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B ycrnoBusix COBpeMEHHOTO pa3BUTHS aBUAIMOHHOW OTpaciu OOECICUCHHE
0€30MacHOCTH MOJETOB CTAHOBUTCS OJIHUM M3 KIIFOYEBBIX MPUOPUTETOB Kak JJIst
MEXIYHAPOJHOTO aBUALIMOHHOTO COOOIIECTBA, TaK W [UJIsl HAalMOHAJIbHBIX
rocynapctB. [7moOalbHBIA POCT BO3AYIIHOTO JABUXKEHHS, BHEIPEHHE HOBBIX
TEXHOJIOTUIA U pacuIMpeHre (PyHKIMOHAIA a3POHABUTAIIMOHHBIX CHUCTEM TPeOyIOT
COBEPILIEHCTBOBAHMSI CYIIECTBYIOUIUX METOJIOB OIICHKH W YIPABJICHUS PUCKAMHU.
TpaaumoHHbIE BEpPOSTHOCTHBIE MOJIEIM, OCHOBAaHHbICE HAa HAKOIUICHHOU
CTaTUCTUKE OTKa30B U (OPMAJbHBIX IMpOIEIypax, 3a4acTyl0 HE CIOCOOHBI
aJICKBaTHO OTPaXXaTh BJIMSHUE PEIKUX, HO MOTCHIMAIBHO KaTaCTPOPUIHBIX
COOBITU.

Oco0yr0 CII0KHOCTh TPEACTABIIACT MHTETrpaIusi KaueCTBEHHBIX (PAKTOpPOB,
TaKuX Kak 4YeJoBeYeCKHl (akTop, OpraHu3alMOHHbIE OCOOCHHOCTH U
JVHAMUYECKHE  U3MEHEHHUSI B  CTPYKTYpE€  BO3AYLIHOTO  MPOCTPAHCTBA.
MexyHapoIHble HOpPMATUBHbBIE JOKYMEHTHI YCTAHABIUBAIOT €AUHBIE IPUHIIUIIBI U
CTAHJAPThI JIJII CUCTEM YIPABJICHUS OE30MAaCHOCTHIO, OJIHAKO MX MPUMEHEHUE B
OTEUYECTBEHHOW MPAKTUKE OCJIOKHSIETCS HEIOCTATKOM SMIIMPUYECKUX JAHHBIX IO
PEIKUM COOBITHSIM U CJIOKHOCTBIO yUeTa «MSTKUX) MapaMeTPOB.

CoBpeMeHHbIE HCCJEIOBaHMS B 00JIACTU YIpaBJICHUS 0€30MaCHOCTHIO
MOJIETOB BCE Yalle 00paiiaroTcs K HHTETpalii METO0B HEYETKOTO MOICTUPOBAHUS
M MallUHHOTO  OOy4YeHHs, TMO3BOJIIOUIUX  OOBEIUHUTH  OOBEKTUBHBIC
KOJIMYECTBEHHBIC TOKAa3aTeI C OHKCIEPTHBIMU OIICHKAMU U CYOBEKTHBHBIMU
nepeMeHHbIMU. Takoi THUOpPUAHBIA MOAXOJ CHOCOOCTBYET (HOPMHUPOBAHUIO
aJanTUBHBIX MOJIEJIEM OIEHKH PUCKA, CIOCOOHBIX OINEpPaTUBHO pearupoBaTh Ha
W3MEHEHHUSI B YCJIOBHSIX DJKCIUIyaTalldd, YTO OCOOCHHO Ba)XHO JUISI POCCHICKOM
aBUAIIMOHHOW OTpaciu, XapakTepu3ylIIehHcss JUHAMUYHBIM pa3BUTHEM U
OBICTPHIMH TEXHOJIOTHUYECKIMHU N3MECHECHHSIMHU.

Takum  00pa3oM,  aAKTyaJbHOCTHL  HCCJIEAOBAHUSI  OOYCIOBJICHA
HEO0OXOIMMOCThIO Pa3paO0OTKX MHHOBAIIMOHHOM METOJI0JIOTUM, KOTOpasi TO3BOJIUT
MOBBICUTh TOYHOCTh U 3(P(HEKTHBHOCTH OIEHKH PUCKOB B CHUCTEMax YIPaBJICHUS

0e30MacHOCThI0  TOJIETOB ~ TOCPEACTBOM  HHTErpallMd  TPAJUIIMOHHBIX



CTaTUCTUYECKUX METOJ0B, HEYETKOTO MOJEIUPOBAHMS U AITOPUTMOB MAaIIMHHOTO
oOy4eHus.

