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I'maa 2. BEPOATHOCTHOE OIIMCAHUE TAPAMETPOB

2.1. CayyaiiHbI XapaKkTep napaMeTpoB
U UX BEPOSITHOCTHOE ONMMCAHME

B cuny 00beKTUBHO ACUCTBYIONIMX MPUYUH MapaMeTpPhl dJIEMEH-
TOB, TEXHOJOTMYECKHX OINEpalui, CBOWCTBA MAaTe€pUalOB, XApaKTEpHU-
CTUKM MHCTPYMEHTA BCErja MMEIT HEKOTOPHIA pa3zdpoc OTHOCHUTEIBHO
CBOMX CpeJHUX (HOMUHAJIbHBIX) 3HAUCHUMH.

I[To cyTtu, mnapameTpsl, ¢ KOTOPBIMU MNPUXOJUTCS UMETh JAEIO B
KOHCTpyupoBaHuu u TexHojoruu POY (KuTPDYV) saBasworcs ciayuaii-
R xOy HBIMH. OaHako TOHATHE Cclly4dai-
HOCTH B JIaHHOM cCJyyae€ HE O3Ha-

0,9 1 1,1 yaeT MOJHBIH Xaoc. 3HAUYEHUS TIa-
Ruon—10% Riow  Ruowt 10% paMeTpoB C OOJBIIONW CTENEHbIO
Puc.2.1. /Iluana3on u3MeHeHus BEPOSATHOCTH OynyT momanaTtbh B
CONMPOTHUBJIEHUs] HATPY3KHU NVara3oH, ONpPEIeIAIeMbId II0JEM

nonycka (puc.2.1).
Jlns aHanu3a TOYHOCTU U CTAOUIBHOCTU BBIXOJAHBIX MapaMeTpoB
HaJ0 pacrnoJjiaraTh MOJEJbI0 (BhIpaXeHUEM) BUIa

y=0(x .., x,), (2.1)
rae y — BBIXOJIHOW mapameTp;
Xi,eeey Xy — ICPBHUYHBIC ITAPAMCTPBI,
n — YHUCJIO YUUTBIBACMBIX IICPBHUYHLBIX IIAapaMCTPOB.

KpoMe Toro, Hamo 3HaTh BEPOSTHOCTHOE OMHUCAHUE MEPBUYHBIX
napametTpoB. [log BEpOSTHOCTHBIM ONMHUCaHUEM OyaeM MOHUMATh KOJH-
YeCTBCHHBIC XapaKTEePUCTUKH, JAIOMHE MPEACTaBICHUE O CPEeAHEM 3Ha-
YeHUH MapaMeTpa, CTENeHH ero paszdbpoca, TpynnupOBAaHUU 3HAYCHHU
napaMeTpa B TOM WM MHOWU 00JaCTH U T...

B kadecTBe BEPOSTHOCTHOTO ONHCAaHHUS MapaMETPOB MOXHO HC-
MOJIb30BaTh €r0 YMUCIOBbIE XapaKTEPUCTHKH, 3 UMEHHO:

a) MaTeMaTU4YeCKOoe OXHujJaaHue napamerpa M(x);

0) cpenHee KBaJpaTUueCKOeE
OTKJIOHEHHE Tmapamerpa o(x) HIH
nucnepcuto D(x), rae x — pac-
CMaTpUBaeMbIi mapaMeTp.
VYka3zaHHbIE XapaKTEePUCTUKU
| - XOpOIIW JJs HMHXKXEHEPHOTO WC-
MOJb30BaHUS, OJJTHAKO HE JAAIOT OT-
Puc.2.2. I'pynnupoBanue 3Ha- BET Ha BONPOC, KaK CTPYITIMpOBA-
veHRil CONPOTHRICHHSI PE3H- HBl 3HAYEHUS MapamMeTpa B Mpeje-
CTOpA B Mpe/eIax MoJIst A0Iyc- nax nmojisi gonycka (puc.2.2).
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|

4 w(x) S=Pla<x<b) Huis OTBETa Ha 3TOT BOMPOC B

\ WH)XEHEPHOW NPAKTUKE HCIIOJIb3YIOT
3aKOH pacHpelelieHus mapaMmerpa B
npeaenax mnoyiss jponycka. Ilonbp3y-
I0TCsA JTUOO TMJIOTHOCTHIO pacupese-
JeHuss mapametrpa w(x) uiau QyHK-

¢ ’ ¥ nueit pacnpeaeneHus F(x). DyHK-
* Frv) nuu w U F HecyT o paccMaTpuBae-
Pra<x <b) = F(b) — F(a) MOM IIapaM€Tpe X OAHY H TY )K€ HH-

! a dbopmanuio, Ho B pa3Hoi dopme.
Nuxenepa KOHCTPYKTOpa-

TEXHOJOTa HEPEIKO MHTEPECYEeT BO-
npoc, KakKoBa BEPOSITHOCTh TOTO,
4TO MmapaMeTp x OyJeT HaXOIUThCS B
nuamna3oHe OT a n0 b. Dra BeposAT-
HOCTh C HMCHOJIb30BaHHEM (PyHKIIHA
w u F MoxeT OBITh OIIpeJieicHa KakK

Puc.2.3. Onpenesienne BeposiTHOCTH
NMONa/IaHus MapaMeTpa B 3a/IaHHbII
AUATNA30H

P(anSb)zjw(x)dx, (2.2)

P(a< x <b) = F(b)-F(a). (2.3)

['eomeTpuueckass mHTepnpeTanus BoipaxkeHu (2.2) u (2.3) moka-
3aHa Ha puc.2.3.

2.2. Moaeau 3aKOHOB paclpeae/ieHUs NapaMeTpoB

2.2.1. O0umue cBeeHud

B uHXeHepHOU MpakTUKE MOJIb3YIOTCS TEPMHUHOM "MOJEJb 3aKOHAa
pacnpeneyieHuss nmapameTpa'", uMes B BHJY, 4YTO UCTUHHBIA 3aKOH pac-
npeaeieHus MOXET ObITh BOOOIIE HAaM HE M3BECTEH, & UCHOJb3YEM MBI
HEKOTOpO€ NpUOJIUKEHUE IHTOTO 3aKOHA, MNOJYYEHHOE DKCIEePUMEH-
TaJIbHO.

N3BecTtHO O0sice 300 BUIOB Monenell 3aKOHOB pacnpeneieHus. B
KOHCTPYUpPOBaHUMU U TexHoJoruu POV ucnons3ytor He Oonee 10-20 us
HuX. [IupoKo MCHONB3YIOT TaKue, KaKk HOPMaJbHYI U YCEUYEHHYIO HOP-
MaJIbHYI; PAaBHOMEPHYIO;, 3KCIOHEHIMAJbHYIO; JOoTapudMUUYECKU HOP-
MaJlbHYI0; MOJiedb Beibynna.

XapakTepUCTUKA HKCIIOHECHIMAJIbHOW MoOJAEJIU U Monaeiun Ben-
Oynna, IHUPOKO MCIOJIb3YyEMbIX B TEOPUH W MPaKTHUKE HAaJEXHOCTH,
npuBejieHa B pasgeiie 5.6.
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2.2.2. HopmaabHas MoaeJb

OyHKIUSA W 15 9TOW MOJIEIH UMEET BUJ

_(x—m)2
wix)=——e¢ 20 (2.4)
o+ 2m ’ '
rae x — paccMaTpUBaeMBbIi TapaMeTp M €ro TEeKyIllue 3HAYCHUs;

m, G — MmapaMeTpbl MOJIEIH.
OyHKUUS pacnpelieseHus g HOPMaJbHOW MOJEIU MOXET OBITh
IIOJy4€Ha B BUJE
X—m
1 o £
F(x)=—— [ e 2dr. (2.5)
2m
YKa3aHHBIM HMHTErpaJ HENIb3sd BBIPA3UTh YEpe3 DIIEMEHTapHBbIE
bynknuu. [ns ero onpeaeneHuss UCMOIb3YIOT CeMalbHbIe TaOIUIHBIC
¢yHknuu. B nHXeHepHOU MpaKTUKE MIUPOKO UCHOJB3YIOT JIBE:

2
t

\/;_ [ e 2dt, rtne ®(x) — HopManbHas (QYHKIHUS pac-
n—oo

npeneneHus napamerpa co 3HadeHusimu m=0, ¢ = 1 (B gaiapHelmieM —

a) ®(x)=

GYyHKIUS CTaHAApPTHOTO HOPMAJBHOTO paclpeielieHus);

2
t

1 * -
0) O (x)=—=] e 2dt, tne D;(x) - uxkuuga Jlannaca.
) @ (x) m’ 1(x) - by

CBA3b MeXy 3TUMU QYHKLUUSMU TaKOBa
B(x)= 0,5+ (x) .

B nanpHelimem Oyaem nmosb3oBathcs pyHkuuein d(x).
Torma ¢QyHKOUS pacnpeneneHus mapaMeTpa X B cllydyae HOp-
MallbHOW MOJENH 3aMUIIeTCs KaK

F(x)= cp[x'mj, (2.6)

m
rae — apryMeHT (pyHKIHUH.

C yueroM BeIpaxeHus (2.6) BeposiTHOCTh Buga P(a <x<b)
MOXKET OBITH OTpeaeeHa Kak

Pla<x<b) = cp(b""j—cb(“'mj. (2.7)

o) o)
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C mapamMeTpaMu m W @ HOPMaJbHOW MOJENU KaK-TO CBsS3aHBl YH-
CJIOBBIE XapakTepucTtuku M(x) u o(x). Hnsg HOpMalbHON MOIeNU, U
TOJBKO JIJIs HEE, CIIpaBeJIMBbI PAaBEHCTBA

m =M (x);

o =0o(x).

(2.8)

I'paduku pyaknuit w(x) u F(x) npuBeneHsl Ha puc. 2.4.

A W(X) 1 A W(X)
Kpusas 2no
l'aycca
m x>
A F(X)
1
0,5
0 m X

Puc.2.4. I'papmkn pynkumii w(x) Puc.2.5. K nosicHeHuo
U F(x) nis HopMaJabHOH MoaeTu “npaBujia Tpex curm”

Bce canyyae HOpManbHOW MOJEIHN MHXKEHEPA MOXKET HHTEPECOBATH
BONIPOC, KAKOBA BEPOSITHOCTH BUAA

Pm—-n-c < x <m+n-o),
rnen =1, 2,3, ...— 1elple Unucaa.

[Ipumenss Beipaxenue (2.7), ang n = 1, 2, 3 moay4yuM 3HAYEHHUS,
npuBeaeHHbIEe B Tabm.2.1.

Tabmnuma 2.1
3uauenus Beposatnocrer P(m—n-6<x<m+n-G) B 3aBHCUMOCTH OT 7
n 1 2 3
P(m—n-c<x<m+n-o) 0,68 0,95 0,9973

N3 1abn.2.1 BugHo, 4To B auamna3oH (m — 30; m + 30) yKIaabl-
BaeTcsa NMpakTUUYECKU Bce pacceuBaHue napamerpa (99,73% 3nauenuit).
[ToaToOMy Ha mpakTHKe, ONpeAeiIuB HapaMeTpbl HOPMaJbHOU MOAENH,
npeAelbHBIMU 3HAYECHUSIMHU paccMaTpUBAEMOTo MapaMeTpa CYHUTAIOT
TOYKH, OTCTOSAILIME OT BeJUYUHBI m Ha 3¢ (puc.2.5). Takoi cmocod
OlEHKHU MNpeaesIbHBIX OTKJOHEHHMH mapaMeTrpa MNoJy4WJ Ha3BaHHUe
"mpaBuJja Tpex curm'. DTUM NPaBUJIOM WUPOKO MOJb3YIOTCA HNPU yC-
TAHOBJICHUU JONYCKOB Ha MapaMeTpHhl.



22

Eciu ecTh OCHOBaHUS NPUHSITH MOJEJNIb paclpeieeHUs mapaMeT-
pa HOpMaJIbHOM, TO MOJIOBUHA MOJs Aomnycka (d), ycTaHaBJIMBAETCS IO
"mpaBuny Tpex curm'", T.e.

d=3c. (2.9)

I[Tpumepuo B 95% cnyuaeB napameTpsl B KuTPDOVY pacnpenenensl
Mo 3aKOHaM OJM3KUM K HOpMalbHOMY. 3aME€UYE€HO, YTO AJISl MmapaMeTpoB
PE3UCTOPOB M KOHJEHCATOpOB, uMerwmux nonyck =10% wu OGomnee, om-
paBJaHO MCIOJIb30BaHUE HOPMAJIIbHON MOJAEIH.

2.2.3. YceueHHass HOpMaJbHasA MoJeJdb

[Tapametrprsl B KuTPDYVY, saBnssichy ciydyailHBIMU BEIUYMHAMU, YACTO
MEHSIOTCS B OTpaHUYEHHBIX npenenax ot 4 no B. I[loaTomy uvacTto Ais
UX ONUCAHUS MCHOJB3YIT YCEUEHHYIO HOPMallbHYIO MoOJenb (pacmpe-

JIeICHHE).
OyHKIUS W B 3TOM CJiydyae UMEET BUJ
0 npu x < 4,
(x —m)
( ) C 20‘2
WX)=y—F7—8§€ npu A<x<B;
o~N2rx p ’
0 npu x> B,
rae m, © — MaTeMaTUYeCKOoe OXHUJaHUE M CpeJHEee KBaJpaTUyeCKoe

OTKJIOHEHHE MCXOJHOIO0 HEYCEYEHHOTO0 HOPMaJbHOTO
pacnpeaesieHuss (Moaenn).
Bennuuny C onpenensioT Kak

C= !

cD(B—m)_q)(A—mj

G c

rne @D(...) — TabiuuHas GYHKIOUS CTAHIAPTHOTO HOPMAaJbHOTO
pacupenenenus (cm. Ta6a.I11.1 npun.1).

OyHKIUA pacnpeneneHus F(x) B ciydae YCEYEHHOW HOpMaJIbHOU
MOJ €U MOXET ObITh MOJIydeHa B BUJIE

0 npu x < A4,
xX—m A—m
F(x)= C{(D( - j_CD(TH npu A<x<B;
1 npu x> B.

I'padbuku pynkuuit w(x) u F(x) mokazaHnsl Ha puc.2.6.
[TapameTpbl yceueHHON HOpMalbHOW Moaenu A, B, m u ¢ cBs3a-
HbI C YUCJOBBIMH XapakTepucTukamMu M(x) U o(x) BbIpaXEHUIMU

M((x)=m+ Ko,
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A w(x)

Puc.2.6. I'padpuxn pynxumii w(x) u F(x)
JJISl YCeYeHHOH HOPMAJIbHOM MOJeJIH

o(x) = 0\/1 - K?* - c[z2¢(r2)— tho(tl)];
ol)-0(,) LT

— 1A 2\ . -
ol )-ol ) = pre
A—m B—m

2.2.4. Jlorapu(pMuYeCKH HOPMAJbHAA MOJEJb

K

Hns norapudMuUYecKH HOPMAJIbHOW MOJEIH XapaKTEepHO TO, YTO
0 HOPMAJIbHOMY 3aKOHY paclpejelieH He caM cly4YalHbIi mapameTp, a
ero jorapudm.

