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A. E. Hosukoe — maructpaHT Kaepbl MUKPO- 1 HAHOTEXHOSIOTMIN a3POKOCMUYECKOTO
NpnbopoCTPOEHNS
. K. Wenecm (o-p TexH. Hayk, Npod.) — Hay4HbI PyKOBOANTENb

OLEHKA COOTBETCTBUA NONYYEHHOIO NCEBAOCNYYANHOrO BUHAPHOIO CUIHANA UMK-
TATOPA 3A[JAHHOMY 3AKOHY PACIMPEQENEHUA

MpobriemMa co3aaHUst UMUTATOPOB MCEBAOCIYYalHbIX CUrHANOB AMNs OMEepaTUBHOTO TECTUPOBAHUS W
KOHTPONS PaAMOCPEACTB CTaNKMBaETCs ¢ HEOBXOAUMOCTLIO PeLLeHMs psifa akTyanbHbIx 3agay. Cpean KoTo-
PbIX MOXHO BbIAENNTb:

— TpPOn3BOANTENBHOCTb CbOpMVIpOBaHI/Iﬂ I'ICGBJJ,OCJ'IY‘-IHI?IHbIX CUrHasnos,

—  COOTBETCTBME MOMyYEHHbIX 3aKOHOB pacripefeneHns NceBaocyyaitHbiX MocrefoBaTeNbHOCTe
3alaHHOMY TEOPETUYECKOMY PacrpeaeneHmio;

—  BbIOOP Mepbl BNM30CTM COOTBETCTBUS MOyUYEHHBIX 3aKOHOB pacrnpefieneHns K 3agaHHoMy Teope-
TUYECKOMY pacnpeaeneHuIo;

—  BO3MOXHOCTb ONEPaTUBHOTO M3MEHEHIS MapaMETPOB CUrHara, N3MeHsist hopMy 1 NapameTpbl pe-
anu3yemMoro 3akoHa pacnpeaeneHus;

- OI'IGpHTVIBHbIVI Bbl60p 3afaHHO ASIUHbI HCGBﬂ,OCﬂyanZHOIZ nocregoBaTesibHOCTU NMUTATOPa;

— onepaTuBHbIN BLIOOP 3aKoHa pacnpeaeneHns PopMmpyeMon nocrnenoBaTenbHOCTH.

Hanbonee pacnpocTpaHeHHbIMM 3aKOHaMK pacnpefenieHns NCeBLOCHYYalHbIX CUTHANoB SBMSETCS,
PaBHOMEPHbIV 3aKOH (Besbli LWyM) M HOpMarbHbIA 3aKoH pacnpegeneHus [1].

CneposatenbHo, 3ajaya [JOCTOBEPHOM OLEHKM COOTBETCTBMSA W Bbibopa Mepbl BrM30CTW 3akoHa pac-
npeaeneHns NonyyYeHHoro NCeBAOCIyYanHoro curHana uMuTaTopa 3agaHHoMy 3aKOHy pacnpeaeneHus aens-
e1Cs aKTyanbHoM.

[ing peanusauuu 3T0i 3afa4v UCNONb3yTCA ABa OCHOBHbIX noaxoaa [1]:

— MporpammHas peanuaauysi reHepupoBaHUs NCEBAOCyYalHbIX NOCHEL0BaTeNbHOCTEN;

— annapatHas peanusauus (opMMpoBaHus NCEBLOCYYaNHbIX NOCNEe[0BaTENbHOCTEN.

NS NOCTPOEHUs UMUTATOPOB MOXKET ObITb UCMONbL30BaHbI U TOT U Apyron nogxoabl. OgHako npo-
rpaMMHas peanusauus no3BonseT nony4ntb Bonee rubkue anroputMbl (POPMUPOBAHMS MOCNEA0BATENBHO-
CTEeN NCEeBOOCMyYaiHbIX CUrHanoB ¢ Gonbluen AnuHoM umkna. [peumyliecTBa annapaTHOM peanusauum
onpesensieTcs onepaTMBHOCTLI0 U MOBUMBHOCTBI0 (HOPMUPOBAHUS NCEBAOCITYYaHbIX CUTHAMOB Henocpea-
CTBEHHO Ha 0ObeKTe TECTUPOBAHWS U KOHTPOMS. YkasdaHHble 0COBEHHOCTM OnpeaensioT obnactu 1enosnb3o-
BaHMWS TOTO UK MHOTO NOAX0AaA.

