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OBIIASA XAPAKTEPUCTUKA PABOTBI

AKTyaJIbHOCTH pPa6oThl. OlleHKa 3aMacoB YIIeBOIOPOIOB SBISETCS OHOM
W3 OCHOBHBIX 3amad B HE(TAHOH ¥ Ta30BOW MPOMBIIUICHHOCTH, KOTOpPas
TIPOM3BOINTCS Ha OONBIIOM 00beMe 00paOOTKU JaHHBIX, aHATH3E [IPOMBICIIOBOH 1
reosioro-reopusnyeckoii  mHGopMmanuu. OIHUMH W3 TIABHBIX HAIpPaBJICHHMA
pa3BUTHUSL COBPEMEHHOM POCCHUCKOW 3KOHOMHKH W TOIUIMBHO-3HEPTreTUYECKOTO
KOMILICKCA SIBJISIOTCS] Pa3BUTHE TEXHOJIOTHI, IU(POBU3ALNS SIKOHOMHKH, KOTOPBIE
Ha TpaKTUKE JOJDKHBI TPUBECTH K TIOBBIIIEHUIO JIOCTOBEPHOCTH 3alacoB
YTIIEBOIOPOTHOTO CHIPHSL.

BeposiTHOCTHBIE M HEUETKUE METOABI OLIEHKH 3allacoB B HACTOALIEE BPEMs
MPEJICTABIISAIOT 3HAYUTEIBLHBIN UHTEPEC, T.K. OOJBIIOE 3HAYCHUE UMEET I'eOJIOro-
OKOHOMHUYECKasd OLCHKa YIrJIIEBOAOPOJOB HMMCHHO Ha HaYaJbHBIX CTaguAX
H3Y4EHHUs, KOTOPas BHIIOIHSIETCS B YCIOBUAX KpallHEH HEIOCTaTOUHOCTH I'€0JIOro-
reodusnueckoii mHpopManuu. B TO ke BpeMs NPOMCXOJUT CTPEMHTEIBHOE
VXYAINICHHEe KadecTBa 3alacoB YIJIEBOJOPOJOB B CBSA3M C HCTOIICHHUEM
pa3pabaTeIBaeMBIX MECTOPOXKACHUH, ITO TpeOyeT OCBOCHHS HOBBIX OOBEKTOB C
HETPaJUIMOHHBIMU 3alacaMH YTIeBOJOpoaoB. TpeOyercs ajekBaTHas OIICHKa
IIOACYETHBIX napaMeTpoB npu 3aTPYAHCHHBIX YCJ10BUAX, TaKux KaK
TOHKOCJIOMCTBIE MW TPCHIMHOBATHIC KOJIJICKTOPBI, TJAC TMPOABIACTCA HCAOCTATOK
paspeniarorieii crrocoOHOCTH reOPU3MICCKUX UCCICTIOBAHUIN CKBAXKKH.

Pa3paboTka METOZOB aHalM3a MPOMBICIOBOM W TEOJIOTO-Te0()U3HMUECKOM
WHPOPMAIH B YCIOBHAX HEOINPEICICHHOCTH OTCTAeT OT NMPAKTHYECKUX 3amad,
YTO SBJISACTCS MPHUYNHON CHIOKEHUS 3()(HEKTHBHOCTH, HAJICKHOCTH PabOTHI CUCTEM
B HedTerazoBoil orpaciu. [ljis TOBBIIIEHUS TOCTOBEPHOCTH OILEHKH 3aracoB,
000CHOBaHMS TOACYECTHBIX TApaMETPOB HEOOXOIMMO Pa3BUTHE CYIIECTBYIOMIUX U
CO3/1aHME€ HOBBIX METONOB. AKTyaJbHBIM SIBISIETCSI MCCIEIOBaHME IpoLecca
OLICHKM 3alacoB B YCJIOBHHM HEONPEAETICHHOCTH C IIOMOIIBI0 METOJOB
MaTeMaTHYECKOr0 MOAEIUPOBAHUsI, PA3BUTHE U CO3/IaHUE HOBBIX METOJOB, TAK K€
HX peajln3alus B KOMIIEKCE MPOrpaMM.

Henbro auccepTalMOHHONW PadoOTHI SBISCTCS pa3paboTKa METONOB U
QITOPUTMOB MaTEMaTHYECKOTO MOJCITUPOBAHMsI, CO3/IaHuEe KOMIUIEKCA MPOorpamw,
peaTM3yIOmero HOBBIE BBIYHACIUTEIBHBIC TEXHOJOTHH OOpabOTKH WH(OpMAINH
IIpU OLIEHKE 3aIIacoB YIJIIEBOAOPOJOB B YCIOBHAX HEOIPEIETICHHOCTH, C LENbI0
MOBBINICHHUST JOCTOBEPHOCTH OIEHKH 3aracoB, OOOCHOBAaHHSA ITOJICYETHBIX
apaMmeTpoB.

3agayu padoThI:

1. AmHamm3, TecTHpOBaHHE JETEPMUHHPOBAHHBIX, BEPOATHOCTHBIX U
HEYETKMX METONOB [UIl OLEHKM 3alacoB YIJIEBOJOPOIOB U  OIpPEIEIICHUS
[OJICYETHBIX TAPAMETPOB B YCIOBUIX PAa3IMYHBIX BUIOB HEONPEIEICHHOCTEH.



2. Pa3BuTHe BBIYMCIMTENBHBIX TEXHOJIOTHH ITyTEM MaTeMaTHYECKOTO
MOJICTIMPOBAHHS BEPOSITHOCTHBIX M HEUCTKUX MOJEICH MPH IOJACYETE 3aracoB H
OLICHKU PECYPCOB YIJIEBOIOPO/IOB.

3. Pa3paboTKka OpUTHMHAIBHBIX YUCIEHHBIX METOJIOB U aJITOPUTMOB OLICHKH
HEKOTOPBIX TO/ICUETHBIX IIAPAMETPOB B 3aTPYJHEHHBIX YCIOBHSX.

4. Pa3zpaboTka KOMIUIEKCAa TIPOTpaMM, B KOTOPOM  pPEaJM30BaHEI
5(QQeKTHUBHbIE  YHCICHHBIE METOAbl W  ITOPUTMBl  JUIS  TIPOBEICHUS
BBIYHMCIIUTENBHBIX JKCIEPUMEHTOB M 00pabOTKM HWH(GOPMAIMU MU  OLEHKE
3a1acoB YIIeBOJIOPOJIOB B YCIOBHAX HEONPEIEIEHHOCTH.

O0beKTOM  HCCIeIO0BaHUS  SIBISIIOTCS  NPOLIECCHI  MHTEPIPETalUH
reoJIOTHYecKoil M reodusuueckoil nH(poOpMalyu, MojacyeTa 3amacoB M OLEHKH
PECypCOB yTIIIEBOJAOPOIHBIX CHCTEM.

IIpenmeTroM mccieq0BaHUSA SIBJISIIOTCS METOJABI U alTOPUTMBI 00pabOTKU
T'€0JIOrO-NPOMBICIIOBON MH(GOPMAaNUK MPH BEPOSTHOCTHBIX M HEYETKHX OLECHKaX
3aracoB  YIJIEBOJOPOAOB M IMOACYETHBIX  IapaMETpOB B YCJIOBHSX
HEONpeaeICHHOCTH.

MeTogaMu  McCIeOBaHUsI  SIBISIFOTCS  METOIBl  MaTeMaTHYeCKOro
MOJICTTHPOBaHHs, CHOPMHUPOBAHHBIC M3 MPAKTHUCCKUX 3a]ad II0 OI[CHKE 3aIlacoB B
YCIIOBHSIX HEOTIPEIEICHHOCTH: BEPOSITHOCTHBIE METO/BI, METO/IbI TEOPHU HEUCTKUX
MHOXKECTB M HEYETKOH JIOTUKH, METO/IbI PACIIO3HABAHUSI 00Pa30B.

Ha 3ammTy BBIHOCATCS OCHOBHBIC TIOJOKCHUS M PE3YJbTaTHI,
COOTBETCTBYIOIINE OOJACTSIM HMCCIIEOBAaHMS MACIOpPTa HAyYHOH CHENUaIbHOCTH
05.13.18 - MareMaTH4YeCKOe MOJCIUPOBAHUE, YUCICHHBIC METOBI M KOMILICKCHI
IIPOTpaMM 10 TEXHUYECKHM HayKaM:

Ilynxkm 1. Pazpabomxa HOBbIX MAMEMAMULECKUX MEMO008 MOOETUPOBAHUSA
00beKmMOo8 U AGNEeHUI.

1. HoBslif MeTox MOJENUPOBAHUS PACIIO3HABAHUS TPCLIMH ISl CHATHS WX
9KCTIEPUMEHTAIBHBIX TEOMETPHYECKUX XapaKTepPHCTHK, OIIpe/ieNeHH s
TPEIIMHOBATON  MOPUCTOCTM M HPOHHIAEMOCTH 10  MHKPOCHHMKaM
reTporpapuIecKkux MuMGoOB ¥ TOMOrpaMMaM KepHa.

2. HoBblif METOJT MOZICITUPOBAHHS ONPEICNICHUS PE3YJIbTUPYOLIEH (YHKINH
MIPUHAJIEKHOCTH NPU pacyeTe 3alacoB C NMPUMEHEHHWEM HEYETKUX OIepanui
9JIEMEHTaMH METO0/]a KOHJCHCAI[MN BEPOSTHOCTHBIX PACIpEeNeHU U 00paTHOro
BBIYMCIICHHUS ITyTEM HEYETKOTO HMHTALIMOHHOTO MOJIEITUPOBAHUSL.

Ilynkm 3. Paspabomka, obocnosanue u mecmuposanue dPPexmusHvix
BbLIUUCTUMENLHBIX  MEMO008 C HNPUMEHEHUEM COBPEMEHHbIX KOMNbIOMEPHbIX
TexXHON02ULL.

3. UucneHHBIII METOJ| OLIEHKH IECUYAHHCTOCTH M HE(TEHACHIILIEHHOCTH II0
¢doTtorpadusM KepHa, CIICIIAHHBIX IPH JTHEBHOM CBETE W MpPHU yIHTPa(GHOICTOBOM
OCBCIICHUM Ha OCHOBE HEUYCTKUX KpuTepueB. IIpoBeneHO TecTHpoBaHHE
METOJIMKH, OL[EHEHa TOYHOCTh Pa3padOTaHHBIX anropuTMoB. [lodyueH mareHT Ha
n3o0pereane «Crocod OIeHKH He(TEHACHIIIEHOCTH KEPHAa TOPHBIX MOPOA II0
(dortorpadusiM 00pasIoB B THEBHOM cBeTe» (No2654372).
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4. TecrupoBanue, o00ocHOBaHHE A(GCKTHBHOTO YHCICHHOIO METOMA
MaTPUYHBIX OIEpanyii ¥ BHIOOPOK IO METOAY JIATHHCKOTO THIEpKyOa mpu
BEpPOATHOCTHOM OIIEHKE 3alacoB YIJIEBOAOPOAOB. TecTHpOBaHHMEM IOKa3aHa
3(¢(HEeKTUBHOCTh METOJOB 32 CYET YCKOPEHHS CXOJUMOCTH YCTOHYMBBHIX
Pe3yJIbTaTOB U COKpAILEHUS] BPEMEHH BBIYHUCICHUM.

