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OLLEHKA UCKPEHHS HA KOJIJIEKTOPE B MAIIHHAX
NOCTOAHHOI'O TOKA

3. K. CTPEJILEHIKHH, B. C. CTYKAY, A. . HHPYJIHK

(IIpeacras/ieHa Hay4YHBIM ceMupHapoM Kadejp 3JeKTPHYeCKHX MalluH
" H allapaToB M oOLIeH 3JE€KTPOTEXHHKH)

B HacTostmee BpeMsi COCTOsIHME KOMMYTAllHH OUEHUBAETCSI B OCHOBHOM
MO YPOBHIO MCKPEHHS LUETOK, BhipakeHHoMy B 6annax [OCT 183-66. Bos-
MOMHOCTb TaKOH OUWeHKH 0OycJoB/eHA TeM, 4TO HHTEHCHBHNCTH HCKDEHHH
onpenejsieT MHTEHCUBHOCTb pa3pylleHHsl KoJJeKTopa M lueTok. ¥i3BecTHo,
YTO BH3ya bHas OLEHKA HCKPEeHHS CYODbeKTHBHA, NIO3TOMY HCCJelL0BaTe M
npuaaetcsd 60abllloe 3HaueHHe pa3palboTKe OGBEKTUBHBIX METOAOB OLEHKH
HICKpeHusi Ha koJuekTope |1, 2, 3]

Ilpn onpenesenny KOJHYECTBEHHOH 3aBHCHMOCTH MEX]Yy TexHOJoTHye-
CKMMH OTKJOHEHHSIMH IapaMeTpOB MATHHTHOH CHCTEMBl H KOJJCKTOPHO-
UIETOYHOTO Y3Ja U cOCTOSTHHEM KOMMYTAHWH MALIHH TOCTOSHHOrO TOKa BO3-
HUKaeT 3ajaya OOBEKTHBHOHW OUEHKH HCKDEHHs 10 HellpepbIBHOH llKaje B
HeJoM no Koaaektopy. IIpu sToM curnaj, BeiOpaHHBIR /51 OIIEHKH HCKpe-
HUSA, T0JXKEeH JelKo HM3MepPAThCS Ha CEPUUHBIX MallnHAX.

[lpoliecc UCKpeHHs UMeeT HECKOJbKO CTerneHed cBOOO/bBI: KOJHUECTBO
TOUEK HCKPeHHS Ha JJHHe Kpas IeTKH, HHTEHCUBHOCTb MCKp, LBET HUX U T. 1.
ITosroMy TouHas olleHKa YPOBHS MCKPEHUS MOKeT ObITh JiMLIb MHOTOMEp-
noit. CorsacHo KHOepHeTHUECKOH TeOpPUH TEeXHOJIOTHUECKOro JHAarHo3a BO3-
MOZKHOCTp OLEHKM H JHATHOCTHKH HCKPEHHS OMpe/eisieTcsi BhI6OPOM Taxoro
JUATHOCTHUECKOTO CHTHANa, KOTOPHI MOpoKIaeTcsa NpolleccaMu, MOAJIexKa-
muMH auarHo3y. [Ipu aTom curman joJiKeH HMeTh Pa3MepHOCTb, HE MEHb-
Iy yucaa crereHel cBoOOAb obciaeayeMoro npoliecca. MHOTOMepHBIM SIB-
JSIeTCA CUTHAJ, UMEKUIHH XapakTep llyMa, TO e€CTb TakKOH, Korga ero Bpe-
MeHHasl peaJiH3aliis UMeeT Pe3Ko nepeceueHHbIH, KojebaTeabHbIA XanakTep,
haK ocuuaaorpamMma wyma [4].

Jlyuule Bcero 3THUM TPeOGOBAaHHAM Y10BJETBOPAET OCUMIJOrpaMMa HM-
yJ1bCOB HalpsiKeHus Ha cOerawoiem Kpae IIETKHM, H3MEPeHHAas Mo BCeH
OKPY’KHOCTH KOJUJIEKTOpPA C MOMOUIBIO JOMOJHUTEJbHON IIeTOYKH, YCTaHOB-
JEHHON B IJIOCKOCTH cferaoiliero Kpasi OCHOBHOH 1wieTkd [2, 3]. DTOT curHan
MOPOKIAETCS NPOLECCAMH, NPOTEKAIMAMI MOJA LIETKOH Ha 3aBepUIAOLeM
sTane KOMMYTaluy, N03TOMY HeceT 00beKTHBHYIO HH(POPMALHUIO 00 HCKPEHHK
Ha Bcex nJacTHHax xoajekropa. OH HeMoab3yercs AJs AHarHOCTHKH CGCTO-
SIHHA KOMMYTAUHOHHON cucTeMbl [2]: MPOBEPKH COCTOAHUA KOJUJIEKTCpPa, Bbi-
SIBJeHHsA CTENeHH HEHIEHTHUHOCTH KOMMYTAUHOHHBIX IHKJAOB, NPaBH/ABHOCTH
HaCTPOHKU AOMOJHUTEAbHLIX TOJIOCOB.

