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BBE,Zl.EH.HE 

HacTosrmne MeTOtlH"leCKHe peKoMeHtlau.nn npe,!lua3uaqenb1 WIH CTaTn­

cTuqecKoro 3HaJIH3a TO"IHOCTH ff cra6HJibHOCTH TeXtIOJJOrH"leCKHX npou.eccoB c 

U.eJiblO HX nO,!lHaJJ3,!lKH H UOCJleA}'IOIUero pery1mpoeaHHS1. 

To"IHOCTb reXHoJiornqec1<0ro npouecca xapaKTepIDyerc.11 creneHhlO 6JIH30CTH 

JleHCTBHTeJTbHb!X H HOpMaTHBHbTX 3Ha'!eHHH napaMeTpOB npOH3BO,UHMOH npo.ayK.UlfH. 

Cra6HJJbHOCTb reX1:1onorli'leCKoro npou.ecca - 3TO ero CBORCTBO coxpaWITh 

HCH3MCHHbIMH 3Ha'leHIDl OCHOBHh!X napaMelpOB B Te'leHHe l:ICKOTOporo psana 

apeMeHH 6e3 BMeIUaTeJibCTBa HJBHe. 

CTaTnCTHlfectCoe perynupoeaHue Textto11orwiecKoro npo 

KoppeKTl1pOBKa no pe3ym,TaTIIM BbI6opoqHoro KOHlpOJl.11 napaMeTpOB H3llO)lHMOH 

npO.ayKIJ,IDI ( o6MM Bb16opK11, KaK npammo, ue apeBbCIIIaeT 30 npoll.)'XUHH). 
CraTHCTJfClecrrnJ.I atta.IIH3 npOHJBOJlHTC.11 tta OCHOBe B IDMepeHIDI 

KOHlpOJJHpyeMI>JX napaMelpOB. 

3tta'leHH.11 3THX rrapaMelpOB HMelOT HeK~blli 6poc (paccemrne) 
OTHOCHTeJibHO cpeJlHero. 1.feM MeE!hme pacceIDIBe, M 'lHee TeXHOJJOJW?ecKHit npo­
u.ecc. 

~ OIUfc:IDfHfl CTilTIICTW!ecKID<. 3aKOHOMep ~ 6poca 3Ha'lettIDi OJlHOpoJlllhIX 
c.rryqalhlh1x aen111111H B uacTomnee apeMJJ e IOTCli OT)leJTbHbie aepo.11THOCTHbie 

MOti.eJTH, TaK Ha3bIBaeMbie 33KOHbl pacn :!leJJeHHSI eepOSITHOCTCH CJJY'l3Hllb1X 

Ja o , Beif6ynna, PeJJeJI H HeKoTopble 

.!lpyrne. Ho H3BeCTHb1e JaKOHbI He o c .nocraTcY•rnoli TO'lliOCTblO OIDICaTu see 

MHoroo6pa3He CTaT.11CTH'ICC p crrpe.neneHliH, BCTpC'laIOl..l.(HXCH Ha npaKTHJ<e. 

B TO )!(e speMsr pemarom1 y, 
DJ c SIBJJHeTcsr uaxoqeune TaKoro TeopeTH"leCKoro 

p cnpeaeneum1, KOTOpbIA nan6o.rlee TO'IHO OUHCblBaCT 

en e neuue. CnpamJIBaeTCJI, Ja'leM H)')!(Ha MaKCHMaJTbHO 

B.b1;pasmrnaHliJ1 CTaTHCTW-ICCKoro pacnpeJlCJICHHJi? OTBeT 

ro , HTO rnaeub1il u uau6onee o6muH: nmcaJaTeJJb Ka"leCTBa -

U.CHT 6paKa - cocpe,!lOTO"leH Ha KOHU.aX pacnpe,!leJJeHHSI, 

e o .uorryCTiiMbrn ero ypoaem, B MfililltHOCipOeHHH CocraBJIJleT MaJTylO 

ae p HyJO 0,0027, HJl}I 0,27 %. CTo3TOM)' rpy6oe Bb1paBH.Heauue npocro 

He HMee MbICJJa. 

l!ro6b1 yaenwrnn. aepoJ1THOCTb npaaH1IbHoro yCTaHoBJiemrn nrna BbipaBHJIBaJQmero 
pacrrpe)lCJICHJlJI, B HaCTOJl.mm< MCTO){H'lCCKHX peKOMeHti.auIDIX HCJIOJlh3)'IOTCJI 

o6o6ID.eHH.b1e yen,ipexnapaMeTplf'leCKHe pacrrpeACJJeHIDI aBTOpa, KOTOp1>1e BKJIIOGaIOT 

KaI< 'l"aCTHh.1e CJIY'l.aH OOJThl.illl.HCTBO H3BecTIIhlX pacrrpe.uenemIB, a TOM 'IHCJJe ceMeliCTBo 
KpIIBhIX K.TIHpCOHa, H o6pa3)'IOT lpH CHCTeMhl HenpephIBHhIX pacrrpe.ue11elllil-i 

(co1<pawe1:1Ho SNR). Tioc11e.utt.11e .uoae.nettbI aaTopoM .no nporpaMMHoi1 pea.Jll13aUHM. 

HcnOJJh30BaHHe o6o6ru.eHifhIX pacnpe)leJieHHH H COOTBeTCTB)'IOID.HX 

nporpaMM 3Ha'lHTeJibHO y npomaeT 11 ycKopsi:CT npou.eti.ypy HaXO)!(.UCHIDI. Bb1paa-



HHBaJOIIJ.ero pacnpe.uerreHIBI, nOCKOJibK)' OHO Bbl'IHCJISICTCSI []() CTaTIICTH'iecKOM)' PJUJY 
pacnpe.uerreHI-0! 3a o.nHH rrp0eM 6e3 nepe6opa oT.nenbH:bIX qacrn.r,1x cny"laes 11 
nposepKH KaJK.noro tt3 HHX ao KpttTepWl.M cornac11J1 . 

OcnoBHbJe 33.ll3'1H craTHCTH'lecKoro aHaJJH3a Texuonont'lecKoro npouecca 
3aJ(JilQqaJOTCH B TOM, 'fTOfihI (1): 

- .z.r.an, ouem<y ero Ka'fecrna no pe3)'JlhnrraM mMepeHIDl KOHipOJIHpyeMhrx napaM~Ipc:>B; 

- rrpw He06XO.llJ.fMOCTJ.f rrplIBeCTH TeXHOJIOnr<leCKJ.ill rrpouecc B CT3TJ.fCTH'lCCKH 
ynpaBJIHCMOe COCTOSIHHe; 
- Bl>UIBHTh octtoam.1e <t>aKTOpbl, BJIIDIJOIIJ.He Ha aenwnrny 
CHCTeMaTH"!ecKHX norpeillHocreii; 

- ycTaHOBHTb 3aKOHOMepHOCTl1 J.f3MeHeHIDI BO speMeJUI ITOKa3a~ 
rexttonorw1ecKoro npouecca. 

CraTHCTH'leCKH ynpaBJIHCMhlii npouecc - 3TO Tex Ho 
o6ecrre'll!BalOI.I.Ulli B npe.uenax HopMbl noKaJaTeJIH pacce 
KOHrponHpyeMoro napaMerpa. TaKoif TexHonornqec 
CT3THCTH'fCCKOMY peryJiuposaHHIO. j 

11 

MeTOJl.H'lCCKHe peKOMCHJJ.auun ycTauaB a nopHJJ.OK pac<JeTa ua 
IDBM noKaJaTt'.Tleif Ka'iecrna TCXHOJJOm'fec.-·e"',...."'""eccoB ua 6a3e o6o6w.eHHblX 
pacnpeJleJJeuuii, co.uep:iKalll,HX napaMeT 1 a. 

)J/uI pac<!eTOB 11CITOJib3ye"rCH rrporpaMMa S~ (B .!{aJlhHefilneM - IlpOrpaMMa). 
MeTO,ll,WieCK11e peKoMeHJl.aQliH ....,,"""''-..... 6bITb 11cnonh30BaHJ>1 AJIH perneHIDI 

pa3mfqHhrx Ja.nat.t, s TOM "'!Wene [6 I 
- CTaT11CTll"ICCKOtt ouema 

o6opyn.oaamrn eo speM11 3KC 
114eCKOii TOqHOCTl1 np0113BO.llCTBCHHOro 

H, nepeJI. cJI.aqeii B peMOHT, nocne peMOHTa, 
~TaTHCTITTCCKOro perynttpoBaHH.R c ITOMOUlblO 

J\f"l'\lt'-1.n<:l''U· eo6XOJI.HMblX CJIY"'fMX; 
e TeXHOJIOIWleCKOH TO'fHOCTM HOBOro o6opy.uosaHWl; 

K HcrpyKTopcKoM Jl.OKyMeHTauIDI Ha ocHoee crnnrnanw3a 
HOBblX o6pa3UOB H cep11lfHblX H3,llem1.ii; 
BM MC>I<.ll;)' 3a,ll3HHOH TOt.tHOCTblO H 803MO:>KHOC'NlMH peallb-

B pe3epBOB npOH3BO.UCTBa 11 TeXHOJIOrHH; 
a KOHTpOJibHbIX KapT " CTaTHCTI1'JecKoro pel)'JIHPOBaHIDI TeXHOJiornqecK.RX 

- KOHTPOJUI 1<aqecTBa Mexaillf'{eCKHX csoiiCTB MeTarurns; 
- ycTaHOBJleHH$1 He06XO.llHMOCTH peMOHTa o6opy.llOBaHl1JI; 
- onpe.o.eneHIDl KatJecTBa BbmonseHHoro peMOHTa o6opyJI.oBamrn; 
- cpaamneJibHOii oueHKH ToqHOCT11 eap11aHTOB Texnonor»'JecKoro npouecca, 

06opy.uoaaHID1 H OCHaCTK11; 
- cpaBIDITeJlbHOH oueHKH TO'lHOCTl1 pe)!(J1MOB o6pa60TKH; 
- ou.eHI<l13<l>cpeKT11BHOCTH yrrpawuooIIJ.HX B03,!l.eHCTBHH. 



I 061.QHE IlOJIOJKEHIDI 

1.1 B cooTBeTcrn1rn c aacTO.!!Ill.HMH MeTO,nH'lecKHMH peKoMeH)laUWIMH 
Bbl'IHCJUIJQTC.!! CJle.ll)'lOm.He OCHOBHhle nOKa.3aTem1 TeXHonorw:ieCKHX rrpoueccoa: 

- TeXHOJJOrwteCKlfH .nonycK; 
- K03cpcpHUHeHT TQqHQCTH; 
- Ko3cp<J.nm.11ettT ypoBH.!! Hacrpomn1; 
- o)l(.l{.naeMhJH rrpou.eHT 6paKa. 
1.2 Ha 6a3e cTarncrnqecKoro pn.na pacrrpe.neneHIDl, nonyqemmro 

3aMepoa KOHrpOI!HpyeMoro napaMerpa, c nOMOill.h!O IIporpaMM 
BbNHCJUleTCH s1>1paBHHBaIOill,ee pacrrpe.a.eJJeHHe H roqeqH1>1e oueHIG\e~~~" 

1.3 fio tta.H.n;eHHOMY 3aKOH)' pacrrpe.a.eJieHllil BhJlIBCJI.!!J()TClJ OK aT 
pIDYIQIUHe Kaqecmo reXHOJIOIWieCKoro npouecca. 

