu(t) = £(1),¢ € (0,7],
u(0) =0,
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rie f(t) — 3HavYeHMe U3MEPsIeMOli BeJIMUYNHBI B MOMEHT BpeMeHH ¢, o, 5 —
rexHosiorndeckue napamerpel VII. Curnan nwa Bbixome UIT £(-) ume-
er sun £() = (Af)() + v(), tne A = D™! — sumeiinpiit onepa-
TOp, MOJEJUPYIONHA u3Mepuresbubiii npudop, u(-) = (Af)(+), v(-) —
cJydyaiiHBI 1IyM, MMeIONMil MaremaTudeckoe oxujanune Ev(t) = 0,
t € [0,7], u usBeCTHBIl KOPPEISAIMOHHBIN omeparop Y, V() €
£20,T)? ¥,2 = Ev(z, ). Taknm obpaszom, mogessio UIT seaserca mapa
oneparopos [A, ¥, ]. VIamepurebHO-BBIUUCIUTELHBII TpeobpasoBaTeb,
U3MEpPUTETBHOM KOMIIOHEHTON KoToporo siBysiercs UIT mepsoro nopsijika,
naseiBaerca VBII mepeoro mopsiika.

Kak m3BecTHO, jryulee’ npub/m»KeHne JHHeiiHOTO oneparopa A jm-
HEHHBIM orepaTopoM A, KOHEYHOrO pPaHra M €CTb TAKOH JIMHEHHbBINH OTe-
PATOp, CHHTI'YJISPHBIE BEKTOPBI U TIEPBbIE N 110 YOBIBAHUIO CHHTYJISIPHBIX
YHCIa KOTOPOT'O COBIAJIAIOT C CHHTYJISIPHBIMUA BEKTOPAMU M CHHIYJISIP-
HBIME YHUCJIaMU orieparopa A, a ocTajbHBIE CHHTYJISPHBIE YUC/Ia paB-
HbI 0, T03TOMY B BBIYHUCIUTEBHOM 3KCIEPUMEHTE JIJIsT YMEHBITEHUSI 10~
rperrHocTell, CBI3aHHBIX C allpoKcuMalmed omeparopa A, ObLIO BbI-
b6paHo Takoe mnpubsmkeHue. CUHTY/SIpHBIE YHCJa orepaTopa A, yio-
PSIOYUEHHBIE 110 YOBIBAHUIO, CYTh 53._1 = 1/,/52+a2aj2.,j = 1,2,...,
rjae a; — HOJIOXKUTEIbHBINR j-ii 0 BO3PACTAHMIO KOPEHb ypaBHEHUS
aacosa + Bsina = 0, COOTBETCTBYIOIIUE UM IIpABble CHHIYJISIPHBIE BEK-
Topel — ¢e;(-) : €j(t) = gjsin(a;(1 —t/T)), neBble CUHTY/IAPHBIE BEKTO-
bt — () 1 (1) = (—1)*ig;sin(a;t/T), tae q; = (5 + 2E)75. B
PACCMOTPEHHOM Jlajiee CJIydae PeyKIUH IPU HAJIUIUN aHpI/IOpJHOfI UH-
dopManyy 0 BXOJHOM CHUTHAJje W BEPOSITHOCTHOW MOJIEIN U3MEPEHHsT Ha
UII [A, 021, \2]] npaBble CHHIY/IspHBIC BEKTOPLI oreparopa A cyTh Bek-
TOpBI cobcTBeHHOTO basuca 3roro NI — cobcTBeHHBIE BEKTOPHI OITEPaTO-
pa A*S 1A+ F~1 = 672 4* A4 A~21, cootercTByIONMe MM COGCTBEHHbIE
3HAYEHUS CYTh 0725;2 + 272,

2£2]0, T] — neberosckuit Kiacc usMepumbix Ha [0, 7] GyHKIuii, KBagpaT KOTOPBIX
unrerpupyem Ha [0, 7.
3o cnexrpamsmoit mopme ||-||s : || Blls = sup ||Bz||, tae ||-|| — esxmmmosa nopwma,

llzll=1
u 1o HopMe ['mibbepra-IlIMura pa3HocTH OIepaTopoB.
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3. CpaBHUTENbHBIII aHAJN3 KadeCcTB BepOsIT-
HOCTHOM W BO3MOXKHOCTHBIX MOJIeJIENl peayK-
Uy U3MepeHuin

