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OO61mas xapaKTepucTuka paboThl

AxTyanbpHOCTh TeMBbI. Perienns 00JIbIITOIO KOJMYIECTBA MPAKTHIECKH BaKHbBIX 3a-
a9 aJalTHBHOTO YIIPABJIEHHs, MAITHHHOTO 00y YeHNnsI, ONpPeIe/IeHIs HesIBHBIX XapaKTe-
PUCTHUK CHUCTEM, MaTE€PUAJIOB U T. II. OMMUPAIOTCA HA METOJbl BOCCTAHOBJICHUSA HEH3BECT-
HOI 3aBHCUMOCTH 110 HAOJII0IaeMBIM SKCIEePUMEHTAJIBHBIM JaHHbIM. VX pa3BuTHe MOXKHO
HaiiTu B padborax B. H. Bannuka, A. ¢I. Yepsonenckuca, B. H. ®ovmuna, A. JI. ®paako-
Ba, B. A. flkyboBuua u apyrux. Vcmnonb3oBanne MareMaTuaeCKUX METOIOB HEPA3PBIBHO
¢BsA3aHO ¢ (POPMHUPOBAHUEM MOJIEIEH UCCACYeMbIX ABIeHNNH. THIHIHBIM TOIX0I0M SIB-
JISIETCST BHIOOD MaTeMATHIECKON MOJe/N ¢ BKIIOYEHNEM B Hee PA3IUIHBIX NOMET, OTHO-
CAIIUXCS, ¢ OJIHON CTOPOHBI, K TPYOOCTH MaTeMaTUIeCKOW MOJICJIH U, ¢ JIPYTOil CTOPOHDI,
XapaKTepHU3yIONNX HEKOHTPOJIUPYEMble BHEITHUE BO3MYIIEHUST 00bEKTa UM CUCTEMBI.

[Ipu paccmorpennn npobdeM ONTHMHU3AMME CTOXACTHIECKasT MOCTAHOBKA, 3a/a91 Ya-
CTO SIBJISIETCSI HE TOJBKO HamboJiee aJeKBATHONW PeabHBIM IPOIeccaM, HO W, KaK Mpa-
BILJIO, TIO3BOJISIET TIPeJIaraTh 0O0CHOBAHHBIE AJTOPUTMBI PEITIEHUsT /1 BEIYUCINTETHHO
“cstoKHBIX” WJIM ILTOXO 00OCHOBaHHBIX 3ajad. B mociennee Bpems B paborax b. T. Ilo-
aska, . Kanadwuope, P. Temmo, M. Kammu, ®. /la66ene, M. Baaucarapa u MHOIuX
JIPYTUX aKTUBHO PA3BUBAIOTCS PaHIOMUSUPOSaHHble METOABI pemennus. OHE 0071a1a10T
CYIIECTBEHHBIMHU JTOCTOMHCTBAMHU B CPABHEHHUH C JeTEPMHUHHUDPOBAHHBIME MeTomamu. C
OJTHO CTOPOHBI, B 3aja4ax TpeOymomux 00JbIIoro oobema “nepebopa” BapuaHTOB aJi-
TFOPUTMbI, OCHOBAHHBIE HA CJYy4YaiiHOM BBIOOpPE, HMO3BOJIAIOT 3a OI'PAHUYEHHOE BpeMs JI0-
OMBATHCA XOPOIIUX PE3YAbLTATOB € OIpeaeeHHo BepodTHOCTbIO. C JIPYroit CTOPOHDI,
BO3MOKHOCTb PAHIOMU3AIUN MPOIECCOB HAOIIOACHNH MMO3BOISeT BO MHOTHX CJIyYasX
n30aBUTHCSA OT HETATHBHOI'O BJIMSIHUS CHCTEMATHIECKHX ITOIPEITHOCTE.

Teopwust o1eHUBAHTS HEU3BECTHBIX TAPAMETPOB IIPH CTATUCTHIECKIX HEOTIPEIeIEHHO-
CTLX JIOCTATOYHO XOPOIIO pa3Buta B padborax JI. JIbionra, 4. 3. Hpinkuna, . Kymnepa,
. Una, . Cnasa u muorux apyrux. Ilpum ciayuaitnoit npupoje neomnpeaeaeHHOCTER
THIUYHBIM TOIXOI0M SIBJISI€TCsI OIIEeHUBAaHHE HEU3BECTHBIX ITapaMeTPOB CHCTEMBI Ha OC-
HOBE ONTHUMHU3AINN TOTO WK WHOTO (DYHKIMOHAIA CPEHETr0 pucka. B ciaydae gocrarod-
HO OOJIBITIOTO YMCIA HADJIIOJIEHUN CHCTEMBI CO CAYYAWHBIME TTapaMeTpaMu BO3MOXKHO
MpUMeHeHHe TPAIUIMOHHOTO MOAX01a, OCHOBAHHOTO Ha OIEHKE METOIOM HAWMEHBITTHX
KBa,IpaToB. [Ipu 3TOM 171 CIydaiiHBIX TOMEX Pe3y/IbTaT UMeeT MaTeMaTHIecKoe 000CHO-
BaHue, 6a3upyiomieecd Ha 3aKOHe OOJIBIINX YHUCe] H MeHTPAJIbHON IpeaeIbHOi TeopeMe.

OjiHaKO, CyIIECTBYIOT CUTYAIMM, KOIJA HET BO3MOXKHOCTH IIPOBECTH JOCTATOYHOE
qHCJI0 HAOII0IeHnI, 0beceunBaoInee KOPPEKTHBIE YCIOBUS TPUMEHIMOCTH TPa,IHIIHOH-
HBIX ajroputMmoB. Hampuwmep, B paborax C. B. Emensanosa, B. . ¥rkuna, O. H. T'pa-
HAYMHA U JPYTUX B 33ja4aX aJIalTHBHOIO YIIPAaBJICHUS B YCJIOBUAX H3MEHIONIEHcA co
BPEMEHUM CTPYKTYPBI MIPOCTPAHCTBA COCTOSHUN JIJI ONEHKH TEKYIIUX 3HAYEHUH Hens-
BECTHBIX TTAPAMETPOB CUCTEMBI €CTh TOJBKO KOPOTKH MPOMEXKYTOK BpEMeHH, J0CTATOU-
HBIH /IS TOrO, 9T00BI HMPOBECTH HEDOJIbIOe KoJndecTBO HabJoaenuit. FKie ogHa npo-
OjieMa, ¢ KOTOPOIl CTAJKMWBAIOTCS MPU CHUHTE3€ 3aKOHOB YIIPABJIEHUS,— HEIO0CTATOTHAS
BAPUATMUSHOCTD TIOCIeIOBATEIbHOCTH HabMoaennii. Hanpumep, eciu 1eab ajganTuB-



HOTO YIPAaBIECHUSI COCTOMT B MUHUMM3AIUNA OTKJIOHEHHS BEKTOPA COCTOSHHUS CHUCTEMBI
oT SaﬂaHHOﬁ TpaeKTOpHUHU, TO ITO TaCTO IIPUBOJIUT K BprO)KZLeHHOfI II0CJIC 1OBATEJIBbHO-
cTU HAOJIOeHU, B TO BpeMs KaK /I YCIEITHOTO MPOBeeHust WAeHTU(MDUKAINNA HEN3-
BECTHBIX [IapaMeTpPOB CHCTEMBI JIOJI2KHO OBITH 0OeciedeHo “pasnoodbpasue’” HabII0IeHHII.
OnHaKo, B YCJOBHSIX HEOIpeIeJeHHOCTEH NMPH aJallTUBHOM YIIPABICHHUU T'HOPHUIHBIME
CHUCTEMaMU, CUCTEeMAMU C MePeKTI0UeHuIAME U, B OoJiee 00IIeM caydae, Ipu aIalTUBHOM
YIOPAaBJICHUN B YCJIOBUAX HNEPEMEHHON CTPYKTYPBI IPOCTPAHCTBA COCTOAHUNA 4acTO IIPH-
XOAUTCA IPUHUMATL pelleHrue O TEKYIIUX IMapaMeTpax CUCTEeMbl Ha OCHOBAHUM KOHEYHO-
ro (n mazke masioro) Habopa HabJoeHwi. Takum o6pa3oM, HEOOXOINMO pa3pabaThiBaTh
MEeTO/IbI OIICHUBAHUS HEU3BECTHBLIX IMApaMETPOB CHCTEM, KOTOPbIE pabOTOCIIOCOOHBI ITPU
HeOOJIBITOM KOJIUYECTBE JAHHBIX HAOJIIOICHUH.

