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BCTYII

Texniyna cuctema (TC) — me CyKymHICTH CHITBHO [IFOYMX 00'€KTIB
(emeMeHTIB), TMpuU3HAYEHA JJi1 BHUKOHAHHS meBHOI QyHkumii (pyHkmii 3a
NpU3HAYCHHSM, L1Ib0BOI (yHKIIT). Bynp-skuii 00'€eKT B CBOIO 4epry Moxke
posrisigatucs sik TC.

EneMeHnTH, 3 SIKUX CKJIaJa€ThCsA CUCTEMA, MOXKYTh OyTH BIIHOBIIOBAHUMH 1
HEBIIHOBIIIOBAHUMHU. B HEBIIHOBIIOBAaHUX CHCTEMaX €JIEMEHT (DYHKIIIOHYE 10
MEepIIoi BIIMOBU, TICIS YOTO IMMJIATAE 3aMiHI, BiJHOBIIOBAHHWH E€JIEMEHT MpHU
BIIMOBI MO)K€ OyTH BIHOBJICHHH 1 NPOJOBXKYBaTH (YHKIIOHYBaTH (3a3BHYaid
BITHOBJIIOBAHI €JIEMEHTH OCHAIIYIOTHCS MPUCTPOSMHU IIOJAO IOMEPEHKEHHS Ta
BUSIBJICHHS BIIMOBH).

Axicte TC BU3HAYAETHCS BIMOBIIHICTIO CYKYITHOCTI TaKMX il MOKA3HUKIB,
AK  TEXHIYHI  HapaMeTpH, KOHCTPYKTHUBHI  OCOOJMBOCTI,  €HEpreTU4Ha
e(eKTUBHICTh, HAMIMHICTh, TU3aiH, TEXHOJIOTIYHICTh, YHI(IKAIlIA, EKOHOMIYHICTS,
rabapuTH 1 Bara TOI0, BUMOTaM CII0KHBAYa.

Haniitaicts — Bnactusicth o0'ekta (TC) 30epiratu B 4aci y BCTaHOBJICHHX
MeXaxX 3HAueHHs TMapaMeTpiB, IO XapaKTepU3ylOTh 3IaTHICTb BUKOHYBATU
byHKIIT B 3aJaHUX pEeXMMax 3a YMOB  3aCTOCYBaHHS, TEXHIYHOTO
oOcayroByBaHHs, 30€piraHHs 1 TPAHCIOPTYBAaHHS BIAMOBITHO /10 HOPMAaTHBHO-
texHigyHOoi1 mokymenTartii (HTJI) abo, 6inbm mpocto: HamiiiHICTh — 11e 37aTHICTH
TC (o0'exta, BupoOy, NPHUCTPOIO) BHUKOHYBAaTH ULUIOBY (QYHKIIIO TMpHU
BCTAaHOBJICHUX HOPMAaTUBHO-TeXHIYHOIO AokyMeHTaliero (HT/]) ymoBax B mporuect
eKCIUTyaTallii, 30epiranHs 1 TpaHCIOPTYBaHHSI.

Hanitinicte TC gopMyeThcsi Ha BCiX eTanax CTBOPEHHSI Ta BUKOPHCTAHHS
TC. llpomy BiamoBigac:

— Ha/IIMHICTh KOHCTPYKTHUBHA (ITPOEKTHA);

— HaJIWHICTh BUPOOHWYA,;

— HAJIWHICTh eKCIUTyaTalllifHa.



KoncTpykTuBHa HamiiHICTh (OPMYETHCS HaA €Tall MPOEKTYyBaHHS 1
BU3HAYAETHCSI  E€JIEMEHTHOI0  0a3010,  KBali(piKali€l0  MPOEKTYBAJIbHUKA,
aJICKBaTHAM ypaxyBaHHSIM YMOB eKCIUTyaTallli 1 TEXHOJOTIYHUX YHHHUKIB,
HAsIBHICTIO Ta OOJIIKOM JIaHUX, HEOOX1THUX JJISl pO3paxyHKy HaA1IMHOCTI.

Bupobunua HamifHICTh 3aKJIaJaeThCs B MpOlEci BUPOOHHUITBA BUPOOY 1
3aJIeKUTh B KyJIbTypHd BUPOOHHUIITBA, TEXHOJOTIYHOI NUCUMUILIIHY, KBali(ikalii
HEepCcoHaIy.

ExcruryaTaniiina HaliiiHICTb IPOSBIISETHCS B MPOLIEC] EKCIUTyaTalii BUPOOy
1 3aJIeKUTh B TakuX (AKTOPIB SK BIAMOBIIHICTh PEaJbHUX YMOB €KCIUTyaTallii
BUMOTaM HOPMAaTHUBHO-TEXHIYHOI 1 KOHCTpyKTOpchbkoi mokymenTtamii (HTKI),
oprasizaiis TEXHIYHOrO OOCIyroByBaHHS 1 KBali(ikamis 0OCIyroByrO4Oro
NEepCOoHAIy.

HeoOxigHo 3a3HauuTH, 10 HAMIWHICT, CHOpPMOBaHA Ha MONEPEIHBOMY
eTam <OKUTTS» BHUPOOY € TUIBKM OCHOBOIO HAIIHHOCTI HACTYIMHOTO eTary:
dakTHyHa HAAIMHICTH 3a0€3MeUy€eThCS PEAIbHUMU YMOBAaMH 1 MOKE BHUSIBUTHUCS
3HaYHO HIKYE OYIKyBaHOI TMiJ BIUIMBOM HEraTUBHUX (aKTOpiB (HEXTyBaHHS
Bumoramu HTJI 1 HTK]] 3aBxxau mpu3BOaATh 10 3HWKEHHS HAIIHHOCT).

Haniitnicts TC BU3HaYa€ThCA TAKUMH XapaKTEPUCTUKAMMU:

— 0€3BIIMOBHICTb;

— JIOBIrOBIYHICTB;

— PEMOHTONPUIATHICTD;

— 30epexKyBaHICTb.

KoxxHa 3  XapakTepuCTHK  HAIIMHOCTI  OIIIHIOETHCS  KUIBKICHUMH

MOKa3HUKaMH, K1 PO3TJISIHYTI HIDKUE.



OCHOBHI TEPMIHHA

TexniyHa cucTeMa MOXKE 3HAXOAWTHCI B 2-X CTaHaX: CIOPaBHOMY 1
HECTIPAaBHOMY:

CnpaBuuii ctan TC — konm BCl mapameTpu 1€l cucTeMu (OCHOBHI 1
noaatkosi) Bianosigarots HTJI a6o HTK/I.

Hecnpaauii cran TC — xonm xoda 0 OIWH 3 MapaMeTpiB CHCTEMH HE
BianoBigae HT(K)/I.

[Ipane3garnicth — konu Bci mapamerpu TC, 1m0 BU3HAYAIOTh BUKOHAHHS
byHKIIiT 3a npu3HadeHHsAM, BianosigaroTs HT(K)/I.

HenpanesnatHicte — KoM Xoya 0 OJMH 3 TapaMeTpiB, IO BU3HAYAIOTH
BUKOHAHHS (YHKINT 3a mpu3HaueHHsM, He Bianosigae HT(K)/I.

[TomkoKeHHS — OIS, B PE3yJbTaTi sIKOT BUPOOH CTalOTh HECIIPaBHUMH.

JledekT — HecnpaBHICTh, HE MOB's13aHa 3 BTPATOO Mpale3aaTHOCTI.

BigmMoBa — momig, 1o moJisirae 'y BTpaTl Ipane3gaTHOCTI TEXHIYHOI
cucTeMOr0 (HeoOOpOTHa 3MiHA BJIACTHBOCTEH, WO TIOPYIIyE HOPMAaJIbHE
BUKOPHUCTAHHS €IEMEHTIB CUCTEMH). BiIMOBH 3aBX 1 TOB's13aHi 3 IX BU3SHAUCHHSIM
Ta BiJHOBJICHHSIM HECIIPABHOTO €JIEMEHTA.

3011 — KOpOTKOYacHa camMOyCyBaHa BIMOBa, MPH SKIA JJIS BiJTHOBJICHHS

npare3aTHOCTI PEMOHTY He MOTPiOHO.



ITPAKTUYHA POBOTA Ne 1
BU3HAYEHHS KIVIBKICHUX XAPAKTEPUCTHK HAIMHOCTI 3A
CTATUCTUYHUMU JAHUMMU O BIIMOBAX BUPOBY

TeopeTnuni BizoMocTi

IMoBipHicT, 0€3B1AMOBHOI pOOOTH 3a CTATUCTUYHUMH JAHUMH O BiAMOBI

OHiHI-O€TBCH BHPA30M

P(t)= , (1.1)

ne n(t) — KUIbKICTh BUPOOIB, 110 BIAMOBHWJIM 10 MOMEHTY 4acy f; N — KIJIbKICTb
BUPOOIB, MOCTaBJICHUX HA BUMPOOYBaHHSA; P(f) — cTaTUCTUYHA OLIIHKA IMOBIPHOCTI
0€3B1IMOBHOI p0OOTH BUPOOY.

Jlis  1IMOBIPHOCTI BIAMOBH 3a CTAaTUCTUYHUMH JaHUMH CIIpaBeIJIMBE

CITIIBBIITHOIIIECHHS

Q(t)=%t), (1.2)

ne (O(t) — cTaTUCTUYHA OLlIHKA IMOBIPHOCTI BIIMOBH BHUPOOY.
YacroTa BiIMOB 3a CTAaTHCTUYHUMHU JaHUMH O BiJIMOBaX BH3HAYAETHCS

BHUPAKCHHAM:

a(t)= ]i”(i)t (1.3)

ne An(f) — KUIBKICTh BUPOOIB, 10 BIAMOBWIIM B 1HTEpBaJl vacy (¢, t+Ar); a(t) —
CTaTUCTUYHA OIIHKA YaCTOTH BIIMOB BUPOOiB; Af — IHTEpBaJ 4acy.
[HTEHCUBHICTH BIIMOB 33 CTATUCTUYHUMH JIAHUMH O BiIMOBaX

BU3HAYAETHCS 32 (HOPMYIIOIO

__ Al
Me)=— N @)’ (1.4)

ae Ng,(Af) — cepeHs KUIBKICTh Ipale3laTHUX BUpOOiB Ha iHTepBaml (7, t+A?),

Moke OyTn obuucieHa 3a Gopmynoro Ny(Af) = 0,5(N, + N,), ne N, N, — KUIBKICTb



mpane3gaTHUX BUPOOIB Ha MOYATKy 1 KIiHII 1HTepBany Af, BIAMOBIIHO; A(f) —
CTATUCTUYHA OIlIHKA IHTEHCHBHOCTI BITMOB BHPOOIB.
Cepenniii yac 06e3BiIMOBHOI pOOOTH BUPOOY MO CTATUCTUYHUM JaHUM

BHU3HAYA€THCA BUPA3OM:
1 N
T =—Y¢, 1.5
b=y 2 (1)

ae t; — 4ac 0e3BIAMOBHOI po0OoTH i-ro BUpoOy; 7T, - CTaTUCTHYHA OILHKA
CEePEeIHBOTO Yacy 0€3B1IMOBHOI pOoOOTH BHPOOY.
Jnsa BusHauenus 7T, 3a Qopmynoro (1.5) HeoOXiZHO 3HATH MOMEHTH

BiZIMOBH BCiX N BUpOOIB, aje MOKHA IPUOIU3HO BU3HAUYUTH T, 3 PIBHAHHSA
1 m
Tcp ~ Nznitcp.i ’ (16)
i=1

A€ n; — KUIBKICTb BUPOOIB, SIKi BIAMOBMJIM B I-MYy 1HTEpBall 4acy; t,; = (t.174)/2 —
cepeJiHe 3HAUEHHS Yacy Ha iHTepBali Af; m = Y t ;/ At — KIIbKICTh IHTEPBAJIB Yacy;
t; — 9ac 3aKIHYEHHS [-TO IHTEepBay.

Hucnepcis yacy 6e3BiIMOBHOI poOOTH BUPOOY 3a CTATUCTUYHUMU JTAHUMH

BU3HAYAETHCS 32 (HOPMYJIOFO:
D =352~ T,) (1.7)
i=1

ne D* — ctaTucTudHa OIiHKa Jucrepcii yacy 0e3BiAMOBHOT poOOTH BUPOOY.

IIpukjaaagy BHU3HAYEHHS KLILKICHUX XAPAKTEePHUCTHK HATIWHOCTI 3a

CTATHCTUYHUMH JAHUMHU 0 BIIMOBaX BUPOOY.

3amada 1.1. Ha BunpoOyBanus noctabieHo 1000 0THOTUITHUX €JIEKTPUIHUX
namt, 3a 3000 roxa. BimMoBuio 80 smamm. [lorpiOHo Bu3Hauutu P(f), Q(f) npu
t=3000 rogx.

Pospaxynok. B nanomy Bunaaky N = 1000; n(¢) = 80; N — n(t) = 1000 — 80 =

920. 3a popmynamu (1.1) 1 (1.2) Bu3HaUaeMO

N-n(t) 920 _

P(3000) = _
N 1000

9 b

10



n(t) 80
3000) =——==—-=0,08;
A ) N 1000

abo
0(3000)=1-P*(3000)=1-0,92=0,08.
3amava 1.2. Ha BumpoOyBanHs mnocrtaBieHo 1000 ogHOTUMHMX Jamm. 3a
nepiri 3000 rox. BigMoBwio 80 mamr, a 3a iHTepBan vacy 3000 — 4000 rog.
BiaMoBuiI0 1e 50 samn. [loTpiOHO BHU3HAYMTH CTATUCTUYHY OIIHKY YacTOTH 1
IHTEHCUBHOCTI BIIMOB €JICKTpUYHUX JiamIl B iHTepBaii yacy 3000 — 4000 rox.

Pospaxynok B nanomy Bunagky N = 1000; ¢ = 3000 roxa.; At = 1000 rox.;

An(t) = 50; n(z) = 80.

3a ¢popmynamu (1.3) 1 (1.4) 3HAxoaUMO

a(t)=a(3000)= 2D - 50 5075 pon
N-Ar 1000-1000
M) = 23000 =— 2D S0 56107 roxt,

At-N__(At) 1000-895
cp

ae Ng, = (920 + 870)/2 = 895.

3amada 1.3. Ha BumpoOyBanns moctaBieno N = 400 Bupo6iB. 3a vac ¢ =
3000 rox BigmoBuio 200 BupoOiB, Takum unHOM, 71(f) = 200. 3a iHTepBa yacy (¢,
t+At), ne At = 100 roxa, BiamoBuio me 100 Bupo6iB, Takum unHOM, 1n(Ar) = 100.
[Totpi6HO BuzHauutu P(3000), P(3100), a(3000), A(3000).

Pospaxynok 3a popmymnoro (1.1) 3Haxoaumo

P(3000) = N —n(t) _ 400—200 _ 0.5:

N 400
P(3100) = M=M= MAD _400-200-100 _ g 55,

BuxopuctoBytoun ¢popmynu (1.3) i (1.4), orpumaemo

a(t)=a(3000)= nldr) 100 _ 2,5-107 rox
N-Ar 400-100
A () =2(3000)=— 21D 100 ¢ 7107 rox,

At-N,, (1) 100-150

11



3amadya 1.4. Ha BumpoOyBaHHS TIOCTaBJICHO 6 OJHOTUITHHX BHUPOOIB.
OTpumaHi HaCTYITHI 3HaYCHHS ; (f; — yac 0€3BIIMOBHOI pOOOTH i-Tr0 BUPOOY): | =
280 roxm; t, = 350 roxm; t3 = 400 rox; ¢4 = 320 rox; ¢s = 380 roxm; ts = 330 ros.
BuzHaunTy cTaTUCTUYHY OIIHKY CEPEIHBOTO Yacy O€3BIIMOBHOT poOOTH BUPOOY.

Po3paxyHnok. 3a ®opmynoro (1.5) maemo

=343,3 rog.

ul 280+350+400+320+380+330 2060
i=1

i
N 6

3amaya 1.5. 3a cmocTepexyBaHMi MEpioJl eKCIUTyaTalii B amaparypi Oyso
3adikcoBaHo 7 BimMOB. Yac BIAHOBICHHS CKJaB: f; = 12 XB.; t,= 23 xB.; t; = 15 xB.;
t4= 9 xB.; ts = 17 xB.; tg = 28 xB.; t; = 25 xB.; t3 = 31 xB. [loTpiOHO BH3HAYNTH

CepeIHIN Yac BITHOBJICHHA anaparypu 7T,.

PospaxyHok
T =lzt-=12+23+15+9+17+28+25+31=16O=2OXB.
v ong 8 8

3amaya 1.6. VY pesynpraTi cnoctepexxeHHs 3a 45 3paskamu

pPagioeNIeKTPOHHOTO YCTaTKyBaHHS, OTPUMaH1 JaHl 0 TEpIIoi BiAMOBH BCIX 45

3pa3KiB, 3BejieH] B Ta0u. 1.1. IloTpiOHO Bu3HauuTH 1)

Tabmums 1.1

At;,ron n; At;, TOI n; At;, ron 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 | 75-80 |
20-25 5 50-55 0 — —
25-30 6 55-60 0 — —

12




PozpaxyHok. B nanomy Bumaaky oO4MCIeHHS 3pyYHO 3BECTH 0 TaOJIHUIIl B
Ky BHOCHMO CEpPEJIMHH 1HTEPBaNIB 4acy f.,; Ta 1X JOOYTOK 3 KUIBKICTIO BUPOOIB,

1[0 BIAMOBMIIH 7; fp ;

Tabmuns 1.2
At;ron n; lep.i N lep.i
0-5 1 2,5 2,5
5-10 5 7,5 37,5
10-15 8 12,5 100
15-20 2 17,5 35
20-25 5 22,5 112,5
25-30 6 27,5 165
30-35 4 32,5 130
35-40 3 37,5 112,5
40-45 0 42,5 0
45-50 1 47,5 47,5
50-55 0 52,5 0
55-60 0 57,5 0
60-65 3 62,5 187,5
65-70 3 67,5 202,5
70-75 3 72,5 217,5
75-80 1 77,5 77,5
Y 1427,5

[IpocymyBaBmm  pe3ynbTaTd, OTPMMaHI B  OCTaHHIA  KOJOHII,
BUKOPHUCTOBYIOUH Gopmyiy (1.6), oTpumaemo

1 & 1427,5
T ~—>»n -t .= >~ =31,7 ropx.
cp N,ZZI: i “cpi 45 A

13




3amxadi 19 CAMOCTIHHOT0 BUPIIIEeHHSA

3amava 1.7. Ha BunpoOyBanHs noctaBiaeHo 100 ogHoTMIHUX BUPOOIB. 3a
4000 rox BimMoBmiio 50 Bupo6iB. 3a iHTepBan yacy 4000 — 4100 roa BiZIMOBHIIO
mie 20 BupoOiB. [lotpi6HO BuzHauutu a(f), AM(¢) mpu ¢t = 4000 rox.

