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(IlpeacTaBneHa HayYHbIM CEMHHapOM KadeLp 3JIEKTPHYECKHX MAalllHi
U o0lell DJIeKTPOTeXHUKH)

Hanuune TeXHOMOTHMUECKHX OTKJOHEHWE INPUBOAUT K HEOAMHAKOBOMY
KauyecTBy KOMMYTAalWM MallkH OfHoro Tunopasmepa. [MHuas onpefenenus
BJIUSHUA TEXHOJIOTHH HA CPEJHUN YPOBEHD U AUCHIEPCHIO HCKPEHHs, AJs Ha3-
HaueHUss oOOCHOBAHHOH CHCTEMBl JOMYCKOB, JJIsl IIPOCHO3UPOBAHHS YCTOH-
YUBOCTH KOMMYTAallUM BO BPEMEHH HE00XOJWMO 3HATb 3aBUCHMOCTbL HCKpe-
HUST OT TEXHOJOTHUECKHX ‘H MeXaHuueckdux ¢akxropoB. Takyl 3aBUCHMOCTb
Ha30BeM MAaTEMATHYECKOH MOJIEJbI0 HUCKDEHHUS.

ViMewouiuecst B HacTosilllee BpeMsl MOICAH KOMMYTAUHH He BKIIOYAIOT
MeXaHHYecKHe M TeXHOJIorHuyeckue (PaKTOpbi ‘U NMOITOMY He OOBACHAIOT JHC-
nepcHu Hckpeusst MamuH oanou cepuu. [losTomy nssi pelleHus yKasaH-
HbIX BBIIIe 3aj4ay HEOOXOAUMO TpexKJe BCero €o3aaTh J0CTATOYHO aJeKBaT-
HYI0 MOJeNb KOMMYTalluH.

34ech NpeACTaBJSIIOTCA BO3MOMKHBIM JIBA NYTH [OHCKA MOJAETH.

Knaccuyeckuit myTh npejmojaraer HccieJoBaHHe MexanH3Ma Ipolec-
ca, ONHCaHHe 3JEMEHTApHLIX IIPOLLeCCOB B CHCTeME HHTerpo-aHgQepeH-
LHHAJbHBIMH YPAaBHEHHSMH H Ha 3TOH OCHOBe IIOCTPOEHHE TEOPETHUECKOH MO-
JeJH KOMMYTaHUM, VUMUTBIBAIOLLEH TeXHOJOTHUeCKHe H MeXaHHyecKue (hak-
TOPHL.

DT0T NyTh He TPUBOAMT K PELUeHHIO 3aJauyd B Pa3yMHLIE CPOKH.

Lenecoo6pasHo Moty 10 NYTH SMIHPHUECKOrO MOUCKA CTATHCTHYECKOH
Moaenu KomMmyTanuu. Cxema TakKoro moucka nokasaHa Ha puc. 1, a cyli-
HOCTb MeTo/Ja 3aKJ/JI0UaeTcsi B CJAENVIOILEM.

———wf YepHora sUUK
L~ (uccnedyemas p— Y
cucmema )

Puc. 1.

Ha Bxon cucremsl Boszeficmsyer K ¢akropos, Bapbupyembix Ha pas-
HbIX ypoBHsX. CucTeMa sBJIsETCS ONEpPaTOPOM, MpeolpasylollUM MOCTyIa-
0LYI0 HHpOpMauuio N0 HEH3BECTHOMY HaM ajITOPHTMY M BHIJAE€T Ha BBIXO-
Jde BEJHUHHY Y=@(X;, X2, .., Xx). IJTa (QYHKIHUI HasbiBaeTcs (yHKLIHeN
OTKJIHKA, a COOTBETCTBYIOLUHMH €I FeOMeTpHYecKuii o0pa3 B NPOCTPaHCTBE
NEPEMEHHBIX X{ — IOBePXHOCTBIO OTKJIHKA.

OtbickaHue QYHKUMH OTK/JAHKA OCYUIECTBJASETCS METOJaMH perpeccu-
OHHOro aHaJju3za. Bua GVHKUUM OTKIHKAa OOGBIYHO HEHU3BECTEH, MO3TOMY €€
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fIpe/ICTaBAAIOT B BU/JE MOJHHOMA, SIBJISAIOLLIErocs, TaKHM 00pasoM, pasioxe-
HUeM AeHCTBUTE/AbHOH (DYHKUHMH OTKJIHKA:

K K K
y = Bg - EBi X; + ZBi,j Xj Xj -+ EB“ X% ... (1)
1]

3iech y — OlEHKa y, Xj— yuuTbiBaeMbie (akTopbl. XOTA NOJHHOMHHAID-
Hass QopMa He TMO3BOJASET HEMEMJCGHHO HOJYYHTb MOJHYIO 3BPHCTHUECKYIO
nHbopManuo o INpolecce, HO 3aTO 3TOT METOJ AaeT TeXHHYEeCKoe pelleHHe
B pa3yMHble CPOKH IpPH HEIOJHOM 3HAaHMM MexaHu3Mma Ipolecca.