Haunbonbluee pacnpocTpaHeHue B HacTosLee BpeMs Nony4nnu curHanbl ¢ GuHapHoM ga3oBon MaHu-
nynsauven. CriyyaiiHbIM NapameTpoM, KOTOPbIM SBMSIETCS MONOXEHWE (BPEMS BO3HUKHOBEHWS) (PPOHTA Mo-
cnegytowlero umnynsca [1].

PaccmoTtpuM  anroputMbl  (hOPMMPOBaHKS NCEBLOCIYYaNHbIX NOCNeLoBaTENBHOCTEN, NOMyYMBLLME
HanbornblUee pacnpocTpaHeHue.

Peructp casura ¢ nNMHeNHON oBpaTHOM CBA3bI — annapaTtHbIi METOZ, NOMYYMBLUMIA HanboMb-
Luee pacnpocTpaHeHue. Ha puc. 1, npeacraBneHa cxema perucTpa casura C JIMHEHOM 06paTHON CBA3LIO.

Peructp cagsura ¢ 0bpaTHOI CBS3bKO COCTOUT U3 ABYX YacCTen: perucTp casura U yHKumMnM oBpaTHom
cBsA3n. [lnnHa peructpa casura BolpaxaeTcs yncnom butos. Mpu kaxaom nssnedeHun buta sce GuThbl peru-
CTpa cABura COBMratoTCs Ha NpaBeo, Ha OfHY NO3ULMIO.
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Puc. 1. Peructp casura ¢ nuHeitHon 0bpaTHoi CBsA3bio [1]

ObpaTHas cBs3b NpeacTaBnseT coboil onepaLmio cymma no MoAyno ABa Hag HeKOTopbIMK Butamm pe-
rmetpa [1].

Anroputm SHA — nporpaMMHbIA METOA peanu3auun NceBhoCcnyvainHbIX nocnegoBaTenbHocTen. Ha
puc. 2 npeacTaBneHa cxema paboTbl OCHOBHOrO atana anroputma SHA. Anroputm SHA peanusyeT xelu-
(PYHKLWMIO, MOCTPOEHHYIO Ha naee yHKUmMM cxatus [3].

(AlB|]C[D]E|]

fi +

¥
C Lgb‘ > - Wt
Y

ast || [+ —K,

A,
|A|B[C|D]E|]

R R
fi fo fa fa fs

Puc. 2. Cxema paboTbl 0OCHOBHOrO 3Tana anroputma SHA
A, B, C, D, E - nsatb cnoB u3 6ydepa, ft — anemeHTapHas norndeckast pyHKLmA,
CLSs — uuKnnyecknin nesbIii casur 32-0UTHOTO aprymeHTa Ha s O1ToB,
Wt — 32-BuTHoe cnoBo, NoNy4eHHOE M3 TekyLLero BxogHoro 512-6utHoro 6rnoka, K+ — JONONHUTENbHAsA KOHCTaHTa,
+ — croxerue no mogynio 2, fi-fs — Habop BbIXOAHBIX yHKLMA [3].

Anroputm SEAL — nporpamMMHbIi i METOA peanu3auum NCeBA0CyYalHbIX NocnegoBaTeNnbHOCTEN. Ha
puc. 3 npefcraBneHa cxema pabotbl anroputma SEAL [3]. OcobeHHocTb anroputma SEAL 3akniovaertcs B
TOM, YTO B [EWCTBUTENbHOCTW 3TO HE TPaAMLUMOHHbLIA MOTOKOBbIMA LWMGP, @ CEMENCTBO MNCEBLOCTYYalHbIX
yHKUniA [3].

OCHOBHOW XapaKTepUCTUKOM MCEBLOCYYalHON MOCNeaoBaTENIbHOCTU SBMSETCA 3aKOH pacnpepene-
HWS. B HacTosLLMe BpeMs Npu KOHTPOMEe U TECTUPOBaHUSA paguoCPesCTB WUCMOMNb3YTCH HOPMarbHbIA U paB-
HOMEpHbIN 3aKOHbI pacnpeaenenus (6enbli Wwym).