3amava 1.8. Ha BunpoOyBanHs mnoctaBiaeHo 100 ogHOoTHIHUX BUPOOIB. 3a
4000 rox BigmoBuio 50 BupoOiB. [lorpibHo BuzHauutu P(¢) Ta Q(f) ipu ¢ = 4000
rOJI.

3amauva 1.9. IIpotsarom 1000 rox 13 10 ripockormniB BigMOBUJIO 2. 3a iHTEepBal
gacy 1000 — 1100 rox BiamoBuB e oauH ripockor. [loTpioHOo 3HakTu a(f), A(7)
npu ¢ = 1000 rog.

3agaya 1.10. Ha BumnpoOyBanHsa mocrtaBieHo 1000 ogHOTHUITHUX

enexktpuuHux jgamil. 3a nepiri 3000 rox BiamoBuiao 80 jmamm. 3a iHTEpBal 4dacy
3000 — 4000 rox BimmoBwuio 1ie 50 nmami. [lorpibno BuzHauutu P(f) Ta Q(f) npu ¢
= 4000 rosx.

3amava 1.11. Ha BunpoOyBanus noctasieHo 1000 BupoOiB. 3a yac ¢ = 1300

roJi BUMNUIO 3 jJanxy 288 mryk BupoOiB. 3a HacTynHu# iHTepBas yacy 1300-1400
roJi BukIo 3 gaay me 13 Bupo0OiB. HeoOxigno Bupaxysaru P(¢f) npu ¢ = 1300 rox
1¢=1400 rox; a(t), A(¢) mpu t = 1300 rog.

3agaya 1.12. Ha BunpoOyBanHs moctaBiieHo 45 BupoOiB. 3a yac ¢ = 60 rox

BUMIIIO 3 Jaxy 35 mTyK BUpoOIB. 3a HACTymHUN iHTepBal 4dacy 60—65 ron
BUMILIO 3 Jaay e 3 Bupoobu. HeoOxinHo BupaxyBatu P(f) ipu ¢ = 60 rox ta ¢t =
65 rox; a(t), Mt) mpu ¢ = 60 Tog.

3amaya 1.13. V pesynapTaTi CconocTepexeHHs 3a 45 3pa3kamu

PamiOENEeKTPOHHOTO yCTaTKYBaHHA, fAKI Tpodnum mnonepenHe 80-roguHHE
NpUPOOJISTHHS, OTpUMaHI JaHi J0 MepIioi BIAMOBU BCiX 45 3pa3kiB, 3BEACHI Y

tabn. 1.3. HeoOxinHo Bu3HA4UuTH 1)

14



Taomung 1.3

At;, TOII n; At;, TOIT n; At;, ron n;
0-10 19 30-40 3 60-70 1
10-20 13 40-50 0 — —
20-30 8 50-60 1 - -

3amaua 1.14. Ha BumpoOyBaHHS IOCTaBJICHO & OJIHOTUITHUX BHUPOOIB.
OTpuMaHH1 HACTYIHI 3HAYCHHS #; (¢; — yac O€3BIAMOBHOI pOOOTH i-TO BUPOOY): #; =
560 rox; t, = 700 rox; t; =800 roxm; ¢4 = 650 rox; ts = 580 rox; tc = 760 rox; t; =
920 tom; tg = 850 roxm. BusHauMTHM CTAaTHUCTHYHY OIIIHKY CEPEIHBOTO Yacy
0e3B1IMOBHOI p0OOTH BUPOOY.

3amaya 1.15. 3a cnocrepexyBaHu#M Mepioj eKCIUTyaTallii B amapaTypi O0yio

3apeecTpoBaHo 6 BigmMoB. Yac BiTHOBIECHHS cKiaB: {; =15 xB.; t, = 20 xB.; t; = 10
XB.; t4 = 28 xB.; ts = 22 xB.; ty = 30 xB. [loTpiOHO BHW3HAYUTH CepeaHINA HYaC

BIJHOBJICHHSI anaparypu T, .

3ajgava 1.16. Ha BunpoOyBanHs moctaBieHo 1000 BupoOiB. 3a yvac ¢ =

11000 rox Buiinuio 3 nagy 410 Bupo6iB. 3a HacTynmHu# iHTepBast 4acy 11000 —
12000 rox Buiinuio 3 nagy mie 40 Bupo6iB. HeobxigHo Bu3Hauutu P(f) npu ¢t =

11000 rox 1 ¢ = 12000 rox, a Takox a(t), A(¢) mpu ¢ = 11000 rog.

3BiT 3 71a00paTOpHOi padoTHM Ma€ MICTUTH BHUPIIICHHS HACTYIHHUX

000B’s13k0BUX 3axad: 1.6, 1.7, 1.9, 1.10, 1.11.
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IMPAKTUYHA POBOTA Ne 2
AHAJIITUYHE BUSHAYEHHS KVIBKICHUX XAPAKTEPUCTHUK
HAJIMHOCTI BUPOBY

TeopeTnuHi BitoMocTi

dopmyny, 3a SKUMH BU3HAYAIOTHCS KUIbKICHI XapaKTePUCTUKHU HAIHHOCTI

BUPOOY HE3aJIeKHO BiJl 3aKOHY PO3IMOALTY KMOBIPHOCTI BiIMOBH.

P = exp(-[M{e)d) =1 - [ato)s @.1)
(1) =1-P(1); 2.2)

an) =221 -0, (2.3)
AMt)= % ; (2.4)

T, = TP(t)dt . 2.5)

ne P(f) — iMOBipHICTh 0€3BIIMOBHOT poOOTH BUpOOY Ha 1HTepBam 4yacy Bia 0 1o ¢;
O(t) — IMOBIpHICTh BIJIMOBU BUpPOOYy Ha iHTepBasi yacy Bia 0 1o ¢; a(f) — yactoTa
BIJIMOB BHUPOOY a00 I'ycTHMHA IMOBIPHOCTI 4Yacy 0e3BiIMOBHOI po0OOTH BUPOOY T;
M#) — IHTeHCHBHICTH BIAMOB BUpOOy; T,, — cepelHiil 4ac 6e3BIAMOBHOI poboTH
BUPOOY.

@opmymu (2.1) — (2.5) nis eKCMOHEHIIATLHOTO 3aKOHY PO3MOMAUTY 4acy

0e3B1IMOBHOI poOOTH BUPOOY IPUIMYTh BU

P(t)=e™; (2.6)
o =1-e™; 2.7)
a(t)y=h-e™; (2.8)
-\t
Me) = ke_T =\ =const; (2.9)
e

16



®dopMysid OCHOBHUX IOKa3HUKIB HAJIMHOCTI s

pOo3MojIlly yacy 0e3BiIMOBHOT poOOTH BUPOOY MarOTh BU/I

P(t)=0,5-dU),

t—T
e U=—%=;

Gt

0()=05+0),
e
ne OU) = e ?2dU — pynkuig Jlannaca;
W=7 j Py
(=29
Gt

A(E) = o) 1
o(t) 0.5-dU)’

Oynkiis Jlaninaca Mae Taki BIaCTUBOCTI

©(0) = 0; D(=V) = - (V); () = 0,5.

(2.10)

HOPMAJIBHOTI'O 3aKOHY

2.11)

(2.12)

(2.13)

(2.14)

. 2
B nanomy Bunaznky I, — cepeiHe 3HAUCHHS BUNAIKOBOI BEINYHHU T G, —

JTucTiepcis BUMaakoBoi Bennunau 1; T — dac 6e3BiAMOBHOT poOOTH BUPOOY.

®opmyny, 10 BU3HAYAIOTh OCHOBHI MOKA3HUKHU HAIWHOCTI AJIS PO3MOILTY

yacy 0e3BiIMOBHOT poOOTH BUPOOY 1O 3aKoHY BeltOysia MaroTh BU

P(t)= e ;
00 =1~
a(t) = hokt e =h k" P(1);

ME) = Aokt* ™

17

(2.18)
(2.19)

(2.20)

(2.21)



1)
(LAY, 2.22)

ne A, k — mapameTpu 3akoHy po3noainy BeiOymna. I'(x) — rama-dyHKIis.

Jlns 3akoHy posnojaury Penes gwacy 6€3BiIMOBHOI poOOTH BUPOOY OCHOBHI

dbopMyJIM MOKA3HUKIB HAIITHOCTI MatOTh BUJI

2

P(t) = exp(— 2; : ]; (2.23)

tZ
O =1- eXP[— - 2J ; (2.24)

t t*
a(t)= ? : exp[— - J; (2.25)
A =L (2.26)
Gt

T, = ct\/g , (2.27)

Jie G, — MOJla pO3MOILTy BUNIaAKOBOI Benmuuuuu 7T, T — gac 6€3B1iIMOBHOI pobOTH

BUPOOY.

BupimeHHss THIOBHUX 32124 3 BUSHAYECHHS KIJILKICHUX XAPAKTePHUCTHK

HAXIMHOCTI BUPOOY NMPH Pi3HUX 3aKOHAX PO3NOILIY

3amaga 2.1. Yac pobOTH eNeMeHTy [0 BIAMOBH IiAIOPSIKOBAHO
eKCIIOHEHI[aIbHOMY 3aKOHY PO3IOiiy 3 mapamerpoM A=2,5 10 rox . IlotpiGHO
OOYMCIINTH KIJIBKICHI XapaKTePUCTUKU HaAlMHOCTI eneMmeHTy P(1), O(1), a(t), T,
g t = 1000 rogx.

PospaxyHok. BukopuctoByemo popmynu (2.6) — (2.10) qus P(¢), Q(¢), a(?),
T.,.

Po3paxoByeMo iMOBIpHICTH 0€3B1IMOBHOI pOOOTH

P(t) = oM = e—2,5~10_5t‘
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JIJist HaBeACHUX BUX1THUX JAHUX OTPUMAEMO
P(1000) = e—2,5~10*5.1000 0025 —0,9753.
BiamoBigHO iMOBIPHICTh BIIMOBHU
0O(1000) =1 - P(1000) = 0,0247.

OO6uncANMO 4acTOTy BiIMOB
a(t) = ME)P(t) =2,5-107 - 25107
a(1000)=2,5-107 - 25107190 _ 5 439.10 5 rox .

OO6uucanmo cepenHiii yac 0€3B1IAMOBHOI poOOTH

1 1

I, =—=———-=40000 rox.
PN 254107

3amaya 2.2. Yac pobOTH €IeMEeHTy J0 BIAMOBH MiAIMOPSIKOBAHO

HOPMaJbHOMY 3aKOHY 3 mapamerpamu T, = 8000 rog, o, = 2000 rox. IloTpioHO

OOYMCIMNTH KUIBKICHI ~XapaKTepUCTUKH HamihHocti P(f), a(t), Mt) nus
¢t =10000 ron.

Pospaxynok. Ckopuctaemocst popmymamu (2.11) — (2.14) nna P(r), a(¢),

ME).
1. O6uncnumo iIMOBIpHICTH 6e3BiIMOBHOT podoTu P(f) = 0,5 —D(U);
U=(t-T.,)/o; U= (10000 - 8000)/2000 = 1;
d(1) =0,3413;
P(10000)=0,5-0,3413 = 0,1587.

2. Buznaunmo 9acToTy BIIMOB a(t)

0= p{ (t;cyz)}

U2

BBemeMo mo3HaueHHSI O(U) = \/;_ne 250(-U)=0U), Tomi a(t) = o(U)oy

U=(t-Tcp)lo, ;
a(1000) = (1)/2000 = 0,242/2000 = 12,1 10~ rox .

3. Po3paxyeMo IHTEHCHUBHICTH BiIMOB A(%)
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M) = a(t)/P(2);
A(10000) = 12,1 107 /0,1587 = 76,4 10~ rox .
4. Cepenniit yac 6€3B1IMOBHOT pOOOTH €IEMEHTY
T, = 8000 rox.
3amgava 2.3. Yac pobotu BUpOOY A0 BIAMOBH IMIJAMOPSIKOBYETHCS 3aKOHY
posnoauty Penes. TloTpiOHO OOYMCIMTH KUIBKICHI XapaKTEPUCTUKU HAAIHHOCTI
BUpoOy P(1), a(t), Mt), T, mia ¢t = 1000 rox, AKImO mapaMeTp PO3HNOILILY
o,= 1000 rox.

Pospaxynok. Ckopucraemocs popmynamu (2.23) — (2.26) nna P(¢), a(t), Tcp,

AD).

1. O6uncnuMo IMOBIPHICTH O€3BIIMOBHOI poO0TH P(f)

t* 1000° 03
P(t) =exp| — =exp|l ———— |=¢e ~ =0,606.
© p[ 202J p[ 2-100on

t
2. Bu3HaunMo 4actoTy BiMOB a(?)
a(t)=t P(H)lo’;
a(1000) = 1000 0.606/1000*= 0,606 10~ rox .
3. Po3paxyemo IHTEHCHUBHICTH BIIMOB
MO=t/o;
A(1000) = 1000/1000* = 10 rog .

4. Bu3HauuMo cepejiHiil yac 6€3B1iAMOBHOI pOOOTH BUPOOY
T,= Gt\/g =1000-1,253=1253 ron.

3amava 2.4. Yac 6e3BiAIMOBHOI poOOTH BUPOOY MIAMOPAIKOBYETHCS 3aKOHY
Beiibymia 3 mapamerpamu k = 1,5; Ao = 10 rog ', a wac poGoTu BHpOOY ¢ =
100 roa. IToTpiOHO OOYMCIMTH KIUIBKICHI XapaKTEPUCTHUKH HAJIMHOCTI BUPOOY
P(1), a(t), M2), Ty

Pospaxynok. Ckopucraemocst popmynamu (2.18) — (2.22) anga o6uucieHHs

P(1), a(t), M2), Tep.

1. Buznauumo iMoBipHicTh 0e3B1iMOBHOT poboTu P(t) 3a hopmyoro (2.18)
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P(f) = exp(—hotk); P(100) = exp(—-10*-100"") = 0,9048.
2. Buznaunmo 9acToty BigMOB a(t)
a(f)= Aokt P(2);
a(100)=10""-1,5-100"°-0,9048 ~ 1,35-10 rox .
3. BuzHauyuMo 1HTEHCUBHICTb BiIMOB A(%)
ME) = a(?)/P(b);
AM(100) = 1,35-107 /0,9048 ~ 1,510 rox .

4. BusHaunMo cepeHii yac 6e3B11MOBHOI poO0TH BUPOOY T,

T Lt
k \k)_15 \15) 0,666-T(0,666)
cp xol/k - (10—4)1/1,5 - 10—2,666 >

CkopucTtaBmuch BaacTupicTio rama-gyHkiii xI'(x) = I'(x+1), orpumaemo

_ I(1,666)

cp —2,666 °
P 10 s

7., =0,90167/0,00215 = 426 rox.

3amaya 2.5. Y pe3ynbTari aHaji3y JaHUX IPO BiIMOBU amapaTypu 4acToTa
. . . . "y - .
BiJIMOB OTpMMaHa y BUIJISI 3aKOHOMIpHOCTI a(t) = che ™ +c,h,e " . TloTpiGHo
AHAJIITUYHO BU3HAYNTH KIJIBbKICHI XapaKTePUCTHKH HaiiiHOCTI: P(f), M(1), T¢p.

PospaxyHok.1. BuzHauumo iMoBipHiCTh 0€3BiiMOBHOI poboTH. Ha ocHOBI

dbopmynu (2.1) maemo

t t t
P(t)=1-[a(t)dt =1~ { [ee™ dt+ [ehye™dt | =
0 0 0
Ayt

ot

_ t | At gt ]_
—1—[—cle 0 —C€ 0]—1—[—016 +c—ce "+, |=

—1—(cl+cz)+c1e +ce 7.
OO6uncmuMo cyMy KOHCTAaHT (¢; + ¢;). Tak sk IMOBIPHICTH BIIMOBU TIPH

HecKiHueHoMy 4Yaci aopiBHioe 100%, To fa(t)dt =1, Toxi
0
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J‘clkle_k‘tdt + J.czkze_kzldt =c +c, =1.
0 0

A A
Ocrarouno P(t)=ce ™ +c,e .

2. 3HaieMo 3aJeXHICTh IHTEHCUBHOCTI BIIMOB BiJl 4acy

a(t) che M +eh e

P(t) ce ™ +ce?

M) =

3. Busnauumo cepenHiii yac 0e3BiAMOBHOI poboTu amapatypu. Ha ocHoBi

dbopmynu (2.5) Oynemo Matu

T,= _[P(t)dt = cl_[e_k"dt +c, J.e_kztdt I
0 0 0 7\'1 2

3amxaui 19 cCAMOCTIHHOTO0 BUPIIIEHHS.

3amaya 2.6. IMoBipHICTH 0€3BIIMOBHOI pPOOOTH aBTOMATHUYHOI JiHIT

BUTOTOBJICHHS MJIIH/IPIB aBTOMOOMIIBHOTO JIBUTYHA MpoTsroM 120 roa popiBHIOE
0,9. IlepenbavaeThcs, MO CHpaBeUIMBUN E€KCTIOHCHITIATBHUN 3aKOH HAIIHHOCTI.
[ToTpibHO po3paxyBaTu IHTEHCHUBHICTh BIMOB 1 YacTOTy BIJIMOB JIiHII s
MOMEHTY 4acy ¢ = 120 rop, a Takox cepeaHiit yac 6€3BIIMOBHOI POOOTH.