OyHkuus w(x) ais JorapuMUUeCKH HOPMAJIbHOU MOJIEIH UMEET

BUJ
0 npu x <0;
lox—m.)>
1 20?2 :
- e x npu x> 0;
M G x~2n

rae my, o, — napametpsl monenu; m, =M(Igx); o, =o(lgx);
M, =1 =2303.
1 1ge

Oyuknus pacnpenenenus F(x) MmoxeT ObITh MOJy4eHa B BUJE

0 npu x <0;
lgx—m, .2
1 % Ty
— e <dt npu x> 0.
\2m _Ioo P
I'papuxk ¢ynkuuum w(x) 3aBUCUT OT 3HAUYEHHUS NapaMmeTpa O,
(puc.2.7).

F(x)=
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[TapameTpbl m, u G, Jora-

w(x) y
6, =0,1 pudMHUUYECKH HOPMAJbHOU MoOJe-
JIA CBS3aHBI C YUCIOBBIMHU Xa-
o,=0,3
pakTepuctukamMmu M(x) wu Gy
6:=0,5 BBIpAXKECHUSIMHU
M?c?
M(x)=10"* exp % ,
0 x 2
Puc.2.7. I'paduk pynkuun w(x) aus o(x) = M (x) M (x) 1.
JorapupmMuyecKku HOpMaJIbHOMI 0"

MOeJIN
I[Ipn ManbIX 3HA4YEHUAX O,
JorapupMHUUYEecKd  HOpMalibHas MoJeNb Onu3ka K HopmalbHOW. Ilo-
stomy npu o, < 0,1...0,3 Bo3MoxxHa npubOIMKEHHAas 3aMeHa Jorapud-
MHUYECKH HOPMAJIbHON MOJEIHU HOPMAJBbHOU C ITapaMeTpaMu

252

m=10"x exp| —= |;
P
G=M110mx0x.

Nuoraa B norapuMuyecKu HOPMAJIbHONW MOJEIU UCIOJb3YIOT Ha-
TypaJbHBIN TorapudmM paccMaTpHUBaEMOTO mapaMeTpa.

2.2.5. PaBHOMepHast MoJeJIb

OYHKIUS W UMEET BUJ

1 ecan a<x<b;
w(x)=<b-a’ (2.10)
0, eciau x<a uiaum x>b,
rae a, b — mapamMeTpbsl paBHOMEPHOUN MOJEIH.

OyHKUUA pacnupenenenus F(x) MoxeT ObITh MOJyYeHa B BUJIE

F(x)= )f w(x)dx=2"2. (2.11)
—00 b—d

I'padbuku bynkuuii F(x) u w(x) UMEOT BHUJ, MOKA3aHHBIM COOT-
BETCTBEHHO Ha puc.2.8 u 2.9.

[TapaMeTpbl Monenu a U b CBSA3aHBI C YACIOBBIMU XapaKTEPUCTH-
KaM#U M(x) U o(x) BBIpaXCHUSIMHU

a+b
; 2.12
2 5 ( )

M(x)=
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A F(x) T w(x)
1
0 a b X a b X
Puc.2.8. I'padpux pynxunn F'(x) Puc.2.9. F'padpux pynxmun w(x)
JUIsl PABHOMEPHO! MO/IesIn U151 PABHOMEPHOI Moies 1
b—a
o(x) = (2.13)

2437

PaBHOMEpHOE pacmpeneneHrue HAa MPaKTHUKE — dalle BCEro CIEJNCT-
BUE BMeEINIaTelbCTBAa 4YeJoBeKka. Hampumep, 3aKOH pacupeneseHus IMa-
paMeTpa IJis 3JIeMEHTOB MOBBIIIEHHOW TOYHOCTH, MOJYUYEHHBIX MyTEM
0TOOpa U3 BHIOOPKU C OTHOCUTEIBHO OOJIBIIUM JOMYCKOM Ha mapaMmeTp,

MOXET OBbITh NPHUHAT paBHOMEpHBIM. CKazaHHOE MIIIOCTPUPYET
puc.2.10.

@A () HepaBHOMEpPHOCTBIO Ha BeEp-

IIUHE NMpeHeOperamT U MOJb3YIOT-

Csi paBHOMEpPHOW Moaelb (CM.
puc.2.10, 6).

Jns pe3ucTtopoB U KOHAEHCA-

X TOPOB, UMEIOUIUX JONMYCK Ha mapa-

MeTpbl £5% U mMeHee, B OOJBIIUH-

CTBE CJyd4yaeB ONpaBjaHa THIOTE3a

O PaBHOMEPHOM MOJAENH, TaK Kak

N0 BCEH BUIAMMOCTHU BBICOKAS TOY-

x; HOCTh MapaMeTpa JOCTUrajach my-

Puc.2.10. PaBHoMepHasi MoJeIb KaK TeéM 0oTOOpa 3JIEMEHTOB.

CJIeACTBHUC 0T60pa 3JIEMECHTOB MMOBbLIIIICH- B cilydae, Korga HET OCHOBa-

HOT'0 YPOBHS TOYHOCTH IIAPAMETPOB HUH TPUHATH THIOTE3y O pPaBHO-

A w(R), w(AR/R) MEPHOW MM HOPMaJIbHON MOJAENAX

U CIIO)KHO OINpPENEIUTh 3aKOH pac-

NpeNeieHuss JOKCIOEPUMEHTAJNbHO,

clenyeT MNOJb30BAThCS pPaBHOMEP-

HOM MOJEJIbI, TaK KaK OHa SBIIS-

A\ 4

A W (x()T)

R =100 Om £ 10%

T T 7 > CTCA Ha IIPAKTHKC IIPCACIbHBIM
90 100 110 R;OM (HauxXyJaImuM) cliydaeM pacceuBa-
I I I g

-10 0 +10 AR/R,%  HHS ImapaMETpoOB.

[Tonp3yrorcss nubO0 BEpPOSATHO-
CTHBIM ONHCaHHEM [apaMmeTpa,
B3SATHIM B CBOEW Pa3MEpPHOCTH,

Puc.2.11. BepossTHOCTHOE OnMcaHue
napamMeTpoB
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A1u00 BEPOATHOCTHBIM ONHUCAHHUEM €r0 OTHOCUTEJbHOW MOTPEHIHOCTHU
(pa3bpoca, oTkioHeHHUs). CBA3b MEXY YKa3aHHBIMU BEPOSITHOCTHBIMU
ONMHCAHUSAMHU UIIOCTpUpyeTcs puc.2.11.

dopma 3aKkoHa pacnpeaesieHus npu nepexoge or R k AR/R coxpa-
HSETCs, MEHAKTCSA TOJIBKO €ro mnmapaMeTphl.

2.3. IlyTH BEpOSATHOCTHOIO ONIMCAHUS
COBOKYINHOCTH MapaMeTpoB

Panee Obl10 MOKa3aHO, YTO I BEPOSITHOCTHOTO ONMCAaHUs Hapa-
METPOB, PacCMAaTPHUBAEMBIX B OTAEIbHOCTH, MOXHO MCIIOJb30BaTh Xa-
paktepuctuku M(x;), 6(x;),w(x;), rae x; — i-il mepBUYHBIA apameTp (B
ciyyae QyHKIHUHU W;(X) U €ro TeKyllHue 3HAYCHUs).

B koHcTpyupoBaHuu U TexHoJoruu POY B GonblIMHCTBE ciydaes
OPUXOAUTCA MMETh JEJI0 C COBOKYNHOCThIO mapamMeTpoB. OHU MOTYT
OBITh HE3aBUCUMBIMU U 3aBUCUMBIMHU.

Bo3Hukaer BONpoOC, KaK Ha NPAaKTHKE C BEPOSATHOCTHOM TOYKH
3pEHHs ONUCATh COBOKYITHOCTH IapaMeTpOB.

Haubonee mnonHOW XapaKTEpUCTUKOH TaKOro BEPOSTHOCTHOTO
OMUCAHUS SABISETCS MHOTOMEpHas (pyHKUUS NIOTHOCTU paclpenesieHus

w(X1,...,X,), i = 1, ..., n, TI€ n — 4KUCIO MapaMEeTPOB paccMaTpuBaeMou
COBOKYITHOCTH.
N3 Teopum BEpOATHOCTEN U3BECTHO, YTO
n
w(xl,...,xn)=w(x1)...w(xn)=_l'llw(xi). (2.14)
=

DTO BBIpaXEHUE CHPaBEAJIHMBO JJs HE3aBUCUMBIX mapameTpoB. [lo-
ATOMY JAJIsl COBOKYIMTHOCTH HE3aBUCHMBIX MapaMeTPOB MOXHO MOJb30BaTh-
Csl BEpPOATHOCTHBIM ONHCAHHUEM OJTHUX MapaMeTpPOB, pacCMaTPUBAEMBIX B
OTIIEILHOCTH, T.€. XapakTepuctukamu M(x;), o(x;), w(x;), i =1, ..., n.

JIns 3aBUCHUMBIX TMapaMeTpPOB YyKa3aHHOE BBINIE BBIPAXKECHHE HeE-
cupaBeniauBo. [lo3ToMy )it BEpOSITHOCTHOTO ONMUCAHHS MX COBOKYITHO-
CTH CJeJ0BaJ0 Obl MOJB30BaThCI MHOTOMEpHOU dyHKIHEH w(xy,...,X,),
WJIW pa3IUdHBIMA MOAU(DUKAIUSAMH YCIOBHBIX (QYHKIIHN:

w(x,/Xy,..0X,));

w(x; /Xxy,X5,..,X,);

w(x, /X)Xy 500X, );

W(X[, X, [ X5500sX,));

OnHako maxe B cllydyae JIBYX MapaMeTpOB (n = 2) MBI CTOJKHY-
auch OBl CO CIOXHOCTAMH MaTeMaTHYECKOTO XapakTepa, TakK Kak
w(x(,x;), TpeAcTaBisieT c000W MOBEPXHOCTh, a yCJIOBHAsA (PyHKIUSA
w(x/x,) — cemercTBO KpUBBIX (puc.2.12, 2.13).
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w(xy, X2)

X1

Puc. 2.12. IBymepHas Puc. 2.13. YciaoBHas
(yHKuMA pacnpenesieHus dbyHKUIMA pacnpeaeseHUs
napaMeTpoB X M X3

[TosTOMy BO3HHMKAaeT BONPOC, KaK M3 MHOTOMEPHBIX HJIH YCJIOB-
HBIX (QYHKIMH H3BJICYb HHPOPMAIMIO O 3aBUCHUMOCTH IapaMeTpPOB B
dbopMe, ynoOHOU NS MHKEHEPHOTO MCHOJb30BaHUA. BeIixoa ObIT Haii-
JCH MyTEeM BBCJCHHS TAKOTO MOHATHUSA, KaK KOd(DOUIUEHT KOpPPEAANHHU
MEXAY MmapaMeTpaMu.

2.4. Koppeasinusi napamMeTpoB

B TexHuke, ma m B XKH3HH BOOOIIE, KpOME JXKECTKUX, T.e. (PyHK-
HMOHAJIBbHBIX CBSA3E€M MEXKIy MapaMeTpaMu CYLIECTBYET TAaK Ha3bIBae-
MBI BEPOATHOCTHBIM MM CTOXACTUYECKUU XapakKTep CBA3MU, MPU KOTO-
pOM KaXJAO0OMy 3HAQUE€HUI OJHOrO0 U3 IMapaMeTpoOB, MOXET COOTBET-
CTBOBATh OJHO UM HECKOJIBKO 3HAYEHUU APYroro mnapamerpa.

JIJis KOIMYECTBEHHOM OUEHKHU CHJIIBI BEPOSTHOCTHOMW CBSI3U MEXKAY
napamMmeTpamMu OOBIYHO MCIOJB3YIOT MaTeMaTHUYECKUN ammapar Koppe-
JSUUOHHOTO aHanu3a. Ilo3ToMy BEpOSATHOCTHYIO CBA3b MEXIYy Hapa-
METpaMHU 4aCTO HA3bIBAKOT KOPPEIALUMUOHHOMN CBA3BIO UJIHU KOPPEISALHUECH.

IIepBoe cyxaeHue O CuJIE KOPPEIASIUMOHHOMU CBSI3U MOMXKHO MOJY-
YUTh MO BUAY TaK Ha3bIBAEMOIO KOPPEJSILUOHHOTO MHOJSA HapaMeTpPOB.
. % Koppenayuonnoe noie napamempos

e ® npeacTaBiasieT COOOW COBOKYNMHOCTH TO-
e ® ® Y€K, HAHECEHHBIX Ha MNPAMOYTOJbHYIO
BT~~~ "%"® CUCTEMY KOOpPJIWHAT, MNOpHUYEM Kaxjas
TOYKa COOTBETCTBYET Iape paccMaTpu-
BaemMbIX IapamerpoB. Hampumep, xoppe-
it Z“e JAUAOHHOE TMOJe IapamMeTpoB B u 4k,

Puc.2.14. Koppeasiunonnoe noie  TpaH3UCTOPA MOXKET IPUHATH BUJ, IMOKa-
napaMeTpos 3aHHBIA Ha puc.2.14.
B TexHHMKe C KaXIOM TOYKOW KOPPEISILMUOHHOIO II0JIA CBsA3aH JK-
3eMIsip 00beKTa UM peanu3alus npouecca.
Eciu TOYKHM KOpPEASMUOHHOTO MOJsS TPyHOUPYIOTCS BOIU3M Mpsi-
MOW JMHHUHU, MBICIEHHO IPOBEAEHHOW B 3TOM IIOJIE, TO MEXAY Ha-
paMETpaMU UMEET MECTO TE€CHAsA KOPPEIALUMOHHAS CBA3b.
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JIJIss KOTMYECTBCHHOW OICHKHM TECHOTHI MJHM CHJBI CBSI3W MEXKY Ia-
paMeTpaMu MOJb3YHTCI Kod@duyuenmom Koppersyuu, TMOIACIATHIBAC-
MBIM 110 opmyne [7]

S (x; —m, )z, —m.,)
i=1

’/‘x 2 = = 9 (2.15)
’ (l’l—l)GxGZ
r'ac x, Z — paCcCMATPHUBACMBIC ITAPAMCTPHI,
Xi L, Z; — I-€ 3HAUYEeHU¢C mapamMeTpa X 1 COOTBCTCTBYOIICC CMY

3HauYeHHE mapamMeTpa z,
My, m, — MaTeMaTU4YeCKHE OXKHJIAHU MapaMeTpoOB X U Z;
0y, 0, —CpeIHHE KBaJpaTUYeCKHUE OTKIOHEHHS MapaMeTpoOB X U Z;

n — 4HuCcJ0 HAaOMIOACHUN map mapaMeTpoB X H Z.
Kosdppunuent KOppeasanuu,
NOJCUYUTHIBAEMBIH no ¢opmyine
(2.15), nmexwur B npepenax

or —1 mo +1. OH xapakTtepusyer
OIM30CTh KOPPEJISIMOHHOU CBSI3U
MeXJAy TmapaMeTpamMu K HUX JH-
HellHOW  (QYHKIIMOHAJIbLHOW  3aBH-

> CUMOCTHU. Mexay mapamMeTpaMu

Puc. 2.15. Jluneiinas UMeeT MECTO JInHehWHas (QYHKIHO-

q’f{';““m“am’“aﬂ CBH3H HaJIbHAS CBS3b, eclu r=+1
JKMy IapaMeTpaMu (puc.2.15).