B Teopun matemaT4eckon CTaTUCTWKWN U3BECTHbI KPUTEPUW COrnacus 3aKkOHOB pacnpeneneHus: Mup-
coHa, Konmoroposa v ap. MNpn ucnonb3oBaHun Kputepus [UpcoHa CpaBHUBAKT OTHOCUTENbHbIE YaCTOTb
nonagaHus cnyvyaHon Benu4nHbI B UHTEPBASbI MMCTOrpaMM CpaBHUBAEMbIX pacnpeseneHun [5).
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Puc. 3. Cxema pabotbl anroputma SEAL:
a — BXofiHasi nocnefoBatenbHocTs, T,R,S — Tabnuubl, nomnyyeHHble no anroputMy SHA, n — uHgekc, | — Homep nosuuum,
+ — CNoXeHue Mo MOaynto 2, & — onepauus nornyeckoro W, y — BoIxopHast nocnefoBatensHocTs [3].
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roe n — oblee uucno Habniogaemblx usnenui, N — 4acTOTHOCTb i-r0 MHTEpBana CTAaTUCTUYECKOTO
psaa, k — YnCno MHTEPBANoB CTAaTUCTUYECKOTO psiaa.
Mo kputeputo KonmoropoBa COOTBETCTBME TEOPETUYECKOTO M AKCIEPUMEHTANBbHOMO pacnpeaeseHun
NPOBEPSIETCA MO BbINOMHEHMIO yenosus[ 5 |.
D\/E <1

roe D — Hanbonbluee OTKIOHEHNE TEOPETUYECKON KPUBOW pacnpedeneHns oT aKkcrnepuMeHTanbHomn, k — 0b-
Liee KOMYECTBO AKCMEPUMEHTASTbHBIX TOYEK.

MeToA conocTaBneHns NOSTY4EHHOrO 3akoHa pacnpeeneHns ¢ 3agaHHbIM (TEOPETUYECKM) NO3BONSET
[aBaTb OPUEHTUPOBOYHYIO OLIEHKY PacXOXOEeHWs U COBMadeHU 3akoHOB pacnpegenexuit. Mpu Gonbliom
yncne Habnogenun (n > 100) Hennoxve pesynbTaThl AAET BbIMMCNEHNE BbIGOPOYHBIX NapaMeTpoB POPMbI
pacnpegerneHus: akcuecca n acuMMeTpui. MpUHATO roBOPUTb, YTO NPEANONOXEHWe O HOPManbHOCTK pacnpe-
LENEHNs He NPOTMBOPEUMT UMEIOLLMMCS AaHHbIM, €CIIN acCUMMeTpUs Bnaka K HyIio, TO €CTb NEXUT B Anana-
30He 07 -0,2 00 0,2, a akcuecc— o012 804 [4].

Obnactn MCNonb30BaHUS KPUTEPUEB COrNAcus 3aKIYakTCs B TOM, YTO AN NPOBEAEHNS MakcUMasb-
HO ObICTPOM OLIEHKM COrnacusi MOXHO MCMONb30BaTb Kputepuin Konmoropoa, KOTOphIN TpebyeT MeHbLLei
CTaTUCTMYECKON MHGOopMaLu 0 hopMMpPYEMOI NCEBAOCYYanHOM nocreaoBaTensHoCTU. Mpu nogpobHoM
aHanuse nceBgocnyvanHon NocnefoBaTensHOCTH CreayeT UCnonb3oBaTh Kputepuid MNpcoHa.

[Ins onepaTUBHOrO MOMy4YeHUst 3aKoHa pacnpeneneHns Co3AaHHON NCEeBAOCYYanHON nocneaoBartenb-
HOCTU HeOBXOAMMO PeLUMTb 3afady U3MEepeHWs CryvaiHbIX NapaMeTpoB U NOCTPOEHWUS TMCTOrPaMMbl NCEB-
A0CNy4aiHOM NocnefoBaTENBHOCTH, KOTOPas SBMSETCS CAMOCTOATENBHON 3aaden.

OpHum 13 cnocoboB eé peanu3auun SBNSETC 3anoMMHaHWe NOMy4YEHHON NCEBAOCNYYaNHONM nocneso-
BaTENbHOCTW WU € JOCTOBEPHOW BbIGOPKM C NOCNEAYIOLMM aHANN30M CrlyYanHbIX napaMeTpoB U NOCTPoe-
HWe ructorpamMmbl. Peanusaums takoro cnocoba Hawbonee noaxoasiuast npy NPoOrpaMMHON peanusauum an-
roputMa popMMpOBaHMSA NCEBAOCNYYaNHON NOCNeL0BaTENbHOCTM.

