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MeToanyeckue yKa3aHus K KOHTPOJIbHOMN
HcxoaHble JaHHbIE M CTPYKTYPA NOSICHUTEIbHOMN 3alIUCKU

VicxonHble naHHbIE IS BBIIIOJTHEHUS KOHTPOJIBHOW paboThI 3anmucanbl B Ta0iuiy. Kaxasiid cTyneHT
UCIOJb3YeT CBOK CTPOKY TaOJIMIbl, HOMEP KOTOPOH COOTBETCTBYIOT IMOCIEAHMM JABYM Ludpam
3a4E€THON KHMIKKHU.

Ne Ne Pa3aea

1 2 3 4 5 6 7
01 1 1 1 1 1 1 1
02 2 2 2 2 2 2 2
03 3 3 3 3 3 3 3
04 4 4 4 4 4 4 4
05 5 5 5 5 5 5 5
06 6 6 6 6 6 6 6
07 7 7 7 7 7 7 1
08 8 8 8 8 8 8 2
09 9 9 9 9 9 9 3
10 10 10 10 10 10 10 4
11 11 11 11 11 1 11 5
12 12 12 12 12 2 12 6
13 13 13 13 13 3 13 1
14 14 14 1 14 4 1 2
15 15 15 2 1 5 2 3
16 16 1 3 2 6 3 4
17 1 2 4 3 7 4 5
18 2 3 5 4 8 5 6
19 3 4 6 5 9 6 1
20 4 5 7 6 10 7 2
21 5 6 8 7 1 8 3
22 6 7 9 8 2 9 4
23 7 8 10 9 3 10 5
24 8 9 11 10 4 11 6
25 9 10 12 11 5 12 1
26 10 11 13 12 6 13 2
27 11 12 1 13 7 1 3
28 12 13 2 14 8 2 4
29 13 14 3 1 9 3 5
30 14 15 4 2 10 4 6
31 15 1 5 3 1 5 1
32 16 2 6 4 2 6 2
33 1 3 7 5 3 7 3
34 2 4 8 6 4 8 4
35 3 5 9 7 5 9 5
36 4 6 10 8 6 10 6
37 5 7 11 9 7 11 1
38 6 8 12 10 8 12 2
39 7 9 13 11 9 13 3
40 8 10 1 12 10 1 4
41 9 11 2 13 1 2 5
42 10 12 3 14 2 3 6
43 11 13 4 1 3 4 1
44 12 14 5 2 4 5 2
45 13 15 6 3 5 6 3
46 14 1 7 4 6 7 4
47 15 2 8 5 7 8 5




48 16 3 9 6 8 9 6
49 1 4 10 7 9 10 1
50 2 5 11 8 10 11 2
51 3 6 12 9 1 12 3
52 4 7 13 10 2 13 4
53 5 8 1 11 3 1 5
54 6 9 2 12 4 2 6
55 7 10 3 13 5 3 1
56 8 11 4 14 6 4 2
57 9 12 5 1 7 5 3
58 10 13 6 2 8 6 4
59 11 14 7 3 9 7 5
60 12 15 8 4 10 8 6
61 13 1 9 5 1 9 1
62 14 2 10 6 2 10 2
63 15 3 11 7 3 11 3
64 16 4 12 8 4 12 4
65 1 5 13 9 5 13 5
66 2 6 1 10 6 1 6
67 3 7 2 11 7 2 1
68 4 8 3 12 8 3 2
69 5 9 4 13 9 4 3
70 6 10 5 14 10 5 4
71 7 11 6 1 1 6 5
72 8 12 7 2 2 7 6
73 9 13 8 3 3 8 1
74 10 14 9 4 4 9 2
75 11 15 10 5 5 10 3
76 12 1 11 6 6 11 4
77 13 2 12 7 7 12 5
78 14 3 13 8 8 13 6
79 15 4 1 9 9 1 1
80 16 5 2 10 10 2 2
81 1 6 3 11 1 3 3
82 2 7 4 12 2 4 4
83 3 8 5 13 3 5 5
84 4 9 6 14 4 6 6
85 5 10 7 1 5 7 1
86 6 11 8 2 6 8 2
87 7 12 9 3 7 9 3
88 8 13 10 4 8 10 4
89 9 14 11 5 9 11 5
90 10 15 12 6 10 12 6
91 11 1 13 7 1 13 1
92 12 2 1 8 2 1 2
93 13 3 2 9 3 2 3
94 14 4 3 10 4 3 4
95 15 5 4 11 5 4 5
96 16 6 5 12 6 5 6
97 1 7 6 13 7 6 1
98 2 8 7 14 8 7 2
99 3 9 8 1 9 8 3
00 4 10 9 2 10 9 4




CTpyKkTypa NOSICHUTEJIbLHOM 3aIIUCKH

OcHoBHBIE 0003HAYEHUS U COKpaliCHus.

Pasnen 1. Onpe;[eneHHe KOJIMYCCTBCHHBIX XaPAKTCPUCTUK HAACKHOCTU 11O CTATUCTUYCCKUM JAaHHBIM
00 oTKa3zax U3 CIINA.

Paznen 2. Ananutuyeckoe onpeeneHre KOJIUYeCTBEHHbIX XapaKTePUCTHK HAZIe)KHOCTH U3/1EIHsL.
Paznen 3. IlocnenoBaresibHOE COETUHEHNE JIEMEHTOB B CUCTEMY.
Pa3nen 4. PacueTr HaileXXKHOCTH CUCTEMBI C IIOCTOSIHHBIM PE3€PBUPOBAHUEM.

Paznen 5. PesepBupoBaHue 3aMelIeHHEM B peXUME 00JIETYEHHOTO (TEIUIOro) pe3epBa U B PEIKUME
HEHArpy»eHHOTO (X0JI0IHOTO) pe3epBa.

Paznen 6. Pacuet HaJIC)KHOCTU CUCTCMBI C ITIO3JICMCHTHBIM PE3CPBUPOBAHNUCM.

Pazgen 7. PezepBupoBanue ¢ ApoOHOM KPATHOCTHIO U MOCTOSTHHO BKIIFOUEHHBIM PE3EPBOM.



OCHOBHBIE OBO3HAYEHHS H COKPAIIIEHHUSA

P(t) — BeposTHOCTH O€30TKa3HOM PabOThI CUCTEMBI B TCUCHHUE BPEMEHH {;
p(t) — BepoaTHOCTH OE€30TKa3HOM PabOTHI 3JIEMEHTa B TCUCHUE BPEMEHH {;
Q(t) — BEpoATHOCTH OTKa3a CHCTEMBI B TCUCHHE BPEMEHH t;

q(t) — BepoATHOCTh OTKa3a JIEMECHTA B TCUCHHUE BPEMCHH t;

H — 9rciio 0THOTUITHBIX JIEMEHTOB;

N, — nmepBoHaYaIbHOE YUCIIO OOBEKTOB;

R(t) — urco 0TKa3aBIIMX CHCTEM 3a BpeMms t;

P.(t) — BeposiTHOCTh O€cCcOOMHOM pabOThl CUCTEMBI B TEUEHHE BPEMEHU t;
Q.(t) — BepoATHOCTb cOO€EB B pabOTE CUCTEMBI B TEUEHUE BPEMEHU t;

R.(t) —4HCIIO cucTeM, Y KOTOPBIX Ipou3o1en cOoil 3a Bpems t;

S(t) — BEPOATHOCTH BOCCTAHOBJIEHUS B TEUECHUE BPEMEHU t;

N,, — YHCIIO U3JIEJIUN, IOCTABJIICHHBIX HE BOCCTAHOBJICHUE;

O

N, — 4MCJIO W3JEIHi, BPEMsI BOCCTAaHOBJEHUS KOTOPHIX OBLJIO MEHBIIE 3aJaHHOTO
BpPEMCH t;

A(t) — HHTEHCUBHOCTH OTKA30B 3a IIEPUOJ BPEMEHHU t;

N, (t) — cpeanee 4uciao 00BEKTOB, UCIIPABHO PadOTAIOMIUX B MHTEPBAe At;

A,.; — AHTEHCUBHOCTh OTKA30B IIPU PadOUEM PEKUME;

A — WUHTECHCHUBHOCTH OTKA30B IIpX1 HOMHWHAJIBHOM PCKUMC,

HOM

a(t) — yacTora OTKa30B B TCUCHUE BPEMEHHU t;
o(t) — cpeaHsisi 4acTOTa OTKA30B B TEUEHUE BPEMEHU t;
A(t) — cymMmapHas 4acToTa OTKa30B B TCUCHUE BPEMECHU t;

a,(t) —yacToTa BOCCTAaHOBJICHUS B TEYCHHUE BPEMEHHU t;
A, (t) — CpeAHsisi MHTEHCUBHOCTh OTKA30B B TCUCHHUE BPEMCHH t;

T

.,» Mt— cpeanee BpeMs 0€30TKa3HOM paboThI;



t,, — CPEIHssA HapabOTKa HA OTKa3;

N — 4HcI0 Y3JI0B U AeTANICH;
Y — NIpOLEHTHAs! HapaOOTKa;

T,. — CPEIHUHI CPOK COXPAHIEMOCTH;
A, — MHTEHCUBHOCTb OTKAa30B IPU XpaHEHUH;

P, — 3HaUE€HUE BEPOSATHOCTH OE30TKA3HOM pabOThl 3JIEMEHTOB B MOMEHT IOCTYIUICHUS
Ha MPOU3BOJICTBO;

P — 3HaueHHe BEPOATHOCTU OE30TKa3HOM pabOTHl 3JIEMEHTOB K MOMEHTY HX
WCIIOJIb30BaHUS;

L — MHTCHCHUBHOCTh PEMOHTA CHCTEMBI;

T, — cpeaHee BpeMsi KOHTPOJIS,

T, — CpeaHee BpeMs oucKa Ae(eKTa;

T, — cpeHee BpeMsl yCTpaHEHUs 1e()eKTa;
K, — K03 (ULHEHT TOTOBHOCTH;

t, — BpeMs 0€30TKa3HOM PabOTHl CUCTEMBI,

t, — BpeMs BOCCTAHOBJICHUSI CHUCTEMBI, T.€. BPEMsI, 3aTPA4eHHOE Ha NPO(PUIAKTHKY U
PEMOHT CUCTEMBI;

M,,, — CPEIHEE YHUCIIO UCTIPABHBIX KOMILIEKTOB;
M — ob11ee uncio KOMIUIEKTOB CUCTEMBI;

K,. — K03((ULHEHT onepaTUBHON FOTOBHOCTH;
K,, — KO3(pPULUEHT BBIHYKJEHHOTO IPOCTOS;

K, — K03(GQUIMEHT TPOPUITAKTUKH;

W — 53¢ dhexTUBHOCTh TPOPUITAKTUKY;

N,,, — YHMCIIO OTKA30B HEMPOPHUIAKTUPYEMOM CUCTEMBI,
N,, — Y9HCIIO OTKa30B NPOPHUIAKTUPYEMON CUCTEMBI;

T,, — HapabOTKa Ha OTKa3 MPO(PUIAKTUPYEMOK CHCTEMBI,



T,,, — HapabOTKa Ha OTKa3 HENPOPUIAKTUPYEMON CHCTEMBI,

T, — cpenHee BpeMsi BOCCTAHOBJICHUS;

K,, — OTHOCUTEJIbHBIA KO3(QPHUIMEHT OTKA30B;

K,, — KO3QQUIHUEHT CTOMMOCTH JKCILTyaTaluHy;

C,, — CTOUMOCTb 3KCILTyaTallud CUCTEMBI B TEUEHUE OJIHOTO I0/1a;
C,.,, — CTOUMOCTb U3TOTOBJICHUS CHCTEMBI;

C, — 3aTpaThl Ha 3alacHbIC ACTaNH;

C, — 3aTpaThl HA PEMOHT;

C,,, — 3aTpaThl Ha TPOPUIAKTUKY;

C,,, — 3aTpaThl Ha COJIEPKAHNE PEMOHTHOTO TIEpCOHAIa;

C,, —3aTpaThbl HA JPYTHE IKCILTYyaTalluOHHBIE PACXO/BL;

CVY — cucremsl ynpaBieHHUS;
KIIH — xonu4ecTBEHHBIC TTOKAa3aTeIN HAaAC)KHOCTH;

5, (t) —49acTOTa OTKAa30B CHCTEM IPH O0IIEM PE3EPBUPOBAHMMY,

4,(t) — MHTEHCUBHOCTb OTKa30B JIt000M m+1 cucrem;

A, (t) — MFHTEHCUBHOCTb OTKA30B CUCTEM IIPH OOLIEM PE3€PBUPOBAHUM;

A (t) — MHTEHCUBHOCTH OTKa30B | — Oif CHCTEMBI;

P,..(t) — BEPOATHOCTL O€30TKa3HON PabOThI CUCTEMBI C OOIMM PE3EPBUPOBAHUEM;
Q,5,.(t) — BEPOATHOCTH OTKA30B CUCTEMBI C OOLIMM PE3EPBUPOBAHUEM;

a,, (t) —4acToTa OTKa30B MPH pa3JeIbHOM Pe3epPBUPOBAHUN;

A s, (1) — MHTEHCUBHOCTb OTKA30B MIPU Pa3CIbHOM PE3epPBUPOBAHNU;

P.() — BEPOATHOCTL  O€30TKa3HOM  pabdOTBI  CHUCTEMBI C  pa3ldelbHBIM
pe3epBUPOBAHUEM;