Pa3nnyaroT OTpULATENBPHYI U NOJOXUTEIBHYI KOPPEIALUIO Me-
xAy nmapamerpamu. g orpunarenbHou koppensuuu r < 0, nuasg monao-
XKUTEeJIbHOU r > 0. B KOppPENAUMOHHOTO MOJS AN 3THUX CIIy4aeB IO-
Ka3aH Ha puc.2.16.

Ecin r — 0, To MBI UMEEM J€J0 NMPAKTHYECKH C HE3aBUCHUMBIMU
napametrpamMu. Buja KoppeassHiMOHHOTO MOJA B 3TOM ciyyae OJM30K K
MOKa3aHHOMY Ha puc.2.17.

a o
A
X1 . AX1
e ©
0 o o ° °
r> [ ) [
. e © 0.0.. r<0
)
.o o o o..
. .
[ [ L ... d
° ®e
® )
® )
)
> >
X7 R%)

Puc.2.16. KoppeassumoHHoe moJje napaMmeTpoB:
a — MOJIOKUTeJNbHAsl KOppeasiuusa; 0 — oTpUIaTeJbHasi KOPpPeJasuus



X2
Puc.2.17. KoppeasimuoHHoe moJie
NMPAKTHYEeCKH He3aBUCUMBIX
napaMeTposB
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Puc.2.18. KoppenasiunonHoe moJie
napaMeTpoB NPH HeJMHeHHOI
CBSI3H

N3BecTHBl cinyyau, kKorna Kod3GGUUUEHT KOppeasuuH, MOJICUUTHI-
BaeMbIi Mo BhIpaxeHHUIO (2.15), oka3zpiBaeTCcs OJU3KUM K HYJIO, HO Me-
KAy MapaMeTpaMu CyIIeCTBYET TecHas cBA3b (puc.2.18).

Heno 31ech B TOM, 4TO KOA(OUIMEHT, MOJCUYUTHIBAEMbIH MO BBI-
paxeHuto (2.15), BeIABASET JUUIb JUHEWHYI COCTAaBISIONIYIO BEpPOAT-
HOCTHOM CBSI3W MEXAy napamerpamu. Ilo 3TolW nmpU4YMHE €ro 4acTo Ha-
3bIBAIOT KO3(pPuumeHToM NUHEHHON KOoppenasuuu (CyuiecTByeT elie u
KPUBOJIMHENHAS KOPPEHSIHS).

Kosdbdbunuent, onpenensembii mo BeipaxeHuto (2.15), Ha3zpiBaoT
Takxke Kod(pPuuueHTOM MapHON KOppeasiuuu, uMes BBUAY, UTO pac-
CMATpUBAETCS KOppemsuus MexAy mnapod mnapameTpoB. CymiecTByer
TaKX€ TaKoe MOHITHE, KAK MHOXECTBEHHAasI KOppeasus.

XapakTepHbBIM  IPUMEPOM KOPPEIUPOBAHHBIX IapaMeTpPOB U3
XKU3HU ABJSIETCS Macca U POCT YeJIOBEKA.

2.5. BeposiTHOCTHOE ONHCAHUE 3aBUCUMBIX
napamMeTrpoB

B unHXeHepHOW MpakKTUKEe JJIT BEPOSTHOCTHOTO OMUCAHWS 3aBU-
CUMBIX MapaMeTpPOB MOJB3YIOTCS XapakTepuctukamu M(x;), o(x;), w(x;),
riyi,j=1,2,....,n,1#j, Th€ n — 4UCJ0 MapaMETPOB COBOKYIHOCTH.

Yacto ans ygobcTBa 3amucu MHPOPMAIHUIO O 3aBHCUMOCTH Tia-
paMeTpoB TMPEJACTaBISIOT B BHUJE KOppEIsSsIUMOHHONW w™MaTtpuibl. OHa
npeacTaBiisgeT coO0oi Tabnuiy, Kaxjgas sdyeilka KOTOpOU CONEPKUT 3a-
nuch kodpdunuenta napHo koppensnuu. Hanpumep, koppenasiiuoHHas
MaTpuma /4 - mapaMeTpoB TpPaH3UCTOpa MOXKET OBITh NpeAcCTaBlIcHA B
Buje Tab6m.2.2.
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TabOnuua 2.2
KoppensiuuoHHas MaTpuia A-mapamMeTpoB TPAH3MCTOPA
[TapameTp hiy hai his has
hi 1,00
hoy 0,80 1,00
hia 0,55 0,30 1,00
ho» 0,25 0,4 0,45 1,00

Koppensauunonnass Marpuua sBISETCS CHUMMETPUYHOU OTHOCHU-
TEJIbHO E€AUHUYHOW JMATrOHAJH, MOATOMY 3aMOJHSIIOT JUOO BEPXHIOH,
1100 HUKXHIOI €€ Y4acCTh.

2.6. DKCIepUMEeHTAJIbHOE ONpeaeIeHu e
BEPOSITHOCTHOIO ONMMMCAHUS

2.6.1. OcHoOBHBIC 321291 MATEMATHYECKOH CTATHCTHUKH

Jlns peuieHuss MHOTUX MHXEHEPHBIX 3a7ad HaJo0 pacrojiaraTb Be-
POSATHOCTHBIM OINMCAaHHEM HapaMeTpoB. B psaxe ciaydaeB Takoe OIU-
CaHUWE MOXET OBITh MOJYUYEHO M3 TEXHHUYECKOW AOKYMEHTAIlMU Ha 3Jie-
MEHTBI, YCTPOUCTBA UJIK NIPOLECC.

IIpumep 2.1. IlycTtp B macnopre Ha pe3uctop ykazano R = 1 kOm
+ 10%. Tak kak JOmyck Ha mapamMeTp OTHOCHUTEIBHO BEJIHUK, TO ONpPaB-
JaHO HMCIOJb30BAaHUE TUMOTE3bl O HOPMAJbHOM pacIpeAeleHUu mnapa-
MeTpa. [lanee MOXHO yKa3aTh

M(R) = Ryon = 1 xOM.

C yuetoM "mpaBuia tpex curm" (puc.2.19)

o(R) =),

N3 puc.2.19 Buano, uto 8(R) = 0,1 kOm, Torna

s(R)~ 21 ~0,033 kOm = 33 Owm.

A W(R) 3

Bo MHormx ciydasax wus
TeXHUYCCKOU JOKYMEHTAIuu
CI0XXHO HJIH HEBO3MOXHO II0O-
JY4YUTh XapakKTEepPHUCTUKY Mapa-
MeTpa, HEOOXOAUMYIO JJisl pac-
yeTtoB. Hampumep, u3 3anucu
"3HaueHUe mnapameTpa hpj, HE
MeHee 20" HEBO3MOXHO Jaxe
NpUMEPHO YyKa3aTh MaTeMaTH-
yeckoe oxunanue M(hy,) #
CpeliHee KBaJpaTUyecKoe OT-
kjaoHeHue  o(hai.). 3aTpynHU-
TE€JIbHO TMPUHATH U THUIOTE3Y

I(R) I(R)

A
Y
A

R, xOMm

0,9 1,0 1,1

Puc.2.19. BeposiTHOCTHOE OnUCAHUE
COMPOTHBJICHNSI Pe30HATOPA
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0 3aKOHE€ pacmpeneieHus napamerpa. B mogoOHBIX cilyyasiX BEpOSATHO-
CTHOE ONHCaHUE MapaMeTpOB MOJYyYalT 3KCIEPUMEHTAJIbHO C IMOMO-
b0 CTATUCTUYECKUX METOHOB.

Ncnonb3yss 3TH METOIbl, BEPOATHOCTHOE OMHCAHUE MapaMeTpPOB
ONpEeJesIIoT Ha OCHOBE OTPAHUYEHHOTO YHCJIa HAaOMIOJeHUN (OIMBITOB).
[IpousBeaeHHBIE 7 ONBITOB MOXXHO MBICIIEHHO paccMaTrpuBaTh Kak "BbI-
OOpKy" M3 HEKOTOPOW YHMCTO YCJIOBHOH "reHepalbHOW COBOKYHNHOCTH",
cocTosmel u3 0ECKOHEUHOTO YHMCa BO3MOXXHBIX HJIH MBICICHHBIX OTIBI-
TOB, KOTOPbhI€ MOXHO OBLIO OBl MPOU3BECTU HAJ UHTEPECYIOUUM Iapa-
MeTpoM. [109TOMYy B OTHOIIEHUU YUCIOBBIX XapaKTEPUCTUK MapaMeTpPOB,
NOJYYEHHBIX Ha OCHOBE OTPAHUYEHHOIO 4YHcia HabOmoAeHUM, ynorpeO-
JSI0T TEPMUHBI "BBIOOpPOUYHOE cpeaHee", "BRIOOPOUYHOE cpeHEe KBajapa-
TUYEeCKOE OTKJOHeHHue", "BIOOpPOUYHbIE XapaKTepUCTUKH" U T.n. B mpu-
KJIagHOM JIuTepaType yKa3aHHbIE TE€PMHUHBI MHOTAA 3aMEHAIOT TE€pPMUHA-
MU "cTaTUCTUYECKOE cpeaHee", "cTaTUCTHUUECKOE CpeJHEee KBaJpaTuye-
CKO€ OTKJOHEeHHEe", "CTaTUCTUUECKHUE XapaKTePUCTUKHU" U T.II.

OCHOBHBIMHU 3aJlayaMUd MaTEMAaTUYECKOW CTAaTUCTUKH, NPUMEHHU-
TE€IbHO K PEUIEHHI0 PacCMaTPHUBAEMBIX BOIMPOCOB, SBISIOTCS CIEIYIO-
mue:

a) onpeaelieHne MaTeMaTUYeCKUX OXHUAAaHUN (CpEAHUX 3HAUYECHU)
napamMeTpoB;

0) HaXOXJAE€HUE XapaKTEpUCTUK pa3zdbpoca (pacceruBaHUs, OTKIO-
HEHHS) MapaMeTpoOB;

B) BBISIBJICHUE 3aKOHOB paclpeieleHusl napameTpoB;

r) omnpeneyienue KkKodpPUUUEHTOB MNapHOU KOPpENAUUU MEXKAY
HUMH.

Jnis onpeneneHuss 3aKOHOB paclpeesieHusl mapameTpoB, B COOT-
BETCTBUU C MNPUHIMUIAMH MaTE€MaTHY€CKOW CTATUCTUKHU, HAJO HMETh
J0CTaTOuYHO OOoJIbIIOE Yuclio HabiaoaeHud napamerpa n: n > 50...100.
K coxanenuto, mo 3KOHOMHUYECKUM U TEXHHUYECKUM COOOpakKeHHSIM HE
BCeT/a ynaercsa o0ecnedyuTh yKa3aHHoe TpeboBaHue.

Cnenyetr NIOMHUTH, YTO Hago uMeTh He MeHee 20-30 HabnroaeHu
nmapamMeTrpa, 4ToOBl KaK-TO MOXHO OBLIO TOBEPSATh BEPOSTHOCTHOMY
OMHCAHUIO, TOJYYEHHOMY C MOMOIIbIO MPUEMOB MaTeMaTU4YECKON cTa-
TUCTHUKHU.

C nalOnrojaeHueM mapaMeTpa CBs3aHa 3aMeHa 3JIEeMEHTa, YCTpPOM-
CTBA WJIM peajnu3aluu TEXHOJOTUYEeCKOTro Mmpouecca.

2.6.2. TpeOoBaHus, NpeabsiBJsAeMble
K OIleHKaM nmapaMeTpoB

JIro6boe 3HaueHHE TMapaMmeTpa, MNOJYYEeHHOE Ha OCHOBE oOrpa-
HUYEHHOTO YHCJIa HaOJMIOJCeHUN, Ha3bIBAIOT OICHKOW mapameTrpa. Ha-
MpUMEpP, B KAYECTBE OIEHKM MAaTEMAaTHYECKOTO OXHUJAHUS mapamMeTrpa
HCIIOJIB3YIOT CPEJHEE 3HAUYCHHE.
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Pa3znuyaroT ToueuyHble U UHTEpBajdbHbIC OLlCHKU. ToyedyHOW Ha3bI-
BAaIOT TaKyl OIEHKY, KOTOopas MNpeaACTaBIsSeTCS OJHUM YHCIOM, T.€.
TOYKOW Ha 4YUCIOBOM ocu. UHTepBaJbHOW HA3BIBAIOT OICHKY, MpEH-
CTaBJEHHYIO MHTEPBAJIOM 3HAUCHUMH.

K omenkam mpenbsaBIsSIOTCS CIENYIONMIME OCHOBHBIE TPeOOBaHUS:

a) ¢ yBEJIMYCHHEM YHCIa HAOTIOJCHUN OIMEHKA mapaMeTpa JTOJIK-
Ha NpUOIUKATHCA K UCTUHHOMY €ro 3HaueHUio. OIeHKY, OTBEYAIYyI0
3TOMY CBOMCTBY, HA3bIBAIOT COCTOSTEIBHON;

0) BBIUMCIISAS OLIEHKY MHapaMeTpa, Mbl JOJKHBI ObITh yBEpEHBI B
TOM, YTO 3aBE€JIOMO HE COBEpIIAeM OMUOKY B CTOPOHY YMEHBIICHUS UIH
yBEJIHUUYEHUS OIEHKHU, T.€. JOJKHBI OBITh YBEpPEHBI B OTCYTCTBUU CUCTE-
MaTudyecko omubku. OieHka, oTBe4YawIIas 3TOMY CBOWCTBY, Ha3bIBa-
€TCS HECMEICHHOM;

B) pPacXOXJEHHUS MEXIy OIlleHKaMU mapaMeTpa, MOJACYUTAHHBIMU
o pe3yJibTaTaM n HAaOJIIOJEHUN, B3ATHIX U3 JIOOOTO0 ydacTKa TEOpPETH-
YeCKM BO3MOXHOTO uucyia HabOmwoaeHud N, NOJKHBI ObITh MUHUMAIb-
HBIMU. J[pyruMu cioBamMu, JOHUCIEPCUS OIEHKH JOJKHAa OBITh MUHH-
ManpHON. OIEHKY, OTBEYAIOI[YI 3TOMY CBOWCTBY, Ha3biBaioT 3} dek-
TUBHOM.

2.6.3. OnpenesieHne TOYEYHBIX OIEHOK MATEeMATHY€eCKHX
0KMJAHUN U CPEIHUX KBAJAPaTHYECKHUX
OTKJOHEHUH mapaMeTpoB

[IycTter mpousBeacHO n HAOMIOJCHUN mHapaMeTpa X MW IOJYyYEHBI
3HAYEHUSA X|, X3, ..., X,. ONpeaearM TOYCYHYIO OIEHKY JJs MaTeMa-
THYECKOTO OXKHUIAAHHUS U CPEAHEro KBaApaTHUYECCKOTO OTKJIOHEHHS 3TOTO
nmapamMeTpa, MPHUUYEM OICHKH JOJIKHBI OTBEYaTh yKa3aHHBIM BBIIIE TpE-
OOBaHUSM.