Ilynxkm 4. Peanuszayus 3¢pgheKmusHbIX YUCIeHHbIX MeMOO08 U ANOPUTNMOS 8
6Ude KOMMIEKCO8 NPOOIEMHO-OPUCHMUPOBAHHBIX NPOSPAMM OJisi NPOGeOeHUs!
BLIMUCTUNENLHO20 IKCNEPUMEHMA.

5. ABTOpOM CO37aH KOMIUIEKC TIIPOTpaMM, B KOTOPOM pEaIH30BaHEI
pa3paboTaHHBIC YHUCICHHBIE METOABl M  &ITOPUTMBI  JUIS  MPOBEICHHUS
BBIYHCIIMTEIHFHOTO KCIIEPUMEHTa 00pabOTKH MH(POPMAIUU TIPU OIEHKE 3aracoB
YIJIEBOJIOPOZIOB B YCJIOBUSIX HEONpeAEIeHHOCTH. KoMIIIeke nporpaMm COCTOUT U3
3apeructpupoBaHHbix B Pocmartent: Zapas, KernColor, KernFracture, PH-/lata.
[onmyweno 5 aBropckux cBuperenbcTBa (Ne2005611167, Ne2015614441,
Ne2016611934,  Ne2017612180,  Ne2017662359).  Kommnekc  mporpamm
MPAKTUYECKU HKCIONB3YeTCs B HE(PTEra3oBbIX KOMITAHHUSX IPH OIICHKE 3amacoB
YIJIEBOJIOPOIOB B YCIIOBUAX HEOIIPENEICHHOCTH.

Hayynass HOBH3HA OCHOBHBIX pe3yJbTAaTOB COCTOHT B pa3padoOTKe
YHUCJIEHHBIX METO/OB U aJTOPUTMOB Ha OCHOBE MaTeMaTH4YE€CKOI0 MOJICITUPOBAHUS
JUIS  pelIeHust 3aJad  OICHKM  3alacoB  YIJIEBOJOPOJIOB B YCIOBHSIX
HEOMNpPENETICHHOCTH, YUCIEHHOTO pEIIeHUs 3a7ay MO OINpPENEJICHUIO MOJICYETHBIX
[apaMeTpoB, peanu3alusg WX B KOMIUIEKCE TMpOrpaMM Jjisl TMPOBEAEHUS
BBIYHCIIMTEIIHFHBIX OKCIEPUMEHTOB. HaydHas HOBH3HA BXOIUT B TpH oOJacTu
HcCle0BaHus HayqHOH crienuanbHocTh 05.13.18:

B obracmu mamemamuueckozo mooenruposarus

1. Marematuyeckoe MOAETUPOBAHUE PACTIO3HABAHUS TPELIUH JJIST CHSITHS
9KCHECPUMEHTATIBHEIX JAaHHBIX 110 CHHUMKAaM IeTporpaduuecKux NUH(QOB U
TOMOrpaMMaM KepHa. J[Jisl perieHus 3aauu Npeasio’)keH MaTeMaTHUeCKUi METOI.
Hayynass HOBHW3Ha COCTOMT B TOM, YTO JUIsl OMNpPENENCHHUS JUIMHBI TPEIIUHBI
WCTIONB3YeTCs  allTOPUTM  CKeJleTH3amuu  oToOpaxkeHus tpemmH. CozgaH
3¢ GEKTHBHBIA METOJl aBTOMAaTHYECKOT0 U3MEPCHUS JIIMHBI U MIMPUHBI TPEIIUH C
3aJ1aHHOM IIOIPELIHOCTBIO.

2. Maremaruueckoe MOJEIMPOBAHUE OINpEICICHHs Pe3yJbTHUPYIOIIEH
(GYHKIMM TPUHAIUICKHOCTH IO 3armacaM C NPUMEHCHHEM METO/a, KOTOPBIH
SIBJIIETCSl aHAJOTMYHBIM METOJIy KOHJIIEHCAIIMH BEPOSITHOCTHBIX pacTpeaeseHHA.
OpUrMHaAIBHOCTE COCTOUT B TOM, YTO IpeJlaraeTcsl NMPUMEHEHUE METola IpHU
MOJICYETE 3allacOB C HEUETKUMHU MapaMeTpaMH.

3. Pa3paboTan mMeTo/| HaXOXKICHUS (PYHKIMU MPHHAIJICIKHOCTH IO 3aracam
C HEYETKHMH TapaMeTpaMH C HCIIOJIb30BaHUEM OOPATHOTO BBIYHMCICHUS IYTEM
HEYETKOI0 MIMUTAMOHHOTO MOJICITUPOBaHUs. BriepBbie MpUMEHEHO Uil 0OPaTHOTO
BBIYHCIICHUS UMUTALIMOHHOE MOJIETUPOBaHNE Ha OCHOBE MeToaa MounTe-Kapio.



B obnacmu uucnennvix memooos

4. Pa3paboTaHbl 4YMCICHHBIE MaTEMaTHYECKHE METOIbl KOMIUICKCHOMN
OLEHKN IECYaHHCTOCTH W He(TeHachIIeHHOCTH 1o Qororpadusm kepHa,
C/ITaHHBIX IIPH THEBHOM CBETE U IPHU yIbTPA(GUOICTOBOM OCBEIIEHHH Ha OCHOBE
HEYeTKnX KpuTepueB. OpPUTHHANBHOCTH 3aKIIOYAeTCss B TOM, 4YTO Omaromapst
pa3paboTaHHOI MOJIEIIH, yJanoch BIIEPBBIC MPOU3BECTH CHATHE
9KCTIEPUMEHTANBHBIX JAaHHBIX C aJbTePHATHBHBIX MCTOYHMKOB MH(MOPMALUH MPH
HEJIOCTATKE JaHHBIX.

5. Pa3pa0oTaHbl METOIUKHM HCIIOJIb30BAHUS MATPUYHBIX ONEpalUid |
BBIOOPOK IO METOAY JIATHHCKOTO THUIEpKyOa IpH BEPOSITHOCTHOM OLIEHKE 3alacoB
YIIIEBOIOPOJOB ISl YCKOPEHHUS CXOAWMOCTH YCTOMYHMBBIX pPE3YNBTaTOB U
COKpAILEHNS! BPEMEHH BBIYUCICHIH. OpUTHHAIBHBIM SIBISIETCS NTPUMEHEHHE NPH
OLIGHKE 3allacoB METOAa KOHJAEHCAIMM BEPOSATHOCTHBIX paclpeleNeHuit s
CYIECTBEHHOTO CHIDKECHHSI Pa3MEPHOCTH 331a4H1 IIPH BEPOSITHOCTHOM BBIBOJIE.

B obnacmu coz0anus u peanusayuu KOMRIEKCA NPOSPAMM

6. Ha ocHOBe mpeniIoXKeHHBIX METOAUK U QJITOPUTMOB aBTOPOM
CIIPOGKTUPOBAaH W CO3MaH  KOMIDIEKC  IpOorpaMM sl IPOBEICHUS
BBIYMCIIUTENHHOTO 3KCIIEpHIMEHTa 00pabOTKH MH(MOPMAIny HPH OLEHKE 3aIacoB
YTIICBOAOPOAOB B YCIIOBUSIX HEONPENCICHHOCTH, B KOTOPOM aBTOMAaTH3HUPOBAHEI
pa3paboTaHHBIE Hay4YHble METOAbl M aIropuTMel. Komiuekc mnporpamm
NIpefHa3HA4YeH JUIS TIOBBINICHHS TOYHOCTH OLCHKM 3allacoB YIJIEBOIOPOJIOB,
MIOBBIIIEHHE JIOCTOBEPHOCTH  OINpPEAENEHHs IMOJCYETHBIX NeTpOo(U3NUECKUX
IapaMeTpoB IPH HEJTOCTAaTKE UIIN OTCYTCTBUH JaHHBIX.

JlocTOBepPHOCTH H 000CHOBAHHOCTh Pe3yJIbTATOB, CHOPMYIIUPOBAHHBIX B
JMCCepTaINH, 00eCIeYNBAIOTCSI KOPPEKTHOM peai3alieil B KOMIUIEKCE IIPOrpaMm
TEOPUM HEUETKUX MHOXKECTB, HEUCTKON JIOTHKH, TEOPUHM BEPOSITHOCTEH,
WHTEPBAIILHOTO aHAIN3a; TOATBEPXKIAaeTcd pe3yldbTaTaMH MHOTOYHCIICHHBIX
BBIUUCIUTENBHBIX JKCIIEPUMEHTOB, ONBITHO-NIPOMBIIIJICHHBIME pacueTaMu IS
MecTopokaeHuH 3ananHoit Cuoupu.

[Tpon3BOAMIOCH SKCIIEPUMEHTANBHOE CPABHEHHE PE3YNIbTaTOB pacuera C
3apybexxHbpiMu aHanmoramu takumu kak CrystalBall u Techlog. Ha mpaxruxe
MOJydeHa MpHeMiIeMas CXOAUMOCTh pPE3YyNbTaToB. 3HAYEHUS IIOACYETHBIX
IapaMeTpoB, TIOJyYCHHBIX C aAIbTCPHATHBHBIX HCTOYHHKOB HH(OPMAIUH,
CPaBHUBAJIMCh HAa MPAKTHKE C pe3ylbTaTaMd, IIOJyYEHHBIMH M3 OCHOBHBIX
HCTOYHUKOB JIaHHBIX, PACX0XK/ICHHE PE3YJIbTATOB IIPH 3TOM He MpeBbiact 3%.

IIpakTnyeckasi 3HAYUMOCTBb 3aKIIOYAcTCI B CO3MaHUHM 3()(HEeKTHBHBIX
METOJIOB, aJlTOPUTMOB, KOMIUIEKCAa MPOTPaMM ISl HCHOJIb30BaHNS B KOMITAHUSIX,
3aHMMAIOIIUXCS  pa3pabOTKOM HEe(TAHBIX W Ta30BbIX MECTOPOXKACHHMH IS
MTOBBIIICHNS TOYHOCTH OIIEHKH 3aI1acoB YTIIEBOJOPOIOB.