B cuity Toro, uro npu Beinosaernn yesaosust U (I — A~ A) = 0 pesyiib-
TaTbl BO3MOYKHOCTHOM M BEPOSITHOCTHOI PeLYKITNN JIJISI MAKCUMAaJIbHO CO-
[JIACOBaHHBIX MOJIEJIeHl TP OTCYTCTBUM AlPUOPHON MH(MOPMAIIH O BXO/I-
HOM CHTHAJIE COBIIQJIAIOT, MHOKecTBa 3Hadennii napamerpos Ul («, B),
IIPU KOTOPBIX CPE/IHEKBA/IPATUIHBIE TTIOTPEITHOCTU He IIPEBBINIAIOT 3a/1aH-
HYIO BEJINUUHY, TAK¥Ke OJIMHAKOBBI |7]. AHAIUTHYECKOE UCCIIeIOBAHNE 3a-
BucnMoctu oT (v, #) MOTPEIIHOCTH PEIYKIMA [IPH HAJMYNN AIPUOPHOI
uHGMOPMAIMK O (Y 3aTPYAHEHO HEJIMHEHHOCTHIO OIEPATOPA PEIYKITUH JIJIst
IIEPBOTO W BTOPOTO BAPHUAHTOB TEOPUN BO3MOYKHOCTEH, HO Pe3yJIbTaThl
YHUCJEHHOI'O dKCIIEPUMEHTA IOKA3bIBAIOT, YTO U IIPU HAJUYUHU aIIPUOPHON
nHMOPMAIME 9TH MHOXKECTBA IPAKTUIECKHA COBIIAIAIOT.

3.1. Cxema 1IpoBeJieHNsI BBIYUCINTETIHHOTO SKCIIePUMEH-
Ta

Yucmennaslit MeTon mojacuera onenkn Kadectsa VIBII — c.x. morper-
HOCTH OLCHKH U BO3MOXKHOCTHON WJIM BEPOSTHOCTHOI PELYKINU BEKTOPa
Uy, peasmzyemoit UBII nepBoro mopsigka, OCHOBaH Ha IOy I€HAN JOCTa~
TOYHO OOJIBIITIOTO YHUCJIa PEATH3AIUil BEKTOPOB (0 U V B CEPUU U3 JIOCTATOY-
HO 6osbiIoro yucia M He3aBUCHMBIX BBIYUC/IHTEIbHBIX SKCIIEPUMEHTOB
(monenmposanun Monre-Kapiio).

st xaxkoro BapuanTa 3nadenuit napamerpos UII («, ), npunaj-
nexarrero cerke {(a, 3);}i=1,..N M pa3 mpoBOIHINCE:

1) ®opmupoBaHnme BXOJHOIO CHI'HAJA fj; M IIyMma Yi; (3/1echb U Ja-
Jiee WHJIEKC ¢ OlpeJiesisieT BapuaHT 3HadeHwit mapamerpos WII,
i=1,...,N, unuexc j — Homep urepanuu, j = 1,..., M) Kak pea-
JIU3aIni CITyIafHbIX JIEMEHTOB (0 U V, IPUHUMAIONINX 3HAYUEHU B
HEKOTOPBIX KOHEIYHOMEPHBIX MTOIIPOCTpancTBax F u X mpocTpaH-
crea L£2[0,1].

