HopmaabHoe pacripeaesenne caAydannHOM

BeAMNYIMHDbI

 TOBOPSAT, HTO HEMPEPLIBHASA CAYHOAUHAS BEAMYMHA & UMeeT
HOpMAaAbHOe pacnpeaseAeHne ¢ € N(a; 6) UAU NOAYUHAETCH

3aKOHY laycca, ecCAn ee NAOTHOCTb UMEET BUA

_(x—a)?
e 20?2

fe(x) = o

* TA€ a U o - NapamMeTpbl pacnpeAeAeHuUs.
M) =a
D(¢) = o*



OyHKIMA pacipeseaeHus CAy4allHON BeANYITHEI
¢ € N(a; o)
* PYHKUMS paACNpeAeA€HUs HOPMOABHOrO 3QKOHO
pacnpeaeAeHus & € N(a; o) UMeeT BUA

x  (t—a)*
e 20% dt.

Fe(x) =

aZn o



HopMmuposaHHoe HOpMaAbHOE paclipejeaeHyie

 PacnpeaeaeHne ¢ napametpamum a=0 U o=1

HA3bIBAIOT HOPMUPOBAHHbIM HOPMAAbHbIM
pacnpeaseAeHnem £ € N(0; 1) .
. [TIAOTHOCTbBIO HOPMAABHOIO pacnpeAeAeHUs

aBAseTcs pyHkuusa faycca

P(x) =

3~
a-



3mazenmmn dymwrnms [ayeea flx)= S
LE
amer= # CloTel: DoOTH X
DECATHAEELR 0 1 3 3 1 3 g 7 T [
oM X

0.0 03000 | 03030 | 03000 03088 0,3086 | 03084 | 0,3082| 0,3080| 03077 | 0.3073
0.1 3970 3045| 3081| 3036|3851 3045 | 3830| 3032 3825 3018
0.2 3010 3002| 3B04| 3BES| 3ETS| 3BET| 3B3 3B47| 3B38 | 3825
0.3 3E14 BOZ| 3TERD| 37T 3765 3732 | 373%| 37168| 3712 3887
0.4 3GE3 3G5E| 3833 | 363 3621 3603 | 33BD| 3572 3353 3338
0.5 3521 3303 34B3| 3487 5448 3420 3410) 3381 3372 3352
0.6 3331 3312 3282|317 3251 3230 | 3200| 31ET| 3165 | 3144
0.7 3123 L0 3079 305&| 5034 3011 20ED| 2068| 2845 | 2020
0.8 2BET 2BT. JB50 2BIT| 2BOS | 2TEO| 2736|2731 AT0E ([ 28BS
0.8 2661 2837 2815| 25BD| 1383 2341 | 2514| 2482 2468 | 2444
1.0 02420 0.2306| 02371 0.2347| 0.2323 | 02200 | 0.2275| 0,2251| 0,.2227 | 0,2203
1.1 2178 2155 2131( 2107 2083 2038 | 203§] 2012 198D | 1843
1.2 1842 1818 18D3 1872 1248 1826 1804 1781 1738 | 1736
1.3 1714 1601 | 1&60( 1647 1828 1804 1582 1361 ] 1530 1518