O0beKTOM HCCiIe0BAHUS SIBIISIETCS CUCTEMA yMpaBJIeHUs] 0€30MMaCHOCTHIO
clokHOU a’poHaBuraimoHHoil cuctembl (CAC), BkIOvaromas TEXHUYECKUE,
OpraHU3allMOHHBIE M YEJIOBEYECKHE KOMIIOHEHTBI, C YYETOM CHEIUPUKH
GYHKIMOHUPOBAHUS MIPU PEIIKMX aBUAIMOHHBIX COObITHAX. CHCTeMa OXBaThIBAET
KAaK IMpOLIECCHl MOHUTOPHHIAa TEXHUYECKOIO COCTOSIHUS BO3AYLIHBIX CYAOB M
o0oOpyZ0BaHUsl, TaK U MPOIEAYPHl aHAIM3a M YNPABICHUS SKCIUTyaTallMOHHBIMU
pUCKaMH, BO3HUKAIOIIMMHM Ha »JTanax IUIAHWPOBAHUS, BBINOJHEHHS M IOCT-
AKCILTYyaTAllMOHHOMN JEeSTENbHOCTH.

Oco0oe BHMMaHHME B HCCJIEIOBAHUU YJENSIETCAd acleKTaM HWHTEerpaluu
JAHHBIX M3 PAa3JIMYHBIX HCTOYHUKOB: TEXHUYECKUX I[IOKA3aTeNe, CTaTUCTUKU
MPOUCIIECTBUA M HHIIMJICHTOB, @ TAaKXE€ DKCIEPTHBIX OIICHOK, MOJYYEHHBIX B
pe3ysibTaTeé OINpOCOB M TPEHAXKEPHBIX ceccuil. TakuM 00pa3oM, OOBEKT
VCCJIEIOBAHMSI OXBATHIBAET BCE AIIEMEHTHI a3POHABUTALIMOHHBIX CUCTEM, BIUSIOLINE
Ha YPOBEHb 0€30IaCHOCTH MOJIETOB.

IIpeaMeTrom uccjiel0BaHMs SBISIIOTCS METOJBI M1 MOJEIIA OLIEHKH PUCKOB B
a’pOHABUTALMOHHBIX CHCTEMAaX HAa OCHOBE HEYETKOW JIOTMKH, HCKIIFOYAIOIINE
OPUMEHEHHE BEPOSTHOCTHBIX IOKa3aTreneil u mo3Bojstone 3(P(GEeKTUBHO
YUHUTHIBATh KAu€CTBEHHbIE (DAKTOPHI M HEOMPEAETIEHHOCTH B YCIOBHUSIX Majou
CTaTUCTUKU PEAKUX COOBITHIA.

B pamkax npeamera nccieaoBaHUs paCCMaTPUBAIOTCS CIEAYIOLINE BOIPOCHI:

1. Ouenka 3¢ (HEeKTUBHOCTH KJIACCUYECKUX METOJI0B (METO/1 aHAJIM3Aa «JIepeBa

otkazoB» (AJ1O), meTon aHanu3a BUIOB U mociencTBuii otkazos (ABIIO)
U cpeaHIo HapaOoTKy 10 oTkaza (CHO)) npu aHamm3e peIkux COOBITHH.
2. IlpuMeHeHre HEUETKOW JIOTUKH JJIA y4eTa KaueCTBEHHBIX (aKTOPOB U
AKCIIEPTHBIX OLEHOK, IMO3BOJIAIOIIEE MOJIETUPOBATh HEONPEAEIEHHOCTD B

YCIIOBUAX MAJIOW CTAaTUCTHUKH.



3. PazpaboTtka W BHEApPEHHWE METOJOB MAIIUHHOTO OOYy4YeHUs MJis
aBTOMATH3AIMK aHalM3a OOJBIINX OOBEMOB JAaHHBIX U TUHAMUYECKOTO
OOHOBJICHUS OIICHOK PUCKA.

4. VnHTerpauus pa3auyHbIX IMOAXOJOB B EAMHYIO THOPHIHYIO MOJEIb,
CIOCOOHYI0 O0ecrneynBaTh KOMIUIEKCHYIO OLIEHKY pPHCKa B pealbHBIX
YCIIOBUSIX DKCIUTyaTallUM a3POHABUTAIIMOHHBIX CHUCTEM.

Heabio ucciaenoBaHusi sBIsETCS pa3pabOTKa WHTErPUPOBAHHOM, PHUCK-
OpPUEHTHUPOBAHHOU MOJIETU OIIEHKU 0€30MaCHOCTH MOJIETOB B CUCTEMAaX YIPABJICHHUS
aBUAIIMOHHOM  0€30MacHOCTBIO,  KOTOpas  OOBEAMHSET  TPaJAULMOHHBIC
CTaTUCTUYECKUE METOMbI, METOJIbl HEYETKOT0 MOJEIUPOBAHUS M AJITOPUTMBI
MalIMHHOTO  OOy4eHMs [ MOBBIIEHUS TOYHOCTH, AJalTUBHOCTH U
BOCITPOU3BOJAMMOCTHU OLIEHOK PHCKA.

