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IIpakTnueckoe 3ansaTue Ne 1.

ONPEJEJEHUE EJUHUYHBIX IOKA3ATEJEN
HAJAEKHOCTH HEBOCCTAHABJIMBAEMBbIX
OBBEKTOB

eab: HAy4YuTh CTYJEHTOB OIpPEICIAThH MOKa3aTeln 0e30TKa3HO-
CTH MO CTATUCTUYECKUM JAHHBIM

3agaum o0yyeHus:
— O3HAaKOMUTH C NTOKA3aTeNIsIMU 0€30TKa3HOCTH U OCHOBHBIMU
METOJIaMH UX ONPEICIICHUS;
— TMPUBUATH HABBIKK OMNpPEJEICHUS MOoKazaTejaed 0e30TKa3HOCTH
HEBOCCTAHABIMBAEMBIX OOBEKTOB;
— 0o0y4uTh JaBaTh XapaKTEPUCTUKY HAXOJUMBIX MOKa3aTeei
0€30TKa3HOCTH.

3aI[aHI/IH N METOINYCCKUEC YKAa3aHUS K UX BBINIOJTHCHHUIO:

Pabora cryaeHTa 3aKiI04aeTcsi B U3YYEHUM METOJUK PEHICHUU
3a/1a4, CaMOCTOSITEJIbHOM PEUICHHM 33JaHHl M OTBETaX Ha IMOCTaB-
JIEHHBIE KOHTPOJIbHBIE BOMPOCHI.

IIpumep 1.1. Ha npombicioBbie ucnbITanus noctaBieHo 60 Oy-
poBbIX Jsiebenok. McnbiTanus npooauinuchk B Teuenue 2000 yacos. B
X0JI€ UCIBITAaHUI OTKa3ajio 6 OypoBbIX Je0eaoK. OnpeaeanTb cTaTu-
CTUYECKYIO OIIEHKY BEpPOATHOCTH O€30TKa3HOW paboThl M3JEIUN 3a
Bpems 2000 gacos.

Peienue.

Beposmnocme 6e3omkasnoti pabomuol R(t;, t3) — BEPOATHOCTH
BBITIOJTHUTH TpeOyeMyro (DYHKITHIO TIPH JaHHBIX YCIOBHUSIX B MHTEPBa-
Jie BpEMEHHU (1, t2). BeposTHOCTh 0€30TKa3HOU PabOThI OMPESIICTCS
B IIPEANOJI0KEHUH, UTO B HaUajie MHTEpBaja BpeMeH! (MOMEHT Haua-
Jla UCUUCIICHUSI HapaOOTKHU) M3ACINE HaXOAUTCS B pabOTOCIIOCOOHOM
COCTOSIHUH.

Cratuctuueckas OIIEHKAa BEpPOATHOCTH O€30TKa3HOW paboThI

ompenessercs no Gopmyie - ()=1 n(t)
t 5

R
N



raie N — 4ucio 00bEKTOB, pabOTOCTIOCOOHBIX B HAYaJIbHBIT MOMEHT

BPEMCHH;

n(t) — yucino oObEKTOB, OTKa3aBIIMX Ha oTpe3ke oT 0 1o t.

IloxcraBnsieM UCXOTHBIE zﬂlﬁlme B ¢popmyty (1.1)

=1- =1-  =0,9.

N 60 ()=

OT1BeT. BepostaocTh O6e30TKa3Hoi padotel Rt 0,9. Beposr-
HOCTh 0€30TKa3HOM pabOTHI SIBISETCS:

- TIOKa3aTeneM 0€30TKa3HOCTH;

- €IMHUYHBIM, TaK KaK XapaKTepHU3yeT TOJBKO OJHO CBOMCTB —
0€30TKa3HOCTH;

- DKCIIEPUMEHTAIbHBIM, TaK KaK OMpPEACISIeTCS M0 pe3yiibTaTaM
HCIBITAaHUM;

- TPYIIOBBIM, TaK KaK XapaKTepHU3yeT HaJeKHOCTh MApPTUH W3-
hi(Sh117178

Rt

IIpumep 1.2. Ha npombicioBbIe UCTIBITaHUS TIOCcTaBieHO 60 Oy-
poBbIX seOenok. McnbiTanus npoBoawinch B TeueHue 2000 yacos.
3adukcupoBaHbl OTKa3bl OypPOBBIX JIEOEIOK B MOMEHThHI BPEMEHHU #; =
1210 u; 22 = 480 u; #3 = 900 u; 24 = 700 u; t5 = 1900 u; t6= 1100 u;
ocTajibHble OypoBble JieOenKu He OTKazanu. HailTu craTucTtuyeckyro
OLICHKY CPEJIHETO 3HaUYCeHUsI HapaOOTKH 10 MIEPBOTr0 OTKa3a.

Peiuenue:

Cpenusst HapaOOTKa 10 MEPBOrO OTKa3a — 3TO MAaTEMATHYECKOE
O’KHJIaHKe HapaOOTKH MO MEePBOro OTKa3a.

Cpenusst HapaOOTKa 10 IEPBOTO OTKAa3a MO CTATUCTUYECKUM

%aHHLIMMHpeﬂ@ €TCsI 110 POpMYJIC
= t = 5{1210+4 0+ 00+700+1900+1100+2000-54):
Nioi 60
=1904,834 ~ 19054

OtBer: Cpennssi HapaboTka 10 mepBoro otkaz 1p = 1905 wu.
Cpennsist HapaOOTKa /10 TIEPBOr0 OTKa3a SIBJISICTCS

- TMOKa3zareleM 0e30TKa3HOCTH;

- €IMHUYHBIM, TaK KaK XapaKTEPHU3YyeT TOJbKO OJIHO CBOMCTB —
0C30TKa3HOCTh;

- DKCIIEpUMEHTAIbHBIM, TaK KaK OMPEACIICTCA MO PEe3yJibTaTam
HUCHBITAaHUM;
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- TPYHIIOBBIM, TaK KaK XapakTEPU3YET HANCKHOCThH IMMAPTUU U3-
bi (15058

IIpumep 1.3. Ha ucnberranus nocraBwmm 200 uznennii. 3a 100
4acoB pabOThI OoTKazano 25 m3aenuil. 3a nocieayromme 10 yacoB ot-
Kazajno enle 7 m3aenuid. OnpeaeauTh CTaTUCTUYECKYIO OIIEHKY BEPO-
ATHOCTU O€30TKa3HOW padOThl M BEPOSTHOCTH OTKa3a Ha MOMEHTHI
BpemeHH f; = 100 v u 2 = 110 u, OLIEHKY IUIOTHOCTH PaCIpEACICHUS
OTKa30B U MHTEHCUBHOCTH OTKAa30B B ITPOMEKYTKE BPEMEHH MEKIY 7/
=100y t2=110 v.

Pemenne. CTaTUCTUUECKYIO OIICHKY BEPOSITHOCTH OE€30TKAa3HOM
paboThl HAa MOMEHT BpeMenH ¢; = 100 y onpenensiem no popmyiie:

R(100)=1- =1—2i=0,875;

N 200
OnpenensemM KOJUYECTBO OTKA3aBIIUMX U3ACIUNA HAa MOMEHT
BpemeHnu 12 =110y
n(110)=n(100) + An = 25 + 7 = 32u30.
U BEPOSITHOCTH 0€30TKa3HOM pabOThl HA MOMEHT BpeMeHu 2> = 110 y
R(110)=1- =1- "~ —=0,84.
N 200

CrartucTudeckas OIleHKa BEPOATHOCTH OTKa3a Ha COOTBETCTBY-
IOIIIE MOMEHTBI BpeMEHU ornpeiensercs o ¢popmye (1.2)

5 n(100) > _,125
Q(100)= R

200
(3(110):—(—)n 110 £=0,16.
N 200

I[I1oTHOCTB paciupCaciICHUA OTKa30B BO BPCMCHU OIIPCACIIACM 110

dbopmye (1.3)
An(110) 7 =0,0035 1/u.

NAt 200-10

OILleHKY MHTCHCUBHOCTH OTKAa30B MOXHO OMIPEACIHUTH 110 (op-
myJe (1.4)

_ An(110)  ———T—— (00417 I/,
Mllo):(N—n(llO))At (200 -32)10

omeer:  R(00)=087%  R(10)=084;  l100)=0.125;
Q(110)=0,1 ; (1 )=0,0035 1/u; A(110)=0,00417 I/u. Janusie

IIoKa3aTcCJInu ABJISAIOTCA:

;(1 10):




- ToKa3aTelIsIMM 0€30TKa3HOCTH;

- €IMHUYHBIMH, TaK KaK XapaKTEpU3yIOT TOJIBKO OJHO CBONCTB —
0E30TKa3HOCTH;

- DKCHEPUMEHTAIBHBIMM, TaK KaK ONPEACISIOTCS I10 pe3yJibTa-
TaM UCIIbITAHUMH;

- TPYINIOBBIMH, TaK KaK XapaKTepU3yIOT HAACKHOCTb IMapTUH
W3S,

3aoanun 01 camocmoamerbHou padoomol

3agaua 1.1. Ha ncneiranne nocraBieHo 200 OMHOTHITHBIX H3JIE-
mui. 3a 2000 u otkazano 50 mznenmit. 3a nocnenyromue 100 yacos
oTKa3zaJo emeé 5 uznenuit. Tpedyercs onpeaeauTh:

1. CTaTUCTUYECKYIO OLICHKY BEPOSITHOCTH 0€30TKa3HOW paboThI
3a BpeMs padoThl ¢; = 2000 uac u 2 = 2100 uac;

2. CTaTUCTUYECKYIO OIIEHKY BEPOSTHOCTH OTKa3a 3a BpeMs pado-
ThI {7 = 2000 uyac u > = 2100 uac;

3. OLIEHKY IJIOTHOCTH paclpeiesIiCHUsI OTKA30B U MHTCHCUBHOCTHU
OTKAa30B B MpOMExXyTke BpeMeHu Mexnay ¢; = 2000 uwac u 2 = 2100
yac.

3agaua 1.2. Ha ncneitanne nocrasieHo 100 OMHOTHITHBEIX HU31€E-
muii. 3a 4000 wacoB paboThl oTkazano 50 uzaenuit. OnpenenuTs cra-
TUCTUYECKHUE OIICHKH BEPOSITHOCTU O€30TKa3HON pabOTHI U BEPOSTHO-
CTH OTKa3a 3a BpeMs padbotsl 4000 vacos.

3agaua 1.3. Ha ucnoerranne nocrtasieHo 100 oqHOTUIHEIX U31€E-
muii. 3a 4000 gacoB paboThl oTkazano S0 uzaenuit. 3a Mocieayronme
50 4acoB eme 5 uznenui. [[ath ONEHKY IUIOTHOCTH pacHpeieiICHUS
OTKAa30B 1 MHTEHCHBHOCTH OTKA30B B MPOMEKYTKE BPEMEHU MEKY [
= 4000 uac u t2 = 4050 uac.

3anauya 1.4. B reuenue 500 yacoB pabotsl u3 20 OypoBbIX HACO-
coB OTKa3ano 2. 3a uHtepBai BpemeHu 500 — 520 yacoB oTkazan euie
oauH OypoBoi Hacoc. JlaTh OIEHKY IUIOTHOCTH paclpeaesieHus OTKa-
30B U MHTEHCUBHOCTH OTKA30B B MPOMEXKYTKE BPEMEHU MEXIY f; =
500 uac n t2 = 520 uac.

3agaua 1.5. Ha ucneitanue nocrasiieHo 2000 mOINIMITHUKOB
kaueHus. 3a nepsbie 3000 yacoB oTkaszano 80 m3genui. 3a UHTEPBAJ
Bpemenu 3000 — 4000 gacoB oTtka3zaino eme 50 moamunmHUKOB. Tpely-
€TCS OMPEACTUTh CTATUCTUUECKYIO OIEHKY BEPOSITHOCTH O€30TKa3HOM
paboThi 3a Bpems 4000 gacos.



3agaua 1.6. B treuenue 500 yacoB paboTsl u3 20 OypOBBIX HACO-
COB OTKa3ajo 2. 3a uarepai Bpemenu 500 — 520 yacoB oTkaszai eie
oJIuH OypoBoii Hacoc. TpedyeTcst onpeaeaIuTh CTAaTUCTUYECKYIO
OIICHKY BEPOSITHOCTH OTKa3a 3a BpeMst 520 4acos.

3agaua 1.7. Ha ucneitanue noctasieno 600 uznenuit. 3a Bpems
1200 yacoB BbIILIO W3 CTPOs 125 mTyk mM3aenuii. 3a MOCIEIyOUINMA
untepBas Bpemenn 1200 — 1250 gacoB B0 u3 crpos eme 13 uzae-
aui. HeoOxonumo onpenennuTh CTaTUCTUYECKYIO OIEHKY BEpOSITHO-
CTH 0€30TKa3HOU padOThl U BEPOSITHOCTH OTKa3a 3a BpeMsl pabOThI #; =
1200 uac n t2 = 1250 yac; oneHKY IJIOTHOCTH PacpeaeICHUs] OTKAa30B
Y UHTEHCUBHOCTH OTKA30B B MPOMEXKYTKE BpeMeHU Mexay ¢; = 1200
yac u t2 = 1250 uac.

3agauya 1.8. Ha ucneiranne noctaBiaeHo 10 OTHOTHUITHBIX H3Jie-
nauii. [lomydeHsl ciemyromre 3Ha4eHUsT BpeMeHU Oe30TKa3zHOo# pabo-
ThI: t1 = 580 yac; to = 720 ygac; t3 = 860 yac; t4 = 550 ygac; t5 = 780 uyac;
te = 830 uyac; t7 = 910 yac; tg = 850 uyac; to = 840 yac; tip = 750 uyac.
OnpenenuTh CTaTUCTUYECKYIO OIIEHKY CpPEJHEro BpeMEHU Oe30TKa3-
HOM pabOThI U3IETHS.

KonTposbHbIE BOIPOCHI

1. Yo Takoe 60e30TKa3HOCTH?

2. Kakne mokazaTtenm HaJIEKHOCTH SBISIOTCS IIOKa3aTEIIMH
0e30TKa3HOCTU?

3. Uto Takoe BepOATHOCTh O€30TKa3HOM pabOTHI?

4. Y10 Takoe BEpOSATHOCTh OTKa3a?

5. Kak onpenenstorcs CTaTUCTUYECKUE OLEHKU BEPOSTHOCTH
0€30TKa3HOM pabOTHI U BEPOATHOCTH OTKa3a?

6. Kak onpenensercs mIOTHOCTh pacipeaesieHuss HapaOboTKu?

7. Uto Takoe MHTEHCUBHOCTH OTKA30B?

8. KpuBast 3aBUCHMOCTH HHTEHCUBHOCTH OTKa3a BO BPEMEHHU.

9. aiite ompeneneHue cpeaHel HapabOTKH O OTKa3a U Cpej-
Hel HapaOOTKHU JI0 TIEPBOT0 OTKa3a.
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IpakTnueckoe 3ansaTue Ne 2.

OINPEJEJIEHUE IIOKA3ATEJIEA BE3OTKA3HOCTHU
HEBOCCTAHABJIMBAEMbBIX OB BEKTOB
HO CTATUCTUYECKHUM JAHHBIM

Ieab: HAy4YUTh CTYJEHTOB OMpPEACISITh MOKa3aTeau 0e30TKa3HO-
CTHU MO CTATUCTUYECKUM JaHHBIM

3agaum o0yyeHus:

— O03HAKOMHUTb C METOJMKOM OmpejiesieHusl MoKas3areyeil 0e30T-
Ka3HOCTH I10 CTATUCTUYECKUM JAHHBIM Ha OMPECICHHOM ITPOMEKYT-
KE BPEMEHU;

— TIPUBHUTH HABBIKM TMOCTPOCHUS 3aBUCHUMOCTEW ITOKa3aTesen
0€30TKa3HOCTH BO BPEMEHU;

— 0o0y4uTh JaBaTh XapaKTEPHCTHKY HAXOJUMBIX ITOKa3aTesei
0€30TKa3HOCTH.

Banamm N METOANYCCKUE YKAa3aHUS K UX BBINNIOJTHCHUIO

Ha ocHOBe mpencTaBlIeHHBIX CTATHCTUYCCKUX JAHHBIX MPOBECTH
pacyueT W aHaJIW3 MOKa3aTeled HaJACKHOCTH CEpHH HEBOCCTaHABIIMBA-
€MbIX O0OBEKTOB.

IIpuMep BbINOJHEHUA 321aHUS

Hcxoanbie naHHbie: YKciao U3AeIni, NOCTAaBJICHHBIX HA MCIIbI-
tanue, N = 1000 u3nenui. Mcnbeitanua npoBoastcss B teueHue 100
yacoB. Kaxapie cTO 4acoB ONpeesiioch KOJIUYECTBO OTKA30B U3JIE-
aui. Pe3ynpTarhl UCTIBITAHUMN TTpEACTaBIEHbI B Ta0nuie 2.1.