Huisi GOJBUIMHCTBA 3ajad JOCTATOUHO OrpaHuYHTHCH JHHEHHOH Wik
KBajapaTHofi uYacThip noaunoma (1). Keazparuunas cdopma TNpuMeEHAETCA
JUis] TIOBBIIIEHHsT AJ€KBATHOCTH TPeACTaB/JeHHS NOBEPXHOCTH OTKJIHKA INpH
CYIIECTBEHHOM OTKJOHEHHH ee OT JHHefiHoctu. B KOHKpeTHBIX caydasx
alCKBATHOCTL IPEACTABASHUSA MOYKHO TOBLICHTb, 3aMeHAA [ePeMEHHBIE X
X (QYHKUIMSAMH Ha OCHOBaHWM allPUOPHBIX CBeXeHUH o npouecce. ITpu uc-
CJIeIOBAHUM KOMMYTaluH MalidH cepud I1 npeaBapHTesbHLIH aHalIH3 ABYX-
MepHBIX 3aBUCHMOCTEH y=@(X) NDoKa3ajg UejecoodpasHocTbh mpecTasie-
HHsI QYHKIHE OTKJAHKA B MYJbTUIIHKATHBHO-(PYHKUHOHAJIBHON (popMe, Jier-
KO [peBpalaeMoii B MOJHHOMHHAJBHYIO IOCHE JOTapUPMHPOBAHUS:

57:: Bo - [1x% - exp[XB;-xi], (2)
i=1 f=m--1
ln;f = BO1 -+ EBi < Inx; 4 zBi © Xy (3)
i—1 i=m+1

31ech xi(i<{m) — daxtopbl, cBOAsiliKe vV K HyJgi0 npH Xj=0;
Xj(i>m) — dakropsl, MHHHUMHU3UDYIOLLHE (MAKCHMH3HPYIOIIHE) Y
npu x;=0.

Ha nepeom aramne HccienoBaHus Aasi oTpaOOTKM MeTOAa M AJis ONpe-
TeJdeHnst CYUIECTBEHHO BJAMAIOUINX (HAaKTOpPOB (OTCEHBAMOLLUN 3KCIePUMEHT)
Mbl OTPaHHUYNIKCHL JUHEHHOH MOAeNbI0 (3) M BKJIOUHAHM cieayiomue dak-
TOPHI:

Xy — Tok sixopda, I, a;

Xz — HampsykeHHe Ha AKope U, b;

X3 — cKopocTh Bpalenus n, 1000 ob/mun.;

X4 — JRaBJjeHue Ha uUletky p, 100 e;

X5 — IKCLEHTPUCHUTET KOJLJIeKTopa e, MK;

X¢ — 3JJHOTHUHOCTbL Kosiiekropa E, mx;

X7 — CpeTIHEeKBANPATHUECKOe OTKJIOHEeHUEe NepenafoB JaMeaein o, MK.

B kauecTBe BBIXOAHOH BeJWUMHB! Yy, XapakKTepH3YOWeH CTeleHb HUCKpe-
HHsl, Hamu IPHHSATO HANPSKEHHe ToJ cOeramllum Kpaem IIETKH, H3Me-
peHHOe MEeTOHOM JONOJHHTENbHOH LIETKH.

" MarteMmaTuuecku 3amavya COCTOMT B OlpeleseHHH Ko3)(OHIHCHTOB per-
peccdu bj pelieHHeM CHCTeMbI YPaBHEHMI

X* X-B=X*Y, (4)
NoJaydeHHbIX TyTeM JAuddepenunpoBanua KBaaPaTHUHOH (DGPMbI
N —~
2 (yu— yu)® (5)
u=1

no Bcem Ko3(pduuueHTam PErpeccHd W NPHUPaBHABAHHA HX HYJKO C LEIbI0

MHHHMH3audn dopmbl (5) (Meroa HauMeHbIIMX KBaapaTtos). 3aech N —

YUCJI0 OMBITOB (BAapHAHTOB) BapbHPOBAHUS IiepeMeHHBIX. B martpuue X* X

K03 (hHIMEHTOB CHCTEMbl yPaBHEHUH 3/1EMEHT i-TO# CTPOKU M j-TOTO CTOJIO-
N

a paBeH X Xjy - Xjy — CKaJADPHOMY TNpPOH3BEAEHHIO BEKTOPOB — CTOJO-
u=1

nos Xj u X;. B marpuue cBoGomHbIX wieHOB X*Y i-ThIH 3€MEHT paBeH
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Efqu * Vu- Pemenne cucrembl (4) B MaTpuuHOo# (dopme 3anuillercsd Bbi-
U=

paxenuem (6):