OJHUM U3 TAKHX METOJOB SIBJISIETCST METOJ 3HAKO-BO3MYIIEHHBIX cyMM (Sign Pertur-
bed Sums, SPS), no3osstrormuii 0 MaIOMy YHCITy HAOJIOIEHUH ¢ HOCTATOIHO GOJIBITON
CTEIEHBIO JIOCTOBEPHOCTU TOJIYYATh JIOBEPUTEIBHBIN WHTEpBAJ 3HAYCHUH TpebyembIx
IeJIEBBIX TMapaMeTpoB. MeTos 3HAKO-BO3MYIIEHHBIX cyMM cdopmyauposan b. Kacau,
M. Kamnu u 9. BeitepoM 19 MHOTOMEpPHOro JuHeiiHOTro caydas. OQHaKo, JJIs IIeJ0ro
pAJa MIPAKTUYEeCKH BasKHBIX 38/1a4 aKTYyaJbHO PACCMOTPEHNE HeJMHEHHONR 3aBUCUMOCTH.

B nro6oM m3MepeHnn MpUCYTCTBYET HE TOJIBKO CJaydaiiHasi MOrPeNniHOCTb, HO TaKKe
7 ommubKa CaMOr0 M3MEPHUTEJIHLHOTO MPOIECcca — CHCTEMAaTHYeCKas MOIPEenTHoOCTh. [Ipn
KOPOTKOM HHTepBaJe HAOIIOACHUN B U3MEHMIONMMUXCS YCJIOBUSIX TPY/IHO ITPOBECTH BaJIu-
JMANKMIO0 MOJEJM M3MEpPEeHUil s IpoBelleHus “duCcTOro” SKCIEePpHMEHTa 0e3 CHUCTeMaTH-
Jeckoii morpemnrHocTu. [ToxoxKas cuTyanuss MoxKeT HAOII0IaThCS U MPH OYeHb TPYI0eM-
KHX UCIBITAHUAX, ITPOBEICHUE KOTOPBIX TPeOyeT DOIBIIOr0 KOJNYECTBA BPEMEHHBIX WU
MaTepuaJIbHBIX 3aTparT. CyH_[eCTBeHHbIM OorpaHu4ienueM IIPUMEHUMOCTH METOJda 3HaKO-
BO3MYIIEHHBIX CYMM ABJISETC IIPEIIOJI0KEHIE O CHMMETPHIHOCTH OTHOCUTEIBHO HYJIs
BEPOSTHOCTHOI'O PAaCIpeIeIeHUs CAYIAHbIX IOMeX. DTO aKTYaJIU3UupyeT pa3paboTKy
AJITOPUTMOB OIIEHUBAHUSI, PAOOTOCIOCOOHBIX B YCIOBHAX HPOU3BOJIBHBIX BHEITHHUX IO-
vex. B paborax A. A. Cenosa, O. H. I'pannunna u Apyrux 3a cUer paHI0MU3AIUN
BXOJHBIX BO3/AeHCTBUIl y/1a/J0Ch B JIMHEHHOM CJIydae OCJa0UTh YCJIOBHUS HE3aBHCUMOCTH
U CUMMETPUYHOCTH MOMeX HabJII0/IeHUS.

[IpakTryeckas 3HAYUMOCTH COCTOMT B TOM, YTO METOJIbI OIEHKH HEU3BECTHBIX UCTHUH-
HBIX 3HAYEHUH IMapaMeTpoB MOJIETH HAOII0IAEMOIO IIPOLECCa sIBIASIOTCI HeOThbeMIeMOit
JaCTbIO CTaHAAPTU3alUU HOBBIX TCOPETUYCCKUX ITOAXOA0B AJid UX ITOCJICAYIOIEero npu-
MeHeHUd Ha IMpaKTHKe. B JaCTHOCTH, B 3aJa9aX MEXaHUKHN JUHAMHUYECKOI'O Pa3pyHICHU A
B paborax H. @. Moposona, 1O. B. [Terposa, A. A. Yrkuna n3ydaercs mpobdiema onpeie-
JICHHSI 3HAYEHUH IapaMeTpa HHKYOAIMOHHOI'O BPEMEHHU pa3pyIIeHUs MAaTepPUAJIOB, M03-
BOJISIONIET0 ONMHCHIBATH IIPOYHOCTh HPU JIUHAMHYIECKUX BO3IEHCTBUSX, CHUJIA KOTOPBIX
HPEBOCXOAUT CHJIY CTATHIECKOrO paspyinenus. OTIndnTesbHON 0COOEHHOCTHIO JUHAMU-
YeCKUX UCHBITAHUI 9dBJISI€TCS UX 6OJIb]l[aH TPYAOEMKOCTb, IIO3TOMY O6quHO AJ1d aHaJIH-
3a UMeeTCsl HeDOJIBINOe KOJIUYIeCTBO HAOJIIONEHHIT, T0 KOTOPHIM HYKHO JIaTh XOPOITYIO
OIICHKY 3HAYEHHUH IeJIeBBIX IapaMeTpOB.

Lenu u 3aga4un ncciaenoBanusd. Llenbio paboThl SABJIsAeTCS pa3BUTHE METOI0B OIle-



HUBaHUS HEM3BECTHBIX MapaMeTPOB CHCTEM, pabOTOCIOCOOHBIX IPHU HEOOIBIIOM KOJIHYe-
crBe Hab/oeHuit. s qocTuykeHust 3To# 1ein ObLIN [TOCTABJIEHBI U PEIIeHbl CJIeLyo-
e 3a/1a91:

1)

0000IUTH METOJT 3HAKO-BO3MYIIEHHBIX CYMM IIOCTPOEHHS 110 IOCJIe/I0BATETbHOCTH
HabJIIOIeHIH IOBEPUTEILHOIO MHOXKECTBA ¢ 33aBA€MbIM YPOBHEM JOCTOBEPHOCTH
Ha MHOTOMEPHBIA HEJIMHEWHBIA cJiydail ¢ CAHMMETPUYHBIMU HE3aBUCUMbBIMU BHEII-
HUMH IIOMEXaMU U YCTAHOBUTH YCJIOBUS €0 IPUMEHUMOCTH;

06001mUTh MOAMMDUINPOBAHHBIM METOJ 3HAKO-BO3MYIIEHHBIX CYMM Ha HeJIHHeH-
HBIH CIydYail TpH TPOU3BOJIBHBIX BHEITHUX IOMeXaX W YCTaHOBUTH YCJIOBUS, TPU
KOTOPBIX MOAUMUIMPOBAHHBIN 0000IIEHHBI MeTOJ JIaeT Pe3y/bTUPyIolee g0Be-
PUTEIbHOE MHOYKECTBO C 33/1aBaeMbIM YPOBHEM JIOCTOBEPHOCTH;

JJId AMHAMAYEeCKUX 3ada49 MCXaHUKU Pa3pylIeHud IPUMEHUTb U O6OCHOBaTb pa60—
TOCIOCOOHOCTH 0DODIEHHOI0 METO/1a 3HAKO-BO3MYIIEHHBIX CYMM IIPH MaJoM Habo-
pe 3KCIEePpUMEHTAJIbHBIX JAHHBIX JJIS PACUYeTOB JIOBEPUTEIBHOTO HHTEPBAJA Tapa-
MeTpa HHKYOAIMOHHOTO BpPeMeHH pa3pylleHHs MaTepuaJja, YCTaHOBUTH yCJIOBHSI,
IPU KOTOPBIX 9TOT METOJ JaeT pe3yAbTHPYIONIee JOBEPHTEIbHOE MHOYKECTBO € 3a-
AdaBa€MbIM allpUOpHU YpOBHEM JOCTOBEPHOCTH.

