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IIpakTnuyeckoe 3ansiTue Ne 1.

ONPEJEJEHUE EJUHUYHBIX ITOKA3ATEJIEN
HAAEKHOCTHU HEBOCCTAHABJ/IMBAEMBIX
OBBEKTOB

Uenb: HayuMTb CTyAeHTOB onNpeaenatTb MNoKasaTenu 6e30TKa3HO- CTM NO CTaTUCTUYECKUM
OaHHbIM

3amaum 0o0ydeHus:
— O3HAKOMHTH C IOKa3aTeIsIMH 0€30TKa3HOCTH U OCHOBHBIMU
METOJIaMH HX OIpEIeIICHNUS,
— TIPUBUTH HABBIKM ONpEJeSeHHs IoKaszaTeaed 0e30TKa3HOCTH
HEBOCCTAHABIIMBAEMBIX 00BEKTOB;
— 00y4YuTh JaBaTh XapaKTEPUCTUKY HAaXOJUMBIX MOKa3aTesen
0€30TKa3HOCTH.

Baz(amm N METOAUIECCKUEC YKA3AHUA K UX BBINIOJIHCHUIO:

Pabora CTydeHTa 3aKNK4YaeTcA B U3Yy4YEHUUN METOAUK pPeEEHUUN 3aaa4d4, CaMOCTOATE/IbHOM
peweHunn 3a,u,aHm7| M OTBETAaX Ha NOCTaB- J/IeHHbl€ KOHTPOJ/IbHblE BOMPOCHI.

Mpumep 1.1. Ha npombicioBble UCNbITaHUA NocTaBaeHo 60 by- posbix nebenok. NcnbiTaHns
nposoannnce B TedeHne 2000 yacos. B xoge ucnbiTaHUin oTKazano 6 6yposbix nebenok. OnpeaenunTb
CTaTU- CTUHECKYIO OLLEHKY BEPOATHOCTN Be30TKasHOM paboTbl nsgenunii 3aspemsa 2000 yacos.

Pemenue.
BeposmHocmb 6e3omkasHoli pabomsl R(t;, t;) — BepPOATHOCTb BbIMNOAHUTL Tpebyemyto

bYHKUMIO NPU SaHHbIX YCN0BUAX B MHTEPBA- /e BpeMeHMU (t;, t2). BepoaTHOCTb 6e30TKasHOoM paboTbl
onpeaensieTcs B NPeANo/IOXKEHUM, UTO B HaYaie MHTepBana BpeMeHU (MOMEHT Haya- /1a UCUNCNEH A
HapaboTKM) nsgenmne HaxoamTca B paboTocnocCO6HOM COCTOSHMUM,

CraTcTMyecKkan oueHKa BepoAaTHOCTM 6e30TKa3HoMpaboTbl onpeaenaetca no popmyne

()=1-7,

Rt



roe N — uucno 06BEKTOB, pa6OTOCI'IOCO6HbIX B Haya/bHbli MOMEHTBPEMEHMU;

n(t) —uncno o6 bEKTOB, OTKa3aBLWMX Ha oTpe3Ke oT 0 o t.

MoacTtaBnaem ucxoaHble AaHHble B dop y(1.1)

"()=1-MH_1 % _pg.

e 0)-

N 60

OTBet. BepoATHOCTb 6e30TKa3HOM paboTbl R t 0,9. Beposar-

HOCTb 6e30TKa3HOoI paboThbl ABAsETCA:

- TIOKa3aTeneM 0C30TKa3HOCTH;

- €IMHUYHBIM, TaK KaK XapaKTEepU3YeT TOJbKO OJHO CBOMCTB —
0€30TKa3HOCTE;

- AKCIIEPUMEHTAIBHBIM, TaK KaK ONpPEACIsEeTCA MO pe3yJbTaTaM
HCHBITAHUM;

- TPYNIIOBBIM, TaK KaK XapakTepU3yeT HAJACKHOCTh MAPTUU W3-
JCTIUH.

MNpumep 1.2. Ha npombicoBble UCMbITaHUA NocTaBaeHo 60 by- poBbix ebenok. UcnbiTaHus
nposogunnce B TeyeHne 2000 4yacoB. 3adMKCMpPOBaHbl OTKasbl OypoBbix nebefoK B MOMEHTI
gpemeHu t; =1210 y; t, = 480 u; t; = 900 y; t, = 700 u; ts = 1900 u; ts = 1100 y;

ocTanbHble 6ypoBble febeaku He OTKasaau. HaliTM CTaTUCTUMYECKYHD OLLEHKY CPeAHero 3HayeHus
HapaboTKM 40 NepBoro oTkasa.

Pemenmue:
Cpe,ﬂ,Hﬂﬂ Hapa60TKa A0 NepBOro OTkasa — 3TO MaTeEMaATUYECKOeOXNnaaHne Hapa6OTKM no
nepBoro OoTkasa.

CpefHsAn HapaboTKa 40 NepBOro O0TKasa No CTaTUCTUYECKMMAAHHbIM OnpeaenaeTca no

d)opmyneN
~ 1 1
T = t = (1210+480+900+700 +1900 +1100+2000-54)=
0 2
N it 60
=1904,834 ~19054

OtBet: CpeaHAA HapaboTKa [0 nepBoro oTkas Tp = 1905 w.

CpenHsas HapaboTKa [0 NepBOro 0TKasa ABNAETCA:

- IIOKa3aTCJICEM 6630TK&3HOCTI/I;



- €IMHUYHBIM, TaK KaK XapaKTEpU3YeT TOJbKO OJHO CBOMCTB —
0C30TKa3HOCTE;

- AKCIEPUMEHTAIBHBIM, TAK KaK ONPEACISAETCA MO pe3yJibTaraM
HCIILITAHUM;



- rpynnoBbiM, TaK KaK XapaKTepusyeTtr HadeXHOCTb napTun M3-,£I,€J1Mﬁ.

MNpumep 1.3. Ha ucnbitaHus noctasmam 200 msgenuit. 3a 100 yacoB paboTbl OTKasano 25
nspenvit. 3a nocnegytowpe 10 yacos OT- Kasano ewe 7 musgennin. Onpenenntb CTaTUCTUYECKYHO
OLeHKY BepO- ATHOCTM 6e30TKa3HOM PaboTbl U BEPOATHOCTM OTKa3a Ha MOMEHTbI BpemeHu t; = 100 y
n t; = 110 4, oueHKy NAOTHOCTM pacnpeseneHMa OTKA30B U MHTEHCMBHOCTM OTKA30B B MPOMEXKYTKE
BpemeHun mexay t;

=100y wnt, =110 y.

PeweHune. CTaTUCTUYECKYHO OLEHKY BEPOATHOCTM 6e30TKa3HOM PaboTbl HA MOMEHT BPEMEHM
t; = 100 v onpenensem no popmyne:

RA00 )=1— —1-% _0,875;
N 200

Onpep,enﬂeN\ KONn4yectso OTKa3aBLWnx M3,C|,ef|l/|l\;l Ha MOMEHT

BpemeHun t; =110y

n(110)=n(100)+ An =25+ 7 =32u39.

N BEPOATHOCTb 6€30TKa3HOoM paboTbl Ha MOMEHT BpemeHu t, = 110y
R@10)=1— —1— 0,84.
N 200

CraTnucTMyeckaa oueHKa BepOATHOCTM OTKasa Ha COOTBETCTBY-

tolme MOMEHTbI BpeMeHU onpeaensetca no ¢opmyne (1.2)

~ 25

~0125

Q(loo@) -
N

20
~( 0 =0,16.
N 200

MnoTHOCTb pacnpeneneHna OTKa30B BO BpeMeHu onpeaensaem no

~( ): An( 110!: 7 :0,0035 1/"’

f 110 NAt 200-10

dopmyne (1.3)

OUEHKY MHTEHCMBHOCTM OTKA30B MOMHO onpeaennTb no ¢op-



myne (1.4)
~ 7

AM110)= , An(110) = =0,00417 1/u.
N—n(10))at (200-32)10

Otser:  “( )_gg75.  R10)_ggs; €00)_q 125
R 100

El(llo):o,l ; F(11 )=0,0035 1/u; X(110)=o,004171/q. NlaHHble

NOKa3aTenn ABNAKOTCA:



- TIOKa3aTeasIMH OC€30TKAa3HOCTH;

- §IMHUYHBIMH, TaK KaK XapaKTEpU3YIOT TOJIBKO OJTHO CBOMCTB —
0€30TKa3HOCTE;

- DKCIEPUMEHTAJIbHBIMHU, TaK KaK ONPEACIAIOTCSA MO pe3yJibTa-
TaM HUCIBITaHUM;

- TPYNIIOBBIMU, TaK KaK XapaKTepU3YIOT HAACKHOCTh NapTHU
156631 (1107078

3aoanus 011 camocmoamebHou padomul

3apgaua 1.1. Ha ncnbiTaHme nocraeneHo 200 oaHOTMMHbIX M3ae- nvin. 3a 2000 4 oTkaszano 50
nsgenuii. 3a nocneaytowme 100 yacos oTKasano ewé 5 nsgennin. Tpebyetca onpeaennTb:

1. CTaTUCTUYECKYIO OIIEHKY BEPOSITHOCTH OE€30TKa3HOW padOThI
3a BpeMs paboTsl t1 = 2000 uac u t2 = 2100 uac;

2. CTaTUCTUYECKYIO OI[EHKY BEPOSITHOCTH OTKa3a 3a BpeMsi pabo-
1ol t1 = 2000 wac u t; = 2100 uac;

3. OIIEHKY IIJIOTHOCTHU pacIpeiesieHns] 0TKa30B U MHTEHCUBHOCTHU
OTKa30B B mpomexyTke Bpemenu mexay ti = 2000 uwac u to = 2100
yac.

3apaua 1.2. Ha ucnbitaHne nocrasneHo 100 ogHoTUNHbIX M3ge- A, 3a 4000 yacos paboTbl

oTKasano 50 nsgenunin. OnpesennTb CTa- TUCTUYECKUE OLEHKU BEPOATHOCTU Be30TKasHOM paboTbl U
BEPOATHO- CTM OTKa3a 3a Bpems pabotbl 4000 yacos.

3apgaua 1.3. Ha ucnbitaHMe noctaesneHo 100 ogHOTUNHBIX U3ae- nuid. 3a 4000 yacos paboTbl
oTkazano 50 wmsgenuin. 3a nocnegytowme 50 yvacoB ewe 5 mspenuin. [latb OUEHKY NAOTHOCTU
pacnpeneneHma 0TKa3oB M MHTEHCMBHOCTM OTKA30B B MPOMENKYTKE BPEMEHUN MeXKay t;

= 4000 yac v t, = 4050 yac.

3apauva 1.4. B teyeHume 500 yacoB paboTbl 3 20 6ypoBbIX HAaCO- COB OTKa3aso 2. 3a MHTepBa
BpemeHM 500 — 520 yacoB OTKasan ewe oguH 6ypoBon Hacoc. [daTb OLEHKY RAOTHOCTM
pacnpeneneHma oTka-30B U MIHTEHCMBHOCTU OTKA30B B NPOMeEXKYTKe BpemeHun mexay t; = 500 yac un t,
=520 yac.

3apava 1.5. Ha ucnbitanmne nocrasneHo 2000 nogwmnHMKoBKaveHuA. 3a nepsble 3000 yacos
oTKa3ano 80 usgenuii. 3a nHtepsan BpemeHn 3000 — 4000 yacoB oTKaszano eule 50 NoALWMMHUKOB.
Tpeby- eTca onpeaennTb CTaTUCTUYECKYIO OLEHKY BEPOATHOCTM 6e30TKasHol paboTbl 3a Bpema 4000
Yyacos.



3apaua 1.6. B TeyeHme 500 yacoB paboTbl U3 20 6ypoBbIX HACO-COB OTKa3as0 2. 3a UHTepBan
BpemeHun 500 — 520 yacos oTKasan elle oauH 6yposoi Hacoc. TpebyeTca onpeaennTb
CTAaTUCTMYECKYIO OLEHKY BEPOATHOCTM OTKa3a 3a Bpema 520 yacos.

3apaua 1.7. Ha ucnbiTaHue nocrasneHo 600 nsgenuit. 3a spemsi 1200 YacoB BbILWAO M3 CTPOA
125 wTyK nsgenvi. 3a nocnegyowmin MHTepsan spemern 1200 — 1250 Yacos BbIWIO M3 CTPOSA eLLe
13 wuspge- nuit. Heobxoammo onpeaenvtb CTaTUCTUUECKYHD OLLEHKY BEpPOATHO- CTU 6e30TKasHoW
paboTbl U BEPOSTHOCTU OTKa3a 3a Bpema pabotbl t; =1200 yac u t; = 1250 yac; oueHKy NAOTHOCTU
pacnpegeneHma 0TKa3oBM MHTEHCUBHOCTM OTKA30B B MPOMENKYTKe BpemeHn mexay t; = 1200 yac n t,
=1250yac.

3apaua 1.8. Ha ucnbitaHne nocraBneHo 10 oAHOTUMHbIX U3ae- nui. MonydeHbl cneayolimne
3HayeHuA BpemMeHn 6e30TKasHoi pabo- Tbi: t; = 580 yac; t, = 720 yac; t3 = 860 vac; t, = 550 vac; ts =
780 vac; ts = 830 vac; t; = 910 vac; tg = 850 uvac; ty = 840 vac; tip = 750 yac. Onpepenntb
CTAaTUCTMYECKYIO OLLEHKY CPpeAHero BpemeHn 6e30TKas- Hoi paboTbl 3aenus.

KoHTpoabHBbIE BONPOCHI

1. Yrto Takoe 0€30TKa3HOCTh?

2. Kakne mokazaTtenu HaJIEKHOCTU SBIAIOTCS ITOKa3aTeIsIMHU
0€30TKa3HOCTH?

3. Uto Takoe BEepOATHOCTh OE30TKa3HOU pabOThI?

4. Y10 Takoe BEPOSITHOCTh OTKa3a?

5. Kak ompenensitoTcsi CTaTUCTUYECKUE OIEHKH BEPOSITHOCTU
0€30TKa3HOM pabOThl U BEPOSITHOCTH OTKa3a?

6. Kak ompenenseTcs IIOTHOCTh pacnpe/iesieHus] HapaOOTKH?

/. UTo Tako€ MHTEHCUBHOCTh OTKa30B?

8. KpuBas 3aBHCMMOCTH HHTEHCUBHOCTH OTKa3a BO BPEMEHH.

9. Haiite omnpenenenue cpeaHel HapaOOTKU O OTKa3a U CpPej-
Hell HapaOOTKH J0 TIEPBOT0 OTKA3a.

10



IIpakTuyeckoe 3ansaTue Ne 2.

ONPEOENEHUE NOKA3ATE/IEM BE3OTKA3HOCTU
HEBOCCTAHABJ/IUBAEMbIX OBbEKTOB

HHO CTATUCTUYECKUM JAHHBIM

Lenb: HayuuTb CTyAEHTOB onpeaenATb NOKasaTenu 6e30TKa3HOo- CTM MO CTaTUCTUYECKUM
OaHHbIM

3amaum 00y4yeHus:

— O03HAKOMWUTb C METOJMKOW OIMpeAeieHUs TMoKazaTesel 0e30T-
KA3HOCTHU MO CTaTUCTUYECKUM JAaHHBIM Ha OMPEAECICHHOM MPOMEKYT-
K€ BPEMEHU;

— TMPUBUTH HABBIKM IIOCTPOCHUS 3aBUCHUMOCTEH I1OKa3aTelen
0€30TKa3HOCTH BO BPEMEHU;

— OOy4MTh JaBaTh XapaKTEPUCTUKY HAXOJMMBIX IOKa3aTeneil
0€30TKa3HOCTH.

Bana}ms{ U MECTOIUICCKHUEC YKA3AaHUSA K UX BBIIIOJTHCHU IO

Ha ocHoBe npeactaBneHHbIX CTAaTUCTUYECKUX OAaHHbLIX MPOBECTUN pacCyHeT U aHa/In3 nokasarTesie
Ha4eXHOCTU CepUnN HEBOCCTAHAB/IMBA- €MbIX 06BbEKTOB.

IIpuMep BbINOJTHEHUS 3aIaHUS

UcxopHble pgaHHble: Y1cno nsgenunii, noctaBieHHbIX Ha uchbl- TaHne, N = 1000 nsgenuii.
UcnbiTaHnAa nposoaatca B TedeHme 100 yacoB. Karkaple CTO 4YacoB onNpeaensanocb KOAM4ecTsBo
OTKa30B n3ge- nit. PesynbTaTbl UCMbITAHUI NpeacTaBaeHbl B Tabanue 2.1.

3ananue:

1. HaliTu CTaTUCTMYECKYIO OIEHKY pacHpeIeieHUsT BEPOSTHO-
creit otkaza Q(t) m 6e3oTkazHol padboTsl R(t) BO BpeMeHH.

2. HaiiT M3MeHEHHE IIOTHOCTH BEpOATHOCTH 0TKa30B f(t) u
WHTEHCUBHOCTHU OTKa30B A(t) MO BpeMEHHU.

3. Pe3ynbTaThl pacyera oTpa3uTh Ha rpaduKax.

Pewenue.