3amada 2.7. Cepenniii 4yac 0€3BIIMOBHOI pOOOTH aBTOMATUYHOI CHCTEMH
kepyBanHs jgopiBHioe 640 rox. Ilepembauaerncs, 1m0  CHpaBeIIMBUN
eKCMOHEHIIIAJIbHUNA 3aKOH HafaiiHOCTI. HeoOXigHO BU3HAYUTH IMOBIPHICTH
0e3B1MOBHOI poOOTH mpoTsiroM 120 roj, yacTOTy BiIMOB JJIi MOMEHTY 4acy ! =
120 rop 1 IHTEHCUBHICTB B1MOB.

3amada 2.8. Yac poboTu BUpOOY MiAMOPSIAKOBAHO HOPMATHHOMY 3aKOHY 3
napamerpamu I, = 8000 rox, o, = 1000 rog. IloTpiOHO OOYMCIUTH KiJIBKICHI
XapaKTepUCTUKU HafiiHocTi P(¢), a(t), M), T, ana t = 8000 rox.

3amaya 2.9. Yac 6e3BiAMOBHOI poOOTH MpUIALy MiAMNOPSAKOBAHO 3aKOHY
Penes 3 mapamerpom o, = 1860 roa. [lotpi6Ho obuucnutu P(t), a(t), Mt) nas t =

1000 rox i cepenniii yac 6€3B1IMOBHOI pOOOTH TIpUIATY.
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3amaga 2.10. Yac cmpaBHOI poOOTH MIBUAKICHUX MIAPUKOIIAIIAITHUKIB

HiIOPSIAKOBAHO 3akoHy BeliOyma 3 mapamerpamu k = 2,6; Ay = 1,65- 107 rom .
[ToTpiOHO OOUMCIUTH KUIBKICHI XapaKTepUCTUKU HaaiiHocTi P(¢), a(t), M) nns ¢

= 150 rox 1 cepenniit vac 0€3BIIMOBHOI POOOTH MIAPUKOTIAITAITHUKIB.

3azmaya 2.11. ImoBipHicTh 0€3BIAMOBHOI pob0oTH BUpoOy mpotsarom ¢ = 1000
rox aopiBaioe P(1000) = 0,95. Yac cnpaBHOT poOOTH TIAMOPSIAKOBAHUNA 3aKOHY
Penes. [1oTpiOHO BU3HAYNTH KUIBKICHI XapaKTEPUCTHKK HaAIMHOCTI a(t), A1), T,.

3amada 2.12. Cepenniii yac cipaBHOi poboTtu BupoOy mopiBaioe 1260 ros.
UYac cnpaBHOi poboTH miamopsakoBaHo 3akoHy Penmes. HeoOximHo 3HaiTH #HOTO
KUTBKICHI XapaKTepUCTUKH HaaiHocT1 P(1), a(t), M¢) nns t = 1000 rog.

3ajmaya 2.13. YV pesynbraTi aHamizy JaHUX MOpO BIAMOBU BHUPOOIB

. A wy :
BCTaHOBJIEHO, 1110 YacTOTa BigMoB Mae Burisn a(f) = 2he™ (1 — e ™). HeobxinHo

3HAWUTU aHATITUYHI BUPA3U JJI KUIbKICHUX XapaKTEepPUCTUK HamiiHocTi P(7), A(?),

T,

cpe

3ajmaya 2.14. VYV pesynbTaTi aHamizy JaHUX MpO BIAMOBU BHUPOOIB

BCTAHOBJICHO, IO IMOBIPHICTH O€3BIIMOBHOI POOOTH BUPAXKAETHCH (HOPMYIIOIO
P(H)=3¢ -3¢ ?'+¢>". TloTpi6HO 3HAIITH AHANITHYHO KiIBKICHI XapaKTepPHCTUKH
HaxiuHocTl P(t), M1), Tep.

3azmaya 2.15. BusHauntu iMOBipHICTh 0€3B1IMOBHOT pOOOTH 1 IHTEHCUBHICTD

BiAMOB nipuiiany npu ¢ = 1300 rox po6oTH, SKIIO MPpU BUIPOOYBAHHAX OTPUMAHO
3HAYECHHS CEepeHbOro uacy Oe3BiaiMOBHOI pobotn I, = 1500 roxm 1 cepenHe

KBagpaTuyHe BiaxwieHds 6= 100 rog.

3BiT 3 71a00paTOpHOi padoTHM Ma€ MICTUTH BHUPIIICHHS HACTYIHHUX

000B’s13K0BHX 3axau: 2.6, 2.7, 2.8, 2.10, 2.14.
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ITPAKTUYHA POBOTA Ne3
PO3PAXYHOK HAJIMHOCTI CUCTEMM 3 ITOCJIIJJOBHUM
3’€EAHAHHAM EJIEMEHTIB

TeopeTnuHi BitoMocTi

3’eHaHHS €JIEMEHTIB HA3UBAE€THCS IOCIIIOBHHUM, SKIIO BiJMOBa xo4a O
OJIHOTO €JIEMEHTY MPHU3BOJUTH NI0 BiAMOBH Bciel cuctemu. Cuctema MOCIiIOBHO
3’€IHAHUX €JIEMEHTIB Ipale3aTHa TO/A1, KOJH Mpare31aTHi BCl ii eJIeMEHTH.

ImoBipHiCTh 0€3BIIMOBHOI pPOOOTH CHCTEMHM 3a 4Yac ! BH3HAYAETHCA

dbopmyoro
P.(t) = Py(¢) Py(1)...P.(¢t) = ﬁB(z‘), 3.1
i=1

ne P«(t) — iIMOBIpHICTh O€3BIIMOBHOI pOOOTH i-I'0 €JIEMEHTY 3a Yac ¢

Axmo Py(t) = P(t), To

P.(t)=P"(2). (3.2)
Bupazumo P (f) yepe3 IHTEHCUBHICTb BIIMOB A(f) €IEMEHTIB CUCTEMH.
P =exp(-3" [, () (3.3)
i=1 0
a0o
P(1) = exp(- . (e)dr). (3.4)
0
ne
A1) = i?xi(t). (3.5)

Tyt A(f) — IHTEHCHBHICTH BIIMOB i-TO €JEMEHTY; A.(f) — IHTCHCUBHICTb
BIZIMOB CUCTEMHU.

IMoBipHICTB BiIMOBU cucTeMU Ha iHTepBaii yacy (0, ) JOpiBHIOE

0.0=1-T . (3.6)
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YacToTa BiIMOB CHCTEMH d.(f) BU3HAYAETHCS CITIBBITHOIICHHIM

a,(t)= —@. (3.7)
dt
[HTEeHCUBHICTH BIZIMOB CHCTEMU
2 (6 =20 (3.8)
F.(1)
Cepenniit yac 6€3BiIMOBHOI pOOOTH CUCTEMH:
T, =[P.(t)dt. (3.9)
0

VY BUManKy eKCIOHEHIIadTbHOTO 3aKOHY HAJIHHOCTI BCIX €JIEMEHTIB CHCTEMH

MaeEMO
A.(t) =M\, =const. (3.10)
A= 0 =N (3.11)
i=1

F(#) =exp(—Ai); (3.12)
P(t)=e; (3.13)
0, (=1-e"; (3.14)
a(t)=Xhe; (3.15)
Tcp=%= nl ; (3.16)

c Z}\'l

i=1
_

cp.i_x’ (317)

ne T,,;— cepenHiii yac 6e3B1IMOBHOI POOOTH i-I'0 €JIEMEHTY.

[Ipu po3paxyHKy HaIIHHOCTI CHCTEM YacTO JOBOAMTHCS NEPEMHOXKYBATU
IMOBIPHICTH 0€3BIIMOBHOI pOOOTH OKPEMHUX E€JIEMEHTIB PO3PAXYHKY, MITHOCUTH iX
70 cTemeHs 1 po3paxoByBatu apupmeruyHi kopeni. [lpu 3Hauenusax P(f),
ONMU3bKUX JO OJIWHUII, 11 OOYUCICHHS MOXKHAa 3 JIOCTaTHBOIO MAJI MPAKTHKU

TOYHICTIO BUKOHYBATH 110 HACTYITHUM HAOIMKEHUM (popMyiam:
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R (2).. P(l‘)~1—ZQ(t)
P'(t)=1-n0, (f) (3.18)
YE@) =1-0,()/n

ne Q (t) — IMOBIPHICTb BIIMOBH i-TO €JIEMEHTA.

BupimeHHss THIOOBHX 3a1a4 3 BU3HAYECHHS NMOKAZHUKIB HATIWHOCTI

CHCTEM, AKI CKJIATAI0TLCH 3 MOCJTIIOBHO 3’ €THAHUX €JIEMEHTIB.

3amaua 3.1. Cucrema CKJIQJa€ThCAd 3 TPhOX MPUCTPOIB. |HTEHCUBHICTH
BIJIMOB  TIEPIIOTO  €JIEKTPOHHOIO  MPHUCTPOI0  TOCTIMHA 1  JIOPIBHIOE
. _3 -1 . . . .
A1 = 0,16-10" rog . IHTEeHCHBHOCTI BiAMOB JBOX IHIIMX EJIEKTPOMEXaHIYHHX
MIPUCTPOIB JIIHIMHO 3aJIe’KaTh BiJ] 4acy 1 BUBHAYAIOTHCS HACTYITHUMH (HOpMyJIaMu
4 -1
M =0,23-10"trox ,
~6,2,6 -1
=0,06-10"t"" rom .
HeoOximHo oO4yucauTh 1MOBIpHICTH O€3BIAMOBHOI poOOTH  BUPOOY

npotarom 100 rop.

Pospaxynok. Ilo dopmym (3.3) BuU3HaAyaeMO IMOBIpPHICTh O€3B1AMOBHOI

poOOTH cCUCTEMH

F.(t)= exp(—Zn:j.K,-(t)dt) = exp{ ﬁkldt + j.kzdt + j}%dt}} =
0 0

i=l o 0

—exp| | Az +0,23- 1047 10,0610 .||
2 36

Jns ¢ = 100 rog orpumaemo

2 3,6
P.(100) = exp{(0,16-103 -100+0,23-10“‘%+0,06-10—6 100 ﬂ ~ 0,33

b

3amaya 3.2. CucremMa cKIafga€eTbCsa 3 TPhOX OJIOKIB, CEpeAHid dYac

0e3B1IMOBHOI poOoTH AkuX nopiBHIOE: 1., = 160 rom; T, = 320 rom; Ti,; =

26



600 rton. Jlms ONOKIB cHpaBemWBHIA EKCIOHEHIIATLHUNA 3aKOH HaIIAHOCTI.
[ToTpiGHO BU3HAUMTHU cepeiHii yac 0e3BIAMOBHOI pOOOTH CUCTEMHU.

Pospaxynok. Ckopuctasmuchk popmyioro (3.17) orpumaemo

cp?
IIe A, — IHTEHCUBHICTb B1JIMOB I-TO OJI0Ka.

Ha ocHoBi ¢popmynu (3.11) maemo

1 1 1
+—+
160 320 600

A=A+ A, + Ay = ~0,011 rox .

JIe A, — IHTEHCHUBHICTD BI]MOB CUCTEMHU.

Ha ocnoBi ¢popmynu (3.16) orpumaemo:

1 1
T =—= ~91 ron.
P A, 0,011

3amaya 3.3. Cucrema ckiagaerscsi 3 12600 enemeHTiB, cepenHs

IHTEHCHBHICTb BIIMOB SKUX A, = 0,32 10° rox . [ToTpi6HO Bu3HauuTU P(1),
Oc(1), a(t), Tep, nast t = 50 rox.
PospaxyHok. [HTeHCHBHICTB BiIMOB cuctemu 3a dhopmyroro (3.11) Oyne
Ae=Aep = 0,32 107° 12600 = 4,032 10~ rox .
3 Bupasy (3.13) maemo iMOBIpHICTh O€3BIAMOBHOT pOOOTH
P.(t) = exp(—A.t) = exp(—4,032 0,001 50) = 0,82.
Toni iMOBIpHICTB BITIMOBHU
0(50)=1-P.(50) = 0,18.
YacrtoTa BigMos 3riguo 3 (3.14)
a(O)=hee™"=NP(D);
a(50)=4,032 107 0,82 = 3,28 10° rox .
Cepenniii yac 6€3B1AIMOBHOI pOOOTH

T.,= 1/\.= 1/4,032 10~ 250 ron.
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3amaya 3.4. Cucrema CKJIaJaeTbCs 3 JABOX MpwianiB. IMoBIpHOCTI

0€3B1IMOBHOI pOOOTH KOXXHOTO 3 HHUX MNpoTsaroM yacy ¢ = 100 rox mOpiBHIOE:
P(100) =0,95; P,(100)=0,97. Jlns cucTeMu BUKOHYETHCS EKCIMOHEHIIATbHUN
3akOoH HajiiHOCTI. HeoOxigHO 3HailTHM cepenHii yac 0€3BIAMOBHOI pPOOOTH
CUCTEMH.

PospaxyHok. 3Hal1eMo IMOBIpHICTh 0€3BIIMOBHOT POOOTH MPHUCTPOIO:

P.(100) = P;(100)- P»(100) = 0,95-0,97 = 0,92.

3HaiiIeMO 1HTEHCUBHICTh YMOB BHPOOY, CKOPUCTABIIUCH 3aJEXKHICTIO (2.6)
JUISL €KCTIOHEHL1aJIbHOTO 3aKOHY PO3MOALTy. MaeMo piBHSIHHS
P,(100) = 0,92 = ¢ 1%,
3 piBHSIHHS HaXOAHUMO
.=—In(P.)/t = —1n(0,92)/100 ~ 0,083 10 rox .
Toni cepenniit vac 6€3B1AMOBHOT POOOTH CUCTEMU

T.,= 1/\.=1/(0,83 107) = 1200 ro.

3azmaya 3.5. IMOBipHICTh 0€3BIIMOBHOI pOOOTH OJAHOTO €JIEMEHTY HMPOTATOM
yacy ¢ nopiBHioe P(f) = 0,9997. [loTpiOHO BM3HAYUTH IMOBIPHICTH 0€3BIIMOBHOI
poboTu cucteMu, o ckiranaeTbes 3 7 = 100 TakuxX camMux €JIEMEHTIB.

Pospaxynok. IMoBipHicTE 6€3BiIMOBHOI POOOTH cHCTeMH JOpiBHIOE P (1)=
P(1)=(0,9997)"".

ImoBipHicTh P.(f) Onuszpka A0 OJMHHULI, TOMY I ii PO3PaxyHKY
ckopucTtaemocs HabmmkeHot Gopmyoro (3.18). B namomy Bumaaky

o) =1-P()=1-0,9997 = 0,0003.
Tomi
P(f)=1-nQ(t)=1-100 0,0003 = 0,97.

3amaya.3.6. IMOBIpHICTH 0€3BIIMOBHOI POOOTH CHUCTEMH MPOTATOM dHacy f
nopiBHIo€e P.(t) = 0,95. Cuctema cknangaetses 3 n= 120 piBHOHAJIHHUX €JIEMEHTIB.

Heo06ximHO 3HaiTH IMOBIPHICTH 0€3BIIMOBHOT POOOTH OJTHOTO EJIEMEHTY.
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PozpaxyHok. OueBuIHO, 110 IMOBIPHICTH 0€3BIAMOBHOI POOOTH €IEMEHTY

Gyne P(0)=4/P.(0).

Tak sixk P(¢) 61u3bka 10 OAMHUII, TO PO3paxyHKU P(f) 3py4yHO BUKOHYBAaTH
o HaOmmkeH1 gopmyii (3.18).
B Hamomy BUnaaxy
O(t)=1-P(t)=1-0,95=10,05.
Tomi

0,05

~ 0,9996.
120

P3P0 ~1-2
n

3amaya 3.7. Cucrema ckiagaetecsi 3 12600 enemeHTiB, cepenHs

IHTEHCHBHICTh BIAMOB SKHUX A, = 0,32 10° rom . [ToTpiOHO BU3HAYUTH
IMOBIPHICTH 0€3BIAMOBHOI poOOTH MPOTATrOoM 4acy ¢ = 50 ro.
PospaxyHok. [HTeHCHBHICTB BiiMOB cuctemu o popmyii (3.11) Oyzae
Ae=hept = 0,32 107° 12600 = 4,032 10 rox .
Tomi Ha ocHOBI 3anexxHOCTI (3.13)

P(50) = ¢ +032000150 () g5

3amaui 19 cAMOCTIHHOTO0 BUPIIIEHHS.

3agaya 3.8. Amapartypa 3B’s3Ky ckiamaerbcs 3 2000 enemeHTIB, cepemaHs
IHTEHCHUBHICTh BIZIMOB SKHUX A, = 0,33 10° rom . [ToTpibHO BU3HAUWUTH
IMOBIpHICTh 0€3BIIMOBHOI poOOTH amapatrypu npotsaroM ¢ = 200 rox 1 cepeaHii
yac 0€3B1IMOBHOI po0OOTH arnaparypu.

3amaga 3.9. HesimHoBHa B mporeci poOOTH €JIeKTPOHHA MalldHa
ckianaerbest 3 200000 enemMeHTIB, cepelHs IHTEHCHUBHICTh BIJIMOB SIKUX
L=0,210° rox'. TIlorpi6HO BM3HAYMTH iMOBipHiCTH G6e€3BiIMOBHOI pPOGOTH
CJICKTPOHHOI MAIlIMHU TPOTATOM ¢ = 24 T0J 1 cepeHii yac 0e3BiIMOBHOT pOOOTH

CJ'ICKTpOHHOT MalllnHH.
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3amada 3.10. Cucrema kepyBaHHs ckiamaeThes 3 6000 enemMeHTiB, cepenHs

. . . 6 —1
IHTEHCHBHICTb BIIMOB SKHX Agp; = 0,16 107 rogm .

[ToTpiOHO BHU3HAYUTH
IMOBIpPHICTh 0€3BiIMOBHOT po0OoTH mpotsirom ¢=50r0a 1 cepenHid yac
0e3B1IMOBHOI pOOOTH.