OcHoOBHasl LieJIb HANIpaBJI€HA Ha CO3/1aHUE MOJIEIH, CITIOCOOHOM:

1. YuecTps auHaMuUYeCcKHE M3MEHEHHs] B SKCIUTyaTallMOHHBIX YCIIOBUSX U

OBICTPO pearupoBaTh Ha U3MEHEHUE XAPAKTEPUCTUK CHCTEMBI.

2. UaTerpupoBaTh  pa3HOPOJHBIE  JaHHbIC, BKJIIOYash  TEXHUYECKHE
MOKa3aTelld, CTATUCTUKY OTKA30B U AKCIIEPTHBIE OLEHKH.

3. ObGecnieunTh HAIEKHYIO OLIEHKY pHUCKA B YCJIOBHUSIX OTPaHUYEHHOCTH
CTaTUCTUYECKUX JAHHBIX, XapaKTEPHBIX IS PEIKHX, HO KPUTHYECKHU
OTIACHBIX COOBITHH.

4. TlpenocTaBuTh  MHCTPYMEHTApUN Al OMNEPATUBHOIO  MPUHATHUS
YIPABJICHUYECKUX PEIICHUI B 1EJISIX MOBBIILIEHHS 0€30M1aCHOCTH MOJIETOB.

JIms mocTKeHUsI TOCTABJICHHOM IICIM B XOJIC MCCICIOBAHUS HEOOXOIUMO
PELINTH CJAeAYIOIIHeE 3a1a4N:

1. IlpoBecTu CHUCTEMHBIM aHAJIN3 CYIIECTBYIOIIEH HOPMATHBHO-IPABOBOI

0a3bl 1 MEXAYHAPOIHOIO ONBITA B 00JIACTH yIpaBieHHs 0€30MaCHOCTHIO
IIOJIETOB.
2. IlpoaHanu3upoBaTh U OLUEHUTH CYLIECTBYIOIIUE METOJIbI OLEHKH PHUCKa

(A10, ABIIO, CHO) ¢ Touku 3peHusi UX IPUMEHUMOCTH B COBPEMEHHBIX



YCIIOBUSIX, BKJIIOUAs aHAIM3 WX OTPAHUYEHUN MpU paboTe C PEAKUMH
COOBITHSIMH.

3. M3yunTh cOBpeMEHHBIC TOJXOJbI, OCHOBAaHHBIC HAa HEUYCTKOW JIOTHKE U
PUCK-OPUEHTHPOBAHHBIX MOJEIAX, a TakKe METOIbl MAIIUHHOTO
oOy4eHUs JIsl OLICHKH PUCKA.

4. Pa3paboTaTh KOHICNTYAIbHYIO MOJIEh, OOBECIUHSIONIYIO KIACCHUECKUE
BEPOSTHOCTHBIE METObI, HEUETKOE MOAeMpoBanue U MJI-moaxombr 1uis
KOMIUTIEKCHOMN OIIEHKH PHUCKA.

5. IlpoBectn  maremarmueckoe  oOocHOBaHWEe U (hopManIM3anUIo
pa3pabOTaHHON MOJIENH, BKIIIOUAsi ONUcCaHue (PyHKIMI PUHAIIIEKHOCTH,
JMHTBUCTUYCCKUX MTEPEMEHHBIX U CXEMbI HHTETPAIliH JTAHHBIX.

6. Peanm3oBaTh TPOrpaMMHYIO BEPCHIO MOJICTHM C HCIIOJIB30BAaHUEM
COBPEMEHHBIX HHCTPYMEHTOB M ainroputMoB MJI, Bkitouas riryOokue
HEHWPOHHBIE CETH U aHCAMOJIEBBIE METO/IBI.

7. TlpoBecTH MUIOTHOE TECTUPOBAHUE Pa3paOOTaHHON MOJIEIH Ha peaTbHBIX
JaHHBIX, TOJYYEHHBIX W3 aBHAIMOHHBIX HWCTOYHUKOB, W CpPaBHHUTH
pe3yAabTaThl C TPAAUIIMOHHBIMU METOIAMH OICHKH.

8. OueHutb >(PGEKTUBHOCT WHTETPUPOBAHHOM MOJIETTM dYepe3 aHaJu3
YYBCTBUTEJIIBHOCTH, BAJIMUJALMIO PE3YJIbTaTOB M COMOCTaBIEHUE C
OKCIIEPTHBIMH OIICHKaMHU.