N3 Teopum BEPOATHOCTEH HM3BECTHO, YTO TaKHE OICHKH MOTYT
OBITh MOJCYUTAHBI C TOMOIIbIO BBIPAKCHHUU

n

2
M (x)=2_; (2.16)
n
Sl —u* ]
o (x)=\*=! — . (2.17)

3nech, a Ipu HEOOXOAMMOCTH JAajee, OUEHKH OyAyT moMedarbes
3HaKoM * HaJg 000O3HAYEHHEM MapaMeTpa UM XapaKTePUCTUKHU.

Benuuuny (n - 1) B 3Hamenarene gopmynsl (2.17) Ha3bIBAlOT UHO-
r71a YUCJIOM CTEMEeHEW CBOOOBI.
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2.6.4. OnpenesieHre HHTEPBAJbHBIX OLIEHOK MAapaMeTPOB

B mHXeHepHOU NpakTUKE HEPEIAKO BO3HUKAET BONPOC O TOYHOCTHU
U HaJECKHOCTU OLEHKU. g oTBETAa HA 3TOT BONPOC IMOJB3YIOTCSA TAKU-
MU IOHATHUAMHU, KaK JOBEPUTEIbHBIA UHTEPBAJ U JOBEPUTEIbHAsA BEPO-
ATHOCTD.

I[lon nmoBepuUTENbHBIM HWHTEPBAJIOM NOHHMAKT JAHAINla30H 3Haye-
HUM, B KOTOPBIM C 3aJaHHOW BEPOATHOCTHIO NMOMNANAaET UCTUHHOE 3HAYe-
HUE MmapaMeTpa. YKa3aHHYI BEPOSTHOCTh HA3bIBAKOT JOBEPUTENBHOM.

Ecin MBIl HalileM TOBEPUTENBbHBIM UHTEPBAJ, TO TEM CaMBbIM YKa-
KEM HMHTEPBAJIBbHYIO OLEHKY mapameTpa. [lokaxkem, Kak 3TO aenarb, HA
IpUMepe MATEMATUYECKOTO OKUJAHUS ITapaMeTpa.

IIyctp mosiyyeHa ToYedHas

I OIlCHKAa MaTeMaTHYE€CKOIo OXHupaa-
N —
A A D) Hus mapamerpa x. O003HAYUM OTY
& 3l *
- | OLIEHKY Kak M (x).
N4 o
OBECPUTECIbHBIN HHTEpBal
My M M M /losep P

CTPOSIT OOBIYHO CHUMMETPUUYHBIM

Puc.2.20. K onpejeenuio OTHOCHTE/IbHO  TOYEYHOM OLECHKH
HHTePBAIbHO OHEHKH M (x), xak moka3aHo Ha puc.2.20.

31ech TPUHSITH CIEAYIOIIHUE

0003HaUYEHUS:

M® - TodeuHas OIEHKAa MaTEMATHYECKOTO OXKHIAHHUS pac-
CMaTPHUBAEMOTO TapamMeTpa; AJs MPOCTOTHI 3aMUCH 3HAK X
OMYIIEeH;

M  — UCTHHHOE 3HAUYEHUE MATEMATHYECKOTO OXHUIAHHUSL,

M, ~— HWXHSS TpaHHIA JOBCPUTECIHLHOTO HHTEpPBAJa;

M, — BepXHSS rpaHUIla TOBEPHUTEIBHOTO UHTEPBAJA;

]/, ~— IOBEPUTEIbHBIN MHTEPBAJ, COOTBETCTBYIONUI TOBEPUTEIH-

Y
HOU BEPOATHOCTH Y;
A~ paccTosHME OT TOUYEUHOU OLeHKH M 10 IpaHHIl JOBEPHU-
TEIbHOTO UHTEPBAJIA.
JIoBEpUTEIbHBIM UHTEPBAJ I OOBIYHO BBIPAXKAIOT KaK

I}/:{MH;MB}:{M*—A;M*+A}. (2.18)

Ecim MBI ero HaiaeM, TO Te€M CaMbIM YKaXX€M HHTEPBAJIBbHYIO
OLIEHKY JUII MAaTEMAaTUY€CKOTO OXHJIaHHUA.

Jliis onpeneneHuss JOBEPUTEIbHOIO HHTEpBana /, Hajl0 3HATHh 3HA-
yeHue A. [ ee HaX0XKAEHUS BOCIOJIb3yeMCs CIEAYIOIMUM IPUEMOM.

N3 teopunm BEPOATHOCTEM HM3BECTHO, YTO Ja)Ke IPU YUCIE HA-
onronenuid n crpemsamemcs kK 10-15, 3akoH pacnpeaeneHUss OLEHKH
M’ (x) 6nu30k K HOpManTbHOMY (puc.2.21).
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Hpe,ZICJ'IBHBIMI/I OTKJIOHCHHUAMHU

A /E\A OII€EHKHU MATEMaATHUYECKOIO OXHujga-
>ie HUsA 6yz[eM cyuTarb TOYKH, OT-

cTosjsmuc OT paCC‘{HTaHHOﬁ TOYCU-

A 4

A

o *
HOW omnenku M (x) Ha 3HaYeHHE

> :I:3G(M*j, rz:ecs(M*j— CpeaHEEK-

OreHKa MaTeEMaTHIECKOIO OXKHIaHUS

BaApaTUYCKOC OTKIIOHCHUC OLCHKH
MAaTCMAaTHYCCKOT'O OKHMAaHU.

Puc.2.21.1110THOCTH pacnpeaeieHust
OLIEHKH MATEMATHYECKOI0 0KUIAHNS

[ToaTOMY MOXHO 3amMCaTh

Azsc{M*j. (2.19)

%
N3BecTHO, uTO g 6(M ), cnpaBeAJIuBO BbhIpaxeHue [7]

%
* o (x
oMy~ (2.20)
Jn
rge o (x) — TOYeyHas OLEHKa CpEeIHEro KBaJpaTUUYE€CKOTO OTKIOHEHHUS

paccMaTpuBaeMoro napameTpa Xx.

%k
3ameHuB B BhIpaxeHuu (2.19) G(M )ee OLIEHKOW, ONpenensieMou

dbopmymnoii (2.20), monydyum
o (x)

A=3 ;
N

1

k *
= M*—3O-\/(_)C);M*+3O-\/(_x) | 2.21)
n n
Tak kak Mbl BOCIOJB30BAJHUCh "MpPaBUIOM TPEX CHUIrM'", TO 3Haue-
HUE A, a cIeJ0BaTEeJbHO U JOBEPUTEIbHBI UHTEPBAJ TapaHTUPYIOTCS C
BepOATHOCTHIO ¥ = 0,9973. B MHKEHEPHOU NPAKTUKE MOTYT MCIOJIB30-
BaThCs U APYyTrUe 3HAYEHUS BEPOSITHOCTHU Y, a uMeHHO: ¥ = 0,9, vy = 0,95.
[TosTomy B 00miem Buae A MOXeT OBITh MpeACTaBleHa KakK

%
o (x)
:Z‘,Y—,
Jn
— K03$UIHEHT, 3aBUCSIIIUN OT NOBEPUTEIbLHONU BEPOSITHOCTH Y
(tab6n.2.3).

A (2.22)

rae t,
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Ta0Onuua 2.3
3HadeHune KodppunueHTa f, B 3aBUCHMOCTH OT BEPOATHOCTH Y
Y 0,8 0,85 0,9 0,95 0,99 0,9973 0,999
ty 1,282 1,439 1,643 1,960 2,576 3,000 3,290

OToT KOA(h(UIMEHT MOKa3biBaeT, KaKO€ KOJMYECTBO BEIWYUH

%
G(M j — 1,282; 1,439 u T.A. — HaJ0 OTJOXUThH BJIEBO W BIpPaBO OT TO-

o %
Ye4yHOU ONEeHKH M , 4TOOBl BEpPOSITHOCTH MOMAaJaHUs UCTUHHOTO 3Haue-
HUS MaTEMaTUYECKOTO OXHUJAaHUS B MOJYUYEHHBIM Nuamna3oH Obljia paBHA
BEPOATHOCTH Y. B 0bmem ciaydae KoappuuueHT £, Ompenensercs Kak

1+
ty :argCD(TY), (2.23)

rae argCD(...) — apryMeHT cTaHgapTHoW (GyHKuuu D(...) HOPMAJIBHOTO

pacmnpenelnenus, Ais KoTtoporo cama ¢yHkuus D(...)
NpUHUMAET 3HAUE€HUsI, YKa3aHHbIE B CKOOKax.
Hanpuwmep, ecau ®(1,64) = 0,95, to argd(0,95) = 1,64.
B oxoHYaTenbHOM BHJI€ HMCKOMBIM JNOBEPUTEIBbHBIM HMHTEpBAX [,
CIIE0OBATEIbHO, U UHTEPBAJIbHAA OL[EHKA MAaTE€MaTU4YE€CKOTO OXHJIaHHS,
MOXET OBITHh 3allMCaHa B BUJE

o (x)

Jn

DV T I N €98
Iy:(M ~A M +A)—[M - 1,72

M+, } (2.24)

Ipumep 2.2. [IpousBeneHo usMepeHue mnapamerpa hpj, AECITHU
Tpan3uctopoB Tuna KT602A. PesynbpTarsl npuBeaeHbl B Ta01.2.4.

Tabnuua 2.4
PesynbTaTel u3mMepeHuil mapameTpa Az,
Homep 1 2 3 4 5 6 7 8 9 | 10
SK3EeMILIsIpa
Note 39 32 57 38 44 34 63 46 50 47

TpeOyeTcss HATH TOUYEUHYIO OI[€HKY MAaTE€MaTH4YeCKOTO OXHUJaHUS
BEJIIMYUHBl hy;, WU TOCTPOUTH JOBEPUTEIbHBIH HHTEpPBaj, COOTBET-
CTBYIOIIHNA AOBEPUTEIbHOU BeposTHOoCcTH ¥ = 0,95.

Pemenue. [To popmyne (2.16) umeem

39+32+...+47:
10

M (hy,)= 45 .
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[lo dgopmyne (2.17) BEIYHCISIEM HECMELMIECHHYIO OLEHKY O (f21.):

~9.85.
10-1

ITo Ta6:n1.2.3 nng y = 0,95 naxoaum ¢, = 1,96. JloBepurenbHbie
TPaHUIIBL;

S ()= \/(39_45)2 +(32-45)% +..+ (47 45)°

9,85

M, =M"(hy,)-t, S i) _ 45196

~389:
Jn J10
M, =M ()41, 2020 _ 454196235 <511,

Jn V10

CnenoBaTenbHO, JOBEPUTENbHBIM MHTEpPBaJ (MHTEpPBaJbHAS OLEH-
Ka) AJs1 MaTEMAaTU4YE€CKOT0 OKHUJIAaHUS mapaMeTpa hyg,:

I, = (38,9; 51,1).

2.6.5. OnpenesieHue TpedyeMoOro 4yucJa
Ha0JI0leHUIl mapamMeTpa

Ha nmpaxTHKe 4acTO BO3HMKAET BOIPOC, KAKOE YUCIO0 HAOIIOAEHHUH
mapamMeTrpa X HaJ0 HMMEThb, 4YTOOBl ONpENENHTh CPEJHEE 3HAUYCHHUE
(OLIEHKY MaTeMaTH4€CKOr0 OXHIAAHHS M*(x)) ¢ omuOKOH, He mpe-
BRIINAIOIEH 3aJaHHOTO 3HAYeHMs €. JIAg OTBETa HA DTOT BONPOC INPH-
MEM THIOTE3Y O HOPMalbHOM pacHpenelcHUU OLEHKU M*(x) U BOC-
NnoJib3yeMcs paHee mojJyueHHou popmynoit (2.22).

G (%)
" In

Bo3Bens o6e yacTtu 3TOTO BBIpa)XKEHHUS B KBaJpaT, MOXHO TMOJY-

A=t

YUTh
2 2
o7 (x
Zy—(). (2.25)
AZ
B stom cnyuae A = & — pomycTtuMmas omuOKa B ONpEIEICHUU

CpeHEro 3HaueHMs mapameTpa, T.e. Pa3HUIA MeXAy oueHkod M (x) u
MCTUHHBIM 3HAY€HUEM MaTEMAaTH4EeCKOro oxumanus M(x), koTopas ee

JOTMyCKaeTCs.
Ha nmpaktuke 3T0#l hopmMylioi cienyeT Mojab30BaThCs CIEAYIOIIUM
obOpa3oM:
a) ecau o(x) M3BECTHAa aNpUOPHO, TO 3HAS BEPOATHOCTh ) U
omubKy €&, GOpMYyJION MOXHO BOCIOJL30BaThCS Cpazy W ONPEACTUTH
TpedyeMoe 4uclio HaOMIOIeHHH;
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0) ecnu 3HadeHHE O(X) aIPUOPHO HE HM3BECTHO, TO BBIMNOJHSIOT
HEKOTOpOE YHCJIO HaOJNIOJAECHUN mapaMeTpa n;, NOJACYUTHIBAIOT OIEHKY
o' (x) U MpOBEpPSAIOT, BHIMONHAIOTCS T yciaoBue (2.25). Ecnu ycmosue
BBIMIOJHAETCS, TO MPOBEJEHHOE YMCIO HAOJNIOAEHUN 71| yXKe JA0CTaToy-
HO, B MPOTHUBHOM CJIydyae BBIMOJHSIIOT JOMOJHUTEIbHbIE HAOTIOICHHUS,
YTOYHSIOT 3HAYCHHE G (X) H CHOBAa MpOBepsioT yciosue (2.25). Tak mo-
CTyHarT A0 T€X NOp, NOKA 3TO yCIOBHE HE OyAET BBHIIIOJIHEHO.

Ipumep 2.3. OnpenenuM, KaKOe YUCIO HAOTIOJEHUA HAA0 UMETH,
4yTOOBl TapaHTUPOBATh CpeaHEe 3HaueHue KoA3(Pp(PUIMEHTa YCHIECHHSA
TpaH3ucTOopa B ¢ mOorpemHOCThI0 He Oosee 5 equnuil. [lo TeXHUYECKUM
yCIIOBUSM Ha TpaH3ucCTOp nanHoro tuna 3 = 20...80.

Pemenmue.

1. 3apmaemcs JOBEPUTEIbHOW BEPOSITHOCTHbIO, C KOTOPOH Oyner
rapaHTUPOBATHCS CpeJHee 3HaueHue Kod(pPUIMEHTAa YCHUJIEHUS TpaH-
suctopa . Beibupaem y = 0,95; torna ¢, = 1,96 = 2.