Peanuzanus pe3yabTATOB padoThI. OCHOBHBIE ~ PE3YyJIbTaTHI
nucceprannonHon padbotel BHeapeHsl B OO0 «Tromenckuit Hedrsnoit Hayumbiii
Hentp» - nHaygHo-uccnemoBaTtenbckoM wuHCTHTYTe IIAO «HK«PocHedTh» m
HedTerazompoOpBaronmx npeanpuiatusx [1AO  «HK«Pocuedts». Buenpenwe

6



MOATBEPKIACTCS aKTaMH M CHPaBKOH 00 HCIHOJNB30BaHUM  PE3yJIbTaToB,
TIOJTyYCHHBIX TIPH HCCIICIOBAHUSAX.

AJITOPUTMBI M KOMILJIEKC IIPOrPaMM UCIIOIb30BaHBI:

e B nenesbix nHHOBanuoHHbIX npoektax ITAO HK «Pocuedrsy (LIUII
Nel36 Co3manme TEXHOJIOTHMH W3YYEHHS KEpHA CIIOKHBIX M HETPAIHIIMOHHBIX
KOJIIEKTOPOB)

e B HayuHo-TexHuueckux miarpopmax OOO «THHI» (2014-2018 r.r.)

C HCHoip30BaHMEM CO3JAHHOTO KOMIUIEKCA IIPOTPaMM  ITPOHM3BEICHBI
HEKOTOpBIE HAay4YHBIE HCCIIC[OBAHMS, MPAKTUYECKH PEIICHBI 33Jaud 110 OLCHKE
MIOJICUETHBIX NapaMeTPOB M 3alacoB YIIIEBOAOPOIOB MECTOPOXKACHHUM 3amamHon
Cubupn u npyrux mectopoxaeHuii Poccun. Equnas Ttouka mocryma «PH-lata»
BHeapeHa B mouepHux odmectBax [TAO «HK«Pocuedtsy»: THHLI, VBatHedTeras,
Banxkop, Openoypruedts, Taac-IOpsix.

Anpo6amus padorsl. OCHOBHBIC NMOJOXKEHHS M Pe3yIbTaThl JHCCEPTAluU
MIPE/CTABISIINCH HA HAYYHO-TIPAKTHIECKIX MEPOTIPUSTHSIX:

1. 36-s1 MEXyHapoHas KOH(epeHIH "CoBpeMeHHBIE
WH(POPMAIMOHHBIE TEXHOJOTHH B HE(PTSHOW W Ta30BOW NPOMBIIMIIICHHOCTH"
(Ucnanws, r. Map6enbs, 2007);

2. 4-1 xopropaTHBHasi Hay4HO-TIpaKTHUYeCKash KOH(EpEeHIUS MOJIOIBIX
cnernuanuctoB (. Mocksa, 2007);

3. Cemunap «Ympasienue nanasiMa THK-BP» (r. Tromens, 2008);

4. 10-s Bcepoccuiickas HAyYHO-IIPAKTUYECKast KOH(epeHHs
«I"eonnpopmaTrka B HeTera3oBoit u ropHoit orpacisax» (. Cypryr, 2009);

5. 8-1 HaywHO-mIpakTHdeckas KoH(pepeHmms «McmomszoBanune I'MC-
texHosiornii ESRI B Hedrerazosoii otpacimy (r. Tiomens, 2010);

6. 13-5 BCepoccuiickas Hay4HO-TIPAKTHYECKas KOH(epeHLHs
«"eonnpopmaTrka B HeTerazoBoit otpacim» (r. Tromens, 2011);

7.  Hayuno-mpaxtuueckas KOH(epeHIHA «[IpomsItieHHas

0e30macHOCTh M TEOJIOrO-MapKIeiinepckoe obecmeueHrne pabdoT mpu HoObIUe
YIIIEBOIOPOJHOTO CHIPB:s» (T. Tromens, 2012);

8. Bcepoccwuiickass HaydHO-TIpakTH4YecKass KOH(EpeHLUs CTYIICHTOB,
ACIIUPAHTOB, MOJIOABIX Y4YEHBIX M CHELUHUAJIHNCTOB, MOCBsLIEHHas S50-JIeTHio
co3nauns TIOMEHCKOTro HHAYCTPHAIBHOTO HHCTHTYTA (T. TromeHs, 2013);

9. VI-s1 Bcepoccuiickass HaydHO-TeXHHYecKas KoH(epeHmus «Hoswie
WHPOPMAIMOHHBIE TEXHOJOTMH B He(dTera3oBoil oTpacnu u 00pa3oBaHUN
(r.Tromenn, 2015);

10. 44-1  wHayuHoO-mpakTHuYecKas  KoHQepeHuus  «CoBpeMeHHEIC
WH(OPMAILIOHHBIE TEXHOJOTHH B HE(DTSIHOW W Tra30BOM MPOMBIIUIEHHOCTH
(r. CeBacromous, 2015);

11. PesynpraTel MNpencTaBIsINCh B TIOMEHCKOM HHIYCTPHUAIbHOM
yauBepeutere (2011 - 2018 r.r.);

12. 11 kou(epeHnus mo ummnoprosamenieHuto (r. HmwkuaeBaprosck 2018);

13. MexmyHapoaHslit popyM IO Ta30BBIM IpoekTaM (T. Tromens 2018);
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14. Hayuno-TexHuueckuii cemuHap «L{udpoBsie TexHOIOrHH B pa3paboTKe
MecTopoxaeHuiH. COBpeMEHHBIC METOIBI aHaJI3a JaHHBIX» (T. Yda, 2018);

15. Pe3ynbpTaThl HNpENCTABISUIMCE U OOCYKIAINCh HA HAYYHO-TEXHUUYECKUX
cogerax OO0 «THHL]», coBemaHusix © TEXHOJOIMYECKHX (opymax,
MPOBOAMMEBIX HedTerazono0bBaromuMu npeanpusaTusMu kommannu [TAO «HK
«PocuedTr» (2010 - 2018 r.1.).

My6ankamuu. ITo Teme nuccepranuu omyonukosaHo 20 pabor, n3 Hux 11
myOnmKanuii B KypHanax, pekoMeHnoBaHHEIX BAK MwunoOpnayku Poccum, 3
paboTHI OITyOJIMKOBAHEI B M3/IaHUSX, BXOSIIUX B MEKTyHapOIHbIE pedepaTHBHbIE
0a3bl JaHHBIX M CHUCTEMBl LUTHPOBAaHHS Scopus, MOJy4eHbl | MaTreHT Ha
n300peTeHne u 5 CBUAETENHCTB Ha mporpamMmel DBM.

Jlmuynpnii  Bkiaaa. IlpencraBieHHBIE pe3yabTaTel B OoNbIIeil  dYacTh
JMCCEPTAlMOHHOM paboThl, OCHOBAaHHBIE Ha aHAJIN3E, TEOPETHYECKON ITPpOpadoTKe
pemreHuit  3amad, pa3pabOTKe, TECTHPOBAaHWM HOBBIX  METOJIOB  IIyTEM
MaTEeMaTHYECKOTO MOJCIUPOBAHMS, Pa3pabOTKe KOMIUIEKCA IIPOrPaMM IOydEHbI
aBTOPOM caMoOCTOsiTelIbHO. Ha co3maHHe METONOB HCClIefoBaHUI Oojbloe
BiustHAE oKka3anu AntyHuH A.E., Cemyxua M.B.

Crpyktypa u o0beM padotbl. [luccepranus COCTOUT U3 BBEACHUS,
YeThIpeX IJIaB, 3aKIIOYEHHs, CIUCKA JHUTepaTypbl M npuiioxeHus. ConepikaHne
paboThl m3okeHo Ha 177 crpanuiax, Bkimodaer 46 pucynkoB u 10 TaGmum.
Cnmcok nmuTepaTypsl HacuuThIBaeT 121 HanMeHoBaHKeE.

COAEPKAHUE TUCCEPTAIIUU

Bo  BBemeHmnm = 00OCHOBBIBAaCTCSl ~ aKTyalbHOCTH  HMCCIIEIOBaHMS,
HEOOXOJMMOCTh Pa3BUTUS METOMOB MAaTEeMaTH4eCKOTO MOJCIHUPOBAHUSA IS
OIICHKH 3aracoB HE()TH W ONpEACICHHs IOJCUCTHBIX IMAapaMeTPOB B YCIOBHAX
HEJIOCTaTOYHOCTH JIAHHBIX, C(OPMYJIHPOBAaHbI LEMb W 33Ja4d JHCCEPTAINH,
MIEPEYHCIICHBI ITOJIOKEHHUS, KOTOPBIC BBIHOCATCS Ha 3aIUTy, ITOKa3aHa Hay4yHas
HOBHU3HA M PaKTUYECKask 3HAYUMOCTb pPabOTHI.

I'maBa 1 mnocesimieHa O0OOCHOBAaHHOCTH Pa3BUTHSA  BBIYHCIHTEIBHBIX
TEXHOJIOTHH NIPH OLIEHKE 3allacoB YIIEBOAOPOJIOB B YCIOBHU HEOPEIEIEHHOCTH.

Onmcansl TpoOIEMBI OIEHKM 3allacoB  YIJIEBOJOPOAOB B  YCIOBHSAX
HEONPEAETIEHHOCTH. PaccMOTpeHBI MeETOAbl M HCXOIHBIE [aHHBIE IIOACYETA
3aracoB yIriI€BOJOPOIOB.

OOBeMHBI METOJ IMOJCYETa 3aIlacoB SBIAETCS OCHOBHBIM METOAOM IS
IojicyeTa 3alacoB YIJIEBOJAOPOIOB. B pabore paccmarpuBaioTcs (HOPMYIIBI
pacdera 3amacoB Juisi HeTH, IS ra3a W Jis KonaeHcata. OOBeMHBI MeTon
OLIEHKH 3a11acoB A7l He(TH OMUCHIBaeTCs (hopMyIoii:

Q. =F-h,, K,k -0:p ®

rae q, - MepBOHAYaNbHBIN 3amac HedTH;

F - 3HAYCHHUC ILJIOIIaaIn HCCI)TCHOCHOCTI/I;

h_ - 3HaueHHE 3P (PEeKTHBHOI HE(TCHACHIICHHON TOIIMHEI IIJIACTA;

oo
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k - 3HauYeHHe KO3(PGUIHEHTA OTKPHITOI IOPUCTOCTH;

k, - 3Ha4YeHHe K03 dHIMEHTa He(TEHACHIIIEHHOCTH;

6 - 3HaYCHHUE TIEePECYETHOr0 KO PUIMCHTA, YIUTHIBAIOIIMI 3HAYCHHE YCAIAKH HEDTH;

p - 3HAUCHHE INIOTHOCTU HE()TH IPH CTAHAAPTHOM YCJIOBHH.

