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Xu-kBagpat annpokcumaumsa aCUMMETPUYHbIX TMCTOrpamMmM pacnpeneneHumn
3Ha4YeHUn nokKasaTesnien CTabuNbLHOCTU OGMOMETPUYECKMX NapamMeTpoB

[ToxazaHo, 4TO O aNNPOKCUMAIMM AaCUMMETPUYHBIX pacHpeleIeHUN
nokasaresei CTadMIbHOCTH OMOMETPUYECKUX IMapaMEeTPOB PYKOMUCHOTO
IOYepKa XOpOLIO NOAXOOUT XH-KBaapaT pactpeneicHue. Jlana
HOMOTpaMMa CBSI3U YHCJIa CTENeHEel CBOOOIbI XU-KBAApaT paclpeieeHus
U KOPPEIMPOBAHHOCTH 00pabaThIBaeMbIX OMOMETPUYECKHX JaHHBIX.

BBeaenue

B HacTosiiee Bpemsi pa3BHBAIOTCS [[BE BETBH OMOMETPHUYECKHX cUCTeM. Maeomorus
CO3/1aHUs NEPBOIl BETBUM OMOMETPUUECKUX CHCTEM C(HOpMHUpPOBAIACh B KOHILE MPOIUIOrO BeKa.
Ona He nmpeamnonaraeT NPEIbSIBICHUS  BBICOKMX  TpeOOBaHUNH K  0OECIEUEHUIO
KOH(HICHIIMATBHOCTH MCIOJb3yeMbIX OMOMETPUYECKUX HAaHHBIX denoBeka. Kpome Toro, sta
nepBasi BETBb OMOMETPHYECKHX CPEICTB HE HAKIAbIBACT KECTKUX TPEOOBAaHWI Ha YpOBEHb
CIOXKHOCTH  (YPOBEHb  MHTEIUICKTYaJlbHOCTH)  HCIIOIb3YeMOIO  ajropuT™Ma  00paboTKH
OMOMETPUYECKUX JIaHHBIX.

[TapannenbHo ¢ mepBOi BETBBIO B Hauaje 3TOro Beka 3a pyoexoM M B Poccum Hauanu
CO3/1aBaThbCsl BBICOKOMHTEJUIEKTYAlbHbIE M BBICOKOHA/EKHBIE CpEICTBA OMOMETPUUECKOMN
3alUThl UH(OPMAIMH, KOTOPbIE MapajuIeIbHO C BBICOKMM Kaue€CTBOM HNPHUHUMAEMbIX pELICHUN
o0ecrieunBarOT KOH(QUIECHIUAIBHOCTh UCHOJIb3YEMbIX OMOMETPUUECKHUX JAHHBIX. 3apyOeKHbIE
UCCIIeIOBATENN UIYT MO IMYTH CO3JaHUs HEYETKUX SKCTPAKTOPOB OMOMETPUYECKHUX JaHHBIX |1,
2], B Poccum s 3THX 1ened pa3pabaThIBACTCS TEXHOJIOTHS HCIOJIb30BaHUS OOJBIIUX U
CBEepXOOIbIINX UCKYCCTBEHHBIX HEHPOHHBIX cereil [3].

VBenuueHnue pasmepoB HeillpoHHOW cetu npumepHo B 100 pa3 (BXOAHON M BBIXOJHOM
pasMepHOCTH HeWpoceTeBOro mpeoOpa3oBaTelis) MO3BOJISET CHU3UTh BEPOSITHOCTH KOJUIU3UIA
(ommbouHnoro mpunsTHS 0oOpaza «HUyxkoil» 3a 00pa3 «CBoii») MpUMEpPHO B MIULIAAPA pas.
OueBUHO, YTO CTOJIb BBICOKME MOKA3aTeNIN KayecTBa MPUHUMAEMbIX OOJBIIUMHU HEHPOHHBIMU
CEeTSIMH PEICHUI HY>KJAI0TCS B OJTBEPK/ICHUU Yepe3 TECTUPOBAHHUE.