3amaya 3.11. Ilpunax cknamaerscs 3 n = 5 BysmiB. HaniiiHicTe By3miB

XapaKTepU3YEThCSI IMOBIPHICTIO 0€3BIIMOBHOI POOOTH MPOTIroM dacy f, sKa
nopiBHIoe: Pi(f) = 0,98; P,(¢) = 0,99; P5(t) = 0,998; P4(t) = 0,975; Ps(t) = 0,985.
Heo0xigH0 BU3HAYUTH IMOBIPHICTH 0€3B1IIMOBHOI pOOOTH MpHUIALYy.

3amaya 3.12. Cucrema CKJIaJaeTbCs 3 M'ATH TPUIAAIB, CEpeAHIN yac

0e3B1IMOBHOI poOOTH AKMX piBHHN: T, = 83 rox; T, =220 rox; 7,,3= 280 rox;
T.,4=400 rog; T.,s= 700 rox. s npunaais cupaBelIuBUil eKCIIOHEHIIaIbHUM
3akoH HaaidHocTl. [loTpiOHO 3HAWTH cepeaHiit uyac 0e3BIIMOBHOI pPOOOTH
CHCTCMH.

3amaya 3.13. Ilpuman ckmamaerscsi 3 m'atu  O5oKiB. IMOBipHICTB

0€3B1IMOBHOI pOOOTH KOXXHOTO OJIOKY TpoTAroM dHacy ¢ = 50 roj JOpIBHIOE:
P1(50) = 0,98; P»(50) = 0,99; P5(50) = 0,998; P4(50) = 0,975; P5(50) = 0,985.
CripaBeyIBUI €KCIIOHEHIIAIBHUHN 3aK0H HaIHHOCTI. [loTpiOHO 3HailTH cepenHiit

yac 06€3B1IMOBHOI poOOTH TIpUIAIy.

3BiT 3 Ja00paTopHOi padoTHM Ma€ MICTUTH BHUPINIEHHS HACTYITHUX

o0oB’sa3k0oBUX 3ana4: 3.8, 3.10, 3.11, 3.12, 3.13.
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ITPAKTHUYHA POBOTA Ne4
PO3PAXYHOK HAIIHHOCTI CUCTEMM 3 IOCTIMHUM
PE3EPBYBAHHAM (ITAPAJIEJIBHE 3’°€/ITHAHHSA EJIEMEHTIB)

TeopeTnuHi BitoMocTi

[Ipu mocTifiHOMY pe3epByBaHHI pe3€pBHI €JIEMEHTH 3’ € JHAaHHI apajeIbHO 3
OCHOBHUM (pOOOUYMM) €JIEMEHTOM MPOTATOM BChOTO NEpioay poOoTH cucteMu. Bei
€JIEMEHTH CIOJy4YeHl TMOCTiHHO, mepeOynoBa CXeMU TpU BiAMOBaxX He

BiJI0YBAETHCS, €IIEMEHT, 10 BIIMOBUB, HE BIIKIIOYAaeThes (puc.4.1.).

c ) o

m

Puc. 4.1. Pe3epByBanHS 3 MOCTII{HO BKIIOUEHUM PE3EPBOM

ImoBipHicTh BinMoBH cuctemMu Q.(f) BU3HAYAETHCS (POPMYIIOIO
0.0=]10,, (4.1)
=0

ne Q /(t) — IMOBIPHICTb BIIMOBH j-TO €JIEMEHTY; /1 — KPATHICTh PE3€pPBYBaHs.

IMoBipHICTh 6€3BIIMOBHOT POOOTH CUCTEMU
P =1-T][-P0)]. 4.2)
=0

ne P(t) — IMOBIpHICTb 6€3B1IMOBHOI pOOOTH j-TO €JIEMEHTY.

Sxkmo enemenTu piBHOHanIH1 P(f) = P(?), (j =0, 1, ..., m), TO

0.(t)=0""(v);

P(t)=1-[1-P@®)]"". &)

[Ipu excrioHeHIIiaTbHOMY 3aKOH1 HAaJIIMHOCTI OKPEMHX €JIEMEHTIB MaEMO
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P(1)=P(t)=e™;
QC (t) — (1 i e—kt)m+1;

P@)=1-(1-e™)""; (4.4)
1

PONS I+
Pe3epByBaHHS Ha3UBA€THCA 3arajibHUM, SIKIIO PE3EPBYETHCS BCSI CUCTEMA,
IO CKJIAJAEThCSA 3 TOCIHIJIOBHOTO 3'€THAHHS 7 eneMeHTiB. Cxema 3arajbHOTO
pe3epByBaHHS ToKa3aHa Ha puc.4.2. OCHOBHUM JIAHIIOT MICTUTh 7 E€JIEMEHTIB.
Uucno pe3epBHUX JIAHLIOTIB JIOPIBHIOE 71, TAKUM YMHOM KPATHICTh PE3€pPBYBAHHS

JIOPIBHIOE M.

'._.] 10 '._):II '-)nll
'-Jl 1 32] jnl
:’1 m :)Em 3nl'l'l

Puc. 4.2. 3aransHe pe3epByBaHHS

Bu3zHaunMo KigbKICHI XapaKTEPUCTUKHU HAIIHHOCTI CHCTEMH 13 3arajlbHUM
pe3epBYBaHHSIM (PE3EPBHI JAHITIOTH BKIFOUEHI TOCTINHO). 3aMuimneMo iMOBIPHICTh

0e3B1IMOBHOI pOOOTH j—i JTaHKHU
P()=]]P(1);j=0.1,..,m, (4.5)
j=1

ne Py?), (=0,1,2,..m); (i=1,2,3,..,n) — IMOBIpHICTb 0€3BIAMOBHOI poOOTH
€JIEMEHTY O;.

IMOBIipHICTB BIIMOBH j — i JJTAHKHU
0.(=1-T]15®. (4.6)
i=1

IMOBipHICTH B1IMOBU CUCTEMH 3 3aTaJIbHUM PE3EPBYBAHHIM
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0.(1) =H{1—H1’ij(t)}. 4.7)
j=0 =1
IMOBIpHICTH O€3BIIMOBHOT pOOOTH CUCTEMHU 3 3arAJIbHUM PE3ePBYBAHHIM
Pc(t)zl—H{l—HPﬁ(t)] (4.8)
=0 =1

Oxpemuil BUMNAJAOK: OCHOBHHI 1 pe3epBHI JAHLIOTH MAalOTh OJIHAKOBY

HaJ1iHICTB, TOOTO Py(f)=P(t), ToAa1

. m+1
Qc(f){l—nl’i(f)} ; (4.9)

. m+1
Pc(t):l—{l—Hpi(t)} . (4.10)

JIJIsi  eKCIOHEHIIAIbHOTO 3aKoHy HaaiitHocTi dopmynu  (4.9), (4.10)

MPUNMYTb BUTJISI]

0.()= [1 —e rﬂ ; (4.13)
P =1-fi-e ", (4.14)
Jie IHTEHCUBHICTD BIIMOB JIAHI[IOTA, IO CKJIAJA€THCS 3 /1 €JIEMEHTIB
Ao :Zn:kl.. (4.15)
i=1
YacroTa BiIMOB CUCTEMHU 3 3arajIbHAM PE3EPBYBAaHHIM
a.(1) =—?=xo (m+1)e™ (1= )" (4.16)

IHTEHCUBHICTH BiI[MOB CUCTCMHU 3 3araJibHUM PC3CPBYBAHHAM

ot (1 ot
A () = a,(t) :ko(m+1)e (1 +e1 )n (4.17)
P,(1) I=(1—e?)"
Cepenniii yac 6€3B1IMOBHOI pOOOTH pe3epBOBAHOI CHCTEMU
Z o1

T, =T,) —, 4.18
p =T (4.18)

ne To=1/Ay, — cepeaniii yac 6€3B1IMOBHOI pOOOTH HEPE3EPBOBAHOI CUCTEMH.
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BupilneHHss THHOOBHX 3aJ1a4 3 PO3PAXVHKY HATIMHOCTI CHCTEM 3

NMOCTIMHHUM pe3epPBYBAHHSIM.

3anaya 4.1. Cuctema ckiagaetbest 3 10 piBHOHAIIHHUX €IEMEHTIB, CEpeIHIN
gac Oe3BimMOBHOI pobOotm enemenry I,;=1000 rox. Ilepenbavaerses, 1o
CIpaBeUTMBUN EKCIIOHEHINIAIbHUA 3aKOH HAIIAHOCTI IS €JIEMEHTIB CHCTEMH 1
OCHOBHa 1 pe3epBHAa CHUCTeMH piBHOHamiiHI. HeoOXimHO 3HAWTH cepeaHiid yac
0e3B1IMOBHOI po0OTH cHcTeMH T, @ TAKOK YACTOTY BIIAMOB d(f) 1 IHTEHCUBHICTh
B1IMOB A.(f) y MOMEHT 4acy ¢ = 50 roj; B HACTYITHUX BUIIAJIKaX:

a) Hepe3epBOBaHa CUCTEMA,

0) n1y6iboBaHa cCUCTEMa MPHU MOCTIMHO BKIFOUYEHOMY PE3€pBi.

PospaxyHok. BusHaummMo TOKa3HWKM  HAAIMHOCTI  CHOYATKYy  JUIS

HEPE3EPBOBAHOI CUCTEMU

a) IHTEHCHUBHICTH BiIMOB CHCTEMU
n
A= 27% J
i=1

Je A; — IHTEHCHUBHICTh BIJIMOB i-ro ejeMeHTy; n = 10 — KUIbKICTh IOCIIIOBHO
BKJIIOUCHUX CJICMCHTIB.
A= 1/T,,;=1/1000 = 0,001 rox ';
Ae=Ain=0,001 10 =0,01 rox .
Cepenniii yac 6€3B1IMOBHOI pOOOTH HEPE3EPBOBAHOI CUCTEMU
T = 1/A.= 100 rog.
YacroTa BiZIMOB
a(t) = A(f) Po(£) = 0,01 ™"~ 6 10~ rox .
6) [ns nybnpoBaHOI CHCTEMHU KpaTHICTH pe3epByBaHHS m=1. IMOBIpHICTh

0€3B1IMOBHOI p0OOTH pe3epBOBaHOI cucTeMH 3riaHO (4.14)

P =1-(1—e? )",

e Ao =k, =0,01 rox '. Tomi

C

P =1-(1—e7f =2e — ¢
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YacroTa BiIMOB pe3epBOBAHOI CUCTEMU

=20 Ly 0 ()

Hns t =50 ron
a(50)~ 4.8 10° rox .
[HTEHCUBHICTH BIAMOB

a,(6) _ 2(1-e™)

Hnst=50roxn
A(50) = 5,7 10” rox .
Cepenniit yac 6€3B1IMOBHOI pOOOTH pe3epBOBAHOI CHCTEMU

e
Cp_—

e S

11
T =— [14=|=150 rox.
» 0,01( 2) 8

3amaua 4.2. Y cuctemi TeleKepyBaHHS 3aCTOCOBAHO AYOIIOBAHHS KaHATy

KepyBaHHS. IHTGHCHBHICTH BiZMOB KaHamy A =107 Tox .

PospaxyBatu
IMOBIpHICTh 0€3B1IMOBHOI poboTH cucrtemu P.(f) mpu ¢ = 10 roxa, cepeaniii yac
0e3BIAMOBHOI po0OTH 7T, YacTOTy BIJMOB d(f), IHTEHCHBHICTb BIAMOB A(f)
CUCTEMH.

Pospaxynok. ¥ manomy Bunaaky n = 1; A;=Ag=A = 102 rox'; m = 1. Tlo
dbopmyi (4.14) maemo

P()=1-(1-e™y=1-(1-e")=
=1-(1-0,9048)* ~ 0,99.

Buznaunmo T,. 3 dopmynu (4.4) maemo

1
TC:l L:L(l+lj:150r0n.
PoAm 4+ 0,01 2

Busnaunmo gactoty BiAMOB a(f). OTpumMaemo
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=2 (1-e™)=1,77 10" rox "

a. (t) = dlz:,t(t)

BusHaunMo 1HTEHCHBHICTH BiIMOB A(?). MaeMo

ko (t)= o) _2eri-en) i) =1,74 10" rox ",

P(t) e (2 - e_M) 2-eM

c

3anaua 4.3. HepezepBoBaHa cucTteMa KepyBaHHs ckiajaerbest 3 n = 5000
eneMeHTiB. JlJig MiABUIICHHS HAAIMHOCTI CHUCTEMH MependavyaeThCcsi MPOBECTH
3aranbHe AyOmroBaHHS eneMmeHTiB. [1lo60 mnpubIM3HO OLIHUTH MOXKIUBICTD
JOCSTHEHHS 3a7aHO01 IMOBIpHOCTI 6€3BiIMOBHOI poboTu cuctemu P.(f) = 0,9 tipu ¢
=10 rom, HEOOXITHO pO3paxyBaTH CEPEIHIO IHTCHCHBHICTH BIIMOB OJHOTO
eJIEeMEHTA MPU MPUIYIIECHH] BIACYTHOCTI MICISAAIT BIIMOB.

PozpaxyHok. IMOBipHiCTh 6€3BIIMOBHOI POOOTH CHUCTEMH HpPH 3arajibHOMY
nyOroBaHHI 1 pIBHOHAIMHUX eIEMEHTaxX Moxke OyTH 3HaiiieHa o popmysi

P()=1-(1-e™,
a0o
P()=1-[1-P'®)],
Ile P(f) = ¢ ™ — iMOBipHiCTB 6e3BiIMOBHOT POGOTH OHOTO EIEMEHTY.

Tak sx micns pe3epByBaHHS CHCTEMa TIOBHHHA MaTH IMOBIPHICTh
6e3BigMoBHOI poOoTH HEe MeHIe (0,9, To MaeMO HEPIBHICTD

1-[1-P'(H)]*=0.9,

TaKMM YHHOM, BUPIIIYIOYH OTPUMAEMO
P()=(1-+1=09)".

Po3knaBumm (1 —\/0.1)/’1 IO CTETEHIO 1/n y psii 1 HEXTYIOUW WICHAMU Py

HOPSAAKY MAJIOCTi BUIIE IPYroro, OTPUMAEMO
(1=o.1 )™ ~1 —ﬁq/o, =1-6,32:107.

BpaxoByrouwu, 1o Jiuisi MaJluX 3HAYCHb A
P(t)=exp(—\t) = 1 — A,
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OTPUMAEMO
1-nm>1-6,3210",
abo

L <(6,32107°)/t=(6,32 10°)/10 = 6,32 10 °rox .

3amxaui 19 CAMOCTIHHOTO PO3PAXYHKY.

3anava 4.4. EnexkTponupuBi cKiiagaeTbes 3 Tphox Omnokis: T4, Al 1 TP.
[HTEHCUBHOCTI BIIMOB IUX OJIOKIB BIATIOBIAHO TOPIBHIOIOTh: A= 4- 107 roz[_l; A=
2,5-10% rog'; A; = 3-10" roxg'. IlotpiGHO poO3paxyBaTH iMOBIpHIiCTH
0e3B1IMOBHOI pOOOTH eNeKTponpuBoja mpotarom yacy ¢ = 100 rom s
HACTYITHUX BHIAJKIB: a) pe3epB BIACYTHIH; O) € 3arajnbHe JyOJIFOBaHHS
€JICKTPOIPUBO/IA B LIIJIOMY.

3amaua 4.5. Jlns 300paxeHoi Ha puc. 4.3. JOTIYHOI CXEMU CHCTEMU

BusHauutu P(f), T, act), A(f). PezepB BKIIOUEHHUH TMOCTIIHO, BiIMOBHU

HE3aJIE)KHI.

A A A A

Puc. 4.3. Cxema pe3epBoBaHO1 cucTeMHu 10 3aaa4i 4.5

3azmaya 4.6. Y cucteMi KepyBaHHS, 10 CKIJIAJAETHCSA 3 TPHOX PIBHOHAMIMHUX
KackaaiB (n =3) 3acTOCOBaHO 3arajbHE TMOCTIHE MyOIIOBaHHS BCI€I CHCTEMHU.
[uTeHcHBHICTH BinMoB Kackaxy A=5 10" rox '. Busnauntu P(?), T, s Ac(t), Ae(2)
CUCTEMHU KepyBaHHS 3 TyOJIIOBAHHSIM.

3amaua 4.7. Jns 300paxeHoi Ha puc. 4.4. JIOrI4HOT CXEMU CHCTEMU
BU3HAYUTH 1HTCHCUBHICTh BIAMOB A (f). Pe3epB HaBaHTaxxeHUW, BIIMOBHU

HE3aJIC)KHI.
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A A A A

Puc. 4.4. Cxema pe3epBOBaHOi CUCTEMH 110 3adaui 4.7

3azmaya 4.8. ABTOMaTHU30BaHUMN €IEKTPONPUBIJI CKIAAETHCS 3 TPhOX OJIOKIB
I, II, III. IaTeHCMBHOCTI BIAMOB ITUX TPbOX OJIOKIB BIJAMOBIAHO PIBHI: Ay, Ay, Ajz.
[ToTpiOHO BHU3HAYMTH IMOBIPHICTH O€3BIAMOBHOI poOoTH cuctemu P.(f) mns
HACTYMMHUX BHWITAJIKIB: a) pe3epB BIACYTHIH; ©O) MaeThcs IyOItOBaHHS
eJIEKTPOTIPUBO/JIA B LILJIOMY.

3amada 4.9. Cxema po3paxyHKy HaAIMHOCTI BUpOOY Mmoka3aHa Ha puc. 4.5.
[lepenbavaeThes, MO CHpaBeUIMBUN EKCIIOHCHINIAIBHUN 3aKOH HAIIWHOCTI IS
eJIEMEHTIB BUpPOOYy. [HTEHCHMBHOCTI BIAMOB €JIEMEHTIB MalOTh 3HAYCHHS:
M=0310" rtox'; A=0,710" rom . [ToTpiOHO 3HAWTH 1MOBIPHICTH
6e3BiIMOBHOI poboTu P.(f) BupoOy mpotarom uacy ¢t = 100 rom, cepemHiii 4ac
0e3B1IMOBHOI po00TH BUPOOY T, YACTOTY BIAMOB a(f) 1 IHTEHCHBHICTb B1IIMOB

A(t) y momenT yacy ¢ = 100 rog.

