AHAJIN3 BJIUAHUSA TAPAMETPOB HEITO3UIIMOHHOT O HIUDPA
HA EI'O HAJEKHOCTb

C. E. Heicanoaesa, M. M. Mar3om, A. b. Ka0ObL1xaHoB

Hnemumym ungpopmayuonnsix u gvryuciumensvuuvix mexuvonozuit KH MOH PK

VIIK 004.056.5

[IpuBonsTCs pe3yabTaThl UCCIEAOBAHMUS Pa3pabOTaHHOIO OJIOYHOTO aIropuTMa MUBPOBAHUL
Ha TIPEeAMET ero KPUNTOCTOMKOCTH. DTOT ajJropuTM pa3paboTaH Ha ocHoBe cetn Deiicrens, pe-
xuma mugpoBanns CLIA «Pexum cuensnienns 6J0KOB MO IMUPPTEKCTY» M CUCTEMBI NP POBAHUS
Ha 0a3e HEMO3UIMOHHBIX MMOJIMHOMUAIBHBIX CHCTeM cuucieHus. [IpoBeneH aHaiu3 ero cTaTHCTHU-
YECKUX CBOMCTB.

Kniouesvie cnosa. muppoBaHue, HEMO3UIMOHHBIE MOJMHOMHATIBHBIE CUCTEMBI CUHMCICHUS,
MoOyJsipHast apu(MeTHKa, TeCThl, ICEBAOCITyYalHbIE IOCIEI0BATENbHOCTH, CTaTUCTHYECKHE
CBOMCTBA, IPOrPaMMHUPOBAHUE.

B HHcTtuTyTe MHGOPMAIMOHHBIX M BhIMHCIUTENbHBIX TexHojorud (MWBT) Mununcrepcrsa
oOpazoBanust u Hayku PecrmyOnmku KaszaxctaH BBINONHSAIOTCS pabOThl MO CO3/aHUIO, HCCIIE-
JIOBAaHMIO U pealu3alliy KpUNTOTrpauuecKuX aJrOpUTMOB 3aIIUThl XpPAaHUMOHW M IepeaaBaeMoi
nH(popManuu. DTH alITOPUTMBI pa3padaTHIBAIOTCS C UCIIOJIB30BAHUEM HETO3ULIMOHHBIX MOJMHOMMU-
anpHbIX cucteM cuncienus (HIICC) win MOAyNISIpHBIX CHCTEM CUMCIICHUS.

[Tpu pa3paboTKe OJIOYHBIX aITOPUTMOB MIM(PPOBAHUS OTHUM M3 HCIIONIB3YEMBIX KpUnTOrpadu-
YEeCKUX MpeoOpa3oBaHuil SIBISCTCS MHOTOKpPATHAs, COCTOSIIAs U3 HECKOJIILKUX IUKIOB (payHIOB),
00paboTka OAHOTO OJIOKA OTKPBITOTO TEKCTa. B KaXKmoM 1MKIIE JaHHBIE TOBEPTratOTCs KPUITOrpa-
¢udeckomMy mpeoOpa3oBaHUIO PU YYACTHH BCIIOMOTATENILHOTO KITI0Ya, MOJTYYSHHOTO U3 33/IaHHOTO
CEKpeTHOT0 KJfo4a. BBIOOp YuMClia IHMKIOB OMNpeAemnsercs TpeOOBaHUSMH IO KPUITOCTOHKOCTH
omounoro mudpa u 3pdexTUBHOCTH ero peanm3anuu. Kak nmpaBuio, yem OoJbIe TUKIOB, TEM BBI-
1€ KPUOTOCTOWKOCTh, HO TNPH MOXET CHIDKAThCs 3()()EeKTUBHOCTH peanu3aluy OJIOYHOTO M-
pa [1].