[MporpaMMHas peanusauusi anroputMa no3BonsieT OTCNeauTb BCE NapameTpbl Nosy4aeMon nceBno-
CNy4YanHoN nocnesoBaTenbHOCTH, U3MEPUTL BbIXOAHbIE 3HAYEHWUS U HA UX OCHOBE MOCTPOUTL TMCTOTpamMmMy.



Tak xe npu uccregoBaHUM MOXHO BbISIBUTb psif (DaKTOPOB, KOTOPbIE BAWAKOT HA OCHOBHBIE NapameTpbl Nony-
Yaemoi nceBaoCny4anHOM NOCNEAoBaTENbLHOCTU U Kak pesynbTaT BapbUPOBaHUA 3TUMK (pakTopamu BO3-
MOXHOCTb NONY4nTb Hanbonee H6rM3Kyo NCEBAOCHYYalHYO NOCNeL0BaTeNbHOCTb K 3aaHHOM.

[Mpu annapaTHOW peanus3auun anroputMa (hOPpMUPOBAHWS MCEBOOCIYYalHOW NocnefoBaTeNlbHOCTY
CTPOSAT NepBOHavanbHy0 mMogdenb. Kak npasuno, Mogerb CO34atoT B MPOrpaMMHOM BUAE W MPOBOASAT BCE
BO3MOXHblE WCCNEAoBaHNS NPOrpaMMHON peanu3aluy anroputMma, nocne Yero Co3gatoT annapaTHyl Mo-
penb. OgHako, NOSHOLEHHOE WUCCnedoBaHWe NONyYeHHONW NCeBAOCNYYalHY0 NOCneaoBaTeNbHOCTM Npu an-
napaTHOW peanusauuy SBNAeTC LOBOSbHO CIOXHOW 3afadven.

OcHoBHOE MCcCneaoBaHne NOMYyYeHHOM NCEBLOCYYatHON NOCneaoBaTeNbHOCTU MOXHO NPOBECTU NpU
MOMOLLM aHanuaaTopa CnekTpa, Hanpumep «6enoro wymay, T.e. yoeanTbCs B paBHOMEPHOM pacnpeaeneHum
4acToT Mo CnekTpy. MccnenoBaHune 3HaYeHMN NOSTy4EHHON NCEBAOCIYYaNHOM NOCNe0BaTeNbHOCTN BO3MOX-
HO TOMbKO MPW MOCTPOEHUM CneumnarnbHOM annapaTypbl UMEIOLWEN TyXe YacTOTy AUCKPETU3aLmumn, 4to U cam
NMWUTATOP M NO3BONSAOLLEN COXPaHATb NOSTyYEHHbIE 3HAYEHNS NCEBAOCITYYaNHON NOCe0BaTENBHOCTM.

Ob606Las npuBeaeHHbIE pe3yNbTaTbl CO34aHNS UMUTATOPOB, MOXHO CAenaThb CregyloLue BblBOAbI.

1. B kayecTBe Mepbl 6nIM30CTM COOTBETCTBUSA 3akOHa pacnpegenexns popMuMpyeMon ncesaocnyyait-
HOM MOCrneaoBaTeNbLHOCTU W 334aHHOTO 3aKOoHa cneayeT Bblbupatb kputepuu cornacus MupcoHa u Konmoro-
poBa.

2. B 3aBucUMOCTM OT YCOBWIA NPUMEHEHUI 4N peanu3auun BblbupaeTca nporpamMMHbIA Unu anna-
paTHbIl MeToS peanusawyy NceBhocyYanHbIX NocneaoBaTeslbHOCTEN.

3. 3agaya M3MepeHus CnyvaiHbIX napaMeTpoB MCEBAOCIYYaNHOM MOCNef0BaTeNnbHOCT SBMSETCS
CaMOCTOSATESbHOW 3aAa4en AN NoyYeHUs AKCNepPUMEHTanbHbIX JaHHbIX.

4. Cpeay n3BeCTHbIX METOAOB (hOPMMPOBaHUS NCEBAOCNYYaNHbIX NOCNeaoBaTENbHOCTEN Hambonee
NepCrnekTUBHLIM SBNSAETCA NporpaMMHas peanusauus, Tak kak nporpaMMHbIA cnocob popMmUpoBaHus nces-
[0CNyYanHbIX NocnegoBaTenbHOCTEN NO3BONSAET Bonee TOYHO UCCNeLoBaTh NOMyYEHHY NCEBAOCHYYalHYH0
nocnegoBaTeNbHOCTb 1 BbISBUTL (DAKTOPbI, BIUSIOLLME HA €€ napaMeTpbl.
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