Ai hoa

— }"l J"u:

Puc. 4.5. Cxema pezepBoBaHoi cuctemu 10 3anadqi 4.9

3amauya 4.10. VYV xanHami 3B's3Ky IUGPOBOI CUCTEMU KEpPyBaHHS, IO

CKIIQJIA€EThCS 3 TMpUKMada 1 TepejaBaya, 3aCTOCOBAHO 3arajibHe IyOJIFOBAHHS.
. o . . . _ _3 -1
[lepenaBau 1 mnpuiiMad MarwTh I1HTEHCHMBHOCTI BigAMOB A,=2-10" rom ,

Anp = 1-107 rox ', BimmoBixHo. Cxema KaHany 300paxeHa Ha puc. 4.6. [IoTpi6HO
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BU3HAYUTH IMOBIPHICTh 0€3BiIMOBHOI poboTH KaHamy P.(f), cepemHiii uac

0e3B1IMOBHOI p00OTH 1(,, YACTOTY BIIAMOB (), IHTEHCUBHICTb BIAMOB A(?).

Ay Aup

Ay Aup

Puc. 4.6. Cxema pe3epBoBaHOi cucteMu 110 3aaa4i 4.10

3agaya 4.11. Cxema po3paxyHKy HaJiHHOCTI BUpOOy MokazaHa Ha puc. 4.7.
[lepenbauaeTbesi, M0 COpaBEIJIUBHI €KCIIOHEHIIAJIBHUN 3aKOH HAIIAHOCTI s
enemMeHTiB BUpoOy. [loTpiOHO BHU3HAYMTU 1HTEHCUBHICTH BIIMOB BHUPOOY, SIKIIIO

IHTE€HCUBHOCTI BIZIMOB €JIEMEHTIB MAIOTh 3HAUYEHHS A, A,.

A

-‘ll.-[

&

&

Il

&

A

Puc. 4.7. Cxema pe3epBoBaHOi cucTeMH J10 3aaa4i 4.11

3anaua 4.12. HepesepBoBaHa cucteMa KepyBaHHs ckianaerbes 3 n = 4000
eleMeHTiB. Bigoma HeoOXigHa 1MOBIPHICTh O€3BIIMOBHOI pPOOOTH CHCTEMU
P.()=0,9 npu ¢=100roa. HeoOximHO po3paxyBaTu AOMYCTHUMY CEPEIHIO
IHTEHCUBHICTh BIJIMOB OJHOTO €JIEMEHTY, BBAYKAIOUM €JIEMEHTU PIBHOHAIIMHUMU,
I TOoro, 100 mNpuUOJWU3HO OIIHUTU JOCATHEHHS 3aJlaHOi  1MOBIPHOCTI
0€3BIIMOBHOI POOOTH 3a BIJICYTHOCTI MPO(UIAKTUYHHMX OIJISIIIB B HACTYITHUX
BUMAJKaX: a) pe3epByBaHHs BIJICYTHE; 0) 3aCTOCOBAHO 3arajbHe JyOJIFOBaHHS.

3amaua 4.13. Ilpuctpiii 0OpoOKHM CKIAAAETHCA 3 TPHOX OJIHAKOBHX OJIOKIB.
IMoBIpHICTBH O€3B1AMOBHOI POOOTH PUCTPOIO Py(?;) mpotsarom vacy (0, #;) mOBUHHA
oytu He meHma 0,9. Busnauutu, sika Mae OyTH IMOBIpHICTh 0€3B1IMOBHOI pOOOTH

KOXKHOTO OJIOKy TmpoTsiroM iHTepBany dacy (0, #) /Ui BUOAIKIB: a) pe3epB
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BIJICYTHIi; O) € MacuBHE 3arajbHe pe3epBYBaHHS 3 HE3MIHHUM HAaBaHTAKECHHSIM
BCHOTO MPHUCTPOIO B ILIJIOMY; B) € MACUBHE PO3/ALIbHE pe3epBYBaHHS 3 HE3MIHHUM
HaBaHTA)XCHHSIM T10 OJIOKaX.

3amaya 4.14. OOumciaroBay CKJIAJa€Tbesl 3 JBOX OJIOKIB, 3’€QHAHUX

NOCIIJJOBHO, SIKI  XapaKTepU3YIOTbCA  BIJAMOBIIHO 1HTEHCHUBHICTIO BiJIMOB
A =120,54 10° rox ! i A= 185,66 10° rox'. BUKOHAHO NacHUBHE 3aralbHE
pe3epByBaHHs 3 HE3MIHHMM HaBaHTaXCHHSIM Bciei cuctemu (Omoky 1 m 2)
(puc. 4.8). IloTpiOHO BHM3HAUUTH IMOBIPHICTH O€3BIAMOBHOI poboTH P(f)
obuuciroBaya, cepeiHii yac 0e3BiAMOBHOI poboTH T, 4acTOTy BIIMOB dac(f) 1

IHTEHCUBHICTb BIIMOB A(f) oOuucitoBava. Buznauutu P.(¢) ipu ¢ = 20 rox.

Ai hoa

— }"l J"u:

Puc. 4.8. Cxema pe3epBoBaHoOi cucteMu 10 3a1aui 4.14

3BiT 3 J1a00paTopHOi padoTHM Ma€ MICTUTH BHUPIIMIEHHS HACTYITHUX

000B’sa3Kk0BUX 3a1a4: 4.4, 4.8, 4.10, 4.12.
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MPAKTUYHA POBOTA No5
PE3EPBYBAHHS 3AMIILEHHSIM B PEKUMI MOJIETIEHOT O
(TEILIOT'O0) PE3EPBY TA B PEXKMMI HEHABAHTAJKEHOI'O
(XOJIOJIHOTI'O) PE3EPBY

TeopeTnuHi BizoMocTi

TemnuM  pe3epBOM  HA3WBAIOTh PEKUM, KOJIH PE3EPBHI  €IIEMEHTH
3HAXOMATHCS B TOJICTHICHOMY PEXHMiI O MOMEHTY iX BKIIOUEHHS B pPOOOTY.
HaniiiHicTh pe3epBHOTO €JIEMEHTY B I[bOMY BHUIAJKy BHINA 3a HAJIIHHICTH
OCHOBHOTO €JIEMEHTY, OCKIJIbKH pPE3epBHI €JIEMEHTH 3HAaXOMATHCS B PEKUMI
HEJIOBAHTAXXEHHS JI0 MOMEHTY iX BKJIIOYEHHS B po0OOTy. IMOBIpHICTH BiJIMOBHU
pe3epBOBaHOI  CHCTEMH 3  TIOJIETIICHWM  PE3EPBYBAHHIM  BU3HAYAETHCS

CITIBBIIHONIEHHSIM
Qc(t):1—e‘7~0’{1+zi;‘(1—e—”ﬂ)} (5.1)
i= L

Jie A; — IHTEHCUBHICTh BIJIMOB PE3€PBHOTO €JIEMEHTY B PEKUMI HEOBAHTAKEHHS
JI0 MOMEHTY BKJIFOUEHHSI HOT0 B pOOOTY; Ay — IHTCHCUBHICTh BiIMOB PE3EPBHOIO

€JIEMEHTY B CTaHi pOOOTH; m - KPaTHICTh PEe3EPBYBAaHHA a00 KIJIbKICTh PE3EPBHUX

i l[] +—J (5.2)
j=0 l

IMoBipHICTH 6€3BIAMOBHOI POOOTH CUCTEMH 3 TIOJIETIIEHUM PE3EPBYBaHHIM

€JIEMEHTIB;

BU3HAYAETHCS 32 (HOPMYJIIOHO

P()=1-0.(1)= e_k°t{1+z . e‘”lﬂ (5.3)
Cepenniii 4vac 0e3BIIMOBHOI pOOOTHM CHCTEMH 3  TOJETTICHUM
pe3epByBaHHIM
[pa=L3-L (5.4
0 Ao im0 L +ik
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JAc
}\‘1

k=-1. 5.5
", (5:5)

YacroTa BIAMOB a(f) CUCTEMU 3 TIOJIETTLIEHUM PE3EPBYBAHHIM

_ 2 a; YA VA a, L ¥
e 1+ i1 — e - B i (1—e )|, 5.6).
ac(t) 0€ |: + ; l' ( € ) 7\‘0 € ;(l 1)'( € ) :| ( )

[HTEeHCUBHICTH BIAMOB A (f) CUCTEMH 3 MOJIETIIEHUM PE3epBYBaHHIM

- 4 Y —1

Y (1)2 ac(t) =\ l—he_)“lt ;(l_l)'( ‘ ) ) (57)

) N W 1+iq( )
!

zll

[Ipu A;=0 MaemMo pexHM HEHABAaHTAXEHOTO (XOJOIHOI0) peE3epBy.
IMOBipHICTH BIIMOBH pE3€pBOBAHOI CUCTEMH 3 HEHABAaHTAXEHUM pPE3epBYBaHHSIM

BU3HAYAETHCS CHIBBIIHOIIECHHIM
m i
St (Aot)
O.(t)y=1-e" Z—; ) (5.8)
-0 b

ImoBipHICTh 6€3BIIMOBHOT POOOTH CHCTEMHU 3 HEHAaBAaHTAXKEHHUM DPE3EPBOM

BIJIITOB1{HO
P()=1-0.(n=c"Y M) (5.9)
=0 b

Cepenniii yac 6€3B1IMOBHOI pOOOTH CUCTEMHU 3 HEHABAHTAXEHUM PE3EPBOM.

=[p @w_m+1 (5.10)
0 Ao
YacToTa BIIMOB a.(f) CUCTEMHU 3 HEHABAaHTAXKEHUM PE3€PBOM
dP.(t) _Ng" . -
a,(t)=- D) R mgrar (5.11)
dt m!
[HTEHCUBHICTH BITIMOB A(f) CHCTEMHU 3 HCHABAHTAXXECHUM PE3EPBOM
t }\Im+1 tm
a(t)=2e® _ Mo (5.12)

PO 8 G
; 1
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BupimneHHss THHOOBHX 3aJ1a4 3 PO3PAXVHKY HATIMHOCTI CHCTEM 3

pe3epPBYBAHHAM 3aMilllEHHAM B PEKHMI MOJermeHoro (Temnjioro) pesepny i B

PEKAMI HEHABAHTAKEHOT 0 (X0JI0IHOT0) pe3epBy.

3agaya 5.1. Cucrema ckiagaetbes 3 10 piBHOHAIIMHUX €JIEMEHTIB, CEpPeaHIN
yac 0e3BIIMOBHOI pobotu enementy T, = 1000 ron. Ilepenbauaerncs, 110
CIIpaBeVIMBUN €KCIIOHEHIIAIbHUN 3aKOH HAJIMHOCTI JJIsl €JIEeMEHTIB CHUCTEMH 1
OCHOBHAa 1 pe3epBHA CHUCTeMH piBHOHaiMHI. HeoOxigHO 3HAWTH IMOBIPHICTH
0e3B1IMOBHOI po00TH cuctemMu P (1), cepenHiii yac 6€3B1IMOBHOI pOOOTH CUCTEMU
T, a TAKOXK 4YacCTOTy BIIIMOB d((f) 1 IHTEHCHBHICTb BIIIMOB A((f) y MOMEHT 4acy
t=50ron y HAaCTYHUX BHUIIQJKax: a) HEpe3epBOBaHa cUcCTeMa, 0) ayOJboBaHa
CHUCTEMa MpU BKIIOYEHHI pe3epBYy 3a CIOCOOOM 3aMillleHHS (HEHaBaHTAXEHUU
pe3epn).

Po3paxyHok:

a) Y BUIaJIKy HEPE3EPBOBAHOT CHCTEMHU 1HTCHCUBHICTh BIJIMOB CUCTEMH
n
7\‘6 = Zki >
i=1

ne A, — IHTCHCUBHICTb BIJIMOB CUCTEMHU, A; — IHTEHCUBHICTh BIJIMOB i-TO €JIEMEHTY;

n = 10 — KUIBKICTb €JI€MEHTIB,

x:iz—:o,om;izﬁxzxi,
cp O

A, =hn=0,001-10=0,01 rox ",

Cepenniii yac 6€3B1IMOBHOI pOOOTH

1
T, = K_C =100 rox.

Yactora BiiMOB
At . B ~
a(t) = A(t)-P(t) =2c€ < =0,01-¢*"26-10" rog ';
0)/lns ny6npoBaHOT cCTEMU CepeiHiil yac 0€3BIIMOBHOT POOOTH

m+1 _ 2
A 0,01

Tep= =200 ronx,
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ne m = 1 — KpaTHICTh pe3epByBaHHS ;
BusHaunMo IMOBIpHICTh 6€3B1IMOBHOI POOOTH pe3epBOBaHOI CHCTEMH Py (?)

no popmysi
P, (t)= ZM = (14 ).
i=0 :

OCKIIBKH Ay = A, TO
Py(H)=e”(1 + L)
Busnaunmo gacrory BiMOB cructeMn dep(f)

Py, 1)

d
atp (f) = — dt — _[_ )\‘ce—kcf (1 + }Lct) + Kce_xct ]: Kz_l‘e_k"'t ‘

C

BusHaunmMo 1HTEHCUBHICTh BIJIMOB CUCTEMH A(?)

acp (t) ~ 7\{2 te—kct 7\,21‘

c C

Aep(t) = =— = .
P (1) e (1+Nrt) 1+t

Buznaunmo mokazHMKHA HaJIHHOCTI PE3epBOBAHOI CHCTEMU B MOMEHT 4acy
t =50 rox: Py(50), acy(50), Aep(50)
P.,(50) = ¢ ™" °(1 + 0,01 50) ~ 0,91;
aep(50) = 0,017 50 ¢ *' %~ 3 107 rox ';

50) 3.10°
@O0 3107 33109 rox .
P,(50) 091

hen(50)=

3amaga 5.2. CucremMa aBTOMAaTH30BAHOTO KEPYBaHHS Ma€ 1HTECHCHBHICTH
BiqMOB Ao=0,4-10" rox . Yoro nyOI0€ Taka K CHUCTEMa, IO 3HAXOJIUTHCSA JI0
BIJIMOBH OCHOBHOi B PE&XHMI OYIKYBaHHSI (y PEXKHUMI IMOJIETIIIEHOTO pe3epBy). Y
IIbOMY PEXHMi iHTEHCHBHICTh BiaMOB cuctemMu A; = 0,06 10~ rox '. TlotpiGHo
O00YMCIMTH IMOBIPHICTh O€3BIIMOBHOI pOOOTH PE3e€pPBOBAHOT CUCTEMH IMPOTATOM
yacy t=100rox, a Takoxk cepenHiii yac 0Oe3BiIMOBHOI podotH T, YacToTy
BiIMOB a(f) 1 IHTEHCUBHICTH BiIMOB A(?).

Po3spaxyHok. VY 1aHoMy BHUNaAKy KpaTHICTb pe3epByBaHHS m = 1.

Bukopucropyrouu dhopmyiy (5.3), orpumaemo
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1
P.(t)y=e""" {1 + Z“Ti(l - e_}‘lt)’} —e L4 g (1-e7);
i=1 b
i-1 0 A by
J=0( 1 j=0 7”1 7“1

P.(t)= e_}‘ot(l + % — Me_x‘t J

1 1

Toni

3 Bupazy (5.13) maemo

Pc(lOO):e0'4'103'100[1 04:107 _ 04:10° e°-°6'1°3-100J ~0,998.

0.06-10°  0.06-107°

(5.13)

Busnaunmo cepenHiii yac 6€3B14MOBHOI poOoTH T, 110 hopmyii (5.4)

1 1 1 ( o J
——Z 1+ = 1+ =
0101_,_1 7“0 T A+
0 Ay
3
= ! |1+ 0.4-10 — | = 4668 rox.
0.4-10 0.46-10

Buznaurmo 4acToTy BiIMOB a(?)

a, (t) = —M — | — 7\(0 —Xot 1+ 20 7\, he—Klt + e—?»otxoe—klt _
dt 7\'1 1

:xoe—kot 1+h_ﬁe—hf _ Mt —, it A+ —xoz(l e—xlz)
o A Ay

[lepennmemo (5.13) y Burmsiai

P.(1) :Me—%of I—Le_xlt _
¢ A A+

ITiciist bOTO BH3HAYAEMO IHTCHCHBHICTD BITMOB A(?)

a () Ali—e™)
P.(t ) 1— Le—xﬂ .
A+

A ()=
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3azmaya 5.3. IMOBipHICTH 0€3BIIMOBHOI pOOOTH MEPETBOPIOBaYa MOCTIHHOTO
CTpyMy B 3MiHHUH mporsarom uacy ¢ = 1000 rom popiBHioe 0,95, T06TO
P(1000) =0,95. [Ins migBUIIEHHS HAIIMHOCTI CUCTEMH EJIEKTPOIMOCTAa4aHHS Ha
00'eKTl € Takuil e MEepPeTBOPIOBAY, SKHI BKIIOYAETHCS B POOOTY MPHU BiIMOBI
nepuoro  (peXuM  HEHaBaHTaXeHOro pesepBy). [loTpibHO  po3paxyBaru
IMOBIpHICTh 0€3BiAMOBHOT poboTu P(f) 1 cepemniii 4ac 0e3BiAMOBHOI poOOTH
cucteMu T, IO CKIANAEThCA 3 JIBOX IEPETBOPIOBAYIB, a TAKO)K BH3HAYUTH
YaCTOTY BIIMOB a.(f) 1 IHTEHCUBHICTb BIIMOB A (f) CUCTEMH.

PospaxyHok. VY gaHOMy BHIIaAKy KpaTHICTh pe3epByBaHHS m = 1.

BuxopucroByrouu ¢popmyiy (5.9), orpumaemo
P.()y=e i@ =& (14 10) (5.14)
i=0 .
Tax sK 7151 OKpeMOro epeTBOpIOBaYa Ma€e Miclle eKCITOHECHIIAIbHUN 3aKOH
HAJIMHOCTI, TO
P(f) =™, (5.15)
ne P(f) — iMmoBIpHICTh 0€3BIAMOBHOI pPOOOTH MEPETBOPIOBaYa; Ay — IHTEHCUBHICTD
BiTMOB TIEPETBOPIOBAYA B MPAIIOI0UOMY CTaHi.
3 Bupazy (5.15) Maemo piBHSHHS
P(1000) = ¢ " =0,95.
3 OCTaHHBOTO PIBHSIHHS HAXOJIUMO
Ao =0,051/1000 ~ 0,570 rox .
Toni 3rigHo (5.14) maeMo
P.(1000)=10,95 (1 +0,05) =0,9975.
Busnaunmo cepenHiii yac 6e3B1AMOBHOI poboTH T¢, 10 popmyii (5.10)
Tep = (m+ 1)/ho=2/ho=2/(0,5 10™*) = 40000 rozx.
Bigznaunmo, mo cepeaHiii yac O€3BIAMOBHOI pOOOTH HEPE3EPBOBAHOIO
neperBoproBaya piBHHM Tep = 1/Ao= 20000 rog.