1.4 1487 1476 1458 1435( 1413 1384 1374 1354 1334 | 1315
1.5 1285 127a( 1257 1238 1219 1200 | 11E2 1163 1145 1127
1.6 1102 1062 1074 1057 1040 10323 1008 OREL| 0073 oosT
1.7 o4 0925 00| OBR3| ODBTE| OBSS | OB4E| QB33 OB1E| OB
1.8 O7e0 0773 @76l | OV4R| O734 ) 0721 | OTOT| O&D4| O6E] OG0
1.2 D656 0544 | Qo832 0620 Oo0E| 0506 | 0584 0573| 0562 0551
2.0 00540 005201 0.0518( 00508 00408 | 00488 | 00478 00488 ] 004550 [ 00440
2.1 0440 0431 0422 0415[ D404 | 0306 03BT[ 0379 0371 | 03483
2.3 0355 0347 0330 0332 0325 0317 0310 0303 0287 | 02490
2.3 U213 Q277 02Th| 0284 0258 0252 | O246| 0241] 0235 o228
2.4 0224 0219 ©215( O20R| 0205 Q128 | Qlo4| OlBOD| D1B4 | OL1ED
2.5 0175 Q171 ©167( O1&3| O©158] ©134 | 0151] ©Q147| Q143 o138
16 0136 0152 ©120| O126| ©122 011% | 0l1&| ©L13| @110 o107
2.7 0104 QLOL| @Bl O0bg| 0085 | O0BL | CDEE[ OODBG| ODE4 | ODEL
1.8 [ Q07T DTS ODVI[ D071 | ODeR | ODGT| 0065 | 083 | (D6l
1.0 [ 0058 | OD36| ODS5| 0053 | 0051 | ODSD| ODd4B| ODMT | e
3.0 00044 | 00043 | 00042 | 00041 ) Q003D | O 00SE | 0005T] Q0056 | 00055 | 00054
3.1 [LIEE] 00532 ©D31| 0050 0020 | OD2B | 00T 0026| ODa2s 0025
3.1 0024 0023 02| 02| D2l 000 | 0020] O01%| OD1E | OD1E
3.3 0017 0017 ©DlG| O016| D015 0015 | O0D14] ©014| 0013 0013
3.4 12 0012 ©D12| o011 @011 0010 | 0010| OD10| 0D | DD
3.5 [T 03| O00E| ODOE| OODE| O0DT| ODDT] 00DV | O0DT | O
3.6 [T OO | D00 | 00D | 0005 | 0005 | ODDS | 0005 | 0005 | 004
3.7 004 OO0t | Oe0d | OO0 | Ol | ODDd | ODD3 | 00D | ODDS 003
3B L EIE] 0003 | 05| 003 | D03 O002 | 02| 0002 | 002 D2
ERY 2 OO | DeQi2 | D2 | DeDRDQ2 0002 | 2| 0002 | 001 001
4.0 O 0001 | O 0BT | O 0001 | O 00601 | 00601 | O 0001 | OO0 | 0 DeDe0] | O 00D | 0 0eR01
3.1 00005538

