9JIEKTPOHHBIE CPEJICTBA: HCCJIEJOBAHMUS, PASPABOTKHA

K. m. n I 1O. IIEPEAKOBA

E-mail: Galina_onpu@mail.ru

IIpeonoowcen memoo 8vibopa Koauvecmeda
uzovimounvix sn1emenmos bBUC 6e3 mne-
onpasdanroeo ysenuuerus: niowjaou bBUC.

CoBpeMEeHHBII ATal pa3BUTHUS OIYIIPOBOTHIUKOBOTO
IIPON3BOJICTBA XaPAKTEPHU3YETCS POCTOM ITOTHOCTH KOM-
nonoBku BUC, n3-3a yero BozpacTaeT KOJIMUECTBO MPO-
U3BOJICTBEHHBIX JIC(EKTOB M COKPAIIAETCS BBIXOJ IO/
Heix BUC.

YCTOHUNBOCT K TIOSIBIICHUIO 1€(DEKTOB Y HEKOTOPBIX
tunioB BMC oGecrnieunBaeTcs myTeM CTPYKTYpHOU H30bI-
TOYHOCTH (pEe3epPBUPOBAHUS), T. €. JOOABICHHS K HX CXEME
JIOTIOTHUTEIIBHBIX 3JIEMEHTOB. DTOT IOXOI XapaKTepeH
IUTSL CXEM, COCTOSIIIMX U3 TAKUX MOAYJICH KaK JIeMEHTEI
MaMATH U TUPPOBOH JToruKH. OHAKO KOJIMYECTBO J0-
TIOJTHUTEIBHBIX (PE3EPBHBIX) JIEMEHTOB JOKHO OBITH
O6OCHOBaHHLIM, I~IT061:»I HC BbI3bIBATH HCOIIPABJAAHHOTO
pocrta rtomaau MC.

TpaIUIMOHHO KOIMYECTBO TOMOITHATEIEHBIX JIEMEH-
toB BUC onpenensiercs mpu TpeGyeMoM YPOBHE BEIXOIA
TOIHBIX C TIOMOIIBIO PA3IMYHBIX KOMITAyHJ-pacipee-
JIeHHi Ha OcHOBe 00001IeHHoro pacnpenenenus Ilyac-
coHa [1—4]. ToyHOCTh B 3HAYUTENBHOIN Mepe 00yCIIOB-
JieHa THIIOM (DYHKIIUY, IPUMEHSIEMOU pU 0000IICHUT
pacrtpenenenus [lyaccona. OTu QyHKIMH pa3HATCS KO-
JIMYECTBOM ITAPAMETPOB, TIO3BOJISIOIINX OIICHUBATH CTa-
THUCTHYECKHE XapaKTEePUCTHKHU pacIipeie/ieHust 1e(heKTOB
Ha TIOBEPXHOCTH IMJIACTUHBI Ipu mpousBojacTee BUC.
Taxumu napamMeTpamMu ABJIAIOTCA: ITOCTOSTHHBIHN JJIA JaH-
Horo nponsBosicTBa U Trma MC koadduitueHT (yanToiBa-
€T CUCTeMaTHYECKUE TEXHOIOTHISCKUE Ne(EKTHI ), Cpe-
Hee KOJTMYECTBO JIe()eKTOB Ha eIUHUILY IIJIONIa 1, KO3 (-
(bUIMEHT KIIacTepu3aIiy, yIUTHIBAIOIINIT HEpaBHOMED-
HOCTB pacrpeieJICHAs 3TUX 1e(heKTOB, pazMep «OI0Ka
— JMHUIIBI U3MEPECHUS pa3Mepa KilacTepa.

Bun xommayHa-pacpenenenus (KpyTHOKIACTEPHOES
WU CPEAHEKIACTEPHOE OTPULIATEIFHOE ONHOMHUATIBHOE
pacrpeiesieHue) BEIOUpaeTcss B 3aBUCUMOCTH OT COOT-
HOIICHUS pa3MEpPOB KIIacTepa U aHAIN3UpyeMoii o0ac-
tu. Iyt BUC ¢ mnorniaipro 00ibiie KBaJIpaTHOTO JroiMa
60J'II)HIy}O TOYHOCTbB ITPU OLIEHKE BbIXOJa 'OAHLIX U, CJIC-
J0BaTCIbHO, IPU BLIGOpe KOJIMYECTBA JOIIOJIHUTCIIBHBIX
AIIEMEHTOB JaeT CPeTHEKIACTEPHOE OTPUIIaTeIFHOE ON-
HOMHAJIBHOE pacIpeieTICHUE.