2) Pacuer 3nauenns curnasa Ha Beixoge UIT z;; = Aa,p); fij +yij upn
noJjade Ha ero BXOJ| CUTHAJIA f;; U peaju3aluy IIyMa, if;;j, II0JIydeH-
HBIX B 1.1, 1 3HaYeHNs ONEHNBACMOil BemanHbl u;; = U f;;.
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P
3) Bobruncienne onenku u;;

3TOM CJyd4aifHble 3JEeMEHTbl MHTEPIPETHPOBAJINCh KaK HE3aBUCH-
MbIe HEYETKHE, MaprUHAJbHBIC PacCHpeeseHusd BO3MOXKHOCTEH KO-
TOPBIX MAKCUMAJILHO COTJIACOBAHBI [4| ¢ MaprUHAIBLHBIME PACIIPe/Ie-
JICHUSIMHU BEPOSITHOCTE{T) JJIs1 IIEPBOTO M BTOPOTO BAPUAHTA TEOPUU
BO3MOKHOCTEH 1 OIIEHKHN ﬁf; METO/IOM BEPOSITHOCTHOI PEeyKIIAH 110

pe3yIbTaTy U3MEPeHUs Tj;.

METOJIOM BO3MOXKHOCTHOMN pejyKiuu (mpu

Omnenkn c.k. morpemtaoctu npu 3uadennn napaverpos WUIT (a, f);
Jajiee IOJIyYaJUuCh YCPeOHeHHeM KBaJpara €BKJUIOBOW HOPMBI OTKJIO-

7l 1 M ~ply2 7p2 1 A ~p212
HeHUA oneHkm: h, = i ZlHuw — Uy, I|%, h;” = i ZlHuU — Uyj I,
Jj= Jj=

—~ M
= 3 s~ T

3.2. PesyabTaTsl

J1j1st IHCIIEHHOTO MOJIeJMPOBAHUS HCHOab30Baancy F = \21, \ = 10,
Y, = 0,0 =1, N = 1680 ({(o,8)i}iz1..n C [-2,2]?), M =
5000, U — oproroHaJibHbI#l IIPOEKTOP Ha JIMHEWHYIO O0OJIOYKY (YHK-
mwn g(+) : g(t) = sin5(1 — t) xax Bekropa B L2[0,1], t € [0,1]. B ka-
4JecTBe JF UCIOJIb30BaJIACh JIMHENHAs 000si09Ka 1epBbIX 10 JIEBBIX CHH-
IYJISPHBIX BEKTOPOB, B KadecTBe X — JmHEHast 0060j049Ka TepBbix 10
MIpaBbIX CUHTYJIAPHBIX BEKTOPOB Oll€epaTopa A, YIIOPAJOYIECHHBIX 110 y6bI—
BAHWIO COOTBETCTBYIOIIMX WM CHUHTYJISPHBIX YHCEN, TAKUM 00pa3oM, He
BO3HUKJIN UCKAYKEHNUsI, CBSI3aHHbBIE ¢ anmpokcnMarnmneit omeparopa A. Cos-
MECTHOE PacHpeie/ieHue CJIyYaifHbIX BEKTOPOB ¢ U I/ PABHOMEDHO HAa
{(f,y): f e RO,y e RIS < VI2), [ly]| < V120}.

PesysibraThl 4nCIEHHOrO MOJIEIMPOBAHMs MMOKAa3aHbl Ha puc. 1 (Bo3-
MO2KHOCTHasd MO/IeJ/Ib, OIINChbIBaeMas II€PBBIM BapHaHTOM TeEOPUHN BO3-
MOZKHOCTEHT ), 2 (BOBMOKHOCTHAST MOJIE/Ib, OIKMChIBAEMAasi BTOPBIM BapHaH-
TOM TEOPUH BO3MOXKHOCTEH) 1 3 (BeposiTHOCTHAsE MOZENb). OCOGEeHHOCTD
BJIOJIb JINHUU &« = —f3 CB3aH C OTCYTCTBUEM HENPEPLIBHOCTU CHHTYJISIP-
HBIX 9HCeJ OIlepaTopa A(a,B) pu Takux 3HadeHusix (a, (). YBesmdenue
C.K. TorperHocTd npu o = (0 CBA3AHO ¢ HEYCTONYMBOCTHIO BHIYUCICHUS
w(x) npu a = 0. Ha puc. 4 nokasaHa aHaIUTUYIECKasi 3aBUCUMOCTD I10-
TPEITHOCTU BEPOSATHOCTHON peaykiuu oT mapamerpos MII.