JUida  ueneil TECTUPOBaHMWS CPEACTB BBICOKOHAIEIKHOM, BBICOKOMHTEIUIEKTYaIbHOU
ouomerpun B Poccuu BBelleH B JeicTBHME 0a30BBIM HAIIMOHAIBHBIN CTaHIAPT [4], MOJOXKEHUS
KOTOpPOro B YacTH (OPMHUPOBAHMS TECTOBBIX 0a3 OHMOMETpPHUYECKHX O0pa3oB YTOUHSIOTCA
CTaHAapTOM [5], MpOLIEANINM CTaIUI0 MyOIMYHOTO OOCYXKACHHUSL.

IIpu dopmupoBaHUM TpPEACTABUTEIbHBIX 0a3 €CTECTBEHHBIX OMOMETPHUYECKHX O0pazoB
BO3HUKAET Ipo0iieMa Cco3JaHMsl KOPPEKTHOW KiacCH(pHUKalUU OUOMETpPUYECKHUX 00pa3oB.
Hcnonb3yemast 3apyOeKHBIMU HCCIEIOBATEIsIMU  KJacCU(UKALUs JIOHOPOB OHOMETpUH Ha
knacesl: «OBerny, «Ko3y», «Bonkosy, «Arasat» u «XameneoHos» [6] TpyaHo dopmanuzyema. B
CBSI3M C OTHM, pa3pabaTblBaeMblii HalMOHAIBHBIM cTaHAapT [5] mpemiaraer JIpyryro
KJIacCU(PUKAIIMIO, TTO3BOJISIONIYIO JICTUTh BCE OMOMETpHYECKHE 00pa3bl Ha 7 KIACCOB MO HX
CTaOMJIBHOCTH, YHUKAJIBHOCTH, KAUueCTBY.

IIpuMeHeHne pacnpeneseHUs XM-KBaApaT

OnHoit W3  HepEHICHHBIX MNPOOJEM  KOPPEKTHOTO  ONMMCAHHWS  paclpeleieHui
OMOMETPHUECKUX 00pa3oB SBISAETCS TO, YTO paclpeieicHHe CTaOMIbHOCTH, YHHUKAIBHOCTH U
Ka4yecTBa JIOOBIX OMOMETPUYECKHUX MapaMETPOB OIKMCHIBACTCS ACHUMMETPUYHBIMH 3aKOHAMHU
pacnpeenenus 3HaueHuit. Hanpumep, mokaszarens cTaOMIbHOCTH OMOMETPUYECKOTO TlapaMeTpa
BBIUUCIISIETCS CIASAYIOMINM 00pa3oM [5]:

qummﬁ (Vi )
O i (Vi)

c(v;) = (1),



TIE Oy (Vi) — CTAHHAPTHOE OTKIOHEHHE i-r0 OMOMETPHYECKOTO MapamMeTpa MHOXKECTBA
00pazoB «Yyxoii»;
Op0i(Vi) — CTaHZAPTHOE OTKJIOHEHHE i-r0 OMOMETPUYECKOro MapameTpa MHOXKECTBa

00pazoB «CBoii».

Jns  mokaszarens  CTaOMJIBHOCTH  OMOMETPUYECKHX  IapaMeTpOB  OTHOCUTEILHO
HECTaOMIILHOTO PYKOIUCHOTO 00pa3a IMoJydaeTcs pacrpesieiicHue 3HauUSHH, TPUBEJICHHOE Ha
pucyHke 1.
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Puc. 1. 'ucrorpamma pacnpeesieHus mokas3aresiei cTabuibHOCTH 416 mapaMeTpoB OHOMETPHUIECKOro 0Opasa ¢
OTHOCHTEIILHO HU3KOH cpeqHei cTabmipHOCTRIO — 5,097