Q,.,. () — BEPOATHOCTL OTKA30B CHCTEMBI C Pa3JeIbHBIM PE3EPBUPOBAHUEM,

G, (t) — BBIUIPBILI PE3CPBUPOBAHHON OTHOCUTEILHO HEPE3CPBUPOBAHHONW CHCTEMBI 110

BEPOSITHOCTU OE30TKAa3HOM PabOTHI;



G, (t) — BBIMIPBIII PE3EPBUPOBAHHON OTHOCHTEIILHO HEPE3CPBUPOBAHHON CHCTEMBI 110

BCPOATHOCTH OTKA30B,

G,(t) — pe3epBUPOBAHHOM OTHOCUTEIBHO HEPE3EPBUPOBAHHOM CHUCTEMBI II0
MHTEHCUBHOCTHU OTKA30B;

Ga(t) — PE3CPBUPOBAHHOU OTHOCHUTCIIBHO HCPC3CPBUPOBAHHOU CHUCTCMBI I10 9aCTOTC
OTKa30B,

G, (t) — pe3epBUPOBAHHON OTHOCUTEIIBHO HEPE3EPBUPOBAHHON CUCTEMBI IO CPETHEMY
BpeMEHH 0€30TKa3HOM PabOTHI;

G"(t) — BBIMIPBHII HAJEKHOCTU CHUCTEMBI IIPU Pa3JeIbHOM PE3ePBHPOBAHHUHU I10

CPaBHCHHIO C 06H_II/IM pPE3CPBUPOBAHNUN C ITOCTOAHHBIM BKIIIOYCHHBIM PE3CPBOM 11O
BCPOATHOCTH OTKA30B,

G",(t) — HaIEKHOCTU CHCTEMBI MIPH Pa3ACIbHOM PE3ECPBUPOBAHUM IO CPABHEHHIO C

OOIIMM pEe3epBUPOBAHUN C TIOCTOSIHHBIM BKJIIOYEHHBIM PE3€pBOM IO BEPOSITHOCTH
0e30TKa3HOW paboThI;

G"”,(t) — HaJIeKHOCTH CHUCTEMBI MPHU PA3ACIBHOM PE3ECPBUPOBAHUM 1O CPABHEHHIO C

O6IHI/IM PE3CPBUPOBAHNN C ITOCTOAHHBIM BKIIOYCHHBLIM PE3CPBOM II0 MHTCHCHBHOCTHU
OTKAa30B,

G” (t) — HaJIeKHOCTH CHUCTEMBI MPHU PA3ACIBHOM PE3ECPBUPOBAHUM 10 CPABHEHHIO C
00IIIUM Pe3epPBUPOBAHUH C TIOCTOSTHHBIM BKJIIOYEHHBIM PE3EPBOM I10 YaCTOTE OTKA30B;

C,“ — 4MCIIO COYSTaHUI U3 N BO3MOXKHBIX COOBITHI 1O K COOBITHIA;
PEC — paboTocnocoOHOE COCTOSIHUE;

HPC — HepaboTOCIIOCOOHOE COCTOSHUE;

0 — CPEeIHEKBAIPaTUYECKOE OTKIOHEHUE;

0, — CPEIHEKBAIPATUYECKOE OTKIOHEHHE B MacTabe Peres.



Pa3zoen 1

OINPEJIEJEHUE KOJIMYECTBEHHBIX XAPAKTEPUCTHUK
HAJIEJKHOCTH TIO CTATUCTHUYECKAM JAHHBIM OB OTKA3AX
WU3IEJIMSL.

Teopernuyeckue cBeIeHUA

BGpOSITHOCTB 0e30TKa3HOU pa6OTBI II0 CTATHCTHYCCKHUM JaHHBIM 00 oOTKazax
OOCHHUBACTCS BBIPAKCHUCM

5(t)=N_Tn(t) (1.1)

rac.: N - gucio I/I3I[CJ'II/II\/'I, IMOCTABJICHHBIX HA HUCIIbITAHUA,

n(t) - yuciio u3nmenuii, 0TKa3aBIIMX K MOMEHTY BPEMEHHU {;
P(t) - craTicTHYeCKas OLCHKA BEPOSTHOCTH GE30TKA3HON PaGOTHI H3IEIHSL.

I[JI?I BCPOATHOCTH OTKA3a I10 CTATUCTUHYCCKUM JAHHBIM CIIPABCAJINBO COOTHOIICHUC

a(n="1 1.2)

rae: N(t) - uncio u3genuii, 0Tka3aBIIMX K MOMEHTY BPEMEHH t;
Q (t) - CTaTUCTUYECKAsI OLIEHKA BEPOSATHOCTH OTKa3a U3JEIus.

T.K BEPOSITHOCTh O€30TKa3HOW PabOThI U BEPOSITHOCTh OTKA3a W3AENUS — COOBITHUS
HECOBMECTHBIE, TO

Q(t)+P(t)=1

YacTtoTa OTKa30B TII0 CTAaTUCTHYECKUM JaHHBIM 00 oOTKazax OIIPCACIIACTCA
BBIPAXKCHHUEM.

f(t)= T\I('—AAtt) (1.3)

rie: N(At) - yucmo oTKa3aBIIMX M3CTHI Ha yU4acTKe BpeMeHH At;
f (t) - CTAaTUCTHYECKAast OI[CHKA YaCTOTHI OTKA30B M3IEIIHS;

At - UHTEpPBAJI BPEMEHH.

MHTEHCUBHOCTh OTKAa30B 110 CTATUCTHUYECKMM JaHHBIM OO0 OTKa3axX OIMpeieIsIeTcs
dbopmynoii




A(t)= n(At)

1.4
N,, - At (4)

rae: N, - 9ncino u3nenuii, ucnpaBHo pabOTAIOMNX K KOHILY ydacTKa BpeMeHH At;
N(At) - urcno oTKa3aBIIMX U3IEINI HA ydacTKe BpeMeHH At;
A (t) - CTATUCTUYECKAs OLIEHKA MHTEHCUBHOCTH OTKA30B HM3/ICIIHSI.

CpCI[HCe BpEM:A 0e30TKa3HOI pa6OTI)I n3aciysa 110 CTAaTUCTHYCCKHM JaHHBIM
OLCHMBACTCS BBIPAXKCHUCM.

N

BPNSEE o (1.5)
cp t N = ] '

rie: t - BpeMs 6e30TKa3HO# paboTHI i- TO U3AETHS;

N - 06mee qHuCJI0 PI3I[€J'II/II>1, IIOCTAaBJICHHBIX HA MCIIBITAHUA,

—

rn.[ - CTAaTUCTHUYCCKAA OLICHKA CPCAHCTO BPCMCHU 0e30TKa3HOMI pa6OTBI N3 CIIH.

Hust onpenenennst M, no dopmyne (1.5) HeoOXoaMMO 3HATP MOMEHTHI BbIXOAA M3

—

ctpos Bcex N uznenuit. Moxkno onpenensats M, u3 ypaBHEHUs

m” 1 &
m, N; i cp.i (1.6)

tepi = (tiat+t)/2;

m:tk/At;

At=tj+1-t;;

rie: Nj - KOJMYECTBO BBIMICIIIAX U3 CTPOS U3/ICUIN B I-OM UHTEpBaje BPEMEHH;
ti.1 - BpeMs Havaja i- ro MHTepBaa;
- BpeMsl KOHIIa I- TO MHTEpBaJa,
ty - Bpemsi, B TeYEHUE KOTOPOTO BBIILIHA U3 CTPOS BCE U3/ICIIUS;
At - ©HTEpBa BPEMEHH.

Jlucriepcusi BpeMeHU O€30TKa3HOW paboThl HM3ENvs 1O CTAaTUCTUYECCKUM JTaHHBIM
onpenensiercss GopMyoii:




~ 1 N
D=—>(t-m)? 1.7
: N_lg(. ) (1.7)

=

rne: D, - crarucruueckas oueHka gucrepcud BpeMeHH O€30TKAa3HOH paGoThl
W3JIEIHSL.

3agaun

3anaya 1.1. Ha ucneitanue noctasieHo 1000 OgHOTUITHBIX 3JICKTPOHHBIX JIaMIl, 3a
3000 4ac. orkazano 80 mami. Tpedyercs onpeneauts P*(t), Q*(t) mpu t = 3000 yac.

3agava 1.2. Ha ucneitanue 6su10 moctaBieHo 1000 OJHOTUIIHBIX JIamIl. 3a TepBbIC
3000 yac. otkazano 80 jmamr, a 3a uarepsan BpeMeHu 3000 - 4000 gac. oTkazano erie
50 nammn. TpeGyeTcs onpeaenuTh CTATUCTUUECKYIO OLIEHKY YaCTOThl 1 HHTEHCUBHOCTH
OTKAa30B AJIEKTPOHHBIX JaMIl B ipoMexxyTke Bpemenu 3000 - 4000 yac.

3agaua 1.3. Ha ucneitanue noctaBieHo N = 400 uzpenwmii. 3a Bpems t = 3000 uac
otkazano 200 uznenmii. 3a uHTEpBan BpeMmenu (t, t+At), rme At = 100 gac, oTkaszano

100 usnenmii. TpeGyetcs onpenenuts P (3000), P (3100), f (3000), 4 (3000).

3amaya 1.4. Ha wucnbeiTaHue IMOCTaBIeHO 6 OMHOTHNHBIX u3Aenui. I[lomydeHs
cienyromue 3HadeHus tj (i - Bpemst 6e30TKa3Hoi padoThI I- ro m3menus): t; =280 yac;
t, = 350 wac; t3 =400 uac; t4 =320 wyac; ts =380 uac; ts =330 wac. OnpenenuThb
CTaTUCTUYECKYIO OIEHKY CPEIHETO BPEMEHH 0€30TKa3HOM pabOThI U3/IEIHS.

3amaya 1.5. 3a HaOmomgaeMbIii MEpHOJ HJKCIUIyaTalluM B ammaparype ObLIo
3a)UKCUPOBAHO 7 OTKa30B. Bpems BoccTaHOBIICHHS CcoOCTaBWiIO: 13 =12MwuH.;
t,=23muH.; t3 =15mun.; t;=9MuH.; ts=17mun.; tg=28MuH.; t;=25MwuH.; tg=31MmuH.

—

TpeOyeTtcs onpenenuth cpeHee Bpemsi BoccTaHoBieHus anmnapatrypsl M, .., .

3amaua 1.6. B pesynbrare HaOmofeHuss 3a 45 o0pa3namMu  paarodIeKTPOHHOTO
000pyI0BaHUs MOJTYYEeHBI JAHHBIE 10 TIEPBOTO O0TKa3a BcexX 45 o0pa3iioB, CBE/ICHHBIE B

—

tabma.1.1. Tpebyercs onpenenuts M, .

Tabmuma 1.1

Atj,gac. N; Atj,gac. n; Atj,gac. n;
0-5 1 30-35 4 60-65 3
5-10 5 35-40 3 65-70 3
10-15 8 40-45 0 70-75 3
15-20 2 45-50 1 75-80 1
20-25 5 50-55 0 - -
25-30 6 55-60 0 - -




3agaua 1.7. Ha ucneitanne nmocraBiaeHo 100 ompotmmubIX m3genuu. 3a 4000 gac.
otkazasno 50 m3genuii. 3a unTepBan BpemMenu 4000 - 4100 yac. otkazano emé 20

uznenuid. TpebyeTcs onpenenuTh f(t) : ) (t) nipu t=4000 yac.

3agaua 1.8. Ha ucneitanne mocraBiaeHo 100 omHoTtumHbIX m3zgenui. 3a 4000 gac.

oTkazaino 50 uznenuit. Tpedyercs onpeaenuThb P (t) u Q(t) nipu t=4000 yac.

3azmaya 1.9. B teuenne 1000 yac u3 10 rupockonoB oTkazano 2. 3a UHTEpPBaI BPEMEHU
1000 - 1100 uac. oTkazan eme omguH rupockor. Tpebyercs ompenemuts f (1), A(t)
npu t =1000 yac.

3agauva 1.10. Ha ucneitanue noctaBieHo 1000 OTHOTUIHBIX JEKTPOHHBIX JIaMIl. 3a
nepeie 3000 yac. orkazano 80 mamn. 3a umaTepBan BpemeHu 3000 - 4000 wyac.

otkasao emie 50 mamir. TpeGyeTcs onpeneIuTh P (t) u Q(t) npu t=4000 Jac.

3agaua 1.11. Ha ncnsiranue nocrasieno 1000 u3aennii. 3a Bpems t=1300 gac. BbIILIO
n3 cTpos 288 mryk m3nenuil. 3a nocienyromuii natepsan Bpemenn 1300-1400 yac.

BBIIIUIO U3 cTpod eue 13 uznenuii. Heo6XxoaumMo BBIYMCIHUTD P(t) npu t=13004ac. n

t=1400 gac.; F(t), /i(t) npu t =1300 yac.

3agauya 1.12. Ha ucneitanue nocrasieHo 45 n3genuil. 3a Bpems t=60 yac. BBIIUIO U3
cTpost 35 IWITYK U3JEIUN. 3a MOCIEAYOIMNA UHTEpBal BpeMeHu 60-65 yac. BBIILIO U3

cTposa eme 3 usnennsa. HeoOXOIMMO BBEIYHCIUTH P(t) npu t=60uac. u t=65 Jac.;
p p

f(t) , i(t) npu t =60 yac.