1.  OmnpenesnsieM KOIMYECTBO PabdOTOCIOCOOHBIX HM3JIENUNA Ha

11



KOHEII KaXKJI0Tr0 rnepuojaa no gpopmyie:

12



N(t)=N-n(t)

2.  OmnpexpensieM CTaTUCTUYECKYIO OIIEHKY BEPOSATHOCTH Oe€3-
OTKa3HOM pabOThl HA KOHEIRKA noroﬂ_@l)nozl o popmyiie
T PTG

Rt
N N

3. OmnpenensieM KOJIWYECTBO OTKa3aBIIUX JieTajed HapacTa-

tOLLMM MTOTOM Ha KOHEL, Kaxkaoro nepuoga no ¢opmyne

n(ti.1) = n(t) + An(t).

4.  OnpenensieM CTaTUCTHYECKYIO OLIEHKY BEPOSITHOCTH OTKa-
3a Ha KOHEI] Ka)KJ0ro nepruojaa no gopmyse
~ ni )

()=
Qt
N

5.  OmnpexensieM CTaTUCTUYECKYIO OI[EHKY IIOTHOCTH BEPOSIT-

HOCTM OTKa308B No popmyne ~
( ) = An(t)

ft
NAt

6. OmnpenensieM 3HaYeHHE WHTEHCHUBHOCTH OTKa30B IO (op-
myne

A(t)= ( An(t)
‘N -n(t))At

/. Pesynbrathbl pacuera s yaqoOCTBa CBOAUM B Tabmuiy 2.1
8. Ilo manHBIM pacyeTa CTpouM rpaduKd 3aBUCUMOCTH pac-
YETHBIX BEJIMYUH 110 BpeMeHH (pUCYHKH 2.1 - 2.3)

S / -
T

0 200 400 600 800 1000

o
[e")

P(t), Q1)

0,2

Rnamat uae



Puc. 2.1. 'padpukK 3aBUCUMOCTN BEPOATHOCTU 6€30TKasHOM paboTbin
BEPOATHOCTU OTKa3a OT BpeMeHU

14



Pe3yJII)TaTI)I pacueTra CTATUCTUICCKUX OLICHOK nokasareJjieii 0e30TKa3HOCTH

Tabnnua 2.1

Bpemennou | Konnue- | KomnuectBo pa- | Konnue- Beposrt- Beposar- | IlmotHocts | WHTEHCHUB-
UHTEpPBaJl | CTBO OT- | OOTOCHOCOOHBIX | CTBO OTKa- | HOCTh 0€3- | HOCTb OTKa- | BEPOSITHO- | HOCTh OTKAa30B
At, yac Ka30B 3a | M3JICJIMK HA KO- | 3aBIIUX OTKa3HOMU 3a Q(t) CTH OTKa- AMt), -107?
JIAHHBIN HEll Iepro/ia 1563 (SN1070% padoTHI 308 f(t),
MHTEPBAII N(t) Ha KOHell R(t) .10
An(t) nepuoaa
1000
0-100 50 950 50 0,95 0,05 0,0005 0,00052632
100 - 200 40 910 90 0,91 0,09 0,0004 0,00043956
200 — 300 20 890 110 0,89 0,11 0,0002 0,00022472
300 — 400 20 870 130 0,87 0,13 0,0002 0,00022989
400 — 500 10 860 140 0,86 0,14 0,0001 0,00011628
500 — 600 70 790 210 0,79 0,21 0,0007 0,00088608
600 — 700 110 680 320 0,68 0,32 0,0011 0,00161765
700 — 800 280 400 600 0,4 0,6 0,0028 0,007
800 —900 250 150 850 0,15 0,85 0,0025 0,01666667
900 - 1000 150 0 1000 0 1 0,0015




f(t)

0,003

0,0025 /

0,002
0,0015

0,001 j
0,0005 /

0 T T T T T 1
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KoHTpobHBIE BONIPOCHI

1.  CpoiicTBa QyHKIINHU BEPOSATHOCTH O€30TKa3HON pabOThI?

2.  CaoiicTBa (yHKIIMU BEPOATHOCTH OTKa3a?

3. Kakum obpazom ompeaensieTcs MmIOTHOCTh paclpeaeieHus
HapaOOTKH BO BPEMEHU?

4.  KpuBas 3aBUCUMOCTH HHTEHCHBHOCTH OTKa3a BO BPEMECHH.

5. KpuBas mIoTHOCTH paclipeliefieHuss OTKa30B BO BPEMEHHU



Hcxoanblie JaHHbIE 1J151 BHITIOJHEHUS MPaKTH4YeCcKoil pabote Ne 2

Tabnnua 2.2

Homep O6mee KonuuecTBo 0TKa3aBIIMX U3/IEIWNA 38 UHTEPBAJI BpeMeHHU tj, IIT.
BapuaHTa | KOJI-BO 200— | 300-— | 400- 600— | 700 — 900 —
P manemnii |0 200 100=200) “350 | 400 | 500 [P90600) 750 | ‘goo BOO—900) 1gng
1 1000 30 170 50 20 30 20 280 200 70 130
2 2500 80 320 300 20 80 600 600 110 210 200
3 3000 100 500 200 10 90 100 100 600 100 500
4 5100 150 950 200 100 50 190 1360 1100 250 750
5 1150 50 180 60 20 35 25 330 220 50 170
6 7300 1240 370 140 230 140 2060 1450 450 1000 1240
7 8300 250 1410 420 170 250 160 2320 1660 420 1240
8 300 9 51 15 6 9 6 84 60 15 45
9 1000 30 170 50 30 20 20 180 300 140 60
10 300 9 51 15 9 6 6 54 90 42 18
11 700 22 117 38 20 12 13 143 195 98 42
12 6700 200 1140 260 270 140 134 1206 2010 890 450
13 3700 110 630 190 110 70 80 660 1110 520 220
14 1200 40 200 60 36 24 24 216 360 168 72
15 1800 60 300 90 60 30 36 324 540 252 108
16 1300 34 224 66 30 14 16 276 380 186 74
17 13300 390 2270 510 530 270 258 2402 4010 1770 890
18 7300 210 1250 370 210 130 150 1310 2210 1030 430
19 2300 70 390 110 62 38 38 422 710 326 134
20 3500 110 590 170 110 50 62 638 1070 494 206




IIpakTuyeckoe 3ansaTue Ne 3.

OINPEJAEJIEHUE EJMHNUYHBIX 1 KOMIVIEKCHBIX
MOKA3ATEJIEM BOCCTAHABJUBAEMbBIX OB BLEKTOB

Llenb: Hay4uTb CTYAEHTOB ONpeaensaTb NOKa3aTeNn HaAeXHOCTU MO CTaTUCTUYECKMM AaHHbIM

3agauyu o0yyeHus:
— O3HAaKOMMUTH C MGTO)II/IKOﬁ onpeACIICHUA CANHUYHBIX U KOM-

IJICKCHBIX ITOKa3aTeaeH Mo CTaTUCTUUECKUM JaHHBIM,
— IIPUBHUTH HABBIKH pacdcTa ImoKasareneu HaACKHOCTHU,
- O6qu/ITB AaBaTb XaPAKTCPUCTUKY HAXOAUMBIX MokazareJje

HaACKHOCTH.

BaI[aHI/Iﬂ H METOANYECCKUC YKA3AHUA K UX BBINNOJTHCHHUIO

PaboTa CTyaeHTa 3aK/AO4YaeTCs B M3YyYeHMM METOAMK pPelleHWn 3agad, CaMoCTOATE/IbHOM
pelleHnmM 3aaHNN U OTBETAX HA NOCTaB- /IEHHbIE KOHTPO/IbHblE BONPOChI

MNpumep 3.1. Ha npombicioBble UCNbITaHUA noctaBneHo 3 6y- poBbIX Hacoca. B xope
MCNbITAaHUI Yy NepBoro Hacoca 6bl10 3aPuKen- posaHo 144 oTkasa, y BToporo — 160 OTKasoB., Yy

Tpetbero — 157 oTka- 308. CymmapHaa HapaboTKa Ha OTKas A/1A MepBOro Hacoca cocTtasuaa 3250
yacos, gna BToporo — 3600 vyacos, gns TpeTbero — 2800 yacos. OnpenennTb CpeaHIo HapaboTKy Ao

OTKasa 1 cpegHuii pecypc by- poBoro Hacoca.

PeweHue. CpeaHnan HapaboTKa 40 OTKasa onpeaensercsa no ¢opmyne

N
teym 2t 3250+3600+2800
T = — =1 _ _
Ty = E } = = =209 Yac.
nt N 144 +160 +157
cym
2 m;
i=1

CpeaHuii pecypc onpegensem no popmyne
N

>Tpi 3250+ 3600+ 2800
T =5——= — 3216,7 vac.
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OTBer. CpeaHAA HapaboTKa [0 OTKasa paE;HaTCIO =20,9 yqc,

AaHH bIli NOKa3aTenb ABNAETCA:

- TIOKazaTejaeM 0€30TKa3HOCTH,

- €IMHUYHBIM, TaK KaK XapakKTEpU3YeT TOJbKO OJJHO CBOMCTB —
0C30TKa3HOCTE;

- DKCIEPUMEHTAIBHBIM, TaK KaK ONPEACISCTCA MO pe3yJibTaTaM
HCIIBLITAHUM;

- CMEIIaHHBIM, TaK KaK XapaKTepu3yeT HaJIeKHOCTh HEOOJIBIIOM

MMApPTUU U3JICITUN.

Cpeakmh pecypc pasen, T, =3216,74ac, AaHHbIN NOKa3aTeb

ABNAETCA:

- TOKAa3aTeJIEM JOJITOBEYHOCTH;

- €IMHUYHBIM, TaK KaK XapakTEepU3yeT TOJbKO OJHO CBOMCTB —
JIOJTOBEYHOCTb;

- DKCIIEPUMEHTAJIBHBIM, TAK KaK ONpPEAENIAETCA 10 pe3yJibTaraM
HCIILITAHUM;

- CMEIIIAHHBIM, TaK KaK XapaKTEePHU3yeT HaJIC)KHOCTh HEOObIION
IMAPTUU U3JICTTUN.

MNpumep 3.2. Ha ncnbiTaHnA noctasaeHo 500 nspenuii. Pesynb- TaTbl onpeaeneHna pecypca
npeacTasneHbl B Tabanye 1.4. Mo aaH- HbIM UCMbITAHUA ONpPeaennUTb ramMMa-NPOLEHTHbIA pecypc

Ana y =

=95 %, 90 % 1 80 %.

Tabnnua 3.1
Pe3yabTarbl MCIIBITAHUMA U31EJTHA
NuTepBan BpeMeHH, KonnuecTBo 0TKa3aBIIMX MU3]1€-
NoNe .
gac i N(t)

1 0-100 24
2 100 — 200 29
3 200 - 300 35
4 300 - 400 15
5 400 - 500 16
6 500 — 600 20
7 600 — 700 35
8 700 — 800 57
9 800 — 900 133
10 900 - 1000 136
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PeweHue. [na onpegeneHna raMmma-npoLeHTHOro pecypca H606XOAMMO HaWTK 3HayYeHue

HapabOoTKM, BEPOATHOCTb KOTOpPOI pas- Ha 0,95; 0,90; 0,80, cornacHo ¢popmyne

P(Tpv): L

100

Onpep,enMM KONn4yecrteso pa60TOCI'IOC06HbIX Vl3ﬂ,eﬂl/lﬁ N BEPOAT-

HOCTb 6€30TKa3HOM PaboTbl Ha KOHEL, KaXK40ro BPEMEHHOro MHTEPBa-/1a, pe3y/bTaTbl pacyeTa

cBefieHbl B Tabanuy 3.2.

Tabnuua 3.2
Pe3yabTarsl pacuera
KomnuectBo | KommuectBo pa-
NnTepBan BeposaTtHoCcTh
OTKa3aBIIUX | OOTOCIMOCOOHBIX .
NoNe | Bpemennu, . 0€30TKa3HOU
171631 (S10517 u3nenuns N(t) k
gac pa6ots! P(t)
n(t) KOHITY TIepHOJia
1 0-100 24 476 0,952
2 100 - 200 29 447 0,894
3 200 — 300 35 412 0,824
4 300 — 400 15 397 0,794
5 400 — 500 16 381 0,762
6 500 - 600 20 361 0,722
7 600 — 700 35 326 0,652
8 700 — 800 57 269 0,538
9 800 —900 133 136 0,272
10 | 900 -1000 136 0 0

Mo npeactasneHHomy pacyeTy BepoaTHoctam 0,95; 0,90 n 0,80

COOTBETCTBYIOT 3Ha4YeHMA HapaboTKM paBHble 100, 200 1 400 YacoOBCOOTBETCTBEHHO.

OTBeT: ramMma-npoueHTHble pecypcbl paBHbl Tpes = 100 yacoB;Tye0 = 200 Yacos; Tyes = 400

4aCoB, NMOKa3aTeN ABNAKOTCA:

- IIOKas3aTcJIEM AOJIT'OBECYHOCTH,

- €IMHUYHBIM, TaK KaK XapakTEepU3yeT TOJbKO OJHO CBOMCTB —
JOJITOBEYHOCTb;
- DKCIIEPUMEHTAJIBHBIM, TaK KaK ONPEAECIACTCS MO pPe3ysibTaTaM
HCIILITAaHUM;
- CMEIIAaHHBIM, TaK KaK XapakTepu3yeT HAICKHOCTh HEOOIbIIION
MapTUU U3JICITUN.
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MNpumep 3.3. B pesynbTate HabnwogeHwuit 3a pabotoit 6GypoBoit nebeakn noayyeHsbl
cnepywouwme gaHHble O BPEMEHU, 3aTPAa4eHHOM Ha CMeHY TOPMO3HbIX NeHT, B Yacax: 2,5; 1,8; 1,8;
2,6;0,8;1,2;0,6; 2,0;

1,6; 3.2. Bcero 10 HabntogeHui. Onpenenntb cpegHee Bpemsa BOCCTa- HOB/IEHMA BypoBoit nebeaku.

PeweHue: CTaTUCTUYECKAA OLEHKA CPeAHEro BPemMeHM BOCCTa- HOBJ/IEHWA BbIYMCAAETCA NO
dopmyne

m
2Ty 2,5+1,8+1,8+2,6+0,8+1,2+0,6 +2,0+1,6+3,2

_i=1 _
TB - - 10
m
18,1
= =181y
10
OTBeT: CpefiHee Bpemsi BOCCTAHOBNEHUA PaBHOT, =  ygca, no-
1,81

Ka3aTe/ib ABNAETCA:

- II0Ka3aTejeM PEMOHTOIIPUTOTHOCTH;

- €IMHUYHBIM, TaK KaK XapakTEepU3YyeT TOJbKO OJHO CBOMCTB —
PEMOHTONPUTOIHOCTH;

- DKCIUTyaTallMOHHBIM, TaK KakK OmpeAesercs IO pe3yiabTraraM
AKCILTyaTallWuu;

- €IMHUYHBIM, TaK KaK XapaKTEepU3yeT HAJAECKHOCTb OJIHOIO HU3-
JEIIUsL.

MNpumep 3.4. OnpegenvTtb KoOIGPUUMEHT FOTOBHOCTU CUCTEMbI MPU CpeaHEM BPEMEHMU
BOCCTaHOB/IEHWUA paBHOM 2 Yaca U cpeaHelt HapaboTKe Ha 0TKas paBHoi 100 yacos.

PeweHue: CpegHee 3HadeHMe KodpduumMeHTa roToBHOCTM K,
BbIYUCAAIOT MO popmyne
Kr _ N [N N \ 100 _100
2t/ i+ 2T |

= \i=1 i=1 )= 100+2
Otset: KoadpPpuumeHT rotosHocTn paseHK, = 0,984.

- II0KAa3aTCJIEM I'OTOBHOCTH,
- KOMIIJICKCHBIM, TAK KaK XapaKTCPpU3ycCT 6630TK&3HOCTB, PEMOH-

TOIPUT'OJHOCTb U TOTOBHOCTD;
17



- DKCIJTyaTallMOHHBIM, TaK KaK OIPEAECIseTCsS IO pe3yJibTaTaM
AKCILJTyaTalluu;

- €IMHUYHBIM, TaK KaK XapaKTE€pU3YyeT HAAEKHOCTb OJHOTO M3-
TEUA.
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Mpumep 3.5. Onpenenmtb KO3OULMEHT TEXHNYECKOro NUC- NONIb30BaHUA, €CIN U3BECTHO, YTO
cMcTema 3KcnayaTupyeTca B Tedye- HMe 1 roaa, roaoson GoHA BpeMeHu cucTembl coctaBaseT 8760 va-
CcoB. Bpems npoBeaeHMa exerogHoro texocMmoTpa coctasnseT 20 cy- TOK, CyMMapHOe Bpems,
3aTpaYyeHHoe Ha PEMOHTHbIE paboTbl, cocTas- seT 20 Yacos.

PeweHue: KoapULMEHT TEXHUYECKOTO MCMO/b30BaHUA onpe- Aendetca no ¢opmyne

Kiw _ Ty _ 8760 =0,943.

OtBeT: KoappnumMeHT TEXHUYECKOrO MCNONb30BaHMA PaBEH

K. =0,943, noKasaTte b ABNAETCA:

- MOKa3aTeJIeM FOTOBHOCTH;

- KOMIUIEKCHBIM, TaK KaK XapaKTepu3yeT 0€30TKa3HOCTh, PEMOH-
TOIPUTOAHOCTh U TOTOBHOCTD;

- DKCIUTYyaTallMOHHBIM, TaK KakK ONPEIECISIETCS IO Pe3ysibTaTaM
AKCILTyaTalluu;

- €IMHUYHBIM, TaK KaK XapaKTEepU3yeT HAJACKHOCTh OJIHOTO W3-
TeTIus.