0

[Ipumep rucTOrpaMMbl pachpeieNeHus] 3HAueHUN TMoKazarene CTaOWIbHOCTH Ui
npyroro (6oyiee CTaOMILHOT0) OHOMETPUUYECKOTO 00pa3a MPUBECH Ha PUCYHKE 2.
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Puc. 2. 'ncrorpamma pacripeaeneHus nokasarenei crabmisHocTy 416 napamMeTpoB 6GnoMeTpryeckoro oopasa ¢
OTHOCHTEIILHO BBHICOKOW CpeHe! CTa0MIbHOCTRIO - 7,132

W3 pucynka 1 u pucyHka 2 BHJHO, YTO pacHpeeleHUs MoKa3zaTenel CTaOuIbHOCTH
OMOMETPUUYECKHUX MapaMeTpoB HUMEIOT CYIIECTBEHHYIO acuMMerpuio. To ecTb, And HX
KOPPEKTHOTO  CTAaTHCTMYECKOTO  ONUCAaHUS  HUCIOJb30BaTh  ANIpPOKCUMAIMI0 B  BHJIE
CUMMETPUYHOTO0 HOPMAJIbHOTO 3aKOHa HexkenaTenbHOo. [IpakTka mokazana, 4yTo JIJsl ONMHMCaHUs
ACUMMETPUYHBIX paclpelesieHuii OMOMETpUYEeCKMX IapamMeTpoB IO  IOKa3aTelsiM  HX
CTaOMIIPHOCTH, YHUKAJTLHOCTH ¥ KauyeCTBa XOPOIIIO MOJAXOAUT XU-KBaApaT pacupeneneHue [7, 8].
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OGH_Ia}I naca MNpPHUMCHCHUA HOHOGHOﬁ alfrmpoKCuMalnum COCTOUT B MCIIOJIb30BaHUU
KJIacCUYeCKOM XHU-KBagpaT IJIOTHOCTHU pacClpEaACICHUSA 3HAYCHHI:
—X

_ g My g_l 2
p(x,m)={2 -F(E)} X2 -8 2),

rae M — cTerneHb CBOOOIBI pacpe/IeICHUS;
X — IIepeMeHHas1, Haxoasmascs B npeaenax ot 0 1o .

KpuBble mioTHOCTEH pacmpeneneHuidl Xu-KBajgpaT QYHKUUMM (2) TpUBEICHBI Ha
pUCYHKE 3.
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Puc. 3. IINOTHOCTH KIIACCHUECKOTO PACHPESIICHHS XU-KBaApaT A Pa3IMYHBIX CTeTIeHeH CBOOOIBI

OnHolt U3 0COOEHHOCTEH pacmpeeeHui pUucyHKa 3 sSBISETCS TO, YTO MaTeMaTHYeCKoe
OKMJaHUE KaXXJOro paclpeieseHus] TOYHO COBIAJAaeT C MOKa3aTeleM CTENeHU CBOOOIbI — M.
[Tpu mowucke CBs3M TOKa3aTeNs CTENEHU CBOOOJBI C KOPPEIHMPOBAHHOCTHIO OMOMETPHYECKUX
JMaHHBIX [7, 8] OKa3ajgoch BBITOJHO HOPMHUPOBATH MEPEMEHHYIO (2) MO TIOKa3aTeN0 CTEICHU
cBoboapl. [lpumepsl momoOHBIX Aedopmalruii Xu-KBaapaT pachlpefelieHud NpuUBEIeHBl Ha

pucyHke 4.
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Puc. 4. Dddext oT HOpMHUPOBaHUS pacHpeie/ICHUs XU-KBaIpaT MO YUCIY CTEIeHeH CBOOOIbI




Jlerko I10Ka3aTh, 4qTo HOPMHPOBAHHBIC  TIO IIOKa3aTciro CTCIICHHU CBO60,Z[I>I
pacnpeaciCHus, NpCACTaBJICHHBIC Ha PUCYHKE 4, 6y,Z[YT UMETh MATEMAaTHYCCKHUEC OXHIAaHUA
OYCHBb IIPOCTOr'0 BUAA:

E(y=1-1 ).
m m
HpI/I poCcTC 4YucCiia CTeHeHefI CBO60,I[I->I MATEMATHUYCCKOEC OXHUIAHUC HOPMHUPOBAHHBIX
pacnpeneneHuil CTpeMUuTcs K 1, KpoMe TOro pacipeneieHus: HOpMaJIU3ylOTCs U MCYE3aeT HX
aCI/IMMeTpI/IH.