Metonsr mccaegoBaHud. B juccepraiuu MCIOJIL3YIOTCH METO/Ibl TeOpHUil OnTH-
MH3AIUA U OIEHUBAHUSA, BEPOATHOCTH M MATEMATHYECKONH CTATUCTUKH, & TaK¥Ke MEeTO-

Abl MEXaHUKH pa3pylIeHu:d CIIJIOIIHBbIX CPpel, OCHOBAHHbIC Ha IPpHHOUIIAX CTPYKTYPHO-
BpeMEeHHOTI'O II0AX0/Ja,; IPUMEHAIOTCA PaHJIOMUASHPOBaHHbBIE aJITOPUTMBI.

OcHoBHBIE pe3yJibTaTbl U IIOJIOZKEHN A, BBIHOCHUMbBIE€ Ha 3aIliuTy:

1)

MeTO/I 3HAKO-BO3MYIIEHHBIX CYMM ODOOINEH Ha HEJUHEHHBIH Caydail ¢ cuMMeT-
PUYHBIMH HE3aBUCUMBIMU BHEITHUMHA NOMEXAaMH W YCTAHOBJICHBI YCJIOBUA, IPA KO-
TOPBIX OOOOIIEHHBIN METON JaeT Pe3yIbTHPYIONIee TOBEPUTEIHHOEe MHOXKECTBO C
33/1aBaeMBIM AIIPUOPH YPOBHEM JIOCTOBEPHOCTH;

MOIHMDUITTPOBAHHBIN METO/T 3HAKO-BO3MYIIIEHHBIX CYyMM 0DOOINEH Ha HeJWHeRHbIi
cjiydail Ipu IPOU3BOJIbHBIX BHENIHUX IIOMEXaX U YCTAHOBJIEHBI YCJIOBU, IIPU KO-
TOPBLIX ODOOIIEHHBIN METO, JAaeT pPe3y/IbTUPYIONIee JT0BEPUTEILHOEe MHOXKECTBO C
3aJaBaeMbIM aITPUOPU yPOBHEM JTOCTOBEPHOCTH;

Ipu MaJiOM Ha60pe IKCIIEPUMCEHTAJIbHBIX JaHHBIX IIPEAJO2KECHO U O6OCHOBaHO npu-
MeHeHue 0O600IEeHHOr0 MeT0/1a 3HAKO-BO3MYIIEHHBIX CYyMM JIJIS PAcYeTOB JI0BEPH-
TEJILbHOTO WHTEPBAJIA NapaMeTpa WHKYDAIMOHHOTO BPEMEHU Pa3PYIIeHUs] MaTeP-
aJ1a B IMHAMUYCCKUX 33/1a9aX MEXaHUKH PA3PYIICHUs, YCTAHOBICHBI YCJIOBHSA, TPH
KOTOPBIX MPEJIOKEHHBII METO/T JIaeT Pe3yIbTUPYIONTUI TOBePUTEIHHBIN HHTEPBA
€ 33/[aBaeMbIM AIPUOPH YPOBHEM JIOCTOBEPHOCTH.



Hayunasa moBu3Ha. Bce ocHOBHBIE HaydUHbIE PE3YILTATHI JTUCCEPTAINH SIBJISIOTCS
HOBBIMH.

TeopeTuueckas IEHHOCTD U ITPAKTUYECKAA 3HAUYNMOCTb. Teopemuveckan yer-
HOCMb PE3YJIBTATOB 3aKII0YAETCs, BO-IIEPBBIX, B 0000IEHNN METO/1a 3HAKO-BO3MYIIIEHHBIX
CYMM Ha MHOIOMEPHBIN HeJIMHeHHbIA ciydail ¢ CMMMETPUYHbIMA HE3aBUCUMbBIMU BHEII-
HAMH TOMeXaMH U YCTAHOBJEHUU YCJIOBHI, IPU KOTOPBIX ODOOIIEHHBIN MeTOJ JaeT pe-
3yJIbTUPYIOIIEE JIOBEPUTE/IbHOE MHOXKECTBO € 33/[aBA€MbIM AIIPUOPH YPOBHEM JIOCTOBED-
HOCTH. Bo-BTOpBIX, B 0000IIeHNN MOANMUIIMPOBAHHOIO METO/a 3HAKO-BO3MYIIEHHbBIX
CyMM Ha HEJUHEHHBIH cJydail mpu NpOu3BOJIBHBIX BHEITHUX TOMEXaX W B MOJYYEHUN
ycJIOBHiL ero paboTococOOHOCTH, ITPH KOTOPBIX 0000IIEHHBIN MOAUMDUITUPOBAHHBIN Me-
TOJ JaeT Pe3yIbTHPYIOIee JOBEPUTEIbHOE MHOMKECTBO, cojaepzKallee UCKOMBIA Tapa-
MeTp, C 33/laBa€MbIM allPUOPU YPOBHEM J0CTOBEpPHOCTU. B Tperbux, B 000CHOBAHUU
npuMeHeHus: 000OIEHHOTO MeTO/Ia 3HAKO-BO3MYIIIEHHBIX CYMM TPH MaJiOoM Habope 3KC-
MEePUMEHTAJIBHBIX JIAHHBIX JIJIS PAcUYeTOB JIOBEPHUTE/IHHOTO MHTEPBaJIa MapaMeTpa WH-
KyOAIlMOHHOTO BPEMEHH pa3pyIleHUus MaTepuaia B JHUHAMHYECKUX 337a9aX MEeXaHUKU
pa3pyIleHusi, & TaKyKe B YCTAHOBJCHHUH YCJIOBHil, IPH KOTOPBIX IIPEII0KEHHBIH METOI
JIAeT pe3yJibTUPYIOlee JIOBEPUTE/IbHOE MHOZKECTBO € 33/1aBa€MbIM alIPUOPHU YPOBHEM J10-
CTOBEPHOCTH.

Ipaxmuveckasn 3HaG%UMOCMH COCTOUT B TOM, YTO OIICHKA, TAPAMETPOB IO KOHEYHOMY
qucJTy HAOJIIO/IeHU T IBIAeTCA HeOTHEeMJIEMON YacThIO PeIleHnss MHOTUX IPUKJIAIHBIX 3a-
Jnad. B gacTHOCTH, B IHCEpTAIlME PACCMOTPEHO IPUMEHEHHE METO/1a 3HAKO-BO3MY IEHHBIX
CYMM JJIs 33724 JHHAMHYIECKONR MeXaHUKN pa3pyIIeHns, Tae TaKzKe HabI0daeTcsa Helo-
CTATOK KOJIMYECTBA HCIBITAHUNI B CHJIy MX BBICOKO CTOMMOCTH M TpylaoeMKocTu. Ha
OCHOBE METO/a 3HAKO-BO3MYIIIEHHBIX CYMM MOTYT ObIThH pa3paboTaHbl HOBLIE CTAHIAPTHI
IO OIEHKe JTUHAMUYIECKUX ITPOTHOCTHBIX ITapaMeTPOB MaTepPHAJIOB.

CremneHb JOCTOBEPHOCTH M ampodarusa pe3yabTaroB. [ocTOBEpHOCTH HayU-
HBIX Pe3YIbTaTOB 00ECIeUNBACTCs CTPOTOCTHIO TOKA3ATEILCTB, COTJIACOBAHHOCTHIO C YKe
UMEIOIINMUCS Pe3y/IbTaTaMi B UCCJIEIYeMO 1 CMEeXKHOI 00/1acTdX, a TaKKe IKCIIePUMEeH-
TAaJIbHON IIPOBEPKON.

OcHOBHBIE OJOKEHUA JUCCEPTAIMOHHON pabOThl JTOKIAIBIBAINCH U OOCYKIAJHNCDH
Ha ceMHHapax Kadeap TeoperndecKoil KubepHeTUKH U CHCTEMHOI'O IPOIPAMMHUPOBAHUS
MaTeMaTUKO-MEeXaHHIeCKOro (DaKy/IbTeTa, Ha MEe:KIYHAPOIHBIX KOoHdepeHIHUsX: H6th
IEEE Conference on Decision and Control, Meab0ypH, ABcrpanust, 12-15 gekabpst, 2017
r.; IX Tpaguuonnoit MosorezkHoil mkosie “Nudopmarud, ynpasjaenue 1 ONTUMAZAIA
Mockga, Poccus, 14-20 uions 2017 r.; MexkayHapoaHoit nayunoit koudgepennun “IIpo-
necchl yupasienust u ycroitansocrs” (Cankr-Ilerep6ypr, 2009 r., 2010 1., 2011 r. u 2012
r.).