Buznauaemo yactoty BiIMOB a () mo gopmyii (5.11)
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2
— 7\‘0 _}\t()t _ }\‘2 _}\’Ot
a.(t)= Tte =Ayte .

BusHaunmMo 1HTEHCUBHICTh BIJIMOB CUCTEMH A(?)

Ca () Ngtee ™ Nt
P.(t) e (1+Agt) 1+t

A (1)

3amxaui 19 cCAMOCTIHHOT0 BUPIIIEHHS.

3agaga 5.4. CucremMa CKIAIa€Thcsl 3 JBOX OJHAKOBHX €JIeMEHTIB. Jlis
HiABUIICHHS 11 HAAIMHOCTI KOHCTPYKTOP 3alpOINOHYBaB TyOJIIOBaHHS CUCTEMU 3a
crnocoOoOM 3aMilIeHHS 3 HEHaBaHTAXKEHUM CTaHOM pe3epBy (puc. 5S.1).
[HTEHCUBHICTH BIAMOB €JIEMEHTY J0piBHIOE A. [1oTpiOHO BU3HAYUTHU IMOBIPHICTH
0e3BIAMOBHOI poOOTH cHucTeMH P(f), cepenHiii 4yac 6e3BiIMOBHOI pobotu Ty,

YaCTOTY BIIMOB d.(?), IHTEHCUBHICTb BIIMOB A(?).

— A I
|— }\.’ }'.' 4'

Puc. 5.1. Pe3epBoBaHa cucteMa 3 HeHaBaHTa)KEHUM JAyOTIOBaHHIM

3agaya 5.5. Cxema po3paxyHKy HaJIMHOCTI BUpOOy MpuBeeHa Ha pucC. 5.2.

Heo0xiqHo BHU3HAYUTH IMOBIPHICTh 0€3BIIMOBHOI po0OTH P.(f), 4acTOTy BiMOB

a.(t), IHTEHCUBHICTb BIIMOB A.(f) BupoOy. 3Haiitu A.(¢) ipu ¢ = 0.

= }-. 1 }-.-3 ;"..-:y .

| —

Ay ha

Puc. 5.2. Cxema pe3epBOBaHOi CUCTEMH 10 3a7adi 5.5
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3amada 5.6. Cxema po3paxyHKy HaJIIHHOCTI CHCTEMH MPUBEICHA HA puUC. 5.3,
ne A, b, B, I' — 6nmoku cuctemu. BusHaunt iMOBIpHICTh 0€3BIAMOBHOT poOOTH

P.(t) cucremu.

A b B r
/ \ r. ’%
— A A A A hs

-‘llu{'.

-‘llu{'.

Puc. 5.3. Cxema pezepBoBaHoOi cuctemu 10 3amadi 5.6

3amada 5.7. Cxema po3paxyHKy HaJIHHOCTI CHCTEMH MIPUBEICHA Ha pUC. 5.4.
Buznaunty iMOBipHICTH 0€3BIIMOBHOI po00TH P (f) cucTemu.

| 11 [11

/ #“'_A_| - h bt
— 1 N el A 7y he —
=

A

Puc. 5.4. Cxema pe3epBOBaHOI CUCTEMH J10 3aAa4i 5.7

3ajavya 5.8. BuxkoHaBUiil NMPUCTPIM CKIANAETHCA 3 OJHOTO MPAIOIOYOTO
enementa (A =8-10 rox ') i oHOTO eTeMeHTa B monermeHoMy crati (A = 8- 10
*rog ). [oTpi6HO BH3HAYKTH IMOBIpHICTH G€3BiIMOBHOI pOGOTH HPUCTPOIO Py(f),
cepenHId 4Yac O€3BIAMOBHOI poOOTH NpUCTpor0 1, Busnauntn P.(f) mpu
t=20ron.

3amaya  5.9. VYV  nepengaBaJbHOMY ~ KaHaJll  CHUCTEMHM  KEpyBaHHS

BUKOPUCTOBYEThCA OCHOBHUU nepenaBad II;, nBa mepemaBaua I, u II;, mo

3HAaxXOoAATbCsd B HCHABAHTAXKCHOMY p€3€pBi. [HTEeHCUBHICTD Bi,HMOB OCHOBHOI'O

-1

MpALIOIOYOro mepeiaBada gOpiBHIOE A¢=10" rox 3 MOMEHTY BIAMOBHU
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nepenatunka II; y poOGoty Bkmouaethcs II,, micisa BinMoBu mepenaBaua [I,
BkitouaeTbest [l;. Ilpu BkIIIOUEHHI pe3epBHOro ImepenaBaya B poOOTy HOro
IHTEHCUBHICTh BIJIMOB CTa€ pPIBHOIO A, BBaxaroun mnepemMukad aOCOIIOTHO
HAJIHHUM, BU3HAYUTH IMOBIPHICTH 0€3BiAMOBHOI poboTu P.(f) mepeaaBaabHOTO
KaHajy, cepeHiil yac 0e3B1aMOBHOI pobotu T, kaHany. BusHauutu takox P(f)
npu ¢t = 100 rox.

3amaya 5.10. Ilpuctpiii aBTOMaTUYHOTO TMOUIYKY HECHPAaBHOCTEH CHCTEMHU
JIarHOCTYBAHHSI €JIEKTPOOOJIaIHAHHS CKJIAJA€ThCcsl 3 JABOX JIOTIYHHUX OJIOKIB.
Cepenniii gac 6€3B1IMOBHOI POOOTH ITUX OJOKIB OJTHAKOBHUH 1 TSI KOKHOTO 3 HUX
piBHUI T, = 200 rox. IloTpiOHO BM3HAYMTH CepelHil yac Oe3B1IMOBHOI pOoOOTH
npuctporo 7., AnAd JIBOX BHIAJAKIB: a) € HEHABAHTAXXCHUH peE3epB BCHOIO

MPUCTPOIO; 0) € HEHABAaHTAXKEHUI PE3ePB KOKHOTO OJIOKY OKPEMO.

3BiT 3 J1a00paTopHOi padoTHM Ma€ MICTUTH BHUPIIIEHHS HACTYITHUX

000B’A3K0OBHX 3a1a4: 5.5, 5.8, 5.10.
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ITPAKTUYHA POBOTA Ne6
PO3PAXYHOK HAJIHHOCTI CUCTEMM 3 IOEJEMEHTHUM
PE3EPBYBAHHSM.

TeopeTnuHi BitoMocTi

[Ipy mnoeneMEeHTHOMY pe3epBYBaHHI PE3EPBYIOTHCS OKPEMO EJIEMEHTHU
cuctemu (puc. 6.1.). KinbkicHI XapakTepUCTHUKH HAIIAHOCTI CHCTEMHU

BH3HAYAIOTHCA HACTYITHUM YMHOM. 3alMIIEMO IMOBIPHICTh BIIMOBH i-1 TpyIu

m —
0.(n=1]9,®);i=1n, 6.1)
=0
ne Q i(f) — IMOBIPHICTb BIIMOBH €JIeMeHTY F£;; Ha 1HTepBani 4acy (0, 7).
E'Ill EZ[J Enll
— & 11 EZI En] —
Elm E2n1 E nm
~— . ~—
l-a rpyna 2-a rpyna n-a rpyna

Puc. 6.1. [loenemeHTHe pe3epByBaHHS CUCTEMU

3anuiieMo IMOBIpHICTh 0€3B1IMOBHOIT poOOTH j-1 rpynu. OTpuMaemMo
P0=1-00=1-Tl-P,®]:i=1Ln, (62)
Jj=o

ae Pji(f) — iMoBIpHICTH 0€3B1IMOBHOI pOOOTH eneMeHTy £;; Ha iHTepBaii yacy (0,1);
m; — KpaTHICTh pE3€pBYBAHHS €JIEMEHTY j-i TPYIIH.
ImoBipHicTE  6€3BiIMOBHOI ~ pOoOOTH  CHUCTEMH 3  TOEIEMEHTHHUM

pe3epBYBaHHIM
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P =[]P0)
i=1

a0o
P.(t)= H{l ~T1l-», (r)]}. (6.3)
i=1 =0
JI1s1 pIBHOHAIIMHUX €JIEMEHTIB CUCTEMHU M1; = m = CONSt MAEMO
Py(t)=P(2); (6.4)
P(ty=[1-[1-P®OI"'T". (6.5)
V Bunanky Pj;(1)=P(t) popmyina (6.3) npuiime Bu
P =T1I-I-PoI"}. 6.7)
i=1
[Ipyu eKCIIOHEHIIaTBHOMY 3aKOHI HajiiHOCTI, Komm P(f) = ¢ ',
P.(1) =H{l— [l—e_””]miﬂ}. (6.8)
i=l
B niromy Bumnanky gopmyna (6.5) npuiime Bu
P.(t)= {1 - [1 —e ™M ]“}" . (6.9)
Cepenniii  yac 0e3BIIMOBHOI ~ POOOTH  CUCTEMH  BHU3HAYAETHCS
CITIBBIIHOLIEHHIM

T, = TPC(t)dt. (6.10)
0

[TinctaBumo (6.9) B (6.10), oTprumaemo

(- & 1
CP_Mm+1)zvj(vj+1)1<(vj+n—1)’ (6.11)

J=0

aev;=(G+1)/(m+1).

BupilneHHs THHNOBHX 3a1a49 3 PO3PAXVHKY HAMWHOCTI CHCTEeMH 3

MOCJICMCHTHHUM PE3CPBYBAHHAM.
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3agaya 6.1. /s migBUINEHHS HAMIHHOCTI MIJICHIIOBAaYa BCl MO0 €JIEMEHTHU
nyonwoBaHi. [lepenbavaerbesi, MmO CHpaBEIIMBUANA EKCIMOHEHIIATBHAN 3aKOH
HaAIMHOCTI A7 eneMeHTiB  cucteMud. HeoOXigHo 3HAaWTH  IMOBIPHICTH
6e3BiIMOBHOI pobotu mifcwioBada npoTsroM ¢ = 5000 rox. Ckmam eneMeHTIB
HEPE3epPBOBAHOIO IMIJICHJIIOBaYa 1 JaHI O IHTEHCHUBHOCTI BIIMOB €JIEMCHTIB

npuBeseHi B Ta0. 6.1.

Tabmuws 6.1
[HTEeHCHUBHICTH BIIMOB €JI€MEHTIB HEPE3EPBOBAHOTO MiACHIIIOBaUa
Enementn KinpkicTh e1eMEHTIB [HTeHCUBHICTH BIZIMOB
€JIEMEHTIB A, 107° rog !

Tpansucropu 1 2,16
Pesuctopu 5 0,23
KoHnneHcaropu 3 0,32
Hionn 1 0,78
Korymkn
Doy . 1 0,09
1HTYKTUBHOCTI

Po3paxyHok. YV nmaHoMmy BHIIaJKy Ma€ MicCIle pO3/iIbHE pe3epBYyBaHHS 3
KpaTHICTIO m; = 1, YUCI0 €JIEMEHTIB Hepe3epBoBaHoTO mifcuitoBaya n = 11. Toni,

BUKOPHUCTOBYIOUH JlaHi TabJ1. 6.1, Ha ocHOBI hopmynu (6.8) oTpumaemo

P,(5000) = f[ {1 ~ e} } .

Tak sk A;<<1, TO 1151 HaOIMKEHOTO OOUHCIICHHS TTOKa30BY (DYHKIIIIO MOKHA
PO3KIIACTH B PsiJl 1 OOMEKUTHUCS MEPITUMHU TBOMA WICHAMH PO3KJIaTaHHS:
1 — exp(=5000%,) = 5000A,.
Tomi

11 11 11
P.(50000~ [ | [1 - (sooox,.)z]z 1->7(50001,)* =1-5000" - >4’ ~ 0,985.
i=1

i=1 i=1

3amaua 6.2. Cxema po3paxyHKY HaIIHHOCTI PE3epBOBAHOTO IIPUCTPOIO
npuBeaeHa Ha puc. 6.2. [HTEHCHMBHOCTI BIJIMOB €JIEMEHTIB MarOTh HACTYIIHI

3HAYEHHS: A =023-10" rox '; A =0,5-10" roq ' A =04-10" rox .
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[lepenbavaeThes, MO CHpaBeUIMBUN EKCIIOHCHINIAIBHUN 3aKOH HAIIWHOCTI IS
eJIeMEHTIB cuctemu. HeoOxigHO 3HaWTH cepenHii 4dac Oe3BiAMOBHOI POOOTH
npucTporo 7, IMOBIPHICTH OE3B1IMOBHOI POOOTH NMPHUCTPOIO P(f), IHTEHCHBHICTb

BiJIMOB MIPUCTPOTO A.(%).

3 As
{ } }u : B
o

A 3

Puc. 6.2. Cxema po3paxyHKy HaJiHHOCTI CUCTEMU 0 3aaa4i 6.2

Po3paxyHOK.

Cepenniii vac 6e3BiAIMOBHOT pOOOTH BU3HAYAETHCS 3aICKHICTIO (6.10). s
JaHO1 CHCTEMU JIJIS TPhOX IPYIT BKIIFOUEHB CIIEMEHTIB OyJle BUKOHYBAaTHCh YMOBa
P.(t) = Py(¢) - Py(t) - Pu(2), (6.13)
ne Pi(t), Pu(t), Pu(f) — imoBipHicTe 6e3BimMoBHOI poGoTtu I, II m I rpymm
eseMeHTiB. Maemo
Pi(t) =1-0u(1);
o0 =[1- PO
Pi(t)=1~[1 =Py =2P() — Pr’();
Py(2) = P(1);
Pr(®) =1 - Ow(?);
Ou() = [1 - P(O]*;
Pu(f) = 1= [1 - Py(O] = 2P5(t) - P5°(1).
3 Bupasy (6.13) maemo
P(t) = [2P1(1) — P*(6)] Pa(2) [2P5(1) — P3*(1)] =
= 4P())Py(1)P5(1) — 2P ()Po(1)P5(1) — 2P () P(H)P3(1) +
+ PP (O)PAP3 (1),
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Tak sk 17151 €lIeMEeHTIB CUCTEMHU CIpaBeAJIMBUN €KCIIOHEHIIaJbHUI 3aKOH
HagiiaocTi Pi(f) =e ' Py(f) = ™'; P5(f) =¢™™, T0 iMOBipHiCTH GE3BiIMOBHOI
poboTu cucteMu

P(t) =4 e—(x1+x2+x3)t . 26—(2x1+x2+x3)t _ e—(x1+x2+2x3)t + e—(2x1+x2+2x3)r.
a00, TIICTaBISAIOYN JJaHI OTPUMAEMO

P(f) = 4 0580011 _ 509100011 _ 5 1080001y -1310.0011 (6.14)

[TincraBnsroun (6.14) B (6.12), orpumaemo

4 2 2 1
- - — +
PN FA A 20 F A, Ay A A, 20 2A A, + 20,

a0o

4 2
T = — _
? 107(0,23+0,05+0,4) 107°(0,46+ 0,05+ 0,4)

2 1
— +
107(0,23+0,05+0,8) 107°(0,46+0,05+0,8)

~ 2590 ron.

BigoMo, 1110 IHTEHCUBHICTH BIAIMOB BU3HAYAE€THCS 3a1EKHICTIO

()=

"0 (6.15)

BuznaunmMo 9actoTy BiAMOB a.(t)

dP.(1)
d

a.(t)=- = 4(h, + Ay +Ag)e Pt

220 + Ay + Ay )e IR (0 Lk, 4 2hy)e PR

+ (2N + Ay + 20, Yo Fhiharia
abo

a,(f)= 1073 (2,726—0,68-10_3t _ 1,826—0,91-10‘% ~21 66—1,08-10_3t +13 16—1,31-10‘%)-

3 (6.15) oTrpuMaemo

-3 ~0,68107> —0,911073 -1,081073 ~1,311073
10 (2,72e ’ ! —1,82¢ 9 r_ 2,16e "y IL31le !
-0,681073¢ -0,911073¢ -1,08107%¢ )
4e —2e —2e

}\'C (t) =

—1,311073¢
+e
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3amadya 6.3. Cxema poO3paxyHKy HAQIIMHOCTI MPUCTPOIO TpPHBEIACHA Ha
puc. 6.3. Ilepenbadaerbcs, 10 COpPaBEIIMBHI  EKCIOHCHITIATBHUN  3aKOH
HAA1MHOCTI, AJIS €JIEMEHTIB MPHUCTPOIO 1 BC1 €IEMEHTH MPUCTPOIO PIBHOHAINHI.
[HTeHCHBHICTB BimMoB enementy A = 1,33-107° rox '. [Torpi6HO Bi3HaunTH a.(f),

Tp, Po(t), Ac(f) pe3€pBOBAHOTO MIPUCTPOIO.

Puc. 6.3. Cxema 11 po3paxyHKy HaA1iHOCTI CUCTEMHU 110 3a7a4i 6.3.

PospaxyHok

Jliist cuctemu, 300paykeHoi Ha puc. 6.3 HaAINHICTD BCIET CUCTEMHU MOXKE OyTH
3HANJ€HA HACTYITHUM YMHOM
Jlng omHOTO €1eMenTa
P(ty=e™,

ot)y=1-P@H)=1-¢",
Jist rpyniu eneMeHTiB

O =0 =(1-e");

P =1-0(=1-(1-¢").

Jlna cuctemu

P(t)=P(OPu(t)= B’ (t) = [1 - (1 - e ™)T".

abo
P()=(1-1+2eM ey =4 _ 4" + ™, (6.18)
[TincraBnsroun(6.18) B (6.10), oTpuMaemo cepeaHiii yac O€3BIAMOBHOI
pobotu
T, = I(4e—2“ —4e7M 4 e M) dt = % - % + % = % =690 rog.