3agaHue:

1. HailTu cTaTUCTHYECKYIO OLEHKY PaCIpEeIeIICHUs BEPOSITHO-
ctelt otkasza Q(t) u 6e30TkazHoM paboThl R(t) BO BpemeHu.

2. Haiitu n3MeHeHue TUIOTHOCTH BEPOSTHOCTH O0TKa30B f(t) u
WHTECHCUBHOCTH OTKa30B A(t) IO BpeMEHH.

3. Pe3ynbTathel pacuera oTpa3uTh Ha rpaduKax.

Pemenue.

1. OmnpenensieM KOJIUYECTBO pabOTOCIOCOOHBIX H3ACIUN Ha
KOHEII KaX0T0 nepuojia mo ¢hopmysie:

1]



N(t)=N - n(t)
2. OmpenensieM CTaTUCTUYECKYIO OIIEHKY BEPOSITHOCTH 0€3-
OTKa3HOM pabOThI HA KOHEILKayKI0T0 g{gPpro1a 1o Gpopmyiie
Ao Ao €

Rt
N N
3. OmnpepensieM KOJWYECTBO OTKAa3aBIIMX JETajeil HapacTra-
IOIIIMM UTOT'OM Ha KOHEI Ka)KJI0T0 Meprojia 1o Gopmyrie

n(t;,;) = n(t) + An(t).
4.  OnpenensgemM CTaTUCTUYECKYIO OLEHKY BEPOSTHOCTH OTKa-
3a Ha KOHEI| Ka)KJI0To repuoja 1o cpopMyt e
~ i
ot)=""
N

5. OmnpenensieM CTATUCTUYECKYKO OLIEHKY IJIOTHOCTH BEPOSIT-
HOCTH OTKa30B 110 popmyne
()= An(t)
ft :

NAt

6. OrnpenensieM 3HAaYEHUE MHTEHCUBHOCTH OTKa30B 10 (op-
MyJI€e

~ An(t)
M= N ()

7.  Pe3ynbTaThl pacuera g y100cTBa CBOAUM B TadbauIy 2.1

8. Ilo maHHBIM pacyeTa CTpOUM TpaduKyd 3aBUCUMOCTU pac-
YETHBIX BEJIMYMH MO BpeMeHH (pUCYHKHU 2.1 - 2.3)

0,8 c\\ /-
0.6 >/ —e— P(1)
0,4 \ —=—Q(t)

0,2

P(t), Q(t)

0 200 400 600 800 1000

Bpewms t, yac

Puc. 2.1. I'papux 3aBMCHUMOCTH BEPOATHOCTH 0€30TKa3HON padOThI
U BEPOSITHOCTH 0TKA3a OT BpeMeHH
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Pe3yabTarhl pacyera CTAaTUCTHYECKUX OLICHOK MOKa3aTe/ied 0€30TKa3HOCTH

Tabmnura 2.1

Bpemennoit | Konnue- | KomuuectBo pa- | Kosmue- Beposit- Beposar- | [motHocts | MHTEHCUB-
UHTEpPBal | CTBO OT- | OOTOCIIOCOOHBIX | CTBO OTKAa- | HOCTb 0€3- | HOCTb OTKA- | BEPOSITHO- | HOCTh OTKa30B
At, gac Ka30B 3a | M3JICJIMM HAa KO- | 3aBIIHUX OTKa3HOM 3a Q(t) CTH OTKa- Mt), -1072
JTAHHBIN HeIl epro/ia U3EJIUN paboTHI 308 f(t),
HHTEPBAI N(t) Ha KOHEI[ R(t) -1072
An(t) rnepuoaa
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)
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Puc. 2.2. I'paduk 3aBMCHUMOCTH IJIOTHOCTH pacIipeieIeHUs
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Puc. 2.3. I'padpuxk 3aBUCUMOCTH HHTEHCUBHOCTH 0TKA30B OT BPEeMEHU

KoHTpoJ/1bHBbIEC BONIPOCHI

1.  CpoiicTBa (yHKIIMHU BEPOSITHOCTH O€30TKA3HOU pabOTHI?
2.  CgoiicTBa (hyHKIIUU BEPOSTHOCTH OTKa3a?
3. Kakum o0Opa3om ompeaensieTcsi IIOTHOCTh pacipeaeieHus

HapaOOTKU BO BpeMEHU?

4, KpuBas 3aBUCUMOCTH MHTEHCUBHOCTH OTKa3a BO BPEMEHH.
5. KpwuBas IUIOTHOCTH paclpelesieHUsi OTKa30B BO BPEMEHU
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Tabmnura 2.2
Hcxoanbie JaHHbIE 1/ BINIOJHEHNS MPAKTH4YECKOil padoTe Ne 2

Howmep OOmee KonnyecTBo 0TKa3aBIIMX U3IEIINI 32 HHTEPBAJI BPEMEHU t;, IIT.
BapHaHTa  KOJI-BO 200 — 300 — 400 — 600— | 700 — 900 —
P maemmit 0 100[100=2001 550 1 400 | 500 POO690) 500 | goo 3999001 o0
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




IIpakTuueckoe 3ansitue Ne 3.

OITPEAEJEHHUE EJIMHNUYHBIX U KOMIIVIEKCHBIX
MOKA3ATEJEN BOCCTAHABJIMUBAEMBIX OFBEKTOB

He.]'ll): HaY4YUThb CTYACHTOB OIIPCACIIATH ITOKA3aTCIIM HAACKHOCTH
110 CTaTUCTUYCCKUM JaHHBIM

3agaum o0OyueHus:

— O3HAKOMHUTH C METOJUKOU ONMPENCICHUS €AUHUYHBIX U KOM-
IJICKCHBIX MMOKA3aTEeNIEN 10 CTATUCTUYECKUM JIAHHBIM;

— MPUBUTH HABBIKMU pacyeTa NoKa3aTelel Hale)KHOCTH;

— 00yuYuTbh JaBaTh XapaKTEPUCTUKY HAXOJMUMBbIX MOKa3aTeseu
HAaJIC)KHOCTH.

33I[aHI/Iﬂ N METOANYCCKUEC YKA3aHU K UX BBITIOJITHCHUIO

Paborta cryleHTa 3aKkiIio4aeTcsi B U3yYEHUU METOJMK PEIICHUU
3a/1a4, CaMOCTOSITEJIbHOM PEUICHHH 33JaHHl M OTBETaX Ha IMOCTaB-
JICHHBIE KOHTPOJIbHBIE BOITPOCHI

IIpumep 3.1. Ha npombiciioBbIE UCTIBITAaHUSI TIOCTaBIEHO 3 Oy-
POBBIX Hacoca. B Xoje ucnbITaHui y MepBOro Hacoca ObLIO 3aUKCH-
poBaHoO 144 oTkaza, y BToporo — 160 otka3oB, y Tperbero — 157 oTka-
30B. CyMMapHasi HapaOOTKa Ha OTKa3 JJis MEePBOro HAcOca COCTAaBUIIA
3250 wacos, ayis Broporo — 3600 wacoB, aist Tperbero — 2800 vacos.
Onpenenuts CpeaHIO HapaOOTKy J0 OTKaza W CPEeIHUM pecypc Oy-
POBOI0 Hacoca.

Pemenune. CpenHss HapaOOTKa A0 OTKaza OMNpEAeisieTcs IIo

dbopmyiie

N
. w2t 325043600+ 2800
Tp = _ Ii\?l _ =20,9 uac.
0teyy) S 44+160+157
=1
Cpennuii PECYPC ONpeiestsien o dopmyme
= Lh 1503600 + 2800
T il o O 3216,7 uac.

P N 3

14



OtBet. CpenHsas HapaOOTKa 0 OTKa3a paBHa Tcp =20,9 wuac,

JIAHHBIN ITOKA3aTeb SBIISICTCS:

- ToKasaTelieM 0€30TKa3HOCTH;

- €IMHUYHBIM, TaK KaK XapaKTEpU3yeT TOJbKO OJHO CBOMCTB —
0€30TKa3HOCTD,

- DKCIIEPUMEHTAJIbHBIM, TaK KaK ONMPEIECIICTCA MO pe3yabTaraM
HMCHBITAHUM,

- CMEIIaHHBIM, TaK KaK XapaKTepu3yeT HaJACKHOCTh HEOOIBIIION
MapTUU U3IEITTUN.

Cpennuii pecypc paBeH, T, = 3216,7uac, TaHHBIM ITOKA3aTeIIb

SIBIISICTCSI:

- MOKa3aTejaeM JOJITOBECUYHOCTH;

- €IMHUYHBIM, TaK KaK XapaKTEpU3yeT TOJbKO OJHO CBOMCTB —
JIOJITOBEYHOCTD;

- DKCIIEpUMEHTAIbHBIM, TaK KaK OMPEAECIACTCA MO PE3yJIbTaTam
HWCIBITAHUM,

- CMEIIaHHBIM, TaK KaK XapaKTepHU3yeT HaJAC)KHOCTh HEOOIBIIION
MMAPTUUA U3AEITTAM.

Hpumep 3.2. Ha ucnerranus nocrasiueno 500 nznenuii. Pesyib-
TaThl OMNpeEJEeHUsl pecypca npeacrabiensl B Tadnune 1.4. Ilo nas-

HBIM HCIIBITAHUN OIPEIEIINTh FaMMa-IPOLEHTHBIN pecypc s Y =
=95 %, 90 % n 80 %.

Taomuna 3.1
Pe3yabTaThl HCIIBITAHUH U3AEJTUI
NnTepBan Bpemenun, | KommdecTBo OTKa3aBIINX HU3/€-
NoNe .
qac Jui 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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Pemenue. Jlnga onpeneneHuss raMMa-ImpoOLEHTHOTO pecypca
HEOO0XO0IMMO HAlTH 3HaYeHUE HApaOOTKH, BEPOSITHOCTh KOTOPOH paB-
Ha 0,95; 0,90; 0,80, cornacHo dhopmyiie

p(t, )=
7100
OnpeaenuM KOJWYECTBO pabOTOCIIOCOOHBIX M3/ICJIMI U BEPOSAT-

HOCTb 0€30TKa3HOU pabOThl HA KOHEI Ka)K/I0r0 BPEMEHHOI'O UHTEPBa-
J1a, pe3yJabTaThl pacueTa CBEJCHbI B TA0IUIYY 3.2.

Tabnwua 3.2
PesyabTaThl pacuera
KommuectBo  KommuectBo pa-
HNurepain BeposTHOCTB
OTKa3aBIIMX OOTOCIOCOOHBIX N
NoNe | BpemeHwu, . 0€30TKa3HOM
17163 (h070 u3aeaus N(t) k
qac pabotsl P(t)
n(t) KOHILy IIeproJia
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

ITo npencraBieHHoMy pacuety BeposTHocTaM 0,95; 0,90 u 0,80
COOTBETCTBYIOT 3HaueHUs1 HapaOoTku paBHbie 100, 200 u 400 yacoB
COOTBETCTBEHHO.

OTBeT: TaMMa-IIPOIICHTHBIE pecypchl paBHBI Tpos = 100 yacos;
Tpoo = 200 vacoB; Tpos = 400 yacoB, mokazaTesH SIBISIOTCS:

- TOKa3aTeleM JOJITOBEYHOCTH;

- €IMHUYHBIM, TaK KaK XapaKTepHU3yeT TOJBbKO OJHO CBOMCTB —
JI0JITOBEYHOCTh;

- DKCIIEPUMEHTAJIbHBIM, TaK KaK OIPEIEIISIETCS 10 pe3yabTaraM
HWCHOBITAHUM;

- CMEIIaHHBIM, TaK KaK XapaKTepU3yeT HAJCKHOCTh HEOOJIBIIION
MMAPTUHA U3IETTUAM.
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IIpumep 3.3. B pesynbraTe HaOm0AeHUN 3a paboToit OypoBOM
71e0e KM MOJyYeHBI CICAYIONIHNE JaHHBIE O BpEMEHH, 3aTPAaYeHHOM Ha
CMEHY TOPMO3HBIX JICHT, B yacax: 2,5; 1,8; 1,8; 2,6; 0,8; 1,2; 0,6; 2,0;
1,6; 3.2. Bcero 10 nabmroaenuii. OnpeaenuTs cpeaHee BpeMs BOcCTa-
HOBJIEHUS OypOBOM JI€OCAKU.

Pemenne: CtatucTuyeckas OICHKA CPEIHEr0 BPEMEHHU BOCCTA-
HOBJICHHS BBIYUCIIACTCS 110 (hopMyTie

m
ZTB'
T izl 1_ 25+1,8+1,8+2,6+0,8+1,2+0,6+2,0+1,6+3,2
N m 10
:18’1:1,81q
10

OTBeT: cpeiHee BpeMsi BOCCTAaHOBJIEHUS PABHOT, =1,81 wacad, IO-
Ka3aTesb ABJISCTCS:

- TOKa3aTelIeM PEMOHTOIPUTOJHOCTH;

- €MHUYHBIM, TaK KaK XapaKTEPHU3yeT TOJBKO OJHO CBOMCTB —
PEMOHTONPUTOTHOCTb;

- JKCIUTYaTAal[MOHHBIM, TaK KaK OMNPEAEISIETCA MO pe3yJibTaTam
DKCIUTYaTalUu;

- €IMHUYHBIM, TaK KaK XapaKTEpU3yeT HAJAEKHOCTb OJTHOTO H3-
NETUSL.

IIpumep 3.4. Onpeaenutrsb KO3YPUIUEHT TOTOBHOCTH CUCTEMBI
IIPU CPETHEM BPEMEHHM BOCCTAHOBJICHHS PAaBHOM 2 4aca M CpEIHEU
HapaboTke Ha oTka3 paBHoM 100 yacos.

Pemenne: Cpegnee 3HaueHue kodpduiieHTa roToBHOCTU Kr
BBIYHCIIAIOT 110 (hopMyJie

N N 100
KF :Zti g:ti‘FZ’Ci = 100 = 205984
i=1 = i1 100+2 102
OtBet: Koa(pduumeHt roroBHoCcTH paBeHK, = 0,984.
- IMOKa3aTeyieM I'OTOBHOCTH,
- KOMIUIEKCHBIM, TaK KaK XapakTepu3yeT 0€30TKa3HOCTh, PEMOH-
TONPUTOJTHOCTh U TOTOBHOCTB;
- DKCIUTyaTallMOHHBIM, TaK KaK OMpPEIEIISIETCS MO pe3yJibTaram
IKCILTyaTaluu;
- €IMHUYHBIM, TaK KaK XapaKTepuU3yeT HAJEKHOCTh OJIHOTO M3-
JIEIIUSL.
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Ipumep 3.5. Onpeaenuts KOdPHUIMEHT TEXHUYECKOTO UC-
TIOJIb30BaHMS, €CJIM U3BECTHO, YTO CHCTEMa JKCILTyaTUPYETCS B Tede-
Hue | roga, rogoBor (GOHI BpeMEHU CUCTEMBI coctaBisier 8760 ya-
coB. Bpems mpoBeneHus €KeroHoro TeXxocMoTpa coctasisier 20 cy-
TOK, CyMMapHO€ BpeMsl, 3aTpauyeHHOE Ha PEMOHTHBIC PaOOTHI, COCTaB-
nset 20 gacos.

Pemenue: KoapduimeHT TEXHUUECKOTO HUCTOJIB30BaHUS OIpe-

nensiercs no popmyiie
Ty 8760

Ko = Ty +try+1p+15  8760+20-24+20

OT1BeT: KoadpurineHT TEXHHMIECKOT0 UCITOIB30BaHUS PaBEH
K, ., =0,943, IoKa3aTeyb SIBJISACTCS:

- IIOKa3aTeeM rOTOBHOCTH;

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

- IKCIUTYaTaIllMOHHBIM, TaK KaK OMpPEACNsAeTCsS IO pe3yiabTaTam
AKCIUTyaTalllu;

- SAMHUYHBIM, TaK KaK XapaKTEPHU3yeT HaJEKHOCTh OJHOTO H3-
TCIIHSL.

=0,943.

3agaHus 1J151 CAMOCTOSATEIbHOI padoThI

3agaua 3.1. Ha npoMbIC/IOBBIE UCTIBITAHUSI TIOCTABJIEHO 3 BEPT-
mora. B xoze ucnblTanuil y nepBoro Hacoca Obuio 3aukcupoBaHo 37
OTKaza, y BTOporo — 29 oTkas3oB, y TpeTbero — 48 otkazoB. Cymmap-
Hasg HapaOOTKa Ha OTKa3 JJisi mepBoro Bepmirora coctaBuia 3100 ya-
coB, st BToporo — 2200 yacos, jyst Tpetbero — 2700 wacoB. Onpene-
JIUTh CPEIHIOI HApaOOTKY /10 OTKAa3a.

3amauya 3.2. Ha skcruryaranuio nocrtasiieHo 250 wsaenuil. Ha
MOMEHTHI BpEMEHHU t1 — t7 3a(DUKCUPOBAHO ONPEAEICHHOE KOJINYECTBO
oTka3oB (Tabdnuna 3.3). OctanpHble U3ACHUA He oTkazanu. Ornpene-
JIATh CPEIHUM peCypc.