Haia 3ajaua cocTosiia B NOCTPOEHUH LIKaJbl HCKPEHUs Ha OCHOBe BbI-
GpannblX TapaMeTPOB CHrHAajsa. JTO THMIHYHAs 3a7ada  KilacCHHUKAIHH,
KOTOpasl Ha MaTeMaTHYecKOM si3piKe (popMyJupyercs Kak cnocol Haxoxje-
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A

U= ¢(V), (1)
KOoTopasi Ha BCeM 3a/1aHHOM IIPOCTPAHCTBe peanusauud ¥ annmpokcHMupo-
Basia Obl HEM3BECTHYIO QPYHKHHIO

= 4(V) (2)

C OﬂpelleJIEHHOf/’I TOUYHOCTEBIO,
31ech
MU — 3Hauenue HCKpeHUd,. MOJYUEHHOE H3 ONbITA,

A
M — 3Hauenne HCKDEHHUA IIPH TeX XKe 3HavYeHHAX napaMeTpoB cHUrHaJa,

MoJyuYeHHOe U3 alnpoKCUMHDYIOLErO ypaBHEHHS,
V=(vy, Vg..., Vn) — BEKTOp MapaMeTpOB V| IHATHOCTHYECKOTO CUTHaa.
HeficrBurenpHast pyHKuus (2) CTPOUTCH NO IKCNEPHMEHTANbHBIM JaH-

HbIM NyTeM pa3fueHHs MHOMKECTBa 3HAaYeHHH BEKTOPOB CHrHAaja Ha ( KJjac-

COB, KOT[a Kax/JAOMy i-My KJaccy MOCTABAEHO B COOTBETCTBHEe 4HCaO M.

Takas nocjaeq0BaTebHOCTp IKCMEPHMEHTAJNbHBIX 3HaueHnit V, pasburas Ha

KJaccel, HaselBaeTca «ofyuyalolleil mocjegeBaTebHOCTbIO». B Hamem cay-

yae npu pa3bueHHM 3HAUeHUE V HA KJACCHl €CTeCTBEHHO B3sATb 3a OCHOBY

wrkaay FTOCT 183-66 u knaccam wckpenusi 1, 1'/y, 1'/5, 2 moctaBuTh B COOT-

BeTCTBHe uHcJa cooTBercTBeHHO 1; 1,25; 1,5; 2.

OTbicKaHHe annpokcuMupyloule#r ¢yHkuMn (1) MoxeT OHITH OCyiliecT-
BJIEHO Pa3JIHYHBIMHM MeTOodaMu. B ganuoMm ciaydae 370 OblO CAeJaHO METO-
J0M HaVMeHbIIHX KBa/ApaToB (M. H. K.), TIDH 3TOM OThICKaHHEe HEH3BeCTHBIX
K03PPUINEHTOB aNNPOKCHMHUPYIOUIEro IIOJHHOMAa MPOHU3BOAHTCS NyTeMm pe-
HIEHHS! CHCTEeMBl «HOPMAJbHBIX» YPABHEHHH, COCTABAEHHBIX ¢ YUeTOM MHHH-
MH3AaUHH KBagXPaTHUHOH (POPMEIL

2[HV) — 2(V)]* = min. (3)

