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CyulecTByIOT TpPH MeToJa pacyeTa JONYCKOB: MeTO] MakKCHMyMa —
MUHHMYMa, METOJ <«KBAaJIPaTHUHOIO CJOXEHHS» U BEPOSITHOCTHBIH MeTO[.
[TepBriit MeToj, HauboJsee pacnpocTpPaHEHWbl Ha 3aBOJax B HACTOsliee
BpeMs, naeT 3aBbiieHHble B 1,5—10 pas3, a BTOpoOfl — 3aHHKEHHBIE IIPH-
mepHo B 6 pa3 3HaueHHsl NOTPeIIHOCTeH BBIXOAHOTO TapamMerpa. B naH-
HOH paboTe HCNOJB30BAH BEPOSTHOCTHBIH MeTO] Kak Haubolsiee 0BOCHO-
BaHHBI B TEOPETHYECKOM OTHOIIEHHHW H HauGoJee TouHbll. Ha BeposTHoCT-
HOM MeTroje 6GasupyerTcs JHHeHHwass Teopus ToyHocTH. OnHaKo Hemocpen-
CTBEHHOE TDHMEHEeHHe ee B [JaHHOM CJy4ae HEBO3MOXKHO II0 CJIeAYIOU{HM
npuyyHaM. Bo-nepBblX, He 3aJalOTcAd HOMHHaJbHbIE 3HAUEHHS Ha mnapa-
METp KoJJieKTopa os  — CpeJIHeKBaJApaTHyecKoe OTKIOHeHHe MepenaaoB
YPOBHEH MJAaCTHH, H HA BHIXOJHYIO BeauuHHy — ypoBeHb uckpenus H. Ilo-
3TOMY HX CpeJHHe 3HauyeHHsl MOAJeKaT OnpeleNeHHId M3 ypaBHeHHUs HOmy-
CKOB HapsaAy ¢ HMX [HCNepCHsIMH. Bo-BTOpBIX, 3aBHCHMOCTb HCKPEHHS OT
TEXHOJOTHYECKHX ITapaMeTpPoB CYLUECTBEHHO HeJIHHEeHHa.

[Ipn BLIBOJe ypaBHeHHs NOMYCKOB HCXOJMM H3 MoJenud HCKpeHus [1].
Heo6xonruMo obecneynTs Takue AOMYCKH Ha BXOJHble TTapaMeTpPhl MOIEJH
HCKpeHHUsl X;, YyToOB BepOsITHOCTh BhIXOAA HCKpeHds W 3a KpuTHuecKui
vpoBehb Hyp Gblia paBHa 3apnanHo#t BeauuwHe Q. Bynem cuurate pacmnpe-
JesleHHMe YpOBHeH HCKPEHHS MallHH CepUH HOPMAaJbHBIM, UTO HMeer Ha-
JexkHoe ofocHoBaHMe (npeijenbHas TeopeMa TeopHH BeposiTHocred). Tor-
Ja BeposiTHOCTbL Q MoxeT GbITH OnpefeneHa no (GopmyJe

Hga — U
Q:I—F[—-""— ,_-]:1~~ F|Z], (1)
V' D(H)
rie F[Z] — unrterpaipHas (QyHKUHS HOpPMaJbHOro pacnpeleneHus. Kax-

JA0MYy 3HaueHHIO Q COOTBETCTBYeT ompeyeeHHoe 3HayeHue Z. [las BbeIYHC-

JeHHss Z HeoOXOAHMO ONpelesuTh cpeiHee 3HaueHue M u aucnepcuio
D (M) muckpenus MawuH cepun. 3aBUCHMOCTb WCKPEHHS OT TeXHOJOTHYe-
Cckux pakTopoB Obl1a HalleHAa HAMH B BHJe MOJIHHOMA BTOPOH cTemeHHu [1]:

M(Xh Xoy o« o . ,Xn) == bo -4~ Ebi-xi +_Zbii‘xiz + Zﬁij-xi-xj. (2)
j<i

3HayeHHss MNapaMeTpPoB Xi SBJASIOTCS CAYYaifHBIMH BCJIEACTBUE CJY-
Yaf{HBIX TEeXHOJNOTHYEeCKHX OTKJOHeHHHA. CpenHee 3HaueHHe H JHCIEPCHA
MCKPeHHs HaXOoAATcH Mo opMmysaam:
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U= [ Hx, xe o 0 %) hix0) - Ri(s) © e f(xn) -dxy o X
ale o) -0
(3)
+o00 To0 B
D) = | ... [ Hxixe, . oxa) LX) . Ea(x)ods, . . . dxg — W

Sﬂ.er fi(xi) = l72~‘“—.13;-exp [ — (_)_(12;)(:(]1))- ] —

— HOpMaJjibHble TMJOTHOCTH pacnpejeseldss BXOIHbIX NapaMerpoB Xi.
IlpousBoaa uHTerpupoBaHHe, NOJYUHM:

W = by + M bix; + X byx* + 2bigxi-x; +
i3

+ ¥ bi-D(x;) = U(X) + 3 by-Dix)); (5)
D(H) = X [by + 2bii-x; + X byjx;*-D(x;) +
i iy

+2 3 by D2(x)) + 3 byf-D(x)-Dix). (6)
1]

Bripaxenus (5), (6) u (1) nosBoasioT pelrats NpPAMVIO 3a1ady Teo-
PHH TOYHOCTH — 110 H3BECTHBIM /[0MYCKaM Ha BbIXOAHBIE MAPAMETPHL Xi
BBIYHC/UTD paCCEeHBAHHE MCKDEHUS MalIMH CepUH H BeposiTHOCTh Gpaka 110
HcKkpenuo. TIpH CHMMETPHUHBIX MOMSIX JOMYCKOB MeMK1y [OJOBHHON IHH-
pHHBL mOAs donycka O; U Aucnepcued D (Xi) MMeeTcst COOTHOLICHHE.

3 = 31 D(xy). : (7)

Cpennue 3navenust X; W aucnepcdu D(Xi) BbIXOAHBIX NapaMerpoB MOTYT
OblTh OnpejlesieHbl TakiKe H3 CTAaTHCTHUECKMX 1AHHBIX ¢  paClpeieseHHi
3HAYEHHU NapaMeTpOB IS NaHHOTO YPOBHS TeXHOMOrHH. 3uas x; uD{Xi),
MoxHo Beiuncantb M u D (M), onpenenurs apryment Z dyarnun Jlanaaca,
HaliTH 3HayeHue QyHKUUM 1o Tadauuam [3] ¥ BHUMCIHTL BEPOSITHOCTL BhI-
X01a HCKpPEeHHsi MalUWH CEPHH 33 JOMYyCTUMBIH ypoBeHb Mip.

HanGonpmuii vHTepec aast npakTHKH npejcTaBiseT pelieHue ob6paT-
HOM 3anauuM TEOPHH TOYHOCTU —— BblUHMCJAEHHe 10MYCKOB Ha BXOAHBle Ma-
paMeTpel npu 3anaHubix HMip u ponmyctumoft BeposthocTH 6paka Q. Has
BbIBO1a YpaBHEHMs AONYCKOB 3aruileM Ha OCHOBAHHM BbipaxeHus (])
ypaBHeHHe

[Myp — HJ° = Z2-D(N) (8)

H TNOACTABHM B 3TO ypaBHeHue 3Hauenust M1 u D (M) us soipawenuit (3)
u (6). Iocne npeoGpasoBanuii mosyuuM ypasHeHue JOMYCKOB!

Mgp — MIX)] = Zai-D(x;) + Nag-D'(x;) % ¥ ay-D(x;). D(xp)  (9)
i

Kosdduunuentel yparHeHHs onpejensiioress no dopvysnam:

ap = 22 [by + 2byix; +,§7‘ bij xj]* -+ 2[Myp — M(x)]-byg;
aj = by’ (22°—1);  ay; = 2%-bi — 2by; — by, : (10)



Koadbouuuentst by, by, by — 3to Kospduimentn MaTematudeckol Momenu
uckpenus [1]. Tlepexom or aAucnepcu#t K JAONycKaM  OCVILECTBJAAETCH N0
dopmyae (7). Hamu nailigena amnupuyeckas 3aBUCHMOCTh