JIns Hac TPUHIUIHAAIBHO BAKHBIM SIBJISICTCSA TO, YTO TapamMerp M (YuUCiIO0 CTeneHen
cBoGombl  y°  pacnpenenenus) (akTHuecKH OTBedaeT 3a (OPMY aNNpOKCHMAIMH, a

MaclITabupoBaHUE MOXKHO paccMaTpuBaTh KakK HapaMeTp allpoKCUMAalUd aCUMMETPHYHOIO,
HKCIEPUMEHTAIBHO MOJIyYEHHOT 0, paclpe/ieieHNs OMOMETPHUECKUX MapaMEeTPOB.

Kax OKa3aJocCh, MaTeMaTHYeCKUi IIpueM 110 MaCI_HTa6I/IpOBaHI/IIO HepeMeHHOﬁ Zz

pacmpe/eseHuss ¥ M0A00py 4Kcia cTerneHedl cBoOoabl siBisieTcst 3Q(EKTUBHBIM M UM YAACTCSI
XOpOILO aNMPOKCUMHUPOBATh PACHPEICICHUS TMOKa3aTeneld CTaOMIbHOCTH, YHUKAJILHOCTH W
KauecTBa, BBEJCHHBIX CTaHIapToM [5].

Crnenyer moA4epKHYTh, YTO MPHU MOJOOHON anmmpoOKCUMAlMi OMOMETPUUYECKUX JTAHHBIX
pucyHka 1 u pucyHka 2 MbI MOJHOCTBIO OCTaeMCS B PaMKax KJIACCHUKH, PaccMaTpuBasi TOJIbKO
1eJIble MTOKa3aTeNld Yucia cTeneHeid cBoooap M = 6 (pucyHok 1) u m = 10 (pucyHok 2), a Bce
HpoBepsieMble OHOMETPHUECKUE MTapaMETPhl PACCMATPUBAIOTCS KaK HE3aBUCHMBIC.

IMepexon k ApOOHOMY YMCITY CTeNeHel CBOGOIbI

K coxanenuio, runore3a HE3aBUCUMOCTH OMOMETPUYECKUX IapaMEeTpoB BOOOIIE HE
paboraer. Kak mokasama mpakTHKa, Bce OHOMETPHUYECKHE MapaMeTphl OKa3bIBAIOTCA
3aBHCUMBIMU. BTOpBIM KpaiiHe BaKHBIM MOMEHTOM MPEATIOKEHHOTO MOAX0/1a K alpOKCUMaIlUH
SIBIISIETCS TO, YTO TapamMeTp M MBI MOXKEM paccMaTpUBaTh Kak (HEIEINblid) APOOHBIN mapamerp.
3T0 MO3BOJISAET JOMOJHUTENBHO CHU3UTh MOTPEIIHOCTD alMpOKCUMAIIH.

HeoOxomuMocTh mepexoga K JApOOHOMY TIOKa3aTeNi0 Pa3MEPHOCTH HILTFOCTPHPYETCS
pucynkoM 5. Ha »ToM pucyHke oToOpa)keHa T'MCTOTpaMMa pachpeieieHus MoKa3aTeei
CTaOWJIBHOCTH PUCYHKA | ¥ Tpu ee anmpokcumaruu st 5, 6 u 7 creneneid ceodoasl. Kaxknas u3
3TUX anIpoKkcuManuil umeet omuoKy npubmmxenus As= 0.7, Ag = 0.31, A7=0.41.
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Puc. 5. Tpwu anmpokcuMaIuy THCTOTPaMMBI pacTipeieTICHIs 3HAaYeHUH TIoKa3aTesiell CTab MIIbHOCTH
OMOMETPHYECKUX TTAPaMETPOB C TPEMs PA3HBIMH IIETBIMH ITOKA3aTEISIMU YHCIIA CTEICHIMH CBOOOIBI