9. OmpenenuTh TEPCIEKTHBBI DPA3BUTHS W JAJTbHEHUIINE HAIPaBICHUS
WCCJICIOBaHU B 00JIaCTH OIEHKHM PUCKAa B aBUAIIMOHHBIX CHUCTEMaxX Ha
OCHOBE THOPHUTHOTO TIOIX0/1a.

10. Pa3zpaborarh peKOMEHJANMHU 110 BHEAPCHUIO IOJYYEHHOHW MOJEIH B
CHUCTEMBI yIpaBJICHHS OE30MMaCHOCTHIO TOJETOB W OICHKE pPHCKa B
YCIIOBUSIX COBPEMEHHOTO BO3/yIIHOTO MTPOCTPAHCTBA.

HoBu3zHa mpoBeAEHHOTO WCCIIENOBAHUS 3aKJIIOYACTCSl B CICIYIOIIUX

aCTeKTax:

1. WccnenoBanue mpesjaraeT TUOPUIHYIO MOJENb OICGHKH PHCKA,

OGBCI[I/IHHIOH_IYIO TPAAUIUOHHBIC BCPOATHOCTHBIC MCTO/Abl, HCUCTKOC



MOJCIIUPOBAHUE M AJITOPUTMBI MAIIMHHOTO OOYYEHHs, YTO ITO3BOJISET
YUYUTHIBATh KaK KOJIMYECTBEHHbIC, TAaK M KaYE€CTBEHHBbIE MapaMeTphl B
€IMHON MOJIEIH.

[Ipennaraemas Mojzens aganTUpOBaHa JIA aHAIN3a PEIKUX COOBITHH,
CTaTUCTHKAa  KOTOPBIX  3a4acTyld  OrpaHHWYeHa, UYTO  SIBJISETCS
CYIIECTBEHHBIM IIIaroM BHEPEN IO CPaBHEHUIO C KIACCHYECKUMHU
MOJXOJaAMH.

B wuccnenoBaHuM UCIHONB3YIOTCS JUHTBUCTHYECKUE TIEPEMEHHBIC H
HEYETKHWE TpaBwia s (popManm3amud DKCIEPTHBIX OICHOK, YTO
MOBBIIIAET TOYHOCTh OLEHKA pHUCKA B  YCJIOBUAX  BBICOKOM
HEONPEAECIEHHOCTH.

Pazpabotka u ampoOainusi aJropuTMOB MAIMHHOTO OOy4YeHUS IS
JTUHAMHYECKOT0 aHajau3a OOoJIbIINX OOBEMOB JAaHHBIX WU aJalTHBHOTO
OOHOBJICHHS OIIEHOK pHCKa MPEACTABIISIOT COO0H 3HAYNTEILHOE HAYIHOE
HOBIILIECTBO.

HccnenoBanue 1ipeajaraeT HOBbIE MaTEMAaTHYECKUE BBIKIAJIKA U
dbopmyIibl, MO3BOJSIOMIME OOBEAUHUTH  PE3YJAbTAThl  PA3TUYHBIX
METOJIMYECKHUX MOJIX0J0B B €AUHYIO MHTETPAJIbHYIO OI[CHKY PUCKa.
HoBu3zHa MeTO070TUM TMOJATBEPKAAETCS MHJIOTHBIM TECTUPOBAHUEM
MOJIEJTU Ha JIAaHHBIX PEAJIbHBIX aBUAKOMITAHUM, YTO MO3BOJISIET OLICHUTH €&
MPaKTHYECKYI0 TPUMEHHUMOCTh M A((PEKTHBHOCTH B  YCIOBUSX
JTUHAMUYHOU SKCIUTyaTalliy BO3AYIIHOTO MPOCTPAHCTBA.

B wuccnemoBaHuM TpedsioKEHBI HOBBIE METOABI Jiedaz3udukanuu,
MO3BOJIAIONTME IPEOOpPa30BbIBATh HEUYETKUM BBIBOJ B KOHKPETHBIC
YHUCJIOBBIE TTOKA3aTENM, MPUTOAHBIC JIS YIIPABICHUECKOTO aHaJn3a.
['ubpugnas momens He TpeOyeT OOMBIIMX OOBEMOB SMIMPUUECKUX
JAHHBIX, YTO OCOOCHHO aKTyaJIbHO I PEIKUX COOBITHUH, W TO3BOJISET

CymeCTBECHHO CHU3UTL CTCIICHD HCOHpe,HeJ'IéHHOCTI/I B OLICHKAX pHUCKa.



9. IlpenyokeHHass METOMOJOTHS OOBEAUHSET JAaHHBIE W3 TEXHHUYECKUX
CUCTEM, CTAaTUCTUKH OTKA30B U OKCIEPTHHIX OIICHOK, oOecrednBas
BCECTOPOHHUI aHAJIN3 PUCKOB.