Bri6paHublii cHrHAJ, KaK U BCSKOE sIBJEHHMe NPHPOJbI, 00jiadaer Kaue-
cTBeHHOH GeCKOHEUHOCTbIO, OAHAKO NpaxTHyeckde MOTPeGHOCTH IO3BOJAIOT
13 GeCKOHEUHOTO MHOXKEeCTBa TMapaMeTpPoB CHTHaJa (PUKCHpPOBAThb JHUb Te,
KOTOpble HecyT Hau6GoAbWy0 HHPOPMALHIO 00 HCKPEHHH H €ro NpHYuHax.
HMceaenosanuamu JI. JI. JlaspunoBnua u K. bBunpmepa ycranoBaeHo, 41O
HauGoJee CYIIECTBEHHBIMH NapaMeTpaMH, OIUCHBAIOLIHMH OCUUJJIOIPaMMY
HanpsAXeHus Ha cOerampueM Kpae LIETKH, SIBJSIOTCS BEICOTA h M AJIHTe/b-
HOCTb T MMIYJIbCOB HaMpPsIXKEHUS Ha OTAENbHBIX IJIACTHHAX KOJIJIEKTODA.
Takum o6pasoM, OCLHAJOrpAMMa, HHTEPNPETHPYEMAs KAK CJOXKHbIN cCHTHA,
MpeacTaB/sIomui cob60il MHOTOMEPHYIO ciayuaiiHylo QyHKUHI, MOXKeT ObITh
npejlcTaBAeHa YINPOUIEHHO ABYMEPHBIM BePOATHOCTHBIM 3aKOHOM paciipe-
JeJeHHs BHICOT M IJHTEJAbHOCTEH MMIYJAbCOB HanpsixeHus. Bonpoc o BeGO-
pe CHCTeMBbl [1apaMeTpOB /IS OIHCAHH§ CHTHAJA TPH NMOCTPOEHHH IIKaJbl
HICKpeHHs He MoeT ObITh pelleH 3apaHee. KpHTepHeM [1OCTAaTOYHOH pas-
pemiamlle#i crnoco6HOCTH BHIOpAHHOH CHCTeMbl NapaMeTPOB CJAVKHT LOCTa-
TOYHAsl aJeKBATHOCTb OMHUCAHUA MOJY4eHHOH 3aBHCHMOCTbIO 3IKCIEepHMEH-
TaAbHON «00ydaroled Noc/ae0BaTENbHOCTH Y,

B Hactosiiei pafore olleHKa HCKPEHHs NOCTPOEHA Ha OCHOBe Xapax-
TEPUCTHK 33aKOHA paclpejieseHuss BHICOT HMIYJbCOB, TO €CTh Ha OCHOBE
OJHOMEDHOr0 CeUeHHs ABYMEPHOH (YHKLUHHM pacnpenesieHMst BBEICOT U IJIH-
TeJIbHOCTH HMITYJbCOB. PacnpeneseHne BBICOT UMIYJAbCOB HeceT N0OCTATOY-
HOE KOJIMYeCcTBO MH(MOPMALHH O COCTOSHHM KOMMYTAlLlHOMHOH CHCTEMBI H
06 HCKpeHHH Ha KoJulekrope. Kpome TOro, [IJIHTENBHOCTb HMIYJIbCOB
KOppeJqHpoBaHa C HX BBICOTOH.

B xauectBe mapaMeTpoB curHaaa Obliu BbIOpaHbl CjaelylolHe Xapak-
TEPHCTHKH!

1. h — cpexHee 3HaueHHe BLICOT BCeX (TMOJOKHTENbHBIX M OTDUIATE/b-

HBIX) HMIlyJIbCOB. DTO 3HayeHHe OPAHHATBHI Cpelliell JUHUH
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OCUMATOrPAMMBI, XapaKTepU3yililee MPABUABHOCTE HAaCTPOIKH
JOMNOJHUTE/NbHBIX NOJIOCOB.

2. [h] — cpexnee 3Havenne MopyJsieH BBLICOT BCeX UMIMY/bCOB, 3aBHCA-
llee OT HACTPOMKH JOMOJHHUTENbHBIX [OJIOCOB, COCTOSHUS TO-
BEPXHOCTH KOJAJEKTOpa, KOHTAKTHOTO HaKaTHA.

3. oym — CpedHeKBaIpaTHUeCKOe OTKJOHEHHe MOAYJeH BBICOT HMIY/b-
coB, GoJiee BCEro 3aBHCSIILEE OT COCTOSIHHSI MOBEPXHOCTH KoJl/lek-
TOpAa.