Tabnwuua 3.3
ti, gac 50 100 150 200 250 300 350
n(t;) 5 8 11 15 21 31 9

3amaya 3.3. Ha nmpoMbICI0BBIE MCTIBITAHUS TTOCTABJICHO 3 HACO-
ca. B xone ucneiTanuit y mepBoro Hacoca Obu10 3aUKCUPOBAHO 37
OTKa3a, y BTOpPoro — 29 orka3oB, y Tperbero — 48 orkazon. Cymmap-
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Hasi HapaOOTKa J0 OTKa3a JyIsl mepBoro Hacoca coctapuia 3100 vacos,
17151 BToporo — 2200 gacos, g tpetbero — 2700 gacoB. Onpenenursb
CpeIHUM pecypc Hacoca.

3anava 3.4. J[TUTEeNbHOCTh MPOBEACHUS TEXHHUYECKOTO OO0CITY-
JKUBaHUS Ji1 OypoBOro Hacoca cocTaBiisieT 45 yacoB. MeXpeMOHT-
HBIA LMK cocTaBiseT 2335 udacoB. OnpeaenuTh Kod(DPUIIMEHT Io-
TOBHOCTH OYpOBOI'0 Hacoca.

3apaya 3.5. Kakyto JIuTeIpHOCTh BOCCTAHOBIICHUS PaOOTOCTIO-
COOHOCTH JIOJIKEH UMETh OOBEKT C MEXKPEMOHTHBIM ITUKJIOM 2000 ya-
COB, YTOOBI KO3 (HUITMEHT TOTOBHOCTH 00BekTa cocTaBiisit 0,95.

3amaya 3.6. Onpenenuts cpeHEE BpEMsI BOCCTAHOBJIEHUSI KOM-
npeccopa, €CiIv Ha MPOBEACHUE 5 MEIKUX PEMOHTOB ObLIO 3aTpadyeHO
30,5 gaca.

3apaua 3.7. ['omoBoe Bpemsi paOOThI OJHON OYypoBOH JeOenKu
coctaBisier 3500 yacoB. 3a roa nmpoBOAUTCS 4 TEXHUYECKUX OOCITY-
JKMBAHUS TPOJIOJKUTEIIBHOCTRIO 65 4acoB Kaxjaoe U 1 cpegHuil pe-
MOHT TPOAOJDKUTENbHOCThI0 360 yacoB. Onpenenuts KOAPGUITUESHT
TEXHUYECKOT'0 MCIO0JIb30BaHUsI OypOBOil JIeOE K.

3amauya 3.8. [lo ganubM 3agauu 3.7 onpenenutb K0O3QPUIIUEHT
TOTOBHOCTH OypOBOi1 JIEOEIKHU.

3anaua 3.9. B xone HaOmonenuit 3a paboroi TypboOypa ObutH
3a(pUKCUPOBAaHbI OTKA3bl B ClIeyIOlMe MOMEHTHI BpeMenu: 110, 167,
284, 365, 512, 650 yacoB paboTel. OnpeaeauTh CPEIHIOI0 HAPAOOTKY
MEX]Ty OTKa3aMu TypOoOypa.

3apaya 3.10. ITo nanHbM 3agaum 3.9 onpenenuts BEPOATHOCTD
0e30TKa3HOM paboThl U BEPOATHOCTH 0TKa3a 3a 300 u 600 yacoB pabOTHI.

KoHTpobHbIE BONIPOCHI

1. Jlalite ompeneneHue cpeaHeld HapaOOTKM 10 OTKaza u
cpeaHer HapaOOTKH Ha OTKa3.

2. Kakue mokaszarenu MCIHOJIb3YIOTCA MPHU ONPEACITCHUN T0J-
TOBEYHOCTH?

3. Kak onpenensdrorcs cpeHuil U1 TaMMa-IIPOLEHTHBIN pecypc?

4. Kak onpenendrorcss CpeaHUN W TaMMa-IPOLECHTHBIA CPOK
CITY>KOBI?

5. JlaWTe XapaKTEpUCTUKY MOKa3aTeJIsIM PEMOHTOIPUTOIHO-
CTH: BEPOSITHOCTH BOCCTAHOBJICHHS, HTHTEHCUBHOCTHA BOCCTaAHOBJICHUS,
CpEIHEMY CPOKY BOCCTAHOBJICHMUSI.

6. JlailTe XapakTEepUCTHKY TMOKA3aTEeIsIM COXPaHIEMOCTH:
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CpEeIHEMY CPOKY COXPaHAEMOCTH, TAMMAa-IIPOLIEHTHOMY CPOKY COXpa-
HSEMOCTH.

7. llpuBenute omnpeneneHue U AalTe XapaKTepUCTUKY KO3(-
(UIIUEHTY TOTOBHOCTH.

8. IlpuBeaute ompeneneHHEe W JalTe XapaKTEPUCTHKY KO-
(bUIIMEHTY OnlepaTUBHON TOTOBHOCTH.

9. llpuBenuTe omnpenencHUE U JANTE XapaKTEPUCTUKY KOI(D-
(ULHUEHTY TEXHUYECKOTO UCII0JIb30BAHMUSI.

10. IlpuBeguTe omnpeneyicHUE U JAaWTE XapaKTEPUCTHUKY KOA(]-
¢unuenty coxpanenus 3¢pHEKTUBHOCTH.

IIpakTn4ueckoe 3ansaTue Ne 4.

ONPEJEJIEHUE ITOKA3ATEJIEA HAJEXKHOCTH
OBBEKTOB ITPU PA3JIMYHBIX 3AKOHAX
PACIIPEJAEJIEHUA

He.]'ll): HaY4YUTb CTYACHTOB ONPCACIIATH IIOKA3aTCIIN HAJACKHOCTH,
KOTOPBIC IOAYHUHAIOTCA PA3JIMYHBIM 3dKOHAMMU PACIIPCACIICHUA

3agaum o0yyeHus:

— O3HAKOMHUTH C METONUKOM OIPENCIEHUS CIMHUYHBIX U KOM-
IJIEKCHBIX TOKA3aTelIe MO CTaTUCTUYECKUM JIaHHBIM JJIS 3aKOHa
HOPMAaJIbHOTO PACIpPEENICHNs], SKCIIOHCHIIMAIBbHOIO 3aKOHA M 3aKOHA
Beitoymna;

— TPUBUTH HABBIKMA pacyeTa IMOKa3aTesIe HAJIe)KHOCTU MPH pa3-
JIMYHBIX 3aKOHAX PACIPEICICHUS;

— Oo0yYuTh JaBaTh XapaKTEPUCTHUKY HAXOJMMBIX IOKa3aTesaei
HAJIC)KHOCTH.

SanaHI/m U METOANYECCKHUE YKAa3aHUA K UX BBITIOJIHCHUIO

Pabora cTyneHTa 3aKil04aeTcsl B U3YYEHUU METOJUK PEUICHUU
3a/1a4, CaMOCTOSITEJIbHOM PEUICHWU 3a/laHWil U OTBETax Ha IOCTaB-
JIEHHBIE KOHTPOJIbHBIE BOIIPOCHI.

IIpumep 4.1. Ilo pe3ynbTaTaM HaOMIOJAEHUN 3a pabOTON cpea-
Hssl HapaOoTka Ha oTka3 paBHa 2000 yacoB, CpeIHEKBAIPATUUECKOE
otkioHeHne 400 yvacoB. Onpenenutb BEPOSTHOCTh OE30TKa3HOM pa-
OO0THI U BEPOATHOCTh OTKa3a AJis 3HaueHusi Hapabotok 1000, 2500 u
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3000 yacoB, 3aK0OH pacnpeAeICHHUs] 0TKa30B — HOPMAJIbHBIM.

Pemenne: OrnpezensieM 3HaAYeHUE KBAHTWIM HOPMHUPOBAHHOTO
HOpMajbHOro pacnpeaeieHus U, o dopmyne (2.14) u cooTBETCTBY-
romiei el pyukuuu Jlamaca.

Jlist Hapa6otku 1000 yacoB KBaHTWIIb M (PYHKIIUSI HOPMUPOBAH-
HOT'O HOPMAJIBHOTO PacIpeiesIeHUs COOTBETCTBEHHO

U - t—M; _ 1000463000 — 025
p 5,
(U, )= (-0,25)=0,4013.
Jist HapadoTtku 2500 yacoB
t—M, 2500-2000
U = =
p 400
O
(U, )=(1,25)=0,8944.
st napa6otku 3000 vacos
t—M, 3000-2000
= = = 2’5 ;
400
Oy
(U, )= @(2,5)=0,9938.

BepositHoCcTh 6€30TKa3HON paOOTHI JJIs MOKa3aTeaeh MOqIMHS-
€MBbIX 3aKOHY HOPMAaJIbHOI'O paclpeeieHus onpeaeisieM mo gopmyiie
(2.12):

P(t)=1-®(U, )=1-0,4013=0,5987 — npu napadortke 1000

=1,25;

U
P

JacoB;
P(t)=1-®(U, )=1-0,8944 = 0,1056; — npu Hapadotke 2500

JacoB;
P(t)=1-®(U,)=1-0,9938 = 0,0062 . — nipu uapaborke 3000

JacoB.
BeposiTHOCTBE 0TKa3a onpeaenseM 1mo popmye (2.15):

O(t)=@(U,)=0,4013 —npu Hapadotke 1000 gacos;
Q(t)=®(U, ) = 0,8944; — npu napaborke 2500 yacos;
Q(t)=®(U, ) =0,9938. — ipu Hapaborke 3000 yacos.

OtrBer: 1npu Hapaborke 1000 wyacoB: P(t)=0,5987;
Q(t)=0,4013; mnpu Hapabotke 2500 wyacoB: P(t)=0,1056;
Q(t) =0,8944; mnpu Hapadbotke 3000 dacoB P(t)=0,0062;
Q(t) = 0,9938.
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IIpumep 4.2. Ha ucnsitanus ycranosieHo 100 mzpenuit. Cpen-
Hssl HapaboTKa Ha oTka3 coctaBuia 600 yacoB, kod(duIMEeHT Bapua-
nuu pecypea 0,1. OnpenennTs KOTUYECTBO OTKA3aBIINX U3JICTUN TIPH
HapaboTke 720 gacos.

Pemenne. Tak kak ko3¢ duiment Bapuanuu paseH 0,1 — 3axkoH
pacripeeieHus] HapaOOTKH HOPMAaJIbHBIH.

Haxonum cpegHee KBaapaTUYHOE OTKJIOHEHHE, BBHIPA3HUB €ro U3

dbopmyiel (2.6),
cSX

V7 9% =v_-M_=0,1-600 = 60.
X
M,
Jlns HapaboTku 720 yacoB KBAaHTWIb U (PYHKITUS HOPMHUPOBAH-

HOT'O HOPMAJIBHOT'O paCclpCaACIICHUA COOTBCTCTBCHHO PABHBI

(-M. 720-600 .
Up="%5, =60 =20;

o(U, )= d(2,0)=09772.
BeposatHocTh 0TKa3a npu HapaboTke 720 4acoB omnpezesieM 1o
dbopmyne (2.15):
Q(t) = ©(U,) =0,9772.
KonunyecTBo 0TKa30B npu HapaboTke 720 4acoB paBHO
n(t) = Q(t)- N = 0,9772-600 = 586,32 ~ 587 u3 .
OTtBet: 587 n3nennii.

IIpumep 4.3. HapaGoTka Ha OTKa3 HCHBITBIBAEMOTO W3S
MOAYMHSCTCS IKCIOHCHITMAJILHOMY 3aKOHY pacrpezeneHus. VHTeH-
CHBHOCTbL OTKa3a CHCTeMBI paBHa A=4,5-10" u'!. Onpenenuts BeposT-
HOCTb 0€30TKa3HOW paboThl 3a Bpems 100 yacoB pabOThI U CPEIHIOIO
HapaOOTKy Ha OTKa3 pacCMaTpUBAEMOTO U3/IEIIHS.

Pemenne: BeposatHoCTh 6€30TKa3HON pabOTHI OMpEAEISIETCS IO

dopmyiie (2.7)
-5
P(t) = e ™ = ¢ 10 100 — 9 9955,

Tak kak At MHOTO MeHbIle 0,1, TO BEepOATHOCTb OE30TKAa3HOM pa-
OOTBI MOYKHO OBLIO OINPECTUTH MO MPHUOIIKEHHON hopMyTie

P(t)~1-At=1-4,5-10"-100 = 1—0,0045 = 0,9955.
MaremaTtudeckoe OXHUJIaHWE CpeaHeld HapaOOTKM Ha OTKa3
onpeaemnsieM 1o Gopmyre (2.11)
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11
A 45107
OtBet: P(t) = 0,9955; M, = 22222.2 uac.

M; =22222.2 yac.

Saz{amm JJISI CAMOCTOSITEJIbHOM paﬁﬂTI)I

3amaua 4.1. ITo pe3ynbpTaTam HabOMOeHUM 32 pabOTON 00BEKTA
cpeaHss HapaOoTKa 10 oTka3a paBHa 2000 4acoB, cpeHEeKBapaTUyC-
ckoe oTkioHeHue 400 yacoB. OmnpenenuTh 3HAYCHUS HApaOOTOK [0
OTKa3a, KOTOPbIE COOTBETCTBYIOT BeposATHOCTH oTkaza 0,9; 0,5; 0,005.
3aKOH pacnpeiesieHUs] 0TKa30B — HOPMAJIbHBIM.

3agaua 4.2. [IpenenbHO I0IMYyCTUMOE 3HAYEHUE peCypca COCTaB-
nset 7000 gacos, cpeanee kBagpatudeckoe otkiioneHue 1000 ygacos.
Onpenenuth CpeaHUN pecypc, BEPOATHOCTh OTKa3a M BEPOSTHOCTH
6e30Tka3Hoi padotsl mpu 5000 yacax.

3agaua 4.3. B pesynbrare H3ydeHHUs MPOLECCAa W3HAIIMBAHUS
KJIBIKA POTOPHOI'O 3KCKaBAaTOpa YCTAHOBJIEHO, YTO CPEIHSS BEJIUYUHA
M3HOCA COOTBETCTBYET 5 MM, mucnepcus 0,01 mm2. Kakosa Beposrt-
HOCTb TOT'0, UTO HalJICHHOE 3HAYEHUE U3HOCA MPEBBIIIAET CpEeHEE, HE
ooJsiee ueM Ha S %.

3anaua 4.4. Cpeansis HapaOOTKa Ha O0TKa3 cooTBeTcTBYeT 1500
gacaMm, Koddduiment Bapuanuu 0,3. OnpenenuTs IOKa3aTeNIH
HaJIe)KHOCTH 11711 HapaboTok 1000 yacos, 2000 yacos, 3000 yacos.

3amauya 4.5. CpeaHee KBaJpaTHYECKOE OTKIOHEHHE pecypca
paBHo 400 wacam, ko3 durment Bapuanuu 0,3. OnpenenuTs nokasa-
TeJIn HaJexxHocTu g HapadoTok 1000 gacos, 2000 gacos, 3000 ya-
COB.

3amaua 4.6. Ha ucneiranusa ycranosieHo 200 3anBuxkek. Yepes
1000 gacoB paboTsl oTkazano 50 3aaBuxkek, yepe3 2000 vacos erie 20
3aaBWKeK. OnpenenuTh KOJIMYECTBO OTKA3aBIIMX 3aJBHXKEK B IPO-
MexyTke BpeMenu oT 1500 gacoB 10 3000 yacoB paboOThI, €cliu Cpei-
HEE KBaJpaTUUECKOE OTKIIOHEHUE pecypcea 500 yacos.

3anaua 4.7. Ha ucnbeitanus ycranosiieHo 100 gonot. Uepes 150
gacoB paboThl oTkazano 50 gosot, yepe3 S0 yacoB emie 2 1010TA.
OrnpenenuTh KOJMYECTBO OTKA3aBIIUX JOJIOT B IPOMEKYTKE BPEMEHHU
ot 200 gacoB g0 250 wacoB paboThl, ecau KOAX(DPUIIMEHT BapUalUH
pecypca 0,1.
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3anaya 4.8. MuHumanbHas HapaOOTKa Ha OTKa3 COCTaBJIsET
3000 gacoB, cpennsis HapaboTtka 1200 yacoB. OmnpeneauTh KOIUYe-
CTBO OTKa3aBIIUX u3jAenuil mpu HapaboTke 9000 yacoB U xapakTepu-
CTUKH HaJICKHOCTH.

3amaua 4.9. OnpenenuTh BEPOSITHOCTh OTKa3a M3JEIUS TPHU
Hapabotke 1500 wyacoB, ecnu koddduiueHT Bapuanuu paseH 0,2,
HIDKHEE TPENICNIbHO-I0MYCTUMOE 3HAUYCHHE HapaOOTKU COCTaBIISIET
2000 gacos.

3amauya 4.10. IIpegenbHo T0MyCTUMOE 3HAYEHHUE HAPAOOTKH Ha
oTka3 coctaBisieTr 1600 gacoB, MmakcumanbHoe 3HadeHue 2000 yacos.
OnpenenuTs BEPOSITHOCTh OTKa3za mpu HapaboTke 1200 yacoB u xa-
PAKTEPUCTUKHU JAHHOT'O pacIpeaeICHus.