PesynbraThl mccnenoBaHUsT MOTYT OBITH HWCIOJIB30BaHBI ISl Pa3pabOTKH
0oJiee CIOXKHBIX U aJJaTUBHBIX MOJIeNIel OLICHKM pUCKa B aBUAIMOHHOW OTpaCIH,
CIIOCOOHBIX MHTErPUPOBATH JOMOJIHUTEIbHbBIE MCTOUYHUKHU JAHHBIX M YIy4lIaTh
Ka4eCTBO MPOTHO3UPOBAHMUSL.

PazpaboTtannas ruOpuHasi MO/eNIb OIEHKU PUCKA TMO3BOJISET ONEPATHUBHO
BBISIBJISITh MOTEHLUATbHBIE YTPO3bl OE30MAaCHOCTH MOJETOB, YTO CHOCOOCTBYET
CBOCBPEMEHHOMY MPUHATUIO YIIPABICHYECKUX PEIICHUN.

WNuTterpamuss HEYETKOTO MOJACIUPOBAHUS U METOJOB MAIIMHHOTO OOYYEHHS
o0OecreynBaeT BO3MOXHOCTh JIMHAMHYECKOTO OOHOBIJICHHSI OLEHOK pPHCKa, YTO
OCOOEHHO Ba)KHO JIJISi ONEPATUBHOTO pearupoBaHUs HA U3MEHEHHS B BO3IYIITHOM
IIPOCTPAHCTBE.

Pa3paboTka METOI0JIOTHH MOKET OBITh UCIIOJIB30BAHA OPraHAMM YIIPABIICHHUS
BO3JIYIIIHBIM JIBMOKCHUEM [IJIsl TIOBBIIICHUS YPOBHS 0€30MacHOCTH TMOJETOB U
ONTUMU3AIUHU MTPOIIECCOB OOCITYKUBAHUS BO3YIIHOTO IBUKEHUS.

PesynbraThl  umcciemoBaHus  CIOCOOCTBYIOT — (POPMUPOBAHUIO  HAYYHO
000OCHOBaHHBIX PEKOMEHJIAIUM JJII COBEPIIEHCTBOBAHUS HOPMATHUBHO-TPABOBOM
0a3bl B 00JIACTH YNPaBJICHUSI O€30MIaCHOCTHIO MOJIETOB.

ITpu pazpabotke MJI-Moaenu il OLIGHKH PUCKA aBUAIMOHHBIX OIepariui
pa3pabOTaHbl OCHOBHBIE KOMIIOHEHTBI: BXOJHOM, CKPBITHIM M BBIXOJHOW CIIOW U
(GyHKUHUS TOTEPb.

BxoaHoii cnoit comepxut Habop MPU3HAKOB, MOJIYYCHHBIX U3 TEXHUYECKUX
CUCTEM, CTATUCTUUECKUX 0a3 JaHHBIX U KCIEPTHHIX OLICHOK. [Ipr3Haky BKIIOYAIOT
YUCJIOBBIC TMIOKA3aTeNM ¥ KAauyeCTBEHHBIC IEPEMEHHBIE, MPeoOpa3oBaHHBIE B
YHUCJIOBBIC 3HAUCHUS C UCIIOIH30BaHUEM METO0B (pa33uduKaIum.

CKpbITBIE CIIOM COJiepKaT HECKOJIBKO CIIOEB HEWPOHHOW CETH, CIIOCOOHBIE
BBISIBJISITh CJIOJKHBIE B3aMMOCBSI3M MEXIY BXOJHBIMU MpU3HaKamu. B momenu

UCII0JIb30Baach CBEPTOYHASL apXUTEKTYpa.



BpIx0o1HOM C1T0M BBIAAET UTOMOBYIO OLIEHKY PUCKA — MHTETPAJIbHOE 3HAYEHHUE,
XapaKkTepUu3yroliee BepOSTHOCTh U MOTEHIUAIBHYIO CEPbE3HOCTh MPOUCIIECTBHUS.
Boixon npeacTaBisieT cob0i HeMpepbIBHOE 3HAYEHUE, KOTOPOE 3aTEM MOXKET ObITh
COTIOCTaBJIEHO C TIOPOTOBBIMH 3HAYCHUSMHU I KJIacCU(PUKAIMA pUCKA Kak
«HU3KOTO0», «CPEHET0» UIIA «BBICOKOTOY.

KitoueBbiM 351eMEHTOM OO0y4YeHHUs SIBIsieTCS (YHKIUS TMOTEPh, KOTOpas
MUHUMU3UPYETCS B MPOIIECCE ONTUMU3ALMU. /{151 OIEHKHM pHCKa UCMOJIb30BaIach
cpennekBagparuuHoe oTkiaoHeHue (CKO) u mepekpécTHas 3HTpOmNUs, TaK Kak
3aaua GOpMyITUPYETCs KaK KiacCu(DUKaIus.