Pesyiibrarel juccepraiiuu alipobUpOBaHbl U HOJTBEPZAKIEHbI AaKTOM O BHEJIPDEHUH B
Hayuno-ucciemoBarenbckoM menrpe “/lunamuka’.

ITybnukanus pe3yabTaToB. Pe3ysibTrarThl, NOJIYyUYeHHBIE B XO/€ paboThl HaJ, JIHC-
cepramueil, HAILIK OTpakeHue B 13 HAay4IHBIX pabOTaxX, U3 KOTOPBIX TPH OIYOJIUKOBAHBI
B U3JAHUAX, HHICKCUPYEMBIX B 6a3e JJAHHBIX SCOPUS, U JIBe B »KYPHAJAX, BXOIAIINX B



nepeveHb u3nanuii, pekomengoBanubix BAK. Padorsr [1-3], [5-7], [12-13| namucansr B
coasropcrie. B [1-3], [5-7], [12-13] M. B. Boskosoii npunasexar GopMyanpoBKa u
JIOKA3aTeIhCTBA, TeopeM, 00paboTKa Pe3y/IbTaTOB SKCIEPUMEHTOB, & COaBTOPaM — IO-
CTAHOBKH 33J1a4 ¥ BBIOOD METOJ0B PEIleHHUsI.

Crpykrypa m 00beM muccepranuu. luccepralids COCTOUT M3 BBEIEHHUs, TPEX
TJIaB, 3aKTI0YCHEs], CIIUCKA JTUTEPATYPbI, BKIIOUYAIONIEro 77 UCTOYHAKOB. TeKCT 3aHuMa-
eT 76 CTpaHUI| U COJAEPKHAT & PUCYHKOB.

Conep:kanne paboThl

Bo BBemenum 000CHOBLIBAETCS AKTYaJIbHOCTD JTUCCEPTAIMOHHON paboThl, hopMmy-
JIMPYIOTC 1EJIb U 33/1a491 UCCJICJ0BAHNS, HAyYHasd HOBU3HA, TeOPEeTHYECKasd U HPAKTH-
qeckasd 3HAYUMOCTD, CBeJieHud 00 anpobarnuu paboThl, KPATKO M3/1araloTcsd OCHOBHDLIE
pPe3yJIbTATHI.

B mepBoii riaBe npuBoguTcs 0630p JHTEPATYPBI 10 TEMe HCCJIECIOBAHUA, B YaCT-
HOCTH TIO OIIEHKE HEHU3BECTHBIX IapaMeTpPOB CHCTeMbl. B yKa3aHHBIX MCTOYHUKAX Pac-
CMaTPUBAIOTC PA3HbIE NOCTAHOBKY 33/1a4, UCCJIELYeTC [IOBE/IEHIE CUCTEM B PA3JIMYHbBIX
YCJIOBUSAX MPH HAJTUYHU TTOMEX.

B pazgesie 1.1 npuBoauTcs MOCTAHOBKA 33/[a9U ONTUMH3ANNANA (DYHKIIMOHAJIOB CPE/JI-
Hero pucka. B pazzesne 1.2 onuchIBaIOTCd TPAJIUIUOHHBIE MOJIXO0IbI K IIOCTPOCHUIO JIOBE-
PUTEIBHOIO MHOYKECTBA Ha OCHOBE OIIEHOK MeTO/la HAMMEHBIIUX KBaJapaToB. B pazmene
1.3 cpaBHMBAIOTCH JI€TEPMUHUPOBAHHBIE M PAHIOMU3UPOBAHHbIE AJI'OPUTMbI OLEHUBA-
HUS HEM3BECTHBIX IapameTpoB. B pazjesne 1.4 nan kpaTkuii 0030p JiMTEpaTypbl, MOKa-
3BIBAIONINI B XPOHOJOIHYECKOM TIOPSJIKE PA3BUTHE PAHIOMU3UPOBAHHBIX MMOIXO/I0B.

Bo BTOpOIi rmaBe MeTo]| 3HAKO-BO3MYIIEHHBIX CYMM IIOCTPOEHUS JOBEPUTETHHBIX
MHOKECTB JIJId OICHKH 3HAYEHUHl MOJIEJIHLHBIX ITapaMeTpoB O0DODOINEH Ha HeJHHeHHbI’
MHOTOMEpPHBII caydaii. JImsg caydas cUMMETPpHYHBIX HE3aBHCHMBIX IIOMEX IOy YeHBI
OrpaHUYeHUS Ha HEJIUHEHHYI0 (DYHKIUIO PErpeccuu, IIPU KOTOPBIX COpMY/IHUpOBaHA
U JOKa3aHa TeopeMa O CBOICTBaX IMOJIyYaloIerocs JI0BEPUTEIHLHOTO MHOXKecTBa. [Ipo-
BeJICHO O0OOIEHUe MOJYUYEHHOIO pe3y/bTara Ha CJaydail OTCYTCTBHSA CUMMETPHYHOCTHU
OTHOCHUTEJIbHO HYJISI BEPOATHOCTHBLIX PAaCIpeie/IeHHI IoMeX MyTeM PAaHIOMHU3ALHH IIPO-
e IyPhl TPOBEICHUS UCIIBITAHUIA.

B pazaene 2.1 npuBoautcs ¢opmajibHasg MOCTAHOBKa 3ajauu. B pazgene 2.2 co-
JIEPZKATCS OCHOBHBIE TIPEJIOJIOKEHU U O0bACHACTCA MHTYUTUBHAA HJIeSd METOJA 3HAKO-
BO3MYIIEHHBIX CyMM. B paszjiese 2.3 onuchbiBaeTcss METO/T 3HAKO-BO3MYIIEHHBIX CYMM JIJTst
IPOU3BOJILHBIX BHEITHHUX IIOMEX, HMEIOIHUX CHMMETPUYIHBIE OTHOCUTEIBHO HYJIs BEPOsT-
HOCTHBIE pacupeienenus. B pasaene 2.4 dopmymupyerca Teopema 2.1, obobimarormas
MeTO/I 3HAKO-BO3MYIICHHBIX CYMM Ha MHOI'OMEPHBIN HeJIMHEHHbIA ciydail ¢ CuMMeTpuyd-
HBIMHM HE3aBHCUMBIMU BHEITHUMU ITOMEXaMU U yCTAHAB/JIUBAIONIAS YCJOBUS, TIPU KOTO-
PBIX ODOOIIEHHBIN METOJ, JTaeT OrPpaHUYEHHOE PE3YJIHLTUPYIOIIee JTOBEPUTETHHOE MHOZKE-
CTBO € 33JIaBA€MbIM AlIPHOPHU yPOBHEM JlocTOBepHOCTH. B paziese 2.5 naercs obobieHue
MOAUMUITTPOBAHHOTO METOIA 3HAKO-BO3MYIIIEHHBIX CYMM HA HeJTMHEHHDIN cayvaii ¢ mpo-



U3BOJIBHOM (DYHKIMEH pacipeiesieHnusl caydaiiHeix moMex, u (opmynupyercsa Teopema
2.2, ycTaHABJIWBAIONIAS YCAOBUS, TP KOTOPBIX 0000IIEHHBINT MOMUDUIINPOBAHHbBIN Me-
TOJ|, 3HAKO-BO3MYIIIEHHBIX CYMM JAeT Pe3yJIbTUPYIOINIee JIOBEPUTETHLHOE MHOZKECTBO C 3a-
JlaBaeMbIM AllPUOPH YPOBHEM JOCTOBEPHOCTH B HEJIMHEHHOM CJIydae MPU MPOU3BOJIBHBIX
BHEITHUX TIoMexaX. B pazznesne 2.6 TpUBOANTCS aJITOPUTM TTOCTPOEHWS TPAHUI, JOBEPU-
TEJIbHOTO MHOXKECTBA.