3amaHus 1A CaMOCTOSATEIbHON PadoThI

3apaua 3.1. Ha npombicnoBble UCMbITaHUA NOCTaB/ieHO 3 BepT- fitora. B xode ucnbiTaHnii y
nepeoro Hacoca 6bin10 3adpmKcMpoBaHo 37 0TKa3a, y BTOporo — 29 0TKa30B, y TpeTbero — 48 0TKa3os.
Cymmap- Has HapaboTKa Ha OTKas g/1a nepBoro Beptatora cocrasuna 3100 va- cos, ANsS BTOPOro —
2200 yacos, gns TpeTbero — 2700 yacos. Onpeae- NUTb cpegHo HapaboTKy 40 OTKasa.

3apaua 3.2. Ha skcnayaTauuto noctasneHo 250 usgennit. Ha momeHTbl BpemeHu t; — t;
3adUKCUPOBaAHO oOnpede/ieHHOe KOMIMYecTBO OTKasoB (Tabnuua 3.3). OcTanbHble M3genns He
oTKasann. Onpeae- NMUTb CPESHNI pecypc.

Tabnuua 3.3
ti, yac 50 100 150 200 250 300 350
n(ti) 5 8 11 15 21 31 9

3apaua 3.3. Ha npombicnoBble UCMbITAHUA MOCTaBNEHO 3 Haco- ca. B xoae vcnbiTaHui y
nepBoro Hacoca 6bi10 3aduKcMpoBaHo 37 OTKasa, y BTOporo — 29 0TKasos, y TpeTbero — 48
OTKa3oB. Cymmap-
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Haa HapaboTKa 40 OTKasa 4/1a nepBoro Hacoca coctaeuna 3100 yacos,ana BToporo — 2200 yacos, 415
TpeTbero — 2700 yacos. Onpeaenntb CpeaHUN pecypc Hacoca.

3apgaua 3.4. [nuTenbHOCTb MNPOBEAEHMA TEXHUYECKOro obcay- KuBaHua pns 6yposoro
Hacoca cocTaBnsieT 45 yacoB. MeXpeMoHT- Hbid UuKA coctaBaser 2335 vacos. Onpenenutb
K03bdULMEHT ro- TOBHOCTM BypoBOro Hacoca.

3agaua 3.5. KaKkylo O41MTeNbHOCTb BOCCTAHOBAEHUA PaboTocno- cOBHOCTU AO0MKEH MMETb
O0OBEKT C MEXPEMOHTHbIM UMKAom 2000 4Ya- coB, 4TOObl KO3DPUUMEHT FOTOBHOCTM OOBEKTA
coctaBnsan 0,95.

3apaya 3.6. OnpegenuTb cpegHee BpemsA BOCCTAHOBAEHMA KOM- Mpeccopa, ecnm Ha
nposBefeHne 5 menkmx peMoHToB 6b110 3aTpadeHo30,5 vaca.

3apgaua 3.7. logoBoe Bpema paboTbl ogHOM GypoBoi nebeakn coctasnnet 3500 yacos. 3a
rog npoBoauTca 4 TeXHUYECKUX o6cCny- KMBAHWUS NPOAO/IKUTENbHOCTbIO 65 4acoB Kaxaoe u 1
CpefHU pe- MOHT npoaonkutenbHocTbto 360 vacos. OnpegennTb KOIGOUUMEHT TEXHUYECKOTO
ncnonb3oBaHua 6ypoBoi nebegKu.

3apgaua 3.8. Mo paHHbIM 3agaunm 3.7 onpenenntb KoadPUUMEHT roToBHOCTM OypoBoi
nebegkn.

3apava 3.9. B xoge HabnoaeHui 3a pabotont Typbobypa 6bian 3adUMKCUpPOBaAHbI OTKa3bl B
cneayole MmomMmeHTbl BpemeHn: 110, 167, 284, 365, 512, 650 yacos paboTbl. OnpeaennTb CpeaHIon
HapaboTKy mexay oTKasamu Typbobypa.

3agaua 3.10. Mo gaHHbIM 3agayn 3.9 onpeaenuTb BEPOATHOCTb 6e30TKasHoM paboTbl M
BEPOATHOCTb OTKa3a 3a 300 n 600 yacos paboTbl.

KoHTpoabHbIe BONPOCHI

1. Jlalite omnpeneieHue cpeaHed HapaOOTKU 10 OTKa3za H
cpeaHe HapaOOTKH Ha OTKa3.

2. Kakue mokazaTenu HUCHONB3YIOTCSA MPHU OMPEACICHUN HOJI-
TOBEYHOCTH ?

3. Kak ompenenstoTcst cpeHnil 1 raMMa-TIPOIIEHTHBIN pecypc?

4. Kak omnpeaensitoTCs CPEeIHUN M ramMMa-MpOLEHTHBIM CPOK
CITY>KOBI?

5. JlaliTe XapaKTEpUCTHKY IIOKA3aTeNIsIM PEMOHTONPUTOIHO-
CTU: BEPOSATHOCTU BOCCTAHOBJIEHUS], ”THTEHCUBHOCTHA BOCCTAHOBJICHUS,
CpPEIHEMY CPOKY BOCCTAHOBJICHUS.

6. JlaiiTe xapaKTEpUCTUKY TIOKa3aTelisiIM COXPaHSIEMOCTH:
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cpegHemy CpPoKy COXPaHAEMOCTM, raMma-MPOLEHTHOMY CPOKY COXPa-HSeMOCTM.

7. llpuBenute ompeneiIcHUE U JAalTe XapaKTEPUCTUKY KOA(]-
(bUIIMEeHTY TOTOBHOCTH.

8. IlpuBenute ompenercHUE W JalTe XapaKTEPUCTUKY KOA(]-
(bUIMEHTY ONEPaTUBHONU TOTOBHOCTH.

9. IlpuBenute ompeneracHUEe W JalTe XapaKTEPUCTUKY KOA(]-
(bUITMEHTY TEXHUYECKOTO UCIOIb30BaAHMUSI.

10. IlpuBenuTte ompeneieHue U AaWTE XapaKTEPUCTUKY KO3(]-
(UIMEHTY coXpaHeHUs 3(PPHEKTUBHOCTH.

IIpakTnyeckoe 3ansiTue Ne 4.

ONPEAENEHUE NOKA3ATENEA HALEXXHOCTUOBBHEKTOB MPU
PA3/IN4HbIX 3AKOHAX

PACITPEAEJIEHUSA

Ll,enb: Hay4nUTb CTyA4EeHTOB ONPeAEeNnATb MNOKAa3aTeE/M HaOEXHOCTHN, KOTOPblE MOAYUNHAKTCA
pasnnyHbIM 3aKOHaMM pacnpeneneHna

3agauym o0yyeHus:

— O3HAaKOMMHUTH C MGTOI[HKOﬁ onpecaACICHUd CAUHUYHBIX U KOM-
IUIEKCHBIX IIOKa3aTeled IO CTAaTUCTUYECKUM JAaHHBIM JUIS 3aKOHA
HOPMAJIBHOT'O PAaCHpEAEIEHNUs], IKCIOHEHIUAIBHOIO 3aKOHA U 3aKOHA
BeitOymna;

— TNIPUBUTH HABBIKM pacyeTa MOKas3aTejaed HaJeKHOCTHU IPH pas-
JIMYHBIX 3aKOHAX PACHPENECIECHUS;

— O00yuuTh JaBaTh XapaKTEPUCTHUKY HAXOAHUMBIX IOKa3aTelei
HAJICKHOCTH.

SaI[aHI/Iﬂ U METOANYECCKUC YKA3AHUA K UX BbIINOJTHCHHUIO

PaboTa CTyAeHTa 3aK/K4YaeTcA B U3YyYEeHUN METOAUK pelweHUn 3aaa4, CaMOCTOATE/IbHOM
peweHunn 3a,u,aHm7| M OTBETaX Ha NOCTaB- J/IeHHble KOHTPOJ/IbHblE BOMNPOCHI.

Mpumep 4.1. Mo pesynbTaTam HabAOAEHMI 32 PabOTON cpes- HAA HapaboTKa Ha OTKa3 paBHa
2000 yacosB, cpeaHeKkBaapaTUYeckoe oTKAoHeHue 400 yacoB. OnpeaennTb BEPOATHOCTb 6E30TKa3HOM
pa- 60Tbl M BEPOATHOCTb OTKa3a A/ 3HayeHus Hapabotok 1000, 2500 u
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3000 yacos, 3aKOH pacnpeneneHma 0TKa3oB — HOPMa/bHbIN.

PeweHne: Onpegensem  3HaYeHUWE  KBAHTUIM  HOPMWMPOBAHHOIO  HOPMaJsIbHOTO
pacnpeaenenus U, no dopmyne (2.14) n cooTBeTCTBY- toLLei et dyHKLUmMK Jlannaca.

Ons Hapabotkm 1000 4acoB KBaHTUAb U GYHKUMA HOPMWPOBAH- HOMO HOPMAaJIbHOMO
pacnpeaeneHua COOTBETCTBEHHO

_ t—M, _1000-2000

P 5, 400

U =-0,25;

o(U , )=o(-0,25)=0,4013.
Onsa HapaboTkm 2500 yacos
y _t~M: _2500-2000

p 5, 400

=125 ;

o(U , )=(1,25)=0,8944.
[na HapaboTkm 3000 yacos
y - t~M: _3000-2000 _

p 5, 400

2,5;

o(U, )= (2,5)=0,9938.

BeposaTHOCTb 6e30TKa3HOM paboTbl 417 NOKasaTesnel NOAYMHA- eMblX 3aKOHY HOPMasibHOro
pacnpeaeneHus onpegensem no ¢opmyne(2.12):

P(t)=1- cD(Up )=1-0,4013=0,5987 ~ P4 HapaboTtke 1000

Yyacos;
P(t)=1-®(U, )=1-0,8944 = 0,1056; — npu HapaboTke 2500
4acos;
P(t)=1-®(U, )=1-0,9938 = 0,0062. — npu Hapabotke 3000
Y4acosB.

BepoATHOCTb OTKa3a onpeaensem no ¢opmyne (2.15):

= = - 6 000 ;
Q(t) = (D(Up )— 0,4013 npv HapaboTke 1 yacos

Q(t)=®(U, )=0,8944; — npu HapaboTtke 2500 4Yacos;
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Q(t)=®(U, )=0,9938. — npu HapaboTke 3000 4acos.

OtBer: npu Hapaborke 1000 wdgacoB: P(t)=0,5987;
Q(t) =0,4013; mnpu Hapabotke 2500 wyacoB: P(t)=0,1056;
Q(t)=0,8944; npu Hapabotke 3000 wacoB P(t)=0,0062;
Q(t) = 0,9938.
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Mpumep 4.2. Ha ucnbiTaHua yctaHoBneHo 100 msgenuin. Cpep- HAs HapaboTKa Ha OTKas
coctaBmna 600 yacos, KoapdmuUMeHT Bapma- umMmn pecypca 0,1. OnpenennTs KOAMYECTBO OTKA3aBLUMX
nsgenuit npuHapabotke 720 yacos.

PeweHue. Tak Kak KoapdpuumeHT Bapnauumn paseH 0,1 — 3aKOH pacnpeneneHns HapaboTKu

HOPMaANbHbIN.

Haxoamm cpeaHee KBaApaTUUHOE OTK/IOHEHWE, BbIPasuB ero u3 ¢opmysbl (2.6),

v = 2% gx=VxM, =0,1-600 = 60.

Y/
X
Ona HapaboTkn 720 YacoB KBaHTW/b U PYHKLUA HOPMMPOBAH-HOFO HOPMAJIbHOMO
pacnpeneneHunsa COOTBETCTBEHHO PaBHbI

Uy =t—M, 720-600

O 60

2,0 ;

o(U, )= #(2,0)=0,9772.

BepoATHOCTb OTKasa npu HapaboTke 720 yacos onpegensaem nopopmyne (2.15):

Q(t) = ®(U,) = 0,9772.

KonunyectBo oTKa3os npu HapaboTke 720 4acoB paBHO

n(t)=Q(t)-N =0,9772-600 = 586,32 ~ 587 134,

OtBert: 587 nspenni.

MNpumep 4.3. HapaboTKka Ha OTKA3  MUCMbITbIBAEMOrO  M34enMA  MNoAdYMHAeTCA
5KCMOHEeHLMaNbHOMY 3aKOHY pacrnpefeneHusa. MHTeH-CMBHOCTb OTKa3a cucTeMbl pasHa A=4,5-107° y™,
Onpefenntb BepoAT- HOCTb 6e30TKasHoM paboTbl 3a Bpems 100 vacoB paboTbl U CpeaHtoto
HapaboTKy Ha OTKa3 paccmMaTpMBAEMOrO U3AEeNUA.

PewweHue: BeposaTHocTb 6e30TKa3HOI paboTbl onpegenaertca no popmyne (2.7)

P(t) =e™ _ e—4,5-10_5.1oo = 0,9955.

Tak Kak At mHoro meHbue 0,1, To BEpOATHOCTb 6€30TKa3HOM Pa-60Tbl MOXKHO ObII0
onpeaennTb No npubankeHHon popmyne

P(t)~1-At=1-4,5-10"°-100 = 1- 0,0045 = 0,9955.

MaTtemaTuyeckoe oXnagaHue cpegHei HapaboTKu Ha  OTKas
onpeaensem no popmyne (2.11)
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M 1 =22222,2

=1 _
t = yac.
x

4,510°

OTBeT: p(t) =0,9955; M, = 22222,2 u4ac.

3agaHusd 1J19 CAaMOCTOATEJIbHOU PadoThI

3apgauva 4.1. Mo pesynbTatam HabnoaeHut 3a paboTolt 0b6beEKTa cpeaHAs HapaboTKka Ao
OTKasa pasHa 2000 yacos, cpegHeKBagpaTnye- ckoe oTkioHeHne 400 vyacos. OnpeaennTtb 3HaYeHUA
HapaboOTOK [0 OTKasa, KOTOpble COOTBETCTBYHOT BepoATHOCTM oTkasa 0,9; 0,5; 0,005. 3akoH
pacnpegeneHuna 0TKa3oB — HOPMAbHbIMN.

3apauva 4.2. MpeaensHo AonycTMmoe 3HadeHue pecypca coctas-naet 7000 yacos, cpeaHee
KBagpaTuyeckoe oTknoHeHMe 1000 yacos. OnpesennTb CpeaHWn pecypc, BEPOATHOCTb OTKasa M
BEpOATHOCTbOE30TKa3HoM paboTbl Nnpu 5000 yacax.

3apaua 4.3. B pesynbTate M3yyeHMsa NpoLecca M3HalLlMBaHMA K/blKa POTOPHOro sKCKaBaTopa
YCTaHOB/IEHO, YTO CPeAHAA BeAWUYMHA M3HOCa CooTBeTcTByeT 5 MM, aucnepcua 0,01 mm’. Kakosa
BEPOSAT- HOCTb TOrO, YTO HalAEeHHOe 3HaYeHNe U3HOCa NPeBbILAET cpegHee, Hebosee yem Ha 5 %.

3apavya 4.4. CpegHsa HapaboTKa Ha oOTka3 cootBerctByeT 1500 uvacam, KoadduumeHT
Bapuaumm 0,3. OnpegenvTtb NOKasaTeM HadeXHoCTU s Hapabotok 1000 yacos, 2000 yacos, 3000
4yacos.

3apaua 4.5. CpegHee KBagpaTUUECKOe OTKNOHEHMe pecypca paBHOo 400 yacam, KoapduumeHT
Bapuaumm 0,3. OnpeaennTb NOKasa- Tein HagdeXHOCTM Ana HapaboTtok 1000 yacos, 2000 yacos, 3000
Yya- coB.

3apava 4.6. Ha ncnbiTaHua yctaHosneHo 200 3aaBurkeK. Yepes 1000 yacos paboTbl 0TKa3ano
50 3aaBurkek, yepes 2000 yacos ewe 203aasmkeKk. Onpeaenmtb KONMYECTBO OTKa3aBLUKMX 3a4BUXKEK
B Npo- MeXyTKe BpemeHu oT 1500 yacos ao 3000 yacoB paboTbl, €cNM cpel- Hee KBaapaTUYecKoe
OTKNOHeHue pecypca 500 yacos.

3apava 4.7. Ha ucnbiTaHmAa yctaHosneHo 100 gonot. Yepes 150 yacoB paboTbl oTKasano 50
ponot, yepes 50 vacos eute 2 gonota. OnpesenmTs KOAMYECTBO OTKA3aBLLUMX A0/IOT B NMPOMENKYTKE
BpemeHu ot 200 yacos Ao 250 yacos paboTbl, ecan KoaddUUneHT Bapuaunmn pecypca 0,1.
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3apaua 4.8. MnHUManbHaa HapaboTKa Ha oTKa3 coctasaseT 3000 yacos., cpeaHAA HapaboTKa
1200 uacoB. Onpenenntb Koan4ye- CTBO OTKasaBLUMX w3a4ennit npu Hapabotke 9000 4yacoB w
XapaKTepu- CTUKN HaZEXHOCTW.