55



BuznaunmMo 9actoTy BiAMOB a(1)

%4 _? =8he M —12he +4he M =4he M (2 -3e M + 7).

BusHaunMo 1HTEHCHBHICTD BiIMOB A(?)

L) e (-3¢ e M)
p.(1) oM (4 4o ™ 4 e—zxt)

kc(t)

_ 4h-(2-3e7™ +e—2“): 4x-(1—e-“)-(2—e—“): an-(1-e™)

(2 - e_M)z (2 - e‘”)z 2-e™

3agaya 6.4. Hepe3epBoBaHa cucTteMa KepyBaHHs ckJanaerbes 3 n = 5000
eleMeHTiB. JlJig MiABUIIECHHS HAAIMHOCTI CHUCTEMH IMependavyaeThCcsi MPOBECTU
po3ainpHe myOmroBaHHS eneMeHTiB. [Ilo0 mpuOIM3HO OIIHUTH MOXJIHUBICTH
JOCSTHEHHS 3a/1aHO0i IMOBIPHOCTI 0e3BiAMOBHOI poboTu cuctemu P(¢) = 0,9 npu
t=10Ton, HEOOXiMHO pPO3paxyBaTH CEPEAHIO IHTEHCHUBHICTH BIIMOB OIHOTO
€JIEMEHTY TPH MPUITYIIEHH1 BIACYTHOCTI MICJAI1i BIIMOB.

PospaxyHok

ImoBipHICTH 6€3B1IMOBHOT pOOOTH CUCTEMH MPHU PO3AUILHOMY TyOIrOBaHHI
1 pIBHOHAIMHUX eJIeMEHTaxX piBHA!

P ={1-[1-pOF .
ne p(f) — IMOBIpHICTH 0€3BIIMOBHOI POOOTH OJHOTO €JIEMEHTY.

OCKUIBKY JJII CHCTEMH Ma€ BUKOHYBAaTUCh YMOBA

i-[1- pFf =09,

TO, BUPIIIYIOYH HEPIBHICTb, ISl OAHOTO €JIEMEHTY OTPUMAEMO

p()=1-41-2/09 .

PosknaBm 4/0,9 :(1—0,1)1/ "o crenenio 1/n y psax i HEXTYIOUM YJIE€HAMU

PAIY BUIIOTO MOPSIKY MAlIOCTi, OTPUMAEMO

(1_0,1)1/5000 zl—ﬁ-o,l=l—2-10_5.
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BpaxoByrouwn, 1o P(f) = exp(—At) ® 1 — At, IHTEHCUBHICTb BiIMOB €JIEMEHTY

Mae OyTu

ks;w/l—\/@ =%J1—1+2-10—5 ~4,4-10™ rox .

3amgaui 19 CAMOCTIHHOT0 BUPIIIEHHSA

3amada 6.5. CxeMa po3paxyHKy HaIIMHOCTI MPHUCTPOIO TMOKa3aHa Ha PHC.
6.4. Tlepenbavaerhcsi, MO0 CHPaBEIIUBUN EKCIIOHCHIIATHHUN 3aKOH HAJIHHOCTI
JUISL  €JIEMEHTIB TMPUCTPOI0. [HTEHCHUBHOCTI BIJIMOB €JIEMEHTIB Ma€ HACTYIHI
3HA4YEHHS 7u1=0,3-1073 roz(l, N = 0,7-1073 rog . HeobximHo BU3HAYUTH

IMOBIpHICTH 0€3BIIMOBHOT POOOTH MPHUCTPOIO MPOTATOM 4acy ¢ = 100 rom.

;‘x,] }..3

A A

Puc. 6.4. Cxema niig po3paxyHKy HaJlIHHOCTI CUCTEMHU 0 3ajadi 6.4

3agaya 6.6. Y kaHali 3B'S3Ky, III0 CKJIQJIAE€ThCS 3 MpUiiMaya 1 mepeaaBaya,
3aCTOCOBAHO pO3/iIbHE AyONtOBaHHS mepenaBada 1 npuiimada. IlepemaBau 1
npuiiMay MaloTh iHTGHCHBHOCTI BiIMOB A,=2 10~ rox ' Ta Ap =1 10 rox'
BiAnoBigHO. CxeMa kaHaimy mpejicTaBiieHa Ha puc. 6.5. [loTpiOHO BU3HAYUTH

IMOBIpHICTHh 0€3BIIMOBHOI poOoTH KaHanmy P.(f), cepenHiii yac 0e3BiIMOBHOI

podotu T, 4aCTOTY BIIMOB d(f), IHTEHCUBHICTb BIIMOB A(?).

Aoy Aup

;LL” r\.p”p

Puc. 6.5. CxeMa 17151 po3paxyHKy HaJIHHOCT1 CUCTEMH J10 3aj1a4i 6.6
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3amada 6.8. Cxema po3paxyHKy HaJIIHHOCTI CHCTEMH MPUBEICHA HA puc.6.7.,
Jie TaKOX NPHUBEACHI 1HTEHCHUBHOCTI BiMOB eieMeHTiB. [loTpiOHO BH3HAUMUTH

IMOBIpHICTh 0€3BIIMOBHOI poOOTH cucTeMU P(f) 1 9acTOTy BIAMOB a.(1).

I
3

]
::._J

-

|

Az
o
11

ITI

Puc. 6.6. CxemMa Jij1s1 po3paxyHKy HaJIHHOCTI CUCTEMH J10 3aAa4i 6.8

3aiaya 6.9. PamioenekTpoHHa amaparypa ckiaaaeTbes 3 Tphox 0okiB: I, 111
III. TaTeHCMBHOCTI BIAMOB IJIsi IIUX TPHOX OJIOKIB BIAMOBITHO PIBHI: Aj, A, As.
[ToTpiOHO BU3HAYUTH IMOBIPHICTH O€3BIAMOBHOI poOOTH amaparypu Pc(f) nis
HACTYITHUX BUIAJKIB: a) pe3epB BIJICYTHIH; 0) € 1yOJIFOBaHHS KOXKHOTO OJIOKY.

3anaua 6.10. HepesepBoBaHa cuctemMa KepyBaHHs ckianaerbcs 3 n = 4000
eleMeHTiB. Bigoma HeoOXigHa 1MOBIPHICTh O€3BIIMOBHOI POOOTH CHUCTEMU
P.()=0,9 npu ¢=100roa. HeoOximHO po3paxyBaTh AOMYCTHUMY CEPEIHIO
IHTEHCUBHICTh BIJIMOB OJHOTO €JIEMEHTY, BBAXKAIOUM €JIEMEHTU PIBHOHAIIMHUMU,
JUIi  TOoro, 100 mNpuUOJWU3HO OIIHUTU JOCATHEHHS 3a/laHOi  1IMOBIPHOCTI
0€3BIIMOBHOI POOOTH 3a BIJICYTHOCTI MPO(DUIAKTUYHHMX OIJISIIIB B HACTYITHHUX
BUMAJKaX. a) pe3epBYBaHHS BiJCyTHE; 0) 3aCTOCOBAHO PO3JUIbHE (ITOEIEMEHTHE)
JyOJIFOBaHHS.

3amava 6.11. V panmionepenaBadi, 0 CKIAAAETHCA 3 TPhOX PAaBHOHAIINHUX
KackaaiB (7 =3) 3aCTOCOBAHO pO3JAUIbHE JIyOJIFOBAaHHS KOXXHOTO KacKamy.
[HTEHCUBHICTH BIAMOB KacKaaiB JOPIBHIOE A = 510" rox . PospaxyBaTtu
IMOBIpHICTh 0€3B1IMOBHOI poO0TH P(f) mpotsrom ¢= 100 roa 1 cepenHii yac

0e3B1IMOBHOI poboTH 1, pagionepenanaya.
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3amaya 6.12. OOuucnioBad CKJIaJa€ThCS 3 JABOX OJIOKIB, CIIOJTYYEHHX

MOCIIIOBHO fIKI XapaKTEPU3YIOTHCS BIAMOBITHO I1HTEHCUBHOCTSAMH BIMOB
A= 120,54-10_6 rog | i A= 185,66-10_6 roq |. BUKOHAHO TaCHBHE IOEIEMEHTHE
pe3epBYBaHHS 3 HE3MIHHHM HaBaHTAXKCHHsIM Oyoky 2. [loTpiOHO BM3HAUWUTH
IMOBIpPHICTh ~ 0€3B1IMOBHOI  poOoTH  P.(f) o0umcimioBaya, cepenHii 4ac
0e3BiIMOBHOI po0OTH Tcp, YACTOTy BIAMOB d.(f) 1 IHTEHCHBHICTh BIIIMOB A.(f)
obunciroBava. Buznauutu P.(¢) ipu ¢t = 20 ro.

3agava 6.13. OGuucaOBaIBLHUNA TMPUCTPIA CKIIAIAEThCS 3 1 = 3 OJIHAKOBUX

OJIOKIB, 0 KOXHOTO 3 SKUX MIJKIIOUCHUA OJIOK B HaBaHTa)XCHOMY PpE3EpBI.
. . . 4 1 .

[HTeHCHUBHICTH BiIMOB KOXHOTO 070Ky piBHa A =10 " rox . [loTpiOHO BU3HAUHUTH

IMOBIpHICTh 06€3BIIMOBHOI poboTu P.(f) mpuCTpoIo 1 cepeaniil yac 0€3B1IAMOBHOI

poOoTH IPUCTPOIO Tep.

3BiT 3 Ja00paTopHOi padoTHM Ma€ MICTUTH BHUPIIMIEHHS HACTYITHUX

000B’A3K0OBHX 3a1a4: 6.5, 6.8, 6.10.
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ITPAKTUYHA POBOTA Ne 7.
PE3EPBYBAHHS 3 JIPOBOBOIO KPATHICTIO I HIOCTIMHO
BK/IIOYEHHUM PE3EPBOM

TeopeTH4Hi BiTOMOCTI.

CyTHICTh pe3epByBaHHA 3 IPOOOBOIO KPATHICTIO IMOJISITA€ B HACTYIMHOMY:
pe3epBoBaHa cucTeMa ckiagaeTbcsa 3 [ okpemux cucrem (puc. 7.1). s ii

HOpMaJbHOI poOOTH HEOOXI1THO, 100 CIIPABHUMH OyJIM HE MEHILIE YUM /I CUCTEM.

1 Ao

2 Lo

h Ao

Puc. 7.1. Pe3epByBaHHs 3 JpOOOBOIO KPATHICTIO

KpaTHicTh pe3epByBaHHS TaKkoi CHCTEMHU pPiBHA

I—h
—

m

(7.1)

IlepenOauaeTbesi, MO OCHOBHI 1 BCi pE3€pBHI CUCTEMH PIBHOHAJIMHI.

IMOBipHICTH 6€3BIIMOBHOI pOOOTH TaKOi pe3epBOBAHOT CUCTEMH JIOPIBHIOE
ool o
1 -1
Pc(t):ZCJR) (f)Z(_l)JCiJR)J(f)a
i=0 =0

ne C, — 6iHoMianbHI KoedillieHTH, Ki MOXKYTh OyTH 3HalHCHI N0 3aT€KHOCTIX
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i n
= haoor (7-2)
Py(f) — imoBipHICTh 0€3BIIMOBHOI POOOTH OCHOBHOI cuCTeMU ab0 Oyab-sIKOI
pE3epPBHOI CHCTEMU; [ — 3arajJbHEe YUCJIO OCHOBHUX 1 PE3EPBHUX CUCTEM; /I — YUCIIO
CUCTEM, HEOOXITHUX ISl HOPMAJIBHOT POOOTH.

Ha puc. 7.1 Ay € IHTEHCHUBHICTb BIJIMOB OyAb-IKOi OJHIET 3 CHCTEM.

[lepenbavaerscs, 1m0 s Oyab-sIKOT OKPEMO B3ATOI CHUCTEMHU CIIPaBEJIMBUN

EKCITOHEHIIaJIbHUI 3aKOH HaJIMHOCTI, TOOTO
P(t)=e (7.3)
0 - . .
Busnaunmo cepenniii yac 6€3B1iIMOBHOT pOOOTH CUCTEMU

T —TP(t)dz—il_hL (7.4)
" 0 ‘ 7“0i=0h+i- .

BupilneHHs THHOBHX 324249 3 PO3PAXVHKY NOKAZHHUKIB HAXIWHOCTI

CHCTEM 3 JPOOOBOI0 KPATHICTIO PE3ePBYBAHHA 1 NOCTIHHO BKJIIYEHHUM

pE3CPBOM.

3amada 7.1. Cucrema eeKTpOMOCTaYaHHs I IIPHEMCTBA CKIIQJAETHC 3 YOTUPHOX
TeHEeparopiB, HOMIHATBHA TIOTYXKHICTh KOKHOTO 3 sikuX 18 kBT. besapapiitHa pobota
MIMPUEMCTBA 1IIE MOXJIMBA, SKIO CHCTEMa EJIeKTPOTIOCTAYaHHI MOXKe 3a0e3redyBaTu
criokupaya motyxHicTio 30 KBT. HeoOximHO BM3HAUMTH IMOBIPHICTH OE3BIZIMOBHOI pOOOTH
CHCTEMH €HEProTNOCTaYaHHsI MPOTSroM 4acy ¢ = 600 rof, cepeHiit yac 6e3BiMOBHOI poboTH 1ep,
YacToTy BIZIMOB a(f), IHTCHCHBHICTb BIIMOB A(f) CHCTEMH EHEProTOCTAYaHHs, SIKIIO

{HTCHCHBHICTb BIMOB KO’KHOTO 3 renepatopi A= 0,5-10 "oz .

PozpaxyHok. IloTyKHOCTI ABOX TEHEpaTOpiB BHCTAa4ya€ ISl JKUBIICHHS
HiMPUEMCTBA, OCKUIBKH 1X CyMapHa MOTYXHICTh ckianae 36 kBt. Ile o3naugae,
110 BiMOBA CUCTEMH €JICKTPOIIOCTAaYaHHS Il He HacTaHe, SKIO BiAMOBIISATH OJIUH
a0o nBa OyIb-IKHUX T'e€HepaTopa, TOOTO Ma€ MiCIle BHIAJ0K pEe3epBYBaHHS 3
JIpoOOBOIO KPATHICTIO m = 2/2 MpH 3arajlbHOMY YHUCIHI MPUCTPOiB, piBHOMY 4. 3a

dbopmyior (7.2) maeMo
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TO

3aCTOCOBaHAa CXeMma TPYIyBaHHsS MPWIAAIB 3 M'SATH MO TPU, TOOTO pe3yibTar
BUMIpPY BBQXKA€ThCA BIPHUM IO TOKA3aHHSM CEPEAHBOTO (TPEThOTO) MPHIIALY.
[ToTpiOHO 3HAWTH 1MOBIPHICTH 0€3BIAMOBHOI poboTH P.(1),
0e3B1IMOBHOI po0OoTH 7, TaKOi CHUCTEMH, a TaKOXK 4YacTOTy BIIMOB a.(f) 1

IHTEHCUBHICTh BIAMOB A.(f) CHUCTEMH, SKIIO IHTEHCHUBHICTH BIJIMOB KOXHOTO

RO=Y CiR (r)i(—l)f C/P) (1) =

=GP (CoR) (1) + C,Fy (1) [CIOR)O t)-C\R (t)]+
+ IR [CORY () - CLR (6 + C2R (1)
Tak sik G1HOMIiabH1 KOE(IIIEHTH JOPIBHIOIOTh:
C'=1;C =1;C'=4,C°=1;
Ci'=1:C%=6:C"=1;C,'=2: =1,

P.(1) = 6Py (t) — 8Py’ (1) + 3Py*().
Taxk six Py(f) = exp(—A\t), TO
P(f) = 6 — 8¢ + 3¢,
JI1s BUXiTHMX JaHUX 3aja4l
P.(600) =0,997.
Cepenniit yac 6€3BiIMOBHOI po0OTH Ha TijicTaBl popmynu (7.4) Oyne
2
o :%i_o %ﬂ = % ~ 7220 ropx.
Busnaunmo gacToty BiAMOB a.(?). Maemo
dFi.(1)
dt

a(t)=— =120e M — 240 M +120e .

BuznaunmMo 1HTEHCUBHICTh BIIMOB A(?)

_a(r) _ 127»(1 —2e M 4 e—m)

A(t) = =
) P(t) 6-8 7 +3e7M

3agaya 7.2. [lns WIABUINEHHS TOYHOCTI BHUMIPY JEAKOT BEIMYUHU

npunany A =0,4-10" rox .
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PozpaxyHok. B naHomy Bumajaky BUMIpIOBaJbHA CUCTEMA BIMOBIISIE B TOMY

BUIMAJKY, SIKIIO BIAMOBIATH 3 IM'ATH MPWJIAIIB TpU 1 OuIbINe, TOOTO Mae Micle
3arajbHE pe3epBYBaHHs JAPOOOBOT KPATHOCTI, KOJIM 3arajbHa KUIBKICTh MPUIIAIIB
[ =5, KUIBKICTh TpPWIAiB, HEOOXIMHMX /i1 HOPMaJIbHOI poboTtu, h =3, a
KpaTHICTh pe3epByBaHHs m = 2/3.

BukopuctoBytoun ¢popmyiy (7.2),0TpumMaemMo
/= o 2 S
P(0)=3 RO~ C/B/(1)= Y. CLPT ()Y (~1) C/B (1) =
i=0 =0 i=0 =0

= CIR(1)- CORY (1) + CLBY (0|CPRY (1)~ CLRL (1) |+
+CIR R (1)~ CLR (1) + 3R 1)
Tak stk G1HOMiaNbHI KO€(IIEHTH JOPIBHIOIOTh
Cs'=1; Cy’=1; Cs'=5; C\°=1;
C,'=1; C5=10; C,'=1; G,'=2; C,’=1,
TO
P(t) = Py’(1) + 5Po*()[1 = Po(1)] +
+ 10P,>(H)[1 — 2P,(f) + Py (1)] = 6Py’ (H)—~15P, " (£)+10P,’(¥).
Tak sk Mae Miclle €KCIOHEHIIaIbHUN 3aKOH HAaJIIMHOCTI IS OKPEMHUX
npwianiB, To Py(t) = exp(—Af). Toxai
P(f) = 6 —15¢ M + 10eM.