2. Tak xak 3aKOH pacupeAejeHUs BEIUYUHBI  HE HU3BECTEH, H
0e3 MpoBeJEHUS IKCIEPUMEHTA 3aTPYAHUTEIbHO BBIJBUHYTH TMIIOTE3Y
0 3aKOHE€ pacnpeaeieHus, OyaeM HUCXOAUTh U3 Xxyaumero cinyyas. [lo-
3TOMY AJsl BEJIMYUHBI 3 MPUMEM THIIOTE3y O paBHOMEPHOU MOJENH.

N3 ycnoBusa 3agauum caenyetr a = 20, b = 80. Onpenenum 3Haue-
Hue o(fB), ucnonw3ys popmyny (2.13). ITonyuum

b—a 80-20
G(B): = 217,3.
2J3 243

3. Ilo ycnoButo 3anaum ¢ = 5. [Ipumenss dopmyny (2.25), mo-

AYIUM

2 2
nZ%z48.
5

2.6.6. Ounenka ko3¢ PpruuMeHTOB NAPHOW KOPpeJasiUHA

B TexHuMuyeckoM JOKyMEHTAUMU Ha DBJIEMEHThI, YCTPOWUCTBA U
TEXHOJIOTUYECKHUE mporecchl MHPopmamus o koddduuueHTax Koppe-
JSUU, KaK MpaBUjio, OTCYTCTByeT. llpu pemieHUW MHXKEHEPHBIX 3a-
nay UX ONpeAeNsiioT dKcmepuMeHTalbHO. [Ipu 3TOoM Asis OOJbIIMHCTBA
3ajlady NpUEMJIEMO HCIOJb30BaHUEe KodhduuueHTa JIUHEHHOU Koppe-
asuuu. Ilo pe3yinpraTtam HaONI0OAEHUN OUEHKY 3TOMY KOA(GUIUEHTY
MOYKHO J1aTh C NOMOIIBIO BBIPAXKECHUS

M=

M e~ ()
r, == —— : (2.26)
(n—Do" (D)o (2)

rac x, z — pacCMAaTPHUBACMBIC ITAPaAMCTPHI,
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Xi,Zi — 3HaYE€HHUE MapaMeTpa X B i-M HAOIIOJEHUU H
COOTBETCTBYIOIIEE 3TOMY HAOJIIOJECHHUIO 3HAYE-
HUE MapaMeTpa z;

M'(x), M (2) — OUEHKH MAaTeMAaTHUYECKUX OXHUJAAHUMN mapamer-
pPOB X U z;

o (x), o (2) — OIIEHKHM CPEeJHUX KBAJAPATUYECKUX OTKJIOHEHUMU
nmapamMeTpoB.

n — Y9UCJI0 HAOJTIOJEHUN TapaMeTpPOB.

C i-m HaOnOIeHHEM Mapbl NapaMETPOB CBI3aHBl AK3EMILIAD 3J€-
MEHTa, YCTPOMCTBA UM peanu3alus TEXHOJIOTHYECKOTO Mpouecca.

Tak kak 4yuciI0 HAaOMIOJEHUNW n OTPAaHUYEHO, TO HA MPAKTUKE BO3-
HUKAeT BOMNPOC, HACKOJBKO MPAaBOMEPHO B JaJlbHEMIIUX HHKEHEPHBIX
pacdeTax MOXHO MOJb30BaThCAd MOJYUYEHHOU OLEHKOW Kod(pduuumenra
KOppEsILuu.

Jlns oTBETa Ha HEro BBINOJIHAIOT MPOBEPKY CTATUCTUYECKOW 3Ha-
4YUMOCTH (B AajbHEHIIEM NPOCTO 3HAYUMOCTH). DTO O3HAUAET BHISICHE-
HHUE, 3a CUET 4Yero oLeHKa Kod(pdunueHTa KOoppeasLuu 0Ka3aloch OT-
AUYHOM OT HYJA: 3a CYET OTPaHUUYEHHOCTU yHcia HaONIOJEHUU, T.e.
CllydyaWHBIX NPHUYHUH, JTUOO 3a CYET TOTO, YTO 3TO OOBEKTHUBHO HMEET
MECTO.

[IpoBepKy 3HAYUMOCTH KOIPPHULIUEHTA KOPPENAHUHU BBIMOIHAIOT
N0-pa3HOMY, B 3aBUCHMOCTH OT 4YHCJIa HAaOJIOJAECHUH Map mapaMeTpoOB.
[Ipu yucne HaOnwaeHUd n > 50 NPUHUMAKOT THUIOTE3yY O HOPMAJIbHOM
pacrpeaeleHNH OLEHKH F , MOCKOIBbKY A0KAa3aHO, 4TO mpH n > 50 5Ta
runoTe3a, Kak mpaBuiio, padboTaer.

3aTeM CTPOSIT AOBEPUTENbHBIH HMHTEpPBaJ, CAMMETPHUYHBIA OTHO-
CHTEIbHO PACCYMTAHHONH ToueuHO#l omeHku 7 . Jlng kodpduumenta
KOPPEJSLUU €ro ONpeaesloT Kak

*®

I,=(r" -to,; r +1,0,), (2.27)

I yore

r1e G, — CpedHee KBaJgpaTHUYeCcKoe OTKJIOHEHHE Kod(pduuumeHta Kop-
pensiuuu, paBHOE

#\2
) .

o N

t, — ko3 duuueHT, 3aBUCIIIUN OT JOBEPUTEIbHOU BEPOSITHOCTH Y.

[TocTpouB NOBEpUTENBHBIN MUHTEPBAJ, NPOBEPSIOT, MOMATAET JU B

3TOT MHTEepBal Touka r» = 0. Eciim na, To HET OCHOBaAHUM OIEHKY KOA (-

bunMeHTa KOPPEASIMH CUUTATh 3HAYUMOW, MO0 OTIMYHOWU OT HYISA C

BEPOSTHOCTHIO Y OHA OKa3aljlach 3a CYEeT OTPAaHMUYEHHOTO YHcIa HaOJIo0-
JIEHUM.
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[Tpumenss popmyny (2.27), He0oOXOAMMO MOMHUTH, YTO 3HAYCHU S
JOBEPUTEIbHBIX TpaHUI] AJSI BEHIOOPOUYHOTO KOd(h(PUIMEHTa KOPpPEASAIUU
no abconmOTHON BeauuuHe (MOAYIIO) orpaHudeHbl enuHunei. Kpome
TOTO, CIeIyeT 3HATh, 4TO NpubImkeHue (2.28) NpH 3HAYCHUSIX F
Onu3kux K £1, sBusiercsa BecbMma rpyosim [8, 9].

Ipumep 2.4. Ilytem o6pabotku mo Gopmyne (2.26) pe3ylibTaTtoB
U3MEpPEHUI map nmapamMeTpoB /i, U B MECTUIECATH TPAH3UCTOPOB THIIA
KT315b nonyuena ToueuHas oleHka kodpdunuenta mapHod Koppemns-
AU ITUX ITapaMeTpoOB r’ =0,56. TpebyeTcsa nathb OTBET Ha BOMPOC O
CTATUCTUYECKON 3HAYUMOCTH KOXPPHUIHMEHTA KOPPEIsUUU HpU 3Haye-
HUU JOBEPUTENbHOU BepodaTHOCcTH ¥ = 0,95.

Pemenue.

1.ITo ta6n.2.3 nas y = 0,95 naxonuwm ¢, = 1,96.

2.ITo popmyne (2.28) onpenensgseM cpeaHee KBagpaTuuecKoe
OTKJIOHEHHE KOd(hUIMEHTa KOPPEIAIUU

1—(r*)z _1-0,567
Jno 60

3.ITonb3ysch BeIpaxkeHueM (2.27), BEIUUCISIEM HUXKHIOW 7y H
BEPXHIOIO 7, TPAHUIIBI JOBEPUTEIBHOTO UHTEPBaNa Mg KodhduiuenrTa
KOppensiuuu

G = ~0,09.

r,=r —t,6,=0,56-196-0,09=0,38;

rg=r +t,6,=0,56+1,96-0,09=0,74.

Torga 1OBEpUTENbHBIA HHTEPBA
17 =(0,38; 0,74).

Tak Kak MOJYYEHHBIM MHTEpBaj HE COAEPXKUT Touku r = 0, To ¢
JOBEPUTEIBHON BEPOATHOCTHIO ¥ = 0,95 Hanmnuue KOpPENALUOHHOU 3a-
BUCHUMOCTH MEXJAYy HUCCIEAyEeMbIMH NapaMeTpaMHu CUUTaeTcsad JJAoKa-
3aHHBIM, M 3HaueHUeM KodpduuueHra koppensauuun r = 0,56 MOXHO
I0JIb30BAThHCS B pacueTax.

IIpu n < 50 paccMOTpEHHBIN NPUEM OLEHKHU 3HAYMMOCTHU KO3 du-
HUEHTa KOppeJasiluu OKa3blBaeTcs AO0CTaToyHo rpyosiM. Ilostomy mpu
r*

n < 50, a TakXke B clydyasx, Korga — 1 monb3ywTcsa npeobpa3ona-

HHUCM @Hmepa, onpcaACIACMbBIM KaK

Pl ey, (2.29)
2 1-r




40

s npoBEepKU 3HAYUMOCTH KOd(dUIMEeHTa KOpPEIssMU BHaYale
ONpEeNeNIA0T NOBEPUTEIbHBIN HHTEpBAT 1 F:

I§F)= F-topF+top |, (2.30)
Iy Iy

rIe op — CpelHee KBaApaTHUYECKOe OTKJIOHEHHUE F.
dumep nmokaszaji, 4yTo

(2.30)

3Has AOBEpPUTENbHBIH HMHTEPBaN F, ¢ MOMOIIBI OOPATHOTO Mpe-
ob6pa3zoBanusa dumepa HaAXOAAT NAOBEPUTEIbHBII HHTEpPBAJ s KO3(P-
unueHTa Koppensauuu

r, =th(F,);
r, =th(F,).

[Ipu pemeHuHn NMpakTUUYECKUX 3aJlad MOXHO IMOJIb30BaThCs TalJIU-
neil 3HaueHuit npeodbpazopanus @umepa (tadn.I11.2, npun.l).

IIpumep 2.5. UccaenoBanoce 12 3x3eMIIIIpoB TPAaH3UCTOPOB TH-
na KT603, u Obula ompeaeneHa TouedyHas OIlEHKa kKodpdumueHta nu-
HEMHON Koppensauuu Mexay napamerpamMu [y U BpeMEHEM OTKa3a
TpaH3HuCTOpa fy. DTa OLICHKA MPUHATA 3HAUYCHHUE r=-0,66. Tpebyercs
BBISICHUTH, NPaBOMEPHO JHU B JAalbHEWIIMX pacyeTax IMOJb30BaThCA
9TOU OLIEHKOM.

Pemenue.

1.Tak xak n < 50, To Bocmojab3yemcs npeoOpazoBanuem dumiepa.
MOXHO IOJIYy4YHUTH

F =arth(r" )= arth(~ 0,66) = ~0,79.

2. IlogcunThiBaeM CpeiHEE KBAAPATUUYECKOE OTKIOHEHUE F'

I S |
Jn-3 J12-3
3.3apaeMcs 3HAaUYEHHEM JOBEPUTENbHONU BEepoATHOCTU. Bribepem

y = 0,95. Ilo Ta6n.2.3 maxonum nas y = 0,95; ¢, = 1,96.
4.TlogcuuTaeM HUXKHIOK JTOBEPUTEIbHYIO TPaHUIY

F,=F-t06;,=-0,79-196-033~-1,44.

o ~0,33.

S5.Jundg 3HaueHua F, TONy4YUM

F,=F+t,6, =—0,79+1,96-0,33 ~ ~0,14.
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6. OmnpenensieM HHUXHIOIO U BEPXHIOI JOBEPHUTEIbHBIE T'PAHUIBI
i KO3 PUIMEeHTa KOPpPEeaIUHU

r, =th(F,) = th(-1,44) ~ —0,89 ;
r, = th(F ) = th(-0,14) ~ —0,14 .

7. llpoBepsiemM, momajgaeT A B
NOCTPOCHHBIA JAOBEPUTEIbHBIN WH-
TepBal Ans Kodpdunmenta xoppe-
JSHUUA TOYKA CO 3HAYEHUEM
r =0 (puc.2.22).

N3 puc.2.22 BUAHO, 4TO KO-
GUIMEHT KOoppeasiuu B JaHHOM
cly4yae 3HA4YUM TIpPU JOBEPUTEIb-
Hoil BepositHocTu Y=0,95. Cneno-
BATENBHO, €r0 TOYEUHOH OIeHKOH r = —0,66 MOXHO IOTb30BATHCS B
NajJbHEUIIUX pacyeTax.

Puc.2.22. K onpenesieHu10 3Ha4YMMOCTH
K03 duuueHTa Koppeasinuu

2.6.7. OnpenejieHue 3aKOHOB pacnpeaeJeHU
napaMeTpoB HAa OCHOBE ONBITHBIX JAHHBIX

Buaavyane nonay4yamlT CTAaTHCTUYECKYK COBOKYMHOCTh H3 1 Ha-
ON0leHUN MHTEpECYIIIero napaMmerpa, HaupuMmep x, JAJig 4ero y n JK-
3eMIISIPOB (BHIOOPKHM) OJHOTUIHBIX DJIIEMEHTOB (U3JENUN) H3MEPAIOT
3HaYe€HUE UHTepecywmero mnapamerpa x. XKenarenawbHo, 4TOOBI
n > 60-100. lanee, oOpabaTpsiBasi CTaTUCTUUYECKYIO COBOKYMHOCTh, OI-
peNeSI0T OLEHKH MAaTeMaTHYeCKOTO OXumaHus M (x) W AHCIEPCHH
D’(x).

3aTeM CTpOST cTaTUCTUUYECKUU psaa. Has 3Toro Bech aAMamna3oH
HaOMOJaeMbIX 3HAYEHUUN MapaMeTpa X pa3OMBAOT Ha k WUHTEPBAJIOB U
JUTSL KaXXJO0T0 U3 HUX ONMPEAEHSIOT 3HAUECHUE

m; .
pi=—t; i=12,., k; k>4, (2.32)
n
rae p;, — 4YacToTa, COOTBETCTBYIOMAS i-My UHTEPBAIy;
m; — YHUCIIO HAaOJIOJEHUU mapaMeTpa X, NPpUXOAAUUXCs Ha I-U

UHTEpBAJI.

Nuorma B nauTeparype MmO NPUKIATHOM MAaTeMAaTUYE€CKOU CTaTH-
ctuke [10] c0OBOM 4acTOTa Ha3bIBAIOT BEJWYMHBI M, a JJIS p, YNOT-
pe6ISAI0OT TEPMUH YacTOCTh. B nanbHeleM A BEIUYUH p, MBI OyaeMm

UCIOJB30BaTh TEPMHUH YACTOTA, paccCMaTpUBAEMbld KaK CTAaTUCTHUYE-
CKHU aHAJIOT BEPOSATHOCTH NONAJaHUSA IapaMeTpa B i-d UHTEpPBaJl.
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[IpubnukeHHOE YMCIO HMHTEPBAJIOB PEKOMEHAYETCS ONpeneisiTh

no npasuny Crépmxeca [11]
k=1+332lgn,
npu n > 50 xenareabHO 00€CNEYUTh YCIOBUS
T7<k <20, m=5,i=1,2, ..,k

CyMMa 4acToOT BCEX MHTEPBAJOB JOJKHA OBITH paBHA €AUHUILE.