[yers f(u,9) — GyHxnus AByX BeKTOPHLIX aprymentos: u € RF u 1 € © C R,
T. e. f:RF x © — R, muddepennupyemas 0 BTOPOMY apryMeHTY BO BCEX BHYTPEHHIX
Toukax MHOXkecTBa O. [lycth dyukmms [ sBasercs aaekBaTHON MOIEIBI0 HEKOTOPOTO
MPUPOJIHOTO SIBJIEHUS MPHU €INHCTBEHHOM HEW3BECTHOM 3HAYeHWH HapaMeTpa v = U*.
Bwmecto 3amaum 0 momcKe ONMEHKM OyIeM pacCMATPWBATDH 3a/1a9y MOCTPOEHUS JTOBEpU-
TEJIbHOIO MHOZKECTBA JIjIsi HEU3BECTHOTO mapamerpa U*.

Paccmorpum Mosiers Hab 10 1eHI:

yt:f<utal9*)+vta t:L...,T, (1)

riae y; — Habmomenus (BbIXombr), ¥ € R, v; — caydvaiineie BHenmHue momexu, vy € R;
u; — W3BECTHBI TIaH HaOsoneHnil (BXO/bI), KOTOPBIH 3a1aeTCsl SKCIIEPUMEHTATOPOM
IJIH BBIOHpaeTcsa KaK-To CIydaifHo m3 HekoToporo mMuoxkectsa U C RF; 9* € © C RY —
UCTUHHOE 3HaYeHUEe HEeM3BECTHOTO BEKTOPHOTO IapaMeTpa, IpUHaIe:Kalree HeKOTOPO-
My sanannomy muoxecrsy © C R? ¢ — nomep sxcunepumenta, T — obIee KOJMIECTBO
9KCIIEPUMEHTOB.
Tpebyemcs 110 TOCTETOBATETHHOCTH BXOJIOB Uy, Usg, - . . , U U HADJTIOACHUIM Y1, Y2, -5 YT
pu 3aJaHHoM p u3 uHTepBaia [0, 1] onpenenuts dosepumenvroe mnoscecmso O C O
TakKoe, 9T0 BepoaATHOCTH P (¥ € éT) HEe MeHee, YeM P.

OOBIYHO NIPH MPEANOJIOKEHUSIX O CAYUIANHON TPUPOIEe TOMeX vy 3a1a9y 00 OleHUBa-
HUU HEU3BECTHOTO mapamerpa U paccMaTpuBaIOT KakK CJAEIYIONIYIO 33139y O MUHHUMIE-
3anuu (PyHKINOHAIA CPETHETO PUCKA:

F(W) = E(y — f(u,9))* — min. (2)
UIS(S)
3nech n gasiee £ — cuMBOI MaTeMaTHaeCKOro OKUIAHUS.

B ciyuae mamoro uncsia Hab/I0IeHUN ¢ HEM3BECTHBIM DACIIPEIETEHUEM CIyIallHBIX
moMeX MUHUMH3AIHsT (DYyHKIIMOHAIA CPeTHero PUCKA He JaeT TOUHOI onenku. B paborax
b. Kacau, M. Kamnu n 3. Beitepa j/1g noxoxkeit 3ajia4u B JJUHEHHON TOCTaHOBKE OBLIO
MPEJJIOZKEHO UCTOIB30BATH METO/I 3HAKO-BO3MYIIEHHBIX CyMM. [IpenMyIinecTBoM 9TOTO
[O/IXO/1Q SIBJISIIOTCS OY€Hb ¢/1a0ble OTPAHUYCHUST HA CJIyYaflHbIe TOMEXHU: IPEII0/IAraeTCs,
ITO OHU BCErO JINIIb He3aBUCUMbIE U CHMMETPUYIHO PACIPE/I€I€HHBIE OTHOCUTEIHLHO HYJIsI
cnayuaitabie Beqnanubl. A. A. Cenoseim, O. H. ['panuaunasiM u ApyruMu MeTOT 3HAKO-
BO3BMYIIEHHBIX CYMM OBLI MOJEPHU3UPOBAH Jijid erne OoJiee ¢abblX OrpaHUYeHunil Ha
BHEIITHHE TIOMEXU C OTKA30M OT YCJIOBUS UX CHMMETPUYHOCTH.



[Ipu KoHEYHOM UHCIe HAOMIOAEHUN BMecTO (hYHKIIMOHAIA CPEIHETO PUCKA PACCMAaT-
puUBaeTCs 3a/a4a 0 MUHUMUBAINANA SMIUPUIECKOTO DYHKITHOHAJIA!

Fe(9) = 7= " — fw,))” = min, g

Y€
t=1

perternsi KOTOPOit Y1 OOBIYHO HA3BIBAIOT OIMEHKAMHU METO/a HANMEHbBIITNX KBAJIPATOB
(MHK). B cayuae cyrmecrBoBanust mpou3BoAHON (byHKIMHK [ O HCKOMOMY IapaMeTpy
0 HeoOXOMMOe YCJIOBHE MUHUMYMa SMIHpHdeckoro dbyHKImoHama (3) nveer BUI:

VoFr(9) = 2 S~ f,9) Vo 9) = 0. ()

t=1

DTo ycsoBue ¢ yaeroMm Moienn nabmomgenuit (1) npurnmaer Bu:

1

T > (fue, 9%) = fu,9) + 0) Vo f (w,9) = 0.

t=1

[Tpuparenne yHKINN COTJIACHO TEOpeMe O CPeIHeM MOYKeT ObITh BBIUNUCJIEHO B BHJIE:
f(um 79*) - f(ut, 79) = Vﬁf(“m ﬁ/)T(ﬁ* - 79)7 (5)

rae ¥ — HeKoTOpas TOYKa Ha OTpe3Ke, coequnsiomeM ¥ u U*, -1 — onepanms Tpancro-
aupoBanus BekTopa. C yuerom (5) ypasuenue (4) NpuHIMACT BHI:

1 T

- > Vo (ue, 9)Vo f (ur, ) (9" = 9) + Vo f (ur, 9)vy | =0. (6)
t=1

JIy1s1 KOPPEKTHOrO MOCTPOEHHA JIOBEPUTEIHLHOTO MHOYXKEeCTBa MeTogoM SPS Oyaem cun-
TATh, 9YTO BBLIIOJHEHBI CJEAYIOIINE IPEIOI0KeHIE OTHOCUTEIbHO CIyYaiHbIX IOMeX M
uccseayemoii byHKIHA B Mojen Habaoaenuii (1).
IIpennonoxxkenne 1. IToMexu HaOMIONCHUA v; TPEJCTABITIOT COOOH MOCIETOBATEIb-
HOCTH HE3aBUCUMBIX CﬂyqaﬁHBIX BCJIMYHH, KazKIAad U3 KOTOPBIX HMeeT CHUMMETPHUYHOE
OTHOCHUTE/ILHO HYJIs BEPOSSTHOCTHOE PACIpejie/IeHue.
ITpeamonoxxkeunune 2. Ilpu 1o6om ¥ € © marpuna

Re(9) = 2 32 Vo 0)V o (0" Y

HEBBIPOZKICHA.
IIpenmosioxkenune 3. ['pajuentr byukuuu Vyf(u, ) paBuomeprno orpanuded u QyHk-
st f(-,+) yIOBIeTBOpSIET CJEMYIONEMY YCJIOBHUIO:



||?]|| < MHﬁ* - 19”04’ rne M > 0, o < 1, ?j = Vﬂf(uj’ﬁ)(f(ujvﬁ*> - f(ujvﬁ))’
j=1,...,T.
ITpeanonoxxkenue 4. JIns npoussoabubix j, k = 1,...,T npu 10cTaTOIHO najgekux v
oT 1* BBIIOJIHSIETCS:

[ViIP Ry () Vg > pllo™ = 9]|” > 0
¢ HEKOTOpbIMH KoHCcTaHnTamu (>0 u p>1: p > a.