Cepenniit yac 6€3BiIMOBHOI poO0TH 3a popmyioro (7.4) Oyne

2
T, =+ L:L£l+l+l):ﬂ:1958 rox
M3+ Ay\3 4 5) 60A
Buznaurmo 4yactoty BiIMOB a.(f)

a,(t)= ——dlz;f) =301 —60he ™ +30he M =

=30he M(e ™ —2¢ ™+ 1) =30ne (1 — e ™)
BuzHaunmMo 1HTEHCUBHICTh BIJIMOB A.(7)

Ca, () 30n(1-e M)
P(t) 6e ™ —15¢™ +10

A (1)
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3amxadi 19 CAMOCTIHHOT0 BUPIIIEeHHSA

3ajmaya  7.3. |HTEHCHBHICTb  BIIMOB  BHUMIPIOBJIBHOIO  MpPUIIATY

A =0,83-10"rox . JIad TiIBMIICHHS TOYHOCTI BHMIpy 3aCTOCOBAaHA CXeMa
rpyliyBaHHs 3 Tpbox 1o aBa (m = 1/2). HeoOXimHO BU3HAYUTH IMOBIPHICTH
0e3B1IMOBHOT po00TH cxemu P(), cepeniHiil yac 6e3BiIMOBHOT poOOTH cXxeMu 1cp,
YaCTOTY BIIMOB d(f), IHTCHCUBHICTH BIIMOB A.(f) CXeMH.

3agaya 7.4. IHTEHCUBHICTh  BIJIMOB  BHUMIPIOBAJIBLHOIO  MpHUJIATY

A =0,83-10"rox . Jlnst HiZBMINGHHS TOYHOCTI BHMIpIOBaHb 3aCTOCOBAHA CXEMa
rpyniyBaHHs 3 m'atu 1mo Tpu (m=2/3). HeoOXxigHO BH3HAYUTH IMOBIPHICTH
0€3BIIMOBHOI po00TH cXeMUu P.(f), 4acTOTy BIIMOB d (), IHTEHCUBHICTh BiJMOB
A(t) cxemu.

3ajava 7.5. ABTOMOOUIBHUN ABUTYH Ma€ [ =4 CBIYKM 3alaJIeHHs MO OJHIN
Ha KOXXEH NWJIIHIpP. [HTeHCHBHICTH BIJIMOB CBIYKH A = 107 roz[_l, a TPUBATICTH
poboTH JBUTYHa MNpOTAroM Bciei momopoxi ¢ =20 rox. Ilepenbauaerbcs, 110
aBTOMOOIJIb MO’K€ 1XaTH TaKOX IMPU OJHOMY HEIpaIonyoMy IUJIIHJIPI.
Heo06xi1H0 BU3HAUYUTH IMOBIPHICTh 0€3B1IMOBHO1T poOOTH NBUTYHA P (f), cepenaHii
yac O€3BIIMOBHOI poOOTH ABUTYHA 7Tcp , YAaCTOTY BIAMOB d.(f), IHTCHCUBHICTH
BiIMOB A(f) mBuryHa. $IKa IMOBIPHICTH TOTO, 110 aBTOMOO1Ih TOCTABUTh TYPHUCTIB
B IYHKT IPU3HA4YEeHHs 0€3 3aMiHU CBIYOK?

3amaga 7.6. Y 00YHCIIOBAILHOMY TPHCTPOI 3aCTOCOBAHO pPE3epPBYBAHHS 3
JpoOOBOKO KpaTHICTIO “OMH 3 TPbOX~ . IHTEHCHUBHICTH BIJIMOB OJHOIO
HEpe3epBOBAHOrO O1OKy piBHa A¢=4-10" rox '. IlorpiGHO po3paxyBaTH
IMOBIpHICTh 0€3B1AMOBHOI poOOTH MpUCTporo P.(f) 1 cepenHiil yac 0e3B1IMOBHO1

po60TU Tcp. pE3€PBOBAHOIO OOUHUCITIOBATILHOTO IPUCTPOIO.

3BiT 3 71a00paTOpHOi padoTHM Ma€e MICTUTH BHUPIIICHHS HACTYIHHUX

000B’s13K0BHUX 3amad: 7.3, 7.5, 7.6.
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IMPAKTUYHA POBOTA Ne 8.
KOB3HE PE3EPBYBAHHS ITPU EKCIOHEHIIAJIBHOMY
3AKOHI HAJIMHOCTI

TeopeTnuHi BitoMocTi

KoB3He pe3epByBaHHS — 1i€ pe3epBYBaHHS 3aMILIEHHSM, MIPHU SKOMY rpyma
OCHOBHUX E€JIEMEHTIB pe3epBYETbCA OJHUM ab0 KUIbBKOMa pEe3epBHUMU
eJIEMEHTaMH, KOXKEH 3 SIKHX MOKE 3aMIHUTH OyIb-sIKUN 3 BIIMOBJICHUX €JIE€MEHTIB
JaHOI TpyIH

ImoBipHICTh 6€3BIAMOBHOI POOOTH pPE3epBOBAHOT CHUCTEMHU BH3HAYAETHCS

CITIIBBIITHOIIEHHSSIM
my i
p@=e 3 0 (8.1)
-0 L

ne Ao = An — IHTEHCUBHICTb B1JIMOB HEPE3EPBOBAHOI CUCTEMU; A — IHTEHCUBHICTD
BIIMOB €JIEMEHTY, 7 — KUIBKICTh €JIEMEHTIB OCHOBHOI CHCTEMH; M) — KUIbKICTb
pe3epBHUX €JIEMEHTIB, SIK1 3HaXOIAThCSA B HEHABAHTA)XEHOMY PE3€pBI.
B nmpoMy BUIaKy KpaTHICTh pe3epBYBaHHS
m=mgy/ n. (8.2)
Cepenniil yac 6e3B1IMOBHOT pOOOTH PE3epPBOBAHOI CUCTEMH BHU3HAYAETHCS
dbopmynoro
Tcp = TO (mO + 1): (83)

ne Ty — cepenniit vac 0€3BIIMOBHOI POOOTH HEPE3EPBOBAHOT CHCTEMH.

BupimeHHs THIOBHUX 32124 MO0 BU3HAYCHHIO NMOKAZHUKIB HAXIWHOCTI

CHCTEM 3 KOB3HHM _pe3epBYBAHHSM NPH _E€KCIOHEHIAJbLHOMY 3aKOHi

HAIiHHOCTI.
3agaua 8.1. Cucrema CKIamaeTbCs 3 JBOX OJHAKOBUX eleMeHTIB. s

M1JBUILEHHS 11 HAJIHHOCTI KOHCTPYKTOP 3alIPOTIOHYBAB KOB3HE PE3E€PBYBAHHS MPU

OJIHOMY PE3€pBHOMY €JIEMEHTI, III0 3HAXOAUTHCS B HEHABAHTAXEHOMY CTaH1 (puc.
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8.1). [HTeHCHBHICTh BIIMOB €JIEeMEHTY JOpiBHIOE A. [1oTpiOHO 3HANTH IMOBIPHICTh
6e3BimMOBHOI pobotn P.(f) pe3epBOBaHOI CHCTEMH, CEpElHIM Yac 0e3BIIMOBHOI
pobotu T, CHCTEMH, a TaKOXK YacCTOTY BIIMOB d.(f) 1 IHTEHCHBHICTb BIAMOB A(f)

pPE3epBOBAHOI CUCTEMH.

T A ] A T

q |

Puc. 8.1. Cucrema 3 KOB3HUM pe3epBYBaHHAM J0 3a1a4i 8.1

PospaxyHok. ¥ nmaHoMy BHITaKy KUTBKICTh OCHOBHUX €JIEMEHTIB n = 2;

KUTBKICTh PE3€PBHUX My = 1; IHTEHCUBHICTb BIJIMOB CUCTEMHU Ay = nA = 2.

3a ¢popmyroro (8.1) maemo

1 i
P(t)=e™ Z@ = (1+ 1y1).
i=0 L

abo

P(t)=e M (1+2A1).

Busnaunmo T,
T =Tolmy+1); Ty =

c }\10

abo
T, = L2 = 1 .
P2 A

Buznaunmo 4yactoty BiAMOB a.(f)

a.(t)= —% = _[_ Me M (1+218) + 27»e_m]= 492N

C

BuzHaunmMo 1HTEHCUBHICTh BIIMOB A.(f)

_a(t) 4t
P(t) 1+2M

(1)
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3amada 8.2. [udpoBuii BUMipIOBaATHHIN KOMILIEKC EJIEKTPOCTAHIlI Ma€ B
cBoemy ckiani 1024 OmHOTUIHUX JATYMKIB 1 CKOHCTPYWOBAHHWM Tak, IO €
MOJKJIUBICTh 3aMIHUTH OyAb-SIKUHM 3 JaT4YUKiB, 1m0 BigMoBwin. Y ckiami 311 € 3
JTATYNKA, KOXKEH 3 SKUX MOXE 3aMIHUTH Oyab-sIKWW, M0 BigMoBuB. [loTpiOHO
BHU3HAYUTHU IMOBIPHICTh 0€3B1IMOBHOI pOOOTH BUMIPIOBAIBHOTO KOMILIEKCY P(?),
cepelHii 4ac 0e3BIAMOBHOI poOOTH Tp YACTOTY BIAMOB d((f), IHTEHCHBHICTb
BiIMOB A.(?). Takoxx moTpiOHO Bu3HA4uTH P(f) mpu ¢ = 10000 roa. Bimomo, 110
1HTEHCUBHICTh BIIMOB JaTUUKa A= 0,12-10_6 rog ', Ilix BimMOBOIO PO3YMIEThCS
1OJ1isI, KOJIM CHCTEMa BUMIPIOBAHHS HE MOKe IpalltoBatu yepe3 BiacyTHicTh 3l11a,
T00TO KON Bech 3II1 BuTpaueHuil 1 BiAMOBHB 1€ OJUH BUMIPIOBAaJIbHUI €JIEMEHT
(maTuuk).

PozpaxyHok. Ockinbku Oyap-skuid natuvk 13 cknany 3llla moxe 3aminuTu

OyIb-SIKH THIIIMI JATYMK, 10 BIIMOBHUB, TO Ma€ MiCIle “KOB3HE’ pe3epByBaHHS. Y
HAIIOMY BUIIAJKY YHCIIO €JIEMEHTIB OCHOBHOI cuctemu n = 1024, IHTEHCUBHICTb
BIJIMOB HEPE3E€pPBOBAHOI CHUCTEMHU Ay = HA = 1024-0,12-10°~ 1,23-10 * rox ',

YUCIIO pe3epBHUX enemMeHTIB m, = 3. [1o ¢popmymi (8.1) maemo

2 2 3 3
7\40't +7\40't

6)'

3 Y
P=e 3 e
=0 L

BusnaunmMo cepeniniil yac 0e3B1AMOBHOI poboTH T

T, =Ty(m, +1),

1
ne 1, =—. Toni
0 Ao

1
T, =———(3+1)~32500rox.
P 1,23-10‘4( )

Buznaunmo 4yactoty BiAMOB a.(f)

dB.(t) _ 1,43
a () =—" = i et
c() dt 6 0

BuznaunmMo 1HTEHCUBHICTh BIIMOB A.(f)
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4 3
ko'l,
2 2 3 3°
7\40't +7\40.t
6

_LO_1
?\‘c(t)_j)c(t) 6

1+, -+

Buznaunmo imMOBIpHICTH 0e€3BIAMOBHOI pobotu cuctemu P.(f) npu
t = 10000 rog
1+1,23-107-10% +

-1,23107%10% -
F(t)=e 12310710 (1,23-107*-10%)° | 0,96.
2 6

3amxadi 19 CAMOCTIHHOT0 BUPIIIEHHSA

3anaya 8.3. Jlo ckiany cucteMu BXoasaTh 1024 cranpapTHUX OJIOKIB 1 6€31114
iHmux enementiB. Y 3IIIi € mie nBa OAHOTHUIIHI OJOKH, SIKI MOXYTh 3aMiHUTH
OyIb-IKWi 3 THUX, 110 BIIMOBWIH. BCi e1eMeHTH, OKpiM BKa3aHUX OJIOKIB, 1/1€aIbH1
B ceHcl HamaifiHocTl. Bigomo, 0 IHTEHCUBHICTH BIJIMOB OJIOKIB € BeJIWYHHA
MOCTIHA, a cepefHii Jyac 0e3BiAMOBHOI pOOOTHM MAIllMHU 3 BPAaXyBaHHSM JIBOX
3anacHuX OJoKiB Tcp = 60 rox. Ilepenbavaerhes, 110 MalIuHA JOMYCKAE KOPOTKY

nepepBy B poOOTI Ha yac 3aMiHM OJIOKIB, 110 BiAMOBWUIIU. [1oTpiOHO BHU3HAYUTH

cepeqHii yac 0e3BIIMOBHOI poboTH oaHOoro Onoka Tep;, i= 1,1024. Buznauutu
IMOBIPHICTh O€3BIIMOBHOI pOOOTH pe3epBOBaHOi cucteMu P.(f), 4acTOTy BiAMOB
a.(t), ITHTEHCUBHICTb BIIMOB A.(f) pe3epBOBaHOI CUCTEMHU.

3agaua 8.4. CucreMa CKIaIa€Thcsd 3 # OQHOTUIIHMX CJIEMEHTIB, KOXKEH 3
AKUX Ma€ cepenHi 4dac 0e3BiAMOBHOI pobotu Tep;=Tcp,=1/A, i= 1,_n s
MiIBUIICHHS HAIIAHOCTI 3aCTOCOBAHO KOB3HE pE3EpPBYBAHHSA, NPH SKOMY
pEe3epBHUX EJIEMEHTIB 3HAaXOJIATHbCS B HEHaBaHTaXEHOMY pexumi. HeobxigHo
3HAWTH cepeiHid Yac 0e3BIAMOBHOI pOOOTH pE3epBOBAHOI CHUCTEMH [
Busnauntu iMOBIpHICTh 6€3BIIMOBHOI POOOTH pe3epBOBaHOI cucTeMu P.(f), KO0
T.,0 = 2, a TaKOXK 4aCTOTY BIIMOB d(f), IHTEHCUBHICTb BIIMOB A ((f) pe3epBOBaHOI

CHCTCMHM.

68



3agaya 8.5. bopToBa amapaTypa CymyTHMKA BKJIIOYa€ amapaTypy 3B'S3Ky,
KOMaHAHY 1 TEJIEMETPUYHY CHCTEMH, CUCTEMY JKHBJICHHS 1 CUCTEMY Opi€HTalli.
Amnapartypa 3B'SI3Ky CKJIQJa€ThCs 3 ABOX MPAIIOIOYUX PETPAHCIATOPIB 1 OJHOTO
peTpaHcisTOpa B HEHaBaHTaXEHOMY pe3epBi. [lepemukanbHMil TpHUCTPIN
nepenbavaeThes abcomoTHO HamiiHuM. KomanaHa cuctemMa Mae TOCTIHHE
pe3epByBaHHs. CUCTEeMU KUBICHHS, OpI€HTAlli 1 TeIeMeTpli pe3epBy HE MAaIOTh.
3amaHi 1HTEHCHMBHOCTI BIMOBH: KOKHOT'O KOMIUIEKTY peTpaHcistopa - A ;
KOMaHJIHOI CUCTEMHU - A , CHUCTEMH TelIeMeTpii - A 3 CHUCTEMHM KUBJIECHHS - A 4 1
cuctemu opieHTanii - A 5. [IoTpiOHO BU3HAYMTH IMOBIPHICTH OE3BIIMOBHOI pOOOTH
P.(t) 6opToBoi amaparypu cymyTHUKa. JloriuHa cxema Juisi po3paxyHKy HaIIHOCTI
OOpTOBOI amapaTypu CymyTHHKa TpeacTtaBieHa Ha man. 8.2. Tyt I - amapatypa
petpancisTopa, I - komangHa cuctema, 11 - octanHi cuctemu.
I 1 [11
/ N L A_\ f A T
T A | i I A N =
L "

Puc. 8.2. Cuctema 3 KOB3HUM pe3epBYBaHHSM JI0 3a/1a4i 8.5

3ajaya 8.6. bnok miacuiaioBayiB MPOMHUCIOBOI YacTOTH BKJIOYAaeE n = 4
MOCJIIIOBHO CTOJMYYCHHUX MiACHIIOBAYa 1 OJWH MiJICUIIOBaY B HEHABAaHTAKECHOMY
pe3epBi. [HTEHCHBHICTH  BIIMOB  KOXHOTO  MPAIIOIOYOr0  IiJICHITIOBAYa
A =6-10"rox '. BusHauntH iMOBipHICTH Ge3BiIMOBHOT po6oTH P.(f) pe3epBOBaHOi
CHCTEMH, cepeiHii yac 6e3B1IMOBHOI poOoTH T, CHCTEMH, YaCTOTY BIAMOB a(?),

IHTEHCUBHICTb BIIMOB A.(f). Buznauntu Takox P.(¢) ipu ¢ = 100 rox.

3amaya 8.7. bnok TenmeMerpii BKJIIOYAaE JBa OJHAKOBI MIpHiiMadl.

I ¢ OJINH

[HTCHCHBHICTh BiIMOB KOXHOro mHpuiiMaua ckiagae A =4-10"roa
npuiiMad B HEHAaBAHTAXEHOMY KOB3HOMY pe3epBi. BuszHauuTH 1MOBIpHICTH

6e3BiMOBHOI pobotu P.(f) pe3epBOBaHOI CHCTEMH, CEpe/lHIM dac Oe3BIIMOBHOI
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pobotn T, cHCTeMH, 4YacTOTy BIOAMOB a.(f), IHTEHCHBHICTb BIIMOB A(?).

Busznauutu P.(f) mpu t = 250 ron. Buznauntu P.(¢), Konu pe3epB BiACYTHIM.

3BiT 3 J1a00paTopHOi padoTHM Ma€ MICTUTH BHUPIIMIEHHS HACTYITHUX

000B’A3K0BHX 3a1a4: 8.3, 8.7.
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