1.4 IIporpaMMa Bhtt:fHCJIHeT: 
- OOKa3aTeJJH CTantCTH'leCKOro pacnpe,n:eJJeHIDI KO pyeMoro napaMerpa, 

sKJI10qan cpe.naee, .zwcnepcHIO, cpe.l{Hee KBa.npaTf£te oe 01' otteHHe, K03cpcpHU11ettT 
sapttau;1rn, ueerpaJJhlil>Ie MOMeHTul 3 11 4-ro nop.,~.~-·~· 
ocrposepnrnHHOCTH H HeK0Toph1e .npyrne; 

- TIIII Bh1paammaiomeii KpHBoll; 
- ou;eHKH rrapaMerpoB H HOPMHJ>YIO 
- 3Hat:feH1'1H TIJIOTHOCTH I{ cpyHKTUIJA,.F''"' 
-KBaHTHmi:; 
- rrpou;eHTWIH; 
- JlOBep11TeJ1htthle sepo 

••IJ!>.ClJl-1)1; 

f 1x TOt:feK - MO.Uhl H ToqeK neper116a; 
o ecKoro JlonycKa; 

- noKa.JaTe 11 O'I CTH rrpouecca (Ko3cjlqnru.HettT paccelrHIDI); 
JI G WI ttacrpOHKH (Ko3cjlcjJ11IU1eHT CMeme1uur); 

bJil: pouettT 6paKa (o6m.Iffi, B TOM t:fHCJle Ha HIDKHeH H BepXHeH 
KTOpCKOro .nonycKa). 

aMMa crpoHT CTaTHcmqeCKYIO H BblpaBHHBaJOmyIO KpHBbJe pacnpe­
c YKa3amrnM rpamu.1. KOHcrpyI<TopcKoro 11 TeXHOJlorwi:ecKoro JlOnyCKOB. 

porpaMMa BhrBOJJ.HT Ha 3KpaH ace pe3yJ1hTilThI paclJ.eToa. 
1.7 Pa6oTa nonh30BaTenei1nporpaMMhI11poH3BOJlHTCH B aecKOJJhKO 3Tanos. 
Ha rrepaoM 3rane ocyw.eC'TBJU!eTCS! c6op CTaTHCTH:qecKJ.tX JlaHHb.rx o KOHTPOfill­

pyeMoM napaMeTpe, KOTOph1e xapaicrepID)'IOT cocromrn.e reXRonorH'iecKoro apouecca. 
Ha BTOpOM 3Tarre c TIOMOI.llhlO ilporpa.M.MbI ocymecTBJl.!!eTC.!! CTaTl'ICTHqecKa.H 

o6pa6oTKa JlaHHhIX, BhPIHCJIHercH BhtpaBHHBa10m.ee pacnpe,11.enem1e H Ha ero 
OCHOBe rrpOJ13BOJllJTCll: He06XO.U11Mhle pacqeTbl. 



Ha Tpen,eM Trane no pe3yrr&TaTaM pac,ieroB rrpHHHMaIOTCJI coorneTCTB)'KllllHe 
perneHIDI, T. e. m160 0 Heo6XO.!UiMOCTH IIO.llHaRa,l(KH TeXHOJIOrWieCKOro rrpouecca, 
m160 npoJlOJDKemrn pa6on .i. 

,l(JUI TIO)JJ!ana,rurn TeXHOJIOIWieCKOro npouecca Heo6XO.ll,HMO BbUICHHTb rrpwnnibl 
ero pa3Jla.l(KM H no B03MO)l(f{OCTH liX yCTpaHHTh. 

Tioc11e ycrparremrn: IIplf'IHH pa3JiaJ(KH Heo6xo.1.U1Mo noaropITTb craTHCT11qecKIDi 
aHamn TeXHOJIOTW!eCKOro rrpouecca, qro6bI ouemrr& 34>¢eKTFIBHOCTb yrrpaBJUIJOIUHX 
B03.lleikTBlill H B HTOre .ll06HTbCSJ CHIDKemui 6paKa illUKe ]lonycntMoro ypOBID!. 

Pa6ory no nepaoMy :nany BbffiOJIID!eT cnel..(HanncT-MeTponor. 
Pa6ory no BTOpoMY 3TailY BbffiOJIHSJeT CIIel..(HaJIHCT CTaTHCTWieCKOM 60 ~ID!, 

xopoLIIO BJla]lelOII{lll MeTO]laMH CTaTHCTH<feCKOH o6pa60TKJ1 ,llaHHbl " B q THOCTH 
CTitTaHanH3a TeXHOJIOfH''leCKHX npoueccoB. 

Pa6ory no atta.Jll!.3Y npWIHH pa3naJlKH TexHonorWiecKo~o ecca H HX 
ycTpaHeHIDO npOBOJlHT CJI)')l(6a rnaBHOfO TeXImnora. ~ J 

2 IIO,WOTOBKA IICXO)].HhIX )1.AHHhIX <o 
2. l CTaTHCTH'ICCKHH auanu1 Texuonorn J c r~ npo~ecca JaKJllO'l~CTCH 

B BhUIBJ1CHHH 33KOHa pacnpc)l,e.IJCHHSJ npOHJB cH°HblX norpeurnocreu rrpli 
rrpOH3BOJlCTBe npo.u.yKJ..(HH, HaXO)l(.11.eHim OU 0 napaMeTpOB H BbPlliCJiemrn 
Heo6XOJll:iMblX ITOKa3aTerreii, xapaKTep COCTOSIHHC TeXHOJ10rW1eCKOro 
rrpouecca. TipH ttey.I1oane11mp1rren&Hhrx -..ffillIX noKaJarerre/:% TeXHorrorWiecKIDl 
npou,ecc npiiBO.llttTCSJ a CTaTHCHf'ICii BJISiCMOe COCTOHHHC. 

2.2 ,l1,1u1 ycrnttosrreHllil 3aKO' c .1J,eneHID!: KOHTpo.rrnpyeMoro napaMeTpa 
Heo6XO.LJ.HMO oro6paTh He Melli> 0 .nHHHU IIp0.llYKUHP. (no pS!JIY MrHOBeHHbJX 
BbI6opOK np11 HeH3MeHHOH H 0 e TeXHOJIOflfCl:eC1Wro npouecca) 11 HJMepHTh 
3Ha'l.emui I<:0Hrpom1pyeMO p e·rpa. 

2.3 Cpe)lCTBa m e eH .llOJI)f(HhI o6ecneqHBaTb TO'l.Hocn B rrpe.Aerrax 
1/10 - 1/20 rrrnpHHh•eT I<TOpCKOfO .nonycKa. 

2.4 PeJym;ran. B 3aHOCSITCSJ B KOHrpOJB>HbIH JIHCTOK (np<m>KOJI IDMCpeHllH), 

r.11,e YKa3&IBaeTC . , HOMHHaJThHbIB pmMep 1<ompom1pyeMo.ro aapaMeTpa, 
KOHCTpYK'fO c JlOlJYCK, TO'l.HOCTb cpe.nCTBa HJMepeH.IDI, speM.11 H HCIJOJiffiITCJlb. 

2.5 Hbltt JIHCTOK 3a nO.llIDICJIMH KOHTponepa H TCXHOJiora uexa 
0 e.!IHHM B CTaTHCTflliCCK)FIO rra6opaTOpl1lO Ha o6pa60TKy. 

0 e3yJILTaTaM CTaTHCTJ.f'feCKOH o6pa60TKI1 KOHTpOJibHbJX JIHCTKOB c 
nOMO ~ ITporpaMMbl CJ1)')1(6a rnaBHOro rexaonora COBMeCTHO co CTaTHCTlf'l.ecKOA 
rra6oparo1mefi 11 OTK npoBO.llHT aHarrm npHqJIB pa3na.D.Ktt TexRorrorWTecKoro 
npouecca H pa3pa6aTbrnaeT MeponpHSITttJI no ero orna.n.Ke. 

2.7 ITocne npHBeJleHIDI TCXHonorWTec1<oro rrpouecca B CTaTHCTH'lecKH 
ynpasJU1eMoe cocroSJIDie .llAA .llaJibHemuero ero pery.rrnpoeaHID1 no KOJUI'leCTBemmMY 
npm HaKy c IlOMO!Ubl-0 KOT:ITpOllbHblX KapT JlOCTaTO'lHO qepe3 onpe.I1eneam.1e 
HHTepBaJibl npeMCHll oT6HpaTb BbI60pKH H3 25 - 30 3aMepoa KOHTpOJIJ1pyeMblX 
napaMeTpOB. Bee nocrreJl)'Klrn.He pacqeThI BhmorrHIDOTCSJ Ha IT3BM no rnli )Ke 
ITporpam1e npH HecrpynrrnpoeaHHI>rx AaHHl>IX. 



2.8 Ha KOHlpO.llhROH KapTe ropmoHTIUThHhIMH .JlHHIDJMH OTMeqruoTC.11 cpe.QHee 

JHaYJem1e KOHlpOlll:lpyeMoro napaMelpa, HIDKlOOI H sepXJOOI rpaHHI.1;b1 perylll:lpOBaHIDI. 

2.9 qepe3 ODpeLI.eJJ.eHHh!e HIITepBaJl.bl BpeMeHH Ha KOinpOJibH)'JO Kap'!)' HaHOCllTCll 

Bb16opoqH1>1e JHaYJ.emrn KOH"IpOJIHpyeMhJX napaMelpOB. 

Tlpouecc C'!.111aerc.11 HaJIIDKemn>IM, ecm1 BbI6opoqHh1e JHa'leHH.11 KOHlpO.rrnpyeMbIX na­
paMelpOB HaxO.IJ)lTCll BHYfPH rpamm perylll:lpOBaHIDI. 

2.10 .z:vm peryJIHpOBaHIDJ ypOBH.11 HaClpOHKH (mmaLI.KH) npouecca HCIJOJih3yeTCll 

KOAlpoJlhHfill. KapJa cpeLI.Hero apH<l>MeIWiecKoro JffilqeHID! KOHipOJillpyeMoro ~erpa 

,ll;m! pe:rymtpOBaHIDI pacce.!IHIDI - KOinpOJibHCUI KapTa cpe.QHero KBaJI.P~e OT-

KJlOHeHH.11 ll.1111 pa3Maxa. 

HcnoJlh3oBaHHe o6o6meHHhIX pacrrpe.ueneRHil 11 cooTBeTCTB rpaMM 
Il03BOJilleT ClpOHTh KOHTpOJihHYIO Kapry O~H}laeMoro yp 

3 CT A TIICTWIECKAJI OI>P Al>OTKA 
IlPOH3BO)J,CTBEHHhIX rrorPE 

a Ka. 

3rurn.camn,1e B 3.1 PeJy nhTilThI JaMepos KOttrpomrpye 

KOHTpOJJhHOM JTHCTKe, npeLI.CTaBJUllOT C060H DP. · T CT3TUCTUlfCCKHH pSl,ll. 

3.2 Om1 MOryT 6b1Tb o6pa6oTaHhI Ha B rIOMOUl.hlO TiporpaMMhl HenocpeLI.­

OBKH B HHTepBaJThl JaJI.aHHOH CTBeHHO m160 llOCJJe rrpe.usapHTeJihH 

UJ11pF!HhL 

3.3 lfifcno HHTepeanoe rpy H.11 MO)!(HO oueHHTh no cpopM)'ne 

1+3,32·/gn, 

.11,0 UeJibIX, r.ue n - o6'heM Bb16opKH (Komr'leCTBo 

e=hk-R (e>O). 
3.5 IlepBblH HHTepean HMeeT rpaHHUhl 

E 
Xmin --+h. 

2 
rpamlll,bl Ka:>l<.11,0fO CJJe.zzyromero HHTepsana ysemNHBaIOTCll Ha Wf.f])HHY 

FIHTepeana h. 



3.6 Cepe.zurna nepBoro RHTepBa.na paBHa 

e h 
Xmin - 2+2. 

Cepei:urna Ka1K11oro cneJzyiom.ero HHTepBa.na yeem11umaeTCR Ha 11Jup11ey 
HHTepeana h. 

3. 7 tfacToTa i-ro HHTepeana n; onpe11eJU1eTCH no11c<JeTOM crncna 3aMepoe Ha 

n, 
P. =-. 

I nh 

3.9 Ha 6aJe rro.nyqeHHoro raKHM o6paJOM uuTepsaJI 
pH.Ila C'IpOHT rucrorpaMM)'. I1o ropR30HTaJibHOH OCH OTisit'll..llbUl3)S)T 
~OTOpblMH C'IpORT IIpH~tOyroJlbHH.KH BblCOTOH, p'HOM 3 
1-ro 11mepBa.1a p;. 

fHCTOrpaMMa HBJUleTCR OllHOH H3 <!><>PM npe.J.\':bl·«"lol..ll' 

pacrrpe11eneH11.11 c.nyqaiiHoii BeJIITTIDibJ. 
BMeCTO rHCTOlpaMMbl MO)KHO nOC'Ipn .... r1.., rrn-.. 