CtposT Tabnauiy, B KOTOPOM MPHUBOAAT UHTEPBAJBl B MOPAIKE HX
pacmoyioxeHus (BAOJIb OCH abCIIMCC) U COOTBETCTBYIOIIUE HMHTEpPBaIaM
qacTOoTHI (Tabm.2.5).

Tabnuna 2.5
CraTtuyeckui psa
WNurepBaun, /; X1,X2 X2,X3 Xi, Xk+1
* * * *
D; D P> P

3nech I; — o003HAaUYEeHHUE i-TO WHTEpBAJa; X;, X;+; — TPAHHUIBI [-TO
uHTepBana, i =1, 2, ..., k.

[TonyuyeHHYI0 TaOIUIy Ha3bIBAIOT CTaTHCTUYCCKHM psigoM. Jlanee
cTposaTr ructorpammy. Ilo ocu abcmucc OTKIAABIBAKOTCS WHTEPBAJIBI H
Ha KakJIOM M3 HUX, KaK Ha OCHOBAHWUHU, CTPOMTCS MPAMOYTOJbHUK, BhI-
coTa KOTOPOTO

_ D

XX 1
177+1 .
xl-‘r

: (2.33)

rae (x;+; — x;) — LIUpUHA [-TO UHTEpBAaJa.
Yno0HO BbIOMpATh paBHBIE HHTEpPBabl. B 3TOM ciydae BBICOTHI Mmps-
MOYTOJIbHUKOB THCTOTpaMMbl IPONOPUHOHAIBHBI COOTBETCTBYIOIIUM 4Yac-

%
totaM p; (puc.2.23). Orubaromas JUHUS THCTOTPAMMBI MOXET paccmar-
AL () puBaThCs Kak CTaTH-
p; /\( CTHUYECKUI aHajgor
P / P4

NJOTHOCTU pacIpeae-

RN

AN
yd

/S

N
\

X

/%/

Y Y

X1 X2

WNurepBan [,

X3 X4

I

X5

14

X6

Is Is

Puc.2.23. I'ucrorpamma pacnpeaeieHust
napamMerpa

0 JEHHs apaMeTpa.
* IIpu yBenuyeHuu n

MOXXHO BBIOHMpATh BCE
0onee y3Kue MHTEpBa-
ael. [Ipu 3TOM ructo-
rpamma  OyaeT  Bce
onmxxke K  rpaduky
GYHKIUH  TUIOTHOCTH
pacmpenelieHusl Tmapa-
Metpa x (puc.2.23).
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Ecin anpuopHO M3BECTEH BHUJ 3aKOHA paclpelesieHUus, MocTpoe-
HUE TMCTOTPAaMMBbl MOKHO HE BBIMOJHSATS.

[Tonp3ysich MaHHBIMHM CTaTUCTHUYECKOTO psaa (tabn.2.5), MOXKHO
NpUOTMKEHHO MOCTPOUTH M CTATUCTHUUECKYIO PYHKIUMIO pacupeaeeHus
napametrpa x. Jas mpakTUKU OOBIYHO TOCTAaTOYHO 3Ty (PYHKIMIO TO-
CTPOUTH MO HECKOJHLKHUM TOUYKAM, B Kau€CTBE KOTOPBIX YAOOHO MUCHOIb-
30BaTh TPaHUIBI X|, X;, ... HHTEPBAJIOB.

Torpa oueBUAHO

F*(‘xl) :Oa
F*(xz) :Pf’
F'(x;)=p; + D3,
(2.34)

* k=1 *
F (xk): ép, 9

* k *
F (xk+1) = ;pi =1.

CoenuHsiga MOJYYEHHBIE TOYKH JOMAaHOW JMHHUEH UM MJIAaBHOWU
KPUBOW, MOJYYUM MNPUOITUNKEHHBIN TpapuK CTATUCTHUYECKOW (PyHKIHUHU
pacnpenenenusa (puc.2.24).

Bo BCSKOM CTaTHCTHYECKOM pachpeeieHUN HEU30€KHO MPUCYT-
CTBYIOT 3JIEMEHTHI CIY4alWHOCTH, CBSI3aHHBIE C OTPAHUYECHHBIM YHCIOM
usMepenuit (Habnroaenuit). [loaToMy mpu craTucTudecko oOpaboTke
MaTepuaga 4acTo MPHUXOMUTCS pemaTh BOMPOC, KaK moaoOpaTh Teope-
TUYECKYK KPHUBYIO pacrnpeesieHus, BbhIPaXKalIyKw JTUIIb CYI[ECTBEH-
HBI€ YEPTHl CTAaTUCTUYECKOTO MaTepuaja, HO HE CJIYy4alWHOCTH, CBS3aH-
HbI€ C OTPAaHUYEHHBIM O0BEMOM DKCIEPHUMEHTANbHBIX JaHHBIX. Takyio

3ajady Ha3bIBAlOT 3ajadyei
__ BbIpaBHUBAHUA WU CTjia-
KUBAHUS CTATUCTUYECKUX
panos [7].
B HekoTOpBIX cayuasax
BHUJI TEOPETUYECKON KPUBOU
BbIOMpaeTcs 3apaHee, Ha
OCHOBE€ aHaliu3a CYU[HOCTHU
3ajauyu, B JAPYrux ciaydasx
,— 10 BHENIHEMY BHUIY CTa-
X1 X X3 X4 Xs X6 X7 X THCTHYECKOIO pacmpenene-
HUusi. OOBIYHO B MOCIEAHEM
ciaydae NOJB3YOTCS

Puc.2.24. I'pauk craTucTu4eckoit pyHKuumn
pacnpeaeaeHust
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TUCTOTpaMMOM: Mo rpad@uKy CTATUCTHUYECKONW (QYHKIMU pacupeaeeHus
(puc.2.24) B OONBIIMHCTBE CJy4YaeB TPYAHO CKa3zaTh YTO-TO OIMpeie-
JEHHOE€ O BHUJE 3aKOHA paclpeeeHus.

AHaluTHUYECKOE BBIpaXKE€HHE BHIOPAHHOW KPHUBOW 3aBUCUT OT HeE-
KOTOpPBIX MapaMeTpOB pacHpelesieHusd. 3ajadya BbIpaBHHBAHHUS CTaTH-
CTUYECKOTO psja MEePEXOAHUT B 3ajlauy pallMOHAJIbHOTO BbIOOpA TaKHUX
3HAaY€HUU mapaMeTpoOB, NPU KOTOPHIX COOTBETCTBUE MEXAY T€OpeTUYE-
CKUM M CTAaTUCTHUUYECKHM pacCHpeleICHUIMHU OKa3blBAaCTCS HAUIYUIIUM.
OAHUM U3 METOJIOB pEIICHHUs PTOW 3aJauyu SBJSETCS TaK Ha3bIBAaEMbIU
MeToa MoMeHTOB [1, 7].

B nanHoM ciydae mapaMeTphl TEOPETHUUYECKOTO pachpeiesieHus
BBIOMPAIOT TaK, 4TOOBl Ba)XHEWUIIHE YHUCIOBBIE XapaKTEPUCTHUKH (MO-
MEHTBI) TEOPETUYECKOTO pacmnpejesieHuss OblJIM paBHBI COOTBETCTBYIO-
UM CTAaTUCTHYECKHM Xapakrtepuctukam. Hampumep, ecnu teoperuye-
ckasi KpuBas w(x) 3aBHCHUT OT JBYX MapaMeTpOB, TO OHU NPUHUMAIOTCS
Tak, 4TOOBI MaTeMaTHuueckoe oxuaanue M(x) u nucunepcus D(x) Teope-
TUYECKOTO pacupelelieHusi COBMaJald C COOTBETCTBYIOUMMHU CTaTH-
CTHYECKHMH Xapaktepuctukamu M (x) u D (x).

C y4yeToM 3TOro nmpu BbIpaBHUBAaHUU CTAaTHUCTUYECKOTO pacmpene-
J€HUS HOPMaJIbHBIM 3aKOHOM B BhIpakeHUH (2.4) HE0OXOAUMO MPHUHATH

m=M"(x); o=+D (x). (2.35)
B cnyuae BrIpaBHMBaHUS 3aKOHOM PaBHOW BEPOSTHOCTH MapaMerT-

pbl @ U b TEOPETHUUYECKOTO pacHpeneleHuss NOJKHBI OBITh ONPEIEIEHBI
U3 CUCTEMBI YPAaBHEHUN

a+b
2

(b—a)’

=M’ (x); >

=D"(x). (2.36)

Kak 6b1 xopomo Hu OblIa momoOpaHa TeopeTHUUecKas KpuBas, Ha-
npumep w(x), MEXIy HEIO M CTAaTUCTHUYECKUM paclpeleieHueM HEeHu3-
0eXHBl HEKOTOpBIE pacxoxaeHus. a1 orBeTa Ha BOMpOC, 4eM 0OBsC-
HSIOTCS 3TH PACXOXKJCHHUS — OTPAHMYCHHBIM YHCJIOM HAaOMIOACHUN uUIU
HEyJIauHbBIM MOA00OpOM KPHUBOW, CHyXaT TaK Ha3blBaeMble "KpUTEPHU
corjmacus".

[Ipu ncmonb30BaHUU KPUTEPHUEB COTIAcHUs Yalle NPOBEPIOTCS THU-
NOTE€3bl MPUMEHUTENbHO K (QyHKIUIM pacnpenenenus F(x). Pacmopo-
CTpaHEHHME NOJyuYuJ Kputepuil cornacus Ilupcona, HazpiBaeMblil Kpu-
TepueM ¥ (XH-KBajapaT). DTOT KPUTEPHH ONMpaBIaH IPH 3HAYCHUU n >
100 u xonuuecTBe HAaOMIOJEHUIN NmapaMeTpa, NPUXOASLUIMXCSA HA i-U WH-
TepBal, m; > 5. CxeMa NPUMEHEHUs KPUTEPUS CIEAYIOMmas.

I. Omnpenensiercsa mepa pacxoxaeHus U mo ¢popmyme

k (pl* _pi)2 zi(mi _npi)2 (2.37)

U = X2 =N ,
=l p; =l  np;
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raic p; — BCPOATHOCTD NNOMaJaHHUA IIapaMCTpa X B i-u HHTCpPBAJI, IIOJI-
CUUTaHHAA IO TCOPCTUYUYCCKOMY 3aKOHY paClpCACICHUA.

2. OmnpepnensieTcs 4UCIO CTENEHEN CBOOOBI
f=k-s, (2.38)
rae k — KOJIMYECTBO MHTEPBAJIOB;
§ — YHCJO HE3aBUCHUMBIX YCIOBUH (CBsA3€i), HANTOKEHHBIX Ha Yac-

%k
TOTHI p. (4acrto s =3).
P;

3. [To 3HaueHusIM [ U X2 C NMOMOIILIO CIIEIIMAJILHBIX TaOIHUIl
(ta6u. I111.3, mpun.l), cocTaBIeHHBIX I8 (QYHKIHH ¥ HAXOIHTCS

BEPOATHOCTh TOTO, 4YTO BeIMYMHA, UMEIOMas paclopepelcHHe y > C
f-creneHsimMu cBOOOABI, NpeB30HWAET paccuuTaHHoe 3HaueHue U. Ecnm
3Ta BEpOSATHOCTh BechbMma Masa (MeHee 0,1), runore3a orOpacheiBaeTcs,
Kak HempaBgononoOHas. Eciu BepoATHOCTh OTHOCHUTENIBHO BEJIHKA, T'U-
NOTE3y MOXHO MPU3HATh HE NPOTUBOpPEYAIIEH ONBITHBIM JAHHBIM.
IIpumep 2.6. C uenbo HUccIeIOBAHUS 3aKOHA pacHpelleeHUs €M-
KOCTH KoJuieKkTopHoro mnepexona (Cy) tpan3zuctopa tuna KT812 Owino
U3MEPEHO 3HadeHue 3Toro napamerpa y 100 sk3zemnuspoB. Pe3yinbraTsl
U3MEPEHUI MpeACTaBICHBl B BUJIE CTATUCTUUYECKOTO psaga (1abn.2.6).

TaOnuua 2.6
CraTUCTUYECKHN PSII EMKOCTH KOJJIEKTOPHOTO Mepexoa TpaH3ucTopa
wnrepsana ! 2 3 4 3
HHfé’;fa“;;f‘m 70;76 | 76:82 | 82:88 | 88,94 | 94;100
m; 5 20 42 27 6
p; 0,05 0,20 0,42 0,27 0,06
Pi 0,038 0,212 0,405 0,274 0,064
[TonydeHbl OLEHKH KOJMYECTBEHHBIX XapaKTEPUCTHUK BCIIMYH-
HBI C,:

M (C) = 85,72 u®; 6 (C,) = 5,58 nd.

Heo6xoauMo mocTpOUTh TMCTOTPAaMMy U BBIPOBHSTH CTaTHUCTHYE-
CKHU PsIJ C MOMOIIBIO HOPMAJIbHOTO 3aKOHA.

Pemenme. Tak xak mupuHa MHTEPBAIOB OJMHAKOBA, TO B KA4ECT-
B€ BBICOT NPSAMOYTOJBHUKOB THCTOTPAMMBI MOXHO OTJIOXHUTb COOTBET-
CTBYIOIIHME 3HAYEHHS 4acCTOT p,. IlocTpoeHHas rucrorpaMma moka3aHa

Ha puc.2.25.
HopmanpHubiif 3aKOH 3aBHCUT OT JBYX MapaMeTpPOB: M U G.
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"o
401 P> % [TonbGepem nans TeopeTuue-
CKOTO 3aKOHa pacupeaeieHus
30 9TU MapaMeTpbl TakK, YTOOBI CO-
20- XpaHUTh TMEpPBbIE JIBAa MOMEHTA
CTAaTUCTUYECKOTO pacupeneie-
10 HUSI: MaTeMaTUYEeCKOe OXHuaa-
C,, n®d HUue M(x) u cpeaHee KBaapaTH-
70 76 82 88 94 100 yeckoe OTKJIOHeHue o(x). Jns
3TOTO HEOOXO0IMMO 00ECHeYHuTh
Puc.2.25. I'ucrorpamma pacnpeaejeHust
yCJIOBUS

€MKOCTH KOJIJICKTOPHOI'0 Iepexoaa

m=M(x); 6=c (x).
[TosTomMy npuHHMaeM
m= 85,72; o = 5,58.