JleTepMUHHPOBaHHBIE MOJIEIM C TNPUMCHCHHEM CPEIHUX 3HAYCHHH
NapaMeTpoOB AJIA pacucTa Ha4YaJIbHbIX 3al1aCOB HE MOJYyYar0T OOBEKTUBHBIX 3HAHUI
O MNOrpCIIHOCTHU pacyeTa 3aracoB. HeO6XOZ[PIMa pa3pa60TKa MaTEeMaTHU4YCCKUX
MO}IeHefI, OIMUCBIBAKOIIINX mpouecce moacyera 3aracoB B YCIIOBUAX
HEOOCTAaTOYHOCTHU I/IH(l)OpMaL[I/II/I, CO31aHUC Sq)(beKTI/IBHLIX YUCJIECHHbBIX METOAOB U
anroputMoB s pemreHus 3amad. IlosTomy paboTa mocBAIeHAa Pa3BUTHIO
BEPOATHOCTHBIX U HEYETKUX METOJIOB OLICHKHU 3aI1acoOB.

[Ipoananu3upoBaHbl pa3IMYHBIC THITEI HEOTPEIesIeHHOCTeH WH(popMammy,
Y4aCTBYIOLINUX B HpoHecce paGOTLI CJIOXKHBIX He(l)Tel"a3OHpOMI)ICHOBBIX CUCTEM.
HenonxoTa reooro-npoMsIcioBoi HH(GOpManuu 0OBICHAETCS TPUUHMHAMHU.

. CHOXXHOCTBIO HAOIOAEHUS HEOOXOOMMBIX ITapaMeTpoB OOBEKTa W
MIPOLIECCOB, MPOUCXOSIIIUX B HEM.
L4 BOJ’ILL[II/IMI/I, HCOIIpaBAaHHBIMU 3aTpaTraMu, KOTOPLIC HeO6XO[[I/IMI>I JJIsA

MOJTHOIICHHOH HWH(opManuu (K mpuMepy, OECCMBICIIEHHO B BOJOHOCHOU
30H¢ OypHTh MHOTO THAPOTCOJIOTHUECKHX CKBAXKUH, KOTOPBIC SIBISIOTCS
HaOJI0JaTETTLHBIMHU ).

. HeBo3MOXXHOCTBIO OJJHOBPEMEHHOUW PETHCTpalii OONBIINX 00BEMOB
IapaMeTpoB, yYaCTBYIOLIHUX B IpoILiecce pa3pabOoTKU MECTOPOXKACHHH.

. He3nanuem Bcex 3aKOHOMEPHOCTEH B IpOLECCcax, KOTOPBIE IPOUCXOMISIT
B (DMIIBTPAIIMOHHON ITACTOBOH CHCTEME.

. CrnydaifHpIM, HETpeIHAMEPEHHBIM H3MEHEHHEM WIH HCKaKCHHEM
MOJyYeHHBIMH B OOJIBIIOM 00BbeMe HH(pOpPMalUK Ipu cOope, nepeaade in
obpaboTke.

CrienaHpl cIeIyIOMINE BEIBOIBI:

1) Heob6xoaumMo pa3BuUTHE MATEMATHYECKUX METOAOB ISl ONMUCAHHS W
MOJICITUPOBAHUS HETIOJTHOTHI JTAHHBIX CIIOXKHBIX HE()TEra30MpOMBICIIOBEIX CHCTEM,
KOTOpBIEC OBl B KOMILJICKCE MCITOIb30BAJIH BCE BUBI TAHHBIX 00 3THX CHCTEMaXx.

2)Ilpu HeompeneaeHHOCTH HEOOXOAUMO NPHUMEHEHHE KOHCTPYKTHBHBIX
BEPOATHOCTHBIX M HCUCTKHUX MCETOJOB. HpI/I HEOOCTATKEC JaHHBIX 60HbIlIyI0 POJIb
WTPAIOT OPHIMHANBHBIE METOABI PACHO3HABaHUS IMETPO(U3NIECKHX CBOKCTB IIO
KOCBCHHBIM JIaHHBIM, HHTCIUICKTYaIbHBIA aHAIHU3 JAHHBIX.

Bo BToOpoii riaBe ommcaHBl MaTeMaTHYeCKUE METOIOBl M MOJCTH IUIS
MIPUHATHS PEIICHUI B YCIOBUSAX HEOIPEICICHHOCTH. PaccMOTpeHa BepOSTHOCTHAS
MoO€C/b U TPUMEHCHUE U3BCCTHOIO METOJa MOHTG'KapHO JJIs1 OLICHKU 3HA4YCHMUA
HEONpPEeJeJICHHOCTH IIPU MTPOBEJACHHU T€0JIOT0-IIPOMBICIIOBOTO MOJICIIUPOBAHHSI.

Jns ompenencHus pa3HBIX THUIIOB HEONPEICIICHHOCTEH TI'e€OJIOTHYEeCKUX M
MIPOMBICIIOBBIX JJaHHBIX HUCIIOJIB3YETCs 00MIasi TCOPHS HEOMPEACICHHOCTH, KOTOpast
cosnana Jl.3ame, ocHOBaHHAas Ha 000O0IIEHUsAX orpanuuenuii: X isr R, rme X —

3HA4YCHHC HepeMeHHOﬁ, R — usmeHsemoe OrpaHM4YCHHUC Ha NECPEMCHHYIO, a isr —
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CBA3BIBAONIAs IEepeMeHHas, B KOTOpON 3HAa4YeHue I - TMepeMeHHOHl ompenenser
cnocod, kak R orpannumBaer X. 3agaHHbIC OrPaHWYCHUS IPUMCEHSIOTCS B
npouecce 00paboTkM MHGOpPMAnWK B BUJAE MPaBWI BBHIBOAA K HCXOIHOM
nHpopmaiyu, T.e. B BUJIE PaCIPOCTPAHEHUS OTPAaHUUYCHHH.

ITepBbIM 3TaoM UCTIONIb30BaHUS nH(pOpMAITMOHHOH MOZEN
pacnpocTpaHeHus: orpanndeHuit JI.3ange sBisercs aHauM3 BXOIHOTO OTHOIICHHUS
(MCXOJHOTO MHOXKECTBa JaHHBIX). OTOOpa)keHUsI Ha YHUBEPCAITHHOM MHOXECTBE
U Ha3bIBAIOT OTOOpaKeHUSIMU TpaHyJIHPOBAHUS, OTIPEAEIAIOINMHA
nHdopmarronnsle rpaHyiasl o0bektoB M3 U. Torma B obmem cmydae Bce
M3BCCTHBIC METOJbI IMOCTPOCHUS q)yHKHI/Iﬁ MPpUHAAJICKHOCTU MOXKHO OTHECTU K
CEMENUCTBY 0TOOpakeHHI HEOTIPEIEIEHHOCTH (MIIH TPAHyIMPOBAHIS).

Ko Bropomy oramy 00pabOTKM BXOZHOTO MHOXXECTBA  JAHHBIX
(pactpocTpaHeHHe OrpaHUYEHUIT) MOXKHO OTHECTU pa3IUYHbIe CeMENCTBAa METOIOB
TEOPUH HEYETKUX MHOXKECTB. BakHyI0 poJb Cpeanm HHUX HIPalOT TEOPETHKO-
MHO)KECTBEHHBIE OIEpAIX HaJl HEYeTKUMH MHOXecTBaMH. OcoOyI0 poib UTPaloT
ornepanun KOMIIO3UINU OTHOILLICHUNH M H3BECTHOE KOMITIO3UIIMOHHOC MPaBUIIO
BeiBosa: B =A°F, mpu sToM 3Hak © - 3TO omepanus KoMrno3uiuu. [Ipu KoHEeUHBIX
HOCHTEJIIX HEYETKMX MHOXecTB A un F, Kommosumus mnpuBoauTcs K
MaKCUMUHHOMY IIPOM3BEIECHUIO MATPHII.

Jpyroe Goxpmioe ceMeiCTBO METOI0B 00pPaOOTKH HEUETKUX OTPAaHWUYCHUH -
9TO anreOpanvecKre OIepaluyd C HEYETKHMMH BEIWYHHAMH M HCIIOIb30BaHUE
YHCICHHBIX MOJEeNie C HEYeTKUMM IapaMeTpamMu U KoddduimeHTamu.
PacripoctpaneHne anreOpamdecKUX OMEpanuii Ha MHOXKECTBE BEIIECTBEHHBIX
YHCell HA HeUYETKUX MHOXECTBAX:

Ha.p(Z) =supfp, (x) A pg(y)},

U={kx,y)e c(AxB)|xoy =2z}, (2)
rie ° - omeparus u3 Habopa {+, -, *, /}.

B ananuTHuyeckoM ciydae s BBIYMCIEHHS (YHKIHMH IPHHAIUIC)KHOCTH
Hax  HEOOXOAMMO PEIINTh 33ady HaXOXKACHHS yCIOBHOTO 3KcTpemyma. Ecim B
METO/e MPOUCXOAUT TepedOopMyTHPOBAHUE HCXOAHON 3aJaull C HCIOIb30BAHHEM
r-ypoBHeH, TO BBIYMCICHHE HA3BIBAIOT ‘“‘00paTHBIM”. PaccMOTpeHBI Takxke
YHCIIEHHBIE METO/bI KOPPEKIIUU HEUETKUX UCXOJHBIX JAHHBIX - METOJ KOPPEKIIUU
IO HOCUTENIO HEUYETKOTO MHOXKECTBA H METO/I KOPPEKITHS O I-ypPOBHSM.

B Tperbeii ri1aBe paccMaTpHBAcTCS MaTEMAaTHYECKOE MOJIEIMPOBAHHE
Impolecca OLIEHKU 3alacoB YIJIEBOJOPOJOB B YCJIOBHHM HEOIPEAEIEHHOCTH,
pa3BUTHE YHCIEHHBIX METOMOB C HCIOJIb30BAaHHEM BEPOSTHOCTHBIX M HEYETKHX
MaTeMaTHYECKUX MOJEIEH.