O1ieHKa CpeIHero KOJIM4ecTBa Ie()eKTOB TPOBOJIHT-
cs1 ¢ yaerom tuna UC, ocoGeHHOCTEH TTPOU3BO/ICTBEH-
HBIX JIMHUH U TTPOIIecCOB 00pabOTKH TUIACTHH.

praI/IHa, OHCCCKI/Iﬁ HaL[HOHaJ'ILHI:IfI MOJUTEXHUYECKU T YHUBCPCUTCT
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OIIEHKA CTPYKTYPHOM N3bbITOYHOCTH BUC
C [IOMOLIBIO ITIOMEXOYCTONYNBOU KITACTEPU3ALIMN

[Ipu onpenenennn k03P GUITMECHTOB KIACTEPU3ALIUH
MPUMEHSICTCS MTOHATHE «0JI0Ka» KaK eAUHUIIBI H3Mepe-
HUS wiolaau kiactepa [1]. bioku craructuuecku He-
3aBHCHMBI JIPYT OT Apyra. BHyTpH 0710KOB e ek ThI pac-
Ipe/ieeHBl PABHOMEPHO, KOPPETUPOBAHHEI MEXKITy CO-
0011, X YMCI0 B KAKIOM OJIOKE MMEET OTPHLATECIBHOE
OGUHOMHANBHOE paclpeieieHHE.

Kaxk mpaBrio, Uit ogo0HOT0 HCCIeIOBAHUS Ha TIPO-
W3BOJICTBE C IIETHI0 COKPAILICHHS 3aTPaT MPEIbIBISICTCS
MaJioe KonmmgecTBo miactuH (10—12). B crartuctuke 3o
— Masas Beibopka. Ho onpenenuts pa3mep 01o0ka B city-
Yyae MajbIX BBIOOPOK CIOXKHO, T. K. OIIMOKHU OIeparopa,
cbou 060pyaOBaHUs MPU U3MEPEHUHU 00YCIOBIMBAIOT
HCKaKCHHE JAHHBIX 0 Ae(eKTax IPH MaJIOM X 00beMe.
MeTo/1b1, OCHOBaHHBIE Ha CPaBHEHHUH paCIIpeAeTICHUIN
9THX JIAHHBIX, YYBCTBUTEIILHBI K OTKIIOHCHUSIM («IIIYMY» )
JIAHHBIX. BIUsIHUE 3THX HEOCTATKOB MOXKET OBITh YMEHb-
IICHO C TIOMOIIBEO TIOMEXO0YCTONYMBBIX IIPOLEIYP KiIac-
Tepu3anuu [4] mpu onpeaesieHuH pa3Mepa 0J10Ka.

Hacrostimast ctaThst mocBsiieHa pa3paboTke METo-
Ja, MO3BOJISAIONIET0 (hOPMAIN30BaTh IPOLEAYPY OLIEHKU
HeoOxoanmon m30erTounoct BUC (mpu 3aganHOM
YPOBHE BBIX0J1a TOJIHBIX) HA OCHOBE BHIOOpA pasmepa
0JI0Ka CPeTHEKIIACTEPHOTO OTPUIIATEIIEHOTO OMTHOMHU-
aJIbHOTO paclpeAcseHUsl ¢ IOMOIIBIO TOMEX0YCTOM-
YHBOTO MYJIBTHCTAPTOBOIO CyOIrpajiMeHTHOrO UTepa-
TUBHOTO METOMa KIaCTEPHU3AIHH B IPOCTPAHCTBE BEHi-
BIIET-TIPEOOpPA30BaHUS.

AHAJIMN3 METOH0B OLleHKH BbIX01a rogunsix UC

IIpu ouenke Beixona rogubix MC ucnonb3yoT KoM-
nayHJ-pacnpenesieHus 1e)eKTHOCTH.

Jedexrsl, mpuBomsue K norepe rogausix MC npu ux
IIPOU3BOJICTBE, paclpeiesIeHbl BHYTPHU IUTaCTUHBI HEPaB-
HOMEPHO, 00Pa3yIOT KJIACTEPhl, TOATOMY METIKOKIacTep-
HOE pacripe/ielieHe, He YUUThIBaro1ee AToT 3(heKT, naet
MEHBIIYIO TOYHOCTH ITPH OIEHKE BBIXOAA FOIHBIX [4].