Hanee, moJp3ysch TEOPETUUYECKUM HOPMAJbHBIM 3aKOHOM C Iapa-
MeTpaMu m= 85,72; ¢ = 5,58, HaX0UM TEOPETHUUYECKHUE 3HAUCHUS BEPO-
ATHOCTEHN MoMmajaHus HCCIEAYEMOTro nmapamerpa B MHTepBaibl. [lonb3y-
emcs ¢popmysioi (2.7), koTopass IPUMEHUTEIBHO K JAaHHOW 3ajade MpU-

HUMAcET BUJ
b= S =) g ﬂj
: c c

Paccuutanubie mo 3Toil popmyine ¢ ucnoiabzoBanuem taba. IT 1.1
npuii.l 3HaUeHU TEOPETUUYECKUX BEPOATHOCTEHN p; CBEEHBI B Tabn.2.6.
ITo popmyne (2.37) onpenenseM 3HaUCHUE MEPHl PACXOXKICHUSA:

S (m; —np;)’
U=y’ =Yy~ %0,53.
& El np;

Haxonum ducino creneHeit ceo0oabl. B qaHHOM ciiyyae yuciao Ha-
JTOKEHHBIX CBA3€il s = 3, Tak Kak Ha 4acTOTHl p, HaKJIaAbIBA€TCSA Tpe-

OoBaHUeE
;pf=1

H, KpoMC TOro, TCOpCTUUYCCKOC paCHpcACIICHUC HOI[6I/IpaeTC$I C TEMH
YCIOBUSAMU, YTOOBI coBmagaaln TCOPCTHUUCCKHUEC W CTATHUCTHUUYCCKHC
Cp€aAHUC 3HAYCHUA U CPCAHHUC KBAAPATHYCCKUC OTKIOHCHM. HOC—)TOMy

f=5-3=2,

[o ta6n.I11.3 mpun.l ans suadenuit f= 2 u x> = 0,53 HAXOAUM
3HaueHue BepoaTHocTtu P = 0,77. [loaToMy runore3a o TOM, YTO UCCIie-
NyeMbIil mapaMeTp pacHpelleieH M0 HOPMaJlbHOMY 3aKOHY, HE MPOTUBO-
PEUYUT ONBITHBIM JaHHBIM.
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B xonctpyupoBanuu u tex"Hongoruu POY kpome xkputepus Ilupco-
Ha HaxoAAT NPUMEHEHUE WU Jpyrue KPUTEPUU, HANPUMEP KPUTEPUU
A.M.KonmoropoBa. C 3TuUM KpUTEpHEM MOXXHO O3HAKOMHUTHCS B pabo-
tax [1, 6, 10].

2.6.8. IlpuMeHeHHe BEpPOSITHOCTHBIX ceTOK (Oymarmu)
AJisl IPOBEPKH THMOTE3 0 3aKOHAaX
pacnpeaesieHds mapaMeTpPoOB

JIns omepaTUBHOTO NPUHATUSA PEUIICHUM O 3aKOHAX paclupeneieHus
napaMeTpoB HCHOJb3YIOT BEPOATHOCTHBIE CETKH, Ha3blBa€MbI€ TaKXkKe
BEePOSTHOCTHOM Oymaro# [11-13].

a 6 BeposTHOCTHas ceTka —
IILF_(E) _________ A F() 3TO KOOpAMHATHasA CETKa B
NPAMOYTOJIbHOMI CHUCTEME
KOOpIHUHAT, B KOTOPOU
MacimrTad Mo OCHM OpJHHAT,
a MHOTIJa TakXe W Macirtad
mo ocu albcmumcc mpeobpa-

Puc.2.26. K nosicHeHHI0 BEpOATHOCTHO 30BaHBl TakKuUM o00paszowm,

CeTKH: 2 — OCh OPJAMHAT He Npeodpa3oBaHa; yTOo (QyHKIHUS pacmpenele-
0 — ocb OPAMHAT Npeodpa3oBaHa HUS Iapamerpa, MOCTPOEH-
Has Ha 3TOW CeTKe, NPUHUMAET BUJA NpAMOi JIuHUU (puc.2.26).

Ha mnpakTuke mOJB3yHOTCS BEPOSITHOCTHOM CETKON CcleaylIuM
oO6pa3zoM. /[ BEpXHUX IpaHUIl MHTEPBAJIOB, HA KOTOPbIE OBbII pa3OuT
Auana3oH HaOJIrogaeMblX 3HaUE€HUU mapamMeTpa, MOJCUYUTHIBAIOT HAaKOI-
JEHHOE 3HaueHHue 4acToT (BeposiTHocTeil). [locnennuilt uHTEepBas B pac-
cMOTpeHue He OepeTcs.

I[IycTp TrpaHMIaMu HMHTEPBAJOB SBISAIOTCS TOYKH (X;, X;i1),

0

=v

X

i=1,2, ..., k; tne k — uucino uHTEepBanoB. Toraa ajs BEpXHEH I'paHU-
bl X, NEPBOTO MHTEpPBAJia MOXHO 3amucarb (cMm. puc.2.23)
%
F(XZ):pl ’

rae p, — 4actoTa (CTaTHCTHYECKas BEPOATHOCThH) MONAJaHHs IMapaMeT-

pa B mEpBBI UHHTEpBAJ.
Janee monydyum

F(x3)=p, + ps,
F(x,)=p, +p>+p;.

Jniss BepxHEeW TpaHUIbl X; NpPEeANOCIeJHEro MHTEepBaja clpaBe-
JHUBO

* * * k=1 *
F(x)=p/ +p,+..+p,_, = ;pi .
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3aTeM TOYKH C KOOpAMHATAMH

XZDF(xZ);
x39F(‘x3);

xk7F(xk)

HAHOCST Ha BEPOSTHOCTHYI CETKY. ECiu BU3yalbHO OHM JOCTATOYHO
XOpOWIO JIOXKATCS HAa NPAMYI0 JUHHUI, TO IPUHUMAETCS TUNOTE3A O TOM
3aKOHE pacnpeaeseHusl, BEPOATHOCTHAA CETKAa KOTOPOTO HCIIOJb30Ba-
dack. B mpoTuBHOM cinydyae npoOYyIOT Apyrue BEPOSITHOCTHBIE CETKH.

JInHuA, KOTOPOM MBICIEHHO COEIMHAIT TOYKHM, HAHECEHHas Ha
BEPOSATHOCTHYIO CETKY, IPEACTABIsET COO0N IMNUPUUYECKYIO (YHKIHIO
pacrnpeneseHus, HO MOJYYEHHYI Ha KOOPJAMHATHON CETKE, Y KOTOpOW
OJlHa UJIU Ja)xe 00€ 0OCU KOOPAUHAT SABISIIOTCS HEJIUHEUHBIMHU.

Ha npaktuke nu60 monab3yrTcs TOTOBBIMU OJlaHKaMHU BEPOSITHO-
CTHBIX CE€TOK, JTM0O CTPOSAT 3TH CETKH C MOMOIIbI0 mabioHoB. B nmpun.5
OpuBEICHbl MMAaOJOHBl AJS MOCTPOCHHUS BEPOATHOCTHBIX CETOK HOP-
MaJIbHOTO, 3KCHOHEHIHAaJIbHOTO, JOTapU(PMUUYECKH HOPMAJbHOTO pac-
npeneieHud u pacnpegeieHus Beibynna. Ciaeayetr moag4epKHYTh, YTO
NpUBEJACHHBIE MA0JOHBI UCIOJB3YIOT JJId MOCTPOECHUS OCH OpJUHAT BE-
POATHOCTHOW CETKH, HA KOTOPOW OTKJIAABIBAIOT HAKOMJIEHHBIE 3HAYECHHUS
yacToT. JlJigs 3TOro Ha y3KOM moJiocke OymMaru OTMe4dalOT TOYKAMU Bep-
TUKaJbHBIA pa3Mep (HUXKHIOIO U BEPXHIOK TPaHUIbl), KOTOPBIA OyaeT
UMETh BEPOATHOCTHAs CETKa. 3aT€M €€ MPUKIaAbIBAalOT K WalJOHY H,
NOoAJNEpKUBAs IMapajlIeIbHOCTh €r0 BEPTUKAJBHBIM JHUHHUAM, IE€peEMeE-
IIaI0T NOJOCKY BJEBO WJM BIPABO, 10 COBHANEHUS TOYEK C KpalHUMHU
nyyamu. Ilocie dero Ha moOJIOCKe A€JAOT OTMETKH, COBIANAIOIIHAE C
OPOMEXYTOUYHBIMU Jy4aMH, U NPOCTaBIAT HUPpoBbie 3HaueHus. llo-
Ay4eHHas TakuM o0pa3oM IIKajla UCIOJb3yeTcs JJisi HaHECEHHs Jelie-
HUUM Ha BEPTUKAJIBHYI OChb BEPOSTHOCTHOMU CETKH. Ecnu BepTUKaIbHBIN
pa3Mep BEpPOSITHOCTHOW CETKHU IMIaHUpPyeTCsA OONbIIUM, HEXEIU pazMep
KpaliHed JIeBOW BEPTUKAJIbHOW JIMHUM a0JI0HA, TO Jy4YHU MPOAJIEBAOTCSA
Ha HY>XKHO€ pPacCTOSHUE BJIEBO.

Ocp abcuucc g BEpPOSTHOCTHBIX CETOK HOPMAJIbHOTO M 3KCIO-
HEHIMAJBHOTO pAacHpeleleHNd NPUHUMAETCA PAaBHOMEPHOW, a A JIO-
rapudMUUYECKU HOPMAJbHOTO paclpelelieHuss U pacrnpeaesieHuss Beii-
Oynna norapudpmuueckoil. [ns nmocTpoeHus norapupMHUUYECKONW IMIKaJbI
B IOCJEIHEM Ccllyyae MOXHO II0JIb30BaThCsl Takke IIabiIoHOM (CM.
puc.I15.4 npun.5).

OOpa3ubl BEpOSATHOCTHBIX CETOK HOPMalbHOTO, 3KCIOHEHIHANb-
HOTO U Jorapu(MHUUECKHM HOPMAJbHOIO paclpenesieHuid MoKa3aHbl Ha
puc.I15.5-115.7 npun.s.
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Mpumep 2.7. C moMombi0 BEPOATHOCTHON ceTKHU TpeOyeTcs mpo-
BEPUTh THUIOTE3Y O HOPMAJBHOM pPAaCHPENEICHUN €MKOCTU KOJIJIEKTOP-
HOTO Tepexoja TpaH3ucTtopa. Pe3ynbraTsl HaOMIOJEHUNH 3TOTO MapaMeT-
pa B BHJI€ CTATUCTUYECKOTO psAla NPUBEACHBl B YCIOBUU MPEABIAYLIETO
npuMmepa (cM. Ta61.2.6).

Pemenue. V3 Ta61.2.6 BUOAHO, 4TO BEPXHUMHU TpaHUIAMUA HUHTEP-
BaJlOB SIBASAKOTCS 3HaueHus 76, 83, 88 u 94 n®. BepxHasg rpanuua no-
caenHero uHrtepsana co 3HaueHuem 100 md, BO BHUMaHUE HE NPUHMU-

MacTCH.

HakonneHHbie 3HaYyeHUS JacTOT, COOTBCTCTBYHOIMHUEC YKa3aHHBIM
BCPpXHHUM I'paHulaM MHTCPBAJIIOB, MOTYT OBITH omnpcaAcCIICHBI KaK

F(C, =76)= p; =0,05;
F(C, =82)= p, + p, =0,05+0,20 = 0,25;
F(C, =88)=p, +p, + p; =0,25+0,42=0,67;

k-1 * * * * *
F(C,=9%4)= épl. =p, +p,+p;+p,s=0,67+0,27=0,94.

C nomompbto mabnona (puc.II5.1 npun.5) cTpouM BEpOSTHOCTHYIO
CETKY HOPMaJbHOTO pacrpej/ieiecHus 1 HAaHOCUM Ha 3Ty CETKY TOYKH C
KOOpAMHATAMHU

0,99

0,95
0,9
0,8
0,7
0,6
0,5
0,4

0,3
0,2

0,1
0,05

0,01

HaxormieHHsie 4acTOThI

(76; 0,05); (82; 0,25); (88; 0,67); (94; 0,94).

BGPO}ITHOCTHaH CCTKa ¢ HAHCCCHHBIMH Ha HCC TOYUKAMH IIOKa3aHAa

4
/
3
/
/
1
75 85 90 95 100 C,ud

Puc.2.27. Omnupuyeckasi GyHKuus
pacnpe/eieHus1, IOCTPOCHHAsI
HA BEPOSITHOCTHOI CeTKe HOPMaJIbHOI0 3aKOHA

Ha puc.2.27.

MoXHO 3aMETHTh,
YTO TOYKH JOCTATOYHO
XOpOWIO  JIOXKATCI  HA

npsAMy, T.€. OMIH-
pudeckas pyHKUUS pac-
npeneNeHus, no-

CTPOCHHAss Ha BEPOsT-
HOCTHOM CE€TKe, TMpHU-
OnuxaeTca K NOpsAMoOi
auauu. Ilostomy ru-
nore3a O HOPMalbHOM

pacupeneieHuu pac-
cCMaTpuUBaeMoro  mapa-
MeTpa (eMKOCTH Cy)
NpUHUMAETCH.

3aMeTHM YTO HO-
Mepa TOYEK Ha BEPOsT-

HOCTHOM CETKE COOTBETCTBYIOT HOMEpaM MHTEpBaJioB B Tab1.2.6.
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2.7. lIlpyMeHeHHEe BEPOSITHOCTHOIO ONMUCAHUSA
napaMeTpoB JJisl pellIeHUs] NHKeHEePHBIX 3a1a4

2.7.1. HexkoTopble peKOMEHIAUMHU MO0 UCNOJb30BAHUI0
MoJeJied 3aKOHOB pacnpe/Je/ieHUS MapaMeTpPoB

Panee naBanuch HEKOTOPbIE PEKOMEHJAIMU MO HMCHOJb30BAHUIO HA
NpakTUKe HOPMaJbHOW W paBHOMEepHOW monenei. O600muUM U cuc-
TEMATU3UPYyEM PEKOMEHAALMU MO NPUMEHEHHUIO MOJieJed 3aKOHOB pac-
NpeaeeHNus MapaMeTpPOB.

1. HU3BecTtHO, uTOo mpumepHo 90-95% mnapameTpoB, ¢ KOTOPBIMHU
WHKEHEPY NPUXOAUTHCS CTAJIKHBATHCSA NPU NPOECKTUPOBAHUU KOHCT-
pyknuit POY u TeXHONOTHUH UX U3TOTOBJIEHUS, pacHpeieIeHbl MO 3aKO0-

HYy, OJTM3KOMY K HOPMaJlbHOMY,
U TOTAa ONpaBJaHa rMIoTe3a o
HOpMaJlbHOU Moaenu. YUToOHI
pelIaTh UHXKEHEPHBIC 3aJa4U B
cllyyae HOPMaJbHOTO 3aKOHa
R OOBIYHO UCXOISAT M3 TOTO, YTO
> npeaeibHble OTKJIOHEHUS Tia-
paMmeTpa, periaMeHTHpYyEeMBbIe
JOMyCKOM Ha HEro, COOTBET-
CTBYIOT ToOodykamMm m * 30

A w(R) SR) . O(R)

\

RHOM - 10% RHOM RHOM + 10%
m- 306 m m+ 30

Puc.2.28. IIpenenbHble OTKIOHEHUS
napaMeTpa npv HOpMaJbHOM 3aKOHe

pacnpenejieHusi: m — cpeaHee 3HaUYeHHUe (pHC 2.2 8)‘

napaMerpa (IpH CHMMETPHYHOM JOIyCKe C yueroM cHACIaHHOIO
COOTBETCTBYeT HOMHHAJIbHOMY 3HAYEHHIO); NpeAIoJIOXKEHUNA cpeaHee
6— cpeaHee KBaJpaTH4YecKoe OTKJIOHEHHe KBaJApaTU4E€CKOE OTKIOHEHHUE

napamerpa; 6(R)— moJIOBMHA 10JIsA I0IyCKA HA napaMeTpa, HampuMep X, OII-
CONPOTHBJICHHE PE3UCTOPA peNeNAIT o “IpaBuay Tpex
CUIM”, UCIOJIb3ys BbIpAXXEHUE

G(x)zg(?)x) , (2.39)

rae O(x) — mMoJIOBWHA MOJS MOMyCKa Ha MmapaMeTp X.