B pabore paccmarpuBaroTCsl BEpPOSITHOCTHBIE MOJIETM OIIEHKH 3alacoB
HedTH, Ta3a, KOHIEHcaTa. [Ipy BepOSATHOCTHOM ITOIXO/E MapameTpsl B (opmyre
TIPE/ICTABISAIOTCS CIyJalHOH BENMYMHON, a 3HAYECHHE 3allacOB pacCMaTpUBACTCS B
BU/ie QYHKIIMM 3THX CITy4alfHBIX ITapaMeTpPOB.
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OyHKIMS paclpeleNieHdss BEepOATHOCTEH ompenenseTcs Kak KpuBas,
oToOpaskaroliasl BEpOSITHOCTh HAIMYMSI 3aI1acOB B OIPE/ICJICHHOM JHana3oHe. JTa
¢ynkmmsa F(Q< QO) oTbicKMBaeTcsi MO COBMECTHOW IUIOTHOCTH PacIipeieieHUs
napametpoB-MHOXHTeNeH (X, X,,..X,):

FQ<Q)=]... ) F(x,%,,..x,)dxdx,..dx, . (3)

Xp* Xyt X, <Qg

JUI IUTOTHOCTH BEPOSTHOCTEH IOJICYETHBIX MapaMeTpOB MOJACIUPYETCS
BBIOOp CITy4aHBIX 3HAYEHHH, I KaXKT0W KOMOWHAIIMN PACCUNTHIBAIOTCS 3aI1achl
M0 W3BECTHOH (hopMysie, TPOU3BOANTCS TOBTOPEHHE 3TOH oOmeparuu OoJbIIoe
KOJIMYECTBO pa3, T.e. NpuUMeHsieTcs TrpyObiii meton MonTte-Kapno, xortopomy
CBOICTBEHHa MEJUICHHAass CXOIMMOCTb, KaK CIIEACTBHE TpeOyeTcss Ooblnoe
KOJIMYECTBO BPEMEHM Al MOIydYeHHs NpHEMIIEMBIX pe3ynbraTtoB. Kpome Toro,
KaxIblif pa3 B pe3y/bTaTe NOIydaroTCs Pa3IHuHbIe THCTOTPaMMBI YacToT.

Jlnst moBbImeHust 3Q(GEKTUBHOCTA METOJIa BBOJIUTCA B (DYHKIIMIO BEIOOpa
HapaMeTpoB HEKOTOpasi peryiIspHOCTb, T.. IPOM3BOJIUTCS Oojee IOJHOE
CKAaHMPOBAaHWE BXOAHBIX IIApaMeTpoB. MHOXECTBO BXOIAIIMX IApPaMETPOB
JETSITCSl Ha MHTEPBAJbl, BEIOOP 3HAUYEHMI IPOM3BOAUTCS OTAENBHO AT KaXIOTO
MHTepBaa. BbIOOpKa JIATHHCKOTO I'UIlepKy0a - mocioiiHas BeiOopka. [locturaercs
Gonee paBHOMEpHas KBa3uCiIyuyaifHas BBIOOpDKa B IIPOCTPAHCTBE BXOJHBIX
3Ha4YeHuil. [Ipu ucnonp30BaHNK JAaHHOTO METOAA pe3yibTaT JOCTUTAeTCs OBICTpee
3a MEHBIIIEE YHCIIO UTEPALINN.

[IpoBeneHbl SKCHEPUMEHTHl IO OIEHKE 3amacoB HEPTH AJsl pealbHBIX
MECTOPOKAeHMH. [y peanusanuy pacieToB OJHOBPEMEHHO OBUIM HCIIOIb30BAHBI
rpy0sb1ii MeTox MonTe-Kapio 1 BEIOOpKa JIATHHCKOTO THIIEPKYOa.

Pe3ynpTarhl mMoka3epiBaloT (PUCYHOK 1), UTO METOJ| JJATHHCKOTO THIEepKyOa
6osiee d(dexTrBeH MO CpaBHEHHIO ¢ TpyObIM MeTogoM MoHTte-Kapino, tak kak
A TIOJTYYCHU S CTa6I/IJ'II>HI)IX PEIYIBTATOB METO/ Tpe6yeT Ha TMOPAJTOK MCHBIIEC
YKCIIO UCTIBITAHHA.

P50
1466,7

1466,65
1466,6
1466,55
1466,5

—cs

1466,45 . e—HS

Sanackl (TeIC. T)

1466,4

1466,35

1466,3

1466,25 - - - - - - -
10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

Pucynoxk 1. I'paduku crabmimmzanuu 3HaYeHUH HaYaIbHBIX 3amacos P50
MOCYUTAHHBIX C IPUMEHEeHUeM rpyboro meroga Monre-Kapno (MCS) u ¢
MIPUMEHEHUEM MeTo/1a TaTHHCKUH rumepky6 (LHS).
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Hcronp30BaHNe YHMCIEHHBIX OIEpaldd HaJ IUIOTHOCTSAMH BEPOSTHOCTEH
CIlyqalfHbIX 3HAUCHUI B3aMEH MOJCJIMPOBAHMS CIIydaifHBIM 0Opa3oM BEIWYMH
IPUBOJAUT K YCTOMYMBBIM pe3yJibTaTaM 3a MEHBILEE YNCIIO UTEPALIUH.

Pa3zbupaercss BepoATHOCTHAs MAMUCKpPETHAas MOJENb IOJcYeTa 3amacoB
(rECTOrpaMMHBIE pacHpe/ieIeHNs BXOJHBIX IapaMeTpPoB f,(x,) )

P(Qi)= Zf1(x1)' fz(xz)""' fn(xn)Axisz'“AXn' (4)
Xy X Xy =

Ha coderanus NOACYETHBIX IapaMETPOB PAacCHPOCTPAHEHO CYMMHPOBAHHE,
KOTOpbIE B MTOTe 1aeT Qj mpy NPOU3BEICHHUH.

Ilpn anreOpamyeckol oOmepanuy CIOXKEHUS IOJCUYETHBIX I1apaMeTpOB
MOXXHO HCHOJIb30BaTh PETyJSIPHYIO MPOLENYpy CYMMHPOBaHHMS BEPOSTHOCTEH.
ITpu onepanyy yMHOXKEHHS ITPEIIaracTcsi UCIoIb30BaTh TOAX0], OCHOBAHHBIH Ha
KOHJICHCAITMHU BeposTHOCTeH. BepostHocTs nomananust Q B uaTepBai (Qi, Qis1):

PQ<Q<Qu)= X H0) Fo(xp) oo £, (X, )AXAX, . AX,, 5)

Q<Ko Xe Qs

B pabore mpeniokeH OOWH W3 MOAXOJIOB HAXOXKICHUS PE3yIbTHPYIOIISH
IUIOTHOCTH BEPOSITHOCTH Ha OCHOBE IPHUMEHEHMS NMPH OICHKE 3aIIacoB METOJa
KOHJICHCAIIMM  BEPOSITHOCTHBIX ~ pacnupenencHuil. OObeiMHEHHE CIydailHBIX
MEpEeMEHHBIX (KOHAEHCALUs) MPOM3BOAUTCS HAJ TNPOMEXYTOUHBIMH HaOOpaMu
MOACYETHBIX MapaMeTpoB MNP ONEpaluy NEPEeMHOXKEHUS, a HE HaJ WTOTOBBIM
CJIOYKHO NOJTy4aeMbIM HaOOpOM 3HAYCHUH.

Jonyctum, uto X u Y — JBE AUCKPETHbIE HE3aBUCHUMbIC BETMYMHbBI JIAHHOTO
UCIIBITAHUS M z=XoY , [JIe ° — €CTh HEKOTOpas orepanus u3 Habopa {+, -, *, /}.
Kak B Merone Monrte-Kapno untepBan pesynsrupytomeid GpyHKuuun Z IeiuM Ha
HECKOJIBKO YacTed OAWHAKOBOro pasmepa. M B 3TOM ciiydyae HE00XOAUMO
CYMMHpPOBATh BEPOSTHOCTH JJIEMEHTOB, IIONAAAIOIINX B MJaHHBIH HWHTEPBA.
BeposTHOCTE MomnaiaHus BENUYUHBI Z B UHTEPBAI |z,,; oIIpesensieTcs:

il

P(zi <222,)= Y P(X=X)P(Y =) , r1ie Q; ={(X,Y)|z;< X0y < Z,,,}. (6)

Oror mnoaxoj OBUI NPUMEHEH B OKCICPUMEHTANBHBIX pacyerax s
peaNbHBIX HePTSIHBIX 3anexeld. UNCIeHHBIH METO/ KOHJCHCAIIUU BEPOSTHOCTHBIX
pacnpeneneHuii dpdekTuBHEe, T.K. JJIS KaXKIOTO HCIBITAHUS HE MOJCTUPYIOTCS
BCE BXOJIHBIC BEPOSTHOCTHBIC pacipesencHus. DPPeKkTHBHOCTD eiie 0oJbIIe mpu
KOHJICHCAITUN TPOMEXYTOUYHBIX BEPOSTHOCTHBIX pacmpeaeneHuid. [IpeacraBieHs
OTHOCHUTEIbHBIC PACXOXICHUS I MOJNyYeHHBIX 3HaueHui 3amacoB P10, P50 u
P90 npu uncne ucnerranuit 10 mnH.

Taosuua 1. OTHOCHTENbHBIC pacXokAeHHs 3HaueHuid 3anacos P10, P50 u P90

YucjaeHHBIA MeTOX
MMK KOHAEHCAIMH OrHocuTeabHas omuoka, %
P90 317992 317430 0,177
P50 328063 327924 0,042
P10 338369 338243 0,037
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[anee B paboTe paccMaTpuBaeTCsl pa3BUTHE HEYETKUX MoJeiedl 00beMHOT0o
MeTo/a MOJCYEeTa 3alacoB ra3a B YCIOBHAX HeompeneneHHocTd. IlopcueTHsle
HapaMeTpbl - 3TO HEYETKUE MHOXKECTBA U 331a10TCsl (YHKLUSIMU [TPUHA ISKHOCTH.

Jns mopcdeTa HEUeTKUX 3amacoB He(TH OOBEMHBIM METOJOM IOJIydaeM
PE3yIBTUPYIOMIYIO (DYHKIHIO IPHHAIICKHOCTH:

#,(Q,)=max{u(F) A u(h,,,) A p(k, ) A p(K,)]. 0]
U={(F.h_,K.k) F-h_-k, K- -0-p=Q}

Jnst omeHkn 3amacoB He()TH B YCIOBHUSIX HEIOCTATOYHOCTH TEOJIOr0-
OPOMBICIIOBON  WH(MOPMAIIMM  TPEUIOKEHO  HCMOJb30BAHHE  alIrOpUTMa,
OCHOBAaHHOTO Ha TEOPUHM HEYCTKUX MHOXKCCTB. HapaMeTpLI OpEeACTaBIAIOTCA B
BUJIC HEUCTKUX BEJHMYMH, YTO B OTIHYHE OT CIYYailHBIX, JIydille XapaKTepu3yeT
TeOJIOrO-IIPOMBICTIOBYIO CHCTEMY.

B pabore BhINOJHEHA peaju3alys MNPSIMOrO METoJa  OIpe/eIeHHs
pe3ynbTupyorieil GpyHKIUE TPUHAIICKHOCTH IPH U3BECTHOM alIrOPUTME pacyera
MOJTy4aeMOoro 3Ha4yeHus. Peanusaiys YkCIeHHOro METOo/Ia MIPUBE/ICHA Ha TIPUMEPE
CJIOXKCHUA NBYX NUCKPCTHBIX BEJIMYNH, KOTOPLIC 3aaHbl HCUYCTKO.