ITpHMbIX cepe11mihl eepXHHX CTOpOH ITQ;~!lMf'~)Jlhffill<OB. 
3.10 ,nmr crnaA<HBaHHH rncT H nomrroHa HcrroJih3)'IOT rpa1jmK 

no.ZIXomm.(e.0 nnoTnocTu pac 
B3IOIUCH KpHBOU pacope,lle 

3.11 BbtpaBHHBaro a 
TiporpaMMe H HCllOJl.b3}'. 

rn, KOTOpblli: Ha3bIBaeTCH BbtpaBHH-

pnsa11 pacnpe,lle.rteHHH Bbl'HtCJIJleTCJI no 
aJihHei:illJeM .ll.'IH paclfeTa noKa3aTe.rteA Ka'lecroa 

K03 

c . 

-..::...-~ TOlfi-IOCTH II CTAl>HJThHOCTH 
ECKOfO IlPOU.ECCA 

e Be Mepbl TOlJHOCTH TeXHOJIOntlJeCKOro npouecca HCll0Jlb3yeTCJI 

TO'lHOCTH (pacceSIHHH) [4] 

K =cu= X.-X,, 
T s: ' u T. -T,, 

- IIIHpHHa noJJH paccesrnm1 (TeXHonorl{lleCKHH .uonycK); 
x., X 11 - BepXIDIH 11 H.IDKIDUI rpalUW,bt noJUI pacceHH11.11; 

8 = T. - T,, - 11rnpHHa noJIH icoucrpyKTopcicoro ,llonycKa; 

T,,, T,, - BepXlWI H ffiDKHJUl rpammbl llOJIJI KOHcrp)'KTOpcKoro .llOnycKa 



B 3apy6e:lKHOH mneparype BMeCTO noKaJaTeJUI Kr 11cnoJib3yeTC.li 
K03$qrnu:HeHT Cp= l!Kr. 

ll.IHpHHa DOJUI paccemtIDI Bhl'lliCJUleTC.li npH J<WIHHOH ,llOBepITTeJibHOif Bepo.lllllOCTH, 
HanpHMep p = 0,9973 (run1 p = 0,9545), T. e. Dpl1 ycJIOBl1H, <ffO 99,73 % (HJIH 
95,45 %) 3HatJemffi KOHTpOID!pyeMoro napaMeTpa RaxO.IVITC.li BlfYTPH rpaHHU QOM 
pacceHH.IDI. ,lVIll aopMaJlbHOro 3aKoHa OJ = 68, r.ue S - Bb16opo<Jttoe cpe,llnee 
1csa.npaTHlfCCKOe OTKJlOHCHHC. 3Ta se.rrnqlfHa 33BHCHT OT BH,lla 3aKOHa pacnpe­
,lleJieIDl . .li H 3Haqem1i1 ero napaMeTpOB. 

Ilp11 11cnoJI1>30BaHIDt 0606meHHh1x pacnpe.neJieIDIH lUHpHH)' nomr p 
u:eJiecoo6p33HO onpe.n;eJIJ!Th 113 TOro )f(e ycnoBlra, T. e. P = F(X.) - Fi 11 

np11 J TOM 3Hattemtll <flYHKU.Rfl pacnpe,lleJieH11J1 pasHi:.1: F(., '" ' '=- u··· 
F(X.) = l - 0,00135 = 0,99865. 

TottHOCTb TexttonornqecKoro npou.ecca (no xpaillieii epe ti.JI HOpMani:.Roro 
3aKotta pacnpe.neneHHJI norpeWHOCTeii) CtJMTaeTC.li .no a aoli npH ycnos1111 

Kr ~ 0,75 . KaK 6y.neT noK33aHO HIDKe, na BeJJWJHRa 338 ofueMa BbI60pKB. 
4.2 .[Vur xapaKTepHCTIUCH ttaJJa,llKH TeXHOJJ cxor pou:ecca npHMelUIJOT 

K03<j><j>HUHCHT TOlfHOCTH H3CTpOHKH, HJIH ll0Ka3 , OBH.li H3CTpOHKH (4) 

r,lle X - cpe,ll.Hee Bb 

T0 = (T. + T11)/2 - cepe.n. 
Ko:~pq>lruHeHT TO<Ill.0Cfl1 ~:q>O~~ 

H MO:lKeT 6b1Tb yCTpaHeH. 
4.3 Hecrn6Wlhttorfi!.~~w'i> 

Tep113YJOT K03cp<f>JfWJei:E(Ol\l~~ 

r.n.e 

pacnpe.n.eneH11J1 KOHTpOJJHpyeMoro rrapaMeTpa. 
ecTa6HJibHOCTb TexHoJiorwiecKoro npou.ecca IJO pacceHHHJO xapaKTe­

pH3YJOT K03cpqnrr~HeHTOM Me)f(H3CTpOe•rnoit CT36HJibHOCTl1 [ 4] 

K = S(t) 
M.C. s ' 

0 

r.ne S0, S(t) - HaqaJJ.bHOe I'! KOReqttoe (Ha MOMeHT speMelill t) JHa'!eHIDJ cpeJJ.Hero 
KBa.n.panNeCKOfO OTKJIOHeHl1JI KOHTp01IHpyeMoro rrapaMeTpa . 

.[Vl.li Bbf<rnCJJemt.li .llByx nocne)lHHX 1<03cp<j>KU:HeHTOB Heo6XOJll1MO KMeTb .!UIC 
Bb!60pl<H, nonyqeHHbte B p33HbJC MOMCHTbl speMCHll. 



4.5 B JaKIDOt:feH11.e CTaTamuuna TexHonorRtJecKoro npol..(ecca BhftlHcmnoT 
O)f{11.n:aeM1>1A yposeHb 6paKa q e npo1.1ettTax. OH Haxo.n:HTCR no <t>opMyne 

q =100 %- [F(T.)-F(TH ))-tOO %. 

np11 3TOM 6paK Ha HIDKHeH rpamn:.ie TIOJJll KOHCTPYKTOpCKOro .n:onycKa paeeH 
JHat:f:eHIDO cj>yHKl..(JIB pacnpe.n:eneHIDI F(TH), }'MHO)f{eRlfoii Ha I 00 % 

q,, = F(T.)·100 % , 

a Ha eepxtteif rpamu.J,e nonit. KOHCTPYKTopcKoro .aonycKa 

q. = [1- F(T. ))-100 % . 

O)f{11.aaeMbli1 npo1.1eHT 6paKa ll.Bm1eTCH HaH6011ee o6mel:f H e apaKTe-
pHCTHKOH Kat:feCTBa TeXHOJJOrHt:feCKoro npouecca. 

TipH ycnoe1rn, Kor.11.a rpaHHllhI KOHCTPYKTOpcKor 
.n:onycKoB coena.aaioT, Ko3<!><!>11m1eHT TOt:fHOCTH Kr= , a .n:aeMbIH ypoeeHh 
6paKa paeeH 0,27 % npH 111060M JaKOHe paCf!P .nen H np0113BO)lCTBeHHhIX 
norpewttocTeiL 3rn npe.nenhHO .n:onycnfMblH yptltJee 6paKa. 

l 
4.6 EcnH Kr< 1, a 0 ~ jKHj 5 -(1 -

2 
np 

e KO <t><t>mnieHTa TO'IHOCTH 3aBHCIIT OT ofueMa Bbt6opKH. ,lVTll CTaTH­
~1)5ci!0MeMoro rrpo1.1ecca rrmpRHa DOM paccel!HIDI .n:oJDKHa 61>1Tb MeHbllle 

lilllP OH yI<TOpcKoro .n:onycKa KaK MHHHM)'M Ha eeJIWIBHy 6a x I fn (npM 

OM 3aKOHe pacnpe.n:eneHIDI). Tor.na KOJ<l><l>fil.l,HeHT TOt:fHOCTH 6y.neT paeeH: 

K _x. -x. _ x.-x,, 
7 - T -T - 6a · 

• " X - X +--x 
« H fn 
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I OcuoBHbJe noHHTIUI Teopnn sepOSITHOCTeii H 

MaTeMaTH'lCCKOH CTaTHCTllKJI 

IIpUJJO)Keune I 
( cnpaaoqttoe) 

I.I C JJy'laHHbJe BeJ1nqnub1 H nx JaKOHbl pacnpe11eJ1eum1 

1.1.1 Cnyqaillioit Htl3h lBaIOT se.nwnmy, KOTOpaR np11 ocyw.ecrnne 
MO)l{eT IlpHHJITb mo6oe K3 B03MO:>KHblX 3Ha'lem rn, npH'leM 3apattee He~'"'fec<i~Q 
HMem10. 

C.rryqaffin,1e BeJIWIHHbI lIOJl.Pa31leJUUOTCH ua .!lHCKpeTHble H te ep IBHbJe. 

,nttCKpeTHaH cnyqafrnaH Be.rrwrnHa npID111Maer B03MO~ 3HaieIDUI, KOTOpbie 

3apauee MOJYI' 6b11b nepe1t11cJieHb1. ~~ 
ArrH HenpepbIBHOH CJlYl:faHHOH BeJTH'IHHbl HeBO nepe'IMCJTl1Tb ace 

B03MO)J(Hble ee 3HaqeHilll, T. K. Olli uenpepbIBHO 3angi He pbm npoMeJKYfOK. 

1.1.2 CoBOK)'lIHOCTb ecex B03MO)f(HbIX 3H e CJlYl:faWIOH BeJTWUIHhI X 
o6pa3yeT IlOJJHYIO rpynny co6blTHH, a cyMM B03MO)f(HblX BepOH:TliOCTeH 

CJlY'!aHHOH BeJIW!llHhI X pasua e.1U1HH1.Ie. 3rn seposrrnOCTh pacnpe.!leJJena 

Me~y BCCMH B03MO:JKHblMH Juaqeuu 

1.1.3 BcHKoe coornomeHHe, ycrall;ll!l!Jtl.11!381omee roaHMOCBJOb Mew.,ny B03MO)l(HbJMH 

3HaqeHHllMH CJTy<iaillloi1 BeJTm 

pacnpe.!lenemu1 CJJyqaitaoif 'fH 
1.1.4 3aKOH pacnpe11en H >KeT 6bITb 3a,nau pa3JHNHbIMH cnoco6a~rn: 

a BH.D.e Ta6Jll-1Ubl, rpaqntKa a HTH'leCKH. 

fipH Ta6JIH'IHOM 3..,a,,....,--axoua pacnpe11eneHIDI cny<Jaliuo.H. aeJTH'IlfHbI X B 

eepxHeH c-rpoxe Ja H B03MO>KH.hle 3Ha<JeHJUI X;, a B HIDKHeH - COOTBeTCT-

H ocn p;. 
KO npe.ncTaBJieHIDI JaKOHa pacnpe.ueneHID! CTj)OHTCH MHOro­

r.r·---,...,,..e'leH.HH: llO OCH a6Ca,11CC OTI<Jia11bIB3IOTCll B03MO)f(Hble 3Ha'leHHH, 

.,...,,IJ.n.Jrla-• - aepOllTROCTH 3THX 3HaqeJ-CH'i:f. ,II.nll HarJUl)lHOCTR qepe3 sepillliHbr 

. -rpe3KOB npoBOJlRTCS! JJOM3HaJI mnnrn. 
HTl14eCKR 33KOH pacrrpe.11.eneIDUI CJIYl:faj.juoli BeJJR<JHHbl x 3a}laeTCll B 

P; = f{x;). 

1.1.5 3axoH pacnpeJleJJeIDlJI )ll1c1qxmlhrx w uenpephIBHhfX cnyq~rx eeJilf'llti:I 

MO)f(eT 6b!Tb Ja)laH HHTerpaJJbHOH cJ>yuicuneu pacnpe}leJleHHSI RJJR npOCTO 

it>yuicuneu pacnpeJ{eJleHHSI F(x), KOToprui paaua eepoHTHocni P(X < x) 

F(x) = P(X < x) = P (-oo <X <x). 