3amaua 1.13. B pesynpraTe HabmogeHus 3a 45 oOpasnamMu paarodJeKTPOHHOTO
o0OpyZI0BaHuUsl, KOTOpbIC MPOIUIA TMpeaBapuTeabHy0 80-4acoByl0 MpUpPaOOTKY,
MOJIYYEHBI JIaHHBIE JI0 TEPBOro OTKaza Bcex 45 o0pasioB, cBeieHHbIe B Tabi.1.2.

—

Heo6xonumo onpenenuts M, .

Tabnuma 1.2.
Atj,uac. Ni Atj,gac. Ni Atj,gac. Nj
0-10 19 30-40 3 60-70 1
10-20 13 40-50 0 - -
20-30 8 50-60 1 - -

3agaya 1.14. Ha wucneiTanue noctaBieHO 8 OAHOTUNHBIX wu3Aenaui. I[losydyeHsl
cienyromue 3HadeHus ti (fi - Bpems Oe30Tka3HOW padOThI i-ro u3genus): t;=5604ac.;
t,=700uac.; t3=800uac.; t;=650uac.; ts=580uyac.; tg=760uac.; t;=920uac.; tg=850uyac.
OnpenenuTh CTaTUCTUYECKYIO OIICHKY CpPEIHEro BpeMeHH O€30TKa3HOW paldoThI
W3JIeIHS.




3amaval.15. 3a wHaOmogaeMblid TEPUOJ DKCIUTyaTalldd B ammaparype ObLIo
3aperucTpupoBaHo 6 OTKa30B. BpemMs BOCCTaHOBIIEHUS COCTaBWiIO: t1=I15MHH.;
t,=20MuH.; t3=10MuH.; t;=28muH.; ts=22muH.; te=30muH. TpeOyeTcs ompeacIUTh

—~

cpeaHee BpeMsl BOCCTaHOBJIEH s armapaTypsl M cn .

3anayal.l6. Ha ucneitanue noctaBieHo 1000 wm3penuii. 3a Bpemsi t=11000 wac.
BbIIUIO U3 cTpos 410 uznenuii. 3B nmocnenyromuii uaTepan Bpemenu 11000-12000

yac. BHIIUIO U3 cTpos eme 40 u3nenuit. Heo6XoauMo BBEIYUCITUTH |S(t) nipu t=11000

gac. u t=12000 yac., a TakxKe l?(t) : ﬂt(t) npu t=11000 yac.



Pa3zoen No 2

AHAJIMTUYECKOE OIIPEAEJIEHUE KOJIMYECTBEHHbBIX
XAPAKTEPUCTUK HAJIEXKHOCTU U3JIEJIUA.

Teopernuyeckue cBeIeHUA

Beimumiem q)OpMYJIBI, IIO KOTOPBIM OIIPCACIIAIOTCA KOJIMYCCTBCHHLIC XaPAKTCPUCTHUKH
HaACKHOCTH U3 CIINA

P(t) = e(_;mdt) :1-} f(t)dt: (2.1)
Q(t) =1-P(); (2.2)
=30 -0, @23)
A(t) = %; (24)
m, :TP(t)dt, (2.5)

rae. P(t) — BeposATHOCTH O€30TKa3HOM pabOoThl M3/ACUs Ha HHTepBajie BpeMeHu ot 0 110
t;

Q(t) — BepoSITHOCTB OTKa3a M3/EIUs Ha HHTEepBasie BpeMeHu oT 0 110 t;

f(t) — yacToTa OTKA30B M3IC/IMSA WM TUIOTHOCTH BEPOSTHOCTH BPEMEHM O€30TKa3HOM
paboThI U3ALTHA t;

A(t) — MHTEHCUBHOCTH OTKA30B M3CIINS;
M; — cpeaHee BpeMsi 0€30TKa3HON pabOThl U3AEIIHS.

®opmynel (2.1) — (2.5) a1t SKCMIOHEHIMATBHOTO 3aKOHA PACHpPEIC/ICHUS BPEMEHU
0€30TKa3HOU pabOoThI U3JEIHS TPUMYT BUT

P(t) — e—/lt (26)

Q) =1-e* 2.7)

ft)y=1-e” (2.8)




/1 . e—ﬂt
At) = =4 (2.9)
1
®opmyner  (2.1) - (2.5) a8 HOPMaANIBHOTO 3aKOHA paCMpelieNiCHUs] BPEMEHU
0e30TKa3HOI pabOThl U3AENUS IPUMYT BU
Pt)=0,5-dU); (2.11)
U - t—m,
O-t
14w
t)=0,5+dU); PU)=—=]e *dU 2.12
Q) V) Nerd 2.12)
(0-29, puy- Lot (213)
o J2r
pU) 1

Alt) = .

=0 05-o0) (2.14)
rae. @(U) - pynkuus Jlamnaca, o6agaromasi CBOHCTBaMHU
D(0)=0; (2.15)
D(-U)=-D(U); (2.16)
@(20)=0.5. (2.17)

3navenus Gynkiuu Jlammaca npuBeaeHsl B npuiodicenuu A.
3unauenus ¢pyukuun @(U) npuBeneHsl B npunosicenuu b.
3aech M- cpeHee 3HAYCHUE CITy4ailHOW BEJIMYUHBI 7

o - JIUCTIEPCUS CITyYaWHOW BEJIMYUHBI 7

t - BpeMst 6€30TKa3HOM PabOTHI U3IEIIHS.

®opmyinsl (2.1) - (2.5) nns 3akoHa pacnpenenenus BeitOynna BpeMenn 0e30TKa3HON

paboThI U3ACTUS UMEIOT BU/T

Pt)=e™

(2.18)




Qty=1-e™ (2.19)
f(t) =akt“" - P(t) (2.20)
A(t) = akt“™ (2.21)
)
m(t) = XK (2.22)
ak

rje: a, K - mapameTpsl 3aKkoHa pacnpeneienus BeliOyra.

I'(x) - ramma-GyHKIMS, 3HAUSHUS] KOTOPOM MPUBEJICHBI B npuiodiceHuu B.

®opmynsr (2.1) - (2.5) mia 3akoHa pacrnpeneiacHus Penes BpeMeHH Oe30TKa3HOMN

pabOThI U3ACTUS UMEIOT BU/T

P(t) = e(ztaJ (2.23)

Q(t)=1- e(_zifj (2.24)

F(t)=—1 e[_zizj (2.25)
Oy

A(D) = Gt;z (2.26)

m(t) = o, \E (2.27)

TIE. Ot - MOJIa PACIIPEEIIEHUS CIIyYaliHOM BEJIMYUHHEI {;
t - Bpemst 6€30TKa3HON PabOThI U3CIHSL.

3agauu

3amaua 2.1. Bpemsi paGoThl seMeHTa 10 OTKa3a MOJAYMHEHO JKCIOHCHIIMAIBHOMY
3aKOHY pachpenelneHus ¢ mapamerpom A=2.5e10° 1/gac. Tpebyercss BHIYMCIUTE
KONMYEeCTBEHHBIE XapakTepucTukyu HagexHoctu »1ementa P(t),Q(t), f(t), my ana

t=1000u4ac.




3anaua 2. 2. Bpems paGoThl 3eMeHTa 0 0TKa3a MOJYMHEHO HOPMAJIBLHOMY 3aKOHY C
napamerpamu m; =8000 uac, or =2000 yac. TpeOyeTcsi BBIUUCIUTH KOJTUYECTBEHHBIE
xapaktepucTuku HagexHoctu P(t), f(t), A(t), m; wis t=10000 yac.

3amaua 2.3. Bpems pa®oTsl uzgenus 10 OTKa3a MOJYUHACTCS 3aKOHY pacIipeieieHHs
Penes. TpeOyeTcs BBIYMCIUTh KOJIMYCCTBEHHBIC XapPAKTCPUCTUKU HAJCIKHOCTH
m3nenus P(t),f(t),A(t),m; mas t=1000uac, ecnmu nmapameTp pacnpeneneuus oi=1000 yvac.

3amava 2.4. Bpems 6e30Tka3HON paOOTHl W3/ETHs MOAUUHSETCS 3aKoHy BeliOymia ¢
nmapamerpamu k=1.5; a=10"*1/4ac, a Bpems pabotsl uzmemus t=100 gac. Tpebyercs
BBIYHCIIUTH KOJMYCCTBEHHBIC XapaKTepUCTHKN HajgexkHocTr usnenus P(t),f(t),A(t),m:.

3amaya 2.5. B pe3synbTaTe aHanuza JaHHBIX 00 OTKa3ax ammaparypbl 4aCTOTa OTKa30B
MOJIy4€HA B BUJIE

f(t)=cAe ™ +c,e ™

TpeOyeTcs onpenenuTh KOJIMISCTBEHHBIC XapaKTepUCTUKH HaaexHocTH: P(t), A(t), m..

3aiauda 2.6. BeposiTHOCTb 0€30TKa3HOM pabOThl aBTOMAaTUUECKOM JIMHUU U3TOTOBIICHUS
HWIMHIPOB aBTOMOOWJIbHOTO jJBurarenss B TeueHun 120 wac paBHa 0.9.
[Ipenmonaraercsi, 4YTO CHpPaBEMJUB HKCIOHCHIMAIBHBIA 3aKOH  HAJEKHOCTH.
TpeOyeTcss paccumTaTh WHTEHCUBHOCTH OTKA30B M YaCTOTY OTKAa30B JIMHUU IS
MoMeHTa Bpemenu t =120 gac., a Takxke cpeHee Bpemsi 0€30TKa3HOU padOTHI.

3agaua 2.7. Cpennee Bpemsi 0€30TKa3HOM paOOThI aBTOMATUYECKOM CHUCTEMBI
ynpasieHus: paBHo 640 gac. [Ipenmonaraercs, 4To CHpaBelIUB 3KCIIOHECHIMAIbHBIN
3aKOH HaJIe)KHOCTH. HeoOXxoauMo ompenenTh BEpOSTHOCTh 0€30TKa3HON padoOThl B
teueHue 120 yac, dyacTtoTy OTKa30B [ MoMeHTa BpemeHu (=120 yac wu
WHTEHCUBHOCTBH OTKA30B.

3azmaya 2.8. Bpems paOoThl U3eius MOAYMHEHO HOPMAJIbHOMY 3aKOHY C IMapaMeTpaMu
m; = 8000 wyac, o; =1000 wuyac. TpeOyeTcs BBHIYUCIUTH KOJIUYCCTBCHHBIC
xapaktepucTuku HajaexHocta P(t), f(t), A(t), m; mis t=8000 uac.

3amaua 2.9.Bpemst 06e3oTkazHoii paboThl mpubopa MOTYMHEHO 3akoHy Penes ¢
napametrpoM o= 1860 yac. Tpebyercs Borumcauth P(t), f(t),A(t) mma t = 1000 vac u
cpeaHee BpeMsi 0€30TKa3HOM paboThI IpubOpa.

3amaya 2.10. Bpemsa wucnpaBHOMl pabOThl CKOPOCTHBIX IIAPUKOMOAIITUITHUKOB
IOYMHEHO 3aKOHy BeitOymna ¢ mapamerpamu k=2,6; a= 1,65%107 1/gac. Tpebyercs
BBIYUCIIUTh KOJIMYECTBEHHBIC XapakTepucTuku Hamexunoctu P(t), f(t), A(t) s t=150
qac. ¥ cpeaHee Bpems 6€30TKa3HON pabOThl MAPUKOMOAIIUITHAKOB.

3agaua 2.11. BepositHOCTh Oe30TKa3HOM paboThl u3aenus B TeueHwe t=1000 yac.
P(1000)=0,95. Bpems wucmnpaBHOil paOoThl moguMHEHO 3akoHy Penes. TpeOyercs
OTIPEICIIUTh KOJUYECTBEHHBIC XapakTepucTuku Haaexuoctu f(t), A(t), m..




3amgaua 2.12. CpeagHee BpeMsl UCIpaBHOW paboThl m3aenus paBHO 1260 yac. Bpems
UCIIpaBHOM  paboThl mOAYMHEHO 3akoHy Penesa. Heobxomumo HaiTtu ero

KOJIMUECTBEHHBIC XapakTepucTHKH HaaexHoctu P(t), f(t), A(t) g t=1000 gac.

3agaya 2.13. B pe3yspraTe aHanu3a JaHHBIX 00 OTKa3ax W3EIHs YCTaHOBICHO, YTO
yacTora oTka3oB umeetT Buj f(t)=2Ae™ (1-e™ ). Heo6x0aquM0 HalTH KOJHYECTBEHHBIE
XapakTepucTHKHU HaaexHoctu P(t), A(t), m;.

3amava 2.14. B pesynbrare aHanm3a JaHHBIX 00 OTKa3aX M3JEIH yCTaHOBJICHO, YTO
BEPOATHOCTh 0€30TKa3HOM paboThl BeIpakaeTcss (opmynoii P(t)=3e7-3e 2+,
TpeOyercst HAaTH KOJUYECTBEHHBIC XapaKTepruCTUKN HaaexxkHoctH P(t), A(t), m..

3amaua 2.15. OmpenenuTh BEpPOSITHOCTh OE30TKAa3HOW pPabOThI W WHTEHCUBHOCTH
oTka3zoB mpudopa npu t = 1300 yacoB pa®OThI, €CAM MPU HCHBITAHUAX MOJYYEHO
3HAUYEHHE CpEJHEro BpeMeHH Oe30Tka3Hoi padotel M=1500 wyac. u cpenHee
KBaJpaTHieckoe oTkIoHeHue o= 100 4vac.