3apaua 4.9. Onpenenntb BepOATHOCTb OTKasa M3genua npu Hapabotke 1500 yacos, ecnu
KoapduumeHT Bapuaumm paseH 0,2, HUKHee NpeaenbHO-4ONYCTMMOE 3HayeHue HapaboTKu
coctasnsaet 2000 vacos.

3apaua 4.10. lNpegenbHo JonyctMmoe 3HavyeHuMe HapaboTKM Ha oTKas cocrtasaser 1600
4yacoB, MaKCMMasibHoe 3Ha4YeHue 2000 yacoB. OnpeaennTb BEPOATHOCTb OTKasa Npu HapaboTke 1200
YaCoB M Xa- PAaKTEPUCTMKN AAHHOrO pacnpeaeneHus.

3apaua 4.11. HapaboTKa [0 OTKasa u3aenua nNOAYMHAETCA 3a- KOHy Benbynna c
napameTpamun a=1,5 n A=10" 1/uac. OnpeaenuTb KONMYECTBEHHbIE XapaKTEPUCTUKM HaZeKHOCTM
nsgenus 3a spems pabotbl nsgenma 100 yac.

3apaua 4.12. BepoaTHOCTb 6e30TKa3HOM pPaboTbl aBTOMATUYE- CKOM JAMHMUM W3rOTOBAEHUS
LWTOKOB BypoBoro Hacoca B TeyeHme 120 yac pasHa 0,95. OnpeaennTb MHTEHCMBHOCTb OTKA30B IMHUMN
Ana Mo- meHTa BpemeHM 120 yacoB M cpegHee Bpema 6e30TKasHoW paboTol. MNpeanonaraetcs, YTo
CnpaBea/IMB SKCMOHEHLMA/IbHbINA 3aKOH HaZeX- HOCTMU.

3apaua 4.13. CpeaHee Bpema 6e30TKa3HOM paboTbl aBTOMATU- YECKOW CUCTEMbI YNpaBaeHUs
paBHO 640 yac. [lpegnonaraercs, 4YTO CMpPaBeA/IMB 3KCMOHEHUMA/IbHbIA 33aKOH HageXHOCTU.
Heobxoammo onpeaennTb BEPOATHOCTb 6e30TKasHoM paboTbl B TeyeHMe 120 YacoB, Y4acTOTy OTKA30B
AN MomeHTa BpemeHn 120 4YacoB U UHTEHCMBHOCTb OTKA30B.

3apaua 4.14. Bpems ucnpaBHOM paboTbl CKOPOCTHbIX LIAPUKO- NOAWWNNHUKOB NOAYMHEHO
3aKoHy Belbynna ¢ napametrpamu a=2,6 ; A = 1,65107 1/uac. TpebyeTca BbIMUCAUTL
KONIMYECTBEHHbIE XapaK- TePUCTUKM HaZeXKHOCTM ans BpemeHu 150 yacoB M cpegHee Bpems
6€e30TKa3HON PaboTbl LWAPMKONOALWNNHUKOB.

3apaua 4.15. Onpeaenntb BepOATHOCTb OGE30TKAa3HOM PaboTbl U MHTEHCUMBHOCTb OTKA30B
npmnbopa npwm t = 1300 Yacos paboTbl, €CAN NPU UCMbITAHUAX NOAYYEHO 3HAYEHME CPEAHETO BPEMEHMU
6e30TKas- Holt paboTbl M=1500 4acoB U cpefHee KBaApaTU4ECKOE OTKIOHEHUE

o= 100 yac.
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KoHTposbHbIe BONPOCHI

1. Yrto mpexactaBiaseT coOO0i 3aKOH pacrpeiesieHus] ClIydyaliHon
BEJIMYMHBI?

2. Jlma pacdera KaKux ITOKazaTeled MU TEXHHYCCKUX CHCTEM
MPUMEHSAETCS HOPMaJIbHBIN 3aKOH pacipeaeacHus?

3. PacdeTt mokazaTesnei HaJaeKHOCTH, TOAYUHSIIOMIMNXCS HOP-
MaJIbHOMY 3aKOHY pacipe/ieseHusl.

4, Jlng pacuera KaKux MOKa3aTeael U TEXHUYECKUX CUCTEM
MIPUMEHSETCS YKCIOHECHIMAbHBINA 3aKOH PAaCIpPEACICHUSA?

5. Pacuer moka3zareneil HaJIeKHOCTH, TOJUUHSIOMMNXCSA 3KCIO-
HEHIMAJbHOMY 3aKOHY paclpeIeICHHUS.

6. s pacuera Kakux MmokaszaTeiaeld U TEXHUUYECKUX CUCTEM
IIPUMEHSETCS 3aKOH pacrpeaeneHus BeiOymna?

/. Pacuert noka3zarenei HaJIe)KHOCTH, IMMOUUHSIONIAXCS 3aKOHY
pacmpenaeneaus BeiiOymna.

8. Jns pacuera Kakux mokaszaTeneld U TEXHUYECKUX CUCTEM
MIPUMEHSIETCSI FTaMMa-pacipeiesicHue?

9. Pacuer nmoka3zaTreney HaJIC)KHOCTH, ITOTUYNHSIONINXCSI TaMMa-
pacrpeieieHuIO.

10. Jlnmsa pacdeTa KaKux IoKazaTellel U TEXHUUYECKUX CUCTEM
NpUMEHsIETCA JIorapu(MUUYECcKy HOpMaIbHOE pacipeesieHue?

11. Pacyer moka3zarteiied HaAeKHOCTH, MOMUMHSIOMIMXCS JIOra-
pUMUYECKH HOPMAJILHOMY PacCIpeieICHUIO.

IpakTuuyeckoe 3ansaTue Ne 5.

NMPUHLUMUIMbI YCTAHOBJ/IEHUA 3AKOHOB
PACHPEJAEJEHUSA CJIYYAHHOHN BEJINYNHBI

Ll,enb: Hay4YnUTb CTYAEHTOB YCTaHAB/IMBATb 3aKOHbI pacnpeaene-HuA rokasartenei Ha4eXHOCTU
no CTaTUCTUYECKMM AadHHbIM

3agauyu o0yyeHus:
— O3HAaKOMMTH C METOAUKOW YCTAHOBJIEHUS 3aKOHOB pacIIpee-
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JICHU ITOKa3aTCIs1 HAACKHOCTH ITO CTATUCTUYCCKUM JaHHDBIM,
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— IIPUBHUTH HABBIKHW YCTAHOBJICHHUA 3aKOHA PACIIPCACICHUS I10KaA-
3aTCJIs1 HAACKHOCTH.

SaI[aHI/Iﬂ U METOANYECCKUC YKA3AHUA K UX BBINNOJTHCHHUIO

PaboTa CTYyA€eHTa 3aK/IK4aeTca B U3y4YeHUU MEeTOAUK pelleHUU 3adad, CaMOCTOATE/IbHOM
peweHunn 3ap,aHm7| M OTBETAX Ha NOCTAaB- JIEHHbIE KOHTPO/IbHbl€ BOMPOCHI.

I'Ipumep 5.1 Ha ocHoBe npeacTtaBieHHbIX CTaTUCTUYECKUX AaH- HbIX MPOBECTU pacCyeT u
aHaNn3 NoKasaTenei Ha4eXXHOCTU Cepnun HeBOCCTaHaB/IMBaeMbIX 06beKToB.

HUcxoaHbie 1aHHBIE:

Tabnnua 5.1
JlanHbIe 00 0TKa3ax 000pyA0OBAHUSA
No Bpems Yucio
00b- | HaOMIO- Bpems orkaza, yac OTKa-
€KTa | JCHUS 30B
1 1150 155, 291, 340, 396, 900, 1145 6
2 1990 1|90, 180, 460, 853, 1761, 1987 6
3 3020 1420, 930, 1213, 1916, 2005, 2774, 3015 7
4 3600 (300, 830, 1430, 1933, 2247, 2968, 3220, 8
3561
5 2250 |301, 610, 1700, 1900, 2100, 2250 6
6 3000 |68, 415, 888, 1231, 1717, 1917, 2090, 2967 8
7 2898 |87, 211, 715, 1600, 1903, 2115, 2344, 2898 8
8 2050 |60, 280, 395, 470, 850, 1050, 2000 I
9 1350 |50, 158, 484, 945, 1120, 1300 6
10 2550 |81, 240, 793, 1145, 1781, 1973, 2005, 2500 8
PeweHwue.
1 MNonyyeHne NPOCTOro CTaTUCTUYECKOro pAaa

Onpepensem HapaboTKy A0 OTKasa Mo BcemM o6bekTam. [lna 3TO- ro U3 KamAaoro
noc/sieaylolLero BpeMeH BO3HMKHOBEHMA OTKa3a Bbl- YnTaem npeabiaywee. [ns yaobcrsa pacietos
JaHHble NpeacTaBasemMs Buae Tabamupl 5.2,

BbICTpaMBaEM nony4yeHHble AaHHble B NMopAAKe BO3paCTaHWUA. Haxoanm makcumanbHoe wt
MUHUMa/IbHOE 3Ha4YeHne U3 NoSIY4eHHOro NpoCcToro CTatTMCTM4eCcKoro paga.
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T T :320[

=1090y

Onpegensem ananasoH 3Ha4YeHU AU aMNANTY Ay CTaTUYEeCKoro

paga.
§=T_ . —T. =1090-32=10584
Tabnnua 5.2
Haxoxaenue 3Ha4YeHN HApa0OTKH HA 0TKA3
Ne us- Tl T2 | T3 | T4 | TS | T6 | T7 | TS
eI
1 2 3 4 5 6 7 8 9
1 155 136 49 56 504 | 245
2 90 90 280 | 393 | 908 | 226
3 420 510 | 283 | 703 89 769 | 241
4 300 530 | 600 | 503 | 314 | 721 | 252 | 341
5 301 309 | 1090 | 200 | 200 | 150
6 68 347 | 473 | 343 | 486 | 200 | 173 | 877
7 87 124 | 504 | 885 | 303 | 212 | 229 | 554
8 60 220 | 115 75 380 | 200 | 950
9 50 108 | 326 | 461 | 175 | 180
10 81 159 | 553 | 352 | 636 | 192 32 495

2 OO6paboTka CTaTUCTUYECKOTO psisia
Konunuyectso AaHHbIX PaBHO 70. OI'Ipe,CI,EI'IFIEM KO/IN4eCTBO WUH-TEPBAJIOB.

N =70

k:ﬁ:ﬁz&

Onpeaensem AANHY UHTEpPBana

1
AT=5 21098 135 9541404

k 8

PaccunTbiBaem 4acTOCTb M HaKOMJIEHHYIO HYacTOCTb MO BCEM MH-TepBanam. [laHHble CBOAUM B
Tabnuuy 5.3.

3 Pacuer nmokasareneit 0€30TKa3HOCTHU 10 CTATUCTHYECKUM
NaHHBIM
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Onpe,u,enﬂeN\ Konn4yecrteso pa6OTOCI'IOCO6HbIX VI3,CI,e}'IVIl‘/JI Ha cepe-anHy KaxXaoro nepunoga no

dopmyne
N(t)= N—-n(t)
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Onpepgensem CTaTUCTUYECKYHO OLLEHKY BEPOATHOCTM 6e30TKas-HoM paboTbl Ha cepeanHy

Kaxkaoro nepuoga no popmyne

=11

Rt
N N
Tabnuua 5.3
PacuyeT 4acTOCTH M HAKOIJIEHHOM YaCTOTHbI
Kon-Bo
Hauaso Komer U31. OT- Ya- Haxkomnen-
No un- HETepR4- | MHTEpBa- Ka3aB.B | CTOCTb, Has 4a-
TepBAIA | o ngae, | AHTEPBA- An(At)/ CTOCTb,
’ ’ Je, N Y(An(At)/N)
Ani(Ati)
1 30 170 19 0,27 0,27
2 170 310 21 0,30 0,57
3 310 450 9 0,13 0,70
4 450 590 11 0,16 0,86
5 590 730 4 0,06 0,91
6 730 870 1 0,01 0,93
7 870 1010 4 0,06 0,99
8 1010 1150 1 0,01 1,00
2=70 2=1,00

CTpoum ructorpammbl MO NOAYYEHHbIM 3HAa4YeHUAM YacToCTH WMHAKOMNIEHHOW YacToCTH

0,35

0,3
0,25 -
02

0,15 7

30 170 310 450 590 730 8701010

1,2

1

08 |
06 -

04 |

0,2

Puc. 5.1. T'nctorpamma yacroctu

Puc. 5.2. Tuctorpamma HaKonJieHHOM
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Onpegenaem KOAMYECTBO OTKAa3aBLUMX AeTasieil HapacTaloWMMUTOrOM Ha CEePeANHY KasKaoro
nepuoaa no ¢opmyne

n(ti.1) = n(t)+An(t)
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Orlpe,u,enﬂeM CTaTUCTUYECKYHO OUEHKY BEPOATHOCTU OTKa3a HacepeauHy KaxXaoro nepumona

"O=n)

Qt

no popmyne

N

Onpegensem CTaTUCTMYECKYHO OLeHKY MAOTHOCTU BEPOATHOCTU

=)

ft

OTKa30B no popmyne

NAt

PesynbTaTbl pacyeTa ans yaobcrsa ceogmm B Tabavuy 5.4

Tabnuua 5.4
Pacuer moka3zartejeil 0€30TKa3HOCTH
110 3KCHepHMeHTaJ'II>HI>IM JAHHBIM
= blaw <
= = X =
= = a <
O O O M
o = | B = 3| 88
= g < 5 w A 8 an
< ) Q. =
& S o | E el E o 5
& ) T B2 f 5| EE
as e ~ N Q& & = - = =
= | E = |28l s %2 ¥ | ¥
e - T | e g 25| 2B
5 o = o 8| o X o O
S = s |2 m 22| @
. . O 5 5 © 0
Q O O = S
g =) S H
=~ = 5 o
B
N7 N7 ~
1 2 3 4 5 6 7 8 9
30 170 100 19 9,5 60,5 0,86 | 0,14 0,00097
170 310 240 21 29,5 40,5 0,58 | 0,42 0,00301
310 450 380 9 44 5 255 0,36 | 0,64 0,00454
450 590 520 11 545 15,5 0,22 | 0,78 |0,00556
590 730 660 4 62 8 0,11 | 0,89 |0,00633
730 870 800 1 64,5 55 0,08 | 0,92 0,00658
870 | 1010 | 940 4 67 3 0,04 | 0,96 |0,00684
1010 | 1150 | 1080 1 69,5 0,5 0,01 | 0,99 0,00709
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CTpoum rpadmK 3aBMCMMOCTN BEPOATHOCTUN Be30TKasHOM pabo-Tbi R(t) M BEpOATHOCTHN OTKA3a
Q(t) no akcnepuMeHTaNbHbIM AaHHbIM.

4 PacyeT 4MCIOBBIX XapaKTEPUCTUK HAPaOOTKHU O OTKa3a.
Cpennssg HapaOOTKa 10 OTKa3a onpeaeisiercs mo hopMyiie:
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roe n; — KOANYECTBO OTKA30B M34eMNIA B PaccMaTpuBaeMOM UHTep-
Basne;

ticep — CEPEAMHA PacCMaTPUBAEMOro NHTepBana.

& &
v v

1’: J& e

0,8 : -
M -

0 500 1000 1500

o
(o3}

o
N

R(t), Q(t)

Bpewms t, yac

Puc. 5.3. F'paduk 3aBuUcMmocTn BepoATHOCTU 6e30TKasHOM paboTbin
BEPOATHOCTU OTKa3a OT BpeMeHMU

Tabnuua 5.5
IIpoMe:KyTOUYHBIE pacyeThl CpeaHeil HApadOTKH 10 0TKAa3a
CepenvHa uH- Kon-so u31, : .
OTKa3aB. B UH- tc*ni tch2*ni
TepBasa TepBae
100 19 1900 190000
240 21 5040 1209600
380 9 3420 1299600
520 11 5720 2974400
660 4 2640 1742400
800 1 800 640000
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940 4 3760 3534400
1080 1 1080 1166400
2=24360 2=12756800
Auncnepcua:
2N
-t 12756800
1= i icep —t % = —3482 =61136

N 70
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o =7 =6113 =247

N 247 -0,71.

~ 348

S  BpiOop 3akoHa pacHpelefieHHss U €ro InapameTphbl.

BBII[BI/IFaeM THITIOTEC3Y 110 3aKOHY paClpCACICHUS cpe):[Heﬁ Hapa-
60TKM o oTKasza. Ecam v>0,5, To gaHHaA cnyvaiiHaa BeMYMHA NOA- YMHAETCA 3aKoHy Beibynna. B
AaHHom cnyyae 0,71>0,5, cnegoBa- TeNibHO, BbibMpaem 3aKoH pacnpeaeneHua Belibynna).

OcHoBHas runoTesa HO — cpeaHAA HapaboTKa A0 OTKasa NoA4YuM- HeHa 3aKoHy Beibynna.
OcHoBHas runotesa H1 — cpeagHAs HapaboTKa A0 OTKasa He NogYMHEHa 3aKoHy Benbynna.

Onpepenaem xapaKTepUCTUKM 3aKOHA pacnpegenenuns Beibyn- na: koadduumeHt dopmbl n
MaclwTtaba. Bocnonb3yemca HOMOrpam- MO Ha pUCYHKe 5.4.