IlpH :HOM F(-oo) = 0, F(+oo) = I. 



fpa<f>HK <f>YHKUIDi pacnpe.u.eneHID! .Q11CKpeTHOA cny'laHHOH aenH'HlHhl KMeeT 
Bfltl JJOMaHOH mourn c ropM30HTaJibHhJMB C'I)'IleHbKaMH, a HenpepMBHOH cnyqfill:HoA 
Bemt'IHHhl - MOHOTOHHOR r<p111!0H, B03pacTillQm;eit OT 0 .no I . 

1.1.6 BepmrrHOCTh nona.naHIDI cnyqaitttoA BeJilflIBHbI X tta Ja,nfilllihrn 11HTepsan 
x 1 < X < x2 s1>1pa)l(aeTCll qepe3 <f>)'HXI{IDO pacnpe.u.enemu1 

r.nef(x) = dF(x)ldx. 
1.1.7 <l>yHKUWI j(x) HaJb!BaeTCl! nJJOTHOCTblO pa tipe erteHHH CJl)"laHHOH 

semt"CfHH.bt X, HJrn AH<f><f>epeHUHaJJbHhIM JaKOllOM pacnp b 

OpH 3a,naHHoii IUIOTHOCTU pacnpe.D.eneHIDI Heqpe 
c!>yi-TKUHll pacnpe.u.eneHIDI Bbl'lHCAAeTCS! no <PoPMYJJ 

J1Jo6al! TIJIOTHOCTb 
HOpMUpOBKH 

y.u.oBneTaopsiTh ycnoaH10 

AeJJCHHH Ha.JblBaeTCSI KpUBOH pacnpeAertemui. 

cnpe,u;ene1rnJ1 HBJJlleTCll ucqepTihma10w.eA xapaKTepHCTHKOH 
l, XOTll .naneKO He acer.na MO)l{eT 6b1Tb TO'IHO ycTilHOBJJeH 

HJ<e BO MHOrHX cnyqal!X 6bmaeT .!lOCTliTO'IHO 3HaTb HeKOTOphle 
'IBCJIOB e xapaKTepHCTHIGl HCCJJe.nyeMOH cnyqaiffiol1 Be.nH'lltHbl, KOTOpble y'laCTBylOT 
s prom1q blX pacqeTaX. Ha116onee qacro ncno1Ib3YJOTCS! MareMaTU-crecr<oe O)l{H.!lam1e 
(M.o.), Mo.na (Mo), Me.llltlilfli (Me), KBaHrn.Jlb, a TaIOKe MOMeHTh1 - H.al.J.aJlhHble H 
uer-rrpanbHbte 11 tter<ompb1e JlPyme noKaJaTeJIJI. 

1.2.2 MaTeMaTH'fecKoe O)Kff)laeue .LJ.HCKpeTHOH cnyqaiffioli sen:WIHHhI X paBHO 

M(X)= f x,p, = mx. 
1=/ 



.ZI,.rrn ttenpepb!BHOH c.rry<taHHOH BeJllilllIBbl x 

M(X)= jxf(x)dx=m,.. 

Ouemcon M.o. SIBJuteTCSJ cpe,!lnee apmj>MeTu'lecKoe ( o603Hal.{aeTcl.I x) 
B03MOJKHblX 3Ha'iemrt\ CJJylfaHHOH BCJTWU!Hhl x 

- I " x=-1.:X, . 
n i=I 

1.2.3 Mo.llOH c.rry•rnH:ttofl se.rrwrnm,1 X Ha.31>1BaeTCll 

ee 3Hal.{CHHC mrn 3Ha'teID!e CJTy'laHHOH BCJTHl.{HHbl c HaH6 JlblllC 

pacnp e.nCJTeHwr. 

1.2.4 Me.nuaua c11y1.J.ai1:Hoi1 senwnnihJ X onpe.neng 'l:C 

P(X <Me)= P(X >Me 
0Ha .nemn DJ1oma.nh no.n 1<plfBoli pacnpe.lleneu 

1.2.5 TO'tKa XP> B KOTOpOH <l>YHKUHJI pacr,mc~e~iuui 

F(xP 

Ha3hJBaCTCJI KBallTHJlblO c 3a)laHHbf 

KsaHTlillh c y postteM sepo.11 

1.2.6 Ha'laJibHblH MOMe 

sepo.11THOCTH P. 
0,5 COBna.u.aeT c MC.U.MaHOH. 

nopSI.llKa 3a,!laeTCll ¢opMyJiaMH: 

li'UIHI>IX 

v, = M(X')= j x'J(x)dx. 
- oo 

TIOpl!Jl.Ka npe.U.cra.BIDICT co6oil MaTCMaTHlfCCKoe 

n 
V1 ='f,x;p; =mx. 

i=l 

3MID1pWieCKHC (Bhl60p0'1Hble) Ha'laJibHhlC MOMCHThl nopll.11.Ka r BbllfliCID!l-OTCJI 

no <j>opM)'Jie 

• 1 ~ r 
Vr =-L.X; . 

n i=I 



Ecm1 n B03MO:lKHhIX 3Ha'leHHH HenpepbIBHOH cnyqai1Hoi\i semf'H!Hbl X 
crpynm1posaHb1 B k mrrepsanos WlfPHHOM h, TO 

• ... ,. *,n,-
v, = L Xi p1 h =IX; - ' 

i=I f=I n 

rae x; - cepeivrna i-ro HHTepsana; 
n; - 'IHCJJO co6bJTHH B i-M HRTepsa.ne (qacTOTa HHTepsana); 
h; - mHpKBa i-ro HHTepsa.na; .._ ·t\.. 
p; =. n/ (nh;) - 3MmtpWiecKrui ruTOTHOCTb pacnpe.uenemu1~ (~ ~ 

n =In, - o6oeM s1>16opKM. ~l~ 
1.2.7 u.~;TpaJJbHhlH MOMeHT r-ro nopH.UK3 3a.ua7~opM aMH: 
- .ll)UI .UHCKpeTHOM cny'laKHOH BCJJH'll1Hbl x v 

µ, = M[(x - mx )'] = f (x ~ x r , , 
i=I 

r.ue x - cpe.uH a e e cnyqalllion senli'lHHhl X 
x 0 :beMax BbI60pKH (n < 30) MO:lKHO HCOOJJb30BaTb Hcnpas-

l.etl~~lln.tblet OUCHKH ,/J.IDI ueHTPaJJhHblX MOMeHTOB [5, c. 386] . 

M 
n • 

2 =--µ} 
n - 1 

ni • 
MJ = ( )( )µj n-l n -2 

M n(n2 -2n+3) • 3n(2n-3) •2 
4 = ( n-l)(n-2)(n-3) µ4 

- ( n-1)(n-2)(n-3) "2 ' 

HO 6onee uenecoo6pa3HO npHHHMaTb o6i:.eM BbJ60pKH n ~ 30 H He BBO.[lHTb 
yxaJaHHbIX norrpasoK. 



Ecnl'I J.J.aH:Hbie crpyrrnl'lposaH.b1 B k HHTepsanos rnHpaHOH h;, TO 

k ( -)' k ( -)' n µ;=I X;-X P;h, =I X;- X _!_' 

i=I i =I n 

r.ne x; - ceperorna i -ro mrrepsana; p; - 3Mmrpw-1ecKaJ1 rmornocTb i-ro HHTepaana; 
n; - qacToTa i-ro mnepsana. 

1.2.8 l...{eHTpa.JibHblH MOMeHT BTOporo nopH.QKa Ha.JhJBaeTCH .1u1cnepcueii H 
o6o3HaqaeTcH D(X): 

D(X) =µ2 =M[(X-mx) 2 ]=M(x 2 )-m; =v2 - v~ 
1.2.9 KBa.npaTHhlH KopeHh H3 .n11cnepc1111 Ha.JhIBaeTCH cpen"u'n.u. ""' 

'ieCKHM OTICJlOHeHHCM 

a(x)= a"= JDrxj. 
3Mm1p111·1ecxoe cpe,nttee KBa,npaTH'!ecKoe OTKJIOH 
Pa.JMepttOCTh aemNHHbI CTx coana.naer c ~ epHo 

BeJIM'Hffibl X 
Benwnrnb1 D(X) 11 CTx xapaKTepH3yIOT pa 

OKOJJO ee MaTeMaTl1'-!eCKOfO OIKH.!{aHHH mx -
DpH 3TOM cpe1m ee KBaJ.J.pan 1qec e T 

e CJI)"l3UHOH BCJJH'IHHbl X 
pacnpeJ.J.eJJeHHH. 

OHeHHe cpeJ.J.HCro ,, OJ.J.HH3KOBO 

pacnpeJ.J.eJieHHbJX B33HMHO HC338 B fn pal 
Mt:Hbwe cpeJ.J.uero 
neJrn<iHHbl X, T. e. 

OTJ.J.e.JlbHOH CJIY'l3HHOH 

1.2.10 <t>opMV1f<PI1~Qlt1Ala1CnpeJ.J.eJJe!Illll xapaxrepmyercH .!IBYMH. Il0Ka3aTeJUIM1'!: 
aCHMMe'T'pHH ( c )- /31 11 ocrpoeepwlUfHOCTH (3KCUecca) -/32· 

CToKa.JaT. i, erpHH Bhl'Htc.1U1eTCH no <l>OPMYJie 

µ; 
f31 =-). 

112 
ClfMMerpwnn.1x pacnpeJ.J.eJJemt:H ueHipaJibHhlH MOMeHT 3-ro nopl!.llKa 

µ3 = 0 H, cneJ.J.oeaTeJThHO, /31 = 0. CTp11µ3 > 0 pacnpen.eneHHe HMCeT nonoxnrreJTuHYIO 
(npaBOCTOpORJUOIO) aCHMMCTpmo - rrpasaH eeTBb KpHBOR pacrrpe}leJICHIDI 6onee 
nonorrui H ll.JlJIBHaJI, a npH µ3 < 0 - nesocropoHHJOIO acHMMerpmo. 

DoKa.JaTeJib ocrpoeepnrnRHoCT11 paccq11Th1BaeTCll" no <t>opMYne 



,lJ.OCTOliHCTBOM TIOKa.JaTeJieli aCHMMeTJ)IHI H OCTJ)OBeprnmrnocn1 JiBJIJleTCJI 

TO, 'ITO OHJ1 3aBRCJIT TOJThKO OT napaMeTpOB cJ>opMbl (KaK npaBl1JIO, He 6onee 

.ll,Byx) H He 3aBHCRT OT napaMeTpOB 111acu1Ta6a H C.ll,BHra. c liX TIOMOmhl-0 MOlKeT 

6hJTh YCTilHOBJieH THO KpHBOH pacnpeJle.JJCHH51 H Halli(eHhl OUCHKU napaMeTpOB 

BblpaBHHBalOIUCH (annpoKCHMHpyiorueu) KpHBOH, T. e. <<TeOpeTWJecKolb> KpmlOli, 

KOTOpM HaHJI)''lWHM o6pa.30M Offi!CbJBaeT (BbrpasHH.BaCT) CTaTHCTH'ICCKOe pacnpe­

Jle.JlCHHe, npe.ll,CTIIBJieH.Hoe, HanpttMep, rHCTOrpaMMOH. 

,lJ.pyrHM .ll,OCTOHHCTBOM nOKa.JaTeJieH aCHMMe-rpmi If OCTJ)OBep~,,2_CTH, a 

TaKlKe MOMeHTOB HBJIJleTCR B03MOlKHOCTh H npOCTOTa Bb~HCJieIDU! 3 f~ 'HIH 

KaK no crpynmrpoeaHHhlM, raK 11 HecrpynnwpoeaHRblM CTaTHCTH'i c 

HaH6onee ycnelllHO 3TH TIOKaJaTem1 MOryr 6h1Th HCTIOJlh3 a 
pacnpe.1l,errem1li, 3a.naHHhJX Ha orpamr'leHHOM c o6efil cTopo m 

1.3.1 CpastteHHe cpe.nHHX .!I.BYX C.ny'laHH:h1x.,p"e 

Ha npaKTHKe qacTo BOJHHKaeT tteo6xoJ.(HMO 

3Ha4eHHA .nsyx CJTY'laIDa,1x eem11:urn. 