Ha pucynke 6 pgaHa KpuBas M3MEHEHHUS OIIMOKM aNMpPOKCHMAIMM XHM-KBaJapat
pacmpenieieHueM Ui cllydas, KOIJIa YHCJIO CTeneHeil cBOOOABI SBISETCS HEMpephIBHON



BEJIMYMHOM (OCYHIECTBIICH MEpeXoa OT AMCKPETHBIX 3HaueHWid M = 5, 6, 7 K HeNmpepbhIBHOU
IIEPEMEHHON M).
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Puc. 6. MuHuMI3anus OMIUOKH MPUOIMKEHHUS 32 CUET BHIOOPA APOOHOT0 TOKA3ATENs YUCa CTeIeHEH
CBOOO/IEI.

N3 pucynka 6 BHAHO, YTO OCTaBasCh B paMKax KJIACCUYECKUX MPEJCTABICHUNA U HE
JOTyCKasi BO3MOXKHOCTH CYIIECTBOBAaHMSA JApPOOHBIX TMOKas3aTelnedl cTeneHed CcBOOOBI
pacnpeneNieHus Xu-KBaapaT Mbl (DaKTHUECKA HE MOYKEM TOJJOMTH K TOYKE MHHHMYMa OITHOKH.
Eciu >xe MBI JOMyCTUM CyIIECTBOBAaHUE IPOOHBIX CTENEeHeW CBOOOJBI M MPUMEM YHCIIO
CTeTNeHEeW CBOOOABI 6.2, TO MONYYHM OIIYTHMOE CHIDKCHHWE TIOTPEITHOCTH TPHOIMKEHUS
ACUMMETPUYHBIX paclpeeIeHn 3HaYeHI OMOMETPUYECKHX JaHHBIX U UX MOKa3aTesei.

[Ipumensst npoOHbIE TIOKa3aTeNd 4YHCIA CTENEeHW CBOOOJBI, MBI CTaJKUBAEMCSl C
HEOOXOJUMOCTBIO JTOOTIPEIETICHNS KIACCUYECKOTO paclpeAeNieHus] XHU-KBaapaT IJs HeleNbIX
3HAQYEHW M B MHTEpBaJie 3HAueHU Oonbmux 1. DTO goompeneneHue KIACCUYECKOTO
pacmpeieieHus: MOXKHO OCYIIECTBIIATh YHCTO (POpPMAlIbHO, TaK Kak Gopmysa aHaTUTHUYECKOTO
onucanus (2) comepkXuT (PYHKIUH, OMpENETICHHBIC KakK s LEeJIbIX, TaK U s JPOOHBIX
3HAYEHHI IEPEMEHHBIX.

O0padoTKa 3aBHCHUMBIX JTAHHBIX

Eme ogHuM BaKHBIM MOMEHTOM SIBIISIETCSI TO, YTO KIJIACCMYECKOE paCHpeesieHue Xu-
KBaJIpaT MPUMEHHUTEIHLHO K 00paboTKe OMOMETPHUYSCKUX JTAHHBIX HYXKIACTCS B JIOOMPEICIICHUN
Ha clyyail 3aBUCHUMBIX JaHHBIX. JTO MOXET OBITh CIENIaHO, HampHMep, Yepe3 HOMOTpaMMy
CBSI3U OTHOCHTEJILHOW OIIMOKU HAOJIOICHUS YHCIIa CTeneHel cBoboab Am/(m-1) co 3HaueHHEM
KodpUIMEeHTa KOPPETSAIUN MEeXAy o0padaThiBaeMbIMH OWOMETPUYECKHUMH JaHHBIMA — [