BeposTHOCTB TOT0, YTO YKCITO NE(PEKTHBIX MOIYJICH &
Oyznet paBHo 0 B paMKax KomrayHj-pacnpenenenus [1y-
accoHa JyId KpyIMHOKJIACTEPHOTO pacipeieNieH s, KOTia
BCSI MUKPOCXEMa pacriojiaraetcs BHyTPH OJHOTO OJI0Ka,
OTIPEIETISIETCS COTTacHo hopmyIe

Y= P(k=0)=(1+ N\, /a, )",

rae k — 4ucio 1eeKTHBIX MO/TyJIeH;
N — pa3mep MUKpOCXEeMbI B MOayJIsix [ 1, 2];
A, — cpenHee unco e)eKTOB Ha OMH MOTYIb;
0, — TIapameTp KJIacTepU3aIUH.

(1)
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Pa3zmep 6moka 11 KpYHMHOKIIACTEPHOTO pacIpese-
JICHUSI paBEH BCEH IUIOMIA M IUIACTUHBI (B MOYNAX). Jlo-
CTOMHCTBA TAKOI'0 NPEJCTaBICHHUS — MPOCTOTA OIpeie-
JieHus O, ¥ A, METOIOM «OKHa» [3], HeT HeoOxXoauMo-
CTH OTIPENeIsTh pa3Mep Oyoka. HemocTatok — HHU3Kas
TOYHOCTH TSI MEKPOCXEM BBICOKOHM CTENCHU MHTETpa-
UM 1 OOJIBIION MIOIAAN, KOTIA PasMep MHUKPOCXEMBI
CTAHOBUTCSI OOJIBIIIE pa3Mepa Ki1acTepa.

Jl1st cpeiHeKIIaCTepPHOr0 paclpeeIeHus, KOra pas-
Mep OJoka B jexkuT B mipenenax 1<B<N, ¢opmyna (1)
npeodpasyercs K BUILY

N
Y=Pk=0)=(1+ B\ /a_ )E "
m m

CpenHexiacTepHOE pacipeiesieHne BKITFOIaeT B ce0st
KPYIHOKJIACTEPHOE M MEJIKOKIIACTEPHOE PACTIPEICTICHUS
Kak npejenbHble ciiydan. KoadduimenT kacrepusanuu
9TOrO pacnpeseseHus O BHYTpH 0Jl0Ka MOCTOSIHEH, HO
BO3pACTaeT, KOT/Ia paccMaTpruBacMasi 00IacTh BKIIIOUACT
B ce0s HACKOJIBKO OJTOKOB. [Iyist ompeiesieHns pa3mMepoB
Onoka paspabotan psj MeTonoB. OnHako B [1] aBTOpEI
KOHCTaTHPYIOT, UYTO B CIy4ae MaJbIX BEIOOPOK (Majoro
KOJIMUECTBA UCCIEyEeMbIX IUIACTUH) JIaXKe COYETaHUEM
ATHX METOJIOB OIIPEICIUTE pa3Mep OJI0Ka CIIOKHO.

CrnemyeT yauThIBaTh TaKKe, YTO pa3Mmep O10Kka ure-
PALOHHO OTIPEAEIACTCS 3aHOBO JUTSA KQ)KIO0T0 BU/IA IIPO-
M3BOJICTBA U pasHbIX TUTIOB MIC. D10 onpeneneHue B mpe-
JleTax TUIaCTHHBI IPEIoNaraeT nepedop pa3inuHbIX CO-
YeTaHUH KOJTHIESCTBA H PACTIONOKEHIS MOAYIICH, BXOMS-
myx B OJI0K. Bee BapnaHTHI pactpeeIeH st BRIXOIa roji-
HbIX IC 4yBCTBUTEIBHBI K IIYMOBBIM H3MEPEHHSIM MIPH
KOHTPOJIE 110 MaJIbIM BeiOopkam [1]. ITosTomy B HacTOSI-
1ielt paboTe aBTOPOM MPEIOAKEH METO/], TO3BOJIS IO
(bopManu30BaTh MPOIECC OMpeAeTICHU pa3MepoB Oro-
Ka JIISl OIICHKH CTPYKTYpHO# n3ositounoctu bUC ¢ mo-
MOIIIBIO CPETHEKIACTEPHOTO pacIipe/ieNieHus Ha 6a3e 1mo-
MEXO0YCTOHUHBOTO MYJIBTUCTAPTOBOTO CyOrpaAeHTHOTO
UTEPATUBHOIO METO/A KIACTEPU3ALMH B IPOCTPAHCTBE
BeliBJeT-nipeoOpa3oBanus [5].