PaccMOTJ>HM J.(Ba CJIY'laR [3]. 
CnyqaJt I . ,[(Be crry4ailHh1e Be.Jll1'IB 

H0 : a1 = Oi rrpcmm aJJbTepHaTIIBHOH 

0 HHH .nsyx He3aBHCHMbIX Bbl6opoK o6beMaMl1 

(
- -) a2 a2 

Dx-y =-1 +- 2
• 

'1i '1i 

3. BhI'lRCJIJl.eM Kp11Tepwi\ u 



4. 3ai:i.aeM ypoeeHL 3Ha'HfMOCTH a (a :S 0,1) . 

5. [lo TafiJIHUe HOpMaJihHOrO pacnpe)leJieHIDl IlpH 3a,llaHHOM ypOBHe 3Ha'lH­

MOCTH a HaXO.llJ.tM Kp11TH'leCKOe 3Ha'leID!e U a 12 , YJIOBJieTBOpK!OJ.Uee ycJIOBHJ-0 

P(juj ~ ua12 ) =a. 

6. CTp11 ju,,aliA.I < Ua l l HeT OCHOBaHHH OTKJIOIDITb ttyJieBylO rllilOTe3y. 

B npoTHBHOM cny'lae Hyneerui nmoTe3a OTKJiowreTcH B nom.3y aJibTeptta HOH. 

Cny'lai1 2. )J;ae CJIY"laHRbie aenwnrni,1 X, Y no.1r1urnmoTcH ~p 
3aKOHY pacnpe.uenemrn c HeH3BCCT HblMH M3TCM3TH'ICCKHM 

al , a2 K HeHJBeCTRb?MH, HO paBHblMH Me)ICAy co6ou ,IUICile 

TipoaepKa ttyneaoli nmoTeJbl H 0 : Gi = Gi 

nmoTe3bI Ha : a 1 ::/. a2 ocymecTBJIHeTCH B cne.ll)'fOmeM -=, ... ,...,~-.--

1. BbJlrnCJIHeM Bb16opo'ltty10 CTaTHCrn:KY 

~·~~!P.E~JieHH.R Cn10.uettTa np11 3a,ll,aHHOtt sepoHTHOCTH a 11 

'lHCJie CTeneHe~~o rli +''Ii - 2 HaXO,U.11M Kp.11TH:'leCKylO TO'IKY ta / 2;111 M1-2' 

4. Ecn ~·'' t a / 2;111+112-2' TO HeT OCHOBaHHK ,ll,JIH OTKJIOHemrn eyrreao/.\ 

n THBHOM CJI)"'lae H)'JieBaJI rHTIOTe3a OTKJJOID!eTCH B noJTb3Y 

syx HOpMaJJhHhlX reHepaJihHhlX COBOKYfiHOCTeii 113BJie'leRbl .use 

BbI6opKH 06'.beMaMH nl 11 ~ . IlapaMeTpbl HOpM311bHbl X 33KOHOB a,' a2 'a,' a2 

neHJBCCTHbl. 

Tpe6yeTcH rrpoeepHTb ttyneey10 nmoTeJy H 0 : a~ =a; npOTHB aJlhTepHa-

TRBHo/.\ nmoTe3bl H
0 

: a~ -:t. a; . 



TI poBepKa ocym.ecTBJUleTCll a cne.zzyiom.eM nopRJIKe [3]. 

1. BbPUJCJUleM cpemrne 3Ha<JeIDUI 11 oueHK.11 JIHcnepcilli Jl.JUI o6eHX Bh16opoK 

- 1 
Xz = -LX;2; 

rlz 

2 1 " - 2 S1 = --L..(X,1 -x1); 
n1 - I 

2 1 " - 2 S2 =--LjX;2 - xi)· 
rlz -1 

2. 8bl'rnCJU1eM Kpl1Tep11ii cI>11wepa 

F= s,2 
Si ' 

r)le Si2 11 Si - cooTseTCTBeHHO tta116on.blllal! 11 H~eHhrn 

3. 3a.11.aeM ypoBeHb 3HalJ11MOCTl1 a KpHTep~ 
4. no Ta6n111.~e KBaHTl1JleH F - pacnpe.n.e ~ffil 0 yponmo 3l·Tat:fl1MOCTM a H 

'JHCJIY CTerreHel:\: CB060)lbl VJ = 111 - 1 H HaxO)ll1M KpHTH'leCrylO TO'!KY 

F a12; v" "i" 

5. EcnH F11a61. < Fa12; 

rlliloTe3bI. B n pOTHBHOM 

aJibTepHaTHBHOH. 

1.4.1 OueHKa K0-3 <P.11 

)J)lll OTKJIOHellUI HyneBOH 

Ball nrnoTe3a OTKJIOIDJeTCll B nOJlb3Y 

KOppeJUIUHH H HH)lCKCa KOppeJUIUHH 

,Z:Vui oueHKH CTe eHl1 TeCHOTbl JlHHeiiuoii CBSl3H MeJt()J.y CJTY'l3UHblMH 

cnonb3yeTCll K03cpqmu:weHT KOppeJUl..U.1111 rylx [2, c.319]. 

~afuu,fMH Be.11H'fHilliMH x 11 y cyw,ecTByeT cjlyHKUl10HaJJblial! 

T y!x = ± I ; ecmi x H y He3aBHC11Mbl, TO rylx = 0. 
~'O~Q}<fll(1J;(l'ieHT KOppeJillUJH:! Bbl'HICJilleTCll no <j>opMyJie 

nl:x,y, - 2:x;2:y, 
ry t x = ~nl:xl-(Lx; f ~nl:yl -(Ly; f . 

1.4.2 Oue1n<a HH.!IeKca Koppellllll.HH. 

J1H)leKC KOppeJUIU:HH R ylx HCITOJI.b3yeTCJI B Ka<JeCTBe Mep&l TeCHOThl CBll3H B 

CJTy•rne icpHsonuueunof.t 3aBHCHMOCTH Me~y npH3HaKaMH Xu Y. 
OH npe)lCTaBJUleT co6oli Koppe.11SIUHOHHOe OTHOlUenue, Bhl1UICJieHHOe Ha 

OCHOBamn1 pe3yJihTaTOB Bb!paBHHBaHHJI y no x no HeKOTOpoli JIHHHH [2, c. 329]. 

liHJJ:eKc KoppelllllHM Bbl'l:HCJI.SleTcll no cpopMyne 



R y t x = a ~lr 1---
2 ' Oy 

1 II { -v - 1 II I II { _)1 
rne at =-"L.1,Y·-YJ; y=-L,y,; aJn: =-"L,1,Y1-yx ; 

n 1=1 n 1~1 n 1=1 

y - cpe.rIHee JRatJe1-rne y; 

mrnaiocueH KpHBOH. 
B CJiy<1ae JJHHeAnoii :JasucuMOCTH M~ CJJ)''lailni.1M 'IHHaMH Y H X 

HHlleKC KOppe.ru!UHH 'IJICJieHHO paBCH JJHHCHHOM)' K'.034>~ fCJITY oppCJUIUJIH. 
MH.n.eKC KOppe.1Uilll111 HBmleTCH llOKaJaTe.neM creneHH .ll}fH}!H perpeccIDI K 

cpaIOWiec!GIM llfiliHl>lM. OH MO)f(eT npllliHMaTh JHa'I,, Ha Ba.JJe 0 ~ R y t r ~I. 

1.5 AnaJJHJ speMe11ni.1x pBllOB ~" 
:B ~' ~acos), narrpHMep, cpe11m1e 

JHa'leHIDJ 11JJH cpe111-rne KBanparnqecKHe o -rn.11 KmnpoID1pyeMoro noJ<aJaTeJJ» 
npOH3BOllCTBeHJ-1oro npouecca npe.D;c~•·n'h\<,{,.. co6oli BpCMCHHOH (/J.HHaMH'lecKHH) 

PBll· 
Ott co.D;ep)f(ITT KaK .nerer,M"l'IHHbbl~HYJO (HeCJ1y'faihcy10) cocras.runow.yio, 

KOTOpYJO Ha3blBaJOT TpeHJ(O CJJy'lailny10 COCTaBJUllOlllYIO . 
.rvui aHa.nHJa TCXHO 

TPeH,na. PerneID!e 3TO 
-Koro npouecca Ba)f(Hb!M .!IBJUleTC.11 Bhl.n.e.neHHe 
naeT BOJMO)f(HOCTL ocymecTB.ll.llTb npornoJ H, 
MOMeHT HaCT)'fIJICHJUJ paJ.naaKH TexnonorH'!e-

Bbl.UeneHJUJ TPeHlla Jaxmo'laeTC.11 B no.n6ope uaH6onee 
llOllXOllll~ rpa J{llalOmei:f KpHBOH. I1pli 3TOM B Ka'ICCTBe MaTeMaTH'!eCKHX 
Mo.n.enei-\11lcr, .ns yJOTCll paJ.nH'IHLJe cpyttKJJ,HR: ypasHenm1 np»MOH, 3KcnonettThl, 
napa 

omtcfilrnJI .UHBaM11'lecKHX p.11.llOB uenecoo6paJHO HcnoJibJosaTb ypasHeHHe 

I I 

y = yo(I +aut); =(A +Bt) ;, (1.1) 

r.ue A= y;; B = auy;. 
nocJiellHee ypaBHCHHe BKJ!lO'laeT KaK lJaCTHbie CJI)"l!lli MHO)l(CCTBO cpyHKUl1Jl, B 

TOM •u1c.ne np»MYJO npH u = l H 3KCilOHeHzy nptt u ~ 0. 
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IJpWJO)KCHHe 2 
( CnpaBO'flloe) 

2 CucreMa uenpepblBHblX pacnpe.ne.rieuuii, co.nep11eamux napaMeTp c~sura 

-'--1 
p(x) = Ne kpx (1 - a uePxr , 

r.ne ~ /3, k, u, I - napaMerphr pacnpe.nenemrn; 
N 

HOpMHpOBIGI: 

(2.1) 

(2.2) 

YCJIOBIDI 

ITapaMerp l B nepBOH f1.JJOTHOCTH so aropoii mJlfilOTCR napaMeTpaM11 
c.nsura; k, u - napaMCTphJ cj>opMbl (nfra'"nK-'•"' f1.JJOTHOCTeH). 

B <l>oPMYne (2.1) a o6meM c.rryqae p 'fJ = 1, a B cny•rne CHMMCTpH'lHhIX pacrrpe-
.nenemrn f3 = 2, k = 1/2. 
l1pH H3MeHe~ napaM~ HB<U1 pacnpe.neneHHR rrepeMemaeTc11 s,no.Jtb ro-
pIDOHraJTbHOH OCH, He M . e il><>PMbl. 

C11creMa pacnpe.uene 311 o6o6meHHOH 111IOTHOCTb.IO (2.1 ), OTHOCHTCR K nep-
BOH .uononmrrem.H c dte e HenpephIBHhlX pacnpe.ueneHIDi aBTOpa 11 BKJilOtJaeT 
noqrn see ceMe u bIX K.l1Hpcmra. 

2.2 B 33B HMO napaMel'pOB a, u, a TalOKe 3HaKa 
e pacnpe.ueJTeHIDI, Ja,UaHHb1e IBIOTHOCTRMH (2.1) 11 (2.2), 
bl (CM. pHC. 2.1). 

a 

III II, II' I, I' 

IV 

0 IV 
u 

v 

P11c. 2.1 - IUiaccmj>uKauHj! pacnpe,1:1e.rieuuii (THnbl co urrpuxoM - npu p < 0). 