CrouT OTMETHUTH, 4TO IPHU BbINoJAHeHUU IIpeanonoxkenns 2 cUMMeTpUYIHAS MaTpH-
na RL(9)Rr(¥) MOM0XKUTEILHO ompesesena, W, KpOMe TOTO, OHA MOMKET OBITh (ak-
TOPH30BaHa, T. €. CYNECTByeT HeBBIDOZIeHHasgs Marpuna Rr(Y) Takas, [To:
R1(9)Re (V) = Rr(9)Re(0) -

Takxke ormeruM, uto [Ipeanoroxenus 3—4 BLIIOTHAIOTCA JJId HIPAKTUICCKH BaXKHBIX
IPUJIOKEHHUH, onmucanubix B [1aBe 3 auccepramumu.

O6o3HaYnM OIMUOKHU TMPEICKA3AHU /71T TPOU3BOILHOIO 3HAUEHUS apameTpa 9 ciie-
JIYIOIIUM 00pa3oMm:

0:(0) =y — flug, V). (8)
BeegeM HOPMHPOBAHHYIO CYMMY HEBSA30K MEKIY U3MEPSIEMBIME H IIPEICKA3bIBAEMbBIMHE
3HAYCHUSIMU:

Ho(W) = RT(ﬁ)W%Zw Flue, 9)5,(9). ()

Ilycts f3;; — cirydaiiHble BeJIMYMHBI, IPUHUMAIOINIHE 3HaYeHNs +1 ¢ BepogaTHOCTBIO 1/2,
i=1,....M —1,t = 1,...,T. Buecre ¢ Hy(9) Oyaem paccmarpusars eme M — 1
3HAKO-BO3MYIIEHHBIX cymm H;(1)):

T
Hi(9) = RT(ﬁ)l/z% ;@,twf(ut,ﬁ)(st(ﬁ),z 1 M-1. (10)

Ecau nooboznaunts By, = 1,¢t =1,...,T, To Bepazkenne (9) CTAHOBUTCS YaCTHBIM CJIy-
qaem obosmadennii (10). Kak Buano u3 Boipazkenuit (9)—(10), Benmnununt Hy(Y) u H; (1)
BEKTOPHBIE, TIOITOMY B JAJbHEHIIeM I HX CpaBHEHUs OyIeM HCIIOIb30BATH €BKINIOBY
HOPMY BeKTOPOB ||x|| := VxTx.

NuarynruBHas naest Meroaa SPS 3ak/o9aercs B caeayIoneil 0cCOOEHHOCTH OCTPOEH-
HBIX 3HAKO-BO3MYIEHHBIX cyMM. [lpn 3uadenun ¢ = 0* cymmsl Ho(9*) u H;(9*) GynyT
BBITVISIIETH TaK:

T
_ 1
Ho (V") = RT(ﬁ*)_l/zf Z Vg f (g, 0 )y, (11)
t=1
1 T
H;(0*) = RT(ﬁ*)‘l/QT > BuVof(u, 9o, i=1,... . M—1. (12)
t=1

[Ipu srom Ho(9*) u H;(9*) 6ymyr uMeTh 0JMHAKOBOE DACIpe/IeJIeHIe TIDH BBIIOJTHEHUH
[Mpenmonoxkennst 1, Tak kak momexu {v;} — He3aBUCHMBIE CIyYaiiHbIe BEJIUIHHbBI C CHM-
METPUIHBIME OTHOCUTEIBHO HYJ/IS BEPOATHOCTHBIME pacipeenenusmu. Ciie10BaTebHO,
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ecin Bee |[Hy(0%)||, s=0,...,M — 1 paznuunsl, u ¢ # j, To ||H;(V*)| paBHOBEpOsTHO
MOZKeT ObITh Kak 0oJjibliie, Tak u Memnblre ||H;(9%)||, a BepoATHOCTH TOrO, 9T0 KAKOE-TO
xoukpetHoe || H;(9*)|| 6ymer sanumats k-to nozummio B ynopsaoansanmn { || H; (9*) || }2,*
Oy/neT oIWHAKOBOU 7 BeeX 3HadeHni j, BKaodad j = 0. Ilockosnbky j MoxkeT mpwHU-
MaThb M pasHbIX 3HAUCHHH, 9Ta BEPOATHOCTH B TOYHOCTH pasua 1/M.

Omnpenenenne 1. Byaem Ha3sIBaTh parzom BeJUIUHBl (7g OTHOCUTEIBHO BEJTHIWH
G1,...,Gy_1 u obosuauars ero uepes R(Go, G, ..., Gy—1) Homep no3unuu Gy B yIo-
PSAJIOYEHHOMN 10 BO3PACTAHUIO TTOCJIEI0BATEILHOCTH {Gi}?io_l.

B sToM ompenenenun ecTh HEONpeIe/IeHHOCTD B cuTyanuu, korja (G paBHA OIHOM
win HecKoabkuM G, j # 0. B aTtom caydae 6ymem cuntars, aTo () 3aHIMAET PABHO-
BEPOATHO JII00YI0 U3 HO3HUIUIL Cpein Takux »Ke 3Hadenuii Gj.

Wubivu cioBamu, onpeneanM panr R Bemmanusr G Ha KOHEIHOM HAOOPE BEIECTBeH-
HBIX 9HCEJT {Gi}?igl coreytonmmM obpazom. Haiiiem MOITHOCTH OAMHOZXKECTB HHIEKCOB:

o ::’{i | GZ-<G0}’, 1 ::‘{i | GizGO}‘.

Bribepem ciydaiiHO paBHOBEPOATHBIM 00pa3oM ¢ BeposaTHOCTBIO 1/(r1 + 1) oaH0 u3 4un-
cest m3 muoxkecrBa {0,1,...,71} u obo3HadMM ero ro. Panzom semumaunbl Gy HA30BeM
pesmmanny R = R(Gy, ..., Gp_1) == 1o+ 79.

M es Takoro paH:KHpOBaHUA 3HAYCHUI napaMerpa U JIe2KUT B OCHOBE MeTOJa, OIpe-
JIEJIAIONIEr0 JI0OBEPUTEILHOe MHOYKECTBO /IS UCTUHHOIO 3HAYEHHS OUEHHBACMOro Hapa-
Merpa U*. MeTon 3HaK0-BO3MYIIEHHLIX CyMM 0asupyercd Ha nponeaype SPS-unaukaTop:
SPS indicator (¥, p), tiae p — panuonaabHOe wmcso U3 wHTepBata [0, 1] — 3a1aBaemas
JIOBEPUTEIbHAA BEPOSTHOCTD.

IIpouenypa-dynkmua SPS indicator(v, p)
ITTar 1. Beibpars warypaabubie yncaa g, M, rakue aro M >q >0 u p=1—q/M.
ITTar 2. Crenepupoars (M — 1)T onnHaKoBO pacipeie/IeHHbIX He3aBHCHMbIX GepHY.I-
JIMEBCKUX Caydaiiubix sestmumd (B, = +1: P(Bi, = 1) = P(Biy = —1) = 1/2 ana
t=12,....,T w +=1,2,.... M —1.
HTar 3. /I1g HeKOTOPOTO ¥ BRIYUCIUTH PA3HUILY ME¥KIY MpeICKA3aHHBIM U HAOIIOmae-
MBIM B 3KcIepuMmenTe 3Hadennem: 0;(9) =y, — f(ug,9), t =1,2,...,T.
ITTar 4. Beruncants

T
Re(d) = %Zvﬁf(ut,ﬁ)vﬂf(ut,ﬁ’)T. (13)
=1
[pomssectn baxropusarmmo R-(V)Rr(¥) = Ry (9) Ry (9).

Borancants

Ho(9) = Re(0)™'2 Y Vo f (ur, 9)6,(9), (14)
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T
H;(9) = Re(0)™*> " BieVof(u, 9)5,(9), i=1,2,...,M —1. (15)
t=1

IMTar 5. Berauncauts paar R(9) = R(||Ho(D)||, ..., [|[Hyu-1(9)|]) ans |[Ho(D)]|.
IMTar 6. Ecan R(¥) < M — g, To npucsouth mpoueaype SPS indicator(v, p) snavenne
1, nrade npucBouTh 3Ha4eHUE 0.