4.5 0 D001 &0

5.0 0000001 5




CDYHKLU/IH paciipeaeAceHls HOPMITPOBAaHHOTI'O

HOPMaAbHOTIO pacClipeAcACHIIs

* PYHKUMSA paACnpeAeAeHuUs HOPMUPOBAHHOIO
HOPMUOABHOIO 30KOHQ pacnpeAeAeHus &€ N(0;1)

MMeeT BUA

Fg(x) e 2 dt

& .



OyHKOUs pacrpejeaeHis HOpMaAbHOIO

pacripeseaeHUs
* WHTerpaA cyHKUMM pacnpeAeAeHUsi HOPMOAABHOIO 3AKOHA
pacnpeaeAeHus &£ € N(a; o)

x  (t-a)?
e 202 dt

Fe(x) =

aZn o

HEe MoXeT ObITb NPeACTABA€H B BUAE CYMMblI IAEMEHTAPHbLIX

cdbyYHKUHUU, HO MOXET ObiTb NPUBEAEH K CNeuUaAbHOU OYHKLLMM

AanAaca

d(x) = e 2 dt

& h

Fg(x)=%+<l>(x;a). .



3Havenust pyHknmmu Jlarmnaaca

Corae zomt x

: 0 1 2 3 s | s 6 7 B 9
00 | 00000 00040 00080 00120 00160 00199 00239 00270 00319 0035
01| 00398 00438 00478 00517 00557 00596 00636 00675 00714 00753
02 | 00793 00832 00871 00910 00948 00987 01026 01064 01103 01141
03| 01179 01217 01255 01203 01331 01368 01406 01443 01450 0,517
04 01554 01591 01628 01664 01700 01736 01772 01808 0.1844 _ 0.1879
05 | 01015 01950 01985 02019 02054 02088 02123 02157 02190 02224
06 | 02257 02201 02324 02357 02389 02422 02454 02486 02517 02549
07 | 02580 02611 02642 02673 02704 02734 02764 02794 02823 02852
08 | 02881 02910 02939 02967 02995 03023 03051 03078 03106 03133
09 | 03159 03186 03212 03238 03264 03280 03315 03340 03365 03389
10 [ 03413 03438 03461 03485 03508 03531 03554 03577 03599 03621
11| 03643 03665 03686 03708 03729 03749 03770 03790 03810 03830
12 | 03849 03869 03888 03907 03925 03944 03962 03980 03997 04015
13 [ 04032 04049 04066 04082 04099 04115 034131 034147 04182 04177
14 | 04100 04207 04222 04236 04251 04265 04270 04202 04306 04319
15 | 04332 04345 04357 04370 04382 04394 04406 04418 04420 04441
16 | 04452 04463 04474 04484 04495 04505 04515 04525 04535 04545
17 [ 04554 04564 04573 04582 04591 04599 04608 04616 04625 04633
18 | 04641 04649 04656 04664 04671 04678 04686 04693 04699 04706
19 | 04713 04719 04726 04732 04738 04744 04750 04756 04761 04767
20 | 04772 04778 04783 04788 04793 04798 04803 04808 04812 04817
21 | 04821 04826 04830 04834 04838 04842 04846 04850 04854 04857
22 | 04861 04864 04868 04871 04875 04878 04881 04834 04887 04890
23 | 04893 04896 04898 04901 04904 04906 04909 04911 04913 04916
24| 04918 04920 04922 04925 04927 04920 04931 04932 04934 04936
25 | 04938 04940 04941 04943 04945 04046 04048 04040 04951  0,4952
26 | 04953 04955 04956 04957 04950 04960 04961 04962 04963 04964
27 | 04965 04966 04967 04968 04969 04970 04971 04972 04973 04974
28 | 04974 04975 04976 04977 04977 04978 04979 04979 04980 04981
20 | 04981 04982 04982 04983 04984 04984 04985 04985 04986 04986
30 [ 04987 04987 04087 04988 04988 04980 04989 04989 04990 04990
31| 04990 04991 04991 04991 04092 04992 04902 04992 04993 04993
32| 04993 04993 04994 04994 04994 04994 04994 04995 04995 04995
33 | 04995 04995 04995 04996 04996 04996 04996 04996 04996  0,4997
34| 04997 04997 04997 04997 04997 04997 04997 04997 04997 04998
35| 04998 04998 04998 04998 04998 04998 04998 04098 04998  0.4098
36 | 04998 04998 04999 04999 04999 04990 04999 04999 04999 04999
37| 04999 04999 04999 04999 04999 04999 04999 04999 04999 04999
38 | 04999 04999 04999 04999 04999 04999 04999 04999 04999 04999
39 0.499952

40 0,499968

45 0,499997

5.0 0.49999971




IIpumep 1

MaTtemaTunyeckoe OoOXXKnAAHUue HOPMAAbHO

pacnpeAeA€HHOU CAYHAUHO BEAUYUHDbI £ PABHO
M) =3,
a cpeAHee KBaAPATU4ecKoe OTKAOHEeHUe
o= 2.

HauTu nNAOTHOCTb pacnpeAeAeHUss BEPOATHOCTEU

CAY4YOUHOU BEAUYUHDI &.



I Ipumep 2

« MaTtemaTuvyeckoe OoOXXKnAAHUue HOPMAAbHO

pAacnpeAeAeHHOU CAYHAMHO BEAUYUHbBI £ PABHO
M($) =3,
* a AMcnepcus
D(¢&) = 16.

HauTu NnAOTHOCTbL pacnpeAeAeHnss BEpOSTHOCTEU

CAY4YOUHOU BEAUYMUHDI &.



IIpumep 3
HopMaAbHO pacnpeAeAeHHas CAYHOAMHAS
BEAMHMUHA & 30AQHA NAOTHOCTbIO pacrnpeAeAeHUs

_ (=12

fex) =€ m

Hantn matemaTu4eckoe oXUMACGHUE U AUCNEPCHUIO

£,



IIpumep 4

« AaHa dyHKUUA pacnpeAeAeHUs HOPMUPOBAHHOTO

HOPMOAbHOIO 30KOHA

HanTtu NAOTHOCTbL pacnpeAeAeHus f g(x).