B=(X* X)™ (X* V) (6)
uiu B anarebpauueckoit opme:
K N

B = Z;J_CoijuE:f(ju * Yu (7)

rAe Cjj — 3JeMeHT {-TOH CTPOKH M j-TCro Croaflua MaTpHIbl (X* X)™

[lpy mpouaBosbHOM BapbWpPOBAHUH NapaMeTpOB Xj (TaK Ha3biBaeMbil
«MaCCHBHBIA 3KCIEPUMEHT») 'BOSHUKAIOT CJAYIOUlHe HeyoOCTBa:

l. Tak Kak OOBbIYHO NPUHATO BapbUPOBATh NEepPeMeHHble MOo0YEpPeIHo,
To uHdbopmauuo o KaxioMm koadduuuerre . b; Hecer HeboJsbillas YacTe
onbiToB. [TosToMy Ko3dhduLUEHTE perpeccud OLEHHBAKTCS ¢ 6OAbIIOH AuC-
nepcuen.

2. Tak Kak napamerpel X; IIpH NPOH3BOJIBHOM IWIAHHDOBAHHA IKCIHe-

N
PHMEHTa OKa3blBAalOTCA MONAPHO KOPPEJHPOBAHHBIMH ( 2 Xiy - xjﬁéO) , TO
ul+

Ko3(p(UIHEHTH perpeccHu ONpeAeasiloTcsl 3aBUCUMO ApPYyr ot apyra. He-
BO3MOXKHO pasfenuTh oraeabHble 3Q@ekTbl U 3O(GEKTH B3aHMOIACUCTBHA.
Henb3si noayyuTs MaTeMaTUYeCcKON MOJenu Ipolecca.

ITo moJoxXKeHHe He OTHOCHTCS K CJAy4alo, Korja HCTHHHAss (DYHKuuA
OTKJIMKa JIMHEHHA.

3. Tpyncemku pacuerhl.

PyKOBOJACTBYACh COBDEMEHHBIMH METOJaMH MaTeMaTHYECKOro MNJIaHHu-
pOBaHUA 3IKCIEDUMEHTA, MBI CIVIAHHPOBAJIHU 3KCIIEPUMEHT XOPTOTOHAJIBHO»,
T. €. BapbHPOBAJ/JH NE€PDEMEHHble 110 TaKOMY IIaHy, YTOObl CKaJspHble INpo-
M3BEJ1GHUA Pa3HOMMEHHBIX BEKTODOB-CTOJNOLOB B MaTpHLie NJaBRUPOBAHUA X

6blu paBHBL HYMIO ( X Xiy -xju=0). Torpa, oueBnaHo, Matpuua Ko3dphu-
w1 isj

. N
urentop X* X cucrembl ypaBHEHHH CTAHOBHTCSH zmarou{a.anoiﬁ(inu2 =+ O)
i u
U cHcrema pacnazaercs Ha K41 caMocroATesbHBIX paBeHCTB.

[IpenmylllecTBa OPTOroHaJbHOrO NJIAHHPOBAHHUS 3IKCIIEDHMEHTA:

1. HMudopmauuio o Kamxaom KodpdHIHeHTe pPerpeccHH HecyT Bce N
ONLITOB, MO3TOMY KO3((HUHEHTH OLEHHBAKTCA ¢ MUHMMAJbHOH H OJHHA-
KOBOH JMCIIEpCHEH.

2. Kaxnarvift koaddumuentT perpecciu bj ONpeneasietcss HE3aBHCHMO OT
ApYrux no opmyae

N
iy
bi=—x—— (8)
22

X

DTO 3HAUHT, YTO JHHEHHble 3QQEKThl ONpemensioTCs HE3aBUCHMO OT Nap-
HbIX B3aHMOJEHCTBHH, OMNpEJE/AETCs CTeleHb BJHSAHUS Kaxiaoro ¢akropa
M KaxJoro B3aHMOJIEHCTBHS [BYX WJIH HECKOJbKHX (PAaKTOPOB, T. €. MOJY-
yaeM MaTeMaTHYecKyl MoJelb Npollecca.
3. ¥YnpowarwoTcst pacuersl, TaK KakK He HYXKHO pellaTb CHCTEMY YypaB-
HEeHHH,

4. IlnarkupoBanue siBAsieTCs POTOTaGeNbHBIM, T. €. MHPOpMALHA MO-
CTyllaeT PaBHOMEPHO M3 Bcex ob6sacTell MOBEPXHOCTH OTKJIHKA.