Has peanusanun «obyuvamuledl nocaeloBaTeAbHOCTH» MPOBEISH 3KCIE-
DUMEHT, B KOTOPOM HccaedoBaHUo noasepranucs 30 mamuH cepuu IT 1, 2
i 3 rabaputoB. Pa3Hrle yCAOBHS HCKPEHUS Ha KOJMJEKTOpe NOJYYaaHCh
BapbUPOBAHHEM TOKA MOINUTKH JOMOJHUTEABHBIX MOMIOCOB, KOHTAKTHOTO
HaMaTHsl, MeXaHHYeCKHX YCJOBHHA paboThl LIETOK. B KaxTom ombite Tpyll-
nofl raGJao1aTe/] e, COCTOALICH U3 NsTH 4eJ0BeK, (PHKCHPOBAJICH BH3YAIbHO
Kjiacc HCKpeHus B Gajaax ¥ OTHOBpPeMeHHo ¢ IKpaHa ocuuanorpaga ¢oro-
rpacupoBasace ocuiuagorpamma curuagaa. J[las onpeiesenus maciuraba
doTtorpaupoBasack TakxKe OCUHMAOTPAMMA 3TAJOHHOTO CHHYCOHUAAJBLHOTO
LHanpseHusn. Beluuc/aenye napaMeTPOB CHIHAJA [POH3BOIHIOCH IIOC/Ee U3-
mepennst ocuuanorpamsl Ha ILIBM «IIpomuub». Beero o6paborado 270 oc-
uuanorpamm (N=270). «Obyuarouias nocaefoBaTelbddCTb» 3alHChIBAETCS
B TabJaully cAelyowero Buia:

Ne TlapameTp H ero ©0003HAYEHHE Kiace
‘ — - . HCKPEeHHs
OMbITOB h=x, ' [h] =x. G[h] = X, i
1 ,
N

Annpokcumupymmas ¢GyHKUHs Obljia 2ajaHa NpeNBapHTEJNbHO MOAU-
HOMOM NE€pBOH CTEMEeHH:

A

U =a,+ a;-x; + ay-X, + a3-X,. (4)
ITo mMeToay M. H. K. CHCTeMa HOPMAaJbHBIX ypPaBHEHHH [Jisi OTHICKAHMS KO-
3¢ pUIHEeHTOR perpeccuu a; UMeeT BUAI:

ao-Xo-Xj + 31'X1'Xj —+ ag-Kg-X]- -+ as‘Xg'Xj = Xj'”, (5)

N
rne X;-Xj == XXjk-Xjg — CKaJsgpHOe NPOH3BeIeHHe
. K

BEKTOD-CTOJNGLOB MaPAMETPOB X; H X j TAOJHIbl 3KCASPUMEHTAIbHBIX 1aH-
abIX,

. N
XU = kajk‘I/Ik — CKajsipHoe IIpOM3BeJeHHe BEKTOp-cToAbIoB Tapa-

MeTpa Xj M uckpenus M.

Peuienne cucreMbt IPpUBONHUT K cne,uy}omeﬁ 3aBUCHMOCTH YPOBHS HCK-
peHHsda IETOK OT BblﬁpaHHbIX IlTapaMETpOB CHUTrHaJa:

A — -
M = 0,9925 — 0,0256-T — 0,0683-|h| -+ 0,158 3y;. (6)

JIns npoBepKH ajeKBATHOCTH yPaBHEHWS BBIYMCJICHLI OCTATOYHAS CYM-
Ma KBAJPAaTOB Sr H MHOXECTBEHHHIH KO3(pGhHUHEHT Koppeasuuu R:

N 3 N
Se= T MK — 38 - 3 xie- Hk = 1,087, (7)

i=0
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R=1/1 Sr — 0,992.

2 (U — W)

Huxuuit noseputenphbiit npenen aiasi R npu 99 mpolu. noBepHTENLHOH BEpO-
sitHocTH Ry=0,986 [5].

Tax kax R 61M30Kk K e1uHHIlE, aAEKBATHOCTb MOJYYEHHOTO ypaBHEHHH
BBICOKAS.

Ilna 6oJblueil yBepeHHOCTH BHIBOJAOB O BO3MOXKHOCTH OLIEHKH HCKPEHHH
C NMOMOLLBI0 MapaMeTPOB 3aKOHA paclpefes]eHHusi BHICOT HMINYJbCOB Oblla
Hafijena eule OJHa 3aBUCHMOCTb, B KOTOPOH B KauecTBe NapPaMerpa CiTHa-
Aa npuHsTa naomans S (puc. 1). non kpupoit F,(h) =1—F(h), rze F(h) —
MHTerpajbHasl KpUBas pacnpejiesieHusi BHICOT UMIYJAbCOS:

F(h) = P{H < hl. (8)

[Tapamerp S XapakTepu3yeT BepOSITHOCTb NONaganys HMIOYJAbCOB B 00-
J1acTb h>hgp, 3@BHCHT OT BEICOTBI ¥ OT MJHHBI «xBocTa» ¢yuxkuun F(h).
BricoTa OpAMHAT «XBOCTA» 3aBHUCHT OT KOJHUYECTBA WMMIYJbCOB, a4 AJHHA —
OT BHICOTHI HMIYJibcOB, [ToaToMy mnapamerp-S Joaxed ObiTb OOBEKTHBHO
CBSI3aH ¢ MHTEHCHBHOCTHIO HCKPEHHS.