Pazoen No3.
HOCIEJOBATEJBHOE COEAUHEHHUE 3JIEMEHTOB B CUCTEMY
Teopernueckue cBeieHUA

COCI[I/IHCHI/IG SJICMCHTOB HA3bIBACTCA ITOCJICIJOBATCIIBHBIM, CCJIN OTKAa3 XOTA OBI OAHOI'O
QJICMCHTAa IIPpUBOAUT K OTKaA3y Bcerl cucremnl. Cucrema IIOCJICA0BATCIILHO
COCOIUMHCHHBIX 3JICMCHTOB pa60Tocnoco6Ha TOorga, Koraa pa6OTOCHOCO6HLI BCC €C
OJICMCHTHI.

BepositHocTh 0e30TKa3HOM pabOTHI cCTEMBI 3a BpeMs t onpezensercs GopMynoi

P.(t) =P1<t>-P2<t>-----Pn(t):ljea), (3.1)

rre: Pi(t) - BeposiTHOCTE O€30TKa3HOI PaOOTHI I-TO 3JIEeMEHTa 3a BpeMs t.

Ecmu P; (t) =P(t) To,

Pc(t)=P"(1). (3.2)

Bripazum P.(t) yepe3 mHTEHCUBHOCTB 0TKa30B Aj(f)2J1eMEHTOB CHCTEMBI.

HNmeewm:

(—ih—(t)dt) 3.
P(t)=e ™° 3)
1501041

(—jﬂc(t)dt), (3.4)
P(t)=e ° '
rae.
2 (8) = A (). (3.5)

i=1

3meck Ai(t) — FHTEHCHBHOCTH OTKA30B i-T'0 3JIEMEHTA,
Ac(t) — MHTEHCHBHOCTH OTKa30B CHCTEMBI.

BepositHOCTh 0TKa3a cucteMbl Ha uHTepBaie Bpemenu (0, t) paBHa

Q0 =1-T[R). 3.

YacroTa otka3zoB cuctemsl fe(t) onpesaensercs cooTHOMICHHEM




@ --T0 (3.7)

MHTEHCMBHOCTh OTKA30B CUCTEMBI

A (t) = :;—8 (3.8)

Cpennee Bpemsi 6€30TKa3HOU pabOThI CUCTEMBL:

m, = [ R.(t)dt. (3.9)
0
B CJIydac 3KCIIOHCHIMUAJIbHOI'O 3aKOHA HAJACKHOCTHU BCCX 3JICMCHTOB CUCTECMbI UMCCM
A (t) = A =const (3.10)
AW =2 4=2 (3.11)
i=1
P(t)=et™™ (3.12)
P)=e™ (3.13)
ft)y=1-e* (3.14)
Q. (t)=1-e* (3.15)
1 1
=7 72 3.16
i=1
my = 3.17
= (3.17)

rie: My - cpenHee BpeMsi 0€30TKa3HOW pabOTHI | - TO JIEMEHTA.

IIpu pacdere HaJIEKHOCTH CHUCTEM YacTO IMPUXOIUTCSA IMEPEMHOXKATh BEPOSTHOCTH
0e30TKa3HOW PabOThI OTIACIBHBIX JJICMEHTOB pacdeTa, BO3BOJWUTH WX B CTCIEHb U
u3BiekaTh KopHU. [Ipu 3HaueHusx P(t), OM3KMX K €IMHMIIC, ITH BBIYMCICHUS MOYKHO
C JIOCTAaTOYHOM NIl TPAKTUKH TOYHOCTHIO  BBINONHATH IO  CJEAYIOUUM
MPUOJIMKEHHBIM (OpMYyIIaMm:




ROPO).-P,0=1-Ya0),

P"(t) =1— Ngi t), (3.18)

YR(t) =1-q,()/n,

rae: Qi () - BepoATHOCTh OTKa3a I - T 3JICMEHTA.
3agaumn

3amaga 3.1. Cuctema COCTOMT W3 TpeX YCTPOWCTB. VHTEHCHBHOCTh OTKa30B
5JIEKTPOHHOIO ycTpolicTsa pasHa A1=0,16*103 1/uac = const. IHTEHCUBHOCTH OTKa30B
JBYX DJICKTPOMEXaHWYECKHUX YCTPOMCTB JIMHEHHO 3aBHCAT OT BPEMECHH U
OTIPEIEIISFOTCS CIICAYOIMH dbopMyamMu

|, =0,23-10"t1/ uac, I, = 0,06-10°t*°1/ uac. Heo6X0mMMMO paccUMTATh BEPOSTHOCTH
0e30TKa3HOU paboThl M3Aenus B Teuenue 100 yac.

3amaya 3.2. Cuctema COCTOMT U3 Tpex OJIOKOB, cpeAHee Bpemsi 0€30TKa3HOMl padoThI
KOTOPBIX paBHO: My=160 4vac; myp =320 gac; Mg = 600 vac. J{na 6J0KOB cripaBeaJiuB
HKCIIOHEHLIMAJIBHBIA 3aKOH HAJeXKHOCTU. Tpelyercs ompeAenuTh CpeaHee BpeMs
0e30TKa3HON pabOThl CUCTEMBI.

3agauda 3.3. Cucrema cocrout u3 12600 snemMeHTOB, CpeaHsAs HHTEHCUBHOCTh OTKA30B
KOTOPBIX Agp=0,3210° 1/uac. TpeGyercs onpenenuts Pq(t), qe(t), fo(t), My, mms t=50
yac. 3mech P¢(t) - BepossTHOCTH 0€30TKa3HOM pabOThI CUCTEMBI B TEUCHHE BpEMEHHU t;
Qc(t) — BepossTHOCTH OTKa3a cUCTeMbI B TeueHue Bpemenw t; fe(t) — yacrora oTka3os
WU TUIOTHOCTh BEPOSITHOCTH BpeMeHM | 0€30TKa3HOW paldOThl CHUCTEMBI; My
cpeaHee BpeMst 0€30TKa3HON pabOThI CUCTEMBI.

3amaua 3.4. CucteMa COCTOUT M3 JIBYX YCTPOUCTB. BeposTHOCTH 6€30TKa3HOM pabOThI
KaXI0ro u3 HUX B TeueHue Bpemenu t = 100 uac pasubl: P1(100) = 0,95; P»(100) =
0,97. CopaBemuB SKCHOHEHIIMAbHBIA 3aKOH HajaexxkHocTh. HeoOxoammo HaWTH
cpeaHee BpeMst 0€30TKa3HON pabOThl CUCTEMBI.

3amaua 3.5. BeposTHOCTh 6€30TKa3HOM PabOTHI OJTHOTO DJIEMEHTA B TEUCHHE BPEMEHU
tpaaa P(t) = 0,9997. TpeOyercss ompeaeauTh BEPOSTHOCTh O€30TKa3HOW pPabOThHI
cucTeMbl, coctosmei n3 N = 100 Takux ke DJIEMEHTOB.

3amaya.3.6.BeposTHOCTh 0€30TKa3HOW pabOThl CUCTEMBl B TEUCHUE BpeMeHU t paBHa
P_(t) =0,95. Cucrema cocrout u3 n= 120 paBHOHAIEKHBIX 31eMeHTOB. HeobX0mmmMo
HaWTH BEPOSITHOCTh 0€30TKAa3HOM pabOTHI AIIEMEHTA.

3agaua 3.7. Cucrema coctout u3 12600 s1eMeHTOB, CpeIHsIsE THTEHCUBHOCTh OTKA30B

-6 o
kotopeix |, =0,32-1071/uac. Heob6xomumo ONpeNenuTh BEPOATHOCTh OE30TKA3HOM

cp
paboThl B TeueHue t = 50 yac.




3anaya 3.8. Anmaparypa cBsizu coctouT U3 2000 351eMEHTOB, CPEHSSI HHTEHCUBHOCTh

-5
orka3oB Kotopeix |, = 0,33 - 10°1/uac. HeobGXoammo OINpEAETUTh BEPOSTHOCTDH
0e30TkazHOM paboThl ammapaTypbl B TeueHuu t = 200 wac u cpeaHee Bpems

0e30TKa3HOW PabOTHI aIMmapaTyphl.
3amaua 3.9. HeBoccranaBiuBaeMas B IIpoliecce pabOThl JJICKTPOHHAsS MalllMHA
cocroutr wu3 200000 »51eMEHTOB, CpEOHsSSI HHTEHCHUBHOCTh OTKa30B KOTOPBIX

|=0,2 - 10°1/uac. TpeGyercst ONpeENUTh BEPOSTHOCTb OE30TKA3HON paGOTHI

AJIEKTPOHHOM MalllMHbI B TeueHuu t = 24 yaca u cpenHee BpeMsi 0€30TKa3HOU padOThI
AIIEKTPOHHOMN MAaINHBI.

3agaya 3.10. Cucrema ympaienuss coctour u3 6000 >IeMEHTOB, CpeaHss

-6
MHTCHCUBHOCTH OTKAa30B KOTOPBIX |cp_ = 0,16-1071/ uac . Heo6xoammo ONpeaC/INTh

BEPOSITHOCTh 0€30TKa3HOW paboTrel B TeueHun t = 50 yac u cpeagHee Bpems
06e30TKa3HOU paboTHI.

3amaya 3.11. IIpubop cocrout u3 N = 5 y3n0B. HaexHOCTh y3/10B XapakTepusyercs
BEPOSATHOCTBIO O€30TKa3HOM pabOThI B TCUEeHUE BpeMeHH t, kotopas pasHa: P1(t)=0,98;
Po(1)=0,99; P3(t)=0,998; P4(t)=0,975; Ps(t)=0,985. Heob0xoaumMo OIpeaeIuTh
BEPOSTHOCTH 0€30TKa3HOM paboThI mpubdopa.

3amaya 3.12. Cucrema COCTOMUT M3 IIATU NMPUOOPOB, cpeAaHee BpeMmsi Oe30TKa3HOU
paboThl KOTOPBIX paBHO: Mp=83 wyac; Mp=220 yac; Mp=280 uvac; Mu=400 yac;
Mis=700 dvac. [ npuOOpoB cHpaBeIMB SKCIOHEHIUAIbHBIA 3aKOH HaJIeKHOCTH.
TpeOyeTtcs HaliTu cpenHee BpeMs 0€30TKa3HOM pabOThl CUCTEMBI.

3amaya 3.13. [Ipubop coctouT U3 nsATH OJ0KOB. BeposSTHOCTH G€30TKa3HON pabOThI
Kaxaoro Oyoka B TeueHue Bpemenu t = 50 uac paBha: P1(50)=0,98; P,(50)=0,99;
P3(50)=0,998; P4(50)=0,975; P5(50)=0,985. CnpaBenauB 3KCIOHEHIIMAIBHBIN 3aKOH
HaZeKHOCTU. TpedyeTcs HallTh cpeHee Bpemsi 6e30TKa3HoM paboThl mprubopa.



Paszoen No4

PACYET HAJAEKHOCTHA CUCTEMBI C HOCTOSAHHbBIM
PESEPBUPOBAHUEM.

Teopernuyeckue cBeIeHUA

[Ipy TOCTOSIHHOM pE3epBUPOBAHUU pE3EPBHBIC dJIEMEHTH 1, 2 cOoeAMHEHBI
napajijieIbHO ¢ OCHOBHBIM (pabO4yuM) 3J€MEHTOM B T€UEHHUE BCEro Mepuojaa padoThl
cucteMsbl. Bee aneMeHTsl coeIMHEHBI MOCTOSIHHO, MEPECTPOrKa CXeMbI ITPH OTKa3ax He
HPOMCXOIUT, OTKA3aBIIUHI 3JICMEHT He oTKtovaercs (puc.4.1.).

G

©

m

Pucynox 4.1

BepositHocTh 0TKa3a cucteMsl Qc(t) onpenensercs Gopmyitoit

Q.0 =]Ta,) (4.1)

[ne: gj(t) - BepoATHOCTH OTKA3a | - TO JIEMEHTA.

BepositHocTh 6€30TKa3HON PabOThI CUCTEMBI

P.(t) =1—f[[1— P, ], (4.2)

rie: Pj(t) - BeposiTHOCTD 6e30TKa3HOM pabOTHI | - TO 3JIEMEHTa

Ecmu Pj(t) =P(t),j =0, 1, ...., m, T0

Q. (t) =q™(t); }
(4.3)

P.(t) =1-[1-P®)]™".

HpI/I OKCIIOHCHINAJIbHOM 3aKOHC HAaACKHOCTH OTACIIbHBIX 3JICMCHTOB NMCCM




P.(t)=P(t)=e";
Q.(t) =(@—-e")™

P(t)=1-(1-e™);
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Vv

m, -,
A1+

(4.4)

Pe3epBupoBanne Ha3bpIBaeTCs OOIIMM, €CIIM PE3EPBUPYETCS BCS CHUCTEMa, COCTOSIIAs
U3 TOCJIEI0BATeIbHOTO COCTUHEHHsSI N 31eMeHTOB. CxeMa 0OIIero pe3epBHpOBaHUS
noka3zaHa Ha puc.4.2. OCHOBHas IENb COACPKHUT N 3IEeMEHTOB. UYHUCIO pe3epBHBIX

Lenel paBHO M, T. €. KPATHOCTh PE3€PBUPOBAHUS paBHa M.