3agaua 4.11. Hapabotka 10 oTKaza u3aeads MOJYMHSICTCS 3a-
kony BeiiOymna ¢ mapamerpamu o=1,5 u A=10* 1/gac. Onpenennuts
KOJINUECTBEHHBIC XAPAKTEPUCTUKU HAJIC)KHOCTH M3JIENUs 3a BpeMs
pabotsl u3aenaus 100 yac.

3apaua 4.12. BeposTHoCcTh 0€30TKa3HOM pabOTHl aBTOMaTHYe-
CKOM JIMHUM W3TOTOBJICHUS IITOKOB OypoBOro Hacoca B teuenue 120
yac paBHa 0,95. OnpenennuTs HUHTEHCUBHOCTh OTKA30B JIMHUU JJI1 MO-
MeHTa BpeMeHu 120 4gacoB u cpemHee BpeMs 0O€30TKa3HOW pabOTHI.
[Ipennonaraercs, 4TO COpaBeNJIUB SKCIIOHEHIIMAIbHBIA 3aKOH HaJIEXK-
HOCTH.

3anaua 4.13. Cpennee BpeMs 0€30TKa3HOM pabOTHI aBTOMATH-
4ecKoil cuctemMsl yrpabiieHus: paBHO 640 wac. [Ipenmomnaraercs, 4ro
CIIpaBEeJIMB HKCIOHEHIMAIbHBIA 3aKOH HaJaeXHOCTH. Heobxomumo
OTIPEACIUTh BEPOSATHOCTh 0€30TKa3HOM paboThl B TeueHUE 120 9acos,
4acTOTY OTKAa30B JJIsi MOMeHTa BpeMeHU 120 4acoB M MHTEHCUBHOCTh
OTKa30B.

3anaua 4.14. BpeMs ucnpaBHON pabOThl CKOPOCTHBIX MIAPUKO-
MOAIIMITHUKOB MOJTYMHEHO 3aKoHYy BeliOyiia ¢ mapamerpamu 0=2,6 ;
A = 1,65-107 1/uac. TpeOyercss BLIYHUCIUTH KOJIMYECTBEHHBIE XapaK-
TEPUCTUKN HAJIC)KHOCTU Uit BpemeHn 150 wacoB m cpenHee BpeMms
0€30TKa3HON padOThI MIAPUKOMOIIIUITHUKOB.

3amauya 4.15. Onpenenutsb BEpOSATHOCTh OE30TKA3HOUN pabOTHI U
WHTEHCUBHOCThH OTKa30B mpudopa mpu t = 1300 yacoB paboThHI, eciu
MPU WCTBITAHUAX TOJYYEHO 3HAUYCHHUE CPETHET0 BpEeMEHU 0e30TKas3-
Hoi padoTel M=1500 4acoB u cpeHee KBaJIpaTHYECKOE OTKIOHCHUE
o= 100 4ac.
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KoHTpoJibHBIE BONIPOCHI

1. UYto mpencrapisier cOOOM 3aKOH paclpeaeeHUs ClIydaHon
BEJIUYUHBI?

2. Jlns pacyera KakMxX MOKA3aTeJed U TEXHUYECKUX CUCTEM
MPUMEHSIETCS] HOPMaJIbHBIN 3aKOH PaclpeIeIICHUS ?

3. Pacdert nokasaresiel HaIe)KHOCTH, TTOJYUHSIOIIUXCA HOP-
MaJIbHOMY 3aKOHY PacCIpEICIICHUS.

4. Jlns pacueTa Kakux MoKa3zaTeaed U TEXHUYECKUX CUCTEM
MIPUMEHSIETCS SKCIOHEHITMAIIBHBIN 3aKOH pactpeeicHus?

5. Pacuer nokaszaresier HaACKHOCTH, ITOAYUHSIIOIINXCS YKCIO-
HEHIMAIIBHOMY 3aKOHY PaCIpPEICIICHUS.

6. Jlis pacuera KakMX MOKA3aTeNIeH U TEXHUYECKUX CUCTEM
NPUMEHSIETCSI 3aKOH pactpesesneHus Beitoymnna?

7. Pacdet mokasaresien HaJIe:KHOCTH, TOAYUHSIOMINXCS 3aKOHY
pacnpenenenus Beitoyia.

8. g pacuera Kakux MOKas3aTeyied U TEXHUYECKUX CUCTEM
MIPUMEHSIETCS] TAMMa-PacCIpeieIeHUE?

9. Pacuer nmokazareneu HaJACKHOCTH, ITIOJUUHSIIOIINXCS raMMa-
pacupeseIeHuIo.

10. nsa pacuera KaKvMX MOKA3aTEJIE U TEXHUYECKUX CUCTEM
pUMEHSETCS JIorapu(MUUECKU HOPMAJIBHOE pacipeesieHue?

11. Pacuer moka3areneil HaJEKHOCTH, ITOJUUHSIOIIMXCS JIOTa-
pudMUIECKH HOPMATIBLHOMY paclpeeICHUIO.

IpakTnuyeckoe 3ansTue Ne 5.

IMPUHIUIIBI YCTAHOBJIEHUSI 3AKOHOB
PACIIPEJAEJIEHUA C1IYHANHOU BEJINYHUHDBI

eab: HAyYUTHh CTYIEHTOB YCTAHABIMBATH 3aKOHBI pacIpeaese-
HUS TTOKa3aTeIe HaJE)KHOCTH 10 CTATUCTUYECKUM JIAHHBIM

3amayu o0OyueHus:

— O03HAKOMHUTH C METOJIMKOW YyCTAaHOBJIEHHS 3aKOHOB pacrpee-
JICHUSI TIOKa3aTessl HaJIe)KHOCTH 110 CTATUCTUYECKUM JJAHHBIM;
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— IHPHUBHUTHb HABBIKH YCTAHOBJICHHA 3daKOHA PpACHPCACIICHUS ITIOKA-
3aTCJIsl HAACKHOCTH.

3aIlaHl/lH H METOANYECCKHUE YKAa3aHUA K UX BBINIOJIHCHUIO

Pabora CTYACHTA 3aKJIH04acCTCiA B HM3YUCHHMU MCTOJUK PCIHICHUU
3aga4, CaMOCTOATCIbHOM PCIICHUN BaI[aHI/Iﬁ K OTBC€TAax Ha II0CTaB-
JICHHBIC KOHTPOJIbHBIC BOITPOCHI.

IIpumep 5.1 Ha ocHOBe npencTaBieHHbIX CTATUCTUYECKUX JaH-
HBIX IIPOBECTM PACYET M AHAIM3 TOKA3aTEJIe HAJIECKHOCTH CEPUU
HEBOCCTaHABJIMBAEMbIX OOBEKTOB.

Hcxoanbie 1aHHBIE:

Tabmnuma 5.1
JlanHble 00 0TKa3aX 000pyAOBaAHUS
Ne Bpewms Yucio
00b- | HaOIO- Bpewms oTkaza, uac OTKa-
€KTa | JEHUd 30B
1 1150 |155,291, 340, 396, 900, 1145 6
2 1990 |90, 180, 460, 853, 1761, 1987 6
3 3020 (420,930, 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 7
9 1350 |50, 158,484,945, 1120, 1300 6
10 2550 |81, 240,793, 1145, 1781, 1973, 2005, 2500 8
Pemrenne.

1 Tlomyd4eHue MPOCTOrO CTATUCTUIECKOTO psJia

OmnpenensieM HapaOOTKy 10 OTKa3a 1Mo BceM oObekTam. st ato-
ro U3 KaXJOT0 TMOCIEAYIOIIET0 BPEMEHU BO3SHHUKHOBEHHUS OTKa3a BhI-
guTaeM npeasaymee. s ynodcTBa pacueToB JaHHBIC TIPEACTABIsIEM
B BUIC TaOIUIIBI 5.2.

BricTpanBaem monydeHHbIC JaHHBIE B TOPSIAKE BO3pPACTaHUS.
Haxoaum makcumanbHOE U MUHUMAJIbHOE 3HAUYCHHE U3 TOJYYEHHOTO
IIPOCTOr0 CTATHCTHYECKOTO PsIa.
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T .=32u
T . =1090u

Onpenernsem quana3oH 3HAYEHUW WIM aMIUIATYly CTaTHYECKOTO
pana.
&E=T_ . -T. . =1090-32=1058u

Tabmuna 5.2
HaxokaeHue 3HaYeHU HAPa0OTKHM HA 0TKA3
Ne u3- Tl T2 | T3 | T4 | TS | T6 | T7 | T8
e
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 OOpaboTKa CTaTUCTUYECKOTO psijia
KonnuectBo nanubix paBHO 70. OmnpenensieM KOJIUYECTBO HH-
TE€pPBAJIOB.

N =70

kZWZ\/%zS_

OnpenensieM [UIMHY UHTEpBaia
AT — S 1058

k 8

PaccunThiBaeM 4acTOCTh M HAKOIUICHHYIO YaCTOCTh MO BCEM MH-
TepBasiaM. J[aHHBIE CBOJUM B Ta0uUILy 5.3.
3 Pacuet mokazaresei 6€30TKa3HOCTH MO CTATUCTHYECCKUM
TAaHHBIM
OrnpenensieM KOJIMYECTBO PabOTOCIIOCOOHBIX M3JEIHUI Ha cepe-
JTMHY Ka)kJI0ro mepuojia no dhopmyJie

N(t) = N —n(t)

=132,25~140y
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OrnpenenseM CTaTUCTUYECKYIO OIEHKY BEPOSTHOCTH 0€30TKa3-
HOM pabOThI Ha CEPEeANHY xcnorqi@pnoz[ 1o hopmyie
LSRN )
Rt

N N

Tabnuia 5.3
PacyeT 94acTOCTH M HAKOIJIEHHOM YaCTOTBI
Kon-Bo
Hauano Komer 3. OT- Ya- Haxormien-
No un- Ka3aB. B | CTOCTb, Has 4Ja-
TepBaa EI;T;E];? ﬁglezii_ uHTepBa- | An(At)/ |  crocTs,
' ' je, N 2(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 | 0,01 0,93
7 870 1010 4 0,06 0,99
8 1010 1150 | 0,01 1,00
2=70| 2=1,00

CTpouM TUCTOTpaMMBbI 110 MOJYYCHHBIM 3HAYCHUSM YacCTOCTH U
HAKOILUICHHOM 4YaCTOCTH

0,35 1,2
0,3 1
0,25 -
0,2 -
0,15 -
0,1 -
0,05 -

0 .

0,8

0,6 -

04 -
02 -
O .

30170 310 450 590 730 8701010

30 170 310 450 590 730 8701010

Puc. 5.1. I'ucrorpamMmma yacroctu Puc. 5.2. I'ncrorpaMma HaKkoIJIeHHOH

HacToCTH

OrnpenensgeM KOJIMYECTBO OTKA3aBIIMX JIETAJIEN HapacTarolUM
UTOTOM Ha CEpeMHY Ka)XXJI0T0 nepuoa mno popmyiie

n(ti,;) = n(t) + An(t)
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OnpeﬂeﬂﬂeM CTaTUCTUYECKYIO OILICHKY BEPOSATHOCTH OTKa3a Ha
CEPEANHY Ka)KI0T0 IIepuoaa 1o (1) MYJIE
= nf t!

Qt

N

OmpenensieM CTaTUCTUYECKYIO OICHKY ITIJIOTHOCTH BEPOSITHOCTH
OTKa30B 1o (popmyie

()= a0

NAt
Pe3ynbTathl pacuera i yno0CTBa CBOJAUM B Tadmuity 5.4
Tabmnuia 5.4
Pacuer moka3sareiieli 0€30TKa3HOCTH
10 IKCNEPUMEHTAJbHBIM JJAHHBIM
= blo <
= ~ o=
= = a <
5| &e| &2
s | 9 o © &
< = = = Ié 8 =
= = 3 | x x 2| & &
< < |« < SRS ==
/0 M Q L L o
Qo o ] E § E = o E‘
e o 5 |88 85| g E
= = S 25 g5l 85 2| 2
= = s |25 2E| 23| & o =
o = = £ o B )
§ ) = o = © ¥ o ©
= = 5 |29 m 28| @8
< o o [aal [an} 5} ) janl
am ~ o | 5 5 © | D=
Q O O < T
=) g SE=
=~ ~ 5 O
I
X ~ ~
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 25,5 0,36 | 0,64 0,00454
450 590 520 11 54,5 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 5,5 0,08 | 0,92 |10,00658
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

Ctpoum rpaduk 3aBUCUMOCTH BEPOATHOCTH O€30TKa3HOM pado-
Tl R(t) 1 BeposTHOCTH 0TKa3a Q(t) 10 SKCIIEPUMEHTATbHBIM JJAHHBIM.

4 PacyeT 4MCIIOBBIX XapaKTEPUCTUK HAPAOOTKH JI0 OTKa3a.

Cpennss HapaOOTKa JJ0 OTKa3a omnpeaensercs mo hopmyiie:
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1= Z:ni ’ ticce
N b

r1€ 7 — KOJMYECTBO OTKA30B M3JEJIUNA B pacCMaTPUBAEMOM HHTEP-
BAJIC;
ti cep — CEpENIMHA PACCMATPUBAEMOI0 UHTEPBAA.

g
q- =

0 500 1000 1500

R(t), Q(t)

Bpewms t, yac

Puc. 5.3. I'papux 3aBCHUMOCTH BEPOSATHOCTH 0€30TKa3HON PadoThI
U BEPOAATHOCTH 0TKA3a OT BPEeMeHH

Tabnuua 5.5
ITpomexyTOUHBIE pacyeThl CpeiHell HApadOTKM J0 0TKAa3a
CepeauHa UH- Kon-Bo m31. . .
OTKa3aB. B MH- tc*ni tc2*ni1

repeaia TepBaje

100 19 1900 190000

240 21 5040 1209600

380 9 3420 1299600

520 11 5720 2974400

660 4 2640 1742400

800 1 800 640000

940 4 3760 3534400

1080 1 1080 1166400

2=24360 2=12756800
Jucniepcus:
dn - 12756800
. 2 2 _
I = . t 0 348° =61136 .
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o =1 =61136=247;
O

V=" :£:0,71.

t 348

5 BriGop 3akoHa pacnpeneneHds €W €ro  MapaMeTphl.

BriiBuraeM runoTesy Mo 3aKOHY paclpe/iesieHUs] CpeIHe Hapa-
0otk 10 oTkaza. Eciu v>0,5, To naHHas ciaydaliHas BeJIWYMHA MOJ-
quHsAeTcs 3akoHy BeiOymia. B ganHom ciydae 0,71>0,5, cnenona-
TeJIbHO, BRIOUPAEM 3aKOH pacripesieneHus Beitoyna).

OcnoBnas runoteza HO — cpeausst HapaOoTka 10 OTKa3a Mo 4u-
HEHa 3akoHy BeiiOyia.

OcHoBHas runote3a H1 — cpenHssi HapaOoTka 10 OTKa3a HE
Mo lYMHEHA 3aKkoHy BeliOyoia.

OrnpenensieM XapakTEPUCTUKHU 3aKOHA pacrpezesneHus BeitOy-
na: kodddunuent dhopmbl U MaciTaba. Bocmosb3dyemcsi HOMOrpam-
MO Ha PUCYHKE 5.4.

Snoon Dy

ale ik BEy e, w0 By

=3 :
— - - h Iﬂ
ey 6y e e ey b -

1,50

! I{I

U

T
= @
=Y

e & o = s iy
ES S w ::.E,q—_-. by > "y
l‘-:;'n:-.-\. h'hl_'\l:: [ =] = [ ] L=

Puc. 5.4. Homorpamma 11 onpejaesieHusi napaMmerpa 3akoHna Beii0Oysia

ITo pucynky 5.4 onpenensaeM napaMeTp o i1 COOTBETCTBYIOIIIE-
ro 3HaueHus v, pu v=0,71 oyzaer a=1,47.
Paccuuraem nmapametp A:

1 1
h=—r= 1,47
t 348"

[Ipoctas runoreza HO — cpennsiss HapaOOTKa 10 OTKa3a MOIYH-
HseTcs 3aKoHy Beitbyma ¢ mapamerpamu: o=1,47; A=0,0001836.