Soooe o = [ (S o
> o...,....i'c,.o..s; ?.. =) - o v <
L1 SRS ST SR — L) ) ) ~ >

e < = (S o )
s JL VIS Yy o o (5} < < S

Puc. 5.4. Homorpamma gnsa onpegeneHna napameTtpa 3akoHa Beiibynna

Mo pucyHKy 5.4 onpegenaem napameTp o S1A COOTBETCTBYOLWeE-ro 3HavyeHua v, npu v=0,71
bynet a=1,47.

PaccumTaem napameTp A:

7\’ -1 1 =0,0001836
-
348"

Mpocraa runotesa HO — cpeaHssa HapaboTKa A0 OTKasa NoAuM- HAeTcA 3aKoHy Beilbynna c
napametpamu: o=1,47; A=0,0001836.

6 [ToaTBEp)KACHNE TUTIOTE3BI
[ina noaTBepKAEHMA rMNoTesbl UCMONb3yem KpuTepuit cornacus MupcoHa (x%), KoTopsblii

XapaKTepusyeT OTKNOHEHNE TEOPETUYECKON KPMBOM OT NPaKTUYECKOWM
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I'IpM pacyete HEOGXOAMMO O6b€ﬂ,VIHVITb MHTEpPBAJIbl C KOANYe-CTBO AaHHbIM MeHee 5.

Pacuet Begem ona 5-TM MHTEPBaNOoB:

Dieo = Pim N, rge

p

P, —BepoATHOCTh Nonaganus B MHTEpBaI OT L, 1o t_;

P =e

im

At

i

. e‘”

o

i+1

Pe3ynbTaTtbl pacyeta npeacrasnsaem B Tabamue 5.6.

X* pacueTHoe paBHO 14,95. CpaBHMM X pacyeTHOe C TEOPETUYECKUM:

X2 (ra), roe

r —Kon-BO cTeneHen ceoboabl;

Ol —Kon-Bo BepoAT. owmbKkM 1-ro poaa (OL=0,05;0,01);

r=k-s-1=6-1=5, rge

$—KO0J1-BO HaNnoXeHHbIx cBsAzel (s =0);

k —kon-Bo MHTEpBaAoB.
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Tabnuua 5.6

Lo

« | o | B |23
3 = 0 E & -
&, 2 5 | 8 & o~ =
= O = q = = p N
= = = = m = = c = S
= ~ < 0 w o c — < x
= 0 = | g & = =
A S 2 5 H ~

as ~ 5} = S

@) o) g

AR
30 170 100 19 0,294 20,61 -161 | 2,61 0,13
170 310 240 21 0,275 19,28 1,72 2,97 0,15
310 450 380 9 0,198 13,84 | -4,84 | 23,41 1,69
450 590 520 11 0,119 8,30 2,70 7,29 0,88
590 730 660 4 0,063 4,38 -0,38 | 0,15 0,03
730 870 800 1 0,030 2,09 -1,09 | 1,19 0,57
870 | 1010 | 940 4 0,013 0,91 3,09 9,53 10,43
1010 | 1150 | 1080 1 0,005 0,37 0,63 0,40 1,07

$-0,997 P=14,95




v? (5;0,01)=15,09,

14,95<15,09 , cnefoBaTenbHo, T.K. X pacyeTHoe < x° Teop. — r’1-noTe3a BepHa, OTKAOHEHWUA MeHbLUe
[ONYyCTUMBIX, T.e. HapaboTKa Ao
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OTKa3a NoAYUNHAETCA 3aKOHY Beﬁ6ynna C TaKUMU NapameTpamu.

7 PacdeT mokazaresnei 6€30TKa3HOCTH IO TCOPETUUSCKHUM JaHHBIM.
Mx)=t _[(1/a)_ r(1/1,47) = 314,86

o )Y« 1,47-0,0001836Y%

no Tabn. (1/1,47) =1,33;

20-r(2/a)-[r1/a)]  2-1,47-0,89-[1,33]
D(x) = - = 200,68

o - Mo 1,47-0,0001836Y/+4

flt)=a Aot et

R(t)=e;
Q(t)=1—e*".
Tabnuua 5.7
ti f(t) R(t) Q(t)
0 0 1 0
30 0,0012990 0,973 0,027
170 0,0021281 0,706 0,294
310 0,0017208 0,430 0,570
450 0,0011079 0,232 0,768
590 0,0006164 0,114 0,886
730 0,0003065 0,051 0,949
870 0,0001389 0,021 0,979
1010 0,0000580 0,008 0,992
1150 0,0000225 0,003 0,997
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R(t), Q()

Bpewmsa t, yac

Puc. 5.5. I'paduK TeopeTmyecKoii 3aBUCMMOCTU BEPOATHOCTU 6e30TKa3HOM
paboTbl U BEPOATHOCTU OTKA3a OT BpeMEHMU
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f(t)

0,0025
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0 200 400 600 800 1000 1200 1400

Bpewms t, yac

Puc. 5.6. 'padpuk TeopeTMyeckomn 3aBUCMMOCTM NJIOTHOCTU pacnpeaeneHusn
OTKa30B BO BpPeMeHMU

KoHTposibHBIE BONIPOCHI

1. Yro Takoe cnyvaiiHas BeaudnHa?
2. Kakwue coObITHS SBISIOTCSA CIy9ailHBIMU?
3. IlpuBeauTe mpuMepbl JUCKPETHBIX CIYYalHBIX BEJIUYUH,

paccMaTprUBaEeMbIX B TEOPUM HAJICKHOCTH.
4. TlpuBeauTe mpuMeEpbl HEMPEPHIBHBIX CIYyYaWHBIX BEIUYMH,

paccMaTpUBaEMbIX B TCOPUU HAJIC)KHOCTH.
5. Kakoit Bua umeer GyHKUUS pacnpeneseHus cilydyailHOU Be-

JIUNYUHBI?
6. UYro Takoe INIOTHOCTH pacHpeAeiacHHs, MaTeMaTHUEeCKOe
0KUJIaHWE, AUCHEPCHUsl CIIyYallHOW BEJIUYMHBI, CPEHEE KBaJpaTuye-

CKO€ OTKJIOHEHUE, KO3 PUIIMEHT Bapualluy, KBaHTWJIb, MEAUaHa, MO-

ma?
43



YTo TaKkO€ CTATUCTUYECKUU psL?

[Topsimox 06pabOTKH CTATUCTUYECKOTO PSA.

YTo Takoe cTaTUCTUYECKas TUIIoTe3a?

Jl71s1 yero npuMeHsIeTCs KpUTEpHil coriacusi?
Yto Takoe ommnOKHU MepBOro U BTOPOro pojaa?
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IIpakTuyeckoe 3ausitue Ne 6.

PACUYET HAJEKHOCTHU CJIOXKHBIX CUCTEM

U,e.ﬂb: Hay4uUTb CTYAEHTOB OMNPEAENATb NOKA3aTeE/IM HAAEHKHOCTU 06'bEKTOB, npeacrtaBaAaowmnx
CNOXHble CUCTEMDI.

3agauu o0yueHus:
— 03HAKOMWTbH C METOJAMH PE3EPBUPOBAHUS;
— IIPUBUTH HABBIKA IIOCTPOECHUS CTPYKTYPBI CIIOKHON CUCTEMBI;

— HAy4YUTh PACCUUTHIBATH NOKA3ATENIN HAJEKHOCTH CUCTEMBI 0O€3
pe3EpBUPOBAHMUS;

— HAYYUTb PACCHUTLIBATDH ITOKA3aATCIIN HAJACKHOCTH CHUCTCMbI C
pe3epBUPOBAHUEM.

Baaa}mﬂ N METOANYECCKUEC YKA3aHUS K UX BBINNIOJIHCHUIO

Pabota CTyOeHTa 3aKnk4yaeTcad B MU3YYEHUU METOAUK pelleHUnA 3ada4d4, CaMOCTOATE/IbHOM
peweHnn 3aAaHMﬁ M OTBETAX HA NOCTAB- JIEHHbIE KOHTPO/IbHbl€ BOMPOChHI.

Mpumep 6.1. OnpesenvTb BEpPOATHOCTb 6e30TKa3HOMW paboTbl M BEPOATHOCTb OTKasa
OCHOBHOW CUCTEMbI, COCTOALLEN W3 MATU 3/1€- MEHTOB, €C/IM BEePOATHOCTM 6e30TKa3HON paboTbl
3/1eMeHTOoB paBHbI P1(t)=0,98, P,(t)=0,97, P3(t)=0,99, P4(t)=0,98, Ps(t)=0,96.

PeweHue: BeposaTHOCTb 6e30TKasHOM paboTbl cuctembl P(t)
onpeaenaem no dpopmyne (3.1):
P.(t)=P;(t)-P,(t)-...-Ps(t) = 0,98-0,97-0,99-0,98-0,96 = 0,885, Be-
POATHOCTb OTKa3a Q.(t) cuctemobl onpenensetca no popmyne (3.5):
Q.(t)=1-P.(t)=1-0,885=0,115.
Oteet:P.(t)=0,885Q, =0,115.

Mpumep 6.2. OnpesennTte cpefHee Bpemsa H6E30TKA3HOM pPaboTbl CUCTEMbI, €cNu cUcTEMaA
COCTOWUT U3 TPEX 3/IEMEHTOB, cpeaHee Bpems 6e30TKasHoM paboTbl KOTopbix paBHbl 400, 200 1 500
4acoB, 3aKOH pacnpeseneHns — SKCNOHEHLUMANbHBIN.

PeweHue: Onpenenmm MHTEHCMBHOCTU OTKA30B 3/1eMeHToB no dopmye (2.11)
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A=1- 1 =0,0025 A =1_ 1 =0,0051/uac;

T, 49 1/vac; T, 50
0 0
Aa=1 _ 1 =0,0021/uac.
T3 500

MHTEHCMBHOCTb OTKa3a cucTemMbl onpeaensem no ¢popmyne (3.7)

Ae =Aq+A, +A3 =0,0025+0,005+0,002 =0,0095 1/vac.

HapaboTKy A0 OTKa3a cucTembl paccimTaem no popmyne (3.8)

T= 1 _ 1 =105,3uac.

A 0,0095

Oteet: T=105,34ac.

Mpumep 6.3. CucTema COCTOUT M3 TPEX 3/1EMEHTOB, BEPOAT- HOCTb 6e30TKa3HoM paboTbl
KoTopbIX B TeyeHun 100 yacos paBHbI P;(100) = 0,95; P;(100) = 0,99; P5(100) = 0,97. HaliTn cpeaHee
Bpems

6e30TKa3HOM PaboTbl CUCTEMbI, 3aKOH PacnpeaeneHns — IKCMOHEHUM- anbHbIN.

PeweHue: Onpegenvm BepoATHOCTb 6€30TKa3HOM paboTbl CK- CTEMBI

P(100) = P,(100)P,(100)P5(100)=0,95-0,99-0,97 = 0,912.

Bbipasnm MHTEHCMBHOCTb OTKa3a cucTembl U3 popmynsbi (3.6)

0,912
A__InP()_ In —0,0092.

t 100
CpeaHee Bpema 6e30TKasHOW paboTbl cucTembl onpeaensiem no
dopmyne (3.8)
T_ 1_ 1 =1085,6 uac.

0,009

OtBer: T=1085,6 4ac.
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Mpumep 6.4. Cuctema coctont n3 6000 snemeHTOB, CpeaHAA WMHTEHCUMBHOCTb OTKA30B
KOTOPbIX App=5,4-10" 1/4ac. OnpenennTb Be-pPOATHOCTb 6€30TKa3HO PaboTbl, BEPOATHOCTL OTKa3a,
NAIOTHOCTb Be- POATHOCTM BpemMeHM He30TKasHoi paboTbl 33 Bpema 100 yacos, v cpegHee Bpems
6e30TKasHoOM paboTbl.

PeweHune: MHTEHCUMBHOCTb OTKa30B cucTeMbl onpeaensdem nodopmyne (3.7)

o= NAep = 6000-5,4-10"7 = 3,24-10°3.
A == Z?\q

i=1
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BepoaTHOCTb 6e30TKa3HOM paboTbl paccunmTaem no dopmyne

(3.6)

n 4+ = = —
P(t)= " g2t oAt 4-0,00324:100 0,72,

i=1
Bep0ﬂTHOCTb OTKa3a CUCTeMbI
Q(t)=1-P(t)=1-0,72 = 0,28.

Hapa60TKa A0 OTKa3a CUCtemMbl

ro bl 1 -3086uyac.

3,24-10°
MNOTHOCTb BEPOATHOCTM BpeMeHU 6e30TKa3HOoM paboTbl

f(t) =A-eM_ 3,24-1073 _e—3,24-10‘3-1oo = 2,3-10731/yac.

3agaHus 1 caMOCTOATENIbHOM PadoThI CTY/IEHTOB

3apava 6.1. Onpenenvtb BEPOATHOCTb 6@30TKa3HOM pPaboTbl cM- cTembl, cocToAwen ns 500
3/1eMEHTOB, €CNN BEepPOATHOCTb 6e30TKas- HOW paboTbl KaXKkAOro 3/ieMeHTa B TeYeHWe BpPemeHu t
paBHa P(t) = 0,998.

3apgaya 6.2. BeposatHocTb 6e30TKasHoOM paboTbl cucTembl, co- cToawenh wu3s 150
paBHOHAZEXHbIX 3/IEMEHTOB, B TedyeHMe BpemeHM t paBHa P.(t)=0,95. Halith BepoATHOCTb
6e30TKa3HOM paboTbl aniemeH- Ta.

3apaya 6.3. baok ynpasneHua coctont n3 5000 anemeHTOB,CpeHAA MHTEHCMBHOCTb OTKa30B
KoTopbix paBHa 2,3-10° 1/uac. OnpeaenunTb BepoATHOCTb 6e30TKa3HOM paboTbl B TedeHun t = 100
yac 1 cpesiHee Bpemsa 6e30TKasHoOM paboTbl.

3apaua 6.4. Cuctema coCTOMT M3 NATU 3NEMEHTOB, cpeaHee Bpems H6e30TKasHoOW pPaboTbl
KoTopbix paBHO: T1;=104 4ac; T,=200 yac; T3=185 uyac; T,=350 4ac; Ts=620 4ac. lokasaTtenu
pacnpeaene- Hbl MO 3KCNOHEHLMaNbHOMY 3aKoHY. Onpeaenutb cpeaHee Bpema 6e30TKkazHoM paboThbl
CUCTEMBI.

3agaua 6.5. Mpubop coctont U3 NATM 610KOB. BeposTHOCTb 6e30TKasHOW paboTbl Kaxaoro
6.10Ka B TedyeHne BpemeHn t = 50 yac pasHa: P1(50)=0,98; P,(50)=0,99; P5(50)=0,998; P4(50)=0,975;

Ps(50)=0,985. CnpaBea/iMB 3KCMOHEHUMaNbHbIM 3aKOH HaaexHocTn. TpebyeTcA HalTM cpegHee
Bpems 6e30TKa3HoM paboTbl npubopa.

3apava 6.6. YcraHoBKa coctouT m3 3000 anemeHTOB, CpeaHAA WHTEHCUMBHOCTb OTKA30B
KoTopbix 3,8:10° 1/uac. Onpenennts Bepo-
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ATHOCTb OTKAa3a YCTaHOBKM B TedeHun t = 300 yac u cpeaHee Bpemsa 6e30TKasHoN paboTbl
annapaTypbl.

3apaua 6.7. O6beKkT coctout M3 200000 3/71eMEHTOB, CpeaHAs WMHTEHCUMBHOCTb OTKAa30B
koTopbix 0,2-:10° 1/4yac. OnpesenuTb Bepo- ATHOCTL 6e30TKa3HOM PaboTbl cucTeMbl B TeyeHne 240
YyacoB M cpes- Hee Bpems 6e30TKasHoMN paboTbl.

3apaua 6.8. Mprbop cocTonT U3 5 y310B. HageKHOCTb Y3/10B XapaKTepusyeTcs BEPOATHOCTbIO
6e30TKa3HOM paboTbl B TeyeHUe BpemeHu t, KoTopas paBHa: Pi(t)=0,98; P,(t)=0,99; Ps(t)=0,998;
P4(t)=0,975; Ps(t)=0,985. Heobxoanmo onpenenntb BepoATHOCTb 6e3-0TKasHoM paboTbl Npubopa.

KoHTpoJibHbIEC BONIPOCHI

1. JlaiiTe XapaKTE€pUCTUKY CIOKHOU CUCTEMBI.

2. Kak paccunThIBalOTCS MOKa3aTeld HAJISKHOCTH CUCTEMBI 0€3
pe3epBUpOBaHUS (OCHOBHOM CUCTEMBI)?

3. Uro Takoe pe3epBupoBaHue?

4, Kakue UCHOJb3YITCS BUJIbI PE3CPBUPOBAHUS ?

5. JlaiiTe onpenelieHHE M XapaKTEPUCTHKY OOIIEMY U IodJIe-
MEHTHOMY PE3E€PBHPOBAHUIO.

6. JlaiiTe onpenelieHNE U XapaKTePUCTUKY MMOCTOSIHHOMY pe3ep-
BUPOBAHUIO U PE3EPBUPOBAHUIO 3aMEIICHUEM.

/. [laiiTe ompeneneHne U XapaKTEPUCTUKY PE3EPBHUPOBAHUIO C
BOCCTAHOBJIEHUEM U 0€3 BOCCTaHOBJICHHUS.
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IIpakTnuyeckoe 3ansiTue Ne 7.