(pucyHOK — 7).
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Puc. 7. Homorpamma CBsi3u OTHOCHTENIbHO# OMIMOKY HAOIIOJeHUs Yicia cTeneneit co6oae1 Am/(m-1) co
3HAaYCHHEM KO3 PHUIHEHTA KOPPEIIIHI MEX Ty 00padaTbiBAeMBIMH OHOMETPHYCCKIMA JAHHBIMU — [

Pacrnionarast Homorpammoil pucyHka 7 Mbl UMEEM BO3MOXKHOCTb NEPECUUTATh YHUCIIO
CTerMeHei CBOOONBI paclpeneseHus] XHU-KBaApaT Uis 3aBUCHUMBIX [aHHBIX IO OIIMOOYHO
Ha0JII01aeMOMY YHCITY CTETIeHEH CBOOO/IbI HE3aBUCUMBIX OMOMETPHUECKUX JaHHBIX. Hampumep,
IpU anmpoOKCUMAIIMU PacHpe/leIeHueM XH-KBaJpaT OMOMETPHYECKHX MAAHHBIX MBI HaOII0/1aeM
M =28, ecnu cuuTaTb STU JlaHHbIE HE3aBUCUMBIMH. OJHAKO MbI 3HA€M, YTO HE3aBHUCHUMBIX
OMOMETpUYECKUX JaHHbIX He ObiBaeT. COOTBETCTBEHHO MBI MOXKEM BBIYMCIHTH CpEIHEe
3HauU€HUE MOJYJIsI KOPPEISLUU UCCIETyeMbIX OMOMETpHuYecKuX NaHHBIX. lIpennonoxuMm, 4to
9TOT NOKa3aTenb Jail 3HadeHwe I = 0.5, Toraa mo HOMOrpaMME€ PHUCYHKa 7 OTHOCHTENIbHAs
ommbKa HaOMIOJCHUs Ynciia cTeneHer cBoboapl coctaBut Am/(m-1) = 0.2. Pemras ypaBHeHue
Am/(m-1) = 0.2 gast m = 8, mosrygyaeM Am = 1.4, TO €CTh YHCIIO CTETEHEH CBOOOIBI [Tl CHCTEMBI
¢ 3aBUCHMBIMH JAaHHBIMU I = 0.5 coctaBuT M = 9,4 BMecTo HabIrOMaeMoi pasMepHOCTH M = 8§
IpU HE3aBUCHUMBIX JaHHBIX.

N3 HOMOrpamMMbl pucyHKa 7 BHUIIHO, YTO JJISI MajbIX 3HAYECHH Pa3MEPHOCTH M CBA3b
OTHOCHUTEJIbHOM omMOKkH HabmogeHuss Am ¢ K03(Q(UIMEHTOM KOpPpeIsUN  CIO0XKHas
(HenMHEeHas), OJTHAKO MO MEpPEe YBEIIMUEHHUS YHCIia CTETIEHEeW CBOOOIBI 3Ta CBA3B YIPOIIAETCS U
CTaHOBUTCA Onm3ka K JuHeWHOH. [lpu OONpIIMX 3HAUYEHUSX KOPPEIUPOBAHHOCTH JaHHBIX
omnOKka HabI0AeHUS pa3MepHOCTH AM MOKET ObITh KaK YrOJHO OOJIBIION.

3akao4YeHue

Takum  obOpazom, aCUMMETPUYHBIE IUDIOTHOCTH  pACIpENENIeHUs]  3HAYeHUH
OMOMETPHUYECKHUX MapaMeTpPOB BIIOJIHE MOTYT OBITh MPUONMKEHBI MOTUGPUIIUPOBAHHBIM XH-
KBaJpat pacnpeaeneHueM. [Ipu 3ToM mepexo/1 OT IeNbIX MOKa3aTesIed Ynucia cTeneHeid cBoOOo bl
K UX JpOOHBIM 3HAYEHHUSM HE SBISETCS CYIIECTBEHHON mpobnemoii. Tak e cpaBHUTEIBHO
JIETKO OCYIIECTBIIACTCS MEepPEecUeT XM-KBaJpaT pacnpeesieH!s ¢ He3aBUCUMBIMU JaHHBIMHA K XH-
KBaJIpaT paCHpeNeNICHUsM 3aBUCHUMBIX OHOMETPUYECKUX JaHHBIX. BuANMO, XH-KBajpar
pacripeiefieHne SBISIETCS HamOoJiee TPOCTHIM aCUMMETPUYHBIM 3aKOHOM  pacIpeesICHHs
3HAUEHUN C TOUKH 3pEHUsl ydeTa BIUSHUS KOPPEIALHUOHHBIX CBsi3el Ha (opMmy 3akoHa
pacnpenesneHus.