6  IloaTBepkAeHUE THIOTE3BI

JIJ1st TOATBEPKICHHS TUTIOTE3bI UCIIOIb3YEM KPUTEPHUI COTIacusl
[Tupcona (y%), KOTOPBIA XapaKTepu3yeT OTKIOHEHUE TEOPETUUECKOM
KPUBOU OT MPAKTUYECKON )

F(n-n )

2 i imeop
X' =2

i=1 n ’

imeop

=0,0001836
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[Ipu pacuere HE0OXOAUMO OOBEIUHUTH WHTEPBAJBI C KOJUYE-
CTBO JAHHBIM MEHeEe J.
Pacuer BeneM it S-TM HHTEPBAJIOB:

nimeop = Pim : N: rﬂe

Pl.m — BEPOSTHOCTbH IIOIIaJIaHus B UHTEpBaiI OT t. 1o t._,;

A

tOL

P =€ i — e_ i+1
Pe3ynbTaThl pacyeTa npeacTapiisieM B Tabduiie 5.6.
Tabnuna 5.6
. = |53
< pla~i
5 3 2 |ES =
5 | 5| £ | §E - | £ &
o = S = m = = §= = <
= S < 0 = -» = N = =
= ) = o & NS g
< o =y =)
== ~ o | E 3
@) o) g
¥
30 170 100 19 0,294 20,61 -1,61 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
2=0,997 X2=14,95

X? pacuetHoe paBHO 14,95. CpaBHUM X2 pacUeTHOE C TCOPETUICCKIIM:

X2 (r,a), Tae

7 —KOJI-BO CTEIIeHE CBOOOIbI;

0L —KOJI-BO BeposT. omuoku 1-ro poaa (o=0,05;0,01);

r=k—s—-1=6-1=5, rue

S — KOJI-BO HAJIOKEHHBIX CBsi3ei (s = 0);

k — KOJI-BO UHTEPBAJIOB.
x.. (5,0,01)=15,09,

14,95<15,09 , ciegoBaTenbHO, T.K. X2 pacueTHOe < X2 T€Op. — I'-
10Te3a BEPHA, OTKJIOHEHHUS MEHBIIE JOIyCTUMBIX, T.€. HapaboTKa 10
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OTKa3a MOoAYMHACTCS 3aKOHY BeiOysina ¢ TakuMu mapameTpaMi.
7 Pacuet nokasarteneit 0€30TKa3HOCTH M0 TEOPETUUECKUM JaHHBIM.

- Id
M@y =7=" /oc): I'(1/1,47) _ 314.86
oL e 1,47-0,0001836"147
o Ttabn. 1'(1/1,47)=1,33;

20 T2/0)-[IM/o)] 2:1,47-0,89-[1,33]

D(x) =200, 68
o e 1,47-0,0001836147
f@O=a-A-1o e
R(t)=e™;
O@)=1-e™",
Tabmmuia 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
1,2

L 4

L 2

0,; .\ e
el
N

——Q()
—m—R(t)

X
0:2 /
0 4/ ‘ ‘ \-\'\H -

200 400 600 800 1000 1200 14|00

R(t), Q(t)

022

Bpewms t, yac

Puc. 5.5. I'paduk Teopernyeckoii 3aBUCUMOCTH BEPOSITHOCTH 0€30TKA3HOM
padoThI U BEPOSITHOCTH 0TKA3a OT BPEMEHU
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Puc. 5.6. I'paduk Teopernyeckoii 3aBUCUMOCTH IJIOTHOCTH pacipeaeeHust
0TKA30B BO BpeMeHH

KOHTpOJII)HbIe BOIIPOCHI

1. Yro Takoe ciydaiiHas BeJIMYUHA?

2. Kakue coObITHS SBISIOTCS CIy4alHbIMU?

3. IlpuBeauTe npuMepbl AUCKPETHBIX CIYYAWHBIX BEJIWYHUH,
paccMaTpUBAEMBIX B TEOPUU HAZECKHOCTH.

4. IlpuBenure npuMepbl HENPEPBIBHBIX CIyYaWHBIX BEJIMYHH,
paccMaTpuBaEMBbIX B TEOPUU HAIEHKHOCTH.

5. Kako#i Bug uMeetr QyHKIUS paclpe/iesiCHUs] CaydailHOM Be-
JIMYHAHBI?

6. Uro Takoe IUIOTHOCTh pacOpeicsiCHUsI, MaTEMATHYECKOE
O0KUJIAHUE, TUCIIEPCUs CIyYaliHOW BEJIIMYMHBI, CPEIHEE KBaJpaTHUye-
CKOE€ OTKJIOHEHHUE, KOA(DPUIIMEHT BapUallii, KBaHTWIb, MEIMaHa, MO-
na?

7. Uto Takoe CTaTUCTUUYECKUM psij?

8. Tlopsimox 00pabOTKH CTATUCTUYECKOTO Psija.

9. Uto Takoe CTaTUCTUYECKAs TUIIOTE3a?

10. [l yero npuMeHsieTCsl KpUTEPUd coryiacus?

11. Yrto Takoe ommbOKU MepBoro U BTOPOro pojaa?
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I[IpakTuueckoe 3ansitue Ne 6.
PACYET HAJEXHOCTH CJIOKHBIX CUCTEM

Heﬂb: HAaY4YUThb CTYACHTOB OIIPCACIIATH ITOKA3ATCIIM HAJACKHOCTH
O6T>€KTOB, MMpCACTABIIAIOIINX CJIOKHBIC CUCTCMBEIL.

3amauyu o0OyueHus:

— O3HAKOMUTb C METOJIAMU PE3CPBUPOBAHUS;

— TPUBUTH HABBIKU MOCTPOCHUS CTPYKTYPHI CIIOKHON CUCTEMBI;

— Hay4uTh PaCCUUTHIBATH MOKA3aTEIN HAJCKHOCTH CUCTEMBI O€3
pEe3epBUPOBAHUS;

— HAYYHUTh PACCUUTHIBATH MOKA3aTEId HAAECKHOCTU CHUCTEMBI C
pEe3epBUPOBAHUEM.

BallaHI/IH U METOANYCCKUE YKA3aHUS K UX BBINNOJTHCHUIO

Pabora CTYACHTA 3aKJIIO4YaCTCA B H3YUYCHHHW MCTOAUK PCIICHUSA
3a/1a4, CaMOCTOATCIIbHOM PCUHICHUN SaI[aHHﬁ N OTBCTAX Ha IIOCTAaB-
JICHHBIC KOHTPOJIbHBIC BOIIPOCHI.

Ipumep 6.1. Onpeaenuts BEPOSITHOCTh O€30TKA3HON pabOTHI U
BEPOSITHOCTh OTKa3a OCHOBHOM CHCTEMBI, COCTOSIIECH M3 TISATH D3JIe-
MEHTOB, €CJId BEPOATHOCTH O€30TKa3HOW pabOThI JIEMEHTOB PaBHBI
P1(t)=0,98, P2(t)=0,97, P3(t)=0,99, P4(t)=0,98, Ps(t)=0,96.

Pemienue: BEpOSITHOCTh O€30TKa3HOU pabOThl CUCTEMBI Pc(1)
onpeaesieM o popmyie (3.1):

P.(t)=P;(t)-P5(t)-...-Ps(t) = 0,98-0,97-0,99-0,98- 0,96 = 0,885, Be-
pOSATHOCTB 0TKa3za () cucTeMsl onpeaensercs mno gopmyne (3.5):
Q.(t)=1-P,(t)=1-0,885=0,115.
Otger:P (1) =0,885Q, =0,115.

Ipumep 6.2. OnpenenuTs cpeiHee BpeMsi 0€30TKa3HOM pabOThI
CUCTEMBI, €CJIM CUCTEMa COCTOUT U3 TPEX DJIEMEHTOB, Cpe/HEE BpeMs
0e30TkazHou padoThl KOTOphIX paBHBI 400, 200 1 500 yacoB, 3aKoH
pacnpenesieHus — SKCIIOHCHIIMAJIbHBIM.

Pemenue: OmnpenenuM WHTEHCUBHOCTH OTKAa30B JJIEMEHTOB IO

dbopmyne (2.11)
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1 1 1 1

Ay =—=—=0,00251/uac; ), =— =—= 0,0051/uac;
71, 400 27T, 200
1
Ay = b = 0,0021/uac.
T, 500

MHTEeHCHBHOCTH OTKa3a CHCTEMBI omnipeaesieM mo popmyie (3.7)
Ae = A1+ Ay + A3 = 0,0025+ 0,005+ 0,002 = 0,0095 1/uac.
HapaboTky 10 oTka3za cuctemMbl paccuutaeM 1o gpopmysie (3.8)
T=_ - ! =105,3uac.
A 0,0095
OtBer: T =105,3uac.

IHpumep 6.3. Cucrtema COCTOUT U3 TPEX AJIEMEHTOB, BEPOSAT-
HOCTh 0€30TKa3HON paldoThl KOTOpbIX B TeueHUU 100 vacoB paBHBI
P1(100) = 0,95; P1(100) = 0,99; P3(100) = 0,97. Haiitu cpennee Bpemst
0€30TKa3HON pabOThl CUCTEMBI, 3aKOH PacCIpeIesIeHHs] — SKCITOHEHIIN-
AJIbHBIM.

Pemenue: OmnpenenuM BEpOSTHOCTH 0€30TKa3HOM pPabOThI CH-
CTEMBI

P(100) = P;(100)P,(100)P5(100) = 0,95-0,99-0,97 = 0,912.
Bripa3uM HHTEHCUBHOCTbH OTKa3a CUCTEMBI U3 popmyIibl (3.6)

Ao PO _ 09124560,
t 100
Cpennee Bpemsi 0€30TKa3HON pabOThI CUCTEMBI OMpEEsieM M0
dbopmye (3.8) |

T_ = ! =1085,6 uac.
A 0,0092

OtBer: T =1085,6 uac.

IHpumep 6.4. Cuctema coctout uz 6000 >7€MEHTOB, CpeaHsA
MHTEHCUBHOCTL OTKa30B KOTOPBIX Acp=3,4-107 1/uac. Onpenenurs Be-
POSITHOCTH 0€30TKa3HON pabOThI, BEPOSITHOCTh OTKAa3a, IMJIOTHOCTh Be-
POSITHOCTH BpEMEHU 0Oe30TKa3HOM paboThl 3a BpeMsi 100 yacoB, u
cpeaHee BpeMsi 0€30TKa3HOM PaboTHI.

Pemenne: MTHTEHCUBHOCTh OTKa30B CUCTEMBI ONPEAECIAEM IO

dbopmye (3.7)

n
A=k =nkg, = 6000-5,4-107 = 3,24-1073.
i=1
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BepositHocTh Ge30TKa3HON paboThl paccuuTaeM Mo QGopmylie

(3.6)

n .
P(t) = [e it = e At = g 000324100 _ ¢ 77
i=1

BeposTHOCTh 0TKa3a CUCTEMBI
Q(t)=1-P(t) =1-0,72 = 0,28.
HapaboTka 10 0TKa3a CUCTEMBI

T =_ 1 _ 308.6 uac.
A 324103

I1110THOCTH BEPOSTHOCTH BpeMEHU 0€30TKa3HOM pabOThI

-3
f(t)=A-e™ =324-107 &1 ™19 = 2 3103 Luac,
3aganus 1 CAaMOCTOATEIbHOM paﬁoTbl CTYACHTOB

3amaua 6.1. Onpenenuts BEPOSITHOCTh OE30TKA3HOM pabOThI CH-
cTeMbl, cocTosmied n3 500 3JIeMEeHTOB, €CIIM BEPOSITHOCTh O€30TKa3-
HOM pabOThl KaXXJOTro dJIEMEHTAa B TEUCHUE BpeMeHHU ¢ paBHa P(t) =
0,998.

3agaya 6.2. BeposTHOCT, 0€30TKa3HOM pPabOThI CHCTEMBI, CO-
ctosiiet u3 150 paBHOHAJEKHBIX JICMEHTOB, B TCUCHHE BPEMEHH t
paBHa P¢(t)=0,95. Haiitu BeposiTHOCTh 0€30TKa3HOW pabOThI 3JIE€MEH-
Ta.

3amaua 6.3. bnok ymnpasienuss coctouT u3 5000 31€MEHTOB,
CpelHsAs HMHTEHCHBHOCTH OTKa30B KOTOPLIX paBHa 2,3-10°% 1/uac.
Onpenenuts BEPOSITHOCTh 0€30TKa3HOM padoThl B TeueHun t = 100
qac u cpesiHee BpeMs 0€30TKa3HOU padOThI.

3agaya 6.4. CucreMa COCTOUT W3 IATH JJIEMEHTOB, CPEIIHEE
BpeMs 0e30TKazHOU paboThl KOoTOpweiX paBHO: T1=104 wyac; T>=200
yac; T3=185 wac; T4=350 uvac; T5=620 yac. [lokazarenu pacnpenene-
Hbl MO JKCHOHEHIIMAJIHLHOMY 3akoHy. OmpeneiauTs CpeaHee Bpems
0€30TKa3HOM pabOTHI CHCTEMBI.

3amaya 6.5. IIpuGop coctout u3 mnsaTu 0J0KOB. BeposiTHOCTH
0€30TKa3HOU pabOThl KaXJI0ro 0Jioka B TeueHue BpeMeHu t = 50 yac
paBHa: P1(50)=0,98; P2(50)=0,99; P3(50)=0,998; P4(50)=0,975;
P5(50)=0,985. CrnpaBenauB 3KCIIOHCHIIMAIBHBIA 3aKOH HAJEKHOCTH.
TpebyeTcst HallTH cpegHee BpeMsi 0€30TKa3HOM paboThI pudopa.

3agaua 6.6. YcranoBka cocrout u3 3000 351eMEHTOB, CpelHss
MHTEHCUBHOCTH OTKA30B KOTOPHIX 3,8:107¢ 1/4ac. Onpenenurs Bepo-
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ATHOCTh OTKa3a ycTaHOBKM B TeueHuu t = 300 yac u cpenHee Bpems
0€30TKa3HOI pabOTHI aNmapaTypsl.

3agaua 6.7. O06bext cocroutr u3z 200000 31€MEHTOB, CpeaHss
MHTEHCUBHOCTh OTKa30B KOTOphIX 0,210 1/gac. Onpenenuts Bepo-
ATHOCTh 0€30TKa3HOM padOThl CUCTEMBbI B TeueHue 240 4acoB U cpe/i-
Hee BpeMst 0€30TKa3HOM paboTHhl.

3apaua 6.8. [Ipubop cocrout u3 5 y3noB. HanexHOCTH y3710B
XapaKTEPU3YyeTCs BEPOATHOCThIO 0O€30TKa3HOM pabOThl B TEUYEHUE
Bpemenu t, koropas paBHa: Pi(t)=0,98; P2(t)=0,99; P3(t)=0,998;
P4(t)=0,975; Ps(t)=0,985. Heob6xoaumMo omnpeaenuTh BEPOITHOCTh 0€3-
OTKa3HOM pabOoThI MpHbOOpa.

KoHTpoJ/ibHBIEC BOIIPOCHI

1. JlaliTe XapakTEpUCTUKY CIOKHOW CHCTEMBI.

2. Kak paccunThIBalOTCS MOKa3aTeNIn HAJAEKHOCTH CUCTEMBI 0€3
pe3epBUPOBaHUS (OCHOBHOM CUCTEMBI)?

3. Uto Takoe pe3epBUpOBaAHUE?

4. Kakwue ucnosib3yrTcs BUJIbI PE3EPBUPOBAHMUS 7

5. JlaiiTe omnpenesieHue U XapaKTEePUCTUKY OOIIEeMY U MO3JIe-
MEHTHOMY PE€3€pBHUPOBAHUIO.

6. Jlalite onpeneneHrue U XapaKTepUCTUKY TTOCTOSTHHOMY pe3ep-
BHPOBAHUIO U PE3EPBUPOBAHUIO 3AMELICHHUEM.

7. JlaWTe ompeneseHUuE U XapaKTEPUCTUKY PE3EPBUPOBAHUIO C
BOCCTAHOBJICHHEM U 0€3 BOCCTAHOBJICHHUS.
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IIpakTnueckoe 3ansaTue Ne 7.
OTKA3bI TEXHUYECKUX CUCTEM

Ieab: 0OCBOUTH METOJIUKY ONpPENCTICHUS OTKAa30B U MPEaeIbHbIX
COCTOSIHMI TEXHUYECKUX CHCTEM

3axavyu o0OyueHus:

— O03HAKOMHUTH C KPUTEPUAMH OTKA30B U TEXHUYECKHUX COCTOS-
HUM HedTEra30BOro 000Py10BaHNS;

— HAy4HUTh BBISBIIATH OCHOBHBIC BUJIBI OTKA30B 00OPYI0BaHUS;

— TPUBUTH HABBIKU OMpEACICHUS PpabOTOCIOCOOHOCTH OOBEK-
TOB.

3aI[aHI/Iﬂ U MCTOANYECCKHUEC YKA3AHUA K UX BBIIIOJTHCHHUIO

Pabora cTyjeHTa 3aKj04aeTcss B U3YYEHHUU METOJIMK PEIICHUU
3a/1a4, CaMOCTOSITEJIbHOM PENICHUM 3aJaHUil U OTBETaX Ha IOCTaB-
JICHHBIC KOHTPOJIbHBIE BOIIPOCHI.

3agaua. [IpoBecTr aHaM3 BUIOB, MOCIEICTBUN U KPUTUUHOCTH
OTKA30B 3aIll0PHOM apMaTypshl.