MeToa 3HAKO-BO3MYIIIEHHBIX CyMM
Ompee/inTh JOBEPUTEIBHOE MHOXKECTBO OT € J0BEPUTEIHHONU BEPOSTHOCTBHIO P C
nomotnpio mponeaypsl SPS indicator (9, p):

Or := {¥ € RY[SPS_indicator(¥, p) = 1}.

Teopema 2.1. Ecau svinoanerv, Ilpednoroscenus 1-4, p — zadannas dosepumenvHas
B8EPOAMHOCTNY, OT U3 MEMOIG 3HAKO-603MYUeHHux cymm, M, q us Illaza 1 npouedypvl

SPS_indicator(9, p), mo
P(W* € Or)=p=1-q/M,

U MHONHCECTNEBO ®T 02PaAHUYEHO.

OCHOBHBIM OIpaHMYEHNEM TTPUMEHUMOCTH METOa 3HAKO-BO3MYIIEHHBIX CyMM SIBJISI-
eTcs MPenooKeHNne O CHMMEeTPUIHOCTH OTHOCATEIBHO HYJIA BEPOATHOCTHBIX pacipe/ie-
JIEHHH CJIyYaiHBIX MOMeX. 3a cYeT paHIOMM3aInu BXOAHbIX Bo3geiicTBuit A. A. CeHoBy,
O. H. I'pannuuny u ApyruM yaajaoch B JUHEHHOM CJaydae OCTA0UTL YCJIOBUsS HE3aBU-
CUMOCTH M CHUMMETPHUYHOCTH MoMeX HabdJoeHus. /lajsee sTor 1mogaxos obobiraercsd Ha
HEJIMHEHHYIO TTOCTAHOBKY 3a/a49M, IIPHU STOM JeJaeTCs JIUIh OJHO YIIPOIIeHne — 00 O/
HOMEPHOCTH BXOJHBIX IIapaMeTpPOB ;.

PacemarpuBaercs 6oJiee caoxKHasI B IEJI0M MOJIe/Ib HAOIIOAEHHH 110 CPABHEHHUIO C UC-
xoauoi Mogennio (1). Iycrs Ay, t = 1,2,...,T — npoGHOe paHIOMU3UPOBAHHOE BO3MY-
MeHne — MOCAeI0BATE/IbHOCTh HE3aBUCUMBIX OJIMHAKOBO PACIPEJIEJIeHHBIX CJyYaiiHbIX
BeJINYNH, paBHbIX £1 ¢ oguHakoBOi BepositHOCTHIO 1/2. TIpenonaraercs, 4to dbyHKIHsI
f(,+) nuddepennupyema He TOIBKO MO BTOPOMY apryMeHTY, HO U IO MEPBOMY, U MDH

(pUKCHPOBAHHOM ILIaHe HAOJIIOMeHWH Uy /1 KaxKI0ro MoMeHTa Bpemenn t = 1,2, ..., T
KpoMe Haboennii (1) cleJanbl elre JTOMOTHATEIbHbIE HADJIIOIEHNS:
+ _ + g% +
Yy _f(ut779)+vt7 (16)

B BO3MYIIIEHHBIX TOYKaX BXOJOB u;r =u + A
[To Tpem u3MepsgeMbIM BeJIUYUHAM Yy, yj, Ay I KayKJI0TO0 MOMEHTa BpPeMeHH
t=1,2,...,T oupenensercd “HoBoe” HAOJIIOJAEHUE CJICAYIONUM 00Pa30M:

Ui = Doy — w)-
Hst mocaepoBaresnsuocTn Habmoaenuii {g;} B cuny (1) u (16) mmeem:

?jt - .]?(uh Ataﬂ*> + /l_]t7 (17)
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rae f(ug, Ay, 0*) = A(f(uf,0%) — flug, 9%)) u 0 = Ay(vf — ;). To Teopenme o cpeauem
dyukmuo f(ug, Ay, U*) MOKHO HPEJCTABUTH B BUJIE:

f(uta At7 19*) = Atvuf(ulta ﬁ*)At - A?vuf<u/t7 79*) = Vuf(u/ta 19*)7

e u'; HekoTopas Touka Mexkiay u; u u; . Chopmyampyem st HOBO# Mojen Hab/I0Ie-
uuit (17) Ipeanonoxenns 1’-4" ananormanste [Ipeamonoxkenusam 1-4.
IIpennomnoxkenue 1°. Ilocrenosarensroctu nomex {v} u {V,f(u'y,9)} mesanu-
cumbl ¢ {A;}.
IIpenmnomnoxkenue 2°. HeBBIPOKIEHHOCTD CAEYIONIEH CYMMbI MATPHIL, (bOpMUpPYe-
MBIX U3 IPAIUEHTOB HCCICAYyeMON (DYHKIMI B TOYKAX BXOZOB

Z {Vﬁf ut ) Vﬁf(ut ) ) + Vﬁf(utaﬁ)vﬁf(utaﬁl)T_

Vo f(uf, )V f(un, )" = Vo f(u, )V f(uf ')T} >0

pu Jirobom ¥ € 6.

IMpeanonosxkenue 3°. ['pasment byukmun Vo f(u, ) pasroMepro orpannten n GyHK-
mus  f(-,-) YAOBIETBOpSIET  CJIEIYIONIEMY  yCIOBHIO:

Vil < M|9* — 9%, tie M > 0, a« < 1,

Vi = (Vof(uf0) = Vof(uy, ) (£l 07) = J(uf,0) = (f(u9%) = f(u,0))
j=1,...,T.

ITpenmonoxxkenue 4°. /{1 npou3BoabHBIX j, k = 1,..., T Ipu ZOCTATOYHO JAJEKHX 1
OT 1" BBIIOJIHAETCS:

VT (R (0) Vi > pl[or — 9] >0

¢ HEeKOTOpbIMU KOoHCTaunTamMu p > 0 u p > 1: p > «a. 31ech cuMMeTpUYHAs MATPUTIA
RE(9) rakas, aro (RE(9))" RE(W) = REW)RE(9).

Bamernwm, uto npeanosokenusi 1’ u 2’ BeinosHsAOTCS, ecan dbyHkiws f(-, +) auHeiHa
[0 MEepBOMY apryMeHTy, a nomexu {v;} — BHemrHue n HesapucuMbl ¢ {A;} (Hampumep,
nomexu {v; } — HeM3BeCTHas JeTePMUHUPOBAHHAS TIOCTIe0BATEILHOCTD). B 9TOM ciiyuae
dbyHuKIus perpeccun f (ug, Ay, 9*) nst “Howoit” Mogenu Habmogenuit (17) moaHOCTHIO
yJI0BJIeTBOpsieT ycjaoBusiM Teopembr 2.1.

B pazaese 2.5 chopmynupoana Teopema 2.2, ananorudunast Teopeme 2.1, HO TOJIBKO
JUISE CJTyast TPOM3BOIbHBIX BHEITHUX MOMEX.
Teopema 2.2. Ecau evnoanens, IIpednoroscenusn 1-4’, p — sadannas dosepumenvras
8EPOAMHOCTNY, OT U3 MEMOIG 3HAKO-603MYUeHHuL cymm, M, q us Illaza 1 npouedypvl
SPS_indicator(9, p), mo

P(¥* € Op) =p=1—q/M,

U MHOHCECTNEGO @T 02PaGHUMEHO.
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B Tperbeii rmaBe 19 9ACTHOTO OJHOMEDPHOI'O HEJIUHEHHOT'O CAyUas MCCJIEILYeTCs
IpuMeHeHne MeTO4a 3HAKO-BO3MYIIEHHBIX CYMM JIJId O6pa6OTKI/I JaHHDBIX JTUHAMHIYICCKHX
UCIIBITAHUN 10 ONPeIeeHUI0 HHKYOAITMOHHOTO BPEMEHH pa3pyIieHus MaTepuaJjia, mpu-
BOJISTCS Pe3yJIbTaThl IOCTPOCHHS JTOBEPUTEJIbHBIX UHTEPBAJIOB COIJIACHO 0600IEHHOMY
MEeTO/1y 3HAKO-BO3MYIIEHHBIX CYMM Ha OCHOBE JAHHBIX PeAJIbHBIX (DU3HICCKUX IKCIEPHU-
MEHTOB.