2.3 Ha napaMeTpbl pacnpet1.enefl1Ui pa31ThCX Tl{f(OB HaJJO)l(eHb1 orpaH11'iemu1 
(CM. ut6JI. 2. J ). 

Ta6ruwa 2.1 - 3Ha'ICHIDI napaMerpoe pacnpet1.eJ1eHHH pa3HblX Tnnoe 

TlfTI KplIBOH 
na HBOH 

u a k 
I, I' 0<U <CX) 

O<k<CYJ 
II, II' U-4 0 a>O 
III -oo<u<O 
IV U-4±CX) au<O 
v l < U« X> a<O 

2.4 HIDKe 3arn1caHb1 see nm.hi 
llJIOTHOCTblO (2.1). 

Tim f: 

T1ml': 

l<x <oo. 

/3a* 1 
Tim Il':p(x) = -- l <X < ao . 

I'(k) (x-z/P+1eal(x-l)P 

/3(-aul r(1 -~) (x-f/P-i 
T!IDbI Ifl -V: p(x)= ( 

1 
) 1 , 

r(kJT 1-;-k [1-au(x-zJPr;;-



l<x <oo . 

3.11.ecb I'(k) = f x*-'e-xdx - raMMa-cjlyHxu1u1. ITp11 ue.m,1x k 
0 

I'(k)=(k-l)(k - 2) ... l= (k-1) ! 

.nrni 06o6me1rnott TUJOTHOCTli (2.2) HOpWlpyiouw:li MHO~)Kfl:ra e, KaK H 
)l)UI nJlOTHOCTH (2. J.). 

2.5 0606memiru1 ruioTHOCTh (2.1) rrp11 f3 = 2 , k - I .11.a rpynrry cHM-

MeTPli"IHbIX pacrrpe.11.e11eH11H Ic - Ve rnnos c ueHTPOM p c :ueneHHJI x =I. 
lli Jro.H rpynnbr CMMMeTPH'!HbIX pacrrpeJiene · att6dnee qacro 11cnoJib3yeTCJI 

pacrrpe.11.e11eID1e nrna Uc (HopMa.JibHhIM 3aKOH). 

THn Ile: p( x) = ~e-a(x-/)2 , _ ,....,.:1-1 

2.6 Onemmam1e napaM~OB pa 
lTJJOTHOCTJIMH (2. I) H (2.2), OC)'U,I 

eneHHH, 3a.ll,aHI:lhIX 0606m.e1rn.bIMli 
e JI no MeTo.ll,y ueHTpaJJbHblX MOMeHTOB. 

apaMeTPa /3 IJJJOTHOCTli (2.1) rrpHHHMaeTCJI TipH 3TOM a6COJJ10THOe 3Ha•1 

paBHbIM e.11.11HMue: I/JI = 1. 

2.7 AJu!. BbJqf!CJie~,.,. ,....,.,. .... ublpaBHHBfilOllleH KpHBOH HC!TOJJb3)'lOTC}I KpITTepm1 

.Wi~~;Ji6Ka3are1111 acHMMeTPHH /31 H OCTPOBepillHHHOCTH /32 , 
HO 
porpaMMe o6o3Ha'leH 'Iepe3 LI) paccLJHThIBaeTc}I no <f>oPMYJJe 



Kp.HTepHi1 u (oH )f(e - napaMeTp <jlopMhl 
Bhf4HCJU!eTCH no <jlopMyne [7, c. 82): 

o6o6meHHOH nJIOTHOCTH (2.1)) 

A(C - a2 A) AD 
u = 

6CE - 6CE' 

rn.e BeJIW·mHa a ::::; - x (np.H l = 0) .H HBJUleTCH O.[(HHM 
ypaBHeHJ.UI 

Aa
2 

+ Ba+ C = 0 . 

BeJIWlHHbt A, . .. , E Bh1q11CJUUOTCH no <j>opMyn~: 

A =2/Ji -3/31 -6 

2.8 Ha pRc. 2.2 ,u:aHa KJiacc11 
neIDl.11, 3an,aHHhIX o6o6meHHo 

npH IPI = 1, no Kp»repIDIM u, 

"""'"·"'~1e pacnpen.enemui le - Ille 

6 

.,,, ,., v m..-:i: a KP l1B 0 H { 

l 
ic 

{!! IJ.' 

0 f u 
L = 3 2 + u . Puc. 2.2 - Kriaccu«t>uKaL1HS1 pac-

2 + 3 u npeii.e.11eHHH no iqnrrcpKHM u, L. 

Pacnpen.eneHHH I, I' 11 III nmoa 3aHJ.fMaJOT onpen.e11eHHb1e 0611acn1. 
2.9 Ha pHc. 2.3 n.aHa Knacc11<jl11Kal.l,illl pacnpen.enemrn, 3an.aHHh1X o6o6meHHol1 

ruJOTHOCTulO (2. l) npH IPI = I, no 1qmrepIDIM /31, /32 . 
Ha p11c. 2.3 HOpManhHbIH 3aI<OH pacnpen.eneHIDI (nm Ile) npen.cTaBJieH TO'iKOH 

(/31 = 0; /3z = 3). 



6 

3 

Pacrrpe.nenemui I THTia Jie)f<aT mrace npirMoli /J2 = 3 + 1,5 /J1, T. e. pacrrpe.ne­
nettl-!H [I rnna ( rrpH µ 3 > 0). 

Pacnpe.neneHID! I' H m THIIa 3amr­
MaIOT OJUIY o6nacn, orpaHWieHH)'lO 
pacnpe.neneHIDrMH II 1111' THllOB. 

CHMMeTpWIHhie pacape.neneffllil le 
nma npH lat = I ttaxO.lVITCH Ha 

mrrepBane oc11 op)ll1HaT 1 :S~:< 3. ,lVm 
paattoMepttoro ~npe.neneHIDI ~ = 1) 
IIOKa3aTeJlb /Ji - 1,8. 

Bi,rme KpHB1>1x II' H xo.nHTCH 
o6nacTb pacnpe.ne ~ 
,D;HCKpHMm1aHT 4AO 0. 

0 1 2 13
1 

3 it 3Ty o6nac bl"BaIOT pacnpe­
.n en eHJa x III TBnoB, 3a,naHH1>1e 

P1-1c. :3 - K.!JacCHct>uKau1U1 pacnpe11e- 660 ~o IUJOTHOCTblO (22). 
JJeHHH no KpHTepilllM p,, Pi- f' Pacnpe.neneHIDt rn nma, 

3a.11.aHHhie o6o6w.eHHOH IIJIOTHOCTbIO (2. l :~ = ' 11MelOT u,empa.JlbHhle MOMeHibI 

IlO qeraepTOro nopH){Ka BKJllOl.{){feJibHO np~B 

~ · 

aMelfaHHHMH 2.10 cHcTeM)' pacnpe.nenemlli, 3a,nattHy10 

rnocn.10 (2.1) npw I/JI= 1, cne.LlyeT .nononHHTb pacnpe.nenemurMH 

.naHHhlMM o6o6meHHOH IIJIOTHOCTblO (2.2), T. e. 

fJ(-a u)" r(i-~) 
p( x) = ------'-

I'(k)r(1-;-k) 
-oo< x<oo. 

I ' (1- a uePx y--;;-

3rn pacrrpe.nenemrn 3aHHMaJOT Ha pHc. 2.3 o6nacTb BbJUJe KpMOH II' nma 11 

HJ:DKe npRMOii Pz = 6 + 0,75/Ji . 

2.12 Pacnpe.neneHHH m - v Tl1JTOB, 3a,D;aHHbJe 0606meHHoi.% IIJIOTHOCThl-0 (2.2), 
CHMMeTPHlfHbl npH ycnOBIDf 



k =~(1-;} 
0HH 3aHHMaJOT orpe30K OCH op.uHHaT 3 </Ji< 6. 

2.13 ,ZJ;1rnrpaMMa, npellCTaBJieHHall Ha pHc. 2.3, cnpase)])IHBa .!lJUI pacrrpe.ue­
neHHtt c JieBOCTOpoHReM aC»MMeTpHeH, y KOTOpbIX ueHrpaJibHl>IH MO!\ HT 3-ro 
nopn.uKa µ 3 < 0. 

0.11.HaKO OHa ycnelllHO HCOOJJb3yeTCll Ll)IH YCTill!OBJJeHHll THTia Bbl BaJOlUeM 

i.1msofi " rrp11 J.'3 > 0, T. e. s cnyqae pacrrpe.uenemr}f c rrpasocropoHHe a~M Heit 
2.14 ,IVH! BbT'UICJieHIDI pa3nWIRblX CTOKa3areneii, xapaKTe 1-13 mHl COCTOHHHe 

rexHonorw1ecKoro npouecca, Heo6xolll1MO 3HaTh 3aKoH p cnpe.ue eIDU1 KOHrpo-
1111pyeMoro np113HaKa » ouettKH ero napa.Merpoe. / 

Ilo Dporp~e BHa'lane BhI'HfCJuuoTCH pa:3.ITTf'IHbJe fo~ e.ru1 craTHCTil'IecKoro 
pacnpe.nenemui., Ha OCH one KOTOpblX Bbfll HCJJlleT..ell 
oueHKH napaMerpoB 11 HOpMHPYJOlUHH MH0)!(11 e') h. 

2.15 3Ha'!eIDUI IUlOTHocrn pacrrpe.uene 
Henocpe.n.crneHHo no COOTBe-rcTByIOllJ,HM <J>q aM. 

2.16 ,Zl;nll BbfTIHCJJemui cjJyH 

BbfllHCJUIIOTCll 

x 
J p(x)dx 
0 

rmoTHOCTh p (x) pa3naraercn B ~:di ~ BJUieTCll not.JJJeHHoe mnerpHpoBaIDl.e. 
2.17 Bhl'u1cneID1e KBaHT e oBepHrenhHhIX mnepeanos H iwyrnx semtlfHH 

oCylUeCTBJilleTCR no MeTO~ J TO a. 
2.18 CwcreMa H p~ B 1x pacnpe.ueneHttA no3BOJUieT ttaHTH 3aKOH 

pacnpe.uenem!JI cpe,!lH 0 ueHrpaJJbHl>IM MOMeHTaM) npH 11:3BeCTHOM JaKOHe 
pacnpe.ueneHIDI c I ai1HOH eeJJB'illHhI X. 

l..(eHrpaJib1 r HThl cpe,!lHero ap«<f>MeTw1ecKoro n O.llHHaKoBo pacnpe.ne-
neIDlbrx B3a as CHMhlX CJI)"iafull,rx ee11WU1H ( o603Ha'fHM HX mr(nJ) cen3aHJ:.1 

HOH cnyqaiilioli BeJil1lfHHbl - µ r cne.uyJOlllliMH <tiopMJJ1aM11: 

1 2 
m•rnJ =-, (µ4 +3(n - 1)µ 2 ). 

n 



V1( n) = v1 . 

-
2.19 T!-m BblpaBHHBaJOllleR 1qnm0Ii pacnpe11.enemur cpe11.ttero x ~ O no 

OT TOqKH (/Ji. f:li.) HCXO,llHOfO 

(0, 3) HOpMaJibHOfO JaKOHa. 

CTeneHb npw6m1J1<e 

eHHll (CJJ)"laHHOH semt'IHHbl X,) K TO'l.Ke 

R pMaITbHOMY 33KOH)' npu 60JTblDHX n 33BHCHT OT 

eli /31 H Pi cny'l.aitHOH sen11411Hb1 X;. 
H 0 011.HMOe 3Ha'l.em1e n (o6beM Bb16opKH), npw KOTOpOM 

apH<j>MeTH'l.eCKOfO MO)l(HQ CCfHTilTb HOpManbHhlM, Bblqlofc-



3 fiporpaMMa SN RJ IM97 

IlpHJJOiKeHHe 3 
( crrpaso'lHOe) 

3.1 Hacrom:uasi nporpaw.m H.BJUleTCll o.zu-1oii HJ cepHl1 npoflJ<iMM, pa3pa00ram:u,IX 
aeropoM c11CTeMh1 HenpepblBHhiX pacnpe.n;enemrn c 1988 no 1997 rr. IIpe,nbI.D;yllll'lH 
ee eap11aHT no.n. H<l3BlilrneM SNROMM97 3aperncTpRpoeaH e KoM\IJTeTe no 
aeropc1ntM H cMe){(HbIM npasaM np11 MHEmcTepcTBe 10crnu:m1 PE> o· 5 fYCTil 
1997 r. 3a NQ 287 11 oxpaW!eTCll 3aKOHOM. 