Ta6nuna 2. BxoHble mapaMeTpsl TS CIIOKEHHS IByX HEUSTKUX BEJIMYHH.

p o1 |05 |1 |04 g |03 |1 |07 |02
x |2 |3 |a |s y |4 |5 |6 |7

MuHHMaKCHBIC OMEpallMd MAaTPUIBI CIIOKCHUS HOCUTENCH W 3HAYCHUS
(hyHKIUYU IPUHAIJICIKHOCTU TPEICTABICHBI B Tabuie 3.

Tabmuma 3. Marpuibl CloXeHWs] W 3HAYCHUS (PYHKIUW TPUHAIICKHOCTH
I ABYX HEYETKUX BCJIUNYUH

2 3 4 5 01 05 1 04
03 (0103
1 |o105
0,7 01|05
b = | 0’2 (Sl |

B pesysbprare 3HaueHre GpyHKIUH BBIYUCISIETCS TPH MaKCUMyMe 3HAYCHHIN
(YHKIMU TPUHAJISKHOCTH B MATPHIIE YIIEMEHTOB C PABHBIMH HOCHTEISIMH:

0 0,1 03 0,5 1 0,2
z 6 7 8 9 10 11 12

n.o'

o v b

7
8
9

6
7
8
9

12

1

038

~ |06

04

0.2

0

6 7 8 9 10 11 12 X

Pucynok 2. ®OyHKUMSA NPHHAAISKHOCTH 11 CYMMHUPOBAHUS IBYX TUCKPETHBIX
HEYCTKHX BEIHMINH
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HpI/I HCIOJIb30BAHNU MPOU3BOJIBHOT'O BBIYUCIICHUA MaTpU4iHHAsA CTPYKTYypa
HapymacTcs. HpezmaraeTcsi METO, aHAJIOTTIHBIN METOoAYy KOHACHCAIIUU
BEPOATHOCTHBIX pacnpeaeneHI/n}i. Onepam/m CyMMBbI BCJIWYNH BepOHTHOCTCﬁ
MCHACTCA Ha MAKCUMU3AIHUIO q)yHKHI/II/I NMPpUHALJICKHOCTU Ha HHTCpBaIax
JOTTYCTUMBIX 3HAYCHUH (PYHKIINH.

HJ’IH OLICHKMW 3aracoB  yrjieBOAOPOAOB € HCYCTKUMU IIApaMETpaMu
npezmaraeMLIﬁ noaxon ObLI peain3oBaH Ha IMpaKTHKeE. BrlinonHeHs!
JKCIIEPUMEHTAIbHBIC PACUYEThl UL peallbHbIX HeTAHBIX 3ayexeit. Ilpumep c
HCIOJIb30BAHNEM YUCICHHOI'O ME€TOAa NPUBEICH Ha PUCYHKE 3.

0s 1 — uncreHHbIH MeTOz
o8 - (IpsimMoit)
2 —meto1 Mownre-Kapiio

Yacrora

168004 [
171500 [

129205
13185
134503
137153
153048
1556,98
158347
1609,95

142451

E

anace (reicT)

Pucynok 3. Pacuer HeueTknx 3anacoB HeTH

Js moctpoeHus (DyHKIMM HPUHAMICKHOCTH 4 (v) HCTIONB3YIOTCS
YHCJICHHBIC METOIBI, B YaCTHOCTH oOpaTHble BbMMucieHus. Otpeszok [0, 1]
paszensieM Ha paBHble OTpe3KH. Bblumcisiem I-ypoBHEBble HHTEPBANbI IS
BXOJHBIX 3HAUCHHMIA.

[Tapamerpsl MoaenupyeM B BUAE PABHOMEPHBIX paclpelesieHuil MEeToaoM
Monre-Kapio u umeromeiics nporpamMmoit pacdera ¢yHkuuu. Ilpu kaxgom
HCTIBITAHUY COXPAaHsSIEM MHHHMAIBHOE U MaKCHMaJbHOE 3HAUCHHE TIEPEMEHHOH Y.
OrmpeiesisieM BbIXO/IHbIE IEPEMEHHbBIE KaK I-ypOBHEBbIC MHOXECTBA (PUCYHOK 4).

1

08

vactoTa
e
>

0,2

2

Banacel (TeiC. T)
Pucynok 4. CnoxeHue ABYyX HEUETKUX 3HAYEHUH IO -ypOBHSAM
Hanpumep, Ha pucyHke 5 mpHuBeseH pe3ysbTaT ONnpeeiIeHiss MaKCHMaJIbHO
BO3MOXHOTO MHTEpBaja (HOCUTENS) HeUeTKON BEIMUMHBI 3aI1aCOB C MPUMEHEHHEM
MeTona Monte-Kapio n naTuHCKOTO THIIEPKYOa.
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2000

1800

1600

1100

— LHS - natuHckuii runepky6
00 MCS-Moute-Kapiio

1000 — s
— s

TBIC. T

Pucynok 5. OreHKa MaKCHMATBHO BO3MOKHOTO HHTEepBasia (HOCHTENsT) HeUEeTKOM

BEJIMYMHBI 3aI1aCOB METO/IaMH JIATHHCKUH runepky6 1 Monre-Kapio

OKCIepUMEHTANBHO TI0Ka3aHa JddexTnBHOCTE MeTona LHS-narnHckmit
THIIEPKYO, T.K. PacdeT MHTEPBAIOB [I-yPOBHEBBIX MHOXKECTB C HCIOJIb30BAHHEM
JIATUHCKOTO THHepKyOa cxomurcsi Obictpee. [IpemnoskeHHBI MeETOA NPOBOAMT
aHaIM3 HEONPENeNICHHOCTEH MOJYJIsi, KOTOPBIH MOJEIUPYET OOBEKT, aJrOpuTM
peanu3alyy KOTOPOrO HEU3BECTEH, T.C. MPEICTABICH B BUJE «YEPHOTO SIIIUKAY.
Bxonuble 3HaueHHMss MOTYT OBITH 3afaHbl HE TOIBKO BEPOSTHOCTHBIMHU
pacnpenesIieHusIMI, HO ¥ HeYeTKUMH 3HAUCHUSIMH.

B  uerBeproii riaBe  ONMCHIBAIOTC  pa3pabOTaHHbIE  ABTOPOM
OpHUTHHaJbHBIE, 3((QEKTUBHBIE YHCIECHHBIE METOIbl M alTOPUTMBI OLEHKH
HEKOTOPBIX IIOJICUETHBIX IapaMeTpOB IIPH OOpabOTKE TeoJIoro-TIPOMBICIOBOM
uHpopMaIy B 3aTpyJHEHHBIX YCIOBUX. Tak e OnucaH KOMIUIEKC IPOrpamMm, B
KOTOPOM pEaJM30BaHbl paccMaTpuUBacMble M pa3padOTaHHbIE METOABI H
aNropuTMbl. PaccMarpuBaroTcsi MeTOABI  aBTOMAaTH3MPOBaHHOH — 00paboTKH
udpoBbIX GoTorpaduii KepHa JUIsi KOMIUIEKCHOM OLIEHKH CTENIEHH IeCYaHUCTOCTH
U He(PTEHACBHIIIEHHOCTH C TPUMEHEHHWEM  CIIeKTPaJbHBIX NPeoOpa3oBaHUN U
TEOPUH HEYETKUX MHOXECTB.

dotorpadus kepHa IpeACTaBIseT coO0H pacTpoBoe N300pakeHHE MACCHBA
mukcenei ¢ komom moaenn RGB (pucynok 6). Hcmonb3yercst H3BeCTHAST MOJEIb
LBETOBOT'O 3PEHMS JUIS TTOJIy4EHHS SIPKOCTH ITHKCEIEH:

Y =0,299*R + 0,587*G + 0,114*B, 8)

rae Y — SIpKOCTb IUKCEJIS.

0,299R+0,587G+0,114B 3HauyeHWe OTCeukn =77

150 76

Pucynox 6. KonBepranus pactpoBoro nzoopaxkenus B Greyscale
Ilo 3HaueHHMSAM SPKOCTH CTPOUTCS TUCTOTpaMMa  pacCIpe/eNeHHs.
[IpemmoxkeHo pa3zmeneHue THCTOTpaMMBI HAKOIUIEHHBIX YacTOT SPKOCTH IO
3Hauenuio 0,5 (pucyHok 7).
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Pucynok 7. Pa3nenenue 3HaueHUH SIpKOCTH
IInomanxas 1011 IECUAHUCTOCTH:
NTG < D cBeTIBIX . )
Z TEMHBIX + Z CBETJIbIX
B obnactu He()TCHACBHIICHHBIX YYAaCTKOB HAONIOMACTCS PAaCXOXKICHUE
I[BETOBBIX KaHAJIOB (PUCYHOK 8).

— KpacHbinn (R)
— 3eneHbil (G)
Cuhuin (B)

ApkocTb (Y)

Pucynok 8. I'paduku 1iBeroBoro criektpa ()OTO B JTHEBHOM CBETE

K1 - mepBblii KpuTepHii, pacCUMUTHIBaETCS KaK MaKCHMalbHOE 3HAa4YEeHHE
pacxoxaeHust 1BeToB. O0paboTKa MPOUCXOIUT KAXKOTO MUKCENS MOCTPOYHO:

A=max(R,G,B)—min(R,G,B);K1=A/A,,, (10)

K2 - Bropo#i kpuTepuii, onpenensomuil y4acTKi MaKCUMaJIbHOTO y1aleHus
Jpyr oT apyra 3HaueHuii 1BetoB R, G, B. Bwruncnsercst abcomoTHOe 3HaUCHHE
pasuoctu 11BeToB (R-G) u (R-B). Jlasiee BBIUUCIISAIOT OTHOIIEHHE!

P min(abs(R - G), abs(R — B))

max (abs(R — G), abs(R - B)) . (11)

Kpurepuii K2 paccuntbiaercs kak K2 =1—2-abs(1—0,5) (12)

Kpurepuit K2 nyqie ucnons3osars coBmectHo ¢ K1, T.e. nomyuurs KK1,
KaK KOMIUICKCHBIA KpUTEPHi B BUJIE KOHBIOHKLIMH 13 TEOPHH HEUETKHX
MHOKeCTB: KK1=+K1-K2. (13)

Kak moxka3piBaeT mpakTHKa, KoMIuiekcHoro kpurepust KKI1 Bmomme
JIOCTATOYHO JUIs paboTHI ¢ GoTOrpadusIMH B THEBHOM CBETE.

Hnst pororpaduit ¢ HedTeHACHIIIEHHBIMU YYaCTKaMH XapakTepHO, YTO JBa
U3 TpeX IBETOB HAYT IPAKTUYECKH BMECTE C OOJBIINM PACXOXKAECHHEM OT
tpetbero. Ilo kpurepuro K®1, ananornunoro K1, ompenensercs mMakcumaibHOE
pacxoxIeHHe U3 TpeX 3HaYEeHUIl [[BETOB.