MHorue coBpeMeHHBIE OJIOYHBIC aNTOPUTMBI MU(PPOBAHHS ITOCTPOEHBI HAa OCHOBE ceTn Deii-
CTeJsl WM TIO/ICTAHOBOYHO-TIEpECTaHOBOYHOM ceT (SP-ceTh, KOTOpas Takke MpeiokeHa Xop-
crom Deiicrenem). 1o cBoeii cytu ceth MDeiicTens ABISIETCS albTePHATUBON SP-CETSIM M UCTIOINB3Y-
eTcst HaMHOTO mupe. Ha ocHoBe cetn dDeiicTens MOCTpoeHbI aMepukanckuii ctanaapt DES u poc-
cuiickuii ctangapt [OCT 28147-89 [2], a Ha 0a3ze SP-cereit paspaboran cranmapt AES. Ho cets
@eiicTens HEe TOTEpsa CBOCH aKTyaJbHOCTH, TaK Kak 3ammr(poBaHUE W pacmuppoBaHHE MOTYT
MPOBOMTCS OTHMM U TEM XK€ YCTPOMCTBOM, HO C OOpPATHBIM MOPSIAKOM HCIONIB3YyeMbIX Kitodel [3].

ens manHO# pabOTHI - KCCIIEIOBATH BIMSHUE HAa CBOMCTBA aJIrOpUTMA IMHU(POBaHMS, pa3pa-
6orannoro Ha Oa3e HIICC [4, 5], nmpuMeHEHHS IOMOJHUTEIBHBIX KPHUITOrpadUUIeCKUX IMpeod-
pasoBaHui (MM TIPOLIEAYP) TaKuX, Kak ceTh DercTers 1 pexuM 0J104HOro mudpoBanus «Pexum
CIeTUIeHUsT OJIOKOB TO0 MmHUGpPTEeKCTy». TakuM 00pa3oM, HCCIEAYEMBId aIrOpUTM KPHUITO-
rpadguyeckoro nmpeoOpa3oBaHus MOCTPOCH HA OCHOBE CUCTEMbI HEMTO3HIIMOHHOTO mdpoBaHus (T.€.
Ha 0aze HIICC), cetn Deiicrens u pexxnma «PexuM cuerieHus: 0J10koB o mudprekery» [6]. Ha-
30BEM 3TH 3 KPUIITONPEOOPA30BaHUS «COCTABIISIIOIMME MPOLelypaMi» pa3paboTaHHOTO aJropuT-
Ma mugpoBaHus, CXeMa KOTOPOro rmoka3aHa Ha puc. 1.
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Puc. 1. Cxema kpunrorpapudeckoro npeoopa3oBaHus OJHOTO OJIOKa
B paccMaTpuBaeMoM airoputMe mudposanus Ha 6aze HIICC

B nanHoii paboTte npuBeneHb! pe3yNbTaThl UCCIE0BaHUS BIUSHUS ceTH DeiicTens U pexuma
«Pexxum cremieHust 6JI0KOB MO MHU(PTEKCTY» Ha HAIEKHOCTh Pa3padOTaHHOTO KPUITOAITOPUTMA
U €T0 CTAaTUCTHYECKUE CBOICTBA MO MOTYYaeMbIM KPUIITOTPAMMaM.

Ananu3 pazpaboTaHHOTO anropuTMa MU(POBAHUS MO3BOJIMI BBIIBUTH JOCTOMHCTBA U HEIO-
CTaTKHU «COCTAaBJISIOMIMX IMpolenyp» anropurMa. [Ipu mmdpoBanuu BBISBISIIACH 3aBUCUMOCTh Me-
Ky 3alU(ppOBaHHBIMHM OJIOKAMM JBYX COCEIHMX payHAoB mmudpoBaHus. MccienoBanoch Takxke
BIIMSHUE MU3MEHEHUS pa3Mmepa OJ0Ka M KOJIMYECTBA PAayHJOB Ha XapaKTEPUCTHKH 3alIU(PpPOBAHHBIX
OJIOKOB ISl KaX/I0T0 payHza. Takod MOIX0[ MO3BOJSET MOCTPOUTH aIrOPUTM, 00eCreunBaIOIUn
ero kpuntorpaduieckyio 6e30macHOCTb. BbIX0/HbBIE JaHHBIE TECTUPYEMOIO AITOPUTMA MO CBOUM
BEPOSITHOCTHBIM XapaKTEPUCTHKAM JOJDKHBI ObITh OJM3KU K CIydailHOM mociesoBaTenbHOCTH. Ta-
KUM 00pa3oM, BapbHpys JUIMHY OJI0OKa U KOJIMYECTBO PayHAOB NpHU IU(GPOBAHUH MOKHO CYIIECT-
BEHHO YJIYYIIUTh HAJCKHOCTh pa3pabOTaHHOIO aJlrOpUTMa MU(PPOBAHHUS.