IIporpaMMa npe.n;Ha31taqe1:1a ;uu1 arrnpoKcttMaU:HH (eb1panmm HpoKoro 
1U1acca cTaTHCTH'!eCKHX pacrrpe.n.eneulill, 3a.n;aHn1>1x Ha ecel1 4HCJl eoit'oc11. 

ITporpaMMa ycTa1-1aemrnaeT e11.n H nm Bbipaemrnawm.eA HBOH, BhlJJ.aeT 
e1>1paemmawmee pacnpe.neneffile c YKa3aHHeM HHTepeana, a KOTopoM 3a,11.aHa 
cny•1al1Ha11 BeJJH'lHHa, BhftJHCIDleT no MeTOJzy MOMeHT q Thie ou:eHKH napa­
MCTpOB, Bbl.D;aeT Ta6JJHll)' 3Ha'leHHH ITJIOTHOCT~ eepOll' HOCTeH H <l:>YHKUIDi 
pacnpe.neneHl1ll, Bbl411CJl11eT KBaHTHJIH, npou:eHT 11 .11.oeepHTCJlbHble eepOJITHOCTH 
H .noeepHTenbHLie 1rnrepeanh1, Koop.zurnaTu1 MO b u :ToqeK neperw6a, CTpOHT 1<p11-
ey10 pacnpe.neneHW! (ebrpaemmaron.zyK> - xn:i:p o mnrneH, a 3MITHpli'iech.')'JO -
OT}l.eJlbllblMH TO'IKaM 11) 11, HaKOHCll., B 'IHCJIJJeT nOKa3aTeJIH ypOBHll Ka'lCCTBa 
npo.nyKUliH (CM. IlpJ.UIO)KCHH"e 4) . 

.li"IJI 3TOro .11.0CTaTO'lHO BBCCTH ocrpqq 0 qepe3 3aID11)'10 3Ha'leHW! cnyqafulol1 
BCJll1'U!HbI B cepe.n11Hax HHTepeaaro 'laCTOTY 11 np11 He06XOJJ.RMOCTH - lllilpl:!HY 
HHTepeanoe (11p11 crpymrn~~x .naHl!Mx) 11n11 no OJJ.HOMY 3Bati:eHIDO 
cny'!aih-1011 een111-nm b1, ec~.I[a Hhl He crpynnHpoeam.1. 

Jlocne eeo.na ecex;a aMMa BhlJJ.aeT Ta6mnzy «IlOKa3aTeJIH CTaTHCTH-
1.1ecKoro pacnpe.n.enem-Orn K)!(e nm BbipaeH11eaio1.11ei:f KpHBol1 11 ypaeHeH11e 
ITJJOTHOL"fH pacnpe ene WJI' yKa3aID1eM oueHoK napaMeTpOB 11 rpa1rnu HHTepeana, 

ac pe.neneHHe. 
aBIIDlH F5 Ha 3KpaHe nollenlleTCll Mett10: 

BB&;ZJ.WrE l1A PACqETA 
1 - !UJQTHOCTH eepOllTHOCTeii 11 <l>YHKU:Hll pacnpe.n.enemu1 

- K.BaHTMeii 
3 - npou:ettn1JJei1 
4 - .l(OBepIITeJibHhlX HHTepBaJJOB 
5 - .noeep11TeJlbHOB eeponTHOCTH 
6 - KOOpJJ.WHaT MOJJ.bI C 11 TO'l:eK nepern6a A, B 
7 - nocTpoeHJ1e KpHBOH pacrrpe.n.enemur 
8 - nOKa3aTeJJeH ypOBWI Ka'leCTBa 
9 - Ha tta1.1ano nporpaMMI>r 

I 0 - OKOH'laH11e pa60TbI. 



JVui BbillOJJHeIDUl uy:>!rnoro pacqeTa .11.ocTaToqHo seecn1 cooTBeTcTByrow.ee 
CBOeMy BH.LJ.Y pacqern lfHCJlO 11 np11 He06XO.IU1.MOCTl1 OTBeTilTb Ha Janpoc 
(CM. pacnel.JaTKY B TipMJIO)l(eHl111 4). 

~pyrne nporpaMMbI nocTPOeHhJ rro TaKOMY )f(e np11HU11ny. 
TipH 3TOM B 0.LJ.HID(. nporpaMMax NJSI BbllfMCJleHlli! OljeHOK napaMeipOB Bhrpamrn­

BaI-Oll(HX pacnpe.11.eJJeHHi! 11cno11h3yeTCR MeT0.11. MOMeHToB (Hanp11Mep, SNRI I M97), B 
tJPYrMX - o6ll(Hi1 ycroiilfHBblli MeTo.n asropa (Hanpmrnp, SNR I V97). 

Twp3:>!<HpOBaIDle mo6o~ nporpaMMbI asropa, nepepa6oTKa, nepeeo.n 
ll3b!K nporpaMMMpOBaHIDI 11 T . .11.. 6e3 Ja.KJI10tfeHID1 aeropcKoro .11.oroeopa SI. 
ABrop roroB K 3aKJIIOqeHHIO nurnx .noroeopoa c Ha'fana 200 l roti.a 

3.2 B TiporpaMMe pea.mt30BaHb1 0606w.eHH1>1e pacnpe.ne 
ruJOTHOCTllM 11 

[ 

I I 

p(x)=N(x-LY/J-l 1-au(x-lf 

pacnpe.neJJemu1 Ile nma, T. e. HOpManblto a a). 
3.3 BwmcJJeH11e T11na Bh1pae a eil Kpl113oi1 H ou,eHOK napaMe-rpos 

o:, /J, k, U, l ocyw.ecTBJI.lJCTCSI no M T D. a.IlbHhlX MOMCHTOB (KJJaCCl1l.JCCKOMY 
MJil1 ymrnepCa.JlbHOMy). B Tipo9' liHSITO o60JHal.feHHe r = k/3. 

3.4 Mero.n ueHTpa.JlbHbIX OMe. TOB Il03BOmleT o6pa6aTbJBaTb KaK crpymrn-
poBaHHb1e, TaK H HecrpymfH: a re CTaTHCTINCCKMe .11.3HHble. 

3.5 MHHHMaJibHbI Bht6opKH .nom1<eH 6bJTh He MeRee 25 JHatfemrn 
a ~ a np11 CTaTHCTHlfCCKOM pery.IIli:pOBamrn TeXHOJIOrH­

Hee 100 3Ha1ie~ npH CTaTHCTHtleCKOM aHaJill3e TO'lHOCTH 
W\i~mvi\'.i?Pecca. 

an HbI~ o6beM Bb160pKR npH HecrpynnttpoBaHHblX .11.3HHb!X 
aMepos KOHTPOJJttpyeMoro napaMe-rpa. ,nnJJ crpynn11poeaHHbIX 

.11.an Bb16opKH He orpaHW1HBaeTCJ1. 
TiporpaMMa o6ecnel.fHBaeT Bbl'lllCJie1rne pa3JJH'l.HbIX noKaJaTeJJeli c 

5-6 3Hal.JaW.MX UHcpp, 'ITO BIIOJIHe .11.0CTaTO'lHO .11.Jlll npaKTH'ieCKHX 
pacqeroe. 

3.8 TiporpaMMa pa6orneT no.n ynpaeneH11eM MS DOS. 513bIK rrporpaMMH­
poeaHIUI - GW-BASIC. 06beM OKOJJO 25 K6T 11cxo.11.eoro TeKcTa. 

3.9 3a cnpaeKaMH o6pamaTbCR K aeropy (Ten. 8-0172) 51-06-35. 



TipHJIOJKCHHC 4 

IlpnMep CTaTHCTH'ICCKOH o6pa60TKH pe3yJibTaTOB JaMepa 
KOHTponupyeMoro napaMeTpa no nporpaMMe SNR11M97 

nh!Jlli H3MepeHbl OTl<JIOHefilffi OT HOMlliia.J:lhHOf O pa3Mepa HeKOTOpOtt .ll.CTami 

0 50 MM. KoucTpyKrnpcKHtt .n.onycK paseu ± 0,012 MM. T. e. TH = - 0,012, 
Ts = + 0,012. lllHpHHa non.11 .n.onycKa TX = T. - T,, = 0,024 MM. 

Pe3y11hnlThI 3aMepos (s MHKponax) upe.n.cnurneHhJ s KOHtpOITh 
(cM. Ta6JT. 4.1). TO'iHOCTh HJMepIITeJlhHOro cpe.n.cTBa paBHa 0,002 
1/12 urnpmn,1 KOHCT!JYKTOpCKOro .a.onycKa. 06beM BhI6opKR n = H>w~.,... .. 

Ha11.n.eM BMpasmmruouzyio Kp1myio pacnpe.a.e11eum1 no Heer 
,!J,aHHhlM. 

3anycnm nporpaMM)', Bse.a.eM no O.IJ.HOMY 3Hal.!euuml.'N> 
Iia)l(HMaH I<a)l(,ll,hIH pa3 KJlaBmny " ENTER" ("Bso.u") . ilun.0-1'"'"" 
6yJJ.eM BBOAHTb 0,00000 1 . .nrui 3aBepIIICHIDI BBC,ll,e Q. 

CTOJIY'lHM MHO)l(CCTBO TIOKa3arenei1 4CCKOro pacnpe.a.enemur 
(cM. pacneqaTKy, n 6n. 4.2). B :now Ta6mrue "'f o6o3HaT.J:eH 'iepe3 L l. 

Cnrn:cr114ecKHe JJ.aHHbie KOH'IpOJlh o n Ka MO)!{HO npeJJ.ctaBJITh B 
6onee KOMTiaKTHOM BHJJ.e, ecmt 06be.11.~0.a. aKOBble 3HaqeHHJI OTKJlOHeHm1 OT 
HOMl1HaJibHOfO pa3Mepa (Ta6n. 4.3). 

TaKa.11 <t>opMa npeJJ.CTaBJ1eHID1 amn;1 3aMeT.J:aTeJlhHa reM, qro m no.n.o6Ho.if 
Ta6JIHUhl BHAHO, HaCKOJlbKO T are .hJf 6blrrH Bb!IlOJIHCHbl JaMepbl KOHTIJOJIH­
pyeMoro napaMetpa. Harrp ep, B np11BeJ.J.eHHOM Ta6nm.te pe3KO BbIAeJl..!!JOTCll 

TO OCTl1 cpe.n.crna H3MepeaIDI (2 MHI<pOHa), 'iTO 
HO OKpy rnemrn pe3yJibTaTOB H3Mepea11.11 . 

acupe.a.eneH11.11 uaxo.n.HTCll no crpynn11posaHHbJM 

OueuK11 napaMeT!JOB H uopM11pyrow,ero MHO)l(HTCJI}I npHBe,ll,eHhI e pacne'laTKe 
(CM . Ta6n. 4.2). 

C11yl.!al1tta.11 eeJIW111Ha X 3aJ.J.aHa Ha HHtepsane 

- 20,7128 < x < 16,3771 l. 

Tenepb MO)l(HO paCC'iHTaTb mo6bre HHtepecyrom11e uac n0Ka3aren11. 



Ta6mrua 4.I 

KouTpOJJbHblii JJHCTOK 

0 50 M M ±0,0 I2 

YY.aCToK ___ _ 

To'IHOCTb CH 0,002 J(aTa. ____ .BpeMJI ____ _ 

N'!! n/n, 0TKJJOHemte 
i (M KM),X; 

X; X; 
t ii 

1 3 8 0 I ""-'81 
2 8 6 4 ~' 0 
3 2 -4 10 /' ., 2 
4 4 6 ~6 ' 

6 
5 6 - 3 ~ 8 
6 6 8 -~ .. 4 2 
7 - 2 10 'I\. ' 6 6 
8 8 IO ('ii..~ 8 7 
9 - 1 

8""" ' 
.. 