D10 D19 o
211 S Dt
'3111: '3311: 313111

Puc.4.2

Onpez[eJmM KOJIMYCCTBCHHLIC XapPaKTCPHUCTUKU HAACKHOCTH CHCTCMbI C 06IHHM

pe3epBUpOBaHUEM (PE3EPBHBIC 1IETIH BKIIOYEHBI IIOCTOSHHO).

3anuiiemM BEpOsSTHOCTh O€30TKa3HOM paboThI | - O ICIH

P;(t) =f[R,— t);j=0,1..,m,

(4.5)

rae: Pjj(t), j=0,1,2,...m; i=1,2,3,...,n - BepoATHOCTH O€30TKa3HON pabOTHI AmeMeHTa Jjj.

BepositTHOCTh OTKa3a | - O 1[enu

Q) =1-T]R;® (4.6)
i=1
BeposTHOCTh OTKa3a CUCTEMBI C OOIIMM pe3epBUPOBAHUEM
Q.(t)= H{l—l_[ P, (t)} (4.7)
j=0 i=1




BepositHocTh 0€30TKa3HON pabOTHI CUCTEMBI C OOIIUM Pe3epBUPOBAHUEM

Pc(t)=1—f[{1—ﬁej (t)} (48)

YacTHbIl Cay4ai: OCHOBHAs M PE3EPBHBIE LIENTH UMEIOT OJIMHAKOBYIO HA/IE)KHOCTD, T.€.
Pij(t)=Pi(t). (4.9)
Torna
n m+1
Q1) {l—HPi(t)} ; (4.10)
i-1
n m-+1
Pc(t)zl—{l—HPi(t)} . (4.11)
i-1
PaccMOTpUM 3KCITOHEHIIMAIBHBIN 3aKOH HaJIEKHOCTH, T. €.
P(t)=e™ (4.12)
B atom ciryuae popmyier (4.10), (4.11) npumyT BHT
Q.(t) =@-e™")™, (4.13)
P.(t)=1-(@1-e )™, (4.14)
=D 4 (4.15)
i=1

r7e Ao — MHTCHCUBHOCTH OTKA30B IIETH, COCTOSIICH 13 N DJIEMEHTOB.

YacroTa 0TKa30B CUCTEMBI C O6IIUM PE3EPBUPOBAHUEM

_Op.(H) (m+1)e™™ -(1—e‘”°t)m (4.16)

fc (t) = dt =

NHTEHCUBHOCTH OTKA30B CUCTEMBI C OOIIUM pe3epPBUPOBAHUEM

f.(t) A (m +1)e‘ﬂOt .(1_ ot )m

21(t) = _
D700 en)”

(4.17)

Cpennee Bpemsi 6€30TKa3HON PabOTHI pe3epBUPOBAHHON CHCTEMBI




0,1
m =T, — (4.18)

rae: To= 1/ho, - cpeanHee BpeMs 0€30TKa3HOM padOThl HEPE3CPBUPOBAHHON CHCTEMBI.
3agaun

3agaua 4.1. Cucrema cocrouT u3 10 paBHOHAIEKHBIX FJIEMEHTOB, CPEAHEE BPEMS
6e30Tka3Hoi pabdoThl 3nmeMenta My = 1000 uwac. IIpenmonaraercs, 4To crpaBeIUB
AKCIIOHEHIIUATBHBIN 3aKOH HAJEXKHOCTU [JISi DJIEMEHTOB CHCTEMbl W OCHOBHas U
pe3epBHasl CHCTEMbl paBHOHAJCKHBL. HeobOxoaumo HailTh cpegHee BpeMms
0€30TKa3HOM pabOThl CUCTEMBI My, a Takke 4acToTy oTka3oB f¢(t) U MHTEeHCHBHOCTH
oTka3oB A (t) B ™MomeHnT Bpemenn t = 50 wac B CICOyIOIHMX CIydasx:
a) HEpPEe3epPBUPOBAHHOW CHUCTEMBI, 0) IyOJMPOBAHHOW CHCTEMBI MPU IOCTOSHHO
BKJIFOYEHHOM PE3EPBE.

3amaya 4.2. B cucreme TeneynpaBieHUs IPUMEHEHO JyOIMpOBAaHHE KaHaja
yIpapieHus. MHTeHCMBHOCTL 0TKa30B KaHaina A=1072 1/gac. Paccuurarh BepOSTHOCTD
0e3oTka3HOi paboThl cucteMbl Pc(t) mpu t=10 wac, cpemnee BpeMmsi 0e30TKa3HOU
paboTBI My, yacToTy 0TKa30B f¢(t), HHTEHCMBHOCTH OTKA30B A(t) cHCTEMBI.

3amaga 4.3. HepesepBupoBaHHas cuctemMa ympasiaeHus coctout u3 N = 5000
9JIEMEHTOB. /{7151 TIOBBIIIICHHS HAJIS)KHOCTH CHCTEMBI TIPE/IIIOJIaraeTcs MPOBECTH 00IIee
OyOJIMpOBaHKE 3JIEMEHTOB. UTOOBI MPUOJIMKESHHO OIICHUTHh BO3MOKHOCTD JIOCTHIKCHUS
3aJJaHHOM BEPOSTHOCTH Oe30TKa3HOW paboThl cucteMbl P.(t) = 0,9 nmpu t =10 yac.,
HEOOXOJMMO PACCUYHMTATh CPEIAHIO MHTECHCHMBHOCTH OTKA30B OJHOIO 3JIEMEHTa IMPH
MPEIOJIOKEHUN OTCYTCTBHS ITOCIIEICHCTBUS OTKA30B.

3anaua 4.4. Ilpuemuuk cocrout u3 Tpex. 6mokoB: YBY, VIIYU u YHY. UutencuBHOCTH
OTKa30B 3THX OJOKOB COOTBETCTBEHHO PaBHBI: A= 410 1/4ac; A= 2,510 1/uac;
A= 3¢10* 1/uac. TpebOyercss paccuuTaTh BEPOATHOCTH OE30TKA3HOM pPabOTHI
npuemHuka npu t=100 yvac nis cleayrolmuX CIydaeB: a) pe3epB OTCYTCTBYET; O)
nMeeTcs o01iee TyorMpoBaHUEe TPUEMHUKA B LIEJIOM.

3amaua 4.5. JIns uzoOpakeHHOM Ha puc.4.3. TOTMUECKOW CXEMbI CUCTEMbI ONIPEICTUTh
Pe(t), Me, Te(t), Ac(t). 3aech pe3epB HarpyKeHHBINH, OTKa3bl HE3aBHCHMBI.

Puc.4.3

3agaya 4.6. B panuonepenaTyuke, COCTOSIIEM W3 TPEX PABHOHAMIECKHBIX KACKaJ0B
(n=3) npuMeHeHO O0OIIee IOCTOSHHOE AYOJHMPOBAHHE BCErO paJHOIepPeIaTUHKa.




MHTEHCHBHOCTL OTKa30B Kackazga pasHa A=5*10"* 1/gac. Onpenenuts Pg(t), My, fo(t),
Ac(t) panroniepenaTarka ¢ AyOTMPOBAHHUEM.

3amaua 4. 7. JInsg nzo0pakeHHON Ha puUC.4.4. IOTHYECKOU CXEMbI CHCTEMBI OIIPEICITUTh
MHTEHCUBHOCTH O0TKa30B A((1). 371ech pe3epB HArpyKEHHBIH, 0TKa3bl HE3aBUCHMBI.

I I
% ,\_/_/L

A A A A rhF

\

Puc.4.4

3amaua 4.8. PammonnekTpoHHas ammaparypa coctouT u3 tpex Omoxon I, Il, IlI.
NHTEHCUBHOCTH OTKAa30B 3THUX TpPeX OJOKOB COOTBETCTBEHHO PAaBHBL: A1, A2, As.
TpeOyercss ompeneianTh BEPOATHOCTh O€30TKa3HOW paboThl ammapatypbl Pc(t) mms
CICAYIOIIMX CJIy4aeB: a) pe3epB OTCYTCTBYyeT; O) wuMeeTcss ayOIupoBaHUE
PaAMOAJIEKTPOHHOM ammapaTyphl B IIEJIOM.

3agaua 4.9. Cxema pacyeta HAJSKHOCTH WU3JIeNUs I[OKa3aHa Ha puc.4.5.
[Ipenmonaraercsi, 4To CHpaBEIJUB SKCIOHEHIUAIbHBIA 3aKOH HAJEKHOCTH JJIA
3JIEMEHTOB M3/eiaus. VMHTEHCUBHOCTH OTKAa30B JJIEMEHTOB HMMEIOT 3HAYCHHUSA: A=
0,3+10° 1/uac; A= 0,7¢10° 1/uac. Tpebyerca HaiTH BEpPOATHOCTH OE30TKA3ZHOM
paboTel m3nenuss B TeueHun BpemeHu t = 100 wac, cpemHee Bpemsi 0€30TKa3HOM

paboThl W3/AENHsI, YaCTOTy OTKA30B W WHTEHCHUBHOCTH OTKAa30B B MOMEHT BPEMEHHU
t=100 yac.

Ay A

. .

Puc.4.5

3agaua 4.10. B TeneBU3MOHHOM KaHaJl€ CBS3M, COCTOSAIIEM W3 MNPHUEMHUKA H
nepenaTunka, MpuMeHeHo obmiee nyOmupoBanue. llepenaTduk M MPUEMHHUK WMEIOT
MHTEHCUBHOCTH OTKa30B A,=2°102 1/uac, An,,=110° 1/gac, coorBercTBeHHO. CxeMa
KaHaja mpejcTaBiieHa Ha puc.4.6. Tpedyercs onpenenuTbh BEpOSTHOCTh OE30TKa3HOM
paboTthsl kaHana Pc(t), cpeanee Bpemst 0€30TKa3HOM padOTHI My, 4acTOTy 0TKa30B f¢(t),
MHTEHCHUBHOCTH OTKa30B A.(t).
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Puc.4.6

3amaya 4.11. Cxema pacuera HaJeKHOCTH HW3JAEIHS MNpuBeneHa Ha puc.d./.
[Ipenmonaraercs, 4YTO CHpaBeAJUB SKCIOHEHIMAIBHBIN 3aKOH HAAEKHOCTU JIJIs
3JIeMEeHTOB u3fenus. TpebyeTcst onpenenuTb MHTEHCUBHOCTh OTKa30B W3JENUs, €ClIU
MHTEHCUBHOCTH OTKA30B 3JIEMEHTOB UMEIOT 3HAUCHUS A1, Ao.
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Puc.4.7

3amaua 4.12. HepesepBupoBaHHas cucTeMa ympasieHus coctout u3 n = 4000
ayieMeHTOB. M3BecTHA TpeOyemasi BEpOSTHOCTh 0€30TKa3HOW paboThl cucTeMbl P(t) =
0,9 mpu t = 100 yac. Heobxoaumo paccuuTarh JO0MyCTUMYIO CPEIHIOI0 MHTEHCUBHOCTD
OTKa30B OJHOTO JJIEMEHTA, CUUTAsl AJEMEHTHl PaBHOHAEKHBIMHU, ISl TOTO UYTOOBI
OpUOIMKEHHO OLEHUTh JTOCTH)KEHUE 3aJaHHOM BEPOATHOCTH O€30TKa3HON padoThI
OpU OTCYTCTBHUM MNPOPUIAKTUYECKUX OCMOTPOB B CIEAYIOUIMX Cilydasx: a)
pe3epBUPOBAaHUE OTCYTCTBYET; 0) MPUMEHEHO 0011iee 1y6IupoBaHue.

3amaua 4.13. YcTpoHcTBO 00pPabOTKHM COCTOMT M3 TPEX OJMHAKOBBIX OJIOKOB.
BepositTHoCcTh Oe30TKa3HOM paboThl ycrporictBa Py(ti) B Teuenue (0, ti) momkHa OBITH
He menee 0,9. OnpenenuTh, KakoBa JOHKHA ObITh BEPOSITHOCTH OE30TKAa3HOM pabOThI
Kaxjaoro O6moka B teuenue (0, i ) mmsa ciyuaeB: a) pe3epB OTCYTCTBYeT; 0) mMeeTcs
MacCUBHOE 00IIee pe3epBUPOBAHUE C HEM3MEHHOW HArpy3Koil BCEro yCTPONCTBa B
IIEJIOM; B) MMEETCS NMAaCCUBHOE pa3/ieIbHOE PE3EPBUPOBAHIE C HEU3MEHHOW HArpy3KOM
o O0Kam.

3amaua 4.14. BeraucnuTeab COCTOUT U3 JIBYX OJIOKOB, COEIMHEHHBIX MOCIEI0BATEIILHO
¥ XapaKTEPU3YIOIIUXCSA COOTBETCTBEHHO MHTEHCHUBHOCTAMM OTKa30B A1=120,5410°
1/gac u A,=185,66°10° 1/4ac. BeimonHeHO maccuMBHOE OOIIEE PE3EPBHPOBAHHE C
HEM3MEHHOW Harpy3kol Bced cuctembl (6ioka 1 u 2) (cm.puc.4.8). Tpebyercs
OTPEICIUTh BEPOSITHOCTh Oe30TKa3HOW paboThl P () BBIUMCIMTENS, CpeaHEee BpeMs
0e30TKa3HOi PAabOTHI My, 4YacToTy OTKa3oB f¢(f) u MHTEHCHMBHOCTH OTKa30B A(t)
Berunciaurens. Onpeaenuts Pe(t) mpu t = 20 gac.