D(x;) = 0,0827 - x,%, (11)

To3BOsIIOLlAsl paccMmarpuBate ypaBHenue (9) B ocax D(xy), Dxg) u xs.
YpasHenue (9) 3anaer rpauunibl AOMyckoBo# ofaactu. Ha puc. 1
MpejCTaBJeHO pelleHHe YpaBHeHHsl NONYCKOB /s MallHH TpeTberc rafapH-
Ta cepuu Il, mospoJasiouiee BbOpaTb AONYCKH Ha KOHTAKTHOE HaxKaTHe
metrok P, napamerp KoJAaeKTOpa ¢s W ONTHMAJbHBIA TOK MOAMHTKU ly.
Kak nokasano B [l], Tok Iy saBasercs o606mial0uiiM napaMeTpoM, xapakre-
PU3YIOLIHM OTKJOHEHHS OCHOBHBIX N1apaMeTpPOB [€OMETPHUH MATHUTHOH Lend.
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Puc, 1. Cucrema JoOyCcKOB JJIA MAalIHH TPETHEro
rabapuTa cepdu Il npH QOOYCTHMOM HCKPEHHH ||
fanga #W BeposTHOCTH Gpaka 0,0027

Hasnauns nomyck na Iy mo kpuBbiM puc. I, MOXKHO paccuuTaTth gony-
CKH HA mMapaMeTpbl TeOMeTDUH MATHHTHOH CHCTEMBI.

y‘paBHEHI/Ie JOTMYCKOB BBIBEJ€HO NPUMEHHUTEIBHO K MOAeNH HCKPEeHHs,
3ajlaHHOH NOJIHHOMOM BTOPOH creneHu. [dns pacueta 10TycKoB HEOGXOIH-
‘MO 3HaTb KO3(M@HULUUEHTb MOAEAH HCKPEHHsH, IO3TOMY 15 KaXAOTo THMA
MalllMH NpelBapUTEeJIbHO HYXKHO NMOCTPOUTH MOJe]b ucKpenusi. [ias reomer-
pHYeCcKH MOJOOHBIX THIIODAa3MeDOB ¢ OJU3KHMH M0 BeJHUYHHE CKOPOCTAMU
BpalLEHHs] SIKOPS MOXKHO MOCTPOHTb CHUCTEMY JIOMYCKOB THIOpasMmepa, 414
KOTOpOTO Obla HalleHa MOjelb HCKPEeHUs.

CyiHocTh nepecyeTa COCTOMT B HU3MeHeHHH Macwmitada 1o ocH dl, B

i

|
TOPOr0 W3BECTHA CHCTEMA [LONYCKOB, MPUBOAAINIEE K NOABJAEHUIO I1EPBOTO
uckpenus; Iy — snauenne Iy aas rtonopasmepa. (), 4aA KOTOPOro Heo6-
XOJHMO NOCTPOHTH CHCTEMY NONYCKOB, NIPHBOASLIEE K TAKOMY Ke HCKDEHHI.

Baxnoit npoO/emoii siBAsieTcs NPOrHOSHPOBAHHE NOCTENEHHBIX OTKa-
30B MalllHH N0 UCKPEHHIO, MOJA KOTOPBIMH IIOHUMAETCH NMOCTENEeHHbIH BHIXO
YPOBHSl MCKPEHHS WIETOk B 3KCIUIyaTallid 33 FPAHMLY KPUTHUECKOTo 3Ha-
yenus Myp. IlpuHaniekHocTs npouecca HCKPeHHS K. CAyualHbiM npoueccam
MAapKOBCKOro THNAa H BbICOKAA aMeKBATHOCTb NMOJIYUEHHOIl MaTeMaTHYeCKOH
MOJEJNHU HMCKPEHHsI M[03BOJSAET HCIOMAb30BATb ee AJsl TPOTHO3IUPOBAHUS MO-
CTelleHHbIX OTKAa30B,

OTHOIIEHHH , rie Iy —snauenne I, ans tunopasmepa (’), ana Ko-
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Ecau B Mo1eab Hckpedus (2) NoACTaBHTb BXO/IHble ilapaMeTpbl B BHAE
Xit = Xjo —i’ Ki*ts (12)