KomruiekcHast  omneHka  HE(TCHACHINIEHHBIX  yYaCTKOB  BBIUHCIACTCS
repeceyeHneM 3HaueHHH KO (UIIMEHTOB MEeCYaHUCTOCTH, He()TEHACHIIIEHHOCTH
B JIHEBHOM CBETE M yJbTpadHoiiere:

KK =3NTG - KK1- K®1. (14)

Junamazon n3menenuns nokaszarens KK ot 0 go 1.
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Omepanyst 00bEAWHEHWS HEYETKMX MHOXKECTB  HCIIOJIB3YeTCS  IIpU
KOMIUIEKCHOM OLIEHKE CTENEeHW I[ECYaHUCTOCTH, YTO TIO3BOJSIET YYECThb B
pesyibTate M OONBIIME 3HAYEHHWs IO SPKOCTH, W OOJIBIIME 3HAYCHUS IO
He(TEHACHIILICHHOCTH:

KK=NTGVKK1v K®1. (15)

B wurore, mony4eHHbIe 3HAUYECHHUS TPAaHC(HOPMHUPYIOTCS B KPUBHIEC TOJIEBOTO
CoJIep>KaHMsl TECYAHUKOB U TIIMHUCTBIX BKIIOUEHUH.

Ha pucynke 9 mnpuBefeH METON ONpPECICHHsS KOMIUICKCHOW OIICHKH
CTCTICHH TIECYaHUCTOCTH U  HE(PTCHACHIIICHHBIX YYacTKOB Ha  OCHOBE
pa3paboTaHHBIX KPUTCPUCB.

NTG — KomnnekcHasi oLieHka KH — KomnnekcHasi oLieHka
nec4aHUcTocTU HeTeHachILLeHHOCTN
KK = NTGv KK1v K@l KK ={NTG-KK1- KL
NIG T]{I(l Kol
KoMnneKCHbIN KpUTEPUIA pacXoXaeHust
LiBETOB B AHEBHOM CBETe
KK1=+KI-K2
TKI T K2
Kputepun Kputepwit Kputepuit Kputepuii
no sipKkoCcTn MakcumaribHoro MakCcUmMarnbHoro MakcumMmanbHOro
obLero napHoro obLiero
pacxoxaeHus pacxoxaeHus pacxoxaeHus
CreKTpa LiBeToB B usetos R,G,B crnekTpa LiBeToB B
[HEBHOM cBeTe Yo
NIG=1-4,,
p 3 men Kl=A/A,, k2= 1’(2 1abs(2-0.5) ; KO1=A/A,,
O T v— - _ min(abs(R~G),abs(R~B)
2. mest.+ Y ceem. A=max(R,G, B)-min(R,G, B) A= i) A= max(R.G, B)-min(R,G. B)

Pucynok 9. Metox onpeaeneHus CTENIEHH IECYaHUCTOCTH, HE(TEHACHIIIIEHHOCTH

PaccmarpuBarotcst pa3paOoTaHHBIE METOABI PACHO3HABAHWS TPEIIMH JUIS
ABTOMATH3AIMU CHATHSA OSKCIEPUMEHTAIBHBIX TI'€OMETPHUYECKUX XapaKTEPHCTHK,
OTIpEJeNICHNUs] TPELIMHOBATON MOPUCTOCTH U NPOHUIAEMOCTH 10 MHKPOCHUMKaM
nerporpapuIecKux nuTQoB ¥ TOMOrpaMMaM KepHa.

ITyrem MaTeMaTH4YeCKOTO MOJETHPOBAHHS CO3JaH METOJ ONpeAeTICHUs
TeOMETPUYECKO UIMHBI TPEIIMHBI C HCIOJNB30BAaHHEM CKEJIETH3alluu  ee
n300pakeHus], T.€. BCE JIMHUU UMEIOT TOJIIMHY B OAWH NHKcenb. Heobxoanmo Ha
N300paKCHUHM ONpPENeNUTh KOOPIAWHATHI KpalHHX To4ek X,y (macmTad B 1
MHKCENb) ISl CKEeNETU3UPOBaHHON KprBoit Tpetnnsl B, C (pucyHok 10).

Pucynok 10.13Mepenne 3HaueHus! NPOTSXKEHHOCTH TPEILIMHBI
Berunciaum Benuuuny d mo dpopmyie:
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‘(yB yc)x +(X _XB)yA+(XByC CyB)‘

16
\/(YB yc) "'(XC_XB)2 ( )
3anazu/1M 8 KakK OTHOCI/ITGHLHyIO HOFpeHIHOCTB JUIA JJIMHBI TpeH_[I/IHBI.
|BA|+|AC| - \Bc\ (17)
IBA|+|AC| <

IIpu pesymnbraTe, MeHbIIEM O, 3a paccTosiHue Oepercs orpe3ok BC, mHaue
ynaneHHas Touka A OepeTcst 32 HOBYIO TOUKY M PaccMaTpHUBaIOTCsA OTpe3ku BA u
AC. OTpe3ku pa3OMBArOTCSI 10 BBITIOJIHEHUST OTPaHUYCHUH TI0 TIOTPEITHOCTH.

PaccmarpuBaetcs onpeeneHre 3HAYCHUS CPEIHEH MUPHHEI (PaCKPBITOCTH)
tpeuwH. [Tnomane tpemumusl onpenensercs S = N*Sy,. Kak KOTHMYECTBO TEMHBIX
nukcened N Ha IUIOWAAb OAHOTO MHKCENS Spme. CpenHsis MMPUHA TPELIUHBI
BBIYKCIIAETCS OTHOMICHHEM S IJIOMAMH TPEIMHbI Ha JuiuHy Tperunsr 11 S/l
VHTEHCHUBHOCTh BBIYHCISETCS OTHOIICEHHEM CYMMBI IUIONIAJIEH BCEX TPEIIMH Ha
IJI0MIAIb IITUdA.

C npumenenuem weroauku BHUWUIPM MOXHO BBIYMCIUTH 3HAa4YEHUE
TPEIMHHON MOPUCTOCTU U MPOHUIIAEMOCTH TOPOI.

|
[oBepxHOCTHAS TIIOTHOCTH TpemuH (1/M): P = Z (18)
rae Y1 - obmiast [yHa TpemyH (M), S — IIomaib (MZ)
Kosddunuent tpemmunoii nopucroctu (%): K, . = A% (19)
bl
Kosduuuent TpermuHoi nponunaeMocty (M2): Kup.mp = A? (20)

rae b — cpemHsst pacKphITOCTh TPenH (MKM), | — cyMMapHast [inHa TperyuH
Ha CHUMKe (mutuda, ormeyatka u mp.), A — ko3ddummenT passbii 1,71x106 (o
meronuke BHUI'PH), koTopselid 3aBUCUT OT TEOMETPUU CHCTEM TPEIIMH B MOPOJIE
1 COOTBETCTBYET XaOTHYECKH PACTION0KEHHBIM B TIOPO/IE TPEIIHAM.

[IpoBeneHs! 4YHCIIEHHBIE SKCHEPHUMEHTH M3MEPECHUS TEOMETPHH TPEIINH
PYYHBIM C TIOMOINBIO MHKPOCKOIIA M aBTOMAaTU3UPOBAHHOM BapHaHTAaX II0
CHUMKaxX NUTH(GoB. OTHOCUTENBEHOE PAaCX0XKICHHE COCTaBIIO MeHee 3%0.

D¢ hexTHBHOCTE aBTOMaTH3UPOBAaHHOW 0OpabOTKM MaHHBIX 3aKIIOYAeTCS B
OBICTPOH CKOPOCTH pacuera I0 CPaBHEHUIO C PYYHBIM CHOCOOOM C ITOMOLIBIO
MHKpPOCKOIIA.

Peanu3zanus 4MCIEHHBIX MeTOAOB B KOMILIeKce MNpPOrpaMMm s
NPOBeJAeHNs BHIYHCIUTENbHBIX IKCIEPUMEHTOB.

CrpoexTupoBaH U co3faH «KoMIuleke crenuanbHOro MaTeMaTH4ecKoro U
MIPOTPaMMHOTO 00ECIIEYCHHUS IS OI[CHKH 3aITacOB YTIIEBOJOPOAOB U ITOJICYETHBIX
1apaMeTpoB B YCJIOBHSX HEONPEAEIEHHOCTH», B KOTOPOM aBTOMATU3UPOBAHBI
pa3paboTaHHBIC HAyYHBIE METOBI U aJITOPUTMBEI.

Kommnekc mporpaMmm OBM co3nan Uil pelieHnst 0IHOTO Kiiacca 3ajad Imo
(yHKIMOHATY U IpeTHa3HAYCH IS TPOBEICHHS YUCIICHHBIX KCIICPUMEHTOB.
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Co3aHHbIe KOMIIBIOTEPHBIE IPOTPAMMBI SBISAIOTCS KOMILUIEKCOM MIPOTPaMM,
T.K. OHM NpEIHA3HAUCHBl JUIl DEIICHHUS NPAKTUYECKHX 3ajad, CBA3AaHHBIX C
MOBBILIEHUEM TOYHOCTU TPHU OLEHKE 3alacoB YIIEBOAOPOJOB, IOBBIIICHHEM
JIOCTOBEPHOCTH ONPEJENICHUs] MOJCYETHBIX METPOPHU3NYECKUX IapaMeTpoOB IPH
HEIOCTATKE WM OTCYTCTBHM JaHHBIX. OpPHTHMHAIBHOCTH COCTOMUT B TOM, UTO B
OCHOBE KOMIUIEKCA IIPOTPaMM pEeallM30BaHbl pa3paboTaHHbIC BEPOSTHOCTHBIE H
HEYeTKHe METOJbl W METOIbl pacno3HaBaHus oOpazoB. Ha pucynke 11
MIPE/ICTaBIEHA CXeMa PEaTN30BAaHHBIX METOJOB B KOMIUIEKCE IIPOTPAMM.