Paszoen No5

PE3EPBUPOBAHME 3AMEIIEHMEM B PEXHUME OBJEMEHHOIO
(TEIUIOTO) PE3EPBA W B PEXHME HEHATIPY)KEHHOI'O
(XOJIOJTHOT'O) PE3EPBA.

Teoperuuyeckue cBeICHUSA.

B sTom ClIydac pC3CPBHLIC 3JICMCHTHI HAXOIATCA B 00JICTYCHHOM PCKHUME 10 MOMCHTA
HNX BKJIIOYCHHSA B pa60Ty. Haﬂe}KHOCTL PE3CPBHOI0O 3JICMCHTA B 3TOM CJIy4dB BBIIIC
HaJIC)KHOCTHU OCHOBHOI'O 3JICMCHTA, TaK KaK PCE3CPBHBLIC 3JJICMCHTBI HAXOIATCSA B
PCKHUMEC HCAOTPY3KH 1O MOMCHTA UX BKIIIOUCHUA B pa60Ty.

BepOSITHOCTB OTKa3a p€3€pBHpOBaHHOﬁ CHCTEMBI C OOJIETYCHHBIM PE3CPBUPOBAHUCM
OoIIpCACIIACTCA COOTHOIICHUCM

g.()=1-e™ {1+ g%(l—e“ ) } (5.1)
rac
-fil4)

3nech A1 - UHTEHCHUBHOCTh OTKa3a PE3EPBHOTO DJIEMEHTa B PEXXHUME HEIOTPY3KH JI0
MOMEHTa BKJIFOUCHUS €ro B paboTy; Ao - ”HTCHCUBHOCTh OTKa3a PEe3ePBHOTO JJIEMCHTA
B COCTOSIHMM Pa0OTHI; M - KPAaTHOCTh PE3CPBUPOBAHMS WM KOJIMYECTBO PE3CPBHBIX
aneMeHToB. BepostHocTh  0e30TKa3HOM  pabOThl CHUCTEMBI C  OOJIETYEHHBIM
pe3epBUpOBaHUEM OmpeensieTcs: HopMyIoi

P(t)=1-Q,(t)=e ™ [1+ i%(l—ew)i}. (5.3)

OnpenenuM cpenHee BpeMsi 0€30TKa3HOM pPabOThl CHUCTEMBI C  OOJIErYeHHBIM
pesepBupoBanueM. Umeem

° 1S 1

=|PM)dt=="S—, .
me=[ROd=22 (5.4)
rac
k:/%. (5.5)

Onpenenum yactoTy 0TKa30B fe(t) crcTeMbl ¢ 00IErYeHHBIM pE3ePBUPOBAHUEM.

Nmeem




f(t)=Ae %t[1+z _(1 e ) %e‘i‘;ﬁ(l—e“)m} (5.6).

OmnpenenuM  WHTCHCHUBHOCTh  OTKa30B A (f) cuctembl ¢ oOJerdeHHBIM
pEe3epBUPOBAHUEM.

[Tomyunm

m a, . i1
lc(t) f (t) 2’0 1— ﬂ‘l e —At ; (I . l)l( ° ) ) (57)
p.(t) by Bien)

iz I

IIpu A1 =0 mMeeM peXUM HEHArpy>K€HHOro (XOJOIHOro) pe3epBa. BepodarHocTh
O0TKa3a pEe3epBUPOBAHHONM CHCTEMbl C HEHArpy>KEHHbIM PE3EePBHUPOBAHUEM
OTIpeJIeNISIeTCsl COOTHOILIEHHEM

g (t) =1~ e‘“Z (ﬂot) - (5.8)

BepositHocTh  G€30TKa3HOM pabOTBl  CUCTEMBI C HEHArpy»XEHHBIM PE3EPBOM
onpenensiercs GopMyon

P)=1-Q@=e Y . 59)

OnpenenuM cpenHee BpeMst O€30TKa3HOM padOThl CUCTEMBI C HEHArpyXEHHbIM
pesepBoM. meem

I m+1
=[P (t)dt =——. (5.10)
[Roa-=3
Onpenenum yacToTy 0TKa30B fe(t) crcTeMbl ¢ HEHArPYKEHHBIM PE3EPBOM.
HNmeem
m+1
f(t)=— AR _ 4 t"e ", (5.11)
dt m!

OnpenenrM HHTEHCUBHOCTD O0TKa30B A.(t) cucTeMBbI ¢ HEHArpy)KEHHBIM PE3CPBOM.

[Tomyyum




f (t) A"
AM)=—""2= 0 —,
(1) P.(t) m!i(ﬂi":)l (5.12)
= !
3agaun

3amaya 5.1. Cucrema coctouT u3 10 paBHOHAAEKHBIX 3JEMEHTOB, CPEIHEE BpPEMs
6e30Tka3HoOi paboThl anmementa My = 1000 uac. [Ipenmomaraercs, 4To crpaBeasuB
AKCIIOHEHUMAJIBHBIN 3aKOH HAJEKHOCTH [JIsl 3JIEMEHTOB CHCTEMbl MU OCHOBHAas W
pe3epBHasi CUCTEMbl paBHOHaAEKHBL. Heo0XoauMo HalTH BEPOSITHOCTh O€30TKAa3HOM
pabotsl cuctembl Pg(t), cpennee Bpemst 0€30TKa3HOM pabOTHI CUCTEMBI My, a TAKXKE
gacToTy 0TKa30B f¢(t) 1 HHTEeHCHBHOCTH 0TKa30B A, (t) B MOMeHT Bpemenu t = 50 yac B
CIEAYIOIIUX CIIy4asix: a) HEpe3epBUPOBAHHON CUCTEMBI, 0) AyOJIUPOBAHHON CHUCTEMBI
P BKJIFOUEHUHU PE3EpBa MO COco0y 3aMelleH s (HEHArPYKEHHBII pe3epB).

3ajgaua 5.2. Paguonepenatunk MMeeT HHTEHCUBHOCTH OTKa30B Ao=0,4¢107 1/4ac. Ero
AyOnupyeT Takoi ke mepeaTInK, HaXOIAIIHICS 10 OTKa3a OCHOBHOTO MepeaTInKa B
pexuMe oxunaHus (B pexuMe 00JieryeHHoro pesepsa). B aTOM pexume
MHTEHCMBHOCTh OTKa30B mepemaruuka A= 0,06°10° 1/gac. TpebyeTcs BBIYMCIHTEH
BEPOSATHOCTH 0€30TKa3HOW pabOThI MepeAaroell cucteMsl B TeueHue Bpemenn t = 100
Jac., a TaKXKe CpeaHee BpeMs Oe30TKa3HOH paboThl My, dacTtoTy oTka3oB f¢(t) u
MHTEHCUBHOCTH OTKa30B A(t).

3agaua 5.3. BepoatHocTh 6€30TKa3HOM pabOThI MpeoOpa3oBaTesisi MOCTOSTHHOIO TOKA B
nepeMeHHbI B TeueHuu Bpemenu t=1000 gac. pasna 0,95, 1. e. P(1000) = 0,95. Jlns
MOBBIIICHUS HAJIKHOCTU CUCTEMBI JIEKTPOCHAOKEHHS HA 00BEKTE UMEETCSl TAKOU Ke
npeoOpa3oBaTeib, KOTOPBIM BKJIIOYAETCs B pabOTy MpHU OTKa3e MEpBOro (PEkKUM
HEHarpy>KeHHOTro pe3epBa). TpeOyercs paccuuTaTh BEpOSTHOCTh O€30TKa3HON pabOThI
U cpegHee Bpems 0e30TKazHOM pabOTBl  CHCTEMBI, COCTOSIIEH W3  JABYX
npeoOpa3oBaresiel, a TakKe ONPEICIUTh YacTOTy OTKa30B fu(t) M WHTEHCHUBHOCTH
OTKa30B A(t) CUCTEMBI.

3anaya 5.4. Cucrtema COCTOUT M3 JIBYX OJIMHAKOBBIX 3JIEMEHTOB. J[JIs MOBBIIICHUS €€
HaJIe)KHOCTA KOHCTPYKTOpP TMPEIJIOKWI TyOJIMpOBaHUE CHUCTEMBI IO CIIOCO0Y
3aMelIeHUs C HeHarpy>K€HHbIM COCTOsTHUEM pe3epBa (puc.S.1).

7
— A A ‘
Puc.5.1

NHTEeHCUBHOCTh OTKa30B dJIeMEeHTa paBHa A.TpelOyeTcss ompeneiauTh BEpPOSITHOCTDH
0e3oTkasuoit paboTel cucreMbl Pc(t), cpeaHee Bpemsi 0e30TKa3HOW pabOTHI My,
4acToTy 0TKa30B fc(t), HHTEHCHBHOCTH OTKa30B A(t).




3azmaya 5.5. Cxema pacuera HaJeKHOCTU U3JIeTus IPUBEAEHa Ha puc.S.2.
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Puc.5.2

HeoOxomumo omnpeaennTs BEpOITHOCTh Oe30TKa3zHoM paboThl P¢(t), yacToTy 0oTKa30B
fo(t), maTeHCHMBHOCTD OTKa30B A((t) m3menwst. Haiitu A (t) mpu t = 0.

3agaua 5.6. Cxema pacyeTa HaJeKHOCTU CUCTEMBI ITpUBe/ieHa Ha puc.5.3, rae A, b, B,
I' - 6;oku cucteMbl. ONpeIeTuTh BEPOSTHOCTh Oe30TKa3HOM paboThl Pe(t) cucTemsr.

A

/— "\
—u e -

Puc.5.3

3amaua 5.7. Cxema pacuera HaJEeKHOCTHU CHUCTEMBI IpUBeeHa Ha puc.S.4. Onpenenurb
BEPOSITHOCTh 0€30TKa3HOM paboThl Pc(t) cuctemsi.
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Puc.5.4

[

3anaua 5.8. [lepenaroiiee yCTpOUCTBO COCTOUT U3 OJTHOTO pabOoTaroIIero nepeaaTynKa
(A=8+10" 1/uac) u ogHOro mepemardnka B obnerdeHHoM pesepse (Lo=8%*10* 1/uac).
TpeOyeTcs onpenenuTh BEPOSITHOCTh 0€30TKa3HOM paboThl ycTpoiicTBa Pc(t), cpeanee
BpeMsi 0€30TKa3HOM paboTHI ycTpoiicTBa M. Onpenenuts Pe(t) mpu t=20 gac.

3agaya 5.9. B paguonepenaroniemM KaHajae CBI3HOW CHUCTEMbI UCIIOJIb3YETCSI OCHOBHOM
nepenatuuk I, nBa nepenarunka I1; u Il3, HaxomsIKECS B HEHATPYKEHHOM PE3EPBE.
VHTEHCUBHOCTH OTKA30B OCHOBHOI'O Pa0OTAOIIEro nepeaaTyrka pasHa Ao=10 1/ugac.
C MomenTta otkasza mepematuumka [I; B pabory Bxitouaercs I, mocme oTkasza
nepenatuuka I1, Bkimrouaercs I13. [Tpu BrItoueHHM pe3epBHOTO mepeaaTyuka B paboTy
€r0 HMHTCHCHUBHOCTh OTKA30B CTAaHOBHUTCS paBHOU Ag. Cuurtas TepexiIrovaTelib
a0COJIIOTHO HAJCKHBIM, OINPEACIUTh BEPOSTHOCTh Oe30TKa3HOM paboTel  P(t)



paaMonepenaoniero KaHajaa, cpefHee BpeMsi O0e30TKa3HOW paboTel My KaHaja.
Omnpenenuts Takxe Pe(t) mpu t=100 yac.

3amaya 5.10. YcTpoilcTBO aBTOMAaTHYECKOIO MOMCKA HEUCIPABHOCTEH COCTOMT U3
ABYX Joruueckux OmokoB. CpemHee BpeMsi O€30TKa3HOM pabOThI 3TUX OJOKOB
OJIMHAKOBO M I Kaxxaoro u3 HuX paBHO my= 200 wyac. TpeOyercs omnpeaenutsb
cpenHee BpeMsi 0€30TKa3HOW pabOThl YCTPOMCTBA Myc AJI JIBYX CIIy4aeB: a) UMEETCs
HEHAarpy>KE€HHbI PE3EpB BCETr0 YCTPOWCTBA; 0) MMEETCs HEHArpy>XEHHbIH pe3epB
Ka)kJ10T0 OJIOKA.




Pa3zoen No6

PACYET HAJIEXKHOCTH CUCTEMBI C HO2JIEMEHTHBIM
PESEPBUPOBAHUEM.

Teopernuyeckue cBeIeHUA

[Ipu 1Mo3JIEeMEHTHOM pPE3epPBUPOBAHUU PE3EPBUPYIOTCS OTIEIBHO AJIEMEHTBI CHUCTEMbI
(puc.6.1.). Onpenennm KOJIMYECTBEHHbIE XapaKTEPUCTUKU HAIC)KHOCTU CUCTEMBI.

1-asg rpynma  2-as rpymmna 1-afg TPyIIa
Puc.6.1

3amuiieM BEpOSITHOCTh OTKa3a | - oif rpymiel. meem

Q®=T[Q®i=1n 61

rae Qj(t) - BeposTHOCT OTKa3a 31eMeHTa Jjj Ha nHTepBaie Bpemenu (0, t).