OueHKa MapaMeTpPoOB CPeIHEKIACTEPHOTro
pacrpe/eeHus

3amaua KiacTepu3alui COCTOUT B pa30MEHNN MHO-
’KecTBa 00pa30B 00BEKTOB Ha IPYIIIHI (KJIACTEPHI) C yue-
TOM CXOACTBAa OOBEKTOB, KOTOPOE OMPEACIIIIOT Yepes3
paccTosiHUs B IPU3HAKOBOM NpocTpaHcTse. [Ipu orcyT-
CTBUH anpruopHOH nHPOpMaIuu o GopMe uccieayeMpIx
KJIACTEPOB M C YU4ETOM IMpPEaIojiaraeéMoii 3aryMIeHHO-
CTH BBIOOPKH /1A PEILIeHHs 331a4 ONTUMHU3ALUH pa3pado-
TaH IIOMEXO0YCTOHUNBBIN CyOTrpaIMeHTHBIN HTEPAaTHBHBIN
METO] ONTHMH3ALIIH B IPOCTPAHCTBE BEHBIET-TIpeoOpa-
30BaHusA [6]. [J1s1 MOBBIIIEHHS TOMEX0YCTOMYUBOCTH KJla-
CTepU3alliK Ha OCHOBE 3TOT'0 METOIa ONTUMHU3AIIH pa3-
paboTaH MyJIBTUCTAPTOBBIN CyOrpaAMEeHTHBIN UTEpaTHUB-
HBIA METOJ| KJacTepHu3alld B MPOCTPAHCTBE BeHBIIET-
peoOpa3oBaHuUsI.

DKCcIepUMEHTAIbHBIE UCCIIEA0BAHNS TTIOMEXOYCTONYH-
BOCTH ATOTO METO/Ia KJIacTepHU3alnuy oKa3aiu, 4To OT-
HOCHUTEJbHAS TOTPELTHOCTH OIPEAEICHUS] MUHUMYMa Te-
cToBOW (pyHKIMHU cocTaBmia 8,32% IpU BEIUIHHE OT-
HOIIICHUS aMIUIUTY/l CUTHama u myma 1,17 [5].

[Ipennaraercs Ucmoyb30BaTh ITOT METO]| KJIACTEPU-
3al1U [IPU OLIEHKE IIapaMeTPOB CPEJHEKIIACTEPHOIO pac-

TIPE/ICIICHIsS], TIOCKOJIBKY TIPH aHAJIN3€ BBIXO/IA TOMHBIX
BUC, xak npaBuiio, Mas 00beM BBIOOPOK (KOITHYECTBO
UCCIICyEMBbIX TUIACTHH), YTO MOXKET IIPUBECTH K 3aIlIyM-
JICHHOCTH BBIOOPKH.

J71s1 ero peanu3anuy MpeiaraeTest CIeayromas mpo-
nemypa.

1. TTomympoBOXHUKOBBIC TUIACTUHBI PA3MIEIIAIOTCS Ha
MOJYJIM PaBHOM 1iomamu [1].

2. OnpenensieTcst KOIMIECTBO Ae(hEKTOB HA MOIYIe
)\m 1 K03(QOUIIMEHT KITacTepr3anuu JJisi MOYJISI a,, 1o
Meronuke [4]. Torma

N _ 1 SW

A =X= X,
Sw¥

e ): — OIEHKA A _;

m>

X — cpe/Hee Yuciio 1eeKTOB Ha MOJIyJIE;
S — KONMYECTBO IJTACTHH;
W— xonudecTBO MOAYJICH Ha IIIACTHHE,
X, — uucino nedexros Ha i-M Mojyne (i=1,

. SI).

Ouenka O, MPOBOIUTCS C y4ETOM TOTO, YTO YHCIIO
nedeKToB X MMeeT OTpHIIaTeIbHOe ONHOMHUAIBHOE pac-
npeseneHye ¢ napamerpamu A, O . Ouenka aucnep-
cuu OyzeT UMeThb BUJ

1 Sw
V(X)) =Y X2 -
SW
a OIICHKA Koa(pqmuneHTa KJIaCTepH3ALIUH [T MOYJISI
. x?
™ V(X)X

Koaddurment knactepuzannu 010ka ornpenensercs
kak O, =@, [1].