Jlnst uccaeioBaHusl CTaTUCTUYECKON 0e30macHOCTH pa3paboTaHHOTO AITOPUTMA MU(PPOBAHUS
UCIIOJIb30BaHbI CIICAYIOIIHE TecThI [7, 8]:

— onierouHsIit Tect «Overlapping Template Matching Test»;

— rpaduyecknii Tect «IIpoBepka cepuii».

B o1eHOYHBIX TeCTaxX CTATUCTUYECKHE CBOMCTBA IIOCJIEAOBATEIBHOCTEN ONPENEIAIOTCS KOH-
KPETHBIMU YHCJIOBBIMU BEIMYMHAMH, KOTOPBIE MO3BOJIIOT OJHO3HAYHO CHENATh BBIBOJ O TOM,
MPOMIEH TECT UIIN HET.

C momomipio Tecta «Overlapping Template Matching Test» BoimosHsIeTCs POBEPKa MOCIEIO0-
BaTENFHOCTH Ha CIIy4allHOCTh, IyTeM aHAJIM3a KOJIMYECTBA TOBTOPSIOMIMXCS CEPHd UIMHBI M OUT
NEPEKPBIBAIOIINX TPEABIAYIIYIO CepUi0 Ha M — K Out. J[aHHBIA TECT MO3BOJISIET OLECHHUTh PABHO-
MEpPHOCTh pacHpeeNiCHUs: CUMBOJIOB B MCCIIEIyeMOl MOCIe10BaTeIbHOCTH HAa OCHOBE BBIOpaHHOU
CepHid JUIMHBI M OWT, M MX CLEIUICHNs] BRIOPAHHBIM CABUTOM Ha K OuT. B paccmarprBaeMom ciiydae
JuiiHa cepun M=3, casur K=2.

AHanu3 anroputMa ObUT IPOU3BENCH A JUTHH 0IokoB 64, 128, 256 6ut u KonuMdecTBe payH-
noB 8, 16, 32 s kax1oi u3 yka3zaHHBIX JUIMH On0Ka. [l OIIEHKH MOJYyYeHHOTO pe3yJsibTaTa uc-
HOJIb3YETCs TAOJIUIBI PacHpeesIeHHs XHU-KBaIpaT

B meronuke ouenku pesyibraros Jl. KHyT npemiaraer cuuraTh NOCiIe0BATENbHOCTH, A KO-
TOPBIX BEPOSITHOCTh MOSIBIICHHS JaHHOTO pe3yibTarta JekuT B uHTepBanax [0; 0,01] u [0,99; 1] -
Heciy4daiaeivi, (0,01; 0,1] u [0,9; 0,99) - moxo3putenpHbIMU Ha citydaitHocTs, (0,1; 0,9) - ciyyaii-
HbIMU. TakuMm 00pa3zoM, s UCTHHHO CIy4yailHOM NOC/IeOBaTENbHOCTH BEPOATHOCTH JOJKHA
ctpemuthbes k 0,5. [lomyueHHbIe pe3yabTaThl IpUBEIEHBI B Ta0M. 1, 2.
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Tadauna 1 — CpaBHeHHE HCXOAHOTO U 3aIIU(PPOBaHHOTO (aiina

3HaueHUS Ucxonusiit daiin KommuectBo payHaos
x? xBagpar 8 | 16 ‘ 32
Juna 6noka - 64 6ut