70 1. A. Banakun, T. B. Matseena, FO.II. ITeitbes, O. B. ®anomkuna

Kak BugHO M3 pe3y/sbTaTOB BBIYUCIUTEILHOTO SKCIIEPUMEHTa, 00J1a-
cru 3uauvenuii mapamerpos UIL (a, B), it KOTOPBIX CpeHEKBAIPATAY-
Has MTOT'PENTHOCTD OIIEHUBAHUS SIBJISIETCS TIOCTOSTHHOM, SABJISATOTCS ITPaKTH-
YeCKU OJIMHAKOBBIMU JJIs1 BO3MOYKHOCTHON U BEPOSTHOCTHOM PEJIYKITUU.

2 T N
Ry
o) 7 2
= 10
¥ 4, ) _1
0 0 B
-9 \
_ -2 -
1972 el R 0 1 D

«

Puc. 1. Cratucrudeckas onenka hPl = hPl(q, B) zaBucumocTtn c.X. mo-
IPENTHOCTU BO3MOYKHOCTHON PEJyKIMH ([IePBbIii BADHAHT) OT NApAMETPOB
UIT o u B (coreBa) u ee juHun ypoBHs (Crpasa).
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Puc. 2. Cratucruyeckas onenka hP? = hP2(q, B) 3aBucumocTn c.K. TO-
IPENTHOCTU BO3MOXKHOCTHOIH (BTOPOii BADHAHT) PEJLyKIUK OT IapaAMETPOB
UIT o m B (coreBa) u ee jiuHun ypoBHs (Crpasa).
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Puc. 3. Crarucruveckas onenka h”" = hP"(«, ) 3aBuCHMOCTH C.K. IO-
IPEIHOCTH BEPOSTHOCTHON peykimu ot napaverpos UIT a u 5 (ciesa)

¥ ee JINHUK yPOBHs (CIIpaBa).

[\

w

\
2

«

Puc. 4. BaBucumocts c.k. norpemnoctu hP"™ = hP" (o, ) BeposiTHOCTHOI
peaykiuu ot napamerpos UIT «v u 5 (cieBa) u ee iuaun yposHsi (crpasa).

4. BvIBoabI

Takum 0bpa3oM, Kak [pU OTCYTCTBUM AIMPUOPHON HHMOPMAIUUA O
CBOMCTBAaX U3MEPSIEMOT0 OOBEKTa, TaK W IPU €€ HAJMIUU, HECMOTPS Ha
HEJIMHEHHOCTDb OIIEHKM BO3MOXKHOCTHOMN PEJIYKIIMU B 9TOM CJIydae, XapakK-
Tep 3aBUCUMOCTH CPEJIHEKBAIPATUYHON TTOTPENTHOCTH OIEHKH I BO3-
MOXKHOCTHBIX Mojesieii m3mepenusi ot mapamerpos WII Takoit ke, xak
U JUIS BEPOAATHOCTHOM MO U3MEPEHUsI TPU MAaKCHUMAJIbHONU COIVIaco-
BAHHOCTU MOJIeJIell U3MepeHns, XOTs Ka4eCTBO BO3MOXKHOCTHOU MOJIEN
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BOODITC TOBOPSI HE BBINE, YeM KA4eCTBO BEPOSTHOCTHOW (TaK Kak BO3-
MOXKHOCTHBIE MOJIEIM MUHUMHU3UPYIOT HeoOxoaumocTh ormmbku). Coor-
BETCTBEHHO, TAKUMU K€ OCTAIOTCH W PEKOMEH AN O MPEIIOUTUTE/ b
HbIX 3HadeHusix napamerpos UII npu Beibope UII. Bosee Toro, sto 3ua-
YUT, 9TO BEPOSITHOCTHAST MOJIEJIb MOXKET IBOJIIOIMOHUPOBATL B IIPOIECCE
u3MepeHuii (Ipy yCIOBUM COXPAHEHUsT MAKCUMAJIbHON COIIACOBAHHOCTH C
BO3MOKHOCTHOI), HO OIeHKa BO3MOXKHOCTHOMN DPeJyKIMU U (OTHOCHTEJIb-
Hoe) KadecTBo MBI mpu 9mOM OCTAHETCS TIPEXKHIIM.
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