Cxema npemioxenHort MJI-monenu:

Bxonnoi cnoii:

X ={x1,%X2, ., Xm}
A€ X; — BXOJIHbIC MPU3HAKHU, MOJYUYCHHBIE U3 JAHHBIX CHUCTEMbl YNpPaBJICHUS
0€30MacHOCTHIO.

CKpBITBIE CIIOU:
hD = f(W(l)X + b(l)), h®@ = f(W(Z)h(l) + b(Z)), ., h@
= f(W(L)h(L—l) + b(L)),
rae W® — ecosrie Matpunpr, b9 — cvemenns, f — dpynaxmus aktusamun (ReLU

Wi tanh, B 3aBUCHMOCTH OT CLICHApH).
BrixonHoii cioit:
R = g(WTHDR® 4 pa+D),
rae § — QyHKIUs aKTHBAIMU BBIXOJHOTO CJIOs (CUTMOMIHAs (DYHKITUS, TaK Kak
OIlIEHKa prcka HopMmaiu3oBaHa ot 0 jo 1).

OyHKIMSA TOTEPD:

N

1 2

L) = Nz(Rj -R)",
j=1

S

rae R; — umcTuHHOE 3HA4Y€HWE PHMCKa JUIA J-TO mpumepa, R, — mpeickasaHHOe

3HaueHue, 6 — mapameTpsl Mojsienu, a N — KonudecTBO 00yJaronux MpuMepoB.



I/ITOFOBOG HpGI[CKaBaHI/Ie paCC‘-II/ITI)IBaeTCH KaK B3BCIHICHHOC cpe):[Hee NN
P—1vyM pQ)
TOJIOCOBAHHUC IIO BCEM 6&30BBIM MOACIIAM R = szle , HWIH, B cnyqae

Kiaccuukanmy, MeToJoM OOJBIIMHCTBA T0JIOCOB. Takasi cxema MO3BOJISIET
CHU3HUTH BEPOSTHOCTH MEPEOOYUCHHUS U TIOBBICUTH YCTOMYMBOCTD MOJIEIH K IIIyMY.

Ocoboe MecTo B HMHTErPUPOBAHHOM MOJENM 3aHUMAIOT  METOJIbI,
MO3BOJIAIONIME 0OpabaThiBaTh HEYETKHME BXOAHBIC JaHHBIE. /[l  3Toro
MPUMEHSIOTCSI  allTOPUTMBI,  CIIOCOOHBIE  paboTaTh €  JIMHTBUCTHYECCKUMU
NEePEMEHHBIMU M HEUETKUMHU (YHKUUSIMH MPUHAUICKHOCTH. [IprMepoM cCiyx uT
QITOPUTM  AJANTHUBHOTO HEUPOHHO-(Pa33uUIIMPOBAHHOTO BBIBOJA, KOTOPBIN
O0OBEMHSAET MPUHIIUIBI HEUPOHHBIX CETEM U HEYETKOTO JIOTUYECKOTO BBIBOJIA.

. B pesynbrare dopmupyetcss HAOOp ONTUMUZUPOBAHHBIX MIPABUII, KOTOPHIT
MO>KHO TIPE/ICTaBUTh B BUJIE:

IF (x; € A;) AND (x, € A,) THENR = f(xq,x,),
rae A; u A,— HedeTKue MHOXKECTBA, onpeesieMble (QYHKIMSIMU MPUHAJJICKHOCTH,
a f — amantuBHas QyHKIMS, onpeesieMas BO BpeMsi 00YUICHHUS MO/ICIIH.

Jnst mocTtpoeHuss u - anpodanuu  pa3pabOTaHHOM HEYETKOM Mojaenu
WCITOJIB30BAIMCH CHCIIHATM3UPOBAHHBIC MPOTPAMMHBIC CPEICTBA, IO3BOJISIONINAC
BBITIOJIHATH CIICAYIOIINE (PYHKITUU:

1. ®az3udukaius BXOIHBIX JaHHBIX

2. MopaenupoBaHre HEYETKOTO BBIBOJIA.

3. AHanu3 4yBCTBUTEIHLHOCTH M ONITUMHU3AIUS TTaPAMETPOB.

[IporpammHOe oOeclieueHHE peaau3yeT ajJropuTMbl MpeoOpa3oBaHUS
KOJIMYECTBEHHBIX MapaMeTpoB (Hampumep, YUCIO KOH(MIUKTHBIX TOYEK, Tpauk,
TEXHUYECKHE MOKa3aTeIN) B HEUETKUE JIMHTBUCTUYECKUE TIEpeMeHHbBIe. J[1s1 3TOTO
WCITOJIB3YFOTCS CTaHIAPTHBIC MTAKETHI 00PaOOTKH JAHHBIX C BO3MOYKHOCTBIO 3aaHUS
GyHKIMA TPUHAJICKHOCTH (TPEYTrObHBIC, TPANCIIMEBUIHBIC, TAYCCOBCKHUE U JIP.).