OTKA3bI TEXHUYECKUX CUCTEM

Ll,enb: OCBOUTb METOAUKY onpeaeneHnA OTKa3oB U I'Ipep,eanbIXCOCTOﬂHMﬁ TEXHUYECKNX
cncrtem

3amaum 00y4eHus:
— O3HAKOMWTH C KPUTEPUAMHU OTKA30B U TEXHUUYECKUX COCTOSI-
HU HeTera3oBoro 00Opy10BaHUS;

— HAYYHUTh BBISBIATh OCHOBHBIC BUJIBI OTKA30B 00OPYA0BAHNS;
— TPUBUTH HABBIKUA OMPEACIICHUS] pabOTOCMOCOOHOCTH OOBEK-

TOB.

33[[3HI/HI U METOANYECCKUEC YKA3AHUS K UX BBINNIOJTHCHHUIO

Paborta CTyAEeHTa 3aK/IK4aeTca B M3Yy4YEeHUNn METOAUK pPEWEHUN 3aaaydy, CaMOCTOATE/IbHOM
peweHnn 33,El,aHMl\;| M OTBETAX HA NMOCTAB- JIEHHbIE KOHTPO/IbHbIE BOMPOCHI.

3apgava. [poBecTM aHanM3 BWUOOB, NOCNEACTBUA M KPUTUUYHOCTM OTKA30B 3aropHOM
apmarTypbl.

AHanus BMAOB M nocneacTeuii otkasos (ABMO) — dopmanm3o- BaHHAN, KOHTpoAMpyemas
npoleaypa KayeCTBEHHOro aHa/M3a NPOEK- Ta, TEXHO/IOTMW U3roTOBAEHUSA, MPABUA SKCNyaTaLUn m
XPaHEHUs, CUCTEMbI TEXHMUYECKOro OBCNYKMBAHMUA W PEMOHTA WU3AEeNnA, 3aKNl0- 4YatollascAa B
BblAENIEHMN Ha HEKOTOPOM YPOBHE Pa3yKPYMHEHMA ero CTPYKTYpbl BO3MOMHbIX (Habntogaembix)
OTKa30B Pa3HOro B1aa, BNPOC/ieXMBaHUN NPUYNHHO-CEACTBEHHbIX CBA3EN, 0OYCNOBANBAIO- WUX UX
BO3HWMKHOBEHME, WU BO3MOMHbIX (Habnogaembix) nocnen- CTBUM 3TUX OTKA30B HA [l@aHHOM M
BbILLECTOALUMX YPOBHSAX, @ TaK¥Ke —B KaUeCTBEHHOM OLLEHKE U PaHKMPOBAHUN OTKA30B MO TAXKECTU UX
nocneacTsnin. AHanM3 BMAOB, NOCNEACTBUI U KPUTMYHOCTM OTKasos (ABMKO) — npoueaypa ABIO,
[0NONHEeHHan oueHKaMM NoKasaTe- iell KPUTUYHOCTU aHaIM3UPYEMbIX OTKA30B.

Memoouka nposedeHusa ABIKO:

1. BBISBJIAIOT BO3MOKHBIC BHU /bl OTKa30B COCTaBHbIX yacTeu
N U3JCJIMA B OCJIOM, U3YHAIOT UX IPHUYNHBI, MCXAaHU3MbI U YCIIOBUA
BO3HUKHOBCHUSA U PA3BUTHUA;
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2.  ONpEeNensioT BO3MOXKHBIE HEOJArONPUITHBIE MOCHIE-
CTBUSI BO3HUKHOBCHUS BBISIBICHHBIX OTKA30B, MPOBOJAT KAYECTBCH-
HBIN aHaIU3 TAXKECTU MOCIEACTBUI OTKa30B /WA KOJUYECTBEHHYIO
OLICHKY UX KPUTUYHOCTH;

3. COCTaBISIIOT W TEPUOJUYECKA KOPPEKTUPYIOT MEPEUHHU
KPUTUYHBIX DJIEMEHTOB M TEXHOJIOTUUECKUX MPOI[ECCOB;

4.  OLIEHUBAIOT JOCTATOYHOCTH MPEyCMOTPEHHBIX CPEJICTB U
METOJ0B KOHTPOJS PadOTOCIIOCOOHOCTH U TUATHOCTUPOBAHMS U3JIE-
JUW 11 CBOEBPEMEHHOTO OOHAPYKEHHSI M JIOKAJIU3al[Uu €ro OTKa-
30B, OOOCHOBBIBAIOT HEOOXOJUMOCTH BBEICHUS JOMOJHUTEIbHBIX
CPE/ICTB U METOJIOB CHTHAJIM3AIINHU, KOHTPOJIS ¥ JUATHOCTUPOBAHUS,

5.  BBIpaOATHIBAIOT MPEAJOKEHUS U PEKOMEHJAIMKU 10 BHE-
CEHUIO U3MEHEHUN B KOHCTPYKLUMIO W/WUIM TEXHOJIOTHUIO U3rOTOBJIE-
HUS U3JIeNIUS U €r0 COCTaBHBIX YacTel, HAIIPaBJICHHBIC HA CHUKEHUE
BEPOSTHOCTH W/WJIM TSKECTU TMOCIEACTBUM OTKA30B, OLEHHUBAIOT
3¢ PEeKTUBHOCTH paHee MPOBEICHHBIX 10Pa00TOK;

6.  OIIEHMBAIOT JOCTATOYHOCTH MPEIYCMOTPEHHBIX B CUCTEME
TEXHOJIOTUYECKOTI0 00CTYKMBaHUSI KOHTPOJIbHO-IMATHOCTUYECKUX U
npopuIaKTHIECKUX OIEepalliii, HallpaBJICHHBIX HA MPEIYyIPEKICHNUEC
OTKAa30B U3JICIUN B IKCIUTyaTalliU, BEIPA0ATHIBAIOT MPETIOKEHUS 110
KOPPEKTUPOBKE METOJIOB M TMEPUOJUYHOCTH TEXHHYECKOro 00Cy-
KUBAHUS,

/.  aHAIM3UPYIOT MpaBHUJia MOBEJICHUSI NEPCOHANIA B aBapHUii-
HBIX CUTYaIUsX, O0YCJIOBJICHHBIX BO3MOXXHBIMU OTKAa3aMU U3JEIINM,
IPEAyCMOTPEHHBIE IKCIUTyaTallMOHHON TOKYMEHTAIINEH, BhIpa0aThI-
BAIOT MPEIOKEHUS IO UX COBEPIICHCTBOBAHUIO MJIM BHECEHHUIO CO-
OTBETCTBYIOIIUX U3MEHEHUN B IKCIUTyaTAlMOHHYIO JTOKYMEHTAIIUIO
pU UX OTCYTCTBUH;

8.  MOpOBOJAT aHAIU3 BO3MOXKHBIX (HAOIIOJAEMBIX) OIIMOOK
nepcoHana MpH AKCIUTyaTalid, TEXHUYECKOM OOCIYKUBAaHUU U PeE-
MOHTE W3JCIUH, OIEHUBAIOT WX BO3MOJKHBIC IMOCIICICTBUSI, BbIpada-
THIBAIOT MPEAJIOKEHUST 10  COBEPIICHCTBOBAHHMIO  YEJIOBEKO-
MaIlIMHHBIX HUHTEPGEWCOB W BBEICHHUIO JIOMOJHUTEIBHBIX CPEACTB
3alUThl U3JEIUN OT OIIMOOK IepCcOoHala, MO0 COBEPIIECHCTBOBAHUIO
WHCTPYKIIMN MO JKCIUTyaTallid, TEXHUUYECKOMY OOCITYXHUBAHUIO U
PEMOHTY U3JCIIUH.
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MeToauKa BbINOJHEHUSI PA00THI HA IPUMeEPe AHAJIN3A
0TKAa30B IIUOCPHOM 3aIBUKKH, YCTAHOBJICHHOM
B rasopacnpepenuresibHOMU cucteme

1. [To HOpMATUBHO-TEXHUYECKON NOKYMEHTAIMU OMPEIEIIs-
€M BH/Ibl OTKA30B U IPEACIbHBIX COCTOSHUM JJIs paCCMaTPUBAEMOI0O

o0BbeKTA.
KpMTepMM npeaenbHoOro CoOCtoAHMA U BO3MOXXHble BUAbl UX OT- Ka30B, ABNAOWNECA O6|J.I,VIMM

ONA BCEX TUNOB apMaTypsl, ycTaHasau- BatoTca CTO MNasnpom 2-4.1-212-2008. K HMm oTHOCATCA:

—  HadaJbHas CTaJus HAPYIICHHS IIEIOCTHOCTH KOPITYCHBIX
netaneit (ra3oBasi T€Ub);

—  W3MEHEHHE TeOMEeTpHYeCKUX (OpPM TMOBEPXHOCTEH KOp-
MyCHBIX JETaJCH CBBIMIC JTOMYCTUMBIX KaK CIEIACTBHUE SPO3UOHHOTO U
KOPPO3MOHHOTO  pa3pylIeHUH, MPEMATCTBYIOMUX HOPMaJbHOMY

(YHKIIMOHUPOBAHUIO apMaTypBbl.
K BO3MOXXHbIM OTKa3am, XapaKTePHbIM O/1A4 BCEX TUMOB apMaTy- pbl, OTHOCATCA:

—  IOTeps TEPMETUYHOCTU [0 OTHOLICHUIO K BHEIIHEU CPElC
10 KOPITYCHBIM JIETAJISIMU, CBSI3aHHAs C Pa3pyLICHUEM;

—  TOTepsl TEPMETUYHOCTH IO OTHOILIEHUIO K BHEIIHEU CpeJie
0 MPOKIAJOYHBIM COEANHEHHSIM, YIUIOTHEHUSM U B TpYOHOU OOBS3-
K€,

—  HEBBINOJHEHUE (QYHKIIUNA «OTKPBITUS-3aKPBITUS;

—  IOTeps TEPMETUYHOCTH B 3aTBOPE (CBEPX JOMYCTUMBIX
MPEAEIIOB, YKa3aHHBIX B AKCIIyaTAllHOHHOW TOKYMEHTAIIUN).

KpuTepun oTka3oB WnbepHbIX 3a4BUXKEK:

1 HOTGpSI IrCpMETUYHOCTH 110 OTHOICHHUIO K BHEIIHEH cpeac 1o

KOpPITYCHBIM ACTAJISAM:
a) paspyLueHune, ¢ BbIbpocom paboueit cpeabl B atmocoepy; 6) paspylieHne
YNNOTHUTEIbHbIX MOBEPXHOCTEN KOPMYCHbIX

aetaneu;

B) noTeHune, KanesibHaAa Teyb.

2 Tlotepst repMETUYHOCTH 10 OTHOIICHUIO K BHEIIHEH cpefie 1o

CaJIbHUKOBOMY YILNIOTHCHHIO:
a) pa3pyleHune casbHWNKa, C BbIbpocom paboueit cpeabl B aTmo-cohepy;

6) NnoTepsa repMeTUYHOCTU B CaslbHUKE, He YCTPaHMMAn NOATAXK-
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3 IloTepst TepMETUYHOCTH 10 OTHOIICHUIO K BHEIIHEH cpelie Mo
HEIOJIBUKHBIM COCJIMHEHUSIM:

a) paspyLleHune ynaoTHUTENbHOTO 3IEMEHTA;
6) noTepa repMeTUUHOCTH, YCTPAHNUMAA MOATANKKOM.

4 TloTepsi repMETUYHOCTH B 3aTBOPE CBEPX JOMYCTUMBIX Mpeie-
JIOB, YKa3aHHBIX B 3KCILTyaTallMOHHOW JOKYMEHTAIIUU.

5 HeBpinonuenue QyHKIUH «3aKPBITOY.

6 HeBbpinmonuenue GyHKIUU «OTKPBITOY.

Kputepuamm npegsenbHOro COCTOAHUA 3a4B8UMKeK ABNAIOTCA:

— HayvaJbHas CTaJusl HAPYIICHUS LEJIOCTHOCTH KOPIMYCHBIX Je-
Tasieil (MoTeHue, KarelbHas TeUb);

— JIOCTMKEHHME HAa3HAYEHHBIX MOKa3aTelew;

— pa3pyllieHre OCHOBHOTO MaTepHajia U CBapHBIX COCIUHEHUM
KOPITYCHBIX JIETaJIEH;

— H3MEHEHUS T€OMETPUUYECKUX Pa3MEPOB U COCTOSIHUS TTOBEPX-
HOCTEH BHYTPEHHUX JI€TaJIeil, B TOM YHMCJIE U KOPIYCHBIX, BIUSIOIIUX
Ha (YHKIIMOHUPOBAHUE 33aJBMIKEK, B PE3yJbTaTe 3PO3UOHHOIO, KOP-
PO3MOHHOI0 ¥ KaBUTALIMOHHOTO pa3pylICHHUII;

— TMPEBBIIIEHUE KPYTSAIIEr0 MOMEHTa, HEOOXOAUMOIo JJisl OT-
KphITUS (3aKpbITUsI) 3a7BHkek Oosnee deM Ha 10%, mpuBopsmiee k
cpabaThiBAaHUI0 MY(PT OrpaHUYEHUS] KPYTAIIUX MOMEHTOB 3JIEKTPO-
IPUBO/IA.

KpMTepMM npeaenbHoOro COCToAHNA 3N1EKTPONPMBOAOB YKa3aHbIB HOpMaTMBHO-TEXHMLIeCKOf;I
AOOKYMEHTALMN Ha S1EKTPONpuMBOAaA.

Ana OanvHeliwez2o aHAAU3a 803bMeM OOUH U3 Kpumepues
omka3zawubepHoUl 3a08UXCKU — MomepA 2epMemu4yHocCmu 8 3ameope
cgepx 00nycmumMeix Mpeodesnos, YKA3AHHbIX 8 3KCrayamauuoHHOU
0OKyMeH- mayuu 8 pe3ynbmame 2a30a6pa3usHo20 U3HOCA
yrna0mHumesbHbix No-eepxHocmed.

2.  YcTaHOBJICGHHE KAaTETOPHHU TSXKECTH IMOCIEICTBHH OTKa30B
TsKeCTh TMOCHEACTBUM OTKA30B YCTAHABIMBAETCA HAa OCHOBE

aHanusa Kateropum no Tabamue 7.1.

MpMHMMaem KaTeroputo TAxKecTu Il, Tak Kak paccmMaTpMBaeMbll BUAOTKA3a He NPUBOAUT K
3HaUUTENbHOMY YLEepby A1A camoro 06beKTa UK 411 OKpYXKatoLen cpeapl.

3.0mpenensieM TSXKECTh MOCIEICTBUNA OTKa3a
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OnpenenseM TSKECTh MOCISICTBUM Mo Tadmuie 7.2.
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Tabnnua 7.1

Kareropus 1s-
JKECTH IoclIea- | XapaKTePUCTHUKA TAKECTH MOCIEICTBUIM OTKAa30B
CTBUH OTKa30B

vV OTka3, KOTOPbIi OBICTPO U C BHICOKOW BEPOSITHO-
CTBIO MOJKET IOBJICYh 3a COOOW 3HAYUTEILHBIN
yiepO AJisi caMoro o0beKTa U/MiM OKpYKarouien
Cpebl, THOEb WIIH TSKEIbIE TPABMBI JIFOJIEH,
CPbIB BBIMIOJIHEHUSI TOCTABJICHHON 3a]1a4u

1 OTka3, KOTOpbI OBICTPO U C BBICOKOW BEPOSTHO-
CThIO MOJKET IOBJIEYb 3a COOOW 3HAYMTEILHBIN
yiiepo s caMoro o0beKTa W/WIM il OKpy»XKa-
IO CpeJibl, CPHIB BBHITIOIHAEMOM 3ajauu, HO
CO3/Ia€T MPEHEOPEIKUMO MAITYIO YTPO3Y KU3HU U
310POBBIO JIFOIEN

[ OTka3, KOTOpPBIA MOXKET MOBJICYb 3aJICPKKY BbI-
NOJIHEHUA 3a/1a4M, CHUXKEHUE TOTOBHOCTH U 3(-
(dbekTUBHOCTH 00BEKTa, HO HE MPEACTABIISACT
OMMACHOCTH I OKPYXAIOIIeH Cpelbl, camMoro
00BbEKTa U 310POBbS JIIOJIeH

I OTka3, KOTOPBIM MOXKET MOBJIEYb CHUKEHUE Ka-
gecTBa (PYHKIIMOHUPOBAHUA OOBEKTa, HO HE
IOPEACTaBISET OMACHOCTU JJisi  OKpYXarolieh
Cpebl, CaMoro 00bEKTa M 3JI0POBBS JHOACH

PaHru oTkasos:
A - obszaTeneH yrnybneHHbIM KONMYECTBEHHbIM aHaNM3 KPU-TUYHOCTH,

B - )kenateneH KoNIMUYECTBEHHbIM aHanns Kpntny HOCTH,C - MOXKHO OrpaHN4YnNTLCA
Ka4yeCTBEHHbIM aHa/TN30M,

D - aHanu3 He TpebyeTcs.

M3HoC 3aTBOpa fABAAETCA BEPOATHbIM OTKAa3OM, MO3TOMY A8 WWOEPHbIX 3a4BUNKEK
XapaKTepeH paHr A uam B, nosTomy HeobXo- UM KONNUYECTBEHHbIN aHaAN3 KPUTUUHOCTH.