Amnanu3 Bua0B U nocienctBuil otkazoB (ABIIO) — gopmanuzo-
BaHHasi, KOHTPOJUpyeMas Mpoleaypa KaueCTBEHHOI'0 aHan3a MPOeK-
Ta, TEXHOJIOTUU HW3TOTOBJICHUS, MPaBUJI DKCIUTyaTallud M XPaHCHWUS,
CUCTEMbI TEXHUUYECKOTO OOCIY>KMBAaHUSI U PEMOHTa W3/, 3aKIIO-
YaloIIasicsd B BBIJICIICHUM HA HEKOTOPOM YPOBHE Pa3yKpPYMHEHHUS €ro
CTPYKTYpPbl BO3MOXKHBIX (HAOJIOJa€MbIX) OTKa30B pPa3HOIO BHUAA, B
MPOCJICKUBAHUN TMPUUUHHO-CIICICTBEHHBIX CBSI3€H, 00YCJIOBJIMBAIO-
X WX BO3HUKHOBEHHE, M BO3MOXKHBIX (HAOJIOJAEMBIX) MOCIEI-
CTBHI 3TUX OTKa30B Ha JITAHHOM U BBILIECTOSIINX YPOBHAX, a TAKKE —
B KaUE€CTBEHHOM OIIEHKE W PAHXUPOBAHUU OTKA30B IO TSIHKECTH UX
MOCJEACTBUI. AHAIU3 BUAOB, MOCIEACTBUA U KPUTHYHOCTH OTKA30B
(ABIIKO) — npouenypa ABIIO, nononHeHHasi OLlEHKaMU IOKa3aTe-
Jiel KpUTUYHOCTH aHAJIU3UPYEMBIX OTKA30B.

Memoouka nposedenus ABIIKO:

1.  BBISBIISIIOT BO3MOYKHBIC BUIbI OTKA30B COCTaBHBIX YacTEl
U U3JeIusl B LEIOM, U3y4aroT UX NPUYUHBI, MEXaHU3Mbl U YCIIOBUS
BO3HHUKHOBEHHUS U PA3BUTHUS;
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2. OmpeAesstoT BO3MOKHbIE HEOJIArONMpUsTHBIE MOCTEH-
CTBUSI BOBHMKHOBEHUS BBISBJICHHBIX OTKAa30B, MIPOBOSAT KaueCTBEH-
HBIN aHAIU3 TSHKECTH MOCIEICTBUNA OTKA30B U/UJIU KOJTMYECTBEHHYIO
OLICHKY UX KPUTUYHOCTH;

3.  COCTaBIAIOT U NEPUOJUYECKH KOPPEKTHUPYIOT MEpeYHU
KPUTHUYHBIX 3JIEMEHTOB U TEXHOJOTMYECKUX MPOIIECCOB;

4.  OIECHUBAIOT JOCTATOYHOCThH MPEAYCMOTPEHHBIX CPEJCTB U
METOJ0B KOHTPOJIsI pabOTOCIIOCOOHOCTH U AUArHOCTUPOBAHUS U3Ie-
JUW U1 CBOEBPEMEHHOI0 OOHAPYKEHMS M JIOKAIM3AllMU €ro OTKa-
30B, OOOCHOBBIBAIOT HEOOXOJAMMOCTH BBEICHUS JIOMOJIHUTEIbHBIX
CPEJICTB U METOJIOB CUTHAJIU3AIMHU, KOHTPOJIS U AUArHOCTUPOBAHMS;

5. BbIpaOaTHIBAIOT MPEJIOKECHUS U PEKOMEHAAIMU MO BHE-
CEHHUIO U3MEHEHHUI B KOHCTPYKIIMIO W/WJIM T€XHOJOTHIO MU3TOTOBJIC-
HUS U3JIETUS U €r0 COCTaBHBIX YacTel, HalpaBJICHHbIC HA CHU)KEHHE
BEPOATHOCTU W/UJIU TSKECTU TIOCIEJACTBUN OTKA30B, OILICHUBAIOT
3(phEeKTUBHOCTH paHee MPOBEICHHBIX JOPAOOTOK;

6.  OLICHUBAIOT IOCTATOYHOCTh MPEAYCMOTPEHHBIX B CHCTEME
TEXHOJIOTHYECKOTO OOCITYyKMBaHUSI KOHTPOJbHO-TUArHOCTUYECKUX U
npoUIAKTUYECKUX OTEpalvidi, HAMPAaBJICHHBIX HA MPEAyNPEKICHNE
OTKAa30B U3JIENIUN B AKCIUTyaTalluH, BRIPA0ATHIBAIOT MPEJIOKEHHUS 10
KOPPEKTUPOBKE METOJIOB M MEPUOJMYHOCTH TEXHUYECKOrO O00CIIy-
YKUBaHUS;

7.  AHAIM3UPYIOT IPaBUJa MOBEICHUS IMEPCOHANA B aBAPHUM-
HBIX CUTYallUsX, O0YCIOBICHHBIX BO3MOKHBIMU OTKa3aMH U3JIETUH,
MPEyCMOTPEHHbBIC IKCILTyaTallMOHHON JOKYMEHTAIUEH, BhIpadaThI-
BAIOT MPEJJIOKEHUS MO0 UX COBEPIICHCTBOBAHUIO WJIM BHECEHUIO CO-
OTBETCTBYIOIIMX M3MEHEHUU B JKCIUTYaTAlIMOHHYIO JTOKYMEHTAIIUIO
MIPU UX OTCYTCTBHH;

8.  TPOBOMAST aHAIU3 BO3MOXKHBIX (HAOJIOAAEMBIX) OLIMOOK
NepcoHalia Mpu KCIUTyaTalluu, TEXHUYECKOM OOCITyKUBAaHUU U pe-
MOHTE W3JIeJIUM, OIIEHUBAIOT UX BO3MOXKHBIE MOCIEICTBUS, BhIpada-
TBIBAIOT  MPEJJIOKEHUS 10  COBEPUICHCTBOBAHUIO  YEJIOBEKO-
MAIlIMHHBIX UHTEP(ENCOB U BBEACHUIO JOMOJHUTEIBHBIX CPEACTB
3alUTHl U3JIEJIU OT OMIMOOK MEPCOHaa, MO COBEPIICHCTBOBAHUIO
WHCTPYKIMM MO AIKCIUTyaTallH, TEXHUYECKOMY OOCITY>KUBaHUIO U
PEMOHTY U3JCIUN.
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MeToauka BbINOJIHEHUS Pa00Thl HA IPUMepe aHAJIU3A
0TKA30B MIUOEPHOH 3aABUKKH, YCTAHOBJICHHOMN
B razopacnpeae/jimTe/IbHON cucreme

1. Ilo HOpMATHBHO-TEXHUYECKON JOKYMEHTALUH ONPEIEIIs-
€M BHUJIbl OTKA30B U NPEAECIbHBIX COCTOSHUM I PACCMATPUBAEMOTO
oOBeKTA.

Kpurepun npenenbHOro cOCTOSIHUSA U BO3MOXKHBIE BUABI UX OT-
Ka30B, SBJSIOMIMECS OOLIMMHU ISl BCEX TUIOB apMAaTyphl, YCTAHABIIN-
Batorcsa CTO I"aznpom 2-4.1-212-2008. K HUM OTHOCSATCS:

—  HayaJpHAas CTaJaus HAPYLIEHUS LEJIOCTHOCTH KOPITYCHBIX
nerainei (ra3oBas Te€ub);

—  HU3MEHEHHE TreOMEeTpUYEeCKHX (OpM TMOBEPXHOCTEU KOp-
IIYCHBIX JIETAJE€H CBBILIE JOIYCTUMBIX KaK CIEICTBUE 3PO3HOHHOIO U
KOPPO3HOHHOTO  pa3pylIE€HUW, MPEMATCTBYIOIIMX HOPMAIBHOMY
(YHKIIMOHUPOBAHUIO apMaTYPHI.

K BO3MOXHBIM OTKa3aM, XapaKTEPHBIM JIJIs1 BCEX TUIIOB apMary-
PBI, OTHOCSITCS:

—  TOTEps FEPMETHYHOCTH 110 OTHOLIEHUIO K BHEIIHEN Cpele
10 KOPITYCHBIM JICTAJIIMU, CBSI3aHHAS C Pa3PYLLICHUEM;

—  TOTEepsA repMETHUYHOCTH 110 OTHOLIEHHIO K BHEIIHEW CpEJe
[0 MPOKJIAJA0YHBIM COEAUHEHUSM, YIULIOTHEHUSIM U B TPYOHOU 0OBsI3-
K€;

—  HEBBINOJHEHHE PYHKIUN «OTKPBITUSI-3aKPBITUS;

—  TOTepsi FTEPMETUYHOCTH B 3aTBOPE (CBEPX JOMYCTHUMBIX
IPEACIIOB, YKa3aHHBIX B KCILTyaTallMOHHOMN TOKYMEHTAIUN).

Kpurtepun 0Tka30B mIMOEPHBIX 3aABUKEK:

1 IToTepst TepMETUYHOCTH IO OTHOIIEHUIO K BHEITHEN CPEJE 11O
KOPITYCHBIM JI€TAJISIM:

a) pa3pylieHue, ¢ BLIOpocoM paboueit cpesibl B atMochepy;

0) pa3pyllleHHe YITIOTHUTEIbHBIX TOBEPXHOCTEN KOPITYCHBIX
JICTaJIeH;

B) IOTEHUE, KaIlEJIbHAsl TE€Yb.

2 IloTepsi rTEpMETUYHOCTH 110 OTHOLIEHHIO K BHELIHEW CPEJIE 110
CaJIbHUKOBOMY YIZIOTHEHMIO:

a) pa3pylieHre cajlbHUKa, C BHIOPOCOM paboueli cpejibl B aTMO-
chepy:;

0) moTepsi FTepMETUYHOCTHU B CAJIbHUKE, HE YCTPaHUMasi OATSIK-
KOM.
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3 IloTepss repMETUYHOCTH MO OTHOILIEHUIO K BHEIIHEN CPEJE T10
HETOJABWKHBIM COCTMHCHUSIM:

a) pa3pylI€HUE YIUIOTHUTEIBHOTO 3JIEMEHTA;

0) moTepsi TePMETUYHOCTH, YCTPAHUMAs TTOATSHKKOH.

4 TloTepst repMETUYHOCTH B 3aTBOPE CBEPX JOMYCTUMBIX MpeEe-
JIOB, YKa3aHHBIX B OKCIUTyaTallMOHHOW TOKYMEHTAIIUU.

5 HeBbimonHeHne GyHKIIUNA «3aKPBITOY.

6 HeBbimoHeHne PyHKIIMU «KOTKPBITOY.

KpurepusimMmu npeaeabHOT0 COCTOSHUS 3a]IBUKEK SBIISFOTCS:

— HayaJibHas CTaJvsl HAPYUIECHUS LIEJIOCTHOCTH KOPITYCHBIX Jie-
TaJsiel (MOTeHUE, KaneibHas TeUb);

— JIOCTH)KEHUE HA3HAYEHHBIX NTOKA3aTeIIeH;

— pa3pylLICHUE OCHOBHOTO Marepuaja U CBAPHBIX COCAMHECHUU
KOPIIYCHBIX JETaJICH;

— M3MEHEHUSI TEOMETPUUECKHUX PA3MEPOB U COCTOSIHUS MOBEPX-
HOCTEW BHYTPEHHUX JIETaJ€H, B TOM YHCIIE U KOPIYCHBIX, BIUSIOIIAX
Ha (DYHKIIMOHUPOBAHUE 3aJIBUXKEK, B PE3YJIbTaTE 3PO3UOHHOTO, KOP-
PO3UMOHHOIO M KaBUTAIMHOHHOTO Pa3pyLICHUM;

— TMPEBBIIIEHUE KPYTAIIETO MOMEHTa, HEOOXOIUMOTrO JJis OT-
KpbITUS (3aKpbITHS) 3aIBUXKEK Oosiee ueM Ha 10%, mpuBojsdiee K
cpabaTbiBaHUI0O MY(PT OTrpaHUYEHUS KPYTSIIMX MOMEHTOB 3JIEKTPO-
MPUBOJA.

Kpurepun npeneiabHOro COCTOSIHUS AIEKTPONPHUBOAOB YKa3aHbI
B HOPMaTHBHO-TEXHUYECKON JOKYMEHTAIIUH Ha 3JIEKTPOIPUBO/IA.

s Oanvuetiue2o ananuza 603omem 0OUH U3 Kpumepues omKasa
UWUOEPHOU 3A08UNCKU — NOMeEPs. 2ePMEMUYHOCIU 8 3AMBope C8epx
0ONYCMUMBIX Npeoesios, YKA3AHHbIX 8 IKCHIYAMAYUOHHOU OOKYMeH-
mayuu 8 pezyavmame 2a30a0PA3UBHO20 USHOCA YNIOMHUMETbHBIX NO-
8epxHocmel.

2. YCTaHOBJICHHE KaTETOPUM TSIKECTHU MOCIEICTBUM OTKa30B

TsKeCcTh MOCIEICTBUM OTKA30B YCTAHABIMBAETCS HA OCHOBE

aHajv3a Kateropuu mo tadauie 7.1.
[Ipuaumaem kareropuro Tskectu 1, Tak Kak paccMaTpuBaeMblil BUT
OTKa3a He MPUBOJMUT K 3HAUYNTEIIFHOMY YIIepOy ISl cCaMOro 0ObeKTa
WJIA JJ1S1 OKPYKAKOLIEH CPEbI.

3.0npenenseM TKECTh MOCIEACTBAM 0TKa3a

Omnpenensem TSHKECTh MOCIEACTBUM 1Mo Taduie 7.2.
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Tabmura 7.1

Kareropus 1s-
»KECTH MOCIeI-
CTBUI OTKAa30B

XapaKTepuCTUKA TXKECTH ITOCIEACTBUN OTKA30B

1AY

OTka3, KOTOPBI OBICTPO U C BHICOKOW BEPOSITHO-
CTBIO MOJXKET MOBJICYh 3a COOOM 3HAYMTEJbHBIN
yiiep0 g caMoro o0ObeKTa W/ WA OKPY KaroIIeh
cpebl, THOeNb WK TSKEIIbIe TPABMBI JIIOJIEH,
CPBIB BBITIOJTHEHUSI TOCTaBJICHHOM 3a/1auu

OTka3, KOTOPBI OBICTPO U C BHICOKOW BEPOSITHO-
CTBIO MOKET MOBJIEYh 3a COOOUM 3HAYUTEIbHBIN
yiiep0 11 camMoro o0beKTa W/ WK JIJIs OKpyXkKa-
FOIEN CpEAbl, CPBIB BBIMOJHIEMOM 3a1a4yu, HO
CO3/Ia€T MPEHEOPEIKUMO MAITYIO YTPO3Y KU3HU U
310POBBIO JIFOJICH

OTKa3, KOTOPBIA MOXET IMOBJICYb 3aJCPKKY BBI-
MOJTHEHHUS 3aJ]a4d, CHUKEHHUE TOTOBHOCTU U 3(-
(eKTUBHOCTH 00BEKTA, HO HE MPEICTABIISIET
ONACHOCTH [UJIA OKPYXarUIEW Cpenpl, CaMOro
00BbEKTa U 3J0POBbS JIIOACH

OTKa3, KOTOPBIA MOXET MOBJIEYb CHUKEHHUE Ka-
yecTBa (PYHKIIMOHUPOBAHHMS OOBEKTa, HO HE
MPEJICTABIISIET OIMACHOCTUA JUISI  OKPY KAIOIIEH
Cpelbl, CAMOTO 0OBEKTA U 3JJOPOBBS JIIOICH

A - oOsi3atenieH yriayOJICHHBINM KOJIMYECTBEHHBIM aHallU3 KpH-

I
I
[
Panru oTka3os:
TUYHOCTH,

B - ’xenaTeneH KOJIMYECTBEHHBIN aHAIN3 KPUTHYHOCTH,
C - MOXXHO OTPaHUYHUTHCS KAYeCTBEHHBIM aHAJTHU30M,
D - ananu3s He TpeOyercs.

N3HOC 3aTBOpa SBIAETCA BEPOSTHBIM OTKA30M, MOATOMY JJIsI
MOEPHBIX 3aJIBUKEK XapaKTepeH paHr A wiu B, moatomy HeoOXo-
MM KOJIMYE€CTBEHHBIA aHAJIN3 KPUTUYHOCTH.