1 7,375 | 5,875 | 13375 | 6,125
Jimua Onoka - 128 out

2 13,4375 | 23,44 | 61875 | 86875
Jlnuna Gioka - 256 6ut

3 25,844 | 4,594 | 9,844 | 3,719

2
Tabésmua 2 — PacipeneneHue y° ¢ 9UCIOM CTEIIEHH CBOOOIbI, paBHBIM {

JmHa Onoka - 64 out

2

KonuuecTso payHmos x [X(ZI;XE] [Pe; Pg] Ouenka
8 5,875 4,67-6,35 0,70-0,50 CITy4yaitHBIN
16 13,375 12,0-14,1 0,10-0,05 MTOT03PUTETHHBIN
32 6,125 4,67-6,35 0,70-0,50 CITy4aliHBIN
JuHa 6710Ka - 128 6ur
KonuuecTBo payHI0B v [XSXE] [Pe: gl Orienka
8 23,44 22,6-24,3 0,002-0,001 HeCITyJ9alHbIN
16 6,1875 4,67-6,35 0,70-0,50 CITy4yaitHBIN
32 8,6875 8,4-9,8 0,30-0,20 CITy4aliHbIH
Jnuna 61oka - 256 out
KonuuecTso payHmoB v [X§'X§] [Pe; Pg] Ouenka
8 4594 3,82-4,67 0,80-0,70 CITy4aiHbIH
16 9,844 9,8-12,0 0,20-0,10 CITy4aiHBIN
32 3,719 2,83-3,82 0,90-0,80 CITy4yaitHBIN

B rpaduyeckux Tectax CTaTUCTUYECKHE CBOIMCTBA MCCIEIYEMBIX MOCIEIOBATEIBHOCTEH OTO-
OpakaroTcst B BUjie rpaguuecKuX 3aBHCUMOCTel. I1o MX BUIY JENAIOT BBIBOJBI O CBOMCTBAX HCCIIE-
JyEMO# MMOCIeI0BATEIBHOCTH ISl ONPEICTICHUS 3aBUCUMOCTH MEKIY 3JEMEHTAMHU M JUIs OLECHKH
PaBHOMEPHOCTH PACIPEICIICHHST CHMBOJIOB. DTH TECTHI MO3BOJIAIOT HATIAAHO MPEICTaBUTH M3MeE-
HCHHE CTATHCTHYECKUX XapPaKTEPHUCTHK IOJyY4aeMbIX KPHIITOIPAMM pa3paOO0TaHHOIO alropuTMa
i (poBaHUS B 3aBUCUMOCTH OT MapaMeTpoB mudpoBanust (JUTHHBI 0J0Ka M KOJHUYECTBA PAYHIOB).

B tecre «IIpoBepka cepuii» OlEHUBACTCS PABHOMEPHOCTh pACIpeIe/iCHHs CHMBOJIOB B IIPOBE-
psSIeMOii TOCIIeI0BATEIPHOCTH Ha OCHOBE aHAJIM3a YaCTOTHI TOSBJICHHS CEpUil, COCTOAIINX U3 K OuT,
k=1,2,3,4. Jns moctpoenusi rpaduka TeCTa HCCICIAYEeMOW MOCIEAOBATEIbHOCTH OMpEAesIeTcs,
CKOJIBKO pa3 BcTpewaroTcst B Hel Hynu u exunauisl (K =1), cepuun-asoiiku (00, 01, 10, 11: k =2), ce-
puu-tpoiiku (000, 001, 010, 011, 100, 101, 110, 111: k =3) u T.a. Y mOC/IEI0BATEILHOCTH, YbU CTa-
THCTUYECKHE CBOMCTBA OJU3KH K CBOMCTBAM UCTHHHO CIIy4alHOW MOCIEI0BATEIBHOCTH, Pa30pOChI
MEKIy YHUCIIOM TMOSIBJICHUHN HyJIeH U CTUHHUII, MEXKIY YUCIOM TOSBICHHI Cepuii-ap Ka)I0ro BUa
JIOJDKHBI CTPEMUThCS K HyJ 0. Ha puc. 2—4 mpuBeieHbl pe3yibTaThl TECTHPOBAHUS ISl CEpHid U3 8