4. AHaIM3 Ka4eCTBECHHOM OLOCHKH 4aCTOTbI OTKAa30B
AHanun3 KayecTBeHHOWM OLLeHKM 4acTOTbl OTKA30B MPOBOAWTCA B COOTBETCTBMM C Tabnuuein
7.3.
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Tabnnua 7.2

Martpuna «BeposiTHOCTb 0TKa3a - THAXKECThb MOCJAeCTBUID)
IJIsl PAHKMPOBaHus 0Tka30B npu ABITIO

TsKecTh MOCIeCTBUM
Otkas ¢
Kara- IpeHe-
Kpurtu- P
crpodu- . | Hekputu- | 6pexumo
OxugaeMast 4acTo- . YECKUU o
YECKUU YECKHU I MaJIBIMHU
Ta BO3HUKHOBEHHUS OTKa3
OTKa3 OoTKa3 (Ka- | Iocjel-
(kaTero-
(kaTero- teropus Il) | cTBusmu
pus 1)
pus V) (kaTero-
pus 1)
YacTeiii 0TKa3 A A A C
BeposTHblil oTKa3 A A B C
Bo3MoXxHBIN OTKa3 A B B D
Penkuii oTkas A B C D
[IpakTyecku  He- B C C D
BEPOATHBIN OTKa3
Tabnunua 7.3

KayecTBeHHbBIE OLCHKHU YaCTOThHI OTKA30B

Buner oTka- KauecTBeHHOE ONMMCaHue YacTOThI
30B 10 4a- JUISl UHIUBUTYAJIbHOTO JUISl COBOKYITHOCTH
CTOTE U3EIUsA 1631 (01507
Yacteiii  o1- |BepositHO yacToe BO3HUKHO- |HaOmrogaercss — mo-
Ka3 BEHUE CTOSIHHO
BeposTHblii byner nHabmronathcs Heckoinb- |BeposiTHo — yactoe
OTKa3 KO pa3 3a CPOK CIyXObl U3/le- |BO3HUKHOBEHHUE
s
Bo3moxubiii | BosmoxHo onHo HaOmonenue |Habmiogaercs — He-
OTKa3 JAHHOTO OTKa3a 3a CpPOK |CKOJIBKO pa3
CITY>KOBI
Penkuit  or- |OTKa3  MaJloBEposiTeH, HO (BmoysiHE BO3MOXEH
Ka3 BO3MOXXEH XOTs Obl pa3 3a |XOTs Obl OJIMH pa3
CPOK CIIyKOBbI
IIpaktnuecku |OTKa3 HACTOJIBKO MajaoBeposi- (OTKa3 MaJlOBEpOs-
HEBEPOSATHBIA |TE€H, 4YTO BpsSA JU OYyAeT |TeH, HO BO3MOXEH
OTKa3 HaOMOAaThCsl JTa)ke OAWH pa3 |XOTs Obl OJIMH pa3

3a CPOK CITY>KOBI
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M3HoC wunbepa NPonCcXoamT HECKOIbKO Pa3 3a CPOK CYKObl U3-4eAMA, NO3TOMY AAHHbI

B OTKa3a ABNAETCA BEPOATHbLIM.

5. OHpC,Z[CJI@HI/IC OaJUILHBIX OLICHOK KPUTHUYHOCTHU OTKAa30B

Kputnunocts otrkaza C paccunThIBarOT Kak npousBeaeHue C =
=B1:B2:B3, Bxoasalwpme B KOTOPOE COMHOXKUTENN OLEHNBAOT B 6an-nax ¢ UCNoJsib3oBaHUEM Tabauy,

7.4-7.6.

Tabnuua 7.4

OueHKH BeposiITHOCTEN 0TKa30B B 0aJjiax Bl

Bunbl oTka3oB mo BeposT- | Oxumaemas BeposT- Orenka Be-

HOCTH BO3HUKHOBCHHS 3a | HOCTb OTKAa30B, OI[CHCH- | POSTHOCTH

BpeMsI SKCILTyaTaluu Has pacyeTOM MJIM dKC- | OTKasa B
MEPUMEHTHBIM TTyTEeM oayutax Bl

OTKa3 MpakTU4YECKH HeEBe- Menee 0,00005 1

posSITEH

OTka3 MaJ0BEePOSITEH Ot 0,00005 10 0,001 2

OTka3 nuMeeT Malyr Bepo- Ot 0,001 mo 0,005 3

ATHOCTb, OOYCIJIOBJICHHYIO

TOJIbKO TOYHOCTBIO pacueTa

YMepeHHass  BEpOSTHOCTH Ot 0,005 no 0,001 4

OTKa3a

OTKa3bl BO3MOKHBI, HO TIPH Ot 0,001 1o 0,005 5

HUCIBITAHUAX WIA B DKC-

TTyaTaluy aHAJOTHIHBIX

WU3EJIMU He HAOII0 JAJTHUCh

OTKka3sl BO3MOJKHBI, Ot 0,001 1o 0,005 6

HaOJIIOAIUCh TPU  KCIBI-

TaHUSIX W B DKCIUTyaTaluu

AHAJIOTUYHBIX U3IEIUN

OTKa3bl BIIOJHE BEPOSTHBI Ot 0,005 10 0,01 7

Bricokast BEpOosITHOCTh OT- Ot 0,01 100,10 8

Ka30B

BeposiTHbI OBTOpHBIE OT- Bomnee 0,11 10

Ka3bl
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Ouenku nmocjeacTreuii oTkazos B2

Tabnnua 7.5

. Ouenka B
OnucaHue nociaeCTBUI OTKAa30B
oamnax B2
OTka3 HE NMPUBOAUT K 3aMETHBIM MOCJICACTBUSIM, I10- 1
TPeOUTEIh BEPOSITHO HE OOHAPYKUT HAJTMUUE HEUC-
IPaBHOCTU
[TocnencTBust 0TKa3a HE3HAYUTENIbHBI, HO TOTPEOUTEND 2-3
MOKET BBIPA3UTh HEYJOBOILCTBHUE €0 MOSIBICHUEM
OTKa3 NPUBOAUT K 3aMETHOMY JJISI TOTPEOUTEINSI CHU- 4-6
KEHUIO IKCIUTyaTallMOHHBIX XapaKTEPUCTUK U/UIH K
HEYy00CTBY MPUMEHECHUS U3CIHS
Bricokas cTerneHb HEIOBOJBCTBA IMOTPEOUTENS, U3/IE- /-8
JM€ HE MOXET OBbITh HCIOJb30BAHO MO HA3HAYEHHIO,
HO YIp0o3bl O€30MTACHOCTH OTKa3 HE MPEICTABISACT
Otka3 npencraBisier yrpo3y 0€300aCHOCTH JIIOJEH TN 9-10
OKPYXarOILICH Cpebl
Tabnuua 7.6

OneHka BepOSITHOCTH OOHAPYKeHHUs 0TKAa3a

10 MOCTABKM U3/1ejudA norpedourento B3

B BepostHocTh 00Hapy- | OrneHka

U]l OTKA30B I10 BEPOSTHO-

CTH OGHADYIKEHHA 110 IOCTAB- KCHUS OTKa3a, OI[CHEH- | BEPOSIT-
- Hasl PaCUYCTHBIM WU HOCTH B

HKCHEPTHBIM NyTEM oaax

Od4eHb BBICOKAsE BEPOSITHOCTH bonee 0,95 1

BBISIBJICHUS OTKa3a INpPH KOH-

Tpose, COOpKe, UCIIBITAHUSIX

Bricokass BEpOSITHOCTH BBISIB- Ot 0,95 10 0,85 2-3

JCHUS OTKa3a P KOHTPOJIE,

cOOpKe, UCIIBITAHUSIX

YMepeHHast BEpOSTHOCTh Bbl- Ot 0,85 10 0,45 4-6

SIBJICHUS OTKa3a IIpU KOHTPO-

e, COOpKe, UCIBITAHUSX

Bricokass BepOSATHOCTH  TIO- Ot 0,45 10 0,25 7-8

CTaBKU MOTpeOUTENo JaedeKT-

HOT'O U3/ICIHS

OueHp BBICOKAsT BEPOSTHOCTH Menee 0,25 9-10

IOCTaBKM IOTPEOUTENIO Jic-

(PEKTHOro U3aeus
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(v

BEBILO
UHUELOTIIO0 ULONKKEL BUdoIare)|

10

q Uru y

Tabnuua 7.7

BERNLO UUELD
-I7OIrDOI ULONKEL (OIMHIKUHD) OIUH
-oxaduAradin o MUITBITHOWONY J

BEBALO OUHIIrdKI9d OOEEOEOQmoomU

, IPCACTABJICHHOU B

BERNLO MUITREULBIOL U
EUHMAJBHQO ed1oIrddd U 19000011

1979d0 MMRhOLA BIULOOHIBUT]

28-32

BUIRIEU dHI0dA ©H

ULO0HQO0do01100L00Rd BAALO] |

QHI0dA WOIMKOLOJIMIIId BH

I9NQLOUD UOHIIALUIAITddIoRd
-0geI ULOOHQOD01100L00ed anHAmAdeH

[HocnencTBus
OTKa3a

oHd0dA wonwardaudrenooed eH

eIMATOdI o10owarauReMddan BAOLO] |

eERNLO I9HUhUdI QIIHXONEO0YH

AIIFRLON
OIl IfIreLON UUHAAL ndir ouHeduInexd
-€1 U QUHRLUINIBHEN doHguerdorOLR |

Odopmnenue padbouero aucra g nposeaeaus ABIIO
dopma padouero gucrta a5 nposeaenuss ABIIO

BEBNLO (QUHBOULIO) TUY

ULOO0HXdodO01l HOHIIALUHLOLTIA JOHE]

Odopmnenue npousBoautcst o ¢popme

KputuuHocTb oTkasa C=4-(7-8)-1

6.

(MUIDIHAD)
BLHOWOIE€ QUHBEOHOIWHR

wpxudres youdogum dodareg

Tabnvue 7.7.

(MUIDIHA() BLHIWALE O
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KOHTpO/iIbHble BONPOCHI

1. Kakue mpu3HaKH MOJIOKEHBI B OCHOBY KJIaCCH(PUKAIIMU OTKa-

3087 o
2. I[aI/ITe onpecaAcICHUA IMOCTCIICHHBIM U BHC3aIIHBIM OTKa3aM.

3. TlpuBenute knaccuuKauio OTKA30B MO MPUYMHAM BO3HUK-

HOBEHUA.

4, Kakue 3aKOHBI MCIOJB3YIOTCS I TMTOCTPOCHUS MOJEIH T0-
CTEIICHHBIX OTKAa30B?

5. Kakwue 3aKOHBI UCTIOJIB3YIOTCS TIPY IMTOCTPOECHUU MOJICIN BHE-
3aIlHBIX OTKA30B?

6. Kakue oTka3pl XapaKTEpHBI JJIs JIeTaJIel U y310B HedTeraso-
BOTr0 000py10BaHUA?

/. Kakue dusmdeckue sBICHHS NPUBOAAT B OTKAa3aM TEeXHHYE-
CKHX CHUCTEM?

IIpakTnueckoe 3ansitue Ne 8.

METOAbI NOBbIWLWEHNA HAAEXXHOCTUTEXHUYECKUX
CUCTEM

Lenb: NoJly4UTb HaBblKKX onpeaenAaTb metoa nosblileHNA HaaeXXHOCTb TEXHUYECKON CUCTEMBI
N €ro XapakTepucTtnku.

3amaum 00yveHus:
— O3HAKOMHTH C METOJIAMU MOBBIIICHUS HAJIE)KHOCTh TEXHUYE-
CKHX CUCTEM;
— TNPUBHUTH HABBIKK OIPEACIICHUS TMOKa3aTeled HaleKHOCTU
TEXHUYECKUX CUCTEM C PE3EPBUPOBAHUEM;
— 0oO0y4uTh JJaBaTh XapaKTEPUCTUKY Pa3HOBUIHOCTEHN pe3epBU-
pOBaHMUSI.

33[[3HI/IH N METOAUICCKHUEC YKA3AHUA K UX BBINNOJTHCHUIO:

Pabora CTyAeHTa 3aK/to4aeTca B U3YyYEHUUM METOAUK pelleHnA 3aaa4y, CaMOCTOATE/IbHOM
peweHunn 3ap,aHm7| M OTBETaX Ha NOCTaB- J/IeHHble KOHTPOJ/IbHble BOMPOCHbI.
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Kpamkue ceedenusn uz meopuu

[1ns NoBbIWEeHNA HageXKHOCTU CUCTEM U 3N1EMEHTOB NPUMEHAIOT
pesepBMPOBaHME, OCHOBAHHOE HAa MCMOAb30BaHWUM TOTO UAN WHOTO
BMAa n3bbiTouHOCTU. MocneaHAs onpeaenseT cheayrolme pasHOBUA -
HOCTU pe3epBUPOBaHUA: PYHKUUOHAAbHOE, BpEMEHHOe, UHGOPMayu-
OHHOE, CMPYKMYypHOe.

B Tom criyyae, ecim pasiMyHble CUCTEMbI UM YCTPOMCTBA Bbl- MOHAOT 6/1M3KMe QyHKLMMK,
OCYLLECTB/AETCA (PYHKUUOHAAbHOE pe- 3epBUpPOBaHMe. Takoe pe3epBMPOBaHME YacTO NPUMEHSAIOT
4217 MHO- TOGYHKLMOHA/bHBIX CUCTEM.

BpemeHHoe pe3epBMpPOBaHWE 3aK/aKO4aeTcd B TOM, 4YTO [JOMycKa- eTca  nepepbisB
OYHKUMOHMPOBAHNA CUCTEMbI MM YCTPOWCTBA M3-3a OTKasa 3/7eMeHTa. Bo MHormx caydasx
BPEMEHHOE pe3epBUpOBaHMe, obecneyvBalollee HENPEPbIBHOCTb TEXHOMOMMYECKOro MpoLecca,
OCYLL,ECTB/IAETCA 33 CYET BBEAEHMA aKKYMYIMPYIOLWMX EMKOCTEN, CKNaZ0B Cbipba M NoaydabprKaTos.

VHpopmayuoHHOe pe3epBMpPOBaHME CBA3AaHO C BO3MOMKHOCTbIO KOMMEHCaLUM MnoTepu
MHbOPMaLMKM MO OAHOMY KaHany nHdopmaum- e no apyromy. Ha 6ONbLIMHCTBE TEXHOOMMUYECKUX
06bekToB, 61a- rofaps BHYTPEHHUM CBA3AM, MMEET MecTo MHGOPMALMOHHAA M3bbl- TOYHOCTb,
KOTOPas 4acTo MUCMO/b3yeTcaA 410 OLEHKM 4OCTOBEPHOCTU MHOOPMALMMN.

Ona nokanbHbIX cUCTeM Hambonee XapaKTepHO CTPYKTYpHOe pe- 3epBupoBaHue. [Mpwu
MCMNO/Mb30BaHUM  NOCAEeOHEro MNOBblWEeHWEe HageX- HOCTM  [OCTUraetca NyTem BBeAeHus
OOMONHUTENbHbIX 3/IEMEHTOB B CTPYKTYPY CUCTEMBI.

CmpyKkmypHoe pe3epBUpOBaHUE PasfdenstoT Ha obliee U noane- MeHTHoe (paszenbHoe). B
MepBoM C/yyae cMCTEMa WM YCTPOWCTBO Pe3epBUMPYEeTCA B LLESIOM, BO BTOPOM pe3epBupytoTca
OTAENbHbIE 3/18- MEHTbI MW WX TPYNMb.

Ecnn pesepBHble 31eMeHTbl QYHKUMOHMPYIOT HapaBHE C OCHOB- HbIMW, TO MMEET MECTO
Harpy»KeHHoe pe3epBUpoBaHue.

Ecamn pesepe BBOAWTCA B COCTaB CUCTEMbI MOC/E OTKasa OCHOB- HOrO 3/1€MeHTa, TO UMmeeT
MECTO HEHarpy»KeHHoe pe3epBnpoBaHme.

Mpu pe3epBMPOBaHMM 3aMeELLEHNEM OAMH U TOT e pe3epB MO- XKeT BbITb UCMO0/Ib30BaH A1A
3ameHbl N06Oro M3 psafa OAHOTUMHbLIX 3/N1eMeHTOB. Takol crnocob pes3epBMPOBAHMA Ha3blBAOT
CKO/Ib3ALUMM M/IM C HEOAHO3HAYHbIM COOTBETCTBMEM.
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MpocTeiwnm BapMaHTOM pacyeTa HaLEKHOCTU CUCTEM CO CTPYKTYPHOM M3ObITOYHOCTbIO
ABNAETCA oOnpefesneHVWe MoKasaTesel 6e30TKa3HOCTM CUCTEM, COAEpMKallMX pe3epBUMPOBaHHbIE
HEBOCCTa- HAaB/IMBAEMbIE 3/IEMEHTbI.

Mpumep 8.1. CUCTeMa COCTOWUT U3 TPEX 3IEMEHTOB C PaBHOM BEPOATHOCTbIO HE30TKa3HOM
paboTbl pasHoi 0,9. OnpeaennTb Bepo- ATHOCTM 6e30TKasHOW PaboTbl CUCTEMbI MPU Pa3IUYHbIX
BapWaHTax pe3epBUpoBaHuA.