4. AHaiM3 Ka4eCTBEHHOM OIIEHKU YaCTOTEHI OTKA30B

AHanu3 Ka4eCTBEHHOM OLEHKH YaCTOThI OTKA30B MPOBOJIUTCS B
COOTBETCTBHU C Tadmuiei 7.3.
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Tabnuua 7.2

Matpuna «BeposiTHOCTb 0TKa3a - THXKECTH MOCJIeICTBUID)
JJIS paH;KUpoBaHus 0Tka30B npu ABIIO

TsKeCTh MOCIEACTBUI
OTtkas ¢
Kara- TpeHe-
Kputu- p
cTpodu- . | Hekputu- | 6pesxxumo
OxumaemMas yacTo- . YECKUU .
YECKHUI YECKUU MaJIbIMH
Ta BO3HUKHOBCHMS OTKa3
OTKa3 oTKa3 (ka- | mocien-
(karero-
(karero- teropus II) | cTBusIMu
pus III)
pus 1V) (kartero-
pus I)
YacTeiii 0TKa3 A A A C
BeposTHbIil 0OTKA3 A A B C
Bo3MokHBIN 0TKa3 A B B D
Penkunit oTkas A B C D
[IpakTnyecku  He- B C C D
BEPOSITHBIM OTKa3
Tabmnua 7.3

KadyecTBeHHBIE OLIEHKH YaCTOTHI 0TKA30B

Bunasl oTka- KauecTBeHHOE OMMCaHKE YaCTOThI
30B 110 Ya- TSl UHIUBUIY JIbHOTO TSl COBOKYTTHOCTH
CTOTE U31eIIn 17631 (15041
Yacteiii o1- |Beposatrno wactoe Bo3HMKHO- |Habmiomaercss  mo-
Ka3 BEHUE CTOSIHHO
BeposTHblit Bbyner HabmogaTecst HeCckoib- |BeposiTHO — 4actoe
OTKa3 KO pa3 3a CPOK CIIy»ObI U3Jie- |BOZHUKHOBEHUE
s
Bosmoxusiii  |Bo3dmoxHo ogHo HaOmonenue (HaOmromaercs  He-
OTKa3 JAHHOTO OTKa3a 3a CpPOK |CKOJBKO pa3
CITyKOBI
Penkuii  or- |OTka3  MasioBepoATeH, HO |BnomHe Bo3MOXeEH
Ka3 BO3MOXKEH XOTA Obl pa3 3a |XoTs Obl OJIMH pa3
CPOK CITy>KOBI
[IpakTuyecku |OTKa3 HACTOJBKO MayioBeposi- |{OTKa3 MaJioBepoOsi-
HEBEPOSTHBIM |T€H, YTO BpAa JU OyAeT |T€H, HO BO3MOXKEH
OTKa3 HAOJI0IaThCA JTaKE€ OJIUH pa3 |XOTs Obl OJIUH pa3
3a CPOK CITy>KObI
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N3HoC mmbepa mpouCcXOoUT HECKOJBKO pa3 3a CPOK CIYKOBI U3-
JIeusl, TO3TOMY JaHHBIN BUJ] OTKa3a SIBJISETCS BEPOSTHBIM.

5. Onpenenenue 0amIbHBIX OIIEHOK KPUTUUYHOCTH OTKA30B

Kputnunocts otkaza C paccuuThIBaIOT Kak npousseacHune C =
=B1-B2-B3, Bxoasiire B KOTOPOE COMHOKHUTEIN OLICHUBAIOT B Oajl-
JIaX ¢ UCHOJIb30BaHueM taoiaur 7.4-7.6.

Tabnuua 7.4
OueHkM BEPOSITHOCTEH 0TKa30B B 0asuiax Bl

Buasl oTka3zoB mo BeposT- | Oxumaemas BeposT- | O1ieHka Be-
HOCTH BO3HHUKHOBEHHUS 3a | HOCTh OTKAa30B, OLICHEH- | POSTHOCTH
BpEMs KCIUTyaTaluu Has pacyeTOM WMJIM DKC- | OTKasa B

NEpUMEHTHBIM IyTeM | Oasyutax Bl
OTKa3 MpakKTUYECKU HEBE- Menee 0,00005 1
pPOSITEH
OTka3 MaJoBEPOATEH Ot 0,00005 1o 0,001 2
OTka3 uMeeT Mallyr0 BEpO- Ot 0,001 o 0,005 3
ATHOCTh, OOYCIJIOBJIICHHYIO
TOJBKO TOYHOCTBIO pacyeTa
YMepeHHass  BEPOSITHOCTH Ot 0,005 mo 0,001 4
OTKa3a
OTKa3bl BO3MOXKHBI, HO MPH Ot 0,001 7o 0,005 5

HUCIBITAHUAX HIH B DKC-
IJIyaTaluyd aHaJOTHYHbBIX
W3JIeINHN He HAOII0JaJINCh
OTka3sl BO3MOKHBI, Ot 0,001 7o 0,005 6
HaOMIOJAINCh, TPU  UCIBI-
TaHUAX W B DKCIUTyaTaluu
aHAJIOTUYHBIX U3JEJINN

OTKa3bl BIIOJIHE BEPOATHBI Ot 0,005 no 0,01 7
Bricokast BEpOATHOCTh OT- O1 0,01 10 0,10 8
Ka3oB
BeposiTHBI IOBTOPHBIE OT- bounee 0,11 10
Kasbl
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Tabmuua 7.5
OueHkHu nmocJieAcTBui oTKka3zos B2

. OueHka B
Onurcanue MocneCTBUN OTKA30B
oamtax B2

OTka3 HEe MPUBOAUT K 3aMETHBIM MOCJEACTBUSIM, TO- 1
TpeOUTEb BEPOSATHO HE OOHAPYKUT HAIMUKUE HEUC-
MPaBHOCTHU
[TocnencTBus 0TKa3a HE3HAYUTEIIBHBI, HO TIOTPEOUTEIH 2-3
MOXET BbIPA3UTh HEYJIOBOJIBCTBUE €T0 MOSIBICHUEM
OTka3 NpUBOAUT K 3aMETHOMY JJIsl TOTPEOUTENST CHU- 4-6

YKEHHIO SKCIUTyaTallHOHHBIX XapaKTEPUCTHK H/UJIU K
HEYJI00CTBY IPUMEHEHUS U3/IETUS

Bricokas cTerneHb HEIOBOJILCTBA MOTPEOUTEIS, U3JIC- 7-8
JMe HE MOXET OBITh HCIIOJB30BAHO MO HAa3HAYEHUIO,
HO YTpo3bl 0€30MaCHOCTU OTKa3 HE MPEACTaBIISICT
OTka3 npeacTaBiseT yrpo3y 0€30IMacCHOCTH JIFOJSH HIIH 9-10
OKPY’KaroLIEHu CpeIbl

Tabnuua 7.6
OueHka BepOSITHOCTH O0HAPY/KeHHUS 0TKa3a
0 NMOCTABKHU M3Jeaus norpedouresnro B3

BepositHocTh 00Hapy- | OueHka

Buaer 0TKa30B 110 BEPOATHO-
YKEHUS OTKa3a, OLICHEH- | BEPOST-

CTH 0OHAPY>KEHHUS JI0 TTOCTAaB-

- Hasi pAaCYETHBIM WUJIU HOCTH B
HKCHEPTHBIM TyTEM Oasmax
OueHb BBICOKASI BEPOSATHOCTH bosee 0,95 1

BBISIBJICHHSI OTKa3a MpPH KOH-
TpoJe, COOpKE, HCITBITAHUSIX

Bricokasi BEpOSITHOCTh BBISIB- Ot 0,95 10 0,85 2-3
JCHHUSI OTKasza IpHU KOHTPOJIE,
cOOpKe, UCIIBITAHUSIX
YMmepeHHass BEpOATHOCTD BbI- Ot 0,85 o 0,45 4-6
SIBJICHUSI 0TKa3a MPH KOHTPO-
e, cOOpKe, UCITBITAHUSX
Bricokasi BepOSTHOCTH  IIO- Ot 0,45 10 0,25 7-8
CTaBKU MOTPEOUTENIO JIePEKT-
HOT'O M3JSIIHs

OueHb BBICOKAas BEPOSITHOCTH Menee 0,25 9-10
MOCTaBKU TMOTPEOUTENIO  Jie-
(hEeKTHOTO M3ICIIHS
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4-(7-8)-1=28-32

Kputnunocts otkaza C

(v

Odopmaenue padodero iucta ajs npoBeaeHus ABITO
, IPEJICTaBJICHHON B

Odopmiterne mpous3BoAUTCS MO (popme

6.
tabmuue 7.7.

Tabnuua 7.7

dopma padouero jgucra ajas nposenenus ABIIO

BeLALO

o UITU
UUAFLOTOIrO0 ULOMKEL BUdoIdrey | — d v
BERMLO UUELD
~I73IrO0M MLOIKKL (OTMHOKHUHI) OIMH | BERMLO QUHILAKI9d QOHHOWAAH204)
- duAradin o1 UMITRITHINOMD J
BERMNLO MUITREULBIOLr U
. 1979d0 UMhOLA BXULOOHIBU]T
EUHMXAdeHQO ed10179dd U 19000011)
KULQIen OHA0dA BH — ULO0HQO0J01100L098d BAA10]]
R
=
2}
=3 IINQLOMND UOHIIdLUIRITddIIoRd
5 S oHE0dA WOITIKOLOdMIIGd BH |
o -0£8J ULO0HQOJd0100L00kd ouHAMAdeH
5 O
S
= ong0dA wowoeaudiewooed en | | eiArOdi OTOWSRaURENOIIT BAILO] ]
AUTBRLON
BERMLO [IHURUAII JIIHXOWEOY < Ol I'r'eLOW UMHAAL ndir onHedaUIIEH
-€d U QUHEBLUINIBHEN doHaUEcrdOROLR |
BEBNLO (QUHBOULIO) TUg o | H100HXAO90I HOHIIOLUHIONTIA DOHE]
(MUIDIHAD)
~ wpxudares youdogum dogieg

BLHINAIf€ QUHBIOHINWHUEH

(MUIDIHA() BLHOWAITE TOY
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KOHTpOJ’IbHLIe BOIIPOCHI

1. Kakue npu3HaKu MOJIOXKEHBI B OCHOBY KJacCU(HKALUK OTKa-
30B?

2. JlaiiTe onpeieneHns MOCTEINEHHBIM U BHE3AITHBIM OTKa3aM.

3. IlpuBenure kiaccudpuKanyo OTKa30B MO MPUYMHAM BO3HUK-
HOBEHUS.

4. Kakue 3aKOHBI HUCIOJIB3YIOTCS IJI1 TOCTPOSHUSI MOJEIH TO-
CTETIEHHBIX OTKa30B?

5. Kakue 3aKOHBI HCIOJIB3YIOTCSA IIPU MOCTPOCHUU MOJIEIN BHE-
3aIHBIX OTKa30B?

6. Kakue oTka3bl XapakTepHbI JJIs IeTajel U y3JI0B HedTeraso-
BOr0 00OPYyI0BaHUs?

7. Kakue ¢uszuyeckue sSBICHUS MPUBOJAT B OTKa3aM TEeXHUYeE-
CKHX CUCTEM?

IIpakTnueckoe 3ansaTue Ne 8.

METOAbI HOBBIINEHUSA HAJAEKHOCTH
TEXHUYECKHUX CUCTEM

He.]'ll): IIOJIYYUTb HABBIKHM OINPCACIIATL MCTOJ ITOBBIHNICHUA
HaACKHOCTb TEXHUUYECKON CHUCTEMBI U €r0 XAPAKTCPUCTUKH.

3amayu o0OyueHus:
— O3HAaKOMHUTbH C METOJIaMH MOBBIIICHUS HAICKHOCTh TEXHUYE-
CKUX CUCTEM;
— MPUBUATH HABBIKA ONPEACICHUA MOKA3aTeliel HalIeKHOCTH
TEXHUYECKUX CUCTEM C PE3E€PBUPOBAHUEM;
— 0Oy4uTh JaBaTh XapaKTEPUCTUKY PA3HOBUIHOCTEN PE3EPBU-
pOBaHUSI.

Sanamm U MCTOINYECCKHUEC YKA3AHUSA K UX BBINIOJIHCHHUIO.
Pabora CTYACHTA 3aKJIIIOYACTCA B H3YUYCHHHU MCTOIHUK PCIICHUA

3aa4, CaMOCTOATCIIbHOM PCIICHUN Sa,Z[aHI/Iﬁ K OTBCTAX Ha IIOCTaB-
JICHHBIC KOHTPOJIbHBIC BOITPOCHI.
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Kpamkue ceedenus uz meopuu

JI71s1 OBBIIIEHUS] HAIG)KHOCTU CUCTEM U 3JIEMEHTOB MPUMEHSIIOT
pE3EpPBUPOBAHUE, OCHOBAHHOE Ha HCMOJBb30BAHUU TOrO WM HHOTO
BHUIa M30bITOYHOCTH. [locmenHsiss onpeaenser cleayoe pa3HOBU/I-
HOCTU PE3EPBUPOBAHUS: (DYHKYUOHATbHOE, BPEMEHHOe, UHGOpMAayu-
OHHOE, CMPYKMYPHOE.

B Tom cnydae, ecnu paznuyHble CUCTEMbl WJIM YCTPOWCTBA BbI-
MOJHSIOT Onu3Kkue (QYHKIIUM, OCYIIECTBISACTCS QYHKYUOHANIbHOE Pe-
3epBUpoBaHue. Takoe pe3epBUPOBAHUE YACTO MPUMEHSIIOT JJISI MHO-
royHKIMOHAJIBHBIX CUCTEM.

Bpemennoe pe3epBupoBaHue 3aKJIHOYAETCS B TOM, UYTO JIOMyCKa-
€TCsl MmepephiB (PYHKIMOHUPOBAHMS CHUCTEMBl WJIH YCTPOWCTBA H3-3a
OTKa3a 3jieMeHTa. Bo MHOTruX cilyyasiXx BpEMEHHOE PE3EPBUPOBAHMUE,
oOecreunBaroliee HEeMPephIBHOCTh TEXHOJOTMYECKOro Ipoliecca,
OCYILIECTBIISIETCS 32 CYET BBEACHUS AKKYMYJHPYIOIIUX EMKOCTEM,
CKJIQJIOB CBHIPbs ¥ 10Ty (haOpUKaTOB.

Hnpopmayuonnoe pe3epBUPOBAHUE CBI3aHO C BO3MOXKHOCTBIO
KOMIIEHCAIIUU NMOoTepyu UHGOPMAIIMKU 110 OJHOMY KaHaly WHOOpMaIlu-
el mo npyromy. Ha OOJIBIIMHCTBE TEXHOJOTMYECKUX OOBEKTOB, OJia-
rojiapsi BHyTPEHHUM CBSI35IM, UMEET MeCTO MH(OpMaIMoHHAs H30bI-
TOYHOCTb, KOTOpPasi 4acTO MCIOJIb3YETCS JII OIEHKHU JI0CTOBEPHOCTH
uHpopManuu.

JI71s1 TOKabHBIX CUCTEM HamOoJiee XapaKTEepPHO CTPYKTYPHOE pe-
3epBupoBanue. [Ipu ncnoib30BaHUN TOCIEAHETO MOBBIIICHUE HAEK-
HOCTU JOCTUTAETCsl MYTEM BBEAECHUS JIONOJIHUTEIBHBIX AJIEMEHTOB B
CTPYKTYPY CUCTEMBI.

CmpykmypHoe Pe3epBUPOBAHUE PA3JICIISIIOT HA 00IIee U ModJie-
MEHTHOE (pa3fenbHoe). B mepBoM ciydae cucrema Wik YCTPOWCTBO
pe3epBUPYETCS B 11€JIOM, BO BTOPOM PE3EPBUPYIOTCS OTICIbHBIC dJIe-
MEHTBI WJIA UX TPYMIIHI.

Ecnu pe3epBHBIE 371€eMEHTHI (DYHKIIMOHUPYIOT HapaBHE C OCHOB-
HBIMU, TO UMEET MECTO Harpy>K€HHOE PE3ePBUPOBAHMUE.

Ecnu pe3epB BBOAUTCSA B COCTAB CUCTEMBI MOCJIE OTKa3a OCHOB-
HOT'0 JIEMEHTA, TO UMEET MECTO HEHArpy>KEHHOE PE3EPBUPOBAHMUE.

[Ipu pe3epBUpOBaHUM 3aMELICHUEM OJIMH U TOT K€ PE3EPB MO-
KEeT OBITh MCIIOJB30BaH I 3aMEHBI JIIOOOT0 U3 psia OJHOTHUITHBIX
ajeMeHTOB. Takoil cmocod pe3epBUPOBAHMS HA3BIBAIOT CKOJB3SIIUM
WJIY C HEOJTHO3HAYHBIM COOTBETCTBHUEM.
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[IpocTelmuM BapUaHTOM pacyeTra HAJACKHOCTH CHUCTEM CO
CTPYKTYPHON H3OBITOUHOCTBIO SIBJIETCSI OIpEJCICHUE ToKa3aTeeu
0€30TKa3HOCTU CHUCTEM, COJEPKALIUX PE3ECPBUPOBAHHBIE HEBOCCTA-
HAaBJIMBAEMBIE 3JIEMEHTHI.

IMpumep 8.1. Cucrema COCTOUT W3 TPEX DJIEMEHTOB C PaBHOU
BEPOSITHOCTHIO 0€30TKa3HOM paboThl paBHOU 0,9. Onpenenuts Bepo-
ATHOCTU O€30TKa3HOM pabOThl CUCTEMBI MPU PA3IUYHBIX BapHaHTaX
pe3epBUPOBAHMUSL.

Pemienue: a) pacuer nmokasareyie HaJe)KHOCTH CUCTEMBI O€3 pe-
3epBUPOBAHUSL:

BepositTHOCT, 0€30TKa3HON pabOThI CHCTEMBI 0€3 pe3epBHUpPOBa-
HUA onpeaesieTcs mo dopmyie (2.1):

P.(t)=R*(t)=0,9° = 0,729,
BeposTHOCTh O0TKa3a cucTeMbl 0€3 pe3epBUPOBAHUS OIpEICIIeM
o ¢hopmye (2.5)

n
Q.() =1-TIP;(t) =1- 0,9 =1- 0,729 = 0,271.
i=1

0) pacdeT IokaszaTesiell HaJeKHOCTH CHCTEMbI MPH OOIIEM pe-
3epBUPOBAHUMU:

CTpyKTypHasi cXxeMa CHCTEMBI ¢ OOIIUM pEe3epBHUPOBAHUEM IIO-
Ka3aHa Ha pucyHke 8.1.