JIUTEPATVYPA:

1.

Fuzzy Extractors: How to Generate Strong Keys from Biometrics and Other Noisy Data
/Yevgeni  Dodis, Leonid Reyzin, Adam Smith //  April 13, 2004.
www.cs.bu.edu/~reyzin/fuzzy.html

. Cavoukian, A. Stoianov Biometric Encryption: A Positive-Sum Technology that
Achieves Strong Authentication, Security AND Privacy, March 2007, Canada, Toronto,
Ontario, www.ipc.on.ca

Bomunxun B.U., VBano A.M., ®dyntukoB B.A. BeicTpble anroputmel 0O0y4YeHHS
HEHPOCETEBBIX MEXaHHW3MOB OHOMETPUKO-KPUNITOrpaQUuecKod 3aluThl UHPOPMAIIUH.
Mounorpadusa. Ilen3a-2005 1. H3garensctBo IleH3eHCKOTO  TrocyaapcTBEHHOTO
yHUBEpcuTeTa, 273 c.

I'OCT P 52633-2006 «3ammra wuHpOpMauuu. TeXHUKA 3aIUTHl HH(DOPMAIUH.
TpeboBanus k cpeicTBaM BHICOKOHAICKHON OMOMETPUUYECKON ayTeHTUPHUKAIIII

I'OCT P 52633.1-2009 OxonuarenbHas penakuusi «3amurta wHQOpManuu. TexHHKa
3amuTel  uHPopMmaruu. TpebGoBaHus K  QopmMupoBaHUIO 0a3  €CTECTBEHHBIX
OuomeTpuueckux  00pa3oB, NpPEAHA3HAYCHHBIX  JUII  TECTUPOBAaHUS  CPEJICTB
BBICOKOHAJIC)KHON ~ Oumomerpuueckoid  ayreHTudukauuum». Hagamo  myObmudHOro
obcyxnenus ¢ 15.10.08, okonuanue mydauaaoro oocyxaenus 15.01.09.

bonn Pyn u ap. PykoBoactBo mo Ouomerpuu. / bomn Pya, Konnen [Ixonatan X.,
[Tankantu [lapar, Parxa Hamuau K., Censop Dupapro Y. // Mocksa: Texaocdepa, 2007.
-368 c., (mepeBo/1 ¢ aHTIIMICKOTO)

3axapoB O.C., BanoB A.W. Y4eT KOppeIAMOHHBIX CBSA3EH OMOMETPUYECKHX JaHHBIX
yepe3 ApOoOHBIN MOKa3aTenb CTEerneHeld CBOOOMBI 3aKOHA paclpeiesieHusl 3HAYeHUH XH-
kBajpat. MHpokoMMyHHKaIIMOHHBIE TexHOoIoruu Tom 6, Ne 1, 2008 r., ¢. 12-15.

3axapoB O.C., UBanoB A.W. Mcnonb3oBaHue 3aKOHA paclpeneseHus XU-KBaApaT s
AHATTUTUYECKOTO OTHMCaHUs CTaTUCTUK OMOMETPUUECKUX apaMeTpoB.
NudoxommyHukanronssie Texnonorun, Tom 7, Ne 1, 2009 ., c. 72-76.



http://www.cs.bu.edu/~reyzin/fuzzy.html
http://www.ipc.on.ca/