3. C 3amaHHON TOYHOCTBIO O ompemesnsierTcst Kommde-
CTBO, LIEHTP, JUAMETP KJIACTEPOB € IIOMOILBIO IOMEXOY-
CTOIYMBOTO MyJIBETHCTapTOBOIO METO/1a KITacTepH3ariuu [5].

4. JInd KakJ0ro M3 3THUX BapHaHTOB KJIacTEePOB
OIpeAEIAeTCs] MAaKCUMAJIBHOE LI€JI0€ YHCIIO0 MOAYJEH,
BXOISLIMX B KJIacTep.

5. ®opMupyercst BapuallMOHHBIN P IUIOLIAaAeH Kila-
CTEPOB, BBIPAXKEHHBIX B MOJIYISAX. DTH 3HAUCHUS
(/,J) npuHUMAIOTCS KaK 3HAYCHUSI PA3MEPOB OJIOKOB IS
NIepBON UTEPALIUH.

6. Onpenensiercst pazmep OJ0Ka.

6.1. ITo meromuxke [4] mocnenoBaTensHO GopMHUPY-
€TCsl MaTpHUIla OLEHOK KOA((OUIIMEHTOB KIIACTePU3AIIH
O JUTst TOTEHITUATBHBIX Pa3MepoB O10ka ot 1X1 u no IXJ
MOJYJCH; OTHICKUBACTCSI HAMOOIBIIHNA pazmep X/, s
kotoporo G(l,J) meHbiie, ueM G (1, 1), KOTOpBI U IpH-
HUMaeTcs 3a pa3mep OJoKa.

ITo BTOpOMY MeTOMY OLEHKH pasmep Onoka B XB,
OIIpeieNsieTCsl B /1Ba ATarna (KOJIMUeCTBO MOYIIEH Mo AU~
He / u o mupune J knacrepa). Mccnemyemas niacTiuHa
JIeuTCsl Ha Ooku pasMepoM (/XJ) momyneit. UToOb
onpenenuth B, u B,, bopMupyroTCs 11BE ManI/H_IBI co-
JieprKanme pe3ym>TaT IPOBEPKH 10 KPUTEPUIO X CTATH-
CTUYECKOH HE3aBUCUMOCTH MEXAY COCEIHUMH OIOKa-
MH. 3HadeHus [ U J, KOTOPBIE ONPENENSIOT BEIOOp B, 1
B,, onpenenaroTes 1o nepBoii CTpoKe U CTOJ'I6]_Iy coor-
BETCTBYIOIMX MATPHII, B KOTOPBIX 3HAYEHHS X 3HAUM-
TEJIBHO HUXKE, YEM B JIPYTHX.
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6.2. IlocaenoBaTenbHO, HAUMHAS ¢ MUHUMAJIbLHOTO,
CpaBHUBArOTCA 3Ha4YeHus (/, J) N3 BapuallOHHBIX PSJIOB,
noJy4yeHHbIX B L. 5 U 6.1. [Ipu coBnaseHun pe3ynbTa-
TOB C 3aJJAHHON TOYHOCTBIO () IPHUHUMACTCSI MUHUMATb-
HBIW pa3Mep OJI0Ka, KOTOPBIH 3aTeM CpaBHUBACTCSI C pe-
3yNBTaTaMH YKCIIEPUMCHTATEHOM OIIEHKH BHIXOZA TOTHBIX.

Ecnu onenku pa3mepos 050ka B 1. 5 1 6.1 otmnya-
10TCs Goiee yeM Ha (), pEKOMEH/TyETCS MOBBICUTh TOY-
HOCTb KJIACTepH3aIMH (YMEHBIIUTH 0) 1 TOBTOPHUTH pac-
4eTsl 110 1. 3—6. Ecnu pa3znuuaiorcs Bce TPU OIIEHKH
pa3mepoB OJ0Ka 1o M. 5 1 6.1, BBIOUPAIOT TOT pazMep
010K, KOTOPBIW NP CPABHEHHH C pe3yJIbTaTaMH dKCIIe-
PUMEHTAJIbHOH OLIEHKHU BBIXOJIa TOAHBIX TAET MEHBIIYIO
OIIHOKY.