6I/IT, TOJIYUCHHBIX IJISI pa3HOI'0 KOJIMYCCTBA PAYHIOB.
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Puc. 2. Pezynbratsl Tecta «[IpoBepka cepum»:

MCXOIHEIN (baiin pazmMepom Gitoka 64 6uT (a); 3amudpoBanHbe Qaiisl
noce npeodpasosanus: 8-it payun (6), 16-it paynn (6), 32-i payun (2)

a

0 1 2 3 4 5 5 7
6

a 1 2 3 4 5 5 7

Puc. 3. Peaynbratsl Tecta «[IpoBepka cepum»:
MCXOMHBIN (paiin pasmMepom Giioka 128 6ur (a), 3ammppoBaHHbIe (aiis!
noce npeodpasosanus: 8-it payun (6), 16-it payun (6), 32-i payun (2)
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Puc. 4. Pesynwsratsl Tecta «IIpoBepka cepum»:
UCXOAHBIN (aitn pasmepom Oi0ka 256 6ut (a), 3ammdpoBanHbie Dailabl
nociie npeodpaszoBanus: 8-t payun (6), 16-ii payun (), 32-ii payun (2)

TecTupoBaHue KpUNITOTPpaMM, TOJYYCHHBIX ISl PA3HOTO pa3Mmepa MHQpPyeMbIx OJOKOB daii-
JIOB, PEATM3YIONINX HEMO3UIIMOHHBIN anroput™ mudpoanus Ha 6a3ze HIICC, mokaszamm, 4ro pe-
3yJbTaThl TECTUPOBAHUS 3aBUCST OT CTPYKTYPhI BXOJHBIX apaMeTpPOB.

[lo mpoBeneHHBIM TeCTaM aHajdM3a CTATUCTUYECKMX CBOMCTB MpPEAJIOKEHHOTO ajropurMa
mIPPOBaHUS MOXKHO CIENIaTh CIEIYIOIINE BHIBOIBI:

— MPUMEHEHHE K HEMO3UIIMOHHOMY anroputmy mmmdpoBanus Ha 6aze HIICC Ttakux «cocras-
JSIOUIMX Tpoueayp», kak cetb Deiictens U pexum 6iouHoro mudpoBanus «Pexum cuerieHus
0JIOKOB TI0 MHU(PPTEKCTY», YIYUIIHIO PABHOMEPHOCTD paclpeeieHus: OUT B 3arudpoBaHHOM 0JI0-
Ke auuHou 256 ouTt (puc.4);

— HCIOJIb30BaHME BEKTOpA WHUIMANIM3AINK TaKke CIOCOOCTByeT 0Oojiee paBHOMEPHOMY pac-
MpEJIeJICHUIO CUMBOJIOB B MIM(PTEKCTE, UYTO JeNIaeT HEBO3ZMOXKHBIM NPEACKAa3bIBaTh BHIXOAHYIO TO-
CJIEIOBATENIbHOCTh aJITOPUTMa IIPU MAaHUITYJIMPOBAHUN BXOIHBIMU JAHHBIMHU.

3akarodenue. [lomydeHHble pe3yJbTaThl MPOBEJECHHOIO aHAjIM3a CTAaTHCTUYECKUX CBOWCTB
3amu(pOBaHHBIX (DaiyIOB MOKA3bIBAIOT, YTO MPUMEHEHHUE MPEICTaBICHHBIX MOJIXO0J0B K MOCTPOe-
HUIO OJIOUHBIX aJITOPUTMOB HIM(PPOBAHUS MO KOJUYECTBY PAYHIOB U pa3Mepy OJIoKa JaHHbBIX, SBIIS-
€TCs 11eJIECO00Pa3HbIM.
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