Hamu nonyvena cieaymooliasi 3aBHCHMOCTb 1751 MalluH 2-To raGapura
cepuu [I:
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A
y=7,4- 1072 10-8. exp [—0,0955 - p+0,0087 - e+0,72E+1,640], b.  (9)

31ecp HampsKeHWe ¥ CKOPOCTb BBEAEHB B NMOCTOSHHYK COCTaBASIOULYK
CBOHMH HOMMHAJbHLIMH 3HAUEHHSMHKH C COOTBETCTBYIOLIUMH Ko3DQHLUUeH-
TaMH pPerpeccuy BBHIY HE3HAYHTENbHOCTH HOCTEIHHX.

JIist OLEHKH OCTAaTOYHOH MHCHEPCHH OlpelessieM OCTATOUHYIO CYyMMY
KBajapatos no ¢opmyJe

N -~ N K N ’
S = yy = Yu)* = 2yu* — B b AXiy  Yu = 33,7 (10)
MHo:KecTBeHHBI! KO3 (PHUUHEHT KOppensunu
§|=(1}"u —y)

¢ omeHkoii cHusy Ry=0,67 u ouenkoi cBepxy Rz=0,88 mnpu 95-npou.
YpPOBHE 3HAUHMOCTH.
OTHocuTeNbHAs OCTATOYHAS UCHEpCHs

K
2. .
3p = 20— 07 D) _g 358 (12)
D(V¢

. Bbicokoe 3Hauenwe R ¥ cpaBHUTENBHO MaJjioe 3HayeHHe ORCBUIETEIb-
CTBYeT 0 TOM, UTO NpPHHATA BO BHHMaHHe 3HAYUMad 4acTh CYHUIECTBEHHBIX
{:2kTOpoB, OODBSCHSIOLAA 3HAYUTEJNBHYIO 4YacTb [AHCIEDPCHH HCKPEHHs.
‘B nanbheiime#i paGoTe Mbl HaMepeHbl BKIIOUHTb B MOJENb MapaMeTpPhbl, Xa-
pPaKTepH3yolllHe OTKJOHEHHS reOMeTPHH MarHHUTHOH CHCTEMbl H IOJIOXKEHHs
LIETOK OTHOCHUTEJNbHO [EOMETPHUECKOH HeHTpaJu, MapKy LeTOK U JApyrue

daxTophl.

Korna ypaBHeHne perpeccuu (2) 6yzer AoBeleHO [0 HeoOXOLUMOH
CcTeneny afAeKBATHOCTH ¢ (YHKIMeH OTKIHKA, OHO MOMKET OBbITb HCIOJb30-
BAHO ISl pellleHHus] CAeAYIOLIUX 3a7ad: ,

1. Ouenkn cpenHero 3HaueHHWs U paszbpoca MCKPeHUA, €CAU H3BECTHDI
(daxTHUeCcKMe 3HaMeHUst Xj W AUcnepcud D(X;) Aas naHHOrO YpOBHS Tex-
HOJIOTHH.

2. Hasnauenus [OMYCKOB Ha HapaMeTpBl Xj, €CAHM 3alaH MONMYCK Ha
HCKpeHHe, JTa 3aJaya HEOAHO3HAYyHa, MOKHO OIpPEeeJUTh JHLbL MHOTO-
MepHYWo o0OJacth JA0oOyCTHMBIX 3HadeHud D (xj). Ilpu nHeobxoaumocTtu
ONTUMM3AIHKH CHCTEMBl [JONYCKOB MO CTOMMOCTH HeU30eKHO MpHUMeHEHHE
MATEMATHYECKOr0 HNPOTPaMMUPOBAHHS.

5. Ilporrosza aosum MalUHH, UMEKUINX HEJONYCTHMOE HCKpEHHE KaK Ha
HCILITATeAbHGH CTAHIHH 3aBOAA-U3TOTOBHUTENSA, TAK U B NPONECCE SKCMaya-
Tal M. B nccaeguem ciaydae HGO6XOILHM‘O 3HaTb CpeaHHe CKOPOCTH H3MCE-
HeHHd Xi BO BPEMEHH.
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