I Ipumep 5
Ha CcTaHKke M3roTaBAMBAIOT LWAPUKU AAS  MOALLUMMNHUKOB.
HOMMHAABHBIM AMOMETP LUAPUKOB 5 MM. PAKTUYECKMU paA3BMEP
AUOMETPA LUAPUKA BCAEACTBUE HETOYHOCTU MU3rOTOBAEHMUSA
NPEeACTABASIET COOOU CAYHAMUHYIO BEAUHMHY & PACNPEAEAEHHYIO
NO HOPMOAbBHOMY 3C0KOHY PACNPEAEAeHUs C MATEMATUYECKMM
OXXMACOHUMEM a=5 MM U CPEAHEKBAAPOATUYHbBIM OTKAOHEHMEM

o =005 MmMm.
Hantu

NPOLLEHT LUAPUKOB AAS MOALLUMMHUKOB, KOTOpbie GYyAyT UMETH

ANOMETP OT 4,8 MM A0 5 MM;

NPOLLEHT 6pPaKd, eCAM U3BECTHO, YTO NPU KOHTPOAE OpPAaKYyIOTCH
BCE LUAPHMKU, AUOMETP KOTOPbIX OTKAOHSIETCA OT HOMUHAABHOTO

3HAO4YeHUs N0 ABCOAIOTHOM BeAuHdMHe 6oAabLUe, 4em HA 0, 1 MM.



IIpumep 6

 [lpoussoAUTCH B3BelnBaHue HEeKOTOpPOro

BewecTtea 0Oe3 cuctemartudyeckux  owwumbok.
CAy4YQUHbIEe OWUOBKU ¢ B3BELUUBAHUA MNOAYUHEHDI
HOPMUOABHOMY 3C0KOHY PACNPEeAEAEHUS CO CPEAHUM
KBAOAPOTUHECKMM OTKAOHEHuemM o =20 r. Hautu
BEPOSATHOCTb TOro, 4YTO B3BeLUMBAHME OyaeT
NPOM3BEAEHO C OLUMOKOU, HE NMPEBOCXOASLLEU MO

aOCOAIOTHOU BeAnHdMHe 10 .



IIpumep 7

MaTemaTuyeckoe OXUACQHUE U
CPEAHEKBAAPATUYHOE OTKAOHEHME HOPMOAABHO
pacnpeAeA€HHOU CAYHOUHOU BEAUYUHDbI & PABHbI 10
U2, COOTBETCTBEHHO. HOUTU BEPOATHOCTDb TOro, 4YTO
B PE3yAbTATE MCMNbITAHMA & MNPUMET 3HAYeHue,

30KAIO4YEHHOEe B MHTepBaAe (12;14).



IIpumep 3

ABTOMAT wWTAOMNyeT AeTaAu. KOHTpoAupyeTcs
AAMHAO  AeTAaAU &, KoTopaQsa pacnpeAeAeHa
HOPMOABHO C MATEMATUYECKUM  OXUACGHUEM
(NPOEKTHOU AAUHOM) PABHbIM 50 MM. PAKTUYECKM
AAUHA U3FOTOBAEHHbIX AETAAEU He MeHee 32 U He
6oAree 68 MM. HaUTH BEPOATHOCTb TOro, Y4TO AAUHA
HAOyAQ4y B3TOU A) AeTaAu O6oAbuen 55 mMm; 6)

MeHbLUue 40 MM.



I loka3zaTeapHOE paciipeaelaeHune

f[OBOPSAT, 4HTO HEenpepbIBHAA CAYYAMHAS BEeAUYMHA &
umeeT 3KCMNOHeHLUMUAAbBHOE (nokaszareAbHOE)
pacnpeaeAeHue Cc napameTpom A >0, ecAun ee
NAOTHOCTb PACMNPEAEAEHU UMEEeT BUA

0, npu x < 0;

fg(x) = {)L- e_/\.x

) npu x = 0.

* PYHKUUA pACNPEAEAEHUA CAYHAOUHOU BEAUYUHDI &,

UMeIoLLLEN SKCMNOHEHLMAABHOE pacnpeAeAeHue, Npu
3TOM

F (%) 0, npu x < 0;
X) =
& 1-— e_/\'x, npu x = 0.