P11 H P12 H P13

P21 |H P22 |H P23

P11, P12, P13 — BeposTHOCTH 0€30TKa3HOM pabOThI 2JIEMEHTOB OCHOBHOM CH-
cteMbl; P21, P2z, P23 — BeposiTHOCTH 6€30TKa3HON pabOTHI 2JIEMEHTOB PE3EPBHOM
CHUCTEMBI

Puc. 8.1. Cxema cucrembl ¢ 001IMM pe3epBUPOBaHUE

BeposTHOCTh 0TKa3a CHCTEMBI ¢ OOITUM Pe3epPBUPOBAHUEM OIIpe-
nensercs no popmyie (2.6):

Qc(t) = Qoc(t)- Qpc(1),
rae  Qoc(t) — BEpOSITHOCTh OTKa3a OCHOBHOW CHCTEMBI;
Opc(t) — BEpOSITHOCTh OTKa3a Pe3CPBHOM CUCTEMBI.
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BeposTHOCTh OTKa3a OCHOBHOM CHCTEMBI OTpeesisieM 1Mo Gpopmy-
ae (2.5)

n
Qoc(t) = 1-TIP;(t) =1-0,9% =1- 0,729 = 0,271.
=1
BepoaTHOCTh OTKa3a pe3epBHOU CUCTEMBI paBHA
n
Qpc(t) = 1-TIP;(t) =1-0,9° =1- 0,729 = 0,271.
i=1

BepO}ITHOCTI) OTKa3a CUCTCMBbI:

Q.(t) = Qoc(t)- Qpc(t) = 0,271-0,271 = 0,073.
BeposiTHOCTh 0€30TKa3HOM CUCTEMBI ¢ OOLIUM PE3EPBUPOBAHUEM
omnpenaensieM mo popmyie (2.8)
P.(t)=1-Q(t)=1-0,073=0,927.
B) pacyeT nokazaresieid HaJe>KHOCTH CUCTEMbl MPHU MOJIEMEHT-
HOM pPE3E€pPBUPOBAHUH:

CTpyKTypHasi cXeMa CUCTEMBI C MOAJIEMEHTHBIM PE3EPBUPOBAHU-
€M MOKa3aHa Ha PUCYHKE 8.2.

P21 P22 P23
P11, P12, P13 — BepositTHOCTH O€30TKa3HOM pabOThI OCHOBHBIX JIEMEHTOB;

P21, P22, P23 — BeposiTHOCTH 0€30TKa3HOM pabOThI pe3epBHBIX JJIEMEHTOB
Puc. 8.2. Cxema cucremsbl ¢ 103JIeMEHTHBIM pe3epBHPOBaHUE

BepositHOCTh 0€30TKa3HOM pabOThl CUCTEMBI C MO3JIEMEHTHBIM
pe3epBUpOBaHUEM OlpesessieM o ¢popmye (2.6):
Pe(t) = Py121(t) P1ooa (1) Pr3as(t),
rae  Pii21(t) — BEpOSITHOCTH 0€30TKa3HOM pabOThI TPYNIIBI U3 MEPBO-
IO OCHOBHOI'O U PE3E€PBHOTO JJIEMEHTOB;

Pi2-22(t) — BeposITHOCTH 0€30TKa3HOW pabOTHI TPYIIIIBI U3 BTOPO-
IO OCHOBHOT'O U PE3€PBHOT0 AJIIEMEHTOB;

P13.23(1) — BeposITHOCTD 0€30TKa3HOM PabOTHI TPYIINBI U3 TPEThE-
I'0 OCHOBHOT'O M PE3EPBHOTO 3JIEMEHTOB.

Py 151(t) =1-(1-Py(t))- (1-P,, (1)) =1-(1-0,9)-(1-0,9) =1- 0,01 = 0,99
P10 (t) =1=(1=P5(1t))- (1-Pp(t)) =1-(1-0,9)- (1-0,9) =1- 0,01 = 0,99
Pi3_3(t) = 1-(1=P5(t))- (1-Py3(t)) = 1-(1-0,9)-(1-0,9) =1- 0,01 = 0,99
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BeposatHocth 0€30TKa3HOM pabOThl CUCTEMBI C MO3JIEMEHTHBIM
pe3epBUPOBaAHUEM:
Pc(t) = P1121(t)- P1ooa()- P13_03(t) = 0,99-0,99-0,99 = 0,97,
Tak kak BepOATHOCTH O0€30TKa3HOW PaOOTHI TPYIIT AIEMEHTOB
OJM3KK K €IUHUIE, MOXKHO OBUIO BOCIOIB30BATHCA (HOPMYIION ISt

IPHOIIKCHHOTO pacyera (2.3): 3

P.(t)=1-2[1-P; ()] =1- 2[1-0,99] =1-0,03 = 0,97.
i=1 i=1
BeposiTHOCTh 0TKa3a OCHOBHOM CHUCTEMBI OmpeAesieM Mo Gpopmy-
ae (2.5)
Q.(t)=1-P,(t)=1-0,97 = 0,03.
OTBeT: nsd cHCTeMBl Oe3 pesepsupoBanmus: P.(t) = 0,729,
Qc(t) =0,271; anga cucteMbl € OOHUM  pe3epPBUPOBAHUEM

P.(t)= 0,927, Q.(t)=10,073; M1 CHCTEMBI C MOJIEMEHTHBIM pe3ep-

BUPOBAHUEM: Pc(t): 0,97, Qc(t) = 0,03. Takum oOpa3oM, MakKcH-

MaJIbHasl HAACKHOCTb JOCTUTACTCH IIPU MMO3JICMCHTHOM PE3CPBUPOBA-
HHUH.

3ajanusa 1J1sl CaMOCTOSITEIbHOM PadoThI CTY/1€HTOB

3agaua 8.1. Cucrtema COCTOUT U3 YETHIPEX JIEMEHTOB, UMEIO-
X UHTEHCUBHOCTH OTKA30B paBHyIo A = 2,7-107 1/uac, A2 = 3,2-10-
7 1/aac, A3 = 2,1-107 1/gac, 4 = 4,3-107 1/uac. U306pa3uth CTPyK-
TYPHYIO CXEMY CHUCTEMBI M ONIPEACIUTh BEPOSTHOCTh O€30TKAa3HOM pa-
OOTBI M BEPOATHOCTH OTKa3za B TeueHue 60 yacoB mpu 0O0IIEM pesep-
BUPOBAHUU CUCTEMBI.

3amaya 8.2. OnpenenuTh KOJIMYECTBO PABHOHAJICKHBIX PE3EPB-
HBIX 3JIEMEHTOB C BEPOSTHOCTBHIO Oe30TKa3zHOM padoThl Pi(t)=0,9, He-
00XOIUMBIX IJIT TOTO, YTOOBI 00ECTICUYUTh BEPOSTHOCTh OC30TKA3HOM
paboThI cucTeMsl paBHyIo Pc(t)=0,99.

3agaua 8.3. Cucrema COCTOUT U3 YETHIPEX JIEMEHTOB, UMEIO-
X MHTEHCUBHOCTH OTKA30B paBHyIo A = 2,7-107 1/uac, A2 = 3,2-10°
7 1/uac, A3 = 2,1-107 1/uac, A = 4,3-107 1/uac. M300pa3uth CTpyK-
TYPHYIO CXEMY CUCTEMBI M ONIPEACTUTh BEPOSTHOCTh O€30TKAa3HOM pa-
OOTBI U BEPOSITHOCTh OTKa3a B TedeHue 60 4acoB MpHU MOAIEMEHTHOM
pe3epPBUPOBAHNYU CUCTEMBI.

3amaya 8.4. Crucrema COCTOUT U3 TPEX DIIEMEHTOB C BEPOSTHO-
CThI0 Oe30TKa3HOM paboThl paBHO# Pi(t)=0,9, P2(1)=0,92, Pi(t)=0,87.
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Onpenenuth BEPOATHOCTH O€30TKa3HOW PabOThI CHCTEMBI MpU pas-
JUYHBIX BapUaHTAaX PE3EPBUPOBAHUSI.

3agaua 8.5. Onpenenuts KOIUYECTBO PE3EPBHBIX IJIEMEHTOB C
BEpPOSITHOCTHIO OTKa3a paBHOM 0,05, mis Toro, 4ToObl BEPOSTHOCTH
0e30TKa3HOM paboTHI cucTeMbl Obl1a paBHa Pc(t)=0,999.

3amaya 8.6. Cucrema COCTOUT U3 TPEX DIEMEHTOB C BEPOSTHO-
CThI0 Oe30Tka3zHoU paboThl paBHOU Pi(t)=0,9, P2(t)=0,92, P3(t)=0,87.
Onpenenuth BpeMsi 0€30TKa3HOW pabOThl CUCTEMBI MPHU OOIIEM pe-
3epBUPOBAHUH.

3agava 8.7. CucreMa COCTOUT U3 TPEX BIEMEHTOB C BEPOSATHO-
CThIO O€30TKa3zHOM paboThl paBHOU Pi1(1)=0,9, P2(t)=0,92, P3(t)=0,87.
Onpenenuth BpeMsi 0€30TKa3HOM pabOThl CUCTEMBI MPU MOAJIEMEHT-
HOM PE3EPBUPOBAHUM.

3agaua 8.8. Cucrema COCTOUT U3 OJHOTO AJIEMEHTA C BEPOSITHO-
CThIO 0€30TKa3HOU paboThl paBHOU (0,93, pe3epBHBINA IEMEHT UMEET
BEpPOSITHOCTh Oe30TKazHou padoTel 0,95. Ompeaenuth BEpOSTHOCTH
0€30TKa3HON PabOThl CUCTEMBI MTOCJE 3aMEIICHUS OCHOBHOTO 3JIEMEH-
Ta Pe3€pPBHBIM, CJI€NIaTh BHIBOJI.

IHpakTnyeckoe 3ansaTue Ne 9.
IJIAHUPOBAHUE UCIIBITAHUM HA HAJIEXKHOCTH

Heﬂb: ITOJIYYHUTb HABBIKHU IINIAHHUPOBAHMUA HUCIBITAHUN Ha HaacCxK-
HOCTbB.

3axauyu o0yueHmus:

— O03HAaKOMHUTH C BUJIAMH HCHIBITAHUI HA HA/IC)KHOCTb;

— TMPUBHUTH HABBIKK pa3pabOTKU IUIAHA MPOBEICHUS UCTIBITAHUN
Ha HAJEKHOCTh;

— HayuyuTbh 00pabaThIBaTh PE3yJIbTAThl UCIILITAHUM.

SaI[aHI/IH H MCTOINYCCKHUEC YKA3AHUA K UX BBIINOJTHCHUIO
Pabora CTYACHTA 3aKJII0OYaCTCA B U3YUCHUU MCTOJHUK PCIICHUU

3a/la4, CaMOCTOATCIIbHOM PCIICHHUN 3aﬂaHHﬁ U OTBE€TAaxXx Ha I10CTaB-
JICHHBIC KOHTPOJIbHBIC BOIIPOCHI.
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IIpumep 9.1. OnpenenauTs YUCIO U3ACIHI, KOTOPOE HEOOXO -
MO TIOCTaBUTh Ha UCIIBITAHUS WIIM TIOJYYUTh YUCIIO OTKA30B B IIPOIIEC-
C€ MCIBITaHHM, YTOOBI IOJATBEPANTH OICHKH ITapaMETPOB, COOTBET-
CTBYIOIIIME TPEOOBAaHMS TEXHUYECKOTO 3ajaHus. VcxomHble NaHHBIC
JUIsl TIaHupoBaHus ucneitanuid: a=0,2; p=0,1; Tp=200 u; To/T1=1,9.
DKCHOHEHITMAJIbHBIN 3aKOH pacnpeacaeHuss HapaOOTKU JjIsi GUKCUPO-
BAaHHOTO 00bEMA.

Pemienne.

ITo 3nauenmro Tp/T;=1,9 u3 Tabnuupl 1 y>-pacupenesicHus u
3aaHHbIM 3HaueHusIM a=0,2; [=0,1 Haxomum y,,=1631; y; =308;

2n=22. CnenoBareyibHO, 00beM BBIOOPKHU paBeH n=11.
Ecnu B pe3ynbTaTe MCHBITAHUN 1O TOSIBICHUS OJWHHAALATOTO
OTKa3a TMOJIy4YEHHOE OIBITHOE 3Ha4eHUE HAapaOOTKU J0 OTKaza ¢ yo-

BJICTBOPACT YCJIIOBUTIO
T %2 (22) 200-16,31

>0l —148y,
22 22

TO HAAEKHOCTb MPOBEPAEMON MAPTUUA U3JIECIUNA COOTBETCTBYET
TpeboBanusam T3. OTcroa cyMMapHOe BpeMsl UCTIBITAHUN TOJDKHO
OBITH PABHO:

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

Ipumep 9.2. Onpenennuts YUCIO0 HACOCHBIX arperaToB IO TUI-
pOpa3phIBy IJIACTa U CYMMAapHbIH 00BbEM HCHBITAaHUMN, TPUHUMAS BO
BHUMAaHME, YTO OTKa3bl BO BPEMSsI UCIIBITAHUMN 3a BpeMsl ¢ HE JIOIyCKa-
toTcsl. IcxonHblie JaHHbIe 1Sl IJIAaHUPOBAHUS UCTIbITaHUM: 0.=0,1; t=3
y; To=600 u. DKCTIOHECHITMAJILHBIM 3aKOH pacIpe/iesieHUs] HapaOOTKH
1151 QUKCUPOBAHHOTO O0OBEMA.

Peienue.

BeraucisieM 00beM BBIOOPKH (YHCIIO arperaToB)

_ To[ln(1-a) _600
t

CrnenoBarenbHO, 00BEM BBI60pKI/I n=21. OTcroga cyMMapHOe

BpEMsI UCIIBITAHUI 0€3 OTKa30B JIOJKHO OBIThH
S, =tn =21-3 =634

[TonydyeHHOoe cymMmMapHOe BpeMsi paOOTbl 0€3 OTKa30B MOXKET
OBITh OTPA0OTAHO OJHUM WJIM HECKOJBKUMHM arperaramu.

Mpumep 9.3. Onpenenuth B MPOLECCE UCIBITAHUN YUCIIO OTKa-
30B HACOCHBIX arperatoB MO TUIPOPa3pbIBy IJIACTa U CyMMapHbIN
00bEM UCTIBITAHUN ISl IOJYYEHUSI OLIEHOK MapamMeTpoB, COOTBET-

In(0,9)| = 21.
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CTBYIOIIIUX TPEOOBAHMUSIM TEXHHYECKOTO 3ajaHus. VIcXoHbIe TaHHBIC
JUIsl TTaHUupoBaHus uctbitanuil: a=p=0,1; T;=600 u; To=800 u. Jkc-
MOHECHIIUAIBHBIA 3aKOH pacnpeacaeHuss HapaOOTKu i (PUKCUPOBAH-
HOT'0 00BEMA.

Pemenue.
ITo 3navenuro To/T;=1,33 w3 TaOmuupl 18 y>-pacupenesicHus 1

2
3aJJaHHBIM  3HadeHusM o=0,1; [=0,1 HaxoauM X0.1 =172,42;

XS,9 =128,16; 2n=150. CnenoBarenpHo, 00beM BBIOOPKH (YHCIIO OT-

Ka30B) paBeH n=7).
OmnpezensieM ONbITHOE 3HAY€HHE HAPaOOTKHU HA OTKA3:

_T'(20) _ 600-172,42

2n 150
OTtcroila cyMMapHOE€ BpeMsl HUCIBITAaHUW JIsI MOJATBEPKIACHUS
MUHHUMaJIbHOW HapabOTKu A0 oTka3za 77=600 uy mpu yucjie OTKa30B
n=75 MOJDKHO OBITH PABHO

S, =tn =75-689,68=51725y.

t

= 689,684.

KoHTpoJibHBIE BONIPOCHI

Kakwe cymecTByOT BUIbI UCIIBITAHUM HA HAJEHKHOCTD?
[IpuBenuTe LEnb ONpPeIeTUTEIbHBIX UCIIBITAHUN.
Kakne 0cOOEHHOCTH UMEIOT KOHTPOJIbHBIE UCTIBITAHUS?

4. Kakye NIpUHOMIOBI HCHOJNB3YIOTCA IPU IPOEKTUPOBAHUU
YCKOPEHHBIX UCTIBITAHUI?

5. JlaiiTe XapakTEpUCTUKY MHPOBEACHUS COKpALIEHHBIX U (op-
CUPOBAaHHBIX UCIBITAHUU.

6. B kakux ciaydasx OPUMEHSIOTCS CHELUAJIbHBIE BUIbI UCIIbI-
TaHUU HA HAJEKHOCTE?

7. B uem 0COOEHHOCTb IPOBEICHHUS UCTIBITAHUM Ha HAJIC)KHOCTD
IIPU OTKa3ax BCIJIEICTBHE U3HOCA?

PN =
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