7. Onpenensercss KOIUYECTBO Je(HEKTOB OI0Ka
A b=B)\m. 3neck B=B,B, — myomans 6110Ka.

Ouenka cTtpykTypHoii n30biTounoctu bBUC

[Tpu o1ieHKE CTPYKTYPHOI H30BITOYHOCTH PACCUUTHI-
BaloT BBIX0J TOHBIX MC, conepxamux N UIeHTUIHBIX
MOJyJIeH, U3 KOTOPBIX TOJBKO M — HEoOXoaumble JUis
(dbyHKIIMOHUpOBaHUS, a (N—M) — U30BITOYHBIC. DTH U3-
OBITOYHBIC MOTYJIH MOTYT 3aMEHSTH JII000i1 13 M Momy-
TIeH, eclii OH JIe)eKTEH.

Onenka ctpykTypHoii u3dsirounoct BUC npoBouT-
s B TAKOM MOCJIeI0BaTEIbHOCTH.

1. ITo meronuke [4], ¢ yaeTom Toro, yto MC He 00s-
3aTeJIbHO BKJIFOUACT B CEOs 1EJI0¢ YHCII0 OJIOKOB (OIICH-
Ky pa3sMepoB OJ0Ka MPOBOIAT JIs MJIACTUHBI), IOBEPX-
HocTh MIC pasaensercss Ha 00JIACTH, MPUHAICKAIINE
pasHbIM Os10kaM. OOIIee YUCiIo CBOOOHBIX OT JeheK-
ToB Moayieit IC paBHO cymMMapHOMY KOIHYECTBY Ta-
KHX MOJIyJIeH B ee yacTsx. Tak Kak 3TH 00JIacTH PUHA/T-
JIeKAT Pa3IMIHBIM OJI0KaM, pacIpeIe/ICHHUE YKcia CBO-
OonHbIx OT fnedekToB Moxyei P (k) paBHO BEPOATHO-
CTH TOTO, YTO POBHO k u3 N Mojyneil CBOOOHBI OT Jie-
dekroB a(k, N), 1. e. onpexensercs o Gopmye [3, 4]

Rk =ak N)=
PR = N (K+ DA, D
_CN;( 1) Cy k|jL+ o D

2. OnpenensieTcst KOIMUECTBO U Pa3Mepbl yKa3aHHBIX
oOnacTeit B OJIOKaX MM MOIYJIISIX.

3. OnpenensoTes BEpOITHOCTH TOTO, YTO POBHO £,
MOAyJel, CBOOOIHBIX OT 1e(heKTOB, uMeeTcs B i-if 00-
JacTH:

P(Gk)=alk, 4)),

e A, — momans i-i 06nacTy, copepKameics B oa-
HOM OJIOKe.

4. OnpeaensroTcsi BEpOSITHOCTH TOTO, UYTO POBHO kis,
MOJTyJieil, CBOOOIHBIX OT Ae(PEKTOB, UMEIOTCA B j-ii Ya-
CTH i-#1 00J1acTH. DTH BEPOSTHOCTH ONPEIEIIAIOTCA 110~
CPEJICTBOM KOMIIO3UIMH [7] 110 k; 3HA4€HUH BEPOATHO-
creit a(k;, 4,), alk,, 4), .. a(kls, 4)).

31ech j — HOMEp YacTH 06HaCTI/I J=Loss k
qrcio 0e3aePeKTHBIX MOYJIeH B j-if yacTH i-i oGnacm

=3k [

5. C y4eToM Toro, 4To 4uciio 0e3/e)eKTHBIX MOY-
neit UC G ompenensercs kak cymMMa uucia 6e3nedext-
HBIX MOJyJIEH z ee obnactelt G, [4]

G=iq,

BEPOATHOCTE P 1. (G k) momy4enust k 6e31eeKTHBIX

MOJtyJIei 6y,ueT OHpeIleJ'ISITLCSI MOCPE/ICTBOM KOMIIO3H-

unn [7] 3nadennii Beposarnocrel P(G =k,), P(G,=k,),
, P(G_=k).

3necy k= k"-; R, R,
IS

— PACCTOSIHUS MO Bep-

TUKaJIHM ¥ TOPU3OHTAIM MEXY JIEBBIM BEPXHUM YIJIOM
NC 1 cooTBETCTBYIOUIMMHU IPaHUIIAMHU OJIOKA.

[Tocne y4yera BceX BOZMOKHBIX BAPHAHTOB pazMellie-
Hud, T. €. (R, R,), BBIYUCIISIETCS CPEIHEE PacIIpeene-
HUC

G C

P(k)‘ c.C Zg; Rrry (G= K.

6. Torna Beixon rogasix UC onpenensiercs [ 3, 4] kak

(K.