—

0 Vivard
hyp 6

Puc, 1.

Opaunartel Kpusoit Fy(h) Jerko onpeneants W3 ocruiiorpamMmbi, HoA-
CUNTAB HaKOIJEHHble YaCTOThl HUMNYAbCOB Qn AAS pa3auuHblXx 3HavyeHuin h.
HakonjenHo#t yactoTod Ha3biBaeTCs YHCJAO UMNYJILCOB, NPeBHILIAILUIAX YDPO-
BeHe h. Ilnomans S onpenensieTcss OT HEKOTOPOTO KPUTHUECKOTO HaTpsKe-
HHUS hyp, TPU KOTOPOM BO3MOJXKHO TOSIBJEHHE IMEPBOr0 BHAHUMOIQ [J1a30M
uckpenns. Habawonenus mokasanu, 4to Aaf werok 374 3To Hanpsaxenune
paBHO 6B. [lJyist npoBepKH 3TOTO BbiBOJAA OblIH MOCTPOEHLI TPH «obyudarouiue
NoCJaeA0BATENbHOCTHY NpH hxp=2B, 4 B u 68. OKazanoch, uTo Henepeceka-
OLLHECS] OIEHKH UMEIOT MECTO JIMLIb NPHU hyp=0B.

3uauenus ¢yukuuu Fy(h) onpenensanuces auckperuo npu h=2, 4, 6, 8.
12, 16, 20, 24 1 28 B.

O6paGoTKa 3KCMepUMEHTAa METOMOM M. H. K. N03BOJUJIA NOJMYYHTH Clle-
AyoWy ¢opMmyay:

i

U = 1,14 + 0,00515-S. (9)

[Tapamerp S 3aech BeipaxaeTcss B BoAbTax. MHoxecTBeHHbIA KO3 dUiAEHT
KOppeJISiliHH, XapaKTepH3YIOIHA afleKBaTHOCTb QOPMYJnl (¢ yueToM BJHSA-
HMSA JHCKPEeTHOCTH oueHKU HcKpeHus no wkane FOCT) R=0,998 ¢ nuxHuM
AoBepHTeAbHBIM npefenoM Ry=0,997 npu 99 npoil. n1oBepuTeNbHOH BEpOAT-
HOCTH.

IMocrosunas 1,14 B Beipaxkenuu (9) COOTBETCTBYeT TrpaHHle Mexay
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6e3bICKPOBOH KOMMYyTAllHeH H KOMMYTAalUHed ¢ MCKPEHHEM 10 HenpepbLIBHOH
uIKaJe.

Bricokasi afieKBaTHOCTL NOJYYEHHBIX 32BHCHMOCTEH VDOBHSI HCKDEHHUA
OT NapaMeTPOB CHTHaJa CBH/IETEJNBCTBYET O BO3M( XKHOCTH OODBEKTHBHOM
OIIEHKH HCKPeHHsl ¢ I[IOMOLLbIO IlapaMeTpOB 3aKoHa paclpefefeHHst BHICOT
UMTIYJbCOB Hampsi:keHus: Ha cBerawiem Kpae uietok. [lonyueHHuble 3aBHCH-
MOCTH CIIpaBeAJHBbBl AJs wWeTok D74, AHajJOrHYHO MOKHO HalTH 3aBHCH-
MOCTb JAJs LIETOK JAPYTdX Mapok.

XO0Ts1 B OnbITe HCKPeHHe OLIEHHBAJOCh BH3yaJlbHO, OJHAKO CYGbeKTHB-
HOCTb OLIGHKH CIJazKHBaJiach yCpelHeHHeM OIeHOK OTJAesNbHbIX HabJwnarte-
jgedd. TlocTpoeHue annpokcUMHUpYOLIed (YHKUUH JOJHOCTbIO  YCTPaHsAeT
CyO'beKTUBH3M U TIO3BOJSET OICHHBATHL UCKPEHHe HeNmocpeiCTBEHHO Ha 0OC-
HOBE MapaMeTpoB CUrHaJa.
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