3amnuiineM BEepOsSTHOCTh 0€30TKa3HOM paboThI J-0i rpymibl. [Tomyunm

Pi(t)=1—Qi(t)=1—f[[1— R®];i-In, 6.2)

rae Pij(t) - BeposTHOCTH Oe30TKa3HOW PabOTHI 3JIeMEHTa Djj HA HHTEpPBAJIC

Bpemenu (0,t); M; - KpaTHOCTH pe3ePBUPOBAHUS HIEMEHTA j-OU TPYIIIIHL.

3anuiieM  BEpOSITHOCTh  0€30TKa3HOM  pabOThl CUCTEMBI C  TIODJIEMEHTHBIM
pe3E€pBUPOBAHUEM

PO =] [RO

HJIn




em=fﬂiiﬁ@—%mﬁ. (6.3)

]_IJ'ISI PaBHOHAICIKHBIX 3JICMCHTOB CUCTCMbI U m;=m=const umeem

Py (1) =P(1); (6.4)
P.(t) =[1-[1-P(O]™T (6.5)
Ecnon

P;(t)=Pi(t), (6.6)

TO opMmyina (6.3) mpuUMET BU

P.(t) = I]{ [1-RO]™) 6.7)

[Tpu SKCHIOHEHIMATBLHOM 3aKOHE HAJIEeKHOCTH, Koraa P (t) =e™,

P(t) = lj{l—[l—e‘”*‘]mi+l}. (6.8)

B atom ciiyuae dhopmyna (6.5) npumeT Buj

P(t) = {1—[1—e-”]m”}n | (6.9)

a cpeaHee BpeMs 0e30TKa3HOM paboThl CUCTEMBI OTIPEACIISICTCSI COOTHOILICHUEM

m, = [ P.(t)dt. (6.10)

[Toacrasnss (6.9) B (6.10), momyuum

(n-n! & 1
Me /”L(m+1)]Z:v (v;+D...(v; +n- 1)

]

(6.11)

rae:vi=(+1)/(m+1).
3agaun

3agaya 6.1. /Jlmg TOBBILICHUS HAACKHOCTH YCUJIIUTENSI BCE €ro  3JIEMEHTHI
nyonupoBanbl. [Ipeamosaraercs, 4YTO CHpaBEeMJIMB AKCIIOHEHIMAIbHBIM  3aKOH
HAJIEKHOCTH JIJIsl DJIEMEHTOB cucTteMbl. HeoOxoaumMo HalTH BEPOSITHOCTh O€30TKA3HOM




pabotsl ycunutens B TedyeHue t =5000 yac. CocTaB 31€MEHTOB HEPE3epBUPOBAHHOTO
YCUJIMTENS U AJaHHBIE IO MHTEHCUBHOCTHU OTKA30B 3JIEMEHTOB MPHUBEAEHBI B Ta01.6.1.

Tabnuma 6.1.
DeMeHThI KomnuuecTBo 37€MEHTOB WHTEHCHBHOCTH OTKA30B 3JIEMEHTa
A, 105 1/uac
Tpan3ucTops! 1 2,16
Pesucropsl 5 0,23
Konnencaropst 3 0,32
Juoaer 1 0,78
KaTymky HHAyKTHBHOCTH 1 0,09

3azmaya 6.2. CxeMa pacyera HAJIEKHOCTH PE3EPBUPOBAHHOIO YCTPOWCTBA MPHUBEICHA
Ha puc.6.2.

M

Az

A

Threr~ &£ 73

Puc.6.2
NHTEHCUBHOCTH OTKA30B 3JIEMEHTOB UMEIOT CIACAYIONNE 3HAYCHHMS .

M=0,2310" 1/gac; A,=0,5°10* 1/gac; A3=0,4°10" 1/gac. Ilpeamonaraercsi, YTO
CIpaBeUIUB DKCIOHEHITMATBHBIA 3aKOH HAJACKHOCTH JUISI DJIEMEHTOB CHUCTEMBI.
Heobxoaumo HaiiTu cpenHee Bpemsi 0€30TKa3HOW pabOThl yCTPOMCTBA, BEPOATHOCTH
0e30TKa3HOI paboThl YCTPOMCTBA, MHTEHCUBHOCTH OTKA30B YCTPOMCTBA.

3agaya 6.3. Cxema pacyera HaJIe)KHOCTH YCTPOMCTBA MPUBEJCHA HA pUC. 6.3.

Puc.6.3

[Ipeanonaraercsi, 4To CHpaBEUIMB HKCIIOHEHUMAJIbHBIM 3aKOH HAJIEKHOCTH, IS
3JIEMEHTOB YCTPOMCTBA U BCE JIEMEHTHI YCTPOWCTBA PABHOHAJAEKHBI. IHTEeHCUBHOCTH
oTka30B daemeHTa A = 1,33¢107°1/4ac. Tpebyercs onpememuts fo(t), My, Po(t), Ac(t)
PE3EPBUPOBAHHOIO YCTPOMCTBA.

3amaua 6.4. HepesepBupoBaHHass cuctema ynpasieHuss coctout wu3z n=5000
aneMeHTOB. JIJisl TIOBBIIICHHWS HAJIEKHOCTH CHCTEMBI IPEIIOJIaraeTcsl TMPOBECTH
pasnenbHoe TyOaupoBaHUE 3JEMEHTOB. UTOOB! MPHUOIMKEHHO OIEHUTh BO3MOYKHOCTD



TOCTIDKCHUS 3aJaHHON BEpOSTHOCTH 0€30TKa3HON paboThl Cuctemsl P(t) = 0,9 mpu t =
10 yac, HE0OX0IUMO PACCUUTATh CPEIHIOI0 MHTEHCUBHOCTh OTKAa30B OJIHOTO AJIEMEHTA
IPU MPEOJIOKEHUN OTCYTCTBUS MOCIEIEHCTBHS OTKA30B.

3agaua 6.5. CxeMa pacyeTa HaJeXKHOCTH YCTPOMCTBA MOKa3aHa Ha puc.0.4.

o

g P e

Puc. 6.4

IIpennonaraercs, 4TO CIPABEIJIMB JKCIIOHEHIMAIbHBIM 3aKOH HAJeKHOCTH IS
5JIEMEHTOB YCTPOWCTBA. VHTEHCHMBHOCTH OTKAa30B JJIEMEHTOB HMEET CIEAyIOIIue
spauenns A1=0,3107 1/4ac, A,=0,7+102 1/uac. HeoOX0aUMO OIIPENEIUTh BEPOSATHOCTD
0e30TKa3HOM paboThl ycTpoiicTBa B TeueHuu BpeMenu t = 100 yac.

3ajjaya 6.7. B TCIEBU3MOHHOM KaHAJle CBS3M, COCTOSIIEM M3 IPUEMHHKA U
nepenaTyuka, MPUMEHEHO pasliebHOC AYOIHMpOBAaHHE IepeaTiMKa M IPHEMHHKA.
[lepenaTuuK ¥ IPUEMHHK MMEIOT HHTEHCUBHOCTH OTKa30B A,=2107 1/uac u Anp=1+10
3 1/uac coorBercTBeHHO. CXEMa KaHasa IpeAcTaBiIeHa Ha puc.6.6.

] ]

Puc.6.6

TpeOyeTcst omnpeaenuTb BEpPOSITHOCTh 0€30TKa3HOM paboThl kaHama Pe(t), cpennee
BpeMst 0€30TKa3HOM pabOThI My, 4aCTOTY 0TKa30B f¢(t), HHTEHCUBHOCTBH OTKA30B A(t).

3anaya 6.8. Cxema pacyeTra HaJIe)KHOCTH CUCTEMBI PUBEICHA Ha puc.6.7.,

Puc.6.7

rJIe TakKe MPHUBEICHBI WHTEHCUBHOCTH OTKA30B 3J€MEHTOB. TpeOyeTcs onpeneinTh
BEPOSTHOCTH 0€30TKa3HOM paboThl cucTeMbI Pe(t) 1 yactoTy oTka3oB fi(t).

3amaua 6.9. PaamosnextponHas ammapatrypa coctouT u3 Tpex Omoxos: |, Il u 1lI.
NHTEHCUBHOCTH OTKA30B JIsl 3TUX TpeX OJIOKOB COOTBETCTBEHHO PAaBHBI: A1, A2, As.



TpeOyetcsi ompenenuTh BEPOSTHOCTh O€30TKa3HOW paboThl ammapatypbl Pc(t) ms
CJIENYIOIIMX CIy4YaeB: a) pPe3epB OTCYTCTBYET; 0) MMeeTcs NyOJIUpPOBAHUE Ka)kIOTrO
0J10Ka.

3amaua 6.10. HepesepBupoBanHass cuctema ympasiaeHuss coctrout u3z N =4000
aneMBHTOB. M3BecTHa TpeOyemass BEpOSTHOCTh O€30TKa3HOW pabOThI CHCTEMBI
P(t)=0,9 npum t=100 wuwac. HeoOxommMo paccuuTaTh JOIMYCTHMYIO CPEIHIOIO
MHTCHCUBHOCTH OTKa30B OJTHOTO 3JIEMEHTA, CUMTAs dJICMEHTHl PAaBHOHAICKHBIMH, IS
TOTO YTOOBI MPUOJIMKCHHO OLICHUTH JOCTI)KCHUE 3aJaHHOW BEPOSATHOCTH O€30TKA3HOMN
paboThl MPU OTCYTCTBUH MPOPUIAKTHISCKHX OCMOTPOB B CICAYIONIMX CIydasX. a)
pE3epBUPOBAHUE OTCYTCTBYeT; ©O) MPUMEHEHO pa3lieibHoe (IO3JIEMEHTHOE)
nyOJIMpOBaHHUE.

3ajmaua 6.11. B paguonepenaTynke, COCTOSIIIEM M3 TPEX PAaBHOHA/IEKHBIX KaCKaJOB
(n=3) mpumeHeHO pa3neNbHOE AYyOJIMpPOBAaHHME KaXIOro Kackana. VHTEHCUBHOCTB
OTKa30B KackagoB paBHa A =5¢10* 1/gac. Paccuurarh BepOATHOCTH O€30TKa3HON
pabotel P¢(t) B Teuenne Bpemenu t = 100 yac u cpeanee Bpemsi 0€30TKa3HON padOThI
My paxuonepeaaTInKa.

3agaya 6.12. BerauciauTenb COCTOUT U3 JIBYX OJIOKOB, CO€IMHEHHBIX MOCJI€I0BATEIHHO
M XapaKTepU3yeTcs COOTBETCTBEHHO MHTEHCHBHOCTAMH OTKazoB A;=120,54-10-°
1/uacn 2,=185,66-10"° 1/uac. BBIIOIHEHO ACCUBHOE MODJIEMEHTHOE PE3EPBUPOBAHKE
C HEM3MEHHOM Harpy3koil 01oka 2 (cM. puc. 6.8). TpeOyeTcs onpeaenuTsb BEpOATHOCTh
0e30TkazHoi paboThl P.(t) BeUUCIUTENS, CpeHee BpeMs 0e30TKa3HON paboThI My,
gacToTy 0TKa30B f¢(t) 1 naTeHCHBHOCTH 0TKa30B A (t) BeruucauTensa. Onpenenutsd P.(t)
pu t=20 yac.

3agava 6.13. BerauciautenbHOE YCTPOMCTBO COCTOMT M3 N=3 OJAMHAKOBBIX OJIOKOB, K
KOKJIOMY M3 KOTOPBIX IMOJKIIOUEH OJIOK B HArpy>XeHHOM pe3epBe. MIHTEeHCHBHOCTH
OTKa30B Kaxaoro Omoka pasHa A=10"* I/uac. Tpebyercsa onpeneianTb BEPOSATHOCTDH
0e3otkasnoit paboTel P.(f) ycrpoiictBa M cpeaHee Bpemsi 0€30TKa3HOH padOTHI
YCTPOUCTBA M.




Pazoen Ne 7.

PE3EPBUPOBAHUE C JPOBHOH KPATHOCTHBIO M MNOCTOSAHHO
BK/IIOYEHHBIM PE3EPBOM.

Teoperuuyeckue cBeICHUSA.

Pe3epBupoBanHas cuctema cocTout u3 | oTnenpHbIX cucteM (puc. 7.1.).

o

o

Puc. 7.1

Jlns ee HOpMabHON PabOThI HEOOXOIUMO, YTOOBI HCIIPABHBIMH ObLTH HE MeHee YeM h
cucreM. KpaTHOCTB pe3epBUpOBaHUS TaKOM CUCTEMBI PaBHA

| -h
m==—— (7.1)

[Ipenmomnaraercss, 4YTO OCHOBHBIE M BCE pE3EPBHBIC CHUCTEMBl PABHOHAIEKHBI.
BeposiTHOCTh 0€30TKa3HOM pabOThI, pe3€pBUPOBAHHON CUCTEMBI:

PO =2 IR O (-D'C/R

rue:

T

(7.2)

3necy P,(t) — BeposTHOCTH 0€30TKa3HOW PadOThl OCHOBHOM CHCTEMbI HJIH JIFOOOM
PE3EPBHON CUCTEMBI;

| — oO1ree YMCII0 OCHOBHBIX M PE3EPBHBIX CHCTEM;

h — gucao cucTem, HEOOXOIUMBIX JIJIsi HOPMAJIBHOM pabOTHI.