TIe Xip — CJyyalHble HauaJbHbIe 3HAUEHHWs, a Ki— CJydaiHble CKOPOCTH
H3MEHeHUA BXOJHBIX NMAapaMeTpPOB B 3KCIJAVATAUHH, TO B MOAENH HCKPEHH
NMOSIBHTCST BPeMEHHAs KOOpAMHATA, NO3BOJNSAIOILAS HCMNOAb30BATh MOAE/b
/11 MPOTHO3HPOBAHHA PA3BUTHA HCKPEHHA .B 3KCNAYaTALHHU.

BepositHocTs 6e30TKa3HOH paboTH KOJJEKTOpA M IUIETOK, TO ecTh Be-
POATHOCTL NpPEOBIBAHUA YDOBHA HCKpDEHUS B AONYCKOBOH obaactu D B Te-
yeHHe BpeMeHH t MoxeT GHITh OnpejieseHa M3 BbIPaXKeHHUSHA

P = | ..o Ji(Xeh)-dxypdagr - . dgy, (13)
(D)

rae (X, t) — n-mepHas IJIOTHOCTb HOPMAJIBHOTO pacipelesieHust BXOIHBIX
napameTpoB B (pyHKIHH Bpemenu. I'panwnnl obgactu D 3anawtcs BeIpaxKe-
Huem (2), ecad B J1eBOH yacTH NOACTABHUTH Hyp. DTO BRipaeHHe HeJHHeHHO,
M03ToMY peluuTh uaterpat (13) B obuiem BHae Heab3s. [lenecoobpasno Boc-
NO0JIb30BATHLCS UYHCJAEHHBIM MeTojloM MoHnTte-Kapsao u pewartb 3anavyy Ha
QLBM.

Ilpoueaypa pewieHHsi COCTOHT B MHOTOKPATHOM OfpelesleHUH YPOBHS
HCKpeHHa no ¢opmyae (2) npu HecaydaHHBIX 3HAUEHHSIX NMAPAMETPOB Xio H
Ki, BolOMpaeMblX cJay4afiHeIM 00pa3oM H3 COBOKYIHOCTEH € COOTBETCTBYIO-
IIYMH 3aKOHAMH pacnpeneneHus. BepositHocTh 6€30TKa3HOH KOMMYTalHH
3a Bpemsa t paBHa

N
Pit] =P, (14)
N
r1e )
Np — uucsao GaaromodyyHuXx #cxonoB, Korga M (Xi, t) < Mup;
N — ofuiee udc/o cayuaeB (CTATHCTHYECKHX HCTIBITAHHUI).

[aa pacuera HafAeyKHOCTH MOXKHO BOCIOJIb30BAThCS TaKKe aJropur-
MaMH pacyeTa JOMYCKOB, M3JIOKEHHBIMH Bbillle, €CJH BXOJAHBIE NapaMeTphl
3anucath Kak (yHKuux BpeMenu (12). BeposarHocts Ge3orkashoit paboThl
KOJIJIEKTOpAa W LIeTOK paBHA

U, — U1
Pit) = F| Z2xp "L 1 __ , (15)
1t [ e ] FlZ(0)]

Cpentee 3Hauenne My u gucnepcusi D (M) vckpenns B QyHKIiHH BpeMeHH
IKCIIyaTauu onpeaensiorca no GopMmyaam (3) u (4). [lpu sTom cayudan-
HBIMH SBJASIIOTCSI mapaMeTphl Xj H ki [Tonyuaiorcsa caenyiouie BoipasKeHHd:

M = by + X bi-xi + X byxif® + 2 by xp +
i<

+ IbuD(xio) + 153 by- D(ks). (16)
D(My) = 3 [y + 2bu-xy + 3 byxyl* [Dlxio) + £-D(xi)] +
+2 3 by [D*(xi) + t4-D¥)] + 3 % Dlxin)-Dlxy) +
1 4823y D(xp0) - D(K;) + 12+ :%bijn(xm)-n(q) +
+ t4 3 by D (k) -D(kp). ¢ (17)

i<j
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Boiuncaus pas Jwboro spemenu t My u D (M), Moxkuo onpenenunts ap-
rymenT Z(t) ¢yukunu Jlanaaca F[Z] u mo rtadéauuaM 3Tol QYHKUHH HAHTH
BePOATHOCTh 6e30TKa3Ho# paGoThl KOMMYTAUMOHHOH CHCTEMEI.