Orenka BbIX0/1a TOJIHBIX B ciryvae, koraa MC Bkiio-
4aeT B ceOsI He TOIBKO aHAIOTMYHbBIC MOAYJIH, HO U HEKO-
TOPBIE COIPOBOXKIAIONIHE UX ITOICXEMEI, IIPEITIONAraeT
pacueT BepOsITHOCTH BBIXOA TOIHBIX C YIETOM ITHX MOJI-
cxem [3].

7. O1ieHUBaETCsI SKBUBAJICHTHBIN BHIXOJI TOTHBIX MIPU
ONPE/ICICHHBIX 3HAYEHHUAX KOJIMYeCTBA Ae(eKTOB A ,
ko> uIIMenTa KIacTepu3aluu O JUls TIaCTHHBI U pa3-
Mepax Ooka B IS pa3iMyHOrO Yucia U30BITOYHBIX
Mojyneid. BeiOupaeTcss 4ucio u30BITOYHBIX MOJYJICH,
KOTOPOMY COOTBETCTBYCT MaKCUMaJIbHBIM DKBUBAJICHT-
HBIN BBIXOJI TOAHBIX Y.

Koaddumment kacrepusanuu Juist MIacTUHBI OTIpe-
nenseTcs Kak [3, 4]

N

k=M

:ubg’

rae W — miomaapb mIacTHHBL.

OKBHUBaJICHTHBIN BBIXOJI TOJIHBIX Y OIpeienseTcs Kak
YaCTHOE OT JIEICHUS BBIXO/IA TOJHBIX ¥,¢ Ha OTHOLICHHE
wiomaan MC ¢ u30bITOYHBIMU MOAYISMH K TUIONIAIN
NC 6e3 Hux.

HUccnenoBanue BIusHUS pazMepa 0J0Ka Ha KoJIrye-
CTBO JOTOJHHUTEIBHBIX MOAYJCH OBLIO MPOBEICHO TI0-
cpencTBOM Mo/ienrpoBanusl Ha OBM mnmacTuHb! pa3me-
pom 24x24 monyns ¢ IC pazmepom 2%3 monysmst. Huc-
710 1ePEKTOB 3371aBaJIOCh B COOTBETCTBHH C OTPHIIATEITb-
HBIM OMHOMMAJIBHBIM pactpesenenueM npu A =260 u
0(W=8. K WC nobasisimuch U30BITOUHBIC MOTYJIH, U OLIC-
HUBAJIACh YKBUBAJIIEHTHAS BEPOATHOCTD OJTYYECHHUS O~
HbIx UC ams pa3nnyHbIX pazmepoB Ojoka B — 1; 16 u
32. OnrtumanbHasi n30BITOYHOCTD JIJIsl JAaHHOTO Habopa
napaMeTpoB (YUCIIO MOJYIIEH, 1JIs1 KOTOPBIX SKBUBAJICH-
THas BEPOATHOCTD Moy4eHus ronabix MC Oynet makcu-

20

TexHOMOTHSA ¥ KOHCTPYHPOBAHUE B YIIEKTPOHHOM anmapatype, 2010, Ne 1




9JIEKTPOHHBIE CPEJICTBA: HCCJIEJOBAHMUS, PASPABOTKHA

B=32

0,4

0,3

"DKBHUBaAJICHTHBIN BBIXOJ [OJHBIX

02 + - . e - —

0 1 2 3 4 5 6

KonuruecTBo M30BITOYHBIX MOJIYJICH B OnoKax
PasHBIX pa3MepoB

MaJIbHOI) OyyieT paBHa 2 1yis1 3HaYeHU B=1 1 B=16 u 4
utst B=32 (CM. PUCYHOK).
BriBoabl

Takum 00pa3oM, IPEIUIOKSHHBIN METO/1, OCHOBAHHBIH
Ha OIIEHKE pa3MepoB OJIOKa CPEeTHEKIIACTEPHOTO OTPHIIA-
TEJILHOTO OMHOMHAJIBHOTO PACTIPEICIICHHS C TTIOMOIIHEO
TIOMEX0YCTOMUMBOTO METO/A KJIaCTEPU3aIIUH B TPOCTPAH-

CTBE BEHBJIET-PEOOPa30BaHMUs MIO3BOJISIET BRIOUPATH KO-
JINYECTBO I/I36I)ITO‘1HI)IX 3JIEMCHTOB 633 HCOIIpaBAaHHOI'O
yBenmuenus rwiomau bUC npu ncnons30BaHNH Ha 3Tare
UCCIICIOBAHIS MAITBIX BRHIOOPOK JTAHHBIX.