CpenHee KBaaApaTHYECKOE OTKJIOHEHHE OTHOCHTEIBbHOM MOTPELIHO-
CTU MapaMeTpa X MOXXHO ONpENeIUuTh 0 popMmyie

(2.40)

rae O(Ax/x) — moJIOBHMHA MOJIS JOMycKa mapamMeTpa X, BbIpaKC€HHasi €ro

OTHOCHUTEJIbHBIM OTKJIOHEHHEM, OOBIYHO B NPOIEHTAaX.
DTy BEIWYHMHY Ha3bIBAIOT TaKXe MOJOBUHOW MOJS pac-
CEMBAaHHS OTHOCUTEIbHOW MNOTPEUIHOCTH IMapaMeTpa u
OHa BCErJa MOJOXUTEIbHA.
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IIpumep 2.8. B nsiekTpuueckoil cxeme paauO’IEKTPOHHOTO yCT-
poiicTBa mpeamojaraeTcsi MCHOJb30BATh PE3UCTOP C CONPOTHUBIECHUEM
R =300 Om £ 10%. Tpebyercss onmpenenuTh CpeHee KBaJgpaTU4eCcKoe
OTKJIOHEHHE R U €r0 OTHOCHUTEJIBbHOU NPOU3BOJCTBEHHON NOTPEIMIHOCTH
AR/R B TpeAmnoyoXEeHUHU, 4TO AJs R ompaBgaHa TUNOTE3a O HOPMAaJb-
HOM 3aKOHE€ pacnpeeIeHus.

Pemenue.

Tak kak gomyck Ha mapamMeTp R CUMMETPHUUYHBIM, TO €r0 CpeaHee
3HaYeHUE (MaTeMaTHYECKOE OXHJaHHWE) COBMAJAaeT C HOMHHAJIBHBIM.
CnenoBaTrenbHO

M(R) = Ryon = 300 Owm.

[IpumepHOe 3HadYeHUE CpPEAHEro KBAaApPaTHUYECKOTO OTKJIOHEHUS
compoTuBJeHUS R Haligem, ucnoiab3ysa Gopmyny (2.39).
Hetpynno Hailitu
O(R)=0,1-R,, =0,1-300=300m.

CnemoBaTenbHO

G(x)z¥:?=IOOM.

B kauecTBe mapameTpa x paccmorpum AR/R.

Kak ormeuanocws panHee, npu nepexoge oT R k AR/R BuUI 3aKoHa
pacupenesieHus COXpPaHsAEeTCs, MEHAITCS JUIIb €r0o napameTrpbl. MoXHO
yOeMuThCsI, YTO B TAaHHOM cliydae

M(ﬁjzo.
R

3HavYeHUe G[%) Haiigem o popmyine (2.40). [Tonyuum

1) AR ITo ycioBuio npumMepa
o AR X AR 10 3,3%
~ = =—r~J,270.

AR
B nanHoM cayuae 67 nojydyeHa B npouecHrax. Ee MoOxHO

HAWTU U B OTHOCUTEJIbHBIX €IUHHUILIAX
[To ycnoBuro npumepa 0l
b

AR
AR _ _ 2 20,033,
0( R j 5(%) 0.1 3

2. Jlns mapaMeTpOB PE3UCTOPOB U KOHJAEHCATOPOB C OOJBIIUM JO-
nyckoMm (= 10% u G6osnee) B OONBIIMHCTBE CIy4YaeB OoNpaBjgaHa THIOTE3a
0 HopMalibHOW Mojaenu. OaHaAKO, €CiAM M3 MapTUU C JOOMNYCKOM Ha
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A
4 Tw(AR/R) Obmacts 0TOOpa a A w(AR/R) Ob:acth oTOOpa
DNEMEHTOB SICMCHTOR
C TOBBIIIIEHHOM
TOYHOCTHIO
napamerpa
AR/R, % AR/R, %
10 -5 0 45 +10 -100 -5 0 +5 +10
A
0 W(AR/R) ) W(AR/R) - PaBHOMepHas
MOJIETTh
PeanbHbIit
3aKOH
o
] N ARR Y . . . ~ ARIR %
0 -5 0 45 +10 0 -5 0 45 +10
Puc.2.29. Bausinue oréopa Puc.2.30. PapHomepHasi MoJesib
3J1eMEHTOB Ha 3aKOH KaK cJie/ICTBHE 0TOOpA 3J1eMEeHTOB:
pacnpeaecHus napaMmerpa: a — 3aKO0H pacnpeaeJeHus: 1JI UCXOTHOMI
a — 3aKO0H pacnpe/esieHust napTuu (10 npoueaypsl oToopa);
CONPOTHUBJICHUSI PE3HCTOPOB 0 — 3aKOH pacrnpe/ejieHUs I 0TOOPaHHBIX
10 mpoueaypbl 0T0O0pa; 6 — 3aKOH PE3UCTOPOB C MOBBIIEHHOI TOYHOCTBHIO
pacnpeneeHusi CONPOTUBJIEHUS CONPOTHUBJICHUS

Pe3MCcTOPOB UCXOAHOM MAPTUH
nocJie Npoueaypbl 0TOOpa

napameTpbl £10% u Gosee mpoBOAMIICA OTOOpP BIEMEHTOB C MaJIbIM HUX
pa3zdpocom, TO MOJb30BATHCSA I MCXOJHOW MapTUHU 3JIEMEHTOB T'MIO-
T€30i 0O HOPMaJbHOU MoJenu OyaeT HenmpaBuIbHBIM. [loaTBEp)KIEHUEM
CKa3aHHOMY CJIYXHUT puc.2.29.

3. JIns mapamMeTpoOB pe3UCTOPOB U KOHJIEHCATOPOB, UMEKOIIUX J10-
nyck +5% u mMeHee, B MHKEHEPHBIX NMPUIOKEHUSAX MOKHO IMOJIb30BaTh-
CA TUIOTE30M O PAaBHOMEPHOW MOJEIH, TAK KakK, MO BCEW BUAUMOCTH,
BBICOKAas TOYHOCTh MapaMEeTpPOB JOCTUTajach MyTeM OTOOpa U3 mapTuu
AIIEMEHTOB, UMEIONUX 3aMeTHO Oonbmuii pazdbpoc mapamerpa. Omnpas-
JAHHOCThH TAKOTrO MOJAX0Ja MOHATHA U3 puc.2.30.

HepaBHoMepHOCTHIO Ha BepunHe pacupenenaenus (cm. puc.2.30, 6)
npeHeOperaoT U MOJb3YIOTCA PABHOMEPHON MOJEIBIO.

B ciydyae paBHOMEpPHOUW MOJENU XapaKTEPUCTUKH G(X) WU G(—j,
X

HCO6XOI[I/IMBIG AJId pCIICHUA MHXKXCHCPHBIX 3ajJa4d, ONNPCACIAIOT, UCIIOJIb-

3y (OpMYIIbI
5(j
—~ 7 (2.41)

V3
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4. Eciu 3aKOoH pacnpejelieHUs mapaMeTpa HEU3BECTEH, U HENb3s
NPUHATH TUMOTE3y O HOPMAJIbHOW MM PaBHOMEPHON MOJENH, TO cClie-
nyeT nubo momnblTaThCs MoA00paTh MOJENb 3aKOHA pacupeaeseHUus ma-
pamMeTpa 3KCIEepUMEHTallbHO, TM00 MOJb30BAThCS PAaBHOMEPHOU MoOje-
Jb10, ©O0O 9Ta MOJENIb Ha MPaKTUKE SABISIETCS MPENCIbHBIM HAUXYIIIUM
ciydyaem paszbpoca mapameTrpa. Jpyrumu cioBaMu, MpU OJWHAKOBOM
Auana3oHe M3MEHEHUs MapaMeTpa paBHOMEpPHas MOJeJ]b, MO CpaBHE-
HUIO C APYTUMHU, KOTOpPbIE€ pPE€aibHO MOTYT UMETh MECTO Ha MpPaKTHUKE,
XapakTepHU3yeTCss MAaKCUMaJlbHBIM CPEIHUM KBaJpaTUUYECKUM OTKJIOHE-
HUEM IapaMmeTpa.

2.7.2. llpumMepbl NPUMEHEHUSA MOJeJieil 3aKOHOB
pacnpejaejieHUs MapaMeTpoOB

IIpumep 2.9. Onpenenum, Kakoll MPOIEHT PE3UCTOPOB ¢ pazdpo-
COM CONpOTHUBIEHUS He Oonee ueM Ha +5% coAepXKHUTCS B MapTHHU
3JEMEHTOB cO 3HaueHuem conpotuBieHus 100 Om + 10%.

Pemenne.

I. Tak KaK B UCXOJHOW MapTUU PE3UCTOPOB JOMYCK Ha CONPOTHUB-
JeHHUEe OTHOCUTENbHO Benuk, 0(AR/R) = 10%, To onpaBaaHa runores3a o
HOpMaJIbHOW Mojesiu 3akoHa pacnpeneneHus AR/R (puc .2.31).

NckomMBli TPOLEHT pe3u-

1 w(AR/R) P(-5< AR/R <+5)-7? CTOPOB OMNpPEIACIICTCS BEPOSAT-
HOCTBIO
AR
P( SS?S+SJ.
. 'r\ . . ARIR, % OHa 4YHCIEHHO paBHa 3a-
10 -5 0 5 410 NITPUXOBAHHOW IJION[agu Ha
puc.2.31.
Puc.2.31. UamocTpanua K npuMmepy 2.9 JIns HaxoxkJeHUs HHTepe-

CYWIIel Hac BEPOSITHOCTHU BOocHodb3yeMcsa ¢opmynoi (2.7). Hamomuum
€€ BU]

Pla <x Sb):q)(b_ij—CD(a;mj.

[IpuMeHUTENbHO K pacCMaTpUBAEMOMY MPUMEPY UMEEM

xX—> %; a=-—5%; b= +5%.

2. Onpenenum 3HAYEHUS m U O, XapaKTEPU3YIOUIME HMCXOIHYIO
napTUIO PE3UCTOPOB.

AR .
m=M 53 =0, Tak KaKk JOIIyCK CUMMETPUYHBIN.
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YyurteiBas, uto ¢ = o6(AR/R), mo "mpaBuay Tpex curMm" Haljgem
3HaYeHue BeauuuHbl G(AR/R):

(
O
R

3. HWcnones3ysa 3nadenue QyHkuuu O(x) (npun.l, tadbn.Il1. 1.),
HaxoauM BepodaTHOCTh P(— 5% < AR/R < +5%).

AR +5-0 -5-0
<= — — =
P( SR ‘+5j CD( 3,33j CD( 3,33j

= ®(1,50) — D(—1,50) = 0,9332 —0,0668 ~ 0,37.

o & [To ycnoBuro npumepa
RJ_ AR 10 3,3%
= =— = 3,370.

Takum oO6pa3zom, B UCXOJHOU mapTuu npuMepHo 87% pe3ucToposn
OyayT uMeTh pa3dbpoc conmpoTUBIEHUS He Oosiee, yeM Ha £5% OT HOMHU-
HaJbHOTO 3HAYEeHUS R;0,=100 OmMm.

MoXHO paccyuTaTh, YTO B MCXOJHOW MapTUU PE3UCTOPOB C JAO-
nyckoM £10% conepxuTca HeMaloe KOJIMYECTBO 3JIEMEHTOB C pa3zdopo-
COM COMpOTHUBJEHUS HE Oosee, ueM 2%, +£1% (1ab61.2.7).

Tabnuma 2.7

[IpuMepHBII NPOLEHT 3JIEMEHTOB C 3aJlaHHBIM pa30pocoM mapameTpa
B IapTUH pe3UCTOpoOB ¢ gonyckom £10%

MakcumanbsHblil pa3zdpoc I[IpuMepHBIN NPOLEHT 3JIEMEHTOB
CONPOTHUBJIEHUS PE3UCTOPOB, % B UCXOJHBIN MAPTUU
+5 87
+2 45
+1 24,5

IHpumep 2.10. Tpauzuctop tTuna KT203b no texHuuyeckum ycio-
BusiM (TY) umeetr kod3ddUNHEHT yCcUIeHU TOKa 0a3bl B PEKUME Malio-
ro curHana hy; = 30-100. dusa pabotsl B coctaBe POY mpuromusl nunrb
AK3EMIJSAPHl CO 3HAUEHUEM mapameTpa /h,y; > 50. OnpeaenuTh, Kakoe
NPUMEPHO YHUCIO DK3EMIUIAPOB MPHUTOJAHO A yKa3aHHBIX IeJed u3
napTuu TpaH3uctopoB oobremom 1000 mTyk.

Pemenue.

1. MckxoMoe 9HCIIO dK3eMIUISIPOB MOXHO OTNpPEAEIUTh, 3HAsI BEepoO-

ATHOCTH BHU A
P(50 < hy; < 100).

2. IlpuMem THMOTE3y O HOPMAJbHOM paclpeAeCHUU mapaMmeTrpa
hy1. Bepostaocts P(50 < hp; < 100) yucinenHo paBHa miomaju, 3a-
HITPUXOBAHHOW HaA puc.2.32.
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NuTepecyromyw  BeposAT-

w(ha1) §=P(50=hy=100) gocrp ompemenum mo dop-
80 8(ha) myie (2.7). Umeem:
b \K \\\ ” x = h,;a=50;b=100;
> m=M(hy);0 =0(hy).
30 S0 65 100 /) 3. 3Hag nuanas3oH 3Ha-
Puc.2.32. Wiunoctpanus kK npumepy 2.10 YeHUH hyy, JIETKO HAUTH
cpennee 3HaueHue M(/hy):
M) = 30+100 _65.

3nauenue o(hy;) ompeaenum mno "mpaBuiay Tpex curm" (cm.
puc.2.32).

8(hy) _ 10065

ha ) ~
o(hy) 3 3

~1L67.

4. Ucnonw3ysa 3Hauenuss pynknuu d(x) (mpun.l, tadn.Il.1), Haxo-
TAM

217

< < = gy

(5065 ooy N
=1 @(11’67}1 ®(~1,29)=1-0,0985~0,9.

Takum o6pazom u3 nmapruu oo6bremom 1000 TpaH3UCTOPOB MpUMEP-

HO 90%, T.e. 900 sk3eMnasipoB, OyAyT NPUTOIHBI JJIS MOCTAHOBKHU B
POYV.