-IMapamerpnl Xi¢c 1 D(Xio) ZO/KHBI OBITh H3BECTHBI HJH W3 CTATHCTHYE-
TKHX 1d#HBIX O pacCeHBAHMKM BXOIHBIX MapaMeTpoB a4 1aHHOrD VPCBHS
TeXHOJIOTHH MJIH MOTYT OBbITh' ONpefeeHbl MO H3BECTHbIM JAONYCKaM Ha 3TH
napamerpsl. [lapamerpst k; ¥ D (ki) onpeaensioTcsi U3 CTATUCTAYECKUX AaH-
HBIX O CKOPOCTAX H3MEHEeHHS NapaMeTpPoB B Mpollecce 3KcHayaTtauuu. s
mammn 1—3 rabaputroB cepun Il co ckopocteio Bpamenust fkopsi 1500
00/MHH. 110 pe3y/bTaTaM HCOBITAHHA Ha CPOK CJyxKObl HAMU OlLpPEAe/eHb
CKOPOCTH U3MeHeHHs BXOJHBEIX NapaMeTPOB MOJEJH HCKPEeHHs] H paccunra-
Hbl 3HaYyeHUsA BEPOATHOCTH 6e30TKA3HOH pabOThl A/ PasjUYHLIX 3HAYEHHH
BpeMEeHH 3KanayaTtanud (taba. 1).

Tacnuma 1
t. Hac 500 1000 1500 2000 2500 3000 4000 6000

P, % 99,964 99,85 98,7 93,36 83,87 74,31 61,10 49,93

B paspaGoTaHHOl MOJeSH HaAeXKHOCTH KOMMYTAlHOHHOH CHCTeMbl Me-
TOJ0JIOTHYECKH TIPOCTO YUMTHIBAIOTCH YCJOBHMS 3IKCOJAyaTallUd depe3 CKODI-
CTH Ki U3MEHEHHs TTapaMeTpoB B 3KCIJyaTallHH.

Mojesnb HaJeKHOCTH HO3BOJISIET TaKXe PAacCYUTBIBATH JIOMYCKH  Ha
BXOJHBIE TapaMeTpPHl ¢ Y4eTOM 3aJaHHOTO BPeMEeHH IKCIIyaTallHu.

Paspaboranuble ajJropuTMbl pacuera JONYCKOB ¥ HAZEKHOCTH KOMMY-
TaUuuyu ClpaBelJUBbl MIPH JIOO0M UYHcJAe BXOAHBEIX NapaMeTpoB MOJeNd HCK-
pedus. Heo6xoauMo JHILbL 3HaTh KOMpGUUMEHTH MOAeNH HCKpeHaa. [las
KOHKDETHBIX MailHH 3TH K03(QQHUUUEHTbl NOJYYaoTCs o MeTOdHKe, pa3pa-
6otannon B [2].

JINTEPATYPA

1. 3. K. Ctpenp6unkuil, B. C. Cryxay, A. . upyaux BauaHue
TeXHOJIOTHYECKHX OTKJOHEHHH Ha HCKpeHHe INEeTOK B MAIHHAX IIOCTOSHHOIO TOKA.
Hazeectus TIIH, HacToAmHUH COOPHUK.

2.3, H. Ctpeap6uukuii, B. C. Cryrkau, A. A Lupyaux. Ipume-
Henye MeToja MaTeMaTHYecKOH CTATUCTHKH JJid HCCIEHOBAHHA KOMMYTalnuy, H3Be-
ctuss TIIH, 1, 160, 1966,

3. J. H . Bonrwos, H. B. CMupHoB Tabiuipl MaTSsMaTHYECKOH# CTATH-
ctnky, «Haykas, M., 1965.