PeweHue: a) pacyeT NoKasatenein HafeKHoOCTU cuctembl 6e3 pe-3epBUMpPOBaHMUA:

BeposaTHocTb 6e30TKasHol paboTbl cucTembl 6e3 pesepBuMpoBa- HUA onpeaenserca no
dopmyne (2.1):

P.(t)=P3(t)=0,9° = 0,729,

BepoATHOCTb OTKa3a cucTembl 6e3 pesepBMpoBaHUA onpeaensemno ¢opmyne (2.5)

Q(t)=1- li[ P,(t)=1-0,9® =1- 0,729 = 0,271.

i=1

6) pacueT nokasaTesei HaAEKHOCTU CUCTeMbl Mpu obuiem pe-
3epBUPOBAHMUU:

CTpYKTypHas CXema CUCTeMbl C OBLMM pe3epBMPOBAHMEM MO-Ka3aHa Ha pucyHKe 8.1.

Pll | P12 | P13

I:)21 = I:)22 ] P23

P11, P12, P13 — BepoAaTHOCTM 6e30TKa3HOM paboTbl 31€MEHTOB OCHOBHOM
cn-ctemol; P21, P22, P23 —BepoAaTHOCTM 6e30TKa3HOM paboTbl 31eMeHTOB
pe3epBHOM

CUCTEMDI

Puc. 8.1. Cxema cucrembl ¢ 06wmm pesepBmMpoBaHue

BepoaTHOCTb OTKa3a c1cTeMbl C 0BLLMM pe3epBMpOBaHMEM onpe-aensetca no ¢opmyne (2.6):

Q(t) = Qoc(t) Qpc(t),

roe Qoc(t) — BEPOATHOCTb OTKa3a OCHOBHOM CUCTEMbI;
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Qrc(t) — BEPOATHOCTb OTKA3a Pe3ePBHOMN CUCTEMDbI.
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BepoAaTHOCTb OTKa3a OCHOBHOM cucTembl onpegensem no ¢opmy-ne (2.5)

Qoc(t) = 1- 1”1 P,(t)=1-0,9® =1- 0,729 = 0,271.

i=1
BepoAaTHOCTb OTKa3a pe3epBHOM CUCTEMbI paBHa

Qpc(t) =1- IE[ P.(t)=1-0,9% =1-0,729 = 0,271.

i=1
BepoATHOCTb OTKa3a CUCTEMbI:
Q.(t) = Qoc(t)- Qpc(t) = 0,271-0,271 = 0,073.
BepoATHOCTb 6e30TKA3HOM CUCTEMBI C 0BLLMM pe3epBupoBaHMemonpeaensem no dopmyne (2.8)
P.(t)=1-Q.(t)=1-0,073=0,927.

B) pacyer nokasartenew HaaeXHOCTU CUCTeMbl NMPU NO3TEMEHT-HOM pe3epBUPOBaAHUN:

CTPYKTypHasA CXema CMCTeMbl C MO3/IEMEHTHbIM PEe3epBMPOBaHN-eM MOKa3aHa Ha pUCyHKe 8.2.

Pll I:)12 PlS

P21 P22 P23

P11, P12, P13 — BepoAaTHOCTM 6e30TKa3HOM paboTbl OCHOBHbIX
anemeHTOoB;P,1, P22, P23 — BepoATHOCTM 6€30TKa3HOM paboThbl
pe3epBHbIX 31emeHToBPuUcC. 8.2. Cxema cuctemMbl C NO3/1IeMEHTHbIM
pe3epBupoBaHue

BepoAaTHOCTb 6€30TKa3HOoM PaboTbl CUCTEMbI C NO3/IEMEHTHBIMPE3EPBUPOBAHNEM ONpeaensiem
no ¢opmyne (2.6):

Po(t) = P11-21(t)- P1o_p5(t)- P13 53(1),

roe P11.21(t) — BEPOATHOCTb 6e30TKa3HOoM pa60TbI rpynnbl U3 nepBo-ro OCHOBHOIo U pesepsBHOro
3/1EMEHTOB,

Pi12.25(t) — BepoATHOCTb 6€30TKa3HOM paboTbl rpynnbl M3 BTOPO-TO OCHOBHOMO M PE3ePBHOr0
3/1EMEHTOB;

P13,23(t) — BEPOATHOCTb 6e30TKa3HoM pa6OTbI rpynnbl N3 TPETbE-TO OCHOBHOIO N pe3epBHOTIo
3/1EMEHTOB.
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P1151(t)=1-(1-P;4(1))- (1- Py, (t)) =1-(1-0,9)- (1-0,9) =1-0,01= 0,99
P1r5y(t)=1-(1-P1,(1))- (1-P,,(t)) =1-(1-0,9)- (1-0,9) =1-0,01= 0,99

P13 23(t)=1-(1-P45(t))- (1-P,5(t)) =1-(1-0,9)- (1-0,9) =1-0,01= 0,99
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BepOFITHOCTb 6e30TKa3HOl‘;| pa6OTbI CUCTEMbBI C MO3/TEMEHTHbLIM pe3epBUPOBaHNEM!
Pc(t)=P11-51(t)-P1_2:(t)-P13_»3(t)=0,99-0,99-0,99 = 0,97,

Tak KaK BepoATHOCTM 6€30TKa3HOM paboTbl rpynn 31eMeHTOB 6IM3KM K e4MHULLE, MOXKHO 6bl10

BOCMNO/1b30BaTbcA GOpMynol Ans NpubanKeHHoro pacyeTa (2.3):
n 3

P.(t)=1- X[1-P,(t)]=1- X [1-0,99]=1-0,03=10,97.
i=1 i=1

BepoATHOCTb OTKa3a OCHOBHOM CUCTeMbI onpegensaem no gopmy-
ne (2.5)
Q. (t)=1-P.(t)=1-0,97 = 0,03.
P.(t)= 0,729,

OTBeT: ana cucTeMbI 6e3  pesepBMPOBAHMA:

Q(t)=0,271; ana  cuctembl ¢ OBWMM  pesepBMpPOBaHMEM

P.(t)=0,927, Q(t)=0,073; ana cuCTemMbl C NO3NEMEHTHBIM pe3ep-
BuposaHnem: P (t)=0,97, Q/t)=0,03. Takum o6pasom, makcu-

Ma/JibHaA HadeXHOCTb JOCTUTAETCA NMPU NO3JIEMEHTHOM PE3EPBUPOBA-HUN.

3agaHus 17151 CAMOCTOATEIbHOM PadOThI CTYIEHTOB

3apaua 8.1. CucTeMa COCTOUT U3 YEeTbIpeX 31EeMEHTOB, UMEIO- LUMX UHTEHCUMBHOCTb OTKAa30B
pasHyto A; = 2,7-107 1/uac, A; = 3,2:107 1/uac, As = 2,1:107 1/4ac, A = 4,3-107 1/uac. UN306pasuTb
CTPYK- TYPHYIO CXEMY CMCTEMbl U OMpeaennTb BEPOATHOCTb 6e30TKa3HOM pa- 60Tbl U BEPOATHOCTb
OTKa3a B TeyeHue 60 Yacos Npu obLLEM pe3ep- BUPOBAHUM CUCTEMDI.

3apgaua 8.2. Onpepenntb KOAMYECTBO PABHOHAAEXHbIX pPEe3epB- HbIX 3/1EMEHTOB C
BEPOATHOCTbIO 6e30TKasHoi pabotbl Pi(t)=0,9, He- obxoaMmbix Ans Toro, 4tobbl obecneyuntb
BEPOATHOCTb 6e30TKasHoM paboTbl cMcTembl paBHyo P (t)=0,99.

3apayva 8.3. CucTemMa COCTOUT U3 YeTbIpex 31eMeHTOB, UMELO- LUMX UHTEHCUMBHOCTb OTKAa30B
pasHyto A; = 2,7-107 1/uac, A; = 3,2:10”7 1/uac, As = 2,1:107 1/4ac, Ay = 4,3-107 1/uac. N306pasuTb
CTPYK- TYPHYIO CXEMY CUCTEMbI U OMpeaesuTb BEPOATHOCTb 6e30TKasHOW pa- 60Tbl U BEPOATHOCTb
OTKa3a B TeyeHMe 60 YacoB NPK NO3NEMEHTHOM Pe3epPBUPOBAHIM CUCTEMBI.

3agaua 8.4. CucTema COCTOMT M3 TPEX 3/1eMEHTOB C BEPOATHO- CTbio 6e30TKasHoW paboThl
paBHoOl P4(t)=0,9, P»(t)=0,92, Pi(t)=0,87.
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Onpenenntb BepoATHOCTM 6e30TKasHOW paboTbl CUCTEMbI MPU  pa3- JIMYHbLIX BapuaHTax
pe3epBUpPOBaHUS.

3apaua 8.5. OnpeaennTb KONMYECTBO PE3EPBHbIX 3/IEMEHTOB C BEPOATHOCTbIO OTKa3a PaBHOM
0,05, ans Toro, 4Tobbl BEPOATHOCTL HE30TKa3HOoM PaboTbl cucTembl bbina paBHa P (t)=0,999.

3apaua 8.6. Cuctema COCTOUT M3 TPEX 3/1IEMEHTOB C BEPOATHO- CTblo 6e30TKasHOoM paboThbl
paBHol P4(t)=0,9, P,(t)=0,92, P;5(t)=0,87. Onpepenntb Bpemsa 6e30TKa3HOM paboTbl CUCTEMbI MNPU
ob6LLeM pe- 3epBUPOBaAHUM.

3apgaua 8.7. CucTema COCTOWUT M3 Tpex 3/IEMEHTOB C BEPOATHO- CTblo H6e30TKasHoW paboTbl
paBHoi P4(t)=0,9, P,(t)=0,92, P3(t)=0,87. Onpenenntb Bpemsa 6e30TKa3HON paboTbl cUCTEMbI MpuU
no3n1emeHT- HOM Pe3epBUPOBaHUMN.

3apaua 8.8. Cucrema coCcToMT M3 OLHOMO 3/IEMEHTa C BEPOATHO- CTbto 6e30TKasHoM paboTbl
paBHol 0,93, pe3epBHbIA 3N1eMEHT MMeeT BepoATHOCTb 6e30TKasHoW paboTbl 0,95. OnpeaenvTb
BEPOATHOCTb 6€30TKa3HOM PaboTbl CUCTEMbI MOC/IE 3aMeLLEHMS OCHOBHOIO 3/1eMEH-Ta Pe3epBHbIM,
caenaThb BblBOA,

IIpakTnuyeckoe 3ansiTue Ne 9.

NJIAHUPOBAHUE UCTIBITAHUA HA HAJIEXKHOCTD

Ll,enb: nony4nTb HAaBbIKKU NMNJIaHNPOBAHUA NCNbITaHWI Ha HaaexX- HOCTb.

3agaum o0yueHus:

— O3HAaKOMHTH C BUJaMU UCIIBITAHUN HA HAJC)KHOCTH;

— TPUBUTH HABBIKU Pa3paOOTKH IJIaHA MPOBEICHUS UCIBITAHUMI
Ha HAJIe)KHOCTb;

— Hay4yuTh 00paldaThIBaTh PE3YyJbTaThl UCIIBITAHUM.

33[[3HI/HI U METOANYECCKUEC YKA3AHUS K UX BBINIOJTHCHHUIO

Paborta CTyAEeHTa 3aK/1K4aeTca B M3Yy4YEeHUNn METOAUK pPEWEHUN 3aaaydy, CaMOCTOATE/IbHOM
peweHnn 3a,£|,aHm71 M OTBETAX HA NOCTAB- JIEHHbIE KOHTPO/IbHbl€ BOMPOChHI.
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MNpumep 9.1. OnpeaennTs YNCIO U3AENNIA, KOTOPOE HEODXOAN- MO MOCTaBUTb Ha UCMbITAaHWA
WKW NONYYUTb YMCIO OTKA3OB B MPOLEC-Ce UCMbITaHWUIA, YTOObI NOATBEPAUTL OLEHKU NMapameTpos,
COOTBET- CTByHOLWME TPebOBaHMA TEXHMYECKOro 3agaHuA. McxoaHble fdaHHble A8 MAaHWPOBaHUSA
ucnbiTaHunit: a=0,2; 6=0,1; Ty=200 4, Ty/T;=1,9. DKCNOHEHUMaNbHbIN 33aKOH pacnpeaeneHus
HapaboTKM AnsA GUKCUPO- BAHHOro obbema.

Pemenue.

Mo 3HaueHuto To/T;=1,9 U3 Tabnuubl ana x>-pacnpeseneHva u

3alaHHbIM 3HaveHuam a=0,2; 8=0,1 Haxogum  =1631;  =30,8;
Xos Xoa

2n=22. CnepoBaTenbHO, 06beM BblOOPKK paBeH n=11.

Echv B pe3ynbraTte NCNbITaHWU A0 noAsseHnAa OANMHHAALATOro OTKa3a nosiy4yeHHoe onbiTHOE
3Ha4vyeHune Hapa6OTKM [0 OTKasa t ya0- BNeTBopaeT yC/10BUID

Ty? (22) 2001631

f >0 01 =148y,
22 22

TO HaAEXHOCTb I'IpOBEpﬂEMOﬁ napTmm Ms,u,enmﬁ COOTBETCTBYET

TpeboBaHmam T3. OTcloga cyMMapHOe Bpems UCMbITaHUIM A0NKHODbITb PaBHO:

S, =tn =148-11=1628u.

Mpumep 9.2. OnpenennTb YNCNO HACOCHbIX arperaTtos Mo rma-

POpPa3pbIBY NaCTa U CYMMApPHbIN 06 bEM UCNbITaHMI, NPUHUMAA BO BHUMAHWE, YTO OTKa3bl BO BPEMS
MCMbITAaHWUI 3a Bpema t He AOMyCKa- toTcA. MicxogHble AaHHble ANA NAaHMPOBAHUA UcnbiTaHwi: a=0,1;
t=3 u; Tp=600 4. IKCNOHEHUMANbHbIA 3aKOH pacnpeaeneHns HapaboTKM aAns GUKCUMPOBAHHOrO
obbema.

Pemenmne.
BblumMcnsiem obbem BbI6OPKM (YMCNo arperaTos)

. ZTO’n(l—oc)‘ _500
3

‘In(0,9)‘ =21.

t

CnepoBatenibHO, obbem BblIbOpkM n=21. OTcloga cCymmapHoe

BpemsaA UCMNbITaHNI 6e3 0TKAa30B A0JIKHO BbITb

S, =tn =21-3=63u

MonyyeHHoe cymmapHoe Bpems paboTbl 6e3 OTKa3oB MOXKET

6bITb OTpa6OTaHO OAHUM NN HECKOJZIbKMMU arperatamm.
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MNpumep 9.3. OnpeaennTb B NPOLECCE UCMbITAHUIM YNCI0 OTKA- 30B HACOCHBIX arperaTtos Mo
rMApopaspbiBy MAacta M CYMMapHbi 06bem WCMbITaHWA A48 MNOAYYEeHWA OLEHOK NapameTpos,
cooTBeT-
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CTBYHOLLMX TPebOoBaHMAM TEXHUYECKOrO 3aaHuA. icxoaHble AaHHble ANA NAAHWMPOBAHMA UCMbITAHWIA:
a=6=0,1; T;=600 u; T,=800 4. DKC- MOHEHUMaNbHbIA 3aKOH pacnpeaeneHus HapaboTkn ansa
dUKCUpoBaH- Horo obbema.

Pemenne.
Mo 3HaueHuto To/T1=1,33 13 Tabamnupl ana x>-pacnpeseneHuna u
3aflaHHbIM 3HayeHusm a=0,1; 6=0,1 2 =172,42:
Haxo4um XflJ'
Xz =128,16; 2n=150. CnepoBatenbHo, 06bem BbIOOPKM (4ncno OT-
0,9

Ka3oB) paBeH n=75.

Onpenennaem onbiTHOE 3HaYeHWe HapabOoTKU Ha OTKas:
2
) Tlxﬁ(Zn) 600-172,42 _ geq ggy .
t =
2n 150

OTctoga cymmapHoe BpPema WCMbITaHWU Aaa NoATBEpPXAEHMA
MUHMMANbHOM HapaboTkM A0 oTkasa T;=600 4 npwu 4yucne OTKa3oB

n=75 ponxHo 6bITb paBHO

S, =tn =75-689,68 =517254.

KoHTposbHbIe BONPOCHI

Kakue cyniecTByroT BUbl HCIIBITAHUM HA HAJIEKHOCTh?
[IpuBenuTe 11€1b OMPEACTUTENBHBIX UCITBITAHUM.
Kakne 0coO0eHHOCTH UMEIOT KOHTPOJIbHBIE UCTTBITAHUS ?

4. Kakve 0OpUHUMIBI HCHOJB3YIOTCS TMPU MPOEKTUPOBAHUU
YCKOPEHHBIX UCTIBITAHUN?

5. JlaiiTe XapakTEpUCTUKY MPOBEJCHUSI COKpAILlEHHBIX U (op-
CUPOBAHHBIX HUCIIBITAHUH.

6. B kakux ciydasx NpUMEHSIOTCS CIIelHaIbHbIe BUJIBI HCIBI-
TaHUW Ha HAJIC)KHOCTh?

/. B ueM 0COOEHHOCTH MPOBEICHUS UCIIBITAHUN HA HAJICKHOCTh
IIpU OTKa3ax BCIIEACTBUE U3HOCA?
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