Ha puc. 7.1 A, ecThb MHTEHCHBHOCTh OTKAa30B JIFOOOM OaHOM u3 cucreMm. bynem
npeamnoyiaratb, 4YTO I8 JIFOOOM  OTAENBHO  B3SITOM CHUCTEMBI  CIIPaBE/JIUB
AKCIIOHCHIIMAIbHBIN 3aKOH HAJICKHOCTH, T.€.

Po (t) — e (7.3)

Onpenenum cpegHee BpeMsi 06€30TkazHOM padboThl cuctembl. UMeem

0 1 1-h l
m, = j Rdt=—3 0o (7.4)

3axaun

3amaua 7.1. Cucrema »nsnekTpocHaOxeHusi Onmoka OBM coctour u3 ueThpex
reHEPaTOPOB, HOMUHAJIbHAS MOIIHOCTh KaXKJ0T0 M3 KOTOphIX 18 kBT. be3aBapuitnHas
pabotra Onoka eme BO3MOXHA, €CIM CHUCTEMa DdJEKTPOCHAOKEHUS MOXKET
obOecrieunBath norpedbuTenss MomHocThio 30 kBT. HeobGxomumo omnpenenuth
BEPOSATHOCTH 0€30TKa3HOM pabOTHI CHCTEMBI YHEPTOCHAOKEHHS B TCUCHUE BpeMeHH t =
600 uac, cpenHee BpeMsi 0e€30TKa3HOW pabOTBI My, dYacToTy OTKazoB f(t),
MHTCHCUBHOCTh OTKa30B A.(t) CHUCTeMbl »HEpProcHaOXEHHs, €CIM HHTCHCHUBHOCTh
OTKAa30B Ka)J0ro U3 reHepatopos A = 0,5 - 1073 I /uac.

3ajmaya 7.2. JI51s MOBBILIEHUSI TOYHOCTH U3MEPEHUS] HEKOTOPOU BEIMYMHBI IPUMEHEHA
cXeMa TpyNIHpPOBaHUS NPUOOPOB U3 MATH IO TPHU, T.€. PE3YIAbTAT H3MEPEHUS
CUMTAETCS] BEPHBIM [0 MOKAa3aHUIO CPEAHEro (TpeThero) mnpuodopa. Tpedyercs HalTH
BEPOSATHOCTh Oe30TKa3HON paboThl Pc(t), cpenHee Bpems 0e30TKa3HOW pabOTHI My
TAKOW CHCTEMBI, a Takke 4acToTy OTKa30B fi(t) M MHTEHCHBHOCTH 0OTKa30B A(f)
CHCTEMBI, €CJIM MHTEHCUBHOCTh OTKa30B Kaxaoro npudopa A = 0,4 - 102 1/uac.

3ajaya 7.3. HTEHCUBHOCTH OTKa30B M3MepuTenbHoro mpubopa A=0.83-10"2 //uac.
J1J1sl OBBIIICHUST TOYHOCTH U3MEPECHHSI TIPUMEHEHa CXeMa TPYIITUPOBAHUS M3 TPEX IO
nBa (m=1/2 ). Heo6xoauMo omnpeneianuTs BEPOSTHOCTh 0E€30TKAa3HOW pPabdOThI CXEMBbI
Pc(t), cpeanee BpemMs 0e30TKa3HOW pabOTBI CXEMBI My, dYacToTy oOTKazoB f(t),
HHTCHCUBHOCTB 0TKa30B A¢(t) cxemsl.

3agaua 7.4. IHTEHCMBHOCTH OTKa30B M3MepuTenbHoro mpubopa A=0.83-107 [/uac.
JIJ1s1 IOBBIICHUST TOYHOCTH M3MEPEHUS IPUMEHEHA CXeMa TPYMITUPOBAHUS U3 TISTH T10
Tpu (M=2/3 ). HeoOGXxoaumo omnpeaeanTh BEPOSITHOCTh O€30TKa3HOW pabOThl CXEMBI
P¢(t), vactoty oTka3oB fe(t), ”HTeHCHBHOCTH 0TKa30B A.(t) cXeMbl.

3agaya 7.5. ABTOMOOMIIBHBIA IBUTATEIb UMeeT |=4 cBeunm 3akuraHus MO OJHOM Ha
Kaxapli uuHap. MHTeHcHMBHOCTE 0TKa30B cBeun A=1072 //uac, a pnmrensHOCTH
paboThl ABUTATENs B TeUueHHE Bcero myrtemectBus (=20 uac. [lpeamonaraercs, 4To
aBTOMOOMJIb MOXET €XaTh TaKXKe IIPH OJJHOM HepaboTaromeM nuinHape. Heo6xoaumo
OMpECINThL BEPOSATHOCTh Oe30TKa3HOW paboTel apuratens Pg(t), cpemnee Bpems
0e30TKa3HOU paboThI ABUraTesss My , 4acTOTy 0TKa30B f(t), MHTEHCMBHOCTH OTKA30B




Ac(t) nBuratens. KakoBa BepOSTHOCTh TOTO, YTO aBTOMOOWJIb JAOCTABHT TYPHCTOB B
NYHKT Ha3HaYeHus 0e3 3aMeHbl cBeuei?

3anauya 7.6. B BBIYHMCIMTEIBHOM YCTPOWCTBE MPUMEHEHO PE3EPBUPOBAHUE C IPOOHOM
KPaTHOCTBIO “0JMH U3 TpexX’. NHTEHCUBHOCTh OTKA30B OJIHOTO HEPE3ePBUPOBAHHOTO
onoka pasHa: Ap=4-10" I/uac . TpebyeTcs paccuuTaTh BEPOSATHOCTH OE30TKA3ZHOM
pabotel ycrpoiictBa P. () w cpemHee BpeMs O€30TKa3HOM pabOTBI My
PE3ePBUPOBAHHOIO BBIUYUCIIUTEIILHOTO YCTPOHCTRA.



Tpunoorcenue A

HopmupoBannas ¢pyukuus Jlanajca

U 0 1 2 3 4 5 6 7 8 9
0,0 0,0000 00399 00798 01197 01595 01994 02892 02790 03188 03586
0,1 03983 04380 04776 05172 05567 05962 06356 06749 07142 07535
0,2 07926 08317 08706 09095 09483 09871 10257 10642 11026 11409
0,3 11791 12172 12552 12930 13307 13683 14058 14431 14803 15173
0,4 15542 15910 16276 16640 17003 17364 17724 18082 18439 18793
0,5 19146 19497 19847 20194 20540 20884 21226 21566 21904 22240
0,6 22575 22907 23237 23565 23891 24215 24537 24857 25175 25490
0,7 25804 26115 26424 26730 27035 27337 27637 27935 28230 28524
0,8 28814 29103 29389 29673 29955 30234 30511 30785 31057 31327
0,9 31594 31859 32121 32381 32639 32894 33147 33398 33646 33891
1,0 34134 34375 34614 34850 35083 35314 35543 35769 35993 36214
11 36433 36650 36864 37076 37286 37493 37698 37900 38100 38298
1,2 38493 38686 38877 39065 39251 89435 39617 39796 39973 40147
1,3 40320 40490 40658 40824 40988 41149 41308 41466 41621 41774
14 41924 42073 42220 42364 42507 42647 42786 42922 43056 43189
15 43319 43448 43574 43699 43822 43943 44062 44179 44295 44408
1,6 44520 44630 44738 44845 44950 45053 45154 45254 45352 45449
1,7 45543 45637 45728 45818 45907 45994 46080 46164 46246 46327
1,8 46407 46485 46562 46638 46712 46784 46856 46926 46995 47062
1,9 47128 47193 47257 47320 47381 47441 47500 47558 47615 47670
2,0 47725 47778 47831 47882 47932 47982 48030 48077 48124 48169
1 48214 48257 48300 48341 48382 48422 48461 48500 48537 48574

2 48610 48645 48679 48713 48745 48778 48809 48840 48870 48899
3 48928 48956 48983 49010 49036 49061 49086 49111 49134 49158
4 49180 49202 49224 49245 49266 49286 49305 49324 49343 49361
5 49379 49396 49413 49430 49446 49461 49477 49422 49506 49520
6 49534 49547 49560 49573 49585 49598 49609 49621 49632 49643
7 49653 49664 49674 49683 49693 49702 49711 49720 49728 49736
8 49744 49752 49760 49767 49774 49781 49788 49795 49801 49807
9 49813 49819 49825 49831 49336 49841 49846 49851 49856 49861
3,0 49865

3,5 4997674
4,0 4999683
4,5 4999966

5,0 4999997
133
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* ®(U) - obosHavaeTca dyHKkumsa Jlannaca.
erf - pyHKUMs owmbok

Ipunoocenue 5

Tabéauna 3HayeHn GyHKIMH

) _
@of x ) = —=-e x/2
Jor
X g (%) X g (%) X g (%) X ol %)

0.00 | 0.3989 | 1.00 | 0.2420 | 2.00 | 0.0540 | 3.00 0.0044
0.05 | 0.3984 | 1.05 | 0.2299 | 2.05 | 0.0488 | 3.05 0.0038
0.10 | 0.3970 | 1.10 | 0.2179 | 2.10 | 0.0440 | 3.10 0.0033
0.15 | 0.3945 | 1.15 | 0.2059 | 2.15 | 0.0396 | 3.15 0.0028
0.20 | 0.3910 | 1.20 | 0.1942 | 2.20 | 0.0355 | 3.20 0.0024
0.25 | 0.3867 | 1.25 | 0.1826 | 2.25 | 0.0317 | 3.25 0.0020
0.30 | 0.3814 | 1.30 | 0.1714 | 2.30 | 0.0283 | 3.30 0.0017
0.35 | 0.3752 | 1.35 | 0.1604 | 2.35 | 0.0252 | 3.35 0.0015
0.40 | 0.3683 | 1.40 | 0.1497 | 2.40 | 0.0224 | 3.40 0.0012
0.45 | 0.3605 | 1.45 | 0.1394 | 2.45 | 0.0198 | 3.45 0.0010
0.50 | 0.3521 | 1.50 | 0.1295 | 1.50 | 0.0175 | 1.50 0.0009
0.55 | 0.3429 | 1.55 | 0.1200 | 2.55 | 0.0154 | 3.55 0.0007
0.60 | 0.3332 | 1.60 | 0.1109 | 2.60 | 0.0136 | 3.60 0.0006
0.65 | 0.3230 | 1.65 | 0.1023 | 2.65 | 0.0119 | 3.65 0.0005
0.70 | 0.3123 | 1.70 | 0.0940 | 2.70 | 0.0104 | 3.70 0.0004
0.75 | 0.3011 | 1.75 | 0.0863 | 2.75 | 0.0091 | 3.75 0.0003
0.80 | 0.2897 | 1.80 | 0.0790 | 2.80 | 0.0079 | 3.80 0.0002
0.85 | 0.2780 | 1.85 | 0.0721 | 2.85 | 0.0069 | 3.85 0.0002
0.90 | 0.2661 | 1.90 | 0.0656 | 2.90 | 0.0060 | 3.90 0.0002
0.95 | 0.2541 | 1.95 | 0.0596 | 2.95 | 0.0051 | 3.95 0.0002

4.00 0.0001




Tabauna 3HaAYEeHUH U CBOMCTBA raMMa-QyHKIUHN

p
1,00
1,01
1,02
1,03
1,04
1,05
1,06
1,07
1,08
1,09
1,10
1,11
1,12
1,13
1,14
1,15
1,16
1,17
1,18
1,19
1,20
1,21
1,22
1,23
1,24

I'(p)
1,0000

0,9943
9888
9835
9784
9735
9687
9642
9597
9555
9514
9474
9436
9399
9364
9330
9298
9267
9237
9209
9182
9156
9131
9108
9030

E Rt
Tp)= [P e ™ dx
0

P
1,25
1,26
1,27
1,28
1,29
1,30
131
1,32
1,33
1,34
1,35
1,36
1,37
1,38
1,39
1,40
1,41
1,42
1,43
1,44
1,45
1,46
1,47
1,48
1,49

I'(p)
0,9064

9044
9025
9007
8990
8975
8960
8946
8934
8922
8912
8902
8893
8885
8879
8873
8868
8864
8860
8858
8857
8856
8856
8857
8859

p
1,50
151
1,52
1,53
1,54
1,55
1,56
1,57
1,58
1.59
1,60
1,61
1,62
1,63
1,64
1,65
1,66
1,67
1,68
1,69
1,70
1,71
1,72
1,73
1,74

CsoiictBa I'(p):

1. UaTerpaj uMeeT KOHEYHYI0 BeJIHYUHY npu p > 0.

2. I'(p+1)=pI'(p).

3.T(m)=@m-1)!, neN; TA)=T2)=1

4. T'(p)I'(l-p)=

sin

s

3

P €7, r(g:ﬂﬁ; 1{

2

)

n
2

I'(p)
0,8862

8866
8870
8876
8882
8889
8896
8905
8914
8924
8935
8947
8959
8972
8986
9001
9017
9033
9050
9068
9086
9106
9126
9147
9168

P
1,75
1,76
1,77
1,78
1,79
1,80
1,81
1,82
1,83
1,84
1,85
1,86
1,87
1,88
1,89
1,90
1,91
1,92
1,93
1,94
1,95
1,96
1,97
1,98

1,99
2,00

I'(p)
0,9191

9214
9238
9262
9288
9314
9341
9368
9397
9426
9456
9187
9518
9551
9584
9618
9652
9688
9724
9761
9799
9837
9877
9917

9959
1,0000

Ipunoosicenue B