= Quc@r\, =F- hr|.3¢ ko ky-0-p
AT Qras = F + Ry Ko e (Pray * @z = Pron * Grcon) * T

— Qkou/(ekca'r =Qras"q P«

BepoATHOCTHBIN MeTog, Heuerxwii merop
Meros MonTe-Kapo (Mousiii)
Natuckuii rnepky6
Marpunbiii (TueTorpammubii)

Marpuunsii (Konaercauma)
Umutaumonnbii (O6paTHbIi)

po6nems onpegenernn napamerpon
"“"“’: '”:‘::"‘“"“V"‘ 3aTPYAHUTENbHbIE  YCNOBMA:  TOHKOCNOMCTBIE  KOMNEKTOPSI,
A W h k,,,k" h TPEWMHOBATOCTb NN1ACTa, HU3KAA TOMHOCTH TUC, He YeTKan rpaHMua
L TH sb.rommuna
) - KOANIEKTOp-HEKON/IeKTOP)
N [ / k"“l'"rmmv HeaoCTaToK AaHHBIX, HO HaNUYMe aNbTePHATUBHBIX MCTOMHUKOB
X
PH-flata LA o kll-lﬂr"llt'”"”mv Pa3paboTamHbl HOBbIE METOAbI ONpeieileHUA NapameTpos
AIII'UDM'M KOMNNEKCHOW DIA!HKH cTeneHn NecYaHWUCToCTH u TRetuMl u
no v & KepHa TPEWMH no "
TOMorpammam
bl
kaeg = NTGV Kp V Ky E knoprp =5
VNTG -Kp - Kur poZl NS
N l
KernColor KernFracture  KernTomograf

Pucynok 11. Cxema peanr30BaHHBIX METOAOB B KOMILIEKCE IPOTrpaMM

C momomIpio0 KOMILIEKCa MPOrpaMM PEIaroTCs MPaKTUYECKHE 3a1aur:

. aBTOMaTH3allMsl pacyeTa 3armacoB YIJIEBOJAOPOAOB IO HETOYHBIM
T'e0JIOTO-IIPOMBICIIOBBIM JIaHHBIM C TIPUMEHEHHEM BEPOSITHOCTHOH M HEYETKOH
MOJIeTH MoJIcueTa 3amacoB ¢ momoinsko «I10 Zapasy;

® MOBBIIICHUC JOCTOBEPHOCTHU ONPCACICHUA IIOACYCTHBIX
NMeTpoPU3NIECKUX IapaMeTPOB IIPH HEJAOCTATKE M OTCYTCTBHM JAAHHBIX, IPH
3aTPYJHUTENIBHBIX  YCJIOBUSIX  (TOHKOCIOMCTBIE  KOJUICKTOpPBI, — HEHIOCTaTOK
paspematomeit cmocobHoctd ['MC, OTCyTCTBHE YETKOHl TpaHHIbl KOJIJIEKTOP-
HEKOJJIEKTOp), T.K. co3naHHas mporpamma «KernColor» mo3BossieTr mpoBOANTH
OpPUTHHATIBHYIO 00pa0O0TKY JTa00PATOPHBIX MCCIICAOBAHUI KepHa,

. pacrio3HaBaHHE TPEUMH M TONyYeHHe (PAKTUIECKUX JaHHBIX O
TPEIIMHOBATOCTH IIIACTA 110 CHUMKaM nutndos B mporpamme «KernFracturey;
. peanMzanys eJMHON TOYKH JocTyna K nHpopmanuu - [10 «PH-/atax.

Kommnekc mporpamMm mpegHa3Ha4eH JUIS IOBBIIICHHS JIOCTOBEPHOCTH
OLICHKH 3a1acoB yTJIEBOAOPOIOB.
Ha pucynke 12 npencrasneHa cxema KOMIUIEKCA IPOrpaMM.
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Zapas

T

i Kern ; Kern I g  Kern
i Color Fracture —= | Tomograf
Q PH-flata
1 1 1 1 1 1
Cericmuka iﬁzﬁ:‘;ﬁ; ﬁ'g:;hl leonorns Banacb! Kaptb!

Pucynok 12. Cxema pa3paboTaHHOr0 KOMILIEKCa IPOrpamMm

OCHOBHBIE PE3YJIBTATBI PABOTBI U BBIBO/IbI

PesynpTaTel nuccepTalMOHHOW pabOTBl MPEACTABISIOT COOOH pa3BUTHE
BBIUMCIIUTENBHBIX TEXHOJOTUH 00paOOTKM WH(POpPMAIMK TpPU OIICHKE 3armacoB
YTJIEBOIOPOJIOB B YCIIOBHAX HEONPEAECTEHHOCTH.

1. TIpoBeneH aHamu3, TECTHPOBAHHE M CPaBHEHHE IO TOYHOCTH PacyeTOB
JIETePMUHUPOBAHHBIX, BEPOSTHOCTHBIX M HEYETKUX METOJOB JUIA 337ad MPUHATHS
peleHnil Ipu TOACYETE 3alacoB M OMNPENENEHHH IOJCYETHBIX IapaMeTpoB B
YCIOBUSX Ppa3IMYHBIX BHUJOB HEONPEJCIEHHOCTE M PUCKOB Ml Ta30BBIX,
Ta30KOH/ICHCATHBIX M HE(PTIHBIX MECTOPOXKICHHH.

2. IlyreM MareMaTH4eCKOTO MOJCIMPOBAHUA BBIIOJHEHO pa3BUTHE
BBIUUCIUTENBHBIX TEXHOIOTUII MPU OLIEHKE 3alacoB YIIEBOAOPOJOB B yCIOBHUSIX
HEOIIPEACTICHHOCTH

e [IpoBeneHo TecTHpOBaHUE U peasn3anist 3P HEKTHBHBIX METOIOB:

— WCIONB30BAaHME MATPUYHBIX OIEpauii ¥ BBIOOPOK IO METOIY
JATUHCKOTO THUIepKy0a TpH BEpOSTHOCTHON OIICHKE 3aIlacoB
YIJIE€BOJOPOJAOB ANl YCKOPEHHS CXOAMMOCTH pEe3ylbTaTOB U
COKpAILIEHHs] BPEMEHU BBIYHCIICHUH.

e Paspa0oTaHBbI 1Ba YHCJICHHBIX METOA!

— HaxoXAeHHe (YHKIMH TNPHHAAICKHOCTH IIPU pacueTe 3amacoB C
INPUMEHEHHEM MPSIMOr0 METOJa pacyeTa pe3ynbTaTOB HEYETKHX
omepanuil c 3JIEeMEHTaMH METOJa KOHJCHCAI[MH BEPOSTHOCTHBIX
pacnpe/ieleHHH;

— HaxoXAeHWe (QYHKIUHM NPHHAUICKHOCTH TIPH pacyeTe 3aracoB C
HEYeTKHUMHU IapaMeTpaMH C UCIOJIb30BAHUEM OOPATHOTO BBIUMCICHUS
MyTEeM HEUETKOT0 MMUTALMOHHOTO MOJICINPOBAHUSI.

3. PazpaboTaHpl JBa OpPUIMHAIBHBIX YHCICHHBIX METOAA pacliO3HaBAHHS
neTpodu3nIecKuX CBOMCTB 10 (oTorpadusiM ¥ TOMOrpaMMaM KepHa ISl OLIEHKH
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MOJCUETHBIX MapaMeTpoB TpH 3aTPYAHEHHBIX YCIOBUSAX (TOHKOCIOHCTBIE
KOJIICKTOPBI, HEAOCTATOK pa3pemaromieit ciocoonoctu ['UC):

® KOMIUIGKCHasl OIIEHKAa IE€CYaHUCTOCTH M HE(PTEHACBHIIIEHHOCTH 10
¢doTorpadusiM KepHa IpH JTHEBHOM U YJIbTPa(uoIETOBOM.

® paclo3HaBaHHE TPEIIMH AT CHATHS SKCIHEPHUMEHTAJIBHBIX JAHHBIX II0
CHHUMKaM I1eTporpaduueckux mumdos.

4. Pazpaboran «Komrmiekc nporpaMM AJsl OLIEHKU 3al1acoB YTJIEBOJOPOAOB
U TOJCYETHBIX IIapaMeTPOB B YCIOBHSAX HEOINPEICICHHOCTH», B KOTOPOM
peann30BaHbl  UHCJICHHBIC  METOABI, MpPEIHA3HAUYCHHBIC JUIi  KOMITAaHMH,
3aHUMAIONINXCS Pa3pabOTKOW MECTOPOXKAEHHH MOJIE3HBIX HCKOMAEMbIX ISt
MOBBIMNICHUST TOYHOCTH TIPH OIIGHKE 3alacoB yTJIEBOJOPOAOB, MOBBIIICHUS
JOCTOBEPHOCTH  ONPEJENCHUs] MOACYETHBIX MNETPOPU3NUECKUX MapaMETPOB.
Kommnexkc nporpamMm U OTAENbHbIE MOAYJIM BHEAPCHbI U HUCIOJIB3YIOTCS B
OOO «TromeHcknit He(PTIHOW HAyYHBIH LEHTP» M He(PTEera3zoZoOBIBAIONIINX
npennpuatusx [TAO «HK«PocaedThb».

Ha pHCyHKe 13 NpeJIcTaBlIeHa
MIPOaHATM3NPOBAHHBIX YUCICHHBIX METO/IOB.

OueHka 3anacoB yrneBoAopoAoB Ha OCHOBE
YUCNEeHHOro MoA4enupoBaHUA B yCNOBUAX
HeonpegeneHHocTn

cxema pa3paboTaHHBIX,

MerToabl nonyyeHns NoACUETHBIX NapaMeTpoB ‘

H

| OBbeMHbI METOA OLIEHKU 3anacos

!

l

!

!

[ cywecrsytouue meToas, peluatlume aHanoruuHsie sanaun

MeToAbI, NpoTec

n

nporpamm

BeposTHOCTHbIE | Heuerwe merons: MeTonbl pacnosHasaHus Mertonb! pacnosHasaHus
—i MeToab! Al CBOWCTB obpasos
= Mertop oueHku Merton pacnosHaBaHus
MaTpuyHbIi MeTo,
> Metoa MoHTe-Kapno > an AMoit) g | s| necuanuctocTnno nyTeM UCTOHYEHWS Unn
2 otorpacdusm cekneTusauum TpeLmH
it MatpuiHeiii
N Mertog JlatuHckuin p L) MeTop oueHku AnropuT™ geTektopa
runepky6 > metoa HedTeHaChILLEHHOCTH T T
(KoHaeHcauus) no chotorpacousm B A
MartpuyHbIin MeTog no AUCKPETHLIM MerTog BbigeneHus
MeTon onpegenexus
> meTon ] I-ypOBHAM 5| TonwwmH (MO Techlog re‘;‘;laa::fecmx
(TucTorpamMmHbIit) (oBpaTHoe BbluMCTIEHNE) LLintomGepke) XapaKTEPUCTVK TPELMH
MeToabl MapKoBCkux DTN Mj:ﬁf;zﬁiﬂ:im
> —
Lieneit MoTe-Kapro — e npocrnoes BeposiTHOCTHbIE MeToAb!
(o6paTHOE BbIYMCTIEHME) acnosHaBaHns
(CyprytTHUMNHedTL) 3

3 pasw
Pucynok 13. Mecto pa3paboTaHHBIX METO/I0OB, BXO/ISIIUX B KOMIUIECKC MPOrPaMM,
CpeM METO/IOB, PEIIAIIINX aHAJIOTMYHbIE 3aa4n

meToAb! U B nporpamm
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