YncaoBele XapaKTeplCTNKN 110Ka3aT€eAbHOTO

pacripeseaeHu:

« MaTemaTuyeckoe oXXMAAHUE NOKA3ATEAbHOro

pacnpeAeAeHus

1
M(§)=X-

- AMcnepcus NoOKA3ATEAbHOro 30KOHA pacnpeAeAeHus

1
D(¢) =1z



IIpumep 9

 HaMTM nNAOTHOCTb U CPYHKUMIO paAcCnpeAeAeHUs
NOKA3ATEAbHOro 30KOHA pACNpPEeAEeAeHUsI CAYHAHUHO
BEAMMMHbI &, €CAM MATEeMATUYECKOEe OXUAOAHMUE

M(¢) = 6.



IIpumep 10

 HenpepbiBHaSA CAyHYaUHaH BEAMYMHA £
pacnpeAeAeHd No  MNOKA3AdTEeAbHOMY  3AKOHY
pacnpeAeAeHus, 30AQHHOMY NAOTHOCTbIO

pacnpeAeAeHUus BEpOoSTHOCTEM

0,x<0;
J §(x) - {0, 04 - 004 » > 0.

* HaMTu BEepoOATHOCTb TOro, 4YTO B pe3yAbTATE

UCNbITAHUA £ NONAAET B MUHTEPBAA (1; 2).



IIpumep 11

HenpepbiBHAOSA CAYHOMUHAS BEAUYUHO £
pacnpeAeAeHa NoO  MOKA3ATEAbHOMY  3AKOHY
pacnpeaAeAeHus, 30AQHHOMY cbyHKUUEH

pacnpeAeAeHus

0,x<0;
Ff(x) - {1 —e 05 x> 0.

Hantu BepoOATHOCTb TOro, YTO B pe3yAbTATE

UCNbITAHUA £ NONAAET B MUHTEPBAA (2;5).



I Ipumep 12

« Ha wocce YyCTOHOBAEH KOHTPOAbHbIM MYHKT AAS
NPOBEPKN TEXHUHECKOTO COCTOSSHUA ABTOMOOUAEMN.
Hautu matemaTtuyeckoe OXMAOHME U CpeAHee
KBAAPOATHHECKOE OTKAOHEHME CAYHOAMHOMU BEAUYUHDI
T — BpemMsi OXUAGHUA OYHYEPEAHOU MALUUHDI
KOHTPOAEPOM, €CAU NMOTOK MALUMH NMPOCTEULLMU M
BpemMsi (B HACAX) MEXAY MNPOXOXAEHUAMU MALUMUH

yepes KOHTPOAbHbIU MNYHKT PACNPEAEAeHO o

NMOKA3ATEAbHOMY 3AKOHY ff(t) =5-e >t



IIpumep 13

 AAUTEABHOCTb BpemMeHu ©6e30TKasHoOUu paboTbi

3AEeMEeHTa UMeeT MNOoKAa3aTeAbHOe pachnpeAeAeHue
Fe(t) =1- e 003t HanTu BepoATHOCTb TOro, 4To 3a

BpemMa AAUTEAbHOCTbIO t =100 4. qA) 3SAEMEHT

OTKAXET, 0) 3IAeMEHT He OTKAXET.



I Ipumep 14

UCnbITbIBAIOT ABA  HE3ABUCUMO padoTarolmx
3AeMEeHTA. AAUTEABHOCTb BpemMeHu Oe30TKA3HOU
PAGOTbl NEPBOro dAeMEeHTA UMeeT NOKA3AaTeAbHoe
pacnpeaereHme F{(t)=1-¢e9%%t |  prToporo
F,(t) =1 — e %%t HaiTu BepoATHOCTb TOro, YTO 30
BpeMSi AAUTEABHOCTbBIO t =6 4. a) 06a 3AeMeHTa
OTKAXYT; 6) 000 3A€MEHTA He OTKAXYT, B) TOAbKO
OAUH DAEMEHT OTKAXET; ) XOTS 6bl OAUH IAEMEHT

OTKQXeT.