Pe3ynbpTaThl TpeHaXEPHBIX CECCUH M OMPOCHI CIY’KAT UCTOYHUKOM JTaHHBIX
JUISL  OIEHKH YPOBHS YTOMIJISIEMOCTH, CTPECCOBBIX (AKTOPOB U KayecTBa
MEXCEKTOPHOTO B3aUMOJICUCTBUS, UYTO 3aT€M UCIIOJB3YeTCs] JUIsl HACTPOUKHU

HEYETKUX MPaBWI U (PYHKIMHA PUHAJICKHOCTH.



CrnenmanbHO pa3pabOTaHHBIC AHKETHl 3aIllONMHSIOTCS JTUCIETYCpAMH IS
MOJYYEHUS] KAYECTBEHHBIX OIICHOK, IMO3BOJISIIOIIMX OLIEHUTh YpPOBEHb CTpECCa,
YTOMJIEHHOCTH, YJOBJIETBOPEHHOCTH pabOYMMU YCIOBUSIMU U 3()PEKTUBHOCTH
B3aUMOJICHCTBUS MEXKY Pa3TUYHBIMU NOAPA3ACICHUSIMH.

Jlnst neMoHcTpanuu 3pPEeKTUBHOCTA OMUCAHHOW METOANKHY ObliIa IIPOBEICHA
cepusi TECTOBBIX OKCIEPUMEHTOB. B paMkax NOWIOTHOTO TECTHPOBAHUS
MCIIOJIb30BAIMCH CIEAYIOIIMNE CLICHAPUH:

1. Cuenapuii 6a30BOr0 ypOoBHSI.

Cuenapuii TUKOBBIX HArpy30K.
CueHapuil CO CHUKEHUEM TEXHUYECKON HAJICKHOCTH.

C]_IGHapI/Iﬁ C IOMHUHHUPOBAHHUCM Ka4CCTBCHHLIX OLICHOK.
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5. Cuenapuii « MHTErpHUpOBaHHBIN KPU3UCH.

6. Cuenapuii «Bo3zaeiicTBue 3KkCTpeMaibHBIX METEOYCIOBHUIN.

7. Cuenapuii «Ilepexoublil meproa BHEAPEHUS HOBBIX TEXHOJIOTHID.

8. Cuenapwuii «PecTpykTypu3aius BO3IyIIHOTO MPOCTPAHCTBAY.

OTH CIIEHapuu IMO3BOJIAIOT BCECTOPOHHE IMPOTECTUPOBATH MOJIENb MpHU
Pa3IMYHBIX  KOMIUICKCHBIX  YCJIOBHAX, KOTJla  W3MEHEHUS  MPOUCXOIST
OJJHOBPEMEHHO B TEXHUYECKOM, OPTaHMU3ALMOHHON U YEIOBEYECKON COCTABIISIOIINX
cuctembl. [lpm uX peanuzanuu NpPUMEHSIETCS OIMCAaHHAsS METOAMKa cOopa,
00paboTku U (az3uduKayu JaHHBIX, YTO 00ECIEUUBAET BOZMOKHOCTD MOJTYyUCHUS
HAJICKHBIX  MHTETPAIBbHBIX  [OKa3aTeJel pUCKa MW KadyecTBa  pabOThI
a’pPOHABUTAIIMOHHOW CUCTEMBI.

I[J'ISI CBOJHOI'O aHaJIn3a BBOJUTCA q)yHKHI/IH HHTCTpalry, OIMChIBArOIIaA

001y 0 3aBUCUMOCT:

n
R = D () ) (1+5-2),
i=1

I7Ie MHJEKC S YKa3bIBAa€T HA HOMEP cueHapus. Mcnonb3ys 1aHHbBIN TOAXO0A, MOKHO
paccuutath RiskIndex ans kaxxmoro cueHapusi 1 CpaBHUTh Pe3yJIbTaThI.