12 8 
IO 8 ~ ""' 6 -6 
11 4 "'i' 10 -4 
12 4 10 -4 10 
13 6 ' 2 4 2 
14 0 "" 4 10 6 
15 ,LO l 6 12 12 
16 - 0 1v 2 11 10 
17 l ~-.,, 1 0 2 
18 ' 0 8 2 8 
19 .. \.. ' 2 1 -2 6 
20 (' / "~ 2 - 10 -4 -3 
,21'\ \j"' I4 0 2 - 2 

"12" 4 4 - 8 0 
23~ 6 -2 l 1 
24 0 5 7 2 
25 10 0 0 6 

KoHTponep _ _ ___ _ 

TexHonor uexa ____ _ 



Ta6mn-1a 4.2 

TIOKA3A1EJlli CTAlMCIWffiCKOfD PA~ (SNR11M97) 

K-Bo Ha6mo.neID1i1 
K-ao HHTepBaJIOB 
lllHpHHa HHTepaana 
Cpe.zraee 
,!J;HcnepclUI 
l(ernp. MOMeHT 3-ro rropR.lll<a 
11,eHTp. MOMeHT 4-ro nop11.nKa 
Cp. KBa.npanf'I . OTKJIOHeHHe 
Ko3cp-T Bap11au.H.11 % 
DoKaJaTeJlb ac11MMeTpID1 
D OKa3aTem. OCTpOBepIDRHHOCTH 
L l = 2.616711 

AU = 2.696148E -02 
N = l.367198E - 10 

TioKa3aTeJib ypoBHJJ Hacrpoi001 KN = E/TX 
TioKa3aTeJlb TO'l.HOCTH KT = RX/TX 
Tiporno311pyeMhIH rrpoueHT 6paKa Q % 
B T. 4. Ha HIDirnetl rpaHHUe nomr n.onycKa 

HaaepxHeli rpaHJUJ,e noJJJ1 .norrycKa 

100 
3.92 
4.740633 
0 

- 12 
12 
24 
5.062615 
3.92 
25.42721 

- 11.01229 
14.41492 
5.363674 

.163333 
1.059467 
2.76925 
.060416 
2.708835 



Ta6Jllfua 4.3. 

0TKJIOHeHJUI OT HOMHHaJlhHOro pa3Mepa .n.enurn: ''NN" 0 50 ± 0,012. 

3H31'ieH11JI l.faCTOTa 
OTKJIOHeHHH ni 

- 10 
- 8 
- 6 1 
-4 4 
- 3 2 
-2 5 
- I 1 

0 11 
1 4 
2 12 

HarrpHMep, Bh16paB B Memo "BH,D, 
JI.OBepHTeJihHhlX HHTepsanos) H BBe)l.ll Be 
TeXHOJIOfH'leCKOro Jl.OfIYCKa 

3HalleHID! qaCTOTa 
OTKJIOHeHHH ni 

3 1 
4 11 
5 
6 

I.n; = 100 
A " rryttKT 4 (Bh!l.{HcneHHe 

H Tb P = 0,9973, ttaii.ueM rpaH111U>r 

,AJui Bhtll11cnem1J1 O)f(H.!J.a~ o poueHTa 6paKa Heo6xo,U.HMo Bh16paTb s 
Memo "B11,D, PAClffiTA" rry hJqHcJieHHe noKa.JaTeneii ypomu1 Kaqecrna). 
Bae.zur 3aTeM cepeJl.HHY no cKa T0 = 0 If oTKJIOHem1e L1 T = 12, nonyq"HM psiJI. 
noKa3arenei1: KaqecTBa M f eqan<y), s TOM <nrcne: 

CMememre ue l'J' B ~a ceS!Hlfll H ).l.onycKa 
IlOKa3aTen acTpOiiKH 
IloKa.JaT b T 

Ilporn 

E =3,92 
K,, = 0, 163333 
Kr= 1,059467 
Q % = 2,76925 

Q % = 0,060416 
a sepxHeit rpamui:e noJUl .norryCKa Q % = 2,708835. 

IlocKO.Jfhl<)' B .a:aHHOM cnyqae noKa3aTeJib TO'IHOCTH (Ko3cpqmu11eHT paccejj}IID{) 
Kr> l , TO .n.nsi noJIHoro 11cKJIIO'lemui. 6paKa Tpe6yeTcsi YMCHhrnHTb paccesim:1e. 

0.a:HaKO TOJihKO 33 C'leT CMemeHIDI ueHrpOB paccellHIDI H .nonycKa MO)f(HO 
.11061-nbcll 3HaqIITeJThHoro YMeHbrneHHll 6paKa. 

HanpHMep, npH sso.ne T0 = 3,92, L1T = 12 nonyqHM npou;eHT 6paKa 
0,911558. 



ITptt 3TOM Bee& 6paK 6yJleT Ha HJDKHett rpaHHue rroJrn JlOTJYCKa. 
Cne)loBaTeJThHO, Will YMem,memIB 6paKa cneeyer ocymeCTBHT& HacTpofu<y 

o6opyn:oBaHllil, T. e. cosMeCTHTb ueuTpb1 noJieii pacceDHHH u JJ.onycKa. 
Battey rnro, l.JTO s ,n:aHHOM cnytiae s&rpaBH111la10w.all Kpilllall pacrrpe.n:eneHIDI 

HMeeT He60JihlII)'IO JieBOCTOpomn-010 aCHMMeTpill-0 ( }l3 < 0), TO ueo6D33TCJlbHO 

TO'IHO COBMemaTb uenTpbl nonen pacceHHHSl H )lOnycKa. HanpHMep, npH BBO,!Ie 
To= 2, L1T = 12 llOJIY'lHM ew.e MeHI>mHH npoue1-rr 6paKa, pasH&rn 0,5648. np11 3TOM 
OH npHMep1-10 O,[(HHaKOB ua o6ettX rpaffiill,ax KOHCTpYKTOPCKOro n.orrycKa. 

Artsi yMellblUeHHSl pacceSIHHSI neo6XOJJ.HMO npHHUMaTb JJ.pyru 
sonpOChJ pemaeT OT)l,eJI rnaBHOfO TeXHOJIOra. 

C.n:enaeM HeKOTOp&Ie BblBOJJ.bl no paccMoTpennoMy npuMe 
B o-neps:&rx, BMpasnusaIOmee pacnpeJJ.enenue OK 3aJ10 .uaneKo ne 

HOpMaIIbllblM, KOTOpoe xapaKTepmyercll ITOKaJaJeIDIMR: fl. 2 = 3; Ll = 3 . 

KaK noKa3&IBaeT npaKTHKa, uopMaIIbHblii laKOH pa 
,!IOBOJlbHO peJJ.KO. j 

Ecm1 Obi s )J.aHHOM rrpHMepe B Ka'leCTBe B Baiomero pacnpe.n.enem1.11 
ObIJI npHHSIT nopMaJ1bH:&1u 3aKon, TO OJKH 1>.Iif npouenT opaKa 6b1J1 Obi 
paBeH 4,456 %, T. e. B 1,6 p333 OOnbtue:x<J:faJ<:;Jili'lecKoro. J1 3TO npH He60JTbUIOW 
ac«MMe11JIDI s&rpasH11BaIOW.Ctt KpHBott! B:=>'"lvr'IAY 

.n:asar& 3Ha'!frre.rihHO 6onhuryl0 oUlli61<)'. ~o 
(CM. pMC. 4 .1). 

p(X) 

x 
t') T,., !i; 7; 

~HC. 4 .1 <nKH,naeMblH npo1.1eHT 6paica ,!IJIH .£lBYX JaKOHOB pacnpe,!leJTeHHH: 
l - o6o6mettHoro; 2 - HOpMa.IlbHOro. 
HopMaJibHbtH JaKOH noKaJaJI 6paK s 9,7 paJa 6oJJbwe iflaKTHqecKoro. 

0rcJO)J,a CJJe.n.yer BhlBOJl, qro C3Mb[M 83/KHblM BOnpocoM, KOTOpblH HeoOXO.lJ.UMO 
BCSIKHH pa3 petuaTb npu CTaTHCTH'lecKOM 3Ha.TIH3e TIJ'IHOCTH TeXHOJIOnl'leCKOro 
npou.ecca - :rro sonpoc ycrauoBJieu•m uaH.11yt.tWeii Bbtpasmma10meii KpHBOH. On 
MO~ ObfTh pemeH TOJlbKO npn ncnOJlblOBaHHH o6o6meHHbrx pacnpe.neJ1eHJ1u. 



Bo-BTOpbIX, m paccMoTpeHHoro npHMepa BHAHO, •no paJJJaµ:Ka Texuono­

rHqecKoro npol(ecca onpeAe.rmeTcH ti:BYMH cl>aKTopaMH: cMew.euueM 
3uaqemrn KOHTponupyeMoro napaMeTpa u pacceHBaHueM 

OTHOCHTCJlbHO cpeµ:uero. 
B-TpeTbHX, perynuposa1rne uacTpouKH Texuonoru11ecKor 

BOJMOiKHOCTb YMCHblllHTb 6paK B 3 - 6 pal, XOTH He HC 

CTLIO, ecm1 KOJcl>cl>uuueuT TO'iHOCTH Kr > 1. 
8-'leTBepn.rx, npn uanati:Ke TexuonoruqecK o uecca OAHHM H3 

OCHOBHblX KpltTepueB CJie.l(yeT npHHHM3Tb He TO 
ueHTpOB paccelfHID! H .!l.OITyCKa, HO H MHHHMl. blU IKHA3CMblU npoueuT 
6paKa, oco6eHHo B CJIY1Iae acHMMerpH.qHoro b a at0UJ,ero pacnpe,l(enemur. 

c IlOMO!II,LIO IlporpaMMbl Herpy.!l.HO IIO.!l.06Mnr,.o l'llMaJfbHOe CMem.eHHe ueHTpOB 
pacce.l!Hllil 11 AOITyCKa, rrptt KOTOpOM 0 ae Ill npoueHT 6paKa 6yneT MJ1Hl1-
MaJihHblM rrptt 3a.!IaHHOM K03<P<fnn.1.HeH e OCTH. 

B-rurTbIX, IlporpaMMa MOiKe~ 6L11'1> renoJibJOBaHa npu cTaTHCTH'lCCKOM 

perynHpoBaHHH Texuonoruqe u n ueccoB. B 3TOM cnyqae <1epe1 orrpe.n.e-
nettHbte HHTepBaJihI BpeMeHH C~O'IHO oT6HpaTh BbI60pK)' HJ 25 - 30 HJ.D,em1.tt 

11 no pe3ynbTaTaM 3aMepos~o o.IIHpyeMoro napaMe-rpa BhT<fttCJJHTb Heo6xo.n.11ML1e 
xapatcTepttcTttKtt: cpeAIJf , c eimee KBa.n.paTH'ieCKoe OTKJJOHeHHe, paJMax " T. A· 11 
HaHOCHTh HX Ha KOH on Kapry. 
TaKHM o6paJOM, o 061IJ. 1e pacnpe.l(enemur, .n.ose.n.eHHLie .n.o rrporpaMMHoii pea-
.llJl.3alJ.ID!. (s BH rpaMM non o61.1..(HM HaJBaHHeM SNR), JIBJUllOTCH MOIIIHhIM 

THCTWiecKoro aHarrn3a H peryJIHPOBaIIIDI TeXHOJiomqecKHX 
)l)I5I peweHID! MHornx .n.pyrnx JaAa<r. 

TO .D,OCTHraeTCH BCCbMa BbICOKaH BepOHTHOCTb Bbl'lHCJICHIUI 
uau eu BbtpaBHHB310ltICH KpHBOH, 'lTO IlOATBepllCJ).eHO anpo6al(neu 
nporpa~ ua 60JlblllOM CTaTHCTH'lCCKOM MaTepuaJie 8 Teqeuue pH.D,a JlCT 

(c 1990 r.). 
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