HCIIOJIbB3OBAHHBIE UICTOYHHKHA

1. Koren I., Koren Z., Stapper C. H. A statistical steady of defect
maps of large area VLSI IC’s // IEEE Transaction on Very Large Scale
Integration (VLSI) Systems.— 1994.— Vol. 2, N 2.— P. 249—256.

2. bornanos 0. 1., bornanosa H. A., Tmixynsa B. JI. Cratuctu-
YECKHE MOJCNIH YHpaBJIeHUs Je(EKTHOCTHIO M BBIXOJOM T'OJIHEIX B
MHKpodsieKTponuke // Mukpoanekrponuka.— 2003.— T. 32, Ne 1.—
C. 62—76.

3. Koren 1., Stapper C. H. Yield models for defect-tolerant VLSI
circuits: a review // Defect and Fault Tolerance in VLSI Systems.—
1988.— V. 1.— C. 1—21.

4. Koren 1., Koren Z., Stapper C. H. A unified negative-binomial
distribution for yield analisis of defect-tolerant circuits // IEEE Tran-
saction on Computers.— 1993.— Vol. 42, N 6.— P. 724—734.

5. lep6akosal 1O., Kpeutos B. H. Anantusras kinactepu3anus B
MPOCTPAHCTBE BeHBIIET-1IpeoOpaszoBanust // PagioenekTpoHHi i KoM 'to-
tepHi cucteMu.— 2009.— Ne 6 (40).— C. 123—128.

6. Kpunor B. H., Illep6axosa I". }O. CyOrpanieHTHUIi iTepaTuB-
HHUH METOJ ONTUMI3allii B IPOCTOPI BeiiBieT-nepeTBopens // 30ipH.
HayK. Tipaiib BiiicekoBoro iHcTuTyTy KniBcbkoro Hair. yH-Ty iM. T. T.
[Heuenka.— 2008.— Bum. 12.— C. 56—60.

7. ®ennep B. Beesenne B TeOpHI0 BEPOATHOCTEN 1 €€ MPUIIOKE-
Hust. T. 1.— M.: Mup, 1964.

HOBBIE KHUT'

400 c.

Tuxonos B. U., Waxrapun b. U., Cusbix B. B. CayuaiiHbie npouecchi.
[Mpumepnbl u 3anaun. OLeHKA CUTHAJO0B, UX MapaMeTpoB U cnekTpoB. OcHo-
Bbl Teopuu uHpopmauuu. T. 5.— M.: lopsauasa aunua — Teaekom, 2009.—

B nmstom TOoMe 3ajauHuKa B MEPBOH YaCTH MPEACTABAEHbBI 3ajaul MO OLlEHKE CUTHA-
JIOB, UX MapaMeTpOB U 9HEPreTHYECKUX CIeKTpoB. PaccMOTpeHbl 3aaul Ha BblUuKCIe-
nue rpannl Pao-Kpamepa a7 aucrnepcun oLeHOK, Ha onpeaeaeHle OleHOK MeToaa-

HOBBIE KHUTHU

L]

MH MaKCHMMaJ/bHOrO NpaBaonoaoOusi U 6alecoOBCKHX KpHTe-
pHEB, a TakKKe 3aJauM Ha OLleHUBAHME CaydYalHbIX CUTHAJOB
c¢unbrpamu Bunepa u Kanmana, nmpuBeneHbl npuMepbl NpH-
JIO’KEHHUs] TeOPUH HeJqnHelHoro oueHnBanus (meron Crparo-
HOBHYA) W 3a/1aUM HA OlleHUBAHHUe crekTpa. Bo BTopoi uactu
nocoOMsl aHbl 3ajaud Ha BbIUMCJIEHHME SHTPONUM pacrnpeie-
JIGHUH, a TakkKe 3a/auy Mo KOJAUPOBAHUIO H 110 OLEHKE oMe-
XOYCTOMUMBOCTH CUCTEM Mepeaayd cooOIleHHH.

B nannom ToMe 3ajauHuka coopaHo 60JbIIHHCTBO TEM, HMe-
IOLLUX OTHOLIEHHWE K OLleHKe CHIHAJ/J0B, UX MapaMeTpoB U
9HEPreTHUYeCKOMY cnekTpy. as CTyAeHTOB, aCHUpPaHTOB H
CMNeLUaJuCTOB, 3aHHTEPECOBAHHDBIX B PELICHHH NPEeACTaBJ/IeH-
HbIX 3a1ad.
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