HTorosoe 3HaueHnE prCKa PACCUUTHIBAETCS MO (PopMyIIe:



n
RiskIndex = z w; - ,Ui(xj) * Kiare

i=1

Peanuzanmst He4eTKON MOJIETH BBITIOJIHEHA C MCIIOIh30BAaHUEM COBPEMEHHBIX
IPOrPaMMHBIX CPEACTB, OOECIEUMBAIOIMINX THOKOCTh M MacIITaOMpPyeMOCTh
paspabotku. OcHOBHas dYacThb KojJa HamucaHa Ha s3bpike Python mw R ¢
ucrionas3oBanueM Fuzzy Logic Toolbox, u4ro mo3Bomser 3¢p¢dheKTHBHO
peaNM30BBIBaTh  aNrOpUTMBl  (a33uduKamuyd,  HEYETKOTO  BHIBOJA |
nedazsudukanuu.

JIOTIOTHUTENBHO, AJI1 KOJUYECTBEHHON OIIGHKH COOTBETCTBHS MOJCIUA H

pCalIbHbIX AAHHBIX IMMPUMCHACTCS (byHKHI/IH OH_II/I6KI/I, 3aJaHHas KaK:

N
1 2
€= NZ(Rmodel, j = Reeatj)
=1
]_

ri€ Ry, j — M3MEPEHHBIC 3HAYEHUS PUCKA MIIM KPUTUIECKUE MOKA3aTENH IS j-TO
HaOmoieHusl. MUHUMU3AIUS € SBJISIETCS KPUTEPUEM ONTUMHU3AIMU MapaMeTPOB
MOJIEIH.

OcHoBHble pesyabraTthl HKP. B pabotre npoBoaeH riayOokuid aHamu3
YCTOMYMBOCTH pa3pabOTaHHON HEYETKOM MOJICTH K BapHallusM BXOJHBIX JaHHBIX
(aHaMM3 4YYBCTBUTEIBLHOCTH) M MPOBOJUTCS KPUTHYECKAs OIICHKA CHUJIBHBIX M
cabbIX CTOPOH MpejyIaraeéMoro mnojaxona. B dacTHoOcTH, paccMaTpuBaercs, Kak
M3MEHEHUS OTACJBHBIX MapaMETPOB BIIUSIIOT HA UTOTOBOWM MHTErPalbHBIA PUCK, a
TaKke OOCYX IAIOTCS BO3MOXKHOCTH YU€Ta «MATKUX» (PAKTOPOB U BBIABISIOTCS
ITOTEHIMAJIbHBIE HAITPABJICHUS I JAIBHEUIIIETO YCOBEPIICHCTBOBAHUS MOJEH.

AHanu3 4yBCTBUTEJIILHOCTH HAIMPABJIEH HA OMPEACIICHUE BIWSHUA Bapyalldid
OTJICJIbHBIX BXOJIHBIX ITApaMETPOB MOJIEIN Ha UTOTOBBIN MHTErpanbHbIi RiskIndex.
DTO TO3BOJISIET BBIABUTh HaMOOJEe KPUTHYHBIE TICPEMEHHBIC, OMPEIACITHUTh
JIMaIa30Hbl UX JOMYCTUMBIX KOJIeOaHUH, a TaKKe OLICHUTh YCTOMUYHUBOCThH MOJICIH K
IIyMy B JAHHBIX U U3MEHEHUIO BHEIIHUX YCJIOBHU. Ba)KHBIM acCIeKTOM SIBIISIETCA
MpOBEpKa KOPPEKTHOCTH BBHIOOpA BECOBBIX KOIPGUIMEHTOB W; U (yHKIUN

pUHAUISKHOCTH U; (X;), UCTIOIB3yeMBIX MpU (a33uUKaIUN UCXOAHBIX TaHHBIX.



AHanmu3 4YyBCTBUTEIBHOCTH TOKAa3bIBA€T, YTO HAWOOJIbIIIEE BIMSHHE Ha
utoroBoit RiskIndex okas3piBaroT mapaMeTphl, XapaKTepU3YIOIUEe WHTEHCUBHOCTD
BO3/YITHOTO JBIDKCHUS M TEXHUYECKYIO HAJEKHOCTh. JlOKalbHBIC WHIEKCHI
qyBCTBUTEIHHOCTH S; TIO3BOJISIOT BBIICIUTh KPUTHICCKUE TIEPEMEHHBIC

Mogenb  JEMOHCTPHUPYET BBICOKYKD  YCTOWYHMBOCTH K  HEOOJBIINM
GIyKTyarusmM BXOIHBIX JaHHBIX, OJTHAKO MPH PE3KUX U3MEHEHUSX (Hampumep, mpu
IKCTPEMATIBHBIX METEOYCIOBHUSX WM HWHTETPUPOBAHHOM KPHU3HCE) PHUCK PE3KO
BO3pacTaeT, YTO HE BCETJa COOTBETCTBYET HAOIIOICHUSIM Ha PealbHOM OOBEKTE B

TOM 3HAYCHUHN, KOTOPOC MPCACKAZBIBACT MOACIIb.