B pazuesie 3.1 BBouTCH NOHATHE UHKYOAIIMOHHOI'O BPEMEHU PA3pYyIIECHUs U IPUBO-
JIUTCsl Onrcanue obIeil 3a/1aur 10 ONPeJIe/IeHUI0 CKOPOCTHOM 3aBHCUMOCTH ITPOYHOCTH
MaTepuajioB. B pazzierne 3.2 ONUCHIBAETCS CTPYKTYPHO-BPEMEHHON IOIXO, /It 33,124
MEXaHUKHU JHHAMHYECKOI'O pa3pylleHus CILUIOMIHBIX cped. B paszgene 3.3 nmpuBogutTcs
dopmain30BaHHAsT TOCTAHOBKA 3aJa9K OIEHUBAHUs IMapaMeTpa UHKYOAIMOHHOTO Bpe-
MeHH IIPU HADJIIOJIEHUsIX ¢ moMexaMu. B pazjese 3.4 crpositcst 10BepUTEIbHbIE UHTEP-
BaJIbl JIJISI HEM3BECTHOT'O TapaMeTpa HHKYOAIMOHHOIO BPEMEHH Pa3pyIIeHus] MaTepHaJIa,
¢ TIOMOIIIKI0 0OODIIMEHHOTO MeTO0/1a 3HAKO-BO3MYIIIEHHBIX CyMM, u (opmyaupyercs Teo-
pema 3.1 A4 HeTWHEWHOTO OJHOMEPHOro ciaydas. B paszaene 3.5 mosydeHHBIE B JIUC-
CepTraiuu TeOpeTUIeCKue pe3yJbTaThl WIIIOCTPUPYIOTCS IKCIepUMEHTaMHU 1Mo 00paboT-
K€ JaHHbIX IKCIECPUMEHTOB peaJlbHbIX AUMHAMHUYCCKUX UCIIbITAHUNR C IIOMOIIbIO METOLda
3HAKO-BO3MYILIEHHBIX CYMM.

[IpoBejienne TUHAMUYECKHAX HCHBITAHUN [0 PA3PYNICHUIO MATEPUATIOB JOCTATOUYHO
JIOPOTOit M TPYTOEMKHUI IIPOIECC, MOITOMY /It 0OPabOTKU UMeeTcs He TaK MHOI'O SKCIIe-
PUMEHTAJLHBIX JAHHBIX. B ¢BsI3H ¢ 9TUM OIleHKH, BhIUncJIeHHble coracao MHK, ne ap-
JIAIOTCS MaTeMaTu4deckKu obocHoBaHHbIMU. B oTinuane or MHK meTon 3HaK0-BO3MYyIIIEH-
HBIX CYMM He MMeeT TOJI0OHBIX OrpAaHUYEHHI 10 KOJUYeCTBY HAOJIONEHUNA, U JJId ero
PaboTOCIIOCOOHOCTHN JIOCTATOYHO HEDOIBITOrO YUC/Ia TOYEK.

OCHOBHOII 0CODEHHOCTBIO IIPOIECCOB JMHAMHYECKOIO PAa3PYIICHUS MATEPHAJIOB sIB-
JseTcs CHVIbHASA 3aBHCHMOCTD IPOYHOCTH MATePHAJIOB 0/ OT CKOPOCTH HATDYZKEHHS €.
s onmucanus mo00HOTO poa 3aBUCUMOCTEl OBLIT pa3padoTaH CTPYKTYPHO-BpeMeHHOI
IIO/IX0/I, OCHOBAHHBI# Ha IMOHATHH WHKYOAIlMOHHOTO BpeMeHH pa3pyuienus. Jlobasiie-
HIE K MapaMeTpy 0. — CTaTHYeCKOH MPOYHOCTU MaTepuaJia, elle OJHOTO MPOIHOCTHO-
ro rmapamMerpa — HHKyOAIIMOHHOI'O BpeMEHHU Pa3pyIIeHHS T, MO3BOJIAET IIPeICKa3bIBaTh
pa3pyllenre, KaK MpH MEJJICHHBIX CTATHYCCKHX, TaK M CBEPXOBICTPBHIX JTHHAMHYICCKUX
HaIrpy3Kax.

CortacHO KpuTeprio HHKYOAIMOHHOIO BPEMEHH CJIeAYIOIIas KyCOIHO-3aaHHast (DyHK-
st (T, €) onpe/ieaseT BHIIIEeYOMSHYThie CKOPDOCTHBI® 3aBHCHMOCTH JIJIST XPYIKAX Ma-
TepUaJsioB, HAIIPUMeED, TOPHBIX MOPOJL:

oc+ 5ké, € <20./kT,

friesy — : _
OO =Rl =\ Vagrke, ¢ > 200k, (18)

e k — yopyruit Moay/Ib pa3spyniaeMoro MaTepuaa.

JL1g mocTpoeHus JOBEPUTEILHOIO HHTEPBAJIA, COJIEPZKAIIEr0 ICTUHHOE 3HAYCHUE H-
KyOaIllMOHHOTO BPEMEHH T, B pa3/ie/ie 3.3 pacCMaTPUBACTCA CJEYIONAd MOJIe b HaD 0
JIeHuit, B KOTOPOH IKCHEPUMEHTATBHO MOJydeHO ' 3Ha4YeHUH HaNpg:KeHH# B MOMEHT
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pas3pyIienus O‘Z " 11 Habopa pasIMYHBIX 3HAYCHH BXOJIHOTO IMAPAMETPA €, — CKOPOCTH

HarpyzKeHud:
O';tfr :gp(étaT*)_'—Ut? t= 17"'7T' (19)

rje v; — He3aBHCHMBbIe CIyYaiiHble MOMeXH (MOIPeNTHOCTh) ¢ CHMMETPUIHBIMU OTHOCH-
TEJIbHO HYJIsI BEPOSTHOCTHBIMH PACITPE I/ ICHUSIMH.

Ocnoshas 3a0ava; TOCTPOUTH JOBEPHUTEIbHBIE HHTEPBAJIBI IJIsI HEU3BECTHOI'O Iapa-
MeTpa T € 3aJaHHOH JOBEpHTEIbHOH BEPOSITHOCTHIO /I KOHETHOI'O, W CKOpee BCEro,
MaJIOr0 KOJUYIECTBA, IKCIEPUMEHTAIBHBIX TOYEK. JTH JOBEPUTEIbHBIE MHTEPBAJIBL 10K~
HBI OIIPEIESITHCS /Il HAOJII0[aeMbIX 3HAUEHU T {0{ "} | B 3aBUCHMOCTH OT 3a/[aBAEMbIX
neficreytonux GakTopos {é;}1 |, KOTOpBIe TaK#kKe MOryT ObITh BHIODAHBI.

Ocnosuag Teopema 2.1 st 061IEr0 MHOIOMEDPHOTO CJIydas IMO3BOJIsIeT CHOPMYITHPO-

BaTh KaK CJIEJCTBHE CJIEAYIONUIYI0 TEOPEMY.
Teopema 3.1. Ecau nomexu v; ABAAIOMCA HE3AGUCUMBLMU CAYUATIHOLMU SEAUMUHAMU,
obaadarougumu c60UCMEOM CUMMEMPUL, P — 3040aHHAA JOBEPUMENDHAAL BEPOATIHOCTIY,
M, q us Illaza 1 npoyedypw SPS_indicator(9,p), T u3 memoda 3HaKO-803MYUWEHHBLL
cymm, modesvnan Gynkyus o(-, ) NOCMPOEHE COLAAGCHO NPUHUUNGM CIMPYKMYPHO-8Pe-
MEHH020 N00T00a, MO 04 UCTNUHHO20 SHAMEHUA NAPAMEMPE T*:

P(r*eT)=p=1-q/M,

u MHoocecmso T bydem 02paHuMeHHbIM.
B zakaodenun hopMyIupyIOTCS OCHOBHBIE PE3YIBTATHI JIHCCEPTAIMH.
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